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CONSTRUCTS HAVING A SIRP-ALPHA DOMAIN OR VARIANT THEREOF

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/202,772, filed August 7, 2015; U.S. Provisional Patent Application No. 62/202,775, filed
August 7, 2015; U.S. Provisional Patent Application No. 62/202,779, filed August 7, 2015; U.S.
Provisional Patent Application No. 62/276,801, filed January 8, 2016; U.S. Provisional Patent
Application No. 62/265,887 filed on December 10, 2015; U.S. Provisional Patent Application No.
62/276,796 filed on January 8, 2016; and U.S. Provisional Patent Application No. 62/346,414 filed

June 6, 2016 which applications are each incorporated herein in their entireties by reference.

SUMMARY OF THE INVENTION
[0002] Disclosed herein, in certain embodiments, are polypeptides comprising: a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-a. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92. In some embodiments, the wild type SIRP-a. D1 domain has
a sequence according to any one of SEQ ID NOs: 1-10. In some embodiments, the SIRP-a D1
domain comprises between one and nine additional amino acid mutations relative to a wild-type
SIRP-a D1 domain at a residue selected from the group consisting of: residue 6, residue 27, residue
31, residue 47, residue 53, residue 54 residue 56, residue 66, and residue 92. In some
embodiments, the SIRP-a D1 variant comprises the amino acid sequence,
EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX,LIYNQXsX:GXF
PRVTTVSDXsTKRNNMDFSIRIGXsITPADAGTYY CX,;0KFRKGSPDDVEFKSGAGTELSVRA
KPS (SEQ ID NO: 49), wherein X;is V., L,orI; X is A,I, V,orL; X5is LF, S,or T; X4 1s E, V,
orL; XsisKorR; X¢is EorQ; X;is H P,orR; Xgis L, T, S, or G; Xy is A; and X018 V or I; and
wherein the SIRP-a D1 variant has at least two amino acid substitutions relative to a wild-type
SIRP-a D1 domain having a sequence according to SEQ ID NO: 1. In some embodiments, the
SIRP-a D1 variant has an amino acid sequence according to any one of SEQ ID NOs: 78-85. In
some embodiments, the SIRP-a D1 variant comprises the amino acid sequence,
EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX,LIYNQXsX:GXF
PRVTTVSDXsTKRNNMDFSIRIGXX;0X 11 X12ADAGTYY CX ;3 KFRKGSPDDVEFKSGAGTEL
SVRAKPS (SEQ ID NO: 218), wherein X;is V. L, orI; Xpis A, V, L or ; X5i1s I, S, T, or F; Xj 1s
E,LorV;Xs5is KorR; Xgis Eor Q; X;is H, R, or P; X5 is S,G, L, or T; Xy is any amino acid;
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X0 1s any amino acid; Xi; is any amino acid; X, is any amino acid; and X;5 is V or I; and wherein
the SIRP-o D1 variant has at least two amino acid substitutions relative to a wild-type SIRP-a D1
domain having a sequence according to SEQ ID NO: 1. In some embodiments, X is A. In some
embodiments, Xy 1s N. In some embodiments, X0 1s I. In some embodiments, Xy 1s N and X10 is
P. In some embodiments, Xy is N and X11 is any amino acid other than S, T, or C. In some
embodiments, X;; is T. In some embodiments, X;; 1s an amino acid other than T. In some
embodiments, Xj; is P. In some embodiments, Xy is N and X, is any amino acid other than P. In
some embodiments, the SIRP-a D1 variant comprises the amino acid sequence,
EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX,LIYNQXsX:GXF
PRVTTVSDXsTKRNNMDFSIRIGX,ITX;0)ADAGTYYCX;KFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQ ID NO: 219), wherein X;is V., L,orI; X5 1s A, V, L or; X5is L S, T, or F; X, is E,
LiorV;Xsis KorR; Xgis Eor Q; XsisH, R, orP; Xgis S, G, L, or T; Xy is N; X0 is any amino
acid other than P; and Xy, is V or I; and wherein the SIRP-a D1 variant has at least two amino acid
substitutions relative to a wild-type SIRP-o. D1 domain having a sequence according to SEQ ID
NO: 1. In some embodiments, the SIRP-¢ D1 variant comprises the amino acid sequence,
EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRELIYNQX,EGXsFPR
VTTVSDX,TKRNNMDFSIRIGX/ITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVRAKPS
(SEQ ID NO: 52), wherein Xjis V, L,orI; Xois A, LorL; X51s L T, S, or F; X4 1s Kor R; X5 is
H, P, orR; Xsis L, T, or G; and X5 is A; and wherein the SIRP-o. D1 variant has at least two amino
acid substitutions relative to a wild-type SIRP-a D1 domain having a sequence according to SEQ
ID NO: 1. In some embodiments, X;is Vor, Xpis Aorl, XsislorF, X,is KorR, X5is Hor P,
Xe1s L or T, and X5 is A. In some embodiments, the SIRP-o. D1 variant has at least three amino
acid substitutions relative to a wild-type SIRP-a D1 domain having a sequence according to SEQ
ID NO: 1. In some embodiments, the SIRP-a D1 variant has at least four amino acid substitutions
relative to a wild-type SIRP-a D1 domain having a sequence according to SEQ ID NO: 1. In some
embodiments, the SIRP-a D1 variant has at least five amino acid substitutions relative to a wild-
type SIRP-a D1 domain having a sequence according to SEQ ID NO: 1. In some embodiments, the
SIRP-a D1 variant has at least six amino acid substitutions relative to a wild-type SIRP-a. D1
domain having a sequence according to SEQ ID NO: 1. In some embodiments, the SIRP-a D1
variant has at least seven amino acid substitutions relative to a wild-type SIRP-a. D1 domain having
a sequence according to SEQ ID NO: 1. In some embodiments, X; is I. In some embodiments, X; is
I. In some embodiments, X3 is F. In some embodiments, X4 1s R. In some embodiments, X5 is P. In
some embodiments, X 1s T. In some embodiments, each of X, X,, Xs, Xy, X5, and Xg 1s not a

wild-type amino acid. In some embodiments, the SIRP-a D1 variant has an amino acid sequence
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according to any one of SEQ ID NOs: 81-85. In some embodiments, the SIRP-a D1 variant
comprises the amino acid sequence,
EEELQX,IQPDKSVSVAAGESAILHCTX,TSLX;PVGPIQWFRGAGPARELIYNQX,EG
XsFPRVTTVSEX,TKRENMDEFSISISX;ITPADAGTYYCVKFRKGSPDTEFKSGAGTELSVRA
KPS (SEQ ID NO: 212), wherein X;is V, L orI; X;is V,LorL; X51s L T, S, or F; Xy is Kor R;
XsisH, P, orR; X5 is S, T, or G; and X5 is A; and wherein the SIRP-o. D1 variant has at least two
amino acid substitutions relative to a wild-type SIRP-a D1 domain having the sequence of SEQ ID
NO: 2. In some embodiments, the polypeptide binds to human CD47 with a Kp less than about 5 x
10 M. In some embodiments, the polypeptide further comprises an Fc domain monomer linked to
the N-terminus or the C-terminus of the polypeptide, wherein the Fc domain monomer is a human
IgG1, IgG2, or IgG4 Fe region. In some embodiments, the Fc domain monomer comprises at least
one mutation relative to a wild-type human IgG1, IgG2, or IgG4 Fc region. In some embodiments,
the polypeptide has the amino acid sequence of any one of SEQ ID NO: 135, SEQ ID NO: 136, or
SEQ ID NO: 137. In some embodiments, the Fc domain monomer comprises (a) one of the
following amino acid substitutions relative to wild type human IgG1: T366W, T366S, L368A,
Y407V, T366Y, T394W, F405W, Y349T, Y349E, Y349V, L351T, L351H, L351N, L351K,
P3538S, S354D, D356K, D356R, D3568S, E357K, E357R, E357Q, S364A, T366E, L368T, L368Y,
L368E, K370E, K370D, K370Q, K392E, K392D, T394N, P395N, P396T, V397T, V397Q, L398T,
D399K, D399R, D399N, F405T, F405H, F405R, Y407T, Y407H, Y4071, K409E, K409D, K409T,
or K409I; or (b) (1) a N297A mutation relative to a human IgG1 Fc region; (i) a L234A, L235A,
and G237A mutation relative to a human IgG1 Fc region; (iii) a L234A, L235A, G237A, and
N297A mutation relative to a human IgG1 Fc region; (iv) a N297A mutation relative to a human
IgG2 Fc region; (v) a A330S and P331S mutation relative to a human IgG2 Fc region; (vi) a
A330S, P331S, and N297A mutation relative to a human IgG2 Fc region; (vii) a S228P, E233P,
F234V, L235A, and delG236 mutation relative to a human IgG4 Fc region; or (viii) a S228P,
E233P, F234V, L235A, delG236, and N297A mutation relative to a human IgG4 Fe region. In
some embodiments, the Fc domain monomer comprises (a) one of the following amino acid
substitutions relative to wild type human IgG1: T366W, T366S, L368A, Y407V, T366Y, T394W,
F405W, Y349T, Y349E, Y349V, L351T, L351H, L351N, L351K, P353S, S354D, D356K, D356R,
D356S, E357K, E357R, E357Q, S364A, T366E, L.368T, L368Y, L368E, K370E, K370D, K370Q,
K392E, K392D, T394N, P395N, P396T, V397T, V397Q, L398T, D399K, D399R, D399N, F405T,
F405H, F405R, Y407T, Y407H, Y4071, K409E, K409D, K409T, or K409I; and (b) the Fc domain
monomer further comprises (1) a N297A mutation relative to a human IgG1 Fc region; (i1) a

L234A, L235A, and G237A mutation relative to a human IgG1 Fc region; (iii) a L234A, L235A,
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G237A, and N297A mutation relative to a human IgG1 Fc region; (iv) a N297A mutation relative
to a human IgG2 Fc region; (v) a A330S and P331S mutation relative to a human IgG2 Fc region;
(vi) a A3308S, P331S, and N297A mutation relative to a human IgG2 Fc region; (vii) a S228P,
E233P, F234V, L235A, and delG236 mutation relative to a human IgG4 Fc region; or (viii) a
S228P, E233P, F234V, L235A, delG236, and N297A mutation relative to a human IgG4 Fc region.
In some embodiments, the polypeptide exhibits a reduction of phagocytosis in a phagocytosis assay
compared to a polypeptide with a wild-type human IgG Fc region. In some embodiments, the Fc
domain monomer is linked to a second polypeptide comprising a second F¢ domain monomer to
form an Fc¢ domain dimer. In some embodiments, the second Fc domain monomer is linked to an
additional polypeptide. In some embodiments, the additional polypeptide comprises an antibody
variable domain. In some embodiments, the antibody variable domain targets an antigen expressed
on a cell. In some embodiments, the cell is a cancer cell. In some embodiments, the antibody
variable domain targets a cell surface protein involved in immune cell regulation. In some
embodiments, the additional polypeptide comprises a therapeutic protein. In some embodiments,
the therapeutic protein is a cytokine, an interleukin, an antigen, a steroid, an anti-inflammatory
agent, or an immunomodulatory agent. In some embodiments, the additional polypeptide comprises
a SIRP-a D1 variant. In some embodiments, the polypeptide further comprises a human serum
albumin (HSA) (SEQ ID NO: 12). In some embodiments, the HSA comprises a C34S or K573P
amino acid substitution relative to SEQ ID NO: 12. In some embodiments, the polypeptide has an
amino acid sequence according to any one of SEQ ID NOs: 152-159. In some embodiments, the
polypeptide further comprises an albumin-binding peptide. In some embodiments, the albumin-
binding peptide comprises the amino acid sequence DICLPRWGCLW (SEQ ID NO: 160). In some
embodiments, the polypeptide further comprises a polyethylene glycol (PEG) polymer. In some
embodiments, the PEG polymer is joined to a cysteine substitution in the polypeptide.

[0003] Disclosed herein, in certain embodiments, are polypeptides comprising: a signal-
regulatory protein a (SIRP-a) D1 variant, wherein the SIRP-a D1 variant comprises the amino acid
sequence,

EEXX,QXGIQPDKX, VXsVAAGEX 6 X7 XL XoCTX;oTSLX 1, PVGPIQWFRGAGPX ,RX s LIYN
0X14X15GX16FPRVTTVSX 17X 15 TX 10R X50NMDF X5 1X5,1X53 X4l TX5ADAGTY Y CX 6K X57RK
GSPDX5:X50EX30KSGAGTELSVRX 5, KPS (SEQ ID NO: 47), wherein X, is E, or G; X5 1s L, I, or
V:Xsis V,L,orl; Xqis S,orF; Xsis L,or S; Xeis S,or T; X7is A, or V; Xgis I, or T; Xo is H, R,
orL; Xjpis A, V. LorL; Xj1is LT, S,orF; X12is A, or G; X;31s E, V, or L; Xy41s K, or R; X5 is
E,orQ; XisisH,P,orR; X;71s D, or E; X151 S, L, T, or G; X191s K, or R; X5 is E, or N; X5 is

S,or P; X515 S, or R; Xy31s S, or G; Xy4 is any amino acid; X5 is any amino acid; X6 1s V, or I;
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X718 F, L, or V; Xog1s D or absent; Xy91s T, or V; X530 1s F, or V; and X5, is A, or G; and wherein
the SIRP-o D1 variant has at least two amino acid substitutions relative to a wild-type SIRP-a D1
domain having a sequence according to any one of SEQ ID NOs: 1 to 10; and an Fc variant
comprising an Fc domain dimer having two Fc domain monomers, wherein each Fc domain
monomer independently is (i) a human IgG1 Fc region comprising a N297A mutation; (ii) a human
IgG1 Fc region comprising L234A, L235A, and G237A mutations; (iii) a human IgG1 Fc region
comprising L234A, L235A, G237A, and N297A mutations; (iv) a human IgG2 Fc region
comprising a N297A mutation; (v) a human IgG2 Fc region comprising A330S and P331S
mutations; (vi) a human IgG2 Fc region comprising A3308S, P331S, and N297A mutations; (vii) a
human IgG4 Fc region comprising S228P, E233P, F234V, L235A, and delG236 mutations; or (viii)
a human IgG4 Fc region comprising S228P, E233P, F234V, L.235A, delG236, and N297A
mutations. In some embodiments, one of the Fc domain monomers in the Fc domain dimer
comprises a human IgG1 Fc region comprising L234A, L235A, G237A, and N297A mutations. In
some embodiments, the polypeptide comprises an amino acid sequence according to any one of
SEQ ID NOs: 98-104, 107-113, 116-122, or 135-137. In some embodiments, the Fc variant exhibits
ablated or reduced binding to an Fcy receptor compared to a wild-type version of a human IgG Fc
region. In some embodiments, the IgG1 or IgG2 Fe variant exhibits ablated or reduced binding to
CD16a, CD32a, CD32b, CD32¢, and CD64 Fcy receptors compared to a wild-type version of a
human IgG1 or IgG2 Fc region. In some embodiments, the IgG4 Fe variant exhibits ablated or
reduced binding to CD16a and CD32b Fcy receptors compared to a wild-type version of the human
IgG4 Fc region. In some embodiments, the IgG1 or IgG2 Fe variant exhibits ablated or reduced
binding to Clq compared to a wild-type version of a human IgG1 or IgG2 Fc fusion. In some
embodiments, the Fc variant binds to an Fey receptor with a Kp greater than about 5 x 10° M.
[0004] Disclosed herein, in certain embodiments, are polypeptides comprising an Fe
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A. In some embodiments, at least
one of the Fc domain monomers is a human IgG1 Fc region consisting of mutations L234A,
L235A, G237A, and N297A. In some embodiments, at least one of the Fc domain monomers is a
human IgG2 Fc region consisting of mutations A3308S, P331S and N297A. In some embodiments,
the Fc variant exhibits ablated or reduced binding to an Fey receptor compared to the wild-type

version of the human IgG Fc region. In some embodiments, the Fc variant exhibits ablated or
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reduced binding to CD16a, CD32a, CD32b, CD32c, and CD64 Fcy receptors compared to the wild-
type version of the human IgG Fc region. In some embodiments, the Fc variant exhibits ablated or
reduced binding to Clq compared to the wild-type version of the human IgG Fc fusion. In some
embodiments, at least one of the Fc domain monomers is a human [gG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A. In some embodiments, the Fc
variant exhibits ablated or reduced binding to a Fey receptor compared to the wild-type human
IgG4 Fc region. In some embodiments, the Fc variant exhibits ablated or reduced binding to CD16a
and CD32b Fcy receptors compared to the wild-type version of its human IgG4 Fc region. In some
embodiments, the Fc variant binds to an Fey receptor with a K, greater than about 5 x 10° M. In
some embodiments, the polypeptide further comprises a CD47 binding polypeptide. In some
embodiments, the Fc variant exhibits ablated or reduced binding to an Fcy receptor compared to a
wild-type version of a human IgG Fc region. In some embodiments, the CD47 binding polypeptide
does not cause acute anemia in rodents and non-human primates. In some embodiments, the CD47
binding polypeptide does not cause acute anemia in humans. In some embodiments, the CD47
binding polypeptide is a signal-regulatory protein a (SIRP-a) polypeptide or a fragment thereof. In
some embodiments, the SIRP-a polypeptide comprises a SIRP-a D1 variant comprising the amino
acid sequence,
EEELQXIQPDKSVLVAAGETATLRCTX,TSLX3:PVGPIQWFRGAGPGRX,LIYNQXSEGXsFP
RVTTVSDX,;TKRNNMDFSIRIGXSITPADAGTYY CXoKFRKGSPDDVEFKSGAGTELSVRAK
PS (SEQ ID NO: 51), wherein Xjis VorI; Xsis Aorl; XsislorF; Xqsis Eor V; Xsis Kor R; Xe
is Hor P; X5 is L or T; Xg is any amino acid other than N; and Xy is V or I. In some embodiments,
the SIRP-u polypeptide comprises a SIRP-a D1 variant wherein X;is Vorl; X;is AorI; Xsislor
F; X4is E; Xsis KorR; Xgis Hor P; X71s Lor T; Xgisnot N; and Xoi1s V.

[0005] Disclosed herein, in certain embodiments, are polypeptides comprising: a signal-
regulatory protein o (SIRP-a) D1 variant, wherein the SIRP-¢. D1 variant is a non-naturally
occurring high affinity SIRP-a D1 domain, wherein the SIRP-0. D1 variant binds to human CD47
with an affinity that is at least 10-fold greater than the affinity of a naturally occurring D1 domain;
and an Fc¢ domain monomer, wherein the Fc domain monomer is linked to a second polypeptide
comprising a second F¢ domain monomer to form an Fc¢ domain, wherein the Fc domain has
ablated or reduced effector function. In some embodiments, the non-naturally occurring high
affinity SIRP-a D1 domain comprises an amino acid mutation at residue 80.

[0006] Disclosed herein, in certain embodiments, are polypeptides comprising a signal-
regulatory protein o (SIRP-a) D1 variant, wherein the SIRP-0. D1 variant binds CD47 from a first
species with a Kp less than 250 nM; and wherein the SIRP-0. D1 variant binds CD47 from a second
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species with a Kp less than 250 nM; and the K for CD47 from the first species and the Kp for
CDA47 from the second species are within 100 fold of each other; wherein the first species and the
second species are selected from the group consisting of: human, rodent, and non-human primate.
In some embodiments, the SIRP-a D1 variant binds CD47 from at least 3 different species. In some
embodiments, the non-human primate is cynomolgus monkey.

[0007] Disclosed herein, in certain embodiments, are polypeptides comprising: (a) a signal-
regulatory protein a (SIRP-a) D1 domain that binds human CD47 with a Ky, less than 250 nM; and
(b) an Fc domain monomer linked to the N-terminus or the C-terminus of the SIRP-a D1 domain,
wherein the polypeptide does not cause acute anemia in rodents and non-human primates. In some
embodiments, the polypeptide is a non-naturally occurring variant of a human SIRP-a. In some
embodiments, administration of the polypeptide in vivo results in hemoglobin reduction by less
than 50% during the first week after administration. In some embodiments, administration of the
polypeptide in humans results in hemoglobin reduction by less than 50% during the first week after
administration. In some embodiments, the polypeptide further comprises at least one F¢ variant,
wherein the Fc variant is selected from (i) a human IgG1 Fc region consisting of mutations L234A,
L235A, G237A, and N297A; (i1) a human IgG2 Fc region consisting of mutations A330S, P331S
and N297A; or (iii) a human IgG4 Fc region comprising mutations S228P, E233P, F234V, L235A,
delG236, and N297A. In some embodiments, the Fc variant is a human IgG1 Fc¢ region consisting
of mutations L234A, L235A, G237A, and N297A. In some embodiments, the Fc variant is a
human IgG2 Fc region consisting of mutations A3308S, P331S and N297A. In some embodiments,
the Fc variant is a human IgG4 Fc region comprising mutations S228P, E233P, F234V, L235A,
delG236, and N297A.

[0008] Disclosed herein, in certain embodiments, are methods of treating an individual
having a disease or disorder, the method comprising administering to the subject a polypeptide
disclosed herein. In some embodiments, the polypeptide comprises a signal-regulatory protein o
(SIRP-0) D1 variant comprising a SIRP-a D1 domain, or a fragment thereof, having an amino acid
mutation at residue 80 relative to a wild-type SIRP-o. D1 domain; and at least one additional amino
acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected from the group
consisting of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54, residue 56,
residue 66, and residue 92. In some embodiments, the polypeptide comprises a signal-regulatory
protein a (SIRP-a) D1 variant, wherein the SIRP-a D1 variant comprises the amino acid sequence,
EEX;X,QX51QPDKX, VXsVAAGEX 6 X7 X LXoCTX;0TSLX 1, PVGPIQWFRGAGPX ,RX ;;LIYN
0X14X15GX16FPRVTTVSX 17X 15 TX 10R X50NMDF X5 1X5,1X53 X4l TX5ADAGTY Y CX 6K X57RK
GSPDX5:X50EX30KSGAGTELSVRX 5, KPS (SEQ ID NO: 47), wherein X, is E, or G; X5 1s L, I, or

-
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V:XsisV,L,orl; X4is S,orF; Xsis L,or S; Xgis S,or T; X7is A, or V; Xgis I, or T; Xy is H, R,
orL; Xjois A, V. LorL; Xj1is LT, S,orF; X12is A, or G; X131s E, V, or L; Xy41s K, or R; X5 is
E,orQ; XisisH,P,orR; X;71s D, or E; X151 S, L, T, or G; X191s K, or R; X5 is E, or N; X5 is
S,or P; X515 S, or R; Xy31s S, or G; Xy4 is any amino acid; X;s is any amino acid; X6 is V, or I;
X718 F, L, or V; Xog1s D or absent; Xy91s T, or V; X530 1s F, or V; and X5, is A, or G; and wherein
the SIRP-o D1 variant has at least two amino acid substitutions relative to a wild-type SIRP-o. D1
domain having a sequence according to any one of SEQ ID NOs: 1 to 10; and an Fc variant
comprising an Fc domain dimer having two Fc domain monomers, wherein each Fc domain
monomer independently is (i) a human IgG1 Fc region comprising a N297A mutation; (ii) a human
IgG1 Fc region comprising L234A, L235A, and G237A mutations; (iii) a human IgG1 Fc region
comprising L234A, L235A, G237A, and N297A mutations; (iv) a human IgG2 Fc region
comprising a N297A mutation; (v) a human IgG2 Fc region comprising A330S and P331S
mutations; (vi) a human IgG2 Fc region comprising A3308S, P331S, and N297A mutations; (vii) a
human IgG4 Fc region comprising S228P, E233P, F234V, L235A, and delG236 mutations; or (viii)
a human IgG4 Fc region comprising S228P, E233P, F234V, L.235A, delG236, and N297A
mutations. In some embodiments, the polypeptide comprises an Fc variant, wherein the Fc variant
comprises an Fc domain dimer having two F¢ domain monomers, wherein each Fc domain
monomer independently is selected from (i) a human IgG1 Fe region consisting of mutations
L234A, L235A, G237A, and N297A; (ii) a human IgG2 Fc region consisting of mutations A330S,
P331S and N297A; or (iii) a human IgG4 Fc region comprising mutations S228P, E233P, F234V,
L235A, delG236, and N297A. In some embodiments, the polypeptide comprises a signal-
regulatory protein a (SIRP-a) D1 variant, wherein the SIRP-a D1 variant is a non-naturally
occurring high affinity SIRP-a D1 domain, 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 D1 domain;
and an Fc¢ domain monomer, wherein the Fc domain monomer is linked to a second polypeptide
comprising a second F¢ domain monomer to form an Fc¢ domain, wherein the Fc domain has
ablated or reduced effector function. In some embodiments, the non-naturally occurring high
affinity SIRP-a D1 domain comprises an amino acid mutation at residue 80. In some embodiments,
the polypeptide comprises a signal-regulatory protein a (SIRP-a) D1 variant, wherein the SIRP-a
D1 variant binds CD47 from a first species with a Kp less than 250 nM; and wherein the SIRP-a
D1 variant binds CD47 from a second species with a Kp less than 250 nM; and the Kp for CD47
from the first species and the Kp for CD47 from the second species are within 100 fold of each
other; wherein the first species and the second species are selected from the group consisting of:

human, rodent, and non-human primate. In some embodiments, the polypeptide comprises (a) a
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signal-regulatory protein o (SIRP-a) D1 domain that binds human CD47 with a Kp, less than 250
nM; and (b) an Fc domain monomer linked to the N-terminus or the C-terminus of the SIRP-a D1
domain, wherein the polypeptide does not cause acute anemia in rodents and non-human primates.
In some embodiments, the disease or disorder is a cancer, an autoimmune disease, or an
inflammatory disease. In some embodiments, the disease or disorder is a cancer, and the cancer is
selected from solid tumor cancer, hematological cancer, acute myeloid leukemia, chronic
lymphocytic leukemia, chronic myeloid leukemia, acute lymphoblastic leukemia, non-Hodgkin
lymphoma, Hodgkin lymphoma, multiple myeloma, bladder cancer, pancreatic cancer, cervical
cancer, endometrial cancer, lung cancer, bronchus cancer, liver cancer, ovarian cancer, colon and
rectal cancer, stomach cancer, gastric cancer, gallbladder cancer, gastrointestinal stromal tumor
cancer, thyroid cancer, head and neck cancer, oropharyngeal cancer, esophageal cancer, melanoma,
non-melanoma skin cancer, Merkel cell carcinoma, virally induced cancer, neuroblastoma, breast
cancer, prostate cancer, renal cancer, renal cell cancer, renal pelvis cancer, leukemia, lymphoma,
sarcoma, glioma, brain tumor, and carcinoma. In some embodiments, the disease or disorder is an
autoimmune disease or an inflammatory disease, and the autoimmune disease or the inflammatory
disease is selected from multiple sclerosis, theumatoid arthritis, a spondyloarthropathy, systemic
lupus erythematosus, an antibody-mediated inflammatory or autoimmune disease, graft versus host
disease, sepsis, diabetes, psoriasis, atherosclerosis, Sjogren's syndrome, progressive systemic
sclerosis, scleroderma, acute coronary syndrome, ischemic reperfusion, Crohn's Disease,
endometriosis, glomerulonephritis, myasthenia gravis, idiopathic pulmonary fibrosis, asthma, acute
respiratory distress syndrome (ARDS), vasculitis, and inflammatory autoimmune myositis. In some
embodiments, the SIRP-a D1 variant has a sequence according to any one of SEQ ID NOs: 78-85,
98-104, 107-113, 116-122, 135-137, or 152-159. In some embodiments, the method further
comprises administering at least one additional agent. In some embodiments, the at least one
additional agent is an antibody, tumor associated antigen, or a non-antibody therapeutic. In some
embodiments, at least two additional agents are administered. In some embodiments, the at least
two additional agents comprise two antibodies. In some embodiments, the at least two additional
agents comprise an antibody and a tumor associated antigen. In some embodiments, the at least one
additional agent is an antibody. In some embodiments, the antibody is a human IgG1 isotype
antibody. In some embodiments, the antibody is a human IgG2 isotype antibody. In some
embodiments, the antibody is a human IgG4 isotype antibody. In some embodiments, the antibody
is selected from an anti-HER2 antibody, anti-CD20 antibody, anti-CD19 antibody, anti-CS1
antibody, anti-CD38 antibody, anti-EGFR antibody, anti-PD1 antibody, anti-OX40 antibody, anti-
PD-1 antibody, anti-PD-L1 antibody, anti-CD274 antibody, anti-CTLA-4 antibody, anti-CD137
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antibody, anti-4-1BB antibody, anti-B7-H3 antibody, anti-FZD7 antibody, anti-CD27 antibody,
anti-CCR4 antibody, anti-CD38 antibody, anti-CSF1R antibody, anti-CSF antibody, anti-CD30
antibody, anti-BAFF antibody, anti-VEGF antibody, or anti-VEGFR2 antibody. In some
embodiments, the antibody is selected from an anti-HER?2 antibody, anti-CD20 antibody, anti-
CD19 antibody, anti-CS1 antibody, anti-CD38 antibody, anti-PD-1 antibody, anti-RANKL
antibody, or anti-PD-L1 antibody. In some embodiments, the at least one additional agent is at
least one antibody and the antibody is selected from cetuximab, necitumumab, pembrolizumab,
nivolumab, pidilizumab, MEDI0680, MED 16469, atezolizumab, avelumab, durvalumab,
MEDI6383, RG7888, ipilimumab, tremelimumab, urelumab, PF-05082566, enoblituzumab,
vantictumab, varlilumab, mogamalizumab, SAR650984, daratumumab, trastuzumab, trastuzumab
emtansine, pertuzumab, elotuzumab, rituximab, ofatumumab, obinutuzumab, RG7155, FPA00S,
panitumumab, brentuximab vedotin, MSB0010718C, belimumab, bevacizumab, denosumab,
panitumumab, ramucirumab, necitumumab, nivolumab, pembrolizumab, avelumab, atezolizumab,
durvalumab, MEDI0680, pidilizumab, or BMS-93659. In some embodiments, the antibody is
trastuzumab. In some embodiments, the SIRP-a D1 variant has a sequence according to any one of
SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159. In some embodiments, the
antibody is rituximab. In some embodiments, the SIRP-a. D1 variant has a sequence according to
any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159. In some
embodiments, the antibody is cetuximab. In some embodiments, the SIRP-a D1 variant has a
sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-
159. In some embodiments, the antibody is daratumumab. In some embodiments, the SIRP-a D1
variant has a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122,
135-137, or 152-159. In some embodiments, the antibody is belimumab. In some embodiments, the
SIRP-a D1 variant has a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113,
116-122, 135-137, or 152-159. In some embodiments, n the antibody is bevacizumab. In some
embodiments, the SIRP-a D1 variant has a sequence according to any one of SEQ ID NOs: 78-85,
98-104, 107-113, 116-122, 135-137, or 152-159. In some embodiments, the antibody is
denosumab. In some embodiments, the SIRP-o. D1 variant has a sequence according to any one of
SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159. In some embodiments, the
antibody is pantimumab. In some embodiments, the SIRP-0. D1 variant has a sequence according to
any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159. In some
embodiments, the antibody is ramucirumab. In some embodiments, the SIRP-o. D1 variant has a
sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-

159. In some embodiments, the antibody is necitumumab. In some embodiments, the SIRP-a. D1
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variant has a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122,
135-137, or 152-159. In some embodiments, the antibody is nivolumab. In some embodiments, the
SIRP-a D1 variant has a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113,
116-122, 135-137, or 152-159. In some embodiments, the antibody is pembrolizumab. In some
embodiments, the SIRP-a D1 variant has a sequence according to any one of SEQ ID NOs: 78-85,
98-104, 107-113, 116-122, 135-137, or 152-159. In some embodiments, the antibody is avelumab.
In some embodiments, the SIRP-a D1 variant has a sequence according to any one of SEQ ID NOs:
78-85, 98-104, 107-113, 116-122, 135-137, or 152-159. In some embodiments, the antibody is
atezolizumab. In some embodiments, the SIRP-a D1 variant has a sequence according to any one
of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159. In some embodiments,
the antibody is durvalumab. In some embodiments, the SIRP-a D1 variant has a sequence
according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159. In
some embodiments, the antibody is MEDI0680. In some embodiments, the SIRP-a D1 variant has
a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or
152-159. In some embodiments, the antibody is pidilizumab. In some embodiments, the SIRP-a
D1 variant has a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122,
135-137, or 152-159. In some embodiments, the antibody is BMS-93659. In some embodiments,
the SIRP-a D1 variant has a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-
113, 116-122, 135-137, or 152-159. In some embodiments, the at least one additional agent is a
tumor associated antigen and the tumor associated antigen elicits an immune response. In some
embodiments, the at least one additional agent is an antibody and the antibody targets a
HLA/peptide or MHC/peptide complex. In some embodiments, the antibody targets a HLA /peptide
or MHC/peptide complex comprising NY-ESO-1/LAGEL, SSX-2, MAGE family (MAGE-

A3), gpl100/pmell7, Melan-A/MART-1, gp75/TRP1, tyrosinase, TRP2, CEA, PSA, TAG-

72, Immature laminin receptor, MOK/RAGE-1, WT-1, Her2/neu, EphA3, SAP-1, BING-4, Ep-
CAM, MUC1, PRAME, survivin, Mesothelin, BRCA1/2 (mutated), CDK4, CML66, MART-2, p53
(mutated), Ras (mutated), p-catenin (mutated), TGF-BRII (mutated), HPV E6, or E7. In some
embodiments, the antibody is ESK1, RL1B, Pr20, or 3.2G1.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative embodiments,

in which the principles of the invention are utilized, and the accompanying drawings of which:
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[0010] FIG. 1 is an illustration of a SIRP-a construct including a SIRP-¢. D1 domain or
variant thereof joined to a first Fc domain monomer, which forms an Fc domain with a second Fc
domain monomer;

[0011] FIG. 2 is an illustration of a SIRP-a construct including a SIRP-¢. D1 domain or
variant thereof joined to a first Fc domain monomer and an antibody variable domain joined to a
second Fc¢ domain monomer, wherein the first Fc domain monomer and the second Fc domain
monomer combine to form an F¢c domain;

[0012] FIG. 3 is an illustration of a SIRP-a construct including a SIRP-¢. D1 domain or
variant thereof joined to a first Fc domain monomer and a therapeutic protein joined to a second Fc
domain monomer, wherein the first Fc domain monomer and the second Fc domain monomer
combine to form an Fc domain;

[0013] FIG. 4A is an illustration of a SIRP-a construct including a SIRP-o D1 domain or
variant thereof joined to a first Fc domain monomer having a knob mutation, which forms an Fc
domain with a second Fc¢ domain monomer having a hole mutation; FIG. 4B is an illustration of a
SIRP-a construct including a SIRP-a D1 domain or variant thereof joined to a first Fc domain
monomer having a hole mutation, which forms an Fc domain with a second Fc domain monomer
having a knob mutation;

[0014] FIG. 5A is an illustration of a SIRP-a. construct including a SIRP-o D1 domain or
variant thereof joined to an Fc domain monomer; FIG. 5B is an illustration of a SIRP-o construct
which is a homodimer of the construct illustrated in FIG. 5A;

[0015] FIG. 6 exemplifies SPR binding data for monofunctional and bifunctional SIRP-a.

constructs including a SIRP-a D1 domain;

[0016] FIG. 7 exemplifies phagocytosis of DLD-1-GFP-Luciferase tumor cells by human
monocyte-derived macrophages in the presence of varying concentrations of SIRP-a polypeptide
constructs;

[0017] FIG. 8 exemplifies phagocytosis of DLD-1-GFP-Luciferase tumor cells by human
monocyte-derived macrophages in the presence of varying concentrations of SIRP-a polypeptide
constructs;

[0018] FIG. 9 exemplifies phagocytosis of DLD-1-GFP-Luciferase tumor cells by human
monocyte-derived macrophages in the presence of varying concentrations of SIRP-a polypeptide
constructs;

[0019] FIG. 10 exemplifies half-life stability of SIRP-a polypeptides over a defined time
period;

[0020] FIG. 11 exemplifies hemagglutination assay data for SIRP-a polypeptide constructs;

-12-



WO 2017/027422 PCT/US2016/045914

[0021] FIG. 12 exemplifies survival curves of mice syngeneic tumor models treated with
SIRP-a polypeptide constructs and anti-mPD-L1;

[0022] FIG. 13 exemplifies a tumor volume analysis of mice syngeneic tumor models
treated with SIRP-a polypeptide constructs in combination with anti-mPD-L1;

[0023] FIG. 14 exemplifies binding of various concentrations of Clq complement to SIRP-
o — Fc¢ fusions;

[0024] FIG. 15 exemplifies phagocytosis of MMIR cells by human monocyte-derived
macrophages in the presence of varying concentrations of SIRP-a polypeptide constructs;

[0025] FIG. 16 exemplifies phagocytosis of MMI1R cells by human monocyte-derived
macrophages in the presence of varying concentrations of SIRP-a polypeptide constructs;

[0026] FIG. 17 exemplifies phagocytosis of N87 cells by human monocyte-derived
macrophages in the presence of varying concentrations of SIRP-a polypeptide constructs;

[0027] FIG. 18 exemplifies molecular weight analysis of a SIRP-a D1 variant having a
P83V mutation;

[0028] FIG. 19A exemplifies tumor growth of human GFP-Luc-Raji lymphoma cells in a
NOD scid gamma (NSG) mouse model of cancer treated with various SIRP-a constructs with or
without rituximab; FIG. 19B exemplifies a scatter plot of tumor volume of the tumors described in
FIG. 19A; FIG. 19C exemplifies hemoglobin values of the treated mice described in FIG. 19A; and
[0029] FIG. 20 exemplifies red blood cell counts taken from mice treated with either a
SIRP-a wildtype IgG1 Fc construct or a SIRP-a IgG1 Fc variant construct.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
[0030] The term “about™ or “approximately” means within an acceptable error range for the
particular value as determined by one of ordinary skill in the art, which will depend in part on how
the value is measured or determined, i.e., the limitations of the measurement system. For example,
“about” can mean within 1 or more than 1 standard deviation, per the practice in the art.
Alternatively, “about” can mean a range of up to 20%, up to 10%, up to 5%, or up to 1% of a given
value. Alternatively, particularly with respect to biological systems or processes, the term can mean
within an order of magnitude, preferably within 5-fold, and more preferably within 2-fold, of a
value. Where particular values are described in the application and claims, unless otherwise stated
the term “about” meaning within an acceptable error range for the particular value should be

assumed.
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[0031] The terminology used herein is for the purpose of describing particular cases only
and is not intended to be limiting. As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the context clearly indicates otherwise.
Furthermore, to the extent that the terms “including”, “includes”, “having”, “has”, “with”, or
variants thereof are used in either the detailed description or the claims, such terms are intended to
be inclusive in a manner similar to the term “comprising.”

[0032] As used herein, the term “antibody” refers to intact antibodies; antibody fragments,
provided that they exhibit the desired biological activity (e.g. epitope binding); monoclonal
antibodies; polyclonal antibodies; monospecific antibodies; multi-specific antibodies (e.g.,
bispecific antibodies); and antibody-like proteins.

[0033] As used herein, the term “antibody variable domain™ refers to the portions of the
light and heavy chains of an antibody that include amino acid sequences of complementary
determining regions (CDRs, ¢.g., CDR L1, CDR L2, CDR L3, CDR HI, CDR H2, and CDR H3)
and framework regions (FRs).

[0034] As used herein, the term “linker” refers to a linkage between two elements, ¢.g.,
protein domains. In some embodiments, a linker can be a covalent bond or a spacer. The term
“spacer” refers to a moiety (¢.g., a polyethylene glycol (PEG) polymer) or an amino acid sequence
(e.g., a 1-200 amino acid sequence) occurring between two polypeptides or polypeptide domains to
provide space or flexibility (or both space and flexibility) between the two polypeptides or
polypeptide domains. In some embodiments, an amino acid spacer is part of the primary sequence
of a polypeptide (¢.g., joined to the spaced polypeptides or polypeptide domains via the polypeptide
backbone).

[0035] As used herein, the term “therapeutically effective amount™ refers to an amount of a
polypeptide or a pharmaceutical composition containing a polypeptide described herein, e.g., a
polypeptide having a SIRP-a D1 domain or variant thereof, that is sufficient and effective in
achieving a desired therapeutic effect in treating a patient having a disease, such as a cancer, ¢.g.,
solid tumor or hematological cancer. In some embodiments, a therapeutically effective amount of
polypeptide will avoid adverse side effects.

[0036] As used herein, the term “pharmaceutical composition™ refers to a medicinal or
pharmaceutical formulation that includes an active ingredient as well as excipients or diluents (or
both excipients and diluents) and enables the active ingredient to be administered by suitable
methods of administration. In some embodiments, the pharmaceutical compositions disclosed
herein include pharmaceutically acceptable components that are compatible with the polypeptide.

In some embodiments, the pharmaceutical composition is in tablet or capsule form for oral
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administration or in aqueous form for intravenous or subcutaneous administration, for example by
injection.

[0037] As used herein, the terms “subject,” “individual,” and “patient” are used
interchangeably to refer to a vertebrate, for example, a mammal. Mammals include, but are not
limited to, murines, simians, humans, farm animals, sport animals, and pets. Tissues, cells, and
their progeny of a biological entity obtained i# vivo or cultured in vitro are also encompassed.
None of the terms entail supervision of a medical professional.

[0038] 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 (K4). Two molecules that have low binding affinity for each other
generally bind slowly, tend to dissociate easily, and exhibit a large Kp. Two molecules that have
high affinity for each other generally bind readily, tend to remain bound longer, and exhibit a small
Kp. In some embodiments, the Kp of two interacting molecules is determined using known
methods and techniques, e.g., surface plasmon resonance (SPR). Kp can be calculated as the ratio
of kore/Kon.

[0039] As used herein, the term “Kp less than” refers to a numerically smaller Kp value
and an increasing binding affinity relative to the recited Kp value. As used herein, the term “Kp
greater than” refers to a numerically larger Kp value and a decreasing binding affinity relative to
the recited Kp value.

[0040] As used herein, the term “acute anemia” refers to a decrease of red blood cell mass

or hemoglobin of 30% during the first five days after administration of a compound or treatment.

L. Signal-Regulatory Protein a. (SIRP-a) D1 Domain and Variants Thereof

[0041] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-a. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,

residue 56, residue 66, and residue 92.

-15-



WO 2017/027422 PCT/US2016/045914

[0042] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc¢ region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[0043] Signal-regulatory protein a (“SIRP-a” or “SIRP-alpha™) is a transmembrane
glycoprotein belonging to the Ig superfamily that is widely expressed on the membrane of myeloid
cells. SIRP-a interacts with CD47, a protein broadly expressed on many cell types in the body. The
interaction of SIRP-a with CD47 prevents engulfment of “self” cells, which can otherwise be
recognized by the immune system. It has been observed that high CD47 expression on tumor cells
can act, in acute myeloid leukemia and several solid tumor cancers, as a negative prognostic factor
for survival.

[0044] Native SIRP-a comprises 3 highly homologous immunoglobulin (Ig)-like
extracellular domains—D1, 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-a to CD47. As
used herein, the term “SIRP-a polypeptide” refers to any SIRP-a polypeptide or fragment thereof
that is capable of binding to CD47. There are at least ten variants of wild-type human SIRP-g.
Table 1 shows the amino acid sequences of the D1 domains of the ten naturally occurring wild-type
human SIRP-a D1 domain variants (SEQ ID NOs: 1-10). In some embodiments, a SIRP-a
polypeptide comprises a SIRP-a D1 domain. In some embodiments, a SIRP-a polypeptide
comprises a wild-type D1 domain, such as those provided in SEQ ID NOs: 1-10. In some
embodiments, a SIRP-a polypeptide includes a D2 or D3 domain (or both a D2 and a D3 domain)
(Table 3) of a wild-type human SIRP-a.

Table 1. Sequences of Wild-Type SIRP-a D1 Domains

SEQ ID NO: Description Amino Acid Sequence

EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPI
Wild-type DI | QWFRGAGPGRELIYNQKEGHFPRVTTVSDLTKRN

! domain variant 1 | NMDFSIRIGNITPADAGTYYCVKFRKGSPDDVEFK
SGAGTELSVRAKPS
EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQ

2 Wild-type D1 WFRGAGPARELIYNQKEGHFPRVTTVSESTKREN

domain variant 2 | MDFSISISNITPADAGTYY CVKFRKGSPDTEFKSGA
GTELSVRAKPS
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Wild-type D1
domain variant 3

EEELQVIQPDKSVSVAAGESAILLCTVTSLIPVGPIQ
WFRGAGPARELIYNQKEGHFPRVTTVSESTKREN
MDEFSISISNITPADAGTYYCVKFRKGSPDTEFKSGA
GTELSVRAKPS

Wild-type D1
domain variant 4

EEGLQVIQPDKSVSVAAGESAILHCTATSLIPVGPI
QWFRGAGPGRELIYNQKEGHFPRVTTVSDLTKRN
NMDEFSIRIGNITPADAGTYY CVKFRKGSPDDVEFK
SGAGTELSVRAKPS

Wild-type D1
domain varant 5

EEELQVIQPDKFVLVAAGETATLRCTATSLIPVGPI
QWFRGAGPGRELIYNQKEGHFPRVTTVSDLTKRN
NMDEFSIRIGNITPADAGTYY CVKFRKGSPDDVEFK
SGAGTELSVRAKPS

Wild-type D1
domain variant 6

EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPI
QWFRGAGPGRELIYNQKEGHFPRVTTVSDLTKRN
NMDFPIRIGNITPADAGTYY CVKFRKGSPDDVEFK
SGAGTELSVRAKPS

Wild-type D1
domain variant 7

EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQ
WFRGAGPARELIYNQKEGHFPRVTTVSESTKREN
MDEFSISISNITPADAGTYYCVKFRKGSPDTEFKSGA
GTELSVRGKPS

Wild-type D1
domain variant 8

EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPI
QWFRGAGPARELIYNQKEGHFPRVTTVSESTKREN
MDEFSISISNITPADAGTYYCVKFRKGSPDTEFKSGA
GTELSVRAKPS

Wild-type D1
domain variant 9

EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPI
QWFRGAGPGRELIYNQKEGHFPRVTTVSDLTKRN
NMDEFSIRISNITPADAGTYYCVKFRKGSPDDVEFKS
GAGTELSVRAKPS

10

Wild-type D1
domain variant 10

EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQ
WFRGAGPARELIYNQKEGHFPRVTTVSESTKREN
MDEFSISISNITPADAGTYYCVKFRKGSPDTEFKSGA
GTELSVRAKPS

11

Wild-type pan-D1
domain

EEX;LQVIQPDKX,VX5VAAGEX,AXSLXCTX,TSLI

PVGPIQWFRGAGPXRELIYNQKEGHFPRVTTVSX,

X10TKRX1NMDFX ) IX 51X NITPADAGTYY CVKFR
KGSX5X16DX 17 EFKSGAGTELSVR X ;5sKPS
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Amino acid .Xl 1sEor G;. Xzis SorF; X; .is LorS; Xy i; TorS; Xs
substitutions Is Torl; Xs1s .R, H,orL; X7 isAorV; Xgis G or A; Xo
relative to SEQ ID 18 D.or E; Xy 1s L.or S: Xqp 18 N.or EorD; Xy, 1s S. or P;
NO- 11 XiisR or S: XuisGorS; Xls 1s P or absent; X6 1s D
’ orP; Xj71s VorT; and X 51s A or G
[0045] As used herein, the terms “high affinity SIRP-a D1 variant,” “high affinity SIRP-a

variant,” or “SIRP-o. D1 variant” refers to a polypeptide comprising a SIRP-a. D1 domain or a
CD47-binding portion of a SIRP-a polypeptide that has a higher affinity to CD47 than wild-type
SIRP-a.. A high affinity SIRP-a D1 variant comprises at least one amino acid substitution, deletion,
or insertion (or a combination thereof) relative to a wild-type SIRP-q.

[0046] In some embodiments, high affinity SIRP-a D1 variants disclosed herein comprise a
SIRP-a. D1 domain or variant thereof. In some embodiments, a high affinity SIRP-a D1 variant
comprises one or more amino acid substitutions, insertions, additions, or deletions relative to a
wild-type D1 domain shown in SEQ ID NOs: 1-10. Table 2 lists exemplary amino acid
substitutions in each SIRP-a. D1 domain variant (SEQ ID NOs: 13-22). In some embodiments, the
SIRP-a D1 domain polypeptide or high affinity SIRP-a D1 variant comprises a fragment of the D1
domain. In some embodiments, the SIRP-a polypeptide fragment or high affinity SIRP-a variant
fragment comprises an amino acid sequence of less than 10 amino acids in length, about 10 amino
acids in length, about 20 amino acids in length, about 30 amino acids in length, about 40 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 90 amino acids in length, about 100 amino
acids in length, or more than about 100 amino acids in length. In some embodiments, the SIRP-o.
D1 domain fragments retain the ability to bind to CD47.

[0047] In some embodiments, a polypeptide of the disclosure comprising a high affinity
SIRP-a D1 variant binds with higher binding affinity to CD47 than a wild-type human SIRP-a D1
domain. In some embodiments, the high affinity SIRP-a D1 variant binds to human CD47 with at
least 1-fold (e.g., at least 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, 5-fold or greater than 5-
fold) affinity than the affinity of a naturally occurring D1 domain. In some embodiments, the high
affinity SIRP-a D1 variant binds to human CD47 with at least 1-fold (e.g., at least 10-fold, 100-
fold, 1000-fold or greater than 1000-fold) affinity than the affinity of a naturally occurring D1
domain.

[0048] As used herein, the term “optimized affinity” or “optimized binding affinity” refers
to an optimized strength of the binding interaction between a polypeptide disclosed herein,

including a high affinity SIRP-a D1 variant, and CD47. For example, in some embodiments, the
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polypeptide binds primarily or with higher affinity to CD47 on cancer cells and does not
substantially bind or binds with lower affinity to CD47 on non-cancer cells. In some embodiments,
the binding affinity between the polypeptide and CD47 is optimized such that the interaction does
not cause clinically relevant toxicity or decreases toxicity compared to a variant which binds with
maximal affinity. In some embodiments, in order to achieve an optimized binding affinity between
a polypeptide provided herein and CD47, the polypeptide including a high affinity SIRP-a D1
variant is developed to have a lower binding affinity to CD47 than which is maximally achievable.
In some embodiments, the high affinity SIRP-a. variants disclosed herein cross react with rodent,
non-human primate (NHP), and human CD47.

[0049] As used herein, the term “immunogenicity” refers to the property of a protein (e.g., a
therapeutic protein) which causes an immune response in the host as though it is a foreign antigen.
The immunogenicity of a protein can be assayed in vitro in a variety of different ways, such as
through in vitro T-cell proliferation assays.

[0050] As used herein, the term “minimal immunogenicity” refers to an immunogenicity of
a protein (e.g., a therapeutic protein) that has been modified, e.g., through amino acid substitutions,
to be lower (e.g., at least 10%, 25%, 50%, or 100% lower) than the immunogenicity before the
amino acid substitutions are introduced (e.g., an unmodified protein). In some embodiments, a
protein (e.g., a therapeutic protein) is modified to have minimal immunogenicity and causes no or
very little host immune response even though it is a foreign antigen.

[0051] In some embodiments, the high affinity SIRP-a. D1 variant has minimal
immunogenicity. In some embodiments, a SIRP-a polypeptide of the disclosure administered to a
subject has the same amino acid sequence as that of the SIRP-a polypeptide in a biological sample
of the subject, except for amino acid changes which increase affinity of the SIRP-a D1 variant. In
some embodiments, the polypeptide variants disclosed herein lower the risk of side effects
compared to anti-CD47 antibodies or wild-type SIRP-a. In some embodiments, the polypeptide
variants disclosed herein lower the risk of anemia compared to anti-CD47 antibodies or wild-type
SIRP-a. In some embodiments, the polypeptide variants disclosed herein do not cause acute
anemia in rodent or non-human primates (NHP) studies.

[0052] Table 2 lists specific amino acid substitutions in a high affinity SIRP-a D1 variant
relative to each D1 domain sequence. In some embodiments, a high affinity SIRP-a D1 variant
includes one or more (¢.g., two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen or more) of the substitutions listed in Table 2. In some embodiments, a high
affinity SIRP-a D1 variant includes at most fourteen amino acid substitutions relative to a wild-type

D1 domain. In some embodiments, a high affinity SIRP-o. D1 variant includes at most ten amino
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acid substitutions relative to a wild-type D1 domain. In some embodiments, a high affinity SIRP-a
D1 variant includes at most seven amino acid substitutions relative to a wild-type D1 domain. In
some embodiments, a high affinity SIRP-a D1 variant of the disclosure has at least 90% (e.g., at
least 92%, 95%, 97% or greater than 97%) amino acid sequence identity to a sequence of a wild-
type D1 domain.

[0053] In some embodiments, a high affinity SIRP-a D1 variant is a chimeric high affinity
SIRP-a D1 variant that includes a portion of two or more wild-type D1 domains or variants thereof
(e.g., a portion of one wild-type D1 domain or variant thercof and a portion of another wild-type
D1 domain or variant thereof). In some embodiments, a chimeric high affinity SIRP-a D1 variant
includes at least two portions (e.g., three, four, five or more portions) of wild-type D1 domains or
variants thereof, wherein each of the portions is from a different wild-type D1 domain. In some
embodiments, a chimeric high affinity SIRP-a D1 variant further includes one or more amino acid

substitutions listed in Table 2.

Table 2. Amino Acid Substitutions in a High Affinity SIRP-a D1 Variant

SEQ ID NO: Description Amino Acid Sequence
EEEX,QX,1QPDKSVLVAAGETX;TLRCTX TSLXsPV
13 D1 domain v1 GPIQWFRGAGPGRX(LIYNQX,XsGXoFPRVTTVSDX,
o TX11RNNMDFSIRIGNITPADAGTYY CX ;KX 3RKGS
PDDVEX |, KSGAGTELSVRAKPS
Sﬁl‘fslt?t‘l’lggfs Xi=L, I, V: X,=V, L, I. X5=A, V: X,=A. I, L; Xs=I, T S,
- relative to SEQ ID F; X¢=E, V., L; X-=K, R; Xs=E, Q; Xo=H, P, R; X;o=L, T,
NO: 13 G, X“:K, R, X12:V, I, X13:F, L, V, X14:F, A%
EEEX,QX,1QPDKSVSVAAGESXGILHCTX, TSLXPVG
14 D1 domain v2 PIQWFRGAGPARX(LIYNQX XsGXoFPRVTTVSEX, T
X11RENMDFSISISNITPADAGTYYCX,KX;RKGSPD
TEX 4 KSGAGTELSVRAKPS
Amino acid _ . _ B .
substitutions X =L, LV:Xo=V,L I, X5=A, V; Xy,=V, [ L; Xs=I, T, §,
- relative to SEQ ID F; X¢=E, V, L; X:=K, R; Xs=E, Q; Xo=H, P, R; X;0=S, T,
NO 14 G, X“:K, R, X12:V, I, X13:F, L, V, X14:F, A
EEEX,QX,1QPDKSVSVAAGESXGILLCTX, TSLXsPVG
15 D1 domain v3 PIQWFRGAGPARXGLIYNQX/XsGXoFPRVTTVSEX; T
X11RENMDFSISISNITPADAGTYYCX,KX;RKGSPD
TEX 4 KSGAGTELSVRAKPS
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Sﬁl‘fslt?t‘l’lggfs X,=L. I, V: X,=V. L. I: Xs=A, V: X,=V. 1, L: Xs=I. T. S,
; elative to SEQ D | 2 X6 V. L XK, R: X<, Q: Xo=H, P, R: X;0=S, T,
G, X“:K, R, X12:V, I, X13:F, L, V, X14:F, V
NO: 15
EEGX,QX,IQPDKSVSVAAGESX;ILHCTX, TSLXsPVG
6 D1 domainvd | PIQWFRGAGPGRX,LIYNQX,X;GXoFPRVTTVSDX o
TX,,RNNMDFSIRIGNITPADAGTYY CX KX ;:RKGSP
DDVEX,;,KSGAGTELSVRAKPS
Sﬁl‘f;t?t‘l’lggfs X,=L. I, V: X,=V. L. I: Xs5=A, V: X,=A. 1, L: Xs=I. T. S,
- elative to SEQ ID | 2 X6 V. L XK, R: X<, Q: Xo=H, P, R: X;o=L, T,
G, X“:K, R, X12:V, I, X13:F, L, V, X14:F, V
NO: 16
EEEX,QX,IQPDKFVLVAAGETX;TLRCTX, TSLXsPV
7 D1 domainvs | GPIQWFRGAGPGRXLIYNQX;XsGX;FPRVTTVSDX,
oTX,,RNNMDFSIRIGNITPADAGTYY CX ;,KX:RKGS
PDDVEX,,KSGAGTELSVRAKPS
Sﬁl‘f;t?t‘l’lggfs X,=L. I, V: X,=V. L. I: X5=A, V: X,=A. 1, L: Xs=I. T. S,
- clative to SEQ I | T XeE- V. Lt Xo=K. R: X¢=F, Q: Xy=H. P. R: Xio-L. T.
G, X“:K, R, X12:V, I, X13:F, L, V, X14:F, V
NO: 17
EEEX,QX,IQPDKSVLVAAGETX;TLRCTX, TSLXsPV
8 D1 domainvs | GPIQWFRGAGPGRXGLIYNQX;XsGXsFPRVTTVSDX,
oTX,,RNNMDFPIRIGNITPADAGTYY CX ;,KX:RKGS
PDDVEX,;,KSGAGTELSVRAKPS
Sﬁlﬂlt?t‘l’lggfs X;=L, I V: X,=V, L, I; X5=A, V: X,=A, [ L: Xs=I, T, S,
- clative to SEQ I | T XeF- V. Lt Xo=K. R X¢=F, Q: Xy=H.P. R: XioL. T.
. G, X“:K, R, X12:V, I, X13:F, L, V, X14:F, V
NO: 18
EEEX,QX,IQPDKSVSVAAGESX;ILHCTX, TSLXsPVG
. D1 domainv7 | PIQWFRGAGPARX,LIYNQX/XsGXoFPRVTTVSEX T
X,;RENMDFSISISNITPADAGTYY CX ,KX:RKGSPD
TEX,,KSGAGTELSVRGKPS
Sﬁl‘fslt?t‘l’lggfs X,=L. I, V: X,=V. L. I: Xs=A, V: X,=V. 1, L: Xs=I. T. S,
- rlative to SEQ ID | F: X67E: V. Lt Xr=K. R Xi=E. Q: Xo=H. P. R: Xi=8. T
NOI 19 G, X“:K, R, X12:V, I, X13:F, L, V, X14:F, V
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EEEX;QX,IQPDKSVLVAAGETX;TLRCTX,TSLXsPV
20 D1 domainvg | GPIQWFRGAGPARXLIYNQX,XsGX;FPRVTTVSEX,
omain v oTX,;RENMDFSISISNITPADAGTYY CX,KX;RKGSP
DTEX;KSGAGTELSVRAKPS
sﬁl?slt?gl ggfs X;=L, I V: X,=V, L, I; X5=A, V: X,=A, [ L: Xs=I, T, S,
- relathC tO SEQ ID F: XGZE: V: L: X7:K: R: X8:E: Q: X9:H3 P: R: XIOZS: T:
. G; X]lzK, R; X]zZV, I; X13:F, L, V; X14:F, A%
NO: 20
EEEX;QX,IQPDKSVLVAAGETX;TLRCTX,TSLXsPV
51 D1 domainvo | GPIQWFRGAGPGRXGLIYNQX XsGXsFPRVTTVSDX;
omain v oTX;;RNNMDFSIRISNITPADAGTYY CX;,KX ;RKGSP
DDVEX,,KSGAGTELSVRAKPS
sAlTslt?to ggfs X;=L, I, V: X,=V, L, I. X5=A, V: X4=A. I, L; Xs=I, T S,
- elative tO“SEQ i | F: Xe=E. V. L X;=K. R; X¢=E. Q: Xo=H. P, R; X;o=L. T.
v . G: Xi1=K, R; X1»,=V, I; Xi;5=F, L, V; X\,=F, V
NO: 21
EEEX;QX,IQPDKSVSVAAGESX;ILHCTX,TSLXsPVG
- D1 domain v1o | PIQWFRGAGPARX,LIYNQX;XsGXsFPRVTTVSEX,oT
omain v X ,RENMDFSISISNITPADAGTYY CX,KX ;RKGSPD
TEX,.KSGAGTELSVRAKPS
sAlTslt?to ggfs X;=L, I, V: X,=V, L, I. X5=A, V: X,=V. I, L; Xs=I, T, S,
- elative to SEQ D | 2 X6°E: V. Lt XK. R: Xy=E, Q: Xo=H. P. R: X1=5. .
v . G: Xi1=K, R; X1»,=V, I; Xi;5=F, L, V; X\,=F, V
NO: 22
EEX,X,QX:IQPDKX, VX5 VAAGEX X, X:LXoCTX ;0TS
LX 11, PVGPIQWFRGAGPX ,RX ;s LIYNQX 14X 5GX 6FP
23 Pan D1 domain RVTTVSX17X18TX19RX2()NMDFX21IX221X23NITPADAG
TYYCX,,KX,sRKGSPDX 56X,/ EX2sKSGAGTELSVR X0
KPS
X]ZE, G, X2:L, . V, X3 V, N I X4 S, F, X5 L, S, Xg S,
Amino acid T, X7:A, V, Xg A X9:H, R, 10~ A, V, L L, Xll I, T,
_ substitutions S, F, Xlz—A, G, 13:E, V, L, Xu= K, R, X15= E, Q, Xlg—H,
relative to SEQ ID P, R; X17:D, E, 18— S, L, 5 G X19=K R, X20= E, D,
NO: 23 X21 S P X22 S ,X3 S,G, 24 V, ,X25 F,L,V,
X26—D or absent X27 R V, ng R V, and X 29— A, G
[0054] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a

sequence of’

EEEX;QX,IQPDKSVLVAAGETX;TLRCTX, TSLXsPVGPIQWFRGAGPGRXLIYNQX,XGXo
FPRVTTVSDX,(TX;;RNNMDFSIRIGNITPADAGTYYCX ;KX ;RKGSPDDVEX;,KSGAGTEL
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SVRAKPS (SEQ ID NO: 13), wherein Xjis L, L or V; Xsis V, L or, I; X5is Aor V; Xy is A, I, or
L: XsisLT,S,orF; XsisE, V,orL; Xsis KorR; Xgsis Eor Q; Xois H, P, or R; Xj0is L, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 1.

[0055] In some embodiments, a polypeptide includes a SIRP-0. D1 variant having a
sequence of’

EEGX,QX,IQPDKSVSVAAGESXGILHCTX, TSLXsPVGPIQWFRGAGPGRXLIYNQX;X:GXo
FPRVTTVSDX;,TX;;RNNMDFSIRIGNITPADAGTY Y CX ;KX ;sRKGSPDDVEX ;. KSGAGTEL
SVRAKPS (SEQ ID NO: 16), wherein X;is L, L or V; Xsis V, L or, I; Xs5is Aor V; Xy is A, I, or
L: XsisLT,S,orF; XgisE, V,orL; Xsis KorR; Xgis Eor Q; Xois H, P, or R; Xj0is L, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 4.

[0056] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX;QX,IQPDKFVLVAAGETX;TLRCTX, TSLXsPVGPIQWFRGAGPGRXLIYNQX,X3GXo
FPRVTTVSDXoTX1:RNNMDFSIRIGNITPADAGTY Y CX1,KX1sRKGSPDDVEX ;s KSGAGTEL
SVRAKPS (SEQ ID NO: 17), wherein Xy is L, L or V; Xsis V, L or, I; Xs5is Aor V; Xy is A, I, or
L: XsisLT,S,orF; XsisE, V,orL; Xsis KorR; Xgsis Eor Q; Xois H, P, or R; Xj0is L, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 5.

[0057] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX;QX,IQPDKSVLVAAGETX;TLRCTX, TSLXsPVGPIQWFRGAGPGRXLIYNQXX3GXo
FPRVTTVSDX;,TX;;RNNMDFPIRIGNITPADAGTY Y CX ;KX ;sRKGSPDDVEX ;. KSGAGTEL
SVRAKPS (SEQ ID NO: 18), wherein X;is L, L or V; X, is V, L or, I; X5is Aor V; Xy is A, I, or
L: XsisLT,S,orF; XgisE, V,orL; Xsis KorR; Xgis Eor Q; Xois H, P, or R; Xj0is L, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 6.

[0058] In some embodiments, a polypeptide includes a SIRP-0. D1 variant having a

sequence of’
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EEEX;QX,IQPDKSVLVAAGETX;TLRCTX, TSLXsPVGPIQWFRGAGPGRXLIYNQX,XsGXo
FPRVTTVSDXoTX1:RNNMDFSIRISNITPADAGTYY CX1,KX1;RKGSPDDVEX1sKSGAGTEL
SVRAKPS (SEQ ID NO: 21), wherein X;is L, L or V; Xsis V, L or, I; X5is Aor V; Xy is A, I, or
L: XsisLT,S,orF; XgisE, V,orL; Xsis KorR; Xgis Eor Q; Xois H, P, or R; Xj0is L, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-o. D1 domain having the sequence of SEQ
ID NO: 9.

[0059] In any of the aforementioned embodiments, a polypeptide includes a high affinity
SIRP-a D1 variant having a sequence of any one of SEQ ID NOs: 13, 16-18, and 21, wherein X is
L, I, or V. In any of the aforementioned embodiments, X; is V, L, or, I. In any of the
aforementioned embodiments, X5 is A or V. In any of the aforementioned embodiments, X4 is A, 1,
or L. In any of the aforementioned embodiments, Xsis I, T, S, or F. In any of the aforementioned
embodiments, X¢ is E, V, or L. In any of the aforementioned embodiments, X7 is K or R. In any of
the aforementioned embodiments, Xs is E or Q. In any of the aforementioned embodiments, X is
H, P, or R. In any of the aforementioned embodiments, X is L, T, or G. In any of the
aforementioned embodiments, X, is K or R. In any of the aforementioned embodiments, X;; is V
or I. In any of the aforementioned embodiments, X5 is F, L, V. In any of the aforementioned
embodiments, Xi4 is F or V. In some embodiments, the polypeptide of this aspect of the disclosure
includes no more than six amino acid substitutions relative to the wild-type SIRP-a D1 domain
having the sequence of any one of SEQ ID NOs: 1, 4-6, and 9.

[0060] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NOs: 1, 4-6, and 9. In some embodiments, the polypeptide binds CD47 with at least 100-fold
greater binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of
SEQ ID NOs: 1, 4-6, and 9. In some embodiments, the polypeptide binds CD47 with at least 1000-
fold greater binding affinity than the wild-type SIRP-a. D1 domain having the sequence of any one
of SEQ ID NOs: 1, 4-6, and 9. In some embodiments, a SIRP-o. D1 variant polypeptide or fragment
thereof binds to CD47 with a KD less than 1 x 10-8 M, less than 5 x 10-9 M, less than 1 x 10-9 M,
less 5 x 10-10 M, less than 1 x 10-10 M or less than 1 x 10-11 M. In some embodiments, a SIRP-a
D1 variant polypeptide or fragment thereof binds to CD47 with a KD between about 500 nM and
100 nM, between about 100 nM and 50 nM, between about 50 nM and 10 nM, between about 10
nM and 5 nM, between about 5 nM and 1 nM, 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.
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[0061] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX;QX:,IQPDKSVSVAAGESXGILHCTX, TSLXsPVGPIQWFRGAGPARXGLIYNQX, XsGXoF
PRVTTVSEX;TX;;RENMDFSISISNITPADAGTYY CX,KX3RKGSPDTEX ;s KSGAGTELSV
RAKPS (SEQ ID NO: 14), wherein Xy is L, Lor V; X;is V, L or, I; Xs5is Aor V; Xyis V, I, or L;
XsisL T, S,orF; XgisE, V,or L; X;is KorR; Xgis Eor Q; Xois H, P, or R; X;01s S, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 2.

[0062] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’
EEEX;QX,IQPDKSVSVAAGESXGILLCTX,TSLXsPVGPIQWFRGAGPARXGLIYNQX, XsGXoF
PRVTTVSEXoTX11:RENMDFSISISNITPADAGTYY CX1,KX3RKGSPDTEX s KSGAGTELSV
RAKPS (SEQ ID NO: 15), wherein Xy is L, Lor V; X;is V, L, or, I; Xs5is Aor V; Xyis V, I, or L;
XsisL T, S,orF; XgisE, V,or L; Xs;is KorR; Xgis Eor Q; Xois H, P, or R; Xy01s S, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 3.

[0063] In some embodiments, a polypeptide includes a SIRP-0. D1 variant having a
sequence of’

EEEX;QX:,IQPDKSVSVAAGESXGILHCTX, TSLXsPVGPIQWFRGAGPARXGLIYNQX, XsGXoF
PRVTTVSEX;TX;;RENMDFSISISNITPADAGTYY CX,KX3RKGSPDTEX ;s KSGAGTELSV
RGKPS (SEQ ID NO: 19), wherein Xjis L, Lor V; X;is V, L, or, I; Xs5is Aor V; Xyis V, I, or L;
XsisL T, S,orF; XgisE, V,or L; Xs;is KorR; Xgis Eor Q; Xois H, P, or R; Xy01s S, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 7.

[0064] In some embodiments, a polypeptide includes a SIRP-0. D1 variant having a
sequence of’

EEEX;QX:,IQPDKSVSVAAGESXGILHCTX, TSLXsPVGPIQWFRGAGPARXGLIYNQX, XsGXoF
PRVTTVSEXoTX11:RENMDFSISISNITPADAGTYY CX1,KX3RKGSPDTEX s KSGAGTELSV
RAKPS (SEQ ID NO: 22), wherein Xjis L, Lor V; X;is V, L, or, I; Xs5is Aor V; Xyis V, I, or L;
XsisL T, S,orF; XgisE, V,or L; Xs;is KorR; Xgis Eor Q; Xois H, P, or R; Xy01s S, T, or G;
XnisKorR; XpisVorl, X;31s F, L, or V; and X34 is F or V; and wherein the variant has at least
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one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 10.

[0065] In any of the aforementioned embodiments in this aspect of the disclosure, the
polypeptide has the sequence of any one of SEQ ID NOs: 14, 15, 19, and 22, wherein X; is L, I, or
V. In any of the aforementioned embodiments, X; is V, L, or, 1. In any of the aforementioned
embodiments, X; is A or V. In any of the aforementioned embodiments, X, is V, I, or L. In any of
the aforementioned embodiments, Xsis I, T, S, or F. In any of the aforementioned embodiments,
Xsi1s E, V, or L. In any of the aforementioned embodiments, X5 is K or R. In any of the
aforementioned embodiments, Xg is E or Q. In any of the aforementioned embodiments, X is H, P,
or R. In any of the aforementioned embodiments, X0 is S, T, or G. In any of the aforementioned
embodiments, X;; is K or R. In any of the aforementioned embodiments, X;; is V or L. In any of the
aforementioned embodiments, X;5 is F, L, or V. In any of the aforementioned embodiments, X4 is
F or V. In some embodiments, the polypeptide of this aspect of the disclosure includes no more
than six amino acid substitutions relative to the wild-type SIRP-a D1 domain having the sequence
of any one of SEQ ID NOs: 2, 3, 7, and 10.

[0066] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NOs: 2, 3, 7, and 10. In some embodiments, the polypeptide binds CD47 with at least 100-fold
greater binding affinity than the wild-type SIRP-0. D1 domain having the sequence of any one of
SEQ ID NOs: 2, 3, 7, and 10. In some embodiments, the polypeptide binds CD47 with at least
1000-fold greater binding affinity than the wild-type SIRP-o D1 domain having the sequence of
any one of SEQ ID NOs: 2, 3, 7, and 10. In some embodiments, a SIRP-a D1 variant polypeptide or
fragment thereof binds to CD47 with a Kp, less than 1 x 10 M, less than 5 x 10” M, less than 1 x
107 M, less 5 x 1079 M, less than 1 x 10" M or less than 1 x 10" M. In some embodiments, a
SIRP-a D1 variant polypeptide or fragment thereof binds to CD47 with a Kp between about 500
nM and 100 nM, between about 100 nM and 50 nM, between about 50 nM and 10 nM, between
about 10 nM and 5 nM, between about 5 nM and 1 nM, 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.

[0067] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX;QX,IQPDKSVLVAAGETX;TLRCTX,, TSLXsPVGPIQWFRGAGPARX(LIYNQX,XsGXo
FPRVTTVSEX;(TX;;RENMDFSISISNITPADAGTY Y CX;,KX;;RKGSPDTEX ., KSGAGTELSV
RAKPS (SEQ ID NO: 20), wherein Xjis L, Lor V; X;is V, L, or, I; Xsis Aor V; Xyis A, I, or L;
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XsisL T, S,orF; XgisE, V,or L; Xs;is KorR; Xgis Eor Q; Xois H, P, or R; Xy01s S, T, or G;
XnisKorR; XpisVorl, Xi3is F, L, or V; and X4 is F or V; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-a D1 domain having the sequence of SEQ
ID NO: 8.

[0068] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 20, wherein
Xyis L, I, or V. In any of the aforementioned embodiments in this aspect of the disclosure, X, is V,
L, or, . In any of the aforementioned embodiments, X5 is A or V. In any of the aforementioned
embodiments, Xy is A, I, or L. In any of the aforementioned embodiments, X5is I, T, S, or F. In any
of the aforementioned embodiments, X is E, V, or L. In any of the aforementioned embodiments,
X71s K or R. In any of the aforementioned embodiments, X; is E or Q. In any of the
aforementioned embodiments, X is H, P, or R. In any of the aforementioned embodiments, X; is
S, T, or G. In any of the aforementioned embodiments, X;; is K or R. In any of the aforementioned
embodiments, Xis is V or 1. In any of the aforementioned embodiments, X3 is F, L, or V. In any of
the aforementioned embodiments, X4 is F or V. In some embodiments, the polypeptide of this
aspect of the disclosure includes no more than six amino acid substitutions relative to the wild-type
SIRP-a D1 domain having the sequence of SEQ ID NO: 8.

[0069] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of SEQ ID NO: 8. In
some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding affinity than
the wild-type SIRP-a D1 domain having the sequence of SEQ ID NO: 8. In some embodiments, the
polypeptide binds CD47 with at least 1000-fold greater binding affinity than the wild-type SIRP-a.
D1 domain having the sequence of SEQ ID NO: 8. In some embodiments, a SIRP-o. D1 variant
polypeptide or fragment thereof binds to CD47 with a Kp less than 1 x 10® M, less than 5 x 10° M,
less than 1 x 107 M, less 5 x 107" M, less than 1 x 10"° M or less than 1 x 10" M. In some
embodiments, a SIRP-0, D1 variant polypeptide or fragment thereof binds to CD47 with a Kp
between about 500 nM and 100 nM, between about 100 nM and 50 nM, between about 50 nM and
10 nM, between about 10 nM and 5 nM, between about 5 nM and 1 nM, 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.

[0070] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEX;X,QX51QPDKX, VXsVAAGEX 6 X7 X LXoCTX;0TSLX 1, PVGPIQWFRGAGPX ,RX ;;LIYN
0X14X15GX16FPRVTTVSX 17X 18 TX 10RX50NMDF X5 X, IX53 NITPADAGTY Y CX4,KX,55sRKGSP
DX36X27EX0sKSGAGTELSVRX KPS (SEQ ID NO: 23), wherein Xjis Eor G; X, is L, I, or V;
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Xs1sV,L,or,I; X4is SorF; Xsis Lor S; Xgis SorT; Xsis Aor V; Xgislor T; Xo1s Hor R; X
SA, V,LorL; Xi1is LT,S,orF; Xinis AorG; Xisis E, V,orL; Xisis Kor R; Xj51s E or Q;
XisisH, P,orR; Xj7isDorE; X;31s S, L, T, or G; Xj9is KorR; X5p1s Eor D; X5, 15 Sor P; X5,
1sSorR; Xp31s SorG; Xogis Vorl; Xosis F, L, V; Xy61s D or absent; X,71s Tor V; Xog1s F or
V; and X5 is A or G; and wherein the variant has at least one amino acid substitution relative to a
wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NOs: 1-10.

[0071] In any of the aforementioned embodiments in this aspect of the disclosure, X; is L, 1,
or V. In any of the aforementioned embodiments, X5 is V, L, or, L. In any of the aforementioned
embodiments, X4 is S or F. In any of the aforementioned embodiments, Xs is L or S. In any of the
aforementioned embodiments, X4 is S or T. In any of the aforementioned embodiments, X5 is A or
V. In any of the aforementioned embodiments, Xg is I or T. In any of the aforementioned
embodiments, Xy is H or R. In any of the aforementioned embodiments, Xpis A, V, I, or L. In any
of the aforementioned embodiments, X;y1s [, T, S, or F. In any of the aforementioned
embodiments, Xj; is A or G. In any of the aforementioned embodiments, X3 is E, V, or L. In any
of the aforementioned embodiments, X4 is K or R. In any of the aforementioned embodiments, X5
is E or Q. In any of the aforementioned embodiments, X4 is H, P, or R. In any of the
aforementioned embodiments, X;7 is D or E. In any of the aforementioned embodiments, X;s is S,
L, T, or G. In any of the aforementioned embodiments, Xjs is K or R. In any of the aforementioned
embodiments, Xy is E or D. In any of the aforementioned embodiments, X»; is S or P. In any of the
aforementioned embodiments, X3, is S or R. In any of the aforementioned embodiments, X»3 is S or
G. In any of the aforementioned embodiments, X4 is V or L. In any of the aforementioned
embodiments, X;5 is F, L, V. In any of the aforementioned embodiments, X,4 is D or absent. In any
of the aforementioned embodiments, X,; is T or V. In any of the aforementioned embodiments, X5
is F or V. In any of the aforementioned embodiments, X9 is A or G. In some embodiments, the
polypeptide of this aspect of the disclosure includes no more than six amino acid substitutions
relative to the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NOs: 1-10.
[0072] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NOs: 1-10. In some embodiments, the polypeptide binds CD47 with at least 100-fold greater
binding affinity than the wild-type SIRP-o. D1 domain having the sequence of any one of SEQ ID
NOs: 1-10. In some embodiments, the polypeptide binds CD47 with at least 1000-fold greater
binding affinity than the wild-type SIRP-a. D1 domain having the sequence of any one of SEQ ID
NOs: 1-10. In some embodiments, a SIRP-o. D1 variant polypeptide or fragment thereof binds to
CD47 with a Kp less than 1 x 10® M, less than 5 x 10® M, less than 1 x 10® M, less 5 x 1071 M, less
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than 1 x 107" M or less than 1 x 10™" M. In some embodiments, a SIRP-0. D1 variant polypeptide or
fragment thereof binds to CD47 with a Kp between about 500 nM and 100 nM, between about 100
nM and 50 nM, between about 50 nM and 10 nM, between about 10 nM and 5 nM, between about
5 nM and 1 nM, 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.

[0073] In some embodiments, a polypeptide of the disclosure including a high affinity
SIRP-a D1 variant further comprises a D2 domain having the sequence of SEQ ID NO: 24, a D3
domain having the sequence of SEQ ID NO: 25, or a D2 domain having the sequence of SEQ ID
NO: 24 and a D3 domain having the sequence of SEQ ID NO: 25 of a wild-type human SIRP-a as
shown in Table 3. In some embodiments, the high affinity SIRP-o D1 variant further comprises a
fragment or variant of a D2 domain or a fragment or variant of a D3 domain. In some
embodiments, the high affinity SIRP-a D1 variant further comprises a fragment or variant of a D2
domain and a fragment or variant of a D3 domain. In some embodiments, a high affinity SIRP-a
D1 variant is joined to a D2 or D3 domain by way of a linker. In some embodiments, a high

affinity SIRP-a D1 variant is joined to a D2 and D3 domain by way of a linker.

Table 3. Amino Acid Sequences of SIRP-a. D2 and D3 Domains

SEQ ID NO: | Description Amino Acid Sequence
SIRP-0.D2 APVVSGPAARATPQHTVSFTCESHGFSPRDITLKWFKNGNE
24 d ¢ LSDFQTNVDPVGESVSYSIHSTAKVVLTREDVHSQVICEVA
omail | IVTLQGDPLRGTANLSETIR

VPPTLEVTQQPVRAENQVNVTCQVRKFYPQRLQLTWLEN

25 SI;{P-Q.IB GNVSRTETASTVTENKDGTYNWMSWLLVNVSAHRDDVK
omail 1 1 TCQVEHDGQPAVSKSHDLKVS
[0074] In some embodiments, a polypeptide of the disclosure including a high affinity

SIRP-a D1 variant is attached to an Fc domain monomer, a human serum albumin (HSA) or variant
thereof, a serum-binding protein or peptide, or an organic molecule, ¢.g., a polymer (¢.g., a PEG
polymer), in order to improve the pharmacokinetic properties of the polypeptide, e.g., increase
serum half-life. In some embodiments, a high affinity SIRP-a D1 variant is attached to an Fc
domain monomer that is unable to dimerize. In some embodiments, Fc domain monomers, HSA
proteins, serum-binding proteins or peptides, and organic molecules such as a PEG serve to
increase the serum half-life of the polypeptides described herein. In some embodiments, a
polypeptide of the disclosure including a high affinity SIRP-a D1 variant does not include the
sequence of any one of SEQ ID NOs: 26-36 shown in Table 4.
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Table 4.

SEQ ID NO:

Amino Acid Sequence

26

EEELQVIQPDKSVSVAAGESAILHCTITSLIPVGPIQWFRGAGPARELIYNQ
REGHFPRVTTVSETTRRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEV
KSGAGTELSVRAKPS

27

EEEVQVIQPDKSVSVAAGESAILHCTLTSLIPVGPIQWFRGAGPARVLIYNQ
RQGHFPRVTTVSEGTRRENMDEFSISISNITPADAGTY Y CIKFRKGSPDTEFK
SGAGTELSVRAKPS

28

EEEVQIIQPDKSVSVAAGESVILHCTITSLTPVGPIQWFRGAGPARLLIYNQ
REGPFPRVTTVSETTRRENMDEFSISISNITPADAGTYYCVKLRKGSPDTEFK
SGAGTELSVRAKPS

29

EEELQIIQPDKSVSVAAGESAILHCTITSLSPVGPIQWFRGAGPARVLIYNQ
RQGPFPRVTTVSEGTKRENMDEFSISISNITPADAGTYYCIKLRKGSPDTEFK
SGAGTELSVRAKPS

30

EEEIQVIQPDKSVSVAAGESVIIHCTVTSLFPVGPIQWFRGAGPARVLIYNQ
RQGRFPRVTTVSEGTKRENMDFSISISNITPADAGTYYCVKVRKGSPDTEV
KSGAGTELSVRAKPS

31

EEEVQIIQPDKSVSVAAGESIILHCTVTSLFPVGPIQWFRGAGPARVLIYNQ
REGRFPRVTTVSEGTRRENMDEFSISISNITPADAGTY Y CIKLRKGSPDTEFK
SGAGTELSVRAKPS

32

EEEVQLIQPDKSVSVAAGESAILHCTVTSLFPVGPIQWFRGAGPARVLIYN
QREGPFPRVTTVSEGTKRENMDEFSISISNITPADAGTY Y CIKFRKGSPDTEV
KSGAGTELSVRAKPS

33

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDEFSIRIGNITPADAGTY Y CIKFRKGSPDDVE
FKSGAGTELSVRAKPS

34

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARLLIYNQR
QGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEFKS
GAGTELSVRAKPS

35

EEEVQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQ
KQGPFPRVTTISETTRRENMDEFSISISNITPADAGTYYCIKFRKGSPDTEFKS
GAGTELSVRAKPS

36

EEELQIIQPDKSVSVAAGESAILHCTITSLTPVGPIQWFRGAGPARVLIYNQ
RQGPFPRVTTVSEGTRRENMDEFSISISNITPADAGTYY CIKFRKGSPDTEVK
SGAGTELSVRAKPS

[0075]

In some embodiments, the polypeptides and polypeptide constructs described herein

are utilized in vitro for binding assays, such as immune assays. For example, in some embodiments,
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the polypeptides and polypeptide constructs described herein are utilized in liquid phase or bound
to a solid phase carrier. In some embodiments, polypeptides utilized for immunoassays are
detectably labeled in various ways.

[0076] In some embodiments, polypeptides and polypeptide constructs described herein are
bound to various carriers and used to detect the presence of specific antigen expressing cells.
Examples of carriers include glass, polystyrene, polypropylene, polyethylene, dextran, nylon,
amylases, natural and modified celluloses, polyacrylamides, agaroses, and magnetite. The nature of
the carrier can be either soluble or insoluble.

[0077] 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 techniques for binding labels to polypeptides
disclosed herein are available.

[0078] In some embodiments, the polypeptides are coupled to low molecular weight
haptens. These haptens are then specifically detected by means of a second reaction. For example,
in some embodiments, the hapten biotin is used with avidin or the haptens dinitrophenol, pyridoxal,
or fluorescein are detected with specific anti-hapten antibodies (¢.g., anti-dinitrophenol antibodies,

anti-pyridoxal antibodies, and anti-fluorescein antibodies respectively).

II. High Affinity SIRP-a D1 Domains with Altered Glycosylation

[0079] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-e. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-o. D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[0080] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[0081] In some embodiments, a polypeptide in a composition disclosed herein comprises a
high affinity SIRP-a D1 variant that has reduced or minimal glycosylation. The D1 domain of each
of the ten wild-type human SIRP-a proteins (SEQ ID NOs: 1-10 in Table 1) contains a single
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potential N-linked glycosylation site at amino acid N80 in the sequence N8OITP. Expression of a
SIRP-a D1 domain in Chinese Hamster Ovary (CHO) cells results in a major band of 16 kDa (non-
glycosylated) and a minor band of higher molecular weight that was removed by Endo Hf. Endo Hf
is a recombinant protein fusion of Endoglycosidase H and maltose binding protein. Endo Hf
cleaves within the chitobiose core of high mannose and some hybrid oligosaccharides from N-
linked glycoproteins. This implies that a proline at amino acid position 83 can reduce the efficiency
of glycosylation, leading to a protein with different degrees of glycosylation and therefore
heterogeneity. For drug development, heterogeneity can give rise to challenges in process
development. Therefore, to investigate the possibility of generating homogenous, non-glycosylated
forms of high affinity SIPR-a D1 variants, in some embodiments, amino acid N80 of a SIPR-a D1
variant is mutated to Ala. In some embodiments, to make a non-glycosylated, high affinity SIRP-a
D1 variant, amino acid N80 in a high affinity SIRP-a. D1 variant is replaced by any amino acid,
including any naturally and non-naturally occurring amino acid, ¢.g., N8OA and N80Q. In some
embodiments, a high affinity SIRP-a D1 variant comprises an N80A mutation and at least 1
additional mutation (¢.g., at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 additional mutations or more). In some
embodiments, the additional mutation is in the CD47 binding site. In some embodiments, the
additional mutation is in the hydrophobic core of the D1 domain.

[0082] In some embodiments, a polypeptide in a composition disclosed herein includes a
high affinity SIRP-a D1 variant that has increased glycosylation relative to a wild-type SIRP-a D1
domain. Another option to increase homogeneity of the final product is to enhance the efficiency of
glycosylation at amino acid N80 and generate high affinity SIRP-a D1 variants with increased
glycosylation relative to a wild-type. In some embodiments, the amino acid P83 in the sequence
NITP83 affects the degree of glycosylation at amino acid N80. In some embodiments, changing
P83 to any amino acid increases the efficiency of glycosylation at N80. In some embodiments,
amino acid P83 in a high affinity SIRP-a D1 variant is replaced by any amino acid, including
naturally and non-naturally amino acids, ¢.g., P83V, P83A, P83I, and P83L. In some embodiments,
a polypeptide of the disclosure is expressed in a cell that is optimized not to glycosylate proteins
that are expressed by such cell, for example by genetic engineering of the cell line (¢.g., genetically
engineered yeast or mammalian host) or modifications of cell culture conditions such as addition of
kifunensine or by using a naturally non-glycosylating host such as a prokaryote (E. coli, etc.).
[0083] Table 5 lists specific amino acid substitutions in a high affinity SIRP-a D1 variant
relative to each D1 domain variant sequence. In some embodiments, a high affinity SIRP-a D1
variant includes one or more (€.g., two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,

thirteen, fourteen or more) of the substitutions listed in Table 5. In some embodiments, the SIRP-a
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D1 variants are not glycosylated or are minimally glycosylated. In some embodiments, the SIRP-a
D1 variants are fully glycosylated or almost fully glycosylated. In some embodiments, a high
affinity SIRP-a D1 variant includes at most fourteen amino acid substitutions relative to a wild-type
D1 domain. In some embodiments, a high affinity SIRP-o. D1 variant includes at most ten amino
acid substitutions relative to a wild-type D1 domain. In some embodiments, a high affinity SIRP-o
D1 variant includes at most seven amino acid substitutions relative to a wild-type D1 domain. In
some embodiments, a high affinity SIRP-a D1 variant of the disclosure has at least 90% (e.g., at
least 92%, 95%, 97% or greater than 97%) amino acid sequence identity to a sequence of a wild-
type D1 domain.

[0084] In some embodiments, a high affinity SIRP-a D1 variant is a chimeric high affinity
SIRP-a D1 variant that includes a portion of two or more wild-type D1 domains or variants thereof
(e.g., a portion of one wild-type D1 domain or variant thercof and a portion of another wild-type
D1 domain or variant thereof). In some embodiments, a chimeric high affinity SIRP-a D1 variant
includes at least two portions (e.g., three, four, five or more portions) of wild-type D1 domains or
variants thereof, wherein each of the portions is from a different wild-type D1 domain. In some
embodiments, a chimeric high affinity SIRP-a D1 variant further includes one or more amino acid

substitutions listed in Table 5

Table 5. Amino Acid Substitutions in a High Affinity SIRP-a D1 Variant

SEQ ID NO: Description Amino Acid Sequence
EEEX;QX,1QPDKSVLVAAGETX;TLRCTX, TSLXsPV
37 D1 domain v1 GPIQWFRGAGPGRX(LIYNQX;XsGXoFPRVTTVSDX,
o TX11RNNMDFSIRIGX I TX 3ADAGTYYCX 14KX5RK
GSPDDVEX ;s KSGAGTELSVRAKPS
Amino acid X=L LV Xo=V,L; X5=A, V; X,=A, I, L; Xs=I, T, S,
substitutions F; X6=E, V, L; X+=K, R; Xs=E, Q; Xo=H, P, R; X;p=L, T,
- relative to SEQ ID G: Xi=K, R; X1,=N,A,C,D,E,F,G,H, L K. L, M, P, Q,
NO: 37 R,SST,V,W,.Y;: X3=P,A,C,D,E.F,G.H, LK, L,M,
' N, Q, R, S, T, V, W, N 14:V, I, X15:F, . V. X16 5 A%
EEEX;QX,IQPDKSVSVAAGESX5ILHCTX, TSLXsPVG
38 D1 domain v2 PIQWFRGAGPARXGLIYNQX,XsGXoFPRVTTVSEX;, T
X111 RENMDFSISISX I TX 3ADAGTYY CX14KX;5RKGS
PDTEX s KSGAGTELSVRAKPS
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Aminoacid | X7 L Vi Xo=V. L L Xo=A, V: X=V, L L: X=L. T. S,
bt | FrXe=E. V. L: X7=K, R: X¢=E, Q; Xs=H, P, R; X1o=S, T,
- lative to SEQ D | 8 Xu7KRi XN A.C.D.E.F.G.H.L K. L. M.P. Q.
NO. 38 R.S.T,V.W,Y;X;s=P,A,C.D,E.F,G.H LK. L, M,
’ N, Q, R, S, T, V, W, . 14:V, I, X15:F, . V. X16 R A%
EEEX ;QX;1QPDKSVSVAAGESXGILLCTX4TSLXsPVG
39 D1 domain v3 PIQWFRGAGPARXGLIYNQX/XsGXoFPRVTTVSEX; (T
X1 1RENMDFSISISX I TX 3ADAGTYY CX14KX5RKGS
PDTEX;(KSGAGTELSVRAKPS
Ammin acid X;=L, I V: X,=V, L, I; X5=A, V: X,=V, [ L: Xs=I, T, S,
apsteio | FoXe=E. V. L: X7=K, R: X¢=E, Q; X,=H, P, : X10=S. T,
- welative to SEQ D | 0 Xu7KRiX=N.A.C.D.E.F.G.H.L K.L. M.P. Q.
NO. 39 R,S.T,V,W,Y;Xs=P,A,C,D,E,F,G,H, LK, L, M,
’ N,Q. R ST, VWY, X,=V,[, X;==F, L, V; X;s=F, V
EEGX;QX,IQPDKSVSVAAGESXGILHCTX, TSLXsPVG
40 D1 domain v4 PIQWFRGAGPGRX(,LIYNQX/XsGXoFPRVTTVSDX
TX 1 RNNMDFSIRIGX I TX 3ADAGTYY CX KX sRK
GSPDDVEX (KSGAGTELSVRAKPS
Aminoacid | X7 L Vi Xo=V. L L X5=A, V: X,;=A, L L: Xs=L. T. 8,
s io [ FoXe=E. V. L: X7=K, R: X¢=E, Q; Xo=H. P, R: X1o=L. T,
- relative to SEQ ID G: X;1=K, R; X1,=N,A,C,D,E F, G H, 1 K L,M,P,Q,
NO- 40 R,S,T.V,W, Y. X;35=P,A,C,D,E,F,. G, H, LK, L, M,
’ N, Q, R, S, T, V, W, . 14:V, I, X15:F, . V. X16 R A%
EEEX1QX:1QPDKFVLVAAGETX;TLRCTX,TSLX PV
A1 D1 domain v5 GPIQWFRGAGPGRX(LIYNQX;XsGXoFPRVTTVSDX,
o IX11 RNNMDFSIRIGX ;I TX 13 ADAGTYYCX14KX5RK
GSPDDVEX ;cKSGAGTELSVRAKPS
Ammino acid X,;=L, I V: X,=V, L, I; X5=A, V: X,=A, [ L: Xs=I, T, S,
ey F: X¢=E, V, L: X;=K, R; X¢=E, Q: Xo=H, P, R, X1=L. T,
) relative to SEQ ID G’ Xll:K’ R’ X12:N, A’ C’ : E’ > G’ H’ L’ M’ P’ ’
NO: 41 RS, T,V,W,Y;Xs=P,A,C,D,E,F,G,H, LK, L, M,
’ N, Q, R, S, T, V, W, . 14:V, I, X15:F, . V. X16 R A%
EEEX1QX31QPDKSVLVAAGETX;TLRCTX,TSLX PV
42 D1 domain v6 GPIQWFRGAGPGRX(LIYNQX;XsGXoFPRVTTVSDX,
o TX11RNNMDFPIRIGX (I TX;ADAGTYYCX,KX5RK
GSPDDVEX (KSGAGTELSVRAKPS

34-




WO 2017/027422 PCT/US2016/045914
Aminoacid | X171 L Vi Xo=V. L L X5=A, V: X¢=A, L L: X=L. T. 8,
apsteio | FoXe=E. V. L: X;=K. R: X¢=E, Q; Xo=H. P, R: X1o=L. T,
- elative to SEQ I | 0 Xu7KRi XN A.C. D.E.F.G.H.L K.L. M.P. Q.
NO. 42 R.S.T,V.W,Y;X;s=P,A,C.D,E.F,G.H LK. L, M,
' N, Q, R, S, T, V, W, . 14:V, I, X15:F, . V. X16 R A%
EEEX;QX,1QPDKSVSVAAGESXGILHCTX, TSLXsPVG
43 D1 domain v7 PIQWFRGAGPARXGLIYNQX/XsGXoFPRVTTVSEX; (T
X1 1RENMDFSISISX I TX 3ADAGTYY CX14KX5RKGS
PDTEX;(KSGAGTELSVRGKPS
Ammin acid X;=L, I V: X,=V, L, I; X5=A, V: X,=V, [ L: Xs=I, T, S,
apsteio | FoXe=E. V. L: X7=K, R: X¢=E, Q; X,=H, P, R: XS, T,
- welative to SEQ D | 0 Xu7KRiX=N.A.C.D.E.F.G.H.L K.L. M.P. Q.
NO. 3 R,S.T,V,W,Y;Xs=P,A,C,D,E,F,G,H, LK, L, M,
’ N,Q. R ST, VWY, X,=V,[, X;==F, L, V; X;s=F, V
EEEX,;QX;1QPDKSVLVAAGETX;TLRCTX TSLX5PV
44 D1 domain v& GPIQWFRGAGPARXLIYNQX,XsGXoFPRVTTVSEX;
o IX11 RENMDFSISISX 1, ITX 3ADAGTYYCX 4, KX;5RK
GSPDTEX ;(KSGAGTELSVRAKPS
Ammino acid X,;=L, I V: X,=V, L, I; X5=A, V: X,=A, [ L: X;=I, T, S,
et F: X¢=E, V, L: X;=K, R; X¢=E, Q: Xo=H, P, R; X;0=S, T,
; elative to SEQ D | 9 Xu=K-RiXp=N, A, C, D, E.F. G.H.1 K, L, M.P. Q.
NO. 44 R, S,T,V,W,Y:X;s=P,A,C,D,E.F,G,H, LK, L, M,
' N, Q, R, S, T, V, W, N 14:V, I, X15:F, . V. X16 5 A%
EEEX1QX31QPDKSVLVAAGETX;TLRCTX,TSLX PV
45 D1 domain v9 GPIQWFRGAGPGRX(LIYNQX;XsGXoFPRVTTVSDX,
o IX11 RNNMDFSIRISX ,ITX 1 ADAGTY Y CX14KX5RK
GSPDDVEX ;cKSGAGTELSVRAKPS
Ammino acid X,;=L, I V: X,=V, L, I; X5=A, V: X,=A, [ L: Xs=I, T, S,
ey F: X¢=E, V, L: X;=K, R; X¢=E, Q: Xo=H, P, R, X1=L. T,
) relative to SEQ ID G’ Xll:K’ R’ X12:N, A’ C’ : E’ > G’ H’ L’ M’ P’ ?
NO. 45 RS, T,V,W,Y;Xs=P,A,C,D,E,F,G,H, LK, L, M,
’ N, Q, R, S, T, V, W, . 14:V, I, X15:F, . V. X16 R A%
EEEXiQX,IQPDKSVSVAAGESXGILHCTX,TSLXsPVG
46 D1 domain v10 PIQWFRGAGPARXGLIYNQX/XsGXoFPRVTTVSEX; (T
X1 1RENMDFSISISX LI TX 3ADAGTYY CX 4, KXsRKGS
PDTEX;(KSGAGTELSVRAKPS
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Amino acid
substitutions
relative to SEQ ID
NO: 46

. . , 5 ’T’S’
- X¢=E. V. L. X:=K_ R: X¢=F ;X— ,P, R: X,,=S. T,
: LK, L MP Q,
F.G.H.LK. LM,
, V: X16=F, V

EEXiX0QX51QPDKX, VXsVAAGEX X X LXoCTX o TS
LX 1, PVGPIQWFRGAGPX 5 RX 13LIYNQX 14 X ;5GX6FP

47 Pan D1 domain RVTTVSX17X18TX19RX2()NMDFX21IX221X23X24ITX25AD
AGTYYCX,6KX,57RKGSPD X5 X290 EX350KSGAGTELSVR
X5 KPS
X:=E,G; X=L, I, V; X5=V, L, I, X4=S. F; Xs=L, S; X¢=S.
Amlno aCId T: X7:A: V: X8 I: T: X9 H: R: L: 10— A: V: I: L: Xll:I:
SubStltuthl’lS T: S: F: X12 A: G: Xl3 E: V: L: Xl4 K: R: Xl5:E: Q:
- relative to SEQ ID Xi6=H, P, R; X;7=D. E; X5=S, L, T, G; X;9=K, R; Xy=E,
NO: 47 N; X5,=S, P; X»»=S, R; X»;=S,.G; X 4—any amino acid;
’ Xys=any amino acid; X,=V, I; X»7=F, L, V; X;35=D or
absent; X,0=T, V; X50=F, V: and X5,=A, G
EEELQXIQPDKSVX,VAAGEX;AX,LXsCTXTSLX P
. VGPIQWFRGAGPXgRXLIYNQX 0 X1GX,FPRVTTV
43 Pan D1 domain | g+ TRRX,NMDFSIX,sIX ;- X;s TPADAGTYY CX1o
KFRKGX50X51X2:DX53EFKSGAGTELSVRAKPS
) ) Xi=V,.I; Xo=L, S; X5=T,S; X,=T, I, Xs=R, H; Xc=A,
fll;lslt?t"ggfs V.. X;=L R Y,K, F; Xs=G, A: Xo=E, V: X;o=K, R;
= rela:j e tOuSEQ ID Xll _E: D: Q: X12 Ha P: Xl3 D E: Xl4 S: L: T: XlS _N:
g\IO' by E: X16=R, S: X17=G, S; X15=N, A: X1o0=V, I; X50=8, L,
’ M; X,; =P or absent; X, =D, P; and X,;=V, T
EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGP
49 Pan D1 domain IQWFRGAGPGRX,LIYNQX5XGX;FPRVTITVSDXsTK
RNNMDFSIRIGXoITPADAGTYYCX,KFRKGSPDDV
EFKSGAGTELSVRAKPS
Amino acid _ v R v .
substitutions X=V,LL; Xo=A,I,V,L; Xs=LLF, S, T; X4=E. V, L;
- . Xs5=K, R; Xs=E, Q; X7=H, P, R; Xs=L, T, S, G; Xo=A;
relative to SEQ ID and XV I
NO: 49 =
EEELQX,IQPDKSVSVAAGESAILHCTX,TSLX;PVGPI
50 Pan D1 domain QWFRGAGPARX,LIYNQX;5XsGX,FPRVTTVSEX3TK

RENMDFSISISXoITPADAGTYY CX0KFRKGSPDTEF
KSGAGTELSVRAKPS
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Amino acid
} substitutions Xi=V, I; Xo=V, 1; X5=1, F; X=E, V; Xs=K, R; X¢=E, Q;
relative to SEQ ID | X5=H, P; X5 =8, T; Xo=N, A; and X,;=V, |
NO: 50
EEELQX,IQPDKSVLVAAGETATLRCTX,TSLX5PVGP
51 Pan D1 domain IQWFRGAGPGRXLIYNQXsEGXFPRVTTVSDX,TK
-an M| RNNMDFSIRIGXITPADAGTYYCX,KFRKGSPDDVE
FKSGAGTELSVRAKPS
Amino acid
N substitutions Xi=V, I; Xo=A, I; Xs=1, F; X4=E, V; X5=K, R; X¢=H, P;
relative to SEQ ID | X5=L, T; Xs=any amino acid other than N; and Xo=V, 1
NO: 51
LEELQX JQPDKSVLVAAGETATLRCTX,TSLX;PVGP
52 Pan D1 domain IQWFRGAGPGRELIYNQXEGXsFPRVTTVSDX,TKR
NNMDFSIRIGX;ITPADAGTY YCVKFRKGSPDDVEF
KSGAGTELSVRAKPS
Amino acid
N substitutions X=V,L, L X=A, L L; X5=I, T, §, F; Xs=K, R; Xs=H, P,
relative to SEQ ID | R; X¢=L, T, G; and X;=N, A
NO: 52
EEELQX,IQPDKSVSVAAGESAILHCTX,TSLX;PVGPI
212 Pan D1 domain QWFRGAGPARELIYNQXEGXsFPRVTTVSEX(TKRE
NMDFSISISX,ITPADAGTYYCVKFRKGSPDTEFKSG
AGTELSVRAKPS
Amino acid
_ substitutions X=V,LL X=V,LL; X5=I, T, S, F; Xo=K, R; Xs=H, P,
relative to SEQ ID | R; X¢=S, T, G; and X;=A
NO: 212
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EEELQXIQPDKSVLVAAGETATLRCTX,TSLX;3PVGP
218 Pan D] domain IQWFRGAGPGRXLIYNQX s XsGX5FPRVTTVSDX3TK
RNNMDFSIRIGX X 16X 1 X12ADAGTYYCX;KFRKGSP
' DDVEFKSGAGTELSVRAKPS
Amino acid Xi=V,Lorl; Xo=A, V, L,or ; X5=L 8§, T, or F; Xs=E,
) substitutions L, or V; Xs=K or R; X¢c=E or Q; X7-H, R, or P; X5=S.G, L,
relative to SEQ 1D | or T; Xs=any amino acid; X p=any amino acid; X;;=any
NO: 218 amino acid; X»=any amino acid; and X;3=V orl
EEELQX JQPDKSVSVAAGESAILHCTX,TSLX;PVGPI
221 pan D1 domain QWFRGAGPARELIYNQXEGXsFPRVTTVSEX(TKRE
- ' NMDFSISISX;ITPADAGTY YCVKFRKGSPDTEFKSG
AGTELSVRAKPS
Amino acid
) substitutions X=V,L, L X»=V,L L; X5=I, T, S, F; X;=K, R; Xs=H, P,
relative to SEQ ID | R; X¢=S, T, G; and X+=N or A
NO: 221
[0001] Tn some embodiments, a polypeptide includes a SIRP-a D! variant having a
sequence of:

EEEX|QX:IQPDKSVLVAAGETX;TLRCTX,TSLXsPVGPIQWFRGAGPGRX(LIYNQX,XG Xy
FPRVTTVSDX s TX i RNNMDFSIRIGX 5[ TX 3ADAGTYYCX ;KX sRKGSPDDVEX sKSGAG
TELSVRAKPS (SEQID NO: 37), wherein X is L, L or V; Xpis V, L, or, I; Xsis Aor V; X, is A,
Lorl; Xsis), T, S,0rF; XgisE, V,orL; XsisKorR; Xgis Eor Q; Xo is H, P,or R; Xppis L, T,
oG X isKorR; X;2isN,A,C,D,E,F,GH LKL, M,P,Q R, S, T,V,W,orY; XizisP, A,
CDEFGHILKLMNQR,ST,V,WorY; XyisVorl; XisisF,L,or V; and Xjsis F
or V; and wherein the variant has at-least one amino acid substitution relative to a wild-type SIRP-a
D1 domain having the sequence of SEQ IDNO: 1.

[0002) In some embodiments, a polypeptide includes a SIRP-a¢ D] variant having a
sequence of:

EEGX,QX,IQPDKSVSVAAGESX;ILHCTX,TSLX sPVGPIQWFRGAGPGRX¢LIYNQX7XsGXo
FPRVTTVSDXoTX;RNNMDFSIRIGX oITX;;ADAGTYYCX,KXsRKGSPDDVEX i KSGAG
TELSVRAKPS (SEQ ID NO: 40), wherein Xy isL,l,or V; Xais V, L,or, I; Xsis Aor V; Xg is A;
LorL; XsisLL T,S,0orF; XgisE, V,orL; Xsis KorR; Xgis Eor Q; Xois H, P,or R; Xy is L, T,
orG; XpisKorR; Xi2is N, A,C,D,E,F,G.H, LK, LM, P, Q,R,S, T. V, W,or Y; X3 is P, A,
C,D,E,F,G,H LK, LLM,N,Q,R,S, T, V, W, 0rY; Xysis Vor [; X;5is F, L, or V; and X4 is F
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or V; and wherein the variant has at least one amino acid substitution relative to a wild-type SIRP-a
D1 domain having the sequence of SEQ ID NO: 4.

[0087] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX,QX,IQPDKFVLVAAGETX;TLRCTX,, TSLXsPVGPIQWFRGAGPGRXLIYNQX,XsGXo
FPRVTTVSDX,,TX;RNNMDFSIRIGX ;,ITX;ADAGTYY CX4,KXsRKGSPDDVEX (KSGAG
TELSVRAKPS (SEQ ID NO: 41), wherein Xjis L, Lor V; X5 is V, L, or, I; X5is Aor V; Xy is A,
LorL; XsisLT,S,orF; XgisE, V,orL; X;is KorR; Xgis EorQ; Xois H, P, or R; Xjois L, T,
orG; XpnisKorR; XpisN,A,C,D,EF,GH LK LMP QRS T V,WorY; X;3isP, A,
C.,DLEEFGHLKLMNQRST V.WorY;XyisVorl; Xj5isF, L, or V; and X5 is F
or V; and wherein the variant has at least one amino acid substitution relative to a wild-type SIRP-a
D1 domain having the sequence of SEQ ID NO: 5.

[0088] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX;QX,IQPDKSVLVAAGETX;TLRCTX, TSLXsPVGPIQWFRGAGPGRXLIYNQX,XsGXo
FPRVTTVSDX;oTX;RNNMDFPIRIGX ;,ITX;ADAGTYY CX14,KXsRKGSPDDVEX . KSGAG
TELSVRAKPS (SEQ ID NO: 42), and wherein Xjis L, L, or V; X5i1s V, L, or, I; X5is Aor V; X,
sA LorL; XsisLT,S,orF; Xsis E, V,orL; Xsis KorR; Xgis Eor Q; Xo1s H, P, or R; Xj¢ is
LT orG; XpisKorR; XpisNJA,C,D,EFGH LK LLM,P,Q R, S, T,V,WorY; X;5is
P.AC,D.EF,GH LK L M,N, QR S, T,V,W,orY; Xisis Vor[; X;sis F, L, or V; and
X618 F or V; and wherein the variant has at least one amino acid substitution relative to a wild-
type SIRP-o D1 domain having the sequence of SEQ ID NO: 6.

[0089] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX;QX,IQPDKSVLVAAGETX;TLRCTX, TSLXsPVGPIQWFRGAGPGRXLIYNQX,XsGXo
FPRVTTVSDX;oTX;RNNMDFSIRISX,ITX;3ADAGTYY CX14,KX;sRKGSPDDVEX . KSGAG
TELSVRAKPS (SEQ ID NO: 45), and wherein Xy is L, L, or V; X5i1s V, L, or, I; X5is Aor V; X,
sA LorL; XsisLT,S,orF; Xgis E, V,orL; Xsis KorR; Xgis Eor Q; Xo1s H, P, or R; Xj is
LT orG; XpisKorR; XpisNJA,C,D,EFGH LK LLM,P,Q R, S, T,V,WorY; X;5is
P.A,C,D.EF,GH LK L M,N, QR S, T,V,W,orY; XyuisVor[; X;sis F, L, or V; and
X618 F or V; and wherein the variant has at least one amino acid substitution relative to a wild-
type SIRP-a D1 domain having the sequence of SEQ ID NO: 9.

[0090] In any of the aforementioned embodiments in this aspect of the disclosure, a

polypeptide includes a SIRP-a D1 variant having a sequence of any one of SEQ ID NOs: 37, 40-42,

-30-



WO 2017/027422 PCT/US2016/045914

and 45, wherein X is L, I, or V. In any of the aforementioned embodiments, X, is V, L, or, I. In
any of the aforementioned embodiments, X3 is A or V. In any of the aforementioned embodiments,
X4is A, I, or L. In any of the aforementioned embodiments, X5 is I, T, S, or F. In any of the
aforementioned embodiments, X is E, V, or L. In any of the aforementioned embodiments, X7 is K
or R. In any of the aforementioned embodiments, Xs is E or Q. In any of the aforementioned
embodiments, Xy is H, P, or R. In any of the aforementioned embodiments, X4 is L, T, or G. In any
of the aforementioned embodiments, X;; is K or R. In any of the aforementioned embodiments, X,
isN,A,C,D,E.F,GH LK, L. M,P,Q R S, T, V, W, orY. In any of the aforementioned
embodiments, X;3is P, A,C,D,E,F, GGH LK, L M,N,Q,R, S, T, V, W, orY. In any of the
aforementioned embodiments, X4 is V or I. In any of the aforementioned embodiments, X5 is F,
L, V. In any of the aforementioned embodiments, X¢ is F or V.

[0091] In some embodiments, a polypeptide provided herein includes no more than ten
amino acid substitutions relative to the wild-type SIRP-a D1 domain having the sequence of any
ong of SEQID NOs: 1, 4-6, and 9. In some embodiments, the polypeptide provided herein includes
no more than seven amino acid substitutions relative to the wild-type SIRP-a D1 domain having the
sequence of any one of SEQ ID NOs: 1, 4-6, and 9.

[0092] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NOs: 1, 4-6, and 9. In some embodiments, the polypeptide binds CD47 with at least 100-fold
greater binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of
SEQ ID NOs: 1, 4-6, and 9. In some embodiments, the polypeptide binds CD47 with at least 1000-
fold greater binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one
of SEQ ID NOs: 1, 4-6, and 9. In some embodiments, a SIRP-a. D1 variant polypeptide or fragment
thereof binds to CD47 with a Kp less than 1 x 10®M, less than 5 x 10° M, less than 1 x 10° M, less
5x 107" M, less than 1 x 10" M or less than 1 x 10" M. In some embodiments, a SIRP-o. D1
variant polypeptide or fragment thereof binds to CD47 with a Kp between about 500 nM and 100
nM, between about 100 nM and 50 nM, between about 50 nM and 10 nM, between about 10 nM
and 5 nM, between about 5 nM and 1 nM, 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.

[0093] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX;QX,IQPDKSVSVAAGESXGILHCTX, TSLXsPVGPIQWFRGAGPARXLIYNQX;XsGXgF
PRVTTVSEX,,TX;;RENMDFSISISX ,ITX 3ADAGTYYCX14,KX5RKGSPDTEX ;s KSGAGTEL
SVRAKPS (SEQ ID NO: 38), wherein Xjis L, L or V; Xsis V, L, or, I; X5is Aor V; X4 is V, I, or
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L: XsisLT,S,orF; XgisE, V,orL; X;is KorR; Xgis Eor Q; Xois H, P, or R; Xy01s S, T, or G;
XnisKorR; XpisN,A,C,D.E,F,GH LK LM P, QR ST, V.W,orY; X;3isP,A C,D,
EFGHLKLMNQRST V,WorY;XyisVorl; XisisF, L, or V; and Xjsis For V;
and wherein the variant has at least one amino acid substitution relative to a wild-type SIRP-a D1
domain having the sequence of SEQ ID NO: 2.

[0094] In some embodiments, a polypeptide includes a SIRP-0. D1 variant having a
sequence of’
EEEX;QX,IQPDKSVSVAAGESXGILLCTX,TSLXsPVGPIQWFRGAGPARXGLIYNQX, XsGXoF
PRVTTVSEX;TX;;RENMDFSISISX ,ITX 3ADAGTY Y CX14KX;sRKGSPDTEX ;c KSGAGTEL
SVRAKPS (SEQ ID NO: 39), wherein X;is L, L or V; Xsis V, L or, I; X5is Aor V; X4 is V, I, or
L: XsisLT,S,orF; XgisE, V,orL; X;is KorR; Xgis Eor Q; Xois H, P, or R; Xy01s S, T, or G;
XnisKorR; XpisN,AC,DEF,.GH LK LM P, QR ST, V.W,orY; X;5isP,A C,D,
EFGHLKLMNQRST V,WorY;XuisVorl; XisisF, L, or V; and Xjsis For V;
and wherein the variant has at least one amino acid substitution relative to a wild-type SIRP-a D1
domain having the sequence of SEQ ID NO: 3.

[0095] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX 1QX,IQPDKSVSVAAGESXGILHCTX,TSLXsPVGPIQWFRGAGPARXGLIYNQX XsGXoF
PRVTTVSEX;TX;;RENMDFSISISX ,ITX 3ADAGTY Y CX14KX;sRKGSPDTEX ;c KSGAGTEL
SVRGKPS (SEQ ID NO: 43), wherein Xjis L, L or V; Xois V, L, or, I; Xsis Aor V; X4 is V, I, or
L: XsisLT,S,orF; XgisE, V,orL; X;is KorR; Xgis Eor Q; Xois H, P, or R; Xy01s S, T, or G;
XnisKorR; XpisN,AC,DEF,.GH LK LM P, QR ST, V.W,orY; X;5isP,A C,D,
EFGHLKLMNQRST V,WorY;XyisVorl; XisisF, L, or V; and Xjsis For V;
and wherein the variant has at least one amino acid substitution relative to a wild-type SIRP-o. D1
domain having the sequence of SEQ ID NO: 7.

[0096] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX,QX,IQPDKSVSVAAGESXGILHCTX, TSLX;PVGPIQWFRGAGPARX(LIYNQX, XsGXoF
PRVTTVSEX;TX;;RENMDFSISISX ,ITX 3ADAGTY Y CX14KX;sRKGSPDTEX ;c KSGAGTEL
SVRAKPS (SEQ ID NO: 46), wherein X;is L, L, or V; Xsis V, L or, I; X5is Aor V; X4 is V, I, or
L: XsisLT,S,orF; XsisE, V,orL; Xsis KorR; Xgsis Eor Q; Xois H, P, or R; Xy01s S, T, or G;
XnisKorR; XpisN,AC,DEF,.GH LK LM P, QR ST, V.W,orY; X;5isP,A C,D,
EFGHLKLMNQRST V,WorY;XyisVorl; XisisF, L, or V; and Xjsis For V;
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and wherein the variant has at least one amino acid substitution relative to a wild-type SIRP-a D1
domain having the sequence of SEQ ID NO: 10.

[0097] In any of the aforementioned embodiments in this aspect of the disclosure, a
polypeptide includes a SIRP-a D1 variant having a sequence of any one of SEQ ID NOs: 38, 39,
43, and 46, wherein X; is L, [, or V. In any of the aforementioned embodiments, X; is V, L, or, L. In
any of the aforementioned embodiments, X5 is A or V. In any of the aforementioned embodiments,
X418 V, [, or L. In any of the aforementioned embodiments, X5 is I, T, S, or F. In any of the
aforementioned embodiments, X is E, V, or L. In any of the aforementioned embodiments, X7 is K
or R. In any of the aforementioned embodiments, Xs is E or Q. In any of the aforementioned
embodiments, Xy is H, P, or R. In any of the aforementioned embodiments, Xy is S, T, or G. In any
of the aforementioned embodiments, X;; is K or R. In any of the aforementioned embodiments, X,
isN,A,C,D,E.F,GH LK, L. M,P,Q R S, T, V, W, orY. In any of the aforementioned
embodiments, X;3is P, A,C,D,E,F, GGH LK L M,N,Q,R, S, T,V, W, orY. In any of the
aforementioned embodiments, X4 is V or . In any of the aforementioned embodiments, X5 is F,
L, or V. In any of the aforementioned embodiments, X;¢ is F or V.

[0098] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having no more
than ten amino acid substitutions relative to the wild-type SIRP-a D1 domain having the sequence
of any one of SEQ ID NOs: 2, 3, 7, and 10. In some embodiments, a polypeptide includes a SIRP-a
D1 variant having no more than seven amino acid substitutions relative to the wild-type SIRP-a. D1
domain having the sequence of any one of SEQ ID NOs: 2, 3, 7, and 10.

[0099] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NOs: 2, 3, 7, and 10. In some embodiments, the polypeptide binds CD47 with at least 100-fold
greater binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of
SEQ ID NOs: 2, 3, 7, and 10. In some embodiments, the polypeptide binds CD47 with at least
1000-fold greater binding affinity than the wild-type SIRP-a D1 domain having the sequence of
any one of SEQ ID NOs: 2, 3, 7, and 10. In some embodiments, a SIRP-o. D1 variant polypeptide or
fragment thereof binds to CD47 with a Kp less than 1 x 10° M, less than 5 x 10” M, less than 1 x
10° M, less 5 x 1079 M, less than 1 x 107 M or less than 1x10™" M. In some embodiments, a
SIRP-a D1 variant polypeptide or fragment thereof binds to CD47 with a Kp between about 500
nM and 100 nM, between about 100 nM and 50 nM, between about 50 nM and 10 nM, between
about 10 nM and 5 nM, between about 5 nM and 1 nM, 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.
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[00100] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

EEEX;QX,IQPDKSVLVAAGETX;TLRCTX, TSLXsPVGPIQWFRGAGPARXLIYNQX,X3GXo
FPRVTTVSEX;(TX;;RENMDFSISISX ;,ITX;;ADAGTYY CX14KX;sRKGSPDTEX ;c KSGAGTE
LSVRAKPS (SEQ ID NO: 44), wherein X, is L, LLor V; X;i1s V, L, or, I; X5is Aor V; Xy is A, I,
orL; XsisLT,S,orF; XgisE, V,or L; X;is KorR; Xgis Eor Q; XgisH, P, or R; X;01s S, T, or
G; XpisKorR; XpisN,A,C,DE F,GH LK LMP QRS T V,WorY; X;5isP, A, C,
D.EEFGHILKLMN QRS TV WorY; Xy isVorl; X;5isF, L, or V; and Xy61s F or
V; and wherein the variant has at least one amino acid substitution relative to a wild-type SIRP-a.
D1 domain having the sequence of SEQ ID NO: 8.

[00101] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 44, wherein
Xjis L, I, or V. In any of the aforementioned embodiments in this aspect of the disclosure, X; is V,
L, or, . In any of the aforementioned embodiments, X5 is A or V. In any of the aforementioned
embodiments, Xy is A, I, or L. In any of the aforementioned embodiments, X5is I, T, S, or F. In any
of the aforementioned embodiments, X is E, V, or L. In any of the aforementioned embodiments,
X71s K or R. In any of the aforementioned embodiments, X; is E or Q. In any of the
aforementioned embodiments, X is H, P, or R. In any of the aforementioned embodiments, X; is
S, T, or G. In any of the aforementioned embodiments, X;; is K or R. In any of the aforementioned
embodiments, X;;is N, A, C,D,E,F, G H LK L M,P,Q R, S, T,V, W orY. In any of the
aforementioned embodiments, X;3is P, A,C,D,E.F, GG H L K, L M,N,Q,R, S, T, V, W, orY.
In any of the aforementioned embodiments, X4 is V or L. In any of the aforementioned
embodiments, Xj5 is F, L, or V. In any of the aforementioned embodiments, X4 is F or V.

[00102] In some embodiments, a polypeptide includes a SIRP-0. D1 variant having no more
than ten amino acid substitutions relative to the wild-type SIRP-oa. D1 domain having the sequence
of SEQ ID NO: 8. In some embodiments, a polypeptide includes a SIRP-a D1 variant having no
more than seven amino acid substitutions relative to the wild-type SIRP-a D1 domain having the
sequence of SEQ ID NO: 8.

[00103] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of SEQ ID NO: 8. In
some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding affinity than
the wild-type SIRP-a D1 domain having the sequence of SEQ ID NO: 8. In some embodiments, the
polypeptide binds CD47 with at least 1000-fold greater binding affinity than the wild-type SIRP-a.
D1 domain having the sequence of SEQ ID NO: 8. In some embodiments, a SIRP-o. D1 variant
polypeptide or fragment thereof binds to CD47 with a Kp less than 1 x 10® M, less than 5 x 10° M,
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less than 1 x 107 M, less 5 x 107" M, less than 1 x 107 M or less than 1 x 10™" M. In some
embodiments, a SIRP-0. D1 variant polypeptide or fragment thereof binds to CD47 with a Kp
between about 500 nM and 100 nM, between about 100 nM and 50 nM, between about 50 nM and
10 nM, between about 10 nM and 5 nM, between about 5 nM and 1 nM, 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.

[00104] In another aspect, the disclosure features a polypeptide including a SIRP-a D1
variant having a sequence of:

EEX;X,QX51QPDKX, VXsVAAGEX 6 X7 X LXoCTX;0TSLX 1, PVGPIQWFRGAGPX ,RX ;;LIYN
0X14X15GX16FPRVTTVSX 17X 15 TX 10R X50NMDF X5 1X5,1X53 X4l TX5ADAGTY Y CX 6K X57RK
GSPDX;,:X50EX30KSGAGTELSVRX 5, KPS (SEQ ID NO: 47), wherein X;is Eor G; X, 1s L, I, or
V:XsisV,L,or,I; XgyisSorF; XsisLorS; Xeis SorT; Xsis Aor V; Xgislor T; Xois H, R, or
L;: XpisA, V,LorL; X)1is LT, S,orF; Xinis AorG; X318 E, V, or L; Xj41s KorR; Xi51s E or
Q: XwisH,P,orR; X;7is DorE; Xy51s S, L, T, or G; Xj91s Kor R; X0 is Eor N; X5, 1s Sor P;
Xnis Sor R; X318 S or G; X34 1s any amino acid; X;5 is any amino acid; X,61s Vorl; X578 F, L,
V; Xsgis D or absent; X;918 T or V; X501s F or V; and X3, is A or G; and wherein the variant has at
least one amino acid substitution relative to a wild-type SIRP-o. D1 domain having the sequence of
any one of SEQ ID NOs: 1-10.

[00105] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 47, wherein
Xj1s E or G. In any of the aforementioned embodiments in this aspect of the disclosure, X is L, I,
or V. In any of the aforementioned embodiments, X5 is V, L, or, L. In any of the aforementioned
embodiments, X4 is S or F. In any of the aforementioned embodiments, Xs is L or S. In any of the
aforementioned embodiments, X4 is S or T. In any of the aforementioned embodiments, X5 is A or
V. In any of the aforementioned embodiments, Xg is I or T. In any of the aforementioned
embodiments, Xy is H, R, or L. In any of the aforementioned embodiments, Xjpis A, V, L or L. In
any of the aforementioned embodiments, X;;is I, T, S, or F. In any of the aforementioned
embodiments, Xj; is A or G. In any of the aforementioned embodiments, X3 is E, V, or L. In any
of the aforementioned embodiments, X4 is K or R. In any of the aforementioned embodiments, X5
is E or Q. In any of the aforementioned embodiments, X4 is H, P, or R. In any of the
aforementioned embodiments, X;7 is D or E. In any of the aforementioned embodiments, X;s is S,
L, T, or G. In any of the aforementioned embodiments, Xjs is K or R. In any of the aforementioned
embodiments, Xy is E or N. In any of the aforementioned embodiments, X»; is S or P. In any of the
aforementioned embodiments, X, is S or R. In any of the aforementioned embodiments, X3 is S or

G. In any of the aforementioned embodiments, X4 is N, A, C,D,E,F, GG H, L K. L, M, P, Q, R, S,
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T, V, W, or Y. In any of the aforementioned embodiments, X,5is P, A, C, D, E, F, G, H, I, K, L, M,
N,Q,R, S, T,V, W, or Y. In any of the aforementioned embodiments, X, is V or L. In any of the
aforementioned embodiments, X;7 is F, L, V. In any of the aforementioned embodiments, X,g is D
or absent. In any of the aforementioned embodiments, X,9 is T or V. In any of the aforementioned
embodiments, X3 is F or V. In any of the aforementioned embodiments, X3; is A or G.

[00106] In some embodiments, the polypeptide of this aspect of the disclosure includes no
more than ten amino acid substitutions relative to the wild-type SIRP-a D1 domain having the
sequence of any one of SEQ ID NOs: 1-10. In some embodiments, the polypeptide of this aspect of
the disclosure includes no more than seven amino acid substitutions relative to the wild-type SIRP-
o D1 domain having the sequence of any one of SEQ ID NOs: 1-10.

[00107] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NOs: 1-10. In some embodiments, the polypeptide binds CD47 with at least 100-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NOs: 1-10. In some embodiments, the polypeptide binds CD47 with at least 1000-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NOs: 1-10. In some embodiments, a SIRP-a D1 variant polypeptide or fragment thereof binds to
CD47 with a Kp less than 1 x 10® M, less than 5 x 10® M, less than 1 x 10® M, less 5 x 1071 M, less
than 1 x 10" M or less than 1 x 10™"" M. In some embodiments, a SIRP-0, D1 variant polypeptide or
fragment thereof binds to CD47 with a Kp between about 500 nM and 100 nM, between about 100
nM and 50 nM, between about 50 nM and 10 nM, between about 10 nM and 5 nM, between about
5 nM and 1 nM, 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.

[00108] In some embodiments, a polypeptide includes a SIRP-o. D1 variant having a
sequence of’

[00109] EEELQX;IQPDKSVX,VAAGEX;AX,LX5CTXcTSLX,PVGPIQWFRGAGPXRX
oLIYNQX9X1;GX,FPRVTTVSX 3 X4 TKRX1sNMDFSIX 161X 17X s ITPADAGTYYCXsJKFRKG
X50X721X5: DX EFKSGAGTELSVRAKPS (SEQ ID NO: 48), wherein X;1s VorI; X, 1s Lor S; X5
1sTorS; XyisTorl; XsisRorH; Xgis A, V,or; Xsis LR, Y, Kor F; Xgis Gor A; Xyis E or
V:; XpisKorR; Xj1is E,DorQ; XppisHor P; Xysis DorE; X418 S, Lor T; Xisis N or E; X6
1sRorS; Xi171s Gor S; Xigis Nor A; Xeis Vorl; Xpois S, I or M; X3; 1s P or absent; X3, 1s D or
P; and X531s V or T, or a fragment thereof.

[00110] In another aspect, the disclosure features a polypeptide including a SIRP-a D1

variant having a sequence of:
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EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX,LIYNQXsX:GXF
PRVTTVSDX3sTKRNNMDFSIRIGXoITPADAGTYY CX0KFRKGSPDDVEFKSGAGTELSVRA
KPS (SEQ ID NO: 49), wherein X;is V., L,orI; X is A,I, V,orL; X5is LF, S,or T; X4 1s E, V,
orL; XsisKorR; X¢is EorQ; X;is H P,orR; Xgis L, T, S, or G; Xy is A; and X018 V or I; and
wherein the variant has at least one amino acid substitution relative to a wild-type SIRP-o. D1
domain having the sequence of any one of SEQ ID NO: 1.

[00111] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 49, wherein
X11s V, L or I. In any of the aforementioned embodiments in this aspect of the disclosure, X; is A,
I, V, or L. In any of the aforementioned embodiments, X5 is I, F, S, or T. In any of the
aforementioned embodiments, X4 is E, V, or L. In any of the aforementioned embodiments, X5 is K
or R. In any of the aforementioned embodiments, X, is E or Q. In any of the aforementioned
embodiments, X7 is H, P, or R. In any of the aforementioned embodiments, Xgis L, T, S or G. In
any of the aforementioned embodiments, X is A. In any of the aforementioned embodiments, X0
isVorl

[00112] In some embodiments, the polypeptide has a high affinity SIRP-o D1 domain having
at least 85% sequence identity (e.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%., 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NO: 49, wherein each of X,
X2, X3, X4, X5, X6, X7, X3, Xo, and X are not a wild-type amino acid.

[00113] In some embodiments, the polypeptide of this aspect of the disclosure includes no
more than ten amino acid substitutions relative to the wild-type SIRP-a D1 domain having the
sequence of any one of SEQ ID NO: 1. In some embodiments, the polypeptide of this aspect of the
disclosure includes no more than seven amino acid substitutions relative to the wild-type SIRP-a
D1 domain having the sequence of any one of SEQ ID NO: 1.

[00114] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NO: 1. In some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 1. In
some embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 1. In some
embodiments, a SIRP-o. D1 variant polypeptide or fragment thereof binds to CD47 with a K, less
than 1 x 10® M, less than 5 x 10 M, less than 1 x 10° M, less 5 x 107° M, less than 1 x 10"°M or
less than 1 x 10" M. In some embodiments, a SIRP-a D1 variant polypeptide or fragment thereof
binds to CD47 with a Kp between about 500 nM and 100 nM, between about 100 nM and 50 nM,
between about 50 nM and 10 nM, between about 10 nM and 5 nM, between about 5 nM and 1 nM,
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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.

[00115] In another aspect, the disclosure features a polypeptide including a SIRP-a D1
variant having a sequence of:
EEELQX;IQPDKSVSVAAGESAILHCTX,TSLX;PVGPIQWFRGAGPARXLIYNQX;5XcGX7FP
RVTTVSEXsTKRENMDFSISISXoI TPADAGTYYCX,(KFRKGSPDTEFKSGAGTELSVRAKPS,
(SEQ ID NO: 50), wherein Xjis Vor; Xsis Vorl; XsislorF; Xyis Eor V; Xsis Kor R; Xg 1s
EorQ; X;isHorP; Xgis Sor T; Xy is N or A; and Xy V or I; and wherein the variant has at least
one amino acid substitution relative to a wild-type SIRP-o. D1 domain having the sequence of any
one of SEQ ID NO: 2.

[00116] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 50, wherein
Xjis Vor L. In any of the aforementioned embodiments in this aspect of the disclosure, X, is V or
I. In any of the aforementioned embodiments, X3 is I or F. In any of the aforementioned
embodiments, X4 is E or V. In any of the aforementioned embodiments, X5 is K or R. In any of the
aforementioned embodiments, X is E or Q. In any of the aforementioned embodiments, X5 is H or
P. In any of the aforementioned embodiments, Xs is S or R. In any of the aforementioned
embodiments, Xo is N or A. In any of the aforementioned embodiments, X;ois V or L.

[00117] In some embodiments, the polypeptide has a high affinity SIRP-a D1 domain having
at least 85% sequence identity (e.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NO: 50, wherein each of X,
X2, X3, X4, X5, X6, X7, X5, X9 and X is not a wild-type amino acid.

[00118] In some embodiments, the polypeptide of this aspect of the disclosure includes no
more than ten amino acid substitutions relative to the wild-type SIRP-a D1 domain having the
sequence of any one of SEQ ID NO: 2. In some embodiments, the polypeptide of this aspect of the
disclosure includes no more than seven amino acid substitutions relative to the wild-type SIRP-a
D1 domain having the sequence of any one of SEQ ID NO: 2.

[00119] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NO: 2. In some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 2. In
some embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type SIRP-a. D1 domain having the sequence of any one of SEQ ID NO: 2. In some
embodiments, a SIRP-0. D1 variant polypeptide or fragment thereof binds to CD47 with a K, less
than 1 x 10® M, less than 5 x 10 M, less than 1 x 10° M, less 5 x 107° M, less than 1 x 10"°M or
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less than 1 x 10™" M. In some embodiments, a SIRP-a D1 variant polypeptide or fragment thereof
binds to CD47 with a Kp between about 500 nM and 100 nM, between about 100 nM and 50 nM,
between about 50 nM and 10 nM, between about 10 nM and 5 nM, between about 5 nM and 1 nM,
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.

[00120] In another aspect, the disclosure features a polypeptide including a SIRP-a D1
variant having a sequence of:
EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX,LIYNQXsEGX¢FP
RVTTVSDX,;TKRNNMDFSIRIGXSITPADAGTYY CXoKFRKGSPDDVEFKSGAGTELSVRAK
PS (SEQ ID NO: 51), wherein Xjis Vorl; Xsis Aorl; XsislorF; X4is Eor V; Xsis Kor R; X
is Hor P; X;is L or T; X5 is any amino acid other than N; and Xy is V or I; and wherein the variant
has at least one amino acid substitution relative to a wild-type SIRP-a D1 domain having the
sequence of any one of SEQ ID NO: 1.

[00121] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 51, wherein
Xjis Vor L. In any of the aforementioned embodiments in this aspect of the disclosure, X, is A or
I. In any of the aforementioned embodiments, X; is I or F. In any of the aforementioned
embodiments, X4 is E or V. In any of the aforementioned embodiments, X5 is K or R. In any of the
aforementioned embodiments, Xs is H or P. In any of the aforementioned embodiments, X7 is L or
T. In any of the aforementioned embodiments, Xs is N or A. In any of the aforementioned
embodiments, Xy is V or I. In some embodiments, Xsis not V.

[00122] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 51, wherein
Xgis A. In any of the aforementioned embodiments in this aspect of the disclosure, Xg is A and X;
is V or L. In any of the aforementioned embodiments in this aspect of the disclosure, Xz is A and X,
is A or L. In any of the aforementioned embodiments, Xs is A and X; is [ or F. In any of the
aforementioned embodiments, Xz is A and X4 is E or V. In some embodiments, X4 is not V. In any
of the aforementioned embodiments, X is A and X5 is K or R. In any of the aforementioned
embodiments, Xg is A and X is H or P. In any of the aforementioned embodiments, Xs is A and X5
is A or V. In any of the aforementioned embodiments, Xgis A and Xy is V or L.

[00123] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 51, wherein
Xgis A. In any of the aforementioned embodiments in this aspect of the disclosure, Xg is A and X;
is 1. In any of the aforementioned embodiments in this aspect of the disclosure, Xgis A and X, is .
In any of the aforementioned embodiments, Xs is A and Xj is F. In any of the aforementioned

embodiments, Xg is A and X4 is V. In any of the aforementioned embodiments, Xg is A and X5 is R.
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In any of the aforementioned embodiments, Xs is A and X is P. In any of the aforementioned
embodiments, Xg is A and X7 is T. In any of the aforementioned embodiments, Xs is A and Xy is 1.
[00124] In some embodiments, the polypeptide has a high affinity SIRP-o D1 domain having
at least 85% sequence identity (e.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NO: 51, wherein each of X,
X5, X5, Xy, X5, X6, X7, X5 and X 1s not a wild-type amino acid.

[00125] In some embodiments, the polypeptide of this aspect of the disclosure includes no
more than ten amino acid substitutions relative to the wild-type SIRP-a D1 domain having the
sequence of any one of SEQ ID NO: 1. In some embodiments, the polypeptide of this aspect of the
disclosure includes no more than seven amino acid substitutions relative to the wild-type SIRP-a
D1 domain having the sequence of any one of SEQ ID NO: 1.

[00126] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NO: 1. In some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NOs: 1.
In some embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 1. In some
embodiments, a SIRP-0. D1 variant polypeptide or fragment thereof binds to CD47 with a Kp, less
than 1 x 10® M, less than 5 x 10 M, less than 1 x 10° M, less 5 x 107° M, less than 1 x 10"°M or
less than 1 x 10" M. In some embodiments, a SIRP-a D1 variant polypeptide or fragment thereof
binds to CD47 with a Kp between about 500 nM and 100 nM, between about 100 nM and 50 nM,
between about 50 nM and 10 nM, between about 10 nM and 5 nM, between about 5 nM and 1 nM,
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.

[00127] In another aspect, the disclosure features a polypeptide including a SIRP-a D1
variant having a sequence of:
EEELQX,IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRELIYNQX,EGXsFPR
VTTVSDX,TKRNNMDFSIRIGX/ITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVRAKPS
(SEQ ID NO: 52), wherein Xjis V, L or I; X5is A, LorL; X5is L T, S, or F; X41s Kor R; Xsis H,
P,orR; Xsis L, T, of G; X71is N or A; and wherein the variant has at least one amino acid
substitution relative to a wild-type SIRP-0. D1 domain having a sequence according to SEQ ID NO:
L.

[00128] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 52, wherein

X118 V, L, or I. In any of the aforementioned embodiments in this aspect of the disclosure, X; is A,
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I, or L. In any of the aforementioned embodiments, X5 is I, T, S, or F. In any of the aforementioned
embodiments, X4 is K or R. In any of the aforementioned embodiments, X5 is H or P. In any of the
aforementioned embodiments, X is L, T, or G. In any of the aforementioned embodiments, X5 is N
or A.

[00129] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 52, wherein
Xj1s Vor L. In any of the aforementioned embodiments in this aspect of the disclosure, X, is A or
I. In any of the aforementioned embodiments, X; is I or F. In any of the aforementioned
embodiments, Xy is K or R. In any of the aforementioned embodiments, X5 is H or P. In any of the
aforementioned embodiments, X¢ is L or T. In any of the aforementioned embodiments, X7 is N or
A.

[00130] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 52, wherein
X71s A. In any of the aforementioned embodiments in this aspect of the disclosure, X7 is A and X;
is V or L. In any of the aforementioned embodiments in this aspect of the disclosure, X7 is A and X,
is A or L. In any of the aforementioned embodiments, X is A and X; is [ or F. In any of the
aforementioned embodiments, X5 is A and X4 is K or R. In any of the aforementioned
embodiments, X7 is A and X5 is H or P. In any of the aforementioned embodiments, X5 is A and Xg
isLorT

[00131] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 52, wherein
X71s A. In any of the aforementioned embodiments in this aspect of the disclosure, X7 is A and X;
is . In any of the aforementioned embodiments in this aspect of the disclosure, X7 is A and X5 is L.
In any of the aforementioned embodiments, X is A and Xj is F. In any of the aforementioned
embodiments, X7 is A and X4 is R. In any of the aforementioned embodiments, X7 is A and X5 is P.
In any of the aforementioned embodiments, X7 is A and Xgis T.

[00132] In some embodiments, the polypeptide has a high affinity SIRP-a D1 domain having
at least 85% sequence identity (e.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NO: 52, wherein each of X,
X5 X5 X4, X5, X6, and X7 1s not a wild-type amino acid.

[00133] In some embodiments, the polypeptide of this aspect of the disclosure includes no
more than ten amino acid substitutions relative to the wild-type SIRP-a D1 domain having the
sequence of any one of SEQ ID NO: 1. In some embodiments, the polypeptide of this aspect of the
disclosure includes no more than seven amino acid substitutions relative to the wild-type SIRP-a
D1 domain having the sequence of any one of SEQ ID NO: 1.

[00134] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
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NO: 1. In some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 1. In
some embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 1. In some
embodiments, fragments include polypeptides of less than 10 amino acids in length, about 10
amino acids in length, about 20 amino acids in length, about 30 amino acids in length, about 40
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 90 amino acids in length, about 100
amino acids in length, or more than about 100 amino acids in length. Fragments retain the ability to
bind to CD47. Preferably, SIRP-a D1 variant polypeptides and fragments thereof bind to CD47
with a higher affinity than a SIRP-a polypeptide binds to CD47. For example, in some
embodiments, a SIRP-0. D1 variant polypeptide or fragment thereof binds to CD47 with a Kp, less
than 1 x 10® M, less than 5 x 10 M, less than 1 x 10° M, less 5 x 107° M, less than 1 x 10"°M or
less than 1 x 107! M. In some embodiments, a SIRP-0. D1 variant polypeptide or fragment thereof
binds to CD47 with a Kp between about 500 nM and 100 nM, between about 100 nM and 50 nM,
between about 50 nM and 10 nM, between about 10 nM and 5 nM, between about 5 nM and 1 nM,
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.

[00135] In another aspect, the disclosure features a polypeptide including a SIRP-a. D1
variant having a sequence of:
EEELQX,IQPDKSVSVAAGESAILHCTX,TSLX;PVGPIQWFRGAGPARELIYNQX,EGXsFPR
VTTVSEX,TKRENMDFSISISX;ITPADAGTYY CVKFRKGSPDTEFKSGAGTELSVRAKPS
(SEQ ID NO: 212), wherein X;is V, Lor I; Xp is V., LLor L; X51s L T, S, or F; X41s Kor R; Xs1is
H, P, orR; X51s S, T, of G; X71s A; and wherein the variant has at least one amino acid substitution
relative to a wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 2.
[00136] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 212,
wherein X;is V, L, or I. In any of the aforementioned embodiments in this aspect of the disclosure,
X318 V, [, or L. In any of the aforementioned embodiments, X5 is I, T, S, or F. In any of the
aforementioned embodiments, X, is K or R. In any of the aforementioned embodiments, X5 is H or
P. In any of the aforementioned embodiments, X¢ is S, T, or G. In any of the aforementioned
embodiments, X7 is A.

[00137] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 212,
wherein X is V or L. In any of the aforementioned embodiments in this aspect of the disclosure, X,

is V or L. In any of the aforementioned embodiments, X5 is I or F. In any of the aforementioned
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embodiments, X4 is K or R. In any of the aforementioned embodiments, Xs is H or P. In any of the
aforementioned embodiments, Xs is S or T. In any of the aforementioned embodiments, X7 is A.
[00138] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 212,
wherein X7 is A. In any of the aforementioned embodiments in this aspect of the disclosure, X7 is A
and X, is V or L. In any of the aforementioned embodiments in this aspect of the disclosure, X7 is A
and X, is V or L. In any of the aforementioned embodiments, X is A and X; is [ or F. In any of the
aforementioned embodiments, X5 is A and X4 is K or R. In any of the aforementioned
embodiments, X7 is A and X5 is H or P. In any of the aforementioned embodiments, X5 is A and X¢
isSorT.

[00139] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 212,
wherein X7 is A. In any of the aforementioned embodiments in this aspect of the disclosure, X7 is A
and X, is I. In any of the aforementioned embodiments in this aspect of the disclosure, X~ is A and
X, is I. In any of the aforementioned embodiments, X7 is A and X3 is F. In any of the
aforementioned embodiments, X5 is A and X, is R. In any of the aforementioned embodiments, X5
is A and X5 is P. In any of the aforementioned embodiments, X7 is A and X¢is T.

[00140] In some embodiments, the polypeptide has a high affinity SIRP-a D1 domain having
at least 85% sequence identity (e.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NO: 212, wherein each of X,
X5 X5 X4, X5, X6, and X7 1s not a wild-type amino acid.

[00141] In some embodiments, the polypeptide of this aspect of the disclosure includes no
more than ten amino acid substitutions relative to the wild-type SIRP-a D1 domain having the
sequence of any one of SEQ ID NO: 2. In some embodiments, the polypeptide of this aspect of the
disclosure includes no more than seven amino acid substitutions relative to the wild-type SIRP-o
D1 domain having the sequence of any one of SEQ ID NO: 2.

[00142] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID
NO: 2. In some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 2. In
some embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type SIRP-a D1 domain having the sequence of any one of SEQ ID NO: 2. In some
embodiments, fragments include polypeptides of less than 10 amino acids in length, about 10
amino acids in length, about 20 amino acids in length, about 30 amino acids in length, about 40
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 90 amino acids in length, about 100
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amino acids in length, or more than about 100 amino acids in length. Fragments retain the ability to
bind to CD47. Preferably, SIRP-a D1 variant polypeptides and fragments thereof bind to CD47
with a higher affinity than a SIRP-o. polypeptide binds to CD47. For example, in some
embodiments, a SIRP-0. D1 variant polypeptide or fragment thereof binds to CD47 with a Kp, less
than 1 x 10® M, less than 5 x 10 M, less than 1 x 10° M, less 5 x 107° M, less than 1 x 10"°M or
less than 1 x 10" M. In some embodiments, a SIRP-a D1 variant polypeptide or fragment thereof
binds to CD47 with a Kp between about 500 nM and 100 nM, between about 100 nM and 50 nM,
between about 50 nM and 10 nM, between about 10 nM and 5 nM, between about 5 nM and 1 nM,
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.

[00143] Described herein, in some embodiments, is a polypeptide comprising a SIRP-a D1
variant having a sequence according to:
EEELQXIQPDKSVLVAAGETATLRCTX,TSLX3PVGPIQWFRGAGPGRX,LIYNQX5XsGXF
PRVTTVSDXsTKRNNMDFSIRIGXX;0X 11 X12ADAGTYY CX ;3 KFRKGSPDDVEFKSGAGTEL
SVRAKPS (SEQ ID NO: 218), wherein X;is V. L, orI; Xpis A, V, L or ; X5i1s I, S, T, or F; Xj 1s
E,LorV;Xsis KorR; XsgisEorQ; X;is H R, or P; X5 is S,G, L, or T; Xy is any amino acid;
X0 1s any amino acid; X;i; is any amino acid; Xy, is any amino acid; and X3 is V or I; and wherein
the SIRP-a D1 variant has at least two amino acid substitutions relative to a wild-type SIRP-a D1
domain having a sequence according to SEQ ID NO: 1.

[00144] In some embodiments, the polypeptide has the sequence of SEQ ID NO: 212, X, is
A. In any of the aforementioned embodiments in this aspect of the disclosure, Xy is N. In any of
the aforementioned embodiments in this aspect of the disclosure X0 is I. In any of the
aforementioned embodiments in this aspect of the disclosure Xy is N and X10 is P. In any of the
aforementioned embodiments in this aspect of the disclosure Xy is N and X11 is any amino acid
other than S, T, or C. In any of the aforementioned embodiments in this aspect of the disclosure
Xi11s T. In any of the aforementioned embodiments in this aspect of the disclosure X;; is an amino
acid other than T. In any of the aforementioned embodiments in this aspect of the disclosure X, is
P. In any of the aforementioned embodiments in this aspect of the disclosure Xy is N and X5 is
any amino acid other than P.

[00145] Described herein, in some embodiments, is a polypeptide comprising a SIRP-a D1
variant having a sequence according to:
EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX,LIYNQXsX:GXF
PRVTTVSDXsTKRNNMDFSIRIGXoITX0ADAGTY Y CX 11 KFRKGSPDDVEFKSGAGTELSVR
AKPS (SEQ ID NO: 219), wherein X;is V., L,orI; X5 1s A, V, L or; X5is L S, T, or F; X, is E,
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LiorV;Xs5is KorR; Xgis Eor Q; XsisH, R,orP; Xgis S, G, L, or T; Xy is N; X, is any amino
acid other than P; and X, is V or I; and wherein the SIRP-0. D1 variant has at least two amino acid
substitutions relative to a wild-type SIRP-a D1 domain having a sequence according to SEQ ID
NO: L.

[00146] In another aspect of the disclosure, compositions are disclosed herein which include
a SIRP-a D1 variant polypeptide having the amino acid sequence of SEQ ID NO: 48, or a fragment
thereof. In some embodiments, the SIRP-o. D1 variant polypeptide or fragment thereof binds to
CD47 with a higher affinity compared to the affinity that a SIRP-a polypeptide binds to the CD47.
In some embodiments, the SIRP-a D1 variant polypeptide binds to CD47 with a Ky, less than 1 x
10®M, or less than 1 x 10°M, less than 1 x 10™°M or less than 1 x 10""M. In some embodiments,
the above-mentioned SIRP-a D1 variant polypeptides are attached or fused to a second polypeptide.
In some embodiments, the second polypeptide includes, without limitation, an Fc polypeptide, an
Fc variant, an HSA polypeptide, an albumin peptide, a PEG polymer or a fragment of the
foregoing.

[00147] Without limiting the foregoing, in some embodiments, a SIRP-a D1 variant
polypeptide is selected from any one of SEQ ID NOs: 53-87 and 213 shown in Table 6.

Table 6. SIRP-a Variant Polypeptides

SEQ ID NO: Amino Acid Sequence

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQ
33 RQGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYY CIKFRKGSPDTEFK
SGAGTELSVRAKPS

EEELQVIQPDKSVSVAAGESAILHCTVTSLFPVGPIQWFRGAGPARELIYN
54 QRQGPFPRVTTVSESTKRENMDFSISISNITPADAGTYY CVKFRKGSPDTEF
KSGAGTELSVRAKPS

EEELQVIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQ
55 RQGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYY CIKFRKGSPDTEFK
SGAGTELSVRAKPS

EEELQIIQPDKSVSVAAGESAILHCTVTSLFPVGPIQWFRGAGPARVLIYNQ
56 RQGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYY CIKFRKGSPDTEFK
SGAGTELSVRAKPS

EEELQIIQPDKSVSVAAGESAILHCTITSLIPVGPIQWFRGAGPARVLIYNQR
57 QGPFPRVTTVSETTKRENMDEFSISISNITPADAGTY Y CIKFRKGSPDTEFKS
GAGTELSVRAKPS

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARELIYNQ
58 RQGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYY CIKFRKGSPDTEFK
SGAGTELSVRAKPS
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59

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQ
KQGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYY CIKFRKGSPDTEFK
SGAGTELSVRAKPS

60

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQ
REGPFPRVTTVSETTKRENMDFSISISNITPADAGTYY CIKFRKGSPDTEFK
SGAGTELSVRAKPS

61

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQ
RQGHFPRVTTVSETTKRENMDEFSISISNITPADAGTYYCIKFRKGSPDTEFK
SGAGTELSVRAKPS

62

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQ
RQGPFPRVTTVSESTKRENMDEFSISISNITPADAGTYY CIKFRKGSPDTEFK
SGAGTELSVRAKPS

63

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQ
RQGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEF
KSGAGTELSVRAKPS

64

EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQ
REGPFPRVTTVSESTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEFK
SGAGTELSVRAKPS

65

EEELQVIQPDKSVSVAAGESAILHCTVTSLFPVGPIQWFRGAGPARELIYN
QREGPFPRVTTVSESTKRENMDEFSISISNITPADAGTYY CVKFRKGSPDTEF
KSGAGTELSVRAKPS

66

EEELQVIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARELIYNQ
REGPFPRVTTVSESTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEFK
SGAGTELSVRAKPS

67

EEELQVIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARELIYNQ
REGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEFK
SGAGTELSVRAKPS

68

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARELIYNQ
REGPFPRVTTVSESTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEFK
SGAGTELSVRAKPS

69

EEELQVIQPDKSVSVAAGESAILHCTITSLIPVGPIQWFRGAGPARELIYNQ
REGPFPRVTTVSESTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEFK
SGAGTELSVRAKPS

70

EEELQIIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARELIYNQ
REGPFPRVTTVSETTKRENMDEFSISISNITPADAGTYYCVKFRKGSPDTEFK
SGAGTELSVRAKPS

71

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPS
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72

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPS

73

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGNITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPS

74

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPS

75

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGNITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPS

76

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGNITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPS

77

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPS

78

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPS

79

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPS

30

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYY CIKFRKGSPDDVE
FKSGAGTELSVRAKPS

81

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPS

82

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPS

83

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPS

34

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPS
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EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
85 REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPS

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
36 RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPS

EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQWFRGAGPGRELIYN
87 QKEGHFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPS

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
213 QRQGPFPRVTTVSDLTKRNNMDFSIRIGNITVADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPS

[00148] In some embodiments, the polypeptide includes a high affinity SIRP-a D1 domain
that has at least 85% sequence identity (¢.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to any variant provided in Table 6.
[00149] In some embodiments, the polypeptide includes a high affinity SIRP-a D1 domain
that has at least 85% sequence identity (¢.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NOs: 80, 81, or 85 in
Table 6.

II1. Fec Domain Variants and Fusion Constructs

[00150] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein o (SIRP-0) D1 variant comprising a SIRP-a D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00151] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc¢ region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00152] Antibodies that target cell surface antigens can trigger immunostimulatory and

effector functions that are associated with Fc¢ receptor (FcR) engagement on immune cells. There
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are a number of Fc receptors that are specific for particular classes of antibodies, including IgG
(gamma receptors), IgE (eta receptors), IgA (alpha receptors) and IgM (mu receptors). Binding of
the Fc region to Fc receptors on cell surfaces can trigger a number of biological responses including
phagocytosis of antibody-coated particles (antibody-dependent cell-mediated phagocytosis, or
ADCP), clearance of immune complexes, lysis of antibody-coated cells by killer cells (antibody-
dependent cell-mediated cytotoxicity, or ADCC) and, release of inflammatory mediators, placental
transfer, and control of immunoglobulin production. Additionally, binding of the C1 component of
complement to antibodies can activate the complement system. Activation of complement can be
important for the lysis of cellular pathogens. However, the activation of complement can also
stimulate the inflammatory response and can also be involved in autoimmune hypersensitivity or
other immunological disorders. Variant F¢ regions with reduced or ablated ability to bind certain
Fc receptors are useful for developing therapeutic antibodies and Fc-fusion polypeptide constructs
which act by targeting, activating, or neutralizing ligand functions while not damaging or
destroying local cells or tissues.

[00153] In some embodiments, a SIRP-a D1 polypeptide construct comprises a non-naturally
occurring high affinity SIRP-a D1 variant linked to an Fc domain monomer which forms an Fc
domain having ablated or reduced effector function.

[00154] In some embodiments, a Fc domain monomer refers to a polypeptide chain that
includes second and third antibody constant domains (¢.g., CH2 and CH3). In some embodiments,
an Fc¢ domain monomer also includes 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 Fc domain monomer is of any IgG subtype (e.g., IgG1,
IgG2, IgG2a, IgG2b, IgG2c, IgG3, and IgG4). In some embodiments, Fc domain monomers include
as many as ten changes from a wild-type Fc domain monomer sequence (¢.g., 1-10, 1-8, 1-6, 1-4
amino acid substitutions, additions or insertions, deletions, or combinations thercof) that alter the
interaction between an Fc domain and an Fc receptor.

[00155] As used herein, the term “Fc domain” refers to a dimer of two Fc domain
monomers. In a wild-type Fc domain, two Fc domain monomers dimerize by the interaction
between the two CH3 antibody constant domains, as well as one or more disulfide bonds that form
between the hinge domains of the two dimerized Fc domain monomers. In some embodiments, an
Fc domain is mutated to lack effector functions, for example a “dead Fc domain.” In some
embodiments, each of the Fc domain monomers in an Fc domain includes amino acid substitutions
in the CH2 antibody constant domain to reduce the interaction or binding between the Fc domain

and an Fc receptor, such as an Fcy receptor (FcyR), an Fca receptor (FcaR), or an Fce (FceR).
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[00156] In some embodiments, a high affinity SIRP-a. D1 variant (e.g., any of the variants
described in Tables 2, 5, and 6) is fused to an Fc domain monomer of an immunoglobulin or a
fragment of an Fc domain monomer. In some embodiments, an Fc 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 Fc domain monomer of an
immunoglobulin or a fragment of an Fc domain monomer is not capable of forming an Fc domain
with another Fc 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 Fc domain
monomer fused to a polypeptide of the disclosure dimerizes with a second Fc¢ domain monomer to
form an Fc domain which binds an Fc receptor, or alternatively, an Fc domain monomer binds to an
Fc receptor. In some embodiments, an Fc domain or a fragment of the Fc domain fused to a
polypeptide to increase serum half-life of the polypeptide does not induce any immune system-
related response.

[00157] In some embodiments, a SIRP-a polypeptide or construct provided herein includes a
SIRP-a D1 domain or variant thereof joined to a first Fc domain monomer and an antibody variable
domain joined to a second Fc¢ domain monomer, in which the first and second Fc domain
monomers combine to form an Fc domain (¢.g., a heterodimeric Fc domain). An Fc domain is the
protein structure that is found at the C-terminus of an immunoglobulin. An Fc domain includes two
Fc domain monomers that are dimerized by the interaction between the CH3 antibody constant
domains. A wild-type Fc domain forms the minimum structure that binds to an Fc receptor, e.g.,
FeyRlI, FeyRIla, FeyRIIb, FeyRIlla, FeyRIIIb, and FcyRIV.

[00158] The Fc domain is not involved directly in binding an antibody to its target, but can
be involved in various effector functions, such as participation of the antibody in antibody-
dependent cellular toxicity. In some embodiments, the Fc domain in a SIRP-a polypeptide or
construct of the disclosure comprise amino acid substitutions, additions or insertions, deletions, or
any combinations thereof that lead to decreased effector function such as decreased antibody-
dependent cell-mediated cytotoxicity (ADCC), decreased complement-dependent cytolysis (CDC),
decreased antibody-dependent cell-mediated phagocytosis (ADCP), or any combinations thereof. In
some embodiments, the SIRP-a polypeptides or constructs of the disclosure are characterized by
decreased binding (¢.g., minimal binding or absence of binding) to a human Fe receptor and
decreased binding (e.g., minimal binding or absence of binding) to complement protein Clq. In
some embodiments, the SIRP-a constructs of the disclosure are characterized by decreased binding

(e.g., minimal binding or absence of binding) to human FcyRI, FcyRIIA, FeyRIIB, FcyRIIIB,
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FeyRIIIB, or any combinations thereof, and C1q. To alter or reduce an antibody-dependent effector
function, such as ADCC, CDC, ADCP, or any combinations thereof, in some embodiments, the Fc
domains in SIRP-a constructs of the disclosure are of the IgG class and comprise one or more
amino acid substitutions at E233, 1234, 1.235, G236, G237, D265, D270, N297, E318, K320,
K322, A327, A330, P331, or P329 (numbering according to the EU index of Kabat (Sequences of
Proteins of Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991))).

[00159] In some embodiments, polypeptide constructs comprising a non-native Fc region
described herein exhibit reduced or ablated binding to at least one of Fey receptors CD16a, CD32a,
CD32b, CD32¢, and CD64 as compared to a polypeptide construct comprising a native Fc region.
In some cases, the polypeptide constructs described herein exhibit reduced or ablated binding to
CD16a, CD32a, CD32b, CD32¢, and CD64 Fcy receptors.

[00160] CDC refers to a form of cytotoxicity in which the complement cascade is activated
by the complement component Clq binding to antibody Fc. In some embodiments, polypeptide
constructs comprising a non-native Fc region described herein exhibit at least a 5%, 10%, 15%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater reduction in Clq binding compared to a
polypeptide construct comprising a wild-type Fc region. In some cases, polypeptide constructs
comprising a non-native Fc region as described herein exhibit reduced CDC as compared to a
polypeptide construct comprising a wild-type Fc region. In some embodiments, polypeptide
constructs comprising a non-native Fc¢ region as described herein exhibit at least a 5%, 10%, 15%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater reduction in CDC compared to a
polypeptide construct comprising a wild-type Fc region. In some cases, polypeptide constructs
comprising a non-natural Fc variant as described herein exhibit negligible CDC as compared to a
polypeptide construct comprising a wild-type Fc region.

[00161] In some embodiments, the Fc variants herein are minimally glycosylated 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. In
some embodiments, deglycosylation is accomplished by disrupting the motif N-Xaal-Xaa2-Xaa3,
wherein N = asparagine; Xaal = any amino acid except P (proline); Xaa2 =T (threonine), S
(serine) or C (cysteine); and Xaa3 = any amino acid except P (proline). In one embodiment, the N-
Xaal-Xaa2-Xaa3 motif refers to residues 297-300 as designated according to Kabat et al., 1991. In
some embodiments, a mutation to any one or more of N, Xaal, Xaa2, or Xaa3 results in

deglycosylation of the Fc variant.
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[00162] In some embodiments, variants of antibody IgG constant regions (¢.g., Fc variants)
possess a reduced capacity to specifically bind Fcy receptors or have a reduced capacity to induce
phagocytosis. In some embodiments, variants of antibody IgG constant regions (e.g., Fc variants)
possess a reduced capacity to specifically bind Fcy 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
Fc¢ domain and an Fcy receptor. In some embodiments, an Fc domain monomer is from an IgG1
antibody and includes one or more of amino acid substitutions L234A, L235A, G237A, and N297A
(as designated according to the EU numbering system per Kabat et al., 1991). In some
embodiments, one or more additional mutations are included in such IgG1 Fc variant. Non-limiting
examples of such additional mutations for human IgG1 Fc variants include E318A and K322A. In
some instances, a human IgG1 Fe variant has up to 12, 11, 10, 9, 8, 7, 6, 5 or 4 or fewer mutations
in total as compared to wild-type human IgG1 sequence. In some embodiments, one or more
additional deletions are included in such IgG1 Fc¢ variant. For example, in some embodiments, the
C-terminal lysine of the Fc IgG1 heavy chain constant region provided in SEQ ID NO: 88 in Table
7 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 IgG1 Fc variant has up to
12,11, 10,9, 8, 7, 6, 5 or 4 or fewer deletions in total as compared to wild-type human IgG1
sequence. In some embodiments, a I[gG1 Fc variant has a sequence according to any one of SEQ
ID NO: 135, SEQ ID NO: 136, or SEQ ID NO: 137.

[00163] In some embodiments, an Fc domain monomer is from an IgG2 or IgG4 antibody
and includes amino acid substitutions A3308S, P331S, 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 sequence. In some
embodiments, the F¢ variant comprises a human IgG2 Fc sequence comprising one or more of
A330S, P331S and N297A amino acid substitutions (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 IgG2 Fc variants. Non-limiting examples of such additional mutations for human
IgG2 Fc variant include V234A, G237A, P238S, V309L and H268A (as designated according to
the EU numbering system per Kabat et al. (1991)). In some instances, a human IgG2 Fc variant has
upto 12,11, 10,9,8, 7,6, 5, 4, 3 or fewer mutations in total as compared to wild-type human IgG2

sequence. In some embodiments, one or more additional deletions are included in such IgG2 Fe
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variant. For example, in some embodiments, the C-terminal lysine of the Fc IgG2 heavy chain
constant region provided in SEQ ID NO: 89 in Table 7 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 IgG2 Fc variant has up to 12, 11, 10, 9, 8, 7, 6, 5 or 4 or fewer
deletions in total as compared to wild-type human IgG2 sequence.

[00164] When the Fc variant is an IgG4 Fe variant, in some embodiments, such Fc variant
comprises a S228P mutation (as designated according to Kabat, ¢t al. (1991)). In some instances, a
human IgG4 Fc variant has up to 12, 11, 10,9, 8, 7, 6, 5, 4, 3, 2 or 1 mutation(s) in total as
compared to wild-type human IgG4 sequence.

[00165] In some embodiments, the Fc variant includes at least one of the mutations L.234A,
L235A, G237A or N297A of an IgG1 Fc region or at least one of the mutations A330S, P331S or
N297A of an IgG2 Fc region. In some embodiments, the Fc variant includes at least two of the
mutations L.234A, L235A, G237A or N297A of an IgG1 Fc region or at least two of the mutations
A330S, P331S or N297A of an IgG2 Fc region. In some embodiments, the Fc variant includes at
least three of the mutations L234A, L235A, G237A or N297A of an IgG1 Fc region or consists of
the mutations A330S, P331S and N297A of an IgG2 Fc region. In some embodiments, the Fc
variant consists of the mutations L234A, L235A, G237A and N297A.

[00166] In some embodiments, the Fc variant exhibits reduced binding to an Fc receptor of
the subject compared to the wild-type human IgG Fc region. In some embodiments, the Fc variant
exhibits ablated binding to an Fc receptor of the subject compared to the wild-type human IgG Fe
region. In some embodiments, the Fc variant exhibits a reduction of phagocytosis compared to the
wild-type human IgG Fc region. In some embodiments, the Fc variant exhibits ablated
phagocytosis compared to the wild-type human IgG Fc region.

[00167] SEQ ID NO: 88 and SEQ ID NO: 89 provide amino acid sequences of Fc IgG1 and
IgG2 heavy chain constant regions. In some embodiments, an Fc variant is any variant of SEQ ID

NOs: 90-95 as shown in Table 7.

Table 7. Amino Acid Sequences of Fc Variants

SEQ ID NO: Amino Acid Sequence

EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDV
SHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDW
88 LNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

89 STKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVH
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TFPAVLQSSGLYSLSSVVTVPSSSLGTQTYTCNVDHKPSNTKVDKTVERK
CCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
QFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYK
CKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGK

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGK
90 EYKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKNQVSLTC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGK
91 EYKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKNQVSLTC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR

WQQGNVFSCSVMHEALHNHY TQKSLSLSPG

VECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQF
NWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHQDWLNGKEYKCK
92 VSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNV
FSCSVMHEALHNHYTQKSLSLSPGK

VECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQF
NWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHQDWLNGKEYKCK
93 VSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNV
FSCSVMHEALHNHYTQKSLSLSPG

ERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHQDWLNGK
94 EYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY SKLTVDKSRW
QQGNVFSCSVMHEALHNHY TQKSLSLSPGK

ERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHQDWLNGK
95 EYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY SKLTVDKSRW
QQGNVFSCSVMHEALHNHYTQKSLSLSPG

[00168] Antibody-dependent cell-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., Natural Killer (NK) cells and neutrophils) enabling these cytotoxic
effector cells to bind specifically to an antigen-bearing target cell and subsequently kill the target
cell. Antibody-dependent cell-mediated phagocytosis, which is also referred to herein as ADCP,

refers to a form of cytotoxicity in which secreted Ig bound onto Fc receptors (FcRs) present on
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certain phagocytic cells (e.g., macrophages) enabling these phagocytic effector cells to bind
specifically to an antigen-bearing target cell and subsequently engulf and digest the target cell.
Ligand-specific high-affinity IgG antibodies directed to the surface of target cells can stimulate the
cytotoxic or phagocytic cells and can be used for such killing. In some embodiments, polypeptide
constructs comprising an Fc variant as described herein exhibit reduced ADCC or ADCP as
compared to a polypeptide construct comprising a wild-type Fc region. In some embodiments,
polypeptide constructs comprising an Fc variant as described herein exhibit at least a 5%, 10%,
15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater reduction in ADCC or ADCP
compared to a polypeptide construct comprising a wild-type Fc region. In some embodiments,
polypeptide constructs comprising an Fc variant as described herein exhibit ablated ADCC or
ADCP as compared to a polypeptide construct comprising a wild-type Fc region.

[00169] Complement-directed cytotoxicity, which is also referred to herein as CDC, refers to
a form of cytotoxicity in which the complement cascade is activated by the complement component
Clq binding to antibody Fc. In some embodiments, polypeptide constructs comprising an Fe
variant as described herein exhibit at least a 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% or greater reduction in Clq binding compared to a polypeptide construct comprising a
wild-type Fe region. In some cases, polypeptide constructs comprising an F¢ variant as described
herein exhibit reduced CDC as compared to a polypeptide construct comprising a wild-type Fc
region. In some embodiments, polypeptide constructs comprising an Fc variant as described herein
exhibit at least a 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater reduction
in CDC compared to a polypeptide construct comprising a wild-type Fc region. In some cases,
polypeptide constructs comprising an Fc variant as described herein exhibit negligible CDC as
compared to a polypeptide construct comprising a wild-type Fc region.

[00170] Fc variants herein include those that exhibit reduced binding to an Fcy receptor
compared to the wild-type human IgG Fc region. For example, in some embodiments, an Fc¢ variant
exhibits binding to an Fcy receptor that is less than the binding exhibited by a wild-type human IgG
Fc region to an Fcy receptor, as described in the Examples. In some instances, an Fc 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 Fcy receptor, e.g., CD16a, CD32a, CD32b, CD32c¢, or
CDo64.

[00171] In some instances, the Fc variants disclosed herein exhibit a reduction of
phagocytosis compared to its wild-type human IgG Fc region. Such Fc variants exhibit a reduction

in phagocytosis compared to its wild-type human IgG Fc region, wherein the reduction of
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phagocytosis activity is e.g., by a factor of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, 96%, 97%, 98%, 99% or 100%. In some instances, an Fc variant exhibits ablated
phagocytosis compared to its wild-type human IgG Fc region.

[00172] In some embodiments, the Fc variants disclosed herein are coupled to one or more
fusion partners. In some cases the fusion partner is a therapeutic moiety. In some cases, the fusion
partner is selected to enable targeting of an expressed protein, purification, screening, display, and
the like. In some embodiments, the fusion partner also affects the degree of binding to Fc receptors
or the degree of phagocytosis reduction. As described herein, in some embodiments, when an Fc¢
variant is coupled to a fusion partner, it forms a polypeptide construct as described below.

[00173] In some embodiments, fusion partners are linked to the Fc¢ variant sequence via a
linker sequence. In some embodiments, the linker sequence generally comprises a small number of
amino acids, such as less than ten amino acids, although longer linkers are also utilized. In some
cases, the linker has a length less than 10, 9, 8, 7, 6, or 5 amino acids or shorter. In some cases, the
linker has a length of at least 10, 11, 12, 13, 14, 15, 20, 25, 30, or 35 amino acids or longer.
Optionally, in some embodiments, a cleavable linker is employed.

[00174] In some embodiments, a fusion partner is a targeting or signal sequence that directs
an Fc variant protein and any associated fusion partners to a desired cellular location or to the
extracellular media. In some embodiments, certain signaling sequences target a protein to be either
secreted into the growth media, or into the periplasmic space, located between the inner and outer
membrane of the cell. In some embodiments, a fusion partner is a sequence that encodes a peptide
or protein that enables purification or screening. Such fusion partners include, but are not limited
to, polyhistidine tags (His-tags) (for example His6 and His10) or other tags for use with
Immobilized Metal Affinity Chromatography (IMAC) systems (e.g., Ni+2 affinity columns), GST
fusions, MBP fusions, Strep-tag, the BSP biotinylation target sequence of the bacterial enzyme
BirA, and epitope tags which are targeted by antibodies (for example c-myc tags, flag-tags, and the
like).

[00175] In some embodiments, such tags are useful for purification, for screening, or both.
For example, in some embodiments, 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 as described elsewhere
herein. In some embodiments, a fusion partner enables the use of a selection method to screen Fe
variants as described herein.

[00176] Various fusion partners that enable a variety of selection methods are available. For

example, by fusing the members of an Fc¢ variant library to the gene IlI protein, phage display can

65-



WO 2017/027422 PCT/US2016/045914

be employed. In some embodiments, fusion partners enable Fc variants to be labeled. Alternatively,
in some embodiments, a fusion partner binds to a specific sequence on the expression vector,
enabling the fusion partner and associated Fc variant to be linked covalently or noncovalently with
the nucleic acid that encodes them.

[00177] In some embodiments, when a fusion partner is a therapeutic moiety, the therapeutic
moiety is, €.g., a peptide, a protein, an antibody, a siRNA, or a small molecule. Non-limiting
examples of therapeutic antibodies that are coupled to the Fc variants of the present disclosure
include, but are not limited to antibodies that recognize CD47. Non-limiting examples of
therapeutic polypeptides that are coupled to the Fc variants of the present disclosure include, but
are not limited to, CD47 binding polypeptides, including SIRP-a polypeptides. In such instances,
the CD47 binding polypeptide is attached or fused to an Fc variant of the disclosure. Examples of
CDA47 binding polypeptides include, but are not limited to, anti-CD47 antibodies or fragments
thereof, and ligands of CD47 such as SIRP-a or a fragment thereof. Additional examples of CD47
binding polypeptides include, but are not limited to naturally-occurring forms of SIRP-a as well as
mutants thereof.

[00178] In some embodiments, disclosed herein is a polypeptide comprising an Fc¢ variant,
wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers, wherein
cach Fc domain monomer independently is selected from (i) a human IgG1 Fc region consisting of
mutations L.234A, L235A, G237A, and N297A; (i) a human IgG2 F¢ region consisting of
mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc¢ region comprising mutations
S228P, E233P, F234V, L235A, delG236, and N297A. In some embodiments, the Fc domain
monomers are identical (i.¢., homodimer). In some embodiments, the Fc domain monomers are
different (i.¢., heterodimer). In some embodiments, at least one of the Fc domain monomers in an
Fc domain dimer is a human IgG1 Fc region consisting of mutations L.234A, L235A, G237A, and
N297A. In some embodiments, at least one of the Fc domain monomers in an Fc domain dimer is a
human IgG2 Fc region consisting of mutations A3308S, P331S and N297A. In some embodiments,
the Fc variant exhibits ablated or reduced binding to an Fcy receptor compared to the wild-type
version of the human IgG Fc region. In some embodiments, the Fc variant exhibits ablated or
reduced binding to CD16a, CD32a, CD32b, CD32c, and CD64 Fcy receptors compared to the wild-
type version of the human IgG Fc region. In some embodiments, the Fc variant exhibits ablated or
reduced binding to Clq compared to the wild-type version of the human IgG Fc fusion. In some
embodiments, at least one of the Fc domain monomers in an Fc domain dimer is a human IgG4 Fc
region comprising mutations S228P, E233P, F234V, L235A, delG236, and N297A. In some

embodiments, the Fc variant exhibits ablated or reduced binding to a Fcy receptor compared to the
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wild-type human IgG4 Fc region. In some embodiments, the Fc variant exhibits ablated or reduced
binding to CD16a and CD32b Fcy receptors compared to the wild-type version of its human IgG4
Fc region. In some embodiments, the Fc variant binds to an Fcy receptor with a KD greater than
about 5 x 10-6 M.

[00179] In some embodiments, the Fc variant further comprises a CD47 binding polypeptide.
In some embodiments, the Fc variant exhibits ablated or reduced binding to an Fcy receptor
compared to a wild-type version of a human IgG Fc region. In some embodiments, the CD47
binding polypeptide does not cause acute anemia in rodents and non-human primates. In some
embodiments, the CD47 binding polypeptide does not cause acute anemia in humans.

[00180] In some embodiments, the CD47 binding polypeptide is a signal-regulatory protein
a (SIRP-0) polypeptide or a fragment thereof. In some embodiments, the SIRP-a polypeptide
comprises a SIRP-a D1 variant comprising the amino acid sequence,
EEELQX,IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX4LIYNQXSEGXsFP
RVTTVSDX,;TKRNNMDFSIRIGXSITPADAGTYY CXoKFRKGSPDDVEFKSGAGTELSVRAK
PS (SEQ ID NO: 51), wherein Xjis VorI; Xsis Aorl; XsisIorF; X4yis Eor V; Xsis K or R; Xg
is Hor P; X5 is L or T; X3 is any amino acid other than N; and Xy is V or I. In some embodiments,
the SIRP-a polypeptide comprises a SIRP-a D1 variant wherein X;is Vorl; X;is AorI; XsisTor
F; X4isE; XsisKorR; X¢is HorP; X7is Lor T; xg isnot N; and Xo is V.

[00181] In some embodiments, disclosed herein, is a polypeptide comprising: a SIRP-a D1
variant, wherein the SIRP-a D1 variant is a non-naturally occurring high affinity SIRP-a D1
domain, wherein the SIRP-0. D1 variant binds to human CD47 with an affinity that is at least 10-
fold greater than the affinity of a naturally occurring D1 domain; and an Fc domain monomer,
wherein the Fc domain monomer is linked to a second polypeptide comprising a second Fc domain
monomer to form an Fc domain, wherein the Fc domain has ablated or reduced effector function.
In some embodiments, the non-naturally occurring high affinity SIRP-a D1 domain comprises an
amino acid mutation at residue 80.

[00182] In some embodiments, disclosed herein, is a SIRP-a D1 variant, wherein the SIRP-a
D1 variant binds CD47 from a first species with a KD less than 250 nM; and wherein the SIRP-a.
D1 variant binds CD47 from a second species with a KD less than 250 nM; and the KD for CD47
from the first species and the KD for CD47 from the second species are within 100 fold of each
other; wherein the first species and the second species are selected from the group consisting of:
human, rodent, and non-human primate. In some embodiments, the SIRP-a D1 variant binds CD47
from at least 3 different species. In some embodiments, the non-human primate is cynomolgus

monkey.

67-



WO 2017/027422 PCT/US2016/045914

[00183] In some embodiments, disclosed herein, is a polypeptide comprising (a) a SIRP-a
D1 domain that binds human CD47 with a KD less than 250 nM; and (b) an F¢c domain monomer
linked to the N-terminus or the C-terminus of the SIRP-a D1 domain, wherein the polypeptide does
not cause acute anemia in rodents and non-human primates. In some embodiments, the polypeptide
is a non-naturally occurring variant of a human SIRP-a. In some embodiments, administration of
the polypeptide in vivo results in hemoglobin reduction by less than 50% during the first week after
administration. In some embodiments, administration of the polypeptide in humans results in
hemoglobin reduction by less than 50% during the first week after administration. In some
embodiments, the polypeptide further comprises at least one Fc variant, wherein the Fc variant
comprises an Fc domain monomer selected from (i) a human IgG1 Fc region consisting of
mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region consisting of
mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc¢ region comprising mutations
S228P, E233P, F234V, L235A, delG236, and N297A. . In some embodiments, the Fc domain
monomer is a human IgG1 Fc region consisting of mutations L234A, L.235A, G237A, and N297A.
. In some embodiments, the Fc domain monomer is a human IgG2 Fe region consisting of
mutations A330S, P331S and N297A.

[00184] The SIRP-a constructs of the disclosure include a SIRP-a domain or variant thereof
that has its C-terminus joined to the N-terminus of an Fc domain monomer by way of a linker using
conventional genetic or chemical means, e.g., chemical conjugation. In some embodiments, a linker
(e.g., a spacer) is inserted between the polypeptide and the Fc domain monomer. In some
embodiments, a polypeptide of the disclosure including a high affinity SIRP-a D1 variant is fused
to an Fc domain monomer that is incapable of forming a dimer. In some embodiments, a
polypeptide of the disclosure is fused to an Fc domain monomer that is capable of forming a dimer,
¢.g., a heterodimer, with another Fc domain monomer. In some embodiments, a polypeptide of the
invention is fused to an Fc domain monomer and this fusion protein forms a homodimer. In some
embodiments, a polypeptide of the disclosure is fused to a first Fc domain monomer and a different
protein or peptide (¢.g., an antibody variable region) is fused to a second Fc¢ domain monomer. In
some embodiments, a SIRP-o. D1 domain or variant thereof is joined to a first Fc domain monomer
and a therapeutic protein (e.g., a cytokine, an interleukin, an antigen, a steroid, an anti-
inflammatory agent, or an immunomodulatory agent) is joined to a second Fc domain monomer. In
some embodiments, the first and second Fc domain monomers form a heterodimer.

[00185] Without the limiting the foregoing, in some embodiments, a SIRP-a D1 variant
polypeptide (e.g., any of the variants described in Tables 2, 5, and 6) is fused to an Fc polypeptide

or Fc variant polypeptide, such as an Fc domain monomer. Examples of polypeptides comprising a
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SIRP-a D1 variant polypeptide and a fused Fc variant polypeptide include, but are not limited to,
SEQ ID NOS: 96-137, 214, and 216 shown in Table 8.

Table 8. Polypeptides Comprising SIRP-a D1 Variants Fused to Fc Variants

SEQ ID NO:

Amino Acid Sequence

96

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVV
SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

97

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDD

VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR

VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT

LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS

DGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

98

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVV
SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

99

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDD

VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR

VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT

LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS

DGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

100

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

101

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
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SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

102

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ

REGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISR

TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVV

SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP

SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

103

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN

QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD

VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT

LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

104

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ

REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISR

TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVV

SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP

SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

105

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTV
VHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY'S
KLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

106

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLT
VVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

107

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTV
VHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY'S
KLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK
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108

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLT
VVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

109

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLT
VVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

110

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLT
VVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

111

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTV
VHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY'S
KLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

112

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLT
VVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

113

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTV
VHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY'S
KLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

114

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVS
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VLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

115

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRV
VSVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLP
PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

116

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVS
VLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

117

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRV
VSVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLP
PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

118

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRV
VSVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLP
PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

119

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRV
VSVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLP
PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

120

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVS
VLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
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121

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRV
VSVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLP
PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

122

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVS
VLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

123

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRT
PEVICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

124

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

125

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRT
PEVICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYASTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

126

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVV
SVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

127

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMIS

RTPEVITCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVV
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SVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

128

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVV
SVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

129

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVV
SVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

130

EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQ
KEGHFPRVTTVSESTKRENMDEFSISISNITPADAGTYY CVKFRKGSPDTEF
KSGAGTELSVRAKPSESKYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPS
QEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

131

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSESKY GPPCPPCPAPEFLGGPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLP
PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

132

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSESKY GPPCPPCPAPEFEGGPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLP
PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

133

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ

REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSESKY GPPCPPCPAPPVAGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPS

QEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK
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134

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSAAAPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPS
QEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSPGK

135

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPG

136

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ

REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISR

TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVV

SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP

SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

137

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYY CIKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVV
SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

214

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRV
VSVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTLP
PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDG
SFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

216

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRT
PEVICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
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[00186] In some embodiments, the polypeptidecomprises a high affinity SIRP-a D1 domain
that has at least 85% sequence identity (¢.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to any variant provided in Table 8.
[00187] In some embodiments, the polypeptide comprises a high affinity SIRP-a D1 domain
that has at least 85% sequence identity (¢.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NOs: 98-104, 107-113,
116-122, or 135-137 in Table 8.

[00188] In some embodiments, the polypeptide comprises (a) a signal-regulatory protein o
(SIRP-a) D1 variant, wherein the SIRP-a D1 variant comprises the amino acid sequence,
EEX;X,QX5IQPDKX,VX5sVAAGEX X7 XsLXoCTX 0 TSLX 1, PVGPIQWFRGAGPX ,RX5LIYN
0X14X15GX16FPRVTTVSX 17X 15 TX 10R X50NMDF X5 1X5,1X53 X4l TX5ADAGTY Y CX 6K X57RK
GSPDX5:X50EX30KSGAGTELSVRX 5, KPS (SEQ ID NO: 47), wherein X, is E, or G; X5 1s L, I, or
V:Xsis V,L,orl; Xqis S,orF; Xsis L,or S; Xeis S,or T; X7is A, or V; Xgis I, or T; Xo is H, R,
orL; Xjpis A, V. LorL; Xj1is LT, S,orF; X12is A, or G; X;31s E, V, or L; Xy41s K, or R; X5 is
E,orQ; XisisH,P,orR; X;71s D, or E; X151 S, L, T, or G; X191s K, or R; X5 is E, or N; X5 is
S,or P; X515 S, or R; Xy31s S, or G; Xy4 is any amino acid; X;s is any amino acid; X6 is V, or I;
X718 F, L, or V; Xog1s D or absent; Xy91s T, or V; X530 1s F, or V; and X5, is A, or G; and wherein
the SIRP-a D1 variant has at least two amino acid substitutions relative to a wild-type SIRP-o D1
domain having a sequence according to any one of SEQ ID NOs: 1 to 10; and (b) an Fc variant
comprising an Fc domain dimer having two Fc domain monomers, wherein each Fc domain
monomer independently is (i) a human IgG1 Fc region comprising a N297A mutation; (ii) a human
IgG1 Fc region comprising L234A, L235A, and G237A mutations; (iii) a human IgG1 Fc region
comprising L234A, L235A, G237A, and N297A mutations; (iv) a human IgG2 Fc region
comprising a N297A mutation; (v) a human IgG2 Fc region comprising A330S and P331S
mutations; (vi) a human IgG2 Fc region comprising A3308S, P331S, and N297A mutations; (vii) a
human IgG4 Fc region comprising S228P, E233P, F234V, L235A, and delG236 mutations; or (viii)
a human IgG4 Fc region comprising S228P, E233P, F234V, L.235A, delG236, and N297A
mutations.

[00189] In some embodiments, the polypeptide comprises a SIRP-a D1 variant wherein the
SIRP-a D1 variant comprises an amino acid sequence according to SEQ ID NO: 47; an Fc variant
comprising an Fc domain dimer having two Fc¢ domain monomers, wherein one of the Fc domain
monomers in the Fc domain dimer comprises a human IgG1 Fe region comprising L234A, L233A,
G237A, and N297A mutations.

[00190]
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Dimerization of Fc domain monomers

[00191] In some embodiments, a SIRP-a D1 variant polypeptide (e.g., any of the variants
described in Tables 2, 5, and 6) is fused to a first F¢ domain monomer either at the N-terminus or at
the C-terminus. In some embodiments, the first Fc domain monomer is incapable of forming an Fc
domain or a dimer. In some embodiments, the first Fc domain monomer combines with a second Fc
domain monomer to form an Fc domain or a dimer. In some embodiments, the first and second Fc
domain monomers include amino acid substitutions that promote heterodimerization between the
first and second domain monomers.

[00192] In some embodiments, each of the two Fc domain monomers in an Fc domain
includes amino acid substitutions that promote the heterodimerization of the two monomers. In
some embodiments, a SIRP-a construct is formed, for example, from a first subunit including a
SIRP-a D1 variant polypeptide fused to a first Fc domain monomer and a second subunit including
a second Fc domain monomer (e.g., without a SIRP-a D1 variant polypeptide or any other
polypeptide). In some embodiments, a construct has a single SIRP-a D1 variant polypeptide linked
to an Fc domain (e.g., single arm). In some embodiments, a construct has two SIRP-a D1 variant
polypeptides linked to an Fc domain (e.g., double arm). In some embodiments, a SIRP-o. D1 variant
having a Kp of about 500 nM is particularly useful in a double arm construct. In some
embodiments, a SIRP-a D1 variant having a Kp of about 50 nM is particularly useful in a double
arm construct. In some embodiments, a SIRP-a D1 variant having a Ky, of about 5 nM is useful in a
double arm construct and a single arm construct. In some embodiments, a SIRP-a D1 variant
having a Kp of about 500 pM is useful in a double arm construct and a single arm construct. In
some embodiments, a SIRP-o. D1 variant having a K of about 100 pM is useful in a double arm
construct and a single arm construct. In some embodiments, a SIRP-a D1 variant having a K, of
about 50 pM is useful in a double arm construct and a single arm construct. In some embodiments,
a SIRP-a D1 variant having a Kp of about 10 pM is useful in a double arm construct and a single
arm construct.

[00193] In some embodiments, heterodimerization of Fc domain monomers is promoted by
introducing different, but compatible, substitutions in the two Fc 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
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embodiments, an amino acid being replaced is in the CH3 antibody constant domain of an F¢
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 accommodate a knob in
another CH3 antibody constant domain, such that the knob and hole amino acids act to promote or
favor the heterodimerization of the two Fc domain monomers. In some embodiments, a hole in one
CH3 antibody constant domain is created to better accommodate an original amino acid in another
CH3 antibody constant domain. In some embodiments, a knob in one CH3 antibody constant
domain is created to form additional interactions with original amino acids in another CH3
antibody constant domain.

[00194] 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 antibody 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 Fc domain monomer includes hole mutations T366S, L358A, and
Y407V. In some embodiments, a polypeptide of the disclosure including a high affinity SIRP-a D1
variant is fused to an Fc domain monomer 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 9 and examples of knob-into-hole Fc variants and SIRP-o — Fc fusions

are provided in Table 10.

Table 9. Knob-into-Hole Amino Acid Pairs

Fc domain T366S

T394W | T394S T366W
monomer | Y407T | Y407A | F405A | T394S | L358A

Y407T | Y407A | T394S
1 Y407V
Fc domain

T366Y | T366W | F405W
monomer | T366Y | T366W | T394W | F405W | T366W
5 F405A F405W | Y407A

Table 10. Examples of Fc Variants and SIRP-o — Fc Fusions

SEQ ID NO: Amino Acid Sequence
138 EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYN
QRQGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYY CIKFRKGSPDD
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VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD

SDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

139

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLSC
AVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

140

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYN
QRQGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CIKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

141

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLWC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

142

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

143

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

145

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSEKTHTCPECPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLTCEVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

146

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIY
NQRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPD
DVEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTL
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MISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNST

YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPG
K

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
147 EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLSC
AVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIY
NQRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPD
DVEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTL
148 MISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
149 EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLWC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

[00195] In addition to the knob-into-hole strategy, in some embodiments, electrostatic
steering is also used to control the dimerization of Fc domain monomers. Electrostatic steering
refers to the utilization of favorable electrostatic interactions between oppositely charged amino
acids in peptides, protein domains, and proteins to control the formation of higher ordered protein
molecules. In particular, to control the dimerization of Fc domain monomers using electrostatic
steering, one or more amino acid residues that make up the CH3-CH3 interface are replaced with
positively- or negatively-charged amino acid residues such that the interaction becomes
electrostatically favorable or unfavorable depending on the specific charged amino acids
introduced. In some embodiments, a positively-charged amino acid in the interface, such as lysine,
arginine, or histidine, is replaced with a negatively-charged amino acid such as aspartic acid or
glutamic acid. In some embodiments, a negatively-charged amino acid in the interface is replaced
with a positively-charged amino acid. In some embodiments, the charged amino acids are
introduced to one of the interacting CH3 antibody constant domains, or both. In some
embodiments, introducing charged amino acids to the interacting CH3 antibody constant domains
of the two Fc domain monomers promotes the selective formation of heterodimers of Fc domain

monomers as controlled by the electrostatic steering effects resulting from the interaction between
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charged amino acids. Examples of electrostatic steering amino acid pairs are included, without

limitation, in Table 11.

Table 11. Electrostatic Steering Amino Acid Pairs

K409
K370E
Fc domain K392 K392 D
K409D | K409D | K409E | K409E K392E | K392E K409D
monomer 1 D D K392
K439E
D
D399
D356K
Fc domain D399 D399 D399 K
D399K | D399R D399R D399R D399R E357K
monomer 2 K K K D356
D399K
K
[00196] Other methods used to control the heterodimerization of Fc domain monomers,
especially in the context of constructing a bispecific antibody, are available.
[00197] In some embodiments, a first Fc domain monomer and a second Fc domain

monomer each includes one or more of the following amino acid substitutions: T366W, T366S,
L368A, Y407V, T366Y, T394W, F405W, Y349T, Y349E, Y349V, L351T, L351H, L351N,
L351K, P3538S, S354D, D356K, D356R, D3568S, E357K, E357R, E357Q, S364A, T366E, L368T,
L368Y, L368E, K370E, K370D, K370Q, K392E, K392D, T394N, P395N, P396T, V397T, V397Q,
L398T, D399K, D399R, D399N, F405T, F405H, F405R, Y407T, Y407H, Y4071, K409E, K409D,
K409T, and K409I, relative to the sequence of human IgG1.

[00198] In some embodiments an Fc domain monomer comprises: (a) one of the following
amino acid substitutions relative to wild type human IgG1l: T366W, T366S, L368A, Y407V,
T366Y, T394W, F405W, Y349T, Y349E, Y349V, L351T, L351H, L351N, L351K, P353S, S354D,
D356K, D356R, D356S, E357K, E357R, E357Q, S364A, T366E, L368T, L368Y, L368E, K370E,
K370D, K370Q, K392E, K392D, T394N, P395N, P396T, V397T, V397Q, L398T, D399K,
D399R, D399N, F405T, F405H, F405R, Y407T, Y407H, Y4071, K409E, K409D, K409T, or
K409I; or (b) (1) a N297A mutation relative to a human IgG1 Fc region; (i1) a L234A, L235A, and
G237A mutation relative to a human IgG1 Fc region; (ii1) a L234A, L235A, G237A, and N297A
mutation relative to a human IgG1 Fc region; (iv) a N297A mutation relative to a human IgG2 Fe
region; (v) a A330S and P331S mutation relative to a human IgG2 Fc region; (vi) a A330S, P3318S,
and N297A mutation relative to a human IgG2 Fc region; (vii) a S228P, E233P, F234V, L235A,
and delG236 mutation relative to a human IgG4 Fc region; or (viii) a S228P, E233P, F234V,
L235A, delG236, and N297A mutation relative to a human IgG4 Fe region. In some embodiments

an Fc¢ domain monomer comprises: (a) one of the following amino acid substitutions relative to
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wild type human IgG1: T366W, T366S, L368A, Y407V, T366Y, T394W, F405W, Y349T,
Y349E, Y349V, L351T, L351H, L351N, L351K, P353S, S354D, D356K, D356R, D3568S, E357K,
E357R, E357Q, S364A, T366E, L368T, L368Y, L368E, K370E, K370D, K370Q, K392E, K392D,
T394N, P395N, P396T, V397T, V397Q, L398T, D399K, D399R, D399N, F405T, F405H, F405R,
Y407T, Y407H, Y4071, K409E, K409D, K409T, or K409I; and (b) further comprises (i) a N297A
mutation relative to a human IgG1 Fc region; (i1) a L234A, L235A, and G237A mutation relative to
a human IgG1 Fc region; (iii) a L234A, L235A, G237A, and N297A mutation relative to a human
IgG1 Fe region; (iv) a N297A mutation relative to a human IgG2 Fc region; (v) a A330S and
P331S mutation relative to a human IgG2 Fc region; (vi) a A330S, P331S, and N297A mutation
relative to a human IgG2 Fc region; (vii) a S228P, E233P, F234V, L.235A, and delG236 mutation
relative to a human IgG4 Fc region; or (viii) a S228P, E233P, F234V, L.235A, delG236, and
N297A mutation relative to a human IgG4 Fc region.

[00199] In some embodiments, the first and second Fc domain monomers include different
amino acid substitutions. In some embodiments, the first Fc domain monomer includes T366W. In
some embodiments, the second Fc domain monomer includes T366S, L368A, and Y407V. In some
embodiments, the first Fc domain monomer includes D399K. In some embodiments, the second Fc

domain monomer includes K409D.

IV. Serum Albumin

[00200] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-e. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-o. D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00201] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00202] Fusion to serum albumins can improve the pharmacokinetics of protein
pharmaceuticals, and in some embodiments, polypeptides of the disclosure, including a high

affinity SIRP-a D1 variant described herein, is joined with a serum albumin.
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[00203] Serum albumin is a globular protein that is abundant in blood in mammals. Serum
albumin is produced in the liver and can constitute about half of the blood serum proteins. It is
monomeric and soluble in the blood. Some of the most crucial functions of serum albumin include
transporting hormones, fatty acids, and other proteins in the body, buffering pH, and maintaining
osmotic pressure needed for proper distribution of bodily fluids between blood vessels and body
tissues. In preferred embodiments, serum albumin is human serum albumin (HSA). In some
embodiments, an HSA is joined to the C-terminus of the polypeptide of the disclosure to increase
the serum half-life of the polypeptide. In some embodiments, the N-terminus of an HSA is joined to
the C-terminus of the polypeptide of the disclosure. In some embodiments, a HSA is joined, either
directly or through a linker, to the C-terminus of the polypeptide. In some embodiments, an HSA is
joined, either directly or through a linker, to the N-terminus of the polypeptide.

[00204] In some embodiments, a human serum albumin comprises the sequence of amino
acids (aa) 25-609 of UniProt ID NO: P02768 (SEQ ID NO: 12) as shown in Table 12. In some
embodiments, the HSA joined to a high affinity SIRP-a D1 variant (e.g., any SIRP-a D1 variant
described in Tables 2, 5, and 6) includes amino acids 25-609 (SEQ ID NO: 12) of the sequence of
UniProt ID NO: P02768. In some embodiments, the HSA includes C34S or K573P substitutions,
relative to SEQ ID NO: 12. In some embodiments, the HSA includes C34S and K573P
substitutions, relative to SEQ ID NO: 12.

Table 12. Sequence of HSA

SEQ ID NO: Description Amino Acid Sequence

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQC
PFEDHVKLVNEVTEFAKTCVADESAENCDKSLHT
LFGDKLCTVATLRETYGEMADCCAKQEPERNECF
LQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLK
KYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQA
ADKAACLLPKLDELRDEGKASSAKQRLKCASLQK
FGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLT
KVHTECCHGDLLECADDRADLAKYICENQDSISSK

D E(?zlsg%t ffg LKECCEKPLLEKSHCIAEVENDEMPADLPSLA ADF
cro* 7" | VESKDVCKNYAEAKDVFLGMFLYEY ARRHPDYS

VVLLLRLAKTYETTLEKCCAAADPHECY AKVFDE

FKPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRY

TKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKR

MPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTE

SLVNRRPCFSALEVDETY VPKEFNAETFTFHADICT
LSEKERQIKKQTALVELVKHKPKATKEQLKAVMD
DFAAFVEKCCKADDKETCFAEEGKKLVAASQAAL
GL
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[00205] In some embodiments, a serum albumin is fused genetically to a polypeptide of the
disclosure or joined to the polypeptide through chemical means, e.g., chemical conjugation. In
some embodiments, a spacer is inserted between the polypeptide and the HSA. Some examples of
spacers are described in detail elsewhere herein. In some embodiments, a spacer is A or AAAL. In
some embodiments, the fusion of an HSA in a polypeptide of the disclosure leads to prolonged
retention of the polypeptide as well as increases in half-life.

[00206] Polypeptides comprising a SIRP-a D1 variant polypeptide and a fused HSA include,
but are not limited to, SEQ ID NOS: 150-159 provided in Table 13.

Table 13. Polypeptides Comprising SIRP-a Variants Fused to HSA

SEQ ID NO: Amino Acid Sequence

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFESIRIGNITPADAGTYYCIKFRKGSPDDVE
FKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQS
PFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETY
GEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEET
FLKKYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKLD
ELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVS
150 KLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKP
LLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFL
YEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEFKPL
VEEPQNLIKQNCELFEQLGEYKFQNALLVRY TKKVPQVSTPTLVEVSRNL
GKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTE
SLVNRRPCFSALEVDETY VPKEFNAETFTFHADICTLSEKERQIKKQTALV
ELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAA
SQAALGL

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQ
QSPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRE
TYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDN
EETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLP
KLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFA
151 EVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECC
EKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLG
MFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEF
KPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVS
RNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKC
CTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQT
ALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKL
VAASQAALGL

152 EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
RQGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCIKFRKGSPDDVE
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FKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQS
PFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETY
GEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEET
FLKKYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKLD
ELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVS

KLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKP

LLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFL

YEYARRHPDY SVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEFKPL

VEEPQNLIKQNCELFEQLGEYKFQNALLVRY TKKVPQVSTPTLVEVSRNL

GKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTE
SLVNRRPCFSALEVDETY VPKEFNAETFTFHADICTLSEKERQIKKQTALV

ELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAA
SQAALGL

153

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QRQGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQ
QSPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRE
TYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDN
EETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLP
KLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFA
EVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECC
EKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLG
MFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEF
KPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVS
RNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKC
CTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQT
ALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKL
VAASQAALGL

154

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCIKFRKGSPDDVE

FKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQS
PFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETY
GEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEET
FLKKYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKLD
ELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVS

KLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKP

LLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFL

YEYARRHPDY SVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEFKPL

VEEPQNLIKQNCELFEQLGEYKFQNALLVRY TKKVPQVSTPTLVEVSRNL

GKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTE
SLVNRRPCFSALEVDETY VPKEFNAETFTFHADICTLSEKERQIKKQTALV

ELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAA
SQAALGL

155

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQ
QSPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRE
TYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDN
EETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLP
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KLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFA
EVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECC
EKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLG
MFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEF
KPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVS
RNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKC
CTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQT
ALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKL
VAASQAALGL

156

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDD
VEFKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQ
QSPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRE
TYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDN
EETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLP
KLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFA
EVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECC
EKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLG
MFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEF
KPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVS
RNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKC
CTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQT
ALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKL
VAASQAALGL

157

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQS
PFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETY
GEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEET
FLKKYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKLD
ELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVS

KLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKP

LLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFL

YEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEFKPL

VEEPQNLIKQNCELFEQLGEYKFQNALLVRY TKKVPQVSTPTLVEVSRNL

GKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTE
SLVNRRPCFSALEVDETY VPKEFNAETFTFHADICTLSEKERQIKKQTALV

ELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAA
SQAALGL

158

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQ
QSPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRE
TYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDN
EETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLP
KLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFA
EVSKLVTIDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECC
EKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLG
MFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDEF
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KPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVS
RNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKC
CTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQT
ALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKL
VAASQAALGL

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPSDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQS
PFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETY
GEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEET
FLKKYLYEIARRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKLD
ELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVS

159 KLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKP

LLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFL

YEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECY AKVFDEFKPL

VEEPQNLIKQNCELFEQLGEYKFQNALLVRY TKKVPQVSTPTLVEVSRNL

GKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTE
SLVNRRPCFSALEVDETY VPKEFNAETFTFHADICTLSEKERQIKKQTALV

ELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAA
SQAALGL

[00207] In some embodiments, the polypeptide includes a high affinity SIRP-a D1 domain
that has at least 85% sequence identity (¢.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to any variant provided in Table 13.
[00208] In some embodiments, the polypeptide includes a high affinity SIRP-a D1 domain
that has at least 85% sequence identity (¢.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NO: 154, 155, and 159 in
Table 13.

V. Albumin-Binding Peptide

[00209] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-a. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-o D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00210] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fc region

consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc¢ region
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consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00211] Binding to serum proteins can improve the pharmacokinetics of protein
pharmaceuticals, and in particular, in some embodiments, the polypeptides described herein are
fused with serum protein-binding peptides or proteins.

[00212] As used herein, the term “albumin-binding peptide” refers to an amino acid
sequence of about 12 to 16 amino acids that has affinity for and functions to bind a serum albumin
protein. In some embodiments, an albumin-binding peptide originates from human, mouse, or rat.
[00213] In some embodiments, a polypeptide of the disclosure including a high affinity
SIRP-a D1 variant (e.g., any variant provided in Tables 2, 5, and 6) is fused to an albumin-binding
peptide that displays binding activity to serum albumin to increase the half-life of the polypeptide.
Various albumin-binding peptides that can be used in the methods and compositions described here
are available. In some embodiments, the albumin binding peptide includes the sequence
DICLPRWGCLW (SEQ ID NO: 160). In some embodiments, an albumin-binding peptide is fused
genetically to a polypeptide of the disclosure or attached to the polypeptide through chemical
means, €.g., chemical conjugation.

[00214] In some embodiments,, a linker (¢.g., a spacer) is inserted between the polypeptide
and the albumin-binding peptide to allow for additional structural and spatial flexibility of the
fusion protein. Specific linkers (¢.g., a spacer) and their amino acid sequences are described in
detail further herein. In some embodiments, an albumin-binding peptide is fused to the N- or C-
terminus of a polypeptide of the disclosure. In one example, the N-terminus of the albumin-binding
peptide is directly fused to the C-terminus of a polypeptide of the disclosure through a peptide
bond. In another example, the C-terminus of the albumin-binding peptide is directly fused to the N-
terminus of a polypeptide of the disclosure through a peptide bond. In some embodiments, the
fusion of an albumin-binding peptide to a polypeptide of the disclosure leads to prolonged retention

of the polypeptide through its binding to serum albumin.

VL. Polyethylene Glycol (PEG) Polymer

[00215] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-¢. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-o. D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,

residue 56, residue 66, and residue 92.
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[00216] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fc region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00217] In some embodiments, a polypeptide including a high affinity SIRP-a. D1 domain
(e.g., any variant provided in Tables 2, 5, and 6) is fused to a polymer (e.g., polyethylene glycol,
PEG). In some embodiments, the attachment of a polymer to a protein pharmaceutical “masks” the
protein pharmaceutical from the host’s immune system. In addition, in some embodiments, certain
polymers, such as hydrophilic polymers, provide water solubility to hydrophobic proteins and
drugs. For example, in some embodiments, such polymers include PEG, polysialic acid chain, and
PAS chain molecules. In some embodiments, a polymer such as PEG, is covalently attached to a
cysteine substitution or addition in the polypeptide. In some embodiments, the cysteine substitution
in the polypeptide is I7C, A16C, S20C, T20C, A45C, G45C, G79C, S79C, or A84C, relative to the
sequence of any one of the sequences provided in Tables 2, 5, and 6. In some embodiments, the
addition of a cysteine residue in the polypeptide is introduced using peptide synthesis, genetic
modification, molecular cloning, or any combinations thereof. In some embodiments, the polymer,
for example PEG, is attached to the cysteine residue using cysteine-maleimide conjugation. In
some embodiments, a polymer such as PEG, is covalently attached to the polypeptide including a
high affinity SIRP-a D1 variant either at the N- or C-terminus or at an internal location, using

conventional chemical methods such as chemical conjugation.

VILI. Bispecific Construct

[00218] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-o. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00219] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fc region

consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region
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consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00220] In some embodiments, a polypeptide having a high affinity SIRP-a D1 variant (e.g.,
any of the variants provided in Tables 2, 5, and 6) comprises a bispecific construct. A bispecific
construct refers to a construct that has two target-interacting domains. In some embodiments, a
bispecific construct includes an Fc domain and two target-interacting domains: (1) a SIRP-a. D1
domain or variant thereof (¢.g., any of the variants provided in Tables 2, 5, and 6) and (2) an
antibody variable domain. In some embodiments, a bispecific construct includes a first polypeptide
and a second polypeptide. In some embodiments, the first polypeptide has the formula A-L-B,
wherein A includes a SIRP-o D1 domain or variant thereof, L is a linker, and B includes a first Fc
domain monomer. In some embodiments, the second polypeptide has the formula A'-L'-B', wherein
A'includes an antibody variable domain, L' is a linker; and B' includes a second Fc domain
monomer. In some embodiments, the orientation of the first and second polypeptides is B-L-A and
B'-L'-A', respectively. In some embodiments, the first and second Fc domain monomers combine to
form the Fc domain in the bispecific construct. In some embodiments, a bispecific construct is of
any immunoglobulin antibody isotypes (e.g., IgG, IgE, IgM, IgA, and IgD). A variant of a SIRP-a.
D1 domain includes the D1 domain of a wild-type human SIRP-a and one or more amino acid
substitutions relative to the wild-type D1 domains (e.g., any SIRP-o D1 variant as described in
Tables 2, 5, and 6). In some embodiments, a SIRP-0. D1 variant binds with higher binding affinity
to CD47 than does a wild-type human SIRP-a D1domain. In some embodiments, the antibody
variable domain in a bispecific construct targets a cell antigen (¢.g., a cell antigen on a cancer cell).
[00221] An antibody variable domain refers to the portions of the light and heavy chains of
an antibody that include amino acid sequences of complementary determining regions (CDRs, e.g.,
CDR L1, CDR L2, CDR L3, CDR HI1, CDR H2, and CDR H3) and framework regions (FRs). The
variable domain of the antibody can confer on the antibody the ability to bind to specific antigens.
Many different antibody variable domain molecules can be constructed. In some embodiments, the
antibody variable domain molecules used includes, but is not limited to, single-chain Fv.

[00222] In some embodiments, the antibody variable domain in a bispecific construct targets
a cell antigen (e.g., a cell antigen on a cancer cell or on an immune cell). Some proteins are
expressed at higher levels in cancer cells than in non-cancer cells. For example, a cancer antigen is
a protein that is expressed preferentially by cancer cells (e.g., it is expressed at higher levels on
cancer cells than on non-cancer cells) and in some instances it is expressed solely by cancer cells.
In some embodiments, proteins, €.g., proteins expressed by cancer cells, that are targeted by an

antibody variable domain forming an Fc domain with a high affinity SIRP-a domain or variant
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thereof include, but are not limited to: 5T4, AGS-16, ALK1, ANG-2, B7-H3, B7-H4, ¢c-fms, c-
Met, CA6, CD123, CD19, CD20, CD22, EpCAM, CD30, CD32b, CD33, CD37, CD38, CD40,
CD52, CD70, CD74, CD79, CD98, CEA, CEACAMS, CLDN18.2, CLDN6, CS1, CXCR4, DLL-
4, EGFR, EGP-1, ENPP3, EphA3, ETBR, FGFR2, fibronectin, FR-alpha, GCC, GD2, glypican-3,
GPNMB, HER-2, HER3, HLA-DR, ICAM-1, IGF-1R, IL-3R, LIV-1, mesothelin, MUC16, MUCI1,
NaPi2b, Nectin-4, Notch 2, Notch 1, PD-L1, PD-L2, PDGFR-a, PS, PSMA, SLTRK6, STEAPI,
TEM1 , VEGFR, CD25, CD27L, DKK-1, or CSF-1R. In some¢ embodiments, the antibody variable
domain in the bispecific construct is not engineered to bind a human protein.

[00223] In some embodiments, each of the first and second Fc domain monomers in the Fc
domain of the bispecific construct includes one or more amino acid substitutions that promote the
heterodimerization of the first and second Fc domain monomers. Methods of promoting
heterodimerization of F¢ domain monomers are described in detail further herein, see, ¢.g., knob-
into-hole strategy and electrostatic steering strategy.

[00224] In some embodiments, the Fc domain of the bispecific construct is mutated to lack
one or more effector functions, typical of a "dead Fc¢ domain." In some embodiments, the Fc
domain of the bispecific construct is from an IgG1 antibody and includes amino acid substitutions
L14A, LI5A, and G17A, relative to the sequence of SEQ ID NO: 161 (Table 14) to reduce the
interaction or binding between the Fc domain and an Fcy receptor. In some embodiments, an Fc
domain monomer is from an IgG1 antibody and includes one or more of amino acid substitutions
L234A, L235A, G237A, and N297A (as designated according to the EU numbering system per
Kabat et al., 1991. In some embodiments, the F¢ variants described herein are minimally
glycosylated or have reduced glycosylation. In some embodiments, deglycosylation is
accomplished with a mutation of N297A, or by mutating N297 to any amino acid which is not N
(as designated according to the EU numbering system per Kabat, et al. (1991)). In some
embodiments, the bispecific construct is designed such that it has preferential binding to proteins
(e.g., receptors such as Fc receptors) expressed by different cell types. Studies have demonstrated
that amino acid substitutions in the hinge, constant domains (¢.g., CH2 and CH3 constant domains),
or hinge and constant domains of an antibody can efficiently alter the binding affinities of the
antibody towards specific receptors (¢.g., Fc receptors) expressed on different types of cells (e.g.,
regulatory T-cells and effector T-cells). IgG2 having amino acid substitutions A111S and P112S
(relative to SEQ ID NO: 162, Table 14) display significantly reduced binding to FcyRIIla 131 H
compared to wild-type IgG2. In some embodiments, the F¢ variants herein are minimally
glycosylated or have reduced glycosylation. In some embodiments, deglycosylation is

accomplished with a mutation of N297A, or by mutating N297 to any amino acid which is not N
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(as designated according to the EU numbering system per Kabat, et al. (1991)). In some
embodiments, a bispecific construct includes an Fc domain of the IgG2 or IgG4 subclass. In some
embodiments, a bispecific construct including an F¢ domain of an IgG2 subclass includes amino
acid substitutions A111S and P1128, relative to SEQ ID NO: 162 (Table 14). In some
embodiments, the F¢ variant comprises a human IgG2 Fc sequence comprising one or more of
A330S, P331S and N297A amino acid substitutions (as designated according to the EU numbering
system per Kabat, et al. (1991)).

Table 14. IgG Amino Acid Sequences

SEQ ID NO: Amino Acid Sequence

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
161 YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCL

VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRW

QQGNVFSCSVMHEALHNHYTQKSLSLSPG

ERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISETPEVTCVYVDVSHE
DPEVOFNWYVDOVEVHNAKTKPREEQFNSTFRVVSVLTVVHODWILNG
162 KEYKCKVSNKGLPAPIEKTISKTKGOPREPQVY TLPPSREEMTKNGQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLY SKLTVDKS
RWQOQGNVESCSVMHEALHNHYTOQRKSLSLSPGK

[00225] An example of a SIRP-a construct comprising a SIRP-a. D1 domain or variant
thereof joined to a first Fc domain monomer by way of a linker and a second Fc domain monomer,
in which the first and second Fc domain monomers combine to form an F¢ domain is shown in
FIG. 1. In some embodiments, there is no protein or antibody variable domain attached to the
second Fc monomer. In some embodiments, a SIRP-a, construct includes a SIRP-a D1 domain or
variant thereof joined to a first Fc domain monomer by way of a linker and an antibody variable
domain joined to a second Fc¢ domain monomer by way of a linker, in which the first and second Fc¢
domain monomers combine to form an Fc domain (as shown in FIG. 2). In some embodiments, a
SIRP-a construct includes a SIRP-a D1 domain or variant thereof joined to a first Fc domain
monomer by way of a linker and a therapeutic protein (e.g., a cytokine, an interleukin, an antigen, a
steroid, an anti-inflammatory agent, or an immunomodulatory agent) joined to a second Fc¢ domain
monomer by way of a linker, in which the first and second Fc¢ domain monomers combine to form
an Fc domain (as shown in FIG. 3). In some embodiments, each of the two Fc domain monomers in
the Fc domain of the SIRP-a constructs described previously (e.g., the SIRP-a constructs as shown

in FIGs. 1-3), include amino acid substitutions that promote the heterodimerization of the two
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monomers. Different strategies (¢.g., knob-into-hole strategy, electrostatic steering strategy) and Fe
domain amino acid substitutions that promote the heterodimerization of two Fc domain monomers
are described in detail herein. For example, FIG. 4A illustrates a SIRP-a construct having a SIRP-a
D1 domain or variant thereof joined to an Fc domain monomer including a knob mutation, ¢.g.,
T366W, to limit unwanted knob-knob homodimer formation. FIG. 4B illustrates a SIRP-o. construct
having a having a SIRP-a D1 domain or variant thereof joined to an Fc domain monomer including
hole mutations, ¢.g., T366S, L358A, and Y407V. In some embodiments, similar Fc domain
heterodimerization strategies are applied to the Fc domains in the constructs described in FIGs. 2
and 3. In some embodiments, a SIRP-a construct includes a fusion protein of a SIRP-a D1 domain
or variant thereof joined to an Fc domain monomer (as shown in FIG. 5A). In some embodiments,
this fusion protein forms a homodimer (as shown in FIG. 5B).

[00226] Fc variants of the disclosure coupled with a fusion partner preferably exhibit
reduced or ablated binding to at least one of Fcy receptors CD16a, CD32a, CD32b, CD32¢, and
CD64 as compared to a similar polypeptide construct comprising the native or wild-type (non-
mutated) antibody Fc region. In some cases, the F¢ variant or fusion partner described herein
exhibits reduced or ablated binding to the CD16a, CD32a, CD32b, CD32¢, and CD64 Fcy
receptors.

[00227] In some embodiments, Fc variants of the disclosure coupled with a fusion partner
exhibit reduced binding to complement component Clq and CDC compared to a similar
polypeptide construct comprising the native or wild-type (non-mutated) Fc region. In some cases,
the Fc variant exhibits at least a 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%., 90% or
greater reduction in Clq binding compared to a polypeptide construct comprising a wild-type Fc
region. In some cases, the Fc variant exhibits reduced CDC compared to a polypeptide construct
comprising the native or wild-type (non-mutated) Fc region. In some embodiments, the Fc variant
exhibits at least a 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater reduction

in CDC compared to a polypeptide construct comprising a wild-type Fc region.

VIII. Linkers

[00228] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-¢. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-o. D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,

residue 56, residue 66, and residue 92.
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[00229] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc¢ region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00230] In the present disclosure, a linker is used to describe a linkage or connection
between polypeptides or protein domains or associated non-protein moieties. In some
embodiments, a linker is a linkage or connection between an Fc domain monomer, an albumin-
binding peptide, or an HSA, and a high affinity SIRP-a D1 variant. In some embodiments, the
linker connects the C-terminus of the SIRP-a D1 variant and the N-terminus of the Fc domain
monomer, the albumin-binding peptide, or the HSA, such that the two polypeptides are joined to
cach other in tandem series.

[00231] In some embodiments, a linker is a simple covalent bond, ¢.g., a peptide bond, a
synthetic polymer such as a polyethylene glycol (PEG) polymer, or any kind of bond created from a
chemical reaction, ¢.g. chemical conjugation. When a linker is a peptide bond, in some
embodiments, the carboxylic acid group at the C-terminus of one protein domain reacts with the
amino group at the N-terminus of another protein domain in a condensation reaction to form a
peptide bond. In some embodiments, the peptide bond is formed from synthetic means through a
conventional organic chemistry reaction, or by natural production from a host cell, wherein a
nucleic acid molecule encoding the DNA sequences of both proteins (¢.g., an Fc domain monomer
and a high affinity SIRP-a D1 variant) in tandem series can be directly transcribed and translated
into a contiguous polypeptide encoding both proteins by the necessary molecular machineries (e.g.,
DNA polymerase and ribosome) in the host cell.

[00232] When a linker is a synthetic polymer (¢.g., a PEG polymer), in some embodiments,
the polymer is functionalized with reactive chemical functional groups at each end to react with the
terminal amino acids at the connecting ends of two proteins.

[00233] When a linker (except peptide bond mentioned above) is made from a chemical
reaction, in some embodiments, chemical functional groups (¢.g., amine, carboxylic acid, ester,
azide, or other functional groups), are attached synthetically to the C-terminus of one protein and
the N-terminus of another protein, respectively. In some embodiments, the two functional groups
then react through synthetic chemistry means to form a chemical bond, thus connecting the two
proteins together.

Spacers
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[00234] In the present disclosure, in some embodiments, a linker between an Fc domain
monomer, an albumin-binding peptide, or an HSA, and a polypeptide of the disclosure, is an amino
acid spacer including about 1-200 amino acids. Suitable peptide spacers include peptide linkers
containing flexible amino acid residues such as glycine and serine. Examples of linker sequences
are provided in Table 15. In some embodiments, a spacer contains motifs, e.g., multiple or
repeating motifs, of GS, GG, GGS, GGG, GGGGS (SEQ ID NO: 163), GGSG (SEQ ID NO: 164),
or SGGG (SEQ ID NO: 165). In some embodiments, a spacer contains 2 to 12 amino acids
including motifs of GS, e.g., GS, GSGS (SEQ ID NO: 166), GSGSGS (SEQ ID NO: 167),
GSGSGSGS (SEQ ID NO: 168), GSGSGSGSGS (SEQ ID NO: 169), or GSGSGSGSGSGS (SEQ
ID NO: 170). In some embodiments, a spacer contains 3 to 12 amino acids including motifs of
GGS, e.g., GGS, GGSGGS (SEQ ID NO: 171), GGSGGSGGS (SEQ ID NO: 172), and
GGSGGSGGSGGS (SEQ ID NO: 173). In some embodiments, a spacer contains 4 to 12 amino
acids including motifs of GGSG (SEQ ID NO: 164), ¢.g., GGSG (SEQ ID NO: 164), GGSGGGSG
(SEQ ID NO: 174), or GGSGGGSGGGSG (SEQ ID NO: 175). In some embodiments, a spacer
contains motifs of GGGGS (SEQ ID NO: 163), e.g., GGGGSGGGGSGGGGS (SEQ ID NO: 176).
In some embodiments, a spacer contains amino acids other than glycine and serine, ¢.g., AAS (SEQ
ID NO: 177), AAAL (SEQ ID NO: 178), AAAK (SEQ ID NO: 179), AAAR (SEQ ID NO: 180),
EGKSSGSGSESKST (SEQ ID NO: 181), GSAGSAAGSGEF (SEQ ID NO: 182),
AEAAAKEAAAKA (SEQ ID NO: 183), KESGSVSSEQLAQFRSLD (SEQ ID NO: 184),
GGGGAGGGG (SEQ ID NO: 185), GENLYFQSGG (SEQ ID NO: 186), SACYCELS (SEQ ID
NO: 187), RSIAT (SEQ ID NO: 188), RPACKIPNDLKQKVMNH (SEQ ID NO: 189),
GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG (SEQ ID NO: 190),
AAANSSIDLISVPVDSR (SEQ ID NO: 191), or
GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS (SEQ ID NO: 192).

[00235] In some embodiments, a spacer contains motifs, ¢.g., multiple or repeating motifs, of
EAAAK (SEQ ID NO: 193). In some embodiments, a spacer contains motifs, ¢.g., multiple or
repeating motifs, of proline-rich sequences such as (XP)n, in which X is any amino acid (e.g., A, K,

or E) and n is from 1-5, and PAPAP(SEQ ID NO: 194).

Table 15. Linker Sequences

SEQ ID NO: Amino Acid Sequence
163 GGGGS
164 GGSG
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165 SGGG

166 GSGS

167 GSGSGS

168 GSGSGSGS

169 GSGSGSGSGS

170 GSGSGSGSGSGS

171 GGSGGS

172 GGSGGSGGS

173 GGSGGSGGSGGS

174 GGSGGGSG

175 GGSGGGSGGGSG
176 GGGGSGGGGSGGGGS
177 AAS

178 AAAL

179 AAAK

180 AAAR

181 EGKSSGSGSESKST
182 GSAGSAAGSGEF

183 AEAAAKEAAAKA
184 KESGSVSSEQLAQFRSLD
185 GGGGAGGGG

186 GENLYFQSGG

187 SACYCELS

188 RSIAT

189 RPACKIPNDLKQKVMNH
190 GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG
191 AAANSSIDLISVPVDSR
192 GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS
193 EAAAK
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194 PAPAP

[00236] In some embodiments, the length of the peptide spacer and the amino acids used is
adjusted depending on the two proteins involved and the degree of flexibility desired in the final
protein fusion polypeptide. In some embodiments, the length of the spacer is adjusted to ensure
proper protein folding and avoid aggregate formation. In some embodiments, a spacer such as a

spacer between an HSA and a polypeptide disclosed herein, is A or AAAL (SEQ ID NO: 178).

IX. Vectors, Host Cells, and Protein Production

[00237] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-o. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00238] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00239] In some embodiments, the polypeptides of the disclosure are produced from a host
cell. A host cell refers to a vehicle that includes the necessary cellular components, ¢.g., organelles,
needed to express the polypeptides and fusion polypeptides described herein from their
corresponding nucleic acids. In some embodiments, the nucleic acids are included in nucleic acid
vectors introduced into the host cell by transformation, transfection, electroporation, calcium
phosphate precipitation, direct microinjection, infection, etc. In some embodiments, the choice of
nucleic acid vectors depend on the host cell to be used. In some embodiments, host cells are of
either prokaryotic (e.g., bacterial) or eukaryotic (¢.g., mammalian) origin.

[00240] In some embodiments, a polypeptide, for example a polypeptide construct
comprising a SIRP-a D1 variant (e.g., any variant provided in Tables 2, 5, and 6) and a fusion
partner such as an Fc variant, HSA, and an albumin binding peptide, are produced by culturing a
host cell transformed with a nucleic acid, preferably an expression vector, containing a nucleic acid

encoding the polypeptide construct (e.g., Fc variant, linker, and fusion partner) under the
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appropriate conditions to induce or cause expression of the polypeptide construct. In some
embodiments, the conditions appropriate for expression varies with the expression vector and the
host cell chosen. In some embodiments, a wide variety of appropriate host cells are used, including,
but not limited to, mammalian cells, bacteria, insect cells, and yeast. For example, a variety of cell
lines that find use in the present disclosure are described in the ATCC® cell line catalog, available
from the American Type Culture Collection. In some embodiments, Fc variants of this disclosure
are expressed in a cell that is optimized not to glycosylate proteins that are expressed by such cell,
either by genetic engineering of the cell line or modifications of cell culture conditions such as
addition of kifunensine or by using a naturally non-glycosylating host such as a prokaryote (E. coli,
etc.), and in some cases, modification of the glycosylation sequence in the Fc is not be needed.
Nucleic acid vector construction and host cells

[00241] A nucleic acid sequence encoding the amino acid sequence of a polypeptide of the
disclosure can be prepared by a variety of methods. These methods include, but are not limited to,
oligonucleotide-mediated (or site-directed) mutagenesis and PCR mutagenesis. In some
embodiments, a nucleic acid molecule encoding a polypeptide of the disclosure is obtained using
standard techniques, ¢.g., gene synthesis. Alternatively, a nucleic acid molecule encoding a wild-
type SIRP-a D1 domain is mutated to include specific amino acid substitutions using standard
techniques, ¢.g., QuikChange™ mutagenesis. In some cases, nucleic acid molecules are synthesized
using a nucleotide synthesizer or PCR techniques.

[00242] In some embodiments, the nucleic acids that encode a polypeptide construct, for
example a polypeptide construct comprising a SIRP-a. D1 variant (e.g., any variant provided in
Tables 2, 5, and 6) and a fusion partner such as an Fc variant, HSA, and an albumin binding
peptide, are incorporated into an expression vector in order to express the protein. A variety of
expression vectors can be utilized for protein expression. Expression vectors can comprise self-
replicating, extra-chromosomal vectors or vectors which integrate into a host genome. A vector can
also include various components or elements. For example, in some embodiments, the vector
components include, but are not limited to, transcriptional and translational regulatory sequences
such as a promoter sequence, a ribosomal binding site, a signal sequence, transcriptional start and
stop sequences, translational start and stop sequences, 3 and 5 untranslated regions (UTRs), and
enhancer or activator sequences; an origin of replication; a selection marker gene; and the nucleic
acid sequence encoding the polypeptide of interest, and a transcription termination sequence. In
some embodiments, expression vectors comprise a protein operably linked with control or
regulatory sequences, selectable markers, any fusion partners, additional elements, or any

combinations thereof. The term “operably linked” means that the nucleic acid is placed into a
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functional relationship with another nucleic acid sequence. Generally, these expression vectors
include transcriptional and translational regulatory nucleic acid operably linked to the nucleic acid
encoding the Fc¢ variant, and are typically appropriate to the host cell used to express the protein. A
selection gene or marker, such as, but not limited to, an antibiotic resistance gene or fluorescent
protein gene, can be used to select for host cells containing the expression vector, for example by
antibiotic or fluorescence expression. Various selection genes are available.

[00243] In some embodiments, the components or elements of a vector are optimized such
that expression vectors are compatible with the host cell type. Expression vectors which find use in
the present disclosure include, but are not limited to, those which enable protein expression in
mammalian cells, bacteria, insect cells, yeast, and in in vitro systems.

[00244] In some embodiments, mammalian cells are used as host cells to produce
polypeptides of the disclosure. Examples of mammalian cell types include, but are not limited to,
human embryonic kidney (HEK) (¢.g., HEK293, HEK 293F), Chinese hamster ovary (CHO),
HeLa, COS, PC3, Vero, MC3T3, NSO, Sp2/0, VERY, BHK, MDCK, W138, BT483, Hs578T,
HTB2, BT20, T47D, NSO (a murine myeloma cell line that does not endogenously produce any
immunoglobulin chains), CRL7030, and HsS78Bst cells. In some embodiments, E. coli cells are
used as host cells to produce polypeptides of the disclosure. Examples of E. coli strains include, but
are not limited to, E. coli 294 (ATCC® 31,446), E. coli A 1776 (ATCC" 31,537, E. coli BL21
(DE3) (ATCC® BAA-1025), and E. coli RV308 (ATCC® 31,608).

[00245] Different host cells have characteristic and specific mechanisms for the
posttranslational processing and modification of protein products (¢.g., glycosylation). In some
embodiments, appropriate cell lines or host systems are chosen to ensure the correct modification
and processing of the polypeptide expressed. Once the vectors are introduced into host cells for
protein production, host cells are cultured in conventional nutrient media modified as appropriate
for inducing promoters, selecting transformants, or amplifying the genes encoding the desired
sequences.

[00246] In some embodiments, a polypeptide construct, for example a polypeptide construct
comprising a SIRP-a D1 variant (e.g., any variant provided in Tables 2, 5, and 6) and a fusion
partner such as an Fc variant, HSA, and an albumin binding peptide, are expressed in mammalian
expression systems, including systems in which the expression constructs are introduced into the
mammalian cells using virus such as retrovirus or adenovirus. In some embodiments, human,
mouse, rat, hamster, or primate cells are utilized. Suitable cells also include known research cells,
including but not limited to Jurkat T cells, NIH3T3, CHO, COS, and 293 cells. Alternately, in some

embodiments, proteins are expressed in bacterial cells. Bacterial expression systems are well
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known in the art, and include Escherichia coli (E. coli), Bacillus subtilis, Streptococcus cremoris,
and Streptococcus lividans. In some cases, polypeptide constructs comprising Fc variants are
produced in insect cells such as but not limited to Sf9 and Sf21 cells or yeast cells such as but not
limited to organisms from the genera Saccharomyces, Pichia, Kluyveromyces, Hansenula and
Yarrowia. In some cases, polypeptide constructs comprising F¢ variants are expressed in vifro using
cell free translation systems. /n vifro translation systems derived from both prokaryotic (¢.g., E.
coli) and eukaryotic (e.g., wheat germ, rabbit reticulocytes) cells are available and, in some
embodiments, chosen based on the expression levels and functional properties of the protein of
interest. For example, as appreciated by those skilled in the art, in vifro translation is required for
some display technologies, for example ribosome display. In addition, in some embodiments, the
Fc variants are produced by chemical synthesis methods such as, but not limited to, liquid-phase
peptide synthesis and solid-phase peptide synthesis. In the case of in vifro transcription using a non-
glycosylating system such as bacterial extracts, the Fc will not be glycosylated even in presence of
the natural glycosylation site and therefore inactivation of the Fc will be equivalently obtained.
[00247] In some embodiments, a polypeptide construct includes non-natural amino acids,
amino acid analogues, amino acid mimetics, or any combinations thereof that function in a manner
similar to the naturally occurring amino acids. Naturally encoded amino acids generally refer to the
20 common amino acids (alanine, arginine, asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan,

tyrosine, and valine) and pyrrolysine and selenocysteine. Amino acid analogs refers to compounds
that have the same basic chemical structure as a naturally occurring amino acid, €.g., an a carbon
that is bound to a hydrogen, a carboxyl group, an amino group, and an R group, such as,
homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium. In some
embodiments, such analogs have modified R groups (such as, norleucine) or modified peptide
backbones, but generally retain the same basic chemical structure as a naturally

occurring amino acid.

Protein production, recovery, and purification

[00248] In some embodiments, host cells used to produce polypeptides of the disclosure are
grown in media suitable for culturing of the selected host cells. Examples of suitable media for
mammalian host cells include Minimal Essential Medium (MEM), Dulbecco’s Modified Eagle’s
Medium (DMEM), Expi293™ Expression Medium, DMEM with supplemented fetal bovine serum
(FBS), and RPMI-1640. Examples of suitable media for bacterial host cells include Luria broth

(LB) plus necessary supplements, such as a selection agent, ¢.g., ampicillin. In some embodiments,
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host cells are cultured at suitable temperatures, such as from about 20 °C to about 39 °C, ¢.g., from
about 25 °C to about 37 °C, preferably 37 °C, and CO2 levels, such as about 5% to 10%. In some
embodiments, the pH of the medium is from about pH 6.8 to pH 7.4, ¢.g., pH 7.0, depending
mainly on the host organism. If an inducible promoter is used in the expression vector, protein
expression can be induced under conditions suitable for the activation of the promoter.

[00249] In some embodiments, protein recovery involves disrupting the host cell, for
example by osmotic shock, sonication, or lysis. Once the cells are disrupted, cell debris is removed
by centrifugation or filtration. The proteins can then be further purified. In some embodiments, a
polypeptide of the disclosure is purified by various methods of protein purification, for example, by
chromatography (e.g., ion exchange chromatography, affinity chromatography, and size-exclusion
column chromatography), centrifugation, differential solubility, or by any other standard technique
for the purification of proteins. For example, in some embodiments, the protein is isolated and
purified by appropriately selecting and combining affinity columns such as Protein A column (e.g.,
POROS Protein A chromatography) with chromatography columns (¢.g., POROS HS-50 cation
exchange chromatography), filtration, ultra-filtration, de-salting and dialysis procedures. In some
embodiments, a polypeptide is conjugated to marker sequences, such as a peptide to facilitate
purification. An example of a marker amino acid sequence is a hexa-histidine peptide (His6-tag),
which can bind to a nickel-functionalized agarose affinity column with micromolar affinity. As an
alternative, a hemagglutinin “HA” tag, which corresponds to an epitope derived from the influenza
hemagglutinin protein can be used.

[00250] In some embodiments, polypeptides of the disclosure, for example a polypeptide
construct comprising a SIRP-a D1 variant (e.g., any variant provided in Tables 2, 5, and 6) and a
fusion partner such as an Fc¢ variant, HSA, and an albumin binding peptide, are produced by the
cells of a subject (e.g., a human), ¢.g., in the context of gene therapy, by administrating a vector
such as a viral vector (¢.g., a retroviral vector, adenoviral vector, poxviral vector (e.g., vaccinia
viral vector, such as Modified Vaccinia Ankara (MVA)), adeno-associated viral vector, and
alphaviral vector) containing a nucleic acid molecule encoding a polypeptide of the disclosure. The
vector, once inside a cell of the subject (e.g., by transformation, transfection, electroporation,
calcium phosphate precipitation, direct microinjection, infection, etc) can be used for the expression
of a polypeptide disclosed herein. In some cases, the polypeptide is secreted from the cell. In some
embodiments, if treatment of a disease or disorder is the desired outcome, no further action is
required. In some embodiments, if collection of the protein is desired, blood is collected from the

subject and the protein purified from the blood by various methods.
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X. Pharmaceutical Compositions and Preparations

[00251] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-a. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-o. D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00252] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00253] The disclosure features pharmaceutical compositions that include polypeptides
described herein, such as polypeptides having a high affinity SIRP-a D1 variant. In some
embodiments, a pharmaceutical composition of the disclosure includes a polypeptide of the
disclosure as the therapeutic protein. In some embodiments, a pharmaceutical composition of the
disclosure including a polypeptide described herein is used in combination with other agents or
compositions (¢.g., therapeutic agents, biologics, small molecules, or any combinations thereof) in
a therapy. In some embodiments, one or more additional therapeutically active agents, such as for
example a small molecule, chemical compound or a biological compound such as polynucleotides
and polypeptides including, but not limited to, siRNA, short polypeptides, and antibodies with
therapeutic activity, are optionally formulated in pharmaceutical compositions of polypeptides
described herein. In some embodiments, formulations of polypeptide constructs described herein
are prepared for storage by mixing a polypeptide construct described herein having the desired
degree of purity with optional, pharmaceutically acceptable carriers, excipients or stabilizers in the
form of lyophilized formulations or aqueous solutions. In some embodiments, a pharmaceutical
composition of the disclosure includes a nucleic acid molecule (DNA or RNA, ¢.g., mRNA)
encoding a polypeptide of the disclosure, or a vector containing such a nucleic acid molecule.
[00254] Acceptable carriers, excipients, or stabilizers in a pharmaceutical composition are
preferably nontoxic to recipients at the dosages and concentrations administered. In some
embodiments, acceptable carriers, excipients, and stabilizers include buffers such as phosphate,
citrate, HEPES, TAE, and other organic acids; antioxidants such as ascorbic acid and methionine;

preservatives (e.g., hexamethonium chloride; octadecyldimethylbenzyl ammonium chloride;
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benzalkonium chloride, benzethonium chloride; phenol, butyl orbenzyl alcohol; alkyl parabens
such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);
low molecular weight (e.g., less than about 10 residues) polypeptides; proteins such as human
serum albumin, gelatin, dextran, and immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine, glutamine, histidine, and lysine;
monosaccharides, disaccharides, and other carbohydrates such as glucose, mannose, sucrose, and
sorbitol; chelating agents such as EDTA sugars such as sucrose, mannitol, trehalose or sorbitol;
sweeteners and other flavoring agents; fillers such as microcrystalline cellulose, lactose, corn and
other starches; binding agents; additives; coloring agents; salt-forming counter-ions such as
sodium; metal complexes (¢.g., Zn-protein complexes); non-ionic surfactants such as TWEEN ™,
PLURONICS,™ and polyethylene glycol (PEG); or any combinations thereof.

[00255] In some embodiments, pharmaceutical compositions that comprise polypeptides
described herein are in a water-soluble form, such as being present as pharmaceutically acceptable
salts, which is meant to include both acid and base addition salts. The term “pharmaceutically
acceptable acid addition salt” refers to those salts that retain the biological effectiveness of the free
bases and that are not otherwise undesirable, formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids
such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic
acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic
acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid and the like.
The term “pharmaceutically acceptable base addition salts™ includes those derived from inorganic
bases such as sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper,
manganese, aluminum salts and the like. Particularly preferred are the ammonium, potassium,
sodium, calcium, and magnesium salts. Salts derived from pharmaceutically acceptable organic
non-toxic bases include salts of primary, secondary, and tertiary amines, substituted amines
including naturally occurring substituted amines, cyclic amines and basic ion exchange resins, such
as isopropylamine, trimethylamine, dicthylamine, tricthylamine, tripropylamine, and ethanolamine.
The formulations to be used for in vivo administration are preferably sterile. This can be
accomplished by filtration through sterile filtration membranes or other methods.

[00256] In some embodiments, pharmaceutical compositions of the disclosure are
administered parenterally in the form of an injectable formulation. In some embodiments,
pharmaceutical compositions for injection are formulated using a sterile solution or any
pharmaceutically acceptable liquid as a vehicle. Pharmaceutically acceptable vehicles include, but

are not limited to, sterile water, physiological saline, and cell culture media (¢.g., Dulbecco’s
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Modified Eagle Medium (DMEM), a-Modified Eagles Medium (a-MEM), and F-12 medium).
Various formulation methods are available.

[00257] In some embodiments, the polypeptides described herein are formulated as
immunoliposomes. A liposome is a small vesicle comprising various types of lipids, phospholipids
or surfactants that is useful for delivery of a therapeutic agent to a mammal. Liposomes containing
the antibody or Fc fusion can be prepared by various methods known in the art. In some
embodiments, the components of the liposome are arranged in a bilayer formation, similar to the
lipid arrangement of biological membranes. In some embodiments, liposomes are generated by the
reverse phase evaporation method with a lipid composition comprising phosphatidylcholine,
cholesterol and PEG-derivatized phosphatidylethanolamine (PEG-PE). In some embodiments,
liposomes are extruded through filters of defined pore size to yield liposomes with the desired
diameter. In some embodiments, a chemotherapeutic agent or other therapeutically active agent is
optionally contained within the liposome.

[00258] In some embodiments, polypeptide constructs described herein and other
therapeutically active agents are entrapped in microcapsules prepared by methods including, but not
limited to, coacervation techniques, interfacial polymerization (for example using
hydroxymethylcellulose or gelatin-microcapsules, or poly-(methylmethacylate) microcapsules),
colloidal drug delivery systems (for example, liposomes, albumin microspheres, microemulsions,
nano-particles and nanocapsules), and macroemulsions.

[00259] In some embodiments, sustained-release preparations are prepared. Suitable
examples of sustained-release preparations include semipermeable matrices of solid hydrophobic
polymer, which matrices are in the form of shaped articles, e.g., films, or microcapsules. Examples
of sustained-release matrices include polyesters, hydrogels (for example poly(2-hydroxyethyl-
methacrylate), or poly(vinylalcohol)), polylactides, copolymers of L-glutamic acid and gamma
ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT"" (which are injectable microspheres composed of lactic
acid-glycolic acid copolymer and leuprolide acetate), poly-D-(—)-3-hydroxybutyric acid, and
ProLease® (commercially available from Alkermes), which is a microsphere-based delivery system
composed of the desired bioactive molecule incorporated into a matrix of poly-DL-lactide-co-
glycolide (PLG). Some sustained-release formulations enable release of molecules over a few
months, €.g., one to six months, while other formulations release pharmaceutical compositions of
the disclosure for shorter time periods, ¢.g., days to weeks.

[00260] In some embodiments, the concentration of the polypeptide described herein in a

pharmaceutical formulation varies from about 0.1 to 100 weight %. In some cases, the
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concentration of the polypeptide described herein is in the range of 0.003 to 1.0 molar. In some
cases, the concentration of the polypeptide in a pharmaceutical formulation varies from about 5
mg/mL to about 50 mg/mL (e.g., from about 10 mg/mL to about 40 mg/mL or from about 20
mg/mL to about 30 mg/mL). In some embodiments, in order to treat a patient, a therapeutically
effective dose of a polypeptide described herein is administered. The term “therapeutically
effective dose” refers to a dose that produces the effects for which it is administered. The exact
dose will depend on the purpose of the treatment. In some embodiments, dosages range from 0.01
to 100 mg/kg of body weight or greater, for example 0.1, 1, 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50
mg/kg of body weight. In some embodiments, adjustments for polypeptide construct degradation,
systemic versus localized delivery, and rate of new protease synthesis, as well as the age, body
weight, general health, sex, diet, time of administration, drug interaction and the severity of the
condition is necessary.

[00261] In some embodiments, the compositions and formulations described herein are
administered to a subject in need thereof. In some embodiments, such administration is carried out
in vivo. In some embodiments, such administration is carried out ex vivo. In some embodiments,
administration of the pharmaceutical composition comprising a polypeptide described herein, is
done in a variety of ways, including, but not limited to orally, subcutaneously, intravenously,
intranasally, intraotically, transdermally, topically (e.g., gels, salves, lotions, creams, etc.),
intraperitoneally, intramuscularly, intrapulmonary (e.g., AERx” inhalable technology commercially
available from Aradigm, or Inhance” pulmonary delivery system commercially available from
Inhale Therapeutics), vaginally, parenterally, rectally, or intraocularly. In some embodiments, the
pharmaceutical composition is formulated accordingly depending upon the manner of introduction.
[00262] In some embodiments, the pharmaceutical composition for gene therapy is in an
acceptable diluent, or includes a slow release matrix in which the gene delivery vehicle is
imbedded. In some embodiments, vectors used as in vivo gene delivery vehicles include, but are
not limited to, retroviral vectors, adenoviral vectors, poxviral vectors (€.g., vaccinia viral vectors,

such as Modified Vaccinia Ankara), adeno-associated viral vectors, and alphaviral vectors.

XI. Routes, Dosage, and Administration

[00263] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-o. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least

one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected
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from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00264] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc¢ region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00265] In some embodiments, pharmaceutical compositions that include polypeptides of the
disclosure as the therapeutic proteins are formulated for, ¢.g., intravenous administration, parenteral
administration, subcutancous administration, intramuscular administration, intra-arterial
administration, intrathecal administration, or intraperitoneal administration. In some embodiments,
the pharmaceutical composition is formulated for, or administered via, oral, nasal, spray, acrosol,
rectal, or vaginal administration. For injectable formulations, various effective pharmaceutical
carriers are available.

[00266] In some embodiments, a pharmaceutical composition that includes a nucleic acid
molecule encoding a polypeptide of the disclosure or a vector containing such nucleic acid
molecule is administered by way of gene delivery. Various methods of gene delivery are available.
In some embodiments, vectors used for in vivo gene delivery and expression include, but are not
limited to, retroviral vectors, adenoviral vectors, poxviral vectors (e.g., vaccinia viral vectors, such
as Modified Vaccinia Ankara (MVA)), adeno-associated viral vectors, and alphaviral vectors. In
some embodiments, mRNA molecules encoding polypeptides of the disclosure are administered
directly to a subject.

[00267] The dosage of the pharmaceutical compositions of the disclosure depends on factors
including the route of administration, the disease to be treated, and physical characteristics, e.g.,
age, weight, general health, of the subject. In some embodiments, the amount of a polypeptide of
the disclosure contained within a single dose is an amount that effectively prevents, delays, or treats
the disease without inducing significant toxicity. In some embodiments, a pharmaceutical
composition of the disclosure includes a dosage of a polypeptide of the disclosure ranging from
0.01 to 500 mg/kg (e.g., 0.01,0.1,0.2,0.3,04,0.5,1,2,3,4,5,10, 15, 20, 25, 30, 35, 40, 45, 50,
100, 150, 200, 250, 300, 350, 400, 450, or 500 mg/kg) and, in a more specific embodiment, about
0.1 to about 50 mg/kg and, in a more specific embodiment, about 1 to about 30 mg/kg. In some
embodiments, the dosage is adapted by a physician in accordance with the extent of the disease and

different parameters of the subject.
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[00268] In some embodiments, toxicity of therapeutic agents and polypeptides described
herein is determined by standard pharmaceutical procedures in cell cultures or experimental
animals, ¢.g., by determining the LDs, (the dose lethal to 50% of the population) or the LDq (the
dose lethal to 100% of the population). In some embodiments, the data obtained from these cell
culture assays and animal studies is used in formulating a dosage range that is not toxic for use in
human. The dosage of the proteins described herein lies preferably within a range of circulating
concentrations that include the effective dose with little or no toxicity. In some embodiments, the
dosage is varied within this range depending upon the dosage form employed and the route of
administration utilized. In some embodiments, the exact formulation, route of administration and
dosage is chosen by an individual physician in view of the patient's condition.

[00269] In some embodiments, the pharmaceutical compositions are administered in a
manner compatible with the dosage formulation and in such amount as is therapeutically effective
to result in an improvement or remediation of symptoms of a disease or disorder. In some
embodiments, the pharmaceutical compositions are administered in a variety of dosage forms, e.g.,
intravenous dosage forms, subcutancous dosage forms, and oral dosage forms (¢.g., ingestible
solutions, drug release capsules). Generally, therapeutic proteins are dosed at 0.1-100 mg/kg, ¢.g.,
1-50 mg/kg. In some embodiments, pharmaceutical compositions that include a polypeptide of the
disclosure are administered to a subject in need thereof, for example, one or more times (e.g., 1-10
times or more) daily, weekly, monthly, biannually, annually, or as medically necessary. Dosages
can be provided in either a single or multiple dosage regimens. In some embodiments, the timing
between administrations is decreased as the medical condition improves or increased as the health

of the patient declines.

XII. Methods of Treatment

[00270] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-o. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00271] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fc region

consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc region
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consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00272] Further disclosed herein, in some embodiments, are methods of treatment
comprising administering polypeptides comprising a signal-regulatory protein o (SIRP-a) D1
variant comprising a SIRP-a D1 domain, or a fragment thereof, having an amino acid mutation at
residue 80 relative to a wild-type SIRP-a. D1 domain; and at least one additional amino acid
mutation relative to a wild-type SIRP-a D1 domain at a residue selected from the group consisting
of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54, residue 56, residue 66, and
residue 92.

[00273] In some embodiments, the disclosure provides pharmaceutical compositions and
methods of treatment that are used to treat patients who are suffering from diseases and disorders
associated with SIRP-a or CD47 activity, such as cancers and immunological diseases (e.g.,
autoimmune diseases and inflammatory diseases). In some embodiments, the polypeptides
described herein are administered to a subject in a method of increasing phagocytosis of a target
cell (e.g., a cancer cell) in the subject. In some embodiments, the polypeptides are administered to a
subject in a method to kill cancer cells in the subject. In some embodiments, the polypeptides are
administered to a subject in a method of eliminating regulatory T-cells in the subject. In some
embodiments, the polypeptides described herein are administered to a subject in a method of
increasing hematopoietic stem cell engraftment in the subject, wherein the method includes
modulating the interaction between SIRP-a and CD47 in the subject. In some embodiments, the
polypeptides described herein are administered to a subject in a method of altering an immune
response (€.g., suppressing the immune response) in the subject. In some embodiments, the
foregoing methods are coupled with other methods for treating a disease. In some embodiments,
disclosed herein, are a combination of a polypeptide (e.g., a SIRP-a¢ D1 variant) and a second
therapeutic agent. In some embodiments, the combination comprises a polypeptide (e.g., a SIRP-a
D1 variant) and a second therapeutic agent, wherein the second therapeutic agent is an antibody. In
some embodiments, the combination comprises a SIRP-a D1 variant comprising a SIRP-a D1
domain, or a fragment thereof, having an amino acid mutation at residue 80 relative to a wild-type
SIRP-a D1 domain; and at least one additional amino acid mutation relative to a wild-type SIRP-a
D1 domain at a residue selected from the group consisting of: residue 6, residue 27, residue 31,
residue 47, residue 53, residue 54, residue 56, residue 66, and residue 92; and an antibody. In
some embodiments, the combination comprises a polypeptide having a sequence according to any

one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159; and an antibody.
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[00274] In some embodiments, the foregoing methods are employed with strategies for
treating a disease wherein administration of a polypeptide is a therapeutic option. Non-limiting
examples of the foregoing include use of an antibody or a protein fragment. For example, in some
embodiments, an antibody or protein fragment is administered in combination with the F¢ variant
polypeptides disclosed herein. In some embodiments, the polypeptide constructs disclosed herein
are used to improve the phagocytosis of other agents.

[00275] Methods of treatment include administering to a subject having a disease (e.g.,
cancer) (i) a polypeptide including a SIRP-a D1 variant and optionally (ii) an antibody. In some
embodiments, before treating a disease (e.g., cancer) in a subject, the amino acid sequence(s) of
SIRP-a in the subject are determined, for example, from each of the two alleles encoding the SIRP-
a gene. In this method of treatment, the amino acid sequence(s) of SIRP-a polypeptides in a
biological sample from the subject are first determined. The subject is then administered a
therapeutically effective amount of a polypeptide of the disclosure. In some embodiments, the high
affinity SIRP-a D1 variant administered has the same amino acid sequence as that of SIRP-a
polypeptides in the biological sample of the subject, except for the introduction of amino acids
changes which increase the affinity of the SIRP-o polypeptide to CD47. The high affinity SIRP-a
D1 variant in the polypeptide preferably has minimal immunogenicity in the subject after the
polypeptide is administered.

[00276] In some embodiments, an antibody is administered in addition to the polypeptides
disclosed herein. In some embodiments, the antibody is co-administered with the polypeptide. In
some embodiments, the antibody is administered simultaneously, for example in a pharmaceutical
composition having both the polypeptide and the antibody. Alternatively, the antibody is
administered either before or after the administration of the polypeptide. In some embodiments, the
polypeptide and the antibody are administered substantially simultancously (e.g., within one week,
6,5,4,3,2, 1 days, 12, 6, 3, 2, 1 hours of each other, or substantially simultancously), followed by
administering the antibody alone. In some embodiments, the antibody is administered first,
followed by administering of the polypeptide and the antibody substantially simultaneously (i.c.,
within one week, 6, 5, 4,3, 2, 1 days, 12, 6, 3, 2, 1 hours of each other, or substantially
simultaneously).

[00277] An antibody co-administered or provided in a composition or method disclosed
herein, refers to an antibody that targets a cell, such as a cancer cell or a cell of the immune system,
such as a T-cell (e.g., a regulatory T-cell). An antibody can be of any immunoglobulin antibody

isotypes, ¢.g., IgG, IgE, IgM, IgA, or IgD. In some embodiments, the antibody is a human IgG1
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isotype antibody. In some embodiments, the antibody is a human IgG2 isotype antibody. In some
embodiments, the antibody is a human IgG4 isotype antibody.

[00278] The term “antibody” herein is used in the broadest sense and encompasses various
antibody structures, including but not limited to monoclonal antibodies, polyclonal antibodies,
multi-specific antibodies (€.g., bispecific antibodies), antibody fragments, and antibody-like
proteins so long as they exhibit the desired activity. “Antibody fragments™ include a portion of an
intact antibody, preferably the antigen binding or variable region of the intact antibody. Examples
of antibody fragments include Fab, Fab', F(ab')2, and Fv fragments, diabodies, linear antibodies,
single-chain antibody molecules, and multi-specific antibodies. Monoclonal antibody refers to an
antibody obtained from a population of substantially homogeneous antibodies, ¢.g., individual
antibodies in the population have the same primary sequence except for possible naturally
occurring mutations that can be present in minor amounts. Monoclonal antibodies can be highly
specific and directed against a single antigenic site (¢.g., an epitope on a cancer antigen). In contrast
to polyclonal antibody preparations which typically include different antibodies directed against
different epitopes, each monoclonal antibody is generally directed against a single epitope on the
antigen. The modifier "monoclonal” indicates the character of the antibody as being obtained from
a substantially homogenous population of antibodies, and is not to be construed as requiring
production of the antibody by any particular method. In some embodiments, an antibody in a
composition of the present disclosure causes antibody-dependent cellular phagocytosis (ADCP) or
antibody-dependent cellular cytotoxicity (ADCC). Non-limiting examples of diseases that are
treated using such strategies include cancers such hematological cancers, for example leukemias
(e.g., acute myeloid leukemia); immune disorders (e.g., to enhance a subject’s impaired or
diminished immune response, or alternately to limit a subject’s over-active immune response); and
pathogenic infections.

[00279] In some embodiments, the methods disclosed herein comprise administering a
polypeptide described herein (e.g., a SIRP-a D1 variant) and an antibody that targets a cancer
antigen. In some embodiments, a cancer antigen targeted by an antibody or antibody-like protein
are exposed peptides derived from intracellular tumor-associated antigens (TAAs) in complex with
human leukocyte antigen (HLA) class I molecules on the surface (also known as MHC/peptide
complex). Non-limiting examples of such cancer antigens, e.g. peptides in complex with HLA
molecules exposed on the surface of cancer cells, that are targeted by an antibody or anti-body-like
proteins in a composition of the disclosure include: NY-ESO-1/LAGE1, SSX-2, MAGE family
(MAGE-A3), gpl100/pmel17, Melan-A/MART-1, gp75/TRP1, tyrosinase, TRP2, CEA, PSA, TAG-
72, Immature laminin receptor, MOK/RAGE-1, WT-1, Her2/neu, EphA3, SAP-1, BING-4, Ep-
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CAM, MUC1, PRAME, survivin, Mesothelin, BRCA1/2 (mutated), CDK4, CML66, MART-2, p53
(mutated), Ras (mutated), p-catenin (mutated), TGF-BRII (mutated), HPV E6, E7. Examples of
such antibodies include ESK1 (WT-1), RL1B (Her2-E75), Pr20 (PRAME), and 3.2G1 (hCGp).
[00280] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody that targets a cancer
antigen. In some embodiments, the methods disclosed herein comprise administering a polypeptide
comprising a SIRP-a D1 variant comprising a SIRP-¢ D1 domain, or a fragment thereof, having an
amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least one
additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected from
the group consisting of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92; and an antibody that targets NY-ESO-1/LAGE1, SSX-2,
MAGE family (MAGE-A3), gp100/pmel17, Melan-A/MART-1, gp75/TRP1, tyrosinase, TRP2,
CEA, PSA, TAG-72, Immature laminin receptor, MOK/RAGE-1, WT-1, Her2/neu, EphA3, SAP-1,
BING-4, Ep-CAM, MUC1, PRAME, survivin, Mesothelin, BRCA1/2 (mutated), CDK4, CML66,
MART-2, p53 (mutated), Ras (mutated), B-catenin (mutated), TGF-BRII (mutated), HPV E6, E7.

In some embodiments, the methods disclosed herein comprise administering a polypeptide
comprising a SIRP-a D1 variant comprising a SIRP-a¢ D1 domain, or a fragment thereof, having an
amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least one
additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected from
the group consisting of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is ESK1 (WT-1),
RL1B (Her2-E75), Pr20 (PRAME), and 3.2G1 (hCGp).

[00281] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-
137, or 152-159. and an antibody that targets a cancer antigen. In some embodiments, the methods
disclosed herein comprise administering a polypeptide having a sequence according to any one of
SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159; and an antibody that targets
NY-ESO-1/LAGE]1, SSX-2, MAGE family (MAGE-A3), gp100/pmell17, Melan-A/MART-1,
gp75/TRP1, tyrosinase, TRP2, CEA, PSA, TAG-72, Immature laminin receptor, MOK/RAGE-1,
WT-1, Her2/neu, EphA3, SAP-1, BING-4, Ep-CAM, MUCI1, PRAME, survivin, Mesothelin,
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BRCA1/2 (mutated), CDK4, CML66, MART-2, p53 (mutated), Ras (mutated), f-catenin
(mutated), TGF-BRII (mutated), HPV E6, E7. In some embodiments, the methods disclosed herein
comprise administering a polypeptide having a sequence according to any one of SEQ ID NOs:
SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the
antibody is ESK1 (WT-1), RL1B (Her2-E75), Pr20 (PRAME), and 3.2G1 (hCGp).

[00282] In some embodiments, an antibody targets cancer cells, for example, by binding to
proteins expressed by cancer cells. Some proteins are expressed at higher levels in cancer cells than
in non-cancer cells. For example, a cancer antigen is a protein that is expressed preferentially by
cancer cells (e.g., it is expressed at higher levels in cancer cells than on non-cancer cells) and in
some instances it is expressed solely by cancer cells. Non-limiting examples of proteins, ¢.g.,
proteins expressed by cancer cells, that are be targeted by an antibody in a composition of the
disclosure include: 4-1BB, 5T4, AGS-16, ALK1, ANG-2, B7-H3, B7-H4, c-fms, c-Met, CA6,
CCR4, CD123, CDI19, CD20, CD22, CD27, EpCAM, CD30, CD32b, CD33, CD37, CD38, CD40,
CD52, CD70, CD74, CD79, CD98, CEA, CEACAMS, CLDN18.2, CLDN6, CS1, CTLA-4,
CXCR4, DLL-4, EGFR, EGP-1, ENPP3, EphA3, ETBR, FGFR2, fibronectin, FR-alpha, Frizzled
receptor, GCC, GD2, glypican-3, GPNMB, HER-2, HER3, HLA-DR, ICAM-1, IGF-1 R, IL-3R,
LAG-3, LIV-1, mesothelin, MUC16, MUC1, NaPi2b, Nectin-4, Notch 2, Notch 1, 0X40, PD-1,
PD-L1, PD-L2, PDGFR-a, PS, PSMA, SLTRK6, STEAP1, TEM1, VEGFR, CD25, CD27L, DKK-
1, CSF-1 R, or any combinations thereof. In some embodiments, the polypeptides described herein
are administered in combination with a checkpoint inhibitor, such as an antibody inhibitor of
CTLA-4 (e.g., ipilimumab, tremelimumab), PD-1 (e.g., nivolumab, Pidilizumab, MK3475 also
known as pembrolizumab, BMS936559, and MPDL3280A), and LAG-3 (e.g., BMS986016).
[00283] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-o. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-0 D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody that targets a protein
expressed a by a cancer cell. In some embodiments, the methods disclosed herein comprise
administering a polypeptide comprising a SIRP-o. D1 variant comprising a SIRP-a D1 domain, or a
fragment thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1
domain; and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain
at a residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47,

residue 53, residue 54, residue 56, residue 66, and residue 92; and an antibody that targets 4-1BB,
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5T4, AGS-16, ALK1, ANG-2, B7-H3, B7-H4, ¢-fms, c-Met, CA6, CCR4, CD123, CD19, CD20,
CD22, CD27, EpCAM, CD30, CD32b, CD33, CD37, CD38, CD40, CD52, CD70, CD74, CD79b,
CD98, CEA, CEACAMS, CLDN18.2, CLDN6, CS1, CTLA-4, CXCR4, DLL-4, EGFR, EGP-1,
ENPP3, EphA3, ETBR, FGFR2, fibronectin, FR-alpha, Frizzled receptor, GCC, GD2, glypican-3,
GPNMB, HER-2, HER3, HLA-DR, ICAM-1, IGF-1 R, IL-3R, LIV-1, mesothelin, MUC16,
MUCI1, NaPi2b, Nectin-4, Notch 2, Notch 1, 0X40, PD-1, PD-L1, PD-L2, PDGFR-a, PS, PSMA,
SLTRK6, STEAP1, TEM1, VEGFR, CD25, CD27L, DKK-1, CSF-1 R, or any combination
thereof. In some embodiments, the methods disclosed herein comprise administering a polypeptide
comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment thereof, having an
amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least one
additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected from
the group consisting of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is an antibody
inhibitor of CTLA-4 (¢.g., ipilimumab, tremelimumab), PD-1 (e.g., nivolumab, Pidilizumab,
MK3475 also known as pembrolizumab, BMS936559, and MPDL3280A), or LAG-3 (e.g.,
BMS986016).

[00284] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116~
122, 135-137, or 152-159; and an antibody that targets a protein expressed a by a cancer cell. In
some embodiments, the methods disclosed herein comprise administering a polypeptide having a
sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104, 107-113, 116-122,
135-137, or 152-159; and an antibody that targets 4-1BB, 5T4, AGS-16, ALK1, ANG-2, B7-H3,
B7-H4, c-fms, c-Met, CA6, CCR4, CD123, CD19, CD20, CD22, CD27, EpCAM, CD30, CD32b,
CD33, CD37, CD38, CD40, CD52, CD70, CD74, CD79%, CD98, CEA, CEACAMS, CLDNI18 .2,
CLDNG6, CS1, CTLA-4, CXCR4, DLL-4, EGFR, EGP-1, ENPP3, EphA3, ETBR, FGFR2,
fibronectin, FR-alpha, Frizzled receptor, GCC, GD2, glypican-3, GPNMB, HER-2, HER3, HLA-
DR, ICAM-1, IGF-1 R, IL-3R, LAG-3, LIV-1, mesothelin, MUC16, MUC1, NaPi2b, Nectin-4,
Notch 2, Notch 1, 0X40, PD-1, PD-L1, PD-L2, PDGFR-a, PS, PSMA, SLTRK6, STEAP1, TEMI,
VEGFR, CD25, CD27L, DKK-1, CSF-1 R, or any combinations thereof. In some embodiments, the
methods disclosed herein comprise administering a polypeptide having a sequence according to any
one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159; and an
antibody, wherein the antibody is an antibody inhibitor of CTLA-4 (¢.g., ipilimumab,
tremelimumab), PD-1 (e.g., nivolumab, pidilizumab, MK3475 also known as pembrolizumab,

BMS936559, and MPDL3280A), or LAG-3 (e.g., BMS986016).
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[00285] In some embodiments, the methods disclosed herein comprise administering a
polypeptide described herein (e.g., a SIRP-a D1 variant) and an immuno-oncology antibody. In
some embodiments, antibodies that are used in compositions of the disclosure include, but are not
limited to: cetuximab, necitumumab, pembrolizumab, nivolumab, pidilizumab, MEDI0680,
MED16469, atezolizumab, avelumab, durvalumab, MEDI6383, RG7888, ipilimumab,
tremelimumab, urclumab, PF-05082566, enoblituzumab, vantictumab, varlilumab,
mogamalizumab, SAR650984, daratumumab, trastuzumab, trastuzumab emtansine, pertuzumab,
elotuzumab, rituximab, ofatumumab, obinutuzumab, RG7155, FPAO0OS, panitumumab,
brentuximab vedotin, MSB0010718C, belimumab, bevacizumab, denosumab, panitumumab,
ramucirumab, necitumumab, nivolumab, pembrolizumab, avelumab, atezolizumab, durvalumab,
MEDI0680, pidilizumab, or BMS-93659, anti-HER2 antibody, anti-CD20 antibody, anti-CD19
antibody, anti-CS1 antibody, anti-CD38 antibody, anti-EGFR antibody, anti-PD1 antibody, anti-
RANKL antibody, anti-OX40 antibody, anti-PD-1 antibody, anti-PD-L1 antibody, anti-CD274
antibody, anti-CTLA-4 antibody, anti-CD137 antibody, anti-4-1BB antibody, anti-B7-H3 antibody,
anti-FZD7 antibody, anti-CD27 antibody, anti-CCR4 antibody, anti-CD38 antibody, anti-CSF1R
antibody, anti-CSF antibody, anti-CD30 antibody, anti-BAFF antibody, anti-VEGF antibody, or
anti-VEGFR?2 antibody. In some embodiments, the methods disclosed herein comprise
administering a polypeptide comprising a SIRP-o. D1 variant comprising a SIRP-a D1 domain, or a
fragment thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1
domain; and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain
at a residue selected from the group consisting of’ residue 6, residue 27, residue 31, residue 47,
residue 53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the
antibody is, an anti-HER2 antibody, anti-CD20 antibody, anti-CD 19 antibody, anti-CS1 antibody,
anti-CD38 antibody, anti-EGFR antibody, anti-PD1 antibody, anti-RANKL antibody, anti-OX40
antibody, anti-PD-1 antibody, anti-PD-L1 antibody, anti-CD274 antibody, anti-CTLA-4 antibody,
anti-CD 137 antibody, anti-4-1BB antibody, anti-B7-H3 antibody, anti-FZD7 antibody, anti-CD27
antibody, anti-CCR4 antibody, anti-CD38 antibody, anti-CSF1R antibody, anti-CSF antibody, anti-
CD30 antibody, anti-BAFF antibody, anti-VEGF antibody, or anti-VEGFR2 antibody. In some
embodiments, the methods disclosed herein comprise administering a polypeptide comprising a
SIRP-a D1 variant comprising a SIRP-o. D1 domain, or a fragment thereof, having an amino acid
mutation at residue 80 relative to a wild-type SIRP-o D1 domain; and at least one additional amino
acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected from the group
consisting of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54, residue 56,

residue 66, and residue 92; and an antibody, wherein the antibody is cetuximab, necitumumab,
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pembrolizumab, nivolumab, pidilizumab, MEDIO680, MED16469, atezolizumab, avelumab,
durvalumab, MEDI6383, RG7888, ipilimumab, tremelimumab, urelumab, PF-05082566,
enoblituzumab, vantictumab, varlilumab, mogamalizumab, SAR650984, daratumumab,
trastuzumab, trastuzumab emtansing, pertuzumab, elotuzumab, rituximab, ofatumumab,
obinutuzumab, RG7155, FPA008, panitumumab, brentuximab vedotin, MSB0010718C,
belimumab, bevacizumab, denosumab, panitumumab, ramucirumab, necitumumab, nivolumab,
pembrolizumab, avelumab, atezolizumab, durvalumab, MEDI0680, pidilizumab, or BMS-93659.
[00286] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
trastuzumab.

[00287] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
rituximab.

[00288] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
cetuximab.

[00289] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-0. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-o D1 domain at a

residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
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53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
daratumumab.

[00290] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-o. D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
belimumab.

[00291] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-0 D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
bevacizumab.

[00292] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
denosumab.

[00293] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
pantimumab.

[00294] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-0. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;

and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
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residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
ramucirumab.

[00295] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
necitumumab.

[00296] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
nivolumab.

[00297] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-0. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
pembrolizumab.

[00298] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-o D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
avelumab.

[00299] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-o D1 domain, or a fragment

thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
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and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
atezolizumab.

[00300] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-0. D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
durvalumab.

[00301] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-0 D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
MEDI0680.

[00302] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
pidilizumab.

[00303] In some embodiments, the methods disclosed herein comprise administering a
polypeptide comprising a SIRP-a D1 variant comprising a SIRP-a D1 domain, or a fragment
thereof, having an amino acid mutation at residue 80 relative to a wild-type SIRP-a. D1 domain;
and at least one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a
residue selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue
53, residue 54, residue 56, residue 66, and residue 92; and an antibody, wherein the antibody is
BMS-93659.

[00304] In some embodiments, the methods disclosed herein comprise administering a

polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
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107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is, an anti-HER2
antibody, anti-CD20 antibody, anti-CD19 antibody, anti-CS1 antibody, anti-CD38 antibody, anti-
EGFR antibody, anti-PD1 antibody, anti-RANKL antibody, anti-OX40 antibody, anti-PD-1
antibody, anti-PD-L1 antibody, anti-CD274 antibody, anti-CTLA-4 antibody, anti-CD137
antibody, anti-4-1BB antibody, anti-B7-H3 antibody, anti-FZD7 antibody, anti-CD27 antibody,
anti-CCR4 antibody, anti-CD38 antibody, anti-CSF1R antibody, anti-CSF antibody, anti-CD30
antibody, anti-BAFF antibody, anti-VEGF antibody, or anti-VEGFR2 antibody. In some
embodiments, the methods disclosed herein comprise administering a polypeptide having a
sequence according to SEQ ID NOs: SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or
152-159; and an antibody, wherein the antibody is cetuximab, necitumumab, pembrolizumab,
nivolumab, pidilizumab, MEDI0680, MED 16469, atezolizumab, avelumab, durvalumab,
MEDI6383, RG7888, ipilimumab, tremelimumab, urelumab, PF-05082566, enoblituzumab,
vantictumab, varlilumab, mogamalizumab, SAR650984, daratumumab, trastuzumab, trastuzumab
emtansine, pertuzumab, elotuzumab, rituximab, ofatumumab, obinutuzumab, RG7155, FPA00S,
panitumumab, brentuximab vedotin, MSB0010718C, belimumab, bevacizumab, denosumab,
panitumumab, ramucirumab, necitumumab, nivolumab, pembrolizumab, avelumab, atezolizumab,
durvalumab, MEDI0680, pidilizumab, or BMS-93659.

[00305] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116~
122, 135-137, or 152-159; and an antibody, wherein the antibody is trastuzumab.

[00306] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: 7 SEQ ID NOs: 78-85, 98-
104, 107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is rituximab.
[00307] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is cetuximab.
[00308] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is daratumumab.
[00309] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is belimumab.
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[00310] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is bevacizumab.
[00311] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is denosumab.
[00312] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is pantimumab.
[00313] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is ramucirumab.
[00314] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is necitumumab.
[00315] In some embodiments, the methods disclosed herein comprise a polypeptide having
a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104, 107-113, 116-122,
135-137, or 152-159; and an antibody, wherein the antibody is nivolumab.

[00316] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is pembrolizumab.
[00317] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is avelumab.
[00318] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is atezolizumab.
[00319] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is durvalumab.
[00320] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is MEDI0680.
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[00321] In some embodiments, the methods disclosed herein comprise a polypeptide having
a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104, 107-113, 116-122,
135-137, or 152-159; and an antibody, wherein the antibody is pidilizumab.

[00322] In some embodiments, the methods disclosed herein comprise administering a
polypeptide having a sequence according to any one of SEQ ID NOs: SEQ ID NOs: 78-85, 98-104,
107-113, 116-122, 135-137, or 152-159; and an antibody, wherein the antibody is BMS-93659.
[00323] In some embodiments, the polypeptides disclosed herein enhance the anti-tumor
activity of rituximab. In some embodiments, the polypeptides disclosed herein enhance the anti-
tumor activity of rituximab in the Raji-NSG xenograft model. In some embodiments, the
polypeptides disclosed herein enhance rituximab-mediated B-cell depletion in non-human primates
(NHP).

[00324] In some embodiments, the polypeptides and pharmaceutical compositions of the
disclosure are used in various cancer therapies. The cancers amenable to treatment according to the
disclosure include, but are not limited to, solid tumor cancer, hematological cancer, acute myeloid
leukemia, chronic lymphocytic leukemia, chronic myeloid leukemia, acute lymphoblastic leukemia,
non-Hodgkin lymphoma, Hodgkin lymphoma, multiple myeloma, bladder cancer, pancreatic
cancer, cervical cancer, endometrial cancer, lung cancer, bronchus cancer, liver cancer, ovarian
cancer, colon and rectal cancer, stomach cancer, gastric cancer, gallbladder cancer, gastrointestinal
stromal tumor cancer, thyroid cancer, head and neck cancer, oropharyngeal cancer, esophageal
cancer, melanoma, non-melanoma skin cancer, Merkel cell carcinoma, virally induced cancer,
neuroblastoma, breast cancer, prostate cancer, renal cancer, renal cell cancer, renal pelvis cancer,
leukemia, lymphoma, sarcoma, glioma, brain tumor, and carcinoma. In some embodiments,
cancerous conditions amenable to treatment according to the disclosure include metastatic cancers.
In some embodiments, the cancer amenable to treatment according to the disclosure is a solid tumor
or hematological cancer.

[00325] In some embodiments, an antibody targets cells of the immune system, such as T-
cells, e.g., regulatory T-cells, by binding to proteins expressed by cells of the immune system. In
some embodiments, the methods disclosed herein comprise administering a polypeptide described
herein (e.g., a SIRP-a D1 variant) and an antibody that targets cells of the immune system.
Examples of proteins expressed by cells of the immune system include, but are not limited to,
41BB, CD40, CD40L, CD163, CD206, CTLA4, PD1, TIM-3, BTLA, VISTA, LAG-3, CD28,
0X40, GITR, CD137, CD27, HVEM, CCR4, CD25, CD103, Klrg1, Nrpl, CD278, Gpr83, TIGIT,
CD154, CD160, and PD1H. In some embodiments, an antibody is designed such that it has
preferential binding to proteins (e.g., receptors) expressed by T-cells (e.g., regulatory T-cells) as
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compared to other cells of the immune system. In some embodiments, an antibody in a composition
of the disclosure includes an Fc domain of the IgG1, IgG2 or IgG4 subclass.

[00326] In some embodiments, the methods of the disclosure include altering an immune
response in a subject. The methods include administering the subject a polypeptide including a high
affinity SIRP-a D1 variant and an antibody, thereby altering the immune response in the subject. In
some embodiments, altering the immune response includes suppressing the immune response.
[00327] In some embodiments, the polypeptides and pharmaceutical compositions of the
disclosure are used in various therapies to treat immunological disecases. Autoimmune diseases and
inflammatory diseases amenable to treatment according to the disclosure include, but are not
limited to, multiple sclerosis, theumatoid arthritis, a spondyloarthropathy, systemic lupus
erythematosus, an antibody-mediated inflammatory or autoimmune disease, graft versus host
disease, sepsis, diabetes, psoriasis, atherosclerosis, Sjogren's syndrome, progressive systemic
sclerosis, scleroderma, acute coronary syndrome, ischemic reperfusion, Crohn's Disease,
endometriosis, glomerulonephritis, myasthenia gravis, idiopathic pulmonary fibrosis, asthma, acute
respiratory distress syndrome (ARDS), vasculitis, and inflammatory autoimmune myositis.

[00328] In some embodiments, delivering a polypeptide to a cell involves contacting the cell
with one or more of the compositions described herein.

[00329] Effective doses for such treatment options vary depending upon many different
factors, including means of administration, target site, physiological state of the patient, whether
the patient is human or an animal, other medications administered, and whether treatment is
prophylactic or therapeutic. In some embodiments, the patient is a human, but nonhuman mammals
are also be treated, e.g., companion animals such as dogs, cats, horses, etc., laboratory mammals
such as rabbits, mice, rats, etc., and the like. In some embodiments, treatment dosages are titrated to
optimize safety and efficacy.

[00330] In some embodiments, therapeutic dosage range from about 0.0001 to 100 mg/kg,
and more usually 0.01 to 30 mg/kg, of the host body weight. In some embodiments, for example,
dosages are 1 mg/kg body weight or 30 mg/kg body weight or within the range of 1-30 mg/kg. In
some embodiments, an exemplary treatment regime entails administration once every week or once
every two weeks or once a month or once every 3 to 6 months. In some embodiments, therapeutic
agents and polypeptide constructs described herein are administered on multiple occasions. In some
embodiments, intervals between single dosages are weekly, monthly or yearly. In some
embodiments, intervals are also irregular as indicated by measuring blood levels of the therapeutic
entity in the patient. Alternatively, the therapeutic agents or polypeptide constructs described herein

are administered as a sustained release formulation, in which case less frequent administration is
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possible. In some embodiments, dosage and frequency varies depending on the half-life of the
polypeptide in the patient.

[00331] In prophylactic applications, in some embodiments, a relatively low dosage is
administered at relatively infrequent intervals over a long period of time. In some embodiments,
patients continue to receive treatment for the rest of their lives. In other therapeutic applications, a
relatively high dosage at relatively short intervals is required until progression of the disease is
reduced or terminated, and preferably until the patient shows partial or complete amelioration of
symptoms of disease. Thereafter, in some embodiments, the patent is administered a prophylactic
regime.

[00332] As used herein, the terms “treatment”, “treating”, and the like, refer to administering
an agent, or carrying out a procedure, for the purposes of obtaining an effect. In some
embodiments, the effect is prophylactic in terms of completely or partially preventing a disease or
symptom thereof. In some embodiments, the effect is therapeutic in terms of affecting a partial or

complete cure for a disease or symptoms of the disease.

XIII. Kits

[00333] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein a (SIRP-a) D1 variant comprising a SIRP-a. D1 domain, or a fragment thereof,
having an amino acid mutation at residue 80 relative to a wild-type SIRP-a D1 domain; and at least
one additional amino acid mutation relative to a wild-type SIRP-a D1 domain at a residue selected
from the group consisting of’ residue 6, residue 27, residue 31, residue 47, residue 53, residue 54,
residue 56, residue 66, and residue 92.

[00334] Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is selected from (i) a human IgG1 Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (i1) a human IgG2 Fc¢ region
consisting of mutations A330S, P331S and N297A; or (iii) a human IgG4 Fc region comprising
mutations S228P, E233P, F234V, L235A, delG236, and N297A.

[00335] Also provided are kits which include polypeptides described herein and instructions
for use of the same. Optionally, the kits can further include at least one additional reagent. As a
non-limiting example, a chemotherapeutic agent or anti-tumor antibody could serve as at least one
additional agent. In some embodiments, kits include a label indicating the intended use of the
contents of the kit. The term label includes any writing, or recorded material supplied on or with

the kit, or which otherwise accompanies the kit.
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[00336] In some embodiments, a kit includes (i) a polypeptide including a high affinity
SIRP-o D1 variant; optionally (ii) an antibody; and (iii) instructions for administering (i) and (ii) (if
provided) to a subject having a disease. In some embodiments, kits include (1) a polypeptide
including a high affinity SIRP-a D1 variant; and (ii) instructions for administering (i) with an
antibody, for example, an antibody that is not provided in the kit, to a subject having a discase. In
some embodiments, kits include (i) an antibody; and (ii) instructions for administering (i) with a
polypeptide including a high affinity SIRP-a D1 variant to a subject having a disease.

[00337] In some embodiments, the kits are used to treat a subject having cancer, such as
solid tumor cancer, hematological cancer, acute myeloid leukemia, chronic lymphocytic leukemia,
chronic myeloid leukemia, acute lymphoblastic leukemia, non-Hodgkin lymphoma, Hodgkin
lymphoma, multiple myeloma, bladder cancer, pancreatic cancer, cervical cancer, endometrial
cancer, lung cancer, bronchus cancer, liver cancer, ovarian cancer, colon and rectal cancer, stomach
cancer, gastric cancer, gallbladder cancer, gastrointestinal stromal tumor cancer, thyroid cancer,
head and neck cancer, oropharyngeal cancer, esophageal cancer, melanoma, non-melanoma skin
cancer, Merkel cell carcinoma, virally induced cancer, neuroblastoma, breast cancer, prostate
cancer, renal cancer, renal cell cancer, renal pelvis cancer, leukemia, lymphoma, sarcoma, glioma,
brain tumor, carcinoma, or any combinations thereof. In some embodiments, the kits are used to
treat a subject having a solid tumor cancer or a hematological cancer.

[00338] In some embodiments, the kits are used to treat a subject having immunological
diseases. In some embodiments, the immunological disease is an autoimmune disease or an
inflammatory disease, such as multiple sclerosis, theumatoid arthritis, a spondyloarthropathy,
systemic lupus erythematosus, an antibody-mediated inflammatory or autoimmune disease, graft
versus host disease, sepsis, diabetes, psoriasis, atherosclerosis, Sjogren's syndrome, progressive
systemic sclerosis, scleroderma, acute coronary syndrome, ischemic reperfusion, Crohn's Disease,
endometriosis, glomerulonephritis, myasthenia gravis, idiopathic pulmonary fibrosis, asthma, acute
respiratory distress syndrome (ARDS), vasculitis, inflammatory autoimmune myositis, or any

combinations thereof.

EXAMPLES
Example 1 — SIRP-a D1 Variant Polypeptides
Generating Polypeptides of the Disclosure
[00339] A polypeptide of the disclosure including a high affinity SIRP-a D1 variant is
generated using conventional molecular cloning and protein expression techniques. Possible amino

acid substitutions in a SIRP-o. D1 variant relative to a wild-type SIRP-o. D1 domain are listed in
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Tables 2 and 5. A nucleic acid molecule encoding a polypeptide of the disclosure is cloned into a
vector optimized for expression in bacterial or mammalian cells using well known molecular
biology techniques. After induction of protein expression, cells are collected and the expressed
polypeptides are purified from the cell culture superatant using affinity column chromatography.
Purified polypeptides are then analyzed by SDS-PAGE, followed by Coomassie Blue staining to
confirm the presence of protein bands of expected size.

[00340] Purified polypeptides are screened for binding to CD47 using available techniques
in the art, such as phage display, yeast display, surface plasmon resonance (SPR), scintillation
proximity assays, ELISA, ORIGEN immunoassay (IGEN), fluorescence quenching, fluorescence
transfer, or any suitable bioassay. The desired polypeptides bind with higher affinity to CD47,¢.g.,
human CD47, than a wild-type SIRP-a.

Binding Affinity of SIRP-a D1 Variant Polypeptides

[00341] In a series of experiments, polypeptides of wild-type SIRP-o. D1 domains and high
affinity SIRP-a D1 variants were generated using conventional molecular cloning and protein
expression techniques. Binding to human CD47 was determined using SPR as follows: briefly,
binding of human CD47 (R and D Systems, catalog number 4670-CD or in-house produced as
monomeric extracellular domain, ECD) to wild-type SIRP-a and SIRP-a D1 variant polypeptides
variants was analyzed on a Biacore T100 instrument (GE Healthcare) or Proteon XPR36 (Bio-rad,
Hercules, CA) using phosphate buffered saline (PBS, pH 7.4) supplemented with 0.01% Tween-20
(PBST) as running buffer. 200 to 1000 RU of ligand were immobilized in 10 mM sodium acetate
buffer (pH 4.5) on a Biacore chip CM4 sensor or Proteon GLC chip by standard amine coupling
following manufacturer recommendations. Several concentrations of analyte (or SIRP-a D1 variant
polypeptides), ¢.g., ranging from at least 0.1x to 10x KD value, were injected for two minutes with
a flow rate 100 pL/min, followed by ten minutes of dissociation time. After each analyte injection,
the surface was regenerated using a 2:1 mixture of Pierce IgG elution buffer (Life Technologies,
catalog number 21004) and 4 M NaCl injected for 30 seconds. Complete regeneration of the
surface was confirmed by baseline analysis and injecting the same analyte at the beginning and end
of the experiment. All sensorgrams were double-referenced using reference surface and a buffer
injection and fitted to 1:1 Langmuir. The analyte was primarily monomeric, either CD47 ECD or
SIRP-a without Fc. Ligand on the chip can be either monomeric or an Fc fusion. Binding data is

provided in Table 16. All SPR assays were performed at 25 °C.
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Table 16. SIRP-a Variant Polypeptide and Associated Ky, Values

Human CD47
SEQ ID NO:
Kp (M)
2 05x10°
53 45x10™"
54 2.7x 107
55 6.2x 107
56 20x10™
57 3.6x 107
58 1.6x 10
59 14x10®
60 3.8x 107
61 3.8x 107
62 13x10™
63 89x 10"
64 5.45x107
65 8.00x 107
66 4.70x 107
67 2.06x 107
68 251x10™
69 2.40x 107
71 4.94x 107
72 7.38x 10
73 4.48x 107
74 2.76x 107
75 1.33x 107
76 7.41x 107
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77 1.14x 107"
78 1.44x 10™"
79 2.17x 107"
80 4.72x 10"
85 1.19x 107"
[00342] It has also been determined that having a glutamate or aspartate residue at position

54 improves the binding of SIRP-a D1 variant polypeptides to mouse CD47. As a non-limiting

example, the SIRP-a D1 variant polypeptides identified in Table 17 below demonstrate high
affinity binding to mouse CD47. The binding affinity to human CDA47 of several SIRP-a D1 variant

polypeptides was compared to the binding affinity to mouse CD47 using SPR as previously

described, with mouse CD47 protein being used in place of human CD47 where appropriate. The

results are presented in Table 18.

Table 17. SIRP-o Variant Polypeptide Sequences having Improved Binding to Mouse CD47

SEQ ID NO:

Amino Acid Sequence

195

EEELQIIQPDKSVLVAAGETATLRCTMTSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPS

196

EEELQIIQPDKSVLVAAGETATLRCTITSLKPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPS

197

EEELQIIQPDKSVLVAAGETATLRCTITSLRPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPS

198

EEELQIIQPDKSVLVAAGETATLRCTITSLYPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVE
FKSGAGTELSVRAKPS

199

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
RDGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYYCVKFRKGSPDDV
EFKSGAGTELSVRAKPS

200

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVE
FKSGAGTELSVRAKPS

201

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGMPDDV
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EFKSGAGTELSVRAKPS

202

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDVEF
KSGAGTELSVRAKPS

203

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSSEPDV
EFKSGAGTELSVRAKPS

204

EEELQIIQPDKSVLVAAGETATLRCTITSLRPVGPIQWFRGAGPGRELIYNQ
RDGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYYCVKFRKGSPDDV
EFKSGAGTELSVRAKPS

205

EEELQIIQPDKSVLVAAGETATLRCTITSLRPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVE
FKSGAGTELSVRAKPS

206

EEELQIIQPDKSVLVAAGETATLRCTITSLRPVGPIQWFRGAGPGRELIYNQ
RDGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVE
FKSGAGTELSVRAKPS

207

EEELQIIQPDKSVLVAAGETATLRCTITSLYPVGPIQWFRGAGPGRELIYNQ
RDGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYYCVKFRKGSPDDV
EFKSGAGTELSVRAKPS

208

EEELQIIQPDKSVLVAAGETATLRCTITSLYPVGPIQWFRGAGPGRELIYNQ
REGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVE
FKSGAGTELSVRAKPS

209

EEELQIIQPDKSVLVAAGETATLRCTITSLYPVGPIQWFRGAGPGRELIYNQ
RDGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVE
FKSGAGTELSVRAKPS

210

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQ
RDGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVE
FKSGAGTELSVRAKPS

Table 18. Binding of SIRP-a Variant Polypeptides to Human and Mouse CD47

SEQ ID NO: | Kp (M) - Human | Ky (M) - Mouse
96 1.04x 10™ 332x10°
97 155x 107 >100 nM
100 2.69x 107 6.32x10®
104 9.19x 10™ 8.04 x 107
86 1.44x10™ 430x10°
85 823 x 10™ 1.14x 10®
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204 349x 10% 521x10°
206 526x 10% 333x107°
209 446x 107 411x10°
210 6.79 x 10% 6.01 x 10°
[00343] It has also been determined that the N80OA mutation, which can minimize or

abrogate partial glycosylation present in certain SIRP-a D1 variant polypeptides, confers a
functional benefit of increasing the homogeneity associated with SIRP-a D1 variant polypeptides
containing such mutation. When SIRP- a variant polypeptides are expressed in E.coli, no
glycosylation of N80 will occur due to lack of glycosylation system in E.coli compared to a
mammalian system. Table 19 shows that effective binding between a SIRP-a D1 variant
polypeptide produced in £.coli and human CD47 can still occur, thus demonstrating that
deglycosylation does not affect the binding affinity with which SIRP-a D1 variants can still bind to
CDA47. In addition to the N8OA mutation, deglycosylation can be accomplished by mutating N80 to
any amino acid which is not N or by disrupting the motif N-Xaal-Xaa2 wherein N = asparagine;
Xaal = any amino acid except P (proline); Xaa2 =T (threoning), S (serine) or C (cysteine), wherein
the motif refers to residues 80-82 of a SIRP-a D1 variant polypeptide. By mutating P83 to valine or
other residue which is not P, increased glycosylation at N80 can occur and homogenously
glycosylated SIRP-a D1 variant polypeptides can be generated.

[00344] The amino acid P83 can also affect the degree of glycosylation. Changing P83 to
any amino acid can increase the efficiency of glycosylation at N80. A SIRP-a D1 variant having a
valine (V) at position 83 (SEQ ID NO: 213) was expressed in HEK293FS mammalian cells. The
size of the expressed protein was compared to a SIRP-a D1 variant having the wild-type amino acid
residue (e.g., proline, P) at position 83 (SEQ ID NO: 71). Molecular weight analysis of the
expressed protein on a protein gel (FIG. 18) shows that the variant having a P83V mutation (SEQ
ID NO: 213, Lane 2) has a higher molecular weight (e.g., ~22 kDa) compared to the variant that is
unmutated at position 83 (Lane 1). As shown in FIG. 18, when residue 83 is mutated to Val, the
SIRP-a variant polypeptide expressed in a mammalian cell host is primarily a molecule at higher

molecular weight (~22kDa), indicating efficiency for glycosylation at N80 can be increased.

Table 19. Representative Binding Data for SIRP-a Variant Polypeptide Sequences having Various
Glycosylation Profiles

SEQ ID NO: Kp (M) Expression system
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33 45x 1010 E. coli
58 1.6x 1070 E. coli
60 38x 107" E. coli
63 89x 10! E. coli
35 62x107"° E. coli
62 13x107"° E. coli
57 36x107"° E. coli
56 20x 1010 E. coli
61 38x 107" E. coli
54 2.7x 107 E. coli
59 14x10® E. coli
2 05x10° E.coli
53 52x 10710 mammalian cell
77 1.14x 107 mammalian cell
74 2.76x 107° mammalian cell
73 4.48x 107 mammalian cell
72 738x 1071 mammalian cell
75 133x107 mammalian cell
71 4.94x107° mammalian cell
76 741x107° mammalian cell

Example 2 — Generation of Single Arm and Bispecific SIRP-a Polypeptides

[00345] The ability of constructs comprising heterodimers of (i) a SIRP-a — Fc fusion protein
and (i1) Fc domain monomer fused to a polypeptide, such as an antigen binding domain, to bind
both CD47 and an antigen, ¢.g., EGFR, was determined by SPR as previously described in this
example. The Fc fusion proteins for forming heterodimers are provided in Table 20. Three
monofunctional (e.g., binding one target) SIRP-o — Fc fusions were tested. These fusion proteins
are depicted as A, B, C in FIG. 6A. A first monofunctional SIRP-o.— Fc fusion (“A”) was a
homodimer of SEQ ID NO: 136. Second and third monofunctional SIRP-a — Fc fusions were
heterodimers of (i) a SIRP-a — Fc fusion and (ii) 2 Fc domain monomer without an additional

polypeptide fused to it. These were generated using the Knob & Hole mutation engineering
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strategies depicted in FIGs. 4A and 4B. One monofunctional SIRP-o — Fc fusion (“B”) was formed
from heterodimerization of SEQ ID NO: 139 (an Fc¢ variant) and SEQ ID NO: 142 (a SIRP-a — F¢
fusion). Another monofunctional SIRP-o — Fc fusion (“C”) was formed from heterodimerization of
SEQ ID NO: 139 (an Fc variant) and SEQ ID NO: 138 (a SIRP-a Fc fusion). The bifunctional (e.g.,
binding two targets) SIRP-a — Fc fusion (“D”) was formed from heterodimerization of SEQ ID NO:
127 (a SIRP-a Fc fusion) and SEQ ID NO: 144 (an antigen binding region of Erbitux linked to an
Fc variant). SEQ ID NO: 220 represents the light chain of the Erbitux antibody.

Table 20. Amino Acid Sequences of Fc Fusion Proteins for Forming Heterodimers

SEQ ID NO: Amino Acid Sequence

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYN
QRQGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CIKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
138 SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGK
139 EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLSC
AVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
142 SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

QVQLKQSGPGLVQPSQSLSITCTVSGFSLTNYGVHWVRQSPGKGLEWLG
VIWSGGNTDYNTPFTSRLSINKDNSKSQVFFKMNSLQSNDTATYYCARAL
TYYDYEFAYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV

KDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQ

TYICNVNHKPSNTKVDKKVEPKSCRKTHTCPRCPAPELLGGPSVFLFPPK

PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE

QYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQP
REPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLY SRLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSL
SLSPGK

144

DILLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQQRTNGSPRLLIKYAS
220 ESISGIPSRFSGSGSGTDFTLSINSVESEDIADYYCQQNNNWPTTFGAGTKL
ELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNA
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LQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSS
PVTKSFNRGEC

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
217 VEFKSGAGTELSVRAKPSEKTHTCPECPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLTCEVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

[00346] Briefly, CD47 was immobilized on a Proteon GLC chip by amine chemistry as
described above. In a first injection, analytes (e.g., A, B, C, D, and Erbitux) were injected at 30
uL/min in PBST for 60 s at 100 nM and binding to the CD47 surface was determined by SPR. In a
second, injection100 nM EGFR-ECD (epidermal growth factor receptor extracellular domain
produced in HEK293 cells) was injected and binding of EGFR-ECD to the CD47-bound analytes
was measured. Erbitux did not bind CD47 on the chip and therefore it was not able to bind EGFR
in the second injection as shown by the curve labeled “Erbitux” in FIG. 6B and illustrated in FIG.
6A. SIRP-o — Fc fusions (e.g., A, B, and C) did bind CD47 but did not bind EGFR in the second
injection as shown by the curves labeled “A,” “B,” and “C” shown in FIG. 6B and illustrated in
FIG. 6A. The monomeric proteins, or proteins with one SIRP-a. D1 domain (e.g., B and C) higher
resonance units than the dimeric protein (e.g., A) due to a higher amount of molecules bound to the
same CDA47 sites available on the chip as shown by the curves labeled “B” and “C”, indicating
binding to immobilized CD47 and negligible binding to EGFR-ECD (e.g., monofunctionality).
Heterodimeric SIRP-o — Erbitux-Fc bound CD47 on the chip and was also able to bind EGFR-ECD
in the second injection as shown by the curve labeled “D” in FIG. 6B, indicating binding to
immobilized CD47 and binding of EGFR-ECD (e.g., bi-functionality).

Example 3 — Testing Polypeptides with High Binding Affinity to CD47 in Mice

[00347] Genetically engineered mouse models of various cancers, ¢.g., solid tumor and
hematological cancer, are used to test the binding of polypeptides of the disclosure to CD47. A
polypeptide of the disclosure is injected in a mouse, which is dissected at the later time to detect the
presence of the complex of the polypeptide and CD47. Antibodies specific to SIRP-a or CD47 are

used 1in the detection.

Example 4 — Testing Polypeptides for Immunogenicity
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[00348] Polypeptides including a high affinity SIRP-a D1 variant are tested in
immunogenicity assays. The polypeptides are tested both in silico and in vitro in T-cell
proliferation assays, some of which are commercially available. Polypeptides which provoke a
minimal immunogenicity reaction in an in vitro T-cell proliferation assay and display a greater

binding affinity to CD47 than does wild-type SIRP-a are selected for further development.

Example 5 — Testing Polypeptides for In Vivo Toxicity

[00349] Different polypeptides including different high affinity SIRP-a D1 variants which
display various degrees of increased binding affinities to CD47 than does wild-type SIRP-a. are
injected into an animal cancer model (¢.g., a mouse cancer model) to assay the effect of different
binding affinities on toxicity in the organism. Non-human primate (NHP) can also be used to test
high-affinity SIRP-a D1 variants, as the level of cross reactivity for non-human primate (NHP)
CD47 and mouse CD47 may be different.

Example 6 — Fcy Receptor Binding of Fc Variants

[00350] In addition to their ability to modulate target function, therapeutic monoclonal
antibodies and Fc containing fusion proteins are also capable of eliciting two primary immune
effector mechanisms: antibody-dependent cell cytotoxicity (ADCC) and complement-dependent
cytotoxicity (CDC). ADCC is mediated by Fc region binding to activating Fcy receptors and
polypeptide constructs comprising Fc variants described herein were tested for Fcy receptor
binding. As shown in Table 21 below, the polypeptide constructs demonstrated decreased binding
to one or more Fcy receptors as compared to a corresponding wild-type IgG Fc. With regard to
IgG1, the mutations L234A, L235A, G237A, and N297A of an IgG1 Fc resulted in a severe loss of
binding to Fcy receptors CD16a, CD32a, CD32b, CD32¢, and CD64 as compared to a wild-type
IgG1, or a construct lacking one or more of these mutations. Accordingly, the mutations L234A,
L235A, G237A (e.g., IgG1 AAA), along with aglycosylation or the deglycosylating mutation
N297A results in complete loss of binding to the Fcy receptors studied. Since Fcy receptor binding
is known to be important to phagocytosis, the mutations L234A, L.235A, G237A, and N297A can
result in reduction of phagocytosis of the construct comprising the Fc variant.

[00351] The following materials and methods were used in this example. Binding of human
Fey receptors RI (CD64), RIIA (CD32a), RIIB/C (CD32b/c) and RIITA (CD16a) (R & D Systems,
catalog numbers 1257-FC-050, 1330-CD-050, 1875-CD-050 and 4325-FC-050 respectively) to Fc

variant constructs was analyzed on a ProteOn XPR36 instrument (Bio-Rad, Hercules, CA) using
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phosphate buffered saline (PBS, pH 7.4) supplemented with 0.01% Tween-20 as running buffer.
Approximately 400 Resonance Unit (RU) of minimally biotinylated Fc constructs were
immobilized on flow cells of a NLC sensor chip (Bio-rad, Hercules, CA) by avidin-neutravidin
interaction. Biotinylation was performed according to the manufacturer’s instructions using Pierce
EZ-Link Sulfo-NHS- LC-LC-Biotin and an equimolar ratio of linker:protein. Analytes (hFcyR)
were injected in a “one-shot” kinetic mode at nominal concentrations of 0, 61, 185, 555, 1666, and
5000 nM. Association and dissociation times were monitored for 90s and 600s respectively. After
each injection, the surface was regenerated using a 2:1 v/v mixture of Pierce IgG elution buffer
(Life Technologies, catalog number 21004) and 4 M NaCl. Complete regeneration of the surface
was confirmed by injecting the Fc¢ variants at the beginning and end of the experiment. 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 to an
equilibrium analysis using a simple binding isotherm. Kp,app . For Fc molecules with strong
binding to hFcyRI, data were also fit globally to a simple Langmuir model and the Ko, value was
calculated from the ratio of the apparent kinetic rate constants (Kp app = Kd.app/Kasapp)

[00352] As shown in Table 21, the mutations A330S, P331S, and N297A of an IgG2 Fc
region resulted in a severe loss of binding to Fcy receptors CD16a, CD32a, CD32b, CD32c, and
CD64 as compared to a wild-type IgG or a construct lacking these mutations. Accordingly, the
mutations A330S and P331S along with aglycosylation or the deglycosylating mutation N297A
resulted in complete loss of binding to the Fcy receptors studied. Since Fcy receptor binding is
known to be important to phagocytosis, the mutations A330S, P331S, and N297A are predicted to
result in a reduction in phagocytosis of the Fc variant. Binding data for [gG4 and various mutations

are also provided.

Table 21. Binding Data (Kp) for Fcy Receptor Binding to Fc Variants.

FC description CD16a CD32a CD32b/c CDo4
IgGl 370 nM 400 nM 2000 nM 0.004 nM
IeGl _AAA - 2300 nM - 8000 nM
IgG1l _N297A - - - 150 nM

IgGl_AAA N297A - - - -

IgG2 - 420 nM - 700 nM
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IgG2 A3308S, P331S - 390 nM - 900 nM
IgG2_N297A - ; ] ]
IgG2 A330S, P331S,N297A - - - -
IgG4 4100 nM 720 nM 710 nM 1 nM
IgG4 S228P 3000 nM 8§10 nM 850 nM 1 nM
IgG4 S228P, L235E 2400 nM 1200 nM 1100 nM 60 nM
T I PPV R R

[33E2]

An absence of binding is represented by

Example 7 — Clq Binding Determination of Fc Variants
[00353]

and activation of the complement cascade. Binding of various concentrations of Clg complement

Complement-dependent cytotoxicity (CDC) is mediated by complement protein Clqg

to various SIRP-a Fc constructs was determined by cnzyme-linked immunosorbent assay (ELISA}.
SIRP-a Fc fusions were prepared at 5 pg/mL in PBS pH 7.4 and used to coat duplicate wells of
Nunc Immulon 4HBX ELISA 96 well plates (using 50 uL/well) overnight at 4°C. The following
day, plates were washed five times with wash buffer (PBS and 0.05% Tween-20) and incubated
with 200 pL/well of blocking buffer (PBS and 0.5% BSA) for 1 hour at room temperature. Plates
were washed five times and incubated for 2 hours at room temperature with 0, 0.13, 0.41, 1.23, 3.7,
11.1, 33.3, 100 pg/mL Clq in assay buffer (PBS, 0.5% BSA, 0.05% Tween-20, 0.25% CHAPS,
SmM EDTA, and 0.35% NaCl). Plates were washed and incubated for 1 hour with 50ul/well HRP
Conjugated sheep-anti-human-Clq at 2.0 ug/mL in assay buffer. Plates were washed five times and
incubated for ~10 minutes with TMB (1-Step Ultra TMB-ELISA, Thermo Sci. Cat. # 34028).
Finally, 50uL/well Pierce/Thermo Sci. Stop Solution (0.16M sulfuric acid, cat. # N600) was added
and plates were read at 450 nm absorbance with a 570 nm reference. Wells lacking SIRP-a. — Fc¢
fusion were run to control for non-specific binding of Clq or the HRP-conjugated detection
antibody to the plate. Wells lacking C1q were run to control for non-specific binding of the HRP-
conjugated detection antibody to a SIRP-a — Fc fusion or to the plate.

[00354] As shown in FIG. 14, both wildtype IgG1 (SEQ ID NO: 123) and wildtype IgG2
(SEQ ID NO: 126) bound Clq in a dose dependent manner. Conversely, IgG1 variants [gG1 AAA
(SEQ ID NO: 124); IgG1_N297A (SEQ ID NO: 125); and IgG1_AAA N297A (SEQ ID NO: 96)
demonstrated significantly reduced and minimally detectable Clq binding activity. Likewise, IgG2
variants IgG2_ A3308S, P331S (SEQ ID NO: 127); IgG2_N297A (SEQ ID NO: 128); and
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IgG2 N297A, A3308S, P331S (SEQ ID NO: 129) also demonstrated significantly reduced and
minimally detectable Clq binding activity. This reduced and minimally detectable Clq binding
activity of IgG1 and IgG2 variants were comparable to wildtype IgG4 (SEQ ID NO: 130), which
does not to bind Clq.

Example 8 — Production of Wild-Type Fc and Fc¢ Variants
[00355] Using the methods described herein and in accordance with embodiments of the

disclosure, the wild-type Fc polypeptides and Fc variants of Table 7 have been produced.

Example 9 — Production of SIRP-a Variant and Fc Variant Polypeptides

[00356] Using the methods described herein and in accordance with embodiments of the
disclosure, the following SIRP-a D1 variant-Fc variant polypeptides were produced as shown in
Table 22 below. Binding to human CD47 was determined by the methodologies as described in
Example 1.

Table 22. CD47 Binding Affinity of SIRP-o. Variant Fc Variant Polypeptides.

SEQ ID NO: Kp (M)
96 351x 10™
97 1.09x 107
98 8.73 x 10
99 8.95x 10™°
100 1.79x 107
101 8.90x 107
102 3.79x 10
103 256x 10
104 9.19x 10
105 3.16x 10™
106 8.11x10™
107 2.19x 10™
108 478 x 10
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109 2.15x 107
110 6.53x 10
111 3.15x 10
112 222x10™
113 132x 10
114 3.43x 10™
115 498 x 10
135 3.46 x 107
136 1.19x 10

Example 10 — Phagocytosis of SIRP-a. - Fc Variants

[00357] To obtain quantitative measurements of phagocytosis, a phagocytosis assay was
utilized in which primary human macrophages and GFP+ or CFSE-labeled tumor cells were co-
cultured with Fc¢ variant polypeptide constructs described herein. The following materials and
methods were employed:

Culture of tumor cell lines

[00358] DLD-1-GFP-Luciferase cells, MM1R, and N87 were maintained in growth medium
comprising RPMI (Gibco) supplemented with 10 % heat-inactivated Fetal Bovine Serum (Gibco), 1
% penicillin/streptomycin (Gibco), and 1 % Glutamax (Gibco). DLD-1-GFP-Luciferase and N87
cells were grown as adherent monolayers and MMIR cells were grown in suspension.

Derivation and culture of human monocyte-derived macrophages

[00359] Whole blood buffy coats were diluted 1:2 with Phosphate Buffered Saline (PBS,
Gibco). Diluted blood was split into two tubes and underlayed with 20 ml Ficoll-Paque Plus (GE
Healthcare). Tubes were centrifuged for 30 minutes at 400 x g. Peripheral blood mononuclear cells
(PBMCs) were collected from the interface, washed twice by addition of 40 ml PBS, centrifuged
for 10 minutes at 100 x g, and resuspended in FACS buffer (PBS with 0.5 % Bovine Serum
Albumin (Gibco)). CD14+ monocytes were purified by negative selection using the Monocyte
Isolation Kit IT (Miltenyi Biotec) and LS columns (Miltenyi Biotec) according to the
manufacturer’s protocol. CD14+ monocytes were seeded into 15 cm tissue culture plates (Corning)
at 10 million cells per dish in 25 ml differentiation medium comprised of IMDM (Gibco)
supplemented with 10 % human AB serum (Corning), 1 % penicillin/streptomycin, and 1%

Glutamax. Cells were cultured for seven to ten days.
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In vitro phagocytosis assays

[00360] DLD-1-GFP-Luciferase and N87 cells were detached from culture plates by washing
twice with 20 ml PBS and incubation in 10 ml TrypLE Select (Gibco) for 10 minutes at 37°C. Cells
were removed with a cell scraper (Corning), centrifuged, washed in PBS, and resuspended in
IMDM. MMIR and N87 cells were labeled with the Celltrace CFSE Cell Proliferation kit (Thermo
Fisher) according to the manufacturer’s instructions and resuspended in IMDM. Macrophages were
detached from culture plates by washing twice with 20 ml PBS and incubation in 10 ml TrypLE
Select for 20 minutes at 37°C. Cells were removed with a cell scraper (Corning), washed in PBS,
and resuspended in IMDM.

[00361] Phagocytosis assays were assembled in ultra-low attachment U-bottom 96 well
plates (Corning) containing 100,000 DLD-1 GFP Luciferase, MM 1R, or N87 cells, five-fold serial
dilutions of SIRP-o — Fc variants from 1000 nM to 64 pM, and cetuximab (Absolute Antibody),
daratumumab, or control antibody of the same isotype (Southern Biotech) at 1 pg/ml. Plates were
preincubated 30 minutes at 37°C in a humidified incubator with 5 percent carbon dioxide, then
50,000 macrophages were added. 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 in 250 pl FACS buffer. Macrophages were stained on ice for 15 minutes in 50
il FACS buffer containing 10 pl human FcR Blocking Reagent (Miltenyi Biotec), 0.5 pl anti-CD33
BV421 (Biolegend), and 0.5 pl anti-CD206 APC-Cy7 (Biolegend). Cells were washed in 200 pl
FACS buffer, washed in 250 pl PBS, and stained on ice for 30 minutes in 50 pl Fixable Viability
Dye eFluor 506 (ebioscience) diluted 1:1000 in PBS. Cells were washed twice in 250 ul FACS
buffer and fixed for 30 minutes on ice in 75 pl Cytofix (BD Biosciences). Cells were washed in 175
il FACS buffer and resuspended in 75 pl FACS buffer. Cells were analyzed on a FACS Canto 11
(BD Biosciences), with subsequent data analysis by Flowjo 10.7 (Treestar). Dead cells were
excluded by gating on the e506-negative population. Macrophages that had phagocytosed tumor
cells were identified as cells positive for CD33, CD206, and GFP or CFSE. Five polypeptide
constructs comprising SIRP-a D1 domain variants fused to respective Fc variants were tested for in
vitro phagocytosis:

) (SEQ ID NO: 105)
EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRQGPFPRVTTV
SDTTKRNNMDEFSIRIGNITPADAGTYY CIKFRKGSPDDVEFKSGAGTELSVRAKPSVECPPC
PAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTK
PREEQFASTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQVYTL
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PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTV
DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

2) (SEQ ID NO: 127)
EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRQGPFPRVTTV
SDTTKRNNMDFSIRIGNITPADAGTYY CIKFRKGSPDDVEFKSGAGTELSVRAKPSERKCCV
ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHN
AKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQ
VYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

3) (SEQ ID NO: 96)
EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRQGPFPRVTTV
SDTTKRNNMDFSIRIGNITPADAGTYY CIKFRKGSPDDVEFKSGAGTELSVRAKPSDKTHTC
PPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHN
AKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

4) (SEQ ID NO: 124)
EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRQGPFPRVTTV
SDTTKRNNMDFSIRIGNITPADAGTYY CIKFRKGSPDDVEFKSGAGTELSVRAKPSDKTHTC
PPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

3) (SEQ ID NO: 134)
EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRQGPFPRVTTV
SDTTKRNNMDEFSIRIGNITPADAGTYY CIKFRKGSPDDVEFKSGAGTELSVRAKPSAAAPPC
PPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNA
KTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQV
YTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSR
LTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK

Results

[00362] FIG. 7 shows phagocytosis of DLD-1-GFP-Luciferase tumor cells by human
monocyte-derived macrophages in the presence of SEQ ID NO: 105 (Fc variant IgG2 A330S,
P331S, N297A) and SEQ ID NO: 127 (Fc variant IgG2_A3308S, P331S). In particular, FIG. 7
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shows that SEQ ID NO: 105 (Fc variant IgG2_ A330S, P331S, N297A) (in the presence or absence
of a control antibody IgG1 k) has ablated phagocytosis in the phagocytosis assay as a single agent
while it is able to increase cetuximab (CTX) phagocytosis (SEQ ID NO: 105 + CTX). In contrast,
a polypeptide with Fc variant [gG2_A330S, P331S (SEQ ID NO: 127 + IgG1.k) has measurable
phagocytosis activity as a single agent. The percent of macrophages that phagocytosed tumor cells
and are GFP" is indicated on the y-axis (FIG. 7). Concentration of CD47 binding sites from the
addition of SEQ ID NO: 105 and SEQ ID NO: 127 is indicated on the x-axis. DLD-1-GFP-
Luciferase cells and macrophages were incubated with the indicated concentrations of SEQ ID NO:
105, SEQ ID NO: 107 and CTX (lug/mL) and control antibody (IgG1, k). Cells were also
incubated with PBS plus cetuximab (line labeled PBS + CTX) or a PBS plus a control antibody of
the same isotype (line labeled PBS + IgG1k).

[00363] FIG. 8 shows phagocytosis of DLD-1-GFP-Luciferase tumor cells by human
monocyte-derived macrophages in the presence of SEQ ID NO: 96 (Fc variant IgG1 L234A,
L235A, G237A, N297A and SEQ ID NO: 124 (Fc¢ variant IgG1 L234A, L235A, G237A). In
particular, FIG. 8 shows that Fc¢ variant I[gG1 L234A, L235A, G237A, N297A(SEQ ID NO: 96)
and Fc variant IgG1 L234A, L235A, G237A (SEQ ID NO: 124) have ablated phagocytosis in the
phagocytosis assay as single agents. These are represented by lines labelled SEQ ID NO 96 + IgGl,
k and SEQ ID NO: 124 + IgG1 k respectively. Interestingly, both polypeptides SEQ ID NO: 96 and
SEQ ID NO: 124 increased the phagocytosis of a tumor specific antibody, CTX. As shown in FIG.
8, the percent of macrophages that phagocytosed tumor cells and are GFP+ is indicated on the y-
axis. Concentration of CD47 binding sites from addition of SEQ ID NO: 96 and SEQ ID NO: 124
is indicated on the x-axis. DLD-1-GFP-Luciferase cells and macrophages were incubated with CTX
at 1 pg/mL and the indicated concentrations of SEQ ID NO: 96 (line labeled SEQ ID NO: 96 +
CTX) or SEQ ID NO: 124 (line labeled SEQ ID NO: 124 + CTX). To identify nonspecific effects
of cetuximab upon phagocytosis, cells were incubated with a control antibody of the same isotype
as cetuximab and the indicated concentrations of SEQ ID NO: 96 (line labeled SEQ ID NO: 96 +
IgG1.k) or SEQ ID NO: 124 (line labeled SEQ ID NO: 124 + IgG1,k). Cells were also incubated
with PBS plus cetuximab (line labeled PBS + CTX) or a PBS plus a control antibody of the same
isotype (line labeled PBS + IgG1k).

[00364] FIG. 9 shows phagocytosis of DLD-1-GFP-Luciferase tumor cells by human
monocyte-derived macrophages in the presence of SEQ ID NO: 134 (Fc variant IgG4 S228P). In
particular, FIG. 9 shows that the SEQ ID NO: 134 construct has considerable phagocytosis activity
as a single agent in in vitro phagocytosis. As shown in FIG. 9, the percent of macrophages that

phagocytosed tumor cells and are GFP+ is indicated on the y-axis. Concentration of CD47 binding
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sites from addition of SEQ ID NO: 134 is indicated on the x-axis. DLD-1-GFP-Luciferase cells and
macrophages were incubated with the indicated concentrations of SEQ ID NO: 134 (line labeled
SEQ ID NO: 134 + Medium). Cells were also incubated with control antibody (IgG1, k; black

square).

Example 11 — Production of SIRP-a Variant and HSA Polypeptides

[00365] Additionally, using the methods described herein and in accordance with
embodiments of the disclosure, SIRP-a D1 variant polypeptide was expressed by fusion to HSA
polypeptides, as shown in Table 23 below. Binding to human CD47 was determined by the

methodologies as described in Example 1.

Table 23. CD47 Binding Affinity of SIRP-a Variants Fused to HSA Polypeptides

SEQ ID NO: Kp (M)
150 453x10™M
151 554x107
152 278 x 10
153 424 x 107
154 235x10™
155 1.11x10%
157 2.15x 107
158 1.09x 107
159 7.6x 107

Example 12 — Extended Half-Life Associated with SIRP-a Variant Polypeptides

[00366] As shown in Table 24 and FIG. 10, SIRP-a D1 variant polypeptides comprising Fc
and HSA fusions can have an extended half-life compared to a SIRP-a D1 variant alone. For
example, the SIRP-a D1 variant polypeptide fused to Fc as represented by SEQ ID NO: 104 and the
SIRP-a D1 variant polypeptide fused to HSA as represented by SEQ ID NO: 159 have increased
half-life relative to a SIRP-o. D1 variant polypeptide which is not fused to an Fc or HSA as
represented by SEQ ID NO: 85. The half-life extension can be attributed to the ability of SIRP-a
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D1 variant polypeptides which are fused to Fc and HSA to bind to FcRn, which may be associated
with prolonged cycling.

Table 24. Half-life Measurements for Single Dose Treatments with SIRP-a Variant Polypeptides

. Dosage Half-life
SEQ ID NO: amount (hour)
104 10 mg/kg 41.10
159 10 mg/kg 24.54
85 10 mg/kg 8.20
[00367] The methodologies used for this Example are as follows. Briefly, CD-1 male mice

weighing approximately 25 grams were obtained from Harlan Labs, and were used for the single
dose PK study of the compounds represented by SEQ ID NO: 104, SEQ ID NO: 159, and SEQ ID
NO: 85. Each compound was formulated at a working dose of 5 mg/mL. The volume of the dose
was adjusted based on the weight of cach mouse, ensuring that each mouse was dosed at 1, 3 and
10 mg/kg. The compounds were administered intravenously via the mouse tail vein. Three mice
were dosed for each time point at each dose level for each compound. After dosing, mice had blood
withdrawn at the following 8 time points: 0.25, 1, 4, 8, 24, 48, 72 and 120 hrs. 500 pL of whole
blood was collected into microtainer tubes by orbital bleed. Whole blood samples were rested for
30 minutes to allow serum separation. Samples were then centrifuged for 10 min at 4 °C at a RCF
of 1000. Serum was then transferred to 0.5 mL tubes within 40 min of processing and kept frozen
until analysis.

[00368] The data for SEQ ID NO: 104 was obtained using a human Fc ELISA protocol.
Briefly, Immulon 4HBX ELISA 96 well plates were coated (Thermo Scientific cat. #3855) with 2
pg/ml, 100 pl/well of purified CD47 overnight at room temperature in 1x antigen coating buffer
(ImmunoChemistry Technologies, cat. # 6248). Wells were washed 5 times with 200 — 300 uL/well
Ix TBST (Tris-Buffered Saline + 0.05% Tween-20 ) (Thermo Scientific 20x, cat. # 28360). Wells
were blocked with 200 uL/well 7.5% BSA in PBS (GIBCO, cat. # 15260-037) for 1-2 hours. Wells
were washed 5 times with 200-300 uL/well 1x TBST. 50 uL/well standard curve, Quality Controls

(QCs) and unknown samples diluted in normal CD1 mouse serum diluted 1:4 in TBS was added.
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The standard curve, QCs and unknown samples were incubated at room temperature for 1 hour.
Concentrations for standard curve were as follows: 0.2500 pg/mL; 0.1250 pg/mL; 0.0625 ng/mkL;
0.0313 pg/mL; 0.0156 pg/mL; 0.0078 pg/mL; 0.0039 pg/mL; 0.0020 pg/mL; 0.0010 pg/mL;
0.0005 pg/mL; 0.00025 pg/mL; and 0.00000 pg/mL. Quality Controls (QCs) were frozen and
aliquoted, and standard curve protein at a “high,” “mid,” and “low” concentrations on the linear
curve of the standard curve which served as controls to ensure that the assay was working well
were as follows: QC High = 0.125 pg/ml; QC Mid = 0.016 pg/ml; and QC Low = 0.004 ng/ml.
[00369] Then, the wells were washed 5 times with 200-300 uL/well 1x TBST. 50 puL/well of
0.25 ug/mL Abbexa Goat anti-Human IgG Fc polyclonal antibody (11.6 mg/mL stock, Abbexa cat.
# abx023511) diluted into 1x TBST + 1% BSA was added and incubated for 1 hour at room
temperature. Plates were washedS times with 200-300 pL/well 1x TBST. 50 pL/well of 0.125
ug/mL ZyMax / Invitrogen rabbit anti-goat IgG — HRP conjugated (Thermo Scientific, cat. # 81-
1620), diluted into TBST + 1% BSA was added and incubated for 1 hour at room temperature.
Wells were washed 6 times with 200-300 uL/well 1x TBST. The following steps and reagents were
carried out at room temperature: 0 plL/well room temperature 1-Step Ultra TMB - ELISA (Thermo
Scientific cat. # 34028) was added and incubated 2-5 minutes at room temperature until color
development was sufficient. 50 pulL/well of room temperature Stop Solution (0.16M sulfuric acid,
Thermo Scientific cat. # N600) was added immediately and mixed well. Plates were read
immediately in a spectrophotometer at O.D. 450 and at O.D. 570. The O.D. 570 reading was a
background reading which was subtracted from the O.D. 450 reading. Using a software program
like Molecular Devices SoftMax Pro or Graph Pad Prism, the standard curve values were plotted
using a 4 parameter fit curve and the concentrations of the unknown samples were interpolated
from the standard curve using the software.

[00370] The data for SEQ ID NO: 85 was obtained using a His Tag ELISA protocol.
Immulon 4HBX ELISA 96 well plates (Thermo Scientific cat. #3855) were coated with 2 pg/mL,
100 pL/well of purified CD47 overnight at room temperature in 1x antigen coating buffer
(ImmunoChemistry Technologies, cat. # 6248 ). Wells were washed 5 times with 200 — 300
uL/well using 1x TBST (Tris-Buffered Saline + 0.05% Tween-20) (Thermo Scientific 20x, cat. #
28360). Wells were blocked with 200 ulL/well 7.5% BSA in PBS (GIBCO, cat. # 15260-037) for 1-
2 hours. Wells were washed 5 times with 200-300 uL/well 1x TBST. 50 uL/well standard curve,
Quality Controls (QCs) and unknown samples diluted in normal CD1 mouse serum diluted 1:4 in
TBS were added. The standard curve, QCs and unknown samples were incubated at room
temperature for 1 hour. The standard curve concentrations were as follows: 0.12500 pg/mL;

0.06250 pg/mL: 0.03125 pug/mL: 0.01563 pg/mL; 0.00781 pg/mL; 0.00391 pug/mL; 0.00195
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ug/mL; 0.00098 pug/mL; and 0.00000 pg/mL. Quality Controls (QCs) were frozen and aliquoted,
and standard curve protein at a “high,” “mid,” and “low” concentration on the linear curve of the
standard curve which served as controls to ensure that the assay was working well were as follows:
QC High = 0.02 pg/ml; QC Mid = 0.01 pg/ml; and QC Low = 0.005 pg/ml.

[00371] Thereafter, wells were washed 5 times with 200-300 uL/well 1x TBST. 50 uL/well
of 0.2 ug/mL Abcam rabbit anti-6x His Tag -HRP conjugated polyclonal antibody (1mg/mL stock,
abcam cat. # ab1187) diluted into TBST + 1% BSA was added and incubated for 1 hour at room
temperature. Plates were washed 6 times with 200-300 uL/well 1x TBST. Thereafter, the following
steps and agents were carried out at room temperature. 50 uL/well of room temperature 1-Step
Ultra TMB - ELISA (Thermo Scientific cat. # 34028) was added and incubated 3-5 minutes at
room temperature until color development was sufficient. S0uL/well of room temperature Stop
Solution (0.16M sulfuric acid, Thermo Scientific cat. # N600) was immediately added and mixed
well. Plates were read immediately in a spectrophotometer at O.D. 450 and at O.D. 570. The O.D.
570 reading was a background reading which was subtracted from the O.D. 450 reading. Using a
software program such as Molecular Devices SoftMax Pro or Graph Pad Prism, the standard curve
values were plotted using a 4 parameter fit curve and the concentrations of the unknown samples
were interpolated from the standard curve using the software.

[00372] The data for SEQ ID NO: 159 was obtained using a HSA ELISA protocol. Immulon
4HBX ELISA 96 well plates (Thermo Scientific cat. #3855) were coated with 2ug/ml, 100ul/well
of purified CD47 overnight at room temperature in 1x antigen coating buffer (ImmunoChemistry
Technologies, cat. # 6248 ). Wells were washed 5 times with 200 — 300 pL/well using 1x TBST
(Tris-Buffered Saline + 0.05% Tween-20) (Thermo Scientific 20x, cat. # 28360). Wells were
blocked with 200 uL/well Li-Cor Odyssey Blocking Buffer (TBS) (Li-Cor, cat. # 927-50000) for 2
hours, and blocking buffers containing albumin were not used. Wells were washed 5 times with
200-300 pL/well 1x TBST. 50 ul/well standard curve, Quality Controls (QCs) and unknown
samples diluted in normal CD1 mouse serum diluted 1:4 in TBS was added. The standard curve,
QCs and unknown samples were incubated at room temperature for 1 hour.

[00373] The standard curve concentrations were as follows: 3.20 ug/ml; 1.60 ug/ml; 0.80
pg/ml; 0.40 pg/ml; 0.20 pg/ml; 0.10 pg/ml; 0.05 pg/ml; 0.025 pg/ml; and 0.00 pg/ml. Quality
Controls (QCs) are frozen and aliquoted, and standard curve protein at a “high”, “mid”, and “low”
concentrations on the linear part of the standard curve which served as controls to ensure that the
assay was working well were as follows: QC High = 0.6 pg/ml; QC Mid = 0.3 pg/ml; QC Low =
0.15 pg/ml, and QC Low = 0.01ug/ml.
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[00374] Thereafter, wells were washed 5 times with 200-300 uL/well 1x TBST. 50 uL/well
of 1 pg/ml Thermo Scientific/Pierce rabbit anti-HSA-HRP conjugated (Thermo Scientific cat. #
PA1-26887 ) diluted into 1x TBST was added and incubated for 1 hour at room temperature. Plates
were washed 6 times with 200-300 uL/well 1x TBST. Thereafter, the following steps and reagents
were carried out at room temperature. 50 plL/well room temperature 1-Step Ultra TMB - ELISA
substrate (Thermo Scientific, cat. # 34028 ) was added and incubated 3-5 minutes at room
temperature until color development was sufficient. 50 pl/well of room temperature TMB Stop
Solution (0.16 M Sulfuric Acid solution, Thermo Scientific cat. # N600) was added and mixed
well. Plates were read immediately in a spectrophotometer at O.D. 450 and at O.D. 570. The O.D.
570 reading was a background reading which was subtracted from the O.D. 450 reading. Using a
software program such as Molecular Devices SoftMax Pro or Graph Pad Prism, the standard curve
values were plotted using a 4 parameter fit curve and the concentrations of the unknown samples

were interpolated from the standard curve using the software.

Example 13 — Reduced Hemagglutination Demonstrated by SIRP-a Variant Polypeptides
[00375] As shown in FIG. 11, SIRP-a D1 variant polypeptides demonstrated reduced or
ablated hemagglutination. Specifically, when hemagglutination occurs, a diffused red coloration is
present instead of a red dot, as is shown for the positive control B6H12. For the SIRP-a D1 variant
polypeptides tested in FIG. 11, there was a reduction or ablation of hemagglutination.

[00376] The methodologies used for this Example were as follows: human whole blood
buffy coats were received from the Stanford University Blood Center and diluted 1:2 with
Phosphate Buffered Saline (PBS, Gibco). Diluted blood was split into two tubes and underlayed
with 20 ml Ficoll-Paque Plus (GE Healthcare). Tubes were centrifuged for 30 minutes at 400 x g.
Supernatants were removed and the erythrocyte pellets were washed twice by addition of 30 mL of
PBS and centrifugation at 3500 RPM. Thereafter, a hemagglutination assay was carried out as
follows: human erythrocytes were diluted in PBS and transferred to 96 well polystyrene plates
(Corning) at 4 million cells per well in a volume of 75 pL. Five-fold serial dilutions of the indicated
proteins were added to wells in a volume of 75 pL. PBS, with final concentration from 1000 nM to
0.488 nM. As a negative control, PBS alone was added to one row of wells. Erythrocytes settled to
the well bottom, forming a small and well-defined pellet. As a positive control, cells were treated
with the anti-CD47 antibody B6H12 (ebioscience). This antibody caused hemagglutination at
concentrations between 8 and 63 nM, indicated by formation of a large and diffuse cell pellet.

Among tested constructs, [gG2-based polypeptides (SEQ ID NO: 109 and SEQ ID NO: 113)
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caused slight hemagglutination at 4 and 8 nM. No hemagglutination was observed for all other

polypeptide constructs(IgG1-based and HSA-based).

Example 14 — Anti-Tumor Activity of SEQ ID NO: 211 in a Mouse Syngeneic Tumor Model
[00377] C57BL/6 mice (7- to 10-week-old female animals) obtained from Charles River
Laboratory were used. Mouse colon adenocarcinoma cell line MC38 was recovered from frozen
stocks and grown in RPMI 1640 containing 10% fetal bovine serum, penicillin-streptomycin, and
L-glutamine. Cells were spun down and resuspended at a concentration of 2E+07 cells/mL in
serum-free medium without additives. On Day -7 (i.e., 7 days before the projected staging day), the
mice were implanted by subcutaneous injection into the left flank with 100 uL (2.0 x 10° cells) per
mouse of the freshly prepared MC38 in phosphate buffered saline (PBS). When the tumors reached
a mean volume of approximately 50 mm’, fifty animals with established tumors and moderate body
weights were randomized into 5 treatment groups (Group 1-5, n=10 mice each). Starting on Day 1,
mice of Groups 1 to 5 were treated with vehicle (PBS), anti-mPD-L1 (Clone 10F.9G2, 200 ug),
SEQ ID NO: 211 (200 pg), anti-mPD-L1 (200 pg) + SEQ ID NO: 211 (100 pg), or anti-mPD-L1
(200 pg) + SEQ ID NO: 211 (200 pg), respectively. Doses were by administered intraperitoneal (IP)
injection of 0.05 mL/mouse on days 1, 4 and 7.

[00378] SEQ ID NO: 211 was generated by genetically fusing SED ID NO: 206 to a F¢
domain monomer. SEQ ID NO: 206 contains mutations shown to improve binding to mouse CD47.
The binding data is presented in Table 18.

SEQ ID NO: 211
EEELQIIQPDKSVLVAAGETATLRCTITSLRPVGPIQWFRGAGPGRELIYNQRDGPFPRVTTV
SDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVEFKSGAGTELSVRAKPSDKTHT
CPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE
PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
[00379] Clinical observations and body weights were monitored throughout the study up to
Day 42. Tumor sizes were measured two times per week, and at study completion, the
perpendicular minor (width, W, and height, H) and major (length, L) dimensions were measured
using microcalipers (Mitutoyo, Aurora, Illinois). Tumor volume (mm®) was calculated using the
formula for the volume of an ellipsoid sphere (L x W *H / 2). Study animals were subjected to

humane sacrifice during the study when tumor volumes in individual animals exceeded (or
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approached) 2,500 mm’. The number of animals remaining in the study up to Day 42 were used for
a survival analysis.

[00380] Tumors grew to various degrees in all five groups. Among mice dosed with vehicle
or SEQ ID NO: 211 (200 ug) (Groups 1 and 3, respectively), sacrifices began during the 4™ week
(from Day 25) and all animals in these groups were dead by the end of the 5™ week (Day 35).
Among mice dosed with anti-mPD-L1 (alone or in combination with SEQ ID NO: 211; Groups 2, 4,
and 5), sacrifices began during the 5" week (from Day 29 or 32) but a subset (40-70%) of these
animals survived to the scheduled study end (Day 42). FIG. 12 shows survival curves for each
treatment group during the study period. Numerically, the anti-mPD-L1 plus 200 pg SEQ ID NO:
211 treatment group had the highest number of surviving animals, following by the anti-mPD-L1
plus 100 pg SEQ ID NO: 211 treatment group and anti-mPD-L1 alone group, with 7 out 10 (70%),
5 out 10 (50%) and 4 out of 10 (40%) mice remaining at Day 42, respectively (Table 25). Median
survival was 29 and 30.5 days respectively for vehicle (Group 1) and SEQ ID NO: 211 alone
(Group 3) treatments. Median survival increased to 42 days for anti-mPD-L1 alone (Group 2) and
anti-PD-L1 plus 100 pg SEQ ID NO: 211 (Group 4) treatment. Median survival for anti-mPD-L1
plus 200 pg SEQ ID NO: 211 treatment (Group 5) was not determined as more than 50% of
animals remained at the end of the study (Day 42).

Table 25. Animal Survival Data.

Number of Animals Alive on Indicated Day

Treatment (3 IP
Group | doses-onDays [ | 4 7 111 [ 14 | 18 } 22 [ 25 1 29 | 32 | 35| 39 | 42
1.4and 7)

1 PBS 10110 ) 10| 10|10 (10| 10 ] 6 1

2 anti-mPD-L1 o0 f 0 10 10| 10 101010 9

(200 pg)

SEQ ID NO:
211 (200 pg)

1010 10|10 |10 (10| 10 ] 9 5

anti-mPD-L1
(200 pg)
+ SEQ ID NO:
211 (100ug)

anti-mPD-L1
(200ug)

+ SEQ ID NO:
211 (200 pg)
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[00381] Tumors exhibited rapid growth in the vehicle treated group, indicating ongoing
tumor growth in the absence of effective treatment. Dosing with 200 ug SEQ ID NO: 211 (Group
3) yielded significant attenuation of tumor growth only at intermittent time points (Day 7 and 14,
for both raw and normalized tumor volume) compared to dosing with vehicle. Dosing with 200 pg
anti-mPD-L1, alone or in combination with SEQ ID NO: 211 (Groups 2, 4, and 5), provided
significant attenuation of tumor growth from Day 4 or 7 (for raw or normalized tumor volume,
respectively) compared to dosing with vehicle (FIG. 13 and Table 26). The addition of SEQ ID
NO: 211 to the anti-mPD-L1 regimen (Group 2 vs. 4 or Group 2 vs. 5) produced additional tumor
growth inhibition over anti-mPD-L1 treatment alone. Day-22 tumor volumes, including tumor
growth inhibition (%TGI), are provided in Table 26. Day 22 is used for the comparison because
this day is the last time point at which all animals were still alive. Tumor growth inhibition (%
TGI) on Day 22 vs Day 1 were 83%, 81% and 77% for anti-mPD-L1 plus 200 pg SEQ ID NO: 211
group, anti-mPD-L1 plus 100 ng SEQ ID NO: 211 group and anti-mPD-L1 alone group,
respectively (Table 26).

Table 26. Tumor Volume Analysis

Day-1 Day-222 Day 22* vs. Day 1 Mean
Agent Tumor Tumor Normalized
c (Three doses Yolume Yolume T-B (mm’) % TGl Day-22~2
roup
on Day 1,4 (B, mm’) (T, mm’) Volume
and 7, I1P) Atumer | % Group
Mean £SD | Mean £ SD % Day 1
volume 1A
1 Vehicle 52+13 2126 + 599 2074.2 0% 4380%
anti-mPD-L1
2 5212 537 + 464 484.6 77% 1062%
(200 pg)
SEQ ID NO:
3 5112 1697 + 679 1645.4 21% 3384%
211 (200 pg)
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anti-mPD-L1
(200 pg)

4 +SEQ ID 52 + 13 456 +£ 368 404 .3 81% 959%

NO: 211 (100

ug)
anti-mPD-L1

(200 pg)
5 +SEQID 52411 399 + 497 347.9 83% 728%
NO: 211 (200

ug)0

* Day 22 is the last day on which all animals of all groups remained alive.

Example 15 — Optimizing Combination Therapy for Treating Cancer

[00382] Polypeptides including a high affinity SIRP-a D1 variant are co-administered with
checkpoint inhibitors to treat mouse models of various cancers, ¢.g., solid tumor and hematological
cancer. Cancers may be recognized by the immune system, and under some circumstances, the
immune system may be involved in eliminating tumors. Blockade of co-inhibitory molecules, such
as CTLA-4, PD-1, and LAG-3, may be involved in amplifying T-cell responses against tumors.
Polypeptides described herein are administered in combination with a checkpoint inhibitor, such as
an antibody inhibitor of CTLA-4 (e.g., ipilimumab, tremelimumab), PD-1 (nivolumab, pidilizumab,
MK3475 also known as pembrolizumab, BMS936559, and MPDL3280A), and LAG-3 (e.g.,
BMS986016).

[00383] Established A20 tumors in BALB/c mice (e.g., lymphoma models) are treated with
an antibody inhibitor of CTLLA-4 and a high affinity SIRP-a D1 variant fused to an IgG Fc¢ variant
provided herein (e.g., a SIRP-a construct). Starting on Day 1, mice are treated with vehicle (PBS),
tremelimumab (200 pg) + SIRP-o construct (100 pg), or tremelimumab (200 pg) + SIRP-o
construct (200 pg). Doses are administered by intraperitoneal (IP) injection at 0.05 mL/mouse on
days 1, 4 and 7. Tumor response to combination therapy is determined daily by measuring tumor
volume. If on day 4, tumor volume of mice treated with combination therapy shows no significant
improvement, tremelimumab is replaced with ipilimumab. Similarly, if on day 7, tumor volume of
mice treated with combination therapy show no significant improvement, tremelimumab is replaced
with ipilimumab. It is expected that while tremelimumab and ipilimumab target the same
checkpoint protein, they have different therapeutic efficacies and synergistic effects with the SIRP-

a construct due to their differing Fc regions. Tremelimumab is an IgG2 antibody that may be more
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effective at fixing complement while ipilimumab is an IgG1 antibody that may be useful in

preventing the elimination of activated T-cells.

Example 16 — Method of Treating a Cancer Expressing an Epithelial Marker

[00384] SIRP-a polypeptide constructs, such as a high affinity SIRP-0, D1 variant (e.g., any
variant provided in Tables 2, 5, and 6) fused to an IgG Fc¢ variant, are administered to treat a cancer
expressing an epithelial cell marker. Increased phagocytosis resulting from the blockade of CD47
signaling, for example by a SIRP-a. D1 construct, may depend on the presence of macrophages.
Therefore, administration of a SIRP-a D1 polypeptide construct in combination with an antibody
targeting an epithelial marker that is expressed in or on a cancer cell is used to treat the cancer
reducing the risk of side effects, ¢.g., phagocytosis of epithelial cells, due to a low abundance of
macrophages at the skin periphery.

[00385] Mouse models of a cancer expressing an epithelial marker, for example EGFR or
EpCAM, are administered a SIRP-a construct in combination with an antibody that targets the
epithelial marker, ¢.g., an anti-EGFR antibody or an anti-EpCAM antibody. Antibodies targeting
epithelial markers can recognize both cancerous cells and non-cancerous cells, for example non-
cancerous cells at the skin periphery. However, it is expected that non-cancerous cells at the skin
periphery will not be susceptible to phagocytosis due to a low abundance of macrophages near the

skin.

Example 17 — Phagocytosis by Single Arm SIRP-a. — Fc Fusions

[00386] To obtain quantitative measurements of phagocytosis induced by SIRP-a — Fc
fusions having a single SIRP-a molecule (e.g., a single arm molecule) (depicted in FIGs. 1, 4A, and
4B), a phagocytosis assay with different cell types MM1R and N87 cells was performed using
methods as described in Example 8.

[00387] Six single arm constructs were tested for in vitro phagocytosis. These single-arm
constructs are generated using knob & hole strategies. Homodimer SIRP-o Fc fusion of SEQ ID
NO: 136 was used as a double arm comparison (control). A first single-arm SIRP-a Fc fusion (e.g.,
A) was formed from a heterodimer of SEQ ID NO: 139 (an Fc variant) and SEQ ID NO: 138 (a
SIRP-a Fc fusion). A second single-arm SIRP-a Fc fusion (e.g., B) was formed from a heterodimer
of SEQ ID NO: 141 (an Fc variant) and SEQ ID NO: 140 (a SIRP-a Fc fusion). A third single-arm
SIRP-a Fc fusion (e.g., C) was formed from a heterodimer of SEQ ID NO: 139 (an Fc variant) and
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SEQ ID NO: 142 (a SIRP-a Fc fusion). A fourth single-arm SIRP-a Fc fusion (e.g., D) was formed
from a heterodimer of SEQ ID NO: 141 (an Fc variant) and SEQ ID NO: 143 (a SIRP-a Fc fusion).
A fifth single-arm SIRP-a Fc fusion (e.g., E) was formed from a heterodimer of SEQ ID NO: 147
(an Fc variant) and SEQ ID NO: 146 (a SIRP-a Fc fusion). A sixth single-arm SIRP-a F¢ fusion
(c.g., F) was formed from a heterodimer of SEQ ID NO: 149 (an Fc variant) and SEQ ID NO: 148
(a SIRP-o Fc fusion). The CD47 binding affinities (Kp) of the SIRP-o single-arm when tested as a
monomer are as follows: ~10pM (A,B), ~100pM (C, D) and ~5nM (E, F). The sequences are
provided in Table 27 below.

Table 27. Amino Acid Sequences of SIRPa — Fc Fusions for the Construction of Heterodimers

SEQ ID NO:

Amino Acid Sequence

138

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYN
QRQGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CIKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

139

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLSC
AVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

140

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYN
QRQGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CIKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

141

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLWC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

142

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
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143

EEELQIIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYN
QREGPFPRVTTVSDTTKRNNMDEFSIRIGAITPADAGTYY CVKFRKGSPDD
VEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYT
LPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

146

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIY
NQRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPD
DVEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPG
K

147

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLSC
AVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

148

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIY
NQRQGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPD
DVEFKSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

149

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLWC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

[00388]

FIGs. 15-17 shows phagocytosis of multiple myeloma line 1R (MM1R) and gastric

carcinoma line N87 by non-polarized, human monocyte-derived macrophages. “+” and “-” denotes

the addition or absence of Daratumumab (Dara) respectively in FIGs. 15-16. In FIG. 17, “+” and -

” denotes addition and absence of Herceptin/trastuzumab (Her) respectively.

[00389]

FIG. 15 shows construct A in the presence of a control antibody (IgG1.k), e.g., “A-"

has ablated phagocytosis as a single agent while it is able to increase Daratumumab (Dara)

phagocytosis, €.g., “A+”. Similarly, construct B in the presence of a control antibody (IgG1.k), e.g.,

“B-” has ablated phagocytosis as a single agent while it is able to increase Daratumumab (Dara)

phagocytosis, e.g., “B+”. The percent of macrophages that phagocytosed MM 1R and are CFSE" is
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indicated on the y-axis. Concentration of CD47 binding sites from addition of construct A, B, or
control construct is indicated on the x-axis. The levels of phagocytosis are comparable to the
control construct (which is a double-arm SIRP-a). The level of phagocytosis resulting from
incubation with an anti-CD47 antibody, ¢.g. BOH12 (100 nM), is comparable to incubation with
Dara, e.g. PBS+. As shown, single arm SIRP-a — Fc fusions can increase Dara phagocytosis
comparable to a double arm SIRP-o. — Fc fusions.

[00390] FIG. 16 shows construct C in the presence of a control antibody (IgG1.k), ¢.g., “C-"
has ablated phagocytosis in the phagocytosis assay as a single agent while it is able to increase
Daratumumab (Dara) phagocytosis, €.g., “C+”. Similarly, construct D in the presence of a control
antibody (IgG1,k), e.g., “D-" has ablated phagocytosis in the phagocytosis assay as a single agent
while it is able to increase Daratumumab (Dara) phagocytosis, e.g., “D+”. The percent of
macrophages that phagocytosed MM 1R and are CFSE" is indicated on the y-axis. Concentration of
CD47 binding sites from addition of construct C, D, or control construct is indicated on the x-axis.
The levels of phagocytosis are comparable to the control construct (which is a double-arm SIRP-a).
The level of phagocytosis resulting from incubation with an anti-CD47 antibody, ¢.g. B6H12 (100
nM), is comparable to incubation with Dara, e.g. PBS+. As shown, single arm SIRP-o — Fc fusions
can increase Dara phagocytosis comparable to a double arm SIRP-o — Fc fusions. As shown, single
arm SIRP-a — Fc fusions can increase Dara phagocytosis comparable to a double arm SIRP-a — Fc
fusions.

[00391] FIG. 17 shows phagocytosis in the presence of low affinity single-arm SIRP-u
constructs (E, F) performed similarly as above examples. As shown, these low affinity single-arm
SIRP-a constructs (E, F) in combination with Herceptin showed comparable phagocytosis of N87
cells to Herceptin alone (PBS+). Therefore, 5nM affinity for CD47 is not sufficient for single-arm

SIRP-a-Fc fusion to enhance further in vifro phagocytosis in combination with Herceptin.

Example 17 — Cross Reactivity of High Affinity SIRP-a D1 Variants

[00392] Polypeptides of high affinity SIRP-a D1 variants were generated as previously
described. Binding to human, mouse, and rat CD47 was determined using SPR as measured by a
Biacore T100 instrument (GE Healthcare) and Proteon XPR36 (Bio-rad, Hercules, CA) as
described in Example 1. SEQ ID NO: 215 is an engineered SIRP-a D1 variant that does not bind

to human, mouse, or rat CD47 and was utilized as a negative control.
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Table 28. Representative Cross-Species CD47 Binding Affinity for High Affinity SIRP-a Variants

PCT/US2016/045914

Kp (M)
SEQ ID NO: Human Mouse Rat
85 2.03x10™° 2.16x 107 196x 10®
198 1.55x 107 1.41x 107 988x 107
199 126 x 107 1.25x 107 1.07x 107
200 3.04x 107 1.17x 107 142x 107
204 6.53x 10 448 x 10" 3.42x 107
205 248x 107 5.69x 107 428x 107
206 967x 107 2.88x 107" 1.49x 107
207 1.04 x 107 8.80x 107 590x 107
208 2.19x 107" 832x 10 517x 107
209 1.01x 10 371x10™" 226x 107
210 1.65x 107 6.12x 10™° 459x 107
136 1.3904 x 107° 1.1407 x 10® 6.43x 107
214 2.00x 107 6.30x 10® 8.00x 10®
215 Non-Binding Non-Binding Non-Binding
[00393] SEQ ID NO: 215:

EEELQVIQPDKSVLVAAGETATLRCTATSLIPRGPIQWFRGAGPGRELIYNRKEGHFPRVTT

VSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVEFKSGAGTELSVRAKPSDKTH
TCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE
PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL

YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Example 18 — Anti-Tumor Activity of High Affinity SIRP-a Constructs in a Mouse Xenograft
Tumor Model

[00394] Immunodeficient NOD scid gamma (NSG) mice (NOD.Cg-Prkdc*® 112rg™"""/SzJ;
50 females, plus spares) were purchased as 6- to 10-week-old animals. Human lymphoma cell line
GFP-Luc-Raji cells were grown in RPMI 1640 containing 10% fetal bovine serum, penicillin,
streptomycin, and L-glutamine. Cells then were spun down and re-suspended at a concentration of
1.0 x 107 cells/mL in serum-free medium without additives and combined 1:1 with Matrigel™
(Trevigen, Gaithersburg, MD). On Day -11 (i.e., 11 days before the projected staging day), the
mice were implanted by subcutaneous injection into the left flank with 200 uL (1.0 x 10° cells) per
mouse of the freshly prepared GFP-Luc-Raji:Matrigel mixture. When the tumors reached a mean
volume of approximately 55 mm’, fifty animals with established tumors and moderate body

weights were randomized into 5 treatment groups (Group 1-5, n=10 mice each). Starting on Day 1,
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Groups 1 to 5 were treated with (1) SEQ ID NO: 215 [10 mg/kg (mpk), 3x/week]; (2) SEQ ID NO:
104 (10 mpk, 3x/week); (3) rituximab (5 mpk, 2x/week) + SEQ ID NO: 100 (10 mpk, 3x/week); (4)
rituximab (5 mpk, 2x/week) + SEQ ID NO: 104 (10 mpk, 3x/week); or (5) rituximab (5 mpk,
2x/week) + SEQ ID NO: 215 (10 mpk, 3x/week), respectively. Doses were administered by
intraperitoneal (IP) injection at 0.05 mL/mouse. For all animals, doses were administered starting
on the staging day and continuing for a total of 31 days (Days 1-31).

[00395] Clinical observations were recorded twice per day (morning and evening).
Additional findings were recorded as observed. Body weights were measured three times per week
using an electronic balance (Ohaus SCOUT®™ PRO). Tumor sizes were measured three times per
week, and at study completion, using microcalipers (Mitutoyo, Aurora, Illinois) to measure the
perpendicular minor (width, W, and height, H) and major (length, L) dimensions. Tumor volume
(mm®) was calculated using the formula for the volume of an ellipsoid sphere (L x W *H / 2). Blood
samples were drawn from 20 animals on Day 1 (baseline; prior to group assignment) and from all
animals on Day 8 (Week 1) and Day 31 (at termination). Blood specimens were submitted for
complete blood counts (CBCs) on the respective day of draw.

[00396] The SIRP-a construct of SEQ ID NO: 215 does not exhibit measurable binding to
CDA47 (see Table 28). Tumors in the SEQ ID NO: 215-dosed group (Group 1) grew linearly
through Day 31 (FIG. 19A), similar to tumors observed in the PBS vehicle group of the same
model (data not shown). This observation demonstrates ongoing tumor growth in the absence of
effective treatment.

[00397] Comparisons between Groups 1 and 5 (SEQ ID NO: 215 with or without rituximab)
and between Groups 2 and 4 (SEQ ID NO: 104 with or without rituximab) reveal that the
combination treatments yielded significant attenuation of tumor volume, both as raw values (from
Day 9) and normalized values (from Day 7). By Day 16, the majority of mice in Group 3 (SEQ ID
NO: 100 + rituximab) and Group 4 (SEQ ID NO: 104 + rituximab) no longer harbored detectable
tumors; these two combination treatments showed similar efficacy. In contrast, tumor growth
appeared to recover in animals of Group 5 (SEQ ID NO: 215 + rituximab) from Day 18 on. Tumor
volumes of all five groups over the study period (mean +/- SEM and individual scatter plots) are
presented in FIG. 19A and FIG 19B respectively.

[00398] Complete blood count (CBC) values (red blood cells, hemoglobin, hematocrit,
platelets, etc.) measured pre-dose (Day 1), 1 week after dosing (Day 9), and 4 weeks after dosing
(Day 31). Parameters did not differ significantly at Week 1 or Week 4 among the five groups.
Hemoglobin (HGB) values are shown in FIG. 19C. These results demonstrate that high affinity

SIRP-a constructs can effectively attenuate tumor growth and synergize with rituximab in an i»
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vivo mouse model of cancer. Furthermore, in contrast to anti-CD47 based antibody treatments, no
acute episodes of anemia were observed in any of the test groups treated with the high affinity

SIRP-a constructs.

Example 19: SIRP-a Fe Variant Constructs Exhibit Decreased Red Blood Cell Toxicity
[00399] Red blood cell loss is a concern when targeting CD47. To examine the effects of a
SIRP-a Fc variant construct on red blood cell toxicity, mice were treated with a high affinity SIRP-
o variant construct containing either a wildtype IgG1 Fc construct (SEQ ID NO: 216) or a IgG1 Fc
variant construct (SEQ ID NO:96) with IgG1 mutations L234A, L235A, G237A, and N297A
(IgG1 AAA N297A). Mice were assigned to five groups of six and were treated on day 1 and 7
(see solid arrows in FIG. 20) with either: (1) PBS; (2) 10 mg/kg SEQ ID NO: 216 (wildtype IgG1
Fc); (3) 30 mg/kg SEQ ID NO: 216; (4) 10 mg/kg SEQ ID NO: 96 (IgG1 AAA N297A); or (5) 30
mg/kg SEQ ID NO: 96. Baseline complete blood count (CBC) measurements were taken from all
animals on day -7 and for three of six animals on day 1. The blood draws (see FIG. 20) rotated
between three mice from each group to not exceed the amount of blood withdrawal allowed per
week. As demonstrated in FIG. 20, treatment with a wildtype IgGG1 containing SIRP-o. D1 variant
construct resulted in a dose-dependent decrease in red blood cell counts. Conversely, treatment
with an IgG1_AAA N297A containing SIRP-a D1 variant construct resulted in red blood cell
counts similar to the PBS treated control group.

[00400] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein can be employed in practicing the
invention. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A polypeptide, comprising: a signal-regulatory protein o (SIRP-a) D1 variant
comprising a SIRP-a D1 domain, or a fragment thereof, having an amino acid mutation at
residue 80 relative to a wild-type SIRP-o. D1 domain; and at least one additional amino acid
mutation relative to a wild-type SIRP-o. D1 domain at a residue selected from the group
consisting of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54, residue 56,
residue 66, and residue 92.

2. The polypeptide of claim 1, wherein the wild type SIRP-a D1 domain has a
sequence according to any one of SEQ ID NQOs: 1-10.

3. The polypeptide of claim 1, wherein the SIRP-a D1 domain comprises between one
and nine additional amino acid mutations relative to a wild-type SIRP-o D1 domain at a residue
selected from the group consisting of: residue 6, residue 27, residue 31, residue 47, residue 53,
residue 54 residue 56, residue 66, and residue 92.

4. The polypeptide of claim 1, wherein the SIRP-o. D1 variant comprises the amino
acid sequence,
EEELQXIQPDKSVLVAAGETATLRCTX,TSLX3;PVGPIQWFRGAGPGRXULIYNQX5X:G
X,FPRVTTVSDXsTKRNNMDFSIRIGX,ITPADAGTY Y CX,;)KFRKGSPDDVEFKSGAGTE
LSVRAKPS (SEQ ID NO: 49), wherein X;1s V, L, or I; X is A, L V,orL; X5i1s LF, S, or T;
XyisE, V,orL; XsisKorR; Xsis Eor Q; X;is H, P,or R; Xgis L, T, S, or G; Xy is A; and
Xjo is V or I; and wherein the SIRP-a D1 variant has at least two amino acid substitutions
relative to a wild-type SIRP-a D1 domain having a sequence according to SEQ ID NO: 1.

5. The polypeptide of claim 4, wherein the SIRP-a D1 variant has an amino acid
sequence according to any one of SEQ ID NOs: 78-85.

6. The polypeptide of claim 1, wherein the SIRP-a D1 variant comprises the amino
acid sequence,
EEELQX,IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX,LIYNQXsX:G
X,FPRVTTVSDXsTKRNNMDFSIRIGX XX 11 X12ADAGTY Y CX 3;KFRKGSPDDVEFKSG
AGTELSVRAKPS (SEQ ID NO: 218), wherein X;is V, L, orI; X5 is A, V., L, or I; X5is I, S,
T,orF; XyisE,L,orV;: XsisKorR; Xeis Eor Q; X7is H, R, or P; Xgis S,G, L, or T; Xy is
any amino acid; Xjo is any amino acid; X;; is any amino acid; Xj; is any amino acid; and X3 is
V or I; and wherein the SIRP-o. D1 variant has at least two amino acid substitutions relative to a

wild-type SIRP-a D1 domain having a sequence according to SEQ ID NO: 1.
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10.
1.

12.

13.

14.

15.
16.

17.

18.

19.

The polypeptide of claim 6, wherein Xy is A.

The polypeptide of claim 6, wherein Xo is N.

The polypeptide of claim 6, wherein X is L.

The polypeptide of claim 6, wherein Xy is N and X is P.

The polypeptide of claim 6, wherein Xy is N and X;; is any amino acid other than S,
T, or C.

The polypeptide of claim 6, wherein X;; is T.

The polypeptide of claim 6, wherein X;; is an amino acid other than T.

The polypeptide of claim 6, wherein X, is P.

The polypeptide of claim 6, wherein Xy is N and X, is any amino acid other than P.

The polypeptide of claim 1, wherein the SIRP-a D1 variant comprises the amino
acid sequence,
EEELQXIQPDKSVLVAAGETATLRCTX,TSLX3;PVGPIQWFRGAGPGRXULIYNQX5X:G
X;FPRVTTVSDXsTKRNNMDFSIRIGX,ITX ;) ADAGTYYCX,;KFRKGSPDDVEFKSGAGT
ELSVRAKPS (SEQ ID NO: 219), wherein X;is V, L, orI; Xois A, V, L, orI; X5i1s I, S, T, or
F; X4isE, LiorV; XsisKorR; X¢is EorQ; X;isH, R, or P; Xgis S, G, L, or T; Xy 1s N; X
is any amino acid other than P; and X, is V or I; and wherein the SIRP-a D1 variant has at
least two amino acid substitutions relative to a wild-type SIRP-a D1 domain having a sequence
according to SEQ ID NO: 1.

The polypeptide of claim 1, wherein the SIRP-a D1 variant comprises the amino
acid sequence,
EEELQXIQPDKSVLVAAGETATLRCTX,TSLX3PVGPIQWFRGAGPGRELIYNQX/EGX;s
FPRVTTVSDXcTKRNNMDFSIRIGX,ITPADAGTYY CVKFRKGSPDDVEFKSGAGTELSV
RAKPS (SEQ ID NO: 52), wherein X;is V, L,orI; Xsis A, LorL; X5i1s L T, S, or F; X, is K
orR; XsisH, P, or R; Xsis L, T, or G; and X5 is A; and wherein the SIRP-a D1 variant has at
least two amino acid substitutions relative to a wild-type SIRP-a D1 domain having a sequence
according to SEQ ID NO: 1.

The polypeptide of claim 17, wherein X;is Vor [, XpisAor, XsislorF, X is K
orR, XsisHorP, Xgis Lor T, and X7 is A.

The polypeptide of claim 17, wherein the SIRP-a D1 variant has at least three amino
acid substitutions relative to a wild-type SIRP-a D1 domain having a sequence according to
SEQID NO: 1.
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20.

21.

22.

23.

24.
25.
26.
27.
28.
29.
30.

31.

32.

33.

The polypeptide of claim 17, wherein the SIRP-a D1 variant has at least four amino
acid substitutions relative to a wild-type SIRP-a D1 domain having a sequence according to
SEQID NO: 1.

The polypeptide of claim 17, wherein the SIRP-a D1 variant has at least five amino
acid substitutions relative to a wild-type SIRP-a. D1 domain having a sequence according to
SEQID NO: 1.

The polypeptide of claim 17, wherein the SIRP-a D1 variant has at least six amino
acid substitutions relative to a wild-type SIRP-a D1 domain having a sequence according to
SEQID NO: 1.

The polypeptide of claim 17, wherein the SIRP-a D1 variant has at least seven
amino acid substitutions relative to a wild-type SIRP-a. D1 domain having a sequence according
to SEQID NO: 1.

The polypeptide of claim 17, wherein X is L.

The polypeptide of claim 17, wherein X; is L.

The polypeptide of claim 17, wherein X; is F.

The polypeptide of claim 17, wherein X, is R.

The polypeptide of claim 17, wherein X5 is P.

The polypeptide of claim 17, wherein X is T.

The polypeptide of claim 17, wherein each of X, X;, X3, X4, X5, and X is not a
wild-type amino acid.

The polypeptide of claim 17, wherein the SIRP-a. D1 variant has an amino acid
sequence according to any one of SEQ ID NOs: 81-85.

The polypeptide of claim 1, wherein the SIRP-o. D1 variant comprises the amino
acid sequence,

EEELQX;IQPDKSVSVAAGESAILHCTX, TSLX;PVGPIQWFRGAGPARELIYNQXL,EG
XsFPRVTTVSEXcTKRENMDEFSISISX/ITPADAGTYYCVKFRKGSPDTEFKSGAGTELSV
RAKPS (SEQ ID NO: 212), wherein X;is V, L, orI; Xsis V,LLorL; X5is L T, S, or F; X is K
orR; X5is H, P, or R; X¢is S, T, or G; and X is A; and wherein the SIRP-a D1 variant has at
least two amino acid substitutions relative to a wild-type SIRP-a D1 domain having the
sequence of SEQ ID NO: 2.

The polypeptide of claim 1, wherein the polypeptide binds to human CD47 with a
Kp less than about 5 x 10 M.
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34.

35.

36.

37.

38.

39.

40.

4].

42.

43.

The polypeptide of claim 1, further comprising an Fc domain monomer linked to the
N-terminus or the C-terminus of the polypeptide, wherein the Fc domain monomer is a human
IgGl, IgG2, or IgG4 Fe region.

The polypeptide of claim 34, wherein the Fc domain monomer comprises at least
one mutation relative to a wild-type human IgGl, IgG2, or IgG4 Fc region.

The polypeptide of claim 35, wherein the polypeptide has the amino acid sequence
of any one of SEQ ID NO: 135, SEQ ID NO: 136, or SEQ ID NO: 137.

The polypeptide of claim 35, wherein the Fc domain monomer comprises: (a) one of
the following amino acid substitutions relative to wild type human IgG1l: T366W, T366S,
L368A, Y407V, T366Y, T394W, F405W, Y349T, Y349E, Y349V, L351T, L351H, L351N,
L351K, P3538S, S354D, D356K, D356R, D3568S, E357K, E357R, E357Q, S364A, T366E,
L368T, L368Y, L368E, K370E, K370D, K370Q, K392E, K392D, T394N, P395N, P396T,
V397T, V397Q, L398T, D399K, D399R, D399N, F405T, F405H, F405R, Y407T, Y407H,
Y4071, K409E, K409D, K409T, or K409I; or
(b) (1) a N297A mutation relative to a human IgG1 Fc region; (i1) a L234A, L235A, and
G237A mutation relative to a human IgG1 Fc region; (iii) a L234A, L235A, G237A, and
N297A mutation relative to a human IgG1 Fe region; (iv) a N297A mutation relative to a
human IgG2 F¢ region; (v) a A330S and P331S mutation relative to a human IgG2 Fc region;
(vi) a A330S, P331S, and N297A mutation relative to a human IgG2 Fe region; (vii) a S228P,
E233P, F234V, L235A, and delG236 mutation relative to a human IgG4 Fe region; or (viii) a
S228P, E233P, F234V, L235A, delG236, and N297A mutation relative to a human IgG4 Fc
region.

The polypeptide of claim 35, wherein the polypeptide exhibits a reduction of
phagocytosis in a phagocytosis assay compared to a polypeptide with a wild-type human IgG
Fc region.

The polypeptide of claim 35, wherein the Fc domain monomer is linked to a second
polypeptide comprising a second F¢ domain monomer to form an F¢ domain dimer.

The polypeptide of claim 39, wherein the second Fc domain monomer is linked to
an additional polypeptide.

The polypeptide of claim 40, wherein the additional polypeptide comprises an
antibody variable domain.

The polypeptide of claim 41, wherein the antibody variable domain targets an
antigen expressed on a cell.

The polypeptide of claim 42, wherein the cell is a cancer cell.
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44.

45.

46.

47.

48.

49.

50.

51.
52.

33.

54.

35.

The polypeptide of claim 43, wherein the antibody variable domain targets a cell
surface protein involved in immune cell regulation.
The polypeptide of claim 40, wherein the additional polypeptide comprises a
therapeutic protein.
The polypeptide of claim 45, wherein the therapeutic protein is a cytokine, an
interleukin, an antigen, a steroid, an anti-inflammatory agent, or an immunomodulatory agent.
The polypeptide of claim 45, wherein the additional polypeptide comprises a SIRP-a
D1 variant.
The polypeptide of claim 1, further comprising a human serum albumin (HSA)
(SEQID NO: 12).
The polypeptide of claim 48, wherein the HSA comprises a C34S or K573P amino
acid substitution relative to SEQ ID NO: 12.
The polypeptide of claim 48, wherein the polypeptide has an amino acid sequence
according to any one of SEQ ID NOs: 152-159.
The polypeptide of claim 1, further comprising an albumin-binding peptide.
The polypeptide of claim 51, wherein the albumin-binding peptide comprises the
amino acid sequence DICLPRWGCLW (SEQ ID NO: 160).
The polypeptide of claim 1, further comprising a polyethylene glycol (PEG)
polymer.
The polypeptide of claim 53, wherein the PEG polymer is joined to a cysteine
substitution in the polypeptide.
A polypeptide, comprising:
(a) a signal-regulatory protein o (SIRP-a) D1 variant, wherein the SIRP-a D1 variant
comprises the amino acid sequence,
EEX; X;QX5IQPDKX,VXsVAAGEX X7 XsLXoCTX ;0 TSLX 1, PVGPIQWFRGAGPX,RX;
sLIYNQX ;14X 15GX6FPRVTTVSX 17X 18 TX16RX00NMDF X5 1X550X 53 X4 I TX,s ADAGTYY
CX6KX57RKGSPDX;5X590EX30KSGAGTELSVR X5, KPS (SEQ ID NO: 47), wherein X is
E,orG, XoisL, LorV; Xsis V,L,orI; X4is S,orF; Xsis L, or S; Xgis S, or T; X5 is A,
orV;XgisLLorT; Xois H R, orL; Xjpis A, V,LorL; X1;is L T, S, or F; X15 is A, or G;
X318 E, V,orL; Xj41s K, orR; X518 E, or Q; Xy61s H, P, or R; X7 1s D, or E; Xj51s S, L,
T,orG; X19i1s K, or R; X301 E, or N; X5118 S, 0r P; X501 S, or R; X553 18 S, or G; Xp4 18
any amino acid; X5 is any amino acid; X6 1s V, or I; Xa7is F, L, or V; Xy5 is D or absent;

Xyo1s T, or V; X530 1s F, or V; and X3, is A, or G; and wherein the SIRP-0. D1 variant has at
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56.

57.

38.

59.

60.

61.

62.

63.

least two amino acid substitutions relative to a wild-type SIRP-o0. D1 domain having a
sequence according to any one of SEQ ID NOs: 1 to 10; and

(b) an F¢ variant comprising an Fc domain dimer having two Fc domain monomers,
wherein each Fc domain monomer independently is (i) a human IgG1 Fc region comprising
a N297A mutation; (ii) 2 human IgG1 Fc region comprising L234A, L235A, and G237A
mutations; (iii) a human IgG1 Fe region comprising L234A, L235A, G237A, and N297A
mutations; (iv) a human IgG2 Fc¢ region comprising a N297A mutation; (v) a human IgG2
Fc region comprising A330S and P331S mutations; (vi) a human IgG2 Fc region
comprising A3308S, P331S, and N297A mutations; (vii) a human IgG4 Fe region comprising
S228P, E233P, F234V, L235A, and delG236 mutations; or (viii) a human IgG4 Fc region
comprising S228P, E233P, F234V, L235A, delG236, and N297A mutations.

The polypeptide of claim 55, wherein one of the Fc domain monomers in the Fc¢
domain dimer comprises a human IgG1 Fc region comprising L234A, L235A, G237A, and
N297A mutations.

The polypeptide of claim 55, wherein the polypeptide comprises an amino acid
sequence according to any one of SEQ ID NQOs: 98-104, 107-113, 116-122, or 135-137.

The polypeptide of claim 55, wherein the Fc variant exhibits ablated or reduced
binding to an Fcy receptor compared to a wild-type version of a human IgG Fc region.

The polypeptide of claim 55, wherein the IgG1 or [gG2 Fc variant exhibits ablated
or reduced binding to CD16a, CD32a, CD32b, CD32¢, and CD64 Fcy receptors compared to a
wild-type version of a human IgG1 or IgG2 Fc region.

The polypeptide of claim 55, wherein the IgG4 Fc variant exhibits ablated or
reduced binding to CD16a and CD32b Fcy receptors compared to a wild-type version of the
human IgG4 Fc region.

The polypeptide of claim 55, wherein the IgG1 or [gG2 Fc variant exhibits ablated
or reduced binding to Clq compared to a wild-type version of a human IgG1 or IgG2 Fc fusion.

The polypeptide of claim 55, wherein the Fc variant binds to an Fcy receptor with a
Kp greater than about 5 x 10° M.

A polypeptide, comprising: an Fc variant, wherein the Fc variant comprises an Fc
domain dimer having two Fc domain monomers, wherein each F¢c domain monomer
independently is selected from (i) a human IgG1 Fe region consisting of mutations L234A,
L235A, G237A, and N297A; (i1) a human IgG2 Fc region consisting of mutations A3308S,
P331S and N297A: or (iii) a human IgG4 Fc region comprising mutations S228P, E233P,
F234V, L235A, delG236, and N297A.
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64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

The polypeptide of claim 63, wherein the two Fc domain monomers are identical.

The polypeptide of claim 63, wherein at least one of the Fc domain monomers is a
human IgG1 Fc region consisting of mutations L234A, L235A, G237A, and N297A.

The polypeptide of claim 63, wherein at least one of the Fc domain monomers is a
human IgG2 Fc region consisting of mutations A330S, P331S, and N297A.

The polypeptide of claim 63, wherein the Fc variant exhibits ablated or reduced
binding to an Fcy receptor compared to the wild-type version of the human IgG Fc region.

The polypeptide of claim 67, wherein the Fc variant exhibits ablated or reduced
binding to CD16a, CD32a, CD32b, CD32c¢, and CD64 Fcy receptors compared to the wild-type
version of the human IgG Fc region.

The polypeptide of claim 63, wherein the Fc variant exhibits ablated or reduced
binding to C1q compared to the wild-type version of the human IgG Fc fusion.

The polypeptide of claim 63, wherein at least one of the Fc domain monomers is a
human IgG4 Fc region comprising mutations S228P, E233P, F234V, L235A, delG236, and
N297A.

The polypeptide of claim 70, wherein the Fc variant exhibits ablated or reduced
binding to a Fcy receptor compared to the wild-type human IgG4 Fc region.

The polypeptide of 71, wherein the Fc variant exhibits ablated or reduced binding to
CD16a and CD32b Fcy receptors compared to the wild-type version of its human IgG4 Fc
region.

The polypeptide of claim 63, wherein the Fc variant binds to an Fcy receptor with a
Kp greater than about 5 x 10° M.

The polypeptide of claim 63, further comprising a CD47 binding polypeptide.

The polypeptide of claim 74, wherein the Fc variant exhibits ablated or reduced
binding to an Fcy receptor compared to a wild-type version of a human IgG Fc region.

The polypeptide of claim 74, wherein the CD47 binding polypeptide does not cause
acute anemia in rodents and non-human primates.

The polypeptide of claim 74, wherein the CD47 binding polypeptide does not cause
acute anemia in humans.

The polypeptide of claim 74, wherein the CD47 binding polypeptide is a signal-
regulatory protein o (SIRP-a) polypeptide or a fragment thereof.

The polypeptide of claim 78, wherein the SIRP-a. polypeptide comprises a SIRP-a

D1 variant comprising the amino acid sequence,
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80.

81.

82.

83.

34.

85.

86.

87.

88.

EEELQX;IQPDKSVLVAAGETATLRCTX,TSLX;PVGPIQWFRGAGPGRX,LIYNQXSEGX
«FPRVTTVSDX;TKRNNMDFSIRIGX3ITPADAGTYY CXoKFRKGSPDDVEFKSGAGTELS
VRAKPS (SEQ ID NO: 51), wherein Xjis Vor; Xpis Aorl; XsislorF; Xyis Eor V; Xs is
KorR; Xgis Hor P; X7is L or T; Xg is any amino acid other than N; and Xgis V or L.

The polypeptide of claim 79, wherein the SIRP-a. polypeptide comprises a SIRP-o
D1 variant wherein Xjis Vorl; Xsis AorI; XsislorF; X, 1s E; X51s Kor R; X4 1s Hor P; X
1s Lor T; Xgis not N; and Xy is V.

A polypeptide, comprising: a signal-regulatory protein o (SIRP-a) D1 variant,
wherein the SIRP-a D1 variant is a non-naturally occurring high affinity SIRP-o D1 domain,
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 an Fc domain monomer, wherein the Fc domain monomer is linked to a second polypeptide
comprising a second Fc¢ domain monomer to form an Fc¢ domain, wherein the F¢ domain has
ablated or reduced effector function and ablated or reduced Clq binding.

The polypeptide of claim 81, wherein the non-naturally occurring high affinity
SIRP-a D1 domain comprises an amino acid mutation at residue 80.

A polypeptide, comprising a signal-regulatory protein a (SIRP-a) D1 variant,
wherein the SIRP-a D1 variant binds CD47 from a first species with a K, less than 250 nM;
and wherein the SIRP-a D1 variant binds CD47 from a second species with a Ky, less than 250

nM; and the Kp for CD47 from the first species and the Kp for CD47 from the second species

are within 100 fold of each other; wherein the first species and the second species are selected
from the group consisting of: human, rodent, and non-human primate.

The polypeptide of claim 83, wherein the SIRP-a. D1 variant binds CD47 from at
least 3 different species.

The polypeptide of claim 83, wherein the non-human primate is cynomolgus
monkey.

A polypeptide, comprising: (a) a signal-regulatory protein o (SIRP-ot) D1 domain
that binds human CD47 with a Ky less than 250 nM; and (b) an Fc domain monomer linked to
the N-terminus or the C-terminus of the SIRP-a D1 domain, wherein the polypeptide does not
cause acute anemia in rodents and non-human primates.

The polypeptide of claim 86, wherein the polypeptide is a non-naturally occurring
variant of a human SIRP-a D1 domain.

The polypeptide of claim 86, wherein administration of the polypeptide in vivo

results in hemoglobin reduction by less than 50% during the first week after administration.
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89.

90.

91.

92.

93.

94.

95.

96.

97.

The polypeptide of claim 86, wherein administration of the polypeptide in humans

results in hemoglobin reduction by less than 50% during the first week after administration.

The polypeptide of claim 83, further comprising at least one Fc¢ variant, wherein the

Fc¢ variant is selected from (i) a human IgG1 Fc region consisting of mutations L234A,
L235A, G237A, and N297A; (ii) a human IgG2 Fc region consisting of mutations A330S,
P331S and N297A; or (iii) a human IgG4 Fc region comprising mutations S228P, E233P,
F234V, 1.235A, delG236, and N297A.

The polypeptide of claim 90, wherein the Fc variant is a human IgG1 Fc region

consisting of mutations L234A, L235A, G237A, and N297A.

The polypeptide of claim 90, wherein the Fc variant is a human IgG2 Fc region

consisting of mutations A3308S, P331S and N297A.

The polypeptide of claim 90, wherein the Fc variant is a human IgG4 Fc region

comprising mutations S228P, E233P, F234V, L235A, delG236, and N297A.

A method of treating an individual having a disease or disorder, the method
comprising administering to the individual the polypeptide of any one of claims 1-93.

The method of claim 94, wherein the disease or disorder is a cancer, an autoimmune
discase, or an inflammatory disease.

The method of claim 94, wherein the disease or disorder is a cancer, and the cancer
is selected from solid tumor cancer, hematological cancer, acute myeloid leukemia, chronic
lymphocytic leukemia, chronic myeloid leukemia, acute lymphoblastic leukemia, non-Hodgkin
lymphoma, Hodgkin lymphoma, multiple myeloma, bladder cancer, pancreatic cancer, cervical
cancer, endometrial cancer, lung cancer, bronchus cancer, liver cancer, ovarian cancer, colon
and rectal cancer, stomach cancer, gastric cancer, gallbladder cancer, gastrointestinal stromal
tumor cancer, thyroid cancer, head and neck cancer, oropharyngeal cancer, esophageal cancer,
melanoma, non-melanoma skin cancer, Merkel cell carcinoma, virally induced cancer,
neuroblastoma, breast cancer, prostate cancer, renal cancer, renal cell cancer, renal pelvis
cancer, leukemia, lymphoma, sarcoma, glioma, brain tumor, and carcinoma.

The method of claim 94, wherein the disease or disorder is an autoimmune disease
or an inflammatory disease, and the autoimmune disease or the inflammatory disease is selected
from multiple sclerosis, rheumatoid arthritis, a spondyloarthropathy, systemic lupus
erythematosus, an antibody-mediated inflammatory or autoimmune disease, graft versus host
discase, sepsis, diabetes, psoriasis, atherosclerosis, Sjogren's syndrome, progressive systemic
sclerosis, scleroderma, acute coronary syndrome, ischemic reperfusion, Crohn's Disease,

endometriosis, glomerulonephritis, myasthenia gravis, idiopathic pulmonary fibrosis, asthma,
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acute respiratory distress syndrome (ARDS), vasculitis, and inflammatory autoimmune
myositis.

98. The method of claim 94, wherein the SIRP-0. D1 variant has a sequence according to
any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

99. The method of claim 98, further comprising administration of at least one additional
agent.

100. The method of claim 99, wherein the at least one additional agent is an antibody,

tumor associated antigen, or a non-antibody therapeutic.

101. The method of claim 100, wherein at least two additional agents are administered.

102. The method of claim 101, wherein the at least two additional agents comprise two
antibodies.

103. The method of claim 101, wherein the at least two additional agents comprise an

antibody and a tumor associated antigen.

104. The method of claim 100, wherein the at least one additional agent is an antibody.
105. The method of claim 104, wherein the antibody is a human IgG1 isotype antibody.
106. The method of claim 104, wherein the antibody is a human IgG2 isotype antibody.
107. The method of claim 104, wherein the antibody is a human IgG4 isotype antibody.
108. The method of claim 104, wherein the antibody is selected from an anti-HER2

antibody, anti-CD20 antibody, anti-CD19 antibody, anti-CS1 antibody, anti-CD38 antibody,
anti-EGFR antibody, anti-PD1 antibody, anti-OX40 antibody, anti-PD-1 antibody, anti-PD-L1
antibody, anti-RANKL antibody, anti-CD274 antibody, anti-CTLA-4 antibody, anti-CD137
antibody, anti-4-1BB antibody, anti-B7-H3 antibody, anti-FZD7 antibody, anti-CD27 antibody,
anti-CCR4 antibody, anti-CD38 antibody, anti-CSF1R antibody, anti-CSF antibody, anti-CD30
antibody, anti-BAFF antibody, anti-VEGF antibody, or anti-VEGFR2 antibody.

109. The method of claim 108, wherein the antibody is selected from an anti-HER2
antibody, anti-CD20 antibody, anti-CD19 antibody, anti-CS1 antibody, anti-CD38 antibody,
anti-PD-1 antibody, anti-RANKL antibody, or anti-PD-L1 antibody.

110. The method of claim 104, wherein the at least one additional agent is at least one
antibody and the antibody is selected from cetuximab, necitumumab, pembrolizumab,
nivolumab, pidilizumab, MEDI0680, MED 16469, atezolizumab, avelumab, durvalumab,
MEDI6383, RG7888, ipilimumab, tremelimumab, urelumab, PF-05082566, enoblituzumab,
vantictumab, varlilumab, mogamalizumab, SAR650984, daratumumab, trastuzumab,
trastuzumab emtansine, pertuzumab, elotuzumab, rituximab, ofatumumab, obinutuzumab,

RG7155, FPA008, panitumumab, brentuximab vedotin, MSB0010718C, belimumab,
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bevacizumab, denosumab, panitumumab, ramucirumab, necitumumab, nivolumab,
pembrolizumab, avelumab, atezolizumab, durvalumab, MEDI0680, pidilizumab, or BMS-

93659.

111. The method of claim 110, wherein the antibody is trastuzumab.

112. The method of claim 111, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

113. The method of claim 110, wherein the antibody is rituximab.

114, The method of claim 113, wherein the SIRP-a D1 variant has a sequence according

to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

115. The method of claim 110, wherein the antibody is cetuximab.

116. The method of claim 115, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

117. The method of claim 110, wherein the antibody is daratumumab.

118. The method of claim 117, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

119. The method of claim 110, wherein the antibody is belimumab.

120. The method of claim 119, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

121. The method of claim 110, wherein the antibody is bevacizumab.

122. The method of claim 121, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

123. The method of claim 110, wherein the antibody is denosumab.

124. The method of claim 123, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

125. The method of claim 110, wherein the antibody is pantimumab.

126. The method of claim 125, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

127. The method of claim 110, wherein the antibody is ramucirumab.

128. The method of claim 127, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

129. The method of claim 110, wherein the antibody is necitumumab.

130. The method of claim 129, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

131. The method of claim 110, wherein the antibody is nivolumab.
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132. The method of claim 131, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

133. The method of claim 110, wherein the antibody is pembrolizumab.

134, The method of claim 133, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

135. The method of claim 110, wherein the antibody is avelumab.

136. The method of claim 135, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

137. The method of claim 110, wherein the antibody is atezolizumab.

138. The method of claim 137, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

139. The method of claim 110, wherein the antibody is durvalumab.

140. The method of claim 139, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

141. The method of claim 110, wherein the antibody is MEDI0680.

142. The method of claim 141, wherein the SIRP-a D1 variant has a sequence according

to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

143. The method of claim 110, wherein the antibody is pidilizumab.

144. The method of claim 143, wherein the SIRP-a D1 variant has a sequence according
to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

145. The method of claim 110, wherein the antibody is BMS-93659.

146. The method of claim 145, wherein the SIRP-a D1 variant has a sequence according

to any one of SEQ ID NOs: 78-85, 98-104, 107-113, 116-122, 135-137, or 152-159.

147. The method of claim 110, wherein the at least one additional agent is a tumor
associated antigen and the tumor associated antigen elicits an immune response.

148. The method of claim 110, wherein the at least one additional agent is an antibody
and the antibody targets a HLA/peptide or MHC/peptide complex.

149. The method of claim 148, wherein the antibody targets a HLA/peptide or
MHC/peptide complex comprising NY-ESO-1/LAGE], SSX-2, MAGE family (MAGE-
A3), gpl100/pmell7, Melan-A/MART-1, gp75/TRP1, tyrosinase, TRP2, CEA, PSA, TAG-
72, Immature laminin receptor, MOK/RAGE-1, WT-1, Her2/neu, EphA3, SAP-1, BING-4, Ep-
CAM, MUC1, PRAME, survivin, Mesothelin, BRCA1/2 (mutated), CDK4, CML66, MART-2,
p53 (mutated), Ras (mutated), B-catenin (mutated), TGF-BRII (mutated), HPV E6, or E7.

150. The method of claim 149, wherein the antibody is ESK1, RL1B, Pr20, or 3.2G1.
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I51.
152.
153.
154.

The polypeptide of claim 1, for use in the treatment of a cancer.
The polypeptide of claim 1, for use in the treatment of an autoimmune disease.
The polypeptide of claim 1, for use in the treatment of an inflammatory disease.

Use of the polypeptide of claim 1 for the manufacture of a medicament for the

treatment of a cancer.

155.

Use of the polypeptide of claim 1 for the manufacture of a medicament for the

treatment of an autoimmune discase.

156.

Use of the polypeptide of claim 1 for the manufacture of a medicament for the

treatment of an inflammatory disease.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2016/045914

A. CLASSIFICATION OF SUBJECT MATTER

C07K 14/47(2006.01)i, CO7K 14/705(2006.01)i, A61K 38/17(2006.01)i, A61K 39/395(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
CO7K 14/47; A61K 39/395; A61K 38/00; CO7K 14/435; CO7K 16/08; A61K 38/16; CO7K 14/705; A61K 38/17

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: polypeptide, SIRP-a D1 variant, SIRP-a D1 domain, mutation, residue, substitution, Fc
domain, IgG, HSA, albumin, PEG, CD47, effector function, Clq binding, N297A, ADCC, CDC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X LEE et al., “Novel structural determinants on SIRPa that mediate binding to 1-33,48-54,83-85
cb4a7 ,1561-156
The Journal of Immunology, Vol.179, pp.7741-7750 (2007)
See abstract; pp.7741-7743, 7746.
Y 34-47,55-62,74-82
,86-93
A 63-73
X WO 2012-142515 A2 (BRISTOL-MYERS SQUIBB COMPANY) 18 October 2012 63-73
See abstract; pp.2, 15, 16, 18, 19, 39.
Y 34-47,55-62,74-82
,86-93
A BORROK et al., “Revisiting the role of glycosylation in the structure of 1-93,151-156
human IgG Fe¢™,
ACS Chemical Biology, Vol.7, pp.1596-1602 (2012)
See the whole document .
A WO 2013-109752 Al (THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR 1-93,151-156
UNIVERSITY) 25 July 2013
See abstract; claims 1-25.

N7 . . . .
Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

i

K

nQr

npr

e

'

myn

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
24 January 2017 (24.01.2017)

Date of mailing of the international search report

24 January 2017 (24.01.2017)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

KIM, Seung Beom

Telephone No.

+82-42-481-3371

Form PCT/ISA/210 (second sheet) (January 2015)
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2010-0239579 A1 (SMITH et al.) 23 September 2010 1-93,151-156
See abstract; claims 1-15.
PX WO 2016-023040 Al (ALEXO THERAPEUTICS INTERNATIONAL) 11 February 2016 1-93,151-156

See the whole document .

Form PCT/ISA/210 (continuation of second sheet) (January 2015)
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Box No.I Nucleotide and/or amino acid sequence(s) (Continuation of item1.c of the first sheet)

carried out on the basis of a sequence listing;

a. |:| forming part of the international application as filed:
|:| in the form of an Annex C/ST.25 text file.
|:| on paper or in the form of an image file.

only in the form of an Annex C/ST.25 text file.

3. Additional comments:

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

b. |:| furnished together with the international application under PCT Rule 13ter. 1(a) for the purposes of international search

c. m furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex C/ST.25 text file (Rule 13ter. 1(a)).
|:| on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. @ In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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PCT/US2016/045914

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 94-150
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 94-150 are directed to a treatment method of the human body by therapy and thus relate to a subject matter which this
International Searching Authority is not required, under PCT Article 17(2)(a)(i) and Rule 39.1(iv), to search.

2. Claims Nos.:
because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
Invention 1: A polypeptide comprising a signal-regulatory protein a (SIRP-a) D1 variant (claims 1-33, 48-54, 83-85 and 151-
156).
Invention 2: A polypeptide comprising a SIRP-a D1 domain and Fc domain monomer(claims 34-47, 55-62, 74-82 and 86-93).
Invention 3: A polypeptide comprising an Fc variant(claims 63-73).

1. x As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
ZJ No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Information on patent family members PCT/US2016/045914
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2012-142515 A2 18/10/2012 EP 2697257 A2 19/02/2014
EP 2697257 Bl 19/10/2016
US 2014-0113370 Al 24/04/2014
US 9469676 B2 18/10/2016
WO 2012-142515 A3 06/12/2012
WO 2013-109752 Al 25/07/2013 AU 2013-209736 Al 07/08/2014
CA 2861307 Al 25/07/2013
CN 104136037 A 05/11/2014
EP 2804617 Al 26/11/2014
EP 2804617 A4 25/11/2015
HK 1201757 Al 11/09/2015
JP 2015-504899 A 16/02/2015
US 2015-0071905 Al 12/03/2015
US 2010-0239579 Al 23/09/2010 AU 2007-249709 Al 22/11/2007
CA 2652570 Al 22/11/2007
EP 2027151 A2 25/02/2009
GB 2450056 A 10/12/2008
JP 2009-537145 A 29/10/2009
US 2008-0131431 Al 05/06/2008
US 8377448 B2 19/02/2013
WO 2007-133811 A2 22/11/2007
WO 2007-133811 A3 03/04/2008
WO 2010-083253 A2 22/07/2010
WO 2010-083253 A3 29/12/2010
WO 2016-023040 Al 11/02/2016 GB 2532619 A 25/05/2016
TW 201625674 A 16/07/2016
US 2016-0186150 Al 30/06/2016
US 2016-0319256 A9 03/11/2016

Form PCT/ISA/210 (patent family annex) (January 2015)
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