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ANTIBODIES AGAINST SIGNAL-REGULATORY PROTEIN ALPHA AND
METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

{00011 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, each of which is hereby incorporated by reference in its
entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE

{00021 The content of the following submission on ASCH text file is incorporated

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

{(file name: 7579720001405EQLIST.ixt, date vecorded: September 20, 2017, size: 411 KB).
FIELD

§B06O31 The present disclosure relates to isolated antibodies that bind an extracellular
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

{00684] Signal-regulatory protein alpha (SIRP-q) 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 exprossed on the
surface of various cells, including teukocytes such as dendritic cells, cosinophils,
neutrophils, and macrophages. SIRP-a includes an extraceliular domain that interacts with
cxternal stimuli such as ligands and an intracelluiar domain that mediates a variety of
intracellular signals.

[0005] One of the major roles of SIRP-u is its reguiation of the immune response
through interactions with CD47. CD47 is expressed on the suiface of a variety of cell
types. When the IgSF domain of CD47 binds the extracellular domain (e.g., the D1
dornain) of SIRP-g expressed on an immune cell {e.g., a macrophage), this transduces a
SIRP-a-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. 2.,
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WO2015/138600 and Weiskopt, K. et al. (2013) Science 341:88-91). However, CD47 has
also been shown to be highly expressed by a variety of cancers, and #ts intcraction with
SIRP-g in this context is thought to allow tumors to mimic the healthy “don’t eat me”
signial in order to evade tmmune surveiliance and phagocytosis by macrophages {(see, e.g.,
Majeti, R. et al. (2009) Cell 138:286-99; Zhao, X.W. et al. (2011) Proc. Nad. Acad. Sci.
108:18342-7). As such, antibodies that block this interaction are highly desirable.

{$006] SIRP-u 1s known to be a highly polymorphic protein in bumans, monkeys, and
mice. For example, 2(} amino acid differences have been identified between SIRP-¢
proteins in the NOD and C57BL/6 mouse sirains, and these polymorphisms lead to
functional consequences related to CD47 binding and engrafiment of human hematopotetic
stem cells in these mouse strains. In humans, at least 10 distinct alleles of the SIRPA gene
have been identified (Takenaka, K. ef of. (2007) Nar. fmmunol. 8:1313-23, Zhao, X. et al.
(2011, PNAS. 108:18342-47; van der Heijden, J. (2014). Genetic variation in human Fe
gamma receptors: Functional consequences of polymorphisms and copy number variation
(Doctoral dissertation)).

{60971 Due to the importance of the SIRP-g-CD47 interaction in normal immune
function and tamorigenesis, as well as the polymorphic nature of SIRP-a and the existence
of other SIRP family receptors, the identification of antibodies having different binding
specificitics with intra- and/or inter-species cross-reactivity is of greaf interest for
development of clinical candidates that are cffective across human populations and the
characterization of these candidates in various amimal models. Thus, a need exists for both
rescarch tools and potential clinical candidates that modulate SIRP-g function, e.g., its
binding interaction with CD47. A need also exists for methods of isolating antibodics with
a variety of SIRP-a binding specificities and effects on CD47-SIRP-a binding in order to
understand and cffectively target this critical interaction.

[0008] Al references cited hervein, inclading patent applications, patent publications,
non-patent literature, and UniProtKB/Swiss-Prot Accession numnbers are herein
incorporated by reference in their entirety, as if each individual refercnce were specifically

and individually indicated to be incorporated by reference.

SUMMARY
{60091 To mect these and other needs, provided herein, infer alia, are isolated

antibodies that bind an extracellular domain (e.g., the D1 domain) of a human SIRP-g
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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. In one aspect, there is provided an isolated antibody that
binds an extracellular domain of a human SIRP-a polypeptide, wherein the antibody binds the
extracellular domain of a human SIRP-a v1 polypeptide, the extracellular domain of a human SIRP-
a v2 polypeptide, or both; and wherein the antibody comprises:

(A) a heavy chain variable (VH) domain comprising (i) an HVR-H1 sequence comprising the
amino acid sequence of NFAMT (SEQ ID NO:175), NFAVT (SEQ ID NO:204), or NFALT (SEQ ID
NO:305), (ii) an HVR-H2 sequence comprising the amino acid sequence of TIGSGDTYYADSVKG
(SEQ ID NO:144), and (iii) an HVR-H3 sequence comprising the amino acid sequence of
DSTVSWSGDFFDY (SEQ ID NO:145), and a light chain variable (VL) domain comprising (i) 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 ID NO:147), and (iii)
an HVR-L3 sequence comprising the amino acid sequence of QQYYDWPPFT (SEQ ID NO:148); or

(B) a heavy chain variable (VH) domain comprising (i) an HVR-H1 sequence comprising
the amino acid sequence of [IYAMS (SEQ ID NO:269), IYAVS (SEQ ID NO:213), or IYALS (SEQ
ID NO:306), (ii) an HVR-H2 sequence comprising the amino acid sequence of
TIGADDTYYADSVKG (SEQ ID NO:150), and (iii) an HVR-H3 sequence comprising the amino
acid sequence of DSTVGWSGDFFDY (SEQ ID NO:151), and a light chain variable (VL) domain
comprising (i) an HVR-L1 sequence comprising the amino acid sequence of RASQNVRSDIA
(SEQ ID NO:152), (ii) 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 NO:148). In some embodiments, the antibody binds an extracellular
domain of a human SIRP-a v1 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYNQKEGHFPRVTT
VSDLTKRNNMDESIRIGNITPADAGTY YCVKFRKGSPDDVEFKSGAGTELSVRAKPS (SEQ
ID NO:5). In some embodiments, the antibody binds an extracellular domain of a human SIRP-a v2
polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQKEGHFPRVTTV
SESTKRENMDESISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRAKPS (SEQ ID
NO:6). In some embodiments, the antibody binds an extracellular domain of a human SIRP-a v1
polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYNQKEGHFPRVTT
VSDLTKRNNMDESIRIGNITPADAGTY YCVKFRKGSPDDVEFKSGAGTELSVRAKPS (SEQ
ID NO:5) and binds an extracellular domain of a human SIRP-a v2 polypeptide comprising the
amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQKEGHFPRVTTV
SESTKRENMDESISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRAKPS (SEQ ID
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 human SIRP-a variant polypeptides. In
some embodiments, each of the three, four, five, six, seven, eight, nine or ten different human SIRP-
a 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 extracellular domain (e.g., the D1 domain) of a monkey SIRP-a polypeptide. In
some embodiments, the monkey SIRP-a polypeptide is a cynomolgus SIRP-a polypeptide. In some
embodiments, the antibody binds the extracellular domains (e.g., the D1 domains) of at least two
different monkey SIRP-a variant polypeptides. In some embodiments, the antibody binds an
extracellular domain of a cynomolgus SIRP-a polypeptide comprising the amino acid sequence of
SEQ ID NO:11, an extracellular domain of a cynomolgus SIRP-a polypeptide comprising the
amino acid sequence of SEQ ID NO:12, or both. In some embodiments, the antibody binds an
extracellular domain (e.g., the D1 domain) of a murine SIRP-a
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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-a variant polypeptides. In some
cmbodiments, the antibody binds an extracellular domain of one or more murine SIRP-¢
polypeptides, and wherein the one or more murine SIRP-a polypeptides each comprise an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 7-10. In some
embodiments, the antibody binds an extracellular domain (e.g., the D1 domain) of a human
SIRP-8 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 extracelular domain {e.g., the D1 domain) of a human SIRP-§
polypeptide. In some embodiments, the antibody does not bind an extracellular domain
{(e.g., the D11 domain) of 2 human SIRP-y polypeptide. 1n some embodiments, the antibody
binds the extraceliular domain of a human SIRP-J polypeptide comprising the amino acid
sequence of SEQ 1D NO:13, the extracellular domain of a haman SIRP-P polypeptide
comprising the amino acid sequence of SEQ ID NO: 14, or both. In some embodiments, the
antibody binds the cxtraceliular domain of a human SIRP-vy polypeptide comprising the
amino acid sequence of SEQ 1D NO:15. In some emnbodiments, the antibody modulates
SIRP-a signaling in a cell expressing a human SIRP-¢ polypeptide. In some embodiments,
the cell is a leukocyte sclected 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 inhibits SIRP-a signaling in a macrophage expressing a human
SIRP-a polypeptide. In some embodiments, the antibody enhances phagocytosis by a
macrophage expressing a hurpan SIRP-u polypeptide. In some embodiments, the antihody
blocks binding between an extracellular domain (e.g., the D1 domain) of a human SIRP-¢
polypeptide and an IghF 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-g polypeptide expressed on the surface of a first cell and an Ig8F 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-g D1 variant bound to an IgSF
dorpain of CD47, wherein the SIRP-a D1 vartant is a non-naturally occurring high affinity
SIRP-o D1 domain, and wheremn 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 hinding 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-q
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polypeptide and an IgSF domain of a human CB47 polypeptide. In some embodiments, the
antibody does not block binding hetween an extracellular domain (¢.g., the D1 domain) of a
hurnan SIRP-o polypeptide expressed on the surface of a first cell and an IgSF domainofa
human CD47 polypeptide expressed on the surface of a second cell. In some embodiments,
the antibody binds a complex comprising a SIRP-a D1 variant bound to an IgSF domain of
CD47, whervein the SIRP-o D1 variant is a non-naturally occurring high affinity SIRP-g D1
domain, and wherein the SIRP-a D1 variant binds to human CD47 with an affinity that is at
fcast 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 extracelular domain
(e.g., the D1 domain) of a buman SIRP-a polypeptide reduces affinity of the human SIRP-a
polypeptide for binding an IgSF domain of a human CD47 polypeptide. In some
cmbodiments, binding of the antibody to an extraceliular domain (e.g., the 31 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 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-a polypeptide increases Kege
of the human S{RP-a polypeptide for binding an IgSF domain of a human D47
polypeptide. In some cmbodiments, binding of the antibody to an cxtraceliular domain
(e.g., the D1 domain) of 2 human SIRP-a polypeptide expressed on the surface of a first cell
increases Kqp of the human SIRP-o polypeptide for binding an IgSF domain of a human
CP47 polypeptide expressed on the surface of a second cell. In some embodiments, the
antibody binds the extracellular domain (c.g., the D1 domain) of a human SIRP-g v1
polypeptide, the extracellular domain (c.g., the DI domain) of a human SIRP-¢ v2
polypeptide, or both; wherein the antibody binds the extracelhilar 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 extracellular domain {e.g., the D1 domain} of a human SIRP-¢ v1 polypeptide, the
extracellular domain (c.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-a polypeptide; and wherein the antibody blocks binding between an extracelluiar
domain (e.z., the B1 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 2 human SIRP-a vl polypeptide, the extracellular domain
(e.z., the D1 domain} of a buman SIRP-a v2 polypeptide, or both; wherein the antibody
binds the extracellular domain (e.g., the D1 domain) of a monkey SIRP-u polypeptide; and
wherein binding of the antibody to an extracellular domain {e.g., the DI domainyof a
buman SIRP-¢ 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 extracethular domain {e.g., the D1 domain} of a human SIRP-a v1 polypeptide, the
extraceliular domain {(e.g., the D] domain} of a human SIRP-a v2 polypeptide, or both;
wherein the antibody binds the extracellular domain (c.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-¢ 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 D] 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-a polypeptide; wherein the antibody binds the exiracellular domain {e.g., the Di
domain)} of a murine SIRP-¢ polypeptide; and wherein the antibody blocks binding between
an extracellular domain (e.g., the D1 domain) of a human SIRP-a polypeptide and an IgSF
domain of a human CD47 polypeptide. In some embodiments, the antibody binds the
extraceliular domain {(e.g., the D1 domain} of a human SIRP-u vi polypeptide, the
extracellular domain (c.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-a polypeptide; wherein the antibody binds the exiracellular domain {e.g., the Di
domain) of a murine SIRP-¢ polypeptide; and wherein binding of the antibody to an
extraceliular domain (e.g., the D1 domain) of a human SIRP-a polypeptide reduces affinity
of the hurman SIRP-q polypeptide for binding an IgSF domain of a human CD47
polypeptide. In some embodiments, the antibody binds the extracellular domain (e.g., the
D1 domain) of 2 human SIRP-a v1 polypeptide, the extracellular domain (e.g., the D1
domain) of a human SIRP-g v2 polyvpeptide, or both; wherein the antibody binds the
extraceliular domain (e.g., the D1 domain) of a murine SIRP-u polypeptide; and wherein
the antibody does not block binding hetween an extracellular domain (¢.g., the D1 domain)

of a human SIRP-o polypeptide and an IgSF domain of a hurnan CD47 polypeptide. In
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some embodiments, the antibody binds the extracellular domain {c.g., the D1 domain) of a
human SIRP-a v1 polypeptide, the extracellular domain {(c.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-a polypeptide; and wherein the antibody blocks binding
between an extracellular domain (g.g.. the D1 domain) of a human SIRP-o polypeptide and
an IgSF domain of a buman CD47 polypeptide. In some embodiments, the antibody binds
the extracethular domain {e.g., the D1 domain} of a human SIRP-a v1 polypeptide, the
extraceliular domain {(e.g., the D] domain} of a human SIRP-a v2 polypeptide, or both;
wherein the antibody binds the extracellular domain (e.g., the D1 domain) of a murine
SIRP-¢ polypeptide; and wherein binding of the antibody to an extracellular domain (e.g.,
the D31 domain) of a human SIRP-a polypeptide reduces affinity of the human SIRP-¢
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-u polypeptide, and a
monkey SIRP-a polypeptide; wherein the antibody does not bind at lzast one of an
extraceliular domain (e.g., the D1 domain) of a human SIRP-§ polypeptide and an
extraceliular 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 D1 domain) of the
buman SIRP-g¢ polypeptide and an I1g&F 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 5130. In some embodiments, the antibody binds the extracelular domains (¢.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 extraceliular
domain (e.g., the D1 domain} of a human SIRP-§ polypeptide and an extraccHular 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 D1 domain) of the human SIRP-q
polypeptide and an IgSF domain of a human CB47 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 38, S13, S14, and S121. In some embodiments, the
antibody hinds the extracellular domains (e.g., the D1 domains) of two or more different

buman SIRP-q variant polypeptides, a muurine SIRP-g polypeptide, and a monkey SIRP-g
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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-P polypeptide and an
extracelular 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-a 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 S137. In some embodiments, the antibody binds the extracellular
domains (e.g., the D1 domains) of two or more different human SIRP-q variant
polypeptides and a monkey SIRP-u polypeptide; wherein the antibody does not bind a
murine SIRP-u polypeptide; wherein the antibody does not bind at lcast one of an
extraceliular domain (¢.g., the D1 domain) of a buman SIRP-B polypeptide and an
extraceliular domain (e.g., the D1 domain} of a human SIRP-y polypeptide; and wherein the
antibody blocks binding between the extracelhular domain (e.g., the B1 domain} of the
human SIRP-a polypeptide and an IgSF domain of a human CD47 polypeptide. In some
cmbodiments, 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 5128, In some embodiments, the
antibody hinds the extracellular domains (e.g., the D1 domains) of two or more different
human SIRP-a variant polypeptides, a monkey SIRP-a polypeptide, and at least one of an
extracellolar domain (e.g., the D1 domain) of a human SIRP-8 polypeptide and an
extraceliular domain {e.g., the D1 domain) of a burman SIRP-y polypeptide; wherein the
antibody does not bind a murine SIRP-o polypeptide; and wherein the antibody blocks
binding between the extracelluiar domain {e.g., the D1 domain) of the haman SIRP-«
polypeptide and an IgSF domain of a human D47 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 S8, S11, 5119, §128, 5122, and S$135. In some
cmbodiments, the antibody binds the extracellular domains (e.g.. the D1 domains) of two or
more different haman SIRP-a variant polypeptides and the extracellular domains {e.g., the
D1 domains) of two or more different monkey S{RP-a variant polypeptides, and wherein
binding of the antibody to an extracclular domain (e.g., the D1 domain} of a human SIRP-o

polypeptide reduces affinity of the buman SIRP-a polypeptide for binding an 1gSF domain
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of a human CB47 polypeptide. In some erabodiments, 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 5115, 8116, 5117 and S118. In some embodiments, the antibody comprises a VH
domain comprising the amine acid sequence of SEQ 1D NO:120 and/or a VL domain
coraprising the amino acid sequence of SEQ ID NO:97. In some embodiments, the
antibody comprises a2 VH domain comprising the amino acid sequence of SEQ 1D NO:127
and/or a VL domain comprising the amino acid sequence of SEQ ID NG:104. In some
embodiments, the antibody comprises 2 VH domain comprising the amino acid sequence of
SEQ ID NO:133 and/or a VL domain comprising the amino acid sequence of SEQ 1D
NO: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 amino 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 dorain comprising
the amino acid sequence of SEQ ID NO:138. In some embodiments, the antibody
comprises a VH domain comprising the amino acid sequence of SEQ 1D NO:139 and/or a
VL domain comprising the amino acid sequence of SEQ ID NO:140. in some
cmbodiments, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ 1D NO:141 andfor 2 VL domain comprising the amino acid scquence of SEQ ID
NG:142.

{0010] 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 83%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%. 969, 97%, 98%. 99%, or 100%
identical to the VL domain of antibody 115 (e.z., 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%, ¥8%,
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%, 9%,
Q1%, 2%, 93%, 949%, 5%, 96%, ¢7%, 98%, 99%, or 100% identical to the VL domain of
antibody 116 {e.g., as listed in Table 2). In some embodunents, the antibody comprises a

VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 8§9%, 90%,
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91%. 929, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 1{}(}% 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% 1dentical 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%, 69%, %0%, 1%, 92%, 93%, 94%, 95%, 96%, 97%,
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%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the VL
dornain of antibody 118 {(e.g., as listed in Table 2). In some embodimuents, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, &6%, 87%. 88%,
8§9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 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 cormprising an
amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 82%, 93%, 94%, 85%,
96%. 97%, 98%, 99%, or 100% identical to the VL domain of antibody 119 {(e.g., as listed
in Table 2). In some embodiments, the antibody comprises a VH domain comprising an
aming acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%. 92%, 83%, 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 2 VL domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, §9%, 90%, $1%, 92%, 93%, 949, 95%, 96%., $7%, 98%, 99%. or 100%
identical to the VL domain of antbody 120 {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%, 9%, 8%,
399%, 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%, 949%, 95%, 96%, 7%, 98%, 99%, or 180% identical to the VL doman of
antihody 121 (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%, &9%, 90%,
91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or 100% identical to the VH domain of
antibody 122 {e.g., as listed in Table 2) and/or a VL domain comprising an anino acid
sequence that is 85%, 86%, §7%, 88%, 89%, 90%, 91%, 2%, 93%. 4%, 85%, 96%. 97%,
98%, 99%, or 100% identical to the VL domain of antibody 122 (e.g., as listed in Table 2).

In some ermnbodiments, the antibody comprises a VH domain comprising an amino acid
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sequence that is 85%, 86%, 87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 96%, ¥7%,
98%, 99%, or 100% identical to the VH domain of antibody 123 (e.g., as listed in Table 2)
and/or a V19 domain comprising an amino acid sequence that is 85%, 86%, §7%, 88%,
89%, 90%. 91%, 92%, 3%, 94%, 95%, 96%, 97%, 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 83%, 86%, 87%, 88%,
89%, 90%, 91%, 92%. 93%, 94%. 93%. 96%, 97%, 9&%, 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%, 89%, 90%, 91%, 92%, 93%, 94%. 95%,
96%, 97%, 98%, 99%, or 100% identical to the VL domain of antibody 126 {(e.g., as histed
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 128 (2. g., as listed
in Table 2) and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 85%, %1%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100%
identical to the VL domain of antibody 128 (e.g.. as listed in Table 2). In some
cembodiments, the antibody comprises a VH domain comprising an aming 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 antihody 130 (e.g., as listed in Table 2) and/or
a VL domain comprising an aminge acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
9%, 929%, 93%, 94%, 95%, 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 85%, 86%, 87%, 58%, 89%, 90%,
91%, 92%, 93%, 949%, 5%, 96%, 87%, 98%, 99%, or 100% identical to the VH domain of
antibody 135 {e.g., as listad in Table 2) and/or a VL domain comprising an amino acid
sequence that is 85%, 56%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 949, 95%, 96%, 97%,
98%, 99%, or 100% identical to the VL domain of antibody 1353 (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%. ¥7%,
98%, 99%, or 100% 1dentical 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%, 97%, 98%, 99%, or 100% identical to the VL

domain of antibody 137 {(e.g., as listed in Table 2). In some emboduwents, the antibody
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comprises a VH domain comprising an aming acid sequence that is 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 5%, 96%, F7%, 98%, 99%, or 1(0% identical to the
YH domain of antibody 138 (2. 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%, 83%, 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 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%. 94%, 95%,
96%, 7%, 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%, 0%, 919, 92%, 93%, 94%, 95%. 96%, 97%, 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%, 9%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the VH domain of antibody 2 (e.g., as listed in Table 2) and/or a VL domain
compeising 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 2
{e.g., as listed in Table 2). In some embodiments, the antibody comprises a VH domain
comprising an amino acid sequence that is 83%, 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
83%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 98%, or
100% identical to the VL domain of antibody § (e.g., as listed in Table 2). In some
cmbodiments, the antibody comprises a VH domain comprising an amino acid sequence
that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 953%. $6%, 97%., 98%.
99%, or 100% identical to the VH domain of antibody 9 (e.g., as listed in Table 2) and/or a
V1. domain comprising an amino acid sequence that is 85%, 86%, 87%, §8%, 89%, 90%,
91%, 92%, 93%, 949%, 95%, 96%, 7%, 98%, 99%, or 180% identical to the VL doman of
antibody @ (e.g., as listed in Table 2). In some embodiments, the antibody comprises a VH
domain comprising an amino acid sequence that is 83%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 949, 95%, 96%, 97%, 98%, 99%,. or 100% 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%, 86%, 87%, 88%, 89%, 90%, 1%, 92%, 93%, 94%, 95%, 6%, 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%. ¥7%,
98%, 99%, or 100% 1dentical to the VH domain of antibody 12 {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 12 {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%, 7%, 96%. 99%, or 100% identical to the
YH domain of antibody 13 (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 {o the VL domain of antibody 13 (e.g., as Hsted in
Table 2). In some embodiments, the antibody comprises a VH domain comprising an
amino acid sequence that 1s 85%, 86%, 87%, 88%, 89%, 90%, 91%, 929%, 93%, 94%, 95%,
S6%, 97%, 98%, 99%. or 100% identical to the VH domain 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%,
88%, §89%, 0%, 919, 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%,
§7%, 88%, 89%, 90%, 9%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%, or 100%
identical to the VH domain of antibody 21, 25, 27, or 66 {¢.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%, 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%, 96%, 97%. 98%, 99%, or 100% identical to SEQ
D NO:116 and/or a VL 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%
tdentical to SEQ 1D 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%, 953%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NG:117 and/or a VL.
domain comprising an amino acid sequence that is 85%, 86%, 87%, 38%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID 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%, 91%, 92%. 93%, 4%, 95%, 96%, 97%,
98%, 99%, or 100% dentical to SEQ 1D NO:118 and/or a VL domain comprising an amino
acid sequence that is 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%,
G7%, 98%, 99%, or 100% identical to SEQ ID N(G:95. In some embodiments, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, &6%, 87%. 88%,
89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID 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 N(:96. In some embodiments, the antibody comprises a VH domain
comprising an amino acid sequence that is 85%, §6%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 969, 97%, 98%, 99%, or 100% identical to SEQ ID NG:335 and/ora VL
domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 9%, 90%, 91%,
92%, 93%, 94%, 953%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO:97. In
some embodiments, the antibody comprises a VH domain comprising an aming acid
sequence that is 85%, 86%. 87%, 88%, 89%. 90%, 91%, 92%. 93%, 949%, 95%, 96%, 97%,
8%, 99%, or 100% identical to SEQ D NO:121 and/or a VL dorain comprising an amino
acid sequence that is 853%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%,
7%, 98%, 99%, or 100% identical to SEQ ID 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%, 93%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
1D NO:122 and/or a VL dormain comprising an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, 1%, 92%, 93%, 94%, 953%, 36%, 97%, 98%, 99%, or 100%
identical to SEQ 1D NG99, In some embodiments, the antibody comprises a VH domain
comprising an amino acid sequence that is 83%, 86%. 87%, 88%, 89%. 90%, 91%. 92%,
93%, 94%, 95%, 969, 97%, 98%, 99%, or 100% identical to SEQ ID NG:123 and/ora VL
domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 93%, 96%, 97%, 98%, 3%, or 100% identical to SEQ ID NG 100, 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%. ¥7%,
8%, 99%, or 100% identical to SEQ D NO:124 and/or a VL dormain comprising an amino
acid sequence that is 853%, 86%, 87%, 88%, 89%, 90%, 91%, 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 anuno acid sequence that is 85%, 86%,
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87%. 88%, 89%, 90%. 1%, 92%, 93%. 94%, 95%, 96%. 97%, 98%, 99%, or 100%
identical to SEQ 1D NO:125 and/or a2 VL domain comprising an amino acid sequence that
is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 96%, 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%, 89%, 90%, 91%,
92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO:126 and/or
a VL domain comprising an amine 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 NOG: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%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID N(:127 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 1D NO:104. In some embodiments, the
anttbody comprises a VH 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:128 and/or a VL domain comprising an amino acid sequence that
5 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%. 953%, $6%, 97%, 98%. 99%, or
100% identical to SEQ ID NG:103. 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 NO:129 and/or
a VL domain comprising an aminge acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or 100% identical to SEQ 1D NG:106.
In some embodiments, the antibhody comprises a VH domain comprising an amino acid
sequence that is 85%, 86%, §7%, 88%, 89%, 90%, 91%, 2%, 93%. 4%, 85%, 96%. 97%,
98%, 99%, or 100% identical to SEQ ID N(: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%,
97%, 98%, 99%, or 100% wdentical 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%, 1%, 92%, 93%, 94%, 953%, 36%, 97%, 98%, 99%, or 100%
identical to SEQ 1D NO:108 and/or a VL domain comprising an amino acid sequence that
5 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%. 93%, $6%, 97%, 98%. 99%, or
100% identical to SEQ 1D NG:85. In some embodiments, the anttbody comprises a VH

domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%,
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92%, 939, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 109 and/or
a VL domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%, 89%., 90%,
G1%, 92%, 93%, 949, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D N{O: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%, 7%,
98%, 99%, or 100% identical to SEQ 1D NO:110 and/or a VL domain comprising an amino
actd sequence that is 85%, 86%., 87%, §8%, 89%. 90%, 81%, 92%, 93%, 34%, 95%, 96%,
7%, 98%, 99%, or 100% identical to SEQ 1D NO:87. In some embodiments, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%,
&8%, 90%, 91%, 92%, 93%, 945, 95%, 96%, 97%, 38%, 99%, or 100% identical to SEQ
ID NO:111 and/or a VL domain comprising an amino acid sequence that is 85%, 86%,
§7%, 88%, 89%, 90%, 9%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%, or 100%
identical to SEQ 1D NO:88. In some embodiments, the antibody comprises a VH domain
comprising an aming acid sequence that is 835%, 86%, 87%, 88%, 88%, 90%, 91%, 92%,
93%, 949, 95%, 96%, 97%, 989, 99%, or 100% identical to SEQ ID N(G:112 and/or a VL
domain comprising an amino acid sequence that is 83%, 86%, §7%, 88%, 89%, 90%, 91%,
2%, 93%, 94%, 95%, 96%, 97%, 98%, 39%, or 130% identical to SEQ 1D N(O:§9. 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%, 6%, 97%,
98%, 99%, or 100% identical to SEQ ID NG:113 and/or a VL domain comprising an amino
actd sequence that is 85%, 86%., 87%, 88%, 89%. 90%, ¢1%, 92%, 93%, 34%, 95%, 96%,
G7%, 98%, 99%, or 100% identical to SEQ 1D NG90, In some embodiments, the antibody
comprises a VH domain comprising an amino acid sequence that is 85%, 86%, 87%, 88%,
89%, 90%, 919, 92%, ¥3%, 94%, 95%, 96%, Y7%, 98%, 99%, or 100% identical to SEQ
ID NO:114 and/or a VL domain comprising an amino acid sequence that is 83%, 86%,
87%, 88%, 89%, 90%, 91 %, 92%, 93%, 9490, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ 1D NO:91. In some embodiments, the antibody comprises a VH domain
compeising 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:115 and/or a VL
domain comprising an amino acid sequence that is 83%, 86%, §7%, 88%, 89%, 90%, 91%,
2%, 93%, 94%, 95%, 96%, 97%, 98%, 39%, or 100% identical to SEQ 1D N(O:92. In
some embodiments, the antibody comprises a VH domain comprising an amino acid

sequence that is 85%, 86%, 87 %, 88%, 89%, 90%, 919, 92%, 93%, 949%, 95%, 96%, G7%,
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98%, 99%, or 100% identical to SEQ 1D NG:135, 137, 139, or 141 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%, 8%, 98%, or 100% identical to SEQ 1D N3:136, 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 3EQ 1D NO:227 or 230, an HVR-H2
comprising the amino acid sequence of SEQ [P 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 HVYR-L1 comprising the amino acid sequence of SEQ 1D NO232, an HVR-
L2 comprising the arnino acid sequence of SEQ {1 NO:233, and an HVR-L3 comprising
the amino acid sequence of SEQ 1D NO:234. In some embodiments, the antibody
coraprises (2) a VH domain comprising an HYR-H1 comprising the amino acid sequence of
SEQ D NO:219 or 235, an HVR-H2 comprising the amino acid sequence of SEQ D
N(:236 or 238, and an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:237;
and/or (b) a VL domain comprising an HVR-L1 comprising the amino acid sequence of
SEQ ID NO:239, an HVR-L2 comprising the amino acid sequence of SEQ 1D NO:2440, and
an HVR-L3 comprising the amino acid sequence of SEQ ID NO:241. Insome
cmbodiments, the antibody comprises (a) an HVR-HI sequence comprising the amino acid
sequence of GFSFSX X0AMX;, wherein Xy isNor [ Xpis For Y; and Xsis Tor S (SEQ
1D NO:185); (b) an HYR-H2 sequence comprising the amino acid sequence of
TIGXXDTYYADSVKG, wherein Xy 18 S or A and X515 G or D (SEQ ID NO:186); (¢) an
HYR-H3 sequence comprising the amino acid sequence of DSTYXWSGDFFDY, wherein
Xei1s S or G (SEQ ID NO:187); (d) an HVR-L1 sequence comprising the amino acid
sequence of RASQNVXGXDXoA, wherein Xyis K or Ry XgisNor Sy and Xeis Lor ]
(SEQ ID NG:188); (e) an HVR-L2 sequence comprising the amine acid sequence of
AAX p X RX T, wherein Xigis Ror S§; Xyris for §; and X0 is E or DB (SEQ 1D NO:18%);
and () an HVR-L3 sequence comprising the amino acid sequence of QQYYDWPPFT
(SEG ID NO:148). In some embodiments, the antibody comprises one, two, three, four,
five, or six HVR sequences from antibody 119 (e.g., as listed in Table 2). In some
cmbodiments, the antibody comprises one, two, three, four, five, or six HVR sequences
from the variable domain sequences of SEQ ID NGs:335 and 97 {e.g., one, two, or three
heavy chain HVR sequences from the heavy chain variable domain sequence of SEQ ID

N335 and/or one, two, or three light chain HVR sequences from the light chain variable
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domain sequence of SEQ 1D NG: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 D NO:127 and/or one, two, or three light chain HVER seguences from the light chain
variable domain sequence of SEQ 1D NO:104). In some embodiments, the antibody
compeises 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., one, two, or throe heavy chain
BVR sequences from the heavy chain variable domain sequence of SEQ ID NOs:335 and
127 and/or one, two, or three light chain HVR sequences from the light chain variabie
domain sequence of SEQ HD NOs:97 and 104). In some cmbodiments, the antibody
comprises one, two, three, four, five, or six HVR sequences having an amino acid sequence
selected from SEQ ID NOs:143-1438 (e.g., one, two, or three heavy chain HVR sequences
selected from SEQ ID NOs:143-145 and/or one, two, or three light chain HVR sequences
selected from SEQ 1D NOs:146-148). 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:148-153 {e.g., one, two, or three heavy chain HVR sequences selected from
SEQ 13 NOs:149-151 and/or one, two, or three light chain HVR seguences 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 from SEQ 1D NGs:135-160 (e.z., one,
two, or three heavy chain HVR sequences selected from SEQ ID NGs:155-157 and/or one,
two, or three light chain HVR sequences selected from SEQ D NOs:158-160). In some
embodiments, the antibody comprises oune, 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, tive, or six HVR sequences having an amino acid sequence selected
frora SEQ D NOs:161-166 {e. 2., one, two, or three heavy chain HVR sequences selected
from SEQ 1D NOs:161-163 and/or one, two, or three light chain BVR sequences selected
from SEQ D NOs: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 comaprises 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 NOs:
161, 168, and 163 and/or one, two, or three light chain HVR sequences selected from SEQ
ID NOs:170-172). In some embodiments, the antibody comprises one, two, three, four,
five, or six HVR sequences from antiboedy 27 {e.g., as listed in Table 2). In somc
embodiments, the antibody comprises oune, two, three, four, five, or six HVR sequences
having an amino acid sequence selected from SEQ ID NQGs: 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 comprises one, two, three, four, five, or
six HVR sequences from antibody 66 {(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 sclected from SEQ D NOGs:162, 163, 179, and 182-184 {e.g., one, two, or three
heavy chain HVR sequences selected from SEQ ID NOs: 162, 163, and 179 and/or one,
two, or three light chain HVR sequences selected from SEQ ID NOs:182-184). In some
cmbodiments, the antibody comprises (a) a VH domain comprising an HVR-H1 comprising
the amino acid sequence of SEQ [D NO:143, 202, 204, or 205, an HVR-H2 comprising the
amino acid sequence of SEQ ID NO:144, 203, or 206, and an HVR-H3 comprising the
amino acid sequence of SEQ 1D NG:145 or 207; andfor (b) a V1. 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 comprises (a) a VH domain comprising an HVR-H1 comprising the amino acid
sequence of SEQ D NO:149, 211, 213, or 214, an HVR-HZ comprising the amino acid
sequence of SEQ 1D NO:150, 212, or 215, and an HVR-H3 comprising the amino acid
sequence of SEQ 1D NO:151 or 216; and/or (b) a VL. domain comprising an HYR-L1
coraprising the amino acid sequence of SEQ D 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 D3 NG: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-HZ 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 NG: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:158 or 225, an HYR-L2 comprising the amine acid sequence of SEQ ID
NO:15% or 226, and an HVYR-L3 comprising the amino acid sequence of SEQ 1D NO:160.
In some embodiments, the antibody comprises (a) a VH domain comprising an HVR-H1
comprising the amino acid sequence of SEQ ID NG:161, 191, or 194, an HVR-H2
comprising the amino acid sequence of SEQ ID N(:162, 192, or 195, and an HVR-H3
coraprising 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 NO: 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 NG:161, 191, or 194, an HVR-H2 comprising the amino acid sequence of SEQ ID
NG 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 comprising the amino acid
sequence of SEQ ID NO: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 (a) 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(:174, 199, or 201, and an HVR-H3
cornprising the amino acid sequence of SEQ D NO:163 or 193; and/or (b} a VL domain
comprising an HVR-L1 comprising the amino acid sequence of SEQ ID NO:176, an HVR-
LZ comprising the amino acid sequence of SEQ ID NG:177, and an HVR-L3 comprising
the amino acid sequence of SEQ 1D NO:178. In some embodiments, 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 HYR-L1 comprising the amino acid sequence of SEQ D NO:182,
an HVR-1.2 comprising the amino acid sequence of SEQ ID NO:183, and an HVR-L3
comprising the amino acid sequence of SEQ 1D NO:184. In some embodiments, the
antibody comprises 2 VH domain comprising the amino acid sequence of SEQ 1D NO:135
and/or a V19 domain comprising an HYR-L1 comprising the amino acid sequence of SEQ
ID NG:164, an HVR-LZ comprising the amino acid sequence of SEQ ID NG: 1635, 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 1D

26



WO 2018/057669 PCT/US2017/052592

NO:137 and/or a VL domain comprising an HVR-L1 comprising the amino acid sequence
of SEQ ID NO:170, an HYR-L2 comprising the amino acid sequence of SEQ 1D NO:171,
and an HVR-L3 comprising the amino acid sequence of SEQ 1D NG:172. In some
cmbodiments, the antibody comprises a VH domain comprising the amino acid sequence of
SEQ ID NG:139 and/or a VL domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ 1D NO: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 [D NG:178. In
some embodiments, the antibody comprises a VH domain comprising the amine acid
sequence of SEQ 1D 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 arino acid sequence
of SEQ ID NO:183, and an HVR-L3 comprising the amine acid sequence of SEQ ID
NO:184. In some embodiments, the antibody comprises 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 {(a} a VH domain comprising one, two, or three HVR sequences from
SEQ 1D NO:24Z; andfor (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 anttbody 45 (e.g., as listed in Table 2). In some
cmbodiments, the antibody comprises (a) a VH domain comprising one, two, or three HVR
sequences from SEQ 1D NO:244; and/or (b) a 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 1D NO:135 and/or a VL domain
comprising an HYR-L1 comprising the amino acid sequence of SEQ 1D NO:164, 170, 176,
or 182; an HVR-L2 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 [D NO:166, 172, 178, or
184. In some embodiments, the antibody comprises a VH domain comprising the amino
acid sequence of SEQ 1D NO:137 and/or a VL domain comprising an HYR-L1 comprising
the amino acid sequence of SEQ 1D NO:164, 170, 176, or 182; an HVR-L2 comprising the
amino acid sequence of SEQ ID NO:163, 171, 177, or 183; and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:166, 172, 178, or 184, In some entbodiments, the
antibody comprises a VH domain comprising the amino acid sequence of SEQ 1D 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-L2 comprising the amino acid sequence of SE(Q 1D
NO:165, 171, 177, or 183; and an HYR-L3 comprising the amino acid sequence of SEQ 1D
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NO:166, 172, 178, or 184. 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 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 comprising the amino acid sequence of SEQ ID NO: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 some 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 examples, 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 comprises: (a) a heavy chain variable (VH) domain comprising (i) an HVR-H1
sequence comprising the amino acid sequence of NFAMT (SEQ ID NO:175), NFAVT
(SEQ ID NO:204), or NFALT (SEQ ID NO:305), (ii) an HVR-H2 sequence comprising the
amino acid sequence of TIGSGDTYYADSVKG (SEQ ID NO:144), and (iii) 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 (i) 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 ID NO:147), and (iii)
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% identical to the amino acid sequence of SEQ ID NO: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 ID 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 ID NO:97; the VH domain

comprises the amino acid sequence of SEQ ID NO:327, and the VL domain comprises the
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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:258, 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: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 NO:327, and the VL domain comprises the amino acid sequence of
SEQ ID NO:312.

[0013] In other examples, 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 comprises: (a) a heavy chain variable (VH) domain comprising (i) an HVR-H1
sequence comprising the amino acid sequence of [YAMS (SEQ ID NO:269), IYAVS (SEQ
ID NO:213), or IYALS (SEQ ID NO:306), (ii) an HVR-H2 sequence comprising the amino
acid sequence of TIGADDTYYADSVKG (SEQ ID NO:150), and (iii) an HVR-H3
sequence comprising the amino acid sequence of DSTVGWSGDFFDY (SEQ ID 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), (ii) 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 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 NO: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 ID 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 NO:247, 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 NO:259, 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 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 ID NO:127, and the VL domain comprises the amino acid
sequence of SEQ ID NO:248; the VH domain comprises the amino acid sequence of SEQ
ID NO:247, and the VL. domain comprises the amino acid sequence of SEQ ID NO:248; the
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VH domain comprises the amino acid sequence of SEQ ID NO:259, and the VL. domain
comprises the amino acid sequence of SEQ ID 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 NO:248.

[0014] In other examples, 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 comprises: (a) a heavy chain variable (VH) domain comprising: (i) an HVR-H1
sequence comprising the amino acid sequence of X;X2DX3N, wherein X;is S or T; X2 is Y
or S; and X3is M, L, or V (SEQ ID NO:307); (ii) an HVR-H2 sequence comprising the
amino acid sequence of LISGSGEIX;YYADSVKG, wherein X is [ or T (SEQ ID
NO:308); and (iii) an HVR-H3 sequence comprising the amino acid sequence of
EX1X2X3YRFFDX4, wherein X;jis Nor D; Xois Nor D; XzsisRorM; and X4sisDor 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 RAX;QSVYX>YLA, wherein X is S
or D; and X2 is T or S (SEQ ID NO:310); (ii) an HVR-L2 sequence comprising the amino
acid sequence of X1AX>X3RAX4, wherein X is G, A, or D; Xsis Sor R; X3is S, N, or T;
and X4 is T or A (SEQ ID NO:311); and (iii) an HVR-L3 sequence comprising the amino
acid sequence of QQYYDRPPLT (SEQ ID NO:160). In some embodiments, the antibody
comprises (a) a heavy chain variable (VH) domain comprising (i) an HVR-H]1 sequence
comprising the amino acid sequence of SYDMN (SEQ ID NO:270), SYDVN (SEQ ID
NO:221), or SYDLN (SEQ ID NO:313), (ii) an HVR-H2 sequence comprising the amino
acid sequence of LISGSGEIIYYADSVKG (SEQ ID NO:156), and (iii) an HVR-H3
sequence comprising the amino acid sequence of ENNRYRFFDD (SEQ ID 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), (ii) an HVR-
L2 sequence comprising the amino acid sequence of GASSRAT (SEQ ID NO:159), and
(iii) an HVR-L3 sequence comprising the amino acid sequence of QQYYDRPPLT (SEQ
ID 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 sequence that is at least 90% identical
to the amino acid sequence of SEQ ID NO:134, 250, or 251. In some embodiments, the
VH domain comprises the amino acid sequence of SEQ ID NO:133, and the VL. domain

comprises the amino acid sequence of SEQ ID NO: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 ID NO:134; 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 NO: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 ID 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 NO:250; 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 NO:250; the
VH domain comprises the amino acid sequence of SEQ ID 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 ID NO:251; 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 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 ID NO:134; 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 NO:250; or 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
NO:251.

[0015] In other examples, 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 comprises: a heavy chain variable (VH) domain comprising: an HVR-H1
sequence comprising the amino acid sequence of X1X>AX3S, wherein X; is S or T; Xo is N,
Y, H, or D; and X3is M, L, or V (SEQ ID NO:297); an HVR-H2 sequence comprising the
amino acid sequence of GISX1X>X3X4X5X6Y Y X7X3SXoKG, wherein X is A or S; X2 is G,
S, orabsent; X318 S, Dor G; X4is Gor S; X5is D, S, or G; Xe¢is Tor A; X7is P, G, V, 1,
A, orS; Xgis A, D, or G; and X9 is V or M (SEQ ID NO:298); and an HVR-H3 sequence
comprising the amino acid sequence of ETWNHLFDY (SEQ ID NO:193); and/or a light
chain variable (VL) domain comprising: an HVR-L1 sequence comprising the amino acid
sequence of SGGX X2 X3SX4YYXs, wherein X is D, G, S, I, or absent; X2is S, W, G, Y,
D, orabsent; X3is S, Y, T, or D; X4is H, T, S, or Y; and X5 is G or A (SEQ ID NO:299);
an HVR-L?2 sequence comprising the amino acid sequence of SDX;X>RPX3, wherein X is

Dor N; Xz is E, K, or Q; and X3 is S or P (SEQ ID NO:300); and an HVR-L3 sequence
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comprising the amino acid sequence of X1X>YDX3X4X5YXeNX7, wherein X1 is G or A; X»
isGorA; X3isG,Y,Q,S,orA; Xsis S, R,orT; Xsis Tor S; Xsis A, L V, L, or T; and
X71s T, A, D, or P (SEQ ID NO:301). In other examples, 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 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;AX>S, wherein X is N or Y; and wherein X is M, L, or V
(SEQ ID NO:302); an HVR-H2 sequence comprising the amino acid sequence of
GISX1GXoXs3DTYYX4XsSVKG, wherein X 1s A or S; X218 G or absent; X3 is S or G; X4
is P, G, or V; and X5 is A or D (SEQ ID NO:303); and an HVR-H3 sequence comprising
the amino acid sequence of ETWNHLFDY (SEQ ID NO:193); and/or a light chain variable
(VL) domain comprising: an HVR-L1 sequence comprising the amino acid sequence of
SGGX1YSSYYYA, wherein X; is S or A (SEQ ID 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 NO: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 ID NO:271), or SNALS
(SEQ ID NO:318), (ii) an HVR-H2 sequence comprising the amino acid sequence of
GISAGGSDTYYPASVKG (SEQ ID NO:195), and (iii) an HVR-H3 sequence comprising
the amino acid sequence of ETWNHLEFDY (SEQ ID NO: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 ID 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 NO:194), SNAVS (SEQ ID NO:271), or SNALS (SEQ ID NO:318), (ii)
an HVR-H2 sequence comprising the amino acid sequence of GISSGSDTYYGDSVKG
(SEQ ID NO:197), and (iii) an HVR-H3 sequence comprising the amino acid sequence of
ETWNHLEDY (SEQ ID NO: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 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 ID NO:200), SYAVS
(SEQ ID NO:272), or SYALS (SEQ ID NO:319), (ii) an HVR-H2 sequence comprising the
amino acid sequence of GISSGGDTYYVDSVKG (SEQ ID NO:201), and (iii) an HVR-H3
sequence comprising the amino acid sequence of ETWNHLFDY (SEQ ID NO:193). In
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some embodiments, the VH dormain comprises an amino acid sequence that is atf least 90%
identical to the amino acid sequence of SEQ D N(:139, 267, 268, or 332. In some
cmbodiments, the VL domain comprises the sequence FWI1—HVR-LI—FW2—HVR-
L2
amino acid sequence SYELTQPPSVSVSPGUTARITC (SEQ ID NO:314), FW2 comprises
the amino acid sequence WYQQKPGQAPVTLLY (SEQ ID NO:315), FW3 comprises the
amino acid sequence NIPERFSGSSSGTTVTILTISGVQAEDEADYYC (SEQ ID NG:316),
and FW4 comprises the amino acid sequence FGGGTKLTVL (SEQ ID NO:317). In some

FW3—HVR-L3—FW4 (N-terminus to C-terminus}, wherein FW 1 comprises the

cmbodiments, the VL domain comprises (1) an HVR-L.1 sequence comprising the amino
acid sequence of SGGSYSSYYYA (SEQ 1D NO:170), (i) an HVR-L.2 sequence
comprising the amino acid sequence of SDDKRPS (SEQ ID N(G:336), and (iii} an HVR-L3
scquence comprising the amino acid sequence of GGYDQSSYTNP (SEQ 1D NOG:172). In
some embodiments, the VL domain comprises an amino acid sequence that is af least 90%
identical to the amino acid sequence of SEQ ID NG:252. In some embodiments, the VL
domain comprises (i) an HVR-L1 sequence comprising the amine acid sequence of
SGGAYSSYYYA (SEQ ID NO:261), (i) an HVR-L2 sequence comprising the amino acid
sequence of SDDKRPS (SEQ D NCG:336), and {11 an HVR-L3 sequence comprising the
amine acid sequence of GGYDQSSYTNP (SEQ 1D NO:172). In some embodiments, the
VL domain comprises an amino acid sequence that is at least 90% identical to the amino
acid sequence of SEQ ID NG:262. In some embodiments, the VH domain comprises the
amino acid sequence of SEQ D N(O:263, and the VL domain comprises the amino acid
sequence of SEQ 1D NO:257; the VH domain comprisces the amino acid sequence of SEQ
1D NO:264, and the VL domain comprises the amino acid sequence of SEQ [D N(G:252; the
VH domain comprises the amino acid sequence of 3EQ 1D NO:330, and the VL domain
comprises the amino acid sequence of SEQ [D NO: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 1D NO:232; the VH domain comprises the amino acid sequence of SEQ
1D NO:137, and the VL domain comprises the amine acid sequence of SEQ ID NG:252; the
YH domain comprises the amine acid sequence of SEQ 1D NO:139, and the VI, 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:232; the VH domain comprises the amino acid sequence of SEQ

1D NO:266, and the VL domain comprises the amino acid sequence of SEQ 1D NG:232; the
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VH domain comprises the amino acid sequence of SEQ ID NO:331, 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:267, 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: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 NO:263, 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:264, 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: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 NO:265, 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:266, 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: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 amino acid
sequence of SEQ ID NO:262; 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 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 NO:262; the VH domain comprises the
amino acid sequence of SEQ ID NO:135, 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:137, and the VL domain comprises the amino acid sequence of SEQ ID NO:262; or
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 NO:262.

[0016] In other examples, 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 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 ID NO:296. In some embodiments, the antibody binds to the human
SIRP-a v1 polypeptide at 131, V33, Q52, 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 v1
polypeptide at one or more amino acid positions selected from the group consisting of L30,
P32, E54, T62, N71, M72, F74, and R95, according to SEQ ID NO:296. In some
embodiments, the antibody further binds to the human SIRP-a v1 polypeptide at L30, P32,
E54, T62, N71, M72, F74, and R95, according to SEQ ID NO:296.

[0017] In other examples, 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 binds to a human SIRP-a v1 polypeptide at one or more amino acid positions
selected from the group consisting of 17, P9, D10, K11, S12, A42, A108, and E111,
according to SEQ ID NO:296. In some embodiments, the antibody binds to the human
SIRP-a v1 polypeptide at K11, A42, A108, and E111, according to SEQ ID NO:296. In
some embodiments, the antibody binds to the human SIRP-a v1 polypeptide at I7, P9, D10,
K11, S12, A108, and E111, according to SEQ ID NO:296. In some embodiments, the
antibody further binds to the human SIRP-a v1 polypeptide at one or more amino acid
positions selected from the group consisting of L14, T26, T28, T88, Y90, S106, S113, and
A116, according to SEQ ID NO:296. In some embodiments, the antibody further binds to
the human SIRP-a v1 polypeptide at L14, T88, Y90, S106, S113, and A116 of human
SIRP-a vl1, according to SEQ ID NO:296. In some embodiments, the antibody further
binds to the human SIRP-a v1 polypeptide at .14, T26, and T28, according to SEQ ID
NO:296.

[0018] Disclosed is an isolated antibody that binds an extracellular domain of a human
SIRP-a polypeptide (e.g., the D1 domain), wherein the antibody binds to a human SIRP-a
v1 polypeptide at one or more amino acid positions selected from the group consisting of
E47, 148, P58, R59, T82, and A84, according to SEQ ID NO:296. In some embodiments,
the antibody binds to the human SIRP-a v1 polypeptide at E47, L48, P58, R59, T82, and
A84, according to SEQ ID NO:296. In some embodiments, the antibody further binds to
the human SIRP-a v1 polypeptide at one or more amino acid positions selected from the
group consisting of A17, P44, G45, 149, E54, G55, H56, F57, and P83, according to SEQ
ID NO:296. In some embodiments, the antibody further binds to the human SIRP-a v1
polypeptide at A17, P44, G45, 149, E54, G55, H56, F57, and P83 of human SIRP-a v1,
according to SEQ ID NO:296.

[0019] In other examples, provided herein is an isolated antibody that binds an

extracellular domain of a human SIRP-a polypeptide (e.g., the D1 domain), wherein the
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antibody binds the extracellular domain of a human SIRP-a 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. 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-a v1
polypeptide and the D1 domain of a human SIRP-a v2 polypeptide. In some embodiments,
the antibody binds an extracellular domain of a cynomolgus SIRP-a polypeptide. In some
embodiments, the antibody binds an extracellular domain of a human SIRP-f polypeptide.
In some embodiments, the antibody binds an extracellular domain of a human SIRP-y
polypeptide. In some embodiments, the antibody binds an extracellular domain of a murine
SIRP-a polypeptide.

[0020] In other examples, 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 binds the D1 domain of a human SIRP-a polypeptide, and wherein the antibody
does not block binding between an extracellular 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-a with a dissociation constant (Kp) of less than
100nM. In some embodiments, the antibody binds the D1 domain of a human SIRP-a v1
polypeptide with a dissociation constant (Kp) of less than 100nM and/or binds the D1
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-a v1
polypeptide and the D1 domain of a human SIRP-a v2 polypeptide. In some embodiments,
the antibody binds an extracellular domain of a cynomolgus SIRP-a polypeptide. In some
embodiments, the antibody binds an extracellular domain of a human SIRP-f polypeptide.
In some embodiments, the antibody binds an extracellular domain of a murine SIRP-a
polypeptide.

[0021] In other examples, 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 human SIRP-a 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 119, 120, 121, 122, 21, 25, 27, 66, and 135. Disclosed is
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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 human SIRP-a 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:120
and a light chain variable (VL) domain comprising the amino acid sequence of SEQ ID
NO:97; (b) a heavy chain variable (VH) domain comprising the amino acid sequence of
SEQ ID NO:121 and a light chain variable (VL) domain comprising the amino acid
sequence of SEQ ID NO:98; (c) a heavy chain variable (VH) domain comprising the amino
acid sequence of SEQ ID NO:130 and a light chain variable (VL) domain comprising the
amino acid sequence of SEQ ID NO:107; (d) a heavy chain variable (VH) domain
comprising the amino acid sequence of SEQ ID NO:122 and a light chain variable (VL)
domain comprising the amino acid sequence of SEQ ID NO:99; (e) a heavy chain variable
(VH) domain comprising the amino acid sequence of SEQ ID NO:135 and a light chain
variable (VL) domain comprising the amino acid sequence of SEQ ID NO:136; (f) a heavy
chain variable (VH) domain comprising the amino acid sequence of SEQ ID NO:137 and a
light chain variable (VL) domain comprising the amino acid sequence of SEQ ID NO:138;
(g) a heavy chain variable (VH) domain comprising the amino acid sequence of SEQ ID
NO:139 and a light chain variable (VL) domain comprising the amino acid sequence of
SEQ ID NO:140; (h) a heavy chain variable (VH) domain comprising the amino acid
sequence of SEQ ID NO:141 and a light chain variable (VL) domain comprising the amino
acid sequence of SEQ ID NO:142; or (i) a heavy chain variable (VH) domain comprising
the amino acid sequence of SEQ ID NO:127 and a light chain variable (VL) domain
comprising the amino acid sequence of SEQ ID NO:104.

[0022] In other examples, 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 human SIRP-a 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 136 and 137. Disclosed 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 human SIRP-a 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 NO:134; or (b) a heavy chain
variable (VH) domain comprising the amino acid sequence of SEQ ID NO:128 and a light
chain variable (VL) domain comprising the amino acid sequence of SEQ ID NO:105.
[0023] Disclosed 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 human SIRP-a 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 3, 213, 173, and
209. Disclosed 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 human SIRP-a 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:242 and a light chain variable (VL) domain comprising the amino
acid sequence of SEQ ID NO:243; (b) a heavy chain variable (VH) domain comprising the
amino acid sequence of SEQ ID NO:275 and a light chain variable (VL) domain
comprising the amino acid sequence of SEQ ID NO:276; (c) a heavy chain variable (VH)
domain comprising the amino acid sequence of SEQ ID NO:278 and a light chain variable
__(VL) domain comprising the amino acid sequence of SEQ ID NO:279; or (d) a heavy chain
variable (VH) domain comprising the amino acid sequence of SEQ ID NO:280 and a light
chain variable (VL) domain comprising the amino acid sequence of SEQ ID NO:281.
[0024] Disclosed 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 human SIRP-o, 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. Disclosed 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 human SIRP-a. polypeptide with a reference anti-SIRP-o
antibody comprising: (a) a heavy chain variable (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 ID NO:93; (b) a heavy chain variable (VH) domain comprising the
amino acid sequence of SEQ ID NO:117
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and a light chain variable (VL) domain comprising the amino acid sequence of SEQ ID
NO: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 ID NO:95; (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 NO:283.

[0025] In other examples, 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 human SIRP-a 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 218, 123, 149, 161, 162, and 194. Disclosed 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 human SIRP-a 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; (b) a heavy chain variable
(VH) domain comprising the amino acid sequence of SEQ ID NO:123 and a light chain
variable (VL) domain comprising the amino acid sequence of SEQ ID NO:100; (c) a 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 ID NO:287;
(d) a heavy chain variable (VH) domain comprising the amino acid sequence of SEQ ID
NO:288 and a light chain variable (VL) domain comprising the amino acid sequence of
SEQ ID NO:289; (e) a heavy chain variable (VH) domain comprising the amino acid
sequence of SEQ ID 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 ID NO:292 and a light chain variable (VL) domain
comprising the amino acid sequence of SEQ ID NO:293.

[0026] In other examples, 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 human SIRP-a polypeptide
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with a reference anti-SIRP-o antibody comprising a heavy chain variable (VH) domain and
a light chain variable (VL) domain of antibody 45. Disclosed 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 human SIRP-a
polypeptide with a reference anti-SIRP-a 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.

[0027] In some embodiments of any of the above embodiments, the antibody enhances
phagocytosis by a macrophage expressing a human SIRP-a polypeptide. In some
embodiments, the antibody enhances activation of a dendritic cell expressing a human
SIRP-o polypeptide. In some embodiments, the antibody inhibits in vivo growth of a tumor
that expresses CD47. In some embodiments, the antibody does not prevent interactions
between a CD47-expressing cell and a T cell.

[0028] 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, or single light chain antibody. In some

embodiments, the antibody comprises a light chain constant region comprising the amino

.—.acid sequence of SEQ ID NO:325,.326, 0r426.. In some embodiments, the antibody. -

comprises an amino acid sequence selected from the group consisting of SEQ ID NOs:320-
324. In some embodiments, the antibody comprises an Fc region. In some embodiments,
the Fc region is a human Fc region selected from the group consisting of an IgG1 Fc region,
an IgG2 Fc region, and an IgG4 Fc region. In some embodiments, the Fc region comprises
a human IgG1 Fc region comprising one or more mutations selected from the group
consisting of L234A, L235A, L235E, G237A, and N297A, according to EU numbering. In
some embodiments, the Fc region comprises a human IgG2 Fc region comprising one or
more mutations selected from the group consisting of A330S, P331S and N297A, according
to EU numbering. In some embodiments, the Fc region comprises a human IgG4 Fc region
comprising one or more mutations selected from the group consisting of S228P, E233P,
F234V,L235A, L235E, delG236, and N297A, 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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[0029] In some embodiments, the antibody is a bispecific antibody. In some
embodiments, the antibody comprises a first antigen binding domain that binds an
extracellular domain (e.g., the D1 domain) of a human SIRP-a 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, CD52, CD56, CD70, CD74, CD79b, CD123,
CD138, CS1/SLAMF7, Trop-2, 5T4, EphA4, BCMA, Mucin 1, Mucin 16, PD-L1, PTK7,
STEAPI1, Endothelin B Receptor, mesothelin, EGFRVIII, ENPP3, SLC44A4, GNMB,
nectin 4, NaPi2b, LIV-1A, Guanylyl cyclase C, DLL3, EGFR, HER2, VEGF, VEGFR,
integrin aVB3, integrin a5p1, MET, IGF1R, TRAILR1, TRAILR2, RANKL, FAP,
Tenascin, LeY, EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CAIX, EPHA3, folate
receptor a, GD2, GD3, and an MHC/peptide complex comprising a peptide from NY-ESO-
1/LAGE, SSX-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, MUCI1, PRAME,

survivin, BRCA1, BRCA2, CDK4, CML66, MART-2, p53, Ras, pB-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.

[0030] In other aspects, provided herein are polynucleotides comprising any one of the
antibodies as disclosed herein. In other aspects, provided herein are vectors comprising any
one of the polynucleotides as disclosed herein. In other aspects, provided herein are host
cells comprising any one of the polynucleotides or vectors as disclosed herein. In other
aspects, provided herein are methods of producing an antibody, comprising culturing any
one of the host cells as disclosed herein such that the antibody is produced. In some
embodiments, 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 individual, the methods comprising administering to the individual an effective
amount of the antibody according to any one of the above embodiments. In another aspect,
there is provided use of an effective amount of the antibody disclosed herein in the
manufacture of a medicament for treating or delaying progression of cancer in an
individual. In some embodiments, the methods further comprise administering to the
individual an effective amount of a second 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, CD20, CD22, CD34, CD33, CD38, CD32,
CH56, CDYT0, CD74, CD79b, CD123, CDI38, CSU/SLAMET, Trop-2, 514, EphA4,
BCMA, Mucin 1, Mucin 16, PTE7, STEAP], Endothelin B Receptor, mesothelin,
EGERVIY, ENPP3, SLOC44A4, GNMB, nectin 4, NaPi2b, LIV-1A, Guanylyl cyclase ,
BLL3. EGFR, HERZ, VEGF, VEGFR, integrin ¢V33, integrin o581, MET, IGFIR,
TRAILRI, TRAILR2, RANKL, FAP, Tenascin, Le”, EpCAM, CEA, gpA33, PSMA,
TAGT2, a mucin, CAIX, EPHAJ, folate receptor g, GD2, GD3, and an MHC/pepude
complex comprising a peptide from NY-ESO-1/LAGE, SSX-2, a MAGE family protein,
MAGE-A3, gpli0/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, MUCT, PRAME, survivin, BRCAL, BRCAZ, CDK4, CML66, MART-2, p33,
Ras, f-catenin, TGF-PRU, HPV E6, or HPV E7. In some embodiments, the methods
further comprise administering to the individoal an effective amount of an
innnunotherapeutic agent. In some embodiments, the immunotherapeutic agent comprises
a second antibody. In some erabodiments, the second antibody binds to an antigen selected
from the group consisting of PD-1, PD-L1, OX40, CTLA-4, CD137/4-1BB, TNFR2, B7-
H3, FZD7, CD27, CCR4, CSFIR, CSF, TIM-3, LAG-3, VISTA, ICOS, CCR2, IDO, AZR,
D39, CD73, TIGIT, CDRO, D47, arginase, TD0O, and PVRIG. In some embodiments,
the first antibody binds the extracellular domain of a human SIRP-g vi polypeptide, the
extraceliular domain of a human SIRP-¢ v2 polypeptide, or the extracellular domains of
both a human SIRP-a v 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. In some
embodiments, the first antibody binds the D1 domain of 2 human SIRP-a polypeptide,
wherein the first antibody does not block binding between an extracellular domain of a
buman SIRP-a 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 human SIRP-a vl polypeptide with a dissociation constant
(Kp) of less than 100nM, wherein the first antibody blocks binding between an extracellular
domain of a human SIRP-a polypeptide and an IgSF domain of a human D47 polypeptide,
and whercin the second antibody hinds to PD-L1. In some embodiments, the first antibody

binds the D1 dormain of a human 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 IgSF
domain of a human CD47 polypeptide, and wherein the second antibody binds to PD-L1.
In some embodiments, the individual is a human.

[0032] Further provided herein are methods of treating or delaying progression of an
autoimmune disease or an inflammatory 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 another aspect, there is provide use of an effective amount of
the antibody disclosed herein in the manufacture of a medicament for treating or delaying
progression of an autoimmune disease or an inflammatory disease in an individual. In some
embodiments, the autoimmune disease or inflammatory disease is selected from the group
consisting of multiple sclerosis, rheumatoid arthritis, a spondyloarthropathy, systemic lupus
erythematosus, an antibody-mediated inflammatory 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, I[gA
nephropathy, polycystic kidney disease, myasthenia gravis, idiopathic pulmonary fibrosis,
asthma, atopic dermatitis, acute respiratory distress syndrome (ARDS), vasculitis, and
inflammatory autoimmune myositis. In some embodiments, the individual is a human.
[0033] In other examples, 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-a
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-o D1 variant bound to a polypeptide comprising
an IgSF domain of CD47, wherein the SIRP-a 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; (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-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
human SIRP-a 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-a D1 variant bound to a polypeptide comprising an IgSF domain of CD47, wherein
the SIRP-a 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; 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-a polypeptide.
In other examples, 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 blocks binding between human CD47 and the human SIRP-a 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-a D1 variant bound to a polypeptide comprising an IgSF domain of
CD47, wherein the SIRP-a D1 variant is a non-naturally occurring high affinity SIRP-a 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; (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-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
blocks binding between human CD47 and the human SIRP-a polypeptide, the methods
comprising contacting an antibody or antigen binding domain that binds the extracellular
domain (e.g., the D1 domain) of a human SIRP-a polypeptide with a complex comprising a
SIRP-a D1 variant bound to a polypeptide comprising an IgSF domain of CD47, wherein
the SIRP-a 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; 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 some
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embodiments, the SIRP-a D1 variant comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs:17-52. In some embodiments, the I[gSF domain of CD47
comprises the amino acid sequence of SEQ ID 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 Fc region.

[0034] In another example, there is provided a method of producing an anti-SIRP-a
antibody that binds the extracellular domain of a human SIRP-a polypeptide, the method
comprising: detecting binding between the antibody obtained from an antibody-producing
cell and the extracellular domains of a human SIRP-a polypeptide, wherein binding
between the antibody and the extracellular domain of the human SIRP-a polypeptide
indicates that the antibody is an anti-SIRP-a antibody that binds the extracellular domain of
a human SIRP-a variant polypeptide, and wherein the antibody-producing cell is to be
obtained from a chicken that has been immunized with a peptide comprising at least a
portion of a human SIRP-a extracellular domain. Further provided herein are methods of
producing an anti-SIRP-a antibody that binds the extracellular domain (e.g., the D1
domain) of a human SIRP-a polypeptide, the methods comprising: (a) immunizing a
chicken with a peptide comprising at least a portion of a human SIRP-a extracellular
domain (e.g., the D1 domain); (b) obtaining an antibody from an antibody-producing cell
from the immunized chicken; and (c) detecting binding between the antibody obtained
from the cell and the extracellular domains (e.g., the D1 domains) of a human SIRP-a
polypeptide, wherein binding between the antibody and the extracellular domain (e.g., the
D1 domain) of the human SIRP-a polypeptide indicates that the antibody is an anti-SIRP-a
antibody that binds the extracellular domain (e.g., the D1 domain) of a human SIRP-a
variant polypeptide. In some embodiments, the antibody is a chicken, humanized,
chimeric, or human antibody. 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. 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
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYNQKEGHF
PRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELS
VRAKPS (SEQ ID NO:5). In some embodiments, the antibody binds an extracellular
domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide comprising the amino acid
sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQKEGHFP
RVTTVSESTKRENMDEFSISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRA
KPS (SEQ ID NO:6). 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
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYNQKEGHF
PRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELS
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VRAKPS (SEQ ID N(O:5) and binds an extracellular domain {e.g., the D1 domain) of a
human SIRP-a v2 polypeptide comprising the amine acid sequence of
EEELQVIQPDESVSVAAGESAILHCTVTSLIPVGPIQWIFRGAGPARELIYNQKEGHFP
RVTTVSESTRRENMDFESISISNITPADAGTY YCVRIFRKGSPDTEFKSGAGTELSVRA
KPS (SEQ ID NO:6). In some embodiments, the antibody binds the extracelluiar domains
{e.g., the D1 domains) of three, four, five, six, seven, cight, nine or ten different human
SIRP-a variant polypeptides. In some embodiments, each of the three, four, five, six,
seven, eight, nine or ten different human SIRP-a variant polypeptides comprises an
extracellular domain (c.g.. the D1 domain) comprising an amino acid sequence sclected
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-u polypeptides
selected from the group consisting of a monkey SIRP-a polypeptide, a murine SIRP-a
polypeptide, a human SIRP-8 polypeptide, and a human SIRP-y polypeptide. In some
embodiments, the antibody binds an extracellular domain {e.g., the D1 domainj of a
monkey SIRP-g polypeptide. In some embodiments, the monkey SIRP-u polypeptide is a
cynomolgus SIRP-a polypeptide. In some embodiments, the antibody binds the
cxtracellular domains (2.g., the B1 domains) of at least two different monkey SIRP-o
variant polypeptides. In some embodiments, the antibody binds an extracellular domain
{(e.g.. the D1 domain) of a cynomolgus SIRP-a 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 {2 NG:12, orboth. 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 extraceliular
domains {(e.g., the D1 domains) of two or more different murine SIRP-o variant
polypeptides. In some embodiments, the antibody binds an extracellular domain (e.g., the
D1 domain} of one or more murine SIRP-u polypeptides, and wherein the one or more
murine SIRP-g¢ polypeptides cach comprise an amino acid sequence selected from the
group consisting of SEQ {D NOs: 7-10. In some embodiments, the antibody binds an
extraceliular domain (e.g., the D1 domain) of a human SIRP-§ polypeptide. In some
embodiments, the antibody binds an extracelular domain (e.g., the D1 domain) of a homan
SIRP-y polypeptide. In some embodiments, the antibody does not bind an extracellular

domain (e.g., the D1 domain) of a human SIRP-3 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-§ polypeptide comprising the amino acid sequence of SEQ
ID NG:13, the extracellular domain {e.g., the D1 domain) of a human SIRP-B polypeptide
comprising the amino acid sequence of SEQ ID N(O: 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 NOG:15. In some embodiments,
the methods further comprise detecting binding o a lack of binding between the antibody
obtained from the cell and a complex comprising a SIRP-g D1 variant bound to an IgSF
dornain of CD47, wherein the SIRP-a D1 variant is a non-naterally occurring high affinity
SIRP-g D1 domain, and wherein the SIRP-g D1 variant binds to human CD47 with an
atfinity 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 S{RP-a D1 variant bound to an IgSF domain of CD47, wherein the SIRP-¢
D1 variant is 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 natrally occurring SIRP-¢ DI domain binding to human CD47. In some
cmbodiments, the antibody does not block binding between an extracellular domain {e.g.,
the 131 domain) of a human SIRP-a polypeptide and an IghF domain of a buman CD47
polypeptide. In some embodimnents, the antibody does not block binding between an
extraceliular domain {e.g., the D1 domain) of a human SIRP-o polypeptide expressed on
the surface of a first cell and an IghF 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-¢ D variant bound to an IgSF domain of CD47, wherein the 3IRP-a
D1 variant is a non-naturally occurring high atfinity SIRP-¢ [} 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. 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 human CD47
polypeptide. In some embodiments, the antibody blocks binding between an extracellular
domain (e.g., the B1 domain) of a human SIRP-¢ polypeptide expressed on the surface of a
first ccll and an IgSF domain of a human D47 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-o
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-o polypeptide expressed on the surface of a first cell reduces affinity of the
human SIRP-ao. 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-a polypeptide increases Koft
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-a polypeptide expressed on the surface of a first cell
increases kog of the human SIRP-o polypeptide for binding an IgSF domain of a human
CDA47 polypeptide expressed on the surface of a second cell. In some embodiments, the
antibody modulates SIRP-a. signaling in a cell expressing a human SIRP-a 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
cell (MDSC). In some embodiments, the antibody inhibits SIRP-o. signaling in a
macrophage expressing a human SIRP-o 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
disclosure. These and other aspects of the disclosure will become apparent to one of skill in
the art. These and other embodiments of the disclosure 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-o variant 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. 1B shows an alignment between human v1, human v2, cynomolgus
monkey, and 129 mouse SIRP-a D1 domains. Sequences shown correspond to SEQ ID
NOs: 5, 6, 11, and 7 (from top to bottom). Amino acid differences are indicated by
asterisks.

[0038] FIG. 1C shows alignments between various human and mouse SIRP-0. D1

domains, with R1, R2 and R3 loops indicated. Shown is an alignment between human vi,
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human v2, 129 mouse, NOD mouse, C57BL/6 mouse, and BALB/c mouse SIRP-g D1
dorpains. Sequences shown correspond to SEQ 1D NOs: 53-10 (from top to bottom). Amino
acid differences are indicated by asterisks.

[0339] FIG. 2 shows an alignment between homan v1, human v2, cynomolgos monkey,
129 mouse, and chicken SIRP-a D1 domains. Sequences shown correspond to SE(} 1D
NQOs: 5, 6, 11, 7, and 84 (from top to bottom). Amino acid differences are indicated by
asterisks.

{6040] FIGS. 3A & 3B show binding specificity of antibody clone $130 for a variety
of SIRP 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:1S5) and a pre-formed complex of high-affinity SIRP-a variants hound
to the Ig5F domain of CD47 (SEQ ID NO:16). The pre-formed complex was generated by
mixing two high affinity human SIRP-0 vl and v2 polypeptides (SEQ 1D NOs: 17 and 19}
in a 1:1 ratio and combining the mixture with CP47 to generate the SIRP-o:CD47 complex,
The pre-formed complex SIRP-0:CD47 complex for FIGS. 4A-98 are also prepared
similarly. FIG. 3B sumomarizes the binding specificity of the clone against each of these
targets (“+7 indicates binding; " indicates non-binding).

{0041] FIGS. 4A & 4B show binding specificity of antibody clone 121 for a variety
of SIRP peptides. FIG. 4A shows the ELISA binding curves for the antibody against the
human vi, human v2, murine, and cynomoigus SIRPo D1 domains, as well as human
SIRPy (SEQ 1D NO:15) and a pre-formed complex of high-affinity SIRP-a variants (SEQ
I NO:17 and 19) bound to the IgSF domain of CD47 (SEQ ID NO:16). FIG. 4B
summarizes the binding specificity of the clone against cach of these targets (*+7 indicates
hinding; “-” indicates non-binding).

[0042] FIGS. 5A & 3B 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
human v1, human v2, murine, and cynomolgus SIRPg DI domains, as well as human
SIRPy (SEQ 1D N(O:15) and a pre-formed complex of high-affinity SIRP-g variants (SEQ
15 NG:17 and 19) bound to the IgSF domain of CD47 (SEQ 1D NO:16). FIG. 5B
sumnarizes the binding specificity of the clone against each of these targets (“+7 indicates
binding; “-”
[0043] FIGS. 6A & 6B show binding specificity of antibody clone S128 for a variety

indicates non-binding).

of SIRP peptides. FIG. 6A shows the ELISA binding corves for the antibody against the
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buman vi, human v2, mmrine, and cynomoelgus SIRPa D1 domains, as well as human
SIRPy (SEQ ID NG:15) and a pre-formed complex of high-affinity SIRP-o variants (SEQ
D NO:17 and 19) bound to the IgSF domain of CD47 (SEG 1D NO:16). FIG. 6B
summarizes the binding specificity of the clone against each of these targets (*+” indicates
binding; -7 indicates non-binding).

{00441 FIGS. 7A & 7B show hinding specificity of antibody clone 51335 for a varicty
of SIRP peptides. FIG. 7A 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 (5EQ ID NO:15) and a pre-formed complex of high-affinity SIRP-o variants (SEQ
1D NO:17 and 19) bound to the IgSF domain of CD47 (SEQ ID NO:16). FIG. 7B
summarizes the binding specificity of the clone against cach of these targets (47 indicates
binding; “-” indicates non-hinding).

{0045] FIG5. BA & 8B show binding specificity of antibody clone S126 for a variety
of SIRP peptides. FIG. 8A shows the ELISA binding curves for the antibody against the
human v, human v2, murine, and cynomolgus SIRPa DI domains, as well as human
SIRPy (SEQ ID NO:15) and a pre-formed complex of high-affinity SIRP-g variants (SEQ
ID NG:17 and 19) bound to the IgSF domain of CD47 (SEQ 1D NO:16). FIG. 8B
summarizes the binding specificity of the clone against cach of these targets (*+” indicates
binding; “-” indicates non-binding).

{0046] FIGS. 9A & 9B show binding specificity of antibody clone S138 for a variety
of SIRP peptides.  FIG. 94 shows the ELISA binding curves for the antibody against the
human vi, human v2, murine, and cynomolgus SIRPg D1 domains, as well as human
SIRPy (SEQ ID NQO:15) and a pre-formed complex of high-affinity SIRP-q variants (SEQ
I NO:17 and 19) bound to the IgSF domain of CD47 (SEQ ID NO:16). FIG. 9B
summarizes the binding specificity of the clone against cach of these targets (+7 indicates
hinding; “-” indicates non-binding).

{30471 FIG. 10A shows an alignment of VH and V1. domains of the schHv-Fe ciones
obtained from a wild-type chicken. SEQ 1D N{s:33-60 are shown (in order from top to
bottom in the alignment). CDR and linker sequences are indicated by lines. Amino acid
differences arc indicated by asterisks.

§B064R1 FIG. 108 shows an alignment of VH and VL domains of the scFv-Fc clones

obtained from a chicken that produces human antibodies. SEQ ID NOs:61-74 are shown
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(in order trom top to bottom in the alignment). CDR and linker sequences are indicated by
lines. Amino acid differences are indicated by asterisks.
{00491 FIG., 11A shows an alignment of VH and VL domains of Family 2 clones. The
aming acid sequences of the VH domains are SEQ 1D NOs: 294, 139, 358, 362, 354, 384,
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 NGOs 295, 363, 140, 359, 3585, 351, 136, 349, 377,
138, 375, 357, 353, 381, 385, 345, 3635, 367, 365, 347, 142, 343, 371, 379, 383, 361, and
373 (in order from fop to bottom in the alignment). HVR sequences are indicated by lines.
The HVRs are according to Kabat. Amino acid differences are indicated by asterisks.
{005G] FiG. 118 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
scquences of the VL domains are SEQ 1D NGs 134, 105, 387, 389, 385, 397, 399, 403, 391,
393, and 401 (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.
{0051] FiG. 11 shows an alignment of VH and VL domains of Family 4 clones. The
amino acid sequences of the VH domains 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
/L domains are SEQ 1D NGs 93, 84, 95, 96, 283, 405, and 407 {in order from top o
hottorn in the alignment). HVR sequences arc indicated by lines. The HVRs are according
to Kabat. Amino acid differences are indicated by asterisks.
[0032] 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 bottor in the alignment). The amino acid sequences of the VL. domains
are SEQ 1D NOs 279 and 413 (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.
{00531 FIG, 11K shows an alignment of VH and VL domains of additional Family §,
Bin 4 clones. The amino acid sequences of the VH domains are SEQ ID NOs: 275 and 414
(in order from top to bottom in the alignment). The amino acid scquences of the VL

domains are SEQ 1D NOs: 276 and 415 (1n order from top to bottom in the alignment).
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HVR and linker sequences are indicated by lincs. The HVRs are according to Kabat.
Amino acid differences are indicated by asterisks.

§6054] FIG, 11F shows the sequences of VH and VL domains (SEQ TD NOs 280 and
281, respectively of Family 5, Bin 4 clone 5209. The HVR sequences are underlined.
{0055] FiG. 11G shows an alignment of VH and VL domains of Family 5, Bin §
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 bottom in the alignment). The amino acid scquences of
the VL domains are SEQ 1D NQOs: 289, 291, 409, and 411 (in order from top to bottom in
the alignment). HVR scquences are indicated by lines. The HVRs are according to Kabat.
Amino acid differences are indicated by asterisks.

{6057] Fi(s, 11 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 285, respectively.
HVR sequences arc underlined.

{0058] FIG. 11 shows an alignment of VH and VL domains of Family 1 clones. The
amino acid sequences of the VH domains are SEQ 1D NOs: 120, 121, 130, and 122 (in
order from top to bottom in the alignment). The amino acid sequences of the VL 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. Amino acid
differences arc indicated by asterisks.

[0059] FIGS. 12A-12C show surface plasmon resonance (SPR) binding profiles of
representative antibody clones binding a pre-formed coraplex of a high affinity SIRP-a
variant (SE{ ID N(O:18) mixed with increasing concentrations of the IgSF domain of CD47
(SEQ 1D NO:16). FIG. 12A shows the binding curve of an antibody clone (8123) that does
not block CD47 binding to SIRP-a (2. g., a non-blocking antibody). FIG. 128 shows the
binding curve of an antitbody clone (5119) that blocks CD47 binding to SIRP-a (e.g., a
blocking antibody). FIG, 12C shows the binding curve of an antibody clone (8118) that

binds to SIRP-u and reduces its affinity for binding CD47 (e.g., a “kick off” antibody).

46



WO 2018/057669 PCT/US2017/052592

{6060] FIGS. 13A-13G show the results of in vitro tumor cell phagocytosis assays
using macrophages treated with anti-SIRP-q antibody (at indicated series of
concentrations), cetuximab or trastuzumab, anti-SIRP-g antibody plus cetaximab or
trastuzumab, or control antibody (IgGl, «), as indicated. Macrophages that had
phagocytosed tumor cells were identified as cells posttive for CD33, CD206, and CFSE by
flow eytometry. Tumor cells assayed were DLD-1 (FIGS. 13A-13D & 13G) or OE19 cells
(FIGS., 13K & 13F). Ant-SIRP-g antibodies tested were AB3a (FIGS. 13A & 13B),
AB45a (FIGS. 130 & 13D), AB119a (FiG. 13K), AB135a (FIG. 13F), and AB136¢ (FIG.
136G

{60611 FIG. 14 shows the results of in vivo dendritic cell activation assays on dendritic
cells isolated from the spleens of Balb/c mice treated with anti-SIRP-¢ antibody AB136b,
control rat anti-mouse anti-SIRP-o antagonistic antibody (clone p84}, rat 1g control, or
mouse [g( 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 CD86 on dendritic cells was measured by flow cytometry.

{0062] FIG. 18 shows the results of an iz vivo syngeneic mouse colon carcinoma model
to assess single agent activity. MC38 cells were implanted subcutaneously in CS7BL/6
mice and randomized into groups (8 mice/group). Mice were treated with vehicle (PBS),
CD47 blocking anti-SIRP-g antibody AB25b, CD47 blocking anti-SIRP-g antibody AB25¢,
CP47 blocking anti-5IRP-a antibody AB27b, CD47 non-blocking anti-SIRP-¢ antibody
AB3b, or CD47 non-blocking anti-SIRP-o antibody 136b. Treatment was initiated when
tumors were an average of GOram’, day 7 post ioplant. Mice were dosed intraperitoneally
(IP) at 10 mg/kg twice a week for three weeks with anti-SIRP@ antibodies. Animals were
sacrificed when tumors reached a volume of ~2000mm”.

{0063] FIG. 16 shows the results of an in vivo syngeneic mouse colon carcinoma model
to assess single agent activity. 126 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 (3P) 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-o antibody clone 119

Fab binding to SIRP-q, as determined by X-ray crystallography.
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{6065 FIG. 178 shows the inferaction site between anii-SIRP-g antibody clone 119
Fab and SIRP-g, as determined by buried surface area analyses. SIRP-¢ 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: (H) = heavy chain
residue; (L) = light chain residue.

[0066] FIG. 18A shows a comparison of CD47 and anti-S{RP-g antibody clone 136
Fab binding to SIRP-g, as determined by X-ray crystallography.

{6067 FIG. 188 shows the inferaction site between anii-SIRP-g antibody clone 136
Fab and SIRP-g, as determined by buried surface area analyses. SIRP-¢ residues included
in the antibody 136 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.

[0068] FIG. 194 shows a comparison of CD47 and anti-5{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-g antibody clone 3 Fab
and SIRP-g, as determined by buried surface area analyses. SIRP-g residues included in
the antibody 3 Fab binding epitope are shaded according to buried surface area changes.
Key antibody residues in the SIRP-o paratope are indicated: (H) = heavy chain residue; (L)
= light chain residue.

{0070] FIG. 19 shows a comparison of CD47 and anti-SIRP-o antibody clone 115
Fab binding to SIRP-¢, as determined by X-ray crystallography.

{60711 FIG. 19D shows the interaction site between anti-SIRP-o antibody clone 115
Fab and SIRP-g, as determined by buried surface area analyses. SIRP-a residues inchuded
in the antibody 115 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.

[0072] FIG. 28A shows a comparison of CD47, anti-STRP-a antibody clone 119 Fab,
anti-SIRP-a antibody clong 136 Fab, anti-51RP-q antibody clone 3 Fab, anti-SIRP-¢
antibody clone 115 Fab binding to SIRP-q, as determined by X-ray crystatlography.
{00731 FIG. 208 shows the epitopes for CD47, anti-SIRP-a antibody clone 119 Fab,
anti-31RP-a antibody clone 136 Fab, anti-SIRP-a antibody clone 3 Fab, and anti-51IRP-a
antibody clone 113 Fab binding to SIRP-q, as determined by X-ray crystallography. Values

mndicate difference between surface accesstble area of each residue atom in the Fab/CiD47
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when analyzed alone vs. when analyzed in complex with SIRP-q, expressed as buried
surface arca (/3;2). Residue numbering according to SEQ 1D NO: 296,

{00741 FIG, 21 A shows a flowchart for epitope binning of anti-SIRP-a antibodies.
[0075] FIG. 218 shows results of an exemplary assay for epitope binning of anti-SIRP-
g antibodies A, B, C, L E, and F.

{00786] FIGS. 224 & 22B show the results of epitope binning of the indicated anti-
SIRP-¢ antibodies. The clone number tor the ligand {(anti-SIRPa) bound to the chip is
indicated as rows, and the clone number for the analytes (anti-SIRPo) injected over the chip
is indicated as columns. 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 anti-SIRP-¢ antibody and CD47 binding to the
SIRP-g 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
(“119_VH_W), the 119 variant heavy chain with 4 rautations (3 back-mutations to
zermline sequence in framework and one mutation in CDR-H1 removing a potential
oxidation hot spot; “VH_MutALL”), 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-rautations o germline
sequence in framework; “VH_MutAH_V34L”). Sequences depicted are: SEQ 1D NO:335
for 119_VH_Wit, SEQ ID NG:246 for VH_MutALL, SEQ 1D NO:258 for
VH_MutAll_V34M, and SEQ ID NO:327 for VH_MutAll_V34L. CDR sequences are
indicated with lines; amino acid differences are indicated by asterisks.

{60791 FIG. 248 shows alignments between the parental 119 light chain
(*115_VL_Wt")}, and the 119 variant light chain with 4 mwutations (4 back-mutations io
germaline sequence in framework; “VIL_mutAll”). Sequences depicted are: SEQ 1D NO:G7
for 119 _VL_Witand SEQ ID NO:312 for VL _mutAll. UDR sequences are indicated with
lines; amino acid differences are indicated by asterisks.

{00861 FIG. 254 shows alignments between the parental 135 light chain ("VL_wt™)
and the 135 variant light chain with 2 mutations (2 back-mountations to germline sequence in

framework; “VL_mutALL™). Sequences depicied are: SEQ 1D NO:104 for 135 VL_wt and
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SEQ D NO:248 for 135 VL_MutALL. HVR sequences are indicated with lines; amino
acid differcnces are indicated by asterisks.

{00811 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 3 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_MutAH_V34L7).

Sequences depicted arc: SEQ ID NO:341 for VH_wt, SEQ 1D NO:247 for VH_MutAll, and
SEQ ID NO:259 for VH_MutAl_V34M, and SEQ 1D NG:2328 for VH_MutAl_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 mutations (4 back-mutations to germline sequence in
framework; “VL_muotal 1.}, the 136 variant ight chain with a single I2T back-mutason
reverted to wild-type sequence in an otherwise “all mut” background (“VL_Mutall_I12T7).
Sequences depicted are: SEQ ID NO: 134 for VL _wt, SEQ 1D NO250 for VL_mutalLL,
and SEQ 1D NG:251 for VIL_Mutall_I2T. HVR sequences are indicated with lines; amino
acid differences are indicated by asterisks.

{0083] FIG. 268 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;
“VH_mutall”), the 136 variant heavy chain with 5 back-mutations to germline sequence in
framework (“"VH_Mutall_V34M”), and the 126 variant heavy chain with 3 back-mutations
to germline sequence in framework and M34L mustation ("VH_Mutall_ V3417, Sequences
depicted are: SEQ ID NG:133 for VH_wt, SEQ 1D NG:249 for VH_mutall, SEQ 1D
NG:260 for VH_Mutall_V34M, and SEQ 1D NG:329 for VH_Mutall_V34L.. HVR
sequences are indicated with lines; amino acid differences are indicated by asterisks.
{6084 FIG. 27A shows binding affinities of antibody 136 variants to six SIRP-g
proteins: human SIRP-g v1 (SEQ 1D NO:5), human SIRP-g v2 (SEQ ID NO:6),
cynomolgus SIRP-o (SEQ 1D NO:11), NOD mouse SIRP-g (SEQ 1D NG:8), BL/6 mouse
SIRP-g (SEQ ID NO:9), and BALB/C mouse SIRP-¢ (SEQ {13 NO:I8). Antibody variants
had mutant (“mut”) or parental (“wt”) light chains and mutant or parcntal heavy chains, 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 wit. A ratio of 1 means antibody had equivalent Kp to wt/wt antibody {(indicated
by dotted line); ratio of >1 indicates lower affinity than wit/wt; and ratio of <1 indicates
higher affinity than wt/wi.

[0085] FIG. 278 shows binding affinities of antibody 136 variants to seven SIRP-a
proteins: BL/G mouse SIRP-g (SEQ 1D NG:9), NOD mouse SIRP-o (SEQ ID NG:8),
BALB/c mouse SIRP-a (SEQ 1D NG:10), human SIRP-g vl (SEQ ID NO:5), human SIRP-
o v2 (SEQ ID NG:6), cynomolgus SIRP-o (SEQ ID NO:11), and human SIRP-y v1 (8EQ
ID NO:15). In addition to testing the wt 136 and all mutant 136, variants were constructed
climinating cach 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 1 means antibody had
equivalent Ky to wt/wt antibedy (indicated by dotted line); ratio of »1 indicates lower
affinity than wt/wt; and ratio of <1 indicates higher affinity than wt/wt.

{008s] FIG. 28 compares expression yield and binding affinity of antibodies having
indicated human heavy chains and humanized light chains in FreeStyle™ 293-F5 cells
{(Thermo Fisher).

{G0871 FIG, 29 shows an alignment between Homl, Hum 8, and Hum9 VL domains.
Hum8 was generated based on Hum1i but with 5 amino acid substitations near or in HVR-
L1 and L2 that increase humanness. Hum9 was generated based on Hum1 but with 4
amino acid substitutions near or in HVR-L.1 and L2 that increase humanness. SEQ 1D
NGs: 252 (Homi), 416 (Hum 8), and 262 (Hom9) are depicted. HVR seguences are
indicated with lines; amino acid differences are indicated by asterisks.

{00881 FIG. 39 shows alignments between the antibody 21 variant with germbine back-
mutations (“HC_MutAll™), the antibody 21 variant with germline back-mutations and
mutation in COR-HI removing a potential oxidation hot spot M34V
("HC_MutAll_M34V"™), the antibody 21 variant with germiine back-mutations and M34L
mutation “HC_MutAll_M34L."), the antibody 25 variant with germline back-mutations
(“"HC_MutAll”™), the antibody 23 variant with germline back-mutations and mutation in
CDR-H1 removing a potential oxidation hot spot M34V ("HC_MutAH_M34V™), the
antibody 25 variant with germline back-moutations and M34L mutation
(“HC_MutAll_M34L7"), the antibody 27 variant with germbine back-mutations
(“"HC_MutAll”), the antibody 27 variant with germline back-mutations and mutation in
CDR-HI removing a potential oxidation hot spot M34V (“HC_MutAH_M34V™), and the

antibody 27 variant with germline back-mutations and M34L mutation
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("HC_MutAll_M34L"). Sequences depicted are SEQ 1D NGs:263, 264, 330, 267, 268,
332, 265, 266, and 331 (top to bottom). HVR sequences are indicated with lines; amino
acid differences are indicated by asterisks.

ELS 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-5IRP-a
antibodies were tested at the indicated concentrations in combination with the anti-HER2
antibody trastuzumab. Phagocytosis was measured by percentage of CESEA+ cells.

{6090] FIG. 32 shows the resulis of in vitro 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 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 BGFR(+)
DLD-1 cells as the target and M2 macropbages as the phagocytosing cell. Anti-SIRP-o
antibodies were tested at the indicated concentrations in combination with the antt-EGFR
antibody cetuximab. Phagocytosis was measured by percentage of CFSE+ celis.

{00921 FIG. 34 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-¢ antibodies 27 and 136 were ecach 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 results of in vitro phagocytosis assays using EGFR{+) DLD-
1 cells as the target and M2 macrophages as the phagocytosing cell. Blocking anti-SIRP-¢
antibody 119 variants were tested at the indicated concentrations in combination with the
anti-EGEFR antibody cetuximab. Phagocyiosis was measured by percentage of CFSE+ cells.
{0094] F1G., 36 shows the results of in vifro phagocytosis assays using EGFR{+) DLD-
1 cells as the target and M2 macrophages as the phagocytosing cell. Blocking anti-SIRP-¢
antibody 135 variants were tested at the indicated concentrations in combination with the
anti-EGFR antibody cetuximab. Phagocytosis was measured by percentage of CFSE+ celis.
{00951 FIG. 37 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-¢ antibodies were tested at the indicated concentrations in combination with the anti-

EGFR antibody cetuximab. Phagocytosis was measured by percentage of CESE+ cells.
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{6096] FIGS. 38A-38B show the results of in vive 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, MHCIH and CCR7 on CD4+ dendritic cells were measured by flow
cytometry.

[0097] FIG. 38A shows the vesults of in vitro phagocytosis assays using BEGFR{(+}
ELD-1 cells as the target and M2 macrophages as the phagocytosing cell. 218a and 213
variant anti-3IRP-¢ antibodies were tested at the indicated concentrations in combination
with the anti-EGFR antibody cetuximab. Phagocytosis was measured by percentage of
CESE+ cells.

{0098] FiG., 398 shows the results of in vitro phagocytosis assays using EGFR{+)
DLD-1 celis as the target and M2 macrophages as the phagocytosing cell. Exemplary
blocking anti-SIRP-a antibodies 119a, 120a, and 122a were tested at the indicated
concentrations. Phagocytosis was measured by percentage of CFSE+ cells.

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

{0160] FI1G, 390 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-a antibodies 115a, 116a, 117a, 118a, and 132a were tested at the indicated
concentrations. Phagocytosis was measured by percentage of CFSE+ cells.

{01011 FIG. 49 shows the results of an iz vivo syngeneic mouse colon carcinoma model
to assess activity of combining anti-SIRP-a treatment with PD-L1/PD-1 pathway inhibiton.
126 cells were implanted subcutaneously in C57BL/6 mice and randomized into groups (&8
mice/group). Mice were treated with vehicle (PBS), anti-PD-L1 antibody, CD47 blocking
anti-SIRP-o antibody AB25b, or AB25b and PD-L1. Treatment 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
~2000mm’.

[0162] FIG. 41 shows the results of an in vive syngeneic mouse colon carcinoma model
to assess activity of combining anti-3RP-a 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), ant-PD-1 antibody, CD47 blocking
anti-SIRP-g 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 turnors were an
average of 60mmy’, 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”.

EBETAILED DESCRIPTION

{3193} The present disclosure describes antibodies that bind the extracellilar domains
(e.g., the D1 domains) of one or more human SIRP-o polypeptides and have a variety of
SIRP-a binding profiles of potential interest. These unigue SIRP-g binding profiles inchude
one or more of the following binding capabilities, which are combined in a muhtifactorial
manner (o yield a multitude of unique specificitics. For instance, the antibody can bind the
extracellular domains (c.g., the D1 domains) of human SIRP-¢ v1, human SIRP-a v2, or
both; the antibody can bind the extracellular domains (e.g., the D1 domains) of one or more
monkey SIRP-a 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-¢ polypeptides, or
it can lack binding thercto; the antibody can bind the extracellular domain {(c.g., the D1
domain) of a human SIRP polypeptide, or it can lacking binding thereto; and/or 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 bhinding of CD47 to SIRP-¢, antibodies that do not block binding of CD47 1o SIRP-q,
and antibodies that do not block binding of CD47 to SIRP-a but decrease SIRP-a’s affinity
for CD47, lcading to more rapid dissociation of the CD47/3IRP-a complex. In addition, the
present disclosure describes anti-SIRP-a antibodies with one or more in vitro andfor in vivo
biological propertics of interest, such as the ability to enhance macrophage phagocytosis,
enhance dendritic cell activation, inhibit jn vivo growth of a tumor that expresses CD47,
and/or the ability to accomplish one or more of these activities without preventing
interactions between a CD47-expressing cell and a T cell.

[0164] The methods described herein may be used to identify antibodies with unique
combinations of the above binding specificities. Without wishing to be bound 1o theory, it is
thought that the ability to identify unique anti-SIRP-a antibodies with different binding
profites as described above allows for the identification of antibodies {¢.g.. those described

herein) with desirable clinical propertics and advantages for pre-clinical rescarch.
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{6105] In onc aspect, provided herein are isolated antibodies that bind the extraccliular
dorpain (e.g., the P21 domain) of 2 huran SIRP-a vl polypeptide, the extracellular domain
(e.g., the D1 domain) of a buman 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.

{010s] In another aspect, provided herein are methods for treating or delaying
progression of cancer in an individual, comprising administering to the individual an
effective amount of an antibody of the present disclosure.

{01971 In another aspect, provided hercin are methods for treating or delaying
progression of an autoimmune or inflammatory disease in an individual, comprising
administering to the individual an effective amount of an antibody of the present disclosure.
{0108] In another aspect, provided herein are methods for identifving an antigen binding
domain that binds an extracellular domain {e.g., the D1 domain) of a human SIRP-g
polypeptide and does not block binding between human CD47 and the hurnan SIRP-o
polypeptide. In some embodiments, the methods include (a) providing an antigen binding
domain that binds the extracellular domain {e.g., the D1 domain) of a human SIRP-g
polypeptide; (b) assembling a complex comprising a8 SIRP-a D1 vartant bound to a
polypeptide comprising an IgSF domain of CD47, wherein the SIRP-a D1 vartant is a non-
naturally occurring high affinity SIRP-g D1 domain, and wherein the SIRP-o D1 variant
binds to human CDB47 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; {c) contacting the antigen
hinding domain with the assembled complex; and (d) detecting binding of the antigen binding
domain to the complex, wherein hinding 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 hercin are methods for
identifying an antigen binding domain that binds an extracethslar domain (e.g., the D1
domain) of a hurnan SIRP-o polypeptide and does not block binding between buman 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-g polypeptide with a complex comprising a SIRP-o D1 variant
bound to a polypeptide comprising an IghF domain of CD47, wherein the SIRP-a D1 vartant
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
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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 complex indicates that the antigen binding domain does not block hinding between
human CD47 and the human SIRP-o polypeptide.

{0169] In another aspect, provided hergin are methods for identifying an antigen binding
domain that binds an extracellular domain {e.g., the D1 domain) of a human SIRP-g
polypeptide and blocks binding between homan CD47 and the human SIRP-u polypeptide.

In some embodiments, the method includes (a) providing an antigen binding domain that
hinds the extracellular domain (e.g., the D1 domain) of a hurnan SIRP-a polypeptide; (b)
assembling a complex comprising a SIRP-u D1 variant bound to a polypeptide comprising an
IgSF domain of CD47, wherein the SIRP-¢ D1 variant is a non-natrally occurring high
atfinity SIRP-g 21 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-g D
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 D47 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-g
polypeptide and blocks binding between human CD47 and the human SIRP-o polypeptide.

In some embodiments, the method includes contacting an antigen binding domain or antibody
that binds the extracellular domain {c.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 {ghF
domain of CD47, wherein the SIRP-a D1 variant is a non-naturally occarring high affinity
SIRP-g 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 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 £D47 and the human SIRP-o
polypeptide.

[0114] In another aspect, provided herein are methods for producing an anti-SIRP-¢
antibody that binds the extracellular domains (¢.g., the D1 domains) of two or more different

human SIRP-g variant polypeptides. In some embodiments, the method includes (a)
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tmmunizing 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 {rom the cell and the extracellular domains (e.g., the B1 domains) of two or more
different human SIRP-g 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-q antibody that binds the
extracellular domains (c.g., the D1 domains) of two or more different human SIRP-¢ vartant

polypeptides.

Definitivns

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

{01121 As used in this specification and the appended claims, the singular forms “a”, “an”
and “the” inchide plural referents uniess the content clearly dictates otherwise. Thus, for
cxample, reference to “a molecule” optionally includes a combination of two or more such
molecules, and the like.

{6113] The term “about” as used herein refers to the usual error range for the respective
value readily known to the skilled person in this technical field. Reference to “about™ a value
or parameter herein includes {and describes) embodiments that are directed to that value or
parargeter per se.

[0114] 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 natarally
occurring SIRP-a 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 term 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. Exerplary 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 1D No. 140885, As
described herein, SIRP-a polypeptides are highly polymorphic within and among species.
For example, at least 10 hurpan variants with amino acid polymorphisros in the extraceliular
domain have been identified.

{0116] SIRP-a polypeptides include an extracellular domain that binds ligands/partoers,
e.g., Ch47. SIRP-a polypeptides comprise 3 highly homologous immunoglobulin (Ig)-like
extracellular domains—I1, D2, and D3, The SIRP-a D1 domain (D1 domain”) refers to the
membrane distal, extracellular domain of SIRP-a and mediates binding of SIRP-o to CD47
(see, e.g., Hatherley, D. er al. (2008) Mol Cell 31:266-77; Hatherley, D. et al. (2007} 4. Biol.
Chem. 282:14567-75; Hatherley, D. et al. (2000} J. Biol. Chem. 284:26613-9; and Lee, W. Y.

et al. (2010) J. Biol. Chem. 285:37953-63). The extraccliular domain generally refers to the

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. fmmumol.
179:7741-50). In some embodiments, an antibody that binds an extracellular domain of a
SIRP-g polypeptide binds one or more residues of the D1 domain. Exemplary human SIRP-g
D1 domain sequences are described throughout the present disclosure and include without
limitation SEQ 1D NOs:5, 6, and 76-83. Human S5IRP-a D2 and D3 domain scquences arte
also known and include, without mitation,
APYVSGPAARATPOHTVSFICESHGEFSPRDITLEKWEFKNGNELSDFQTNVDPVGESVS
YSIHSTAKVVLTREDVHSQVICEVAHVTLOQGDPLRGTANLSETIR (SEQ ID NG:131)
for the D2 domain and
VPPTLEVTQOPVRAENQVNVTCOVREKFYPOQRLOLTWLENGNVSRTETASTVTENKD
GTYNWMSWLLVNVSAHRDDVKLTCQVEHDGQPAVSKSHDLKVS (SEQ 1D N(O:132)
for the D3 domain.

{6117} As used herein, “CID47” (also known as integrin associated protein (JAP), MERGS,
and QA3) refers to a polypeptide that, among other roles, serves as a binding partner for
SIRP-a polypeptides. In some embodiments, CD47 refers to a human CD47 polypeptide,
e.g., a polypeptide encoded by a human D47 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-termiinal extracellular domain of CD47 that is known to be critical for SIRP-¢

binding (see, e.g., Barclay, AN, and Brown, M.H. (20006) Nat. Rev. Immunol. 6:457-64 and
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Hatherley, D. er ad. 20093 J. Biol. Chem. 284:26613-9). In some embodiments, an IgiF
domain of CD47 comprises the amino acid sequence of
QLLENETKSVEFTFSNDTVVIPCEFVTNMEAQNTTEVYVEWKFRGRDIYTFDGALNKS
TYPIDFSSAKIEVSQLLKGDASLKMDESDAVSHTGNYTCEVTELTREGETHELKYRY
V& (SEQ D 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 Fc region.

{0118] As used herein, a “SIRP-a epitope” may refer to the amino acids of a SIRP-q
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 limitation CD47. Binding of an antibody
or other polypeptide to an epitope can be characterized and/or mapped using a variety 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.

{0119] As used herein “modulating SIRP-¢ signaling” may refer to antagonizing,
agonizing, or otherwise interfering with one or more aspects of SIRP-a signaling in a cell
expressing a SIRP-o polypeptide. SIRP-a signaling may refer to one or more intracetiular
signaling events mediated by activation of a SIRP-« polypeptide, including without limitation
tyrosine phosphoryiation of the intracellular region of SIRP-a, phosphatase {e.g., SHP1)
binding, adaptor protein binding {e.g., SCAP2, FYB, and/or GRB2), cyiokine production
(e.g. IL-10, IL-1pB, 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).

{0120] As used herein, the term “antibody” may refer to intact antibodies; antibody
fragments (including without limitation Fab, F(ab")2, Fab'-SH, Fv, diabodies, scFv, scFv-Fe,
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; multi-specific antibodies (¢.g.,

bispecific antibodics); and antibody-like proteins.
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{63213 As usced 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 exarople, cach binding specificity may recognize a different
antigen, or each binding specificity may recognize the same antigen with different affinity
and/or precise epitope. In some embodiments, each different binding specificity comprises
one or more different antibody antigen binding domains (2. 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 arc described herein and
known in the art.

{0122] An “isolated” antibody may refer to an antibody that has been separated and/or
recovered from a component of its natural environment, ¢.g., a host cell or organism. In some
embodiments, an antibody is purified to a desired purity by weight (e.g., at least 95%); 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.
{01231 As 1s known in the art, “native” antibodies refer to typically heterotetrameric
complexes including two identical ight {L) chains and two identical heavy {(H) chains.
Variable numbers of disulfide bonds connect the two heavy chains, and one connects cach
light chain to a heavy chain, in addition to intrachain disulfide bridges. The heavy chains
include a vartable domain {VH) followed (N-terminus to C-terminus) by three or four
constant domains. The lght chains include a variable domain (VL) followed by a constant
domain (CL). Typically, mammalian light chains fall into one of two categorics based on
amino acid sequence: kappa and lambda.

[0124] 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 mmunology, 4th ed. (W.B. Saunders, 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 include the complementary determining regions
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(CDRs, e.g., CDR L1, COR L2, CDR L3, CDR HIi, CDR H2, and CDR H3) and framework
regions (FRs).

{3127} 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 cach comprise four FR regions connected
by three HVRs that form loops (see Kabat et al., Sequences of Proteins of Immunological
Interest, Fifth Edition, National Institute of Health, Bethesda, Md. (1991)).

{0128] The term “hypervariable region (HVR)" may refer to the subregions of the VH
and VL domains characterized by enhanced sequence variability and/or formation of defined
loops. These include three HYRs in the VH domain (H1, H2, and H3) and three HVRs in the
VL domain (L1, L2, and L.3). H3 is believed to be critical in imparting fine binding
specificity, 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, N.J., 2003).

[0129] 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 immunological Interest, Sth Ed. Public Health
Service, National Institutes of Health, Bethesda, Md. (1991)). Chothia refers instead to the
location of the soucomral loops (Chothita and Lesk J. Mol Biol 196:901-917 (1987)). The
AbM HVRs represent a compromise between the Kabat HVRs and Chothia structural [oops,
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 cach
of these HVRs are noted below. “Framework™ or “FR” residues are those variable domain

residies other than the HVR residoes.

Loop Kabat AbM Chothia Contact

Li L24-L34 L.24-1.34 L.26-1.32 L30-1.36

L2 L50-1.56  L30-L56 L50-1.52 LAG-1.55

L3 1L8G-1.97 1.89-1.97 1L.91-1.96 1.89-1.96

H1 H31-H358B H26-H35B  H26-H32 H30-H35B (Kabat Numbering)
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i H31-H35 H26-H35 H26-H32 H3(0-H35 (Chothia Numbcring)
H2 HS0-H65 H50-HS38 HS3-H53 H47-HS8
H3 H95-H102 H95-H102  H96-HI101 H93-H101

10130] “Extended” HVRs are also known: 24-36 or 24-34 (L1}, 46-56 or 53-56 (L2} and
89-97 or 89-96 (1.3) in the VL and 26-35 (H1), 50-65 or 49-65 (H2) and 93-102, 94-102, or
85-102 (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
antihodies 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)}, whereas the EU numbering system or index (e.g.. the EU index as in Kabat,
numbering according to BEU Ig(G1) is generally used when referring to a residue in the heavy
chain constant region.

{01321 “Full length” or “intact” antibodies typically include heavy chains with an Fc

3

region, €.g., as opposed to an antibody fragment. Antigen-binding “Fab™ fragments with a
single antigen binding site may be released from the residual Fe fragment by papain
digestion. F(ab’)2 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 VL1 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 1o an antibody Fe domain (e.g., scFv-Fe). While six HVRs
typically comprise an antigen binding site, a single variable domain with three HVRs 1 still
capable of binding an antigen, albeit at a lower affinity. See Hamers-Casterman et al., Narure

363:446-448 (1993); Sheriff et al., Nature Struct. Biol. 3:733-736 (1996). Single domain

62



WO 2018/057669 PCT/US2017/052592

antibodics (e.g., camelid antibodies) typically include a single, monomeric variable domain
for antigen binding. Single heavy chain (VHH) and single light chain antibodies are also
known. A Fab’ fragment typically includes a few more residues at the C-termunal end than a
Fab fragment. A Fab’-SH includes cysteine residues with a free thiol. Various chemical
couplings of antibody fragments arc known in the art.

{0134] A “diabody” includes 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. Diabodics may be bivalent or bispecific. Tribodics and
tetrabodies, or other numbers of VH/VL domains arc known. See Hudson et al., Nat. Med.
G:129-134 (2003).

{0135] As used herein, a “monoclonal” antibody refers to an antibody obtained from a
population of substantially homogencous antibodics, 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 selected
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 monoclonal antibody may be
cnginecred to include one or more mutations, €. g., to affect binding affinity or other
propertics of the antibody, create a humanized or chimeric antibody, improve 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
antibodics may be distinguished from polyclonal antibodies as the individual monoclonal
antibodies of the population recognize the same antigenic site. A variety of techmques for
production of monoclonal antibodies are known; see, ¢.g., the hybridoma method {e.g.,
Kohler 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 BNA methods (see, ¢.g., U.S. Pat. No.
4,816,567), phage-display technologies (see, ¢.g., Clackson et al., Nature, 352: 624-628
(1991); Marks et al., J. Mol. Biol. 222: 581-597 (1992); Sidhu et al., J. Mol Biol. 338(2):
299-310 (2004); Lee er al., J. Mol. Biol. 340(5): 1073-1093 (2004); Fellouse, Proc. Natl.
Acad. Sci. USA 101343 12467-12472 (2004); and Lec ef al., J. Immunol. Methods 284(1-2):

7

119-132 (2004), and technologies for producing human or human-like antibodics in animals
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that have parts or ali of the human immunoglobulin loci or genes encoding human
immunoglobulin sequences (see, e.g., WO 1998/24893; WO 1996/34006; WO 1996/33735;
WO 1991710741, Jakobovits et al., Proc. Natl. Acad. Sci. UUSA 90: 2551 (1993); Jakobovits ef
al., Nature 362: 255-258 (1993); Broggemann ef al., Year in Immunci. 7:33 (1993); U.S. Pat
Nos. 5,543,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425, and 5,661,016; Marks et i,
Bio/Technology 10: 779-783 (1992); Lonberg et al., Nature 368: 856-859 (1994); Morrison,
Nature 368: 812-813 (1994); Fishwild et al., Nature Biotechnol. 14: 843-851 {1996);
Neuberger, Nature Biotechnol. 14: 826 (1996); and Lonberg and Huszar, Infern. Rev.
Tmmunol, 130 65-93 (1995).

[6136] “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 he from
one source or organism, and the constant region will be from another.

{0137] “Humanized antibodies” may refer to antibodies with predominanty human
sequence and a minimal amount of non-human {e.g., mouse or chicken) sequence. In some
cmbodiments, a humanized antibody has one or more HVR sequences (bearing a hinding
specificity of interest) from an antibody derived from a non-human {e. 2., 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 tmprove antibody propertics. 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-
human immunoglobulin, and all or substantially all of the FRs are those of a human
immunoglobulin sequence. The humanized antibody optionally will also comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin, See Jones et ol , Nature 321:522-325 (1986); Riechmann et al., Nature
332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-396 (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 techniques for making human antibodies as disclosed herein. Human antibodies
can be produced using various techniques known in the art, including phage-display libraries.
Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991 ); Marks et al., J. Mol. Biol., 222:581

{1991}; preparation of human monoclonal antibodies as deseribed in Cole et al., Monoclonal
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Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); Boerner et al., J. Imnumol.,
147(1):86-95 (1991); and by administering the antigen fo a fransgenic animoal that has been
modified to produce such antibodies in response to antigenic challenge, but whose
endogenous loct have been disabled, e g, immumnized xenomice {see, e.g., U.8. Pat. Nos.
6.075,181 and 6,150,584 regarding XENOMOUSE™ technology) or chickens with human
immunoglobulin sequence(s) {see, e.g., W0O2012162422, W02011019844, and
WO2013059159).

{6139 As usced herein, the term “linker” refers to a linkage between two clements, ¢.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 polvethylene 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 domains. In some embodiments, an amino acid spacer is
part of the primary sequence of a polypeptide {(e.g., joined to the spaced polypeptdes or
polypeptide domains via the polypeptide backbone).

{01401 The term "cytotoxic agent” as used herein may refer to any agent that inhibits
cellular proliferation or induaces cell death. Cytotoxic agents include, but are not hmited to,
chemotherapeutic agents; radipactive isotopes; growth inhibitory agents; and toxins such as
small molecule toxins or enzymatically active toxins, including fragments and/or variants
thereof. Exemplary cytotoxic agents inchide without Hmitation metabolic inhibitors, anti-
microtubule agents, platinum containing compounds, alkylating agents, proteasome
inhibitors, topoisomerase I 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
cchll. Exemplary labels include without limitation fluorescent {e.g., compounds or proteins),
radioactive, or cnzymatic moictics, as well as affinity purification tags.

{01421 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 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.
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{0143] 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 molecule and its binding
partner, such as a high affinity SIRP-a 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 (K, ). Two molecules
that have low binding affinity for each other gencrally bind slowly, tend to dissociate easily,
and exhibit a large Ky, Two molecules that have high affinity for cach 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 methods and techniques, e.g.,
surface plasmon resonance (SPR). Kp can be calculated as the ratio of kKow'kon.

[0144] As used herein, the term “Kp less than” refers to a nomerically smalier Kp value
and an increasing binding affimty relative to the recited Kp value. As used herein, the term
“Kp greater than” refers to a numerically larger Ky value and a decreasing binding affinity
relative to the recited Kp value.

[0145] As used herein, “treatment” may refer to therapeutic admunistration of a molecule,
compound, formulation, composition, etc. so as to alter one or more pathological syrmptoms
in an individual or cell being treated. Desirable effects of treatment can inchude without
limitation decelerating disease progression, ameliorating or palliatng 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 limitation, reducing the proliferation of cancer
cells, eliminating cancer cells or munor 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 “wreated” if one or more symptoms
associated with the avtoimimune or inflammatory discasc are mitigated or abolished, such as,
without limitation, reducing autorcactive immune cells and/or inflammatory irnmune cells or
cytokines, decreasing immune activation and/or inflammation, slowing or mitigating organ
damage resulting from the disease, decreasing symptoms resulting from the discase,
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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{0146] As used herein, “delaying progression” of a discase may refer to slowing,
retarding, deferving, 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 discase. 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, . g., upon the specific disease, condition of the
individual, and the like.

{01471 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, iymphoma, leukemia,
lyraphoma, and blastoma. More particular examples of such cancers include, but are not
limited to, lung cancer, squamous cell cancer, brain tumors, ghioblastoma, head and neck
cancer, hepatocellular cancer, colovectal 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, kidney or renal cancer, prosiate 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
leukemia (CLL}; acute myeloid leukemia (AML); Merkel cell carcinoma; hairy cell
leukemia; chronic myeloblastic leukemia (CML); and associated metastases.

{3148} As used herein, the term “effective amount” may refer to an amount of an
antibody of the present disclosure or a pharmaceutical composition containing an antibody of
the present disclosure that is sufficient and effective in achieving a desived thevapeutic effect
in treating or delaying progression of a patient having a disease, such as a cancer, ¢.g., solid
tumor or hematological cancer. In some embodiments, a therapeutically effective amount 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,
discase state, as well as the ability of the agent to produce a desired response.  An effective
amount can be administered in one or more administrations. As in the clinical context, an
cttective 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
dihients (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 embodiments, the
pharmaceutical composition is in tablet or capsule form for oral administration or in aqueous
form for intravenous or subcutancous administration, for cxample by injection.

{3156] As used herein, the terms “subject,” “individual,” and “patient™ arc used
interchangeably to vefer to a vertebrate, for example, a manunal. Mammals include, but are
not limited to, murines, stimians, humans, farm antmals, sport animals, and pets.

{61511 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 disciosure relate to antibodies that bind the
extraceliular domain {(e.g., the D1 domain} of a human SIRP-u vi polypeptide, the
extracellular domain of a human SIRP-g v2 polypeptide, or both. As demonstrated herein,
antibodies have heen 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 STRPA have been
identified (see FEG. 1A; see also Takenaka, K. ef al. (2007) Nat. Immunol. 8:1313-23).
Antibodies that bind one or more human SIRP-g polypeptides and possess one or more of the
other binding specificities described herein are an advantageous discovery of the present
disciosure. Further, the present disclosure demonstrates methods for producing and
identifying antibodies representing a surprising diversity of novel SIRP-g binding specificity
profiles.

[0133] In some embodiments, an antibody of the present disclosure binds an extraceliular
domain (e.z., the B1 domain) of a human SIRP-a vl polypeptide comprising the amino acid

<&

sequence of

jo)
[a%e)
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EEELOVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWEFRGAGPGRELIYNQKEGHEFP
RVTTVSDLTERNNMDFSIRIGNITPADAGTY YCVKFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQ ID NO:3). In some embodiments, an antibody of the present disclosure binds an
extraceliular domain (e.g., the D1 domain) of a human SIRP-a v2 polypeptide comprising the
amino acid sequence of
EEELQVIQPDKSVEVAAGESAILHCTVTSLIPVGPIQWEHFRGAGPARELIYNQKEGHFPR
VTTYSESTEKRENMDEFSISISNITPADAGTY YCVKFREKGSPDTEFKSGAGTELSVRAKPS
(SEG ID NO:6). In some embodiments, an antibody of the present disclosure binds an
extraceliular dorsain {e.g., the D1 domain} of 2 human SIRP-a v1 polypepiide comprising the
amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPYGPIQWEFRGAGPGRELIYNQKEGHFEFP
RVTTVSDLTKRNNMDESIRIGNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQ 1D NO:5)Y and an extracellular domain (e.g., the D1 domain) of a human SIRP-¢
v2 polypeptide comprising the amino acid sequence of
EEELOVIQPDKSVEVAAGESAILHCTVTSLIPVGPIOWERRGAGPARELIYNQKEGHFPR
YTTVSESTEKRENMDFESISISNITPADAGTY YCVKFRKGSPDTEFKSGAGTELSVRAKPS
(SEQ ID NG:6).

{0154] In some embodiments, an antibody of the present disclosure binds the
extracellular domains (e.g., the D1 domains) of 1, 2, 3,4, 5, 6,7, 8, 9, or 10 different human
SIRP-a variant polypeptides. As used herein, a “human SIRP-o variant polypeptide” may
refer to a naturally occurring human SIRP-a variant polypeptide or polymorphism found
cxpressed in a human, e.g., as opposcd to a variant bearing one or more engineered
mutations. For example, in some embodiments, an antibody of the present disclosure binds
the extracellolar domain {¢.g., the D1 domain) of one or more human SIRP-o variant
polypeptides comprising a sequence shown in the Table 1. In some embodiments, an
antibody of the present disclosure binds to an extracellolar domain (e.g., the D1 domain) of a
buman SIRP-a vl polypeptide and/or an extracellular domain {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 more human SIRP-u polypeptides selected from v3, v4, v53, vi, v7, v8, v9, and v10.

Table 1. Human SIRP-g variant polypepiide sequences corresponding to the 31 domain.

Yariant SEQ D NG Sequence
vi 5 EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWERG

AGPGRELIYNQKEGHIPRVTTYSDLTKRNNMDESIRIGNIT
PADAGTYYCVRKPRKGSPDDVEFKSGAGTELSVRAKPS

v2 6 EEELQVIQPDKSVAVAAGESATT HCTVTSLIPVGPIOQWIRG
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AGPARCLIYNQKEGHFPRVTTVSESTERENMDESISISNITE
ADAGTYYCVEIREKGSPDTEFKSGAGTELSVRAKPS

v3 76 EEBELQVIQPDKSVSVAAGESAILLECTVTSLIPVGPIQWERGAG
PARELIYNQKEGHFPRVTTVSESTKRENMDFESISISNITPADA
GTYYCVKTRKGSPDTEFKSGAGTELSVRAKPS

v4 77 EEGLOVIQPDKSVSVAAGESAILHCTATSLIPVGPIQWERG
AGPORELIYNQKEGHIPRVTTY SDLTKRNNMDESIRIGNIT
PADAGTYYCVEKIRKGSPDDVEINKSGAGTELSVRAKPS

v3 78 EEELQVIQPDKPFVLVAAGETATLRCTATSLIPVGPIQWERG
AGPGRELIYNQKEGHFPRVTTVSDLTKRNNMDESIRIGNIT
PADAGTYYCVEFRKGSPDDVEFKSGAGTELSVRAKPS

v6 79 EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWERG
AGPGRELIYNQKEGHIPRVTTVSDLTKRNNMDFPIRIGNIT
PADAGTYYCVRKFRKGSPDDVEFKSGAGTELSVRAKES

V7 30 EEELQVIQPDKSVSVAAGESATLHCTVTSLIPVGPIQWIRG
AGPARELIYNQKEGHIPRVTTYSESTKRENMDESISISNITP
ADAGTY YCVKPRKGSPDTEREKSGAGTELSVRGKPS

vé 81 EEETQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWERG
AGPAREBLIYNQKEGHIFPRVTTYVSESTKRENMDESISISNITP
ADAGTYYCVKFRKGSPDTEFKSGAGTELSVRAKPS

v9 &2 EEELOVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWERG
AGPGRELIYNQEEGHIPRVTTVSDLTKRNNMDESIRISNIT
PADAGTYYCVEKEFREGSPDDVEFKSGAGTELSVRAKPS

viQ 33 EEELQVIQPDKSVSVAAGESAITLHCTVTSLIPVGPIQWIRG
AGPARELIYNQKEGHIPRVTTYSESTKRENMDESISISNITP
ADAGTYYCVKPRKGSPDTEPKSGAGTELSVRAKPS

{0155] in some ermbodiments, an antibody of the present disclosure binds an extraceliular

domain (e.g., the B1 domain) of a monkey SIRP-a polypeptide (e.g.. the D1 domain of a
monkey SIRP-g polypeptide). In some embodiments, an antibody of the present disclosure
binds an extracellular domain (e.g., the D1 domain) of a cynomolgus SIRP-a polypeptide
{e.g., found in the orgamsm Macaca fascicularis). In some embodiments, the antithody binds
the extracellular domains (g.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-¢ variant polypeptides. For
example, in some embodiments, the antthody binds an extracelinlar domain (e.g., the D}
domain)} of a cynomolgus SIRP-¢ polypeptide comprising the amino acid sequence of
EEELQVIQPERSYSVAAGESATINCTATSLIPVGPIQWERGVGPGRELIYHOQKEGHFP
RVTPVSDPTERNNMDFSIRISNITPADAGTY YCVKFRKGSPDVELKSGAGTELSVRAK
P3 (SEQ ID NO:11), an extracellular domain (e.g., the D1 domain) of a cynomolgus SIRP-¢
polypeptide cormprising the amino acid sequence of

EEELOQVIQPEKSYSVAAGDSATLNCTVSSLIPVGPIQWEFRGAGPGRELIYNLKEGHEP
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RVTAVSDPTEKRNNMDESIRISNITPADAGTY YCVKFRKGSPDVELKSGAGTELSVRA
KPS (SEQ 1D NOG:12), or both,

{0156] In some embodiments, an antibody of the present disclosure binds an extracellular
domain of a murine or mouse SIRP-¢ polypeptide (e.g., found in the organism Mus musculus;
e.g., the D1 domain of a murine or mouse SIRP-o polypeptide). In some embodiments, the
antibody binds 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 coraprises an amino acid sequence sclected from
KELKVTOPEKSVSVAAGDSTVLNCTLTSLLPVGPIKWYRGVGOSRLLIYSFTGEHFPR
VINVSDATKRNNMDESIRISNVIPEDAGTY YCVKFQKGPSEPDTEIQSGGGTEVY VL
AKPS (SEQ ID NO: 7; from 129 mouse strain),
TEVEVIQPERSVSVAAGDSTVLNCTLTSLLPVGPIRWYRGVGQSROLIYSFITEHFPR
VINVSDATRRSNLDFSIRISNVTPEDAGTY YCVKFQRGSPDTEIQSGGGTEVYVLAK
(8EQ 1D NO:K; from NOD mouse strain),
KELKVTOPEKSVSVAAGDSTVLINCTLTSLLPVGPIRWYRGVGPSRLLIYSFAGEYVPR
IRNVSDTTERNNMDEFSIRISNVTPADAGIY Y CVRFQKGSSEPDTEIQSGGGTEVY VLA
K (8EQ 1D NO:9; from C57BL/6 mouse strain), and
TEVEVTQPEKSVSVAAGDSTILNCTVTSLLPVGPIRWYRGVGQSRLLIYSFTGEHFPR]
RNVSDTTKRNNMDFESIRISNVTPEDAGTYYCVKFQRGSSEPDTEIQSGGGTEVY VLA
K (SEQ ID NG:10; from BALB/c mouse strain).

{01571 In some embodimpents, an antibody of the present disclosure binds an
extracellular domain (e.g., the D1 domain) of a human SIRP family protein. In some
cmbodiments, an antibody of the present disclosure binds an extracellular domain (e.g., the
B1 domain) of a human SIRP-f polypeptide. In some embodiments, a human SIRP-J
polypeptide refers to a polypeptide encoded by a humman STRPE] gene, e.g., as described by
NCBI Ref Seq 1D No. 10326, In some emboduments, the extracellular domain {e.g., the DI
domain) of the huran SIRP-§ polypeptide comprises the amino acid sequence of
EDELOVIQPEKSVSVAAGESATLRCAMTSLIPVGPIMWERGAGAGRELIYNQKEGHF
PRVTTVSELTKRNNLDEFSISISNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQID NG:13) or
EEELQVIQPDKSISVAAGESATLHCTVTISLIPVGPIOWERRGAGPGRELIYNOKEGHFPR
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VITVSDLTKRNNMDFESIRISNITPADAGTY YCVKFRKGSPDHVEFRKSGAGTELSVRA
KPS (SEQ 1D NO:i4).

{0158] In some embodiments, an antibody of the present disclosure binds an extracellular
domain (e.g., the B1 domain) of a human SIRP-y polypeptide. In some embodiments, a
buman SIRP-y polypeptide refers to a polypeptide encoded by a human SIRPG gene, e.g., as
described by NCBI Ref Seq 13 No. 55423, In some embodiments, the extraceliular domain
{e.g.. the D1 domain) of the human SIRP-y polypeptide comprises the amino acid sequence
of
EEELOMIQPEKLLLVEIVGKTATLHCTVTSLLPVGPVEWEFRGVGPGRELIYNQKEGHEY
PRVTTYVSDLTERNNMDEFSIRISSITPADVGTY YCVKFRKGSPENVEFKSGPGTEMALG
AKPS (SEQ 1D NG:15).

{0159] In addition to antihodics that bind one or more of the polypeptides described
above, the present disclosure contemplates antihodies 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.

[0160] in some embodiments, an antibody of the present disclosure modulates SIRP-o
signaling in a cell expressing a human SIRP-o polypeptide. In some embodiments, an
antibody of the present disclosure antagonizes SIRP-u signaling in a cell expressing a buman
SIRP-a polypeptide. In some embodiments, an antibody of the present disclosure interferes
with SIRP-u signaling in a cell expressing a human SIRP-o polypeptide. In some
cmbodiments, an antibody of the present disclosure agonizes SIRP-q signaling in a cell
cxpressing a human SIRP-g polypeptide. In some embodiments, SIRP-g signaling includes
one or more intracellular signaling events mediated by activation of a SIRP-¢ polypeptide,
including without limitation tyrosine phosphorvlation of the intraceliular region of SIRP-g,
phosphatase (e.g., SHP1) binding, adaptor protein binding (e.g., SCAP2, FYB, and/or
GRB2), and nitric oxide production. Various assays for measuring SIRP-u signaling in a cell
include without limitation SIRP-a phosphorylation, SHP1 and SHPZ co-
immunoprecipitation, PI3-kinase signaling, cytokine production (both inflaramatory §1.-12,
I1-23, TNFa, IFN and sappressive cytokines HL-18, 1L-4, HL-13, cell surface markers levels
for M1 and M2 macrophage markers) or dendritic cell activation and function;

Kharitonenkov, A. ef al. (1997) Nasure 386: 181-6; Ochi, F. et al. (1997) Biochem. Biophys.
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Res. Commun. 239:483-7; Kam, EJ er af. (2013} Inflammation Research 62:377-86;, Y1, T. et
al. (2015) Immunity 43.764-75.

{01611 in some embodiments, the cell expressing a human SIRP-a polypeptide is a
leukocyte. In some embodiments, the cell is a macrophage, dendritic cell, neotrophil,
cosinophil, or myeloid-derived suppressor cell (MIISC). In some embodiments, an antibody
of the present disclosure decreases or antagonizes SIRP-a 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 lcast 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 embodiments, an
antibody of the present disclosure increases or agonizes SIRP-g signaling in a cell expressing
a human SIRP-o polypeptide by at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at lcast 70%, at lcast 80%, or at lcast 90%, e.g.. using one or more of the SIRP-q
signaling assays described hevein or otherwise known in the art.

{0162] In some embodiments, an antibody of the present disclosure modulates an
intercelinlar phenotype mediated by SIRP-a. In some embodiments, an antibody of the
present disclosure enhances phagocyiosis by a macrophage expressing a buman SIRP-o
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 phagocyiic activity of a macrophage that
expresses a human SIRP-a 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 buman SIRP-g polypeptide and is reated or contacted with the antibody.
Exemplary phagocytosis assays may be found, e.g., in Wieskopt, K. et al (2013) Srience 341:
88 and Willingham, S.B. ef al. (2012) Proc. Nadl. Acad. Sci. 109:6662-7. In some
cmbodiments, an antibody of the present disclosure increases phagocytosis by a macrophage
expressing a human SIRP-u polypeptide by at least 20%, at least 30%, at least 40%, at least
30%, 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.

{01631 In some embodiments, an antibody of the present disclosure enhances activation
of dendritic cell(s) expressing a buman SIRP-u 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-a 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-u 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-u 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.g., using one or more of the dendritic celi activation assays
described herein or otherwise known in the art.

{0164] In some embodiments, an antibody of the present disclosure inhibits in vivo
growth of a tumor that expresses D47, For example, in vivo growth of a tamor that
expresses U247 and is treated with an antibody of the present disclosure can be compared
against in vivo growth of a twmor that expresses CD47 and is not treated with an antibody of
the present disclosure. Exemplary in vivo tumor growth assays are described herein. In some
embodiments, an antibody of the present disclosure inhibits in vive growth of a tumor that
cxpresses 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 30%, e.g., using one or more of the in vivo 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 domain {(e.g., the D1 domain) of a human SIRP-a polypeptide and
an [gSF domain of a human CD47 polypeptide {e.g., a “blocking” antibody). For exampie,
the antibody and the CD47 polypeptide may “‘compete” for the same SIRP-a cpitope, and/or
antibody binding to SIRP-u may be mutually exclusive with CD47 binding to SIRP-a. The
binding interface between SIRP-a and CD47, as well as residues of both proteins that
participate in binding, are known; see Hatherley, D. ef ol (2007} J. Biol. Chem. 282:14567-
75 and Nakaishi, A. et al. (2008) J. Mol Bisl 375:650-60. Exemplary assays for
determining whether an antibody blocks CD47 hinding 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 IghF
dornain of a human CD47 polypeptide in an in vitro assay, e.g., using purified SIRP-g and/or
D47 polypeptides. For example, in vitro ELISA and 5PR assays are described herein,
although this is not meant to be limiting, as other in vitro binding assays may also be used. In

some embodiments, anttbody binding to a complex comprising a SIRP-¢ D1 variant (.2, 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
1gSF 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
coraplex can be formed between an IghF domain of CD47 and a SIRP-g D variant (e.g., a
non-naturally ocowring high affinity SIRP-g D1 domain binding to CD47 with higher
affinity than one or more naturally occurring counterparts as described herein), then binding
of a test antibody to the complex can be measured. For an antibody that blocks binding of
SIRP-a to CD47, at increasing concentrations of CD47, one would expect fewer molecules of
SIRP-a to be available to bind to the antibedy since the antibody competes for the same
binding site as CD47 and most/all SIRP-a is complexed with CD47. Therefore, one would
cxpect the resonance (RU) to decrease with increasing concentration of CD47 in the mixture.
In some embodiments, a “blocking” anti-SIRP-u antibody of the present disclosure binds to
the extraceltular domain of a SIRP-o polypeptide (e.g., the D1 domain} at one or more
residues of the binding interface between CD47 and SIRP-g, i.¢., 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 exiracellular domain
of a SIRP-a polypeptide {e.g., the D1 domain} at one or more§amino acid positions that are
also bound by CD47 in the CD47:S1RP-a complex. The binding interfaces between SIRP-g
and exemplary anti-SIRP-g antibodies or CD47 are described in Exarople 4. In some
cmbodiments, an antibody of the present disclosure blocks binding between an extraceliular
domain (e.z., the B1 domain) of a human SIRP-g polypeptide expressed on the surface of a
first cell and an IgSF domain of a buman 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, the in vive assay may assess binding between an extracellular
dornain (e.g., the D1 domain) of a hurnan 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 by assaying one or more aspects of SIRP-g signaling, e.g., one or more
intracclular signaling cvents mediated by activation of a SIRP-g polypeptide, including
without limitation tyrosine phosphorylation of the intracethilar region of SIRP-¢, phosphatase
{e.g., SHP1) binding, adaptor protein binding (e.g., SCAP2, FYB, and/or GRB2). cytokine

production (e.g. 1L-10, fL-1B, IFN or TINF}, and nitric oxide production; and/or one or roore
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interceliular phenotypes, including without limitation macrophage phagocytosis and other
activating or suppressive phenotypes of macrophages, ncutrophils, dendritic cells,
cosinophils, and myeloid-derived suppressor cells (MDSCs).

[0166] In some embodiments, an antibody of the present disclosure does not block
binding between an extracellular domain (e.g.. the D1 domain) of a human SIRP-¢
polypeptide and an IgSF domain of a human CD47 polypeptide {e.g., 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 exiracellular domain (e.g., the D1 domain) of a
hurnan SIRP-o polypeptide and an IgSE domain of a haman 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 berein, although this is not raeant to be limiting, as other in
vitro binding assays may also be used. In some embodiments, antibody binding to a complex
comprising a S{RP-a D1 variant {(e.g.. a non-naturally occurving high affinmity SIRP-¢ D1
domain binding to CD47 with higher affinity than one or more naturally occurring
counterparts as described herein) bound to an I1gSF 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 complex can be formed between an IgSF domain of
CPD47 and a SIRP-o D1 variant {e.g., a non-naturally occurring high affinity SIRP-a D1
domain binding to CD47 with higher affinity than one or more natarally ocowring
counterparts as described herein), then binding of a test antibody to the complex can be
measured. For an antibody that does not block binding of SIRP-q 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 domain of a SIRP-a polypeptide
{e.g., the D1 domain) at one or more residues that are distinet from the binding interface
hetween CD47 and SIRP-q, i 2., the non-blocking antibody and CD47 share completely non-
overlapping epitopes. The binding interfaces between SIRP-a and exeraplary anti-SIRP-u
antibodies or CD47 are described in Example 4. In some embodiments, an antibody of the
present disclosure does not block binding between an extracellular domain (e.g.. the D1

domain) of a human SIRP-o polypeptide expressed on the surface of a first cell and an IgSF
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domain of a human D47 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
cmbodiments, the in vive assay may assess binding between an extracellular domain (c.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 by
assaying one or more aspects of SIRP-q signaling, e.g., one or more intracellular signaling
events mediated by activation of a SIRP-¢ polypeptide, inclading without limitation tyrosine
phosphorylation of the intraceliular region of SIRP-q, phosphatase {e.g., SHP1) binding,
adaptor protein binding (e.g., SCAP2, FYB, and/or GRB2), cytokine production {(¢.g. 11.-19,
IL-1B, IFN or TNF), and nitric oxide production; and/or one or more intercellular 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 1s a surprising finding of the present disclosure that antibodies
that do not block SIRP-a interaction with CD47 are able to increase phagocytosis and block
in vive tumor growth. Without wishing to be bound to theory, it is thought that non-blocking
anti-STRP-a antibodies can modulate one or more functions of SIRP-g independent of CDh47
binding.

{0167] In some embodiments, binding of an antibody of the present disclosure to an
exiraceliular domain (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
{e.g.. a “kick off” antibody). In some embodiments, binding of the antibody to an
extracellular domain (c.g.. the D1 domain) of a human SIRP-a polypeptide increases Ky of
the buman SIRP-a polypeptide for binding an IgSF domain of a hurnan CD47 polypeptide.

In some embodiments binding of the antibody to an extracellular domain {c.g., the D1
domain) of a human high affinity SIRP-a polypeptide (e.g., as described herein} increases the
kosrof the human high affinity SIRP-u polypeptide (e.g., as described berein) for binding an
IgSF dorain of a human CD47 polypeptide to greater than about 1107 Vs. For example, the
antibody and the CD47 polypeptide may have adjacent or partially overlapping SIRP-o
epitopes, such that the antibody is able 1o bind SIRP-a when it is bound 1o CD47, but the
antibody: SIRP-u promotes dissociation of the SIRP-g: CD47 complex. In some
cmbodiments, an antibody of the present disclosure reduces affinity of an extraceliular
domain (e.z., the B1 domain) of a human SIRP-g polypeptide for binding an 1g5F domain of

a human CD47 polypeptide in an in vitro assay, e g., using purtfied SIRP-g 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 human SIRP-a polypeptide increases ko of the human SIRP-g
polypeptide for binding an IgSF domain of a buman 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 vartant (¢.g., a non-natorally ocowring high affinity SIRP-¢ D1 domain binding
to CD47 with higher affinity than onc or more naturally occurring counterparts as described
herein) bound o an IgSF domain of CD47 (s 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 extracelluiar domain (e.g., the D1 domain) of a human SIRP-g
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-a antibody of the present disclosure binds to the extracellular domain (e.g., the D1
domain) of a SIRP-a polypeptide at one or more residocs of the binding interface between
D47 and SIRP-q, i.e., the kick off antibody and CD47 share partially overlapping epitopes.
In some embodiments, a “kick off” anti-SIRP-o¢ antibody of the present disclosure binds to
the extracetiular 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-a antibody can bind to the exiraceliular domain (e.g., the D1 domain) of a 3IRP-a
polypeptide at 2 or more residues that are also bound by CB47 in the CD47:SIRP-a complex
and are at the periphery of the CD47 binding epitope of SIRP-a. The binding interfaces
between SIRP-a and exemplary anti-SIRP-a antibodies or CD47 are desciibed in Example 4.
In some embodiments, binding of an antibody of the present disclosure to an extracellular
domain (e.g., the D1 domain) of a buman SIRP-a polypeptide expressed on the surface of a
first cell increases ko of the buman SIRP-a polypeptide for binding an IgSF domainof 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
vivo assay moay assess binding between an extracellular domain (e.g., the D1 domain) of a
buman SIRP-¢ polypeptide expressed on the surface of a first cell and an IgSF domain of a
buman CD47 polypeptide cxpressed on the surface of a second cell by assaving onc or more

aspects of SIRP-g signaling, e.g., one or more intracelhilar signaling events mediated by
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activation of a SIRP-o polypeptide, including without limitation tyrosine phosphorylation of
the intracellular region of SIRP-g, phosphatase {¢.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 intercellular phenotypes, including without
limitation macrophage phagocytosis and other activating or suppressive phenotypes of
macrophages, neutrophils, dendritic cells, eosinophils, and myeloid-derived suppressor cells
(MD5Cs).

{0168] in some embodiments, an antibody of the present disclosure modulates one or
more immmune cell functions by binding to two or more {(or all three) of SIRP-o, SIRPR, and
SIRPy.

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

[017¢] 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
exiraceltular 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 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.

{01711 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
extraceliular domain (e.g., the D1 domain} of a human SIRP-a v2 polypeptide, or both; binds
the extracelhilar domain {c.g., the D1 domain) of a monkey SIRP-¢ polypeptide; and binding
of the antibody to an extracellular domain {e.g., the D1 domain) of a human SIRP-o¢
polypeptide reduces affinity of the human SIRP-a polypeptide for binding an IgSF domain of
a hurnan CD47 polypeptide.

{01721 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
exiraceltular domain (e.g., the D1 domain} of a human SIRP-a v2 polypeptide, or both; binds

the extracelhilar domain {c.g., the D1 domain) of a nurine SIRP-g polypeptide; and the
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antibody does not block binding between an extracellular domain (c.g., the D1 domain) of a
huraan SIRP-o polypeptide and an IgSF domain of a human CD47 polypeptide.

{01731 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
extraceliular domain (e.g., the D1 domain} of a human SIRP-¢ v2 polypeptide, or both; binds
the extracelhilar domain {e.g., the D1 domain) of a murine SIRP-g polypeptide; and the
antibody blocks binding between an extracellular domain {e.g., the D1 domain} of a2 human
SIRP-a polypeptide and an IgSF domain of a human CD47 polypeptide.

{01741 in some ermbodiments, an antibody of the present disclosure binds the
extraceliular domain (e.g., the D1 domain) of a human SIRP-u vi polypeptide, the
extraceliular domain (e.g., the D1 domain) of a human SIRP-¢ v2 polypeptide, or both; binds
the extraccliular domain (c.g., the D1 domain) of a murine SIRP-g polypeptide; and hinding
of the antibody to an extracellular domain {e.g., the D1 domain) of a human SIRP-¢
polypeptide reduces affinity of the human SIRP-ua polypeptide for binding an IgSF domain of
a huran CD47 polypeptide.

{01751 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
extraceliular domain (e.g., the D1 domain} of a human SIRP-¢ v2 polypeptide, or both; binds
the extraceliular domain {(c.g., the D1 domain) of a monkey (e.g., cynomolgus) SIRP-a
polypeptide; binds the exwacellular domain {e.g., the D1 domain)of a murine SIRP-¢
polypeptide; and the antibody does not block binding between an extracellular domain {e.g.,
the D1 domain) of a buman SIRP-a polypeptide and an Ig8¥F domain of 3 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 a2 human SIRP-g v2 polypeptide, or both; binds
the extracelhilar domain {e.g., the D1 domain) of a monkey {(e.g., cynomolgus) SIRP-a
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
dornain) of a human SIRP-a polypeptide and an IgSF domain of a human TD47 polypeptide.
[0177] In some embodiments, an antibody of the present disclosure binds the
exiraceliular domain (e.g., the 21 domain) of a human SIRP-a vi polypeptide, the

extracellular domain (e.g., the D1 domain) of a2 human SIRP-g v2 polypeptide, or both; binds
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the extracellular domain {(e.g., the D1 domain) of a monkey {e.g., cynomolgus) SIRP-¢
polypeptide; binds the extracelular domain (e.g., the D1 domain) of a murine SIRP-u
polypeptide; and binding of the antibody to an extracellular domain (e.g., the D1 domain) of
a human SIRP-a polypeptide reduces affinity of the human S5IRP-a polypeptide for binding
an [gSF domain of a human CD47 polypeptide.

[0178] 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-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 (c.g., the D1 domain) of a human SIRP-
B polypeptide and an extracetiular domain (e.g., the D1 domain) of a human SIRP-y
polypeptide; and the antibody blocks binding between the extraceliular domain (e.g., the D1
domain} of the buman SIRP-g¢ polypeptide and an IgSF domain of a huran CD47
polypeptide (see, e.z., FIGS. 34 & 3B).

{0179] In some embodiments, an antibody of the present disclosure binds the
extracellular domains (c.g., the D1 domains) of two or more different human SIRP-¢ vartant
polypeptides, a murine SIRP-a polypeptide, a roonkey SIRFP-a polypeptide, and at least one
of an extracellular domain (e.g., the D1 domain} of a human SIRP-B polypeptide and an
extraceliular domain (e.g., the D1 domain} of a human SIRP-y polypeptide; and the antibody
blocks binding between the extracclular domain (e.z., the D1 domain) of the huroan SIRP-o
polypeptide and an IgSF domain of a human CD47 polypeptide (see, e.g., FIGS. 4A & 4B).
{0180] In some embodiments, an antibody of the present disclosure binds the
extracellular domains (¢.g., the D1 domains) of two or more different human SIRP-g variant
polypeptides, a murine SIRP-a 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 extracellular domain (e.g.,
the D1 domain) of the human SIRP-o polypeptide and an 1gSF domain of a human CD47
polypeptide (see, e.g., FIGS. 54 & 5B).

{01811 in some ermbodiments, an antibody of the present disclosure binds the
cxtracellular 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-¢
polypeptide; the antibody does not hind at least one of an extracellular domain (e.g., the D1

domain) of a hurman SIRP-f polypeptide and an extracellular domain {e.g., the D1 domain) of

&1
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a human SIRP-y polypeptide; and the antibody blocks binding between the extracellular
dorpain (e.g., the 21 domain) of the buman SIRP-a polypeptide and an {gSF domain of a
hurman CD47 polypeptide (see, e. g, FIGS. 6A & 6B).

[0182] In some embodiments, an antibody of the present disclosure binds the
cxtracellular domains (¢.g., the B1 domains) of two or more different human SIRP-o 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 2 muring SIRP-a
polypeptide; and the antibody blocks binding between the extracellular domain (c.g., the D1
dornain) of the human SIRP-u polypeptide and an IgSF domain of a human CD47
polypeptide {sce, e.g., FIGS. TA & 7B).

{0183] In some embodunents, an antibody of the present disclosure comprises thiee
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. 10A-168 & 11A-11J). For example, in some
cmbodiments, an antibody of the present disclosure comprises three CDRs from a VH
domain comprising a sequence selected from SEQ 1D NOs: 284, 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, 350, 394, 400, 116, 117, 118, 119, 282,
404, 400, 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
NOs: 295, 363, 140, 359, 355, 351, 136, 348, 377, 138, 373, 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, 84, 95, 96, 283, 405, 407, 279, 413, 276, 415, 281, 100, 293, 289, 291,
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. 104108 & 11A-11J). For
example, in some embodiments, an antibody of the present disclosure comprises a VH
domain 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, 380, 394, 400, 116, 117, 118,
119, 282, 404, 406, 278, 412, 275, 414, 280, 123, 292, 288, 290, 408, 410, 286, 284, 129,

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, 405, 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 DR sequences from an antibody described in Table 2 (see
FIGS. 10A-10B & 11A-110). In some embodiments, an antibody of the present disclosure
comprises a VL domain comprising the VL domain sequence of VL domains Hum!-Hum? as
described herein. In some embodiments, the antibody is a humanized antibody. In some
cmbodiments, the antibody is a human antibody. In some cmbodiments, an antibody of the
present disclosure comprises a VH domain and/or a V1L domain from an antibody described
in Table 2. In some embodiments, an antibody of the present disclosure comprises a VH
domain comprising a I or E residue followed by (e.g., in the divection of N-terminus to C-

terminus) a VH domain sequence selected from SEQ 1D NGs:116-130.

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

Clong/ Framework Domain SEQ Sequence

Antib D NGO

ody

St Chicken VL 85 ALTQPASVSANPGETVEITCSGGGSNNA

YOWEQQESPGSAPLTVIYDNGKRPSDIPS
RESGSKSDSTGTLTITRVQAEDEAVYYC
GSADNSGAGVEGAGTTLTVL

S52 Chicken VL 86 AVTQPASVSANPUGETVRITCSGDSSSYYS
WHQOQKSPGSAPYSVIYSNTDRPSDIPSRE
SGSASGSTATLTITGVQAEDEAVYFCGA
YDSSSDSDIFGAGTTLTVL

S8 Chicken VL &7 AVTOPSSVSANPGETVEITCSGSSTYYGW
YQOESPGSAPVTVIYDNDKRPSDIPSRES
GSKSGSTHTLHTGYQVEDEAVYFRCGNED
NNYVAIFGAGTTLTVL

59 Chicken VL 88 ALTQPSSVSANPGETVKITCSGDNSAHY
YYGWYQOQKSPGSAPVTVIYYNDKRPSGI
PSRESGSASGSTATLHTGVQVEDEAVYF
CGSADSSNPAIFGAGTTLTVL

511 Chicken VL 89 AVTQPASYSANPGETVKITCSGSSSGRYG
WYQQKSPGSAPYVTLIYETNKRPSNIPSREF
SGSESGSTATLTITGVQADDEAVYYCGS

EDSSTYLSIFGAGTTLTVL

951
2

Chicken VL 90 AVTQPASVSANPGETVKITCSGBSSYYG
WYQOKSPGSAPVTVIVDDNKRPSNIPSRE
SGSKSGSTGTLTITGVOADDEAVYFCGN

a3
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EDNSYVAIFGAGTTLTVL

S$13

Chicken

VL

91

AVTQPASVSANPGETVKITCSGSSSYYG
WYRQKSPGSAPVTLIYDNDKRPSGIPSRE
SGSKSGSTNTLTITGVOQADDEAVYYCGN
EDNSYVGIFGAGTTLTVL

514

Chicken

VL

92

AVTQPASVSANLGETVKITCSGDSSYYG
WYQQOKAPGSAPVTLIYDNDERPSNIPSRE
SGSKASGSTATLTITGVQADDEAVYYCGN
EDMNYVGIFGAGTTLTVL

5115

Human

VL

93

ETVLTQSPATLSVSPGERATLSCRASQTY
GSKLAWHQOKPGOQAPRLLIVDATNRAT
GISDRESGSGSGTDFTLTISSLQTEDSAVY
YCOOYYYWEPPYRFGGGTEVEIK

5116

Human

VL

44

ETVLTQSPATLSVSPGERATLSCRASQTY
GSKLAWHQQKPGOQAFPRLLIYDATNRAT

GISDRFSGSRSGTDFTLTISSLOQTEDSAVY
YCQQYYYWPPYRIFGGGTEVEIK

Sit7

Human

Vi

ETVLTQRPATLAVSPGERATLSCRASQTY
GSKLAWHQOKPGQAPRLLIYDATNRAT
GIPDRESGHGSGTDEFTLTISSLOTEDSAVY
YCQOYYYWPPYRFGGOGTKVEIK

5118

Human

VL

96

ETVLTQSPATLSVSPGERATLSCRASQTY
GSKLAWHQOKPGOQAPRLLIVDASRRAT
GIPDRESGSGSGTDEFTLTISSLOTEDSAVY
YCOQOYYYWPPYRFGGGTKVEIK

5119

Homan

VL

a7

EIVLTQSPATLSVSPGERATFSCRASQNY

KNDLAWYQOQRPGQAPRLLIYAARIRETG
IPERFSGSGSGTERFTLTITSLOSEDFAVY'Y

CQOYYDWPPFTFGGGTEVEIK

S120

Human

Vi

98

EIVLTQOSPATLSVSPGERATEFSCRASQNY

ENDLAWYQORPGQAPRLLIVAARIRETG
IPERFSGSGSGTERTLTITSLOSEDFAVYY

COQYYDWPPIRTFGGOGTKVEIK

5122

Human

VL

99

EIVLTQSPATLSVSPGERATFSCRASQNY

KNDLAWYQOQRPGQAPRLLIYAARIRETG
IPERFSGSGSGTEFTLTITSLQSEDFAVYY

COQYYDWPPFTFGGGTKVEIK

5123

Homan

100

EIVLTQSPGTLSVSPGERVTLTCRASQGIA
GKIAWYQOQKPGQAPRLLIYDASSRATGIP
GRESGSGSGTEFTLTITSLOSEDFAVYYC
QOHYDWSPLTIGGGTKVEIK

S126

Human

Vi

101

EIVLTQSPGTLTLSPGERATLSCRASQSIG
SSYLAWYQQKPGQAPRLLIYDATNRATG
IPDRESGSGHRGTDFTLTISSLOTEDSAVYY
CQOYYYWPPYRIGGGTEKVEIK

5128

Human

VL

102

ETVLTQSPATLSVSPGERATLSCRASQTY
GSKLAWHOQOQKPGQAPRLLIYDASNRAT
GIPDRESGSGSGTDFTLTISSLQTEDSAVY
YCQOYYYWPPYRFGGGTKVEIK

2130

Human

VL

EIVLTQSPGTLAVSPGERATLSCRASQNY
REDLAWYQOQKLGOAPRLLIYDANTRAT
DIPDRESGSGSGTEFTLTISSLOSEDTAVY
YCQHYYDWPPVTIGGOTKVEIK

Human

VL

104

EIVLTOSPATLSVSPGERVTFSCRASQNY
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REDIAWYQQOQKPGOAPRLLIYAASSRDTGCI
PDRESGSGSGTDEFTLTISSLOQSEDFGVYY
COOYYDWPPFTFGGGTE VEIK

Human

VL

ETVLTOQSPGTLTLSPGERATLTCRASQSY
YTYLAWYQEKPGQAPRLLIVGASSRATG
IPDRESGSGSGTVETLTISSLQSEDFAVYY
COOYYDRPPLTPGGGTKVEIK

5138

Human

VL

106

EIVLTQSPGTLSVSPGERVILTCRASQSVD
TYNLAWYQQEPGOAPRLLIYDLSTRATG
IPDRESGSGSGTEFTLTINSLEPEDIAVY'Y
CHOQYYDWPPYTRFGGGTKVEIK

5128

Human

VL

167

EIVLTQSPATLAVSPGERATESCRAS(QNY

KNDLAWYQORPGQAPRLLIYAARIRETG
IPERFSGSGRGTEFTLTITSLOSEDFAVYY

COOYYDWPPFTFGGGTE VEIK

Chicken

VH

AVTLDESGGGLOTPGGALSLVCKGSGET
FSSHAMNWVRQAPGKGLEWVAGISSDG
RFTYYGAAVQGRATISRDNGQSTVRLOL
NNLRAEDTATYYCTKNGGCGSGGDLDC
IDAWGHGTEVIVSS

52

Chicken

VH

109

AVTLDESGGGLQTPGGGLSLVCEASGED
FSNFNMAWVROGPGEGLEY VAEISDTGS
TPYYGSAVQGRATISRDNGOQSTVRLOLN
NLRAEDTGTYPCTRNEFGSSVSSIDAWGH

GTEVIVSS

58

Chicken

YH

110

AVTLDESGGGLOTPGGALSLVCKASGET
FSSYNMGWVROQAPGKGLEFVAGIYASRG

SSTOTOTTYGPAVAGRATISRDNGQSTV

RLQLNNLRAEDTGTYYCAKAAGGCSTH
TCTAYIADSIDAWGHGTEVIVSS

Chicken

VH

111

AVTLDESGGGLOTPGRALSLVCRGSGESE
SSYNMGOWVROAPGKGLEFIASIGSDGSS
THYAPAVKGRATITEDVGQSTVRLOLNN
LRAEDTGTYFCAKDAYQCSYATONDYL
DTIDAWGHGTEVIVSS

51t

Chicken

VH

112

AVTLDESGGGLQTPGGALSLVCRASGET
FSSENMOWVROQAPGKGLEFVAAIYSGNS
AEYGAAVQGRATISRDNGQSTVRLOLN
NLRAEDTGIYFCAKDAGSGOYSGVCAGT
SSIDAWGHGTEVIVSS

512

Chicken

YH

113

AVTLDESGGGLOTPGGALSLVCKASGET
FSSYNMGWVRQAPGKGLEFVAGIYIASG
DLGTTYGAAVQGRATISRDDGQSTVRLE
LNNLRAEDTGTYFCAKSAGGCSAHSCDT
YIADSIDAWGOHGTEVIVSS

€5}
i
[oe)

Chicken

VH

114

AVTLDESGGGLOTPGGALSLVCKASGET
FSSYNMGWVRQAPDKGLEFVAGIYTGS
DAGLESTTYGAAVQGRATISRDNGOSTVER
LOLNNLGAEDTGIYFCTKSAGGCSDYNC
DAYIADSIDAWGHGTEVIVSS

514

Chicken

VH

AVTLDESGGGLQTPGGALSLVCRASGET
FNSYNMOWVRQAPGEKGLEFVAGIYSAG
GDTSTTYGAAVNGRATISRDNGQSTVEL
OQLNNLRAEDTGIYFCAKAAGGCTAHNC
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DAYIADSIDAWGHGTEVIVSS

Human

VH

116

VQLVESGGGYVRPGESLRLSCAASGESES
SYAMNWVRQAPGEGLEWVSRINSGGGG
TDYAEBSVKGRETISRDNSENTLYLOMNS
LRAEDTAVYYCAKQYDWNSFFDYWGL
GALVTVSS

S1i6

Human

VH

117

VOLVESGGOVVRPGESLRLSCAASGERES
SYAMNWVROAPGEGLEWVSRINSGGGG
TDYAESVKOGRIETISRONSENTLYLOMNS
LRACDTAVYYCARQYDWNSFFDYWGL
GALVTVSS

5117

Human

YH

118

YQLVESGGGVVRPGESLRLICAASGESES
SYAMNWVRQAPGEGLEWVSRINSGGGG
TOYABSVKGRETISRDNSENTLYLOQMNS
LRAEDTAVYYCAKQYDWNGFFDY WGL
GALVTVSS

Human

VH

119

VQLVESGGGYVRPGESLRLSCAASGESES
SYAMNWVRQAPGEGLEWVSRINSGGGG
TDYABSVKGREFTISRDNSENTLYLOMNS
LRAEDTAVYYCAKQYDWNGFFDYWGL
GALVTVSS

Siie

Human

VH

126

VOLLESGGGVVQPGGSLRLSCAASGESE
SNFAMTWVROQAPGEGLEWVSTIGSGDT
YYADSVKGREFTISRDNSKNTLYLOMNSL
RABDTAVYYCAKDSTVAIWSGDETDYWG
LGTLVTVSS

5120

Human

YH

121

YQLVESGGGVVQPCGGALRLSCAASGESE
SNFAMTWVROAPGEGLEWVSTIGSGET
YYADSVEGREFTISRODNSENTLYLOMNSAL
RAEDTAVYYCAKDSTVSWSGDFFDYWG
LGTRVTVSS

Human

VH

VQLVESGGGVVRPGESLRLSCAASGERF
SNFAMTWVRQAPGEGLEWVSTIGSGDT
YYADSVEKGRFTISRDNSKNTLYLOMNSL
RABEDTAVYYCAKDSTVSWSGDEFFDYWG
LGTLVTVSS

5123

Human

VH

VOLVESGGGLVOQPGGSLELSCTASGETE

RNYGMSWVRQAPGEGLEWVSASSGSGS
TYYTDSVKGRETISRONSENTLYLOMINSG
LRAGBDTAIYYCARKVTWNNIFDYWGLGT
LVTVSS

5126

Human

YH

124

YQLVESGGGVVRPGESLRLICAASGETH
SNYDMTWVYRQAPGEGLEWVSGISGNG
STYYADSYKGRETISREONSENTLYLOMN
SLRAEDTAVYYCAMNRWWEDYWGLGT
LVTVSS

$128

Human

VH

VQLVESGGGYVRPGESLRLSCAASGESE
REYAMNWVROQAPGEGLEWVSRIDSGGG
GTDYADSVKGRITISRDNSKNTLYLOMN
SLRABDTAVYYCAKQYDWNSFREDYWGL
GAPVTVES

5130

Human

VH

126

VOLVESGGOVVRPGESLRLSCAASGTTE
SNYAMSWVYROAPGEGLEWVSLITINGD
CAYYADSVKGRIETISRDNSENTLYLOM

&6
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NILRAEDTAIYYCAKDGAARYYDIFFDY
WGLGTEVTVSS

€5}
i
2
L

Human

VH

VQLVESGGGYVRPGESLRLSCAASGESES
IYAMSWVRQAPGEGLEWVSTIGADDTY
YADSVEKGRFTISRDNSKNTLYLOMNSLER
AEDTAVYYCAKDSTVGWSGDIFDYWG
LGTLVTVSS

S137

Human

VH

128

VOLVESGGOVVRPGESLRLSCAASGTTE
SSYDMNWVROAPGEGLEW VSLISGSGE]
IYYADSVKGRETISRDNSKNTLYLOMNS
LRAEBDTAVYYCAKENNRYRFFDDWGLG
TLEVTVSS

2138

Human

YH

129

YQLVESGGGVVRPGESLRLICAASGETH
SNYAMNWVRQAPGEGLEWVSGISGRGG
DTYYADSVEGRITISRDNSENTLYLOMN
SLRAEDTAIYYCAKGTWNYGSFDYWGL
GTLVTVSS

951
2
—

Human

VH

130

VQLVESGGGYVQPGGSLRLSCAASGESE
SNFAMTWVRQAPGEGLEWVSTIGSGDT
YYADSVEKGRFTISRDNSKNTLYLOMNSL
RABEDTAVYYCAKDSTVSWSGDEFFDYWG
LGTLVTVSS

AB136

Human

VH

133

DVQLVESGGGYVVRPGESLRLSCAASGET

FSSYDMNWVROAPGEGLEWVSLISGSGE
HYYADSVEGRETISRDNSENTLYLOMINSG
LRAEBDTAVYYCAKENNRYRFFDDWGLG
TLEVTVSS

AB136

Human

ETVLTQSPGTLTLAPGERATLTCRASQAY
YTYLAWYQEKPGOAPRLLIYGASSRATG
IPDRESGSGSGTERFTLTISSLOSEDFAVYY
COOYYDRPPLTFGGGTEVEIK

ARB21

Human

VH

135

DVQLVESGGGVVRPGESLRLSCAASGET
FSSNAMSWVRQAPGKGLEWELAGISAGG
SDTYYPASVKGRITISRDNSKNTLYLOM
NTLTAEDTAVYYCARETWNHLFDYWGL
GTLVTVSS

AB21

Chicken

VL

136

ALTQPASVSANPGETVKIACSGOGDYYRY
YYOWYQOQKAPGSALVTVIYSDDKRPSDI
PSRISGSASGSTATLTITGVRAEDEAVYY
CGOYDYSTYANAFGAGTTLTVL

AB23

Human

YH

DVQLVESGGGVVRPGESLRLSCEASGET
FSSNAMSWVRQAPGKGLEWVAGISSGS
DTYYGDSVEGRLTISRDNSKNILYLOMN
SLTAEDTAVYYCARETWNHLFDYWGLG
TLVTVSS

AB25

Chicken

VL

ALTQPASVSANPGETVEITCSGGSYSSYY
YAWYQQKSPGSAPVTLIVSDDKRPSNIPS
RESGSASGSTATLTITGVRAEDEAVYFCG
GYDOSSYTNPFGAGTTLTVL

AB27

Human

VH

139

DVQLVESGGGVVRPGESLRLSCAVSGRR
FSSYAMSWVROAPGEKGLEWVESGISEGG
DTYYVDSVKGRITISRDNSKNTLYLQVN
SLTAEDTAIY YCARETWNHLFDYWGLG
TLEVTVSS

87




WO 2018/057669

PCT/US2017/052592

AB27 Chicken Vi 140 ALTQPASVSADLGETVKITCSGGDSSSHY
YOWYQOQKSPGSAPVTVIYSDDERPSDIPS
RFSGSASGSTATLTITGVRVEDEAIYYCG
AYDGSTYANTFGAGTTLTVL

ABOGG Human VH 141 DVQLVESGGGVVRPGESLRLSCAASGET
FSSYAMSWVRQAPGKGLEWLAGISAGG
SDTYYIDSVKGRFTISRDNPKNSLYLQMS
SLTAEDTAVYYCARETWNHLEFDYWGLG
TLVTVSS

ABGE Chicken A2 142 ALTQPASYVSANPGETVKITCSGGDYYST
YYAWYQQOKSPGSAPVTVIHSDDKRPSDI
PSRESGSASGSAATLHTGVRVEDEAVYY
CGGYDGRTYINTFGAGTTLTVL

ABILI9 Human HVE-HI 143 GEFSFSNFAMT

AB119 Human HVR-H2 144 TIGSGDTYYADSVKG

AB11S Human HVR-H3 145 DSTVSWSGDFFDY

AB119 Human HVR-L1 146 RASQNVEKNDLA

ABILI9 Human HVR-12 147 AARIRET

AB119 Human HVR-1L3 148 QQYYDWPPFT

AB133 Human HVR-HI 149 GFSFSIYAMS

ABI135 Human HVR-H2 150 TIGADDTYYADSVKG

AB13S Homan HVR-H3 151 DSTVGWSGDEFDY

ABI13S Human HVR-L1 152 RASQNVRSDIA

AB133 Human HVR-1.2 i33 AASSRDT

ABI35 Human HVR-1.3 148 QOYYDWPPET

AB136 Homan HVR-HI 153 GFTESSYDMN

AB136 Human HVR-H2 156 LISGSGEIYYADSVKG

AB136 Human HVR-H3 157 ENNRYREFFDD

ABI36 Human HVR-1.1 158 RASQSVYTYLA

AB136 Homan HVR-L2 159 GASSRAT

AB136 Human HVR-13 160 QOQYYDRPPLT

AB21 Human HVR-HI i61 GETESSNA

AB21 Human HVR-HZ2 162 ISAGGSDT

AB21 Homan HVR-H3 163 ARETWNHLFDY

AB21] Chicken HVR-LI i6d SGGDYYSYYYG

AB21 Chicken HVR-12 1658 TVIYSDDKRPSD

AB21 Chicken HVR-1.3 166 GGYDYSTYANA

AB23 Homan HVR-HI 161 GFTFSSNA

AB2S Human HVR-H2 168 ISSGSDT

AB2S Human HVR-H3 163 ARETWNHLEFDY

AB2Z3 Chicken HVR-1L1 170 SGGSYSSYYYA

AB25 Chicken HVR-12 171 TLIYSDDKRPSN

AB25 Chicken HVR-1.3 172 GOYDQSSYTNP

AB27 Human HVR-H1 173 GFRFSSYA

AR27 Human HYR-H2 174 ISSGGDT

AB27 Human HVR-H3 163 ARETWNHLFDY

AB27 Chicken HVR-LI i76 SGGDSSSHYYG

AB27T Chicken HVR-12 77 TVIYSDDERPSD

AB27 Chicken HVE-13 178 GAYDGRSTYANT

ABOGG Human HVR-HI 179 GFTFSSYA

ABBG Human HVR-H2 i62 ISAGGSDT

ABGS Human HVR-H3 163 ARETWNHLFDY

AR6S Chicken HVER-L1 182 SGGDYYSTYYA
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ABGS Chicken HVR-12 183 TVIHSDDKRPSD
ABBG Chicken HVE-1.3 184 GGYDGRTYINT
AB3 Chicken VH 242 AVTLDESGGGLOQTPGGALSLVCEASGFIFS
DYGMNWVROQAPGEGLEFVAQITSGSRTY
YGAAVEGRATISRDNRQSTVKLQLNNLRA
EDTGIYFCARDFGSGVGSIDAWGNGTEVEY
58
AB3 Chicken VL 243 ALTQPASVSANLGGTVKITCSGSRGRYGW
YOOQRSPGSAPVTIVIYRDNQRPSNIPSRFSSS
TSGSTSTLTITGVQADDESVYFCGSYDGST
DIFGAGTTLTVL
AB45 Chicken VH 244 AVTLDESGGGLOTPGGALSLVCKASGFTF
SSYAMGWVRQAPGKGLEWVAGIDDDGST
ANYGPAVEKGRATISRDNGOSTVRLOLNNP
RAEDSGTYFCAKASVTGWSAHISGRLDTW
GHGTEVIVSS
AB4S Chicken VL 245 ALTQPASVSANPGETVKITCSGGGIYYYG
WYQOQKSPGSAPVTLIYENDKRPSDIPSRES
GSTSGSTNTFTITGVOQAEDEAVYYCGGYD
SNTTSGIFGAGTTLTVL
ABI19 Human with VH 246 EVQLLESGGGYVQPGGSLRLSCAASGESES
st DI1E, E43K, NFAVIWVRQAPGKGLEWVSTIGSGDTYY
L1124, and ADSVKGRFTISRDNSKNTLYLOMNSLRAE
M34V DTAVYYCAKDSTVSWSEGDFFDYWGQGTL
rautations VTVSS
ABI13S Homan with Vi 247 EVQLVESGGGVVOPGGSLRLSCAASGESEFS
Festile DIE, R13(Q, IYAVESWYRQAPGKGLEWVSTIGADDTYY
E16G, E43K, ADSVKGRFTISRDNSKNTLYLOMNSLRAE
L1124, and DTAVYYCAKDSTYVGWSGDFFDYWGQGTL
M34Y VIVSS
mutations
AB136 Human with VH 249 EVQLVESGGGVVQPGRSLRLSCAASGFTES
ot alf DIE, R134, SYDVNWVRQAPGKGLEWVSLISGSGEITY
E16R, E43K, YADSVEGRFTISRDNSKNTLYLOQMNSLRA
L1111, and EDTAVYYCAKENNRYRFFDDWGQGTIVT
M34V VSS
mutations
ABI36 Human with A2 250 EIVLTQSPGTLSLSPGERATLSCRASQSVYT
it all 121, T12S, YLAWYQOQKPGQAPRLLIYGASSRATGIPD
T22S, and RFESGSGRGTEFTLTISSLOSEDFAVYYCQQ
E38(} YYDRPPLTFGGGTKVEIK
rautations
AB136 Homan with 128 251 ETVLTQSPGTLSLSPGERATLSCRASQSVY
Festile T128, T225, TYLAWYQOQKPGOQAPRILLIVGASSRATGIP
atl 12T | and E38( DRESGSGSGTEFTLTISSLQSEDFAVYYCQ
nmtations OYYDRPPLTRGGGTKVEIK
Huml Humanized VL 252 SYELTOPPSVSVSPGOTARITCSGGSYSSY
YYAWYQOQKPGOAPVTLIVEDBKRPSNIPE
RESGSSSGTTVTLTISGVQAEDEADY YOG
YDOSSYINPFGGGTELTVL
Hum?2 Humanized VL 253 QSVLTOPPSVSAAPGORKVTISCRGGRYSSY

YYAWYQOLPGTAPKTLIYSDDERPSNIPD
RFSGSKSGTSATLGITGLOQTGDEADYYCG
GYDOSSYTNPFGTGTKVTVL

&9
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Huom3 Homanized Vi 254 SYELTQPPIVSVSPGQTARITCSGGDYYST
YYAWYQQRPGCOQAPVTVIHSDBERPSDIPE
RFESGSSSGTTYTLTISGVQAEDEADYYCGG
YDGRTYINTFGGGTKLTVL
Humd Humanized VL 255 QSVLTQPPSVSAAPGOKVTISCSGGDYYST
YYAWYQOQULPGTAPKTVIHSDDERPSDIPD
RESGSKSGTSATLGITGLQTGDEADYYCG
GYDGRTYINTFGTGTKVTVL
Hum5 Humanized VL 256 QSALTQPASVEGSPGQSITISCTGTSSDVEGS
YSSYYYAWYQOHPGKAPKTLIYSDDEKRPS
NVENREFSGSKSGNTASLTISGLOAEDEADY
YCGGYDOSSY ITNPFGGGTKLTVL
Huom6 Homanized Vi 257 QRVLTOPPSVSAAPGOKVTISCSGGDYYSY
YYGWYQQLPGTAPKTVIYEBDERPSDIPD
RFESGSKSGTSATLGITGLQTGDEADYYCG
GYDYSTYANATGTGTRVTVL
119 VH | Huoman with VH 2358 EVQLLESGGGVVQPGGSLRLSCAASGESES
MutAll_ | DIE, BE43K, NFAMTWVRQAPGKGLEWVSTIGSGDTYY
V34M and L112Q3 ADSVKGRFTISRDNSKNTLYLOMNSLRAE
pxtations DTAVYYCAKDSTVSWSGDFFDYWGQGTL
VTVSS
135 VH | Human with VH 259 EVQLVESGGGVVQPGGSLRLSCAASGESFS
MutAll_ | DIE, R134, IYAMSWVROQAPGKGLEWVSTIGADDTYY
V34M E16G, B43K, ADSVEKGRFTISRDNSKNTLYLOMNSLRAE
and L1120 DTAVYYCAKDSTVOGWSGDFFDYWGQGTL
mutations VTVSS
136 VH | Human with VH 260 EVQLVESGGGVVOPGRSLRLSCAASGETES
MutAll_ | DIE, R13GQ, SYDMMNWVRQAPGKGLEWVSLISGSGEILY
V34M Ei6R, F43K, YADSVKGRETISRDNSENTLYLOMNSLRA
and LI1IQ EDTAVYYCAKENNRYRFFDDWGOQGTLVT
rautations VAN
Hom 8 Homanized VL 416 SYELTQPPSVSVSPGQTARITCSGGAYSSY
YYAWYQQKPGQAPVLVIYSDSKRPSGIPE
RESGSSSGTTVTLTISGVQAEDEADYYCGG
YDOSSYTNPFGGGTKLTVL
Hum9 Humanized HVR-L1 261 SGGAYSSYYYA
Hum9 Humanized VL 262 SYELTQPPSVSVSPGQTARITCSGGAYSSY
YYAWYQQKPGQAPVLVIYVIDDKRPSGIPE
RESGSSSGTTVTLTISGVQAEDEADYYCGG
YDOQSSYTNPFGGGTKLTVL
AB21 Human with VH 263 EVQLVESGGGVVOPGGSLRLSCAASGETE
Mut Al | germbine SSNAMSWVROQAPGKGLEWVAGISAGGSD
back- TYYPASVKGRFTISRDNSKNTLYLOMNSL
mutations RAEDTAVYYCARETWNHLFDYWGOGTL
YVTIV3S
AB21 Homan with VH 264 EVQLVESGGGVVQPGGSLRLSCAASGFIF
Mut All | germline SSNAVEWVROAPGKGLEWVAGISAGGSD
M34V back- TYYPASVKGRETISEDNSKNTLYLOMNSL
nmtations RAEDTAVYYCARETWNBLFDYWGOQGTL
and liability VTVSS
mutation
AB2S Human with VH 265 EVQLVESGGGVVQPGGSLRLSCAASGETE
Mut Al | germline SENAMSWVROAPGKGLEWVAGISSGSDT
back- YYGDSVKGRFTISRDNSKNTLYLOMNSLT

GG
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rautations

ABDTAVYYCARETWNHLIDYWGOQGTLVT
V55

AB2S Human with VH 266 EVQLVESGGGVVQPGGSLRLSCAASGFTF
Mut All | germline SSNAVSWVROAPGKGLEWVAGISSGSDTY
M34V back- YGDSVKGRFTISRDNSKNTLYLOMNSLTA
mutations EDTAVYYCARETWNHLFDYWGQGTLVTV
and Lability 55
mutation
AB27 Human with VH 267 EVQLVESGGGVVQPGGSLRLSCAASGERF
Mut All | germline SSYAMSWVYRQAPGKGLEWVSGISSGGDT
back- YYVDSVKGRFTISRDNSKNTLYLOMNSLR
mutations AEDTAVYYCARETWNHLFDYWGOQGTLVT
VS5
ARB27 Human with VH 268 EVQLVESGGGVVOPGGSIRLSCAASGERF
Mut Al | germbine SSYAVSWVRQAPGKGLEWVSGISSGGDTY
M34V back- YVDSVKGREFTISRDNSENTLYLOMNSLRA
ntations EDTAVYYCARETWNHLFDYWGOGTLVTV
and lability 55
ntation
135 Human with HVER-HI 269 IYAMS
V34M Hability
mutation
136 Human with HVR-HI 270 SYDMN
V3i4M fiability
mutation
21/25 Human HVYR-HI 271 SNAVS
M34V
27 Human HVR-HI 272 SYAVS
M34V
113 Hurman VH 273 DVQLVESGGGVVRPGESLRLSCAASGESFS
SYAMNWVRQAPGEGLEWVSRINSGGGGT
DYAESVKGRITISRDNSENTLYLOMNSLR
AEDTAVYYCAKQYDWNSFFDYWGLGAL
VTVSS
113 Hurman VL 274 ETVLTQSPATLSVIPGERATLSCRARQTVG
SKLAWHQQEPGQAPRLLIYDATNRATGIS
DRESGSGSGTDIFTLTISSLOTEDSAVYYCQ
QYYYWPPYREFGGGTKVEIK
213 Human VH 275 DVQLVESGGGVVRPGESLRLSCEASGFTF
RNYYMTWVROAPGEGLEWVSTISDTGDT
AYYADSVRKGRFTISRDNSKENSLYLOMNSL
RADDTAIYYCAKSWIWWTFFDY WGLGTL
VTIVSS
213 Chicken VL 276 ALTQPASVSANLGGTVEITCSGGNENHYG
WYQOQKSPGSAPVTLIYADTNRPSNIPSRES
GSTSGSTTTLTITGVQAEDEAVYYUGGSST
GDGIFGAGTTLTVL
173 Hurman VH 278 DVOQLVESGGGVVRPGESLRISCAASGFAF
SDHDMSWVRQOQGPGEGLEWVAGISLERGGY
TWYADSVKGRFTISRDNSENTLYLRLFSL
RTEDTAIYYCARESWNTFFDYWGLGTLVT
VSS
173 Human VL 279 EIVLTQSPGTLSLSPGETATLSCRASQNVRS
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NLAWYQQKPGOAPRLLIYDASSRATGIPD
RESGSGSGTDFTLTISSLOSEDFAVYYCQOQ
YONGPPLTFGGGTRVEIK

209

Human

VH

280

DVQLVESGGAVVRPGESLRLSCKASGETE
TNFAMSWVRQAPGEGLEWVSGISGSDDTT
YYADSVEKGRFTISRDNSESTLYLQMNSLR
AEDTAVYYCVKDSTVSWNTRRFDYWGLGT
LVTVSS

209

Chicken

VL

281

ALTQPASVSANLGOGTVKITCSGGYGSDDG
SSSYYOWYQUKSPGSAPVILIVWDDEKRPS
DIPSREFSGSTSGSTTTLTITGVQAEDEAVYF
CGTYDTSSGAIFGAGTTLTVL

132

Human

VH

282

DVQLVESGGGYVRPGESLRLSCAASGESE
RSYAMNWVRQAPGEGLEWVSRINSGGGG
TDYADSVK
ORIFFTISRDNSKNTLYLOMNSLRAEDTAVY
YCAKQYDWNSEFIDYWOGLGALVTVSS

132

Human

25

ETVLTOQSPATLSVSPGERATLSCRASQTVG
SKLAWHOQOQKPGOQAPRLLIYDA
SNRATGIPDRFSGSGSGTDFRTLTISSPOQTED
SAVYYCOQOQYYYWPPYRFGGGTKVEIK

Human

VH

284

DVQLVESGGOVVRPGESLTLSCTASGFTTT
SSTMNWVROAPGEGLDWVSSISTSGVITY
YADSVEGRATISRDNSKNTLYLRLEFSLEA
DDTAIYYCATDTIDHWOGPGTLVTYSS

Chicken

VL

285

ALTOPASVSANPGETVKITCFGS3GNYGW
FOQOQESPGSAPVTVIHYNNKRPSDIPSRESGS
KSGSTOGTLITTGVRAEDEAVYTFCGAWETG
SATEGAGTTLTVL

149

Human

VH

286

DVQLVESGGGVYVRPGESLELSCAASGETF
SNFAMNWVYRQAPGEGLEWVSLISVTATT
YYADSVKGRETISRDNSKNTLYLOMNSLR
ABDTAVYYCAKVTWNNLFDYWGLGTLY
TVSS

149

Human

VL

287

EIVLTOSPGTLSLSPGERATLSCRASQPIDS

YLAWYQOQEPGQAPRLLIYNTVTRATGIFD
RESGSGSGTDETLTINRLEPEDIAVYYCQH
QYDWPPYIFGGOGTRVEIK

isl

Human

VH

288

DVQLVESGGGVYVRPGESLRLSCAASGETF
SNEFAMTWVRQOAPCGRGPEWVSLVSYVTATT
YYADSVKGREFTISRDNSKSTLYLQMNSLR
AEDTAVYYCAKITWNNLIDYWGLGTLVT
Y85

161

Human

289

EIVLTQSPGTLSLSPGERATISCRASQTVGS
KLAWYQOKPGQAPRLLIYDSSSRASGIPDR
FSGSGSGTDFTLTISSLOSEDSAVYYCQOH
NDWPPYTEGGGTKVEIK

162

Human

VH

290

DVQLVESGGGLVRPGESLRLSCAASGETTT
NYAVTWVRQAPGEGLEWVSLISVIGTTY
YADSVEGRFTISRDNSKSTLYLOMNSLEA
EDTAVYYCAKVTWKNVFDYWGLGTLYT
VS

162

Human

VL

291

EIVLTQSPGTLSYSPGERATESCRASQTVGS
KLAWYQQKPGOAPRLLIYDANTRATGIPA
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RESGSGSGTEFTLTISSLOSEDFAVY YO
HTDWPPYTRGOGGTKVEIR

194 Human VH 292 DVQLVESGGGVVRPGESLRLSCAASGFTF
RNYGMSWVROQAPGEGLEWVSASSGSGST
YYADSVEGRFTISRDNSKNTLYLOMNSLR
AEDTAIYYCAKVTWNNFFDYWGLGTLVT
V5SS
194 Human VL 293 EIVLAQSPDTLSVSPGERATLTCRASQDVA
GKLAWYQQKPGQAPRLLIHATSSRADGIP
ARFSGSGSGTEFTLTITGLOSEDFAVYYCQ
QHYDWSPLTFGGGTKVEIK
£19 Human with HVR-HI 305 NFALT
M34L. liability
mtation
135 Human with HVER-H1 306 IYALS
M34L. liability
nntation
119 mmt | Huaman with VL 312 BEIVLTQSPATLSVSPGERATLSCRASQNVE
all F21L, R39K, NDLAWYQQKPGQAPRLLIYAA
E60OA, and RIRETGIPARFSGSGSGTEFTLTISSLOSEDE
T765 AVYYCQQYYDWPPTTFGGGTKVEIK
mutations
136 Human with HVR-HI 313 SYDLN
M34L linbility
mutation
21728 Human with HVER-H1 318 SNALS
M34L. liability
nnation
27 Human with HVR-H1 319 SYALS
M34L hability
mutation
119_VH | Human with VH 327 EVQLLESGGGYVOQPGGSLRLSCAASGESES
_MutAll | germline NFALTWVROQAPGKGLEWVYSTI
_V34L back- GSGDTYYADSVKGREFTISRDNSKENTLYLO
mutations MNSLRAEDTAVYYCAKDSTVSWSGDEFFD
and liability YWGOGTLVTVSS
mutation
135_VH | Human with VH 328 EVQLVESGGGVVQPGGSLRELSCAASGESF
_MutAl | germline back- SIYALSWVRQAPGKGLEWVSTE
_V34L mnslations and GADDTYYADSVKGRFTISRDMNSKNTLYL(Q
liability MNSLRAEDTAVYYCAKDSTVGWSGDEFD
nnation YWGOGTLVTVSS
136_VH | Human with VH 329 EVQLVESGGGVVQPGRSLRISCAASGFTF
_Mutall | germline back- SSYDLNWVRQAPGKGLEWVSLE
_V34L mutations and SGSGENYYADSVEKGRFTISEDNSKNTLYL
hability OMNSLRAEDTAVYYCAKENNRYRFFDDW
mutation GOGTLVTVSS
AB21 Human with VH 330 EVQLVESGGGVVQPGGSLRLSCAASGETE
HC_Mut | germline back- SSNALSWVRQAPGKGLEWVAGISAGGSD
ANl M3 | mutations and TYYPASVKGRFTISRDNSKNTLYLOQMNSL
4L linbility RAEDTAVYYCARETWNHLFDYWGQGTL
mutation VTVSS
AB25_ Human with VH 331 EVQLVESGGGVYQPGGSLRLSCAASGEFTE

HC Mut

gerniline back-

SSNALSWVRQAPCKGLEWVAGISSGSDTY

93
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Al M2 | mutations and YODSVKGREFTISRDNSKNTLYLOMNSLTA
4L liabibity EDTAVYYCARETWNHLFDYWGQGTLVT

mtation V85

AB27_ Human with VH 332 EVQLVESGGGVVQPGGSLRLSCAASGERF

HC_Mut | germline back- SSYALSWVRQAPGKGLEWVSGISSGGDTY

AN_M3 | mutations and YVDSVKGRETISRDNSKNTLYLOMNSLRA

4L iability EDTAVYYCARETWNHLFDYWGQGTLVT

ntation VSS

218_Ho | Humamzed VL 323 QSALTOQPASVSGSPGQSITISCPGSSGNYGL

mi3 VEWYQOQHPGKAPKLMIVYNNKRPSGVSEN

(218 VL RESGSKSGNTASLTISGLOAEDEADYYCG

with AWETGSATFGGGTKLTVL

human

IGLV2)

218_Hu | Humanized VL 334 SYELTQPPSVSVSPGQTASITCFGISGNYG

mid WYCQQKPGQSPVLVIYYNNKRPSGIPERFSG

(218 VL SNSGNTATLTISGTQAMDEADYYCGAWE

with TGSATEGGGTKLTVL

haman

IGLVE)

119 Human VH 335 DVQLLESGGGVVQPGGSLRLSCAASGESF
SNFAMTWVROAPGEGLEWVSTIGSGDTY
YADSVKGRFEFTISRDNSKNTLYLOMNSLRA
EDTAVYYCAKDSTVSWSGDFFDYWGLGT
LVTVSS

135 Human VH 341 DVQLVESGGGVVRPGESLRLSCAASGESFES
IYAMSWVYRQAPGEGLEWVSTIGADDTYY
ADSVEGRITISRDNSENTLYLOQMNSLRAE
PTAVYYCAKDSTVGWSGDFFDY WGLGTL
VTVSS

i Human VH 284 DVOGLVESGGGVVEPGESLRLSCAVSGFRESSY
AMSWVROAPGKGLEWVSGISSGGDTYY VISV
KGRFTISREBNSKNTLYLQVNSLTAEDTAIYYCA
RETWNHLFDYWGLGTLYTYSS

16 Chicken VL 295 ALTQPASVSANLGETVKITCSGGDSSSHYYGW
YOQKSPGSAPVTVIYSDDERPSDIPSRFSGSASG
STATLTITGVRVEDEAIYYCGAYDGSTYANTF
GAGTTLTVL

17 Human VH 342 DVQLVESGGAVVRPUGESLRLSCAASGFTFSSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIDS
VEGRFTISRONSENSEYLOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

17 Chicken VL. 343 ALTQPASVSANPGETVERITCSGGDWY STYYD
WYQQKSPGSAPVTVIHSDDERPSIHPSRESGS A
SGSAATLTITGVRVEDEAVY YCAGYDGRTYIN
TFGAGTTLTVL

22 Human VH 344 DVQLVESGGGVVRPGESLRISCAASGEFTESSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIDS
VEGRFTISRROQFQEQSLSPNEPALTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

22 Chicken VL 345 ALTQPASVSANPGETVKITCSGGDYYSTYYGW
YQOQKSPGSAPVTVIHSDDKRPSDIPSRFSGSASG
SAATLTIAGVRVEDEAVYFCGAYDGRTYINTF
GAGTTLTVL

23 Human VH 346 DVQLVESGOGVVRPGESLRISCAASGFTFSSH

AMSWYVRQAPGKGLEWLAGISAGGSDTYYIDS

94
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VKGEFTISEDNSKSSLYLRMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

-
[9%]

Chicken

VL

ALTOQPASVYSANPGETVKITCSGODYYSTYYAW
YOOKSPGSAPVTVIHSDDERPSDIPSRFSGSASG
SAATLHTGVRVEDEAVYFCGGYDGRTYINTFG
AGTTLTVL

24

Human

VH

DVQLVESGGGVVRPGESLRLSCAASGFTESSN
AMSWVROAPGKGLEWLAGISAGGSDTY YPAS
VEGRFTISRONPKNTLY LOMNTLTAEDTAVYY
CARETWNHLEDYWGLGTLVTVSS

24

Chicken

VI

349

ALTQPASVIANPGETVEIACSGGSYYSYYYOGW
YQOKSPGSALVTVIYSDDKRPSGIPSRESGSAS
GSTATLTITGVRAEDEAVY YUGGYDYSSYTND
FOAGTTLTVL

20

Human

VH

350

DVQLVESGGGVVRPGESLRLSCAASGEFTESTY
AMSWVROQAPGKGLEWVSGISASGSGTYYGDS
VEGRFITMSEDNSENTLY LOMNSLTAEDTAVY
YCARETWNHLFDYWGLGTLVTVSS

26

Chicken

VL

ALTQPASVSANLGGTVEITCSGGSSSYYGWYQ
QKSPGSAPVTVIYSDNQRPSDIPSRESGSASDST
ATLTITGVOVEDEAIYYCGGYDSSTYANTFGA

GTTLTVL

28

Human

VH

DYVQLVESGOGVVRPGESLRLSCAASGESEFSSN
AMSWYRQAPGKGLEWVAGISASGDTYYSGSM
KGRFTISRDNSKNTLYLOMNSLTAEDTAVYYC
ARETWNHLFDYWGLGTLVTVSS

28

Chicken

VL

ALTQPASYVSANPGETVKITUSGGSDSYYYGWH
QOKSPGSAPVTVIY SDDQRPPDIFSRESGSASGS
TTTLTITGVRAEDEAVYYCGGYDYSTYTNTERG
AGTTLTVL

29

Human

VH

DVOQLVESGGGVVREPGESLRLSCAVSGERESSY
AMSWVROAPGKGLEWVSGISSDSDAYY VDSV
KGRFTISRDNSKNTLYLOQVNSLTAEDTAVYYC
ARETWNHLFDYWGLGTMVTVSS

Chicken

VL

ALTOQPASVYSANLGETVKITCSGGDSSSHYYGW
FOOQKSPGSAPVTLIYSDDERPSDIPSREFSGSASG
STATLTITGVRVEDEAIYFCGAYDGSTYTNTFG
AGTTLTVL

30

Human

Vi

DVQLVESGGGV VRPGHSLRLSCEASGEFTFSSDA
MSWVRQAPGKGLEWVSGISSGSSTY YGGSVK
GRETISRDNSKNTLYLOMNSLITAEDTAVYYCA
RETWNHLFDYWGLGTLVTVSS

30

Chicken

VL

ALTOQPASVSASPOETVEITCSGGSDSSYYYGW
YOQUKSPGSAPVTVIYSDNKRPSNIPSRESGSASG
STATLTITGVRVEDEAVYYCGGYDYSTYTNPF
GAGTTLTVL

w
(]

Human

VH

DVQLVESGGGVVRPGESLRLSCAVSGEFRESSY
AMSWVRQAPGKGLEWVSGISSGGDTYYVDSY
KGRFTISEDPNSKNTLYLOVNSLTAEDTAIYYCA
RETWNHLFDYWGLGTLVTVSS

Chicken

VL

ALTQPASVSANLGETVEITCSGUDSSSHY YGW
YQOKSPGSAPVTVIYSDDERPSDIPSRFSGSASG
STATLTITGVRVEDEAIYYCGAYDGSTYANTF
GAGTTLTVL

Human

VH

366

DVQLVESGOGVVRPGESLRLSCAASGEFTFSSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIDS
VEKGRFTISRDNSKNSLYLOQVNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVIVSS

Chicken

VL

361

ALTQPASVSANPGETVKITUSGGGYYSTYYGW

35
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YQOKSPGSAPVTVIHSDDKRPSDIPSRESGSASG
SAATLTITGVRVEDEAVY YCAGYDGRTYINTF
GAGTTLTVL

59

Human

VH

362

DVQLVESGGGVVRPGESLRLSCAVSGFRESSH
AMSWYVRQAPGKGLEWVSGISSGGDTYYVDSY
KGRFTISEDPNSKNTLYLOVNSLTAEDTAIYYCA
RETWNHLFDYWGLGTLVTVSS

59

Chicken

VL

363

ALTQPASVSANLGETVEITCSGGDSSSHYYGW
YQOKSPGSAPVTVIYSDDERPSDIPSRFSGSASG
STATLTITGVRVEDEATY YCGAYDGSTYANTF
GAGTTLTVL

60

Human

VH

364

DVQLVDSGGOVVRPGESLRLSCAASGETESSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIDS
VKGRFTISRDNSEKNSLYLOMNSLTAEDTAVYY
CARETWNHIPDYWGLGTLVIVSS

60

Chicken

VL

ALTQPASVSANPGETVKITCSGGDYYSTYYGW
YOQOQKSPGSAPVTVIHSDDERPSDIPSRFSGSASG
SAATLTITOGVRVEDEAVYFCGAYDGRTY INTF
GAGTTLTVL

65

Human

VH

DVQLVESGGGVVREPGESLRLSCAASGFTFSSY
AMSWVROAPGKGLEWLAGISAGGSDTY YIDS
VEGEFTISRDNSKNSLYLOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

65

Chicken

VL

367

ALTOQPASVYSANPGETVEKITCSGGDYYSTYYGW
YOQKSPGSAPVTVIHSDDKRPSDIPSRFSGSASG
SAATLTITGVRVEDEAVY PCGAYDGRTYINTF
GAGTTLTVL

69

Human

VH

363

DLOLVESGGGVVEPGESLRLSCAASGFTESSYA
MSWVRQAPGKGLEWLAGISAGGSDTYY DSV
KGRFTISRONSENSLYLOMNSLTAEDTAVY YC
ARETWNHLFDYWGLGTLVTVSS

69

Chicken

VL

ALTOPASVSANPGETVEHCSGODYYSTYYGW
YQOKSPGSAPVTVIHSDDKRPSDIPSRESGSASG
SAATLTITGVRVEDEAVY FCGAYDGRTYINTF
GAGTTLTVL

76

Human

VH

370

DVQLVESGGGVVRPGESLERLSCAASGEFTFSSY
AMSWVRQAPGKGLEWLAGISAGGSDAYYIDS
VEGRFTISRDNSKNSLYLOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTIVSS

76

Chicken

VL

ALTQPASVSANPGETVKITCSGGDWYSTYYG
WYQQKSPGSAPVTVIHSDDKRPSDIPSRFSGSA
SGRAATUTITGVRVEDEAVYYCAGYDGRTYIN
TPGAGTTLTVL

Human

Vi

372

DVQLVESGGGV VRPGHESLRLSCAASGFTESSY
AMSWVROAPGKGLEWLAGISAGGSDTY YIDS
VEGRFTISRDNSKNSLYLOQMNSLTAEDTAVYY
CARETWNHLEDYWGLGTLYTVSS

71

Chicken

VL

ALTQPASVSANPGETVKITCSGGGYYSTYYGW
YQOKSPGSAPVTVIHSDDKRPSDIPSRESGSASG
SAATLTITGVRVEDEAVY YCAGYDARTYINTF
GAGTTLTVL

Human

VH

DVQLVESGGGVVRPGESLRLSCEASGFTFSSNA
MSWARQAPGKGLEWVAGISSGSDTYYGDSVK
GRLTISRDNSKNILYLOQMNSLTAEDTAVYYCA
RETWNHLFDYWGLGTLVTVSS

73

Chicken

VL

ALTQPASVSANPGETVKITCSGGIVSSYYYAW
YQOKSPGSAPVTLIYSDDKRPSNIPSRFSGSASG
STATLTITGVRAEDEAVYFCGGYDQSSYTNPF

96
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GAGTTLTVL

74

Human

VH

DVQLVESGGGVVRPGESLERLSCAASGEFTFSSN
AMSWYRQAPGKGLEWLAGISAGDSDTYYPAS
VEGRFTISRDNPKNTLYLOMNTLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

Chicken

VL

ALTQPASVSANPGETVKIACSGGSYYSYYYGW
YQOKSPGSALVTVIYSDDKRPSGIPSRESGSAS
GSTATLTITGVRAEDEAVYYCGGYDYSSYTND
FGAGTTLTVL

Human

VH

DVOQLVESGOGGVVEFPGESLRLSCAASGEFTESSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIDS
VKGEFTISEDNSENSLYLOMNSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTIVSS

Chicken

VL

ALTQPASVSANPGETVKITCSGGDWYSTYYG
WYQOQESPGSAFVTVIHSDDKRPSDIFSREFSGSA
SGSAATLTITGVRVEDEAVYYCAGYDGRTYIN
TPGAGTTLTVL

201

Human

VH

380

DVQLVESGGAVVRPGETLRLSCTASGFTESSY
AMSWVROAPGKGLEWVYSGISASGSDTYYADS
VEGESTISRDNSKNTLYLRMSSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTVSS

201

Chicken

VL

381

ALTQPASVYSANPGETVEKITCSGGGTSSYYGWY
QOKSPGSAPVTLIHSDDKRPSDIESRFSGSASGS
TATLTITGVQVEDEAVYYCGGYDYTTYVNTEG
AGTTLTVL

202

Human

VH

382

DVQLVESGGGVVRPGESLRLSCAASGEFTESSY
AMSWVRQAPGKGLEWLAGISAGGSDTY YIDS
VEGRFTISRDNSKNSLYLOMNSLTAEDTAVYY
CARETWNHLEDYWGLGTLYTVSS

Chicken

VL

ALTQPASVSANPGETVKITCSGGGYYSTYYGW
YQORSPOGSAPVTVIHSDDERPSDIPSRESGSASG
SAATLTITGVRVEDEAVY YCAGYDGRTYLNTF
GAGTTLTVL

266

Human

VH

DVQLVESGGAVVRPGETLRLSCTASGFTPSSY
AMSWYVRQAPGKGLEWVSGISASGSDTYYADS
VEKGRSTISRDNSKNTLYLRMSSLTAEDTAVYY
CARETWNHLFDYWGLGTLVTLSS

206

Chicken

VI

ALTQPASVSANPGETVERITCSGGGTSSYYGWY
QUEKSPGSAPVTLIHSDDKRPSDIPSRFSGSASGS
TATLTITGVQAEDEAVYYCGGYDYTTYVNTEG
AGTTLTVL

Human

VH

386

DVQLVESGGGVVRPGESLRLSCAASGEFTESTSD

MNWVROAPGEGLEWVSLISGSGEITYYADSVK
SREFTISRDNSKNTLYLOMNSLRAEDTAVYYCA

KENDRYRFFDYWOLGTLVTYSS

175

Human

VL

ETVLTQSPGILSLSPGERATLTCRASQSVYTYL
AWYQEKPGOAPRLLIYGASSRAAGIPDRESGS

GSGTEFTLTISSLOSEDFAVYYCOQQYYDRPPLT
FGGGTRVEIK

Human

VH

383

DVQLVESGGGVVRPGESLERLSCAASGEFTFSSY
DMRNWVROAPGEGLEWVSLISGSGEHYYADSY
KGEFTISEDPNSKNTLYLOMNSLRAEDTAVYYC
AKENNRYRFFDYWGLGTLVTVSS

Human

VL

KIVLTOSPOGTLSLSPGERATLTCRADQSVYTYL
AWYQERPGOAPRILIYDASSRATGIPDRESGSG
SGTEFTLTISSLQSEDFAVYYCQOYYDRPPLTF
GGOGTRVEIK

Human

VH

369

DVQLVESGOGVVRPGESLRLSCAASGEFTFSSY
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DMNWVRQOAPGEGLEWVSLISGSGEHYYADSY
KGEFTISEDNSKNTLYLOMNSLRAEDTAVYYC
AKENNRYRFFDYWGLGTLYVTVSS

178

Human

VL

391

ETVLTQSPGTLTLSPGERATLSCRASQSVYTYL
AWYQEKPGQOAPRLIIYGASSRATGVPDRESGS
GSGTEFTLTISSLOSEDFAVYYCOQQYYDRPPLT
FGGGTKVEIK

180

Human

VH

392

DVQLVESGGGVVRPGESLERLSCAASGEFTFSSY
DMNWVROAPGEGLEWVSLISGSGEHY YADSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
AKENDRYRFFDYWGLGTLVTVSS

180

Human

VL

393

ETVLTOSPGTLTLSFGERATLTCRASQSVYTYL
AWYQEEPGQAPRLLIYGASSRATGIPDRFSGSG
SOGTEFTLTISSLQSEDFAVY YCQOQY YDRPPLTF
GGOGTRVEIK

184

Human

VH

354

DVOQLVESGOGGVVEFPGESLRLSCAASGEFTESSY
DMNWVRQOAPGEGLEWVSLISGSGEIIY YADSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
AKENNRYRFFDYWGLGTLVTVYSS

184

Human

VL

ETVLTOSPGTLSLSPGERATINCRASQSVYTYL
AWYQEKPGQAPRLIIYDASSRATGIPDRESGSG
SGTEFTLTISSLESEDFAVYYCQQY YDRPPLTF
GGGTKVELK

Human

VH

396

DVQLVESGGGVVRPGESLRLSCAASGFTESSY
DMNWVYRQAPGEGLEWVSLISGSGEIIY YADSY
KGRFTISRDONSKNTLYLOQMNSLRAEDTAVYYC
AKENNRYRFFDDWGLGTLYTVSS

Human

VL

a
el
~J

HETVLTQSPGTLSLSPGERATINCRASGSVYSYL
AWYQERPGQAPRLLIYGASTRATGIPDRESGSG
SGTEFTLTISSLESDDFAVYYCQQYYDRPPLTY
GOGTRKVEIK

189

Human

VH

358

DVQLVESGGGVVRPGESLRLSCAASGEFTESSSD
MNWVROAPGEGLEWVSLISGSGEITYYADSVEK
GRFTISRDNSKNTLYLOMNSLRAEDTAIYYCA
KENNMYRFFDYWGLGTLVTVSS

189

Human

VL

399

ETVLTQSPGTLSLSPGERATLSCRABQSVYTYL
AWYQQKPGQPPRLEIHAARNRAAGIPDRFESGS
GSGTEFTLTISSLOSEDFAVYYCOQQYYDRPPLT
FGGGTKVEIK

190

Human

VH

400

DVQLVESGGGVVRPGESLERLSCAASGEFTFSSY
DMNWVROAPGEGLEWVSLISGSGEHY YADSY
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
AKEDNRYRFFDYWGLGALVTVSS

Human

VL

401

ETVLTQSPGTLTLSPGERTTLTCRASQSVYTYL
AWYQEEPGQAPRLLIYGASSRATGIPDRFSGSG
SOGTEFTLTISSLQSEDFAVY YCQOQY YDRPPLTF
GGOTKVEIK

193

Human

VH

402

DVOQLVESGOGGVVEFPGESLRLSCAASGEFTESSY
DMNWVRQAPGEGLEWVSLISGSGEITYYADSV
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
AKENNRYRFFDYWGLGTLVTVYSS

Human

VL

ETVLTOSPGTLSLSPGERATLISCRASQSVYTYL
AWYQEKPGOQAPRLIIYAASTRATGIPDRFESGSG
SGTEFTLTISSLOSEDFAVYYCGQQYYDRPPLTF
GGGTKVEIK

191

Human

Vi

404

DVOQLVESGGGV VRPOGHESLRLSCAASGESFSSY
AMNWVYRQAPGEGLEWVSRINSGGOGTDYAES
VEGRFTISRDNSENTLYLOMNSLRAEDTAVYY
CAKQYDWNGFPDYWGLGALVTVSS
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191

Human

VL

405

ETVLTOQSPATLSVSPGERATLSCRASQTVGSKL
AWHOQQOKPGQAPRLLIYD
ATNRATGIPDRFSGSGSGTDFTILTISGLOTEDSA
VYYCQOYYYWPPYRFGOGGTRVEIK

198

Human

VH

DVQLVESGGGVVEPGESLRLSCAASGESFSSH
AMNWVRQAPGEGLEWVSRINSGGGGTDYAES
VKGEFTISEDNSENTLYLOMNSLRAEDTAVYY
CAKQYDWNGFFDYWGLGALVTVSS

198

Human

VL

407

ETVLTOQSPATLSVSPGERATLSCRASQTVGSKL
AWHQOKPGQAPRILIYD
ATNRATGIPDRFESGSGSGTDFTLTISSLOTEDSA
VYYCOQQYYYWPPYRFGGGTKVEIK

Human

Vi

408

DVQLVESGGGLVRPGESLRLSCAASGEFTFTINY
AVITWVRQAPGEGLEWVSLISVTGTTYYADSY
KGRFTISRDNSKSTLYLOMNGLRAEDTAVYYC
AKVIWKNVEDYWGLGTLVYTVSS

163

Human

VL

BEIVETQSPGTLSVSPGERATFSCRASQTVGSKL
AWYQOEPGQAPRLLIY DANTRATGIPARFSGS
GSOTEFTLTISSLOSEDFAVYYCQQHTDWPPYT
FOGGOTKVERR

Human

VH

DVQLVESGGGLVEPGESLRLSCAASGFTFINY
AVIWVROAPGEGLEWVSLISVIGTTYYADSV
KGEFTISEDPNSKSTLYLOMNGLRAEDTAVYYC
AKVTWKNVEDYWGLGTLYTVSS

164

Human

VL

411

EIVETQSPGTLSVSPGERATESCRASQTVGSKL
AWYQQKPGOAPRLLIYDANTREATGIPARFSGS
RSGTEFTLTISSLOSEDFAVYYCQUHTDWPPYT
FGGGTKVEIK

Human

VH

412

DYVQLVESGOGVVRPGESLRLSCAASGEFTFSDH
DMSWVRQGPGEGLEWVAGISLRGOVIWYAD
SVKGRFTISRDNSKNTLYLRLFSLRTEDTAIYY
CARESWNTFPDYWGLGTLVTVSS

Human

VL

413

EIVETQSPGTLSLSPGETATLSCRASQRNVESNL
AWYQQKPGQOAPRLLIYDASSRATGIFDRESGS
GSGTIDFTILTISSLOSEDFAVY YCQQYGNGFPLT
FGOGTRVEIK

Human

VH

414

DVQLVESEGGVVRPGESLRLSCEASGFTFRNSY
MTWVRQAPGEGLEWVSTISDTGDTAYYADSY
KGRFTISRDNSKNSLYLOMNSLRAEDTAIYYC
AKSWIWWTFFDYWGLGTLVTVSS

214

Chicken

VL

415

ALTOQPASYSANLGGTVEITCSGONSNHYOGWYQ
QKSPGSAPVTLIY ADTNRPSNIPSRESGSTSGST
STETITGVQAEDEAVYYCGGSSTGDGIPGAGTT
LTVL

Hum&

[Tumanized

VI

416

SYELTQPPSVEVAEPGQTARITCSGGAYSSYYYA
WYQOKPGOQAPVILVIYSDSKRPSGIPERFSGSSS
GTTVTLTISGVQAEDEADYYCGGYDOQSSYTNE
FGGOGTKLTVL

136_Mut
Adl(Light
chain}_
St2T

Hurman with
DiIE, R12343,

E16R, E43K,

and L1113

mutations

VL

417

EIVLTQSPGTLTLSPGERATLSCRASQSVYTYL
AWYQOEPGOQAPRLLIYGA
SSRATGIPDEFSGSGSGTEFTLTISSLOSEDFAY
YYCQQYYDRPPLTFGGGTKVEIK

136 _Mut
Ali(Light
chainy_
8227

Human with
germline
back-
mutations

VL

418

EIVLTOQSPGTLSLSPGERATLTCRASOSVYTYL
AWYQQKPGOAPRLLIYGA
SSRATGIPDRESGSGSOTEFTLTISSLQSEDFAY
YYCOQYYDRPPLTFGGGTKVEIK
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136_Mnut | Human with VL 419 EIVETQSPGTLSLSPGERATLSCRASQSVYTYL
germline AWYQEKPGQAPRLLIVGA
hack- SSRATGIPDRESGSGSGTEFTLTISSLOSEDFAY
Aations YYCQQYYDRPPLTFGGGTKVEIR
119_wt_ | Human with Vi 426 DVQLLESGOOGVVQPOGHLRLSTCAASGESEFSNE
M34L Hability ALTWVROAPGEGLEWVSTIGSGDTYYADSVK
ratation GRETISR
DNSKNTLYLOMNSLRAEDTAVYYCAKDSTVS
WSGDFFDYWGLGTLVTVSS
119wt | Human with VH 421 DVQLLESGGOVVQPGGSLRELSCAASGEFSFSNF
M34V lability AVIWVYRQAPGEGLEWVSTIGSOGDTYYADSVE
mutation GRFTISR
DNSENTLYLOMMNSLRAEDTAVYYCAKDSTVS
WSGDFFDYWOGLGTLVTYSS
135_wt_ | Human with VH 422 DVQLVESGGGVVRPGESLRLSCAASGESESIYA
M34L liability LSWVRQAPGEGLEWVSTIGADDTYYADSVEG
mfation RFTISE
DNSKNTLYLOMNSLRAEDTAVYYCAKDSTVG
WSODFFDYWGLGTLYTVSS
135_wi_ | Human with VH 423 DVQLVESGGGVVEPGESLRLSCAASGESESIY A
M34V liability VSWVERQAPGEGLEWVSTIGADDTYYADSVKG
mutation RFTISR
DNSENTLYLOMNSLRAEDTAVYYCAKDSTVG
WSGDFFDYWGLGTLVTVSS
136_wt_ | Human with VH 424 DVQLVESGGGVVRPGESLERLSCAASGEFTFSSY
M34L liability DINWVROAPGEGLEWVSLISGSGEIYYADSV
nrutation KGRFETI
SRDNSENTLYLOMNSLRAEDTAVYYCAKENN
RYRFFDDWGLGTLVTVSS
136_wt_ | Human with VH 425 DVQLVESGGGVVRPGESLRLSCAASGFTESSY
M34V Hability DVYNWVROQAPGEGLEWVSLISGSGEHYYADSV
ratation KGRFTI
SRDNSKNTLYLOQMNSLRAEDTAVYYCAKENN
RYRFFDDWGLGTLVTVSES
119 Human HVE-HI 75 NFAMT
HVR-HI
[0184] In some embodiments, an antibody of the present disclosure binds to a human

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

polypeptide that arc bound by an antibody of the present disclosure may be described with

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

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

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

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

resicies that correspond to one or more amino acid positions of SEQ 1D NO:296 can be

identitied for various human SIRP-¢ polypeptides, such as v1 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 aseful for protein

production and purification), one of skill in the art will appreciate that references herein t©
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amino acid positions with respect to the amino acid sequence of SEQ ID NG:296 will
correspond to the same positions in the amino acid sequence of SEQ 1D N(:5. Techniques
for determining the residues of a SIRP-a polypeptide bound by an antibody are known in the
art; exemplary and non-lHimiting descriptions are provided in Example 4.

[0185] SEC 1D NG:296

HEELQVIQPD KSVLVAAGET ATLRCTATSL IPVGPIQWER GAGPGRELIY NOQKEGHFPRY

TTVSDLTERN NMDFSIRIGA ITPADAGTYY CVKFREGSPD DVEFESGAGT ELSVRAKPST
RHHHHHH

{0186] 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 131, V33, Q32,
K53, T67, R68, N70, and K96, according to SEQ [ N(:286. In some embodiments, the
antibody further binds to the human SIRP-g v1 polypeptide at one or more amino acid
positions selected from 130, P32, B34, T62, N71, M72, F74, and R93, according to SEQ ID
NO:296.

[0187] In some embodiments, an antibody of the present disclosure binds to a human
SIRP-g vl polypeptide at one or more amino acid positions selected from 17, P9, D10, K11,
512, A42, A108, and E111, according to SEQ 1D N(O:296. In some embodiments, the
antibody binds to the human SIRP-¢ v1 polypeptide at K11, A42, A108, and E1i1, according
to SEQ 1D NO:296. In some embodiments, the antibody binds to the human SIRP-¢ vi
polypeptide at 17, PG, D10, K11, S12, A108, and E111, according to SEQ 1D NO:286. In
some embodiments, the antibody further binds to the human SIRP-a v1 polypeptide at one or
more amino acid positions selected from L14, T26, T28, T8, Y9, S106, S113, and A116,
according to SEQ ID NO:296. In some embodiments, the antibody further binds to the
human SIRP-q v1 polypeptide at L14, T8§, Y90, 5106, 5113, and A116 of human SIRP-g
vl, according to SEQ ID N(:296. In some embodiments, the antibody further binds to the
huraan SIRP-u vl polypeptide at 114, T26, and T28, according to SEQ [D NO:296.

{0188] 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 E47, L.48, PS5,
R39, T82, and A4, according to SEQ ID N(O:296. In some embodiments, the antibody
further binds to the human SIRP-g vl polypeptide at one or more amino acid positions
selected from A7, P44, G43, 149, ES54, G55, H56, F57, and P83, according to SEQ ID
NG:296.

{01891 in some ermbodiments, an antibody of the present disclosure binds the

extracellular domain (e.g., the D1 domain) of a human SIRP-a v1 polypeptide with a
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dissociation constant (Kp) of less than 100nM, less than 50nM, or less than 30nM. In some
cmbodiments, the antibody blocks binding between an extracellular domain (e.g., the D1
dornain) of a human SIRFP-a polypeptide and an Ig5F domain of a hurnan CD47 polypeptide,
and the antibody binds the extraceliuiar domain (e.g., the D1 domain) of a human SIRP-q vi
polypeptide with a dissociation constant (Kp) of less than 100nM, less than 50nM, or less
than 30uM. In some embodiments, the antibody binds the D1 domain of a human SIRP-q vi
polypeptide and the D1 domain of a human SIRP-¢ v2 polypeptide. In some embodiments,
the antibody binds an extracellular domain {(e.g., the D1 domain)} of a cynomelgus SIRP-¢
polypeptide. 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
extraceliular domain (e.g., the D1 domain} of a human SIRP-y polypeptide. In some
cmbodiments, the antibody binds an extracellular domain (e.g., the D1 domain} of a murine
SIRP-a polypeptide.

{0190] 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 {g8F domain of a human CD47
polypeptide. In some embodiments, the antibody binds the extracellular domain (e.g., the D}
domain)} of a human SIRP-a vl polypeptide with a dissociation constant (Kp) of less than
100nM, less than S(nM, or less than 30nM. In somec embodiments, the antibody binds the D1
domain of a human SIRP-¢ vi polypeptide. In some embodiments, the anabody binds the Dl
domain of a human SIRP-¢ vl polypeptide and the Di domain of a human SIRP-o v2
polypeptide. In some embodiments, the antibody binds an extracellular domain (e.g., the D1
dorain) of a cynomolgus SIRP-a polypeptide. In some ernbodiments, the antibody binds an
extracellular domain (e.g., the B1 domain} of a human SIRP-§ pelypeptide. In some
cmbodiments, the antibody binds an cxtracellular 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 extracellular domain {e.g., the D1 domain} of the human SIRP-¢ polypeptide with a
reference anti-SIRP-u antibody. Techniques for determining whether an antibody competes
for binding the extracellular domain {e.g., the D1 domain) of the human SIRP-a polypeptide
with a reference anti-SIRP-go antibody are known in the art; exemplary and non-limiting

descriptions are provided in Example 5.
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{0192] In some embodiments, an antibody of the present disclosure competes for binding
the extracellular domain (¢.g., the D1 domain) of the human SIRP-g polypeptide with one or
more reference anti-SIRP-o 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
extraceliular domain (e.g., the D1 domain} of the human SIRP-¢ polypeptide with one or
more of the following reference anti-SIRP-1 antibodies: (a) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID NO:120 and a VL domain
comprising the amino acid sequence of SEQ 1D NO:97, (b} an antibody comprising a VH
dorpain comprising the amino acid sequence of SEQ ID NG:121 and a VL domain
comprising the amino acid sequence of SEQ 1D N(O:98, (¢) an antibody comprising a VH
domain comprising the amine acid sequence of SEQ 1D NOG:130 and a VL domain
comprising the amino acid sequence of SEQ ID 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 NG: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 D NO:137 and a VL domain
comprising the amino acid sequence of SEQ ID N(O:138, (g) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ 1D NO: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 NO:141 and a VL domain
comprising the amino acid sequence of SEQ 1D NO:142, and (i) an antibody comprising a
VH domain comprising the amino acid sequence of SEQ 1D NO:127 and a VL. domain
comprising the amino acid sequence of SEQ ID NG:104.

{0193] In some embodiments, an antibody of the present disclosure competes for binding
the extracelhilar domain {e.g., the D1 domain) of the human SIRP-a polypeptide with one or
more reference anti-5IRP-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
dorpain} of the human SIRP-u polypeptide with one or more of the following reference anti-
SIRP-g antibodies: (a) an antibody comprising 2 VH domain comprising the amino acid
sequence of SEQ D NO:133 and a VL domain comprising the amino acid sequence of SEQ

1D NO:134, and (b) an antibody comprising 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 SE(3
1 NO:EGS.

{01941 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-¢ 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-a 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 NO:242 and a VL domain comprising the
amino acid sequence of SEQ 1D NO:243, (b) an antibody comprising a VH domain
comprising the amino acid sequence of SEQ ID N(: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 ID NO:278 and a VL. domain comprising the
amino acid sequence of SEQ ID NO:276, and {(d) an antibody comprising a VH domain
comprising the amino acid sequence of SEQ 1D NO:280 and a VL domain comprising the
amino acid sequence of SEQ D NG:281.

[0195] in some embodiments, an antibody of the present disclosure competes for binding
the extraceliular domain (e.g., the D1 domain) of the human SIRP-a polypeptide with one or
maore reference anti-SIRP-g 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-g antibodies: (a) an antibody comprising a VH domain
comprising the amino acid sequence of SEQ 1D NO:116 and a VL domain comprising the
amino acid sequence of SEQ ID NO:93, (b} an antibody comprising a VH domain comprising
the amino acid sequence of SE€) [D NO:117 and a VL domain comprising the amino acid
sequence of SEQ 1D NO:94, (¢) an antibody comprising a VH domain comprising the amino
acid sequence of SEQ 1D NO:118 and a VL. domain comprising the amino acid sequence of
SEQ 1D NO:95, (d) an antibody comprising a VH domain comprising the amino acid
sequence of SEQ D N(G:119 and a VL domain comprising the amino acid scquence of SEQ
1D 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
NC:283.
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{03196] In some embodiments, an antibody of the present disclosure competes for binding
the extracellular domain (¢.g., the D1 domain) of the human SIRP-g polypeptide with one or
more reference anti-SIRP-o antibodies selected from 218, 123, 149, 161, 162, and 194. 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 of the following reference anti-SIRP-1 antibodies: (a) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ ID NO:284 and a VL domain
comprising the amino acid sequence of SEQ ID NO:285, (b) an antibody comprising a VH
dorpain comprising the amino acid sequence of SEQ ID NG:i123 and a VL domain
comprising the amino acid sequence of SEQ 1D NO:100, (¢} an antibody comprising a VH
domain comprising the amine acid sequence of SEQ 1D NOG:286 and a VL domain
comprising the amino acid sequence of SEQ ID NO:287, (d) an antibody comprising a VH
domain comprising the amino acid sequence of SEQ 1D NO:288 and a VL domain
comprising the amino acid sequence of SEQ ID NO:289, {e) an antubody comprising a VH
domain comprising the amino acid sequence of SEQ ID NG:290 and a VL domain
comprising the amino acid sequence of SEQ 1D NO:291, and (f) an antibody comprising a
VH domain comprising the amino acid sequence of SEQ ID NG:292 and a VL domain
comprising the amino acid sequence of SEQ ID N(:283.

{0197] In some embodiments, an antibody of the present disclosure competes for hinding
the extraceliular domain {e.g., the D1 domain} of the human SIRP-u polypeptide with
reference anti-3IRP-o antibody 45. In some embodiments, an antibody of the present
disclosure competes for binding the extraccliular 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 D NO:244 and a VL domain comprising the amine acid sequence of SEQ
ID N(G:245.

[0198] The present disclosure provides multiple families of anti-SIRP-u 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, including but not limited to binding
affinity to huran, monkey, and/or mouse SIRP-u polypeptide(s), binding affinity to SIRP-j
polypeptides, binding affinity to SIRP-y polypeptides, mode of binding to SIRP-a (e.g..
P47 blocking, CD47 non-blocking, or “kick off” binding), induction of phagocytosis (e.g.,

in an in vitro assay), activation of dendritic cells, anti-tumor ¢fficacy, SIRP-g binding epitope
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residue(s) or “bin” {e.£., as determined by a binning assay), and the like (see, e.g., Tables P-
T). Because of these shared propertics, it is conteraplated that HVR and/or VH or VL
sequences of antibodies belonging to the same family can be interchanged or intermingled,
such that an anti-SIRP-o antibody can comprise HVR and/or VH or VL derived from more
than one specific an anti-SIRP-a antibody described herein. As discussed in greater detail
herein, various methodologies for determining HVR or CDR sequences of an antihody
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-
B1 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-H?2 froma VH
domain sequence selected from the amine acid sequences of SEQ 1D NOs: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, 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 1D NGOs:97, 98, 107, 99, 104, and 212; an HVR-L2 from a VL.
domain sequence selected from the amino acid sequences of SEQ ID NOs: 97, 93, 107, 69,
104, and 312; and/or an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SEQ ID NOs: 97, 98, 147, 99, 104, and 312. 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 1D NOs: 120, 246, 258, 327, 121, 130, 122,
127, 247, 2549, 335, and 328; an HVR-HZ from a VH domain sequence selected from the
amino acid sequences of SEQ 1D NQOs: 120, 246, 258, 327, 121, 130, 122, 127, 247, 259, 333,
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, 130, 122, 127, 247, 259, 333, and 328.
In some emnbodiments, an antibody of the present disclosure comprises an HVR-L1 from a
VL domain sequence sclected from the amino acid sequences of SEQ ID NOs: 97, 98, 147,
99,104, and 312; an HVR-L2 from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NOGs: 97, 98, 107, 99, 104, and 312; and an HVR-L3 from a VL domain
sequence selected from the amino acid sequences of SEQ 1D NQs: 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 NOs:120,

246,258,327, 121, 130, 122, 127, 247, 259, 335, and 328; an HVR-HZ from a VH domain

106



WO 2018/057669 PCT/US2017/052592

sequence sclected from the amino acid sequences of SEQ 1D NOs: 120, 246, 258, 327, 121,
130, 122, 127, 247, 259, 335, and 328; an HYR-H3 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 HVR-L1 from a VL domain sequence selected from the amino acid
sequences of SEQ ID NOs: 97, 98, 147, 99, 104, and 312; an HVR-L2 from a VL domain
sequence sclected 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 sclected from the amino acid sequences of
SEG ID NOs: 97, 98, 107, 99, 104, and 312.

{02601 In some embodiments, an antibody of the present disclosure comprises an HVR-
B1 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, 338, 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 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, 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 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-L1 from a VL domain sequence sclected 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, 363, 367, 369, 371, 373, 375, 377, 379, 381,
383, and 385; an HVR-L.2 from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 136, 138, 140, 142, 232, 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 amino acid sequences of
SEQ D NOs: 136, 138, 140, 142, 252, 254, 262, 416, 295, 343, 345, 347, 349, 351, 353, 355,
357,359, 361, 363, 365, 367, 3689, 371, 373, 375, 377, 379, 381, 383, and 385. 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 SE(Q 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, 368, 370, 372, 374, 376, 378, 380, 382, and 384; an HVR-H2
from a YH domain sequence selected from the amino acid sequences of SEQ 1D NOs: 135,

137,265,266, 331, 139, 267, 332, 141, 263, 264, 26§, 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, 3446,
3438, 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 D NOs: 136,
13§, 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 froma VL
domain sequence selected from the amino acid sequences of SEQ 1D NOs: 136, 138, 1440,
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
scquence sclected from the amino acid sequences of SEQ 1D NOs: 136, 138, 140, 142, 252,
254, 262, 416, 295, 343, 343, 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-HI from a VH domain sequence selected from the
amino acid sequences of SEQ 1D NQOs: 135, 137, 265, 266, 331, 139, 267, 322, 141, 263, 264,
2638, 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 sclected
from the amino acid sequences of SEQ 1D NOs: 135, 137, 2635, 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, 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 1D NOs: 136, 138, 140, 142, 252,
254, 262, 416, 295, 343, 343, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369,
371,373,375, 377,379, 381, 383, and 385; an HVYR-L2 from a VL domain sequence selected
from the amino acid sequences of SEQ 1D NOs: 136, 138, 144, 142, 252, 254, 262, 416, 295,
343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 373, 373, 377,
379, 381, 383, and 385; and an HVR-L3 from a VL domain sequence selected from the
aming 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.
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{0261] 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 13
NOs:133, 249, 260, 329, 128, 386, 388, 390, 392, 394, 396, 39§, 400, and 402; an HVR-H2?
from a VH domain sequence selected from the amino acid sequences of SEQ [D NOs: 133,
249, 260, 329, 128, 386, 388, 390, 392, 394, 396, 398, 400, and 402; an HVR-H3 froma VH
domain sequence selected from the amino acid sequences of SEQ [D NOs: 133, 249, 260,
329, 128, 386, 388, 300, 392, 394, 396, 398, 400, and 402; an HVR-L1 from a VL domain
sequence sclected from the amino acid sequences of SEQ 1D NOs:134, 251, 105, 250, 417,
418, 419, 387, 389, 301, 393, 395, 397, 399, 401, and 403; an HVR-L2 from a VL domain
sequence selected from the amino acid sequences of SEQ 1D NQOs: 134, 251, 105, 250, 417,
418,419, 387, 389, 391, 393, 395, 397, 399, 401, and 403; and/or an HVR-L3 froma VL
domain sequence selected from the amine acid sequences of SEQ 1D NOs: 134, 251, 105,
250,417, 418, 419, 387, 389, 381, 393, 395, 397, 399, 401, and 403. In some embodunents,
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: 133, 249, 260, 329, 128, 386, 388,
3940, 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, 383, 390, 392,
394, 396, 398, 400, and 402; and an HVR-H3 from a VH domain sequence sclected from the
amino acid sequences of SEQ 1D NOs: 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 ID
NOs: 134, 251, 105, 250, 417, 418, 419, 387, 389, 391, 3493, 395, 397, 399, 401, and 403; an
BVR-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, 385, 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, 108, 250, 417, 418, 419, 387, 389, 391, 393, 395, 367, 399, 401, and 403. In
some embodiments, an antibody of the present disclosure comprises an HVR-H1 froma VH
domain sequence selected from the amino acid sequences of SEQ 1D NQOs: 133, 249, 260,
329, 128, 386, 388, 390, 392, 394, 390, 398, 400, and 402; an HVR-H2 from a VH domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 133, 249, 260, 329, 128,
386, 388, 394, 392, 304, 366, 398, 400, and 402; an HVR-H3 from a VH domain scquence
sclected from the amine acid sequences of SEQ 1D NOs: 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 1D NOs: 134, 251, 105, 230, 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, 3389,
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 1 NOs: 134, 251, 105, 250, 417, 418, 419, 387, 389,
391, 393, 395, 397, 399, 401, and 403.

{0202] 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
NQOs:116, 117, 118, 119, 282, 404, and 406; an HVR-H2 from a VH domain scquence
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 D NOs: 116, 117, 118, 119, 282, 404, and 406; an HVR-L.1 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
SEG 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 [I» NOs: 116,
117, 118, 119, 282, 404, and 406; an HVR-H2 from a VH domain scquence 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 1D NOs:
116, 117, 118, 119, 282, 404, and 406. In some cmbodiments, an antibody of the present
disclosure comprises an HYR-L1 from a VL domain sequence selected from the amino acid
sequences of SEQ ID NOs: 93, 84, 85, 96, 283, 405, and 407; an HVR-L2 from a VL domain
sequence selected from the amino acid sequences of SEQ 1D NOs: 93, 94, 95, 96, 283, 403,
and 407; and an HVR-L3 from a VL domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 93, 94, 03, 946, 283, 408, and 407. 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: 116, 117, 118, 119, 282, 404, and
406; an HVR-H2 from a VH domain sequence selected from the amino acid sequences of
SEQID NOs: 116, 117, 118, 119, 282, 404, and 406; an HVR-H3 from a VH domain
scquence 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, 66, 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 V1. domain sequence selected from the amino acid
sequences of SEQ ID NOs: 63, 84, 85, 96, 283, 403, and 407.

{0283] In some embodiments, an antibody of the present disclosure comprises an HVR-H1
from a YH domain sequence set forth in SEQ 1D NG: 242; an HYR-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 torth in SEQ 1D NO: 243; an
HVR-L2 from a VL domain sequence set forth in SEQ ID NO: 243; and/or an HVR-L3 from
a VL domain sequence set forth in SEQ 1D NO: 243, In some embodiments, an antibody of
the present disclosure comprises an HVR-HI1 from a VH domain sequence set forth in SEQ
1D NO: 242; an HVR-H?2 from a VH domain scquence set forth in SEQ 1D NO: 242; and an
HVR-H3 from a VH domain sequence set forth in SEQ 1D NO: 242, In some embodiments,
an antibody of the present disclosure comprises an HVR-L1 from a VL domain sequence set
forth in SEQ 1D NO: 243; an HVR-LZ 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 1D NO: 243, In some
cmbodiments, an antibody of the present disclosure comprises an HVR-HI from a VH
domain sequence set forth in SEQ ID NO: 242; an HVR-H2Z from a VH domain sequence set
forth in SEQ 1D NO: 242; an HVR-H3 from a VH domain sequence set forth in SEQ 1D NO:
242; an HVR-L1 from a VL domain sequence set forth in SEQ [D NG: 243; an HVR-L2
from a VL domain sequence set forth in SEQ ID NO: 243; and an HVR-L3 froma VL
dorpain sequence set forth in SEQ D NO: 243.

{6204} In some embodiments, an antibody of the present disclosure comprises an HYR-H1
from a VH domain sequence selected from the amino acid sequences of SEQ [D NOs: 278
and 412; an HVR-H?2 from a VH domain sequence selected from the amino acid sequences of
SEQ D 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 HVYR-L1 from a VL domain
sequence selected from the amino acid sequences of SEQ ID NOs: 279 and 413; an HVR-L2
frora a VL domain sequence selected from the amine acid sequences of SEQ 1D NOs: 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 ID NGOs: 278 and 412; and an HVR-H3 from a VH
domain sequence selected from the amino acid sequences of SE(Q 1D NOs: 278 and 412, 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: 278 and 413; an
HVR-L2 from a VL domain sequence selected from the amine acid sequences of SEQ 1D
NOs: 279 and 413; and an HVR-L3 from a V1 domain sequence selected from the amino
actd sequences of SEQ ID NOs: 279 and 413, 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 NOs: 278 and 412; an HVR-H? from a VH domain
sequence selected from the amino acid sequences of SEQ 1D NQOs: 278 and 412; an HVR-H3
from a VH domain sequence selected from the amine acid sequences of SEQ [I» 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-L2 from a VL domain sequence selected from the amino
acid sequences of SEQ ID NOs: 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.

{6205] In some embodiments, an antibody of the present disclosure comprises an HYR-H1
from a VH domain sequence selected from the amino acid sequences of SEQ [D NOs: 275
and 414; an HVR-H?2 from a VH domain sequence selected from the amino acid sequences of
SEQ 1D NOs: 275 and 414; an HVR-H3 from a VH domain sequence selected from the
amino acid sequences of SEQ 1D NOs: 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
frora a VL domain sequence selected from the amine 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 HYR-H3 froma VH
domain sequence selected from the amino acid sequences of SEQ ID NOs: 275 and 414. In
some emmbodiments, an antibody of the present disclosure comprises an HVR-L1 froma VL
domain sequence selected from the amino acid sequences of SEQ 1D NOs: 276 and 415; an
HVR-L2 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 1D NOs: 276 and 415, In some embodiments, an antibody of the
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present disclosure comprises an HVR-HI 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 1D NQOs: 275 and 414; an HVR-H3
from a VH domain sequence selected from the amino acid sequences of SEQ [D NOs: 275
and 414; an HVR-L1 from a VL domain sequence selected from the amino acid sequences of
SEQ D NOs: 276 and 415; an HVR-L2 from a VL domain sequence selected from the amino
actd 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 NQOs: 276 and 415.

{6206] In some embodiments, an antibody of the present disclosure comprises an HVR-H1
fromm a VH domain sequence set forth in SEQ 1D NO: 280; an HVR-H2 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 1D NG: 281; andfor an HVR-L3 from
a VL domain sequence set forth in SEQ 1D NOG: 281, In some embodiments, an antibody of
the present disclosure comprises an HVR-HI from a VH domain sequence set forth in SEQ
1D NO: 280; an HVR-H2 from a VH domain sequence set forth in SEQ 1D NO: 280; and an
BVR-H3 from a VH domain sequence set forth in SEQ [D NO: 280, In some embodiments,
an antibody of the present disclosure comprises an HVR-L1 from a VL domain sequence set
forth in SEQ 1D NO: 281; an HVR-L2 from a VL domain sequence sct forth in SEQ D NO:
281; and an HYR-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-H1 from a VH
dorpain sequence set forth in SEQ D NO: 280; an HVR-H2 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:
2830; an HVR-L1 from a VL domain sequence set forth in SEQ ID NO: 281; an HVR-L2
from a VL domain sequence set forth in SEQ D NO: 281; and an HVR-L3 froma VL
domain sequence set forth in SEQ ID NO: 281,

{6207] 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: 123
and 292; an HYR-H2 from a VH domain sequence selected from the amino acid sequences of
SEQ 1D NOs: 123 and 292; an HVR-H3 from a VH domain sequence selected from the
amino acid sequences of SEQ 1D NOs: 123 and 292; an HYR-L1 from a VL domain
scquence 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 SEQ 1D NOs: 100 and 293, In some embodiments, an antibody of the present
disclosure comprises an HYR-H1 from a VH domain sequence selected from the amino acid
sequences of SEQ ID NOs: 123 and 292; an HVR-H2 from a VH domain sequence selected
from the amino acid sequences of SEQ 1D NOs: 123 and 292; and an HVR-H3 from a VH
domain sequence selected from the amino acid sequences of SEQ D NGs: 123 and 292, In
some embodiments, an antibody of the present disclosure comprises an HYR-L1 from a VL
domain sequence selected from the amino acid sequences of SE( D NQOs: 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 selected from the
amino acid sequences of SEQ 1D NOs: 123 and 292; an HYR-H2 from a VH domain
sequence selected from the amino acid sequences of SEQ ID NGs: 123 and 292; an HVR-H3
from a VH domain sequence selected from the amino acid sequences of SEQ ID NOs: 123
and 292; an HVR-L1 from a VL domain sequence sclected from the amino acid sequences of
SEQ ID NOs: 100 and 293; an HVR-LZ 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 NOs: 100 and 293,

{6208] In some embediments, 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-HZ from a VH domain sequence selected from the amino acid
sequences of SEQ 1D NOs: 288, 290, 408, and 410; an HVE-H3 from a VH domain sequence
selected from the amine 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 D NQOs: 2589,
291, 409, and 411; an HVR-L2 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 selected from the amino acid sequences of SEQ ID NQGs: 289, 291, 409, and 411,

In some embodiments, an antibody of the present disclosure comprises an HVR-H] froma
VH domain sequence selected from the amino acid sequences of SEQ 1D NOs: 288, 290, 408,
and 410; an HVR-H2 from a VH domain sequence selected from the amine acid sequences of
SEQ 1D NQOs: 288, 290, 408, and 410; and an HVR-H3 from a VH domain scquence sclected
from the amino acid sequences of SEQ 1D NQOs: 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
BVR-L2 from a VL domain sequence selected from the amino acid sequences of SEQ ID
NQOs: 289, 291, 409, and 41 1; and an HVR-L3 from a VL domain sequence selected from the
amine 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 1D NQOs: 288, 290, 408, and 410; an HVR-H2
from a VH domain sequence selected from the amino acid sequences of SEQ ID NQOs: 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
sclected from the amine acid sequences of SEQ ID NOs: 285, 291, 409, and 411; an HVR-L2
from a YL domain sequence selected from the amine 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
scquences of SEQ 1D NOs: 289, 291, 409, and 411,

{0269] In some embodiments, an antibody of the present disclosure comprises an HVR-HI
frormm a VH domain sequence set forth in SEQ 1D 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 ID NO: 286; an HYR-L1 from a VL domain sequence set forth in SEQ 1D NG: 287; an
HVR-LZ2 from a VL domain sequence set forth in SEG 1D NO: 287; and/or an HVR-1L3 from
a VL domain sequence set forth in SEQ D NOG: 287, In some embodiments, an antibody of
the present disclosure comprises an HVR-HI from a VH domain sequence set forth in 3EQ
1D NO: 286; an HVR-H2 from a VH domain sequence set forth in SEQ 1D NO: 286; and an
HYR-H3 from a VH domain sequence set forth in SEQ 1D NO: 286. In some embodiments,
an antibody of the present disclosure comprises an HVR-L1 from a VL domain sequence set
forth in SEQ 1D NO: 287, an HVR-L2 from a VL domain sequence sct forth in SEQ ID NO:
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 comprises an HVR-H1 froma VH
domain sequence set forth in SEQ D 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 domain sequence set forth in SEQ 1D NO: 287; an HVR-1.2
from a VL domain sequence set forth in SEQ ID NO: 287; and an HVR-L3 froma VL

domain sequence set forth in SEQ 1D NO: 287,
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{62190] In some embodiments, an antibody of the present disclosure comprises an HVR-HI
frora a VH domain sequence set forth in SEQ 1D NO: 284; an HVR-H? from a VH domain
sequence set forth in SEQ {D NO: 284; an HVR-H3 from a VH domain sequence set forth in
SEQ ID NG: 284; ap HVYR-L1 from a VL domain sequence set forth in SEQ 1D NO: 285; an
HVR-L2 from a VL domain sequence set forth in SEQ 1D NO: 285; and/or an HVR-L3 from
a VL domain sequence set forth in SEQ 1D NG: 285, In some embodiments, an antibody of
the present disclosure comprises an HVR-HI1 from a VH domain sequence set forth in SEQ
1D NO: 284; an HVR-H2 from a VH domain sequence set forth in SEQ 1D NO: 284; and an
HYR-H3 from 2 VH domain sequence set forth in SEQ 1D NO: 284, In some embodiments,
an antibody of the present disclosure comprises an HVR-L1 from a VL domain sequence set
forth in SEQ 1D NO: 285; an HVR-L2 from a VL domain sequence sct forth in SEQ ID NO:
285; and an HVR-L3 from a VL domain sequence sct forth in SEQ 1D NO: 285, In some
embodiments, an antibody of the present disclosure comprises an HVR-H1 froma 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 NOG:
284; an HVR-L1 from a VL domain sequence set forth in SEQ 1D NO: 285; an HVR-1L.2
from a VL domain sequence set forth in SEQ ID NO: 285; and an HVR-L3 froma VL
domain sequence set forth in SEQ 1D NO: 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-HZ from a VH domain
sequence set forth in SEQ ID NO: 244; an HVR-H3 from a VH domain sequence set forth in
SEQID NO: 244; an HVR-L1 from a VL domain sequence set forth in SEQ 1D NO: 245; an
BVR-L2 from a VL domain sequence set forth in SEQ ID NO: 245; and/or an HVR-L3 from
a VL domain sequence s set forth in SEQ ID 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-H? from a VH domain scquence set forth in SEQ 1D NO: 244; and an
HVR-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 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 scquence selected set forth in SEQ 1D NO:245.
In some embodiments, an antibody of the present disclosare comprises an HVR-H1I 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 NG: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 1D NO:245; an HVR-
L2 from a VL domain sequence set forth in SEQ ID NO: 245; and an HVR-L3 fromma VL
dornain sequence set forth in SEQ 1D NO: 245.

{0212] 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:242 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ [P NO:243. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amine 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, or
three heavy chain HVR sequences trom a VH domain comprising the amino acid sequence of
SEQ 1D NO:244 and/or one, two, or three light chain HVR sequences from a VL domain
coraprising the amino acid sequence of SEQ ID NO:245. 1n some emnbodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:244 and/or a VL domain comprising the amino acid sequence of SEQ 1D
NO:245. 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:275 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID NOG: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 ID
NO:276. 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: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:275. 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 Light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID N(:281. In some embodiments, an antibody
of the present disclosure comprises a YH domain comprising the amino acid sequence of

SEQ 1D 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, of
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NO:282 and/or one, two, or three Light 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
NO:283. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a YH 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 NO:285. In some embodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ 1D NO:284 and/or 2 VL domain comprising the amino acid scquence of SEQ ID
NO: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 ID NO:286 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ 1D NO:287. In some embodirents, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:286 and/or a VL domain comprising the amino acid sequence of SEQ ID
NG:287. In some embodiments, an antibody of the preseunt disclosure comprises one, two, oF
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 SEG 1D NG:289. 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
NG:289. In some embodiments, an antibody of the present disclosure comprises one, two, of
three heavy chain HVER sequences from a VH domain comprising the amino acid sequence of
SEQ 1D NO:290 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ 1D 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 1D
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 D 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 1D NO:293. In some embodiments, an antiboedy
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:292 and/or a VL domain comprising the amino acid sequence of SEQ 1D
NO:293.

{0213] In some embodiments, an antibody of the present disclosure comprises ong, two,
or three heavy chain HVR sequences from a VH domain comprising the amino acid sequence
of SEQ ID NO:278 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ 1D 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 1D
NG:279. In some embodiments, an antibody of the present disclosure comprises one, two, of
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ D 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 amine acid sequence of
SEQ ID NO:280 and/or a VL domain comprising the amino acid sequence of SEQ 1D
NO:281. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences trom a VH domain comprising the amino acid sequence of
SEQ 1D NO: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 D 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, or
three heavy chain HVR sequences from a VH domain comprising the amino acid sequence of
SEQ ID NG: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. 1n some emnbodiments, an antibody
of the present disclosure comprises a VH domain comprising the amino acid sequence of
SEQ ID N:414 and/or a VL domain comprising the amino acid sequence of SEQ ID
NO:413. 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:i23 and/or one, two, or three light chain HVR sequences from a VL domain
comprising the amino acid sequence of SEQ ID NG:100. In some embodiments, an antibody

of the present disclosure comprises a VH domain comprising the amino acid sequence of
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SEQ ID NO:123 and/or a VL domain comprising the amino acid sequence of SEQ 1D
NO:100. 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:292 andfor 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 domain comprising the amino acid sequence of
SEQ D NC:292 and/or a VL domain comprising the aminoe acid sequence of SEQ ID
NG:293. 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 ID N(:289. In some embodiments, an antibody
of the present disclosure comprises a YH domain comprising the amino acid sequence of
SEQ 1D NO:28E and/or a VL. domain comprising the amino acid sequence of SEQ ID
N(G:289. In some embodiments, an antibody of the present disclosure comprises one, two, or
three heavy chain HVR sequences from a YH domain comprising the amino acid sequence of
SEQ ID NGO: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 1D NO:290 and/or 2 VL domain comprising the amino acid scquence 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 1D NO:287. In some embodirents, 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 HVER sequences from a VH domain comprising the amino acid sequence of
SEQ ID 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
cmbodiments, 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 1D NOs: 285, 333, or 334.
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{0214] In some embodiments, an antibody of the present disclosure comprises (a) a heavy
chain variable (VH) domain comprising (iy an HVR-HI scquence comprising the amino acid
sequence of NFAMT (SEQ 1D NG:175), NFAVT (SEQ 1D NO:204), or NFALT (SEQ 1D
NO:305), (i) an HYR-H2 sequence comprising the amino acid sequence of
TIGSGDTYYADSVEKG (SEQ ID NG:144), and (it} an HVR-H3 sequence comprising the
amino acid sequence of DSTVSWSGDFFDY (SEQ (D N(O:145); and/or (b) a light chain
variable (VL) domain comprising (1) an HVR-L1 sequence comprising the amino acid
sequenice of RASQNVENDLA (SEQ ID NG:146), (i) an HVR-L2 sequence comprising the
amino acid sequence of AARIRET (SEQ ID N(O:147), and (ii1) an HVR-L3 sequence
comprising the amino acid sequence of QQYYDWPPEFT (SEQ ID NO:148). In some
cmbodiments, the VH 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 93%, at least 96%, at least 97%, at feast
98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ D N(:120, 246,
238, or 327; and/or the VL domain comprises an aming 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
least 98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ D NO:9Y7 or
312, In some embodiments, the VH domain comprises the amino acid sequence of SEQ 1D
NO:246, and the VL domain comprises the amino acid sequence of SEQ 1D NG:97; the VH
domain comprises the amino acid sequence of SEQ 1D NO:258, and the VL domain
comprises the amino acid sequence of SEQ [D NO:97; 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 D NO:327, 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:246, and the VL domain comprises the
amino acid sequence of SEQ ID NO:312; the VH domain comprises the amine acid sequence
of SEQ 1D NO:258, 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:31Z; or the VH domain comprises
the amino acid sequence of SEQ 1D NO:327, and the VL domain comprises the amine acid
sequence of SEQ 1D NO:312.

[0215] 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 IYAMS (SEQ ID NG:269), IYAVS (SEQ 1D NO:213), or IVALS (SEQ D
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NO:306), (i) an HVR-H2 sequence comprising the amino acid sequence of
TIGADDTYYADSVKG (SEQ ID 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 {i) an HVR-L1 sequence comprising the amino acid
sequence of RASQNVRSDIA (SEQ 1D N(:152), (it) an HVR-L2 sequence comprising the
amino acid sequence of AASSRDT (SEQ 1D NO:153), and (1) an HVR-L3 sequence
comprising the aming acid sequence of QQYYDWPPFT (SEQ 1D N(:148). In some
embodiments, the VH domain comprises an amino acid sequence that is at least 90%, at least

91%, at lcast 92%, at least 93%, at least 94%, at least 95%, at Icast 96%, at least 97%, at least

247, 259, or 328; and/or the VL domain comprises an amine acid sequence that is at least
90%, at least 91%, at lcast 92%, at least 93%, at least 94%, at least 95%, at least 96%, at feast
U7 %, at least 98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ (D
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 1D
NO:104; the VH domain comprises the amino acid sequence of SEQ 1D NO:341, and the VL
domain comprises the amino acid sequence of SEQ ID NOG:104; the VH domain comprises
the amino acid sequence of SE() [D NO: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
N(:259, and the VL domatn comprises the amino acid sequence of SEQ ID 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 1D 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 NG:341,
and the VL domain comprises the amino acid sequence of SEQ ID NO:24§; the VH domain
coraprises the amino acid sequence of SEQ D NO:247, and the VL domain comprises the
amino acid sequence of SEQ 1D NO:248; the VH domain coroprises the amino acid sequence
of SEQ ID N(O:2359, 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 113 NO:328, and the
V1. domain comprises the amino acid sequence of SEQ 1D NO:248.

[021s6] In some embodiments, 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 20DXEN, wherein XqisSor T X is Yor Sy and Xz is M, Loor V (SEQ 1D
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NO:307); (11 an HVR-HZ sequence comprising the amino acid sequence of

LISGSGEIX Y YADSVEG, wherein X is | or T (SEQ ID NO:308); and (iii) an HVR-H3
sequence comaprising the amino acid sequence of EX X0 XaYRFFDX,, wherein Xy is N oor D
XoisNor I Xsis R or M; and Xy is D oor Y (SEQ 1D NO:309); and/or (b} a light chain
variable (VL) domain comprising: (1) an HYR-L1 sequence comprising the amino acid
sequence of RAXQSVYXOYLA, wherein Xy is Sor D; and X5 is Tor S (8EQ 1D NO:310);
(it) an HVR-L2 sequence comprising the amino acid sequence of X{AX,X5RAX,, wherein
XiisG A or D X8 Sor Ry Xsis S, N, or Ty and Xy is T or A (SEQ 1D NO:311); and (iit)
an HVR-1L.3 sequence comprising the amino acid sequence of QUYYDRPPLT (SEQ 1D
NO:160). In some embodiments, an antibody of the present disclosure comprises {a) a heavy
chain variable (VH) domain comprising (i) an HVR-HI1 sequence comprising the amino acid
sequence of SYDMN (SEG 1D NO:270), SYDVN (SEQ 1D NO:2213, or SYDLN (SEQ ID
NO:313), (i) an HYR-HZ 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 1D NO:157); and/or (b} a light chain variable
(VL) domain comprising (1 an HVR-L1 sequence coraprising the amino acid sequence of
RASQSVYTYLA (SEQ 1D NO:158), (1) an HVR-L2 sequence comprising the amino acid
sequence of GASSRAT (SEQ ID NG:159), and (iii) an HVR-L3 scquence comprising the
amino acid sequence of QOQYYDRPPLT (SEQ 1D NO:16(). In some embodiments, the VH
domain comprises an amino acid sequence that is at ieast 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:133, 260, 329, or 249 ; and/or the
YL 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 domamn comprises the amino acid sequence of SEQ D
NO: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 NOG: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 {3 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 ID NG:249,
and the VL domain comprises the amine acid sequence of SEQ ID NO:134; the VH domain

coraprises 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 NG:417; the VH domain comprises the amino acid scquence
of SEQ ID NO:266, and the VL domain comprises the amino acid sequence of SEQ 1D
NO:417; 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 NG:417; the VH domain comprises
the amino acid sequence of SE() [ NO:249, and the VL domain comprises the amino acid
sequence of SEQ 1D NO:417; the VH domain comprises the amino acid sequence of SEQ 1D
NO:133, and the VL domain comprises the amino acid sequence of SEQ 1D N(:418; the VH
domain comprises the amino acid sequence of SEQ ID NOG:260, and the VL domain
comprises the amino acid sequence of SEQ ID NO:418; the VH domain comprises the amino
acid sequence of SEQ {3 NO: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 aminoe acid sequence of SEQ ID NO:418; the VH domain
coraprises the amino acid sequence of SEQ D NO:133, and the VL domain comprises the
amino acid sequence of SEQ ID NO:419; the VH domain comprises the amino acid sequence
of SEQ ID NO: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 domain comprises
the amino acid sequence of SE() [ NO:249, 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
NG:133, and the VL domatn comprises the amino acid sequence of SEQ ID 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 NO:250; the VH domain comprises the amino
acid sequence of SEQ {3 NO: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 NO:251; the VH domain
coraprises the amino acid sequence of SEQ D NO:260, and the VL domain comprises the
amino acid sequence of SEQ 1D NO:251; the VH domain coroprises the amino acid sequence
of SEQ ID N(:329, and the VL domain comprises the amino acid sequence of SEQ 1D
NO:251; the VH domain comprises the amino acid sequence of SE(Q 1D N(:249, and the VL
dormain comprises the amino acid sequence of SEQ 1D NOG:134; the VH domain coroprises
the amino acid sequence of SEQ [D Ni:249, and the VL domain comprises the amino acid
sequence of SE(Q ID 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 NG:231.
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{0217] In some embodiments, an antibody of the present disclosure comprises (a) a heavy
chain variable (VH) domain comprising: (1) an HYR-H1 sequence comprising the aminoe acid
sequence of X4XoAXES, wherein Xy is Sor To Xois N, Y, Hy or D and Xais M, L, or V (SEQ
ID NG:287); (ii) an HVR-H2 sequence comprising the amino acid sequence of

GISX XXX X X Y Y X7 XgSXKG, wherein Xy is Aor 8, X518 (5, S, orabsent; Xz is 5, Db
or G XaisGor S Xsis D S,or G XgisTor A X8 P, GV, LA or §; Xgis A, D, or G
and Xgis V or M (SEQ ID NO:298); and (i) an HVR-H3 sequence comprising the amino
acid sequence of ETWNHLEFDY (SEQ ID NG:193); and/or (b) a light chain variable (VL)
dorpain comoprising: (1) an HYR-L1 sequence comprising the amino acid sequence of
SGGX X XaS8XaY Y Xs, wherein X118 D, G, 8§, L or absent; X218 S, W, G, Y, D, or absent;
X188, Y, T,or D, Xy s H, T, 5, 0r Y; and X5 18 G or A (SEQ ID N(O:2989); (i) an HVR-L2
scquence comprising the amino acid sequence of SDX; X;RPX,, wherein X1 is D or N; X5 is
E, K, or J; and X5 15 § or P (SEQ 1D NO:300); and (1) an HVR-L3 sequence comprising the
amino acid sequence of X X YDXGX XY X NXy, wherein X is Gor A Xy is Gor A; X318
G Y, Q.85 or A XyisS5, Ror T, XsisTor S; Xeis ALV, Lor T and X7is T, A, B, or P
(SEQ ID NG:301). In some embodiments, an antibody of the present disclosure comprises
{a} a heavy chain variable (VH) domamn 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
1D NO:302); (1) an HVR-H2 sequence comprising the amino acid scquence of

GISX | GXOXGDTYY X XSVEG, wherein X is Aor 5; X, 1s G or absent; X518 S or G; X, 18
P, G, or V;and Xs i3 A or B (S3EQ 1D NO:303); and (1) an HVR-H3 sequence comprising
the amino acid sequence of ETWNHLEDY (SEQ 1D NO:193); and/or (b) a light chain
variable (VL) domain comprising: (i) an HVR-L1 sequence comprising the amino acid
sequence of SGGX YSSYYYA, wherein X is S or A (SEQ 1D NO:384); (31) an HVR-L2
sequence comprising the amino acid sequence of SDDKRPS (SEQ 1D NO:336); and (iit) an
HVR-L3 sequence comprising the amino acid sequence of GGYDQSSYTNP (8EQ 1D
NG:172). 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 1D N(O:318), (i) an HVR-HZ sequence comprising the amino acid
sequence of GISAGGSDTYYPASVKG (SEQ 1D NO:193), and (111) an HVR-H3 sequence
comprising the amino acid sequence of ETWNHLEFDY (SE(Q 1D N(O:193). In some
cmbodiments, the VH domain comprises an aminoe acid scquence that is at least 90%, at least
91%, at least 92%, at least 3%, at least 94%, at least 93%, at least 96%, at least 97%, at feast
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98%. at least 99%,o0r 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 ID
NO:271), or SNALS (SEQ ID NO:318), (1) an HVR-H2 sequence comprising the amino acid
sequence of GISSGSDTY YGDSVKG (SEQ 1D NG:197), and (it) an HYR-H3 sequence
comprising the amino acid sequence of ETWNHLFDY (SEQ 1D NO:193). In some
embodiments, the VH domain comprises an aminge acid sequence that is at least 90%, at least
91%, at lcast 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: 137, 263,
266, or 331. In some embodiments, the VH domain comprises (1) 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 GISSGGDTYYVDSVRG (SEQ I3 NO:20D), and (i1i) an HYR-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 7%, at feast
G8%, at least 99%,0r 100% identical to the amino acid sequence of SEQ ID NO: 138, 267,
268, or 332. In some cmbodiments, the VL domain comprises one or more human HLV3
framewaork sequences. In some embodiments, the VL domain comprises four human IGLV3
framework sequences. In some embodiments, the VL domain comprises the sequence
FWI—HVR-L1—FW2—HVR-L2—FW3—HVR-L3—FW4 (N-terminus to C-terminmis),
wherein FW1 comprises the amino acid sequence SYELTQPPSVSVSPGQTARITC (SEQ 1D
NO:314), FW2 comprises the amino acid sequence WYQOQKPGQAPVTLIY (SEQ ID

NO:315), FW3 comprises the amino acid sequence
NIPERFSGSSSGTTVTLTISGVQAEDEADYYC (SEQ 1D N(:316), and FW4 comprises
the amino acid sequence FGGGTKLTVL (SEQ 1D NO: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 amine acid
sequence of SDDKRPS (SEQ 1D NO:336), and (ii1) an HVR-L3 sequence comprising the
amino acid sequence of GGYDQSSYTNP (SEQ 1D NO:172). In some emmbodiments, the VL
domain comprises an amino acid sequence that is at ieast 90%, at least 91%. at least 92%, at
least 839, at least 94%, at lcast 95%, at least 96%, at least 97%, at least 98%, at fcast 99%,0r

100% identical to the amino acid sequence of SEQ ID NG:252. In some embodiments, the
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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 Icast 95%, at lcast 96%, at least 97%, at least 98%, at least
99% . or 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
919%, at least 929, at least 93%, at least 94%, at least 95%, at least 969, at least 97%, at least
98%, at least 99%,0r 100% identical to the amino acid sequence of SEQ 1D N(O:416. In some
embodiments, the VL domain comprises (0) an HVR-L1 sequence comprising the amino acid
sequence of SGGAYSSYY YA (SEQ ID NG:261), (1i) an HVR-LZ sequence comprising the
amino acid sequence of SDDKRPS (SEQ ID N(O:336), and (iti) an HVR-L.3 sequence
comprising the amino acid sequence of GGYDQSSYTNP (SEQ 1D NOG: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 least 94%, at least 93%, at least 96%, at least 97%, at feast
98%, at least 99%, or 100% identical to the amino acid sequence of SEQ 1D NG:262. In
some embodiments, the VH domain comprises the amino acid sequence of SEQ {13 NO:263,
and the VL domain comprises the amino acid sequence of SE(Q 1D NO:252; the VH domain
comprises the amino acid sequence of SEQ 1D 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:3348, and the VL domain comprises the amino acid sequence of SEQ 1D
NO:252; the VH domain comprises the amino acid sequence of SEQ 1D N(O:135, 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:137, and the VL domain comprises the amino acid
sequence of SEQ 1D N(O:252; the VH domain compriscs the amino acid sequence of SEQ 1D
NO:139, and the VL domain comprises the amino acid sequence of SEQ 1D NO:232; the VH
domain comprises the amino acid sequence of SEQ ID N(G:265, and the VL domain
comprises the amino acid sequence of SEQ D NO:252; the VH domain comprises the amino
acid sequence of SEQ 1D NO:266, and the VL domain comprises 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 SE(Q 1D NO:252; the VH domain
comprises the amino acid sequence of SEQ D NOG:267, and the VL domain comprises the
amino acid sequence of SEQ D NG:232; the VH domain comprises the amino acid sequence
of SEQ ID NO:268, and the VL domain comprises the amino acid sequence of SEQ 1D
NO:252; the VH domain comprises the amino acid sequence of SEQ 1D N(:332, and the VL

domain comprises the amino acid scquence of SEQ 1D NO:252; the VH domain comprises
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the amino acid sequence of SEQ [D NO:263, and the VL domain comprises the amino acid
sequence of SEQ 1D N(O:262; the VH domain compriscs the amino acid sequence of SEQ 1D
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 N(G: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 1D N(O:265, and the VL dormain comprises the amino acid sequence of
SEQ D NO:262; the VH domain comprises the amino acid sequence of SEQ 1D NO:266,
and the VL domain comprises the amino acid sequence of SEQ 1D NO:262; 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 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 1D
NO:262; the VH domain comprises the amino acid sequence of SEQ 1D N(O:268, and the VL
domain comprises the amino acid scquence of SEQ 1D 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 NO:262; the VH domain comprises the amino acid sequence of SEQ 1D
NO:263, and the VL domain comprises the amino acid sequence of SEQ 1D NO:234; the VH
domain comprises the amino acid sequence of SEQ ID N(G:264, 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: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 1D NG:265,
and the VL domain comprises the amino acid sequence of SEQ 1D NO: 254; the VH domain
comprises the amino acid sequence of SEQ D N(O:266, and the VL domain comprises the
amino acid sequence of SEQ 1D NO: 254; the VH domain comprises the amino acid
sequence of SEQ D N(:331, and the VL domain comprises the amino acid sequence of SEQ
ID NQG: 254, the VH domain comprises the amine acid sequence of SEQ 1D NG:267, and the
V1. domain comprises the amino acid sequence of SEQ 1D NO: 254; the VH domain
coraprises the amino acid sequence of SEQ D NO:268, and the VL domain comprises the
amino acid sequence of SEQ ID NG: 254; the VH domain comprises the amino acid
sequence of SEQ 3 NO:332, and the VL domain comprises the amino acid sequence of SEQ
1D NO: 254; the VH domain comprises the amino acid sequence of SEQ 1D NO:263, and the
VL domain comprises the amino acid sequence of SEQ ID NG: 416; the VH domain
coraprises the amino acid sequence of SEQ 1D NO:264, and the VL domain comprises the

amino acid sequence of SEQ 1D NG: 416; the VH domain comprises the amino acid
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sequence of SEQ 1D 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 N(O:263, and the
V1. domain comprises the amino acid sequence of SEQ 1D NO: 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 1D NO:331, 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 N(O:267, and the
VL domain comprises the amino acid sequence of SEQQ 1D NO: 416; the VH domain
comprises the amino acid sequence of SEQ [D NO:268, 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: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 HD NO:135, and the
V1. domain comprises the amino acid sequence of SEQ 1D NO:262; the VH domain
comprises the amino acid sequence of SEQ D N(O:137, 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:133, and the VL. domain comprises the amino acid sequence of SEQ 1D
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 SE{Q ID NO:416; the VH domain comprises
the amino acid sequence of SEQ [D NO:137, 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:137, and the VL domatn comprises the amino acid sequence of SEQ ID NO:416; 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 1D NO:254; the VH domain comprises the amino
acid sequence of SEQ D N(:139, and the VL domain comprises the amino acid sequence of
SEQ ID NG:416; or the VH domain comprises the amine acid sequence of SEQ ID NG: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 NG:120 and/or a VL domain
comprising the amino acid sequence of SEQ 1D NG: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

NG 104, In some embodiments, an antibody of the preseunt discloswre comprises a VH

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

{0219] In some embodiments, the antibody comprises (a) an HYR-H1 sequence
comprising the amino acid sequence of GFSFSX X0AMX;, wherein X isNor b Xpis For
Yo and Xz is Tor § (SEQ 1D NO:185): (b) an HVR-HZ sequence comprising the amino acid
sequence of TIGK XsDTYYADSVKG, wherein X4 is S or A and X5 is Gor D (SEQ ID
NO:186); (¢) an HVR-H3 sequence comprising the amino acid sequence of
DSTVXWSGDEEDY, wherein Xgis S or G (SEQ ID NO:187); {d) an HVR-L1 seguence
comprising the amino acid sequence of RASQNVX,XDXoA, wherein Xyis Kor R; Xgis N
or §; and Xgis L or [ (SEQ D NO:188); (¢) an HVR-L2 sequence comprising the amino acid
sequence of AAX X RX T, wherein Xppis Ror 3 Xy isTor S;and Xp s Eor D (SEQ ID
NG:189); and (f) an HVR-L3 sequence comprising the amino acid sequence of
QQYYDWPPFT (SEQ ID NO:148).

{02201 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.z., one, two, or three heavy chain HVR sequences selected from SEQ ID
NOs:143-145 and/or one, two, or three light chain HVR sequences selected from SEQ 1D
NOs: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
SEQID NOs: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 NOs:152, 153, and 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 sclected from SEQ D NOs:155-160 (e.g., one, two, or three heavy chain HVR
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sequences selected from SEQ 1D N(Os:155-157 and/or one., two, or three light chain HVR
sequences selected from SEQ 1D NOs:138-166). In some embodimments, 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 sclected from SEQ 1D NGs:161-163 and/or one, two, or three light
chain HVR sequences selected from SEQ 1D NOGs:164-166). 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 NOGs:161-166 {e. ., one,
two, or three heavy chain HVR sequences selected from SEQ 1D NOs:161-163 and/or one,
two, or three light chain HVR scquences of a variable domain shown in Table 2). In some
cmbodiments, 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,
168, and 170-172 (e. 2., one, two, or 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, 168, and 176-172 {e.g., one, 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 scquences of a variahle domain shown in Table 2}. 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:163, 173, 174, and
176-178 {e.g.. one, two, or three heavy chain HVR sequences selected from SEQ ID
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, 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: 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 selected from SEQ 1D 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 1D NGs: 162, 163, 179, and
182-184 {e.g., one, two, or three heavy chain HVR sequences selected from SEQ 1D NQOs:
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 [D NO:67). In some
cmbodiments, an antibody of the present disclosure comprises one, two, three, four, five, or
six HVR sequences from the variable domain sequences of SEQ 1D NGOs:127 and 104 (e.2.,
one, 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 light chain HVR sequences from the
fight chain variable domain sequence of SEQ 1D NO:104). In some embodiments, 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 1D NOs:120 and 127 and/or one, two, or three light chain HVK 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 (aya VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 143, an
HVR-H2 comprising the amino acid sequence of SEQ ID NG: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 NG 146, an HVR-LZ comprising
the amino acid sequence of SEQ ID NO:147, and an HVR-L3 comprising the amino acid
sequence of SEQ ID 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:149, an HVR-HZ comprising the amino acid sequence of SEQ 1D NO: 150, and
an HVR-H3 comprising the amino acid sequence of SEQ ID NG:151; and/or (bya VL
domain comprising an HVYR-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-1.3
coraprising the amino acid sequence of SEQ ID NO:148. 1n some emnbodiments, an antibody
of the present disciosure comprises {a) a VH domain comprising an HVR-H1 comprising the
amino acid sequence of SEQ 1D NG:143 or 149, an HVYR-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; andfor (b} a VL domain comprising an HVR-L1 comprising the
amino acid sequence of SEQ D NG: 146 or 152, an HVR-L2 comprising the amino acid

sequence of SEQ 1D NO:147 or 153, and an HVR-L3 comprising the amino acid sequence of
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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:1535, an HVR-H2 comprising the amino acid sequence of SEQ 1D NO:156, and an HVR-
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
coraprising the amino acid sequence of SEQ ID NO:159, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:160. In some embodiments, an antibody of the present
disciosure comprises (a) a VH domain comprising an HVR-H1 comprising the amino acid
sequence of SEQ H3 NO:161, an HVR-H2 comprising the amino acid sequence of SEQ 1D
NO:162, and an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:163; and/or (b)
a VL domain comprising an HVYR-L1 comprising the amino acid sequence of SEQ 1D
NG:164, an HVR-L2 comprising the amino acid sequence of SEQ 1D NO:165, and an HVR-
L3 comprising the amino acid sequence of SEQ 1D NG: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 1D NO:161, an HVR-H2 comprising the amino
acid sequence of SEQ DD NO:168, and an HVR-H3 comprising the amino acid sequence of
SEQ ID NG:163; and/or {b) a VL domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ [D 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 1D NO:172. In some
embodiments, an antibody of the present disclosure comprises (a) a VH domain comprising
an HVR-HI comprising the amino acid sequence of SEQ 1D NO:173, an HVR-H2
comprising the amino acid sequence of 3EQ 1D NO:174, 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 N(G:176, an HVR-L2 comprising the amino
acid sequence of 3EQ 1D N{O:177, and an HVR-L3 comprising the amino acid sequence of
SEQ D NO:178. In some embodiments, an antibody of the present disclosurve compriscs (a)
a VH domain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1D
NO:179, an HVYR-HZ comprising the amino acid sequence of SEQ ID N(:162, and an HVR-
H3 comprising the amino acid sequence of SEQ D NO:163; and/or (b 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(G:183, and an HVR-L3 comprising the

amino acid sequence of SEQ D NG: 184
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{0222] In some embodiments, an antibody of the present disclosure comprises a VH
dorpain comprising the amino acid sequence of SEQ ID NOG:135 and/or 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 ID N(G: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 D NO:137
and/or a VL domain comprising an HVR-L1 comprising the amino acid sequence of SEQ D
NO:170, an HYR-L2 comprising the amine acid sequence of SEQ ID NO:171, and an HVR-
L3 comprising the armnino acid sequence of SEQ D NO:172. In some embodiments, an
antibody of the present disclosure comprises a VH domain comprising the amino acid
sequence of SEQ 1D NO:139 and/or a VL domain comprising an HYR-L1 comprising the
amino acid sequence of SEQ D NG:176, an HVR-1L.2 comprising the amino acid sequence of
SEQ D NO:177, and an HVR-L32 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 1D NO:141 and/or a VL domain comprising an
HYR-L1 comprising the armnino acid sequence of SEQ {D NO:182, an HVR-L2 comprising
the amino acid sequence of SEQ [D NO:183, and an HVR-L3 comprising the amino acid
sequence of SEQ D NO: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 NO: 161, an
HVR-H2 comprising the amino acid sequence of 3EQ [D N(:162, and an HVR-H3
comprising the amino acid sequence of SE(Q 1D NG:163; and/or (b) a VL domain comprising
an HVR-L1 comprising the amino acid sequence of SEQ 1D NG:164, 170, 176, or 182, an
BVR-L2 comprising the amino acid sequence of SEQ D NO:165, 171, 177, or 183, and an
HVR-L3 comprising the amino acid sequence of SEQ D 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 SEQ 1D NO:161, an HVR-H2
comprising the amino acid sequence of SEQ 1D NO:168, and an HVR-H3 comprising the
amino acid sequence of SEQ 1D NG:163; and/or (b} a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ 1D NO:164, 170, 176, or 182, an HVR-L2
comprising the amino acid sequence of SEQ ID N(G:165, 171, 177, or 183, and an HVR-L3
cornprising the amino acid sequence of SEQ [D NO:166, 172, 178, or 184, In some

embodiments, an antibody of the present disclosure comprises (a) a VH domain comprising
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an HVYR-H1 comprising the amino acid sequence of SEQ ID N(O:173, an HVR-H2
comprising the amino acid sequence of 3EQ 1D NO:174, 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 ID N(C:165, 171, 177, or 183, and an HVR-L3
coraprising the amino acid sequernce of SEQ D NO:166, 172, 178, or 184. In some
embodiments, an antibody of the present disclosure comprises (a) a VH domain comprising
an HVYR-H1 comprising the amino acid sequence of SEQ ID N(:179, an HVR-H2
comprising the amino acid sequence of SEQ 1D NO: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 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
coraprising the amino acid sequernce of SEQ D 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:135 and/or a VL domain comprising an HVR-L1
comprising the amino acid sequence of SEQ 1D 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
comprising the amino acid sequence of SEQ ID N(O:166, 172, 178, or 184, In some
cmbodiments, 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 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 NG:166, 172, 178, or 184, In some
cembodiments, 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
coraprising the amino acid sequence of SEQ ID NO:164, 170, 176, or 182; an HVR-L2
coraprising the amino acid sequence of SEQ 1D NO:165, 171, 177, or 183; and an HVR-1.3
comprising the amino acid sequence of SEQ 1D NO:166, 172, 178, or 184, In some
cmbodiments, 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 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
comprising the amino acid sequence of SEQ 1D NO:166, 172, 178, or 184.
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{0224] In some embodiments, an antibody of the present disclosure comprises (a)a VH
domain comprising one, two, or three HVR sequences from SEQ 1D NG:242; and/or (b) a VL
dornain comprising one, two, or three HVR sequences from SEQ 1D NOG:243. In some
cmbodiments, an antibody of the present disclosure comprises {a} a VH domain comprising
one, two, or three HVR sequences from SEQ 1D NO:244; and/or (b) a VL domain comprising
one, two, or three HVR sequences from SEQ 1D N(O:245.

{(3225] 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, or a
combination thereof (e.g., one or more HVRSs as defined by one delineation and one or more
HVRs as defined by a different delineation). HVR sequences of antibodies of the present
disclosure delineated using three known delincation (Chothia, Kabat, and IMGT) are
provided in Table 5. As used herein, unless otherwise specified, the numbering of HVR

residues is defined by Kabat numbering.

Table 5. HVR delineations.

Hum 1 HVR-L] 170 SGGSYSSYYYA
(Chothiay | HVR-1.2 336 SDDERPS
HVE-L3 172 GGYDQSSYTNP
Hum } HVR-LI {70 SGOSYSSYYYA
{Kabat) HVR-L2 336 SDDEKRPS
HVR-L3 172 GGYDQARSYTNP
Hum 1 HVER-L] 337 GSYSS
(AMGTY | HVR-L2 338 IYs
HVR-L3 339 GGYDQSSYT
Ham 7 HVE-L1 164 SCGDYYSYYYQ
(Chothiay | HVR-L2 336 SDDKRPS
HVR-L3 166 COYDYSTYANA
Ham 7 HVR-L] 164 SGGDYYSYYYG
{Kabat) HVYR-L2 336 SDDKRPS
HVR-L3 166 GGYDYSTYANA
Hum 7 HVR-L1 340 CDYYS
(IMGT) | HVR-L2 338 1YS
HVE-L3 190 GOYDYSTYA
AB21 HVR-H1 191 GEFTESSN
{Chothia) | HVR-H2 192 SAGGSD
HVR-H3 193 ETWNHLEDY
AB21 HVE-HI 194 SNAMS
(Kabar) HVR-H2 195 GISAGGSDTYYPASVKG
HVR-H3 193 ETWNHLEDY
AB2ZY HVR-HI 161 GEFTESSNA
(MGT)} | HVR-H2 162 ISAGGSDT
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HVYR-H3 163 ARETWNHLEDY
AB25 HVR-H1 191 GEFTESSN
{Chothia) | HVR-H2 196 SSGSD
HVR-H3 193 ETWNHLEDY
AB25 HVR-HI 194 SNAMS
{Kabat) HVR-H2 197 GISSGSDTYYGDSVRG
HVR-H3 193 ETWNHLEFDY
AB25 HVR-HI 161 GFTESSNA
(MGT} | HVYR-H2 168 ISSGSDT
HVR-H3 163 ARETWNHLEDY
AB27 HVR-HI 198 OERISSY
{Chothizay | HVR-H2 199 SSGGD
HVE-H3 193 ETWNHLEDY
AB27 HVR-H1 200 SYAMS
{Kabat) HVR-H2 201 CISSGOCDTYYVDSVKG
HVR-H3 193 ETWNHLEDY
AB27 HVE-HI 173 GFRESSYA
dMGT) | HVR-H2 174 ISSGGDT
HVR-H3 163 ARETWNHLEDY
AB119 HVR-HI 202 GESFSNE
{Chothiay | HVR-H2 203 GSGD
HVE-H3 145 DSTVSWRGDFFDY
AB119 HVR-HI 204 NEFAVT
{Kabat} HVR-H2 144 TIGSGDTYYADSVKG
HVE-H3 145 DSTVSWSGDEFDY
AB119 HVR-H1 205 OESESNTA
(IMGTY | HVR-H2 206 IGSGDT
HVYR-H3 207 AKDSTVSWSGDEFDY
AB119 HVE-L1 146 RASQNVKKNDLA
{Chothia) | HVR-L2 147 AARIRET
HVR-L3 148 QOYYDWPPET
ABliI9 HVR-L1 146 RASQNVKNDLA
{Kabat) HVR-L2 147 AARIRET
HVR-L3 144 QOYYDWPPEFT
AB119 HVR-L] 208 ONVKND
(IMGT)y | HVR-1L2 209 AAR
HVE-L3 210 QOYYDWP
AB135 HVR-HI 211 OESESLY
{Chothza) | HVR-H2 212 GADD
HVE-H3 151 DSTVGWSGDERDY
AB135 HVE-H1 213 IYAVS
{Kabat) HVR-H2 150 TIGADDTYYADSVKG
HVR-H3 151 DSTVGWSGDERDY
AB135 HVE-HI 214 GESESIYA
(MGT) | HVR-H2 215 IGADDT
HVR-H3 216 AKDSTVOGWSGDEFRDY
AB135 HVR-L] 152 RASQNVRSDIA
{Chothiay | HVR-L2 153 AASSRDT
HVR-L3 148 QOYYDWPPET
AB135 HVR-L1 152 RASQNVESDIA
(Kabat) HVR-L2 153 AASSRDT
HVE-L3 148 QRYYDWPPIT
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ABI35 HVR-L1 287 ONVRSD
(MG HVR-L? 218 AAS
HVE-L3 148 QOYYDWPPET
AB136 HVR-H1 219 GEFTESSY
{(Chothiay | HVR-H2 220 SGSGE]
HVE-H3 157 ENNRYRFFDD
AB136 HVR-HI1 221 SYDVN
{Kabat) HVR-H2 156 LISGSGEINYYADSVKG
HVR-H3 157 ENNRYRFFDD
AB136 HVE-H1 222 GEFTFESSYD
(IMGT) HVR-H2 223 ISGSGEI
HVR-H3 224 AKENNRYRFEDD
AR136 HVR-L1 158 RASQSVYTYLA
{Chothia) | HVR-L.2 159 GASSRAT
HVR-L3 160 QOYYDRPPLT
AB136 HVR-L1 158 RASQSVYTYLA
(Kabat) HVR-L2 158 GASSRAT
HVE-L3 160 QOYYDRPPLT
AB136 HVR-L1 225 OSVYTY
(IMGT) HVR-L2 226 GAS
HVR-L3 160 QOYYDRPPLT
AB3 HVE-H1 227 DYGMN
{Kabat) HVR-H2 228 QITSGSRTYYGAAVKG
HVR-H3 229 DFGSGYGSIDA
AR3 HVR-H1 230 GHFIFSDY
(CHOTH | HVR-H2 231 TSGSR
IA) HVR-H3 229 DFEGSGYVGSIDA
AR3 HVR-L1 232 SGSRGRYG
(Chothia) | HVR-L.2 233 RDNQRPS
HVE-L3 234 GSYDGSIDI
AB3 HVR-L1 232 SGSRGRYG
{Kabat} HVR-L2 233 RIDNQRPS
HVR-L3 234 GSYDGSIDI
ABA4S HVE-HI1 235 SYAMG
{Kabat) HVR-H2Z 236 GIDDDGSTANYGPAVKG
HVR-H3 237 ASVTGWSAHISGRLDT
AB45 HVRE-H1 219 GFTFSSY
(CHOTH | HVR-H2 238 DDGST
T1A) HVR-H3 237 ASYVTGWSAHISGRLDT
AR45 HVR-L1 238 SGOGIYYYG
(Chothia) | HVR-L.2 240 ENDERPS
HVR-L3 241 GGYDSNTTSGI
AB4S HVR-L1 239 SGGGIYYYG
(Kabat) HVR-L2 2443 ENDERPS
HVE-L3 241 GGYDSNTTSGI
{32261 In some embodiments, an antibody of the present diselosure comprises 1, 2, 3, 4,

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

listed in Table 5 and/or 2 VH domain comprising

5).

1, 2, or 3 heavy chain HVRs listed in Table
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{0227} In some embodiments, an antibody of the present disclosure comprises a VH
dorpain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1 NO:191, an
HYR-H2 comprising the amino acid sequence of SEQ 1D 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 NG:191, an HVR-H2 comprising the amino acid sequence of
SEQ D NO: 196, and an HYR-H3 comprising the aming acid sequence of SEQ 1D 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 ) NO: 198, an HVR-
HZ2 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 HYR-L1 comprising the amino acid
sequence of SEQ 1D NO:164, an HVR-L2 comprising the amino acid sequence of SEQ 1D
NO: 165, and an HVR-L3 comprising the amino acid sequence of SEQ [D NO: 166 and/or a
VH domain comprising an HVR-H1 comprising the amino acid sequence of SEQ [D NG: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 1D NO: 193, In some
cmbodiments, 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 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 1D NO:236, an HVYR-H2 comprising the amino acid sequence of
SEQ 1D NG:231, and an HVR-H3 comprising the amino acid sequence of SEQ D 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 1D N(O:239, an HVR-L2
coraprising the amino acid sequence of SEQ ID NO:240, and an HVR-L3 comprising the
amino acid sequence of SEQ 1D NO:241 and/or a VH domain corprising an HYR-H1
comprising the amino acid sequence of SEQ 1D NO:219, an HVR-H2 comprising the amino
acid sequence of SEQ 13 NOG:238, and an HVR-H3 comprising the amino acid sequence of
SEQ 1D NO:237.

[0228] in some embodiments, an antibody of the present disclosure comprises a VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 194, an

HVR-H2 comprising the amino acid sequence of 3EQ D NO: 195, and an HVR-H3
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comprising the amino acid sequence of SEQ 1D NO: 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: 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
comprising an HYR-HI comprising the amino acid sequence of SEQ 1D NO: 200, an HVR-
H2 comprising the amino acid sequence of SEQ [D NO: 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 ID NO:164, an HVR-L.2 comprising the amino acid sequence of SEQ ID
NO:165, and an HVR-L3 comprising the amino acid sequence of SEQ [D 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 1D NO: 193, 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
HYR-L1 comprising the armnino acid sequence of SEQ {D NO:232, an HVR-L2 comprising
the amino acid sequence of SEQ [D NO:233, and an HVR-L3 comprising the amino acid
sequence of SEQ 1D NO:234 and/or a VH domain comprising an HVR-H1 comprising the
amino acid sequence of SEQ D NG:227, an HVR-H2 comprising the amino acid sequence of
SEQ ID NO:228, and an HVR-H3 comprising the amine acid sequence of SEQ ID NO:230.
In some embodiments, an antibody of the present disclosure comprises a VL domain
comprising an HYR-LI comprising the amino acid sequence of SEQ 1D NO:23%, an HVR-L2
comprising the amino acid sequence of SEQ 1D NO: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 1D 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
dorpain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1 NO: 161, an
HYR-H2 comprising the amino acid sequence of SEQ 1D NO:162, and an HVR-H3
comprising the amino acid sequence of SEQ ID N(O:163. In some embodiments, an antibody
of the present disclosure comprises a YH domain comprising an HVR-H]1 comprising the

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

{0230] 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: 202, an
HVR-H2 comprising the amino acid sequence of SEQ ID NO: 203, and an HVR-H3
comprising the amino acid sequence of SEG 1D NG: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 1D N(O:147, and an HVR-L3 comprising the amino acid
sequence of SE(Q [D 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: 211, an HVR-HZ 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 1D NO:152, an
HVR-L2 comprising the amino acid sequence of SEQ {3 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 (a) 2 VH domain comprising an HVR-HI comprising the
amino acid sequence of SEQ ID NO: 219, an HVR-H2 comprising the amino acid sequence
of SEQ ID NO: 220, and an HYR-H3 comprising the amino acid sequence of SEQ ID
NO:157; andfor (by a VL. domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:158, an HVR-L.2 comprising the amino acid sequence of SEQ ID
NO:159, and an HVR-L3 comprising the amino acid sequence of SEQ ID NO:160.

{0231] In some embodiments, an antibody of the present disclosure comprises (aya VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 204, an
HVR-H2 comprising the amino acid sequence of 3EQ D N(O:144, and an HVR-H3
comprising the amino acid sequence of SEQ ID NO:145; and/or (b) a VL domain comprising
an HVR-L1 comprising the araino acid sequence of SEQ ID NO:146, an HVYR-L2 comprising
the amino acid sequence of SEQ [D NO: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 (2) a VH domain comprising an HYR-H1 comprising the amino acid sequence of

SEQ 1D NO: 213, an HVR-H? comprising the amino acid sequence of SEQ 1D NO:150, and
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an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:151; and/or (b) a VL
domain comprising an HVR-1.1 comprising the amino acid sequence of SEQ 1D NO:152, an
HVYR-L2 comprising the armino acid sequence of SEQ {I NO:153, and an HVR-L3
comprising the amino acid sequence of SEQ ID N(O:148. In some embodiments, an antibody
of the present disclosurc comprises (a) a VH domain comprising an HVR-HI comprising the
amino acid sequence of SEQ 1D NO: 221, an HVR-HZ comprising the amino acid sequence
of SEQ ID NO:156, and an HVR-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 3 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 embodiments, an antibody of the present disclosure comprises (aya VH
domain comprising an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 205, an
HVR-H2 comprising the amino acid sequence of 3EQ D 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 1D NO: 209, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO: 218, In some embodiments, an antibody of the present
disciosure 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 1D
NG: 215, and an HVR-H3 comprising the amuno acid sequence of SEQ ID NO: 216; and/or
{b) a VL domain comprising an HVR-L1 comprising the amino acid sequence of 3EQ {D
NO: 217, an HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 218, and an HVR-
L3 comprising the arnino acid sequence of SEQ D 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
acid sequence of SEQ 1D NO: 223, and an HVR-H3 comprising the amino acid sequence of
SEQ D NO: 224; and/or (b) a V9. domain comprising an HVR-L1 comprising the amino acid
sequence of SEQ 1D NO: 225, an HVR-L2 comprising the amino acid sequence of SEQ 1D
NO: 226, and an HVR-L3 comprising the amino acid sequence of SEQ 1D NO:164.

{02331 In some embodiments of any of the above embodiments, the antibody enhances
phagocytosis by a macrophage expressing a human SIRP-u polypeptide, enhances activation
of a dendritic cell expressing & human SIRP-a polypeptide, inbibits in vive growth of a tumor

or tumor cell(s) that expresses CD47, and/or does not prevent interactions between a CD47-
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expressing cell and a T ccll. Exemplary assays for measuring phagocytosis, dendritic cell
activation, turnor 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 properties
{0234] An antibody of the present disclosure may be produced by any means known in
the art. Exemplary technigues for antibody 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 contemplated 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 has a dissociation constant (Kyy) 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 nM at 25°C, less than or equal to 400 aM 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 oM at 25°C, less
than or equal to 200 nM at 25°C, less than or equal to 100 nM at 25°C, or less than or equal to
50 oM at 25°C. In some embodiments, an antibody that binds a2 buman SIRP-a polypeptide
and one or more non-human SIRP-g polypeptides binds the human SIRP-g 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 cmbodiments, an antibody
that binds a non-human SIRP-o polypeptide and one or more human SIRP-g polypeptides
binds the non-human SIRP-g 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
without limitation surface plasmon resonance (SPR), 2. g., as described herein; radiolabeled
antigen binding assay (RIA)}, e.g., using a Fab version of an antibody and its antigen; and the
like. 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
R J & &
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example, an antigen described herein may be coupled with an Fe region. In some
cmbodiments, a cell expressing the antigen on its cell surface may be used as the antigen.
{02371 Polyclonal antibodies can be raised in an animal by multiple subcutaneous (sc) or
intraperitongal (ip) infections 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 hernocyanin, serum albumin, bovine
thyroglobulin, or soybean trypsin inhibitor using a bifunctional or derivatizing agent.
Exemplary methods for immunization of chickens are provided hercin. Relevant methods
suitable for a variety of other organisms, such as mammals, are well known in the art.

{0238] As described supra, monoclonal antibodies may be produced by a variety of
methods. In some embodiments, a monocional antibody of the present disclosure is made
using the hybridoma method first described by Kobler er al., Nature, 256:495 (1973}, and
further described in Hongo et al., Hybridoma, 14 (3): 252-260 (1995); Harlow et al.,
Antibodies: A Laboratory Marnual, {Cold Spring Harbor Laboratory Press, Znd ed. 1988); and
Hammerling ef al., in: Monoclonal Antibodies and T-Cell Hvbridomas 563-681 (Elsevier,
N.Y., 1981). Human hybridoma technology (Trioma techuology) 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 screcned for the
presence of an antibody of interest, e g., by in virro binding assay, imimuenoprecipitation,
ELISA, RIA, etc.; and the binding affinity may be determined, e.g., by Scatchard analysis. A
hybridoma that produces an antibody with desired binding propertics can be subcloned and
grown using known culture techuiques, grown in vive as ascites tumors 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., Boogenboom et al. in Methods in Molecular
Biology 178:1-37 (¥ 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 arc 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, cither as single-chain Fv (seFv) fragments or as
Fab fragments. Alternatively, the naive repertoire can be cloned {e.g., from human) t©

provide a single source of antibodies to a wide range of non-self and also self-antigens
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without any immunization as described by Gritfiths et al., EMBO J, 12: 725-734 (1993).
Finally, naive 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).

{0240] In some embodiments, an antibody of the present disclosure is a chicken antibody.
Chicken antibodies can be produced using various techniques known in the art; see, e g, US
Pat. Nos. 6,143,559; 8,592,644, and 9,380,769,

{02411 in some ermbodiments, an antibody of the present disclosure {s 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, rat, hamster,
rabbit, or non-human primnate, such as a monkey) and a huran 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 tnclude
antigen-binding fragments thercof.

[0242] In some embodiments, a chimeric antibody is a humanized antibody. A non-
human antibody can be humanized to reduce imamunogenicity to humans, while retaining the
spectficity 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 human 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-human antibody (e.g., the antibody from which the HVR residues are
derived), e.g., to restore or improve antibody specificity or affinity. Humanized 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.

{3243} Human framework regions usefol for humanization include but are not limited to:
framework regions selected using the “best-fit” method; framework regions dertved 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 germline
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framework regions; and framework regions derived from screening FR librarics. See, €.g.,
Sims et al. J. fmmunol 151:2296 (1993) ; Carter et al. Proc. Natl. Acad. Sci. USA, 8§89:4285
(1992) ; Presta et al. J. fmwmunol., 151:2623 (1993); Almagro and Fransson, Front. Biosci.
13:1619-1633 (2008); and Baca et al., J. Biol. Chem. 272:10678-10684 (1997).

{0244] In some embodiments, an antibody of the present disclosure is a human antibody.
Human antibodies can be produced using various technigues known in the art. In some
embodiments, the human antibody is produced by a non-heman animal. such as the
genetically engineered chickens (see, e.g., US Pat. Nos. 8,592,644; and 9,380,769} and/or
mice described herein. Human antibodies are described generally in Lonberg, Curr. Opin.
Immunol. 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. 1n some embodiments,
Proteolytic digestion of an intact antibody is used to generate an antibody fragment, o.g., 48
described in Morimoto et al., Journal of Biochemical and Biophysical Methods 24:147-117
(1992) and Brennan ct al., Science, 229:81 (1985). In some embodiments, an antibody
fragment is produced by a recombinant host cell. For example, Fab, Fv and 5cFv antibody
fragments are expressed by and secreted from £l coli. Antibody fragments can alternatively
be isolated from an antihody phage library.

{02471 Fab'-SH fragments can be directly recovered from £, coli and chemically coupled
to form Flab'y, fragments. See Carter et al., Bio/Technology 10:163-167 (1992). Fab'),
fragments can also be isolated directly from a recombinant host cell culture. Fab and Fab') »
fragment with increased i vivo half-life comprising salvage receptor binding epitope
residues are described in U8, 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 5,587,438, scFv fusion proteins can be
constructed to produce a fusion of an effector protein at either the amino or the carboxy
terminus of an scFv. The antibody tragment may also be a “lincar antibody”, ¢.g., as
described in U.S. Pat. No. 5,641,870, for example. Such linecar antibodies may be

monospecific or bispecific.
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{0249] In some embodiments, an antibody of the present disclosure is a multispecific
antibody. Multispecific antibodies possess binding specificitics against more than onc
antigen {e.g., having two, three, or more binding specificities). In some embodiments, the
antibody is a bispecific antibody. In some embodiments, a bispecific antibody comprises two
ditferent 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 antibody
comprises binding specificities for two distinct antigens. In some embodiments, the
bispecific antibody is a full-length or intact antibody. In some embodiments, the bispecitic
antibody is an antthody fragment of the present disclosure.

{02501 Bispecific or multispecific antibodies with a variety of combinations of binding
specificities are contemplated herein. In some embodiments, the bispecific antibody has a
first binding specificity for one or more SIRP-a polypeptides 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 CD19, CD20, CD22, CD30, CD33, CD38, D52, CDS6, CD70, CD74, (D79,
CD123, CD138, CS1/SLAMET, Trop-2, 5T4, EphA4, BCMA, Mucin 1, Mucin 16, PTK7,
PD-L1, STEAPI, Endothelin B Receptor, mesothelin, EGFRVIH, ENPP3, SLC44 44,
GNMB, nectin 4, NaPiZb, LIV-1A, Guanylyl cyclase C, DLL3, EGFR, HER2, VEGF,
VEGFER, integrin V33, integrin @581, MET, IGFIR, TRAILRI, TRAILR2, RANKIL, FAP,
Tenascin, Le’, EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CAIX, EPHAJ, folate
receptor o, GD2Z, GD3, and an MBC/peptide complex comprising a peptide from NY-ESO-
1/LAGE, S58X-2, a MAGE family protein, MAGE-A3, gp100/pmell7, Mclan-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, BRCAL, BRCAZ, CDK4, CML6S, MART-2, 53, Ras, B-catenin, TGF-BRYU, 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 inhibiting the responsiveness of SIRP-g expressed by the leukocyie to
any CD47 expressed by the tumor cell with the first binding specificity.

{0251} Various methods are known in the art for generating and purifying a bispecific
antibody. Numerous 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 promoted by introducing
different, but compatible, substitutions in the two Fe domain monomers, 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 embodiments, an amino acid being replaced is in
the CH3 antibody constant domain of an Fe domain monomer and involved in the
dimerization of two Fc domain monomers. In some embodiments, a hole in one CH3
antibody constant domain is created to acconunodate 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 amine acid in
another CH3 antibody constant domain. {n some embodiments, a knob in one CH3 antibody
constant domain is created to form additional interactions with original amino acids in
another CH3 antibody constant domain.

{0252] In some embodiments, 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 anttbody
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 bigh affinity S$IRP-0 D1 variant is fused to an Fe domain roonomer
including the knob mutation T366W to limit unwanted knob-knob homodimer formation.

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

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

Fc T3665 ) e )
. - T394W | T3945 | T366W
e K " /3 2 N ’% 5 A
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monemer Y407V
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Fc

domain g | s | o gy | ey | 1300Y 1 T366W | F405W
monomer T366Y | T366W | T394W | F40SW | T366W FAQSA | F405W | Y407A
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{0253] Another approach uses antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) fused to romunoglobulin 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
a hybrid immunoglobulin heavy chain with a first binding specificity in onc arm and a hybrid
immunoglobulin beavy 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 antibody. In some embodiments, bispecific
antibodies can be prepared using chemical linkage (see, e.g., Brennan et al., Science, 229: 81
(19851 w 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 cell culture using leucine zippers, as in Kostelny et al,, J. Immunol., 148(5):1547-
1353 (1992). For other bispecific antibody formats, see, 2. g., Spiess, C. et al. (2013) Mol.
Immunol. 67:95-106.

{02541 in some ermbodiments, an antibody of the present disclosure is a diabody. See,
e.g., Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993). In a diabody, the Vi3
and Vi domains of one fragment pair with complementary Vy and Vy domains of another
fragrment, thus forming two antigen-binding sites. Another sivategy for making bispecific
antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. See
Gruber et al, J. fmmunol, 152:5368 (1994,

{0255] in some embodiments, an antibody of the present disclosure is a single-domain
antibody. A single-domain antibody refers to a single polypeptide chain cormprising all or a
portion of the heavy chain variable domain or all or a portion of the light chain variable
domain of an antthody. 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 onc 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,
{0256] Antibodies can be produced using recombinant methods. For recombinant
production of an anti-antigen antibody, nucleic 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 components generally include, but are not lunited 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 transcription termination sequence.
{0257] An antibody of the present disclosure can be produced recombinantly as a fusion
polypeptide with a heterologous polypeptide, e.g., a signal sequence ov other polypeptide
having a specific cleavage site at the N-terminus of the matare protein or polypeptide. The
heterologous signal sequence sclected 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, or heat-stable enterotoxin I leaders. For yeast 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, cte.. In mammalian cell expression, mammalian signal sequences as

«ell as viral secretory leaders, for example, the herpes simplex gD signal, are available.
[0238] Both expression and cloning vectors contain a nucieic acid sequence that enables
the vector to replicate in one or more sciected host cells, e.g., to allow the vector to replicate
independently of the host chromosomal DNAL 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 marmalian expression vectors (the SY40 origin may be used because it contains
the early promoter).
[0239] Expression and cloning vectors can contain a selection gene or selectable marier.
Typical selection genes encode proteins that (a) confer resistance to antibiotics or other

toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic
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deficiencies, or {¢) supply critical nutrients not available from complex media. Examples of
dominant selection use the drugs neomycin, mycophenolic acid and hygromycin. Another
cxample of suitable selectable markers for mammalian cells are those that enable the
identification of cells competent o take up antibody-encoding nucleic acid, such as DHFR,
glutamine synthetase (G5), thymidine kinase, metallothionein-1 and -1I, preferably primate
metallothionein genes, adenosine deaminase, ornithine decarboxylase, and the like. For
example, a Chinese hamster ovary {CHO) cell line deficient in endogenous DHFR activity
transformed with the DHER gene is identified by culturing the transformants in a culture
medium containing methotrexate (Mix), a competitive antagonist of DHFR.

{02601 Alternatively, host cells (particularly wild-type hosts that contain endogenous
DHFR) ransformed 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, e.g., kanamycin,
neomycin, or G418,

{02611 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 phoA 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
suitable. Promoter sequences are known for cukaryotes. Yeast promoters are well known in
the art and can include inducible promoters/enhancers regulated by growth conditions.
Virtually all cukaryotic genes have an AT-rich region located approximately 25 to 30 bases
upstream from the site 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 decarhoxylase,
phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyravate
kinase, triosephosphate isomerase, phosphoglucose isomerase, and glucokinase. Antibody
transcription from vectors in mammalian host cells can be controlled, for example, by
promoters obtained from the genomes of viruses. The carly and late promoters of the SV40
virus are conveniently obtained as an S5V4{ restriction fragment that also contains the SV40

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

{0262] Transcription of 4 DNA encoding an antibody of this invention by higher
cukaryotes is often increased by inserting an enhancer sequence into the vector. Many
enhancer sequences are now known from mammalian 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 cukaryotic 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 for cloning or expressing the DNA in the vectors herein are the
prokaryote, yeast, or higher eukaryote cells described sbove. Suitable prokaryotes for this
purpose inclhide eubacteria, such as Gram-negative or Gram-positive organisros, for example,
Enterobacteriaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella,
Proteus, Salmonella, e.g., Salmonella typhimurium, Servatia, e.g., Serratic wmarcescans, 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
bost microorganisms. Certain fungl and yeast strains may be selected in which glycosylation
pathways have been “humanized,” resulting in the production of an antibody with a paraally
or fully human glycosylation pattern. See, e.g., Li et al., Nat. Biotech. 24:210-215 (2006).
{32651 Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, duckweed
(Leninaceae), alfalfa (M. buncarila), and tobacco can also be utilized as hosts.

[0266] Suitable host cells for the expression of glycosylated antibody are also derived
from multiccllviar organisms {invericbrates and vertebrates). Exarmples of invertebrate cells
include plant and inscet cells. Numerous baculoviral strains and variants and corresponding
permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillan), 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
cwlture {tissue culture) has become a routine procedure. Examples of useful mammalian host
cell lines are monkey kidney V1 line transformed by SV40 (COS-7, ATCC CRL 1651);

buman embryonic kidney line {293 or 293 cells subcloned for growth in suspension culture,
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Graham et al., J. Gen Virol. 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL
1(); mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980}); monkey kidney
cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERG-76, ATCC CRL-
15873; human cervical carcinoma cells (HELA, ATCC CCL 2}; canine kidney cells (MDCK,
ATCC CCL 34); buffalo rat fiver cells (BRL 3A, ATCC CRL 1442); human lung cells
(W138, ATCC CCL 75); human liver cells (Hep G2, HBE 8063); mouse mammary tumor
(MMT 060562, ATCC CCL51y; TRI cells (Mather et al., Annaly N.Y. Acad. Sci. 383:44-68
(19821); MIRC 5 cells; 54 cells; and a human hepatoma line (Hep G2). Other useful
mammalian bost cell lines include Chinese haraster ovary (CHOj cells, including DHFR
CHO cells (Urlaub er al., Proc. Natl. Acad. Sci. USA 77:4216 (1980)); and moycloma cell
lines such as N30 and Sp2/0. For a review of certain mammalian host cell lines suitable for
antibody production, see, ¢.g., Yazaki and Wu, Methods in Molecular Biology, Vol. 248 (B.
K. C. Lo, ed., Humana Press, Totowa, N.J., 2003}, pp. 253-268.

{0268] The host cells of the present disclosure may be cultured in a variety of media.
Commercially available media such as Ham's F10 (Sigma), Minimal Essential Medinm
({(MEM), (Sigroa), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle'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), Barnes et g, Anal. Biochem. 102:255
(3980, 1.8, Pat. Nos. 4,767,704, 4,657,866, 4,927,762; 4,560,655, or 5,122,469; WO
S0/03430; WO 87/00195; or U.S. Pat. Re. 30,985 may be used as cultvre media for the host
cells. Any of these media may be supplemented 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 HEPES), nucleotides (such
as adenosine and thymidine}, antibiotics {such as GENTAMYCIN™ drug), tace 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 sccreted into the medium. i the antibody is produced
intraccHularly, as a first step, the particulate debris, either host cells or lysed fragments, are

remmoved, for example, by centrifugation or uitrafilivation. Carter ef 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 £, cofi.

{02701 The antibody composition 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.
l%’ e

{6271] 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 comprising the amino acid sequence of

SEQ 1D NO:325, 326, or 426, Exemplary and nos-limiting light chain constant region

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

disclosure comprises an IGLC3 lambda light chain constant region or an IGLC7 constant

region.

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

For example, in some embodiments, the Fe region is a human Fe region, e.g., 1gGl, 1gG2, or
1gG4 and subtypes thereof. Exemplary and non-limiting Fe regions are provided within the

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

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

comprises one of more of the mutations described herein, e.g., infra.

Table 6. Exemplary constant region sequences

Name

SEQID
NO

Seguence

IgGl wildtype

320

ASTKGPSVEPLAPSSKSTAGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLSS
GLYSLSSVVTVPSSSLOTOTYICNVNHKPSNTKYDKKVEPESC
DKTHTCPPCPAPELLGG
PSVFLIFFPEKPKDTLMISRTPEVTCYVVVDVSHEDPEVREFNWYVD
GVEVHNAKTKPREEQYN
STYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVYTLPPSREE
MTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRW
QQGNVESCSVMHEALHNHYTQKSLSLSPGK

IgG1_AAA _NZYTA

321

ASTRGPSVEFPLAPSSKSTSGGTAALGCLYKDYEFPEPVTYSWNS
GALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLOTOTYICNVN
HEPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGAPSVELEFPPK
PEDTLMISRTPEVTCYVVDVSHEDPEVEINWY VDGVEVHNA
KTKPREEQYASTYRVVEVLTVLHODWLNGKEYKCKVSNKAL
PAPICKTISKAKGQPREPOVYTLPPSREEMTENQVSLTCLVKGE
YPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKS
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RWQOQGNVESCSVMHEALHNHYTOKSLSLSPGK

ASTKGPSVEPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSG

LYSLISVVTVPSSNEGTQTY TCNVDHKPANTEVDKTVERKCC
VECPPCPAPPVAGPSVEL
FPPKPKDTLMISRTIPEVTCVVVDYVSHEDPEVOFNWYVDGVEY
HNAKTKPREEQFNSTERV
VEVLTVVHODWLNGKEYKCKVANKGLPAPIEKTISKTKGOPR
EPQVYTLPPSREEMTKNG
VSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPMLDSDGSER
LYSKLTVDKSRWOQOGNY
FSCSVMHEALHNHYTOKSLSLSPGK

ASTKGPSVEPLAPCSRSTSESTAALGCLVKDYFPEPVTYSWNS
GALTSGVHTEPAVLQSSGLYSLASVVTVPSSNFGTQTYTCNVD
HEKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVELEFPPKPKDT
EMISRTPEVTCVVVDVSHEDPEVOFNWYVDGVEVHNAKTKP
REEQIFNSTFRVVSVLTVVHOQDWLNGKEYKCKVSNKGLPSSIE
KTISKTEKGOPREPOVY TLPPSREEMTKNQVSLTCLVEGFYPSDI
AVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRW(Q
QGNVESCSVMHEALBNHYTQKSLSLSPGK

ASTKGPSVEFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLSSGLYSLESVVTVPSSSLGTKTYTCNVD
HKPSNTEKVDKRVESKYGPPCPPCPAPERLGGPSVELFPPKPKDT
EMISRTPEVTCVVVDVSQEDPEVOFNWYVDGVEVHNAKTKP
REEQPNSTYRVVSVLTVLHODWLNGKEYKCEVSNKGLPSSIE
KTISKAKGQPREPQVYTLPPSQEEMTKNOQVSLTCLVKGEYPSD
IAVEWESNGQOPENNYKTTPPVLDSDGSFRLYSRLTVDEKSRW(Q
EGNVESCSYMHEALHNHYTOKSLILSLGK

RTVAAPSVEIPPSDEQLESGTASVVCLLNNIYPREAKVWKY
DNALQSGNSQESVTEQDSKDETYSLSSTLTLSKADYERKHKVY
ACEVTHQGLSSPVTKSENRGEC

GOPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWK
ADGSPVKAGVETTEPSKQSNNKYAASSYLSLTPEQWKSHRSY

IeG2 322
igG2Da 323
IgG4_5228p 324
Human Kappa 325
Human Lambda IGLC1 326
Homan Lambda {GLC2 426

SCOVTHEGSTVEKTVAPTECS
GOFRAAPSVTLIPPSSEELQANKATLVCLISDFYPGAVTVAWK
ADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSY
SCOVTHEGSTVEKTVAFPTECS

{62731 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

maodifications, cffector cell function, pharmacokinetics, and so forth. In some embodiments,

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

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

Exemplary Fc mutations inchude without nitation (i) a huroan IgG1 Fe region nmtations
L234A, 12354, G237 A, and N297A; (ii) a human 1g(32 Fe region mutations A3308, P3318
and N297A; and (i1} a human IgG4 Fe region mutations S228P, E233P, F234V, L233A,

delG236, and N297A (EU numbering). In some embodiments, the human IgG2 Fe region
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comprises A330S and P331S mutations. In some embodiments, the human Ig(G4 Fc region
comprises an S288F mutation. In some embodiments, the human lg(G4 Fe region comprises
S288P and L235E mutations.

[6274] Antibodies that target cell surface antigens can trigger immunostimulatory and
ctiector functions that are associated with Fe receptor {FcR) engagement on immune cells.
There are a number of Fc receptors that are specific for particular classes of antibodies,
inclading IgG (gamma receptors), IgE {eta receptors), IgA (alpha receptors) and Igh (mu
receptors). Binding of the Fc 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 ADCE), clearance of imrmune complexes, lysis of antibody-
coated cells by killer cells (antibody-dependent cell-mediated cytotoxicity, or ADCC) and,
refease of inflammatory mediators, placental transfer, and control of immunoglobulin
production. Additionally, binding of the C1 component of comaplement to antibodies can
activate the complement system. Activation of complement can be important for the lysis of
cchlular pathogens. However, the activation of complement can also stimulate the
inflammatory response and can also be involved in autoimmune hypersensitivity or 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.

{6275] In some embodiments, a Fo domain monomer refers to a polypeptide chain that
includes second and third antibody constant domains {e.g., CHZ and CH3}. In some
cmbodiments, an Fe domain monomer also inchides a hinge domain. In some embodiments,
the Fc domain monomer is of any immunoglobulin antibody isotype, including igG, igE,
IgM, IgA, and igD. Additionally, in some embodiments, an Fe domain monomer is of any
IgG subtype (e.g., 1gGl, 1gG2, 1gG2a, 1gG2b, Ig(G2c, 1gG3, and 1gG4). In some
embodiments, Fe domain moonomers include as many as ten changes from a wild-type Fe
domain monomer sequence (e.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 Fe domain
and an Fc receptor.

{32761 in some embodiments, an Fe domain monomer of an immunoglobulin or a
fragment of an Fc domain monomer is capable of forming an Fc domain with another Fc

domain monomer. In some embodiments, an Fe domain monomer of an immunogiobulin or a
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fragment of an Fc domain monomer is not capable of forming an Fe domain with another Fe
domain monomer. In some embodiments, an Fc domain monomer or a fragment of an Fc
domain is fused to a polypeptide of the disclosure to increase serum half-life of the
polypeptide. In some embodiments, an Fc domain monomer or a fragment of an Pe domain
monomer fused o a polypeptide of the disclosure dimerizes with a second Fc domain
monomer to form an Fe domain which hinds an Fe receptor, or alternatively, an Fe domain
monomer binds to an Fe receptor. In some embodiments, an Fc 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 system-related response. An Fe domain includes two Fe domain
monomers that are dimerized by the interaction between the CH3 antibody constant domains.
{0277] A wild-type Fc domain forms the minimum structure that binds to an Fc receptor,
¢.g., FcyRI, FeyRITa, FeyRlilb, FeyRIa, FeyRIHb, and FeyRIV. In some embodiments, the
Fc domain in an antibody of the present disclosure comprises one or more amino acid
substitutions, additons or insertions, deletions, or any combinations thereof that lead o
decreased effector function such as decreased antibody-dependent cell-mediated cytotoxicity
(ADCC), decreased coraplement-dependent cytolysis (CDC), decreased antibody-dependent
cell-mediated phagocytosis (ADCP), or any combinations thereof. For example, an antubody
of the present disclosurce can exhibit decreased binding (e.g., minimal binding or absence of
binding) to a human Fc receptor and decreased hinding (¢.g., minimal binding or absence of
binding) to complement protein Clq; decreased binding (e.g., minimal binding or absence of
binding} to haman FeyRI, FoyRHA, FoyRHB, FoyRHIB, FeyRHIB, or any combinations
thereof, 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 substitotions at E233, L234, L235, G236, G237,
D263, D270, N297, E318, K320, K322, A327, A330, P331, or P329 (numbering according to
the EUJ index of Kabat (Sequences of Proteins of Immuonological Interest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, MD. (1991)).

{6278] 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
cmbodiments, an antibody with a non-native Fe region described herein exhibits at least a
5%, 10%, 15%, 20%. 30%. 40%, 50%, 60%, 70%, 80%, 90% or greater reduction in Clg
binding compared to an antibody comprising a wild-type Fc region. In some embodiments,

an antibody with a non-native Fc region as described herein exhibit at least a 5%, 10%, 15%,

i5
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20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater reduction in CDC compared o an
antibody comprising a wild-type Fc region.

{02791 in some embodiments, the Fc variants herein are minimally glveosylated or have
reduced glycosylation relative to a wild-type sequence. In some embodiments,
deglycosylation is accomplished with a mutation of N297A, or by mutating N297 to any
amino acid which is not N.

{(3286] In some embodiments, variants of antibody Ig(G 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 embodiments, variants of antibody Ig(G constant
regions {e.g., Fo variants) possess a reduced capacity to specifically bind Fey receptors and
have a reduced capacity to 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 Fc domain includes specific amino acid substitutions that are known
to minimize the interaction between the Fe domain and an Foy receptor. In some
embodiments, an Fc domain monomer is from an IgG1 antibody and includes one or more of
amino acid substitutions L2344, L235A, G237 A, 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 [gGl Fe variants include E318A and K322 A. In some instances, a
human fgGl Fe variant has up to 12, 11, 10, 8, 8, 7, 6, 5 or 4 or fewer mutations in total as
compared to wild-type human {gG1 sequence. In some embodiments, one or more additional
deletions are included in such Fg(G1 Fe variant. For example, in some erabodiments, the C-
terminal lysine of the Fe Ig(G1 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 vanant hasup to 12, 11, 16,9, 8,7, 6,
3 or 4 or fewer deletions in total as compared to wild-type human Ig(G1 sequence.

[0281] In some embodunents, an Fc domain monomer is from an lgG2 antibody and
includes amino acid substitutions A3305, 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 numbered
scquence. In some embodiments, the Fe variant comprises a human IgG2 Fe sequence

coraprising one or more of A3305, P3315 and N297A amino acid substitutions (as designated

138



WO 2018/057669 PCT/US2017/052592

according to the EU numbering system per Kabat, et al. (1991). In some embodiments, one or
more additional mutations are included in such 1gG2 Fe variants. Non-limiting examples of
sach additional mutations for human IgG2 Fe variant include V234A, GZ37A, P238S, V308L
and H2Z68A (as designated according to the EU numbering system per Kabat et al. (1991)). In
some instances, a human Ig(G2 Fc varianthasup to 12, 11, 10,9, 8,7, 6, 5, 4, 3 or fewer
mutations in tofal as compared to wild-type homan 1gG2 sequence. In some embodiments,
one or more additional deletions are included in such IgG2 Fe variant.

{62821 When the Fc variant is an 1gG4 Fe variant, in some embodiments, such Fe variant
comprises a S228P, E233P, F234V, L235A, L235E, or delG236 mutation {as designated
according to Kabat, et al. (1991)). In some instances, a haman 1gG4 Fe variant has up to 12,
11,16,9.8,7, 6,5, 4, 3, 2 or | mutation(s) in total as compared to wild-type human Ig(54
sequence,

[0283] In some embodiments, the Fe variant exhibits redoced binding to an Fe receptor of
the subject compared to the wild-type human IgG Fe region. In some embodiments, the Fc
variant cxhibits ablated binding to an Fc receptor of the subject compared o the wild-type
hurnan IgG Fe region. In some embodiments, the Fe variant exhibits a reduction of
phagocytosis compared to the wild-type human IgG Fe region. In some embodiments, the Fc
variant exhibits abiated phagocytosis compared to the wild-type human g Fe region.
{0284] Antibody-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 {FcRs)
present on certain cytotoxic cells (e.g., Namral Killer (NK) cells and neutrophils) enabling
these cytotoxic effector cells to bind specifically to an antigen-bearing target ccll and
subsequently kill the target cell. Antibody-dependent cell-mediated phagocytosis, which is
also referred w herein as ADCP, refers to a form of cytotoxicity in which secreted Ig bound
onto Fe receptors (FeRs) 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 1gG antibodics
directed to the surface of target cells can stimulate the cytotoxic or phagocytic cells and can
be used for such killing. In some embodiments, polyvpeptide constructs comprising an Fc
variant as described herein exhibit reduced ADCC or ADCP as compared to a polypeptide
construct comprising a wild-type Fe region. In some embodiments, polypeptide constructs
comprising an Fc variant as described hercin exhibit at [east a 5%, 10%, 15%, 20%, 30%,

40%, 50%, 60%, 70%, 80%, 90% or greater reduction in ADCC or ADCP compared to a

159



WO 2018/057669 PCT/US2017/052592

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.

[0285] Complement-divected cytotoxicity, which is also referred to herein as CDC, refers
to a form of cytotoxicity in which the compiement cascade is activated by the complement
component Clg binding to antibody Fe. In some embodiments, polypeptide constructs
comprising an Fo variant as described herein exhibit at least a 5%, 10%, 15%, 20%, 30%,
40%., 50%, 60%, T0%, 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%, 30%, 60%, 70%, 80%, 90% or greater reduction in CDC compared to a
polypeptide construct comprising a wild-type Fe region. In some cases, antibodiss
comprising an Fo variant as described herein exhibit negligible CDC as compared to a
polypeptide construct comprising a wild-type Fe region.

[0286] Fe variants herein inchude those that exhibit reduced binding to an Fey receptor
compared to the wild-type human Ig(s Fc 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 {gG Fe region to an Foy receptor. In some instances, an Fo variant has reduced
binding to an Fcy 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 embodiments,
the reduced binding is for any one or more Fey receptors, e.g., CD16a, CD32a, CD32h,
CD32¢, or CD64.

{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 IgGG Fe region, wherein the
reduction of phagocytosis activity is e.g., by a factor of 10%, 20%, 30%. 40%, 50%, 60%.
0%, 80%, 90%, 5%, 96%, 97%, 98%, 99% or 100%. In some instances, an Fc variant
exhibits ablated phagocytosis compared to its wild-type buman {gG Fe region.

{32881 in some embodiments, the Fo variants disclosed herein are coupled to one or more
fusion partners. In some cases the fusion pariner is a therapeutic moiety, such as a cytotoxic

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

[0289] In some embodiments, fusion partiers are linked to the Fc variant sequence viaa
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 cascs, the linker has a length of at least 10, 11, 12, 13, 14, 15, 20, 23, 30, or
35 amino acids or longer. Optionally, in some embodiments, a cleavable linker is employed.
{02941 In some embodiments, a fusion pariner is a targeting or signal sequence that
directs an Fc variant protein and any associated fusion partners {o a desired celluiar 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
RBis18) or other tags for use with bnmobilized Metal Affinity Chromatography (IMAC)
systems {(e.g., Ni+2 affinity columns), (ST 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 are useful for purification, for screening, or both.
For example, in some cmbodiments, an Fc variant is purified using a His-tag by immobilizing
it to a Ni+2 affinity column, 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 I protein, phage
display can be employed. In some embodiments, fusion partners enable Fe variants to be
labeled. Altcrnatively, in some embodiments, a fusion partner binds o a specific sequence on
the expression vector, enabling the fusion partner and associated Fo variant to be linked
covalently or noncovalently with the nucleic acid that encodes them.

[0293] in some embodiments, when a fusion partner is a therapeutic moiety, the
therapeutic moiety is, ¢.g., a cytofoXic agent, a peptide, a protein, an antibody, a siRNA, or a

small molecule.
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{6294 in some embodiments, an antibody of the present disclosure is bound to various
carriers or labels and used to detect the presence of specific antigen expressing cells.
Cxamples of carriers include glass, polystyrene, polypropylene, polyethylene, dextran, nylon,
amylases, natural and modified cellaloses, polyacrylamides, agaroses, and magnetite. The
nature of the carrier can be either soluble or insoluble. Various different labels and methods
of labeling are known. Examples of labels include enzymes, radioisotopes, fluorescent
compounds, colloidal metals, chemiluminescent compounds, and bio-luminescent
compounds. Various techuiques for binding labels to antibodies disclosed herein are
available. In some cmbodiments, the antibodies are coupled to low molecular weight
haptens. These haptens are then specifically detected by means of a second reaction. For
cxample, in some embodiments, the hapten biotin is used with avidin or the haptens
dinitrophenol, pyridoxal, or fluorescein are detected with specific anti-hapten antibodies (¢.g.,
anti-dinitrophenol antibodics, anti-pyridoxal antibodics, and anti-fluorescein antibodies
respectively). In some embodiments, the antibodies described hevein are utilized in vitro for
binding assays, such as immune assays. For exampile, in some embodiments, the antibodics
are utilized in liquid phase or bound to a solid phase carrier. In some embodiments,

antibodies vtilized for tmmunoassays are detectably labeled in various ways.

Methods of {dentifving 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-a polypeptide. Advantageously, the methods described herein can be used to identify
antigen binding domains that block binding between human CD47 and a human SIRP-g
polypeptide, do not block binding between human CD47 and a human SIRP-a polypeptide, or
reduce affinity of a human SIRP-¢ polypeptide for human CD47.

{0296] In some embodiments, the methods include providing an antigen binding domain
that binds the extracellular domain (e.g., the D1 domain) of a human SIRP-g polypeptide.
Exemplary antigen binding domains and antibodies that bind the extraceliular domain {e.g.,
the D1 domain) of a buman SIRP-a polypeptide, and/or other SIRP polypeptides, are
described herein, as are exemnplary methods for identifying 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 to a polypeptide comprising an IgSF domain of CD47. In some
cmbodiments, “assernbling” the complex includes providing a solution containing both a
SIRP-a D1 variant and a polypeptide comprising an IgSF domain of CD47. In some
cmbodiments, the SIRP-¢ P variant is a non-naturally occurring variant, e.g., that binds to
human 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-¢ D1 domain binding to human CD47.
Advantageously, this facilitates antibody screening, as a natural SIRP-c: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 domain 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 o the complex indicates that the antigen binding domain does not
block bhinding between human CD47 and the human S{RP-q polypeptide. A lack of binding
of the anngen binding domain to the complex indicates that the antigen binding domain
blocks binding between human CD47 and the human SIRP-o polypeptide. In addition, SPR
is used to distinguish bhlocking, non-blocking and kick-off antibodies. For example, in some
embodiments, a non-blocking antibody increases RUs when injected on top of pre-formed
SIRPo:CD47 complex, a kick-off antibody increases Kqgof a pre-formed SIRPo:CD47
complex, and blocking antibody does not change the RUs or Kyyof a pre-formed
SIRPo:CD47 complex.

{6299] In some embodiments, the IgSF domain of CD47 is a human IgSF 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
TVPTDFSSARKIEVSQLLKGDASLKMDKSDAVSHTGNY TCEVTELTREGETHELKYRY
VS (SEQ D NO:16). In some embodiments, the polypeptide comprising the IgSF domain of

P47 is conjugated to another polypeptide or other moiety, e.g., an Ig Fe region.
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High affinity SIRP-0 DI domain varianis
{6304] A varicty of high affinity SIRP-o 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 [D NOs:17-52 (see Table 4). Further descriptions
of SIRP-¢ 11 variants follow.

Table 4. Exemplary SIRP-a D1 variant amino acid sequences.

SEQIB NG | Sequence

i7 EEELQHQPDKSVLVAAGETATLRCTITSLFPVGPIQWEFRGAGPGRELIYNQREG
PFPRVTTVSDTTKRNNMDFESIRIGAITPADAGTY YCVKFRKGSPDDVEFKSGAG
TELSYRAKFPS

18 EEELQHOPDKSVSVAAGESAIEHCTITSLEPVGPIQWTIRGAGPARVLIYNQRQG
PFPRVTTYSETTKRENMDUSISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

19 EEELOVIQFPDESVSVAAGESAILHCTVTSLFPVOGPIQWERGAGPARELIYNQRG
OPFPRVTTVSESTKRENMDESISISNITPADAGTYYCVEFRKGSPDTEFKSGAGT
ELSVRAKPS

20 EEBLQVIQPDEKSVEVAAGESAILHCTITSLFPVGPIQWERRGAGPARVLIYNQROQG
PIPRVTTVSETTKRENMDESISISNITPADAGTYYCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

21 EEELOQHQPDKSVSVAAGESAILHCTVTSLEFPVOPIQWIRGOGAGPARVLIYNQROG
PFPRVTTYSETTKRENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

22 EEELGHOQPDKSVSVAAGESALHCTITSLIPVGPIQWEFRGAGPARVLIYNQRQGP
FPRVTTVSETTKRENMDESISISNITPADAGTYYCIKFRKGSPDTERFKSGAGTEL
SYRAKPS

23 EEELOQHQPDESVSVAAGESAIE HCTITSLFPVGPIQWIRGAGPARELIYNQRQG
PIPRVTTVSETTKRENMDESISISNITPADAGTYYCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

24 EEELGHQOPDKSVSVAAGESAILHCTITSLEPVGPIOWIRGAGPARVLIYNQREQG
PFPRVTTYSETTKRENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
LAVRAKPS

25 EEELGHOQPDKSVSVAAGESAELHCTITSLFPVGPIQWIRGAGPARVLIYNQREG
PFPRVTTYSETTKRENMDUSISISNITPADAGTY YCIKFRKGSPDTEFKSGAGTE
LSVRAKPS

26 EEELCHQOPDESVSVAAGESAILHCTITSLFPVGPIQOWIRGAGPARVLIYNQRQOG
HIPRVTTVSETTERENMDESISISNITPADAGTY YCIKFRKGSPFDTEFKSGAGTE
LSVRAKPS

27 EEELQHQPDEKSVSVAAGESAILHCTITSLEPVGPIOQWIRGAGPARVLIYNQRQG
PFPRVTTVSESTKRENMDESISISNITPADAGTYYCIKFRKGSPDTENKSGAGTEL
SVRAKPS

28 EEELQHOPDKSVSVAAGESAILHCTITSLIPVGPIQWIRGAGPARVLIYNQROG
PFPRVTTYVSETTKRENMDUSISISNITPADAGTYYCVKIFRKGSPDTEFKSGAGTE
LSVRAKPS

29 EEELOVIQFDESVSVAAGESAILHCTVTSLIPVGPIQWERGAGPARELIYNQREG
PEPRVTITVSESTERENMDFESISISNITPADAGTYYCVKERKGSPDTEFESGAGTE
LSVRAKPES

(]
o]

EEELQVIQPDEKSVIVAAGESAILHCTVTSLFPVGPIQWEFRGAGPARELIYNQRE
GPFPRVTTVSESTKRENMDESISISNITPADAGTY YCVEFRKGSPDTEFKSGAGT
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ELSVRAKPS

EEELQVIQPDKSVSVAAGESAILHCTITSLFPVGPIQWIRGAGPARELIYNQREG
PFPRVTTYSESTKRENMDESISISNITPADAGTYYCVEFRKGSPDTEFKSGAGTE
LSVRAKPS

EEELOQVIQFDESVSVAAGESAILHCTITSLFPVGPIQWIERGAGPARELIYNQREG
PIPRVTITVSETTERENMDISISISNITPADAGTY Y CVKIREKGSPDTEFKSGAGTE
LSVRAKPS

EEELQHQPDKSVSVAAGESAILHCTITSLFPVGPIOQWIRGAGPARELIYNQREGP
FPRVTTVSESTKRENMDESISISNITPADAGTYYCVKFRKGSPDTEFKSGAGTEL
SVRAKPS

EEELQVIQPDKSVSVAAGESAILHCTITSLIPVGPIOWERGAGPARELIYNQREG
PFPRVTTYSESTKRENMDESISISNITPADAGTYYCVEFRKGSPDTEFKSGAGTE
LSVRAKPS

EEELCHQOPDESVSVAAGESALHCTITSLIFPVGPIOWIRGAGPARELIYNQREGP
FPRVTTVSETTKRENMDESISISNITPADAGTY YCVEIREGSPOTEFKSGAGTEL
SYRAKPS

EERLOQVIQPDEKSVLVAAGETATLRCTATSLFPVGPIQWIRGAGPGRELIYNQRQ
GPFPRVTTVSDLTKRNNMDESIRIGNITPADAGTY YCVKFRKGSPDDVERKSGA
GTELSVRAKPS

3

()

EEELGHQOPDKSVLVAAGETATLRCTITSLFPVOPIOWEFRGAGPGRELIYNQREG
PFPRVTTYASDLTKRENNMDESIRIGNITPADAGTY YCVEFREGSFDDVEFKSGAG
TELSYRAKPS

38

EEELQVIQPDKSVLVAAGETATLRCTITSLFPYGPIQWERGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDESIRIGNITPADAGTYYCVKFREGSPDDVEFKSGA
GTELSVRAKPS

39

EEBLOQHOPDESVLVAAGETATLRCTITSLEPY GPIQWIRGAGPGRELIYNQREG
PIPRVITVSDTTKRNNMDESIRIGNITPADAGTY YCVKEFRKGSPDDVEFKSGAG
TELSVRAKPS

40

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIOWEFRGAGPGRELIYNQRE
GPFPRVTTVSDLTERNNMDESIRIGNITPADAGTY YCVEKFRKGSPDDVEFKSGA
GTELSVRAKPS

41

EEELOQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWERRGAGPGRELIYNQRE
GPEPRVTTVSEDLTERNNMDESIRIGNITPADAGTYYCVKFRKGSPDDVERKSGA
GTELSVRAKPS

EEELCHQOPDESVLVAAGETATLRCTITSLEPYGPIGWERGAGPGRVLIYNQROQG
PEPRVTTVSDTTEKRNNMDFESIRIGNITPADAGTY YCIKFRKGSPDDVEFKSGAG
TELSVRARPS

EEELQHQPDKSVLVAAGETATLRCTITSLEFPVGPIQWEFRGAGPGRVLIYNGRQG
PFPRVTTVSDTTKRNNMDESIRIGAITPADAGTY YCIKFRKGSPDDVEFKSGAG
TELSVRAKPS

EEELOQVIQPDKSVLVAAGETATLRCTATSLIFPVGPIQWIRGAGPGRELIY NGRSO
GPFPRVTTVSDLTERNNMDISIRIGAITPADAGTY YCVKEFRKGSPDDVEFKSGA
GTELSYVRAKPS

45

EEELCGHOQPDKSVEVAAGETATLRCTITSLFPVGPIQWERGAGPGRVLIYNQREG
PEPRVTTVSDTTEKRNNMDFESIRIGAITPADAGTY YCIKFRKGSPDDVEFKSGAG
TELSVRAEPS

46

EERLQVIQPDEKSVLVAAGETATLRCTATSLFPVGPIQOWIRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDESIRIGAITPADAGTY YCVKFRKGSPDDVERKSGA
GTELSVRAKPS

N
~3

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIOWEFRGAGPGRELIYNQRE
GPFPRVTTVSDLTERNNMDESIRIGAITPADAGTY YCVKFRKGSPDDVEFKSGA
GTELSVRAKPS

48

EEELCGHOQPDKSVEVAAGETATLRCTITSLFPYVGPIQWERGAGPGRELTYNQREG
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PFPRVTTYASDLTKRENNMDESIRIGAITPADAGTY YCVEFREGSFDDVEFKSGAG
TELSYRAKPS

EEELOQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWEFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDESIRIGAITPADAGTYYCVKFREKGSPDDVEFKSGA
GTELSVRAKPS

EEBLOVIQPDESVLVAAGETATLRCTATSLIPVGPIQWIRGAGPGRELIYNQKE
CHEFPRVTTVSDLTKRNNMDESIRIGNITPADAGTYYCVEFRKGSPDDVEFRKSG
AGTELSVRAKPS

EEELQHQPDKSVLVAAGETATLRCTITSLFPVGPIQWEFRGAGPGRELIYNQREG
PFPRVTTVSDTTKRNNMDFESIRIGAITPADAGTY YCVKFRKGSPDDVEFKSGAG
TELSVRAKPS

EEELOQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWEFRGAGPGRELIYNQR
QGPFPRVTTVSDLTKRNNMDESIRIGNITVADAGTY YCVKFRKGSPDDVERK
SGAGTELSVRAKPS

{0361] In some embodiments, a SIRP-a D1 variant polypeptide or fragment thereof binds
to CD47 witha Kpless than 1 x 10 M, less than 5 x 107 M, lessthan 1 x 107 M, less 5 x 107

mM, less than 1 x 1079 M or less than 1 x 107 M. In some embodiments, a SIRP-a D1

variant polypeptide or fragment thereof binds to CD47 with a Kp between about 500 aM and

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

10 nM and 5 nM, 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 50 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 24 amino acids in length, about 30 amino

acids in length, about 40 amino 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

G0 amino acids in length, about 100 amino acids in length, or move than about 100 amino

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

polypeptides and fragments thereof bind to CI347 with a higher affinity than a SIRP-o

polypeptide hinds to CD47.

e
I
7

{0363] In some embodiments, the above-mentioned SIRP-o D1 variant polypeptides are

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

includes, without lunitation, an Fe polypeptide, an Fc variant, an HSA polypeptide, an

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

[6304] In some embodiments, the polypeptide includes a high affimity SIRP-¢ D1 domain

that has at lcast 85% scquence identity (e.g., at least 86%, 87%, 88%,. 89%, 90%, 91%., 92%,

93%, 94%, 85%,

in Table 4.

96%, 9%, 98%, 99%, or 100% sequence identity) to any variant provided
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Antibody generation in chicken
{0305] Certain aspects of the present disclosure relate to methods of producing an anti-
SIRP-g antibody that binds the extracellular domains (o.g.. the D1 domains) of two or more
ditferent human SIRP-g 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-q.
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.
{0306] In some embodiments, the methods include immunizing a chicken with a peptide

coraprising at least a portion of a hurwan SIRP-u extracellular domain {e.g., the D1 domain).
An exemplary immuomzation schedule i3 described infra. Methods for chicken immunization
are described, e.g., in Mettler Izquierdo, 5. er af. (2016) Microscopy (Oxf) 1-16. In some
cmbodiments, the methods include obtaining an antibody from an antibody-producing cell
from the immunized chicken.

{0367] 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-a variant polypeptides. For example, in some embodiments,
human SIRP-g vl 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.,
WO2009111014 and Metter Tzquierdo, 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 discasc is cancer. In some
cmbodiments, the disease is an autoimmune or inflammatory disease.

{0309] 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, it is thought that the antibodies described

herein may be useful in the treatment of cancer, e.g., by abrogating the cancer’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 immune systerm (such as by activation of dendritic
celish

{03141 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. Excemplary antigens expressed by cancers are known in the art and include without
fimitation €19, CD20, CD22, CD30, D33, D38, D52, CD56, CDT0, CD74, TD79,
CD123, CD138, CS1/SLAMET, Trop-2, 5T4, EphA4, BCMA, Mucin 1, Mucin 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,
VEGFER, integrin aVB3, integrin a5p1, MET, IGFIR, TRAILRT, TRAILR2, RANKL, FAP,
Tenascin, Le’, EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CAIX, EPHA3, folate
receptor o, GD2Z, GD3, and an MHC/peptide complex comprising a peptide from NY-ESQO-
VLAGE, 85X-2, a MAGE family protein, MAGE-A3, gpi00/pmell7, Melan-A/MART-

1, gp75/TRPL, tyrosinase, TRP2, CEA, PSA, TAG-72, tmmature 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-PRI, 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
11.-3 receptor alpha), such as talacotuzumab (also known as CSL362 and JNJ-56022473). In
some embodiments, an antibody of the present disclosure is administered in combination with
a monoclonal antibody that binds EGFR (such as cetuximab). In some embodiments, the
second antibody includes one or more cffector functions, e.g., effector functions that are
associated with Fe receptor (FeR) engagement on immuine cells including without limitation
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.3., to direct FeR-expressing leukocytes to target a
tumor cell to which the second antibody is bound while also inhibiting the responsiveness of
SIRP-a expressed by the leukocyte to any CD47 expressed by the tumor cell with the SIRP-a

antibody.
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{63121 in some embodiments, an antibody of the present disclosure is administered in
combination with an immunotherapeutic agent. An immunotherapeutic agent may refer to
any therapeutic that targets the imrnune system and promotes a therapeutic redirection of the
immune system, such 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 hmutation 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, 1RO, A2R, CD39, CD73, TIGHT, CDEG, CD47, arginase, TDO, and PVRIG.
Iromunotherapeutic agents that are approved or in late-stage clinical testing inclade, without
limitation, iptlimumab, pembrolizumab, nivolumab, atezolizumab, avelumab, durvalumab,
and the like. Without wishing to he bound to theory, it is thought that the antibodies of the
present disclosure are suitable for use with immunotherapeutic agents due to complementary
mechanisms of action, e.g., in activating both macrophages and Topeer cells to target tumor
ceclls. In certain embodiments, an antibody of the present disclosure is administered in
combination with an inhibitor of the PD-L1/PD-1 pathway, e.g., an anti-PD-L.1 or anti-PD-1
antibody. As demonstrated herein, combined administration of an anti-SIRP-o antibody of
the present disclosure and an inhibitor of the PD-L1/PD-1 pathway can result in synergistic
anti-tumor activity. For example, in some emmbodiments, 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-3IRP-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
disciosure 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 blastoma. 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 vrinary tract, 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
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myeloma and B-cell lymphoma (including non-Hodgkin's lymphomas (NHL)); acute
fymphoblastic leukemia (ALL}; chronic lymphocytic leukemia (CLL); acute myeloid
leukemia (AML}; Merkel cell carcinoma; hairy cell leukemia; chronic myeloblastic leukemia
(CML); and associated metastases.

{0314] 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, e.g. with rituximab for depletion of B cells in inflammatory discases and
autoimrmune conditions; alemtuzumab for multiple sclerosis; OKT3 for romunosuppression;
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 nflammatory disease in an individual by administering an
effective amount of an antibody of the present disclosure. Autoimmune discases and
inflammatory discascs amenable to treatment according to the disclosure include, but are not
limited to, multiple sclerosis, rheumatoid arthritis, a spondyloarthropathy, systemic lupus
crythematosus, an antibody-mediated inflammatory or autoimmune disease, graft versus host
disease, sepsis, diabetes, psoriasis, atherosclerosis, Siogren's syndrome, progressive systemic
sclerosis, scleroderma, acute coronary syndrome, ischemic reperfusion, Crohn's Discase,
endometriosis, glomentlonephritis, myasthenia gravis, idiopathic pulmonary fibrosis, asthima,
acufe 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 tmmunosuppressive, anti-inflammatory, or
immunomodelatory agent. In some embodiments, an antibody provided herein is used in the
treatment of an autoimmune disease or an inflaramatory disease, ¢.g., multiple sclerosis,
rheumatoid arthritis, a spondyloarthropathy, systemic hupus erythematosus, an antibody-
mediated inflammatory or autoimmune 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, polyeystic
kidney disease, myasthenia gravis, idiopathic pulmonary fibrosis, asthma, atopic dermatitis,
acute respiratory distress syndrome (ARDS), vasculitis, or inflamamatory autoimmune

myositis.
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{0316] In some embodiments, an antibody of the present disclosure is part of a
pharmaccutical formulation, e. g., including the antibody and one or more pharmaccutically
acceptable carriers. Pharmaccutical compositions and formounlations 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 acceptabie carriers
{(Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of
Ivophilized formulations or aqueous solutions. Pharmaceutically acceptable cartiers 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 (less 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, mannuitol, wehalose or sorbitol; salt-forming
counter-ions such as sodium; metal complexes {e. g. Zn-protein complexes); and/or non-ionic
surfactants such as polyethyvlene glycol (PEG). In some embodiments, an antibody of the

present disclosure is yophilized.

EXAMPLES

{0317] The present disclosure will be more fully understood by reference to the following
cxamples. The examples should not, however, be construed as limiting the scope of the
present disclosure. It is understood that the examples and embodiments described herein are
for tiustrative purposes only and that various modifications or changes in light thereot 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 claims.

Exampie 1: Identification of Aniibodies 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 o a modified Fo region (either an S228P human IgG4 Fe or an
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234A/L235A/G23TA/NZSTA human {gG1 Fe designated as IgGl_AAA_N297A) for

increased immunogenicity.

Table A. Immunogen sequences.

Pescription

SEQ ID NO

Sequence

Human strpa vl
{Fusion with Fe of IgG4_S228P)

1

EEELOQVIGPDESVLVAAGETATLRCTATSLIPY
GPIQWERGAGPGRELIY NQREGHEFPRVTTVSD
LTKRNNMDESIRIGNITPADAGTY YCVKIRKG
SPDDVEFKSGAGTELSVRAKPSESKYGPPCPP
CPAPEFLGOGPSVELFPPKPKDTLMISRTPEVTC
VVVDVSQEDPEVQINWYVDGVEVHNAKTKE
REEQFNSTYRVVSVLTVLEHODWELNGKEYKCK
VENKGLPSSIEKTISKAKGQPREPQVYTLRPPSO
EEMTKNQVSLTCLVKGFYPSDIAVEWESNG(
PENNYKTTPPVLDSDGSFFLYSRLTVDEKSRWQ
EGNVESCSVMHEALHNHYTOQKSLSLSLGK

Human sirpa v2
(Fosion with Fe of 1gG4_S228P)

N2

EEELOQVIQPDKSVSVAAGESAILHCTVTSLIPYV
GPIQWFRCGAGPARELIYNQKEGHFPRVTTVSE
STERENMDESISISNITPADAGTYYCVKEFREGS
PDTEFKSGAGTELSVRAKPSESKYGPPCPPCPA
PEFLGGPSVELFPPEPEKDTLMISRTPEVTICVVY
DVSQEDPEVQINWY VDGVEVHNAKTKPREE
QINSTYRVVSVLTVLHODWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE
MTENQVSLTCLVKGFYPSDIAVEWESNGOPE
NNYKTTPPVLDSDGSFILY SRLTVDKSRWOE
GNVYISCSVMHEALHBNHYTORSLSLSLGK

Mouse 129 sirpa
{Fusion with Fc of
IgGl_AAA_N297A)

KELKVTOQPEKSVSVAAGDSTVENCTLTSLLPY
GPIKWYRGVGOSRLLIYSFTGEHIFPRVTINVSD
ATKRNNMDTSIRISNVTPEDAGTYYCVKFQRG
PSEPDTEIQSGGGTEVY VEAKPSDKTHTCPPCP
APEAAGAPSVFLFPPEKPKDTLMISRTPEVICVY
YDVSHEDPEVKENWYVDGVEVHNAKTEPRE
EQYASTYRVVSVLTVLHODWLNGEEYKCREY
SNEALPAPIEKTISEAKGOPREPOVYTLPPSRE
EMTKNQVSLTCLYKGFYPSDHIAVEWESNGQP
ENNYETTPPVLDSDGSFFLYSKLTVDKSEW)
QGNVESCSVMHEALHNHYTOKSLSLSPGK

Mouse NOD sirpa
(Fusion with Fc of
IgGI1_AAA_N29TA)

TEVEKVIQPEKSVSVAAGDSTVENCTLTSLLPY
GPIRWYRGVGOSROLIYSFTTEHFPRVTNVAD
ATKRSNLDESIRISNVTPEDAGTYYCVKFQRG
SPDTEIQSGGGTEVYVLAKDKTHTCPPCPAPE
AAGAPSVELFPPKPEDTLMISRTPEVTCVVYVYD
VSHEDPEVKENWYVDGVEVHNAKTEKPREL(
YASTYRVVSVLTVLHODWLNGKEYKCKVAN
KALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TENQVSLTCLVEGFYPADIAVEWESNGOPEN
NYKTTPPVLDSDGSFFLY SKLTVDESRWQQG
NVESCSVMHEALHNHYTOKSLSLSPGK
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{0319] The above proteins were used to immunize wild-type chickens, SynVH chickens
which arc transgenic chickens containing VH from human and V1L from chicken, or chickens
with fully human “HuMAB” somunoglobulin foci (Crystal Biloscience; see, e.g.,
WO2012162422, WO2011019844, and W0O2013059159). Chickens were immunized with
varied schedules having alternating doses of antigen. An exemplary immunization schedule
ts as follows: initial immunization with 100ug dose of antigen having the sequence of SEQ
ID NO:T at week 1, boost of 100ug 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 D NO:1 at
week 5, draw at week 6, boost with 50ug of antigen having the sequence of SEQ 1D NG: 2 at
reek 7, and draw at week 8. Additional descriptions of chicken tromunization may be found,

e.g., in Mettler Izquicrdo, S. ef al. (2016) Microscopy (Oxf} 1-16.

Screening and expression of antibody clones

{0320] 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 sclFv was fused to the N-
terminus of human Fe-IgGl. Clones were expressed in FreeStyle™ 293-FS celis (Thermo

Fisher) and secreted media was used for ELISA and 5PR binding characterization.

SPR

{03211 Binding of the antibody clones to various SIRP proteins was determined using
surface plasmon resonance {SPR) detection on a ProteOn XPR36 instrument (Bio-Rad,
Hercules, CA) using phosphate buffered saline (PBS, pH 7.4) supplemented with 0.01%
Tween-20 (PBST) as manning buffer. The pre-filtered media containing the secreted
antibodies was used directly for the assay. First, anti-Human IgG Fe (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 flow ccll of immobilized anti-human Ig(G Fe is achieved.
Each clone is screened using the same method as follows. The SIRP analytes used for the
screen are listed in Table C.

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

16323] (2 buffer flow for 1 min at 130ul/min;

{0324 {3} 5IRP 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 tlowing 3M Magnesium Chloride for 1 min at
25ul/min in both orientation; and

§6326] (5) buffer flow for min at 100ul/min.

{0327] Biosensor data were double-referenced by subtracting the interspot data
{containing no immobilized anti-human fg(G Fc) from the reaction spot data (immobilized
anti-hurnan 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 Koy (1/5)

values calculated. All 5PR assays were performed at 25 °C.

ELISA

{0328] ELISA assays were carried out to screen binding of antibody clones to SIRP
analytes and SIRP-a:CD47 complex. Briefly, 96-well flat-bottom, bigh binding plates
(Greiner Bio-One #655061) were coated with the following proteins in separate HLISA
experiments: Avidin (Sigma A9275) (2ug/mi) followed by biotinylated human SIRPo V1

(0. 5ug/ml), Avidin (Cug/ml) followed by human SIRPa V2 biotin (0.5ug/ml), mouse NOD
SIRPo (2ug/ml), human SIRPyY Cug/mi), CD47 Zug/mi) followed by high affinity human
SIRPg V1 and V2 (at Zug/ml each) or anti-hFc Cug/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 Thr 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 Smin and stopped with
1IN HCL ELISA results were read using BioTek Synergy Hi Hybrid Reader. The
corvesponding proteins used for the assay and described here are: human SIRPo V1 (SEQ 1D
NO: 5); buman SIRPo V2 (SEQ 1D NO:6); cynomolgus SIRPa (SEQ 1D NO:11); mouse
NOD SIRPo (SEQ 1D NO: 8); human SIRPy (SEQ D NO: 15); CD47 (SEQ 1D NO: 16);
high affinity SIRPo V1 (SEQ ID NO: 42); high affinity SIRPa V2 (8EQ 1D NG:A7).

Resuits
{0329] SIRP-¢ is a highly polymorphic protein in humans, monkeys, and mice. For
example, 20 amino acid differences have been wdentified between SIRP-g proteins in the
NOD and C37BL/6 mouse strains, and these polymorphisms lead to functional consequences
related to CD47 binding and engraftment of human hematopoictic stem cells in these mouse

strains. In humans, at least 10 distinct alleles of SI8PA have been identified, and amino acid

174



WO 2018/057669

variations that distinguish the alleles are found in predicted CD47-binding residues
(Takenaka, K. er al. (2007) Nat. immunol. 8:1313-23). An alignment of 10 human variant
SIRP-u protein sequences is provided in FIG. 1A, The identification of antibodies 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.

{(1330]

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

The D1 domains of SIRP-g proteins from human (v1 and v2 variants),

1B). While the cynomolgus monkey and mouse 129 sequences are much more divergent
from human vi and v2 than human variants v3-v1Q 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, cach protein also shows unique
polymorphisms, suggesting that specific antibodies were also possible.

{0331]
variants and mouse strains {e.g., 129, NOD, C37BL/6, and BALB/c) were also aligned. RI,

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

R2Z, R3 delineate residues located around binding sites of SIRPa to CD47. These alignments
demonstrated that the R2 and R3 are considerably more divergent among and between human
and mouse sequences than the R1. Withoot wishing to be bound to theory, it is thought that
anti-SIRP-a antibodics that bind to specific murine SIRP-a proteins may be useful, e.g., for
pharmacokinetic studies {such as those using CD-1 niice), development of transgenic mice
(such as those in a C57TBL/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.

{6332] Mammalian SIRP-a D1 domains described above were also aligned with the D1
domain of chicken SIRP-a comprising the sequence
DFRKLQQPOSSVVVIKGDTLTLNCTASGSGPICGAVEKW VEGWGSDNQTVYEHKGSFPR
VMRAVPDPTNDFTIRISNVSLEDAGTYYCVKLREGIVDDVVFIR GGGTEVSVHA
(SEQ 1D NO:84) (FIG. 2). Compared with the mammalian SIRP-a sequences, the sequence
of chicken 51PRa was found to be significantdy more divergent. Pairwise comparisons of the

percentage of sequence identity between various SIRP-g 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 (SE( D
N5 NO:6) N{:T) NO:11) N(:84)
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Homan vl -~ 8¢ &6 91 46
(SEQ 1D
NO:5)
Human v2
(SEQID
NO:6)
Mouse 66 68 - 72 47
(SEQID
NO:T)
Cyno 91 88 72 - 47
(SEQID
NO:11)
Chicken 46 41 47 47 -
SEQID
NO:84)

o4l
O
]
§

68 &8 41

{03331 Without wishing to be bound to theory, it was thought that this divergence would
provide unigue opportumuties 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 duc to immune
tolerance. Moreover, the greater divergence between the chicken and mammalian immune
systems may lead to a greater diversity in antibody production.

{0334] In order to identify antibodies with novel binding specificities to SIRP-a proteins,
antibody clones were characterized in the scFv-Fe format as described above. Each antibody
clone was tested at concentrations between 0.008 and 1.0ug/mL for binding using ELISA to
the following targets: the D1 domain of human SIRP-a v1 {sequence according to SEQ 1D
NO:53, the D1 domain of human SIRP-g v2 (sequence according to SEQ 1D NO:6), the D1
domain of a cynomolgus SIRP-¢ variant {sequence according to SEQ 1D NO:11), the D1
domain of mouse 129 SIRP-ua (sequence according to SEQ ID NO:7), and a human SIRPy
isoform (sequence according to SEQ 1D N(O:15). As used hercinafter, antibody clones are
referred to by clone ID mumber. In addition, the notation “Slclone nuomber]” refers to an sc-
Fv-Fc format; the notation “AB{clone number]” refers to a full IgG antibody format; the
notation “ABJclone numberla” refors to a human Ig(G1 with L234A, L235A, G237A, and
N297A mutations; “AB|clone number]b” refers to a mouse IgG1 N297A format; “AB{clone
number]c” refers to a mouse IgG2a format; and “[clone mumber] Fab” refers to a Fab
fragment format.

{03351 In addition, the binding of cach antibody clone to a pre-complex prepared using a

1:1 mix of two high affinity SIRP-o 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 1D NO:16) was characterized.
Advantageously, since the affinity between the wild-type SIRP-g D1 domain and the IgSF
domain of CD47 is relatively low, the use of a complex comprising a high affinity SIRP-¢
variant allows the identification of antibodies that bind to SIRP-a while it is complexed with
CD47 (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 NO:19) correspond to high affinity SIRPo
D1 domain engineered using human SIRPo polypeptide variant 1 and variant 2, respectively.
10336] FIG. 3A shows the ELISA hinding curve for clone §130 (SEQ 1D NO:71). This
clone demonstrated cross-reactivity across mammalian SIRP-g proteins, with binding to
multiple 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 identificd as a blocker of the interaction between SIRP-o and CD47, as no
binding to a pre-formed coraplex containing CD47 bound to a high-affinity SIRP-¢ variant
was detected.

{63374 FIG, 4A shows the ELISA binding curve for clone S121 (SEQ ID NO:75). This
clone also demonstrated cross-reactivity across mammalian SIRP-g proteins, but it also
bound to human SIRPy, indicating pan-isoformic binding (FIG. 4B). This clone was also
wdentified as a blocker of the interaction between SIRP-g and CD47.

{0338] FIG. 54 shows the ELISA binding curve for clone S137 (SEQ ID NO:73). Like
the clone shown in FIGS. 34 & 3B, this clone demonstrated cross-reactivity across
mammalian SIRP-¢ proteins with isoform-specific binding, as it did not bind to human SIRPy
(Fiz. 5B). However, this clone was identified as a non-blocker of the interaction between
SIRP-¢ and CD47, since it bound to the pre-formed coroplex.

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

10340] FIG. 7A shows the ELISA hinding curve for clone §135 (SEQ 1D NO:72).
Similar to the clone shown in FIGS. 6A & 6B, this blocking clone demonstrated cross-
reactivity across primate SIRP-q proteins, but it did not bind to the murine protein (FIG. 7B).

Unlike clone S128, this clone was found to cross-react with human SIRPy.
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10341] FIG. 8A shows the ELISA binding curve for clone 85126 (SEQ D 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.

{0342] FiIG. 9A shows the ELISA binding curve for clone S138 (SEQ D NG:74). This
clone only bound buman SIRP-g variant 1, demonstrating a high degree of intra- and inter-
species binding specificity (FEG. 9B). This clone was identified as a blocker of the
interaction between SIRP-a and CD47.

{03431 in conclusion, novel antibodies with a number of unique binding specificities t©
SIRP-u proteins were characterized. FIG. 10A provides an alignment showing scFv-Fe
variable domain sequences obtained from a chicken that produces chicken antibodies (CDIRs
are indicated). FI1G. 108 provides an alignment showing scHv-Fe variable domain sequences
obtained from a chicken that produces human antibodies (CDRs are indicated). These studies
highlight the atility of the chicken as a source of antibody diversity for the identification of
anti-SIRP-a 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 ouf 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 D NO:16) with high nM affinity
was used for the screen rather than a wildtype SIRP-o. This is because the wildtype SIRP-«
interaction 1o assess sandwich formation. Phosphate buffered saline (PBS, pH 7.4)
supplemented with 0.01% Tween-Z0 (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 vomobilized GLC surface followed by a brief buffer flow of Tmin at
100uL/min. Next, 100nM of a high affinity SIRP-¢ variant (SEQ ID NOG:17) pre-mixed with
D47 (SEQ ID NG:16) at different concentrations of 0, 26, 55, 500, or 1500nM was injected
separately for a minute at 100ul/min with a dissociation time for 10mins. For the description
below, SIRP-u refers to SEQ 1D NG:17.

{0346] For an antibody that does not block binding of 3IRP-a to CD47, it would be
expected to bind to SIRP-a /CD47 complex and form a sandwich. Therefore, at increasing

concentration of €147, 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 profile
for S123 is shown in FIG. 12A.

{03471 For an antibody that blocks binding of SIRP-a to CD47, the profile will be
ditferent than a non-blocking antibody. At increasing concentration of CD47, one would
expect fewer molecules of SIRP-a to be available to bind to the antibody since the antibody
competes for the same binding site as CD47 and rmost/all SIRP-a is complexed with CD47.
Therefore, one would expect the resonance (RU) to decrease with increasing concentration of
D47 in the mixwre. Antibody clone 5119 was found to match this profile. An example of
the profile for S119 is shown in FiG, 12B.

{0348] In addition to blockers and non-blockers, a third category of antibodies was
tsolated that have a “kick oft” profile. Antibody clone 5118 was found to match this profile.
An example of the profile for S118 is shown in FI1G. 12C. At higher concentration of D47
(e.g 500nM and 1500nM CD47), a transient sandwich was formed between the antibody,
SIRP-g and CD47 as indicated by the higher resonance of 300R1 which then decayed over
time. This decay of resonance units indicates that the antibody was able to bind to 5IRP-a in
the complex and “kick SIRP-¢ off” from binding to CD47.

{33491 The ko rates of binding of ecach clone to each 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 D47 blocking properties
(block, non-block, kick-off) are described in the fast column of the Table C. Each antibody is
identified according to its corresponding SEQ D NO. SIRP analyte sequences are as follows:
CV1-3, SEQ ID NO:18; vi, SEQ ID NOG:5; v2, SEQ ID NO:6; cynol, SEQ ID NO:i 1
cyno?, SEQ ID NOG:12; m129, SEQ 1D NO:7; NOD, SEQ 1D NO:§; BL6, SEQ ID NO:9;
sirpbl, SEQ ID NG:13; sivpg, SEQ 1D NO:15.

Table C, Langmuir kinetic fittings (ko 1/8)

{ 03 Block
1.49 | 2.52E- 5.59E- 1.42E- 8.85E-

S2 54 E-O1 03 NB 1B 03 02 NB 03 - - Block
1.14E- 1.42E- | 415E- | 6.12E- 1.29E- 1.79 6.96E- 9 30E- 3.23E-

S8 35 LB 04 04 03 04 02 E-03 03 05 04 Block
1.68 | L.29E- 1. 40E- 3.388- { 2.70E- 1.81 1.03E- 7.10E-

S9 56 E-04 04 04 04 04 NB E-02 NB 04 03 Block
2.69 | 3.35E- 1.86E- 1.1iE- | 3.92E- 1.55E- 3.86E-

St 57 E-03 0s 04 03 03 NB LB LB 04 04 RBlock
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5.15 | L.01E- | 1.68E- 1.178- | 524E- 2.60 1.98E- 1.73E- 3.07E-

S12 58 E-02 04 04 03 04 NB EB-02 03 04 04 RBlock

2.07E- | 291E- 1.848- { 5.01E- | 493E- | 3.83 1.03E- 1.35E- 4.02E-

S13 59 LB 04 04 03 04 02 B-03 02 04 04 RBlock
333 | 542E- | T.O04E- | 6498 | 452E- | 373B- | 498 1.81E- 6.0LE- 1.26E-

Si4 60 E-03 05 05 04 04 02 E-03 02 05 04 Block
4.84 | T.86E- V.95E- | 2.22B- | 65iE- 3.34E-

S1t5 61 E-04 06 05 05 a5 NB NB NB - a5 Kick off
480 | 2.84E- | 507E- | T.0E- | 1.20E- 8.25E-

Sité 62 E-04 05 05 05 G NB NB NB - a5 Kick off
2795 | 1.20E- | 3.40E- 1.83E- | 592B- 4.30E-

5117 63 E-04 03 05 03 05 NB NB NB - 06 Kick off
247 | 9.U7E- | 4.12E- | 6.97E- | 8.06E- 1.31B- 1.13E-

5118 64 B-04 06 0S g5 05 NB NB NB 05 35 Kick off
5.65 | 4.15E- } 148E- | 2.34E- | 3.10B- 4.28E- 3.95E-

5119 65 B-04 04 04 04 04 NB LB NB 04 34 Block
6.26 | 4.04B- | 1498- | 236E- | 3.14B- 4.258- 3.93E-

5120 66 B-04 04 04 04 04 NB I.B NB 04 34 Block
603 | 498E- | 226BE- | 2.668- | 327E- 3.52E- 3.61E-

5122 67 B-04 04 04 04 04 NB LB NB 04 04 Block
1.31 1.55E- 1.578- | L54E- 1.43E-

S123 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%9E- | 2.11E- 1.528- | 1478 4.21B-

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

5130 71 B-03 03 02 LB LB LB NB NB LB 03 Block
3.63 | 6.58E- | B78E- | 4.738- | 3.88E- 5.21E- 1.46E-

S135 72 E-03 04 03 04 04 NB NB NB 04 03 Block
137 | 1.65E- | L.88E- | 2.04E- | 179E- | 5.15E- | 443 4.63E- 3.76E- 1.48E-

S137 73 E-03 03 03 03 03 04 E-04 03 03 02 Non-block

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

=not screened

{0350] These data indicate that antibody clones with a varicty of binding specificities for
SIRP-g proteins across different species and intra-species variants were wdentified. The
binding specificities for selected antibodies were further characterized using ELISA as
described above by generating binding curves against the human vl (SEQ ID NG:5), human
v2 (SEQ 1D NO:6), NOD mouse (SEQ ID NO:8), and cynomolgus SIRP-g D1 domains (SEQ
1D NO:11), as well as buman SIRPy (SEQ ID NO:135) and a pre-formed complex of a 1:1
mixture of two high-affinity SIRP-o variants (SEQ 1D NOs:17 and 19) bound to the IgSF
domain of CD47 (SEQ ID NG:16).

{0351] Sequences of sclv-Fe clones tested are provided in Table D.

Table B. scFv-Fc sequences.

Clone Framework/ SEQID Sequence

CDR NO
51 Chicken 53 ALTQPASVSANPGETVEITCSGGGINNAYGWEQQ

KSPGSAPLTVIYDNGKRPSDIPSRESGSKSDSTGTLT
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ITRVQABDEAVYYCGSADNSGAGVEGAGTTLTVL
GOSSRS5GGGOSSCGGOGOSMAAVTLDESGGGLQTP
GOALSLVCKGSGFTFSSHAMNWVYROAPGKGLEW
VAGISSDGRFTYYCAAVOGRATISRONGQSTVRLO
ENNLRAEDTATYYCTENGGCGSGGDLDCIDAWG
HGTEVIVSSSLDPKSSDETHTCPPCPAPELLGGPRY
FLFPPKFRDTLMISRTPEVTCVYVVDVSHEDPEVEF
NWYVDOVEVHNAKTKPREEQYNSTYRVVAVLTY
LHODWENGKEYKCKVSNEALPAPIEKTISKAKGQ
PREPOQVYTLEPPSRDELTKNQVSLTCLVKGEFYPSDIA
VEWESNGOQPENNYKTTPPVLDSDGSFILYSKLTVD
KSREWQOQGNVESCSVMHEALHNHYTOKSLSLSPGK
\VI

SZ Chicken 54 AVTOPASVSANPGETVRITCIGDSSSY YSWHOQKS
PGSAPVIVIYSNTDRPSDIPSRESGSASGSTATLTIT
GVQAEDEAVYFCGAYDSSSDSDHEFGAGTTLTVLGQ
SSRSSGGGGS3CGGOGSMAAVTLDESGGGLQTPGE
GLSLVCKASGEFDESNINMAWVRQGPGKGLEY VA
EISDTGSTPYYGSAVQGRATISRDNGOSTVRLOLN
NLRAEDTGTYFCTRNFGSSVSSIDAWGHGTEVIVS
SSLDPKSSDKTHTCPPCPAPELLGGPSVELIFPPRPK
DTEMISRTPEVTCVVVDVSHEDPEVKENWY VDGV
EVHNAKTKPREEQYNSTYRVYSVLTVLHOQDWEN
GKEYKCKVSNKALPAPIGKTISKAKGQPREPOQVYT
LPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSITLYSKLTVDRKSRWQQ
ONVIESCSVMHEALHNHYTQESLSLEPGKY

58 Chicken 55 AVTOPISVSANPGETVEITCSGSITYYGWYQQKESP
GSAPVTVIYDNDKRPSDIPSRESGSKESGSTHTLHTG
VOVEDEAVYFCONEDNNYVAIRGAGTTLTVLGOS
SRSSGGOGSSOGGOSMAAVTLDESGGOLOTPGGA
LSLEVCKASGEFTESSYNMGOWVROAPGKGLEFVAGE
YASGSSTDTDTTYGPAVAGRATISRDNGOSTVRLO
ENNLRAEDTOTYYCAKAAGGCSTHTCTAYIADSID
AWGHGTEVIVSSSLDPESSDKTHTCPPCPAPELLG
GPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VEFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSY
LTVLHODWENGKEYKCEKVSNKALPAPIEKTISKA
KGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SK
LTVDKSEWQQGNVESCSVMHEATHENHYTQKSLSL
SPGKV

S9 Chicken 56 ALTQPSSVSANPGETVEKITCSGDNSAHY Y YOWYQ)
QKSPGSAPVTIVIYYNDKRPSGIPSRESGSASGSTAT
LOTGVQVEDEAVYFCGSADSSNPAIFGAGTTLTVL
GQSSRESGGGGSSGOOGGSMAAVTLDESGGGLOTP
GRALSLYVCRGSGESISSYNMGWVRQAPGKGLEFIA
SIGSDGSSTHYAPAVRKGRATITRDVGOSTYRLQLN
NLRAEDTGTYTFCAKDAYQCSYATCNDYLDTIDAW
GHOTEVIVSSSLDPKSSDEKTHTCPPCPAPELLGOGPS
VELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VIHOQDWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPOVYTLPPSRDELTKNQVSLTCLVKGEFYPSDI
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AVEWESNGOPENNYKTTIPPVLDSDGSFFLYSKLTY
DKSEWQQONVISCSVMHEALHNHYTQESLSLSPG
Kv
AVTOPASVSANPGETVKITCSGSSSGSYGWYQQKS
PGSAPVTLIYETNKRPSENIPSRESGSKSGSTATLTIT
GVQADDEAVYYCGSEDSSTYLSIFGAGTTLTVLGO
SSRSSGGGGSSGGGGSMAAVTLDESGGGLYTPGG
ALSLVCKASGFTFSSFNMGWVRQAPGKGLEFVAA
FYSGNSAEYGAAVQGRATISRDNGOSTVRLOQLNNL
RAEDTGIYFCAKDAGSGCYSGVCAGTSSIDAWGH
GTEVIVSSSLDPESSDKTHTCPPCPAPELLGGPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTRKPREEQYNSTYRVVAVLTVLHG
DWLNGEEYKCEKVSNEALPAPIEKTISKAKGQOPREP
QVYTLPPSRDELTENQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOOCNVISCSVMHEALHNHYTOKSLSLSPGEV
512 Chicken 38 AVTQPASVSANPGETVKITCSGDSSYYGWYQQKS
PGSAPVTVIYDDNKRPSNIPSRESGSKSGSTGTLTIT
GYQADDEAVYFCGNEDNSYVAIFGAGTTLTVLGG
SSRESGGGGSSGGOGGSMAAVTLDESGGGLOTPGG
ALSLVCEKASGETESSYNMGWVRQAPGKGLEFVAG
IYIASGDLGTTYGAAVQGRATISRDDGOSTVRLQL
NNLRAEDTOGTYFCAKSAGGUSAHSCDTYIADSIDA
WOHGTEVIVSSSLDPESSDKTHTCPPCPAPELLGGP
SVELTFPPEPKDTLMISRTPEVTCVVVIIVSHEDPEV
KENWYVDGVEVHNAKTEPREEQYNSTYRVVSVL
TVEHOQDWLNGKEYKCKVSNEALPAPIEKTISKAK
GOFPREPQVYTLPPSRBELTENQVSLTCLVKOEIYPS
DIAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKL
TVDKSRWQQONVISCSVMHEALHNHYTQRSLSLS
PGKV

S13 Chicken 59 AVTOPASVSANPGETVKITCSGSSSYYGWYRQKSP
GSAPVTLIYDNDKRPSGIPSRESGSKSGSTNTLTITG
VQADDEAVYYCGNEDNSYVGIFGAGTTLTVLGQS
SRSSGGGGSSGGGGSMAAVTLDESGGGLOTPGGA
LSEVCKASGFTESSYNMGWVRQAPDKGLEFVAGE
YTGSDAGLSTTYGAAVQGRATISRDBNGOSTVRLG
LNNLGAEDTGIYFCTKSAGGUSDYNCDAYIADSID
AWGHGTEVIVSSSLDPKSSDEKTHTCPPCPAPELLG
GPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSY
LTVLHODWELNGKEYKCKVSNKALPAPIEKTISKA
KGOPREPQVYTLPPSRDELTENQVSLTCLVRGEYP
SDIAVEWESNGOPENNYRTTPPVLDSDGSIFLY SK.
LTVDESRWOQOQONVESCSVMHEALHNHYTQKSLSL
SPGKVY

514 Chicken 60 AVTOPASVSANLGETVKITCSGDSSYYGWYQQKA
PGSAPVTLIVDNDEKRPSNIPSRIESGSKSGSTATLUTIT
GYQADDEAVYYCGNEDMNYVGIFGAGTTLTVLG
OSSRSSGGGGSSGGGGSMAAVTLDESGGGLOTPG
CALSLYCKASGFTENSYNMGOWVRQAPGEGLERV
AGIYSAGGDTSTTYGAAVNGRATISRDNGOSTVRL
QLNNLRAEDTGIYFCAKAAGGCTAHNCDAYIADST

St Chicken 5

~
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DAWGHOTEVIVASSLDPKSSDETHTCPPCPAPELL
GOGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNARKTEPREEQYNSTYRVVS
VUTVLHOQDWLNGKEYKCKVSNEALPAPIEKTIRK
AKGOQPREPOVYTLPPSRDELTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLEDSDGSEFFLY S
KLTVDBKSRWOQONVESCSVMHEALHNHYTQESL
SLSPGRYV

S1i5 Human [ ETVLTQSPATLSVSPGERATLSCRASQTVGSKLAW
HQOQKPGOQAPRLLIYDATNRATGISDRESGSGSGTD
FTLTISSLOTEDSAVYYCQQYYYWPPYRFGGGTKY
EIRGOSSRSSGGGGSSGGGGSDVQLVESGGGVVREP
GESLRLSCAASGESESSYAMNWVRQAPGEGLEWY
SRINSGGGGTDYAESVKGRETISRDNSENTLYLOM
NSLRAEDTAVYYCAKQYDWNSFFDYWGLGALVT
VSSSLDPKSSDKTHTCPPCPAPELLGGPSVELFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVEFNWY VDG
VEVHNARTEPREEQYNSTYRVVSVLTVLHODWL
NGKEYKCKVSNEALPAPIEKTISKAKGOQPREPQVY
TLPPSEDELTENQVSLTCLVEGEYPSDIAVEWESN
GOPENNYEKTTPPVLDSDGSFFLY SELTVDKSRE WO
QONVESCSVMHEALHNHYTQRSLSLSPGKY

5116 Human 62 ETVLTOSPATLSVSPGERATLSCRASQTVGSKLAW
HQOEPGQAPRLLIYDATNRATGISDRFSGSRSGTD
FILTISSLOTEDSAVYYCQOQYYYWPPYREFGGGTRY
EIKGQSSRASGGEGRSGGEGIDVOLVESGGGVYVRP
CESLRLSCAASGFSFSSYAMNWVYRQAPGEGLEWY
SRINSGGGOGTDYAESVEKGRETISRDNSENTLYLOM
NSLRAEDTAVYYCAKQYDWNSFFDYWGLGALVT
VSSSLDPESSDKTHTCPPCPAPELLGGPSVELFFPKP
KDTLMISRIPEVICVVVDVSHEDPEVKINWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGKEYECEKVSNKALPAPIEKTISKAKGOPREPQVY
TLPPSRDEL TKNQVSLTCLVKGFYPSDHAVEWESN
GOPENNYKTTPPYVLDSDGSFFLY SKLTYDKSRWQ
QGNVESCSVMHEALHNHYTOKSLSLSPGEY

S117 Human 63 ETVLTQSPATLSVSPGERATLSCRASQTVGSKLAW
HQOKPGOAPRLLIYDATNRATGIPDRESGSGSGTD
FTLTISSLOTEDSAVYYCQQYYYWPPYRFGGGTKY
EIKGOSSRSSGGGGSSRGGGIDVOQLVESGGGVVRP
GESLRLSCAASGESESSYAMNWVRQAPGEGLEWY
SRINSGGGGTDYAESVKGRETISRDNSENTLYLOM
NSLRAEDTAVYYCAKQYDWNGITDYWGLOALVT
VSSSLDPKSSDKTHTCPPCPYPELLGGPSVELFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVEFNWY VDG
VEVHNARKTEPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNEALPAPIEKTISKAKGOQPREPQVY
TLPPSEDELTENQVSLTCLVEGEYPSDIAVEWESN
GOPENNYEKTTPPVLDSDGSFFLY SELTVDKSRE WO
QONVESCSVMHEALHNHYTQRSLSLSPGKY

S11a Human 64 ETVLTOSPATLSVSPGERATLCRASGTVGIELAW
HQOEPGQAPRLLIYDASRRATGIPDRESGSGSGTDF
TLTISSLOTEDSAVYYCQOQYYYWPPYREFGGGTEY
EIKGOSSRASGGEGHISGGEGIDVOLVESGGGVYVRP
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CESLRLSCAASGFSFSSYAMNWVYRQAPGEGLEWY
SRINSGGGUGTDYAESVEGRFTISRDNSENTLYLOM
NSLRAEDTAVYYCAKQYDWNGIFFDYWGLGALVT
VSSSLDPESSDKTHTCPPCPAPELLGGPSVELFFPKP
KDTLMISRIPEVICVVVDVSHEDPEVKINWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGKEYECEKVSNKALPAPIEKTISKAKGOPREPQVY
TLPPSRDEL TKNQVSLTCLVKGFYPSDHAVEWESN
GOPENNYKTTPPYVLDSDGSFFLY SKLTYDKSRWQ
QGNVESCSVMHEALHNHYTOKSESESPGEVY

S1i9 Human 6!

L

EIVLTOSPATLSVSPGERATEFSCRASQNVENDLAW
YQORPGOAPRLLIVAARIRETGIPERFSGSGSGTERT
LIITSLOSEDFAVY YCQQYYDWPPFTFGGGTKEVEL
KGOSSRSSGGGGSSGOGGSDVOLLESGGGYVOPG
GSLRLSCAASGESFSNFAMTWYVROAPGEGLEWVS
TIGSGODTYYADSVRKGREFTISRDNSENTLYLOMNSL
RAEDTAVYYCAKDSTVSWIGDFFDYWGLGTLVT
VSSSLDPKSSDKPHTCPPCPAPELLGGPSVELFPPKE
KDTLMISRTPEVTCVVVDVSHEDPEVEFNWY VDG
VEVHNARKTEPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNEALPAPIEKTISKAKGOQPREPQVY
TLPPSEDELTENQVSLTCLVEGEYPSDIAVEWESN
GOPENNYEKTTPPVLDSDGSFFLY SELTVDKSRE WO
QGNVESCSVMHEALHNHYTOKSLSLEPGKY

5120 Human 66 EIVLTQSPATLSVSPGERATESCRASONVENDLAW
YQOQRPGOAPRLLIYAARIRETGIPEREFSGSGSGTERT
LHITSLOSEDFAVYYCQOQYYDWPPFTRGGGTKVEL
KGOSSRISGGGGIGGEGIDVOLVESGGGV VPG
GSLRLACAASGESFSNFAMTWVYRQAPGEGLEWVYS
TIGSGDTYYADSVKGRFTISRDNSKNTLYLOQMNSL
RAEDTAVYYCAKDSTVSWSGDEFFDYWGLGTRVT
VSS5LDPESSDKTHTCPPCPAPELL GOGPSVELEFPPKE
KDTLMISRIPEVICVVVDVSHEDPEVKINWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGKEYECEKVSNKALPAPIEKTISKAKGOPREPQVY
TLPPSRDEL TKNQVSLTCLVKGFYPSDHAVEWESN
GQFENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQ
QGNVESCSVMHEALHNHYTOKSESESPGEVY

S$122 Hurman &7 EIVLTOSPATLSVSPGERATEFSCRASQNVENDLAW
YQORPGOAPRLLIVAARIRETGIPERFSGSGSGTERT
LIITSLOSEDFAVY YCQQYYDWPPFTFGGGTKEVEL
EGOSSRSSGGGGSSGGGGSDVOLVESGGGYVRPG
ESLRLSCAASGEFRFSNFAMTWVROAPGEGLEWVS
TIGSGODTYYADSVRKGREFTISRDNSENTLYLOMNSL
RAEDTAVYYCAKDSTVSWIGDFFDYWGLGTLVT
VSSSLDPKSASDKTHTCPPCPAPELLGGPSVELFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVEFNWY VDG
VEVHNARKTEPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNEALPAPIEKTISKAKGOQPREPQVY
TLPPSEDELTENQVSLTCLVEGEYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSEWQ
QGNVESCSVMHEALHNHYTOKSLSLEPGKY

3123 Human 68 EIVLTQSPGTLSVSPGERVTLTCRASQGIAGKIAWY
QOKPGOAPRLLIYDASSRATGIPORESGSGSGTEFT
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LHITSLOSEDFAVYYCQQHYDWSPLTFGGGTKVEL
KGQSSRESGGEGH5GGGGSDVOLVESGGGLYQPG
OGSLRLSCTASGFTIRNYGMSWVROQAPGEGLEWVS
ASSGSGSTYYTODSVEGRIFTISRDNSKNTLYLGMNS
LRAEDTAIY YCAKVTWHNNIFDYWGLGTLVTVSSS
LDPKSSDKTHTCPPCPAPELLGGPSVELFPPKPKDT
LMISRTPEVTCVYVVDVSHEDPEVKIFNWYVDGVEY
HNARKTEPREEQYNSTYRVVSVLTVLHOQDWLNGK
EYKCKVANKALPAPIEKTISKAKGQPREPQVYTLPP
SRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSEWQOGNY
FSCSVMHEALHNHYTOKSISLSPGKV

$126 Hurman &9 EIVLTOSPGTLTLSPGERATLSCRASQSIGSSYLAW
YQOKPGOAPRLLIYDATNRATGIPDRESGSGSGTD
FTLTISSLOTEDSAVYYCQQYYYWPPYRFGGGTKY
EIKGOSSRSSGOGGSSSGOGGSDVQLVESGGGYVRE
GESLRLSCAASGEFTESNYDMTWVRQAPGEGLEWY
SGISGNGGSTYYADSVKGRETISRDNSKNTLYLOM
NSLRAEDTAVYYCAMNRWWEFDYWGOLGTLVTVSS
SLDPKSSDRTHTCPPCPAPELLGGPSVELFPPREPKD
TLMISRTPEVTCVVVDVSHEDPEVKINWYVDGVE
VHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNG
KEYKCEVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG()
PENNYKTTPPVLDSDGSFFLYSKETVDESRWQOQG
NVESCEVMHEALHNHYTOKSLSLSPGEY

5128 Human 70 ETVLTOSPATLSVSPGERATLCRASGTVGIELAW
HQOEPGQAPRLLIYDASNRATGIPDRESGSGSGTD
FTLTISSLOTEDSAVYYCQQYY YWPPYRIGGOGTKY
EIKGQSSRASGGEGRSGGEGIDVOLVESGGGVYVRP
GESLRLSCAASGESFRSYAMNWVRQAPGEGLEWY
SRIDSGGGOGTDYADSVKGREFTISEDNSKNTLYLOM
NSLRAEDTAVYYCAKQYDWNSFFDY WGLGAPVT
VSS5LDPESSDKTHTCPPCPAPELL GOGPSVELEFPPKE
KDTLMISRIPEVICVVVDVSHEDPEVKINWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGKEYKCEKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GQFENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQ
QGNVESCSVMHEALHNHYTOKSESESPGEY

S$130 Hurman 7t EIVLTOSPGTLSVSPGERATLSCRASQNVRSDLAW
YQOKLGQAPRLLUIYDANTRATDIPDRIESGSGSGTE
FTLTISSLOSEDFAVY YCOHYYDWPPVTPRGGGTKY
EIRGOSSRSSGGGGSSGGGGSDVQLVESGGGVVREP
GESLRLSCAASGEFTESNY AMSWVRQAPGEGLEWY
SLITTNGDGCAYYADSVEGRFTISRDNSKNTLYLOM
NSLRAEDTAIYYCAKDGAAHYYDIFIDYWGLGTP
VEVSSSLDPKSADKTHTCPPCPAPELLGGPSVELEPP
KPKDTLMISRTPEVTCVVVLVSHEDPEVKINWYY
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WINGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQ
VYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSREW
QOGKNVESCSVMHEALHNHYTOKSLSLSPGKY
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2135 Human 72 EIVLTQSPATLSVSPGERVTESCRASONVRSDIAWY
QOKPGUAPRLLIYAASSRDTGIPDRISGSGSGTDET
LHISSLGSEDFGVYYCQOY YDWPPFTFGGGTRVEL
KGOSSRISGGGGIGGEGIDVOLVESGGGVVRPG
ESLRLSCAASGESEFSIYAMSWVROAPGEGLEWV ST
IGADDTYYADSVKGRETISEDNSENTLYLOMNSLR
ABDTAVYYCAKDSTVOWSGDEIDYWGLGTLVTV
SSSLOPKSSDKTHTCPPCPAPELLGGPSVELFPPKPK
DTLMISRTPEVTCVVVDYSHEDPEVKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVSVLTVLHODWLN
GKEYKCKVENKALPAPIEKTISKAKGOPREPQVYT
LPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKETVDKSRW(QQ
GNVESCSVMHEALHNHYTOKSLSLSPGKY

S$137 Hurman 73 ETVLTOSPGTLTLSPGERATLTCRASQSVYTYLAW
YQEKPGQAPRLLIYGASSRATGIPDRESGSGSGTVE
TLTISSLOREDFAVYYCQOYYDRPPLITGGOTKVE]
EGOSSRSSGGGGSSGGGGSDVOLVESGGGYVRPG
ESLRLSCAASGFTISSY DMNWVROAPGEGLEWV S
LISGSGEINYYADSVEGRFTISRDNSKNTLYLOMNS
LRAEDTAVYYCAEKENNRYRITDDWOLGTLVTVSS
SLDPKSSDRTHTCPPCPAPELLGGPSVELFPPREPKD
TLMISRTPEVTCVVVDVSHEDPEVKINWYVDGVE
VHNAKTEKPREEQYNSTYRVVSVLTVLHOQDWLNG
KEYKCKVSNKALPAPIEKTISKAKGQFREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG()
PENNYKTTPPVLDSDGSFFLYSKETVDESRWQOQG
NVESCSEVMHEALHNHYTOKSLSLSPGEY

5138 Human 74 EIVLTOQSPOTLSVSPGERVILTCRASQSVDTYNLAW
YQOQEPGQAPRLLIYDLITRATGIPDRESGSGSGTEFR
TLTINSLEPEDFAVYYCHQYYDWPPYTTGOGTKVE
IKGOSSRSSCGGOGGSSGGOGESDYQLVESGGGVVRPG
ESLRLSCAASGPFTTFSNYAMNWVRQAPGCEGLEWVS
GISGRGODTYYADSVKGRFTISRDNSKNTLYLOM
NSLRAEDTAIYYCAKGTWNYGSFDYWGLGTLVT
VSS5LDPESSDKTDTCPPCPAPELL GGPSVELEPPKE
KDTLMISRTPEVTCVVVDVSHEDPEVKINWY VDG
\VI

S121 Human 7

[/

EIVLTOSPATLSVSPGERATEFSCRASQNVENDLAW
YQORPGOAPRLLIVAARIRETGIPERFSGSGSGTERT
LIITSLOSEDFAVY YCQQYYDWPPFTFGGGTKEVEL
KGOSSRSSGGGGSSGOGGSDVQLVESGGGY VPG
GSLRLSCAASGESFSNFAMTWVROAPGEGLEWVS
TIGSGODTYYADSVRKGREFTISRDNSENTLYLOMNSL
RAEDTAVYYCAKDSTVSWIGDFFDYWGLGTLVT
VSSSLDPKSASDKTHTCPPCPAPELLGGPSVELFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVEFNWY VDG
VEVHNARKTEPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNEALPAPIEKTISKAKGOQPREPQVY
TLPPSEDELTENQVSLTCLVEGEYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSEWQ
QGNVESCSVMHEALHNHYTOKSLSLEPGKY
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{0352] Without wishing to be bound to theory, it is thought that antibodies with cross-
reactive binding among human, cynomologus, and/or murine proteins may allow for
characterization of antibodies in both animal models and clinical testing. Antibodies with
isoform- and/or variant-specific binding may be useful for personalized medicine approaches
to specific 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 antibedies that block or do not block binding between SIRP-¢ and

CD47, as well as antibodies that “kick SIRPo-off” from binding to C347.

Example 2: 1dentification of Additional Antibodies with Novel Binding Specificities to
SIRFP-¢ Proteins
Methods

Determination of Kp
§33531 The interactions of anti-SIRP antibodies with SIPRo from various species
{(human v1, 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. All experiments were performed at 25°C using a SPR-based ProteOn XPR36
hiosensor (BioRad, Inc, Hercules, CA) equipped with GLC or NL{ sensor chips. Antibodies

‘ere expressed using FreeStyle™ 293-FS cells (Thermo Fisher) as described in Example 1.
Purification was camied 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 AZ80 Absorbance and using thew
molar calculated extinction coefficient. Analytes were injected in a “one-shot” kinetic mode
as described elsewhere (see, e.g., Bravman, T. et al. (2006) 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 immobtlization step, GLC chip was activated with EDAC/Sulpho-NHS 1:1
(Biorad) diluted 1/100 for 300s at 25 pl/min. Anti-SIRPo antibodies were diluted to 80 nM
concentration in 10 mM sodium acetate buffer pH 4.5 and immobilized 1o the chip at 30
pul/min for 50s. Chip was inactivated with ethanolamine for 300s at 25 pl/man. The analytes

{(e.g., SIRP-o from different species, SIRP-8, SIRP-Y) were injected in a “one-shot” kinetic
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mode at nominal concentrations of 100, 33, 11, 3.7, 1.2 and 0 nM. Association times were
monitored for 90s at 100ul/min, and dissociation times were monitored for 1200s. The
surfaces were regenerated with a 2:1 v/v blend of Pierce Ig( elution buffer/4AM NaClL
{0358] 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 iromebilization response of ~1000-
1200R Us. Next, anti-SIRPo antibodies (~160 oM} were injected for 80s at 30ul/min. The
analytes (SIRPo from different species, SIRP-B and SIPR-y) were subsequently injected in a
“one-shot” kinetic mode at nominal concentrations of 100, 33, 11, 3.7, 1.2 and 8 nM.
Association times were monitored for 60s at 25ul/min, and dissociation times were
monttored for 120s. The surfaces were regenerated with a 2:1 v/v blend of Pierce IgG ehution
buffer/4M NaClL
{03571 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
injection. Double- referenced data were fit globally to a sirople Langouir model and the Kp
value was calculated from the ratio of the apparent kinetic rate constants {(Kp = ky/k,).
Resuits
{0358] Three representative antibodies (a blocking, non-blocking, and “kick off”
antibody) were further characterized for binding to various SIRP-q, -B, —y proteins as
described above. The three antibodies contain human sequences and were derived from the
HuMab chicken immunization experiments. These antibodics were tested as full-length
buman IgG1 antibodies with L234A, 1L.235A, G237A, and N297A mutations. SIRP-g
proteins examined in these experiments corresponded to human SIRP-a v1 (SEQ 1D NO:5),
human SIRP-g v2 (SEQ ID N(O:6), cynomolgus SIRP-g (SEQ D NG 113, human SIRPB
isoform 1 (SEQ ID N(G:13), human SIRPJ isoform 2 (SEQ ID NO: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 SIRPRI isoform 1.

{0359] K values obtained for the three antibodies are shown in Table E below.

Table E. Sammary of Kp values (M)

vi v2 Cyno beta bela gamma

isoform 1 isoform 2 | isoferm 1
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Kick-off ARI22a | 426107 | 186107 | 2411107 | 1.31x10™ 1.64x1079 1 5194100
Blocker ABi19a | 1.98<10°" | 7.99x10" | 1.45x10™" | 3.42x10°" 3.76x10°77 | g.gexio
Non- AB136a | 6.88x1077 | 3.22x107 | 2.65x107 | 4.35x107 2.27x107 | 1.20x107
blocker

{6360] Next, the binding kinetics of various antibody clones to selected mouse SIRP-o

proteins were determined as described above. Mouse proteins that were fested include

BALBc (SEQ ID NO:10), BL6 (SEQ ID NO:9), NOD (SEQ ID NO:8), and m129 (SEQ ID

NO:7) SIRP-g proteins. The results are summarized in Tables F-I below. Antibody clones

tabeled as “¢” were tested as full-fength mouse 1g(G2a antibodies; antibody clones labeled as

“a” were tested as full-length buman IgG1 antibodies with L234A, 1L.235A, G237A, and

N297A mutations.

Table F. Summary of kinetics for binding of selected antibodics to BALBc mouse SIRP-¢

protein (SEQ D NO:1G)

Antibody Kon (1/Ms) Kotr (178) Kp (M)
AB136a 8.27x10° 2.73x10™ 3.31x107°
AB3c 7.76x10° 4.12x107 5.31x107
AB2Ic 4.62x1¢° 6.18x107 1.34x107
AB25¢ 3.03x1¢° 2.92x1¢0° 9.64x 107
AB27¢c 1.50x10° 2.26x107 1.50x10™
AB66¢ 2245107 7.62x107 3.41x107
Table 5. Summary of kinetics for binding of sclected antibodies to BL6 mouse SIRP-¢

protein (SEQ ID NG:9)

Antibody Kon (1/Ms) Ko (1/5) Kp (V)
ABR136a 6.24x10° 5.85x10~ 937x107
AR3c 412510 6.19x10 1.50x10°
AR21c 2765107 2.41x107 8.76x107"
AB25¢ 1.42x10° 3.99x10™ 2.81x107
AB27c 1.47x10° 1.40x10° 9.49x107
ABG6e 1.07x10° 6.19x107 5.80x107
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Table H. Summary of kinetics for binding of selected antibodies to NOD mouse SIRP-g

protein (SEQ ID NO: §)

AB136a 84110 4.48x10™ 5.33x107"
AB3c 9.90¢10° 1.43x10° 1.43x10°
ARZ1c 7.4951¢P 4.79¢107 6.40x107°°
AR25¢ 3.66x10° 1.43%10° 3.90x107
AR27c 2.96x10° 1.01x10° 3.42x107
ABG66¢ 4.12x10° 2.32x107 5.64x107°°

Table L. Summary of kinetics for binding of selected antibodies to m129 mouse 51RP-o

protein (SEQ 1D NO: 7)

Antibody Kon (1/Mg) Ko (1/8) Ky (WD

AB136a 6.88x10° 5.97x10" 8.67x107°

AB3c 5.34x107 1.18x107 2.20x10°

AB21c 5.63x10° 3.31x107 T

AB25¢ 3.52x10 TR0 ST

AB27c 2.07x1¢ 1.01x107 4.87x1077
ABG6e 2.07x10° 1.98x107 9.55x107"

{03611 For the above antibodies, VH and VL domain sequences (respectively) were as

follows: AB136a: SEQ D NO: 133 and 134; AR3c: SEQ ID NO: 242 and 243; AB21e: SEQ
ID NG: 135 and 136; AB25c: SEQ 1D NG: 137 and 138; ABZ27¢: SEQ ID NG: 139 and 140;
AB66c: SEQ ID NG: 141 and 142,

[0362]

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

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

models.

Exampie 3: Functional Properties of anti-SIRP-¢ antibodies

[0363]

The previous Examples describe the identification and characterization of anti-

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

human, cynomologus, and/or murine SIRP-g, SIRP-B, and SIRP-y proteins, and whether or

not the antibodies block binding between SIRP-a and CD47. Autibodies representing
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partictlar categories of interest were next examined in a variety of in vitro and in vive
functional assays aimed at characterizing their effects on SIRP-a’s biological functions. In
particular, “blocking” (i.e., antibodies that block binding between SIRP-a and CD47) and
“non-blocking” (i.e., antibodies that do not block binding between SIRP-a 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(G1 antibodies with 1.234A 1.235A, (3237A, and N297A mutations. Antibody clones
tabeled as “b” were tested as full-length mouse IgG1 antibodies with an N297A mutation.
Antihody clones labeled as “c” were tested as full-length mouse IgG2a antibodies.
Methods
Tumor cell line culturing
{0365] DLD-1 thuman colorectal adenocarcinoma) and OE19 (human csophageal
carcinoma) cells were maintained in growth medium comprised of RPMI (Gibeo)
supplemented with 10 percent heat-inactivated Fetal Bovine Serum (Gibeo), one percent

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

Derivation and culture of human monocyte-derived macropliages

[3366] 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
underfayed with 20 mi Ficoll-Pague Plus (GE Healthcare). Tubes were centrifuged for 30
minutes at 400 x g. PBMCs were collected from the interface and resuspended in FACS
buffer (FBS with 0.5 percent Bovine Serum Albumin (Gibeo)). CD14" monocytes were
purified by negative selection using the Monocyte Isolation Kit Il (Miltenvi Biotec) and LS
colamns (Miltenyi Biotec) according to the manufacturer’s protocol.

{0367] For nonpolarized macrophages, (D147 monocytes were seeded into 15 cm tissue
culture plates (Corning) at 10 million cells per dish in 25 ml IMDM (Gibceo) supplemented
with 10 percent human AB serum (Coming), one percent penicillin/streptomycin, and one
percent Glutamax. Cells were cultured for seven fo ten days.

{03681 For M2 polarized macrophages, CD14" monocytes were seeded into 15 cm tissue
culture plates (Corning) at 6 million cells per dish in 25 md RPMI(Gibceo) supplemented with
14 fetal bovine serum (Thermeo Fisher), one percent penicillin/streptomycin, and one percent

Glatamax, and 30vg/ml M-CSF (Miktenyt}. Cells were cultured for seven to ten days.
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In vitro phagocytosis assays

{03691 DLD-T and OE19 cells were detached from culture plates by washing twice with
20l PBS and incubation in 10 mi TrypLE Select (Gibeo) for 10 minutes at 37°C. Cells
were centrifuged, washed in PBS, and resuspended in mediunm. 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 mi PBS and incubation in 10 mi TrypLE Seclect for 20 minutes at
37°C. Cells were removed with a cell scraper (Coming), washed in PBS, and resuspended in
IMDM.

{0370] Phagocytosis assays were assembiled in ultra-low attachment U-bottom 96 well
plates (Corning) containing 100,000 DLD-1 or OE19 cells, 50,000 macrophages, five-fold
serial dilutions of anti-SIRP-a antibody from 100 nM to 6.4 pM, and cetaximab (Absolute
Antibody) at | or 0.01 ug/ml, trastuzumab at 0.01 ug/ml, or control antibody of the same
isotype {Southern Biotech). All anti-SIRP-a antibodies tested had a human 1gG1 with £234A,
L235A, G237A, and N297A mutations except AB136¢, which had a mouse 1gG2a. Plates
were incubated two hours at 37°C in a humidified incubator with 5 percent carbon dioxide.
Cells were pelleted by centrifugation for five minutes at 400 X g and washed m 250 ut FACS
buffer. Macrophages were stained on ice for 15 minutes in 30 yl FACUS buffer containing 10
ul buman FeR Blocking Reagent (Miltenyi Biotec), 0.5 pl anti-CD33 BV421 (Biolegend),
and 0.5 @ ant-CD206 APC-Cy7 (Biolegend). Cells were washed in 200 il FACS buffer,
washed in 250 pl PBS, and stained on ice for 30 mimutes in 50 yl Fixable Viability Dye
eFluor 506 (ebioscience) diluted 1:1000 in PBS. Cells were washed twice in 250 @l FACS
buffer and fixed for 30 minutes on ice in 73 ul Cytofix (BD Bioscicnces). Cells were washed
in 175 pl FACS buffer and resuspended in 75 pi FACS buffer. Cells were analyzed on a
FACS Canto H (BD Biosciences), with subsequent data analysis by Flowjo 10.7 (Treestar).
Dead cells were excluded by gating on the e506-negative population. Macropbages that had

phagocyiosed tumor cells were identified as cells positive for C333, CD206, and CFRE.

In vivo dendritic cell activation

{03711 Balb/c mice (n=3/group) were intravenously injected with a control rat anti-mouse
anti-51RP-a antagonistic antibody {clone p84), rat g control, AB136b (AB136 witha
mouse g5l Fe region bearing an N297 A 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 lysis was performed. Subsequently, cells were washed for an
additional two timmes with PBS/10%FBS and prepared for cell staining. Cells were stained
with fluorochrome conjugated MHC-II, CD8, 23D1, CD4, CDllc, CDE6, CCR7 and

viability dye at 4 degrees for one hour. Cells were washed two times and analyzed using a

BD Canto Il flow cvtometer and data were processed using Flowjo.

In vivo anti-tumor activity

{0372] For the CT26 syngencic mouse colon carcinoma model, CT26 cells were
implanted subcutaneously in BALB/c mice and randomized into groups {8-% mice/group).
Treatment groups included vehicle (PBS) and AB136b. ABI36 anti-SIRP-o had a mouse
1gG1 Fe region bearing an N297A mutation. Treatment was initiated when turmors were an
average of 75-80mm’, day 7 or 8 post implant. Mice were dosed infraperitoneally (IP) at
3mg/kg twice a week for three weeks with AB136b. Animals were sacrificed when fumors
reached a volurme of ~2000mm”.

{0373] For the M358 syngeneic mouse colon carcinoma model, M{38 celis were
implanted subcutaneousty in U57B1/6 mice and randomized into groups (8-10mice/group).
Treatment groups included vehicle (PBS), AB25b, AB25¢c, AB27h, AB3b, and AB136b. All
anti-SIRPo antibodies had a mouse IgGl Fc region bearing an N297 A 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-SIRPo. Animals were sacrificed when turnors reached a

volume of ~2000mny.

Results
{03741 Various anti-SIRP-g antibodies were examined for induction of phagocytosis in in
vitro phagocytosis assays using polarized and non-polarized macrophages.
{33751 Additional anti-SIRP-¢ antibodies AB3 and AB4S5 were tested in the experiments
described below. Both are non-blocking antibodies. The kg rates of binding of cach clone
(in scFv-Fe format) to each SIRP analyte were determined using SPR {(Table J1). The SPR
screening conditions have heen described herein, and the Koff values were determined using
Langmuir kinetic fittings. SIRP analyte sequences are as follows: CV1-3, SEQ ID NO:1§;
vi, SEQ ID NG:5; v2, SEQ 1D NO:6G; cynol, SEQ 1D NO:11; cyno2, SEQ 1D NO:12; m129,
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SEQ 1D NO7; NOD, SEQ ID NO:B; BL6, SEQ 1D NO@©; sirpbl1, SEQ 1D NO:13; sirpg, SEQ
1 NO:3s.

Table JI. Langnudr kinetic fittings Kp (M) for AB3 and AB45

SEQID
N = 6 11 12 8 & 16 is 13 14

Vi vl cynoel Cynol INOD BL6 BALBe  isirp-z Sirpbl  [Sirpb2
AB3* 1.62E-10 [7.67E-11 §2.29E-00 {2.85E-00 §1.63E-09 {3.65E-09 {1.16E-09 {8.36E-08 {1.63E-09 16.78E-11
ABAS™ 16 63E-11 {1.34E-10 {NB NB NB INB NB 2.71E-08 {1.06E-08 [2.53E-11

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

{33761 As shown in FIGS. 13A & 13B, non-blocking anti-SIRP-u antibody AB3a was
found to induce phagocytosis of DLD-1 tamor cells in M2 polarized macrophages. In
particular, treatment of macrophages with cetuximab (anti-EGFR antibody) and AB3a led to
robust induction of turor cell phagocytosis. Similarly, non-blocking anti-SIRP-g antibody
AB45a was found o 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. 130 & 13D). Blocking anti-S{RP-a antibodies
AB119a (FEG. 13E) and AB135a (FI6. 13F) were also found to induce phagocytosis of
OE19 tumor cells when co-administered with trastuzumab (anti-HERZ antibody). Non-
blocking anti-SIRP-¢ antibody AB136¢ was also found to induce phagocytosis of DLID-1
tumor cells (FiG. 136G).

103771 A dendritic cell activation assay was used to characterize the in vivo effects of
non-blocking anti-SIRP-¢ antibody AB136b (SEQ 1D NOs:133 and 134 for VH and VL.
domain sequences, respectively). Failure to engage mouse SIRP-g receptor on splenic
dendritic cells via CD47 binding leads to splenic dendritic cell activation. Control ant-SIRP-
¢ antagonist antibody p84 activated splenic dendritic cells when injected intravenously into
mice (FEG. 14). Non-blocking anti-SIRP-a antibody AB136b was tested in vivo to determine
if it leads to dendritic cell activation. Interestingly, AB136b treatment led o activation of
splenic dendritic cells at a similar level as p84 (FIG. 14).

{63781 Next, the in vive anti-tumor effects of vartous antt-SIRP-o antibodies were
assayed in two syngeneic mouse colon carcinoma models. The anti-tumor activities of

blocking anti-SIRP-¢ antibodies AB25b, ABZ5¢ and AB27b and non-blocking anti-SIRP-¢
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antibodies AB3b and AB136b were examined in an M(C38 syngeneic mouse colon carcinoma
mode] to assess their single agent activities. Both blocking (AB25b, AB25¢ and AB27b) and
non-blocking (AB3b and AB136b) anti-SIRP-g antibodies delayed nimor formation at 10
mg/kg as compared to vehicle alone (FEG. 15) in the M{38 syngeneic mouse model. On day
25, groups treated with anti-SIRP¢ antibodies had three mice below 600mm” for AB25b and
AB27b, four muce below 600mm’ for AB25¢ and AB3b and five mice below 600mn?’ for
AB136b, while the vehicle-treated group had only two mice below 600mnT.

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

{0380] Taken together, these results demonstrate the efficacy of anti-SIRP-g antibody
treatment in inducing tumor cell phagoceytosis by macrophages, activating dendritic cells, and
inhibiting twmor growth iz vivo. Multiple blocking anti-SIRP-o antibodies were found to
promote tumor cell phagocytosis, activate dendritic cells and block in vivo 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-o antibodies were able
increase phagocytosis and block in vive tumor growth was both surprising and unexpectad.
Previous work has suggested that only blocking anti-SIRP-o antibodies would be able to

inhibit in vivo tumor growth (see Yanagita, T. et gl (2017) JCI Insight 2:e89140).

Example 4: Structural Analysis of anéi-SIRP-o Antibody Epitopes on SIRP-a

{0381] As described in Examples 1-3 above, anti-SIRP-¢ antibodies have been generated
with a variety of specificities and modes of binding to SIRP-u, .g., antibodies that block
P47 binding to SIRP-a, antibodies that do not block CD47 binding to SIRP-q, 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 D1 domain of SIRP-g as compared to CD47 and characterize the

epitopes of selected anti-SIRP-g antibodies,
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Methods
Crystallography and structural analysis
{0382] Expression of the Fabs and SIRPx was similar to previously established protocols
and involved traditional methods of affinity chromatography and size exclusion for protein
purification. A human SIRP-a vi mutant bearing an N8OA mutation as compared to SEQ 1D
NO:S was used for ease of protein production in Expi293 (SEQ 1D NG:296), The goal of
using an NEOA SIRPo was to produce a homogenous, non-glveosylated 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.
{03831 The methods for the Fab:SIRPg complex project followed well established
principles or crystallography starting with the sparse matrix technigue, which led to custom
optimized conditions, establishing a voutine protocol. Crystallization was carried out utilizing
the siiting drop vapor diffusion technique. For the initial sparse matrix screening, condition
kits commercially available through Qiagen® were utilized (Table 12). 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 L 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 developments that included drop
precipifation, aggregation, phase separation, amorphous formation, as well as imutial protein

crystals.

Table J2. Kits used for initial sparse matrix screening.

Kit Cat, Ne./1D
Classics Suite 130901
Classics 11 Suite 130923
(lassics L Suite 130902
PEGs Suite 130804
PEGs I Suite 130916
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PACT Suite 130918
ProComplex Suite 130913
AmSGy Sutte 130905

Crystallization summary and crystal harvesting

{03841 Crystallization of the 4 complexes was achieved with derivatives of two main
conditions as shown in Table ¥3). 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 cryvo loops that are etther nylon or Mitigen® style. Single
crystals were isolated and excised out of the drop in which they formed and wansferred into

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

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

Fab Antibody Buffer Salt Precipitant
119 0.1 M Tris-HCl pH 8.5 0.2 M Mg(C12 15% (wiv) PEG 4000
136 0.1 M Tris-HCi pH 8.5 0.2 M Mo(C12 30% (w/v) PEG 4000
3 0.1 M Sodium Acetate pH 4.6 0.45 M Ammonium Sulfate 35% (wiv) PEG 4000
115 0.1 M Tris pH 7.2 0.2 M MpCl2 18% (w/v) PEG 4000

Data collection and processing

{03851 Data were collected on crystals flash frozen in liquid nitrogen as described above.
These samples 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. xia? is a wrapper script that allows for automated reduction of macromolecular
crystallographic data. The program is able to vtilize multiple data reducing programs sach as
XDS, DIALS, Mosfim, 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 uniqgue reflection. For the initial Complex 1

dataset, phascs were calculated via molecular replacement (MR) using Phaser MR of the
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CCP4 Saite utilizing homolog models of SIRPa as well as Fab (see PDB CODE: 2UV3 and
PDB CODE: 4NM4 respectively). For subsequent datasets of Complex 2. 3, and 4, the
cornpleted 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 utitized the Coot programn . As an example, Complex 1 was
calculated to have 4 moiecules in the ASU, therefore, 4 pairs of AB1191 complexed with
SIR P 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, bullding 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 clectron density map perntits. 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 parameters through the Maxinum Likelihood residual. Refinement was
completed when the model parameters fell into favorable statistical tolerances for parameters
including: 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 determination.

Epitope mapping and superimposition analvsis

{0387] Buried surface arca of the antigen for the epitope was calculated as the differcnce
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 area of the fab fragment alone and in complex with its antigen. The surface
accessible area was calculated by the rolling ball method with probe radius of 14A.

Buried surface area is reported in A% Al antibody: SIRPo complexes were supertmposed 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.

Resuits

{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. 174, antibody 119 and CD47
bound to a similar epitope of the SIRP-o D1 domain. 536% of the SIRP-¢ residues in the
anttbody 119 epitope were also found in the CD47 epitope, while 75% of the SIRP-o residues
in the CD47 epitope were also found in the antibody 119 epitope. The SIRP-g residues
participating in the inferaction with antibody 119 (as determined by buried surface arca
changes, described supra) are shaded and shown as space-filled models in F1G. 178, Key
residues from the antibody 119 Fab paratope are also shown (black sticks), including heavy
chain residues N31, §53, D55, Y57, T99, $101, and W1{2 (N31 is not visible in the structure
orientation shown in FEG.17B) and light chain residues Y92 and W94 (based on the heavy
and light chain variable domain sequences according to SEQ ID N0Us:335 and 97,
respectively).
{03891 FIG. 18A shows a comparison between CD47 binding to the SIRP-¢ 1 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-overiapping. The
SIRP-g residues participating in the interaction with antibody 136 are shaded and shown as
space-filled models in FEG. 18B. Key residues from the antibody 136 Fab paratope are aiso
shown (black sticks), including heavy chain residues E36, 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).
[0354¢] FIG. 19A shows a comparison between D47 binding to the SIRP-a D1 domain
and non-blocking antibody 3 Fab binding to the SIRP-a DI domain. The SIRP-g binding
epitopes of antibody 3 and CD47 were also found to be completely non-overlapping. The
SIRP-¢ restdues participating in the imnteraction with antibody 3 are shaded and shown as
space-fitled models in FEG. 198, Key residuces 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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{8391]
and “kick off” antibody 115 Fab binding to the SIRP-g D1 domain. The SIRP-u binding

FIG. 19 shows a comparison between CD47 binding to the SIRP-a D1 domain

cpitope of antibody 115 was found to be adjacent to the epitope of CD47. While mAb 115
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 iself. Comparing both epitopes, there are 2 identical
residies, suggesting that the interactions from the non-overlapping portions of each epitope
allow the 115 Fab and CD47 to bind SIRP-u simultaneously. Kinetic analyses described
herein demonstrate that antibody 115 forms a transient complex with SIRP-a and CD47 but
reduces the affinity of C347 for the SIRP-a D1 domain. The SIRP-g 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 531, Y32, N52, Y1008, and
W102 and light chain residues K32 and Y92 (based on the heavy and light chain variable
domain sequences according to SEQ {1 NOs:273 and 274, respectively).

{(3392] FI1G. 20A Hustrates the binding of antibodies 119, 136, 3, and 115 to SIRP-q, as
compared to CD47 binding to SIRP-¢. Blocking antibody 119 was found to bind a
completely non-overlapping SIRP-u epitope, as compared with the SIRP-i epitopes of both
non-blocking antibodies 136 and 3. SIRP-q and antibody residues that participate in these
interactions are summarized in Table K1. SIRP-a 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 sammarizes the
epitopes for CD47 and anti-SIRP-¢ Fabs 119, 136, 3, and 115 binding to SIRP-a (residues
according 1o 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 cham, and not, e.g., the

Kabat or Chothia numbering of antibody residues.

Table K1, SIRP-u epitopes and antibody paratopes for selected anti-SIRP-1 antibodies.

PCT/US2017/052592

Auntibody | SIRP-u epitope residues Heavy chain aniibody Light chain antibody
clone paratope residoes paraiope residees
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,
0,52,53,54,62,64,63,60,67,68, | 55,56,57.96,98,99,100, 91,92,94, and 95
69,70,71,72,73,74,775,76,95,96, | 101,102,103,104,105,106 | (SEQ ID NO:97)
97, and 98 ,and 108
(SEQ [D NO:296) (SEQ ID NGO:335)
136 6.8.9,10,11,12,1442,43,44 46, | 33,52,34,56,57,59.99,100 | 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 D NO:133) (SEQ ID NO:134)
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ii6
(3EQ [D NO:266)
3 5,6,7,8,9,10,11,12,14,24 26,28, | 31, 50, 52, 53, 54, 56, | 24, 25,26, 45, 86, 87, 88,

72,88,90,108,109,111,113, and
115
(SEQ 1D NO:296)

58, 99, 100, 101, and 102
(SEQ D NO:242)

and 89
(SEQ 1D NO:243)

17.39,40,44,45 46,47 48,49 51,
54,55,56,57,58,39,30,82,83,84,
85,89,100

(SEQ 1D NO:296)

(SEQ ID NO:273)

32,91,92,93, and 94
(SEQ ID NO:274)

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

Residus Residue Change in
name mnber buried area (5,«2)
119 Heavy Chain
TRP 102 -228
SER 101 -97.2
THR 99 -70.4
SER 53 -60.9
ASP -59.2
ASN 31 -58.2
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 93 -20.4
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GLU 35 -16.6
VAL 29 -12.3
ALA 30 -8.3
ASP 32 -8
TYR 91 -3.3
THR 56 -1.5
GLN 27 -3.4

136 Heavy Chain

ARG 102 -114.9
GLU 56 -57.6
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 -11
136 Light Chain
ARG 94 -97.6
TYR 92 -95.2
TYR 30 -89
GLN 27 -46.6
TYR 32 -46.5
ASP 93 -19.1
PRO 95 -1.3

3 Heavy Chain

ARG 56 -107.9
GLY 100 -62
ASP 31 -34.9
SER 53 -27.1
THR 52 -23.2
SER 101 -22.7
GLY 34 -15.1
TYR 58 -12.2
GEN 56 -1.3
GLY 102 -3.1
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PHE 39 -4.3

3 Light Chain

ARG 2 -123.6
TYR 86 -62.5
ARG 26 -56.4
GLY 38 -49.1
ASP 87 2221
GLY 25 -13.1
ARG 45 -4.5
SER 39 -1.7

115 Light Chain

LYS 32 =702
TYR a1 -2.9
TYR 32 -85
TYR 93 <223
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 -85

ASN 52 -54.4
SER 53 -39.8
GLY 54 -14

GLY 56 -34

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

{33931 These results etucidate the binding interfaces between the SIRP- D1 domain and

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

126 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-o
residues that participate in each interaction.

{0394 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 anti-
SIR P antibodies can be characterized by carrying out epifope binning described in Example
5. For instance, for any anti-SIRPo antibodies that compete with non-blocker 136 for binding
to SIRPw, we can predict that these antibodies would share similar binding epitopes as 136 as

defined hy crystallography.

Example 5: Epitope Binning of anti-S1RP-o Antibodies
{03951 Anti-SIRP-g antibodies described above were next assayed in epitope binning
experiments with SIRP-a in order to categorize anttbodies having shared and distinct
cpitopes.

Methods
Epitope binning
{039s] Briefly, epitope binning was conducted as shown in FEG. 21A. A first anti-SIRP-
o antibody was tmmobilized on a chip, then human SIRP-¢ vl (SEQ 1D NO:3) was injected.
A second anti-SIRP-g antibody was then injected. If the second antibody was able to bind
the coraplex formed between the first anti-SIRP-o antibody and SIRP-g, the first and second
antibodies were determined to bind different epitopes. H 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) tumobilized
to the chip and injecting anti-SIRP-u¢ antibodies (B-F) are shown in FIG. 21B. Anti-SIRPo
antibody (B}, (E) and {F) form sandwiches with the complex, and this is indicated by the
increasing RU at time 60s (upon mmjection 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-SIR Py antibody (C) and (I3}, they did
not form a sandwich, and this is indicated by a steady RU after injection of respective anti-
SIR P antibodies. As such, they are determined to bind the same epitope as anti-SIRPo (A)
and arc shaded gray in the binning plot (FIGS. 224 & 22B). The clone number for the ligand

{anti-5IRPo) bound to the chip is indicated as rows, and the clone nomber for the analytes
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(anti-SIRPo) injected over the chip is indicated as columns in FIGS, 22A & 22B. “X7

indicates scenarios where the data from one orientation disagreed with the other.

{0398] First, anti-STRPg antibodies were immobilized on GLC chips using Proteon
Amine Coupling Kit as described before. Briefly, for the immobilization step, GLC chip was

activated with EDAC/Sulpho-NHS 1:1 (Biorad) dilated 1/80 for 300s at 25 pl/min. Anti-
SIRPo antibodies were diluted to 80 nM concentration in 10 mM sodium acetate buffer pH
4.5 and immobilized to the chip at 30 ul/min for 50s. Chip was inactivated with
cthanolamine for 300s at 25 pl./min. Afterwhich, SIRP-a v1 (SEQ ID NO:S) (100nM) was
first injected at 100ul/min for 60s followed by injecting the anti-SIRPa antibodies in testing
{(100-150nM) atd00uL/min for 60s. The surfaces were regenerated with a 2:1 v/v blend of
Pierce 1z clution buffer/dM NaCl. The resultant sensograms were used o score and group

the antibodics into different bins according to their binding profiles.

Resuls
{33991 The following anti-SIRP-a antibody clones were binned: 3, 21, 25, 27, 45, 66,
115,136, 117, 118, 119,120, 121,122, 123, 132, 135, 136, 137, 149, 161, 162, 173, 194,
200, 213, and 218. As shown in FEGS. 224 & 228, the results demonstrated that each mode
(B:blocking, NBmon-blocking, and KO kick off") of anti-S1RP-a antibody binding to
human SIRP-o 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 Bin3. Ant-SIRPo antibodies 3,
173, 209 and 213 were grouped as Bin 4. Anti-SIRPx antibodies 136 and 137 were grouped
as Bin 2. Anti-SIRPo antbody 45 has a unigue 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-SIRPo 119, 136, 115 and 3 which were categorized in the
respective bins. The binding epitopes for anti-SIRPw 119, 136, 115 and 3 have been obtained
from crystal solutions as described in Example 4.
[0401] In addition, anti-5IR P antibodies in Bin 5 are postulated to bind adjacent to anti-
SIRPo 136 (Bin 2) and 115 (Bin 3) respectively and share overlapping epitopes. This is

based on binning data showing anti-SIRP@ antibodies in Bin 5 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).
{04021 Anti-SIRPo antibody 45 (Bin 6) is postulated to bind adjacent to anti-S{RPx 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 for binding to SIRPx
V1, and anti-SIRPo 45 did not compete with antibodies in Bins 1, 3 and 5 (FIG., 22B).
{04031 The model in FIG. 23 illustrates the epitope of each antibody bin based on
structural and binning analyses, and demonstrates the overlap between various antthody bins
using exemplary antibody clones. Additional anti-SIRP-g antibodies isolated herein are
grouped into families and bins based on their epitope mapping profiles, homologics in their
/H/VL domain sequences, binding specificities to SIRP proteins and the sources of the
antibodies. For instance, anti-31RP-g antibodies in family 1/ Bin 1 are C347 blockers that
share high sequence homologies in their VH and VL domains (Table P and FIG. 11.)). The
VH and VL are fully human sequences. Anti-SIRP-¢ antibodies in family2 / Bin 1 are also
D47 blockers. Their VH and VL share high homologies and are from human and chicken
sources respectively (Table P, FIG, 11A). The anti-SIRP-g antibodies in Family 3/ Bin 2
include CD47 non-blockers, and their highly homologous VH/VL are fully human sequences
(Table P, FEG, 118). 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 inclades 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,
11D-11F and Table P, respectively. The K¢ binding values to various SIRP-q, SIRP-B, and
SIRP-v polypeptides of the corresponding anti-S{RFa antibodies in Families 1-5 are presented

in Table T.

Example 6: Germiine and Liability Mutation Variants of anti-SIRP-u Antibodies
{0404] Some anti-SIRP-o 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 germiine sequence, by virtue of generating these antibodies in chicken B
cells. 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 germbine 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 enginecring may be desired to limit
risk due to modifications that may occur during manufacturing, storage and/or drug

development of anti-SIRPo antibodies.

Methods
Germiine/liability mutations
[0485] The Kp for respective germline and liability mutants binding to SIRP were
determined using direct immobilization using GL{ chip as described supra.
{0406] The wildtype and mutant antibodies were expressed in Expi293 and purified by
Protein A affinity column chromatography as deseribed earlier. All antibodies were expressed
as human L234A/L235A/G237A/N29TA 1gGl Fe antibodies. Mutagenesis was carried out
using QuikChange Lightning Sitte Directed Mutagenesis kit according to mamufacturer’s

instructions (Agilent Catalog # 210518).

Resuits
{0407] Antibodies 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 F1G. 244,
residues that were not commonly occurring in human germline sequence of 119 VH (e.g., D1,
E43, and L112) were back-mutated to match buman 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 germline sequence of 119 VL (e.g. F21, R39, E60,
and T76) were back-mutated to match hurnan germiine sequence (e.g. F211L, R39K, EGOA,
and T765) while keeping CDR sequences intact. As used herein, the terms “ail 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
germiine and Hability 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 HVR-H1 were generated for the VH domain of

multiple antihodies.

Table L. Potential and known hot spots

Oxidation M
Beamidation NG
NS
NT
Esomerization DG
DS
DT
Hydrolysis DP
N-linked glycosylation sife(s) NXS/T

{04491 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 L1124}, as well as the
M34V mutations in CDR-HI that remove a methionine residue that could potentially be
oxidized (see SEQ 1D NOs:246 for VH sequences). Another variant was generated with the
germiine back mutations D1E, E43K, and L112Q {(see SEQ 1D N(O:258 for VH sequence).
Alignments between the parental and variant sequences are shown in FEG. 24A. A 119
mutant {“mut”) Hght chain was also generated with the germline back mutations F211,
R39K, E60A, and T768S; an alignment between the parental and variant sequence is shown in
FiG. 24B.

{0410] Antibody 119 vartants with the mutant heavy and/or light chain were compared
with the parental 119 antibody with an IgG1 Fe region bearing L.234A, L.235A, G237A, and
N297A mutations (EU nurobering), and a parental 119 antibody with an IgG4 Fe region
bearing an $228P mutation (EU numbering), for binding affinity to human SIRP-g v1 (SEQ

ID NO:5), buman SIRP-g v2 (SEQ 1D NG:6), and cynomolgus SIRP-o (SEQ 1D NG: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-a proteins. However, the 119 anttbody variant with mutaied heavy
and light chains still displayed strong binding to both human SIRP-g 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 SIRPo 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 (K, M) to human SIRPo vl and v2 as compared with 119 wt /wt. This indicates
that residue M34 is not critical for SIRP-o 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 SiIRP-q

proteins
Ko for humaniKy; for Ky for

Antibody VL /VH vi Ineman v2 CyIiG Yield (mg/mi)
119 Mut / mut 3.17E-10 8.75E-11 1.95E-10 {1.573
119 wi [/ mut 2.54E-10 6.94F-11 1.558-10 §5.377
119 e / wit 2 14E-10 §.64E-11 1.38E-10 3.52
119 wt [/ wt 1.83E-10 6.82E-11 1L.12E-10 {7192
119 Mut/mut_V34MI2. 158-10 6.88E-11 1.18E-10 |NT

Wi/ wit with .
ABIY  hiege 174630 lsose1 |uieggo M6

NT = not tested

{04121 Next, similar variants of antibody 135 were gencrated. A 135 mutant (mut) heavy
chain was generated with the germline back mutations D1E, R13(Q, E16G, 43K, and
L112Q, 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-HI {see SEQ 1D NO:259 for VH sequence).
A 135 mutant {mut) light chain was generated with the germiine back mutations F21L and
D6OA (see SEQ 1D NO:248 for VL sequence). Alignments between the parental and variant

sequences are shown in FIGS, 254 & 258,
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{0413] Antibedy 135 variants with the mutant heavy and/or light chain were compared
with the parental 135 antibody for binding affinity to human SIRP-g v1 (SEQ 1D NO:5),
human SIRP-o v2 (SEQ 1D NO:6), cynomolgus SIRP-g (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-o proteins, as well as comparable yields (Table NI).

{04141 To investigate the effect of methionine in HVR-H1 of 135 on SIRP-o binding,
M34V and M34L single mutations were generated in the 135 VH wildtype background and
combined with a 133 wildtype light chain. Both 135 wi/wit_M34V and 135 wi/wi_M34L had
comparable affinitics (Ky, M) to human SIRP¢ v1 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 mutation. The corresponding VH sequences for M34V and M34L single
mutations generated in the 135 VH wildtype background are SEQ 1D NOG: 423 and 422,

respectively.

Table W1, Binding affinities (Kp, M) of 135 variant antibodies to buman and cyno SIRP-g

proteins and human SIRP-y protein

¥p for Kp for Ky for Yield
AntibodylVL / VH buaman o vl human o v2 Ky for cyne homan v v1 (mg/ml)
135 mut / mut 1.92E-10 1.75E-11 1.27E-10 7.33E-10 3.184
135 wt / mut 1.84E-10 1.97E-11 1.25E-10 7.79E-10 2.885
135 mut / wt 1.49E-10 2.668-11 1.02E-10 53.22E-10 2.689
135 Wit/ wt 1.51E-10 2.90E-11 9.69E-11 3.39E-10 3.264
135 wi/mut_V34Mi1.50E-10 1.61E-11 7.94E-11 NT NT
NT = not tested
{3415} Similar variants of antthody 136 were generated. A 136 mutant (rout) heavy chain

was generated with the germline back mutations DI1E, R13@Q, 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 CDR-H1 (see SEQ 1D NO:260 for VH sequence).
A 136 mutant {mut) light chain was generated with the germiine back mutations T21, T125,
T228, and E38Q) (see SEQ 1D N(O:250 for VL), Alignments between the parental and variant
sequences are shown in FIGS. 264 & 26B.

[041s] 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_N2Z97A for
binding affinity to buman SIRP-g v1 (SEQ 1D NG:5), human SIRP-u v2 (SEQ 1D NO:6),
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cynomolgus SIRP-g (SEQ 1D NO:11), NOD mouse SIRP-g (SEQ 1D N(O:E), BL/6 mouse
SIRP-o (SEQ ID NOG:9), and BALB/c mouse SIRP-o (SEQ 1D NG:10). InFIG. 27A, the Y-
axis shows the ratio of Kp mut/ Kp wt binding o various SIRP. H ratio = 1 indicated no
change in Kp compare to parental antibody binding. Ratio = >1 and <1 indicated decrease
and increase affinity binding to SIRPos} compare to parental antibedy. While the 136 wt
(VL) {VH) antibody behaved similar to wit (VLY wit(VH), both variants with the mutated
light chain had poorer binding affinitics, indicating that some VL mutations werce not
tolerated.

{6417] In order to analyze the effect of each light chain back mutation on hinding
affinity, additional antibody 136 variants were constructed and characterized for binding
affinity to BL/6 mouse SIRP-g (SEQ 1D N(O:9), NOD mouse SIRP-u (SEQ 1D NO:8),
BALB/c mouse SIRP-o (SEQ 113 NO:10), buman SIRP-a vi (SEQ ID NG:5), human SIRP-g
v2 (SEQ ID NG:6), cynomolgus SIRP-a (SEQ ID NG:11), and human SIRP-y vl (SEQ 1D
NO:15). Starting with the “all suatant” background, each individual mutation was reversed.
1277, 8127, 8227, and Q38E mutations were individually tested in otherwise “all mutant”
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/wi antibody
(see SEQ 1D NG:251 for 127 in all mut background and FIG. 27A for alignioent with
parental and mutant 136 antibodies). However, the other three reverse mutations (8127,
S$227, and Q38E) consistently showed binding affinities more similar to 136 mut/mut,
indicating that the T21 routation is respousible for reduced binding affinity 1o various SIRP

proteins. Additional data from these experiments are provided in Table  infra.

Table M2, Binding affinities (Kp, M) of 136 variant antibodies to human, mouse, and cyno

SIRP-g proteins and human SIRP-y protein

Vi V2 NOD BLS BALBe [Cyno Sirpg
Lighi chain/Heavy SEQID SEQID SEQID SEQID SEQID SEQID SEQ I
chain NS NO:6 N8 N(:8 NO:18  NO:11 iNO:13
136 |MutRv_1277 mut 7.37E-1011.86E-09 |6.80E-10 |1.53E-08 4. 22E-10 {2 .33E-09 4.00E-08
136 \MutRv_S127T /mt 4.88E-09 |1 O5E-08 |2.85E-09 |1 .63E-08 |2.09E-09 [7.99E-09 {6.67E-08

136 MutRv_S22T / mut 4.99E-09 18.28E-09 |2.44E-09 [1.33E-08 {1 .64E-09 16.84E-0916.17E-08
136 MutRv_Q38E / mut 6.18E-0911.25E-08 |5.98E-09 {3.31E-08 {2.98E-09 1 .04E-08 {1 .93E-08

136 MutRv_T2T/mut_V34M {5.51E-1041.74E-09 |5.96E-10 {1 38E-08 13.61E-10 {2.1 IE-09{3.35E-08
136 [Mut /mut 7.32E-0011.278-08 |5.42E-09 [2.16E-08 12.67E-09 9. 48E-092 {2.88E-08
136 Wi/ wt 9.72E-1012 54E-09 |8.21B-101.64E-08 |4.58E-10 |2 .83E-09 {3.36E-08
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Example 7: Humanization of anti-5IRP-o Antibodies

{0418] The Examples above describe the generation of anti-SIRP-i antibodies having a
fully human heavy chain and a chicken hight chain. In order to humanize the chicken-derived
light chains, chicken HVRSs of these antibodics were grafted onto various human lambda light

chain frameworks.

Methods
Humarization
{04191 Antibodies were humanized using standard techniques. For measuring production

vield, equal volume of Expi293 cultures expressing anti-SIRPo antibodies were purified by
Protein A affinity chromatography. After buffer exchange into PBS, the protein concentration

was determined by A280 and expressed in mg/ml.

Resuits
{04201 In order to design humanized light chains, each chicken light chain sequence was
aligned to the closest human germline framework by [gBLAST (NCBI). Using this analysis,
the closest match to the chicken lambda light chain framework is human IGLV3 (see SEQ 1D
NOs:314-317).
{0421] In another approach, a literature search was undertaken o determine the optimal
human lambda light chain framework scquences to pair with a human VH3 sequences (the
human heavy chain used for these antibodies). Based on these analyses, it was thought that
buman VH3 would pair well with human EGLV1 and IGLVZ. See Glanville, J. et al. (2009)
Proc. Natl. Acad. Sci. 106:20216-20221; Llovd, C. et al. (2009 Protein Eng. Des. Sel.
22:159-168; and Jayaram, N. ef al. (2012) Protein Eng. Des. Sel. 25:523-529.
§34221 Thercfore, six humnanized Hght chains were created: Hum1 (AB25 HVRs + human
IGLV3 framework), Hum?Z (AB25 HVRs + human IGLV1 framework), Hum3 (AB66 HVRs
+ human {GLY3 framework), Hum4 (ABSGS HVERs + human IGLV] framework), HumS
(AB25 HVRs + human IGLV?2 framework), and Hum6 (AB21 HVRs + human IGLV]
framework). Sequences of the resulting light chain variable domains are provided in Table

o1
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Table 1. Sequences of humanized variable light chain domains tested. HVR sequences are

bolded and underlined.

Mame | LC Human LC | Sequence
HVRs | framework
Huml AB25 IGLV3 SYELTQPPSVAVSPGOTARITCSGGSYSSYYYAWY(Q

QKPGOAPVTLIYSDDKRPSNIPERESGSSSGTTVTLYI
SGVQAEDEADYYCGGYDOSSY INPFGGGTKLTVL
(SEQ ID NO:252)

Hum2 | AB25 | IGLVI OSVLTOQPPSVSAAPGOKVTISCASGGSYSSYYYAWYO
QLPGTAPK TLIYSDDKRPSNIPDRFSGSKSGTSATLGT
TGLOTGDEADYYCGGYDOSSYINPFGTGTKVTVL
(SEQ ID NO:253)

Hum3 | AB66 | IGLV3 SYELTQPPSVSVSPGOTARITCSGGDYYSTYYAWYQ
QKPGQAPYVTVIHSDDKRPSDIPERFSGSSSGTTVTLYI
SGVQAEDEADYYCGGYDGRTIVINTFGGGTKLTVL
(SEQ ID NO:254)

Humd4 | AB66 | IGLV1 OSVLTOPPSVSAAPGOKVTISCSGODYYSTYYAWY
QOLPGTAPKTVIHSDDKRPSDIPDRFSGSKSGTSATL
GITGLOTGDEADYYCGGYDGRTYINTFOTGTK VTV
L (SEQ ID NO:255)

Hum5 | AB25 | IGLV2 OSALTOPASYVSGSPGORITISCTGTSSDVGSYSSYYY
AWYQQHPGKAPKTLIY SDDERPSNVSNRESGSKSG
NTASLTISGLQAEDEADYYCGGYDOSSYINPFGGG
TKLTVL (SEQ 1D NO:256)

Hum6 | AB21 | IGLVI QSVLTOPPSVSAAPGORVTISCSGGDYYSYYYGWY
QOLPGTAPKTYVIYSDDKRPSDIPDRFSGSKSGTSATL
GITGLOTGDEADYYCGGYDYSTYANAFGTOTRVTY
L (SEQ ID NO:257)

{0423] Each of the 6 humanized light chains was paired with each of four heavy chains
(derived from ABZ1, AB25, AB27, and ABG6), generating 24 unique antibodies. Antibodies
were expressed as described above. Surprisingly, human IGLV] framework sequences
resulted in decreased antibody expression regardless of the heavy chain. This refers to all the
heavy chain pairings with Hum?2, Humnd and Humb (except when pairing was carried ouf with
heavy chain from AB66). The vesults are summarized in FIG. 28 as “protein vield” {row 1).
In contrast, antibodies with light chains including human IGLVZ and IGLV3 frameworks
(Hum 1, Hum3, Humb5) showed higher levels of expression regardless of the heavy chain.
{04241 Selected antibodies were next characterized for binding to a variety of SIRP
proteins {e.g., to human SIRP-o v1, human S{RP-a v2, cynomolgus SIRP-¢, mouse BALB/c
SIRP-¢, and human SIRP-y). These data are also summarized in FIG. 28. Selected
humanized light chains caused a decrease in binding to one or more antigens. For instance,

the human IGLV3 framework (represented by Huml and Hum3) was found to alfow 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 Hum1 and Hum 3 respectively) combined well with a
variety of heavy chains (e.g., heavy variable domains from antibodies 21, 25, 27, and 66) and
showed similar binding to different SIRP-¢ and SIRP-y proteins. In contrast, IGLV1 and
IGLY2 frarmeworks (represented by Hum?2, Homd, Homd and Humé) 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 huroan 1GLV3 framework was selected for further testing.
{0425] Another goal for humanization of these antibodies was antibody sequences having
greater than or equal to 85% identity to human germliine light chain/heavy chain sequences.
Additional VL domain Hum9 and Hum8 was gencrated hasced on the Humi VL domain.
Compared to Huml, Hum9 contains 4 amino acid substitutions near or in HVR-LT and -L.2
that increase the humanness of the light chain to greater than or equal to 85% identity to
hurman light chain sequence (FIG. 29). Compared to Humi, 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 85% identity to human light chain sequence (FIG. 29).
Hum]1, Hum8 and Hum® VLs when paired with heavy chain all_mmt_ABZ21 (carrying
germline mutations) produced anti-SIRPo antibodies that bind to harnan v1 with affinity
equal or better than 10pM (Table S). Similarly, when Humel, Hom8 and Hum@ Viis were
paived with heavy chain all_mut AB2S (carrying germbine nutations), the anti-SIRPo
antibodies bind to human v1 with affinity equal ot better than 10pM. Additional binding data
from these expertments are provided in Table S infra. These light chains can be combined
interchangeably with antitbody VH domains 21, 25, and 27 (as well as variants thereof, which
ere 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).

Exampie 8: Induction of Phagocytosis and Dendritic Cell Activation by anti-SIRP-a
Antibodies

{0426] Various anti-SIRP-g antibodies representing different modes of binding to SIRP-g

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

aSSAYs.
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CD47-Fe binding assays

{04271 CD47-Fe was conjugated with Alexa Fhuor 647 (AF647) using the Alexa Fluor
647 Microscale Protein Labeling Kit (Thermo Fisher Scientific). In 96 well polypropviene
plates (Corning), 100,000 PBMCs were suspended in 100 wl 0.25 pM AF647-1abeled CD47-
Fecand 1 yl anti-CD 14 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-¢ antibody from 1.25 pM 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 H (BD Biosciences), with subsequent data analysis by Flowjo 10.7
(Treestar). Geometric mean fluorescence intensity of the CD47-F¢ signal was determined in

the CD14-positive monocyte population.

Dendritic cell activation assays

{04281 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-31RP-a antagonistic antibody {clone p84), human Ig(G1 control, various anti-SIRP-¢
antibodies, rouse 1gG control, ot vehicle (FBS) at 10 mg/kg. Five hours post injection,
spleens were harvested and processed into single cell suspension by mechamical dissociation.
Activation marker CD86, MHCII 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™™ ) were generated using
CRISPR technology. Isogenic cells expressing human CD47 were generated by transiently
transfecting buman CD47 into CHO™ X 24 hours post fransfection, human CD47

HO™Y RO colis {(4x 105) were re-plated onto 24 well tissue culture treated

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

{0430G] Human peripheral blood mononuclear cells (PBMCs) were separated from
peripheral blood of healthy donors by Ficoll gradient centrifugation. CD3+ and C214+ cells
were isolated from PBMCs by negative selection using magnetic beads. Isolated CD3+ and

CD14+ cells (5x 106) were pre-incubated with Hum1/AB2 Imutall, Hum9/ABZ Imutall or

215



WO 2018/057669 PCT/US2017/052592

136 wi/mmat antibodies containing mutated human IgG1 (L234A L235A G237A, and N297A)
(20ugfml.) at 37°C for 20 minutes, before plating onto CHOPY 50 and CHOM™ cells 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. Cells
were transterred 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 I flow

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

Resuits
{04311 Five antibodies that “kick oft” CD47 from binding SIRP-g were examined for
their effects on phagocytosis of HER2(+) OE19 cells by M2 macropbages in combination
with the anti-HER2 antibody trastuzamab (FEHG. 31). Al 5 “kick off” antibodies were found
to enhance trastuzumab-induced phagocytosis.
{64321 Five antibodies that do not block CD47 from binding SIRP-¢ were next examined
for their effects on phagocytosis of EGFR{+) DLD-1 cells by M2 macrophages in
combination with the anti-EGFR antibody cetuximab (FIG. 32). All non-blocking antibodies
were found to enhance cetuzimab-induced phagocytosis.
{0433] Next, humanized antibodies described above were tested for thewr effects on
phagocyiosis of EGFR(+) DLD-1 cells by M2 macrophages in combination with the ant-
EGFR antibody cetuximab (FEG. 33A). Al 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
humanized antibodies described above {antibody 25 and 27 heavy chain variants combine
with Hum1 or Hum9 light chain) were tested for their effects on phagocytosis of EGFR(+)
DLD-1 cells by MZ macrophages in combination with the anti-EGFR antibody cetuximab
(FEG. 330). All humanized antibodies were found to enhance cetuximab-induced
phagocytosis.
{0434] To tnvestigate the effect of anti-SIRP-¢ antibody Fc regions on phagocytosis, two
non-blocking antibodics were tested cither as full-length antibodics 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 (FI1G. 34). These results indicated that non-blocking
antibodies lose the ability to induce phagocytosis as F(ab), fragments, 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
cffects on phagocytosis of EGFR(+) DLD-1 cells by M2 macrophages in combination with
the anti-EGEFR antibody cetuximab (FEG. 35). The results demonstrated that all three
variants enhanced cetuximab-induced phagocytosis.

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

{0437] Additional non-blocking antibodics (described supra) were tested for their effects
on pbagocytosis of EGFR(+) DLD-1 cells by M2 macrophages in combination with the anti-
EGFR antibody cetuximab (FIG. 37). All non-blocking antibodies were found fo enhance
cetuximab-induced phagocytosis.

{3438} Next, various anti-SIRP-g antibodies were examined for their effects on in vive
dendritic cell activation (FIGS. 384-38B), including known anti-SIRP-a antibody p84 (see,
e.g., Tangsheng, Y. er al (2015} Immunity 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-a antagonist antibody p84 activated splenic dendritic cells when injected
intravenously into mice. Non-blocking anti-SIRP-¢ anttbodies (AB136b, AB3b and AB136
wt/mut) and blocking anti-SIRP-o antibodies (Hum1/AB21mutall, Hum&/AB2mutall, and
Bum@/AB21muiall) were tested in vivo to determine if it leads to dendritic cell activation. As
determined by CD86 and MHCH expression, both SIRP-o blockers and non-blockers induce
activation of dendritic cells. These results suggest that blocking and non-blocking anti-SIRP-
g antibodies induce activation of dendritic cells.

[0439] Two variants of antibody 218, 218-Humi3/VH_wt and 218-Ham14/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 Hum13 and Hum14, respectively). Both clones showed lower affinity binding to v1 and

v2 (Kpis ~29.3 to 53.1 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-a vl

and v2.
KD (M) vl v
ALX135 ALX269
AB218a 1.60E-10 3.23E-10
218-Hum13/VH_wt 2.93E-08 3.38E-08
218-Humld4/VH_wt 3 45E-08 5.31E-08

[0440] Both antubodies were tested in a phagocytosis assay in combination with
cetuximab in DLD-1 cells. Interestingly, neither humanized variant was able to enhance
phagocytosis over the parcntal AB218a antibody (FIG. 3%4). Without wishing to be bound
to theory, these results suggest that antibodies with Kp at or below an approximate range of
30-50uM may be more effective in inducing phagocytosis than antibodies that bind with
weaker atfinity.

{0441] Exemplary blocking, non-blocking, and kick off anti-SIRP-q antibodies were next
tested for induction of phagocytosis as single agents. Fivst, three antibodies that block CD47
from binding SIRP-q, 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.
398). Next, two anttbodies 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 antibodies were found to induce phagocytosis
as single agents (FIG. 3%9C). Finally, five “kick-off” anti-SIRP-g antibodies, AB113a,
AB116a, AB117a, AB118a, and AB13Za, were examined for their cffects as single agents on
phagocytosis of EGFR(+) DLD-1 cells by M2 macrophages. All “kick-oft” antibodies were
found to induce phagocytosis as single agents (FIG. 39D).
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Exampie 9: Synergistic anti-fumor effects of combining blocking or non-blocking anti-

SIRP-¢ antibodies with inhibition of the PD-L1/PD-1 pathway

Methods
In vivo anti-tumor activity
[0442] For the TT26 syngeneic mouse colon carcinoma model, CT26 cells were
implanted sobeutaneously in BALB/c mice and randomized into groups (8-9 mice/group).
Treatment groups included vehicle (PBS), AB25b, anti-PD-L1, and AB25b/anti-PD-L1. Anti-
PD-1L.1 is generated by fusing the VH and VL domain of Atezolizumab with mouse igG1 Fe
region bearing an N297A mutation. All anti-SIRP-¢ antibodies also have a mouse Ig(31 Fc
region bearing an N297A mutation. Treatment was initiated when tumors were an average of
75-80mm’, day 7 or 8 post implant. Mice were dosed intraperitoneally (IF} at 3mg/kg or 10
mg/kg twice a week for three weeks for anti-S1RPo antibodies and three doses at 3 mg/kg,
five days apart for anti-PD-L1. Animals were sacrificed when tumors reached a volume of
~2000mm’.
{0443] For the M358 syngeneic mouse colon carcinoma model, M{38 celis were
implanted subcutaneousty in U57B1/6 mice and randomized into groups (8-10mice/group).
Treatment groups included vehicle (PBS), AB25b, AB136b, anti-PD1 (clone RMP1-14,
BioXCell), AB136b/anti-PD, and AB25b/anti-PD1. All anti-SIRPx antibodies had a murine
IgG1 Fe region bearing an NZ97A mutation except for AB235¢. Treatment was inittated 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-SIRPa and three doses at 2 mg/kg for

anti-PD1. Animals were sacrificed when tumors reached a volume of ~2000nun”.

Resuits
{04441 Anti-tumor activity of the blocking AB25b anti-SIRP-¢ antibody was tested alone
and in combination with an anti-PD-L.1 antibody in the CUT26 syngeneic moouse colon
carcinoma model. As shown in FIG. 48, adminmstration of AB25b at 10mg/kg in
cornbination with anti-P2-L1 at 3mog/kg delayed mimor formation when compared to
treatment with each single agent or vehicle control. On day 27 of the study, the combination
treatinent group had six mice with twmors below 600mm’ in size, as compared to two, two,
and two mice with tumors below 600mm’ in size in the vehicle, anti-PD-L1 single agent, and

anti-SIRP-a single agent treatrnent groups, respectively.
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{(3445] Next, the anti-tumor activities of the blocking AB25b anti-SIRP-o antibody and
non-blocking AB136b anti-SIRP-a antihody were tested alone and in combination with an
anti-FD-1 antibody in the M{38 syngeneic mouse colon carcinoma model. As shown in
FIG. 41, combining either AB25b or AB136b {at 10mg/kg) with anti-PD-1 at Smgikg
delayed tumor formation when compared to treatment with each single agent or vehicie
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 SIOUpP
had six mice with rumors 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 treatroent groups, respectively.

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

[0447] Although the foregoing disclosure has been described in some detail by way of
illustration and example for purposes of clarity of understanding, the descriptions and
exampies 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:

1. An isolated antibody that binds an extracellular domain of a human SIRP-a polypeptide,
wherein the antibody binds the extracellular domain of a human SIRP-a v1 polypeptide, the
extracellular domain of a human SIRP-a v2 polypeptide, or both; and wherein the antibody

comprises:

(A) a heavy chain variable (VH) domain comprising (i) an HVR-H]1 sequence comprising
the amino acid sequence of NFAMT (SEQ ID NO:175), NFAVT (SEQ ID NO:204), or NFALT
(SEQ ID NO:305), (i1)) an HVR-H2 sequence comprising the amino acid sequence of
TIGSGDTYYADSVKG (SEQ ID NO:144), and (ii1)) an HVR-H3 sequence comprising the
amino acid sequence of DSTVSWSGDFFDY (SEQ ID NO:145), and a light chain variable (VL)
domain comprising (i) 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 ID NO:147), and (iii) an HVR-L3 sequence comprising the amino
acid sequence of QQYYDWPPFT (SEQ ID NO:148); or

(B) a heavy chain variable (VH) domain comprising (i) an HVR-H1 sequence comprising
the amino acid sequence of [YAMS (SEQ ID NO:269), IYAVS (SEQ ID NO:213), or IYALS
(SEQ ID NO:306), (i1)) an HVR-H2 sequence comprising the amino acid sequence of
TIGADDTYYADSVKG (SEQ ID NO:150), and (iii) an HVR-H3 sequence comprising the
amino acid sequence of DSTVGWSGDFFDY (SEQ ID NO:151), and a light chain variable (VL)
domain comprising (i) an HVR-L1 sequence comprising the amino acid sequence of
RASQNVRSDIA (SEQ ID NO:152), (ii) 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 NO:148).

2. The antibody of claim 1, wherein the antibody binds an extracellular domain of a human
SIRP-a v1 polypeptide comprising the amino acid sequence of

EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYNQKEGHFPRV
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TTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVRAKPS
(SEQ ID NO:5).

3. The antibody of claim 1, wherein the antibody binds an extracellular domain of a human
SIRP-a v2 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQKEGHFPRVT
TVSESTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEFKSGAGTELSVRAKPS (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-a v1 polypeptide comprising the amino acid sequence of
EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYNQKEGHFPRV
TTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVRAKPS
(SEQ ID NO:5) and binds an extracellular domain of a human SIRP-a v2 polypeptide
comprising the amino acid sequence of
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQKEGHFPRVT
TVSESTKRENMDESISISNITPADAGTYYCVKFRKGSPDTEFKSGAGTELSVRAKPS (SEQ
ID NO:6).

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

domain of a monkey SIRP-a polypeptide.

6. The antibody of claim 5, wherein the monkey SIRP-a polypeptide is a cynomolgus SIRP-
a polypeptide.

7. The antibody of claim 6, wherein the antibody binds an extracellular domain of a

cynomolgus SIRP-a polypeptide comprising the amino acid sequence of SEQ ID NO:11.

8. The antibody of any one of claims 1-7, wherein the antibody binds an extracellular

domain of a human SIRP-f polypeptide.

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

domain of a human SIRP-y polypeptide.
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10. The antibody of any one of claims 8-9, wherein the antibody binds the extracellular

domain of a human SIRP-f polypeptide comprising the amino acid sequence of SEQ ID NO:13.

11. The antibody of any one of claims 8-10, wherein the antibody binds the extracellular

domain of a human SIRP-y polypeptide comprising the amino acid sequence of SEQ ID NO:15.

12. The antibody of any one of claims 1-11, wherein the antibody modulates SIRP-a

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

13.  The antibody of claim 12, 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).

14.  The antibody of claim 13, wherein the antibody inhibits SIRP-a signaling in a
macrophage expressing a human SIRP-a polypeptide.

15. The antibody of any one of claims 12-14 wherein the antibody enhances phagocytosis by
a macrophage expressing a human SIRP-a polypeptide.

16. The antibody of any one of claims 1-15, wherein the antibody blocks binding between an
extracellular domain of a human SIRP-a polypeptide and an IgSF domain of a human CD47
polypeptide.

17. The antibody of claim 1, wherein the VH domain comprises an amino acid sequence that
is at least 90% identical to the amino acid sequence of SEQ ID NO:120, 335, 246, 258, or 327,
and 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.
18. The antibody of claim 17, wherein

(a) 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;

(b) 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 NO:97;
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(c) the VH domain comprises the amino acid sequence of SEQ ID NO:335, and the VL

domain comprises the amino acid sequence of SEQ ID NO:97;

(d) 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;

(e) 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;

(f) 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 NO:312;

(g) the VH domain comprises the amino acid sequence of SEQ ID NO:335, and the VL

domain comprises the amino acid sequence of SEQ ID NO:312; or

(h) 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:312.

19. The antibody of claim 1, wherein the VH domain comprises an amino acid sequence that
is at least 90% identical to the amino acid sequence of SEQ ID NO:341, 247, 259, or 328; and
the VL domain comprises an amino acid sequence that is at least 90% identical to the amino acid

sequence of SEQ ID NO:104 or 248.
20.  The antibody of claim 19, wherein

(a) the VH domain comprises the amino acid sequence of SEQ ID NO: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 ID NO:247, and the VL

domain comprises the amino acid sequence of SEQ ID NO:104;

(c) the VH domain comprises the amino acid sequence of SEQ ID NO:259, and the VL

domain comprises the amino acid sequence of SEQ ID NO:104;

(d) 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;
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(e) the VH domain comprises the amino acid sequence of SEQ ID NO:341, and the VL

domain comprises the amino acid sequence of SEQ ID NO:248;

() the VH domain comprises the amino acid sequence of SEQ ID NO:247, and the VL

domain comprises the amino acid sequence of SEQ ID NO:248;

(g) the VH domain comprises the amino acid sequence of SEQ ID NO:259, and the VL

domain comprises the amino acid sequence of SEQ ID 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.

21. The antibody of claim 1, 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 ID NO:296.

22. The antibody of claim 21, wherein the antibody binds to the human SIRP-a v1
polypeptide at I31, V33, Q52, K53, T67, R69, N70, and K96, according to SEQ ID NO:296.

23. The antibody of claim 21 or claim 22, wherein the antibody further binds to the human
SIRP-a v1 polypeptide at one or more amino acid positions selected from the group consisting of

L30, P32, E54, T62, N71, M72, F74, and R95, according to SEQ ID NO:296.

24.  The antibody of claim 23, wherein the antibody further binds to the human SIRP-a v1
polypeptide at L30, P32, E54, T62, N71, M72, F74, and R95, according to SEQ ID NO:296.

25. The antibody of any one of claims 1-24, wherein the antibody is a monoclonal antibody.
26.  The antibody of any one of claims 1-24, wherein the antibody is a scFv-Fc antibody.

27. The antibody of any one of claims 1-24, wherein the antibody comprises a light chain
constant region comprising the amino acid sequence of SEQ ID NO:325, 326, or 426.

28. The antibody of any one of claims 1-27, wherein the antibody comprises an Fc region.
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29.  The antibody of claim 28, wherein the antibody comprises an amino acid sequence

selected from the group consisting of SEQ ID NOs:320-324.

30. The antibody of claim 28, wherein the Fc region is a human Fc region selected from the

group consisting of an IgG1 Fc region, an IgG2 Fc region, and an 1gG4 Fc region.

31. The antibody of claim 28, wherein the Fc region comprises a human IgG1 Fc region
comprising one or more mutations selected from the group consisting of L234A, L235A, G237A,
and N297A, according to EU numbering.

32. The antibody of claim 28, wherein the Fc region comprises a human IgG2 Fc region
comprising one or more mutations selected from the group consisting of A330S, P331S and

N297A, according to EU numbering.

33. The antibody of claim 28, wherein the Fc region comprises a human IgG4 Fc region
comprising one or more mutations selected from the group consisting of S228P, E233P, F234V,
L235A, L235E, delG236, and N297A, according to EU numbering.

34, The antibody of claim 1, wherein the antibody is an antibody fragment selected from the

group consisting of a Fab, F(ab’)2, Fab’-SH, Fv, and scFv fragment.

35.  The antibody of any one of claims 1-34, wherein the antibody is conjugated to a cytotoxic

agent or label.
36. The antibody of any one of claims 1-34, wherein the antibody is a bispecific antibody.

37. The antibody of claim 36, wherein the antibody comprises a first antigen binding domain
that binds an extracellular domain of a human SIRP-a polypeptide and a second antigen binding

domain that binds an antigen expressed by a cancer cell.

38.  The antibody of claim 37, wherein the antigen expressed by the cancer cell is selected
from the group consisting of CD19, CD20, CD22, CD30, CD33, CD38, CD52, CD56, CD70,
CD74, CD79b, CD123, CD138, CS1/SLAMF7, Trop-2, 5T4, EphA4, BCMA, Mucin 1, Mucin
16, PD-L1, PTK7, STEAPI, Endothelin B Receptor, mesothelin, EGFRvIII, ENPP3, SLC44A4,
GNMB, nectin 4, NaPi2b, LIV-1A, Guanylyl cyclase C, DLL3, EGFR, HER2, VEGF, VEGFR,
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integrin aVP3, integrin a5p1, MET, IGF1R, TRAILR1, TRAILR2, RANKL, FAP, Tenascin,
Le¥, EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CAIX, EPHA3, folate receptor a, GD2,
GD3, and an MHC/peptide complex comprising a peptide from NY-ESO-1/LAGE, SSX-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, MUCI1, PRAME,

survivin, BRCA1, BRCA2, CDK4, CML66, MART-2, p53, Ras, B-catenin, TGF-BRII, HPV E6,
or HPV E7.

39. The antibody of any one of claims 1-38, wherein the antibody is a chicken, humanized,

chimeric, or human antibody.

40.  The antibody of any one of claims 1-39, wherein the antibody is generated by or derived

from a chicken.

41. A polynucleotide encoding the antibody of any one of claims 1-40.

42. A vector comprising the polynucleotide of claim 41.

43. A host cell comprising the polynucleotide of claim 41 or the vector of claim 42.

44, A method of producing an antibody, the method comprising culturing the host cell of
claim 43 such that the antibody is produced.

45. The method of claim 44, further comprising recovering the antibody from the host cell.

46. Use of an effective amount of the antibody of any one of claims 1-40 in the manufacture

of a medicament for treating or delaying progression of cancer in an individual.

47. The use of claim 46, wherein the medicament is to be administered with an effective

amount of a second antibody that binds an antigen expressed by the cancer.

48. The use of claim 47, wherein the antigen expressed by the cancer is selected from the
group consisting of CD19, CD20, CD22, CD30, CD33, CD38, CD52, CD56, CD70, CD74,
CD79b, CD123, CD138, CS1/SLAMF7, Trop-2, 5T4, EphA4, BCMA, Mucin 1, Mucin 16,
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PTK7, STEAPI, Endothelin B Receptor, mesothelin, EGFRvIII, ENPP3, SLC44A4, GNMB,
nectin 4, NaPi2b, LIV-1A, Guanylyl cyclase C, DLL3, EGFR, HER2, VEGF, VEGFR, integrin
a VB3, integrin 51, MET, IGF1R, TRAILR1, TRAILR2, RANKL, FAP, Tenascin, Le?,
EpCAM, CEA, gpA33, PSMA, TAG72, a mucin, CAIX, EPHA3, folate receptor a, GD2, GD3,
and an MHC/peptide complex comprising a peptide from NY-ESO-1/LAGE, SSX-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, MUCI1, PRAME, survivin, BRCA1, BRCA2, CDK4, CML66, MART-2, p53, Ras,
B-catenin, TGF-BRIL, HPV E6, or HPV E7.

49, The use of claim 46, wherein the medicament is to be administered with an effective

amount of an immunotherapeutic agent.
50. The use of claim 49, wherein the immunotherapeutic agent comprises a second antibody.

51. The use of claim 50, wherein the second antibody binds to an antigen selected from the
group consisting of PD-1, PD-L1, 0X40, CTLA-4, CD137/4-1BB, TNFR2, B7-H3, FZD7,
CD27, CCR4, CSFI1R, CSF, TIM-3, LAG-3, VISTA, ICOS, CCR2, IDO, A2R, CD39, CD73,
TIGIT, CD80, CD47, arginase, TDO, and PVRIG.

52.  The use of claim 50, wherein the first antibody binds the extracellular domain of a human
SIRP-a v1 polypeptide, the extracellular domain of a human SIRP-a v2 polypeptide, or the
extracellular domains of both a human SIRP-a 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-a polypeptide and an IgSF

domain of a human CD47 polypeptide, and wherein the second antibody binds to PD-1.

53. The use of claim 50, wherein the first antibody binds the extracellular domain of a 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-a polypeptide and an

IgSF domain of a human CD47 polypeptide, and wherein the second antibody binds to PD-L1.

243



54.  Use of an effective amount of the antibody of any one of claims 1-40 in the manufacture
of a medicament for treating or delaying progression of an autoimmune disease or an

inflammatory disease in an individual.

55. The use of claim 54, wherein the autoimmune disease or inflammatory disease is selected
from the group consisting of multiple sclerosis, rheumatoid arthritis, a spondyloarthropathy,
systemic lupus erythematosus, an antibody-mediated inflammatory 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, and

inflammatory autoimmune myositis.

244



