20227120286 A1 | I N0 00 001 A T

o
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

(43) International Publication Date WO 2022/120286 A1l
09 June 2022 (09.06.2022) WIPO | PCT
(51) International Patent Classification: Published:
GOIN 33/53 (2006.01) CO7K 14/705 (2006.01) o )
CO7K 14/47 (2006.01) GOIN 33/80 (2006.01) —  with international search report (Art. 21(3))

(21) International Application Number:
PCT/US2021/062065

(22) International Filing Date:
06 December 2021 (06.12.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/121,964 06 December 2020 (06.12.2020) US

(71) Applicant: ALX ONCOLOGY INC. [US/US]; 323 Aller-
ton Avenue, South San Francisco, California 94080 (US).

(72) Inventors: PONS, Jaume; c/o ALX ONCOLOGY INC.,
323 Allerton Avenue, South San Francisco, California
94080 (US). SIM, Bang Janet; c/o ALX ONCOLOGY
INC., 323 Allerton Avenue, South San Francisco, California
94080 (US). CHEN, Amy Shaw-Ru; c/o ALX ONCOLO-
GY INC,, 323 Allerton Avenue, South San Francisco, Cali-
fornia 94080 (US). SANGALANG, Emma Ruth; ¢c/o ALX
ONCOLOGY INC,, 323 Allerton Avenue, South San Fran-
cisco, California 94080 (US).

Agent: ONUFRYK, Christina; Morrison & Foerster LLP,
755 Page Mill Road, Palo Alto, California 94304-1018
USs).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK,LR,LS,LU,LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

(74)

@81)

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with sequence listing part of description (Rule 5.2(a))

(54) Title: MULTIMERS FOR REDUCING THE INTERFERENCE OF DRUGS THAT BIND CD47 IN SEROLOGICAL ASSAYS

(57) Abstract: Provided are methods of reducing and/or preventing interference by a drug comprising (i) an antibody Fc region and

(i1) a moiety that binds to human CD47 in serological assays.



WO 2022/120286 PCT/US2021/062065

MULTIMERS FOR REDUCING THE INTERFERENCE OF DRUGS THAT BIND CD47 IN
SEROLOGICAL ASSAYS

CROSS-REFERENCE TO RELATED APPLICATIONS

6001} This application claims the priority benefit of United States Provisional Application No.
63/121,964, filed on December 6, 2020, the contents of which are incorporated by reference in their

entirety.
SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE

[8002] The content of the following submussion on ASCH text file 1s incorporated herein by
reference in its entirety: a computer readable form (CRF) of the Sequence Listing (file name:

7579720014408 EQLIST TXT, date recorded: December 3, 2021, size: 96 KB).
FIELD OF THE INVENTION
[6063] This mvention relates to methods and reagents for use in reducing mterference in serological

assays by drugs that comprise (1) an antibody Fe region and (11} a motety that binds to human CD47.

BACKGROUND OF THE INVENTION

[6004] An ever-ingreasing number of anttbody-based drugs are being developed as treatments for a
wide variety of diseases, including cancer. Such treatments have the potential of interfering with blood
typing and serological assays if the target of the therapeutic antibody 1s also expressed on blood cells

such as red blood cells (RBCs), white blood cells (WBC) and/or platelets.

[0005] For example, CD47, a widely-expressed cell surface protein that binds to signal regulatory
protein-o {SIRPu} and inhibits phagocytosis (Jaiswal ef o/, Trends Immunol (2010} 31(63:212-219;
Brown ef af., Trends Cell Biol (20013 11(3}:130-135), 15 expressed at high levels on a wide vanety of
malignant tumors, including hematological and solid tumors. Elevated CD47 expression also correlates
with aggressive disease {Willingham et af., Proc Natl Acad Sci US4 (2012) 109(171:6662-6667).
Several cancer therapies targeting CD47, e g, antibodies and fusion proteins comprising an antibody Fo
region, have been developed to block the SIRPa-CD47 interaction, thereby permitting macrophages to
carry out their phagocyiic function to clear tumor cells.

{0006} As CD47 15 also expressed on the surface of blood cells, such as red blood cells (RBCs} and

platelets (Oldenborg ef g/, Science (2000) 288(5473):2051-2054), drugs comprising antibody Fe

regions that target CD47 could mterfere with blood typing and serclogieal tests. Moreover, because
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patients receiving CD47-targeting drugs (e g., for the treatment of cancer) often require blood
transfusions 1o treat coincident anemua and/or thrombocytopema, nterference with serological and blood
typing assays by anti-{UD47 drogs 1s 3 significant patient safety concern. Thus, there 1s need i the art to
develop methods and reagents to reduce interference of CD47-targeting drugs comprising antibody Fc

regions with serological assays.

SUMMARY OF THE INVENTION

[30G7] In some embodiments, provided 15 a method of reducing drug interference in a serological
assay using reagent red blood cells (RBC} or reagent platelets, said method comprising: (a) adding a
CD47 multimer that binds to the drug and blocks the drug from binding the reagent RBC or the reagent
platelets to a plasma sample from a subject who has received treatment with the drug; and (b)
perfornung the serological assay of the plasma sarople after step (a), using the reagent RBC or the
reagent platelets, wherein the drug comprises (i} a human antibody Fe region or variant thereot and {11} a
motety that binds to human CD47, and wherein the CD47 multimer comprises at least two CD47

polypeptide monomers.

[6008] In some embodiments, the CD47 multimer coroprises between 2 and 100 CD47 polypeptide
monomers. In some embodiments, the CB47 mudtimer comprises a CD47 polypeptide monomer that
comprises a wild type CD47 or fragment thereof that is capable of binding the drug. In some
embodiments, the CD47 multimer comprises a CD47 polypeptide monomer that comprises a wild type
human CD47, a wild type mouse CD47, a wild type rat CD47, a wild type rhesus D47, a wild type
cynomolgus CD47, or a fragment of any one of the preceding that is capable of hinding the drug. In
some embodiments, the CD47 multiner comprises a CD47 polypeptide monomer that comprises the
amine acid sequence of SEQ ID NO: 1. In some embodiments, the CD47 multimer comprises a {47
polypeptide monomer that comprises a CD47 variant comprising one of more amino acid substitutions,
msertions, deletions, N-terminal extensions, or C-terminal extensions relative to a wild type €47 or
fragment thereof that 1s capable of binding the drug. In some embodiments, the CD47 multimer
comprises a CD47 polypeptide monomer that comprises the amuno acid sequence set forth in any one of
SEQ ID NQs: 2-6. In some embodiments, the CD47 multimer comprises a CD47 polypeptide monomer
that comprises a fusion polypeptide. In some embodiments, the fusion polypeptide comprises a
multimerization domain. In some embodiments, the multimerization domamn comprises an Fc monoier,
a ¢-Jun leucine zipper domain, or a ¢-Fos leucine zipper domain. In some embodiments, the Fe
monomer s a murine Fe monomer. In some embodiments, the murine FC monomer comprises an aming
acid sequence set forth in any one of SEQ ID NO: 81-83. In some embodiments, the fusion polypeptide

2
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comprises an amino acid sequence set forth in any one of SEQ ID NO: 84-86. In some embodiments, the
CD47 multimer comprises {e.g. further conmprises) a CD47 polypeptide monomer that coraprises an
epitope tag or a ligand. In some embodiments, the epitope tag comprises any one of SEQ 1D NQs: 7-32
and 126, or the ligand comprises biotin. In some embodiments, the CD47 mulumer comprises a soluble

D47 polypeptide monormer,

[6009] In some embodiments, the CD47 multimer coroprises at feast two CD47 polypeptide
monomers are linked via peptide bond. In some embodiments, the at least two (D47 polypeptide
monomers are linked via linker peptide. In some embodiments, the linker peptide comprises any one of
SEQ ID NO: 85-109, 127-130, 140, and 141, In some embodiments, the hinker peptide comprises one or
more spacers. In some embodiments, the spacer comprises GS, GGS, or any one of SEQ 1D NOs: 52-
70. In some embodiments, the CD47 multimer comprises at least two CD47 polypeptide monomers are
attached to a solid support. In some embodiments, the sohd support s a gold nanosphere, a gold
nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a slide, a gel column, or a microtiter
well. In some embodiments, each of the at least two CD47 polypeptide monomers comprises an epitope
tag or a ligand, a capture agent that specifically binds the epitope tag or ligand 15 immobilized on the
solid support, and the CD47 polypeptide monomers are attached to the sohid support by the specific
binding of the epitope tag or ligand by the capture agent. In some embodiments, the hgand is biotin and
the capture agent 1s streptavidin, Tn some embodiments, at least one of the at least two CD47
polypeptide monomers comprises SEQ 1D NG: 6. In some embodiments, the CD47 multimer comprises
a streptavidin or avidin bound to 2, 3, or 4 biotinvlated CD47 polypeptide monomers. In some
embodiments, at least one of the 2, 3, or 4 bictinylated CD47 polypeptide monomers comprises SEQ 1D
NGO: 6. In some embodiments, the CD47 multimer s 3 homomultimer. In some embodiments, the

CD47 multimer 18 heteromultimer.

6016 In some embodiments, provided 1s a method of reducing drug interference in a serological
assay using reagent red blood cells (RBCs), reagent platelets, or a combination thereof said method
comprising: {a} adding a SIRP multimer that specifically binds to human D47 to the reagent red blood
cells (RBCs), reagent platelets, or combmation thereof, and (b) performing the serological assay of a
plasma sample using the reagent red blood cells (RBCs), reagent platelets, or combination thereof of
step {a}, wherein the plasma sample is from a subject who has received treatment with a drug, wherein
the drug comprises (i) an antibody Fe region and (1) a moiety that binds to human CD47, and wheren
the SIRP multimer comprises at least two SIRP polypeptide monomers. In some embodiments,

provided is a method of reducing drug interference in a serclogical assay using reagent red blood cells

(V%)
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(RBCs), reagent platelets, or a combination thereof, said method comprising: {(a} adding a SIRP
multimer that specifically binds to human CD47 1o a plasma sample from a subject who has received
treatment with 8 drug; and (b} performang the serological assay of the plasma sample after step (a) using
the reagent red blood cells (RBCs), reagent platelets, or combination thereof, whereim the drug
comprises (i} an antibody Fe region and (11} a moiety that binds to human D47, and wherein the SIRP
muldtimer comprises at least two SIRP polypeptide monomers. In some embodiments, provided s a
method of reducing drug interference in a serological assay of a blood sample containing reagent red
blood cells (RBCs), reagent platelets, or a combination thereof, said method comprising: {a) adding a
SIRP multimer that specifically binds to human CDB47 to a blood sample from a subject who has
received treatment with a drug; and (b) performing the serclogical assav of the blood sample after step
{a), wherein the drug comprises (i} an antibody Fe region and (11} a moiety that binds to human CD47,

and wherein the SIRP multimer comprises at least two SIRP polypeptide monomers.

6011} In some embodiments, the SIRP multimer comprises between 2 and 100 SIRP polypeptide
monomers. In some embodiments, the SIRP multimer comprises a SIRP polypeptide monomer that
comprises a wild type SIRPq or fragment thereof that 1s capable of binding human CD47. In some
embodiments, the SIRP multimer comprises a SIRP polypeptide monomer that comprises a wild type
human SIRPa, a wild type mouse SIRPu, a wild type rat SIRPo, a wald type thesus STRPo, a wild type
cynormolgus SIRPa,or a fragment of any one of the preceding that is capable of binding human CD47.
In some embodiments, the SIRP multimer comprises a SIR¥ polypeptide monomer that comprises a
SIRPu variant comprising one or more amino acid substitutions, insertions, deletions, N-terminal
extensions, or C-terminal extensions relative to a wild type SIRPo or a fragment thereof that 1s capable
of binding to €347, In some embodiments, the SIRP multiroer comprises a SIRP polypeptide monomer
that comprises a wild type SIRPy or fragment thereof that 1s capable of binding human CD47. In some
embodiments, the SIRP multimer comprises a SIRP polypeptide monomer that comprises a wild type
human SIRPy, a wild type mouse SIRPy, a wild type rat SIRPy, a wild type rhesus SIRPy, a wild type
cynomolgus SIRPy, or a fragment of any one of the preceding that is capable of binding human CD47
In some embodiments, the SIRP multimer comprises a SIR¥ polypeptide monomer that comprises a
SIRPy vanant comprising one or more amino acid substitutions, insertions, deletions, N-terminal
extensions, or C-terminal extensions relative to a wild type SIRPy or fragment thereof that is capable of
binding to CD47. In some embodimenis, the SIRP multimer comprises a SIRP polypeptide monomer
that comprises a SIRPR variant comprising one or more aming acid substitutions, insertions, deletions,

N-ternunal extensions, or C-terminal extensions relative o a wild type SIRP or fragment thereof, the
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SIRPS vanant or fragment thereof is capable of binding to CD47. In some embodiments, SIRP multimer
comprises a SIRP polypeptide monomer that comprises the amino acid sequence of any one of SEQ ID
N(s: 33-45. In some embodiments, the SIRP multimer comprises a SIRP polypeptide monomer that
comprises a fusion polypeptide. In some embodiments, the fusion polypeptide comprises a
multimenization domain, In some embodiments, the multimenization domain comprises an Fo monorer,
a c-Jun feucine zipper domain, or a ¢-Fos leucine zipper domain. In some embodiments, the F¢
monomer is a murine Fe monomer. In some embodiments, the murine Fc monomer comprises an aming
acid sequence set forth 10 any one of SEQ ID NO: 81-83. In some embodiments, the fusion polypeptide
comprises an amino acid sequence set forth in SEQ 1D NO: 110, In some embodiments, the SIRP
multimer comprises a SIRP polypeptide monomer that comprises an epitope tag or a ligand. In some
embodiments, the epitope tag comprises any one of SEQ ID NOs: 7-32 and 126, or the ligand comprises

biotin. In some embodiments, the SIRF multimer comprises a soluble SIRP polypeptide monomer.

6012] In some embodiments, the SIRP multimer comprises least two SIRP polypeptide monomers
are linked via peptide bond. In some embodiments, the SIRP multimer comprises at least two SIRP
polypeptide monomers are linked via linker peptide. In some embodiments, the hinker peptide
comprises any one of SEQ ID NG: 85-109, 127-130, 140, and 141, In some embodiments, the hinker
peptide comprises one or more spacers. In some embodiments, the spacer comprises GS, GGS, or any
one of SEQ ID NQOs: 52-70. In some embodiments, the SIRP multimer comprises at least two SIRP
polypeptide monomers are attached to a solid support. In some embodiments, the solid support 15 a gold
nanosphere, a gold nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a shide, a gel
column, or a microtiter well. In some embodiments, each of the at least two SIRP polypeptide
MONOMErs COMpPIISes an epitope tag or a ligand, a capture agent that specifically binds the epitope tag or
ligand is inunobilized on the solid support, and the SIRP polypeptide monomer are attached to the solid
support by the specific binding of the epitope tag or ligand by the capture agent. In some embodiments,
the ligand is biotin and the capture agent is streptavidin. In some embodiments, at least one of the at
least two SIRP polypeptide monomers comprises SEQ ID NO: 111, In some exrobodiments, the SIRP
multimer comprises a streptavidin or avidin bound to 2, 3, or 4 bictinylated SIRP polypeptide
monomers. In some embodiments, at least one of the 2, 3, or 4 bictinylated SIRP polypeptide
monomers comprise SEQ D NO: 111, In some embodiments, the SIRP multimer 18 a homomultimer.

In some embodiments, the SIRP mudtimer 15 heteromuliimer.

13613] In some embodiments, provided is a method of reducing drug interference in a serological

assay using reagent red biood cells (RBC) or reagent platelets, said method comprising: (a) adding an
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anti-SIRP multimer that binds to the drug and blocks the drug from binding the reagent RBC or the
reagent platelets to a plasma sample from a subject who has received treatment with the drug; and (b)
perfornung the serological assay of the plasma sarople after step (a), using the reagent RBC or the
reagent platelets, wherein the drug comprises (i} a human antibody Fe region or variant thereot and {11} a
motety that binds to human CD47, and wherein the anti-SIRP multimer comprises one or more anti-

SIRP antibodies or drug-binding fragments thereof

[6614] In some embodiments, the anti-SIRP multimer comprises an anti-SIRP antibody or drug-
binding fragment thereof In some embodiments, the anti-SIRP multimer comprises between | and 100
anti-SIRP antibodies or drug-binding fragments thereof. In some embodiments, the anti-SIRP multimer
comprises an anti-SIRP antihody or drug-binding fragment thereof that binds to a wild type SIRPuo, a
SERPo vartant, a SIRPP variant, a wild-type SIRPy, a SIRPy variant, or any two or more of the
preceding. In some embodiments, the anti-SIRP multimer comprises an anti-SIRP antibody or drug-
binding fragment thereof that comprises: {a} a heavy chain variable domain (Vu) that comprises SEQ ID
NG 46 and a hight chain vanable domain (V1) that comprises SEQ ID NO: 47; (b) a heavy chain
vartable domam (Vn} that comprises SEQ 1D NO: 48 and a hight chain vanable domain {(Vi} that
comprises SEQ 1D NO: 49; (¢} a heavy chain varnable domain {Vu) that comprises SEQ 1D NO: 50 and
a hight chaim variable domain (Vi) that comprises SEQ 1D NO: 51; (d) a heavy chain variable domain
{Vu) that comprises SEQ 1D NO: 113 and a light chain vanable domain (Vi) that comprises SEQ ID
NOQO: 114; (e} a heavy chain variable domain (Vr) that comprises SEQ ID NO: 115 and a light chain
vartable doroain (Vo) that comprises SEQ ID NO: 116; and/or (f) a heavy chain varnable domain (Va)
that comprises SEQ 1D NO: 133 and a ight chain vartable domam (Vi} that comprises SEQ 1D NO:
134, In some embodiments, the anti-SIRP multimer comprises a full length anti-SIRP antibody. In
some ermbodiments, the anii-SIRP antibody comprises a murine Fe domain. In some embodiments, the
murine Fo domain comprises an amino acid sequence set forth in any one of SEQ 1 NQOs: 81-83 . In
some embodiments, the anti-SIRP antibody comprises: {a) a heavy chain that comprises SEQ ID NO:
117 and a hight chain that comprises SEQ ID NO: 118, (b) a heavy chain that comprises SEQ 1D NO:
119 and a light chain that comprises SEQ 3} NGO 118; {c} a heavy chamn that comprises SEQ ID NO:
120 and a light chain that comprises SEG ID NG: 121; or {d) a heavy chain that comprises SEQ 1D NO:
122 and a hght chain that comprises SEQ ID NG: 121, In some embodiments, the drug-binding
fragment of the anti-SIRP antibody 1s a Fab, a Fab’, an F(ab’», a Fab’-SH, an Fv, a diabedy, a one-
armed antibody, an scFv, an scFv-Fc, a single domain antibody, or a single heavy chain antibody. In

some embodiments, the drug binding fragment comprises a F{ab’)2, and the F(ab’ 2 comprises SEQ ID
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MNOs: 131 and 132, In some embodiments, the anti-SIRP antibody or drug-binding fragment thereof
comprises an epitope tag or a higand. In some embodiments, epttope tag comprises any one of SEQ ID
N{s: 7-32 and 126, or the higand comprises biotin. In some embodiments, the epitope tag comprises
HHHHHHGUNDIFEAQRIEWHE (SEQ ID NO: 135) or GSGSHHHHHHGUNDIFEAQRIEWHE
(SEG I NG 126}

[6615] In some embodiments, the anti-SIRP multimer comprises one or more anti-SIRP antibodies
or drug-binding fragments thereof attached to a solid support. In some embodiments, the solid support
is a gold nanosphere, a gold nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a shde,
a gel colunm, or a microtiter well.  In some embodiments, the one or more anti-SIRP antibodies or
drug-binding fragmenis thereof comprises an epitope tag or a ligand, a capture agent that specifically
binds the epitope tag or ligand 15 immobilized on the solid support, and the anti-SIRP antibodies or
drug-binding fragments thereof are attached to the solid support by the specific binding of the epitope
tag or ligand by the capture agent. In some embodiments, the hgand is biotin and the capture agent is
streptavidin. In some embodiments, the anti-SIRP multimer comprises a streptavidin or avidin bound to
2, 3, or 4 biotinylated anti-SIRP antibodies or fragments thereot. In some embodiments, the anti-SIRP
multimer comprises the streptavidin or the avidin bound to 2, 3, or 4 biotinylated F{ab’}2 fragments, 2 or
more of the biotinylated F(ab )2 fragments comprise SEQ ID NOs: 131 and 132, In some embodiments,
the anti-SIRP multimer 1s g homomultimer. In some embodiments, the anti-SIRP multimer is

heteromultimer.

18616] In some embodiments of any of the methods herein, the drug comprises an anti-CD47
antihody. In some embodiments, the moiety of the drug that binds to human CD47 comprises a wild
tvpe SIRPo, a SIRPu variant, or a fragment of the wild type SIRPa or the SIRPo vaniant. In some
embodiments, the moiety of the drug that binds to human CB47 comprises the SIRPa vanant, and the
SIRPo varnant coruprises one or more amino acid substitation{s), mnsertion(s}, deletion{s), N-termunal
extension{s}, and/or C-terminal extension{s} relative to the wild type SIRPo. In some embodiments, the
motety of the drug that binds to human CD47 comprises the fragment of the SIRPo varniant, and the
fragment comprises an extracellular domain of the SIRPa variant. In some embodiments, the motety of
the drug that binds {o human CD47 comprises a wild type SIRPy, a SIRPy vanant, or a fragment of the
wild type SIRPy or the SIRPy vanant. In some embodiments, the motety of the drug that binds to human
CD47 comprises the SIRPy vartant, and the SIRPy variant comprises one or more aming acid
substitution{(s), 1osertionds), deletion(s), N-terounal extension(s), C-termunal extension(s), or any
combination of the preceding, refative to the wild type SIRPy. In some embodiments, the moiety of the

o
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drug that binds to human CD47 comprises the fragment of the SIRPy variant, and the fragment
comprises an extracellular domain of the SIRPy vanant. In some embodiments, the moiety of the drug
that binds to human CD47 comprises a SIRPJ variant or a fragment of the SIRPf variant. In some
embodiments, the moiety of the drug that binds to human CD47 comprises the SIRPP variant, and the
SIRPP vartant comprises one of more amino acid substitution(s), nsertion(s), deletion(s), N-ternunal
extension{s}, C-terminal extension{s), or any combination of the preceding, relative to the wild type
SIRPE. In some erobodiments, the moiety of the drug that binds to human CD47 coraprises the
fragment of the SIRP variant, and the fragment comprises an extracellular domain of the SIRPS
variant. In some embodiments, the antibody Fe region of the drug is a human IgG Fe region or a variant
thereof. In some embodiments, the human IgG Fe region 1s an g1, 1gG2, or Ig(G4 Fo region, or a

variant of an 1gGl, Ig(G2, or Ig(G4 F¢ region.

0017} In some embodiments of any of the methods herein, the serological assay i1s an ABO/Rh
typing assay. In some embodiments, the serological assay is an immediate spin (IS) assay. Tn some
embodiments, the serclogical assay is 8 direct antiglobulin {BAT) assay using a polyspecific reagent
that detects 1gG and complement C3. In some embodiments, the serological assay is a direct
antiglobulin (DAT) assay using a monospecific reagent that detects complement C3. In some
embodiments, the serological assay is a PEG-enhanced serological assay. In some embodiments, the
serological assay is an eluate test that is performed following the DAT assay. In some embodiments, the

serological assay is a tube assay or a solid phase red cell assay (SPRCA).

[3018] Provided herein is a CD47 multimer comprnising at least two CD47 polypeptide monomers,
In some embodiments, the CD47 multimer comprises between 2 and 100 U347 polypeptide monomers.
In some embodiments, the CD47 multimer coraprises a CD47 polypeptide monomer that comprises a
wild type CD347 or fragment thereof that 18 capable of binding the drug. In some embodimoents, the
CD47 multimer comprises a CD47 polypeptide monomer that comprises a wild type human U347, a
wild type mouse CD47, a wild type rat CD47, a wild type rhesus (D47, a wild type cynomolgus CD47,
or a fragroent of any one of the preceding that 1s capable of binding the drug. Tn some ernbodiments, the
CD47 multimer comprises a {47 polypeptide monomer that comprises the amino acid sequence of
SEQ D NO: 1. In some embodiments, the CD47 multimer comprises a CD47 polypeptide monomer
that comprises a {47 variant comprising one or more anung acid substitutions, msertions, deletions,
N-terminal extensions, or C-terminal extensions relative to a wild type CD47 or fragment thereof that is
capable of binding the drug. In some embodiments, the CD47 multimer comprises a CD47 polypeptide

monomer that comprises the amino acid sequence set forth 1o any one of SEQ 1D NQs: 2-6. In some
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embodiments, the CD47 multimer comprises a CD47 polypeptide monomer that comprises a fusion
polypeptide. In some embodiments, the fusion polypeptide comprises a multimenzation domain. In
some erbodiments, the multimerization domain comprises an Fo monomer, a c-Jun leucine zipper
domain, or a ¢-Fos leucine zipper domain. In some embodiments, the F¢ monomer 1s a murine Fe
monomer. In some embodiments, the murine Fo monomer coraprises an armino acid sequence set forth
m any one of SEQ ID NOG: 81-83. In some embodiments, the fusion polvpeptide CD47 polypeptide
monomer comprises an amino acid sequence set forth in any one of SEQ 1D NQO: 84-86. In some
embodiments, the CD47 multimer comprises a CD47 polypepiide monomer that comprises an epitope
tag or a ligand. In some embodiments, the epitope tag comprises any one of SEQ 1D NQGs: 7-32 and 126,
or the ligand comprises biotin. In some embodiments, the CD47 multimer comprises a soluble CD47

polypeptide monomer.

[6019] In some embodiments, the CD47 multimer coroprises at feast two CD47 polypeptide
monomers linked via peptide bond. In some embodiments, the CE47 multimer comprises at least two
D47 polypeptide monomers linked via linker peptide. In some embodiments, the linker peptide
comprises any one of SEQ 1D NG: 85-109, 127-130, 140, and 141, In some embodiments, the linker
peptide comprises one or more spacers. In some embodiments, the spacer comprises GS, GGS, or any
one of SEQ D NOs: 52-70. In some embodiments, the CD47 multimer comprises at least two CD47
multimer comprises more than one CD47 polypeptide monomers are attached to a solid support. In
somes embodiments, the solid support 15 a gold nanosphere, a gold nanoshell, a magnetic bead, a silica
bead, a dextran polymer, a tube, a slide, a gel column, or a microtiter well. In some embodiments, each
of the at least two (D47 polvpeptide monomers comprises an epitope tag or a higand, a capture agent
that specifically binds the epitope tag or ligand 1s immobilized on the solid support, and the CD47
polypeptide monomers are attached to the solid support by the specific binding of the epitope tag or
hgand by the capture agent. In some embodiments, the ligand 15 biotin and the capture agent is
streptavidin. In some embodiments, at least one of the at feast two CD47 polypeptide monomers
conmprises SEQ ID NO: 6. In some embodiments, the CD47 multimer comprises a streptavidin or avidin
bound to 2, 3, or 4 biotinyiated CD47 polypeptide monomers. In some embodiments, at least one of the
2, 3, or 4 biotinvlated CD47 polypeptide monomers comprises SEQ 1D NO: 6. In some embodiments,
the CD47 multimer is a homomultimer. In some embodiments, the (D47 multimer 15 a heteromultimer.
[6626] In some embodiments, provided 1s a SIRP multimer coroprising at least two SIRP

polypeptide monomers. In some embodiments, the SIRP multimer comprises between 2 and 100 SIRP

polypeptide monomers. In some embodiments, the SIRP multimer comprises a SIRP polypeptide
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monomer that comprises a wild type SIRPg or fragment thereof that is capable of binding human CD47.
In some embodiments, the SIRP multimer comprises the SIRP multimer coroprises a SIRP polypeptide
monomer that comprises a wild type human SIRPo, a wild type mouse SIRPo, a wild type rat SIRPa, a
wild type rhesus SIRPa, a wild type cynomolgus SIRPo,or a fragment of any one of the preceding that
i3 capable of binding human CD47. In some embodiments, the SIRP mudtimer comprises a SIRP
polypeptide monomer that comprises a SIRPo variant comprising one or more aming acid substitutions,
insertions, deletions, N-terminal extensions, or C-ternunal extensions relative to a wild type SIRPo or a
fragment thereof that 1s capable of binding to CIM7. In some embodiments, the SIRP multimer
comprises a SIRP polypeptide monomer that comprises a wild type SIRPy or fragment thereof that 1s
capable of binding human CD47. In some embodiments, the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a wild type human SIRPy, a wild type mouse SIRPy, a wild type
rat SIRPy, a wild type rhesus SIRPy, a wild type cynomolgus SIRPy, or a fragment of any one of the
preceding that 1s capable of binding human (D47, In some embodiments, the SIRP multimer comprises
a SIRP polypeptide monomer that comprises a SIRPy variant comprising one or more amino acid
substitutions, insertions, deletions, N-terminal extensions, or C-termunal extensions relative to a wild
type SIRPy or fragment thereof that 1s capable of binding to CD47. In some embodiroents, the SIRP
multimer comprises a SIRP polypeptide monomer that compnises a SIRPR variant comprising one or
more aming actd substitutions, imsertions, delstions, N-terminal extensions, or C-termuinal extensions
relative to a wild type SIRPS or fragment thereof, the SIRP variant or fragment thereof 1s capable of
binding to €347, In some embodiments, the SIRP multimer comprises a SIRP polypeptide monomer
that comprises the amino acid sequence of any one of SEQ ID NOs: 33-45. In some embodiments, the
SIRP muitimer comprises a SIRP polypeptide monomer that comprises a fusion polypeptide. In some
embodiments, the fusion polypeptide comprises a multimenzation domain. In some embodiments, the
multimern zation domain comprises an Fe monomer, a ¢-Jun leucine zipper domain, or a ¢-Fos leucine
zipper domain. In some embodiments, the Fo monomer s a murine F¢ monomer. In some
embodiments, the murine Fc monomer comprises an amino acid sequence set forth in any one of SEQ
I3 NG 81-83. In some embodiments, the fusion polypeptide comprises an amino acid sequence set
forth in SEQ ID NO: 110, In some embodiments, the SIRP multimer comprises a SIRP polypeptide
monomer that comprises an epifope tag or a hgand. In sorne embodiments, the epitope tag comprises
anv one of SEQ ID NOs: 7-32 and 126, or the ligand comprises biotin. In some embodiments, the SIRP

multimer comprises a soluble SIRP polvpeptide monomer,
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6621] In some embodiments, the SIRP multimer comprises at least two SIRP polypeptide
monomers linked via peptide bond. In some embodiments, the SIRP multimer coroprises at least two
SIRP polypeptide monomers linked via hinker peptide. In some embodiments, the hinker peptide
comprises any one of SEQ ID NG: 85-109, 127-130, 140, and 141, In some embodiments, the linker
pepiide comprises one or more spacers. n some embodiments, the spacer comprises GS, GGS, or any
one of SEQ 1D NQOs: 52-70. In some embodiments, the SIRP mudtimer compnises at least two SIRP
polypeptide monomers are attached to a solid support. In some embodiments, the solid support 1s a gold
nanosphere, a gold nanoshell, a magoetic bead, a silica bead, a dextran polymer, a tube, a shide, a gel
colummn, or a microtiter well. In some embodiments, each of the at feast two SIRP polypeptide
MONOMers COMprises an epitope tag or a ligand, a capture agent that specifically binds the epitope tag or
ligand 1s inunobilized on the sohid support, and the SIRP polypeptide monomer are attached to the sohid
support by the specific binding of the epitope tag or ligand by the capture agent. In some embodiments,
the ligand 1s hiotin and the capture agent is streptavidin.  In some embodiments, at least one of the at
least two SIRP polypeptide monomers comprises SEQ ID NQO: 111, In some exobodiments, the SIRP
multimer comprises a streptavidin or avidin bound to 2, 3, or 4 bictinylated SIRP polypeptide
monomers. In some embodiments, at least one of the 2, 3, or 4 biotinylated SIRP polypeptide monomers
comprise SEQ ID NO: 111 In some embodiments, the SIRP multimer 15 a homomultimer. In some

emboduments, the SIRP multimer 1s heteromultimer.

66221 In some embodiments, provided herein is an anti-SIRP multimer comprising one or more
anti-SIRP antibodies or drug-binding fragments thereof. In some embodiments, the anti-SIRP multimer
comprises between 1 and 100 anti-SIRP antibodies or drug-binding fragments thereof. In some
embodiments, the anti-SIRP multimer comprises an anti-SIRP antibody or drug-binding fragment
thereof that binds to a wild type SIRPu, a SIRPu variant, a SIRPP vanant, a wild-type SIRPy, a SIRPy
variant, or any two or more of the preceding. In some embodiments, the antt-SIRP multimer comprises
an anti-SIRP antibody or drug-binding fragment thereof that comprises: (a) a heavy cham variable
domain (Vi) that comprises SEQ ID NG: 46 and a hight chain vanable domain (V1) that comprises SEQ
ID NO: 47 (b} a heavy cham variable domam (Vi) that comprises SEQ 1D NO: 48 and a light chain
vartable domam (Vi) that comprises SEQ 1D NO: 49; (¢} a heavy chain vanable domain (V) that
compnises SEQ 1D NGO 50 and a light chain variable domain (Vi) that comprises SEQ ID NO: 51, (d) a
eavy chain variable domain (Va) that comprises SEQ 1D NO: 113 and a hight cham variable domain
{Vi} that comprises SEQ 1D NG: 114, (e} a heavy chamn variable domain (Vi) that comprises SEQ 1D
NO: 115 and a light chain vanable domain (V1) that comprises SEQ 1D NO: 116; and/or {(f) a heavy

i1
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chain variable domain (V) that comprises SEQ 1D NO: 133 and a light chain variable domain (V) that
conmprises SEQ ID NGO 134, In some embodiments, the anti-SIRP multimer comprises a full length anti-
SIRP annbody. In some embodiments, the anti-SIRP antibody comprises a murine Fe domam. In some
embodiments, the murine Fo domain comprises an anino acid sequence set forth in any one of SEQ ID
Nos: §1-83. In some embodiments, the anti-SIRP antibody comprises: {a} a heavy chain that comprises
SEQ ID NO: 117 and a light chain that comprises SEQ D NG: 118; {b) a heavy chain that comprises
SEQ D NO: 119 and a light chain that comprises SEQ ID NO: 118; (¢) a heavy chain that comprises
SEQ T NG: 120 and a hight chain that comprises SEQ 1D NOG: 121, or {d) a heavy chain that comprises
SEQ ID NG: 122 and a light chain that comprises SEQ 1D NG: 121 In some embodiments, the drug-
binding fragment of the anti-SIRP antibody 1s a Fab, a Fab’, an F{ab' ), a Fab’-SH, an Fv, a diabody, a
ong-armed antibody, an scFv, an scFv-Fe, a single domain antibody, or a single heavy chan antibody. Tn
some embodiments, the drug binding fragment comprises a F{ab’)2, and the F(ab’ 2 comprises SEQ ID
MNOs: 131 and 132, In some embodiments, the anti-SIRP antibody or drug-binding fragment thereof
comprises an epitope tag or a higand. In some embodiments, the epiiope tag comprises any one of SEQ
1D NQs: 7-32 and 126, or the hgand comprises biotin. In some embodiments, the epttope tag comprises
HHHHHHGUNDIFEAQRIEWHE (SEQ ID NO: 135) or GSGSHHHHHHGUNDIFEAQRIEWHE
(SEG I NG 126}

6623} In some embodiments, the anti-SIRP multimer comprises the one or more anti-SIRP
antibodies or drug-binding fragments thereof are attached 1o a solid support. In some embediments, the
solid support is a gold nanosphere, a gold nanoshell, a magnetic bead, a silica bead, a dextran polymer, a
tube, a shde, a gel column, or a microtiter well. In some embodiments, each of the one or more anti-
SIRP antibodies or drug-binding fragments thereof comprises an epiiope tag or a ligand, a capture agent
that specifically binds the epitope tag or ligand 15 immobilized on the solid support, and the anti-SIRP
antibodies or drug-binding fragments thereof are attached to the sohid suppost by the specific binding of
the epitope tag or ligand by the capture agent. In some embodiments, the ligand is biotin and the capture
agent is streptavicin. In some embodiments, the anti-SIRP muitimer comprises a streptavidin or avidin
bound to 2, 3, or 4 brotinylated anti-SIRP antibodies or fragments thereof In some embodiments, the
anti-SIRP multimer comprises the streptavidin or the avidin bound to 2, 3, or 4 biotinylated F(ab™)2
fragments, wherein 2 or more of the biotinylated F{ab”)2 fragments comprise SEQ 1D NOs: 131 and
132. In some embodiments, the anti-SIRP multimer is a homomultimer. In some embodiments, the anti-

SIRP multimer is heteromultimer.
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[6624] All references cited herein, including patent applications, patent publications, and
UniProtkB/Swiss-Prot Accession numbers are herein incorporated by reference in their entuety, asif

each ndividual reference were specifically and individually indicated 1o be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

16025] ¥FIG. 1A shows a serological assay in which a plasma sample obtamed from a subject is
mixed with reagent red blood cells (i.e., red blood cells ("RBCs™} that are known to express a particular
cell surface antigen, or group of cell surface antigens) o detect the presence of antibodies 1o the plasma
sample that bind the RBC surface antigen.  Alternatively, such serological assay can be performed using
reagent platelets {i.e., platelets that are known to express a particular cell surface antigen, or group of

cell surface antigens) instead of reagent RBCs.

[6026] ¥IG 1B shows how the presence of a drug comprising (1) an antibody Fe region and (i1} a

moiety that binds human CB47 m a plasma sample interferes with the assay of FIG. 1A,

18027} FIG., 1C shows a serological assay in which a blood sample obtained from a subject is
mixed with reagent plasma/antisera (7. ¢., plasma or antisera known to contain antibodies against a
specific RBC surface antigen{(s) or platelet surface antigen{s}) in order to detect the presence of the

antigen on the subject’s RB{s and/or platelets.

j6028] FIG. 1D shows how the presence of a drug comprising (i) an antibody Fe region and (1t} a

moiety that binds human CD47 in a blood sample interferes with the assay of FiG. 1C.

[6628] FIG. 2 shows a method of reducing interference mn a serological assay that comprises adding
a CD47 multimer to a plasma sample obtained from a subject who has been treated with the drag,
Briefly, the CD47 multimer binds the drug in the plasma sample so that little or no free drug 1s available

1o bind the CD47 on the surface of the reagent RBCs or reagent platelets.

(6038 FI{. 3A shows a moethod of reducing interference in a serclogical assay that comprises
adding a SIRP muitimer that binds CD47 to reagent RBCs or reagent platelets. Briefly, the SIRP

multimer binds to the {47 on the surface of the reagent RBCs or reagent platelets. Binding of the
reagent RBCs {or reagent platelets) by the SIRP multimer blocks the drug from binding the reagent

RBCs (or reagent platelets).

6031 FIG. 3B shows a method of reducing interference in a serological assay that comprises
adding a SIRP multimer that binds CD47 to plasma from a subject who has recetved treatment with the

drug. Briefly, the SIRP mudtimer competes with the drug for binding to the CD47 expressed on the
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surface of the reagent RBCs or reagent platelets and minimizes the amount of drug-bound reagent RBCs
or drug-bound reagent platelets in the assay (or elinunates drug-bound reagent RBC and/or drug-bound

reagent platelets in the assay).

[6032] FiG. 3C shows a method of reducing interference in a serological assay that comprises
adding a SIRP multimer that binds CD47 to a blood sample from a subject who has received treatment
with the drug. Briefly, the SIRP multimer competes with the drug for binding to the D47 expressed on
the surface of the subject’s RBUs and/or platelets and mimimizes (or eliminates} the amount of drug-

bound RBC and/or drug-bound platelets in the assay.

[6633] FIG. 3D shows a method of reducing interference in a serological assay that comprises
adding a SIRP multimer that binds drag to a plasma sample obtamed from a subject who has been
treated with the drag. Briefly, the SIRP multimer binds the drug in the plasma sample go that little or no

free drug is available to bind the CD47 on the surface of the reagent RBCs or reagent platelets.

[6034] FIG. 4 provides the results of expeniments that were performed to compare the degree to
which CD47 polypepiide monomer, CD47 multimer B, anti-SIRP multimer €, and anti-SIRP multimer

D inhibit interference by Drug A n an AT tube assay.

0035} ¥IG. S provides the resuits of further experiments that were performed to compare the
degree to which CD47 polypeptide monomer, CB47 multimer B, anti-SIRP multimer C, and anti-SIRP
multimer D inhibit interference by Drug A m an AT tube assay.

18036} FIG.6 provides the results of further experiments that were performed to compare the degree
1o which CD47 polypeptide monomer, CD47 multimer B, anti-SIRP nmultimer €, and anti-SIRP
multimer D inhibit interference by Drug A m an AT tube assay.

168371 FIG. 7 provides the results of experiments that were performed to compare the degree to
which CD47 polypeptide monomer, UD47 multimer B, anti-SIRP multimer €, and anti-SIRP multimer

D inthubit interference by Drug A 1n a solid phase red cell adherence assay (SPRCA).

[6038] ¥FIG. 8 provides the results of experiments that were performed to test whether anti-SIRP
multimer E or anti-SIRP mudtimer F mhibit mterference by Drug A in a solid phase red cell adherence

assay (SPRCA).
DETAILED DESCRIPTION OF THE INVENTION

i Methods of Mitigating Interference in Pre-Transfusion Serological Assays
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j6039] CD47 is a transmembrane protein that interacts with thrombospondin-1 (TSP-1} as well as
several molecules on immune cells, including signal regulatory protein alpha (SIRPu). Upon binding
CD47, SIRPu initiates a signaling cascade that inhibits phagocytosis and prevents phagocytic removal
of healthy cells by the immune system. However, many cancers gverexpress D47 and evade
phagocytic clearance. Accordingly, drugs that target CDA47 (such as anti-CD47 antibodies and fusion
proteins comprising an antibody Fe region and a moiety that binds CD47) are of sigmficant therapeutic
mterest. {147 is also expressed on the surface of human red blood cells (RBCs) and platelets. Thus,
tollowing the adrministration of a drug comprising (1) an antibody Fe region and (1t} a motety that binds
to human CD47 to a subject, the drug present in the subject’s plasma or bound to the subject’s RBCs

and/or platelets may cause interference in routine pre-transfusion serological assays.

{00401 For example, FEG, 1A shows a serological assay in which a plasma sample obtained from a
subject 1s mixed with reagent RBC or “reference RBC” (i.e., RBC that are known o express a particular
cell surface antigen, or group of cell surface antigens) or reagent platelets or “reference platelets” (i e.,
platelets that are known to express a particular cell surface antigen, or group of cell surface antigens) to
detect the presence of antibodies in the plasma sample that bind the cell surface antigen that is known fo
be expressed on the reagent RBCUs or reagent platelets. After the plasma sample and the reagent RBC {or
cagent platelets) are mixed, anti-human globulin (AHG}) 1s added, and agglutination {e¢.g., clumping) of
the reagent RBC {or reagent platelets) occurs if the plasma sample contains an antibody that binds the
RBC swrface antigen {or platelet surface antigen). However, the presence of a drug comprising (i} an
antibody Fc region and () a moiety that binds to human CD47 in the subject’s plasma may interfere
with the assay and produce a false positive result. As shown in FEG. 1B, after the subject’s plasma and
the reagent RBCs {or reagent platelets) are mixed, the drug mav bind CE47 that 1s expressed on the
surface of reagent RBCs {or reagent platelets). Addition of AHG to the nux leads to agglutination of the

reagent RBCs {or reagent platelets).

[6041] FIG. 1C depicts a serological assay in which a blood sample from a subject 18 nuxed with
reagent plasma/antisera (7.¢., plasma or antisera containing antibodies against a known RBC surface
antigen{s) or a known platelet surface antigen(s})) in order to detect the presence of the antigen on the
subject’s RBCs and/or platelets.  After the reagent plasma/antisera and the sample from subject are
mixed, the addition of AHG will fead to agglutination if the antigen recognized by the antibodies in the
reagent plasma/antisera is expressed on the subject’s RBCs and/or platelets. The presence of a drug
comprising {1} an antibody Fe region and {11} a moiety that binds to human CD47 m a sample comprising

the subject’s RBCs and/or platelets may interfere with the assay and produce a false positive result. As

i
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shown in FIG. 1D, the drug bound to the CD47 on the subject’s RBCs or platelets will cause
agglutination after AHG 18 added to a nuxture comprising the subject’s blood sample and reagent

plasma/antisera,

60421 The methods described below reduce {and, i some embodiments, eliminate} the mterference
caused by the drug, i.e., as lustrated in FiGs. 1B and 1D
£ Methods of Using a CD47 Mulfimer that binds the Drag to Mitigate Interference in a Pre-
Transfusion Serological Assay
[3043] In some embodiments, the method comprises (a) adding a CB47 multimer that binds a drug
{i.e., to the portion of the drug that comprises a moiety that binds to human CD47} (o a plasma sample
from a subject who has recerved treatment with the drug, and (b) perfornung the serclogical assay of the
plasma sample afier step {(a}) using reagent RBCs (i ., RBCs that are known to express a particular cell
surface antigen, or group of cell surface antigens} and/or reagent platelets (7 e., platelets that are known
1o express a particular cell surface anfigen, or group of cell surface antigens), wherein the drug
comprises (1) an anttbody Fe region and (11} 2 moiety that binds to human CD47. Such embodiments are
generically depicted in FIG 2. As shown in FEG, 2, the CD47 multimer binds to the drug (e.g, to the
motety of the drug that binds to human CD47) 1n the subject’s plasma sample and blocks the drug from
binding the reagent RBCs and/or reagent platelets. Little or no free drug 1s available to bind to CD47 on
the surface of the reagent RBCs and/or reagent platelets. The interference that would result from the
binding of drug to the reagent RBCs and/or reagent platelets (as illustrated in FIG, 1B) is mumimized
{or, n some embodiments, eliminated), thus preventing a false positive result in the serological assay.
In some embodiments, the CD47 multimer 1s added to the plasma sample to achieve about any one of a
1-fold, 1.5-fold, 2-fold, 2 5-fold, 3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold 5 S-fold, 6-fold, 6.5-fold, 7-
fold, 7.5-fold, &-fold, 8.5-fold, 9-fold, 9.5-fold, 10-fold, 10.5-fold, 11-fold, 11.5-fold, 12-fold, 12.5-fold,
13-fold, 13.5-fold, 14-fold, 14.5-told, or 15-fold molar excess of the anti-SIRP multimer relative to the
amount of drug in the plasma. In sore embodiments, the CD47 multimer 18 also added to the reagent
RBCs and/or reagent platelets before the serclogical assay 1s performed. In some embodiments, the
CD47 oultimer 15 added to the reagent RBCs and/or reagent platelets (e. g, only to the reagent RBCs

and/or reagent platelets) before the serological assay 1s performed.

[3044] In some embodiments, the method 18 performed 1o solution, e. g, wherein the CD47
multimer is soluble. In some embodiments, the CD47 multimer 1s immobilized to a solid phase before
the method 1s performed via adsorption to a matrix or surface, covalent coupling, or non-covalent

coupling. In some embodiments, the CD47 multimer 15 capable of binding drug following
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immaobilization to the solid phase or sohid support. The solid phase or solid support used for
mmmobilization can be any mert support, surface, or carrier that is essentially water insoluble and useful
m immunoassays, ncluding sapports in the form of, for example, surfaces, particles, porous mairices,
cellulose polymer sponge (TrmmmunoCAP®, Phadia), and the like. Examples of commonly used supports
mclude small sheets, Sephadex, polyvinyl chlornide, plastic beads, gold beads, microparticles, assay
plates, or test tubes manufactured from polyethylene, polypropyiene, polystyrene, and the like. In some
ernbodiments, the CD47 multimer 15 coated on a microtiter plate, such as a mulit-well nucrotiter plate

that can be used to analvze multiple samples simultaneously.

[6045] In some embodiments, the motety of the drug that binds to human CD47 comprises a wild
tvpe SIRPa, a SIRPo variant, or a3 CD47-binding fragment of the wild type SIRPu or the SIRPo
variant. In some embodiments, the moiety of the drag that binds to human CD47 comprises the

SIRPo variant {or CD47-binding fragment thereof), wherein the SIRPa variant {or CD47-binding
fragment thereof) comprises one or more amino acid substitution(s), insertion(s), deletion(s), N-termunal
extension{s}, and/or C-termuinal extension(s) relative o the wild type SIRPu {or CD47-binding fragment
thereof). In some embodiments, the moiety of the drug that binds to hurman CD47 comprises the
fragment of the SIRPa vartant, and wherein the fragment comprises an extracellular domain of the
SIRPo variant. In some embodiments, the CD47 multimer is capable of binding the wild type SiRPo,
the SIRPo variant, or the fragment of the wild type SIRPo or the SIRPo variant.

[3046] In some embodiments, the moiety of the drug that binds to human CD47 corprises a wild
type SIRPy, a SIRPy variant, or 3 CD47-binding fragment of the wild type SIRPy or the SIRPy variant.
In some embodiments, the moisty of the drug that binds to human (D47 comprises the SIRPy variant,
and wherein the SIRPy variant comprises one or more amino actd substitution{s}, insertion{s},
defetion(s), N-terminal extension{s}, C-terminal extension{s}, or any combination of the preceding,
relative to the wild type SIRPy. In some embodiments, the moiety of the drug that binds to human
D47 comprises a CD47-binding fragment of the SIRPy variant, and wherem the fragment comprises an
extracellular domain of the SIRPy variant. In some embodiments, the CD47 multimer is capable of
binding the wild type SIRPy, the SIRPy variant, or the fragment of the wild type SIRPy or the

SIRPy vanant,

16847} In some embodiments, the moiety of the drug that binds to human CD47 comprises a SIRPB
vartant that 1s capable of bindimg (D47 {e.g , human CD47} or a fragment of the SIRPf variant that is

capable of binding CD47 (e g., human CD47). In some embodiments, the moiety of the drug that binds
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to human CD47 comprises the SIRPP variant, and wherein the SIRPJ varniant comprises one or more
aming acid substitution(s}, insertion(s), deletion(s}, N-terminal extension{s}, C-terminal extension{s), or
any combination of the preceding, relative 1o the wild type SIRPPR. In some embodiments, the motety of
the drug that binds to human CD47 comprises the fragment of the SIRPR vanant, and wherein the
fragment coraprises an extracellular domain of the SIRPP vanant and is capable of binding CD47 {e.g.,
human CD47). Tn some embodiments, the CD47 multiroer 1s capable of binding the SIRPR varant or

the CD47-binding fragment of the SIRPf vanant.

{0048} In some embodiments, the drug comprises an anti-CD47 antibody (or CD47-binding
fragment thereof) and the CD47 multumer 1s capable of binding the anti-CD47 antibody (ot CD47-

binding fragment thereof).
{a} CI47 Multimers Comprising CD47 Polypeptide Monowmers

[6649] In some embodiments, the CD47 multimer comprises more than one CD47 polypeptide
monomer. In some embodiments, the CD47 multimer comprises at least any one of 2,3, 4,5, 6,7, 8, 9,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 7S, 80, 85, 90, 95, or up to 100 CD47 polypeptide
monomers, including any range in between these values. In some embodiments, a CD47 polypeptide
monomer comprises the extracellular domain of a wild type CD47 ("WT CD47-ECD”), or a portion of
WT CD47-ECD that 1s capable of binding the drug and blocking the drug from binding reagent RBCs
and/or reagent platelets. In some embodiments, the CD47 polypeptide monomer 1s a soluble
polypeptide that does not comprise the transmembrane domain of CD47 or any portion thereof. In some
embodiments, the {47 polypeptide monomer comprises a fusion polypeptide, e.g., a fusion
polypeptide that comprises a CD47 {(or a fragment thereof). In some embodiments, the fusion
polypeptide comprises a CD47 polypeptide monomer {or a fragment thereof) and, e g, an antibody Fe
domain, such as a murine Fe domain.  As discussed in further detail elsewhere herein, in some
ernbodiments, the fusion polypeptide comprises a CD47 polypeptide monomer and a multimernization
domain. In soroe embodiments, the CD47 polypeptide monomer comprises a human CD47, a mouse
CD47, arvat CD47, arhesus CB47, a cynomolgus CD47, or a CDB47 of any origin that is capable of
binding to the drug and blocking the drug from binding reagent RBCs and/or reagent platelets. In some
embodiments, the CD47 polypeptide monomer comprises a fragment of a human CD47, mouse CD47,
rat CD47, rhesus CD47, cynomolgus (D47, or CD47 of any onigin, provided that the fragment is
capable of binding to the drug and blocking the drug from binding reagent RBCs and/or reagent
platelets. In some embodiments, the CD47 polypeptide monomer comprises a variant of a wild type
CD47 {or a fragment thereof, .2, a vartant of a WT CD47-ECD or a varnant of a U247 that does not

18



WO 2022/120286 PCT/US2021/062065

comprise the transmembrane domain of C147, or any portion thereof), provided that the variant is
capable of binding to the drug. In some embodiments, the variant {or fragment thereot) comprises one
or more anuno acid substitution{s), deletion{s}, inserhion{s}, N-terminal addition(s} and/or C-termunal
addition{s) relative to a wild type CD47 {e g, a wild type human, rat, mouse, rhesus, or cynomolgus
CD47). In some embodiments, the one or more amino acid substitution{s}, deletion(s), insertion(s}, N-
terminal addition{s} and/or C-ternunal addition(s) present in the varniant (F.e., the “CD47 vanant”) alter
the glycosylation pattern of the CD47 variant relative to a wild type CD47 {e.g , a wild type human, rat,
mouse, thesus, or cynomolgus C1347). Tn some embodiments, the one or more aming acid
substitution{s), deletion(s}, msertion{s), N-termunal addition(s} and/or C-terminal addition{s} present in
the CD47 variant increase the affinity of the CD47 vanant for the drug relative to a wild type CD47
{e.g., a wild type human, rat, mouse, thesus, or cynomolgus CD47). In sore embodiments, the atfinuty

of the drug for the (D47 polypeptide monomer 15 greater than the affimty of the drug for human CD47.

[0050] In some embodiments, the U347 polypeptide monomer comprises a CD47 variant that

comprises the aming acid seqguence of any one of SEQ 1D NOs: 1-6 below:

DGALNKSTVE

QLLEFNKTKESYV EFTE OI\“ DTVY TPCEVTNMEA QNTTEVYVEW
< LKYRVVS {SEQ

TDEFSEAKIEY SQOI sDAST KMDKEDAVSH TGENYTCEVTE
ID NOG: 1}

WOLPLLFNKT KSVEFTEGND TVVIPCEVTN MEAQONTTEVY VKWKFKGRDI YTFDGDENKS
TVPTDESSAK IEVSQLLKGD ASLKMDKSDA VSHTGNYTCE VTELTREGET IIELKYRVVE
{SEQ ID NO: 2

VIPCEVTN MEAQNTTEVY VEWEFKGRDI
VSHTGNYTCE VTELTREGET

WOPPLLIFNKT KSVEFTEGND
TVPTDFSSAK TEVSQLLEGD
{SEQ ID NO: 3}

"r—i
\4

IIELKY i{"JVS

WQF DLLFNKT KSVEFTFCND TVVIPCEVIN MBEAONTTEVY VEWKFKGEDI 4 GOANKS
TVEPTDESSA T EVSQLLEGD ASLEKMDESDA VSHTGNYTCE VIELTREGET IIELKYRVVES
{SEQ ID NO: 4}

WOPPLLEFNKT KSVEFTCGND TVVIPCEVIN MEAQNTTEVY VEWKFKGRDI ° A
TVPTDESSAK IEVSQLLKGD ASLKMDKSDA VSHTGNYTCE VTELTREGET IIELKYRVVE
{SEQ ID NO: 5

IPCEVTNMEA 'U“TT‘TF"'VVKW KFKGRDIYTEF DGALNKSTVE
KMDKSDAVSH TGNYTCEVTE LTREGETITE LKYRVVSHHH
SEQ ID NGO: 6}

’T.L ﬁ]\TVTT\’

00581 In some embodiments, CD47 multimer comprises SEQ 1D NGO 6. In some embodiments,
the CD47 multiroer 18 added to the plasma sample {e.g., a plasma sample obtained by a subject who has

received treatment with drug) to achieve about any one of a 1-fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3.5-
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fold, 4-fold, 4. 5-fold, 5-told 5.5-fold, 6-fold, 6.5-fold, 7-fold, 7.5-fold, 8-fold, 8 5-told, 9-fold, 9.5-fold,

or 10-fold molar excess of the CD47 multimer relative to the amount of drug in the plasma.

[60582] Additional details regarding exemplary CD47 polypeptide monomers {e.g., ncludimg CD47
vartants ) that can be multimernized and used in the methods described herein are provided in Ho ef af.
{2015) “*Velere” Engineering of High Aftinity CD47 Ectodomain as Signal Regulatory Protein a
{SIRPo) Antagomists That Enhance Antibody-Dependent Cellular Phagocytosis” J Biol Chem. 290
1265012663 and WO 2016/179399, the contents of which are incorporated herein by reference in their

entireties.

60583 In some embodiments, the CD47 polypeptide monomer comprises a fusion polypeptide that
comprises a multimerization domaimn. Exemplary multimenization domains mclude, but are not hmited
to, e.g., an Fc monomer, such as a murnne F¢ monomer, a c-Jun feucine zipper domain, and a ¢-Fos
leucine zipper domain. Each of these multimerization domains is capable of forming a dimer. In some
embodiments, the muliimenzation comprises repeating units of GVGVP (8EQ 1D NG 71), VPGG
{SEQ ID NO: 142), APGVGV(SEQ ID NO: 723, GAGAGS {(SEQ ID NG: 733, GPGGG (SEQ 1D NG
743y, GPGGX wherein X s any amino acid (SEQ 1D NG: 123), GPGQQ (SEQ 1D NO: 124), GPGGY
(SEQ I NO: 125), GGYGPGS (REQ 1D NG: 75), GAPGAPGSQGAPGLQ (REQ ID NG 76},
GAPGTPGPQGLPGSP (SEQ ID NG: 77), AKLKLAEAKLELA (SE( ID NGO: 78),
PPAKVPEVPEPKKPVPEEKVPVPVPKKPEA (SEQ ID NG: 79), and/or GGFGGMGGGX wherein X
1s any amno acid {SEQ 1D NO: 80). See, e g, Tatham er af (2000) Trends in Biochemical Sciences,
25, 567-571; Sanford and Kumar (2005} Current Opinion in Riotechnology, 16, 416421, and Casal ef
al. {2014) Future Trends for Recombinant Protein-Based Polymers: The Case Study of Development
and Apphication of Silk-Elastin-Like Polymers. In Kabasci (Ed.} Bio-Based Plastics: Materials and

Applications (pp. 311-32} John Wilev & Sons, Ltd.

[6054] In some embodiments, the CD47 polypeptide monomer comprises a fusion polypeptide that
comprises any one of SEQ ID NOs: 1-6 and any one of SEQ ID NO: 81-83. The aromno acid sequences
of SEQ 1D NOs: 81-83 are set forth below. SEQ ID NG: €1 comprises the CH2 and CH3 domains of a
murine fgGl. SEQ ID NO: 82 comprises the CH2 and CH3 domains of a murine Ig(Gl, wherein the
CH3 domam comprises an N297A substitution, and wherein the amino acid numbering 1s according to
the BU mdex of Kabat. SEQ 1D NG 83 comprnises the CH2 and CH3 domaims of a munne IgGG2a.
VPRDSGCRPC ICIVPEVSSV FIFPPKPEDYV LTITLTPKVT CVVVDISKDD PEVQOFSWEVI
DVEVHTAQTO PREEQENSTE RSVSELPIMH QDWLNGEKEFK CRVNSAAFPA PIEKTISKTK

GRPEKAPQVYT IPPPEECMAK DEKVSLTCMIT DFFFEDITVE WOWNGOQPAEN YKNTQPIMDT
DGEEYFIYSKL NVOKSNWEAG NTETCSVLEE GLENHHTEKS LSHEHSPG {(8EQ ID NO: 81}
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VPRDSGCKPC ICIVEPEVESV PPRPEDYV LTITLTPKVT CVVVDISEDD PEVOESWEVD
DVEVHTAQTQ PREEQFASTE RSVSELPIMH QODWLNGKEFK CRVNSAAFPA PIEKTISKTK
GRPEKAPQVYT IPPPEECMAK DEKVSLTCMIT DFFFEDITVE WOWNGOQPAEN YKNTQPIMDT
DGEEYFIYSKL NVOKSNWEAG NTETCSVLEE GLENHHTEKS LSHEHSPG (S8EQ ID NO: 82}

A

EPRGPTIKPC PPCKCPAPNL LGGFSVFIFP PRKIEKDVIMILZ LSPIVICVVY DVSEDDRPDVQ
ISWEVRNNVEY HTACTOTHRE DYNSTLRVVS ALPIQHODWM SGEEFKCKVN NKDLFPAPIER
TISKPKEGSVR APCVYVLEPERPR MT C LTCMVTDEMP EDIYVEWTNN GKTELNYEKNT
EPVLDSDGESY FMYSKLRVEK KI CESVVHEGLEN HHTTKSFSRT PG {(8EQ ID NO:
83}

[B0SE] In some embodiments, the T4 7 polypeptide monomer comprises a fusion polypeptide

whose amino acid sequence set forth 1 any one of SEQ 1D NOs: 84-86 below.

QLLEFNKTESYV EFTESNDIVV IPCEVTNMEA ONTTEVYVEW KEFKGRDIYTE DGALNKSTVE
TDESSAKIEYV SQLLEGDASL KMTKS“AVQH TGNYTCEVTE LTREGETIIE LKYRVVSVER
DSGCKPCICT VPEVSSVEIE T TLTPRVICVVYV L JKJ PEV QFSWEFVDDVE
VHTAQTOPRE EQFNZST F“OV ! LNGEEFRCRV 2 KTISKTKGRE
KAPQVYTIPY PKECMAKDEV 5I " PEDITVEWCOW \G\w: _E\“LKN TCPIMDTDGS
YPIYSKLNVQ KSNWEAGNTE TC NHHETEKSLSH SPG (SEQ ID NO: 84)

QLLENKTKSY EFTFSNDTVYV
TDFSSAKIEY SQLLKGDASL

ONTTEVYVEKW KFKGRDIYTE DGALNKSTVP
fGW”””W”WE LTREGETIIE LKYRVVEVPR
U\GKPP,ICT VPFVS% FIF TLIPKVTCVV VDISKDDPEV QFSWEVDDVE
LTP“IQPBL EQFASTEFRSY S5 QLE/CRv NSAAFPAPIE KTISKTKGRP

P TVE?NﬁVBK” SLTCMITDEYF PEDITVEWOW NGQPAENYEN TOPRPIMDTDGS
) KENWEAGNTE TCSVLHEGLH NHHTEKSLSH SPG {S8EQ ID HO: 85}

EFTFSNDTVV JPCFVTNMEA ONTTEVYVKW KFKGE
EV SQLLKGDASL KMDKSDAVSH TGNYTCEVTE 1
°C KCPAPNLLGG PSVFIFPPKI KDVLMISLSE

JEVHTA QTQTHREDYN STLRVVSALP TQHODWMSGK EFF . , :
KPXGSVRAPQ VYVLEPPPEEE MTKKQVTLT TDFMPEDT YVEWTNNGKT ELNYKNTEPV

LDSDGSYEMY SKLRVEKKNW VERNSYSCSV VHEGLHNHHT TKSEFSRIPG (SEQ ID NO: 88)

DGKTNKST7
LRYP 4

oA
[ AV

[66586] In some embodiments, the CD47 polypeptide monomer (e z., fusion polypeptide} comprises
{e.g., further comprises) an epitope tag. In somwe embodiments, the epitope tag facilitates
muldttmerization of the D47 polypeptide monomers. In some embodiments, the tag facilitates the
immobilization of the CD47 polypeptide monomers to a solid support {e.g. a bead, a glass slide, e#c.).
Exemplary epitope tags include, but are not imuted to, e.g., HHHHHH (SEQ 1D NG 73,
GENDHFEAGQGKIEWHE (SEQ 1D NO 8), SRLEFELRRRLTE (SEQ ID NG: 9),
KRRWKENFIAVSAANRFKKISSSGAL (SEQ D NQ: 10), a polyglutamate tag, e g, EEEEEE (SEQ
IB NG 11), GAPVPYPDPLEPR (SEQ ID NO: 12), DYKDDDDK (SEQ ID NG 13), YPYDVPDYA
{(SEG ID NO: 14), TKENPRSNQEESYDDNES (SEG ID NG 15), TETSQVAPA (SEQ ID NG: 16),
KETAAAKFERQHMDS (SEQ ID NO: 17y,
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MBDEKTTGWRGGHVVEGLAGELEQLRARLEHHAPQGQREP (SEQ ID NO: 18},
SLAELLNAGLGGS (SEQ ID NO: 19), TOQDPSRVG (SEQ ID NG: 20), WSHPQFEK (SEQ ID NG:
21}, MASMTGGOOMG (SEQ ID NG 223, EVHTNQDPLD (SEQ 1D NG: 23}, GRPIPNPLLGLDST
(SEQ D NO: 24), YTDIEMNRLGK (SEQ 1D NO: 253, DLYDDDDK (SEQ ID NO: 263,
TDEDMTITFTNKEDAE (SEQ D NO: 27), AHIVMVDAYEKPTK (SEQ 1D NO: 28),
KLGDIEFIKVNK (SEQ ID NO: 29}, KLGSIEFIKVNE (SEQ D NG 303,
DIPATYEFTDGKHYITNEPIPPK (SEQ ID NO: 31), and DPIVMIDNDKPIT (SEQ 1D NO: 32).

0057} In some embodiments, the CD47 polypeptide monomer comprises {e.g., 1s attached to} a

higand. To some emnbodiments, the ligand 1s biotin,

[B058] In some embodiments, the CD47 polypeptide monomer comprises the amino acid sequence
of SEQ 1D NO: 6 (see above}. SEQ ID NO: 6 comprises, from N-terminus to C-terminus, the amino
acid sequence of WT human CD47, a hexahistidine peptide (f.e., HHHHHHEH (SEQ ID NO: 7)), and the
15 amino acid tag GLNDIFEAQKIEWHE {(SEQ ID NG 83 GINDIFEAQRIEWHE (SEQ 1D N{, 8},
alao known as AVITAG™ 15 speaifically biotinylated by the & cofi otin ligagse BurA. In some
smmbodiment, the CD47 polypeptide monomer comprises the anuno acid sequence of SEQ ID NG G,
which comprises, from Netermngs to C-ternunus, the amine acid sequence of WT human CD47 and a

hexahistidine peptide (.o, HHHHHH (SEQ ID NO: 7).

[3059] In some embodiments, the 47 moltimer 1s 2 homomultimer that comprises identieal
D47 polypeptide monormers (e.g., between 2 and 100 identical CDM47 polypeptide monomers described
herein}. o some embodiments, the CDM47 multimer 1s a heteromultimer that comprises at feast two
different CD47 polypeptide monomers {e.g, CD47 polypeptide monomers described herein). CDM47
heteromultimers comprising any combination of two or more different CD47 polypeptide monomers are

contemplated.

[066] In some embodiments, the CD47 polypeptide monomers in a {D47 muldtimer are linked via
peptide bond to form, e g, a concatenated chain of CD47 polypeptide monomers. In some
embodiments, the CD47 polypeptide monomers in a CD47 multimer are linked via linker peptide.
Exemplary linker peptides comprise, but are not limited to, e g, LSGXGRXGXGSXADNH (SEQ ID NO:
127} wherem each of X1-X4 1s any naturally occurring anmino actd; XaSGSREOGRVXXs (SEQ 1D
NG 128) wherein each of X;-Xs 15 any naturally occurring amino acid; SGRXSA (SEQ 1D NO: 129)
wherein X 1s any naturally occurring amino acid; LSGXARXGXGEXNGDNH (SEQ 1D NG 130) wherein
each of X1-X4 1s any naturally occurring anuno acid; RXGXGRKX VXS XGX7 (SEQ ID NG 137)
wherein each of X1-X7 18 any naturally occurring anuno acid; RQARXVV (SEQ 1D NGO 138) wheremn
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X is any naturally occurring amino acid; RXGXGRKVIGG (SEQ 1D NG: 87) wherein each of X0-X5 15
any naturally occurring amino acid; KRRKQGASREA (SEQ ID NO: 88); LSGXGRXDGSXUDNH (SEQ
1D NO: 89) wherein each of X1-X4 13 any naturally occurring ammo actd; XaiXo2GX X sXeNX7 XX
(SEQ D) NO: 90} wherein each of X1-Xb 15 any naturally occurring anmino acid; AANXL (SEQ ID NO:
91} wherein X is any naturally occurning anuno acid; ATNXL (8EQ ID NO: 139) wherein X 1s any
naturally occurring amino acid; SISQXAYQRESX:Xs (SEQ 1D NG: 92} wherein each of X1-Xs 15 any
naturally occurring anuno acid; SSKLG (SEQ 1D NO: 93); XiPXoXGLIXe XX (SEQ D NO: 94)
wherein each of X1-Xe 18 any naturally occurring amno acid, GPAXGGLXQGX: (SEQ ID NG: 95)
wherein each of X1-X5 13 any naturally occurning amino acid; GPLGIAGQ (SEQ ID NO: 96}, PYGLIG
(SEQ D NO: 97y HPVGLLAR (SEQ ID NG: 98); X2GXGVIATX XX X (SEQ 1D NO: 99) wheren
each of X1-X7 s any naturally occurning anuno acid; XY YVTAX XXX (SEQ 1D NG: 100) wherein
each of Xi-Xs 13 any naturally occurnng amino acid; PRFKHGG (SEQ 1D NG: 101);, PRFRIGG (SEQ
ID NO: 102);, SSRHRRALD (SEQ ID NG: 103y, RKSSIHRMRDVVL (SEQ 1D NG 104);
SSSFDRKGKYEKGDDA (SEQ ID NO: 105); SSSFDKGKYERGDDA (SEQ ID NG 106); IEGR (8EQ
ID NO: 141y IDGR (SEQ ID NO: 140y, GGSIDGR (SEQ 1D NQ: 107}, PLGLWA (SEQ 1D NG 108},
and DVAQFVLT (SEQ 1D NO: 109},

0061} In some embodiments, the CD47 polypeptide monomers in a CD47 multimer are linked via
hinker peptide and at least one spacer. In some embodiments, the spacer coroprises 3-200 amino acids. In
some embodiments, the spacer comprises one or more glycine and/or senine residues. In certain
embodiments, the spacer comprises multiple or repeating motifs comprising GS, GGS, GGGGS (SEQ
ID NO: 52y, GGSG (SEQ 1D NGO 53}, or SGGG (SEQ ID NGO 54). In certain embodimsents, a spacer
comprises multiple or repeating motifs comprising GSGS (SEQ 1D NOG: 55), GRGSGS (SEQ ID NG:
56), GSGSGSGS (SEQ ID NO: 57), GSGSGSGSGS (SEQ 1D NO: 58}, or GSGSGSGSGSGS (SEQ 1D
N 5931 In some embodiments, the spacer compnises multiple or repeating motifs comprising GGS,
e.g., GGSGGS (SEQ 1D NO: 60), GGSGGSGGS (SEQ 1D NO: 613}, and GGSGGSGGSGES (SEQ 1D
NO: 136). In some embodiments, the spacer comprises multiple or repeating motifs comprising GGSG
{SEQ ID NO:53}, GGSGGGSG (SEQ ID NO: 62), or GGSGGGSGGGSG (SEQ ID NGO 63} In some
embodiments, the spacer comprises multiple repeats, e.g., between 2 and 10 repeats, of SEQ DI NGO 52,
In some embodiments, the spacer comprises GENLYFQSGG (SEQ ID NO: 64), SACYCELS (SEQ ID
N 653, REIAT (SEQ ID NQ: 66), RPACKIPNDLKQRKVMNH (SEQ 1D NO: 673,
GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG (SEQ D NO: 68),
AAANSSIDLISVPVDSR (SEQ D NO: 69}, or
GGSGGGSEGGGSEGOGSEGGGSEGGGREGGGRGGGS (SEQ ID NO: 70y

-
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[6662] In some embodiments, the CD47 multimer comprises more than one CD47 polypeptide
monomer {e.g., between 2 and 100 CD47 polvpeptide monomers) attached to a solid support. In some
embodiments, the CD47 polypeptide monomers are attached to the solid support via covalent bond or
via non-covalent capture. In some embodiments, the solid support is a gold nanosphere, a gold
nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a shide, a gel coluron, or microtiter
wells.  In some embodiments, the CD47 multimer comprises more than one {47 polypeptide
monomer {e.g , two or more CD47 polypeptide monomers) and a solid support, wherein each of the
D47 polypeptide monomers comprises an eptiope tag or a ligand {e. g, as described above), wherein
capture agents are immobilized on the solid support, and wherein the CD47 polypeptide monomers are
attached to the solid support via the specific hinding of the epitope tags or ligands by the capture agents
immobilized on the sohd support. In some embodiments, the hgand 1s biotin and the capture agent is
streptavidin. In some embodiments, the CD47 multimer (e.g., homomultimer or heteromuldtimer)
comprises a streptavidin or an avidin bound to 2, 3, or 4 bistinylated C'D47 polypeptide monomers. In
some embodiments, the biotinylated CDA47 polypeptide monomer is generating by biotinvlating SEQ 1D

N 6, e.g., as described in the Hxamples.
{8} Methods of Making CD47 Msltinmers
(i} Recombinant Production

[8063] In some embodiments, a CD47 multmer (e.g., a homomultimer ot heteromultimer
comprising at least two CB47 polypeptide monomers linked via peptide bond or via linker peptide} 18
produced by a recombinant host cell. A host cell refers o a vehicle that inchides the necessary celhular
components, e.g., organelles, needed to express a CD47 multimer described herein from their
correspondmg nucleic acids. The nucleic acids may be included n nucleic acid vectors that can be
mtroduced mto the host cell by conventional techniques known n the art {e.g., transformation,
transfection, electroporation, calcium phosphate precipitation, direct microingection, infection, efc. ). The
choice of nucleic acid vectors depends in past on the host cells to be used. Generally, host cells are of
either prokaryotic {e.g., bacterial} or eukaryotic {e. g, mammalian) origin.

{A} Nacleic Acids, Vectors, and Host Cells
[3064] A polynucleotide sequence encoding the amino acid sequence of a CD47 multiroer may be
prepared by a variety of methods known in the art. These methods include, but are not hmited to,
oligonucleotide-mediated {or site-directed) mutagenesis and PCR mutagenesis. A polynucleotide

molecule encoding a CD47 multimer may be obtained using standard techniques, e g., gene synthesis. In
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some embodiments, a polynucleotide molecule encoding a CD47 multimer may be mutated o contain
specific substitutions using standard techmiques 1o the art, e.g., QUIKCHANGE™ mutagenesis.
Polynucleotides can be synthesized using nucleotide synthesizer or PCR techmiques. Polynucleotide
sequences encoding a CD47 multimer may be inserted info a vector capable of replicating and
expressing the polynucleotides 1 prokaryotic or eukaryotic host cells. Many vectors are available i the
art. Fach vector may contam various components that may be adjusted and optimized for compatibility
with the particular host cell. For example, the vector components may include, but are not hinmited to, an
onigin of replication, a selection marker gene, a promoter, a ribosome binding site, a signal sequence, a
polynucleotide sequence encoding a CD47 multimer, and a transcription ternination sequence. In some
embodiments, a vector can include internal ribosome entry site (IRES) that allows the expression of
multiple CD47 multimers. Some examples of bactenial expression vectors mclude, but are not liuted to,
pGEX series of vectors {e.g., pGEX-2T, pGEX-3X, pGEX-4T, pGEX-5X, pGEX-6P), pET senies of
vectors {e. g, pET-21, pET-21a, pET-21b, pET-23, pET-24), pACYC series of vectors {e.g., pACYDuet-
i), pDEST series of vectors (e.g, pDESTI4, pDESTIS, pDEST24, pDEST42), and pBR322 and its
derivatives {see, e.g., UK. Patent No. 5,648 237}. Some examples of mammalian expression vectors
mclude, but are not limited to, pCONAZ, pCDNA4, pNICE, pSELECT, and pFLAG-CMYV. Other types
of nucleic acid vectors include viral vectors for expressing a protein in a host cell {e.g., baculovirus

vectors for expressing proteins in an insect host ceil),

[3065] In some embodiments, £ cofi cells are used as host cells. Examples of £ cofi strains
include, but are not limited to, e.g., £ cofi 294 (ATCC® 31,446), E. coli A 1776 (ATCC® 31,537), &
cofi BL21 (DE3) (ATCCR®BAA-1025), and I cofi RV308 (ATCC® 31,6083 In some embodiments,
mammalian cells are used as host cells. Examples of mammalian cell types include, but are not imited
to, e.g., human embryonic kidney (HEK)) cells, Chinese hamster ovary (CHO) cells, Hela cells, PC3
cells, Vero cells, and MC3T3 cells. Dhfferent host cells have charactenistic and specific mechanisms for
the postiranslational processing and modification of protemn products. Appropriate cell hnes or host
systems may be chosen to ensure the correct modification and processing of the protein expressed. The
above-described expression vectors may be mirodaced into appropriate host cells using conventional
techniques mn the art, e g, transformation, transfection, electroporation, calcium phosphate precipitation,
and direct microinjection. Once the vectors are introduced into host cells for protein production, host
cells are cultured in conventional nutrient media modified as appropriate for inducing promoters,

selecting transformants, or amplifying the genes encoding the desired sequences.

{B} Protein Production, Recovery, and Purification

o)
hn
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[6066] Host cells used to produce CD47 multimers may be grown in media known in the art and
suitable for culturing of the selected host cells. Examples of suitable media for bacterial host cells
melode Luria broth (LB) plus necessary supplements, such as a selection agent, e.g., ampicillin,
Examples of suitable media for marmmalian host cells include Minimal Essential Medium (MEM),
Dulbecco's Modified Eagle's Medium (DMEM), DMEM with supplemented fetal bovine serum (FBS),
and RPMI-1640. Host cells are cultured at suitable temperatures, such as from about 20°C o about
39°C, e.g, from 25°C to about 37°C. The pH of the medium s generally between about 6.8 and about
7.4, e.g., about 7.0, depending mainly on the host organism. I an inducible promoter is used i the
expression vector, protein expression 1s induced under conditions suntable for the activation of the
promoter. In some embodiments, recovery of the CD47 multimer produced by the host cell typically
mvolves disrupting the host cell, generally by such means as osmotic shock, somcation, or lysis. Once
the cells are disrupted, cell debris may be removed by centrifugation or filtration. In some embodiments,
the CD47 multimer 1s secreted into the culture medium. Supernatants from such expression systems are
generally first concentrated using a commercially available protein concentration filter, for exarople, an
Amicon or Millipore Pellicon ultrafiltration anit. A protease inhibitor such as PMSF may be mnchided n
any of the foregoing steps to inhibit proteolysis and antibiotics may be included to prevent the growth of
adventitious contanunants. The CD47 multimer may be further punified, for example, by atfinity resin
chromatography. Standard protein purification methods known 1 the art can be employed. The
following procedures are exermplary of suitable purification procedures: fractionation on immunoaffinity
or ion-exchange columms, ethanol precipitation, reverse phase HPLC, chromatography on silicaoron a

cation-exchange resin, SOS-PAGHE, and gel filtration.
(i} Nen-Covalent Captare to o Solid Support

18067} In some embodiments, a CD47 multimer {e. g, CD47 homomultimer or CD47
heteromultimer) 1s produced by attaching more than one CD47 polypeptide monorer {e.g., between 2
and 100 CD47 polypeptide monomers) to a sohid support via non-covalent capture. In some
embodiments, the solid support 1s a gold nanosphere, a gold nanoshell, a magnetic bead, a silicabead, a
dextran polymer, a tube, a slide, a gel coluron, nucrotiter wells. In some embodiments, the solid support
comprises or is fabricated from, e g, glass, cellulose, polyacrylanude, nylon, polystyrens, polyvinyl
chloride or polypropylene. In some embodiments, the CD47 polypeptide monomers each comprises a
higand, and capture agents are immobilized on the solid support, and the CD47 multimer 1s produced by
attaching the CD47 polypeptide monomers to the solid support via the specific binding of the higands by

the capture agents inwnobilized on the solid support. In some embodiments, the ligand 1s biotin and the
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capture agent is streptavidin,  Also provided herein is a CD47 multimer (e g, homomultimer or
heteromultimer) that comprises at least two CD47 polypeptide monomers imnobilized on a solid phase
or solid support {e.g., a solid phase or solid support described herem). In some embodiments, the CD47
polypeptide monomers are each hiotinylated, streptavidin molecules are immohilized on the solid
support, and the CD47 polypeptide monomers are attached to the solid support via the specific binding

of the biotin to the avidin.

[6068] In some embodiments, a CD47 multimer is prepared by cultwring host cell comprising a
nucleic acid encoding a (D47 polypeptide monomer that comprises SEQ 1D NO: 6 under appropriate
conditions to cause expression of the CD47 polypeptide monomer and recovering the CD47 polypeptide
monomer. The CD47 polypeptide monomer, which comprises biotin-acceptor peptide amino acid
sequence, is biotinylated using &. cofi biotin ligase (BirA). Streptavidin and Avidin are tetrameric
hiotin-binding glycoprotemns. Fach subumit of streptavidin and avidin is capable of binding biotin with
high specificity and high affinity (Ko = ~10"%). In some embodiments, the CD47 multimer is produced
by attaching biotinylated C1347 polypeptide monomers to a solid support onto which streptavidin or
avidin molecules have been immobilized. In some embodiments, provided 1s a CD47 multimer (e g,
homomultimer or heteromultimer) that comprises more than one CD47 polypeptide monomers {e.g.,
between 2 and 100 CD47 polypeptide monomers) attached 1o, €.g., a streptavidin- or avidin-conjugated
solid support. Exemplary streptavidin- or avidin-conjugated solid supports include, but are not hmited
to, e.g., gold beads {available from e g., Nanocs, Nanocomposix, and Cytodiagnostics), gold nanoshells
{also available from e g., Nanocs, Nanocomposix, and Cytodiagnostics), dextran polymers {available
from, e.g., FinaBiosoltions), silica beads {available from, e g, Bangs Labs, ThermoFisher, Vector Labs),
magnetic beads {available from, e.g, CD Bioparticles, ThermoFisher, Sigma Aldrich}, and sepharose
beads {available from, e.g , BioVision, and CellSignal). In some embodiments, provided 1s a CD47
muldtimer {¢.g., homomultimer or heteromultimer) comprises a streptavidin or an avidin boand to 2, 3, or

4 biotinylated €47 polypeptide monomers.

18069] In some embodiments, a CD47 multimer 1s produced by, e.g. linking two or more UD47
polypeptide monomers to each other via bifunctional protein-coupling agents. Exemplary bifunctional
protein coupling agents include, without himtation, e.g., N-succinimudyl-3-(2-pyridyldithiol} propionate
{SPDP), iminothiolane (IT}, bifunctional dertvatives of imidoesters {such as dimethy! adipimidate HC1),
active esters (such as disuccirumidy! suberate), aldehydes {such as glutaraldehyde}, bis~azido

compounds (such as bis {(p-azidobenzoyl} hexanediamine}, bisdiazonium derivatives (such as bis-{p-
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diazoniumbenzoyi}-ethylenediamine }, diisocyanates (such as tolyene 2 6-ditsocyanate), and bis-active

fluorime compounds {(such as 1,5-difluoro-2 4~-dinitrobenzene).

[6076] In some embodiments, a CD47 multimer is produced by e g, hinking two or more CD47
polypeptide monomers to a solid support via bifunctional agents. Commonly used crosslinking agents
mclude, but are not limited to0, e.g, 1,1-bis{diazoacetyl}-2-phenylethane, glutaraldehyde, N-
hydroxysuccanimide esters, for example, esters with 4-amidosalicylic acid, bomobifunctional
imidoesters, mcluding disuccinimudy] esters such as 3,3'-dithiobis(succinimudyl-propionate},
bifunctional maleimides such as bis-N-maleimido-1,8-octane and agents such as methyl-3-[{p-

azidophenyl)-dithioJpropioimidate.
16871 The CD47 multimers produced as discussed above are then used in a method provided
herein to prevent interference by a drug that binds D47 i serological assays.

i Methods of Using SIRP Multimers that bind (D47 to Mitigate Intevference in a Pre-
Transfiusion Serological Assay

(i} Methods of Using SIRP Multimers that Bind hauman CD47

16072} In some embodiments, the method comprises {a} adding a SIRP multimer that binds human
CD47 and does not comprise an antitbody Fo region that binds to anti-human globulin (ARG} to reagent
RBCs (i.e., RBCs that are known to express a particular cell surface antigen, or group of cell surface
antigens} and/or reagent platelets (i.e., platelets that are known to express a8 particudar cell surface
antigen, or group of cell surface antigens) and (b} performing the serological assay of a plasma sample
using the reagent RBCs and/or reagent platelets after step {(a), wherem the plasma sample 1s from a
subject who has received treatment with a drug, and wherein the drug comprises {1} an antibody Fe
region and (i1} a motety that binds to human CD47. Such embodiments are generically depicted 1n FIG,
3A. Asshown in FIG, 34, the SIRP multimer binds the CD47 expressed on the surface of the reagent
RBCs (and/or reagent platelets}, and blocks the drug from binding the reagent RBCs {(and/or reagent
platelets), thereby mirumizing {(or, in some embodiments, elinunating) the mterference that would result
from the bindimg of drug to the reagent RBCs and/or reagent platelets {as illustrated in FIG, 1B) In
some embodiments, the CD47 muldtimer 1s added to the plasma sample to achieve about any one of a 1-
fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold 5 S-fold, 6-told, 6.5-fold, 7-fold,
7.5-fold, 8-fold, 8 S-fold, 9-fold, 9.5-fold, 10-fold, 10.5-fold, 11-fold, 11.5-fold, 12-fold, 12 5-fold, 13-
fold, 13.5-fold, 14-fold, 14.5-fold, or 15-fold molar excess of the SIRP multimer relative to the amount
of drug in the plasma sample from the subject. In some embodiments, the SIRP multimer 1s added to the
subject’s plasma as well as to the reagent RBCs and/or reagent platelets before the serclogical assay is
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performed. In some embodiments, the SIRP multimer is added to the plasma sample to achieve about
any one of a -fold, 1.5-fold, 2-fold, 2.5-told, 3-fold, 3.5-fold, 4-fold, 4.5-fuld, 5-told §.3-fold, 6-fold,
6.5-fold, 7-fold, 7.5-fold, 8-fold, 8 5-fold, 9-fold, 9 S-fold, 10-fold, 10.5-fold, 11-fold, 11.5-fold, 12-
fold, 12.5-fold, 13-fold, 13.5-fold, 14-fold, 14.5-fold, or 15-fold molar excess of the anti-SIRF multimer

relative to the aroount of drug in the plasma.

[6073] In some embodiments, the method comprises {a) adding a SIRP multimer that binds to
human (247 and does not comprise an antibody Fe region that binds anti-human globulin (AHG)to a
plasma sample from a subject who has received treatment with a drug and (b} performing the serological
assay of the plasma sample after step {a) using the reagent RBCs and/or reagent platelets, wherein the
drug comprises (1} an antibody Fc region and {(11) a motety that binds to human (D47, As shown in
FIG. 3B, the SIRP multimer competes with the drug for binding to the CD47 expressed on the surface
of the reagent RBCs (and/or reagent platelets), thereby minimizing {or, in some embodiments,
eliminating} the mterference that would result from the binding of drug to the reagent RBCs and/or

cagent platelets (as tHustrated in FIG. 1B).

[6074] In some embodiments, the method comprises (a) adding a SIRP multimer that binds to
human C47 and does not comprise an antibody Fe region that binds to anti-human globulin (AHG) 1o
a blood sample from a subject who has received treatment with a drug and (b} performing the
serological assay of the blood sample after step (a) using the reagent plasma/antisera, wherein the drug
comprises (1) an anttbody Fo region and (11} 2 moiety that binds to human CD47. As shown in FIG. 3C,
the SIRP multimer competes with the drug for binding to the {D47 expressed on the surface of the
subject’s RBCs and/or platelets, thereby minimizing (or, in some embodiments, eliminating) the
mterference that would result from the binding of drug to the subject’s RBCs and/or platelets {as
iHustrated in FIG. 1D} In some embodiments, the SIRP mudtimer is added to the reagent
plasma/antisera as well as to the blood sample from the subject before the serological assay 1s

performed.

[6075] In some embodiments, the method 15 performed in solution, e.g., wherein the SIRP multimer
is soluble. In some embodiments, the SIRP multimer 1s immobilized to a solid phase before the method
is performed via adsorption to a matrx or surface, covalent coupling, or nou-covalent coupling. In
some embodiments, the SIRP multimer is capable of binding CI47 following immobilization to the
solid phase or solid support. The solid phase or solid support used for immobilization can be any inert
support, surface, or carrier that 1s essentially water insoluble and useful 1n 1mmunoassays, including

supports in the form of, for example, surfaces, particles, porous matrices, celhulose polymer sponge
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(ImmunoCAP®, Phadia)}, and the like. Examples of commonly used supports include small sheets,
Sephadex, polyvinyl chloride, plastic beads, gold beads, microparticles, assay plates, or test tubes
manufactured from polvethylene, polypropylene, polystyrene, and the like. In some embodiments, the
SIRP multimer is coated on a microtiter plate, such as a multi-well microtiter plate that can be used to

analyze multiple saroples simultaneously.

[6076] In some embodiments, the motety of the drug that binds to human CD47 comprises a wild
tvpe SIRPa, a SIRPo variant, or a3 CD47-binding fragment of the wild type SIRPu or the SIRPo
variant. In some embodiments, the moiety of the drag that binds to human CD47 comprises the

SIRPo variant {or CD47-binding fragment thereof), wherein the SIRPa variant {or CD47-binding
fragment thereof) comprises one or more amino acid substitution(s), insertion(s), deletion(s), N-termunal
extension{s}, and/or C-termunal extension{s) relative to the wild type SIRPw {or CD47-binding fragment
thereof). In some embodiments, the moiety of the drug that binds to hurman CD47 comprises the
fragment of the SIRPa vartant, and wherein the fragment comprises an extracellular domain of the

SER Py variant.

{68771 In some embodiments, the moiety of the drug that binds to human CD47 corprises a wild
type SIRPy, a SIRPy variant, or 3 CD47-binding fragment of the wild type SIRPy or the SIRPy variant.
In some embodiments, the moisty of the drug that binds to human (D47 comprises the SIRPy variant,
and wherein the SIRPy variant comprises one or more amino actd substitution{s}, insertion{s},
defetion(s), N-terminal extension{s}, C-terminal extension{s}, or any combination of the preceding,
relative to the wild type SIRPy. In some embodiments, the moiety of the drug that binds to human
D47 comprises a CD47-binding fragment of the SIRPy variant, and wherem the fragment comprises an

extracellular domain of the SIRPy variant.

16078} In some embodiments, the moiety of the drug that binds to human CD47 comprises a SIRPB
vartant that 1s capable of bindimg (D47 {e.g , human CD47} or a fragment of the SIRPf variant that is
capable of binding CD47 (e g., human CD47). In some embodiments, the moiety of the drug that binds
1o human CD47 comprises the SIRPP vanant, and wherein the SIRPJ variant comprises one or more
amino acid substitution(s), insertion{s}, deletion(s), N-terminal extension(s), C-terminal extension(s}, or
any combination of the preceding, relative to the wild type SIRPB. In some embodiments, the moiety of
the drug that binds to human CD47 comprises the fragment of the SIRP vanant, and wherein the
fragment comprises an extracellular domain of the SIRPP variant and 1s capable of binding CD47 {e.g.,

human CD47).
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[6679] In some embodiments, the drug comprises an anti-CD47 antibody.
(b} SIRP Multimers Comprising SIRP Polypeptide Monomers that bind CD47

[86086] In some embodiments, the SIRP multimer that binds human CD47 comprises more than one
SIRP polypeptide monomer. In some embodiments, the SIRP multimer comprises atleast 2, 3, 4, 5, 6,
7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 653, 70, 75, 80, 85, 90, 95, or up to 100 SIRP
polypeptide monomers that are capable of binding CD47 (e g., human CD47). In some embodiments,
“SIRP polypeptide monomer” refers to a SIRPa polypeptide monomer, a SIRPy polypeptide monomer,
or a SIRPP variant polypeptide monomer that 15 capable of binding CD47 {e.g., human D47} In some
embodiments, the SIRP polypeptide monomer does not comprise an antibody Fe region. Exemplary
SIRPu polypeptide monomers, SIRPy polypeptide monomers, and SIRPB vanant polypeptide monomers

are described in further detail below,

3081 In some embodiments, the SIRP multimer coroprises a SIRPo polypeptide monower that
binds human (D47, In some embodiments, the SIRPa polypeptide monomer comprises a fragment of a
SERPo that is capable of binding to CD47 {e.g , the extracellular domain of a wild type SIRPa ("WT
SIRPr -ECDY) or the D1 domain thereof). In some embodiments, the fragment of a SIRPa that 1s
capable of binding to CD47 s a soluble fragment (e g, a fragment of SIRPwx that does not include the
transmembrane domain or any portion thereof } In some embodiments, the SIRPa polypeptide
monomer comprises a human SIRPo, a mouse SIRPa, a rat SIRPw, a rhesus SIRPa, a cynomolgus
SIRPo, or a SIRPa of any origin, provided that the SIRPa 1s capable of binding to (D47 {(e.g., human
D47 expressed on the surface of reagent RBCs and/or reagent platelets). In some embodiments, the
SIRPu polypeptide monomer corprises a fragment of a human SIRPu, mouse SIRPo, rat SIRPu,
thesus STRPo, cynomolgus SIRPo, or a SIRPw of any origin, provided that the fragment 1s capable of
binding to CD47 {e. g, human CD47 expressed on the surface of reagent RBCs and/or reagent platelets),
In some embodiments, the SIRPa polypeptide monomer comprises a SIRPa variant {or a fragment
thereof, such as a varniant of a WT SIRPo-ECD or the D1 domain thereof) that 15 capable of binding
CD47 {e.g., human CD47). In some embodiments, the SIRPa vanant (or fragment thereof) that is
capable of binding CD47 conprises one or more amino acid substitution(s), deletion{s), insertion(s), N-
terminal addition{s} and/or C-termunal addition{s} relative to a wild type SIRPo. In some embodiments,
the one or more amino acid substitution{s), deletion(s), msertion{s), N-terminal addition(s) and/or C-
terminal addition{s} present in the SIRPw vanant {or fragment thereof that 18 capable of binding CD47)

alter the glvcosvlation pattern of the SIRPa variant relative to a wild type SIRPo. In some
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embodiments, the one or more anuno acid substitution{(s), deletion(s), tnsertion{s), N-terpunal
addition{s} and/or C-termoinal addition{s} present in the SIRPo vanant {or fragment of thereof that 1s
capable of binding CD47) increase the affinity of the SIRPu variant {(or fragment of thereof that 15

capable of binding CD47) for human CD47, relative to a wild type SIRPo.

j6682] In some embodiments, the SIRP multimer comprises a SIRPy polypeptide monomer that
binds human CD47. In some embodiments, the SIRPy polypeptide monomer comprises a fragment of a
SIRPy that 1s capable of hinding to CD47 {e. g, the extracellular domain of a wild type SIRPy (“W'T
SIRPy -ECD”} or the D1 domain thereof}. In some embodiments, the fragment of a SIRPy that 15
capable of binding to CD47 1s a soluble fragment {e.g., a fragment of SIRPy that does not include the
fransmembrane domain or any portion thereof') In some embodiments, the SIRPy polypeptide monomer
comprises a human SIRPYy, a mouse SIRPy, a rat SIRPy, a rhesus SIRPy, a cynomolgus SIRPy, or a
SIRPy of any origin, provided that the SIRPy 15 capable of binding to CI47 {e.g., human CD47
expressed on the surface of reagent RBCs and/or reagent platelets). In some embodiments, the SIRPy
polypeptide monomer comprises a fragment of a human SIRPy, mouse SIRPy, rat SIRPy, rhesus SIRPy,
cynomolgus SIRPy, or SIRPy of anv origin, provided that the fragment is capable of binding to CD47
{e.g , human {47 expressed on the surface of reagent RBCs and/or reagent platelets}. In some
embodiments, the SIRPy polypeptide monomer comprises a SIRPy varnant {or a fragment thereof, such
as a variant of a WT SIRPy-ECD or the D1 domain thereof) that 1s capable of binding to CD47 (e g,
human CD47 expressed on the surface of reagent RBCs and/or reagent platelets).. In some
embodiments, the SIRPy variant {(or fragment thereof that 1s capable of binding CD47) comprises one or
more anuno acid substitation(s), deletion{s), msertion{s}, N-terminal addition(s) and/or C-terminal
addition(s) relative to a wild type SIRPy. In some embodiments, the one or more amino acid
substitution{(s), deletion{s}, msertion(s), N-termunal addition(s} and/or {-terminal addition(s}) present in
the SIRPy vanant, {or fragment thereof that 15 capable of binding CD47) alter the glycosylation pattern
of the SIRPy vanant relative to a wild type SIRPy. In sorme embodiments, the one or more amino acid
substitution{s}, deletion{s}, insertion{s}, N-terminal addition{s} and/or C-terminal addition(s) present in
the SIRPy vartant (or fragment of thereof that 1s capable of binding CD47) mcrease the affinity of the
SIRPy vaniant for human D47, relative to a wild type SIRPy.

[B083] In some embodiments, the SIRP muliimer coraprises a SIRPP vanant polypeptide monomer
that binds haman CD47 or a fragment thereof that binds human CD47. In some embodiments, the
fragment of a SIRP vanant polypeptide monomer that is capable of binding to CD47 15 a soluble
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fragment {¢.g., a fragment of SIRPp variant polypeptide that does not include the transmembrane
domain or any portion thereot’ ). In some embodiments, the SIRPP varnant polypeptide monomer
comprises a one or more anune acid substitation{s), deletion{s), msertion{s}, N-ternunal addition(s)
and/or C-termunal addition{s} relative to a wild type SIRPP that increase the affinity of the SIRPS
variant polypeptide monomer for human CD47, velative to a wild type SIRPE. In some embodiments,
the SIRPP vartant polypeptide monomer comprises fragment of a SIRPB variant that 1s capable of
binding to CD47 (e g, the extraceliular domain of a SIRPJ variant or the D1 domain thereof). In some
embodiments, the fragment of a SIRPR vanant that 1s capable of binding to CD47 15 a soluble fragrent
{e.g., afragment of a SIRPY vaniant that does not mclude the transmembrane domain or any portion
thereof) In some embodiments, the SIRPR variant polypeptide monomer comprises a variant of a wild
type human SIRPP, a vanant of a wild type roouse SIRP, a variant of a wild type rat SIRPP, a variant
of a wild type rhesus SIRPE, a variant of a wild type cynomolgus SIRPB, or a SIRPP vanant of any
origin, provided that the SIRP vanant is capable of binding to CD47 (e g, human D47 expressed on
the surface of reagent RBCs and/or reagent platelets). In some embodiments, the SIRPP vanant
polypeptide monomer comprises a fragment of a varant of a wild type human SIRPR, a variant of a wild
type mouse SIRPP, a vartant of a wild type rat SIRPP a variant of a wild type, a vanant of a wild type
thesus STRPR, a varniant of a wild type cynomolgus SIRPB, or a SIRPP variant of any ornigin, provided
that the fragment is capable of binding to CD47 {e.g., lniman D47 expressed on the surface of reagent
RBCs and/or reagent platelets). In some embodiments, the one or more anuno acid substitution(s),
deletion{s), mnserfion(s), N-ternunal addition(s) and/or C-terroinal addition(s) present in the SIRPP
vartant polypeptide monomer {or fragment thereof that is capable of binding CD47}) alter the

glycosylation pattern of the SIRPS variant polypeptide monomer relative to a wild type SIRPS.

[6084] In some embodiments, the SIRPa polypeptide monomer, SIRPR vanant polypeptide
monoter, or SIRPy polypeptide monomer comprises the amimo acid sequence of any one of SEQ ID

NQOs: 33-41 below.

EEELOITOPD KSVLVAAGET ATLRCTITESL FEVGPIQWER GAGPGRVLIY WQR”CPFDPV
TTVSDTTKRN NMDESTIRIGA ITPADAGTYY CIKFEKGSPD DVEFKSGAGT BELSVRAKPS (SEQ
ID NG: 33}

EEELQITOPD KSVLVAAGET ATLECTITSL FPVGPIQWER CAGPGRELIY NCR“”PFPRV
TTVEDTTKRN NMDRESIRIGA TTPADAGTYY CVKFREKGSPD DVEFKSGAGT
ID NO: 343

VRAKPS {SEQ

mE LA KSVLIVAAGET ATLRCTITSL FRVGRIOWER GAGPGRVLIY NQREGPEFPRV
TTVS?TTKRN NMPFSIRIGA ITPADAGTYY CIKFREKGSPD DVEFKSGAGT ELSVRAKES {(8EQ
ID NO: 35}
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Additional details regarding exemplary SIRPa polypeptide monomers {e.g , SIRPa varants},

SIRPP varnant polypeptide monomers, and SIRPy polypeptide monomers {e.g., SIRPy variants) that can

be multimerized and used in the methods described herein are provided in WO 2013/109752; US
2015/0071905, USP 9,944,911, W 2016/023040;, W 2017/027422; US 2017/0107270, USP

10,259 859, US9845345; WOZ016187226; US2018015

5405, W0201717

7333, WOZ014094122

US2015329616; USZ0180312563; WOZ018176132; WOZ018081898; WO2018081897;
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USZ0180141980A1; and EP3287470A1, the contents of which are incorporated herein by reference in

their entireties.

[6086] In some embodiments, the SIRP polvpeptide monomer comprises a fusion polypeptide that
comprises a multimerization domain, e.g., including, but not limited to the exemplary multimerization

domains discussed above for CD47 polypeptide monomers.

[6687] In some embodiments, the SIRP polypeptide monomer comprises a fusion polypeptide that
comprises any ong of SEQ ID NQOs: 33-45 and a multimenzation domain set forth m any one of SEQ ID
NO: 81-83. In some embodiments, the SIRP polypeptide monomer comprises a fusion polypeptide that
comprises a SIRP polypeptide monomer disclosed in any one of WO 2613/109752; US 2015/0071905;
USP 9,944,911, WO 2016/023040; WO 2017/027422, US 2017/0107270;, USP 10,259,859,
USS845345, W2016187226; USZ0180155405;, WOZ017177333;, W2014004122; US2015329616;
US20180312563;, WO2018176132;, WO2018081898; WOZ018081897, US20180141986A1; and
EP3287470A1 and a multimenzation domain set forth in any one of SEQ ID NQ¢: 81-83. In some
embodiments, the SIRP polypeptide monomer comprises a fusion polypeptide that comprises the amino

acid sequence set forth in SEQ ID NG: 110

EEELﬂIIQDW KSVLVAAGET ATLRCTITSL FPVEPIQWEFR GAGPGRVLIY NORQGPFERV
VS NMDFSIRIGN ITPADAGTYY CIKFRKGSPD DVEFKSGAGT VRAKPSA
'GS SVTLG "W NSGSLSSGVH TFPAVLOSDL
Pﬁ*hpfp?:k PAPNLLGGP
ANNVEVHTA QTQTHREDYN
\PRML () VYVLPPPEEE
LOSDGEYFMY SKLEVEKKNW
110}

SCLVKG
IT CNVAHPASST K"vDJ—’q\T:
DVIMISLSPT VICVWVDVSE DDPDVQIS
TQHQDWMSGK 1 ] \\J’\?\ﬂ;\/ ) T P APT
T MYTDEMPREDT TR TN

VERNSY3CSV VHEGLHI

SVEFIFPPX

[6088] In some embodiments, the SIRP polvpeptide monomer {e.g., fusion polypeptide) comprises
{e.g., further comprises) an eptiope tag. In some embodiments, the epitope tag facilitates
mudttmerization of the SIRP polypeptide monomers. In some embodiments, the tag facilitates the
mmmobilization of the SIRP polypeptide monomers 1o a sohid support {e. g beads, glass sides, efc.).
Exemplary epitope tags include, but are not imited to SEQ 1D NQs: 7-32 described above for D47

polvpeptide monomers.

[6089] In some embodiments, the SIRP polypeptide monomer comprises {e.g., 1s attached to} a

higand. In some embodiments, the ligand 15 biotin.

LHHYT In some embodiments, the SIRP polvpeptide monomer comprises the amino acid sequence
b J

of SEG ID NO: 111 (see below). SEQ ID NG 111 comprises, from N-terminus to C-termunus, the
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aming acid sequence of SEQ 1D NO: 45, a hexahistidine peptide (7. e., HHHHHH (SEQ 1D NO: 73}, and
the 15 ammo acid tag GLNDIFEAQKIEWHE (SEQ ID NO: 8) GLNDIFEAQKIEWHE (SEQ ID NO:
8}, also known as AVITAG™, 15 specifically biotinylated by the E. coli biotin ligase BirA. In some
embodiment, the CD47 polypeptide monomer comprises the anuno acid sequence of SEGQID NG: 112
{se¢ below), which comprises, froro Neterminus fo Coternunus, the anino acd sequence of SEQ ID NO:

45 and a hexahistidine peptide (f.e., HHHHHH (SEQ ID NG 7).

TT’]LQIIQPU V‘“V*Vr\ufF’(T ATLRCTITSL FPV"DTO“\TTR GAGPGRVLIY NCQROGPFPRV
] I NMDEST! \ PEPADAGTYY CIKEFRKGSPD DVEFKSGAGT VRAKPSH
PEAQKTIEWHE {SEQ ID NO: 1&1}

KSVIVAAGET ATLRCTIT T FEVGPIOWFR GAGPGRVLIY NQRQGPFPRV
NMDESTRIGN ITPADAGTYY CIKFREKGSPD DVEFKSGAGT >
ID WO: 112}

6091} In some embodiments, the SIRP multimer that binds human CD47 is a homomultimer that
comprises identical SIRP polvpeptide monomers {e.g., identical SIRPu polypeptide monomers, identical
SIRPP varnant polypeptide monomers, or identical SIRPy polypeptide monomers, such as SIRP
polypeptide monomers described herein). In some embodiments, the SIRP multimer that binds human
D47 15 a heteromultimer that comprises at least two different SIRPu polypeptide monomers, two
different SIRPR variant polypeptide monomers, two different SIRPy polypeptide monomers, or
combinations of any of the foregoing, SIRP heteromudtimers comprising any combination of two or
more different SIRPu polypeptide monomers, SIRP variant polypeptide monomers, and/or SIRPy

polypeptide monomers {e.g., SIRP polypeptide monomers described herain)} are contemplated.

6092} In some embodiments, the SIRP polypepiide monomers in a SIRP multimer are linked via
peptide bond or hinker peptide to form, e. g, a concatenated chain of SIRP polypeptide monomers. In
some embodiments, the SIRP polypepitide monomer i a SIRP multimer are linked via linker peptide.
Exemplary linker peptides comprise, but are not limited to, those set forth in SEQ D NO: 85-109, 127-
130, 140, and 141, and other linkers that find use with CD47 multiroers {see above). In some
embodiments, the SIRP polypeptide monomers 1n a SIRP multimer are linked via peptide linker and at
least one spacer. Exemplary peptide spacers include, but are not limited to, SEQ ID NOs: 52-70 and

other spacers that find use with CD47 multimers {see above).

[6093] In some embodiments, the SIRP multimer that binds human CB47 comprises more than one
SIRP polypeptide monomer (e g., between 2 and 100 SIRP polypeptide monomers} attached to a solid
support. In some embodiments, the SIRP polypeptide monomers are attached to the solid support via
covalent bond or via non~-covalent capture. In some embodiments, the solid support 1s a gold
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nanosphere, a gold nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a shide, a gel
column, or nucrofiter wells. In some embodiments, the sohid support comprises or 1s fabricated from,
e.g., glass, cellulose, polvacrylamude, nylon, polystyrene, polyvinyl chloride or polypropylene. In some
ernbodiments, SIRP multimer that binds human (1347 comprises more than one SIRP polypeptide
monomer {&.g., two or more SIRP polypeptide monomers) and a solid support, wherein each of the SIRP
polypeptide monomers comprises an epitope tag or ligand {e.g., as described above), wherein capture
agents are immobilized on the solid support, and wherein the SIRP polypeptide monomers are attached
to the sohid support via the specific binding of the epitope tags or ligands by the capture agents
mmmobilized on the solid support. In some embodiments, the ligand 18 biotin and the capiure agent s
streptaviding In some embodiments, the SIRP multimer {e. g, homomultimer or heteromultimer}

comprises a streptavidin or an avidin bound to 2, 3, or 4 biotinylated SIRP polypeptide monomers.
{c} Methods of Making SIRP Multimers.

(303941 In some embodiments, a SIRP multimer {e.g., a homomultimer or heteromultimer
comprising at least two SIRP polypeptide monomers linked via peptide bond or via linker peptide) 15
produced by a recormbinant host cell. Any of the methods described herein for producing a CD47
multimer using recombinant technigues are applicable for the production of 3 SIRP multimer

comprising SIRP polypeptide monomers, as well.

[6095] In some embodiments, a SIRP multimer {e. g, homomultimer or heteromultimer) is produced
by attaching more than one SIRP polypeptide monomers {e. 2., between 2 and 100 SIRP polypeptide
monomers) to a solid support via nen-covalent capture. In some embodiments, the sohid supportis a
gold nanosphere, a gold nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a shde, a
gel coluron, or maicrotiter wells. In some embodiments, the SIRP polypeptide monomers each comprise
a ligand, and capture agents are immobilized on the solid support, and the SIRP multimer is produced by
attaching the SIRP polypeptide monomers to the solid support via the specific binding of the ligands by
the capture agents immobilized on the solid support. In some embodiments, the Higand 15 biotin and the

capture agent is streptavidin.

[63096] Any of the methods described elsewhere herein for attaching CDB47 polypeptide monomers
to a solid support to produce a CD47 multimer are applicable for attaching SIRP polypeptide monomers
to a sohid support to produce a SIRP multmer, as well. For example, in some embodiments, a SIRP
multimer is prepared by culturing host cell comprising a nucleic acid encoding a SIRP polypeptide
monomer that comprises SEQ D NO: 111 under appropriate conditions to cause expression of the SIRP
polypeptide monomer and recovering the SIRP polypeptide monomer. The SIRP polypeptide monomer,
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which comprises biotin-acceptor peptide amino acid sequence, i1s biotinvlated using £. cofi biotin ligase
{BirA). Tn some embodiments, the SIRP multimer 1s produced by attaching biotinylated SIRP
polypeptide monomers to a solid support onto which streptavidin or avidin molecules have been
immobilized. In some embodiments, provided is a SIRP multimer {e. g, homomultimer or
heteromultimer) that comprises more than one SIRP polypeptide monomer (e.g, between 2 and 100
SIRP polypeptide monomers) attached {0, e.g., a streptavidin- or avidin-conjugated sohd suppost.
Exemplary streptavidin- or avidin-conjugated solid supports are described in further detail elsewhere
herein. In soroe embodiments, provided 1s a SIRP multimer {e. g, bomonwltiroer or heteronmultiroer)

comprises a streptavidin or an avidin bound to 2, 3, or 4 biotinylated SIRP polypeptide monomers.

166971 In some embodiments, the SIRP multimer s produced by linking one or more SIRP
monomer polypeptides to, e. g, a solid support, or, €. g, to each other, using bifunctional crosslinkers

{e.g., such as those described elsewhere herein).
098] The SIRP multimers thus produced are then used 1n a method provided herein to prevent
imterference by a drug that binds CD47 in serological assays.

iV Methods of Using Anti-SIRP Multimers io Mitigate Interfereace in a Pre-Transfusion
Serofogical Assay

(i} Methods of Using Anti-SIRP Multimers that Bind the Drag

[6099] In some embodiments, the method comprises {a} adding an anti-SIRP moltimer that binds a
drug {i.e., to the portion of the drug that comprises a motety that binds to human CD47) to a plasma
sample from a subject who has received treatment with the drug, and (b) perfornung the serological
assay of the plasma sample after step (8} using reagent RBUs {i.e., RBCs that are known 10 express a
particular cell surface antigen, or group of cell surface antigens) and/or reagent platelets (7 e, platelets
that are known to express a particular cell surface antigen, or group of cell surface antigens), wherein
the drug comprises (i) an antibody Fe region and (11 a moiety that binds to human CB47. Such
embodiments are generically depicted i FIG, 3D, As shown in FIG, 31}, the anti-SIRP multimer binds
to the drug {e.g., 1o the moiety of the drug that binds to human CD47) in the subject’s plasma sample
and blocks the drug from binding the reagent RBCs and/or reagent platelets. Little or no free drug
available to bind to CD47 on the surface of the reagent RBCs and/or reagent platelets. The mterference
that would result from the binding of drug to the reagent RBCs and/or reagent platelets {as illustrated in
FIG. 1B) s munimized (or, in some embodiments, eliminated), thus preventing a false positive result in
the serclogical assay. In some embodiments, the anti-SIRP multimer is added to the plasma sample to
achieve about any one of 1-fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold 5.5-
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fold, 6-fold, 6 S-fold, 7-fold, 7.5-fold, 8-fold, 8 5-fold, 9-fold, 9.5-fold, 10-fold, 10 5-fold, 1i-fold, 11.5-
fold, 12-fold, 12.5-fold, 13-fold, 13 5-fold, 14-fold, 14 S-fold, or 1 S-fold molar excess of the anti-SIRP
muldtimer relative to the armount of drag in the plasma. In some embodiments, the anti-SIRP muldtimer
that binds to the drug is also added to the reagent RBCs and/or reagent platelets before the serological
assay 15 performed. In some embodiments, the anti-SIRP roultimer is added to the reagent RBCs and/or
reagent platelets (e.g., only to the reagent RBCs and/or reagent plateleis) before the serological assay 1s

performed.

3100} In some embodiments, the method 1s performed 1o solution, e. g, wherein the anti-SIRP
multimer that binds to the drug 1s soluble. In some emboditoents, the anti-SIRP multimer that binds to
the drug is immobilized to a solid phase before the method is performed via adsorption to a matrnix or
surface, covalent coupling, or non-covalent coupling. In some embodiments, the anti-SIRP multimer
that binds to the drug 1s capable of binding drug following immobilization to the solid phase or solid
support. The sohid phase or solid support used for immobilization can be any inert support, surface, or
carrier that is essentially water insoluble and useful in immunoassays, including supports in the form of,
for exarople, surfaces, particles, porous matrices, cellulose polymer sponge (TmmunoCAP®, Phadia),
and the like. Examples of commonly used supports include small sheets, Sephadex, polyvinyi chlonde,
plastic beads, gold beads, nucroparticles, assay plates, or test tubes manufactured from polyethylene,
polypropylene, polystyrene, and the like. In some embodiments, the anti-SIRP multimer that binds to
the drug is coated on a microtiter plate, such as a mubti-well microtiter plate that can be used to analyze

multiple samples simultaneously.

[6161] In some embodiments, the motety of the drug that binds to human CD47 comprises a wild
tvpe SIRPo, a SIRPu variant, or 3 CD47-binding fragment of the wild type SIRPw or the SIRPu
vartant. In some embodiments, the moiety of the drug that binds to human CD47 comprises the

SIRPo variant {or CD47-binding fragment thereof), wherein the SIRPw variant {or CD47-binding
fragment thereof) comprises one or more amimo acid substitution(s}, insertion(s), deletion(s}, N-terminal
extension{s), and/or C-terminal extension(s) relative to the wild type SIRPu {or CD47-binding fragment
thereof). In some embodiments, the moiety of the drug that binds to human CD47 comprises the

fragment of the SIRPu variant, and wherein the fragment comprises an extracellular domain of the

SIRPo variant,
[3102] In some embodiments, the moiety of the drug that binds to human CD47 corprises a wild

type SIRPy, a SIRPy variant, or 3 CD47-binding fragment of the wild type SIRPy or the SIRPy variant.
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In some embodiments, the moiety of the drug that binds to human CD47 comprises the SIRPy variant,
and wherein the SIRPy variant comprises one or more aming acid substitution(s), insertion{s},
deletion(s), N-terminal extension(s), C-terminal extension(s}, or any combination of the preceding,
relative to the wild type SIRPy. In some embodiments, the motety of the drug that binds to huran
CD47 comprises a CD47-binding fragment of the SIRPy vanant, and wherein the fragment comprises an

extracellular domain of the SIRPy vanant.

[G163] In some embodiments, the motety of the drug that binds to human CD47 comprises a SIRPR
vartant that is capable of binding CD47 (e g., human CD47) or a fragment of the SIRP vanant that is
capable of binding CD47 (e.g, human CD47). In some embodiments, the moiety of the drug that binds
to human CD47 comprises the SIRPP varnant, and wherein the SIRPP vanant comprises one or more
amino acid substitution{s), insertion(s), deletion(s), N-termnal extension(s), C-terminal extension(s}, or
any combination of the preceding, relative to the wild type SIRPB. In some embodiments, the motety of
the drug that binds o human (D47 comprises the fragment of the SIRP variant, and wherein the
fragment comprises an extracellular domain of the SIRP variant and is capable of binding CD47 (e g.,

human D473,
(B} Anti-SIRP Multimers

[3104] In some embodiments, the anti-SIRP multimer that binds to the drug comprises an anti-SIRP
antibody {or drug binding fragment thereof} capable of binding the SIRPq, the SIRPo vanant, the SIRPR
variant, the SIRPy, or the SIRPy vartant portion of the drug. In some embodiments, the anti-SIRP
mudtimer that binds to the drug comprises one or more anti-SIRP antibodies {or drug binding fragments
thereof) capable of binding the SIRPg, the SIRPn variant, the SIRPS varniant, the SIRPy, or the SIRPy
variant portion of the drag. In some embodiments, the anti-SIRP multimer comprises atleast 1, 2, 3, 4,
5.6.7.8,9, 10, 15,20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 93, or up to 100 anti-SIRP
antibodies {or drug binding fragments thereof). In some embodiments, the anti-SIRP multimer
comprises {e.g., 15} a bivalent anti-SIRP antibody. In some embodiments, “anti-SIRP antibody” refers to
an antibody or drug bindmg fragment thereof (e.g., antigen binding fragroent thereof) that specifically
binds a SIRPa, a SIRPa vartant, a SIRPy, a SIRPy vanant, or a SIRPB vanant. The extracellalar
domains of SIRPq, SIRPS, and SIRPy are lighly homologous. Thus, in some embodiments, “anti-SIRP
antibody” refers to an antibody or drug binding fragment thereof that is capable of cross reacting with

one or more of a SIRPo, a SIRPo variant, a SIRPy, a SIRPy vanant, and/or a SIRPB vanant,
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[0105] In some embodiments, the anti-SIRP multimer comprises a full length anti-SIRP antibody.
Tn some embodiments, the anti~-SIRP antibody comprises an F¢ region {or a portion thereot) that does
not bind to anti-human globulin reagent (AHG). (Further details regarding serological assays, and
reagents used in such assays, are provided elsewhere herein.} In some embodiments, the anti-SIRP
antibody comaprises a murine Feo region {or portion thereof). To some embodiments, the murine Fe
region comprises an amino actd sequence set forth in any one of SEQ 1D NOs: 81-83. Insome
embodiments, the drug binding fragment {e.g , antigen binding fragment) of the anti-SIRP antibody s,
e.g., without linutation, a Fab, a Fab’, an F{ab’ )2, a Fab’-8H, an Fv, a diabody, a one-armed antibody, an
scFv, an scFv-Fe, a single domaim antibody, a single heavy cham antibody, efe. In some embodiments,
the anti-SIRP antibody (or drug binding fragment thereof} is an ADA {(anti-drug antibody} or a NAb
{neutralizing antibody) that binds 1o the drug (i.¢., the portion of the drug that comprises the STRPg, the
SIRPo variant, the SIRP variant, the SIRPy, or the SIRPy vanant). In some embodiments, the affinity
of the drug for the anti-SIRP antibody 1s greater than the affinity of the drug for human CD47. In some
embodiments, the anti-SIRP antibody {or drug binding fragment thereof) comprises a heavy chain
variable domain (VH) that comprises the amino acid sequence of SEQ ID NO: 46 and a hight chain
vartable domam (VL) that compnises the amino acid sequence of SEQ 1D NO: 47, In some
embodiments, the anti-SIRP antibody {or drug binding fragment thereof) comprises a heavy chain
variable domain (VH) that comprises the amino acid sequence of SEQ ID NO: 48 and a hight chain
vartable domam (VL) that compnises the amino acid sequence of SEQ 1D NO: 49, In some
embodiments, the anti-SIRP antibody {or drug binding fragment thereof) comprises a heavy chain
variable domain (VH) that comprises the amino acid sequence of SEQ ID NO: 50 and a hight chain
vartable domam (VL) that compnises the amino acid sequence of SEQ 1D NO: 51, In some
embodiments, the anti-SIRP antibody {or drug binding fragment thereof) comprises a heavy chain
variable domam (VH) that comprises the amino acid sequence of SEQ D NG: 113 and a hight chain
vartable domain (VL) that comprises the amino acid sequence of SEQ ID NO: 114, In some
embodiments, the anti-SIRP antibody {or drug binding fragment thereof) comprises a heavy chain
variable domam (VH) that comprises the amino acid sequence of SEQ 1D NG: 115 and a hight chain
vartable domain (VL) that comprises the amino acid sequence of SEQ ID NO: 116, In some
embodiments, the anti-SIRP antibody {or drug binding fragment thereof) comprises a heavy chain
variable domam (VH) that comprises the amino acid sequence of SEQ 1D NG: 133 and a hight chain
vartable domain (VL) that comprises the amino acid sequence of SEQ ID NO: 134, In some
ernbodiments, the anti-SIRP anttbody comprises a murine Fc domain that comprises an anuno acid

sequence set forth in any one of SEQ ID NQOs: 81-83. In some emboduments, the drug binding fragment
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of the anti-SIRP antibody comprises, e.g., a Fab, a Fab’, an F{ab’}:, a Fab’-SH, an Fv, a diabody, a one-
armed antibody, an scFv, an scFv-Fe, a single domain antibody, a single heavy chain antibody, efc. In
some embodiments, the drug binding fragment of the anti-SIRP antibody comprises a Fab or F(ab’)2

that comprises SEQ ID NO: 131 and SEQ ID NO: 132,

DVOQLVESCGEG VVRPGESLRL SCAASGESES SYAMNWVRQA PGEGLEWVSR INSGGGCETDY
AESVEGRETI SRDNSENTLY LOMNSLRAED TAVYYCAKQY DWNSFEDYWGE LGALVIVSS {(SEQ
ID NO: 463

LLIYD ATNEATGISD
(SEQ ID NO: 47)

SCEASGE SNAMSWVROA
QM\ISLILL‘DI AVYYCARETW

TYYG

DVOLVESGGS V”“DGESLR
i {SEQ

DSVEGRLTIS RDNSEN
ID NG: 48}

SYRLTOPPSV SVSPGOTARIT TTSGCS‘;CSY YYAWYQOKPG QAPVTLIYSD DKRESNIPER
FSGSS3GTTV TLTISGVQAE DEADYYCGGY DQSSYTHNPEG GGTKLTVL {(SEQ ID NO: 49)

] C’G‘JM VVEPGESLRL SCARSGFETFES
.
!

SRDNSKENT

SYDMNWVRQOA PGEGLEWVSL
LY LOMNSLRAED TAVYYCAKEN NRYRFFDDWG

TLSPCGERAT LTCRASQSVY GOAPRLLIYGC ASSRATGIPD
REFSGSGSCGTE FILTISSLOS EDFAVYYCQQ YYDRPPLTEG GGTEVEIK (SEQ ID NO: 513}

T AN TR S TNV
WLAG ISAGGSDTYY

GTLVIVES (SEG

DVOQLVESGGG VVRFPGESLRL SCAASGETES SYAMSWVROA PGKGLE
IDSVKCGREFTI SRDE LY LOMSSLTAED TAVYYCARET WNHLE!
ID NO: 113}

X

NPGET FC 5GEDYY ST AWYQOKSPGS APVIVIHEDD KRPSDIPSRE
LIITGVRVED EAVYYCGGYD GRTYINTFGA GITLTVL (S Q ID NO: 114}

DVQLVESGGGE VVRPGESLRL 3CAASGFTFS SNAMSWVRQA PCGKGLEWLAG ISAGGSDTYY
PASVEKGRETI SHDNSENTLY LOMNTLTAED TAVYYCARET WNHLEFDYWGL GTLVTVSS ({8BEQ
ID NO: 115}

C’GG?JY Y3s ‘1 Y Y GWYQOQKAPGS ALVIVIYSDD KRPSDIPSRE
(STYANAFGA GTTLTVL (SEQ ID NO: 116}

DVOQLVESGGG VVRPGESLRL SCEASGETES SNAMSWVROA PGK”T.“ WVAG ISSGSDTYYG
DSVKGRLTIS RDNSKNILYL OMNSLTAEDT AVYYCARETW OYWGLG TI {SEQ ID
NG: 133}

ALTOPASVIA SPGETVEITC 3GGSDISYYY GWYQQKSPGS ARPVIVIYSDN KRPSNIPSRE
SGSASGITAT LTITGVEVED BAVYYCGEYD YSTYTNPEGA GTTLIVL {(8EQ ID NO: 134}
DVOLVESGGG VVRPGESLRL SCEASGFTES SNAMEWVRCA PCKGLEWVAG ISSGSDTYYG
DSVKGRLTIS RDN uI\]TTT YL OMNSLTA EDT AVYYCARETW NHLEFDYWGLG TLVITVISAKT
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0 NO: 11

In some embodiments, the anti-SIRP antibody comprises a heavy chain that comprises SEQ
7 and a hight chain that comprises SEQ ID NO: 118, In some embodiments, the anti-SIRP

antibody comprises a heavy chain that comprises SEQ ID NO: 119 and a light cham that comprises SEQ

ID NGO: 118, In some embodiments, the anti-SIRP antibody comprises a heavy chain that comprises

SEQ D NG: 120 and

a hight chain that comprises SEQ ID NGO 121, In some embodiments, the anti-

SIRP antibody comprises a heavy chain that comprises SEQ ID NG: 122 and a Light cham that

comprises SEQ 1D NO: 121, The anuno acid sequences of SEQ ID NOs: 117-122
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TCMITDEFPPE DITVEWQWNG QPAENYXKNTC PIMDTDGEYEF IYSKLNVCKS NWEAGNTET
SVLHEEGLHNH HTEKSLSHS PG {(SEQ ID NO: 120}

ALTQPASVSA NI SGEDYYSTYY N’A"Y"‘QK"%DG% APVTYVIHSEDD KRPEDIPSRE
SGSASGSAAT EAVYYCGGYD GRTYINTFGA GTTLTVLGOP KSSPSVTLEP

PSSEFT“”WL YPGVVIVDWE VDGTPVTQOGM ETTQPSKCOSN NEKYMASSYLT

SYSCOVTHEG HIVEKSLSRA DCS {8EQ ID XNO: 121}

VT VTSGGu VVRPGEST SCAASGETES SYAMSWVRQOA PGKGLEWLAG ISAGGSDTYY
lD? Kk”i SRENP (“Ju LOMSELTARED TAVYYCARET WNHLFDYWGL GTLVTVSSAK
TTAPSVYPLA PVCGDTTGSS VILGCLVKGY FPEDVTTTWN SGSLS3GVHT FRPAVLOSDLY
luS"SWlVTS STWPSOSITC NVAHPASSTK < TIKPCPPCKC PAPNLLGGPS
VEIFPPKIKD VIMISLSPIV TCVVVIVSED DPDVleWEV NNVEVHTAQT Q”[R DYNST
LRVVSALPIQ HODWME KCKVNNEKDLEF APIERTISKE KGSVRAPQVY
KEQVTLTCMY TDEM - EWTNN L NYKNTEPVLD 3DGSYFMYSK
RNSYSCSVVH EGLENHHTTK \EleLG{SEQ ID NO: 122

10107} In some embodiments, the anti-SIRP multimer comprises an anii-SIRP antibody comprising
a VH that comprises SEQ ID NO: 115 and a VL that comprises SEQ ID NO: 116, In some
embodiments, the anti-SIRP multimer (e.g., the anti-SIRP antibody) 1s added to the plasma sample {e.g ,
a plasma sarmple obtained by a subject who has recetved treatment with drug) to achieve about any one
of g 1-fold, 1.5-fold, 2-fold, 2 5-fold, 3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold 5.S-foid, 6-fold, 6.5-fold,
7-fold, 7.5-fold, 8-fold, 8 5-fold, 9-fold, 9.5-fbid, or 10-fold molar excess of the anti-SIRP muitimer

relative to the amount of drug in the plasma.

0108} In some embodiments, the anti-SIRP multimer comprises an anti-SIRP antibody comprising
a heavy chain that comprises SEQ 1D NG: 119 and a hight chain that comprises SEQ ID NG: 118, In
some embodiments, the anti-SIRP multimer {e g, the anti-SIRP antibody} 15 added to the plasma sample
{e.g., a plasma sample obtained by a subject who has received treatment with drug)} to achieve about any
one of a t-fold, 1.5-fold, 2-fold, 2. 5-fold, 3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold 5.5-fold, 6-fold, 6.5-
fold, 7-fold, 7.5-fold, 8-fold, 8.5-fold, 9-fold, 9.5-fold, or 10-fold molar excess of the anti-SIRP

multtmer relative to the amount of drug in the plasma.

[0109] In some embodiments, the anti-SIRP multimer comprises an anti-SIRP antibody comprising
a heavy chain that comprises SEQ ID NO: 117 and a light chain that comprises SEQGID NG 118 In
some embodiments, the anti-SIRP multimer {e.g., the anti-SIRP antibody) is added to the plasma sample
{e.g., a plasma sample obtained by a subject who has received treatroent with drug) to achieve about any
one of a 1-fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3 5-fold, 4-fold, 4.5-fuld, 5-fold 5.5-fold, 6-fold, 6.5-
told, 7-fold, 7.5-fold, 8-fold, &.3-fbld, 9-fold, 9.5-fold, or 10-fold molar excess of the anti-SIRP

multimer relative to the amount of drug n the plasma.
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[0116] In some embodiments, the anti-SIRP multimer comprises an anii-SIRP antibody comprising
a heavy chain that comprises SEQ ID NO: 120 and a light chain that comprises SEQIDNG: 121, In
some embodiments, the anti-SIRP muoltimer (e.g., the anti-SIRP antibody) 15 added to the plasma sample
(e.g., a plasma sample obtained by a subject who has received treatment with drug) to achieve about any
ons of g 1-fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3 5-fold, 4-fold, 4 S-fold, 5-fold 5.5-fuld, 6-fold, 6.5-
fold, 7-fold, 7 5-fold, 8-fold, 8 5-fold, 9-fold, 9.5-fold, or 10-fold molar excess of the anti-SIRP

multimer relative to the amount of drug in the plasma.

{0111} Other exemplary anti-SIRP antibodies (e g., anti-SIRPa antibodies, anti-SIRPH antibodies,
and/or anti-SIRPy antibodies that cross-react with SIRPa) or drug-binding fragments thereof that can be
included 1n the SIRP mudtimers used in the methods described herein are known in the art. Further
details regarding such antibodies are provided in, e g, WO 2018/057669; US-2018-0105600-A1;
USZ0I803125887, WO2018107088; WO2019023347, US20180037652; WO2018210795,
WOZ017178653, WO2018149938; W2017068164; and W(201606

|93

233, the contents of which are
mcorporated herein by reference in their entireties. In some embodiments, an anti-SIRP antibody
disclosed 1 one of the aforementioned references comprises a murine Fe domain (or a portion thereof).
In some embodiments, the murine Fc domain comprises an amino acid sequence set forth in any one of

SEQ ID NOs: 81-83.

[0112] In some embodiments, the anti-SIRP multimer is a homomultimer that comprises identical
anti-SIRP antibodies (e.g., identical anti-SIRPo antibodies, anti-SIRPy vanant antibodies, anti-SIRPR
variant anttbodies, anti-SIRPy antibodies, anti-SIRPy vanant antibodies, or antibodies capable of cross
reacting with one or more of a SIRPg, a SIRPo variant, a SIRPP varnant, a SIRPy, and/or a SIRPy
vartant) or drug binding fragments thereof. In some embodiments, the anti-SIRP multimer s a
homomultimer that comprises a monospecific bivalent anti-SIRP antibody. In some embodiments, the
SIRP multimer 15 a heteromudtimer that comprises at least two different anti-SIRP antibodies or drug-
binding fragments thereof in any combination. In some embodiments, the anti-SIRP multimeris a
heteromultimer that comprises a multispecific anti-SIRP antibody (7 e., a multispecific anti-SIRP
antibody that comprises a first VH/VL pair and a second VH/VL pair, wherein the first and second
VH/VL pairs comprise different aming acid sequences, and wherein the first and second VH/VL pairs
each bind the CD47-binding moiety of the drug.)

[6113] In some embodiments, the anti-SIRP antibody or drug binding fragment thereof comprises a

comprises a multimerization domain, e.g., ncluding, bot not limited to the exemplary multimenzation

domains discussed above for CD47 polypeptide monomers and SIRP polypeptide monomers.
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[6114] In some embodiments, the anti-SIRP antibody or drug binding fragment thereof comprises
{e.g., further comprises) an epitope tag. In some embodiments, the epitope tag facilitates
muldtimerization of the anti-SIRP antibodies {or drug binding fragments thereof). In some embodiments,
the tag facilitates the immobilization of the anti-SIRP antibodies {or drug hinding fragments thereof) to
a sohid support {e.g. beads, glass sides, efe. ). Exeroplary epitope tags include, but are not imited to SEQ

ID NOs: 7-32 described elsewhere heremn.

T ERY In some embodiments, the anti-SIRP antibody (or drug binding fragment thereof} comprises
{e.g, is attached to) a ligand. In some embodiments, the ligand is biotin. In some embodiments, the
anti-SIRP antibody {or drug binding fragment thereof, e.g., a Fab or F(ab”)2) comprises
HHHHHHGUNDIFEAQKIEWHE (SEQ ID NO: 135) or GSGSHHHHHHGUNDIFEAQKIEWHE
(SEGQ D NO: 1263 GLNDIFEAGKIEWHE (SEQ ID NO: 8} also known as AVITAG™, 1s specificaily
hiotinylated by the B, coff biotin hgase B A, In some embodiments, the Fab or F{ab’ )2 comprises SEQ
I3 NQOs: 131 and 132. In some embodiments, the anti-SIRP multimer (e g, the Fab or Flab'}2
conpsing SEQ H3 NOs: 131 and 132) 15 added to the plasma sample (e.g., a plasma sample obtained
by a subject who has received treatment with drug) to achieve about any one of a 1-fold, 1.5-fold, 2-
fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold 5.5-fold, 6-fold, 6.5-fold, 7-fold, 7.5-fold, 8-fold,
8.5-fold, 9-fold, 9.5-fold, or 10-fold molar excess of the anti-SIRP multimer relative 1o the amount of

drug n the plasma.

3116} In some embodiments, the anti-SIRP antibodies {or drug binding fragments thereof} of an
anti-SIRP multimer are linked, e g., via peptide bond, to form a concatenated chain of anti-SIRP
antihodies {or drug binding fragments thereot). In some embodiments, the anti-SIRP antibodies {(or drug
binding fragments thereof} in a SIRP mudtimer are hinked via linker peptide. Exemplary linker peptides
comprise, but are not himited to, those set forth in SEQ 1D NG &5-109, 127-130, IEGR (SEQ ID NO:
141}, IDGR (SEQ ID NO: 149), and other linkers that find use with CDD47 multumers and/or SIRP
multimers {see above}. In some embodiments, the anti-SIRP antibodies {or drug binding fragments
thereof) of an anti-SIRP multimer are linked via linker peptide and at least one spacer. Exemplary
peptide spacers include, but are not hinuted to, SEQ ID NOs: 52-70 and other spacers that find use with

CD47 multimers and/or SIRP multimers (see above).

16317} In some embodiments, the anti-SIRP multimer comprises at least one {e. 2., between 1 and
100} anti-SIRP antibodies {or drug binding fragments thereof) attached to a solid support. In some
embodiments, the anti-SIRP antibody, or the anti-SIRP antibodies or drug binding fragments thereof,

is/are attached to the solid support via covalent bond or via non-covalent capture. In some
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ernbodiments, the solid support is a gold nanosphere, a gold nanoshell, a magnetic bead, a sihicabead, a
dextran polyvmer, a tube, a shde, a gel colunin, or nucrotiter wells. In some embodiments, the solid
support comprises or is fabricated from, e.g., glass, cellulose, polyacrvlamide, nylon, polystyrene,
polyvinyl chioride or polypropyliene In some embodiments, anti-SIRP multimer comprises an anti-SIRP
antibody, or more than one anti-SIRP antibodies {or drug binding fragment thereof), and a solid support,
wherein the anti-SIRP antibody, or the anti-SIRP antibodies or drug binding fragments thereof,
comprise an epitope tag or higand {e.g , as described above), wherein capture agents are immohilized on
the solid support, and wherein the anti-SIRP antibody, or the anti-SIRP antibodies or drug binding
fragments thereof, are attached to the sohid support via the specific binding of the epitope tags or hgands
by the capture agents immobilized on the solid support. In some embodiments, the anti-SIRP antibody,
ot the anti-SIRP antibodies or drug binding fragments thereof, comprise SEQ ID NG: 111, In some
embodiments, the ligand 1s biotin and the capture agent 15 streptavidin. In some embodiments, the anti-
SIRP muitimer {e. g, homomultimer or heteromultimer) comprises a streptavidin or an avidin bound to
2,3, or 4 biotinylated anti-SIRP antibodies (or drug binding fragments thereof). In some embodiments,
the anti-SIRP antibodies {or drug binding fragments thereof) comprise SEQ ID NG 111 In some
embodiments, the anti-SIRP multimer comprises a streptavidin or avidin bound to 2, 3, or 4, F(ab’)2
fragments. In sorme embodiments, two or more of the Fab™)2 fragments comprise SEQ ID NO: 131 and

SEQ ID NO: 132,
{c} Methods of Making Anti-SIRP Multimers

10118} In some embodiments, an anti-SIRP multimer {e. g, a homomultimer or heteromultimer
comprising, e.g., two or more anti-SIRP antibodies {or drug binding fragments thereof), e 2., linked via
peptide bond or via linker peptide, 1¢ produced by a recombinant host cell. Any of the methods
described herein for producing a CD47 multimer or SIRP multimer using recombinant techniques are
applicable for the production of an anti-SIRP multimer cornprising anti-SIRP antibodies {or antigen

binding fragments thereot}, as well.

[6119] In some embodiments, an anti-SIRP multimer (e. g, homomultimer or heteromultimer} is
produced by attaching one or more {e. g, between | and 100} anti-SIRP antibodies {or drug binding
fragments thereof} to a solid support via non-covalent capture. In some embodiments, the sohid support
is a gold nanosphere, a gold nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a slide,
a gel column, or microtiter wells. In some embodiments, the anti-SIRP antibody, or the anti-SIRP
antibodies (or drug binding fragments thereof}, each comprise a higand, and capture agents are

immobilized on the solid support, and the anti-SIRP multimer 1s produced by attaching the anti-SIRP
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antibody, or the anti-SIRP antibodies {or drug binding fragments thereof), to the solid support via the
specific binding of the ligands by the capture agents immobilized on the solid support. In some
embodiments, the higand 1s biotin and the capture agent 1s streptavidin. In some embodiments, the anti-
SIRP antibody, or the anti-SIRP antibodies {or drug binding fragments thereof) comprise SEQ D NO:
111 or SEQG ID NG 126

[6126] Any of the methods described elsewhere heren for attaching CD47 polypeptide monomers
to a solid support to produce a CD47 multimer are applicable for attaching anti-SIRP antibodies {or
drug-binding fragments thereof) to a sohd support to produce an anti-SIRP multimer, as well. For
example, in some embodiments, an anti-SIRP multiroer 1s prepared by culturing host cell comprising a
nucleic acid encoding an anti-SIRP antibody {or drug-binding fragment thereof) that comprises SEQ ID
NO: HH or SEQ ID NO: 126 under appropriate conditions to cause expression of the anti-SIRP
antihody {or drug-binding fragment thereof) and recovering the anti-STRP antibody {(or drug-binding
fragment thereof). The anti-SIRP antibody {(or drug-binding fragment thereot}, which comprises biotin-
acceptor peptide amino acid sequence, 1s biotinylated using £. cofi biotin ligase (BirA). In some
emnbodiments, the anti-SIRP multiroer 18 produced by attachung biotinylated anti-SIRP antibody or
antibodies (or drug-binding fragments thereof) to a solid support onto which streptavidin or avidin
molecules have been immobilized In some embodiments, provided 1s an anti-SIRP multimer {e.g |
homomultimer or heteromuitimer) that comprises one or more {e.g., between | and 100} anti-SIRP
antibodies (or drug-binding fragments thereof) attached to, e.g., a streptavidin- or avidin-conjugated
solid support. Exemplary streptavidin- or avidin-conjugated solid supports are described in further
detail elsewhere herein. In some embodiments, provided 1s an anti-SIRP multimer (e. g, homomultimer
or heteromuliimer} comprises a streptavidin or an avidin bound to 2, 3, or 4 biotinylated anti-SIRP

antibodies {or drug-binding fragments thereot).

6121} In some embodiments, the anti-SIRP multimer 1s produced by hoking one or more anti-SIRP
antibodies (or drug binding fragments thereof} to, e.g., a solid support, or, e.g., to each other, using

bifunctional crosslinkers {¢. 2., such as those described elsewhere herein).

[6122] The anti-SIRP muitimers thus produced are then used in a method provided herein to

prevent interference by a drug that binds CD47 in serological assays.
V. Exemplary Drugs
13123 The methods provided heremn reduce {(or, in some embodiments, eliminate} interference in

serological assays caused by the presence of a drug comprising (i} an antibody Fc region and (i1) a
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motety that binds to human CD47 in a sample comprising plasma or RBCs/platelets obtained from a
subject who has received treatment with the drug. Tn some embodiments, the drug comprises an fgG Fo
region, such as a human Ig(s Fe region, e.g., an IgGl, [g(G2, or an Ig(G4 Fe region. In some
embodiments, the drug comprises a modified Fe region {such as a modified IgG Fe region) that
comprises one or more amino acid substitution{s), deletion(s), insertion{s}, N-terminal addition{s) and/or
C-ternunal addition{s) relative to a wild type human Fc region {e.g., a wild type human Ig(G Fe region).
Exemplary Fc regions are described m WOZ017177333; WO2014094122; US20158329616, WO
2017/027422; US 2017/0107270; and USP 10,259,859, the contents of which are mcorporated heremn by

reference in their entirety.

10124} In some embodiments, the motety that binds to human CD47 is a wild type SIRPo that lacks
a transmembrane domain {e.g., the extracellular domain of any wild type SIRPw that is capable of
binding human CD47). In some embodiments, the moiety that binds to human CD47 15 a SIRPo variant
that is capable of binding human €47 and lacks a transmembrane domain. In some embodiments, the
SIRPo vartant coraprises one of more amino acid substitution(s), deletion(s), insertion(s}, N-terminal
addition{s} and/or C-terminal addition(s) relative to extraceliular domain of a wild-type SIRPa. In
some embodiments, the SIRPo variant is a SIRPa-dl domain varant. In some embodiments the
affinity of the SIRPwx variant for human CD47 1s higher than the affinity of a wild type SIRPo for
human CD47.

0125} In some embodiments, the moiety that binds to human CD47 15 a wild type SIRPy that lacks
a transmembrane domain {e.g | the extracellular domain of any wild type SIRPy that 1s capable of
binding human CD47). In some embodiments, the moiety that binds to human CD47 1s a SIRPy varnant
that is capable of binding human CI47 and lacks a transmembrane domain. In some embodiments, the
SIRPy variant comprises one or more amino acid substiition(s), deletion{s), insertion{s), N-terminal
addition(s) and/or C-ternunal addition{s} relative to extracelhlar domain of a wild-type SIRPy. In some
embodiments, the SIRPy variant 1s a SIRPy-dl domain vanant. In some embodiments the affinity of the

SIRPy variant for human CD47 18 higher than the affinity of a wild type SIRPy for human D47

[6126] In some embodiments, the motety that binds to human CD47 15 a SIRPP variant that is
capable of binding human CIDM47 and lacks a transmembrane domain. In some embodiments, the SIRPS
variant comprises one or more amino acid substitution{s}, deletion(s), insertion{s}), N-terminal
addition{s) and/or C-terminal addition(s) relative 1o extracelinlar domain of a wild-type SIRPS. In
some embodiments, the SIRPE variant 1s a SIRPB-d1 domain vanant,
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16127} Exemplary SIRPw variants, SIRPJ vaniants, and SIRPy variants are known n the art and are
described i WO 2013/109752; US 2015/00719035; USP 9,944 911, W( 2016/023040, WO
2017/027422; US 2017/0107270; USP 10,259,859, US9845345, WO2016187226; US20180155405;
WO2017177333;, WO2014094122; US2015329616; US2Z01380312563;, WO2018176132;
WOZ018081898; WO2018081897, US20180141986A1; and EP3287470A1, the contents of which are

meorporated herein by reference i thewr entireties,

[6128] In some embodiments of any of the methods described above, the drug s an anti-CD47
antibody. In some embodiments, the anti-CD47 antibody 1s AO-176, CC-90002, HuSF9-G4 (also
referred to as SFO), SHR-1603, NI-1701, SRF231, TIC4, or IBI188. Details regarding these and other
therapeutic anti-CD47 antibodies are provided in WO201817S790A1; USZ0180142019;
UK20180171014; US20180057592; USZ0170283408, US9,518,116; UN9,518,117; US20150274826;
US2Z0160137733; USY,221 908, USZ0140161799; US20160137734;, WOZ015191861; W(O2014093674;
WO2014123580;, WO2013119714, USS,045 541, WO2016109415; WO2018183182; WO2018009499;
WOZ017196793, US9663575; UR20140140989; W(G2018237168; US20180037652; USZ0190023784;
WO2018095428; EP3411071, WO2019042285;, WO2016081423; WO2011076781;, WOZ2012172521;
WO2014087248; US20140303354; WO2016156537, US20160289727, US20190062428;

US20180201677; US9352037, US20170044258, US9650441; and USZ0180105591
Vi Exemplary Serological Assays for Pre-Transfusion Testing
[6129] Pre-transfusion testing is performed to ensure that the blood product intended for transfusion

is compatible with the blood of the subject (i e, the recipient of the transfusion). Pre-transfusion testing
encompasses the serological assays that are used to confirm ABO compatbility between donor blood
and recipient blood, as well as those that are used to detect most clinically sigruficant RBC / platelet
alloantibodies that react with antigens on donor RBCs and/or donor platelets (vef. Technical Manual,
18th ed, AABB, Bethesda, MD, 20614). Other exemplary blood group antigens for which serological
assays are performed to determine donor / recipient transfusion compatibility include, without
bmutation, e. g, Kell blood group antigens, Duffy blood group antigens, Koops blood group antigens,
Cartwright blood group antigens, Scianna blood group antigens, Indian blood group antigens, Rhesus
blood group antigens, Dombrock blood group antigens, Landsteiner-Wiener blood group antigens, and
VEL blood group antigens. The methods provided herein reduce or prevent drug interference {e.g.,
mterference by a drug comprising (i} an antibody Fc region and (i) a motety that binds to human CD47)
in a number of serological assays known in the art. Exemplary serological assays in which the methods

can be used mclude (but are not limited to) those descnibed in further detail below.
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16136 Typically, serological assays are performed using samples comprising, e.g., non-hemolyzed
blood, plasma {e.g., a plasma sample that has been anficoagulated m EDTA), clotted blood, or serum
from a subject who 1s i need of the transfusion {e.g., a subject who has received treatment with a drug
comprising (1} an antibody Fc region and (11} a moiety that binds to human CD47. In general, the
subject’s ABO group and Rh type are determuned first. Next, an antibody screening method 18 used to
detect any chinically significant unexpected non-ABO blood group antibodies that may be present in the
subject’s plasma. If the screening test reveals the presence of such an antibody, the specificity of that
antibody 1s deternined using an antibody identification panel. After the specificity of the antibody s
identified, donor umis of the appropriate ABO group and Rh type are screened for the corresponding
antigen. Units that are negative for that antigen are crossmatched with the subject who is in need of the

transfusion to ensure cornpatibility.

6131} Serological assays can be performed in a tube, on a shide, on a gel column or in vucrotiter
well plates, and hemolysis and agglutination are signals that indicate a positive {incompatible) test
result. Agglutination, a reaction reflecting linkage of adjacent RBCs that are coated with antibody, can
be scored macroscopically and/or mucroscopically and on scale from 0-4+ 10 the most commonly used
tube methods. A score of zero indicates no reactivity and is characterized by smooth and easily
dispersed cells. A score of 4+ mdicates strong reactivity and is characterized by one solid agglutinate
that 1s not easily dispersed. Scores of 1+, 2+, or 3+ indicate intermediate levels of reactivity,
characterized by gradually increasing size of agglutinates with higher scores. Simular principles of
agglutination scoring can be applied when the serological tests are conducted using gel columns with
antt FgG antibody in the column (gel card) or mucrotiter well plates with bound red blood cell antigens
{solid phase). Various techniques are currently avaiiable for the detection of antibody-RB{ antigen
interaction with varying sensitivities. In some embodiments, serological assays are performed

manually. In some embodiments, serological assays are performed via avtomated machine,

[6132] For example, immediate-spin {18} {also known as “immediate spin crossmaich”) is an assay
that entails mixing, ¢.g., reagent plasma/antisera {i.¢., plasma containing antibodies against a known
RBC and/or platelet surface anfigen) and the subject’s blood cells, immediately centnifuging the nuxture
for about 15-30 seconds at room temperature or at 37°C, and visually examining the tube for direct
agglutination. Dhrect agglutination indicates that there is a strong interaction between an antthody in the

plasma and an RBC surface antigen. Aliernatively, the subject’s plasma and reagent RBC (e, RBC

that are known to express a particular cell surface antigen, or group of cell surface antigens} and/or
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regent platelets (7 e., platelets that are known to express a particular cell surface antigen, or group of cell

surface antigens) can be mixed, ceninfuged, and assessed visually for divect agglutination.

[0133] Auti-huroan globulins {AHGs) are used to detect antibody-bound RBC that do not produce
direct agglotination. AHG are secondary anti-human globulin antibodies that have been produced in
another species. AHG reagents can be specific for a single class of human Ig (such as IzG), or
polyspecific, i.¢., capable ot binding to multiple human Ig classes {e.g., 1gG, TgM, IgA) and to
complement. AHG sera may be used m a direct antiglobulin test (BAT) and/or in an indirect
antiglobulin test (IAT). The DAT demonstrates in vivo sensitization of red cells and is performed by
directly testing a sample of washed patient red cells with AHG. An AT demounstrates /s vifro reactions
between red cells and antibodies. In an IAT, serum {or plasma} is incubated with red cells, which are
then washed to remove unbound globulins. The presence of agglutination with the addition of AHG
mdicates antibody binding to a specific red cell antigen. Some methods 1nvolve addition of potentiator
reagents {enhancement) such as saline, albumin, low tonic strength saline (LISS), or polyethviene glycol
{PE(Q), and the samples are then incubated at 37°C for 10-60 minutes prior to the AHG test. In some
embodiments, the assay is a tube assay. Tn some embodiments, the assay is a solid phase red cell

adherence assay (SPRCA}Y.

10134} ABOQ typing tnvolves testing the recipient’s red blood cells for the presence of A and B
antigens using anti-A and anti-B antisera (forward grouping). Testing of the recipient plasma for the
presence of anti-A and anti-B using known Type A and Type B red blood cells {reverse grouping) is

also part of routine ABO blood group testing.

[G135] The Rh (D) type of the transfusion recipient 1s deternmined by testing recipient red blood

cells with anti-D. ABO grouping 1s typically tested using immediate spin {(IS).

[6136] Alloantibodies to antigens that are not present on an mdividual's red blood cells may develop
in anyone who has been exposed to foreign red blood cell antigens through pregnancy or transfusion.

To detect antibodies to non- group A or B antigens, a saraple of the patient's plasma or serum is tested
aganst selected commercial Type O red blood cells that express the majority of chnically significant

antigens, other than A and B.

0137 In cases of postitive antibody screening, further serological testing 1s conducted with an
¥ Y 24 2

paid
expanded panel of commercial Type O reagent RBCs for the identification of chinically significant
antibodies 1s required. Then, once the specificity of the antibody 15 known, donor units must be screened

for the corresponding antigen to select those units that lack the antigen.
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[G138] Antigen typing {phenotyping) of the recipient red blood cells may also be performed to
determination of which red blood cell antibodies an individual 1s likely 1o develop. Serological assay for
RBC phenotyping mvolves mixing recipient cells with commercial reagent anti-sera containing specific

antibodies.

10139 An TAT without and with enhancement {2.g. saline, LISS, PEG]) 15 used in antibody

detection and antibody identification.

[ 148] “Crossmaich” refers to a method of confirming compatibility between the patient's blood
{plasma} and the donor red blood cells. The crossmatch 1s meant primarily to detect and prevent ABO
mcompatibility. A serological crossmatch assay {either IS crossmatch or AHG phase crossmatch)
mvolves the direct mixing of donor red blood cells with recipient plasma and scores for hemolysis and

agghutination following tmmediate-spin method or AHG test.

6141} In some embodiments, the serological assay 1s performed using a gel card. The principle of
the gel card test 1s based on the gel techmque described 10 Lapierre, ef af (1990) “The gel test: a new
way to detect red cells antigen-antibody reactions.” Transfusion, 30; 109-113 for detecting red blood
cell agglutination reactions. The plastic cards are composed of multiple microtubes. Each mucrotube
comprises an incubator chamber on top of a column. Hach microtube 10 the card s prefilled with a
buffered gel solution containing a specific antibody agamst an RBC- or platelet-surface antigen. The
agelutination occurs if a subject’s RBC or platelets react with the corresponding antibodies present in
the gel solution. Alternatively, the mucrotube 15 filled with a subject’s serurn, and agglutination occurs if
reagent RBCs or reagent platelets react with antibodies present in the patient’s serum or plasma. The
gel colummn acts as a filter that traps agglutinated red blood cells as they pass through the gel column
during the centrifugation of the card The gel column separates agglutinated red blood cells from non-
agglutinated red blood cells based on size. Any agglutinated red blood cells are captured at the fop of or
along the gel column, and non-agglutinated red blood cells reach the bottom of the microtube forming a

pellet.

61421 In some embodiments, the serological assay 15 a sohid phase assay (e.g., wherein a multiroer
that mutigates/reduces interference of drugs that bind CD47 describead herein, the subject’s RBCs,

eagent RBCs, or antibodias against known RBC- and/or platelet-surface antigens are immobilized on a
solid support). In some embodiments, the serological assay 1s performed manually. In some
embodiments, the serological assay is performed using an auvtomated system. In some embodiments, the
automated system 1s a multiplexed high-throughput system that permits the simultaneous analysis of a
plurality of RBC, platelet, serum, or plasma samples obtained from different subjects. In some
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embodiments, the automated system 1s a multiplexed high-throughput system that permuits the
simultaneous analysis of a variety of serclogical assays using RBC, platelet, serum, or plasma samples
obtained from a single subject. Typically, automated blood analysis systems are microprocessor-
controlled instruments. Exeroplary automated blood analysis systems include, e.g | Immucor’s NEO®

ys® 1s fully automated

Yo

system {1.e., a solid-phase platform) and Diagast’s QWALYS® 3 gsystem. (wal
ervthroeyte-magnetized technology (EMT) system for ABG/D grouping, Rh phenotyping, K typing, and

antibody screening (ABS).

0143} The specification is considered to be sufficient to enable one skilled in the art to practice the
mvention. Varnous modifications of the invention m addition to those shown and described herem will
become apparent to those skilfed 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

mcorporated by reference in their entivety for all purposes.

[3144] Each emsbodiment herein described may be combined with any other embodiment or
embodimenis unless clearly indicated to the contrary. In particular, any feature or embodiment
mdicated as being preferred or advantageous may be combined with any other feature or features or
embodiment or embodiments mdicated as being preferred or advantageous, unless clearly mdicated o

the contrary.
EXAMPLES

[8145] The following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how to make and use the present invention, and are not intended
to luut the scope of what the mventors regard as therr invention nor are they intended to represent that
the experiments below are all or the only experiments performed. Efforts have been made to ensure
accuracy with respect to numbers used {e. g amounts, temperature, ic.) but some experimental errors
and deviations should be accounted for. Unless mndicated otherwise, parts are parts by weight, molecular
wetght 1s weight average molecular weight, temperature 15 10 degrees Centigrade, and pressure is at or

near atmospheric.
Exampie 1: Preparation of an exemplary CD47 mudtimer

Preparation of CIM7 multimer B
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[6146] D47 palypeptide monomers comprising SEQ 1D NQ: 6 {see below) wers transiently
expressed in Expi293F cells, harvested, and punhied usiog N1 SEPHAROGEER 6 FAST FLOW
chromatography resin and polished via size exclusion chromatography.

Gl lalaa v Bl sy aptavaaaiEs TRV EVEN RERGHDI W TE DOALNESTVE

TOFESAREEV g KEDRA ST KMBPRELAGEH POy T O TR L’l‘kL\;L TEIE BRVEAAVETH
HHHCGINDIFE AOKTEWHE (BEG TD NO: §}0CAl

16147} The purified CD47 polypeptide monomers were biotinylated in vifro using a BirA
biotinylation kit available from Awvidity LLC. The in vifro biotinylation reaction mixture was then
purified via size exclusion chromatography to separate biotinylated (D47 polypeptide monomers from

excess biotin present in the mixture.

[3148] The biotinylated CD47 polypeptide monomers were then incubated with streptavidin protein
at a molar ratio of 4.5:1 biotinylated CD47 polypeptide monomer: streptavidin overnight at 4 C with
gentle agitation. The reaction mixture was then purified via size exclusion chromatography to separate
CD47 multimer (i.e., tetramerized biotinvlated CD47 polypeptide monomers bound to streptavidin}
from other species in the nuxture. The CD47 multimer (7e., tetramer) was confirmed via size exchusion
chromatography against a gel filtration standard.

Example I: Preparation of exemplary anti-SIRP nuiltimers

Generation of anti-SIRP ociamer (anti-SIRP multimer ()

181491 An anti-SIRP F(ab™}2 comprising a VH-CHI sequence comprising SEQ IR NG 131 and a

VL-CL sequence comprising SEQ D NGO 132 was prepared as follows: The C-terminus of SEQ ID
NO: 131 comprises SEQ 1D NO: 126, which comprises a hexahistidine peptide HHHHHH (SEQ ID
N 7} and the 15 amine aaid tag GLNDIFEAQKIEWHE (SEQ ID NG §). GLNDIFEAQKIEWHE
{SEQ H} NGV 8}, also known as AVITAGT™ SEQ B NO: 8 19 specifically biotinylated by the £ cofi

biotin hgase BuA

SCEASGETES SNAMSWVROA PGKGLEWVAG

DSV ] YT OMNSLTAEDT F&VYY’“FX%EMW NHLFDYWGLG
TAPS VCGDTTGSEYV TLGCLVEGYE FPE W& LESGVHTE
LSSEVIVTESS TWPSQSITCN VAHPASSTKY ,KKTFP?G“’T IKPCPEFCKCPE
GLNDIFEAQK ITEWHE ({8EQ ID NO: 131}

SPGETVEITC SGGSDSSYYY
LTITGVRVED EAVYYCGGEYD GTTLIVLRTV AAP! "PE
SVVCLLNNE PRLAK\T QWEV ) ESVTEQDSKED STYSLSSTLT
U VYACEVTHQG LSSPVTKSEFN RGEC EQ ID NO: 132)

APVTVIYSDN KR
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G156] SEQ D NOs: 131 and 132 were transiently expressed in Expi293 cells. Transfection
supernatant was purified using Ni SEPHAROSE® 6 FAST FLOW chromatography resin and polished
via size exchusion chromatography. The purified anti-SIRP (Fab™}2 was biotinylated in vitro using a
BirA biotinylation kit available from Avidity LLC. The in vifro biotinylation reaction nuxture was then
purified via size exclusion chromatography fo separate biotinylated anti-SIRP F(ab’)2 from excess

bigtin present i the nmuxture.

0151} The biotinylated anti-SIRP F{ab’}2 was then mncubated with streptavidin protein at a molar
ratio of 4.5:1 biotinylated anti-SIRP F(ab’)2: streptavidin overnight at 4° C with gentle agitation. The
reaction muxiure was then purified via size exclusion chromatography to separate anti-SIRP F{ab™)2
multimer {i.e., tetramerized biotinylated anti-SIRP F{ab"}2s bound to streptaviding from other species in
the mixture. The anti-SIRP F{ab’}2 multimer (i.e., octamer} was confirmed via size exclusion

chromatography against a gel filtration standard.

Creneration of arti-SIRE multimer D

[8152] An anti-SIRP antibody comprising a VH that comprises SEQ 1D NG: 115, a VL that

comprises SEQ 1D NO: 116, and a murine Fc domain was transiently expressed in Expi293 celis. (SEQ
I3 NQOs: 115 and 116 are provided below.} The anti-SIRP antibody was purified from the cell culture
supernatant via MabSelect LX and dialyzed into 1x phosphate buffered saline.

DVQLVESGGG VVRPGESLRL SCAASGEFTES SNAMSWVRCA PCGEGLEWLAG ISAGGSDTYY

PASVKGREFTI SRDNSKNTLY LOMNTLTAED TAVYYCARET WNELFDYWGL GTLVT\“,,S {SEQ
ID NO: 115}

ALTQRPASVSA NPGETVKIAC SGGDYYSYYY GWYQOKAPRPGS ALVTVIYSDD KRPSDIPSRE
SGSASGSTAT TMI““‘J?MEJ EAVYYCGGYD YESTYANAFGA GTTLTVL (8SEQ ID NO: 118}

Example 3: Mitigating the interference of drugs that comprise (i} an antibody Fc region and (i} a
moiety that binds to human CD47 in routine serplogical tests using CD47 nultimer B, anti-SIRP

puiitiver O, or anti-SIRP multimer D,

8153} Experiments were performed to assess whether CD47 multimer B, anti-SIRP muldtimer C, or
anti-SIRP multimer D nutigate the interference of Drug A in an Indirect Antiglobulin Test (IAT) using
the nibe method. Drug A 1s an exemplary CD47-bindimg drug comprising a SIRPo variant (e,
CD47-binding domain denved from human SIRPg) and an Fe vanant derived from the Fe region of
human immunoglebulin 1gG1, and Drug A has previously been shown to interfere with routine

serological assays {see Kim e af (2020} Transfusion. 1-9).
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[0154] To prepare donor red blood cells (RBC) and donor plasma, HemeQC whole blood samples
from donors of different blood types (commercially available from Bio-Rad) were spun at 1000 x g for
10 mimutes at room temperature 1o separate plasma from red blood cells. The pelleted red blood cells

P

were then resuspended to 3 4% in MLB2 LISS {(low ionic strength solution).

3155} To perform the assay, 100 ul of Drug A at 130 nM {10 pg/mb) was co-incubated with
CD47 multimer B, anti-SIRP multimer C, anti-SIRP multimer D, or CD47 polypeptide monomer (SEQ
ID NO: 6) at 1.2 dilotion starting at 20x the molar concentration of Drug A for 10 minutes at room
temperature {(RT} in each donor plasma. 100 ul of each titration condition was then added to capture
wells contaming 50 uL of 3 4% RBC from the respective donor and incubated at 37° C for 45 nunutes.
The wells were then washed and spun at 400 x g for 5 minutes ai room temperature three times with
PBS. Two drops of AHG anti-IgG (7 e, anti-human globulin IgG) were added to each well and spun at
800 x g tor 30 seconds. The reaction muxtures were agitated gently to the pelleted cells prior to image
capture. Capture wells containing PBS served as negative conirols for the assay, and wells contaiming

Drug A alone served as positive controls.

[0156] FIG. 4 shows the results of an TAT using the tube assay using a blood sample from a donor
with blood type/plasma type AsubB RhD+ FIG. § shows the resuits of an IAT using the tube assay
using a blood sample from a donor with RBC type/plasma type O RhD + Rlr B{ces with Anti Fy.
F1G. 6 shows the resulis of an TAT using the tube assay using a blood sample from a donor with blood
type/plasma type A1 RhD — rr ccee with Antt B Different molar titrations (20x, 10x, 5x, 2.8x, 1.25x,
0.63x, 0.31x) of CD47 mudtimer B, anti-SIRP multimer C, anti-SIRP mudtimer B, and CD47 monomer,

i.e., as compared to Drug A, were tested,

[6157] Agglutination was observed in the TAT assays with CD47 polypeptide monomer {(see FiGs.
4-6} across all molar titrations. By contrast, no agglotination was observed in the IAT assays with
addition of at least 5X molar ratio of CD47 multimer B, at 2.5x molar ratio of anti-SIRF multimer C,
and at 2. 5x molar ratio of anti-SIRP multimer 3. CD47 multimer B, anti-SIRP multimer C, and anti-
SIRP multimer D demonstrated the ability to prevent Drug A from interfering with blood typing when

using AHG anti-IgG reagents in a tube assay.

3158} Subsequent experiments were performed to assess whether CD47 multimer B, anti-SIRP
multimer €, or anti-SIRP multimer D nutigate the interference of Drug A i a solid phase red cell

adherence assay (SPRCA}Y.
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[G159] Briefly, 50 uL of Drug A at 130 oM (10 ng/ml)} was co-incubated with CD47 muitimer B,
anti-SIRP multimer C, or anti-SIRP roultimer D at 12 dilution starting at 20x the molar concentration of
Drug A for 10 mun at room temperature (RT) in PBS. 50 L. of each titration condition was then added
to Capture R wells, which are coated with red blood cell membranes prepared from a pool suspension of
equal proportions of red cells from two Group O dovors. Next, 2 drops of capture LISS reagent was
added to each well and the wells were mncubated at 37° € for 45 mimutes. The wells were then washed
6x times with PBS. Following the washes, 1 drop of Capture-R Ready Indicator Red cells were then

added to each well. The wells were spun at 450 x g for | manute, and itmages were captured afterward.

[0166] Agelutimation was observed in the SPRCA assays with CDM47 polypeptide monomer (see
Fi1G. 7). By contrast, no mterference by Drug A was observed in the SPRCA assays with addition of at
least 0.3 1x molar ratio of CD47 multimer B, 0.31x molar ratio of anti-SIRP multimer C, or 0.63x molar
ratio of anti-SIRP multimer 3. CD47 multumer B, anti-SIRP mubtimer C, and anti-SIRP multimer D
demonstrated the ability to prevent Drug A from interfering with blood typing when using AHG anti-

Ig(s reagents in a solid phase red cell adherence assay.
Example 4: Preparation of exerplary anti-SIRP multimer E and anti-SIRP multimer F

3161} Anti-SIRP multimer E comprises a heavy chain that comprises SEQ D NG: 117 and a hight
chain that comprises SEQ 1D NG 118 Anti-SIRP multimer F comprises a heavy chain that comprises

SEQ I NO: 120 and a light chain that comprises SEQ 1D NG: 121,

C';

J"?'

DVOQLVESCGEG VVRPGESLRL SCAASGETES SNAMSWVRQA PGKGLEWLAG
PASVKGRETI SRDNSENTLY LOMNTLTAED TAVYYCARET WNHLEDYWGL
TTPPSVYPE 53/_ PGEAAQTNSM VILGCLVEGY FPEPVIVIWN SGSLSSCGVHT
TLSESVIVPS STWESETVTC NVAHPASSTK VDKKIVPRDC GCKPC lC"“
KPKDVLTITL TPEVTCVVVD ISKDDPEVQOE SD\JTV.JT)VEVH TAQTOPREE
LPIMHODWLN GKEFKCRVNS AAFPAPTEKT ISKTKGRPKA POVY IlPPBK g‘M_r »\L'&"\J"SL
TCMITDFFPE DITVEWCQWNG QPAENYKNTQ PIMDTDGSYE IYSKLNVQOKS NWEAGNTETC
SVLHEEGLHNH HTEKSLSHSB G {8EQ ID NO: 117}

7«',

H
'—-i

03]

ALTQPASVEA NPCGETVRIAC SCGGDYYSYYY CGWYQOKAPRPGE ALVIVIYSDD DIPSRE
SGSASGSTAT LTITGVRAED EAVYYCGGEYD YSTYANAFGA GTTLTVLGOP POSVTLEFPR
PSSEELETNK ATLVCTITDE YPGVVITVDWK VDGTPVTQOGM ETTOFSKQOSN NKYMASSYLT
LTARAWERHS SYSCOVTHEG HIVEKSLSRA DCS (SEgQ ID NOC: 118}
DVOLVESGGG VVERPGESLRL SCAASGETES SYAMSWVEQA PGKGLEWLAG ISAGGSDTYY
IDSVEGRETI SRDNPENSLY LOMSSLTAED TAVYYCARET WNHLFDYWGL GTLVIVSSAK
TTPPSVYPLA PGSAAQTNSM VTLGCLVEGY FPEPVIVIWN SCSLSSGVHT FPAVLOSDLY
TLSSSVIVPES STWRSET \7TCf NVAHFASST .: VDEKKIVPRDC GCKPCICTVE EVSSVEIEFPPR
KPXDVLTITL TPREVTCVVVD ISKDDPEVQOE SWEVDDVEVH TAQTQOPREEQD FASTEFRSVIE

LPIMHODWLN GKEFKCRVNS AAFPAPT FP\’T ISKTKGRFPKA POVYTIPPPK EOMAKDRVSL
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TCMITDEFPPE DITVEWQOWNG QPAENYXKNT(C PIMDTDGEYE
SVLHEEGLHNH HTEKSLSHS PG {(SEQ ID NO: 120}

SKLNVOKS NWEAGNTETC

}._.

,_/‘.J

ALTOPASVEA NPGETVEITC SGGDYYSTYY AWYQOKSPGS APVTVIHSDD KEPSDIPSRE
SGSASGIAAT LIITGVRVED BEAVYYCGGYD GRTYINTEGA GTMTTVLGQ? KSSPSVTLE
CVTOGM ETTOPSKQOSN NKYMASSYLT

PSSEELETNK ATLVCTITDE YPGVVITVDWK VDGTP
LTARAWERHS SYSCQVTHEG HIVEKSLSRA DCS (SEQ ID NO: 1213

[3162] To prepare anti-SIRP muoltimer E, SEQ I NGs: 117 and 118 were expressed in 293FS cells.
The multimer was purified by standard Protein A affimity chromatography method according to
manufacturer’s recommended protocol (MabSelect LX, Cytiva) and dialyzed mto 1x phosphate buffered
saline. Anti-SIRP mudtimer F was prepared by expressing SEQ 1D NQOs: 120 and 121 18 293F cells and

purifying the multimer as described for anti-SIRP multimer E.

Example 3: Mitigating the interference of drugs that comprise {i} an antibody Fe region and {ii} a
maiety that binds to huoman CD47 in rowtine sevological fests using anti-SIRP puftimer E or anti-

SIRP pueltimer F.

[3163] Experiments were performed to compare the degree to which anti-SIRP multimer E and anti-
SIRP multimer F can mitigate the mterference of Drug A in a solid phase red cell adherence assay
{(SPRCA). The SPRCA assay was performed as described i Example 3. As shown 1 FIG. 8, both
anti-SIRP multimer E and anti-SIRP multimer F are able to mitigate interference of Drug A

equivalently, at addition of molar ratio of at least | 25x relative to Drug A
Example 6: Preparation of exermplary anti-SIRP multimer &

[3164] Anti-SIRP multimer G comprises a heavy chain that comprises SEQ ID NO: 119 and a hight
chain that comprises SEQ D3 NG: 118,

DVQLVESGGGE VVRPGESLRL 3CAASGFTFS SNAMSWVRQA PCGKGLEWLAG ISAGGSDTYY
PASVEKGRETI SREDNSKNTLY LOMNTLTAED TAVYYCARET WNHLFDYWGL GTLVTVSSAK
TMADSVVP%ﬁ PVCGDTTGSS VITLGCLVKGY FPEPVTLTWN SGSLSSGVHT FRAVLOSDL
STWPSQOSITC NVAHPASETK VDEKIEPRGY TIKPCPPCKC P}rNLAZGTS
VFIFHPKIHD VIMISLSPIV TCVVVDVSED DPDV ”T“Wﬁv N\JF %mb”T QTHREDYNST

VSALPIQ HODWMSGKER KCEVNNKDLY APIERTISKP KGSVRAPQOVY VLPPPEEEMT
(\QMILl CMV TDEMPEDIYV EWITNN NVYRNTEPVLD SDGSYFMYSK LEVEKKNWVE
RNSYSCSVVH EGLENHHTTE SPSETPG (SEQ ID NO: 119}

TOCPASVSA NPGETVEIAC SGGDYYSYYY GWYQOKAPGS ALVIVIYSDD KRPSDIPS
SGSASGSTAT LTITGVRAED EAVYYCGGEYD YSTYANAFGA GTiLTqu”V KSEPESVTL
FSSEELETNE ATLVCTITDE YPOGVVTVDWE VDGTEVTQOGM ETTOPSKCOIN NEKYMASSYLT

S

LTARAWERHES 3SYSCOVTHEG HITVEKSLSRA DCS {SEQ ID NO: 118}
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81658 To prepare anti-SIRP multimer G, SEQ ID NOs: 118 and 119 were expressed in
pre;

recombinant host cells. The multimer was purified by standard methods.
Fxaraple 7: Drug A interferes with Mood-typing assays perforsmed asing o vaviety of platforas.

[4166] Based on previous results on Drug A’s potential to interfere with RBC antibody screening
{see, e.g., Kim er ol (2020} Transfusion. 1-9; dor: 10111 1/irf 16009}, Drug A was spiked into normal
pooled plasma that had been confirmed to be free of antibodies that bind red blood cell surface antigens.
Patient plasma samples used in this study were collected as a part of routine care in a hospital setting,
Final concentrations of Drug A were 0.1, 1, 10, 100, 1000, and 2000 ng/mi and tested m gel card
format using Bio-Rad antibody screening cells I and I (Table 1), in solid phase using Immucor’s
automated, high~-throughput NEO® system (Tadle 2}, and using Dhagast’s avtomated, high-thronghput
Qwalys 3 system for antibody screening cells |, I and I (Tadle 3} As show in Tables I-3, The
agelutination reactivities ranged from 2+ to 4+ {on a scale of 0 to 4+) and were observed across the
Dirag A concentrations tested, suggesting that the binding of Drug A to RBCs and the interaction of the
Fe portion of Drug A with the AHG reagents interferes with the aforementioned assays using the
aforementioned formats. Reagents were used according to manufacturer’s protocols. Bio-Rad reagent
wformation mcludes Antibody screening T cell and I cell: ID-DiaCell I rr phenotype from ID cell:
IB-EnaPanel; Gel card: ID-Card. The gel card assay was conducted according to manufacturer’s
protocol. Briefly, 50 ul of 0.8% RBC suspension and 25 ul. of plasma were utilized; 15 mun
mcubation at 37°C, 10 mun centrifugation with Bio-Rad ID-Centrifuge. The plasma was pooled plasma

from patients confirmed to be group AB and contained no alisantibodies.

Table 1. Resalts of D3rug A Interference Experiments in Gel Card (Bio-Rad)

Antibody Screening
Spiked Drug A (iiS“E/ﬁcE:RE, (ﬁogi/iifggi&, iifgﬁff%iﬁ (gmti:it’s cell)

(pg/mi) RBCs) RECs) 1D cell
2000.00 34 3+ 34 1+
1000.00 3+ 3+ 3+ 3+
166.0 3+ 3+ 3+ 24
16.0 3+ 3+ 3+ 2+
1.8 34 2+ 3+ 2+
8.1 2+ 2+ 2+ 2+

60
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[6167] Reagents for the NEQ® solid phase platform were supplied by Immucor for routine use with
the NEO® systerm. Reagent mcluded Capture-R Ready-Screen (1 and ). Reagent red cells (in the form
of red cell stroma) were bound {0 test wells at the time of manufacture. Plasma volume per well was 25

uk.

Table 2, Results of Drug A Interference Experiments in NEO® Sofid Phase Platform.

Antibody Screening using Solid Phase Testing
Spiked Drug A I {(RIR}, 1 (R2RD,

{pg/ml) coated RBCs) coated RBCs)

200000 4+ 4+

1000.00 4+ 4+

100.0 4+ 4+

10.9 4+ 4+

1.0 4+ 4+

6.3 4+ 4+

[0168] Routine reagents used with the QWALYS 3 platform (Brythrocyte Magnetized Technology
{EMT)) were supplied by Diagast. One reagent was Hemascreen I-I1-1 (1% magnetized red cells).

Red cell and plasma volume per well were 15 and 15 ul, respectively.

Table 3. Results of Drug A Tnierference Experiments in QWALYS 3 Platform

Antibody Screening
Spiked Drag A I(RIRI, H (R2R2, 18 (rr,

{peg/mi) maguetized RBCs) | magnetized RBCs) | magnetized RBCs)
2000.00 4+ 4+ 4+
1660.00 4+ 4+ 4+
160.0 At 4+ 4t
16.0 4+ 4+ 4+
1.0 4t 4 4+
6.1 4+ 4+ 4+

1#169] The data 1 Table I show that Drug A caused 2+ 1o 3+ agglutimation reactivity m gel card

testing (Bio-Rad). Comparable agglutination reactivity was observed in gel card testing using P- -, ie.,
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RBCs with significantly decreased CD47 expression, as well as in gel card using rr, i.e., RBCs with
high CD47 expression. The data in Tables 2 and 3 show that Drug A caused 4+ agglutination reactivity
i high-throughput sohid phase testing (NEQ®, QWALYS®), even at very low concentrations of Drug

A

Example 8: Mitigating the interference of drags that comprise (§) an antibody Fc region and (ii} a

maoiety that binds to human CD4E7 in routine serplogical tests using anti-SIRP multfimer G

16176 Experiments were performed to assess the degree to which anti-SIRP multimer G nutigates
the interference of Dirug A in a gel card assay. Assays were performed as described in Exarple 7. In
one series of tests, Multimer G was added to plasma samples to achieve a final concentration of 0.1, 1,
10, 100, 1000, or 2000 pug/ml. Gel card serological assays were performed. As shown m Table 4, a 6-
fold molar excess of anti-SIRP multimer G relative to Drug A mutigated interference of Drug A when
Drug A was present in the sample at a concentration of 2000 yg/mL. A 4-fold molar excess of anti-
SIRP multimer Grelative to Drag A mutigated interference of Drug A when Drug A was present m the
sample at a concentration of 1000 pg/mi. A 3-fold molar excess of anti-SIRP multimer (G nutigated the

mterference of Drug A when Drug A present in the sample at concentrations between 0.1 and 100

ug/ml.
Table 4. Mitigation of Interference by Drug A in Gel Card using Mulfimer G
Molar Excess of Multimer G
x1 <2 3 4 x5 %6
Spiked X X X X x5 X
Drug A
LOn
(ug/mL) 1 [H T 1 nofou { it i wof o I v R |
2066.8 1+ Tof ot 05 P05+ ] 1 | 05 | 05 | 05 | 05 | 05+ | 050 105+ L 05 {05 0 | 0 | 9
19086 § 05+ | 05+ | 05+ | 05+ 1 05+ | 05+ | 05+ [ 05+ | 65+ | 0 o 0 0 0 0 6L oo
1888 2+ S I S R A B % 9 9 6 6 6 6 0 0 o f 0 fo
18.8 2| 26 | 2e 0 6 {05+ o 9 9 8 8 0 0 0 0 I I
18 2+ E O A 6 los+] o 0 0 B B 0 0 0 0 o b o oo
8.1 i+ E I N 6 Lost] o o o B B 0 0 0 0 o b o oo
£ 8.8% RIRI RBC; I 0.8% R2R2 RBC; §I: 8.8% rr RBC, RBC aund gel card were purchased from Bio-Rad.
18171} Next, Drug A was added to plasma samples containing anti-Ika or anti-E antibodies (1.¢.,

known alloantibodies) to achieve a final Drug A concentration of 0.1, 1, 10, 100, 1000, or 2000 ug/mi.
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Gel Gard assays were performed. As shown in Table 3, Drug A, present in the plasma at concentration
of 2000 pg/mL, mterfered with the detection anti-Jka and anti-E alloantibodies. Multimer G neutrahized
the interference of Dirug A without interfering with the detection of the anti-Jka and anti-E

alloantibodies.

Table 5, Mitigation of Interference by Drug A in Gel Card using Multimer G

, . ¥ i H
S 3o < . I; - _ i . 7 . i -
piked Drug A con (ug/ml.) (RIRT, Ska-Bkbe) | (RIR2, Jka+tdib-) | (rr, Bhatdkbo)
Only anti-E 0 I+ 0
Only anti-fka 0 -+ I+
Brog A 20000 + Anii-E 3+ 3+ 3+
Brug A 2080.0 + Anti-fka 3+ 3+ 3+
Prug A 2008.0 + Anti-E+ Multimer & x6 0 i+ O
Brug A 2800.0 + Anti-3ka o -+ 14
+ Mullimer & x6

i:0.8% RIRI RBC; H: 0.8% RZR2 RBC; IHi: 0.8% vv RBC. BBC and gel card were purchased from Bio-Rad.

[6172] The data in Tables 4 and § support the conclusion that anti-SIRP Multimer G nutigates the
imterference caused by Drug A present in plasma. Such mutigation permits the detection of

alloantibodies n the plasma via gel card assays.

Example 8: The interference in serological assays caused by drugs that comprise (i) an antibody Fe
region and ({i} a moiety that binds to haman CD47 can mitigated using Maltimer G across a variety

of platfornis.

{6173} Further tests were performed to assess the degree to which Drug A mterferes with
serological assays in tube test and gel card formats. Plasma samples {AB inert plasma) were spiked with
Drug A 1o achieve a final Drug A concentration of 31.25, 125, 500 or 2000 pg/ml. In tube tests, the
presence of Drug A in plasma at concentrations of 500 pug/mi and 2000 ug/ml caused a strong postitve
direct antiglobalin test (BAT). Drug A at 31.25 pg/ml and 2000 ug/ml concentrations tested did not
interfere with ABO forward and reverse typing or with Rhi} typing. Interference was observed in RhD
tvping for weak D at AHG due to the positive DAT. Drug A at all concentrations tested (31.25 pg/ml,
125 pg/ml, 500 pg/mil and 2000 pg/mi) did not imterfere with antibody screen at mitial spin (where

traditional ABO incompatibility was being tested) but caused strong agelutination with all celis in
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mdirect antiglobulin testing (IAT) using PEG and both AHG reagents tested (Immucor and Ortho). In
the gel card testing, Drug A caused strong positive agglutination with all tested cells at all
concentrations of Drug A (e, 31.25 ug/mi, 125 pg/mi pg/mi, 500 pg/ml and 2000 pg/ml). (Datanot

shown.)

16174} Multimer G (100 mg/ml), when added to plasma at a ratio of 1:10 {(v/v, Multimer G:plasma)
and incubated for 15 minutes at room temperature, eliminated interference of Drug A present 1o the
plasma at a concentration of 500ug/ml. See Table 4. Multimer G (100 mg/ml), when added to plasma
at a ratio of 1:10 {(v/v, Multimer (G:plasma)} and incubated for up to 60 minutes at room temperature or at
37°C, partially mutigated mterference by Drug A (“vw=+", or “very weak +,” which falls between 0 and
1+}, when present in plasma at a concentration of 2000 pg/mi, but antibody screen remained positive
{“wi+” or “weak 1+,” which falls between 0 and 1+}. See Table 68. Reactivity in the antibody screen
was greatly diminished, but remained weakly positive, in testing by PEG-IAT, and LISS-IAT. See
Table 6C.

Table 64. Newtralization and 3 cell antibody screen — 13 min af Room Temp.

Drug A 500 pg/mL with Multimer G Drug A 1 sma
alone
RBC RIR1 RIR2 rr RIRI RIR1
sample
Gel Card 0 0 0 3+ 0
SCHYe

Table 68, Neutralization and 3 cell antibody screen — 68 min af Room Temp

Drug A 2000 pg/mL with Multimer G ﬁ;éiif plasma
RBC RIR1 RIR2 oy RIR1 RIR1
sample
Gel Lard vw vwt wi+ 3+ 0
SCHYe

Table 6C. Neutralization Stady in IAT formu

Drug A 2000 ug/ml Plasma
with rr RBCs Only
Without With
Multimer | Multimer NA
G G
LISS 12 4-5 (1+) 0
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| PEG |11 | 4s{n | 0 |

[0175] The use of Multimer G did not affect reactivity of alloanti-D by LISS or PEGIAT or by the

gel card test. See Table 7. The use of Multirer G did not affect reactivity of alloanti-K by LISS or

PEGIAT or by the gel card test. See Table 8.

Table 7, Resulis of Alloanti-I) Testing®

" . 1560 pg/ml Drug

Test Format Celt Anti D 1300 pg/mi Dvug | 0 ip

A+ Anti-D . y

Multimer &
LISS-IAT D+ 11 3 il
D- 0 10 O
PEG-IAT D+ 9 1§ 9
D- 0 9 0
Gel Card D+ 3+ 3+ 3+
D- 0 2+ t

*Seoring ranges between §-12, with 12 indicated highest reactivity

Table 8. Results of Alfoarati-K Testing*

" ] 1566 ng/mi Drug
Test Format Cell Anti-K 13“2 f%‘“ﬁfﬁ“g A+ Anti-K +
A ARt Multimer G
LESS-FATY K+ 11 12 11
K- 8 1 0
PEG-IATY K+ 10 12 ii
K- 0 O
el Card KA+ 2+ 3+ 2+
K- 0 2+ 0

*Scaoving ranges between 0-12, with 12 indicated highest reactivity
16176} As shown in Table 94, Drug A causes agglutination in LISS TAT, PEG IAT, and gel card
test formats.

Table 84, Drug 4 reactivity in Serolpgical Assays

Brug A Concentration in AB Inert plasma (gg/ml)

Controls
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AB AR Inert:
7 ' § :
54 16480 1258 1866 2800 et Buffer (1:10)
LISSIAT 348 4+ 4+ 34° 348 { 0
PEGIAT 4+ 344 342 348 343 { 0
Gel Card 3+ 3+ 3+ 3+ 3+ 0 0
Test
*REC membrane layer observed at top of AB inert control; 3+° = “strong 3+7
18177} The following results are presented in Table 98 Multimer G (150 mg/ml) was added to

plasma at a ratio of 1110 (v/v, Multimer Gplasma). Afier 30 nunutes of incubation, interference by
Drug A, when present in plasma at 750 ug/ml or 1000 pg/mL, was fully mitigated by Multimer Gin the
LISS IAT test. After 30 miunutes of incubation, mterference by Drug A, when present in plasma at 1250
pg/ml, 1500 pg/mi, or 2000 ug/rol, was virtually abolished (micro+ reactivity) by Multimer G in the
LISS IAT test. After 30 munutes of incubation, mterference by Drug A at all concentrations tested (750
pe/ml, 1000 pg/mi., 1250 pug/ml, 1500 pe/mL, and 2000 ug/ml) was greatly diminished {1+ or micro+)
by Multimer G in the PEG TAT test. After 30 minutes of incubation, interference by Drug A, when
present in plasma at 750 pg/mi, 1000 pg/mi., or 1250 ug/ml., was fully matigated by Multimer G in the
Ig(s gel test. After 30 munutes of incubation, interference by Drug A, when present in plasma at 1500

ug/ml or 2000 pg/ml., was greatly diminished I+ or +/-) by Multimer G in the 1gG gel test.

Table 98, Newtralization Assays — 30 sinute

Drug A Concentration in AB Inert Plasma® (ug/mi)
756 1666 1250 1560 20060
LISS (Neut. 1:16 , . .
vircret fierot+ Mieret
Multimer G: 30 min) ¢ & Micro Micre Micre
PEG (Meut. 1:18 . . . .
+ rot Tiero+ + +
Multimer G; 30 min.) Micre Micre Micre Micre i
Gel Card Test & h 8 {(+/-} i+

* AR inert plasma is used as negative control for IAT tests

[8178] The following results are presented in Table $C. Multimer G (150 mg/mi} was added to plasma
at a ratio of 1:10 (v/v, Multimer Gplasma}. After 60 munutes of incubation, interference by Drug A,
when present in plasma at 750 pg/ml, 1000 ug/mb, or 1250 pg/ml, was fully mitigated by Multimer G
in the LISS IAT test. After 60 nunutes of incubation, interference by Drag A, when present in plasma at

1500 pe/mL, was virtually abolished (micro+ reactivity} by Multimer G in the LISS TAT test.
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Mitigation of interference by Drug A, when present in plasma at 2000 ug/mi., by Multimer G was not
assessed in the LISS TAT test in this experiment. After 60 moinutes of incubation, interference by Drug
A, when present in plasma at 750 pg/mL, 1000 yg/mL, 1250 ug/mi., or1500 pg/mlL, was virtually
abolished {micro+ reactivity} by Multimer G in the PEGIAT test. Mitigation of interference by Drug
A, when present in plasma at 2000 pg/ml, by Multuner G was not assessed in the PEGIAT test in this
expertment.  After 60 munutes of incubation, interference by Drug A, when present in plasma at 750
pg/mi or 1000 pg/mb, was fully mitigated by Multimer G, and when present in plasma at 1250 pg/mbL
or 1500 pg/mL, was greatly dinumshed (weak+ or +/-) by Multimer G 1n the TgG gel test. Mitigation of
mterference by Drug A, when present in plasma at 2000 pg/ml, by Mualtimer G was not assessed in the

IgG gel test.

Table 9C., Neutralization Assays — 68 minute

Drug A Concentration in AB Inert (ug/mb)
7S¢ 1000 1250 1500 2006
LISS (Meut. 1:10 . A S
Muitimer G) 0 O G Microt NT
PEG (Neut, 1:18 N N e R
Multimer G) Micro+ Micro Micro Micro+ NT
Gel Card Test (Neut. " " p—
1:10 Multimer G) 0 0 (+-) e N1

*NT = pof tested
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CLAIMS

i A method of reducing drug mterference in a serological assay using reagent red blood cells
{RBC) or reagent platelets, said method comprising:

{a}) adding a CD47 multimer that binds to the drug and blocks the drug from binding the reagent
REBC or the reagent platelets to a plasma sample from a subject who has received treatroent with the
drug; and

(b} performing the serclogical assay of the plasma sample after step (a), using the reagent RBC
or the reagent platelets,

wherein the drug comprises (i) a human antibody Fo region or variant thereof and (1) a moiety
that binds to human CD47, and

wherein the CD47 multimer comprises at least two CD47 polypeptide monomers.

2. The method of claim 1, wherein the CD47 mudtimer comprises between 2 and 100 CD47
polypeptide monomers.
3. The method of claam 1 or 2, wherein the CD47 mudtimer comprises a CD47 polypeptide

monomer that comprises a wild type CD47 or fragment thereof that is capable of binding the drug.

4. The method of claim 3, wherein the CD47 multimer comprises a CD47 polypeptide monomer
that comprises a wild type human CD47, a wild type mouse (D47, a wild type rat CD47, a wild type
thesus CD47, a wild type cynomolgus €47, or a fragment of any one of the preceding that 1s capable

of bindmg the drug.

5. The method of any one of claims 1-4, wherein the CD47 multimer comprises a CD47

polypeptide monomer that comprises the amino acid sequence of SEQ ID NO: 1

6. The method of any one of claims 1-5 wherein the CD47 multimer comprises a CD47
polypeptide monomer that comprises a CD47 variant comprising one o1 more anuno acid substitutions,
msertions, deletions, N-terminal extensions, or (-terminal extensions relative to a wild type (D47 or

fragment thereof that is capable of binding the drug.

7. The method of claim 6, wherein the CD47 multimer comprises a CD47 polypeptide monomer

that comprises the amino acid sequence set forth in any one of SEQ ID NOs: 2-6.
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8. The method of any one of claims 1-7, wherein the CD47 multimer comprises a CD47

polypeptide monomer that comprises a fusion polypeptide.

S. The method of claim 8, wherein the fusion polypeptide comprises a multimerization domain.
10. The method of clam 9, wherein the multimen zation domaim comprises an Fo monomer, a ¢-Jun

feucine zipper domaim, or a ¢-Fos leucine zipper domain.

11. The method of claim 10, wherein the Fe monomer 1s a2 murine Fe monomer,

i2, The method of claim 11, wherein the murine Fc monomer comprises an amino acid sequence set

forth in any one of SEQ ID NO: 81-83.

i3 The method of any one of claims 8-12, wherein the fusion polypeptide comprises an amino acid

sequence set forth 1n any one of SEQ I3 NG: 84-86,

14, The method of any one of claims 1-13, wherein the CD47 mudtimer comprises a (D47

polypeptide monomer that comprises an epitope tag or a ligand.

i5. The method of claim 14, wherein the eptiope tag comprises any one of SEQ 1D NOs: 7-32 and

126, or wherein the higand comprises biotin.

16, The method of any one of claims 1-15, whereimn the CD47 multimer comprises a soluble CD47

polypeptide monomer.

17. The method of any one of claims 1-16, wherem the at least two CD47 polypeptide monomers

are linked via peptide bond.

18. The method of any one of claims 1-16, wherem the at least two CD47 polypeptide monomers

are linked via linker peptide.

9. The method of claim 18, wherein the hinker peptide comprises any one of SEQ ID NG 85-109,
127-130, 140, and 141,
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20. The method of claim 18 or 19, wherein the hinker peptide comprises one or more spacers.

21 The method of claim 20, wheremn the spacer comprises G5, GGS, or any one of SEQ 1D NOs:
52-70.

22. The method of any one of claims 1-16, wherem the at least two CD47 polypeptide monomers

are attached to a solid support.

23. The method of claim 22, whereimn the solid support is a gold nanosphere, a gold nanoshell, a

magnetic bead, a silica bead, a dextran polymer, a tube, a slide, a gel column, or a mucrotiter well.

24. The method of claim 22 or 23, wherein each of the at least two CD47 polypeptide monomers
comprises an epitope tag or a ligand, wherein a capture agent that specifically binds the epitope tag or

ligand is inunobilized on the solid support, and wherein the CD47 polypeptide monomers are attached to

the solid support by the specific binding of the epitope tag or ligand by the capture agent.

25. The method of claim 24, wherein the ligand is biotin and wherein the capture agent is
streptavidin,
26. The method of any one of claims 22-24, wherein at least one of the at least two CD47

polypeptide monomers comprises SEQ 1D NO: 6.

27. The method of any one of claims 1-16, wherein the CD47 multimer comprises a streptavidin or

avidin bound to 2, 3, or 4 biotinylated CD47 polypeptide monomers.

28. The method of claim 27, wheremn at least one of the 2, 3, or 4 bictinylated CD47 polypeptide

monomers comprises SEG ID NO: 6

29, The method of any one of claims 1-28, wherem the CD47 muiltimer 1s a homomultimer,
30 The method of any one of claims 1-28, wherem the CD47 multimer 18 heteromultimer,
31 A method of reducing drug interference in a serological assay using reagent red blood cells

{RBCs), reagent platelets, or a combination thereof said method comprising:
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{a} adding a SIRP multimer that specifically binds to human CD47 to the reagent red blood cells
{RBCs), reagent platelets, or combination thereof; and

(b} performung the serological assay of a plasma sample using the reagent red blood cells
(RBCs), reagent platelets, or combination thereof of step (a},

wherein the plasma sample 1s from a subject who has received treatroent with a drug,

wherein the drug comprises (1) an antibody Fc region and (i1} a motety that binds to human
CD47 and

wherein the SIRP multimer comprises at least two SIRP polypeptide monomers.

32 A method of reducing drug interference in a serological assay using reagent red blood cells
{RBCs), reagent platelets, or a combination thereof, said method comprising:

(a} adding a SIRP muldtimer that specifically binds to human CD47 to a plasma sample from a
subject who has received treatment with a drug; and

{b) performing the serological assay of the plasma sample after step (a) using the reagent red
blood cells (RBCs}, reagent platelets, or combination thereof,

wherein the drug comprises {1} an antibody Fe region and (i1} a motety that binds to human
D47, and

wherein the SIRP multimer comprises at least two SIRP polypeptide monomers.

33 A method of reducing drug interference in a serological assay of a blood sample containing
reagent red blood cells {RBCs), reagent platelets, or a combination thereof, said method comprising:

{2} adding a SIRP multimer that specifically binds to human CD47 to a blood sample from a
subject who has received treatment with a drug; and

(b} performung the serological assay of the blood sample after step (3},

wherein the drug comprises {1} an antibody Fe region and (i1} a motety that binds to human
D47, and

wherein the SIRP multimer comprises at least two SIRP polypeptide monomers.

34, The method of any one of claims 31-33, wherein the SIRP multimer comprises between 2 and

100 SIRP polypeptide monomers.
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35. The method of claim any one of claims 31-34, wherein the SIRP muitimer comprises a SIRP
polypeptide monomer that comprises a wild type SIRPa or fragment thereof that 1s capable of binding

human CD47.

36. The method of claim 35, wherein the SIRP multimer coroprises a SIRP polypeptide monomer
that comprises a wild type human SIRPo, a wild type mouse SIRPa, a wild type rat SIRPe, a wild type
thesus SIRPa, a wild type cynomolgus SIRPoLor a fragment of any one of the preceding that is capable

of binding human CD47.

37. The method of any one of claims 31-36, wherein the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a SIRPo variant comprising one or more amino acid substitutions,
msertions, deletions, N-termunal extensions, or C-terminal extensions relative to a wild type SIRPx or a

fragment thereof that 15 capable of binding to CD47.

~

38. The method of any one of claims 31-37, wherein the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a wild type SIRPy or fragment thereof that 1s capable of binding

human CD47.

30 The method of claim 38, wherein the SIRP multimer comprises a SIRP polypeptide monomer
that comprises a wild type human SIRPy, a wild type mouse SIRPy, a wild type rat SIRPy, a wild type
thesus STRPy, a wild type cynomolgus SIRPy, or a fragment of any one of the preceding that 1s capable

of binding human CD47.

490. The method of any one of claims 31-39, wherein the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a SIRPy vanant coroprising one or more amino actd substitutions,
msertions, deletions, N-termunal extensions, or C~ternunal exiensions relative to a wild type SIRPy or

fragment thereof that is capable of hinding to CD47.

41 The method of any one of claims 31-40, wherein the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a SIRPS variant comprising one or more amino acid substitutions,
msertions, delefions, N-termunal extensions, or C-terminal exiensions relative to a wild type SIRPB or

fragment thereof, wherein the SIRPR vanant or fragment thereot 15 capable of binding to CD47.
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42. The method of any one of claims 31-34, 37, 40, and 41, wherein SIRP multimer comprises a

SIRP polypeptide monomer that comprises the amino acid sequence of any one of SEQ 1D NOs: 33-45,

43 The method of any one of claims 31-42, wherein the SIRP multimer comprises a SIRP

polypeptide monomer that comprises a fusion polypeptide.

44, The method of claim 43, wherein the fusion polypeptide comprises a multimerization domain.
45, The method of claim 44, wherein the multimerization domain compnises an Fe monomer, a ¢~

Jun leucine zipper domain, or a c-Fos leucine zipper domain.

46, The method of claim 45, wherein the Fo monomer 1s a murine Fe monomer,

47. The method of claim 46, wherein the murnine Fc monomer comprises an amino acid sequence set

forth in any one of SEQ ID NO: 81-83.

48. The method of any one of claims 43-47, wherein the fusion polypeptide comprises an amino

acid sequence set forth in SEGQ ID NO: 110

49 The method of any one of claims 31-48, wherein the SIRP multimer comprises a SIRP

polypeptide monomer that comprises an epitope tag or a ligand.

50. The method of claim 49, wherein the epttope tag comprises any one of SEQ 1D N(s: 7-32 and

126, or wherein the higand comprises biotin.

~

51 The method of any one of claims 34-50, wheren the SIRP multimer comprises a soluble SIRP

polypeptide monomer.

52. The method of any one of claims 31-51, wherein the at least two SIRP polypepiide monomers

are linked via peptide bond.

53. The method of any one of claims 31-51, wherein the at least two SIRP polypepiide monomers

are linked via linker peptide.
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54. The method of claim 53, wherein the linker peptide comprises any one of SEQ 1D NQOs: 85-109,
127-130, 140, and 141

55, The method of claim 53 or 54, wherein the linker peptide comprises one or more spacers.
56 The method of claim 35, wheremn the spacer comprises G5, GGS, or any one of SEQ 1D NOs:
52-70.

57. The method of any one of claims 31-51, wherein the at least two SIRP polypeptide monomers

are attached to a solid support.

58. The method of claim 57, wherem the solid support 18 g gold nanosphere, a gold nanoshell, a

magnetic bead, a silica bead, a dextran polymer, a tube, a slide, a gel column, or a mucrotiter well.

59. The method of claim 57 or 58, wherein each of the at least two SIRP polypeptide monomers
comprises an epitope tag or a ligand, wherein a capture agent that specifically binds the epitope tag or

higand 1s immobilized on the solid support, and wherein the SIRP polypeptide monomer are attached to

the solid support by the specific binding of the epitope tag or ligand by the capture agent.

60. The method of claim 59, wherein the ligand is biotin and wherein the capture agent is
streptavidin,
61. The method of any one of claims 57-60, wherein at least one of the at least two SIRP

polypeptide monomers comprises SEQ ID NO: 111

62. The method of any one of claims 31-51, wheremn the SIRP multimer comprises a streptavidin or

avidin bound to 2, 3, or 4 biotinylated SIRP polypeptide monomers.

63. The method of claim 62, wheremn at least one of the 2, 3, or 4 bictinylated SIRP polypeptide

monomers comprise SEQ ID NO: 111

64. The method of any one of claims 3163, wheremn the SIRP multimer s a homonudtimer.

65. The method of any one of claims 31-63, wherein the SIRP multimer is heteromultimer.
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66, A method of reducing drug interference in a serclogical assay using reagent red blood cells
{RBC) or reagent platelets, said method comprising:

(a} adding an anti-SIRP multimer that binds to the drug and blocks the drug from binding the
reagent RBC or the reagent platelets to a plasma sample from a subject who has received treatment with
the drug; and

{(b) performing the serological assay of the plasma sample after step (a}, using the reagent RBC
or the reagent platelets,

wherein the drug comprises (i} a human antibody Fc region or variant thereof and {11} a moiety
that binds to human CD47, and

wherein the anti-SIRP multimer comprises one or more anti-SIRP antibodies or drug-binding

fragments thereof.

67. The method of claim 66, wherein the anti-SIRP multimer comprises between 1 and 100 anti-

SIRP antibodies or drug-binding fragments thereof.

68. The method of claim 66 or 67, wherein the anti-SIRP multimer comprises an anti-SIRP antibody
or drug-binding fragment thereof that binds to a wild type SIRPo, a SIRPo¢ variant, a SIRPR vanant, a

wild-type SIRPy, a SIRPy vanant, or any two or more of the preceding,

69, The method of any one of claims 66-68, wherein the anti-SIRP multimer comprises an anti-SIRP
antibody or drug-binding fragment thereof that comprises:

{(a} a heavy chain variable domain (Va) that comprises SEQ D NO: 46 and a light chain varniable
domain (Vi) that comprises SEQ ID NO: 47;

{b) a heavy chain variable domain (Vu) that comprises SEQ 1D NO: 48 and a light chain
variable domain (V1) that comprises SEQ 1D NO: 49;

{¢) a heavy chain variable domain (Vi) that comprises SEQ 1D NO: 50 and a light chain variable
domain (Vi) that comprises SEQ 1D NO: 51,

(d} a heavy chain varable domain (Vi) that comprises SEQ ID NO: 113 and a light chain
vartable doroain (Vo) that comprises SEQ ID NO: 114;

{e} a heavy chain variable domain (Vi) that comprises SEQ 1D NO: 115 and a hight chain
variable domain (V1) that comprises SEQ D NO: 116; and/or

(£} a heavy chamn variable domain (Vi) that comprises SEQ 1D NG: 133 and a hght chain

variable domain (Vi) that comprises SE( ID N{» 134
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70. The method of any one of claims 66-69 wherein the anti-SIRP multimer comprises a full length

anti-SIRP antibody.

71 The method of claim 70, wherein the anti-SIRP antibody comprises a murnne Fc domain.

72. The method of clam 71, wherein the murnine Fo domaim comprises an amino acid sequence set

forth i1 any one of SEQ 13 NOs: 81-83.

73. The method of any one of claims 70-72, wherein the anti-SIRP antibody comprises:

{2} a heavy chain that comprises SEQ ID NOG: 117 and a light chain that comprises SEQ 1D NO:

118;
{b) a heavy chain that comprises SEQ 1D NO: 119 and a hight chain that comprises SEQ ID NO:
118
(¢} a heavy chain that comprises SEQ D NO: 1206 and a light chain that comprises SEQ 1D NO:
121; or
{d) a heavy chain that comprises SEQ 1D NO: 122 and a light chain that comprises SEQ 1D NO:
121
74 The method of any one of claims 66-69, wherein the drug-binding fragment of the anti-SIRP

antibody 1s a Fab, a Fab’, an F{ab’)., a Fab’-SH, an Fv, a diabody, a one-armed antibody, an scFv, an

scFv-Fe, a single domain antibody, or a smgle heavy chain antibody .

75. The method of claim 74, wheremn the drug binding fragment comprises a F{ab™}2, and wherein

the F(ab™}2 comprises SEQ 1D NOs: 131 and 132

76. The method of any one of claims 66-75, wherein the anti-SIRP antibody or drug-binding

fragment thereof comprises an epttope tag or a hgand.

77. The method of claim 76, wherein the epitope tag comprises any one of SEQ 1D NOs: 7-32 and

126, or wheremn the higand comprises biotin,

78. The method of claim 74, wherein the epitope tag comprises HHHHHHGENIMFEAGKIEWHE
(SEGQ D NO: 135) or GSGSHHHHHHGLNDIFEAQRIEWHE (SEQ TD NG 126).
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79. The method of any one of claims 66-78, wherein the one or more anti-SIRP antibodies or drug-

binding fragments thereof are attached to a solid support.

80, The method of claim 79, wherein the solid support is a gold nanosphere, a gold nanoshell, a

magnetic bead, a silica bead, a dextran polymer, a tube, a slide, a gel column, or a mucrotiter well,

81 The method of claim 79 or 80, wherein each of the one or more anti-SIRP antibodies or drug-
binding fragments thereof comprises an epitope tag or a ligand, wherein a capture agent that specifically
binds the epitope tag or ligand 1s immobilized on the sohid support, and wherein the anti-SIRP
antibodies or drug-binding fragments thereof are attached o the solid support by the specific binding of

the epitope tag or higand by the capture agent.

82. The method of claim 81, wherein the ligand is biotin and wherein the capture agent is
streptavidin,
83 The method of any one of claims 66-78, wherein the anti-SIRP multimer comprises a

streptavidin or avidin bound to 2, 3, or 4 biotinylated anti-SIRP antibodies or fragments thereof

84 The method of claim 82, wheren the anti-SIRP multimer comprises the streptavidin or the
avidin bound to 2, 3, or 4 bistinylated F(ab™)2 fragments, whergin 2 or more of the biotinylated F{ab’}2

fragments comprise SEQ ID NOs: 131 and 132,

85. The method of any one of claims 66-84, wherein the anti-SIRP multimer is a homomultimer.

86. The method of any one of claims 66-84, wherein the anti-SIRP multimer 15 heteromultimer,

87. The method of any one of claims 1-65, wherein the drug comprises an anti-CD47 antibody.

88. The method of claim any one of claims 1-86, wherein the motety of the drug that binds to homan

D47 comprises a wild type SIRPo, a SIRPo variant, or a fragment of the wild type SIRPw or the

SIRPx variant.

89, The method of claim 88, wherein the moiety of the drug that binds to human CD47 comprises
the SIRPo variant, and wherein the SIRPo variant comprises one or more amino acid substitution{s},
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msertion(s}, deletion(s}, N-terminal extension(s}, and/or C-ternunal extension{s} relative to the wild

type SIRPa.

90, The method of claim 88 or 89, wherein the motety of the drug that binds to human CD47
comprises the fragment of the SIRPo variant, and wherein the fragment comprises an extraceliular

domain of the SIRPo variant.

o1 The method of any one of claims 1-86, wherein the moiety of the drug that binds to human
CD47 comprises a wild type SIRPy, a SIRPy vanant, or a fragment of the wild type SIRPy or the SIRPy

vartant,

92 The method of claim 91, wherein the moiety of the drug that binds to human CD47 comprises
the SIRPy vanant, and wherein the SIRPy vanant comprises one or more amino acid substitution{s},
msertion(s), deletion(s), N-terminal extension{s}, C~ternunal extension(s}, or any combination of the

preceding, relative to the wild type SIRPy.

83, The method of claim 91 or 92, wherein the moiety of the drug that binds t¢ human CD47
comprises the fragroent of the SIRPy variant, and wherein the fragment comprises an extracellular

domain of the SIRPy vanant.

94, The method of any one of claims 1-86, wheretn the moiety of the drug that binds to human

CD47 comprises a SIRPS variant or a fragment of the SIRPP variant.

95. The method of claim 94, wherein the moiety of the drug that binds to human CD47 comprises
the SIRPP variant, and wheretn the SIRP vanant comprises one or more aming acid substitution(s},
msertion{(s}), deletion{s}, N-terminal extension(s}, C-terromnal extension(s), or any combination of the

preceding, relative to the wild type SIRPS.

96, The method of claim 94 or 95, wherein the moiety of the drug that binds to human CD47
comprises the fragment of the SIRPR varnant, and wherern the fragment comprises an extracetlular

domain of the SIRPP varant.
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97. The method of any one of claims 1-96, wherein the antibody Fe region of the drug is a human

Ig(G Fe region or a variant thereof

98. The method of claim 97, wherein the human g3 Fe region is an g1, 12, or Ig(G4 Fe region,

or a vartant of an IgGl, 1gG2, or IgG4 Fe region.

99. The method of any one of claims 1-98, wherem the serological assay 1s an ABO/Rh typing

assay.

100, The method of any one of claims 1-98, wherein the serological assay 1s an immediate spin (I85)

assay.

101, The method of any one of claims 1-98, wheremn the serological assay 18 a direct antiglobulin

{DAT) assay using a polyspecific reagent that detects IgG and complement C3.

102, The method of any one of claims 1-98, wheremn the serplogical assay 18 a direct antiglobulin

{DAT) assay using a monospecific reagent that detects complement C3.

103 The method of any one of claims 1-99, wherein the serclogical assay is a PEG-enhanced

serological assay.

104, The method of claim 103, wherein the serological assay is an eluate test that 1s performed

following the DAT assay.

105, The method of any one of claims 1-104, wherein the serological assay 1s a tube assay or a sohd

phase red cell assay (SPRCA}

106,  The method of any one of claims 1-104, wheremn the serological assay is a gel card assay.

107 The method of any one of claims 1-104, wherein the serological assay is a solid phase assay.

108, A CD47 multimer comprising at least two (D47 polypeptide monomers,

109  The CD47 multimer of claim 108, comprising between 2 and 100 CD47 polypeptide monomers.

79



WO 2022/120286 PCT/US2021/062065

110, The CD47 multimer of claim 108 or 109, comprising a CD47 polypeptide monomer that

comprises a wild type CD47 or fragment thereof that 1s capable of binding the drug.

111, The CD47 multimer of claim 110, comprising a D47 polypeptide monomer that comprises a
wild type human CD47, a wild type mouse CD47, a wild type rat CD47, a wild type rthesus CD47, a
wild type cynomolgus CD47, or a fragment of any one of the preceding that is capable of binding the

drug.

112, The CDB47 multmer of any one of claims 108-111, comprising a CD47 polypeptide monomer

that comprises the aming acid sequence of SEQ 1B NG 1.

113, The CD47 multimer of any one of clairos 108-112, comprising a CD47 polypeptide monomer
that comprises a CID47 variant comprising one or more aming acid substitutions, msertions, deletions,
N-ternunal extensions, or C-terminal extensions relative to a wild type CDM47 or fragment thereof that is

capable of binding the drug.

114, The CD47 multimer of claim 113, comprising a CD47 polypeptide monomer that comprises the

amino acid sequence set forth 10 any one of SEQ 1D NQOs: 2-6,

115, The CD47 multimer of any one of claims 108-114, comprising a CD47 polypeptide monomer

that comprises a fusion polypeptide.

116,  The CD47 multimer of claim 115, wherein the fusion polypeptide comprises a multimerization

domain.

117 The CD47 multimer of claim 116, wherein the multimerization domain comprises an Fo

monomer, a ¢-Jun leucine zipper domain, or a ¢-Fos leucine zipper domain.

118, The CD47 multimer of claim 117, wherein the Fc monomer 15 a murine F¢ monomer.

P19 The CD47 multimer of claim 118, wherein the murine Fo monomer comprises an aming acid

sequence set forth 1n any one of SEQ 1D NG: 81-83,

20
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120, The CD47 multimer of any one of claims 113-119, wherein the fusion polypeptide CD47

polypeptide monomer comprises an anino acid sequence set forth i any one of SEQ 1D NG 84-86.

121, The CD47 multimer of any one of claims 108-120, wherein the CP47 multimer comprises a

47 polypeptide monomer that comprises an epitope tag or a ligand.

122, The CD47 multimer of claim 121, wherein the epitope tag comprises any one of SEQ ID NQs:

-

7-32 and 126, or wherein the ligand comprises biotin,

123, The CD47 multimer of any one of claims 108-122, wherein the CP47 multimer comprises a

soluble CD47 polypeptide monomer.

124, The CD47 multimer of any one of claims 108-123, wherein the at least two (D47 polypeptide

monomers are linked via peptide bond.

125, The CD47 multimer of any one of claims 108-121, wherein the at least two (D47 polypeptide

monomers are linked via linker peptide.

126, The CD47 multimer of claim 125, wherein the linker peptide comprises any one of SEQ 1D NO:

85-109, 127-130, 140, and 141

127 The CD47 multimer of claim 125 or 126, wherein the linker peptide comprises one or more

Spacers.

128, The CD47 multimer of claim 127, wherein the spacer comprises GS, GGS, or any one of SEQ

1D NQs: 52-70.

129 The CD47 multimer of any one of claims 108-123, wherein the at least two CD47 multimer

comprises more than one CB47 polypeptide monomers are attached to a sohd support.
130, The CD47 multimer of claim 129, wherein the solid support is a gold nanosphere, a gold

naneshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a shde, a gel column, or a microtiter

well.
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131, The CD47 multimer of claim 129 or 130, wherein each of the at least two CD47 polypeptide
MONOMETs Comprises an epitope tag or a hgand, wherein a capture agent that specifically binds the
epttope tag or higand is immobilized on the sohd support, and wherein the {47 polypeptide monomers

are attached to the solid support by the specific binding of the epiiope tag or ligand by the capture agent.

132, The CD47 multimer of claim 131 wherein the ligand 1s biotin and wherein the capture agent is
g :

streptavidin,

133, The CD47 multmer of any one of clasms 129-132, wherein at least one of the at least two CD47

polypeptide monomers comprises SEQ 1D NO: 6.

134, The CD47 multimer of any ouve of claims 108-123, comprising a streptavidin or avidin bound to
) Y g P

2, 3, or 4 biotinylated CD47 polypeptide monomers.

135, The CD47 multimer of claim 134, wherein at least one of the 2, 3, or 4 biotinylated CD47

polypeptide monomers comprises SEQ ID NO: 6.

136, The CD47 multimer of any one of claims 108-135, wherein the CD47 multimer is a

homomultimer,

137 The (D47 multimer of any one of claims 108-135, wherein the CD47 multimeris a

heteromultimer.

138, A SIRP multimer comprising at least two SIRP polypeptide monomers.

139, The SIRP multimer of ¢claim 138, wheremn the SIRP multimer comprises between 2 and 100

SIRP polypeptide monomers.

146, The SIRP multimer of ¢claim 138 or 139, comprising a SIRP polypeptide monomer that

comprises a wild type SIRPg or fragment thereof that 1s capable of binding human CD47.

141, The SIRP multimer of claim 140, wherein the SIRP multimer comprises a SIRP polypeptide

monomer that comprises a wild type human SIRPo, a wild type mouse SIRPa, a wild type rat SIRPg, a
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wild type rhesus SIRPa, a wild type cynomolgus SIRPw,or a fragment of any one of the preceding that

is capable of binding human CD47.

142, The SIRP multimer of any one of claims 138-141, wherein the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a SIRPo variant comprising one or more aming acid substitutions,
insertions, deletions, N-terminal extensions, or C-ternunal extensions relative to a wild type SIRPo or a

fragment thereof that 1s capable of binding to CI¥M47.

143, The SIRP multimer of any one of claims 138-142, wherein the STRP multumer comprises a SIRP
polyvpeptide monomer that comprises a wild type SIRPy or fragment thereof that is capable of binding

human CD47.

144, The SIRP multimer of any one of claims 143, wherein the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a wild type human SIRPy, a wild type mouse SIRPy, a wild type
rat SIRPy, a wild type rhesus SIRPy, a wild type cynomolgus SIRPy, or a fragment of any one of the

preceding that is capable of binding human CD47.

145, The SIRP multimer of any one of claims 138-143, wherein the SIRP multuner comprises a SIRP
polypeptide monomer that comprises a SIRPy variant comprising one or more amino acid substitutions,
msertions, deletions, N-termunal extensions, or C-terminal extensions relative to a wald type SIRPy or

fragment thereof that 1s capable of binding to CDM47.

146, The SIRP muluimer of any one of claims 138-145, wherein the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a SIRPB vartant comprising one or more amino acid substitutions,
msertions, deletions, N-terminal extensions, or C-terminal extensions relative to a wild type SIRPB or

fragment thereof, wherein the SIRPB vanant or fragment thereof 15 capable of binding to CD47.

147 The SIRP multimer of any one of claims 138-139, 142, 145, and 146, wherein SIRP multimer
comprises a SIRP polypeptide monomer that comprises the amino acid sequence of any one of SEQ ID

N(s: 33-45.

148,  The SIRP mudtimer of any one of claims 138-147, wherein the SIRP multimer comprises a SIRP
polypeptide monomer that comprises a fusion polypeptide.
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149, The SIRP multimer of claim 148, wherein the fusion polypeptide comprises a multimerization

domain,

150, The SIRP multimer of claim 149, wherein the multimerization domam comprises an Fe

monomer, a ¢-Jun leucine zipper domain, or a ¢-Fos leucine @ipper domain.

151, The SIRP multimer of claim 150, wherein the F¢ monomer is a muring F¢ monomer,

152, The SIRP multimer of claim 151, wherein the murine Fe monormer comprises an anmino acid

sequence set forth in any one of SEQ 1D NO: 81-83,

153, The SIRP multimer of any one of claims 148-152, wherein the fusion polypeptide comprises an

aming acid sequence set forth i SEQ 1D NO: 110

154, The SIRP multimer of any one of claims 138-153, wherein the SIRP multuner comprises a SIRP

polypeptide monomer that comprises an epitope tag or a hgand.

155, The SIRP multimer of claim 154, wherein the epitope tag coroprises any one of SEQ 1D NOs: 7-

32 and 126, or wherein the ligand comprises biotin,

156, The SIRP multimer of any one of claims 138-155, wherein the SIRP multimer comprises a

soluble SIRP polypeptide monomer,

157, The SIRP multimer of any one of claims 138-156, wherein the at least two SIRP polypeptide

monomers are linked via peptide bond.

158 The SIRP multimer of any one of claims 138-156, wherein the at least two SIRP polypeptide

monomers are linked via linker peptide.

159, The SIRP multimer of claim 158, wherein the linker peptide comprises any one of SEQ 1D NO:
85-109, 127-130, 140, and 141,

160, The SIRP multimer of claim 158 or 159, wherein the linker peptide comprises one or more

spacers,
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161, The SIRP multimer of claim 160, wherein the spacer comprises GS, GGS, or any one of SEQ ID
NQOs: §2-70.

162, The SIRP multimer of any one of claims 138-156, wherein the at least two SIRP polypeptide

monomers are attached to a solid support.

163, The SIRP multimer of claim 162, wherein the solid support is a gold nanosphere, a gold
nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a slide, a gel column, or a mucrotiter

well.

164,  The SIRP multimer of claim 162 or 163, wherein each of the at least two SIRP polypeptide
Monomers comprises an epiiope tag or a ligand, wherein a capture agent that specifically binds the
epitope tag or ligand 1s immobilized on the solid support, and wherein the SIRP polypeptide monomer

are attached to the solid support by the specific inding of the epitope tag or ligand by the capture agent.

165, The SIRP multimer of claim 164, wheren the higand s biotin and wherein the capture agent is

streptavidin,

166,  The SIRP multimer of any one of claims 162-1635, wherein at least one of the at least two SIRP

polypeptide monomers comprises SEQ 1D NO: 111,

167 The SIRP multimer of any one of claims 138-156, wherein the SIRP multimer comprises a

streptavidin or avidin bound {0 2, 3, or 4 biotinylated SIRP polypeptide monomers.

168, The SIRP multimer of claim 167, wheremn at least one of the 2, 3, or 4 biotinylated SIRP

polvpeptide monomers comprise SEQ ID NO: 111

169 The SIRP multimer of any one of claims 138-168, wherem the SIRP multimer is a

homomultimer.

170, The SIRP multimer of any one of claims 138-168, wherem the SIRP multimer s

heteromultimer.
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171, An anti-SIRP multimer comprising one or more anti-SIRP antibodies or drug-binding fragments

thereof

172, The anti-SIRP multimer of claim 171, wherein the anii-SIRP multimer comprises between 1 and

100 anti-SIRP antibodies or drug-binding fragments thereof.

173, The anti-SIRP multimer of claim 171 or 172, comprising an anti-SIRP antibody or drug-binding
fragrent thereof that binds to a wild type SIRPa, a SIRPu vanant, a SIRPP vanant, a wild-type SIRPy, a

SIRPy variant, or any two ot more of the preceding.

174, The anti-SIRP multimer of any one of claims 171-173, comprising an anti-SIRP antibody or
drug-binding fragment thereof that comprises:

{(a} a heavy chain variable domain (Va) that comprises SEQ D NO: 46 and a light chain varniable
domain (Vi) that comprises SEQ ID NO: 47;

{b) a heavy chain variable domain (Vu) that comprises SEQ 1D NO: 48 and a light chain
variable domain (V1) that comprises SEQ 1D NO: 49;

{¢) a heavy chain variable domain (Vi) that comprises SEQ 1D NO: 50 and a light chain variable
domain (Vi) that comprises SEQ 1D NO: 51,

(d} a heavy chain varable domain (Vi) that comprises SEQ ID NO: 113 and a light chain
vartable doroain (Vo) that comprises SEQ ID NO: 114;

{e} a heavy chain variable domain (Vi) that comprises SEQ 1D NO: 115 and a hight chain
variable domain (V1) that comprises SEQ D NO: 116; and/or

{fy a heavy chain vanable domain (Vi) that comprises SEQ D3 NO: 133 and a hight chain
variable domain (Vi) that comprises SE( ID N{» 134

175, The anti-SIRP multimer of any one of claums 171-174, comprising a full length anti-SIRP

antibody.

176, The anti-SIRP multimer of claim 175, wherein the anti-SIRP antibody comprises a murine Fe

domain.

177, The anti-SIRP multimer of claim 176, wherein the murnine Fo domain comprises an anuno acid

sequience set forth in any one of SEQ ID Nos: 81-83.
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178, The anti-SIRP multimer of any one of claims 175-176, wherein the anti-SIRP antibody
COMPrises:

{a} a heavy chain that comprises SEQ ID NOG: 117 and a light chain that comprises SEQ D NO:

118

(b} a heavy chain that comprises SEQ ID NO: 119 and a hight chain that comprises SEQ ID N(».
118:

{c} a heavy chain that comprises SEQ ID NO: 120 and a hight chain that comprises SEQ 1D NG:
121; or

{d) a heavy chain that comprises SEQ 1D NO: 122 and a light chain that comprises SEQ 1D NO:
121

179, The anti-SIRP multimer of any one of claims 164-167, wherein the drug-binding fragment of the
anti-SIRP antibody 15 a Fab, a Fab’, an F(ab™)z, a Fab’-SH, an Fv, a diabody, a one-armed antibody, an

scFv, an scFv-Fe, a single domam antibody, or a single heavy chain antibody.

i80.  The anti-SIRP multimer of claim 179, wherein the drug binding fragment comprises a F(ab™ )2,

and wherein the F{ab™}2 comprises SEQ D NQOs: 131 and 132.

i81.  The anti-SIRP multimer of any one of clairas 171-180, wherein the anti-SIRP antibody or drug-

binding fragment thereof comprises an epitope tag or a hgand.

182, The anti-SIRP multimer of claim 181, wherein the epitope tag comprises any one of SEQ ID

NGs: 7-32 and 126, or wherein the higand comprises biotin,
i83.  The anti-SIRP multimer of claim 182, wherein the epitope tag comprises
HHHHHHGLMDIFEAQRIEWHE (SEQ ID NO: 135) or GSGSHHHHHHGENIDFEAQKIEWHE

(SEQ ID NO: 126}

184, The anti-SIRP multimer of any one of claims 171-183, wherein the one or more anti-SIRP

antibodies or drug-binding fragments thereof are attached to a solid support.
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185, The anti-SIRP multimer of claim 184, wherein the solid support is a gold nanosphere, a gold
nanoshell, a magnetic bead, a silica bead, a dextran polymer, a tube, a slide, a gel coluron, or a nucrotiter

well.

186,  The anti-SIRP multimer of claim 184 or 185, wherein sach of the one or more anti-SIRP
antibodies or drug-binding fragments thereof comprises an epitope tag or a higand, wherein a capture
agent thai specifically binds the eptiope tag or ligand 1s immobilized on the solid support, and whergin
the anti-SIRP antibodies or drug-binding fragments thereof are attached to the solid support by the

specific binding of the epitope tag or igand by the capture agent.

i87. The anti-SIRP multimer of claim 186, wherein the ligand is biotin and wherein the capture agent

i3 streptavidim.

188,  The anti-SIRP multimer of any one of claims 171-183, wherein the anti-SIRP multimer
comprises a streptavidin or avidin bound 1o 2, 3, or 4 biotinylated anti-SIRP antibodies or fragments

thereof.

189, The anti-SIRP multimer of claim 188, wherein the anti-SIRP multimer comprises the

streptavidin or the avidin bound to 2, 3, or 4 biotinylated F{ab™}2 fragments, wherein 2 or more of the

biotinylated F(ab’)2 fragments comprise SEQ D NOs: 131 and 132,

190, The anti-SIRP multimer of any one of claims 171-189, wherein the anti-SIRP mudtimer is a

homomultimer.

191, The anti-SIRP multimer of any one of claims 171-189, wherein the anti-SIRP mudtimer 15

heteromultimer.
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