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TREATING CANCER
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FIELD OF THE INVENTION
{6003} The present invention relates to methods of treating cancer that comprise
adnunistering an agent that blocks the interaction between CD47 {e.g, hUD47) and SIRPo
{e.g., hSIRPu} 10 an individual in need thereof in combination with a hypomethylation agent

{e.g., azacitidine}.
BACKGROUND

{0004} Many cancers have a poor prognosis, even when treated with available
therapeutics. For example, there are approximately 70,000 people living with diagnosed
myelodysplastic syndrorue (MDS) n the U.S. Patients with MIDS have a wide range of
expected outcomes that can be estimated from their Revised International Prognostic Scoring
System, or IPS8-R, nisk category. Patients with verv low IPSS-R have an median overall
survival of 8.8 yvears, whereas those with very high IPSS-R have an median overall survival
of under ten months. For patierts with higher-risk MDS (intermediate, hugh and very bigh
IPSS-R). standard of care treatments include stem cell transplant (SCT), lugh and low-
intensity chemotherapy regimens and hvpomethylating agents (or HMAs). SCT is the only
therapy that 1s potentially curative; however, the procedure is difficult to tolerate, especially
for older patients, and has a non-relapse mortality rate of approximately 40% at 200 days for

all patients with MDS.
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HELESY Since nearfy 75% of patients are diagnosed at age 70 or older, balancing a
patient’s age at prognosis with potential treatment-related impact on quality of life is
important in considering treatment options. Regardless of age, treatment goals for patients
with MDS are a balance of improved survival, symptom alieviation and quality of life. There
is anged in the art for new treatments to provide additional therapeutic options and improve
outcomes for patients with myelodysplastic syndrome (MDS), including patients with higher
risk MDS.

{6806} Tumor cells may manipulate the myeloid compartment to evade the anti-tumor
host immune response (Gabrilovich ef o/, Nat Rev Immunol (2012) 12(43.253-68). For
exarople, while CID47 expressed on the surface of normal cells binds SIRPa on macrophages
and provides a “don’t eat me™ signal, tumor cells have also been found to overexpress CD47
to evade the macrophage component of immune surveillance {Gldenborg, ISRN Hematol

{2013} 614619).

16067} Macrophage~mediated destruction of cancer cells is optimized by the
simultaneous disruption of “don’t eat me” signals (e.g., CD47- SIRPg) and the activation of
“eat me” signals. Neither component alone is sufficient to trigger maximal phagocytic
reaction against tursor cells. As described above, CD47 provides a fundamental “don’t eai
me” signal through its interaction with SIRPx on macrophages. The pro-phagocyiic “eat me”
signal can be provided to the same macrophages by binding to their activating Fc gamma
receptors. For example, the pro-phagocviic “eat me” signal can be provided by binding of the
Fe domain of anti-tumor antibodies to Fe receptors on macrophages. Pro-phagocytic
signaling can also be provided by other stimuli, such as the binding of the protein calreticulin

on the surface of the tumor cells to the LRP receptor on macrophages.

[B008] In myelodysplastic syndromes (MDS) and acute myeloid leukemia (AML},
overexpression and abnormal expression of CD47 has been reported on the dvsplastic cell
and is suggested to have an inverse correlation with survival (Majett et al. 2009; Jiang et al.

2013; Galli et al. 2015},

{6009} All references cited herein, including patent applications, patent publications, and
UniProtkB/Swiss-Prot Accession numbers are heren incorporated by reference n their
entirety, as if each individual reference were specifically and individually indicated to be

incorporated by reference.
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BRIEF SUMMARY

[B018] In some embodiments, provided is a method of treating cancer (e.g.,
myelodysplastic syadrome (MDS) or acute myeloid Jeukeria {AME}) in an individual,
comprising admunistering to the individual an effective amount of: {a} a fusion polypeptide
comprising a SIRPa D1 domain variant and an Fc domain variant, and {b) a hypomethylating
agent; wherein the C-termunus of the SIRPa D1 domam variant of the fusion polypeptide is
linked to the N-teroyous of the Fe-domaim vanant. In some erobodiments, provided is a
method of treating cancer {e.g.. AML} in an individual, comprising adnunistering to the
individual an effective amount of: {a) a fusion polypeptide comprising a SIRPa D1 domain
variant and an Fc domsain variant, and (b} a hypomethylating agent; wherein the C-terminus
of the SIRPa D1 domain vanant of the fusion polypeptide is linked to the N-ternunus of the
Fe-domain variant. In some embodiments, the SIRPw D1 domain variant of the fusion
polvpeptide comprises the amno acid sequence of SEQ 1D NO: 81 or SEQ ID NO: 85; and
the Fe domain variant of the fusion polvpepiide is (i) a human IgGl Fe region comprising
L234A L235A, G237A, and N297A muiations, wherein numbering is according to the EU
index of Kabat; (i1} a human IgG2 Fe region comprising A3308, P3318, and N297A
mutations, wherein numbering 15 according to the EU index of Kabat; (311} a human IgG4 Fe
region comprising S228P, E233P, F234% L235A, and del(G236 muntations, wherein
numbering is according to the EU index of Kabat; or (iv) a human IgG4 Fc region comprising
S228P, E233P, F234V, L23SA, del(3236, and N297A mudations, wherein numbering is
according to the EU index of Kabat. Tu some embodiments, the cancer is myeslodysplastic
syndrome (MDS} In some embodiments, the MDS is higher risk MDS. In some
embodimenis, the individual has received prior therapy for MDS. In some embodiments, the
wndividual has not received prior therapy for MDS. To some embodiments, treatment for MDS
comprises an induction phase and a maintenance phase, wherein the induction phase comprises
adnumnistering (a) the fusion polypeptide comprising a STRPa D1 domam varant and an Fe
domain variant, and (b) the hypomethylating agent, and wherein the maintenance phase
comprises admuustering the fusion polypeptide comprising a 5IRPg D1 domam varant and an Fe
domain variant without the hypomethylating agent. In some embodiments, the cancer is acate
myeloid leukemia (AML). In some embodiments, the fasion polypeptide is admumnistered at a
dose up to about 60 mg/ke. In some embodiments, fusion polypeptide is administered at a dose
of about 60 mg/kg once every four weeks (gdw). I some embodiments, the cancer is acute
mveloid leukemia (AMLY. In some embodiments, the individual has subcytologically or

histologically confirmed diagnosis of relapsed/refractory or newly diagnosed AML per WHO

[#5)



WO 2021/247430 PCT/US2021/034967

20116 classification. In some embodiments, the individual has AML that is
relapsed/refractory or that is previously untreated in patients not considered suitable for
miensive induction therapy. In some embodiments, the individual has AML that s
relapsed/refractory after prior treatment with a HMA-based regimen. In some embodiments,
the individual has previcusly untreated AML and is not considered a suitable candidate for
intensive induction therapy. o some embodiments, the individual has adequate renal and
liver function. In some embodiments, the individual 1s 218 vears old. In some embodiments,
the mdividual has adequate performance status. In some embodiments, the individual has not
undergone prior allo-hematopoietic stem cell transplantation (HSCT). In some embodiments,
the individual 1s least 3 months post-HCST, without uncontrolled grafi-versus-host disease
{GVHD). In some embodiments, the individual has not undergone prior allo-HSCT. In some
embodiments, the individual does not have newly diagnosed AML with favorable risk
cvtogenetics such as ¢(8;21), mv{16}, or (16,16} as per the National Comprehensive Cancer
Network (NCCN) guidelines version 3, 2019 for AML. In some embodiments, the individual
does not have acute promyelocytic leukemia (APL}Y. In some embodiments, the individual
has not undergone prior ireatment with any anti-CD47 or anti-SIRPo (signal regulatory
protein alpha) agent. In some embodiments, the mdividual does not have known active viral
infections, including hepatitis B and €, human inmununodeficiency virus (HIV), acquired
immunodeficiency syndrome {AIDS) related illness, or sars-cov-2 {severe acute respiratory
syndrome coronavirus 2}, In some embodiments, the fusion polypeptide is administered at a
dose up to about 60 mg/ke. In some embodiments, fusion polypeptide 15 administered at a

dose of abowt 60 mg/ke once every four weeks {gdw).

HELRY In some embodiments, the hvpomethylating agent is azacitidine, decitabine, 5-
fluoro-2'~deoxyeytidine, zebulanine, CP-4200, RG108, nanaomyein A, guadecitabine, RX-
3117, EPIOL, antroquinonol, CC-486, or ASTX727. In some embodiments, the
hypomethylating agent ts azacitidine. In some embodiments, the aracitidine is administered
io the individual in one or more 28-day cycles, and wherein the azacitidine is administered to
the individual at a dose of 75 mg/m?® datly for 7 days of everv 28 day cycle. In some
embodiments, the azacitidine is adnunistered to the in one or more 28-day cycles, and
wherein the azacitidine is administered to the individual during each 28-day cvcle at a dose of
75 mg/m® datly for 8 days, followed by 2 days without azacitidine adnunisiration, and then
administered to the individual at a dose of 75 mg/m® for 2 additional davs. In some

embodiments, the azacttidine is adminisiered intravenously or subcutanecusly.
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jBa12] In some embodiments, the Bcl-2 mhibitor is venetoclax, ABT-737, naviioclax,
BCL20L, or AZD-0466. Tn some embodiments, the Bel-2 inhibitor is venetoclax. In some
embodiments, the venetoclax 1s adruinistered at a dose of 100 mg on day 1, at a dose of 200
mg on day 2, and at a dose of 400 mg every day following day 2. In some embodiments, the
venetoclax is administered at a dose of 100 mg on day 1, at a dose of 200 mg on day 2, and at
a dose of 400 mg on day 3, and at a dose of 600 mg every day following day 3. Insome

embodiments, the venetoclax is administered orally.

{6013) In some embodiments, provided is a method of treating cancer in an individual,
comprising adminisiering to the mdividual an effective amount of a fusion polypeptide
comprising a SIRPa D1 domain varant and an Fe domain varant, wherein the C-ternunus of
the SIRPg D1 domain variant is fused to the N-terminus of the Fc domain variant, and
wherein the fusion polypeptide is administered at a dose of up to about 60 mg/kg. In some
embodiments, the fusion poly peptide is administered at a dose of about 60 mg/kg. In some
emnbodiments, wherein the fusion polypeptide is adnunistered at a dose of about 60 mg/kg
once every 4 weeks {gdw). In some embodiments, the fusion polypeptide is adnunistered at a
dose of about 45 mg/ke. Tn some embodiments, the fusion polypeptide 1s administered at a
dose of about 45 mg/kg once every 3 weeks (q3w). In some embodiments, the canceris a

hematological cancer. In some embodiments, the cancer is a solid tumor.

{0014} In some embodiments, the SIRPa D1 domain variant of the fusion polypeptide
comprises the amino acid sequence of SEQ 1D NO: 81 or SEQ ID NO: &3; and the Fc domain
vartant of the fusion polvpeptide is (1) a hurnan 1gG1 Fo region comprising L2344, L2354,
G237A. and N297A mutations, wherein numbering is according to the EU index of Kabat;
(i1} a human 1gG2 Fe region comprising A3308, P3318, and N297A mutations, wherein
numbering is according to the EU index of Kabat; (i) a human IgG4 Fe region comprising
S228P, E233P, F234V, L235A, and del(G236 mutations, wherein numbering s according to
the EU index of Kabat; or (iv) a human IgG4 Fc region comprising S228P, E233P, F234V,
L2354, del(G236, and N297 A mutations, whergin numbering i3 according (0 the EU index of

Kabat.

10015} To sone embodiments of any of the methods provided herein, the SIRPa D1
domain vartant comprises the amino acid sequence of SEG ID NO: 85, In some
embodiments, the SIRPa D1 domain variant comprises the amino acid sequence of SEQ 1D
NG: 81, In some embodiments, the Fc domain variant 15 a human 1gG1 Fe region conmprising

L234A, L2354, G237A, and N297A mutations, wherein numbering is according to the EU
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index of Kabat. In some embodiments, the Fc domain variant comprises the aming acid
sequence of SEQ D NG: 91, In some embodiments, the fusion polypeptide comprises the
anuno acid sequence of SEQ ID NG: 136, In some embodiments, the fusion polvpeptide
comprises the amino acid sequence of SEQ 1D NO: 135, In some embodiments, the fusion
polypeptide forms a homodimer. In some embodiments, the fusion polypeptide is

administered intravenously. In some embodiments, the individual is a human

{6616} o some embodiments, provided 1s a kit comprising a fusion polypeptide tn a
pharmaceutically acceptable carrier, for use in combination with azacitidine for treating
cancer in an individual in need thereof, wherein the fusion polvpeptide comprises a 8IRPo
D1 domain variant and an Fo doman variant, wherein the C-termunus of the SIRPw D1
domain variant is fused to the N-ternunus of the Fc domain variant, wherein the SIRPa D1
domain variant comprises the amino acid sequence of SEQ 1D NO: 81 or SEQ ID NQG: 85;
wherein the Fe domain variant is (i) a haman IgGl Fe region comprising L234A, L23SA,
G237A, and N297 A mutations, wherein numbering is according to the EU mdex of Kabat;
(i1} a human 1gG2 Fc region comprising A3308, P3318, and N297A mutations, wherein
numbering is according to the EU index of Kabat; (i1} a human IgG4 Fe region comprising
S228P, E233P, F234V, L235A, and del(G236 mutations, wherein numbering s according to
the EU index of Kabat; or (iv) a human IgG4 Fc region comprising S228P, E233P, F234V,
L235A, del(G236, and N297A mutations, whersin numbering is according to the EU index of
Kabat; and wherein the individual is homan. In some embodiments, the cancer is
mwelodysplastic syndrorae (MDIS) or acute myvelod leukemia (AML). In some

embodiments, the cancer is MDS. In some embodiments, the MDS is higher risk MDS.

3017} In some embodiments, provided is a kit comprising a fusion polypeptide in a
pharmaceutically acceptable carrier, for use in combination with azacitidine and venetociax
for treating cancer in an individual in need thereof, wherein the fusion polypeptide comprises
a SIRPr D1 domain variant and an F¢ domain variant, wherein the C-ferminus of the SIRPqg
D1 domain variant 1s fused (o the N-ierminus of the F¢ domamn variant, wherein the SIRPa
D1 domain variant comprises the anino acid sequence of SEQ 1D NG: 81 or SEQ 1D NG:
85, wherein the Fc¢ domain variant is (1} a human IgG1 Fc region comprising L234A, L235A,
G237A, and N297A mwtations, wherein numbering is according to the EU index of Kabat;
(i3 a human 1gG2 Fe region comprising A3308S, P331S, and N297A mutations, wherein
vumbering s according to the EU index of Kabat; (1) a human IgG4 Fc region comprising

SZ28P, E233P, F234V, L235A, and delG236 mutations, wherein numbering is according to
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the EU index of Kabat; or {iv} a human Ig(G4 Fc¢ region comprising S228P, E233P, F234V,
1.235A, delG236, and N297A mutations, wherein numbering is according to the EU index of

Kabat; and wherein the individual 1s human. In some ermnbodiments, the cancer is AML.

{8018} In some embodiments, the kit further comprises instructions for administering
azacitidine by IV mfusion or subcutaneously in one or more 28-day cycles, wherein the
azacitidine is administered to the individual at a dose of 75 mg/m? daily for 7 days of each
28-day cycle. 1o some embodiments, the kit further comprises mstructions for admimstenng
azacitidine by IV infusion or subcutaneously in one or more 28-day cycles, wherein the
azacitidine is administered to the individual during each 28 day cvcle at a dose of 75 mg/nd
daily for 5 days, followed by 2 days without azacitidine administration, and then

administered to the individual at a dose of 75 mg/my’ for 2 additional days.

{6619} In some embodiments, the kit further comprises instructions for administering
venetoclax orally at a dose of 100 mg on Day 1, 200 mg on Day 2, and 400 mg on every day
following Day 2. In some embodiments, the kit further comprises jnstructions for
administering venetoclax orally at a dose of 100 mg on Day 1, 200 mg on Day 2, and 400 mg

on Day 3, and 600 mg on every day following Day 3.

[B3020] In some embodiments of the kits, the SIRPu D1 domain variant comprises the
amino acid sequence of SEQ ID NO: 83, To some embodiments, the SIRPg D1 domain
variant comprises the amino acid sequence of SEQ 1D NO: 81, In some embodiments, the Fc
domain variant is a human IgG1 Fc region comprising L234A, L2354, G2Z37A, and N297A
mutations, wherein mumbering is according to the EU index of Kabat. In some embodiments,
the Fo domain variant coraprises the amino acid sequence of SEQ D NO: 91 Insome
embodiments, the fusion polypeptide comprises the amino acid sequence of SEQ ID NO:
136, In some embodiments, the fusion poly peptide comprises the aming acid sequence of
SEQ D NG 135, To some embodiments, the fusion polypeptide forms a hornodirper. In
some embodiments, the kit further comprises instructions for administering the fusion
polypeptide to the individual at a dose of up io 60 mg/kg. In some embodiments, the kit
further comprises instructions for administering the fusion polypeptide to the individual at a
dose of 60 mg/kg once every four weeks {(g4w). Tu some embodiments, the kit further

comprises instructions for adnunistering the fusion polypeptide by IV infusion.
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DESCRIPTION OF THE FIGURES
{6021} FIG 1A provides resulis of experiments that were performed to assess the effects
of Drug A, aracitidine, and Drug A + azacitidine on the phagocytosis of human HL60 cells
by macrophages. FI{s IB provides results from experiments that were performed to assess
the effects of Drug A, azacitidine, and Drug A + azacitidine on the phagocytosis of human

OCI-AML3 cells by macrophages.

{6022} FiG 2 provides results of experiments that were performed to assess the effects of
Drug A, azacitidine, and Drug A + azacitidine on the viability of CD11c" dendritic cells in

human peripheral blood mononuclear cell (PBMC) cultures,

{6023} FIG 3A provides the results of in vifro experiments that were performed to assess
the effect of azacitidine on the expression of calreticulin on the surface of HL6O, OCI-AML3,
and MV4-11 human acute myeloid leukemia cell lines. FIG 3B provides the results of in
vitro experiments that were performed to assess the effect of azaciiidine or venetoclax on the
expression of calreticulin on the surface of MV4-11 human acute myeloid leukernia cell hines
and primary AML blasts from 2 human donors. FIG 3C provides the results of in vitro
experiments that were performed to assess the effect of azactiidine or venetociax on the
expression of CD47 on the surface of MV4-11 human acute myeloid leukemia cell Hines and

privoary AML blasts from 2 huroan donors.

{6024} FIG 4A provides results of experiments that were performed to assess the effects
of Drug A, azacttidine, and Drug A + azacitidine on tumor growth in mice bearing HL60
tumor xenografts. FIG 4B provides results of experiments that were performed to assess the
effects of Drug A, azacitidine, and Drug A + azacitidine on tumor growth in nuce bearing
OCI-AML3 tumor xenografts. FIG 4C provides results of experiments that were performed
io assess the effects of Drug A, azacitidine, and Drug A + azacitidine on tumor growth in
mice bearing MV4-11 tumor xenografts. FIG 4D shows the number of MV4-11 xenografted

nuce in gach treatment group that demonsirated tumor regression.

{3025 FI{ 54 provides resulis from experiments that were performed to assess the
effects of Drug A, azacitidine, and Drug A + azacitidine on tumor growth in mice engrafied
with HL60-LUC?2 at a concentration of 7.5E6 cells /mouse via tail vein injection. FIG 58
provides data regarding total flux (lunvnescence} vs. fime {i.¢., tumor size vs. time) in mice
that were imaged on Drays 3, 8, 11, 14, 18, and 22 post-inoculation. Treatment began Day 4

post-IV moculation. FIG 8C provides resulis of experiments that were performed to assess
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the effects of Drug A, aracitidine, or Drug A + azacitidine on tumor growth in mice engrafted
with HL6O-LUCZ up to study termination on Day 147, FIG 8D provides results of
experiments that were performed fo assess the effects of Drug A monotherapy {(e.g.,
maintenance therapy) on tumor growth in mice engrafted with HL60-LUCZ who had already

received 14 doses of Drug A + azacitidineg (e.g., induction therapy ).

{6026} FIG 6A provides resulis of experiments that were performed to assess the effects
of Drug A, aracitidine, venetoclax, azacihidine + venetoclax, or Drug A + azacitidine +
venetoclax on tumor growth in mice engrafted with HL60-LUC?Z at a concentration of 10 x
10° cells /mouse via tail vein injection. FEG 6B shows the probability of survival (in days) of
mice bearing xenografted human HL-60LUC2 tumors that that received treatmoent with PBS
{control), aracitidine, venetoclax, Drug A, azacitidine + venetoclax, or araciidine +

venetoclax + Drug A.

{6027} FIG 7A provides resulis of experiments that were performed to assess the effects
of Drug A, aracitidine, and Drug A + azacitidine on the phagocytosis of AML cells by
human monocyte-derived macrophages. FIG 7B provides results of experiments that were
performed to assess the effects of Dirug A, venetoclax, and Drug A + venetoclax on the

phagocytosis of AML cells by human monocyte-derived macrophages.

{6028} FiG 8 provides results of experiments that were performed to assess the effects of
Drug A, venetoclax, or Drug A + venetoclax on tumor growth in nuce engrafied with HL60-

LUC2 in an 80 day evaluation pertod.
DETAILED DESCRIPTION

{6629} The following description sets forth exemplary methods, parameters and the like.
1t should be recognized, however, that such description is not imtended as a limitation on the
scope of the present disclosure but is instead provided as a description of exemplary

ermbodiments.
Definitions

{63030} The term “about”™ or “approximately” means within an acceptable error range for
the particular value as determuned by one of ordinary skill in the art, which will depend in
part on how the value 13 measured or determined, /.e., the limitations of the measurement
system. For exarmople, “about” can roean within | or more than | standard deviation, per the
practice m 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, particularty with respect (o biological

9
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systems or processes, the ferm 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.

{6031} The terminclogy used herein is for the purpose of deseribing particular cases only
and is not intended {0 be limiting. As used herein, the singuolar forms a7, “an” and “the” are
intended to joclude the plural forms as well, unless the contest clearly indicates otherwise.
Furthermore, to the extent that the terms “including”, “includes”, “having”, “has”, “with”, or
varianis thereof are used in either the detailed deseription or the claims, such terms are

intended to be inclusive in a manner sioular to the term “comprising.”

{6032} As used herein, the terms “freatment”, “ireating”, and the like, refer to
administering an agent, or carrying out a procedure, for the purposes of oltaining 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.

{B033] As used herein, the term “linker” refers 1o a linkage between two elements, e.g.,
protein domains. In some embodiments, a linker can be a covalent bond or a spacer. The term
“spacer” refers to a moiety {e.g., a polyethylene glycol (PEG) polymer) or an amino acid
sequence {e.g., a 1-200 amino acid sequence} occurring between two polypeptides or
polvpeptide domains to provide space or flexibility {or both space and flexibility} between
the two polyvpeptides or polyvpeptide domains. In some embodiments, an aming acid spacer is
part of the primary sequence of a polypeptide (e.g , joined to the spaced polvpeptides or
polypeptide domains via the polypeptide backbone).

30341 As used herein, the term “effective amount” refers to an amount of a polypeptide
or a pharmacentical composition containing a polypepiide described herein, e.g., a
polypeptide having a STRPa D1 domain or vanant thereof, that is sufficient and effective in
achieving a desired therapeutic effect in treating a patient having a disease, such as a cancer,
e.g., solid tumor or hematological cancer. In some embodiments, an effective amount of

polypeptide will aveoid adverse side effects,

[6035] As used herein, the term “pharmaceutical composttion” refers to a medicinal or
pharmaceutical fornudation 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

10
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suitable methods of administration. In some embodiments, the pharmaceutical compositions
disclosed herein include pharmaceutically acceptable components that are compatible with
the polvpeptide. In some embodiments, the pharmaceutical composition is 1n tablet or capsule
form for oral adnvnistration or in agueous form for indfravenous or subcutaneous
administration, for example by injection.

PR3

{6036} As used herein, the terms “subject,” “individual,” and “patient” are used
interchangeably to refer to a vertebrate, for exarople, a maromal. 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 in vivo or cultured in vitro are also

encompassed. None of the terms entail supervision of a medical professional.

{6037} As used herewn, the terro “affiotty” or “binding affintly” refers to the strength of
the binding interaction between two molecules. Generally, binding affinity refers to the
strength of the sumn total of non-covalent interactions between a molecule and its binding
partner, such as a STRPa D1 domain vanant 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 {KI¥) or the assoctation constant (KA). Two molecules that have low
binding affinity for each other generally bind slowly, tend to dissociate easily, and exhibit a
targe KD Two molecules that have high affiruty for each other generally bind readily. tend to
remain bound longer, and exhibit a small KD, In some embodiments, the KD of two
interacting roolecules is deternuned using kvown methods and techniques, e.g., surface

plasmon resonance {SPR). KD can be calculated as the ratio of koff/kon.

[6038] As used herein, the term “Kop less than” refers to a numerically smaller Ko value
and an ncreasing binding affinity relative to the recited KD value. As used herein, the term
“KD greater than” refers to a numerically larger KD value and a decreasing binding affinity
relative to the recited KD value.

{06039} As used herein, “in conjunction with” refers to administration of one treatment
modality in addition {o another treatment modality. As such, “in conjunction with” refers to
adwministration of one treatment modality before, during, or after adoioistration of the other

treatment modality to the individual.

11
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Overview

[B040] Provided herein are methods of treating cancer {e.g., a myeloid cancer such as

myelodysplastic syndrome ("MDS”} in an individual {e.g., a human individual) that comprise
adnunistering to the individual an effective amount of (a) an agent that blocks the interaction
between CD47 (e.g., h{CD47) and SIRPa (e.g., hSIRPo) and (b} a hypomethvlating agent. In

some embodiments, provided are methods of treating acute mveloid leukemia (“"AML™).

6041} o some embodiments, the agent that blocks the juteraction between 347 (2.g.,
hCD47) and SIRPa {e. g, hSIRPw) is a small molecule inhubitor of the CD47-SIRPa pathway
{¢.g., RRX-001 and others). See, e.g., Miller ef o/, (2019} “CQuantitative high-throughput
screening assays for the discovery and development of SIRPa-CD47 inieraction inhibitors.”
PLaS ONE 14(Ty. 0218897 and Sasitkumar ef /. ACR-NCI-EORTC International
Conference: Molecular Targets and Cancer Therapeutics; October 26-30, 2017, Philadelphia,

PA; Abstract BOO7.

(6042} In some embodiments, the agent that blocks the interaction between CD47 {e.g.,
hCD47) and SIRPa (e.g, hSIRPr) binds (D47 (e g, h{UD47). In some embodiments, the
agent binds CD47 (e.g., hCD47) with a Ko of about 10 nM or better (such as at least about
any one of 9nM, 8 nM, 7nM, 6nM, 5nM, 3nM, 2nM, 1nM, 750 pM, SOOpM, 250pM,
200pM, 100pM, 50 pM, 25 pM, 20 pM [0pM or less than 10 pM). In some embodiments,
the agent that inds CD47 (e.g, hUD47) extubits at feast about 50% CD47 receptor
occupancy (g.g., at least about any one of 50%, 55%, 60%, 65%, 70%, 75%, &0%, 85%, 90%,
95%, 99%, or aboul 100%) in a buman subject. In some embodiments, the agent that binds
CD47 (e.g., hCD47) has an EC30 of about 80 ng/ml or less, e.g., about any one of 75, 70, 65,
60, 55, 50, 45, 40, 35, 30, 25, 20, 15, 10, or 5 ng/ml. . In some embodiments, the agent that
binds CD47 (e.g., hCD4 7Y is an anti~-C D47 antibody {e.g., a therapeutic anti-CI347 antibody}
ot au antigen-binding fragment thereof. In some embodiments, the antigen binding {ragroent
is aFab, a Fab’, a Fab'-SH, an F(ab")2, an Fv, an scFv, a one-armed antibody, or a diabody.
In some embodiments, the anti-CD47 antibody is a monospecific antibody. In some
ernbodiments, the anti~CD47 antibody 1s a multispecific {e.g., bispecific) antibody. In some
erobodirents the term “anti-CD47 antibody™ encompasses antibody-based construcis (such
as multispecific constructs) including, without limnitation triomabs, DARTs (i.e., dual-affinity
re-targeting anttbodies), TandAbs (1.e., tandem diabodies), tandem scFvs, CrossMabs, DNLs
{(1.e., dock and lock antibodies), DVD-Ig (ie.. dual variable domam mvounoglobulins),

tetravalent bispecific 1gGs, nancbodies, dual targeting domains, and ART-igs {i.e,
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asymmeiric reengineering technology-immunoglobuling).  Additional details regarding
exemplary antibody constructs (both monospecific and multispecific} are provided in Fhusain
et al. (2018) Biodrugs 32(5). 441-464 and Spiess ef al. (2015) Molecuiar Immunology 67(2):
095-106. In some embodiments, the anti-CD47 antibody is HuSF9-G4, B6HI12 2, BRICI26,
90002, SRF231, or IBII8S {from Innovent Biologics) (see, e.g., Fhao ef ¢l {2011}, PNAS
U84 108:18342-18347; Chao ef al. (2010) Cell 142:699-713, Kim et al. (2012) Leukemic
26:2538-2545; Chao er al. (2011) Blood 118:4890-4891; Goto er ol (2014) Eur 1 Cancer
50:1836-1846; and Edris er ol (2012) PNAS US4 189:6656-61 for additional information

about these anti-CD47 antibodies).

{6043} In some embodiments, the agent that blocks the interaction between CD47 (e.g.,
hCD47) and SIRPa {e.g.. hSIRPo) binds SIRPa (e g, hSIRPw). In some embodiments, the
agent binds SIRPa {e.g., h3IRPo) with a Ko of about 10 nM or better {such as at least about
any one of 9aM, 8 nM, 7oM, 6nM, SnM, 3uM, 2oM, 1nM, 750 pM, 500pM, 250pM,
200pM, 100pM, 50 pM, 25 pM, 20 pM 10pM or less than 10 pM). To some embodiments,
the agent that binds SIRPa (e.g., hSIRPa) exhibits at least about 50% SIRPa receptor
occupancy {e.g., at least about any one of 50%, 35%, 60%, 65%, 70%, 75%, 30%, 85%, 90%,
95%, 99%, or about 100%) in a human subject. o some embodiments, the agent that binds
SIRPo (e.g., hSIRPa} has an ECS0 of about 80 ng/mi or less, e.g., about any one of 75, 70,
65, 60, 55, 50, 45, 40, 35, 30, 25, 20, 15, 10, or 5 ng/mi. In some embodiments, the agent
that binds SIRPa (&.g., h8IRPa) is an anti-SIRPo antibody {e.g., a therapeutic anti-SIRPa
antibody) or an antigen-binding fragment thereof. In some erubodiments, the antigen binding
fragment is a Fab, a Fab’, a Fab'-SH, an F(ab")2, an Fv, an scFv, a one-armed antibody, or a
diabody. In some embodiments, the anti-SIRPw antibody i1s a monospecific antibody or
monospecific antibody construct (ncluding, but not linuted to those described above). In
some embodiments, the anti-SIRPa antibody 1s a nultispecific {e.g., bispecific) antibody or a
multispecific antibody construct {including, but not limited to those described above). In
some embodiments, the anti-SIRPo antibody 1s KWAR23, SE12C3, 040, or MY-1 (see, e.g.,
Ring et al. (2017) PNAN US4 114(49). E10578-E10585); Murata et al. (2018) Cancer Sci
109(5):1300-1308; and Yamgata et al. (2017} JC1 Insight 2:e89140 for additional information
about these anti-SIRPq antibodies). In some embodiments, the anti-SIRPw antibody 18 an
antibody described in WO 2018/037669; US-2018-0103600-A1; US20180312587;
WO2018107058, WO2019023347; USZ20180037652; W2018210795; WO2017178653;

13



WO 2021/247430 PCT/US2021/034967

W02018149938; WO2Z017068164; and WO2016063233, the contents of which are

mncorporaied herein by reference in their entireties.

{3044} In some embodiments, the agent that blocks the mnteraction between CD47 (e.g.,
hCD47) and SIRPg {e.g.. hSIRPo) is an anti-SIRPP antibody or an anti-SIRPy antibody (e.g.,
an anti-SIRPP antibody or anti-SIRPy antibody that is capable of binding SIRPo), or an
antigen-binding fragroent thereof. In some erobodirents, the agent 1s an antibody (or antigen
binding fragment thereof} that is capable of bind two or more of SIRPr, SIRPR, and SIRPy..
In some embodiments, such antibody binds SIRPa (e g, h8IRPu) with a Ko of about 10 nM
or better (such as at least about any one of 9nM, 8 oM, oM, onM, SnM, 3nM, ZnM, InM,
750 pM, 500pM, 250pM, 200pM, 100pM, 50 pM, 23 pM, 20 pM 10pM or less than 10 pM}.
in some embodiments, the antibody exhibits at least about S0% SIRPa receptor occupancy
{e.g., at least abouwt any one of S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
99%, or about 100%;) in a human subject. In some embodiments, the antibody has an BEC50 of
about 80 ng/mti or less, e.g., about any one of 75, 70, 65, 60, 55, 30, 43, 40, 35, 30, 25, 20,
15, 19, or 5 ng/mi. In some embodiments, the antigen binding fragmentis aFab, aFab’ a
Fab’-SH, an F(ab’}2, an Fv, an scFv, a one-armed antibody, or a diabody. In some
embodiments, the antibody 15 a monospecific antibody or monospecific antibody construct
(including, but not limited to those described above}. In some embodiments, the antibody is a
multispecific (e.g., bispecificy antibody or a mudtispecific antibody construct {including, but

not limated to those described above)

{0045} In some embodiments, the agent that blocks the interaction between CD47 (e g.,
h(CD47) and SIRPa {e.g.. hSIRPo) s a fusion polypeptide comprising a moietly that binds
D47, In some embodiments, the fusion polypeptide comprises an antibody Fe region and a
motety that binds CD47. In some ernbodiroents, the portion of the fusion polypeptide that
binds CD47 {(e.g., hCD47) binds D47 (e g, h{D47) with a Ko of about 10 nM or better
(such as at least about any one of 9nM, 8§ nM, TnM, aM, 5nM, 3nM, 2aM, InM, 730 pM,
SG0pM, 250pM, 200pM, 100pM, 30 pM, 25 pM, 20 pM 10pM or less than 10 pM). In some
embodiments, the fusion polypeptide exhubits at least about 50% CD47 receptor occupancy
{e.g., at least about any one of 50%, 55%, 60%, 65%, 70%, 75%, 80%, &€3%, 90%, 95%,
99%, or about 100%}) in a human subject. In some embodiments, the fusion polypeptide has
an EC50 of about 80 ng/ml or less, e.g.. about anv one of 75, 70, 65, 60, 55, 50, 45, 40, 35,
30, 25,20, 15, 10, or 3 ng/ml. In some embodiments, the fusion polypeptide comprises WT

human antibody Fe region. In some embodiments, the fusion polypeptide comprises an Fe
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vartani {e.g., a variant of a WT human antibody Fc region) that exhibits reduced (e.g., such as
ablated) effector funciion as compared to a WT Fo region. Exemplary Fo variants are
described i WO 2017/027422 and US 2017/0107270, the contents of which are incorporated
herein by reference in their entireties. In some embodiments, moiety that binds CD47 {e.g,
hCD47)yis a WT SIRPq (e.g., hSIRPo), or a WT SIRPy {e.g., hSIRPy). Insome
ernbodiments, moiety that binds D47 (e.g., hTD47) 15 a CD47-binding fragment (e.g., d!
domain) of a WT SIRPg (e.g., hSIRPa}, or a WT SIRPy (e.g, hS8IRPy). Insome
embodiments, the moiety that binds CD47 (e.g., hCD47) is a SIRPa variant, a SIRPy variant,
a SIRPR variant, or a CD47-binding fragment thereof {(e.g, the di domain}. Exemplary
SIRPy vanants, SIRPRT variant, and SIRPR2 variants are described in, e.g., WO
2013/109752; US 2015/0071905; USP 9,944,911, WO 2016/023040; WO 2017/027422; US
2017/0307270; USP 10,259,859, US9845345;, W(2016187226; US20180155403;
WO2ZOI7177333; W02014094122, US2015329616; US20180312563, WQ2018176132;
WO2018081898; WOZ018081897; PCT/US2019/048921; US20180141980A1; and

EP3287470A1, the conmtents of which are incorporaied herein by reference in their entireties.

[3046] In some embodiments, the agent that blocks the interaction between CD47 {e.g.,
BCD47) and SIRPa {e.g.. hSIRPo) is a fusion polypeptide comprising au antibody Fc region
and a SIRPo variant. In some embodiments, the SIRPo variant binds CD47 (e g, hCD47)
with a Kp of abowt 10 nM or better (such as at least about any one of 9nM, 8 oM, 7aM, 6nM,
5nM, 3nM, 2nM, InM, 730 pM, 500pM, 250pM, 200pM, 100pM, 50 pM, 25 pM, 20 pM
10pM or less than 10 pM). In some ernbodiments, the fusion polypeptide exhibits at least
about 50% CD47 receptor occupancy {e.g.. at least about any one of 50%, 35%, 60%, 65%,
T0%, T5%, 80%, 85%, 90%, 95%, 99%, or about 100%) in a human subject. In some
embodiments, the fusion polypepiide has an EC30 of about 80 ng/mi or less, e.g., about any
one of 75, 70, 65, 60, 35, 50, 45, 40, 35, 30, 25, 20, 15, 10, or Sng/ml. Insome
embodiments, the fusion polypeptide comprises WT human antibody Fe region. In some
erabodiments, the fusion polypeptide comprises an Fe variant {e.g., a variant of a WT human
antibody Fe region) that exhibits reduced (e.g , such as ablated) effector function as compared
to a WT Fcregion, such as those described in the references cited herein. In some
embodiments, the fusion polypeptide comprises a SIRPg variant described in WO
2013/109752; US 2015/0071903; WO 2016/023040;, WO 2017/027422; US 2017/0107270;
USP 10,259,859; US9845345; W2016187226; US20180155405;, WO2017177333;
W02014094122; US2015329616; US20180312563; W(2018176132; W{H2(18081898;

oy
W
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WO2Z018081897; US20180141986A1,; and EP3287470A1, the contents of which are
mcorporated herein by reference in their entireties. In some embodiments, the fusion
polypeptide comprising an antibody Fc¢ region and a SIRPu vanant s TVE-621, TTI-622, or
IMMO1 (see, e.g., Petrova et al. {2017} Clin Cancer Res 23:1086-1079; Russ et al. (2018)
Blood Rev S0268-960X(17)30093-0; Zhang, X, Chen, W, Fan, J et al. Disrupting {D47-
SIRPo axis alone or combined with autophagy depletion for the therapy of ghoblastoma

Carcinogenesis 2018&; 39: 689-99),

16047} In some embodiments, the agent that blocks the interaction between CD47 {e.g.,
hCD47) and SIRPu {e.g., hSIRPo) i3 a fusion polypeptide comprising a SIRPa D1 domain
variani {e.g., a SIRPu D1 domain variant described herein} and an Fe domain variant {e.g,

an Fo domain varniant described herein).

{60438} Further details regarding the methods of treatment with polvpeptides comprising a
SIRPo D1 domain variant and an Fo domain vanant are described below. See also WO
2017/0627422 and US Patent No. 10,259,859, the contents of each of which are incorporated

by reference herein in their entireties.

3049} Also provided herein are methods of treating cancer in an individual that comprise
adminisiering to the individual an effective amount of a polypeptide (e.g., fusion polypeptide)
conprising a SIRPa D1 domain vanant and an Fe domain variant, wherein the polypeptide is
adnunistered at a dose of about 60 mg/ke once every four weeks {gdw). Also provided
herein are methods of treating cancer in an individual that comprise administering to the
individual an effective amount of a polypeptide {e.g, fusion polypeptide) comprising a
SIRPo D1 domain varant and an Fo domain vanant, wherein the polypeptide 1s administered
at a dose of about 45 mg/kg once every three weeks {(q3w). In some embodiments, the fusion

poly peptide 1s administered in combination with at least one additional anti-cancer agent.
Signal-Regulatory Protein a {(SIRPa} DI Domain and Variants Thereof

{6650} Disclosed herein, in some embodiments, are polyvpeplides comprising a signal-
egulatory protein o (SIRP-o) D1 variant comprising a SIRPo D1 domain, or a fragment
thereof, that comprises an amino acid mutation at residue &0 relative to a wild-type SIRPa D1
domain {e.g., a wild-type SIRPa D1 domain set forth in SEQ ID NO: 1 or 2); and at least one
additional amino acid mutation relative to a wild-tvpe SIRPg D1 domain {e.g.. a wild-{ype

SIRPg D1 domain set forth in SEQ 1D NO: 1 or 2} at a residue selected from the group
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consisting of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54, residue

36, residue 66, and residue 92.

{6081} Also disclosed herein, in some embodiments, are polypeptides comprising an Fe
domain variants, wherein an Fo domain variant dimer comprises two Fo domain variants,
wherein each Fc domain varant independently is selected from (1} 2 human IgG1 Fc region
consisting of murdations L234A, L2354, G2374, and N297A; (i1} a human IgG2 Fe region
consisting of routations A3308, P3318 and N297A; or (11} a human 1gG4 Fe region

comprising mutations S228P, E233P, F234V, L235A, del(3236, and N297A.

jB82] Signal-regulatory protein o {"SIRP-o” or “SIRP-alpha”) is a transmembrane
glycoprotein belonging to the Ig superfanuly that 1s widely expressed on the membrane of
myeloid cells, SIRPo interacts with CD47, a protein broadly expressed on many cell types in
the body. The interaction of SIRPa 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,

3083} Native SIRPa comprises 3 highly homologous immmumoglobulin (Ig)-like
exiracellular domains—D1, D2, and 3. The SIRPo DB domain (D1 domain™) refers (o the
membrane distal, extracellular domain of SIRPu and mediates binding of SIRPa 1o CD47.
As used herein, the term “SIRPq polypeptide” refers to any SIRPo polypeptide or fragment
thereof that is capable of binding to CD47. There are at least ten vartants of wild-ty pe human
SIRPa. Table I shows the amino acid sequences of the DI domains of the naturally
occurring wild-tvpe human SIRPo DY domain vanants (SEQ D NOs: iand 2). 1o some
embodiments, a SIRPy polypeptide comprises a SIRPa D1 domain. In some embodiments, a
SIRPu polypeptide comprises a wild-type D1 domain, such as those provided in SEQ ID
NOs: 1 and 2. fo some embodiroents, a SIRPu polypeptide jncludes a D2 or D3 doroain (or

both a D2 and a D3 domain) (see Table 3) of a wild-type human SiRPg,

Table i, Sequences of Wild-Type SIRPa D Domains

SEQ ID NG: Bescription Amino Acid Sequence

EEELQVIQPDKSVLVAAGETATLRCTATSLIPVGPIQ

Wild-type D WERGAGPGRELIYNOKEGHFPRVTTVEDLTKRNNM
domain variant | DFSIRIGMNITPADAGTYYCVKFRKGSPDDVEFKSGAG
TELSVRAKPS
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EEELQVIOPDKSVSVAAGESATLHCTVTSLIPVGPIOW
Wild-type D1 FRGAGPARELIYNQKEGHFPRVTTVSESTKRENMDF

2

- domain variant 2 SISISNITPADAGTYYCVEKFREGSPDTEFKSGAGTELS
VRAKPS
EEXGLOVIQPDEXGVIGVAAGEXAXSLEKCTXTSLIP

11 Wild-type pan-D1 | VOGPIQWFRGAGPXRELIYNOQKEGHFPRVTTVSX X o

domain TERXGNMDFX oI X X NITPADAGTY YCVEFREGS
XisX DX EFKSGAGTELS VR X ::KPS

XisEor G XowsSorF, G L or §, Xeis Tor §; %518 T
Amino acid or L Xets RoOH or L; XyisAor V. Xgis Gor A; Xgis Dor
substitutions relative | E; XpisLor §; X isNorEor D XpisSor P, X8R
o SEQIDNG: 11 {orS; XuisGorS; Xusis P or absent; Xig1s Dor Py X718
VorTand XisisAor G

[B054] As used herein, the term “STRPa D1 domain varant” refers 1o a polypeptide
comprising a SIRPa D1 domain or a CD47-binding portion of a SIRPo polvpeptide that has a
higher affinity to CD47 than wild-type SIRPa. A SIRPg D1 domain variant comprises at east
one amino acid substitution, deletion, or insertion {or a combination thereof) relative to a

wild-type SIRPa.

[6055] In some embodiments, STRPa D1 domain vanants disclosed herein comprise a
SIRPg D1 domain or variant thereof, In some embodiments, a SiRPo D1 domain variant
comprises one or more aming acid substitutions, insertions, additions, or deletions relative to
a wild-type 1 domain shown in SEQ 1D NOs: | and 2. Tadle 2 bists exemplary anmino acid
substitutions in each SIRPg D1 domain variant (SEQ 1D NOs: 13-14). In some embodiments,
the SIRPg 11 domain polypeptide or SIRPa D1 domain vanant comprises a fragment of the
D1 domain.  In some embodimenis, the SIRPo polypeptide fragment or SIRPa D1 domain
vanant fragmeot conprises an amino acid sequence of less than 10 amino acids i length,
about 10 amino acids in length, about 20 amino acids in length, about 30 anuno acids in
tength, about 40 amino acids in length, about 50 amino acids in length, abouwt 60 amino acids
wn length, about 70 amino acids in length, about 80 anuno acids in length, about 90 amino
acids i fength, about 100 anuno acids in length, or more than about 100 amuno acids in
length. In some embodiments, the SIRPa D1 domain fragments retain the ability to bind to

CD47.

[0056] In some embodiments, a polypeptide of the disclosure comprising a SIRPa D

domain vartant binds with higher binding affinity to CD47 than a wild-type human SIRPa D1

18
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domain. In some embodiments, the SIRPg D domain variant binds to human CD47 with at
least 1-fold (e.g., at east 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 131 domain. In some

embodiments, the SIRPa D1 domain variant binds to human CD47 with at least 1-fold (e.g,
at feast 10-fold, 100-fold, 1000-fold or greater than 1000-fold) affinity than the affinity of a

naturally occurring D1 domain.

6057} As used herern, the term “optinuzed affinity” or “optimized bindmg atfuuty”
refers 1o an optinized strength of the binding interaction between a polypeptide disclosed
heretn, including a SIRPo D1 domain vaniant, and CD47. For example, in some
embodiments, the 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 polvpeptide and CD47 is optimized such
that the mteraction does not cause chinically relevant toxicity or decreases toxicity compared
to a variant which binds with maxiroal affinity. In some embodiments, in order to achieve an
optimized binding affinity between a polypeptide provided herein and CD47, the polypeptide
including a STRPa D1 domain vartant is developed to have a lower binding affinity to CD347
than which is maximally achievable. In some emboduments, the SIRPa D1 domain variants

disclosed herein cross react with rodent, non-human primate (NHP), and human CD47,

0058} As used herein, the term “inumunogenicity” refers to the property of a protein
{e.g., a therapeutic protein} which causes an immume response in the host as though itis a
foreign antigen. The tnmunogeoicity of a protein can be assayed n vitro in g variety of

different ways, such as through in virro T-cell proliferation assays.

6059 As used herein, the term “minimal immunogenicity” refers to an inununogenicity
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
imimunogenicity 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 fmmunogenicity and causes no or very little host fmumune response even though it is
a foreign antigen.

6060} In some embodiments, the SIRPg D1 domain variant demonstrates nunimal
immunogenicity. In some embodiments, a SIRPa polvpeptide of the disclosure administered

to a subject has the same amino acid sequence as that of the SIRPa polypeptide in a
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biological sample of the subject, except for amino acid changes which increase affinity of the
SIRPu D1 domain variant. Tn some embodiments, the polypeptide variants disclosed herein
tower the risk of side effects compared to anti-CD47 antibodies or wild-type SIRPa. fnsome
embodiments, the polypeptide variants disclosed herein lower the risk of anemia compared to
anti-CD47 antibodies or wild-type SIRPa. In some embodiments, the polypeptide variants

disclosed herein do not cause acute anemia in rodent or non-human primates (NHP) studies.

{8061} Table 2 lists specific amino acid substitutions in a SIRPg D1 domain variant
relative to each D1 domain sequence. in some embodiments, a SIRPa D1 domain variant
ncludes one or more {e.g., two, three, four, five, six, seven, eight, ning, ten, eleven, twelve,
thirteen, fouriesn or more) of the substitutions listed in Tabde 2. In some embodiments, a
SIRPa D1 domain vanant includes at most fourteen amino acid substitutions relative to a
wild-type D1 domain. In some embodiments, a SIRPa D1 domain variant includes at most
ten aming acid substitutions relative to a wild-type DI domain. In some erabodiments, a
SIRPo D1 domain varant includes at most seven amino acid substtutions relative to a wild-
type D1 domain. In some embodiments, a SIRPa D1 domain variant of the disclosure has at
east 90% {e.g., at least 92%, 95%, 97% or greater than 97%} amino acid sequence dentity 1o

a sequence of a wild-tvpe D1 doroain.

{6062} In some embodiments, a STRPy D1 doman variant is a chimeric SIRPg D1
domain variant that includes a portion of two or more wild-type D1 domains or varnants
thereof {e.g., a portion of one wild-type D1 domain or variant thereof and a portion of
another wild-type D1 dorsain or vanant thereof). To some embodivsents, a chirneric SIRPu
1 domain variant includes at least two portions {e.g . three, four, five or more portions} of
wild-tvpe D1 domains or variants thereof, wherem each of the portions s from a different
wild-tvpe T domain. In some embodiments, a chimeric SIRPo D1 domain variant further

mncludes ons or more anuno acid substitutions listed in Tudle 2.

Table 2. Amino Acid Substitutions in a ¥IRPg DI Domain Variant

SEG ID NG: Deseription Amino Acid Sequence

EEEXiQXHOPDKSVIVAAGETXTLRECTXTSLX PV
IOWFRGAGPOR X LIYNOX X GXoFPRVTTVS DX 10Xt
RNNMDFSIRIONITPADAGTYYCX KX 3 REGSPDDVE
XuKSGAGTELSVRAKPS

13 D1 domamn vl
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Amino acid =L LV XK=V R L Xs=A, Vo Xe=A L L Xs=L T8, F;
- substitutions relative | Xe=E, V, L; Xo=K, R X=E, Q; Xo=H, P, . X3=L, T, G;
o SEQIDNO: 13 | Xu=K, R: Xpp=V, I; Xii=F, L, V: Xy=F, V
EEEX,QXAQPDKSVEVAAGESXGILHCTX TSLXPVGPE
14 D1 domain 2 QOWFRGAGPARGLIYNOQXXOXFPRVTTVSEX 10 TX R
© e ENMDFRSISISNITPADAGTYYCX K X RKGSPDTEX UK
SGAGTELSVRAKPS
Amino acd Xo=L, LV, Xo=V, L L Xs=A, V. 2=V, L L; Xs=I T, §, F;
- substitutions relative | Xo=E, V, L; X=K  K; Xs=E, Q; Xo=H, P, R; X:0=5, T, G;
{0 SEQIDNO: 14 | Xu=K, R: XV, [ X15=F, L. V2 Xi4=F, V
EEX X0QXI0PDK X VX VAAGEX XX LXoCTX s TSLX
23 Pan D1 domain nPVGPIOWFRRGAGPX R LIYNOQX 14X sGXGFPRVTT
“ an i corna VX5 Xig TX R X 2oNMDFX 1 X X s NITPADAGTY YCXo
4K REGSPDX 6 X EX s KSGAGTELS VR X KPS
Xi=E, G, 3=L, LV, X=V, L, [, ¥4=8, F; Xs=L, §; Xe&=S,
Amino acid T X=A, Vo XK= T, Xo=H, R Xo=A, V, L L K=l T, S,
] cubstions oo EX0=AL G Xi=E, Y, L XK, R Xis=E, Q: XaeH, P,
f&%%ma%”KXWQ&M%¢JﬁJﬁ&&M%ﬁjf&R
0 ok e Xn=8, R, Xon=8, G, Xo4=V, I; Xos=F, L, V; X2¢=D or absent;
X=T, V; Xos=F, V; and Xas=A, G
{0063} In some embodiments, a polypeptide comprises a SIRPa D1 domain variant that

comprises a sequence of;
FEEX1QXAQPDRKSVLVAAGETXGTLRCTXTSLXPVGPIGWFRGAGPGRXLIYNOX,
KGXoFPRVTTVSDX T X RNNMDESIRIGNITPADAGTY Y CX KX RKGSPDDVEX
KSGAGTELSVRAKPS (SEQIDNG: 13), wherein Xy is L, Lor V: Xois V, L, or, I, X518 A
or V:Xais AL or L Xsis LS. or Fo 2o is BV, or L Xris Kor R, Xsis Eor G Xois H,
PoR XpisL, ToGXnusKoR XpsVorh XpnisF Lo V,and XuuisFor V;
and wherein the variant comprises at least one amino acid substifution relative to a wild-type

SIRPa D1 domain that comprises the sequence of SEQ ID NG: 1.

10664]

cornprises the sequence of SEQ ID NOs: 13, wherein Xyis L, 1 or V. lnany of the

In some embodiments, a poly peptide comprises a SIRPa D1 domain variant that

aforementioned embodiments, X> 13V, L, or, . In some embodiments, X5 is A or V. In some
embodiments, X418 A, L, or L. In some embodiments, Xsis L T, S, or F. In some
embodiments, Xeis B, V, or L. In some embodiments, X7 is K or R, In some embodiments,

Xs1s E or Q. In some embodiments, Xo is H, P, or R. In some embodiments, Xwis L. T, or
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G. In some embodiments, Xi: 15 K or R In some embodiments, Xi2is V or I In some
embodiments, X3 is F, L, V. In some embodiments, X 1s F or V. In some embodiments, the
polvpeptide of this aspect of the disclosure includes no more than six anuno acid substitutions

refative to the wild-type SIRPa D1 domain that comprises the sequence of SEQ [D NO: L

{0865} In some embodiments, the polypeptide binds CD47 with at feast 10-fold greater
binding affinity than the wild-type SIRPy D1 domain that comprises the sequence of SEQ ID
MNO: 1. In sorse eraboduents, the polypeptide binds CD47 with at least 100-fold greater
binding affinity than the wild-type SIRPa D1 domain that comprises the sequence of SEQ ID
NG: 1. In some embodiments, the polypeptide binds CD47 with at least 1000-fold greater
binding affinity than the wild-type SIRPa D1 domain that comprises the sequence of SEQ 1D
NG 1. In some embodiments, a SIRPa D1 domain vaniant polypeptide or fragment thereof
binds to CD47 with a KD less than 1 x 10° M, less than 5 x 10 M, less than 1 x 107 M, less
Sx 1071 M, fess than 1 x 107 M or less than 1 x 107 M. Tn some embodiments, a SIRPa D
domain vanant 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 oM and 5 oM, between about 5 nM and 1 nM, between about | nM and
300 pM, between about 500 pM and 100 pM, between about 100 pM and 50 pM, or between

about 56 pM and 10 pM.

{0066} In some embodiments, a polypeptide includes a SIRPa D1 domain varnant that
comprises a sequence of!

FEEXGQXGIQPDRSVSVAAGESXGILHCTXG TS LGPV GPIQWFRGAGPARXKCLIVNGXX
sGXOFPRVTTVSEX WX uRENMDFSISISNITPADAGTY Y CX KX BRKGSPDTEX 4KSG
AGTELSVRAKPS (REQ ID NO: 14y, wherein Xpis L. LorV; Xois V. L or, [ Xzis A or
ViXas V,Lor B Xsis LTS, or FiXe s E Voo L Xr s Kor R Xeis Eor Q. Xois H, P,
or Ry XpisS, T,or G XnisKorRy XezisVorf; Xisis F, L,or V; and Xia1s F or V; and
wherein the vartant comprises af least one amino acid substifution relative to a wild-type

SIRPa D1 domain that comprises the sequence of SEQ 1D NQO: 2.

{6067} In some embodiments in this aspect of the disclosure, the polypeptide comprises
the sequence of SEQ I3 NO: 14, wherein X5 1s L, [, or V. In some embodiments, X215V, L,
or, I. In some embodiments, X5 is A or V. In some embodiments, X4 is V, I or L. In some
embodimenis, Xsis L, T, 8, or F. In some embodiments, Xe 1S E, V., or L. In some
embodiments, X7is K or R In some embodiments, Xgis E or Q. In some embodiments, Xo

is H, P, or R In some embodiments, Xjois 8, T, or G. In some embodiments, X;; 15 K or R

~
22
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in some embodiments, Xz 1s V or I. In some embodiments, X isF, L, or V. In some
embodiments, X141 18 F or V. In some embodiments, the polvpeptide of this aspect of the
disclosure inchudes no more than six amivo acid substitutions relative o the wild-type SIRPo

D1 domain that comprises the sequence of SEQ [D NO: 2.

{0068} In some embodiments, the polvpeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRPu D1 domain having the sequence of SEQ TD NO: 2,
In some ernbodiments, the polypeptide binds CD47 with at Jeast 100-fold greater binding
affinity than the wild-type SIRPg D1 domain having the sequence of SEQ 1D NO: 2. In some
embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type SIRPa D1 domain having the sequence of SEQ IDNG: 2. In some
embodiments, a SIRPa D1 domain variant polypeptide or fragment thereof binds to CD47
with a Kp less than 1 x 105 M, less than 5 x 107 M, fess than 1 x 107 M, fess 5 x 107 M, less
than 1 x 1079 M or less than 1 x 107" M. In some embodiments, a SIRPo D1 domain variant
polvpeptide or fragment thereof binds to CI347 with a Ko between about 500 nM and 100
nM, between about 100 nM and 50 nM, between about 50 nM and 10 nM, between about 10
oM and 5 nM, between about 5 oM and 1 oM, between about 1| nM and 500 pM, between
about 300 pM and 100 pM, between about 100 pM and 50 pM, or between aboul 30 pM and
10 pM.

{0069} In some embodiments, a polypepiide includes a SIRPa D1 domain varnant having
a sequence of:

EEXXQXGIQP DKV SV AAGEX X7 XL XoCTH o TSEX n PV GPIQWFRGAGP X 2R X5
LIYNOX uXsGX e FPRVTTVIEX 17 Xas TX R X0oNMDFX i X s NITPADAGTY YO XK.
KosRKGSPDN X7 EXosKSGAGTELSVRX KPS (REQ 1D NGO 23), wherein Xpis Eor G
Xois L, Lor V) Xsis VLo EXeis SorF, XsisLor S XeisSorT Xris Aor V, Xsis |
or T Xets Hor Ry Xpwis AV, Lol XL T, S,orFiXnisAor G, XisisE, YV, or L
XuisKo R X EorQ XisH, P,or R XpisDorE; XizisS, LT, or G XpwisK or
R XpisEor D XonisSorPiXnisSor R XaaisSor G XuisVorh Xosis F L,V X s
Dorabsent; Xoyis Tor V; Xosis F or V, and Xzois A or G; and wherein the varant
comprises at least one amino acid substitution relative o a wild-type SIRPa D1 domain
having the sequence of SEQ IDNGO: T or 2.

{070 In any of the aforementioned embodiments in this aspect of the disclosure, X2 15
L. L or V. In any of the aforementioned embodiments, X515 V, L, or. I In embodiments, X4

is 8§ or F. In some embodiments, Xs is L or 8. In some embodiments, X158 8 or T. In some
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embodimenis, X7is A or V. In some embodiments, Xz is  or T. In some embodiments, Xo is
H oor R. Tn some embodiments, Xiois A, V, I, or L. Tn some embodiments, X113 LT, 8 or F.
In some embodiments, X215 A or G {n some embodiments, X315 E, V, or L. In some
embodiments, X415 K or R In some embodiments, Xis is E or 3. In some embodiments, X
is H, P, or R. In some embodimenis, X171s D or E. In some embodiments, Xz is S, L, T, or
G In some embodiments, Xis is K or R, In some embodiments, Xoo1s E or . In some
embodiments, Xz 15 8 or P. In some embodiments, X2z is 8§ or R, In some embodiments, X3
i S or GG In some embodiments, Xo4 18 V or I In some embodiments, Xos1s F, L, V. In some
embodiments, X2e 15 D or absent. In some embodiments, Xo7is T or V. Insome
smbodiments, Xoz is F or V. In some embodiments, Xos 15 A or G. In some embodiments, the
polvpeptide of this aspect of the disclosure includes no more than six amino acid substitutions

refative to the wild-iype SIRPa D1 domain having the sequence of SEQIDNO: 1 or2.

{6871} In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity thao the wild-type SIRPa D1 domain having the sequence of SEQ ID NO: 1
or 2. In some embodiments, the polypeptide binds CD47 with at least 100-fold greater
binding affinity than the wild-type SIRPa D1 domain having the sequence of SEQ ID NG |
ot 2. in some embodiroents, the polypeptide binds CD347 with at Jeast 1000-fold greater
binding affinity than the wild-type SIRPg D1 domain having the sequence of SEQ ID NO: 1
or 2. In some embodiments, a SIRPa D1 domain variant poly peptide or fragment thereof
binds to CD47 with a K less than 1 x 108 M, less than 5 x 10 M, less than 1 x 10° M, less §
x 10719 M, Tess than 1 x 1079 M or less than 1 x 10711 M. To some embodiments, a SIRPa D1
domain varant polypeptide or fragment thereof binds to CD47 with a Ko between about 500
nM and 100 nM, between about 100 nM and 50 nM, batwean about 50 nM and 10 nM,
between about 10 oM and 3 oM, between about 5 nM and | nM, between about | nM and
300 pM, between about 300 pM and 100 pM, between about 100 pM and 50 pM, or between
about 50 pM and 10 pM.

{6072} In some embodiments, a polypeptide of the disclosure including a SIRPo D1
domain vanant further comprises a D2 domain having the sequence of SEQ 13 NG 24, a D3
domain having the sequence of SEQ ID NO: 25, or a D2 domain having the sequence of SEQ
1D NO: 24 and a D3 domain having the sequence of SEQ ID NO: 25 of a wild-type human
SIRPw as shown in Table 3. In some embodiments, the SIRPa D1 domain vartant further
comprises a fragment or vanant of a D2 domain or a fragment or variant of a D3 domain. In

some embodiments, the SIRPu D1 domain variant further comprises a fragment or vanant of
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a D2 domain and a fragment or variant of a D3 domain. In some embodiments, a SIRPa D1

domain variant is joined to a D2 or D3 domain by way of alinker. In some embodiments, a

SIRPu D1 domain vanant is joined to a D2 and D3 domain by way of a hoker,

Table 3. Amino Acid Sequences of SIRPa D2 and D3 Domains

SEQIDNG: | Deseription Amino Acid Sequence

SIRP D2 APVVYSGPAARATPOHTVSFTCESHGFSPRDITLKWFKNGNELS

24 i i “ DFQTNVDPVGESVSYSIHSTAKVVLTREDVHSQVICEVARVT
sornam LOGDPLRGTANLSETIR
SIRPa I3 VFPTLEVTQQOPVRAENQVNVTCQVRKFYPORLOLTWLENGN

25 d Vm :’in ) VSRTETASTVTENKDGTYNWMSWLLYNVSAHRDDVKLTCQ

ova VEHDGQPAVSKSHDLKVS
6873} In some embodiments, a polypeptide of the disclosure including a STRPo D1

domain variant is attached 1o an Fc domain variant in order to improve the pharmacokinetic

properties of the polypeptide, e.g., increase serum half-life. In some embodiments, a SIRPg

D1 domain variant 1s atlached fo an F¢ domamn variant that is unable to dunerism. [o some

eroboditoents, Fo dorsain vanants serve to mcrease the serum half-life of the polypeptides

describad herein. In some embodimenis, a polvpeptide of the disclosure including a SIRPa

1 domain variant does not include the sequence of any one of SEQ ID NQOs: 26-36 shown in

Tabic 4.

Table 4.

SEQ 1D NO:

AMING ACID SEQUENCE

EEELQVIQPDKSVSVAAGESAILHCTITSLIPVGPIQWFRGAGPARELIYNQRE

26 GHFPRVTTVSETTRRENMDFSISISNITPADAGTY YCVKFRKGSPDTEVESGA
GTELSVRAKPS
EEEVQVIQPDKSVSVAAGESAILHCTLTSLIPYGPIOWFRGAGPARVLIYNQRO

27 GHFPRVTTVSEGTRRENMDFSISISNITPADAGTY YCIKFRKGSPDTEFKSGAG
TELSVRAKPS
EEEVOQHOQPDKSVSVAAGESVILHCTITSLTPVGPIQWFRGAGPARLLIYNQRE

28 GPFPRVTTVSETTRRENMDFESISISNITPADAGTYYCVKLRKGSPDTEFKSGAG
TELSVRAKPS
EEELQHOPDKSVSVAAGESAILHCTITSLSPYGPIQWEFRGAGPARVLIYNQRO

29 GPFPRVTTVSEGTKRENMDFSISISNITPADAGTY YUIKLRKGSPDTEFKSGAG

TELSVRAKEPS

[\
W
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EEEIQVIQPDKSVSVAAGESVIHCTVTSLFPVGPIQWEFRGAGPARVLIYNQRG
GRFPRVTTVSEGTKRENMDFESISISNITPADAGTY YCVKVRKGSPDTEVKSGA
GTELSVRAKPS

31

EEEVQHQPDKSVSVAAGESHLHCTVTSLFPVGPIQWFRGAGPARVLIYNORE
GRFPRVTTVSEGTRRENMDFSISISNITPADAGTYYCIKLRKGSPDTEFKSGAG
TELSVRAKPS

[F5]
[S]

EEEVQLIQPDKSVSVAAGESAILHCTVTSLFPVGPIOWFRGAGPARVLIYNQR
EGPFPRVTTVSEGTKRENMDESISISNITPADAGTYYUIKFRKGSPDTEVKSGA
GTELSVRAKPS

33

EEELOQHOPDKSVLVAAGETATLRCTITSLIFPVGPIQWIFRGAGPUGRVLIYNQRO
GPFPRVTTVSEDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVEFKSG
AGTELSVRAKPS

34

EEELOQHQPDKSVSVAAGESAILHCTITSLFPVUPIOWFRGAGPARLLIYNQRQ
GPFPRVTTVSETTKRENMDFSISISNITPADAGTYYCVKFRKGSPDTEFKSGAG
TELSVRAKPS

EEEVOHQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQKQ
GPFPRVTTISETTRRENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSCGAGT
ELSVRAKPS

36

EEELOHOPDKSVSVAAGESAILHCTITSLTPVGPIQWFRGAGPARVLIYNQRQ
GPFPRVTTVSEGTRRENMDFSISISNITPADAGTY YCIKFRKGSPDTEVKSGAG
TELSVRAKPS

{6074} In some embodiments, the polypeptides and polvpeptide constructs described
herein are utilized in vitro for binding assays, such as immune assays. For example, in some
embodiments, the polypeptides and polypeptide constructs described herein are utilized in
hiquid phase or bound to a solid phase carrier. In some embodiments, polvpeptides utilized for

iminunoassays are detectably labeled in various ways.

{6075} In some embodiments, polypeptides and polypeptide constructs deseribed herein
are bound fo various carriers and used to detect the presence of specific antigen expressing

cells. Examples of carriers include glass, polystyrene, polypropylene, polyethylene, dextran,
nvion, amylases, natural and modified celluloses, polvacrviamides, agaroses, and magnetite.

The nature of the carrier can be etther soluble or insoluble.

{8076} YVarious different labels and methods of labeling are known. Examples of labels
mclude enzymes, radicisotopes, fluorescent compounds, colloidal metals, chemilununescent
compounds, and bio-luminescent compounds. Various techniques for binding labels to

polypeptides disclosed herein are available.

b
N
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{077} In some embodiments, the poly peptides are coupled to low molecular weight
haptens. These haptens are then specifically detected by means of a second reaction. For
exarople, in sorue emboduments, the hapien biotin 1s used with avidin or the haptens
dinitrophenvl, pyridoxal, or fluorescein are detected with specific anti-hapten antibodies {e.g.,
anti-dinitropheny! antibodies, anti-pyridoxal antibodies, and anti-flucrescein antibodies

respectively).
SIRPa DI Domain Varianss with Alteved Glycosylation Patterns

{6078] Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein ¢ (SIRP-o) D1 variant comprising a SIRPe D1 domain, or a fragment
thereof, having an amine acid mutation al residue 80 refative (o a wild-type SIRPa D1
doman {e.g., a wild-type SIRPg D domain set forth in SEQ ID NO: 1 or 2); and at least one
additional amino acid mutation relative to a wild-type SIRPa D1 domain {e.g., a wild-type
SIRPo D1 domain set forth i SEQ ID NO: 1 or 2) at a residue selected from the group
consisting of residue 6, restdue 27, residue 31, residue 47, residue 53, restdue 34, residue

56, residue 66, and residue 92.

3079 Also disclosed herein, in some embodiments, are polypeptides comprising an Fe
domamn variant, wherein an Fe domain variant dimer comprises two Fe domain variants,
wherein each Fc domain vanant independently is selected from (3} a human IgGl Fe region
consisting of mutations L234A, L235A, G237A, and N297A; (1) a human IgG2 Fe region
consisting of mutations A3308, P3315 and N297A; or (111} a human IgG4 Fc region

comprising mutations S228P, E233P, F234V, L2354, delG236, and N297A.

16086} o some embodiments, a polypeptide in a composition disclosed herein comprises
a SIRPo D1 domain variant that has reduced or minimal glycosvlation. The D1 domain of
SEQ ID NOs: 1 and 2 in Tabde § each contains a single potential N-linked glycosyiation site
ai amino acid N8O in the sequence NEOITP. Expression of a SIRPa D1 domain in Chinese
Hamsier Ovary (CHO) cells results in a major band of 16 kDa {(non-glycosylated) and a
minor band of higher molecular weight that was removed bv 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 hybnd oligosaccharides from
N-linked glvcoproteins. This tmplies that a proline at amino acid position 83 can reduce the
efficiency of glveosylation, feading to a protein with different degrees of glveosylation and

therefore heterogeneity. For drug development, heterogeneity can give rise to challenges in

2
-~
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process development. Therefore, to investigate the possibility of generating homogenous,
non-glycosvlated forms of SIRPa DI domain variants, in some embodiments, aming acid
N80 of a SIRPa D1 varant is mutated to Ala. In some embodiments, to make a gon~
glvcosylated, SIRPo D1 domain vartant, amino acid N80 in a SIRPa D1 domain variant is
replaced by any amino acid, including any natwrally and non-naturally occurring amino acid,
e.g., NBOA and NBOQ. Tn some embodiments, a SIRPo D1 domain vanant comprises an
N8OA mutation and at least 1 additional mutation {e.z.. atleast 2. 3,4, 5,6, 7,8, 9, or 10
additional mutations or more). In some embodiments, the additional mutation 18 in the CD47
binding site. In some embodiments, the additional mutation is in the hydrophobic core of the

D1 domain.

(0081} In some embodiments, a polypeptide in a composition disclosed herein includes a
SIRPa D1 domain varant that has increased glycosylation relative to a wild-type SIRPa D1
domain. Another oplion 1o increase homogeneity of the final product is to enhance the
efficiency of glycosylation at amino acid N8O and generate SIRPa D1 domain variants with
increased glyvcosviation relative to a wild-tvpe. In some embodiments, the amino acid P83 in
the sequence NITPE3 affects the degree of glveosviation at aming acid N80, In some
embodiments, changing P83 to any amino acid increases the efficiency of glycosylation at
N&0. In some embodiments, anino acid P83 in a SIRPa D1 domain variant is replaced by
any amino acid, including naturally and non-naturally amino acids, e.g., P83V, P83 A, P83L,
and P&3L. In some embodiments, a polypeptide of the disclosure is expressed in a cell that s
optimized not to glveosylate proteins that are expressed by such cell, for example by genetic
engineering of the celi line {e.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.).

{3082} Table § lists specific anmino acid substitutions in a SIRPg D1 domain variant
relative to each D1 domain variant sequence. In some embodiments, a SIRPg D1 domain
vanant includes one or more (e.g., two, three, four, five, six, seven, gight, nine, ten, eleven,
twelve, thirteen, fourteen or more) of the substitutions listed in Tadlfe 5. In some
embodiments, the SIRPo D1 domain vanants are not glycosylated or are nunimally
glycosylated. In some embodiments, the SIRPo D1 domain variants are fully glycosylated or
almost fully glycosviated. In some embodiments, a SIRPa D1 domain variant includes at
mosi fourteen anuno acid substitutions relative to a wild-type D1 domain. Tn some

embodiments, a SIRPo D1 domain variant includes at most ten amino acid substitutions



WO 2021/247430 PCT/US2021/034967

relative to a wild-type D1 domain. In some embodiments, a SIRPa D1 domain variant
includes at most seven amino acid substifutions relative 10 a wild-type B1 domain. In some
embodiments, a SIRPa D1 domain vanant of the disclosure has at least 90% (e.g., at least

D2%, 95%. 97% or greater than 97%) amino acid sequence identity to a sequence of a wild-

type D1 domain.

(6083} Tn some embodiments, a SIRPq D1 domain variant is a chimeric SIRPo D
domain vanant that includes a portion of two or more wild-type D1 domains or variants
thereof {2.z., a portion of one wild-type D1 domain or vartant thereof and a portion of another
wild-tvpe D domain or variant thereof). In some embodiments, a chimeric SIRPo D1
domatn vanant 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 s from a different wild-
type D1 domain. In some embodiments, a chimeric SIRPa D1 domain variant further

includes one or more arnino acid substitutions lisied in Table 5.

Table 5. Amine Acid Substitutions in a SIRPae DI Domain Variant

SEQIDNG: Description Amino Acid Sequence

EEEX;QXIQPDKSVLVAAGETXTLRCTX,TSLXGPVEP
IQWFRGAGPGRXGLIYNOQX X GXFPRVITVSDX (0 TX ¢

37 Didomain Vi | o N MDESTRIGK I TX s ADAGTY YO XK X 1R KGSEDD
VEX 1K SGAGTELSVRAKPS
=L, LV 3=V, L I Xs=A, V: Xe=A, L L: Xs=L T, 8. F:
Amino ackd Xe=E, V. L; X=K R Xe=E, Q; Xo=H, P, B, X,=L, T, G,
- substitutions relative | Xo=K R, Xp»=N, A, C, D E F, G H LK L M P QR S,

o SEQIDNO: 37 | T,V W Y. X:=P A CDEFGHLKLDMNOQR,
SSTV,W Y, Xie=V, [ Xie=F, LV, Xis=F, V

EEEX;QXCIQPDKSVEVAAGESXGILHCTX G TSLXPVGPT
OWEFRGAGPARXLIYNQXXeGXFPRVTITVSEX n TX iR

38 D1 domain v2 ENMDFSISISX I TX s ADAGTY YOX KX REGSPDTEX
KSGAGTELSVRAKPS
Xi=L. L V: Xo=V. L. T: Xa=A. V: Xo=V. L L. Xs=L T. §. F:
Amino acid Xo=E, V, L; X-=K, R; X¢=E, Q: Xo=H, P, R; X10=8, T, G;
- substitutions relative | Xo=K, R Xop=N, A, C, B E F, G H LK, LM, P, Q. R, 5,

to SEQIDNO:38 | TV, W,V Xi=P, A,C.D,E.F.G.H LK, L, M, N, Q. R,
STV, W.Y: Xps=V, I, X4s5=F, L, V: X36=F, V

47 Pan D1 domain | EEXX:QXIQPDK X VX5V AAGEX X XsLXoCTX o TSEX
A PYGPIQWFRGAGPX RX sLIYNOX 14X sGXiFPRVTT

29
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VEX 7 Xg TX R KXo NMDF X XX Xaal TXs ADAGTYY
CXasK Xy RKGSPDX e X00E X3 KSGAGTELSVR X KPS

Ammo acid
substitufions relative
to SEQ IDNO: 47

X=E, G, Xo=L, LV X5=V, L, L X¢=8, F: ¥=L, §; Xs=8,
T X=A, V. Xe=l, T, Xo=H, R, L; Xio=A, V. L L. X=L T,
5 F; X{;FA, G X}3:E, V, L; XM:K, R; Xi«ZF, Q; X[g;:H, P,
R; Xp=D, E; Xis=5, L. T, G Xi6=K, R; Xop=E, N; X2:=5, P;
¥=8, R; X»=5, G; Xys=any amino acid; Xss=any anuno
acid; Xoe=V_ I, Xor=F, L, V; Xo=D or absent; X0=T, V;
Kao=F, V:and X5=A, G

48

Pan D1 domain

EEELOXGIQPDKSVXGVAAGEXGAXGLIGCTXTSLXGPY
GPIQWERGAGPXRXLIYNQX o X GXnFPRVTTVEX ;5
K TKRXsNMDFSP el XXl TPADAGTY Y CX0KFRK
GXaoXo X DX EFKSGAGTELSVRAKPS

Amino acid
substitutions relative

Xe=V, B o=, §; Xo=T, 85, Xa=T, [, Xs=R, H; Xs=A, V,

EX=L R Y, K F Xg=0G, A Xe=E V, Xip=K, R, Xy =

>

E. D, Q Xp=H P, Xy=D, E; Xyy=S5, L, T, Xis=N, E; Xyp=

(o SEQIDNQG: 48 | RS, Xir=0, §; Xig=N, A; Xpo=V, I; Xpe=§, 1, M; Xo: =P
or absent; Xn=D, P, and Xoe=V, T
EEELOXUIQPDEKSVLVAAGETATLRCTX, TSLXPVGPIQ
49 Pan D1 domain WFRGAGPGRIGLIYNQYXGXGFPRVTTVSDXTKRNN
: MDFSIRIGKITPADAGTYYCX (o KFRKGSPDDVEFKSG
AGTELSVRAKPS
Amino acid K=V L L Xo=A LV, L XG=L F, 8, T, Xe=E, V, L; Xs=K,
- substitutions relative | R; Xe=E, Q; X7=H, P, R: Xe=L, T, 5, G; Xo= A; and X;o=V,
0 SEQIDNG: 49 |1
EEELOQXIGPDKSVSVAAGESATLHCTX TSLXPVGPIQ
50 Pan D1 domain WFRGAGPARXLULIYNGQIXGXGXFPRVTTVSEXRTKREN
an it goma MDFSISISXITPADAGTY YU X 0K FREGSPDTEFKSGAG
TELSVRAKPS
B, subsiiftligi:i ?i?ative K=V B A=V Xe=] B X=E, Vi XK R Xe=E, Q;
X S IO : Foml P Yo =8 T Wam . 5 =\ T
o SEQ 1D NO: 50 X7=H, P; X =8, T: Xo=N, A; and X=V, 1
EEELQIGIQPDKSVLVAAGETATLRCTX,TSLXGPVGPRIQ
54 Pan D1 domain WFRGAGPGRIGLIYNOXSEGXFPRVTTVSDXTKRNN
- i MDFSIRIGXGITPADAGTYYC X KFRKGSPDDVEFKSGA
GTELSVRAKPS
Amino acid U VA T Vet T VT e Ve v oTT D
- substitutions relative K=V, B XG=AL L K=l B Xe=E, V3 XK R XeeH, P

to SEG ID NO: 51

Ko=L, T: Xa=N, A; and Xo=V, |
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EEELOXIQPDKSVLVAAGETATLRUOTXTSLXGPYGPIQ
o . WERGAGPGRELIYNOQXEGKFPRYTTVSDX TKRNNM
52 Pan D21 domam

DFSIRIGXATPADAGTYYCVKFRKGSPDDVEFK SGAGT
ELSVRAKPS

Ammo acid
substitutions relative
io SEQ ID NO: 52

Ne=VOL L Xo=A L L Xa=1 T, 8, F; X4=K_, R, Xs=H, P, R,
Xe=L, T, G; and Xo=N, A

Pan D1 domain

EEELOXGIQPDKSVSVAAGESAILHCTX, TSLXGPVGPIQ
WFRGAGPARELIYNQXGEGYXsFPRVTTVSEX s TKRENM
DFSISISXATPADAGTYYCVKFRKGSPDTEFKSGAGTE
LSVRAKPS

Amino acid
substitutions relative
o SEQIDNG: 212

K=V L L Xo=V, L L XK= TS, F. Xa=K, R, Xs=H, P, R,
Xs=8, T, Grand X7=N, A

Pan B1 domain

EEELOXUIGQPDKSVLVAAGETATLRCTX, TSLXGPVGPIQ
WHFRGAGPGRIGLIYNQX: XGXGFPRVTTVS DX TKRNN
MDESIREGK s X 10X i X ADAGTY YCX s KFRKGSPDDVE
FKSGAGTELSVRAKPS

Amino acid
substitutions relative
to SEQ ID NO: 218

XK=V Loor EXo=A, V, L or I; X5=1, 5, T, or F; X4=E, L,
or V; Xs=K or R; Xe=E or Q; X7=H, Ror P; Xz=8, G, L or
T, Xo=any amine acid; Xp=any amino acid; Xy=any aouno
acid; Xp=any amino acid; and X;z=V or i

219

Pan D1 domain

EEELOQXGIQPDKSVLVAAGETATLRCTX,TSLXPVGPIQ
WFRGAGPGRIGLIYNQX s XGXFPRVTITVSDXRTKRNN
MDESIRIGXITX s ADAGTY YCX g KFRKGSPDDVEFKS
GAGTELSVRAKPS

Amino acid
substitutions relative
o SEQID NQO: 219

Xe=V, Lor L, Xo=A, V,Lor |, X3=L 5, Tor F; Xa=E, L, or
Vi Xe=KorR, Xe=Eor Q; X5=H Ror P, Xs=8, G, L, or T,
Ho=N; Xyg=any amino acid other than P | and X=V or i

10684

a sequence of:

In some embodiments, a polypeptide includes a SIRPo D1 domain variant having

EEEXQXRIQPDKSVLY AAGETXGTLRECTXSTSLX PV GRIQWEFRGAGPGR X LIYNQX
XeGXoFPRVTTVS DX o TX i RNNMDFSIRIGX I TX 5 ADAGTY YO XK X sRKGSPDDY
EXicKSGAGTELSVRAKPS (SEQ IDNO: 37y, wheremn X is L, Lor V. Xz sV, L, or, 1 X5
isArV Xuis A LorL, X558 LT, 8, orF; XeisE, V, or L; Xris Kor Ry Xais Eor 3 Xo
BHP orR XwsL, TToGXuisKor R XpisNACDEFGHILKLMP Q,

31




WO 2021/247430 PCT/US2021/034967

RSETVWoY. XssP ACDEFGHILKLMMNOQRSTV W oYX
s Vor XisisF, L, or Vo and Xie i3 F or V, and wherein the variant comprises at least one
amuno acid substitution relative to a wild-type SIRPa DI domain having the sequence of SEQ
NG 1.

{0085} In some embodiments in this aspect of the disclosure, a polvpeptide includes a
SIRPa D1 domain variant having a sequence of SEQ IDNG: 37, wherem Xiis L, L or V. In
some embodiments, Xz 18V, L, or, L In some embodiments, X515 A or V. Insome
embodiments, X418 A, L, or L. In some embodiments, X515 1, T, S, or F. In some
embodiments, Xeis E, V, or L. In some embodiments, X7 1s K or R. In some embodiments,
X513 E or Q. In some embodiments, Xs 1s H, P, or R, In some embodiments, Xwis L, T, or
G. In some embodiments, X1 1s K or R In some embodiments, XiisN, A C, D, E F, G H,
LKL MPGRSTV W orY. Insomeembodiments, XsisP, A, C, D E F, G H L
KLMMNQRS TV, W, orY. Insome embodiments, Xisis ¥V orl Insome

ernbodiments, Xisis F, L. V. In some embodiments, Xisis For V.

{6086} In some embodiments, a polypeptide provided herein includes no more than ten
amino acid substitutions relative to the wild-type SIRPa D1 domain having the sequence of
SEQ ID NO: 1. In some embodiments, the polypeptide provided herein inchudes no more than
seven anmino acid substitutions relative to the wild-type SIRPu D1 domain having the

sequence of SEQ ID NO: 1.

{6087} in some embodiments, the polvpeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRPu Dl domain having the sequence of SEQ D NO: 1.
in some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRPg D1 domain having the sequence of SEQ 1D NO: 1. In some
embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type SIRPa D1 domain baving the sequence of SEQ 1D NO: 1. In some
embodiments, a SIRPa D1 domain variant polyvpeptide or fragment thereof binds to CD47
with a Kp less than 1 x 108 M, less than 5 x 10" M, less than 1 x 10° M, fess 5 x 10°1° M, less
than 1 < 1079M or fess than I < 1077 M. In some embodiments, a SIRPa D domain variant
polypeptide or fragment thercof binds to CD47 with a Ko between about 500 uM and 100
nM, between about 100 nM and 50 nM, between about 30 nM and 10 nM, between about 10
oM and 5 nM, between about 5 M and | oM, between about 1 nM and 500 pM, between
about 500 pM and 100 pM, between about 100 pM and 50 pM, or between about 50 pM and
10 pM.
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{6088 In some embodiments, a polypeptide includes a SIRPa D1 domain variant having
a sequence of

EEEXQXGAQPDKSVEVAAGESXGHLHCTX TS UXSPVGPIQWFRGAGPARXLIYNQXHX
sC2OFPRVITVSEX o T2 RENMBESISIS X od TX S ADAGTY YCX s KX s RKGSPDTEX 6
KSGAGTELSVRAKPS (SEQ IDNQO: 38, wherein Xiis L, Lor V; XaoisV, Lor, |, X515 A
orV; Xais V, Lor L, X5 LTS, or P Xes BV, or L Xois KorR: Xsis Eor Q) Xois H,
PorR Xeis S, TorGXuisKorRiXpisN ACDEFGHLKLMP QRS
TV,W oY, Xz s P ACDEFGHILEKLMNQRSTV W oY, XuisV
or I Xusis F, L, or V) and Xie is F or V; and wherein the variant comprises at least one amino
acid substitution relative to a wild-type SIRPo D1 domain having the sequence of SEQ ID

NO: 2.

{6089} In some embodiments in this aspect of the disclosure, a polvpeptide includes a
SIRPo D1 domain variant having a sequence of SEQ ID NO: 38, wherein Xsis L, L or V. In
some embodiments, Xz is V, L, or, L In some embodiments, X515 A or V. In some
embodiments, X415 V., I, or L. In some embodimenis, Xsis 1, T, 8, or F. In some
embodiments, Xeis B, V, or L. In some embodiments, X718 K or R. In some embodiments,
Xs1s F or Q. In some embodiments, Xs is H, P, or R. In some embodiments, Xie1s 8, T, or G.
In some embodiments, X11is K or R. In some embodiments, Xpis N A C, D, E F, G H, |,
KLMPOQRSTV W orY Insomeembodiments, XisisP A CD EF GHILK
LMN QRS TV W orY. Insome embodiments, Xu is V or L. In some embodiments,

Xisis F, L, or V. In some embodiments, Xisis For V.

HEBSH! In some embodiments, a polypeptide includes a SIRPg D1 domain variant having
no more than ten amino acid substititions relative to the wild-type SIRPa D1 domain having
the sequence of SEQ ID NG: 2. In some embodimentis, a polvpeptide includes a SIRPo T3

domam variant having no more than seven anuno acid substitutions relative to the wild-type

SIRPa D1 domain having the sequence of SEQ ID NO: 2.

0891} In some embodiments, the polypeptide binds CD47 with at feast 10-fold greater
binding affinity than the wild-type SIRPu D1 domain having the sequence of SEQ TD NO: 2.
In some ernbodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRPg D1 domain having the sequence of SEQ 1D NO: 2. In some
embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type SIRPa D1 domain baving the sequence of SEQ 1D NO: 2. Insome

embodiments, a SIRPgo D1 domain variant polypeptide or fragment thereof binds to CD47
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with a Kp Iess than 1 x 10® M, less than 5 x 10 M, less than 1 x 107 M, less 5 x 1071 M, less
than 1 x 107 M or less than 1x10°Y M. Tn some embodiments, a SIRPu D1 domain variant
polvpeptide or fragroent thereof binds to CD47 with a Ko between about 500 nM and 100
nM, between about 100 nM and 50 oM, between about 50 nM and 10 oM, between about 10
oM and 5 oM, between about S oM and 1 oM, between about 1 nM and 500 pM, between
about 360 pM and 100 pM, between about 100 pM and 50 pM, or between about 50 pM and
10 pM.

{6092} In another aspect, the disclosure features a polypeptide including a SIRPa 31
domain variant having a sequence of

EEX 2QXGIQPDRXVIGV AAGEX XX XCT X o TSLX I PVGPIQWFRGAGPX 2R X3
LIYNOX X sGXsFPRYVTTVEX 7 X s TX R X oo NMDF X XX Xl TXos ADAGTYYC
X2sK X7 RKGSPD X s X EX30KSGAGTELSVRX KPS (SEQ 1D NGO 47), wherein X1 is E
or G Xois L Lor V2G5V, Lo LXaisSorF; XssLor S, XetaSor T, Xnis Aorv;
Xeislor T XesH R or L Xeews AV, Lor Lo Xuis LTS, or Fo Xizis Aor Gy Xis s E,
V,orL: XuisKor R XisisEorQ, Xuwis HP,or R Xppis Dor E; Xunis 8, L, T, or G Xy
sKorR, XonigEorN; Xoris S or P; Xazis S or Ry Xez i3 8 or G Xos is any amino acid; Xos
is any arino acid; Xosis Vor L Xy is FL L, V; Xoxis D orabsent; Xapois Tor V; Xsois For
V; and X5y 1s A or G; and wherein the variant comprises at least one aming acid substitution

relative to a wild-type SIRPa D1 domain having the sequence of SEQID NO: T or 2.

{6023} in some embodiments, the polvpeptide comprises the sequence of SEQ ID NG:
47, wherein X118 E or G. In any of the aforementioned embodiments in this aspect of the
disclosure, Xois L, L or V. In any of the aforementioned embodiments, X3is V, L, or, L In
any of the aforementioned embodiments, X« is 8 or F. In any of the aforementioned
embodiments, Xsis L or 8. In any of the aforementioned embodiments, Xeis S or T. In any
of the aforementioned embodiments, X715 A or V. In any of the aforementioned
embodiments, Xsis 1 or T. In any of the aforementioned embodiments, Xo is H or R. Inn any
of the aforementioned embodiments, Xaeis A, V, [, or L. In any of the aforementioned
emnbodiments, Xy is 1, T, S, or F. In any of the aforementioned embodiments, Xpis A or G
in any of the aforementioned embodiments, X1z is E, V. or L. In any of the aforementioned
embodiments, X4 is K or R In any of the aforementioned embodiments, XisisEor Q. In
any of the aforementioned embodiments, Xis is H, P, or R. In any of the aforersentioned
embodiments, X17is D or B In any of the aforementioned embodiments, Xi3 18 S, L, T, or G.

in any of the aforementioned embodiments, Xis is K or R In any of the aforementioned
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embodiments, X is E or N. In any of the aforementioned embodiments, X21is S or P. In any
of the aforementioned embodiments, X2z is 8§ or R Tn any of the aforementioned
embodiments, X23 18 S or . [n any of the aforementioned embodiments, Xuis N, A, C, D E,
FOGHLKLMP QRS TV, W oY Inany of the aforementioned embodiments,
XsisP,AACDEFGHLKLMNQRS TV, W oY. Inany of the
aforementioned embodiments, X26 18 ¥V or 1 In any of the aforementioned embodiments, Xo7
is F, L. V. In any of the aforementioned embodiments, Xog 15 I or absent. In any of the
aforementioned embodiments, Xos 13 T or V. In any of the aforementioned embodiments, Xzo

is Foor V. In any of the aforersentioned ernbodiments, Xa1is A or G.

{6694} In some ermmbodiments, the polypeptide of thus aspect of the disclosure includes no
more than ten amino acid substitutions relative to the wild-type SIRPu 1 domain having the
sequence of SEQ ID NO: 1 or 2. In some embodiments, the polypeptide of this aspect of the
disclosure includes no more than seven aming acid substittions relative to the wild-type

SIRPo D1 domain having the sequence of SEQ ID NO: 1 or 2.

[6095] In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRPa D1 domain having the sequence of SEQ ID NG: 1
or 2. In some embodiments, the polypeptide binds CD347 with at least 100-fold greater
binding affinity than the wild-type SIRPo D1 domain having the sequence of SEQ D NO: |
or 2. In some embodiments, the polypeptide binds CD47 with at least 1000-fold greater
binding affintty than the wild-type SIRPg D1 domain having the sequence of SEQ IDNO: 1
or 2. In some embodiments, a SIRFa D1 dorain vanant polypeptide or fragroent 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 3
x 10°¥ M, less than 1 x 1079 M or less than 1 x 10°H M. In some embodiments, a SIRPa D1
domain variant poly peptide or fragment thereof binds to CD47 with a Ko between about 500
nM and 100 oM, between about 100 oM and 50 nM, between about 30 oM and 10 oM,
between about 10 nM and 5 nM, between about 5 nM and 1 nM, between about | nM and
500 pM, between about 500 pM and 100 pM, between about 100 pM and 50 pM, or between
about 56 pM and 10 pM.

{6096} To sone embodiments, a polypeptide includes a SIRPa 31 domain variant baving
a sequence of:

EEELOXGIQPDKSVXOVAAGEXAXGLIGUT X TSLXGPVOGPIQWEFRGAGPXeRXLIYNG
KieXnGX pFPRVTTVS XX e TRRX sNMDFSIX el X Xasd TPADAGTY YCX K FRKGX:
X XnDXEFKSGAGTELSVRAKPS (SEQ ID NO: 48), wherein Xsis Vorl, Xois L oor

2
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S:XsisTor S, XyeisTorL XsisRorH, Xeis A, V,or EXis LR Y. KorF, Xsis Gor A
XoisEorViXpesKoR XusE Do Q XesHouP, XnieDorE, XuisS, Lor T,
XisisNorE; XiwisRorS: XpyisGor 8, Xistis NorA; Xweis Vorl, Xoci1s 8, For M; Xopis

P orabsent; Xuzis D or P; and Xo31s V or T, or a fragment thereof,

{6097} In another aspect, the disclosure features a poly peptide including a SIRPo D1
domain vanant having a sequence of!
EFEELQXGIQPDKSVLVAAGETATLRCTXOGTSLXPVGPIOWFRRGAGPGRXGLIYNQ XX,
GXGFPRYTTVSDXETKRNNMDEFSIRIGKOUTPADAGTY Y CXoKFRKGSPDDVEFKSGA
GTELSVRAKPS SEQID NG 49), wherem Xa s V, Lor L, Xois A LV, or L, X518 L F, S,
or T XeSE V. or L XeBKor R X s Eor @ Xo s H,PLor R Xsis L, T, S, or G, Xois
A and Xyo1s V or I; and wherein the variant comprises at least one amino actd substitution

refative to a wild-type SIRPa D1 domain having the sequence of SEQ ID NO: 1.

{6098} In some embodiments, the polypeptide comprises the sequence of SEQ ID NO:
49, wherein X118 V, L ot L. Inany of the aforementioned embodiments in this aspect of the
disclosure, Xz 1s A, L 'V, or L. In any of the aforementioned embodiments, X5is L F, S, ar T.
in any of the aforementioned embodiments, X4 1s E, V, or L. In anv of the aforementioned
embodiments, Xz is K or R. In any of the aforementioned embodiments, Xe is E or Q. In any
of the aforementioned embodiments, X7 is H, P, or R In any of the aforementioned
embodiments, Xzis L, T, S or G. In any of the aforementioned embodiments, Xy 1s A In any

of the aforementioned embodiments, Xweis V or L

{0699} In some embodiments, the polypeptide comprises a SIRPo D1 domain that
cornprises at least 85% sequence dentily {e.g , at least 6%, 87%, 88%, 9%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NO: 49,

wherein each of X1, Xo, X5, X4, X5, Ko, X7, Xs, Xo, and Xijo are not a wild-type amino acid.

jH100] In some embodiments, the poly peptide of this aspect of the disclosure includes no
maore than fen amino acid substitutions relative o the wild-type SIRPu 31 doman having the
sequence of any one of SEQ ID NO: 1. In some embodiments, the polvpeptide of this aspect
of the disclosure inclades no more than seven amino acid substitutions relative to the wild-

type SIRPu 131 domain haviog the sequence of any one of SEQ D NG: 1.

{3101} In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRPa D1 domain having the sequence of SEQ ID NO: 1.

In some embodiments, the polypepiide binds CD47 with at least 100-fold greater binding
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affinity than the wild-tvpe SIRPg Dt domain having the sequence of SEQ ID NO: 1. In some
embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affimty
than the wild-type SIRPa D1 domamn having the sequence of SEQ IDNG: 1. Insome
embodiments, a SIRPa D1 domain variant polypeptide or fragment thereof binds to CD47
with a Kp less than 1 x 108 M, less than 5 x 107 M, less than 1 x 107 M, less 5 x 107100, less
than 1 x 1079 M or less than 1 x 107" M. Tn some embodiments, a SIRPa D1 domain variant
polvpeptide or fragment thereof binds to (1347 with a Kp between about 500 nM and 100
nM, between about 100 nM and 50 nM, between about 30 nM and 10 nM, between about 10
oM and 5 oM, between about 5 uM and | oM, between abowt 1 nM and 500 pM, between
about 300 pM and 100 pM, between about 100 pM and 50 pM, or between aboui 50 pM and
10 pM.

{6182} in another aspect, the disclosure features a polypeptide including a SIRPo D1
domain varant having a sequence of!
FEELQXGUQPDKSVSVAAGESAILHCTXOTSLXGPVGPIOWFRFRGAGPARXGLIYNQ XX,
GXGFPRVTTVSEXSTRKRENMDFESISISXOITPADAGTY Y CXoKFRKGSPDTEFKSGAGTE
LSVRAKPS, (SEQID NGO 50}, wheren X s Vor L Xo s VorE2GisTor F, Xais Eor vV,
XsisKor R XeisEorQuXostsHor P Xzis SorT; Xows Nor A and Xie V oor l; and
wherein the vartant comprises af least one amino acid substifution relative to a wild-type

SIRPa D1 domain having the sequence of SEQ ID NO: 2.

{6183} in some embodiments, the polvpeptide comprises the sequence of SEQ ID NG:
50, wherein X118 V or L In any of the aforerventioned ernbodiments i thus aspect of the
disclosure, X215 V or L In any of the aforementioned embodiments, X3 is  or F. In any of the
aforementioned embodiments, Xu is E or V. In any of the aforementioned embodiments, Xs is
K or R In any of the aforementioned embodiments, Xsts E or Q. Tn any of the
aforementioned embodimnents, X7 is H or P. In any of the aforementioned embodiments, Xx 18
S or R. In any of the aforementioned embodiments, Xo 1s N or A. In any of the
aforementioned embodiments, Xwis Vor L

{6364} In some embodiments, the polypeptide comprises a SIRPo D domain that
comprises at least 83% sequence identily {e.g., at least §6%, 87%, B&%, §9%. 90%, 91%,
92%, 93%, 94%, 95%, 96%, 27%. 98%, 99%, or 100% sequence identity } o SEG 1D NO: 30,

wherein each of X1, X2, X3, X4, X5 X, X7, X3, Xo, and Xio i3 not a wild-tvpe amino acid.

[3108] In some embodiments, the polypeptide of this aspect of the disclosure inchudes no
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more than ten amino acid substitutions relative to the wild-type SIRPo D1 domain having the
sequence of SEQ TD NG: 2. In some embodiments, the polvpeptide of this aspect of the
disclosure inchudes no more than seven amino acid substitufions relative to the wild-type

SIRPo D1 domain having the sequence of SEQ ID NO: 2.

{0106} In some embodiments, the polvpeptide binds D47 with at least 10-fold greater
binding affinity than the wild-type SIRPu D1 domain having the sequence of SEQ 1D NO: 2,
In sowoe embodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRPg D1 domain having the sequence of SEQ 1D NO: 2. In some
embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinuty
than the wild-type SIRPa D1 domain having the sequence of SEQ IDNG: 2. In some
embodiments, a SIRPa D1 domain variant polypeptide or fragment thereof binds to CD47
with a Kp less than 1 x 105 M, less than 5 x 107 M, fess than 1 x 107 M, fess 5 x 107 M, less
than 1 < 109M or fess than | < 101 M. In some embodiments, a SIRPu D1 domain variant
polvpeptide or fragment thereof binds to CI347 with a Ko between about 500 nM and 100
nM, between about 100 nM and 50 nM, between about 50 nM and 10 nM, between about 10
oM and 5 nM, between about 5 oM and 1 oM, between about 1| nM and 500 pM, between
about 300 pM and 100 pM, between about 100 pM and 50 pM, or between aboul 30 pM and
10 pM.

{0107} In another aspect, the disclosure features a polypeptide including a SIRPa D1
domain variant having a sequence of

EEELOQXGIQPDKSVLVAAGETATLRCTXOTS L PVGPIOWFRGAGPGRIGLIYNQXSEG
XFPRVTTVSDXGTKRNNMDFSIRIGKITPADAGTY YCXoKFRKGSPDDVEFKSGAGT
ELSVRAKPS (SEQIDNO: 51, wherem XsisVorEXo s Aor L Xsisfor F, Xuis Eor v,
XsisKorR; Xeis HorP; Xris Lor T, XsisNor A; and Xois V or I; and wherein the variant
comprises at least one amino acid substitution relative to a wild-tvpe SIRPa D1 domain

having the sequence of SEQ ID NO: L.

{0188} In some embodiments, the polvpeptide comprises the sequence of SEQ ID NO:
51, wherein X1 13 V or L In any of the aforementioned embodiments i this aspect of the
disclosure, X215 A or L In any of the aforementioned embodiments, X3 is Tor F. In any of the
aforementioned embodiments, X4 is E or V. In any of the aforementioned embodiments, Xs is
K or R In any of the aforementioned embodiments, Xs is H or P. In any of the
aforementioned embodiments, X7is L or T. In any of the aforementioned embodiments, Xs 1s

Nor A In any of the aforementioned embodiments, Xs is V or I In some embodiments, X4 1s
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not V.

3109} In some embodiments, the polypeptide comprises the sequence of SEQ 1D NG:
31, wherein Xsis A, In any of the aforementioned embodiments in this aspect of the
disclosure, Xsis A and X is V or L In any of the aforementioned embodiments in this aspect
of the disclosure, Xs1is A and Xz 15 A or L In anv of the aforementioned embodiments, Xy is
Aand XsisTor F. In any of the aforementioned embodiments, Xsis Aand XsisEor V. In
some embodiments, Xa1s not V. In any of the aforersentioned embodirvents, Xs 15 A and Xs
is K or R In any of the aforementioned embodiments, Xs is A and Xsis H or P. In any of the
aforementioned embodiments, Xz is A and X7 is A or V. In any of the aforementioned

smbodiments, Xzis A and Xeis YV or L

{6118} In some embodiments, the polypeptide comprises the sequence of SEQ 1D NO:
51, wherein Xz is A. In any of the aforementioned embodiments in this aspect of the
disclosure, Xs1s A and X1 is 1. In any of the aforementioned embodiments in this aspect of
the disclosure, Xs1s A and X2 is L In anv of the alorerentioned emboditoents, Xs is A and
X318 F. In any of the aforementionad embodiments, Xsis A and Xa1s V. In any of the
aforementioned embodiments, Xz 13 A and Xs is R. In any of the aforementioned
embodiments, Xs is A and Xes 1s P. In any of the aforementioned embodiments, Xs is A and

X715 T. In any of the aforementioned embodiments, Xsis Aand Xsis b

{0111} In some embodiments, the polypeptide comprises a SIRPg D1 domain variant that
comprises at least 3% sequence identity {e.g., at least 86%, 87%, 88%, 89%, 90%, 1%,
2%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ D NO: 51,

wherein each of X 30, X3 Xy, Xs X, X7, Xz, and Xo 15 not a wild-type amino acid.

{0112} In some embodiments, the polypeptide of this aspect of the disclosure comprises
no more than ten amino acid substitutions relative to the wild-type SIRPa D1 domain having
the sequence of SEQ 1D NO: 1. In some embodiments, the polypeptide of this aspect of the
disclosure comprises no more than seven anuno acid substitutions relative to the wild-type

SIRPo D1 domain having the sequence of SEQID NG 1.

{6113} in some embodiments, the polvpeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRPua Dl domain having the sequence of SEQ D NO: 1.
In some embodiments, the polvpeptide binds CD47 with at feast 100-fold greater binding
affinity than the wild-tvpe SIRPg D1 domain having the sequence of SEQID NQOs: 1. In

some embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding
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affinity than the wild-tvpe SIRPg Dt domain having the sequence of SEQ ID NO: 1. In some
embodiments, a SIRPa D1 domain vanant polypeptide or fragment thereof binds to CD47
with a Kb less than ¥ x 108 M, less than 5 x 10° M, less than 1 x 107 M, less 5 x 1079M, less
than 1 x 1079 M or fess than 1 x 10" M. In some embodiments, a 8SIRPg¢ D1 domam variant
polvpeptide or fragment thereof binds to CD47 with a Ko between about 500 nM and 100
nM, between about 100 nM and 30 nM. between about 50 nM and 10 nM, between about 10
nM and 5 nM, between about S nM and 1 nM. between about 1 oM 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.

{8114} In another aspect, the disclosure features a polvpeptide including a STRPa D1
domain variant having a sequence of;
EEELOXJQPDKSVLVAAGETATLROTXOTSLXGPVGPIQWFRGAGPGRELIYNQXAEG
XsFPRVTTVSD2GTRKRNNMDEFSIRIGK/ATPADAGTYYCVRKFRKGSPDDVERFKSGAGTE
LSVRAKPS (SEQIDNG: 222y, wherem Xnis V. L or L X0 s A Lor L. Xsis LT, S, or B
XsisKor R, XsisHor P, Xeis L, T, or G X515 N or A; and wherein the varnant comprises at
feast one amino acid substitution relative to a wild-type SIRPa D1 domain having a sequence

according to SEQ [D NG 1.

{6115} In some ermbodiments, the polypeptide comprises the sequence of SEQ 1D NO:
222, wherein Xy 1s V, L, or L. In any of the aforementioned embodiments in this aspect of the
disclosure, X215 A, I, or L. In any of the aforementioned embodiments, X515, T, 5, or F. In
any of the aforementioved embodiments, X4 i3 K or R, In any of the aforementioned
embodiments, Xs is H or P. In any of the aforementioned embodiments, Xsis L, T, or G In

any of the aforementioned embodiments, X7 is N or A.

8116} In some embodiments, the polypeptide comprises the sequence of SEQ 1D NG:
222, wheretn X118 V or | Inany of the aforementioned embodiments in this aspect of the
disclosure, X2 1s A or L In any of the aforementioned embodiments, X3 is f or F. In any of the
aforementioned embodiments, X4 1s K or R. In any of the aforementioned embodiments, Xs is
HorP. In any of the aforementioned embodiments, Xsis L or T. In any of the

aforementioned embodiments, X7 i1s N or A

{6117} In some embodiments, the polypeptide comprises the sequence of SEQ 1D NO:
222, wherein X7 1s A. In any of the aforementioned embodiments in this aspect of the

disclosure, X7 is A and X1 is V or L In any of the aforementioned embodiments in this aspect
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of the disclosure, X718 A and X2 is A or I In any of the aforementioned embodiments, X7 is
Aand Xsis T or F. In any of the aforementioned embodiments, X7is Aand Xsis K or R In
any of the aforementioned embodiments, X715 A and Xsis Hor P. In any of the

aforementioned embodiments, X7is Aand XsisL or T.

{0118} In some embodiments, the polvpeptide comprises the sequence of SEQ ID NO:
22, wherein X7 13 A. Tn any of the aforementioned embodiments in this aspect of the
disclosure, X715 A and Xu 15 1. 1o any of the aforementioned embodiments in this aspect of
the disclosure, X71s A and Xz is 1 In any of the aforementioned embodiments, X715 A and
Xais F. In any of the aforementioned embodiments, X7 is A and Xais R In any of the
aforementioned erbodiments, X715 A and Xs 15 P. In any of the aforementioned

embodiments, X715 A and Xeis T,

{0119} In some embodiments, the polypeptide comprises a SIRPg D domain that
comprises at least 85% sequence wdentity {e.g., at least 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 93%, 96%, 97%. 98%, 99%, or 100% sequence identity) to SEQ ID NO:

222, wherein each of Xy, Xo, X5, X4, X5, Xo, and X7 is not a wild-type amino acid.

{3320} In some embodiments, the polypeptide of this aspect of the disclosure includes no
more than ten amino acid subsiitutions relative to the wild-type SIRPo D1 domain having the
sequence of SEQ D NO: 1. In some embodiments, the polvpeptide of this aspect of the
disclosure includes no more than seven amino acid substitutions relative to the wild-type

SIRPua D1 domain having the sequence of SEQ ID NO: 1.

{0121} In some embodiments, the polypeptide binds CD47 with at least 10-fold greater
binding affinity than the wild-type SIRPa D1 domain having the sequence of SEG D NO: L
in some embodiments, the polypeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRPg D domain having the sequence of SEQ 1D NO: 1. In some
embodiments, the polypeptide binds CD47 with at least 100(-fold greater binding affimity
than the wild-type 81IRPa D1 domain baving the sequence of SEQ ID NO: 1. In some
embodiments, fragments mclude polypeptides of less than 10 amino acids in length, about 10
amino actds in length, about 20 amino acids in length, about 30 amino acids in length, about
40 anuno acids in length, about 50 anino acids n length, about 60 aroino acids m length,
about 70 amino acids in length, about 80 amino acids in length, about 90 anmuno acids in
fength, about 100 amino acids in length, or more than about 100 amino acids in length.

Fragments retain the ability to bind to CD47. Preferably, SIRPa D1 domain vartant
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polypeptides and fragments thereof bind to CD47 with a higher affinity than a SIRPg
polypeptide binds to CD47. For example, in some embodiments, a SIRPa D1 domain variant
polypeptide or fragment thereof binds to CD47 with a Ko less than 1 x 10°M, less than 5 x
1690, fessthan 1 x 100, less 5x 1079M, lessthan 1 x 109 M orfess than 1 x 107 M. In
some embodiments, a SIRPg DM domain variant polypeptide or fragment thereof binds to
CD47 with a Ko between about 360 nM and 100 nM, between about 100 nM and 50 nM,
between about 50 nM and 10 nM, between about 10 nM and 3 nM, between about 5 nM and
1 nM, between about 1 M and 500 pM, between abowt 500 pM and 100 pM, between about
100 pM and 50 pM, or between about 50 pM and 10 pM.

{6122} In another aspect, the disclosure features a polvpeptide including a STRPa D1
domain variant having a sequence of;
EEELOXJQPDKSVSVAAGESAILHCTXOTSLXGPVGPIQWERRGAGPAREBLIYNGXGEGX
SFPRVTTVSEXCTKRENMDESISISXK/ATPADAGTYYCVRFRK GSPDTERKSGAGTELSY
RAKPS (SEQIDNO: 212y, wherem Xns V. Lor L Xo sV, L or L Xsis LT, S, or Fy Xuis
KorR; XsisH, P orR; Xeis 8, T, of G; X715 N or A; and wherein the vartant comprises at
feast one amino acid substitution relative {0 a wild-type STIRPa D1 domain having the

sequence of SEQ IDNO: 2.

{6123} In some ermbodiments, the polypeptide comprises the sequence of SEQ 1D NO:
212, wherein Xy 1s V, L, or L In any of the aforementioned embodiments in this aspect of the
disclosure, X215 V, I, or L. In any of the aforementioned embodiments, X515, T, 5, or F. In
any of the aforementioved embodiments, X4 i3 K or R, In any of the aforementioned
embodiments, Xs 15 H or P. In any of the aforementioned embodiments, X 15 §, T, or . Inn

any of the aforementioned embodiments, X7 is N or A

8124} In some embodiments, the polypeptide comprises the sequence of SEQ 1D NG:
212, wheretn X118 V or | In any of the aforementioned embodiments in this aspect of the
disclosure, X21s V or L In any of the aforementioned embodiments, X3 isf or F. In any of the
aforementioned embodiments, X4 1s K or R. In any of the aforementioned embodiments, Xs is
Hor P In any of the aforementioned embodiments, Xsis 8 ot T. In any of the

aforementioned embodiments, X7is N or A

{6125] In some embodiments, the polypeptide comprises the sequence of SEQ 1D NO:
212, wherein X7 1s A. In any of the aforementioned embodiments in this aspect of the

disclosure, X7 is A and X1 is V or L In any of the aforementioned embodiments in this aspect
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of the disclosure, X718 A and X2 is V or L. In any of the aforementioned embodiments, X7 is
Aand Xsis T or F. In any of the aforementioned embodiments, X7is Aand Xsis K or R In
any of the aforementioned embodiments, X715 A and Xsis Hor P. In any of the

aforementioned embodiments, X7is Aand Xsis Sor T,

{0126} In some embodiments, the polvpeptide comprises the sequence of SEQ ID NO:
212, wherein X7 is A. In any of the aforementioned embodiments in this aspect of the
disclosure, X715 A and Xu 15 1. 1o any of the aforementioned embodiments in this aspect of
the disclosure, X71s A and Xz is 1 In any of the aforementioned embodiments, X715 A and
Xais F. In any of the aforementioned embodiments, X7 is A and Xais R In any of the
aforementioned erbodiments, X715 A and Xs 15 P. In any of the aforementioned

embodiments, X715 A and Xeis T,

{6127} in some embodiments, the polvpeptide comprises a SIRPo D1 domain having at
least 85% sequence identity {e.g., at least 86%, 87%, 88%, 899, 30%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity ) to SEQ ID NO: 212, wherein each

of X1, X, X5, X4 Xs, Xe, and X7 1s not a wild-type anuno acid.

{3128} In some embodiments, the polypeptide of this aspect of the disclosure includes no
more than ten amino acid subsiitutions relative to the wild-type SIRPo D1 domain having the
sequence of SEQ 1D NO: 2. In some embodiments, the polvpeptide of this aspect of the
disclosure includes no more than seven amino acid substitutions relative to the wild-tvpe

SIRPua D1 domain having the sequence of SEQ ID NO: 2.

(0129} In some embodiments, the polypeptide binds CI1347 with at least 10-fold greater
binding affinity thao the wild-type SIRPa D1 domain having the sequence of SEQ ID NO: 2.
In some embodiments, the polvpeptide binds CD47 with at least 100-fold greater binding
affinity than the wild-type SIRPg Dl domain having the sequence of SEQ 1D NO: 2. In some
embodiments, the polypeptide binds CD47 with at least 1000-fold greater binding affinity
than the wild-type 81IRPo D1 domain baving the sequence of SEQ 1D NO: 2. In some
embodiments, fragments include polypeptides of less than 10 amino acids in length, about 10
amino acids in length, about 20 amine acids in length, about 30 amino acids in length, about
40 amuno acids in length, about 50 amino acids in length, about 50 aroino acids in fength,
about 70 amino acids in length, about 80 amino acids in length, about 90 anmuno acids in
fength, about 100 amino acids in length, or more than about 100 aming acids in length.

Fragments retain the ability to bind to CD47. Preferably, STRPa D1 domain variant
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polypeptides and fragments thereof bind to CD47 with a higher affinity than a SIRPg
polypeptide binds to CD47. For example, in some embodiments, a SIRPa D1 domain variant
polypeptide or fragroent thereof binds to CD47 with a Ko less than 1 x 105M, less than 5 x
1690, fessthan 1 x 100, less 5x 1079M, lessthan 1 x 109 M orfess than 1 x 107 M. In
some embodiments, a SIRPg DM domain variant polypeptide or fragment thereof binds to
CD47 with a Ko between about 360 nM and 100 nM, between about 100 nM and 50 nM,
between about 50 nM and 10 nM, between about 10 nM and 3 nM, between about 5 nM and
1 nM, between about 1 M and 500 pM, between abowt 500 pM and 100 pM, between about
100 pM and 50 pM, or between about 50 pM and 10 pM.

{6130} Described heren, in some embodiments, is a polypeptide comprising a STRPa D1
domain variant having a sequence according to:
EEELOXUJQPDKSVEVAAGETATLRCTX TS LGPV GPRIQWFRGAGPGRYNGLIYNQ XX,
GXGFPRVTTVSDX S TKRNNMDEFSIRIGX o X 10X 1 X pADAGTYYCX RFRKGSPDDVEFK
SGAGTELSVRAKPS (SEQIDNO: 218), wherem Xyis V, L, or E X0 AV, L, or 1 Xa 18
LS T orF,XeisE L orV: XsisKorR, XeisBEorQ; XvisH R or P, Xsis S, G L.or T
Xo i any amino acid: Xie is any amino acid; X1 is any amino acid; Xaz2 s any amunoe acd;
and Xu3 18 V or I; and wherein the SIRPu 131 domain variant comprises af least two amino
acid substitutions relative to a wild-type SIRPg¢ D1 domain having a sequence according to
SEQIDNO 1

{6131} In some embodiments, the polypeptide comprises the sequence of SEQ ID NG:
212, wherein X1, wherein Xo 15 A, Inany of the aforementioned embodiments 1o this aspect
of the disclosure, X9 1s N In any of the aforementioned embodiments in this aspect of the
disclosure X1 is I In any of the aforementioned embodiments in this aspect of the disclosure
Xois Nand X1¢ is P. In any of the aforementioned embodiments in this aspect of the
disclosure Xo 1s N and X11 15 any anuno acid other than S, T, or C. o any of the
aforementioned embodiments in this aspect of the disclosure X11 15 T. In any of the
aforementioned embodiments in this aspect of the disclosure X1 1s an amino acid other than
T. Inany of the aforementioned embodiments in this aspect of the disclosure X2 is P. In any
of the aforementioned embodiments in this aspect of the disclosure Xo is N and Xz is any

amino acid other than P.

{3132} Described herein, in some embodiments, 1s a polypeptide comprising a STRPa D1
domain variant having a sequence according to:

EEELOXGIQPDKSVLVAAGETATLRCTXOTSLXGPVGPIQWFRGAGPGRXLIYNG XX,
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GXGFPRVTTVSDX s TRRNNMDFRIRIGXGITX pADAGTYY CX i KFRKGSPDDVEFKSG
AGTELSVRAKPS (SEQ IDNOQ: 219), wheren Xais V. L, or L, Xos A V. L or E Xsis 1
S, T.orF, 24 isE, Lo V, XswisKor R XeisEor G Xois HU R or Py Xsis 8, G Lor T,
Xo1s N; X0 15 any amino acid other than P; and X is V or I; and wherein the SIRPa D1
domain variant comprises at least fwo amino acid substitutions relative {0 a wild-type SIRPq

D1 domain having a sequence according to SEQ D NO: 1.

16133} Tu another aspect of the disclosure, compositions are disclosed herein which
include a 81RPg D1 domain vartant polypeptide having the amino acid sequence of SEQ 1D
NG: 48, or a fragment thereof. In some embodiments, the SIRPa D1 domain variant
polypeptide or fragiment thereof binds to CD47 with a hagher affinity compared fo the affinuy
that a SIRPa polypepiide binds to the D47 In some embodiments, the SIRPa D1 domain
variant polypeptide binds to CD47 with a Kp less than 1 x 1080, or less than 1 x 10° M, less
than 1 < 109M or fess than 1 x 1077 M. In some embodiments, the above-mentioned SIRPa,
D1 domain vataot polvpeptides are attached or fused to a second polypeptide. In soroe
embodiments, the second polvpeptide includes, without limitation, an Fc polvpeptide, an Fe

variant or a fragment of the foregoing.

{3134] Without limiting the foregoing, in sorme embodiments, a SIRPa D1 domain
variant polypeptide is selected from any one of SEQ 1D NOs: 53-87 and 213 shown in Table

6.

Table 6. SIRPg Variani Polypepiides

SEQ ID NG: Amine Acid Sequence

EEELQUOPDKSVSVAAGESAILHCTITSLFPVGPIQWERGAGPARVLIYNQRO

53 GPFPRVTTVSETTRKRENMDESISISNITPADAGTYYCIKFRKGSPDTEFKSGAG
TELSVRAKPS
EEELQVIOQPDKSVSVAAGESAILHCTVTSLFPVGPIOWFRGAGPARELIYNQR

54 QGPFPRVTTVRESTKRENMDFESISISNITPADAGTY YCVKFRKGSPDTEFKSGA

GTELSVRAKPS

EEELQVIQPDISVIVAAGESAILHCTYTSLFPVGPIOWEFRGAGPARVLIYNQRG
55 GPFPRVTTVSETTKRENMDESISISNITPADAGTY YCIKFRKGSPDTEFKSGAG
TELSVRAKPS

EEELOHOPDKSVSVAAGESAILHCTVTSLFPVGPIQWFRGAGPARVLIYNQRO
56 GPFPRVTTVSETTKRENMDFSISISNITPADAGTY YCIKFRKGSPDTEFKSGAG
TELSVRAKPS

I
vy
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o
¢

EEELQHOPDKSVSVAAGESAILHCTITSLIPVGPIOWERGAGPARVLIYNQROG
PEPRVTTVSETTKRENMDFESISISNITPADAGTYYCIKFREKGSPDTEFKSGAGT
ELSVRAKPS

58

EEELQUQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARELIYNQRQ
GPFPRVTTVSETTKRENMDESISISNITPADAGTYYCIKFRKGSPDTEFKSGAG
TELSVRAKPS

59

EEELOQHOPDKSVSVAAGESAILHCTITSLFPYGPIOWEFRGAGPARVLIYNQKQ
GPFPRVTTVSETTRKRENMDESISISNITPADAGTYYCIKFRKGSPDBTEFKSGAG
TELSVRAKPS

60

EEELOUOPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQRE
GPFPRVTTVSETTKRENMDESISISNITPADAGTYYCIKFRKGSPBTEFKSGAG
TELSVRAKPS

6l

EEELQUOPDKSVSVAAGESAILHCTITSLFPVGPIQWERGAGPARVLIYNQRO
GHFPRVTTVSETTERENMDFSISISNITPADAGTYYCIKFRKGSPDTEFKSGAG
TELSVRAKPS

62

EEELOHOPDKSVSVAAGESAILHCTITSLFPVGPIOWFRGAGPARVLIYNORQ
GPFPRVTTVSESTKRENMDESISISNITPADAGTY YCIKFREGSPDTEFKSGAG
TELSVRAKPS

63

EEELQUOPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARVLIYNQRO
GPFPRVTTVSETTKRENMDESISISNITPADAGTYYCVEKFRKGSPDTEFKSGAG
TELSVRAKPS

64

EEELOVIOPDKSVSVAAGESAILHCTVTSLIPYVGPIQWEFRGAGPARELIYNQRE
GPFPRVTTVSESTKRENMDFESISISNITPADAGTYYCVEKFRIGSPDTEFKSGAG
TELSVRAKPS

EEELQVIQPDKSVSVAAGESAILHCTVTSLFPVGPIOWEFRGAGPARELIYNQR
EGPFPRVTTVSESTKRENMDESISISNITPADAGTYYCVKFRKGSPDTEFKSGA
GTELSVRAKPS

66

EEELOQVIQPDKSVSVAAGESAILHCTITSLFPVGPIQWEFRGAGPARELIYNGRE
GPFPRVTTVSESTKRENMDFESISISNITPADAGTYYCVKFRIKGSPDTEFKSGAG
TELSVRAKPES

67

EEELQVIQPDKSVSVAAGESAILHCTITSLFPVGPIQWFRGAGPARELIYNQRE
GPFPRVTTIVSETTKRENMDESISISNITPARAGTYYCVKFRKGSPDTEFKSGAG
TELSVRAKPS

68

EEELQUOPDKSVSVAAGESAILHCTITSLFPVOPIQWERGAGPARELIYNQREG
PFPRVTTVSESTKRENMDFSISISNITPADAGTY YOVKFRKGSPDTEFKSGAGT
ELSVRAKPS

69

EEELQVIOPDKSVSVAAGESAILHCTITSLIPVGPIQWFRGAGPARELIYNQRE
GPFPRVTTVSESTKRENMDFESISISNITPADAGTYYCVKFREGSPDTEFKSGAG
TELSVRAKPS
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70

EEELOQHOPDKSVSVAAGESAILHCTITSLFPYGPIQWEFRGAGPARELIYNGQREG
PEPRVTTVSETTKRENMDFESISISNITPADAGTYYCYKFRKGSPDTEFKSGAGT
ELSVRAKPS

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYNQR
QGPFPRYTTVSDLTKRNNMDFSIRIGNITPADAGTY YCVKFRKGSPDDVEFKS
GAGTELSVRAKPS

EEELQUOPDKSVLVAAGETATLRCTITSLFPVOPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVEFRKGSPDDVEFKSG
AGTELSVRAKPS

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRCGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPBDVEFKSG
AGTELSVRAKPS

74

EEELQUOPDKSVLVAAGETATLRCTITSLFPVOPIQWEFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCVEFRKGSPDDVEFKSG
AGTELSVRAKPS

-3
j2

EEELOVIQPDKSVLVAAGETATLRCTITSLFPYGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPS

76

EEELOQVIQPDRSVLVAAGETATLRCTATSLFPVGPIOWEFRGAGPGRELIYNQR
EGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTY YCVKEFRKGSPDDVEFRKS
GAGTELSVRAKPS

EEELCHOPDKSVIVAAGETATLRCTITSLFPYVGPIOWEFRGAGPGRVLIYNQRG
GPFPRVTTVSDTTEKRNNMDFESIRIGNITPADAGTYYCIK FREGSPDDVEFKSG
AGTELSVRAKPS

EEELQUOPDKSVLVAAGETATLROTITSLFPVGPIQWFRGAGPGRVELIYNQRQ
GPFPRVTTVSDTTKRNNMDESIRIGAITPADAGTY Y CIKFRKGSPDDVEFKSG
AGTELSVRAKPS

79

FEEELOQVIQPDKSVLVAAGETATLRCTATSLFPVGRIQWFRGAGPGRELIYNQR
QGPFPRVTTVSDLTEKRNNMBFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKS
GAGTELSVRAKPS

80

EEELQHOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTY YCIKFRKGSPDDVEFKSG
AGTELSVRAKPS

81

EEELOQVIQPDESVLVAAGETATLRCTATSLFPVGPIQWIRGAGPGRELIYNOR
EGPFPRVTTVSDLTERNNMDFSIRIGATTPADAGTY YCVKFRKGSPDDVEFKS
GAGTELSVRAKPS

EEELQVIOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTY YCVKFRKGSPDDVEFKSG
AGTELSVRAKPS
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EEELCHOPDKSYVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVEKFRKGSPDDVEFKSG
AGTELSVRAKPS

84

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPS

EEELQUOPDKSVLVAAGETATLRCTITSLFPVOPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEFRKGSPDDVEFKSG
AGTELSVRAKPS

86

EEELOHOPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVEIYNQRG
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTY YCIKFRKGSPDDVEFKSG
AGTELSVRAKPS

EEELOVIQPDISVLVAAGETATLRCTATSLIPYVGPIQWEFRGAGPGRELIYNQK
EGHFPRVTTVSDLTERNNMDFSIRIGNITPADAGTY YCVEFREGSPDDVEFKS
GAGTELSVRAKPS

195

EEELOHOPDKSVLVAAGETATLRCTMTSLFPVGPIOWFRGAGPGRELIYNQR
EGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKS
GAGTELSVRAKPS

196

EEELQUOPDKSVLVAAGETATLRCTITSLKPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPS

197

EEELCHOPDKSVIVAAGETATLRCTITSLRPVGPIQWEFRGAGPGRELIYNQRE
GPFPRVTTVSDTTEKRNNMDFESIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPS

EEELQUOPDKSVLVAAGETATLRCTITSLYPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTY Y CVKFRKGSPDDVEFKSG
AGTELSVRAKPS

199

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRD
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEKFRKGSPDDVEFKSG
AGTELSVRAKPS

200

EEELQHOQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTIVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVEFKSG
AGTELSVRAKPS

201

EEELQUOPDKSVLVAAGETATLRCTITSLFPVOPIQWEFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEFRKGMPDDVEFRKS
GAGTELSVRAKPS

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIOQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTY YCVKFRKGSPDVEFKSGA
GTELSVRAKPS

48
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203

EEELCHOPDKSYVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEKFRKGSSEPDVEFKS
GAGTELSVRAKPS

204

EEELQUQPDKSVLVAAGETATLRCTITSLRPVGPIQWEFRGAGPGRELIYNQRD
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPS

205

EEELOQUOPDKSVLVAAGETATLRCTITSLRPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEFRKGIPDDVEFKSG
AGTELSVRAKPS

EEELOHOPDKSVLVAAGETATLRCTITSLRPVGPIQWFRGAGPGRELIYNQRD
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKEFRKGIPDDVEFKSG
AGTELSVRAKPS

207

EEELQUOPDKSVLVAAGETATLRCTITSLYPVGPIQWFRGAGPGRELIYNQRD
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEFRKGSPDDVEFKSG
AGTELSVRAKPS

EEELOHOPDKSVLVAAGETATLRCTITSLYPVGPIOWFRGAGPORELIYNORE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVEFKSG
AGTELSVRAKPS

209

EEELQUOPDKSVLVAAGETATLRCTITSLYPVGPIQWFRGAGPGRELIYNQRD
GPFPRVTTVSDTTKRNMNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVEFKSG
AGTELSVRAKPS

216

EEELCHOPDKSVIVAAGETATLRCTITSLFPVGPIOWFRGAGPGRELIYNQRD
GPFPRVTTVSDTTEKRNNMDFSIRIGAITPADAGTYYCVKFRKGIPDDVEFKSG
AGTELSVRAKPS

b2
[y
a3

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIOWEFRGAGPGRELIYNGR
QGPFPRVTTVSDLTKRNNMDFSIRIGNITVADAGTYYCVKFRKGSPDDVEFKS
GAGTELSVRAKPS

[3135] In some embodiments, the polypeptide comprises a SIRPo D1 domain variant that
has at least 85% sequence identity {e.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%,
3%, 94%. 95%, 96%, 97%, 98%, 99%, or 100% sequence identity } to any variant provided
in Table 6.

(6336} In some embodiments, the polypeptide comprises a SIRPo D domain that has at
least 853% sequence wendity {e.g., at least 86%, 87%, 88%, §9%, 90%, 1%, 92%, 93%, 94%,
95%, 96%, 97%. 98%, 99%, or 100% sequence identity} to SEQ 1D NOs: 80,81, or 83 in

Table 6.
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Fe Domain Variants and Fusion Polypeptides Comprising Same

{8137} Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein o (SIRP-w) D31 variant coroprising a SIRPa D dorsain, or a fragment
thereot, having an amino acid mutation at residue 80 relative to a wild-type SIRPg D1
domain {e.g., a wild-tvpe SIRPo D1 domain set forth in SEQ ID NO: 1 or 2); and at least one
additional amino acid mutation relative to a wild-type SIRPa D1 domain {e.g., a wild-type
SIRPo D1 domain set forth m SEQ ID NO: 1 or 2) at a residue selected from the group
consisting of: residue 6, residue 27, residue 31, residue 47, residue 53, residue 54, residue

36, residue 66, and residue 92.

[#13§] Also disclosed herein, in some embodiments, are Fe domain variant dimers,
wherein the Fe domain vanant dimer coroprises two Fe domain vanants, wherein each Fe
domain varnant independently is selected from (1) a human [gG1 Fe region consisting of
mutations L234A, L235A, G237 A, and N297A; (11) a human [gG2 Fe region consisting of
mutations A3308, P3318 and N297A; or (111} a human 1gG4 Fe region comprising routations

S228P, E233P, F234V_ L2354, delG236, and N297A.

3139} Antibodies that target cell surface antigens can trigger immumostinnlatory and
effector functions that are associated with Fo receplor (FeR) engagement on immune cells.
There are a number of Fc receptors that are specific for particular classes of antibodies,
including IpG {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
biotogical responses including phagocytosis of antibody-~coated particles {(antibody-dependent
cell-mediated phagocytosis, or ADCP), clearance of immune complexes, lvsis of antibody~
coated cells by killer cells (antibody-dependent cell-mediated cyvtotoxicity, or ADCC) and,
release of inflammatory mediators, placental transfer, and control of immunoglobulin
production. Additionally, binding of the C1 conponent of complersent 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 stinmilate the
inflammatory response and can also be mvolved in autoimmune hypersensitivity or other
irmunotogical disorders. Variant Fe regions with reduced or ablated ability to bind certain
Fc receptors are useful for developing therapeutic antibodies and Fe-fusion polypeptide
constructs which act by targeting, activating, or neuiralizing ligand functions while not

damaging or destroying local cells or tissues.
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{3140 In some embodiments, a SIRPa D1 polypeptide construct comprises a non-
naturally occurring SIRPa D1 domain variant linked to an Fo domain variant which forms an

Fe¢ domain having ablated or reduced effector function

(0141} In some embodiments, a Fc domain variant refers to a polypeptide chain that
includes second and third antibody constant domains {e.g., CH2 and CH3). In some
embodiments, an Fc domain variant also inchudes a hinge domain. In some embodiments, the
Fe domamn variant 15 of anv ironumnoglobulin antibody isotype, including IgG, IgE, lgM, IgA,
and Igh. Additionally, in some embodiments, an Fc domain variant is of any IgG subtype
{e.g., 1gG1, 12G2, 1224, Tg(G2b, 1gG2¢, 1g(3, and Ig(G4). In some embodiments, an Fc
domain variant comprises as many as ten amino acid modifications {e. 2., insertions, deletions
and/or substitutions) relative to a wild-type Fc domain monomer sequence {e.g., 1-10, 1-8, 1-
6, 1-4 amino acid substitutions, additions or insertions, deletions, or combinations thereof}

that alter the interaction between an Fe domain and an Fo recepior.

16142} As used herein, the term “F¢ domain dimer” refers 1o a dimoer of two Fc domains.
In a wild-type Fc domain dimer, two wild-type Fc domains dimerism 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 Fe domains.

0143} As used herein, the term “Fo domain dimer vanand” comprises at least one Fe
domain variant. In some embodiments, an Fc domain dimer variant comprises Fc domain
variants that are mutated to fack effector fimctions, for example a “dead Fc domain dimer
variant.” In some embodiments, each of the Fc¢ domains in an Fe domain dimer variant
includes amino acid substitutions i the CH2 antibody constant domain to reduce the
interaction or binding between the Fc domain dimer variant and an Fe receptor, such as an

Fey receptor (FoyR), an Fea receptor (FeaR), or an Feg (FeeR).

(144} In some embodiments, a SIRPa B domain variant {e.g., any of the variants
described n Tables 2, 8, and 6) is fused to an Fe domain vanant of an immunoglobulin or a
fragment of an Fo domain variani. In some embodiments, an Fc domain variant of an
immunoglobulin or a fragment of an Fo domain variant is capable of forming an Fo domain
direr with another F¢ domaim variant. In some embodiments, an F¢ domain variant of an
immunoglobulin or a fragment of an Fc domain variant is not capable of forming an Fc
domain dimer with another Fc domain variant. In some embodiments, an F¢ domain variant

or a fragment of an Fo domain variant is fused to a polvpeptide of the disclosure to increase
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serum half-life of the polypeptide. In some embodiments, an Fc domain variant or a {ragment
of an Fc domain variant fused to a polypeptide of the disclosure dimernizes with a second Fe
domain variant to form an Fe dorain dimer varnant which binds an Fe recepior, or
alternatively, an Fc domain variant binds to an Fc receptor. In some embodiments, an Fo
domain variant or a fragment of the Fc domain variant fused to a polypeptide o increase

serum half-life of the polypeptide does not induce any immune system-related response.

{0145] Tn some embodiments, a SIRPa polypeptide or construct provided heren includes
a SIRPg D domain or variant thereof joined to a first Fc domain variant and an antibody
variable domain joined o a second Fe domain variant, in which the first and second Fe
domain variants combine to form an Fo domaim dimer vanant {e.g2., a heterodimeric Fe
domain dimer variant). An Fc domain dimer is the protein structure that is found at the C-
terminus of an immunoglobulin. An Fe domain dimer includes two Fe domains that are
dimerized by the interaction between the CH3 antibody constant domains, A wild-type Fe
domain dimer forms the nunimum structure that binds 1o an Fe receplor, e g, FoyRI, FeyRlifa,

FoyRIIb, FoyRilla, FoyRIb. and FoyRIV.

(546} The Fc domain dimer is not involved directly in binding an antibody to 11 target,
but can be mvolved in various effector functions, such as participation of the antibody in
antibody-~dependent cellular toxicity. Tu some embodiments, the Fe domain in a SIRPa
polvpeptide or construct of the disclosure comprises amino acid substitutions, additions or
insertions, deletions, or any combinations thereof that lead to decreased effector function
such as decreased antibody-~-dependent cell-mediated cvtotoxicity (ADCC), decreased
complement-dependent cyvtolysis (CDC), decreased antibody-dependent cell-mediated
phagocvtosis (ADCP), or any combinations thereof. In some embodiments, the SIRPa
polypeptides or consiructs of the disclosure are characterized by decreased binding {e.g.,
minimal binding or absence of hinding) to a human Fc receptor and decreased binding (e g,
mirimal binding or absence of binding) to complement protein Clq. In some embodiments,
the SIRPo constructs of the disclosure are characierized by decreased binding {e.g., minimal
binding or absence of binding) to human FoyRI, FeyRITA, FoyRIB, FoyRIIB, or anv
combinations thereof, and Clq. To alter or reduce an antibody-dependent effector function,
such as ADCC, CBC, ADCP, or any combinations thereof, in some embodiments, the Fc
domains in SIRPa construets of the discloswre are of the Ig(G class and comprise one or more
amino acid substitutions at E233, 1234, 1.235, G236, G237, D263, D270, N297, E318, K320,
K322, A327, A330, P331, or P329 (numbering according to the EU index of Kabhat

¥4
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(Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National

Institutes of Health, Bethesda, MD. (1991))).

{3147} In some embodiments, polvpeptide constructs comprising a non~native F¢ region
described herein exhibit reduced or ablated binding to at least one of Foy receptors CD16a,
{D32a, CD32b, CD¥3 ¢, and CD64 as compared to a polypeptide construct comprising a
native Fe region. In some cases, the poly peptide constracts described herein exhubit reduced

or ablated binding to CD16a, CD32a, CD32b, CD32¢, and CD64 Feoy receptors.

{6148} D refers to a form of cytotoxicily in which the complement cascade is
activated by the complement component Clq binding to antibody Fc domains. In some
embodiments, polvpeptide constructs comprising a non-native Fe region described herein
exhibit at least a 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater
reduction in Clg binding compared 1o a polvpeptide construct comprising a wild-tvpe Fe
region, In somwe cases, poly peptide constructs comprising a non-native Fe region as described
herein exhubit reduced CDC as compared to a polypeptide consiruct comprising a wild-type
Fe region. In some embodiments, polypeptide constructs comprising a non-native Fe region
as described herein exhibit at feast a 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 7T0%, 80%,
0% or greater reduction in CDC compared {0 a polypephide construct comprising a wild-
tvpe Fc region. In some cases, polypeptide constructs comprising a non-natural Fc domamn
variants or Fc domain dimer varnants as described herein exhibit negligible CDC as compared

10 a polypeptide construct comprising a wild-type Fc region.

{0349} In some embodiments, the F¢ domain variants or Fo domain dimer variants
described herein are manivoally glycosylated or have reduced glycosyvlation 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 s accomphished by disrupting the rootif N-Xaal-Xaa2-Xaa3, wherein N =
asparagine; Xaal = anv anuno acid except P {proline); Xaa2 =T (threonne), 8 {serine) or
{cvsteine); and Xaa3 = anv 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

deglvcosylation of the Fc domain variant or Fe domain dimer variant,

50 In some embodiments, variants of antibody 1g( constant regions {e.g., Fc domain

vartants or Fo domain dimer variants) possess a reduced capacity to specifically bind Fey
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recepiors or have a reduced capacity to induce phagocytosis. In some embodiments, varianis
of antibody I2G constant regions {e.g., Fc domain vanants or Fc domain dimer varianis}
possess a reduced capacity fo specifically bind Foy receptors and have a reduced capacity 1o
induce phagocytosis. For example, in some embodiments, an Fe domain variant s mutated to
tack effecior functions, typical of a “dead” Fc domain variant. For example, in some

ernbodiments, an Fe domain vanant includes specific amino acid substitutions that are known

to nunimize the interaction between the Fe domain dimer and an Fey receptor. In some
embodiments, an Fe domain variant is from an {gG1 antibody and includes one or more of
amino acid substitutions L2344, L2354, G237 A, and N297 A (as designated according 1o the
EU nurobering svsiem per Kabat et al., 1991}, In soroe embodiments, one or more additional
mutations are included in such 1gG1 Fc domain vartant. Non-limiting examples of such
additional mutations for humen IgG1 Fe domain vartanis include E318A and K322A In
some instances, a human lgG1 Fe domain vanant has up to 12, 11, 10, 9,8, 7,6, Sord or
fewer mutations in total as compared to wild-type human IgGl sequence. In some
embodimentis, one or more additional deletions are included in such IgG1 Fe domain variant.
For example, in some embodiments, the C-terninal bysing of the Fe domain IgG1 heavy
cham constant region provided m SEQ 1D NO: 88 1n Table 715 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 Ig(G] Fc domain variant has up to 12, 11, 10, 9,
8,7, 6, S or 4 or fewer deletions in total as compared to wild-ty pe human IgG1 sequence {see,
e.g., SEQ ID NQO: 161 below).  In some embodiments, a {g(G1 Fc domain variant has a

sequence according to any one of SEQ ID NG: 135, SEQ D NG: 136 or SEQ ID NG 137.
SEQID NG: 161:

DKTHTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTOVVVDVSHEDPEVEKFNWY
VDOGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGKEYKCKVSNKALPAPIE
KTISKAKGOPREPOVYTLPPSREEMTEKNQVSLTCLVEKGEFYPSDIAVEWESNGQPENN
YRTTPPVLDSDGSFFLYSKLTVDKSRWOOQONVESCSVMHEALHNHY TQKSLALSPG

{8151} In some embodiments, an Fo domain variant 1s from an 12G2 or [gG4 antibody
and includes armino acid substiiutions A3308, P3318, or both A3308 and P331S. The
aforementioned amino acid positions are defined according to Kabat, et al. (1991). The Kabat
numbering of amino acid residues can be delermined 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 Fo domain variant comprises a human 1g(G2 Fc domam
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sequence comprising one or more of A3308, P331S and N297 A amino acid substitutions {as
designated according 1o the EU numbering system per Kabai, et al. (1991). In some
embodiments, one or more additional mutations are included m such IgG2 Fe domamn
variants. Non-limiting examples of such additional mutations for human 1gG2 Fe domain
variant include V234 A, G237A, P238S, V309L and H268A (as designated according to the
EU numbering system per Kabat et al. (1991)). In some instances, a human 1gG2 Fe domain
vartant has up to 12, 11, 10,9, 8, 7, 6, 5, 4, 3 or fewer mutations in total as compared to wild-
type human 1gG2 sequence. In some embodiments, one or more additional deletions are
ncluded in such [gG2 Fe domain variant. For example, in some embodiments, the C-terminal
tysine of the Fc domain 1g(G2 heavy chain constant region provided in SEQ ID NO: 8% in
Table 71s deleted, for example to increase the homogeneity of the polypeptide when the
polvpeptide is produced in bacterial or mammalian cells. In some instances, a human [gG2 Fe
domain vartant has up to 12, 11, 10, 9, 8,7, 6, 5 or 4 or fewer deletions 1n total as compared

to wild-type human 1g(32 sequence (see, e.g, SEQ ID NO: 162 below),
SEQ ID NO: 162:

ERKCOVECPPCPAPPVAGPSVELEFPPRPRKDTLMISRTPEVTCVVVDVSHEDPEVQOFNW
YVDOGVEVHNAKTKPREEQFNSTFRVVSVLTVVHODWLNGREYRKCKVSNKGLPAPIE
KTISKTRKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YETTPPMLDSDGSFFLYSKLTVDKSRWOQOGNVESCSVMHEALHNHY TQKSLSLSPG

{6152} When the Fc domain variant is an Ig(G4 Fc domain variant, in some embodiments,
such Fe domain variant comprises a 8228P mudation {as designated according to Kabal, et al.
(1991)). In some instances, a human [gG4 Fe domain variant has up to 12, 11,106, 9,8, 7, 6,
5,4, 3, 2 or 1 mutation{s) in total as compared to wild-type human IgG4 sequence. In some
embodiments, the Fc domaim vanant comprises 2 human [gG4 Fe sequence comprising oneg or
more of SZ2EP, E233P, F234V, L235A, and del(G236 amino acid substitutions (as designated
according to the EU numbering system per Kabat, et al. (1991). In some embodiments, the
Fe domain vartant comprises a human Ig(G4 Fe sequence comprising one or more of S2Z28P,
E233P, F234V, L2354, delG236, and N297 A amuno acid substitutions {as designated

according to the EU nurobering system per Kabat, et al. (1991).

{6153 In some embodiments. the Fc domain variant includes at least one of the
mutations L2344, L235A, G237A or N297A of an 1gG1 Fe region or at least one of the

mutations A3308, P331S or N297A of an IgG2 Fe region. In some embodiments, the F¢

(4
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domain variant includes at least two of the nmtations L234A, L235A, G237A or N297A of an
1gG1 Fe region or at least two of the mutations A3308, P3318 or N297A of an [2G2 F¢
region. In some embodiments, the Fe domain variant includes at least three of the mutations
1.234A L235A, G237A or N297A of an 1gGl Fe region or consists of the nwtations A3308,
P331S and N297A of an Ig(32 Fc region. In some embodiments, the Fc domain variant

consists of the mutations L234A, L.235A, G237A and N297A.

{6154] In some embodiments, the F¢ domain variant exhibits reduced binding to an Fe
recepior of the subject compared to the wild-type human Ig( Fc region. In some
embodiments, the Fc domain vaniant exhubits ablated binding to an Fe receplor of the subject
compared to the wild-type human IgG Fc region. In some embodiments, the F¢ domain
variant exhubits a reduction of phagocytosis compared to the wild-type human IgG Fe region.
In some embodiments, the Fc domain variant exhibits ablated phagocytosis compared to the

wild-ty pe human IgG Fe region.

[B1585] SEQ ID NO: 88 and SEQ ID NO: 89 provide amuno acid sequences of Fe dorain
1gG1 and 1g(G2 heavy chain constant regions. In some embodiments, an Fc domain variant is

any variant of SEQ ID NOs: 90-93 as shown in Table 7.

Table 7. Amine Acid Sequences of Fo Domain Varianis

SEQ ID NG: AMING ACID SEQUENCE

EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSH
EDPEVKFNWYVDGOGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGK
88 EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLY
KGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDESRWQQG
NVFSCSVMHEALHNHYTOKSLSLSPGK

STKGPSVFPLAPCSRETSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFE?P
AVLOQSSGLYSLASVVTVPSSSLOTOTYTONVDHKPSNTKVDKTVERKCCVE
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOFNWY

89

VDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHODWILNGKEYKCEVSNKGL
PAPIEKTISKTKGOQPREPQVYTLPPSREEMTKMNOQVSLTCLVEGFYPSDIAVEW
ESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDESRWQQUGNVESCSVMHEAL
HMNHYTOKSLSLSPGK

a0

DETHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKEINWYVDGVEVHNAKTRKPREEQYASTYRVVSVLTVLHODWLNGEEYKC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNOQVSLTCLVEGEY
PSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQQONVES
COSVMHEALHNHYTQKSLSLSPGK

91

DKTHTCPPCPAPEAAGAPSVFLFPPRKPKDTUMISRIPEVTICVVVDVSHEDPE
VEFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHODWLNGKEYKC

36
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KVSNKALPAPIEKTISKAKGOPREPOVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVES
CSVMHEALHNHYTQKSLSLSPG

VECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVEVYSHEDPEVOFN
WYVDGVEVHNAKTKPREEGQGFASTFRVVSVLTVVHODWLNGKEYKCK VSN
KGLPSSIEKTISKTKGOPREPOQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWOQOQGNVESCSVM
HEALHNHYTOKSLSLSPGK

93

VECPPCPAPPVAGPSVFLFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVQFN

WYVDOVEVHNAKTKPREEQFASTFRVVSVLTVVHQDWLNGEKEYKCKVSN
KGLPSSIEKTISKTEGOPREPOQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGOQPENNYKTTPPMLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPG

94

ERKSSVECPPCPAPPVAGPSVIFLFPPRPKDTLMISRTPEVTCVVVDVSHEDPE
VOFNWYVDGVEVHNAKTEPREEQFASTIRVVSVLTVVHODWLNGKEYKC
KVSNKGLPSSIEKTISKTKGOPREPOQVY TLPPSREEMTENQVSLTCLVKGEFY?P
SDIAVEWESNGQPENNYKTTPPMLESDGSFFLYSKLTVDKSRWQOQGNVESC
SVMHEALHNHYTQKSLSLSPGK

ERKSSVECPPCPAPPVAGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHGDWLENGKEYEC
KVSNEGLPSSIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYP
SDIAVEWESNGOPENNYKTTPPMLDSDGSFFLY SKETVDKSRWOQQGNVEFSC
SYVMHEALHNHYTQKSLSLSPG

10156

Antibody-dependent cell-roediated cvtotoxicity, which is also referred to herein as

ADCC, refers to a form of cvtotoxicity in which secreted Ig bound onto Fc receptors (FeRs)

present on certain cytotoxic cells {e.g., Natural Killer (NK) cells and neutrophils) enabling

these cvtolosic effecior 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 o a form of cytotoxicity in which secrated Ig bound

onto Fe receptors (FcRs) present on certain phagoeytic cells (e g, macrophages) enabling

these phagooytic effector cells 1o 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 cvtotoxic or phagocytic cells and can

be used for such killing. Tn some embodiments, poly peptide constructs comprising an Fe

domam variant or Fe domain dimer variant as described herein exhibit reduced ADCC or

ADCP as compared to a polypeptide construct comprising a wild-type Fe region. In some

embodiments, polypeptide constructs comprising an Fe domam variant or Fe domain dimer

vartant as described herein exhibit at least a 3%, 10%, 13%, 209, 30%, 40%, 30%, 60%,

(¥4}
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749, 80%, 90% or greater reduction in ADCC or ADCP compared to a polypeptide constract
comprising a wild-type Fc region. In some embodiments, polypeptide constructs comprising
an Fe domain vanand or Fe domain dimer variant as described herein exhubit ablated ADCC

or ADCP as compared to a polypeptide construct comprising a wild-type Fe region.

{0157} Complementi-directed cytotoxicity, which is also referred to herein as DU, refers
io a form of cytotoxicity in which the complement cascade is activaied by the complement
cornponent Clg binding to antibody Fe doroains. To some embodiments, polypeptide
constructs comprising an F¢ domain variant or Fc domain dimer variant as described herein
exhibii af least a 5%, 10%, 15%, 20%, 30%, 40%, S0%, 60%, 70%, 80%, 90% or greater
eduction in Clg binding compared to a polypeptide coustruct comprising a wild-type Fc
region. In some cases, polvpeptide constructs comprising an Fo domain varnant or Fe domain
dimer variant as described herein exhibit reduced CDC as compared to a polypeptide
construct comprising a wild-type Fe region. In some embodiments, polvpeptide consiracts
cornprising an Fe domain variant or Fe domain diroer variant as described berein 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 Fe region. In some cases,
polvpeptide constructs coroprising an Fc domamn variant ot Fo domain diroer variant as
described herein exhibit negligible CDC as compared to a polypeptide construct comprising a

wild-type Fe region.

{6158} Fe domain variants or Fc¢ domain dimer variants hergin include those that exhibit
reduced binding to an Fey receptor comapared to the wild-type human 1gG Fe region. For
example, in some embodiments, an Fe domain variant or Fc domain dimer variant exhibits
binding to an Fey receptor that is less than the binding exhibited by a wild-type human IgG
Fe region to an Foy receplor, as described in the Examples. In some instances, an Fe domain
variant or Fe domain divoer variant has reduced binding to an Fey receptor by a factor of
10%, 20% 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 28%, 99% or 100%
{fully ablated effector funciion}. In some embodiments, the reduced binding is for any one or

more Foy receptor, e g, CD16a, CD32a CD32b, CD32¢, or CHO4.

6159} o some mstances, the Fe domain varnants or Fo domain dimer variants disclosed
herein exhibit a reduction of phagocvtosis compared to its wild-tvpe human IgG Fc region.
Such Fe domain varnianis or Fe domain dimer variants exhibit a reduction in phagocytosis
compared to its wild-type human IgG Fe region, wherein the reduction of phagocytosis

activity 1s e.g., by a factor of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%. 90%, 95%, 96%,
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97%, 98%, 99% or 100%. In some instances, an Fc domain variant or Fc domain dimer

variant exhibits ablated phagocytosis compared to its wild-ty pe human IgG Fe region.

{3168} In some embodiments, the Fo dorain vanants or Fe domain dimer vananis
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, pusification, screening, display, and the like. In some embodiments, the
fusion partner also affects the degree of binding to Fe receptors or the degree of phagocytosis
reduction. As described herein, in some embodiments, when an Fe domain variant or Fe
domain dimer variant is coupled to a fusion partner, it forms a polvpeptide construct as

described below.

{8161} In some embodiments, fusion partners are linked to the Fc domawn variant or Fe
domain dimer 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 S 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 emploved.

{8162} In some embodiments, a fusion partner is a targeting or signal sequence that
directs an F¢ domain varnant or Fc domain dimer variant protein and any associated fusion
partners to a desired cellular location or to the extraceliviar media. In some embodiments,
certain signaling sequences target a protein to be etther secreted inio the growth media, or
into the periplasmic space, located between the inner and outer mernbrane of the cell. In some
embodiments, a fusion partner is a sequence that encodes a pepiide or protein that enables
purification or screening. Such fusion pariners include, but are not hmited (o, polvhistidine
tags (His-tags) (for example His6 (SEQ 1D NOG: 223) and His10 (SEQ 13 NG: 224)) or other
tags for use with Immmobilized Metal Affinity Chromatography (IMAC) systens (e.g., Ni+2
affinity columns), GST fusions, MBP fusions, Strep-tag, the BSP bictinyviation target
sequence of the bacterial enzyme BirA, and epitope tags which are targeted by antibodies (for
example ¢-myc tags, flag-tags, and the hike).

16163} In some embodiments, such tags are useful for purification, for screening, or both.

For example, in some embodiments, an Fc domain variant or F¢ domain dimer variant is

purified using a His~tag by tmmobilizing it to a Ni+2 affinity colunon, and then after

4
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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 Fo domamn

variants or F¢ domain dimer variants as described herein.

{0164} Various fusion pariners that enable a variaty of selection methods are available.
For example, by fusing the members of an Fo domain variant or Fo domain dimer variant
hibrary 1o the geoe HI protein, phage display can be eroployved. In some emboduments, fusion
partners Fc domain variants or Fc domain dimer variands to be labeled. Altemnatively, in some
embodiments, a fusion partner binds to a specific sequence on the expression vector, enabling
the fusion partner and associated Fe domain variant or Fo domain dirmer variant to be linked

covalently or noncovalently with the nucleic acid that encodes them

{6165} in some embodiments, when a fusion partner is a therapeutic moiety, the
therapeutic moiety 1, e.g., a peplide, a protein, an antibody, a sSiRNA, or a small molecule.
Mon-himiting examples of therapeutic antibodies that are coupled to the Fe domain variants or
Fc domain dimer 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 F¢ domain variants or Fo domain dimer variants of the present disclosure nclude, but are
not limited to, CD47 binding polypeptides, including SIRPa polypeptides. In such instances,
the CD47 binding polypeptide is attached or fused to an Fe domain variant or Fc domain
dimer variant of the disclosure. Examples of CD47 binding polypeptides include, but are not
hmited to, anti-CD47 antibodies or fragments thereof, and ligands of CD47 such as SIRPa or
a fragrent thereof. Additional examples of CD47 binding polvpeptides include, but are not

limited to naturallv-occurring forms of SIRPo as well as mutants thergof

3166} In some embodiments, disclosed herein is a polypeptide comprising an Fc domain
dimer variant, wherein the Fo domain dimer variant comprises two Fc domain varianis,
wherein each Fc domain varnant independently is selected from (i) 2 human Ig(G1 Fc region
consisting of muriations L234A, L235A, G237A, and N297A; {11} a human Ig(G2 Fe region
consisting of mudations A3308, P3318 and N2Z97A; or {11} a human [2G4 Fe region
comprising mutations S228P, E233P, F234V, L2354, del(G236, and N297A. In some
erbodiments, the Fc domain variants are identical (/... homodimer). In some embodiments,
the Fe¢ domain variants are different (i e., heterodimer). In some embodiments, at least one of
the Fc domain variant in an Fo domain divoer 15 a human IgG1 Fe region consisting of

mutations L234A, L235A, G237A, and N297A. In some embodiments, at least one of the Fe
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domain variants in an Fc domain dimer is a human 1g(G2 Fe region consisting of mutations
A3308, P3318 and N297A. In some embodiments, the Fe domain dimer variant exhibits
ablated or reduced binding to an Foy receptor compared to the wild-type version of the
human IgG Fe region. In some embodiments, the Fe domain dimer variant exhibiis ablated or
reduced binding to CD6a, UD32a, CD32b, CD32¢, and {D64 Foy receptors compared o the
wild-tvpe version of the human 1gG Fe region. In some embodiments, the Fe domain dimoer
vartant exhibits ablated or reduced binding to Clg compared to the wild-type version of the
human IgG Fe fusion. In some embodiments, at least one of the Fe domain variants in an Fc
domatn dimer variant is a human 1gG4 Fe region comprising mutations S228P, E233P,
F234V, L235A, delGZ36, and N297A. In some embodiments, the Fe domaim dimer vanant
exhibits ablated or reduced binding to an Foy receptor comypared to the wild-type human IgG4
Feregion. In some embodiments, the Fc domain dimer variant exhibits ablated or reduced
binding to CD16a and CD32b Foy receptors cornpared to the wild-type version of s human
1gG4 Feregion. In some embodiments, the Fe domain dimer vartant binds to an Fey receptor

with a KD greater than abowt 5 x 10-6 ML

3167} In some embodiments, the Fo domain dimer vanant further comprises a CD47
binding polypeptide. In some embodiments, the Fe domain divoer vanant extubits ablated or
educed binding to an Foy receptor compared to a wild-type version of a human IgG Fe
region. In some embodiments, the CD47 binding polvpeptide 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,

[3168] In some embodiments, the CD47 binding polypeptide is a signal-regulatory
protein o {(SIRP-u) polypeptide or a fragment thergof. In some embodiments, the SIRPg

poly peptide comprises a STRPa DI domain variant comprising the aminoe acid sequence,
EEELOXIIQPDKSVLVAAGETATLRCOTX2TSIXGPVGPIQWEFRGAGPGRX4LIVNGXS
EGXOFPRVTTVSDXTTKRNNMBDFSIRIGKRITPADAGTY YU XOKFRKGSPDDVEFKSG
AGTELSVRAKPS (SEQIDNG: 221, wherem Xl s VorE X2 s Aor I, X3is{or F; X4 is
EorV; X351 KorR; X6isHorP; X7is L or T, X8 is anv anmino acid other than N, and X9
is V or I In some embodiments, the SIRPa polypeptide comprises a SIRPg 1 domain
vartant wherein X1 s Vor L X2isAor L X3 isforF. XdisE; XS s KorR. X6isHor P
X7isLorT, X8isnot N, and X91s V.

6169} In some embodiments, disclosed herein, is a polypeptide compnising: a STRPa D1

domain variant, wherein the SIRPa D1 domain variant is a non-natwrally occurring high
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affinity SIRPo D1 domain, wherein the SIRPo D1 domain variant binds to human CD47 with
an affimity that is at least 10-fold greater than the affinity of a naturally occurring D1 domain;
and an Fe domaim varnant, wherein the Fe domain variant 1s hinked 1o a second polvpeptide
comprising a second Fe domain variant to form an Fe domain dimer variant, wherein the Fe
domain dimer variant has ablated or reduced effector function. In some embodiments, the
non-naturally occurring high affinity S1RPa D1 domain comprises an amino acid mutation at

residue 80.

16170} In some embodiments, disclosed herein, is a SIRPo D1 domain variani, wherein
the SIRPo DI domain varant binds CD47 from a first species with a KD less than 250 nM;
and wherein the SIRPo D1 domain variant binds CD47 from a second species with a KD less
than 250 oM, and the K3 for (147 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 SIRPg D domain vanant binds CB47 from at least 3 different

species. In some embodiments, the non-human primate is cvnomolgus monkey.

16371} In some embodiments, disclosed herein, is a polypeptide comprising {a} a SIRPg
D1 domain that binds human CD47 with a KD less than 250 nM; and (b) an Fc domain or
variani thersof linked to the N-terminus or the C-terminus of the SIRPa D1 domain, whersin
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-o. In
some embodiments, adminisiration of the polypeptide in vivo resulfs in heroglobin reduction
by less than 50% during the first week after administration. In some embodiments,
adminisiration of the polypeptide in humans resuits in hemoglobin reduction by less than
30% during the first week after admunistration. Tn some embodiments, the polvpeptide
further comprises at least one Fe doman dimer vaniant, wherewmn the Fe domain dimer variant
comprises an Fc domain variant selected from (1) a human IgG1 Fe region consisting of
mutations L234A, L235A, G237 A, and N297A; (11) a human 1gG2 Fe region consisting of
mutations A3308, P3318 and N297A; or (111} a human 1gG4 Fe region comprising routations
S228P, B233P, F234V, L235A, del(G236, and N297A. In some embodimenis, the Fc domain
variant is a human Ig(G1 Fc region consisting of mutations L234A, L235A, 32374, and
N297A. In some embodiments, the Fc domain variant is a human IgG2 Fe region consisting

of mutations A3308, P3318 and NZ97A.

(0172} The SIRPa constructs of the disclosure include a SIRPg domain or variant thereof
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that has its C-terminus joined to the N-ierminus of an Fc domain or variant thereof by way of
a linker using conventional genetic or chemical means, ¢.g., chemical conjugation. In some
embodiments, a linker (e.g., a spacer} 15 inseried between the polypeptide and the Fe domain
or variant thereof. In some embodiments, a polypeptide of the disclosure including a SIRPg
D1 domain variant is fused to an Fo domain variant that is incapable of forming a dimer. In
some exrnbodiments, a polvpeptide of the disclosure 15 fused to an Fe domain or variant
thereof that is capable of forming a dimer, e g.. a heterodimer, with another Fe domain or
vartant thereof. In some embodiments, a polypeptide of the mmvention is fused to an F¢
domatn or vanant thereof and this fusion protein forms a homodimer. In some embodiments,
a polypeptide of the disclosure 15 fused to a first Fe domain or variant thereof and a different
protein or peptide {e.g., an antibody variable region) is fused {o a second Fe domain or
variant thereof. In some embodiments, a SIRPq P11 domain or variant thereof is joined to a
first Fo domain or variant thereof and a therapeutic protein {e.g., a cyvtokine, an interleukin, an
antigen, a steroid, an anti-inflammatory agent, or an immunomodulatory agent) is joined to a
second Fc domain or variant thereof In some embodiments, the {irst and second Fe domains

or vartants thereof form a heterodimer.

{6173} Without the lirniting the foregoing, in some erbodiments, a SIRPa D1 domain
variant polypeptide {e.g, any of the variants described in Tables 2, 5, and 6) 15 fused to an Fc
polypeptide or Fc variant polypeptide, such as an Fe domain or variant thereof. Examples of
polypeptides comprising a SIRPu [31 domain variant polypeptide and a fused Fe domain
vartant polypeptide include, but are not hted to, SEG 1D NOS: 96-137, 214, and 216

shown in Tadle &

Table 8. Polypeptides Comprising SIRPa D1 Domain Variants Fused to Fc Domain

Variants

SEQ IDNG: Aming Acid Sequence

EEELOHOPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVEIYNQRO
GPFPRVTTVSDTTEKRNNMDFESIRIGNITPADAGTYYCIK FREGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTC

96 VVVDVSHEDPEVKENWY VDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKNGY
SLTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

, EEELQVIQPDKSYLVAAGETATLRCTATSLFPYGPIQWFRGAGPGRELIYNQR

97

QGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVRKFRKGEPDDVEFKS
GAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPEPKDTLMISRTPEVT
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CVVVDVYSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLH
QODWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPOVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWOOONVESCSYMHEALHNHYTOKSLSLSPGK

28

EEELQUOPDKSVLVAAGETATLRCTITSLFPVOPIOQWFRGAGPGRVLIYNQRO
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTY YCIKFRKGSPDRDVEFKSG
AGTELSVRAKPSDKTHTUPPCPAPEAAGAPSVFLFPPEPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHO
DBWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOOQONVESCSVMHEALHNRYTOKSLSLSPGK

39

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYNQR
QGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKS
GAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDYSHEDPEVKFNWYVDGVEVHNAKTKPREEQGYASTYRVVSVLTVLH
QODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKNG
YSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPFVLDSDGSFFLYSKLTVDKS
RWOQOONVESCSYMHEALHNHYTQKSLSLSPGK

100

EEELOVIOPDKSVLVAAGETATLRCTATSLFPVGPIGWEFRGAGPGRELIYNGR
EGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKS
GAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLH
QDWENGKEYKCKVENKALPAPIEKTISKAKGOPREPQVY TLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVEKS
RWQOGNVFSCSVMHEALHNHYTQKSLSLSPGK

101

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKEFRKGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVELFPPKPKDTLMISRTPEVTC
VYVDVSHEDPEVIKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKNQY
SLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOOGNVFSCSVMHEALHNHY TOKSLSLSPGK

102

EEELCHOPDKSVIVAAGETATLRCTITSLFPVGPIOWEFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDESIRIGAITPADAGTYYCVEKFREKGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKENWYVDOVEVHNAKTKPREEQYASTYRVVSVLTVLHO
DWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOOQONVESCSVMHEALHNHYTQKSLSLSPGK

103

EEELQVIQPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVEFLEFPPKPKDTLMISRTPEVTC
YVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHO
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVY TLPPSREEMTKNQY
SLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFRFLYSKLTVDKSR
WOQGNVESCSYMHEALHNHY TOKSLSLSPGK

64
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104

EEELCHOPDKSYVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEKFRKGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHO
DWLNGKEYRKCKVIENKALPAPIEKTISKAKGQOPREPQVYTLPPSREEMTKNQY
SLTCLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOOQONVESCSVMHEALHNHYTOKSLSLSPGK

105

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRQ
GPFPRVTTVSDTTKRNNMDFESIRIGNITPADAGTY Y CIKFRKGSPDDVEFKSG

AGTELSVRAKPSVECPPCPAPPVAGPSVELFPPKPKDTLMISRTPEVTICVYVD

VSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHODWLN
GKEYKCKYSNKGLPSSIEKTISK TR GOPREPOQVYTLPPSREEMTKNOVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPMLIDSDGSFFLY SKLTVDKSRWQQ

GNVFSCSVMHEALHNRYTOKSLSLSPGK

106

EEELOVIOPDKSVLVAAGETATLRCTATSLFPVGPIGWEFRGAGPGRELIYNGR
QGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTYYCVKFRKGRSPDDVEFKS
GAGTELSVRAKPSVECPPCPAPPVAGPSVELFPPKPRKDTLMISRTPEVTICVVY
DVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHQDWL
NGKEYKCKVSNKGLPSSIEKTISKTKGOQPREPOVY TLPPSREEMTRKNOQVSELTC
LYKGFYPSDIAVEWESNGQOQPENNYKTTPPMLOSDGSFFLY SKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTOKSESLSPGK

7

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVELIYNQRQ
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCIKFRKGSPDDVEFKSG

AGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTICVYVD

VSHEDPEVOFNWYVDGYEVHNAKTIPREEQFASTFRVVSVLTVVHODWILN
GREYKCKVSNKGLPSSIEK TISKTKGOPREPQVYTLPPSREEMTKNQVSLTCL
VKGFYPSDHAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWOQG

GNVFESCSVMHEALHNRYTOKSLSLSPGK

108

EEELOVIOPDKSVLVAAGETATLRCTATSLEFPVGPIQWFRGAGPGRELIYNOR
QGPFPRVTTVADLTKRNNMDFSIRIGAITPADAGTY YCVKFRKGSPDDVEFKS
GAGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVICVVY
DVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTYVVHQDWL
NGKEYKCKVENKGLESSIEKTISKTKGOPREPOVYTLPPSREEMTKNQVSLTC
LYKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLY SKLTVDKSRWQ
QGNVESCSVMHEALHNHYTOQKSLSLSPGK

109

EEELQVIQPDRKSVLVAAGETATLRCTATSLFPVGPIOWEFRGAGPGRELIYNQR
EGPFPRVTTVSDLTKRNNMDFSIRIGATTPADAGTY YCVKERKGSPDDVEERKS
GAGTELSVRAKPSVECPPCPAPPVAGPSVELFPPIPKDTLMISRTPEVTCVVY
DVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHQDWL
NGKEYKCKVSNKGLPSSIEK TISKTKGOPREPOVYTLPPSREEMTKNQVSLTC
LVKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLY SKLTVDIKSRWQ
QGNVFSCSVMHEALHNHYTOKSLSLSPGK

116

EEELOVIQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDESIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSVECPPCPAPPVAGPSVELFPPKPKDTLMISRTPEVTCVVVD
VSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHODWLN

N
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GKEYKCKVSNKGLPSSIEKTISKTKGQPREPOVYTLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSYMHEALHNHY TOQKSLSLSPGK

111

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPBDVEFKSG
AGTELSVRAKPSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTICVVVD

VSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHODWLN
GKEYKCKVSNKGLPSSIEKTISKTKGOPREPQVYTLPPSREEMTKNQVSLTCL
YKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWOQG

GNVFSCSVMHEALHNRYTOKSLSLSPGK

EEELOVIQPDESVLVAAGETATLRCTITSLFPYGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEFRKGSPDDVEFKSG
AGTELSVRAKPSVECPPCPAPPVAGPSYVFLFPPKPKDTLMISRTPEVTCVVVD
VSHEDPEVOFNWYVDGVEVENAKTKPREEQFASTFRVVSVLTYVHQDWLN
GKEYKCKVSNEKGLPSSIEKTISKTKGQPREPOVYTLPPSREEMTKNOQVSLTCL
VKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSVMHEALHNHY TOKSLSLSPGK

113

EEELQHOPDKSVLVAAGETATLRCTITSEFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSVECPPCPAPPVAGPSVELFPPKPKDTLMISRTPEVTICVYYD

VSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHOQDWLN
GKEYKCKVYSNKGLPSSIEKTISKTKGOPREPQVYTLPPSREEMTKNQVSLTCL
YKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTYVDKSRWOO

GNVFSCSVMHEALHNHYTOQKSLSLSPGK

114

EEELQHOQPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVLIYNQRO
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTY YCIKFRKGSPDDVEFKSG
AGTELSVRAKPSERKSSVECPPCPAPPYVAGPSVELFPPKPKDTLMISRTPEVTIC
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVYSVLTVVHQ
DWLNGKEYKCKVSNKGLPSSIEK TISKTKGQPREPOVYTLPPSREEMTKNGQY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFELYSKETVDKS
RWOQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

BEELQVIQPDKSVLVAAGETATLRCTATSLEPVGPIOWFRGAGPGRELIYNOR
QGPFPRVTTVSDLTKRNNMDFSIRIGNITPADAGTY YCVKFRKGSPDDVEFKS
GAGTELSVRAKPSERKSSVECPPCPAPPYAGPSVELFPPKPKDTLMISRTPEVT
CYVVDVSHEDPEVOFNWYVDGVEVHNAK TK PREEQFASTFRVVSVLTVVH

ODWLNGKEYKCKVSNKGLPSSIEK TISK TK GOPREPOQV Y TLPPSREEMTK NG
VSLTCLVKGFY PSDIAVEWESNGOPENNYK TTPPMLDSDGSFFLYSKLTVDK
SRWOOGNVESCSYMHEALHNHY TOKSLSLSPGK

EEELQHOPDKSYVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVEIYNQRO
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTY YCIKFRIKGSPDDVEFKSG
AGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTIC
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVYSVLTVVHQ
DBWLNGKEYKCKVSNKGLPSSIEK TISKTKGQPREPOVY TLPPSREEMTKNGQY
SLTCLVEGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLY SKLTVDKS
RWOQOQOGNVFSCSVMHEALHENHYTQKSLSLSPGK
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117

EEELOQVIQPDKSVLVAAGETATLRCTATSLEPVGPIQWFRGAGPGRELIYNGR
QGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKS
GAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVELFPPIPKEDTLMISRTPEVT
CVVVDVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVH

QDWENGKEYKCKVSENKGLPSSIEKTISKTKGQPREPOQVY TLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNGOPENNYK TTPPMLDSDGSFFLYSKLTVDK
SRWOQOQONVFSCSVMHEALHNHYTQKSLSLSPGK

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIOWEFRGAGPGRELIYNQR
EGPFPRVTITVSDLTKRNNMDFSIRIGAITPADAGTY YCVKFRKGSPDDVEFKS
GAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVH

QDWELINGKEYKCKYVSNKGLPSSIEX TISKTRKGOPREPQVYTLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDK
SRWOOGNVFSCSVMHEALENHYTOQKSLALSPGK

119

EEELOVIQPDKSVLVAAGETATLRCTITSLFPYGPIOWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSERKSSVECPPCPAPPYVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVOENWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHQ
DWLNGKEYKCKVSNEGLPSSIEKTISKTKGOPREPQVY TLPPSREEMTKNGQY
SLTCLVEGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGEFFLYSKLTVDKS
RWQQONVESCSVMHEALHNHY TQRSLSLSPGK

120

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDLTKRMNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSERKSSVECPPCPAPPVAGPSVEFLFPPKPKDTLMISRTPEVTC
VYVVDVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVHOQ
DWLNGKEYKCKVANKGLPSSIEK TISKTRKGOPREPQVYTLPPSREEMTEKNQVY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDRKS
RWOOGNVESCSVMHEALHNHYTOKSLSLSPGK

EEELOVIOPDKSVLVAAGETATLRCTITSLEPVGPIQWFRGAGPGRELIYNGRE
GPFPRVTTVSDTTEKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSERKSSVECPPCPAPPVAGPSVFLFPPKPKDTEMISRTPEVTC
VVVDVSHEDPEVOFNWY VDGVEVHNAKTKPREEQFASTFRVVSVLTVVHQ
DWLNGKEYRKCKVSNEKGLPSSIEKTISKTKGOPREPOVYTLPPSREEMTKNGQY
SLTCLVEGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGEFFLYSKLTVDKS
RWOQOQOGNVFS5CSVMHEALHNHY TQKSLSLSPGK

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRMNNMDFSIRIGAITPADAGTYYCVKFRKGEPDDVEFKSG
AGTELSVRAKPSERKSSVECPPCPAPPVAGPSVELFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVEVLTVVHQ
DWLNGKEYKCKVSNKGLPSSIEK TISKTKGOPREPQVYTLPPSREEMTEKNQY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSYVMHEALHNHYTQKSLSLSPGK

EEELOHOPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVEIYNQRO
GPFPRVTTVSDTTKRNNMDESIRIGNITPADAGTY YCIKFREKGSPDDVEFKSG

AGTELSVRAKPSDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCY
VVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLETVLHOD
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WINGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNGQVS
LTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKETVDKSR
WQQGNVFSCSVMHEALHNHYTOKSLSLSPGK

124

EEELQUQPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRQ
GPFPRVTTIVSDTTKRNNMDFSIRIGNITPADAGTY YCIKFRKGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTC
YVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKNQV
SLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOOGNVEFSCSVMHEALHNHY TOKSLSLSPGK

EEELOQUOPDKSVLVAAGETATLRCTITSLFPVOPIOWFRGAGPGRVLIYNQROQ
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPRRVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICY
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHGD
WENGKEYKCKVYSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVYS
LTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOQQONVFSCSVMHEALHNHY TQKSLSLSPGK

126

EEELQHOPDKSVLVAAGETATLROTITSEFPVGPIQWFRGAGPGRVELIYNQRGQ
GPFPRVTTVSDTTKRNNMDESIRIGNITPADAGTY Y CIKFRKGSPDDVEFKSG
AGTELSVRAKPSERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC
VYVDVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQ
DWLNGKEYKCKVSNKGLPAPIEKTISKTKGGPREPOQVYTLPPSREEMTIKNGY
SLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDKS
RWOQOGNVESCSYMHEALHNHYTOKSLSLSPGK

127

EEELQHOQPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVLIYNQRO
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTY YCIKFRKGSPDDVEFKSG
AGTELSVRAKPSERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDCGVEVHNAKTKPREEQFNSTFRVYSVLTVVHQ
DWLNGKEYKCKVSNKGLPSSIEK TISKTKGQPREPOVYTLPPSREEMTKNGQY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFELYSKETVDKS
RWOQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

EEELQUOPDKSVLVAAGETATLROTITSLFPVGPIQWFRGAGPGRVELIYNQRQ
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTYYCIKFRKGSPDDVEFKSG
AGTELSVRAKPSERKCCVECPPCPAPPVAGPSVELFPPKPKDTLMISRTPEVTC
YVVDVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSEVLTVVHQ
DWLNGKEYKCKVSNKGLPAPIEKTISKTKGOPREPQVYTLPPSREEMTIKNGY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPMLESDGSFFLYSKLTVDKS
RWOQOGNVFSCSYMHEALHNHYTQKSLSLSPGK

129

EEELQHOPDKSYVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVEIYNQRO
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTY YCIKFRIKGSPDDVEFKSG
AGTELSVRAKPSERKCCVECPPCPAPPYAGPSVEFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFASTFRVYSVLTVVHQ
DBWLNGKEYKCKVSNKGLPSSIEK TISKTKGQPREPOVY TLPPSREEMTKNGQY
SLTCLVEGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLY SKLTVDKS
RWOQOQOGNVFSCSVMHEALHENHYTQKSLSLSPGK

68
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136

EEELQVIQPDKSVSVAAGESAILHCTVTSLIPVGPIQWFRGAGPARELIYNQKE
GHFPRVTTVSESTKRENMDESISISNITPADAGTY YOVKFRKGSPDTEFKSGA
GTELSVRAKPSESKYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQENSTYRVVSVLTYVLHO
DWLNGKEYRKCKVINKGLPSSIEKTISKAKGOPREPQVYTLPPSOEEMTKNQV
SLTCLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SRLTVIIKSR
WOEGNVESCSVMHEALHENHY TOKSLSLSLGK

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE

GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVT

CVVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLH

ODWELINGKEYKCKVSNKGLPSSIEKTISKAKGOQPREPOVYTLPPSQEEMTKNQ
VSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKS
RWOEGNVFSCSVMHEALHNHBYTOKSLSLSLGK

EEELCHOPDKSYVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSESKYGPPCPPCPAPEFEGGPSVFLFPPKPRDTLMISRTPEVT
CVVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYRVVEVLTVLHE
QDWENGKEYKCKVENKGLPSSIEKTISKAKGOPREPOQVYTLPPSQEEMTKNG
YVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SRLTVDKS
RWQEGNVFSCSVMHEALHNHYTOKSLSLSLGK

,_,
(5]
(98]

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRELIYNQRE

GPFPRVTTVSDTTKRMNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSESKYGPPCPPCPAPPVAGPSVELFPPKPKDTLMISRTPEVTC

VYVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQ

DWLNGKEYKCKVSNKGLPSSIER TISKAKGQPREPOVYTLPPSQEEMTENQV
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLUTVDKSR
WOEGNVFSCSVMHEALENRYTOQKSLSLSLGK

134

EEELCQHOPDKSVIVAAGETATLRCTITSLFPYVGPIOWFRGAGPGRVLIYNQRGQ
GPFPRVTTVSDTTEKRNNMDFSIRIGNITPADAGTYYCIK FREGSPDDVEFKSG
AGTELSVRAKPSAAAPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCY
YVVDVSQEDPEVOFNWY VDGVEVHNAKTKPREEQENSTYRVVSVLTVLHOD
WELNGKEYKCKVSNEKGLPSSIEKTISKAKGOPREPQVYTLPPSQEEMTRKNQVS
LTCLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSR.
WOEGNVEFSCSVMHEALHENHYTOKSLSLSPGK

EEELQVIQPDRKSVLVAAGETATLRCTATSLFPVGPIOWEFRGAGPGRELIYNQR
EGPFPRVTTVSDLTKRNNMDFSIRIGATTPADAGTY YCVKERKGSPDDVEERKS
GAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVEKFNWYVDGVEVHNAKTRKPREEQYASTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEK TISKAKGOQPREPOVYTLPPSREEMTKNG
VSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDES
RWQOGNVFSCSVMHEALHNHYTOKSLSLSPG

EEELOHOPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDESIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTC

VVVDVSHEDPEVKENWYVDGVEVHNAKTRKPREEQYASTYRVVSVLTVLHG

69




WO 2021/247430 PCT/US2021/034967

DBWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPYVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNRYTOKSLSLSPG

EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTY YCIKFRKGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKNQV
SLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOOGNVEFSCSVMHEALHNHY TOKSLSLSPG

211

EEELOQUOPDKSVLVAAGETATLRCTITSLRPVGPIQWEFRGAGPGRELIYNQRD
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVEFRKGIPDDVEFKSG
AGTELSVRAKPSDKTHTOPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHO
BWLNGKEYKCKVSNKALPAPIEK TISKAKGOPREPOQVY TLPPSREEMTKNQY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOQQONVFSCSVMHEALHNHYTQKSLSLSPG

214

EEELQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQWFRGAGPGRELIYNGR
EGPFPRVTTVSDLTKRNNMDFSIRIGAITPADAGTY YCVKFREKGSPDDVEFKS
GAGTELSVRAKPSERKSSVECPPCPAPPVAGPSVEFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVOFNWYVDGVEVHNAKTKPREEQFASTFRVVSVLTVVH
QDWLNGKEYKCKVSNKGLPSSIEKTISKTKGOPREPQVYTLPPSREEMTEKNG
YSLTCLVKGEFYPSPDIAVEWESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDK
SRWOOGNVESCSVMHEALHNHYTOKSLSLSPG

EEELQHOQPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVLIYNQRO
GPFPRVTTVSDTTKRNNMDFSIRIGNITPADAGTY YCIKFRKGSPDDVEFKSG
AGTELSVRAKPSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICY
VVDVSHEDPEVKENWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHOD
WELNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVY TLPPSREEMTIKNGVS
LTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOQONVESCSVMHEALHNHYTOKSLSLSPGK

217

EEELQUOPDKSVLVAAGETATLROTITSLFPVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTYYCVKFRKGSPDDVEFKSG
AGTELSVRAKPSEKTHTCPECPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTC
YVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQO
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKNGOQY
SLTCEVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WOOGNVEFSCSVMHEALHNHY TOKSLSLSPGK

[174]

In some embodiments, the polypeptide comprises a SIRPo D1 variant domain that

has at least 35% sequence identity {(e.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%,

3%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity} to any variant provided

in Tabie 8.

[6175]

In some embodiments, the polvpeptide comprises a 8IRPo D1 domain variant that
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has at least 85% sequence identity {e.g., at least 86%, 87%, &&%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity) to SEQ ID NQOs: 98-104,
107-113, 116-122, or 135-137 in Table &

(0176} In some embodiments, the polypeptide comprises {a) a signal-regulatory protein o
{SIRP-a} D1 variant, wherein the SIRP¢ D1 domain variant comprises the amino acid
sequence,

EEX XQXGIQPDK X VXSV AAGEN X Xe L XoCTX 0 TSLEX L PV GPIQWEFRGAGP X 2R X 15
LIYNOX uXsGX e FPRVTTVISX 17 Xas TX 10 R X0 NMDFX 0 X0 PO X0 TX s ADAGTYYC
Ko KX RKGSPDX e X EXGoRSGAGTELSVRX1KPS (SEQ D NQO: 47), wherein X1 i3 E,
or G oL LoV XsisV, LorT, Xeis S, or Fy XsisL,or 8; Xeis S, or T, Xris A, or 'V
XsisLor T, XeisH R or Ly Xpo s A V. LorE: X s LT, S, orF; Xinis A, or G X1z is E,
VoorL; Xnnis K, or R, Xisis B, or @, Xas is HLP, or R X1 B, or E: Xas 58 8, L, T, or G;
Xipis K, or Ry XKoo s E, or W, Xonis §, or Py Xopis 8, or R Xz is 8, or 37 Xzs i3 any amuno
acid; Xos 1s any amino acid; Xosis V, or I, Xov s F, L, or V; Xog is D or absent; Xaois T, or V;
Xao1s F,or V; and Xs1 18 A, or () and wherein the 8IRPg D1 domain variant comprises at
feast two amino acid substifutions relative 10 a wild-type SIRPa D1 domain having a
sequence according 1o any one of SEQ ID NQs: 110 10; and (b} an Fc domain dimer variant
having two Fe domain variants, wherein each Fc domain variant independently is (1) a human
1231 Fe region comprising a N297A mutation; (11} a human IgGl Fe region comprising
L2344, L235A, and G237 A mutations; {111) a human IgG1 Fe region comprising L2344,
L2354, G237 A, and N297A rowations; (v} a huroan IgG2 Fe region comprising a N297A
mutation; (v) a human IgG2 Fe region comprising A3308 and P3318 mutations; (vi) a human
ig(GZ Fe region comprising A330S, P3318S, and N297A mutations; {vit) a human 1G4 Fe
region coroprising S228P, B233P, F234V, L2354, and delG236 mutations; or {viii) a human

1o(G4 Fc region comprising S228P, E233P, F234V, L235A, del(G236, and N297A mutations.

{6177} In some embodiments, the polypeptide comprises a SIRPg D1 domain variant
wherein the SIRPo DI domain variant comprises an amino acid sequence according to SEQ
1D NQO: 47; an Fe domain dimer having two Fe domains, wherein one of the Fc domaing is an
Fc domain variant comprising a human 1gG1 Fc region comprising L234A, L2335A, G237A,
and N297A mutations.

Dimerization of Fc domains

[8178] In some embodiments, a SIRPa D1 domain variant polypeptide (e.g., any of the
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vartanis described in Tables 2, 5, and 6} is fused to a first Fc domain {e.g., an Fc domain
variani} either at the N-termunus or at the C-terminus. In some embodiments, the first Fe
domain 1s a vanant that is incapable of formung an dumer. In some embodiments, the first Fe
domain forms a dimer with a second Fc¢ domain. In some embodiments, the first and second
Fe domains comprise amino acid substitutions that promote heterodimerization between the

first and second dornain Fe domams.

{6179] Tu some embodiments, each of the two Fc domains n an Fe domain dimer
includes amino acid substitutions that promote the heterodimerization of the two monomers.
In some embodiments, a SIRPu construct is formed, for example, from a first subunit
ncluding a SIRPo D1 domain vanant polypeptide fused to a first Fe domain and a second
suburit including a second Fc domain {e.g., without a SIRPo D1 domain variant polypeptide
or any other polvpeptide}. In some embodiments, a construct has a single SIRPo D1 domain
variant polypeptide linked to an Fc domain dimer {e.g., single army). In some embodiments, a
construct has two SIRPuw 131 domain variant polypeptides linked to an Fc domain dumer {e.g.,
double arm). In some embodiments, a SIRPa D1 domain varnant having a KD of about 500
aM is particalasly useful in a double arm construct. Tn some embodiments, a SIRPo D1
domatn variant having a KD of about 50 nM 1s particularly useful in a double armo construct,
In some embodiments, a SIRPa D1 domain vanant having a KD of about 5 nM is useful ina
double arm construct and a single arm construct. In some embodiments, a SIRPo D1 domain
variant having a KI¥ of about 500 pM is useful in a double arm construct and a single arm
construct. fo some embodiments, a SIRPa D1 domain vanant having a KD of about 100 pM
is useful in a double arm construct and a single arm construct. In some embodiments, a
SIRPo D11 domain vanant having a KD of about 50 pM is useful in a double arm construet
and a single arm construct. In some embodiments, a SIRPa D1 doroain vanant having a KD

of about 10 pM 1s useful in a double arm construct and a single arm construct.

{0180} In some embodiments, heterodimerization of Fc domains is promoted by
introducing different, but compatible, substituiions in the two Fo domains, such as “knob-
into-hole” residue paus 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 1s 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 1n a protein is replaced with a different anuno acid having a larger
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side-chain volume. For example, in some embodiments, an amine acid being replaced is in
the CH3 antibody constant domain of an Fe domain and involved in the dimerization of two
Fc domains. In some ernbodiments, a hole in one CH3 antibody constant domain 1s created to
accomumodate a knob in another CH3 antibody constarnt domain, such that the knob and hole
amino acids act {0 promote or favor the heterodimerization of the two Fc¢ domains. In some
erobodiments, a hole in one CH3 antibody coustant domain is created to betler accoromodate
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 aminoe acids in ancther CH3 antibody constant domain.

{6181} In some ermbodiments, a hole 1s constructed by replacing anuno acids having
larger side chains such as tyrosine or tryptophan with anuno 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. fn some embodiments, one Fe
domatn includes the knob mutation T366W and the other Fe domain includes hole mutations
T3668, L3S8A, and Y407V, In some ervbodirents, a polypeptide of the disclosure including
a SIRPa D1 domain variant is fused to an Fe domain including the knob mutation T366W 1o
hmit unwanted knob-knob homodimer formation. Examples of knob-into-hole amino acid
patrs are included, without limitation, in Table % and examples of knob-into-hole Fo domain

vartants and SIRPo — Fo fusions are provided in Table 710

Table 9. Knob-Into-Hole Amino Acid Pairs

. T3665 | oo g

FStFE | wrnon | ornrs | eanen | rmcre | oo T394W | T3945 | T366W
4 / E 2 ‘3 ’2’ 4 ,15. s . .

Domain | L0/ E ] YAOTA | FAOSA 13945 | L3SBA G0 | ivaora | To4s
Y407V -

Second Fe | mn o | mncer | maogw | mansw | maccyy | T366Y | T366W | F405W

o | T366Y | T366W | T304W | FAOSW | T366W | ool | L22 Fo o

Table 0. Exerwmplayy Fe Domain Varviants and SIRPo DI Dowin Vaviant — Fe Domain

Variant Fusion Polypeptides

SEG D NO: Amine Acid Sequence
138 EEELQUOPDKSVLVAAGETATLRCTITSLFPVGPIQWFRGAGPGRVLIYNGQR
QGPFPRVTTVSDTTKRNNMDFSIRIGAITPADAGTY YCIKFRKGSPDDVEFKS
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GAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVYSVLTVLH
QLDWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKN
QVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPYLDSDGSFFLY SKLTY
DKSRWQQGNVYFSCSVMHEALHNHYTQKSLSLSPGK

139

DKTHTCPPCPAPEAAGAPSVELFPPKPKDTLMISRTPEVTICVVVDVSHEDPEY
KFNWYVDOGVEVHNAKTEKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCK
VSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTEKNQVSLSCAVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQOGNVESCS
VMHEALHENHYTQKSLSLSPGK

140

EEELOQHOPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRVLIYNQR
QGPFPRVTITVSDTTKRNNMDFSIRIGAITPADAGTY YCIKFRKGSPRDVEFKS
GAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLH
COWENGKEYKCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSREEMTKN
QVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLIVD
KSRWOQONVFSCSVMHEALHNHYTQKSLSLSPGK

141

DKTHTCPPCPAPEAAGAPSVELFPPKPKDTLMISRTPEVICVVVDVSHEDPEV
KFNWYVDOVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCK
VENKALPAPIEK TISKAKGOPREPQVY TLPPSREEMTKNOQVSLWCLVKGFYP
SDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQQGNVESC
SYMHEALHNHYTQKSLSLSPGK

142

EEELOQHOPDKSVLVAAGETATLRCTITSLFPVGPIOWFRGAGPGRELIYNQRE
GPFPRVTITVSDTTKRNNMDESIRIGAITPADAGTYYCVKFRKGSPDDVEFKS
GAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSYFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTEPREEQYASTYRVVSVLTVLH
CDWENGKEYKCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSREEMTKN
QVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPYVLDSDGSFFLYSKLTY
DESRWQQGNVFSCSVMHEALHENHY TQKSLSLSPGK

143

EEELQUOPDKSVEVAAGETATLRCTITSLFPYVGPIQWFRGAGPGRELIYNQRE
GPFPRVTTVSDTTRKRNNMDESIRIGAITPADAGTY YCVKFRKGSPDDVEFKS
GAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLH
QDWENGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKN
QVSLSCAVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLVSKLTVD
KSRWOQOOGNVFSCSVMHEALHENHYTOKSLSLSPGK

144

QVOQLKOQSGPGLVOPSQSLSITCTVSGFSLTNY GVHWVRQSPGKGLEWLGVI
WSGONTDYNTPFTSRLSINKDNSKSQVFFKMNSLOSNDTAIYYCARALTYY
DYEFAYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNYNH
KPSNTKVDKKVEPKSCRKTHTCPRCPAPELLGGPSVFLFPPKPKDTLMISRTE
EVICYVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLT
VLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEM
TEKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRL
TYDKSRWOOGNYVFSCSYMHEEALHNHY TOKSLSLSPGK

74
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145

EEELQHOPDKSVEVAAGETATLRCTITSLEPVGPIOWEFRGAGPGRELIYNQRE
GPFPRVITVSDTTKRNNMDESIRIGATTPADAGTY YCVKFRIKGSPDDVEFKS
GAGTELSVRAKPSEKTHTCPECPAPEAAGAPSVELFPPKPKDTLMISRTPEVT
CYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLH
ODWINGKEYKCKVENKALPAPIEK TISKAKGOPREPQVYTLPPSREEMTEN
QVSLTCEVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWOQOQONVFSCSVMHEALHENHYTOQKSLSLSPGK

146

EEELQVIQPDKSVLVAAGETATLRCTATSLEPVGPIQWFRGAGPGRELIYNQ
ROGPFPRVTTVSDLTKRNNMBFSIRIGNITPADAGTY YCVKFRKGSPDDVEF
KSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVELFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHODWULNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVY TLPPSREEMT
KNOVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKL
TVDKSRWOQOQONVFSCSVMHEALHNHY TQRSLSLSPGK

147

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEY
KENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCK
VSNKALPAPIEKTISKAKGQPREPOVY TLPPSREEMTRKNOQVSLSCAVKGEYPS
DIAVEWESNGOPENNYKTTPPVLDSDGSFFLV SKLTVDKSRWQQGNVESCS
VMHEALHNHYTQKSLSLSPGK

EEELOQVIQPDKSVLVAAGETATLRCTATSLFPVGPIQOWFRGAGPGRELIYNO
ROGPFPRVTTVSDLUTKRNNMEDFSIRIGNITPADAGTYYCVKFRKGSPDDVEF
KSGAGTELSVRAKPSDKTHTCPPCPAPEAAGAPSVFLFPPRKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVEVLTY
LHODWENGKEYKCKVSNKALPAPIEK TISKAKGOPREPOQVYTLPPSREEMT
KNOQVSLSCAVEKGFYPSDIAVEWESNGOPENNY K TTPPVLDSDGSFFLVSKLT
VDKSRWQOQOQGNVFSCSYVMHEALENHYTOKSLSLSPGK

149

DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEGQYNSTYRVVSVLTVLHODWLNGKEYKCK
VSNKALPAPIEKTISKAKGQOPREPOVYTLPPSREEMTKNQVSLWCLVKGFYP
SDIAVEWESNGOPENNYKTTPPYVLDSDGSFFLYSKLTYDKSRWQOQGNVESC
SVMHEALHENHYTQKSLSLSPGK

{0182

In addition to the knob-into-hole strategy, in some embodiments, electrostatic

steering is also used to control the dimerization of Fe domains. Electrostatic steering refers (o

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 controd the dimerization of Fc domains using electrostatic

gteering, one or more amino acid residues that make up the CH3-CH3 interface are replaced

with posttively- or negatively~charged amino acid residues such that the interaction becomes

electrostatically favorable or unfavorable depending on the specific charged amino acids

mtroduced. In some embodiments, a positively~charged amuno acid in the interface, such as

bysine, arginine, or histidine, is replaced with a negatively-~charged amino acid such as

-2
W




WO 2021/247430

PCT/US2021/034967

aspartic acid or ghitamic acid. In some embodiments, a negatively-charged amino acid in the

mterface is replaced with a positivelv-charged amino acid. In some embodiments, the charged

anino acids are introduced to one of the mteracting CH3 antibody constant domaims, or both.

in some embodiments, introducing charged amino acids to the interacting CH3 antibody

constant domains of the two Fe domains promotes the selective formation of heterodimers of

Fc¢ domains as controlled by the elecirostatic steering effects resulting from the interaction

between charged aminoe acids. Examples of electrostatic steering anmino acid pairs are

included, without imitation, in Table 1.

Table 11 Elecirostatic Steering Amine Acid Pairs

Fe SYIOR
1] v - . - - - _ . . . N 3 1'409}:) R»-/l \.}:'L
. K409 | K400 | K409E | K409E § K392D 1 K392D | K392E | K392E \4 K409D
monomer K392D | o e
i K439E
dniilin D399K D356K
) 399K | D3OIR 399K | D399R | D399K | D399R | D39SK | DIGYR ~ - | BE357K
monomer D336K DIGOK
o) 39

{3183} Other methods used to control the heterodivoenization of Fo domains, especially 1o

the cortext of constructing a bispecific antibody, are available.

{0184} In some embodiments, a first Fo domain and a second Fc domain each includes
one or more of the following amino acid substitutions: T366W, T366S, L368A, Y407V,
T366Y, T304W, F40SW, Y349T, Y349H, Y349V, L3517, L331H, L35S1IN, L351K, P353s,
S3540, D356K, D356R, D336S, E357K, E357R, E357(Q, 8364A, T366E, L3637, L36RY,
L368E, K370E, K370D, K3704, K392ZE, K392D, T394N, P395N, P396T, V397T, V3974,
L3987, 399K, D399R, D399N, FA05ST, F40SH, F405R, Y407T. Y407H, Y4071, K409E,
K409D3, K409T, and K4091, relative to the sequence of human IgG1l.

{6185} In some embodiments an Fc domain comprises: {a} one of the following amino
acid substitutions relative to wild type human IgGl: T366W, T3668, L368A, Y407V,
T366Y, T394W, F40SW, Y3497, Y349E, Y349V, L3517, L331H, L3S1IN, L351K, P353§,
S354D, D356K, D3S6R, D356S, E357K, E357R, E357Q, 8364 A, T366E, L368T, L368Y,
L368E, K370E, K370D, K370, K392ZE, K392D, T394N, P395N, P396T, V397T, V3974Q,
L398T, DB300K, D399R, D3OON, F405T, F40SH, F403R, Y4071, Y40TH, Y4071, K409,
K409y, K4097T, or K4091; or (b) (1) a N297 A mutation relative to a human TgGl Fe region;
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(i3 a L234A L235A, and G237A mutation relative to a human g1 Fo region; (i) a
1.234A, L2354, G237A, and N297 A muiation relative to 3 human IgG1 Fo region; (ivia
N297 A mutation relative to a human IgG2 Fo region: (v) a A3308 and P3318 mutation
refative to a human 1gG2 Fe region; (vi) a A3308, P3318, and N297A mutation relative to a
human g2 Fe region; (vii) a S228P, E233P, F234V, L235A, and del(3236 muiation relative
io a human IgG4 Foregion; or {viii) a S228F, E233P, F234V, L235A, delG236, and N297A
mutation relative to a human IgG4 Fe region. In some embodiments an Fc domain variant
comprises: (a) one of the following amimo acid substitutions relative to wild type human
IgGl T366W, T3665, L368A, Y407V, T366Y, T394W, FA403W, Y349T, Y349, Y349V,
L3531, L351H, L35IN, L331K, P3538, 83541, D356K, D3536R, D3368, E357K, E357R,
E357Q, R364A, T366FE, L368T, L368Y, L368E, K370FE, K370D, K370(, K392E, K39213,
T304, P395SN, P396T, V397T, V3973, L398T, D399K, D399R, DN3OON, F405T, F405H,
F403R, Y407T, Y407H, Y4071, K409E, K409, K409T, or K4091; and (b) further comprises
(1) a N297 A nwtation relative to a human IgGl Fe region; (1) a L234A, L2354, and G237A
mutation relative to a human IgG1 Fo region; (111} a L234A, L235A, G237A, and N297A
mutation relative to a haman TgGl Fo region; (iv) a N2Z97A mutation relative to a human
1g(G2 Fe region; (v} a A3308 and P3318 mutation relative to a human 1gG2 Fe region; (vi) a
A3308, P3318, and N297A mutation relative to a human IgG2 Fe region; (vit) a S228P,
E233P, F234V, L235A, and delG236 mutation relative to a human g4 Fo region; or (viii} a
S228P, E233P, F234V, L235A, del(G236, and N297 A mutation relative o 3 human IgG4 Fe

region.

{0186} In some embodiments, the first and second Fe domains include different amino
acid substitutions. In some embodiments, the first Fc domain includes T366W. In some
smbodiments, the second Fe domain includes T3668, L368A, and Y407V, In some
embodiments, the first Fe domain includes D399K. In some embodiments, the second Fe

domain includes K409D.
Linkers

{3187} Disclosed herem, in some embodiments, are polypeptides comprising a signal-
regulatory protein o (SIRP-u) 31 variant comprising a SIRPg D1 domain, or a fragment
thereof, having an amino acid mutation at residue &0 relative to a wild-type SIRPg D1
domain; and at least one additional amino acid mutation refative to a wild-type SIRPg T
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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{3188} Also disclosed herein, in some embodiments, are polypeptides comprising an Fc
variant, wherein the Fe variant comprises an F¢ domain dimer comprising two Fo domain
variants, wheremn cach Fe domain variant independently is selected from (1) a human IgGl Fe
region consisting of mutations L2344, L2354, G237A, and N297A; (i1) a human [gG2 Fe
region consisting of mutations A3308, P331S and N297A; or (it} a homan 1G4 Fe region

comprising mutations S228P, E233P, F234V, L2334, del(G235, and N297A.

{6189} To the present disclosure, a linker is used to describe a linkage or conpection
between polypeptides or protein domains or associated non-protein moieties. In some
embodiments, a linker i3 a hinkage or connection between an F¢ domain {or vanant thereof)
and a SIRPu D1 domain variant. In soms embodiments, the linker commects the C-ternunus of
the SIRPgo D1 domain variant and the N-terminus of the Fe domain vanant, such that the two

polvpeptides are joinad to each other in tandem serigs.

{0196} In some embodiments, a linker is a simple covalent bond, e.g., a peptide bond, a
synthetic polvmer, or any kind of bond created from a chemical reaction, e.g chenucal
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 {o form a peptide bond. In some
embodiments, the peplide boud is formed from synthetic means through a conventional
organic chemistry reaction, or by natural production from a host cell, wherem a nucleic acid
molecule encoding the DNA sequences of both proteins {e.g., an Fc domain variant and a
SIRPo D1 domain varant) in tandem series can be directly transcribed and franslated into a
contiguous polypeptide encoding both proteins by the necessary molecular machineries {e.g.,

DN A polymerase and ribosome) in the host cell.

6191} When a linker is a synthetic polymer, in some embodiments, the polymer is
functionalized with reactive chernical functional groups at each end to react with the termainal

anmino acids at the connecting ends of two proteins.

(0192} When a linker {except peptide bond mentioned above} is made from a chemical
reaction, in some embodiments, chemical functional groups {e.g., amine, carboxvlic 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 chemistrv means to form a chemical bond, thus

comneciing the two proteins together.

78
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Spacers

{6193} In the present disclosure, in some embodiments, a linker between an Fe domain
monomer and a SIRPa D1 variant poly peptide of the disclosure, is an amino acid spacer
including about 1-200 amino acids. Suitable peptide spacers include peptide linkers
containing flexible aminoe acid residues such as glveine and serine. Examples of linker
sequences are provided 1o Table 2. In some erobodiments, a spacer contains motils, e.g.,
muktiple or repeating motifs, of GS, GG, GGS, GGG, GGGGS (SEQ 1D NO: 163), GGSG
{(SEQ 1D NGO: 164), or SGGG (SEQ ID NO: 165). In some embodiments, a spacer contains 2
to 12 amino acids including motifs of GS, e.g., G8, GSGS (SEQ ID NG: 166), GSGSGS
(SEQ ID NG: 167, GSGSGSGS (SEQ 1D NG: 168), GRGSGSGSGS (SEQ ID NG: 169), or
GSGSGSGRGSGS (SEQ 1D NG 170}, In some embodiments, a spacer contains 3 to 12
amino acids including motifs of GGS, e.g, GGS, GGSGGS (BEQ ID NG: 171),
GGSGGSGGS (SEQ IDNG: 172), and GGSGGSGGSGGS (SEQ 3 NO: 173). Insome
embodiments, a spacer contains 4 to 12 anuno acids including motifs of GGSG (SEQ 1D NO:
164}, e.g, GGSG (SEQ ID NO: 164), GGSGGGSG (BEQ ID NG: 174), or
GGSGGGSGOGSG (SEQ ID NO: 173), In some embodiments, a spacer contains motifs of
GGGGS (SEG ID NO: 163), e.g, GGGGSGGGGSGGGGS (SEQ D NG: 176). In some
embodiments, a spacer contains amino acids other than glycine and serine, e.g.. AAS (SEQ
D NG: 1773, AAAL (SEQ ID NG: 178), AAAK (SEQ ID NG: 179}, AAAR (SEQ D NO:
180), EGKSSGSGSESKST (SEQ ID NO: 181), GSAGSAAGSGEF (SEQ ID NO: 182),
AEAAAKEAAAKA (SEQ ID NO: 183). KESGSVSSEQLAQFRSLD (SEQ 1D NO: 184),
GGGGAGGGG (BEQ ID NG 185), GENLYFQSGG (SEQ 1D NO: 186), SACYCELS (SEQ
ID NO: 187), RSIAT (SEQ ID NG 18R}, RPACKIPNDLKQREVMNH (SEQ 1D NG: 189),
GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG (SEQ 1D NO: 190y,
AAANSSIDLISVPVDSR (SEQ 1D NO: 191), or
GGSGGGSEGGGSEGGGSEGGGSEGOGSEGGGSGGGS (SEQ ID NO: 192).

3194} In some embodiments, a spacer contains motifs, e g, multiple or repeating motifs,
of EAAAK {(SEQ ID NOG: 193). In some embodiments, a spacer contains motifs, e.g.,
multiple or repeating motifs, of proline-rich sequences such as (XP)n, in which X 1s any

amino acid {e.g., A, K, or E) and n is from 1-3, and PAPAP (SEQ 1D NO: 194
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SEQ D NO: AMING ACID SEQUENCE
163 GOGGS
iod GGSG
163 SGGG
166 G8GS
167 GSGSGS
168 GSGBGRGS
169 GSGSGSGSGS
170 GSGSGRGSGSGS
i7 GGSGGS
172 GGSGGSGOS
173 GOSGGSGGSGES
174 GGSGGGSG
175 GGSGGGESGGERG
176 GOGGSGGGGSGGGOS
177 AAS
178 AAAL
179 AAAK
180 AAAR
181 EGKSSGSGSESKST
i82 GSAGSAAGSGEF
183 AEAAAKEAAAKA
184 KESGSVSSEQLAQFRSLD
185 GGGGAGGGE
186 GENLYFQSGG
187 SACYCELS

&0
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148 RSIAT

i85 RPACKIPNDLKQKVMNH

190 GGSAGGSGSGESGGSSGASGTGTAGGTGSGEGTGSG
191 AAANSSIDLISYVPYDER

192 GGSGGGSEGGGSEGOOSEGGGSEGGGSEGGGSGGGS
193 EAAAK

194 PAPAP

{6195] In some embodiments, the length of the peptide spacer and the anuino acids used 1s
adjusted depending on the two proteins invoived and the degree of flexibility desired in the

final protein fusion polypeptide. In some embodiments, the length of the spacer 1s adjusted to
ensure proper protein folding and avoid aggregate formation. In some embodiments, a spacer

is A or AAAL (SEQ 1D NQO: 178).
Vectors, Host Cells, and Protein Production

1196} Disclosed herein, in some embodiments, are polypeptides comprising a signal-
regulatory protein o (SIRP-o) D1 variant comprising a SIRPo DI domain, or a fragment
thereol, having an anuno acid mutation at residue 80 relative to a wild-tvpe SIRPa D1
domain; and at least one additional amino acid mutation relative to a wild-type SIRPg D1
domain at a residue selected from the group consisting of’ residue 6, residue 27, residue 31,

residue 47, residue 53, residue 34, residue 36, residue 66, and residue 92,

16397} Also disclosed heremn, in some embodiments, are polypeptides comprising an Fe
vartant, wherein the Fc variant comprises an Fc domain dimer having two Fc domain
monomers, wherein each Fe domain monomer independently is selected from (i) a human
IgGl Fe region consisting of mutations L234A, L2354, G237A, and N297A; {it} a human
1932 Fc region consisting of mutations A330S, P3318 and N297A; or (111} a human IgG4 Fe

region comprising mutations S228P, E233P, F234V, L235A, del{3236, and N297A.

{6198} in some embodiments, the polvpeptides of the disclosure are produced from a host
cell. A host cell refers to a vehicle that includes the necessary cellular coroponents, e.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

muecleic acid vectors introduced into the host cell by transformation, transfection,

&1
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electroporation, calcium phosphate precipitation, direct microinjection, infection, efc. In some
embodiments, the choice of nucleic acid vector depends on the host cell 1o be used. Tn some
embodiments, host cells are of either prokaryotic {e.g., bacterial) or eukaryotic {e.g.,

mammalian} origin

[0199] In some embodiments, a poly peptide, for example a polvpeptide construct
comprising a SIRPa D1 domain variant {e.g., any variant provided in Tables 2, 5, and 6} and
a fusion partuer such as an Fe variant are produced by cultfuring a host cell transformed with a
nucleic acid, preferably an expression vector, containing a nucleic acid encoding the
polypeptide construct (e.g., Fo variant, linker, and fusion pariner} under the appropriate
conditions to mduce or cause expression of the polypeptide construct. In sorne 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 himited to, mammalian cells, bacteria, insect cells, and veast. 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
domain variants of this disclosure are expressed in a cell that is optimized not to glycosylate
protewns that are expressed by such cell, etther by genetic engimeering of the cell line or
modifications of cell culture conditions such as addition of kifunensine or by using a
naturally non-glvcosylating host such as a prokarvote (E. coli, efc.}, and in some cases,

modification of the glycosylation sequence in the Fc is not be needed.
Nucleic acid vector consiruction and host cefls

{0200} A nucleic acid sequence encoding the amino acid sequence of a polypeptide of the
discloswre can be prepared by a variety of methods. These methods include, but are not
himited to, oligonucleotide-mediated {or site-directed) muitagenesis and PCR mutagenesis. In
some embodiments, a nucleic acid molecule encoding a polypeptide of the disclosure is
obtained using standard technigues, e.g., gene synthesis. Alternaiively, a nucleic acid
molecule encoding a wild-tvpe SIRPe B3 domain is mutated to inclade specific aming acid
substitutions using standard techniques, e.g., QuikChange™ nutagenesis. In some cases,
nucleic acid molecules are synthesized using a nucleotide synthesizer or PCR techniques.
{0261} In some embodiments, the nucleic acids that encode a polypeptide construct, for
example a polypeptide construct comprising a SIRPa D1 domain variant (e.g., any variant

provided in Tables 2, 5, and 6) and a {usion partner such as an F¢ variant are incorporated
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1nto 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 57
untranslated regions (UTRs), and enhancer or activator sequences: an origin of replication; a
selection marker gene; and the nucleic acid sequence encoding the polvpeptide of interest,
and a transcription fermination sequence. In some ernbodirents, 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 1s placed 10to a functional relationship with another nucleic acid
sequence, Generally, these expression vectors include transcriptional and transiational
regulatory nucleic acid operably linked to the nucleic acid encoding the Fe 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.

{6262} In some embodiments, the components or elements of a vecior 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, veast, and in in vitro systems,

[#283] In some embodiments, mammalian cells are used as host cells (o produce
polvpeptides of the disclosure. Examples of manmuoalian cell types jnclude, but are not hinuited
to, human embryonic kidney (HEK) (e 2., HEK293, HEK 293F), Chinese hamster ovary
(CHO), HeLa, COS, PC3, Vero, MC3T3, NSO, $p2/0, VERY, BHK, MDCK, Wi38, BT483,
HsS78T, HTB2, BT20, T47D, NSO (a murine moveloma cell hne that does not endogenously
produce any inumunoglobulin chains), CRL7030, and HsS78Bst cells. In some
embodiments, E. coli cells are used as host cells to produce polypeptides of the disclosure.
Exaroples of E. coli strains include, but are not limited to, E. coli 294 (ATCCY 31,446), E.
coli & 1776 (ATCC® 31,537, . coli BL21 (DE3)} (ATCCY BAA-1025), and E. coli RV 308
{ATCC® 31,608).

&3
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{3204 Different host cells have characteristic and specific mechanisms for the
posttransiational processing and modification of protemn products {e.g., glycosylation). In
sorne emboduments, appropriate cell lines or host systems are chosen to ensure the correct
modification and processing of the polvpeptide 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 prorooters, selecting transformants, or amplifying the

genes encoding the desired sequences.

{6205] In some embodiments, a polypeptide construct, for example a polypeptide
construct comprising a SIRPa D1 domain variant {e.g., any variant provided in Tables 2, §,
and 6) and a fusion partner such as an Fc variant 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. Switable cells also include known research
cells, mcluding but not limited to Jurkat T cells, NIH3IT3, CHO, COS, and 293 cells.
Alternately, in some embodiments, proteins are expressed in bacterial cells. Bacterial
expression systems are well known in the art, and inchude Escherichia coli (E. colt), Bacillus
subtihis, Streptococcus cremors, and Streptococcus lividans, In some cases, polypeptide
constructs comprising Fc domain vanands are produced in insect cells such as but not limited
to Sf% and 521 cells or yeast cells such as but not limited to organisms from the genera
Saccharomyces, Pichia, Kluy veromyces, Hansenula and Yarrowia. In some cases,
polypeptide constructs comprsing Fe dorpain vanants are expressed iz vitro using cell free
translation systems. fn vitre franslation systems derived from both prokaryotic (e.g., E. coli}
and eukarvotic {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 transiation is
required for some display technologies, for example ribosome display. In addition, in some
embodiments, the F¢ domain variants are produced by chemical synthests methods such as,
but not hmited to, liquid-phase peptide synthesis and solid-phase peptide synthesis. o the
case of in vifro transcription using a non-glycosylating system such as bacterial extracts, the
Fe will not be glycosylated even in presence of the natural glycosviation site and therefore

mactivation of the Fo will be equivalently obtained.

{6206} In some ermbodiments, a polypeptide construct includes non-natural amino acids,

anuno acid analogues, anuno acid mimetics, or any combinations thereof that function in a
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manner similar to the naturally occurring aming acids. Naturally encoded amino acids
generally refer to the 20 common amino acids (alanine, arginine, asparagine, aspartic acid,
cvsteine, glutamine, glutanuc acid, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine) and pyrrolysioe
and selenocvsteine. Amino acid analogs refers to compounds that have the same basic
chenucal structure as a naturally occurring anmino acid, e 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 chervical structure as a naturally occurring arino acid.
Protein production, recovery, and purification

{207} In some embodiments, host cells used to produce polvpeptides of the disclosure
are grown in media suitable for culturing of the selecied host cells. Examples of suitable
media for mammalian host cells include Minimal Essendial 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 Luna broth {LB) plus necessary supplements, such as a selection
agent, e.g.. ampiciliin. In some embodiments, host cells are cultured at suitable temperatures,
such as from about 20 °C to about 39 °C, e.g., from abowut 25 °C to about 37 °C, preferably 37
°C, and CO: levels, such as about 3% to 10%. In some embodiments, the pH of the medium
is from about pH 6.8 to pH 7.4, e 2., pH 7.0, depending mainly on the host organsm. If an
mducible promoter is used in the expression vector, protein expression can be induced under

conditions suitable for the activation of the promoter.

{6268} In some embodiments, protein recovery involves disrupting the host cell, for
example by osmotic shock, somication, or lvsis. Once the cells are disrupted, cell debris is
removed by cenirifugation or filtration. The proteins can then be further purified. In some
embodiments, a polypeptide of the disclosure is pusified 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 anv other standard technique for the purification of proteins. For example, in
some embodiments, the profein is isolated and purified by appropriately selecting and

combining affiruty colurnns such as Protein A column {e.g, POROS Protein A

chromatography) with chromatography columns {e.g., POROS HS-50 cation exchange
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chromatography), filtration, wira-filtration, de-salting and dialysis procedures. In some
embodiments, a polypeptide is conjugated (o marker sequences, such as a peptide to facilitate
purification. An exarople of a marker anuno acid sequence is a bexa-histidine peptide (His6-
tag), which can bind to a nickel-functionalized agarose affinity colunm with micromolar

affinity. As an altemative, a hemagghutinin “HA™ tag, which corresponds to an epitope

{0209} Tn some embodiments, polypeptides of the disclosure, for example a polypeptide
construct comprising a SIRPg D1 domain variant {e. g, any variant provided in Tables 2, 5,
and 6) and a fusion pariner such as an Fe variant are produced by the cells of a subjeci{e.g,
ahuman), e.g., in the context of gene therapy, by admunisirating a vector such as a viral
vecior {e.g., aretroviral vector, adenoviral vector, poxviral vector (e.g., vaccinia viral vector,
such as Modified Vaccinia Ankara (MVA}), adenc-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, efc.} can be used for the
expression of a poly peptide disclosed herein. In some cases, the polvpeptide 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.
Methods of Treating Cancer
Methods of Treating Myeloid Cancer

{6216} In some embodiments, provided is a method of treating cancer (e.g., a myeloid
cancer such as myelodysplastic syndrome (MDS) or acute mveloid leukemia (AML)) in an
individual {e.g., a human individual) that comprises admirustering to the individual an
effective amount of {(a} an agent that blocks the mteraction between CD47 {e. g hCD47} and
SIRPo (e.g., h8IRPeo) and (b) a hypomethviating agent. In some embodiments, the cancer is
AML. In some embodiments, the cancer is TPS3-mutated AML and/or FLT3-mutated AML.
In some embodiments, the cancer is MDS. In some embodiments, the method comprises an
induction phase and a maintenance phase, wherein the induction phase comprises the
administration of (a) the agent that blocks the interaction between CD47 (e.g, hCD47) and

SIRPo {e.g.. hSIRPo) and (b} the hyvpomethylating agent, and the roaintenance phase
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comprises administration of the agent that blocks the interaction between CD47 (e.g.,
hCD47y and SIRPa {e.g., hSIRPa) without the hypomethylation agent (e.g., monotherapy
with the agent that blocks the inferaction between CD47 (e.g, hCD47) and SIRPa (e g,
hSIRPoy).

0211} In some embodiments, provided is a method of treating cancer {(e.g., a myeloid
cancer such as myelodysplastic syndrome (MDS) or acute myeloid leukemia {AML)) in an
individual (e.g., a huroan individual) that comprises adroinistering to the mndividual an
effective amount of {a} an agent that blocks the interaction between CD47 {e.g, hCD4 7} and
SIRPu {e.g., h8IRPa), (b) a hyvpomethylating ageni, and (¢} a Bel-2 inhibitor {e.g., a selective
Bel-2 inhibitor). In some embodiments, the cancer is AML. In some embodiments, the
cancer is TP33-mutated AML and/or FLT3-mutated AML. In some embodiments, the cancer

is MDS.

0212} MDS encompasses a serigs of hematologic conditions characierized by chronic
cvtoperias {e.g., anenua, neutropenia, thrombocyiopenia) accormpanied by abnormal cellular
maturation {myelodysplasia) and/or characteristic cyiogenetic abnormalities. As a result,
individuals with MDS are at risk for symptomatic anemia, infection, and bleeding, as well as
progression fo acute myeloid leukemia { AML), which is often refractory to standard
treatment. The most common cause of death among individuals with MDS is bone marrow
failure, rather than transformation to AML. In some embodiments, the MDS is higher risk
MDS. In some embodiments, the MDS is considered higher risk if the individual has a
Revised International Prognostic Scoring Svstem (IPSS-R) score greater than 3. fn some
embodiments, the MDS is considered higher risk if the individual has a Revised [nternational
Prognostic Scoring System {(IPSS-R) score greater than 3.5. The IPSS-R is a validated
progoostic tool based on S factors: (1) the percentage of blasts {very early forms of blood
cells) m the individual’s bone marrow; (2) the type and nurober of ¢cyviogenetic abnormalifies
(if anv}; (3) the level of red blood cells {(measured as hemoglobiny in the mndividual’s blood;
{4) the level of platelets in the individual’s blood; and {3} the level of neutrophils in the
individual's blood. Each factor is given a score, and individuals with scores < 3 are more
likely to have a favorable prognostic outlook. See, e g, Greenberg ef o/ (2012). “Revised
intermnational prognostic scoring system for myelodysplastic syndromes.” Biood, 120 {12},
2454-2465; and Schanz ef af. (2012). “New comprehensive cyilogenetic scoring systern for
primary rovelodysplastic syndromes (MDS}) and oligoblastic acute mveloid leukermia after

MDS derived from an international database merge.” .7 Clin Oncol, 30 (8), 820-829 for
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further details regarding the IPSS-R and how scores are calculated to determine an
individual’s MDS risk staius. In some embodiments, the individual has an TPSS-R score of
about 3 or greater or about 3.5 or greater. In some embodiments, the individual has an TPSS-
R score of less than about 3 or less than about 3.3, In some embodiments, the individual has
received prior freatment for MDS. Current standard treatments for MDS include, e.g.,
hematopoietic siem cell-transplantation and aracitidine. In soroe embodiments, the

individual has not recetved prior treatment for MDS.

{6213} AML is a form of cancer that is characterized by infiliration of the bone marrow,
blood, and other tissues by proliferative, clonal, abnormally differentiated, and occasionally
poorly differentiated cells of the hematopoietic sysiem. It is one of the most common forms
of acute leukemia among adults. Every vear doctors diagnose an estimated 19,520 people i
the United States with AML. An estimated 10,670 deaths occur on a vearly basis because of
the disease. In some embodiments, the individual has subevtologically or histologically
confirmed diagnosis of relapsed/refractory or newly diagnosed AMIL per WHO 2016
classification. In some embodiments, the individual has AML that s relapsed/refraciory or
that is previously untreated in patients not considered suitable for intensive induction therapy.
In some embodiments, the individual has AML that s relapsed/refractory after prior
treatment with a HMA-based regimen. In some embodiments, the individual has previously
untreated AML and is not considered a suitable candidate for intensive induction therapy. In
some embodiments, the individual has adequate renal and liver function. In some
ernbodiments, the individual 1s 218 vears old. In some embodiments, the individual has
adequate performance status. In some embodiments, the individual has not undergone prior
allo-HSCT. In some embodiments, the individual is least 3 months post-HCST, without
uncontrolled graft-versus-host disease (GVHD). In some embodiments, the individual has not
undergone prior allo-HSCT. In some embodiments, the individual does not have newly
diagnosed AML with favorable risk cytogenetics such as ((8,21), inv(16}, or t{16:16} as per
the NCCN guidelines version 3, 2019 for AML. In some embodiments, the individual does
not have acute promyelocytic leukeroia (APL). In some embodiments, the individual has not
undergone prior treatment with any anti-CD47 or anti-SIRPo (signal regulatory protein alpha)
agent. In some embodiments, the individual does not have known active viral infections,
meluding hepatitis B and C, hurvan iomunodeficiency virus (HIV), acqured
immunodeficiency syndrome (AIDS) related illness. or sars-cov-2 {severe acute respiratory

syndrome coronavirus 2}.
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{214} In some embodiments, the agent that blocks the interaction between CD47 and
SIRPu is a polypeptide {e.g., fusion polypeptide) comprising a SIRPa D1 domain variant
{e.g., a SIRPo D1 domain variant described herein) and an Fe domain vanant {e.g2., an F¢
domain variant described hereiny. In some embodiments, the C-ternunus of the 8IRPg D1
domain variant of the fusion polvpepiide {e.g., a SIRPa D1 domain variant described herein)
is fused to the N-terminus of the Fc domain variant. In some embodiments, the polypeptide
{e.z., fusion polvpeptide) comprises a SIRPg D1 domain variant that comprises the amino
acid sequence of SEQ ID NG: 81 or SEQ 1D NO: 85, In some embodiments, the Fc domain
variant is (i) a human IgGl Fe region comprising L234A, L2335A, G237A, and N297A
mutations, wherein numbering is according to the EU index of Kabat; (1) a human IgG2 Fe
region comprising A3308, P331S, and N297 A mutations, wherein numbering is according o
the EU index of Kabat; (i1} a human IoG4 Fc region comprising S228P, E233P, F234V,
L2354, and delG236 mutations, wherem nurnbering 18 according to the EU index of Kabat;
or {iv) a human 1gG4 Fe region comprising S228P, E233P_ F234V, L2354, del(G236, and
WN297A mutations, wherein numbering is according to the EU index of Kabat {e g, wherein
the C-terminus of the SIRPa D1 domain variant 1s fused {o the N-terminus of the F¢ domain
variant}. In some embodiments, the polvpeptide {e.g., fusion polypeptide) adoynistered to
the individual comprises the amino acid sequence of SEQ 1D NO: 136 or SEQ ID NO: 135,

In some embodiments, the polypeptide {e.g., fusion polypeptide) forms a homodimer.
Hypomethylating Agenits

16215] Hypowmethylating agents are a class of anticancer drugs that have so far been
shown to have two main mechanisms of antitumor activity: (i) cytotoxicity due to
incorporation inio RN A and/or DNA, leading to induction of DNA damage response and (i)
DNA hypomethyiation through inhibition of DNA methylransferase, enabling resioration of
normat cell growth and differentiation. See, e.g., Diesch er al. (2016} “A climcal-molecular
update on azanucleoside-based therapy for the treatment of hematologic cancers.” Clin
Epigenet, 8: 71; Sato et al. (2017} “DNA Hypomethylating Drugs in Cancer Therapy.” Cold
Spring Harbor Ferspeciives in Medicine, 7(5), a026948§; and Datta et al. (2012) “Novel
Insighis into the Molecular Mechanism of Action of DNA Hyvpomethvlating Agents: Role of
Protein Kinase C § in Decitabine-Indnced Degradation of DNA Methyltransferase 1.7 Genes

& cancer, 3(1), 71-81 for additional details regarding hypomethylation agents.

6216} In some embodiments, the hypomethylating agent is azacitidine (also known as 3-

aza-2’~deoxveviidine, 5-Arzacytidine, Azacyiidine, Ladakamycin, 4-Anuno-1-3-D-
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ribofuranosyl-s-iriazin-2{1H}-one, and U-18496}. Azacitiding, a pyrimidine nucleoside
analogue of cytidine, is a white crystalline powder with the empirical formula CeH12N4Gs and
a molecular weight of 244 .2 g/mool. Azacitidine is described chemically as 4-araino-1-

H2R 3R 48,5183 4-dihydroxy-5-(hydroxymethyi}oxolan-2-y1}-1,3, 5-triazin-2-one and has

the following chemical structure:
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{6217} The CAS Registry Nurnber for azacitidine is 320-67-2. Azacitidine is
administered subcutaneously or intravenously and is sold under the trade names
PREMIERPRO RX AZACITIDINER, VIDAZAR, AZACITIDINE NOVAPLUS®, and
others. Complete information about azacitidine preparation, dispensing, dosage, and
adnunistration schedule can be found in the local package insert (for the United States, see,
e.g., wwwidotiaccessdata fda{dot)gov/drugsatfda docs/label/2008/050794s501 11bi(dot)pdf;
for Europe, see, e.g., www{dot}ema{dotjEuropa(dotiewen/documents/product-
information/vidaza-epar-product-information_en{dot)pdf. In some embodiments, the
azacitidine is adnmunistered in accordance with the dosing and frequency reconumended in the

tocal package insert.

{3218} In some embodiments, the hyvpomethylating agent is decitabine {alsoc known as 5-
Aza-2 ~deoxyeytidine, , 4-aming-1-2-deoxy-B-D-erythro-pentofuranosyi}-s-triazin-2(1H)~
one, and S-azadeoxycvtidine}. Decitabine 13 also pyrinudine nucleoside analogue of cytidine,
Decitabine has the empirical formula CaHiNaOq and a molecular weight of 218.21 g/mol.
Decitabine is described chemically as 4-amino-1-[(2R,48,5R }-4-hydroxy -5-

(hydroxymethy Doxolan-2-y1]-1.3, 3~triazin-2-one and has the following chenucal structure:
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{0219} The CAS Registry Number for decitabine is 2353-33-3. Decitabine is
administered intravenously and is sold under the trade name DACOGEN® (and others).
Complete information about decitabine preparation, dispensing, dosage, and administration
schedule can be found in the local package insert (for the United States, see, e. g,
wwwi{dotiaccessdata(dot}fda gov/drugsatfda docs/label/2010/02179050061bi{dot)pdf; for
Europe, see, .g., www{dot}ema{dotieuropa(dotiew/en/docaments/product-
nformation/dacogen-epar-product-nformation_en{dotipdf. To some embodiments,
decitabine is adnunistered in accordance with the dosing and frequency reconuuvended in the

local package insert.

{6220} In some embodiments, the hy pomethyiating agent 1s FdCvd (5-fluoro- 27-
deoxyeyidine), zebularine, CP-4200 (i.e., an elaidic acid derivative of azacifidine), RG0S,
nanaomycin A, guadecitabine, RX-3117, EPIO1, antroquinonol, CC-486, or ASTX727 {see.
e.g., astx{dot)com/research-development/clinical-pipeline/astx727-oral-dnmt-inhibitor-
hematological-malignancies/). Other exemplary hypomethylating ageots that find use in the
present methods are describad in, e.g., Sato et al. (2017). “DNA Hypomethvlating Drugs in
Cancer Therapy.” Cold Spring Harbor perspeciives in medicine, 7(5), al26948 and
Duchmann, et al. (2019). “Clinical update on hypomethylating agents.” Inf J Hematol 110,

161-169.
Bel-2 Inhibitors

16221} Bcl-2 inhibitors are a class of anticancer drugs that are believed to exert their
cytotoxic effects by competing with proapoptotic Bel2s to occupy BH3 docking grooves on
the surfaces of antiapoptotic famuly members. By binding to one or more Bel2 fanuly
members, these imhibitors induce apoptosis by mimicking the activity of natural antagonists

of BCL-2 and other related proteins and restore apoptosis in tumor cells.

{6222} In some embodiments, the Bel-2 inhibiior is venetoclax {(also known as GDC-
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0199, ABT-199, and RG7601) is an exemplary selective Bel2 inhibitor used in the methods
described herein. Venetoclax is a light vellow to dark vellow solid with the empirical
formula CasHaoCINZO78 and a molecular weight of 868 44 g/mol. Venetoclax has very low
aqueous solubility, Venetoclax is described chemically as 4-(4-{{2-{(4-chlorophenvi}-

4 4dimethyicyclohex-1-en-1-yiimethyl} piperazin-1-v1}-N-{{3-nitro-4-[(tetrahy dro-2H-pyran-
4ylmethyDaminolphenyl; sulfonvh-2-(1H-pyrrolo]2,3-blpyridin-3-viloxyybenzanude) and has

the following chenucal structure:

{6223} The CAS Registry Number for venetoclax is 1237044-40-8. Venetoclax is
adnunistered orally and is sold under the trade names Venclexta and Venclvxto. Complete
information about venetoclax preparation, dispensing, dosage, and administration schedule
can be found in the local package msert (for the United States, see, e.g.,
wwwidotlaccessdata(dot}fda(dotigov/drugsatfda docs/label/2016/20857350001b1(dot)pdf; for
Europe, see, e.g.,

wwwidotiema(dotieuropa{dotiew/en/medicines/human/EP AR vencly xto#product-
mformation~section). In some embodiments, the venetoclax 1s administered in accordance

with the dosing and frequency recommended in the local package insert.

{6224} In some embodiments, the Bel-2 inhibiior is ABT-737. ABT-737 is ancther
exemplary selective Bel2 inhibitor used in the methods described herein. ABT-737, which
inhibits both Bel2 and Bel-xi., has the empirical forroula CaxHasCINeUsS2 and a molecular
weight of 813.43 g/mol. The CAS Registry Number for ABT-737 is 852-808-04-9. ABT-
737 is described chemically as 4-{4-[{4"-Chloro-2-biphenylyimethyl|-1-piperazinvi}-N-{{4-

HR4-{dimethviamino}-1-(phenyisulfanyi)-2-butanyljamino }-3-
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nitrophenysulfonyl{benzamide and has the following chemical structure:

{6225} In some embodiments, the Bel-2 inhibior used in the methods deseribed herein is
navitoclax., Navitoclax (also known as ABT-263), which inhibits both Bel2, Bel-xL, and Bel-
w, has the empirical formula CarHssCIFsNsO683 and a molecular weight of 974.6 g/mol. The
CAS Registry Number for navitoclax is 923564-51-6. ABT-737 is described chemically as
4-{4-[12-{4~-chlorophenyl}-5, 5~dirnethyloy clohexen-1-yiimethylpperazio-1-y1}-N-[4-[[{2R}-
4-morpholin-4-y1-1-phenyisulfanylbutan-2-viiamino}-3-(niflucromethylsulfony )
phenvlisulfonyibenzamide and has the chemical structure provided below. Additional details

regarding naviioclax are provided in, e.g., Tse ef al {2008} Cancer Res. 68(9): 3421-3429.

N \?;IH
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{3226} In some embodiments, the Bel2 mhibitor used in the methods described herein is
§55746 {also known as BCL201 and Servier-1). $55746 occupies the hydrophobic groove of
BCL-2. s selectivity profile deroonstrates vo significant binding to MCL-~1, BFL-1 §$35746
occuptes the hvdrophobic groove of BCL-2. Its selectivity profile demonstrates no
significant binding to MCL-1, BFL-1 (BCL2A1/A1)} and poor affinity for BCL-X1L.. 855746
has po cyvtotoxic activity on BCL-XL-~dependent cells, such as platelets (see, e.g., Casara ef
al. (2008 Oncotarget. H28): 29975-20088). S53746 has the empirical formula CsHN4Os
and a molecular weight of 710.82 g/mol. The CAS Registry Number for 855746 is 1448584-
12-0. 855746 is described chemically as (S)-N-(4-hy droxy pheny)-3-(6-(3-
(morpholinomethy!)-1,2,3 4-tetraby drotsoquinoline-2-carbonybenzo{di{ 1, 31dioxol-5-y[}-N-

phenyl-5,6,7 8-tetrahy droindolizine- 1 ~carboxamide and has the following chemical structure:
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{3227} In some embodiments, the polypeptide (e.g., fusion polypeptide) and the
hypomethylating agent {(e.g, azacitidine) are adnunisiered stmultaneously, concurrently, or
sequentially. In some embodiments, the polypeptide {e.z., fusion polypeptide), the
hypomethviating agent {e.g . azacitidine)}, and the Bcl-2 inhibitor (e.g., venstoclax) are
administered simultaneously, concurrently, or sequentially. In some embodiments, the fusion
polvpeptide is administered via intravenous mfusion. In some eroboditoents, the fusion
polypeptide is adnunistered (e.g , via intravenous infusion) at a dose of up 1o 60 mg/kg. In
some embodiments, the fusion polypeptide is administered {e.g., via intravenous infusion) at
a dose of 60 mg/kg once every 4 weeks {(i.e., g4w) or once every 28 days.  fnisome
embodiments, the hypomethylating agent {e.g., azacitidine} is administered via intravenous
infusion or subcutaneously. In some embodiments, the arzacitidine is administered in one or
more 28-day cycles. In some embodiments, the azaciiidine is administered at a dose of 75
mg/m’ daily for 7 days of each 28 day cycle. In some embodiments, the azacitidine ts
administered to the individual during each 28-day cycle at a dose of 75 mg/m? daily for 5
days, followed by 2 days without azacitidine administration, and then adminisiered to the
individual at a dose of 75 mg/m® for 2 additional days. In some embodiments, the Bel-2
mhibitor (e g, venetoclax) is adminustered orally In some embodiments. the venetoclax is
administered at a dose of In some embodiments, the venetoclax is administered at a dose of
100 mg of Day 1 of treatment, 200 mg on Day 2 of treatment, and 400 mg every day
following Day 3 of treatroent. In some embodients, the venetoclax s admimstered at a
dose of 100 mg of Day 1 of treatment, 200 mg on Day 2 of treatment, 400 mg on Day 3 of
treatment, and 600 mg every day following Dav 3. In some embodiments, the venetociax is
adnunistered 400 rog orally once daily of each 28-day evele in combination with a

hypomethvlating agent {e.g., azacitidine or decitabine}.

{0228} In some embodiments, the fusion polvpeptide is supplied for use {e.g., mtravenous
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administration} in a 100 mg/5 ml Type I clear glass vial sealed with a 20 mm Teflon coated
rubber septum stopper and aluminom seal. In some embodiments, the fusion polypeptide is
supphied for use {e.g , mtravenous admimstration} in a 400 rg/20 mi Type ¥ clear glass vial
sealed with a 20 nun Teflon coated rubber septum stopper and aluminum seal. In some
embodiments, the fusion polypeptide is stored in its original container at 2-8'C (36-46'F) until

use {e.g., intravenous adnunisiration).
Combination Therapies for Treating Cancer

{6229} In some embodiments, provided is a method of treating cancer in an individual
{e.g., a human individual} that comprises administering to the individeal an effective amount
of a polypeptide {e.g.. a fusion polypeptide) compnising a SIRPu D1 domain variant {(2.2., a
SiIRPg D1 domain variant described herein} and an Fo domain variant {e.g., an Fc domain
variani described herein), wherein the polvpeptide {e.g., fusion polypeptide} is administered
to the individual {e.g., via intravenous infusion) at a dose of up to about 60 mg/ke (e.g., such
as about any one of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56 57. 58, 59 or 60 me/ke,
including any range between these values). In some embodiments, provided is a method of
treating cancer in an individual {e. g, a human individual) that coroprises adnunisiering to the
individual an effective amount of a polypeptide (e.g., fusion polypeptide) comprising a
SIRPg D1 domain variant {e.g., a SIRPg D1 domain variant described herein} and an Fe
doman variant {e.g., an F¢ domain variant described herein), wherein the polyvpeptide (e.g.,
fusion polypeptide) is adminustered to the individual at a dose of about 60 mg/kg. In some
embodiments the polypeptide (e.g.. fusion polypeptide} is administered at a dose of about 60
mg/ke (e.g., viainiravenous infusion} once every four weeks {e.g., gd4w), or once every 28
davs. In sore embodiments, provided s a method of treating cancer i an individual {e.g., a
human individual} that comprises administering to the individual an effective amount of a
polypeptide {(e.g., fusion polypeptide) comprising a SIRPg D} domain variant {e.g . a SIRPo
D1 domain variant described herein} and an Fo domain variant {e.g2., an Fc domain variant
described herein), wherein the polypeptide (e g., fusion polypeptide) is adrrnistered to the
individual (e g., via intravenous infusion) at a dose of about 45 mo/kg. In some embodiments
the polypeptide {e.g., fusion polypeptide) is admirustered to the individual {e.g., via
indravenous infusion) at a dose of about 45 mg/kg once every three weeks {e.g2.. q3w). or once
every 21 days. In some embodiments, C-terminus of the SIRPa D1 domain variant of the

polypeptide {e.g., fusion polypeptide) is fused to the N-terminus of the Fe domain variant. In

Ned
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some embodimenis, the polypeptide {e. g, fusion polypeptide} comprises a SIRPa D1 domain
variani that comprises the amino acid sequence of SEQ ID NO: 81 or SEQ TDNG: 85, In
some emboduments, the Fe domain vanant 1s (1) a human IgG1 Fe reglon comprising L2344,
L235A, G237A, and N297A mutations, wherein numbering is according 1o the EU index of
Kabat; {11} a human Ig(G2 Fe region comprising A3308, P331S, and N297 A mutations,
wherein numbering is according to the EU index of Kabat; (i1} a human IgG4 Fc region
comprising 8228P, E233P, F234V_ L233A, and del(G236 mutations, wherein numbering is
according to the EU index of Kabat; or (iv) a human IgG4 Fc region comprising S228P,
E233P, F234V, L235A, del(G236, and N297 A mutations, wherein mumbering 1s according to
the EU index of Kabat (e.g.. wherein the C-terminus of the STRPa D1 domain vanant is fused
to the N-terminus of the Fc domain variant}. In some embodiments, the polypeptide {(e.g.,
fusion polvpeptide) administered to the individual comprises the amino acid sequence of SEQ
ID NG: 136 or SEQ 1D NG: 135, In sorne embodiments, the polypeptide {e.g.. fusion

polypeptide) forms a homodimer. In some embodiments, the individual is human

16236} In some embodiments, the method comprises administering the polypeptide (e.g.,
fusion polypeptide} comprising a 8IRPo D1 domamn variant (e.g., a SIRPa D1 domain variant
described berein) and an Fe domain vanant {e.g., an Fe domain vanant described herein) in
combination with at least one additional agent {e g.. anti-cancer agent), such as at least two,
three, four, or five additional agents {e.g., anti-cancer agents}. In some embodiments, the
exemplary anti-cancer agent(s) that find use with the methods herein include, without
hmitation, therapeutic antibodies, antibodv~drug conjugates {ADC), small molecule
inhibitors, peptide inhibitors, corticosteroids, methotrexate, immunomodulatory agents, anti-
tumor antibictics, immunoctherapeutic agenis, anti-cancer vaccines, oncolytic viruses,
cytokines, or chemotherapeutic agents {2.g., topoisomerase inhibitors, antimetabolites, anti-
mitotic drugs, hypomethvlating agents, platinum-based compounds, anthracyclines,

alkvlating agents, plant alkaloids, and others), and combinations thereof.

0231} Additionally or alternatively, in some embodiments, the method comprises
admiistering the polypeptide comprising a SIRPu D1 domain variant {e.g., a SIRPa D1
domain vanant described herein) and an Fc domain variant {e.g.. an Fc¢ domain varnant
described herein) in conjunction with at least one additional mode of therapy. In some
embodiments, the exemplary mode(s) of therapies that are performed in conjunction with the
admunistration of a fusion poly peptide include, without lirnitation, adoptive cell therapy (e.g.,

chimeric antigen receptor T-cell therapy (CAR-T), tumor infiltrating lymphocytes (TTLs),
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TCR engineered T cells, TCR engineered NK cell, and macrophage cell products),
autologous stem cell transplant, allogenic stem cell transplant, radiation, surgery, gene

therapy, crvoablation, and bone marrow transplant.

{06232} In some embodiments, the cancer treated by a method provided herein is a solid
tumor. Exemplary cancers treated by a method provided herein include, without limitation,
e.g., breast cancer, lung cancer, adenocarcinoma of the lung, squamous cell hung cancer,
small cell lung cancer (SCLC), non-small cell lung cancer (NSCLC), head and neck cancer,
mesothelioma, brain cancer, brain tumor, abdominal cancer, colon cancer, colorecial cancer,
esophageal cancer, parapharyngeal cancer, gastrointestinal cancer, glioma, liver cancer,
gastri¢c cancer, oral cancer, tongue cancer, neurchlastoma, osteosarcoma, ovarian cancer,
renal cancer, winary bladder cancer, urinary tract cancer, pancreatic cancer, retinoblastoma,
cervical cancer, uterine cancer, Wilm's tumor, muultiple myeloma, skin cancer, lymphoma,
leukemia, blood cancer, thyroid cancer, bone cancer, adenocystic fumor, chondrosar-coma,
pancreatic istet cell tumor, neuroendoctine turnor, prosiate cancer, glioblastoma, endometrial
carcinoma, endometrial cancer, letomyosarcoma, gall bladder cancer, hepatocellular cancer, a

melanoma, or other solid tumor.

{66233} In some embodiments, the cancer treated by a method provided herein is a
hematological cancer. Exemplary cancers treated by a method provided herein include,
without limutation, e g.. multiple myeloma, or a leukenua, including, but not limited to, e g.,
acute or chronic myelogenous leukemta acute or chronic [ymphoblastic leukemia, acute
Ivrophocevtic leukerma (ALL) chyomce lymphocytic leukenua (CLL), small lvaphocytic
lymphoma (SLL}, acute myeloid leukemia (AML), myvelodysplastic syndrome (MDS),
chronic myeloid feukemia (CML), hairy cell leukemia, chronic myvelomonocytic leukemia
(CMML), Juvenile myelomonocytic leukemia (JMML)}, large granular lymphocytic (LGL)
teukenua, plasmacytorna, blastic plasmacytoid dendritic cell neoplasm (BPDCN), B-cell
protymphocytic leukema (B-PLL), T-cell prolymphocytic leukemia (T-PLL), multiple
myveloma (MM}, and Non-Hodgkin lymphomas (sach as diffuse large B-cell lvraphoma
(DLBCL), Burkitt lymphoma, mantle cell lymphoma (MCL), peripheral T-cell lymphoma
(PTCL), lymphoplasmacytic lymphoma, Waldenstrém macroglobulinenua, marginal zone

fymphoma (MZL} and follicular lvmphoma (FL).
Kits aned Avticles of Manufaciure

63234} In another embodiment of the invention, provided is an article of mancfachwe ora
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kit 1s comprising a polypeptide {(e.g., a fusion polypeptide described herein) comprising a
SIRPy D31 domain variant and an Fo domain variant. In some embodiments, the SIRPa D1
domam variant 1s for use in combination with a hypomethylating agent {e.g., azacitidine} for
the treatment of myelodysplastic disorder (MDS} or acute myeloid leukemia {AML) in an
individual (e.g., human individoal). In some embodiments, the SIRPa D1 domain variant is
for use in combination with a hypomethviating agent {e.g., azacitidine) and a Bcl-2 inhibitor
{e.g., veneotclax) for the treatment of AML in an individual {e.g , human individual}. In
some embodiments, the SIRPg D1 domain vartant comprises the amino acid sequence
selected from the group consisting of: SEQ 1D NG: 81 and SEQ ID NG: 85, In some
embodiments, the Fe domain variant is (1) a buman lgG1 Fe region comprising L2344,
L235A, G237A, and N297A mutations, wherein numbering is according 1o the EU index of
Kabat; (i1} a human [2G2 Fc region comprising A3308, P3318, and N297A mutations,
wherein numbering is according to the EU index of Kabat; (i1} a human [gG4 Fe region
comprising S228P, E233P, F234V, L2334, and del(G236 mutations, wherein numbering is
according to the EU index of Kabat; or {iv) ahuman IgG4 Fe region comprising S228P,
E233P, F234V, L2335 A, del3236, and N297 A mutations, wherein mumbering is according to
the EU index of Kabat. In some embodiments, the Fe domain variant comprises the anuno
acid sequence of SEQ 1D NO: 91, In some embodiments the polypeptide comprises the
amino acid sequence of SEQ 1D NG: 135 or SEQ ID NO: 136. In some embodiments, the
polypeptide comprising 3 SIRPa D1 domain variant and an Fe domain variant forms a
homodimer. In some embodiments, the kit or article of manufacture is for use according to a

method of treatment provided herein,

[3235] In some embodiments, the kit or article of manufacture further comprises a
hypomethylating agent. To some embodiments, the hypomethylating agent is arzacitidine. In
some embodiments, the kit comprises a package insert or label with instructions for using the
polypeptide (e. g, fusion polypeptide) in combination with the hypomethylating agent {e.g,
azacitidine) to treat or delay progression of cancer {e.g., a myeloid cancer such as
myelodvsplastic syndrome (MI3S) or acute royeloid leukena (AML)) in an individual (such
as a human individual). ). In some embodiment, the kat or article of manufacture 1s for use in
the treatment of AML, e g, TP53-mutated AML and/or FLT3-mutated AML. In some
embodiments, the kit or article of manufacture is for use in the treatment of MDS, e.2., higher
risk MDS, In some embodiments, the polypeptide {e.g., fusion polypeptide) and the

hypomethvlating agent {e.g., azacitidine} are provided together in the kit. In some
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embodiments, the polypeptide {e.g , fusion polypeptide) and the hypomethylating agent {e.g.,

azacitidine} are provided in the same conlatner or separate confainers.

3236} In some erobodiments, the kat or article of manufacture further comprises a Bel-2
inhibitor. In some embodiments, the Bel-2 mhibitor is venetoclax. In some embodiments, the
kit comprises a package insert or label with instructions for using the polypeptide {e. g, fusion
polvpeptide’ in combination with the hypomethvlating agent (e.g., azacitiding) and the Bel-2
inhibitor {e.g., venetoclax) to treat or delay progression of cancer {e.g., a myeloid cancer such
acute myeloid leukemia (AML)) in an individual {(such as a human individual}. In some
embodiment, the kit or article of manufacture is for use in the treatment of AML, e.g, TP53-
mutated AML and/or FLT3-mutated AML. In some embodiments, the polypeptide {e.g2..
fusion polvpeptide), the hypomethylating agent {e. g, araciidine), and the Bel-2 inhibitor
{e.g., venetociax} are provided together in the kit. In some embodiments, the polypeptide
{e.g., fusion polypeptide), the hyporsethylating agent (e.g., azacitidine), and the Bcl-2

inhibitor (e.g., venetoclax) are provided in the same container or separate confainers.

16237} In another embodiment of the invention, an article of manufacture or a kit is
provided comprising a polypeptide {e.g, a fusion polypeptide described herem) comprising a
SIRPy D31 domain variant and an Fe domain variant. In some embodiments, the SIRPa D
domain vaniant comprises the anuno acid sequence selected from the group consisting of:
SEQ ID NO: 81 and SEQ ID NO: 85, In some embodiments, the Fc domain variantis (iYa
human g1 Fe region comprising L2344, L235A, G237A, and N297 A mutations, wherein
numbering is according to the EU jndex of Kabat; (u) a human 1gG2 Fe region cornprising
A3308, P3318, and N297A mutations, wherein numbering is according to the EU index of
Kabat; (i11) a2 human [gG4 Fe region comprising S228P, E233P, F234V, L2354, and delG236
mutations, wherein nambering is according (o the EU index of Kabat; or {iv) a homan IgG4
Fe region comprising S228P, E233P, F234V, L235A, del(G236, and N297 A mutations,
wherein mumnbering is according to the EU index of Kabat. In some embodiments, the Fc
domain vanant comprises the amino acid sequence of SEQ ID NO: 91 Insome
erobodiments the polypeptide coroprises the amino acid sequence of SEQ ID NO: 135 or
SEQ ID NO: 136, In some embodiments, the polypeptide comprising a SIRPa D1 domain
variant and an Fc domain variant forms a homodimer.  In some embodiments, the kit
comprises a package insert or label with instractions for using the polypeptide (e.g, fusion
polypeptide)} for the treatment of cancer {e.g., a cancer described elsewhere herein) in an

individual {such as a human individual). In some embodiments, the package insert or label
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provides instructions to administer the polvpeptide (e g., fusion polypeptide} to the individual
i need thereof at a dose of up to 60 mg/kg. In some embodiments, the package insert or
label provides instructions o administer the polvpeptide {e.g., fusion polypeptide) o the
individual at a dose of 60 my/ke once every 4 weeks {(gdw), or once every 28 days. In some
embodiments, the package insert or label provides instructions to administer the polypeptide
{e.g., fusion polypeptide) to the individual in need thereof at a dose of 45 mg/kg once every
3weeks (3w}, or once every 21 days. In some embodiments, the kit further comprises at
least one additional anti-cancer agent {e.g., an anti-cancer agent described elsewhere herein}.
In some embodiments, the kit comprises a package insert or label with instractions for using
the polypeptide {e.g., fusion polypeptide) in cornbination with the at least one additional anti-
cancer agent to treat or delay progression of cancer {e.g., a cancer described herein} in an
individual (such as a human individual). In some embodiments, the polypeptide {e.g., fusion
polvpeptide} and the at least one additional anti-cancer ageot are provided i the same
container or separate containers. Additionally or alternatively, in some embodiments, the kit
comprises a package insert or label with instractions for using the polypeptide (e.g., fusion
polypeptide) in conjunction with at least one additional mode of therapy (e.2., 3 mode of

therapy described heremn).

0238} Suitable containers include, for example, boitles, vials, bags and syringes. The
container may be formead from a variety of materials such as glass, plastic (such as polyvinyi
chioride or polvolefin}, or metal alloy (such as stainless steel or hasteliov). Insome
embodimentis, the container holds the formulation and the label on, or associated with, the
container may indicate directions for use. The article of manufacture or kit may further
include other materials desirable from a commercial and user standpoint, including other
buffers, diluents, filters, needles, syringes. and package inserts with ingiructions for use. In
some embodiments, the article of manufacture further includes one or more of another agent
{e.g., a chemotherapeutic agent, an anti-neoplastic agent, a therapeutic antibody, erc.}.
Suitable containers for the one or more agents include, for example, boitles, vials, bags and

SYTinges.

10239] The specification is considered to be sufficient to enable one skilled in the art to
practice the invention. Various modifications of the invention in addition 1o those shown and
described berein will become apparent to those skilled in the art from the foregoing
description and fall within the scope of the appended claims. All publications, patents, and

patent applications cited herein are hereby incorporated by reference in their entirety for all
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pUrposes.
EXAMPLES

{6246} The present disclosure will be more fully understood by reference to the following
examples. The examples should not, however, be construed as linuting the scope of the
present disclosure. It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light thereof will

be suggested to persons skilled in the art and are to be included within the spirit and purview

of this application and scope of the appended claims.
Example 1: Materials and Methods for Examples 2A-2E

Peripheral bicod mononucleqr celi {PBAMC) isolation

{6241} Triroa residuals from Blood Centers of the Pacific or plateletpheresis
teukoreduction filter (LRS chamber} (Vitalant) were diluted with PBS (Life Technologies).
Diluted blood was split indo two tubes and underlayed with 15 mL Ficoll-Pague Plus (GE
Healthcare). Tubes were centrifuged for 30 minutes at 400 x g. Peripheral blood
mononuciear cells (PBMCs) were collected from the interface, washed twice by addition of
40 mL PBS, centrifuged for 10 numutes at 400 x g, and resuspended in MACS buffer (PBS
with 0.5% BSA (Thermo Fisher Scientific), 2mM EDTA (Teknova)).

Derivation and culture of fnsman monocvie-derived macropliaees for phagocyviosis

{6242} CD14" monocvies were purified by negative selection using the Classical
Monocytes Isolation Kit, human {(Miltenyi Biotec) and LS colurns (Miltenyi Biotec)
according fo the manufacturer’s protocol. 14" monocyies were seeded into 150 mm tissue
culture dishes {Coming) at 6 million cells per dish in 25 ml mediom comprised of RPMI
complete media, supplemented with 50ng/mL M-CSF (Miltenvi Biotec), 10% FBS (Thermo
Fisher Scientific), 1% penicillin/streptomycin, and 1% GlwtaMAX. Cells were cultured for

seven 1o eleven days.

In vilro pRgeoecyiosis assays

{6243} Target cells, HLAO and OCH-AML3 cells, were washed once in PBS and labeled
with the Celltrace CFSE Cell Proliferation kit (Thermo Fisher Scientific) in suspension with
300 nM CFSE {carboxyfluorescein succinimidyl ester) according to the manufacturer’s
mstructions and resuspended in RPMI complete media. Target cells were incubated

overnight with two-fold senal dilutions of azacitidine between 39 nM to 2.5 pM in RPMI
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complete media. Prior to incubation with macrophages, cells were resuspended in RPMIL
Macrophages were detached from culture plates by washing once with PBS and incubation in
TrvpLE Select for 20 nunutes at 37°C. Cells were removed with a cell scraper (Cormung),

washed in PBS, and resuspended in RPML

[0244] CFSE-labeled target cells treated with azacitidine for 48 hours were spun and
added to ultra-low attachment U-bottom 96 well plates (Coming) at 100,000 cells per well.
Drug A was then added. Plates were incubated 30 nunutes at 37°C in a hunudified mcubator
with 5% carbon dioxide, then 50,000 macrophages were added. Plates were incubated two
howrs at 37°C i a humudified wncubator with 5 % carbon dioxide. Cells were pelleted by
centrifugation for five minutes at 400 X g and stained at 4°C for 30 winutes in Fixable
Viability Dve eFluor 780 (ebioscience) diluted 1:4000 1n PBS. Cells were washed in FACS
buffer (PBS with 0.5% BSA) and stained at 4 € for 45 minutes in FACS buffer containing
homan FeR Blocking Reagent (Miltenyi Biotec), BY421 anti-CD33 (Biolegend), APC anti-
CD14 (Biolegend) and PE-Cyanine7 anti-CD11b (Invitrogen). Cells were washed twice m
FACS buffer and fixed overnight at 4 degrees € in 0.5% paraformaldehyde diluted in PBS.
Celis were analvzed on a FACS Canto H (BD Biosciences), with subsequent data analysis by
Flowjo 10.6.1 {Becton Dickinson & Company). Dead cells were excluded by gating on the
e780-negative population. Macrophages were identified as cell positive for the lineage
markers CD33, CD11b and CD14. Of this population, macrophages that had phagocyiosed

tumor cells were identified as cells positive for CFSE.

Human PBMIC viahility assay

[6245] PBMUs were counted and plated in complete RPMI. Drug A alone or in
combination aracitidine was added to the PBMCs. Following 72-hour or five day incubation
al 37°C, cells were stained with a fixable viability dyve {ollowed by staining with cell surface
markers: CD3, CD1O, CD14, CDSs, CDl6, CDllc, and HLADR (Biolegend). Cells were
processed for flow eytometry by Attune NxT and analyzed by Flowlo 10.3. Viability gating
strategy included double singlet exclusion by FSC height and FSC width followed by cell
type surface marker then viability gate. CDH ¢ DCs were identified as hneage negative
(CD3, CD19, CD14, CD16 and CDS6) HLADRY CD11c". Percent viable cells were tabulated

using GraphPad Prism 8.

Analysis of Calreticulin Expression

{1246} To detect changes in calreticulin expression tevels in human acute myveloid
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teukemia cell lines HLAO, OCI-AME3 and MV4-11, cells were incubated with either 2.5 uM
or 75 M of azacitidine (Selleckcheny in coroplete growth mediom (RPMI1640, 10% FBS)
in a 37°C 5% Oz incubator for 72 hrs. Cells grown i complete growth medium was used as
a contro} for calreticulin baseline expression. After incubation, cells were harvested and
washed once in staining buffer (PBS, 2% FBS), stained in PBS with fixable live/dead stain
{Invitrogen) for 1 hour at 4°C, washed once in staining buffer and incubated with 500 ng/ml
of calreticulin-AF647 {clone 1G6AT, Novus). Afier a 1 hour incubation at 4°C, cells were
washed twice in staming buffer and fixed in 0.5% paraformaldehyde. Cells were analyzed on

an Attune (ThermoScientific), and subseguent data analvsis using Flowio 10.6.

In vive anti-tumor activity

{3247} Subcutaneous tumor xenografts were induced by injecting HL60 (ATCL), MV4-
11 (ATCC), OCT-AML3 {DSMZ) acute myeloid leukemia cell into the right Bank of NOD-
SCID female mice at a concentration of 5 x 10° cells per moouse using a 1:1 matnigel
{Coming) and RPMI 1640 ratio. Tumors were monitored until average size of all fumors
reached 105 mmy for HL60, 75 mm® for MV4-11 and 112 mm’ for OCI-AML3. Mice were
randomized into PBS, azacitidine (Selleckchem), Drug A and azacitidine + Drug A
combination coborts, with 4-5 mice per cohort for HL60 and OCI-AML3 and 10 nuce per
cohort for MV4-11. Mice in HL60 and OCI-AML3 tumor models were dosed
mtraperitoneally (IP) five times, three days apart at 5 mg/kg for azacitidine, and six times,
three days apart at 10 mg/kg for Drug A, MV4-11 tumor bearing nuce were dosed 1P three
times per week at 5 mg/kg for azacitidine and 10 mg/kg for Drug A Tumors were measurad
in two dimensions with calipers and tumor volume was calculated as: length x width x width
x (0.5, where length was the larger of the two measurements. Asnimals were sacrificed when

turgor reached a volure of ~2000mm?.

Serial BLI imaging in systemic leukemic model

(3248} The HL6OLUCZ2 (ATCC) cell Hine was injected through the tail vein of NOD-
SCID female mice at a concentration of 7.5 x 10° celis per in RPMI 1640, Bioluminescence
imaging (BLI) acquisifion and analysis were performed using the IVIS Spectrum (Perkin
Elmer) to monitor tumor growth. Firefly D-luciferin (Regis Technologies) was diluted to 15
mg/mi stock in phosphate-buffered saline and filtered before use. Groups of mice were placed
in the specimen chamber and injected with 200 ul of D-huciferin intraperttoneally (IF). BLI

whole-body signal was acquired at approximately 10 minutes post injection. BLI flux values
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were serially monitored twice a week with initial scans acquired three days post inoculation
of mice. Living Image Software (Perkin Elmer) was used to guantify BLT average total flux
values {photons/second, p/s} following the manual construction of regions of intervest over the
entire mouse body. At an average of 2.6ES6 total flux {photons/sec), mice were randomized
into PBS, azacitidine {Selleckchem), Drug A and azacttidine in combination with Drug A
cohorts, with 10 mice per cohort. Formulation for azacitidine was 2% DMSO in PBS.
Azacttidine-treated mice were dosed with 5§ mg/kg of azacitidine by IP injection, five times
total at three days apart. Drug A -treated mice were dosed by 1P injection at 30 mg/kg, five
times total af three days apart. Animals were sacrificed when the total flux reached 1E11 or

toss in body weight of greater than 20%.

Examiple 2A: Effect of Drug A in combination with azacitidine on phagocytosis by

macroplhages in an in vitro model

{6249} In this Example, the effects of Drug A alone, azacitidine alone, and Drug A in
combination with azacitidine on the phagocytosis of HL60 and OCI-AML3 human acute
myeloid leukemia cells by macrophages were assessed in an in virro assav (see Example 1

for details). HL60 is 3 TP53null FLT3wi cell line, and OCI-AML3 1s TPS3wt and FLT3wt.

[#8250] Briefly HLGO cells and OCI-AML3 cells (7.e., “target cells”™) were labeled with
CFSE {carboxyfluorescein succimnudvl ester) and treated with arzacitidine {aza} for 48 hours.
The target cells were then spun and added to wells of 96 well plates at 100,000 cells per well.
Drug A was then added. Untreated control target cells, as well as control target cells that
were treated only with azacitidine or only with Drug A, were prepared in parallel.
Macrophages were added to the wells, and the plates were incubated two hours at 37°C.
Macrophage cells were pelleted, stained, and analyzed via flow cytometry. Dead cells were
excluded by gating on the e78(-negative population. Macrophages were identified as cell
positive for the lineage markers CD33, CD11b and CD14. Of this population, macrophages

that had phagocytosed tumor cells were 1dentified as cells positive for CFSE.

{0251} As shown in FIG 1A, aracitidine (aza) as a single agent stimulated macrophage-
mediated phagocyiosis of HL6G cells slightly, whereas Drug A as a single agent had hitle
effect on phagocyviosis. (Compare Drug A treated cells to that of untreated cellsy The
combination of 1.6 nM Drug A and 156 nM aza stimulated phagocyiosis of HL60 cells by
macrophages (o a greater degree than either Drug A alone or ara alone. Similar resulis were

observed with 40 nM Drug A and 2.3 pM aza in OCI-AML3 cells. See FIG 1B.
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Example 2B: Effect of Drug A in combination with agecitidine on the viability of CDiic"

dendritic cells in human PRBMO cultures

{6282} In this Example, the eftects of Drug A alone, azacitidine alone, and Drug A in
combination with azacitidine on the viability of CD11¢" dendritic cells in human peripheral
blood mononuclear cell cultures were assessed in an in vire assay (see Exampie I for
details). Dendritic cells (DCs) are antigen-presenting cells (also known as accessory celis) of
the roammalian iomune system. They are believed to act as messengers between the nnate

and the adaptive immure systems.

{0253} The incubation of PMBC cells with 1.25 uM azacitidine (aza) alone reduced the
viabiiity of CD11c" dendritic cells by about 40%, whereas the incubation of PBMC with 200
nM Drug A alone increased the viabilitv of CD11c* dendritic cells by about 40%. See FIG 2.
The viability of CD11c¢" dendritic cells in PBMC cultures incubated with both 1.25 uM aza
and 200 nM Drug A was almost comparable to that the viability of CD11¢" dendritic cells in
PBMC cultures incubated with Drog A alone. See FIG 2. Such result indicates that Drug A

rescues the effects of azacitidine on CD1 ¢t dendritic cells.

Example 20 Effect of azacitidine or venetoclax on calreticulin expression on human

acute myeloid lenkemia cell fines

{6254} In this Example, the effect azacitidine on the expression levels of calreticudin on
the cell surfaces of HL6G, OCI-AML3, and MV4-11 human acute myeloid leukemia (AML)
cells was assessed in an in vitre assay {see Examgple 1 for details). HL60 15 a TP33null
FLT3wt cell line; OCI-AML3 15 TP53wt and FLT3wt, and MV4-11 1s TP53wit and FLT3-
Th.

3258} Calreticulin is a multifunctional protein involved in Ca®' binding and storage
found m the endoplasmic reticulum. Calreticulin 1s also a cell-surface pro-phagocytic marker
that has been previcusly described in acute myeloid leukemia (AML). As shown in FIG 34,
the expression of calreticolin on the surface of HL6O, OCI-AML3, and MV 4-11 cells
increased with increased concentrations of azacitidine. Baseline cell-surface calreticulin
expression is shown in cells incubated in media alone.

{6256} The effect of azacitidine or venetoclax on the expression levels of calreticulin on
the cell surfaces of MV4-11 and primary AML cells from two different human patients was
also tested.  As shown in FIG 3B, both aracitidine and venetoclax increase the expression of

the pro-phagocytic signal calreticulin in both the MV411 AML cell line and in primary AML
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blasts.

#2587} In another set of assays, the effect of azacitidine or venstoclax on the expression
tevels of CD47 ou the cell surfaces of MV 4-11 and pramary AML cells fromtwo different

human patients was tested. As shown in FIG 3C, both azacitidine and venetoclax increase
the expression of the anti-phagocytic signal CD47 in both the MV411 AML cell line and in

pritnary AML blasts.

Example 2D: The Effect of Drag A in combination with azacitidine or venetoclax ion the

phagocytosis of AML cell lines and primary AML biasts in vizre

(3258} AML cells (HL60, OCIAML3, or primary AML blasts from a human donor} were
mncubated with azacitidine or venetoclax {or 24-48 hours and then co-cuitured for 2 hours
with buman movnocyte-derived macrophages 1n the presence ot absence of Drug A.
Phagocytosis of AML cells was determined by flow cytometry as the number of macrophages
that have engulfed AML cells (CFSE +) vs. total macrophages. As shown in FIGs. 74 and
7B, Drug A in combination with azacitidine (7A) or venetoclax (7B) enhanced phagocytic
elinination of AML cells by human macrophages compared to single agent treatment with

Drug A, azacitidine, or venetociax.

Example 2E: Anti-tnmor activity of Drug A In combination with azacitidine in a leakesia

xenografi model

{32589} In this Example, the anti-tumor activity of Drug A in combivation with azacitidine
{aza) was assessed mice bearing either HLGO, QCI-AML3 and MV4-11 human leukemia
tumeor xenografts. (See Example I for experimental detatls.) HL60 15 a2 TPS3mudl FET3wt

cell hne; OCI-AMEL3 1s TPS3wt and FLT3wt; and MV4-11 is TP33wt and FLT3-ITD.

{6266} Mice bearing HLGO xenogralied tumors were randomized to 4 groups of 4-5 mice
each. One group of mice was given {a) Drug A at 10 mg/kg TP (Q3D, 6 doses total), (b) aza at
5 mg/kg IP {Q3D, 5 doses total}, (¢} both Drug A and aza (at the doses and adnunistration
schedule for each single agent), or {(d} vehicle. Mice bearing OCI-AML3 xenografls were

similarly randomized and treated.

{0261} Mice bearing MV4-11 xenografts were randomized into 4 groups of 9-10 each.
One group of mice was given Drog A at 10 mg/kg IP (3 times per week), the second group of
mice was given aza at 5 mg/kg IP (three times per week), the third group was given baoth
Drug A and aza {at the doses and adnunistration schedule for each single agent, and the

fourth group was given vehicle.
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{3262} The Y% tumor growth inhibition {TGI) was calculated as follows: {1 - {mean
volume of treated tumors)/(mean volume of control tumors)) x 100%. At day 20, HLGO tumor
growth n roice treated with single agent aza was roinimally inhubited (7.e., as corapared to
mice that were given vehicle control}, whereas freatment with Drug A did not have an
appreciable effect of tumor growth in mice (7 e., as compared to treatment with vehicle). See
FIG 4A. Treatment with aza in comnbination with Drug A delayed BL60 turnor growth in
nmice to a greater degree than either drug alone. At day 20, 42% TG was observed in mice
treated with aza alone; 10% TGI was observed in mice treated with Drug A alone, and 67%
TG was observed in mice treated with Dirug A 1n combination with aza. Similar resulis were
observed in the OCI-AML3 model i that treatment with aza o combination with Drug A
delayed OCI-AML3 tumor growth in mice 1o a greater degree than either drug alone. See
FIG 4B (* p <0.05, Tukey's Ordinary one-way ANOVA). At day 20, 33% TG was
observed in mice treated with aza alove; -3.7% TGI was observed i wice treated with Drug

A alone, and 69% TGI was observed in mice treated with Drug A in combination with aza.

{0263} Admimstration of Drug A at 10mg/kg in combination with azacitidine at 5 mg/kg
eradicated tumor growth in MV4-11 xenografts when compared to treatment with each single
agent or velucle control. At day 26, 49% TGI was observed n roice treated with aza alone,
35% TG was observed in mice treated with Drug A alone, and 86% TG was observed in
mice freated with Drug A in combination with aza. See FEG 4C (%% p = 0.001, Tukev’s
Ordinary one~way ANOV A on day 26} 5/10 mice treated with Drug A + aza demonstrated

complete turoor eradication. See FIG 410

Example 2F: Anti-tumor activity of Drug A in combination with azacitidine in a systemic

leskemic model

8264} Anti-tumor activity of Drug A alone and in combination with azacitidineg was
tested in a disserninated HL60-LUC? acute royveloid leukemic models. Afier transplantation
of HLOO-LUC?2 cells by intravenous tail irgection into immunodeficient NSG mice (7.5E6
cells/animal), engrafiment was confirmed by bioluminescence imaging and mice were

randomized into 4 groups {10 muce/group}. Treatment was performed as shown Table 4

below.
Table Al: Treatment Groups — Doses und Schedules
Treatment e Schedule of Administration
Group Pose level )
{starting Day 4 post 1V
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inocelation with tumor cells)

YVehicle Contral

N/A

33D, § doses total

Drug A 30 mglkg 3D, 5 doses total

Azacitidine Smekg Q3D, 5 doses total
Brug A; 30 mg/k

Drug A + o T ey Brug A; Q3D, 5 doses total

& zacitidine: S

azacitidine M‘ v azacitidine: Q3D 5 doses total
mg/ke e

{1265} Mice were imaged twice a week for bioluminescent signal starting Dav 3. As

shown in FEGs 84 and 8B, administration of Drug A at 30mg/kg in combination with

azacitidive at 5 rog'kg elinunated tumor growth when compared to treatment with each single

agent or vehicle control.

[0266]

Treatment was continued wntif mice received 14 doses of single agent Drug A,

single agent azacitiding, or Drog A in combination with azacitidine. Drog A monotherapy

and azaciiidine monotherapy produced moderate tumor growih inhibition, but all nuce given

Dirug A monotherapy or azacitidine monotherapy succumbed o disease by Day 85 of

treatment. See FIG 8C. By contrast, the combination of Drug A and azacitidine completely

chiminated fumor growth with 100% aniroal survival up to study terounation on Day 147, See

FiG 8C.

[6267]

In a second set of experiments performed in a disseminated HL60-LUC?2 acute

myeloid feukemic model, azacitidine and Drug A therapies were initiated 4 days post

engrafiroent and dosed intraperitoneally every 3 days for a total of 14 doses.

sce Table A2

below.
Table A2: Treatment Groups — Doses and Schedules
_ Schedale of Administration
Freatment o .
Group Bose level {starting Day 4 post IV

inoculation with tumer celis)

Yehicle Control

N/A

33D, 14 doses total

Drug A

30 mg/kg

Q3D 14 doses {otal
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Azacitidine 5 mglkg 335, 14 doses fotal

Drug A + Brup 4: 30meke | 10 A: 03D, 14 doses total

azacitidine %ﬁfﬁﬁ: ? azacitidine: Q3D, 14 doses total
BINE

{3268} In half of the mice receiving Drug A + azacitidine, Drug A mounotherapy was
continued for an additional 16 doses. As shown in FIG 5B, all mice treated with single agent
azacitidine succumbed to treatment by about Dav 85, In mice treated with 14 doses of Drug
A+ azacitidine, tumor inhibition was observed until Day 105, By contrast, tumor inhibition
was observed until study termanation (Day 147) in 3 of 4 muce treated with 14 doses of Drug
A + azacttidine followed by 16 additional doses of Drug A monotherapy. See FIG 5D,
Example 3: Anti-tumor activity of Drug A in combination with venetoclax in a systemic
fenkemic model

{3269} Anti-tumor activity of Drug A alone and o combination with venetoclax was
tested in a disseminated HLOO-LUC2 acute myeloid leukemic models, as described in
Example 2. Venetoclax and Drug A therapies were initiated 4 davs post engraftment and

dosed every 3 days for a total of 5 doses. See Tabie 8 below.

Table B: Treatment Groups — Doses and Schedules

Schedule of Adminisiration

Treatment . .
Group Dose level (starting Day 4 post TV
inoculation with tumor cells)
Vehicle Control | N/A Q3D, 3 doses total
30 mg/kg B
Drug A 3D, 3 doses total

(intraperitoncally)

100 me/kg B
Venetoclax 3D, 5 doses total
(oral gavage)

Brus A: 30 mp/kg

Drug A + (1P} Brag A; Q3D 5 doses total
venetoclax venetociax: 100 venetockax: 03D, 3 doses total

mglkg (oral gavage)

{32781 Venetoclax monotherapy and Drug A monotherapy each produced moderate
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tumor growth inhibition, but did not maintain durable responses. All mice given venetoclax
monotherapy or Drug A monotherapy succumbed io disease by Day 40, See FIG & By
contrast, turnor growth was completely eliminated in 6 out of 8 mice treated with venetoclax

in combination with Drug A within an 80 day evaluation period.

Example 4: Anti-sumor activity of Drug A in combination with azacitidine and venetfociax

in @ syséemic feakemic model

{6271} The effect of Drug A in combiation with azacitidine and venetoclax on the
inhibition of tumor growth in mice bearing xenografted human HL-60Luc2 leukenua tumors.
Female NODSCID {(Charles River) mice at 6 weeks of age were used in the xenograft
gxperiments. HL-60Luc2 cells (10 # 10° cells per mouse) were injected intravenously into
the tail ven sach mouse. Tumor progression was roonttored using an IVIS Caliper (Perkin
Eimer) starting on Day 4 post inoculation. When leukemia burdens reached about 1 x 10°
photons/second, mice were randomly grouped and intraperitoneally dosed with (a) PBS
{control), (b} azacitidine, (¢} venetoclax, {d) Drug A, (e} azaciidine + venetoclax, or {f)
aracttidine + venetoclax + drug A, Aracitidine was adnunistered intrapenitoneally at a dose
of 5 mg/kg every three days for a total of 5 doses; Drug A was administered intraperitoneally
atb a dose of 30 mg/kg every 3 days for a total of S doses; and venetoclax was administered at
adose of 100 mg/kg by oral gavage every day for 14 days. Every 3-4 days following the start
of treatment, nuce were injected with D-luciferin (Regis), and tumor bicluminescence was
measured and recorded using a small animal in vive imaging system (IVIS). Regions of
interest were gated on the whole roouse through the IVIS software (Caliper Life Sciences)

and reported as area flux (photons/second), defined by the radiance {photons/s/cm*/steradian).

{6272} As shown in FIG 6A, Drug A in combination with venetoclax and azacitidine
inhibited tumor growth to a greater extent than Drug A alone, azacitidine alone, venetoclax
alone, or azacitiding in combination with venetoclax. As shown in FIG 68, mice treated with
Drug A in combination with venetoclax and azacitidine demonstrated increased survival over
mice treated with aracitidine alone, venstoclax alone, or azacitidine in combination with
veneioclax. Drug A in combination with veneloclax and azacitidine completely eliminated

turgor growth i 7 of ¥ yuince within an 80 dav evaluation period. See FIG 68.

Example §: Drug A Enhances the Depth and Durability of Response to Multiple Acuie

Myeloid Leskemia Therapies

63273} Acute myeloid leukemia (AML) i1s an aggressive hematologic malignancy with
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most patients relapsing even afier standard therapies. Despite recent advances in treatment,

the development of efficacious novel ireatments remains an unmet need.

{6274} CD47 15 a myeloid checkpoint upregulated by tumor cells to evade the host
inmmune response, and its blockade enhances anti-tumor immunity (Weiskopf (2017} Eur J
Cancer, 76:100-109}. Drug A is an engineered fusion protein comprised of a high affinity
D47 blocker Hinked to an fnactive human immunoglobulin Fo region. In preclinical studies,
Drug A bridges muate and adaptive tnmunity by promoting macrophage phagocytosis,
dendritic cell activation and a shift of tumor-associated macrophages towards an
mnflammatory phenoty pe, leading to increased anti~tumor activity when combined with
various anfi~-cancer therapeutics (Kauder ef of. (2018) PLoS ONE 13(8): e0201832). Drug A
has previcusly been shown to be well tolerated in patients with solid tumor, as well as an
patients with hematological malignancies. Encouraging anti-tumor responses have been
reported with Drug A in combination with anti-cancer therapeuties (Kim ef af. Abstract
#EP1247, poster presented at the 25th Covgress of the European Hematology Association
(EHA) 2020 and Chow et al. Abstract #3056, poster presented at 2020 American Society of
Clinical Oncology Virtual Scientific Program). Recently, the combimation of azacitidine with
venetoclax, a BCL2 jubibitor, has shown increased efficacy compared to azacitidine alone in
patients with AML (DiNardo ef al. (2019) Blood, 133 (1} 7-17. in vitro treatment with
azacitidine or venetoclax increased the cell surface expression of both CD47 and calreticulin,

a pro-phagocytic marker, in leukemic malignancies.

16275] Experiments were performoed to test the hypothesis that corabiung Drug A with
either azacitidine or venetoclax would enhance the therapeutic efficacy against AML. /n
vitro treatment with Drug A led to enhanced phagocytic engulfment by human monocyte-
dertved macrophages across multiple AML cell hines treated with azacitidine or venetoclax,
wncluding those harboring TP53 and FL'T3 mutations, compared to either treatroent alone. See
Examples 28-2C. In vitro findings correlated with enhanced in vivo antileukemic activity in
several murine AML xenograft models. See Examples 2C-2D. Mice were inoculaled via tail
vein or implanted subcutaneously with AML cells, and when turmors reached exponential
growth, mice were randomized to recetve the following: vehicle control, azacitidine,
venetoclax, Drug A alone or Drug A in combination with the chemotherapeutics. Cohorts
receiving Drug A corsbination therapies demonsirated significantly greater inhibttion of
tumor progression with evidence of tumor eradication, leading to markedly enhanced survival

over any single agent therapy.
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Example 6: Exemplary Clinical Trial fo Assess the safety, tolerability, and efficacy of Drug
A in comBination with ayacifidine in Human Patlents with higher risk myelodysplastic

syndrome {(MDS)

{0276} A Phage 1/2 clirucal trial 1s performed to assess the safety, tolerability, and
efficacy of the combination of Drug A and azacitidine (aza} in patients with higher risk
myvelodvsplastic syndrome (MDS). Phase 1 inclodes a dose escalation of Drug & in
combination with standard dose aza to evaluate safety and wdentify the Phase 2 recoramended
dose, and Phase 2 evaluates the efficacy of the Drug A + aza combination in patients with

higher risk MDS.

{68277} About 63 patients are enrolled. Exemplary inclusion crileria are: {a} Phase §:
diagunosis of igher risk MDS that is either previously untreated or relapsed/refractory; Phase
2: diagnosis of higher risk MDS that is previously unireated; {b) adequate renal and liver
function; (¢} age of > 18 years; and (d) adequate performance status {e.g., according (o the
Eastern Cooperative Oncology Group (BECOG) scale, see ecog-acrin{dotjorg/resources/ecog-
performance-status). Exemplary exclusion criteria are: {(a) previous allogenic hematopoietic
stem cell transplant (allo-HSCT) for MDS or acute mveloid leukemia (AML): (b) prior
treatment with any anti-CD47 or anti-SIRPq agent; (¢) known active viral infections,
mncluding hepatitis B and C, human immunodeficiency virus (HIV), acquired

mmmunodeficiency syndrome {(AIDS) related illness, or SARS-CoV-2.

{6278} For Phase 1, Drug A 1s administered up to 60 mg/kg, e.g., 60 mg/kg once every 4
weeks (Q4W), in combination with aza. Aza is administered intravenously or subcutaneously
at a dose of 75 mg/n?® datly for 7 days of each 28 day cvcle (tvpically referred o as the “7-0
regimen”) or at a dose of 75 mg/m? daily for 5 days, followed bv 2 days without treatment
(i.e., without azacitidine administration}, and then 75 mg/m? daily for 2 days in each 28-day
cvele (typically referred to as the “3-2-2 regitoen”™). For Phase 2, Drug A is adrotrustered at
the Phase 2 recommended dose in combination with aza (admimstered intravenously or

subcutaneousty at a dose of 75 mg/m? daily for the first 7 davs of each 28 day cycle)

{6279} The privnary outcome measure for Phase | is the number of study participants
with dose limiting toxicities (DL Ts). The primary outcome roeasure for Phase 2 is the
objective response rate {ORR), which is the number of study participants achieving a
response {e.g., complete response “CR) or partial response “PR} per International Working

Group JWG) critenia (see, e.g., Cheson ef al. Blood. 2000; 96: 3671 3674 and Cheson ef ¢/,
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Blood. 2006, 108: 419-425).

Example 7: Exemplary Clinical Trial fo assess the safety, tolerability, and efficacy of Drag
A in Combination with Venetoclax and Azacitidine in Human Patients with Acute Myeloid

Lenkemia (AML),

0230} A phase 1/2 clinical trial is performed to assess the safety, tolerability, and
efficacy of the combination of drug A, venetoclax and azacitidine (Aza} in patients with
acute myeloid leukemia (AML). In Phase la, participanis receive escalating doses of Drug
A 1n combination with venetoclax and azacitidine. The primary outcome measure of phase i
is the number of participants experiencing dose-limiting toxicities. In phase 1b/2,
participants receive Drug A at the recommended Phase 2 dose i combination with
venetoclax and azacitidine. The primary outcome roeasure of Phase 1b/2 is the number of
participants achieving a complete remission (CR) and complete remission with mcomplete
hematologic recovery {CRi) per European Leukemia Net (ELN) 2017 criteria. These studies

identify safety and efficacy of the combination, and reconunended dose.

{0281} Exemplary inclusion criteria include, but are not linuted to: (2} cvtological or
histologically confirmed diagnosis of relapsed/refractory or newly diagnosed AML per WHO
2016 classification; (b} for Phase ta: AML that is relapsed/refractory or that is previously
unireated 1o patients not considered suitable for intensive mduction therapy; {¢) for Phase Ib:
AML that is relapsed/refractory after prior treatment with a HMA-based regimen; (d) for
Phase 2: previously untreated AML in patients who are not considered suttable candidates for
intensive induction therapy; (e} adequate renal and liver function; (f) age =18 vears; and (g}

adequate performance status.

{0282} Exemplary exclusion criteria include, but are not limited to: {a) for Phase 1a and
1b, patients that have undergone prior allo-HSCT must be at least 3 months post-HCST,
without uncontrolled graft-versus-host disease {GVHD); (b} for Phase 2, patients that have
undergone prior allo-HSCT are excluded; (¢} patients with newly diagnosed AML with
favorable nisk cvtogenetics such as ®&;213, inv{16)}, or 1(16:16) as per the NCCN guidelings
version 3, 2019 for AML; (d) patients with acute promyelocviic leukerma (APLY; {e) prior
treatment with any anti-CD47 or anti-SIR P (signal regulatory protein alpha) agent; (§
known active viral infections, including hepatitis B and C, human immumnodeficiency virus
(HIV), acquired immunodeficiency syndrome (AIDS) related iliness, or sars-cov-2 (severe

acute respiratory syndrome coronavirus 2},
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{3283 The preceding examples are offered for illustrative purposes only, and are not
mtended to limit the scope of the present invention in any way. Vartous modifications of the
mvention in addition to those shown and described herein will becorne apparent to those
skilled 1n the art from the foregoing description and fall within the scope of the appended

claims.
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CLAIMS

1. A method of treating cancer in an individual, comprising administering to the
individual an effective amount of’ (a} a fusion polvpeptide comprising a SIRPo D1 doman
variant and an Fc¢ domain variant, and {b) a hypomethylating agent;
wherein the C-terminus of the SIRPo D1 domain variant of the fusion polvpeptide
is hinked to the N-terounus of the Fe~domain vanant.
2. A method of treating cancer in an individual, comprising administering to the
individual an effective amount of’ (a) a fusion polypeptide comprising a SIRPo D1 domain
variant and an Fe domain variant, (b} a hypomethylating agent, and {¢) a B¢l-2 inhibitor;
wherein the C-terminus of the SIRPa D1 domain variant of the fusion polypeptide

is hinked to the N-terminus of the Fo-domain variant.

3. The method of claim 1 or 2. wherein the SIRPo D1 domain vanant of the fusion
polypeptide comprises the amino acid sequence of SEQ 1D NG: 81 or SEQ [P NO: 85; and

wherein the Fe domain vanant of the fusion polypeptide is

(1) a human lgG1 Fo region comprising L234A, L2354, G237A, and N297A
mutations, wherein numbering is according to the EU index of Kabat;

{11} a human Ig(G2 F¢ region comprising A3308, P3318, and N297 A mutations,
wherein nurnbering is according to the EU index of Kabat;

{(it1) a human §gG4 Fe region comprising S228F, E233P, ¥F234V, L235A, and
del(3236 mudations, wherein numbering is according to the EU index of Kabat; or

(iv} a human IgG4 Fe region comprising S228F, E233P, F234V, L2335 A, del(G236,

and N297 A moutations, wherein numbering 15 according to the EU wndex of Kabat.

4, The method of claim 1 or 3, wheretn the cancer is myelodysplastic syndrome

(MDS) .

W

The method of claim 4 wherein the MDS is higher nisk MDS.

6. The method of claim anv one of claims 1 and 3-5, wherein the individual has

received prior therapy for MDS.
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7. The method of anv one of claims 1 and 3-5, wherein the individual has not

received prior therapy for MIDS,

8. The method of any one of claims 1 and 3-7, wherein treatment conprises an
induction phase and a maintenance phase, wherein the induction phase comprises
administering {(a) the fusion polypeptide comprising a SIRPa D1 domain variant and an Fo
domain vartant, and (b) the hypomethylating agent, and wherem the maintenance phase
comprises administering the fusion polypeptide comprising a SIRPa D1 domain variant and

an Fe domain vartant without the hy pomethylating agent.

Q. The method of claim 2 or 3. wherein the cancer is acute myeloid leukenua (AML}.
10, The method of claim 9, wherein the individual has one or more of the following
characteristics:

{a) cvtological or histologically confirmed diagnosis of relapsed/refraciory or
newly diagnosed AML;

{by AML that is relapsed/refractory or that is previously untreated and not
considered suitable for intensive induction therapy,

() AML that is relapsed/refractory after prior treatment with a HMA-based
regimen;

{d) previously untreated AML and is not considered suitable candidate for
intensive induction therapy; and

{e) adequate renal and liver funmction.

i1 The method of anv one of claims 1-10, wherein the hypomethylating agent is
azacitidine, decitabine, 5-fluore-2'-deoxyeytidine, zebularine, CP-4200, RG108, nanaomycin

A, guadecitabine, RX-3117, EPIOL, antroquinonol, CC-486, or ASTX727.

12. The method of claim 11, wherein the hyvpomethylating agent is azacitidine.

13, The method of claim 12, wherem the azacitidine is adnumstered to the individual
in one or more 28-day cycles, and wherein the azacitidine is administered to the individual at

7

a dose of 75 mg/m? daily for 7 days of every 28 day cycle.
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14, The method of claim 12, wherein the azacitidine is administered to the in one or
more 28-day cveles, and wherein the avacitidine 1s administered to the individual during each
28~-day cvcle at a dose of 75 mg/m’® datly for S davs, followed by 2 days without azacitidine
administration, and then administered to the individual at a dose of 75 mg/m’ for 2 additional

davs.

15. The method of any one of claums 12-14, wherein the azacitidine is adnunistered

intravenously or subcutaneously.

16. The method of anv one of claums 2-3 and 9-13, wherein the Bel-2 imhibitor is

venetoclax, ABT-737, navitoclax, BCL201, or AZD-0466.

17 The method of claim 16, wherein the Bel-2 inhibitor s venetoclax.
18. The method of claim 17, wherein the venetoclax is administered at a dose of 100

mg on day 1, at a dose of 200 mg on day 2, and at a dose of 400 mg every day following day

P

19. The method of claim 17, whergin the venstoclax is administered at a dose of 100
mg on day 1, at a dose of 200 mg on day 2, and at a dose of 400 mg on dav 3, and at a dose of

600 mg every day following dav 3.

20, The method of anyv one of claims 17-19, wherein the venetoclax is administered
orally.
21 The method of any one of claims 1-20, wherein the fusion polypeptide is

administered at a dose up to about 60 mg/kg.

22. The method of claim 21, wherein the fusion polypeptide is administered at a dose

of about 60 mg/kg once every four weeks {gdw).

23 A method of treating cancer in an individual, comprising administering to the
mdividoal an effective amount of a fusion polypeptide comprising a SIRPa D1 domain

vartant and an Fe domain variant, wherein the C-terminus of the SIRPo D domain variant s
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fused to the N-terminus of the Fc domain variant
and wherein the fusion polypeptide is adnumstered at a dose of up to about 60

mg/kg.

24, The method of claim 23, wherein the fusion polypeptide is administered at a dose

of about 60 mg/kg.

25. The method of claim 24, wherein the fusion polypeptide is administered at a dose

of about 60 mg/kg once every 4 weeks {g4w).

26, The method of claim 23, wherein the fusion polypeptide is administered at a dose

of about 45 ma/kg.

27 The method of claim 26, wherein the fusion polypeptide is administered at a dose

of about 45 mg/kg once every 3 weeks {g3w).

28, The method of any one of claims 22-27, wherein the SIRPa D1 domatn variant of
the fusion polypeptide comprises the amino acid sequence of SEQ 1D NO: 81 or SEQ [D NO:
85; and

wherein the Fe domain vanant of the fusion polypeptide is

{1} a human IgG1 Fe region comprising L2344, L235A, G237A, and N297A
mutations, wherein numbering is according to the EU index of Kabat;

(it} a huroan Ig(G2 Fe region comprising A3308, P3318, and N297A nutations,
wherein numbering is according to the EU index of Kabat;

(it1} a human 1gG4 Fe region comprising S228F, E233P, F234V, L235A, and
del3236 muitations, wherein numbering is according {o the EU index of Kabat; or

(iv} a human IgG4 Fe region comprising S228P, E233P, F234V, L2354, del(G236,

and N297A mutations, wherein numbering is according to the EU index of Kabat.

29 The method of any one of claims 22-28, wherein the cancer is a hematological
cancer.
30. The method of any one of claims 22-29 wherein the cancer is a solid tumor.
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31. The method of anv one of claims 1-30, wherein the SIRPa D1 domain variant

comprises the amino acid sequence of SEQ ID NG: 85,

32. The method of any one of claims 1-30, wherein the Si1RPo D1 domain variant

comprises the amino acid sequence of SEQ 1D NO: 81,

33, The method of any one of claims 1-32, wherem the Fe domain variant 1s a human
{g(Gl Fe region comprising L2344, L235A, G237A, and N297 A mutations, wherein

numbering s according to the EU index of Kabat.

34. The method of claim 33, wherein the Fc¢ domain variant comprises the amino acid

sequence of SEQ ID NG: 91.

35, The method of any one of claims 1-31 and 33-34, wherein the fusion polypeptide

comprises the amino acid sequence of SEQ ID NO: 136.

36. The method of any one of claims 1-30 and 32-34, wherein the fusion polypeptide

comprises the amino acid sequence of SEQ 1D NO: 135,

37. The method of any one of claims 1-36, wherein the fusion polypeptide forms a
homodimer.
38, The method of any one of claims 1-37, whergin the fusion polvpeptide i3

adnunistered mtravenously.

39 The method of any one of claims 1-38, wherein the individual is 2 human.

40, A kit comprising a fusion polypeptide in a pharmaceutically acceptable carrier, for
use in combination with azacitidine for treating cancer in an individual in need thereof,
wherein the fusion polyvpeptide comprises a SIRPa D1 domain variant and an Fo
domain variant, wherein the C-terounus of the SIRPa D1 domain variant is fused to the N-
termoinus of the Fe domain variand,
wherein the SIRPg D} domain variant comprises the amino acid sequence of SEQ

ID NG: 81 or SEQ 1D NG 85,
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wherein the Fc domain variant is

{1) a human TgG1 Fe region comprising L234A L235A, G237A, and N297A
mutations, wherein numbering is according to the EU index of Kabat;

(it} a human 13G2 Fe region comprising A3308, P3318, and N297A mutations,
wherein numbering is according to the EU index of Kabat;

(111} a human 1gG4 Fo region comprising S228P, E233P, F234V, L2354, and
delG236 mutations, wherein numbering 15 according to the EU index of Kabat; or

{iv}) a human Ig(G4 Fc region comprising S228P, E233P, F234V, L2354, delG236,
and N297 A mutations, wherein numbering is according to the EU index of Kabat;

and

wherein the individual is human.

41 The kit of claim 40, wherein the cancer 1s mayelodysplastic syndrome (MDS),
42. The kit of claim 41, wherein the MDS is higher risk MDS.
43, A kit comprising a fusion polypeptide 1n a pharmaceutically acceptable carrier, for

use in combination with azacitidine and venetoclax for freating cancer in an individual in
need thereof,

wherein the fusion polypeptide comprises a STRPa D1 domain vanant and an Fe
domain varnant, wherein the C-terminus of the SIRPa D1 domain varant is fused to the N-
terminus of the F¢ domain variant,

wherein the SIRPa D1 domain variant comprises the amino acid sequence of SEQ
D NG: 81 or SEQ ID NO: 85;

wherein the Fc domain variant is

(1) a human Ig(G1 Fc region comprising E.234A L235A, G237A, and N297A
mutations, wherein mumbering is according to the EU index of Kabat;

(i1} a human 1gG2 Fc region comprising A3308, P3318, and N297 A mutations,
wherein nombering is according to the EU index of Kabat;

{111} a human IgG4 Fc region comprising S228P, E233P, F234V, L235A, and
delG236 mutations, wherein nurnbering 18 according to the EU index of Kabat; or

(iv} a human IgG4 Fc region comprising S228P. E233P, F234V L2354, delG236,
and N297 A mutations, wherein numbering is according to the EU index of Kabat;

and
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wherein the individual is human.

44, The kit of claim 43, wherein the cancer is acute myeloid leukeria (AML).

45. The kit of claim any one of claims 40-44, further comprising instructions for
administering azacitidine by IV infusion or subcutaneously in one or more 28-day cycles,
wherein the aracitiding is administered to the individual at a dose of 75 mg/m’ daily for 7

days of each 28-day cycle.

46, The kit of any one of claims 40-44, further comprising instructions for
adnunistering azacitidine by IV infusion or subcutaneously in one or more 28-day cycles,
wherein the azactiidine is administered to the individual during each 28 day cycle at a dose of
75 mg/ro? daily for 5 days, followed by 2 days without azacitidine administration, and then

administered to the individual at a dose of 75 mg/m” for 2 additional days.

47. The kit of any one of claims 43-46 further comprising instructions for
admunistering venetoclax orally at a dose of 100 mg on Day 1, 200 mg on Day 2, and 400 mg

on every day following Day 2.

48. The kit of any one of claims 43-46 further comprising instructions for
administering venetoclax orally at a dose of 100 mg on Day 1, 200 mg on Day 2, and 400 mg

on Day 3, and 600 mg on every day following Day 3.

49, The kit of anv ove of claims 40-48, wherein the SIRPa D1 domain variant

comprises the amino acid sequence of SEQ 1D NO: 85,

50. The kit of any one of claims 40-48, wherein the SIRPa D1 domain variant

comprises the amino acid sequence of SEQ 1D NO: 81,

51 The kit of any one of claims 40-50, wherein the Fc domain variant is a human
Ig(sl Fe region comprising L234A, L235A, G237A, and N297 A mutations, wheremn

numbering is according to the EU index of Kabat.

52 The kit of claim 51, wherein the Fe domain variant comprises the amino acid
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sequence of SEQ IDN{O: 91,

33 The kit of any one of claims 40-49 and 51-52, wherein the fusion polypeptide

comprises the anino acid sequence of SEQ 1D NO: 136,

54, The kit of any one of claims 40-48 and 50-32, wherein the fusion polyvpeptide

comprises the amino acid sequence of SEQ ID NOG: 135

55, The kit of any one of claims 40-54, wherein the fusion polypeptide forms a
homaodimer.
56. The kit of any one of claims 40-35, further comprising instructions for

administering the fusion polypeptide to the mdividual at a dose of up to 60 mg/kg.
57. The kit of any one of claims 40-56, further comprising instructions for
administering the fusion polvpeptide to the mdividual at a dose of 60 mg/kg once every four

weeks (gdw).

58. The kit of any one of claims 40-57, further comprising instructions for

administering the fusion polypeptide by TV infusion.
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