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PI-1 AGONIST MULTIMERIC BINDING MOLECULES
CROSS-REFERENCE TO RELATED APPLICATIONS

10061} This apphication clamms the benetit of U.S. Provisional Patent Application Serial
Nos. 63/014,023, filed April 22, 2020; 63/050,413, filed Julv 10, 2020; and 63/144,708,

5 filed February 2, 2021, which are each incorporated herein by reference i their entireties.

SEQUENCE LISTING

{3802}  The instant application contains a Sequence Listing which has been submtted
electronically in ASCH format and is hereby wmcorporated by reference in its entirety. The
ASCH copy was created on April 20, 2021, is named 031WO1-Sequence-Listing, and is

10 69,796 bytes in size.

BACKGROUND

{0803}  Antibodies and antibody-like molecules that can multimerize, such as IgA and IgM
antibodies, have emerged as promusing drug candidates, e.g., in the fields of mmmuno-
oncology and infectious diseases, allowing for improved specificity, improved avidity, and

15 the ability to bind to multiple binding targets. See, e.g.. U.S. Patent Nos. 9,951,134,
9,938,347, 10,351,631, and 10,400,038, U.S. Patent Application Publication Nos. US
2019-0100597, US 2018-0000897, US 2019-0330374, US 2019-0330360, US 2019-
(338040, US 2019-0338041, US 2019-0185370, US 2018-0263396, US 2018-(118816,
US 2618-0118814, and US 2019-0002566, and PCT Publication Nos. WO 2018/187702,

20 WO 2019/165340, and WO 2019/1693 14, the contents of which are incorporated herein
by reference in their entireties.

[0004]  Programmed cell death protein 1 (PD-1) s a cell surface receptor belonging to the
wamunoglobulin superfamily, which ncludes cell surface and soluble proteins that are

mvolved with recoguition, binding, and adhesion processes of cells. The imtial members

o
(]

of this family were discovered due to their functional effect on apgmenting T-cell
proliferation following the addition of monoclonal antibodies (Hutloff ot al. {1999) Nature
397:263-266; Hansen ¢t al. (1980} Domunogemics 10:247-260). Two cell surface

glveoprotein higands for PD-1, referred to as PD-L1 and PD-L2, have been identified, and
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have been shown to downregulate T-cell activation and cytokine secretion upon binding
to PD-1 (Freeman et al. (2000} J Exp Med 192:1027-34; Latchman et al. (2001) Nat
Immuonol 2:261-8; Carter et al. (2002} Hur J Tmmunol 32:634-43; Ohigashi et al. (2005)
Chin Cancer Res 11:2947-53). The PD-1 pathway has been mmplicated in a number of

autoimmune diseases {Francisco ot al., (2010) Immunol Rev 236: 219-42),

[O005]  There remains a need for therapeutics to treat autotmmune diseases, such as

autoimmune diseases resulting from disruption of the PD-1 pathway.

SUMMARY

{8606}  Provided herein is a multimeric binding molecule comprising two, five, or six

bivalent binding units or vanants or fragments thereof, where cach binding unit comprises
two IgA or IgM heavy chamn counstant regions or multimerizing fragments or variands
thereof, cach associated with a binding domain, where three to twelve of the binding
domains are programmed cell death protein 1 (PD-1)-binding domains that specifically
and agonistically bind to PD-1, where the binding molecule can activate PD-1-mediated
stgnal transduction o a ccll at a bigher potency than an eguivalent amount of a bivalent
IgG antibody or fragment thereof comprising two of the same PD-1-binding domains,
which also specifically binds to and agonizes PD-1. In some embodiments, the two, five,

or six binding units are human, humanized, or chimeric immunoglobulin binding units.

{0007}  To some embodiments, the theee to twelve PD-1-binding domains comaprise a heavy

chain variable region (VH) and a light chain variable region {(VL), where the VH and VL
comprise six immunoglobulin complementarity determining regions HCDRI, HCDRZ,
HCDR3, LCDRI, LOCDR2, and LCDR3, where the HCDR1Y, HCDR2, HCDR3, LCDRY,
LCDR2Z, and LCDR3 comprise the CDRs of an antibody comprising the VH and VL of
SEQIDNG: 1 and SEQID NG 2, SEGQ ID NO: 3 and SEQ ID NO: 4, SEQ ID NO: 5 and
SEQ 1D NG: 6, SEQ ID NO: 7 and SEQ ID NO: 8, SEQ ID NO: 9 and SEG ID NO: 10,
SEQIDNG: 11 and SEQ ID NO: 12, SEQ ID NGO 13 and SEQ ID NO: 14, SEQ ID NG
25 and SEQ ID NO: 26, SEQ ID NO: 27 and SEQ 1D NO: 28, SEQ 1D NO: 29 and SEQ
IDNG: 30, SEQ ID NG 31 and SEQ ID NG 32, SEQ ID NO: 33 and SEQ ID NO: 34, or
SEQ ID NG: 49 and SEQ 1D NO: 50, respectively, or the VH of any one of SEQ ID NO:
15, SEQ ID NOG: 17, SEGID NO: 19, SEQG ID NOG: 21, SEQ TD NO: 23, or SEQ 1D NO:
24 and the VL of any one of SEQ 1D NG: 16, SEQ ID NG: 18, 5EQ ID NO: 20, or SEQ
I3 NO: 22, or the CDRs of an antibody comprising the VH and VL of SEQ ID NO: 1 and

o]
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SEQ 1D NG: 2, SEQ 1D NO: 3 and SEQ 1D NO: 4, SEQ 1D NO: § and SE} [D NO: 6,
SEQ IDNO: 7 and SEQ ID NG: 8, SEQ ID NO: 9 and SEQ ID NO: 10, SEQ ID NG 1
and SEQ ID NO: 12, SEQ ID NO: 13 and SEQ 1D NO: 14, SEQ 1D NG: 25 and SEQ ID
NG 26, SEQ 1D NQO: 27 and SEQ 1D NO: 28, SEQ 1D NO: 29 and SEQ ID NG: 30, SEQ
5 3 NO: 31 and SEQ 1D NO: 32, SEQ D NO: 33 and SEQ ID NO: 34, or SEQ 1D NG: 49
and SEQ ID NO: 50, respectively with one or two single amino acid substitutions in one
or more of the HCDRs or LCDRs, or the VH of any one of SEQ ID NG 15, SEQ ID NG:
17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ 1D NO: 23, or SEQ 1D NO: 24 and the VL of
any one of SEQ ID NO: 16, SEQ ID NO: 18, SEQ 1D NO: 20, or SEQ 1D NG: 22 with
10 one or two single amine acid substitutions in one or more of the HCDRs or LCDRs.
{8608} In some embodiments, the three to twelve PD-1-binding domains comprise a heavy
chain variable region {VH) and a light chain varable region (VL), where: {a) the VH and
VL comprise six immunoglobulin complementarity deternuining regions HCDRI,
HCDR2, HCDR3, LCDRI, LCBR2, and LCDR3, where the HCDR1U, HCDR2, HCDR3,
15 LCDBRIL, LCDR2, and LCDR3 comprise the CDRs of an antibody comprising the VH and
VL of SEQID NG | and SEQIDNO: 2, SEQ IDNO: 3 and SEQ I NO: 4, SEQ ID NO:
5 and SEQ ID NG: 6, SEQ ID NO: 7 and SEQ ID NO: 8, SEQ ID NG: 9 and SEQ ID N
10, SEQ ID NG: 11 and SEQ ID NQG: 12, SEQ ID NO: 13 and SEQ ID NG: 14, SEQ ID
NO: 25 and SEQ 13 NO: 26, SEQ 1D NO: 27 and SEQ ID NO: 28, SEQ 1D NG: 29 and
20 SEQ ID NO: 30, SEQ IDNO: 31 and SEQ D NGO 32, SEQ 1D NG: 33 and SEG 1D NG:
34, or SEQ ID NO: 49 and SEQ 1D NG: 30, respectively with zero, one, or two single
amino acid substitutions in one or more of the HCDRs or LUDRs: (b) the VH and VL
comprise six tnownoglobulin complementarity determining regions HCDRI, HCDRZ,
HCDR3, LCDRI, LCDR2, and LCDR3, where the HCDRI, HCDR2, HCDR3, LCDRY,
25 LCDRZ, and LCDR3 comprise the CDRs of an antibody comprising the VH of any one of
SEQ D NO: 15, SEQ 1D NO: 17, SEQ 1D NO: 19, SEQ 1D NG: 21, SEQ 1D NGO 23, or
SEQ 1D NG: 24 and the VL of any one of SEQ 1D NO: 16, SEQ ID NO: 18, SEQ ID NG
20, or SEQ ID NO: 22 with zevo, one, or two single amino acid substitutions in one or
more of the HCDRs or LCDRs: (o) the VH and VE comprise aming acid sequences at least
30 80%, at least 859, at least 90%, at least 95% or 100% wdentical to SEQ 1D NG: 1 and SEQ
IDNQG: 2, SEQIDNG: 3 and SEQID NO: 4, SEQID NG 5 and SEQID NG: 6, SEQ ID
NG 7 and SEQ IDNO: 8, SEQ 1D NO: 9 and SEQ 1D NG: 10, SEQ ID NO: 11 and SEQ
13 NG: 12, SEQ 1D NO: 13 and SEQ ID NO: 14, SEQ D NO: 25 and SEQ 1D NO: 26,
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SEQ ID NO: 27 and SEQ ID NO: 28, SEQ 1D NO: 29 and SEG 1D NO: 30, SEQ 1D NO:
31 and SEQ ID NO: 32, SEQ ID NO: 33 and SEQ 1D NO: 34, or SEQ ID NO: 49 and SEQ
ID NO: 50, respectively; or (d) the VH comprises an amino acid sequence at least 80%, at
least 85%, at least 90%, at least 95% or 100% identical to of any one of SEQ ID NG 15,
5 SEGID NG 17, SEQ ID NO: 19, SEQ D NO: 21, SEQ 1D NO: 23, or SEQ 1D NO: 24
and the VL comprises an amino acid sequence at least 80%, at least 85%, at least 90%, at
least 5% or 100% identical to of any one of SEQ 1D NO: 16, SEQ ID NO: 18, SEQ ID
NO: 20, or SEQ ID NG 22,
0009 In some cmboduments, the VH and VL comprise six imununoglobulin
10 complementarity determining regions HCDRI, HCDR2, HCDR3, LCDRI, LCDRZ, and
LCDRS, where the HCDRI, HCDR2, HCBDR3, LCBR1, LCDR2, and LCDR3 comprise
the CDRs of an antibody compusing the VH and VL of SEQ ID NO: 1 and SEQ 1D NOG:
2, SEQ ID NO: 3 and SEQ ID NG: 4, SEQ ID NQ: 13 and SEQ 1D NO: 14, and SEQID
NO: 25 and SEQ 1D NG: 26, respectively, or the CDRs of an antibody comprising the VH
15 and VL of SEGID NO: 1 and SEQ ID NG 2, SEQ ID NG: 3 and SEQ ID NG: 4, SEQ 1D
NO: 13 and SEQ 1D NO: 14, and SEGQ 1D NO: 25 and SEGQ 1D NO: 26, respectively with
one or two single amino acid substitutions in one or more of the HCDRs or LCDRs.
{0818} In some embodiments, the three to twelve PD-1-binding domains of the binding
molecule comprise an antibody VH and a VL, where the VH and VL comprise amino acid
20 sequences at least 80%, at least 85%, at loast 90%, at least 95% or 100% identical to SEQ
IDNO: | and SEQ IDNO: 2, SEQ D NO: 3 and SEQ ID NG: 4, SEQ ID NG: S and SEQ
D NG: 6, SEQ ID NGO: 7 and SEQ ID NO: 8, SEQ 1D NO: 9 and SEQ ID NG: 10, SEQ
ID NG 1 and SEQ ID NO: 12, SEQ ID NO: 13 and SEQ ID NO: 14, SEQ ID NG: 23
and SEQ ID NO: 26, SEQ ID NO: 27 and SEQ 1D NO: 28, SEQ 1D NG: 29 and SEQ ID
25 N 30, SEQ ID NO: 31 and SEQ 1D NG: 32, SEQ ID NO: 33 and SEQ ID NO: 34, or
SEQ 1D NO: 49 and SEQ 1D NO: 50, respectively, or the VH of any onc of SEQ 1D NG:
13, SEQ D NO: 17, SEQ 1D NG: 19, SEQ ID NG: 21, SEQ D NG: 23, or SEQ 1D NO:
24 and the VL of any one of SEQ ID NO: 16, SEQ ID NO: 18, SEQ 1D NO: 20, or SEQ
ID NG 220 In some embodiments, the three to twelve PD-1-binding domains of the
30 binding molecule comprise an antibody VH and a VL, where the VH and VL comprise
amino acid sequences at least 80%, at least 85%, at least 90%, at least 95% or 100%
identical to SEQ ID NO: 1 and SEQ ID NGO: 2, SEQ ID NO: 3 and SEQ ID NO: 4, SEQ
D NO: 13 and SEQ ID NOG: 14, and SEQ 1D NO: 25 and SEQ ID NG: 26, respectively.
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{0611} In some embodiments, the three to twelve PB-1-binding domains comprise antibody

VH and VL regions comprising the amino acid sequences SEQ ID NO: | and SEQ 1D NO:

2, SEQG ID NO: 3 and SEQ ID NG 4, SEQ ID NG: S and SEQ ID NO: 6, SEQID NG 7

and SEQGID NO: & SEQID NG 9and SEQID NG: 10, SEQ ID NG: 1 and SEQ ID NG

5 12, SEQ ID NO: 13 and SEQ ID NO: 14, SEQ {3 NO: 25 and SEQ 1D NO: 26, SEQ ID
NG: 27 and SEGQ ID NG: 28, SEQ ID NO: 29 and SEQ ID NG: 30, SEQ ID NG: 31 and

SEQ ID NO: 32, SEQ ID NO: 33 and SEQ ID NO: 34, or SEQ ID NO: 49 and SEQ ID

NO: 50, respectively, or the VH of any one of SEQ ID NO: 15, SEQ ID NG 17, SEQ 1D

NGO: 19, SEQ 1D NO: 21, SEQ 1D NO: 23, or SEQ 1D NO: 24 and the VL of any one of

10 SEQ ID NG: 16, SEQ ID NO: 18, SEQ ID NG: 20, or SEQ ID NG 22 In some
embodiments, the three to twelve PD-1-binding domains comprise antibody VH and VL
regions comprising the amino acid sequences SEQ ID NO: 1 and SEQ ID NG: 2, SEQ ID
NO: 3 and SEQ D NO: 4, SEQ 1D NO: 13 and SEQ ID NG 14, or SEQ ID NO: 25 and
SEQ ID NQG: 26, respectively.

15 [8612]  In some embodiments, cach binding unit comprises two heavy chains and two hight
chains, where the heavy chains and light chains comprise VH and VL amino acd
sequences at least 80%, at least 85%, at least 90%, at least 95% or 100% identical to SEQ
IDNG: 1 and SEQIDNO: 2, SEQGID NG: 3 and SEQ ID NG: 4, SEQ ID NG 5 and SEQ
13 NG: 6, SEQ 1D NG 7 and SEQ 1D NG: 8, SEGQ 1D NO: 9 and SEQ 1D NO: 10, SEQ

20 D NG: 11 and SEQ ID NG: 12, SEQ 1D NO: 13 and SEQ 13 NG: 14, SEG ID NGO 25
and SEQ ID NO: 26, SEQ ID NO: 27 and SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID
NO: 30, SEQ 1D NO: 31 and SEG ID NO: 32, SEQ 1D NO: 33 and SEQ 1D NO: 34, or
SEQ 1D NO: 49 and SEQ 1D NO: 50, respectively, or the VH of any one of SEQ 1D NO:
15, SEQ ID NO: 17, SEG ID NO: 19, SEQG ID NG: 21, SEQ ID NO: 23, or SEQ 1D NO:

25 24 and the VL of any onc of SEG 1D NG: 16, SEQ ID NG: 18, 5EQ ID NO: 20, or SEQ
3 NO: 22, In some embodiments, each binding unit comprises two heavy chains and two
light chains, where the heavy chains and light chains comprise VH and VL anuno acid
sequences at least 80%, at least 85%, at least 90%, at least 95% or 100% identical to SEQ
ID NG 1 and SEQ 1D NO: 2, SEQ ID NOG: 3 and SEQ 1D NOG: 4, SEQ 1D NO: 13 and

30 SEQ ID NG 14, or SEQ D NO: 25 and SEQ 1D NO: 26, respectively.

[8013]  In some embodiments, the heavy chaing and hight chains comprise the VH and VL
amino acid sequences SEQ ID NG Land SEQ ID NG 2, SEQ IBNO: 3 and SEQ ID NG
4, SEQ ID NG: S and SEQ ID NGO 6, SEG ID NO: 7 and SEQ ID NO: 8, SEQ IDNG: 9
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and SEQ ID NG 10, SEG ID NO: 1 and SEQ 1D NO: 12, SEG 1D NO: 13 and SEQ 1D
NO: 14, SEQ ID NGO 25 and SEQ ID NO: 26, SEQ IDNO: 27 and SEQ ID NG: 28, SEQ
D NO: 29 and SEQ ID NG: 30, SEQ ID NO: 31 and SEQ ID NO: 32, SEQ ID NO: 33
and SEQ 1D NO: 34, or SEQ 1D NO: 49 and SEQ 1D NG: 30, respectively, or the VH of
5 any one of SEQ 1D NO: 15, SEQ ID NO: 17, SEQ ID NG: 19, SEQ IDNO: 21, SEQ 1D
NO: 23, or SEQ ID NGO: 24 and the VL of any one of SEQ ID NG: 16, SEQ ID NG: 18,
SEQ ID NG 20, or SEQ ID NO: 22 In some embodiments, the heavy chaing and light
chains comprise the VH and VL amino acid sequences SEQ 1D NO: 1 and SEQ IDNG: 2,
SEQ ID NO: 3 and SEQ ID NG 4, SEQID NG 13 and SEQ ID NO: 14, or SEQ 1D NO:
10 25 and SEQ ID NO: 26, respectively.

{6614} In some cmbodiments, the mmdtimeric binding molecule is a dimeric binding
molecule comprising two bivalent IgA or lgA-like binding units and a J chain or functional
fragment or variant thercof, where each binding unit comprises two IgA heavy chain
constant regions or multimenizing fragments or vanants thereof, cach comprising an IgA

15 Cu3 domain and an IgA talpiece domain. In some embodiments, each IgA heavy chain
constant region or multimenizing fragment or variant thercof further comprises a Cal
domain, a Co? domain, an IgA hinge region, or any combination thereof. In some
embodiments, the IgA heavy chain constant regions or multimerizing fragments thercof
are human IgA constant regions. In some embodiments, cach binding unit comprises two

20 IgA heavy chamns each comprising a VH situated amimne terminal to the IgA constant region
or multimerizing fragment thereof, and two immunoglobuhn light chains each comprising
a VL situated amino terminal to an immunoglobulin light chain constant region.

[0015]  In some emboduments, the multtmeric binding molecule is a pentameric or a
hexameric binding molecule comprising five or six bivalent IgM binding units,

25 respecttvely, where each binding unmit comprises two IgM heavy chain constant regions or
multimerizing fragments thereof each associated with a PD-1-binding domain, where cach
fgM heavy chain constant region comprises an IgM Cu4 and IgM tailpiece domain. In
sorpe embodiments, the IgM heavy chain constant regions or fragments or vaniants thereof
cach further comprise a Cul domain, a Cu2 domain, a Cu3 domain, or any combination

30 thereof. In some cmbodiments, the IgM heavy chain constant region is a human IgM
constant region.

[8016] In some embodiments, cach binding unit comprises two Igh heavy chains each

comprising a VH situated amino terminal to the IgM constant region or fragment thereof,
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and two immunoglobulin light chains each comprising a VL situated amino terminal to an
wamunoglobulin light chain constant region.
{80171 In some embodiments, the multimeric binding molecule comprises SEQ 1D NQ: 35,
SEQ ID NGO 36, or a multimerizing fragment thereof. In some embodiments, the IgM
5 constant region comprises a substitution relative to a wild-type human IgM constant region
at position 310, 311, 313, and/or 315 of SEQ ID NO: 33 or SEQ 1D NG: 36. In some
embodiments, the IgM constant region comprises two or more substitutions relative to a
wild-type human IgM constant region at positions 46, 209, 272, or 440 of SEQ 1D NQG: 35
or SEQ 1D NO: 36,

16 [0618]  In some embodiments, the multimeric binding molecule i1s pentameric, and further
comprises a J-chain or functional fragment or variant thereof.

{0019} In some embodiments, the J-chain or functional fragment or variant thercof is a
variant J-chain comprising one or more single amino acid substitutions, deletions, or
insertions relative to a wild-type J-chain that can affect serum halt-hife of the multimeric

15 binding molecule; and where the multimeric binding molecule comprising the varant J-
chain exhibits an mcreased serum half-life upon adnunistration to an animal relative to a
reference multimeric binding molecule that 18 identical except for the one or more single
amino acid substitutions, deletions, or msertions, and is admimstered in the same way to
the same animal species.

20 [B020] o some ombodiments, the J-chamn or functional fragment thercof compriscs an
amino acid substitution at the amino acid position corresponding to amino acid Y102 of
the mature wild-tvpe human J-chain (SEQ 1D NG: 41). In some ombodiments, the amino
acid corresponding to Y102 of SEQ [D NO: 41 is substituted with alanine {A), scrine {8),
or arginine (R}). In some embodiments, the amino acid corresponding to Y102 of SEQ ID

25 NG 41 4s substituted with alanine (A}

{0021}  In some cmbodiments, the J-chain is a variant human J-chain and comprises the
amino acid sequence SEQ ID NO: 42, In some embodiments, the J-chain or functional
fragment thereof comprises an amino acid substitution at the amuno acid position
corresponding to amino acid N49, amino acid 851, or both N49 and 551 of the mature

30 human J-chain (SEQ 1D NO: 41}, where a single amino acid substitution corresponding to
position S31 of SEQ 1D NO: 41 15 not a threonine (T) substitution. In some embodiments,
the postition corresponding to N4G of SEQ 1D NO: 41 15 substituted with alamine (A},

elycine (G}, threonine (1), serine {(8) or aspartic acid (D). In some embodiments, the

3



WO 2021/216756 PCT/US2021/028459

position corresponding to N49 of SEQ 1D NO: 41 or SEQ ID NO: 42 is substituted with

alamine (A}, In some embodiments, the position corresponding to 851 of SEQ 1D NO: 41

or SEQ ID NO: 42 1s substituted with alanine (A) or glyeine (G}, In some embodiments,

the position corresponding to 851 of SEQ 1D NO: 41 or SEQ ID NO: 42 15 substituted
5 with alanine (A).

{00221 To some embodiments, the I-chain or functional fragment or variant thereof further
comprises a heterologous polypeptide, where the heterologous polypeptide s directly or
indirectly fused to the J-chain or functional fragment or variant thereof,

[0023]  In some embodiments, the heierologous polvpeptide is fused to the J-chan or

10 fragment thereof via a peptide linker. In some embodiments, the peptide linker comprises
at least 3 amino acids, but no more than 25 amino acids. In some embodiments, the J-chain
or functional fragment or variant thereof further comprises a heterologous polvpeptide,
where the heterologous polypeptide 15 fused to the J-chain or functional fragment or

variant thereof via a peptide linker comprising at least 5 ammo acids, but no more than 25

15 amino acids. In some embodiments, the peptide linker consists of GGGGS (SEQ 1D NG
43}, GGGGSGGGGS (SEQ 1D NO: 44), GGGGSGGGGSGGGGS (SEQ 1D NO: 45),
GGOGSGGGGSGGGGSGGGES (SEQ D NG: 46), or

GOOGGSGOOGSGGGESGOGGESGHRGGS (SEQ ID NG: 47). In some embodiments, the
heterologous polypeptide is fused to the N-terminus of the J-chain or fragment or variant
20 thereof, the C-termunus of the F-chain or fragment or variant thereof, or 1o both the N-
terminus and C-terminus of the J-chain or fragment or vanant thereof.
10024]  In some ombodiments, the heterologous polypeptide can influence the absorption,
distribution, metabolism and/or excretion {ADME) of the maultimeric binding molecule.
{0625}  In some embodiments, the heterologous polyvpeptide comprises an antigen binding
25 domain. In some embodiments, the antigen binding domain of the heterclogous
polypeptide is an antibody or antigen-binding fragment thereof. In some embodiments, the
antigen-binding fragment compriscs an Fab fragment, an Fab' fragment, an F(ab)2
fragment, an Fd fragment, an Fv fragment, a single~-chain Fv (scFv} fragment, a disulfide-
linked Fv (sdFv) fragment, or any combination thereof. In some embodiments, the antigen-
30 binding fragment is a scFv fragment. fn some embodiments, the antigen binding domam
binds ICOS Ligand (JCOSLG), 1COS (CD278), Interleukin 6 (IL6), CD28, CD3, CDRY,
D86, Tumor Necrosis Factor Alpha (TNFa}, or Fibroblast Activation Protein (FAP).
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10826]  Also provided herein is a composition comprising the multimeric binding molecule
disclosed herein. In some embodiments, the composition further comprises a
pharmacologically acceptable excipient.

{8027}  Also provided herein is a polynucleotide comprising a mucleic acid sequence that

5 encodes a polypeptide subunit of the binding molecule disclosed hercin. In some
embodiments, the polypeptide subunit comprises an IgM heavy chain constant region and
at least an antibody VH portion of the PD-1-binding domain of the multimeric binding
molecule.

106028]  In somc embodiments, the polypeptide subunit comprises a human IgM counstant

10 region or fragment thereof fused to the C-terminal end of a VH compnsing: {a} HCDRI,
HCDR2, and HCDR3S regions comprising the UDRs contained in the VH amino acid
sequences SEQ ID NGO: 1, SEQ ID NG: 3. SEQ ID NG 3, SEQ ID NG: 7, SEQ D NO: 9,
SEQIDNO: 11, SEQ D NO: 13, SEQID NG 15, SEQIDNO: 17 SEQ D NO: [9, SEQ
D NG: 21, SEQ D NG: 23, SEG ID NO: 24, SEQ ID NG: 25, SEQ ID NG: 27, SEQ 1D

15 NG: 29, SEQ 1D NO: 31, SEQ 1D NG: 33, or SEQ 1D NG: 49, or the CDRs contained in
the VH amino acid sequences SEQ D NO: 1, SEQ ID NG: 3, SEQ ID NG: 5, SEQ 1D
NG 7, SEQID NG: 9, SEQID NO: {1, SEQID NO: 13, SEQ ID NO: 15, SEQ 1D NO:
17, SEQ ID NG: 19, SEQ 1D NO: 21, SEQ ID NG: 23, SEQ 1D NO: 24, SEQ ID NG: 25,
SEQ 1D NG: 27 SEQ ID NG: 29, SEQ 1D NO: 31, SEQ 1D NG: 33, or SEQ 1D NO: 49

20 with one or two single amino acid substitutions in one or more of the HCDRs; or (b) an
amino actd sequence at least 80%, at least 83%, at least 90%, at least 93% or 100%
identical to SEQ 1D NO: 1, SEQ 1D NO: 3, SEQ ID NO: 5, SEQ 1D NG 7. SEQ ID NO:
9, SEQ ID NQ: 11, SEQ 1D NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NG: 19,
SEQIDNO: 21, SEQ ID NG: 23, SEQ ID NO: 24, SEQIDNO: 25, SEQ D NO: 27, SEQ

25 D NO: 29, SEQ ID NG 31, SEQ ID NO: 33, or SEQ ID NG: 49,

{0029}  In some embodiments, the polypeptide subunit comprises a light chain constant
region and an antibody VL portion of the PD-1-binding domain of the multimeric binding
molecule. In some embodiments, the polypeptide subunit comprises a human kappa or
{ambda light chain constant region or fragment thereof fused to the C-terminal end of a

30 VI comprising: {a) LCDRI, LCDRZ, and LCDR3 regions comprising the CDRs contained
in the VL amino acid sequences SEQ 1D NO: 2, SEQ ID NG: 4, SEQ ID NG: 6, SEQ ID
NG 8, SEQ 1D NO: 10, SEQ ID NO: 12, SEGQ IR NO: 14, SEQ ID NOG: 16, SEQ IR NO:
18, SEQ ID NG: 20, SEQ ID NO: 22, SEQ ID NO: 26, SEQ ID NG 28, SEQ 1D NO: 30,

-0 -
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SEQ 1D NG: 32, SEQ 1D NO: 34, or SEQ 1D NGO 50, or the CDRs contained in the VL
amino acid sequences SEQIDNG: 2, SEQIDNO: 4, SEQ D NO: 6, SEQ IDNG: 8, SEQ
IDNO: 10, SEQ ID NG: 12, SEQ ID NO: 14, SEQ 1D NO: 16, SEGID NO: 18, SEQ ID
N 20, SEQ ID NG: 22, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO:
5 32, SEQ 1D NO: 34, or SEQ 1D NO: 50 with one or two single amino acid substitutions i
one or more of the LCDRs; or (b} an amino acid sequence at least 80%, at least 85%, at
least 90%, at least 953% or 100% identical to SEQ ID NQG: 2, SEQ ID NG: 4, SEQ ID NG
6, SEQ 1D NG: 8, SEGQ ID NO: 10, SEQ 1D NO: 12, SEQ 1D NG: 14, SEG ID NO: 16,
SEQID NG 18, SEQ ID NO: 20, SEQ IDNO: 22, SEQ ID NG 26, SEQ ID NO: 28, SEQ
10 D NG: 30, SEQ ID NG: 32, SEQ ID NG: 34, or SEQ ID NG: 50.
[8038]  Also provided herein is 3 composition comprising a polynucleotide provided herein.
In some embodiments, the composition comprises a polvaucleotide comprising a mucleic
acid sequence that encodes an IgM heavy chain constant region and at least an anttbody
VH portion of the PD-1-binding domain of a multimeric binding molecule provided
15 herein, and a polynucieotide comprising a nucleic acid sequence that encodes a light chain
constant region and an antibody VL portion of the PD-1-binding domain of a multimeric
binding molecule provided herein. In some embodiments, the polvnuclectides are on
separate vectors. In some embodiments, the polynucleotides are on a single vector. In some
embodiments, the composition further comprses a polynucleotide comprising a nucleic
20 acid sequence encoding a J chain, or a functional fragment thereof, or a functional variant
thereof.
106831]  Also provided herein is a vector or vectors disclosed herein.
00321  Also provided herein is a host cell comprising a polyonucleotide provided herein, a
composition provided herein, or a vector or vectors provided herein, where the host cell
25 can express a binding molecule provided herein, or a subunit thereof.
{0833}  Also provided herein is a method of producing a binding molecule provided herein,
comprising culturing a host cell provided herein, and recovering the binding molecule.
[0034]  Also provided herein 1s a method for treating an autoimmune disorder, an
inflanmatory disorder, or a combination thercof in a subject in need of treatment
30 comprising administering to the subjoct an effective amount of a multimernic binding
molecule provided herein, where the multimerie binding molecule exhibits greater potency
than an equivalent amounnt of a monomeric or dimeric binding molecule binding to the

same binding partner. In some embodiments, the subject is human.
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{0635]  Also provided herein is a method for preventing transplantation rejection in a
subject, comprising administering to the subject an effective amount of a multimeric
binding molecule provided herein, where the multimeric binding molecule exhibus greater
potency than an equivalent amount of a monomeric or dimeric binding molecule binding
1o the same binding pariner, and where the subject is a transplantation recipient. In some

embodiments, the subject 1s human.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0036] FIG. | shows binding of anti-PD-1 IgG #1, anti-PD-1 IegM #1, anti-PD-1 1gG #2,
and anti-PD-1 IgM #2 to human PD-1 in an ELISA assay.

{88377  FIG. 2 shows binding of anti-PD-1 IgG #1, anti-PD-1 IgM #1, anti-PD-1 IgG #2,
and anti-PD-1 IgM #2 to human PD-1 in a celi-based assay.

[0038]  FIGS. 3A-3B show activation of PD-1 signaling by anti-PD-1 IgG or IgM #1 (FIG.
3A) or anti-PD-1 IgG or IgM #2 (FIG. 3B).

[3039]  FIGS. 4A-4B show activation of PD-1 signaling by anti-PD-1 1gG, 1gG + cross-
linker, or IgM #1 (F1G. 4A) or anti-PD-1 1gG, IgG + cross-hinker, or IgM #2 (FIG. 4B).

{80461 FIGS. 5A-SD show activation of PD-1 signaling by anti-PD-1 IgG, IgG + cross-
linker, or IgM #1 (FIG. 5A) or anti-PD-1 Ie(5, 1gG + cross-linker, or IgM #2 (FIG. 3B} or
anti-PD-1 1gG, IgG + cross-linker, or IgM #3 (FIG. 5C) or anti-PD-1 1gG, IgG + cross-
finker, or lgM #4 (FIG. 5D).

[0041]  FIGS. 6A-6D show activation of PD-1 signaling by anti-PD-1 Ig(G, IgG + cross-
linker, pentameric IgM. or hexameric IgHM #1 (FIG. 6A) or anti-PD-1 16, IG + cross-
linker, pentameric IgM, or hexameric IgHM #2 (FIG. 6B) or anti-PD-1 1gG, I2G + cross-
linker, pertameric IgM, or hexameric IgHM #3 (F1G. 6C) or anti-PD-1 1, Ig( + cross-
linker, pentameric IgM, or hexameric IgHM 45 (FIG. 6D},

DETAILED DESCRIPTION

Defutions

ot

{0042]  As used herein, the torm "a" or "an" entity refers to one or more of that entity; for

example, "a binding molecule,” is understood to represent one or more binding molecules.

It}

As such, the terms "a" (or "an™), "one or more,” and "at least one” can be used

interchangeably herein.

- 11
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{0643]  Furthermore, "and/or” where used herein is to be taken as specific disclosure of cach
of the two specified features or components with or without the other. Thus, the term
and/or" as used in a phrase such as "A and/or B" herein is intended to include "A and B.”
"Aor B," "A" {alone), and "B" {alone). Likewise, the term "and/or" as used in a phrase
5 such as "A, B, and/or C" is intended to encompass cach of the following embodiments: A,
Band C; A BorC,Aor T AorB;BorCAand C; A and B: Band C; A (alone), B
{alone}; and C (alone).
{6044}  Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this
10 disclosure is related. For example, the Concise Dictionary of Biomedicine and Molecular
Biology, Fuo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular
Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary of Biochemistry and
Molecular Biology, Revised, 2000, Oxford University Press, provide one of skill with a
general dictionary of many of the terms used m this disclosuare.
15 [6848]  Units, prefixes, and symbols are denoted in their Systéme foternational de Unites
(SI) accepted form. Numeric ranges are inclusive of the numbers defining the range.
Unless otherwise mndicated, amino acid sequences are wrniten left to nght m amino to
carboxy orientation. The headings provided hercin are not limitations of the varnous
embodiments or embodiments of the disclosure, which can be had by reference to the
20 specification as a whole. Accordingly, the terms defined imunediately below are more fully
defined by reference to the specification in its entivety.

10046]  As used hercin, the term “polypeptide” is intended to cncompass a singular
“polypeptide” as well as plural “polypeptides,” and refers to a molecule composed of
monomers {amino acida) linearly linked by amide bonds {also known as peptide bonds).

25 The term "polypeptide” refers to any chain or chains of two or more aming acids and does
not refer to a specific length of the product. Thus, peptides. dipeptides, tripeptides,
oligopeptides, “protein,” “amino acid chain,” or any other term used to refer to a cham or
chaing of two or more amino acids are included within the definttion of "polypeptide,” and
the term “polypeptide” can be used instead of any of these terms. The term "polypeptide”

30 15 also indended to refer to the products of post-expression modifications of the
polypeptide, mcluding without limitation glycosylation, acetyvlation, phosphorylation,
amidation, and derivatization by known protecting/blocking groups, proteolytic cleavage,

or modification by non-naturally occurring amino acids. A polvpeptide can be derived
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from a biological source or produced by recombinant techuology but is not necessanly
translated from a designated nucleic acid sequence. B can be generated in any manner,
mchuding by chenucal synthesis,
{8047} A polypeptide as disclosed herein can be of a size of about 3 or more, 3 or more, 10
5 or more, 20 or more, 25 or more, 50 or more, 75 or more, 100 or more, 200 or more, 500
or more, §,000 or more, or 2,000 or more amino acids. Polypeptides can have a defined
three-dimensional  structure, although they do not necessarily have such structure.
Polypeptides with a defined three-dimensional structure are referred to as folded, and
polypeptides which do not possess a defined three-dimensional stoucture, but rather can
10 adopt many different conformations and are referred to as unfolded. As used herein, the
term glycoprotein refers to a protein coupled to at least one carbohvdrate moiety that is
attached to the protein via an oxygen-containing or a nitrogen-containing side chain of an
aming acid, ©.g., a serine or an asparaging. Asparagine {N)-linked glycans are described in
more deta} elsewhere in this disclosure.
15 [8848] By an "isolated” polypeptide or a fragment, variant, or derivative thereof is intended
a polvpeptide that is not in #ts natural milicu. No particular level of purification is required.
For example, an isolated polypeptide can be removed from s native or natural
environment. Recombinantly produced polvpeptides and proteins expressed in host cells
are considered isolated as disclosed herein, as are native or recombinant polypeptides
20 which have been separated, fractionated, or partially or substantially purified by any
suitable technique.

{049  Asused herein, the torm “a non-naturally occurring polypeptide” or any grammatical
varants thercof, is a conditional definition that explicitly excludes, but only excludes,
those forms of the polypeptide that are, or mught be, determined or interpreted by a judge

25 or an admimstrative or judicial body, to be “naturally-occurring.”

{0056]  Other polypeptides disclosed herein are fragments, derivatives, analogs, or variants
of the foregoing polypeptides, and any combination thercof The terms "fragment,”
“varant,” “derivative” and "analog” as disclosed herein include any polypeptides which
retain at least some of the properties of the corresponding native antibody or polvpeptide,

30 for example, specifically binding to an antigen. Fragments of polypeptides include, for
example, proteolytic fragments, as well as deletion fragments, in addition to specific
antibody fragments discussed clsewhere herein. Variants of, ¢.g., a polypeptide mchade

fragments as described above, and also polypeptides with altered amino acid sequences
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due to amino acid substitutions, deletions, or mnsertions. In certain embodiments, variants
can be non-naturally occurring. Non-naturally occurring variants can be produced using
art-known mutagenesis technigues. Vanant polvpeptides can comprise conservative or
non-conservative amino acid substitutions, deletions, or additions. Derivatives are
5 polvpeptides that have been altered so as to exhibit additional features not found on the
onginal polypeptide. Examples mnclude fusion proteins. As used herein a "dernivative™ of a
polypeptide can also refer to a subject polypeptide having one or more amino actds
chenucally derivatized bv reaction of a functional side group. Also included as
"derivatives” are those polvpeptides that contain one or more derivatives of the twenty
10 standard amino acids. For example, 4-hvdroxyproline can be substituted for proline; 5~
hydroxvlysine can be substitited for lysine; 3-methyihistidine can be substituted for
histidine; homosering can be substituted for serine; and omithine can be substituted for
lysine.

[B051] A "conservative amino acid substitution” 1s one in which one amuno acid s replaced
15 with another amino acid having a similar side chain. Families of amino acids having
similar side chains have been defined in the art, including basic side chains {¢.g., lysine,
arginine, histidine), acidic side chains {¢.g., aspartic acid, ghutamic acid), uncharged polar
side chains {c.g., asparagine, glutamine, serine, threonine, tyrosine, cysteing), nonpolar
side chains {e.g.. glycine, alamine, valine, leucine, isoleucine, proline, phenylalanine,
20 methioning, tryptophan), beta-branched side chains (¢ g, threoninge, valine, isoleucine) and
aromatic side chams {¢.g., tyvrosine, phenylalanine, tryptophan, histidine)}. For example,
substitution of a phenylalanine for a tyrosing is a conservative substitution. In certain
embodiments, conservative substitutions in the sequences of the polypeptides, binding
molecules, and antibodies of the present disclosure do not abrogate the binding of the
25 polypeptide, binding molecule, or antibody containing the amino acid sequence, to the
antigen to which the antibody binds. Methods of identifving nucieotide and amino acid
conservative substitutions which do not chminate antigen-binding are well-known in the
art {sec, e.g., Brummell et al,, Biochem. 32; 1180-1 187 (1993); Kobavashi ¢t al., Protein
Eng. 12{10%:&79-884 (1999} and Burks et al., Proc. Natl. Acad. Sci. USA 94: 412417

30 (1997,
{8052}  The term "polynucleotide” 1s intended to encompass a singular nucleic acid as well
as plural nucleic acids and refers to an isolated nucleic acid molecule or constract, e.g.,

messenger RNA (mRNA)Y, cDNA, or plasnud DNA (pDNA). A polyvnucleotide can
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comprise a conventional phosphodicster bond or a non-conventional bond (¢.g., an amide
bond, such as found 1 peptide nucleic acids (PNA)). The terms "nucleic acid" or “pucleic
acid sequence” refer to any one or more nucleic acid segments, eg., DNA or RNA
fragments, present in a polynucleotide.

5 {0083} By an "isolated” nucleic acid or polynucieotide is intended any form of the nucleic
acid or polynucleotide that is separated from its native environment. For example, gel-
purified polynucleotide, or a recombinant polynuclectide encoding a polypeptide
contained in a vector would be considered to be “isolated.” Also, a polvaucleotide
segraent, ¢.g.. a PCR product, which has been engineered to have restriction sites for

10 cloning s considered to be “isolated.” Further examples of an isolated polvnucieotide

iclude recombinant polynucleotides maintained in heterologous host cells or punfied
{partially or substantially) polynucleotides in a non-native solution such as a buffer or
salinc. Isolated RNA molecules mclude in vivo or in vitro RNA transcripis of
polynucleotides, where the transcript is not one that would be found in nature. Isolated

15 polyoucleotides or nucleie acids further melude such molecules produced syuthetically. In

addition, polynucleotide or a nucleic acid can be or can include a regulatory element such
as a promofer, ribosome binding site, or a transcription ternunator.

{0854} As used hercin, the term “a nos-naturally cccurring polynucleotide”™ or any
grammatical vanants thereof, is a conditional definition that explicitly excludes, but only

20 exchudes, those forms of the nucleic acid or polynucleotide that are, or nught be,

deternuned or inferpreted by a judge, or an adounistrative or judicial body, to be
“naturally-cocurring.”

{0055} As used heroin, a "coding region” is a portion of nucleic acid which cousists of
codons translated mto amino acids. Although a "stop codon” (TAG, TGA, or TAA) 1s not

25 translated into an amine acid, it can be considered to be past of a coding region, but any

flanking scquences, for example promoters, ribosome binding sites, transcriptional
terminators, tdrons, and the like, are not part of a coding region. Two or more coding
regions can be present in a single polynucleotide construct, ¢.g., on a single vector, or in
separate polvnuclestide constructs, ¢.g., on separate {different} vectors. Furthermore, any

30 vector can contain a single coding region, or can comprise two or more coding regions,

e.g., a single vector can separately encode an immunoglobulin heavy chain variable region
and an immunoglobulin light chain variable region. In addition, a vector, polynucleotide,

or nucleic acid can mchide heterologous coding regions, cither fused or unfused to another

-1
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coding region. Heterologous coding regions include without linutation, those encoding
specialized elements or moufs, such as a secretory signal peptide or a heterclogous
functional domaimn.

{8836} In certain embodiments, the polynucleotide or nucleic acid is DNA. In the case of

5 DNA, a polynucleotide comprising a nucleic acid which encodes a polypeptide normally

can include a promoter and/or other transcription or translation contro] elements operably

associated with one or more coding regions. An operable association is when a coding

region for a gene product, ¢.g.. a polypeptide, is associated with one or more regulatory

sequences in such a way as 1o place expression of the gene product under the mfluence or

10 control of the regulatory sequence(s). Two DNA fragments (such as a polvpeptide coding

region and a promoter associated therewith) are "operably associated” if induction of

promoter function results in the transcription of mRNA encoding the desired gene product

and if the nature of the linkage between the two DNA fragments does not interfere with

the ability of the expression regulatory sequences to direct the expression of the gene

15 product or interfere with the ability of the DNA template to be transcribed. Thus, a

promoter region would be operably associated with a nucieic acid encoding a polypeptide

if the promoter was capable of effecting transcription of that nucleic acid. The promoter

can be a cell-specific promoter that directs sebstantial transeription of the DINA in

predetermined cells. Other transcription control elements, besides a promoter, for example

20 enhancers, operators, repressors, and transcription termination signals, can be operably
associated with the polynucleotide to direct cell-specific transeription.

{06571 A variety of transcription control regions are known to those skilled in the art. These
nclude, without imitation, transcription control regions that function i vertebrate cells,
such as, but not limited to, promoter and enhancer segments from cviomegaloviruses (the

25 immediate carly promoter, in conjunction with intron-A), simian viras 40 {the early
promoter), and retroviruses {(such as Rous sarcoma virus). Other transcription control
regions include those denived from vericbrate genes such as actin, heat shock protem,
bovine growth hormone and rabbit B-globin, as well as other sequences capable of
controlling gene expression in ecukaryotic cells. Additional suitable transcription control

30 regions melude tissuc-specific promoters and enbancers as well as lymphokine-inducible
promoters {¢.g., promoters inducible by mnterferons or imterdeukins).

{6638}  Similarly, a variety of transiation control elements are known to those of ordinary

skill in the art. These mclude, but are not limited o nbosome binding sites, translation
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initiation and termination codons, and elements denived from picornaviruses (particularly
an internal ribosome entry site, or IRES, also referred to as a CITE sequence).
{00597  In other embodiments, a polynucleotide can be RNA, for example, in the form of

messenger RNA (mRNA}Y, transfor RNA| or ribosomal RNA.

U

{00606}  Polynucleotide and nucleic acid coding regions can be associated with additional
coding regions which encode seoretory or signal peptides, which direct the secretion of a
polypeptide encoded by a polynucleotide as disclosed herein. According to the signal
hypothesis, proteins secreted by mammalian cells have a signal peptide or secretory leader
sequence which is cleaved from the mature protein once export of the growing protein

10 chain across the rough endoplasmic reticudum has been mutiated. Those of ordinary skill
in the art are aware that polvpeptides secreted by vertebrate cells can have a signal peptide
fused to the N-terminus of the polypeptide, which is cleaved from the complete or "full
length" polypeptide to produce a secreted or "mature” form of the polypeptide. fn certain
embodiments, the native signal peptide, e.g., an immunoglobulin heavy chain or hght

15 chain signal peptide is used, or a functional dertvative of that sequence that retains the
ability to direct the secretion of the polypeptide that is operably associated with it
Alternatively, aheterologous manmalhian signal peptide, or a functional denvative thereof,
can be used. For example, the wild-type leader sequence can be substituied with the leader
sequence of human tissue plasminogen activator {TPA) or mouse B-glucuronidase.

20 {0061} As used herein, the toerm “binding molecule” refers in s broadest sense to a
molecule that specifically binds (o a receptor or target, e.g., an epitope or an antigenic
determinant. As described further herein, a binding molecule can comprise one of more
“binding domams,” c.g., “antigen-binding domains” described herein. A non-himiting
example of a binding molecule is an antibody or antibody-like molecule as deseribed

25 detail hercin that retains antigen-specific binding. In certain embodiments a “binding
molecule” comprises an antibody or antibody-like or antibody-derived molecule as
described in detail hercin,

{0862} As used herein, the terms “binding domain” or “antigen-binding domamn”™ {can be
used mterchangeably) refer to a region of a binding molecule, e.g., an antibody or

30 anttbody-like, or antibody-derived molecule, that 1s necessary and sufficient to specifically

bind to a target, e.g., an epitope, a polvpeptide, a cell, or an organ. For example, an “Fv,”

e.g., a heavy chain variable region and a light chain variable region of an antibody, either

as two separate polyvpeptide subunits or as a single chain, is considered to be a “binding
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domain.” Other antigen-binding domains include, without limitation, a single domain
heavy chain vanable region (VHH) of an antibody derived from a camelid species, or six
mamunoglobulin complementarity determining regions (CDRs) expressed in a fibronectn
scaffold. A “binding molecule,” e.g., an “antibody™ as deseribed herein can include one,
5 two, three, four, five, six, seven, eight, nine, ten, cleven, twekve, or more “antigen-binding
domains.”
{0863]  The terms "antibody” and "immumoglobulin” can be vsed interchangeably herein.
An antibody {or a fragment, variant, or derivative thereof as disclosed herein, e.g.. an IgM-
like antibody) mchudes at least the variable domain of a beavy chain (¢.g., from a camehd
10 species} or at least the variable domams of a heavy chain and a light chain. Basic
immunoglobulin structures m vertebrate systems are relatively well understood. See, eg.,
Harlow et al., Antibodies: A Laboratory Manual, {(Cold Spring Harbor Laboratory Press,
Znd ed. 1988). Unless otherwise stated, the term “antibody” encomapasses anything ranging
from a small antigen-binding fragment of an antibody to a full sized antibody, e.g., an 1gG
15 antibody that includes two complete heavy chains and two complete light chains, an IgA
anttbody that includes four complete heavy chains and four complete light chains and
includes a J-chain and/or a secretory component, or an IgM-derived binding molecule,
e.g., an IgM antibody or IghM-like antibody, that includes ten or twelve complete heavy
chains and ten or twelve complete hight chains and optionally mcludes a J-chain or
20 functional fragment or variant thereof.

[0064]  The term “immunoglobulin” comprises various broad classes of polypeptides that
can be distinguished biochemically. Those skilled in the art will appreciate that heavy
chains are classified as gamma, mu, alpha, delta, or epsilon, {v, i, «, §, &} with some
subclasses among ther {e.g., vi-vd or al-a2)). It is the nature of this chain that deterounes

25 the "isotype” of the amttbody as Ig(G, IgM, IzA IeD, or IgH, respectively. The
mmunoglobulin subclasses (subtypes) e.g., 1gGl, 1gG2, 12G3, IgG4, IgA L, IgA2, ete. are
well characterized and are known to confer functional specialization. Modified versions
of each of these immunoglobulins are readily discernible to the skilled artisan in view of
the nstant disclosure and, accordingly, are within the scope of this disclosure.

3¢ [8663]  Light chains are classified as either kappa or lambda {x, ). Each heavy chain class
can be bound with either a kappa or lambda light chain. Tn general, the hight and beavy
chains are covalently bonded to each other, and the "taal” portions of the two heavy chains

are bonded to each other by covalent disulfide linkages or non-covalent linkages when the
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immunoglobuling are expressed, ¢.g., by hybridomas, B celis or genetically engincered
host cells. 1o the heavy chain, the amino acid sequences run from an N-terminus at the
forked ends of the Y configuration to the C-terminus at the bottom of each chain. The basic
structare of certain antibodies, e.g., 1gG antibodies, includes two heavy chain subunits and

5 two light chain subunits covalently counected via disulfide bonds to form a *Y” structure,
also referred to herem as an “H2L2” structure, or a “binding umit.”

[0066]  The term “binding untt” is used herem to refer to the portion of a binding molecule,
¢.g., an antibody, antibody-like molecule, or antibodv-derived molecule, antigen-binding
fragment thereof, or multimenzing fragment thercot, which corresponds to a standard

10 “H2L2” smmunoglobulin structure, 1.¢., two heavy chains or fragments thereof and two
light chains or fragments thereof. In certain embodiments, ¢.g., where the binding
molecule is a bivalent IgG antibody or antigen-binding fragment thereof, the terms
“binding molecule” and “binding unut” are equivalent. In other embodiments, e.g., where
the binding molecule is a “multimeric binding molecule,” ¢.g., a dimeric IgA antibody, a

15 dimeric IgA-iike antibody, a dimeric IgA-derived binding molecule, a pentameric or
hexameric IgM anttbody, a pentameric or hexameric IgM-like antibody, or a pentameric
or hexameric IgM-derived binding molecule or any derivative thereof, the binding
molecule comprises two or more “binding units.” Two in the case of an IgA dimer, or five
or six in the case of an IgM pentamer or hexamer, respectively. A binding unit need not

20 include full-length antibody heavy and hight chains, but will typically be bivalent, 1.¢., will
mclude two “antigen-binding domains,” as defined above. As used herein, certain binding
molecules provided in this disclosure are “dimerie,” and mnclude two bivalent binding units
that include IgA constant regions or multimernizing fragments thercof. Certain binding
molecules provided in this disclosure are “pentameric” or “hexamerie,” and include five

25 or six bivalent binding units that include IgM constant regions or multimerizing fragments
or variants thercof. A binding molecule, ¢z, an antibody or antibody-like molocule or
antibody-derived binding molecule, comprising two or more, .8, two, five, or six binding
units, is referred to herein as “multimeric.”

{00671 The term “T-chain” as used herein refers to the J-chain of IgM or IgA antibodies of

30 ary aniral species, any functional fragment thereof, dervative thereof, and/or variant
thereof, including a mature human J-chain, the amino acid sequence of which 1s presented
as SEQ ID NG: 41, Various J-chain variants and modified J-chain derivatives are disclosed

herein. As persons of ordinary skill in the art will recognize, “a functiopal fragment™ or “a

- 19«



WO 2021/216756 PCT/US2021/028459

functional vadant” mchades those fragments and variants that can associate with IgM
heavy chain constant regions to form a pentamertc IgM antibody.
{0068]  The term “modified J-chain™ 1s used heren to refer to a derivative of a J-cham
polypeptide comprising a heterologous moiety, ¢.g., a heterologous polypeptide, e.g., an
5 extrancous binding domain or functional domain introduced mto or attached to the J-chain
sequence. The introduction can be achieved by any means, mcluding direct or indirect
fusion of the heterologous polypeptide or other moiety or by attachment through a peptide
or chemical linker. The term “modified human J-chain™ encompasses, without limitation,
a native sequence human J-chain comprising the anmino acid sequence of SEQ 1D NO: 41
10 or functional fragment thereof, or functional vanant thereof, modified by the introduction
of a heterologous moiety, €.g., a heterologous polypeptide, e.g., an extrancous binding
domain. In certain embodiments the heterologous moicty does not interfere with efficient
polvmerization of IgM into a pertamer or IgA nto a dimer, and binding of such polymers
1o a target. Exemplary modified J-chains can be found, e.g., in U.S. Patent Nos. 9,951,134
15 and 10,400,038, and in U.5. Patent Application Publication Nos. US-2019-0185570 and
US-2018-0265596, cach of which is incorporated herein by reference i its cotirety.

{80651  Asused herein the term “IgM-denived binding molecule” refers collectively to native
IgM antibodies, IgM-like antibodies, as well as other IgM-derived binding molecules
comprising non-antibody binding and/or functional domains instead of an antibody antigen

20 binding domain or subunit thereof, and any fragments, ¢.g., multimerizing tragments,
variants, or derivatives thereof.

10070 As used herein, the term “IgM-like antibody”™ refers generally to a variant antibody
or antibody-derved binding molecule that stilf retains the ability to form hexamers or
pentamers, €.g., in association with a I-cham. An IghM-like antibody or other IgM-derived

25 binding molecule typically mchudes at least the Cpd-tp domains of the IgM constant region
but can imchude heavy chain constant region domains from other antibody isotypes, ¢.g.,
IeG, from the same species or from a different species. An IgM-like antibody or other
IgM-derived binding molecule can likewise be an antibody fragment in which one or more
constant regions arc deleted, as long as the IgM-like antibody is capable of forming
30 hexamers and/or pentamers. Thus, an IgM-like antibody or other IgM-dertved binding
molecule can be, ¢.g., a hvbrid IgM/IgG antibody or can be a “multimerizing fragment” of

an IgM antibody.
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EEIE EXINYd

{0671} The terms “valency,” “bivalent,” “multivalent” and grammatical equivalents, refer

to the number of binding domains, ¢.g., astigen-binding domains n given binding

o

molecule, e.g., antibody, antibody-derived, or antibody-like molecule, or m a given

2

binding unit. As such, the terms “bivalent”, “tetravalent”, and “hexavalent” in reference to
5 a given binding molecule, ¢.g., an IgM antibody, IgM-like antibody, other IgM-derved
binding molecule, or multimenzing fragment thereof, denote the presence of two antigen-
bindimg domains, four antigen-binding domains, and six antigen-binding domains,
respectively. A typical IgM antibody, IgM-like antibody, or other IgM-derived binding
molecule, where cach binding unit is bivalent, can have 10 or 12 valencies. A bivalent or
10 multivalent binding molecule, ¢.g.. antibody or antibody-derived molecude, can be
monospecific, i.¢., all of the antigen-binding domaing are the same, or can be bispecific or
multispectfic, ¢ g., where two or more antigen-binding domains are different, ¢ g., bind to
different epitopes on the same antigen, or bind to entircly different antigens.
{00721 The term “epitope” includes any molecular deternunant capable of specific binding
15 to an antigen-binding domain of an antibody, antibody-like, or antibody-derived molecule.
In certain embodiments, an cpitope can include chemically active surface groupings of
molecules such as aminge acids, sugar side chains, phosphoryl groups, or sulfonyl groups,
and, in certain embodiments, can have three-dimensional structural characteristics, and or
specific charge characteristics. An epitope s a region of a target that is bound by an
20 antigen-binding domain of an antibody.
{08731 The term “target” is used n the broadest sense to include substances that can be
bound by a binding molecule, e.g., antibody, antibody-like, or antibody-derived molecule.
A target can be, e.g., a polypeptide, a nucleic acid, a carbobydrate, a lipid, or other
molecule, or 2 minimal epitope on such molecule. Moreover, a “target” can, for example,
25 be a cell, an organ, or an organism, &.g., an ammal, plant, microbe, or virus, that comprises
an cpitope that can be bound by a binding molecule, ¢.g., antibody, antibody-like, or
antibody-derived molecule.
[0074]  Both the light and beavy chains of antibodies, antibody-like, or antibody-derived
molecules are divided into regions of structural and functional homology. The terms
30 "constant” and "variable” are used functionally. In thus regard, it will be appreciated that
the variable domams of both the vanable hght (VL) and variable heavy (VH) cham
portions determine antigen recognition and specificity. Conversely, the constant region

domains of the light chain (CL) and the heavy chain (e g, CHI, CH2, CH3, or CH4} confer

-1
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biological properties such as secretion, transplacental mobility, Fc receptor binding,
complement binding, and the Iike. By convention, the numberning of the constant region
domaing increases as they become more distal from the antigen-binding site or amino-
terminus of the antibody. The N-terminal portion is a variable region and at the C-termunal
5 portion is a constant region; the CH3 (or CH4, e.g., in the case of IgM) and CL domains
actually comprise the carboxy-terminus of the heavy and bght chain, respectively.

[0075] A “full length IgM antibody heavy chain” is a polypeptide that meludes, in N-
terminal to C-terminal direction, an antibody heavy chain variable domain {(VH), an
anttbody heavy chain constant domain | (CM1 or Cul), an antibody heavy chain constant

10 domain 2 {CM2 or Cu2}, an antibody heavy chain constant domain 3 (CM3 or Cu3), and
an antibody heavy chain constant domain 4 (CM4 or Cp4) that can include a tailpiece.

{0076}  As indicated above, varable region{s} allow a binding molecule, e.g.. antibody,

antibody-like, or antibody-derived molecule, to selectively recognize and specifically bind

epitopes on antigens. That is, the VL domain and VH domain, or subset of the

15 complementanty determining regions (CDRs), of a binding molecule, e.g., an antibody,

antibody-like, or antibodv-derived molecule, combine to form the antigen-binding

domain. More specifically, an antigen-binding domain can be defined by three CDRs on

each of the VH and VL chains. Certain antibodies form larger structures. For exampie,

IgA can form a molecule that includes two H2L2 binding units and a J-chain covalently

20 connected via disulfide bonds, which can be further associated with a secretory

component, and IgM can form a pentameric or hexameric molecule that includes five or

six H2L2 binding units and optionally a J-chain covalently connected via disulfide bonds.

{00777 The six “complementarity determuning regions” or “CDRs” present in an avntibody

antigen-binding domain are short, non-contiguous sequences of amino acids that are

25 specifically positioned to form the antigen-binding domain as the antibody assumes its

three-dimensional configuration in an agueous environment. The remainder of the amino

acids in the antigen-binding domain, referred to as "framework” regions, show less inter-

molecular varability. The framework regions largely adopt a B-sheet conformation and

the CDRs form loops which connect, and in some cases form part of, the B-sheet structure.

30 Thas, framework regions act to form a scaffold that provides for positioning the CDRs in

correct orientation by inter-chain, non-covalent interactions. The antigen-binding domaim

formed by the positioned CDRs defines a surface complementary to the epitope on the

immunoreactive antigen. This complementary surface promotes the non-covalent binding
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of the antibody to its cognate cpitope. The amino acids that make up the CDRs and the

framework regions, respectively, can be readily identified for any given heavy or light

chain variable region by one of ordinary skill in the art, since they have been defined m

various different ways (see, "Sequences of Proteins of Immumelogical Interest.” Kabat, E .,

5 et al., U.S. Department of Health and Human Scrvices, (1983); and Chothia and Lesk, T

Mol Biol, 196:901-917 (1987}, which are mcorporated herein by reference in their
entiretics}.

{6078}  In the case where there are two or more definitions of a term which is used and/or

accepted within the art, the definition of the term as used herein ts intended to include all

10 such meanings unless explicitly stated to the contrary. A specific example is the use of the

term "complementarity determining region” ("CDR"} to describe the non-contignous

antigen combimng sites found within the variable region of both heavy and light chain

polvpeptides. These particular regions have been described, for example, by Kabat et al.,

U.S. Dept. of Health and Human Services, "Sequences of Proteins of Immunological

15 Interest” (1983) and by Chothia et al, I Mol Biol 196:901-917 (1947), which are

incorporated herem by reference. The Kabat and Chothia definitions include overlapping

or subsets of amino acids when compared against each other. Nevertheless, application of

either definition {or other definitions known to those of ordinary skill in the art) to refer to

a CDR of an antibody or variant thereof is imtended to be within the scope of the term as

20 defined and used herein, unless otherwise indicated. The appropriate amino acids which

encompass the CDRs as defined by each of the above cited references are set forth below

in Table 1 as a comparison. The exact amino acid numbers which encompass a particular

CDR will vary depending on the sequence and size of the CDR. Those skilled i the art

can routinely deternune which amino acids comprise a particular CDR given the variable

25 region amino acid sequence of the antibody.

Table | CDR Definitions”

Kabat Chothia
YH CDR1 31-33 26-32
VH CDR2 50-65 52-58
/H CDR3 93-102 95-102
VL CDRI 24-34 26-32
VI CDR2 50-56 50-52
VL CDR3 89-97 61-96
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"Numbering of all CDR definitions in Table 1 is according to the
mimbering conventions set forth by Kabat ef af. (see below).

{0079}  Antibody variable domains can also be analvzed, e.g., using the IMGT mformation

svstem {imgt_dot_cines_dot /) IMGTR/V-Quest} to identify vanable region segments,

including CDRs. (See, ¢.g., Brochet et al., Nuel. Acids Res. 36:W503-50¢, 2008).

{0680]  Kabat et al. also defined a numbering system for variable domain sequences that s

applicable to any antibody. One of ordinary skill in the art can unambiguously assign this
svstem of "Kabat numbering” 1o any vanable domain sequence, without rehiance on any
experimental data bevond the sequence itself. As used herein, "Kabat nomberning” refers
to the muobering system set forth by Kabat et al, U.S. Dept. of Health and Human
Services, "Sequence of Proteins of Inununological Interest” {1983}, Unless use of the
Kabat numbering system s explicitly noted, however, consecutive nambering 1 used for

all amino acid sequences in this disclosure.

{0081}  The Kabat numbering syster for the human IgM constant domain can be found m

Kabat, et. al. “Tabulation and Awnalyvsis of Amino acid and nucleie acid Sequences of
Precursors, V-Regions, C-Regions, J-Chain, T-Cell Receptors for Antigen, T-Cell Surface
Antigens, §-2 Microglobulins, Major Histocompatibility Astigens, Thy-1, Complement,
C-Reactive Protemn, Thymopotetin, Integrins, Post-gamma Globuhin, 0-2 Macroglobulins,
and Other Related Proteins,” U.S. Dept. of Health and Human Scrvices (1991}, {gM
constand regions can be numbered sequentially (i.e., amino acid #1 starting with the first
amino acid of the constant region, or by using the Kabat sumbering scheme. A comparison
of the numbering of two alleles of the human IgM constant region sequentially {presented
herein as SEQ ID NG 35 (allele IGHM*03) and SEQ ID NG 36 (allele IGHM*04)) and
by the Kabat systern is set out below. The uaderlined amino acid residues are not accounted
for in the Kabat system ("X, double underlined below, can be serine (8) (SEQ 1D NG
35) or glyeine (G) (SEQ 1D NO: 36)):

NO: 35 or SEQ ID NO: 36)/KABAT numbering key for

LVSCENSPSD TSSVAVGCLA QDFLPDSITE SWEYKNNSDI

51/176 SSTRGFESVIL RGGKYAATSC VLLEFSKDVMQ GTDEHVVCKV QHENGNKEKN

101/226 VPLPVIAELP PRVSVEVPPR DGFFGNPRKS KLICOATGES PROIQVSWLER

151/274 EGKQVGSGVT TDOVQOAEAKE SGPTTYKVTS TLTIKESDWL AQSMETCRVD

-4 -
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201/324 HRGLTFQQONA SSMCVPDQDT AIRVFALPPS FASIFLTK3T XKLTCLVIDLT
251/374 TYDSVTISWT RONGEAVKTH TNISESHPNA TEFSAVGEASI CEDIWNSGER
201/424 FICTVTHTIDL FSPLKQTISR PKGVALHRPD VYLLPPAREQ LNLRESATIT

YVTS AP

351/474 CLVTGFSPAD VEVOWMORGQ PLS!

POAPG RYFAHSILTV
10 401/524 SEEEWNTGET YTCVVAHEAL FNRVTERTVD KSTGKPTLYN VSLVMSDTAG
451/574 TCY

{0082]  Binding molecules, ¢.g., antibodies, antibody-itke, or antibody-derived molecules,

antigen-binding fragments, vanants, or denvatives thereof, and/or multimernizing

[
(o

fragments thereof wclude, but are not himuted to, polyclonal, monoclonal, homan,

humanized, or chimeric antibodies, single chain antibodies, epitope-binding fragments,

¢.g.. Fab, Fab' and F(ab")2, Fd, Fvs, smgle-chain Fvs {(scFv), single~chain antibodics,

disulfide-linked Fvs (sdFv), fragments compnsing either a VL or VH domain, fragments

produced by a Fab expression hbrary. SeFv molecules are known in the art and are

20 described, e.g.. in US patent 5,892,019

{00683} By "specifically binds,” it 13 generally meant that a binding molecule, eg, an

antibody or fragment, vanant, or derivative thereof binds to an epitope via its antigen-

binding domain, and that the binding entails some complementarity between the antigen-

binding domain and the epitope. According to this defintion, a binding molecule, e.g.,

25 antibody, antibody-like, or antibody-derived molecule, is said to "specifically bind” to an

epitope when it binds to that epitope, via its antigen-binding domain more readily than it

would bind to a random, unrclated epitope. The term "specificity” is used herein to qualify

the relative affinity by which a certain binding molecule binds to a cortain epttope. For

example, binding molecule "A" can be deemed to have a higher specificity for a given

30 epitope than binding molecule "B." or binding molecule "A" can be said to bind to epitope
"C" with a higher specificity than it has for related epitope "D."

[0084] A bmnding molecule, ¢.g., an antibody or fragment, variant, or denvative thereof

disclosed herein can be said to bind a target antigen with an off rate (k{off}} of less than or

equal to 5 X 10-2 sec-1, 10-2 sec-1, 5 X 10-3 sec-1, 10-3 see-1, 5 X 104 sec-1, 10-4 sec-

[¥8]
hn

b, 5 X 10-5 sgc-1, or 10-5 sec-1 5 X 10-6 sec-1, 10-6 sec~-1, 5 X 10-7 sec-1 or 10-7 sec-1.
{6085} A binding molecule, ¢.g., an antibody or antigen-binding fragment, vanant, or

derivative disclosed herein can be said to bind a target antigen with an on rate (k{on}} of

t

b

(o]
P
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greater than or equal to 103 M-1 sec-1, 5 X 103 M-1 sec-1, 104 M-1 sec-1, 5 X 104 M-1
sec-1, 105 M-1 sec-1, 5 X 105 M-1 sec-1, 106 M-1 sec-1, or 5 X 106 M-1 sec-1 or 107 M-

I see-1.
{6886} A binding molecule, e.g., an antibody or fragment, variant, or derivative thereof is
5 said to competitively inhibit binding of a reference antibody or antigen-binding fragment
10 a given epitope 1f 1t preferentially binds to that epitope to the extent that it blocks, to
some degree, binding of the reference antibody or antigen-binding fragment to the epitope.
Competitive inhibition can be determined by any method known in the art, for example,
competition ELISA assays. A binding molecule can be said to competitively inbibit
10 binding of the reference antibody or antigen-binding fragment to a given epitope by at

least 90%, at least 80%, at least 70%, at least 60%, or at least 50%.

{0087}  As used herein, the term "affinity” refers to a measure of the strength of the binding
of an individual epitope with one or more antigen-binding domains, ¢.g., of an
immunoglobulin molecule. See, e.g., Harlow et al, Antibodies: A Laboratory Manual,

15 {Cold Spring Harbor Laboratory Press, 2nd ed. 1988) at pages 27-28. As used herein, the
term "avidity” refers to the overall stability of the complex between a population of
antigen-binding domains and an antigen. See, e.g., Harlow at pages 29-34. Avidity is
related to both the affinity of individual antigen-binding domains in the population with
specific epitopes, and also the valeancies of the mmmumoglobulins and the antigen. For

20 example, the interaction between a bivalent monoclonal antibody and an antigen with a
hughly repeating epifope structure, such as a polvmer, would be one of high avidity. An
interaction between a bivalent monoclonal antibody with a recoptor present at a high
density on a cell surface would also be of high avidity.

{0088}  Binding molecules, ¢.g., antibodies or fragments, variants, or derivatives thereof as

25 disclosed herein can also be described or specified 1n terms of their cross-reactivity. As
used herein, the torm "cross-reactivity” refers to the ability of a binding molecule, ¢.g., an
antibody or fragment, variant, or derivative thereof, specific for one antigen, to react with
a second antigen; a measure of relatedness between two different antigenic substances.
Thus, a binding molecule is cross reactive if it binds to an epitope other than the one that

30 nduced its formation. The cross-reactive gpitope generally contains many of the same
complementary structural features as the inducing epitope, and in some cases, can actually

fit better than the onginal.
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{00891 A binding molecule, ¢.g., an antibody or fragment, variant, or derivative thereof can
also be described or specified 1n terms of thewr binding affinity to an antigen. For example,
a binding molecule can bind to an antigen with a dissociation constant or KD no greater
than 5 x 10-2 M, 10-2 M, 5 10-3 M, 10-3 M, 5 x 10-4 M, 10-4 M, § x 10-3 M, 10-3 M,
5 3x16-6 M, 10-6 M, 5 x 10-7 M, 10-7 M, 5 x [0-8 M, 10-8 M, 3 x 10-9M, 10-9 M, 5 x
FO-10M, 10-10 M, 5x 10-11 M, 10-1T M, S < 10-12 M, 10-12 M, 3 x 10-13 M, 10-13 M,

Sxi10-14 M, 10-14 M, S x 10-15 M, or 10-15 M.
[0099]  “Antigen-binding antibody fragments” mchiding single-chain antibodies or other
antigen-binding domains can exist alone or in combivation with one or more of the
10 following: hinge region, CHI, CHZ, CH3, or CH4 domams, J-chain, or secretory
component. Also included are antigen-binding fragments that can include any combination
of variable region{s) with one or more of a hinge region. CHI, CH2Z, CH3, or (H4
domains, a J-chain, or a secretory component. Binding molecules, ¢.g., antibodies, or
antigen-binding fragments thereof can be from any animal origin inclading birds and
15 manmmals. The antibodics can be human, murine, donkey, rabbit, goat, guinea pig, camel,
Hama, horse, or chicken antibodies. In another embodument, the variable region can be
condricthoid in origin {c.g., from sharks). As used herein, "human" antibodies include
antibodics having the amino acid sequence of a human immunoglobulin and include
antibodies isolated from human immunoglobulin libraries or from animals transgenie for
20 one or more human mmunoglobulins and can in some instances cxpress endogenous
mmunoglobuling and some not, as described infra and, for example m, U.S. Pat. No.
5,939,598 by Kucherlapati et al. According to embodiments of the present disclosure, an
IgM antibody, Igh-like antibody, or other IgM-derived binding mwlecule as provided
herein can include an antigen-binding fragment of an antibody, ¢.g., a scFv fragment, so
25 long as the IgM antibody, IgM-like antibody, or other IgM-derived binding molecule is
able to form a multimer, ¢.g., a hexamer or a pentamer, and an fgA antibody, lgA-like
antibody, or other IgA-derived binding molecule as provided herein can include an
antigen-binding fragment of an antibody, e¢.g., a scFv fragment, so long as the IgA
antibody, IgA-like antibody, or other IgA-derived binding molecule is able to form a
30 mulimer, ez, a duner. As used berein such a fragment comprises a “multimernizing

fragment.”

{80911  As used herein, the term “heavy chain sabunit” includes amino acid sequences

dertved from an mumunoglobulin heavy chain, a binding molecule, e.g., an antibody,

“37 -
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antibody-like, or antibody-derived molecule comprising a heavy chain subunit can include

at least one oft a VH domain, a CHI domain, a hinge {e.g., upper, middle, and/or lowes

hinge region) domain, a CH2 domain, a CH3 domain, a CH4 domain, or a vanant or

fragment thereof. For example, a binding molecule, e.g., an antibody, antibody-like, or

5 antibody-derived molecule, or fragment, e.g., multimerizing fragment, vadant, or

derivative thereof can include without himutation, in addition to a VH domamn:, a CH1

domain; a CHI domain, a hinge, and a CH2 domain; a CHI domain and a CH3 domain; a

CHI domain, a hinge, and a CH3 domain; or a CH1 domain, a hinge domain, a CH2

domain, and a CH3 domain. In certain embodiments a binding molecule, ¢.g., an antibody,

10 antibody-like, or antibody-derived molecule, or fragment, ¢.g., multimenzing fragment,

variant, or denvative thereof can include, 1n addition to a VH domain, a CH3 domain and

a CH4 domain; or a CH3 domain, a CH4 domain, and a J-chamn. Further, a binding

molecule, e.g.. an antibody, antibody-like, or antibody-derived molecule, for use i the

disclosure can lack certamn constant region portions, ¢.g., all or part of a CH2 domamn. |t

15 will be understood by one of ordinary skifl in the art that these domains {e.g, the heavy

chain subunit) can be modificd such that they vary in amuno acid sequence from the

original immunoglobulin molecule. According to embodiments of the present disclosure,

an IgM antibody, IgM-like antibody, or other IgM-derived binding molecule as provided

herein comprises sufficient portions of an IgM heavy cham constant region to allow the

20 feM anttbody, IgM-like antibody, or other IgM-derived binding molecule to form a

multimer, e.g., a hexamer or a pentamer. As used herein such a fragment comprises a
“raultimerizing fragment.”

00921  Asused herein, the teom “hight chain subunit” includes amino acid sequences denived
from an immunoglobulin light chain. The light chain subunit includes at least a VL, and

25 can further include a CL (.., Cx or CA) domain.

{0093} Binding molecules, ¢.g.. antibodics, antibody-like molecules, antibody-derived
molecules, antigen-binding fragments, variants, or derivatives thereof, or multimernizing
fragments thereof can be described or specified in terms of the epitope(s) or portion(s) of
a target, e.g., a target andigen that they recognize or specifically bind. The portion of a

30 target antigen that specifically interacts with the antigen-binding domain of an antibody 15
an “eptiope,” oran "antigenic deternyinant.” A target antigen can comprise a single epitope
or at feast two epttopes, and can include any nomber of epitopes, depending on the size,

conformation, and type of antigen.
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{0694]  Asused herein the term “disulfide bond” includes the covalent bound formed between
two sulfur atoms, e.g., 1o cysicine residues of a polvpeptide. The anuno acid cysteine
comprises a thiol group that can form a disulfide bond or bridge with a second thiol group.
Disulfide bonds can be “intra-chain” ie¢., linking to cysteine residues in a single

5 polvpeptide or polypeptide subuntt, or can be “uiter-chain,” 1.¢., linking two separate
polypeptide subunits, ¢.g., an antibody heavy chain and an antibody light chamn, to
anttbody heavy chains, or an IgM or IgA antibody heavy chain constant region and a J-
chain.

[0098]  As used herein, the term “chumeric antibody” refers to an antibodv in which the

10 immunoreactive region or stie is obtained or derived from a first species and the constant
region {which can be intact, partial or modified) is obtained from a second species. In some
embodiments the target binding region or site will be from a non-human source {¢.g. mouse

or primate} and the constant region is human.

2 5

[B096]  The terms “multispecific antibody” or “bispecific antibody” refer {0 an antibody,
15 anttbody-like, or antibody-derived molecule that has antigen-binding domains for two or
more difforent epitopes within a smgle antibody molecule. Other binding molecules m

addition to the canonical antibody structure can be constructed with two binding
specificitics. Epttope binding by bispecific or multispecific antibodies can be simeltancous

or sequential. Triomas and hybrid hybridomas are two cxamples of cell lines that can

20 secrete hispecific antibodics. Bispecific antibodies can also be constructed by recombinant
means. {Stréhlein and Hetss, Future Oncol. 6:1387-84 (2010); Mabry and Snavely, IDrugs.

3:343-9 (20100, A bispecitic antibady can also be a diabody.

00971 As used herein, the term "enginecered antibody™ refers to an antibody in which a
variable domain, constant region, and/or I-chain is altered by at least partial replacement

25 of one or more amino acids. In certain embodiments entire CDBRs from an antibody of
known specificity can be grafted into the framework regions of a heterologous antibody.

Although alternate CDRs can be derived from an antibody of the same class or even

subclass as the antibody from which the framework regions are derived, CDRs can also be

derived from an antibody of different class, e.g ., from an antibody from a different species.

30 An engincered antibody i which one or more "donor” CDRs from a non-hurnan antibody
of known specificity are grafied into a human heavy or light chain framework region is

referred to heremn as a "humanized antibody.” In certain embodiments not all of the UDRs

are replaced with the complete CDRs from the donor variable region and vet the antigen-
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binding capacity of the donor can still be transferred to the recipient variable domains.
Given the explanations set forth in, e.g., U. 8. Pat. Nos. 5,585,089, 5,693,761, 5,693,762,
and 6,180,370, it will be well within the competence of those skilled in the art, either by
carrying out routine experimentation or by trial and error testing, to obtain a functional
5 engineered or humanized antibody.
[0098]  As used herein the term “engineered” mcludes mamipulation of nucleic acid or
polypeptide molecules by svathetic means {¢.g. by recombinant techniques, m vitro
peptide synthesis, by enzymatic or chemical coupling of peptides, nucleie acids, or

slycans, or some combination of these technigues).

16 80991 As used herein, the terms "hinked," "fused” or "fusion” or other grammatical
ecpivalents can be used interchangeably. These terms refer to the joining together of two
more elements or components, by whatever means including chemical conmjugation or
recombinant means. An "m-frame fusion” refers to the jouning of two or more
polynucleotide open reading frames (OR¥s) to form a continuous longer ORF, in a manner

15 that maintaing the translational reading frame of the original ORFs. Thus, a rocombinant
fusion protein 18 a single protein containing two or more segments that correspond to
polypeptides encoded by the original ORFs (which segments are not normally so joined
nature.} Although the reading frame is thus made contivuous throughout the fused
segments, the segments can be physically or spatially separated by, for example, in-frame

20 finker sequence. For example, polvnucleotides encoding the CDRs of an tmowunoglobulin
variable region can be fused, in~frame, but be separated by a polvnuclectide encoding at
icast onc mmmunoglobulin framework region or additional CDR regions, as long as the
"fused" CDRs are co-translated as part of a continuous polypeptide.

{0108}  In the context of polypeptides, a "linear sequence” or a "sequence” is an order of

25 amino acids in a polypeptide in an aming to carboxy! ternunal direction in which amino
acids that neighbor cach other i the sequence arc contiguous in the primary structure of
the polvpeptide. A portion of a polypeptide that 1s “amuno-~terminal” or “N-terminal” to
another portion of a polypeptide is that portion that comes earlier in the sequential
polypeptide chain. Stmilarly, a portion of a polypeptide that is “carboxy-terminal™ or “C-

30 terunal” to another portion of a polvpeptide is that pottion that comes later in the

sequential polypeptide chain. For example, i a typical antibody, the variable domain is

“N-terminal ™ to the constant region, and the constant region is “C-terminal” to the variable

domain.
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{0101}  The term “expression” as used herein refers to a process by which a gene produces
a biochemical, for example, a polvpeptide. The process includes any manifestation of the
functional presence of the gene within the ccll including, without limitation, gene
knockdown as well as both transient expression and stable expression. i includes without

5 limitation transcription of the genc into RNA, ¢.g.. messenger RNA (mBNA), and the

translation of such mRNA into polypeptide(s). If the final desired product is a biochemical,
expression includes the creation of that bischemical and any precursors. Expression of a
gene produces a "gene product.” As used herein, a gene product can be either a nucleic
acid, ¢.g., a messenger RNA produced by transcription of a gene, or a polypeptide that 15

10 transtated from a transcript. Gene products described heren further include nucleic acids
with post trapscriptional modifications, ¢.g., polvadenylation, or polypeptides with post
transiational maodifications, ¢.g., methylation, glycosylation, the addition of lipids,
association with other protein subunits, proteolytic cleavage, and the like.

{3102]  Terms such as "reating” or "treatment” or "o treat”™ or "alleviating” or "o alleviate”

15 refer to therapeutic measures that cure, slow down, lessen symptoms of, and/or halt or
stow the progression of an existing diagnosed pathologic condition or disorder. Terms such
as “prevent,” “prevention,” “avoid,” “deterrence” and the hike refer to prophylactic or
preventative measures that prevent the development of an undiagnosed targeted pathologic
condition or disorder. Thus, “those in need of treatment”™ can inchide those already with

20 the disorder and/or those prone to have the disorder.

{3103]  As used heremn the terms “serum half-life” or “plasma half-hife” refer to the time 1t
takes {(c.g., in minutes, hours, or days} following administration for the scrum or plasma
concentration of a drug, ¢.3., a binding molecule such as an antibody, antibody-like, or
antibody-denved molecule or fragment, ¢.g., multimerizing fragment thereof as described

25 herein, to be reduced by 50%. Two half-lives can be described: the alpha half-life, ¢ half-
fife, or t1/2a, which is the rate of decline in plasma concentrations duc to the process of
drug redistribution from the central compartment, ¢.g., the blood in the case of intravenous
delivery, to a peripheral compartment {e.g., atissue or organ}, and the beta half-life, p half-
life, or t1/2f which 15 the rate of decline due to the processes of excretion or metabolism.

30 {0164]  Asused herein the torm “area under the plasma drug concentration-time curve” or
“AUC” reflects the actual body exposure to drug after admimistration of a dose of the drug

and is expressed in mg¥h/L. This area under the curve can be measored, ¢.g., from time {
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(1) to wfmity (o0} and is dependent on the rate of elimination of the drug from the body
and the dose adminustered.

{0105]  Ag used herein, the term “mean residence time” or “MRT” refers to the average
length of time the drug remains in the body.

5 {0106} By "subject” or "individual” or "animal” or "patient” or “manumal” 1s meant any
subject. In certain embodiments the subject is a mammalian subject, for whom diagnosis,
prognosis, or therapy is desired. Mammahian subjects inchide humans, domestic animals,
farm animals, and zoo, sports, or pet animals such as dogs, cats, guinea pigs, rabbits, rats,

mice, horses, swine, cows, bears, and so on,

16 81071 As used herein, as the term “a subject that would benefit from therapy” refers to a
subset of subjects, from amongst all prospective sabjects, which would benefit from
admimstration of a given therapeutic agent, ¢.g., a binding molecule such as an antibody,
comiprising one or more antigen-binding domains. Such binding mwolecules, c.g.,
antibodies, can be used, e.g., for a diagnostic procedure and/or for treatment or prevention

13 of a disease.

PD-1 binding molecules

[8108]  Provided herein are multimeric binding molecules comprising two, five, or six
bivalent binding units or variants or fragments thereof wherein cach binding unit
comprises two IgA or IgM beavy chain constant regions or multimernizing fragments or

20 variants thereof, each associated with a binding domain, wherein three to twelve of the
binding domains are programmed cell death protein I (PD-1)-binding domains that
specifically and agonistically bind to PD3-1. In certain embodiments, the binding molecule
can activate PD-l-mediated signal transduction in a cell at a higher potency than an

equavalent amount of a bivalent IgG antibody or fragment thereof comprising two of the

b
¥4

same PD-1-binding domains, which also specifically binds to and agonizes PD-1. In some
embodiments, the two, five, or six binding units are human, humanized, or chimeric
mmunoglobulin binding anits. The provided binding molecules can be used as
therapeutics or diagnostics, e.g., to treat autommune disordess.
[0109]  In some embodiments, the multimerie binding molecules are dimeric and comprise
30 two bivalent binding anits or variants or fragments thercof. In some embodiments, the
multimeric binding molecules are dimeric, comprise two bivalent binding units or variants

or fragments thereof, and further comprise a J-chain or functional fragment or variant

+3
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thereof as described herein. In some embodiments, the multimeric binding molecules are
dimeric, comprise two bivalent binding units or variants or fragments thercof] and further
comprise a J-chain or functional fragment or variant thereof as described herein, wherein
each binding unit comprises two IgA heavy chain constant regions or multimerizing
fragments or variants thercof.

{8118} o some embodiments, the multimeric binding molecules are pentameric and
comprise five bivalent binding units or variants or fragments thereof In some
embodiments. the multimeric binding molecules are pentameric and comprise five bivalent
binding units or variants or fragments thereof, and further comprise a J-chain or functional
fragment or variant thereof as described herein. In some embodiments, the multimeric
binding molecules are pentameric and comprise five bivalent binding units or variants or
fragments thereof. and further comprise a J-chain or functional fragment or variant thereof
as described herein, wherein cach binding untt comprises two IgM heavy chain constant
regions or nuttimerizing fragments or variants thereof.

{0111}  In some cmbodiments, the multimeric binding molecules are hexameric and
comprise six bivalent binding units or variants or fragments thercof. In some embodirents,
the multimeric binding molecules are hexameric and comprise six bivalent binding umts
or variants or fragments thereof, and wherein cach binding unit comprises two IgM heavy
chain constant regions or multimerizing fragments or variants thereof.

{0112} Io certamm embodiments, heavy chain constant regions in the provided binding
molecules are each associated with a binding domain, e.g., an antibody antigen-binding
domain, ¢.g., a scFv, a VHH or the VH subunit of an antibody antigen-binding domain.
The multimeric binding molecule discloses herein can comprise three to twelve binding
domains that are programumed cell death protein | (PD-1)- binding domains that
specifically and agonistically bind to PD-1. In some embodiments, the sudtimeric binding
molecule, such as an IgA antibody, an lgA-like antibody, or an IgA-derived binding
molecule comprises three or four binding domains that specifically and agonistically bind
1o PD-1. In some embodiments, the multimenc binding molecule, such as an IgA antibody,
an fgA-like antibody, or an IgA-derived binding molecule comprises four binding domains
that specifically and agonistically bind to PD-1. In some embodiments, the rmultimeric
binding molecule, such as an IgM antibody, an IgM-like antibody, or an IgM-derived
binding molecule compnses ten or twelve binding domains that specifically and

agonistically bind to PD-1.

(98]
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{0113}  In centain embodiments, the provided multimeric binding molecule 1s multispecific,
e.g., bispecific, trispecific, or tetraspecific, where two or more binding domains associated
with the heavy chain constant regions of the binding molecule specifically bind to different
targets. In certain embodiments, the binding domains of the multimeric binding molecule

5 all specifically bind to PD-1. In cortain cmbodiments, the binding domains of the

multimeric binding molecule are wdentical. In such cases, the multimenc binding molecule
can stifl be bispecific, if, for example, a binding domain with a different specificity 1s part
of a modified I-chain as described elsewhere heremn. In certain embodiments, the binding
domains are anttbody-derived antigen-binding domains, e.g., a scFv associated with the

10 heavy chamn constant regions or a VH subunit of an antibody binding domain associated
with the heavy chain constant regions.

{0114} 1o certan embodiments, cach binding unit comprises two heavy chains each
comprising a VH situated amino terminal to the heavy chain constant region, and two
immnunoglobulin light chains each comprising a hight chain variable domain (VL) situated

15 amino terminal to an immuonoglobulin hght chain constant region, ¢.g., a kappa or lambda
constant region. The provided VH and VL combine to form an antigen-binding domam
that specifically binds to the target. Tn certain embodiments each antigen-binding domain
of each binding molecule binds to the same target, i.e., PD-1. In cortain embodiments, each
antigen-binding domain of each binding molecule is identical.

20 [B118]  To cortam embodiments, the three to twelve PD- L-binding domamns of the nultimeric
binding molecule comprise a heavy chain variable region (VH) and a light chain vanable
region (VL), wherein the VH and VL comprise six immunoglobulin complementarity
determining regions HCDRY, HCDR2, HCDR3, LCDR I, LCDR2, and LCDR3, wheren
the HCDRI, HCDR2, HCDR3, LCDRI, LCDR2, and LCDR3 comprise the CDRs of an

25 antibody comprising the VH and VL of SEQ D NO: 1 and SEQ ID NO: 2, SEQ 1D NO:
3 and SEQ ID NG 4, SEQ 1D NO: 5 and SEQ ID NO: 6, SEQ 1D NO: 7 and SEQ ID NO:
8, SEQ ID NO: 9and SEQ ID NO: 10, SEQ ID NGO: 11 and SEQ IDNG: 12, SEQIDNG:
13 and SEQ ID NO: 14, SEQ ID NO: 25 and SEQ 1D NO: 26, SEQ 1D NO: 27 and SEQ
D NG 28, SEQ 1D NGO: 29 and SEQ ID NG 30, SEQ 1D NO: 31 and SEQ 1D NO: 32,

30 SEQ IDNG: 33 and SEQ 1D NO: 34, or SEQ 1D NO: 49 and SEQ ID NO: 50, respectively,
or the VH of any one of SEQ ID NG: 15, SEQ TD NG: 17, SEGID NG: 19, SEQ ID NGO
21, SEQ ID NO: 23, or SEQ ID NOG: 24 and the VL of any one of SEQ ID NO: 16, SEQ
13 NO: 18, SEQ 1D NO: 20, or SEQ ID NO: 22, or the CDRs of an antibody comprising

- R4 -«
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the VH and VL of SEQ ID NO: 1 and SEQ ID NO: 2, SEG 1D NO: 3 and SEGQ 1D NO: 4,
SEQ IDNO: 5 and SEQIDNO: 6, SEQ ID NG 7 and SEQ ID NO: 8, SEQ ID NG: 9 and
SEQ D NO: 10, SEQG ID NO: 11 and SEQ ID NO: 12, SEQ ID NG: 13 and SEQ 1D NO:
14, SEQ ID NO: 25 and SEQ ID NG: 26, SEQ ID NO: 27 and SEQ ID NG: 28, SEQ ID
5 NO: 29 and SEQ H3 NO: 30, SEQ ID NO: 31 and SEQ 1D NO: 32, SEQ ID NO: 33 and
SEQ TD NGO 34, or SEQ ID NG: 49 and SEQ 1D NG: 530, respectively with one or two
single amino acid substitutions in one or more of the HCDRs or LCDRs, or the VH of any
ong of SEQ ID NG 15, SEQ ID NO: 17, SEQ IDNO: 19, SEQ 1D NG: 21, SEQ ID NO:
23, or SEQ 1D NO: 24 and the VL of any one of SEQ 1D NO: 16, SEQ 1D NGO 18, SEQ
10 D NO: 20, or SEQ ID NG: 22 with one or two single anino acid substitutions in one or
more of the HCDRs or LCDRs, such as the UDRs of an antibody comprising the VH and
VL of SEQ 1D NO: 1 and SEQID NO: 2, SEG ID NO: 3 and SEQ IDNG: 4, SEQ ID NG
13 and SEQ 1D NO: 14, and SEQ 1D NG: 25 and SEQ 1D NO: 26, respectively, or the
CDRs of an antibody comprising the VH and VL of SEQ ID NG: 1 and SEQ ID NG: 2,
15 SEQ ID NO: 3 and SEQ ID NO: 4, SEQ ID NO- 13 and SEQ ID NO: 14, and SEQ 1D NO:
25 and SEQ ID NO: 26, respectively with one or two single amine acid substitutions m

one or more of the HCDRs or LCDRs.
{0116}  In certain embodiments, the three to twelve PD-1-binding domains of the multimeric
binding molecule comprise an antibody VH and a VL, wherein the VH and VL comprise
20 amino acid sequences at least 80%, at least 85%, at least 909, at least 939 or 100%
identical to SEQ 1D NO: 1 and SEQ 1D NO: 2, SEQ ID NO: 3 and SEQ ID NGO 4, SEQ
D NO: 5 and SEQ B NO: 6, SEQ 1D NO: 7 and SEQ ID NG: 8, SEQ 1D NO: 9 and SEQ
ID NG 10, SEQ D NO: 11 and SEQ ID NO: 12, SEQ ID NG: 13 and SEQ 1D NO: 14,
SEQ ID NO: 25 and SEQ ID NO: 26, SEQ ID NO: 27 and SEQ ID NG: 28, SEQ 1D NO:
25 29 and SEQ ID NO: 30, SEQ ID NO: 31 and SEQ ID NO: 32, SEQ ID NO: 33 and SEQ
3 NO: 34, or SEQ ID NO: 49 and SEQ 1D NO: 50, respectively, or the VH of any one of
SEGQ D NO: 15, SEQ IDNO- 17, SEQ ID NO: 19, SEQ IDNO: 21, SEQ ID NO: 23, SEQ
1D NG: 24 and the VL of any one of SEQ ID NO: 16, SEQ ID NO: 18, SEQ 1D NO: 20,
or SEQ 1D NO: 22, such as the amino acid sequences at least 80%, at least 85%, at least
30 90%, at least 95% or 100% dentical to SEQ D NG | and SEQID NG 2, SEQ ID NG 3
and SEQ 1D NO: 4, SEQ ID NG: 13 and SEQ ID NG: 14, and SEQ ID NG: 25 and SEQ

1D NO: 26, respectively.
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{0117} In certain cmbodiments, the three to twelve PD-1-binding domains comprise
anttbody VH and VL regions comprising the amino acid sequences SEQ 1D NO: | and
SEQ ID NQG: 2, SEQ 1D NG: 3 and SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6,
SEQ D NG 7 and SEQ ID NOG: 8, SEQ ID NG: ¢ and SEQ 1D NG 10, SEQ 1D NO: 1t
5 and SEQ ID NG: 12, SEQ ID NO: 13 and SEQ 1D NO: 14, SEQ ID NO: 25 and SEQ ID
NO: 26, SEQ D NO: 27 and SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 30, SEQ
ID NG 31 and SEQ 1D NO: 32, SEQ ID NO: 33 and SEQ 1D NO: 34, or SEQ ID NG: 49
and SEQ 1D NG: 50, respactively. or the VH of any one of SEG 1D NG: 15, SEQ ID NO:
17, SEQID NO: 19, SEQ ID NO: 21, SEQ ID NG: 23, SEQ 1D NO: 24 and the VL of any
10 one of SEQ ID NG: 16, SEQ ID NQ: 18, SEGQG T NO: 20, or SEQ ID NO: 22, such as VH
and VL regions comprising the amino acid sequences SEQ ID NGOG 1 and SEQ ID NG 2,
SEQ ID NOG: 3 and SEQ ID NG: 4, SEQ 1D NO: 13 and SEQ ID NG 14, or SEG 1D NO:
25 and SEQ ID NGO: 26, respectively.

{3118]  Tn certain embodiments, cach binding unit of the multimeric binding molecule
15 comprises two heavy chains and two lght chains, wherein the heavy chaing and hght
chains comprise VH and VI amino acid sequences at least 80%, at least 85%, at least 90%,
at least 95% or 100% identical to SEQ 1D NG 1 and SEQ ID NO: 2, SEQ ID NOG: 3 and
SEQ D NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, SEQ ID NO: 7 and SEQ 1D NO: 8,
SEQ 1D NO: 9 and SEQ 1D NO: 10, SEQ ID NO: 11 and SEQ ID NO: 12, SEQ 1D NO:
20 13 and SEG ID NO: 14, SEGQ 1D NO: 25 and SEQ 1D NO: 26, SEQ 1D NO: 27 and SEQ
1D NG: 28, SEQ ID NO: 29 and SEQ ID NG: 30, SEQ 1D NO: 31 and SEQ ID NO: 32,
SEQ D NG: 33 and SEQ ID NO: 34, or SEQ 1D NO: 45 and SEQ ID NO: 50, respectively,
or the VH of any one of SEQ ID NG 15, SEQ ID NG: 17, SEQ IDNG: 19, SEQ ID NO:
21, SEQ ID NO: 23, or SEQ ID NG: 24 and the VL of any one of SEQ ID NO: 16, SEQ
25 ID NG 18, SEQGID NG 20, or SEQ D NG: 22, such as VH and VL amino acid sequences
at least 80%, at least 85%, at least 90%, at least 95% or 100% identical to SEQ ID NO: 1
and SEQ ID NG 2, SEQ ID NO: 3 and SEQ ID NO: 4, SEQ 1D NO: 13 and SEQ ID NOG:

14, or SEQ ID NG 25 and SEQ 1D NO: 26, respectively.
{0119]  In cortain embodiments, the heavy chains and light chains of the multimernic binding
30 molecule comprise the VH and VL anuno acid sequences SEQ D NG | and SEG ID NO:
2, SEQ ID NO: 3 and SEQ ID NG 4, SEQ ID NG: Sand SEQGID NG 6, SEQID NGO 7
and SEQ IDNO: & SEQ ID NG 9 and SEQ ID NG 10, SEQ ID NO: 11 and SEQ ID NO:
12, SEQ ID NO: 13 and SEQ ID NO: 14, SEQ ID NO: 25 and SEQ ID NO: 26, SEQ ID
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NO: 27 and SEQ 1D NO: 28, SEQ 1D NO: 29 and SEQ 1D NO: 30, SEG ID NG 31 and
SEQ I3 NO: 32, SEQ 1D NO: 33 and SEQ 1D NO: 34, or SEQ ID NG: 49 and SEQ ID
NG 50, respectively, or the VH of any one of SEQ TR NO: 13, SEQ ID NG: 17, SEQID
NG 19, SEQ ID NQG: 21, SEQ 1D NO: 23, or SEG ID NG: 24 and the VL of any one of
5 SEQ ID NO: 16, SEQ ID NO: I8, SEQ 1D NO: 20, or SEQ 1D NG: 22, such as the VH
and VL ammno acid sequences SEQ IDNG: 1 and SEQ IDNG: 2, SEQ D NO: 3 and SEQ
ID NG 4, SEQ ID NG 13 and SEQ D NO: 14, or SEQ 1D NO: 25 and SEGQ 1D NG 26,

respectively.

fgM antibodics, IgM-iike antibodies, other igM-derived binding molecules

10 (81264  IgM s the first immunoglobudin produced by B cells i response to stimulation by
antigen. Naturally-occurring IgM is naturally present at around 1.5 mg/ml in serum with a
haif-life of about 5 days. IgM is a pentameric or hexameric molecule and thus includes
five or six binding units. An IgM binding unit typically inclades two light and two heavy
chains. While an IgG heavy chain constant region contains three heavy chain constant

15 domains {CH1, CH2 and CH3), the heavy (i) constant region of IgM additionally contains
a fourth constant domain (CH4) and includes a C-ternunal “tailpiece.” The human IgM
constant region typically comprises the amino acid sequence SEQ ID N 33 (identical to,
c.g.. GenBank Accession Nos. piri|S37768, CAA47708.1, and . CAA477i4.1, allele
FGHM*03) or SEGQ 1D NO: 36 (identical 1o, ¢.g., GenBank Accession No. sp/P01871.4,

20 allele IGHM*04). The human Cul region ranges from about amino acid 5 to about amino

acid 102 of SEQ ID NO: 35 or SEQ 1D NG 36; the luman Cu2 region ranges from about

amino acid 114 to about amino acid 205 of SEQ 1D NO: 35 or SEQ 1D NG: 36, the buman

Cu3 region ranges from about amino acid 224 to about amino acid 319 of SEQ D NO: 33

or SEQ ID NO: 36, the Cu 4 region ranges from about amine acid 329 to about amino acid

430 of SEQ 1B NO: 35 or SEQ ID NO: 36, and the tailpiece ranges from about amino acid

431 to about amino acid 453 of SEQ ID NO: 35 or SEQ 1D NO: 36.

b
¥4

{3121]  Gther forms and alleles of the human IgM constant region with minor sequence
vartations exist, including, without lmitation, GenBaonk Accession Nos. CAB37838.1, and
pir]MHHU. The amino acid substifiions, insertions, and/or deletions at positions

30 corresponding to SEQ 1D NO: 35 or SEQ ID NO: 36 desenbed and claimed elsewhere n
this disclosare can likewise be incorporated into alternate human IgM sequences, as well

as mto IgM constant region amino acid sequences of other species.

.37 -
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10122}  Each IgM heavy chain constant region can be associated with a binding domain, ..,
an antigen-binding domam, c.g., a scFv or VHH, or a subunit of an asntigen-binding
domain, ¢.g., a VH region. Exemplary antigen-binding domains, ¢.g., binding domams that
specifically and agonistically bind PD-1 are described clsewhere hercin. In cortamn

5 embodiments the binding domain can be a non-antibody binding domain, ¢.g., a recepior

ectodomain, a Hgand or receptor-binding fragment thereof, a cvtokine or receptor-binding
fragment thereof, a growth factor or receptor binding fragment thereof, a neurotransmitter
or receptor binding fragment thereof, a peptide or protein hormone or receptor binding
fragment thereof, an imnmune checkpoint modulator ligand or receptor-binding fragment

10 thereof, or a receptor-binding fragment of an extracellular matnix protein. See, ez, PCT
Application No. PCT US2019/057702, which is incorporated herein by reference in it
entirety.

{0123}  Five 1gM binding units can form a complex with an additional small polypeptide
chain (the J-chain), or a functional fragment, varant, or derivative thereof, to form a

15 pentameric IgM antibody or fgM-like antibody, as discussed elsewhere berein. The
procursor form of the human J-chan s presented as SEQ 1D NO: 40, The signal peptide
extends from amuno acid 1 fo about amino acid 22 of SEQ ID NO: 40, and the mature
human J-chain extends from about amino acid 23 to amino acid 159 of SEQ 1D NG: 40,
The mature human J-chain includes the amino acid sequence SEQ 1D NO: 41,

20 [0124]  Excmplary vanant and modified J-chains are provided elsewhere hercin, Without
the J-chain, an IgM antibody or Ighd-like antibody tvpically assembles into a hexamer,
comprising up to twelve antigen-binding domains. With a J-chain, an IgM antibody or
IgM-like antibody typically assembles into a pentamer, comprising up to fen antigen-
bindimg domains, or more, if the J-chain is a modificd J-chain comprising one or more

25 heterologous polypeptides comprising  additional  antigen-binding domain{s). The
assembly of five or six IgM binding units inrto a pentameric or hexameric IgM antibody or
fgM-like antibody is thought to mvolve the Cu4 and tatlpiece domains. Sec, ¢.g., Braathen,
R, etal, } Biol Chem. 277:42755-42762 (2002}, Accordingly, a pentameric or hexameric
IgM antibody provided in this disclosure typically includes at least the Cu4 and tailpiece

30 domains (also referred to herein collectively as Cud-tp). A “multimerizing fragment” of
an IgM heavy cham constant region thus mcludes at least the Cpd-tp domains. An IgM
heavy chain constant region can additionally include a Cu3 domain or a fragment thereof,

a Cu2 domain or a fragment thereof, a Cul domain or a fragment thercof, and/or other
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IgM heavy chain domains. In certain embodiments, an lgM-derived binding molecule,

e.g., an IgM aotibody, IgM-like antibody, or other IgM-derived binding molecule as

provided herein can inclade a complete IgM heavy () chain constant domain, ¢.g., SEQ

ID NG: 35 or SEQ 1D NO: 36, or a variant, denivative, or analog thereof, e.g., as provided
5 herein.

{125] To certamn embodiments, the disclosure provides a multimernic binding molecule, e g,
pentameric or hexameric binding molecule, where the binding molecole mchudes ten or
twelve IgM-derived heavy chains, and where the lgM-derived heavy chains comprise IgM
heavy chain constant regions each associated with a binding domain that specifically binds

10 to a target. In certain embodiments, the disclosure provides an IgM antibody, IgM-like
antibody, or IgM-derived binding molecule that includes five or six bivalent binding units,
where cach binding unit includes two IgM or lgM-like heavy chain constant regions or
multimerizing fragments or variants thereof, cach associated with an antigen-binding
domam or subumt thereof. In certain embodiments, the two IgM heavy chain constant

15 regions included m each binding unit are human heavy chain constant regions. In some
embodiments, the heavy chans are glycosylated. To some erabodiments, the heavy chains
can be mutated to affect glyeosvlation.

{0126} Where the IgM antibody, IghM-like antibody, or other IgM-derived binding molecule
provided in this disclosure is pentameric, the IgM antibody, IgM-like antibody, or other

20 fgM-derived binding melecule typically further include a J-chain, or functional fragment
or variant thereof. In certain embodiments, the J-chain 15 a modified J-cham or variant
thereof that further comprises one or more heterologous moietics attached to the J-chain,
as described elsewhere beremn. In certain embodiments, the J-chan can be mutated to
affect, e.g., enhance, the serum half-hife of the IgM antibody, IgM-like antibody, or other

25 IgM-derived binding molecule provided herein, as discussed elsewhere in this disclosure.
In certain embodiments the J-chain can be pustated to affect glycosylation, as discussed
elsewhere in this disclosure.

{0127}  An IgM heavy chain constant region can include one or more of a Cul domamn or
fragment or variant thereof, a CuZ domain or fragment or variant thereof, a Cu3 domain

30 or fragment or variant thereof, and/or a Cud domain or fragment or varant thereof,
provided that the constant region can serve a desired function in the IgM antibody, IgM-
like antibody, or other IgM-derived binding molecule, e.g., associate with second IgM

constant region to form a binding unit with one, two, or more antigen-binding domain(s),

]
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and/or associate with other binding units (and in the case of a pentamer, a J-chain} to form
a hexamer or a pentamer. In certain embodiments the two lgM heavy chain constant
regions or fragments or variants thereof within an mdividual binding unit each comprise a
Cud domain or fragment or variant thereof, a tailpicce {tp) or fragment or variant thereof]
or a combination of a Cpd domain and a TP or fragment or vanant thercof. In cortam
embodiments the two IgM heavy chain constant regions or fragments or variants thereof
within an individual binding unit each further comprise a Cu3 domain or fragment or
vartant thereof, a Cu2 domain or fragment or vartant thereof, a Cpl domain or fragment

or variant thercof, or any combination thereof.

{81281  In some embodiments, the binding units of the IgM antibody, IgM-like antibody, or

other IgM-derived binding molecole comprise two light chains. In some embodiments, the
binding units of the IgM antibody, lgM-like antibody, or other IgM-derived binding
molecule comprise two fragments light chains. In some entbodiments, the light chains are
kappa light chains. Tn some embodiments, the light chaing are lambda hight chains. In some
embodiments, each binding unit comprises two immunoglobulin light chains cach
comprising a VL situated amino termmal to an vnownoglobulin light chain counstant

region.

IgA antibodics, IgA-like antibodies, other IgA-derived binding molecales

{01297 IgA plays a critical role in mucosal immunity and comprises about 15% of total

immunoglobulin produced. IgA is a monomeric or dimeric molecule. An IgA binding unit
includes two light and two heavy chains. fgA contains three heavy chain constant domains
{Crtl, Ca2 and Ca3), and includes a C-torminal “tailpicce.” Human IgA has two subtypes,
IgAl and IgA2. The human IgAl constant region typically includes the ammno acid
sequence SEQ 1D NO: 37, The human Cal domain extends from about amino acid 6 to
about amino acid 98 of SEQ ID NO: 37; the human IgA 1 hinge region extends from about
amuno acid 102 to about amino acid 124 of SEQ ID NO: 37, the human Ca3 domamn
extends from about amino acid 228 to about amino acid 330 of SEQ ID NG: 37, and the
tailptece extends from about amino acid 331 to about amino acid 352 of SEQ 1D NG: 37.
The human IgAZ constant region can inclhude the amino acid sequence SEQ ID NG: 3%,
SEQ ID NG: 48, or other related isoforms known to those of skill in the art. The human
Col domain extends from about amino acid 6 {0 about anuno acid 98 of SEQ 1D NO: 38

or SEQ I NO: 48; the human IgA? hinge region extends from about anino acid 102 to

- 40 -
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about amino acid 111 of SEQ 1D NG 38 or SEQ ID NO: 48, the buman CaZ domain
extends from about amino acid 113 to about amuno acid 206 of SEQ 1D NO: 38 or SEQ
D NGO 48, the human Cal domain extends from about amino acid 215 to abowt anuno
acid 317 of SEQ 1D NO: 38 or SEQ 1D NG: 48, and the tailpiece extends from abouot amino

5 acid 318 to about amino acid 340 of SEQ D NO: 38 or SEQ ID NO: 48, SEQ 1D NOS:
37 and 38 are presented below:

SEQ ID NO: 37 {(human IgAl constant region}

ASPTSPKVFPLSLCSTQPDONVVIACLVQGFFPQEPLSVT

WEESGQGYVTARNFPPSQDASGDLY TTSSQLTLPATQCLA
10 GRSVTCHVEKHYTNPSQDVTVPCPVPSTPPTPSPSTPPTPS
PSCCHPRLSLHRPALEDLLLGSEANLTCTLTGLRBASGY
TEFTWTPSSGKSAVQGPPERDLOGUYSVSSVLPGCAEPW
NHGKTFTCTAAYPESKTPLTATLSKSGNTFRPEVHLLPPP
SEELALNELVTLTCLARGFSPKDVLVRWLOQGSQELPREK
YLTWASRQEPSQGTTIFAVTSILRVAAEDWKKGDTFSC
MVGHEALPLAFTQKTIDRLAGKPTHVNVSVVMAEVYDG
TCY

Pt
v

SEQ 1D NO: 38 (human IgA2 constant region)

ASPTSPKVFPLSLDSTPQDGNVVVACLVQGFFPQEPLSY

20 TWSESGONVTARNFPPSQODASGDLYTTSSQLTLPATQCP
DGKSVTCHYKHYTNPSQDVTVPCPVPPPPPCCHERLSLH
RPALEDLLLGSEANLTCTLTGLRDASGATFTWTPSSGKS
AVQGPPERDLCGCYSVSSVLPGCAQPWNHGETFTCTAA
HPELKTPLTANITKSGNTFRPEVHLLPPPSEELALNELVT
LTCLARGFSPKDVLVRWLQGSQELPREKYLTWASRQEP
SOGTTTFAVTSILRVAAEDWKKGDTFSCMVGHEALPLA
FTQKTIDRMAGKPTHVNVSVVMAEVDGTCY

o]
(4

{9130}  Two IgA binding units can form a complex with two additional polvpeptide chains,
the I-chain {c.g., SEQ ID NO: 41 or SEQ ID NO: 42 and the secretory component
36 {precursor, SEQ ID NG: 39, mature: amino acids 19 to 603 of SEQ ID NG: 39 1o form a
secretory IgA (slgA) antibody. The assembly of IgA binding units mto a dimeric sigA
antibody is thought to involve the Ca3 and tailpiece domains (also referred to hercin
collectively as the Ca3-tp domain). Accordingly, a dimeric sigA antibody provided n this
disclosure typically includes IgA constant regions that inclade at least the Co3 and

35 tatlptece domains. SEQ ID NG: 39 1s presented below:

SEQ 1D NO: 39

MLLFVLTCLLAVFPAISTKSPIFGPEEVNSVEGNSVSITCY
YPPTSVNRHTRKYWCRQGARGGCITLISSEGYVSSKYAG
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RANLTNFPENGTFVVNIAGLSQDDSGRYKCGLGINSRGL
SEDVSLEVSQGPGLINDTRKVYTVDRLGRTVTINCPFKTEN
AQKRKSLYKQIGLYPVLVIDSSGY VNPNYTGRIRLDIQG
TGOLLFSVVINGQLRLSBAGQYLCQAGDDSNSNKKNADL
QVLEPEPELVYEDLRGSVTFHCALGPEVANVAKFLCRQ
SSGENCDVVVNTLGKRAPAFEGRILLNPODKDGSFSVV]
TGLRKEDAGRYLCGAHSDGQLQEGSPIQAWQLFVNEES
TIPRSPTVVEKGVAGGSVAVLCPYNRKESKSIKYWCLWE
GAQNGRCPLLYVDSEGWVKAQYEGRLSLLEEPGNGTFTYV
IENQLTSRDPAGFYWCLINGDTLWRTTVEIKHEGEPNLK
VPGNVTAVLGETLKVPCHFPCKFSSYEKYWCKWNNTG
CQALPSQDEGPSKAFVNCDENSRLVSLTLNLVTRADEG
WYWCGVKQGHFYGETAAVYVAVEERKAAGSRDVSEA
KADAAPDEKVLDSGFREIENKAIGDPRLFAEEKAVADTR
DOQADGSRASVDSGSSEEQGGSSRALVSTLVPLGLVLAY
GAVAVGVARARHRKNVDRVSIRSYRTDISMSDFENSRE
FGANDNMGASSITQETSLGGKEEFVATTESTTETKEPKK
AKRSSKEEAEMAYKDFLLQSSTVAAEAQDGPQEA

{0131}  An lgA heavy chain constant region can additionally include a Co2 domain or a

fragmeunt thereof, an IgA hinge region, a Cal domain or a fragrent thereof, and/or other
IgA heavy chain domains. In certain aspects, an [gA antibody or IgA-hke binding
molecule as provided herein can include a complete IgA heavy (o) chain constant domain
{c.g.. SEQ 1D NO: 37 or SEQ ID NO: 38}, or a variant, derivative, or analog thereof. In
some embodiments, the IgA heavy chain constant regions or multimernizing fragments
thergof are human IgA constant regions.

{9132} In some embodiments, the binding units of the IgA antibody, IgA-like antibody, or
other IgA-derived binding molecule comprise two light chains. In some eobodiments,
the binding units of the IgA antibody, IgA-like antibody, or other IgA-derived binding
molecule comprise two fragments light chains. In some embodiments, the light chains
are kappa light chains. in some embodiments, the light chains are lambda hight chains.
o some emboduuents, cach binding unit comprises two joununoglobulin light chains

each comprising a VL situated amino terminal to an immumnoglobulin hight chain

constant region.

J-chains and fonctional fragments or variants thereof

{0133} Incertain embodiments, the nndtimeric binding molecule provided herein compnses
a J-chain or tunctional fragment or variant thereof. In certain embodiments, the smultimeric

binding molecule provided herein is pentameric and comprises a J~chain or functional
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fragment or variant thereof. In certain embodiments, the multimeric binding molecule
provided herein is dimeric and comprises a J-chain or functional fragment or variant
thereof. In some embodiments, the multimeric binding molecule can comprise a naturally
occurring J-chain sequence, such as a mature human J-chain sequence {e.g., SEQ ID NG
5 41). Alematively, in some embodiments, the muktineric binding molecule can comprise
a variant F-chain sequence, such as a variant sequence described herein with reduced
glveosylation or reduced binding to polymeric Ig receptor {e.g., plgR). In some
embodiments, the multimeric binding molecule can comprise a functional fragment of a
naturally occurring or variant I-chain. As persons of ordinary skill in the art will recognize,

10 “a functional fragment” or a “functional variant” in this context includes those fragments
and vanants that can associate with binding waits, ¢.g., IgM or IgA heavy chain constant
regions, to form a pentameric IgM antibody, IgM-like antibody, or IgM-derived binding
molecule or a dimeric IgA antibody, IgA-hike antibody, or lgA-derived binding molecule,
and/or can associate with certain immunoglobulin receptors, e.g., plgR.

15 [6134] In cerain embodiments, the J-chain can be modificd, ¢.g.. by introduction of a
heterologous moiety, or two or more heterologous moieties, ¢.g., polypeptides, without
interfering with the ability of binding molecule to assemble and bind to i3 binding
target(s). Sce UK. Patent Nos. 9,951,134 and 10,400,038, and U.S. Patent Application
Publication Nos. US-2019-0185570 and US-2018-0265596, cach of which is incorporated

20 herein by reference m ds entirety.

[3135]  Accordingly, a binding molecule provided by this disclosure, including multispecific
IgA, lgA-tike, IgM, or IgM-like antibodies as descnbed elsewhere herein, can comprise a
modified J-chain or functional fragment or vanant thercof comprising a heterologous
moiety, €.g., a heterologous polypeptide, introduced, ¢.g., fused or chemically conjugated,

25 into the J-chain or fragment or variant thercof. In certain embodiments, the heterologous
polypeptide can be fused to the N-terminus of the J-chain or functional fragment or variant
thereof, the C-terminus of the J-cham or functional fragment or variant thereof, or to both
the N-terminus and C-terminus of the J-chain or functional fragment or variant thereof. In
certain embodiments the heterologous polypeptide can be fused mtemally within the J-

30 chain or functional fragment or variant thercof. In some embodiments, the beterologous
polypeptide can be mntroduced nto the J-chamm at or near a glveosylation site. In some
embodiments, the heterclogous polypeptide can be miroduced into the J-chain within

about 10 aming acid restdues from the C-terminus. or within about 10 amino acids from
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the N-terminus. In certain embodunents, the heterologous polypeptide can be mtroduced
into the mature human J-chain of SEQ 1D NG: 41 between cysteine residues 92 and 101
of SEQ ID NO: 41, or an eqguivalent location n a J-chain sequence, e.g., a J-chain varnant
or functional fragment of 3 J-chain. In a further embodiment, the heterclogous polypeptide
5 can be introduced into the matwe human f-chain of SEQ ID NG: 41 at or near a
glyeosylation site. In a further embodiment, the heterologous polypeptide can be
introduced into the mature human J-chain of SEQ D NO: 41 within about 10 amino acid

residues from the C-terminus, or within about 10 amine acids from the N-terminus,
[0136]  In certain crobodiments the heterologous moiety can be a peptide or polypeptide
10 sequence fused in frame to the J-chain or chemically conjugated to the J-chain or fragment
or variant thereof. In certain embodiments, the heterclogous polvpeptide s fused to the J-
chain or functional fragment thereof via a peptide linker. Any suitable linker can be used,
for example the peptide linker can include at least 5 amino acids, at least ten amino acids,
and Jeast 20 amino acds, at feast 30 amuno acids or more, and so on. In certain
15 embodiments, the peptide linker includes least 5 amino acids, but no more than 25 amine
acids. In certain embodiments the peptide linker can consist of 5 amino acids, 10 anuno
acids, 13 amino acids, 20 amino acds, or 25 amine acids. In certain embodiments, the
peptide Hinker consists of GGGGS (SEQ ID NG: 43}, GGGGSGGGES (SEQ 1D NO: 44),
GGGGSGGGESGGGGS (SEQ ID NG 45), GGGGSGGGGERGGGGSGGGEGS (SEQ ID

20 NO: 46), or GGGGSGGGGSGGGGSGGGGSGGGES (SEQ 1D NO: 47),

{31371 o certain embodiments the heterologous moiety can be a chemical moiety
conjugated to the J-chain. Heterologous moictics to be attached to a J-chain can include,
without ltritation, a binding moiety, ¢.g., an antitbody or antigen-binding fragment thereof,
e.g., a single chamn Fv {scFv) molecule, a cviokine, e.g., [L-2 or IL~15 {see, cg., PCT

25 Application No. PCT US2019/057702, which is incorporated herein by reference in it
entirety), a stabilizing peptide that can increase the balf-life of the binding molecule, e.g.,
human serum albumin (HSA) or an HSA binding molecule, or a heterologous chemical
moiety such as a polymer.

{3138]  In some embodiments, a modified J-chain can comprise an antigen-binding domain

30 that can include without hinutation a polypeptide capable of specifically binding to a target
antigen. In certain embodiments, an antigen-binding domain associated with a modified I-
chain can be an antibody or an antigen-binding fragment thereof. In certain embodiments

the antigen-binding domain can be a scFv antigen-binding domain or a single-chain
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antigen-binding domain derived, ¢.g., from a camelid or condricthoid antibody. In certain
embodiments, the target is a target epitope, a target antigen, a target cell, or a target organ.
Targets can include, without lmuation, auto-immune targets, mmmune checkpoint
inhibitors, target antigens involved in blood-brain-barrier {ransport, target antigens
mvolved m neurodegencrative diseases and neuroinflamomatory discases, and any
combmation thereof. In certain embodiments, the binding domam, ¢ g., scFv fragment can
bind to an effector cell, e.g., a T cell or an NK cell. In certain embodiments, the binding
domain, ¢.g.. scFv fragment can specifically bind to CD3 on cytotoxic T cells, eg., to
CD3e. In some emboduments, the antigen binding domain binds ICOS Ligand (ICOSLG),
e.g., UniProtKB-075144, ICOS (CD278), e g., UniProtKB-QUY6WS; Interdeukin 6 (JLO),
e.g., UmProtKB-P05231; D28, cg., UniProtKB-P10747. CD3, eg., CD3e or
UniProtKB-PO7766; CD80, ¢.g., UniProtKB-P33681; CD&6, ¢ g., UniProtKB-P42081;
Tumor Necrosis Factor Alpha (TNFa), ¢.g., UniProtKB-P01373; or Fibroblast Activation

Protein (FAP), ¢.g., UniProtKB-(128384.

{0139]  The antigen-binding domain can be miroduced mto the J-chain at any location that

allows the binding of the antigen-binding doman to its binding target without interfering
with J-chain function or the function of an associated multimenic binding molecule, . g, a
peantameric IgM or dimeric IgA antibody. Inscrtion locations include but are not limited to
at or near the C-terminus, at or near the N-terminus or at an intemal location that, based

ot the three-dimensional structure of the J-chain, 1s accessible.

Yariant I-chains that confer increased serum half-life

{0148}  In cenain embodiments, the J-chain is a functional variant J-chain that includes one

or more single amino acid substitutions, deletions, or msertions relative to a reference J-
chain identical to the variant J-chain except for the one or more single amino acid
substitutions, deletions, or insertions. For example, cerfain amino acid substibitions,
deletions, or imsertions can result 1 the IgM-derived binding molecule exlubiting an
mereased serum haltf-life upon admmistration to a subject ammal relative to a reference
IgM-derived binding molecule that s identical except for the one or more single amino
actd substitutions, deletions, or insertions in the variant J-chain, and is administered using
the same method to the same animal species. In certain embodiments the vaniant J-cham
can include one, two, three, or four single amino acid substitutions, deletions, or nsertions

relative to the reference f-chain.
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{0141}  In cortain embodiments, the f-chain, such as a modified I-chain, comprises an amino
acid substitution at the amuno acid position corresponding to amine acid Y102 of the
mature wild-tvpe human J-chamn (SEQ 1D NO: 41}, By “an amino acid corresponding to
amino acid Y 102 of the mature wild-type human J-cham” 15 meant the amine acid in the

5 sequence of the J-chain, which is bomologous to Y102 in the buman J-chain. For exampie,
see PCT Publication No. WQ 2019/169314, which is mcorporated herein by reference in
its entirety. The posttion corresponding to Y102 in SEQ ID NQ: 41 i3 conserved in the J-
chain aming acid sequences of at least 43 other species. See FIG. 4 of U.S. Patent No.
9,951,134, which 1s incorporated by reference hercin. Certain routations at the position
10 corresponding to Y102 of SEQ ID NO: 41 can mhibit the binding of certam
mnmunoglobulin receptors, e.g., the human or munne Feap receptor, the murine Fep
receptor, and/or the human or murine polymeric lg receptor {pigR) to an IgM pentamer
comprising the varant J-chain.

{31421 A multimeric binding molecule comprising a mutation at the amino acid
13 corresponding to Y102 of SEQ ID NG: 41 has an mmproved serum half-life when
admuustered to an animal than a corresponding multimenic binding mwolecule that is
identical except for the substitution, and which is admimstered to the same species in the
same manner. In cerfain embodiments, the amine acid corresponding 1o Y102 of SEQ ID
WO 41 can be substituted with any amino acid. In cerfain embodiments, the amino acid
20 corresponding to Y102 of SEQ 1D NO: 41 can be substituted with alanine (A), serine (8)
or arginine (R). In a particular embodiment, the amino acid corresponding to Y102 of SEQ
D NO: 41 can be substituted with alanine. In a particular embodiment the f-chain or
functional fragment or vanant thereof is a vanant buman J-chain referred to herein as “I*,”

and comprises the amino acid sequence SEGQ ID NG 42
25 (8143} Wild-type J-chains typically include one N-linked glveosylation site. In certain
embodiments, a varant J-chain or functional fragment thercof of a multimeric binding
molecule as provided herein mcludes a mutation within the asparagine{N)-linked
glyeosylation motif N-X1-5/T, e.g., starting at the amino acid position corresponding to
amino acid 49 {motif N6} of the mature human J-chain (SEQ 1D NO: 41y or J* (SEQ 1D
30 NO: 42}, wherein N is asparaging, X1 is any amino acid except proling, and §/T is serine
or threonine, and wherein the mutation prevents glveosylation at that motif. As
demonstrated in PCT Puoblication No. WO 2019/169314, mutations preventing

elycosyiation at this site can result in the multimeric binding molecule as provided herein,
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exhibiting an increased serum half-life upon administration to a subject animal relative to
a reference multimeric binding molecule that is destical except for the nuwtation or
mutations preventing glycosylation in the variant J-chain, and 1s administered in the same

way {o the same animal species.

{0144]  For cxample, 1n certain embodiments the varant J-chain or functional fragment

thereof of a pentameric IgM-denived or dimeric IzA-derived binding molecule as provided
herein can imclude an amine acid substitution at the amino acid position corresponding o
amino acid N49 or amino acid 5§51 of SEQ ID NO: 41 or SEQ 1D NO: 42, provided that
the antino acid corresponding to 851 is not substituted with threonine (1), or wherein the
variant J-chain comprises amino acid substitutions at the amino acid positions
corresponding o both amino acids N49 and S51 of SEQ ID NO: 41 or SEQIDNG: 42 . In
certain embodiments, the position corresponding fo N4 of SEQ 1D NG 41 or SEGQ ID
NO: 42 is substituted with anv amino acid, ¢.g.. alanine {A), glveine (G), threonine (T),
serine {8} or aspartic acid (D). Tn a particular embodiment, the position corresponding to
N49 of SEQ 1D NO: 41 or SEQ ID NG: 42 can be substituted with alanine (A}, In another
particular embodiment, the position corresponding to N49 of SEQ 1D NG: 41 or SEQ ID
N 42 can be substituted with aspartic acid (B).

Variant IgM constant regions

{0145]  IgM beavy chain constant regions of a vmltimeric binding molecule as provided

herein can be engineered to confer certain desirable properties to the multimeric binding
molecules provided herein. For example, in certain embodiments, IgM heavy chain
constant regions can be enginecred to confor enhanced serum half-life to multimeric
binding molecules as provided herein. Exemplary IgM heavy chain constant region
mutations that can enhance serum half-life of an IgM-denved binding molecule are
disclosed in PCT Publication No. WO 2019/1693 14, which is incorporated by reference
herein in its ontirety. For example, a variant IgM heavy chaio counstant region of the IgM
antibody, Igh-like antibody, or IgM-derived binding molecuie as provided herein can
include an amino acid sebstitution at a position corresponding to anuno acid S401, E402,
E403, R344, and/or E345 of a wild-type human IgM constant region {¢.g., SEQ ID NO:
35 or SEQ ID NG: 36). By “an amino acid corresponding to amine acid S401, E402, 403,
R344, and/or E345 of a wild-type homan IgM constant region” is meant the aming acid in

the sequence of the IgM constant region of any species which is homologous to $401,
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E402, E403, R344, and/or E345 in the buman IgM constant wegion. In certain
embodiments, the anuno acid corresponding to S401, E402, E403, R344, and/or F345 of

SEQ 1D NO: 35 or SEQ ID NO: 36 can be substituted with any amino acid, e.g., alanine.

{0146]  In certain embodiments, an IgM antibody, IgM-like antibody, or other IgM-derived

5 binding rolecule as provided herein, can be engineered to exhibit reduced complement-
dependent evtotoxicity (CDC) activity to cells in the presence of complement, relative to

a reference IgM antibody, IgM-like antibody, or other IgM-derived binding molecale with
corresponding reference human IgM constant regions identical, except for the mutations
conferring reduced CHC activity. These CDC mutations can be combined with any of the

10 mutations to confer increased serum half-life as provided herein. By “corresponding
reference human IgM constant region™ s meant a human IgM constant region that is

identical to the variant IgM constant region except for the modification or modifications
in the constant region affecting CDC activity. In certain embodiments, the variant human

IeM constant region includes one or more amino acid substitutions, ¢.g., i the Cu3
15 domain, relative to a wild-type human IgM constant region as described, e.g., in PCT
Publication No. WO/2018/187702, which is incorporated herein by reference in iis

entirety. Assays for measuring CDC are well known to those of ordimary skill in the art,

and exemplary assays are described e.g., in PCT Publication No. WO/2018/187702.

{0147} In certain cmbodiments, a varant human IgM constant region conferring reduced
20 CDC activity includes an amino acid substitution corresponding to the wild-type human
IgM constant region at position L310, P311, P313, and/or K315 of SEQ ID NO: 35 (human
IgM constant region allele IGHM*03) or SEQ 1D NO: 36 (human IgM constant region

allele IGHM*04). In certain embodiments, a variant human IgM constant region
conferring reduced CDC activity ncludes an amuno acid substitution corresponding to the

25 wild-type human IgM constant region at position P311 of SEQ ID NO: 35 or SEQ ID NO:
36. In other embodinents the variant IgM constant region as provided herein condains an
amino actd substitution corresponding to the wild-type human IgM constant region at
position P313 of SEQ 1D NG: 35 or SEQ ID NO: 36, In other embodiments the variant
IgM constant region as provided herein contains a combination of substitutions
30 corresponding to the wild-type human IgM constant region at positions P311 of SEQ 1D
NG 35 or SEQ D NO: 36 and P313 of SEQ ID NG: 35 or SEQ ID NO: 36. These proline

residues can be independently substitated with any amino acid, e.g., with alanine, serine,

or glycine.
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{0148} Human and certain non-human primate igM constant regions typically include five
{3y naturally-occurnng asparagine (N)-linked glvcosylation motifs or sites. As used herein
“an N-linked glycosviation motit” comprises or consists of the amino acid sequence N-
X1-8/T, wherein N is asparagine, X1 is any amino acid except proline (P), and §/T is
5 sering {8} or threoning (T}, The glycan is attached to the nitrogen atom of the asparagine
residue. See, e.g., Drckamer K, Taylor ME (2006}, Introduction to Glyeobiology (2nd
ed. ). Oxford University Press, USA. N-linked glvcosviation motifs ocour in the human
IgM heavy chain constant regions of SEQ I NO: 35 or SEQ D NO: 36 starting at
positions 46 (“N17), 200 (N2}, 272 (“N3™), 279 (“N4”), and 440 (N5}, These five
10 motifs are conserved n non-human primate IgM heavy chain constant regions, and four
of the five are conserved in the mouse IgM heavy chain constant region. Accordingly, in
some embodiments, IgM heavy chain constant regions of a multimeric binding molecule
as provided berein comprise 5 N-linked glveosyiation motifs: NI, N2, N3, N4, and N5, In
some embodiments, at least three of the N-linked glveosylation motifs (e.g., N1, N2, and
15 N3} on each IgM heavy chain constant region are occupied by a complex glycan.
01497 In certain eibodiments, at least one, at feast two, at least three, or at least four of the
N- X1-8/T motifs can mclude an amino acid msertion, deletion, or substitution that
prevents glycosylation at that motif. In certain embodiments, the IghM-derived multimeric
binding molecule can include an amino acid insertion, deletion, or substitution at motif
20 N1, motif N2, motif N3, mont NS, or any combination of two or more, three or more, or
all four of motifs N1, N2, N3, or N3, where the amuno acid imsertion, deletion, or
substitution prevents glveosylation at that motif. In some cmbodiment, the 1gM constant
region comprises two or more substitutions relative to a wild-type human IgM counstant
region at positions 46, 209, 272, or 440 of SEQ 1D NO: 35 (human IgM constant region
25 allefe IGHM* 03} or SEQ ID NO: 36 (human IgM constant region allele IGHM*04). See,
¢.g., U.S. Provisional Application No. 62/891,263, which is incorporated herein by

reference in s entirety.

Polynucleotides and Vectors

10158]  In certain embodiments, this disclosure provides a polynucicotide comprising a

(5]
P

nucleic acid sequence that encodes a polypeptide subunit of a multimeric binding molecule
described herein. In some embodiments, the polynucleotide encodes a polvpeptide subunit

comprising a heavy chain constant region and at least an antibody VH portion of the PD3-
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I-binding domain of the multimeric binding molecule. In some embodiments, the
polynucleotide encodes a polvpeptide subunit comprising the heavy chain of the
multimeric binding molecule.

{0181}  Insome embodiments, the polynucleotide encodes a polypeptide subunit comprising

5 a hght chain counstant region and an antibody VL portion of the PD-1-binding domain of
the multimeric binding molecule. In some embodiments, the polynucleotide encodes a
polypeptide subunit comprising the light chain of the multimeric binding molecule.

[0152]  In certain embodiments, this disclosure provides a vector Comprising ong or more
polyoucleotides described herein. In some embodiments, the vector further comprises a

10 polynuclectide comprising a nucleie acid sequence that encodes a J-chain or a functional
fragment or variant thereof.

{0183} In certain embodiments, this disclosure provides a composition comprising a first
vector and a second vector, wherein: a) the first vector comprises a polvnucieotide
comprising a nucleic acid sequence that encodes the heavy chain of the multineric binding

15 molecule and the second vector comprises a polymucleotide comprising a nucleic acid
sequence that encodes the light chain of the nultimeric binding mwolecule, b) the first vector
comprises a polvnucleotide comprising a nucleic acid sequence that encodes the heavy
chain of the multimeric binding molecule and a polynucieotide comprising a nucleic acid
sequence that encodes the fight chain of the multimeric binding molecule and the second

20 vector comprises a polyonucleotide comprising a nucleie actd sequence that encodes a J-
chain or a functional fragment or variant thereof, ¢} the first vector comprises a
polynuclectide comprising a nucleic acid sequence that encodes the heavy chain of the
multimeric binding molecule and a polynucleotide comprising a nucleic acid sequence that
encodes a J-chain or a functional fragment or variant thercof and the second vector

25 comprises a polvnuacleotide comprising a nucleic acid sequence that encodes the light chain
of the multimeric binding molecule, or d} the first vector comprises a polvnuciootide
comprising a nucleic acid sequence that encodes the light chain of the multimeric binding
molecule and a polvnucleotide comprising a nucleic acid sequence that encodes a I-chain
or a functional fragment or variant thereof and the second vector comprises a

30 polyoucleotide comprising a vucleic acid sequence that encodes the heavy chain of the
multimeric binding nwolecule. Tn cerfam embodiments, thus disclosure provides a
composition comprising a first vector, a second vector, and a third vector, wherein the first

vector comprises a polynuchestide comprising a nucleic acid sequence that encodes the
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heavy chain of the multimeric binding molecule, the second vector comprises a
polynucleotide comprsing a nucleic acid sequence that encodes the light chain of the
multimeric binding molecule, and the third vector comprises a polynucleotide comprising

a nucleie acid sequence that encodes a J-chain or a functional fragment or variant thereof.

Host cells

{0154  In certain embodiments, this disclosure provides a host cell that is capable of

producing the multimeric binding molecule as provided herein. In certain emvbodiments,
the host cell comprises one or more vectors, a composition comprising multiple vectors,
or polynucleotides disclosed herein. The disclosure also provides a method of producing
the multimeric binding molecule as provided herein, where the method comprises

culturing the provided host cell, and recovering the multimeric binding molecule.

Methods of Use

{0185}  The disclosure further provides a method of treating a discase or disorder in a subject

in need of treatment, where the method includes administering to the subject a
therapentically effective amount of a multimenc binding molecule as provided herein. By
"therapeutically effective dose or amount” or "effective amount” is intended an amount of
a nultimeric binding molecule that when adounistered brings about a posiiive

immunotherapeutic response with respect (o treatment of subject.

{0156]  Effective doses of compositions for treatment of a discase or disorder vary

depending upon many different factors, including means of adnunistration, target site,
physiological state of the subject, whether the subject is human or an animal, other
medications administered, and whether treatment is prophylactic or therapeutic. Usually,
the subject is a human, but non-human mammals including transgenic mammals can also
be treated. Treatment dosages can be titrated using routine methods known to those of skill

10 the art to optimize safety and efficacy.

{1571 In certain embodiments, the disclosure provides a method for treating an

autoimmune disorder. an inflammatory disorder, or a combination thereof in a subject in
need of treatment, where the method includes administering to the subject an effective
amount of a multimeric binding molecole as provided herein. In certain embodiments,

administration of a multimeric binding molecule as provided herein to a subject results in
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greater potency than administration of an equivalent amount of a monomeric or dimeric

binding molecule binding to the same binding partoer. In cerfain embodiments the
= o <

monomeric or dimeric binding molecule melades 1dentical binding polvpeptides to the

muktimeric binding molecule as provided herein. By “an equavalent amount” (s meant, e g,
5 an amount measured by molecular weight, ¢.g., in total milligrams, or alternative, a molar
equivalent, ¢.g., where equivalent numbers of molecules are admuustered.

[0158]  In certain embodiments, the autoimmune discase can be, e.g., arthritis, ¢.g.,
rheumatoid arthritis, osteoarthritis, or ankylosing spondylitis, multiple sclerosis {(MS),
mflammatory bowel discase (IBD) e g, Crohn's discase or ulcerative colitis, or systemic

10 lupus erythematosus (SLE). In certain embodiments the inflammatory disease or disorder
can be, e.g., arthritis, e.g., rheumatoid arthritis, or ostecarthritis, or psoriatic arthritis, Lyme
disease, SLE, MS, Sjogren’s syndrome, asthma, inflammatory bowel disease, ischemia,
atherosclerosis, or stroke.

{159]  Tn other embodiments, the disclosure provides a method for preventing

15 transplantation rejection in a transplantation recipient, where the method includes
admiunustering to the subject an effective amount of a roulivuenic binding molecule as
provided herein. In certam embodiments, administration of a multimeric binding molecule
as provided herein to a subject resalt i greater potency than administration of an
equivalent amount of a monomeric or dimeric binding polypeptide binding to the same

20 binding partner. In certain embodiments the monomeric or dimeric binding molecule
includes identical binding polypeptides to the multimeric binding molecule as provided
herein. By “an equivalent amount” s meant, ¢.g., an amount measured by molecular
weight, ¢.g., in total milligrars, or alternative, a molar equivalent, ¢.g., where equivalent
numbers of molecules are administered.

25 {8168}  The subject to be treated can be any animal, ¢.g., mammal, in need of treatment, in
certain embodiments, the subject is a human subject.

{0161}  Io its stmplest form, a preparation to be adminstered to a subjoct 1s nultimeric
binding molecule as provided herein administered in a conventional dosage form, which
can be combined with a pharmaceutical excipient, carrier or diluent as described elsewhere

30 herein.

8162} A multimeric binding molecule of the disclosure can be administered by any suitable

method, e.g., parenterally, intraventricularty, orally, by inhalation spray, topically,

rectally, nasally, buccally, vaginally or via an traplanted reservoir. The term “parenteral”
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as used herein meludes subcutancous, intravenous, mtramuscular, intra-articular, tra-
syonovial, intrasternal, intrathecal, mirahepatic, intralesional and mtracranial injection or

infusion techniques.

Pharmacentical Composttions and Admmistration Methods

5 {0163}  Mothods of preparing and administering a multimeric binding molecule as provided
hercin to a subject 1 need thereof are well known to or are readily determined by those
skilled in the art in view of this disclosure. The route of admunistration of can be, for
example, oral, parenteral, by inhalation or topical. The term parenteral as used herein
includes, e.g.. intravenous, intraarterial, intraperitoncal, intramuscular, subcutancous,

10 rectal, or vaginal admunistration. While these forms of administration are contemplated as
suttable forms, another example of a form for administration would be a solution for
injection, in particular for intravenous, or intraarterial injection or drip. A suitable
pharmaceutical composition can include a buffer {¢.g., acetate, phosphate, or citrate
buffer), a surfactant {¢.g., polysorbate), optionally a stabilizer agent (¢.g.. human albumin),

13 gic.

10164}  As discussed hercitn, a multumeric binding molecule as provided herein can be
admunustered i a phammaceutically effective amount for the treatment of a subject in need
thereof. In this regard, 1t will be appreciated that the disclosed multimernic binding
molecule can be formmudated so as o facilitate adoinistration and promote stability of the

20 active agent. Pharmaceutical composttions accordingly can include a pharmaceutically
acceptable, non-toxic, sterile carrier such as physiological saline, non-toxic buffers,
preservatives, and the like. A pharmaceutically effective amount of a multimeric binding
molecule as provided herein means an amount sufficicnt to achicve effective binding to a
target and to achieve a therapeutic benefit. Suitable formmulations are described m

25 Remington's Pharmaceutical Sciences (Mack Publishing Co.3 16th ed. (1980).

{8165}  Certamn pharmaceutical compositions provided herein can be orally administered in
an acceptable dosage form imcluding, ¢.g., capsules, tablets, aqueous suspensions, or
solutions. Certain pharmaceutical compositions also can be admunistered by nasal acrosol
or inhalation. Such compositions can be prepared as solutions n saline, eroploying benzyl

30 alcohol or other suitable preservatives, absorption promoters to enhance bicavailability,

and/or other conventional sohibilizing or dispersing agends.

t
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{0166]  The amount of a multimeric binding molecule that can be combined with carrier
materials to produce a single dosage form will vary depending, ¢.g.. upon the subject
treated and the particular mode of admimstration. The composition can be administered as

a single dose, multiple doses or over an established period of time in an infusion. Dosage

U

regimens also can be adjusted to provide the optimum desired response {¢.g., a therapeutic
or prophyviactic response}.

{0167} In keeping with the scope of the present disclosure, a multimeric binding molecule
as provided herein can be administered to a subject in need of therapy in an amount
sufficient 1o produce a therapeutic effect. A mulumenc binding molecule as provided

10 herein can be administered to the subject 1n a conventional dosage form prepared by

combining the multimeric binding molecule of the disclosure with a conventional
pharmaceutically acceptable carrier or diluent according to known technigues. The form
and character of the pharmaceutically acceptable carrier or diluent can be dictated by the
amount of active mgredient with which it is to be combined, the route of admmistration

15 and other well-known variables.

0168}  This disclosure alse provides for the use of a multimenc binding molecule as
provided herein in the manufacture of a medicament for treating, preventing, or managing
a disease or disorder, e.g.. an auwtoimmune discase, an inflammatory discase, or for
proventing transplantation rejection.

20 [B169]  This disclosurc employs, unless otherwise indicated, conventional techniques of cell

biology, cell culture, molecular biology, transgenic biology, microbiology, recombinant
DNA, and immunology, which are within the skill of the art. Such technigues are explained
fully 10 the literature. Sec, for example, Green and Sambrook, ed. (2012) Molecular
Cloning A Laboratory Manual (4th ed.; Cold Spring Harbor Laboratory Press); Sambrook
25 et al, ed. (1992} Molecolar Cloning: A Laboratory Manoal, (Cold Springs Harbor
Laboratory, NY); D N. Glover and B.D. Hames, eds., {1995) DNA Cloning 2d Edition
{IRL Press), Volumes 1-4; Gait, ed. (1990} Oligonucleotide Synthesis (IRL Press); Mullis
ctal U.S. Pat. No. 4,683,195, Hames and Higgins, eds. (1985) Nucleic Acid Hybndization
(IRL Press); Hames and Higgins, eds. (1984 Transcription And Translation (IRL Press);

30 Freshnev (2016} Culture Of Animal Cells, 7th Edition (Wiley-Blackwell); Woodward, 1,

Immaobilized Cells And Enzymes (IRL Press) (1983); Perbal (1988) A Practical Guide To

Molecular Cloning; 2d Editton (Wiley-Interscience}, Miller and Calos eds. (1987) Gene

Transfer Vectors For Mammalian Cells, {Cold Spring Harbor Laboratory); 8.C. Makrides
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{2003) Gene Transfer and Expression in Mammalian Cells (Elsevier Science); Methods in
Enzymology, Vols. 151-155 {Acadenmic Press, Inc.. N.Y.}; Mayer and Walker, eds. (1987)
Immunochemical Methods m Cell and Molecular Biology (Academic Press, London);
Weir and Blackwell, eds.; and in Avsebel et al. (1993) Current Protocols in Molecolar
Biology (John Wiley and Sons}.

{178]  General principles of antibody engineering are set forth, e.g., in Strohl, W.R, and
L.M. Strohl (2012}, Therapeutic Antibody Engineering (Woodhead Poblishing). General
principles of protein engineering are set forth, e.g., in Park and Cochran, eds. (2009),
Protein Enginecting and Design (CDC Press). General principles of immunology are set
forth, e.g., in: Abbas and Lichtrman (2017) Cellular and Molecular Tovnunology Sth
Edition (Elsevier}. Additionally, standard methods in smomumology known in the art can be
foliowed, e¢.g., in Current Protocols in Immunology (Wiley Online Library), Wild, D
(2013}, The Immunoassay Handbook 4th Edition (Elsevier Science); Greenficld, ed.
{2013}, Antibodies, a Laboratory Manual, 2d Edition (Cold Spring Harbor Press); and
Ossipow and Fischer, eds., {(2014), Monocional Antibodies: Methods and Protocols
{(Humana Press).

81711 Al of the references cited above, as well as all references ciied herem, are

incorporated herein by reference in their entiretics.

Exemplary Embodiments

{8172}  Among the provided embodiments are:

{0173] Embodimment 1. A multimeric binding molecuie comprising two, five, or six
bivalent binding units or vatiants or fragments thercof]

{0174}  wheremn each binding unit comprises two IgA or IgM beavy chain constant regions
or multimerizing fragments or variants thereof, each associated with a binding domain,

{0175}  wheremn three to twelve of the binding domains are programined celi death protein
I (PD-1}-binding domams that specifically and agonistically bind to PD-1,

{3176}  wherein the binding molecule can activate PD-1-mediated signal transduction m a
cell at a higher potency than an equivalent amount of a bivalent IgG antibody or fragment
thereof comprising two of the same PD-1-binding domains, which also specifically binds

to and agonizes PD-1.

t

[
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{0177) Embodiment 2. The multimeric binding molecule of embodiment 1, wherein the

two, five, or six binding units are human, humanized, or chumeric vonunoglobulin binding

units.
{8178] Embodiment3. The multimeric binding molecele of embodiment 1 or
5 cmbodiment 2, wherein the three to twelve PD-1-binding domains comprise a heavy chamn

variable region (VH) and a light chain variable region (VL}, wherein the VH and VL
comprise six immunoglobohin complementarity determining regions HCDRI, HCDR2,
HCDR3, LCDRI, LCDR2, and LCDR3, wherein the HCDRI, HCDR2, HCDR3, LCBRI,
LODR2, and LCDR3 comprise the CDRs of an antibody comprsing the VH and VE of
160 SEQIDNG: | and SEQID NO: 2, SEQ ID NO: 3 and SEQ ID NO: 4, SEQ ID NO: 5 and
SEQ D NG 6, SEQ ID NG: 7 and SEQ ID NG: 8, SEQ ID NO: 9 and SEQ ID NO: 10,
SEQID NG: i1l and SEQ ID NG: 12, SEQ ID NO: 13 and SEQ D NO: 14, SEQ ID NO:
25 and SEQ 1D NO: 26, SEGQ 1D NO: 27 and SEQ 1D NO: 28, SEQ 1D NO: 29 and SEQ
D NG 30, SEQ ID NG 31 and SEGQG IDNG: 32, SEQIDNO: 33 and SEQID NO: 34, or
15 SEQ ID NO: 49 and SEQ 1D NO: 50, respectively, or the VH of any one of SEQ ID NO:
15, SEG ID NO: 17, SEQG 1D NO: 19, SEQ 1D NO: 21, SEQ ID NO: 23, or SEQ 1D NO:
24 and the VL of any one of SEQ ID NO: 16, SEQ ID NG: 18, SEQ ID NO: 20, or SEQ
D NQG: 22, or the CDRs of an antibody comprising the VH and VL of SEQ ID NGO 1 and
SEG ID NO: 2, SEQ 1D NO: 3 and SEQ ID NO: 4, SEG ID NO: 5 and SEQ 1D NO: 6,
20 SEQ ID NO: 7 and SEQ 1D NO: 8, SEQ 1D NGO 9 and SEQ ID NO: 10, SEQ ID NO: 11
and SEQ ID NG: 12, SEQ ID NO: 13 and SEQ ID NO: 14, SEGQ ID NO: 25 and SEQ ID
NO: 26, SEQ ID NO: 27 and SEQ 1D NO: 28, SEQ [D NO: 29 and SEQ 1D NG: 36, SEQ
D NO: 31 and SEQ 1D NO: 32, SEQ ID NO: 33 and SEQ ID NG: 34, or SEQ 1D NG 49
and SEQ 1D NO: 50, respectively with one or two single amino acid substitations in one
25 or more of the HCDRs or LCDRs, or the VH of any one of SEQ 1D NG: 15, SEQ ID NG
17, SEQ 1D NO: 19, SEQ ID NG 21, SEG 1D NG: 23, or SEQ D NG: 24 and the VL of
any one of SEQ H3 NO: 16, SEQ 1D NG: 18, SEQ ID NGO 20, or SEQ 1D NO: 22 with
one or two single amino acid substitutions in ove or more of the HCDRs or LCDRs.
{0179]  Embodiment 4. The multimeric binding molecule of embodiment 3, wherein the
30 VH and VL comprise six immunoglobulin complementarity deternuning regions HCDRIE,
HCDR2, HCDR3, LCDRE, LCDR2, and LCDR3, wherein the HCDR L, HCDR2, HCDR3,
LCDRI, LCDRZ, and LCDR3 comprise the CDRs of an antibody comprising the VH and
YL of SEQ D NG [ and SEGID NO: 2 SEQGIDNG: 3 and SEQ IDNG: 4, SEQ ID NG
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13 and SEQ D NO: 14, and SEQ 1D NG 25 and SEQ 1B NO: 26, respectively, or the

CDRs of an anttbody comprising the VH and VL of SEQ ID NO: | and SEQ ID NO: 2,

SEQIDNO: 3 and SEQID NG: 4, SEQ ID NO: 13 and SEQ ID NO: 14, and SEQ ID NO:

25 and SEQ ID NO: 26, respectively with one or two single amino acid substitutions i
5 one or more of the HCDRs or LCDRs.

{3188] Embodiment 5. The multimenc binding molecule of any one of embodiments 1
to 3, wherein the three to twelve PD-1-binding domains of the binding molecule comprise
an antibody VH and a VL, wherein the VH and VL comprise amino acid sequences at least
80%, at least 859%, at least 90%, at least 95% or 100% wdentical to SEQ 1D NG: 1 and SEQ

10 IDNG: 2, SEQ IDNO: 3 and SEQ ID NO: 4, SEQ IDNO: 5 and SEQ IDNG: 6, SEQ ID
NG 7 and SEQ IDNO: 8, SEQ ID NO: 9 and SEQ 1D NO: 10, SEQ ID NO: 11 and SEQ
53 NO: 12, SEQ 1D NO: 13 and SEQ 1D NO: 14, SEG ID NO: 25 and SEQ 1D NO: 26,
SEQ ID NO: 27 and SEQ ID NO: 28, SEQ ID NG 29 and SEQ D NQ: 30, SEQ ID NG:
3tand SEQ IDNG: 32, SEQ ID NG: 33 and SEQ ID NG: 34, or SEG ID NO: 49 and SEQ

15 D NO: 50, respectively, or the VH of any one of SEQ 1D NG: 15, SEQ ID NG 17, SEQ
D NO: 19, SEG ID NG: 21, SEQ ID NO: 23, or SEQ 1D NG: 24 and the VL of any one
of SEQ ID NG 16, SEQ ID NG: 18, SEQ IDNO: 20, or SEQ IDNG: 22.

{0181} Embodiment 6.  The multimeric binding molecule of embodiment 5, wherein the

three to twelve PD-1-binding domains of the binding molecule comprise an antibody VH
20 and a VL, wherein the VH and VL comprise anuno acid sequences at least 80%, at least
85%, at least 90%, at least 95% or 100% identical to SEQ IR NO: | and SEQ ID NO: 2,
SEQIDNO: 3and SEQID NG 4, SEQID NO: 13 and SEQ ID NO: 14, and SEQ 1D NO:

25 and SEQ ID NO: 26, respectively.
{8182} Embodiment 7. The multumeric binding molecule of embodiment 5, wherein the
25 three to twelve PD-1-binding domains comprise antibody VH and VL regions comprising
the amino acid sequences SEQ 1D NO: 1 and SEQ D NGO: 2, SEQ ID NGO 3 and SEQ ID
NGO 4, SEQ ID NO: 5 and SEQ ID NO: 6, SEQ ID NG: 7 and SEQ ID NO: 8, SEQ ID
NO: 9 and SEQ 1D NG: 10, SEQ ID NO: 1] and SEQ ID NG: 12, SEQ ID NO: 13 and
SEQ ID NO: 14, SEQ IDNO: 25 and SEQ 1D NG: 26, SEQ 1D NO: 27 and SEQ 1D NOG:
30 28, SEGQ 1D NO: 29 and SEQ 1D NG: 30, SEQ 1D NO: 31 and SEQ 1D NO: 32, SEQ D
NG 33 and SEQ 1D NO: 34, or SEQ 1D NO: 49 and SEQ ID NQ: 50, respectively, or the
VH of any one of SEQ ID NO: 135, SEQ ID NG 17, SEQ 1D NO: 19, SEQ 1D NO: 21,
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SEQ D NG: 23, or SEQ ID NO: 24 and the VL of any one of SEQ 1D NO: 16, SEQ 1D
NO: 18, SEQ ID NO: 20, or SEQ ID NG: 22,
{0183] Ewmbodiment 8. The multimeric binding molecule of embodiment 7, wherein the
three to twelve PD-1-binding domains comprise antibody VH and VL regions comprising
5 the amino acid seguences SEQ ID NO: 1 and SEQ ID NO: 2, SEQ ID NGO 3 and SEQ 1D
NG: 4, SEQ ID NO: 13 and SEQ ID NG: 14, or SEQ ID NO: 25 and SEQ 1D NG: 26,
respectively.
[0184] Embodiment 9. The multimeric binding molecule of any one of embodimentis |
10 3, 5, or 7, wherein cach binding uoit comprises two heavy chains and two hght chains,
10 wherein the heavy chaing and hght chains comprise VH and VL amino acid sequences at
least 80%, at least 83%, at least 90%, at least 95% or 100% identical to SEQ ID NG: 1 and
SEQ ID NG: 2, SEQ ID NO: 3 and SEQ ID NO: 4, SEG ID NO: 3 and SEQ 1D NO: 6,
SEQ ID NO: 7 and SEQ 1D NO: 8, SEQ ID NO: 9 and SEQ ID NO: 10, SEQ ID NO: 11
and SEQ ID NG: 12, SEQ ID NG: 13 and SEQ ID NO: 14, SEQ ID NO: 25 and SEQ ID
15 NO: 26, SEQ D NO: 27 and SEQ 1D NO: 28, SEQ [D NO: 29 and SEQ 1D NG: 36, SEQ
D NO: 31 and SEQ ID NO: 32, SEQ ID NO: 33 and SEGQ ID NO: 34, or SEQ D NG 49
and SEQ ID NO: 50, respectively, or the VH of any one of SEQ ID NO: 15, SEQ D NO:
17, SEQ ID NO: 19, SEQ ID NG: 21, SEQ ID NO: 23, or SEQ 1D NG: 24 and the VL of
any ong of SEQ ID NO: 16, SEQ 1D NO: 18, SEQ 1D NO: 20, or SEQ ID NO: 22
20 [B185]  Emwbodiment 10, The nmultimernc binding molecule of embodiment 9, wherein
cach binding unit comprises two heavy chains and two hight chains, wherein the heavy
chains and light chains comprise VH and VL amino acid sequences at least 80%, at least
85%, at least 90%, at least 95% or 100% identical to SEQ ID NO: 1 and SEQ D NO: 2,
SEQ ID NO: 3 and SEQ ID NG: 4, SEQ ID NG 13 and SEQ ID NG: 14, or SEQ 1D NO:
25 25 and SEQ 1D NO: 26, respectively.
{0186} Embodiment 11 The multimeric binding molecule of embodiment 8, wherein the
heavy chains and light chains comprise the VH and VL anuno acid sequences SEQ 1D
NO: 1 and SEQ ID NO: 2, SEQ ID NG: 3and SEQ IDNO: 4, SEQIDNG: 5 and SEQ ID
NO: 6, SEQ ID NO: 7 and SEQ ID NO: ¢, SEQ 1D NO: 9 and SEQ ID NO: 10, SEQ 1D
30 NO: Hand SEG 1D NO: 12, SEQ 1D NO: 13 and SEQ 1D NO: 14, SEQ ID NO: 25 and
SEQ 1D NO: 26, SEQ ID NO: 27 and SEQ ID NG: 28, SEQ ID NG: 29 and SEQ 1D NO:
30, SEQ 1D NO: 31 and SEQ ID NO: 32, SEQ ID NG: 33 and SEQ 1D NG: 34, or SEQ
13 NO: 49 and SEQ ID NO: 50, respectively, or the VH of any one of SEQ 1D NO: 15,

- 88 -
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SEQID NO: 17, SEQ ID NG: 19, SEQ 1D NO: 21, SEQ 1D NO: 23, or SEQ 1D NG: 24
and the VL of any one of SEQ ID NOQ: 16, SEQ ID NO: 18, SEQ ID NO: 20, or SEQ ID
NG 22
{0187} Embodiment 12.  The multimeric binding molecule of embodiment 11, wherein
5 the heavy chains and light chains comprise the VH and VL amino acid sequences SEQ 1D
NG: 1 and SEQ ID NG: 2, SEQ ID NG: 3 and SEQ ID NO: 4, SEQ 1D NO: 13 and SEQ
ID NG 14, or SEQ 1D NO: 25 and SEQ ID NO: 26, respectively.
[0188] Embodiment 13,  The multimeric binding molecule of any one of embodimenis 1
to 10, which is a dimeric binding molecule comprising two bivalent IgA or fgA-like
10 binding units and a ¥ chain or functional fragment or vanant thereof, wherein each binding
unit comprises two IgA heavy chain constant regions or maultimerizing fragments or
variants thercof, cach comprising an IgA Co3 domain and an IgA tatlpiece domain.
{0189}  Embodiment 14,  The multimeric binding molecule of embodiment 13, wherein
cach IgA heavy chain constant region or multimerizing fragment or variant thereof further
15 comprises a Cal domain, a CaZ domain, an IgA hinge region, or any combination thereof.
0199}  Embodiment 15, The multimeric binding molecule of cmbodiment 13 or
embodiment 14, wherein the IgA heavy chain constant regions or multimenizing fragments
thereof are human IgA constant regions.
{0191} Embodiment 16. The multimeric binding molecuie of any one of embodiments 13
20 1o 13, wherein cach binding unit comprises two IgA heavy chains cach comprising a VH
situated amino terminal {o the IgA constant region or multimenzing fragment thereof, and
two immunoglobulin light chains cach comprising a VL situated amino terminal to an
wamusoglobulin light chain constant region.
{0192} Embodiment 17. The multimeric binding molecule of any one of embodiments |
25 to 12, which is a pentameric or a hexameric binding molecule comprising five or six
bivalent igM binding units, respectively, wherein cach binding unit comprises two igh
heavy chain constant regions or multimenizing fragments thereof cach associated with a
PD-1{-binding domain, wherein each IgM heavy chain constant region comprises an IgM
Cud and IgM tailpicce domain.
3¢ [0193} Embodiment 18, The multimenic binding molecule of embodiment 17, wherem
the IgM heavy chain constant regions or fragments or vanants thereof each further

comprise a Cpel domain, a Cp2 domain, a Cul domain, or any combination thergof.
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{0194]  Embodiment 19.  The multimeric binding molecule of embodiment 18, wherein
the 1gM heavy chamn constant region 15 a human IgM constant region.
{0195}  Embodiment 20.  The multimenic binding molecule of any one of embodiments 17
to 19,wherein each binding unit comprises two IgM heavy chains each comprising a VH
5 sttuated anuno termunal to the IgM constant region or fragment thercof, and two
immunoglobulin hght chams each compnsing a VL situated amino terminal to an
immunoglobulin light chain constant region.
[0196] Embodiment 21, The mmltimeric binding molecule of any one of embodiments 17
10 20, comprising SEG 1D NO: 35, SEQ D NO: 36, or a multimerizing fragment thereof,
16 {81971 Embodiment 22, The multimeric binding molecule of any one of embodiments 17
to 20, wherein the IgM constant region comprises a substitution relative to a wild-type
human IgM constant region at position 310, 311, 313, and/or 315 of SEQ ID NO: 35 or
SEQ ID NO: 35,
{198] Embodiment 23, The multimeric binding molecule of any one of embodiments 17
15 to 20, wherein the IgM constant region comprises two or more substitutions relative to a
wild-type buman IgM constant region at positions 46, 209, 272, or 440 of SEQ ID NQ: 35
or SEQ IDNO: 36.

{0199} Embodiment 24, The multimeric binding molecule of any one of embodiments 17

to 22 which is pentameric, and further comprises a J-chain or fimctional fragment or
20 variant thercof.

[0208] Embodiment 25.  The mulumeric binding molecule of embodiment 24, wherein
the J-chain or functional fragment or variant thereof is a vanant J-chain comprising onc or
more single amino acid substitutions, deletions, or insertions relative to a wild-tvpe J-chain
that can affect serum halftlife of the multimeric binding molecule; and wherein the

25 multimeric binding molecule comprising the vanant J-chain exhibits an increased senum
haif-iife upon admunistration to an animal relative to a reference multimeric binding
molecule that is identical except for the one or more single amino acid substitutions,
deletions, or msertions, and 1s admmistered m the same way o the same amimal species,

{0201] Embodiment 26,  The multimeric binding molecule of embodiment 25, wherein

30 the J-chain or functional fragment thereof comprises an anuno acid substitution at the
amino acid position corresponding to amino acid Y 102 of the mature wild-type human I-

chain (SEQ ID NQ: 41}
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10202] Embodiment 27.  The multimeric binding molecule of embodiment 26, wherein
the anino acid corresponding to Y102 of SEQ ID NO: 41 1s substituted with alanine {A),
serine {8}, or argmine (R).

{0203} Embodiment 28. The multimeric binding molecule of embodiment 27, wherein
the amino acid corresponding to Y102 of SEQ ID NO: 41 15 substituted with alanine (A).

[0204] Embodiment 29.  The multimeric binding molecule of embodiment 28, wherein
the J-chain is a variant haman J-chain and comprises the amino acid sequence SEQ 1D
NO: 42,

[0205] Embodiment 30,  The multuneric binding molecule of any one of embodiments 23
to 29, wherein the J-chan or functional fragment thereof comprises an amino acid
substitution at the amino acid posttion corresponding to amino actd N49, aming acid §51,
or both N49 and 831 of the mature human J-chain (SEQ 1D NO: 41), wherein a single
amino acid substitution corresponding to position 851 of SEQ D NO: 41 is not a threonine
{T) substitution.

{0206] Embodiment 31, The multimeric binding molecule of embodiment 30, wherein
the position corresponding to N49 of SEQ 1D NO: 41 15 substituted with alanine {A),
glveine (G}, threonine (T}, serine {8} or aspartic acid (D).

{02077 Embodiment 32,  The meltimeric binding molecule of embodiment 31, wherein
the position corresponding to N49 of SEG ID NO: 41 or SEQ 1D NO: 42 is substituted
with alanine (A).

[3208] Embodiment 33, The multimeric binding molecule of any one of embodiments 30
to 32, wherein the position corresponding to 831 of SEQ ID NG 41 or SEQID NG 42 is
substituted with alanine (A} or glveine (G).

{82091 Embodiment 34,  The multimenic binding molecule of embodiment 33, wherem
the position corresponding to 851 of SEQ 1D NO: 41 or SEQ ID NGO 42 15 substituted
with alanine {(A).

{0210} Embodiment 35 The nultimeric binding molecule of any one of emboduments 13
to 16 or 24 to 34, wherein the J-chain or functional fragment or variant thereof fusther
comprises a heterslogous polypeptide, wherein the heterologous polypeptide is directly or
ndirectly fused to the J-chain or functional fragment or variant thereof.

{82111 Embodiment 36.  The multimenic binding molecule of embodiment 35, wherein
the heterologous polypeptide s fused to the I-chain or fragment thereof via a peptide
{inker.
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{0212] Embodiment 37.  The multimeric binding molecule of embodiment 36, wherein
the peptide linker comprises at least § amino acids, but no more than 25 asuno acids.
{02131 Embodiment 38. The multimeric binding molecule of embodiment 36 or 37,

wherein the peptide linker consists of GGGGS (SEQ 1D NG: 43), GGGGSGGGGS (SEQ

5 D NG 44),  GGGGSGGGGSGGGGS (SEQ I NO: 49,
GGGGSGGGGSOGGGSGGGES (SEQ D NO: 46), or

GGGGSGGEGGSGGEGSGGGESGGGES (BEQ ID NG: 47).

{0214] Embodiment 39,  The mmbtimeric binding molecule of any one of embodiments 35
o 38, wherein the heterologous polypeptide 5 fused to the N-terminus of the J-cham or

10 fragment or variant thereof, the C-terminus of the J-chain or fragment or variant thereof,
or to both the N-terminus and C-terminas of the I-chain or fragment or variant thercof.

{0215] Embodiment40. The multimeric binding molecule of any one of embodiments 33
10 39, wherein the heterologous polvpeptide can influence the absorption, distribution,
metabolism and/or excretion (ADME) of the multimeric binding molecule.

15 [8216] Embodiment4l. The multimeric binding molecule of any one of embodiments 35
0 39, wherein the heterologous polvpeptide comprises an antigen binding domain.

{82177  Embodiment 42.  The multimeric binding molecule of embodiment 41, wherem
the antigen binding domain of the heterologous polypeptide is an antibody or antigen-
binding fragment thereof.

20 {0218] Emwbodiment 43, The muliimeric binding molecule of embodiment 42, wherein
the antigen-binding fragment comprises an Fab fragment, an Fab' fragment, an F(ab)2
fragmeant, an Fd fragment, an Fv fragment, a single-chain Fv {scFv} fragment, a disulfide-
linked Fv (sdFv) fragment, or anv combination thereof,

{82191 Embodiment44. The multimeric binding molecule of cmbodiment 42 or

25 embodiment 43, wherein the antigen-binding fragment is a seFv fragment.

{0228] Embodiment45.  The meltimeric binding molecule of any one of embodimenis 41
o 44, wherein the antigen binding domain binds ICOS Ligand (ICOSLG), ICOS (CD2T8),
Interleukan 6 (L6}, CD2E, CD3, CDRO, CD86, Tumor Necrosis Factor Alpha (TNFa}, or
Fibroblast Activation Protein {FAP).

3¢ (0221}  Embodiment 46. A composition comprising the multimeric binding molecule of
any one of embodiments 1 to 45.

{82221 Embodiment 47. A polvnucleotide comprising a nucleic acid sequence that

encodes a polypeptide subunit of the binding molecule of any one of cmbodiments 1 to 45

Sy
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10223] Embodiment 48, The polynucleotide of embodiment 47, wherem the polypeptide
subunit comprises an IgM heavy cham constant region and at least an antibody VH portion
of the PD-{-binding domamn of the multimeric binding molecule.

{0224] Embodiment 49. The polynuclestide of embodiment 48, wherein the polvpeptide

5 subunit comprises a human IgM counstant region or fragment thereof fused to the C-
terminal end of a VH comprising:

[0225] (2} HCBR], HCDRZ, and HCDRS3 regions comprising the CDRs contained in the
VH amino acid sequences SEGQ ID NG: 1, SEQID NGO 3, SEQ ID NG 5, SEQID NG 7,
SEQIDNG: 9, SEQID NG: 11, SEQID NQO: 13, SEQ D NO: 15, SEQID NG: 17, SEQ

10 IDNG: 19, SEQID NG: 21, SEQ ID NG: 23, SEQ 1D NO: 24, SEQ ID NO: 25, SEQ ID
NG 27, SEQ 1D NG: 29, SEQ 1D NG 31, SEQ 1D NG: 33, or SEQ 1D NO: 49, or the
{DRs contained m the VH amino acid sequences SEQ ID NG: 1, SEGIDNG: 3, SEQ 1D
NO: 5, SEQ IDNG: 7, SEQ D NG: 9, SEQID NG 11, SEQ ID NO: 13, SEQ D NO: 15,
SEQIDNO: 17, SEQIDNO: 19, SEQIDNG: 21, SEQID NG: 23, SEQ ID NG: 24, SEQ

15 1D NO: 25, SEQ 1D NO: 27, SEQ ID NO: 29, SEQ 1D NO: 31, SEQ 1D NO: 33, or SEQ
1D NO: 49 with one or two single anuno acid substitutions in one or more of the HCDR;
or

{8226} (b} an amino acid sequence at least 80%, at least 85%, at feast 90%, at least 95% or
100% identical to SEQ ID NGO 1, SEQ ID NG: 3, SEQ IDNO: 5, SEQIDNG: 7, SEQ 1D

20 NO: 9, SEQ D NO: 1L, SEQ ID NG 13, SEQG WD NO: 15, SEQ ID NG 17, SEQ D NG
19, SEQ D NO: 21, SEQ ID NG 23, SEQ ID NO: 24, SEQ ID NG: 25, SEQ ID NOG: 27,
SEQ ID NO: 29, SEQ 1D NG: 31, SEQ ID NO: 33, or SEQ 1D NO: 49,

{0227 Embodiment 50.  The polynucleotide of any one of embodiments 47 to 49, wherem

the polyvpeptide subunit comprises a light chain constant region and an antibody VL
25 portion of the PD-1-binding domain of the multimeric binding molecule.

{6228f Embodiment 51 The polynuclestide of embodiment 30, whercin the polypeptide
subunit compriscs a human kappa or lambda light chain constant region or fragment
thereof fused to the C-terminal end of a VL comprising:

{02291 (2} LCDRI, LCDR2, and LCDR3 regions comprising the CDRs contained in the VL

30 amino acid sequences SEQ D NO: 2, SEQ D NG: 4, SEQ ID NO: 6, SEQ ID NGO 8, SEQ
IDNG: 10, SEQID NG 12, SEQ IDNQO: 14, SEQ D NG 16, SEQID NO: 18, SEQ ID
NG 20, SEQID NO: 22, SEQ ID NG 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQID NO:
32, SEQ ID NO: 34, or BEQ 1D NGO 50, or the CDRs contained in the VL amino acid
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sequences SEQ ID NG: 2, SEQ 1D NG 4, SEQ ID NO: 6, SEQ 1D NO: 8, SEQ [D NO:
10, SEG ID NG: 12, SEQ ID NO: 14, SEQ ID NG: 16, SEQ 1D NGO 18, SEQ ID NG: 20,
SEQIDNO: 22, SEQ ID NG: 26, SEQ ID NO: 28, SEQ IDNO: 30, SEQ ID NO: 32, SEQ
D NO: 34, or SEG ID NG: 50 with one or two single amino acid substitutions in one or
5 more of the LCDRs; or
[0238]  (b) an amno acid sequence at least 80%, at least 85%, at least 80%, at least 95% or
100% identical to SEQ ID NO: 2, SEQ I NG 4, SEQ ID NQ: 6, SEQ ID NG: 8, SEQ 1D
NO: 10, SEQ 1D NO: 12, SEQ ID NG 14, SEQ 1D NO: 16, SEQ ID NO: 18, SEQ 1D NO:
20, SEQID NG: 22, SEQ ID NOG: 26, SEQ ID NG: 28, SEQ ID NG: 30, SEQ ID NG: 32,
10 SEQ 1D NO: 34, SEQ ID NG: 50

{6231} Embodiment 52. A composition comprising the polynucleotide of any one of
embodiments 47 to 49, and the polynucieotide of any one of embodiments 47, 30, or 51,

{0232] Embodiment 53, The composition of cmbodiment 352, wherein  the
polynucleotides are on separate vectors.

15 [6233] Embodiment 54, The composition of embodiment 352, wherein  the
polyoucleotides are on a single vector.

{06234} Embodiment 55, The composition of any one of embodiments 52 to 54, further
comprising a polynucieotide comprising a nucleic acid sequence encoding a ¥ chain, or a
functional fragment thereof, or a functional variant thereof.

200 {0235] EHmwbodiment 56, The vector of erabodiment 54

[0236] Embodiment 57.  The vectors of embodiment 53,

16237} Embodiment 58. A host cell comprising the polynucleotide of any ong of
embodiments 47 to 51, the composition of any one of embodiments 52 to 55, or the vector
or vectors of any one of embodiments 56 or 57, wherein the host cell can express the

25 binding molecule of any one of embodiments 1 to 45, or a subunit thereof.

{0238] Embodiment 39. A method of producing the binding molecule of any one of
embodiments | to 44, comprising culturing the host cell of embodiment 58, and recovering
the binding molecule.

{02397  Embodiment 6. A mecthod for treating an autoimumune disorder, an inflamumatory

30 disorder, or a combination thereof in a subject in need of treatment comprising
admimstering to the subject an effective amount of the multimeric binding molecule of

any one of embodiments 1 to 45, wherein the multimeric binding molecule exhibits greater
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poteney than an equivalent amount of a monomeric or dimeric binding molecule binding

1o the same binding partoer.

{0248] Embodiment 61. A method for preventing transplantation rejection in a subject,

comprising administering to the subject an effective amoont of the mullimeric binding
molecule of any one of embodiments 1 to 45, wherein the multimeric binding molecule
exhibits greater potency than an cquivalent amount of a monomeric or dimeric binding
molecule binding to the same binding partner, and wherein the sabject is a transplantation

recipient.

{02411 Embodiment 62.  The method of crubodiment 60 or embodiment 61, wherein the

subject is haman.

{8242} The following examples are offered by way of illustration and not by way of

{imitation.

Examples

Example 1 Materials and Methods

[243] The PathHunter Checkpoint Signaling Assay (Furofing DiscoverX) is used to

determine the relative level of PD-1 signaling induced by antibodies or recombinant
proteins. This assay utilizes Jurkat cells, which arc modified with an enzyme fragment
complementation approach i which portions of the beta-galactosidase enzyme are split
and covalently linked to an intracellular PDx-1 signaling domain or the SHP-1 intracellolar
signaling mediator, which naturally associates with PD-1 during signaling events. In the

presence of substrate, PD-1 signaling induces a chenulurainescent signal.

[0244]  PD-1 reporter Jurkat cells are thawed and expanded according to standard cell

culture procedures. Cells are seeded at 45 ul. per well of a 96 well plate and antibodies are
added 10x final concentration and incubated at 37 degrees Celsius for 3¢ nunutes. PD-Li+
ligand-presenting cells or additional media are added i 45 pL volume and are mcubated
for an additional 2-8 hours. 10 uL of Bicassay Reagent 2 is added, and cells are weubated
for 13 minutes at room temperature in the dark. 40 pl of Bioassay Reagent 2 and cells are
incubated for an additional | hour 1o the dark at room temperature. Chemiluninescent
signal is measured on a Molecular Devices SpectraMax Paradigm and data are analyzed

in GraphPad Prism.

t
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Example 2: Antibody Generation and Purification

Anti-PD-1 IgM #1 and #2 and Anti-PD-1 IgG #1 and #2

[0245]  As excmplary constructs, the VH and VL regions of two anti-PD-~1 antibodies were

meorporated mto IgM (with an exemplary J-chain, SEQ 1D NO: 41) and IgG formats
according to standard cloning protocols. Anti-PD-1 #1 constructs include the VH and VL
amino acid sequences SEQ 1D NQO: 13 and SEQ 1D NO: 14, respectively, and Anti-PD-1
#2 constructs include the VH and VL amino acid sequences SEQ ID NG: 25 and SEQ ID
NG 26, respectively. These antibody constructs were expressed and purified according to
methods described in WO2017196867. The IgM antibodies assembled as pentamers with

a J-chain (data not shown}).

Example 3: PD-1 Binding by ELISA

[0246]  An cnzyme-linked tmemunosorbent assay {(ELISA) was performed to assess the

binding of anti-PD-1 antibodies to human, cynomolgus monkey, or mouse PD-1
Recombinant proteins containing the extracelludar domain of PD-1 together with either an
inununoglobulin Fo region or a His tag were used to coat wells of standard 96 well ELISA
plates by overnight incubation at 4 °C. Unbound recombinant protein was removed, Pierce
SUPERBLOCKTM T20 was added, and plates were incubated for 10 nunutes at room
temperature with shaking. Plates were washed with phosphate buffered saline-TWEEN-
20(PBST), and anti-PD-1 antibodies were added in phosphate buffered saline (PBS) with
1% bovine serum albumin (BSA) and incubated for one hour at room temperature with
shaking. Plates were then washed in PBST and mcubated with horse radish peroxidase
{(HRP)-conjugated secondary antibodies in F(ab™}2 directed to cither human g or human
fgM. Aficr one hour, plates were washed again with PBST, signal was developed with
SUPERSIGNAL™ ELISA Pico substrate, and an ENVISION® luminometer
{PerkinBlmer) was used to record signal. Data were analvzed with GRAPHPAD PRISM®.
The results for human PD-1 are shown n FIG. 1. The calculated half maximal effective
concentration (EC50) for cach antibody and format are shown in Table 2. All antibodies

also bound cynomolgus monkey PD-1 but did not bind mouse PD-1.
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Table 2. ELISA ECso

Auntibody 120G ECse (nM) {oM ECso (nh
#i 1.5 0.087
#2 .60 0.33

PCT/US2021/028459

Example 4: PD-1 Celi-Based Binding Assay

{0247F  HEK293 cells were modified to overexpress buman or mouse PD-1. Cells were
expanded in puromycin-containing media to maintain selection, and aliquoted to 96 well

5 V-bottom plates for antibody staning and flow cyvtometric analysis. Anti-PD-1 antibodies
were added to cells in BD stain baffer with fetal bovine serum (BD Biosciences, cat. #

554636} and incubated on e for 20 nunutes. Cells were then washed, and R-
phyvcoerythrin (PE}-labeled anti-human IgG or anti-human IgM secondary antibodies were

then added and incubated for an additional 20 minutes. Data were collected on a Beckman

10 Coulter CYTOFLEX® cytometer and analyzed 18 FLOWIOTM. The results for human
PD-1 are shown n FIG. 2. The calculated EC50 for cach antibody and format are shown

in Table 3. The antibodies did not bind mouse PD-1.

Table 3: Cell Binding ECso

Antibody 126G ECso (nM) IgM ECso (oM}
#1 59 0.20
#2 2.9 n/a

Example §: PD-1 Signaling Assay

15 [8248]  The PATHHUNTER®R Checkpoint Signaling Assay (Eurofins DiscoverX) was used
to determine the relative level of PD-1 signaling induced by the antibodies. This assay
atilizes an enzyme fragment complementation approach in which portions of the beta-
galactosidase cnzyme are split and covalently linked to an intracellular PD-1 signaling
domain or the SHP-1 intracellular signaling mediator. When SHP-1 associates with PD-1{

20 during signaling events, a chemilaminescent signal is generated.

{0249]  PD-1 reporter Jurkat cells were thawed and expanded according to manufacturer’s

mstructions. Cells were sceded overnight at 40 pl per well of a 96 well plate and
antibodies were added at 10« final concentration and incubated at 37 ° € for 1 hour. PD-

L1+ ligand-presenting cells or additional media were then added in 40 ub volume and

- 67 -



10

[
(¥4

20

WO 2021/216756

PCT/US2021/028459

incubated for an additional 1 hour at room temperature. 10 ul of Bicassay Reagent |
{component of Eurofins Discover X cat. # 93-1104719-001 117} was added, and cells were
incubated for 15 munutes at room temperature in the dark. 40 puL of Bioassay Reagent 2
was added, and cells were incubated for an additional 3 bours in the dark at room
teraperature.  Chemiluminescent signal was measured on a PerkinElmer's ENVISION®
multilabel plate reader, and GRAPHPAD PRISM® was used for data analysis. The resulis
for Antibody #1 and Antibody #2 are shown in FIGS. 3A and 3B, respectively. The
calculated ECS0 for each antibody and format are shown in Table 4. IgM-formatted

antibodies showed increased potency over IgG-formatted antibodics,

Table 4: PD-1 Signaling ECso

Antibody IG ECse (nM) IeM ECse (nM)
# 65 0.014
#2 ND 0.72
Example 6: PD-1 Signaling Assay
[0253]  The PD-1 signaling assay described in Example 5 was repeated to determine the

[0251]

relative level of PD-1 signaling induced by crosslinked IgG Antibody #1 and #2. The IgG
antibodies were crosslinked using a “crosshinking antibody” (AffiniPure F{ab')2 Fragment
Goat Anti-Human IgG, F(ab')2 Fragment Specific (Jackson ImmunoRescarch, P/N 109-
006-097}3. The crosslinking antibody was dibuted and added at 10 ub per well for a final
crosshinking antibody to PD-1 agonist antibody ratio of 1:1.

The resulting PD-1 signaling for Auntibody #1 and Antibody #2 compared to the
results of Example 5 are shown in FIGS. 4A and 4B, respectively. The calenlated EC50
for each antibody compared to the results of Example § format are shown in Table §. IgM-

formatted antibodies showed increased potency over 1gG-formatted antibodies. The cross-

{inked IgG antibodics had an intermediate effect.

Table S: PD-~1 Signaling ECse

Antibody IgG ECso (nM) IeGixdink ECso g™ ECso (nM)
(nM)

i 63 .63 0.014

#2 ND 4.8 6,72
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Example 7. Generation and Purification of Additional Antibodics

{02521  As additional exemplary constructs, the VH and VL regions of two anti-PD-1
antibodies were incorporated into IgM (with an exeraplary I-chain, SEQ ID NO: 41} and
1zG formats according to standard cloning protocols. Anti-PD-1 #3 constructs nclude the

3 VH and VL amino acid sequences SEQ D NO: 1 and SEQ 1D NG: 2, respectively, and
Anti-PD-1 #4 constructs imchide the VH and VL amino acid sequences SEQ ID NG: 3 and
SEQ 1D NO: 4, respectively. These antibody constructs were expressed and purnfied
according to methods described 1 W(2017196867. The IgM antibodies assembled as
pentamers with 8 J-chain (data not shown).

10 Example 8: PD-1 Signaling Assay

{82831  The PD-1 signaling assay was conducted according to the method in Examples 5
and 6 with the following modification: the second 1 hr imcobation after the addition of
additional media was conducted at 4 °C for all conditions. The resulis for Antibody #1-

5 Antibody #4 are shown m FIGS. SA-5D, respectively. The calculated ECS0 for cach
antibody and format are shown in Table 6. IgM-formatted antibodics showed nereased
potency over IgG-formatted antibodies. The cross-linked IgG antibodies had an

uvermediate effect.

Table 6: PD-1 Signaling ECse

Antibody IgG ECso (nM) IgG/xlink ECs fgM ECso {nM)
(nMj}
#1 29 4.4 0.031
#2 5.9 2.1 0.10
#3 0.19 0,19 0.065
#4 0.89 1.7 1.1
20 Example 9: Antibody Generation and Puritication

Anti-PD-1 IgG and pentameric IgM #5
{0254}  As an additional exemplary construct, the VH and VL regions of an anti-PD-|
antibody was incorporated into IgM (with an exemplary J-chain, SEQ ID NO: 41) and 1gG
formats according to standard cloning protocols. Anti-PD-1 #5 constructs include the VH

and VE amino acid sequences SEQ ID NO: 49 and SEQ D NG: 50, respectively. These

b
(¥4
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antibody constructs were expressed and purified according to methods described in
WO2017196867. The IgM antibodics asserabled as pentamers with a J-chain (data not

shown}.

Anti-PD-1 hexameric IgM (JgHM} #1, #2, #3, and #5

5 {0285} Asexecmplary constructs, the VH and VL regions of three anti-PD-1 antibodics were
incorporated ite IgM without a J chain according to standard cloning protocols. The anti-
PD-1#1 IgHM constract incloded the VH and VL amino acid sequences SEQ ID NQO: 13
and SEQ D NO: 14, respectively, the anti-PD-1 #2 IgHM construct included the VH and
VL amino acid sequences SEQ ID NO: 25 and SEQ 1D NO: 26, respectively, the anti-PD-
10 I #3 1gHM construct included the VH and VL amino acid sequences SEQ ID NO: | and
SEQ ID NO: 2, respectively, the anti-PD-1 #5 IgHM construct included the VIH and VL
amino acid sequences SEQ ID NG: 49 and SEQ 1D NQ: 50, respectively. These antibody
construcis were expressed and purified according 1o rocthods described in
WO2017196867. The IgM antibodies assembled as hexamers without a J-chain {data not

15 shown).

Example 10: PD3-1 Signaling Assay

{0286}  The PD-1 signaling assay was conducted according to the method m Example 8 with
Antibodics #1-43 and #5 in 1gG, crosslinked IgG, pentameric IgM, and hexameric IgM
(dgHM) formats. The results for Antibody #1-Antibody #3 and Antibody #5 are shown in
20 FIGS. 6A-6D, respectively. The calculated EC30 for cach antibody and format are shown
in Table 7. IgM-formatied antibodies showed increased potency over IglG-formatted

antibodies. The cross-linked Ig( antibodies had an intermediate cffect.

Table 7. PD-1 Signaling ECse

Antibody IgG ECso (nM) | IgG/xdink ECse | IgM ECso (M) | IgHM ECso
(oM} (1M}

#i 83 1.8 0.057 0.070

#2 22 33 0.29 (.40

#3 0.26 0.79 0.13 0.20

#5 0.063 0.093 0.030 0.054
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Table & Anti-PD1 Antibody VH and VL Sequences

SEQ
D

VH oxr Heavy Chain

SEQ
o)

VL or Light Chain

Reference

SLSKYDMEWVRQY
/T DTSTDTA
GTLVTV

D.,«,@H./ TOSGAEVREKPGASVKVSCEVSG
GLEWMGIIYTSGYTRYAQK ﬁ@@.ﬁ/
M\:_.Ubf LRSEDTAVYYC!

DICMTG
OOKPGH
LTIS:

51048314882

1 SS 2 1K
(SMEWVRG US20180355061
LDTSVST aﬂ<ve>m ATLSLSPGERATL ymmm<uum& Al
>Mbonv ;u;w3u<sm@mqw< YOOKPGIAPRLLIYSTSNLASGIPDRFSGSG
3 4 TLTLSR LTFGQGTK
TLSLTCSFSC STSGMGVSWT DIVMTGAALSNPVILGTSAST SCRSSKSLLESNGTT US20180355061
] (DTSSN i KEGOSPOL] m, Al
><TﬁAHHzauHmo GT mm<<Umscu GTT GTDFTLRI SRVEAEDVGVYYC O?bTbmtemmm
5 VIVSS 6 LEMK
OVOLOQSGAELVKPGASVEK YTETSYDINWVRG 1JS20180355061
RPEQGLEWIGWIF w\bumwwKrwwww SKATLTTDRSSST DIVLTOSPSSLSASLGERVSLTC Al
AYMOFSRLTSEDSAVY FCARGGMROLGRFVYWGEOGTTLT OOKPDGTIKRLIYARSTLISGVE
7 VES 8 LTISSLESEDFADYYCLOYASNPYTFGGGTKLEIK
EVOLOOSGAELVKPCASVKLECTAS GENVEDT Y FH 1J520180355061
RPDOGLEWI GRIVSANGDTKYAPKLODKATT H:e UH<243 PSSLS Jwrcre|-| Al
AYLOLERLTSEDTAVYYCVLIYYGFEEGDE wvuzfmbﬁwH%mwgzw

—
=

\“r<czo VEVK ﬂor:<x, SCKASGYT
CEINYAQKFOGR
anxb» 7ﬁaN<~«0%Hu«<c<cc.

um.m%cﬂwx LIYSASYR Lﬁ/\r RFSG
[YYCQQYNLIYPY

SGSGTDFT

1520180355061
Al

EVOLOESGPGLVKPSQTLSLTCTVIGYSITSDY
QPEPGHELEWMG 7.,\%@ STSYNPSLKSRVTIS

SLKX Homiﬁ?fh TAVYYCARWIGSSAY :1.3:%@&0%@&%
]

0

PLSLEVTPGOPASISCREGONTVHSH
IYKVSNRFFGVEDRIS

SRVEAEDVGVYEFCFQGSHEVPFET ))O\ WJR

5899373182

15

\%

VOLVQSGARR ALAUO»N,»?\N/ SCKAFGYTETTY FIEWMRG
AHGOGLE (\Dm(H_HH
VYMELSSLRSEDTAVYYCARENYGSHGGEVYWGQGTLVT
./\ﬁ

TQSPESLSASVGDRVE
YOOKPARKAFPRLWIYSTSENLASGY
TLTISSLOPEDFATYYCQQYNSYR

US 9102728 B2
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SEQ
o

VH ox Heavy Chain

SEQ
I

VL or Light Chain

Reference

[y
~J

m/\.)bx :w mku,m‘,.\w«.xm?imixl\vm RAFGYTETT KWHU«E\EO

<:.2Wh:m mb‘. S Wh_wﬁuu,\w\.&ﬁwpmm YWG @O H ML4 /T

FSLSASVGDRVTITCRA VISSYLHW
) M%M_,PHA;PWWH_WH%MHMZH. ASGVPSREFSGEGEGTDY
TLTISSLOPEDFATYYCQOYNSYPLTFGGGTRVELK

oL

US 9132728 B2

GASVEVSCKAFGYTFTTYPIEWVRG
YNEKFKGRVIMIRDTSTST

VYMELSS SEDTAVYYCARENYGSHGGFVYWGQGTLVT

ENVLTQSPGTLSLSPGERAT
YOOKPGOAPRLWIYSTSNLA
TLTISRLEPEDEATYYCOC

US 9182728 B2

TYPIEWMRG
RETTT
QGTLVT

LN,,Y.EQ )
a@ﬁmwmmhiumu TAVY

TQSPESLSA

%DOW@EE \PELTIYSTS ,U\Nwmu/\uv,ﬂ a
TLTISSLOPEDFATYYCQOYD

US 9182728 B2

SGAEVKKPGS SVRKVSCKAR
GOG bu._u wa,u.mmwm;ppﬂ_wmzmmmmm.A.

AYM

TEWMRG

ADKS _.,R_H

VY YCARENYGSHC

Us 9102728 B2

23 VS
m..<OH_<O.o.mhu,m‘/\.w‘wdﬂmmﬁx. SCKASGYTEFTT 1S 9102728 B2
b,m?)\, )

2]

25

OVOLOESGPGVVKPSGTLSLTCALS
WWS $}2;«, SFGKG MHSH G
{HFSLRL
GK{ m MVTVSS

NFMLTOPHSVSESPGRTVTISCTRSSGSIASNSVOR
PGSSPTTVIYEDNQRPSGVPDRFSGSTDSSEN

.
[VEGLKTEDEADYYCQSSDESAVVEFGEGTRLT

US748880282

[S%]
~1

TSYGISWVRE
DTST
YWCQGTLVTV

SYELTCPPEVEVSPGOTARITCSGDALPK

< @0@»3&6 .KNU.H_mw.mmm(

2G
NVEGGETRVTVL

US748880282

TWVRO
% o

QSALTQPASV3GS mmO(.HHHMUHHHI

},\.L.H_H mMU
LTV

US748880282
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SEQ
o

VH ox Heavy Chain

S3BEQ | VL ox Light Chain Reference
ID

CVOLOESGPGLVE

ROHPGKGLEWIGYTIY %7, GN

OTLSLTCT

Y

VSGGESIESCE

NPSLRSLVTIS

VLTOR RS
QSVLTQPPS

¢ 1 UST48880282

mmx\ﬂpbw SKSGTSA

T

OFSLELS

SVTAADTAVYY

oy

L

RASDYVWGGEYRYMDAFDIW

Np
m

SENEADYYC

AAWDDSLNGEVEFGRGTRKVT

31 GRGTLITVES 32 VLGE
GAHSEVOLVOSGGGVVQPGRELRLSCAASGFTFSSYWCD ASVGDRVIITCRAS W US748880282
RMSWVROAPGKGL mg.a.m_nﬁ SGIG F.%M\wﬁu@f JEGRFTIS bkﬂEw\@@Tm =R JmNibw&? \STLESGVPS 3 G
RDNSENTLYLOMNSLRA T SYFDLWGE TDFTLTIS FATYYCQQSYSTEWTFG L

33 GTTVIVES 24 EIKR

49

GLEWVA SH W
af VS LRAED

IYDG

JPNCE& T%_/Qfﬂ\ G

US8008445882

SVSSY LAWY

mr. GSGTDE
,OO GTRVETL E

Q n K H_
LTISS

VA

Vi

N
[en}

SED Nickname (source) Sequence
D
GSASAFTLFPLVSCENSPSDTSSVAVGCLAQDFLPDS LT FSWRYRKNNSDI SSTRGEFPSVLRGGRYAATSOVL
LPSKDOVMOGTDERVVCKVOEPNGNKERNVEP LPVIARLPPRVSVEVPPRDGFFGNPRKSKLICQATGEFSPROT
QVSWLREGKQOVGSGVTTDOVOAEAKESGPTTYRVTISTLTIKE _%H Orz..n_ OM,\uwwume.&wz,st SMCVE
RYFALPPSFASIFLTKSTRLTCLVIDLTTYDSVYE IGEAVETHT PNATFSAVGE
SGERFTCTVTH Hu mmm KQTISRPK :u.,tmmxuz,\w\ﬁhwmw%mou,b ITCLVTGESPAL
VEVOWMORGOP LS APGRY ST LPNRVTERTVE
35 GEKPTLYNVSLVNM
36 mm SAPTLFPLVSCENSPSDTSSVAVECLADDEFLPDSITEFIWKYK

Constan

VMOGTDEHVVCRVOHPN CENVELPVIAELPPRVEVEVPPRDG
QVBWLREGKQVGSGVTTDOVOAEAKESGPTTYRKVTSTLTIKESDWLGOSME
FLTKST LVTDLTTYDSVT 7y
TVTHTDLFSPLKQTISRPKGVALHRPIN
KYVTSAPMPEPQA] STLTVSEEEWNTC %:

< il
GEQQ_ CY

*‘_\

m.ﬁ.H,Hn? H

FTGESPAD

VDKS

3

mmmebwz;\m

(@3]
~J

ant region,

SQLTL

O AN
G3EAN

ASPTEPRVEPL
PATQCLAGKSY
LTCTLTGLRDAS

LCSTOPDGNVVIACLVOGEFFPOEPLSVIWSESGOGVIARNEPPSQDASGD
TCHVEHYTNPSQDVIVRPCPVRPSTPPTRSPSTPRFTESPSCCHPRLSLERPAL
GVTETWTPSSGRSAN {3VESVLPGCAEPWNHG
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SESGONVTARNE
RLS H.mhu,mkﬁ.tmm< LLGSEANLTCTLTGLRDASG

TCHVKEYTKN m m@ DV ,\
SL TPSSGRSAVQGPRP
<Tbbwwwvﬁhﬁ?kZ[b:wbHﬁbﬁh

<E, wEﬁ JO,;([
TINV J;,JJ,.@,J EADGTCY

i’r_;

SQDASGDLY

SSQLTL

PR HW/.H H ‘Fuym RQEFPS \uCHM_H.\Ny.,xH SILRVA

MLL H@H_ﬂﬁ L] rm,.n/\_mﬁ CYY? maq

G ‘L&UA,JP\A DSSC
PELVYEDLRGSVIFHCALGPEVY ,»IL /ﬁfﬁ

DEOLOEGSPT

T:<em_ju NLVTRA C~ C@
LHL\LN/H U:vbnj

Iﬁ RDOADGSRASY.

U;ﬁiu,f QGARGGCITLISSEG

DTRVYTVDL
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WHAT IS CLAIMED IS
I A multimeric binding molecule comprising two, five, or six bivalent binding
units or variants or fragments thereof,
wherein cach binding unit comprises two IgA or IgM heavy chain constant regions or
5 multuverizing fragments or vanants thereof, cach associated with a binding domain,
wherein three to twelve of the binding domains are programmed cell death protein |
{PD-1}-binding domains that specifically and agonistically bind to PB-1,
wherein the binding molecule can activate PD-1-mediated signal transduction in a cell
at a higher potency than an equivalent amount of a bivalent IgG antibody or fragment thereof
10 comprising two of the same PD-1-binding domains, which also specifically binds to and
agonizes PD-1.
2. The multimeric binding molecule of clatn 1, wheremn the three to twelve PD-
{-binding domains comprise a heavy chain variable region (VH) and a hight chan variable
region {VL), wherein:
15 {(a} the VH and VL comprise six immunoglobulin complementarity determining
regions HCDR1, HCDR2, HCDR3, LCDRI, LCDR2, and LCDR3, wherein the
HCDRY, HCDR2, HCDR3, LCBRI, LCDR2, and LCDR3 comprise the CDRs
of an antibody comprising the VH and VL of SEQ 1D NO: 1 and SEQ ID NO:
2, SEQID NO: 3 and SEQ ID NO: 4, SEQ ID NO: 5 and SEQ 1D NO: 6, SEQ
20 ID NG 7 and SEQ ID NO: 8, SEQ 1D NO: 9 and SEQ ID NO: 10, SEQ 1D NO:
[ and SEQ IR NOG: 12, SEQ ID NO: 13 and SEQ ID NQO: 14, SEQ ID NO: 25
and SEQ 1D NO: 26, SEQ ID NO: 27 and SEQ 1D NO: 28, SEQ 1D NOG: 29 and
SEQ 1D NO: 30, SEQ 1D NO: 31 and SEQ 1D NO: 32, SEQ ID NO: 33 and
SEQ IDNO: 34, or SEQ ID NG: 49 and SEQ 1D NO: 50, respectively with zero,
25 one, or two single amino acid substitutions in one or more of the HCDRs or

LLDRs;

{b} the VH and VL comprise six inummoglobulin complementarity determining

regions HCDRI, HCDR2, HCDR3, LCDRI, LCDR2, and LCDR3, wherein the

HCDRI, HCDR2, HCDR3, LCDR1, LCDR2, and LCDR3 comprise the CDRs

30 of an antibody comprising the VH of any one of SEQ 1D NO: 15, SEQ ID NG:
17, SEQ IDNG: 19, SEQ ID NG: 21, SEQ D NO: 23, or SEQ D NGO 24 and

the VL of any one of SEQ ID NG: 16, SEQ IDNO: 18, SEQ D NG: 20, or SEQ
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1D NG: 22 with zero, one, or two single amino acid substitutions in one of MoOre

of the HCDRs or LCDRg;

{c} the VH and VL compnise amino acid sequences at least 80%, at least 85%, at
least 90%, at least 95% or 100% identical to SEQ ID NG: 1 and SEQ ID NG
2. SEQ ID NO: 3 and SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NG: 6, SEQ
D NG: 7and SEQ ID NG: 8, SEQ ID NO: 9 and SEQ IDNO: 10, SEQ ID NO:
I oand SEQ ID NO: 2, SEQ ID NO: 13 and SEQ ID NQO: 14, SEQ IDNQ: 25
and SEQ ID NO: 26, SEQ ID NG 27 and SEQ 1D NO: 28, SEQ ID NG: 29 and
SEQ ID NO: 30, SEG ID NO: 31 and SEQ 1D NO: 32, SEQ 1D NG: 33 and
SEQ ID NG: 34, or SEQ 1D NO: 49 and SEQ 1D NO: 50, respectively; or

(dy  the VH comprises an amino acid sequence at feast 80%, at least 85%, at least
90%, at least 95% or 100% identical to of any one of SEQ 1D NO: 15, SEQ ID
NG 17, SEQ ID NO: 19, SEQ D N 21, SEQ ID NO: 23, or SEQ IDN{O: 24
and the VL comprises an amino acid sequence at least 80%, at least 85%, at
feast 90%, at least 93% or 100% identical to of any one of SEQ ID NO: 16, SEQ
D NG: 18, SEQ ID NO: 20, or SEQ ID NG: 22

3. The multimeric binding molecule of claim 2, wherein the VH and VL
comprise six immunoglobulin complementarity determining regions HCDRE HCDR2,
HCDR3, LCDRI, LCDR2, and LCDR3, wherein the HCDRE, HCDR2, HCDR3, LCDRI,
LCDRZ, and LCDR3 comprise the CDRs of an antibody comprising the VH and VL of SEQ
i NG: 1 and SEQ 1D NO: 2, SEQ ID NO: 3 and SEQ ID NO: 4, SEQ ID NO: 13 and SEQ
1D NO: 14, and SEQ 1D NGO: 23 and SEG 1D NO: 26, respectively with zero, one, or two
single amino acid substitutions in one or more of the HCDRs or LCDRs,

4. The maltimeric binding molecale of claim 1, which is a dimeric binding
malecule comprising two bivalent IgA or IgA-like binding units and a J chain or functional
fragment or variant thergof, wherein cach binding unit comprises two g4 heavy chain
constant regions or multimenzing fragments or variants thereof, each comprisimg an IgA Ca3

domain and an IgA tailpiece domain.

3. The multimeric binding molecule of claim 4, wherein
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{c)

6.

PCT/US2021/028459

cach IgA heavy chain constant region or multimerizing fragment or variant
thereof further comprises a Cal domain, a Co2 domain, an IgA hinge region, or

any combination thereof]

the IgA heavy chain constant regions or mudtimerizing fragments thereof are

human IgA constant regions; and/or

each binding unit comprises two IgA heavy chains each comprising a VH
sttuated amino terminal to the IgA constant region or multimerizing fragment
thereof, and two immunoglobulin hght chains each comprising a VL situated

amino terminal to an immanoglobulin light chain constant region.

The multimeric binding molecule of claim 1, which is a pentamernicora

hexamerie binding molecule comprising five or six bivalent IgM binding units, respectively,

wherein cach binding unit comprises two IgM heavy chain constant regions or multimerizing

fragments thereof cach associated with a PD-1-binding domain, wherein each IgM heavy

chain constant region comprises an IgM Cpd and IgM tatlpiece domamn.

7.
{a)

{b)

{c)

8.

comprises:

{a}

(b)

The multimeric binding molecule of claim 6, wheremn:
the IgM heavy chan constant regions or fragments or varants thercof cach
further comprise a Cul domain, a Cu2 domain, a Cu3 domam, or any

combination thereof]
the IgM heavy chamn constant region is a human IgM constant region.

cach binding uwnit comprises two IgM heavy chains each comprsing a VH
sttuated amino terminal to the IgM constant region or fragment thereof, and two
immunoglobulin light chains each comprising a VL situated aming terminal to

an mmunoglobulin light chain constant region.

The multimeric binding molecule of claim 6, wherein the IgM coustant region

SEQ ID NG: 35, SEQ ID NOG: 36, or a multimerizing fragment thereof,

a substitution relative to a wild-type human IgM constant region af position 310,

311, 313, and/or 315 of SEQ 1D NG 35 or SEQ 1D NG: 36; or

[

~J

~3
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(c) two or more substitutions relative to a wild-type human IgM constant region at
positions 46, 209, 272, or 440 of SEQ 1D NO: 35 or SEQ D NO: 36,

9. The multimeric binding molecule of clamm 6, which 1s pentameric, and further
comprises a I-chain or functional fragment or variant thereof.

10, The multimeric binding molecule of claim 9, wherein the J-chain or functional
fragment or vanant thereof 1s a vanant J-chain comprising one or more single amino acid
substitutions, deletions, or insertions relative to a wild-type J-chain that can affect serum half-
life of the multimeric binding molecule; and wherein the multimeric binding molecule
comprising the varant J-chain exhubits an mcreased serum half-hife upon adnunistration to an
animal relative to a reference maltimeric binding molecale that is identical except for the one
or more single amino acid substitutions, deletions, or insertions, and is administered in the

same way to the same animal species.

11, The moltimeric binding molecule of claim 9, whercin the J-chain or functional

fragment thereof comprises:

(a) an amino acid substitution at the amino acid position corresponding to amino

actd Y 102 of the mature wild-type human J-chain (SEQ 1D NQ: 41},

(b}  an amino acid substitution at the amino acid position corresponding to amino
acid Y102 of the mature wild-type human J-chain (SEQ 1D NO: 41}, wherein
the amine acid corresponding to Y102 of SEQ D NO: 41 1s substituted with

alamne {A};

{c) an amino acid substitution at the amino acid position corresponding to anmine
acid Y102 of the mature wild-type human J-chain (SEQ 1D NO: 41), wherein
the f-chain is a variant human F-chain and comprises the amino acid sequence

SEQIDNG: 42; or

(dy  an ammo acid substitution at the amino acid position corresponding to anuno
acid N49, amuno acid 851, or both N49 and 8§51 of the mature human J-chamn
(SEQ ID NO: 41), wherein a single amino acid substitution corresponding to

position S31 of SEQ 1D NG: 41 15 not a threonine (1) substitution.

-7% -
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12, The multimeric binding molecule of clatm 9, wherein the J-chain or functional
fragment or variant thereof further comprises a heterologous polypeptide, wherein the
heterologous polvpeptide is fused to the J-chain or functional fragment or vanant thereof via

a peptide linker comprising at least 5 aroino acids, but no more than 25 amino acids.

13, The multimeric binding molecule of claim 12, wherein the heterologous
polypeptide is fused to the N-terminus of the J-chain or fragment or variant thereof, the C-
terminus of the J-chain or fragment or vanant thereof, or to both the N~termunus and C-

terminus of the J-chain or fragment or varant thergof.

4. The meltimeric binding molecule of claim 12, wherein the heterologous

olypeptide comprises an antigen binding domain, and wherein:
J = el >

(a) the antigen binding domain of the heterologous polypeptide is an antibody or

antigen-binding fragment thercof!

{b} the antigen binding domain of the heterologous polypeptide is an antigen-
binding fragment of an antibody, and the antigen-binding fragment comprises
an Fab fragrment, an Fab' fragment, an F(ab')2 fragment, an Fd fragment, an Fy
fragment, a single-chain Fv (scFv) fragment, a disulfide-linked Fv (sd¥Fv)

fragment, or anv combination thereof,

{c) the antigen binding domain of the heterclogous polypeptide is an antigen-
binding fragment of an antibody, and the antigen-binding fragment is a seFv

fragment; and/or

(d} the antigen bindmg domain of the heterologous polvpeptide 1s an antigen-
binding fragment of an antibody, and the antigen binding domain binds ICGS
Ligand (1COSLG), ICOS (CD278), Interlenkin 6 (1L6), (D28, D3, CDEO,
CD86, Tumor Necrosis Factor Alpha (TNFa), or Fibroblast Activation Protein
(FAP).

15, A composttion comprising the multimeric binding molecule of anv one of
claims 1 to 14
16. A polynucleotide comprising a nucleic acid sequence that encodes a

polypeptide subunit of the binding molecule of any one of claims | to 14

-9 .
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17, The polynucleotide of claim 16, wherein the polypeptide subuntt comprises an
IgM heavy chain constant region and at least an antibody VH portion of the PD-1-binding
domain of the multimeric binding molecule; or comprises a light chain constant region and an
antthody Y1 portion of the PD-1-binding domain of the multimeric binding molecule.

18, A composition comprising a polvoucleotide comprising a nucleic acid
sequence that encodes an IgM heavy chain constant region and at least an antibody VH
portion of the PD-1-binding domain of the multimeric binding molecule of any one of claims
110 14, and a polynucieotide comprising a nucleic acid sequence that encodes a hight chain
constant region and an antibody VL portion of the PD-1-binding domain of the multimeric
binding molecunle of any one of claims 1 to 14, wherein the polynucleotides are on separate
vectors or on a single vector.

19, The composition of claim 18, further comprising a polynucleotide comprising
a nucleic acid sequence encoding a I chain, or 3 functional fragment thereof, or a fanctional
variant thereof.

20. The vector or the vectors of claim 19,

21, A host cell comprising the composition of claim 18, wherem the host cell can
express the binding molecule, or a subumit thereof.

22, A method of producing the binding molecule, comprising culturing the host

cell of claim 21, and recovering the binding molecule.

23. A method for treating an autcimmune disorder, an mflammatory disorder, or a
combination thercof n a subject m need of treatment coroprising adninistering to the subject
an effective amount of the multimernic binding molecule of any one of claims | to 14, wherein
the multimeric binding molecule exhibits greater potency than an equivalent amount of a
monomeric or dimerie binding molecule binding to the same binding partner.

24, A method for preventing transplantation rejection in a subject, comprising
administering to the subject an effective amount of the meltimeric binding molecele of any
one of claims | to 14, wherein the multimeric binding molecule exhibits greater potency than
an equivalent amount of a monomeric or dimeric binding molecule binding to the same

binding partner, and wherein the subject is a tranaplantation recipient.

25, The method of claim 23, wherein the subject is human,

- 80 -



