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ANTIBODIES AGAINST SIGNAL-REGULATORY PROTEIN ALPHA AND
METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

{0001] This application claims the priority benefit of U.S. Provisional Application
Sertal No. 62/397,752, filed September 21, 2016, and U.S. Provisional Application Serial
No. 62/515,480, filed June 5, 2017, cach of which is hereby incorporated by reference in its
entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE

{6062] The content of the following submission on ASCIH text file is incorporated

herein by reference in its entirety: a computer readable form (CRF) of the Sequence Listing

(file name: 7579720001405EQLIST 1x4, date recorded: September 20, 2017, size: 411 KB).
FIELD

§6003] The present disclosure relates to isolated antibodies that bind an extwacellular
domain {e.g., the D1 domain) of a human SIRP-a v1 polypeptide, an extracellular domain
{e.g., the D1 domain) of a buman SIRP-a v2 polypeptide, or both, as well as
polynucleotides, vectors, host cells, and methods related thereto.

BACKGROUND

{0604] Sigunal-regulatory protein alpha (SIRP-a) is part of a family of cell-surface
receptors that plays critical roles in the regulation of the immune system (see, e.g., Barclay,
AN. and Brown, MLH. (2006) Nat. Rev. Immunol. 6:457-64). SIRP-a is expressed on the
surface of various cells, including leukocytes such as dendritic cells, eosinophils,
neutrophils, and macrophages. SIRP-a includes an extracellular domain that interacts with
external stimuli such as ligands and an intraceliuiar domain that mediates a variety of
intracellular signals.

{0605] One of the major roles of SIRP-u is its regulation of the immune response
through interactions with UD47. CD47 is expressed on the sutface of a variety of cell
types. When the IgSF domain of CD47 binds the extracellular domain (e.g., the D1
domain) of SIRP-g expressed on an immune cell (e.g., a roacrophage), this transduces a
SIRP-g-mediated signal in the immune cell that prevents phagocytosis of the CD47-
expressing cell. Thus, CD47 serves to convey what has been termed a “don’t eat me”

signal to the inunune system that prevenis phagocytosis of bealthy cells (see, e.g.,
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WO2015/138600 and Weiskopt, K. ef al. (2013) Science 341:88-91). However, CD47 has
also been shown to be highly expressed by a variety of cancers, and its interaction with
SIRP-g in this context is thought to allow tumors to mimic the healthy “don’t eat me”
signal in order to evade immune surveiliance and phagocytosis by macrophages (see, e.g.,
Majeti, R. er al. (2009) Cell 138:286-99; Zhao, X.W. ¢t al. (2011} Proc. Natl. Acad. Sci.
108:18342-7). As such, antibodies that block this interaction are highly desirable.

{0606] SIRP-¢ 1s known to be a highly polymorphic protein in humans, monkeys, and
mice. For example, 20 amino acid differences have been identified between SIRP-¢
proteins in the NOD and C57BL/6 mouse strains, and these polymorphisms lead to
functional consequences related to CD47 binding and engraftment of human hematopoietic
stem cells in these mouse strains. In humans, at least 10 distinct alleles of the SIRPA gene
have been identified (Takenaka, K. et af. (2007) Nar. Immunol. 8:1313-23, Zhao, X. et al.
(2011), PNAS. 108:18342-47; van der Heijden, J. (2014). Genetic variation in human Fc
gamma receptors: Functional consequences of polymorphisms and copy mumber variation
(Doctoral dissertation)).

{00071 Due to the importance of the SIRP-g-CD47 interaction in normal immune
function and tumorigenesis, as well as the polymorphic nature of SIRP-o and the existence
of other SIRP family receptors, the identification of antibodies having different binding
specificities with intra- and/or inter-species cross-reactivity is of great interest for
development of clinical candidates that are effective across human populations and the
characterization of these candidates in various animal models. Thus, a need exists for both
rescarch tools and potential clinical candidates that roodulate SIRP-g function, e.g., its
binding interaction with CD47. A need also exists for methods of isolating antibodies with
a variety of SIRP-q binding specificities and effects on CD47-5IRP-a binding in order to
understand and effectively target this critical interaction.

{0008] All references cited herein, including patent applications, patent publications,
non-patent literature, and UniProtKB/Swiss-Prot Accession nurnbers are herein
incorporated by reference in their entirety, as if each individual reference were specifically

and individually indicated to be incorporated by reference.

SUMMARY
{3009] To meet these and other needs, provided herein, inter alia, arc isolated

antibodies that bind an extracellular domain {e.g., the D1 domain) of a human S[RP-g
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polypeptide. In some embodiments, the antibody binds the extracellular domain (e.g., the
D1 domain) of a huroan SIRP-u v1 polypeptide, the extracellular domain (e.g., the D1
domain) of a human SIRP-g v2 polypeptide, or both. Tn sorme ernbodiments, the antibody
binds an extraceilular domain of a human SIRP-a vi polypeptide comprising the amino
acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWEFRGAGPGRELIYNQKEGHF
PRVTTVSDLTKRNNMDFSIRIGNITPADAGTY YCVEFREGSPDDVEFKSGAGTELS
VRAKPS (SEQ ID NO:5). In some embodiments, the antibody binds an extraceilular
domain of a human SIRP-g v2 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWEFRGAGPARELIYNQKEGHFP
RVTTVSESTKRENMDESISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRA
KPS (SEQ ID NO:6). In some embodiments, the antibody binds an extracellular domain of
a buman SIRP-u v1 polypeptide corprising the amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWEFRGAGPGRELIYNQKEGHF
PRVTTVSDLTKRNNMDFSIRIGNITPADAGTY YCVKFRKGSPDDVEFKSGAGTELS
VRAKPS (SEQ ID NG:3) and binds an extracellular domain of a human SIRP-a v2
polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQKEGHFP
RVTTVSESTKRENMDESISISNITPADAGTY YCVKEFRKGSPDTEFKSGAGTELSVRA
KPS (SEQ 1D NO:6). In some embodiments, the antibody binds the extracellular domains
{e.g.. the D1 domains) of three, four, five, six, seven, eight, nine or ten different haman
SIRP-g variant polypeptides. In some embodinents, each of the three, four, five, six,
seven, eight, nine or ten different human SIRP-u variant polypeptides comprises an
extracellular domain comprising an amino acid sequence selected from the group consisting
of SEQ ID NOs: 5, 6, and 76-83. In some embodiments, the antibody binds an extraceilular
domain (e.g., the D1 domain) of 2a monkey SIRP-u polypeptide. In some embodiments, the
monkey SIRP-u polypeptide is a cynomolgus SIRP-a polypeptide. In some embodiments,
the antibody binds the extraceliular domains {(e.g., the DI domains) of at least two different
mornkey SIRP-g variant polypeptides. In some embodiments, the antibody binds an
extracellular domain of a cynomolgus SIRP-¢ polypeptide comprising the amino acid
sequence of SEQ ID N(O:11, an extracellular domain of a cynomolgus SIRP-a polypeptide
coruprising the amino acid sequence of SEQ [ NO:12, or both. In some embodiments, the

antibody hinds an extracellular domain (e.g., the D1 domain) of a murine SIRP-u
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polypeptide. In some embodiments, the antibody binds the extracellular domains {e.g.. the
D1 domains) of two or more different murine SIRP-o variant polypeptides. In some
embodiments, the antibody binds an extraceliular domain of one or more rourine SIRP-a
polypeptides, and wherein the one or more murine SIRP-o polypeptides each comprise an
amino acid sequence selected from the group consisting of SEQ) ID NOs: 7-10. In some
embodiments, the antibody binds an extracellular domain (e.g., the D1 domain} of a human
SIRP-B polypeptide. In some embodiments, the antibody binds an extracellular domain
{e.z., the D1 domain) of a human SIRP-y polypeptide. In some embodiments, the antibody
does not bind an extraceliular domain (¢.g., the D1 domain) of a huraan SIRP-§
polypeptide. In some embodiments, the antibody does not bind an extracellular domain
{e.g., the D1 domain} of a human SIRP-y polypeptide. In some embodiments, the antibody
binds the extracellular domain of a human SIRP- polypeptide comprising the amino acid
sequence of SEQ ID NO:13, the extraceliular domain of a human SIRP- polypeptide
comprising the amino acid sequence of SEQ ID NO: 14, or both. In some embodiments, the
antibody binds the extracellular domain of a human SIRP-y polypeptide comprising the
amino acid sequence of SEQ D NO:15. In some embodiments, the antibody modulates
SIRP-g signaling in a cell expressing a human SIRP-¢ polypeptide. In some embodiments,
the cell is a leukocyte selected from the group consisting of a macrophage, a dendritic cell,
a neutrophil, an cosinophil, and a myeloid-derived suppressor cell (MDSC). In some
embodiments, the antibody inthibits SIRP-a signaling in a macrophage expressing a human
SIRP-u polypeptide. In some embodiments, the antibody enhances phagocytosis by a
macrophage expressing a human SIRP-o polypeptide. In some embodiments, the antibody
blocks binding between an extracellular domain (e.g., the D1 domain) of a human SIRP-¢
polypeptide and an IgSF domain of a human CD47 polypeptide. In some embodiments, the
antibody blocks binding between an extracellular domain {(e.g., the D1 domain) of a human
SIRP-u polypeptide expressed on the surface of a first cell and an 1gSF domain of a human
CD47 polypeptide expressed on the surface of a second cell. In some embodiments, the
antibody does not bind a complex comprising a SIRP-¢ [ variant bound to an IgSF
doraain of CD47, wherein the SIRP-a D1 variant is a non-naturally occurring high affinity
SIRP-o D1 domain, and wherein the SIRP-g D1 variant binds to buman CD47 with an
affinity that is at least 10-fold greater than the affinity of a naturally occurring SIRP-a D1
domain binding to human CD47. In some embodiments, the antibody does not block

binding between an extracellular domain (e.g., the D1 domain) of a human SIRP-a
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polypeptide and an IgSF domain of a human CD47 polypeptide. In some embodiments, the
antibody does not block binding between an extracellular domain {e.g., the D1 domain) of a
human SIRP-u polypeptide expressed on the surface of a first cell and an IgSF domain of a
human CD47 polypeptide expressed on the surface of a second cell. In some embodiments,
the antibody binds a complex comprising a SIRP-o D1 variant bound to an IgSF domain of
CD47, wherein the SIRP-o D1 variant is a non-naturally occurring high affinity SIRP-a D1
domain, and wherein the SIRP-a D1 variant binds to haman CD47 with an affinity that is at
feast 10-fold greater than the affinity of a naturally occurring SIRP-g D1 domain binding to
human CD47. In some embodiments, binding of the antibody to an extracellular domain
{(e.g., the D1 domain) of a buman SIRP-a polypeptide reduces affinity of the human SIRP-o
polypeptide for binding an IgSF domain of a human CD47 polypeptide. In some
embodirents, binding of the antibody to an extraccliular domain (e.g., the D1 domain) of a
buman SIRP-a polypeptide expressed on the surface of a first cell reduces affinity of the
human SIRP-a polypeptide for binding an IgSF domain of a human CDB47 polypeptide
expressed on the surface of a second cell. In some embodiments, binding of the antibody to
an extracellular domain {e.g., the D1 domain) of a human SIRP-a polypeptide increases Ky
of the human SIRP-a polypeptide for binding an IgSF domain of a human CD47
polypeptide. In some embodiments, binding of the antibody to an extraceliular domain
{e.g., the D1 domain} of a human SIRP-q polypeptide expressed on the surtace of a first cell
increases kyg of the human SIRP-¢ polypeptide for binding an Ig5T domain of a human
CD47 polypeptide expressed on the surface of a second cell. In some embodiments, the
antibody binds the extraccHular domain (e.g., the B1 domain} of a buman SIRP-g vl
polypeptide, the extracellular domain {(e.g., the DI domain) of a human SIRP-u v2
polypeptide, or both; wherein the antibody binds the extracellular domain (e.g.. the D1
domain) of a monkey SIRP-a polypeptide; and wherein the antibody does not block binding
between an extracellular domain {e.g., the D1 domain) of a human SIRP-g polypeptide and
an IgSF domain of a buman CD47 polypeptide. In some embodiments, the antibody binds
the extraceltular domain {e.g., the D1 domain} of a human SIRP-a v1 polypeptide, the
extraceliular domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both;
wherein the antibody binds the extracellular domain {e.g., the D1 domain) of a roonkey
SIRP-a polypeptide; and wherein the antibody blocks binding between an extracellular
domain (e.g., the D1 domain) of a human SIRP-g polypeptide and an {gSF domain of a

human CD47 polypeptide. In some embodiments, the antibody binds the extracellular
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domain {e.g., the D1 domain} of a human SIRP-a v1 polypeptide, the extracellular domain
(e.z., the D1 domain} of a buman SIRP-¢ v2 polypeptide, or both; wherein the antibody
binds the extracellular dornain {e.g., the D1 domain) of a monkey SIRP-u polypeptide; and
wherein binding of the antibody to an extracellular domain (e.g., the D1 domain) of a
human SIRP-g polypeptide reduces affinity of the human SIRP-a polypeptide for binding
an IgSF domain of a buman CD47 polypeptide. In some embodiments, the antibody binds
the extracellular domain {e.g.. the D1 domain} of a human SIRP-a v1 polypeptide, the
extracellular domain {e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both;
wherein the antibody binds the extraceliular domain {(e.g., the D1 domain) of a onkey
SIRP-u polypeptide; wherein the antibody binds the extracellular domain (e.g., the DI
domain) of a murine SIRP-¢ polypeptide; and wherein the antibody does not block binding
between an extracellular domain (e.g., the D1 domain) of a human SIRP-g polypeptide and
an IgSF domain of a buman CD47 polypeptide. In some embodiments, the antibody binds
the extracellular domain (e.g., the D1 domain) of a human SIRP-a v1 polypeptide, the
extracellular domain {e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both;
wherein the antibody binds the extracellular domain {e.g., the D1 domain) of a monkey
SIRP-u polypeptide; wherein the antibody binds the extracellular domain (e.g., the DI
domain) of a murine SIRP-g polypeptide; and wherein the antibody blocks binding between
an extracellular domain (e.g., the D1 domain) of a human SIRP-u polypeptide and an IgSF
domain of a haman CD47 polypeptide. In some embodiments, the antibody binds the
extracellular domain {e.g., the D1 domain) of a human SIRP-u v1 polypeptide. the
extraceliular domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both;
wherein the antibody binds the extracellular domain {e.g., the D1 domain) of a monkey
SIRP-g polypeptide; wherein the antibody binds the extracellular domain (e.g., the D1
domain) of a murine SIRP-g¢ polypeptide; and wherein binding of the antibody to an
extracellular domain (e.g., the D1 domain) of 2 buman SIRP-o polypeptide reduces affinity
of the hurnan SIRP-u polypeptide for binding an IgS8F domain of a human CD47
polypeptide. In some embodiments, the antibody binds the extracellular domain (e.g., the
1 domain) of a huroan SIRP-u v1 polypeptide, the extracellular domain (e.g., the D1
domain) of a human SIRP-g v2 polypeptide, or both; wherein the antibody binds the
extracellular domain (e.g.. the D1 domain) of a murine SIRP-¢ polypeptide; and wherein
the antibody does not block binding between an extracellular domain (e.g., the 11 domain)

of a human SIRP-g polypeptide and an IgSF domain of a huran CD47 polypeptide. In
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some embodiments, the antibody binds the extracelinlar domain {e.g., the D1 domainy of a
human SIRP-o vl polypeptide, the extraceliular domain (e.g., the D1 domain) of a human
SIRP-¢ v2 polypeptide, or both; wherein the antibody binds the extracellular domain (e.g.,
the D1 domain} of a murine SIRP-a polypeptide; and wherein the antibody blocks binding
between an extracellular domain {e.g., the D1 domain) of a human SIRP-¢ polypeptide and
an IgSF domain of a buman CD47 polypeptide. In some embodiments, the antibody binds
the extracellular domain {e.g.. the D1 domain} of a human SIRP-a v1 polypeptide, the
extracellular domain {e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both;
wherein the antibody binds the extraceliular domain {(e.g., the D1 domain) of a rurine
SIRP-u polypeptide; and wherein binding of the antibody to an extracellular domain (e.g.,
polypeptide for binding an IgSF domain of a human CD47 polypeptide. In some
embodiments, the antibody binds the extracellular domains {(e.g., the D1 domain) of two or
more different human SIRP-a variant polypeptides, a murine SIRP-¢ polypeptide, and a
monkey SIRP-¢ polypeptide; wherein the antibody does not bind at least one of an
extracethilar domain {e.g., the D1 domain) of a human SIRP-§ polypeptide and an
extracellular domain (e.g.. the D1 domain) of a human SIRP-y polypeptide; and wherein
the antibody blocks binding between the extracellular domain (e.g., the B1 domain) of the
buman SIRP-g polypeptide and an IgSF domain of a human CD47 polypeptide. In some
embodiments, the antibody comprises one, two, three, four, five, or six CDR sequences; a
heavy chain variable domain sequence; and/or a light chain variable domain sequence from
antibody $130. In some embodiments, the antibody binds the extracellular domains (e.g.,
the D1 domains) of two or moore different hurnan SIRP-o variant polypeptides, a murine
SIRP-a polypeptide, a monkey SIRP-a polypeptide, and at least one of an extracellular
domain {e.g., the D1 domain) of a human SIRP-f polypeptide and an extracellular domain
{e.g., the D1 domain) of a human SIRP-y polypeptide; and wherein the antibody blocks
binding between the extracellular dornain (e.g., the D1 domain) of the human SIRP-g
polypeptide and an IgSF domain of a human CD47 polypeptide. In some embodiments, the
antibody coraprises one, two, three, four, five, or six CDR sequences; a heavy chain
variable domain sequence; and/or a light chain variable domain sequence from an antibody
selected from the group consisting of 38, $13, S$14, and Si21. In some embodiments, the
antibody hinds the extracellular domaius (e.g., the D1 domains) of two or more different

buman SIRP-g variant polypeptides, a nurine SIRP-g polypeptide, and a monkey SIRP-q¢
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polypeptide; wherein the antibody does not bind, or binds with reduced affinity to, at least
one of an extracellular domain (e.g., the D1 domain) of a human SIRP-B polypeptide and an
extracellular domain (e.g., the D1 domain) of a human SIRP-y polypeptide; and wherein
the antibody does not block binding between the extracellular domain (g.g., the DI domain)
of the human SIRP-u polypeptide and an IgSF domain of a human CD47 polypeptide. In
some embodiments, the antibody corprises one, two, three, four, five, or six CDR
sequences; a heavy chain variable domain sequence; and/or a light chain variable domain
sequence from antibody S137. In some embodiments, the antibody binds the extracellular
domains {¢.g., the D1 domains} of two or more different human SIRP-g variant
polypeptides and a monkey SIRP-u polypeptide; wherein the antibody does not bind a
murine SIRP-a polypeptide; wherein the antibody does not bind at least one of an
extracellular domain (e.g., the D1 domain) of a human SIRP-f polypeptide and an
extracellular domain (e.g., the D1 domain) of a buman SIRP-y polypeptide; and wherein the
antibody blocks binding between the extracethular domain (e.g., the D1 domain) of the
human 3IRP-o polypeptide and an IgSF domain of a human CD47 polypeptide. In some
embodiments, the antibody comprises one, two, three, four, five, or six CDR sequences; a
heavy chain variable domain sequence; and/or a light chain variable domain sequence from
an antibody selected from the group consisting of S128. In some embodiments, the
antibody hinds the extracellular domaius (e.g., the D1 domains) of two or more different
human SIRP-a variant polypeptides, a monkey SIRP-o polypeptide, and at least one of an
extracellular domain (e.g., the D1 domain) of a human SIRP-B polypeptide and an
extracellular domain (e.g., the D1 domain)} of a human SIRP-y polypeptide; wherein the
antibody does not bind a murine SIRP-u polypeptide; and wherein the antibody blocks
binding between the extracellular domain (e.g., the DI domain) of the human SIRP-¢
polypeptide and an IgSF domain of a human CD47 polypeptide. In some embodiments, the
antibody comprises one, two, three, four, five, or six CDR sequences; a heavy chain
variable domain sequence; and/or a light chain variable domain sequence frorn an antibody
selected from the group consisting of S@, St1, 5119, $120, 8122, and S135. In some
embodiments, the antibody binds the extracellular domains (e.g.. the 31 domains) of two or
more different human SIRP-a variant polypeptides and the extracellular domains {e.g., the
D1 domains) of two or more different monkey SIRP-o variant polypeptides, and wherein
binding of the antibody to an extracellular domain (e.g., the D1 domain) of a human SIRP-o

polypeptide reduces affinity of the buman S{RP-a polypeptide for binding an IgSF domain
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of a human CD47 polypeptide. In some embodiments, the antibody comprises one, two,
three, four, five, or six CDR sequences; a heavy chain variable domain sequence; and/or a
light chain variable domain sequence from an antibody selected from the group consisting
of S113, S116, 5117 and S118. In some embodiments, the antibody comprises a VH
domain comprising the amino acid sequence of SEQ 1D NO:120 and/or a VL domain
comprising the amino acid sequence of SEQ 1D NO:97. In some embodiments, the
antibody comprises a VH domain comprising the amino acid sequence of SEQ 1D NO:127
andfor 2 VL domain comprising the amino acid sequence of SEQ ID NG:104. In some
embodiments, the antibody comprises 2 VH domain coraprising the amino acid sequence of
SEQ ID NO:133 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:134. In some embodiments, the antibody comprises a VH domain comprising the
amino acid sequence of SEQ 1D NG:135 and/or a VL domain comprising the amine acid
sequence of SEQ 1D NO:136. In some embodiments, the antibody comprises a VH domain
comprising the amino acid sequence of SEQ ID NO:137 and/or a VL domain comprising
the amine acid sequence of SEQ 1D NO:138. In some embodiments, the antibody
comprises a VH domain comprising the amino acid sequence of SEQ D NO:139 and/or a
VL domain comprising the amino acid sequence of SEQ ID NO:140. In some
embodiments, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ D NG:141 and/or a2 VL domain comprising the amino acid sequence of SEQ ID
NG:142.

{0616] In some embodiments, the antibody comprises a VH domain comprising an
amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the VH domain of antibody 115 {e.g., as listed
in Table 2) and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, %1%, 92%, 93%, 94%. 95%. 96%, 97%, 98%. 99%, or 100%
identical to the VL domain of antibody 115 {(e.g., as listed in Table 2). In some
embodiments, the antibody comprises a VH domain comprising an amino acid sequence
that is 85%, 86%, 87%. 88%, 89%, 90%. 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the VH domain of antibody 116 (e.g.. as listed in Table 2) and/or
a VL domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 5%, 96%, 97%, 98%., 99%, or 100% identical to the VL domain of
antibody 116 (e.g., as listed in Table 2). In some embodiments, the antibody coroprises a

VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
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91%. 92%, 93%. 94%, 95%, 96%, 97%. 98%, 89%, or 100% identical to the VH domain of
antibody 117 (e.g., as listed in Table 2) and/or a VL domain comprising an amino acid
sequence that is 85%, 86%, §87%, 88%, 89%, 90%, 91%, 92%, 93%. 94%, 95%, 96%. 97%,
98%, 99%. or 100% identical to the VL domain of antibody 117 (e.g., as listed in Table 2).
In some embodiments, the antibody comprises a VH domain comprising an amine acid
sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, §7%,
98%. 99%, or 100% identical to the VH domain of antibody 118 {e.g., as listed in Table 2)
and/or a VL domain comprising an amino acid sequence that is 85%, 86%. 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the VL
domain of antibody 118 (e.g., as listed in Table 2). In some embodimnents, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, 86%. 87%. 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or 100% identical to the
VH domain of antibody 119 {e. g., as listed in Table 2) and/or a VL domain coroprising an
amino acid sequence that s 85%, 86%, 87%, 88%, 89%, 90%, %1%, 92%, 93%, 94%, 85%,
96%. 97%, 98%, 39%, or 100% identical to the VL domain of antibody 119 (e.g., as listed
in Table 2). In some embodiments, the antibody coroprises a VH domain comprising an
amino acid sequence that is 85%, 86%, 87%, 88%, 89%. 90%, 91%. 92%. 93%, 94%. 95%.
96%, 97%, 98%, 99%, or 100% identical to the VH domain of antibody 120 (e.g., as listed
in Table 2) and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 85%. 90%. %1%, 92%. 93%. 94%, 95%, 96%. 97%, 98%, 99%. or 100%
identical to the VL domain of antibody 120 {e.g., as listed in Table 2). In some
embodiments, the antibody comprises 3 VH domain coraprising an amino acid sequence
that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 38%,
99%, or 100% identical to the VH domain of antibody 121 (e.g.. as listed in Table 2) and/or
a VL domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%, or 100% identical to the VL domamn of
antibody 121 (2. g., as listed in Table 2). In some embodiments, the antibody corprises a
VH domain comprising an amino acid sequence that is 85%, 6%, 87%. 88%, 89%. 90%.
91%, 92%, 93%, 94%, 95%, 96%, 97%, 9R%, 99%, or 100% identical to the VH domain of
antibody 122 (e.g.. as listed in Table 2) and/or a VL domain corprising an amino acid
sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 5%, 96%, 97%,
98%, 99%, or 100% identical to the VL domain of antibody 122 (e.g., as listed in Table 2).

In some embodiments, the antibody comprises a VH domain comprising an amino acid
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sequence that is 85%, 86%. 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the VH domain of antibody 123 (e.g., as listed in Table 2}
and/or a V1. domain comprising an amino acid sequence that is 85%, 86%, §7%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, @5%, 6%, 7%, 98%, 99%, or 100% identical to the VL
domain of antibody 123 (e.g., as listed in Table 2). In some embodiments, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%,
89%. 0%, 91%. 92%. 3%, 94%. 95%. 6%, 97%, 98%, 99%, or 100% identical to the
VH domain of antibody 126 (e.g., as listed in Table 2) and/or a VL domain comprising an
amino acid sequence that is 85%, 86%, 87%, 88%, 8§9%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the VL domain of antibody 126 {e.g., as listed
in Table 2). In some embodiments, the antibody comprises a VH domain comprising an
amino acid sequence that ts 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 5%,
96%, 97%, 98%, 99%, or 100% identical to the VH domain of antibody 128 (e.g., as histed
in Table 2y and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%. 889, 89%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99%. or 100%
identical to the VL domain of antibody 128 (e.g., as listed in Table 2). In some
embodiments, the antibody comprises a VH domain comprising an amino acid sequence
that is 85%, 86%. 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 38%,
99%, or 100% identical to the VH domain of antibody 130 (e g., as listed in Table 2} and/or
2 VL domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 80%,
91%, 92%, 93%, 94%, 5%, 96%, 97%. 98%, 99%, or 130% identical to the VL domain of
antibody 130 (e.g., as listed in Table 2). In some embodiments, the antibody comprises a
VH domain comprising an amino acid sequence that is 853%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 949, 95%, 96%, 97%, 98%, 99%, or 130% identical to the VH domain of
antibody 135 (e.g., as listed in Table 2) and/or a VL domain comprising an amino acid
sequence that is 85%, 56%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the VL domain of antibody 133 (e.g., as listed in Table 2).
In some embodiments, the antibody comprises a VH domain comprising an amino acid
sequence that is 85%, 806%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to the VH domain of antibody 137 {e.g., as listed in Table 2)
and/or a VL domain comprising an amino acid sequence that is 85%, 86%, 87%. 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 9%, or 1030% identical to the VL

domain of antibody 137 {e.g.., as listed in Table 2). In some embodiments, the antthody
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compriscs a VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%.
89%, 90%, 91%, 92%, 93%, 949, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
VH domain of antibody 138 (e.g., as listed in Table 2) and/or a VL. domain comprising an
aming acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%. 92%, 33%, 94%, 95%,
96%, 97%. 98%, 99%, or 100% identical to the VL domain of antibody 138 (e.g.. as listed
in Table 2). In some embodiments, the antibody comprises 2 VH domain comprising an
amino acid sequence that is 835%, 86%, 87%. 38%, 89%, 90%. 91%, 92%, 93%, 94%, 85%,
96%, 97%, 98%, 99%, or 100% identical to the VH domain of antibody 1 {e.g., as listed in
Table 2) and/or a VL. domain comprising an amino acid sequence that is 85%, 86%, 87%,
88%, 89%, 90%, $1%, 2%, 93%, 94%, 5%, 96%, 7%, 98%, 99%, or 100% identical to
the VL domain of antibody 1 (e.g., as listed in Table 2). In some embodiments, the
antibody comprises a VH domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%, or 100%
identical to the VH domain of antibody 2 (e.g., as listed in Table 2) and/or a2 VL domain
comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 95%, 9%, or 100% identical to the VL domain of antibody 2
{e.g., as listed in Table 2). In some embodiments, the antibody comprises a VH domain
comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the VH domain of antibody 8
{e.g.. as listed in Table 2) and/or a VL domain comprising an amino acid sequence that is
85%, 86%, 87%. 88%. 89%, 90%. 91%. 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%, or
100% identical to the VL domain of antibody § (e.g., as listed in Table 2). In sonme
embodiments, the antibody coroprises a VH domain comprising an amino acid sequence
that is 85%, 86%, 87%, §8%. 89%, 90%, 91%. 92%, 3%, 94%. 95%. 96%, 97%. 98%,
99%, or 100% identical to the VH domain of antibody 9 (e.g., as listed in Table 2) and/or a
VL. domain comprising an amino acid sequence that is 85%, 86%, 87%, §8%, 89%, 0%,
91%, 92%, 93%, 94%, 5%, 96%, 7%, 98%, 99%, or 100% identical to the VL domain of
antibody 9 {e.g., as listed in Table 2). In some embodiments, the antibody comprises a VH
doraain comprising an amino acid sequence that is 85%, 86%, 8§7%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 5%, 96%, 97%, 98%, 99%, or 1% identical to the VH domain of
antibody 11 (e.g., as listed in Table 2) and/or a VL domain comprising an amino acid
sequence that is 85%, 8§6%, 87%, 88%, §9%, 90%, 91%. 92%, 93%, 94%, 95%, 96%, 97%,

98%, 99%, or 100% identical to the VL domain of antibody 11 {e.g., as listed in Table 2).
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In some embodiments, the antibody comprises a VH domain comprising an amino acid
sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97 %,
98%, 99%, or 100% identical to the VH domain of antibody 12 (e.g., as listed in Table 2)

[e72
70,

and/or a VL domain comprising an amino acid sequence that is 85%, 86%, 87%. 88
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%. 98%, 99%. or 100% identical to the VL
domain of antibody 12 (e.g., as listed in Table 2). In some embodiments, the antibody
comprises a VH dormain comprising an amino acid sequence that is 85%. 86%, 87%, 88%.
89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% identical to the
VH domain of antibody 13 (e.z., as listed in Table 2) and/or a VL domain comprising an
amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%. 98%, 99%, or 100% identical to the VL domain of antibody 13 (e.g., as listed in
Table 2). In some embodiments, the antibody comprises a VH domain comprising an
amino acid sequence that s 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 7%, 98%, 99%, or 100% identical to the VH dorpain of antibody 14 (e.g., as listed in
Table 2) and/or a VL domain comprising an amino acid sequence that is 85%, 86%, 87%.
889%, §9%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% identical to
the VL domain of antibody 14 {e.g., as listed in Table 2). In some embodiments, the
antibody comprises a VH domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the VH domain of antibody 21, 25, 27, or 66 (e.g., as listed in Table 2} and/or a
/L domain comprising an aminge acid sequence that is 85%, 86%, §7%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the VL domain of
antibody 21, 25, 27, or 66 (e.g., as listed in Table 2). In some embodiments, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, 86%. 87%. 88%,
89%, 90%. 91%, 92%, 93%, 94%, 95%, 6%, 97%. 98%, 99%, or 100% identical to SEQ
I NO:116 and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO:93. In some embodiments, the antibody comprises a VH domain
comprising an amino acid sequence that is 85%, 86%, 87%, 88%. 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ TD NO:117 and/or a VL
domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 8%, 90%, 91%,
92%, 93%, 94%, 953%, 6%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO:94. In

some embodiments, the antibody comprises a VH domain comprising an amino acid
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sequence that is 85%, 86%. 87%, 88%, 89%, 90%, ©1%, 92%. 93%, 949, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ 1D NG:118 and/or a VL domain comprising an amino
acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NOG:95. In some embodiments, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, 86%, 87%. 88%,
89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 91%, 98%, 99%, or 100% identical to SEQ
[P NO:119 and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%. 88%, 89%, 90%. 91%, 92%, 93%. 94%, 95%, 96%. 97%, 98%, 99%. or 100%
identical to SEQ 1D NO:96. In some ernbodiments, the antibody comprises a VH domain
comprising an amino acid sequernce that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%., 95%, 969, 97%, 98%, 99%, or 100% identical to SEQ [D NG:335 and/or a VL
domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, §9%, 90%, 91%,
92%, 93%, 94%, 93%, 6%, 91%, 98%, 99%, or 100% identical to SEQ 1D NO:Y7. In
some embodiments, the antibody comprises a VH domain comprising an amino acid
sequence that is 5%, 86%. 87%, 88%, 89%. 90%, 91%, 92%. 93%, 949, 95%, 96%. 97%,
98%, 99%, or 100% identical to SEQ I NO:121 and/or a VL. domain comprising an amino
acid sequence that is 85%, 86%, 87%. 88%, 89%, 90%. 91%, 92%, 93%. 94%. 95%, 96%.
7%, 8%, 99%, or 100% identical to SEQ ID NOG:98. In some embodiments, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%,
89%, 90%, 91%. 92%. 93%, 94%. 95%. 96%, 97%, 98%, 99%, or 100% identical to SEQ
1D NO:122 and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ 1D NO:99. In some embodiments, the antibody comprises a VH domain
comprising an amino acid sequence that is 85%, 86%. 87%, 88%. 89%. 0%, 91%. 92%.
93%, 94%, 95%, 969, 97%, 98%, 99%, or 100% identical to SEQ [D NG:123 and/ora VL
domain comprising an amino acid sequence that is 85%, 86%, 87%, §8%, 89%, 90%, 91%,
92%, 93%, 94%, 953%, 96%, 97%, 98%, 99%, or 10(3% identical to SEQ 1D NG 100, In
some embodiments, the antibody comprises a VH domain conmprising an amino acid
sequence that is 85%, 806%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ D NO:124 and/or a VL domain comprising an amino
acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ 1D NO:101. In some embodiments, the

antibody comprises a VH domain comprising an amino acid sequence that is 85%, 86%,
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87%. 88%, 5%, 90%, 91%, 92%. 93%. 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SE(Q 1D NO:125 and/or a VL domain comprising an amino acid sequence that
is 85%, 86%, 87%, 88%. 89%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NG:102. In some embodiments, the antibody comprises a VH
domain comprising an amino acid sequence that is 85%, 86%, 87%. 88%, 8§9%, 90%, 91%,
92%, 93%, 94%, 953%, 96%, 97%, 98%, 99%, or 13(3% identical to SEQ 1D NO:126 and/or
2 VL domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
91%. 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99%, or 100% identical to SEQ ID NO:103.
In some embodiments, the antibody comprises a VH domain comprising an amino acid
sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 5%, 96%, 7%,
98%, 99%. or 100% identical to SEQ ID NO:127 and/or a VL domain comprising an amino
acid sequence that is 85%, 86%, 87%, 88%, 8§9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or 100% identical to SEQ 1D NO:104. In some embodiments, the
antibody comprises a VH domain comprising an amino acid sequence that is 85%, 86%,
87%. 88%, 85%, 90%. 91%, 92%. 93%. 94%, 95%, 96%. 97%, 98%, 99%. or 100%
identical to SEQ ID NO:128 and/or 2 VL. domain comprising an amino acid sequence that
i3 85%, 86%, 87%, 88%. 89%. 90%, 91%. 92%. 93%, 94%, 95%. 96%, 97%. 98%. 99%, or
100% identical to SEQ ID N(:105. In some embodiments, the antibody comprises a VH
domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, §9%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NOG:129 and/or
a VL domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
%1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO:106.
In some embodirents, the antibody comprises a VH domain comprising an anino acid
sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%,
98%, 99%, or 100% identical to SEQ} ID NO: 130 and/or a VL domain comprising an amino
acid sequence that is 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or 100% identical to SEQ 1D NO:107. In some embodiments, the
antibody comprises a VH domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ 1D NO:108 and/or a VL. domain comprising an amino acid sequernce that
is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%. 98%. 99%, or
100% identical to SEQ ID N(G:85. In some embodiments, the antibody comprises a VH

domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 9%, 90%, 91%,
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92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO:1{09 and/or
a VL domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 939, 949%, 95%, 96%, 7%, 98%, 99%, or 100% identical to SEQ 1D NO:86.
In some embodiments, the antibody comprises a VH domain comprising an amino acid
sequence that is 85%, 86%, 87%, 88%. 89%, 90%, 91%. 92%, 93%, 94%. 95%, 96%, 97%.
98%, 99%, or 100% identical to SEQ ID NO:110 and/or a VL domain comprising an amino
acid sequence that is 85%, 86%. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or 100% identical to SEQ I NO:87. In some embeodiments, the antibody
compriscs a VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or 100% identical to SEQ
ID NG:111 and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
wdentical to SEQ {D NO:R8. In some embodiments, the antibody comprises a VH domain
comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%. 94%, 93%, 96%, ¥7%, 98%, 99%, or 100% identical to SEQ ID N(G:112 and/ora VL
domain comprising an amino acid sequence that is 85%, 86%, §7%, 88%, 89%, 90%, 91%,
929, 93%. 94%, 5%, 96%, 97%, 98%, 99%. or 100% identical to SEQ D NO:§9. In
some embodiments, the antibody comprises a VH domain comprising an amino acid
sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NG:113 and/or a VL domain comprising an amino
acid sequence that is 85%, §6%, 87%, 88%, 89%. 90%, 81%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or 100% identical to SEQ 1D NO:90. In some embodiments, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%,
889%, 90%. 91%, 92%, 93%. 94%, 85%, 96%. 97%, 8%, 99%. or 100% identical to SEQ
ID NG:114 and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, §89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 7%, 98%, 99%, or 100%
identical to SEQ 1D NO:91. In some embodiments, the antibody comprises a VH domain
comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 8§9%, 90%. 91%, 92%,
93%, 9495, 95%, 6%, 97%, 98%, 99%, or 100% identical to SEQ ID NO:115 and/or a VL.
domain comprising an amino acid sequence that is 85%, 86%, §7%, 88%, 89%, 90%, 91%,
929, 93%, 949, 95%, 36%, 97%, 8%, 99%, or 100% identical to SEQ ID NO:92. In
some embodiments, the antibody comprises 2 VH domain comprising an amino acid

sequence that is 85%, 86%, 87%, 88%, 89%, 0%, 919%, 92%, 93%, 94%, 95%, 96%, 97%,
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98%, 99%, or 100% identical to SEQ ID NO:135, 137, 139, or 141 and/or a VL domain
comprising an amino acid sequernce that is 85%, 86%, 87%, 88%, 89%, 9%, 91%, 92%,
93%, 94%, 95%, 96%, V1%, 98%, 99%, or 100% identical to SEQ 1D NO:136, 138, 140, or
142.

{0011] in some embodiments, the antibody comprises (a) a VH domain comprising an
HVR-HI comprising the amino acid sequence of SEQ D NO:227 or 230, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:228 or 231, and an HVR-H3
comprising the amino acid sequence of SEQ ID NO:229; and/or (b) a VL domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ ID N(O:232, an HVR-
L2 comprising the amino acid sequence of SEQ 1D N(O:233, and an HVR-L3 comprising
the amino acid sequence of SEQ ID N(O:234. In some embodiments, the antibody
comprises (a) a VH domain comprising an HVR-H1 comprising the amino acid sequence of
SEQ D NO:219 or 235, an HVR-H2 comprising the amino acid sequence of SEQ 1D
N(G:236 or 238, and an HYR-H3 comprising the amino acid sequence of SEQ 1D N(:237;
and/or (b) a VL domain comprising an HVR-L1 comprising the amino acid sequence of
SEQ ID NO:239, an HVR-L.2 comprising the amino acid sequence of SEQ D NO:240, and
an HVR-L3 comprising the amino acid sequence of SEQ ID NO:241. In some
embodiments, the antibody comprises {a} an HYR-HI sequence comprising the amine acid
sequence of GESFSXXoAMX;, wherein Xy isNor [ Xp isFor Y, and Xsis Tor S (SEQ
1D NO:185); (b) an HVR-H2 sequence comprising the amino acid sequence of
TIGXXBTYYADSVEG, wherein Xs 18 S or A and X518 G or D (SEQ ID NO:186); (¢} an
HVR-H3 sequence comprising the arnino acid sequence of DSTVXWSGDFFDY, wherein
Xe1s S or G (SEQ ID NO:187); () an HVR-L1 sequence comprising the amino acid
sequence of RASQNVIZXDXoA, wherein X;is Kor Ry Xgis Nor S;and Xets Lor
(SEQ ID NO:188); (e) an HVR-L2 sequence comprising the amino acid sequence of
AAXpX 11 RX T, wherein Xjgis Ror §; X is for 5; and X2 is E or B (SEQ 1D NO:189);
and (f) an HVR-L3 sequence comprising the amino acid sequence of QQYYDWPPEFT
(SEQ 1D NO:148). In some embodiments, the antibody cormprises one, two, three, four,
five, or six HVR sequences from antibody 119 (e.z., as listed in Table 2). In some
embodiments, the antibody comprises one, two, three, four, five, or six HVR sequences
from the variable domain sequences of SEQ ID NOs:335 and 97 (e.g., one, two, or three
heavy chain HVR sequences from the heavy chain variable domain sequence of SEQ ID

NG:335 and/or one, two, or three light chain HVR sequences from the light chain variable
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domain sequence of SEQ ID NO:97). In some embodiments, the antibody comprises one,
two, three, four, five, or six HVR sequences from antibody 135 (e.g., as listed in Table 2).
In some embodiments, the antibody comprises one, two, three, four, five, or six HVR
sequences from the variable domain sequences of SEQ ID NOs:127 and 104 {e.g., one, two,
or three heavy chain HVR sequences from the heavy chain variable domain sequence of
SEQ 1D NO:127 and/or one, two, or three light chain HVR sequences from the light chain
variable domain sequence of SEQ ID NO:104). In some embodiments, the antibody
comprises one, two, three, four, five, or six HVR sequences from the variable domain
sequences of SEQ 1D NOs:97, 104, 120, 335, and 127 {e.g., ong, two, or three heavy chain
HVR sequences from the heavy chain variable domain sequence of SE(Q ID NGs:335 and
127 and/or one, two, or three light chain HVR sequences from the light chain variable
domain sequence of SEQ 11D NGs:97 and 104). In some embodiments, the antibody
coraprises one, two, three, four, five, or six HVR sequences having an armino acid sequence
selected from SEQ ID NQOs:143-148 (e.g., one, two, or three heavy chain HVR sequences
selected from SEQ ID NQOs:143-145 and/or one, two, or three light chain HVR sequences
selected from SEQ TD NOs:146-148). In some embodiments, the antibody comprises one,
two, three, four, {ive, or six HVR sequences having an amino acid sequence selected from
SEQ ID NOs:148-153 {e.g., one, two, or three heavy chain HVR sequences selected from
SEQ 1D NGs:149-151 and/or one, two, or three light chain HVR sequences selected from
SEQ 1D NOs:152, 153, and 148). In some embodiments, the antibody comprises one, two,
three, four, five, or six HVR sequences from antibody 136 (e.g., as listed in Table 2). In
some embodiments, the antibody comprises one, two, three, four, five, or six HVR
sequences having an amino acid sequence selected frorn SEQ ID NOs:153-160 (2.g., one,
two, or three heavy chain HVR sequences selected from SEQ ID NOs:155-157 and/or one,
two, or three light chain HVR sequences selected from SEQ 1D NOs:158-160). In some
embodiments, the antibody comprises one, two, three, four, five, or six HVR sequences
from antibody 21 (e.g., as listed in Table 2). In some embodiments, the antibody comprises
one, two, three, four, five, or six HVR sequences having an amino acid sequence selected
from SEQ ID NOs:161-166 (e.g., one, two, or three heavy chain HVR sequences selected
from SEQ 1D NOs:161-163 and/or one, two, or three light chain HVR sequences selected
from SEQ 1D N(Os:164-166). In some embodiments, the antibody comprises one, two,
three, four, five, or six HVR sequences from antibody 25 {e.g., as listed in Table 2). In

some embodiments, the antibody comprises one, two, three, four, five, or six HVR
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sequences having an amino acid sequence selected from SEQ ID NOs: 161, 163, 168, and
170-172 (e.g., one, two, or three heavy chain HVR sequences selected from SEQ 1D NQOs:
161, 168, and 163 and/or one, two, or three light chain HVR sequences selected from SEQ
ID NGs:170-172). In some embodiments, the antibody comprises one, two, three, four,
five, or six HVR sequences from antibody 27 (e.g., as listed in Table 2). In some
embodiments, the antibody comprises one, two, three, four, five, or six HVR sequences
having an amino acid sequence selected from SEQ ID NQOs: 163, 173, 174, and 176-178
{e.g., one, two, or three heavy chain HVR sequences selected from SEQ 1D NOs:163, 173,
and 174 and/or one, two, or three light chain HVR sequences selected from SEQ ID
NOs:176-178). In some embodiments, the antibody cormprises one, two, three, four, five, or
six HVR sequences from antibody 66 {e.g., as listed in Table 2). In some embodiments, the
antihody comprises one, two, three, four, five, or six HVR sequences having an amino acid
sequence selected from SEQ 1D NOs:162, 163, 179, and 182-184 {e.g., one, two, or three
heavy chain HVR sequences selected from SEQ [D NQOs: 162, 163, and 179 and/or one,
two, or three light chain HVR sequences selected from SEQ ID NOs:182-184). In some
embodiments, the antibody comprises (a) a VH domain comprising an HVR-H1 comprising
the amino acid sequence of SEQ ID N(:143, 202, 204, or 205, an HVR-H?2 comprising the
amino acid sequence of SEQ ID NG:144, 203, or 206, and an HVYR-H3 comprising the
amino acid sequence of SEQ 1D NO:145 or 207; and/or (b) a VL domain comprising an
HVR-L1 comprising the amino acid sequence of SEQ ID NO:146 or 208, an HVR-L2
comprising the amino acid sequence of SEQ ID NO:147 or 209, and an HVR-L3
comprising the amino acid sequence of SEQ 1D NO:148 or 210, In some embodiments, the
antibody coroprises (a) a VH domain comprising an HVR-H1 comprising the amino acid
sequence of SEQ 1D N(:149, 211, 213, or 214, an HVR-H2 comprising the amino acid
sequence of SEQ ID N(O:150, 212, or 215, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:151 or 216; and/or (b) a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID NO:152 or 217, an HVR-L2 comprising the
amino acid sequence of SEQ ID NO:153 or 218, and an HVR-L3 comprising the amino
acid sequence of SEQ 1D NOG:148. In some embodiments, the antibody comprises (a) a VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ [D NO:155,
219,221, or 222, an HVR-H2 comprising the amino acid sequence of SEQ 1D NO:156,
220, or 223, and an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:157 or

224; and/or (b) a VL domain comprising an HVR-L1 comprising the amino acid sequence
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of SEQ ID NO:138 or 225, an HVR-L2 comprising the amine acid sequence of SEQ ID
NG15% or 226, and an HYR-L3 comprising the amino acid sequence of SEQ ID NO:160.
In some embodiments, the antibody comprises (a) a VH domain comprising an HVR-H1
comprising the amino acid sequence of SEQ ID N(G: 161, 191, or 194, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:162, 192, or 195, and an HVR-H3
corprising the amino acid sequence of SEQ ID NO:163 or 193; and/or (b) a VL domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ ID NG:164, an HVR-
L2 comprising the amino acid sequence of SEQ ID NG: 165, and an HVR-L3 comprising
the amino acid sequence of SEQ 1D NO:166. In some embodiments, the antibody
comprises (a) a VH domain comprising an HVR-H1 comprising the amino acid sequence of
SEQ ID NO:161, 191, or 194, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:168, 196, or 197, and an HVR-H3 comprising the amino acid sequence of SEQ 1D
NG:163 or 193; and/or (b) a VL domain comprising an HVR-L1 coroprising the amino acid
sequence of SEQ ID NG:170, an HVR-L2 comprising the amino acid sequence of SEQ ID
NG:171, and an HVR-L3 comprising the amino acid sequence of SEQ ID NO:172. In
some embodiments, the antibody comprises (ay a VH domain comprising an HVR-H1
comprising the amino acid sequence of SEQ ID N(G:173, 198, or 200, an HVR-H2
comprising the amino acid sequence of SEQ ID N(O:174, 199, or 201, and an HVR-H3
comprising the amino acid sequence of SEQ ID NO:163 or 193; and/or (b) a VL. domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ ID NG:176, an HVR-
L2 comprising the amino acid sequence of SEQ ID NOG:177, and an HVR-L3 comprising
the amino acid sequence of SEQ 1D NO:178. In some embeodiments, the antibody
comprises (a) a VH domain comprising an HVR-H1 comprising the amino acid sequence of
SEQ ID NG:179, an HVR-H2 comprising the amino acid sequence of SEQ ID NG:162, and
an HVR-H3 comprising the amino acid sequence of SEQ ID NO:163; and/or (bya VL
domain comprising an HVR-L1 comprising the amino acid sequence of SEQ 1D NO:182,
an HVR-L2 comprising the amino acid sequence of SEQ ID NO:183, and an HVR-L3
comprising the amino acid sequence of SEQ ID NO:184. In some embodiments, the
antibody comaprises a VH domain comprising the amino acid sequence of SEQ 1D NO:135
andf/or a VL domain comprising an HVR-L1 comprising the amino acid sequence of SEQ
ID NG: 164, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:165, and an
HVR-L3 comprising the amino acid sequence of SEQ 1D NO:166. In some embodiments,

the antibody comprises a VH domain comprising the amino acid sequence of SEQ ID
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NG:137 and/or a VL domain comprising an HVR-L1 comprising the amino acid sequence
of SEQ 1D NO:170, an HVR-L2 comprising the amino acid sequence of SEQ 1D NO:171,
and an HVR-L3 comprising the amino acid sequence of SEQ ID NG:172. In some
embodiments, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:139 and/or a VL domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:176, an HVR-L2 comprising the amino acid sequence of SEQ 1D
NG:177, and an HVR-L3 comprising the amino acid sequence of SEQ ID NO:178. In
some embodiments, the antibody comprises a VH domain comprising the amino acid
sequence of SEQ ID NO:141 and/or a VL domain comprising an HVR-L1 comprising the
amino acid sequence of SEQ 1D NO:182, an HVR-L2 comprising the amino acid sequence
of SEQ ID NO:183, and an HVR-L3 comprising the amino acid sequence of SEQ ID
NO:184. In some embodiments, the antibody coraprises one, two, three, four, five, or six
HVR sequences from antibody 3 (e.g., as listed in Table 2). In some embodiments, the
antibody comprises (2} a VH domain comprising one, two, or three HVR sequences from
SEQ ID NO:242; and/or (b) a VL domain comprising one, two, or three HVR sequences
from SEQ D NO:243. In some embodiments, the antibody comprises one, two, three, four,
five, or six HVR sequences from antibody 45 (e.g., as listed in Table 2). In some
embodiments, the antibody comprises {a) a VH domain comprising one, two, or three HVR
sequences frorm SEQ 1D NO:244; and/or (b) 2 VL domain comprising one, two, or three
HVR sequences from SEQ ID NO:245. In some embodiments, the antibody comprises a
/H domain comprising the amino acid sequence of SEQ ID NO:135 and/or a VL domain
comprising an HYR-L1 comprising the amino acid sequence of SEQ ID NO:164, 170, 176,
or 182; an HVR-L.2 comprising the amino acid sequence of SEQ 1D NO: 163, 171, 177, or
183; and an HVR-L3 comprising the amino acid sequence of SEQ 1D NO:166, 172, 178, or
184. In some embodiments, the antibody comprises a VH domain comprising the amino
actd sequence of SEQ ID NO:137 and/or a VL domain comprising an HVR-L1 comprising
the amino acid sequence of SEQ ID NO:164, 170, 176, or 182; an HVR-L2 comprising the
amino acid sequence of SEQ ID NO:165, 171, 177, or 183; and an HVR-L3 comywising the
amino acid sequence of SEQ ID NG:166, 172, 178, or 184, In some embodiments, the
antibody corprises a VH domain comprising the amino acid sequence of SEQ 1D NG:139
and/or a VL domain comprising an HVR-L1 comprising the amino acid sequence of SEQ
I NO:164, 170, 176, or 182; an HVR-L2 comprising the amino acid sequence of SEQ 1D
NG:165, 171, 177, or 183; and an HVR-L3 comprising the amino acid sequence of SEQ 1D

21



WO 2018/057669 PCT/US2017/052592

NG:166, 172, 178, or 184, In some embodiments, the antibody comprises a VH domain
comprising the amino acid sequence of SEQ 1D NO: 141 and/or a VL domain conmprising an
HVR-L1 comprising the amino acid sequence of SEQ D NO:164, 170, 176, or 182; an
HVR-L2 comprising the amino acid sequence of SEQ 1D N(:165, 171, 177, or 183; and an
HVR-L3 comprising the amino acid sequence of SEQ ID N(O:166, 172, 178, or 184, In
some embodiments, one, two, three, four, five, or six of the HVR sequences are defined by
Kabat. In some embodiments, one, two, three, four, five, or six of the HVR sequences are
defined by Chothia. In some embodiments, one, two, three, four, five, or six of the HVR
sequences are defined by IMGT. In soroe embodiments, the antibody comprises HVR
sequences as defined by two or more of Kabat, Chothia, and IMGT (e.g., the antibody
comprises one or more HVR sequences as defined by one delineation and one or more
HVR sequences as defined by a different delineation).

{0012] In other aspects, provided herein is an isolated antibody that binds an
extraceltolar domain of a human SIRP-¢ polypeptide (e.g., the D1 domain), wherein the
antibody comprises: {a) a heavy chain variable (VH) domain comprising (1) an HVR-H1
sequence comprising the amino acid sequence of NFAMT (SEQ 1D NO:175), NFAVT
(SEQ ID NG:204), or NFALT (SEQ ID N(:305), (it} an HVR-H2 sequence comprising the
amino acid sequence of TIGSGDTYYADSVEKG (SEQ ID NG:144), and (i) an HVR-H3
sequence comprising the amino acid sequence of BDSTVSWSGDFEFDY (SEQ 13 NO:1453;
andfor (b) a light chain variable (VL) domain comprising (1) an HVR-L1 sequence
comprising the amino acid sequence of RASQNVKNDLA (SEQ ID NO:146), (ii) an HVR-
L2 sequence comprising the amino acid sequence of AARIRET (SEQ 1D NO:147), and (i)
an HVR-L3 sequence comprising the amino acid sequence of QQYYDWPPEFT (SEQ 1D
NO:148). In some embodiments, the VH domain comprises an amino acid sequence that is
at least 90% identical to the amino acid sequence of SEQ ID NG:120, 335, 246, 258, or
327; and/or the VL domain comprises an amino acid sequence that is at least 90% identical
to the amino acid sequence of SEQ ID NO:97 or 312. In some embodiments, the VH
domain comprises the amino acid sequence of SEQ ID NO:246, and the VL domain
comprises the amino acid sequence of SEQ ID NO:97; the VH domain comprises the amino
acid sequence of SEQ {D NO:258, and the VL domain comprises the amino acid sequence
of SEQ ID NO:97; the VH domain comprises the amino acid sequence of SEQ ID NO:335,
and the VL domain comprises the amino acid sequence of SEQ 1D NO:97; the VH domain

comprises the amino acid sequence of SEQ [D N(O:327, and the VL domain comprises the
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amino acid sequence of SEQ ID N(:97; the VH domain comprises the amino acid sequence
of SEQ ID NO:246, and the VL domain comprises the amino acid sequence of SEQ ID
NO:312; the VH domain comprises the amino acid sequence of SEQ 1D NO:258, and the
VL domain comprises the amino acid sequence of SEQ ID NG:312; the VH domain
comprises the amino acid sequence of SEQ 1D NG:335, and the VL domain comprises the
amino acid sequence of SEQ ID NO:312; or the VH domain comprises the amino acid
sequence of SEQ ID NG:327, and the VL domain comprises the amino acid sequence of
SEQID NO:312.

{0013] in other aspects, provided herein is an isolated antibody that binds an
extracetlular domain of a human SIRP-q polypeptide (e.g., the D1 domain), wherein the
antibody comprises: (3} a heavy chain variable (VH) domain comprising (i) an HVR-H1
sequence comprising the amino acid sequence of IY AMS (SEQ 1D NO:269), IYAVS (8EQ
D NO:213), or TYALS (SEQ 1D NO:306), (1) an HYR-H2 sequence comprising the amino
acid sequence of TIGADDTYYADSVEG (SEQ ID NG:150), and (iii) an HVR-H3
sequence comprising the amino acid sequence of DSTVOWSGDFFDY (SEQ 1D NO:151);
and/or (b) a light chain variable (VL) domain comprising (i) an HVR-L1 sequence
comprising the amino acid sequence of RASQNVRSDIA (SEQ ID NO:152), (it) an HVR-
L2 sequence comprising the amino acid sequence of AASSRDT (SEQ ID NG:153), and
(iit) an HVR-L3 sequence comprising the amino acid sequence of QQYYDWPPEFT (SEQ
1D NO:148). In some embodiments, the VH domain comprises an amino acid sequence
that is at least 90% identical to the amino acid sequence of SEQ ID N(:341, 247, 259, or
328; and/or the VL domain comprises an amino acid sequence that is at least 90% identical
to the amino acid sequence of SEQ 1D NO:104 or 248, In some embodiments, the VH
domain comprises the amino acid sequence of SEQ ID NO:127. and the VL domain
comprises the amino acid sequence of SEQ ID NO:104; the VH domain comprises the
amino acid sequence of SEQ ID N(:247, and the VL domain comprises the amino acid
sequence of SEQ 1D NO:104; the VH domain comprises the amino acid sequence of SEQ
1D NG:259, and the VL domain comprises the amine acid sequence of SEQ ID NO:104; the
YH domain comprises the amino acid sequence of SEQ 1D NO:328, and the VL domain
comprises the amino acid sequence of SEQ 1D NO:104; the VH domain comprises the
amino acid sequence of SEQ ID NO:127, and the VL domain comprises the amino acid
sequence of SEQ D NO:248; the VH domain comprises the amino acid sequence of SEQ

1D NO:247, and the VL domain comprises the amino acid sequence of SEQ 1D NO:248§; the
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VH domain comprises the amino acid sequence of SEQ ID N(G:259, and the VL domain
comprises the amino acid sequence of SEQ 1D NO:248; or the VH domain comprises the
amino acid sequence of SEQ ID NO:328, and the VL domain comprises the amino acid
sequence of SEQ ID N(:248.

{0014] In other aspects, provided herein is an isolated antibody that binds an
extracellular domain of a huroan SIRP-u polypeptide (e.g., the D1 domain), wherein the
antibody comprises: (a) a heavy chain variable (VH) domain comprising: (1) an HVR-H1
sequence comprising the amino acid sequence of X X,DXGN, wherein X is Sor T X is Y
or Syand X5 is M, L, or V (SEQ 1D NO:307); (i) an HVR-HZ sequence comprising the
amino acid sequence of LISGSGEIX  YYADSVEG, wherein X is Lor T(SEQ ID
NO:308); and (iit) an HVR-H3 sequence comprising the amino acid sequence of

EX X XKGYRFFDX,, wherein Xp isNor D XoisNor Dy XsisRorMyand Xy isDor Y
(SEQ 1D NO:30Y); and/or (b a light chain variable (VL) domain comprising: (i) an HVR-
L1 sequence comprising the amino acid sequence of RAXGQSVYX,YLA, wherein X is §
or I and X, 18 T or S (SEQ ID N(G:310); (i1) an HVR-LZ sequence comprising the amino
acid sequence of X AXOXKRAX, wherein X, is G, A, or DI X is Sor Ry X5 is S, N, or T,
and Xy is T or A (SEQ ID NG:311); and (i) an HVR-L3 sequence comprising the amino
acid sequence of QQYYDRPPLT (SEQ ID NO:160). In some embodiments, the antibody
cormprises (&) a heavy chain variable (VH) domain comprising (i) an HVR-H1 sequence
comprising the amino acid sequence of SYDMN (SEQ ID NO:270), SYDVN (SEQ ID
NG:221), or SYDLN (SEQ ID NO:313), (i) an HVR-H2 sequence comprising the amino
acid sequence of LISGSGEUY YADSVKG (SEQ D NO:156), and (i) an HVR-H3
sequence comprising the amino acid sequence of ENNRYRFFDD (SEQ 1D NO:1ST);
andfor (b) a Hght chain variable (VL) domain comprising (i) an HVR-L1 sequence
comprising the amino acid sequence of RASQSVYTYLA (SEQ ID NO:158), (ii) an HVR-
L2 sequence comprising the amino acid sequence of GASSRAT (SEQ 1D NO:159), and
(1it) an HVR-L.3 sequence comprising the amino acid sequence of QQYYDRPPLT (SEQ
IP NO:160). In some embodiments, the VH domain comprises an amino acid sequence
that is at least 90% identical to the amino acid sequence of SEQ ID NO: 249, 133, 260, or
329; and/or the VL domain comprises an amino acid sequernce that is at least 90% identical
to the amino acid sequence of SEQ D N{:134, 250, or 251. In some embodiments, the
VH domain comprises the amino acid sequence of SEQ 1D NO:133, and the VL dorain

comprises the amino acid sequence of SEQ [D N(O:134; the VH domain comprises the
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amino acid sequence of SEQ ID NO:260, and the VL domain comprises the amino acid
sequence of SEQ 1D NO:134; the VH domain comprises the amino acid sequence of SEQ
ID NO:329, and the VL domain coroprises the amino acid sequence of SEQ D N(O:134; the
VH domain comprises the amino acid sequence of SEQ ID NO:133, and the VL domain
comprises the amino acid sequence of SEQ 1D NO:250; the VH domain comprises the
amino acid sequence of SEQ ID N(O:260, and the VL domain comprises the amino acid
sequence of SEQ ID NG:250; the VH domain comprises the amino acid sequence of SEQ
ID NG:329, and the VL domain comprises the amine acid sequence of SEQ ID NO:256; the
VH domain comprises the amino acid sequence of SEQ 1D NO:133, and the VL domain
comprises the amino acid sequence of SEQ ID NO:251; the VH domain comprises the
amino acid sequence of SEQ ID NO:260, and the VL domain comprises the amino acid
sequence of SEQ D NO:251; the VH domain comprises the amino acid sequence of SEQ
D NO:329, and the VL domain comprises the amino acid sequence of SEQ 1D NO:251; the
/H domain comprises the aminoe acid sequence of SEQ ID NG:249, and the VL domain
comprises the amino acid sequence of SEQ ID N(O:134; the VH domain comprises the
amino acid sequence of SEQ 1D NO:249, and the VL domain comprises the amino acid
sequence of SEQ ID N(O:250; or the VH domain comprises the amino acid sequence of
SEQ ID N(G:249, and the VL domain comprises the amino acid sequence of SEQ ID
NO:251.
{0015] In other aspects, provided herein is an isolated antibody that binds an
extracellular domain of a human SIRP-¢ polypeptide (e.g., the D1 domain), wherein the
antibody corprises: a heavy chain variable (VH) domain comprising: an HVR-H1
sequence comprising the amino acid sequence of X XAX3S, wherein X is Sor T; Xz is N,
Y, H, or Dyand X51s M, L, or V (SEQ ID NO:297); an HVR-H2 sequence comprising the
aming acid sequence of GISX; X Xa Xy Xs X Y Y X5 X SXoK G, wherein Xy is Aor 5; X, 15 G,
S,ovabsent; X318 8, Dor G, XuisGor S; Xsis D, S, or Gy Xgis Tor A; Xqi8 P, G, V., 1,
A, or 8; Xpis A, D, or G; and Xo is V or M (SEQ 1D NO:298); and an HVR-H3 sequence
comprising the amino acid sequence of ETWNHLFDY (SEQ 1D NG:193); and/or a light
chain variable (VL) domain comprising: an HVR-L1 sequence comprising the arnino acid
sequence of SGGX 1 X: X58X4 Y Y Xs, wherein Xy 18 D, G, S, 1, or absent; X, 18 5, W, G, Y,
D, orabsent; X518 8, Y. T,orD; Xy is H, T, S, or Y and X518 G or A (SEQ ID NG:299);
an HVR-1L.2 sequence comprising the amino acid sequence of SDX,XoRPX, wherein X is

DorN; Xy is E, K, or Q; and X5 is S or P(SEQ 1D NO:300); and an HVR-L3 sequence
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comprising the amino acid sequence of Xy XoYDXX,XsYXNX7, wherein X is Gor A; X,
sGor A XisG Y, Q0,8 or A Xyis S, R, or T Xsis Taor S; Xeis ALV, L, or T and
X718 T, A, D, or P(SEQ ID NO:301). In other aspects, provided berein is an isolated
antibody that binds an extracellular domain of a human SIRP-a polypeptide {e.g., the D1
domain), wherein the antibody comprises: a heavy chain variable (VH) domain comprising:
a heavy chain variable (VH) domain comprising: an HVR-H1 sequence comprising the
amino acid sequence of SX;AXSS, wherein X, is Nor Y; and wherein X is M, L or V
(SEQ ID NO:302); an HVR-HZ sequence comprising the amino acid sequence of
GISXGXOXDTYY X XSVKG, wherein Xy is A or S; X018 G or absent; X3is S or G Xy
is P, G, or V; and X5 is A or D (SEQ ID NO:303); and an HVR-H3 sequence corprising
the amino acid sequence of ETWNHLFDY (SEQ 1D NO:193); and/or a light chain variable
(VL) domain comprising: an HVR-L1 sequence comprising the amino acid sequence of
SGGXYSSYY YA, wherein X 18 S or A (SEQ D NO:304); an HVR-L2 sequence
comprising the amino acid sequence of SDDKRPS (SEQ ID NO:336); and an HVR-L3
sequence comprising the amino acid sequence of GGYDQSSYTNP (SEQ ID NG:172). In
some embodiments, the VH domain comprises (i) an HVR-H1 sequence comprising the
aming acid sequence of SNAMS (SEQ ID NO:194), SNAVS (SEQ ID NO:271), or SNALS
(SEQ ID NG:318), (1) an HVR-H2 sequence comprising the amino acid sequence of
GISAGGSDTYYPASVEKG (SEQ ID NO:195), and (iii)y an HVR-H3 sequence comprising
the amineo acid sequence of ETWNHLFDY (SEQ ID NG:193). In some embodiments, the
VH domain comprises an amino acid sequence that is at least 90% identical to the amino
acid sequence of SEQ 1D NOG:1385, 263, 264, or 330. In some embodiments, the VH
dorain comprises (i) an HVR-H1 sequence cornprising the amino acid sequence of
SNAMS (SEQ ID NG:194), SNAVS (SEQ ID NG:271). or SNALS (SEQ ID NO:318), (i1)
an HVR-H2 sequence comprising the amino acid sequence of GISSGSDTYYCGDSVKG
(SEQ 1D NO:197), and (it an HVR-H3 sequence comprising the amino acid sequence of
ETWNHLFDY (SEQ ID NO:193). In some ernbodiments, the VH domain comprises an
amino acid sequence that is at least 90% identical to the amino acid sequence of SEQ ID
NO:137, 265, 266, or 331, In some embodiments, the VH domain comprises (i) an HVR-
H1 sequence comprising the amino acid sequence of SYAMS (SEQ 1D NO:200), SYAVS
(SEQ ID NG:272), or SYALS (SEQ ID NO:319), (it) an HVR-HZ sequence comprising the
amino acid sequence of GISSGGDTYYVDSVEG (SEQ ID NG:201), and (ili) an HVR-H3
sequence comprising the amino acid sequence of ETWNHLFDY (SEQ 1D NO:193). In
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some embodiments, the VH domain comprises an amino acid sequence that is at least 90%
identical to the armnine acid sequence of SEQ 1D N(O:139, 267, 268, or 332. In some
embodiments, the VL domain comprises the sequence FWI—HVR-LI—FW2—HVR-
L2—FW3—HVR-L3—FW4 (N-terminus to C-terminus), wherein FW1 comprises the
amino acid sequence SYELTQPPSVSVSPGQTARITC (SEQ ID NO:314), FW2 comprises
the amino acid sequence WYQQKPGQAPVTLIY (SEQ ID NO:315), FW3 comprises the
amino acid sequence NIPERFSGSSSCTTVILTISGVQAEDEADYYC (SEQ ID NO:316),
and FW4 comprises the amino acid sequence FOGGTKLTVL (SEQ ID NG:317). In some

embodiments, the VL domain comprises (i) an HVR-L1 sequence comprising the amino
acid sequence of SGGSYSSYYYA (SEQ 1D NO:170), (ii) an HVR-L.2 sequence
comprising the amino acid sequence of SDDERPS (SEQ ID N(:336), and (iii) an HVR-L3
sequence comprising the amino acid sequence of GGYDQSSYTNP (SEG 1D NG:172). In
some embodiments, the V0 domain comprises an amino acid sequence that is at least 90%
identical to the amino acid sequence of SEQ ID NG:252. In some embodiments, the VL
domain comprises (1) an HVR-L1 sequence comprising the amino acid sequence of
SGGAYSSYYYA (SEQ ID NG:2613, (i) an HVR-L2 sequence comprising the amino acid
sequence of SDDKRPS (SEQ ID N(O:336), and (iiiy an HVR-L3 sequence comprising the
amino acid sequence of GGYDQSSYTNP (SEQ 1D NO:172). In some embodiments, the
VL domain comprises an amino acid sequence that s at least 90% identical to the amino
acid sequence of SEQ ID NO:262. In some embodiments, the VH domain comprises the
amino acid sequence of SEQ ID N(:263, and the VL domain comprises the amino acid
sequence of SEQ I NO:257; the VH domain corprises the amino acid sequence of SEQ
1D NG:264, and the VL domain coroprises the amino acid sequence of SEQ ID NO:252; the
VH domain comprises the amino acid sequence of SEQ 1D NO:330, and the VL domain
comprises the amino acid sequence of SEQ ID NO:252; the VH domain comprises the
amino acid sequence of SEQ ID NO:135, and the VL domain comprises the amino acid
sequence of SEQ 1D NO:252; the VH domain comprises the amino acid sequence of SEQ
ID NO:137, and the VL domain comprises the amine acid sequence of SEQ ID NO:252; the
YH domain comprises the amino acid sequence of SEQ 1D NG:139, and the VL domain
comprises the amino acid sequence of SEQ 1D NO:252; the VH domain comprises the
amino acid sequence of SEQ ID NO:265, and the VL domain comprises the amino acid
sequence of SEQ D NO:252; the VH domain comprises the anmino acid sequence of SEQ

1D NO:266, and the VL domain comprises the amino acid sequence of SEQ 1D NO:252; the
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VH domain comprises the amino acid sequence of SEQ ID N(G:331, and the VL domain
comprises the amino acid sequence of SEQ ID NG:252; the VH domain comprises the
amino acid sequence of SEQ ID NO:267, and the VL domain comprises the amino acid
sequence of SEQ ID N(:252; the VH domain comprises the amino acid sequence of SEQ
1D NO:268, and the VL domain comprises the amino acid sequence of SEQ ID NO:252; the
VH domain comprises the amino acid sequence of SEQ ID NO:332, and the VL domain
comprises the amino acid sequence of SEQ ID NO:252: the VH domain comprises the
amino acid sequence of SEQ ID N(:263, and the VL domain comprises the aming acid
sequence of SEQ 1D NO:262; the VH domain coraprises the amino acid sequence of SEQ
1D NO:264, and the VL domain comprises the amino acid sequence of SEQ [D NO:262; the
VH domain comprises the amino acid sequence of SEQ 1D N(:338, and the VL domain
comprises the amino acid sequence of SEQ 1D NO:262; the VH domain comprises the
amino acid sequence of SEQ 1D N(G:265, and the VL domain comprises the amino acid
sequence of SEQ ID NG:262; the VH domain comprises the amine acid sequence of SEQ
1D NO:266, and the VL domain comprises the amine acid sequence of SEQ 1D NO:262; the
VH domain comprises the amino acid sequence of SEQ 1D N(:331, and the VL domain
comprises the amino acid sequence of SEQ ID NO:262; the VH domain comprises the
amino acid sequence of SEQ ID NO:267, and the VL domain comprises the amine acid
sequence of SEQ D NO:262; the VH domain comprises the amino acid sequence of SEQ
1D NO:268, and the VL domain comprises the amino acid sequence of SEQ ID NO:262; the
/H domain comprises the amino acid sequence of SEQ ID NG:332, and the VL domain
comprises the amino acid sequence of SEQ ID NG:262; the VH domain comprises the
amino acid sequence of SEQ 1D NO: 1335, and the VL domain comprises the amino acid
sequence of SEQ ID NO:262; the VH domain comprises the amino acid sequence of SEQ
ID NG:137, and the VL domain comprises the amino acid sequence of SEQ D NO:262; or
the VH domain comprises the amino acid sequence of SEQ 1D NO:139, and the VL domain
coraprises the amino acid sequence of SEQ D N(O:262.
{0616] in other aspects, provided herein is an isolated antibody that binds an
extraceliular domain of a human SIRP-g polypeptide (e.g., the D1 domain), wherein the
antibody binds to a hurnan SIRP-g v1 polypeptide at one or more amino acid positions
selected from the group consisting of 131, V33, (52, K53, T67, R69, N70, and K96,
according to SEQ 1D NO:296. In some embodiments, the antibody binds to the human

SIRP-g vl polypeptide at I31, V33, Q352, K53, T67, R69, N70, and K96, according to SEQ
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ID NO:296. In some embodiments, the antibody further binds to the human SIRP-a vi
polypeptide at one or more amino acid positions selected from the group consisting of £.30,
P32, B34, T62, N7, M72, F74, and R93, according to SEQ ID NGO:296. In some
embodiments. the antibody further binds to the human SIRP-o v1 polypeptide at 130, P32,
ES54, T62, N71, M72, F74, and R95, according to SEQ 1D NG:296.

{0017] In other aspects, provided herein is an isolated antibody that binds an
extracellular domain of a human SIRP-u polypeptide (e.g., the D1 domain), wherein the
antibody binds to a human SIRP-a vi polypeptide at one or more amine acid positions
selected from the group consisting of [7, P9, D10, K11, S12, A42, A108, and E111,
according to SEQ ID NO:296. In some embodunents, the antibody binds to the human
SIRP-¢ vl polypeptide at K11, A42, A108, and E111, according to SEQ ID N(:296. In
some embodiments, the antibody binds to the huoman SIRP-g v1 polypeptide at 17, P9, D10,
K11, 812, A108, and E111, according to SEQ 1D NO:296. In some embodiments, the
antibody further binds to the human SIRP-go v1 polypeptide at one or more amino acid
positions selected from the group consisting of L14, T26, T28, T88, Y90, S106, 5113, and
A116, according to SEQ 1D NO:296. In some embodiments, the antibody further binds to
the human SIRP-a vi polypeptide at L14, T88, Y90, 5106, S113, and A116 of human
SIRP-a v1, according to SEQ ID NG:296. In some embodiments, the antibody further
binds to the buman SIRP-g vl polypeptide at 1.14, T26, and T28, according to SEQ 1D
NG:296.

{0618] In other aspects, provided herein is an isolated antibody that binds an
extraceliular domain of a human SIRP-g polypeptide (e.g., the D1 domain), wherein the
antibody binds to a human SIRP-¢ vi polypeptide at one or more amino acid positions
selected from the group consisting of H47, 148, P58, R59, T82, and A84, according to SEQ
ID NG:296. In some embodiments, the antibody binds to the human SIRP-¢ vl
polypeptide at E47, 148, PS8, R59, T82, and A84, according to SEQ ID NO:296. In some
embodiments, the antibody further binds to the human SIRP-u v1 polypeptide at one or
more amino acid positions selected from the group consisting of A17, P44, G435, 149, E54,
G55, HS6, F57, and P83, according to SEQ 1D NO:296. In some embodiments, the
antibody further binds to the human SIRP-a v1 polypeptide at A17, P44, G435, 149, £54,
(55, HS6, F57, and P83 of haman SIRP-¢ v1, according to SEQ ID NO:296.

{0019] In other aspects, provided herein is an isolated antibody that hinds an

extraceltular domain of a human SIRP-¢ polypeptide (e.g., the D1 domain), wherein the
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antibody binds the extracelular domain of a human SIRP-a vi polypeptide with a
dissociation constant (Kp) of less than 100uM, and wherein the antibody blocks binding
between an extracellular domain of a human SIRP-o polypeptide and an IgSF domain of a
human CD47 polypeptide. In some embodiments, the antibody binds the extracellular
domain of a human SIRP-a v2 polypeptide with a dissociation constant (Kp) of less than
100nM. In some embodiments, the antibody binds the D1 domain of a human SIRP-g v1
polypeptide and the D1 domain of a haman SIRP-¢ v2 polypeptide. In some embodiments,
the antibody binds an extraceltular domain of a cynomolgus SIRP-¢ polypeptide. In some
embodiments, the antibody binds an extracetiular domain of a human SIRP-§ polypeptide.
In some embodiments, the antibody binds an extracellular domain of a buman SIRP-y
polypeptide. In some cmbodiments, the antibody binds an extracellular domain of a murine
SIRP-g polypeptide.

{00206] In other aspects, provided herein is an tsolated antibody that binds an
extracelolar domain of a human SIRP-¢ polypeptide (e.g., the D1 domain), wherein the
antibody binds the D1 domain of a human SIRP-¢ polypeptide, and wherein the antibody
does not block binding between an extracelhilar domain of a human SIRP-a polypeptide
and an IgSF domain of a human CD47 polypeptide. In some embodiments, the antibody
binds the D1 domain of a human SIRP-¢ with a dissociation constant (Kp) of less than
100nM. In some embodiments, the antibody binds the D1 domain of a human SIRP-g v1
polypeptide with a dissociation constant (Kp) of less than 100nM and/or binds the D1
domain of a human SIRP-u v2 polypeptide with a dissociation constant (Kp) of less than
100nM. In some embodiments, the antibody binds the D1 domain of a human SIRP-a vi
polypeptide and the D1 domain of a human SIRP-a v2 polypeptide. In some embodiments,
the antibody binds an extraceltular domain of a cynomolgus SIRP-a polypeptide. In some
embodiments, the antibody binds an extraceliular domain of a human SIRP-§ polypeptide.
In somoe embodiments, the antibody binds an extracellular domain of a rourine SIRP-a
polypeptide.

{0621] in other aspects, provided herein is an isolated antibody that binds an
extraceliular domain of a human SIRP-g polypeptide (e.g., the D1 domain), wherein the
antibody corapetes for binding the extracellular domain of the human SIRP-g polypeptide
with a reference anti-SIRP-¢ antibody comprising a heavy chain variable (VH) domain and
a light chain variable (VL) domain of an antibody selected from the group consisting of

antibodies 119, 120, 121, 122, 21, 25,27, 66, and 135. In other aspects, provided herein is
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an isolated antibody that binds an extracellular domain of a human SIRP-¢ polypeptide
(e.g., the D1 domain), wherein the antibody corapetes for binding the extracellular domain
of the human SIRP-g polypeptide with a reference anti-SIRP-g antibody comprising: (a) a
heavy chain variable (VH) domain comprising the amino acid sequence of SEQ ID NO:120
and a light chain variable (VL) domain comprising the amino acid sequence of SEQ 1D
NG:97; (b) a heavy chain variable (VH) domain comprising the amino acid sequence of
SEQ ID NO:121 and a light chain vartable (VL) domain comprising the amino acid
sequence of SEQ 1D NG:98; {c) a heavy chain variable (VH) domain comprising the amino
acid sequence of SEQ 1D NO:130 and a light chain variable (VL) domain comprising the
amino acid sequence of SEQ 1D NO:107; (d) a heavy chain variable (VH) domain
comprising the amino acid sequence of SEQ ID N(O:122 and a light chain variable (VL)
domain comprising the amino acid sequence of SEQ 1D NG:99; (¢) a heavy chain variable
{(VH) domain comprising the amino acid sequence of SEQ [D NO:135 and a light chain
variable {VL) domain comprising the amino acid sequence of SEQ 1D NO:136; (f) a heavy
chain variable (VH) domain comprising the amino acid sequence of SEQ ID NO:137 and a
light chain variable (V1) domain comprising the amino acid sequence of SEQ 1D N(O:138;
{g) a heavy chain variable (VH) domain comprising the amino acid sequence of SEQ ID
N©:139 and a light chain variable (VL) domain comprising the amine acid sequence of
SEQ 1D NG:140; (b) a heavy chain variable (VH) domain coraprising the amino acid
sequenice of SEQ ID NO:141 and a light chain variable (VL) domain comprising the amino
acid sequence of SEQ ID NG:142; or (i) a heavy chain variable (VH) domain comprising
the amino acid sequence of SEQ 1D NO:127 and a light chain variable (VL) domain
comprising the amino acid sequence of SEQ ID NG:104.

{0022] In other aspects, provided herein is an isolated antibody that binds an
extracellular domain of a human SIRP-o polypeptide {(e.g., the D1 domain), wherein the
antibody competes for binding the extracellular domain of the buman SIRP-a polypeptide
with a reference anti-SIRP-u antibody comprising a heavy chain variable (VH) domain and
a light chain variable (VL) domain of an antibody selected from the group consisting of
antibodies 136 and 137, In other aspects, provided herein is an isolated antibody that binds
an extracelular domain of a human SIRP-¢ polypeptide (e.g., the D1 domain), wherein the
antibody competes for binding the extracellular domain of the human SIRP-o polypeptide
with a reference anti-SIRP-a antibody comprising: (a) a heavy chain variable (VH) domain

comprising the amino acid sequence of SEQ ID NO:133 and a light chain variable (VL)
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domain comprising the amino acid sequence of SEQ ID N(:134; or (b) a heavy chain
variable (VH) domain comprising the amino acid sequence of SEQ H> NG:128 and a light
chain variable (VL) domain comprising the amino acid sequence of SEQ ID NG:105.
[6023] In other aspects, provided herein is an isolated antibody that binds an
extracellular domain of a human SIRP-a polypeptide (e.g., the D1 domain), wherein the
antibody competes for binding the extracellular domain of the buman SIRP-a polypeptide
with a reference anti-SIRP-¢ antibody comprising a heavy chain variable (VH) domain and
a light chain variable (VL) domain of an antibody selected from the group counsisting of
antibodies 3, 213, 173, and 209. In other aspects, provided herein is an isolated antibody
that binds an extracellular domain of a haman SIRP-a polypeptide {e.g., the D1 domain),
wherein the antibody competes for binding the extracellular domain of the human SIRP-¢
polypeptide with a reference anti-SIRP-g antibody comprising: (a) a heavy chain variable
{(VH) domain comprising the amino acid sequence of SEQ [D NO:242 and a light chain
variable {VL) domain comprising the amino acid sequence of SEQ 1D N(O:243; (b) a heavy
chain variable (VH) domain comprising the amino acid sequence of SEQ ID NO:275 and a
light chain variable (V1) domain comprising the amino acid sequence of SEQ 1D NG:276;
{c} a heavy chain variable (VH) domain comprising the amino acid sequence of SEQ ID
N(O:278 and a light chain variable (VL) domain comprising the amine acid sequence of
SEQ 1D NG:279; or (d) a heavy chain variable (VH) domain comprising the amino acid
sequence of SEQ ID NG:280 and a light chain variable (VL) domain comprising the amino
acid sequence of SEQ ID NO:281.

{6024] in other aspects, provided herein is an isolated antibody that binds an
extracellular domain of a human SIRP-g polypeptide (e.g., the D1 domain), wherein the
antibody competes for binding the extracellular domain of the human SIRP-a polypeptide
with a reference anti-SIRP-u antibody comprising a heavy chain variable (VH) domain and
a light chain vartable (VL) domain of an antibody selected from the group consisting of
antibodies 115, 116, 117, 118, and 132. 1n other aspects, provided herein is an isolated
antibody that binds an extraceliular domain of a human SIRP-¢ pelypeptide {e.g., the D1
dornain), wherein the antibody competes for binding the extracellular domain of the human
SIRP-a polypeptide with a reference anti-SIRP-a antibody comprising: (a) a heavy chain
variabie (VH) domain comprising the amino acid sequence of SEQ ID NO:116 and a light
chain variable (VL) domain comprising the amino acid sequence of SEQ 1D NG:93; (b) a

heavy chain variable (VH) domain comprising the amino acid sequence of SEQ 1D NO:117
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and a light chain variable (VL) domain comprising the amino acid sequence of SEQ ID
N(:94; (c) a heavy chain variable (VH) domain comprising the amino acid sequence of
SEQ ID NO:118 and a light chain variable (VL) domain comprising the amino acid
sequence of SEQ 1D N(O:9S; (d) a heavy chain variable (VH) domain comprising the amino
acid sequence of SEQ ID NO:119 and a light chain variable (VL) domain comprising the
amino acid sequence of SEQ ID NO:96; or (e) a heavy chain variable (VH) domain
comprising the amino acid sequence of SEQ ID NO:282 and a light chain variable (VL)
domain comprising the amino acid sequence of SEQ ID N(OG:283.

{0025] in other aspects, provided herein is an isolated antibody that binds an
extracetlular domain of a human SIRP-q polypeptide (e.g., the D1 domain), wherein the
antibody competes for binding the extracellular domain of the human SIRP-o polypeptide
with a reference anti-SIRP-u antibody comprising a heavy chain variable (VH) domain and
a light chain variable (VL) domain of an antibody selected from the group consisting of
antibodies 218§, 123, 149, 161, 162, and 194. In other aspects, provided herein is an isolated
antibody that binds an extracellular domain of a human SIRP-o polypeptide {e.g., the D1
domain), wherein the antibody competes for binding the extracelhular domain of the human
SIRP-u polypeptide with a reference anti-SIRP-a antibody comprising: {(a) a heavy chain
variable (VH) domain comprising the amino acid sequence of SEQ ID NO:284 and a light
chain variable (VL) domain comprising the amino acid sequence of SEQ ID NO:285; (bya
heavy chain variable (VH) domain comprising the amino acid sequence of SEQ ID NG:123
and a light chain variable (VL) domain comprising the amino acid sequence of SEQ ID
NG:100; (c) 3 heavy chain variable (VH) domain comprising the amino acid sequence of
SEQ ID NO:286 and a light chain variable (VL) domain comprising the amino acid
sequence of SEQ 1D N(O:287; (d) a heavy chain variable {VH) domain comprising the
amino acid sequence of SEQ ID NG:288 and a light chain variable (VL) domain
cornprising the amino acid sequence of SEQ ID NO:289; (e) a heavy chain variable (VH)
domain comprising the amino acid sequence of SEQ 1D NO:290 and a light chain variable
(VL) domain comprising the amino acid sequence of SEQ ID NO:291; or (f) a heavy chain
variable {(VH) domain comprising the amino acid sequence of SEQ H> N(:292 and a light
chain variable (VL) domain comprising the amino acid sequence of SEQ ID N(G:283.
{0026] In other aspects, provided herein is an isolated antibody that binds an
extracellular domain of a human SIRP-o polypeptide (e.g., the D1 domain), wherein the

antibody competes for binding the extracellular domain of the buman SIRP-a polypeptide
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with a reference anti-SIRP-¢ antibody comprising a heavy chain variable (VH) domain and
a light chain variable (VL) domain of antibody 453. In other aspects, provided herein is an
isolated antibody that binds an extracellular domain of a human SIRP-g polypeptide (e.g.,
the D1 domain), wherein the antibody competes for binding the extracellular domain of the
human SIRP-g polypeptide with a reference anti-SIRP-o antibody comprising a heavy
chain variable (VH) domain comprising the amino acid sequence of SEQ ID NO:244 and a
light chain variable (VL) domain comprising the amino acid sequence of SEQ ID NO:245.
{00271 In some embodiments of any of the above embodiments, the antibody enhances
phagocytosis by a macrophage expressing a human SIRP-o polypeptide. In some
embodiments, the antibody enhances activation of a dendritic cell expressing a human
SIRP-a polypeptide. In some embodiments, the antibody inhibits in vive growth of a tumor
that expresses CD47. In some embodiments, the antibody docs not prevent interactions
between a CD47-expressing cell and a T cell.

{6028] In some embodiments of any of the above embodiments, the antibody is a
monoclonal antibody. In some embodiments, the antibody is a scFv-Fc, single domain
antibody, single heavy chain antibody, ot single light chain antibody. In some
embodiments, the antibody comprises a light chain constant region comprising the amino
acid sequence of SEQ 1D N(:325, 326, or 426. In some embodiments, the antibody
comprises an amino acid sequence selected from the group consisting of SEQ D NOs:320-
324. In some embodiments, the antibody comprises an Fc region. In some embodiments,
the Fc region is a human Fe region selected from the group consisting of an IgG1 Fe region,
an fg(G2 Fe region, and an 1gG4 Fe region. In some embodiments, the Fe region comprises
4 human IgGl Fe region comprising one or more mutations selected from the group
consisting of L234A, L.235A, L235E, G237A, and N297A, according to EU nombering. In
some embodiments, the Fe region comprises a human 1gG2 Fe region comprising one or
more motations selected from the group consisting of A3305, P3318 and N297A, according
to EU numbering. In some embodiments, the Fe region comprises a human IgG4 Fe region
comprising one or more mutations selected from the group consisting of S228P, E233P,
F234V, 1.235A, 1L.235E, del(G236, and N297 A, according to EU numbering. In some
embodiments, the antibody is an antibody fragment selected from the group consisting of a
Fab, F(ab")2, Fab'-SH, Fv, and scFv fragment. In some embodiments, the antibody is

conjugated to a cytotoxic agent or label.
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[6029] in some embodiments, the antibody is a bispecific antibody. In some
embodiments, the antibody coraprises a first antigen binding domain that binds an
extracetlular domain (e.g., the D1 domain) of a human SIRP-o polypeptide and a second
antigen binding domain that binds an antigen expressed by a cancer cell. In some
embodiments, the antigen expressed by the cancer cell is selected from the group consisting
of CD19, CD20, CD22, CD30, CD33, CD38, CDS2, CD36, CD70, CD74, CD79b, CD123,
CD138, CSI/SLAMF7, Trop-2. ST4, EphA4, BCMA, Mucin 1, Mucin 16, PD-L1, PTK7,
STEAPI, Endothelin B Receptor, mesothelin, EGFRVIIL, ENPP3, SLTC44A4, GNMBE,
nectin 4, NaPi2b, LIV-1A, Guanylyl cyclase C, DLL3, EGFR, HER2, VEGF, VEGFR,
integrin aVH3, integrin 51, MET, IGFIR, TRAILRI, TRAILR2, RANKL, FAP,
Tenascin, Le’, EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CAIX, EPHAZ3, folate
receptor o, G2, GD3, and an MHC/peptide complex comprising a peptide from NY-ESO-
VLAGE, SSX-2, a MAGE family protein, MAGE-A3, gp100/pmell7, Melan-A/MART-
1, ep7S/TRP, tyrosinase, TRP2, CEA, PSA, TAG-72, immature laminin

receptor, MOK/RAGE-1, WT-1, BAP-1, BING-4, EpCAM, MUCIL, PRAME,

sarvivin, BRCAT, BRCA2, CDK4, CML66, MART-2, pS3, Ras, f-catenin, TGF-BRII,
HPV E6, or HPV E7. In some embodiments, the antibody is a chicken, humanized,
chimeric, or human antibody. In some embodiments, the antibody is generated by or
derived from a chicken.

{0636] Further provided herein are polynucleotides comprising the antibody according
to any one of the above embeodiments. Further provided herein are vectors comprising the
polynucleotide according to any one of the above embodiments. Further provided herein
are host cells comprising the polynucleotide or vector according to any one of the above
embodiments. Further provided herein are methods of producing an antibody, comprising
culturing the host cell according to any one of the above embodiments such that the
antibody is produced. In sore emnbodiments, the methods further include recovering the
antibody from the host cell.

{0031] Further provided herein are methods of treating or delaying progression of
cancer in an individeal, the methods comprising administering to the individual an effective
amount of the antibody according to any one of the above embodiments. In some
embodiments, the methods further comprise administering to the individual an effective
amount of a sccond antibody. in some embodiments, the second antibody binds an antigen

expressed by a cancer cell. In some embodiments, the antigen expressed by the cancer cell
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is selected from the group consisting of CD19, CD2G, CD22, CD30, D33, CD38, CD52,
CD56, CD70, CD74, CD79b, CD123, CDI38, CSU/SLAMET, Trop-2, 5T4, EphA4,
BCMA, Mucin 1, Mucin 16, PTK7, STEAPI, Endothelin B Receptor, mesothelin,
EGFRvIH, ENPP3, SLC44A4, GNMB, nectin 4, NaPi2b, LIV-1 A, Guanylyl cyclase C,
DLL3, EGFR, HER2, VEGF, VEGFR, integrin ¢V3, integrin o581, MET, IGFIR,
TRAILR1, TRAILR2, RANKL, FAP, Tenascin, Le’, BEpCAM, CEA, gpA33, PSMA,
TAGT2, a mucin, CAIX, EPHAS, folate receptor o, GD2, GD3, and an MHC/peptide
complex comprising a peptide from NY-ESO-1/LAGE, SSX-2, a MAGE family protein,
MAGE-A3, gpl00/pmell7, Melan-A/MART-1, gp75/TRPI, tvrosinase, TRP2, CEA,

PSA, TAG-72, immature laminin receptor, MOK/RAGE-1, WT-1, SAP-1, BING-

4, EpCAM, MUC1, PRAME, survivin, BRCAL, BRCAZ, CDK4, CML66, MART-2, p53,
Ras, B-catenin, TGF-PRIL, HPV E6, or HPV E7. In some embodiments, the methods
further corprise administering to the individoal an effective amount of an
immunotherapeutic agent. In some embodiments, the immunotherapeutic agent comprises
a second antibody. In some embodiments, the second antibody binds to an antigen selected
from the group consisting of PD-1, PD-L1, OX40, CTLA-4, CD137/4-1BB, TNFRZ, B7-
H3. F£D7, CD27, CCR4, CSFIR, CSF, TIM-3. LAG-3, VISTA, ICOS, CCR2, IDO. A2R.
CD39, CB73, TIGIT, CD80, D47, arginase, TDO, and PVRIG. In some embodiments,
the first antibody binds the extracellular domain of a human SIRP-a v1 polypeptide, the
extracellular domain of a human SIRP-¢ v2 polypeptide, or the extracellular domains of
both a human SIRP-¢ v1 polypeptide and a human SIRP-o v2 polypeptide with a
dissociation constant (Kp) of less than 100nM, wherein the first antibody blocks binding
between an extracellular domain of a human SIRP-o polypeptide and an IgSF domain of a
human CD47 polypeptide, and wherein the second antibody binds to PD-1. In some
embodiments, the first antibody binds the D1 domain of a2 human SIRP-a polypeptide,
wherein the first antibody does not block binding between an extraceliular domain of a
buman SIRP-o polypeptide and an IgSF domain of a human CD47 polypeptide, and
wherein the second antibody binds to PD-1. In some embodiments, the first antibody binds
the extracellular domain of a hurnan SIRP-o v1 polypeptide with a dissociation constant
{Kp) of less than 100nM, wherein the first antibody blocks binding between an extracellular
domain of a human SIRP-¢ polypeptide and an IgSF domain of a human CD47 polypeptide,
and wherein the second antibody binds to PD-L1. In some emobodiments, the first antibody

binds the D1 domain of a hurman SIRP-a polypeptide, wherein the first antibody does not
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block binding between an extracellular domain of a human SIRP-a polypeptide and an {gSF
dormain of a human CD47 polypeptide, and wherein the second antibody binds to PD-L1.
In some embodiments, the individual is a human.

{6032] Further provided herein are methods of treating or delaying progression of an
autoimmune disease or an inflaromatory disease in an individual, the methods comprising
administering to the individual an effective amount of the antibody according to any one of
the above embodiments. In some embodiments, the autoimmune disease or inflammatory
disease is selected from the group consisting of multiple sclerosis, theumatoid arthritis, a
spondyloarthropathy, systemic lupus erythematosus, an antibody-mediated inflaromatory or
autoinyoune disease, graft versus host disease, sepsis, diabetes, psoriasis, psoriatic arthritis,
atherosclerosis, Sjogren's syndrome, progressive systemic sclerosis, scleroderma, acute
coronary syndrorae, ischemic reperfusion, Crohn's Disease, ulcerative

colitis, endometriosis, glomerulonephrits, IgA nephropathy, polycystic kidney disease,
myasthenia gravis, idiopathic pulmonary fibrosis, asthma, atopic dermatitis, acute
respiratory distress syndrome (ARDS), vasculitis, and inflammatory autolmmune myositis.
In some embodiments, the individual is a human.

{6033] Further provided herein are methods of identifying an antigen binding domain
that binds an extracellular domain (e.g., the D1 domain} of a human SIRP-a polypeptide
and does not block binding between human CD47 and the human SIRP-o polypeptide, the
methods comprising (a) providing an antigen binding domain that binds the extracellular
domain {e.g., the D1 domain) of a human SIRP-a polypeptide; (b) assembling a complex
comprising a SIRP-u D1 variant bound to a polypeptide comprising an 1gSF domain of
CD47, wherein the SIRP-g D1 variant is a non-naturally occurring bigh affinity SIRP-o0 D1
domain, and wherein the SIRP-g D1 variant binds to human CD47 with an affinity that is at
least 10-fold greater than the affinity of a naturally occurring SIRP-o D1 domain binding to
buman CD47; (¢) contacting the antigen binding domain with the assernbled comoplex; and
{d) detecting binding of the antigen binding domain to the complex, wherein binding of the
antigen binding domain to the complex indicates that the antigen binding domain does not
block binding between human CD47 and the buman SIRP-a polypeptide. Further provided
herein are methods of identifying an antibody or antigen binding domain that binds an
extracellular domain (e.g.. the D1 domain) of a human SIRP-a polypeptide and does not
block binding between human CD47 and the huran SIRP-o polypeptide, the methods

comprising contacting an antibody or antigen binding domain that binds the extracellular
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domain {e.g., the D1 domain)} of a human SIRP-a polypeptide with a complex comprising a
SIRP-g D1 variant bound to a polypeptide comprising an IgSF domain of CD47, wherein
the SIRP-a D1 variant is a non-naturally occurving high affinity SIRP-¢ D1 domain, and
wherein the SIRP-¢ D1 variant binds to human CD47 with an affinity that is at least 10-fold
greater than the affinity of a naturally occurring SIRP-¢ D1 domain binding to human
CD47; and detecting binding of the antigen binding domain to the complex, wherein
binding of the antigen binding domain to the complex indicates that the antigen binding
domain does not block binding between human CD47 and the human SIRP-¢ polypeptide.
Further provided herein are methods of identifving an antigen binding domain that binds an
extracethular domain (e.g., the D1 domain) of a human SIRP-o polypeptide and blocks
binding between human CD47 and the human SIRP-o polypeptide. the methods comprising
(a} providing an antigen hinding domain that binds the extraceliular domain (e.g., the D1
domain) of a human SIRP-« polypeptide; (b) assernbling a complex comprising a SIRP-g
D1 variant bound to a polypeptide comprising an IgSF domain of CD47, wherein the SIRP-
o D1 variant is a non-naturally occurring high affinity SIRP-¢ D domain, and wherein the
SIRP-g D1 variant binds to human CD47 with an affinity that is at least 10-fold greater than
the affinity of a naturally occurring SIRP-o D1 domain binding to human CD47; (c)
contacting the antigen binding domain with the assembled complex; and (d) detecting
binding of the antigen binding domain to the complex, wherein a lack of binding of the
antigen binding domain to the complex indicates that the antigen binding domain blocks
binding between human CD47 and the human SIRP-o polypeptide. Further provided herein
are methods of identifying an antibody or antigen binding domain that hbinds an
extracethular domain (e.g., the D1 domain) of a human SIRP-o polypeptide and blocks
binding between human CD47 and the human SIRP-a polypeptide. the methods comprising
contacting an antibody or antigen binding domain that binds the extraceliular domain {e.g.,
the D1 domain) of a human SIRP-¢ polypeptide with a complex comprising a SIRP-a D1
variant bound to a polypeptide comprising an {gS¥ domain of CD47, wherein the SIRP-g
D1 variant is a non-naturally occurring high affinity SIRP-a D1 domain, and wherein the
SIRP-g D1 variant binds to human D47 with an affinity that is at least 10-fold greater than
the affinity of a naturally occurring SIRP-g D1 domain binding to human CD47; and (d)
detecting binding of the antigen binding domain to the complex, wherein a lack of binding
of the antigen binding domain to the complex indicates that the antigen binding domain

3
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embodiments, the SIRP-a D1 variant comprises an amino acid sequence selected from the
group consisting of SEQ D NOs:17-52. In some embodiments, the IgSF domain of CD47
comprises the amino acid sequence of SEQ 1D NO:16. In some embodiments, the
polypeptide comprising the IgSF domain of CD47 comprises a human CD47 extracellular
domain. In some embodiments, the polypeptide comprising the IgSF domain of CD47
further comprises an antibody Fe region.

{0634] Further provided herein are methods of producing an anti-SIRP-¢ antibody that
binds the extracellular domain {e.g., the D1 domain} of a human SIRP-a polypeptide, the
methods comprising: (a) iramunizing a chicken with a peptide comprising at Ieast a portion
of a human SIRP-¢ extracellular domain (e.g., the D1 domain); (b) obtaining an antibody
from an antibody-producing cell from the immunized chicken,; and (¢} detecting binding
between the antibody obtained from the cell and the extracellular domains (e.g., the D1
domains} of a human SIRP-u polypeptide, wherein binding between the antibody and the
extraceliolar domain (e.g., the D1 domain) of the hinman SIRP-g polypeptide indicates that
the antibody is an anti-SIRP-q antibody that binds the extracellular domain {(e.g., the D1
dormain) of a human SIRP-q variant polypeptide. In some embodiments, the antibody is a
chicken, humanized, chimeric, or human antibody. In some embodiments, the antibody
binds the extracelluiar domain {(e.g., the D1 domain} of a human SIRP-¢ v1 polypeptide, the
extraceliular domain (e.g., the D1 domain) of a human SIRP-g v2 polypeptide, or both. In
some embodiments, the antibody binds an extracellular domain (e.g., the D1 domain) of a
human SIRP-a v1 polypeptide comprising the amino acid sequence of
EEELOQVIQPDEKSVLVAAGETATLRCTATSLIPVGPIOWEFRGAGPGRELIYNQKEGHF
PRVTTVSDLTKRNNMDFESIRIGNITPADAGTY YCVKFRKGSPDDVEFKSGAGTELS
VRAKPS (SEQ ID NG:5). In some embodiments, the antibody binds an extracellalar
domain (e.g., the D1 domain) of a human SIRP-¢ v2 polypeptide comprising the amino acid
sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWERGAGPARELTYNGKEGHFP
RVTTVSESTKRENMDFESISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRA
KPS (8EQ 1D NO:6). In some embodiments, the antibody binds an extracellular
domain(e.g., the D1 domain) of a human SIRP-q v1 polypeptide comaprising the amino acid
sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWEFRGAGPGRELIYNQKEGHF
PRVTTVSDLTKRNNMDESIRIGNTITPADAGTY YCVEKFREGSPDDVEFKSGAGTELS
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VRAKPS (SEQ 1D NO:5) and binds an extracellular domain {(e.g., the D1 domain) of a
human SIRP-o v2 polypeptide comprising the amino acid sequence of
EEELQVIQPDESVSVAAGESAILHCTVTSLIPYGPIQWFRGAGPARELIYNQKEGHFP
RVTTVSESTERENMDESISISNITPADAGTYYCVKFRKGSPDTEFKSGAGTELSVRA
KPS (SEQ ID N(G:6). In some embodiments, the antibody binds the extraceliuiar domains
{e.g., the D1 domains) of three, four, five, six, seven, eight, nine or ten different huroan
SIRP-¢ variant polypeptides. In some embodiments, each of the three, four, five, six,
seven, eight, nine or ten different human SIRP-o variant polypeptides comprises an
extraceliular domain (e.g., the D1 domain) comprising an amino acid sequence selected
from the group consisting of SEQ 1D NOs: §, 6, and 76-83. In some embodiments, the
methods further comprise detecting binding between the antibody obtained from the cell
and an extracellular domain (e.g.. the D1 domain) of one or more SIRP-o polypeptides
selected from the group consisting of a monkey SIRP-g polypeptide, a murine SIRP-u
polypeptide, a human SIRP-§ polypeptide, and a human SIRP-y polypeptide. In some
embodiments, the antibody binds an extracellular domain (e.g., the D1 domain) of a
monkey SIRP-g polypeptide. In some embodiments, the monkey SIRP-u polypeptide is a
cynomolgus SIRP-« polypeptide. In some embodiments, the antibody binds the
extracellular domains (e.g., the D1 domains) of at least two different monkey SIRP-q
variant polypeptides. In some embodiments, the antibody binds an extracellular dorpain
{e.g.. the D1 domain) of a cynomolgus SIRP-o polypeptide comprising the amino acid
sequence of SEQ ID NO:11, an extracellular domain (e.g., the D1 domain) of a cynomolgus
SIRP-a polypeptide comprising the amino acid sequence of SEQ 1D NO:12, or both. In
some embodiments, the antibody binds an extracellular domain (e.g., the D1 domain) of a
murine SIRP-a polypeptide. In some embodiments, the antibody binds the extracellular
domains {e.g., the D1 domains} of two or more different murine SIRP-o vartant
polypeptides. In some embodiments, the antibody binds an extraceliular domain {e.g., the
D1 domain) of one or more murine SIRP-u polypeptides, and wherein the one or more
murine SIRP-¢ polypeptides cach comprise an amino acid sequence selected from the
group consisting of SEQ 1D NOs: 7-10. In some embodiments, the antibody binds an
extracetlular domain (e.g., the D1 domain) of a human SIRP-§ polypeptide. In some
embodiments, the antibody binds an extracellular domain (e.g., the D1 domain) of a human
SIRP-y polypeptide. In some embodiments, the antibody does not bind an extracellular

domain (e.g., the D1 domain) of 2 buman STRP-P polypeptide. In some embodiments, the
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antibody does not bind an extracellular domain (e.g., the D1 domain) of a human SIRP-y
polypeptide. In some embodiments, the antibody binds the extracellular domain (e.g., the
D1 domain) of a human SIRP-f polypeptide comprising the amino acid sequence of SEQ
ID NO:13, the extracellalar domain {(e.g., the DI domain) of a haman SIRP-§ polypeptide
comprising the amino acid sequence of SEQ ID NO:14, or both. In some embodiments, the
antibody binds the extracellular domain (e.g., the D1 domain) of a hurnan SIRP-y
polypeptide comprising the amino acid sequence of SEQ ID NG:15. In some embodiments,
the methods further comprise detecting binding or 2 lack of binding between the antibody
obtained from the cell and a complex comprising a SIRP-¢ D1 variant bound to an IgSF
domain of CD47, wherein the SIRP-a DI variant is a non-naturally occurring high affinity
SIRP-g D1 domain, and wherein the SIRP-o D1 variant binds to human CD47 with an
affinity that is at least 10-fold greater than the affinity of a naturally occurring SIRP-o D1
domain binding to human CD47. In some embodiments, the antibody binds a complex
comprising a SIRP-g D1 variant bound to an IgSF domain of CD47, wherein the SIRP-¢
D1 variant is a non-naturally occurring high affinity SIRP-o D1 domain, and wherein the
SIRP-g D1 variant binds to human CD47 with an affinity that is at least 10-fold greater than
the affinity of a naturally occurring SIRP-a DI domain binding to human CD47. In some
embodiments, the antibody does not block binding between an extracellular domain {e.g.,
the D1 domain) of a human SIRP-o polypeptide and an IgSF domain of a buman CD47
polypeptide. In some embodiments, the antibody does not block binding between an
extracellular domain {e.g., the D1 domain) of a human SIRP-u polypeptide expressed on
the surface of a first cell and an IgSF domain of a human CD47 polypeptide expressed on
the surface of a second cell. Tn some embodiments, the antibody does not bind a complex
comprising a SIRP-¢ D1 variant bound to an IgSF domain of CD47, wherein the SIRP-a
D1 variant is a non-naturally occurring high affinity SIRP-¢ 1 domain, and wherein the
SIRP-a D1 variant binds to human CD47 with an affinity that is at least 10-fold greater than
the affinity of a naturally occurring SIRP-a D1 domain binding to baman CD47. In some
embodiments, the antibody blocks binding between an extracellular domain (e.g., the D1
dormain) of a human SIRP-g polypeptide and an IgSF domain of a human CD47
polypeptide. In some embodiments, the antibody blocks binding between an extracellular
domain (e.g., the D1 domain) of a human SIRP-¢ polypeptide expressed on the surface of a
first cell and an IgSF domain of a human CD47 polypeptide expressed on the surface of a

second cell. In some embodiments, binding of the antibody to an extracellular domain
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{e.g.. the D1 domain) of a human SIRP-a polypeptide reduces affinity of the human SIRP-a
polypeptide for binding an IgSF domain of a human CD47 polypeptide. In some
embodiments, binding of the antibody to an extracellular domain {e.g., the D1 domain) of a
human SIRP-¢ polypeptide expressed on the surface of a first cell reduces affinity of the
human SIRP-g polypeptide for binding an IgSF domain of a human CD47 polypeptide
expressed on the surface of a second cell. In some embodiments, binding of the antibody to
an extracellular domain (e.g., the D1 domain)} of a human SIRP-¢ polypeptide increases kg
of the human SIRP-¢ polypeptide for binding an IzSF domain of a human CD47
polypeptide. In some embodiments, binding of the antibody to an extraceliular domain
{(e.g., the D1 domain) of a buman SIRP-a polypeptide expressed on the surface of a first cell
increases kg of the human SIRP-a polypeptide for binding an IgSF domain of a human
CD47 polypeptide expressed on the surface of a second cell. In some embodiments, the
antibody moduolates SIRP-g signaling in a cell expressing a human SIRP-q polypeptide. In
some embodiments, the cell is a leukocyte selected from the group consisting of a
macrophage, a dendritic cell, a neutrophil, an eosinophil, and a myeloid-derived suppressor
celi (MDSCO). In some embodiments, the antibody inhibits SIRP-q signaling in a
macrophage expressing a human SIRP-¢ polypeptide. In some embodiments, the antibody
enhances phagocytosis by a macrophage expressing a human SIRP-a polypeptide.

{0035] It is to be understood that one, some, or all of the properties of the various
embodiments described herein may be combined to form other embodiments of the present
invention. These and other aspects of the invention will become apparent to one of skill in
the art. These and other embodingents of the invention are further described by the detailed

description that follows.
BRIEF DESCRIPTION OF THE DRAWINGS

§0036] FIG. 1A shows an alignment among the D1 domains of 10 different human
SIRP-¢ vartant polypeptides. Sequences shown correspond to SEQ ID NOs: 5, 6, and 76-
83 (from top to bottom). Amino acid differences are indicated by asterisks.

{0037] FIG. 18 shows an alignment between human v1, human v2, cynomolgus
monkey, and 129 mouse SIRP-¢ DI domains. Sequences shown correspond to SEQ 1D
NOs: 5, 6, 11, and 7 (from top to bottora). Amino acid differences are indicated by
asterisks.

{30381 FIG. 1C shows alignments between various human and mouse SIRP-a D1

domains, with R1, R2 and R3 loops indicated. Shown is an alignment between human v1,
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human v2, 129 mouse, NOD mouse, C57BL/6 mouse, and BALB/c mouse SIRP-a D1
domains. Sequences shown correspond to SEQ ID NOs: 3-10 (from top to bottom}. Amino
acid differences are indicated by asterisks.

{6035] FIG. 2 shows an alignment between human vi, human v2, cynomolgus monkey,
129 mouse, and chicken SIRP-a D1 domains. Sequences shown correspond to SEQ ID
NGs: 5,6, 11, 7, and 84 (from top to bottom). Amino acid differences are indicated by
asterisks.

{0040] FIGS. 3A & 3B show binding specificity of antibody clone S130 for a variety
of SIRF peptides. FIG. 3A shows the ELISA binding curves for the antibody against the
human vi, human v2, murine, and cynomolgus SIRPo D1 domains, as well as human
SIRPy (SEQ 1D NO:1S) and a pre-formed complex of high-affinity SIRP-u variants bound
to the IgSF domain of CD47 (SEQ 1D NO:16). The pre-formed complex was generated by
mixing two high atfinity human SIRP-0f v1 and v2 polypeptides (SEQ 1D NOs: 17 and 19)
in a 1:1 ratio and combining the mixture with CD47 to generate the SIRP-o:CD47 complex.
The pre-formed complex SIRP-01:CD47 complex for FIGS. 4A-98 arc also prepared
similarly. FIG. 3B suramarizes the binding specificity of the clone against each of these
targets (“+” indicates binding; “-” indicates non-binding).

{0041] FIGS. 4A & 4B show binding specificity of antibody clone S121 for a variety
of SIRP peptides. FIG. 4A shows the ELISA binding curves for the antibody against the
human vi, human v2, murine, and cynomolgus SIRPo D1 domains, as well as human
SIRPy (SEQ 1D NO:1S) and a pre-formed complex of high-affinity SIRP-u variants (SEQ
1D NO:17 and 19) bound to the 1gSF domain of CD47 (SEQ ID NG:16). FIG. 4B
summatizes the binding specificity of the clone against each of these targets (+7 indicates
hinding; “-” indicates non-binding).

{0042] FIGK. 5A & 5B show binding specificity of antibody clone 5137 for a variety
of SIRP peptides. FIG. 5A shows the ELISA binding curves for the antibody against the
hurman vi, buman v2, murine, and cynorsolgus SIRPa D1 domains, as well as buman
SIRPy (SEQ ID NO:13) and a pre-formed complex of high-affinity SIRP-¢ variants (SEQ
I3 NG:17 and 19) bound to the 1gSF domain of CD47 (SEQ 1D NO:16). FIG, 5B
summarizes the binding specificity of the clone against each of these targets (“+7 indicates
binding; “-” indicates non-binding).

{0043] FIGS. 6A & 6B show binding specificity of antibody clone S128 for a variety
of SIRP peptides. FIG. 6A shows the ELISA binding curves for the antibody against the
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human vi, human v2, murine, and cynomeolgus SIRPo D1 domains, as well as human
SIRPy (SEQ ID NG:15) and a pre-formed complex of high-affinity SIRP-g variants (SEQ
1D NO:17 and 19) bound to the 1gSF domain of CD47 (SEG 1D NO:16). FIG, 68
summarizes the binding specificity of the clone against each of these targets ("+” indicates
binding; “-” indicates non-binding).

{6044] FIGS. 7A & 7B show binding specificity of antibody clone 5135 for a varicty
of SIRP peptides. FIG. 7A shows the ELISA binding curves for the antibody against the
hurman vi, buman v2, murine, and cynomolgus SIRPo D1 domains, as well as human
SIRPy (SEQ ID NO:15) and a pre-formed complex of high-affinity SIRP-u variants (SEQ
IP NO:17 and 19) bound to the 1gSF domain of CD47 (SEQ ID NO:16). FIG. 7B
summarizes the binding specificity of the clone against each of these targets (“+7 indicates
binding; “- indicates non-binding).

{0045] FIGK. BA & BB show binding specificity of antibody clone S126 for a variety
of SIRP peptides. FIG. 8A shows the ELISA binding curves for the anttbody against the
human vi, human v2, mawine, and cynomeolgus SIRPa D1 domains, as well as human
SIRPy (SEQ ID NO:15) and a pre-formed complex of bigh-affinity SIRP-a variants (SEQ
ID NOG:17 and 19) bound to the 1gSF domain of CD47 (SEQ 1D NO:16). FIG. 8B
summmarizes the binding specificity of the clone against each of these targets ("+” indicates
binding; “-”
{0046] FIGS. 9A & 9B show binding specificity of antibody clone S138 for a variety
of SIRP peptides. FIG. 2A shows the ELISA binding curves for the antibody against the

indicates non-binding).

buman vi, human v2, murine, and cynomolgus SIRPo D1 domains, as well as human
SIRPy (SEQ ID NO:15) and a pre-formed complex of high-affinity SIRP-a variants (SEQ
1D NO:17 and 19) bound to the 1gSF domain of CD47 (SEQ ID NO:16). FIG. 9B
sumimarizes the binding specificity of the clone against each of these targets (“+7 indicates
hinding; “-” indicates non-binding).

{60471 FIG. 19A shows an alignment of VH and VL domains of the scFv-Fe clones
obtained from a wild-type chicken. SEQ D N(Os:53-60 are shown (in order from top to
bottom in the alignroent). CDR and linker sequences are indicated by lines. Armino acid
differences are indicated by asterisks.

§3048] FIG. 19B shows an alignment of VH and VL domains of the scFv-Fc clones

obtained from a chicken that produces human antibodies. SEQ ID NGs:61-74 are shown
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(in order from top to bottom: in the alignment). CDR and linker sequences are indicated by
lines. Amino acid differences are indicated by asterisks.

{6049] FIG. 114 shows an alignment of VH and V1. domains of Family 2 clones. The
aming acid sequences of the VH domains are SEQ ID NOs: 294, 139, 358, 362, 354, 386,
384, 350, 137, 374, 356, 352, 135, 348, 376, 346, 342, 344, 141, 360, 370, 382, 364, 366,
368, 372, and 378 (in order from top to bottom in the alignment). The amino acid
sequences of the VL domains are SEQ ID NGs 295, 363, 140, 359, 355, 351, 136, 349, 377,
138, 375, 357, 353, 381, 385, 345, 365, 367, 369, 347, 142, 343, 371, 379, 383, 361, and
373 (in order trom top to bottom in the alignment). HVR sequences are indicated by lines.
The HVRs are according to Kabat. Amino acid differences are indicated by asterisks.
{6050] FIG. 11B shows and alignment of VH and VL domains of Family 3 clones. The
amino acid sequences of the VH domains are SEQ 1D NOs: 133, 128, 396, 386, 398,402,
392, 388, 390, 394, and 400 (in order from top to bottom in the alignment). The amino acid
sequences of the VL domains are SEQ ID NGs 134, 105, 387, 389, 305, 397, 399, 403, 391,
393, and 401 (in order from top to botton in the alignment). HVR sequences are indicated
by lines. The HVRs are according to Kabat. Amino acid differences are indicated by
asterisks.

{0051] F1G, 11C shows an alignment of VH and VL domains of Family 4 clones. The
amino acid sequences of the VH dormains are SEQ 1D NOs:116, 117, 118, 119, 282, 404,
and 406 (in order from top to bottom in the alignment). The amino acid sequences of the
VL domains are SEQ [D NOs 93, 94, 95, 96, 283, 405, and 407 (in order from top to
hottom in the alignment). HVR sequences are indicated by lines. The HVRs are according
to Kabat. Amino acid differences are indicated by asterisks.

{0052] FIG. 11D shows an alignment of VH and VL domains of Family 5, Bin 4
clones. The amino acid sequences of the VH domains are SEQ 1D NOs: 278 and 412 {in
order from top to bottoro in the alignment). The annino acid sequences of the VL. domains
are SEQ 1D NGOs 279 and 413 (in order from top to bottom in the aligniment). HVR
sequences are indicated by lines. The HVRs are according to Kabat. Amino acid
differences are indicated by asterisks.

{0053] FIG. 11E shows an alignment of VH and V1. domains of additional Family S,
Bin 4 clones. The amino acid sequences of the VH domains are SEQ ID NGs: 275 and 414
{in order from top o bottom in the aligament). The amino acid sequences of the VL

domains are SEQ ID NGs: 276 and 415 (in order from top to bottom in the alignment).
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HVR and linker sequences are indicated by lines. The HVRs are according to Kabat.
Amino acid differences are indicated by asterisks.

{6034] FIG. 11F shows the sequences of VH and VL domains (SEQ D NQOs 280 and
281, respectively of Family 5, Bin 4 clone 5209. The HVR sequences are underlined.
{0055] FIG. 116 shows an alignment of VH and VL domains of Family 5, Bin 5
clones. The amino acid sequences of the VH domains are SEQ 1D NOs: 123 and 292 (in
order from top to bottom in the alignment). The amino acid sequences of the VL domains
are SEQ ID NOs 100 and 293 (in order from top to bottom in the alignment). HVR
sequences are indicated by lines. The HVRs are according to Kabat. Amino acid
differences are indicated by asterisks.

{0056] FIG. 11H shows an alignment of VH and VL domains of additional Family 5,
Bin 5 clones. The amino acid sequences of the VH domains are SEQ 1D NOs: 288, 290,
408, and 410 (in order from top to bottorn in the alignment). The amino acid sequences of
the VL domatns are SEQ ID NOs: 289, 281, 409, and 411 (in order from top to bottom in
the alignment). HVR sequences are indicated by lines. The HVRs are according to Kabat.
Amino acid differences are indicated by asterisks.

{6037] FIG., 111 shows the sequences of VH and VL domains of clone 149 (SEQ ID
NOs 286 and 287, respectively) and clone 218 (SEQ ID NOs 284 and 2835, respectively.
HVR sequences are underlined.

{0658] FIG. 11] shows an alignment of VH and VL domains of Family 1 clones. The
amino acid sequences of the VH domains are SEQ ID NOs: 120, 121, 130, and 122 {in
order from top to bottom in the alignmoent). The amino acid sequences of the VI domains
are SEQ 1D NOs: 97, 98, 107, and 99 (in ovder from top to bottom in the alignment). HVR
sequences are indicated by lines. The HVRs are according to Kabat. Amine acid
differences are indicated by asterisks.

{0059] FIGS. 12A-12C show surface plasmon resonance (SPR) binding profiles of
represenfative antibody clones binding a pre-formed complex of a high affinity SIRP-a
variant (SEQ ID NO:18) mixed with increasing concentrations of the {gSF domain of CD47
(SEQ 1D NO:16). FIG. 12A shows the binding curve of an antibody clone (5123) that does
not block CD47 binding to SIRP-0 (e.2., a non-blocking antibody). FIG. 12B shows the
binding curve of an antibody clone ($119) that blocks CD47 binding to SIRP-a {e.g., a
blocking antibody). FIG, 12C shows the binding curve of an antibody clone (5118) that

binds to SIRP-o and reduces its affinity for binding CD47 (e.g., a “kick off” antibody).
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{6060] FIGS. 13A-13G show the results of in vitro tumor cell phagocytosis assays
using macrophages treated with anti-SIRP-¢ antibody (at indicated series of
concentrations), cetuximab or trastuzumab, anti-SIRP-g antibody plus cetuximab or
trastuzumab, or control antibody (IgGl, ), as indicated. Macrophages that had
phagocytosed tumor cells were identified as cells positive for D33, CD206, and CFSE by
flow cytometry. Tumor cells assayed were DLD-1 (FIGS. 13A-13D & 13G) or OE19 cells
FIGS, 13K & 13F). And-SIRP-o antibodies tested were AB3a (FIGS. 13A & 13B),
AB45a (FIGS. 13C & 13D), AB119a (FIG. 13E), AB135a (FIG. 13F), and AB136¢ (FIG.
13G).

{00611 FIG. 14 shows the results of in vivo dendritic cell activation assays on dendritic
celis isolated from the spleens of Balb/c mice treated with anti-SIRP-¢ antibody AB136b,
control rat anti-mouse anti-SIRP-g antagonistic antibody (clone p84), rat 1gG control, or
mouse [gG control, as indicated. Mice were intravenously injected with the indicated
antibody at 10 mg/kg, and spleens were harvested five hours after injection. Activation
marker D86 on dendritic cells was measured by flow cytometry.

{0062] FIG. 15 shows the results of an in vive syngeneic mouse colon carcinoma model
to assess single agent activity., MC38 cells were implanted subcutaneously in CS7TBL/6
mice and randomized into groups {8 mice/group). Mice were treated with vehicle (PBS),
D47 blocking anti-SIRP-¢ antibody AB25b, CD47 blocking anti-SIRP-g antibody AB25¢,
CD47 blocking anti-SIRP-a antibody AB27b, CD47 non-blocking anti-SIRP-¢ antibody
AB3b, or CD47 non-blocking anti-SIRP-a antibody 136b. Treatment was initiated when
tumors were an average of 60mm’, day 7 post implant. Mice were dosed intraperitoncatly
(IP) at 10 mg/fkg twice a week for three weeks with anti-SIRPo antibodies. Animals were
sacrificed when tumors reached a volume of ~2000mrs”.

{0063] FIG. 16 shows the results of an in vivo syngeneic mouse colon carcinoma model
to assess single agent activity. CT26 cells were implanted subcutaneously in BALB/c mice
(8-9 mice were used per group) that were treated with AB136b or vehicle (PBS), as
indicated. Treatment was initiated when tumors were an average of 80mm”, day 7 post
implant. Mice were dosed intraperitoneally (IP) at 3mg/kg or 10 mg/kg twice a week for
three weeks with anti-SIRPo antibodies. Animals were sacrificed when tumors reached a
volume of ~2000mm’.

{00641 FIG. 174 shows a comparison of CD47 and anti-SIRP-¢ antibody clone 119
Fab binding to SIRP-q, as determined by X-ray crystallography.

47



WO 2018/057669 PCT/US2017/052592

{6065] FIG. 178 shows the interaction site between anti-SIRP-¢ antibody clone 119
Fab and SIRP-g, as determined by buried surface area analyses. SIRP-g residues included
in the antibody 119 Fab binding epitope are shaded according to buried surface area
changes. Key antibody residues in the SIRP-a paratope are indicated: (3) = heavy chain
residue; (L} = light chain residue.

[0066] FIG. 184 shows a comparison of CD47 and anti-SIRP-g antibody clone 136
Fab binding to SIRP-¢, as determined by X-ray crystallography.

{0067 FIG. 188 shows the interaction site between anti-SIRP-a antibody clone 136
Fab and SIRP-g, as determined by buried surface area analyses. SIRP-g residues included
in the antibody 136 Fab binding epitope are shaded according to buried surface area
changes. Key antibody residues in the SIRP-o paratope are indicated: (3f) = heavy chain
residue; (L) = light chain residue.

{00638] FIG. 194 shows a comparison of CD47 and anti-S{RP-g antibody clone 3 Fab
binding to SIRP-¢, as determined by X-ray crystallography.

{6069] FIG. 198 shows the interaction site between anti-SIRP-a antibody clone 3 Fab
and SIRP-q, as determined by buried surface area analyses. SIRP-a residues included in
the antibody 3 Fab binding epitope are shaded according to buried surface area changes.
Key antibody residues in the SIRP-a paratope are indicated: (H) = heavy chain residue; (L)
= light chain residue.

{0676] FIG. 12C shows a comparison of CD47 and anti-SIRP-g antibody clone 115
Fab binding to SIRP-¢, as determined by X-ray crystallography.

{60711 FIG. 19D shows the interaction site between anti-SIRP-u antibody clone 115
Fab and SIRP-q, as determined by buried surface area analyses. SIRP-a residues included
in the antibody 115 Fab binding epitope are shaded according to buried surface area
changes. Key antibody residues in the SIRP-o paratope are indicated: (3f) = heavy chain
residue; (L) = light chain residue.

§6072] FIG. 20A shows a comparison of CD47, anti-STRP-a antibody clone 119 Fab,
anti-SIRP-¢ antibody clone 136 Fab, anti-SIRP-g antibody clone 3 Fab, antd-SIRP-¢
antibody clone 115 Fab binding to SIRP-g, as determined by X-ray crystallography.
{00731 FIG. 208 shows the epitopes for CD47, anti-SIRP-q antibody clone 119 Fab,
anti-SIRP-u antibody clone 136 Fab, anti-SIRP-g antibody clone 3 Fab, and anti-SIRP-a
antibody clone 115 Fab binding to SIRP-q, as determined by X-ray crystallography. Values

mdicate difference between surface accessible area of cach vesidue atom in the Fab/CD47
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when analyzed alone vs. when analyzed in complex with SIRP-a, expressed as buried
surface arca (,2\,2). Residue numbering according to SEQ 1D NO: 296,

{6074] FIG. 214 shows a flowchart for epitope binning of anti-SIRP-g antibodies.
{6075] FIG. 21B shows results of an exemplary assay for epitope binning of anti-SIRP-
g antibodies A, B, C, L E, and F.

{0076] FIGS. 224 & 228 show the results of epitope binning of the indicated anti-
SIRP-a antibodies. The clone number for the ligand (anti-SIRPu} bound to the chip is
indicated as rows, and the clone number for the analytes (anti-SIRP) injected over the chip
is indicated as colummns. White boxes indicate antibodies that form sandwiches (and are
considered to bind different epitopes). Gray boxes indicate antibodies that did not form
sandwiches (and are considered to bind the same epitope). “X” indicates scenarios where
the data from one orientation disagrees with the other.

{0077] FIG. 23 provides a model for ant-SIRP-¢ antibody and CD47 binding to the
SIRP-a D1 domain based on epitope binning. Representative antibody clones for each bin
are provided (and labeled by number).

{0078] FIG. 24A shows alignments between the parental 119 heavy chain
(“HI9_VH_W), the 119 variant heavy chain with 4 rautations (3 back-mutations to
germiine sequence in framework and one mutation in CDR-H1 removing a potential
oxidation hot spot; “VH_MuatALL”), the 119 variant heavy chain with 3 mutations (3 back-
mutations to germline sequence in framework only; “VH_MutAll_V34M”), and the 119
variant heavy chain with 3 mutations and an M34L mutation (3 back-mutations to germiine
sequence in framework; “VH_MutAl_V34L”). Sequences depicted are: SEQ TD NO:335
for 119 _VH_Wt, SEQ ID NG:246 for VH_MutALL, SEQ 1D NG:258 for
VH_MutAll_V34M, and SEQ ID NG:327 for VH_MutAH_V34L. CDR sequences are
indicated with lines; amino acid differences are indicated by asterisks.

{6079] FIG., 248 shows alignments between the parental 119 light chain
("119_VL_W1t7), and the 119 variant light chain with 4 mutations (4 back-mutations to
gerraline sequence in framnework; “VL_mutAll”). Sequences depicted are: SEQ 1D NO:97
for 119_VL_Wt and SEQ ID NG:312 for VL_mutAl. CDR sequences are indicated with
lines; amino acid differences are indicated by asterisks.

{0080] FIG. 254 shows alignments between the parental 135 light chain ("VL_wt”)
and the 135 variant light chain with 2 mutations (2 back-routations to germline sequence in

framework; “VL_mutALL™). Sequences depicted are: SEQ ID NO:104 for 135 VL_wt and
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SEQ I NO:248 for 135 VL_MutALL. HVR sequences are indicated with lines; amino
acid differcnces are indicated by asterisks.

{0081] FIG. 258 shows alignments between the parental 135 beavy chain (“VH_wt")
the 135 variant heavy chain with 6 mutations (5 back-mutations to germline sequence in
framework and one mutation in CDR-H1 removing a potential oxidation hot spot;
“VH_MutAll™), the 135 variant heavy chain with 5 back-mutations to germline sequence in
framework (“VH_MutAll_V34M™), and the 135 variant heavy chain with 5 back-mutations
to germiine sequence in framework and M34L mutation (“VH_MutAll_V34L").

Sequences depicted are: SEQ 1D NO:341 for VH_wi, SEQ 1D NO:247 for VH_MutAll, and
SEQ 1D NG:239 for VH_MutAlU_V34M, and SEQ 1D NO:328 for VH_MattAll_V34L.

HVR sequences are indicated with lines; amino acid differences are indicated by asterisks.
{0082] FIG. 26A shows alignments between the parental 136 light chain (“VL_wt”),
the 136 variant light chain with 4 routations (4 back-mutations to germline sequence n
framework; “VL_mwtal L"), the 136 variant light chain with a single I2T back-mutation
reverted to wild-type sequence in an otherwise “all mut” background (VL _Mutall _IZT7).
Sequences depicted are: SEQ ID NO: 134 for VI _wt, SEQ 1D NO:250 for VL_mutal L,
and SEQ ID N(G:251 for VL _Mutall_IZT. HVR sequences are indicated with lines; amino
acid differences are indicated by asterisks.

{G083] FIG, 26B shows alignments between the parental 136 heavy chain (“VH_wt”),
the 136 variant heavy chain with 6 mutations (5 back-mutations to germline sequence in
framework and one mutation in CDR-HI removing a potential oxidation hot spot;
“YH_mutall”), the 136 variant heavy chain with 5 back-mutations to germline sequence in
framework ("VH_Mutall_V34M”), and the 136 variant heavy chain with 5 back-mustations
to germline sequence in framework and M34L mutation (“VH_Mutall _V34L""). Sequences
depicted are: SEQ 1D NG:133 for VH_wt, SEQ ID NG:249 for VH_mutall, SEQ ID
NG:260 for VH_Mutall_V34M, and SEQ 1D NO:329 for VH_Mutall_V34L.. HVR
sequences are indicated with lines; amino acid differences are indicated by asterisks.
{0084] FIG. 27A shows binding affinities of antibody 136 variants to six SIRP-qg
proteins: human SIRP-g vi (SEQ 1D NO:5), human SIRP-¢ v2 (SEQ 1D NO6),
cynomolgus SIRP-a (SEQ 13 NO:11), NOD mouse SIRP-¢ (SEQ 1D NG:8), BL/6 mouse
SIRP-a {(SEQ ID NO:9), and BALB/c mouse SIRP-o (SEQ 1D NO:10). Antibody variants
had mutant (“rout”) or parental (“wt”} light chains and mutant ot parental beavy chaias, as

indicated in the order light chain/beavy chain. On the graph, y-axis indicates the ratio of
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Kp mut/Kp wt. A ratio of 1 means antibody had equivalent Kp to wt/wt antibody (indicated
by dotted line); ratio of >1 indicates lower affinity than wt/wt; and ratio of <1 indicates
higher affinity than wt/wt.

{06085] FIG. 278 shows binding affinities of antibody 136 variants to seven SIRP-a
proteins: BL/6 mouse SIRP-a (SEQ ID NO:9), NOD mouse SIRP-a (SEQ 1D NG:8),
BALB/c mouse SIRP-a (SEQ ID NG:10), human SIRP-a vi (SEQ ID NO:S), human SIRP-
a v2 (SEQ ID NO:6), cynomolgus SIRP-a (SEQ ID NO:11), and human SIRP-y vl (SEQ
ID NO:15). In addition to testing the wt 136 and all mutant 136, variants were constructed
climinating each individual mutation in an all mutant light chain background. On the
graph, y-axis indicates the ratio of Kp mut/Kp wt. A ratio of | means antibody had
equivalent Ky to wt/wt antibody (indicated by dotted line); ratio of >1 indicates lower
affinity than wt/wt; and ratio of <1 indicates higher affinity than wt/wt.

{0086] FIG. 28 compares expression yield and binding affinity of antibodies having
indicated human heavy chains and humanized Hght chains in FreeStyle™ 293-FS cells
{(Thermo Fisher).

{30871 FIG. 29 shows an alignment between Huml, Hum 8, and Hum9 VL domains.
Hum8 was generated based on Huml but with 5 amino acid substitutions near or in HVR-
L1 and ~L.2 that increase humanness. Hum9 was generated based on Humi but with 4
amino acid substitutions near or in HVR-L.1 and 1.2 that increase humanness. SEQ 1D
NQGs: 252 (Huml), 416 (Hum 8), and 262 (Hum9) are depicted. HVR sequences are
indicated with lines; amino acid differences are indicated by asterisks.

{0088] FIG. 39 shows alignments between the antibody 21 variant with germiine back-
mutations (“HC_MutAll”), the antibody 21 variant with germline back-mnutations and
mutation in CDR-HI removing a potential oxidation hot spot M34V
(“HC_MutAll_M34V™), the antibody 21 variant with germline back-mutations and M34L
mutation {“"HC_MutAll_M34L"), the antibody 23 variant with germlive back-mutations
("BC_MutAll”), the antibody 25 variant with germline back-mutations and rmutation in
CDR-H1 removing a potential oxidation hot spot M34V ("HC_MutAH_M34V™), the
antibody 25 variant with germaline back-mutations and M34L mutation
(“HC_MutAll_M34L"), the antibody 27 variant with germline back-mutations
(“HC_MutAll”), the antibody 27 variant with germline back-mutations and mutation in
CDR-H1 removing a potential oxidation hot spot M34V (“HC_MutAl_M34V™), and the
antibody 27 variant with germline back-mutations and M34L mutation
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(HC_MutAll_M34L"). Sequences depicted are SEQ ID NOs:263, 264, 334, 267, 268,
332, 265, 266, and 331 (fop to bottom). HVR sequences are indicated with lines; amino
acid differences are indicated by asterisks.

{0089] FIG. 31 shows the results of in vitro phagocytosis assays using HER2(+) OE19
cells as the target and M2 macrophages as the phagocytosing cell. “Kick off” anti-SIRP-¢
antibodies were tested at the indicated concentrations in combination with the anti-HER2
antibody trastizumab. Phagocytosis was measured by percentage of CFSE+ cells.

{0096] FIG. 32 shows the results of in vitro phagocytosis assays using EGFR(+) DLD-
1 cells as the target and M2 macrophages as the phagocytosing cell. Non-blocking anti-
SIRP-g antibodies were tested at the indicated concentrations in cornbination with the anti-
EGFR antibody cetuximab. Phagocytosis was measured by percentage of CFSE+ celis.
{0091] FIGS. 33A-33C show the results of in vitro phagocytosis assays using EGFR(+)
DLD-1 cells as the target and M2 macropbages as the phagocytosing cell. Anti-SIRP-¢
antibodies were tested at the indicated concentrations in combination with the anti-EGFR
antibody cetuximab. Phagocytosis was measured by percentage of CFSE+ cells,

{06092] FIG. 34 shows the results of in vitro phagoceyiosis assays using EGFR(+) DLD-
1 cells as the target and M2 macrophages as the phagocytosing cell. Non-blocking anti-
SIRP-a antibodies 27 and 136 were each tested as a full-length antibody (with Fc region) or
F(ab), fragment at the indicated concentrations in combination with the anti-EGFR
antibody cetuximab. Phagocytosis was measured by percentage of CFSE+ cells.

{0093] FIG. 35 shows the resolts of in vitro phagocytosis assays using EGFR(+) DLD-
1 cells as the target and M2 macrophages as the phagocytosing cell. Blocking anti-SIRP-g
antibody 119 variants were tested at the indicated concentrations in combination with the
anti-EGFR antibody cetuximab. Phagocytosis was measured by percentage of CFSE+ cells.
{0094] FIG. 36 shows the results of in vitro phagocytosis assays using EGFR(+) DLD-
1 cells as the target and M2 macrophages as the phagocytosing cell. Blocking anti-SIRP-u
antibody 135 variants were tested at the indicated concentrations in combination with the
anti-BGFR antibody cetuximab. Phagocytosis was measured by percentage of CFSE+ cells.
{0095] FIG. 37 shows the results of in vitre phagocytosis assays using EGFR(+) DLD-
1 cells as the target and M2 macrophages as the phagocytosing cell. Non-blocking anti-
SIRP-¢ antibodies were tested at the indicated concentrations in combination with the anti-

EGER antibody cetuximab. Phagocytosis was measured by percentage of CESE+ celis.
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{6096] FIGS. 38A-38B show the results of in vivo dendritic cell activation assays with
the indicated anti-SIRP-u antibodies. Mice were intravenously injected with the indicated
antibody at 10 mg/kg, and spleens were harvested five hours after injection. Activation
markers CD86, MHCH and CCR7 on CD4+ dendritic cells were measured by {flow
cytometry.

{0097] FIG. 39A shows the results of in vitro phagocytosis assays using EGFR(+)
DLD-1 cells as the target and M2 macrophages as the phagocytosing cell. 218a and 213
variant anti-SIRP-¢ antibodies were tested at the indicated concentrations in combination
with the anti-EGFR antibody cetuximab. Phagocytosis was measured by percentage of
CFSE+ cells.

{0098] FIG. 398 shows the results of in vitro phagocytosis assays using EGFR(+)
DLD-1 cells as the target and M2 macrophages as the phagocytosing cell. Exemplary
blocking anti-SIRP-a antibodies 119a, 1204, and 122a were tested at the indicated
concentrations. Phagocytosis was measured by percentage of CESE+ cells.

{0099] FIG. 39 shows the results of in vifre phagocytosis assays using EGFR(+}
DLD-1 cells as the target and M2 macrophages as the phagocytosing cell. Exemplary non-
blocking anti-SIRP-¢ antibodies 136a and 137a were tested at the indicated concentrations.
Phagocytosis was measured by percentage of CFSE+ cells.

{0100] FIG. 39D shows the results of in vifro phagocytosis assays using EGFR(+) DLD-
1 cells as the target and M2 macrophages as the phagocytosing cell. Exemplary kick off anti-
SIRP-u antibodies 115a, 116a, 117a, 118a, and 132a were tested at the indicated
concentrations. Phagocytosis was measured by percentage of CFSE+ cells.

{0101] FIG. 46 shows the results of an i vivo syngeneic mouse colon carcinoma model
to assess activity of combining anti-SIRP-a treatment with PD-L1/PD-1 pathway inhibition.
CT26 celis were implanted subcutaneously in C57BL/6 mice and randomized into groups (8
mice/group). Mice were treated with vehicle (PBS), ant-PD-L1 antibody, CD47 blocking
anti-SIRP-o antibody AB25b, or AB25b and PD-L1. Treatroent was initiated when tumors
were an average of 60mm’, day 7 post implant. Mice were dosed intraperitoneally (IP) at 10
mg/kg twice a week for three weeks and sacrificed when tumors reach a volume of
~2000m’.

{6102] FIG. 41 shows the results of an i vivo syngeneic mouse colon carcinoma model
to assess activity of combining anfi-SIRP-o treatment with PD-L1/PD-1 pathway inhibition.

MC38 cells were implanted subcutaneously in C57BL/6 mice and randomized into groups (8§
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mice/group). Mice were treated with vehicle (PBS), anti-PD-1 antibody, CD47 blocking
anti-SIRP-¢ antibody AB25b, AB25b and anti-PD-1, CD47 non-blocking anti-SIRP-o
antibody AB136b, or AB136b and anti-PD-1. Treatment was initiated when turors were an
average of 60mm’, day 7 post implant. Mice were dosed intraperitoneally (IP) at 10 mg/kg

twice a week for three weeks and sacrificed when tumors reach a volume of ~2000mm’.

DETAILED DESCRIPTION

{31031 The present disclosure describes antibodies that bind the extraceliular domains
{e.g., the D1 domains) of one or more human SIRP-a polypeptides and have a variety of
SIRP-¢ binding profiles of potential interest. These unique SIRP-¢ binding profiles include
one or more of the following binding capabilities, which are combined in a multifactorial
manner to yield a multitude of unique specificities. For instance, the antibody can bind the
extracellular domains {e.g., the D1 domains) of human SIRP-¢ v1, human SIRP-o v2, or
both; the antibody can bind the extracellular domains (e.g., the D1 domains) of one or more
monkey SIRP-g polypeptides, or it can lack binding thereto; the antibody can bind the
extracellular domains (e.g., the D1 domains) of one or more murine SIRP-g polypeptides, or
it can lack binding thereto; the antibody can bind the extracellular domain {c.g., the D1
domain) of a hurman SIRPR polypeptide, or it can lacking binding thereto; andfor the antibody
can bind the extracellular domain {e.g., the D1 domain) of a human SIRPy polypeptide, or it
can lacking binding thereto. In addition, the present disclosure describes antibodies that
block binding of CD47 to SIRP-o, antibodies that do not block binding of CD47 to SIRP-q,
and antibodies that do not block binding of CD47 to SIRP-a but decrease SIRP-a’s affinity
for CD47, leading to more rapid dissociation of the CD47/SIRP-a complex. In addition, the
present disclosure describes anti-SIRP-u antibodies with one ot more in vitro and/or in vivo
biological properties of interest, such as the ability to enhance macrophage phagocytosis,
enhance dendritic cell activation, inhibit in vivo growth of a tumor that expresses CD47,
and/or the ability to accomplish one or more of these activitics without preventing
interactions between a CD47-expressing cell and a T cell.

{6104] The methods described herein may be used to identify antibodies with unique
combinations of the above binding specificities. Without wishing to be bound to theory, it is
thought that the ability to identify unique anti-SIRP-o antibodies with different binding
profiles as described above allows for the identification of antibodies {e.g., those described

herein} with desirable clinical properties and advantages for pre-clinical research.
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{0105] In one aspect, provided herein are isolated antibodies that bind the extracelular
dormain (e.g., the D1 domain) of a human SIRP-u v1 polypeptide, the extracellular domain
(e.g., the D1 domain) of a human SIRP-a¢ v2 polypeptide, or both. Further provided herein
are polynucleotides and vectors encoding the antibodies of the present disclosure, as well as
methods of antibody production related thereto.

{0106] In another aspect, provided herein are roethods for freating or delaying
progression of cancer in an individual, comprising administering to the individual an
effective amount of an antibody of the present disclosure.

{0107] In another aspect, provided herein are methods for treating or delaying
progression of an autoimmune or inflammmatory disease in an individual, coroprising
administering to the individual an effective amount of an antibody of the present disclosure.
{0168] In another aspect, provided herein are methods for identifving an antigen binding
domain that binds an extracellular domain (e.g., the D1 dormain) of a human SIRP-g
polypeptide and does not block binding between human CP47 and the human SIRP-¢
polypeptide. In some embodiments, the methods include (a) providing an antigen binding
dormain that binds the extracellular domain {e.g., the D1 domain) of a huiman SIRP-¢
polypeptide; (b) assembling a complex comprising a SIRP-a D1 vartant bound to a
polypeptide comprising an IgSF domain of CD47, wherein the SIRP-a D1 variant is a non-
naturally occurring bigh affinity SIRP-a D1 domain, and wherein the SIRP-o B1 vadiant
binds to human CD47 with an affinity that is at least 10-fold greater than the affinity of a
naturally occurring SIRP-a D1 domain binding to human CD47; {¢) contacting the antigen
hinding domain with the assembled complex; and (d) detecting binding of the antigen binding
dorain to the complex, wherein binding of the antigen binding domain to the complex
indicates that the antigen binding domain does not block binding between human CD47 and
the human SIRP-a polypeptide. In another aspect, provided herein are methods for
identifying av antigen binding domain that binds an extraceliular domain (e.g., the D1
domain) of a hurnan SIRP-u polypeptide and does not block binding between human CD47
and the human SIRP-a polypeptide. In some embodiments, the methods include contacting
an antigen binding domain or antibody that binds the extracellular domain (e.g., the D1
domain) of a human SIRP-a polypeptide with a complex comprising a SIRP-t D1 variant
bound to a polypeptide comprising an IgSF domain of CD47. wherein the SIRP-o DI variant
is a non-naturally occurring high affinity SIRP-o D1 domain, and wherein the SIRP-¢ D1

variant binds to human CD47 with an affinity that is at least 10-fold greater than the affinity
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of a naturally occurring SIRP-a D1 domain binding to human CD47; and detecting binding of
the antigen binding domain to the complex, wherein binding of the antigen binding domain to
the coroplex indicates that the antigen binding domain does not block binding between
human CD47 and the human SIRP-o polypeptide.

{0109] In another aspect, provided herein are methods for identifying an antigen binding
domain that binds an extracellular domain (e.g., the D1 domain) of a human SIRP-qg
polypeptide and blocks binding between human CD47 and the human SIRP-¢ polypeptide.

In some embodiments, the method includes (a) providing an antigen binding domain that
binds the extracellular domain {e.g., the D1 domain) of a human SIRP-u polypeptide; (b)
assembling a complex comprising a STRP-o D1 variant bound to a polypeptide comprising an
IgSF domain of CD47, wherein the SIRP-¢ D1 vartant is a non-naturally occurring high
affinity SIRP-g D1 domain, and wherein the SIRP-a D1 variant binds to hurnan CD47 with
an affinity that is at least 10-fold greater than the affinity of a naturally occurring SIRP-o D1
domain binding to human CD47; (¢) contacting the antigen binding domain with the
assembled complex; and (d) detecting binding of the antigen binding domain to the complex,
wherein a lack of binding of the antigen binding domain to the complex indicates that the
antigen binding domain blocks binding between human CD47 and the human SIRP-a
polypeptide. In another aspect, provided herein are methods for identifying an antigen
binding domain that binds an extracellular domain (e.g., the D1 domain) of a human SIRP-¢
polypeptide and blocks binding between human CD47 and the human SIRP-¢ polypeptide.

In some embodiments, the method includes contacting an antigen binding domain or antibody
that hinds the extracellular domain (¢.g., the D1 domain) of a human SIRP-u polypeptide
with a complex comprising a SIRP-g D1 variant bound to a polypeptide comprising an IgSF
domain of CD47, wherein the SIRP-a D1 vartant is a non-naturally occurring high affinity
SIRP-a D1 domain, and wherein the SIRP-a D1 variant binds to human CD47 with an
affinity that is at least 10-fold greater than the affinity of a naturally occurring SIRP-0 D1
domain binding to human CD47; and detecting binding of the antigen binding domain to the
complex, wherein a lack of binding of the antigen binding domain to the complex indicates
that the antigen binding domain blocks binding between human CD47 and the human SIRP-a
polypeptide.

{6116] In another aspect, provided herein are methods for producing an anti-SIRP-g
antibody that binds the extracellular domaius (e.g., the D1 domains) of two or more different

buman SIRP-g variant polypeptides. In some embodiments, the method includes {(a)
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immunizing a chicken with a peptide comprising at least a portion of a human SIRP-¢
extraceliular domain {e.g., the D1 domain); (b) obtaining an antibody from an antibody-
producing cell from the immunized chicken; and {¢) detecting binding between the antibody
obtained from the cell and the extracellular domains (e.g., the B1 domains) of two or more
different human SIRP-¢ variant polypeptides, wherein binding between the antibody and the
extracellular domains (e.g., the D1 domains) of the two or more different human SIRP-g
variant polypeptides indicates that the antibody is an anti-SIRP-o antibody that binds the
extraceliular domains (e.g., the D1 domains) of two or more different human SIRP-o variant

polypeptides.

Definitions

{6111} Before describing the disclosed embodiments in detail, it is to be understood that
the present disclosure is not limited to particular compositions or biclogical systerns, which
can, of course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting.

{6112] As used in this specification and the appended claims, the singular forms “a”, “an”
and “the” inchude ploral referents unless the content clearly dictates otherwise. Thus, for
example, reference to “a molecule” optionally includes a combination of two or more such
maolecules, and the like.

{0113] The term “about” as used herein refers o the asual error range for the respective
value readily known to the skilled person in this technical field. Reference to “about” a valoe
or parameter berein inchudes (and describes) embodiments that are directed to that value or
parameter per se.

{6114] It is understood that aspects and embodiments of the present disclosure include
“comprising,” “consisting,” and “consisting essentially of” aspects and embodiments.

{0115] A “SIRP-a polypeptide” as used herein may refer to any endogenous or naturally
occurring SIRP-g polypeptide encoded by a genome from any vertebrate, including mammals
such as humans, monkeys, rodents {(e.g., mouse or rat), and birds, such as chickens. The term
also includes naturally occurring variants, e.g., alternatively spliced variants, allelic variants,
or polymorphisms (e.g., those described herein). The terro may further refer to full-length,
unprocessed SIRP-a polypeptides as well as SIRP-o polypeptides that result from cellular
processing, e.g., removal of a signal sequence, ete. Exeroplary SIRP-g polypeptide

sequences are described herein. In some embodiments, a human SIRP-a polypeptide is one
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encoded by a human SIRPA gene, e.g., as described by NCBI Gene ID No. 140885, As
described herein, SIRP-¢ polypeptides are highty polymorphic within and among species.
For example, at least 10 huroan variants with amino acid polymorphisms in the extracellular
domain have been identified.

{0116] SIRP-a polypeptides include an extracetlular domain that binds ligands/partners,
e.g., CD47. SIRP-o polypeptides comprise 3 highly homologous immunoglobulin (Ig)-like
extracelinlar domains—D1, D2, and D3. The SIRP-a D1 domain (“D1 domain”) refers to the
membrane distal, extracellular domain of SIRP-¢ and mediates binding of SIRP-o to CD47
(see, e.g., Hatherley, D. ef al. (2008) Mol Cell 31:266-77; Hatherley, D. er af. 2007y J. Biol.
Chem. 282:14567-75; Hatherley, D. ef al. (2009) J. Biol. Chem. 284:26613-9; and Lee, W. Y.
et al. 2010) J. Biol. Chem. 285:37953-63). The extraceliular domain generally refers to the
entire extracetiular portion of SIRP-q, e.g., as expressed on a cell surface, and may include
distinct SIRP-g domains, such as the D1 domain. The D1 domain contains residues shown to
be critical for mediating CD47 binding (see, e.g., Lee, W.Y. et al. (2007} J. Immunol.
179:7741-30). In some embodiments, an anttbody that binds an extracellular domain of a
SIRP-a polypeptide binds one or more residues of the D1 domain. Exemplary human SIRP-¢
D1 domain sequences are described throughout the present disclosure and include without
limitation SEQ ID NOs:5, 6, and 76-83. Human SIRP-a D2 and D3 domain sequences are
also known and include, without Umitation,
APVVSGPAARATPOHTVSFTCESHGFSPRDITLKWEFKNGNELSDFQTNVDPVGESVS
YSHSTAKVVLTREDVHSQVICEVAHVTLQGDPLRGTANLSETIR (SEQ ID NO:131)
for the D2 domain and
VPPTLEVTQOPVRAENQVNVTCOVRKFYPQRLOLTWLENGNVSRTETASTVTENKD
GTYNWMSWLLYNVSAHRDDVKLTCQVEHDGQPAVSKSHDLKVS (SEQ D NO:132)
for the 133 domain.

{0117] As used herein, “CD47” (also known as integrin associated protein (IAP), MERS,
and QA3) refers to a polypeptide that, among other roles, serves as a binding partoner for
SIRP-a polypeptides. In some embodiments, CE47 refers to a human CD47 polypeptide,
e.g., a polypeptide encoded by a human CD47 gene, such as that described by NCBI Ref Seq
ID No. 961. Exemplary human CD47 amino acid sequences are known {see, e.g., NCBI
Reference Sequence Accession No. NP_001768). In particular, the IgSF domain of CD47
refers to the N-terminal extracclivlar domain of CD47 that is known to be critical for SIRP-¢

binding {see, e.g., Barclay, A.N. and Brown, M.H. (20006) Nat. Rev. Immunol. 6:457-64 and
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Hatherley, D. et al. (2009) J. Biol. Chem. 284:26613-9). In some embodiments, an IgSF
domain of CD47 comprises the amino acid sequence of
QLLENKTKSVEFTFSNDTVVIPCEFVTNMEAQNTTEVYVEKWKFKGRDIYTFDGALNKS
TVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETHELKYRYV
VS (SEQ ID NO:16). The term “CD47” may also include modified CD47 polypeptides that
are able to bind SIRP-q, e.g., a polypeptide comprising an IgSF domain of CD47 conjugated
to another polypeptide or other moiety, e.g., an Ig Fo region.

{0118] As used herein, a “SIRP-a epitope” may refer to the amino acids of a SIRP-a
polypeptide that form the binding site for an anti- SIRP-g antibody of the present disclosure
and/or a SIRP-o binding partner, including without Hmitation CD47. Binding of an antibody
or other polypeptide to an epitope can be characterized and/or mapped using a varicty of
assays known in the art, including without limitation a cross-blocking assay (see Antibodies,
A Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988)),
epitope mapping (see Champe et al., J. Biol Chem. 270:1388-1394 (1995)), X-ray co-
crystallography, epitope binning, site-directed mutagenesis, oligo-peptide scanning, high-
throughput mutagenesis mapping, hydrogen/deuteriurn exchange, limited proteolysis, and so
forth.

{8119] As used herein “modulating SIRP-g signaling” may refer to antagonizing,
agonizing, or otherwise interfering with one or more aspects of SIRP-g signaling in a cell
expressing a SIRP-o polypeptide. SIRP-a signaling may refer to one or more intracellular
signaling events mediated by activation of a SIRP-a polypeptide, including without limitation
tyrosine phosphorylation of the intracellular region of SIRP-a, phosphatase (e.g., SHP1)
binding, adaptor protein binding (e.g., SCAFP2, FYB, and/or GRB2), cytokine production
{e.g. 1L-10, IL-1P, IFN or TNF). and nitric oxide production; and/or one or more intercellular
phenotypes, including without limitation macrophage phagocytosis and other activating or
suppressive phenotypes of macrophages, eosinophils, neutrophils, dendritic cells, and
myeloid-derived suppressor cells (MDSCs).

{0128] As used herein, the term “antibody” may refer to intact antibodies; antibody
fragments (inchuding without limitation Fab, F(ab")2, Fab'-SH, Fv, diabodies, scFv, scFv-Fc,
single domain antibodies, single heavy chain antibodies, and single light chain antibodies),
provided that they exhibit the desired biological activity (e.g. epitope binding); monoclonal
antibodies; polyclonal antibodies; monospecific antibodies; maulti-specific antibodics (e.g.,

bispecific antibodies); and antibody-like proteins.
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{0121] As used herein, the term “bispecific” when used in reference to an antibody or
antibody fragment includes an antibody or antibody fragment that possesses two different
binding specificities. For example, cach binding specificity may recognize a different
antigen, or each binding specificity may recognize the same antigen with different affinity
andfor precise epitope. In some embodiments, each different binding specificity comprises
one or more different antibody antigen binding domains (e.g., variable domains), such that
the bispecific antibody or antibody fragment comprises at least a first antigen binding domain
with a first binding specificity and a second antigen binding domain with a second binding
specificity. A variety of exemplary bispecific antibody formats are described herein and
known in the art.

{0122] Axn “isolated” antibody may refer to an antibody that has been separated and/or
recovered from a component of its natural environment, e.g., a host cell or organism. In some
embodiments, an antibody 18 purified to a desired purity by weight (e.g., at least 93%); and/or
homogeneity by SDS-PAGE using, for example, staining by silver, Coomassie, etc. In some
embodiments, an isolated antibody is obtained following one or more purification steps.
{0123] As is known in the art, “native” antibodies refer to typically heterotetrameric
complexes including two identical light (L) chains and two identical heavy {(H) chains.
Variable numbers of disulfide bonds connect the two heavy chains, and one connects each
light chain to a heavy chain, in addition to intrachain disulfide bridges. The heavy chains
include a variable domain (VH) followed (N-terminus to C-terminus) by three or four
constant domains. The light chains include a variable domain (VL) followed by a constant
domain (CL). Typically, mammalian Hight chains fall into one of two categories based on
amino acid sequence: kappa and lambda.

{6124] A “constant domain” may refer to the more conserved portion of the antibody or
fragment, e.g., outside the variable domains. The term may include the CL domain as well as
heavy chain constant domains CH1, CH2, CH3 and optionally CH4.

{0125] Constant domains of the heavy chain can be assigned to one of 5 major types:
IgA, IgD, IgE, IgG, and IgM. Several subtypes exist for many of these major types. The
subunit structures and three-dimensional configurations of different classes of
immunoglobuling are well known and described generally in, for example, Abbas et al.
Cellular and Mol. Immunology, 4th ed. (W.B. Saundess, Co., 2000).

{0126] As used herein, the term “antibody variable domain” refers to the portions of the

light and heavy chains of an antibody that inclade the complementary determining regions
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(CDRs,e.g., CDR L1, CDR L2, CDR L3, CDR Hi, CDR H2, and CDR H3) and framework
regions (FRs).
{31271 The term “variable” refers to the fact that subsequences of the variable domains
differ substantially in sequence between antibodies and are critical to the binding specificity
of a particular antibody for its antigen. Variability is concentrated in three hypervariable
regions (HVRs) in both VH and VL. domains. The more conserved portions of variable
domains are called the framework regions (FR) in which the HVRs are interspersed. The
variable domains of native heavy and light chains each comprise four FR regions connected
by three HVRs that form loops (see Kabat ¢t al., Sequences of Proteins of Immunological
Interest, Fifth Edition, National {nstitute of Health, Bethesda, Md. (1991)).
{0128] The term “hypervariable region {HVR)” may refer to the subregions of the VH
and VL domains characterized by enbanced sequence variability and/or forrmation of defined
loops. These include three HVRs in the VH domain (H1, H2, and H3) and three HVRs in the
/L domain (L1, L2, and L3). H3 is believed to be critical in imparting fine binding
spectficity, with L3 and H3 showing the highest level of diversity. See Johnson and Wu, in
Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa, NI, 2003).
{6125] A number of HVR delineations are known. The Kabat Complementarity
Determining Regions (CDRs) are based on sequence variability and are the most commonly
used (Kabat et al., Sequences of Proteins of frmmunological interest, Sth Ed. Public Health
Service, National Institutes of Health, Bethesda, Md. (1991)). Chothia refers instead to the
location of the structural loops (Chothia and Lesk J. Mol Biol 196:901-017 (1987)). The
AbM HVRs represent a compromise between the Kabat HVRs and Chothia structural loops,
and are used by Oxford Molecular's AbM antibody modeling software. The “contact” HVRs
are based on an analysis of the available complex crystal structures. The residues from each
of these HVRSs are noted below. “Framework” or “FR” residues are those vartable domain

residues other than the HYR residues.

Loop Kabat AbM Chothia Contact

Li 1.24-1.34 1.24-1.34 1.26-1.32 L30-L36

L2 L50-1.56  L30-L36 1.50-1.52 LAG-LSS

L3 1.89-1.97 LB&9-1.97 1.91-1.96 L.8S-1.96

H1 H31-H358B H26-H358  H26-H32 H30-H35B (Kabat Numbering)
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Hi H31-H35 H26-H35 H26-H32 H30-H35 (Chothia Numbering)
H2 HSO-H65 H50-HS58 HS53-H55 H47-H58
H3 HOS5-H102 HOS-HIOZ  H96-HIG1  HI3-HI0I

{31301 “Extended” HVRSs are also known: 24-36 or 24-34 (1.1), 46-56 or 50-56 (L2) and
89-97 or 89-96 (L3) in the VL and 26-35 (H1), 50-65 or 49-65 (H2) and 93-102, 94-102, or
95-102 (H3) in the VH (Kabat numbering).

{0131] “Numbering according to Kabat” may refer to the numbering system used for
heavy chain variable domains or light chain variable domains of the compilation of
antibodies in Kabat et al., supra. The actual linear amino acid sequence may contain fewer or
additional amino acids corresponding to a shortening of, or insertion into, a FR or HVR of the
variable domain. The Kabat numbering of residues may be determined for a given antibody
by alignment at regions of homology of the sequence of the antibody with a “standard” Kabat
numbered sequence. Typically, the Kabat numbering is used when referring to a residue in
the variable domains {approximately residues 1-107 of the light chain and residues 1-113 of
the heavy chain), whercas the EU numbering system or index (e.g., the EU index as in Kabat,
numbering according to EU IgG1) is generally used when referring to a residue in the heavy
chain constant region.

{0132] “Full length” or “intact” antihodies typically include heavy chains with an Fe

I3

region, €.g., as opposed to an antibody fragment. Agntigen-binding “Fab” fragments with a
single antigen binding site may be released from the residual Fe fragment by papain
digestion. F(ab’)Z fragments include two antigen-binding sites produced by pepsin treatment
of an antibody. Antibody fragments will, however, include one or more antibody variable
regions.

{0133] An “Fv” fragment contains a complete antigen-binding site. A single chain Fv
(scFv) can include a VH and a VL domain linked by a peptide linker such that the VH and
VL domains associate, e.g., as in an antibody or Fab fragment, such that the HVRs form an
antigen binding site. See Pluckthiin, in The Pharmacology of Monoclonal Antibodies, vol.
113, Rosenburg and Moore eds., {Springer-Verlag, New York, 1994}, pp. 269-315. In some
embodiments, the scFv is fused to an antibody Fe domain (e.g., scFv-Fc). While six HVRs
typically comprise an antigen binding site, a single variable domain with three HVRs 1s still
capable of binding an antigen, albeit at a lower affinity. See Hamers-Casterman et al., Nature

363:446-448 (1993); Sheridf et al., Nature Siruct. Biol, 3:733-736 (1996}, Single domain
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antibodies (e.g., camelid antibodies) typically include a single, monomeric variable domain
for antigen binding. Single heavy chain (VHH) and single light chain antibodies ate also
known. A Fab’® fragment typically includes a few more residues at the C-terminal end than a
Fab fragment. A Fab’-SH includes cysteine residues with a free thiol. Various chemical
couplings of antibody fragments are known in the art.

{0134] A “diabody” inclades antibody fragments with two antigen-binding sites. These
include a VH and VL domain connected by a linker, which is typically too short to facilitate
pairing of domains in the same chain. Diabodies may be bivalent or bispecific. Tribodies and
tetrabodies, or other numbers of VH/VL domains are known. See Hudson et al., Nat. Med.
9:129-134 (2003).

{0135] As used herein, a “monoclonal” antibody refers to an antibody obtained from a
population of substantially homogeneous antibodies, e.g.. substantially identical but allowing
for minor levels of background mutations and/or modifications. “Monoclonal” denotes the
substantially homogeneous character of antibodies, and does not require production of the
antibody by any particular method. In some embodiments, a monocional antibody is sclected
by its HVR, VH, and/or VL sequences and/or binding properties, e.g., selected from a pool of
clones (e.g., recombinant, hybridoma, or phage-derived). A monocional antibody may be
engineered to include one or more mutations, e. g., to affect binding affinity or other
propertics of the antibody, create a humanized or chirperic antibody, iraprove antibody
production and/or homogeneity, engineer a multispecific antibody, resultant antibodies of
which are still considered to be monoclonal in nature. A population of monoclonal
antibodies roay be distinguished from polyclonal antibodies as the individual monoclonal
antibodies of the population recognize the same antigenic site. A variety of techniques for
production of monoclonal antibodies are known; see, e.g., the hybridoma method (e.g.,
Kobler and Milstein, Nature, 256:495-97 (1975); Hongo et al., Hybridoma, 14 (3): 253-260
(1995), Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory
Press, 2nd ed. 1988); Hammerling et al., in: Monoclonal Antibodies and T-Cell Hybridomas
563-681 {Elsevier, N.Y., 1981)), recombinant DNA methods (see, e.g., U.S. Pat. No.
4,816,567), phage-display technologies (see, e.g., Clackson ef al., Nature, 352: 624-628
(1991); Marks et al., J. Mol. Biol. 222: 581-397 (1992); Sidhu et al., J. Mol Biol. 338(2):
299-310 (2004); Lee ef al., J. Mol. Biol. 343{5): 1073-1093 (2004); Fellouse, Proc. Natl.
Acad. Sci. USA 101(34): 12467-12472 (2004); and Lee ef al., 4. immunol. Methods 284(1-2):

+/

119-132 (2004), and technologies for producing human or human-like antibodies in animals
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that have parts or all of the human immunoglobulin loci or genes encoding human
immunoglobulin sequences (see, e.g., WO 1998/24893; WO 1996/34096; WO 1996/33735,
WO 1991/18741; Jakobovits ef al., Proc. Natl. Acad. Sci. USA 90: 2551 (1993); Jakobovits ef
al., Nature 362: 255-258 (1993); Bruggemann et al., Year in Immunol. 7:33 (1993); U.S. Pat.
Nos. 5,545,807, 5,545,806; 5,569,825; 5,625,126; 5,633,425; and 5.661,016; Marks et al.,
Bio/Technology 10: 779-783 (1992); Lonberg et al., Nature 368: 856-859 (1994); Morrison,
Nature 368: 812-813 (1994); Fishwild er al., Nature Biotechnol. 14: 845-851 (1996);
Neuberger, Nature Biotechnol. 14: 826 (1996); and Lonberg and Huszar, Infern. Rev.
Tmmunol. 13: 65-93 (1995).

{136] “Chimeric” antibodies may refer to an antibody with one portion of the heavy
and/or light chain from a particular isotype, class, or organism and another portion from
another isotype, class, or organism. In some embodiments, the variable region will be from
one source of organism, and the constant region will be from another.

{6137] “Humamized antibodies” may refer to antibodies with predominantly human
sequence and a minimal amount of non-human (e.g., mouse or chicken) sequence. In some
embodiments, a humanized antibody has ove or more HVR sequences (bearing a binding
specificity of interest) from an antibody derived from a non-human (e.g., mouse or chicken)
organism grafted onto a human recipient antibody framework (FR). In some embodiments,
non-human residues are further grafted onto the human framework (not present in either
source or recipient antibodies}, e.g., to improve antibody properties. In general, a humanized
antibody will comprise substantially all of at least one, and typically two, variable domains,
in which all or substantially all of the hypervariable loops correspond to those of a non-
hurnan immunoglobulin, and all or substantially all of the FRs are those of a human
imnunoglobulin sequence. The humanized antibody optionally will also comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of a buman
immunoglobulin. See Jones ef al., Narure 321:522-325 (1986); Riechmann et al., Nature
332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).

{0138] A “human” antibody may refer to an antibody having an amino acid sequence
which corresponds to that of an antibody produced by a human and/or has been made using
any of the technigues for making human antibodies as disclosed berein. Human antibodies
can be produced using various techniques known in the art, including phage-display libraries.
Hoogenboom and Winter, J. Mol. RBiol., 227:381 (1991); Marks et al., J. Mol. Biol, 222:581

(1991); preparation of human monoclonal antibodies as described in Cole et al., Monocional
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Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); Boerner et al., J. Immunol.,
147(13:86-95 (1991); and by administering the antigen to a transgenic aniral that has been
modified to produce such antibodies in response to antigenic challenge, but whose
endogenous loci have been disabled, e.g., immunized xenomice (see, e.g., U.S. Pat. Nos.
6,075,181 and 6,150,584 regarding XENOMOUSE'" technology) or chickens with human
immunoglobulin sequence(s) (see, e.g., WO2012162422, W0O2011019844, and
WO2013059159).

{0139 As used herein, the term “linker” refers to a linkage between two elements, e.g.,
protein domains. In some embodiments, a linker can be a covalent bond or a spacer. The term
“spacer” refers to a moiety (e.g., a polyethylene glycol (PEG) polymer) or an amino acid
sequence {e.g., a 1-200 amino acid sequence) occurring between two polypeptides or
polypeptide domains to provide space or flexibility (or both space and flexibility) between
the two polypeptides or polypeptide doroains. In some embodiments, an amino acid spacer is
part of the primary sequence of a polypeptide (e.g., joined to the spaced polypeptides or
polypeptide domains via the polypeptide backbone).

{6140] The term "cytotoxic agent” as used herein may refer to any agent that inhibits
cellular proliferation or induces cell death. Cytotoxic agents include, but are not himited to,
chemotherapeutic agents; radicactive isotopes; growth inhibitory agents; and toxins such as
small molecule toxins or enzymatically active toxins, including fragrments and/or variants
thereof. Exemplary cytotoxic agents include without limitation metabolic inhibitors, anti-
microtubule agents, platinum containing compounds, alkylating agents, proteasome
inhihitors, topoisomerase H inhibitors, antimetabolites, topoisomerase I inhibitors, signal
transduction pathway inhibitors, non-receptor tyrosine kinase angiogenesis inhibitors,
hormones and hormonal analogues, proapoptotic agents, inhibitors of LDH-A, cell cycle
inhibitors, HDAC inhibitors, and antibiotic agents.

{0141] As used herein, a “label” may include any moiety that serves as a detection agent,
e.g., of binding between a labeled antibody of the present disclosure and a macromolecule or
cell. Exemplary labels include without Hmitation fluorescent {e.g.. compounds or proteins),
radioactive, or enzymatic moietics, as well as affinity purification tags.

{0142] As used herein, an antibody may be said to “bind” an antigen with an affinity
sufficient to render the antibody useful for in vitro and/or in vive manipulation of the antigen.
In some erabodiments, an antibody that “binds” an antigen has a dissociation constant (Kp)

for the antigen that is less than or equal to 1M at 25°C.
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{6143} As used herein, the term “affinity” or “binding affinity” refers to the strength of
the binding interaction between two molecules. Generally, binding affinity refers to the
strength of the sum total of non-covalent interactions between a roolecule and its binding
partner, such as a high affinity SIRP-¢ D1 variant and CD47. Unless indicated otherwise,
binding affinity refers to intrinsic binding affinity, which reflects a 1:1 interaction between
members of a binding pair. The binding affinity between two molecules is commonly
described by the dissociation constant (Kp) or the association constant (Ka). Two molecules
that have low binding affinity for each other generally bind slowly, tend to dissociate easily,
and exhibit a large Kp. Two molecules that have high affinity for each other generally bind
readily, tend to remain bound longer, and exhibit a small Kp. In some embodiments, the Kp
of two interacting molecules is determined using known metheods and techniques, e.g.,
surface plasmon resonance (SPR). Kp can be calculated as the ratio of Kegkon.

{(144] As used herein, the term “Kp less than” refers to a namerically smaller Kp value
and an increasing binding affinity relative to the recited Kp value. As used herein, the term
“Kp greater than” refers to a numerically larger K value and a decreasing binding affinity
relative to the recited Ky value.

{0145] As used herein, “treatment” may refer to therapeutic administration of a molecule,
compound, formulation, composition, etc. so as to alter one or more pathological symptoms
in an individual or cell being treated. Desirable effects of treatment can inchide without
limitation decelerating disease progression, ameliorating or palliating a pathological symptom
or disease state, improving prognosis, and/or achieving disease remission. For example, an
individual’s cancer is successfully “treated” if one or more symptoms associated with cancer
are mitigated or abolished, such as, without lunitation, reducing the proliferation of cancer
cells, eliminating cancer cells or tumor burden, decreasing symptoms resulting from the
cancer, increasing the quality of life of the individual, lessening the dose of other
medication(s), and/or prolonging survival of the individual. As another example, an

autoimmune or inflammatory disease may be successfully “treated” if one or more symptoms
associated with the avtoimmune or inflammatory disease are mitigated or abolished, such as,
without limitation, reducing autoreactive imraune cells and/or inflammatory tranwune cells or
cytokines, decreasing immune activation and/or inflamumation, slowing or mitigating organ
damage resulting from the disease, decreasing symptorms resulting from the disease,
increasing the quality of life of the individual, lessening the dose of other medication(s),

and/or prolonging survival of the individual.
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{06146] As used herein, “delaying progression” of a disease may refer to slowing,
retarding, deferring, postponing development of, stabilizing, or otherwise hindering the
pathological course of the disease. In some embodiments, the term may refer to a delay
sufficient to effectively encompass prevention, e.g., in preventing the individual from
developing the disease. In some embodiments, e.g., an advanced cancer, delaying
progression may include delaying metastasis. One of skill in the art will appreciate that the
precise length of delay may depend, e.g., upon the specific disease, condition of the
individual, and the like.

{0147} The terms “cancer’” and “cancerous” may describe dysregulated or unregulated
cell growth/proliferation by a cell or cells in a mammal. Any cancer type known in the art
may be included, such as but not limited to carcinoma, sarcoma, lymphoma, fcukemia,
lyraphoma, and blastoma. More particular examples of such cancers include, but are not
lirnited to, lung cancer, squamous cell cancer, brain tamors, glioblastorna, head and neck
cancer, hepatocellular cancer, colorectal cancer (e.g., colon or rectal cancers), liver cancer,
bladder cancer, gastric or stomach cancer, pancreatic cancer, cervical cancer, ovarian cancer,
cancer of the urinary fract, breast cancer, peritoneal cancer, uterine cancer, salivary gland
cancer, kidney or renal cancer, prostate cancer, vulval cancer, thyroid cancer, anal carcinoma,
penile carcinoma, melanoma, multiple myeloma and B-cell lymphoma (including non-
Hodgkin's lymphomas (NHL)); acute lymphoblastic leukemia (ALL}); chronic lymphocytic
feukemia (CLL); acute myeloid lenkemia (AML); Merkel cell carcinoma; hairy cell
leukemia; chronic myeloblastic leukemia (CML); and associated metastases.

{61481 As used herein, the term “effective amount” roay refer to an amount of an
antibody of the present disclosure or a pharmaceutical composition containing an antibody of
the present disclosure that s sufficient and effective in achieving a desired thevapeutic effect
in treating or delaying progression of a patient having a disease, such as a cancer, e.g., solid
tamor ot hematological cancer. In some embodiments, a therapeutically effective arount will
avoid adverse side effects, and/or such side effects will be outweighed by beneficial effects.
An effective amount may depend upon the individual being treated, e.g., age, weight, sex,
disease state, as well as the ability of the agent to produce a desived response.  An effective
amount can be administered in one or more administrations. As in the clinical context, an
effective amount of a drug, compound, or pharmaceutical composition may or may not be
achieved in conjunction with another drug, compound, or pharmaceutical composition, such

as another therapeutic agent. Thus, an “effective amount” may also be considered in the
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context of administering one or more additional therapeutic agents, and a single agent may be
considered to be given in an effective amount if, in conjunction with one or more other
agents, a desirable result may be or is achieved.

{0149] As used herein, the term “pharmaceutical composition” may refer to a medicinal
or pharmaceutical formulation that includes an active ingredient as well as excipients or
diluents (or both excipients and diluents) and enables the active ingredient to be administered
by suitable methods of administration. In some embodiments, the pharmaceutical
compositions disclosed herein include pharmaceutically acceptable components that are
compatible with one or more antibodies of the present disclosure. In some crobodiments, the
pharmaceutical composition is in tablet or capsule form for oral administration or in aqueous
form for intravenous or subcutancous administration, for example by injection.

{61501 As used herein, the terms “subject,” “individual,” and “patient” are used
interchangeably to refer to a vertebrate, for example, a mamunal. Mammals include, but are
not limited to, murines, stimians, humans, farm animals, sport animals, and pets.

{6151} As used herein, “in conjunction with™ or “in combination with” may refer to
administration of one therapeutic in addition to (e.g., before, during, and/or after) another

therapeutic.

Antibodies

{0152] Certain aspects of the present disclosure relate to antibodies that bind the
extracellular domain {e.g., the D1 domain) of a human SIRP-u v1 polypeptide. the
extraceliular domain of a human SIRP-g v2 polypeptide, or both. As demonstrated herein,
antibodies have been characterized that specifically bind to vl or v2, as well as antibodies
that bind to both proteins. In humans, at least 10 distinct alleles of SIRPA have been
identified (see FIG. 1A; see also Takenaka, K. et al. (2007) Nat. Immunol. 8:1313-23).
Antibodies that bind one or more human SIRP-a polypeptides and possess one or more of the
other binding specificities described herein are an advantageous discovery of the present
disclosure. Further, the present disclosure demonstrates methods for producing and
identifying antibodies representing a surprising diversity of novel SIRP-u binding specificity
profiles.

{0183] In some embediments, an antibody of the present disclosure binds an extracellular
domain (e.g., the D1 domain) of a human SIRP-g v1 polypeptide comprising the amino acid

sequence of
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EEELOQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWEFRGAGPGRELIY NQKEGHFP
RVTTVSDLTEKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQ ID NO:3). In some embodiments, an antibody of the present disclosure binds an
extracellular domain (e.g.. the D1 domain) of a hurnan SIRP-a v2 polypeptide comprising the
amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWEFRGAGPARELIYNQKEGHFPR
VITVSESTKRENMDESISISNITPADAGTY YCVKFREGSPDTEFKSGAGTELSVRAKPS
(8EQ ID NO:6). In some embodiments, an antibody of the present disclosure binds an
extracellular domain (e.g., the D1 domain) of a2 human SIRP-a v1 polypeptide comprising the
amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYNQKEGHEP
RVTTVSDLTKRNNMDESIRIGNITPADAGTY YCVKFREGSPDDVEFKSGAGTELSVR
AKPS (SEQ 1D NO:5) and an extracellular domain (e.g., the D1 domain) of a buman SiRP-a
v2 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWEFRGAGPARELIYNQKEGHFPR
VITVSESTKRENMDFSISISNITPADAGTYYCVKFRKGSPDTEFKSGAGTELSVRAKPS
(SEQ ID NO:6).

{6154] In some embodiments, an antibody of the present disclosure binds the
extraceliular domains (e.g., the D1 domainsy of 1,2, 3,4, 5. 6,7, 8, 9, or 10 different human
SIRP-a variant polypeptides. As used herein. a “hurman SIRP-qo variant polypeptide” may
refer to a naturally occurring human SIRP-« variant polypeptide or polymorphism found
cxpressed in a human, e.g., as opposed to a variant bearing one or more engineered
mutations. For example, in some embodiments, an antibody of the present disclosure binds
the extracellolar domain (e.g., the D1 domain) of one or more human SIRP-¢ variant
polypeptides comprising a sequence shown in the Table 1. In some embodiments, an
antibody of the present disclosure binds to an extracellular domain (e.g., the D1 domain) of a
buman SIRP-a vl polypeptide and/or an extracellular dormain (e.g., the D1 domain) of a
human SIRP-a v2 polypeptide, and binds to an extracellular domain (e.g., the D1 domain) of
one or roore human SIRP-o polypeptides selected from v3, v4, v3, v, v7, v8, v, and v10.

Table 1. Human SIRP-a vartant polypeptide sequences corresponding to the D1 domain.

Variant SEQ IDNO Sequence
vi 5 EEBLOQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWERG

AGPGRELIYNQKEGHFPRVTTVSDLTKRNNMDFSIRIGNIT
PADAGTYYCVKFRKGSPDDVEFKSGAGTELSVRAKPS

v2 6 EEELQVIQPDKSYSVAAGESAILHCTVTSLIPYGPIQWIRG
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AGPARELIYNQKEGHFPRVTTVSESTERENMDESISISNITPE
ADAGTYYCVEFREGSPDTEFKSGAGTELSVRAKPS

[

76 EEELQVIQPDKSVSVAAGESAILLCTVTSLIPVGPIOWERGAG
PARELIYNQKEGHFPRVTTVSESTKRENMDESISISNITPADA
GTYYCVEKFRKGSPDTEFKSGAGTELSVRAKPS

<

v4 77 EEGLOVIQPDKSVSVAAGESAILHCTATSLIPVGPIQWERG
AGPORELIYNQKEGHFPRVTTVSDLTKRNNMDESIRIGNIT
PADAGTYYCYKFRKGSPDDVEFKSGAGTELSVRAKPS

V5 78 EEELQVIQPDRKFVLVAAGETATLRCTATSLIPVGPIQWERG
AGPGRELIYNQKEGHFPRVTTVSDLTKRNNMDFESIRIGNIT
PADAGTYYCVEFRKGSPDDVEFKSGAGTELSVRAKPS

v6 79 EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWERG
AGPGRELIYNQKEGHFPRVTTVSDLTKRNNMDFPIRIGNIT
PADAGTYYCVEIFRKGSPDDVEFKSGAGTELSVRAKPS

' 80 EEELQVIQPDKSYSVAAGESAILHCTVISLIPVGPIQWERG
AGPARELIYNOQKEGHFPRVTTVSESTKRENMDESISISNITP
ADAGTYYCVKEFRKGSPDTEFKSGAGTELSYRGKPS

v& gt EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWERG
AGPARELIYNQKEGHFPRVTTVSESTKRENMDESISISNITP
ADAGTYYCVKFRKGSPDTEFKSGAGTELSVRAKPS

v9 82 EEELQVIQPDKSVLVAAGETATLRCTATSLIPYGPIQWERG
AGPGRELIYNQEEGHIPRVTTVSDLUTKRNNMDESIRISNIT
PADAGTYYCVEKIRKGSPDDVEFKSGAGTELSVRAKPS

vi( 33 EEELQVIQPDKSVIVAAGESAILHCTVTSLIPVGPIQWERG
AGPARELIYNQKEGHFPRVTTVSESTKRENMDESISISNITP
ADAGTYYCVKFRKGSPDTEFKSGAGTELSVRAKPS

{31551 in some embodiments, an antibody of the present disclosure binds an extracellular

domain (e.g.. the D1 domain) of a monkey SIRP-a polypeptide (e.g.. the D1 domain of a
monkey SIRP-¢ polypeptide). In some embodiments, an antibody of the present disclosure
binds an extraceliular dormain {e.g., the D1 domain) of a cynomolgus SIRP-a polypeptide
{e.g., found in the orgamism Macaca fascicularis). In some embodiments, the antibody binds
the extracellular domains (e.g., the D1 domains) of at least two different monkey SIRP-o
variant polypeptides. In some embodiments, the antibody binds the extracellular domains
{e.g., the D1 domains) of at least two different cynomolgus SIRP-g variant polypeptides. For
example, in some embodiments, the antibody binds an extracellular domain (e.g., the D1
domain) of a cynomolgus SIRP-g polypeptide comprising the amino acid sequence of
EEELQVIQPEKSVSVAAGESATLNCTATSLIPVGPIQWEFRGVGPGRELIYHQKEGHFP
RVTPVSDPTERNNMDFSIRISNITPADAGTYYCVKFRKGSPDVELKSGAGTELSVRAK
PS (SEQ ID NG:11), an extracellular domain (e.g., the D1 domain) of a cynomolgus SIRP-¢
polypeptide comprising the amino acid sequence of

EEELQVIQPEKSVSVAAGDSATLNCTVSSLIPVGPIQWFRGAGPGRELIYNLKEGHFP
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RVTAVSDPTKRNNMDFSIRISNITPADAGTYYCVKFRKGSPDVELKSGAGTELSVRA
KPS (SEQ 1D NOG:12), or both,

{0136] in some embodiments, an antibody of the present disclosure binds an extracellular
domain of a murine or mouse SIRP-q polypeptide (e.g., found in the organism Mus musculus;
e.g., the D1 domain of a murine or mouse SIRP-a polypeptide). In some embodiments, the
antibody hinds the extracellular domains {e.g., the D1 domains) of two or more different
murine SIRP-¢ variant polypeptides. A variety of murine SIRP-o variant polypeptides from
different mouse strains are known. In some embodiments, the murine SIRP-q variant
polypeptide corprises an amino acid sequence selected from
KELKVTQPEKSVSVAAGDSTVLNCTLTSLLPVGPIKWYRGVGQSRLLIYSFTGEHFPR
VINVSDATKRNNMDESIRISNVTPEDAGTY YCVKEFQKGPSEPDTEIQSGGGTEVY VL
AKPS (SEQ ID NGO: 7; from 129 mouse strain),
TEVKVIQPEKSVSVAAGDSTVLNCTLTSLLPYVGPIRWYRGVGOQSROLIYSFTTEHFPR
VINVSDATERSNLDFSIRISNVTPEDAGTY YCVKFQRGSPDTEIQSGGGTEVYVLAK
(SEQ ID NO:S; from NOD mouse strain),
KELKVTQPEKSVSVAAGDSTVLNCTLTSLLPVGPIRWYRGVGPSRLLIYSFAGEY VPR
IRNVSDTTERNNMDFSIRISNVTPADAGIYYCVEFQKGSSEPDTEIQSGGGTEVY VLA
K (SEQ ID NO:9; from C57BL/6 mouse strain}, and
TEVEKVTQPEKSVSVAAGDSTILNCTVTSLLPVGPIRWYRGVGOQSRLLIY SFTGEHFPRI
RNVSDTTKRNNMDFSIRISNVTPEDAGTYYCVKFQRGSSEPDTEIQSGGGTEVY VLA
K (SEQ ID NG:10; from BALB/c mouse strain).

{0157} In some embodiments, an antibody of the present disclosure binds an
extracellular domain (e.g., the D1 domain) of 4 human SIRP family protein. In some
embodiments, an antibody of the present disclosure binds an extracellular domain {(e.g., the
D1 domain) of a human SIRP-J polypeptide. In some embodiments. a human SIRP-§
polypeptide refers to a polypeptide encoded by a hursan SIRPE] gene, e.g., as described by
NCBI Ref Seq 1D No. 10326. In some embodiments, the extracellular domain {e.g., the D1
domain) of the human SIRP-§} polypeptide comprises the amino acid sequence of
EDELGQVIQPEKSVSVAAGESATLRCAMTSLIPVGPIMWERGAGAGRELIYNQKEGHF
PRVTTVSELTKRNNLDFSISISNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQ ID NG:13) or
EEELQVIQPDKSISVAAGESATLHCTVTSLIPVGPIQWFRGAGPGRELIY NQKEGHEFPR
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VITVSDLTKRNNMDFSIRISNITPADAGTY YCVKFRKGSPDHVEFKSGAGTELSVRA
KPS (SEQ 1D NOG:14).

{0158] in some embodiments, an antibody of the present disclosure binds an extracellular
domain (e.g., the D1 domain) of a human SIRP-y polypeptide. In some embodiments, a
human SIRP-y polypeptide refers to a polypeptide encoded by a human SIRPG gene, e.g., as
described by NCBI Ref Seq 1D No. 55423, In some embodiments, the extracellular domain
{e.g.. the D1 domain) of the human SIRP-y polypeptide comprises the amino acid sequence
of
EEELOMIQPEKLLLVTVGKTATLHCTVTSLLPVGPVLWEFRGVGPGRELIYNQKEGHFE
PRVTTVSDLTKRNNMDESIRISSITPADVGTYYCVKERKGSPENVEFKSGPGTEMALG
AKPS (SEQ ID NO:15).

[0159] In addition to antihodies that bind one or more of the polypeptides described
above, the present disclosure contemplates antibodies that do not bind one or more of the
polypeptides described above. Stated another way, the binding profile of an antibody of the
present disclosure may be characterized by positively or negatively reciting any of the
binding specificities and/or properties described herein.

{0168] In some embodiments, an antibody of the present disclosure modulates SIRP-¢
signaling in a cell expressing a human SIRP-a polypeptide. In some embodiments, an
antibody of the present disclosure antagonizes SIRP-a signaling in a cell expressing a human
SIRP-a polypeptide. In some embodiments, an antibody of the present disclosure interferes
with SIRP-¢ signaling in a cell expressing a human SIRP-¢ polypeptide. In some
embodiments, an antibody of the present disclosure agonizes SIRP-a signaling in a cell
expressing a human SIRP-g polypeptide. In some embodiments, SIRP-a signaling includes
one or more intracellular signaling events mediated by activation of a SIRP-¢ polypeptide,
including without limitation tyrosine phosphorylation of the intracellular region of SIRP-q,
phosphatase {e.g., SHP1) binding, adaptor protein binding (e.g., SCAP2, FYB, and/or
GRB2), and nitric oxide production. Various assays for measuring SIRP-o signaling in a cell
include without limitation SIRP-¢ phosphorylation, SHP1 and SHP2 co-
immunoprecipitation, Pi3-kinase signaling, cytokine production (both inflammatory 11.-12,
IL-23, TNFo, IFN and suppressive cytokines HL-10, IL-4, IL-13, cell surface markers levels
for M1 and M2 macrophage markers) or dendritic cell activation and function;

Kharitonenkov, A. ef al. (1997 Nature 386: 181-6; Ochi, F. et al. {1997} Biochem. Biophys.

)
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Res. Commun. 239:483-7; Kim, E.J. et al. (2013} Inflammation Research 62:377-86; Yi, T. et
al. (2015) Immunity 43:764-75.

{0161] in some embodiments, the cell expressing a human SIRP-¢ polypeptide is a
leukocyte. In some embodiments, the cell is a macrophage, dendritic cell, neatrophil,
cosinophil, or myeloid-derived suppressor cell (MDSC). In some embodiments, an antibody
of the present disclosure decreases or antagonizes SIRP-g signaling in a cell expressing a
human SIRP-a polypeptide by at least 20%, at least 30%, at least 40%. at least 50%. at least
60%, at least 70%, at least 80%, or at least 90%, e.g., using one or more of the SIRP-a
signaling assays described herein or otherwise known in the art. In some erbodiments, an
antibody of the present disclosure increases or agonizes SIRP-a signaling in a cell expressing
a human SIRP-¢ polypeptide by at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, or at least 90%, e.g.. using one or more of the SIRP-a
signaling assays described herein or otherwise known in the art.

{6162] In some embodiments, an antibody of the present disclosure modulates an
intercellular phenotype mediated by SIRP-¢. In some embodiments, an antibody of the
present disclosure enhances phagocytosis by a macrophage expressing a human SIRP-¢
polypeptide. For example, phagocytic activity of a macrophage treated or contacted with an
antibody of the present disclosure can be compared with phagocytic activity of a macrophage
not treated or contacted with the antibody, or phagocytic activity of a macrophage that
expresses a human SIRP-o polypeptide and is treated or contacted with an antibody of the
present disclosure can be compared with phagocytic activity of a macrophage that does not
express a human SIRP-g polypeptide and is treated or contacted with the antibody.
Exemplary phagocytosis assays may be found, e.g., in Wieskopt, K. et af (2013) Science 341:
88 and Willingham, S.B. er al (2012) Proc. Natl. Acad. Sci. 109:6662-7. In some
embodiments, an antibody of the present disclosure increases phagocytosis by a macrophage
expressing a human SIRP-a polypeptide by at least 20%, at least 30%, at least 40%, at Jeast
50%, at least 60%, at least 70%, at least 80%, or at least 90%, e.g., using one or more of the
phagocytosis assays described herein or otherwise known in the art.

{0163] in some embodiments, an antibody of the present disclosure enhances activation
of dendritic cell(s) expressing a buman SIRP-a polypeptide (e.g., an increased level of
activation of individual dendritic cells, or an increased proportion of dendritic cells that are
activated within a sample population). For example, activation of dendritic ccll{s) treated or

contacted with an antibody of the present disclosure can be compared with activation of
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dendritic cell(s) not treated or contacted with the antibody, or activation of dendritic cell(s)
that express a human SIRP-g polypeptide and are treated or contacted with an antibody of the
present disclosure can be compared with activation of dendritic cell{s) that do not express a
human SIRP-¢ polypeptide and are treated or contacted with the antibody. Exemplary
dendritic cell activation assays are described herein. In some embodiments, an antibody of
the present disclosure increases dendritic cell (e.g., expressing a human SIRP-a polypeptide)
activation by at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%,
at least 80%, or at least 90%, e. ., using one or more of the dendritic cell activation assays
described herein or otherwise known in the art.

{0164] {n some embodiments, an antibody of the present disclosure inhibits in vive
growth of a tumor that expresses CD47. For example, in vivo growth of a tumor that
expresses UD47 and is treated with an antibody of the present disclosure can he compared
against in vivo growth of a tumor that expresses CD47 and is not treated with an antibody of
the present discloswve. Exemplary in vivo tumor growth assays are described herein. In some
embodiments, an antibody of the present disclosure inhibits i vive growth of a tumor that
expresses CD47 by at least 20%, at least 30%, at least 40%, at least 30%, at least 60%, at
least 70%, at least 30%, or at least 90%, e.g., using one or more of the in vive tumor growth
assays described herein or otherwise known in the art.

{0165] in some embodiments, an antibody of the present disclosure blocks binding
between an extracellular dormain {e.g., the D1 domain) of a human SIRP-o polypeptide and
an IgSF domain of a human CD47 polypeptide {e.g., a “blocking” antibody). For example,
the antibody and the CD47 polypeptide may “compete” for the saroe SIRP-u epitope, and/or
antibody binding to SIRP-u may be mutually exclusive with CD47 binding to SIRP-¢. The
binding interface between SIRP-a and CD47, as well as residues of both proteins that
participate in binding, are known; see Hathetley, D. et ¢f. (2007} J. Biol. Chem. 282:14567-
75 and Nakaishi, A. ef al. (2008) J. Mol Riol 375:650-60. Exemplary assays for
determining whether an antibody blocks CD47 bhinding to SIRP-g are described herein. In
some embodiments, an antibody of the present disclosure blocks binding between an
extraceliular domain {e.g.. the D1 domain) of a human SIRP-a polypeptide and an IgSF
domain of a human CD47 polypeptide in an in vifro assay, e.g., using purified SIRP-g and/or
CDA47 polypeptides. For example, in vifro ELISA and SPR assays arve described herein,
afthough this is not meant to be limiting, as other in vifro binding assays may also be used. In

some embodiments, antibody binding to a complex comprising a SIRP-o D1 variant (e.g., a
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non-naturally occurring high affinity SIRP-a D1 domain binding to CD47 with higher
affinity than one or more naturally occurring counterparts as described herein) bound to an
IgSF domain of CD47 is used to screen for blocking, non-blocking, and/or kick off
antibodies. In some embodiments, “blocking” and/or “non-blocking” antibodies can be
tested via surface plasmon resonance (SPR; e.g., as described in Example 1). For example, a
comaplex can be formed between an IgSF domain of CD47 and a SIRP-o DI variant (e.2., a
non-natarally occurring high affinity SIRP-a D1 domain binding to CD47 with higher
affinity than one or more naturally occwrring counterparts as described herein), then binding
of a test antibody 1o the complex can be measured. For an antibody that blocks binding of
SIRP-g to CD47, at increasing concentrations of CD47, one would expect fewer molecules of
SIRP-g to be available to bind to the antibody since the antibody competes for the same
binding site as CD47 and most/all SIRP-o is complexed with CD47. Therefore, one would
expect the resonance (RU) to decrease with increasing concentration of CD47 in the mixture.
In some embodiroents, a “blocking” anti-SIRP-u antibody of the present disclosure binds to
the extracellular domain of a SIRP-¢ polypeptide (e.g., the D1 domain) at one or more
residues of the binding interface between CD47 and SIRP-0, i.e., the blocking antibody and
D47 share partially or completely overlapping epitopes. In some embodiments, a
“blocking” anti-SIRP-a antibody of the present disclosure binds to the extracellular domain
of a SIRP-a polypeptide {e.g£., the D1 domain) at one or mgre§a‘mino acid positions that are
also bound by CD47 in the CD47:SIRP-a comuplex. The binding interfaces between SIRP-g
and exemplary anti-SIRP-g antibodies or CD47 are described in Example 4. In some
embodiments, an antibody of the present disclosure blocks binding between an extraceliular
domain (e.g., the D1 domain) of a buman SIRP-g polypeptide expressed on the surface of a
first cell and an ¥gSF domain of a human CD47 polypeptide expressed on the surface of a
second cell, e.g., an in vivo binding assay between polypeptides expressed on the surface of
celis. In some embodiments, the in vive assay may assess binding between an extracellular
domain (e.g., the D1 domain) of a hurnan SIRP-u polypeptide expressed on the surface of a
first cell and an IgST domain of a haman CD47 polypeptide expressed on the surface of a
second cell by assaying one or more aspects of SIRP-¢ signaling, e.g., one or more
intracellular signaling events mediated by activation of a SIRP-g polypeptide, including
without limitation tyrosine phosphorylation of the intracethular region of SIRP-¢, phosphatase
{e.g., SHP1) binding, adaptor protein binding {e.g., SCAP2, FYB, and/or GRB2), cytokine

production (e.g. 1L-10, IL-18, IFN or TNF), and nitric oxide production; and/or one or more
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intercellular phenotypes, including without limitation macrophage phagocytosis and other
activating or suppressive phenotypes of macrophages, neutrophils, dendritic celis,
cosinophils, and myeloid-derived suppressor celis (MDSCs).

{6166} In some embodiments, an antibody of the present disclosure does not block
binding between an extraceliular domain (e.g., the D1 domain) of a human SIRP-¢
polypeptide and an IgSF domain of a human CD47 polypeptide (e.2., a “non-blocking”
antibody). For example, the antibody and the CD47 polypeptide may bind distinct and/or
non-overlapping epitopes of SIRP-¢. In some embodiments, an antibody of the present
disclosure does not block binding between an extracellular domain (e.g., the D1 domain) of a
huran SIRP-o polypeptide and an IgSF domain of a buman CD47 polypeptide in an in vitro
assay, e.g., using purified SIRP-o and/or CD47 polypeptides. For example, in vitro ELISA
and SPR assays are described herein, although this is not meant to be limiting, as other in
vitro binding assays may also be used. In some embodirnents, antibody binding to a complex
comprising a SIRP-g D1 variant (e.g., a non-naturally oceuring high affinity SIRP-¢ D1
domain binding to CD47 with higher affinity than one or more naturally occurring
counterparts as described herein) bound to an IgSF domain of CD47 is used to screen for
blocking, non-blocking, and/or kick off antibodies. In some embodiments, “blocking” and/or
“non-blocking” antibodies can be tested via surface plasmon resonance (SPR; e.g., as
described in Example 1). For example, a2 complex can be formed between an IgSF domain of
CD47 and a SIRP-¢ D variant {e.g., a non-naturally occurring high affinity SIRP-a D1
domain binding to CD47 with higher affinity than one or more natarally occurring
counterparts as described herein), then binding of a test antibody to the complex can he
measured. For an antibody that does not block binding of SIRP-g to CD47, the antibody
would be expected to bind to SIRP-a /CD47 complex and form a sandwich. Therefore, at
increasing concentrations of CD47, the resonance would increase accordingly due to
increased sandwich formation. In some embodiments, a “non-blocking” anti-SIRP-u
antibody of the present disclosure binds to the extracellular doroain of a SIRP-¢ polypeptide
{e.g., the D1 domain) at one or more residues that are distinct from the binding interface
hetween CD47 and SIRP-q, i.e., the non-blocking antibody and CD47 share completely non-
overlapping epitopes. The binding interfaces between SIRP-o and exeraplary anti-SIRP-a
antibodies or CD47 are described in Example 4. In some embodiments, an antibody of the
present disclosure does not block binding between an extraceliular dormain (e.g., the D1

domain) of a hurman SIRP-u polypeptide expressed on the surface of a first cell and an IgSF
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domain of a human CD47 polypeptide expressed on the surface of a second cell, e.g., an in
vivo hinding assay between polypeptides expressed on the surface of celis. Insome
embodiments, the in vivo assay may assess binding between an extracellular domain (e.g., the
D1 domain) of a human SIRP-¢ polypeptide expressed on the surface of a first cell and an
IgSF domain of a human CD47 polypeptide expressed on the surface of a second cell by
assaying one or more aspects of SIRP-o signaling, e.g., one or moore intracellular signaling
events mediated by activation of a SIRP-¢ polypeptide, including without imitation tyrosine
phosphorylation of the intraceHular region of SIRP-q, phosphatase {e.g., SHP1) binding,
adaptor protein binding (e.g., SCAP2, FYB, and/or GRB2), cytokine production {e.g. 1L-10,
IL-1B, IFN or TNF), and nitric oxide production; and/or one or more infercellalar phenotypes,
inchuding without limitation macrophage phagocytosis and other activating or suppressive
phenotypes of macrophages, neutrophils, dendritic cells, cosinophils, and myeloid-derived
suppressor cells (MDSCs). It is a surprising finding of the present disclosure that antibodies
that do not block SIRP-u interaction with CD47 are able to increase phagocytosis and block
in vivo tumor growth. Without wishing to be bound to theory, it is thought that non-blocking
anti-SIRP-¢ antibodies can modulate one or more functions of SIRP-g independent of CD47
binding.

{8167] In some embodiments, binding of an antibody of the present disclosure to an
extraceliular domain (e.g., the D1 domain) of a human SIRP-g polypeptide reduces affinity of
the human SIRP-g polypeptide for binding an IgSF domain of a human CD47 polypeptide
{e.g.. a “kick off” antibody). In some embodiments, binding of the antibody to an
extraceliular domain (e.g., the D1 domain) of a human SIRP-o polypeptide increases Kqgr of
the buman SIRP-a polypeptide for binding an IgSF domain of a human CD47 polypeptide.

In some embodiments binding of the antibody to an extracellular domain {e.g., the D1
domain) of a hurman high affinity SIRP-a polypeptide (e.g., as described herein} increases the
kogrof the human high affinity SIRP-u polypeptide (e.g., as described herein) for binding an
IgSF domain of a human CD47 polypeptide to greater than about 1x107 1/s. For example, the
antibody and the CD47 polypeptide may have adjacent or partially overlapping SIRP-a
epitopes, such that the antibody is able 1o bind SIRP-o when it is bound to CI347, but the
antibody: SIRP-o promotes dissociation of the SIRP-a: CD47 complex. In some
embodiments, an antibody of the present disclosure reduces affinity of an extraceliular
domain (e.g., the D1 domain) of a buman SIRP-g polypeptide for binding an 1gSF domain of

a human CD47 polypeptide in an in vitro assay, e.g., using purtfied SIRP-u and/or CD47
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polypeptides. In some embodiments, binding of the antibody to an extracellular domain
(e.z., the D1 domain} of a buman SIRP-¢ polypeptide increases ko of the human SIRP-a
polypeptide for binding an IgSF domain of a human CD47 polypeptide in an in vitro assay,
e.g., using purified SIRP-a and/or CD47 polypeptides. For example, in vitro ELISA and SPR
assays are described herein, although this is not meant to be limiting, as other in vifro binding
assays may also be used. In some embodiments, antibody binding to a complex comprising a
SIRP-a D1 variant (e.g.. a non-natarally occwrring high affinity SIRP-a D1 domain binding
to CD47 with higher affinity than one or more naturally occurring counterparts as described
herein) bound to an 1g8F domain of CD47 is used to screen for blocking, non-blocking,
and/or kick off antibodies. In some embodiments, an antibody of the present disclosure
reduces atfinity of an extracellular domain (e.g., the D1 domain) of a human SIRP-¢
polypeptide expressed on the surface of a first cell for binding an IgSF domain of a human
CD47 polypeptide expressed on the surface of a second cell, e.g., an in vive binding assay
between polypeptides expressed on the surface of cells. In some embodiments, a “kick off”
anti-SIRP-o antibody of the present disclosure binds to the extracellular domain {e.g., the D1
domain) of a SIRP-a polypeptide at one or more residoes of the binding interface between
CD47 and SIRP-q. i.e., the kick off antibody and CD47 share partially overlapping epitopes.
In some embodiments, a “kick off” anti-SIRP-¢ antibody of the present disclosure binds to
the extracelular domain (e.g., the D1 domain) of a SIRP-¢ polypeptide at 1 or more residues
that are also bound by CD47 in the CD47:SIRP-a complex. For example, a “kick off” anti-
SIRP-u antibody can bind to the extracellular domain (e.g., the D domain) of a SIRP-«
polypeptide at 2 or more residues that are also bound by CD47 in the CD47:SIRP-u complex
and are at the periphery of the CD47 binding epitope of SIRP-u. The binding interfaces
between SIRP-a and exermplary anti-SIRP-q antibodies or CD47 are described in Example 4.
In some embodiments, binding of an antibody of the present disclosure to an extracellular
domain (e.g., the D1 domain) of a2 buman SIRP-g polypeptide expressed on the surface of a
first cell increases ko of the buman SIRP-g polypeptide for binding an IgSF domain of a
human CD47 polypeptide expressed on the surface of a second cell, e.g., an in vivo binding
assay between polypeptides expressed on the surface of cells. In some embodiments, the in
vivo assay maay assess binding between an extracellular domain (e.g., the D1 domain) of a
human SIRP-g polypeptide expressed on the surface of a first cell and an IgSF domain of a
human CD47 polypeptide expressed on the surface of a second cell by assaying one or more

aspects of SIRP-q signaling, e.g., one or more intracethilar signaling events mediated by
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activation of a SIRP-a polypeptide, including without limitation tyrosine phosphorylation of
the intracellular region of SIRP-o, phosphatase {¢.g., SHP1) binding, adaptor protein binding
(e.g., SCAP2, FYB, and/or GRB2), eytokine production {e.g. 1L-10, IL-1§, IFN or TNF), and
nitric oxide production; and/or one or more intercellular phenotypes, including without
limitation macrophage phagocytosis and other activating or suppressive phenotypes of
macrophages, neutrophils, dendritic cells, eosinophils, and myeloid-derived suppressor cells
(MDSCs).

{0168} In some embodiments, an antibody of the present disclosure modulates one or
more iramune cell functions by binding to two or more (or all three) of SIRP-a, SIRPf, and
SIRPy.

{0169] In some embodiments, an antibody of the present disclosure binds the
extracclivlar domain (e.g., the D1 domain) of a human SIRP-a v1 polypeptide, the
extracellular domain (e.g., the D1 domain) of a buman SIRP-u v2 polypeptide, or both; binds
the extracelbdar domain {e.g., the D1 domain) of a2 monkey SIRP-¢ polypeptide; and the
antibody does not block binding between an extracellular domain (e.g., the D1 domain) of a
human SIRP-¢ polypeptide and an IgSF domain of a buman CD47 polypeptide.

{6176] In some embodiments, an antibody of the present disclosure binds the
extracellular domain (e.g., the D1 domain) of a human SIRP-a v1 polypeptide, the
extraceliular domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both; binds
the extracellular domain {e.g.. the D1 domain} of a monkey SIRP-a polypeptide; and the
antibody blocks binding between an extracellular domain {e.g., the D1 domain} of a human
SIRP-¢ polypeptide and an IgSF domain of a human CD47 polypeptide.

{61711 In some embodiments, an antibody of the present disclosure binds the
extracellular domain {e.g.. the D1 domain) of a human SIRP-q v1 polypeptide, the
extracellular domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both; binds
the extracethular domain (e.g., the D1 domain) of a monkey SIRP-u polypeptide; and binding
of the antibody to an extracellular domain {(e.g., the D1 domain) of a human SIRP-¢
polypeptide reduces affinity of the hurnan SIRP-a polypeptide for binding an IgSF domain of
a huraan CD47 polypeptide.

{0172] in some embodiments, an antibody of the present disclosure binds the
extracellular domain (e.g.. the D1 domain) of a hurnan SIRP-a v1 polypeptide, the
extracellular domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both; binds

the extracelhidar domain {e.g., the D1 domain) of a murine SIRP-g polypeptide; and the
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antibody does not block binding between an extracellular domain {e.g., the D1 domain) of a
hurman SIRP-u polypeptide and an IgSF domain of a human CD47 polypeptide.

{01731 {n some embodiments, an antibody of the present disclosure binds the
extracellular domain (e.g.. the D1 domain) of a hurnan SIRP-a v1 polypeptide, the
extracellular domain (e.g., the D1 domain) of a human SIRP-g v2 polypeptide, or both; binds
the extracelhilar domain {e.g., the D1 domain) of a murine SIRP-a polypeptide; and the
antibody blocks binding between an extracellolar domain {e.g., the D1 domain) of a human
SIRP-a polypeptide and an IgSF domain of a human CD47 polypeptide.

{0174] in some embodiments, an antibody of the present disclosure binds the
extracelhular domain (e.g., the D1 domain) of a human SIRP-a v polypeptide, the
extracellular domain (e.g., the D1 domain) of a human SIRP-¢ v2 polypeptide, or both; binds
the extracellular domain (e.g., the D1 domain) of a murine SIRP-a polypeptide; and binding
of the antibody to an extracellular dorain (e.g., the D1 domain) of a huroan SIRP-o
polypeptide reduces affinity of the human SIRP-a polypeptide for binding an IgSF domain of
a human CD47 polypeptide.

{31751 In some embodiments, an antibody of the present disclosiure binds the
extracellular domain (e.g.. the D1 domain) of a hurnan SIRP-a¢ v1 polypeptide, the
extracellular domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both; binds
the extraceliular domain (e.g., the D1 domain) of a monkey (e.g., cynomolgus) SIRP-a
polypeptide; binds the extracellular domain {e.g., the D1 domainjof a murine SIRP-¢
polypeptide; and the antibody does not block binding between an extracellular domain (e.g.,
the D1 domain) of a buman SIRP-g polypeptide and an IgSF domain of 2 human CD47
polypeptide.

{0176] In some embodiments, an antibody of the present disclosure binds the
extraceliular domain (e.g., the D1 domain) of a human SIRP-a v1 polypeptide, the
extracellular domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both; binds
the extracellular domain (e.g., the D1 domain) of a monkey {(e.z2., cynomolgus) SIRP-u
polypeptide; binds the extraceliular domain (e.g., the D1 domain) of a murine SIRP-a
polypeptide; and the antibody blocks binding between an extracellular domain (e.g., the D1
domain) of a human SIRP-¢ polypeptide and an IgSF domain of a hurnan CD47 polypeptide.
{6177] In some embediments, an antibody of the present disclosure binds the
extracellular domain (e.g., the D1 domain) of a human SIRP-¢ v1 polypeptide, the

extracellular domain {(e.g., the D1 domain) of a human SIRP-a v2 polypeptide, or both; binds
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the extraceltular domain {e.g.. the D1 domain) of 2 monkey (e.g., cynomoigus) SIRP-¢
polypeptide; binds the extracellular domain (e.g., the D1 domain} of a murine SIRP-a
polypeptide; and binding of the antibody to an extracellular domain (e.g., the D1 domain) of
a human SIRP-q polypeptide reduces affinity of the human SIRP-a polypeptide for binding
an IgSF domain of a human D47 polypeptide.

{0178] In some embodiments, an antibody of the present disclosure binds the
extracellular domains {(e.g.. the D1 domains) of two or more different human SIRP-g variant
polypeptides, a murine SIRP-¢ polypeptide, and a monkey SIRP-a polypeptide; the antibody
does not bind at least one of an extracellular domain (e.g., the D1 domain) of a human SIRP-
f polypeptide and an extracellular domain (e.g., the D1 domain} of a human SIRP-y
polypeptide; and the anttbody blocks binding between the extracellular domain (e.g., the D1
domain) of the human SIRP-g polypeptide and an IgSF domain of a huroan CD47
polypeptide (see, e.g., FIGS. 34 & 3B).

{6179] In some embodiments, an antibody of the present disclosure binds the
extraceliular domains (c.g., the D1 domains) of two or more differcnt human SIRP-o vartant
polypeptides, a murine SIRP-a polypeptide, a monkey SIRP-a polypeptide, and at least one
of an extracellular domain {e.g., the D1 domain) of a human SIRP-J polypeptide and an
extracellular domain (e.g., the D1 domain) of a human SIRP-y polypeptide; and the antibody
blocks binding between the extraccHular domain (e.g., the D1 domain) of the human SIRP-¢
polypeptide and an [gSF domain of a human CD47 polypeptide (see, e.g., FIGSK. 4A & 4B).
{0186] In some embodiments, an antibody of the present disclosure binds the
extraceliular domains (e.g., the D1 domains) of two or more different human SIRP-¢ variant
polypeptides, a murine SIRP-g polypeptide, and a monkey SIRP-u polypeptide; the antibody
does not bind at least one of an extracellular domain {(e.g., the D1 domain) of a human SIRP-
B polypeptide and an extracellular domain {e.g., the D1 domain) of a human SIRP-y
polypeptide; and the antibody does not block binding between the exiracellular domain (e.g.,
the D1 domain) of the human SIRP-a polypeptide and an IgSF domain of a human CD47
polypeptide {see, e.g., FIGS. 5A & 5B).

{0181] in some embodiments, an antibody of the present disclosure binds the
extracetlular domains (e.g., the D1 domains) of two or more different human SIRP-g variant
polypeptides and a monkey SIRP-¢ polypeptide; the antibody does not bind a murine SIRP-u
polypeptide; the antibody does not bind at least one of an extraceHular domain (e.g., the D1

domain) of a human SIRP-$ polypeptide and an extracellular domain {e.g., the D1 domain) of
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a human SIRP-y polypeptide; and the antibody blocks binding between the extracellular
dormain (e.g., the D1 domain) of the human SIRP-a polypeptide and an {gSF domain of a
human CD47 polypeptide (see, e.g., FIGS. 6A & 6B).

{6182} In some embodiments, an antibody of the present disclosure binds the
extracellular domains (e.g., the D1 domains) of two or more different human SIRP-g variant
polypeptides, a monkey SIRP-a polypeptide, and at least one of an extracellular domain {(e.g.,
the D1 domain) of a human SIRP-J polypeptide and an extracellular domain (e.g., the D1
domain) of a human SIRP-y polypeptide; the antibody does not bind a murine SIRP-a
polypeptide; and the antibody blocks binding between the extracellular domain (e.g., the D1
dormain) of the huran SIRP-u polypeptide and an IgSF domain of a human CD47
polypeptide (see, e.g., FIGK. TA & 7B).

{0183] In some embodiments, an antibody of the present disclosure comprises thice
CDRs from a VH domain comprising a sequence set forth in Table 2 and/or three CDRs from
a VL domain comprising a sequence set forth in Table 2 (VH and VL sequences with CDRs
highlighted are provided in FIGS. 18A-108 & 11A-11J). For example, in some
embodiments, an antibody of the present disclosure comprises three CDRs from a VH
domain comprising a sequence selected from SEQ ID NOs: 294, 139, 338, 362, 354, 380,
384, 350, 137, 374, 356, 352, 135, 348, 376, 346, 342, 344, 141, 360, 370, 382, 364, 366,
368, 372,378, 133, 128, 396, 380, 398,402, 392, 388, 300, 394, 400, 116, 117, 118, 119, 282,
404, 406, 278, 412, 275, 414, 280, 123, 292, 288, 290, 408, 410, 286, 284, 120, 121, 130, and
122 and/or three CDRs from a VL domain comprising a sequence selected from SEQ ID
NGs: 295, 363, 140, 359, 355, 351, 136, 349, 377, 138, 375, 357, 353, 381, 3835, 345, 365,
367,369, 347, 142, 343, 371, 379, 383, 361, 373, 134, 103, 387, 389, 395, 397, 399, 403,
381,393, 401, 93, 94, 95, 86, 283, 405, 407, 279, 413, 276, 415. 281, 100, 283, 289, 251,
409, 411, 287, 285, 97, 98, 107, and 99. In some embodiments, an antibody of the present
disclosure comprises a VH domain comprising a sequence set forth in Table 2 and/or a VL.
domain comprising a sequence set forth in Table 2 (see FIGS. 10A-10B & 11A-11J). For
example, in some cmbodiments, an antibody of the present disclosure comprises a VH
doraain comprising an amino acid sequence selected from SEQ 1D NOs: 294, 139, 358, 362,
354, 380, 384, 350, 137, 374, 356, 352, 135, 348, 376, 346, 342, 344, 141, 360, 370, 382,
364, 366, 368, 372, 378, 133, 128, 396, 386, 398,402, 392, 388, 390, 394, 400, 116, 117, 118,
119, 282, 404, 406, 278, 412, 275, 414, 280, 123, 292, 288, 290, 408, 410, 286, 284, 120,

121, 130, and 122 and/or a VL domain comprising an amino acid sequence selected from
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SEQ ID NOs: 295, 363, 140, 359, 355, 351, 136, 349, 377, 138, 375, 357, 353, 381, 385, 345,
365, 367, 369, 347, 142, 343, 371, 379, 383, 361, 373, 134, 105, 387, 389, 395, 397, 399,
403, 391, 393, 401, 93, 94, 95, 96, 283, 403, 407, 279, 413, 276, 415, 281, 100, 293, 289,
201, 409, 411, 287, 285, 97, 98, 107, and 99. In some embodiments, an antibody of the
present disclosure comprises six CDR sequences from an antibody described in Table 2 (see
FIGS. 10A-10B & 11A-11)). In some embodiments, an antibody of the present disclosure
comprises a VL domain comprising the VL domain sequence of VL domains Hum1-Hum? as
described herein. In some embodiments, the antibody is a humanized antibody. In some
embodiments, the antibody is a human antibody. In some embodiments, an antibody of the
present disclosure comprises a VH domain and/or a VL domain from an antibody described
in Table 2. In some embodiments, an antibody of the present disclosure comprises a VH
domain comprising a D or E residue followed by (¢.g., in the direction of N-terminus to C-

terminusy a VH domain sequence selected from SEQ 1D NOs:116-130.

Table 2. Amino acid sequences of antibody clones described herein.

Clone/ | Framework Domain SEQ Sequence

Antib Db NO

ody

S1 Chicken VL 85 ALTQPASYSANPGETVEITCSGGGSNNA

YOWEFQQKESPGSAPLTVIYDNGKRPSDIPS
RESGSKSDSTGTLTITRVQAEDEAVYYC
GSADNSGAGVEGAGTTLIVL

52 Chicken Vi 86 AVTQPASYSANPGETVRITCSGDSSSYYS
WHOQOQKSPGSAPYSVIYSNTDRPSDIPSRE
SGSASGSTATLTITGVQAEDEAVYFCGA
YDSSSDSDIFCGAGTTLTVL

2]
[+ 4]

Chicken VL a7 AVTQPSSVSANPGETVEITCSGSSTYYGW
YQORSPGSAPVTVIYDNDKRPSDIPSRES
GSKSGSTHTLUTGVQVEDEAVYFCGNED
NNYVAIFGAGTTLTVL

59 Chicken VL 88 ALTQPSSVSANPGETVKITCSGDNSAHY
YYGWYQOQKSPGSAPVTVIYYNDKRPSGI
PSRESGSASGSTATLHTGVQVEDEAVYF
CGSADSSNFAIFGAGTTLIVL

511 Chicken VL 89 AVTQPASYSANPGETVEKITCSGSSSGRY G
WYQQKSPGSAPVTLIYETNKRPSNIPSRE
SGSESCGSTATLTITGVQADDEAVYYCGS

EDSSTYLSIFGAGTTLTVL

5]
2

Chicken VL 90 AVTOPASVSANPGETVKITCSGDSSYYG
WYQQKSPGSAPVTVIYDDNKRPSNIPSRF
SGSKSGSTOTLTITGVOADDEAVYFCGN
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EDNSYVAIPGAGTTLTVL

VL

91

AVTOPASVSANPGETVKITCSGSSSYYG
WYRQKSPGSAPVTLIYDNDKRPSGIPSRE
SGSKSGSTNTLTITGVQADDEAVYYCGN
EDNSYVGIFGAGTTLTVL

Si4

Chicken

VL

92

AVTQPASVSANLGETVKITCSGDSSYYG
WYQOKAPGSAPVTLIYDNDERPSNIPSRE
SGSKSGSTATLTITGVQADDEAVYYCON
EDMNYVGIFGAGTTLTYL

5115

Human

VL

93

ETVLTQSPATLSVYSPGERATLSCRASQTY
GIKLAWHQOKPGQAPRLLIYDATNRAT
GISDRESGSGSGTDFTLTISSLOTEDSAVY
YCOOQYYYWPPYRFGGGTRVEIK

5116

Human

Vi

94

ETVLETQSPATLSVSPGERATLSCRASQTY
GSKLAWHQQKPGQAFPRLLIYDATNRAT

GISDRFSGSRSGTDFTLTISSLOTEDSAVY
YCQOQYYYWPPYRFGGGTEVEIK

Sit7

Human

VL

ETVLTQSPATLSVSPGERATLSCRASQTV
GSKLAWHQOKPGQAPRLLIYDATNRAT
GIPDRESGSGSGTDFTLTISSLOQTEDSAVY
YCQQYYYWPPYRPGGGTKVEDR

5118

Human

YL

96

ETVLTQSPATLSYSPGERATLSCRASQTY
GSKLAWHQOKPGQAPRLLIYDASRRAT
GIPDRFSGSGSGTDFTLTISSLOTEDSAVY
YCQOQYYYWPPYRFGGGTKVEIK

5119

Homan

A2

a7

EIVLTOSPATLSVEPGERATFSCRASQNY
KNDLAWYQOQRPGQAPRLLIYAARIRETG
IPERFSGSGSGTEFTLTITSLOSEDFAVY'Y
COOYYDWPPFTFGGGTEVEIK

Human

VL

98

FIVLTQSPATLSVSPGERATFSCRASQNVY
KNDLAWYOQOQRPGQAPRLLIYAARIRETG
IPERFSGSGSGTEFTLTITSLOSEDFAVYY
COQYYDWPPRFTRFGGGTKVEIK

5122

Human

VL

99

EIVLTOQSPATLSVSPGERATESCRASQNY
KNDLAWYQOQRPGQAPRLLIYAARIRETG
IPERFSGSGSGTEFTLTITSLOQSEDFAVYY
COOYYDWPPFTFGGGTKVEIK

5123

Huoman

YL

100

EIVLTOQSPGTLSVSPGERVTLTCRASQGIA
GKIAWYQOQKPGQAPRLLIYDASSRATGIP
GRESGSGEGTEFTLTITSLOSEDFAVYYC
QOHYDWSPLTFGGGTRVEIK

Human

VL

101

EIVLTQSPGTLTLSPGERATLSCRASQSIG
SSYLAWYQOQKPGOQAPRLLIYDATNRATG
IPEORFSGSGHGTDRTLTISSLOTEDSAVYY
CQOYYYWPPYRFGGGTKVEIK

5128

Human

VL

102

ETVETQSPATLSVSPGERATLSCRASQTY
GSKLAWHOQOKPGOQAPRLLIYDASNRAT
GIPDRESGSGSGTDEFTLTISSLOTEDSAVY
YCQOQYYYWPPYRFGGGTKVEIK

5130

Human

VL

103

EIVLTQSPGTLSVSPGERATLSCRASQNY
RSDEAWYQQKLGQAPRLLIYDANTRAT
DIPDRESGSGSGTEFTLTISSLOQSEDFAVY
YCQHYYDWPPVTTGGOTKVEIK

Human

104

EIVLTQSPATLSVSPGERVTESCRASQNY
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RSDIAWYQOQKPGOAPRLLIYAASSRDTCL
PDRESGSGSGTDFTLTISSLOSEDEGVYY
COOYYDWPPFTFGGGTEVEIK

Human

VL

ETVLETOSPGTLTLSPGERATLTCRASQSY
YTYLAWYQEKPGQAPRLLIYGASSRATG
JPORFSGSGSGTVITLTISSLOSEDFAVYY
COQOYYDRPPLTPFGGGTKVEIK

5138

Humian

VL

106

EIVETQSPGTLSVSPGERVILTCRASQSVD
TYNLAWYQQEPGQAPRLLIYDL STRATG
IPORESGSGSGTEFTLTINSLEPEDFAVYY
CHQYYDWPPYTRGGGTKVEIK

S121

Human

VL

167

EIVLTQSPATLAVSPGERATESCRASQNY
KNDLAWYQQRPGQAPRLLIYAARIRETG
IPERFSGSGSGTEFTLTITSLOSEDFAVYY
COQYYDWPPFTFGGGTEVEIK

Chicken

VH

AVTLDESGGGLOTPGGALSLYCKGSGFT
FSSHAMNWVRQAPGKGLEWVAGISSDG
RIFTYYGAAVQGRATISRDNGQSTVRLQL
NNLRAEDTATYYCTRNGGCGSGGDLEC
IDAWGBHGTEVIVSS

Chicken

VH

109

AVTEDESGGGLQTPGGOGLSLVCEASGED
FSNFNMAWVYRQGPGRGLEYVAEISDTGS
TPYYGSAVQGRATISRDNGOSTVRLQLN
NLRABDTGTYFCTRNFGSSVSSIDAWGH
GTEVIVSS

58

Chicken

VH

110

AVTLDESGGGLQTPGGALSLVCKASGET
FSSYNMGWVRQAPGKGLEFYAGIYASG

SSTOTOTTYGPAVAGRATISRDNGQSTV

RLOLNNLRAEDTGTYYCAKAAGGCSTH
TCTAYIADSIDAWGHGTEVIVSS

Chicken

VH

i1}

AVTLDESGGGLOTPGRALSLVCRGSGESE
SSYNMGWVRQAPGKGLEFIASIGSDGSS
THYAPAVKGRATITRDVGQSTVRLOLNN
LRAEDTGTYFCAKDAYQCUSYATUONDYL
DTIDAWGHGTEVIVSS

Sit

Chicken

VH

AVTLDESGGGLQTPGGALSLVCEASGET
FSSFNMGWVROAPGKGLEFVAAIYSGNS
AEBYCAAVQGRATISRDNGQSTVRLOLN
NLRAEBDTGIYFCAKDAGSGCYSGVCAGT
SSIDAWGHGTEVIVSS

512

Chicken

VH

AVTLDESGGGLOTPGGALSLVCKASGEFT
FSSYNMGWVRQAPGKGLEFVAGIYIASG
DLGTTYGAAVQGRATISRDDGQSTVRLG
LNNLRAEDTGTYFCAKSAGGCSAHSCDT
YIADSIDAWGHGTEVIVSS

Chicken

VH

114

AVTLDESGGGLOTPGGALSLYCKASGEFT
FSSYNMGWVRQAPDKGLEFVAGIYTGS
DAGLSTTYGAAVQGRATISRDNGOSTVER
LOLNNLGAEDTGIYFCTKSAGGCSDYNC
DAYIADSIDAWGHGTEVIVSS

514

Chicken

VH

115

AVTLDESGGGLQTPGGALSLVCEASGET
FNSYNMGOWVROQAPGKGLEFVAGIYSAG
GDTSTTYGAAVNGRATISRDNGQSTVREL
QLNNLRAEDTGIYFCAKAAGGCTAHNC
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DAYIADSIDAWGHGTEVIVSS

S1t5

Human

VH

116

VQLVESGGGVVRPGESLRLSCAASGESES
SYAMNWVROAPGEGLEWVSRINSGGGG
TBYAESVKGRETISRDNSENTLYLOMNS
LRAEDTAVYYCAKQYDWNSFFDYWGL
GALVTVSS

5116

Humian

VH

117

VQLVESGGGVVRPGESLRLSCAASGESES
SYAMNWVYROQAPGEGLEWVSRINSGGOG
TDYAESVKGRETISRDNSENTLYLOMNS
LRAEBDTAVYYCAKQYDWNSFFDYWGL
GALVTVSS

S117

Human

VH

118

YOLVESGGGVVRPGESLRLICAASGESES
SYAMNWVYRQAPGEGLEWVSRINSGGGG
TOYAESVEKGRFTISRDNSENTLYLOQMNS
LRAEDTAVYYCAKQYDWNGFFDYWGL
GALVTVSS

S118

Human

VH

119

VQLVESGGGYVRPGESLRLSCAASGESES
SYAMNWVRQAPGEGLEWVSRINSGGGG
TDYAESVKGRETISRDNSENTLYLQMNS
LRAEDTAVYYCAKQYDWNGFFDYWGL
GALVTVSS

5119

Humian

VH

120

VQLLESGGGVYVOQPGGSLRLSCAASGESE
SNFAMTWVRQAPGEGLEWVSTIGSGDT
YYADSVKGRFTISRDNSKNTLYLOMNSL
RAEBDTAVYYCAKDSTYVSWSGDEFFDY WG
LGTLVTVSS

5120

Human

VH

121

YOLVESGGGYVQPGGSLRLSCAASGESE
SNFAMTWVRQAPGEGLEWVYSTIGSGDT
YYADSVEGRFTISRDNSENTLYLOMNSL
RAEDTAVYYCAKDSTVSWSGDFFDYWG
LGTRVTVSS

5122

Human

VH

122

VQLVESGGGVVRPGESLRLSCAASGERF
SNFAMTWVROQAPGEGLEWVYSTIGSGDT
YYADSVKGRFTISRDNSKNTLYLOMNSL
RAEDTAVYYCAKDSTYSWSGDFFDYWG
LGTLVTVSS

5123

Humian

VH

123

VQLVESGGGLVOQPGGSLRLSCTASGETE

RNYGMSWVRQAPGEGLEWVSASSGSGS
TYYTDSVKGRITISRDNSENTLYLOMNS
LRAEBDTAIYYCAKVTWNNFEDY WGLGT
LVTVSS

5126

Human

VH

124

YOLVESGGGYVRPGESLRLSCAASGETF
SNYDMTWVRQAPGEGLEWVSGISGNGG
STYYADSVKGRFETISRDNSENTLYLOMN
SLRAEDTAVYYCAMNRWWEDYWGLGT
LVTVSS

S128

Human

VH

VOLVESGGGVYVRPGESLRLSCAASGESF
RSYAMNWVYRQAPGEGLEWVSRIDSGGG
GTDYADSVKGRITISRDNSKNTLYLOMN
SLRAEDTAVYYCAKQYDWNSFFDYWGL
GAPVTVSS

5130

Humian

VH

126

VQLVESGGGVVRPGESLRLSCAASGETF
SNYAMSWVROQAPGEGLEWVYSLITTNGD
GAYYADSVKGRITISRDNSKNTLYLOM

86
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NSLRAEDTAIYYCAKDGAARYYDIFFDY
WGELGTPVTVSS

Human

VH

127

VOQLVESGGGVYVRPGESLRLSCAASGESES
IYAMSWVRQAPGEGLEWVSTIGADDTY
YADSVKGRFTISRDNSKNTLYLOMNSLR
AEDTAVYYCAKDSTVGWSGDEFFDYWG
LGTLVTVSS

5137

Humian

VH

128

VQLVESGGGVVRPGESLRLSCAASGETE
SSYDMNWVYROAPGEGLEW VSLISGSGE!
IYYADSVKGRETISRDNSENTLYLOMNS
LRAEDTAVYYCAKENNRYRFFDDWGLG
TEVTVSES

5138

Human

VH

129

VOLVESGGGVVRPGESLRLSCAASGETE
SNYAMNWVRQAPGEGLEWVSGISGRGG
DTYYADSVEGRFTISRDNSENTLYLOMN
SLRAEDTAIYYCAKGTWNYGSFDYWGL
GTLVTVSS

5]
2
—

Human

VH

130

VQOLVESGGGYVOPGGSLRLSCAASGESF
SNFAMTWVYRQAPGEGLEWYVSTIGSGDT
YYADSVKGRFTISRDNSKNTLYLOMNSL
RAEDTAVYYCAKDSTVSWSGDFEDYWG
LGTLVTVSS

AB136

Human

VH

133

DVQLVESGGGVVRPGESLERLSCAASGET

FSSYDMNWVROAPGEGLEWVSLISGSGE
HYYADSVEGRETISRDNSENTLYLOMNS
LRAEDTAVYYCAKENNRYRFFDDWGLG
TEVTVSS

ABI136

Human

VL

ETVLTQSPGTLTLSPGERATLTCRASQSY
YTYLAWYQEKPGQAPRLLUIYGASSRATG
IPDRESGSGSGTEFTLTISSLOSEDFAVYY
COOYYDRPPLTFGGGTEVEIK

AB21

Human

VH

135

DVOQLVESGGGVYVRPGESLRLSCAASGET
FSSNAMSWVYRQAPGKGLEWLAGISAGG
SDTYYPASVKGRFTISRDNSKNTLYLOM
NTLTAEDTAVYYCARETWNHLEDYWGL
GTLVTVSS

AB21

Chicken

VL

136

ALTQPASYVSANPGETVKIACSGGDYYSY
YYGWYQOQKAPGSALVTVIYSDDKRPSDI
PSRESGSASGSTATLTITGYRAEDEAVYY
CGGYDYSTYANAFGAGTTLIVL

ABR25

Human

VH

DYVQLVESGGGVVRPGESLRLSCEASGFT
FSSNAMSWVRQAPGKGLEWVAGISSGS
DTYYGDSVEGRLTISRDNSKNILYLOMN
SLTAEDTAVYYCARETWNHLFDYWGLG
TLVTVYSS

AB25

Chicken

VL

ALTQPASVSANPGETVEITCSGGSYSSYY
YAWYQQKSPGSAPVTLIYSDDKRPSNIPS
RESGSASGSTATLTITGVRAEDEAVYFCG
GYDOSSYTNPFGAGTTLTVL

AB2T

Humian

VH

139

DVQLVESGGGVVREPGESLRLSCAVSGER
FSSYAMSWVRQAPGEGLEWVSGISSGG
DTYYVDSVKGRFTISRDNSKNTLYLQVN
SLTAEDTAIY YCARETWNHLEDYWGLG
TEVTVSS
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AR27 Chicken VL 140 ALTQPASVSADLGETVKITCSGGDSSSHY
YOWYQQKSPGSAPVTVIYSDDERPSDIPS
RESGSASGSTATLTITGVRVEDEAIYY(CG
AYDGSTYANTFGAGTTLTVL

ABGG Human VH 141 DVQLVESGGGVVRPGESLRLSCAASGET
FSSYAMSWVRQAPGKGLEWLAGISAGG
SDTYYIDSVKGRFTISRDNPENSLYLQMS
SLTAEDTAVYYCARETWNHLFDYWGLG
TLVTVSS

ABGH Chicken VL 142 ALTQPASYVSANPGETVKITCSGGDYYST
YYAWYQQKSPGSAPVTVIHSDDKRPSDI
PSRFSGSASGSAATLHTGVRVEDEAVYY
CGGYDGRTYINTFGAGTTLTVL

ABI19 Homan HVR-HI 143 GESFSNFAMT

AB1IO Homan HVR-H2 144 TIGSGDTY YADSVKG

AB119 Human HVR-H3 145 DSTVSWSGDFFDY

AB119 Human HVR-L1 146 RASQNVKNDLA

ABI19 Homan HVR-L2 147 AARIRET

AB1IO Homan HVR-L3 148 QOQYYDWPPFT

AB133 Human HVR-HI 149 GEFSFSIYAMS

ABi35 Human HVR-H2 156 TIGADDTYYADSVKG

ARI38 Homan HVERE-H3 151 DITVGWSGDFFDY

ABI3S Homan HVR-L1 152 RASQNVRSDIA

AB133 Human HVR-1.2 i53 AASSRDT

ABi35 Human HVR-1.3 148 QOYYDWPPET

ABRI36 | Homan HVE-HI 155 GEFTFSSYDMN

AB136 | Human HVR-H2 156 LISGSGEIIYYADSVKG

AB136 | Human HVR-H3 157 ENNRYREFDD

ABi36 | Human HVR-L1 158 RASQSVYTYLA

AB136 | Homan HVR-L2 159 GASSRAT

AB136 | Human HVR-1.3 160 QOQYYDRPPLT

AB21 Human HVR-H1 161 GEFTESSNA

AB21 Human HVR-H2 162 ISAGGSDT

AR21 Homan HVYR-H3 163 ARETWNHLFDY

AB21 Chicken HVR-L1 164 SGGDYYSYYYG

AB21 Chicken HVR-1.2 165 TVIYSDDKRPSD

AB21 Chicken HVR-1.3 166 GGYDYSTYANA

ARB25 Homan HVR-Hi 161 GEFTFSSNA

AB25 Human HVR-H2 168 ISSGSDT

AB2S Human HVR-H3 163 ARETWNHLEFDY

AB2Z5 Chicken HVR-L1 170 SGGSYSSYYYA

AB25 Chicken HVR-L.2 171 TLIYSDDKRPSN

AB2S Chicken HVR-L3 172 GGYDQSSYTNP

AB27 Human HVR-HI 173 GEFRFSSYA

AB27 Huoman HVR-HZ 174 ISSGGDT

AB27 Human HVR-H3 163 ARETWNHLFDY

AB27 Chicken HVR-LI 176 SGGDRSSHYYG

AB27 Chicken HVR-12 77 TVIYSDDERPSD

AR27 Chicken HVR-L3 178 GAYDGSTYANT

ABSG Homan HVR-HI 179 GFTFRSSYA

ABBG Human HVR-H2 162 ISAGGSDT

ABG6O Human HVR-H3 163 ARETWNHLFDY

ABGS Chicken HVR-L1 132 SGGDYYSTYYA
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ABGS Chicken HVR-1.2 183 TVIHSDDKRPSD
ABBG Chicken HVR-L3 184 GGYDGRTYINT
AB3 Chicken VH 242 AVTLDESGGGLQTPGGALSLVCKASGFIFS
DYGMNWVROQAPGKGLEFVAQITSGSRTY
YOAAVEGRATISRDNRQSTVKLOQLNNLRA
EDTGIYFCARDFGSGVGSIDAWGNGTEVEY
S8
AB3 Chicken VL 243 ALTQPASVSANLGGTVKITCSGSRGRYGW
YOOQRSPGSAPVTVIYRDNQRPSNIPSRFSSS
TSGSTSTLTITGVQADDESVYFCGSYDGSI
DIFGAGTTLTVL
AB43 Chicken VH 244 AVTLDESGGGLYTPGGALSLYCKASGFTF
SSYAMGWVRQAPGKGLEWVAGIDDDGST
ANYGPAVKGRATISRDNGQSTVRLOLNNP
RAEDSGTYFCAKASVTGWSAHISGRLDTW
GHGTEVIVSS
AB4S Chicken VL 245 ALTQPASVSANPGETVKITCSGGGIYYYG
WYQOQKSPGSAPVTLIYENDKRPSDHPSRES
GSTSGSTNTFTITGVQAEDEAVYYCGGYD
SNTTSGIFGAGTTLTYL
AB119 Human with VH 246 EVQLLESGGGYVQPGGSLRLSCAASGESES
st DI1E, E43K, NFAVITWVRQAPGKGLEWVSTIGSGDTYY
L1124, and ADSVKGRFTISRDNSKNTLYLOMNSLRAE
M34V DTAVYYCAKDSTVSWSGDFFDYWGOQGTL
rautations VTVSS
ABRI3S Homan with VH 247 EVQLVESGGGVVQPGGSLRLSCAASGESFS
it DIE, R134, IYAVSWVYRQAPGKGLEWVSTIGADDTYY
E16G, E43K, ADSVKGREFTISRDNSKNTLYLQMNSLRAE
L1124, and DTAVYYCAKDSTVGWSGDFFDYWGQGTL
M34V VTVSS
mutations
AB136 | Human with VH 249 EVQLVESGGGVVQPGRSLRLSCAASGFTFS
it abl DIE, R13GQ, SYDVNWVRQAPGKGLEWVYSLISGSGEHY
E16R, B43K, YADSVEKGRFTISRDNSKNTLYLOMNSLRA
L11EQ), and EDTAVYYCAKENNRYRFFDDWGQGTLVT
M34V VSS
mutations
ABI136 | Human with VL 256 EIVLTQSPGTLSLSPGERATLSCRASQSVYT
it all 121, T12S, YLAWYQOQKPGQAPRLLIYGASSRATGIPD
T22S, and RFSGSGRGTEFTLTISSLQSEDFAVY YCQQ
E38( YYDRPPLTFGGGTKVEIK
rautations
AB136 Human with \2 5 251 ETVLTQSPGTLSLSPGERATLSCRASQSVY
it Ti28, 12285, TYLAWYQQKPGQAPRLLIYGASSRATGIP
atl_ 12T | and E38Q DRESGSGSGTEFTLTISSLQSEDFAVYYC(Q
nitations QYYDRPPLTRGGGTKVEIK
Huml Humanized VL 252 SYELTOPPSVSVSPGOQTARITCSGGSYSSY
YYAWYQQKPGOAPVTLIYSBDKRPSNIPE
RESGSSSOGTTVTLTISGVQAEDEADYYCGG
YBOSSYTNPFGGGTRLTVL
Hum?2 Humanized VL 253 QSVLTOPPSVSAAPGOKVTISCSGGRYASY

YYAWYQOLPGTAPKTLIYSDDKRPSNIPD
RESGSKSGTSATLGITGLQTGDEADYY(CG
GYDOSSYTNPFGTGTKVTVL

89
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Huom3 Humanized VL 254 SYELTQPPSVSVSPGQTARITCSGGDYYRT
YYAWYQOQEPCQAPVTVIHSDBERPSDIPE
RESGSSSGTTVTLTISGVQAEDEADYYCGG
YBGRTYINTFGGGTKLTVL
Humd4 Humanized \2 255 QSVLTQPPSVSAAPGOKVTISCSGGDYYST
YYAWYQQLPGTAPKTVIHSBDERPSDIPD
RESGSKSGTSATLGITGLQTGDEADYYCG
GYDGRTYINTFGTGTKVTVL
Hum3 Humanized VL 256 QSALTQPASVSGSPGOSITISCTGTSSDVGS
YSSYYYAWYQOHPGKAPKTLIYSDDKRPS
NVSNREFSGSKSGNTASLTISGLQAEDEADY
YCGGYDOSSY TWPFGGGTKLTVL
Huomé Humanized VL 257 QIVLTOPPSVSAAPGOKVTISCSGGDYYSY
YYGWYQQLPGTAPKTVIYEDDERPSDIPD
RFSGSKSGTSATLGITGLOTGDEADYYCG
GYDYSTYANAFGTGTREVTVL
119 VH | Human with VH 258 EVQLLESGGGVVQPGGSLRLSCAASGESEFS
MutAll_ | DIE, B43K, NFAMTWVROQAPGKGLEWVSTIGSGDTYY
V34M and L1123 ADSVKGRFTISRDNSKNTLYLQMNSLRAE
mutations DTAVYYCAKDSTVSWSGDFFDYWGQGTL
VTVSS
135 VH | Human with VH 259 BVQLVESGGGVVOPGGSLRESCAASGESES
MutAll_ | DIE, R13Q, IYAMSWVROAPGKGLEWVSTIGADDTYY
V34M E16G, E43K, ADSVEGRFTISRDONSKNTLYLOMNSLRAE
and L112Q DTAVYYCAKDSTVOWSGDFFDYWGQGTL
mutations VTVSS
136 VH | Human with VH 260 EVQLVESGGGVVQPGRELRLSCAASGETES
MutAll_ | D1E, R13Q, SYDMNWVRQAPGKGLEWVSLISGSGEITY
V34M E16R, E43K, YADSVKGRFETISRDNSENTLYLQMNSLRA
and LE1IQQ EDTAVYYCAKENNRYRFFDDWGQGTLVT
routations V55
Ham 8 Humanized (20 416 SYELTQPPSVSVSPGQTARITCSGGAYSSY
YYAWYQQKPGQAPVLVIYSDSKRPSGIPE
RESGSSSGTTVTLTISGVQAEDEADYYCGG
YDOSSYTNPRGGGTRKLTVL
Hum? Humamzed HVR-L1 261 SGGAYSSYYYA
Hum9 Humanized VL 262 SYELTQPPSVSVSPGQTARITCSGGAYSSY
YYAWYQQKPGQAPVLVIVSDDKRPSGIPE
RFSGSSSGTTVTLTISGVQAEDEADYYCGG
YDQSSYTNPPGGGTKLTVL
AB21 Human with VH 263 EVQLVESGGGVVQPGGSLRLSCAASGETF
Mut All | germbine SSNAMSWVROAPGKGLEWVAGISAGGSD
back- TYYPASVKGRFTISRDNSKNTLYLQMNSL
routations RAEDTAVYYCARETWNHLFDYWGQGTL
VTV3IS
AB21 Human with VH 264 EVQLVESGGGVYVQPGGSLRLSCAASGEFTF
Mut All | germline SSNAVSWVROAPGKGLEWVAGISAGGSD
M34V back- TYYPASVKGRFTISRDNSKNTLYLQMNSL
ntations RAEDTAVYYCARETWNHLFDYWGQGTL
and liability VTVSS
mmtation
AB2S Human with VH 265 BEVQLVESGGGVVQPGGSLRESCAASGETE
Mut All | germline SSNAMSWVRQAPGKGLEWVAGISSGSDT
back- YYGDSVKGRFTISRDNSKNTLYLOMNSLT
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mutations

ABDTAVYYCARETWNHLIEDYWGQGTLYT
Vi35

AB23 Human with VH 2686 EVQLVESGGGVVQPGGSLRLSCAASGFTF
Mut A5l | gormline SSNAVISWVROAPGKGLEWVAGISSGSDTY
M34V back- YGDISVKGRFTISRDNSKNTLYLOMNSLTA
mutations EDTAVYYCARETWNHLFDYWGQGTLVTV
and Hability 55
mutation
AB27 Human with VH 267 EVQLVESGGGVVQPGGSLRILSCAASGERF
Mut Al | germiine SSYAMSWVRQAPGKGLEWVSGISSGGDT
back- YYVDSVKGREFTISRDNSKNTLYLOMNSLR
mutations ABEDTAVYYCARETWNHLFDYWGQGTLVT
VS8
AB27 Huoman with VH 268 EVQLVESGGGVVQPGGSLRLSCAASGERF
Mut Al | germiine SSYAVSWVRQAPGKGLEWVSGISSGGDTY
M34V back- YVDSVKGRFTISRDNSKENTLYLQMNSLRA
mutations EDTAVYYCARETWNHLFDYWGOQGTLVTV
and Hability S5
nation
135 Human with HVR-HI 269 IYAMS
V34M liability
mutation
136 Hutan with HVR-HI 276 SYDMN
V34M Lability
mutation
21725 Human HVR-HI 271 SNAVS
M34V
27 Homan HVR-HI 272 SYAVS
M34V
115 Hurman VH 273 DVQLVESGGGVVRPGESLRLSCAASGFSFS
SYAMNWVRQAPGEGLEWVSRINSGGGGT
DYAESVKGRITISRONSENTLYLOMNSLR
AEDTAVYYCAKQYDWNSFFDYWGLGAL
VTVSS
1i5 Huran VL 274 ETVLTQSPATLSVSPGERATLSCRASQTVG
SKLAWHQQKPGQAPRLLIYDATNRATGIS
DRESGSGSCGTORTLTISSLOTEDSAVYYCQ
QYYYWPPYRIGGOTKVEIK
213 Human VH 275 DVQLVESGGGYVRPGESLRLSCEASGEFTF
RNYYMTWVRQAPGEGLEWVSTISDTGDT
AYYADSVEGRFTISRDNSENSLYLOQMNSL
RADDTAIYYCAKSWIWWTFFDY WGLGTL
VTVSS
213 Chicken VL 276 ALTQPASVSANLGGTVEITCSGGNSNHYG
WYQQKSPGSAPVTLIYADTNRPSNIPSRES
GSTSGSTTTLTITGVQAEDEAVYYCGGSST
GDGIFGAGTTLIVL
173 Huroan VH 278 DVQLVESGGGVVRPGESLRLSCAASGFAF
SDHDMSWVRQGPGEGLEWVAGISLRGGV
TWYADSVKGRFTISRDNSKNTLYLRLFSL
RTEDTAIYYCARBSWNTFFDYWGLGTLYT
VSS
173 Human VL 279 BEIVLTQSPGTLSLSPGETATLSCRASQNVRS
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NLAWYQQKPGOAPRLLIYDASSRATGIPD
RESGSGSGTDFTLTISSLQSEDFAVYYCQQ
YGNGPPLTFGGGTKVEIK

209

Human

280

DVOLVESGGAVVRPGESLRLSCKASGETF
TNFAMSWVRQAPGEGLEWVSGISGSDDTT
YYADSVKGRFTISRDNSESTLYLOMNSLR
AEDTAVYYCVKDSTVSWNTFFDYWGLGT
LVTVSS

209

Chicken

VL

ALTQPASVSANLGGTVKITCSGGYGSDDG
SSSYYOWYQOKSPGSAPVILIYWDDERPS
DIPSRESGSTSGSTTTLTITGVQAEDEAVYF
CGTYDTSSGAIFGAGTTLTVL

£32

Human

VH

282

DBYVQLVESGGGVVRPGESLRLSCAASGESE
REYAMNWVRQAPGEGLEWVSRINSGGGG
TDYADSVK
GRETISRDNSKNTLYLOMNSLRAEDTAVY
YCAKQYDWNSEFDYWOLGALVTVRS

132

Human

\g

ETVLTOSPATLSVSPGERATLSCRASQTVG
SKLAWHOQOKPGOQAPRLLIYDA
SNRATGIPDRESGSGSGTDFTLTISSPQTED
SAVYYCQOYYYWPPYRFGGGTKVEIK

Human

VH

DVQLVESGGGVVRPGESLTLSCTASGETFT
SSTMNWYRQAPGEGLDWVSSISTSGVITY
YADSVEGRATISRDNSKNTLYLRLEFSLEA
DDTAIYYCATDTFDHWGPGTLYVTYSS

Chicken

VL

285

ALTQPASVSANPGETVKITCEFGSSGNYGW

FQOESPGSAPVTVIHYNNKRPSDHPSRESGS
KSGSTGTLTITGYRAEDEAVYFCGAWETG

SATFGAGTTLTIVL

149

Human

286

DVOQLVESGGGYVRPGESLRLSCAASGETE
SNFAMNWVRQAPGEGLEWVSLISVTATT
YYADSVKGRETISRDNSKNTLYLOMNSLR
ABDTAVYYCAKVTWNNLFDYWGLGTLY
TVSS

149

Human

VL

287

EIVLTQSPGTLSLSPGERATLSCRASQPIDS

YLAWYQQREPGQAPRLLIYNTVIRATGIPD
RESGSGSGTDFTLTINRLEPEDFAVYYCQH
QYDWPPYIFGGGTKVEIK

i6l

Human

VH

288

DVQLVESGGGYVRPGESLRLSCAASGEFTF
SNFAMTWVRQAPGKGPEWVSLYSVTATT
YYADSVKGRFTISRDNSKSTLYLOMNSLR
AEDTAVYYCAKITWNNLFDYWGLGTLEVT
V83

161

Human

VL

289

EIVLTQSPGTLSLSPGERATLSCRASQTVGS
KLAWYQOKPGQAPRELIYDSSSRASGIPDR
FSGSGSGTDFTLTISSLOSEDSAVYYCQOQH
NDWPPYTEGGGTKVEIK

162

Human

VH

290

DVOLVESGGGLVRPGESLRLSCAASGFTET
NYAVITWYRQAPGEGLEWVSLISVTIGTTY
YADSVEGRFTISRDNSKSTLYLOMNSLEA
EDTAVYYCAKVTWKNVEFDYWGLGTLVT
V&S

162

Human

VL

291

EIVLTQSPGTLSVSPGERATESCRASQTVGS
KLAWYQQKPGOAPRLLIYDANTRATGIPA
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RESGSGSGTEFTLTISSLOSEDFAVYYCQQ
HTDWPPYTPFGOGTKVEIK

194 Human VH 292 DVOQLVESGGGYVRPGESLRLSCAASGFTF
RNYGMSWVROQAPGEGLEWVSASSGSGST
YYADSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAIYYCAKVTWNNFFDYWGLGTLVT
V5SS
194 Human VL 293 BEIVLAQSPDTLSVSPGERATLTCRASQDVA
GKLAWYQOQKPGQAPRLLIHATSSRADGIP
ARFSGSGSGTEFTLTITGLQSEDFAVYYCQ
QHYDWSPLTFGGGTKVEIK
t19 Human with HVR-HI 305 NFALT
M34L liability
mtation
135 Human with HVE-HI1 306 IYALS
M34L liability
nmitation
119 mut | Huoman with VL 312 EIVLTQSPATLSVSPGERATLSCRASQNVE
all F2il, R39K, NDLAWYQQKPCGQAPRLLIYAA
BEOOA, and RIBRETGIPARFSGSGSGTEFTLTISSLQSEDE
T765 AVYYCQQYYDWPPFTEGGGTKVEIK
mautations
136 Human with HVR-HI 313 SYDLN
M34L liability
muiation
21725 Human with HVR-HI1 318 SNALS
M34L. liability
nuitation
27 Human with HVE-HI 319 SYALS
M34L hability
mutation
119 VH | Human with VH 327 EVQLLESGGGVVQPGGSLRLSCAASGFSFS
_MutAll | germiine NFALTWVRQAPGKGLEWVSTI
_V34L back- GSGDTYYADSVKGRITISRDNSKNTLYLQ
mutations MNSLRAEDTAVYYCAKDSTVSWSGDFFD
and Hability YWGQGTLVTVSS
mutation
135 VH | Homan with VH 328 EVQLVESGGGVVQPGGSLRLSCAASGESF
_MutAll | gernline back- SIYALSWVRQAPGKGLEWVSTE
_V34L mntations and GADDTYYADSVKGRFTISRDNSKNTLYLG
liability MNSLRAEDTAVYYCAKDSTVGWSGDEFD
mutation YWGOQGTLVTVSS
136_VH | Human with VH 329 EVQLVESGGGVVQPGRSLRLSCAASGEFTE
_Mutall | germline back- SSYDLNWVYRQAPGKGLEWVSLI
_V34L mwtations and SGSGEIYYADSVKOGRFTISRDNSKNTLYL
hability OMNSLRAEDTAVYYCAKENNRYRFFDDW
mptation GOQGTLVTVSS
AB21 Human with VH 330 EVQLVESGGGVVQPGGSLRLSCAASGETF
HC_Maut | germline back- SSNALSWVRQAPGKGLEWVYAGISAGGSD
All_M3 | mutations and TYYPASVKGRFTISRDNSKNTLYLQMNSL
4L linbility RAEDTAVYYCARETWNHLFDYWGQGTL
muiation VTVSS
AR25_ Human with VH 331 EVQLVESGGGVVQOPGGSLRLSCAASGFTE

HC Mut

gerniline back-

SSNALSWVRQAPCKGLEWVYAGISSGSDTY
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AllLM3 | mutations and YGDSVKGRFTISRDNSKNTLYLOMNSLTA
4L liability EDTAVYYCARETWNHLFDYWGOQGTLVT
nntation VS5

AB27 Human with VH 332 EVQLVESGGGVVQPGGSLRLSCAASGERF

HC_Mut | germline back- SSYALSWVRQAPGKGLEWVSGISSGGDTY

All_M3 | mutations and YVDSVKGRETISRDNSKNTLYLOMNSLRA

4L hability EDTAVYYCARETWNHLFDYWGQGTLVT

mutation V58S

218 He | Humanized VL 3233 QSALTQPASYSGSPGQOSITISCRGSSGNYGL

mi3 VEWYQOQHPGKAPKLMIYYNNKRPSGVSN

(218 VL RESGSKSGNTASLTISGLQAEDEADYY(CG

with AWETGSATFGGGTKLTVL

human

IGLY2)

218_Hu | Humanized VL 334 SYELTQPPSVSVSPGQTASITCFGSSGNY G

mid WYQQKPGQSPVLVIYYNNKRPSGIPERFSG

(218 VL SNIGNTATLTISGTQAMDEADYYCGAWE

with TGSATFGGGTKLTVL

human

IGLV3)

119 Human VH 335 DVQLLESGGGVVQPGGSLRLSCAASGESF
SNFAMTWVRQAPGEGLEWVSTIGSGDTY
YADSVKGRFETISRDNSKNTLYLOQMNSLRA
EDTAVYYCAKDSTVSWSGDFEDYWGLGT
LVTVSS

135 Human VH 341 DVQLVESGGGYVRPGESLRLSCAASGESES
IYAMSWVYRQAPGEGLEWVSTIGADDTYY
ADSVKGRFTISERDNSKNTLYLOMNSLRAE
DTAVYYCAKDSTVGWSGDFFDYWGLGTL
VTVSS

S Human VH 264 DVQLVESGGGVVEREPGESLRLSCAVSGFRFSSY
AMSWVROAPGKGLEWVSGISSGGDTYY VDSV
KGRFTISRDNSKNTLYLQVNSLTAEDTAIYYCA
RETWNHLFDYWGLGTLYTYSS

i6 Chicken VL 295 ALTQPASVSANLGETVKITCSGGDSSSHYYGW
YOQKSPGSAPVTIVIYSDDERPSDIPSRESGSASG
STATLTITGVRVEDEAIYYCGAYDGSTYANTF
GAGTTLTVL

17 Human VH 342 DVQLVESGGAVVYRPGESLRLSCAASGFTESSY
AMSWVRQAPCGKGLEWLAGISAGGSDTY YIDS
VEGRFTISRDNSENSLYLOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

17 Chicken VI, 343 ALTQPASVSANPGETVEITCSGGDWYSTYYG
WYQQKSPGSAPVTVIHSDDERPSIHPSRFSGS A
SGSAATLTITGVRVEDEAVYYCAGYDORTYIN
TFGAGTTLTVL

22 Human VH 344 DVQLVESGGGVVRPGESLRISCAASGFTFSSY
AMSWYRQAPGKGLEWLAGISAGGSDTY YIDS
VEGRFTISRROQFQEQSLSPNEPALTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

22 Chicken VL 345 ALTQPASVSANPGETVEITCSGGDYYSTYYGW
YQOQKSPGSAPVTVIHSDDKRPSDIPSRFSGSASG
SAATLTIAGVRVEDEAVYFCGAYDGRTYINTF
GAGTTLTVL

23 Human VH 346 DVQLVESGGGVVRPGESLRISCAASGFTFSSH

AMSWVRQAPGKGLEWLAGISAGGSDTYYIDS
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VKGRFTISRDNSKSSLYLRMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

o]
[9%)

Chicken

VL

347

ALTQPASYSANPGETVKITCSGGDYYSTYYAW
YQQKSPGSAPVTVIHSDDERPSDIPSRFSGSASG
SAATLIITGVRVEDEAVYFCGGYDGRTYINTFG
AGTTLTVL

24

Human

VH

DVQLVESGGGVVRPGESLRLSCAASGFTFSSN
AMSWVRQAPGKGLEWLAGISAGGSDTY YPAS
VEGRFTISRDNPKNTLYLOMNTLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

24

Chicken

VL

349

ALTQPASVSANPOETVEIACSOGGSYYSYYYOGW
YQOKSPGSALVTVIVSDDKRPSGIPSRISGSAS
GSTATLTITGYRAEDEAVYYUGGYDYSSYTND
FOAGTTLTVL

20

Human

VH

DVQLVESGGGVVRPGESLRLSCAASGFTESTY
AMSWVRQAPGKGLEWVSGISASGSGTYYGDS
VEGRFTMSEDNSENTLYLOMNSLTAEDTAVY
YCARETWNHLFDYWGLGTLVTVSS

26

Chicken

VL

ALTQPASYVSANLGGTVEITCSGGSSSYYGWYQ
QKSPGSAPVTVIYSDNQRPSDIPSRFSGSASDST
ATLTITGVOVEDEAIYYCGGYDSSTYANTFGA
GTTLTVL

28

Human

VH

DYQLVESGGGVVRPGESLRLSCAASGESFSSN
AMSWVRQAPGKGLEWVAGISASGDTYYSGSM
KORFTISRDNSKNTLYLOMNSLTAEDTAVYYC
ARETWNHLFDYWGLGTLVTVSS

28

Chicken

VL

ALTQPASYSANPGETVKITCSGGSDSYYYGWH
QOKSPGSAPVTVIYSDDORPPDIPSRESGSASGS
TTTLTITGVRAEDEAVYYCGGYDRYSTYTNTRG
AGTITLTVL

28

Human

VH

DVQLVESGGGVVEPGESLRLSCAVSGERESSY
AMSWVROQAPGKGLEWVSGISSDSDAYY VDSV
KGRFTISRDNSKNTLYLQVNSLTAEDTAVYYC
ARETWNHLFDYWGLGTMVTVSS

Chicken

VL

ALTQPASVSANLGETVKITCSGGDSSSHYYGW
FOOKSPGSAPVTLIYSDDERPSDIPSRFSGSASG
STATLTITGVRVEDEAIYFCGAYDGSTYTNTFG
AGTTLTVL

30

Human

VH

DVQLVESGGGVVRPGESLRLSCEASGEFTFSSDA
MSWVRQAPGKGLEWVSGISSGSSTY YGGSVK
GRFTISRDNSKNTLYLOMNSLTAEDTAVYYCA
RETWNHLFDYWGLGTLVTVSS

30

Chicken

VL

ALTQPASVSASPGETVEITCSGGSDSSYYYGW
YQQKSPGSAPVTVIY SDNKRPSNIPSRFESGSASG
STATLTITGVRVEDEAVYYCGGYDYSTYTNPF
GAGTTLTVL

w
W

Human

VH

DVQLVESGGGVVRPGESLRLSCAVSGFRESSY
AMSWVRQAPGKGLEWVYSGISSGGDTYYVDSY
KGRFTISEDNSKNTLYLGVNSLTAEDTAIYYCA
RETWNHLFDYWGLGTLVTVSS

Chicken

VL

ALTQPASVSANLGETVEITCSGODSSSHYYGW
YQOQKSPGSAPVTVIYSDDERPSDIPSREFSGSASG
STATLTITGVRVEDEAIYYCGAYDGSTYANTF
GAGTTLTVL

Human

VH

366G

DVQLVESGGGVYVRPGESLRLSCAASGEFTFSSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIRS
VKGRFTISRDNSKNSLYLQVNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

Chicken

VL

361

ALTQPASYSANPGETVKITCSGGGYYSTYYGW

g5
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YQOQKSPGSAPVTVIHSDDKRPSDIFSRFSGSASG
SAATLTITGYRVEDEAVY YCAGYDGRTYINTF
GAGTTLTVL

59

Human

VH

362

DVQLVESGGGVVRPGESLRLSCAVSGFRFESSH
AMSWVRQAPGKGLEWVSGISSGGDTYY VDSV
KGRFTISEDNSKNTLYLOGVNSLTAEDTAIYYCA
RETWNHLFDYWGLGTLVTVSS

59

Chicken

VL

363

ALTQPASVSANLGETVKITCSGGDSSSHYYGW
YQQKSPGSAPVTVIYSDDERPSDIPSRFSGSASG
STATLTITGVRVEDEAIY YCGAYDGSTYANTF
GAGTTLTVL

6l

Human

VH

364

DVQLVDSGGGVVRPGESLRLSCAASGFTESSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIRS
VKGRFTISRDNSKNSLYLOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

Chicken

VL

365

ALTQPASVSANPGETVKITCSGGDYYSTYYGW
YQOKSPGSAPVTVIHSDDKRPSDIPSRFSGSASG
SAATLTITGVRVEDEAVYFCGAYDGRTYINTF
GAGTTLTVL

65

Human

VH

%)
@
=)

DVQLVESGGGVVRPGESLRLSCAASGFTFSSY
AMSWVROQAPGKGLEWLAGISAGGSDTYYIDS
VKGRFTISRDNSKNSLYLQMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

65

Chicken

VL

ALTQPASVSANPGETVKITCSGGDYYSTYYOW
YOQQKSPGSAPVTVIHSDDKRPSDIPSRFSGSASG
SAATLTITGVRVEDEAVYPCGAYDGRTYINTF
GAGTTLTVL

59

Human

VH

368

DLOLVESGGGVVEPGESLRLSCAASGFTFSSYA
MSWVRQAPGKGLEWLAGISAGGSDTYY DSV
KGRFTISRDONSEKNSLYLOMNSLTAEDTAVYYC
ARETWNHLFDYWGLGTLVTVSS

69

Chicken

VL

ALTQPASVSANPGETVEHCSGGDYYSTYYGW
YQOKSPGSAPVTVIHSDDKRPSDIFSRFSGSASG
SAATLTITGYVRVEDEAVYFCGAYDGRTYINTF
GAGTTLTVL

70

Human

VEH

370

DVQLVESGGGVYVRPGESLRISCAASGFIFSSY
AMSWVRQAPGKGLEWLAGISAGGSDAYYIDS
VKGRFTISRDNSKNSLYLOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

70

Chicken

VL

ALTQPASYVSANPGETVKITCSGGDWYSTYYG
WYQQKSPGSAPVTVIHSDDKRPSDIPSRFSGSA
SGSAATLTITGVRVEDEAVYYCAGYDGRTYIN
TPCGAGTTLTVL

Human

VH

372

DVQLVESGGGVVRPGESLRLSCAASGFTESSY
AMSWVYRQAPGKGLEWLAGISAGGSDTY YIDS
YEGRFTISRDNSKNSLY LOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLYTVSS

71

Chicken

VL

ALTQPASVSANPGETVKITCSGGGYYSTYYGW
YQOQKSPGSAFVTVIHSDDKRPSDIFSRFSGSASG
SAATLTITGYRVEDEAVY YCAGYDARTYINTF
GAGTTLTVL

Human

VH

DPVQLVESGGGVVRPGESLRLSCEASGFTFSSNA
MSWARGQAPGKGLEWVAGISSGSDTYYGDSVK
GRLTISRDNSKNILYLQMNSLTAEDTAVYYCA
RETWNHLFDYWGLGTLVTVSS

73

Chicken

VL

ALTQPASYVSANPGETVKITCSGGIYSSYYYAW
YQQKSPGSAPVTLIY SDDKRPSNIPSRFSGSASG
STATLTITGVRAEDEAVYPCGGYDQSSYTNPF

96
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GAGTTLTVL

74

Human

VEH

376

DYQLVESGGGVVRPGESLRLSCAASGFTFSSN
AMSWVYRQAPGKGLEWLAGISAGDSDTYYPAS
VEGRFTISRDNPKNTLYLOMNTLTAERTAVYY
CARETWNHLFDYWGLGTLVTVSS

Chicken

VL

ALTQPASVSANPGETVKIACSGGSYYSYYYGW
YQQKSPGSALVTIVIYSDDKRPSGIPSRFSGSAS
GSTATLTITGVRAEDEAVYYCGOYDYSSYTND
FGAGTTLTVL

Human

VH

DVQLVESGGGVVERPGESLRLSCAASGFTFSSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIDS
VKGRFTISRDNSENSLYLOMNSLTAEDTAVYY
CARETWNHLPDYWGLGTLVTVSS

Chicken

VL

ALTQPASVSANPGETVKITCSGGDWYSTYYG
WYQOQESPGSAPVTVIHSDDKRPSDIFSRESGSA
SGSAATLTITGVRVEDEAVYYCAGYDGRTYIN
TRGAGTTLTVL

201

Human

VH

380

DVQLVESGGAVVRPGETLRLSCTASGEFTFSSY
AMSWVROQAPGRKGLEWVSGISASGSDTYYADS
VKGRSTISRDNSKNTLYLRMSSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

201

Chicken

VL

381

ALTQPASYSANPGETVKITCSGGGTSSYYGWY
QOKSPGSAPVTILIHSDDKRPSDIPSRFSGSASGS
TATLTITGVQVEDEAVYYCGOGYDYTTYVNTFG
AGTTLTVL

202

Huran

VH

382

DVQLVESGGGVVRPGESLRLSCAASGFTESSY
AMSWVYRQAPGKGLEWLAGISAGGSDTY YIDS
VEGRFTISRDNSKNSLY LOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLYTVSS

Chicken

VL

ALTQPASVSANPGETVKITCSGGGYYSTYYGW
YQOQRSPGSAPVTVIHSDDERPSDIPSRFSGSASG
SAATLTITGYRVEDEAVY YCAGYDGRTYLNTE
GAGTTLTVL

266

Human

VH

384

DVQLVESGGAVVRPGETLRLSCTASGFIFSSY
AMSWVRQAPGKGLEWVSGISASGSDTYYADS
VKGRSTISRDNSKNTLYLRMSSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTLSS

206

Chicken

VL

ALTQPASVSANPOETVERITCSGGOGTSSYYGWY
QUKSPGSAPVTLIHSDDKRPSDIPSRFSGSASGS
TATLTITGYQAEDEAVYYCGGYDYTTYVNTFG
AGTTLTVL

Human

VH

386

DVQLVESGGGVVRPGESLRLSCAASGFTESTSD
MNWVROAPGEGLEW VSLISGSGEITYYADSVK
GREFTISRDNSKNTLYLOMNSLRAEDTAVYYCA
KENDRYRFFDYWGLGTLVTYSS

175

Human

VL

ETVLTQSPGILSLSPGERATLTCRASQSVYTYL
AWYQEKPGQAPRLLIYGASSRAAGIPDRESGS

GSGTEFTLTISSLOSEDFAVYYCGQYYDRPPLT
FGGGTRVEIK

Human

VH

388

DVQLVESGGOGVYVRPGESLRLSCAASGFIFSSY
DMNWVROAPGEGLEWVSLISGSGEHYYADSV
KGRFTISEDNSKNTLYLOMNSLRAEDTAVYYC
AKENNRYRFFDYWGLGTLVTVSS

Human

VL

KIVLTQSPGTLSLSPGERATLUTCRADQSVYTYL
AWYQERPGOAPRLLIIYIDASSRATGIPDRFSGSG
SGTEFTLTISSLQSEDFAVYYCQOYYDRPPLTF
GGGTKVEIK

Human

VH

350

DVQLVESGGGVYVRPGESLRLSCAASGEFTRSSY
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DMNWVRQAPGEGLEWVSLISGSGEHY YADSY
KGRFTISEDNSENTLYLOMNSLRAEDTAVYYC
AKENNRYRFFDYWGLGTLVTVSS

178

Human

VL

391

ETVLTQSPGTLTLSPGERATLSCRASQSVYTYL
AWYQEKPGQAPRLLIYGASSRATGVPDRFSGS
GSGTEFTLTISSLOSEDFAVYYCGQYYDRPPLT
FGGGTKVEIK

180

Human

VH

392

DVQLVESGGOGVYVRPGESLRLSCAASGFIFSSY
DMNWVROAPGEGLEWVSLISGSGEHYYADSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
AKENDRYRFFDYWGOLGTLVTVSS

Human

VL

393

ETVLTQSPGTLTLSPGERATLTCRASQSVYTYL
AWYQEEPGQAPRLIIYGASSRATGIPDRFSGSG
SOTEFTLTISSLQSEDFAVYYCQQY YDRPPLTF
GGOTKVEIK

184

Human

VH

354

DVQLVESGGGVYVEREPGESLRLSCAASGFTFSSY
DMNWVRQAPGEGLEWVSLISGSGEHYYADSY
KGRFTISRENSKNTLYLOMNSLRAEDTAVYYC
AKENNRYRFFDYWGLGTLVTVSS

184

Human

VL

ETVLTGSPGTLSLSPGERATLNCRASQSVYTYL
AWYQEKPGQAPRLLIYDASSRATGIPDRFSGSG
SGTEFTLTISSLESEDFAVYYCQOQYYDRPPLTF
GGGTKVEIK

Human

VH

3%

DVQLVESGGGVVRPGESLRLSCAASGFTFSSY
DMNWVRQAPGEGLEWVSLISGSGEHY YADSY
KGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AKENNRYRFFDDWGLGTLVTVSS

Human

VL

(¥e)
vy
3

ETVLTQSPGTLSLSPGERATLNCRASQSVYSYL
AWYQERPGQAPRLELIYGASTRATGIPDRFSGSG
SGTEFTLTISSLESDDFAVYYCQQYYDRPPLTE
GOCGTKVEIK

189

Human

VH

398

DVQLVESGGGVVRPGESLRLSCAASGFTESSSD
MNWVROAPGEGLEWVSLISGSGEITYYADSVK
GRFTISRBNSKNTLYLOQMNSLRAEDTAIYYCA
KENNMYRFFDYWGLGTLVTVSS

189

Human

VL

ETVLTQSPGTLSLSPGERATLSCRASQSVYTYL
AWYQQKPGQPPRLLIHAARNRAAGIPDRESGS
GSGTEFTLTISSLOSEDFAVYYCOQQYYDRPPLT
FGGGTKVEIK

190

Human

VEH

400

DYQLVESGGGVVRPGESLRLSCAASGFIFSSY
DMNWVROQAPGEGLEWVSLISGSGEHYYADSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
AKEDNRYRFFDYWOLGALVTVSS

190

Human

VL

401

ETVLTQSPGTLTLSPGERTTLTCRASQSVYTYL
AWYQEKPGQAPRLLIYGASSRATGIPDRFSGSG
SOTEFTLTISSLQSEDFAVYYCQQY YDRPPLTF
GGGTKVEIK

193

Human

VH

402

DVOQLVESGGGVVERPGESLRLSCAASGFTFSSY
DPMNWVRQAPGEGLEWVSLISGSGEITYYADSV
KGRFTISRENSKNTLYLOQMNSLRAEDTAVYYC
AKENNRYRFFDYWGLGTLVTYSS

Human

VL

ETVLTGSPGTLSLSPGERATLSCRASQSVYTYL
AWYQEKPGQAPRLLIYAASTRATGIPDRFSGSG
SGTEFTLTISSLOSEDFAVYYCOQQYYDRPPLTF
GGGTKVEIK

Human

VH

404

DVQLVESGGGVYRPGESLRLSCAASGFSFSSY
AMMNWVRQAPGEGLEWVSRINSGGGGTDYAES
VEGRFTISRDNSENTLYLQMNSLRAEDTAVYY
CAKQYDWNGFFDYWGOLGALVTVSS

93




WO 2018/057669

PCT/US2017/052592

191

Human

VL

405

ETVLTQSPATLSVSPGERATLSCRASQTVGSKL
AWHQQKPGQAPRLLIYD
ATNRATGIPDEFSGSGSCGTDFTLTISGLQTEDSA
VYYCQOQYYYWPPYRFGGGTKVEIK

198

Human

VH

DVQLVESGGGVVERPGESLRLSCAASGFSFSSH
AMNWVRQAPGEGLEWVSRINSGGGGTDYAES
VKGRFTISEDNSENTLYLOMNSLRAEDTAVYY
CAKQYDWNGFFDYWGLGALVTVSS

198

Human

VL

407

ETVLTQSPATLSVSPGERATLSCRASQTVGSKL
AWHQOQKPGQAPRLLIYD
ATNRATGIPDRFSGSGSGTDFTLTISSLOTEDSA
VYYCOQQYYYWPPYRFGGUOTKVEIK

Human

VH

408

DVQLVESGGGLVRPGESLRLSCAASGFTFTNY
AYVTWVRQAPGEGLEWVSLISVTGTTYYADSY
KGRFTISRDNSKSTLYLOMNGLRAEDTAVYYC
AKVIWKNYFDYWGLGTLYTVSS

163

Human

VL

BEIVLTQSPGTLSVSPGERATFSCRASQTVGSKL
AWYQOQEPGOQAPRLLIY DANTRATGIPARFSGS
GSGTEFTLTISSLOSEDFAVYYCQQHTDWPPYT
FOOGTKVEIR

Human

VH

416

DVQLVESGGGLVRPGESLRLSCAASGFTFTNY
AVTWVRQAPGEGLEWVSLISVTGTTYYADSVY
KGRFTISRDNSKSTLYLOMNGLRAEDTAVYYC
AKVTWKNVFDYWGLGTLVTVSS

164

Human

VL

411

EIVLTQSPOGTLSVSPGERATFSCRASQTVGSKL
AWYQQKPGQAPRLLIYDANTRATGIPARFSGS
RSGTEFTLTISSLQSEDFAVYYCQOHTIDWPPYT
FGGGTKVEIK

Human

VH

412

DYQLVESGGGYVRPGESLRLSCAASGFTRS DI
DMSWVRQGPGEGLEWVAGISLRGGVTIWYAD
SVEKGRFTISRDNSKNTLYLRLESLRTEDTAIYY
CARESWNTFFDYWGLGTLVTVSS

Human

VL

413

EIVLTQSPGTLSLSPGETATLSCRASQNVRESNL
AWYQQKPGQAPRLLIVDASSRATGIPDRFSGS
GSGTDFTILTISSLOSEDFAVYYCQQYGNGPPLT
FGOGTRKVEIK

Human

VH

414

BVGLVESEGGVVRPGESLRLSCEASGFTFRNSY
MTWVRQAPGEGLEWVSTISDTGDTAYYADSY
KGRFTISRDNSKNSLYLOQMNSLRAEDTAIYYC
AKSWIWWTFFDYWGLGTLVTVSS

Chicken

VL

415

ALTQPASYSANLGGTVEITCSGONSNHYGWYQ
QKSPGSAPVTLIY ADTNRPSNIPSRFSGSTSGST
STLTITGVQAEDEAVYYCGGSSTGDGIPGAGTT
LTVL

Hum®&

Humanized

VL

416

SYELTQPPSVYSVEPOGQTARITCSGGAYSSYYYA
WYQQKPGQAPVLVIYSDSKRPSGIPERFSGSSS
GTTVTLTISGYQAEDEADYYCGOYDQASYTNP
FOGOTKLTVE

136_Mut
Adl(Light
chain}_
Si2T

Hurnan with
DIE, R13(},

El16R, E43K,

and L1110
matations

VL

417

EIVLTQSPGTLTLSPGERATLSCRASQSVYTYL
AWYQOQEPGOQAPRLLIYGA
SSRATGIPDRFSGSGSGTEFTLTISSLOSEDFAVY
YYCQQYYDRPPLTFGGGTKVEIK

136_Mut
All(Light
chain)_

5227

Human with
germline
back-

mutations

VL

418

EIVLTQSPOTLSLSPOERATLTCRASQSVYTYL
AWYQQKPGQAPRLLIYGA
SSRATGIPDRFSGSGSOTEFTLTISSLQSEDFAY
YYCOQQYYDRPPLTFGGGTKVEIK
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136_Mut | Human with VL 419 EIVLTQSPGTLSLSPGERATLSCRASQSVYTYL
Ali(Light | germline AWY(EEPGQAPRLLIYGA
chain)_ hack- SSRATGIPDRESGSGSGTEFTLTISSLQSEDFAY
Q38E mutations YYCQQYYDRPPLTFGGGTKVEIK
119_wt_ | Human with VL 420 DVQLLESGGGVVQPOGSLRLSTCAASGFSFSNF
M34E Hability ALTWVRQAPGEGLEWVSTIGSGDTYYADSVK
rantation GRFTISR
DNSKNTLYLOMNSLRAEDTAVYYCAKDSTVS
WSGDFFDYWGLGTLVTVSS
119_wi Huwman with VH 421 DVQLLESGGOVVQPGGSLRESCAASGFSFSNE
M34v liability AVTWVRQAPGEGLEWVSTIGSGDTYYADSVK
mutation GRFTISR
DNSENTLYLQMNSLRAEDTAVYYCAKDSTVS
WSGDFFDYWOGLGTLVTVSS
135_wt_ | Human with VH 422 DVQLVESGGGVVRPGESLRLSCAASGESFSIYA
M34L liability LSWVRQAPGEGLEWVSTIGADDTYYADSVEG
nwfation RFTISR
DNSKNTLYLOMNSLRAEDTAVYYCAKDSTVG
WSODFFDYWGLOTLVTVSS
135_wi_ | Human with VH 423 DVQLVESGGGVVRPGESLRLSCAASGFSFSIY A
M34V liability VSWVRQAPGEGLEWVSTIGADDTY YADSVKG
mutation RFTISR
DNSENTLYLOMNSLRAEDTAVYYCAKDSTVG
WSGDFFDYWGLGTLVTVSS
136_wt_ | Human with VH 424 DVQLVESGGGVVRPGESLRLSCAASGFTFSSY
M34L liability DINWVROQAPGEGLEWVSLISGSGEHYYADSVY
mutation KGRFTI
SRDNSENTLYLOMNSLRAEDTAVYYCAKENN
RYRFFDDWGLGTLVTVSS
136_wi_ | Human with VH 425 DVQLVESGGGVVRPGESLRLSCAASGFTFSSY
M34V Hability DVYNWVROAPGEGLEWVSLISGSGEHYYADSV
rantation KGRFTI
SRDNSKNTLYLOQMNSLRAEDTAVYYCAKENN
RYRFFDDWGLGTLVTVSS
119 Human HVYR-HI 75 NEAMT
HVR-HI
{0184] In some embodiments, an antibody of the present disclosure binds to a human

SIRP-u polypeptide at one or more residues. It is to be understood that residues of a SIRP-a

polypeptide that are bound by an antihody of the present disclosure may be described with

respect to a reference SIRP-o polypeptide, but this description is not limited to a single SIRP-

o polypeptide (i.e., the reference SIRP-q polypeptide). Rather, specific amino acid residues

of a reference SIRP-o polypeptide are described to identify corresponding amino acid

positions that can be identified on various SIRP-g polypeptides. For example, specific

residues that correspond to one or more amino acid positions of SEQ 1D NOG:286 can be

identified for various human SIRP-g¢ polypeptides, such as vi and/or v2. Since the amino

acid sequences of SEQ 1D NG:296 and SEQ 1D NO:5 differ only at the N8O position

(excepting a small number of C-terminal residues of SEQ 1D NO:296 useful for protein

production and purification), one of skill in the art will appreciate that references herein to
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amino acid positions with respect to the amino acid sequence of SEQ ID NG:296 will
correspond to the sarne positions in the amino acid sequence of SEQ 1D NG5, Techniques
for determining the residues of a SIRP-a polypeptide bound by an antibody are known in the
art; exemplary and non-limiting descriptions are provided in Example 4.

{0185] SEC ID NOG:296

EEELQVIQPD KSVLVAAGET ATLRCTATSL IPVGPIQWER GAGPGRELIY NQKEGHFPRV
TTVSDLTERN NMDFSIRIGA ITPADAGTYY CVKFREGSPD DVEFKSGAGT ELSVRAKFPST
RHHHHHH

{0186] in some embodiments, an antibody of the present disclosure binds to a human
SIRP-a vl polypeptide at one or more amino acid positions selected from 131, V33, Q32,
K53, T67, R69, N70, and K96, according to SEQ 1D NO:296. In some embodiments, the
antibody further binds to the human SIRP-o v1 polypeptide at one or more amino acid
positions selected from L30, P32, E54, T62, N71, M72, F74, and R9S, according to SEQ ID
NO:296.

{6187] In some embodiments, an antibody of the present disclosure binds to a human
SIRP-a v1 polypeptide at one or more amino acid positions selected from 17, P9, D10, K11,
512, A42, A108, and E111, according to SEQ 1D NO:296. In some embodiments, the
antibody binds to the human SIRP-¢ v1 polypeptide at K11, A42, A108, and E111, according
to SEQ 1D NO:296. In some embodiments, the antibody binds to the human SIRP-a v1
polypeptide at [7, P9, D10, K11, S12, A108, and E111, according to SEQ 1D N(O:296. In
some embodiments, the antibody further binds to the huran SIRP-a vl polypeptide at one or
more amino acid positions selected from L14, T26, T28, T88, Y90, 5106, S113, and A116,
according to SEQ 1D NO:296. in some embodiments, the antibody further binds to the
buman SIRP-a vl polypeptide at 114, T8, Y90, 5106, 5113, and A116 of human SIRP-qa
vl, according to SEQ ID NG:296. In some embodiments, the antibody further binds to the
human SIRP-o vl polypeptide at L14, T26, and T28, according to SEQ 1D NO:296.

{188] in some embodiments, an antibody of the present disclosure binds to a human
SIRP-g v1 polypeptide at one or more amino acid positions selected from E47, 148, PSS,
R39, T82, and A4, according to SEQ ID NO:296. In some erabodiments, the antibody
further binds to the buman SIRP-¢ v1 polypeptide at one or more amino acid positions
selected from A17, P44, G45, 149, E54, G55, H56, F57, and P83, according to SEQ ID
NG:296.

{6189] in some embodiments, an antibody of the present disclosure binds the

extracethular domain (e.g., the D1 domain) of a human SIRP-o v1 polypeptide with a
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dissociation constant (Kp) of less than 100nM, less than 50nM, or less than 30nM. In some
embodiments, the antibody blocks binding between an extracellular domain (e.g.. the D1
domain) of a human SIRP-g polypeptide and an IgSF domain of a hurnan CD47 polypeptide,
and the antibody binds the extracelluiar domain (e.g., the DI domain) of a human SIRP-a vi
polypeptide with a dissociation constant (Kp) of less than 100nM, less than 50nM, or less
than 30nM. In some embodiments, the antibody binds the D1 domain of a huoman SIRP-o vi
polypeptide and the D1 domain of a haman SIRP-¢ v2 polypeptide. In some embodiments,
the antibody binds an extraceltular domain (e.g., the D1 domain) of a cynomelgus SIRP-¢
polypeptide. In some embodiments, the antibody binds an extracebiular domain (e.g., the D1
domain) of a human SIRP-B polypeptide. In some embodiments, the antibody binds an
extracellular domain (e.g., the D1 domain) of a human SIRP-y polypeptide. In some
embodiments, the antibody binds an extracellufar domain (e.g., the D1 domain) of a murine
SIRP-u polypeptide.

{6190] In some embodiments, an antibody of the present disclosure binds the D1 domain
of a human SIRP-a polypeptide and does not block binding between an extracellular domain
{e.g., the D1 domain) of a buman SIRP-a polypeptide and an IgSF domain of a human CD47
polypeptide. In some embodiments, the antibody binds the extracellular domain {e.g., the D1
domain) of a human SIRP-a v1 polypeptide with a dissociation constant (Kp} of less than
100nM, less than 50nM, or less than 30nM. In some embodimuents, the antibody binds the D1
domain of a human SIRP-¢ vl polypeptide. In some embodiments, the antibody binds the Dl
domain of a human SIRP-¢ vi polypeptide and the DI domain of a human SIRP-¢ v2
polypeptide. In some embodiments, the antibody binds an extraceHular dormain (e.g., the D1
dormain) of a cynomolgus SIRP-a polypeptide. In some ernbodiments, the antibody binds an
extracetlutar domain (e.g.. the D1 domain} of a human SIRP-§ polypeptide. In some
embodiments, the antibody binds an extracellular domain (e.g., the D1 domain) of a murine
SIRP-a polypeptide.

{0191] In some embodiments, an antibody of the present disclosure competes for binding
the extraceltular domain {e.g., the D1 domain) of the human SIRP-¢ polypeptide with a
reference anti-SIRP-it antibody. Techniques for determining whether an antibody conpetes
for binding the extracellular domain {e.g., the D1 domain) of the human SIRP-g polypeptide
with a reference anti-SIRP-¢ antibody are known in the art; exemplary and non-limiting

descriptions are provided in Example 5.
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{6192] in some embodiments, an antibody of the present disclosure competes for binding
the extraceliular domain (e.g., the D1 domain} of the human SIRP-¢ polypeptide with one or
more reference anti-SIRP-a antibodies selected from 119, 120, 121, 122, 21, 25, 27, 66, and
135. In some embodiments, an antibody of the present disclosure competes for binding the
extracellular domain (e.g., the D1 domain) of the human SIRP-g polypeptide with one or
more of the following reference anti-SIRP-u antibodies: (a) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID NG:120 and a VL domain
comprising the amino acid sequence of SEQ ID NO:97, (b) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID NO:121 and a VL domain
comprising the amino acid sequence of SEQ ID NG:98, (¢} an antibody comprising a VH
domain comprising the amine acid sequence of SEQ ID NO:130 and a VL domain
comaprising the amino acid sequence of SEQ 1D NO:107, (d) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ 1D NG:122 and a VL domain
comprising the amino acid sequence of SEQ ID NO:99, {e) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID N(G:135 and a VL domain
comprising the amino acid sequence of SEQ 1D NO:136, () an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID NO:137 and a VL domain
comprising the amino acid sequence of SEQ ID N(O:138, (g) an antibody coraprising a VH
domain comprising the amino acid sequence of SHQ 1D NG:139 and a VL domain
comprising the amino acid sequence of SEQ ID NO: 140, (h) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID NG:141 and a VL domain
comprising the amino acid sequence of SEQ 1D NO:142, and (1) an antibody comprising a
VH domain comprising the amino acid sequence of SEQ ID NO:127 and a VL dorain
comprising the amino acid sequence of SEQ ID NO:104.

{0193] In some embodiments, an antibody of the present disclosure competes for binding
the extracethular domain {(e.g., the D1 domain) of the human SIRP-a polypeptide with one or
more reference anti-SIRP-g antibodies selected from 136 and 137, In some embodiments, an
antibody of the present disclosure competes for binding the extracellular domain (e.g., the D1
dorain) of the human SIRP-o polypeptide with one or more of the following reference anti-
SIRP-g antibodies: {a) an antibody comprising a VH domain comprising the amino acid
sequence of SEQ ID N(O:133 and a VL domain comprising the amino acid sequence of SEQ

I NO:134, and (b) an antibody corprising a VH domain comprising the amino acid
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sequence of SEQ ID NO:128 and a VL domain comprising the amino acid sequence of SEQ
1D NO:105.

{6194] in some embodiments, an antibody of the present disclosure competes for binding
the extracellular domain (e.g., the D1 domain) of the human SIRP-a polypeptide with one or
more reference anti-SIRP-g antibodies selected from 3, 213, 173, and 209. In some
embodiments, an antibody of the present disclosure competes for binding the extracellular
domain (e.g., the D1 domain) of the human SIRP-q polypeptide with one or more of the
following reference anti-SIRP-g antibodies: {a) an antibody comprising a VH domain
comprising the amino acid sequence of SEQ 1D NG:242 and a VL domain comprising the
amino acid sequence of SEQ 1D NO:243, (b) an antibody coroprising a VH doroain
comprising the amino acid sequence of SEQ ID N(G:275 and a VL domain comprising the
amino acid sequence of SEQ 1D NG:276, (¢) an antibody comprising a VH domain
coraprising the amino acid sequence of SEQ 1D NO:278 and a VL domain comprising the
amino acid sequence of SEQ ID N(G:279, and (d) an antibody comprising a VH domain
comprising the amino acid sequence of SEQ ID NG:280 and a VL domain comprising the
amino acid sequence of SEQ ID NG:281.

{6195] In some embodiments, an antibody of the present disclosure competes for binding
the extracellular domain (e.g., the D1 domain) of the human SIRP-o polypeptide with one or
maore reference anti-SIRP-a antibodies selected from 115, 116, 117, 118, and 132, In some
embodiments, an antibody of the present disclosure competes for binding the extracellular
domain {e.g., the D1 domain) of the human SIRP-a polypeptide with one or more of the
following reference anti-SIRP-¢ antibodies: (a) an antibody comprising a VH domain
comprising the amino acid sequence of SEQ ID NG:116 and a VL domain coroprising the
amino acid sequence of SEQ ID NG:93, (b) an antibody comprising a VH domain comprising
the amino acid sequence of SEQ ID N{O:117 and a VL domain comprising the amine acid
sequence of SEQ ID NO:94, (¢) an antibody comprising a VH domain comprising the amino
acid sequence of SEQ ID NO:118 and a VL. domain comprising the amino acid sequence of
SEQ ID NO:9S, (d) an antibody comprising a VH domain comprising the amino acid
sequence of SEQ 1Y NO:119 and a VL domain comprising the amino acid sequence of SEQ
ID NO:96, and (e) an antibody comprising a VH domain comprising the amino acid sequence
of SEQ ID NO:282 and a VL domain comprising the amino acid sequence of SEQ ID
N(O:283.
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{01%96] In some embodiments, an antibody of the present disclosure competes for binding
the extraceliular domain (e.g., the D1 domain} of the human SIRP-¢ polypeptide with one or
more reference anti-SIRP-a antibodies selected from 218, 123, 149, 161, 162, and 194, In
some embodiments, an antibody of the present disclosure competes for binding the
extracellular domain (e.g., the D1 domain) of the human SIRP-g polypeptide with one or
more of the following reference anti-SIRP-u antibodies: (a) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID NG:284 and a VL domain
comprising the amino acid sequence of SEQ ID NO:285, (b} an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID NO:123 and a VL domain
comprising the amino acid sequence of SEQ ID NO:100, (c) an antibody comprising a VH
domain comprising the aminoe acid sequence of SEQ 1D NO:286 and a VL domain
comaprising the amino acid sequence of SEQ 1D NO:287, (d) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ 1D NG:288 and a VL domain
comprising the amino acid sequence of SEQ ID NO:289, (e) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID N(G:290 and a VL domain
comprising the amino acid sequence of SEQ 1D N(O:291, and () an antibody comprising a
VH domain comprising the amino acid sequence of SEQ ID N(G:292 and a VL domain
comprising the amino acid sequence of SEQ ID N(O:293.

{0197] In some embodunents, an antihody of the present discloswre competes for binding
the extracellular domain {e.g.. the D1 domain} of the human SIRP-¢ polypepude with
reference anti-SIRP-o antibody 45. In some embodiments, an antibody of the present
disclosure competes for binding the extraceliular domain (e.g., the D1 domain) of the human
SIRP-g polypeptide with an antibody comprising a VH domain comprising the amino acid
sequence of SEQ 1D N(:244 and a VL domain comprising the amino acid sequence of SEQ
ID NG:245.

{0198] The present disclosure provides multiple families of anti-SIRP-o antibodies, each
family comprising multiple antibodies. As demonstrated herein, antibodies within a given
family may share certain structural properties (e.g.. similar or identical HVR or CDR
sequences) as well as one or more functional properties, inchiding but not limited to binding
affinity to huroan, monkey, and/or mouse SIRP-u polypeptide(s), binding affinity to SIRP-B
polypeptides, binding affinity to SIRP-y polypeptides, mode of binding to SIRP-a {¢.g..
CP47 blocking, CD47 non-blocking, or “kick off” binding), induction of phagocytosis {e.g.,

in an in vitro assay), activation of dendritic cells, anti-tumor efficacy, SIRP-¢ binding epitope
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residue(s) or “bin” (e.g., as determined by a binning assay). and the like {(see, e.g., Tables P-
T). Because of these shared properties, it is contemaplated that HVR and/or VH or VL
sequences of antibodies belonging to the same faroily can be interchanged or intermingled,
such that an anti-SIRP-¢ antibody can comprise HVR and/or VH or VL derived from more
than one specific an anti-SIRP-o antibody described herein. As discussed in greater detail
herein, various methodologies for determining HVR or CDR sequences of an antibody
variable domain are known in the art and can be used interchangeably herein, including
without limitation the Kabat, Chothia, and IMGT definitions, as well as combinations thereof.
{01991 in some embodiments, an antibody of the present disclosure comprises an HVR-
H1 from a VH domain sequence selected from the amino acid sequences of SEQ ID
NOs:120, 246, 258, 327, 121, 130, 122, 127, 247, 259, 335, and 328; an HVR-H2 from a VH
domain sequence selected from the amino acid sequences of SEQ 1D NOs: 120, 246, 258,
327,121,130, 122, 127, 247, 259, 335, and 328; an HVYR-H3 from a VH domain sequence
selected from the amino acid sequences of SEQ ID NOs:120, 246, 258, 327, 121, 130, 122,
127, 247, 259, 335, and 328; an HVR-L1 from a VL domain sequence selected from the
amino acid sequences of SEQ TD NOs:97, 98, 107, 99, 104, and 312; an HVR-L2 from a VL
domain sequence selected from the amino acid sequences of SEQ ID NOs: 97, 98, 167, 99,
104, and 312; and/or an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 97, 98, 107, 99, 104, and 312, In some embodiments, an
antibody of the present disclosure comprises an HYR-HI from a VH domain sequence
selected from the amino acid sequences of SEQ ID NOs:120, 246, 258, 327, 121, 130, 122,
127, 247, 259, 335, and 328; an HVR-HZ2 from a VH domain sequence selected from the
amino acid sequences of SEQ 1D NOs: 120, 246, 258, 327, 121, 130, 122, 127, 247, 259, 335,
and 328; and an HVR-H3 from a VH domain sequence selected from the amino acid
sequences of SEQ ID NOs: 120, 246, 258, 327, 121, 138, 122, 127, 247, 259, 335, and 328.
In somoe embodiments, an antibody of the present disclosure comprises an HVR-L1 from a
VL domain sequence selected from the amino acid sequences of SEQ [D NOs: 97, 98, 107,
99,104, and 312; an HVR-L2 from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 97, 98, 107, 99, 104, and 312; and an HVR-L3 from a VL domain
sequence selected fromo the amino acid sequences of SEQ 1D NOs: 97, 98, 107, 99, 104, and
312, In some embodiments, an antibody of the present disclosure comprises an HVR-H1
from a VH domain sequence selected from the amino acid sequences of SEQ 1D N(Os:120,

246, 258,327, 121, 130, 122, 127, 247, 259, 335, and 328; an HVR-HZ from a VH domain
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sequence sciected from the amino acid sequences of SEQ ID NGs: 120, 246, 258, 327, 121,
130, 122, 127, 247, 259, 335, and 328; an HVR-H3 from a VH domain sequence selected
from the amino acid sequences of SEQ 1D NOs: 120, 246, 238, 327, 121, 130, 122, 127, 247
259, 335, and 328; an HVR-L1 from a VL domain sequence selected from the amino acid
sequences of SEQ ID NGs: 97, 98, 107, 99, 104, and 312; an HVR-L2 from a VL domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 97, 98, 107, 99, 104, and
312; and an HVR-L3 from a VL domain sequence selected from the amino acid sequences of
SEQ ID NOs: 97, 98, 107, 99, 104, and 312.

{0200] in some embodiments, an antibody of the present disclosure comprises an HVR-
H1 from a VH domain sequence selected from the amino acid sequences of SEQ ID
NOs:135, 137, 265, 266, 331, 139, 267, 332, 141, 263, 264, 268, 330, 294, 342, 344, 346,
348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 3068, 370, 372, 374, 376, 378, 380, 382, and
384; an BVR-H? from a VH domain sequence selected frorm the amino acid sequences of
SEQ ID NOs: 135, 137, 265, 266, 331, 139, 267, 332, 141, 263, 264, 268, 330, 264, 342, 344
346, 348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 378, 380,
382, and 384; an HVR-H3 from a VH domain sequence selected from the amino acid
sequences of SEQ ID NGs: 135, 137, 265, 266, 331, 139, 267, 332, 141, 263, 264, 268, 330,
294, 342, 344, 346, 348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374,
376, 378, 380, 382, and 384; an HVR-L1 from a VL domain sequence selected from the
amino acid sequences of SEQ ID NGs:136, 138, 140, 142, 252, 254, 262, 416, 295, 343, 345,
347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 373, 375,377, 379, 381,
383, and 38S; an HVR-L2 from a VL domain sequence selected from the amino acid
sequences of SEQ ID NOs: 136, 138, 140, 142, 252, 254, 262, 416, 295, 343, 345, 347, 349,
351,353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 373, 375. 377, 379, 381. 383, and 385;
and/or an HVR-L3 from a VL domain sequence selected from the amine acid sequences of
SEQ D NOs: 136, 138, 140, 142, 252, 254, 262, 416, 298, 343, 345, 347, 349, 351, 353, 355,
357, 359, 361, 363, 365, 367, 369, 371, 373, 375, 377, 379, 381, 383, and 385. In some
embodiments, an antibody of the present disclosure comprises an HVR-H1 from a VH
dorain sequence selected from the amino acid sequences of SEQ D NOs: 135, 137, 265,
266, 331, 139, 267, 332, 141, 263, 264, 268, 330, 294, 342, 344, 346, 348, 350, 352, 354,
356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 378, 380, 382, and 384; an HVR-H2
from a VH domain sequence selected from the amino acid sequences of SEQ 1D NOs: 135,

137,265, 266, 331, 139, 267, 332, 141, 263, 264, 268, 330, 294, 342, 344, 346, 348, 350,
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352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 378, 380, 382, and 384; and
an HVR-H3 from a VH domain sequence sclected from the amino acid sequences of SEQ 1D
NOs: 135, 137, 265, 266, 331, 139, 267, 332, 141, 263, 264, 268, 330, 294, 342, 344, 346,
348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 378, 380, 382, and
384. In some embodiments, an antibody of the present disclosure comprises an HVR-L1
from a VL domain sequence selected from the amino acid sequences of SEQ 1D NOs: 136,
138, 140, 142, 252, 254, 262, 416, 295, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361,
363, 365, 367, 369, 371, 373, 375, 377, 379, 381, 383, and 385; an HVR-L2 from a VL
domain sequence selected from the amino acid sequences of SEQ 1D NOs: 136, 138, 140,
142,252, 254, 262, 416, 295, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365,
367,369, 371, 373, 375, 377, 379, 381, 383, and 383; and an HVR-L3 from a VL domain
sequence sclected from the amino acid sequences of SEQ 1D NOs: 136, 138, 140, 142, 252,
254,262, 416, 295, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369,
371, 373, 375, 377, 379, 381, 383, and 385. In some embodiments, an antibody of the
present disclosure comprises an HVR-H1 from a VH domain sequence selected from the
amino acid sequences of SEQ 1D NOs: 135, 137, 265, 266, 331, 139, 267, 332, 141, 263, 264,
268, 330, 294, 342, 344, 346, 348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370,
372,374,376, 378, 380, 382, and 384; an HVR-H2 from a2 VH domain sequence selected
from the amino acid sequences of SEQ 1D NOs: 135, 137, 265, 266, 331, 139, 267, 332, 141,
263, 264, 268, 330, 294, 342, 344, 346, 348, 350, 352, 354, 356, 358, 360, 362, 364, 366,
368, 370, 372, 374, 376, 378, 380, 382, and 384; an HVR-H3 from a VH domain sequence
selected from the amino acid sequences of SEQ 1D NOs: 135, 137, 265, 266, 331, 139, 267,
332, 141, 263, 264, 268, 330, 294, 342, 344, 346, 348, 350, 352, 354, 356, 338, 360, 362,
364, 366, 368, 370, 372, 374, 376, 378, 380, 382, and 384; an HVR-L1 from a VL domain
sequence selected from the aming acid sequences of SEQ 1D NOs: 136, 138, 140, 142, 252,
254,262, 416, 295, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369,
371,373,375, 377,379, 381, 383, and 385; an HVR-L2 from a VL domain sequence selected
from the amino acid sequences of SEQ ID NOs: 136, 138, 140, 142, 252, 254, 262, 416, 295,
343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371,373, 375, 377,
379, 381, 383, and 385; and an HVR-L3 from a VL, domain sequence selected from the
aming acid sequences of SEQ 1D NOs: 136, 138, 140, 142, 252, 254, 262, 416, 295, 343, 345,
347,349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 373, 375,377, 379, 381,

383, and 385,
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{0201] in some embodiments, an antibody of the present disclosure comprises an HVR-
H1 from a VH domain sequence selected from the amino acid sequences of SEQ 1D
NOs:133, 249, 260, 329, 128, 386, 388, 390, 392, 304, 366, 398, 400, and 402; an HVR-H2
from a VH domain sequence selected from the amino acid sequences of SEQ ID NOs: 133,
249, 260, 329, 128, 386, 388, 390, 392, 394, 396, 398, 400, and 402; an HVR-H3 from a VH
domain sequence selected from the amino acid sequences of SEQ D NGs: 133, 249, 260,
329, 128, 386, 388, 380, 392, 394, 396, 398, 400, and 402; an HVR-L1 from a VL domain
sequence sclected from the amino acid sequences of SEQ ID NOs:134, 251, 185, 250, 417,
418, 419, 387, 389, 391, 393, 395, 397, 399, 401, and 403; an HVR-L2 from a VL domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 134, 251, 1035, 250, 417,
418, 419, 387, 389, 391, 393, 395, 397, 399, 401, and 403; and/or an HVR-L3 from a VL
domain sequence selected from the amino acid sequences of SEQ 1D NOs: 134, 251, 105,
250,417, 418, 419, 3R7, 389, 391, 393, 395, 397, 399, 401, and 403. In some embodiments,
an antibody of the present disclosare comprises an HYR-H1 from a VH domain sequence
selected from the amino acid sequences of SEQ ID NQs: 133, 249, 260, 329, 128, 386, 388,
390, 392, 394, 396, 398, 400, and 402; an HVR-H2 from a VH domain sequence selected
from the amino acid sequences of SEQ 1D NOs: 133, 240, 260, 329, 128, 386, 388, 390, 392,
394, 396, 398, 400, and 402; and an HVR-H3 from a VH domain sequence selected from the
amino acid sequences of SEQ 1D NGOs: 133, 249, 260, 329, 128, 386, 388, 390, 392, 394, 396,
398, 400, and 402. In some embodiments, an antibody of the present disclosure comprises an
HVR-L1 from a VL domain sequence selected from the amino acid sequences of SEQ [D
NOs: 134, 251, 105, 250, 417, 418, 419, 387, 389, 391, 393, 385, 397, 399, 401, and 403; an
HVR-L2 from a VL domain sequence selected from the amino acid sequences of SEQ ID
NOs: 134, 251, 105. 250, 417, 418, 419, 387, 389, 391, 393, 365, 397, 399, 401, and 403; and
an HVR-L3 from a VL domain sequence selected from the amino acid sequences of SEQ ID
NOs: 134, 251, 105, 250, 417, 418, 419, 387, 389, 391, 393, 393, 397, 399, 401, and 403. In
some embodiments, an antibody of the present disclosure comprises an HVR-HI froma VH
domain sequence selected from the amino acid sequences of SEQ ID NQOs: 133, 249, 260,
329, 128, 386, 38K, 390, 392, 394, 396, 398, 400, and 402; an HVR-H?2 from a VH domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 133, 249, 260, 329, 128,
386, 388, 390, 392, 394, 306, 398, 400, and 402; an HVR-H3 from a VH domain sequence
selected from the amino acid sequences of SEQ 1D NGs: 133, 249, 260, 329, 128, 386, 388,

390, 392, 394, 396, 398, 400, and 402; an HVR-L1 from a VL domain sequence selected
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from the amino acid sequences of SEQ ID NOs: 134, 251, 105, 250, 417, 418, 419, 387, 389,
391, 393, 395, 397, 399, 401, and 403; an HVR-L.2 from a VL domain sequence selected
from the amino acid sequences of SEQ 1D NOs: 134, 251, 105, 250, 417, 418, 419, 387, 389,
391, 393, 395, 397, 399, 401, and 403; and an HVR-L3 from a VL domain sequence selected
from the amino acid sequences of SEQ 1D NOs: 134, 251, 105, 250, 417, 418, 419, 387, 389,
391, 393, 3935, 397, 399, 401, and 403.

{02062] In some embodiments, an antibody of the present disclosure comprises an HVR-
H1 from a VH domain sequence selected from the amino acid sequences of SEQ ID
NOs:116, 117, 118, 119, 282, 404, and 406; an HVR-H2 from a VH domain sequence
selected from the amino acid sequences of SEQ 1D NOs: 116, 117, 118, 119, 282, 404, and
406; an HVR-H3 from a VH domain sequence selected from the amino acid sequences of
SEQ 1D NOs: 116, 117, 118, 119, 282, 404, and 406; an HVR-L1 from a VL domain
sequence selected from the amino acid sequences of SEQ 1D NOs:93, 94, 95, 96, 283, 405,
and 407; an HVR-L2 from a VL domain sequence selected from the amino acid sequences of
SEQ ID NOs: 93, 94, 95, 96, 283, 405, and 407, and/or an HVR-L3 from a VL domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 93, 94, 95, 96, 283, 405,
and 407. In some embodiments, an antibody of the present disclosure comprises an HVR-H1
from a VH domain sequence selected from the amine acid sequences of SEQ ID NOs: 116,
117, 118, 119, 282, 404, and 406; an HYR-HZ from a VH domain sequence selected from the
amino acid sequences of SEQ ID NGs: 116, 117, 118, 119, 282, 404, and 406; and an HVR-
H3 from a VH domain sequence selected from the amino acid sequences of SEQ ID NOs:
116, 117, 118, 119, 282, 404, and 406. In some embodiments, an antibody of the present
disclosure comprises an HVR-L1 from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NGs: 93, 94, 85, 96, 283, 405, and 407; an HVR-L2 from a VL domain
sequence selected from the amino acid sequences of SEQ ID NOs: 93, 94, 95, 96, 283, 405,
and 407; and an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 93, 94, 95, 96, 283, 405, and 407, In some embodiments, an
antibody of the present disclosure comprises an HVR-H]1 from a VH domain sequence
selected from the amino acid sequences of SEQ ID NOs: 116, 117, 118, 119, 282, 404, and
406; an HVR-H2 from a VH domain sequence selected from the amino acid sequences of
SEQ ID NOs: 116, 117, 118, 119, 282, 404, and 406; an HVR-H3 from a VH domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 116, 117, 118, 119, 282,

404, and 406; an HVR-L1 from a VL domain sequence selected from the amino acid
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sequences of SEQ 1D NOs: 93, 94, 95, 96, 283, 405, and 407; an HVR-L2 from a VL domain
sequence sclected from the amino acid sequences of SEQ 1D NOs: 93, 94, 95, 96, 283, 405,
and 407; and an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SEQ ID NOs: 93, 94, 95, 86, 283, 405, and 407.

{8203] In some embodiments, an antibody of the present disclosure comprises an HVR-H1
from a VH domain sequence set forth in SEQ ID NO: 242; an HVR-H2 from a VH domain
sequence set forth in SEQ ID NO: 242; an HVR-H3 from a VH domain sequence set forth in
SEQ ID NO: 242; an HVR-L1 from a VL domain sequence set forth in SEQ 1D NO: 243; an
HVR-L2 from a VL domain sequence set forth in SEQ ID NO: 243; and/or an HVR-L.3 from
a VL dornain sequence set forth in SEQ 1D NO: 243, In some embodiments, an antibody of
the present disclosure comprises an HVR-H1 from a VH domain sequence set forth in SEQ
1D NO: 242; an HVR-H2 from a VH domain sequence set forth in SEQ 1D NO: 242; and an
HVR-H3 from a VH domain sequence set forth in SEQ D NO: 242, In some embodiments,
an antibody of the present disclosare comprises an HVR-L1 from a VL domain sequence set
forth in SEQ ID NGO: 243; an HVR-L2 from a VL domain sequence set forth in SEQ 1D NG:
243; and an HVR-L3 from a VL domain sequence set forth in SEQ D NO: 243, In some
embodiments, an antibody of the present disclosure comprises an HYR-HI from a VH
domain sequence set forth in SEQ ID NG: 242; an HVR-H2 from a VH domain sequence set
forth in SE(Q 1D NG: 242; an HVR-H3 from a VH domain sequence set forth in SEQ 1D NGt
242; an HVR-LI from a VL domain sequence set forth in SEQ ID NG: 243; an HVR-L2
from a VL domain sequence set forth in SEQ ID NO: 243; and an HVR-L3 from a VL
domain sequence set forth in SEQ [D NO: 243.

{6264] In some embodiments, an antibody of the present disclosure comprises an HVR-H]
from a VH domain sequence selected from the amino acid sequences of SEQ ID NOs: 278
and 412; an HVR-H2 from a VH domain sequence selected from the amino acid sequences of
SEQ 1D NOs: 278 and 412; an HVR-H3 from a VH domain sequence selected from the
amino acid sequences of SEQ 1D NOs: 278 and 412; an HVR-L1 from a VL domain
sequence selected from the amino acid sequences of SEQ ID NOs: 279 and 413; an HVR-L2
from a VL domain sequence selected from the amino acid sequences of SEQ 1D NGs: 279
and 413; and/or an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SEQ ID NOs: 279 and 413. In some embodiments, an antibody of the present
disclosure comprises an HVR-H1 from a VH domain sequence selected from the amino acid

sequences of SEQ 1D NOs: 278 and 412; an HVR-H2 from a VH domain sequence selected
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from the amino acid sequences of SEQ 1D NOs: 278 and 412; and an HVR-H3 from a VH
domain sequence selected from the amino acid sequences of SEQ 1D NOs: 278 and 412, In
some embodiments, an antibody of the present disclosure coraprises an HVR-L1 from a VL
domain sequence selected from the amino acid sequences of SEQ ID NOs: 279 and 413; an
HVR-L2 from a VL domain sequence selected from the amino acid sequences of SEQ ID
NGs: 279 and 413; and an HVR-L3 from a VL domain sequence selected from the amino
acid sequences of SEQ ID NOs: 279 and 413, In some embodiments, an antibody of the
present disclosure comprises an HVR-H1 from a VH domain sequence selected trom the
amino acid sequences of SEQ 1D NOs: 278 and 412; an HVR-H2 from a VH domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 278 and 412; an HVR-H3
from a VH domain sequence selected from the amino acid sequences of SEQ [D NOs: 278
and 412; an HVR-L1 from a VL domain sequence selected from the amino acid sequences of
SEQ D NOs: 279 and 413; an HVR-L.2 from a VL domain sequence selected from the amino
acid sequences of SEQ ID NQOs: 279 and 413; and an HVR-L3 from a VL domain sequence
selected from the amino acid sequences of SEQ ID NQOs: 279 and 413.

{6265] In some embodiments, an antibody of the present disclosure comprises an HVR-H1
from a VH domain sequence selected from the amino acid sequences of SEQ ID NOs: 275
and 414; an HVR-H2 from a VH domain sequence selected from the amino acid sequences of
SEQ D NQs: 275 and 414; an HVR-H3 from a VH domain sequence selected from the
amino acid sequences of SEQ ID NGs: 275 and 414; an HVR-L1 from a VL domain
sequence selected from the amino acid sequences of SEQ ID NOs: 276 and 415; an HVR-L2
from a VL domain sequence selected from the amino acid sequences of SEQ 1D NOs: 276
and 415; and/or an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SEQ ID NOs: 276 and 415. In some embodiments, an antibody of the present
disclosure comprises an HVR-H1 from a VH domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 275 and 414; an HVR-H2 from a VH domain sequence selected
from the amino acid sequences of SEQ 1D NOs: 275 and 414; and an HVR-H3 froma VH
domain sequence selected from the amino acid sequences of SEQ 1D NQOs: 275 and 414, In
some embodiments, an antibody of the present disclosure coraprises an HVR-L1 froma VL
domain sequence selected from the amino acid sequences of SEQ 1D NOs: 276 and 415; an
HVR-LZ from a VL domain sequence selected from the amino acid sequences of SEQ ID
NGs: 276 and 413; and an HVR-L3 from a VL domain sequence selected from the amino

acid sequences of SEQ TD NOs: 276 and 415, In some embodiments, an antibody of the
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present disclosure comprises an HVR-H1 from a VH domain sequence selected from the
amino acid sequences of SEQ ID NOs: 275 and 414; an HVR-H? from a VH domain
sequence selected from the amino acid sequences of SEQ D NOs: 275 and 414; an HVR-H3
from a VH domain sequence selected from the amino acid sequences of SEQ ID NOs: 275
and 414; an HVR-L1 from a VL domain sequence selected from the amino acid sequences of
SEQ 1D NOs: 276 and 413; an HVR-L.2 from a VL domain sequence selected from the amino
acid sequences of SEQ ID NOs: 276 and 415; and an HVR-L3 from a VL domain sequence
selected from the amino acid sequences of SEQ ID NOs: 276 and 415.

{0266] In some embodiments, an antibody of the present disclosure comprises an HVR-H1
from a VH dorain sequence set forth in SEQ ID NO: 280; an HVR-H? from a VH domain
sequence set forth in SEQ 1D NO: 280; an HVR-H3 from a VH domain sequence set forth in
SEQ 1D NO: 280; an HVR-L1 from a VL domain sequence set forth in SEQ 1D NO: 281; an
HVR-L2 from a VL domain sequence set forth in SEQ ID NO: 281; and/or an HVR-L3 from
a VL domain sequence set forth in SEQ ID NO: 281, In some embodiments, an antibody of
the present disclosure comprises an HVR-H1 from a VH domain sequence set forth in SEQ
[0 NO: 280; an HVR-H2 from a VH domain sequence set forth in SEQ ID NO: 280; and an
HVR-H3 from a VH domain sequence set forth in SEQ ID NG: 280. In some embodiments,
an antibody of the present disclosure comprises an HVR-L1 from a VL domain sequence set
forth in SE(Q 1D NO: 281; an HVR-L2 from a VL domain sequence set forth in SEQ 1D NG:
281; and an HVR-L3 from a VL domain sequence set forth in SEQ ID NG: 281, In some
embodiments, an antibody of the present disclosure comprises an HVR-HI from a VH
domain sequence set forth in SEQ D NO: 280; an HVR-H2 from a VH domain sequence set
forth in SEQ D NO: 280; an HVR-H3 from a VH domain sequence set forth in SEQ 1D NO:
280; an HVR-LI from a VL domain sequence set forth in SEQ ID NO: 281; an HVR-L2
from a VL domain sequence set forth in SEQ ID NOG: 281; and an HVR-L3 from a VL
domain sequence set forth in SEQ [D NG: 281,

{0287] Tn some embodiments, an antibody of the present disclosure comprises an HVR-H1
from a VH domain sequence selected from the amino acid sequences of SEQ ID NQOs: 123
and 292; an HVR-H2 from a VH domain sequence selected from the amino acid sequences of
SEQ ID NOs: 123 and 292; an HVR-H3 from a VH domain sequence selected from the
aming acid sequences of SEQ 1D NOs: 123 and 292; an HVR-L1 from a VL domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 100 and 293; an HVR-1.2

from a VL domain sequence selected from the amino acid sequences of SEQ 1D NOs: 100
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and 293; and/or an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SE( 1D NOs: 100 and 293. In some embodiments, an antibody of the present
disclosure comprises an HVR-H1 from a VH domain sequence selected froro the amino acid
sequences of SEQ ID NGs: 123 and 292; an HVR-H2 from a VH domain sequence sefected
from the amino acid sequences of SEQ 1D NOs: 123 and 292; and an HVR-H3 froma VH
domain sequence selected from the amino acid sequences of SEQ 1D NGs: 123 and 292. In
some embodiments, an antibody of the present disclosure comprises an HVR-L1 from a VL
domain sequence selected from the amino acid sequences of SEQ ID NOs: 100 and 293; an
HVR-L2 from a VL domain sequence selected from the amino acid sequences of SEQ ID
NOs: 100 and 293; and an HVR-L3 from a VL domain sequence selected from the amino
acid sequences of SEQ ID NOs: 100 and 293. In some embodiments, an antibody of the
present disclosure comprises an HVR-H1 from a VH domain sequence sclected from the
amino acid sequences of SEQ 1D NOs: 123 and 292; an HVR-H2 from a VH domain
sequence selected from the amino acid sequences of SEQ ID NOs: 123 and 292; an HVYR-H3
from a VH domain sequence selected from the amino acid sequences of SEQ ID NGs: 123
and 292; an HVR-L.1 from a VL domain sequence selected from the amino acid sequences of
SEQ ID NOs: 100 and 293; an HVR-L2 from a VL domain sequence selected from the amino
acid sequences of SEQ ID NOs: 100 and 293; and an HVR-L3 from a VL domain sequence
selected from the amino acid sequences of SEQ 1D NGs: 100 and 293,

{0288] In some embodiments, an antibody of the present disclosure comprises an HVR-HI
from a VH domain sequence selected from the amino acid sequences of SEQ ID NGs: 288,
290, 408, and 410; an HVR-H2 from a VH domain sequence selected from the amino acid
sequences of SEQ ID NOs: 288, 290, 408, and 410; an HVR-H3 from a VH domain sequence
selected from the amino acid sequences of SEQ ID NOs: 288, 290, 408, and 410; an HVR-L1
from a VL domain sequence selected from the amino acid sequences of SEQ ID NOs: 289,
291, 409, and 411; an HVR-LZ from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 289, 291, 409, and 411; and/or an HVR-L3 from a VL domain
sequence sciected from the amino acid sequences of SEQ ID NOs: 289, 291, 409, and 411.

In some embodiments, an antibody of the present disclosure comprises an HVR-H1 from a
VH domain sequence selected from the amino acid sequences of SEQ ID NGs: 288, 290, 408,
and 418; an HVR-H2 from a VH domain sequence selected from the amino acid sequences of
SEQ 1D NQGs: 288, 290, 408, and 410; and an HVR-H3 from a VH domain sequence selected
from the amino acid sequences of SEQ ID NGOs: 288, 290, 408, and 410. In some
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embodiments, an antibody of the present disclosure comprises an HVR-L1 from a VL domain
sequence sclected from the amino acid sequences of SEQ 1D NOs: 289, 291, 409, and 411; an
HVR-L.2 from a VL domain sequence selected from the amino acid sequences of SEQ ID
NOs: 289, 291, 409, and 411; and an HVR-L3 from a VL domain sequence selected from the
amino acid sequences of SEQ 1D NOs: 289, 291, 409, and 411. In some embodiments, an
antibody of the present disclosure comprises an HVR-H1 from a VH domain sequence
selected from the amino acid sequences of SEQ ID NOs: 288, 290, 408, and 410; an HVR-H2
from a VH domain sequence selected from the amino acid sequences of SEQ ID NQGs: 288,
290, 408, and 410; an HVR-H3 from a VH domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 288, 290, 408, and 410; an HVR-L1 from a VL domain sequence
selected from the amine acid sequences of SEQ 1D NOs: 289, 291, 409, and 411; an HVR-L2
from a VL domain sequence selected from the amino acid sequences of SEQ D NOs: 289,
291, 409, and 411; and an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 289, 291, 409, and 411.

{020%] In some embodiments, an antibody of the present disclosure comprises an HYR-H1
from a VH domain sequence set forth in SEQ 1D NO: 286; an HVR-H? from a VH domain
sequence set forth in SEQ ID NO: 286; an HVR-H3 from a VH domain sequence set forth in
SEQ ID NQO: 286; an HVR-L1 from a VL domain sequence set forth in SEQ 1D NG: 287; an
HVR-L2 from a VL domain sequence set forth in SEQ 1D NO: 287; and/or an HVR-L3 from
a VL domain sequence set forth in SEQ 1D NO: 287, In some embodiments, an antibody of
the present disclosure comprises an HVR-H1 from a VH domain sequence set forth in SEQ
I NG: 286; an HYR-H2 from a VH domain sequence set forth in SEQ 1D NO: 286; and an
HVR-H3 from a VH domain sequence set forth in SEQ ID NO: 286. In some embodiments,
an antibody of the present disclosure comprises an HVR-L1 from a VL domain sequence set
forth in SE(Q 1D NO: 287, an HVR-L2 from a VL domain sequence set forth in SEQ 1D NOG:
287; and an HVR-L3 from a VL domain sequence set forth in SEQ 1D NO: 287, In some
embodiments, an antibody of the present disclosure corprises an HVR-H1 from a VH
domain sequence set forth in SEQ ID NO: 286; an HVR-H2 from a VH domain sequence set
forth in SEQ 1D NO: 286; an HVR-H3 from a VH domain sequence set forth in SEQ 1D NO:
286; an HVR-L1 from a VL dorain sequence set forth in SEQ ID NO: 287; an HVR-L2
from a VL domain sequence set forth in SEQ ID NO: 287, and an HVR-L3 from a VL

domain sequence set forth in SEQ D NG: 287,
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{06210] In some embodiments, an antibody of the present disclosure comprises an HYR-H1
from a VH domain sequence set forth in SEQ ID NO: 284; an HVR-HZ from a VH domain
sequence set forth in SEQ 1D NO: 284; an HVR-H3 from a VH domain sequence set forth in
SEQ ID NO: 284; an HVR-L1 from a VL domain sequence set forth in SEQ 1D NG: 285; an
HVR-LZ from a VL domain sequence set forth in SEQ ID NO: 285; and/or an HVR-L3 from
2 VL domain sequence set forth in SEQ ID NG: 285, Tn some embodiments, an antibody of
the present disclosure comprises an HVR-H1 from a VH domain sequence set forth in SEQ
1D NO: 284; an HVR-H2 from a VH domain sequence set forth in SEQ ID NO: 284; and an
HVR-H3 from a VH domain sequence st forth in SEQ 1D NG: 284, In some embodiments,
an antibody of the present disclosure comprises an HVR-L1 from a VL domain sequence set
forth in SE( 1D NO: 285; an HVR-L2 from a VL domain sequence set forth in SEQ 1D NG:
285; and an HVR-L3 from a VL domain sequence set forth in SEQ 1D NO: 285, In some
embodiments, an antibody of the present disclosure corprises an HVR-H1 from a VH
domain sequence set forth in SEQ ID NO: 284; an HVR-H2 from a VH domain sequence set
forth in SEQ 1D NO: 284; an HVR-H3 from a VH domain sequence set forth in SEQ ID NG:
284; an HVR-L1 from a VL domain sequence set forth in SEQ ID NO: 285; an HVR-1.2
from a VL domain sequence set forth in SEQ ID NG: 285; and an HVR-L3 from a VL
domain sequence set forth in SEQ ID NG: 285.

{6211] In some embodiments, an antibody of the present disclosure comprises an HVR-H1
from a VH domain sequence set forth in SEQ ID NG:244; an HVR-H2 from a VH domain
sequence set forth in SEQ ID NO: 244; an HVR-H3 from a VH dorain sequence set forth in
SEQ 1D NO: 244; an HVR-L1 from a VL domain sequence st forth in SEQ 11D NO: 245; an
BVR-L2 from a VL domain sequence set forth in SEQ 1D NO: 245; and/or an HVR-L3 from
a VL domain sequence s set forth in SEQ ID NG: 245, In some embodiments, an antibody of
the present disclosure comprises an HVR-H1 from a VH domain sequence set forth in SEQ
1D NO: 244; an HVR-HZ from a VH domain sequence set forth in SEQ 1D NO: 244; and an
HVYR-H3 from a VH domain sequence set forth in SEQ 1D NO: 244, In some embodiments,
an antibody of the present disclosure comprises an HVR-L1 from a VL domain sequence s
set forth in SEQ 1D NO:245; an HVR-L2 from a VL domain sequence set forth in SEQ 1D
N(O:245; and an HVR-L3 from a VL domain sequence selected set forth in SEQ 1D NO:245.
In some embodiments, an antibody of the present disclosure comprises an HVR-HI1 from a
VH domain sequence set forth in SEQ 1D NO:244; an HVR-H2 from a VH domain sequence
set forth in SEQ ID N(G:244; an HVR-H3 from a VH domain sequence set forth in SEQ 1D
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NG:244; an HVR-L1 from a VL domain sequence s set forth in SEQ ID NO:245; an HVR-
L2 from a VL domain sequence set forth in SEQ ID NO: 245; and an HVR-L3 from a VL
domain sequence set forth in SEQ ID NO: 245.

{6212} In some embodiments, an antibody of the present disclosure comprises one, two,
or three heavy chain HVR sequences from a VH domain comprising the amino acid sequence
of SEQ ID N(:242 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID NO:243. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ 1D NO:242 and/or a VL domain comprising the amino acid sequence of SEQ 1D
NO:243. In some embodiments, an antibody of the present disclosure comprises one, two, ot
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ 1D N(O:244 and/or one, two, or three light chain HVR sequences from a VL domain
coraprising the amino acid sequence of SEQ 1D NO:2435. 1u some embodiments, an antibody
of the present disclosure comprises a VH dormain comprising the amino acid sequence of
SEQ 1D N{:244 and/or a VL domain comprising the amino acid sequence of SEQ ID
NO:245. In some embodiments, an antibody of the present disclosire comprises one, two, ot
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NG:275 and/or one, two, or three light chain HVR sequences from a VL domain
coruprising the amino acid sequence of SEQ ID NO:276. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:275 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:276. In some emnbodiments, an antibody of the present disclosure comprises one, two, ot
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NG:278 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID N(:279. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ D NO:278 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:279. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NO:280 and/or one, two, or three fight chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID N(G:281. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of

SEQ D NO:280 and/or a VL domain comprising the amino acid sequence of SEQ ID
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NG:281. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NG:282 and/or one, two, or three fight chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID N(:283. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ D NO:282 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:283. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ 1D NO:284 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID NO:285. In some embodirnents, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequance of
SEQ 1D NO:284 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:285. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ 1D NO:286 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID N(O:287. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NG:286 and/or a VL domain comprising the amino acid sequence of SEQ ID
N(G:287. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NO:288 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ 1D NO:289. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NG:288 and/or a VL domain comprising the amino acid sequence of SEQ ID
NOG:289. In some embodimentis, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ 1D NO:280 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID NO:291. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:290 and/or a VL. domain comprising the amino acid sequence of SEQ ID
NO:291. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of

SEQ 1D NO:292 and/or one, two, or three light chain HVR sequences from a VL domain
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comprising the amino acid sequence of SEQ ID NO:293. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NG:292 and/or a VL. domain comprising the amino acid sequence of SEQ ID
NO:293.

{6213] In some embeodiments, an antibody of the present disclosure comprises one, two,
or three heavy chain HVR sequences from a VH domain comprising the amino acid sequence
of SEQ ID N(O:278 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID NO:279. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:278 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:279. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ 1D NO:280 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID NO:281. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:280 and/or a VL. domain comprising the amino acid sequence of SEQ ID
NO:281. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ 1D NG:275 and/or one, two, or three light chain HVR sequences from a VL. domain
comprising the amino acid sequence of SEQ ID NO:276. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ 1D NO:275 and/or a VL domain comprising the amino acid sequence of SEQ 1D
NO:276. In some embodiments, an antibody of the present disclosure comprises one, two, ot
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NO:414 and/or one, two, or three light chain HVR sequences from a VL domain
coraprising the amino acid sequence of SEQ ID NO:415. Tn some embodiments, an antibody
of the present disclosure comprises a VH domain coroprising the amino acid sequence of
SEQ ID NO:414 and/or a VL domain comprising the amino acid sequence of SEG 1D
N(O:415. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NG:123 and/or one, two, or three light chain HVR sequences from a VL domain
coruprising the amino acid sequence of SEQ D NO:100. In some embodiments, an antibody

of the present disclosure comprises a VH dormain comprising the amino acid sequence of
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SEQ I NO:123 and/or a VL domain comprising the amino acid sequence of SEQ ID
NO:100. In some embodiments, an antibody of the present disclosure comprises one, two, ot
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NG:292 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID N(:293. In some embodiments, an antibody
of the present disclosure comprises a VH dorain comprising the amino acid sequence of
SEQ ID NO:292 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:293. In some embodiments, an antibody of the present disclosure comprises one, two, or
thres heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NO:288 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID N(:28%. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ 1D NO:288 and/or a VL domain comprising the amino acid sequence of SEQ ID
N(:289. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NO:290 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID N(:291. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ D NG:290 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:291. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ 1D NO:286 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID NO:287. In some embodirnents, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NG:286 and/or a VL domain comprising the amino acid sequence of SEQ ID
NO:287. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ 1D NO:284 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ 1D NOs:285, 333, or 334, In some
embodiments, an antibody of the present disclosure comprises a VH domain comprising the
amino acid sequence of SEQ ID NO:284 and/or a VL domain comprising the amino acid

sequence of SEQ D NOs: 285, 333, or 334.
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{06214] in some embodiments, an antibody of the present disclosure comprises (a8} a heavy
chain variable (VH) domain comprising (i) an HVR-HI sequence comprising the amino acid
sequence of NFAMT (SEQ ID NGO:175), NFAVT (SEQ 1D NO:204), or NFALT (SEQ 1D
NO:305), (i) an HVR-H2 sequence comprising the amino acid sequence of
TIGSGDTYYADSVEKG (SEQ ID NO:144), and (it} an HVR-H3 sequence comprising the
amino acid sequence of DSTVSWSGDFFDY (SEQ D NO:145); and/or (b) a light chain
variable {VL) domain comprising (1) an HVR-L1 sequence comprising the amino acid
sequence of RASQNVENDLA (SEQ ID N(G:146), (i) an HVR-L2 sequence comprising the
amino acid sequence of AARIRET (SEQ ID NO:147), and (i1i) an HVR-L3 sequence
comprising the amino acid sequence of QQYYDWPPET (SEQ ID NO:148). In some
embodiments, the VH domain comprises an amino acid sequence that is at least 90%, at least
91%, at least 92%, at lcast 93%, at feast 94%, at least 5%, at least 96%, at least 97%, at least
98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ I N(O:120, 246,
258, or 327; and/or the VL domain comprises an amino acid sequence that is 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
feast 98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ ID NG:97 or
312, In some embodiments, the VH domain comprises the amino acid sequence of SEQ ID
N(:246, and the VL domain comprises the amine acid sequence of SEQ 1D NG:97; the VH
domain comprises the amino acid sequence of SEQ ID NO:258, and the VL domain
comprises the amino acid sequence of SEQ ID NOG:87; the VH domain comprises the amino
acid sequence of SEQ ID NO:120, and the VL domain comprises the amino acid sequence of
SEQ 1D NO:97; the VH domain comprises the amino acid sequence of SEQ ID NO:327, and
the VL domain comprises the amino acid sequence of SEQ ID NO:97; the VH domain
comprises the amino acid sequence of SEQ ID NO:246, and the VL domain comprises the
amino acid sequence of SEQ ID NO:312; the VH domain comprises the amino acid sequence
of SEQ ID NO:2358, and the VL domain comprises the amino acid sequence of SEQ D
NG:312; the VH domain comprises the amino acid sequence of SEQ 1D NO:120, and the VL
domain comprises the amino acid sequence of SEQ ID NO:312; or the VH domain comprises
the amineo acid sequence of SEQ 13 NO:327, and the VL domain comprises the amino acid
sequence of SEQ [D NO:312.

{0215] In some embediments, an antibody of the present disclosure comprises {a) a heavy
chain variable (VH) domain comprising (1) an HVR-H1 sequence comprising the amino acid

sequence of IYAMS (SEQ ID NG:269), IYAVS (S8EQ 1D NO:213), or IYALS (SEQ D

121



WO 2018/057669 PCT/US2017/052592

NG:3006), (i) an HVYR-H2 sequence comprising the amino acid sequence of
TIGADDTYYADSVKG (SEQ 1D NO:150), and (i) an HVR-H3 sequence comprising the
amino acid sequence of DSTVGWSGDFFDY (SEQ 1D NO:151); and/or (b) a light chain
variable (VL) domain comprising (1) an HVR-L1 sequence comprising the amino acid
sequence of RASQNVRSDIA (8EQ ID NO:152), (i) an HVR-L2 sequence comprising the
amino acid sequence of AASSRDT (SEQ ID NO:153), and (i) an HVR-L3 sequence
comprising the amino acid sequence of QQYYDWPPFT (SEQ ID NO:148). In some
embodiments, the VH domain comprises an amino acid sequence that is at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at icast 95%, at lcast 96%, at least 97%, at least
98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ 1D NO:341, 127,
247,259, or 328; and/or the VL domain comprises an amino acid sequence that is at least
90%, at least 91%, at least 92%, at feast 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ D
NG:104 or 248, In some embodiments, the VH domain comprises the amino acid sequence
of SEQ ID NG:127, and the VL domain comprises the amino acid sequence of SEQ 1D
NO:104; the VH domain comprises the amino acid sequence of SEQ TD NO:341, and the VL.
domain comprises the amino acid sequence of SEQ ID NO:104; the VH domain comprises
the amino acid sequence of SEQ ID N(:247, and the VL domain comprises the amino acid
sequence of SEQ D NO:104; the VH domain conprises the amino acid sequence of SEQ 1D
NO:259, and the VL domatn comprises the amino acid sequence of SEQ 1D NO:104; the VH
domain comprises the amino acid sequence of SEQ ID NO:328, and the VL domain
comprises the amino acid sequence of SEQ ID NO:104; the VH domain comprises the amino
acid sequence of SEQ D NO:127, and the VL domain comprises the amino acid sequence of
SEQ ID NG:248; the VH domain comprises the amino acid sequence of SEQ ID N(G:341,
and the VL domain comprises the amino acid sequence of SEQ ID N(G:248; the VH domain
coraprises the amino acid sequence of SEQ 1D NO:247, and the VL domain comprises the
amino acid sequence of SEQ 1D N(O:248; the VH domain corprises the amino acid sequence
of SEQ ID N(:259, and the VL domain comprises the amino acid sequence of SEQ ID
N(:248; or the VH domain coraprises the amino acid sequence of SEQ 1D N(O:328, and the
VL domain comprises the amino acid sequence of SEQ 1D N(:248.

{0216] In some embediments, an antibody of the present disclosure comprises {a) a heavy
chain variable (VH) domain comprising: (i) an HVR-H1 sequence comprising the amino acid

sequence of X 2X0DXGN, wherein Xy is Sor Ty Xpis Yor Sy and Xais M, Lo or V (SEQ ID



WO 2018/057669 PCT/US2017/052592

NG:307); (ii) an HVR-H2 sequence comprising the amino acid sequence of

LISGSGEIX, YYADSVKG, wherein X is [ or T (SEQ ID NO:308); and (iti) an HVR-H3
sequence comprising the amino acid sequence of EX X0 X3 YRFFDX,, wherein X is N or D
XoisNor Dy Xsis R or M and Xs is D or Y (SEQ ID NO:309); and/or (b) a light chain
variable (VL) domain comprising: (i} an HVR-L1 sequence comprising the amino acid
sequence of RAXGQSVYXoYLA, wherein Xy is S or I; and X, is T or S (SEQ D NG:310);
(i) an HVR-L2 sequence comprising the amino acid sequence of XjAXpX3RAX,, wherein
XKiisG A,or D X is Sor Ry X5 is 8, N, or Ty and Xy is T or A (SEQ ID NO:311); and (dii)
an HVR-L3 sequence comprising the amino acid sequence of QQYYDRPPLT (SEQ 1D
NO:160). In some embodiments, an antibody of the present disclosure comprises (a) a hbeavy
chain variable (VH) domain comprising (i) an HVR-H] sequence comprising the amino acid
sequence of SYDMN (SEQ 1D NO:2703, SYDVN (SEQ 1D NO221), or SYDLN (SEQ 1D
NG:313), (i) an HVR-H2 sequence comprising the amino acid sequence of
LISGSGEHYYADSVKG (SEQ ID NO:156), and (3ii) an HVR-H3 sequence comprising the
amino acid sequence of ENNRYRFFDD (SEQ ID NO:157); and/or (b} a light chain variable
(VL) domain coroprising (i) an HVR-L1 sequence comprising the amino acid sequence of
RASQSVYTYLA {(SEQ ID NO:158), (it) an HVR-L2 sequence comprising the amino acid
sequence of GASSRAT (SEQ ID NG:159), and (iti) an HVR-L3 sequence comprising the
amino acid sequence of QUYYDRPPLT (SEQ ID NO:160). In some embodiments, the VH
domain comprises an amino acid sequence that is at least 90%, at least 31%, at least 92%, at
feast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%,or
100% identical to the amino acid sequence of SEQ 1D NO:133, 260, 329, or 249 ; and/or the
VL domain comprises an amino acid sequence that is 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%, at least
99%,0r 100% identical to the amino acid sequence of SEQ 1D NO:134, 250, 251 417, 418, or
419. In some embodiments, the VH domain comprises the anino acid sequence of SEQ 1D
NG:133, and the VL domain comprises the amino acid sequence of SEQ 1D NO:134; the VH
domain comprises the amino acid sequence of SEQ ID NO:260, and the VL domain
comprises the amino acid sequence of SEQ ID NO:134; the VH domain comprises the amino
acid sequence of SEQ D NO:329, and the VL. domain comprises the amino acid sequence of
SEQ ID NG:134; the VH domain comprises the amino acid sequence of SEQ 1D NG:249,
and the VL domain comprises the amino acid sequence of SEQ 1D NO:134; the VH domain

comprises the amino acid sequence of SEQ [D NO:133, and the VL domain comprises the
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amino acid sequence of SEQ ID N(:417; the VH domain comprises the amino acid sequence
of SEQ ID NO:260, and the VL domain comprises the amino acid sequence of SEQ ID
N(G:417; the VH domain comprises the amino acid sequence of SEQ ID NO:329, and the VL
domain comprises the amino acid sequence of SEQ ID NG:417; the VH domain comprises
the amino acid sequence of SEQ 1D NO:249, and the VL domain comprises the amino acid
sequence of SEQ ID NOG:417; the VH domain comprises the amino acid sequence of SEQ 1D
NO:133, and the VL domatn comprises the amino acid sequence of SEQ 1D NO:418; the VH
domain comprises the amino acid sequence of SEQ ID NO:260, and the VL domain
comprises the amino acid sequence of SEQ ID NOG:418; the VH domain comprises the amino
acid sequence of SEQ D N(O:329, and the VL domain comprises the amino acid sequence of
SEQ ID NG:418; the VH domain comprises the amino acid sequence of SEQ 1D N(G:249,
and the VL domain comprises the amino acid sequence of SEQ 1D NO:418; the VH domain
coraprises the amino acid sequence of SEQ 1D NO:133, and the VL domain comprises the
amino acid sequence of SEQ ID N(:419; the VH domain comprises the amino acid sequence
of SEQ ID NG:260, and the VL domain comprises the amino acid sequence of SEQ 1D
NO:419; the VH domain comprises the amino acid sequence of SEQ 1D NO:329, and the VL
domain comprises the amino acid sequence of SEQ ID N(G:419; the VH dormain comprises
the amino acid sequence of SEQ ID N(:249, and the VL domain comprises the amino acid
sequence of SEQ D NO:419; the VH domain conprises the amino acid sequence of SEQ 1D
NO:133, and the VL domatn comprises the amino acid sequence of SEQ 1D NO:250; the VH
domain comprises the amino acid sequence of SEQ ID NO:260, and the VL domain
comprises the amino acid sequence of SEQ ID NOG:250; the VH domain comprises the amino
acid sequence of SEQ D N(O:329, and the VL domain comprises the amino acid sequence of
SEQ ID NG:250; the VH domain comprises the amino acid sequence of SEQ ID NG:133,
and the VL domain comprises the amino acid sequence of SEQ ID N(G:251; the VH domain
coraprises the amino acid sequence of SEQ 1D NO:260, and the VL domain comprises the
amino acid sequence of SEQ 1D N(G:251; the VH domain comprises the amino acid sequence
of SEQ ID N(:329, and the VL domain comprises the amino acid sequence of SEQ ID
NO:251; the VH domain comprises the amino acid sequence of SEQ ID NO:249, and the VL
domain comprises the amino acid sequence of SEQ 1D NO:134; the VH domain corprises
the amino acid sequence of SEQ ID N(:249, and the VL domain comprises the amino acid
sequence of SEQ D NO:250; or the VH domain comprises the amino acid sequence of SEQ

1D NO:249, and the VL domain comprises the amino acid sequence of SEQ 1D NO:251.
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{0217] in some embodiments, an antibody of the present disclosure comprises (a8} a heavy
chain variable (VH) domain comprising: (1) an HVR-H1 sequence comprising the amino acid
sequence of XiXoAXsS, wherein Xy is Sor T; Xois N, Y, H, or Dy and Xais M, L, or V (SEQ
ID NG:287); (i) an BVR-H2 sequence comprising the amino acid sequence of

GISX XXXy Xs X Y Y XX gSXoKG, wherein X is Aor §; Xpis (G, S, or absent; X5is S, D
or G Xy s Gor S Xsis D, S,or i XegisTor Ay X8 P, GV, LA or §; Xeis A, D, or G
and Xo1s V or M (SEQ ID NO:298); and (i1} an HVR-H3 sequence comprising the amino
acid sequence of ETWNHLEDY (SEQ 1D NG:193); and/or (b) a light chain variable (VL)
domain comprising: (1) an HVR-L1 sequence comprising the amino acid sequence of
SGOX Xy XaSXaYYXs, wherein X1 1s 3, G, §, [, or absent; X318 S, W, G, Y, D3, or absent;
X185, Y. T, or Dy Xyis H T, S, or ¥ and Xsis G or A (SEQ 1D NO:299); (i) an HVR-L2
sequence comprising the amino acid sequence of SDX;XoRPX;, wherein X5 is D or N X is
E, K, or Q; and X5 18 8 or P (SEQ 1D NO:300); and (i) an HVR-L3 sequence comprising the
amino acid sequence of X X YDXGX XY XNXy, wherein Xj is Gor A: Xy is Gor A; X31s
G Y. QS o A XyisS,Ror Ty XsisTor S; Xgis ALV, LLorThand X7isT,A, D, or P
(SEQ ID NG:301). In some embodiments, an antibody of the present disclosure comprises
{(a} a heavy chain variable (VH) domain comprising: (1) an HVR-H1 sequence comprising the
amino acid sequence of SX;AX,S, wherein Xy is N or Y; and wherein X, is M, L, or V (SEQ
10 NO:302); (i) an HVR-H2 sequence comprising the amino acid sequence of

GISX | GXLXaDTYY X XSVKG, wherein X, 1s A or 5; X518 G or absent; X518 Sor Gy Xy is
P, G, or V;and Xs is A or D (SEQ 1D NO:303); and (i11) an HVR-H3 sequence comprising
the amino acid sequence of ETWNHLFDY (SEQ 13 NO:193); and/or (b) a light chain
variable (VL) domain comprising: (i) an HVR-L1 sequence comprising the amino acid
sequence of SGGX;YSSYY YA, wherein X is S or A (SEQ 1D N(O:304); (i) an HVR-L2
sequence comprising the amino acid sequence of SDDKRPS (SEQ ID NG:3346); and (iit} an
HVR-L3 sequence comprising the amino acid sequence of GGYDQSSYTNP (SEQ D
NG:172). In some embodiments, the VH domain comprises (i) an HVR-H1 sequence
comprising the amino acid sequence of SNAMS (SEQ ID NO:194), SNAVS (SEQ 1D
NO:2713, or SNALS (SEG 1D NO:318), (i) an HVR-HZ sequence comprising the amino acid
sequence of GISAGGSDTYYPASVKG (SEQ ID NO:193), and (Gii) an HVR-H3 sequence
comprising the amino acid sequence of ETWNHLEFDY (SEQ 1D NO:193). In some
embodiments, the VH domain comprises an aminoe acid sequence that is at least 90%, at least

91%, at least 92%, at least 93%, at feast 94%, at least 95%, at least 96%, at least 97%, at least
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98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ 1D NO: 135, 263,
264, or 330. In some embodiments, the VH domain comprises (i) an HVR-H1 sequence
comprising the amino acid sequence of SNAMS (SEQ ID NG:194), SNAVS (SEQ 1D
NO:271), or SNALS (SEQ ID NO:318), (1) an HVR-H2 sequence comprising the amino acid
sequence of GISSGSDTYYGDSVKG (SEQ ID NG:197), and (iii) an HVR-H3 sequence
coraprising the amino acid sequence of ETWNHLFDY (SEQ ID NO:193). In some
embodiments, the VH domain comprises an amino acid sequence that is at least 90%, at least
91%, at least 92%, at least 93%, at least 949%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ ID NO: 137, 2653,
266, or 331. In some embodiments, the VH domain corprises (i) an HVR-H1 sequence
comprising the amino acid sequence of SYAMS (SEQ ID N(G:200), SYAVS (SEQ ID
NOG:272), or SYALS (SEQ 1D NO:319), (i) an HVR-H2 sequence comprising the amino acid
sequence of GISSGGDTYYVDSVEG (SEQ 1D NO:201), and (5i1) an HVR-H3 sequence
comprising the amino acid sequence of ETWNHLFDY (SEQ ID NG:193). In some
embodiments, the VH domain comprises an amino acid sequence that is 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%, at least 99%,0r 100% 1dentical to the amino acid sequence of SEQ ID NO: 139, 267,
268, or 332. In some embodiments, the VL domain comprises one or more human FGLV3
frarnework sequences. In some embodiments, the VL domain comprises four human IGLV3
framework sequences. In some embodiments, the VL domain comprises the sequence
FW1—HVR-L1—FW2—HVR-L.2—FW3—HVR-L3—FW4 (N-terminus to C-terminus),
wherein FW1 comprises the amino acid sequence SYELTQPPSVSVSPGQTARITC (SEQ D
NO:314), FW?2 comprises the amino acid sequence WYQQKPGQAPVTLIY (SEQ ID

NO:315), FW3 comprises the amino acid sequence
NIPERFSGSSSGTTVTILTISGVQAEDEADYYC (SEQ 1D N{:316), and FW4 comprises
the amino acid sequence FGGGTKLTVL (SEQ ID NG:317). In some embodiments, the VL
domain comprises (i) an HVR-L1 sequence comprising the amino acid sequence of
SCGGSYSSYYYA (SEQ ID NO:170), (i) an HVR-L2 sequence comprising the amino acid
sequence of SDDKRPS (SEQ 1D NO:336), and (i) an HVR-L3 sequence comprising the
amino acid sequence of GGYDQSSYTNP (SEQ 1D NO:172). In some embodiments, the VL
domain comprises an amino acid sequence that is at least 90%, at least 91%, at least 92%, at
least 939%, at least 94%, at [cast 95%, at least 96%, at least 97%, at least 98%, at lcast 99%,0r

100% identical to the amuno acid sequence of SEQ ID NO:252. In some embodiments, the
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VL domain comprises an amino acid sequence that is at least 90%, at least 1%, at least 92%,
at least 93%, at lcast 94%, at least 95%, at lcast 96%, at least 97%, at least 98%, at lcast

99% 01 100% identical to the amino acid sequence of SEQ 1D NO:254. In some
embodiments. the VL domain comprises an amino acid sequence that is at least 90%, at least
91%, at least 92%, at lcast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ ID N(O:416. In some
embodiments, the VL domain comprises (1) an HVR-L1 sequence comprising the amino acid
sequence of SGGAYSSYYYA (SEQ ID NOG:261), (il) an HVR-L2 sequence comprising the
amino acid sequence of SDDKRPS (SEQ ID N(G:336), and (iti) an HVR-L.3 sequence
comprising the amino acid sequence of GGYDQSSYTNP (SEQ ID NO:172). In some
embodiments, the VL domain comprises an amino acid sequence that is at least 90%, at least
91%, at least 92%, at lcast 93%, at feast 94%, at least 5%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical to the amino acid sequence of SEQ 1D NO:262. In
some embodiments, the VH domain comprises the amino acid sequence of SEQ 11 NO:263,
and the VL domain comprises the amino acid sequence of SEQ 1D NO:252; the VH domain
comprises the amino acid sequence of SEQ TD NO:264, and the VL domain comprises the
amino acid sequence of SEQ ID NO:252; the VH domain comprises the amino acid sequence
of SEQ ID NO:330, and the VL domain comprises the amino acid sequence of SEQ ID
N(:252; the VH domain comprises the amino acid sequence of SEQ 1D NO:135, and the VL
domain comprises the amino acid sequence of SEQ ID NO:252; the VH domain comprises
the amine acid sequence of SEQ ID NO:137, and the VL domain comprises the amino acid
sequence of SEQ 1D N(O:252; the VH domain comprises the amino acid sequence of SEQ 1D
NO:139, and the VL domain comprises the amino acid sequence of SEQ 1D NO:252; the VH
domain comprises the amino acid sequence of SEQ ID NG:265, and the VL domain
comprises the amino acid sequence of SEQ ID NO:252; the VH domain comprises the amino
acid sequence of SEQ ID NO:266, and the VL. domain corprises the amino acid sequence of
SEQ D NO:252; the VH domain comprises the amino acid sequence of SEQ 1D NO:331,
and the VL domain comprises the amino acid sequence of SEQ 1D NO:252; the VH domain
comprises the amino acid sequence of SEQ ID NO:267, and the VL domain comyprises the
amino acid sequence of SEQ ID NO:252; the VH domain comprises the amino acid sequence
of SEQ ID NO:268, and the VL domain comprises the amino acid sequence of SEQ ID
N(G:252; the VH domain comprises the amino acid sequence of SEQ 1D NO:332, and the VL

domain comprises the amino acid sequence of SEQ 1D NO:252; the VH domain comprises
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the amine acid sequence of SEQ ID NO:263, and the VL domain comprises the amino acid
sequence of SEQ D NG:262; the VH domain comprises the amino acid sequence of SEQ D
NO:264, and the VL domain comprises the amino acid sequence of SEQ 1D NO:262; the VH
domain comprises the amino acid sequence of SEQ ID NG:330, and the VL domain
comprises the amino acid sequence of SEQ ID NO:262; the VH domain comprises the amino
acid sequence of SEQ ID NG:2635, and the VL domain comprises the amino acid sequence of
SEQ 1D N(O:262; the VH domain comprises the amino acid sequence of SEQ 1D N(O:266,
and the VL domain comprises the amino acid sequence of SE(Q 1D NO:262; the VH domain
comprises the amino acid sequence of SEQ ID NG:331, and the VL domain conprises the
amino acid sequence of SEQ 1D NG:262; the VH domain comprises the amino acid sequence
of SEQ ID NO:267, and the VL domain comprises the amino acid sequence of SEQ ID
N(:262; the VH domain comprises the amino acid sequence of SEQ 1D NOG:268, and the VL
domain comprises the amino acid sequence of SEQ ID NO:262; the VH domain comprises
the amino acid sequence of SEQ ID NO:332, and the VL domain comprises the amino acid
sequence of SEQ ID NG:262; the VH domain comprises the amino acid sequence of SEQ ID
NO:263, and the VL domain comprises the amino acid sequence of SEQ 1D NG:254; the VH
domain comprises the amino acid sequence of SEQ ID NG:264, and the VL domain
comprises the amine acid sequence of SEQ 1D NO: 254; the VH domain comprises the amino
acid sequence of SEQ 1D NO:330, and the VL domain comprises the amino acid sequence of
SEQ ID NO: 254; the VH domain comprises the amino acid sequence of SEQ ID NG:265,
and the VL domain comprises the amino acid sequence of SEQ ID NO: 254; the VH domain
comprises the amino acid sequence of SEQ ID NG:266, and the VL domain conprises the
amino acid sequence of SEQ 1D NO: 254; the VH domain comprises the amino acid
sequence of SEQ ID N(O:331, and the VL domain comprises the amino acid sequence of SEQ
ID NG: 254, the VH domain comprises the amino acid sequence of SEQ ID NO:267, and the
VL domain comprises the amino acid sequence of SEQ D NO: 254; the VH domain
comprises the amino acid sequence of SEQ 1D N(O:268, and the VL domain comprises the
amino acid sequence of SEQ ID NO: 254; the VH domain comprises the amino acid
sequence of SEQ 1Y NO:332, and the VL domain comprises the amino acid sequence of SEQ
ID NO: 254; the VH domain coroprises the amino acid sequence of SEQ [D NO:263, and the
VL domain comprises the amino acid sequence of SEQ ID NG: 416; the VH domain
comprises the amino acid sequence of SEQ 1D NG:264, and the VL domain comprises the

amino acid sequence of SEQ ID NO: 416; the VH domain comprises the amino acid
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sequence of SEQ ID NO:330, and the VL domain comprises the amino acid sequence of SEQ
1D NO: 416; the VH domain comprises the amino acid sequence of SEQ D NO:265, and the
VL domain comprises the amino acid sequence of SEQ ID NG: 416; the VH domain
comprises the amino acid sequence of SEQ ID NO:266, and the VL domain comprises the
amino acid sequence of SEQ ID NO: 416; the VH domain comprises the amino acid
sequence of SEQ ID NO:331, and the VL domain comprises the amino acid sequence of SEQ
[P NO: 416; the VH domain comprises the amino acid sequence of SEQ ID NOG:267, and the
VL domain comprises the amino acid sequence of SEQ ID NO: 416; the VH domain
comprises the amino acid sequence of SEQ ID NOG:268, and the VL domain conprises the
amino acid sequence of SEQ 1D NO: 416; the VH domain comprises the amino acid
sequence of SEQ 1D NG:332, and the VL domain comprises the amino acid sequence of SEQ
1D NO: 416; the VH domain comprises the amino acid sequence of SEQ 1D NG: 135, and the
VL domain comprises the amino acid sequence of SEQ 1D NG:262; the VH domain
comprises the amino acid sequence of SEQ ID N(G:137, and the VL domain comprises the
amino acid sequence of SEQ ID N(:262; the VH domain comprises the amino acid sequence
of SEQ TD NG: 135, and the VL domain comprises the amino acid sequence of SEQ ID
NO:254; the VH domain comprises the amino acid sequence of SEQ 1D NO:135, and the VL
domain comprises the amino acid sequence of SEQ ID N(G:416; the VH domain comprises
the amino acid sequence of SEQ 1D NO:137, and the VL domain comprises the amino acid
sequence of SEQ ID NG:254; the VH domain comprises the amino acid sequence of SEQ ID
NG:137, and the VL domain comprises the amino acid sequence of SEQ 1D N(G:416; the VH
domain comprises the amino acid sequence of SEQ 1D NO:139, and the VL domain
comprises the amino acid sequence of SEQ TD NO:254; the VH domain comprises the amino
acid sequence of SEQ 1D N(O:139, and the VL domain comprises the amino acid sequence of
SEQ ID NO:416; or the VH domain comprises the amine acid sequence of SEQ 1D NO:139,
and the VL domain comprises the amino acid sequence of SEQ 1D NO:262.

{0218] In some embodiments, an antibody of the present disclosure comprises a VH
domain comprising the amino acid sequence of SEQ ID NOG:120 and/or a VL domain
comprising the amino acid sequence of SEQ 1D NO:97. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NG:127 and/or a VL domain comprising the amino acid sequence of SEQ ID
N:104. In some embodiments, an antibody of the present disclosure comprises a VH

domain comprising the amino acid sequence of SEQ ID NO:133 and/or a VL. domain
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comprising the amino acid sequence of SEQ ID NO:134. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NG:135 and/or a VL. domain comprising the amino acid sequence of SEQ ID
NO:136. In some embodiments, an antibody of the present disclosure comprises a VH
domain comprising the amino acid sequence of SEQ ID NO:137 and/or a VL domain
comprising the amino acid sequence of SEQ ID NO:138. Tn some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:139 and/or a VL domain comprising the amino acid sequence of SEQ ID
NO:140. In some embodiments, an antibody of the present disclosure comprises a VH
domain comprising the amino acid sequence of SEQ 1D NO:141 and/or a VL domain
comprising the amino acid sequence of SEQ ID N(O:142.

{0219] In some embodiments, the antibody cormprises (a) an HVR-H1 sequence
coraprising the amino acid sequence of GFESFSX XOAMXs, wheretn X isNor [ Xpis For
Y. and X3is T or S (SEQ ID NO:185); (b) an HVR-H2 sequence comprising the amino acid
sequence of TIGK X;DTYYADSVKG, wherein Xsis Sor A and X5 1s Gor D (SEQ ID
NO:186); {¢) an HYR-H3 sequence comprising the amino acid sequence of
DSTVXWSGDFFDY, wherein Xgis S or G (SEQ ID NO:187); (d) an HVR-L1 sequence
comprising the amino acid sequence of RASQNVE,XDXoA, wherein Xyis Kor Ry Xgis N
or §; and Xgis L or I (SEQ 1D NO:188); () an HVR-L2 sequence corprising the amino acid
sequenice of AAX (X RX T, wherein Xpis Ror 5; Xy isTor Sy and Xp is E or B (SEQ ID
NG:189); and (f) an HVR-L3 sequence comprising the amino acid sequence of
QQYYDWPPFT (SEQ ID NO:148).

{32201 In some embodiments, an antibody of the present disclosure comprises one, two,
three, four, five, or six HVR sequences having an amino acid sequence selected from SEQ ID
NOs:143-148 (e.g., one, two, or three heavy chain HVR sequences selected from SEQ ID
NOs:143-145 and/or one, two, ot three light chain HVR sequences selected from SEQ ID
NGs:146-148). In some embodiments, an antibody of the present disclosure comprises one,
two, three, four, five, or six HVR sequences having an amino acid sequence selected from
SEG ID NUs:148-153 (e.g., one, two, or three heavy chain HVR sequences selected from
SEQ ID NOs:149-151 and/or one, two, or three light chain HVR sequences selected from
SEQ ID NQOs:152, 153, and 148}. In some embodiments, an antibody of the present
disclosure comprises one, two, three, four, five, ot six HVR sequences having an amino acid

sequence selected from SEQ 1D NOs:155-160 (e.g., one, two, or three heavy chain HVR
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sequences selected from SEQ 1D NOs:155-157 and/or one, two, or three light chain HVR
sequences selected from SEQ 1D NOs:158-160). In some embodiments, an antibody of the
present disclosure comprises one, two, three, four, five, or six HVR sequences having an
amino acid sequence selected from SEQ 1D NOs:161-166 (e.g., one, two, or three heavy
chain HVR sequences selected from SEQ ID NOs:161-163 and/or one, two, or three light
chain HVR sequences selected from SEQ ID NOs:164-166). In some emmbodiments, an
antibody of the present disclosure comprises one, two, three, four, five, or six HVR
sequences having an amino acid sequence selected from SEQ ID NOs:161-166 {e.g., one,
two, or three heavy chain HVR sequences sclected from SEQ 1D NOs:161-163 and/or one,
two, or three light chain HVR sequences of a variable domain shown in Table 2). In some
embodiments, an antibody of the present disclosure comprises one, two, three, fouy, five, or
six HVR sequences having an amine acid sequence selected from SEQ 1D NOs: 161, 163,
168, and 170-172 (e.g., one, two, ot three heavy chain HVR sequences selected from SEQ 1D
NGs: 161, 168, and 163 and/or one, two, or three light chain HVR sequences selected from
SEQ 1D NOs:170-172). In some embodiments, an antibody of the present disclosure
comprises one, two, three, four, five, or six HVR sequences having an amino acid sequence
selected from SEQ 1D NOs: 161, 163, 16§, and 170-172 {(e.g., ong, two, or three heavy chain
HVR sequences selected from SEQ 1D NOs: 161, 168, and 163 and/or one, two, or three light
chain HVR sequences of a variable domain shown in Table 2). In some ernbodiments, an
antibody of the present disclosure comprises one, two, three, four, five, or six HVR
sequences having an amino acid sequence selected from SEHQ ID NOs:163, 173, 174, and
176-178 (e.g., one, two, or three heavy chain HVR sequences selected from SEQ 1D
NOs:163, 173, and 174 and/or one, two, or three light chain HVR sequences selected from
SEQ ID NGs:176-178). In some embodiments, an antibody of the present disclosure
comprises one, two, three, four, five, or six HVR sequences having an amino acid sequence
selected from SEQ ID NOs: 162, 163, 179, and 182-184 {e.g., one, two, or three heavy chain
HVR sequences selected from SEQ ID NGs: 162, 163, and 179 and/or one, two, or three light
chain HVR sequences selected from SEQ ID NOs:182-184). In some embodiments, an
antibody of the present disclosure comprises one, two, three, four, five, or six HVR
sequences having an amino acid sequence selected from SEQ ID NOs: 162, 163, 179, and
182-184 (e.g.. one, two, or three heavy chain HVR sequences selected from SEQ 1D NOs:
162, 163, and 179 and/or one, two, or three light chain HVR sequences of a variable domain

shown in Table 2). In some embodiments, an antibody of the present disclosure comprises
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one, two, three, four, five, or six HVR sequences from the variable domain sequences of SEQ
1D NOs:120 and 97 (e.g., one, two, or three heavy chain HVR sequences from the heavy
chain variable domain sequence of SEQ 1D NO:120 and/or one, two, or three light chain
HVR sequences from the light chain variable domain sequence of SEQ ID N(:97). In some
embodiments, an antibody of the present disclosure comprises one, tweo, three, four, five, or
six HVR sequences from the variable domain sequences of SEQ ID NOs:127 and 104 (e.g.,
omne, two, or three heavy chain HVR sequences from the heavy chain variable domain
sequence of SEQ ID NO:127 and/or one, two, or three Hght chain HVR sequences from the
light chain variable domain sequence of SEQ 1) NO:104). In some embodirents, an
antibody of the present disclosure comprises one, two, three, four, five, or six HVR
sequences from the variable domain sequences of SEQ 1D NGs:97, 104, 120, and 127 (e.g.,
one, two, or three heavy chain HVR sequences from the heavy chain variable domain
sequence of SEQ D NOs:120 and 127 and/or one, two, or three Jight chain HVR sequences
from the light chain variable domain sequence of SEQ ID NOs:97 and 104).

{0221] In some embodiments, an antibody of the present disclosure comprises (a}a VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ [ N(:143, an
HVR-H2 comprising the amino acid sequence of SEQ ID NO:144, and an HVR-H3
comprising the amino acid sequence of SEQ ID N(:145; and/or (b) a VL domain comprising
an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 146, an HVR-L2 comprising
the amino acid sequence of SEQ ID NO:147, and an HVR-L3 comprising the amino acid
sequence of SEQ ID NO:i48. In some embodiments, an antibody of the present disclosure
comprises (a) a VH domain comprising an HVR-H1 comprising the amino acid sequence of
SEQ ID NO:149, an HVR-H2 comprising the amino acid sequence of SEQ ID NO:150, and
an HVR-H3 comprising the amino acid sequence of SEQ ID NO:151; and/or (b) a VL
domain comprising an HVR-L1 comprising the amino acid sequence of SEQ ID NO:152, an
HVR-L2 comprising the amino acid sequence of SEQ 1D NO:153, and an HVR-L3
comprising the amino acid sequence of SEQ 1D NO:148. Tn some embodiments, an antibody
of the present disclosure comprises (a) a VH domain comprising an HVR-H1 comprising the
amino acid sequence of SEQ ID NO:143 or 149, an HVR-H2 comprising the amino acid
sequence of SEQ [D NO:144 or 150, and an HVR-H3 comprising the amino acid sequence of
SEQ ID NG:145 or 151; and/or (b) a VL domain comprising an HVR-L1 comprising the
amino acid sequence of SEQ 1D NO:146 or 152, an HVR-L2 comprising the amino acid

sequence of SEQ ID NO:147 or 153, and an HVR-L3 comprising the amino acid sequence of
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SEQ ID NO:148. In some embodiments, an antibody of the present disclosure comprises {a)

2 VH domain comprising an HYR-H1 comprising the amino acid sequence of SEQ ID

H3 comprising the amino acid sequence of SEQ ID NO:157; and/or (b) a VL domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ 1D NO:158, an HVR-L2
comprising the amino acid sequence of SEQ 1D NO:159, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:160. In some embodiments, an antibody of the present
disclosure comprises (a) a VH domain comprising an HVR-H1 comprising the amino acid
sequence of SEQ 1D NO:161, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:162, and an HVR-H3 comprising the amino acid sequence of SEQ ID NG:163; and/or (b)
a VL domain comprising an HYR-L1 comprising the amino acid sequence of SEQ ID
NO:164, an HVR-L2 comprising the amine acid sequence of SEQ 1D N(O:165, and an HVR-
L3 comprising the amino acid sequence of SEQ ID NO:166. In some embodiments, an
antibody of the present disclosure comprises (a) a VH domain comprising an HVR-H1
comprising the amino acid sequence of SEQ ID NO:161, an HVR-H2 comprising the amino
acid sequence of SEQ D NO:168, and an HVR-H3 comprising the amino acid sequence of
SEQ ID NO:163; and/or (b) a VL domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ 1D NG:170, an HVR-L2 comprising the amino acid sequence of SEQ ID
N(G:171, and an HVR-L3 comprising the amino acid sequence of SEQ 1D NO:172. In some
embodiments, an antibody of the present disclosure comprises {4} a VH domain comprising
an HVR-HI comprising the amino acid sequence of SEQ ID NO:173, an HVR-H2
comprising the amino acid sequence of SEQ 1D NO:174, and an HYR-H3 comprising the
amino acid sequence of SEQ 1D NO:163; and/or (b) a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID NO:176, an HVR-L2 comprising the amino
acid sequence of SEQ ID NO:177, and an HVR-L3 comprising the amino acid sequence of
SEQ 1D NO:178. In some embodiments, an antibody of the present disclosure comprises (a)
a VH domain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID
NG:179, an HVR-H2Z comprising the amino acid sequence of SEQ ID N(O:162, and an HVR-
H3 comprising the amino acid sequence of SEQ 1D NO:163; and/or (b} a VL. domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ 1D NO:182, an HVR-1.2
comprising the amino acid sequence of SEQ ID N(O: 183, and an HVR-L3 comprising the

amino acid sequence of SEQ 1D NO:184.
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{0222] in some embodiments, an antibody of the present disclosure comprises a VH
domain comprising the amino acid sequence of SEQ ID NOG:135 and/or a VL domain
comprising an HVR-LI comprising the amino acid sequence of SEQ 1D NO:164, an HVR-L.2
comprising the amino acid sequence of SEQ ID N(O: 165, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:166. In some embodiments, an antibody of the present
disclosure comprises a VH domain comprising the amino acid sequence of SEQ {1 NO:137
and/or a VL domain comprising an HVR-L1 comprising the amino acid sequence of SEQ 1D
NG:170, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:171, and an HVR-
L3 comprising the amino acid sequence of SEQ 13 NO:172. In some embodiments, an
antibody of the present disclosure comprises a VH domain comprising the amino acid
sequence of SEQ 1D N(:139 and/or a VL domain comprising an HVR-L1 comprising the
amino acid sequence of SEQ 1D NG:176, an HVR-L2 comprising the amino acid sequence of
SEQ 1D NO:177, and an HVR-L3 comprising the amino acid sequence of SEQ 1D NO:178.
In some embodiments, an antibody of the present disclosure comprises a VH domain
comprising the amino acid sequence of SEQ ID NO:141 and/or a VL domain comprising an
HVR-L1 comprising the amino acid sequence of SEQ 1D NO:182, an HVR-L2 comprising
the amino acid sequence of SEQ ID N(O:183, and an HVR-L3 comprising the amino acid
sequence of SEQ ID N(:184.

{0223] In some embodiments, an antibody of the present disclosure comprises {(a} a VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NG:161, an
HVR-H2 comprising the amino acid sequence of SEQ ID N(:162, and an HVR-H3
comprising the amino acid sequence of SEQ 1D NO:163; and/or (b) a VL domain comprising
an HVR-L1 comprising the amino acid sequence of SEQ ID NO:164, 170, 176, or 182, an
HVR-L2 comprising the amino acid sequence of SEQ 1D N(O:165, 171, 177, or 183, and an
HVR-L3 comprising the amino acid sequence of SEQ} ID N(O:166, 172, 178, or 184, In some
embodiments, an antibody of the present disclosure comprises (a) a VH domain comprising
an HVR-HI comprising the arnino acid sequence of SEQ 1D NO:161, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:168, and an HVR-H3 comprising the
amino acid sequence of SEQ ID NO:163; and/or (b} a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID NG:164, 170, 176, or 182, an HVR-L.2
comprising the amino acid sequence of SEQ ID NG:165, 171, 177, or 183, and an HVR-L3
coruprising the amino acid sequence of SEQ 1D NO:166, 172, 178, or 184, In sonme

embodiments, an antibody of the present disclosure comprises (a) a VH domain comprising
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an HVR-HI comprising the amino acid sequence of SEQ 1D NO:173, an HVR-H2
comprising the amino acid sequence of SEQ 1D NO:174, and an HVR-H3 comprising the
amino acid sequence of SEQ ID NO:163; and/or (b) a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID NG:164, 170, 176, or 182, an HVR-L2
comprising the amino acid sequence of SEQ ID NO:165, 171, 177, or 183, and an HVR-L3
corprising the amino acid sequence of SEQ ID NO:166, 172, 178, or 184. In some
embodiments, an antibody of the present disclosure comprises {(a) a VH domain comprising
an HVR-HI comprising the amino acid sequence of SEQQ ID NO:179, an HVR-H2
comprising the amino acid sequence of SEQ 1D NO:162, and an HVYR-H3 comprising the
amino acid sequence of SEQ ID NO:163; and/or (b} a VL domain comprising an HVR-L]
comprising the amino acid sequence of SEQ ID N(O:164, 170, 176, or 182, an HVR-L2
comprising the amino acid sequence of SEQ ID NO:165, 171, 177, or 183, and an HVR-L3
comprising the amino acid sequence of SEQ 1D NO:166, 172, 178, or 184. Insome
embodiments, an antibody of the present disclosure comprises a VH domain comprising the
amino acid sequence of SEQ ID N(:135 and/or a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID NO:164, 170, 176, or 182; an HVR-L2
comprising the amino acid sequence of SEQ ID NG:165, 171, 177, or 183; and an HVR-L3
comprising the amino acid sequence of SEQ ID N(O:166, 172, 178, or 184, In some
embodiments, an antibody of the present disclosure comprises 2 VH domain comprising the
amino acid sequence of SEQ ID NO:137 and/or a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID NO:164, 170, 176, or 182; an HVR-L2
comprising the amino acid sequence of SEQ 1D NO:165, 171, 177, or 183; and an HVR-L3
comprising the amino acid sequence of SEQ 1D NO:166, 172, 178, or 184. Tn some
embodiments, an antibody of the present disclosure comprises a VH domain comprising the
amino acid sequence of SEQ ID NO:139 and/or a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID NO:164, 170, 176, or 182; an HVR-L.2
comprising the amino acid sequence of SEQ 1D NO:1635, 171, 177, or 183; and an HVR-L3
comprising the amino acid sequence of SEQ ID NO:166, 172, 178, or 184. In some
embodiments, an antibody of the present disclosure comprises a VH domain comprising the
amino acid sequence of SEQ ID NO:141 and/or a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID NG:164, 170, 176, or 182; an HVR-L2
coruprising the amino acid sequence of SEQ D NO:165, 171, 177, or 183; and an HVR-L3
comprising the amino acid sequence of SEQ ID NO:166, 172, 178, or 184.
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{06224] in some embodiments, an antibody of the present disclosure comprises (aya VH
doraain comprising one, two, or three HVR sequences from SEQ 1D NO:242; and/or (b)) a VL
domain comprising one, two, or three HVR sequences from SEQ ID NG:243. In some
embodiments, an antibody of the present disclosure comprises {a) a VH domain comprising
one, two, or three HVYR sequences from SEQ ID NO:244; and/or (b) a VL domain comprising
one, two, or three HVR sequences from SEQ 1D NO:245.

{0225] As described supra, various techniques for delineating hypervariable regions
{(HVRs) or complementarity determining regions (CDRs}) are known in the art and can be
applied to the variable domain sequences described herein. In some embodiments, an
antibody of the present disclosure comprises HVRs as defined by Chothia, Kabat, IMGT, ora
combination thereof (e.g., one or more HVRs as defined by one delineation and onc or more
HVRs as defined by a different delineation). HVR sequences of antibodies of the present
disclosure delineated using three known delineation (Chothia, Kabat, and IMGT) are
provided in Table 5. As used herein, unless otherwise specified, the mumbering of HVR

residues is defined by Kabat numbering.

Table 5. HVR delineations.

Hum 1 HVR-L1 170 SGGSYSSYYYA
{Chothia) | HVR-1L2 336 SDDKRPS
HVR-L3 172 GGYDQSSYTNP
Hum } HVR-L1 170 SGGSYSSYYYA
{Kabat) HVR-L2 336 SDDKRPS
HVR-L3 172 GOYDOMSYTNP
Hum | HVR-L1 337 GSYSS
dMGTy | HVR-L2 333 1Yy
HVR-L3 339 GGYDOSSYT
Hum 7 HVR-L1 164 SGODYYSYYYG
{Chothia) { HVR-L2 336 SDDKRPS
HVR-L3 166 GGYDYSTYANA
Hum 7 HVR-L1 164 SGGDYYSYYYG
(Kabat) HVR-L2 336 SDDKRPS
HVR-L3 166 GGYDYSTYANA
Hum 7 HVR-L1 340 GDYYS
(IMGT) | HVR-L2 338 1IYS
HVR-L3 190 GGYDYSTYA
AB21 HVR-H1 191 GETESSN
{Chothia) | HVR-H2 192 SAGGSD
HVR-H3 193 ETWNHLEDY
AB21 HVR-H1 194 SNAMS
{Kabat) HVR-H2 195 GISAGGSDTYYPASVEG
HVR-H3 193 ETWNHLEDY
AB21 HVR-H] 161 GFTESSNA
(dMGT} | HVR-H2 162 ISAGGSDT
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HVR-H3 163 | ARETWNHLEDY
AB25 HVR-HI 191 | GFIFSSN
{Chothia) | HVR-H2 196 | SSGSD
HVR-H3 193 | ETWNHLEDY
ARZ5 HVR-HI 194 | SNAMS
(Kaba) | HVR-H2 197 | GISSGSDTYYGDSVRG
HVRIG 193 | ETWNHLEDY
ABIZS HVR-HI 161 | GFTFSSNA
AMGT) | BVR-HZ 168 | 18SGSDT
HVR-H3 163 | ARETWNHLEDY
AB27 HVR-HI 195 | GERESSY
(Chothia) | HVR-H2 199 | S5GGD
HVR-H3 193 | ETWNHLEDY
AB27 HVR-HI 200 | SYAMS
(Kabat) | HVR-HZ 201 | GISSGODTYYVDSVKG
HVR-H3 193 | ETWNHLEDY
AB2T HVR-HI 173 T GFRES5YA
(IMGT) | HVR-H2 174 | ISSGGDT
HVRIG 163 | ARETWNHLEDY
ABII9 | HVR-HI 202 | GFSESNE
(Chothia) | HVR-H? 205 | GSGD
HVR-H3 145 | DSTVSWSGDREDY
AB119 | HVR-HI 204 | NFAVT
(Kabat) | HYR-H2 144 | TIGSGDTYYADSVKG
HVR-H3 145 DSTVSWSGDEIDY
AB119 | HVR-HI 205 | GESESNFA
(IMGT) | HVR-H2 206 | 1GSGDT
HVR-H3 207 | AKDSTVSWSGDFFDY
AB119 | HVR-L1 146 | RASONVKNDLA
{Chothia) | HVRI2 147 | AARIRET
HVRI3 148 | QOYYDWPPET
ARIIO | HYR-LI 146 | RASQNVKNDLA
(Kabat) | HVR-LD 147 | AARIRET
HVRI3 TR | QOYYDWPPET
ABI19 | HYR.LI 208 | QNVKND
(IMGT) | HYR-L2 200 | AAR
HVR-L3 310 | QOYYDWP
AB135 | HVRHL 211 | GESESIY
(Chottia) | HVR-H2 212 | GADD
HVR-H3 151 | DSTVOWSGDEFDY
ABI35 | HVR-HI 313 | IYAVS
(Kabat) | HVRID 150 T TIGADDTYYADSVKG
HVR-H3 151 | DSTVGWSGDFFDY
ABI3S | HVR-HI 514 | GFSESIYA
AMGT) | HVR-H2 215 | IGADDT
HVRIG 216 | AKDSTVGWSGDERDY
ABI35 | HYR.LI 152 | RASQNVRSDIA
(Chothia) | HVR-L2 153 | AASSRDT
HVR-L3 148 | QOYYDWPPET
AB135  THVRLI 152 T RASONVESDIA
(Kabat) | HVR-L2 153 | AASSRDT
HVRL3 148 T OOYYDWPPLT
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ABI13S HVR-L1 217 OQNVRSD
(IMGT) HVR-L.2 218 AAS
HVR-L3 1483 QOYYDWPPET
AB136 HVR-HI1 219 GEFTESSY
{Chothia) | HVR-H2 220 SGSGE]
HVR-H3 157 ENNRYRFFDD
AB136 HVR-H1 221 SYDVN
{Kabat) HVR-H2 156 LISGSGEIYYADSVKG
HVR-H3 157 ENNRYRFFDID
AB136 HVR-HI1 222 GFTFSSYD
(IMGT) HVR-H2 223 ISGSGEL
HVR-H3 224 AKENNRYRFEDD
AB136 HVR-L1 158 RASQSVYTYLA
{Chothia) { HVR-L2 159 GASSRAT
HVR-L3 160 QOYYDRPPLT
ABI36 HVR-L1 158 RASQSVYTYLA
(Kabat) HVR-L2 159 GASSRAT
HVR-L3 160 QOYYDRPPLT
AB136 HVR-LI 225 QJSVYTY
{IMGT) HVR-L2 226 GAS
HVE-L3 160 QOYYDRPPLT
AB3 HVR-H1 227 DYGMN
{Kabat} HVR-H2 228 QITSGSRTYYGAAVKG
HVR-H3 229 DFGSGVGSIDA
AR3 HVR-HI1 230 GFIFSDY
(CHOTH | HVR-H2 231 TSGSR
IA) HVR-H3 229 DFGSGVGSIDA
AR3 HVR-L1 232 SGSRGRYG
(Chothia) | HVR-L2 233 RDNQRPS
HVER-L3 234 GSYDGSIDE
AB3 HVR-L1 232 SGSRGRYG
{Kabat} HVR-L2 233 RIONQRPS
HVR-L3 234 GSYDGSIDE
ABA4S HVR-HI1 235 SYAMG
{Kabat) HVR-H2 236 GIDDDGSTANYGPAVKG
HVR-H3 237 ASVTGWSAHISGRLDT
ABA45 HVR-H1 219 GFTFSSY
(CHOTH | HVR-H2 238 DDGST
TA) HVR-H3 237 ASVTGWSAHISGRLDT
AB435 HVR-L1 239 SGOGUGIYYYG
(Chothia) | HVR-L2 240 ENDKRPS
HVR-L3 241 GGYDSNTTSGE
AB4S HVR-L1 239 SGGGIYYYG
(Kabat} HVR-L2 240 ENDERPS
HVR-L3 241 GGYDSNTTSGH
{32261 in some embodiments, an antibody of the present disclosure comprises 1, 2, 3, 4,

5, or 6 HVRs listed in Table S (e.g., a VL domain comprising 1, 2, or 3 light chain HVRs

listed in Table 5 andfor a VH domain comprising 1, 2, or 3 heavy chain HVRs listed in Table

5).
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{02271 in some embodiments, an antibody of the present disclosure comprises a VH
doraain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1> NG: 191, an
HVR-H2 comprising the amino acid sequence of SEQ ID NO: 192, and an HVR-H3
comprising the amino acid sequence of SEQ ID NG: 193, In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising an HVR-H1 comprising the
amino acid sequence of SEQ ID NO:191, an HVR-H2 comprising the amino acid sequence of
SEQ ID NO: 196, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 193
In some embodiments, an antibody of the present disclosure comprises a VH domain
comprising an HYR-H1 comprising the amino acid sequence of SEQ ID NO: 198, an HVR-
H2 coroprising the amino acid sequence of SEQ 1D NO: 199, and an HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 193, In some embodiments, an antibody of the present
disclosure comprises a VL domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ 1D NO:164, an HVR-L2 comprising the amino acid sequence of SEQ D
NG:165, and an HVR-L3 comprising the amino acid sequence of SEQ ID NOG: 166 and/or a
VH domain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:191
or 198, an HVR-H2 comprising the amino acid sequence of SEQ D NO: 192, 196, or 199,
and an HVR-H3 comprising the amino acid sequence of SEQ D NG: 193, In some
embodiments, an antibody of the present disclosure comprises a VL domain comprising an
HVR-L1 comprising the amino acid sequence of SE(Q 1D NO:232, an HVR-L2 comprising
the amino acid sequence of SEQ ID NO:233, and an HVR-L3 comprising the amino acid
sequence of SEQ ID NO:234 and/or a VH domain comprising an HVR-HI comprising the
amino acid sequence of SEQ ID NO:230, an HVR-HZ comprising the amino acid sequence of
SEQ ID NO:231, and an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:232.
In some embodiments, an antibody of the present disclosure comprises a VL domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ ID N(O:239, an HVR-L2
cornprising the amino acid sequence of SEQ ID NO:240, and an HVR-L3 comprising the
amino acid sequence of SEQ 1D N(O:241 and/or a VH domain coraprising an HVR-HI1
comprising the amino acid sequence of SEQ 1D NO:219, an HVR-H2 comprising the amino
acid sequence of SEQ 1D N(O:238, and an HVR-H3 corpprising the amino acid sequence of
SEQ ID NOG:237.

{0228] In some embediments, an antibody of the present disclosure comprises a VH
domain comprising an HYR-H1 comprising the amino acid sequence of SEQ 1D NO: 194, an

HVR-H2 comprising the amino acid sequence of SEQ [D NO: 193, and an HVR-H3
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comprising the amino acid sequence of SEQ ID NO: 193, In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising an HVR-HI comprising the
amino acid sequence of SEQ 1D NO: 194, an HVR-H2 comprising the amino acid sequence
of SEQ ID NO: 197, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:
193. In some embodiments, an antibody of the present disclosure comprises a VH domain
comaprising an HVR-H1 comprising the amino acid sequence of SEQ D NO: 200, an HVR-
H2 comprising the amino acid sequence of SEQ ID NG: 201, and an HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 193, In some embodiments, an antibody of the present
disclosure comprises a V0 domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:164, an HVR-L2 comprising the amino acid sequence of SEQ ID
NG:165, and an HVR-L3 comprising the amine acid sequence of SEQ ID NO: 166 and/or a
VH domain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1D NO:
194, 198, or 200, an HVR-HZ comprising the amino acid sequence of SEQ ID NG: 195, 197,
or 201, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 193, In some
embodiments, an antibody of the present disclosure comprises a VL domain comprising an
HVR-L1 comprising the amino acid sequence of SEQ 1D NO:232, an HVR-L2 comprising
the amino acid sequence of SEQ ID N(:233, and an HVR-L3 comprising the amino acid
sequence of SEQ 1D N{O:234 and/or a VH domain comprising an HVR-H1 comprising the
amino acid sequence of SEQ 1D N(O:227, an HVR-H2 comprising the amino acid sequence of
SEQ ID NO:2238, and an HVR-H3 comprising the amino acid sequence of SEQ ID NG:230.
In some embodiments, an antibody of the present disclosure comprises a VL domain
comprising an HVYR-L1 comprising the amino acid sequence of SEQ ID NO:239, an HVR-L2
comprising the amino acid sequence of SEQ 1D N(O:240, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:241 and/or a VH domain comprising an HVR-H1
comprising the amino acid sequence of SEQ ID N(:235, an HVR-H2 comprising the amino
acid sequence of SEQ ID NO:236, and an HVR-H3 comprising the amino acid sequence of
SEQ D NO:237.

{0229] in some embodiments, an antibody of the present disclosure comprises a VH
doraain comprising an HVR-H1 comprising the amine acid sequence of SEQ 1D NO: 161, an
HWVR-H2 comprising the amino acid sequence of SEQ 1D NO:162, and an HVR-H3
comprising the amino acid sequence of SEQ ID NG:163. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising an HVR-HI comprising the

amino acid sequence of SEQ ID NO: 161, an HVR-H2 comprising the amino acid sequence of
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SEQ ID NO:168, and an HVR-H3 comprising the amino acid sequence of SEQ 1D NG:163.
In some embodiments, an antibody of the present disclosure comprises a VH domain
comprising an HVYR-H1 comprising the amino acid sequence of SEQ ID NO:173, an HVR-
H2 comprising the amino acid sequence of SEQ ID NO:174, and an HVR-H3 comprising the
amino acid sequence of SEQ ID NOG:163.

{0236] In some embodiments, an antibody of the present disclosure comprises {a)a VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NG: 202, an
HVR-H2Z comprising the amino acid sequence of SEQ ID NO: 203, and an HVR-H3
comprising the amino acid sequence of SEQ 1D NO:145; and/or (b) a VL domain comprising
an HVR-L] comprising the amino acid sequence of SEQ ID NO:146, an HVR-L2 comprising
the amino acid sequence of SEQ 1D N(O:147, and an HVR-L3 comprising the amino acid
sequence of SEQ D NO:148. In some embodiments, an antibody of the present disclosure
coraprises (a) a VH domain comprising an HVR-H1 comprising the amino acid sequence of
SEQ ID Nk 211, an HVR-H2 comprising the amino acid sequence of SEQ ID NG: 212, and
an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:151; and/or (b) a VL
domain comprising an HVR-L1 comprising the amino acid sequence of SEQ ID NO:152, an
HVR-L2 comprising the amino acid sequence of SEQ ID N(:153, and an HVR-L3
comprising the amino acid sequence of SEQ ID N(:148. In some embodiments, an antibody
of the present disclosure comprises (2) 2 VH domain comprising an HYR-HI comprising the
amino acid sequence of SEQ ID NG: 219, an HVR-H2 comprising the amino acid sequence
of SEQ ID NO: 220, and an HVR-H3 comprising the amino acid sequence of SEQ ID
NG:157; and/or (b) a VL. domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ 1D NO:158, an HVR-L2 comprising the amino acid sequence of SEQ ID

NO:159, and an HYR-L3 comprising the amino acid sequence of SEQ ID NO:160.

{0231] In some embodiments, an antibody of the present disclosure comprises {a}a VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 204, an

HVYR-H2 comprising the amino acid sequence of SEQ 1D NO:144, and an HVR-H3
comprising the amino acid sequence of SEQ 1D NO:145; and/or (b) a VL domain comprising
an HVR-L1 comprising the amino acid sequence of SEQ ID NO:146, an HYR-L2 comprising
the amino acid sequence of SEQ 1D NO:147, and an HVR-L3 comprising the amino acid
sequence of SEQ ID N(:148. In some embodiments, an antibody of the present disclosure
comuprises (a) a VH domain comprising an HVYR-H1 comprising the amino acid sequence of

SEQ 1D NO: 213, an HVR-H2 comprising the amino acid sequence of SEQ ID NG:130, and
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an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:151; and/or (b) a VL
doraain comprising an HVR-L1 comprising the amino acid sequence of SEQ 1D NO:152, an
HWVR-L2 comprising the amino acid sequence of SEQ D NO:153, and an HVR-L3
comprising the amino acid sequence of SEQ ID N(:148. In some embodiments, an antibody
of the present disclosure comprises (a) a VH domain comprising an HYR-H1 comprising the
amino acid sequence of SEQ ID NO: 221, an HVR-HZ2 comprising the amino acid sequence
of SEQ ID NO:156, and an HVR-H3 comprising the amino acid sequence of SEQ ID
NG:157; and/or {(b) a VL domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ 1D NO:158, an HVR-L2 comprising the amino acid sequence of SEQ 1D
NO:159, and an HVR-L3 comprising the amino acid sequence of SEQ 1D NO:160.

{0232] In some embeodiments, an antibody of the present disclosure comprises {a}a VH
domain comprising an HYR-H1 comprising the amino acid sequence of SEQ 1D NO: 205, an
HVR-H2 comprising the amino acid sequence of SEQ I3 NO: 206, and an HVR-H3
comprising the amino acid sequence of SEQ ID NO: 207; and/or (b) a VL domain comprising
an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 208, an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 209, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO: 210. In some embodiments, an antibody of the present
disclosure comprises (a) a VH domain comprising an HVR-H1 comprising the amino acid
sequence of SEQ D NO: 214, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO: 215, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 216; and/or
{(b) a VL domain comprising an HVR-L1 comprising the amino acid sequence of SEQ ID
NO: 217, an HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 218, and an HVR-
L3 comprising the armino acid sequence of SEQ 1D NO:148. In some embodiments, an
antibody of the present disclosure comprises (a) a VH domain comprising an HVR-H1
comprising the amino acid sequence of SEQ ID NO: 222, an HVR-H2 comprising the amino
actd sequence of SEQ 1D NO: 223, and an HVR-H3 comprising the amino acid sequence of
SEQ 1D NO: 224; and/or (b) a VL. domain comprising an HVR-L.1 comprising the amino acid
sequence of SEQ ID NO: 225, an HVR-L2 comprising the amino acid sequence of SEQ ID
NO: 226, and an HVR-L3 comprising the amino acid sequence of SEQ D NO:160.

{02331 in some embodiments of any of the above embodiments, the antibody enhances
phagocyiosis by a macrophage expressing a human SIRP-a polypeptide, enhances activation
of a dendritic cell expressing a human SIRP-¢ polypeptide, inhibits in vive growth of a tumor

or tumor cell(s) that expresses CD47, and/or does not prevent inferactions between a CD47-
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expressing cell and a T cell. Exemplary assays for measuring phagocytosis, dendritic cell
activation, tumor growth inhibition, and interactions between CD47-expressing cells and T

cells {e.g., adhesion assays) are described herein and known in the art.

Antibody production and other antibody propertics
{0234] An antibody of the present disclosure may be produced by any means known in
the art. Exemplary techniques for antthody production are described below; however these
exemplary techniques are provided for illustrative purposes only and are not intended to be
limiting. In addition, exemplary antibody properties conteraplated for use with the antibodies
described herein are further described.
{0235] In some embodiments, an antibody that “binds™ an antigen has a dissociation
constant {Kp) for the antigen that is less than or equal to 1uM at 25°C. In some
embodiments, an antibody of the present disclosure bas a dissociation constant (Ki) for
human vi and/or v2 SIRP-a polypeptides that is less than or equal to 1pM at 25°C, less than
or equal to 500 oM at 25°C, less than or equal to 400 nM at 25°C, less than or equal to 300
nM at 25°C, fess than or equal to 250 nM at 25°C, less than or equal to 200 nM at 25°C, less
than or equal to 200 nM at 25°C, less than or equal to 100 oM at 25°C, or less than or equal to
50 nM at 25°C. In some embodiments, an antibody that binds a human SIRP-a polypeptide
and one or more non-human SIRP-g polypeptides binds the human SIRP-¢ polypeptide at a
higher affinity {e.g., 10-fold or 100-fold higher) than the non-human SIRP-a polypeptide.
though it still considered to “bind” both polypeptides. In some embodiments, an antibody
that binds a non-human SIRP-g polypeptide and one or more human SIRP-g polypeptides
binds the non-human SIRP-q polypeptide at a higher affinity (e. g., 10-fold or 100-fold
higher) than the human SIRP-a polypeptide, though it still considered to “bind” both
polypeptides. Assays for determining binding affinity are known in the art and include
without limitation surface plasmon resonance (SPR), e.g., as described herein; radiclabeled
antigen binding assay (RIA), e.g., using a Fab version of an antibody and its antigen; and the
fike. Other exemplary binding assays are described herein.
{0236] To prepare an antigen, the antigen may be purified or otherwise obtained from a
natural source, or it may be expressed using recombinant techniques. In some embodiments,
the antigen may be used as a soluble protein. In some embodiments, the antigen may be

conjugate to another polypeptide or other moiety, e.g., to increase its immunogenicity. For



WO 2018/057669 PCT/US2017/052592

example, an antigen described herein may be coupled with an Fe region. In some
embodiments, a cell expressing the antigen on its cell sutface may be used as the antigen.
{02371 Polyclonal antibodies can be raised in an animal by multiple subcutaneous (sc) or
inteaperitoneal (ip) injections of the antigen and an adjuvant. For example, descriptions of
chicken immunization are described herein. In some embodiments, the antigen is conjugated
with an immunogenic protein, e.g., kevhole limpet hemocyanin, serum albumin, bovine
thyroglobulin, or soybean trypsin inhibitor using a bifunctional or derivatizing agent.

Exemplary methods for immunization of chickens are provided herein. Relevant methods

suitable for a variety of other organisms, such as mammals, are well known in the art.
{06238] As described supra, monoclonal antibodies may be produced by a variety of

methods. In some embodiments, a monoclonal antibody of the present disclosure is made
using the hybridoma method first described by Kobler et af., Nature, 256:495 (1975), and
further described in Hongo ef af., Hybridoma, 14 (3): 253-260 (1995); Harlow er al.,
Antibodies: A Laboratory Manual, {Cold Spring Harbor Laboratory Press, 2nd ed. 1988); and
Hammerling ef of., in: Monoclonal Antibodies and T-Cell Hybridomas 563-681 (Elsevier,
N.Y., 1981). Human hybridoma technology (Trioma technology) is described in Vollmers
and Brandlein, Histology and Histopathology, 20(3):927-937 (2005) and Vollmers and
Brandlein, Methods and Findings in Experimental and Clinical Pharmacology, 27(3):185-91
(2005). A culture medium in which hybridoma cells are grown may be screened for the
presence of an antibody of interest, e.g., by in vitro binding assay, immunoprecipitation,
ELISA, RIA, etc.; and the binding affinity may be determined, e.g., by Scatchard analysis. A
hybridoraa that produces an antibody with desired binding propertics can be subcloned and
grown using known culture techmiques, grown in vivo as ascites nimors in an animal, and the
like.

{0239] In some embodiments, a monoclonal antibody is made using a library method,
such as a phage display library. See, e.g., Hoogenboom et al. in Methods in Molecular
Biology 178:1-37 (O’ Brien et al, ed., Human Press, Totowa, NI, 2001). In some
embodiments, repertoires of VH and VL genes are cloned by polymerase chain reaction
(PCR) and recombined randomly in phage libraries, which are then screened for antigen-
binding phage, e.g., as described in Winter et al., Ann. Rev. Immunol., 12: 433-455 (1994).
Phage typically display antibody fragments, either as single-chain Fv (scFv) fragments or as
Fab fragrments. Alternatively, the naive repertoire can be cloned (e g, from human) to

provide a single sowurce of antibodies to a wide range of non-self and also self-antigens
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without any immunization as described by Griffiths et al., EMBO J, 12: 725-734 (1993).
Finally, natve libraries can also be made synthetically by cloning unrearranged V-gene
segments from stem cells, and using PCR primers containing random sequence to encode the
highly variable CDR3 regions and to accomplish rearrangement in vitro, as described by
Hoogenboom and Winter, J. Mol. Biol, 227: 381-388 (1992).

{0246] In some embodiments, an antibody of the present disclosure is a chicken antibody.
Chicken antibodies can be produced using various technigues known in the art; see, e.g., US
Pat. Nos. 6,143,559; 8,592,644, and 9.380.769.

{0241} in some embodiments, an antibody of the present disclosure is a chimeric
antibody. See, e.g., LS. Patent No. 4,816,567 and Morrison et al., Proc. Natl. Acad. Sci.
USA, 81:6851-6855 (1984). In some embodiments, a chimeric antibody comprises a non-
buman variable region (e.g., a variable region derived from a chicken, mouse, raf, baroster,
rabbit, or non-human primate, such as a monkey) and a human constant region. In some
embodiments, a chimeric antibody is a “class switched” antibody in which the class or
subclass has been changed from that of the parent antibody. Chimeric antibodies include
antigen-binding fragments thereof.

[0242] In some embeodiments, a chimeric antibody is a humanized antibody. A non-
human antibody can be humanized to reduce immunogenicity to humans, while retaining the
speciticity and affinity of the parental non-human antibody. Generally, a humanized
antibody comprises one or more variable domains in which HVRs, e.g., CDRs, {or portions
thereof) are derived from a non-human antibody {e.g., a chicken antibody), and FRs (or
portions thereof) are derived from huroan antibody sequences. A humanized antibody
optionally will also comprise at least a portion of a human constant region. In some
embodiments, some FR residues in a humanized antibody are substituted with corresponding
residues from a non-buman antibody {e.g., the antibody from which the HVR residues are
derived), e.g., to restore or improve antibody specificity or affinity. Huroanized antibodies
and methods of making them are reviewed, e.g., in Almagro and Fransson, Front. Biosci.
13:1619-1633 (2008). Methods of humanizing a chicken antibody have also been described.,
e.g., in WO2005014653.

{32431 Human framework regions useful for huroanization include but are not Hiited to:
framework regions selected using the “best-fit” method; framework regions derived from the
consensus sequence of human antibodies of a particular subgroup of light or heavy chain

variable regions; human somatically mutated framework regions or human gerroline
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framework regions; and framework regions derived from screening FR libraries. See, e.g,,
Sims et al. J. fimmunol 151:2296 (1993) ; Carter et al. Proc. Natl. Acad. Sci. USA, 89:4285
(1992 ; Presta et al. J. fmmunol., 151:2623 (1993); Almagro and Fransson, Front. Biosci.
13:1619-1633 (2008); and Baca et al., J. Biol. Chem. 272:10678-10684 (1997).

{8244] In some embeodiments, an antibody of the present disclosure is a human antibody.
Human antibodies can be produced using various techniques known in the art. In some
embodiments, the human antibody is produced by a non-human animal, such as the
genetically engineered chickens (see, e.g., US Pat. Nos. §,592,644; and 9,380,769} and/or
mice described herein. Human antibodies are described generally in Lonberg, Curr. Opin.
Tmmunol. 20:450-459 (2008).

{0245] In some embodiments, an antibody of the present disclosure is generated by or
derived from a chicken, e.g., using the methods described herein.

{0246] In some embodiments, an antibody of the present disclosure is an antibody
fragment, inchuding without limitation a Fab, F(ab’)2, Fab’-SH, Fv, or scFv fragment, or a
single domain, single heavy chain, or single light chain antibody. Antibody fragments can be
generated, e.g., by enzymatic digestion or by recombinant techniques. Tn some embodiments,
Proteolytic digestion of an intact antibody is used to generate an antibody fragment, e.g., as
described in Morimoto et al., Journal of Biochemical and Biophysical Methods 24:107-117
(1992) and Brennan et al., Science, 229:81 (1985). In some embodiments, an antibody
fragment 1s produced by a recombinant host cell.  For example, Fab, Fv and ScFv antibody
fragments are expressed by and secreted from E. coli. Antibody fragments can alternatively
he isolated from an antibody phage lbrary.

{02471 Fab'-SH fragments can be directly recovered from £. coli and chemically coupled
to form F(ab"), fragments. See Carter et al., Bio/Technology 10:163-167 (1992). F(ab"),
fragrents can aiso be isolated directly from a recombinant host cell culture. Fab and Fab'y ,
fragmoent with increased in vivo half-life comprising salvage receptor binding epitope
residues are described in U.S. Pat. No. 5,869,046.

{0248] In some embodiments, an antibody is a single chain Fv fragment (scFv}. See WO
93/16185 and U.S. Pat. Nos. 5,571,894 and 5,587,458, scFv fusion proteins can be
constructed to produce a fusion of an effector protein at either the aroino or the carboxy
terminus of an scFv. The antibody fragment may also be 2 “linear antibody”, e.g., as
described in U.S. Pat. No. 3,641,870, for example. Such linear antibodies may be

monospecific or bispecific.
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{06249] in some embodiments, an antibody of the present disclosure is a multispecific
antibody. Multispecific antibodies possess binding specificities against more than one
antigen (e.g., having two, three, or more binding specificities). Tn sorne embodiments, the
antibody is a bispecific antibody. In some embodiments, a bispecific antibody comprises two
different binding specificities for the same antigen (e.g., having different binding affinity
and/or specific epitope of the same antigen). In some embodiments, a bispecific antihody
comprises binding specificities for two distinet antigens. In some embodiments, the
bispecific antibody is a full-length or intact antibody. In some embodiments, the bispecific
antibody is an antibody fragment of the present disclosure.

{0250] Bispecific or multispecific antibodies with a variety of combinations of binding
specificities are confemplated herein. In some embodiments, the bispecific antibody has a
first binding specificity for one or more SIRP-a polvpeptides as described herein, In some
embodiments, the bispecific antibody has a second binding specificity for an antigen
expressed by a cancer cell, e.g., on the cell surface. Exemplary such antigens include without
limitation CD1%8, CD20, CD22, CD30, CD33, CD38, D52, CD56, CD76, CD74, CD79%,
CD123, CDI38, CSU/SLAMET, Trop-2, ST4, EphA4, BCMA, Mucin 1, Muein 16, PTK7,
PD-L1, STEAPI, Endothelin B Receptor, mesothelin, EGFRVIH, ENPP3, SLC44A4,
GNMB, nectin 4, NaPiZb, LIV-1A, Guanylyl cyclase C, DLL3, EGFR, HER2, VEGF,
VEGFR, integrin VB3, integrin aSf1, MET, IGFIR, TRAILRI, TRAILR2, RANKL, FAP,
Tenascin, Le?, EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CAIX, EPHA3Z, folate
receptor a, GD2, GD3, and an MHC/peptide complex comprising a peptide from NY-ESO-
VLAGE, 88X-2, a MAGE family protein, MAGE-A3, gp100/pmell7, Melan-A/MART-

1, gp75/TRP1, tyrosinase, TRP2, CEA, PSA, TAG-72, immature laminin

receptor, MOK/RAGE-1, WT-1, SAP-1, BING-4, EpCAM, MUC1., PRAME,

survivin, BRCAL, BRCAZ, CDK4, CML66, MART-2, p53, Ras, B-catenin, TGF-BRI, HPV
E6, or HPV E7. Without wishing to be bound to theory, it is thought that combining such a
binding specificity with a binding specificity against a SIRP-a is particularly advantageous,
e.g., to direct FcR-expressing leukocytes to target a tumor cell with the second binding
specificity while also inbibiting the responsiveness of SIRP-a expressed by the leukocyie to
any CD47 expressed by the tumor cell with the first binding specificity.

{6251] Various methods are known in the art for generating and purifving a bispecific
antibody. Nurmerous approaches have been described. One approach is the “knobs-into-

holes” or “protuberance-into-cavity” approach (see, e.g., US Pat. No. 5,731,168). In some
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embodiments, heterodimerization of Fc domain monomers is promeoted by introducing
different, but cornpatible, substitutions in the two Fc domain monorers, such as “knob-into-
hole” residue pairs and charge residue pairs. The knob and hole interaction favors
heterodimer formation, whereas the knob-knob and the hole-hole interaction hinder
homodimer formation due to steric clash and deletion of favorable interactions. A hole refers
to a void that is created when an original amino acid in a protein is replaced with a different
amino acid having a smaller side-chain volume. A knob refers to a bump that is created when
an original amino acid in a protein is replaced with a different amino acid having a larger
side-chain volume. For example, in some embodirgents, an amino acid heing replaced is in
the CH3 antibody constant domain of an Fc domain monomer and involved in the
dimerization of two Fc domain monomers. In some embodiments, a hole in one CH3
antihbody constant domain is created to accommodate a knob in another CH3 antibody
constant domain, such that the knob and hole amino acids act to promote or favor the
heterodimerization of the two Fc domain monomers. In some embodiments, a hole in one
CH3 antibody constant domain is created to better accommodate an original amino acid in
another CH3 antibody constant domain. In some embodiments, 4 knob 1o one CH3 antibody
constant domain is created to form additional interactions with original amino acids in
another CH3 antibody constant domain.

{0252] In some embodunents, a hole is constructed by replacing amino acids having
larger side chains such as tyrosine or tryptophan with amino acids having smaller side chains
such as alanine, valine, or threonine, for example a Y407V mutation in the CH3 antthody
constant domain. Similarly, in some embodiments, a knob is constructed by replacing amino
acids having smaller side chains with amino acids having larger side chains, for example a
T366W mutation in the CH3 antibody constant domain. In some embodiments, one Fc
domain monomer includes the knob mutation T366W and the other Fe domain monomer
includes hole mutations T3668S, L3584, and Y407V, In some embodiments, a polypeptide of
the disclosure including a high affinity SIRP-¢ D1 variant is fused to an Fe domain monomer
including the knob mutation T366W to limit unwanted knob-knob homodimer formation.

Examples of knob-into-hole amino acid pairs are inchuded, without limitation, in Table 3.

Table 3. Knob-into-hole amino acid pairs.

Fc T3668 . . .

. o s . - - T394W | T394S | T366W
domain Y407T | YAOTA | F405A | T3948 L33§%A VAOTT | va07A | T3048
MONRGIME) Y407V
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1

Fc

domain e | gy | raaaus | e I R T366Y | T366W | F405W
monomer T366Y [ T366W | T394W | F405W | T366W F405A | F405W | Y407A
3

{0253] Another approach uses antibody variable domains with the desired binding
spectficities (antibody-antigen combining sites) fused to inmunoglobulin constant domain
sequences, e.g., with an immunoglobulin heavy chain constant domain, comprising at least
part of the hinge, CH2, and CH3 regions. In some embodiments, the bispecific antibody has
2 hybrid tmmunoglobulin heavy chain with a first binding specificity in one arm and a hybrid
immunoglobalin heavy chain-light chain pair (providing a second binding specificity) in the
other arm. See WO 94/04690. Another approach uses cross-linking {see, ¢.g., US Pat No.
4,676,980) to produce a heterconjugate antihody. In some embodiments, hispecific
antibodies can be prepared using chemical linkage (see, e.g., Brennan et al., Science, 229: 81
(1985)) o proteolytically cleave an intact antibody into F(ab'); fragments that are reduced in
the presence of a dithiol complexing agent and converted to thionitrobenzoate {TNB)
derivatives, one of which is reconverted to the Fab'-thiol by reduction and mixed with the
other Fab'-TNB derivative to form the bispecific antibody. In some embodiments, Fab'-SH
fragments are chemically coupled. In some embodiments, bispecific antibody fragments are
produced in ccll culture using leucine zippers, as in Kostelny et al., J. Immunol., 148(5%:1547-
1553 (1992). For other bispecific antibody formats, see, e.g., Spiess, C. et al. (2013) Mol
Immunol. 67:95-106.

{0254] in some embodiments, an antibody of the present disclosure is a dizbody. See,
e.z., Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993). In a diabody, the Vy
and Vi, domains of one fragment pair with complementary Vi and Vi domains of another
fragrent, thus forming two antigen-binding sites. Another strategy for making bispecific
antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. See
Gruber et al, J. fmpumnol, 152:5368 (1894).

{0255] In some embodiments, an antibody of the present disclosute is a single-domain
antibody. A single-domain antibody refers to a single polypeptide chain comprising all or a
portion of the beavy chain variable domain or all or a portion of the light chain variable
domain of an antibody. In certain embodiments, a single-domain antibody is a human single-

domain antibody (see, e.g., U.S. Pat. No. 6,248,516 B1). In one embodiment, a single-domain
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antibody includes all or a portion of the heavy chain variable domain of an antibody.
Camelid antibodies are also known.
{0236] Antibodies can be produced using recornbinant methods. For recombinant
production of an anti-antigen antibody, micleic acid encoding the antibody is isolated and
inserted into a replicable vector for further cloning (amplification of the DNA) or for
expression. DNA encoding the antibody may be readily isolated and sequenced using
conventional procedures {e.g., by using oligonucleotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of the antibody). Many vectors are
available. The vector cormponents generally include, but are not limited to, one or more of the
following: a signal sequence, an origin of replication, one or more marker genes, an enhancer
clement, a promoter, and a franscription termination sequence.
{0257] An antibody of the present disclosure can be produced recornbinantly as a fusion
polypeptide with a beterologous polypeptide, e.g., a signal sequence or other polypeptide
having a specific cleavage site at the N-terminus of the mature protein or polypeptide. The
heterologous signal sequence selected can be one that is recognized and processed {e.g.,
cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that do not
recognize and process a native antibody signal sequence, the signal sequence is substituted by
a prokaryotic signal sequence selected, for example, from alkaline phosphatase, penicillinase,
Ipp, ot heat-stable enterotoxin Il leaders. For veast secretion the native signal sequence may
be substituted by, e.g., the yeast invertase leader, a factor leader (including Saccharomyces
and Kluyveromyces a-factor leaders), or acid phosphatase leader, the C. albicans
glucoamylase leader, ctc.. In maromalian cell expression, mammalian signal sequences as

rell as viral secretory leaders, for exarople, the berpes simplex gD signal, are available.
{0258] Both expression and cloning vectors contain a nucleic acid sequence that enables
the vector to replicate in one or more selected host cells, e.g., to allow the vector to replicate
independently of the host chromosomal DNA. This sequence can include origins of
replication or autonomously replicating sequences. Such sequences are well known for a
variety of bacteria, yeast, and viruses. Generally, the origin of replication component is not
needed for mammalian expression vectors (the SV40 origin may be used because it contains
the early promoter).
{0259] Expression and cloning vectors can contain a selection gene or selectable marker.
Typical selection genes encode proteins that (a) confer resistance to antibiotics or other

toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic

150



WO 2018/057669 PCT/US2017/052592

deficiencies, or {c) supply critical nutrients not avatlable from complex media. Examples of
dorainant selection use the drugs neomyecin, aycophenolic acid and hygromycin. Another
example of suitable selectable markers for mammalian cells are those that enable the
identification of cells competent to take up antibody-encoding nucleie acid, such as DHFR,
glutamine synthetase (GS), thymidine kinase, metallothionein-i and -II, preferably primate
metallothionein genes, adenosine dearninase, omithine decarboxylase, and the like. For
example, a Chinese hamster ovary (CHO) cell line deficient in endogenous DHFR activity
transformed with the DHFR gene is identified by culturing the transformants in a culture
medium containing methotrexate (Mix), a competitive antagonist of DHFR.

{6260] Alternatively, host cells (particularly wild-type bosts that contain endogenous
DHFR) wanstormed or co-transformed with DNA sequences encoding an antibody of
interest, wild-type DHFR gene, and another selectable marker such as aminoglycoside 3'-
phosphotransferase (APH) can be selected by cell growth in medium containing a selection
agent for the selectable marker such as an aminoglycosidic antibiotic, . g., kanamycin,
neomycin, or 3418.

{0261] Expression and cloning vectors generally contain a promoter that is recognized by
the host organism and is operably linked to nucleic acid encoding an antibody. Promoters
suitable for use with prokaryotic hosts include the phioA promoter, B-lactamase and lactose
promoter systems, alkaline phosphatase promoter, a tryptophan (trp) promoter system, and
hybrid promoters such as the tac promoter. However, other known bacterial promoters are
suttable. Promoter sequences are known for eukaryotes. Yeast promoters are well known in
the art and can include inducible promoters/enhancers regulated by growth conditions.
Virtaally all eukaryotic genes have an AT-rich region located approximately 25 to 30 bases
upstream from the stte where transcription is initiated. Examples include without Hmitation
the promoters for 3-phosphoglycerate kinase or other glycolytic enzymes, such as enolase,
glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate
kinase, trioscphosphate isomerase, phosphoglucose isomerase, and glucokinase. Antibody
transcription from vectors in maramalian host cells can be controlled, for example, by
promoters obtained from the genomes of viruses. The early and late promoters of the SV40
virus are conveniently obtained as an SV40 restriction fragment that also contains the SV40

viral origin of replication. The immediate early promoter of the human cytomegalovirus is
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conveniently obtained as a HindIH E restriction fragment. Alternatively, the Rous Sarcoma
Virus long terminal repeat can be used as the promoter.

{0262] Transcription of a DNA encoding an antibody of this invention by bigher
eukaryotes is often increased by inserting an enhancer sequence into the vector. Many
cnhancer sequences are now known from manunalian genes (globin, elastase, albumin, o-
fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic cell
virus.

{0263] Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant,
animal, human, or nucleated cells from other multicellular organisms) will also contain
sequences necessary for the termination of transcription and for stabilizing the mRNA.
{0264] Suitable host cells tor cloning or expressing the DNA in the vectors herein are the
prokaryote, yeast, or higher eukaryote cells described above. Suitable prokaryotes for this
purpose include eubacteria, such as Gram-negative or Gram-positive organisms, for exanple,
HEnterobacteriaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella,
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and
Shigella, etc. In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or
yeast are suitable cloning or expression hosts for antibody-encoding vectors. Saccharomyces
cerevisiae, or common baker's yeast, is the most commonly used among lower eukaryotic
host microorganisms. Certain fungi and yeast strains may be selected in which glycosylation
pathways have been “humanized,” resulting in the produaction of an antibody with a partially
or fully human glycosylation pattern. See, e.g., Li et al., Nar. Biotech. 24:213-215 (2006).
[0265] Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, duckweed
{Leninaceae), alfalfa (M. truncatula), and tobacco can also be utilized as hosts.

{0266] Suitable host cells for the expression of glycosylated antibody are also derived
from multicelluiar organisms (invertebrates and vertebrates). Examples of invertebrate cells
include plant and insect cells. Numerous baculoviral strains and variants and corresponding
permissive insect bost cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes
aegypti (mosquito}, Aedes albopictus {(mosquite), Drosophila melanogaster (fruitfly), and
Bombyx mori have been identified.

{02671 Vertebrate cells may be used as hosts, and propagation of vertebrate cells in
culture {tissue culture) has become a routine procedore. Examples of useful mammalian host
cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651);

human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture,
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Grabam et al., J. Gen Virol. 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL
10); mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980)); mounkey kidney
cells (CV1 ATCC CCL 70); African green roonkey kidney cells (VERO-76, ATCC CRL-
1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK,
ATCC CCL 34); butfalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells
(W138, ATCC CCL 75); hurnan liver cells (Hep G2, HB 8065); mouse mammary tumor
(MMT (60562, ATCC CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci. 383:44-68
(1982)); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2). Other useful
mammalian host cell lines include Chinese hamster ovary (CHO) cells, including DHFR®
CHO cells (Urlaub ef al., Proc. Natl. Acad. Sci. USA 774216 (1980)); and moyeloma cell
lines such as NSO and Sp2/0. For a review of certain mammalian host cell lines suitable for
antibody production, see, e.g., Yazaki and Wu, Merhods in Molecular Biology, Vol. 248 (B.
K. C. Lo, ed., Humana Press, Totowa, N.J., 2003), pp. 255-268.

{6268] The host cells of the present disclosure may be coltured in a variety of media.
Commercially available media such as Ham's F10 (Sigma), Minimal Essential Medinm
({(MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Fagle's Medium
((DMEM), Sigma) are suitable for culturing the host cells. In addition, any of the media
described in Ham ef of., Meth, Enz. 58:44 (1979), Barmes ¢f al., Anal. Biochem. 102:255
(1980, U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762, 4,560,655; or 5,122,469, WO
90/03430; WO 87/00195; or U.S. Pat. Re. 30,985 may be used as culture media for the host
celis. Any of these media may be sapplemented as necessary with hormones and/or other
growth factors (such as insulin, transferrin, or epidermal growth factor), salts (such as sodium
chloride, calcium, magnesium, and phosphate), buffers (such as BEPES), nucleotides (such
a5 adenosine and thymidine), antibiotics {such as GENTAMYCIN™ drug), trace clements
{defined as inorganic compounds usually present at final concentrations in the micromaolar
range), and glucose or an equivalent energy source. Any other necessary supplements may
also be included at appropriate concentrations that would be known to those skilled in the art.
The culture conditions, such as temperature, pH, and the like, are those previously used with
the host cell selected for expression, and will be apparent to one of skill in the art.

{0269] When using recombinant techniques, the antibody can be produced intracellularly,
in the periplasmic space, or directly secreted into the medium. If the antibody is produced
intracellularly, as a first step, the particulate debris, either host cells or lysed fragments, are

removed, for example, by centrifugation or ultrafiltration. Carter et al., Bio/Technology
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10:163-167 (1992) describe a procedure for isolating antibodies which are secreted to the

periplasmic space of £, coli.

{02781 The antibody coroposition prepared from the cells can be purified using, for

example, hydroxylapatite chromatography, hydrophobic interaction chromatography, gel

clectrophoresis, dialysis, and affinity chromatography, with affinity chromatography being

among one of the typically preferred purification steps.

{0271] In some embodiments, an antibody of the present disclosure comprises a kappa or

lambda light chain constant region. In some embodiments, an antibody of the present

disclosure comprises a light chain constant region coraprising the amino acid sequence of

SEQ ID NO:325, 326, or 426. Exemplary and non-limiting light chain constant region

sequences are provided in Table 6. In some embodiments, an antibody of the present

disclosure comprises an FGLU3 lambda light chain constant region or an IGLT7 constant

region.

{6272] In some embodiments, an antibody of the present disclosure includes an Fe region.

For example, in some embodiments, the Fe region is a human Fe region, e.g., IgGl, IgG2, or
{gG4 and subtypes thereof. Exerplary and non-limiting Fc regions are provided within the

amino acid sequences of SEQ 1D NOs:320-324 shown in Table 6. In some embodiments, an

Fc region within one or more of the amino acid sequences of SEQ 1D NGs:320-324

coraprises one or more of the rautations described herein, e.g., infra.

Table 6. Exemplary constant region sequences

Name

SEQID
NG

Seguence

1gG1 wildtype

320

ASTKGPSVEPLAPSSKSTSGOTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVL(SS
GLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSC
DKTHTCPPCPAPELLGG
PSVFLFPPRPKDTLMISRTPEVTCVVVDVSHEDPEVRFNWYVD
GVEVHNAKTKPREEQYN
STYRVVSVLTIVLHODWLNGKEYKCKVSNEKALPAPIEKTISKA
KGQPREPQVYTLPPSREE
MTENQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRW
QOGNVESCSVMHEALHNHYTOKSLSLSPGK

IgG1_AAA NIZ9TA

321

ASTEGPSVFPLAPSSKSTSGGTAALGCLYKDYFPEPVTVESWNS
CGALTSGVHTEFPAVLQSSGLY SLSSVVTVPSSSLGTQTYICNVN
HEPSNTKVDRKKVEPKSCDKTHTCPPCPAPEAAGAPSVELEPPK
PEDTLMISRTPEVTCVYVDVSHEDPEVEFNWYVDGVEVHNA
KTKPREEQYASTYRVVSVLETVLHODWLNGEEYRKCKVSNKAL
PAPIEKTISKAKGQOPREPQVYTLPPSREEMTENQVSLTCLVKGE
YPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKS
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RWQQGNVESCSVMHEALHNHYTQKSLSLSPGK

12G2

ASTKGPSVEPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSNEGTQTYTCNVDHKPINTEVDKTVERKCC
VECPPCPAPPVAGPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVY
HNAKTKPREEQFNSTEFRV
VSVLTVVHODWLNGKEYKCKVINKGLPAPIEKTISKTKGOPR
EPQVYTLPPSREEMTKNQ
VSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSER
LYSKLTVDKSRWQOGNV
FSCSVMHEALHNHYTOKSLSLSPGK

igGZDa

323

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLOSSGLYSLSSVVTVPSSNEGTQTYTONVD
HKPSNTEKVDKTVERKCCVECPPCPAPPVAGPSVELFPPKPEDT
LMISRTPEVTCVVVDVSHEDPEVOFNWYVDGVEVHNAKTKP
REEQENSTFRVVSVLTVVHODWLNGKEYKCKVSNKGLPSSIE
KTISKTRGOPREPQVYTLPPSREEMTKNQVSLTCLVRGEFYPSDI
AVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQ
QGNVESCSVMHEALHNBYTQKSLSLSPGK

TeG4_S228P

324

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNKS
GALTSGVHTFPAVLOSSGLYSLESVVTVPSSSLGTKTYTCNVD
HKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVELEPPKPEDT
EMISRTPEVTCYVVDVSQEDPEVOQEFNWYVDGVEVHNAKTKE
REEQENSTYRVVSVLTVLHODWLNGKEYKCEKVSNKGLPSSIE
KTISKAKGOPREPOQVYTLPPSQEEMTKNQVSLTCLVKGEYPSD
TAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQ
EGNVESCSVMHEALHNHYTOQKSLSLSLGK

Human Kappa

325

RTVAAPSVEIIPPSDEQLESCTASYVVCLLNNEFYPREAKVOQWKY
DNALQSGNSQESVTEQDSKDSTYSLESTLTLSKADYEKHKVY
ACEYTHOQGLSSPVTKSENRGEC

Human Lambda IGLCI

326

GOPKANPTVTLFPPSSEELQANKATLVCLISDEFYPGAVTVAWK
ADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSY
SCOVTHEGSTYEKTVAPTECS

Homan Lambda IGLC2

426

GOPEAAPSYTLFPPSSEELQANKATLVCLISDFYPGAVTIVAWK
ADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSY
SCOVTHEGSTVEKTVAPTECS

{6273} In some embodiments, the Fe region includes one or more mutations that

influence one or more antibody propertics, such as stability, pattern of glycosylation or other

maoditications, effector cell function, pharmacokinetics, and so forth. In some embodiments,

an antibody of the present disclosure has reduced or minimal glycosylation. In some

embodiments, an antibody of the present disclosure has ablated or reduced effector function.

Exemplary Fc mutations include without Hroitation (1) a hurman 1gG1 Fe region mutations
L234A, 1L235A, G237A, and N297A; (ii) a human 1g(G2 Fe region mutations A3308, P3318
and N297A; and (iii} a haman 1gG4 Fe region mutations S228P, E233P, F234V, L235A,

del(G236, and N297A (EU numbering). In some embodiments, the human IgG2 Fc region
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comprises A330S and P331S mutations. In some embodiments, the human Ig(G4 Fc region
comprises an S288P mutation. In some embodiments, the human 1gG4 Fe region comprises
S288P and L233E mutations.

{6274] Antibodies that target cell surface antigens can trigger immunostimulatory and
cffector functions that are associated with Fc receptor (FeR) engagement on immune cells.
There are a number of Fc receptors that are specific for particular classes of antibodies,
including IglG (gamma receptors), IgE {eta receptors), IgA (alpha receptors) and IgM (mu
receptors). Binding of the Fe region to Fe receptors on cell surfaces can trigger a number of
hiological responses including phagocytosis of antibody-coated particles (antibody-dependent
cell-mediated phagocytosis, or ADCP), clearance of immune complexes, lysis of antibody-
coated cells by killer cells {antibody-dependent cell-mediated cytotoxicity, or ADCC) and,
release of inflammatory mediators, placental transfer, and countrol of inununoglobulin
production. Additionally, binding of the C1 coroponent of coroplement to antibodies can
activate the complement system. Activation of complement can be important for the lysis of
cellular pathogens. However, the activation of complement can also stimulate the
inflammatory response and can also be involved in antoimmuone hypersensitivity ot other
immunological disorders. Variant Fe regions with reduced or ablated ability to bind certain
Fc receptors are useful for developing therapeutic antibodies and Fe-fusion polypeptide
constructs which act by targeting, activating, or neutralizing ligand functions while not
damaging or destroying local cells or tissues.

{8275] In some embodiments, a Fo domain monomer refers to a polypeptide chain that
includes second and third antibody constant domains (e.g., CH2 and CH3). In some
embodiments, an Fc domain monomer also inchides a hinge domain. In some erobodiments,
the Fc domain monomer is of any immunoglobulin antibody isotype, including IgG, IgE,
IgM, IzA, and IgD. Additionally, in some embodiments, an Fc domain monomer is of any
IgG subtype (e.g., IgG1, 1gG2, 1gG2a, 1g(G2b, 1gGle, 1gG3, and 1gG4). In some
embodiments, Fc domain monomers include as moany as ten changes from a wild-type Fe
domain monomer sequence (g.g., 1-10, 1-8, 1-6, 1-4 amino acid substitutions, additions or
insertions, deletions, or combinations thercof) that alter the interaction between an Fc domain
and an Fc receptor.

{6276} In some embodiments, an Fc domain monomer of an immunoglobulin or a
fragroent of an Fc domain monomey is capable of forming an Fc domain with another Fc

domain monomer. In some embodiments, an Fc domain monomer of an immunoglobulin or a
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fragment of an Fc domain monomer is not capable of forming an Fe domain with another Fe
doraain monomer. In some embodiments, an Fc domain monomer or a fragraent of an Fc
domain is fused to a polypeptide of the disclosure to increase serum half-life of the
polypeptide. In some embodirnents, an Fc domain mmonomer or a fragment of an Fe domain
monomet fused to a polypeptide of the disclosure dimerizes with a second Fc domain
monomer to form an Fe domain which binds an Fe receptor, or alternatively, an Fc domain
monomer binds to an Fe receptor. In some embodiments, an Fe domain or a fragment of the
Fe domain fused to a polypeptide to increase serum half-life of the polypeptide does not
induce any immune systern-related response. An Fe domain includes two Fe domain
monomers that are dimerized by the interaction between the CH3 antibody counstant domains.
{0277] A wild-type Fc domain forms the minimum structure that binds to an Fc receptor.,
¢.g., FeyR1, FeyRila, FoyRilb, FeyRIEHa, FeyRIHb, and FeyRIV. In some embodiments, the
Fc domain in an antibody of the present disclosure coroprises one or more amino acid
substitutions, additions or insertions, deletions, or any combinations thereof that lead to
decreased effector function such as decreased antibody-dependent cell-mediated cytotoxicity
{(ADCCQC), decreased complement-dependent cytolysis (CDC), decreased antibody-dependent
cell-mediated phagocytosis (ADCP). or any combinations thereof. For example, an antibody
of the present disclosure can exhibit decreased binding (e.g., minimal binding or absence of
binding) to a hurnan Fe receptor and decreased binding (¢.g., minimal binding or absence of
binding) to complement protein Clq; decreased binding (e.g.. minimal binding or absence of
binding) to haman FeyRi, FeyRIIA, FoyRIE, FeyRHIB, FeyRHIB, or any combinations
thercof, and Clq; altered or reduced antibody-dependent effector function, such as ADCC,
CDC, ADCP, or any combinations thereof; and so forth. Exemplary mutations include
without limitation one or more amino acid substitutions at E233, 1234, L.235, G236, G237,
265, D270, N297, E318, K326, K322, A327, A330, P331, or P329 (numbering according to
the EU index of Kabat (Sequences of Proteins of Immunological Tuterest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, M. (1991)).
{0278] In some embodiments, an antibody of the present disclosure has reduced or
ablated binding to CD16a, CD32a, CD32b, CD32¢, and CD64 Fey receptors. In some
embodiments, an antibody with a non-native Fc region described herein exhibits at least a
5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater reduction in Clg
binding corpared to an antibody comprising a wild-type Fe region. In some embodiments,

an antibody with a non-native Fc region as described herein exhibit at least a 5%, 10%, 15%,
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20%. 30%, 40%. 50%, 60%, 70%, 80%. 90% or greater reduction in CDC compared to an
antibody comaprising a wild-type Fe region.

{02791 in some embodiments, the Fe variants herein are minimally glycosylated or bave
reduced glycosyiation relative to a wild-type sequence. In some embodiments,
deglycosylation is accomplished with a mutation of N287A, or by mutating N297 to any
amino acid which is not N.

{0286] In some embodiments, variants of antibody IgG constant regions {e.g., Fc
variants) possess a reduced capacity to specifically bind Fey receptors or have a reduced
capacity to induce phagocytosis. In some erabodiments, variants of antibody 1gG constant
regions (e.g., Fc variants) possess a reduced capacity to specifically bind Fey receptors and
have a reduced capacity o induce phagocytosis. For example, in some embodiments, an Fc
domain is mutated to lack effector functions, typical of a “dead” Fc domain. For example, in
some embodiments, an Fe domain includes specific amino acid substitutions that are known
to minimize the interaction between the Fo domain and an Fey receptor. In some
embodiments, an Fc domain monomer s from an {gGl antibody and includes one or more of
amino acid substitutions L234A, L.235A, G237A, and N297A (as designated according to the
EU numbering system per Kabat et al., 1991). In some embodiments, one or more additional
mutations are included in such IgG1 Fe variant. Non-limiting examples of such additional
mutations for human Ig(G1 Fe variants include E318A and K322 A. In some instances, a
human IgG1 Fe varfanthas up to 12, 11, 10, 9, 8, 7, 6, § or 4 or fewer mutations in total as
compared to wild-type human IgG1 sequence. In some embodiments, one or more additional
deletions are included in such IgG1 Fe variant. For example, in some embodiments, the C-
terminal lysine of the Fe IgG1 beavy chain constant region is deleted, for example to increase
the homogeneity of the polypeptide when the polypeptide is produced in bacterial or
mammalian cells. In some instances, a human 1gG1 Fe varanthasup to 12, 11, 10,9, 8,7, 6,
3 or 4 or fewer deletions iv total as compared to wild-type human 1gG1 sequence.

§6281] In some embodiments, an Fe domain monomer s from an IgG2 antibody and
includes amino acid substitutions A3308, P3315, or both A330S and P331S. The
aforementioned amino acid positions are defined according to Kabat, et al. (1991). The Kabat
numbering of amino acid residues can be determined for a given antibody by alignment at
regions of homology of the sequence of the antibody with a “standard” Kabat nombered
sequence. In some embodiments, the Fe variant coraprises a hurnan Ig(G2 Fe sequence

coraprising one or more of A3308, P3318 and N297A amino acid substitutions {as designated
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according to the EU numbering systern per Kabat, et al. (1991). In some embodiments, one or
more additional nutations are included in such 1gG2 Fe variants. Non-limiting examples of
such additional mustations for homan IgGG2 Fe variant include V234A, G2374A, P238S, V30SL
and H268A (as designated according to the EU nambering system per Kabat et al. (1991)). In
some instances, a uman IgG2 Fe varanthasup to 12, 11, 10,9, 8,7, 6, 5, 4. 3 or fewer
mutations in total as compared to wild-type human IgG2 sequence. In some emboduments,
one or more additional deletions are included in such IgG2 Fe variant.

{0282] When the Fe variant is an 1gG4 Fe variant, in some embodiments, such Fc variant
comprises a S228F, E233P, F234V, L235A, L235E, or delG236 mutation (as designated
according to Kabat, et al. (1991}}). In some instances, a human IgG4 Fe variant has up to 12,
11, 10,9.8,7, 6,5, 4, 3, 2 or 1 mutation(s) in total as compared to wild-type human IgiG4
Sequence.

{0283] In some embodiments, the Fe variant exhibits reduced binding to an Fe receptor of
the subject compared to the wild-type human [gG Fe region. In some embodiments, the Fc
variant exhibits ablated binding to an Fc receptor of the subject compared to the wild-type
hurnan IgG Fe region. In some embodiments, the Fc variant exhibits a reduction of
phagocyiosis compared to the wild-type human IgG Fc region. In some embodiments, the Fc
variant exhibits ablated phagocytosis compared to the wild-type human IgG Fc region.
{0284] Auntibody-dependent celi-mediated cytotoxicity, which is also referred to herein as
ADCC, refers to a form of cytotoxicity in which secreted Ig bound onto Fe receptors (FeRas)
present on certain cyiotoxic cells (e.g., Natural Killer (NK) cells and neutrophils) enabling
these cytotoxic effector cells to bind specifically to an antigen-bearing target cell and
subsequently kill the target cell. Antibody-dependent cell-mediated phagocytosis, which is
also referred to herein as ADCP, refers to a form of cytotoxicity in which secreted Ig bound
onto Fe receptors (FcRs) present on certain phagocytic cells (e.g., macrophages) enabling
these phagocytic effector cells to bind specifically to an antigen-bearing target cell and
subsequently engulf and digest the target cell. Ligand-specific high-affinity IgG antibodies
directed to the surface of target cells can stimulate the cytotoxic or phagocytic cells and can
he used for such killing. In some embodiments, polypeptide constructs comprising an Fc
variant as described herein exhibit redaced ADCC or ADCP as compared to a polypeptide
constract comprising a wild-type Fe region. In some embodiments, polypeptide constructs
comprising an Fc variant as described herein exhibit at least a 5%, 10%, 15%, 20%, 30%,

40%, 50%, 60%, T0%, 80%, 90% or greater reduction in ADCC or ADCP compared to a
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polypeptide construct comprising a wild-type Fe region. In some embodiments, antibodies
comprising an Fe variant as described herein exhibit ablated ADCC or ADCP as compared to
a polypeptide construct comprising a wild-type Fe region.

{6285} Complement-divected cytotoxicity, which is also referred to herein as CDC, refers
to a form of cytotoxicity in which the complement cascade is activated by the complement
component Clq binding to antibody Fe. In some embodiments, polypeptide constructs
comprising an Fc variant as described herein exhibit at least a 5%, 10%. 15%. 20%, 30%.
40%., 50%, 60%, 70%, 80%, 90% or greater reduction in Clq binding compared to a
polypeptide construct comprising a wild-type Fc region. In some cases, polypeptide
constructs comprising an Fo variant as described herein exhibit reduced CDC as compared to
a polypeptide construct comprising a wild-type Fe region. In some embodiments, polypeptide
constructs comprising an Fe variant as described herein exhibit at least a 5%, 10%, 15%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater reduction in CDC compared to a
polypeptide construct comprising a8 wild-type Fe region. In some cases, antibodies
comprising an Fr variant as described herein exhibit negligible CDC as compared to a
polypeptide construct comprising a wild-type Fe region.

{0286] Fe variants herein include those that exhibit reduced binding to an Fey receptor
compared to the wild-type human IgG Fe region. For example, in some embodiments, an Fc
variant exhibits binding to an Fey receptor that is less than the binding exhibited by a wild-
type human IgG Fc region to an Fey receptor. In some instances, an Fc variant has reduced
binding to an Fey receptor by a factor of 10%, 20% 30%. 40%. 50%, 60%. 70%. 80%, 90%,
95%, 96%, 97%, 98%, 99% or 100% (fully ablated effector function). In some embodinents,
the reduced binding is for any one or more Foy receptors, e.g., CD16a, CD32a, CD32b,
CD32¢, or CDo4.

{6287] In some instances, the Fc variants disclosed herein exhibit a reduction of
phagocytosis compared to its wild-type human IgG Fe region. Such Fe variants exhibit a
reduction in phagocytosis compared to its wild-type human 1gG Fe region, wherein the
reduction of phagocytosis activity is e.g., by a factor of 10%, 20%, 30%. 40%, 50%. 60%.
0%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100%. In some instances, an Fc variant
exhibits ablated phagocytosis compared to its wild-type human g Fe region.

{G288] In some embodiments, the Fe variants disclosed herein are coupled to one or more
fusion partners. [n some cases the fusion partner is a therapeutic moiety, such as a eytotoxic

agent of the present disclosure. In some cases, the fusion partner is selected to enable
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targeting of an cxpressed protein, purification, screening, display, and the like. In some
embodiments, the fusion partner also affects the degree of binding to Fc receptors or the
degree of phagocytosis reduction.

{62891 In some embodiments, fusion partriers are linked to the Fe variant sequence via a
linker sequence. In some embodiments, the linker sequence generally comprises a small
number of amino acids, such as less than ten amino acids, although longer linkers are also
utilized. In some cases, the linker has a length less than 10, 9, 8, 7, 6, or § amino acids or
shorter. In some cases, the linker has a length of at least 10, 11, 12, 13, 14, 15, 20, 25, 30, or
35 amino acids or longer. Optionally, in some embodiments, a cleavable linker is employed.
{0250] in some embodiments, a fusion partuer is a targeting or signal sequence that
directs an Fc variant protein and any associated fusion partners to a desired cellular location
or to the extracellular media. In some embodiments, certain signaling sequences target a
protein to be either secreted into the growth media, or into the periplasmic space, located
between the inner and outer membrane of the cell. In some embodiments, a fusion partner is a
sequence that encodes a peptide or protein that enables purification or screening. Such fusion
partners include, but are not limited to, polyhistidine tags (His-tags) (for example His6 and
His10) or other tags for use with Immobilized Metal Affinity Chromatography (IMAC)
systems {(e.g., Ni+2 affinity columns), GST fusions, MBP fusions, Strep-tag, the BSP
biotinylation target sequence of the bacterial enzyme BirA, and epitope tags which are
targeted by antibodies (for example c-myc tags, flag-tags, and the like).

{0291] In some embodiments, such tags ave useful for purtfication, for screening, or both.
For example, in some embodiments, an Fe variant is purificd using a His-tag by immobilizing
it to a Ni+2 affinity colurnn, and then after purification the same His-tag is used to
immobilize the antibody to a Ni+2 coated plate to perform an ELISA or other binding assay.
{0292] Various fusion partners that enable a variety of selection methods are available.
For exarople, by fusing the members of an Fc variant library to the gene Il protein, phage
display can be employed. In some embodiments, fusion partners enable Fe variants to be
labeled. Alternatively, in some embodiments, a fusion partner binds to a specific sequence on
the expression vector, enabling the fusion partner and associated Fe variant to be linked
covalently or noncovalently with the nucleic acid that encodes ther.

{0293] In some embeodiments, when a fusion partner is a therapeutic moiety, the
therapeutic molety is, e.g., a Cytotoxic agent, a peptide, a protein, an antibody, a siRNA, or a

small molecule.

161



WO 2018/057669 PCT/US2017/052592

{06294] in some embodiments, an antibody of the present disclosure is bound to various
carriers ot labels and used to detect the presence of specific antigen expressing celfs.
Examples of carriers include glass, polystyrene, polypropylene, polyethylene, dextran, nylon,
amylases, natural and modified celluloses, polyacrylamides, agaroses, and magnetite. The
nature of the carrier can be either soluble or insoluble. Various ditferent labels and methods
of labeling are known. Examples of labels include enzymes, radioisotopes, fluorescent
compounds, colioidal metals, chemiluminescent compounds, and bio-luminescent
compounds. Various techniques for binding labels to antibodies disclosed herein are
available. In some embodiments, the antibodies are coupled to low molecular weight
haptens. These haptens are then specifically detected by means of a second reaction. For
example, in some embodiments, the hapten biotin is used with avidin or the baptens
dinitrophenol, pyridoxal, or fluorescein are detected with specific anti-hapten antibodies (e.g.,
anti-dinitrophenol antibodies, anti-pyridoxal antibodies, and anti-fluoorescein antibodies
respectively). In some embodiments, the antibodies described herein are utilized in vitro for
binding assays. such as immune assays. For example, in some embodiments, the antibodies
are utilized in liquid phase or bound to a solid phase carvier. In some embodiments,

antibodies utilized for immunoassays are detectably labeled in various ways.

Methods of Identifving and/or Generating Antibodies

{0295] Certain aspects of the present disclosure relate to methods of identifying an
antigen binding domain that binds an extracellular domain {e.g., the D1 domain} of a human
SIRP-¢ polypeptide. Advantageously, the methods described herein can be used to identify
antigen binding dornains that block binding between human CD47 and a human SIRP-u
polypeptide, do not block binding between human CD47 and a human SIRP-o polypeptide, or
reduce affinity of a human SIRP-g¢ polypeptide for human CD47.

{0296] in some embodiments, the roethods include providing an antigen binding domain
that binds the extracellular domain (e.g., the D1 domain) of a human SIRP-a polypeptide.
Exemplary antigen binding domains and antibodies that bind the extracellular domain {e.g.,
the D1 domain} of a buman SIRP-¢ polypeptide, and/or other SIRP polypeptides, are
described herein, as are exemplary methods for wdentifying such antigen binding
domains/antibodies. Exemplary methods are described in greater detail in the Examples

infra.
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{02971 in some embodiments, the methods include assembling a complex comprising a
SIRP-g D1 variant bound fo a polypeptide comprising an IgSF domain of CD47. In some
embodiments, “assembling” the complex includes providing a solution containing both a
SIRP-g D1 variant and a polypeptide comprising an IgSF domain of CD47. In some
embodiments, the SIRP-g D1 variant is a non-naturally occurring variang, ¢.g., that binds to
bhuman CD47 with an affinity that is at least 10-fold, at least 100-fold, or at least 100-fold
greater than the affinity of a naturally occurring SIRP-o D1 domain binding to human CD47.
Advantageously, this facilitates antibody screening, as a natural SIRP-0:CD47 interaction
may be too weak for use in binding and screening assays. Exemplary variants are described
in greater detail infra.

{0298] In some embodiments, the methods include contacting the antigen binding domain
with the assembled complex. In some embodiments, binding, or a lack or deficiency thereof,
of the antigen binding dormain to the complex is detected. Various detection techniques are
described herein. In some embodiments, SPR or ELISA is used. Detectable binding of the
antigen binding domain to the complex indicates that the antigen binding domain does not
block binding between human CD47 and the human SIRP-a polypeptide. A lack of binding
of the antigen binding domain to the complex indicates that the antigen binding domain
blocks binding between human CB47 and the human SIRP-g polypeptide. In addition, SPR
is used to distinguish blocking, non-blocking and kick-off antibodics. For exarmple, in some
embodiments, a non-blocking antibody increases RUs when ingected on top of pre-formed
SIRPo:CDA47 complex, a kick-off antibody increases Ky of a pre-formed SIRPa:CD47
complex, and blocking antibody does not change the RUs or Kot a pre-formed
SIRPo:CDA47 complex.

{0299] In some embodiments, the IgSF domain of CD47 is a2 human [gSF domain. In
some embodiments, the polypeptide comprising the IgSF domain of CD47 comprises a
human CD47 extracellular domain. In some embodiments, the IgSF domain of CD47
comprises the amino acid sequence of
QLLFNKTKSVEFTFSNDTVVIPCEVINMEAQNTTEVY VKWEFKGRDIYTFDGALNKS
TVPTDESSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETHELKYRVY
VS (SEQ ID NO:16). In some embodiments, the polypeptide comprising the IgSF domain of

CP47 is conjugated to another polypeptide ot other molety, e.g., an Ig Fe region.
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High affinity SIRP-0 DI domain variants

{03001 A variety of high affinity SIRP-g D1 variants are contemplated for use herein. For

example, in certain embodiments, the SIRP-o D1 variant comprises an amino acid sequence

selected from the group consisting of SEQ ID NOs:17-52 (see Table 4). Further descriptions

of SIRP-¢ D1 variants follow.

Tabie 4. Exemplary SIRP-0 D1 variant amino acid sequences.

SEQID NG

Sequence

.-,
17
/

EEELQUOPDKSVLVAAGETATLRCTITSLEFPVGPIOQWFRGAGPGRELIYNQREG
PFPRVTTVSDTTKRNNMDFESIRIGAITPADAGTY YCVKFRKGSPDDVEFKSGAG
TELSYRAKPS

18

EEELOQHOPDKSVSVAAGESAILHCTITSLEFPVGPIQWEFRGAGPARVLIYNQRQG
PFPRVTTVSETTKRENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

19

EEELQVIQPDKSVSVAAGESAILHCTVISLFPVGPIOWERGAGPARELIYNQR(
GPEFPRVTTVSESTKRENMDESISISNITPADAGTYYCVEFRKGSPDTEFKSGAGT
ELSVRAKPS

20

EEELQVIQPDKSVSVAAGESAILHCTITSLFPVGPIQWERGAGPARVLIYNQRQG
PFPRVTTVSETTKRENMDESISISNITPADAGTYYCIKFREKGSPDTEFKSGAGTE
LSVRAKPS

EEELQIOQPDKSVEVAAGESAILHCTVTSLFPVGPIQWIROCAGPARVLIYNQROQG
PFPRVTTYSETTKRENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
L3VRAKPS

EEELQHOPDKSVSVAAGESAILHCTITSLIPVGPIQWEFRGAGPARVLIYNQRQGP
FPRVTTVSETTEKRENMDFESISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTEL
SVRAKPS

23

EEELQUOPDESVSVAAGESAILHCTITSLFPYVGPIQWEFRGAGPARELIYNQRQG
PIPRVTTVSETTKRENMDESISISNITPADAGTYYCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

24

EEELQUOPDKSVSVAAGESAILHCTITSLEPVGPIQOWEFRGAGPARVLIYNQRQG
PFPRVTTVYSETTKRENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

EEELQIHOPDKSVSVAAGESAILHCTITSLFPVGRPIQWIERGAGPARVLIYNQREG
PEPRVTTVSETTKRENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

EEELQUOPDKSVSVAAGESAILHCTITSLFPVGPIQWERGAGPARVLIYNQRQG
HEPRVTTVSETTERENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
LSYRAKPS

EEELQUQOPDKSVSVAAGESAILHCTITSLEPVGPIOWERGAGPARVLIYNQRQG
PFPRVTTVSESTKRENMDESISISNITPADAGTYYCIKFRKGSPDTEFKSGAGTEL
SVRAKPS

EEELQHOPDKSYVSVAAGESAILHCTITSLEFPVGPIQWIEFRGAGPARVLIYNQROG
PFPRVTTVSETTKRENMDFESISISNITPADAGTYYCVKFRKGSPDTEFKSGAGTE
LSVRAKPS

29

EEELQVIQPDKSVSVAAGESAILHCTVTSLIPYVGPIQWERGAGPARELIYNQREG
PFPRVTTVSESTERENMDESISISNITPADAGTYYCVKERKGSPDTEFKSGAGTE
LSYRAKPS

¥y
<

EEELQVIQPDESVSVAAGESAIL HCTVTSLFPVGPIQWEFRGAGPARELIYNQRE
GPFPRVTTVSESTKRENMDESISISNITPADAGTY YCVKFRKGSPDTEFKSGAGT
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ELSVRAKPS

EEELQVIQPDKSVSVAAGESAILHCTITSLFPVGPIQWERGAGPARELIYNQREG
PEPRVTTVSESTKRENMDESISISNITPADAGTYYCVEFRKGSPDTEFKSGAGTE
LSYRAKPS

EEELQVIQPDESVSVAAGESAHLHCTITSLFPVGPIQWERGAGPARELIYNQREG
PFPRVTTVSETTKRENMDESISISNITPADAGTYYCVKFREGSPDTEFKSGCGAGTE
LSYRAKPS

EEELQUQPDKSVSVAAGESAILHCTITSLEPVGPIOWERGAGPARELIYNQREGP
FPRVTTVSESTKRENMDESISISNITPADAGTYYCVKFRKGSPDTEFKSGAGTEL
SVRAKPS

EEELQVIQPDKSVEVAAGESAILHCTITSLIPVGPIOWERGAGPARELIYNQREG
PEPRVTTVSESTKRENMDESISISNITPADAGTYYCVEFRKGSPDTEFKSGAGTE
LSVRAKPS

EEELCQHOPDEKSVSVAAGESAILHCTITSLFPVGPIQWERGAGPARELIYNQREGP
FPRVTTVSETTKRENMDFESISISNITPADAGTYYCVEKFREGSPDTEFKSGAGTEL
SYRAKP3

EEELQVIQPDESVEVAAGETATLRCTATSLFPYVGPIQWIRGAGPGRELIYNQRQ
GPFPRVTTVSDETKRENNMDESIRIGNITPADAGTY YCVEKFRKGSPDDVEFKSGA
GTELSVRAKPS

~1

2

EEELOQUOPDKSVLVAAGETATLRCTITALFPVGPIQWIRGAGPGRELIYNQREG
PFPRVTTVYASDLTKRNNMDFESIRIGNITPADAGTY YCVEFRKGSPODVEFKSGAG
TELSYRAKPS

38

EEELQVIQPDKSVEVAAGETATLRCTITSLFPVGPIQWERGAGPGRELIYNQRE
GPEPRVTTVSDTTKRNNMDFESIRIGNITPADAGTYYCVKFRKGSPDDVEFKSGA
GTELSVRAKPS

39

EEEL QUOPDESVEVAAGETATLRCTITSLEPYGPIQWEFRGAGPGRELIYNQREG
PEFPRVTTVSDTTKRNNMDESIRIGNITPADAGTY YCVKFRKGSPDDVEFKSGAG
TELSVRAKPS

40

EEELOQVIQPDKSVEVAAGETATLRCTITSLFPVGPIOWEFRGAGPGRELIYNQRE
GPFPRVTTVSDLTERNNMDESIRIGNITPADAGTY YCVKFRKGSPDDVEFKSGA
GTELSVRAKPS

41

EEELOQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWERGAGPGRELIYNQRE
GPFPRVTTVSDLTERNNMDESIRIGNITPADAGTYYCVKEFRKGSPDDVEFKSGA
GTELSVRAKPS

EEELQUOPDESVLVAAGETATLRCTITSLFPYGPIQWEFRGAGPGRVLIYNQRQG
PEPRVTTVSDTTKRNNMDFSIRIGNITPADAGTY YCIKFRKGAPDDVEFKSGAG
TELSVRAKPS

EEELQUQPDKSVLVAAGETATLRCTITSLFPVGPIQWIFRGAGPGRVLIYNQRQG
PFPRVTTVSDTTKRNNMDESIRIGAITPADAGTY YCIKFRKGSPDDVEFKSGAG
TELSVRAKPS

EEELQVIQPDKSVEVAAGETATLRCTATSLIFPVGPIQWERGAGPGRELIYNQRO
GPFPRVTTVSDLTERNNMDESIRIGAITPADAGTYYCVKERKGSPDDVEFKSGA
GTELSVRAKPS

45

EEELQUOQPDKSVEVAAGETATLRCTITSLFPYGPIQWERGAGPGRVLIYNQREG
PFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTY YCIKFRKGSPDDVEFKSGAG
TELSVRAKPS

i6

EEELQVIQPDESVLVAAGETATLRCTATSLEPVGPIQWIRGAGPGRELIYNQRE
GPFPRVTTVSDETKRENNMDESIRIGAITPADAGTY YCVEKFRKGSPDDVEFKSGA
GTELSVRAKPS

=
~1

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIOQWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTERNNMDEFSIRIGAITPADAGTY YCVKFRKGSPDDVEFKSGA
GTELSVRAKPS

48

EEELQUOQPDKSVELVAAGETATLRCTITSLFPVGPIQWEFRGAGPGRELIYNQREG
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PFPRVTTVYSDLTKRNNMDFESIRIGAITPADAGTYYCVEFREGSPDDVEFKSGAG
TELSYRAKPS

49

EEELOQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWEFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFESIRIGAITPADAGTYYCVKFRKGSPDDVEFKSGA
GTELSVRAKPS

EEELQVIQPDESVEVAAGETATLRCTATSLIPVGPIQWIRGAGPGRELIYNQKE
GHFPRVTTVSDLTKRNNMDESIRIGNITPADAGTY YCVEFRKGSPDDVEFKSG
AGTELSVRAKPS

EEELQUOPDKSVLVAAGETATLRCTITSLEFPVGPIOWFRGAGPGRELIYNQREG
PFPRVTTVSDTTKRNNMDFESIRIGAITPADAGTY YCVKFRKGSPDDVEFKSGAG
TELSVRAKPS

EEELOQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWERGAGPGRELIYNQR
QGPFPRVTTVSDLTKRNNMDESIRIGNITVADAGTY YCVKFRKGSPDDVEFRK
SGAGTELSYRAKPS

{0301] In some embodiments, a SIRP-a D1 variant polypeptide or fragment thereof binds

to CD47 with a Ky less than 1 x 107" M, less than 5§ x 107 M, less than | x i M, less 5 x 107

00, less than 1% 107°M or less than 1 x 107" M. In some embodiments, a SIRP-u D1

variant polypeptide or fragment thereof binds to CD47 with a K between about 500 nM and

100 nM, between about 100 oM and 50 nM, between about 50 nM and 10 oM, between about

10 nM and 5 oM, between about 5 nM and 1 oM, between about 1 nM and 500 pM, between

about 500 pM and 100 pM, between about 100 pM and 50 pM. or between about 530 pM and

10 pM.

{0302] In some embodunents, fragments include polypeptides of less than 10 amino acids

in length, about 10 amino acids in length, about 20 amino acids in length, about 30 amino

acids in length. about 40 amine acids in length. about 50 amino acids in length, about 60

amino acids in length, about 70 amino acids in length, about 80 amino acids in length, about

90 amino acids in length, about 100 amino acids in length, or more than about 100 amino

acids in length. Fragments retain the ability to bind to CD47. Preferably, SIRP-¢ D1 variant

polypeptides and fragments thereof bind to CD47 with a higher affinity than a SIRP-a

polypeptide binds to CD47.

{0303] In some embodunents, the above-mentioned SIRP-o D1 variant polypeptides are

attached or fused to a second polypeptide. In some embodiments, the second polypeptide

includes, without limitation, an Fc polypeptide, an Fc variant, an HSA polypeptide, an

atburoin peptide, a PEG polymer or a fragment of the foregoing.

{0304] In some embeodiments, the polypeptide includes a high affinity SIRP-¢ D1 domain
that bas at least 85% sequence identity (¢.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% sequence identity) to any variant provided

in Table 4.
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Antibody generation in chicken
{0305] Certain aspects of the present disclosure relate to roethods of producing an anti-
SIRP-a antibody that binds the extracethilar domains (e.g., the D1 domains) of two or more
different human SIRP-¢ variant polypeptides. Without wishing to be bound to theory, it is
thought that the use of chicken is particularly advantageous because of the greater diversity
between chicken SIRP-¢ and mammalian (e.g., human, monkey, mouse, etc.} SIRP-a.
Further, the phylogenetic distance between chickens and mammals allows for the
identification of antibodics that cross-react against, e. g., human and mouse SIRP-u
polypeptides, which can be difficult to achieve by producing antibodies in mouse due to self-
tolerance.
{03686] In some embodiments, the ethods include immunizing a chicken with a peptide
coraprising at least a portion of a human SIRP-u extracellular domain (e.g., the D1 domain).
An exemplary tnmmonization schedule is described infra. Methods for chicken immunization
are described, e.g., in Mettler Izguierdo, S. ef afl. (2016) Microscopy (Oxf) 1-16. In some
embodiments, the methods include obtaining an antibody from an antibody-producing cel
from the immunized chicken.
{6367] In some embodiments, the methods include detecting binding between the
antibody obtained from the cell and the extracellular domains {e.g., the D1 domains) of two
or more different human SIRP-g variant polypeptides. For example, in some embodiments,
human SIRP-o vi and v2, e.g., as described herein, are used. Exemplary detection
techniques are described herein and include without limitation the GEM assay (see. e.g.,
W0O2000111014 and Mettler Izquierdo, S. et al. (2016) Microscopy (Oxf) 1-16), SPR, and
ELISA.

Methods of Treatment

{0308] Certain aspects of the present disclosure relate to treating a disease or disorder
using an antibody described herein. In some embodiments, the disease is cancer. In some
embodiments, the disease is an autoimmune or inflammatory disease.

{03095] For example, provided herein are methods of treating or delaying progression of
cancer in an individual by administering an effective amount of an antibody of the present
disclosure. Without wishing to be bound to theory, U is thought that the antihodies described

herein may be useful in the treatiment of cancer, e.g., by abrogating the cancet’s ability to
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inhibit phagocytosis and immune surveillance through the CD47: SIRP-¢ signaling axis, or
by otherwise enhancing activation of the iramune systera (such as by activation of dendritic
celis).

{6316 In some embodiments, an antibody of the present disclosure is administered in
combination with a chemotherapeutic agent.

{0311] In some embodiments, an antibody of the present disclosure is administered in
combination with a second antibody, e. g., an antibody that binds an antigen expressed by the
cancer. Exemplary antigens expressed by cancers are known in the art and include without
limitation CD19, CD20, CD22, CD30, CD33, CD3R, CD52, CD56, CD70, CD74, CD79b,
CDi23, CDI38, CS/SLAME7, Trop-2, 5T4, EphA4d, BCMA, Mucin 1, Muein 16, PTK7,
PD-L1, STEAPI, Endothelin B Receptor, mesothelin, EGFRVIHE, ENPP3, SLC44A4,
3NMB, nectin 4, NaPiZb, LIV-1A, Guanylyl cyvclase C, DLL3, EGFR, HER2, VEGF,
VEGFR, integrin gVB3, integrin o3p1, MET, IGFIR, TRAILRI, TRAILR2, RANKL, FAP,
Tenascin, Le’, EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CATX, EPHA3J, folate
receptor g, GD2, GD3, and an MHC/peptide complex comprising a peptide from NY-ESQC-
1/LAGE, 88X-2, a MAGE family protein, MAGE-A3, gpi00/pmell7, Melan-A/MART-

1, gp75/TRP1, tyrosinase, TRP2, CEA, PSA, TAG-72, immature laminin

receptor, MOK/RAGE-1, WT-1, SAP-1, BING-4, EpCAM, MUCH, PRAME,

survivin, BRCAT, BRCAZ, CDK4, CML66, MART-2, p53, Ras, B-catenin, TGF-BRIL, HPV
E6, or HPV E7. For example, in some embodiments, an antibody of the present disclosure is
administered in combination with a monoclonal antibody that binds CD123 {also known as
1.3 receptor alpha), such as talacotuzumab (also known as CSL362 and JNI-56022473). In
some embodiments, an antibody of the present disclosure is administered in combination with
2 monoclonal antibody that binds EGFR (such as cetuximab). In some embodiments, the
second antibody includes one or more effector functions, e.g., effector functions that are
associated with Fe receptor (FeR) engagement on immune cells including without Hmitation
ADCC or ADCP, and/or complement-dependent cytotoxicity (CDC). Without wishing to be
bound to theory, it is thought that combining such an antibody with an antibody of the present
disclosure is particularly advantageous, e.g., to direct FeR-expressing leukocytes to target a
tumor cell to which the second antibody is bound while also inhibiting the responsiveness of
SIRP-g expressed by the leakocyte to any CD47 expressed by the tumor cell with the SIRP-u
antibody.
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{06312] in some embodiments, an antibody of the present disclosure is administered in
combination with an immunotherapeutic agent. An Unmunotherapeutic agent may refer to
any therapeutic that targets the immune system and promotes a therapeutic redirection of the
immune system, sach as a modulator of a costimulatory pathway, cancer vaccine,
recombinantly modified immune cell, etc. In some embodiments, the immunotherapeutic
agent comprises an antibody. Exeroplary antigens of immunotherapeutic antibodies are
known in the art and include without mitation PD-1, PD-L1, OX40, CTLA-4, CD137/4-
1BB. B7-H3, FZD7. CD27, TNFR2, CCR4, CSFIR, CSF, TIM-3, LAG-3, VISTA, ICOS,
CCR2, 1IDO, A2R, CD39, CD73, TIGIT, CD8O, C47, arginase, TDO, and PVRIG.
Iromunotherapeutic agents that are approved or in late-stage clinical testing include, without
limitation, ipilimumab, pembrolizumab, nivolumab, atezolizomab, avelumab, durvalumab,
and the like. Without wishing o be bound to theory, it is thought that the antibodics of the
present disclosure are suitable for use with ronunotherapeutic agents due o complementary
mechanisms of action, e.g., in activating both macrophages and Tegeuor cells to target tumor
cclis. In certain embodiments, an antibody of the present disclosure is administered in
combination with an inhibitor of the PD-L1/PD-1 pathway, e.2., an anti-PD-L1 or anti-PD-1
antibody. As demonstrated herein, combined administration of an anti-SIRP-¢ antibody of
the present disclosure and an tnhibitor of the PD-L1/PD-1 pathway can result in synergistic
anti-tumor activity. For example, in some embodiments, a blocking anti-SIRP-¢ antibody of
the present disclosure is administered in combination with an anti-PD-1 antibody. In some
embodiments, a non-blocking anti-SIRP-a antibody of the present disclosure is administered
in combination with an anti-PD-1 antibody. In some embodiments, a blocking anti-SiRP-g
antibody of the present disclosure is administered in combination with an anti-PD-L1
antibody. In some embodiments, a non-blocking anti-SIRP-a antibody of the present
disclosure is administered in combination with an anti-PD-L1 antibody.

{0313] Any cancer type known in the art may be included, such as but not limited to
carcinoma, sarcoma, lymphoma, leukemia, lymphoma, and blastorna. More particular
examples of such cancers include, but are not limited to, lung cancer, squamous cell cancer,
brain tumors, glioblastoma, head and neck cancer, hepatoceliular cancer, colorectal cancer
{e.g., colon or rectal cancers), liver cancer, bladder cancer, gastric or stomach cancer,
pancreatic cancer, cervical cancer, ovarian cancer, cancer of the urinary tract, breast cancer,
peritoneal cancer, uterine cancer, salivary gland cancer, kKidney or renal cancer, prostate

cancer, vulval cancer, thyroid cancer, anal carcinoma, penile carcinoma, melanoma, multiple
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myeloma and B-cell lymphoma (including non-Hodgkin's lymphomas (NHL)); acute
Iymphoblastic leukemia (ALLY; chronic lymphocytic leukernia (CLL); acute myeloid
feukemia (AML); Merkel cell carcinoma; hairy cell leskemia; chronic myeloblastic leukemia
{CML); and associated metastases.

{8314] in addition to cancer therapies, the antibodies provided herein are useful in
therapies in which monoclonal antibodies are administered for the purpose of depleting cells,
e.g., in the treatment of inflammatory diseases by depletion immune cells. For such purposes
the an antibody provided herein is administered in combination with a second therapeutic
antibody, ¢.g. with rituximab for depletion of B cells in inflammatory discases and
autoinyoune conditions; alemtuzurnab for multiple sclevosis; OKT3 for tonumosuppression;
others for bone marrow transplant conditioning; and the like.

{0315] Further provided herein are methods of treating or delaying progression of an
autoimmune disease or an inflaromatory disease in an individual by administering an
effective amount of an antibody of the present disclosure. Autoimmune diseases and
inflammatory discases amenable to treatment according to the disclosure include, but are not
Iimited to, multiple sclerosis, rheumatoid arthritis, a spondyloarthropathy, systemic lupus
erythematosus, an antibody-mediated inflammatory or avtoimmune disease, graft versus host
discase, sepsis, diabetes, psoriasis, atherosclerosis, Sjogren's syndrome, progressive systemic
sclerosis, scleroderma, acute coronary syndrome, ischemic reperfusion, Croba's Discase,
endometriosis, glomerulonephritis, myasthema gravis, idiopathic pulmonary fibrosis, asthma,
acute respiratory distress syndrome (ARDS), vasculitis, and inflammatory autoimmune
myositis. in some embodiments, an antibody of the present disclosure is administered in
combination with a therapeutic agent, such as an immunosuppressive, anti-inflammatory, or
immunomodulatory agent. In some embodiments, an antibody provided herein is used in the
treatment of an autoimmune disease or an inflammatory disease, e.g., muitiple sclerosis,
rheumatoid arthritis, a spondyloarthropathy, systemic fupus erythematosus, an antibody-
mediated inflanmuatory or autoimmune disease, graft versus host disease, sepsis, diabetes,
psoriasis, psoriatic arthritis, atherosclerosis, Sjogren's syndrome, progressive systemic
sclerosis, scleroderma, acute coronary syndrome, ischemic reperfusion, Crohn's

Disease, ulcerative colitis, endometriosis, glomerulonephritis, IgA nephropathy, polycystic
kidney disease, myasthenia gravis, idiopathic pulmonary fibrosis, asthma, atopic dermatitis,
acute respiratory distress syndrome (ARDS), vasculitis, or inflammatory awtoimmune

myositis.
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{0316] In some embodiments, an antibody of the present disclosure is part of a
pharmaceutical formulation, e.g., including the antibody and one or more pharmaceutically
acceptable carviers. Pharmaceutical compositions and formoulations as described herein can
be prepared by mixing the active ingredients (such as an antibody or a polypeptide) having
the desired degree of purity with one or more optional pharmaceutically acceptable carriers
(Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of
Ivophilized formulations or aqueous solutions. Pharmaceutically acceptable carriers are
generally nontoxic to recipients at the dosages and concentrations employed, and include, but
are not limited to: buffers such as phosphate, citrate, and other organic acids; antioxidants
inchuding ascorbic acid and methionine; preservatives; low molecular weight (Jess than about
10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone; amino acids; monosaccharides,
disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating
agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming
counter-ions such as sodium; metal complexes (e.g. Zn-protein complexes); and/or non-ionic
surfactants such as polyethylene glycol (PEG). In some embodiments, an antibody of the

present disclosure is lyophilized.

EXAMPLES

{6317] The present disclosure will be more fully anderstood by reference to the following
examples. The examples should not, however, be construed as limiting the scope of the
present disclosure. [t is understood that the examples and embodiments described berein are
for tHustrative purposes only and that various modifications or changes in light thereof will
be suggested to persons skilled in the art and are to be included within the spirit and purview

of this application and scope of the appended claios.

Example 1: Identification of Antibodies with Novel Binding Specificities to SIRP-a
Proteins
Methods
Antibody production
{0318] The following proteins were used for immunization. Each includes a human or

mouse SIRP-a peptide fused to a modified Fe region (either an S228P human 1gG4 Fe or an
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L234A/L235A/G23TA/NZ9TA human IgG1 Fe designated as IgG1_AAA_N297A) for

increased immunogenicity.

Table A. Immunogen sequences.

Description

SEQ ID NO

Seguence

Human sirpa vl
{Fusion with Fc of IgG4_S225P)

i

EEELOQVIQPDEKSVLEVAAGETATLRCTATSLIPY
GPIQWERGAGPGRELIYNQEEGHFPRVTTVSD
LTKRNNMDESIRIGNITPADAGTYYCVKERKG
SPDDVEFKSGAGTELSVRAKPSESKYGPPCPP
CPAPEFLGGPSVELFPPKPKDTLMISRTPEVTC
VVVDVSQEDPEVOQFNWYVDOVEVHNAKTKP
REEQFNSTYRVVSVLTVLHODWLNGRKEYKCK
VSNEGLPSSIEKTISKAKGOPREPQVYTLPPSQ
EEMTKNQVSLTCLVKGFYPSDIAVEWESNG(
PENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQ
EGNVFSCSVMHEALHNHYTOQKSLSLSEGK

Human sirpa v2
(Fuston with Fe of 1gG4_S228P)

B

EEELQVIQPDKSVSVAAGESAILHCTVTSLIPV
GPIQWFRCAGPARELIYNQKEGHFPRVTTVSE
STERENMDFESISISNITPADAGTYYCVKFREGS
PDTEFKSGAGTELSVRAKPSESKYGPPCPPCPA
PEFLGGPSVELFPPEKPEDTLMISRTPEVTCYVY
DVSQEDPEVOFNWYVDGVEVHNAKTKPREE
QENSTYRVVSVLTVLHQDWLNGKEYKCKVYS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE
MTRKNOQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLY SRETVDKSRWOE
ONVESCSVMHEALHNHYTORSLSLSLGK

Mouse 129 sirpa
{Fusion with Fc of
TeG1_AAA_N297A)

KELKVTOPEKSVSVAAGDSTVLNCTLTSLLPY
GPIKWYRGVGQSRLLIYSFTGEHFPRVTNVSD
ATKRNNMDFSIRISNVTPEDAGTYYCVKFQRG
PSEPDTEIQSGGCTEVY VLAKPSDKTHTCPPCP
APEAAGAPSVFLFPPKPKDTLMISRTPEVTCVY
VDVSHEDPEVKFNWYVDGVEVHNAKTEPRE
EQYASTYRVVSEVLTVLHQDWLNGEEYKCKY
SNEALPAPIEKTISKAKGQPREPOQVYTLPPSRE
EMTKNQVSLTCLVKGFYPSDHAVEWESNGQP
ENNYETTPPVLDSDGSFFLYSKETVDKSRWO
QGNVESCSVMHEALHNHYTQKSLSLSPGK

Mouse NOD sirpa
{Fusion with Fc of
fgGI_AAA_NZBTA)

TEVEKVIQPEKSVEVAAGDSTVLNCTLTISLLPY
GPIRWYRGVGQSROQLIYSFTTEHFPRVTINYSD
ATKRSNLDFSIRISNVTPEDAGTYYCVKFQRG
SPDTEIQSGGGTEVYVLAKDKTHTCPPCPAPE
AAGAPSVEFLFPPKPKDTLMISRTPEVTCVVYD
VSHEDPEVKFNWYVDGVEVHNAKTEPREE(
YASTYRVVSVLTVLHODWLNGKEYKCKYSN
KALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TENQVSLTCLVKGFYPSDIAVEWESNGQOPEN
NYKTTPPVLDSDGSFFLY SKLTYDRESRWQQG
NVESCSVMHEALHNHYTOKSLSLASPGK
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{06319] The above proteins were used to immmunize wild-type chickens, SynVH chickens
which are fransgenic chickens containing VH from human and VL from chicken, or chickens
with fully human “HuMAB” imnnunoglobulin loci (Crystal Biloscience; see, e.g.,
WO2012162422, WO2011019844, and W(2013059159). Chickens were immunized with
varied scheduies having alternating doses of antigen. An exemplary immunization schedule
is as follows: initial immunization with 100pg dose of antigen having the sequence of SEQ
[P NO:1 at week 1, boost of 100pg of antigen having the sequence of SEQ ID NO: 2 at week
3, draw at week 4, boost with 50ug dose of antigen having the sequence of SEQ ID NO:1 at
week 5, draw at week 6, boost with 50ug of antigen having the sequence of SEQ 1 NO: 2 at
week 7, and draw at week 8. Additional descriptions of chicken romunization may be found,

e.g., in Mettler Izquierde, S. et al. (2016) Microscopy {Oxf) 1-16.

Screening and expression of antibody clones

{63201 Clones were generated and screened according to the GEM assay (see Mettler
Izquierdo, 8. er al. (2016) Microscopy (Oxf) 1-16). Clones were tested in a scFv-Fe format in
which the light chain is fused via linker with the heavy chain. The scFv was fused to the N-
terminus of human Fe-1gG1. Clones were expressed in FreeStyle™ 293-F5 cells (Thermo

Fisher) and secreted media was used for ELISA and SPR binding characterization.

SPR

{0321] Binding of the antibody clones to various SIRP proteins was deterrained using
surface plasmon resonance (SPR} detection on a ProteOn XPR36 instrument (Bio-Rad,
Hercules, CA) using phosphate butfered saline (PBS, pH 7.4) supplemented with 0.01%
Tween-20 (PBST) as running buffer. The pre-filtered media containing the secreted
antibodies was used directly for the assay. First, anti-Human IgG Fc (BR-1008-39, GE
Healthcare) was amine-coupled onto a GLC sensor chip to generate the capture surfaces for
the antibodies. About 4000 RU per tflow cell of iramobilized anti-human IgG Fe is achieved.
Each clone is screened using the same maethod as follows. The SIRP analytes used for the
screen are listed in Table C.

{0322} (1) ~5-10uL of pre-filtered media in 10mM sodium acetate buffer (pH4.5) was
injected for 2 mins at 30ul/min;

{0323] {2) buffer flow for I min at 100ul/min;

{0324] (3) SIRP analyte (100nM) injected for 1 min at 100ul/min, followed by a

dissociation cycle of 10mins;
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{0325] (4} regeneration of chip surface by flowing 3M Magnesium Chloride for 1 min at
25ul/min in both orientation; and

{6326] (8) buffer flow for Lmin at 100ul/min.

{0327] Biosensor data were double-referenced by subtracting the interspot data
{containing no immobilized anti-human Ig(G Fc) from the reaction spot data (immobilized
anti-human IgG Fe) and then subtracting the response of a buffer “blank” analyte injection
from that of an analyte injection. Binding was fitted using a 1:1 Langmuir and K¢ (1/5)

values calculated. All SPR assays were performed at 25 °C.

ELISA

{0328] ELISA assays were carried out to screen binding of antibody clones to SIRP
analytes and SIRP-0uCD47 complex. Briefly, 96-well flat-bottom, bigh binding plates
{Greiner Bio-One #655061) were coated with the following proteins in separate ELISA
experiments: Avidin (Sigma A9275) (2ug/ml) followed by biotinylated human SIRPo V1
{0.5ug/ml), Avidin (Zug/ml) followed by human SIRPo V2 biotin {(8.5ug/ml), mouse NOD
SIRPo (Z2ug/mb), human SIRPY Cug/mi), CD47 (Zug/ml) followed by high affinity human
SIRPo VI and V2 (at 2ug/ml each) or anti-hFc Qug/ml Rockland 609-4103). Plates were
blocked with PBSTM (Phosphate Buffered Saline pH 7.4, 0.05% Tween20, 3% milk), 50ul of
supernatant containing the secreted scFv-Fe are added for 1hr at room temp. Plates were
washed with PBST. 50ul of anti-hFc-HRP (1:5000 Rockland 609-4303) added for 1hr at
room temp. Plates were washed with PBST. TMB was developed for 5min and stopped with
1IN HCL ELISA results were read using BioTek Synergy Hi Hybrid Reader. The
corresponding proteins used for the assay and described here are: buman SIRPw V1 (SEQ 1D
NOG: 5); buman SIRPg V2 (SEGQ 1D NO:6); cynomolgus SIRPa (SEQ 1D NG:11); mouse
NOD SIRPo (SEQ 1D NO: 8); human SIRPy (SEQ ID NO: 15); CD47 (SEQ 1D NO: 16);
high affinity SIRPo V1 (SEQ ID NG: 42); high affinity SIRPa V2 (SEQ D NO:AT).

Results
{0329] SIRP-g¢ is a highly polymorphic protein in humans, monkeys, and mice. For
example, 20 amino acid differences have been identified between SIRP-¢ proteins in the
NOD and C57BL/6 mouse strains, and these polymorphisms fead to functional consequences
related to CD47 binding and engraftment of human hematopoietic stem celis in these mouse

strains. in humans, at feast 10 distinct alleles of SIRPA have been identified, and amino acid
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variations that distinguish the alleles are found in predicted CD47-binding residues
(Takenaka, K. et al. (2007) Nat. immunol. 8:1313-23). An alignment of 10 human variant
SIRP-a protein sequences is provided in FIG. 1A, The identification of antibodics having
ditferent binding specificities with intra- and/or inter-species cross-reactivity is of great
interest for development of clinical candidates that are effective across human populations
and the characterization of these candidates in various animal models.

{6336]

cynomologus monkey, and mouse 129 were aligned to identify conserved amino acids (FIG.

The D1 domains of SIRP-q proteins from human (vl and v2 variants),

1B). While the cynomolgus monkey and mouse 129 sequences are much more divergent
from buman vi and v2 than human variants v3-v10 as shown in FIG. 14, these alignments
demonstrate some degree of conservation among all four proteins, suggesting that cross-
reactive antibodics could perhaps be identified. However, each protein also shows unique
polymorphisms, suggesting that specific antibodies were also possible.

{0331}
variants and mouse strains {e.g., 129, NOD, C57BL/6, and BALB/c) were also aligned. R1,

As shown in FIG. 1C, SIRP-¢ protein sequences representing multiple himan

R2, R3 delineate residues located around binding sites of SIRPq to CD47. These alignments
demonstrated that the R2 and R3 are considerably more divergent among and between human
and mouse sequences than the R1. Without wishing to be bound to theory, it is thought that
anti-SIRP-¢ antibodies that bind to specific murine SIRP-g proteins may be useful, e.g., for
pharmacokinetic studies (such as those using CD-1 mice), development of transgenic mice
(such as those in a C57BL/6 background), and/or characterization in SCID (e.g., in a NOD
background) or syngeneic (e.g.. in a BALB/c or C57BL/6 background) mouse models.

{0332] Maramalian SIRP-a D1 domains described above were also aligned with the D1
domain of chicken SIRP-o comprising the sequence
DFKLOQPQSSVVVIKGDTLTLNCTASGSGPIGAVKWVEGWGSDNOTVYEHKGSFPR
VMRAVPDPTNDFTIRISNVSLEDAGTYYCVKLRKGIVEDVVFIR GGGTEVSVHA
(SEQ ID NO:84) (FIG. 2). Compared with the mammalian SIRP-g sequences, the sequence
of chicken SIPRa was found to be significantdy more divergent. Pairwise comparisons of the

percentage of sequence identity between various SIRP-¢ proteins is shown in Table B.

Table B. Pairwise sequence identities (%) between SIRP-a proteins.

PCT/US2017/052592

Human v1 Human v2 Mouse Cyno Chicken
(SEQ 1D {(SEQ ID (SEQ ID {(SEQ ID SEQ 1D
NO:5) NO:6) NO:T) NO:11) NO:84)
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Human vl - 8¢ 66 91 46
(SEQ ID
N5
Human v2
{(SEQ D
NO:6)
Mouse 66 68 - 72 47
(SEQ D
NO:7)
Cyno 91 88 72 - 47
{(SEQ D
NO:11)
Chicken 46 41 a7 47 -
SEQID
N(:84)

oo
el
1
i

68 88 41

{0333] Without wishing to be bound to theory, it was thought that this divergence would
provide unique opportunities to generate antibodies that cross-react across multiple
mammalian SIRP-a proteins. For example, it may be difficult to generate anti-SIRP-a
antibodies that cross-react with the murine sequence from a mouse host due {o imraune
tolerance. Moreover, the greater divergence between the chicken and mammalian tmmune
systems may lead to a greater diversity in antibody production.

{0334] In order to identify antibodies with novel binding specificities to SIRP-¢ proteins,
antibody clones were characterized in the sclFv-Fo format as deseribed above. Each antibody
clone was tested at concentrations between 0.008 and 1.0pg/mb for binding using ELISA to
the following targets: the D1 domain of human SIRP-a vi (sequence according to SEQ 1D
N(:5), the D1 domain of human SIRP-¢ v2 (sequence according to SEQ D NO:6), the D1
domain of a cynomolgus SIRP-a variant {sequence according to SEQ 1D NO:11), the D1
domain of mouse 129 SIRP-a (sequence according to SEQ ID NG:7), and a human SIRPy
isoform (sequence according to SEQ 1D NO:15). As used hercinafter, antibody clones are
referred to by clone ID mumber. In addition, the notation “S[clone number]” vefers to an sc-
Fv-Fc format; the notation “AB{clone number]” refers to a full IgG antibody format; the
notation “ABfclone numberja” refers to a human IgGl with L2344, L.235A, G237A, and
N297A mutations; “AB{clone number|b” refers to a mouse IgGl N297A format; “AB{clone
number]c” refers to a mouse [gG2a format; and “[clone mumber] Fab” refers to a Fab
fragment format.

{6335] in addition, the hinding of each antibody clone to a pre-complex prepared using a

1:1 moix of two high affinity SIRP-u variants (SEQ 1D NO:42 and SEQ 1D NO:18) bound
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with the IgSF domain of CD47 (sequence according to SEQ ID NG:16) was characterized.
Advantageously, since the affinity between the wild-type SIRP-a D1 domain and the IgSF
domain of CD47 is relatively low, the use of a complex comprising a high affinity SIRP-o
variant allows the identification of antibodies that bind to SIRP-a while it is complexed with
D47 (e.g., a non-blocking antibody). It also allows the identification of antibodies that are
unable to bind SIRP-a while it is complexed with CD47, suggesting that the antibody and
CD47 compete for the same binding interface on SIRP-a {e. g.. a blocking antibody). The two
SIRPo variants used (SEQ 1D NO:17 and SEQ ID NG:19) correspond to high affinity SIRPw
21 domain engineered using human SIRPo polypeptide variant 1 and variant 2, respectively.
{0336] FIG. 3A shows the ELISA binding curve for clone 8130 (SEQ ID NO:71). This
clone demonstrated cross-reactivity across manunalian SIRP-g proteins, with binding to
muitiple human variants as well as cynomolgus and murine proteins (FEG. 3B). However, its
binding was also isoform-specific, since no binding was observed with human SIRPy. This
clone was also identified as a blocker of the interaction between SIRP-o and CD47, as no
binding to a pre-formed complex containing CD47 bound to a high-affinity SIRP-¢ variant
was detected.

{63371 F1G, 4A shows the ELISA binding curve tor clone S121 (SEQ ID NG:75). This
clone also demonstrated cross-reactivity across mammalian SIRP-a proteins, but it also
bound to human SIRPy, indicating pan-isoformic binding (FIG. 4B). This clone was also
identified as a blocker of the interaction between SIRP-q and CD47.

{3338] FIG, 5A shows the ELISA binding curve for clone $137 (SEQ ID NO:73). Like
the clone shown in FIGS. 3A & 3B, this clone demonstrated cross-reactivity across
mammalian SIRP-o proteins with isoform-specific binding, as it did not bind to human SIRPy
(FIG. 5B). However, this clone was identified as a non-blocker of the interaction between
SIRP-o and CD47, since it bound to the pre-formed corplex.

{6339} FIG. 6A shows the ELISA binding curve for clone S128 (SEQ ID N(G:70). This
clone demonstrated isoform-specific cross-reactivity across primate SIRP-g proteins, but it
did not bind to the rourine protein (FEG. 6B). This clone was also identified as a blocker of
the interaction between SIRP-o and CD47.

{0340] FIG. 7A shows the ELISA binding curve for clone 8135 (SEQ ID NO:72).
Similar to the clone shown in FIGS. 6A & 68, this blocking clone demonstrated cross-
reactivity across primate SIRP-a proteins, but it did not bind to the murine protein (FEG. 7B).

Unlike clone S128, this clone was found to cross-react with human SIRPy.
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{0341] FIG. 8A shows the ELISA binding curve for clone $126 (SEQ ID NO:69). This
clone was found to be human-specific, binding to both human SIRP-o variants but none of
the other peptides (FIG. 8B). This clone was identified as a blocker of the interaction
between SIRP-a and CD47.

{6342] FIG. 9A shows the ELISA binding curve for clone S138 (SEQ ID NO:74). This
clone only bound buman S{RP-a variant |, demonstrating a high degree of intra- and inter-
spectes binding specificity (FIG. 9B). This clone was identified as a blocker of the
interaction between SIRP-a and CD47.

{0343] in conclusion, novel antibodies with a number of unique hinding specificities to
SIRP-g proteins were characterized. FIG. 18A provides an alignment showing scFv-Fe
variable domain sequences obtained from a chicken that produces chicken antibodies (CDRs
are indicated). FIG. 10B provides an alignment showing scFv-Fc variable domain sequences
obtained from a chicken that produces human antibodies (CDRs are indicated). These studies
highlight the utility of the chicken as a source of antibody diversity for the identification of
anti-SIRP-¢ antibodies.

{3344 To assess if antibodies can block binding of SIRPo to CD47, an SPR screen was
afso carried out, in addition to screening by ELISA. Antibody capture was carried out using
an anti-human IgG-Fe immobilized GLC surface prepared as described above. A SIRPo
variant (SEQ ID NO:17) engineered to bind CD47 (SEQ ID NG:16) with high nM affinity
was used for the screen rather than a wildtype SIRP-w. This is because the wildtype SIRP-¢
variant has low uM binding affinity to CD47, which does not allow stable complex
interaction to assess sandwich formation. Phosphate buffered saline (PBS, pH 7.4)
supplemented with 8.01% Tween-20 (PBST) as running buffer.

{0345] First, approximately 5-10uL of pre-filtered media containing the antibodies in
10mM sodium acetate buffer (pH4.5) was injected for 2 mins at 30ul/min and captured over
the anti-human IgG-Fe tromobilized GLC surface followed by a brief buffer flow of Tmin at
100ul/min. Next, 100nM of a high affinity SIRP-¢ variant (SEQ ID N(:17) pre-mixed with
CD47 (SEQ ID NG:16) at different concentrations of 0, 20, 55, 500, or 1500nM was injected
separately for a minute at 100ul/min with a dissociation time for 10mins. For the description
below, SIRP-a refers to SEQ 1D NO:17.

{0346] For an antibody that does not block binding of SIRP-a to CD47, it would be
expected to bind to SIRP-a /CD47 complex and form a sandwich. Therefore, at increasing

concentration of C47, the resonance increased accordingly due to increased sandwich
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formation. Antibody clone S123 was found to match this profile. An example of the protile
for S123 is shown in FIG. 124.

{06347] For an antibody that blocks binding of SIRP-g to CD47, the profile will be
ditferent than a non-blocking antibody. At increasing concentration of CD47, one would
expect fewer molecules of SIRP-u to be available to bind to the antibody since the antibody
competes for the same binding site as CD47 and most/all SIRP-a s complexed with CD47.
Therefore, one would expect the resonance (RU) to decrease with increasing concentration of
D47 in the mixeure. Antibody clone S119 was found to match this profile. An example of
the profile for $119 is shown in FiG, 12B.

{0348] In addition to blockers and non-blockers, a third category of antibodics was
isolated that have a “kick oft” profile. Antibody clone S118 was found to match this profile.
An example of the profile for S118 is shown in FIG, 12C. At higher concentration of CD47
(e.g 500nM and 1500aM CD47), a transient sandwich was formed between the antibody,
SIRP-¢ and CD47 as indicated by the higher resonance of 300RU which then decayed over
time. This decay of resonance units indicates that the antibody was able to bind to SIRP-a in
the complex and “kick SIRP-g off” from binding to CD47.

{63491 The kg rates of binding of each clone to cach SIRP analyte were determined
using SPR (Table ). The SPR screening conditions have been described herein, and the Koff
values were determined using Langmuir kinetic fittings. The CD47 blocking propertics
(block, non-block, kick-off) are described in the last column of the Table €. Each antibody is
identified according to its corresponding SEQ 1D NO. SIRP analyte sequences are as follows:
CV1-3, SEQ 1D NO:I8; vi, SEQ 1D NO:5; v2, SEQ ID NO:6; cynol, SEQ ID NO:1;
cyno?, SEQ ID NO:12; m129, SEQ 1D NO7; NOD, SEQ 1D NO:8; BL6, SEQ 1D NOW9,
sirpbl, SEQ D NG:13; sirpg, SEQ ID NO:15.

Table €. Langmuir kinetic fittings (ko 1/8)

51 53 EB-03 03 NB 02 03 03 E-03 03 NB 03 Block
1.49 | 2.52E- 5.59E- | 1.42E- 8.85E-
S2 54 E-01 03 NB LB 03 02 NB 03 - - Block
1.14E- | 142E- | 4.158- | 6.1ZE- | 1.29E- 1.79 | 6.96E- 9.30E- 323E-
S8 55 LB 04 04 03 04 02 E-03 03 08 04 Block
1.68 | 1.29E- | 1.40E- | 3.38E- | 2.70E- 1.81 1.O3E- 7.10E-
S9 56 E-04 04 04 04 04 NB E-02 NB 04 03 Block
2.69 | 335E- | L.86E- | L1iE- | 3.92E- 1.59E- 3.86E-
Sit 57 E-03 05 04 03 03 NB LB LB 04 04 Block
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5.15 | 1.01E- | 1.68E- 1.178- | 524E- 2.60 1.98E- 1.73E- 307E-

S12 38 E-02 04 04 03 G4 NB EB-02 03 04 04 Block

2.07E 291E- 1.84E- | S5.0LE- | 493E- | 3.83 1.03E- 1.35E- 4.02E-

S13 59 LB 04 04 03 34 02 E-03 02 04 04 Block
333 | 542E- | 7064E- | 649B- | 452E- | 373E- | 498 1.81E- 6.0iE- 1.26E-

S14 60 E-03 05 05 04 04 02 E-03 02 05 04 Block
484 | 7.86E 1958 | 2.22B G691E- 334E-

Sits 61 E-04 06 05 05 05 NB NB NB - 05 Kick off
480 | 2.84E- | 507E- | 7.01E- | 1.20E- 8.25E-

Sité 62 E-04 03 05 05 (4 NB NB NB - 05 Kick off
275 | 1.20E 3.40E- 1.83E- | 592E- 4.30E-

5117 63 E-04 03 05 03 G5 NB NR NB - 06 Kick off
247 | 9.17E 4128 | 697E- | B.06E- 1.318- 1.13E-

5118 64 B-04 06 0s a5 05 NB NB NB 05 a5 Kick off
565 | 4.15E- | 1.48B- | 234E- | 3.10E- 4.28E- 3.95E-

5119 65 B-04 04 04 34 04 NB LB NB 04 04 Block
6.26 | 4.04B- | 1498 | 2.36E- | 3.14B- 4.258- 393E-

5120 66 B-04 04 04 04 04 NB LB NB 04 04 Block
6.63 | 4988- | 2.26E- | 2.668- | 3.27E- 3.52E- 301E-

5122 67 EB-04 04 04 04 04 NB LB NB 04 04 Block
131 | 1.55E- 1.578- | L54E- 143E-

$123 68 E-03 03 NB 03 03 NB NB NB NB/LB 03 Non-block

5126 69 NB NB NB NB NB NB NB NB NB NB

4.5%E- | 2.11E- 1478~ 4.21B-

5128 70 NB 03 03 02 NB NB NB 03 NB
373 | 2.82E- | 2.08E- 5.06E-

5130 7i EB-03 03 02 LB LB LB NB NB LB (3 Block
3.63 | 6.588- | 8.78E- | 4.738- | 3.88E- 5.21E- 1 AGE-

S135 72 E-03 04 05 04 04 NB NB NB 04 03 Block
137 | 1.65E- | 1.88E- | 2.048- | 1.79E- | 5.18BE- | 443 4.63E- 3.76E- 1.48E-

s$137 73 E-G3 03 03 03 03 04 E-04 03 03 02 Non-block

5138 74 LB NB NB NB NB NB NB NB NB NB

NE=MNob

{08350]

ding
1B = very Jow binding (K canuot be caleulated by Langmnuir fittings)
- =not screened

These data indicate that antibody clones with a variety of binding specificities for

SIRP-a proteins across different species and intra-species variants were identified. The

binding specificities for selected antibodies were further characterized using ELISA as

described above by generating binding curves against the human v1 (SEQ ID NG:5), human

v2 (SEQ 1D NO:6), NOD mouse (SEQ ID NQO:8), and cynomolgus SIRP-g D1 domains (SEQ

ID NO:11), as well as buman SIRPy (SEQ ID NO:13) and a pre-formed complex of a 1:1
mixture of two high-affinity SIRP-q variants (SEQ ID NOs:17 and 19) bound to the IgSF
domain of CD47 (SEQ ID NO:16).

[0351]

Sequences of scFv-Fc clones tested are provided in Table D.

Table B. scFv-Fc sequences.

Clone Framework/ SEQID Sequence
CDR NO
51 Chicken 53 ALTQPASVSANPGETVEITCSGGGSNNAYGWEFQQ

KSPGSAPLTVIYDNGKRPSDIPSRESGSKSDSTGTLT
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ITRVQAEDEAVYYCGSADNSGAGYFGAGTTLTVLE
GQBSRSSGGOGESSGGOGSMAAVTLDESGGGLQTP
GGALSLVCKGSGFTFSSHAMNWYR{OQAPGKGLEW
VAGISSDGRFTYYGAAVQGRATISRDNGQSTVRLO
ENNLRAEDTATYYCTENGGCGSGGDLDCIDAWG
HGTEVIVSSSLDPKSSDETHTCPPCPAPELLGGPSY
FLEPPKPEDTIMISRTPEVTCVVVDVSHEDPEVEF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTIV
LHODWLNGKEYKCKVSNEALPAPIEKTISKAKGQ
PREPOQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSEWQOGNVEFSCSVMHEALHNHYTQKSLSLSPGK
‘V]

SZ Chicken 54 AVTQPASVSANPGETVRITCSGDSSSYYSWHOQKS
PGSAPYVAVIYSNTDRPSDIPSREFSGSASGSTATLTIT
GVQAEDEAVYFCGAYDSSSDSDIFGAGTTILTVLGQ
SSRSSCGGGGSSCGGOGESMAAVTLDESGGGLQTPGO
GLSLVCKASGFDESNFNMAWVRQGPGKGLEYVA
EISDTGSTPY YGSAVQGRATISRDNGQSTVRLOLN
NLRAEDTGTYFCTRNFGSSVSSIDAWGHGTEVIVS
SSLDPKSSDRTHTCPPCPAPELLGGPSVILEFPPEPK
DTEMISRTPEVTCVVVDVSHEDPEVKENWY VDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWELN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSRDELTEKNQVSLTCLVKGEFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDRSRWQO
GNVESCSVMHEALHNHYTQESLSLSPGKY

58 Chicken 35 AVTQPSSVSANPGETVEITCSGSSTYYGWYQQKSP
GSAPVTVIYDNDKRPSDIPSRESGSKSGSTHTLHTG
VYOVEDEAVYFCONEDNNYVAIFGAGTTLTVLGOS
SRESGGGGSSCGGGSMAAVTLDESGGGLOTPGGA
LSEVCKASGEFTESSYNMGWVRQAPGKGLEFVAGE
YASGSSTDTDTTYGPAVAGRATISRDNGOSTVRLO
ENNLRAEDTGTYYCAKAAGGCSTHTCTAYIADSID
AWGHGTEVIVSSSLDPESSDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTLMISRTPEYVTCVVVDVSHEDPE
YEKENWY VDGVEVHNAKTRKPREEQYNSTYRVVSY
LTVEHODWENGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SK
LTVDKSEWQQGNVESCSVMHEALHNHYTOKSLSL
SPGEV

59 Chicken 56 ALTQPSSVSANPGETVKITCSGDNSAHYYYGWY(Q
QKSPGSAPVTVIYYNDKRPSGIPSRESGSASGSTAT
LOTGVQVEDEAVYFCGSADSSNPAIFGAGTTLTVL
GQSSRSSGGGGSSGGGGSMAAVTLDESGGGLOTP
GRALSLYCRGSGESISSYNMGWVRQAPGKGLEFIA
SIGSDGSSTHYAPAVKGRATITRDVGQSTVRLOLN
NLRAEDTGTYFCAKDAYQCSYATCNDYLDTIDAW
GHOTEVIVSSSLDPKSSDKTHTCPPCPAPELLGGPS
VELFPPKPKDTLMISRTPEVTCVYVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VIHODWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDI
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AVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTY
BKSRWOQGNVESCSVMHEALHNHYTOQRSLSLSPG
KV
AVTQPASVSANPGETVKITCSGSSSGSYGWYQQKS
PGSAPVTLIYETNKRPSNIPSRESGSKSGSTATLTIT
GVQADDEAVYYCGSEDSSTYLSIFGAGTTLTVLGQ
SSRSSGGGGSSGGGGSMAAVTLDESGGGLOTPGH
ALSLVCKASGFTFSSFNMGWVRQAPGKGLEFVAA
JYSGNSAEYGAAVQGRATISRDNGOSTVRLOLNNL
RAEDTGIYFCAKDAGSGCYSGVCAGTSSIDAWGH
GTEVIVSSSLDPKSSDKTHTCPPCPAPELLGGPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGEEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOQOCNVFSCSVMHEALHNHYTOKSLSLSPGKY
512 Chicken 58 AVTQPASVSANPGETVKITCSGDSSYYGWYQQKS
PGSAPVTVIYDDNKRPSNIPSRESGSKSGSTGTLTIT
GVQADDEAVYFCGNEDNSYVAIFGAGTTLIVLGQ
SSRESGGGGSSGGGGSMAAVTLDESGGGLOTPGG
ALSLVCKASGETESSYNMGWVRQAPGKGLEFVAG
TYIASGDLGTTYGAAVQGRATISRDDGQSTVRLOL
NNLRAEDTGTYFCAKSAGGUCSAHSCDTYIADSIDA
WOHGTEVIVSSSLDPRSSDKTHTCPPCPAPELLGGP
SVEFLFPPEPKDTLMISRTPEVTCYVVDIVIHEDPEV
KENWYVDGVEVHNAKTEPREEQYNSTYRVVSVL
TVLHODWLNGKEYKCKVSNEALPAPIEKTISKAK
GOPREPOQVYTLPPSRDELTENQVSLTCLVKGEYPS
PIAVEWESNGOQPENNYKTIPPVLDSDGSFFLYSKL
TVDKSRWOOQGNVESCSVMHEALHNHYTQRSLSLS
PGKV

§13 Chicken 59 AVTQPASVSANPGETVKITCSGSSSYYGWYR(OQKSP
GSAPYTLIYDNDKRPSGIPSRESGSKSGSTNTLTITG
VOADDEAVYYCGNEDNSYVGIFGAGTTLTVLGQS
SRSSGGGGSSGGGGSMAAVTLDESGGGLOTPGGA
LSLVCKASGFTESSYNMGWVRQAPDKGLEFVAGT
YTGSDAGLSTTYGAAVQGRATISRDNGQSTVRLG
LNNLGAEDTGIYFCTKSAGGUSDYNCDAYIADSID
AWGHGTEVIVSSSLDPKSSDETHTCPPCPAPELLG
GPSVELFPPKPKDTLMISRTPEVTCYVVDVSHEDPE
VEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTYVEHODWENGKEYKCKVSNKALPAPIERTISKA
KGOPREPOVYTLPPSRDELTEKNQVSLTCLVEGEYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTYDESRWQOQOGNVESCSVMHEALHNHYTOKSLSL
SPGKY

514 Chicken 60 AVTQPASVSANLGETVKITCSGDSSYYGWYQQKA
PGSAPVTLIYDNDKRPSNIPSRFESGSKSGSTATLTIT
GVOADDEAVYYCGNEDMNYVGIFGAGTTLTVLG
QSSRSSGGGGSSGOGGSMAAVTLDESGGGLOTPG
GALSLYCKASGFTENSYNMGWVRQAPGRGLERFV
AGIYSAGGDTSTTYGAAVNGRATISRDNGOSTVRL
QLNNLRAEDTGIYPFCAKAAGGCTAHNCDAYIADSI

~J

Sii Chicken 5
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DAWGHGTEVIVSSSLDPKSSODRTHTCPPCPAPELL
GGPSVELFPPKPKDTEMISRTPEVTCVYVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLITVLHOQDWILNGKEYKCKVSNKALPAPIEKTISK
AKGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPYLDSDGSEFFLYS
KLTVBKSRWOQOGNVESCSYMHEAT HNHYTQKSE
SLSPGKV

S1i5 Human 61 ETVLTQSPATLSVSPGERATLSCRASQTVGSKLAW
HQQKPGQAPRLLIYDATNRATGISDRESGSGSGTD
FTLTISSLOTEDSAVY YCQQYYYWPPYRFGGGTKV
EIKGQSSRSSCGGGGSSGGGGSDVQLVESGGGVVREP
GESLRLSCAASGESFSSYAMNWVRQAPGEGLEWY
SRINSGGGGTDYAESVKGRETISRDNSENTLYLOM
NSLRABDTAVYYCAKQYDWNSFFDYWGLGALVT
VSSSLDPKSSDKTHTCPPCPAPELLGGPSVELFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVEINWY VDG
VEVHNAKTEPREEQYNSTYRVVSVLTVLHOQDWL
NGKEYKCKYSNEALPAPIEKTISKAKGOPREPQVY
TLPPSREDELTENQVSLTCLVEGEFYPSDIAVEWESN
GQPENNYETTPPVLDSDGSFFLY SKLTVDKSRWO
QONVYESCSYMHEALHNHYTOKSLSLSPGKY

5116 Human 62 ETVLTQOSPATLSVSPGERATLSCRASQTVGSKLAW
HOOQKPGQAPRLLIYDATNRATGISDRESGSRSGTD
FTLTISSLQTEDSAVYYCQQYYYWPPYRFGGGTKY
EIKGQSSRASGGEGRSGOOGIDVQLVESGGGVYRP
GESLRLSCAASGESFSSYAMNWVYRQAPGEGLEWY
SRINSGGGGTDYAESVEGRFTISRDNSENTLYLOM
NSLRAEDTAVYYCAKQYDWNSFEDYWGLGALVT
VSSSLDPKSSEKTHTCPPCPAPELLGGPSVELFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKINWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGREYKCEVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY SKLTVDESRWQ
QGNVESCSVMHEALHNHYTQKSLSLSPGEY

Sit7 Human 63 ETVLTQSPATLSVSPGERATLSCRASQTVGSKLAW
HOOKPGQAPRLLIYDATNRATGIPDRESGSGSGTD
FTLTISSLOTEDSAVY YCQQYYYWPPYRFGGGTKVY
EIKGOSSRSSGGGGSSRGGGIDVOLVESGGGVVRP
GESLRLSCAASGESFSSYAMNWVRQAPGEGLEWY
SRINSGGGGTDYAESVKGRETISRDNSENTLYLOM
NSLRABDTAVYYCAKQYDWNGITDYWGOLGALVT
VSSSLDPKSSDKTHTCPPCPVPELLGGPSVELFPPKP
EDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDG
VEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKYSNEALPAPIEKTISKAKGOQPREPQVY
TLPPSRDELTEKNQVSLTCLVEGEFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQ
QGNVEFSCSYMHEALHNHYTQKSLSLSPGKY

S1in Human 64 ETVLTQSPATLSVSPGERATLSCRASQTVGSKLAW
HOQKPGQAPRLLIYDASRRATGIPDRESGAGSGTDE
TLTISSLOTEDSAVYYCQQYYYWPPYREFGGGTKY
EIKGOSSRESGGEGASGOGGIDVOLVESGGGVYRP
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GESLRLSCAASGESFSSYAMNWVYRQAPGEGLEWY
SRINSGGGOGTDYABESVEGRFTISRDNSENTLYLOM
NSLRAEDTAVYYCAKQYDWNGFFDYWGLGALVT
VSSSLDPESSEKTHTCPPCPAPELLGGPSVELFPPKP
KDTLMISRTIPEVICVVVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGREYKCEVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY SKLTVDESRWQ
OGNVESCSYVMHEALHNHYTQOKSLSLSPGEY

S1i9 Hurman [

W

EIVLTQSPATLSVSPGERATFSCRASQNVKNDLAW
YQORPGOAPRLLIYAARIRETGIPERFSGSGSGTERT
LTITSLOSEDFAVY YCQQYYDWPPFTFGGGTKVEL
KGOSSRSSGGGGSSGGGOGSDVQLLESGGGVY QPG
GSLRLSCAASGESESNFAMTWVROAPGEGLEWVS
TIGSGDTYYADSVKGRETISRONSENTLYLOMNSL
RAEBDTAVYYCAKDSTVSWSGDFFDYWGLGTLVT
VSSSLDPKSSDKPHTCPPCPAPELLGGPSVFLFPPKP
EDTLMISRTPEVTCVVVDVSHEDPEVEENWYVDG
VEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKYSNEALPAPIEKTISKAKGOQPREPQVY
TLPPSRDELTEKNQVSLTCLVEGEFYPSDIAVEWESN
GOPENNYETTPPVLDSDGSFFLY SKLTVDKSEWQ
QGNVFSCSVMHEALHNHYTOQKSLSLSPGKY

5120 Human 66 EIVLTQSPATLSVSPGERATEFSCRASQNVENDLAW
YOQORPGOAPRLLIYAARIRETGIPERFSGSGAGTERT
LTITSLOSEDFAVYYCQOQYYDWPPFITFGGGTKVEL
KGQESRESGGOGGISGGHGIDVOQLVESGGGVVOPG
GSLRLSCAASGESEFSNFAMTWVYRQAPGEGLEW VS
TIGSGDTYYADSVEKGRFTISRDNSKNTLYLOMNSL
RAEDTAVYYCAKDETVEWSGDEFDY WGLGTRVT
VSSSLDPESSDKTHTCPPCPAPELLGGPSVELEPPKP
KOTLMISRIPEVTICVVVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCEKVSNKALPAPIEKTISKAKGQOPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQ
QGNVESCSVMHEALHNHYTOKSLSLSPGKVY

S122 Huroan &7 EIVLTQSPATLSVSPGERATFSCRASQNVKNDLAW
YQORPGOAPRLLIYAARIRETGIPERFSGSGSGTEFRT
LTITSLOQSEDFAVY YCQQYYDWPPFIFGGGTKVEL
KGOSSRSSGGGGSSGGGGSBVOLVESGGGYVRPG
ESLRLSCAASGEFRPSNFAMTWYVRQAPGEGLEWVS
TIGSGDTYYADSVKGRFTISRONSENTLYLOMNSE
RAEDTAVYYCAKDSTVSWSGDEFFDYWGLGTLVT
VSSSLDPKSSDKTHTCPPCPAPELLGGPSVELFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVEINWY VDG
VEVHNAKTEPREEQYNSTYRVVSVLTVLHOQDWL
NGKEYKCKYINEKALPAPIEKTISKAKGOPREPQVY
TLPPSRDELTENQVSLTCLVEGEFYPSDIAVEWESN
GOQPENNYKTTPPVLDSDGSFFLY SKLTVDKSEWQ
QOGNVESCSVMHEALHNHYTOQRSLSLSPGKY

5123 Human 63 EIVLTQSPGTLSVSPGERVTLTCRASQGIAGKIAWY
QORPGOAPRLLIYDASSRATGIPGRESGSGSGTEFT
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LTITSLOSEDFAVYYCQOHYDWSPLTFGGGTKVEL
KGQESRES5GGGGSSGGEGSDVQLVESGGGLYQPG
GSLRLACTASGEFTIRNYGMSWVRQAPGEGLEWVYS
ASSGSGSTYYTOSVEGRETISRDNSKNTLYLQMNG
LRAEDTAIYYCAKVTWNNIFDYWGLGTLVTVSSS
LDPKSSDKTHTCPPCPAPELLGGPSVELFPPKPKDT
EMIESRTPEVTCYVVDVSHEDPEVKENWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNEALPAPIEKTISKAKGQPREPQVYTLEP
SRDELTENQVSLTCLVKGEFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSEWQOQGNY
FSCSVMHEALHNHYTOKSLSLSPGKY

S126 Huroan 69 EIVLTQSPGTLTLSPGERATLSCRASQSIGSSYLAW
YQOQKPGOAPRLLIYDATNRATGIPDRESGSGSGTD
FTLTISSLOTEDSAVY YCQQYYYWPPYRFGGGTKV
EIRGOSSRSSGGGSSSGGGGSDVOLVESGGGYVRP
GESLRESCAASGEFTFSNYDMTWVYROQAPGEGLEWY
SGISGNGGSTY YADSVKGRETISRDNSKNTLYLOM
NSLRABDOTAVYYCAMNRWWEFDYWGLGTLVTVSS
SLDPKSSDRKTHTCPPCPAPELLGGPSVELFPPRPED
TLMISRTPEVTCVVVDVSHEDPEVKINWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHODWING
EEYKCEVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG(}
PENNYKTTPPVLDSDGSFFLY SKLTVDESRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGKY

5128 Human 70 ETVLTQSPATLSVSPGERATLICRASQTVGSELAW
HOOQKPGQAPRLLIYDASNRATGIPDRESGSGSGTD
FTETISSEQTEDSAVYYCQQYYYWPPYREFGGOTRY
EIKGQSSRASGGGGRSGOOGIDVQLVESGGGVYRP
GESLRLSCAASGESFRSYAMNWVRQAPGEGLEWY
SRIDSGGGOTDYADSVKGREFTISRDNSKNTLYLOM
NSLRAEDTAVYYCAKQYDWNSFEDYWGLGAPVT
VSSSLDPKSSEKTHTCPPCPAPELL GGPSVELEPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKINWYVEG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRW(Q
QGNVESCSYVMHEALHNHYTQOKSLSLSPGEY

S130 Huroan 71 EIVLTQSPGTLSVSPGERATLSCRASONVRSDLAW
YQOKLGOAPRLLUIYDANTRATDIPDRESGSGSGTE
FTLTISSLOSEDFAVY YCQHYYDWPPVTEGGOTKY
EIKGQSSRSSCGGGGSSGGGGSOVQLVESGGGVVREP
GESLRESCAASGFTFSNYAMSWVRQAPGEGLEWY
SLITTNGDGAYYADSVEGRFTISRDNSKNTLYLOM
NSLRABDTATYYCAKDGAAHYYDIFFDYWGLGTP
VTVSSSLDPKSSDKTHTCPPCPAPELLGGPSVELFPP
EPKDTEMISRTPEVTCVVVDVSHEDPEVKENWYY
DGVEVHNAKTKPREEQYNSTYRVVSYVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQ
VYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGOPERNNYKTTPPVLDSDGSFFLYSKLTVDKSRW
QOGNVESCSVMHEALHNHYTOQKSLSLSPGKY
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5135 Human 72 EIVLTQSPATLSVSPGERVTESCRASQNVRSDIAWY
QOKPGOAPRLLIYAASSRDTGIPDRESGSGSGTDET
LTISSLGSEDFGVYYCQQYYDWPPFTFGGGTRVEL
KGQOSSRASGGGGISGGEGSDVILVESGGGVVRPG
ESERLSCAASGESFSIYAMSWVRQAPGEGLEWYST
IGADDTYYADSVKGRETISRDNSENTLYLOMNSLR
ABDTAVYYCAKDSTVGWSGDEFFDYWGLGTLVTY
SSSLOPRSSDKTHTCPPCPAPELLGGPSVFLFPPKPK
DTEMISRTPEVTCVVVDVSHEDPEVRKEFNWYVDGY
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYT
LPPSRDELTKNQVSLTCLVEGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW(QQ
GNVESCSVMHBEALHNHYTOKSLSLSPGKY

$137 Huroan 73 ETVLTOSPGTLTLSPGERATLTCRASQSVYTYLAW
YQEKPGQAPRLLUIYGASSRATGIPDRESGSGSGTVE
TLTISSLOSEDFAVY YCQQYYDRPPLTFGGOGTKVEL
KGOSSRSSGGGGSSGGGGSDBVOLVESGGGVVRPG
ESLRLSCAASGEFTFSSYDMNWVYRQAPGEGLEWVYS
LISGSGEHYYADSVEGRFTISRDNSKNTLYLOMNS
LRAEDTAVYYCAKENNRYREFIDDWOLOTLVTVSS
SLDPKSSDRTHTCPPCPAPELL GGPSVELEFPPRPED
TLMISRTPEVTICVVVDVSHEDPEVKINWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHODWLNG
KEYKCKVYSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG(
PENNYKTTPPVLDSDGSFFLYSKLTVDESRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGKY

5138 Human 74 EIVLTQSPGTLSVSPGERVIETCRASQSVDTYNLAW
YQOKPGQAPRLLIYDLSTRATGIPDREFSGRGSGTER
TLTINSLEPEDFAVYYCHQYYDWPPYTFGOGTKVE
IKGOQSSRESCGGGGSSCGGGSDVOLVESGGGVVRPG
ESERLSCAASGFTFSNYAMNWVYRQAPGEGLEWVS
GISGRGGDTYYADSVKGRFTISRDNSKNTLYLOM
NSLRAEDTAIYYCAKGTWNYGSFDYWGLGTLVT
VSSSLDPESSDKTDTCPPCPAPELLGGPSVELEPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKINWYVDG
AV,

Sizi Human 7

W

EIVLTQSPATLSVSPGERATFSCRASQNVKNDLAW
YQORPGOAPRLLIYAARIRETGIPERFSGSGSGTEFRT
LTITSLOQSEDFAVY YCQQYYDWPPFIFGGGTKVEL
KGOSSRSSGGGGSSGGGGSBYOLVESGGGYVQPG
GSLRLSCAASGEFSFSNFAMTWVRQAPGEGLEWVS
TIGSGDTYYADSVKGRFTISRONSENTLYLOMNSE
RAEDTAVYYCAKDSTVSWSGDEFFDYWGLGTLVT
VSSSLDPKSSDKTHTCPPCPAPELLGGPSVELFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVEINWY VDG
VEVHNAKTEPREEQYNSTYRVVSVLTVLHOQDWL
NGKEYKCKYINEKALPAPIEKTISKAKGOPREPQVY
TLPPSRDELTENQVSLTCLVEGEFYPSDIAVEWESN
GOQPENNYKTTPPVLDSDGSFFLY SKLTVDKSEWQ
QOGNVESCSVMHEALHNHYTOQRSLSLSPGKY
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{6352] Without wishing to be bound to theory, it is thought that antibodies with cross-
reactive binding among human, cynomologus, and/or nuurine proteins may allow for
characterization of antibodies in both animal models and chinical testing. Antibodies with
isoform- and/or variant-specific binding may be useful for personalized medicine approaches
to specitfic human populations and/or studies on specific variants of interest. In addition to
profiling intra- and inter-species binding specificities, the methods described herein also
allow for identification of antibodies that block or do not block binding between SIRP-¢ and
D47, as well as antibodies that “kick SIRPo-off” from binding to C47.
Exampie 2: Identification of Additional Antibedies with Novel Binding Specificities to
SIRP-¢ Proteins
Methods

Determination of Kp
{6353 The interactions of anti-SIRPa antibodies with SIPRo from various species
(human vi, human v2, cynomolgus, mouse 129, BL6, BALBc, NOD), SIRPf and
SIRPy were analyzed using two methods, direct immobilization of the antibodies (via GLC
chip) or capture via biotinylated Protein A (via NLC chip), according to the following
protocols. Al experiments were performed at 25°C using a SPR-based ProteOn XPR36
biosensor (BioRad, Inc, Hercules, CA) equipped with GLC or NLC sensor chips. Antibodies

rere expressed using FreeStyle™ 293-FS cells (Thermo Fisher) as described in Example 1.
Puarification was carried out by standard Protein A affinity column chromatography and
cluted antibodies were stored in PBS buffer.
{0354] The running buffer was PBS pH 7.4 with 0.01% Tween-20 (PBST+). All analytes
were used at their nominal concentrations as determined by A280 Absorbance and using their
molar calculated extinction coefficient. Analytes were injected in a “one-shot” kinetic mode
as described clsewhere (see, e.g., Bravman, T. et al. (20006) Anal. Biochem. 358:281-288).
{0355] For the method using GLC chip, the analytes were injected and flowed over anti-
SIRPo antibodies immobilized (~1000 RUs) on GLC chips using Proteon Amine Coupling
Kit. For the immobilization step, GLC chip was activated with EDAC/Sulpho-NHS 1:1
(Biorad) diluted 17100 for 300s at 25 pl/min. Anti-SIRPo antibodies were diluted to 80 nM
concentration in 10 mM sodium acetate butfer pH 4.5 and immobilized to the chip at 30
pl/min for 50s. Chip was inactivated with ethanolamine for 300s at 25 pl/min. The analytes

(e.g., SIRP-¢ from different species, SIRP-B, SIRP-y) were injectad in a “one-shot” kinetic
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mode at nominal concentrations of 100, 33, 11, 3.7, 1.2 and § nM. Association times were
momnitored for 90s at 100uL/min, and dissociation times were roonitored for 1200s. The
surfaces were regenerated with a 2:1 v/v blend of Pierce 1gG elution buffer/4M NaCL
[0356] Alternatively, Kp determination was performed using antibody capture via an
NLC chip. In this case, 15ug/mL biotinylated protein A (Thermofisher) was injected at
30ul/min for 120 s over the NLC chip to obtain an immmobilization response of ~1000-
1200RUs. Next, anti-SIRPo antibodies (~160 nM) were injected for 80s at 30ul/min. The
analytes (SIRPq from diffevent species, SIRP-f§ and SIPR-y) were subsequently injected in a
“one-shot” kinetic mode at nominal concentrations of 100, 33, 11, 3.7, 1.2 and 0§ nM.
Association times were monitored for 60s at 253l /min, and dissociation times werg
monitored for 120s. The surfaces were regenerated with a 2:1 v/v blend of Pierce IgG elution
buffer/4M NaCl.
{6357] Biosensor data were double-referenced by subtracting the interspot data
{containing no immobilized protein) from the reaction spot data (immobilized protein) and
then subtracting the response of a buffer “blank” analyte injection from that of an analyte
injoction. Double- referenced data were fit globally to a sirople Langmuir model and the Ky
value was calculated from the ratio of the apparent kinetic rate constants (Kp = Ky/k,).
Results
{6358] Three representative antibodies (a blocking, non-blocking, and “kick off”
antibody) were further characterized for binding to various SIRP-q, -B, v proteins as
described above. The three antibodies contain human sequences and were derived from the
HuMab chicken immunization experiments. These antibodies were tested as full-length
human IgG1 antibodies with L234A, L235A, G237A, and N297A mutations. SIRP-¢
proteins examined in these experiments corresponded to buman SIRP-o vi (SEQ 1D NG:5),
human SIRP-a v2 {(SEQ ID N(G:6), cynomolgus SIRP-¢ (SEQ 1D NO:11), human SIRPB
isoform 1 (SEQ ID NG:13), human SIRPP isoform 2 (SEQ ID N(O: 14}, and human SIRPy
isoform 1 (SEQ 1D NO:15). Human SIRPP isoform 1 (SEQ 1D NO:13) is also known in the
art as SIRPP1 isoform 1.

{6359] Ky, values obtained for the three antibodies are shown in Table E below.

Table E. Sammary of Kp values (M)

vi v2 Cyno beta beta A

isoform 1 isoform 2 | isoform 1




WO 2018/057669

PCT/US2017/052592

Kick-off | ABI132a | 4.26x10™ | 1.86x107 | 2.41x10° | 1.31xi0™ 1.64x1070 | 5.19x10°°
Blocker AB119a | 1.98<107" | 7.99x10™" | 1.45x107"7 | 3.42x10°" 3.76x107° | 8.86x1077
Non- AB136a | 6.88x107° | 3.22x107 | 2.65x10° | 4.35x107 2.27x1607 | 1.20x107
blocker

{33601 Next, the binding kinetics of various antibody clones to selected mouse SIRP-g

proteins were determoined as described above. Mouse proteins that were tested include
BALBc (SEQ ID NO:10), BL6 (SEQ 1D NO:9), NOD (SEQ ID NO:8), and m129 (SEQ 1D
NG:7)y SIRP-¢ proteins. The results are summarized in Tables F-1 below. Antibody clones
labeled as “‘c” were tested as full-length mouse 1gG2a antibodies; antibody clones labeled as
“a” were tested as full-length buman IgG1 antbodies with L234A, 1L235A, G237A, and

N297A mutations.

Table F. Summary of kinetics for binding of selected antibodies to BALBc mouse SIRP-a

protein (SEQ 1D NO:10)

Antibedy Kon (1/Ms) Ko (1/5) Kp (V)
AB136a 8.27x100 2.73x107 331x107°
AB3e 7.76x1¢° 4.12x107 5.31x107
ABZ1c 4.62x1(P 6.18x107 1.34x107
AB25¢ 3.03x1¢° 2.92x 107 9.64x107
AB27c 1.50x10° 2.26x107 1.50x107™
AB66C 2.24x10° 7.62x107 3.41x107

Table G. Summary of kinetics for binding of selected antibodies to BL6 mouse SIRP-¢

protein (SEQ ID NG:9)

Antibody Kon (1/Ms) Kot (1/5) Kp (M)
AB136a 6.24x10° 5.85%107 9.37x107
AB3c 4.12¢10° 6.19x10™ 1.50x10°
AR21c 2.76x10° 2.41x107 8.76x107"
AB25¢ 1.42x1¢° 3.99x10™ 2.81x107
AB27c 1.47x10° 1.40x10° 9.49x107
AB66C LO7x10° 6.19x1077 5.80x107
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Table H. Summary of kinetics for binding of selected antibodies to NOD mouse SIRP-a

protein (SEQ 1D NO: §)

Antibody Kon (1/Ms) Ko (1/5) Kp (M)
AB136a 8.41x10° 4.48x10™ 533x107"°
AB3e 9.99x1° 1.43x107 1.43x10”
AR2Ic 7.49510° 4.79¢10™ 6.40x107"
AB25c 3.66x107 1.43x107 3.90x107
AB27c 2.96x10° 1.01x10” 3.42x107
ABG6C 4.12x1¢° 2.32x10™ 5.64x107°

Table L. Summary of kinetics for binding of selected antibodies to m129 mouse SIRP-o

protein (SEQID NO: 7)

Amntibody Kon {(1/Ms) Ko (1/s) Ky (M)

AB136a 6.88x10° 5.97x107 8.67x1077

AB3c 5.34x10° 1.18x10~ 2.20x1¢°

AB21c¢ 5.63x10° 3.31x107 5.88x10°7"

AB2Sc 3.52:10 2.07x107 5.87x107

AB27c 2.07x1¢° 1.01x107 4.87x10°7°

AB6GGe 2.07x10° 1.98x107 9.55x107

{0361] For the above antibodies, VH and VL domain sequences (respectively) were as

follows: AB136a: SEQ 1D NO: 133 and 134; AB3c: SEQ ID NO: 242 and 243; AB21ec: SEQ
ID NG: 135 and 136; AB25c: SEQ ID NO: 137 and 138, AB27c¢: SEQ ID NO: 139 and 140;
AB66c: SEQ 1D NO: 141 and 142.

[0362]

SIRP-u proteins, making these antibodies suitable for characterization in in vive mouse

These results demonstrate that multiple antibody clones bound to all four mouse

models.

Example 3: Functional Properties of anti-SIRP-o antibodies

{08363]

SIRP-g antibodies with a diverse array of propertics, such as binding specificity for various

The previous Examples describe the identification and characterization of anti-

haman, cynomologus, and/or nurine SIRP-a, SIRP-B, and SIRP-y proteins, and whether or

not the antibodies block binding between SIRP-o and CD47. Antibodies representing

190



WO 2018/057669 PCT/US2017/052592

particular categories of interest were next examined in a variety of in vitro and in vivo
functional assays airned at characterizing their effects on SIRP-a’s biological functions. In
particular, “blocking” (i.e., antibodies that block binding between SIRP-q and CD47) and
“non-blocking” {i.e.. antibodies that do not block binding between SIRP-¢ and CD47) were
characterized for activities in various in vitro and in vivo assays.
{0364] As noted above, antibody clones labeled as “a” were tested as full-length human
Ig(Gl antibodies with L234A, 1.235A, (G237A, and N297A mutations. Antibody clones
labeled as “b” were tested as full-length mouse Ig(G1 antibodies with an N297A mutation.
Antibody clones labeled as “¢” were tested as full-length mouse IgG2a antibodies.
Methods
Tumor cell line culturing
{0365] DLD-1 (human colorectal adenocarcinoma) and OE19 (human esophageal
carcinoma) cells were maintained in growth medium coruprised of RPMI (Gibco)
supplemented with 10 percent heat-inactivated Fetal Bovine Serum (Gibceo), one percent

penicillin/streptomyein (Gibeo), and one percent Glutamax {Gibeo).

Derivation and culture of human monocyte-derived macrophages

{0366] Trima residuals were received from Blood Centers of the Pacific and diluted 1:4
with Phosphate Buffered Saline (PBS, Gibco). Diluted blood was split into four tubes and
underlayed with 28 mi Ficoll-Paque Plus (GE Healthcare). Tubes were centrifuged for 30
minutes at 400 x g. PBMCs were collected from the interface and resuspended in FACS
buffer (PBS with 0.5 percent Bovine Serum Albumin (Gibeo)). CD14" monocytes were
purified by negative selection using the Monocyte Isolation Kit II (Miltenyi Biotec) and LS
columns (Miltenyi Biotec) according to the manuofacturer’s protocol.

{0367] For nonpolarized macrophages, CD14" monocytes were seeded into 15 cm tissue
culture plates (Corning) at 10 million cells per dish in 25 ml IMDM (Gibeo) supplersented
with 10 percent buman AB serum (Corning), ove percent penicillin/streptomyein, and one
percent Glutamax. Cells were cultured for seven to ten days.

{0368] For M2 polarized macrophages, CI314" monocytes were seeded into 15 om tissue
culture plates (Corning) at 6 roillion cells per dish in 25 mi RPMIE(Gibeo) supplerented with
10 fetal bovine serum (Thermo Fisher), one percent penicillin/streptomycin, and one percent

Glutamax, and 50ng/ml M-CSF (Miltenyi). Cells were cultured for seven to ten days.
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In vitro phagocytosis assays
{0369] DLD-1 and OE19 cells were detached from culture plates by washing twice with
28 mi PBS and incubation in 10 mi TrypLE Select (Gibeo) for 10 minates at 37°C. Cells
were centrifuged, washed in PBS, and resuspended in medivm. Cells were labeled with the
Celltrace CFSE Cell Proliferation kit (Thermo Fisher) according to the manufacturer’s
instructions and resuspended in IMDM. Macrophages were detached from culture plates by
washing twice with 20 ml PBS and incubation in 10 ml TrypLE Select for 20 minutes at
37°C. Cells were removed with a cell scraper (Comning), washed in PBS, and resuspended in
IMDM.
{0376] Phagocytosis assays were assembled in ultra-low attachment U-bottom 96 well
plates {Corning) containing 100,000 DLD-1 or OE19 celis, 58,000 macrophages, five-fold
serial dilutions of anti-SIRP-¢ antibody from 100 nM to 6.4 pM, and cetuximab (Absolute
Antibody) at 1 or 0.01 ug/ml, trastuzumab at 0.01 ug/mi, or control antibody of the same
isotype (Southern Biotech). All anti-SIRP-o antibodies tested had a human IgG1 with L234A,
L235A, G237 A, and N297 A mutations except AB136¢, which had a mouse 1gG2a. Plates
were incubated two hours at 37°C in a bumidified incubator with 3 percent carbon dioxide.
Cells were pelleted by centrifugation for five minutes at 400 x g and washed in 250 ut FACS
butfer. Macrophages were stained on ice for 15 minutes in 50 pl FACS butfer confaining 10
pl human FcR Blocking Reagent (Miltenyi Biotec), 0.5 pl anti-CD33 BV421 (Biolegend),
and 0.5 wl anti-CD206 APC-Cy7 (Biolegend). Cells were washed in 200 pl FACS buffer,
washed in 250 pd PBS, and stained on ice for 30 minutes in 50 yd Fixable Viability Dye
eFluor 506 {ebioscience) diluted 1:1000 in PBS. Cells were washed twice in 250 pl FACS
buffer and fixed for 30 minutes on ice in 75 ul Cytofix (BD Biosciences). Cells were washed
in 175 pl FACS buffer and resuspended in 75 pl FACS buffer. Cells were analyzedon a
TACS Canto H (BD Biosciences), with sabsequent data analysis by Flowjo 10.7 (Treestar).
Dead cells were excluded by gating on the ¢306-negative population. Macrophages that had

phagocytosed tumor cells were identified as cells positive for CD33, CD206, and CFSE.

In vivo dendritic cell activation

{0371} Balb/c mice (n=3/group) were intravenously injected with a control rat anti-mouse
anti-STRP-u antagonistic antibody (clone p84), rat IgG control, AB136b (AB136 with a
mouse [g(G1 Fe region bearing an N297A mutation), mouse IgG control, or vehicle (PBS) at

10 mg/kg. Five hours post injection, spleens were harvested and processed into single cell
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suspension by mechanical dissociation through a 70uM cell strainer. Cells were washed two
with PBS and red blood cell ysis was performed. Subsequently, cells were washed for an
additional two times with PBS/10%FBS and prepared for cell staining. Cells were stained
with fhuorochrome conjugated MHC-I, CD8, 33D1, CD4, Chilc, CDB6, CCR7 and
viability dye at 4 degrees for one hour. Cells were washed two times and analyzed using a

BD Canto I flow cytometer and data were processed using Flowjo.

In vivo anti-tumor activity

{0372] For the CT26 syngeneic mouse colon carcinoma model, CT26 cells were
implanted subcutancously in BALB/c mice and randomized into groups (8-9 mice/group).
Treatment groups included vehicle (PBS) and AB136b. AB136 anti-SIRP-o had a mouse
IgG1 Fe region bearing an N297A mutation. Treatment was imitiated when tumors were an
average of 75-80mm’, day 7 or 8 post implant. Mice were dosed intraperitoneally (IP) at
3mg/kg twice a week for three weeks with AB136b. Animals were sacrificed when twmors
reached a volume of ~2000mm’.

{33731 For the MC38 syngeneic mouse colon carcinoma model, M358 cells were
implanted subcutaneously in C57BL/6 mice and randomized into groups (8-10mice/group).
Treatment groups included vehicle (PBS), AB25b, AB25¢, AB27bh, AB3b, and AB136b. All
anti-SIRPg antibodics had a mouse IgGi Fe region bearing an N297A mutation except for
AB25c¢, which had a mouse IgG2a. Treatment was initiated when tumors were an average of
60-65mm’, day 7 post implant. Mice were dosed intraperitoneally (IP) at 10 mg/kg twice a
week for three weeks for anti-SIRPQ. Animals were sacrificed when turoors reached a

volume of ~2000mm’.

Results
{0374] Various anti-SIRP-g antibodies were examined for induction of phagocytosis in in
vitro phagocytosis assays using polarized and non-polarized roacrophages.
{6375] Additional anti-SIRP-¢ antibodies AB3 and AB45 were tested in the experiments
described below. Both are non-blocking antibodics. The Ky rates of binding of each clone
(in scFv-Fc format) to each SIRP analyte were determnined using SPR (Table J1). The SPR
screening conditions have been described herein, and the Koff values were determined using
Langmuir kinetic fittings. SIRP analyte sequences are as follows: CV1-3, SEQ ID NG:18;
v, SEQ I3 NO:S5; v2, SEQ 1D NG:6; cynol, SEQ 1D NG:11; cyno2, SEGQ 1D NO:12; mi29,
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SEQ I NO:7; NOD, SEQ 1D NG:8; BL6, SEQ 1D NO:9; sirpbl, SEQ 1D NO:13; sirpg, SEQ
1D NG5,

Table J1. Langmuir kinetic fittings Kp (M) for AB3 and AB45

SEQ 1D
N K 6 11 iV 8 o 10 is 13 14

Vi vl cynol CyneZ NOD BL6 BALBe  isirp-g Sirpb?  [Sirpb2
AB3*  H.62E-10 17.67E-11 §2.29E-09 {2 85E-09 {1.63B-09 13.65E-09 {1.16E-09 18.36E-08 {1 .63E-09 |6.78E-11
AB45**16.63E-11 11.34E-10 {NB NB NB INB NB 2.71E-08 §i.06E-08 [2.53E-11

NB — No binding.
*See SEQ 1D NOs:242 and 243 for VH and VL domains, respectively.
## See SEQ TD NOs:244 and 245 for VH and VL domains, respectively.

{3376] As shown in FIGS. 13A & 13B, non-blocking anti-SIRP-u antibody AB3a was
found to induce phagocytosis of DLD-1 tumor cells in M2 polarized macrophages. In
particular, treatment of macrophages with cetuximab {anti-EGFR antibody) and AB3a led to
robust induction of turnor cell phagocytosis. Sumilarly, non-blocking anti-SIRP-o antibody
AB45a was found to induce phagocytosis of DLD-1 tumor cells M2 polarized macrophages,
and treatment of macrophages with cetuximab (anti-EGFR antibody) and AB45a led to robust
induction of tumor cell phagocytosis (FIGS. 13C & 13D). Blocking anti-SIRP-a antibodies
AB119a (FEG. 13E) and AB135a (FIG. 13F) were also found to induce phagocytosis of
OFE19 wmor cells when co-administered with trastuzumab (anti-HERZ antibody). Non-
blocking anti-SIRP-¢ antibody AB136¢ was also found to induce phagocytosis of DLD-1
tamor cells (FiG. 13G).

§0377] A dendritic cell activation assay was used to characterize the in vivo effects of
non-blocking anti-SIRP-g antibody AB136b (SEQ 1D NOs:133 and 134 for VH and VL.
domain sequences, respectively). Failure to engage mouse SIRP-a receptor on splenic
dendritic cells via CD47 binding leads to splenic dendritic cell activation. Control anti-SIRP-
¢ antagonist antibody p84 activated splenic dendritic celis when injected intravenously into
mice (FEG. 14). Non-blocking anti-SIRP-g antibody AB136b was tested in vivo to determine
if it leads to dendritic cell activation. Interestingly, AB136b treatment led to activation of
splenic dendritic cells at a similar level as p&4 (FIG. 14).

{33781 Next, the in vive anti-turnor effects of vartous anti-SIRP-a antibodies were
assayed in two syngeneic mouse colon carcinoma models. The anti-tumor activities of

blocking anti-SIRP-¢ antibodies AB25b, AB25¢ and AB27b and non-blocking anti-SIRP-a
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antibodies AB3b and AB136b were examined in an MC38 syngencic mouse colon carcinoma
model to assess their single agent activities. Both blocking (AB25b, AB25¢ and AB27b) and
non-blocking (AB3b and AB136b) anti-SIRP-¢ antibodies delayed tumor formation at 10
mg/kg as compared to vehicle alone (FIG. 15) in the MC38 syngeneic mouse model. On day
25, groups treated with anti-SIRP¢ antibodies bad three mice below 600mm” for AB25b and
AB27b, four mice below 600mm’ for AB25¢ and AB3b and five mice below 600mn’ for
AB136b, while the vehicle-treated group had only two mice below 600mny.

{0379] The anti-tumor activity of non-blocking AB136b was next evaloated in a CT26
syngeneic mouse colon carcinoma maodel to assess single agent activity, These results
confirmed that ABI136b weatment delayed tumor formation at 3mg/kg as compared to vehicle
alone in the CT26 syngeneic mouse model (FIG. 16).

{0386] Taken together, these results demonstrate the efficacy of anti-SIRP-¢ antibody
treatment in inducing turnor cell phagocytosis by macrophages, activating dendritic cells, and
inhibiting tumor growth in vivo. Multiple blocking anti-SIRP-o antibodies were found to
promote tumor cell phagocytosis, activate dendritic cells and block in vive tumor growth.
Surprisingly, however, treatment with non-blocking anti-SIRP-a antibody was also found to
activate splenic dendritic cells and inhibit tumor growth in vive in two different syngencic
mouse tumor models. The finding that non-blocking anti-SIRP-¢ antibodies were able to
increase phagocytosis and block in vive tumor growth was both surprising and unexpected.
Previous work has suggested that only blocking anti-SIRP-« antibodies would be abie to

inhibit in vivo tumor growth (see Yanagita, T. et al. (2017 JCT Insighs 2:e89140).

Exampie 4: Structural Analysis of anti-SIRP-o Antibody Epitopes on SIRP-q

{0381] As described in Examples 1-3 above, anti-SIRP-u antibodies have been generated
with a variety of specificities and modes of binding to SIRP-¢, e.g., antibodies that block
CD47 binding to SIRP-¢, antibodies that do not block CD47 binding to SIRP-g, and
antibodies that bind to SIRP-g and reduce its affinity for binding CD47 (“kick off”
antibodies). Structural analyses were undertaken in order to understand how these types of
antibodies bind to the DI domain of SIRP-a as compared to CD47 and characterize the

epitopes of selected anti-SIRP-g antibodies.
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Methods
Crystallography and struciural analysis
{0382] Expression of the Fabs and SIRPo was similar to previously established protocols
and involved traditional methods of affinity chromatography and size exclusion for protein
purification. A human SIRP-a vl mutant bearing an NSOA mutation as compared to SEQ ID
NO:S was used for ease of protein production in Expi293 (SEQ ID NO:296). The goal of
using an N8OA SIRPo was to produce a homogenous, non-glyeosylated form of SIRPo that
would be most amenable for crystallization. The final purification buffer is minimal with
only 10 mM Tris pH 7.5 and 50 mM NaCl. The purified complex sample is stable at 4°C and
was concentrated to 10-12 mg/mL in preparation for crystallization experiments and eventual
structure determination.
{0383] The methods for the Fab:SIRPx complex project followed well established
principles or crystallography starting with the sparse matrix technique, which led to custom
optimized conditions, establishing a routine protocol. Crystallization was carried out utilizing
the sitting drop vapor diffusion technique. For the initial sparse matrix screening, condition
kits commercially available through Qlagen® were utilized (Table J2). These crystallization
experiments were set in drops with varying ratios of protein to erystallant condition. The
ratios set were in the range of 1:1, 2:1, and 3:1 protein to condition in total volume of 1 yL in
the subwells of the 96 well (8 x 12) tray. 100 uL of crystallization condition was place in the
well reservoir. These drops were set by utilizing the Mosquito drop setting robot and the
completed plates were sealed and stored in a 12°C incubator. The experiment was monitored
by viewing the plates/drops under the microscope to see developroents that included drop
precipitation, aggregation, phase separation, amorphous formation, as well as inttial protein

crystals.

Table J2. Kits used for initial sparse matrix screening.

Kit Cat. No/ID
Classics Suite 130901
Classics U Suite 130923
Classics L Suite 130902
PEGs Suite 130904
PEGs I Suite §30916
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PACT Suite 130918
ProComplex Suite 130915
AmSQGy Suite 130905

Crystallization summary and crystal harvesting

{0384] Crystallization of the 4 complexes was achieved with derivatives of two main
conditions as shown in Table J3). Crystal harvesting was done on optimal crystal forms so
that manipulation and cryo-freezing in liquid nitrogen would not jeopardize the integrity of
the crystal prior to X-ray diffraction screening and possible data collection. To prevent icing,
a cryo-protectant was implemented during freezing. The typical cryo-protectant included an
addition of 20% glycerol to the crystallization condition that formed the crystal. When
crystals formed in conditions with 30% PEG 4000 or above, the addition of glycerol was not
necessary. The high percentage of PEG 4000 behaved as a viable cryo-protectant. Crystals of
complexes were manipulated with cryo loops that ave either nylon or Mitigen® style. Single
crystals were isolated and excised out of the drop in which they formed and ransferred into

cryo-protectant for a short period before plunging into liquid nitrogen to flash freecze.

Table J3. Crystallization conditions for forming Fab:SIRP-o complex crystals.

Fab Antibody Budfer Salt FPrecipitant
119 0.1 M Tris-HCI pH 8.5 0.2 M MeC12 15% {(wiv) PEG 4600
136 0.1 M Tris-HCl pl1 8.5 0.2 M MeC12 30% (wiv) FEG 4000
3 0.1 M Sodium Acetate pH 4.6 0.45 M Ammonium Sulfate | 35% (w/v) PEG 4000
115 0.1 M TrispH 7.2 0.2 M MpCi2 18% (w/v) PEG 4000

Data collection and processing

{0385] Data were collected on crystals flash frozen in liquid nitrogen as described above,
These saroples remained in the cryo stream when screened for protein lattice diffraction prior
to subsequent dataset collection via the oscillation method. Collection occurred at either the
Advanced Photon Source or Diamond Light Source. Datasets were reduced using the xia2
suite. xia2 is a wrapper script that allows for automated reduction of macromolecular
crystallographic data. The program is able to utilize multiple data reducing programs such as
XS, DIALS, Mosthm, and Aimless. These programs allow for the diffraction data to be
indexed into the appropriate space group and unit cell, integration of intensitics, and scaling
to produce an estimate of intensity of each unique reflection. For the initial Complex 1

dataset, phases were calculated via molecular replacement (MR) using Phaser MR of the
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CCP4 Suite utilizing homolog models of SIRPo as well as Fab (see PDB CODE: 2UV3 and
PDB CODE: 4NM4 respectively). For subsequent datasets of Complex 2, 3, and 4, the
completed structure model coordinates of Complex 1 was used as the search model for the

phase calculation and the initial model build.

Structure building and refinement

{0386] Model building utilized the Coot program . As an example, Complex | was
calculated to have 4 molecules in the ASU, therefore, 4 pairs of AB119f complexed with
SIRPx are to be built to complete the structure model. The strategy of structure building was
to build amino acid residues into electron density following the known sequence of the target
proteins. Quality of data directly correlates to the fit of the structure model into the observed
crystal dataset. Therefore, building the tertiary structure of the Complex followed established
protocol. Initially, the peptide bone of the residue was built. This was followed by the
placement of the correct residue side chain if the electron density map permits. In the instance
an original amino acid in the protein sequence was not modeled, it was due to lack of density
for the respective side chain, thus only the peptide backbone of the amino acid can be
modeled and an alanine residue side chain is built in place. Stretches of the sequence may be
a disordered region and cannot be built due to lack of density even for placement of the
aming acid backbone. The builds were followed by subsequent rounds of refinement through
the Refmac program, a part of the CCP4 Suite. The refinement program is utilized to
minimize coordinate patarneters through the Maximum Likelthood residual. Refincment was
completed when the model parameters fell into favorable statistical tolerances for parameters
inchuding: the Rvalue, bond length and angles, and Ramachandran fit. In addition, to check
physical tolerances of the model, Molprobity was also utilized to ensure complete and proper
structure deferroination.

Epitope mapping and superimposition analysis

{0387] Buried surface area of the antigen for the epitope was calculated as the difference
between the solvent-accessible surface arca of the antigen alone and antigen in complex with
Fab fragment of the antibody. Conversely, buried surface area of the antibody heavy and
light chains for the paratope was calculated as the difference between the solvent-accessible
surface arca of the fab fragment alone and in complex with its antigen. The surface
accessible area was caleulated by the rolling ball method with probe radius of 1.4A.

Buricd surface area is reported in A’ All antibody: SIRPor complexes were superimposed by
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selecting SIRPo from each structure and superimposing its carbon atoms. CD47:
SIRPo complex (V1 variant) structure used for the analysis is PDB:4CMM. The

superimposition and the RMSD calculation was performed using PYMOL.

Results

{0388] First, the structure of blocking antibody 119 Fab bound to 5IRP-a was determined
and compared to CD47 binding to SIRP-a. As shown in FIG. 17A, antibody 119 and D47
bound to a similar epitope of the SIRP-0 D1 domain. 56% of the SIRP-a residues in the
antibody 119 epitope were also found in the CD47 epitope, while 75% of the SIRP-a residues
in the CD47 epitope were also found in the antibody 119 epitope. The SIRP-¢ residues
participating in the interaction with antibody 119 (as deterrained by buried surface area
changes, described supra) ave shaded and shown as space-filled rodels in FIG. 178, Key
residues from the antibody 119 Fab paratope are also shown (black sticks), including heavy
chain residues N31, S53, D55, Y57, T99, S101, and W102 (N31 is not visible in the structure
orientation shown in FIG.178) and light chain residues Y92 and W94 (based on the heavy
and light chain variable domain sequences according to SEQ ID NOs:333 and 97,
respectively).
{0389] FIG. 184 shows a comparison between CD47 binding to the SIRP-a D1 domain
and non-blocking antibody 136 Fab binding to the SIRP-¢ D1 domain. The SIRP-o binding
epitopes of antibody 136 and CD47 were found to be completely non-overlapping. The
SIRP-a residues participating in the interaction with antibody 136 are shaded and shown as
space-fitled models in FIG. 18B. Key residues from the antibody 136 Fab paratope are also
shown {(black sticks), including heavy chain residues E56, Y59, and R102, and light chain
residues Y92 and R94 (based on the heavy and light chain variable domain sequences
according to SEQ 1D NOs:133 and 134, respectively).
{6396] FIG. 19A shows a comparison between D47 binding to the SIRP-a D1 domain
and non-blocking antibody 3 Fab binding to the SIRP-o Bl domain. The SIRP-¢ binding
epitopes of antibody 3 and CD47 were also found to be completely non-overlapping. The
SIRP-u residues participating in the interaction with antibody 3 are shaded and shown as
space-filled models in FIG. 198, Key residucs from the antibody 3 Fab paratope are also
shown (black sticks}), including heavy chain residues R56 and (G100 and light chain residues

24, R26, Y86, and G88 (based on the heavy and light chain variable domain sequences

according to SEQ ID NOs:242 and 243, respectively).
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{0391}
and “kick oft” antibody 115 Fab binding to the SIRP-g D1 domain. The SIRP-u binding

FIG. 12C shows a comparison between CD47 binding to the SIRP-o D1 domain

epitope of anttbody 115 was found to be adjacent to the epitope of CD47. While mAb 118
was found to bind an epitope of the SIRP-¢ D1 domain adjacent to that of CD47, parts of the
115 epitope likely overlap with CD47 itself. Comparing both epitopes, there are 2 identical
residues, suggesting that the interactions from the non-overlapping portions of each epitope
allow the 115 Fab and CD47 to bind SIRP-¢ simultaneously. Kinetic analyses described
herein demonstrate that antibody 115 forms a transient complex with SIRP-¢ and CD47 but
reduces the affinity of CD47 for the SIRP-a D1 domain. The SIRP-¢ residues participating
in the interaction with antibody 115 are shaded in FIG. 19D, Key residues from the antibody
115 Fab paratope are also shown, including heavy chain residues S31, Y32, N52, Y100, and
W02 and light chain residues K32 and Y92 (based on the heavy and light chain variable
domain sequences according to SEQ 1D NOs:273 and 274, respectively).

{33921 FIG. 20A illustrates the binding of antibodies 119, 136, 3, and 115 to SIRP-q, as
compared to CD47 binding to SIRP-¢. Blocking antibody 119 was found tobind a
completely non-overlapping SIRP-u epitope, as compared with the SIRP-¢ epitopes of both
non-blocking antibodies 136 and 3. SIRP-u and antibody residues that participate in these
interactions are summarized in Table K1. SIRP-o residues determined to interact with CD47
were determined as follows: 29, 30, 31, 33, 34, 35, 36, 37, 50, 51, 52, 53, 54, 66, 67, 68, 69,
74,93, 96,97, 98, 99, and 101 (according to SEQ ID NO:5). FIG. 208 summarizes the
epitopes for CD47 and anti-SIRP-o Fabs 119, 136, 3, and 115 binding to SIRP-¢ (residues
according to SEQ 1D NO:296) and lists buried surface area changes. As described herein, the
numbering of amino acid residues of an antibody used to indicate the paratope is based on
numbering according to the amino acid sequence of the heavy or light chain, and not, e.g., the

Kabat or Chothia numbering of antibody residues.

Table K1. SIRP-u epitopes and antibody paratopes for selected anti-SIRP-u antibodies.

PCT/US2017/052592

Antibody | SIRP-« epitope residues Heavy chain antibody Light chain antibody

clone paratope residoes paraiope residoes

119 3,28,29,30,31,32,33,35,36,38,5 | 30,31,32.33,50,52,53.54, | 27,29,30,32,49.53,55,56,
0,52,53,54,62,64,65,66,67,68, | 55,56,57.96,98,99,100, 91,9294, and 95
69,70,71,72,73,74,75,76,95,96, | 101,102,103,104,103,106 | (SEQ ID NO:97)
97, and 98 ,and 108
(SEQ 1D NO:296) (SEQ ID N(:335)

136 6.8.9,10,11.12,14.42.43 44 46, | 33,52,54,56,57,59.99,100 | 27,30,32,92.93,94, and
87,88,90,103,104,105,106,107, | 101,102,103, and 104 a5
108,109,111,112,113,115, and | (SEQ ID NO:133) (SEQ ID NO:134)
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116
{(3EQ D NO:296)

54,55,56,57,58,59,80,82,83,84,

85,89,100
(SEQ 1D NO:296)

1,32,33
53, 54, 56,57, 75
101, 102
(SEQ ID NO:273)

3 56,7,89,10.11,12,14.24.2628, | 31, 50, 52, 53, 54, 56, | 24. 25,26, 45, 86, 87, 88,
72,88.90,108,109,111,113, and | 58, 99, 100, 101, and 102 | and 89
115 (SEQ ID NO:242) (SEQ ID NO:243)
(SEQ ID NO:296)

118 17,39,40,44,45 46,47 48 49,51, | 28, 30, 3 32,91,92,93, and 94

2,33, 50, 52,
y g

(SEQ ID NO:274)

Table K2. Anti-SIRP-g antibody paratopes and buried surface area calculations.

Residue Residue Change in
pame nurber buried area (A2
119 Heavy Cham
TRP 102 -228
SER 101 -97.2
THR 99 -70.4
SER 53 -60.9
ASF 35 -549.2
ASN 31 -38.2
TYR 57 -53.5
PHE 32 -43.1
SER 103 -30.7
SER 98 -24.7
SER 30 -19.3
GLY 52 -18.4
VAL 100 -18.4
ASP 105 -17.2
ALA 33 -16.3
GLY 54 -7.8
ASP 108 -6.2
PHE 106 -5.7
GLY 104 -5.6
LYS 96 -5.3
THR 56 -2.9
THR 50 -1.7
119 Light Chain
TYR 92 -78
TRP 94 -57.5
ILE 33 -31.5
TYR 49 -30.2
PRO 95 -20.4
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GLU 55 -16.6
VAL 28 -12.3
ALA 30 -8.8
ASP 32 -8
TYR 9] -3.5
THR 56 -1.5
GLN 27 -3.4
136 Heavy Chain
ARG 102 -114.9
GLU 56 -67.6
TYR 59 -57.3
ARG 104 -46.7
ILE 57 -30.8
ASN 101 -12.6
ASP 33 -12
TYR 103 -10.9
SER 52 -5.1
SER 54 -4
GLU 99 -3.3
ASN 100 -1.1
136 Light Chain
ARG 94 97.6
TYR 92 -98.2
TYR 30 -89
GLN 27 -46.6
TYR 32 -46.5
ASP 93 -19.1
PRO a5 =13
3 Heavy Chain
ARG 56 -107.9
GLY 100 -62
ASP 31 -34.9
SER 53 =271
THR 52 -25.2
SER 101 S22
GLY 54 -15.1
TYR 58 -12.2
GLN 50 <13
GLY 102 -5.1
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PHE 99 -4.5

3 Light Chain

ARG 2 -123.6
TYR 86 -62.5
ARG 26 -56.4
GLY 38 -49.1
ASP 87 -22.1
GLY 25 -13.1
ARG 45 -4.8
SER 89 -1.7
115 Light Chain
LYS 32 -70.2
TYR 91 -2.9
TYR 92 -85
TYR 93 -22.3
TRP 94 -21.4

115 Heavy Chain

SER 28 -35.3
SER 30 -17.2
SER 31 -70.6
TYR 32 -50.2
ALA 33 -1.3

ARG 50 -9.5

ASN 52 -54.4
SER 53 -39.8
GLY 54 -1.4

GLY 56 -34

GLY 57 -11.2
SER 75 -13.3
TYR 100 -33.6
ASP 101 -45.8
TRP 102 -136.4

{0393] These resulis elucidate the binding interfaces between the SIRP-o D1 domain and

various anti-SIRP-g antibodies, as well as the binding tnterface between CD47 and SIRP-a.
They also provide a structural basis for the observations that antibody 119 blocks binding
between CD47 and SIRP-g (since they share overlapping SIRP-g epitopes), that antibodics

136 and 3 do not block binding (as their epitopes do not overlap with that of CD47), and that
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antibody 115 “kicks CD47 off” from binding SIRP-¢ (since they share only slightly
overlapping SIRP-g epitopes). These studies further highlight specific antibody and SIRP-u
residues that participate in each interaction.

{394 With the SIRPo binding epitopes of non-blockers (3, 136}, blockers (119) and
kick-off (115) antibodies defined by crystallography, the binding locations for additional angi-
SIRPw antibodies can be characterized by carrying out epitope binning described in Example
5. For instance, for any anti-SIRPo antibodies that compete with non-blocker 136 for binding
to SIRPy, we can predict that these antibodics would share simailar binding epitopes as 136 as

defined by crystallography.

Example 5: Epitope Binning of anti-SIRP-o Antibodies
{0395] Anti-SIRP-g antibodies described above were next assayed in epitope binning
experiments with SIRP-g in order to categorize antibodies baving shared and distinct
epitopes.

Methods
Epitope binning
{0396] Briefly, epitope binning was conducted as shown in FIG. 21A. A first anti-SIRP-
o antibody was immobilized on a chip, then buman SIRP-¢ vl (SEQ ID NO:5) was injected.
A second anti-SIRP-a antibody was then injected. If the second antibody was able to bind
the coroplex formed between the first anti-SIRP-g antibody and SIRP-q, the {irst and second
antibodies were determined to bind different epitopes. If the second antibody was not able to
bind, the first and second antibodies were determined to share an epitope.
{0397] Exemplary results of a binning assay using anti-SIRP-o antibody (A) omobilized
to the chip and injecting anti-SIRP-¢ antibodies (B-F) are shown in FIG. 21B. Ant-SIRPa
antibody (B), (E) and (F) form sandwiches with the complex, and this is indicated by the
increasing RU at time 60s (upon injection of respective anti-SIRPo antibodies). As such, they
are determined to bind different epitopes than anti-SIRPo (A) and are indicated by white
hoxes in the binning plot (FIGS. 22A & 22B). For anti-SIRPo antibody (C) and (D}, they did
not form a sandwich, and this is indicated by a steady RU after injection of respective anti-
SIRPw antibodies. As such, they are determined to bind the same epitope as anti-SIRPo (A)
and are shaded gray in the binning plot (FIGS. 22A & 22B). The clone number for the ligand

{anti-SIRPo) bound to the chip is indicated as rows, and the clone number for the analytes
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(anti-SIRPo) injected over the chip is indicated as columns in FIGS, 22ZA & 22B. “X”
indicates scenarios where the data from one orientation disagreed with the other.

{0398] First, anti-SIRPo antibodies were immobilized on GLC chips using Proteon
Amine Coupling Kit as described before. Brictly, for the immobilization step, GLC chip was
activated with EDAC/Sulpho-NHS 1:1 (Biorad) dituted 1/80 for 300s at 25 pl/min. Anti-
SIRPo antibodies were diluted to 80 nM concentration in 1¢ mM sodium acetate buffer pH
4.5 and immobilized to the chip at 30 pyL/min for 50s. Chip was inactivated with
ethanolamine for 300s at 25 pl/mun. Afterwhich, SIRP-o v1 (SEQ 1D NO:S) (100nM) was
first injected at 100ul/min for 60s followed by injecting the anti-SIRPa antibodies in testing
(100-150nM) at100uL/min for 60s. The surfaces were regenerated with a 2:1 v/v blend of
Pierce IgG clution buffer/4M NaCl. The resultant sensograms were used to score and group

the antibodies into different bins according to their binding profiles.

Resuits
{33991 The following anti-SIRP-u antibody clones were binned: 3, 21, 25, 27, 45, 66,
115,116, 117, 118, 119,120, 121, 122, 123, 132, 135, 136, 137, 149, 161, 162, 173, 154,
200, 213, and 218. As shown in FEGS. 22A & 22B, the results demonstrated that each mode
(B:blocking, NBmon-blocking, and KO:“kick off”") of anti-SIRP-g antibody binding to
human SIRP-i v1 binned separately. For the non-blockers, the anti-SIRPo antibodies could
be further separated into 4 bins based on their binding profiles. For instance, anti-SIRPo
antibodies 123, 149, 161, 162, 194 and 218 were grouped as BinS. Ant-SIRPw antibodies 3,
173, 209 and 213 were grouped as Bin 4. Anti-SIRPo antibodies 136 and 137 were grouped
as Bin 2. Anti-SIRPg antibody 45 has a unique binding profile and is grouped as Bin 6.
{04001 Combined with the structural analyses described in Example 4, these results led to
the model of antibody and CD47 binding to the SIRP-a D1 domain shown in FIG. 23, For
instance, various anti-SIRPo antibodies in Bins 1, 2, 3 and 4 are postulated to share similar
binding epitopes with anti-SIRPx 119, 136, 115 and 3 which were categorized in the
respective bins. The binding epitopes for anti-SIRPo 119, 136, 115 and 3 have been obtained
from crystal solutions as described in Example 4.
[0401] In addition, anti-SIRPq antibodies in Bin 5 are postulated to bind adjacent to anti-
SIRPo 136 (Bin 2y and 113 (Bin 3) respectively and share overlapping epitopes. This is

based on binning data showing anti-SIRPa antibodies in Bin § competed with antibodies in
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Bins 2 and 3 for binding to SIRPa V1, and they did not compete with antibodies in Bins 1, 4
and 6 (FIG. 228).
{0402] Anti-SIRPo antibody 45 (Bin 6) 1s postulated to bind adjacent to anti-SIRPw 3
(Bin 4) and 136 (Bin 2) respectively and share overlapping epitopes. This is based on binning
data showing anti-SIRPo. 45 competed with antibodies in Bins 2 and 4 {or binding to SIRPo
V1, and anti-SIRPo 45 did not compete with antibodies in Bins 1, 3 and 5 (FIG. 22B).
{0403] The model in FIG. 23 illustrates the epitope of each antibody bin based on
structural and binning analyses, and demonstrates the overlap between various antibody bins
using exemplary antibody clones. Additional anti-SIRP-g antibodics isolated herein are
grouped into families and bins based on their epitope mapping profiles, homologies in their
/H/VL domain seqguences, binding specificities to SIRP proteins and the sources of the
antibodies. For instance, anti-SIRP-g antibodies in family 1/ Bin 1 are CID47 blockers that
share high sequence homologies in their VH and VL domains (Table P and FIG. 11.D. The
VH and VL are fully human sequences. Anti-SIRP-¢ antibodies in family? / Bin 1 are also
D47 blockers. Their VH and VL share high homologies and are from human and chicken
sources respectively (Table P, FEG. 11A). The anti-SIRP-g antibodies in Family 3/ Bin 2
include CD47 non-blockers, and their highly homologous VH/VL are fully haman sequences
(Table P, FEG. 11B). The anti-SIRP-¢ antibodies in Family 4/Bin3 include kick-off
antibodies, and their highly homologous VH/VL are fully human sequences {Table P, FiG.
11C). Family 5 includes CD47 non-blockers that are separately mapped into Bins 4, §, and 6.
The sequence alignments of these antibodies and their binding profiles are shown in FIGS.
118-111 and Table P, respectively. The Ko binding values to various SIRP-a, SIRP-B, and
SIRP-v polypeptides of the corresponding anti-SIRPa antibodies in Families 1-5 are presented
in Table T.
Example 6: Germiline and Liability Mutation Variants of anti-SIRP-o Antibodies
{6404} Some anti-SIRP-u antibodies described above are fully human antibodies
generated in a chicken {e.g., antibodies 119, 135, and 136). As such, some of these
antibodies may contain mutations in the variable domain framework sequences, as compared
to wild-type human germline sequence, by virtue of generating these antibodies in chicken B
celis. Therefore, it is desirable to “back-mutate” these respective residues to match that of
human germline sequence with the goal of limiting immunogenicity when these anti-SIRPo

antibodies are tested in humans as potential therapeutics. In addition to germline back-
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mutations, the CDRs and framework region of antibodies 119, 135 and 136 were analyzed for
liability hot spots. These analyses identified sites where engineering may be desired to limit
risk due to modifications that may occur during manufacturing, storage and/or drug

development of anti-SIRPo antibodies.

Methods
Germline/liability mutations
{0405] The Ko for respective germline and lability mutants binding to SIRP were
determined using direct immobilization using GLC chip as described supra.
{0406] The wildtype and mutant antibodies were expressed in Expi293 and purified by
Protein A affinity column chromatography as described earlier. All antibodies were expressed
as human L234A/L235A/G237A/MN297A IgGl Fe antibodies. Mutagenesis was carried out
using QuikChange Lightning Site Directed Mutagenesis kit according to manufacturer’s

instructions (Agilent Catalog # 210518).

Results
{0467] Axntibodies 119, 135, and 136 were examined. Selected antibody sequences were
aligned with available human germline sequences using IgBlast (NCBI). For instance, a total
of 7 sites on the heavy and light chains of 119 were identified. As shown in FI1G, 244,
residues that were not commonly occurring in buman germline sequence of 119 VH (e.g., D1,
E43, and L.112) were back-nutated to match human germline sequence {e.g., D1E, E43K,
and L112Q) while keeping CDR sequences intact. As for 119 VL (FIG. 24B), residues that
were not commonly occurring in human gernoline sequence of 119 VL (e.g. F21, R39, E60,
and T76) were back-mutated to match human germline sequence {(e.g. F211L, R39K, E6OA,
and T765) while keeping CDR sequences intact. As used herein, the terms “all mut” and
“mut” refer to variable domains containing all of the germline mutations described herein for
a particular antibody variable domain. The amino acid numberings used to describe the
germling and lability mutations are based on sequential numbering accordingly to respective
SEQ IDs.
{0408] In addition, antibody sequences were also analyzed for “liability” hot spots,
including residues that may be susceptible to oxidation, deamidation, isomerization,

hydrolysis, and N-linked glycosylation. Potential hot spots are shown in Table L. In
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particular, M34V and M34L variants of HYR-H1 were generated for the VH domain of

multiple antihodies.

Table L. Potential and known hot spots

Oxidation M
Beamidation NG

NS

NT
Isomerization DG

DS

oT
Hydrolysis DP
N-linked glycosylation site(s) NXS/T

{0409] Variants of antibody 119 were generated using heavy and/or Hght chain variable
domains bearing germline and liability back-mutations. A 119 mutant ("mut”) VH domain
was generated with the germline back mutations DIE, E43K, and 11123, as well as the
M34V mutations in CDR-HI that remove a methionine residue that could potentially be
oxidized (see SEQ ID NOs:246 for VH sequences). Another variant was generated with the
germiine back mutations D1E, E43K, and L1120 (see SEQ 1D NO:258 for VH sequence).
Alignments between the parental and variant sequences are shown in FIG. 24A. A 119
mutant {“mut”) light chain was also generated with the germline back mutations F21L,
R39K, E6OA, and T768S; an alignment between the parental and variant sequence is shown in
FIG. 248.

{0416] Antibody 119 variants with the mutant heavy and/or iight chain were compared
with the parental 119 antibody with an IgG1 Fc region bearing L234A, L235A, G237A, and
N297A mutations (EU nurobering), and a parental 119 antibody with an IgG4 Fe region
bearing an S228P mutation (EU numbering), for binding affinity to human SIRP-g v1 (SEQ
ID NG:5), buman SIRP-g v2 (SEQ ID NO:6), and cynomolgus SIRP-g (SEQ ID NOG:11).
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The 119 mutant heavy and light chains were both found to cause slight reductions in binding
affinity to all three SIRP-u proteins. However, the 119 antibody variant with mutated heavy
and light chains still displayed strong binding to both human SIRP-o proteins, with a Kp of
approximately 30nM (Table M). Compared with the parental antibody, vield of the 119
antibody variant with mutated heavy and light chains also decreased by approximately 4.5-
fold (Table M.

{0411] To investigate effect of methionine in HVR-HI on 119 SIRPg binding, M34V and
M34L single mutations were generated in the 119 VH wildtype background and combined
with 119 wildtype light chain. Both 119 wt/wt_M34V and 119 wt/wt_M34L had comparable
affinities (Kp, M) to human SIRPo vl and v2 as compared with 119 wt /wt. This indicates
that residue M34 is not critical for SIRP-g binding and can be substituted with M34L or
M34V mutations. The corresponding VH sequences for M34V and M34L. single mutations

generated in the 119 VH wildtype background are SEQ ID NO: 421 and 420, respectively.

Table M. Binding affinities (Kp, M) of 119 variant antibodies to human and cyno SiRP-¢

proteins
Kp for humaniK,, for Kp for

Antibody (VL /VH v i heman v2 CYID Yield (me/mi)
119 Mut / mut 3.17E-10 2.75E-11 1.95E-10 {1.575

119 wi [/ mut 2.54E-10 6.94E-11 1.558-10 §5.377

119 it/ we 2.14E-10 5.64E-11 1.38E-10  3.527

119 wt / wt 1.83E-10 6.82E-11 1.12E-10 §7.192

119 Mut/mut_V34Mi2.158-10 6.88E-11 1.18E-10 INT

Wt/ wt with <
ABHS ) roc 174E-10 lsosEil liieE-ig PO

NT = not tested

{0412} Next, similar variants of antibody 135 were generated. A 135 mutant (rout) heavy
chain was generated with the germline back mutations DIE, R13(Q, E16G, E43K, and
L1124, as well as the M34V mutation in CDR-H1 that removes a methionine residue that
could potentially be oxidized (see SEQ 1D NO:247 for VH sequence). A similar variant was
constructed without the M34V mutation in CDR-H1 (see SEQ 1D NO:259 for VH sequence).
A 135 mutant {mut) light chain was generated with the germline back mutations F21L and
D6OA (see SEQ ID NO:248 for VL sequence). Alignments between the parental and vartant

sequences are shown in FIGS. 254 & 238.
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{06413] Antibody 135 variants with the mutant heavy and/or light chain were compared
with the parental 135 antibody for binding affinity to human SIRP-a v1 (SEQ 1D NO:5),
human SIRP-g v2 (SEQ 1D NO:6), cynomolgus SIRP-a (SEQ 1D NO:11), and human SIRP-y
vl (SEQ ID NO:15). The 135 mutant heavy and light chains had comparable binding affinity
to all four SIRP-a proteins, as well as comparable yields (Table Ni).

{04141 To investigate the effect of methionine in HVR-H1 of 135 on SIRP-u binding,
M?34V and M34L single mutations were generated in the 135 VH wildtype background and
combined with a 135 wildtype light chain. Both 135 wt/wt_M34V and 135 wt/wt_M34L had
comparable affinities (Kp, M) to human SIRPo vl and v2 as compared with 135 wt /wt. This
indicates that residue M34 is not critical for SIRP-o binding and can be substituted with an
M34L or M34V nwutation. The corresponding VH sequences for M34V and M34L single
mutations generated in the 135 VH wildtype background are SEQ 1D NO: 423 and 422,

respectively.

Table N1. Binding affinities (Kp, M) of 135 variant antibodies to buman and cyno SIRP-g

proteins and hurnan SIRP-y protein

Ko for K for Ky for Yield
Antibody{VE / VH buman ¢ vi human ¢ v2 Ky for cyne human v vi (mg/mi.)
135 mut / mut 1.92E-10 1.75E-11 1.27E-10 7.33E-10 3.189
135 wit / mut 1.84E-10 1.97E-11 1.25E-10 7.79E-10 2.885
135 rout / wit 1.49E-10 2.66E-11 1.02E-10 3.22F-160 2.689
135 wi/ wit 1.51E-10 2.90E-11 0.69E-11 3.39E-160 3.264
135 wi/mut_V34Mi1.S0E-10 1.61E-11 7.94E-11 NT NT

NT = not tested

{0415] Similar variants of antibody 136 were generated. A 136 mutant (mut) heavy chain
was generated with the germline back mutations DI1E, R13Q, E16R, E43K, and L1114, as
well as the M34V mutation in COR-H1 that removes a methionine residue that could
potentially be oxidized (see SEQ 1D NO:249 for VH sequence). A similar variant was
constructed without the M34V mutation in COR-H1 (see SEQ ID NO:260 for VH sequence).
A 136 mutant {mut) light chain was generated with the germline back mutations T2E, T128,
T228, and E38Q (see SEQ 1D NO:250 for VL), Alignments between the parental and variant
sequences are shown in FIGS. 26A & 268.

{6416] As shown in FIG. 27A, antibody 136 variants with the mutant heavy and/or light
chain were compared with the parental ("wt”) 136 antibody as [gG1_AAA_N297A for
binding affinity to buman S{RP-a v1 (SEQ ID NG:5), human SIRP-o v2 (SEQ 1D NO:6),
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cynomolgus SIRP-¢ (SEQ ID NO:11), NOD mouse SIRP-o (SEQ ID N(O:g), BL/6 mouse
SIRP-a (SEQ 1D NO:9), and BALB/c mouse SIRP-o (SEQ ID NO:10). In FIG. 27A, the Y-
axis shows the ratio of K mut / Kp wt binding to various SIRP. If ratio = 1 indicated no
change in Kp compare to parental antibody binding. Ratio = >1 and <1 indicated decrease
and increase affinity binding to SIRPo(s} compare to parental antibody. While the 136 wt
(VLY mut (VH) antibody behaved similar to wt (VLY wit(VH), both variants with the mutated
light chain had poorer binding affinities, indicating that some VL mutations were not
tolerated.

{0417] In order to analyze the effect of each light chain back mutation on binding
affinity, additional antibody 136 vartants were constructed and characterized for binding
affinity to BL/6 mouse SIRP-g (SEQ 1D NG:9), NOD mouse SIRP-u (SEQ 1D NO:8),
BALB/c mousse SIRP-o (SEQ 1D NO:10), human SIRP-a vi (SEQ ID NG:3), human SIRP-¢
v2 {SEQ ID NO:6), cynomolgus SIRP-a (SEQ ID NO:11), and human SIRP-y v1 (SEQ ID
NG:15). Starting with the “all mutant” background, each individual moutation was reversed.
127, 8127, 8227, and Q38E mutations were individually tested in otherwise “all routant”
light chains, as shown in FIG. 27B. The I2T mutation in an otherwise all mut background
showed consistently similar binding affinity, as compared with the parental wt/wt antibody
(see SEQ 1D NO:251 for 12T in all mut background and FEG. 27A for alignment with
parental and mutant 136 antibodies). However, the other three reverse mutations (5127,
S22T, and 38E) consistently showed binding affinities more similar to 136 mut/mut,
indicating that the T2I mutation is responsible for reduced binding affinity to various SIRP

proteins. Additional data from these experiments ave provided in Table (3 infra.

Table N2, Binding affinities (Kp, M) of 136 variant antibodies to human, mouse, and cyno

SIRP-g proteins and human SIRP-y protein

Y1 V2 NOD BLS BALBe {Cyno  iSirpg
Light chain/Heavy SEQ ID SEQID SEQID SEQID SEQID SEQID SEQID
chain N5 NG:6 NO:8 NO:8 NG (NO:iL (INO:ES
136 |MutRv_127/ muut 7.17E-10 |1.86E-09 [6.80E-10 |1.53E-08 |4.228-10{2.33E-09 4.00E-08
136 [MutRv_S12T /mt 4.88E-09 |1.05E-08 |2.85E-09 |1 .63E-08 {2.09E-(9 {7.99E-09 16.67E-08

136 IMutRv_S22T / mut 4.99E-09 18.28B-09 |2 44E-09 |1.33E-08 {1 .64E-09 16.84E-09 i6.17E-08
136 MutRv_Q38E / mut 6.18E-09 11 . 25E-08 15.98E-09 [3.31E-08 {2.98E-09 {1 .04E-08 {1 .93E-08
136 IMutRv_I2T/mut_V34M 5.51B-10 |1.74E-09 |5.96E-10 |1.38E-08 3.61E-10{2. 1 1E-09 {3.35E-08

136 |Mut /mul 7.32E-09 11.27E-08 |5.42E-09 [2.16E-08 {2.67E-09 12.48E-02 12.58E-08
136 Wi/ wt 9. 72E-1012.54E-00 |8 21B-10 |1.648-08 |4.585-10 {2 .838-09 {3.36E-08
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Example 7: Humanization of anti-SIRP-o Antibodies
{0418} The Examples above describe the generation of anti-SIRP-¢ antibodies baving a
fally human heavy chain and a chicken light chain. In order to humanize the chicken-derived
light chains, chicken HVRSs of these antibodies were grafted onto various human lambda light
chain frameworks.

Methods
Humanization
{041%] Antibodies were humanized using standard technigues. For measuring production
vield, equal volume of Expi293 cultures expressing anti-SIRPg antibodies were purified by
Protein A affinity chromatography. After buffer exchange into PBS, the protein concentration
was determined by A280 and expressed in mg/mb..

Results
{0426] In order to design humanized light chains, each chicken light chain sequence was
aligned to the closest human germline framework by IgBLAST (NCBI). Using this analysis,
the closest match to the chicken lambda fight chain framework is human IGLV3 (see SEQ 1D
NOs:314-317).
{0421] In another approach, a literature search was undertaken to determine the optimal
human lambda light chain framework sequences to pair with a human VH3 sequences (the
hurnan heavy chain used for these antibodies). Based on these analyses, it was thought that
human VH3 would pair well with humanp IGLVT and IGLV2. See Glanville, 1. ef al. (2009)
Proc. Natl. Acad. Sci. 106:20216-20221; Liovd, C. et al. (2009) Protein Eng. Des. Sel.
22:159-168; and Jayaram, N. et al. (2012 Protein Eng. Des. Sel. 25:523-529.
{6422} Therefore, six humanized light chains were created: Humi (AB25 HVRs + human
IGLV3 framework), Hum2 {AB25 HVRs + human IGLV1 framework), Hum3 (AB66 HVRs
+ human [GLV3 framework), Hum4 (AB66 HVYRs + homan IGLV1 framework), HumS
{AB25 HVRS + human HGLV?2 framework), and Hum6 (AB21 HVRs + human IGLV1
framework). Sequences of the resulting light chain variable domains are provided in Table
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Table O1. Sequences of humanized variable light chain domains tested. HVR sequences are

bolded and undetlined.

Name

LC
HVRs

Homan LC
framework

Sequence
q

Huml

AB25

IGLV3

SYELTOPPSVSVSPOOTARITCSGGRYSSYYYAWYQ
OKPGOAPVTLIYSDDKRPSNIPERFSGSSSGTTVTLTI
SGVQAEDEADYYCGGYDOSSYTNPFGGGTKLTVL

(SEQ ID NO:252)

Hum?2

AB2ZS

IGLV1

QSVLTOPPSVSAAPGORVTISCEGGRYSSYYYAWYQ
QLPGTAPKTLIYSBBERPSNIPDRESGSKSGTSATLGE
TGLOTGDEADYYCGGYDOSSYINPFGTGTKVTVL
(SEQ ID N(:253)

Hum3

ABGS

IGLV3

SYELTOPPSVSVSPGOTARITCSGGDYYSTYYAWYQ
OKPGQAPYTVIHSDDKRPSDIPERFSGSSSGTTVTLTI
SGVQAEDEADYYCGGYDGRTYINTFGGGTKLTYL
(SEQ ID NO:254)

Humd

ABGH

IGLV1

QSVLTQPPSVSAAPGOKYVTISCSGODYYSTYYAWY
QOLPGTAPKTVIHSDDBERPSDIPDRFSGSKSGTSATL
GITGLQTGDEADYYCGGYDGRIVINTFGTGTK VTV
L (SEQ I} NO:255)

Humb

AB25

IGLV2

OSALTOPASYSGSPGOSITISCTGTSSDVGSYSSYYY
AWYQOHPGKAPKTLIY SDDERPSNVSNRFSGSKSG
NTASLTISGLQAEDEADYYCGGYDOSSYINPFGGG
TKLTVL (SEQ 1D NO:256)

Humb6

AB21

IGLV1

OSVLTOPPSVSAAPGOKVTISCSGGDY YSYYYGW Y

QOLPGTAPKTYVIYSDDKRPSDIPDRISGSKSGTSATL
GITGLOTGDEADYYCGGYDYSTYANAFGTGTRVTY
L (SEQ ID NO:257)

{0423]

Each of the 6 humanized light chains was paired with each of four heavy chains

(derived from AB21, AB25, AB27, and AB66), generating 24 unique antibodies. Antibodies

were expressed as described above. Sarprisingly, human IGLVI framework sequences

resulted in decreased antibody expression regardless of the heavy chain. This refers to all the

heavy chain pairings with Hum?2, Hum4 and Humd {except when pairing was carried out with

heavy chain from ABG6). The results are summarized in FIG. 28 as “protein yield

1% 7

{row 1).

In contrast, antibodies with light chains including human IGLV2 and IGLV3 frameworks

(Huro 1, Hum3, Hum5) showed higher levels of expression regardless of the heavy chain.

[0424]

Selected antibodies were next characterized for binding to a variety of SIRP

proteins (e.g.. to human SIRP-¢ v1, human SIRP-a v2, cynomolgus SIRP-¢, mouse BALB/c

SIRP-g, and human SIRP-y). These data are also summarized in FEG. 28. Selected

bumanized light chains caused a decrease in binding to one or more antigens. For instance,

the human IGLV3 framework {represented by Hum1 and Hum?3) was found to allow for
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superior levels of antibody production without perturbing binding affinity. For example, light
chain variable domains with the IGLV3 frameworks and either the antibody 25 or antibody
66 HVR sequences (represented by Huomi and Hum 3 respectively) corabined well with a
variety of heavy chains (e.g., heavy variable domains from antibodies 21, 23, 27, and 66) and
showed similar binding to different SIRP-¢ and SIRP-y proteins. In contrast, IGLV1 and
IGLV2 frameworks (represented by Hum?2, Humd, HumS and Humé6) were found to either
lower expression and/or decrease binding to SIRP when paired with heavy chains from
antibodies 21, 25, and 27 and 66. Additional binding data from these experiments are
provided in Table Rinfra. The human IGLV3 framework was sclected for further testing.
{0425] Another goal for humanization of these antibodies was antibody sequences having
greater than or equal to 85% identity to human germline light chain/heavy chain sequences.
Additional VL domain Hum9 and Hum8 was generated hased on the Huml VL domain.
Compared to Hum1, Hum9 contains 4 amino acid sabstitutions near or in HVR-L1 and -L.2
that increase the humanness of the light chain to greater than or equal to 85% identity to
human light chain sequence (FEG. 29). Compared to Hum1, Hum§ contains 5 amino acid
substitutions respectively near or in HVR-L1 and —L.2 that increase the humanness of the
light chain to greater than or equal to 8§5% identity to human light chain sequence (FIG. 29).
Humi, Hum8 and Hum® VLs when paired with heavy chain all_mut_AB21 (carrying
germiine mutations) produced anti-SIRPo antibodies that bind to huroan v1 with affinity
equal or better than 10pM (Table S). Siroilarly, when Huml, Hom¥ and Hum9 VLs were
paived with heavy chain all_mut_ABZS (carrying germline mutations), the anti-SIRPw
antibodies bind to human v1 with affinity equal or better than 10pM. Additional binding data
from these experiments are provided in Table S infra. These light chains can be combined
interchangeably with antibody VH domains 21, 25, and 27 (as well as variants thereof, which
were modified as described supra for antibodies 119, 135, and 136; FIG. 38). Without
wishing to be bound to theory, it is thought that the humanization process described above

can be applied to the light chain of any antibody of family 2 (bin 1}).

Example §: Induction of Phagocytosis and Dendritic Cell Activation by anti-SIRP-o
Antibodies

{0426] Various anti-SIRP-¢ antibodies representing different roodes of binding to SIRP-a

{e.g., blocking, non-blocking, and “kick oft” antibodies) were next examined in phagocytosis

assays.
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CD47-Fe binding assays

{06427] CD47-Fe was conjugated with Alexa Fluor 647 (AF047) using the Alexa Fluor
647 Microscale Protein Labeling Kit (Thermo Fisher Scientific). In 96 well polypropylene
plates (Corning), 100,000 PBM{s were suspended in 100 ul 0.25 yM AF647-labeled CD47-
Fe and 1 pl anti-CD14 PE antibody (Biolegend) in FACS buffer. Cells were incubated on ice
for 30 minutes, washed in FACS buffer, and incubated in 10-fold serial dilutions of anti-
SIRP-g antibody from 1.25 uM to 25 pM. Cells were incubated on ice for 30 minutes,
washed in FACS buffer, and fixed in 75 yl of 0.5 percent formaldehyde. Cells were analyzed
on a FACS Canto I (BD Biosciences), with subsequent data analysis by Flowjo 10.7
{Treestary. Geometric mean fhuorescence intensity of the CD47-Fc signal was determined in

the CD14-positive monocyte population.

Dendritic cell activation assays

{0428] The dendritic cell activation assays were performed as described elsewhere herein.
Briefly, Balb/c mice (n=3/group) were intravenously injected with a control rat anti-mouse
anti-SIRP-g antagonistic antibody {clone p84), human IgG1 control, various anti-SIRP-g
antibodies, mouse IgG control, or vehicle (PBS) at 10 mg/kg. Five hours post injection,
spleens were harvested and processed into single cell suspension by mechantcal dissociation.
Activation marker CD86, MHCI and CCR7 level on CD4+ splenic dendritic cells was

measured by flow cytometry.

Cell adhesion assays

{0429] The adhesion assay was performed using isogenic cells lacking or expressing
human CD47. Hamster CD47 knockout CHO cells (CHO™ ¥9) were generated using
CRISPR technology. Isogenic celis expressing human CD47 were generated by transiently
transfecting human CD47 into CHO™ *Y | 24 hours post transfection, human CD47

HO 80 aig 4x 1()5) wete re-plated onto 24 well tissue culture treated

transfected C

plates and allowed to reattach and reach confluency overnight at 37°C.

{0438] Human peripheral blood mononuclear cells (PBMCs) were separated from

peripheral blood of healthy donors by Ficoll gradient centrifugation. CD3+ and CD14+ cells

were isolated from PBMCs by negative selection using magnetic beads. Isolated CD3+ and

Chi4+ cells (5 x 106) were pre-incubated with Hum1/AB21mutall, Hom9/AB2 Imutall or
215
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136 wt/mut antibodies containing mutated human IgG1 (L234A L235A G2Z37A, and N297A)
(20ugfml) at 37°C for 20 minutes, before plating onto CHO™Y 0 and CHO" ™7 cefls and
allowed to adhere for 1 bour at 37°C. Non-adherent cells were removed by five gentle washes
with PBS. Adherent cells were detached with trypsin and neutralized with 10% FBS. Celis
were transferred to 96 well plate and washed 2 times with PBS + 0.5% BSA followed by cell
surface labeling with fluorochrome conjugated human CD3, CD4, CD8 and CD14 antibodies.
Counting beads were added and cell adhesion was quantified using a BD Canto II flow

cytometer. Analysis of tlow cytometry data was done using Flowjo.

Resuits
{0431} Five antibodics that “kick oft” CD47 from binding SIRP-¢ were examined for
their effects on phagocytosis of HERZ(+) OE19 cells by M2 macrophages in combination
with the anti-HER2 antibody wastuzumab (FIG. 31). Al S “kick off” antibodies were found
to enhance trastuzumab-induced phagocytosis.
{6432] Five antibodies that do not block CD47 from binding SIRP-o were next examined
for their effects on phagocytasis of EGFR{+) DLD-1 cells by M2 macrophages in
combination with the anti-EGFR antibody cetuximab (FEG. 32). Al non-blocking antibodies
were found to enhance cetuzimab-induced phagocytosis.
[0433] Next, humanized antibodies described above were tested for their effects on
phagocytosis of EGFR(+) DLD-1 cells by M2 macrophages in combination with the ant-
EGFR antibody cetuximab (FEG. 33A). All humanized antibodies were found to enhance
cetuzimab-induced phagocytosis. Additional variants of antibody 136 (described supra) were
tested for their effects on phagocytosis of EGFR(+) DLD-1 cells by M2 macrophages in
combination with the anti-EGFR antibody cetuximab (FIG. 33B). All variants of antibody
136 enhanced cetuximab-induced phagocytosis, but to varying degrees. Additional
bumanized antibodies described above (antibody 25 and 27 beavy chain variants combined
with Hum1 or Hum9 light chain) were tested for their effects on phagocytosis of EGFR(+)
BED-1 cells by M2 macrophages in combination with the anti-EGFR antibody cetuximab
(FE(z. 330). Al humanized antibodies were found to enbance cetuximab-induced
phagocytosis.
{6434] To investigate the effect of anti-SIRP-g¢ antibody Fc regions on phagocytosis, two
noun-blocking antibodies were tested either as full-length antibodies or F(ab), fragments for

their effects on phagocytosis of EGFR(+) DLD-1 cells by M2 macrophages in combination
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with the anti-EGFR antibody cetuximab (FEG. 34). These results indicated that non-blocking
antibodies lose the ability to induce phagocytosis as F(ab), fragrents, suggesting that the Fc
region of this class of antibody is required for induction of phagocytosis.

{0435] Three variants of blocking antibody 119 (described supra) were tested for their
cifects on phagocytosis of EGFR{+) DLD-1 cells by M2 macrophages in combination with
the anti-EGFR antibody cetuximab (FIG. 35). The results demonstrated that all three
variants enhanced cetuximab-indaced phagocytosis.

{0436} Two variants of blocking antibody 135 (described supra) were tested for their
cffects on phagocytosis of EGFR(+) DLD-1 cells by M2 macrophages in combination with
the anti-EGFR antibody cetuximab (FIG. 36). The results demonstrated that both variants
enhanced cetuximab-induced phagocytosis.

{04371 Additional non-blocking antibodies {described supra) were tested for their effects
on phagocytosts of EGFR(+) DLD-1 cells by M2 macropbages in combination with the ant-
EGFR antibody cetuximab (FEG. 37). Al non-blocking antibodies were found to enhance
cetuximab-induced phagocytosis.

{0438} Next, various anti-SIRP-a antibodies were examined for their effects on in vive
dendritic cell activation (FIGS. 38A-38B), including known anti-SIRP-a antibody p84 (see,
e.g., Tangsheng, Y. er al (2015) fmmunity 433:1-12). Failure to engage mouse SIRP-¢
receptor on splenic dendritic cells via CD47 binding leads to splenic dendritic cell activation.
Control anti-SIRP-¢ antagonist antibody p84 activated splenic dendritic cells when injected
intravenously into mice. Non-blocking anti-SIRP-u antibodies (AB136b, AB3b and AB136
wtimit) and blocking anti-SIRP-a antibodies (Hum1/AB2 Imutall, Hem8/AB2rmutall, and
Hom%/ABZ Imutally were tested in vivo to determine f it feads to dendritic cell activation. As
determined by CD86 and MHCIH expression. both SIRP-¢ blockers and non-blockers induce
activation of dendritic cells. These resulis suggest that blocking and non-blocking anti-SIRP-
o antibodies induce activation of dendritic cells.

§3439] Two variants of antibody 218, 218-Humi3/VH_wt and 218-Hum14/VH_wt, were
generated by expressing humanized light chains (Hum13 and Hum14 respectively) with the
wild-type heavy chain of antibody 218, Hum13 used the buman IGLV?2 framework, whereas
Hum14 used the human IGLV3 framework (see SEQ 1D NOs:333 and 334 for VL sequences
of Humi3 and Hum 14, respectively}. Both clones showed lower affinity binding to v1 and

v2 (Kpis ~29.3 to 33.1 nM), as shown in Table O2.
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Table 02, Binding affinity (Kp, M) of antibody 218 and 218 variants for human SIRP-g v1

and v2.
K, (M) vl v2
ALX138 ALX269
AB218a 1.60E-10 3.23E-10
218-Hum13/VH_wt 2.93E-08 3.38E-08
218-Huml4/VH_wt 3.45E-08 5.31E-08

{0440] Both antibodies were tested in a phagocytosis assay in combination with
cetuximab in DLD-1 cells. Interestingly, neither hamanized variant was able to enhance
phagocytosis over the parental AB218a antibody (FI{. 39A). Without wishing to be bound
to theory, these results suggest that antibodies with Kp at or below an approximate range of
30-50aM may be more effective in inducing phagocytosis than antibodies that bind with
weaker affinity.

{0441] Exemplary blocking, non-blocking, and kick off anti-SIRP-o antibodies were next
tested for induction of phagocytosis as single agents. First, three antibodies that block CD47
from binding SIRP-a. AB119a, AB120a, and AB122a, were examined for their effects as
single agents on phagocytosis of EGFR(+) DLD-1 cells by M2 macrophages {as described
above). All blocking antibodies were found to induce phagocytosis as single agents (FIG.
39B). Next, two antibodies that do not block CD47 from binding SIRP-¢, AB136a and
AB137a, were examined for their effects as single agents on phagocytosis of EGFR{+) DLD-
1 cells by M2 macrophages. All non-blocking antibodics were found to induce phagocytosis
as single agents (FIG. 390). Finally, five “kick-off” anti-SIRP-a antibodies, AB115a,
AB116a, AB117a, AB118a, and AB132a, were examined for their effects as single agents on
phagocytosis of EGFR(+) DLD-1 cells by M2 macrophages. All “kick-off” antibodies wete
found to induce phagocytosis as single agents (FIG. 39D).
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Example 9: Synergistic anti-tumor effects of combining blocking or non-blocking anti-
SEIRP-g antibodies with inhibition of the PD-L1/PD-1 pathway

Methods
In vivo anti-tumor activity
{0442] For the CT26 syngeneic mouse colon carcinoma model, CT26 cells were
implanted subcutaneously in BALB/c mice and randomized into groups (3-9 mice/group).
Treatment groups included vehicle (PBS), AB25b, anti-PD-L1, and AB25b/anti-PD-L1. Ant-
PD-11 is generated by fusing the VH and VL domain of Atezolizumab with mouse 1gG1 Fe
region bearing an N297A mutation. All anti-SIRP-¢ antibodies also have a mouse IgG1 Fe
region bearing an N297A mutation. Treatment was initiated when tamors were an average of
75-80mim’, day 7 or 8 post implant. Mice were dosed intraperitoneally (IP) at 3mg/kg or 10
mg/kg twice a week for three weeks for anti-SIRPx antibodies and three doses at 3 mg/kg,
five days apart for anti-PD-L1. Animals were sacrificed when turoors reached a volume of
~2000mm’.
{3443 For the MC38 syngeneic mouse colon carcinoma model, M358 cells were
implanted subcutaneously in C57BL/6 mice and randomized into groups (8-10mice/group).
Treatment groups included vehicle (PBS), AB25b, AB136b, anti-PD1 (clone RMP1-14,
BioXCelly, AB136b/anti-PD, and AB25b/anti-PD1. All anti-SIRPo antibodies had a murine
Ig(G1 Fe region bearing an N297A mutation except for AB25c¢. Treatment was initiated when
tumors were an average of 60-65mm’, day 7 post implant. Mice were dosed intraperitoneally
(IP) at 10 mg/kg twice a week for three weeks for anti-SIRPo and three doses at 2 mg/kg for

anti-PD1. Animals were sacrificed when tumors reached a volume of ~20000un’.

Resuits
{0444] Anti-tumor activity of the blocking AB25b anti-SIRP-¢ antibody was tested alone
and in combination with an anti-PD-L1 antibody in the CT26 syngeneic mouse colon
carcinoma model. As shown in FIG. 40, admimstration of AB25b at 10mg/kg in
combination with anti-PI3-L1 at 3mg/kg delayed mmor formation when compared to
treatment with each single agent or vehicle control. On day 27 of the study, the combination
treatment group had six mice with tumors below 600mm” in size, as compared to two, two,
and two mice with tumors below 600man’ in size in the vehicle, anti-PD-L1 single agent, and

anti-SIRP-a single agent treatmnent groups, respectively.
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{3445 Next, the anti-tumor activities of the blocking AB25b anti-SIRP-a antibody and
non-blocking AB136b anti-SIRP-o antibody were tested alone and in combination with an
anti-FD-1 antibody in the MC3¥ syngeneic mmouse colon carcinoma model. As shown in
FIG. 41, combining either AB25b or AB136b (at 10mg/kg) with anti-PD-1 at Smg/kg
delayed tumor formation when compared to treatment with each single agent or vehicle
control. On day 27 of the study, the AB25b/PD-1 combination treatment group had seven
mice with tumors below 600mm” in size, and the AB136b/PD-1 combination treatment SIOUp
had six mice with tumors below 600mm° in size, as compared to one, five, two, and one mice
with tumors below 600mm’ in size in the vehicle, anti-PD-1 single agent, AB25b single
agent, and AB136b single agent treatment groups, respectively.

{0446] A summary of antibodies described herein and their properties is provided in
Table P. Additional binding data are provided in Table T.

{0447] Although the foregoing disclosure has been described in some detail by way of
ilustration and example for purposes of clarity of understanding, the descriptions and
examples should not be construed as limiting the scope of the present disclosure. The
disclosures of all patent and scientific literature cited herein are expressly incorporated in

their entirety by reference.
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CLAIMS

‘What is claimed is:

i. An isolated antibody that binds an extracellular domain of 2 human SIRP-o
polypeptide, wherein the antibody binds the extracellular domain of a human SIRP-g v1

polypeptide, the extracellular domain of a human SIRP-a v2 polypeptide, or both.

2. The antibody of claim 1, wherein the antibody binds an extracellular domain of a
human SIRP-¢ v1 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPYVGPIQWEFRGAGPGRELIYNQKEGHFP
RVTTVSDLTKRNNMDESIRIGNITPADAGTY YCVKFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQ ID NO:S).

3. The antibody of claim 1, wherein the antibody binds an extracellular domain of a
human SIRP-¢ v2 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVSEVAAGESAILHCTVTSLIPVGPIQWEFRGAGPARELIYNQKEGHFPR
VITVSESTKRENMDFSISISNITPADAGTY YCVKFREGSPDTEFKSGAGTELSVRAKPS
{SEQ ID NO:6).

4. The antibody of any one of claims 1-3, wherein the antibody binds an extracellular
domain of a human SIRP-¢ vI polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWEFRGAGPGRELIYNQKEGHFP
RVTTVSDLTKRNNMDFESIRIGNITPADAGTY YCVEFRKGSPDDVEFKSGAGTELSVR
AKPS (5EQ ID NO:5) and binds an extracellular domain of a human SIRP-u v2 polypeptide
comprising the amino acid sequence of
EEELQVIQPDESVSVAAGESAILHCTVTSLIPVGPIQOWFRGAGPARELIYNQKEGHEFPR
VTTVSESTKRENMDESISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRAKPS
(SEQ ID NO:6).

5. The antibody of any one of claims 1-4, wherein the antibody binds an extraceliular

domain of a monkey SIRP-g polypeptide.

6. The antibody of claim 3, wherein the monkey SIRP-g polypeptide is a cynomolgus

SIRP-u polypeptide.
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7. The antibody of claim 5 or claim 6, wherein the antibody binds the extracellular

domains of at least two different monkey SIRP-a variant polypeptides.

8. The antibody of claim 6 or claim 7, wherein the antibody binds an extracellular
domain of a cynomolgus SIRP-a polypeptide comprising the amino acid sequence of SEQ 1D
NG:11, an extracellular domain of a cynomolgus SIRP-g polypeptide comprising the amino

acid sequence of SEQ ID NG:12, or both.

g. The antibody of any one of claims 1-8, wherein the antibody binds an extracellular

domain of a nwrine SIRP-a polypeptide.

16 The antibody of claim 9, wherein the antibody binds the extracellular domains of two

or more different murine SIRP-g variant polypeptides.

ii. The antibody of claim 9 or claim 10, wherein the antibody binds an extraceliular
domain of one or more nurine SIRP-g polypeptides, and wherein the one or more nurine
SIRP-u polypeptides each comprise an amino acid sequence selected from the group

consisting of SEQ 1D NOs: 7-10.

12. The antibody of any one of claims 1-11, wherein the antibody binds an extracellular

domain of a human SIRP-B polypeptide.

13. The antibody of any one of claims 1-12, wherein the antibody binds an extracellular

domain of a human SIRP-y polypeptide.

14, The antibody of any one of claims 1-11 and 13, wherein the antibody does not bind an

extracellular domain of a human SIRP-B polypeptide.

15. The antibody of any one of clairos 1-12 and 14, wherein the antibody does not bind an

extracellular domain of a human SIRP-y polypeptide.

16.  The antibody of any one of claims 12-15, wherein the antibody binds the extracellular
domain of a human SIRP-P polypeptide comprising the amino acid sequence of SEQ [D

NO:13.

b
W2
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17.  The antibody of any one of claims 12-16, wherein the antibody binds the extracellular
domain of a human SIRP-y polypeptide comprising the amino acid sequence of SEQ 1D

NO:1S.

18.  The antibody of any one of claims 1-17, wherein the antibody modulates SIRP-a

signaling in a cell expressing a human SIRP-u polypeptide.

19. The antibody of claim 18, wherein the cell is a leukocyte selected from the group
consisting of a macrophage, a dendritic cell, a neutrophil. an eosinophil, and a myeloid-

derived suppressor cell (MDSC).

26. The antibody of claim 19, wherein the antibody inhibits SIRP-a signaling in a

macrophage expressing a human SIRP-o polypeptide.

21. The antibody of any one of claims 18-20, wherein the antibody enhances

phagocytosis by a macrophage expressing a human SIRP-a polypeptide.

22.  The antibody of any one of claimos 1-21, wherein the antibody blocks binding between
an extracellular domain of a human SIRP-o polypeptide and an IgSF domain of a human

CD47 polypeptide.

23. The antibody of claim 22, wherein the antibody does not bind a complex comprising a
SIRP-g D1 variant bound to an [gSF domain of CD47, wherein the SIRP-g D1 variantis a
non-naturally occurring high affinity SIRP-a D1 domain, and wherein the SIRP-¢ D1 variant
binds to human CD47 with an affinity that is at least 10-fold greater than the affinity of a

naturally occurring SIRP-¢ D1 domain binding to human CD47.

24.  The antibody of any one of claims 1-21, wherein the antibody does not block binding
between an extracellular domain of a human SIRP-o polypeptide and an IgSF domain of a

human CD47 polypeptide.

25, The antibody of clairn 24, wherein the antibody binds a complex comprising a SIRP-a
D1 variant bound to an IgSF domain of CD47, wherein the SIRP-g D1 variant is a non-
naturally occurring high affinity SIRP-¢ D1 domain, and wherein the SIRP-¢ D1 variant
hinds to human CD47 with an affinity that is at feast 10-fold greater than the affinity of a

natarally occurring SIRP-o D1 domain binding to hurnan CD47.

b2
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26.  The antibody of any one of claims 1-21, wherein binding of the antibody to an
extraceliular domain of a human SIRP-g polypeptide reduces affinity of the human SIRP-o

polypeptide for binding an IgSF domain of a buman CD47 polypeptide.

27.  The antibody of clairn 26, wherein binding of the antibody to an extracellular domain
of a human SIRP-¢ polypeptide increases ko of the hurnan SIRP-¢ polypeptide for binding
an fgSF domain of a human CD47 polypeptide.

28.  The antibody of claim 1, wherein the antibody binds the extracellular domain of a
buman SIRP-g vl polypeptide, the extracellular domain of a human SIRP-a v2 polypeptide,
ot both; wherein the antibody binds the extracellular domain of a monkey SIRP-u
polypeptide; and wherein the antibody does not block binding between an exwracellular

domain of a human SIRP-¢ polypeptide and an IgSF domain of a human CD47 polypeptide.

29. The antibody of claim 1, wherein the antibody binds the extracelluiar domain of a
buman SIRP-g v1 polypeptide, the extracellular domain of a human SIRP-¢ v2 polypeptide,
ot both; wherein the antibody binds the extracellular domain of a monkey SIRP-u
polypeptide; and wherein the antibody blocks binding between an extracellular domain of a

human 3IRP-o polypeptide and an IgSF domain of a human CD47 polypeptide.

30. The antibody of claim 1., wherein the antibody binds the extracellular domain of 8
buman SIRP-g v1 polypeptide, the extracellular domain of a human SIRP-a v2 polypeptide,
ot both; wherein the antibody binds the extracellular domain of a monkey SIRP-u
polypeptide; and wherein binding of the antibody to an extracellular domain of a human
SIRP-g polypeptide reduces affinity of the human SIRP-a polypeptide for binding an 1g5F

domain of a human CD47 polypeptide.

31, The antibody of claim 1, wherein the antibody hinds the extracellular domain of a
human SIRP-a vi polypeptide, the extracellular domain of a human SIRP-a v2 polypeptide,
or both; wherein the antibody binds the extracellular domain of a monkey SIRP-¢
polypeptide; wherein the antibody binds the extracellular domain of a murine SIRP-u
polypeptide; and wherein the antibody does not block binding between an extracellular

domain of a human SIRP-¢ polypeptide and an IgSF domain of a human CD47 polypeptide.

32. The antibody of claim 1, wherein the antibody binds the extracellular domain of a

human 3IRP-a vl polypeptide, the extracellular domain of a human SIRP-¢ v2 polypeptide,
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or both; wherein the antibody binds the extracellular domain of 2 monkey SIRP-¢
polypeptide; wherein the antibody binds the extracellular domain of a murine SIRP-u
polypeptide; and wherein the antibody blocks binding between an extracellular domain of a

human SIRP-¢ polypeptide and an IgSF domain of a human CP47 polypeptide.

33. The antibody of clairn 1, wherein the antibody binds the extracellular domain of a
human SIRP-a vl polypeptide. the extracellular domain of a human SIRP-g v2 polypeptide,
or both; wherein the antibody binds the extracetiular domain of a monkey SIRP-g
polypeptide; wherein the antibody binds the extracellular domain of a murine SIRP-i
polypeptide; and wherein binding of the antibody to an extracelhilar domain of a human
SIRP-g polypeptide reduces affinity of the human SIRP-o polypeptide for binding an 1gSF
domain of a human CD47 polypeptide.

34. The antibody of claim 1, wherein the antibody binds the extracellular domain of a
hurnan SIRP-u vl polypeptide, the extracellular domain of a buman SIRP-o v2 polypeptide,
or both; wherein the antibody binds the extraceliular domain of a murine SIRP-a polypeptide;
and wherein the antibody does not block binding between an extracelular domain of a human

SIRP-a polypeptide and an IgSF domain of a human CD47 polypeptide.

35. The antibody of claim 1, wherein the antibody binds the extracellular domain of a
human SIRP-¢ v1 polypeptide, the extracellular domain of a human SIRP-o v2 polypeptide,
or both; wherein the antibody binds the extracellular domain of a murine SIRP-¢ polypeptide;
and wherein the antibody blocks binding between an extracellular domain of a human SIRP-u

polypeptide and an IgSF domain of a human CD47 polypeptide.

36.  The antibody of claim 1, wherein the antibody binds the extracellular domain of a
human SIRP-¢ v1 polypeptide, the extracellular domain of a human SIRP-o v2 polypeptide,
or both; wherein the antibody binds the extracellular domain of a murine SIRP-a polypeptide:
and wherein binding of the antibody to an extracellular domain of a human SIRP-o
polypeptide reduces affinity of the human SIRP-a polypeptide for binding an IgSF domain of

a human CD47 polypeptide.

37. The antibody of claim 1, wherein the antibody binds the extracellular domains of two
or more different human SIRP-o variant polypeptides, a murine SIRP-u polypeptide, and a

monkey SIRP-u polypeptide; wherein the antibody does not bind at least one of an
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extracellular domain of a human SIRP-§ polypeptide and an extracellular domain of a human
SIRP-y polypeptide; and wherein the antibody blocks binding between the extracellular
domain of the human SIRP-u polypeptide and an IgSF domain of a human CH47

polypeptide.

38. The antibody of claim 37, wherein the antibody comprises one, two, three, four, five,
o1 six CDR sequences; a heavy chain variable (VH) domain sequence; and/or a light chain

variable (VL) domain sequence from antibody S130.

39.  The antibody of claim 1, wherein the antibody binds the extracellular domains of two
or more different human SIRP-o variant polypeptides, a murine SIRP-o polypeptide, a
monkey SIRP-o polypeptide, and at least one of an extracellular domain of a human SIRP-§
polypeptide and an extracellular domain of a human SIRP-y polypeptide; and wherein the
antibody blocks binding between the extracellular domain of the buman SIRP-g¢ polypeptide

and an IgSF domain of a human CD47 polypeptide.

44, The antibody of claim 39, wherein the antibody comprises one, two, three, four, five,
or six CDR sequences; a heavy chain variable (VH) domain sequence; and/or a light chain
variable (VL) domain sequence from an antibody sclected from the group consisting of S8,

S13, S14 and S121.

41. The antibody of claim 1, wherein the antibody hinds the extracellular domains of two
or more different human SIRP-o variant polypeptides, a murine SIRP-a polypeptide, and a
monkey SIRP-¢ polypeptide; wherein the antibody does not bind, or binds with reduced
affinity to, at least onc of an extraccHular domain of a human SIRP-8 polypeptide and an
extracethular domain of a human SIRP-y polypeptide; and wherein the antibody does not
block binding between the extracellular domain of the human SIRP-a polypeptide and an

IgSF domain of a human CD47 polypeptide.

42. The antibody of claim 41, wherein the antibody comprises one, two, three, four, five,
or six CDR sequences; a heavy chain variable domain sequence; and/or a light chain variable

domain sequence from antibody S137.

43, The antibody of clairn 1, wherein the antibody binds the extracellular domains of two
or more different human SIRP-o variant polypeptides and a monkey SIRP-a polypeptide;

wherein the antibody does not bind a murine SIRP-¢ polypeptide; wherein the antibody does

241



WO 2018/057669 PCT/US2017/052592

not bind, or binds with reduced affinity to, at least one of an extracellular domain of a human
SIRP-f polypeptide and an extracellular domain of a human SIRP-y polypeptide; and wherein
the antibody blocks binding between the extracellular domain of the human SIRP-u

polypeptide and an IgSF domain of a human CB47 polypeptide.

44, The antibody of clairn 43, wherein the antibody comprises one, two, three, four, five,
or six CDR sequences; a heavy chain variable domain sequence; and/or a light chain variable

dormain sequence from an antibody selected from the group consisting of S128.

45, The antibody of claim 1, wherein the antibody hinds the extracellular domains of two
or more different hurnan SIRP-¢ variant polypeptides, a monkey SIRP-a polypeptide, and at
least one of an extraceltular domain of a human SIRP-B polypeptide and an extracellular
domain of a human SIRP-y polypeptide; wherein the antibody does not bind a murine SIRP-a
polypeptide; and wherein the antibody blocks binding between the extraceltular domain of

the buman SIRP-a polypeptide and an {gS¥ domain of a human CD47 polypeptide.

46, The antibody of clairo 45, wherein the antibody comprises one, two, three, four, five,
or six CDR sequences; a heavy chain variable domain sequence; and/or a light chain variable
domain sequence from an antibody selected from the group consisting of 59, 511, §119,

S120, 5122, and S135.

47. The antibody of claim 1, wherein the antibody hinds the extracellular domains of two
or more different human SIRP-o variant polypeptides and the extracellular domains of two or
more different monkey SIRP-a variant polypeptides, and wherein binding of the antibody to
an extracellular domain of a human SIRP-q polypeptide reduces affinity of the human SIRP-

o polypeptide for binding an 1gSF domain of a human CD47 polypeptide.

48, The antibody of clair 47, whercin the antibody comprises one, two, three, four, five,
or six CDR sequences; a heavy chain variable domain sequence; and/or a light chain variable
domain sequence from an antibody selected from the group consisting of 5113, S116, S117

and S118.
49. The antibody of claim 1., wherein the antibody comprises:

(a) an HVR-H1 sequence comprising the amino acid sequence of GFSFSX( X, AMX;,
wherein X;is Norl; Xpis For Yy and X5 is Tor S (SEQ 1D NO:185);

242
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(b) an HVR-H2 sequence conprising the amino acid sequence of

TIGXXsDTYYADSVKG, wherein X: is S or A and X518 G or D (SEQ 1D NO:186);

{c) an HVR-H3 sequence comprising the amino acid sequence of

DSTVXWSGDFFDY, wherein Xgis S or G (SEQ D NO:187);

(d) an HVR-L1 sequence comprising the amino acid sequence of

RASQNVX XD XoA, wherein X7is Kor By Xgis N or §; and Xois Loor [ (SEQ D NO:188);

(e} an HVR-L2 sequence comprising the amino acid sequence of AAX X 1RX 2T,

wherein Xgis Ror S; Xy is Tor S; and X218 E or D (SEQ ID NO:189); and

(f) an HVR-L3 sequence comprising the amino acid sequence of QQYYDWPPEFT
(SEQ ID NO:148).

56, The antibody of claim 1, wherein the antibody comprises () a VH domain comprising
an HVR-HI comprising the amino acid sequence of SEQ 1D NO:143, 202, 204, or 205, an
HVR-HZ2 comprising the amino acid sequence of SEQ 1D NO:144, 203, or 206, and an HVR-
H3 comprising the amino acid sequence of SEQ ID NO:145 or 207; and/or (b) a VL domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ ID NO:146 or 208, an
HVR-LZ comprising the amino acid sequence of SEQ 1D NO:147 or 209, and an HVR-L3
comprising the amino acid sequence of SEQ 1D NO: 148 or 210.

51, The antibody of claim 1, wherein the antibody comprises a VH domain comprising
the amino acid sequence of SEQ ID N(:12¢ and/or a VL domain comprising the amino acid

sequence of SEQ [D NO:97.

52.  The antibody of claim 1, wherein the antibody comprises (3) a VH domain comprising
an HVR-HI comprising the amino acid sequence of SEQ 1D NO:149, 211, 213, or 214, an
HVR-H2 comprising the amino acid sequence of SEQ 1D NO:150, 212, or 215, and an HVR-
H3 comprising the amino acid sequence of SEQ ID NO:151 or 216; and/or (b) a VL domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ 1D NO:152 or 217, an
HVR-L2 comprising the amino acid sequence of SEQ ID NO:153 or 218, and an HVR-L3

comprising the amino acid sequence of SEQ ID NO:148.
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53.  The antibody of claim 1, wherein the antibody comprises a VH domain comprising
the amino acid sequence of SEQ 1D N(G:127 and/or a VL domain comprising the amino acid

sequence of SEQ ID NO:104.

34.  The antibody of claino 1, wherein the antibody comprises (a) a VH doroain comprising
an HVR-HI comprising the arino acid sequence of SEQ 1D NO:1S85, 219, 221, or 222, an
HVR-H2 comprising the amino acid sequence of SEQ ID NO:156, 220, or 223, and an HVR-
H3 comprising the amino acid sequence of SEQ ID NO:157 or 224; and/or (b) a VL. domain
comprising an HVR-LI comprising the amino acid sequence of SEQ 1D NO:158 or 225, an
HVR-LZ comprising the amino acid sequence of SEQ ID N(:159 or 226, and an HVR-L3
comprising the amino acid sequence of SEQ ID NO:166.

55. The antibody of claim 1, wherein the antibody comprises a VH domain comprising
the amino acid sequence of SEQ D NO:133 and/or a VL dormain comprising the amino acid

sequence of SEQ 1D NO:134.

56. The antibody of clairo 1, wherein the antibody comprises (a) a VH doroain comprising
an HVR-HI comprising the amino acid sequence of SEQ 1D NO:161, 191, or 194, an HVR-
H2 comprising the amino acid sequence of SEQ ID N(G:162, 192, or 195, and an HVR-H3
comprising the amino acid sequence of SEQ ID NG:163 or 193; and/or (b) a VL domain
comprising an HVR-LI comprising the amino acid sequence of SEQ ID NO:164, an HVR-L2
comprising the amino acid sequence of SEQ ID N(: 165, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:166.

57. The antibody of claim 1, wherein the antibody comprises a VH domain coraprising
the amino acid sequence of SEQ 1 NO:135 and/or a VL domain comprising the amino acid

sequence of SEQ ID NO:136.

58. The antibody of claim I, wherein the antibody comprises (a) a VH domain comprising
an HVR-HI comprising the amino acid sequence of SEQ ID NO:161, 191, or 194, an HVR-
H2 comprising the amino acid sequence of SEQ ID NO:168, 196, or 197, and an HVR-H3
comprising the amino acid sequence of SEQ 1D NO:163 or 193; and/or (b) a VL domain
comprising an HVR-LI comprising the amino acid sequence of SEQ 1D NO:170, an HVR-L2
comprising the amino acid sequence of SEQ ID NO:171, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:172.
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59.  The antibody of claim 1, wherein the antibody comprises a VH domain comprising
the amino acid sequence of SEQ 1D N(G:137 and/or a VL domain comprising the amino acid

sequence of SEQ ID NO:138.

60.  The antibody of claino 1, wherein the antibody comprises (a) a VH doroain comprising
an HVR-HI comprising the arnino acid sequence of SEQ 1D NO:173, 198, or 200, an HVR-
H2 comprising the amino acid sequence of SEQ ID NO:174, 199, or 201, and an HVR-H3
comprising the amino acid sequence of SEQ 1D NG:163 or 193; and/or (b) a VL domain
comprising an HVR-LI comprising the amino acid sequence of SEQ 1D NO:176, an HVR-L.2
comprising the amino acid sequence of SEQ ID NG:177, and an HVR-L3 comprising the

amino acid sequence of SEQ 1D NO:178.

61. The antibody of claim 1, wherein the antibody comprises a VH domain comprising
the amino acid sequence of SEQ D NO:139 and/or a VL dormain comprising the amino acid

sequence of SEQ 1D NO:140.

62. The antibody of clairo 1, wherein the antibody comprises (a) a VH doroain comprising
an HVR-HI comprising the amino acid sequence of SEQ 1D NO:179, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:162, and an HVR-H3 comprising the
amino acid sequence of SEQ ID NO:163; and/or (b) 2 VL domain comprising an HVR-L]
comprising the amino acid sequence of SEQ ID NG:182, an HVR-L2 comprising the amino
acid sequence of SEQ 1D NO:183, and an HVR-L3 comprising the amino acid sequence of

SEQ 1D NO:184.

63. The antibody of claim 1, wherein the antibody comprises a VH domain coraprising
the amino acid sequence of SEQ 1 NO:141 and/or a VL domain comprising the amino acid

sequence of SEQ ID N(:142.

64. The antibody of claim 1, wherein the antibody comprises () a VH domain comprising
an HVR-HI comprising the amino acid sequence of SEQ 1D NO:227 or 230, an HVR-H2
comprising the amino acid sequence of SEQ D NO:228 or 231, and an HVR-H3 comprising
the amino acid sequence of SEQ 1D NO:229; and/or (b) a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID N(G:232, an HVR-L2 comprising the amino
acid sequence of SEQ 1D NO:233, and an HVR-L3 comprising the amino acid sequence of

SEQ 1D NO:234.
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65.  The antibody of claim 1, wherein the antibody comprises (3) a VH domain comprising
an HVR-HI comprising the amino acid sequence of SE(Q 1D NO:219 or 235, an HVR-HZ
comprising the amino acid sequence of SEQ ID NO:236 or 238, and an HVR-H3 comprising
the amino acid sequence of SEQ ID N(:237; and/or (b) a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ ID N(:239, an HVR-L2 comprising the amino
acid sequence of SEQ ID NG:240, and an HVR-L3 comprising the amino acid sequence of

SEQ 1D NO:241.

66.  Anisolated antibody that binds an extracellular domain of a buman SIRP-a

polypeptide, wherein the antibody comprises:

(a) a heavy chain variable (VH) domain comprising (i) an HVR-HI sequence
comprising the amino acid sequence of NFAMT (SEQ 1D N(O:175), NFAVT (SEQ ID
NO:204), or NFALT (SEQ ID NG:303), (it) an HVR-H2 sequence comprising the amino acid
sequence of TIGSGDTY YADSVKG (SEQ 1D NO:144), and (i) an HVR-H3 sequence
comprising the amino acid sequence of DSTVSWSGDFFDY (SEQ ID NO:145); and/or

(b) a light chain variable (VL) domain comprising (1) an HVR-L1 sequence
comprising the amino acid sequence of RASQNVKNDLA (SEQ ID NO:146), (ii) an HVR-
L2 sequence comprising the amino acid sequence of AARIRET (SEQ 1D NG:147), and (iit)
an HVR-L3 sequence comprising the amino acid sequence of QQYYDWPPEFT (SEQ ID
NG:148).

67.  The antibody of claim 66, wherein the VH domain comprises an amino acid sequence
that is at least 90% identical to the amino acid sequence of SEQ 1D NO:120, 335, 246, 258,
or 327; and/or the VL doroain comprises an amino acid sequence that is at least 90% identical

to the amino acid sequence of SEQ ID N{:67 or 312.
68. The antibody of claim 67, wherein

(a) the VH domain comprises the amino acid sequence of SEQ ID N(O:246, and the

VL domain comprises the amine acid sequence of SEQ ID NG:97;

(b) the VH domain comprises the amino acid sequence of SEQ D N(:258, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:97,
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(c) the VH domain comprises the amino acid sequence of SEQ ID NO:335, and the

V1 dormain comprises the amino acid sequence of SEQ 1D NG:97;

(d} the VH domain comprises the amino acid sequence of SEQ 1D NO:327, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:97;

(2) the VH dormain comprises the amino acid sequence of SEQ 1D NO:246, and the

V1L domain comprises the amino acid sequence of SEQ 1D NO:312;

(f) the VH domain comprises the amino acid sequence of SEQ D NO:258, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:312;

(g) the VH domain comprises the amino acid sequence of SEQ 1D NO:335, and the

VL domain comprises the amino acid sequence of SEQ ID NG:312; or

(h) the VH domain comprises the amino acid sequence of SEQ ID N(:327, and the

V1. domain comprises the amino acid sequence of SEQ 1D NO:312.

69. An isolated antibedy that binds an extracellular domain of a human SIRP-a

polypeptide, wherein the antibody comprises:

(a) a heavy chain variable (VH) domain comprising (i) an HVR-HI sequence
comprising the amino acid sequence of IYAMS (SEQ D NO:269), IYAVS (SEQ ID
NQO:213), or FYALS (SEQ 1D N(:306), (ii) an HVR-H2 sequence comprising the amino acid
sequence of TIGADDTY YADSVKG (SEQ 1D NO:150), and (iii) an HVR-H3 sequence
comprising the amino acid sequence of DSTVGWSGDEFDY (SEG 1D NO:151); and/or

(h) a light chain variable (VL) domain comprising (i) an HVR-L1 sequence
comprising the amino acid sequence of RASQNVRSDIA (SEQ D NO:152), (i) an HVR-L2
sequence comprising the amino acid sequence of AASSRDT (SEQ ID NO:153), and (iii) an
HVR-L3 sequence comprising the amino acid sequence of QQYYDWPPFT (SEQ ID
NG:148).

70.  The antibody of claim 69, wherein the VH domain comprises an amino acid sequence
that is at least 90% identical to the amino acid sequence of SEQ 1D NO:341, 247, 239, or
328; and/or the VL domain comprises an amino acid sequence that is at least 90% identical to

the amino acid sequence of SEQ 1D NO: 104 or 248,

247
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71. The antibody of claim 70, wherein

(a) the VH domain comprises the amino acid sequence of SEQ ID N(:341, and the

VL domain comprises the amino acid sequence of SEQ ID NO:104;

(b) the VH domain comprises the amino acid sequence of SEQ 1D N(:247, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:104;

{(c) the VH domain comprises the amino acid sequence of SEQ 1D NO:259, and the

V1L domain comprises the amino acid sequence of SEQ 1D NO:104;

() the VH domain comprises the amino acid sequence of SEQ 1D NO:328, and the
VL domain comprises the amino acid sequence of SEQ 1D NG:104;

(e) the VH domain comprises the amino acid sequence of SEQ 1D NO:341, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:248;

(f} the VH domain comprises the amino acid sequence of SEQ ID NG:247, and the

VL domain comprises the amino acid sequence of SEQ ID NG:248;

(g) the VH domain comprises the amino acid sequence of SEQ} ID N(:259, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:248; or

{g) the VH domain comprises the amino acid sequence of SEQ ID NO:328, and the

VL domain comprises the amino acid sequence of SEQ ID NO:248.

lels]
14.

An isolated antibody that binds an extracellular domain of a human SIRP-¢

polypeptide, wherein the antibody coraprises:
(a) a heavy chain variable (VH) domain comprising:

(i) an HVR-H1 sequence comprising the amino acid sequence of X, X,DXGN,

wherein X;is Sor T, Xz 18 Y or S; and X318 M, L, or V (SEQ 1D NG:307);

(i1) an HVR-H2 sequence comprising the amino acid sequence of

LISGSGEIX,YYADSVKG, wherein X, is T or T (SEQ ID N(G:308); and
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(1ii) an HVR-H3 sequence comprising the amino acid sequence of
EX XOXGYRFFDX,, wherein X5 SN or D X isNor D XasRor My and Xy s Dor Y
(SEQ ID NG:309); andior

(b) a light chain variable (VL) domain comprising:

(i) an HVR-L1 sequence comprising the amino acid sequence of

RAX;QSVYX,YLA, wherein X 1s S or Dy and Xz is T or § (SEQ 1D NO:310);

(il) an HVR-L2 sequence comprising the amino acid sequence of
KIAKKRAX, wherein X 18 G, A, or Dy X s Sor R K58 S, N, or Ty and Xyis Tor A
(SEQ ID N{O:311); and

(iii} an HVR-L3 sequence comprising the amino acid sequence of

QOYYDRPPLY (SEQ 1D NG:160).
73. The antibody of claim 72, wherein the antibody corprises:

(a) a heavy chain variable (VH) domain comprising (1) an HVR-HI sequence
comprising the amino acid sequence of SYDMN (SEQ [D NO:270), SYDVN (SEQ 1D
NG:221), or SYDLN (SEQ 1D NO:313), (i) an HVR-H2 sequence comprising the amino
acid sequence of LISGSGEINYYADSVEG (SEQ 1D NO:156), and (i) an HVR-H3 sequence
comprising the amino acid sequence of ENNRYRFFDD (SEQ 1D NO:157); and/or

(b} a light chain variable (VL) domain comprising (i) an HVR-L1 sequence
comprising the amino acid sequence of RASQSVYTYLA (SEQ ID NO:158), (i) an HVR-L.2
sequence comprising the amino acid sequence of GASSRAT (SEQ ID NG:159), and (it} an
HVR-L3 sequence comprising the aming acid sequence of QQYYDRPPLT (SEQ ID
NO:160).

74. The antibody of claim 72 or claim 73, wherein the VH domain comprises an amino
acid sequence that is at least 90% identical to the amino acid sequence of SEQ ID NO: 249,
133, 260, or 329; and/or the VL domain comprises an amino acid sequence that is at least

90% identical to the amino acid sequence of SEQ 1D NG:134, 250, or 251.

75.  The antibody of claim 72, wherein

249
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(a) the VH domain comprises the amino acid sequence of SEQ ID NO:133, and the

V1 dorain comprises the amino acid sequence of SEQ 1D NO:134;

(b} the VH domain comprises the amino acid sequence of SEQ 1D NO:260, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:134;

(¢) the VH dormain comprises the amino acid sequence of SEQ 1D NO:329, and the

V1L domain comprises the amino acid sequence of SEQ 1D NO:134;

(d) the VH domain comprises the amino acid sequence of SEQ D NO:133, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:250;

(e) the VH domain comprises the amino acid sequence of SEQ 1D N(G:260, and the

VL domain comprises the amino acid sequence of SEQ ID NG:250;

(f) the VH dormain comprises the amino acid sequence of SEQ 1D N(:329, and the

VL domain comprises the amino acid sequence of SE(Q 1D NO:250;

{g) the VH domain comprises the amino acid sequence of SEQ 1D NO:133, and the

V1. domain comprises the amino acid sequence of SEQ ID NOWZ51;

(h) the VH domain comprises the amino acid sequence of SEQ 1D NG:260, and the

V1 domain comprises the amino acid sequence of SEQ 1D NO:251;

(1) the VH domain comprises the amino acid sequence of SEQ D N(O:329, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:251;

(3) the VH domain comprises the amino acid sequence of SEQ ID NO:249, and the

VL domain comprises the amino acid sequence of SEQ ID NG:134;

(k) the VH domain comprises the amino acid sequence of SEQ D N(:249, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:250; or

(D) the VH domain comprises the amino acid sequence of SEQ ID NG:249, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:251.

76. An isolated antibody that binds an extracellular domain of a human SIRP-a

polypeptide, wherein the antibody coraprises:

250
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(a) a heavy chain variable (VH) domain comprising:

(1) an HVR-H1 sequence comprising the amino acid sequence of X X,AX55,

wheretn X5 is Sor T, X is N, Y, H, or Dy and X5 8 M, L, or V (SEQ ID NO:2973;

(ii) an HVR-H2 sequence comprising the amino acid sequence of
GEISX KoK Xy XK s X Y Y X0 XS KoK G, wherein X3 is Aor S; X518 G, S, or absent; X318 8, D
or G XyisGor S, Xsis 0,8, ov Gy Xeis Tor A X718 P, GV, LA or §; Xgis A, D, or G
and Xg is V or M (SEQ 1D N{O:298); and

(111} an HVR-H3 sequence comprising the amino acid sequence of

ETWNHLFDY (SEQ ID NO:193); and/or
(b} a light chain variable (VL) domain comprising:

(1) an HVR-L1 sequence comprising the amino acid sequence of SGGX X,
KaSHKuYYXs, wherein X, 1s D, G, S, L or absent; X518 S, W, G, Y, D, or absent; X518 8, Y,
T,orD; Xyis H, T, S, or Y and Xs is G or A (SEQ 1D NO:299);

(i) an HVR-L2 sequence comprising the amino acid sequence of
SDXiXoRPXs, wherein Xy is Dor N; X 18 E, K, or () and X515 S or P (SEQ 1D NO:300);

and

(iii} an HVR-L3 sequence comprising the amino acid sequence of
XX YDXaX XY XNX7, wherein X; s Gor A; X;isGor A X518 (5, Y, 3, S, or A; X418 S,
RiorT; XsisTor§; Xgis A, LV, L,or Ty and X7is T, A, DD, or P (SEQ 1D NG:301).

77.  Anisolated antibody that binds an extraceliular domain of a human SIRP-a

polypeptide, wherein the antibody comprises:
(a) a heavy chain variable (VH) domain comprising:

(i) an HVR-H1 sequence comprising the amino acid sequence of SXjAX,S,

wherein X; is N or Y; and wherein Xz is M, L, or V (SEQ 1D N(O:302);

(i) an HVR-H2 sequence comprising the amino acid sequence of
GISK | GXOXGDTYY X XSVEKG, wherein X is Aor 5; X518 G or absent; X3is Sor Gy Xy s
P, G, or V;and Xs is A or D (SEQ ID N(O:303); and

251
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(1ii) an HVR-H3 sequence comprising the amino acid sequence of

ETWNHLEDY (SEQ 1D NGO:193); and/or
(b} a light chain variable (VL) domain comprising:

(i) an HVR-L1 sequence comprising the amino acid sequence of

SGGXLYSSYYYA, wherein X1 is 8§ or A (SEQ ID NO:304);

(i) an HVR-L2 sequence comprising the amino acid sequence of SDDKRPS

(SEQ 1D NO:336); and

(iiiy an HVR-L3 sequence comprising the amino acid sequence of

GGYDOQSSYTNP (SEQ ID NO:172).

78, The antibody of claim 76 or claim 77, wherein the VH domain comprises (i) an HVR-
H1 sequence comprising the amino actd sequence of SNAMS (SEQ ID NO:194), SNAVS
(SEQ 1D NG:271), or SNALS (SEQ 1D NO:318), (it) an HVR-H2 sequence comprising the
amino acid sequence of GISAGGSDTYYPASVEG (SEQ 1D NG:195), and (iit) an HVR-H3
sequence comprising the amino acid sequence of ETWNHLEFDY (SEQ ID NO:193).

79. The antibody of claimn 78, wherein the VH domain comprises an amino acid sequence
that is at least 90% identical to the amino acid sequence of SEQ ID NO:135, 263, 264, or
330.

8. The antibody of claim 76, wherein the VH domain comprises (1) an HVR-H1
sequence comprising the amino acid sequence of SNAMS (SEQ 1D NO:194), SNAVS (SEQ
1D NO:271), or SNALS (SEQ ID NG:318), (it an HVR-H? sequence comprising the amino
acid sequence of GISSGSDTYYGDSVEG (SEQ 1D NO:197), and (iii) an HVR-H3 sequence
comprising the amino acid sequence of ETWNHLFDY (SEQ 113 NG:193).

81. The antibody of claim 80, wherein the VH domain comprises an amino acid sequence
that is at least 90% identical to the amino acid sequence of SEQ ID NO:137, 265, 266, or

331.

&2. The antibody of claim 76, wherein the VH domain comprises (i) an HVR-H1
sequence comprising the amino acid sequence of SYAMS (SEQ ID NO:204), SYAVS (SEQ
1D NG:272), or SYALS (SEQ HI NG:319), (i) an HVR-H2 sequence comprising the amino
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acid sequence of GISSGGDTYYVDSVKG (SEQ ID N(G:201), and (iti) an HVR-H3
sequence comaprising the amino acid sequence of ETWNHLEFDY (SEQ 1D NG:193).

83. The antibody of claim 82, wherein the VH domain comprises an amino acid sequence
that is at least 90% identical to the amino acid sequence of SEQ [D NO:139, 267, 268, or

332.

&4. The antibody of any one of clairos 76-83, wherein the VL domain comprises the

sequence FWI1—HVR-L1—FW2—HVR-L2—FW3—HVR-L3—FW4 (N-terminus to C-

terminus), wherein FW1 comprises the amino acid sequence
SYELTQPPSVSVSPGQTARITC (SEQ 1D NO:314), FW2 comprises the amino acid
sequence WYQQKPGQAPVTLIY (SEQ ID NG:313), FW3 comprises the amino acid
sequence NIPERFSGSSSGTTVTLTISGVQAEDEADYYC (SEQ 1D NO:316), and FW4
comprises the amino acid sequence FGGGTKLTVL (SEQ 1D NO:317).

85. The antibody of any one of claims 76-84, wherein the VL domain comprises (i) an
HVR-L1 sequence comprising the amino acid sequence of SGGSYSSYYYA (SEQ ID
NG:170), (1) an HVR-L2 sequence comprising the amino acid sequence of SDDKRPS (SEQ
ID NO:336), and (iit) an HVR-L3 sequence comprising the amino acid sequence of

GGYDOQSSYTNP (SEQ ID NO:172).

86. The antibody of claim 85, wherein the VL. domain compriscs an amino acid sequence
that s at least 90% identical to the amino acid sequence of SEQ 1D NO:252.

&7. The antibody of any one of clairos 76-84, wherein the VL domain comprises (1) an
HVR-L1 sequence comprising the amino acid sequence of SGGAYSSYYYA (SEQ ID
NG:261), (i) an HVR-L2 sequence comprising the amino acid sequence of SDDKRPS (SEQ
T NO:336), and (i) an HVR-L3 sequence comprising the amino acid sequence of

GGYDQSSYTNP (SEQ ID NO:172).

88. The antibody of claim 87, wherein the VL domain comprises an amino acid sequence
;

that is at least 90% identical to the amino acid sequence of SEQ ID NO:262.
89. The antibody of claim 76, wherein

(a) the VH domain comprises the amino acid sequence of SEQ ID N(G:263, and the

VL domain comprises the amino acid sequence of SEQ ID NG:252;
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(b) the VH domain comprises the amino acid sequence of SEQ ID N(:264, and the

V1 dorain comprises the amino acid sequence of SEQ 1D N(O:252;

{c) the VH domain comprises the amino acid sequence of SEQ ID N(G:330, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:252;

(d) the VH domain comprises the amino acid sequence of SEQ 1D NO:135, and the

V1L domain comprises the amino acid sequence of SEQ 1D N(O:252;

(e) the VH domain comprises the amino acid sequence of SEQ 1D NO:137, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:252;

(f) the VH domain comprises the amino acid sequence of SEQ 1D NO:139, and the

VL domain comprises the amino acid sequence of SEQ ID NG:252;

(g) the VH domain comprises the amino acid sequence of SEQ ID N(:2685, and the

V1. dormain comprises the amino acid sequence of SEQ 1D N(O:252;

(b} the VH domain comprises the amino acid sequence of SEQ 1D NG:266, and the

V1. domain comprises the amino acid sequence of SEQ ID NO:252;

(i) the VH domain comprises the amino acid sequence of SEQ 1D NO:331, and the

V1 domain comprises the amino acid sequence of SEQ 1D NO:252;

(i) the VH domain comprises the amino acid sequence of SEQ 1D NO:267, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:252;

(k) the VH domain comprises the amino acid sequence of SEQ 1D NO:268, and the

VL domain comprises the amino acid sequence of SEQ ID NG:252;

(1) the VH domain comprises the amino acid sequence of SEQ 1D NO:332, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:252;

(j) the VH domain comprises the amino acid sequence of SEQ ID N(G:263, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:262;

(m)} the VH domain comprises the amino acid sequence of SEQ 1D NG:264, and the

VL domain comprises the amino acid sequence of SEQ 1D NG:262;

254
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(n) the VH domain comprises the amino acid sequence of SEQ 1D N(:330, and the

V1 dorain comprises the amino acid sequence of SEQ 1D NO:262;

{0} the VH domain comprises the amino acid sequence of SEQ 1D NO:265, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:262;

(p) the VH domain comprises the amino acid sequence of SEQ 1D NO:266, and the

V1L domain comprises the amino acid sequence of SEQ 1D NO:262;

(q) the VH domain comprises the amino acid sequence of SEQ D NO:331, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:262;

(r) the VH domain comprises the amino acid sequence of SEQ ID NO:267, and the

VL domain comprises the amino acid sequence of SEQ ID NG:262;

(s) the VH domain comprises the amino acid sequence of SEQ ID NG:268, and the

V1. dormain comprises the amino acid sequence of SEQ 1D N(O:262;

(t) the VH domain comprises the amino acid sequence of SEQ [D N(G:332, and the

V1. domain comprises the amino acid sequence of SEQ ID NOW262;

(1) the VH domain comprises the amino acid sequence of SEQ 1D NO:135, and the

V1 domain comprises the amino acid sequence of SEQ 1D NO:262;

(v} the VH domain comprises the amino acid sequence of SEQ 1D N(O:137, and the

VL domain comprises the amino acid sequence of SEQ 1D NO:262; or

(w) the VH domain comprises the amino acid sequence of SEQ ID NO:139, and the

VL domain comprises the amino acid sequence of SEQ ID NG:262.

90, An isolated antibody that binds an extracetlular domain of a human SIRP-o
polypeptide, wherein the antibody binds to a human SIRP-a v1 polypeptide at one or more
amino acid positions selected from the group consisting of 131, V33, Q52, K53, T67, R69,
N70, and K96, according to SEQ 1D NO:296.

91.  The antibody of claim 90, wherein the antibody binds to the human SIRP-g v1

polypeptide at 131, V33, Q52, K53, T67, R69, N70, and K96, according to SEQ 1D NO:296.
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92.  The antibody of claim 90 or claim 91, wherein the antibody further binds to the
human SIRP-o vl polypeptide at one or more amino acid positions selected from the group

consisting of L30, P32, £54, T62, N71, M72, F74, and R95, according to SEQ 1D NG:296.

93, The antibody of clairn 92, wherein the antibody further binds to the human SIRP-g v1

polypeptide at 1.30, P32, ES4, T62, N71, M72, F74, and R9S, according to SEQ 1D NO:296.

94, An isolated antibody that binds an extracellular domain of a buman SIRP-¢
polypeptide, wherein the antibody binds to a huoman SIRP-¢ vl polypeptide at one or more
amino acid positions selected from the group consisting of 17, P9, D10, K11, §12, A42,

A108, and E111, according to SEQ 1D NO:296.

9s. The antibody of claim 94, wherein the antibody binds to the human SIRP-g vl

polypeptide at K11, A42, A108, and E111, according to SEQ ID NO:296.

96. The antibody of clairn 94, wherein the antibody binds to the human SIRP-g v

polypeptide at 17, P9, D16, K11, S12, A108, and E1 11, according to SEQ ID NG:296.

7. The antibody of any one of claims 94-96, wherein the antibody further binds to the
human SIRP-¢ v1 polypeptide at one or more amino acid positions selected from the group
consisting of L.14, T26, T28, T88, Y90, $106, 5113, and A116, according to SEQ ID
NO:296.

98. The antibody of claim 97, wherein the antibody further binds to the buman SIRP-g vl
polypeptide at L14, T88, Y90, S106, 5113, and A116 of human SIRP-q vi, according to SEQ
ID NO:296.

99. The antibody of claim 97, wherein the antibody further binds to the human SIRP-q vi1

polypeptide at Li4, T26, and T28, according to SEQ 1D NG:296.

100.  An isolated antibody that binds an extracellular domain of a human SIRP-a
polypeptide, wherein the antibody binds to a human SIRP-¢ v1 polypeptide at one or more
amino acid positions selected from the group consisting of E47, 148, PS8, R59, T82, and

AB84, according to SEQ ID NO:296.

101,  The antibody of claim 100, wherein the antibody binds to the human SIRP-¢ vl
polypeptide at E47, 148, PS8, R59, T82, and A¥4, according to SEQ 1D NG:296.
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162.  The antibody of claim 100 or claim 101, wherein the antibody further binds to the
human SIRP-o vl polypeptide at one or more amino acid positions selected from the group
consisting of A17, P44, G435, 149, E54, G535, H36, 57, and P83, according to SEQ ID
NO:296.

103, The antibody of claimn 102, wherein the antibody further binds to the human SIRP-¢
vl polypeptide at A17, P44, G45, 149, E54, G55, H56, F57, and P&3 of human SIRP-a v1,
according to SEQ 1D NO:296.

104.  Anisolated antibody that binds an extracellular domain of a human SIRP-o
polypeptide, wherein the antibody binds the extracellular dorain of a human SIRP-g v1
polypeptide with a dissociation constant (Kp) of less than 100nM, and wherein the antibody
blocks binding between an extracellular domain of a human SIRP-a polypeptide and an IgSF

domain of a human CD47 polypeptide.

105,  The antibody of claim 104, wherein the antibody binds the extracellular domain of a

buman SIRP-g v2 polypeptide with a dissociation constant (Kp) of less than 100nM.

106.  The antibody of claim 104, wherein the antibody binds the D1 domain of a human

SIRP-u v1 polypeptide and the D1 domain of a haman SIRP-¢ v2 polypeptide.

107, The antibody of any one of claims 104-106, wherein the antihody binds an

extraceliular domain of a cynomolgus SIRP-a polypeptide.

108.  The antibody of any one of claims 104-107, wherein the antibody binds an

extracellular domain of a human SIRP-J polypeptide.

169.  The antibody of any one of claims 104-108, wherein the antibody binds an

extraceliular domain of a human SIRP-y polypeptide.

110. The antibody of any one of claims 104-109, wherein the antibody binds an

extracellular domain of a murine SIRP-a polvpeptide.

111, Anisolated antibody that binds an extracellular domain of a human SIRP-a
polypeptide, wherein the antibody binds the D1 domain of a human SIRP-a polypeptide, and
wherein the antibody does not block binding between an extraceHular domain of a human

SIRP-g polypeptide and an 1gSF domain of a huran CD47 polypeptide.

v
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112.  The antibody of claim 111, wherein the antibody binds the D1 domain of a human

SIRP-o with a dissociation constant (Kp) of less than 100nM.

113,  The antibody of claim 111 or claim 112, wherein the antibody binds the D1 domain of
2 human SIRP-a v1 polypeptide with a dissociation constant (Kp) of less than 100nM andfor
binds the D1 domain of a human SIRP-a v2 polypeptide with a dissociation constant (Kp) of

less than 100nM.

114,  The antibody of claim 111, wherein the antibody binds the D1 domain of a human

SIRP-g vl polypeptide and the D1 domain of a human SIRP-g v2 polypeptide.

115. The antibody of any one of claims 111-114, wherein the antibody binds an

extracellular dormain of a cynomolgus SIRP-g polypeptide.

116. The antibody of any one of claims 111-115, wherein the antibody binds an

extracellular domain of a human SIRP-B polypeptide.

117, The antibody of any one of claims 111-116, wherein the antibody binds an

extracellular domain of a murine SIRP-¢ polypeptide.

118.  Anisolated antibody that binds an extracellular domain of a human SIRP-o
polypeptide, whergin the antibody competes for binding the extracellular domain of the
hurman SIRP-u polypeptide with a reference anti-SIRP-¢ antibody comprising a heavy chain
variable (VH) domain and a light chain variable (VL) domain of an antibody selected from

the group consisting of antibodies 119, 120, 121, 122, 21, 25, 27, 66, and 135.

119, An isolated antibody that binds an extracellular domain of a human SIRP-g
polypeptide, wherein the antibody competes for binding the extracellular domain of the
huran SIRP-u polypeptide with a reference anti-SIRP-¢ antibody comprising a heavy chain
variable (VH) domain and a light chain variable (VL) domain of an antibody selected from

the group consisting of antibodies 136 and 137.

120, Anisolated antibody that binds an extracellular domain of a human SIRP-o
polypeptide, wherein the antibody competes for binding the extracellular domain of the
huraan SIRP-o polypeptide with a reference anti-SIRP-¢ antibody comprising a beavy chain
variable (VH) domain and a light chain variable (VL) domain of an antibody selected from

the group consisting of antibodies 3, 213, 173, and 209.
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121.  An isolated antibody that binds an extracellular domain of a human SIRP-g
polypeptide, wherein the antibody competes for binding the extracellular domain of the
human SIRP-¢ polypeptide with a reference anti-SIRP-a antibody comprising a heavy chain
variable (VH) domain and a light chain variable (VL) domain of an antibody selected from

the group consisting of antibodies 115, 116, 117, 118, and 132

122.  An isolated antibody that binds an extracelular domain of a human SIRP-g
polypeptide, wherein the antibody competes for binding the extracellular domain of the
human SIRP-¢ polypeptide with a reference anti-SIRP-g antibody comprising a heavy chain
variable (VH) domain and a light chain variable (VL) domain of an antibody selected from

the group consisting of anttbodies 218, 123, 149, 161, 162, and 194.

123.  An isolated antibody that binds an extracellular domain of 2 human SIRP-g
polypeptide, wherein the antibody competes for binding the extracellular domain of the
hurnan SIRP-¢ polypeptide with a reference anti-SIRP-a antibody comprising a heavy chain

variable (VH) domain and a light chain variable {VL) domain of antibody 45.

124,  The antibody of any one of claims 104-123, wherein the antibody enhances

phagocytosis by a macrophage expressing a human SIRP-a polypeptide.

125,  The antibody of any one of claims 104-124, wherein the antibody enhances activation

of a dendritic cell expressing 2 human SIRP-a polypeptide.

126.  The antibody of any one of claims 104-125, wherein the antibody inhibits in vive

growth of a tumor that expresses CD47.

127. The antibody of any one of claims 104-126, wherein the antibody does not prevent

interactions between a CD47-expressing cell and a T cell.

128.  The antibody of any one of claims 1-127, wherein the antibody is a monocional
Y ¥

antibody.

129.  The antibody of any one of claims 1-127, wherein the antibody is a scFv-Fe, single

domain antibody, single heavy chain antibody, or single light chain antibody.

130.  The antibody of any one of claims 1-127, wherein the antibody comprises a light

chain constant region comprising the amino acid sequence of SEQ 1D NO:325, 326, or 426.
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131. The antibody of any one of claims 1-127 and 129, wherein the antibody comprises an

Fe region.

132.  The antibody of claim 131, wherein the antibody comprises an amino acid sequence

selected from the group consisting of SEQ 1D NOs:320-324.

133, The antibody of claim 131, wherein the Fe region is a human Fe region selected from

the group consisting of an [gG1 Fe region, an IgG2 Fe region, and an 1gG4 Fe region.

134, The antibody of clairn 131, wherein the Fe region coroprises a human IgGl Fe region
comprising one or more muotations selected from the group consisting of L234A, L2354,

G237A, and N297A, according to EU numbering.

135. The antibody of claim 131, wherein the Fc region comprises 2 human Ig(G2 Fe region
comprising one or more mutations selected from the group consisting of A3308, P331S and

N297A, according to EU numbering.

136,  The antibody of claim 131, wherein the Fc region comprises a human [gG4 Fe region
comprising one or more mutations selected from the group consisting of 3228P, E233P,

F234V, L235A, L235E, del(3236, and N297A, according to EU numbering.

137,  The antibody of any one of claims 1-23, 25-27, 29, 30, 32, 33, 35-71, 76-93, 100-110,
and 118 wherein the antibody is an antibody fragment selected from the group consisting of a

Fab, F(ab™)2, Fab’-SH, Fv, and scFv fragment.

138.  The antibody of any one of claims 1-137, wherein the antibody is conjugated to a

cytotoxic agent or label.

139, The antibody of any one of claims 1-137 , wherein the antibody is a bispecific

antibody.

140, The antibody of claim 138, wherein the antibody comprises a first antigen binding
domain that binds an extracellular domain of 2 human SIRP-a polypeptide and a second

antigen binding domain that binds an antigen cxpressed by a cancer cell.

141.  The antibody of claim 139, wherein the antigen expressed by the cancer cell is

selected from the group consisting of CD19, CD20, CD22, CD30, CD33, CD38, CDS2,
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CDs6, CD70, CD74, CD79b, CD123, CDI38, CS1/SLAMF7, Trop-2, 5T4, EphA4, BCMA,
Mucin 1, Mucin 16, PD-L1, PTK7, STEAPI, Endothelin B Receptor, mesothelin, EGFRVI,
ENPP3, SLC44A4, GNMB, nectin 4, NaPi2b, LIV-1A, Guanyiyl cyclase C, DLL3, EGFR,
HER?2, VEGF, VEGFR, integrin aVp3, integrin o531, MET, IGFIR, TRAILRI, TRAILRZ,
RANKL, FAP, Tenascin, Le’, EpCAM, CEA, gpA33, PSMA, TAG72, a nucin, CAIX,
EPHA3, folate veceptor a, GD2, GD3, and an MHC/peptide complex comprising a peptide
from NY-ESO-1/LAGE, 85X-2, a MAGE family protein, MAGE-A3, gpl00/pmell7, Melan-
AMART-1, gp75/TRPL, tyrosinase, TRP2, CEA, PSA, TAG-72, immature laminin
receptor, MOK/RAGE-1, WT-1, SAP-1, BING-4, EpCAM, MUCI, PRAME,

sarvivin, BRCAT, BRCA2, CDK4, CML66, MART-2, pS3, Ras, f-catemin, TGF-fRI, HPV
E6, or HPV E7.

142. The antibody of any one of claims 1-141, wherein the antibody is a chicken,

humanized, chimeric, or human antibody.

143. The antibody of any one of claims 1-142, wherein the antibody is generated by or

derived from a chicken.

144. A polynucleotide encoding the antibody of any one of claims 1-143.

145, A vector comprising the polynucieotide of claim 144.

146. A host cell comprising the polynucleotide of claim 144 or the vector of claim 145.

147. A method of producing an antibody, the method comprising culturing the host cell of

claim 146 such that the antibody is produced.

148. The method of claim 147, further comprising recovering the antibody from the host

cell.

148, A method of treating or delaying progression of cancer in an individual, the method
comprising administering to the individual an effective amount of the antibody of any one of

claims 1-143.

150, The method of claim 149, further comprising administering to the individual an

effective amount of a second antibody that binds an antigen expressed by the cancer.
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151. The method of claim 150, wherein the antigen expressed by the cancer is selected
from the group consisting of CD19, CD20, CD22, C330, CD33, CD38, CD32, Chs6, CD70,
CD74, CD79b, CD123, CD138, CSI/SLAMET, Trop-2, 5T4, EphA4, BCMA, Mucin 1,
Mucin 16, PTK7, STEAPI, Endothelin B Receptor, mesothelin, EGFRVIH, ENPP3,
SLC44A4, GNMB, nectin 4, NaPiZb, LIV-1A, Guanylyl cyclase C, DLL3, EGFR, HER2,
VEGF, VEGFR, integrin «Vf3, integrin oSB1, MET, IGFIR, TRAILRI, TRAILR2Z,
RANKL, FAP, Tenascin, Le?, EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CAIX,
EPHAS3, folate receptor o, GD2, GD3, and an MHC/peptide complex comprising a peptide
from NY-ESO-1/LLAGE, S5SX-2, a MAGE family protein, MAGE-A3, gp100/proell7, Melan-
A/MART-1, gp75/TRPI, tyrosinase, TRP2, CEA, PSA, TAG-72, immature laminin
receptor, MOK/RAGE-1, WT-1, SAP-1, BING-4, EpCAM. MUCI, PRAME,

survivin, BRCA1, BRCAZ, CDK4, CML66, MART-2, p53, Ras, B-catenin, TGF-BRI, HPV
E6, or HPV E7.

152, The method of claim 149, further comprising administering to the individual an

effective amount of an immunotherapeutic agent.

153, The metbod of clatm 152, wherein the immunotherapeutic agent comprises a second
ge)

antibody.

154. The method of claim 153, wherein the second antibody binds to an antigen selected
from the group consisting of PD-1, PD-L1, OX40, CTLA-4, CD137/4-1BB, TNFR2Z, B7-H3,
FZD7, CD27, CCR4, CSFIR, CSF, TIM-3, LAG-3, VISTA, ICOS, CCR2Z, IDO, A2R, CD39,
CD73, TIGIT, CD80, CD47, arginase, TDO, and PVRIG.

155, The method of claim 153, wherein the first antibody binds the extracellular domain of
a human SIRP-q v1 polypeptide, the extracellular domain of a human SIRP-o v2 polypeptide,
or the extraceliular domains of both a human SIRP-o v1 polypeptide and a human SIRP-a v2
polypeptide with a dissociation constant (Kp) of less than 100nM, wherein the first antibody

blocks binding between an extracellular domain of a human SIRP-o polypeptide and an IgSF

domain of a human CD47 polypeptide, and wherein the second antibody binds to PD-1.

156.  The method of claim 153, wherein the first antibody binds the DI domain of a human

SIRP-a polypeptide, wherein the first antibody does not block binding between an
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extracellular domain of a human SIRP-g polypeptide and an IgSF domain of a human CD47

polypeptide, and wherein the second antibody binds to PD-1.

157.  The method of claim 153, wherein the first antibody binds the extracellular domain of
2 human SIRP-a v1 polypeptide with a dissociation constant (Kp) of less than 100nM,
wherein the first antibody blocks binding between an extracellular domain of a human SIRP-
o polypeptide and an IgSF domain of a human CD47 polypeptide, and wherein the second

antibody binds to PD-L1.

158.  The method of claim 153, wherein the first antibody binds the 131 domain of a human
SIRP-u polypeptide, wherein the first antibody does not block binding between an
extracellular domain of a human SIRP-¢ polypeptide and an IgSF domain of a human CD47

polypeptide, and wherein the second antibody binds to PD-L1.

159, A method of treating or delaying progression of an autoimmune disease or an
inflammmatory disease in an individual, the method comprising administering to the individual

an effective amount of the antibody of any one of claims 1-143.

160, The method of claim 159, wherein the autoimroune disease or inflammatory disease is
selected from the group consisting of muttiple sclevosts, rhevumatoid arthritis, a
spondyloarthropathy, systemic lupus erythematosus, an antibody-mediated inflamimatory or
autoimnuune disease, graft versus host discase, sepsis, diabetes, psoriasis, psoriatic arthritis,
atherosclerosis, Sjogren's syndrome, progressive systemic sclerosis, scleroderma, acute
coronary syndrome, ischemic reperfusion, Crohn's Disease, ulcerative colitis, endometriosis,
glomerulonephritis, IgA nephropathy, polycystic kidney disease, myasthenia gravis,
idiopathic pulmonary fibrosis, asthia, atopic dermatitis, acute respiratory distress syndrome

{ARDS), vasculitis, and inflammatory autoimmune myositis.

161, A method of identifying an antigen binding domain that binds an extracellular domain
of a human SIRP-a polypeptide and does not block binding between human CD47 and the

hurman SIRP-o polypeptide, the method comprising:

(a) providing an antigen binding domain that binds the extracellular domain of a

buman SIRP-a polypeptide;
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(b) assembling a complex comprising a SIRP-¢ D1 variant bound to a polypeptide
comprising an 1gSF domain of CD47, wherein the SIRP-o D1 variant is a non-naturally
occeurring high affinity SIRP-0 D1 domain, and wherein the SIRP-g D1 variant binds to
human CD47 with an affinity that is at least 10-fold greater than the affinity of a naturally

occurring SIRP-¢ D1 domain binding to human CD47;
(c) contacting the antigen binding domain with the assembled complex; and

(d) detecting binding of the antigen binding domain to the complex, wherein binding
of the antigen binding domain to the complex indicates that the antigen binding domain does

not block binding between human CD47 and the human SIRP-¢ polypeptide.

162, A roethod of identifying an antigen binding domain that binds an extracellular domain
of a human SIRP-¢ polypeptide and blocks binding between haman D47 and the human

SIRP-a polypeptide, the method comprising:

(a) providing an antigen binding domain that binds the extracellular domain of a

hurman SIRP-o polypeptide;

(b} assembling a complex comprising a SIRP-a D1 variant bound to a polypeptide
cormprising an IgSF domain of CD47, wherein the SIRP-¢g D1 variant is a non-naturally
occurring high affinity SIRP-¢ D1 domain, and wherein the SIRP-a D1 variant binds to

occurring SIRP-a D1 domain binding to human CD47;
{c) contacting the antigen binding domain with the assembled complex; and

(d) detecting binding of the antigen binding domain to the complex, wherein a lack of
hinding of the antigen binding domain to the complex indicates that the antigen binding

domain blocks binding between human CD47 and the human SIRP-o polypeptide.

163.  The method of claim 161 or claim 162, wherein the SIRP-g D1 variant comprises an

amino acid sequence selected from the group consisting of SEQ ID NQOs:17-52.

164.  The method of any one of claums 161-163, wherein the IgSF domain of CD47

comprises the amino acid sequence of SEQ ID NO:16.
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165. The method of any one of claims 161-164, wherein the polypeptide comprising the

igSF domain of CD47 comprises a human CD47 extraceliular domain.

166. The method of any one of claims 161-165, wherein the polypeptide comprising the

IgSF domain of CD47 further comprises an antibody Fc region.

167. A roethod of producing an anti-SIRP-a antibody that binds the extracellular domain of

a human SIRP-a polypeptide, the method comprising:

(a) timmunizing a chicken with a peptide coroprising at least a portion of a human

SIRP-u extracellular domain;

(b) obtaining an antibody from an antibody-producing cell from the tromunized

chicken; and

(¢} detecting binding between the antibody obtained from the cell and the
extracellular domains of a human SIRP-¢ polypeptide, wherein binding between the antibody
and the extracellular dormain of the human SIRP-u polypeptide indicates that the antibody is
an anti-SIRP-¢ antibody that binds the extracellular domain of a human SIRP-¢ variant

polypeptide.

168. The method of claim 167, wherein the antibody is a chicken, humanized, chimeric, or

human antibody.

169.  The method of claim 167 or claim 168, wherein the antibody binds the extracellular
domain of a human SIRP-x vi polypeptide, the extracellular domain of a human SIRP-g v2

polypeptide, or both.

170.  The method of claim 169, wherein the antibody binds an extracellular domain of a
human SIRP-¢ v1 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYNQKEGHFP
RVTTVSDLTKRNNMDFESIRIGNITPADAGTY YCVEFREGSPDDVEFKSGAGTELSVR
AKPS (SEQ 1D NO:S5).

171, The method of claim 168, wherein the antibody binds an extracellular domain of a

human SIRP-g v2 polypeptide comprising the amino acid sequence of

EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWEFRGAGPARELIYNQKEGHFPR
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VITVSESTKRENMDFSISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRAKPS
(SEQ 1D NO:6).

172.  The method of any one of claims 168-171, wherein the antibody binds an extracellular
domain of a haman SIRP-u v1 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWEFRGAGPGRELIYNQKEGHFP
RVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVEKFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQ ID NG:5) and binds an extracellular domain of a human S{RP-g v2 polypeptide
comprising the amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQKEGHFPR
VITVSESTKRENMDESISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRAKPS
(SEQ 1D NO:6).

173, The method of any one of claims 168-171, wherein the antibody binds the
extracethular domains of three, four, five, six, seven, eight, nine or ten different human SIRP-

g variant polypeptides.

174,  The method of claim 172, wherein each of the three, four, five, six, seven, eight, nine
or ten different human SIRP-¢ variant polypeptides comprises an extracellular domain
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: §, 6,

and 76-83.

175, The method of any one of claims 166-174, further comprising detecting binding
between the antibody obtained from the cell and an extracellular domain of one or more
SIRP-g polypeptides selected from the group consisting of a monkey SIRP-u polypeptide, a

murine SIRP-a polypeptide, a human SIRP-B polypeptide, and a buman SIRP-y polypeptide.

176.  The method of claim 175, wherein the antibody binds an extracellular domain of a

monkey SIRP-u polypeptide.

177, The method of claim 176, wherein the monkey SIRP-a polypeptide is a cynomolgus

SIRP-g polypeptide.

178.  The method of claim 176 or claim 177, wherein the antibody binds the extracellular

domains of at least two different monkey SIRP-a variant polypeptides.
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179.  The method of claim 177 or claim 178, wherein the antibedy binds an extracellular
dormain of a cynomolgus SIRP-o polypeptide comprising the amino acid sequence of SEQ 1D
NO:11, an extracellular domain of a cynomolgus SIRP-u polypeptide comprising the amino

acid sequence of SEQ ID NO:12, or both.

180.  The method of any one of claims 173-179, wherein the antibody binds an extracellular

domain of a murine SIRP-a polypeptide.

181. The method of claim 180, wherein the antibody binds the extraceliular domains of

two or maore different murine SIRP-g variant polypeptides.

182. The method of claim 180 or claim 181, wherein the antibody binds an extracellular
domain of one or more murine SIRP-a polypeptides, and wherein the one or more murine
SIRP-a polypeptides each comprise an amino acid sequence selected from the group

consisting of SEQ ID NOs: 7-10.

183.  The method of any one of claims 175-182, wherein the antibody binds an extracellular

domain of a human SIRP-f polypeptide.

184. The method of any one of claims 175-183, wherein the antibody binds an extracellular

domain of a human SIRP-y polypeptide.

185.  The method of any one of claims 175-181 and 184, wherein the antibody does not

bind an extraceltalar domain of a human SIRP-f polypeptide.

186. The roethod of any one of claims 175-183 and 185, wherein the antibody does not

bind an extracellular domain of a human SIRP-y polypeptide.

187.  The method of any one of claums 183-186, wherein the antibody binds the
extracellular domain of a human SIRP-B polypeptide comprising the amino acid sequence of

SEQ ID NO:13.

188.  The method of any one of claims 183-187, wherein the antibody binds the
extracellular dormain of a human SIRP-y polypeptide comprising the amino acid sequence of

SEQ ID NO:135.
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189. The method of any one of claims 166-188, further comprising detecting binding or a
fack of binding between the antibody obtained from the cell and a complex comprising a
SIRP-¢ D1 variant bound to an IgSF domain of CD47, wherein the SIRP-o D1 variantis a
non-naturally occurring high affinity SIRP-¢ D1 domain, and wherein the SIRP-q D1 variant
binds to human CD47 with an atfinity that is at least 10-fold greater than the affinity of a

naturally occurring SIRP-a D1 domain binding to human CD47.

190.  The method of claim 189, wherein the antibody binds a complex comprising a SIRP-a
D1 variant bound to an IgSF domain of CD47, wherein the SIRP-o D1 variant is a non-
naturally occurring high affinity SIRP-a D1 domain, and wherein the SIRP-a D1 variant
binds to human CD47 with an affinity that is at least 10-fold greater than the affinity of a

naturally occurring SIRP-a D1 domain binding to human CD47.

191, The method of claim 190, wherein the antibody does not block binding between an
extracethular domain of a human SIRP-q polypeptide and an IgSF domain of a hurpan CD47

polypeptide.

192, The method of claim 189, wherein the antibody does not bind a complex comprising a
SIRP-¢ D1 vartant bound to an IgSF domain of CD47, wherein the SIRP-¢ D1 vartantis a
non-naturally occurring high affinity SIRP-a D1 domain, and wherein the SIRP-¢ D1 variant
binds to human CD47 with an affinity that is at least 10-fold greater than the affinity of a

naturally occurring SIRP-¢ D1 domain binding to human CD47.

193. The method of claim 192, wherein the antibody blocks binding between an
extraceliular domain of a human SIRP-g polypeptide and an 1gSF domain of a hurnan CD47

polypeptide.

194.  The roethod of claim 188, wherein binding of the antibody to an extracclular domain
of a human SIRP-a polypeptide reduces affinity of the human SIRP-¢ polypeptide for

binding an IgSF domain of a human CD47 polypeptide.

195,  The method of claim 194, wherein binding of the antibody to an extracellular domain
of a human SIRP-¢ polypeptide increases ki of the human SIRP-u polypeptide for binding

an IgSF domain of a human CD47 polypeptide.
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196.  The method of any one of claims 167-195, wherein the antibody modulates SIRP-¢

signaling in a cell expressing a human SIRP-a polypeptide.

197.  The method of claim 196, wherein the cell is a leukocyte selected from the group
consisting of a macrophage, a dendritic cell, a neutrophil, an eosinophil, and a myeloid-

derived suppressor cell (MDSC).

198, The method of claim 197, wherein the antibody inhibits SIRP-g signaling in a

macrophage expressing a human SIRP-o polypeptide.

199.  The method of any one of claims 196-197, wherein the antibody enhances

phagocytosis by a macrophage expressing a human SIRP-o polypeptide.
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