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Abstract:

Provided are variant B-cell maturation antigen (BCMA) cysteine-rich domain (CRD) molecules
capable of binding to ligands B-cell Activating Factor of the TNF family (BAFF) and A
Proliferation Inducing Ligand (APRIL) with higher affinity compared to wild-type BCMA. In some
aspects, also provided are variant BCMA fusion proteins or constructs comprising an
immunoglobulin Fc domain, dimers, conjugates, methods for producing the molecules, and related
methods and uses thereof.
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B CELL ACTIVATING FACTOR (BAFF)-A PROLIFERATION INDUCING LIGAND
(APRIL) DUAL INHIBITORS

Cross-Reference to Related Applications

{0001} This application claims the benefit of U.S. Provisional Patent Application No.
63/280,556, filed November 17, 2021; U.S. Provisional Patent Application No. 63/339,334, filed
May 6, 2022; and U.S. Provisional Patent Application No. 63/350,392, filed June 8, 2022, each of

which is hereby incorporated by reference herein 1n its entirety for all purposes.

Field

{0062} The present disclosure relates in some aspects to variant B-cell maturation antigen
(BCMA) cysteine-rich domain (CRD) molecules capable of binding to ligands B-cell Activating
Factor of the TNF family (BAFF) and A Proliferation Inducing Ligand (APRIL) with higher
affinity compared to wild-type BCMA. In some aspects, the disclosure further relates to variant
BCMA fusion proteins or constructs comprising an immunoglobulin Fc domain, dimers, conjugates,

methods for producing the molecules, and related methods and uses thereof.

Background
{6003} Human BCMA binds to TNF-superfamily ligands BAFF and APRIL, which are

implicated in immune cell function, such as B-cell differentiation, survival, and proliferation.
Improved strategies for the prevention or the treatment of B-cell mediated conditions, are necessary
to provide effective molecules with a strong safety profile, such as molecules that provide dual
blockade of BAFF and APRIL without inducing a potent cytotoxic response. Provided are

compositions, methods, and uses that meet such needs.

Summary
{6064} Provided herein are variant B cell maturation antigen (BCMA) polypeptides. In some of

any of the provided embodiments, the variant BCMA polypeptide comprises a variant cysteine rich
domain (CRD) comprising at least one amino acid substitution(s) selected from among: (1) a
histidine, an arginine, a proline, or an asparagine at position 12 (S12H, S12R, S12P, or S12N); (2)
an isoleucine or a valine at position 14 (L141 or .14V); (3) an arginine or an asparagine at position

15 (H15R or H15N); (4) a serine at position 16 (A16S); and (5) a valine, an isoleucine, or an alanine
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at position 22 (L22V, L22I, or L22A), with reference to the amino acid positions of SEQ ID NO:1.

[6805] In some of any embodiments, the variant CRD comprises at least three amino acid
substitutions selected from among: (1) a histidine, an arginine, a proline, or an asparagine at
position 12 (S12H, S12R, S12P, or S12N); (2) an isoleucine or a valine at position 14 (L14I or
L14V); (3) an arginine or an asparagine at position 15 (HI5R or H15N), (4) a serine at position 16
(A1685); and (5) a valine, an isoleucine, or an alanine at position 22 (L22V, L22I, or L22A), with
reference to the amino acid positions of SEQ ID NO:1. In some of any embodiments, the variant
CRD comprises at least three amino acid substitutions selected from among: (1) a histidine or an
arginine at position 12 (S12H or S12R); (2) an isoleucine or a valine at position 14 (L14I or L14V);
(3) an arginine at position 15 (H15R); and (4) a valine at position 22 (L22V), with reference to the
amino acid positions of SEQ ID NO:1. In some of any embodiments, the variant CRD further
comprises at least one modification selected from among: (1) a deletion at residue 38 (N38del) or an
amino acid residue that 1s not asparagine at position 38 (N38X, wherein X i1s any amino acid residue
that is not asparagine) and (2) an amino acid residue that is not serine or threonine at position 40
(S40X, wherein X is any amino acid residue that is not serine or threonine), with reference to the
amino acid positions of SEQ ID NO:1. In some of any embodiments, the variant CRD further
comprises a glycine at residue 40 (S40G), with reference to the amino acid positions of SEQ ID
NO:1.

{0006} In some of any embodiments, the variant CRD comprises at least at or about 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to
SEQ ID NO: 1. In some of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:1. In some of any embodiments, the variant CRD comprises at
least at or about 95% sequence identity to SEQ ID NO:1. In some of any embodiments, the variant
CRD comprises at least at or about 99% sequence identity to SEQ ID NO:1.

[606€7] In some of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to the sequence set forth in any one of SEQ ID NOs:3-146. In some of any
embodiments, the variant CRD comprises at least at or about 90% sequence identity to the sequence
set forth 1n any one of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:9,
or SEQ ID NO:19. In some of any embodiments, the variant CRD comprises the sequence set forth
in any one of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:9, or SEQ
ID NO:19.
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[8808] In some of any embodiments, the variant CRD comprises at least three amino acid
substitutions selected from the group consisting of: (1) a histidine at position 12 (S12H); (2) an
1soleucine at position 14 (L14I); (3) an arginine at position 15 (H15R or H15N); and (4) and a
serine to glycine mutation at residue 40 (S40G), with reference to the amino acid positions of SEQ
ID NO: 1, and wherein the variant CRD comprises at least at or about 90% sequence identity to SEQ
ID NO:1. In some of any embodiments, the variant CRD comprises each of the following amino
acid substitutions: (1) a histidine at position 12 (S12H); (2) an isoleucine at position 14 (L14I); (3)
an arginine at position 15 (H15R); and (4) a serine to glycine mutation at residue 40 (S40G), with
reference to the amino acid positions of SEQ ID NO:1, and wherein the variant CRD comprises at
least at or about 90% sequence 1dentity to SEQ ID NO:1.

{0009} In some of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:3. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ ID NO:3.

[6810] Insome of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:4. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ 1D NO:4.

{8811} Insome of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:8. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ ID NO:8.

{0812} Insome of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:9. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ ID NO:9.

{0013} Insome of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:19. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ ID NO:19.

[0014] Also provided herein are fusion polypeptides. In some of any of the provided
embodiments, the fusion polypeptide comprises any of the variant BCMA polypeptides provided
herein, and an additional polypeptide. In some of any embodiments, the additional polypeptide 1s an
immunoglobulin (Ig) F¢ polypeptide.

{08118]  Also provided herein are the fusion polypeptides that comprise any of the variant BCMA
polypeptides provided herein, and an immunoglobulin (Ig) Fc polypeptide.
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[8816] Also provided herein are the fusion polypeptides that comprise a variant B cell
maturation antigen (BCMA) polypeptide, comprising a variant cysteine rich domain (CRD)
comprising at least one amino acid substitutions selected from among: (1) a histidine, an arginine, a
proline, or an asparagine at position 12 (S12H, S12R, S12P, or S12N); (2) an isoleucine or a valine
at position 14 (L14I or L14V); (3) an arginine or an asparagine at position 15 (H15R or H15N); (4)
a serine at position 16 (A16S); and (5) a valine, an isoleucine, or an alanine at position 22 (L22V,
L22I, or L22A); with reference to the amino acid positions of SEQ ID NO:1; and an
immunoglobulin (Ig) Fc polypeptide.

{6017} In some of any embodiments, the variant CRD comprises at least three amino acid
substitutions selected from among: (1) a histidine, an arginine, a proline, or an asparagine at
position 12 (S12H, S12R, S12P, or S12N); (2) an isoleucine or a valine at position 14 (L14I or
L14V); (3) an arginine or an asparagine at position 15 (H15R or H15N); (4) a serine at position 16
(A1685); and (5) a valine, an isoleucine, or an alanine at position 22 (LL.22V, L221, or L22A), with
reference to the amino acid positions of SEQ ID NO:1. In some of any embodiments, the variant
CRD comprises least three amino acid substitutions selected from among: (1) a histidine or an
arginine at position 12 (S12H or S12R); (2) an 1soleucine or a valine at position 14 (L141 or L14V);
(3) an arginine at position 15 (H15R); and (4) a valine at position 22 (L22V), with reference to the
amino acid positions of SEQ ID NO:1. In some of any embodiments, the variant CRD further
comprises at least one modification selected from among: (1) a deletion at residue 38 (N38del) or an
amino acid residue that is not asparagine at position 38 (N38X, wherein X is any amino acid residue
that is not asparagine) and (2) an amino acid residue that is not serine or threonine at position 40
(840X, wherein X is any amino acid residue that 1s not serine or threonine), with reference to the
amino acid positions of SEQ ID NO:1. In some of any embodiments, the variant CRD further
comprises a glycine at residue 40 (S40G), with reference to the amino acid positions of SEQ ID
NO:1.

[0018] In some of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to the sequence set forth in any one of SEQ ID NOS:3-146. In some of any
embodiments, the variant CRD comprises at least at or about 90% sequence identity to the sequence
set forth in SEQ ID NO:3, SEQ ID NO:4, SEQ 1D NO:6, SEQ ID NO:8, SEQ ID NO:9, or SEQ ID
NO:19. In some of any embodiments, the variant CRD comprises the sequence set forth in SEQ ID
NO:3, SEQID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:9, or SEQ ID NO:19.
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[8819] Insome of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ 1D NO:3. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ 1D NO:3.

[6828] In some of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:4. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ ID NO:4.

{6021} Insome of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:8. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ ID NO:8.

[86022] In some of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:9. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ ID NO:9.

{6023} In some of any embodiments, the variant CRD comprises at least at or about 90%
sequence identity to SEQ ID NO:19. In some of any embodiments, the variant CRD comprises the
sequence set forth in SEQ ID NO:19.

[0024] Insome of any embodiments, the variant BCMA polypeptide is directly or indirectly
fused to the N-terminus or the C-terminus of the Ig Fc¢ polypeptide.

[0025] In some of any embodiments, the Ig Fc polypeptide is or is derived from an isotype G
immunoglobulin (IgG) or a variant thereof.

{0826} Insome of any embodiments, the Ig Fc polypeptide is or is derived from an IgG1 Fc, an
I1gG2 Fc, an IgG3 Fc¢, or an IgG4 Fc. In some of any embodiments, the Ig Fc polypeptide is or is
derived from a human IgG Fc. In some of any embodiments, the Ig Fc¢ polypeptide is or is derived
from a human IgG1 Fc, a human IgG2 Fc, a human IgG3 Fc, or a human [gG4 Fc.

{80271 Insome of any embodiments, the Ig Fc polypeptide is or is derived from an IgG1 Fc. In
some of any embodiments, the Ig Fc polypeptide is or is derived from a human IgG1 Fc. In some of
any embodiments, the Ig Fc polypeptide is a human IgG1 Fc and comprises a sequence set forth in
SEQID NO:168, SEQ ID NO:169, SEQ ID NO:170, SEQ ID NO:226, SEQ ID NO:227, SEQ ID
NO:228, SEQ ID NO:229, or SEQ ID NQO:230, or a sequence that has at least 90% sequence
identity thereto. In some of any embodiments, the Ig Fc polypeptide 1s a human 1gG1 Fc and
comprises a sequence set forth in SEQ ID NO:168, SEQ ID NO:169, SEQ ID NO:170, SEQ ID
NO:226, SEQ ID NO:227, SEQ ID NO:228, SEQ ID NO:229, or SEQ ID NO:230.
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[8828] In some of any embodiments, the Ig Fc polypeptide is or 1s derived from an IgG2 F¢. In
some of any embodiments, the Ig Fc¢ polypeptide is or 1s derived from a human IgG2 Fc. In some of
any embodiments, the Ig Fc¢ polypeptide is a human IgG2 Fc and comprises a sequence set forth in
SEQ ID NO:171, SEQ ID NO:235, or SEQ ID NO:236, or a sequence that has at least 90%
sequence identity thereto. In some of any embodiments, the Ig Fc polypeptide is a human [gG2 Fc¢
and comprises a sequence set forth in SEQ ID NO:171, SEQ ID NO:235, or SEQ ID NO:236.

{6829} Insome of any embodiments, the Ig Fc polypeptide is or is derived from an IgG4 Fc. In
some of any embodiments, the Ig Fc polypeptide is or is derived from a human IgG4 Fc. In some of
any embodiments, the Ig Fc polypeptide is a human IgG4 Fc and comprises a sequence set forth in
SEQ ID NO:161, SEQ ID NO:163, SEQ ID NO:172, SEQ ID NO: 231, SEQ ID NO:232, SEQ ID
NO:233, or SEQ ID NO:234, or a sequence that has at least 90% sequence identity thereto. In some
of any embodiments, the Ig Fc polypeptide is a human IgG4 Fc and comprises a sequence set forth
in SEQ ID NO:161, SEQ ID NO:163, SEQ ID NO:172, SEQ ID NO: 231, SEQ ID NO:232, SEQ
1D NO:233, or SEQ ID NO:234. In some of any embodiments, the Ig Fc polypeptide is a human
IgGG4 Fc and comprises the sequence set forth in SEQ ID NO: 161, or a sequence that has at least
90% sequence i1dentity thereto. In some of any embodiments, the Ig Fc polypeptide comprises SEQ
ID NO:161. In some of any embodiments, the Ig Fc polypeptide is a human IgG4 Fc and comprises
the sequence set forth in SEQ ID NO:163, or a sequence that has at least 90% sequence identity
thereto. In some of any embodiments, the Ig Fc polypeptide comprises SEQ ID NO:163.

{0830} Insome of any embodiments, the Ig Fc polypeptide comprises an isoleucine or a valine
substituted for one, two, three, four, or more native methionine residues.

[8031] Insome of any embodiments, the variant BCMA polypeptide comprises SEQ ID NO:3
and the Ig Fc polypeptide comprises SEQ ID NO:161. In some of any embodiments, the variant
BCMA polypeptide comprises SEQ ID NO:3 and the Ig Fc polypeptide comprises SEQ ID NO:163.
In some of any embodiments, the variant BCMA polypeptide comprises SEQ ID NO:4 and the Ig
Fc polypeptide comprises SEQ ID NO:161. In some of any embodiments, the variant BCMA
polypeptide comprises SEQ ID NO:4 and the Ig Fc polypeptide comprises SEQ ID NO:163. In
some of any embodiments, the variant BCMA polypeptide comprises SEQ ID NO:8 and the Ig Fc
polypeptide comprises SEQ ID NO:161. In some of any embodiments, the variant BCMA
polypeptide comprises SEQ ID NO:8 and the Ig Fc polypeptide comprises SEQ 1D NO:163. In
some of any embodiments, the variant BCMA polypeptide comprises SEQ ID NO:9 and the Ig Fc
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polypeptide comprises SEQ ID NO:161. In some of any embodiments, the variant BCMA
polypeptide comprises SEQ ID NO:9 and the 1g Fc polypeptide comprises SEQ 1D NO:163. In
some of any embodiments, the variant BCMA polypeptide comprises SEQ ID NO:19 and the Ig Fc
polypeptide comprises SEQ ID NO:161. In some of any embodiments, the variant BCMA
polypeptide comprises SEQ ID NO:19 and the Ig Fc polypeptide comprises SEQ ID NO:163.

[0832] Insome of any embodiments, the fusion polypeptide further comprises a peptide linker
that links the variant BCMA polypeptide to the Ig Fc polypeptide.

[8033] Insome of any embodiments, the peptide linkeris 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 amino acids in length. In some of
any embodiments, the peptide linker 1s 4, 5, 6, or 7 amino acids in length.

{0034} In some of any embodiments, the peptide linker comprises residues selected from the
group consisting of glycine, serine, alanine, and threonine. In some of any embodiments, the peptide
linker comprises a sequences set forth in any one of SEQ ID NO:156, 158, 175-186, 188-213, GS,
GGS and GSA. In some of any embodiments, the peptide linker comprises SEQ ID NO:156. In
some of any embodiments, the peptide linker comprises SEQ ID NO:158.

[0035] In some of any embodiments, the fusion polypeptide comprises, in N- to C- terminal
order: the variant BCMA polypeptide, a peptide linker and an Ig Fc polypeptide.

[0036] In some of any embodiments, the fusion polypeptide comprises a variant BCMA
polypeptide set forth in SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:8, SEQ ID NO:9, or SEQ ID
NO:19; a peptide linker comprising a sequences set forth in any one of SEQ ID NO:156, 158, 175-
186, 188-213, GS, GGS and GSA, and an Ig Fc¢ polypeptide comprising a sequence set forth in SEQ
ID NO:161, SEQ ID NO:163, SEQ ID NO:172, SEQ ID NO: 231, SEQ ID NO:232, SEQ ID
NO:233, or SEQ ID NO:234.

{80371 In some of any embodiments, the fusion polypeptide comprises a variant BCMA
polypeptide comprising SEQ ID NO:3, a peptide linker comprising SEQ ID NO:156, and an Ig Fc
polypeptide comprising SEQ ID NO:161. In some of any embodiments, the fusion polypeptide
comprises a variant BCMA polypeptide comprising SEQ ID NO:3, a peptide linker comprising
SEQ ID NO:158, and an Ig Fc polypeptide comprising SEQ ID NO:163. In some of any
embodiments, the fusion polypeptide comprises a variant BCMA polypeptide comprising SEQ 1D
NO:4, a peptide linker comprising SEQ 1D NO: 156, and an Ig Fc polypeptide comprising SEQ ID
NO:161. In some of any embodiments, the fusion polypeptide comprises a variant BCMA
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polypeptide comprising SEQ ID NO:4, a peptide linker comprising SEQ ID NO:158, and an Ig Fc
polypeptide comprising SEQ 1D NO:163. In some of any embodiments, the fusion polypeptide
comprises a variant BCMA polypeptide comprising SEQ ID NO:8, a peptide linker comprising
SEQ ID NO:156, and an Ig Fc polypeptide comprising SEQ ID NO:161. In some of any
embodiments, the fusion polypeptide comprises a variant BCMA polypeptide comprising SEQ ID
NO:8, a peptide linker comprising SEQ ID NO: 158, and an Ig Fc polypeptide comprising SEQ ID
NO:163. In some of any embodiments, the fusion polypeptide comprises a variant BCMA
polypeptide comprising SEQ ID NO:9, a peptide linker comprising SEQ ID NO:156, and an Ig Fc
polypeptide comprising SEQ ID NO:161. In some of any embodiments, the fusion polypeptide
comprises a variant BCMA polypeptide comprising SEQ ID NO:9, a peptide linker comprising
SEQ ID NO:158, and an Ig Fc polypeptide comprising SEQ ID NO:163. In some of any
embodiments, the fusion polypeptide comprises a variant BCMA polypeptide comprising SEQ 1D
NO:19, a peptide linker comprising SEQ ID NO:156, and an Ig Fc polypeptide comprising SEQ ID
NO:161. In some of any embodiments, the fusion polypeptide comprises a variant BCMA
polypeptide comprising SEQ ID NO: 19, a peptide linker comprising SEQ ID NO:158, and an Ig Fc
polypeptide comprising SEQ 1D NO:163.

{8838} In some of any embodiments, the fusion polypeptide comprises the sequence set forth in
SEQ ID NO:167 or a sequence that has at least 90% sequence identity thereto. In some of any
embodiments, the fusion polypeptide comprises the sequence set forth in SEQ ID NO:167.

[083%] Insome of any embodiments, the fusion polypeptide comprises a first monomer
comprising a first variant BCMA polypeptide directly or indirectly fused to a first Ig Fc
polypeptide, and one or more second monomer comprising a second variant BCMA polypeptide
directly or indirectly fused to a second Ig Fc polypeptide, wherein the first monomer and the one or
more second monomers are fused in tandem. In some of any embodiments, the first variant BCMA
polypeptide and the second variant BCMA polypeptide are the same. In some of any embodiments,
the first variant BCMA polypeptide and the second variant BCMA polypeptide are different. In
some of any embodiments, the first monomer and the second monomer are the same. In some of any
embodiments, the first monomer and the second monomer are different.

[68408] Also provided herein are dimers, such as dimers of any of the variant BCMA
polypeptides or any of the fusion polypeptides provided herein. In some of any of the provided

embodiments, the dimer comprises a first monomer comprising any of the variant BCMA
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polypeptides or any of the fusion polypeptides provided herein and a second monomer comprising
any of the variant BCMA polypeptides or any of the fusion polypeptides provided herein. In some
of any embodiments, the first monomer comprises a first variant BCMA polypeptide directly or
indirectly fused to a first Ig Fc polypeptide, and the second monomer comprises a second variant
BCMA polypeptide directly or indirectly fused to a second Ig Fc polypeptide.

[0841] In some of any embodiments, the first variant BCMA polypeptide and the second variant
BCMA polypeptide are the same. In some of any embodiments, the first variant BCMA polypeptide
and the second variant BCMA polypeptide are different. In some of any embodiments, the first Ig
Fc polypeptide and the second Ig Fc polypeptide are the same. In some of any embodiments, the
first Ig Fc polypeptide and the second Ig Fc polypeptide are different. In some of any embodiments,
the first monomer and the second monomer are the same. In some of any embodiments, the first
monomer and the second monomer are different.

{6042} In some of any embodiments, the first monomer and the second monomer are linked
together by at least one disulfide bond between cysteine residues in the first monomer and the
second monomer. In some of any embodiments, the disulfide bond is between cysteine residues of
the Ig Fc polypeptide of the first monomer and the lg Fc polypeptide of the second monomer.

{8843} Also provided herein are conjugates. In some of any of the embodiments, the conjugate
comprises any of the variant BCMA polypeptides, any of the fusion polypeptides provided herein,
or any of the dimers provided herein; and an additional moiety that is covalently bound to the
variant BCMA polypeptide, the fusion polypeptide, or the dimer.

{6044} In some of any embodiments, the additional moiety is selected from a therapeutic
moiety, a polymer moiety, a sugar moiety, and a lipophilic moiety.

{0045} In some of any embodiments, the additional moiety is selected from among one or more
of a polyalkylene oxide (PAQ), a polyalkylene glycol (PAG), a polyethylene glycol (PEG), a
monomethoxypolyethylene glycol (mPEG), a polypropylene glycol (PPG), a branched polyethylene
glycol having two or more polyethylene glycol chains linked together by a linker group, a polyvinyl
alcohol (PVA), a polycarboxylate, a poly(vinylpyrrolidone), a polyethylene-co-maleic acid
anhydride, and a dextran.

[6046] In some of any of the provided embodiments, the variant BCMA polypeptide, the fusion
polypeptide, the dimer, or the conjugate binds B-cell Activating Factor of the TNF family (BAFF)
and/or A Proliferation Inducing Ligand (APRIL) or variants thereof.
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{88471 In some of any of the provided embodiments, the variant BCMA polypeptide, the fusion
polypeptide, the dimer, or the conjugate exhibits greater binding affinity for BAFF and/or APRIL,
compared to the binding affinity of a reference BCMA polypeptide or a reference binding molecule.

[6048] Insome of any of the provided embodiments, the variant BCMA polypeptide, the fusion
polypeptide, the dimer, or the conjugate exhibits greater inhibition of the activity or function of
BAFF and/or APRIL, compared to the inhibition of the activity or function of BAFF and/or APRIL
by a reference BCMA polypeptide or a reference binding molecule.

[0849} In some of any of the provided embodiments, the variant BCMA polypeptide, the fusion
polypeptide, the dimer, or the conjugate reduces proliferation of B cells or reduces BAFF and/or
APRIL-mediated proliferation of B cells.

{0058} In some of any of the embodiments, the variant BCMA polypeptide, the fusion
polypeptide, the dimer, or the conjugate, reduces the production of inflammatory cytokines. In some
of the embodiments, the inflammatory cytokine is one or more of IFNy or IL-17A.

[6851] Insome of any of the provided embodiments, BAFF is a human BAFF and APRIL is a
human APRIL.

[0052] In some of any of the provided embodiments, BAFF is a murine BAFF and APRIL is a
murine APRIL.

[8053] Insome of any of the provided embodiments, the reference BCMA polypeptide is a
wild-type human BCMA CRD set forth in SEQ ID NO: 1. In some of any of the provided
embodiments, the reference BCMA polypeptide is a human BCMA CRD comprising a serine to
glycine substitution at position 40 (S40G) comprising the sequence set forth in SEQ ID NO:237.

[0054] In some of any of the provided embodiments, the reference binding molecule is selected
from among Atacicept, Telitacicept, belimumab, or BION-1301.

{80331 In some of any of the provided embodiments, the binding affinity of the variant BCMA
polypeptide, the fusion polypeptide, the dimer, or the conjugate to human BAFF i1s at least at or
about 1-, 2-, 3- 4-, 5-, 10-, 20-, 25-, 50-, 100-, 200-, 250-, or 500- fold greater than that of the
reference BCMA polypeptide or the reference binding molecule. In some of any of the provided
embodiments, the inhibition of activity or function of human BAFF by the variant BCMA
polypeptide, the fusion polypeptide, the dimer, or the conjugate is at least at or about 5-, 10-, 20-,
25-, 50-, 100-, 200-, 250-, or 500- fold greater than that of the reference BCMA polypeptide or the

reference binding molecule.
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[8856] In some of any of the provided embodiments, the binding affinity of the variant BCMA
polypeptide, the fusion polypeptide, the dimer, or the conjugate to human APRIL is at least at or
about 1-, 2-, 3-, 4-, 5-, 10-, 20-, 25-, 50-, 100-, 200-, 250-, or 500- fold greater than that of the
reference BCMA polypeptide or the reference binding molecule. In some of any of the provided
embodiments, the inhibition of activity or function of human APRIL by the variant BCMA
polypeptide, the fusion polypeptide, the dimer, or the conjugate is at least at or about 5-, 10-, 20-,
25-, 50-, 100-, 200-, 250-, or 500- fold greater than that of the reference BCMA polypeptide or the
reference binding molecule.

{0057} In some of any of the provided embodiments, the ratio of binding selectivity for human
BAFF relative to human APRIL (huBAFF Kp/huAPRIL Kp) 1s more than 5, 4, 3, 2 or 1. In some of
any of the provided embodiments, the equilibrium dissociation constant (Kp) for binding to human
BAFF is less than 600 pM, less than 550 pM, less than 500 pM, less than 450 pM, less than 400
pM, less than 350 pM, less than 300 pM, less than 250 pM, less than 200 pM, or less than 150 pM.
In some of any of the provided embodiments, the equilibrium dissociation constant (Kp) for binding
to human BAFF is in the picomolar (pM) range.

[0058] In some of any of the provided embodiments, the equilibrium dissociation constant (Kp)
for binding to human BAFF is in the sub-picomolar (pM) range. In some of any of the provided
embodiments, the equilibrium dissociation constant (Kp) for binding to human BAFF is less than
1.0 pM, less than 0.9 pM, less than 0.8 pM, less than 0.7 pM, less than 0.6 pM, less than 0.5 pM,
less than 0.4 pM, less than 0.3 pM, less than 0.2 pM, or less than 0.1 pM. In some of any of the
provided embodiments, the equilibrium dissociation constant (Kp) for binding to human APRIL is
less than 100 pM, less than 90 pM, less than 80 pM, less than 70 pM, less than 60 pM, less than 50
pM, less than 40 pM, or less than 30 pM.

{0059] In some of any of the provided embodiments, the equilibrium dissociation constant (Kp)
for binding to human APRIL is in the picomolar (pM) range. In some of any of the provided
embodiments, the equilibrium dissociation constant (Kp) for binding to human APRIL is in the sub-
picomolar (pM) range. In some of any of the provided embodiments, the equilibrium dissociation
constant (Kp) for binding to human APRIL 1s less than 1.0 pM, less than 0.9 pM, less than 0.8 pM,
less than 0.7 pM, less than 0.6 pM, less than 0.5 pM, less than 0.4 pM, less than 0.3 pM, less than
0.2 pM, or less than 0.1 pM. In some of any of the provided embodiments, the equilibrium
dissociation constant (Kp) for binding to human BAFF and human APRIL both are less than 120
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pM. In some of any of the provided embodiments, the equilibrium dissociation constant (Kp) for
binding to human BAFF and human APRIL both are less than 0.3 pM. In some of any of the
provided embodiments, the equilibrium dissociation constant (Kp) 1s measured by a kinetic
exclusion assay or surface plasmon resonance (SPR).

{6860} In some of any of the provided embodiments, the fusion polypeptide, the dimer, or the
conjugate does not substantially bind to heparan sulfate proteoglycans (HSPGs). In some of any of
the provided embodiments, the HSPGs are selected from among one or more of syndecan-1 and
syndecan-2.

{6061} In some of any of the provided embodiments, the variant BCMA polypeptide, the fusion
polypeptide, the dimer, or the conjugate inhibits the activity or function of BAFF and/or APRIL or
variants thereof. In some of any of the provided embodiments, the activity or function of BAFF
and/or APRIL is selected from B-cell survival, B-cell proliferation, and/or immunoglobulin
production.

[6862] Also provided herein are polynucleotides. In some of any of the provided embodiments,
the polynucleotide comprises a nucleotide sequence encoding any of the variant BCMA polypeptide
provided herein, any of the fusion polypeptide provided herein, or a first monomer and/or a second
monomer of any one of the dimers provided herein.

[0063] Also provided are vectors. In some of any of the provided embodiments, the vector
comprises any of the polynucleotides provided herein, or a polynucleotide comprising a nucleotide
sequence encoding any of the variant BCMA polypeptide provided herein, any of the fusion
polypeptide provided herein, or a first monomer and/or a second monomer of any one of the dimers
provided herein.

{0064} Also provided herein are cells. In some of any of the provided embodiments, the cell
comprises any of the polynucleotides or any of the vectors provided herein.

[80865] Also provided herein are methods of manufacturing a variant BCMA polypeptide, a
fusion polypeptide, or a dimer. In some of any embodiments, the method involves introducing any
of the polynucleotides or any of the vectors provided herein into a cell; culturing the host cell under
conditions suitable for expression of the polypeptide; and recovering or 1solating the polypeptide. In
some of any of the embodiments, the methods also involve purifying the polypeptide.

{6866] Also provided herein are pharmaceutical compositions. In some of any of the provided

embodiments, the pharmaceutical compositions comprise any of the variant BCMA polypeptide
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provided herein, any of the fusion polypeptide provided herein, any of the dimers provided herein,
any of the conjugates provided herein, any of the polynucleotides provided herein, any of the
vectors provided herein or any of the cells provided herein.

[6867] Insome of any embodiments, the pharmaceutical composition also comprises one or
more pharmaceutically acceptable excipient(s). In some of any embodiments, the one or more
excipient(s) comprises a pharmaceutically acceptable liquid carrier. In some of any embodiments,
the one or more excipient(s) comprises a pharmaceutically acceptable processing agents. In some of
any embodiments, the pharmaceutical composition is a liquid formulation, a formulation for an
intravenous injection, a solid dosage form, or an inhalable preparation.

[06068] Also provided herein are any of the provided pharmaceutical compositions for treating a
disease or disorder. In some of any embodiments, the pharmaceutical composition is to be
administered to a subject having the disease or disorder.

{6869} Also provided herein are any of the variant BCMA polypeptide provided herein, any of
the fusion polypeptide provided herein, any of the dimers provided herein, any of the conjugates
provided herein, any of the polynucleotides provided herein, any of the vectors provided herein or
any of the cells provided herein for treating a disease or disorder.

{8878] In some of any embodiments, the variant BCMA polypeptide, the fusion polypeptide, the
dimer, the conjugate, the polynucleotide, the vector or the cell to be administered to a subject
having the disease or disorder.

{08711 Also provided herein are methods of treatment. In some of any of the embodiments, the
methods involve administering any of the variant BCMA polypeptide provided herein, any of the
fusion polypeptide provided herein, any of the dimers provided herein, any of the conjugates
provided herein, any of the polynucleotides provided herein, any of the vectors provided herein, any
of the cells provided herein or any of the pharmaceutical composition provided herein to a subject
having the disease or disorder.

{00872} Also provided herein are uses of any of the variant BCMA polypeptide provided herein,
any of the fusion polypeptide provided herein, any of the dimers provided herein, any of the
conjugates provided herein, any of the polynucleotides provided herein, any of the vectors provided
herein, any of the cells provided herein or any of the pharmaceutical composition provided herein in
the manufacture of a medicament for the treatment of a disease or disorder.

[0073] Also provided herein are uses of any of the variant BCMA polypeptide provided herein,
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any of the fusion polypeptide provided herein, any of the dimers provided herein, any of the
conjugates provided herein, any of the polynucleotides provided herein, any of the vectors provided
herein, any of the cells provided herein or any of the pharmaceutical composition provided herein
for treating a disease or disorder.

{6874} In some of any of the provided embodiments, the variant BCMA polypeptide, the fusion
polypeptide, the dimer, the conjugate or the pharmaceutical composition is to be administered to a
subject having the disease or disorder.

[8075] In some of any of the provided embodiments, the disease or disorder is a B-cell- or
antibody-mediated disease or disorder.

[0076] In some of any of the provided embodiments, the disease or disorder 1s an autoimmune
disease or disorder. In some of any of the provided embodiments, the autoimmune disease or
disorder i1s an immune-mediated disease or disorder of the subject’s tissues, bone, joints, blood
vessels, thyroid, kidneys, nervous system, brain, lungs, and/or skin. In some of any of the provided
embodiments, the autoimmune disease or disorder is selected from among a renal disease or
disorder, lupus, arthritis, a spondyloarthropathic disorder, a vasculitis disorder, a hemolytic anemia
disorder, a thrombocytopenia disorder, a thyroiditis disorder, a demyelinating disease of the central
and/or peripheral nervous system, inflammatory and/or fibrotic lung disorder, a skin disorder, or an
allergic disorder.

{00771 In some of any of the provided embodiments, the disease or disorder is selected from
among systemic lupus erythematosus (SLE) and/or lupus nephritis (LN), IgA nephropathy (Berger’s
disease), Goodpasture syndrome, anti-neutrophil cytoplasmic antibody (ANCA) associated
vasculitis, Henoch—Schénlein purpura, polyarteritis nodosa (PAN), sarcoidosis of the kidneys,
rheumatoid arthritis, juvenile chronic arthritis, arthritis associated with inflammatory bowel disease,
ankylosing spondylitis, spondylitis associated with psoriasis, juvenile onset spondyloarthropathy,
undifferentiated spondyloarthropathy, Reiter’s syndrome, scleroderma, Sjogren’s syndrome,
systemic necrotizing vasculitis, polyarteritis nodosa, allergic angiitis and granulomatosis,
polyangiitis, Wegener’s granulomatosis, lymphomatoid granulomatosis, mucocutaneous lymph
node syndrome (MLNS or Kawasaki’s disease), 1sclated central nervous system vasculitis, Behet’s
disease, thromboangiitis obliterans (Buerger’s disease), cutaneous necrotizing venulitis, sarcoidosis,
autoimmune hemolytic anemia, immune pancytopenia, paroxysmal nocturnal hemoglobinuria,

thrombocytopenic purpura, immune-mediated thrombocytopenia, Grave’s disease, Hashimoto’s
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thyroiditis, juvenile lymphocytic thyroiditis, atrophic thyroiditis, type I diabetes mellitus,
glomerulonephritis and tubulointerstitial nephritis, multiple sclerosis (MS), idiopathic
demyelinating polyneuropathy, Guillain-Barre syndrome, chronic inflammatory demyelinating
polyneuropathy, eosinophilic pneumonia, idiopathic pulmonary fibrosis, hypersensitivity
pneumonitis, bullous skin disease, erythema multiforme, contact dermatitis, asthma, allergic
rhinitis, atopic dermatitis, food hypersensitivity, or urticaria.

{6078} In some of any of the provided embodiments, the disease or disorder is selected from
among systemic lupus erythematosus (SLE) and/or lupus nephritis (LN), IgA nephropathy (Berger’s
disease), Goodpasture syndrome, anti-neutrophil cytoplasmic antibody (ANCA) associated
vasculitis, Henoch—Schénlein purpura, Polyarteritis nodosa (PAN), or sarcoidosis of the kidneys. In
some of any of the provided embodiments, the disease or disorder is selected from among systemic
lupus erythematosus (SLE) and/or lupus nephritis (LN), or IgA nephropathy (Berger’s disease).

{6879} Tn some of any of the provided embodiments, the disease or disorder is a tissue or organ
transplant rejection. In some of any of the provided embodiments, the tissue or organ transplant
rejection is selected from among acute or chronic B-cell or antibody-mediated rejection of allografts
of tissues consisting of bone marrow, stem cell, skin, and solid organs, acute or chronic graft versus
host disease (GVHD), antibody-mediated rejection (AMR) of solid organs, hyperacute organ
transplant rejection, acute organ transplant rejection, chronic organ transplant rejection.

{0080} In some of any of the provided embodiments, the disease or disorder is a B-cell
malignancy. In some of any of the provided embodiments, the B-cell malignancy is selected from
among non-Hodgkin’s lymphoma, multiple myeloma (MM), B-chronic lymphocytic leukemia,
plasmacytoma, macroglobulinemia, or Waldenstrom’s macroglobulinemia (WM).

{0081} Insome of any of the provided embodiments, a therapeutically effective amount of the
variant BCMA polypeptide, the fusion polypeptide, the dimer, the conjugate, the polynucleotide, the
vector, the cell or the pharmaceutical composition is to be administered to the subject.

{0882} In some of any of the provided embodiments, the method or the use is a therapeutic use
or a prophylactic use. In some of any of the provided embodiments, the therapeutic use is for
induction therapy. In some of any of the provided embodiments, the induction therapy spans for up
to at or about one week, up to at or about two weeks, up to at or about three weeks, or up to at or
about four weeks. In some of any of the provided embodiments, the therapeutic use is for

maintenance therapy. In some of any of the provided embodiments, the maintenance therapy spans
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for up to at or about one week, up to at or about two weeks, up to at or about three weeks, or up to
at or about four weeks.

{6083} Insome of any of the provided embodiments, the administration is selected from among
intravenous, oral, parenteral, sublingual, by inhalation, rectal or topical. In some of any of the

provided embodiments, the administration is intravenous administration.

Brief Description of the Drawings
{0084} FIG. 1A shows a polynucleotide sequence (SEQ ID NO:148) encoding full length

human BCMA. FIG. 1B depicts the amino acid sequence (SEQ ID NQO:149) encoded by the
polynucleotide sequence of FIG. 1A, and corresponds to full length human BCMA. The underlined
region depicts the BAFF (TALL-1) binding region (amino acid residues 8-46). The bold region
indicates an exemplary TNFR (CRD) region (amino acid residues 7-45). The italicized region
indicates the transmembrane domain (amino acid residues 55-77).

{0685} FIG. 2A depicts a polynucleotide sequence (SEQ ID NO:2) corresponding to the
extracellular domain of human BCMA. FIG. 2B depicts an amino acid sequence (SEQ ID NO:152)
corresponding to the extracellular domain of human BCMA (corresponding to amino acid residues
5-49 of SEQ ID NO:150).

{6086} FIG. 3A-FIG. 3K depict an alignment of amino acid sequences of exemplary variant
BCMA polypeptides as described as compared to the amino acid sequence of the extracellular
domain of human BCMA (SEQ 1D NO:152) and the second cysteine-rich domain of TACL

[68871 FIG. 4 1s a schematic diagram of vector CET1019-BCMA-PIg18 which is described in
Example 1A.

[0088] FIG. 5 provides a schematic diagram of vector CET1019AS-Z-TACI-Ig which is
described in Example 1B.

[008%] FIG. 6 provides a schematic diagram of pre-BCMA ECD-Pigl8 and pre-Z-TACI1 ECD-
Ig.

{00961 FIG. 7A and FIG. 7B are sensorgram traces of exemplary variant BCMA polypeptide
233622 (designated “233622-1g,” variant BCMA ECD component 233622) in fusion with an Ig
polypeptide, the [S40GThuBCMA- g fusion polypeptide (designated “BCMA-l1g,”), and a TACl-lg
fusion polypeptide (control labeled “Z-TACI-Ig”) binding to cynomolgus APRIL (FIG. 7A) and
human BAFF (FIG. 7B).
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[{0091] FIG. 8A and FIG. 8B depict the equilibrium dissociation constants (Kp) of
representative variant BCMA polypeptides as described and controls in molar concentrations of
huBAFF or huAPRIL determined by kinetic exclusion binding assays (KINEXA 3200). Vertical
bars represent the 95% confidence interval for the measurements. The X-axis labels represent the
variant BCMA-Ig or control Ig fusion polypeptide and ligand (suffix “.A” for huAPRIL or suffix
“B” for huBAFF). FIG. 8A provides a comparison of the equilibrium dissociation constants of
variant BCMA-Ig polypeptides with control, (Z-TACI-Ig. FIG. 8B provides a comparison of the
various stalk and Ig versions of the BAv9-1 variant as with [S40G]BCMA ECD-plg18 (designated
“BCMA[S40G]-plg18) as described in Example 17. A “*” indicates that the value is an average of
two or more assays.

{0092} FIG. 9 depicts the inhibition curves of representative variant BCMA polypeptides as
described and controls as the percent maximum proliferation signal determined by an HEK293-
huBCMA NFkappaB luciferase reporter cell assay in response to soluble huBAFF.

[6093] TIG. 10 depicts the inhibition curves of representative variant BCMA polypeptides as
described and controls as the percent maximum proliferation signal determined in the HEK293-
huBCMA NFkappaB luciferase reporter cell assay in response to HEK-293 cells expressing
membrane huBAFF.

[0094] FIG. 11A depicts the reduction in percentage of splenic marginal zone B lymphocytes
(“MZB cells™) from lupus prone NZB/W-F1 mice that stain positive for CD19 B cell marker after 8
weeks of treatment with an exemplary variant BCMA polypeptide as described (BAv9-1-Ig), TACI-
Ig, mBR3-Ig, or a PBS control. FIG. 11B shows the percentage of CD19 positive B cells in lupus
prone mice treated with fusion proteins BAv9-1-1g, TACI-Ig, mBR3-Ig, and a PBS control, in a
similar experiment.

{00935} FIG. 12 depicts the reduction in IgG-producing bone marrow plasma cells (Antibody-
secreting cells, “IgG ASCs”) from NZB/W-F1 mice that form ELISPOTS after 8 weeks of
treatment with an exemplary variant BCMA polypeptide as described (variant BAv9-1-Ig), TACI-
Ig, mBR3-Ig, or PBS.

{0896} FIG. 13A depicts the reduction in total serum IgA levels from NZB/W-F1 mice after 8
weeks of treatment with an exemplary variant a BCMA fusion polypeptide as described (BAv9-1-
Ig), TACI-Ig, mBR3-1Ig, or PBS. FIG. 13B depicts total IgA serum levels in lupus-prone mice
following treatment with a BCMA fusion polypeptide as described (BAv9-1-1Ig), TACI-Ig, mBR3-
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Ig, or PBS.

[68971 FIG. 14A depicts the reduction in anti-dsDNA IgM levels from NZB/W-F1 mice prior
to treatment (Pre) and after 4 weeks of treatment (W4) with an exemplary variant BCMA
polypeptide as described (BAv9-1-Ig), Z-TACI-Ig, mBR3-Ig, or PBS. FIG. 14B depicts the
nucleosome ASCs measured in NZB/W-F1 mice after 8 weeks of treatment with an exemplary
variant BCMA polypeptide as described (BAv9-1-1g), TACI-Ig, mBR3-Ig, or PBS.

{6898} FIG. 15 depicts the reduction in kidney pathology in NZB/W-F1 mice as measured by
renal histology after 8 weeks of treatment with an exemplary variant BCMA polypeptide as
described (BAv9-1-1g), TACI-Ig, mBR3-Ig, or PBS.

[0099] FIG. 16 depicts mean proteinuria (mg/dL) in mice over 16 weeks in response to
treatment with Ig(G1 fusion proteins BAv9-1-Ig (CRD SEQ ID NO:3), TACI-Ig, mBR3-Ig, or a PBS
control.

{6188} FIG. 17 depicts the reduction in percentage of peripheral blood B lymphocytes from
cynomolgus monkeys that stain positive for CD19 B cell marker over 28 days after single
intravenous treatments with an exemplary variant BCMA polypeptide as described (BAv9-1-Ig at
0.3 and 1.0 mg/kg) and TACI-1g (at 1.0 mg/kg).

{6101} FIG. 18 depicts the reduction in total serum [gG from cynomolgus monkeys over the
course of 28 days after intravenous treatments with an exemplary variant BCMA polypeptide as
described (BAv9-1-Igat 0.1, 0.3 and 1.0 mg/kg) and TACI-Ig (at 0.1 and 1.0 mg/kg).

{0102} FIG. 19 depicts the reduction in total serum IgA from cynomolgus monkeys over the
course of 28 days after intravenous treatments with an exemplary variant BCMA polypeptide as
described (BAv9-1-Ig at 0.1, 0.3 and 1.0 mg/kg) and TACI-Ig (at 0.1 and 1.0 mg/kg).

{0103} FIG. 20 depicts the reduction in total serum IgM from cynomolgus monkeys over the
course of 14 days after intravenous treatments with an exemplary variant BCMA polypeptide as
described (BAv9-1-Ig at 0.1, 0.3 and 1.0 mg/kg) and TACI-Ig (at 0.1 and 1.0 mg/kg).

{0184} FIG. 21A depicts the reduction in serum anti-tetanus toxoid (TTx) IgG antibodies from
cynomolgus monkeys at day 7 after intravenous treatment with an exemplary variant BCMA
polypeptide as described (BAv9-1-Igat 0.1, 0.3 and 1.0 mg/kg) and TACI-Ig (at 0.1 and 1.0
mg/kg). F1G. 21B depicts the reduction in serum anti-tetanus toxoid (1TTx) lgG antibodies from
cynomolgus monkeys at day 14 after intravenous treatment with an exemplary variant BCMA

polypeptide as described (BAv9-1-Ig at 0.1, 0.3 and 1.0 mg/kg) and Z-TACI-Ig (0.1 and 1.0
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mg/kg).

[0185] FIG. 22 depicts the reduction in serum anti-tetanus toxoid (T'Tx) lgM antibodies from
cynomolgus monkeys at day 7 after intravenous treatment with an exemplary variant BCMA
polypeptide as described (BAv9-1-Ig at 0.1, 0.3 and 1.0 mg/kg) and TACI-Ig (at 0.1 and 1.0
mg/kg).

[0106] FIG. 23 depicts the reduction in percentage of B220 B cells of the marginal zone,
transitional, and follicular B cell phenotype from spleens from Balb/c mice analyzed by FACS
staining after 1 and 3 weeks of “induction” treatment with high doses (10 mg/kg) of an exemplary
BAFF-selective variant BCMA polypeptide as described (variant 238833-1g, “238833-Ig”) or PBS
(“vehicle”). Right graph depicts the B220 B cell results from induction amimals treated for an
additional 3 weeks with “maintenance” treatment (Variant 238833-Ig/mBR3-Ig group) of mBR3-Ig
(50 mg/kg) or continued induction treatment (variant 238833-Ig/variant 238833-Ig group).

{6107} FIG. 24 depicts the reduction in IgG-secreting bone marrow plasma cells after 1 and 3
weeks of “induction” treatment with high doses (10 mg/kg) of an exemplary BAFF-selective variant
BCMA polypeptide as described (variant 238833-Ig) or PBS (left and middle graphs). Right graph
depicts the bone marrow plasma cell results from induction animals treated for an additional 3
weeks with “maintenance” treatment (variant 238833-Ig/mBR3-Ig group) of mBR3-Ig (50 mg/kg)
or continued induction treatment (variant 238833-Ig/variant 238833-Ig group).

{0108} FIG. 25 depicts the reduction in serum IgA after 1 and 3 weeks of “induction” treatment
with high doses (10 mg/kg) of an exemplary BAFF-selective variant BCMA polypeptide as
described (variant 238833-Ig) or PBS (left and middle graphs). The right graph (labeled “Week 6™)
depicts the serum IgA results from induction animals treated for an additional 3 weeks with
“maintenance” treatment (variant 238833-Ig/mBR3-Ig group) of mBR3-Ig (50 mg/kg) or continued
induction treatment (variant 238833-Ig/variant 238833-1g group).

[6189] FIG. 26 depicts the reduction in percentage of B220 B cells of the marginal zone,
transitional, and follicular B cell phenotype from spleens from Balb/c mice analyzed by FACS
staining after 3 weeks of treatment with titrated doses (150 or 500 pg/mouse) of an exemplary
BAFF-selective variant BCMA polypeptides as described (variant BAv66-Ig) or PBS.

[6118] FIG. 27 depicts the reduction in 1gG-secreting bone marrow plasma cells from Balb/c
mice analyzed by FACS staining after 3 weeks of treatment with titrated doses (150 or 500
ug/mouse) of an exemplary BAFF-selective variant BCMA polypeptide as described (variant
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BAv66-Ig) or PBS.

[6111] FIG. 28 depicts the reduction in serum IgA from Balb/c mice after 3 weeks of treatment
with titrated doses (150 or 500 pg/mouse) of an exemplary BAFF-selective variant BCMA
polypeptides as described (variant BAv66-Ig) or PBS.

{0112} FIG. 29 depicts the free drug concentration in mice after single injection with variant
BCMA BAv9-1 fused to three different IgG2 Fc variants.

{6113} FIG. 30 depicts the SDS-PAGE banding pattern of two variant BCMAs with N-linked
glycosylation sites retained (Gly+) or removed by mutation of S40G (Gly-).

{6114} FIG. 31 depicts the preservation of kidney function observed in NZB/W F1 lupus prone
mice treated with an exemplary variant BCMA polypeptide as described (variant BAv9-1-5L-plg22
[K278]del, labeled “BAv9-1-Ig”) but not with human BCMA surrogate control protein (labeled
“BCMA-Ig”) or control Fc protein.

{01158} FIG. 32 depicts the reduction in splenic B cells observed in NZB/W F1 lupus prone
mice treated with an exemplary variant BCMA polypeptide as described (variant BAv9-1-5L-plg22
[K278]del, labeled “BAv9-1-Ig” but not with human BCMA surrogate control protein (labeled
“BCMA-lg”) or control Fc protein.

{0116} FIG. 33A and FIG. 33B show comparative ICso of RC18 (Telitacicept), Atacicept, and
an exemplary variant BCMA CRD-IgG4 Fc¢ fusion protein to human BAFF (FIG. 33A) and human
APRIL (FIG. 33B).

{80117} FIG. 34A and FIG. 34B show comparative ICso of RC18 (Telitacicept), Atacicept, and
an exemplary variant BCMA CRD-IgG4 Fc¢ fusion protein to murine BAFF (FIG. 34A) and murine
APRIL (FIG. 34B).

{0118} FIG. 35A and FIG. 35B show comparative ECso of RC18 (Telitacicept), Atacicept, and
an exemplary variant BCMA CRD-IgG4 Fc fusion protein to heparan sulfate proteoglycans
Syndecan 1 (FIG. 35A) and Syndecan 2 (FIG. 35A).

[0119] FIG. 36 depicts flow cytometry results for assessing B cell enrichment efficiency, by
staining for CD19, gated on lymphocytes. PBMCs before enrichment were used as controls. The
percentage of CD19+ cells are indicated.

[6128] FIG. 37 depicts flow cytometry results assessing BAFF-R expression of the enriched B
cell populations for all three Donors. Unstained cells were used as controls. The percentage of

BAFF-R+ cells are indicated.
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[0121] FIG. 38 depicts flow cytometry results assessing the TACI expression of the enriched B
cell populations for all three Donors. Unstained cells were used as controls. The percentage of
TACIH cells are indicated.

[61221 FIG. 39 depicts flow cytometry results assessing BCMA expression of the enriched B
cell populations for all three Donors. Unstained cells were used as controls. The percentage of
BCMA-+ cells are indicated.

{6123} FIG. 40 depicts flow cytometry histogram overlays, showing the expression of BAFF-R,
TACI, and BCMA on the enriched B cell populations for Donors 1, 2, and 3. Mean fluorescence
intensity (MFI) values are denoted near each peak.

[0124] FIG. 41 depicts the stimulation and proliferation of the enriched B cell population in the
presence of stimulatory ligands (BAFF, APRIL, or BAFF-60mer), with or without plate bound anti-
IgM antibody for all three donors: no stimulation (“no stim”), anti-IgM antibody alone (“algM
alone”), anti-IgM antibody with ligand (“algM+BAFF,” “algM+APRIL,” or “algM+BAFF-60mer”)
and ligand alone (“BAFF,” “APRIL,” or “BAFF-60mer”), for all three donors, as represented by
Relative Luminescence Units (RLU) from the CellTiter-Glo® Luminescent Cell Viability Assay.

[0125] FIGS. 42A-42C depict the inhibition curves of the three inhibitors BAv9-1 CRD-1gG4
Fe¢, Atacicept, and RC18 (Telitacicept), for proliferation of the enriched B cell population
stimulated with human BAFF, human APRIL, or human BAFF-60mer and anti-IgM antibodies, for
Donor 1 (FIG. 42A), Donor 2 (FIG. 42B), and Donor 3 (FIG. 42C), as represented by plotting the
RLU from the CellTiter-Glo® Luminescent Cell Viability Assay over a serial dilution of

concentration of the inhibitor. The determined ICso values for each are denoted in the plots.

Detailed Description

{6126} Provided herein are variant B-cell Maturation Antigen (BCMA) polypeptides, such as a
fragment of a variant BCMA, that bind to ligands B-cell Activating Factor of the TNF family
(BAFF) and A Proliferation Inducing Ligand (APRIL), and related fusion proteins, compositions,
nucleic acids methods and uses. The provided variant BCMA polypeptides comprise a mutated
cysteine rich domain (CRD), and can bind, such as specifically bind, to ligands BAFF and APRIL,
providing dual blockade of the B-cell stimulatory cytokines. In some cases, the variant BCMA
polypeptides are linked to an immunoglobulin Fc region. Such variant BCMA-Fc fusion proteins

can further assemble to form dimers. Expression constructs encoding the variant BCMAs and fusion
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proteins can be used to manufacture the polypeptides. The various provided polypeptides and
expression constructs can be used in prophylactic or therapeutic methods, such as in the prevention
or the treatment of an immune cell mediated disease or condition by dual blockade of BAFF and
APRIL.

{01271 Autoimmune disorders can result from a cycle of immune cell stimulation, mediated in
part by the interaction between stimulatory cytokines and immune cell receptors. Plasma B cells and
plasmablasts secrete self-reactive antibodies, which attack tissues. Tissue damage results in the
release of autoantigens, which bind to the autoreactive antibodies, thereby triggering the production
of more plasma B cells secreting the autoantibodies via T cell-dependent and T-cell independent
mechanisms.

{0128} Tumor necrosis factor (TNF) family receptors B cell maturation antigen (BCMA),
transmembrane activator and CAML interactor (TACI), and BAFF receptor (BR3) play
complementary roles in regulating immune cell activity (See Pelletier et al., J. Biol. Chem.
2003;278, 33127-33133; Treml et al., Cell Biochem Biophys. 2009; 53(1):1-16; and Bischof et al,
Blood. 2006;107(8):3235-42). All three receptors are expressed on the surface of normal B cells, in
later stages of development, and on malignant B cells. Together, BCMA, TACI, and BR3 regulate
B cell survival, function and differentiation (Cancro, D’Cruz and Khamashta J. Clinical Invest.
2009;119:1066-1073. Dillon, S. et al. (2006) Nature Reviews 2006,5:235-246). TACI is also
expressed on activated T cells (Khare et al. Proc. Natl. Acad. Sci. USA 2000;97(7):3370-3375).

{6129} Both BCMA and TACI bind to ligands BAFF and APRIL, while BR3 binds solely to
BAFF. BAFF and APRIL are members of the TNF family of ligands that enhance the
differentiation of B cells to pathogenic plasma cells and prolong the survival of such plasma cells.
BAFF is believed to be a key costimulatory molecule for mature B cell proliferation and survival,
including survival of autoreactive B cells (Day et al., Biochemistry 2005;44:1919-1931 and Liu,
Trends Immunol. 2011; 32(8): 388—394). In addition to its relevance to the autoimmune response
cycle, BAFF has also been implicated in the modulation of the proliferative capacity and survival of
multiple myeloma cells (Novak, et al., Blood 2004:103(2):689-694).

{6138} BAFF and APRIL are implicated in the establishment and/or maintenance of certain
autoimmune diseases such as systemic lupus erythematosus (SLE), lupus nephritis, rheumatoid
arthritis (RA), multiple sclerosis, and Sjogren’s syndrome (see, e.g., Dillon, S. et al. (2006) Nature
Reviews 2006;5:235-246; Gross et al. Nature 2000,404(6782):995-999; MacKay et al. Annu. Rev.
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Immunol. 1999;21:231-2264 (2004); and Khare et al. Proc. Natl. Acad. Sci. USA 2000;97(7):3370-
3375). Pre-clinical and clinical studies have demonstrated that antagonists of BAFF and/or APRIL
can reduce autoantibody levels and control autoimmune disease activity. Animal models support the
conclusion that antagonism of both BAFF and APRIL is desirable for optimal blockade of the B-
cell autoimmune response cycle, by reducing or eliminating production of pathogenic antibody
producing cells, reducing tissue damage and subsequent formation of autoimmune complexes, and
thus blocking the further production of new pathogenic plasma cells and plasmablasts. Compared to
inhibition of either BAFF or APRIL alone, blockade of BAFF and APRIL is a more effective means
of rapidly depleting autoreactive plasmablasts and plasma cells.

[0131} Strategies for the prevention or the treatment of B-cell mediated conditions, such as
autoimmune diseases, include administration of molecules to interfere with the signaling of either
ligand alone or both BAFF and APRIL. Molecules that reportedly modulate B cell function by
interfering with BAFF and/or APRIL signaling include antibodies, such as the anti-BAFF antibody
BENLYSTA®, previously known as Lymphostat-B (belimumab; Baker K.P. et al. Arthritis Rheum.
2003;48:3253-3265), and receptor extracellular domain-Fc domain fusion proteins, such as
Atacicept, a TACIl-lg fusion protein with specificity for BAFF and APRIL (Baker J.A. et al. Nature
2000;404:995-999 and Gross, J.A. et al. (2000) Immunity 15:289-302), BR3-Fc (Pelletier et al, J.
Biol. Chem. 2003;278, 33127-33133), and BCMA-Ig (Melchers Ann. Rheum. Dis.
2003;62(Suppl.2):1i125-1i127; Patel, D.R. et al. J. Biol. Chem. 2004; 279:16727-16735; WO
03/072713; and US 2009/0297504). However, the efficacy and safety of existing molecules
demonstrate the need for improved treatment options. For example, rheumatoid arthritis clinical
trials showed that dual BAFF/APRIL inhibitor Atacicept provided no significant benefit over
placebo (van Vollenhoven et al., Rheumatoid Arthritis 2011;63(7):1782-1792; Genovese et al.,
Rheumatoid Arthritis 2011;63(7):1793-1803; Nanda, Nature Reviews Rheumatology 2011;7:313).

[6132] Provided herein are variant BCMA polypeptides, fusion polypeptides, dimers,
conjugates, polynucleotides, vectors, cells, pharmaceutical compositions, and related methods and
uses that meet such needs. In some aspects, provided are exemplary fusion proteins that comprise a
variant BCMA CRD and another polypeptide, such as an immunoglobulin Fc region. In some
aspects, the immunoglobulin Fc region is an 1gG4 Fc region. In some aspects, existing therapeutic
antibodies and Fc¢ fusion proteins often include an 1gG1 Fc region (Santos et al., Braz. J. Pharm. Sci.

2018;54(Special):e01007 and Duivelshof et al., J. Sep. Sci 2021;44(1):35-62). IgG1 Fc polypeptides
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produce strong cytotoxic responses from high affinity interactions with IgG Fc¢ receptors (FcyRs)
(Kang, Exp. Mol. Medicine 2019;51:1-9). Resultant Fc-mediated effector functions include
antibody-dependent cellular cytotoxicity (ADCC), antibody-dependent cellular phagocytosis
(ADCP), and complement-dependent cytotoxic (CDC) effects. While inducing a potent cytotoxic
response may be advantageous for some indications, such as in the treatment of cancer or infectious
diseases, treatment of autoimmune disease requires a strategy of targeted immunosuppression
(Kellner et al., Transfus Med Hemother 2017;44:327-336).

[8133] Provided herein are variant BCMA polypeptides comprising mutated cysteine rich
domain (CRD) that bind to both BAFF and APRIL to provide dual blockade of the B cell
stimulatory cytokine, and provide improved properties and benefits over existing molecules that
target BAFF and/or APRIL. For example, as described in the application, the provided variant
BCMA polypeptides and related molecules (e.g., fusion proteins) and compositions offer improved
binding, such as with substantially higher affinity, improved specificity, and reduced, limited or no
heparin sulfate proteoglycan (IISPG) binding. In some aspects, the provided variant BCMA
polypeptides comprise an engineered BCMA binding pocket, which contain specific modifications
resulting in substantial enhancement of binding and substantially higher binding affinity. In some
aspects, the structural modifications to the binding pocket result in a stronger conformational fit,
which, as shown in the application, leads to extremely high binding affinity and potency. In some
aspects, the improved affinity, specificity and reduction of HSPG binding can offer advantages of
improved efficacy and/or for a reduced dose level or frequency, and preserve T cell independent
responses to infections, which in turn could result in higher patient compliance and efficacy, and an
improved safety profile. Further, the provided variant BCMA polypeptides, related molecules and
compositions also exhibit reduced or minimal effector function and permit improved safety profile.

{8134} Compared to existing molecules, the provided variant BCMA molecules bind to BAFF
and APRIL with greater affinity. In some aspects, provided are fusion proteins comprising a variant
BCMA CRD and an IgG4 Fc region. In some aspects, the provided embodiments, offer an
advantage of a muted cytotoxic response, such as by selecting Ig(G4 Fc, which is a poor inducer of
Fc-mediated effector function (Kang, Exp. Mol. Medicine 2019;51:1-9 and WO 2021068752), such
as ADCC or CDC. In some cases, ADCC and CDC can cause undesirable side effects, such as
toxicity, or shorten the efficacy of a fusion protein (Kang, Exp. Mol. Medicine 2019;51:1-9). In

some aspects, the provided embodiments are based on an observation of an effective and high
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affinity binding and inhibition of BAFF and APRIL, while exhibiting reduced or minimized effector
function. In some aspects, the Fc region provides enhanced stability and uniform expression of a
fusion protein, which is desirable for production and quality control.

[8135] Also provided are polynucleotides encoding the variant BCMA polypeptides or fusion
polypeptides, one or more monomers of dimers, vectors comprising such pol