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_BISPECIFIC AGONISTIC ANTIBODIES TO ACTIVIN A RECEPTOR LIKE TYPE 1 (ALK1)

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application Serial Nos.
63/458,044, filed April 7, 2023; 63/537,318, filed September 8, 2023; and 63/596,899, filed

November 7, 2023, the entire disclosures of which are hereby incorporated herein by

reference.

BACKGROUND

Heraeditary hemorrhagic tsiangiectasia (HHT), alsc known as Osler-Webser-Renduy
disease, is an autosomal dominant gsnetic disease characterized by vascular malformations
{arteriovenous malformations; AVMs) in multiple organs caused by an absent capillary
network. The most common sympioms of HHT are spistaxis {nose biseds), telangiectases,
and visceral lesions. About 25-40% of patisnis have progressive disease and AVMs can result
in acuie life-threatening hemorrhages and emboli in patienis. The majority (>85%) of HHT
patients are heterozygous for loss of function (LOF) mutations in the endoglin (ENG, HHT1)
or activin A receptor like type 1 (ALK1, HHT2) genes. HHT1 and HHT2 patients develop very
similar clinical symptoms that result from sporadic vascular malformations, but tissues affected
are different. HHT1 patients, accounting for about 1% of HHT, are more prone to pulmanary
arteriovanous malformations (PAVMs) and cerebral arleriovenous maiformations {CAVMs),
Whereas HHT2 patients, accounting for about & third of patients (37%), are more prone to
complications from liver AVMSs and pulmonary hypertension. Hepatic involvement can lead to
secondary portal hypertension which can reguire liver fransplant and lead to heart failure.
Puimonary involvement in these patients can lead to pulmonary arterial hypertension (PAH)
Activin recapior-like kinase 1 (ALK1) and endoglin are endothelial celi (EC)-restricied recepior
of the large TGF- family. Members of the TGF-f family act on many, i not all, cell tvpes
within the body, producing diverse and complex cellular osutcomes, such as growth arrest,
immune suppression, differentiation, apoptosis, and specification of developmential cell fate
during embryogenesis and pathogenesis. Activation of the endothelial call-restiicted TGF-
typa | receptor ALK1 results from the binding of saveral different ligands of the TGF-§ family,
including bone morphogenetic protein (BMP) 9, BMP10, and TGF-§.

TGF-beta signaling requires the recruitment of type | and type Il receptors in a
multimeric complex to initiate signaling. Endoglin is the type Hi receptor which delivers BMPS
and 10 to type | and type H receptors at endothelial cell membrane. A dimeric ligand molecule
facilitates the assembly of a heteromeric complex of type Il and type | receptors, wherein the

constitutively active kinase domain of the type Il receptor trans-phosphorylates and activates
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the kinase domain of the type | receptor. The type | receptor is then able to imitate signaling
via multiple signaling cascades, including the SMADs, which transiocate to the nuclsus and
activate the transcription of target genes.

Dsfective signaling in ALK1 mediated pathway is also a halimark of familial and
sporadic PAH patients, which leads to endothelial dysfunction, i.e., apoptosis, proliferation,
interaction with smooth muscle cells (SMC) and transdifferentiation. Over time, vasculature
remodeling obstructs small pulmonary arteries, resulting in increased pulmonary vascular
resistance and pulmonary pressures. This leads to reduced cardiac output, right heart

failure, and ultimately death.

SUMMARY

The present disclosure improves upon the prior art by providing heteromeric antibodies
which can effectively cross-link the ALK1 receptor to a receptor selected from BMPRII,
ActRIIA, and ActRIIB and thereby activate SMAD signaling.

In one aspect, provided herein is a multispecific binding protein comprising a first
binding moiety which binds specifically to human ALK1 and a second binding moiety which
binds specifically to a target selected from BMPRII, ActRIIA, and ActRIIB, wherein: (a) the
multispecific binding protein is capable of inducing signaling by inducing proximity between
ALK1 and BMPRII, ActRIIA, or ActRIIB; and (b) at least one modified hinge region.

In some embodiments, the first modified hinge region comprises: (a) an upper hinge
region of up to 7 amino acids in length or is absent; and (b) a lower hinge region, wherein the
lower hinge region is linked to the N-terminus of a first constant region. In some embodiments,
the multispecific binding protein further comprises a second modified hinge region linked to
the N-terminus of a second constant region. In some embodiments, the second modified
hinge region comprises (a) an upper hinge region of up to 7 amino acids in length or is absent;
and (b) a lower hinge region, wherein the lower hinge region is linked to the N-terminus of the
second constant region. In some embodiments, the upper hinge region of the first and the
second modified hinge region are the same sequence. In some embodiments the upper hinge
region of the first and the second modified hinge regions are different sequences.

In some embodiments the upper hinge region comprises an amino acid sequence
derived from an upper hinge region of a human IgG antibody. In some embodiments, the IgG
antibody is selected from 1gG1, 19G2, 1gG3, and IgG4. In some embodiments, the IgG
antibody is 1IgG1. In some embodiments, the upper hinge region comprises an amino acid
sequence of SEQ ID NO: 1. In some embodiments, the upper hinge region comprises an
amino acid sequence of SEQ ID NO: 2. In some embodiments, the IgG antibody is IgG4. In
some embodiments, the upper hinge region comprises an amino acid sequence of SEQ ID

NO: 3. In some embodiments, the upper hinge is absent.
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In some embodiments, the first heavy chain constant region and/or the second heavy
chain constant region comprise a human 1gG1, 1gG2, 1gG3, or IgG4. In some embodiments,
the first heavy chain constant region and/or the second heavy chain constant region comprise
an amino acid sequence of SEQ ID NO: 10.

In some embodiments, at least one heavy chain constant region comprises a
substitution at amino acid position 234, according to EU numbering. In some embodiments,
the substitution at amino acid position 234 is an alanine (A). In some embodiments, at least
one heavy chain constant region comprises a substitution at amino acid position 235,
according to EU numbering. In some embodiments, the substitution at amino acid position
235 is an alanine (A). In some embodiments, at least one heavy chain constant region
comprises a substitution at amino acid position 237 according to EU numbering. In some
embodiments, the substitution at amino acid position 237 is an alanine (A). In some
embodiments, at least one heavy chain constant region comprises one or more substitutions
at amino acid positions 234, 235, or 237, according to EU numbering. In some embodiments,
the substitution at amino acid position 234 is an alanine (A), the substitution at amino acid
position 235 is an alanine (A), and the substitution at amino acid position 237 is an alanine
(A).

In some embodiments, the heavy chain constant region comprises heterodimerization
mutations to promote heterodimerization of the first binding moiety with the second binding
moiety. In some embodiments, the heterodimerization mutations are Knob-in-Hole (KIH)
mutations. In some embodiments, the first heavy chain constant region comprises an amino
acid substitution at position 366, 368, or 407 which produced a hole, and the second heavy
chain constant region comprises an amino acid substitution at position 366 which produce a
knob. In some embodiments, the first heavy chain constant region comprises the amino acid
substitution T366S, L368A, or Y407V, and the second heavy chain constant region comprises
the amino acid substitution T366W.

In some embodiments, the heterodimerization mutations are charge stabilization
mutations. In some embodiments, the first heavy chain constant region comprises the amino
acid substitution N297K, and the second heavy chain constant region comprises the amino
acid substitution N297D. In some embodiments, the first heavy chain constant region
comprises the amino acid substitution T299K, and the second heavy chain constant region
comprises the amino acid substitution T299D.

In some embodiments, the heterodimerization mutations comprise an engineered
disulfide bond. In some embodiments, the engineered disulfide bond is formed by a first heavy
chain constant region comprising the amino acid substitution Y349C, and a second heavy
chain constant region comprising the amino acid substitution S354C. In some embodiments,

the engineered disulfide bond is formed by a C-terminal extension peptide fused to the C-
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terminus of each of the first heavy chain constant region and the second heavy chain constant
region. In some embodiments, the first heavy chain constant region C-terminal extension
comprises the amino acid sequence GEC, and the second heavy chain constant region C-
terminal extension comprises the amino acid sequence SCDKT.

In some embodiments, at least one heavy chain constant region comprises one or
more mutations to promote increased half-life. In some embodiments, at least one heavy
chain constant region comprises one or more substitutions at amino acid positions 252, 254,
or 256, according to EU numbering. In some embodiments: the substitution at amino acid
position 252 is a tyrosine (Y), the substitution at amino acid position 254 is a threonine (T),
and the substitution at amino acid position 256 is a glutamic acid (E).

In some embodiments, the first binding moiety that binds specifically to human ALK1
is selected from a single chain Fv (scFv), VHH, Fab, F(ab’)2, or a single domain antibody. In
some embodiments, the second binding moiety that binds specifically to a target selected from
BMPRII, ActRIIA, and ActRIIB is selected from a single chain Fv (scFv), VHH, Fab, F(ab’)2,
or a single domain antibody.

In some embodiments, the multispecific binding protein comprises from N-terminus to
C-terminus: (ai) a first polypeptide chain comprising a first antigen binding domain, a first
modified hinge region, and a first constant region; and (bi) a second polypeptide chain
comprising a second antigen binding domain, a second modified hinge region, and a second
constant region; (aii) a first polypeptide chain comprising a second antigen binding domain, a
first antigen binding domain, a first modified hinge region, and a first constant region; and (bii)
a second polypeptide chain comprising a second modified hinge region, and a second
constant region; or (aiii) a first polypeptide chain comprising a first modified hinge region, and
a first constant region; and (biii) a second polypeptide chain comprising a second antigen
binding domain, a first antigen binding domain, a second modified hinge region, and a second
constant region. In some embodiments, (a) the first binding moiety comprises an VHH
domain and the second moiety comprises a VHH domain; (b) the first binding moiety
comprises a Fab domain and the second binding moiety comprises a VHH domain; (c) the first
binding moiety comprises a VHH domain and the second binding moiety comprises a Fab
domain; (d) the first binding moiety comprises a Fab domain and the second binding moiety
comprises a Fab domain; (e) the first binding moiety comprises a Fab domain and the second
binding moiety comprises an scFyv; (f) the first binding moiety comprises a scFv and the second
binding moiety comprises a Fab domain; (g) the first binding moiety comprises a scFv and the
second binding moiety comprises a scFv; (h) the first binding moiety comprises a scFv and
the second binding moiety comprises a VHH; or (i) the first binding moiety comprises a VHH

and the second binding moiety comprises a scFv.
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In some embodiments, the multispecific binding protein comprises a first and a second
polypeptide chain, wherein: said first polypeptide chain comprises VH1-(HX1)n-VH2-C-
(HX2)n, wherein: VH1 is a first heavy chain variable domain; VH2 is a second heavy chain
variable domain; C is a heavy chain constant domain; HX1 is a linker; HX2 is an Fc region;
and n is independently 0 or 1; and said second polypeptide chain comprises VL1-(LX1)n-VL2-
C-(LX2)n, wherein: VL1 is a first light chain variable domain; VL2 is a second light chain
variable domain; C is a light chain constant domain; LX1 is a linker; LX2 does not comprise
an Fc region; and n is independently 0 or 1.

In some embodiments, VH1 binds specifically to human ALK1 and VH2 binds
specifically to a target selected from BMPRII, ActRIIA, and ActRIIB.

In some embodiments, VL1 binds specifically to human ALK1 and VL2 binds
specifically to a target selected from BMPRII, ActRIIA, and ActRIIB.

In some embodiments, VH1 binds specifically to a target selected from BMPRII,
ActRIIA, and ActRIIB and VH2 binds specifically to human ALK1.

In some embodiments, VL1 binds specifically to a target selected from BMPRII,
ActRIIA, and ActRIIB and VL2 binds specifically to human ALK1.

In some embodiments, linker HX1 comprises an amino acid sequence of PLAP or
PAPNLLGGP.

In some embodiments, linker LX1 comprises an amino acid sequence of PLAP or
PAPNLLGGP.

In some embodiments, linker HX1 comprises an amino acid sequence of PLAP and
linker LX1 comprises an amino acid sequence of PLAP or PAPNLLGGP.

In some embodiments, the first and/or the second antigen binding domain is truncated
at the C-terminal end adjacent to the upper hinge domain. In some embodiments, the C-
terminal end adjacent to the upper hinge domain is truncated by at least one residue. In some
embodiments, the C-terminal end adjacent to the upper hinge domain is truncated by at least
two residues. In certain embodiments, the C terminal SS amino acids in a VH domain are
truncated.

In some embodiments, the multispecific binding protein comprises a first polypeptide
chain of any one of SEQ ID NOs: 136-141 and a second polypeptide chain of any one of SEQ
ID NOs: 142-145.

In one aspect, the disclosure provides a multispecific binding protein comprising at
least a first polypeptide chain, wherein:

said first polypeptide chain comprises a first variable heavy chain domain (VH1) linked
to a second variable heavy chain domain (VH2) via at least one modified hinge region; and

the VH1 binds specifically to ALK1 and the VH2 binds specifically to a target selected
from BMPRII, ActRIIA, and ActRIIB.
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In some embodiments, one or both of VH1 and VH2 are VH domains or VHH domains.

In some embodiments, the multispecific binding protein further comprises a second
polypeptide chain, wherein said second polypeptide chain comprises a first variable light chain
domain (VL1) linked to a second variable light chain domain (VL2), and wherein VL1 binds
specifically to ALK1 and the VL2 binds specifically to a target selected from BMPRII, ActRIIA,
and ActRIIB.

In some embodiments, the VL1 is linked to the VL2 via at least one modified hinge
region.

In some embodiments, one or both of VH1 and VH2 is truncated at the C-terminal end.

In some embodiments, the C-terminal end is truncated by at least one residue.

In some embodiments, the C-terminal end is truncated by at least two residues.

In some embodiments, the SS amino acid residues of the C-terminal end are deleted.
In some embodiments, the multispecific binding protein comprises a first polypeptide chain
of VH1-HX1-VH2-C-Fc, wherein:

VH1 is a first heavy chain variable domain;
VH2 is a second heavy chain variable domain;
C is a heavy chain constant domain;

HX1 is a modified hinge region linker; and
Fcis an Fc region; and

a second polypeptide chain of VL1-LX1-VL2-C,
wherein:

VL1 is a first light chain variable domain;

VL2 is a second light chain variable domain;
C is a light chain constant domain; and

LX1 is a modified hinge region linker.

In some embodiments, the modified hinge region comprises or consists of an amino
acid sequence of PLAP or PAPNLLGGP.

In some embodiments, the binding moiety which binds specifically to ALK1 is cross
reactive with human ALK1 and mouse ALK1.

In some embodiments, the binding moiety which binds specifically to ActRIIA is cross
reactive with ActRIIB.

In another aspect, provided herein is a multispecific binding protein comprising a first
binding moiety which binds specifically to ALK1 and a second binding moiety which binds
specifically to a target selected from BMPRII, ActRIIA, and ActRIIB, wherein: (a) the
multispecific binding protein is capable of inducing signaling by inducing proximity between
ALK1 and BMPRII, ActRIIA, or ActRIIB; and (b) at least one modified hinge region, wherein

the at least one modified hinge region comprises: (i) an upper hinge region of up to 7 amino
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acids in length or is absent; and (ii) a lower hinge region, wherein the lower hinge region is
linked to the N-terminus of the first heavy chain constant region.
In another aspect, provided herein is a multispecific binding protein comprising at least
a first polypeptide chain, wherein said first polypeptide chain comprises a first variable heavy
chain domain (VH1) linked to a second variable heavy chain domain (VH2) via at least one
modified hinge region, wherein: the VH1 binds specifically to a target selected from BMPRII,
ActRIIA, and ActRIIB and the VH2 binds specifically to ALK1; or the VH1 binds specifically to
ALK1 and the VH2 binds specifically to a target selected from BMPRII, ActRIIA, and ActRIIB.
In some embodiments, one or both of VH1 and VH2 are VH domains or VHH domains.
In some embodiments, the multispecific binding protein further comprises a second
polypeptide chain, wherein said second polypeptide chain comprises a first variable light chain
domain (VL1) linked to a second variable light chain domain (VL2), wherein: the VL1 binds
specifically to a target selected from BMPRII, ActRIIA, and ActRIIB and the VL2 binds
specifically to a ALK1; or the VL1 binds specifically to ALK1 and the VL2 binds specifically to
a target selected from BMPRII, ActRIIA, and ActRIIB.
In some embodiments, the VL1 is linked to the VL2 via at least one modified hinge
region.
In some embodiments, one or both of VH1 and VH2 is truncated at the C-terminal end.
In some embodiments, the C-terminal end is truncated by at least one residue.
In some embodiments, the C-terminal end is truncated by at least two residues.
In some embodiments, the SS amino acid residues of the C-terminal end are deleted.
In some embodiments, the multispecific binding protein comprises: a first polypeptide
chain of VH1-HX1-VH2-C-Fc, wherein:
VH1 is a first heavy chain variable domain;
VH2 is a second heavy chain variable domain;
C is a heavy chain constant domain;
HX1 is a modified hinge region linker; and
Fcis an Fc region; and
a second polypeptide chain of VL1-LX1-VL2-C,
wherein:
VL1 is a first light chain variable domain;
VL2 is a second light chain variable domain;
C is a light chain constant domain; and
LX1 is a modified hinge region linker.
In some embodiments, the modified hinge region comprises: i) an upper hinge region

of up to 7 amino acids in length or is absent; and ii) a lower hinge region.
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In some embodiments, the modified hinge region comprises or consists of an amino acid
sequence of PLAP or PAPNLLGGP.

In some embodiments, the VH binding to ALK1 comprises an HCDR1 amino acid
sequence of SYAMS, an HCDR2 amino acid sequence of NINQDGSEKNYVDSMRG, and an
HCDR3 amino acid sequence of EFDY; and the VL binding to ALK1 comprises an LCDR1
amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS,
and an LCDR3 amino acid sequence of AAWDDSLNGRYV.

In some embodiments, the VH binding to ALK1 comprises an HCDR1 amino acid
sequence of SYWMS, an HCDR2 amino acid sequence of NINQDGSEKYYVDSMRG, and an
HCDR3 amino acid sequence of EYDY; and the VL binding to ALK1 comprises an LCDR1
amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS,
and an LCDR3 amino acid sequence of AAWDDSLNGRYV.

In some embodiments, the VH binding to ALK1 comprises an HCDR1 amino acid
sequence of SYWMS, an HCDR2 amino acid sequence of NIKQDGSEKNYVDSMRG, and an
HCDR3 amino acid sequence of EFDF; and the VL binding to ALK1 comprises an LCDR1
amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS,
and an LCDR3 amino acid sequence of AAWDDSLNGRYV.

In some embodiments, the VH binding to BMPRII comprises an HCDR1 amino acid
sequence of DYYMT, an HCDR2 amino acid sequence of SISGGSTYYADSRKG, and an
HCDR3 amino acid sequence of DFGVAGWFGQYGMDYV; and the VL binding to BMPRII
comprises an LCDR1 amino acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid
sequence of RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLYV.

In some embodiments, the VH binding to BMPRII comprises an HCDR1 amino acid
sequence of DYYMN, an HCDR2 amino acid sequence of SISGGSTYYADSVKG, and an
HCDR3 amino acid sequence of DFGVAGWFGQFGMDYV; and the VL binding to BMPRII
comprises an LCDR1 amino acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid
sequence of RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLYV.

In some embodiments, the VH binding to BMPRII comprises an HCDR1 amino acid
sequence of DYYMN, an HCDR2 amino acid sequence of SISGGSTYYADSVKG, and an
HCDR3 amino acid sequence of DFGVAGWFGYYGMDV; and the VL binding to BMPRII
comprises an LCDR1 amino acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid
sequence of RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLYV.

In some embodiments, the VH binding to ALK1 comprises an HCDR1 amino acid
sequence of SYAMS, an HCDR2 amino acid sequence of NINQDGSEKNYVDSMRG, and an
HCDR3 amino acid sequence of EFDY; and the VL binding to ALK1 comprises an LCDR1
amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS,
and an LCDR3 amino acid sequence of AAWDDSLNGRYV; and the VH binding to BMPRII
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comprises an HCDR1 amino acid sequence of DYYMT, an HCDR2 amino acid sequence of
SISGGSTYYADSRKG, and an HCDR3 amino acid sequence of DFGVAGWFGQYGMDYV;
and the VL binding to BMPRIl comprises an LCDR1 amino acid sequence of
TGSSSNIGAGYDVH, an LCDR2 amino acid sequence of RSNQRPS, and an LCDR3 amino
acid sequence of SSYAGNYNLV.

In some embodiments, the VH binding to ALK1 comprises an HCDR1 amino acid
sequence of SYWMS, an HCDR2 amino acid sequence of NINQDGSEKYYVDSMRG, and an
HCDR3 amino acid sequence of EYDY; and the VL binding to ALK1 comprises an LCDR1
amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS,
and an LCDR3 amino acid sequence of AAWDDSLNGRYV; and the VH binding to BMPRII
comprises an HCDR1 amino acid sequence of DYYMN, an HCDR2 amino acid sequence of
SISGGSTYYADSVKG, and an HCDR3 amino acid sequence of DFGVAGWFGQFGMDV; and
the VL binding to BMPRII comprises an LCDR1 amino acid sequence of TGSSSNIGAGYDVH,
an LCDR2 amino acid sequence of RSNQRPS, and an LCDR3 amino acid sequence of
SSYAGNYNLV.

In some embodiments, the VH binding to ALK1 comprises an HCDR1 amino acid
sequence of SYWMS, an HCDR2 amino acid sequence of NIKQDGSEKNYVDSMRG, and an
HCDR3 amino acid sequence of EFDF; and the VL binding to ALK1 comprises an LCDR1
amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS,
and an LCDR3 amino acid sequence of AAWDDSLNGRYV; and the VH binding to BMPRII
comprises an HCDR1 amino acid sequence of DYYMN, an HCDR2 amino acid sequence of
SISGGSTYYADSVKG, and an HCDR3 amino acid sequence of DFGVAGWFGYYGMDYV; and
the VL binding to BMPRII comprises an LCDR1 amino acid sequence of TGSSSNIGAGYDVH,
an LCDR2 amino acid sequence of RSNQRPS, and an LCDR3 amino acid sequence of
SSYAGNYNLV.

In some embodiments, the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKN
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVSS, or an
amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; and
the VL binding to  ALK1 comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVANINQDGSEKY
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YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREYDYWGQGTLVTVSS, or an
amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; and
the VL binding to  ALK1 comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVANIKQDGSEKN
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDFWGQGTLVTVSS, or an
amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; and
the VL binding to  ALK1 comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, the VH binding to BMPRII comprises an amino acid sequence
of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSISGGSTYYAD
SRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGQYGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto; and the VL binding to BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; or

In some embodiments, the VH binding to BMPRII comprises an amino acid sequence
of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSSISGGSTYYAD
SVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGQFGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto; and the VL binding to BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
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DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; or

In some embodiments, the VH binding to BMPRII comprises an amino acid sequence
of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSSISGGSTYYAD
SVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGYYGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto; and the VL binding to BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKN
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVSS, or an
amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; the VL
binding to ALK1 comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto, the VH binding
to BMPRII comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSISGGSTYYAD
SRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGQYGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto; and the VL binding to BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVANINQDGSEKY
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREYDYWGQGTLVTVSS, or an
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amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; the VL
binding to ALK1 comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; and the VH
binding to BMPRII comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSSISGGSTYYAD

SVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGQFGMDVWGQGTLVT

VSS, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto; and the VL binding to BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVANIKQDGSEKN
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDFWGQGTLVTVSS, or an
amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; the VL
binding to ALK1 comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; and the VH
binding to BMPRII comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSSISGGSTYYAD
SVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGYYGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto; and the VL binding to BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.
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In some embodiments, the first polypeptide chain comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 136-142, and the second polypeptide chain
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 143-
146.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 137, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 146, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 138, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 146, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 139, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 146, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 140, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 146, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 141, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 146, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
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least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 142, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 146, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 68, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 69, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 70, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 71, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 72, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 73, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the first polypeptide chain comprises an amino acid sequence
of SEQ ID NO: 74, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto, and the second polypeptide chain comprises an amino acid sequence of
SEQ ID NO: 75, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.
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In one aspect, the disclosure provides a multispecific binding protein comprising a first
polypeptide chain and a second polypeptide chain, wherein the first polypeptide chain and
second polypeptide chain each comprise, from N-terminus to C-terminus, a first single chain
variable fragment (scFv) linked to a second scFv, wherein: the first scFv binds specifically to
a target selected from BMPRII, ActRIIA, and ActRIIB and the second scFv binds specifically
to ALK1; or the first scFv binds specifically to ALK1 and the second scFv binds specifically to
a target selected from BMPRII, ActRIIA, and ActRIIB.

In some embodiments, the first scFv is linked to the second scFv via at least one
modified hinge region.

In some embodiments, the scFv binding to ALK1 comprises: a VH domain comprising
an HCDR1 amino acid sequence of SYAMS, an HCDR2 amino acid sequence of
NINQDGSEKNYVDSMRG, and an HCDR3 amino acid sequence of EFDY; and a VL binding
to ALK1 comprises an LCDR1 amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino
acid sequence of GNNKRPS, and an LCDR3 amino acid sequence of AAWDDSLNGRV.

In some embodiments, the scFv binding to ALK1 comprises: a VH domain comprising
an an HCDR1 amino acid sequence of SYWMS, an HCDR2 amino acid sequence of
NINQDGSEKYYVDSMRG, and an HCDR3 amino acid sequence of EYDY; and a VL domain
comprising an an LCDR1 amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid
sequence of GNNKRPS, and an LCDR3 amino acid sequence of AAWDDSLNGRYV.

In some embodiments, the scFv binding to ALK1 comprises: a VH domain comprising
an HCDR1 amino acid sequence of SYWMS, an HCDR2 amino acid sequence of
NIKQDGSEKNYVDSMRG, and an HCDR3 amino acid sequence of EFDF; and a VL domain
comprising an LCDR1 amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid
sequence of GNNKRPS, and an LCDR3 amino acid sequence of AAWDDSLNGRYV.

In some embodiments, the scFv binding to BMPRIlI comprises: a VH domain
comprising an HCDR1 amino acid sequence of DYYMT, an HCDR2 amino acid sequence of
SISGGSTYYADSRKG, and an HCDR3 amino acid sequence of DFGVAGWFGQYGMDYV;
and a VL domain comprising an LCDR1 amino acid sequence of TGSSSNIGAGYDVH, an
LCDR2 amino acid sequence of RSNQRPS, and an LCDR3 amino acid sequence of
SSYAGNYNLV.

In some embodiments, the scFv binding to BMPRIlI comprises: a VH domain
comprising an HCDR1 amino acid sequence of DYYMN, an HCDR2 amino acid sequence of
SISGGSTYYADSVKG, and an HCDR3 amino acid sequence of DFGVAGWFGQFGMDV; and
a VL domain comprising an LCDR1 amino acid sequence of TGSSSNIGAGYDVH, an LCDR2
amino acid sequence of RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLYV;

or
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In some embodiments, the scFv binding to BMPRIlI comprises: a VH domain
comprising an HCDR1 amino acid sequence of DYYMN, an HCDR2 amino acid sequence of
SISGGSTYYADSVKG, and an HCDR3 amino acid sequence of DFGVAGWFGYYGMDYV; and
a VL domain comprising an LCDR1 amino acid sequence of TGSSSNIGAGYDVH, an LCDR2
amino acid sequence of RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLV.

In some embodiments, the scFv binding to ALK1 comprises: a VH domain comprising
an HCDR1 amino acid sequence of SYAMS, an HCDR2 amino acid sequence of
NINQDGSEKNYVDSMRG, and an HCDR3 amino acid sequence of EFDY; and a VL binding
to ALK1 comprises an LCDR1 amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino
acid sequence of GNNKRPS, and an LCDR3 amino acid sequence of AAWDDSLNGRYV; and
the scFv binding to BMPRII comprises: a VH domain comprising an HCDR1 amino acid
sequence of DYYMT, an HCDR2 amino acid sequence of SISGGSTYYADSRKG, and an
HCDR3 amino acid sequence of DFGVAGWFGQYGMDYV; and a VL domain comprising an
LCDR1 amino acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid sequence of
RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLV.

In some embodiments, the scFv binding to ALK1 comprises: a VH domain comprising
an an HCDR1 amino acid sequence of SYWMS, an HCDR2 amino acid sequence of
NINQDGSEKYYVDSMRG, and an HCDR3 amino acid sequence of EYDY; and a VL domain
comprising an an LCDR1 amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid
sequence of GNNKRPS, and an LCDR3 amino acid sequence of AAWDDSLNGRYV; and the
scFv binding to BMPRII comprises: a VH domain comprising an HCDR1 amino acid sequence
of DYYMN, an HCDR2 amino acid sequence of SISGGSTYYADSVKG, and an HCDR3 amino
acid sequence of DFGVAGWFGQFGMDV; and a VL domain comprising an LCDR1 amino
acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid sequence of RSNQRPS, and
an LCDR3 amino acid sequence of SSYAGNYNLYV.

In some embodiments, the scFv binding to ALK1 comprises: a VH domain comprising
an HCDR1 amino acid sequence of SYWMS, an HCDR2 amino acid sequence of
NIKQDGSEKNYVDSMRG, and an HCDR3 amino acid sequence of EFDF; and a VL domain
comprising an an LCDR1 amino acid sequence of SGSSSNIGSNYVY, an LCDR2 amino acid
sequence of GNNKRPS, and an LCDR3 amino acid sequence of AAWDDSLNGRYV; and the
scFv binding to BMPRII comprises: a VH domain comprising an HCDR1 amino acid sequence
of DYYMN, an HCDR2 amino acid sequence of SISGGSTYYADSVKG, and an HCDR3 amino
acid sequence of DFGVAGWFGYYGMDYV; and a VL domain comprising an LCDR1 amino
acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid sequence of RSNQRPS, and
an LCDR3 amino acid sequence of SSYAGNYNLYV.

In some embodiments, the scFv binding to ALK1 comprises: a VH domain comprising

an amino acid sequence of
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EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKN

YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVSS, or an
amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto; and a
VL domain comprising an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, the scFv binding to BMPRIlI comprises: a VH domain
comprising an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSISGGSTYYAD
SRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGQYGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto; and a VL domain comprising an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid
sequence with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, the scFv binding to ALK1 comprises an amino acid sequence
of SEQ ID NO: 120, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the scFv binding to ALK1 comprises an amino acid sequence
of SEQ ID NO: 122, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the scFv binding to BMPRII comprises an amino acid sequence
of SEQ ID NO: 121, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.

In some embodiments, the scFv binding to ALK1 comprises an amino acid sequence
of SEQ ID NO: 123, or an amino acid sequence with at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity thereto.
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In some embodiments, the first and second polypeptide chain each comprise an amino
acid sequence of any one of SEQ ID Nos: 60-63, or an amino acid sequence with at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identity thereto.

In some embodiments, wherein the multispecific binding protein is capable of inducing
signaling by inducing proximity between ALK1 and BMPRII, ActRIIA, or ActRIIB.

In some embodiments, the multispecific binding protein has greater agonist activity
compared to a multispecific binding protein that lacks at least one modified hinge region.

In some embodiments, the multispecific binding protein induces at least about 35% of
the activity of BMP9.

In some embodiments, the activity of BMP9 is determined by measuring
phosphorylated SMAD1 (pSMAD1) levels in cells incubated with the multispecific binding
protein and/or in cells incubated with BMP9.

In some embodiments, the melting temperature onset of unfolding (Tonset) of the
multispecific binding protein is at least about 55 °C.

In some embodiments, the melting temperature thermal transition midpoint (Tm) of the
multispecific binding protein is at least about 64 °C.

In some embodiments, the Tonset and Tm of the multispecific binding protein is
determined by differential scanning calorimetry (DSC).

In some embodiments, the multispecific binding protein is capable of stimulating
expression of ID1 in a cell.

In some embodiments, expression of ID1 in the cell is at least 50% relative to ID1
expression from a cell incubated with BMP9.

In some embodiments, the first polypeptide chain further comprises a heavy chain
constant region.

In some embodiments, the heavy chain constant region comprises a substitution at
amino acid position 234, according to EU numbering.

In some embodiments, the substitution at amino acid position 234 is an alanine (A).

In some embodiments, the heavy chain constant region comprises a substitution at
amino acid position 235, according to EU numbering.

In some embodiments, the substitution at amino acid position 235 is an alanine (A).

In some embodiments, the heavy chain constant region comprises a substitution at
amino acid position 237 according to EU numbering.

In some embodiments, the substitution at amino acid position 237 is an alanine (A).

In some embodiments, the heavy chain constant region comprises one or more

substitutions at amino acid positions 234, 235, or 237, according to EU numbering.
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In some embodiments, the substitution at amino acid position 234 is an alanine (A),
the substitution at amino acid position 235 is an alanine (A), and the substitution at amino acid
position 237 is an alanine (A).

In some embodiments, the heavy chain constant region comprises heterodimerization
mutations to promote heterodimerization of the first binding moiety with the second binding
moiety.

In some embodiments, the heterodimerization mutations are Knob-in-Hole (KIH)
mutations.

In some embodiments, the first heavy chain constant region comprises an amino acid
substitution at position 366, 368, or 407 which produced a hole, and the second heavy chain
constant region comprises an amino acid substitution at position 366 which produce a knob.

In some embodiments, the first heavy chain constant region comprises the amino acid
substitution T366S, L368A, or Y407V, and the second heavy chain constant region comprises
the amino acid substitution T366W.

In some embodiments, the heterodimerization mutations are charge stabilization
mutations.

In some embodiments, the first heavy chain constant region comprises the amino acid
substitution N297K, and the second heavy chain constant region comprises the amino acid
substitution N297D.

In some embodiments, the first heavy chain constant region comprises the amino acid
substitution T299K, and the second heavy chain constant region comprises the amino acid
substitution T299D.

In some embodiments, the heterodimerization mutations comprise an engineered
disulfide bond.

In some embodiments, the engineered disulfide bond is formed by a first heavy chain
constant region comprising the amino acid substitution Y349C, and a second heavy chain
constant region comprising the amino acid substitution S354C.

In some embodiments, the engineered disulfide bond is formed by a C-terminal
extension peptide fused to the C-terminus of each of the first heavy chain constant region and
the second heavy chain constant region.

In some embodiments, the first heavy chain constant region C-terminal extension
comprises the amino acid sequence GEC, and the second heavy chain constant region C-
terminal extension comprises the amino acid sequence SCDKT.

In some embodiments, at least one heavy chain constant region comprises one or
more mutations to promote increased half-life.

In some embodiments, at least one heavy chain constant region comprises one or

more substitutions at amino acid positions 252, 254, or 256, according to EU numbering.
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In some embodiments, the substitution at amino acid position 252 is a tyrosine (Y), the
substitution at amino acid position 254 is a threonine (T), and the substitution at amino acid
position 256 is a glutamic acid (E).

In some embodiments, at least one heavy chain constant region comprises one or
more substitutions at amino acid positions 428 or 434, according to EU numbering.

In some embodiments, at least one heavy chain constant region comprises a M428L
and N4348S substitution, according to EU numbering.

In one aspect, the disclosure provides a pharmaceutical composition comprising the
multispecific binding protein described herein and a pharmaceutically acceptable carrier.

In one aspect, the disclosure provides an isolated nucleic acid molecule encoding the
multispecific binding protein described herein.

In one aspect, the disclosure provides an expression vector comprising the nucleic
acid molecule described herein.

In one aspect, the disclosure provides a host cell comprising the expression vector
described herein.

In one aspect, the disclosure provides a method for treating a disease or disorder in a
subject, comprising administering to a subject in need thereof the multispecific binding protein
described herein.

In some embodiments, the disease or disorder is a vascular disease or disorder.

In some embodiments, the vascular disease or disorder is hereditary hemorrhagic
telangiectasia (HHT).

In some embodiments, the vascular disease or disorder is pulmonary arterial
hypertension (PAH).

In some embodiments, the multispecific binding protein is for use as a medicament.

In one aspect, the disclosure provides a method for inducing signaling between ALK1
and BMPRII, ActRIIA, or ActRIIB in a subject, comprising administering to the subject the
multispecific binding protein described herein.

In some embodiments, the multispecific binding protein is capable of inducing signaling
by inducing proximity between ALK1 and BMPRII, ActRIIA, or ActRIIB.

In some embodiments, the multispecific binding protein has greater agonist activity
compared to a multispecific binding protein that lacks at least one modified hinge region.

In some embodiments, the multispecific binding protein induces at least about 35% of
the activity of BMP9.

In some embodiments, the activity of BMP9 is determined by measuring
phosphorylated SMAD1 (pSMAD1) levels in cells incubated with the multispecific binding

protein and/or in cells incubated with BMP9.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration depicting certain exemplary embodiments of the formats of the
bispecific antibodies described herein.

FIG. 2 is a schematic diagram depicting the workflow for characterization of the
bispecific antibodies of the present disclosure.

FIG. 3A-3C are graphs depicting arteriovenous malformations (AVMs) in the retina in
a HHT mouse model. FIG. 3A illustrates mice treated with control (no bispecific antibody)
compared to DGL288 (15 mg/kg/day). Mice treated with DGL288 did not form detectable
AVMs compared to control. FIG. 3B illustrates that mice treated with 1 mg/kg/day OF DGL292
did not form AVMs compared to the mice treated with control. FIG. 3C demonstrates that
DGL288 given at a dose of 1 mg/kg/day also did not form AVMs compared to mice treated
with control.

FIG. 4 is a graph depicting arteriovenous malformations (AVMs) in the retina in a HHT
mouse model. Mice were treated with control (no bispecific antibody) compared to DGL292,
DGL945, and DGL947 (1 mg/kg/day). Mice treated with to DGL292, DGL945, and DGL947

did not form detectable AVMs compared to control.

DETAILED DESCRIPTION

Before the present disclosure is described, it is to be understood that this disclosure is
not limited to particular methods and experimental conditions described, as such methods and
conditions may vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting, since
the scope of the present disclosure will be limited only by the appended claims.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs.

Although any methods and materials similar or equivalent to those described herein
can be used in the practice of the present disclosure, exemplary methods and materials are
now described. All publications mentioned herein are incorporated herein by reference to
describe in their entirety.

As used herein, the terms “antibody” and “antibodies” include full-length antibodies,
antigen-binding fragments of full-length antibodies, and molecules comprising antibody CDRs,
VH regions, and/or VL regions. Examples of antibodies include, without limitation, monoclonal

antibodies, recombinantly produced antibodies, monospecific antibodies, multispecific
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antibodies (including bispecific antibodies), human antibodies, humanized antibodies,
chimeric antibodies, immunoglobulins, synthetic antibodies, tetrameric antibodies comprising
two heavy chain and two light chain molecules, an antibody light chain monomer, an antibody
heavy chain monomer, an antibody light chain dimer, an antibody heavy chain dimer, an
antibody light chain- antibody heavy chain pair, intrabodies, heteroconjugate antibodies,
antibody-drug conjugates, single domain antibodies, monovalent antibodies, single chain
antibodies or single-chain Fvs (scFv), camelized antibodies, affibodies, common light chain
antibodies, Fab fragments, F(ab’)2 fragments, disulfide-linked Fvs (sdFv), anti-idiotypic (anti-
Id) antibodies (including, e.g., anti-anti-ld antibodies), dual variable domains (DVD), and
antigen-binding fragments of any of the above. In certain embodiments, antibodies described
herein refer to polyclonal antibody populations. Antibodies can be of any type (e.g., 1gG, IgE,
IgM, IgD, IgA or IgY), any class (e.g., 1I9G1, 19G2, 1gG3, 1gG4, IgA1 or IgA2), or any subclass
(e.g., 1I9G2a or IgG2b) of immunoglobulin molecule. In certain embodiments, antibodies
described herein are IgG antibodies, or a class (e.g., human IgG1 or IgG4) or subclass thereof.
As used herein, the terms “VH” and “VL” refer to antibody heavy and light chain variable
domain, respectively, as described in Kabat et al., (1991) Sequences of Proteins of
Immunological Interest (NIH Publication No. 91-3242, Bethesda), which is herein incorporated
by reference in its entirety.

As used herein, the term “VHH?” refers to the heavy chain variable domain of a camelid
heavy chain-only antibody (HCAb) and humanized variants thereof, as described in Hamers-
Casterman C. et al., Nature (1993) 363:446—8.10.1038/363446a0, which is incorporated by
reference herein in its entirety.

As used herein, the term “VH/VL Pair” refers to a combination of a VH and a VL that
together form the binding site for an antigen.

As used herein, the term “heavy chain” when used in reference to an antibody can
refer to any distinct type, e.g., alpha (a), delta (&), epsilon (£), gamma (y), and mu (p), based
on the amino acid sequence of the constant domain, which give rise to IgA, IgD, IgE, 1gG, and
IgM classes of antibodies, respectively, including subclasses of IgG, e.g., IgG1, 19G2, IgG3,
and 1gG4.

As used herein, the term “full-length antibody heavy chain” refers to an antibody heavy
chain comprising, from N to C terminal, a VH, a CH1 region, a hinge region, a CH2 domain
and a CH3 domain.

As used herein, the term “light chain” when used in reference to an antibody can refer
to any distinct type, e.g., kappa (k) or lambda (A) based on the amino acid sequence of the
constant domains. Light chain amino acid sequences are well known in the art. In specific
embodiments, the light chain is a human light chain. As used herein, the term

“‘complementarity determining region” or “CDR” refers to sequences of amino acids within
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antibody variable regions, which confer antigen specificity and binding affinity. In general,
there are three CDRs in each heavy chain variable region (CDR-H1, CDR-H2, CDR-H3) and
three CDRs in each light chain variable region (CDR-L1, CDR-L2, CDR-L3). “Framework
regions” or “FR” are known in the art to refer to the non-CDR portions of the variable regions
of the heavy and light chains. In general, there are four FRs in each heavy chain variable
region (FR-H1, FR-H2, FR-H3, and FR-H4), and four FRs in each light chain variable region
(FR-L1, FR-L2, FR-L3, and FR-L4).

The precise amino acid sequence boundaries of a given CDR or FR can be readily
determined using any of a number of well-known schemes, including those described by Kabat
etal. (1991), “Sequences of Proteins of Immunological Interest,” 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, MD. (“Kabat” numbering scheme), Al-Lazikani et al.,
(1997) JMB 273, 927-948 (“Chothia” numbering scheme), MacCallum et al., J. Mol. Biol.
262:732-745 (1996), “Antibody-antigen interactions: Contact analysis and binding site
topography,” J. Mol. Biol. 262, 732-745. (“Contact” numbering scheme), Lefranc M. P. et al.,
“IMGT unigue numbering for immunoglobulin and T cell receptor variable domains and Ig
superfamily V-like domains,” Dev. Comp. Immunol., 2003 January; 27(1):55-77 (“IMGT"
numbering scheme), and Honegger A. and Pluckthun A., “Yet another numbering scheme for
immunoglobulin variable domains: an automatic modeling and analysis tool,” J. Mol. Biol.,
2001 Jun. 8; 309(3):657-70, (AHo numbering scheme).

The boundaries of a given CDR or FR may vary depending on the scheme used for
identification. For example, the Kabat scheme is based on sequence alignments, while the
Chothia scheme is based on structural information. Numbering for both the Kabat and Chothia
schemes is based upon the most common antibody region sequence lengths, with insertions
accommodated by insertion letters, for example, “30a,” and deletions appearing in some
antibodies. The two schemes place certain insertions and deletions (“indels”) at different
positions, resulting in differential numbering. The Contact scheme is based on analysis of
complex crystal structures and is similar in many respects to the Chothia numbering scheme.

As used herein, the term “single chain variable fragment” (scFv) refers to a fusion
protein comprising at least one antibody fragment comprising a variable region of a light chain
and at least one antibody fragment comprising a variable region of a heavy chain, wherein the
light and heavy chain variable regions are contiguously linked via a short flexible polypeptide
linker, and capable of being expressed as a single chain polypeptide, and wherein the scFv
retains the specificity of the intact antibody from which it is derived. Unless specified, as used
herein an scFv may have the VL and VH variable regions in either order, e.g., with respect to
the N-terminal and C-terminal ends of the polypeptide, the scFv may comprise VL-linker-VH

or may comprise VH-linker-VL.
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The term “human antibody,” as used herein, is intended to include antibodies having
variable and constant regions derived from human germline immunoglobulin sequences. The
human mAbs of the disclosure may include amino acid residues not encoded by human
germline immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo), for example in the CDRs and in particular
CDR3. However, the term “human antibody,” as used herein, is not intended to include mAbs
in which CDR sequences derived from the germline of another mammalian species (e.g.,
mouse), have been grafted onto human FR sequences. The term includes antibodies
recombinantly produced in a non-human mammal, or in cells of a non-human mammal. The
term is not intended to include antibodies isolated from or generated in a human subject.

The term “multispecific antigen-binding molecules,” as used herein refers to bispecific,
tri-specific or multispecific antigen-binding molecules, and antigen-binding fragments thereof.
Multispecific antigen-binding molecules may be specific for different epitopes of one target
polypeptide or may contain antigen-binding domains specific for epitopes of more than one
target polypeptide. A multispecific antigen-binding molecule can be a single multifunctional
polypeptide, or it can be a multimeric complex of two or more polypeptides that are covalently
or non-covalently associated with one another. The term “multispecific antigen-binding
molecules” includes antibodies of the present disclosure that may be linked to or co-expressed
with another functional molecule, e.g., another peptide or protein. For example, an antibody
or fragment thereof can be functionally linked (e.g., by chemical coupling, genetic fusion, non-
covalent association or otherwise) to one or more other molecular entities, such as a protein
or fragment thereof to produce a bi-specific or a multispecific antigen-binding molecule with a
second binding specificity. According to the present disclosure, the term “multispecific
antigen-binding molecules” also includes bispecific, trispecific or multispecific antibodies or
antigen-binding fragments thereof. In certain exemplary embodiments, an antibody of the
present disclosure is functionally linked to another antibody or antigen-binding fragment
thereof to produce a bispecific antibody with a second binding specificity.

The term “valency” or “valent”, as used herein, denotes the presence of a number of
binding sites in an antibody molecule. For example, the term bivalent indicates the presence
of two binding sites. In some embodiments, the antibody molecule could be multivalent. As
such, the term trivalent indicates three binding sites; the term tetravalent indicates four binding
sites. In some embodiments, there may be more than four binding sites. In some
embodiments, the binding sites may bind to the same antigen. In some embodiments, the
binding sites bind to different antigens.

In some embodiments, the multivalent antibody molecules of the invention are multi-

chain molecules with one or more binding sites in each chain.

24



10

15

20

25

30

35

WO 2024/211796 PCT/US2024/023386

For example, in one embodiment, the multivalent binding molecule is a bivalent
molecule with one binding site (e.g., a VHH or scFV) in a first chain and a second binding site
in a second chain. In another embodiment, the multivalent binding molecule is a bivalent
molecule with two binding sites in a first chain and no binding sites in the second chain.

In another embodiment, the multivalent binding molecule is a trivalent molecule with
one binding site (e.g., a VHH or scFV) in a first chain and a second and third binding site in a
second chain. In another embodiment, the multivalent binding molecule is a trivalent
molecule with three binding sites in a first chain and no binding sites in a second chain.

In another embodiment, the multivalent binding molecule is a tetravalent molecule with
two binding sites in a first chain and two binding sites in a second chain. In another
embodiment, the multivalent binding molecule is a tetravalent molecule with three binding sites
in a first chain and one binding site in a second chain. In another embodiment, the multivalent
binding molecule is a tetravalent molecule with four binding sites in a first chain and no binding
sites in a second chain.

In exemplary embodiments, the heteromeric antibodies of the present disclosure are
bispecific antibodies. Bispecific antibodies can be monoclonal, e.g., human or humanized,
antibodies that have binding specificities for at least two different antigens.

Methods for making bispecific antibodies are well-known.  Traditionally, the
recombinant production of bispecific antibodies was based on the co-expression of two
immunoglobulin heavy chain/light chain pairs, where the two heavy chains have different
specificities (Milstein et al., Nature 305:537 (1983)). Because of the random assortment of
immunoglobulin heavy and light chains, the hybridomas (quadromas) produce a potential
mixture of ten different antibody molecules, of which only one has the correct bispecific
structure. The purification of the correct molecule is usually accomplished by affinity
chromatography steps. More modern techniques for generating bispecific antibodies employ
heterodimerization domains that favor desired pairing of heavy chain from the antibody with a
first specificity to the heavy chain of an antibody with a second specificity.

Antibody variable domains with the desired binding specificities can be fused to
immunoglobulin constant domain sequences. The fusion typically is with an immunoglobulin
heavy chain constant domain, comprising at least part of the hinge, CH2, and CH3 regions. It
may have the first heavy chain constant region (CH1) containing the site necessary for light
chain binding present in at least one of the fusions. DNAs encoding the immunoglobulin heavy
chain fusions and, if desired, the immunoglobulin light chain, are inserted into separate
expression vectors, and are co-transformed into a suitable host organism. For further details
of generating bispecific antibodies see, for example Suresh et al., Meth. Enzymol. 121:210
(1986).
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As used herein, the term “Fc¢” refers to a polypeptide comprising a CH2 domain and a
CH3 domain, wherein the C-terminus of the CH2 domain is linked (directly or indirectly) to the
N-terminus of the CH3 domain. The term “Fc polypeptide” includes an antibody heavy chain
linked to an antibody light chain by disulfide bonds (e.g., to form a half-antibody).

In certain embodiments, an Fc chain begins in the hinge region just upstream of the
papain cleavage site and ends at the C-terminus of the antibody. Accordingly, a complete Fc
chain comprises at least a hinge domain, a CH2 domain, and a CH3 domain. In certain
embodiments, an Fc chain comprises at least one of: a hinge (e.g., upper, middle, and/or lower
hinge region) domain, a CH2 domain, a CH3 domain, a CH4 domain, or a variant, portion, or
fragment thereof. In certain embodiments, an Fc domain comprises a complete Fc chain (i.e.,
a hinge domain, a CH2 domain, and a CH3 domain). In certain embodiments, an Fc chain
comprises a hinge domain (or portion thereof) fused to a CH3 domain (or portion thereof). In
certain embodiments, an Fc chain comprises a CH2 domain (or portion thereof) fused to a
CH3 domain (or portion thereof). In certain embodiments, an Fc chain consists of a CH3
domain or portion thereof. In certain embodiments, an Fc chain consists of a hinge domain (or
portion thereof) and a CH3 domain (or portion thereof). In certain embodiments, an Fc chain
consists of a CH2 domain (or portion thereof) and a CH3 domain. In certain embodiments, an
Fc chain consists of a hinge domain (or portion thereof) and a CH2 domain (or portion thereof).
In certain embodiments, an Fc chain lacks at least a portion of a CH2 domain (e.g., all or part
of a CH2 domain). An Fc chain herein generally refers to a polypeptide comprising all or part
of the Fc chain of an immunoglobulin heavy-chain. This includes, but is not limited to,
polypeptides comprising the entire CH1, hinge, CH2, and/or CH3 domains as well as
fragments of such peptides comprising only, e.g., the hinge, CH2, and CH3 domain. The Fc
chain may be derived from an immunoglobulin of any species and/or any subtype, including,
but not limited to, a human 1gG1, 19G2, 19G3, 1gG4, IgD, IgA, IgE, or IgM antibody. The Fc
domain encompasses hative Fc and Fc variant molecules. As with Fc variants and native Fc's,
the term Fc chain includes molecules in monomeric or multimeric form, whether digested from
whole antibody or produced by other means. In some embodiment, the Fc chain comprises
the carboxy-terminal portions of both heavy chains held together by disulfides. In certain
embodiments, an Fc chain consists of a CH2 domain and a CH3 domain.

In some embodiments, an Fc polypeptide comprises part or all of a wild-type hinge
sequence (generally at its N-terminal). In some embodiments, an Fc polypeptide does not
comprise a functional or wild-type hinge sequence.

As used herein, the term “CH1 domain” refers to the first constant domain of an
antibody heavy chain (e.g., amino acid positions 118-215 of human IgG1, according to the EU
index). The term includes naturally occurring CH1 domains and engineered variants of

naturally occurring CH1 domains (e.g., CH1 domains comprising one or more amino acid
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insertions, deletions, substitutions, or maodifications relative to a naturally occurring CH1
domain).

As used herein, the term “CH2 domain” refers to the second constant domain of an
antibody heavy chain (e.g., amino acid positions 231-340 of human 1gG1, according to the EU
index). The term includes naturally occurring CH2 domains and engineered variants of
naturally occurring CH2 domains (e.g., CH2 domains comprising one or more amino acid
insertions, deletions, substitutions, or modifications relative to a naturally occurring CH2
domain).

As used herein, the term “CH3 domain” refers to the third constant domain of an
antibody heavy chain (e.g., amino acid positions 341-447 of human IgG1, according to the EU
index). The term includes naturally occurring CH3 domains and engineered variants of
naturally occurring CH3 domains (e.g., CH3 domains comprising one or more amino acid
insertions, deletions, substitutions, or modifications relative to a naturally occurring CH3
domain).

As used herein, the term “hinge region” refers to the portion of an antibody heavy chain
comprising the cysteine residues (e.g., the cysteine residues at amino acid positions 226 and
229 of human IgG1, according to the EU index) that mediate disulfide bonding between two
heavy chains in an intact antibody. The term includes naturally occurring hinge regions and
engineered variants of naturally occurring hinge regions (e.g., hinge regions comprising one
or more amino acid insertions, deletions, substitutions, or modifications relative to a naturally
occurring hinge regions). An exemplary full-length IgG1 hinge region comprises amino acid
positions 216-230 of human 1gG1, according to the EU index. A hinge region may consist of
at least 2 (e.g., 5, 10, 15, 20, 40, 60 or more) amino acids which result in a flexible or semi-
flexible linkage between adjacent variable regions and/or constant domains in a single
polypeptide molecule. In some embodiments, the hinge region is an immunoglobulin-like hinge
region. In some embodiments, the immunoglobulin-like hinge region can be from or derived
from any IgG1, 1gG2, 19G3, or IgG4 subtype, or from IgA, IgE, IgD or IgM, including chimeric
forms thereof, e.g., a chimeric IgG1/2 hinge region.

In some embodiments, the hinge region can be from the human IgG1 subtype
extending from amino acid 216 to amino acid 230 according to the numbering system of the
EU index, or from amino acid 226 to amino acid 243 according to the numbering system of
Kabat. Those skilled in the art may differ in their understanding of the exact amino acids
corresponding to the various domains of the IgG molecule. Thus, the N-terminal or C-terminal
of the domains outlined above may extend or be shortened by 1, 2, 3, 4,5, 6, 7, 8, 9, or even
10 amino acids.

The term “upper hinge” as used herein typically refers to the last residue of the CH1

domain up to but not including the first inter-heavy chain cysteine. The upper hinge can
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sometimes be defined as the N-terminal sequence from position 216 to position 225 according
to the Kabat EU numbering system of an 1gG1 antibody (Kabat et al., Sequences of Proteins
of Immunological Interest, 5th Ed. Public Health Service, National Institute of Health,
Bethesda, Md., 1991). The term “middle hinge” refers to the region extending from the first
inter-heavy chain cysteine to a proline residue adjacent to the carboxyl-end of the last middle
hinge cysteine. The middle hinge can be the N-terminal sequence from position 226 to
position 230 according to the Kabat EU numbering system. The term “lower hinge” refers to a
highly conserved 7-8 amino acids. The lower hinge can be defined as the sequence from
position 231 to 238 according the Kabat EU numbering system of an IgG1 antibody. In some
embodiments, the antibody according to the present invention effectively comprises an upper,
a middle, and a lower hinge.

As used herein, the term "a modified hinge region" refers to a hinge region in which
alterations are made in one or more of the characteristics of the hinge, including, but not
limited to, flexibility, length, conformation, charge and hydrophobicity relative to a wild-
type hinge. The modified hinge regions disclosed herein may be generated by methods well
known in the art, such as, for example introducing a modification into a wild-type hinge. In
some embodiments, the hinge region may be modified by one or more amino acids.
Modifications which may be utilized to generate a modified hinge region include, but are not
limited to, amino acid insertions, deletions, substitutions, and rearrangements. Said
modifications of the hinge and the modified hinge regions disclosed are referred to herein
jointly as “hinge modifications of the invention”, “modified hinge(s) of the invention” or simply
“hinge modifications” or “modified hinge(s).” The modified hinge regions disclosed herein may
be incorporated into a molecule of choice including, but not limited to, antibodies and
fragments thereof. In some embodiments, the hinge region may be truncated and contain
only a portion of the full hinge region.

As demonstrated herein, molecules comprising a modified hinge may exhibit altered
(e.g., enhanced) agonistic activity when compared to a molecule having the same amino acid
sequence except for the modified hinge, such as, for example, a molecule having the same
amino acid sequence except comprising a wild type hinge. In some embodiments, the
antibody comprises a modified hinge region wherein the upper hinge region is up to 7 amino
acids in length. In some embodiments, the upper hinge region is absent. In some
embodiments, the modified hinge is a modified 1gG1 linker. In some embodiments, the
modified IgG1 hinge is derived from the sequence PLAPDKTHT (SEQ ID NO: 1). In some
embodiments, the modified IgG1 hinge comprises the sequence PLAP (SEQ ID NO: 2). In
some embodiments, the modified IgG1 hinge comprises the sequence DKTHT (SEQ ID NO:
5). In some embodiments, the modified hinge is a modified IgG4 hinge. In some
embodiments, the modified IgG1 hinge comprises the sequence EKSYGPP (SEQ ID NO: 4).
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In some embodiments, the modified hinge is a Gly/Ser hinge. In some embodiments, the
Gly/Ser hinge comprises the sequence GGGGSGGGGSGGGGSGGGGS (SEQ ID NO: 3). In
some embodiments, the C-terminal residues of the variable domain adjacent to the upper
hinge are truncated. In some embodiments, at least one residue of the variable domain
adjacent to the upper hinge is truncated. In some embodiments, at least two residues of the
variable domain adjacent to the upper hinge is truncated.

The modified hinge region of the disclosure may be used as a linker to attach one or
more antigen binding domains of the disclosure. In certain embodiments, a first variable heavy
chain domain (VH1) linked to a second variable heavy chain domain (VH2) via at least one
modified hinge region. In certain embodiments, a first variable light chain domain (VL1) linked
to a second variable light chain domain (VL2) via at least one modified hinge region. The VH1
and VL1 associate to form a first antigen binding domain and the VH2 and VL2 associate to
form a second antigen binding domain. In other embodiments, a first scFv is linked to a second
scFv via at least one modified hinge region.

In certain embodiments, the multispecific binding proteins of the disclosure (i.e.,
multispecific binding proteins having at least a first antigen binding protein and a second
antigen binding protein) have greater agonist activity compared to a multispecific binding
protein that lacks at least one modified hinge region. For example, but in no way limiting, a
multispecific binding protein having a VH1 linked to a VH2 via at least one modified hinge
region and/or a VL1 linked to a VL2 via at least one modified hinge region may possess greater
agonist activity of a target receptor pair (e.g., ALK1 and any one of BMPRII, ActRIIA, and
ActRIIB), than the same multispecific binding protein that does not have the at least one
modified hinge region.

As used herein, the term “EU index” refers to the EU numbering convention for the
constant regions of an antibody, as described in Edelman, GM. et al., Proc. Natl. Acad. USA,
63, 78-85 (1969) and Kabat et al., Sequences of Proteins of Immunological Interest, U.S. Dept.
Health and Human Services, 5th edition, 1991, each of which is herein incorporated by
reference in its entirety. All numbering of amino acid positions of the Fc polypeptides, or
fragments thereof, used herein is according to the EU index. As used herein, the term “linker”
refers to 0-100 contiguous amino acid residues. The linkers are, present or absent, and same
or different. Linkers comprised in a protein or a polypeptide may all have the same amino acid
sequence or may have different amino acid sequences.

In some embodiments, the term “linker” refers to 1-100 contiguous amino acid
residues. Typically, a linker provides flexibility and spatial separation between two amino acids
or between two polypeptide domains. A linker may be inserted between VH, VL, CH and/or
CL domains to provide sufficient flexibility and mobility for the domains of the light and heavy

chains depending on the format of the molecule. A linker is typically inserted at the transition
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between variable domains between variable and knockout domain, or between variable and
constant domains, respectively, at the amino sequence level. The transition between domains
can be identified because the approximate sizes of the immunoglobulin domains are well
understood. The precise location of a domain transition can be determined by locating peptide
stretches that do not form secondary structural elements such as beta-sheets or alpha-helices
as demonstrated by experimental data or as can be determined by techniques of modeling or

secondary structure prediction.

As used herein, the term “specifically binds,” “specifically binding,” “binding specificity”
or “specifically recognized” refers that an antigen binding protein or antigen-binding fragment
thereof that exhibits appreciable affinity for an antigen (e.g., a BMPR Type | receptor or BMPR
Type Il receptor antigen) and does not exhibit significant cross reactivity to a target that is not
a BMPR Type | receptor or a BMPR Type |l receptor protein. As used herein, the term “affinity”
refers to the strength of the interaction between an antigen binding protein or antigen-binding
fragment thereof antigen binding site and the epitope to which it binds. In certain exemplary
embodiments, affinity is measured by surface plasmon resonance (SPR), e.g., in a Biacore
instrument. As readily understood by those skilled in the art, an antigen binding protein affinity
may be reported as a dissociation constant (KD) in molarity (M). The antigen binding protein
or antigen-binding fragment thereof of the disclosure have KD values in the range of about 10
5M to about 1072 M (i.e., low micromolar to picomolar range), about 107 M to 10" M, about
10® M to about 107"° M, about 10° M. In certain embodiments, the antigen binding protein or
antigen-binding fragment thereof has a binding affinity of about 10° M ,10€ M, 107 M, 10 M,
10° M, 10" M, 10" M, or 102 M. In certain embodiments, the antigen binding protein or
antigen-binding fragment thereof has a binding affinity of about 107 M to about 10° M
(nanomolar range).

Specific binding can be determined according to any art-recognized means for
determining such binding. In some embodiments, specific binding is determined by
competitive binding assays (e.g., ELISA) or Biacore assays. In certain embodiments, the
assay is conducted at about 20°C, 25°C, 30°C, or 37°C.

As used herein, “administer” or “administration” refers to the act of injecting or
otherwise physically delivering a substance as it exists outside the body (e.g., an isolated
binding polypeptide provided herein) into a patient, such as by, but not limited to, pulmonary
(e.g., inhalation), mucosal (e.g., intranasal), intradermal, intravenous, intramuscular delivery
and/or any other method of physical delivery described herein or known in the art. When a
disease, or a symptom thereof, is being managed or treated, administration of the substance
typically occurs after the onset of the disease or symptoms thereof. When a disease, or

symptom thereof, is being prevented, administration of the substance typically occurs before
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the onset of the disease or symptoms thereof and may be continued chronically to defer or
reduce the appearance or magnitude of disease-associated symptoms.

As used herein, the term “composition” is intended to encompass a product containing
the specified ingredients (e.g., an isolated binding polypeptide provided herein) in, optionally,
the specified amounts, as well as any product which results, directly or indirectly, from
combination of the specified ingredients in, optionally, the specified amounts.

“Effective amount” means the amount of active pharmaceutical agent (e.g., an isolated
binding polypeptide of the present disclosure) sufficient to effectuate a desired physiological
outcome in an individual in need of the agent. The effective amount may vary among
individuals depending on the health and physical condition of the individual to be treated, the
taxonomic group of the individuals to be treated, the formulation of the composition,
assessment of the individual's medical condition, and other relevant factors.

As used herein, the terms “subject” and “patient” are used interchangeably. As used
herein, a subject can be a mammal, such as a non-primate (e.g., cows, pigs, horses, cats,
dogs, rats, mice, etc.) or a primate (e.g., monkey and human). In certain embodiments, the
term “subject,” as used herein, refers to a vertebrate, such as a mammal. Mammals include,
without limitation, humans, non-human primates, wild animals, feral animals, farm animals,
sport animals, and pets.

As used herein, the term “therapy” refers to any protocol, method and/or agent that
can be used in the prevention, management, treatment and/or amelioration of a disease or a
symptom related thereto. In some embodiments, the term “therapy” refers to any protocol,
method and/or agent that can be used in the modulation of an immune response to an infection
in a subject or a symptom related thereto. In some embodiments, the terms “therapies” and
“therapy” refer to a biological therapy, supportive therapy, and/or other therapies useful in the
prevention, management, treatment and/or amelioration of a disease or a symptom related
thereto, known to one of skill in the art such as medical personnel. In other embodiments, the
terms “therapies” and “therapy” refer to a biological therapy, supportive therapy, and/or other
therapies useful in the modulation of an immune response to an infection in a subject or a
symptom related thereto known to one of skill in the art such as medical personnel.

As used herein, the terms “treat,” “treatment” and “treating” refer to the reduction or
amelioration of the progression, severity, and/or duration of a disease or a symptom related
thereto, resulting from the administration of one or more therapies (including, but not limited
to, the administration of one or more prophylactic or therapeutic agents, such as an isolated
binding polypeptide provided herein). The term “treating,” as used herein, can also refer to
altering the disease course of the subject being treated. Therapeutic effects of treatment
include, without limitation, preventing occurrence or recurrence of disease, alleviation of

symptom(s), diminishment of direct or indirect pathological consequences of the disease,
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decreasing the rate of disease progression, amelioration or palliation of the disease state, and
remission or improved prognosis.
The term “about” or “approximately” means within about 20%, such as within about

10%, within about 5%, or within about 1% or less of a given value or range.

BMPR Type | Receptors and BMPR Type Il Receptors

Bone morphogenetic protein (BMP) Type | and Type Il receptors are serine-threonine
kinase transmembrane signal transduction proteins that regulate a vast array of ligand-
dependent cell-fate decisions with temporal and spatial fidelity during development and
postnatal life. The activation of the receptors, induced by first binding to their ligand (BMPs)
and then heterodimerizing, triggers intracellular signaling that is initiated by phosphorylation
of receptor-regulated SMAD1, 5, and 8 (R-SMADs). These activated R-SMADs form
heteromeric complexes with SMAD4, which engage in specific transcriptional responses.

As used herein, the term “ALK1” refers to the activin A receptor like type 1, a BMP
Type | receptor. Alternative terms for ALK1 include ACVRLK1, Serine/threonine-protein
kinase receptor R3, TGF-B superfamily receptor type |, and HHT2. The ALK1 protein is
encoded by the gene ACVRL1. The ALK1 protein comprises human, murine, and further
mammalian homologues. Sequence(s) for human ALK1 are accessible via UniProt Identifier
P37023 (ACVL1 HUMAN), for instance human isoform P37023-1. Sequence(s) for murine
ALK1 are accessible via UniProt Identifier Q61288 (ACVL1 MOUSE). The term “ALK1” may
encompass different isoforms and variants that may exist for different species and are all
comprised by the term ALK1. In addition, the term “ALK1” may include synthetic variants of
the ALK1 protein produced, e.g. by introducing at least one mutation. The protein ALK1 may
furthermore be subject to various modifications, e.g, synthetic or naturally occurring
modifications. Naturally occurring mutations in the ALK1 gene are associated with hereditary
hemorrhagic telangiectasia (HHT) type 2, wherein patients suffer pulmonary hypertension,
daily epistaxis, strokes, and emboli.

The term "BMPRII" refers to the protein Bone morphogenetic protein receptor type 2.
Alternative names comprise BMP type-2 receptor, Bone morphogenetic protein receptor type
II, BMP type Il receptor, BMR2, PPH1, BMPR3, BRK-3, POVD1, T-ALK, BMPRII and BMPR-
IIl. The BMPRII protein is encoded by the gene BMPR2. The BMPRII protein comprises
human, murine, and further mammalian homologues. Sequence(s) for human BMPRII are
accessible via UniProt Identifier Q13873 (BMPRII HUMAN), for instance human isoform 1
(identifier: QI 3873-1), and human isoform 2 (identifier: Q13873-2). Sequence(s) for murine
BMPRII are accessible via UniProt Identifier 035607 (BMPRII MOUSE). Different isoforms and
variants may exist for the different species and are all comprised by the term BMPRII. In

addition, synthetic variants of the BMPRII protein may be generated, e.g. by introducing at
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least one mutation, and are comprised by the term BMPRIl. The protein BMPRII may
furthermore be subject to various modifications, e.g, synthetic or naturally occurring
modifications.

As used herein, the term “ActRIIA” refers to a family of activin receptor type IIA
(ActRIIA) proteins from any species and variants derived from such ActRIIA proteins by
mutagenesis or other modification. Reference to ActRIIA herein is understood to be a
reference to any one of the currently identified forms. Members of the ActRIIA family are
generally transmembrane proteins, composed of a ligand-binding extracellular domain
comprising a cysteine-rich region, a transmembrane domain, and a cytoplasmic domain with
predicted serine/threonine kinase activity. The term “ActRIIA” includes polypeptides
comprising any naturally occurring polypeptide of an ActRIIA family member as well as any
variants thereof (including mutants, fragments, fusions, and peptidomimetic forms) that retain
a useful activity.

As used herein, the term “ActRIIB” refers to a family of activin receptor type 1IB
(ActRIIB) proteins from any species and variants derived from such ActRIIB proteins by
mutagenesis or other modification. Reference to ActRIIB herein is understood to be a
reference to any one of the currently identified forms. Members of the ActRIIB family are
generally transmembrane proteins, composed of a ligand-binding extracellular domain
comprising a cysteine-rich region, a transmembrane domain, and a cytoplasmic domain with
predicted serine/threonine kinase activity. The term “ActRIIA” includes polypeptides
comprising any naturally occurring polypeptide of an ActRIIB family member as well as any
variants thereof (including mutants, fragments, fusions, and peptidomimetic forms) that retain
a useful activity. Examples of such variant ActRIIB polypeptides are provided throughout the
present disclosure as well as in International Patent Application Publication Nos. WO
2006/012627 and WO 2008/097541, which are incorporated herein by reference in its entirety.

ALK1/BMPRII, ActRIIA or ActRIIB Bispecific Antibodies

Bispecific antibodies as provided herein promote the heterodimerization of ALK1 and
a BMP Type Il receptor, such as BMPRII, ActRIIA, and ActRIIB. Bispecific antibodies
according to the current invention can be produced with high yields. The bispecific antibodies
or their binding domains can be easily maturated, or screening approaches can be used to
detect binders with optimized binding capabilities. For bispecific antibodies, each binding site
can be optimized individually. Finally, even in the absence of downstream signaling, e.g. due
to a genetic defect, an antibody approach could still be able to rescue the ALK1/BMPRII,
ALK1/ActRIIA, or the ALK1 ActRIIB signaling cascade.

The antibodies disclosed herein specifically bind to ALK1 and BMPRII, ActRIIA, or
ActRIIB; i.e., they bind to their targets with an affinity that is higher (e.g., at least two-fold
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higher) than their binding affinity for an irrelevant antigen (e.g., bovine serum albumin (BSA),
casein).

As used herein, the term “inducing proximity” between ALK1 and BMPRII, ActRIIA, or
ActRIIB refers to bringing ALK1 and any one of BMPRII, ActRIIA, or ActRIIB together such
that the ALK1/BMPRII, ALK1/ActRIIA, or the ALK1/ActRIIB signaling cascade is stimulated. In
certain embodiments, the proximity induced by the multispecific binding proteins of the
disclosure is the same or similar to the proximity induced when BMP9 brings ALK1 and
BMPRII together. Stimulation of the ALK1/BMPRII, ALK1/ActRIIA, or the ALK1/ActRIIB
signaling cascade may be detected through any of the downstream results of said signaling
cascade, including, but not limited to, detection of phosphorylated SMAD proteins (e.g.
pSMAD1, pSMAD5, and/or pSMADS8), and detection of gene expression associated with said
signaling cascade. Genes that have been previously shown to be upregulated from the
ALK1/BMPRII, ALK1/ActRIIA, or the ALK1/ActRIIB signaling cascade include, but are not
limited to, ID1, ID3, and TMEM100.

The bispecific antibodies of the disclosure are exemplified by numerous ALK1/BMPRII
bispecific antibodies in the working examples, however the technical effect of the exemplified
bispecific antibodies (i.e., inducing agonism) is expected to extend to ALK1/ActRIIA and
ALK1/ActRIIB bispecific antibodies as well. One of skill in the art will appreciate that the
technical effect of inducing proximity between ALK1 and BMPRII with a ALK1/BMPRII
bispecific antibody, and the subsequent activation of the receptor complex, will extend to
ALK1/ActRIIA and ALK1/ActRIIB bispecific antibodies that also induce proximity between
ALK1 and ActRIIA and ALK1 and ActRIIB.

The bispecific antibodies of the disclosure may employ at least one modified hinge
region. The modified hinge region serves as a linker to connect different domains of the
bispecific antibody. In certain embodiments, the modified hinge region links a first variable
heavy chain domain (VH1) to a second variable heavy chain domain (VH2), and/or the
modified hinge region links a first variable light chain domain (VL1) linked to a second variable
light chain domain (VL2). In another embodiment, the modified hinge region links a first scFv
to a second scFv. In certain embodiments, the modified hinge region comprises; i) an upper
hinge region of up to 7 amino acids in length or is absent; and ii) a lower hinge region. In
certain embodiments, the modified hinge region comprises or consists of an amino acid
sequence of PLAP or PAPNLLGGP.

The bispecific antibodies of the disclosure (e.g., multispecific binding proteins) have
greater agonist activity compared to a bispecific antibody that lacks at least one modified hinge
region. Agonist activity may be measured using a specific receptor potency assay (e.g.,
Pathhunter U20S dimerization assay (DiscoverX) Potency assays (e.g., Pathhunter) involve
a cell line (e.g., U208S) that expresses the target receptors of interest. The binding of the
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bispecific antibodies to the receptors triggers a signaling cascade leading to the expression of
a reporter gene which can be quantified.

The bispecific antibodies of the disclosure (e.g., multispecific binding proteins) induce
at least about 35% of the activity of BMP9. In certain embodiments, bispecific antibodies of
the disclosure (e.g., multispecific binding proteins) induce at least about 40% of the activity of
BMP9. In certain embodiments, bispecific antibodies of the disclosure (e.g., multispecific
binding proteins) induce at least about 40% of the activity of BMP9. In certain embodiments,
bispecific antibodies of the disclosure (e.g., multispecific binding proteins) induce at least
about 45% of the activity of BMP9. In certain embodiments, bispecific antibodies of the
disclosure (e.g., multispecific binding proteins) induce at least about 50% of the activity of
BMP9. In certain embodiments, bispecific antibodies of the disclosure (e.g., multispecific
binding proteins) induce at least about 55% of the activity of BMP9. In certain embodiments,
bispecific antibodies of the disclosure (e.g., multispecific binding proteins) induce at least
about 60% of the activity of BMP9. In certain embodiments, bispecific antibodies of the
disclosure (e.g., multispecific binding proteins) induce at least about 65% of the activity of
BMP9. In certain embodiments, bispecific antibodies of the disclosure (e.g., multispecific
binding proteins) induce at least about 70% of the activity of BMP9. In certain embodiments,
bispecific antibodies of the disclosure (e.g., multispecific binding proteins) induce at least
about 75% of the activity of BMP9. In certain embodiments, bispecific antibodies of the
disclosure (e.g., multispecific binding proteins) induce at least about 80% of the activity of
BMP9.

In certain embodiments, the activity of BMP9 is determined by measuring
phosphorylated SMAD1 (pSMAD1) levels, measuring phosphorylated SMAD5 (pSMADS5)
levels, and/or measuring phosphorylated SMAD8 (pSMADS8) levels in cells incubated with the
multispecific binding protein and/or in cells incubated with BMP9. Phosphorylated SMAD
levels (i.e., pSMAD1, pSMAD5, and pSMAD8) may be detected using an enzyme-linked
immunosorbent assay (ELISA). Briefly, a first population of cells (e.g., HUVEC cells) is
incubated with a bispecific antibody of the disclosure and a second population of cells (e.g.,
HUVEC cells) is incubated with BMP9. Following an incubation time, cells are lysed and the
cell lysate is analyzed using an antibody against the phosphorylated SMAD protein (i.e.,
pSMAD1, pSMADS5, or pSMAD8). Antibody binding is detected (such as through a fluorescent
signal) and quantified. The level of the phosphorylated SMAD protein in the first population of
cells is then compared to the level of the phosphorylated SMAD protein in the second
population of cells to determine the % activity of the bispecific antibody relative to BMP9.

The bispecific antibodies of the disclosure (e.g., multispecific binding proteins) are
capable of stimulating expression of a gene selected from ID1, ID3, and TMEM100 in a cell.
The expression of ID1, ID3, and/or TMEM100 in the cell is at least 50% relative to ID1, ID3,

and/or TMEM100 expression from a cell incubated with BMP9. In certain embodiments, the
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expression of ID1, ID3, and/or TMEM100 in the cell is at least equal to ID1, ID3, and/or
TMEM100 expression from a cell incubated with BMP9. In certain embodiments, the
expression of ID1, ID3, and/or TMEM100 in the cell is at least 1.5-fold greater than ID1, ID3,
and/or TMEM100 expression from a cell incubated with BMP9. In certain embodiments, the
expression of ID1, ID3, and/or TMEM100 in the cell is at least 2-fold greater than ID1, ID3,
and/or TMEM100 expression from a cell incubated with BMP9. In certain embodiments, the
expression of ID1, ID3, and/or TMEM100 in the cell is at least 3-fold greater than ID1, ID3,
and/or TMEM100 expression from a cell incubated with BMP9. In certain embodiments, the
expression of ID1, ID3, and/or TMEM100 in the cell is at least 4-fold greater than ID1, ID3,
and/or TMEM100 expression from a cell incubated with BMP9. In certain embodiments, the
expression of ID1, ID3, and/or TMEM100 in the cell is at least 5-fold greater than ID1, ID3,
and/or TMEM100 expression from a cell incubated with BMP9. In certain embodiments, the
expression of ID1, ID3, and/or TMEM100 in the cell is at least 6-fold greater than ID1, ID3,
and/or TMEM100 expression from a cell incubated with BMP9.

Detection of ID1, ID3, and TMEM100 expression may be achieved using standard
molecular biology technigues and PCR. Briefly, a first population of cells (e.g., HUVEC cells
or HMEC-1 cells) is incubated with a bispecific antibody of the disclosure and a second
population of cells (e.g., HUVEC cells or HMEC-1 cells) is incubated with BMP9. Following an
incubation time, MRNA from the cells is isolated, cDNA is generated, and PCR is performed
to detect the levels of ID1, ID3, and/or TMEM100 relative to a control gene, such as GAPDH.
The level of ID1, ID3, and/or TMEM100 in the first population of cells is then compared to the
level of ID1, ID3, and/or TMEM100 in the second population of cells.

Thermostability

Certain bispecific antibodies of the disclosure (e.g., multispecific binding proteins)
possess improved thermostability relative to other antibodies of the disclosure. For example,
bispecific antibodies designated DGL947 (comprising a first polypeptide chain of SEQ ID NO:
139 and a second polypeptide chain of SEQ ID NO: 146) and DGL949 (comprising a first
polypeptide chain of SEQ ID NO: 141 and a second polypeptide chain of SEQ ID NO: 146)
possess improved thermostability relative to bispecific antibodies designated DGL945 and
DGL1146. As used herein,
improved thermostability” refers to a higher melting temperature. The melting temperature
may be the melting temperature onset of unfolding (Tonset) and/or the melting temperature
thermal transition midpoint (Tm).

In certain embodiments, the melting temperature onset of unfolding (Tonset) of the
bispecific antibodies of the disclosure is at least about 50 °C, at least about 51 °C, at least
about 52 °C, at least about 53 °C, at least about 54 °C, at least about 55 °C, at least about 56
°C, at least about 57 °C, at least about 58 °C, at least about 59 °C, or at least about 60 °C.
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In certain embodiments, the melting temperature thermal transition midpoint (Tm) of
the bispecific antibodies of the disclosure is at least about 63 °C, at least about 64 °C, at least
about 65 °C, at least about 66 °C, at least about 67 °C, at least about 68 °C, at least about 69
°C, at least about 70 °C, at least about 71 °C, or at least about 72 °C.

The Tonset and Tm of the bispecific antibodies of the disclosure is determined by

differential scanning calorimetry (DSC).
In some embodiments according to the first aspect, the bispecific antibodies

specifically bind an extracellular domain of ALK1 and/or an extracellular domain of BMPRII,
ActRIIA, OR ActRIIB. In some embodiments, the ALK1 is human ALK1 or a fragment thereof,
and/or the BMPRII, ActRIIA, or ActRIIB is human BMPRII, ActRIIA, or ActRIIB or a fragment
thereof. In some embodiments, the bispecific antibody binds an extracellular domain of human
ALK1 or a fragment thereof and/or an extracellular domain of human BMPRII or a fragment
thereof.

In some embodiments, the bispecific antibody binds to ALK1 with a Kd of at most about
10 M to about 10 M (e.g., 10 M, 1045 M, 10° M, 1055 M, 10° M, 10%° M, 107 M, 1075
M, 108 M, 1085 M, 10° M, 10°° M, 101° M, 10-1%5 M, 10" M, 105 M, 102 M, 1025 M, 10
13 M).

In some embodiments, the bispecific antibody binds to BMPRII, ActRIIA, or ActRIIB
with a Kd of at most about 10“ M to about 10 M (e.g., 104 M, 104° M, 10° M, 105° M, 108
M, 10¢5 M, 107 M, 107° M, 108 M, 1085 M, 10° M, 10°° M, 10" M, 1015 M, 10" M, 10-""®
M, 102 M, 10725 M, 103 M).

In some embodiments, the bispecific antibody binds to ALK1 and BMPRII or ALK1 and
ActRIIA or ALK1 and ActRIIB with a Kd of at most about about 10# M to about 10" M (e.g.,
10 M, 104° M, 10° M, 10°° M, 10 M, 1055 M, 107 M, 1075 M, 108 M, 1085 M, 10° M, 10
95 M, 10°° M, 10-©5 M, 10-"" M, 10-""5 M, 1012 M, 10-'25 M, 1013 M).

The Kd of antibody binding to an antigen can be assayed using any method known in
the artincluding, for example, immunoassays such as enzyme-linked immununospecific assay
(ELISA), Bimolecular Interaction Analysis (BIA) (e.g., Sjolander & Urbaniczky; Anal. Chem.
63:2338-2345, 1991 ; Szabo, et al., Curr. Opin. Struct. Biol. 5:699-705, 1995), and
fluorescence-activated cell sorting (FACS) for quantification of antibody binding to cells that
express an antigen. BIA is a technology for analyzing bispecific interactions in real time,
without labeling any of the interactants (e.g., BIACORE™). Changes in the optical
phenomenon surface plasmon resonance (SPR) can be used as an indication of real-time
reactions between biological molecules.

In some embodiments, the antibody according to the current invention, in addition to
binding domains for ALK1 and BMPRII, ActRIIA, or ActRIIB further comprises a binding

37



10

15

20

25

30

35

WO 2024/211796 PCT/US2024/023386

domain for a ligand of the ALK1/BMPRII, ALK1/ActRIIA, or ALK1/ActRIIB receptor, or for
another molecule involved in ALK1/BMPRII, ALK1/ActRIIA, or ALK1/ActRIIB signaling.

In some embodiments, the binding moiety which binds specifically to ALK1 is cross
reactive with human ALK1 and mouse ALK1.

In some embodiments, the binding moiety which binds specifically to ActRIIA is cross
reactive with ActRIIB.

Except if there is an obvious incompatibility for a person skilled in the art, each of the
embodiments describing the binding capabilities can be combined with each of the

embodiments describing the format of the antibody.

BINDING DOMAINS

One component of the multispecific binding protein of the present disclosure is a
binding domain or binding specificity which binds a first cell surface target and a second cell
surface target. In certain embodiments, the first cell surface target is a first receptor subunit,
and the second cell surface target is the receptor subunit.

Any type of binding moiety that specifically binds to a specific receptor subunit can be
employed in the multispecific binding proteins disclosed herein. In certain embodiments, the
binding moiety comprises an antibody variable domain. Exemplary binding moieties
comprising an antibody variable domain include, without limitation, a VH, a VL, a VHH, a
VH/VL pair, an scFv, a diabody, or a Fab. Other suitable binding moiety formats include,
without limitation, lipocalins (see e.g., Gebauer M. et al., 2012, Method Enzymol. 503:157—-
188, which is incorporated by reference herein in its entirety), adnectins (see e.g., Lipovsek
D., 2011, Protein Eng. Des. Sel. 24:3-9, which is incorporated by reference herein in its
entirety), avimers (see e.g., Silverman J, et al., 2005, Nat. Biotechnol. 23:1556-1561, which
is incorporated by reference herein in its entirety), fynomers (see e.g., Schlatter D, et al., 2012,
mAbs 4:497-508, which is incorporated by reference herein in its entirety), kunitz domains
(see e.g., Hosse R.J. et al., 2006, Protein Sci. 15:14-27, which is incorporated by reference
herein in its entirety), knottins (see e.g., Kintzing J.R. et al., 2016, Curr. Opin. Chem. Biol.
34:143-150, which is incorporated by reference herein in its entirety), affibodies (see e.g.,
Feldwisch J. et al., 2010 J. Mol. Biol. 398:232-247, which is incorporated by reference herein
in its entirety), and DARPins (see e.g., Pluckthun A., 2015, Annu. Rev. Pharmacol. Toxicol.
55:489-511, which is incorporated by reference herein in its entirety).

In certain embodiments, the binding domain comprises the heavy and/or light chain
variable regions of a conventional antibody or antigen binding fragment thereof (e.g., a Fab or
scFv), wherein the term “conventional antibody” is used herein to describe heterotetrameric

antibodies containing heavy and light immunoglobulin chains arranged according to the “Y”
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configuration. Such conventional antibodies may derive from any suitable species including
but not limited to antibodies of llama, alpaca, camel, mouse, rat, rabbit, goat, hamster, chicken,
monkey, or human origin.  In certain exemplary embodiments, the conventional antibody
comprises a heavy chain variable domain (VH) and a light chain variable domain (VL) wherein
the VH and/or VL domains or one or more complementarity determining regions (CDRs)
thereof are derived from the same antibodies. In certain embodiments, the conventional
antibody antigen binding region may be referred to as a “Fab” (Fragment antigen-binding).
The Fab comprises one constant and one variable domain from each of heavy chain and light
chain. The variable heavy and light chains contain the CDRs responsible for antigen binding.

In other embodiments, the specific receptor subunit binding subunit comprises at least
a CDR or VHH domain of a VHH antibody or Nanobody®. VHH antibodies, which are camelid-
derived heavy chain antibodies, are composed of two heavy chains and are devoid of light
chains (Hamers-Casterman, et al. Nature. 1993; 363; 446-8). Each heavy chain of the VHH
antibody has a variable domain at the N-terminus, and these variable domains are referred to
in the art as “VHH” domains in order to distinguish them from the variable domains of the
heavy chains of the conventional antibodies i.e., the VH domains. Similar to conventional
antibodies, the VHH domains of the molecule comprise HCDR1, HCDR2 and HCDRS regions
which confer antigen binding specificity and therefore VHH antibodies or fragments such as
isolated VHH domains, are suitable as components of the multispecific binding proteins of the

present disclosure.

MULTISPECIFIC BINDING PROTEINS

In certain embodiments, the first and second binding domains disclosed herein can be
paired together or operatively linked to generate a multispecific binding protein which is
capable of cross-linking a first and a second subunits of the given receptor (e.g., a BMP Type
| receptor and a BMP type Il receptor). In some embodiments, the first specific binding domain
(e.g., VHH or scFv) is operatively linked (directly or indirectly) to the N and/or C terminus of a
first Fc domain or polypeptide, and the second specific binding domain is operatively linked to
the N and/or C terminus of second Fc domain or polypeptide, such that the first Fc domain
and the second Fc domain facilitate heterodimerization of the first and second specific binding

domains.

In certain exemplary embodiments, the multispecific binding proteins of the disclosure
are agonistic to any given signaling pathway, i.e., they are not antagonistic to the ALK1
pathway. In some embodiments, agonism may be measured using a specific receptor potency
assay (e.g., Pathhunter U20S dimerization assay (DiscoverX) Potency assays (e.g.,

Pathhunter) involve a cell line (e.g., U20S) that expresses the target receptors of interest.
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The binding of the bispecific antibodies to the receptors triggers a signaling cascade leading
to the expression of a reporter gene which can be quantified.

In certain embodiments, the multispecific binding protein comprises a dual variable
domain format. “Dual variable domain” (“DVD”) binding proteins of the disclosure comprise
two or more antigen binding sites and are tetravalent or multivalent binding proteins. The
DVDs of the disclosure are multispecific, i.e., capable of binding ALK1 and one of BMPRII,
ActRIIA, and ActRIIB. A DVD binding protein comprising two heavy chain DVD polypeptides
and two light chain DVD polypeptides is referred to as a “DVD immunoglobulin” or “DVD-Ig”.
Each half of a DVD-Ig comprises a heavy chain DVD polypeptide and a light chain DVD
polypeptide, and two or more antigen binding sites. Each binding site comprises a heavy chain
variable domain and a light chain variable domain with a total of six CDRs involved in antigen
binding per antigen binding site.

A description of the design, expression, and characterization of DVD-Ig molecules is
provided in PCT Publication No. WO 2007/024715; U.S. Pat. No. 7,612,181; and Wu et al.,
Nature Biotechnol., 25: 1290-1297 (2007). An example of such DVD-Ig molecules comprises
a heavy chain that comprises the structural formula VD1-(X1)n-VD2-C-(X2)n, wherein VD1 is
a first heavy chain variable domain, VD2 is a second heavy chain variable domain, C is a
heavy chain constant domain, X1 is a linker with the proviso that it is not CH1, X2 is an Fc
region, and nis 0 or 1; and a light chain that comprises the structural formula VD1-(X1)n-VD2-
C-(X2)n, wherein VD1 is a first light chain variable domain, VD2 is a second light chain variable
domain, C is a light chain constant domain, X1 is a linker with the proviso that it is not CH1,
and X2 does not comprise an Fc region; and n is 0 or 1. Such a DVD-Ig may comprise two
such heavy chains and two such light chains, wherein each chain comprises variable domains
linked in tandem without an intervening constant region between variable regions, wherein a
heavy chain and a light chain associate to form tandem functional antigen binding sites, and
a pair of heavy and light chains may associate with another pair of heavy and light chains to
form a tetrameric binding protein with four functional antigen binding sites. In another example,
a DVD-Ig molecule may comprise heavy and light chains that each comprise three variable
domains (VD1, VD2, VD3) linked in tandem without an intervening constant region between
variable domains, wherein a pair of heavy and light chains may associate to form three antigen
binding sites, and wherein a pair of heavy and light chains may associate with another pair of
heavy and light chains to form a tetrameric binding protein with six antigen binding sites.

In an embodiment, the disclosure provides a binding protein comprising first and
second polypeptide chains, wherein said first polypeptide chain comprises a first VD 1-(X1)n-
VD2-C-(X2)n, wherein: VD1 is a first heavy chain variable domain; VD2 is a second heavy
chain variable domain; C is a heavy chain constant domain; X1 is a linker with the proviso that
it is not CH1; X2 is an Fc region; and n is independently 0 or 1; and wherein said second

polypeptide chain comprises a second VD 1-(X1)n-VD2-C-(X2)n, wherein: VD1 is a first light
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chain variable domain; VD2 is a second light chain variable domain; C is a light chain constant
domain; X1 is a linker with the proviso that it is not CH1; X2 does not comprise an Fc region;
and n is independently O or 1.

With respect to constructing DVD-Ig or other binding protein molecules, a “linker” is
used to denote a single amino acid or a polypeptide (“linker polypeptide”) comprising two or
more amino acid residues joined by peptide bonds and used to link one or more antigen
binding portions. Such linker polypeptides are well known in the art (see, e.g., Holliger et al.,
Proc. Natl. Acad. Sci. USA, 90: 6444-6448 (1993); Poljak, R. J., Structure, 2: 1121-1123
(1994)). Flexible linkers may be employed, which are generally composed of small, non-polar
(e.g. Gly) or polar (e.g. Ser or Thr) amino acids. Exemplary flexible linkers include, but are not
limited to, GGGGSG (SEQ ID NO: ##), GGSGG (SEQ ID NO: ##), GGGGSGGGGS (SEQ ID
NO: ##), GGSGGGGSG (SEQ ID NO: ##), GGSGGGGSGS (SEQ ID NO: ##),
GGSGGGGSGGGGS (SEQ ID NO: ##), GGGGSGGGGSGGGG (SEQ ID NO: #4),
GGGGSGGGGSGGGGS (SEQ ID NO: #), and

RADAAAAGGGGSGGGGSGGGGSGGGGS (SEQ ID NO: ##).
Alternatively, rigid linkers may be employed to join one or more antigen binding

proteins. Said rigid linkers may allow for the maintenance of fixed distances between linked
antigen binding proteins, thereby promoting the activity of each individual protein. Rigid linkers
may employ one of more proline amino acids to confer the rigidity. Exemplary rigid linkers
include, but are not limited to, ASTKGP (SEQ ID NO: ##), ASTKGPSVFPLAP (SEQ ID NO:
##), TVAAP (SEQ ID NO: ##), RTVAAP (SEQ ID NO: ##), TVAAPSVFIFPP (SEQ ID NO: ##),
RTVAAPSVFIFPP (SEQ ID NO: ##), AKTTPKLEEGEFSEAR (SEQ ID NO: ##),
AKTTPKLEEGEFSEARYV (SEQ ID NO: ##), AKTTPKLGG (SEQ ID NO: ##), SAKTTPKLGG
(SEQ ID NO: ##), SAKTTP (SEQ ID NO: ##), RADAAP (SEQ ID NO: ##), RADAAPTVS (SEQ
ID NO: ##), RADAAAAGGPGS (SEQ ID NO: ##), SAKTTPKLEEGEFSEARYV (SEQ ID NO:
##), ADAAP (SEQ ID NO: ##), ADAAPTVSIFPP (SEQ ID NO: ##), QPKAAP (SEQ ID NO:
##), QPKAAPSVTLFPP (SEQ ID NO: ##), AKTTPP (SEQ ID NO: ##), AKTTPPSVTPLAP
(SEQ ID NO: ##), AKTTAP (SEQ ID NO: ##), AKTTAPSVYPLAP (SEQ ID NO: ##),
GENKVEYAPALMALS (SEQ ID NO: ##), GPAKELTPLKEAKVS (SEQ ID NO: ##), and
GHEAAAVMQVQYPAS (SEQ ID NO: ##).

In certain embodiments, the linker comprises a modified hinge region as described
herein.

In certain embodiments, the linker comprises or consists of PLAP, PAPNLLGGP,
PLAPDKTHT, EKSYGPP, or DKTHT.

In certain embodiments, the multispecific binding protein comprises a first and a
second polypeptide chain, wherein:
said first polypeptide chain comprises VH1-(HX1)n-VH2-C-(HX2)n, wherein:
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VH1 is a first heavy chain variable domain; VH2 is a second heavy chain variable domain; C
is a heavy chain constant domain; HX1 is a linker; HX2 is an Fc region; and n is independently
Oor1; and

said second polypeptide chain comprises VL1-(LX1)n-VL2-C-(LX2)n, wherein:

VL1 is a first light chain variable domain; VL2 is a second light chain variable domain; Cis a
light chain constant domain; LX1 is a linker; LX2 does not comprise an Fc region; and n is
independently 0 or 1.

In certain embodiments, VH1 binds specifically to human ALK1 and VH2 binds
specifically to a target selected from BMPRII, ActRIIA, and ActRIIB.

In certain embodiments, VL1 binds specifically to human ALK1 and VL2 binds
specifically to a target selected from BMPRII, ActRIIA, and ActRIIB.

In certain embodiments, VH1 binds specifically to a target selected from BMPRII,
ActRIIA, and ActRIIB and VH2 binds specifically to human ALK1.

In certain embodiments, VL1 binds specifically to a target selected from BMPRII,
ActRIIA, and ActRIIB and VL2 binds specifically to human ALK1.

In certain embodiments, linker HX1 comprises an amino acid sequence of PLAP or
PAPNLLGGP.

In certain embodiments, linker LX1 comprises an amino acid sequence of PLAP or
PAPNLLGGP.

In certain embodiments, linker HX1 comprises an amino acid sequence of PLAP and
linker LX1 comprises an amino acid sequence of PLAP or PAPNLLGGP.

In certain embodiments, the multispecific binding protein comprises two polypeptide
chains of VH1-(HX1)n-VH2-C-(HX2)n and two polypeptide chains of VL1-(LX1)n-VL2-C-
(LX2)n.

In certain embodiments, for (HX1)n, nis 1 and for (HX2)n, niis 1.

In certain embodiments, for (LX1)n, nis 1 and for (LX2)n, n is 0.

In certain embodiments, the multispecific binding protein comprises a first and a
second polypeptide chain, wherein:
said first polypeptide chain comprises VH1-(HX1)n-VH2-C-Fc, wherein:

VH1 is a first heavy chain variable domain; VH2 is a second heavy chain variable domain; C
is a heavy chain constant domain; HX1 is a linker; Fc is an Fc region; and n is independently
Oor1; and

said second polypeptide chain comprises VL1-(LX1)n-VL2-C, wherein:

VL1 is a first light chain variable domain; VL2 is a second light chain variable domain; Cis a

light chain constant domain; LX1 is a linker; and n is independently O or 1.

Non-DVD-Ig Formats
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In another aspect of the disclosure, the multispecific binding protein comprises from
N-terminus to C-terminus:

ai) a first polypeptide chain comprising a first antigen binding domain, a first linker
(e.g., a modified hinge region), and a first constant region; and

bi) a second polypeptide chain comprising a second antigen binding domain, a
second linker (e.g., a modified hinge region), and a second constant region;

aii) a first polypeptide chain comprising a second antigen binding domain, a first
antigen binding domain, a first linker (e.g., a modified hinge region), and a first constant
region; and

bii) a second polypeptide chain comprising a second linker (e.g., a modified hinge
region) or the absence of a linker, and a second constant region;

aiii) a first polypeptide chain comprising a first linker (e.g., a modified hinge region) or
the absence of a linker, and a first constant region; and

biii) a second polypeptide chain comprising a second antigen binding domain, a first
antigen binding domain, a second linker (e.g., a modified hinge region), and a second
constant region; or

aiv) a first polypeptide chain comprising a first antigen binding domain, an optional
first linker (e.g., a modified hinge region), a second antigen binding domain, an optional
second linker (e.g., a modified hinge region), and a first constant region; and

biv) a second polypeptide chain comprising a third antigen binding domain, an
optional third linker (e.g., a modified hinge region), a fourth antigen binding domain, an
optional fourth linker (e.g., a modified hinge region), and a second constant region.

In certain embodiments, the first antigen binding domain comprises an scFv, VHH,
Fab, F(ab’)2, or a single domain antibody.

In certain embodiments, the second antigen binding domain comprises an scFv,
VHH, Fab, F(ab’)2, or a single domain antibody.

In certain embodiments, the third antigen binding domain comprises an scFv, VHH,
Fab, F(ab’)2, or a single domain antibody.

In certain embodiments, the fourth antigen binding domain comprises an scFv, VHH,
Fab, F(ab’)2, or a single domain antibody.

In certain embodiments, any one or more of the first antigen binding domain, second
antigen binding domain, third antigen binding domain, and fourth antigen binding domain
comprise an scFv, VHH, Fab, F(ab’)2, or a single domain antibody.

In certain embodiments, the first antigen binding domain, second antigen binding
domain, third antigen binding domain, and fourth antigen binding domain each comprise an

scFv.
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The Fc polypeptides employed in the multispecific binding proteins of the disclosure
generally comprise a CH2 domain and a CH3 domain, wherein the C-terminus of the CH2
domain is linked (directly or indirectly) to the N-terminus of the CH3 domain. Any naturally
occurring or variant CH2 and/or CH3 domain can be used. For example, in certain
embodiments, the CH2 and/or CH3 domain is a naturally occurring CH2 or CH3 domain from
an 1gG1, 19G2, 19G3, 1gG4, IgA1, or IgA2 antibody heavy chain, e.g., a human IgG1, 19G2,
1gG3, IgG4, IgA1, or IgA2 antibody heavy chain. The CH2 and CH3 domains can be from the
same or different antibody heavy chains. In certain embodiments, the Fc polypeptide
comprises a CH2 and CH3 domain-containing portion from a single antibody heavy chain. In
certain embodiments, the CH2 and/or CH3 domain is a variant of a naturally occurring CH2 or
CH3 domain, respectively. In certain embodiments, the CH2 and/or CH3 domain is a variant
comprising one or more amino acid insertions, deletion, substitutions, or modifications relative
to a naturally occurring CH2 or CH3 domain, respectively. In certain embodiments, the CH2
and/or CH3 domain is a chimera of one or more CH2 or CH3 domains, respectively. In certain
embodiments, the CH2 domain comprises amino acid positions 231-340 of a naturally
occurring hinge region (e.g., human IgG1), according to the EU index. In certain
embodiments, the CH3 domain comprises amino acid positions 341-447 of a naturally
occurring hinge region (e.g., human IgG1), according to the EU index.

In certain embodiments, the Fc polypeptides further comprise a hinge region, wherein
the C-terminus of hinge region is linked (directly or indirectly) to the N-terminus of the CH2
domain. For example, in certain embodiments, the hinge region is a naturally occurring hinge
region from an IgG1, 1gG2, 1gG3, 1gG4, IgA1, or IgA2 antibody heavy chain, e.g., a human
IgG1, 19G2, IgG3, 1gG4, IgA1, or IgA2 antibody heavy chain. The hinge region can be from
the same or different antibody heavy chain than the CH2 and/or CH3 domains. In certain
embodiments, the hinge region is a variant comprising one or more amino acid insertions,
deletion, substitutions, or modifications relative to a naturally occurring hinge region. In certain
embodiments, the hinge region is a chimera of one or more hinge regions. In certain
embodiments, the hinge region comprises amino acid positions 226-229 of a naturally
occurring hinge region (e.g., human IgG1), according to the EU index. In certain
embodiments, the hinge region comprises amino acid positions 216-230 of a naturally
occurring hinge region (e.g., human IgG1), according to the EU index. In certain
embodiments, the hinge region comprises amino acid positions 216-230 of a naturally
occurring hinge region (e.g., human IgG1), according to the EU index. In certain
embodiments, the hinge region is a variant IgG4 hinge region comprising a serine (S) at amino

acid position 228, according to the EU index.
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In certain embodiments, the Fc polypeptides further comprise a CH1 domain, wherein
the C-terminus of CH1 domain is linked (directly or indirectly) to the N-terminus of the hinge
region. For example, in certain embodiments, the CH1 domain is a naturally occurring CH1
domain from an 1gG1, 1gG2, 1gG3, 1gG4, IgA1, or IgA2 antibody heavy chain, e.g., a human
IgG1, 19G2, IgG3, IgG4, IgA1, or IgA2 antibody heavy chain. The CH1 domain can be from
the same or different antibody heavy chain than the hinge region, CH2 domain and/or CH3
domain. In certain embodiments, the CH1 domain is a variant comprising one or more amino
acid insertions, deletions, substitutions, or modifications relative to a naturally occurring CH1
domain. In certain embodiments, the CH1 domain is a chimera of one or more CH1 domain.
In certain embodiments, the CH1 domain comprises amino acid positions 118-215 of a
naturally occurring hinge region (e.g., human IgG1), according to the EU index.

In certain embodiment, the Fc polypeptide lacks a CH1 domain or comprises mutations
in a CH1 domain or heavy chain variable domain that prevent association of the heavy chain
with an antibody light chain. In certain embodiments, the antibody heavy chain lacks a portion

of a hinge region.

Heterodimerization Motifs

In certain exemplary embodiments, the first and second Fc domains are further
engineered to enhance heterodimerization of the first specific and second specific binding
domains and minimize the effects of incorrect chain pairing (i.e., pairing of a BMP Type |
receptor and a BMP Type Il receptor).

Any art-recognized approach that addresses the problem of incorrect chain pairing can
be employed to improve desired multispecific antibody production. For instance,
US2010/0254989 A1 describes the construction of bispecific cMet - ErbB1 antibodies, where
the VH and VL of the individual antibodies are fused genetically via a GlySer linker. For
bispecific antibodies including an Fc domain, mutations may be introduced into the Fc to
promote the correct heterodimerization of the Fc portion. Several such approaches are
reviewed in Klein et al. (mAbs (2012) 4:6, 1-11), the contents of which are incorporated herein
by reference in their entirety.

In certain embodiments, the first specific and second specific binding specificities of
the multispecific antibody are heterodimerized through knobs-into-holes (KiH) pairing of Fc
domains. This dimerization technique utilizes “protuberances” or “knobs” with “cavities” or
“holes” engineered into the interface of CH3 domains. Where a suitably positioned and
dimensioned knob or hole exists at the interface of either the first or second CH3 domain, it is
only necessary to engineer a corresponding hole or knob, respectively, at the adjacent
interface, thus promoting and strengthening Fc domain pairing in the CH3/CH3 domain
interface. The IgG Fc domain that is fused to the VHH is provided with a knob, and the IgG
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Fc domain of the conventional antibody is provided with a hole designed to accommodate the
knob, or vice-versa. A “knob” refers to an at least one amino acid side chain, typically a larger
side chain, that protrudes from the interface of the CH3 portion of a first Fc domain. The
protrusion creates a “knob” which is complementary to and received by a “hole” in the CH3
portion of a second Fc domain. The “hole” is an at least one amino acid side chain, typically
a smaller side chain, which recedes from the interface of the CH3 portion of the second Fc
domain. This technology is described, for example, in U.S. Pat. Nos. 5,821,333; 5,731,168
and 8,216,805; Ridgway et al. Protein Engineering (1996) 9:617-621); and Carter P. J.
Immunol. Methods (2001) 248: 7-15, which are herein incorporated by reference.

Exemplary amino acid residues that may act as the knob include arginine (R),
phenylalanine (F), tyrosine (Y) or tryptophan (W). An existing amino acid residue in the CH3
domain may be replaced or substituted with a knob amino acid residue. Preferred amino acids
to substitute may include any amino acids with a small side chain, such as alanine (A),
asparagine (N), aspartic acid (D), glycine (G), serine (8), threonine (T), or valine (V).

Exemplary amino acid residues that may act as the hole include alanine (A), serine
(8), threonine (T), or valine (V). An existing amino acid residue in the CH3 domain may be
replaced or substituted with a hole amino acid residue. Preferred amino acids to substitute
may include any amino acids with a large side chain, such as arginine (R), phenylalanine (F),
tyrosine (Y) or tryptophan (W).

The CH3 domain is preferably derived from a human IgG1 antibody. Exemplary amino
acid substitutions to the CH3 domain include Y349C, S354C, T366S, T366Y, T366W, F405A,
F405W, Y407T, Y407A, Y407V, T394S, or combinations thereof. A preferred exemplary
combination is S354C, T366Y or T366W for the knob mutation on a first CH3 domain and
Y349C, T3668S, L368A, Y407T or Y407V for the hole mutation on a second CH3 domain.

In certain embodiments, the two Fc domains of the antigen binding construct are
heterodimerized through Fab arm exchange (FAE). A human IgG1 possessing a P228S hinge
mutation may contain an F405L or K409R CH3 domain mutation. Mixing of the two antibodies
with a reducing agent leads to FAE. This technology is described in US Patent 9,212,230 and
Labrijn A. F. PNAS (2013) 110(13):5145-5150, which are incorporated herein by reference.

In other embodiments, the two Fc domains of the antigen binding construct are
heterodimerized through electrostatic steering effects. This dimerization technique utilizes
electrostatic steering to promote and strengthen Fc domain pairing in the CH3/CH3 domain
interface. The charge complementarity between two CH3 domains is altered to favor
heterodimerization (opposite charge pairing) over homodimerization (same charge pairing). In
this method, the electrostatic repulsive forces prevent homodimerization. Certain exemplary
amino acid residue substitutions which confer electrostatic steering effects include K409D,
K392D, and/or K370D in a first CH3 domain and D399K, E356K, and/or E357K in a second
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CH3 domain. This technology is described in US Patent Publication No. 2014/0154254 A1
and Gunasekaran K. JBC (2010) 285(25):19637-19646, which are incorporated herein by
reference.

In other embodiments, the charge complementarity is formed by a first Fc domain
comprising a N297K and/or a T299K mutation, and a second Fc domain comprising a N297D
and/or a T299D mutation.

In an aspect of the invention, the two Fc domains of the antigen binding construct are
heterodimerized through hydrophobic interaction effects. This dimerization technique utilizes
hydrophobic interactions instead of electrostatic ones to promote and strengthen Fc domain
pairing in the CH3/CH3 domain interface. Exemplary amino acid residue substitution may
include K409W, K360E, Q347E, Y349S, and/or S354C in a first CH3 domain and D399V,
F405T, Q347R, E357W, and/or Y349C in a second CH3 domain. Preferred pairs of amino
acid residue substitutions between a first CH3 domain and a second CH3 domain include
K409W:D399V, K409W:F405T, K3B60E:Q347R, Y349S:E357W, and S354C:Y349C. This
technology is described in US Patent Publication No. 2015/0307628 A1.

In an aspect of the invention, heterodimerization can be mediated through the use of
leucine zipper fusions. Leucine zipper domains fused to the C terminus of each CH3 domain
of the antibody chains force heterodimerization. This technology is described in Wranik B. JBC
(2012) 287(52):43331-43339.

In an aspect of the invention, heterodimerization can be mediated through the use of
a Strand Exchange Engineered Domain (SEED) body. CH3 domains derived from an IgG and
IgA format force heterodimerization. This technology is described in Muda M. PEDS (2011)
24(5): 447-454.

In other embodiments, the heterodimerization motif may comprise non-native, disulfide
bonds formed by engineered cysteine residues. In certain embodiments, the first set of
disulfide may comprise a Y349C mutation in the first Fc domain and a S354C mutation in the
second Fc domain. In other embodiment, an engineered disulfide bond may be introduced by
fusion a C-terminal extension peptide with an engineered cysteine residue to the C-terminus
of each of the two Fc domains. In certain embodiments, the first Fc domain may comprise the
substitution of the carboxyl-terminal as “PGK” with “GEC”, and the second Fc domain may
comprise the substitution of the carboxyl terminal amino acids “PGK” with “KSCDKT".

In yet another approach, the multispecific antibodies may employ the CrossMab
principle (as reviewed in Klein et al.), which involves domain swapping between heavy and
light chains so as to promote the formation of the correct pairings. Yet another approach
involves engineering the interfaces between the paired VH-VL domains or paired CH1 -CL
domains of the heavy and light chains so as to increase the affinity between the heavy chain

and its cognate light chain (Lewis et al. Nature Biotechnology (2014) 32: 191 -198).
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An alternative approach to the production of multispecific antibody preparations having
the correct antigen specificity has been the development of methods that enrich for antibodies
having the correct heavy chain-light chain pairings. For example, Spiess et al. (Nature
Biotechnology (2013) 31: 753-758) describe a method for the production of a MET-EGFR
bispecific antibody from a co-culture of bacteria expressing two distinct half-antibodies.

Methods have also been described wherein the constant region of at least one of the
heavy chains of a bispecific antibody is mutated so as to alter its binding affinity for an affinity
agent, for example Protein A. This allows correctly paired heavy chain heterodimers to be
isolated based on a purification techniqgue that exploits the differential binding of the two heavy
chains to an affinity agent (see US2010/0331527, W02013/136186).

International patent application no. PCT/EP2012/071866 (W02013/064701)
addresses the problem of incorrect chain pairing using a method for multispecific antibody
isolation based on the use of anti-idiotypic binding agents, in particular anti-idiotypic
antibodies. The anti-idiotype binding agents are employed in a two-step selection method in
which a first agent is used to capture antibodies having a VH-VL domain pairing specific for a
first antigen and a second agent is subsequently used to capture antibodies also having a
second VH-VL domain pairing specific for a second antigen.

In yet another embodiment, the multispecific antibody employs a first binding specificity
having a conventional Fab binding region and a second binding specificity comprising a single
domain antibody (VHH) binding region. The heterodimerization method employed forces the
binding of the heavy chain region of the Fab and the full, heavy chain only, of the VHH.
Because the VHH chain does not associate with light chains, the light chain region of the Fab
portion will only associate with its corresponding heavy chain.

In certain other embodiments, the multispecific binding protein described herein further
comprises a common light chain. The term “common light chain” as used herein refers to a
light chain which is capable of pairing with a first heavy chain of an antibody which binds to a
first antigen in order to form a binding site specifically binding to said first antigen and which
is also capable of pairing with a second heavy chain of an antibody which binds to a second
antigen in order to form a binding site specifically binding to said second antigen. A common
light chain is a polypeptide comprising in N-terminal to C-terminal direction an antibody light
chain variable domain (VL), and an antibody light chain constant domain (CL), which is herein
also abbreviated as “VL-CL”. Multispecific binding proteins with a common light chain require
heterodimerization of the distinct heavy chains. In certain embodiments, the
heterodimerization methods listed above may be used with a common light chain. In certain
exemplary embodiments, the heterodimerization motif may comprise non-native, disulfide
bonds formed by engineered cysteine residues. Adding disulfide bonds, both between the

heavy and light chain of an antibody has been shown to improve stability. Additionally, disulfide
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bonds have also been used as a solution to improve light-chain pairing within bispecific
antibodies (Geddie M. L. et al, mABs (2022) 14(1)).

Unless otherwise stated, all antibody constant region humbering employed herein
corresponds to the EU numbering scheme, as described in Edelman et al. (Proc. Natl. Acad.
Sci. 63(1): 78-85. 1969).

Additional methods of heterodimerization of heavy and/or light chains and the
generation and purification of asymmetric antibodies are known in the art. See, for example,
Klein C. mAbs (2012) 4(6): 653-663, and U.S. Patent 9,499,634, each of which is

incorporated herein by reference.

Effector Function Mutations

As discussed above, multispecific binding proteins of the disclosure can be provided
in various isotypes and with different constant regions. The Fc region of the multispecific
binding primarily determines its effector function in terms of Fc binding, antibody-dependent
cell-mediated cytotoxicity (ADCC) activity, complement dependent cytotoxicity (CDC) activity,
and antibody-dependent cell phagocytosis (ADCP) activity. These "cellular effector functions”,
as distinct from effector T cell function, involve the recruitment of cells bearing Fc receptors to
the site of the target cells, resulting in killing of the antibody-bound cell.

An antibody according to the present invention may be one that exhibits reduced
effector function. In certain embodiments, the one or more mutations reduces one or more of
antibody dependent cellular cytotoxicity (ADCC), antibody dependent cellular phagocytosis
(ADCP), or complement dependent cytotoxicity (CDC). In certain embodiments, an antibody
according to the present invention may lack ADCC, ADCP and/or CDC activity. In either case,
an antibody according to the present invention may comprise, or may optionally lack, an Fc
region that binds to one or more types of Fc receptor. Use of different antibody formats, and
the presence or absence of FcR binding and cellular effector functions, allow the antibody to
be tailored for use in particular therapeutic purposes as discussed elsewhere herein.

In certain embodiments, the first and the second Fc domain comprise one or more
mutations that reduces Fc effector function. In certain embodiments, the first Fc domain and
the second Fc domain each comprise a L234A and L235A mutation. These IgG1 mutations
are also known as the “LALA” mutations and are described in further detail in Xu et al. (Cell
Immunol. 2000; 200:16-26). In certain embodiments the first Fc domain and the second Fc
domain each comprise a L234A, L235A, G237A, and/or P329G mutation. The Fc domain
amino acid positions referred to herein are based on EU antibody numbering. Alternatively,
an antibody may have a constant region which is effector null. An antibody may have a heavy
chain constant region that does not bind Fcy receptors, for example the constant region may

comprise a L235E mutation. Another optional mutation for a heavy chain constant region is

49



10

15

20

25

30

35

WO 2024/211796 PCT/US2024/023386

S228P, which increases stability. A heavy chain constant region may be an IgG4 comprising
both the L235E mutation and the S228P mutation. This "IgG4-PE" heavy chain constant region
is effector null. A disabled IgG1 heavy chain constant region is also effector null. A disabled
IgG1 heavy chain constant region may contain alanine at position 234, 235 and/or 237 (EU
index numbering), e.g., it may be an IgG1 sequence comprising the L234A, L235A and/or
G237A mutations ("LALAGA").

Human IgG1 constant regions containing specific mutations or altered glycosylation on
residue Asn297 (e.g., N297Q, N297D, and N297K, EU index numbering) have been shown to
reduce binding to Fc receptors.

In other embodiments, it may be desirable to enhance the binding of the Fc region of
a multispecific antibody to human Fc gamma receptor llIA (FcgRIIIA) relative to that of the Fc
region of a corresponding naturally occurring antibody. In certain embodiments, a constant
region may be engineered for enhanced ADCC and/or CDC and/or ADCP. The potency of Fc-
mediated effects may be enhanced by engineering the Fc domain by various established
technigues. Such methods increase the affinity for certain Fc-receptors, thus creating potential
diverse profiles of activation enhancement. This can be achieved by modification of one or
several amino acid residues. Example mutations are one or more of the residues selected
from 239, 332 and 330 for human IgG1 constant regions (or the equivalent positions in other
IgG isotypes). An antibody may thus comprise a human IgG1 constant region having one or
more mutations independently selected from S239D, 1332E and A330L (EU index numbering).

Increased affinity for Fc receptors can also be achieved by altering the natural
glycosylation profile of the Fc domain by, for example, generating under fucosylated or de-
fucosylated variants. Non-fucosylated antibodies harbor a tri-mannosyl core structure of
complex-type N-glycans of Fc without fucose residue. These glycoengineered antibodies that
lack core fucose residue from the Fc N-glycans may exhibit stronger ADCC than fucosylated
equivalents due to enhancement of FcyRIIIA binding capacity. For example, to increase
ADCC, residues in the hinge region can be altered to increase binding to FcyRIIIA. Thus, an
antibody may comprise a human IgG heavy chain constant region that is a variant of a wild-
type human IgG heavy chain constant region. In certain embodiments, the variant human I1gG
heavy chain constant region binds to human Fcy receptors selected from the group consisting
of FeyRIIB and FeyRIIA with higher affinity than the wild type human IgG heavy chain constant
region binds to the human FcyRIIIA. The antibody may comprise a human IgG heavy chain
constant region that is a variant of a wild type human IgG heavy chain constant region, wherein
the variant human IgG heavy chain constant region binds to human FcyRIIB with higher affinity
than the wild type human IgG heavy chain constant region binds to human FcyRIIB. The
variant human IgG heavy chain constant region can be a variant human IgG1, a variant human

1gG2, or a variant human IgG4 heavy chain constant region. In ohe embodiment, the variant
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human 1gG heavy chain constant region comprises one or more amino acid mutations selected
from G236D, P238D, S239D, S267E, L328F, and L328E (EU index numbering system). In
another embodiment, the variant human IgG heavy chain constant region comprises a set of
amino acid mutations selected from the group consisting of: S267E and L328F; P238D and
L328E; P238D and one or more substitutions selected from the group consisting of E233D,
G237D, H268D, P271G, and A330R; P238D, E233D, G237D, H268D, P271G, and A330R;
G236D and S267E; S239D and S267E; V262E, S267E, and L328F; and V264E, S267E, and
L328F (EU index humbering system).

The enhancement of CDC may be achieved by amino acid changes that increase
affinity for C1q, the first component of the classic complement activation cascade. Another
approach is to create a chimeric Fc domain created from human IgG1 and human IgG3
segments that exploit the higher affinity of IgG3 for C1q. Antibodies of the present invention
may comprise mutated amino acids at residues 329, 331 and/or 322 to alter the C1q binding
and/or reduced or abolished CDC activity. In another embodiment, the antibodies or antibody
fragments disclosed herein may contain Fc regions with modifications at residues 231 and
239, whereby the amino acids are replaced to alter the ability of the antibody to fix
complement. In one embodiment, the antibody or fragment has a constant region comprising
one or more mutations selected from E345K, E430G, R344D and D356R, in particular a
double mutation comprising R344D and D356R (EU index humbering system).

The functional properties of the multispecific binding proteins may be further tuned by
combining amino acid substitutions that alter Fc binding affinity with amino acid substitutions
that affect binding to FcRn. Binding proteins with amino acid substitutions that affect binding
to FcRn (also referred to herein as “FcRn variants”) may in certain situations also increase
serum half-life in vivo as compared to an unmodified binding protein. As will be appreciated,
any combination of Fc and FcRn variants may be used to tune clearance of the antigen-
antibody complex. Suitable FcRn variants that may be combined with any of the Fc variants
described herein that include without limitation N434A, N434S, M428L, V308F, V2591, M428L
/ N4348S, V2591 / V308F, Y436l / M428L, Y4361 / N434S, Y436V / N434S, Y436V / M428L,
M252Y, M252Y [ S254T / T256E, and V2591 / V308F / M428L.

EXPRESSION OF ANTIGEN-BINDING PROTEINS
In one aspect, polynucleotides encoding the binding proteins (e.g., antigen-binding
proteins and antigen-binding fragments thereof) disclosed herein are provided. Methods of

making binding proteins comprising expressing these polynucleotides are also provided.

Polynucleotides encoding the binding proteins disclosed herein are typically inserted

in an expression vector for introduction into host cells that may be used to produce the desired
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guantity of the binding proteins. Accordingly, in certain aspects, the disclosure provides
expression vectors comprising polynucleotides disclosed herein and host cells comprising

these vectors and polynucleotides.

The term “vector” or “expression vector” is used herein to mean vectors used in
accordance with the present disclosure as a vehicle for introducing into and expressing a
desired gene in a cell. As known to those skilled in the art, such vectors may readily be
selected from the group consisting of plasmids, phages, viruses and retroviruses. In general,
vectors compatible with the disclosure will comprise a selection marker, appropriate restriction
sites to facilitate cloning of the desired gene and the ability to enter and/or replicate in

eukaryotic or prokaryotic cells.

Numerous expression vector systems may be employed for the purposes of this
disclosure. For example, one class of vector utilizes DNA elements which are derived from
animal viruses such as bovine papilloma virus, polyoma virus, adenovirus, vaccinia virus,
baculovirus, retroviruses (RSV, MMTV or MOMLYV), or SV40 virus. Others involve the use of
polycistronic systems with internal ribosome binding sites. Additionally, cells which have
integrated the DNA into their chromosomes may be selected by introducing one or more
markers which allow selection of transfected host cells. The marker may provide for
prototrophy to an auxotrophic host, biocide resistance (e.g., antibiotics) or resistance to heavy
metals such as copper. The selectable marker gene can either be directly linked to the DNA
sequences to be expressed or introduced into the same cell by co-transformation. Additional
elements may also be needed for optimal synthesis of mMRNA. These elements may include
signal sequences, splice signals, as well as transcriptional promoters, enhancers, and
termination signals. In some embodiments, the cloned variable region genes are inserted into
an expression vector along with the heavy and light chain constant region genes (e.g., human

constant region genes) synthesized as discussed above.

In other embodiments, the binding proteins may be expressed using polycistronic
constructs. In such expression systems, multiple gene products of interest such as heavy and
light chains of antibodies may be produced from a single polycistronic construct. These
systems advantageously use an internal ribosome entry site (IRES) to provide relatively high
levels of polypeptides in eukaryotic host cells. Compatible IRES sequences are disclosed in
U.S. Pat. No. 6,193,980, which is incorporated by reference herein in its entirety for all
purposes. Those skilled in the art will appreciate that such expression systems may be used

to effectively produce the full range of polypeptides disclosed in the instant application.

More generally, once a vector or DNA sequence encoding a binding protein, e.g. an

antibody or fragment thereof, has been prepared, the expression vector may be introduced
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into an appropriate host cell. That is, the host cells may be transformed. Introduction of the
plasmid into the host cell can be accomplished by various techniques well known to those of
skill in the art. These include, but are not limited to, transfection (including electrophoresis
and electroporation), protoplast fusion, calcium phosphate precipitation, cell fusion with
enveloped DNA, microinjection, and infection with intact virus. See, Ridgway, A. A. G.
“‘Mammalian Expression Vectors” Chapter 24.2, pp. 470-472 Vectors, Rodriguez and
Denhardt, Eds. (Butterworths, Boston, Mass. 1988). Plasmid introduction into the host can be
by electroporation. The transformed cells are grown under conditions appropriate to the
production of the light chains and heavy chains, and assayed for heavy and/or light chain
protein synthesis. Exemplary assay techniques include enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), or fluorescence-activated cell sorter analysis (FACS),

immunohistochemistry and the like.

As used herein, the term “transformation” shall be used in a broad sense to refer to the

introduction of DNA into a recipient host cell that changes the genotype.

Along those same lines, “host cells” refers to cells that have been transformed with
vectors constructed using recombinant DNA techniques and encoding at least one
heterologous gene. In descriptions of processes for isolation of polypeptides from
recombinant hosts, the terms “cell” and “cell culture” are used interchangeably to denote the
source of antibody unless it is clearly specified otherwise. In other words, recovery of
polypeptide from the “cells” may mean either from spun down whole cells, from supernatant
of lysed cells culture, or from the cell culture containing both the medium and the suspended

cells.

In one embodiment, a host cell line used for antibody expression is of mammalian
origin. Those skilled in the art can determine particular host cell lines which are best suited
for the desired gene product to be expressed therein. Exemplary host cell lines include, but
are not limited to, GS-CHO and CHO-K1 (Chinese Hamster Ovary lines), DG44 and DUXB11
(Chinese Hamster Ovary lines, DHFR minus), HELA (human cervical carcinoma), CV-1
(monkey kidney line), COS (a derivative of CV-1 with SV40 T antigen), R1610 (Chinese
hamster fibroblast) BALBC/3T3 (mouse fibroblast), HEK (human kidney line), SP2/O (mouse
myeloma), BFA-1c1BPT (bovine endothelial cells), RAJI (human lymphocyte), 293 (human
kidney). In one embodiment, the cell line provides for altered glycosylation, e.g., afucosylation,
of the antibody expressed therefrom (e.g., PER.C6® (Crucell) or FUT8-knock-out CHO cell
lines (POTELLIGENT® cells) (Biowa, Princeton, N.J.)). In one embodiment, NSO cells may
be used. CHO cells are particularly useful. Host cell lines are typically available from
commercial services, e.g., the American Tissue Culture Collection, or from authors of

published literature.
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In vitro production allows scale-up to give large amounts of the desired polypeptides.
Techniques for mammalian cell cultivation under tissue culture conditions are known in the art
and include homogeneous suspension culture, e.g., in an airlift reactor or in a continuous
stirrer reactor, or immobilized or entrapped cell culture, e.g., in hollow fibers, microcapsules,
on agarose microbeads or ceramic cartridges. If necessary and/or desired, the solutions of
polypeptides can be purified by the customary chromatography methods, for example gel
filtration, ion-exchange chromatography, chromatography over DEAE-cellulose and/or

(immuno-) affinity chromatography.

Genes encoding the binding proteins featured in the disclosure can also be expressed
in non-mammalian cells such as bacteria or yeast or plant cells. In this regard, it will be
appreciated that various unicellular hon-mammalian microorganisms such as bacteria can
also be transformed, i.e., those capable of being grown in cultures or fermentation. Bacteria,
which are susceptible to transformation, include members of the enterobacteriaceae, such as
strains of Escherichia coli or Salmonella; Bacillaceae, such as Bacillus subtilis;
Pneumococcus; Streptococcus, and Haemophilus influenzae. It will further be appreciated
that, when expressed in bacteria, the binding proteins can become part of inclusion bodies.
In some embodiments, the binding proteins are then isolated, purified and assembled into
functional molecules. In some embodiments, the binding proteins of the disclosure are
expressed in a bacterial host cell. In some embodiments, the bacterial host cell is transformed
with an expression vector comprising a nucleic acid molecule encoding a binding protein of

the disclosure.

In addition to prokaryotes, eukaryotic microbes may also be used. Saccharomyces
cerevisiae, or common baker’s yeast, is the most commonly used among eukaryotic microbes,
although a number of other strains are commonly available. For expression in
Saccharomyces, the plasmid YRp7, for example (Stinchcomb et al., Nature, 282:39 (1979);
Kingsman et al., Gene, 7:141 (1979); Tschemper et al., Gene, 10:157 (1980)), is commonly
used. This plasmid already contains the TRP1 gene which provides a selection marker for a
mutant strain of yeast lacking the ability to grow in tryptophan, for example ATCC No. 44076
or PEP4-1 (Jones, Genetics, 85:12 (1977)). The presence of the trpl lesion as a characteristic
of the yeast host cell genome then provides an effective environment for detecting

transformation by growth in the absence of tryptophan.

FORMULATIONS / PHARMACEUTICAL COMPOSITIONS
In certain embodiments, a pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a therapeutically effective amount of an antigen-binding protein

described herein is provided. Some embodiments include pharmaceutical compositions
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comprising a therapeutically effective amount of any one of the binding proteins as described
herein, or a binding protein-drug conjugate, in admixture with a pharmaceutically or
physiologically acceptable formulation agent selected for suitability with the mode of
administration.

Acceptable formulation materials are typically non-toxic to recipients at the dosages
and concentrations employed.

In some embodiments, the pharmaceutical composition can contain formulation
materials for modifying, maintaining, or preserving, for example, the pH, osmolarity, viscosity,
clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or release, adsorption, or
penetration of the composition. Suitable formulation materials include, but are not limited to,
amino acids (such as glycine, glutamine, asparagine, arginine, or lysine), antimicrobials,
antioxidants (such as ascorbic acid, sodium sulfite, or sodium hydrogen-sulfite), buffers (such
as borate, bicarbonate, Tris-HCI, citrates, phosphates, or other organic acids), bulking agents
(such as mannitol or glycine), chelating agents (such as ethylenediamine tetraacetic acid
(EDTA)), complexing agents (such as caffeine, polyvinylpyrrolidone, beta-cyclodextrin, or
hydroxypropyl-beta-cyclodextrin), fillers, monosaccharides, disaccharides, and other
carbohydrates (such as glucose, mannose, or dextrins), proteins (such as serum albumin,
gelatin, or immunoglobulins), coloring, flavoring and diluting agents, emulsifying agents,
hydrophilic polymers (such as polyvinylpyrrolidone), low molecular weight polypeptides, salt-
forming counterions (such as sodium), preservatives (such as benzalkonium chloride, benzoic
acid, salicylic acid, thimerosal, phenethyl alcohol, methylparaben, propylparaben,
chlorhexidine, sorbic acid, or hydrogen peroxide), solvents (such as glycerin, propylene glycol,
or polyethylene glycol), sugar alcohols (such as mannitol or sorbitol), suspending agents,
surfactants or wetting agents (such as pluronics; PEG; sorbitan esters; polysorbates such as
polysorbate 20 or polysorbate 80; triton; tromethamine; lecithin; cholesterol or tyloxapal),
stability enhancing agents (such as sucrose or sorbitol), tonicity enhancing agents (such as
alkali metal halides, e.g., sodium or potassium chloride, or mannitol sorbitol), delivery vehicles,
diluents, excipients and/or pharmaceutical adjuvants (see, e.g., REMINGTON'S
PHARMACEUTICAL SCIENCES (18th Ed., A.R. Gennaro, ed., Mack Publishing Company
1990), and subsequent editions of the same, incorporated herein by reference for any
purpose).

In some embodiments the optimal pharmaceutical composition will be determined by
a skilled artisan depending upon, for example, the intended route of administration, delivery
format, and desired dosage. Such compositions can influence the physical state, stability,
rate of in vivo release, and rate of in vivo clearance of the binding protein.

In some embodiments the primary vehicle or carrier in a pharmaceutical composition

can be either agueous or non-aqueous in nature. For example, a suitable vehicle or carrier
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for injection can be water, physiological saline solution, or artificial cerebrospinal fluid, possibly
supplemented with other materials common in compositions for parenteral administration.
Neutral buffered saline or saline mixed with serum albumin are further exemplary vehicles.
Other exemplary pharmaceutical compositions comprise Tris buffer of about pH 7.0-8.5, or
acetate buffer of about pH 4.0-5.5, which can further include sorbitol or a suitable substitute.
In one embodiment of the disclosure, binding protein compositions can be prepared for
storage by mixing the selected composition having the desired degree of purity with optional
formulation agents in the form of a lyophilized cake or an agueous solution. Further, the
binding protein can be formulated as a lyophilizate using appropriate excipients such as
sucrose.

In some embodiments, the pharmaceutical compositions of the disclosure can be
selected for parenteral delivery or subcutaneous delivery. Alternatively, the compositions can
be selected for inhalation or for delivery through the digestive tract, such as orally. The
preparation of such pharmaceutically acceptable compositions is within the skill of the art.

In some embodiments, the formulation components are present in concentrations that
are acceptable to the site of administration. For example, buffers are used to maintain the
composition at physiological pH or at a slightly lower pH, typically within a pH range of from
about 5 to about 8.

When parenteral administration is contemplated, the therapeutic compositions for use
can be in the form of a pyrogen-free, parenterally acceptable, agueous solution comprising
the desired binding protein in a pharmaceutically acceptable vehicle. A particularly suitable
vehicle for parenteral injection is sterile distilled water in which a binding protein is formulated
as a sterile, isotonic solution, properly preserved. Yet another preparation can involve the
formulation of the desired molecule with an agent, such as injectable microspheres, bio-
erodible particles, polymeric compounds (such as polylactic acid or polyglycolic acid), beads,
or liposomes, that provides for the controlled or sustained release of the product which can
then be delivered via a depot injection. Hyaluronic acid can also be used, and this can have
the effect of promoting sustained duration in the circulation. Other suitable means for the
introduction of the desired molecule include implantable drug delivery devices.

In one embodiment, a pharmaceutical composition can be formulated for inhalation.
For example, a binding protein can be formulated as a dry powder for inhalation. Binding
protein inhalation solutions can also be formulated with a propellant for aerosol delivery. In
yet another embodiment, solutions can be nebulized.

It is also contemplated that certain formulations can be administered orally. In one
embodiment of the disclosure, multispecific binding proteins that are administered in this
fashion can be formulated with or without those carriers customarily used in the compounding

of solid dosage forms such as tablets and capsules. For example, a capsule can be designed
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to release the active portion of the formulation at the point in the gastrointestinal tract when
bioavailability is maximized and pre-systemic degradation is minimized. Additional agents can
be included to facilitate absorption of the binding protein. Diluents, flavorings, low melting
point waxes, vegetable oils, lubricants, suspending agents, tablet disintegrating agents, and
binders can also be employed.

Another pharmaceutical composition can involve an effective quantity of multispecific
binding proteins in a mixture with non-toxic excipients that are suitable for the manufacture of
tablets. By dissolving the tablets in sterile water, or another appropriate vehicle, solutions can
be prepared in unit-dose form. Suitable excipients include, but are not limited to, inert diluents,
such as calcium carbonate, sodium carbonate or bicarbonate, lactose, or calcium phosphate;
or binding agents, such as starch, gelatin, or acacia; or lubricating agents such as magnesium
stearate, stearic acid, or talc.

Additional pharmaceutical compositions of the disclosure will be evident to those
skilled in the art, including formulations involving binding proteins in sustained- or controlled-
delivery formulations. Techniques for formulating a variety of other sustained- or controlled-
delivery means, such as liposome carriers, bio-erodible microparticles or porous beads and
depot injections, are also known to those skilled in the art. Additional examples of sustained-
release preparations include semipermeable polymer matrices in the form of shaped articles,
e.g., films, or microcapsules. Sustained release matrices can include polyesters, hydrogels,
polylactides, copolymers of L-glutamic acid and gamma ethyl-L-glutamate, poly(2-
hydroxyethyl-methacrylate), ethylene vinyl acetate, or poly-D(-)-3-hydroxybutyric acid.
Sustained-release compositions can also include liposomes, which can be prepared by any of
several methods known in the art.

In some embodiments, pharmaceutical compositions are to be used for in vivo
administration typically must be sterile. This can be accomplished by filtration through sterile
filtration membranes. Where the composition is lyophilized, sterilization using this method can
be conducted either prior to, or following, lyophilization and reconstitution. The composition
for parenteral administration can be stored in lyophilized form or in a solution. In addition,
parenteral compositions generally are placed into a container having a sterile access port, for
example, an intravenous solution bag or vial having a stopper that can be pierced by a
hypodermic injection needle.

Once the pharmaceutical composition has been formulated, it can be stored in sterile
vials as a solution, suspension, gel, emulsion, solid, or as a dehydrated or lyophilized powder.
Such formulations can be stored either in a ready-to-use form or in a form (e.g., lyophilized)
requiring reconstitution prior to administration.

The disclosure also encompasses kits for producing a single dose administration unit.

The kits can each contain both a first container having a dried multispecific binding protein
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and a second container having an agueous formulation. Also included within the scope of this
disclosure are kits containing single and multi-chambered pre-filled syringes (e.g., liquid
syringes and lyosyringes).

The effective amount of a binding protein pharmaceutical composition to be employed
therapeutically will depend, for example, upon the therapeutic context and objectives. One
skilled in the art will appreciate that the appropriate dosage levels for treatment will thus vary
depending, in part, upon the molecule delivered, the indication for which the binding protein is
being used, the route of administration, and the size (body weight, body surface, or organ size)
and condition (the age and general health) of the patient. Accordingly, the clinician can titer
the dosage and modify the route of administration to obtain the optimal therapeutic effect.

Dosing frequency will depend upon the pharmacokinetic parameters of the binding
protein in the formulation being used. Typically, a clinician will administer the composition
until a dosage is reached that achieves the desired effect. The composition can therefore be
administered as a single dose, as two or more doses (which may or may not contain the same
amount of the desired molecule) over time, or as a continuous infusion via an implantation
device or catheter. Further refinement of the appropriate dosage is routinely made by those
of ordinary skill in the art and is within the ambit of tasks routinely performed by them.
Appropriate dosages can be ascertained through use of appropriate dose-response data.

The route of administration of the pharmaceutical composition is in accord with known
methods, e.g., orally; through injection by intravenous, intraperitoneal, intracerebral
(intraparenchymal), intracerebroventricular, intramuscular, intraocular, intraarterial,
intraportal, or intralesional routes; by sustained release systems; or by implantation devices.
Where desired, the compositions can be administered by bolus injection or continuously by
infusion, or by implantation device.

In some embodiments, the composition can also be administered locally via
implantation of a membrane, sponge, or other appropriate material onto which the desired
molecule has been absorbed or encapsulated. Where an implantation device is used, the
device can be implanted into any suitable tissue or organ, and delivery of the desired molecule
can be via diffusion, timed-release bolus, or continuous administration.

Multispecific binding proteins disclosed herein can be formulated as an aerosol for
topical application, such as by inhalation (see, e.g., U.S. Patent Nos. 4,044,126, 4,414,209
and 4,364,923, which describe aerosols for delivery of a steroid useful for treatment of
inflammatory diseases, particularly asthma and are herein incorporated by reference in their
entireties). These formulations for administration to the respiratory tract can be in the form of
an aerosol or solution for a nebulizer, or as a microfine powder for insufflations, alone or in
combination with an inert carrier such as lactose. In such a case, the particles of the

formulation will, in one embodiment, have diameters of less than 50 microns, in one
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embodiment less than 10 microns.

A multispecific binding protein disclosed herein can be formulated for local or topical
application, such as for topical application to the skin and mucous membranes, such as in the
eye, in the form of gels, creams, and lotions and for application to the eye or for intracisternal
or intraspinal application. Topical administration is contemplated for transdermal delivery and
also for administration to the eyes or mucosa, or for inhalation therapies. Nasal solutions of
the heterodimeric protein alone or in combination with other pharmaceutically acceptable
excipients can also be administered.

Transdermal patches, including iontophoretic and electrophoretic devices, are well
known to those of skill in the art, and can be used to administer a heterodimeric protein. For
example, such patches are disclosed in U.S. Patent Nos. 6,267,983, 6,261,595, 6,256,533,
6,167,301, 6,024,975, 6,010715, 5,985,317, 5,983,134, 5,948,433, and 5,860,957, all of which
are herein incorporated by reference in their entireties.

In certain embodiments, a pharmaceutical composition comprising a multispecific
binding protein described herein is a lyophilized powder, which can be reconstituted for
administration as solutions, emulsions and other mixtures. It may also be reconstituted and
formulated as solids or gels. The lyophilized powder is prepared by dissolving heterodimeric
protein described herein, or a pharmaceutically acceptable derivative thereof, in a suitable
solvent. In certain embodiments, the lyophilized powder is sterile. The solvent may contain
an excipient which improves the stability or other pharmacological component of the powder
or reconstituted solution, prepared from the powder. Excipients that may be used include, but
are not limited to, dextrose, sorbitol, fructose, corn syrup, xylitol, glycerin, glucose, sucrose or
other suitable agents. The solvent may also contain a buffer, such as citrate, sodium or
potassium phosphate or other such buffer known to those of skill in the art at, in one
embodiment, about neutral pH. Subsequent sterile filtration of the solution followed by
lyophilization under standard conditions known to those of skill in the art provides the desired
formulation. In one embodiment, the resulting solution will be apportioned into vials for
lyophilization. Each vial will contain a single dosage or multiple dosages of the compound.
The lyophilized powder can be stored under appropriate conditions, such as at about 4°C to
room temperature. Reconstitution of this lyophilized powder with water for injection provides
a formulation for use in parenteral administration. For reconstitution, the lyophilized powder
is added to sterile water or other suitable carrier. The precise amount depends upon the
selected compound. Such amount can be empirically determined. Multispecific binding
proteins provided herein can also be formulated to be targeted to a particular tissue, receptor,
or other area of the body of the subject to be treated. Many such targeting methods are well
known to those of skill in the art. All such targeting methods are contemplated herein for use

in the instant compositions. For non-limiting examples of targeting methods, see, e.g., U.S.
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Patent Nos. 6,316,652, 6,274,552, 6,271,359, 6,253,872, 6,139,865, 6,131,570, 6,120,751,
6,071,495, 6,060,082, 6,048,736, 6,039,975, 6,004,534, 5,985,307, 5,972,366, 5,900,252,
5,840,674, 5,759,542 and 5,709,874, all of which are herein incorporated by reference in their
entireties. In a specific embodiment, a heterodimeric protein described herein is targeted to a

tumor.

METHODS OF TREATMENT / USE

Another aspect of the disclosure is a multispecific antibody and/or an antigen-binding
protein as described herein for use as a medicament.

In a particular embodiment, a method of treating a disorder through the activation of
BMP Type | receptors and BMP Type Il receptors is provided, the method comprising
administering to a subject in need thereof an effective amount of an antigen-binding protein
described herein.

The binding proteins can be employed in any known assay method, such as
competitive binding assays, direct and indirect sandwich assays, and immunoprecipitation
assays for the detection and quantitation of one or more target antigens. The binding proteins
will bind the one or more target antigens with an affinity that is appropriate for the assay
method being employed.

For diagnostic applications, in some embodiments, binding proteins can be labeled
with a detectable moiety. The detectable moiety can be any one that is capable of producing,
either directly or indirectly, a detectable signal. For example, the detectable moiety can be a
radioisotope, such as °H, MC, #P, %3, 25 %Tc¢, "In, or ¥Ga; a fluorescent or
chemiluminescent compound, such as fluorescein isothiocyanate, rhodamine, or luciferin; or
an enzyme, such as alkaline phosphatase, B-galactosidase, or horseradish peroxidase.

The binding proteins are also useful for in vivo imaging. A binding protein labeled with
a detectable moiety can be administered to an animal, e.g., into the bloodstream, and the
presence and location of the labeled antibody in the host assayed. The binding protein can
be labeled with any moiety that is detectable in an animal, whether by nuclear magnetic
resonance, radiology, or other detection means known in the art.

The disclosure also relates to a kit comprising a binding protein and other reagents
useful for detecting target antigen levels in biological samples. Such reagents can include a
detectable label, blocking serum, positive and negative control samples, and detection
reagents. In some embodiments, the kit comprises a composition comprising any binding
protein, polynucleotide, vector, vector system, and/or host cell described herein. In some
embodiments, the kit comprises a container and a label or package insert on or associated
with the container. Suitable containers include, for example, bottles, vials, syringes, IV solution

bags, etc. The containers may be formed from a variety of materials such as glass or plastic.
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The container holds a composition which is by itself or combined with another composition
effective for treating, preventing and/or diagnosing a condition and may have a sterile access
port (for example the container may be an intravenous solution bag or a vial having a stopper
that can be pierced by a hypodermic injection needle). In some embodiments, the label or
package insert indicates that the composition is used for preventing, diagnosing, and/or
treating the condition of choice. Alternatively, or additionally, the article of manufacture or kit
may further comprise a second (or third) container comprising a pharmaceutically acceptable
buffer, such as bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's
solution and dextrose solution. It may further include other materials desirable from a
commercial and user standpoint, including other buffers, diluents, filters, needles, and
syringes.

In some embodiments, the present disclosure relates to a method of preventing and/or
treating a disease or disorder (e.g., cancer). In some embodiments, the method comprises
administering to a patient a therapeutically effective amount of at least one of the binding
proteins, or pharmaceutical compositions related thereto, described herein. In some
embodiments, the patient is a human.

The contents of the articles, patents, and patent applications, and all other documents
and electronically available information mentioned or cited herein, are hereby incorporated by
reference in their entirety to the same extent as if each individual publication was specifically
and individually indicated to be incorporated by reference. Applicants reserve the right to
physically incorporate into this application any and all materials and information from any such
articles, patents, patent applications, or other physical and electronic documents.

While the present disclosure has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and
scope of the disclosure. It will be readily apparent to those skilled in the art that other suitable
modifications and adaptations of the methods described herein may be made using suitable
equivalents without departing from the scope of the embodiments disclosed herein. In addition,
many modifications may be made to adapt a particular situation, material, composition of
matter, process, process step or steps, to the objective, spirit and scope of the present
disclosure. All such modifications are intended to be within the scope of the claims appended
hereto. Having now described certain embodiments in detail, the same will be more clearly
understood by reference to the following examples, which are included for purposes of

illustration only and are not intended to be limiting.
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EXAMPLES

Example 1. Bispecific antibodies to BMPR Type | and Type Il receptors with optimized

hinges, linkers and valencies

Bispecific antibodies targeting the BMRP Type | receptor ALK1 and BMPR Type Il
receptor BMPRII were designed, with sequences provided below. Some constructs include
upper hinge variants: hinge 1 = no upper hinge; hinge 3 = an upper hinge sequence of PLAP
(SEQ ID NO: 2); hinge 6 = an upper hinge sequence of DKTHT (SEQ ID NO: 5).

Three-dimensional structures of BMP10 in complex with ALK1 and BMPRII (PDB ID
7PPC) was used in combination with structural models from AlphaFold2 AF-P37023-F1-
model_v4 (ALK1), AF-Q13873-F1-model_v4 (BMPRII) and a model from Agnew et al. (DOI:
10.1038/s41467-021-25248-5) to construct a model of the intra and extra cellular domains of
the BMPRII/ALK1/BMPQ active tetrameric receptor complex that enables phosphorylation of
the GS domain and activation of SMADs. We predicted that tetravalent format of agonistic
antibodies would facilitate the predicted tetrameric receptor assembly, required for signaling
of ALK1/BMPRII complex.

The DIAGONAL platform predicted epitopes on ALK1 and BMPRII that binders could
target to engage the receptor in this tetravalent format. Those predictions were used to design
CDRs of the binding modules of the DGL molecules and connecting linkers compatible with

the geometrical constraints of tetravalent antibody formats.

Antibodies were transiently transfected using the Expi293 (Thermo) system according
to the manufacturer's instructions. Cells were harvested six days post transfection and
harvested using batch purification with mabSelect resin. Purity of the final product was

assessed using SDS-PAGE and analytical gel filtration.

Table 1. Hinge variant and Fc domain sequences

SEQ ID NO SEQUENCE
Hinge 2 1 PLAPDKTHT
Hinge 3 2 PLAP
Hinge 4 3 GGGGSGGGGSGGGGSGGGGES
Hinge 5 4 EKSYGPP
Hinge 6 5 DKTHT
Middle and Lower Hinge 6 CPPCPAPELLG
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Hinge 3 + Middle and
Lower

PLAPCPPCPAPELLG

Hinge 6 + Middle and
Lower

DKTHTCPPCPAPELLG

Hinge 5 + Middle and
Lower

EKSYGPPCPPCPAPELLG

Wildtype Fc domain

10

GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNS

TYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDELTKN

QVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPG

Hinge 3 + Fc domain

11

PLAPCPPCPAPELLGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDW
LNGKEYKCKVSNKALPAPIEKTISKAKGQPRE
PQVYTLPPSRDELTKNQVSLTCLVKGFYPSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQ
KSLSLSPG

Hinge 6 + Fc domain

12

DKTHTCPPCPAPELLGGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSRDELTKNQVSLTCLVKGFYPSD
IAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQ
KSLSLSPG

Hinge 5 + Fc domain

13

EKSYGPPCPPCPAPELLG GPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ
PREPQVYTLPPSRDELTKNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPG

Middle + Lower hinge
and Fc domain

14

CPPCPAPELLGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSP
G

Table 2. Bispecific antibodies to ALK1 and BMPRII constructs

Antibody
Designation

Amino acid sequence

DGL284 GDEMGTDIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQK
PGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATY
YCQQSYSTPRTFGQGTKVDIKEGKSSGSGSESKASQVQLQESGP
GLVKPSQTLSLTCTVSGGSISSDDYYWSWIRQTPGKGLEWIGYIYY
SGITYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREG
CNDGVCYNGVFDYWGQGTLVTVSSSGGSGGGGSSGGGGSGGG
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GSSGGGGDGGGGSGGTQSALTQPASVSGSPGQSITISCTGTSSD
VGGYKSVSWYQQHPGKAPKLMIYDVSNRPSGVSDRFSGSKSGNT
ASLTISGLOAEDEADYYCSSYTSSSSLWVFGGGTKLTVLGEGKSS
GSGSESKASQVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAIS
WVRQAPGQGLEWMGRIIPILGIANYAQKFQGRVTMTEDTSTDTAY
MELSSLRSEDTAVYYCATDLWGVGADWGQGTLVTVSSGSGGGG
DGGGGSGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGS (SEQ ID NO: 15)

DGL266 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLGGGGSGGGGSGGGGSGVECPPCPAPP
VAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKY
SNKGLPAPIEKTISKTKGQPREPQVYTLPPCREEMTKNQVSLWCLV
KGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 16)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVWFGGGTKLTVLGGGGSGGGGSGGGGS
GVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDW
LNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVCTLPPSREEMT
KNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO: 17)

DGL267 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLGGGGSGGGGSGGGGSGVECPPCPAPP
VAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKY
SNKGLPAPIEKTISKTKGQPREPQVYTLPPCREEMTKNQVSLWCLV
KGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 18)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLGGGGSGGGGSGGGGSGY
ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLN
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GKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVCTLPPSREEMTKN
QVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ
ID NO: 19)

DGL268 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLGGGGSGGGGSGGGGSGVECPPCPAPP
VAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKY
SNKGLPAPIEKTISKTKGQPREPQVYTLPPCREEMTKNQVSLWCLY
KGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 20)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLGGGGSGGGGSGGGGSGVECPPCPAPP
VAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKY
SNKGLPAPIEKTISKTKGQPREPQVCTLPPSREEMTKNQVSLSCAVY
KGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLVSKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 21)
DGL269 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVVFGGGTKLTVLGGGGSGGGGSGGGGS
GVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDW
LNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPCREEMT
KNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO: 22)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYVRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVVFGGGTKLTVLGGGGSGGGGSGGGGS
GVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDW
LNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVCTLPPSREEMT
KNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO: 23)

DGL270 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
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YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLGGGGSGGGGSGGGGSGVECPPCPAPP
VAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKY
SNKGLPAPIEKTISKTKGQPREPQVYTLPPCREEMTKNQVSLWCLY
KGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 24)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLGGGGSGGGGSGGGGSGVECPPCPAPP
VAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKY
SNKGLPAPIEKTISKTKGQPREPQVCTLPPSREEMTKNQVSLSCAV
KGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLVSKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 25)
DGL271 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLGGGGSGGGGSGGGGSGY
ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLN
GKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPCREEMTKN
QVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFL
YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ
ID NO: 26)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLGGGGSGGGGSGGGGSGY
ECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLN
GKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVCTLPPSREEMTKN
QVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ
ID NO: 27)

DGL272 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 28)
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EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTAQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVWFGGGTKLTVLDKTHTCPPCPAPEAAGA
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRW
QQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID
NO: 29)

DGL273 EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLCPPCPAPEAAGAPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGEPEA (SEQ ID NO: 30)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYVYRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTAQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVVFGGGTKLTVLCPPCPAPEAAGAPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPI
EKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNV
FSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID NO: 31)
DGL274 EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLPLAPCPPCPAPEAAGAPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 32)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYVYRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTAQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVVFGGGTKLTVLPLAPCPPCPAPEAAGAP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYP
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SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID NO:
33)

DGL275 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 34)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLDKTHTCPPCPAPEAAGAPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID NO:
35)

DGL276 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLCPPCPAPEAAGAPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGEPEA (SEQ ID NO: 36)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLCPPCPAPEAAGAPSVFLFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK
TISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFS
CSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID NO: 37)
DGL277 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLPLAPCPPCPAPEAAGAPSVFLFPPKPKD
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TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 38)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLPLAPCPPCPAPEAAGAPSVY
FLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA
PIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID NO: 39)
DGL278 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQV
SLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA
(SEQ ID NO: 40)
QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAP
KLLIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO:
M)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGKWSHPQFEK (SEQ ID NO: 42)

DGL279 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSASTKGPSVFP
LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK
SCDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPC
RDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
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SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGEPEA (SEQ ID NO: 43)
QSVLTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAP
KLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQS
YDSSLNDHVVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKAT
LVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASS
YLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO:
44)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVVFGGGTKLTVLDKTHTCPPCPAPEAAGA
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRW
QQGNVFSCSVMHEALHNHYTQKSLSLSPGKWSHPQFEK (SEQ ID
NO: 45)

DGL280 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQV
SLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA
(SEQ ID NO: 46)
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAP
KLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO:
47)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGKWSHPQFEK (SEQ ID NO: 48)

DGL281 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSASTKGPSVFP
LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK
SCDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVV
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DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPC
RDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGEPEA (SEQ ID NO: 49)
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTA
PKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCS
SYAGNYNLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO:
50)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLDKTHTCPPCPAPEAAGAPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGKWSHPQFEK (SEQ ID
NO: 51)

DGL282 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSASVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDS
TYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECDK
THTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDEL
TKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGW
SHPQFEK (SEQ ID NO: 52)
QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAP
KLLIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLSSASTKGPSVFPLAPSSKSTSGGTAA
LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWV
TVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC (SEQ ID NO: 53)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSASTKGPSVFP
LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK
SCDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPC
RDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGEPEA (SEQ ID NO: 54)
QSVLTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAP
KLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQS
YDSSLNDHVVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKAT
LVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASS

71



WO 2024/211796 PCT/US2024/023386

YLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO:
55)

DGL283 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSASVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDS
TYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECDK
THTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDEL
TKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGW
SHPQFEK (SEQ ID NO: 56)
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAP
KLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLSSASTKGPSVFPLAPSSKSTSGGTAA
LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWV
TVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC (SEQ ID NO: 57)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSASTKGPSVFP
LAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK
SCDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPC
RDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGEPEA (SEQ ID NO: 58)
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTA
PKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCS
SYAGNYNLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO:
59)

DGL285 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLDKGPSVFPLAPEPKSSEVQLLESGGGLV
QPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLEWVSSISSSSS
YIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARAVAA
GGMFWGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQ
PPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYG
NSNRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSL
NDHVVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHE
ALHNHYTQKSLSLSPG (SEQ ID NO: 60)

DGL286 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
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DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVVFGGGTKLTVLDKGPSVFPLAPEPKSSE
VQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKGL
EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED
TAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIY
GNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDS
LNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHE
ALHNHYTQKSLSLSPG (SEQ ID NO: 61)

DGL287 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLDKGPSVFPLAPEPKSSEVQLLESGGGLV
QPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSISGGSTY
YADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAG
WFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLTQP
PSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRS
NQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYN
LVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPG (SEQ ID NO: 62)

DGL288 | EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLDKGPSVFPLAPEPKSSEVQ
LLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTA
VYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQ
PPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGN
NKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLN
GRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQP
REPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPG (SEQ ID NO: 63)

PRO003 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
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DSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGGGGGSGGGGSEVQLLESGGGLVQPG
GSLRLSCAASGFTFSNAWMNWVRQAPGKGLEWVSSISSSSSYIYY
ADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARAVAAGGM
FWGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPS
ASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNSN
RPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDH
VVFGGGTKLTVL (SEQ ID NO: 64)

PRO004 EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGG
GSGGGGSQSVLTAQPPSASGTPGQRVTISCSGSRSNIGSNSVHWY
QQLPGTAPKLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCQSYDSSLNDHVVFGGGTKLTVLDKTHTCPPCPAPEAAGA
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGGGGGSGGGGSEVQLL
ESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKGLEWVS
AISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CARDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPS
ASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINR
PSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRY
FGGGTKLTVL (SEQ ID NO: 65)

PRO005 EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWD
DSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGGGGGSGGGGSEVQLLESGGGLVQPG
GSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSISGGSTYYAD
SRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWF
GQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLTQPPS
ASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSN
QRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNL
VFGGGTKLTVL (SEQ ID NO: 66)

PRO006 EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLDKTHTCPPCPAPEAAGAPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVY
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
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APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGGGGGSGGGGSEVQLLES
GGGLVAQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVANI
NQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQPPS
ASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNK
RPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNG
RVFGGGTKLTVL (SEQ ID NO: 67)

DGL289 EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSPAPNLLGGPEVQLLESGGG
LVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLEWVSSISSS
SSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARAV
AAGGMFWGLDQWGQGTLVTVTSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPP
CPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL
TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID
NO: 68)
QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAP
KLLIYGNINRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLPAPNLLGGPQSVLTQPPSASGTPGQ
RVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNSNRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVVFGGGT
KLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVA
WKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSY
SCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 69)

DGL290 EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGK
GLEWVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARAVAAGGMFWGLDQWGQGTLVTVTSSPAPNLLGGP
EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCARDFDYWGQGTLVTVTSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQV
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID
NO: 70)

QSVLTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAP
KLLIYGNSNRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQS
YDSSLNDHVVFGGGTKLTVLPAPNLLGGPQSVLTQPPSASGTPGQ
RVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDR
FSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKL
TVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWK
ADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC
QVTHEGSTVEKTVAPTECS (SEQ ID NO: 71)
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DGL291 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVTSSPAPNLLGGPEVQLLESGGG
LVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSISGGS
TYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGV
AGWFGQYGMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
SVWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPP
CPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL
TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID
NO: 72)
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAP
KLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLPAPNLLGGPQSVLTQPPSASGTPGQ
RVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTK
LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAW
KADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC
QVTHEGSTVEKTVAPTECS (SEQ ID NO: 73)

DGL292 | EVOLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSPAPNLLGGPE
VQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGL
EWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAED
TAVYYCAREFDYWGQGTLVTVTSSASTKGPSVFPLAPSSKSTSGG
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
SVWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPP
CPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL
TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID
NO: 74)
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTA
PKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCS
SYAGNYNLVFGGGTKLTVLPAPNLLGGPQSVLAQPPSASGTPGQR
VTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLT
VLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKA
DSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQ
VTHEGSTVEKTVAPTECS (SEQ ID NO: 75)

Example 2. Screen for Agonistic Activity

The bispecific antibodies were screened for agonist activity. PathHunter U20s ALK-
1/BMPR-2 dimerization assay was obtained from DiscoverX Corporation (93-0962C3). These
cells use Enzyme Fragment Complementation (EFC) technology using p-galactosidase

fragments to evaluate protein-protein interactions. Reporter cells were revived and cultured
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according to supplier's recommendations. Bispecific antibodies were compared to the natural

ligands, BMP9 and BMP10.

To perform the assay, cells were detached and removed from the flask with cell

detachment reagent (DiscoverX, 92-0009). Cells were spun at 300g for four minutes and

resuspended at a density of 250K/ml in assay plating media (DiscoverX 93-0563R22A). 20 ul

of the suspension were plated/well of a 384 well plate and incubated at 37°C for 24 hours.

Bispecifics were made at 5x the final concentration. 12-point titrations using a 1:10 dilution

were done to generate curves. 5 ul of the bispecific was added to the 384 well plate and

incubated for three hours. 25 ul of flash detection reagent (DiscoverX, 93-0247) was

added/well and the plates were read on a Verilux Skan at 60 minutes. Data was analyzed

using PRISM.

Table 3: Agonist activity of the bispecific antibody constructs

EMAX %Emax
EC50 (nM) | Riy) BMP9

BMP9 0.02 2639991 100
BMP10 0.1 2570138 97
DGL266 2.0 1040871 39
DGL267 0.9 1225023 46
DGL268 0.1 35238 1
DGL269 ND 8297 0
DGL270 ND 9205 0
DGL271 ND 55926 2
DGL273 42 1223399 46
DGL274 17 1251235 47
DGL275 0.9 1279811 48
DGL276 12 1143824 43
DGL277 10 1345570 51
DGL278 14 683855 26
DGL279 ND ND ND
DGL281 330 1105548 42
DGL282 170 954074 36
DGL283 28 879452 33
DGL284 10 1302185 49
DGL285 0.08 1470045 56
DGL286 0.2 1800963 68
DGL287 0.04 1255425 48
DGL288 0.07 1997935 76
DGL289 2.4 1800109 68
DGL290 5.3 1818708 69
DGL291 0.2 951876 36
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DGL292 0.09 1957874 74
PRO003 0.1 1247113 47
PRO004 0.5 1214568 46
PRO005 0.075 931154 35
PRO006 0.1 929009 35

It was observed that the bispecific antibodies in the tetravalent form (i.e., two binding
domains for ALK1 and two binding domains for BMPRII) elicited stronger agonism than
bispecific antibodies in a divalent form (i.e., one binding domain for ALK1 and one binding
domain for BMPRII). The divalent bispecific antibodies are DGL266-DGL271, which had 0-
46% of the activity of BMP9, while the tetravalent bispecific antibodies, such as DGL285-
DGL292 consistently yielded higher values. It was unexpectedly discovered that tetravalent
bispecific antibodies having, from N-terminus to C-terminus, the BMPRII binding domain then
the ALK1 binding domain, had substantially higher agonism relative to tetravalent bispecific
antibodies having, from N-terminus to C-terminus, the ALK1 binding domain then the BMPRII
binding domain. The data above is recapitulated below to compare bispecific antibodies with

the two different orientations.

D |binger | BMPRNbinger | JFETEen (Ntermnus o€ | B b
DGL285 | scFv1 scFv8 ALK1/BMPRII 56
DGL286 | scFv1 scFv8 BMPRII/ALK1 68
DGL287 | scFv29 scFv36 ALK1/BMPRII 48
DGL288 | scFv29 scFv36 BMPRII/ALK1 76
DGL289 | scFv1 scFv8 ALK1/BMPRII 68
DGL290 | scFv1 scFv8 BMPRII/ALK1 69
DGL291 | scFv29 scFv36 ALK1/BMPRII 36
DGL292 | scFv29 scFv36 BMPRII/ALK1 74

The effect was observed in a dual scFv tetravalent format and a DVD-Ig format.
Bispecific antibodies DGL285-288 are in the dual scFv tetravalent format, and DGL289-292
are in the DVD-Ig format.

The dual scFv tetravalent format comprises two polypeptide chains, each chain, from
N-terminus to C-terminus, comprising a first scFv against a first target of either ALK1 or
BMPRII, a second scFv against a second target of either ALK1 or BMPRII, and a Fc domain.
The first target and second target are different, such that if the first target is BMPRII, the
second target is ALK1. A linker, such as the modified hinge described herein, may be used to

link the first scFv to the second scFv.
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The DVD-lg format comprises four polypeptide chains. The first and second
polypeptide chains each comprise, from N-terminus to C-terminus, a first VH (VH1), a second
VH (VH2), and an Fc domain. The third and fourth polypeptide chains each comprise, from N-
terminus to C-terminus, a first VL (VL1) and a second VL (VL2). VH1 and VL1 form a first
binding domain against a first target of either ALK1 or BMPRII, and VH2 and VL2 form a
second binding domain against a second target of either ALK1 or BMPRII. The first target and
second target are different, such that if the first target is BMPRII, the second target is ALK1.
A linker, such as the modified hinge described herein, may be used to link the VH1 to the VH2
and/or the VL1 to the VL2.

Example 3: Measurement of pSMAD in HUVEC cells

HUVEC cells from ATCC (CRL-1730) were plated at 15K cells per well of a 96 well
plate in 100ul of complete HUVEC media overnight (F12K (Corning, 10-025-CV), 10% FBS
(Gibco, A31605-02), ECGS (30 ug/ml, Corning, 356006), 0.1 mg/ml Heparin (Sigma, H3393),
1x Pen/Strep (Gibco, 15140-122). The following morning, cells were starved for 4 hours by
replacing media with 50ul serum free/ ECGS free F12K media. Cells were then treated with
50ul of serum free/ ECGS free media containing 2X concentration dose curve of the bispecifics
or BMP ligands. At various time points (5, 15, 30, 60 min) media was removed from cells and
50ul lysis buffer (Abcam ELISA kit, AB186037) was added per well. After lysis, buffer from
four wells were pooled for a single 200ul lysed sample per condition, which was frozen and
later run on ELISAs measuring either total SMAD1 (Abcam, AB186037) or pPSMAD1 (Abcam,
AB186036). As a negative control, an anti-HEL antibody with LALA-PG mutations (BioXCell,
CP149) was used.

Table 4. Phosphorylation of SMAD1 following treatment with bispecific antibodies.

Conqentration RLU 15 RLU 60
of ligand or . .

antibody (nM) minutes minutes
BMP9 1 105.7 81.8
BMP9 0.2 102.2 83.2
BMP9 0.04 101.4 818
BMP9 0 4.9 6.1
DGL286 10 4.9 10.6
DGL286 2 4.7 9.3
DGL286 0.4 4.4 7.0
DGL286 0 4.6 4.5
DGL288 10 6.7 227
DGL288 2 6.5 26.9
DGL288 0.4 4.9 35.0
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DGL288 0 4.5 45
DGL289 10 4.7 6.9
DGL289 2 4.4 5.2
DGL289 0.4 4.4 5.0
DGL289 0 4.6 4.4
DGL292 10 6.7 33.9
DGL292 2 5.7 32.3
DGL292 0.4 4.6 23.7
DGL292 0 4.6 4.4
Control 10 4.7 45
Control 2 4.8 46
Control 0.4 45 45
Control 0 4.7 45

Example 4: Measurement of in vivo activity

Antibodies were measured for agonistic activity in a mouse model of HHT wherein
circulating BMP9/BMP 10 were neutralized by anti-BMP9/10 antibodies (Ruiz S, et al, Scientific
Reports, 2016 Nov 22: 5:37366). These mice develop vascular defects in the postnatal retina.
Three animals were dosed with either DGL288 or a negative control antibody (Anti-HEL,
LALA-PG, BioXCell, CP149) for two days, P3 and P4, at 15mg/kg/day. BMP9/10 antibodies
were dosed on the same days. Analysis was completed on P6. Retinas were dissected and
whole-mount prepared, then stained with both isolectin B4 and SMA to label retinal
vasculature and detect ateriovenous malformations (AVMs). Results are in FIG. 3A. Mice
dosed with DGL288 showed no formation of AVMs, whereas the negative control showed an

average of 4.8 AVMs/retina.

For the second set of experiments, all animals were dosed with BMP9/10 antibodies
on P3 and P4. DGL288, DGL292 or PBS control were dosed at 1 mg/kg/day on P4 and P5.
Analysis was completed on P86 for DGL288 and the littermate negative control animals, or P7
for DGL292 and littermates dosed with the PBS control. Retinas were dissected and whole-
mount prepared, then stained with both isolectin B4 and SMA to detect AVMs. Mice dosed
with DGL292 did not form AVMs, compared with an average of 5.7/retina for the controls (FIG.
3B). Mice dosed with DGL288 did not form AVMs, compared with an average of 4.5/retina for
the controls (FIG. 3C). No differences in body weight were observed, suggesting that the

agonists are well tolerated.

Example 5: Additional engineering of Binders
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Based on structural modeling of the receptor/antibody complex, the binders were

engineered to further optimize the complementary regions of the binding to the antigen. Both

ALK1 and BMPRII variants were designed for improved potency and/or stability.

Table 5. Optimized ALK1 and BMPRII binders.

Alk1_platform_1

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEW
VSAISGSGGVTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AREFDWWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGT
PGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDR
FSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL
DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
76)

Alk1 platform 2

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AREFDWWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGT
PGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDR
FSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL
DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVYMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
77)

Alk1_platform_3

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEW
VSAISGSGGATYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGT
PGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDR
FSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL
DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
78)

Alk1 platform_4

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQPPSASG
TPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTV
LDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
79)

Alk1_platform_5

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CARDYRYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQPPSASG
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TPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTV
LDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
80)

Alk1 platform_6

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CAREYKYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQPPSASG
TPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTV
LDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
81)

Alk1 platform_7

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CAREYQYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQPPSASG
TPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTV
LDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
82)

Alk1 platform_8

EVOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CARNYQYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQPPSASG
TPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTV
LDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGEPEA (SEQ ID NO:
83)

Alk1 platform_9

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CARNYQFWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQPPSASG
TPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTV
LDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
84)
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Alk1_platform_1
0

EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKGLEWY
SAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RDGLYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGTP
GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 85)

Alk1_platform_1
1

EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKGLEWY
SAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RNWDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGTP
GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 86)

Alk1_platform_1
2

EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKGLEWY
SAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RNGLYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGTP
GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 87)

Alk1_platform_1
3

EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKGLEWY
SAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RNYDFWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGTP
GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 88)

Alk1_platform_1
4

EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKGLEWY
SAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RDYLYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGTP
GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 89)

Alk1_platform_1
5

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEW
VANIKQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AREYDYWGQGTLVTVTSGGGGSGGGGSGGGGSQSVLAQPPSASGTP

GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPDRF
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SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 90)

Alk1_platform_1
6

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEW
VANINQDGSEKYYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AREYDYWGQGTLVTVTSGGGGSGGGGSGGGGSQSVLAQPPSASGTP
GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 91)

Alk1_platform_1
7

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEW
VANIKQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AREFDFWGQGTLVTVTSGGGGSGGGGSGGGGSQSVLAQPPSASGTP
GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 92)

ALK1 platform_
18

EVQOLLESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEW
VANINQSGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
AREFDWWGQGTLVTVSSSGGGGSGGGGSGGGGSQSVLAQPPSASGT
PGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPDR
FSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL
DKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGEPEA (SEQ ID NO:
93)

ALK1 platform_
19

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY

CAREFDWWGQGTLVTVSSSGGGGSGGGGSGGGGSQSVLAQPPSAS

GTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLT
VLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVS

HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL

NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQV

SLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGEPEA (SEQ ID NO:

94)

BMPRII_platfor
m_1

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWY
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARD
FGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLT
QPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSN
QRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFG
GGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCV
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VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELT
KNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLV
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 95)

BMPRII_platfor
m_2

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWV
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARW
ETSSGGFGSGGLSHWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLTQ
PPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQ
RPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGG
GTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVV
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELTK
NQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 96)

BMPRII_platfor
m_3

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWV
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARL
TVDGGGYGSGGLDLWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLT
QPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSN
QRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFG
GGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELT
KNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLV
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 97)

BMPRII_platfor
m_ 4

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWV
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARN
EVSGGYYGEFGLSLWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLTQ
PPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQ
RPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGG
GTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVV
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELTK
NQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 98)

BMPRII_platfor
m 5

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWV
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARN
VTSGGYFGSFGLDLWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLTQ
PPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQ
RPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGG
GTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVY
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELTK
NQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVS
KLTVDKSRWQQGNVFSCSVYMHEALHNHY TQKSLSLSPGWSHPQFEK
(SEQ ID NO: 99)

BMPRII_platfor
m_6

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWY
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARW
ETSGGYYGSGGLTIWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLTQ
PPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQ
RPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGG
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GTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVV
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELTK
NQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVS
KLTVDKSRWQQGNVFSCSVYMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 100)

BMPRII_platfor
m_7

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGN
SNRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHV
VFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSR
DELTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHP
QFEK (SEQ ID NO: 101)

BMPRII_platfor
m_ 8

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARSNGSGGSTYPLDLWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNS
NRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVV
FGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 102)

BMPRII_platfor
m_9

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARSNGSGGSDYPLDLWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNS
NRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVV
FGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 103)

BMPRII_platfor
m_10

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARSNGSGGSTSPLDLWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNS
NRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVV
FGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 104)

BMPRII_platfor
m_11

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARAVAGTSMWYGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGN
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SNRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHV

VFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPE

VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSR
DELTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS

FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHP

QFEK (SEQ ID NO: 105)

BMPRII_platfor
m_12

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWYRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARAVGASTVYFGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNS
NRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVV
FGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 106)

BMPRII_platfor
m_ 13

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARAVAAGGFFWGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNS
NRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVV
FGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 107)

BMPRII_platfor
m_14

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARAVAAGGLFWGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNS
NRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVV
FGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 108)

BMPRII_platfor
m_15

EVQLLESGGGLVQPGGSLRLSCAASGFTFSLAWMNWVRQAPGKGLEW
VSSISSSTSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA

RAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVL

TQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNS
NRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVV

FGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE

K (SEQ ID NO: 109)

BMPRII_platfor
m_16

EVQLLESGGGLVQPGGSLRLSCAASGFTFSLAWMNWVRQAPGKGLEW
VSSISSSTSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RAVAAGGFFWGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLT

87




WO 2024/211796

PCT/US2024/023386

QPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGNSN
RPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHVVF

GGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT

CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 110)

BMPRII_platfor
m_17

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEW

VSSISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCAR
DFGVAGWFGQFGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY QQLPGTAPKLLIYRS
NQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVF

GGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT

CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 111)

BMPRII_platfor
m_18

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDSYMSWIRQAPGKGLEW

VSSISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCAR
DFGVAGYFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRS
NQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVF

GGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT

CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 112)

BMPRII_platfor
m_19

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEW

VSSISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCAR
DFGVAGWFGYYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVYL
TQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRS
NQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVF

GGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT

CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 113)

BMPRII_platfor
m_20

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWV
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARD
YGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLT
QPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSN
QRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFG
GGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVY
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELT
KNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLV
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 114)

BMPRII_platfor
m_21

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWY
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARD
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FGVSGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLT
QPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSN
QRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFG
GGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELT
KNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLV
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 115)

BMPRII_platfor
m_22

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMTWIRQAPGKGLEW
VSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCAR
DFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRS
NQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVF

GGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT

CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 116)

BMPRII_platfor
m_23

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWV
SSISGGTTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARD
FGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLT
QPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSN
QRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFG
GGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELT
KNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLV
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 117)

BMPRII_platfor
m_24

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMTWIRQAPGKGLEW
VSSISGGTTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCAR
DYGVAGWFGQYGMDVWGQGTLVTVSS
GGGGSGGGGSGGGGSQSVLTAQPPSASGTPGQRVTISCTGSSSNIGAG
YDVHWYQQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLR
SEDEADYYCSSYAGNYNLVFGGGTKLTVLDKTHTCPPCPAPEAAGAPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGWSHPQFEK (SEQ ID NO: 118)

BMPRII_platfor
m_25

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMTWIRQAPGKGLEW
VSSISGGTTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCAR
DFGVSGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVL
TQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRS
NQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVF

GGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVT

CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFE
K (SEQ ID NO: 119)
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scFv_1

EVQLLESGGGLVQPGGSLRLSCAASGFTFSIYAMSWVRQAPGKGLEWY
SAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA
RDFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLTQPPSASGTP
GQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNINRPSGVPDRF
SGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVLD
KTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSLW
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 120)

scFv_8

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNAWMNWVRQAPGKGLE
WVSSISSSSSYIYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARAVAAGGMFWGLDQWGQGTLVTVTSSGGGGSGGGGSGGGGSQSY
LTQPPSASGTPGQRVTISCSGSRSNIGSNSVHWYQQLPGTAPKLLIYGN
SNRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCQSYDSSLNDHV
VFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSR
DELTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHP
QFEK (SEQ ID NO: 121)

scFv_29

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGGSQSVLAQPPSASG
TPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTV
LDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO:
122)

scFv_36

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWV
SSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARD
FGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLT
QPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSN
QRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFG
GGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSRDELT
KNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLV
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK
(SEQ ID NO: 123)

Table 6. Optimized ALK1 and BMPRII bispecific antibodies.

Name Chain 1 Chain 2
DGL621 Alk1_platform_1 scFv_8
DGL622 Alk1_platform_2 scFv_8
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DGL623 Alk1 platform_3 scFv 8
DGL624 Alk1_platform_4 scFv_8
DGL625 Alk1 platform_5 scFv_36
DGL626 Alk1 platform_6 scFv_36
DGL627 Alk1 platform_7 scFv_36
DGL628 Alk1 platform_8 scFv_36
DGL629 Alk1 platform_9 scFv_36
DGL630 Alk1_platform_10 scFv_8
DGL631 Alk1_platform_11 scFv_8
DGL632 Alk1_platform_12 scFv_8
DGL633 Alk1_platform_13 scFv 8
DGL634 Alk1_platform_14 scFv_8
DGL635 BMPRII platform 1 | scFv_29
DGL636 BMPRII_platform 2 | scFv_29
DGL637 BMPRII platform 3 | scFv_29
DGL638 BMPRII_platform 4 | scFv_29
DGL639 BMPRII platform 5 | scFv_29
DGL640 BMPRII_platform_6 | scFv_29
DGL641 BMPRII_platform_7 | scFv_1
DGL642 BMPRII_platform_8 | scFv_1
DGL643 BMPRII_platform 9 | scFv 1
DGL644 BMPRII_platform_10 | scFv_1
DGL645 BMPRII_platform_11 | scFv_1
DGL646 BMPRII_platform_12 | scFv_1
DGL647 BMPRII_platform 13 | scFv_1
DGL648 BMPRII_platform_14 | scFv_1
DGL649 BMPRII_platform_15 | scFv_1
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DGL650 BMPRII_platform_16 | scFv_1

DGL6E51 Alk1 platform_15 scFv_36

DGL6E52 Alk1_platform_16 scFv_36

DGL653 Alk1_platform_17 scFv_36

DGL654 BMPRII_platform_17 | scFv_29

DGL655 BMPRII_platform_18 | scFv_29

DGL6E56 BMPRII_platform_19 | scFv_29

DGL730 BMPRII_platform 20 | scFv_29

DGL731 BMPRII_platform 21 | scFv_29

DGL732 BMPRII_platform 22 | scFv_29

DGL733 BMPRII_platform 23 | scFv_29

DGL734 BMPRII_platform 24 | scFv_29

DGL735 BMPRII_platform 25 | scFv_29

DGL736 Alk1_platform_18 scFv_36

DGL737 Alk1_platform_19 scFv_36

DGL860 ALK1_platform_15 BMPRII_Platform_17
DGL861 ALK1_platform_16 BMPRII_Platform_17
DGL862 ALK1_platform_17 BMPRII_Platform_17
DGL863 ALK1_platform_15 BMPRII_Platform_18
DGL864 ALK1_platform_16 BMPRII_Platform_18
DGL865 ALK1_platform_17 BMPRII_Platform_18
DGL866 ALK1_platform_15 BMPRII_Platform_19
DGL867 ALK1_platform_16 BMPRII_Platform_19
DGL868 ALK1_platform_17 BMPRII_Platform_19
DGL869 scFv29_L1_H3 scFv36

DGL870 scFv29 12 H3 scFv36

DGL871 scFv29 L3 H3 scFv36
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DGL872 scFv29_ L4 H3 scFv36

DGL873 scFv29 L1 scFv36

DGL874 scFv29 L2 scFv36

DGL875 scFv29 L3 scFv36

DGL876 scFv29 L4 scFv36

DGL877 scFv29 scFv36 L1

DGL878 scFv29 scFv36 L2

DGL879 scFv29 scFv36 L3

DGL880 scFv29 scFv36 L4

DGL893 Alk_platform_15 BMPRII_platform_21
DGL894 Alk_platform_15 BMPRII_platform_22
DGL895 Alk_platform_15 BMPRII_platform 23
DGL896 Alk_platform_15 BMPRII_platform_25
DGL897 Alk1_platform_16 BMPRII_platform_21
DGL898 Alk1_platform_16 BMPRII_platform_22
DGL899 Alk1_platform_16 BMPRII_platform 23
DGL900 Alk1_platform_16 BMPRII_platform_25
DGL901 Alk1_platform_17 BMPRII_platform_21
DGL902 Alk1_platform_17 BMPRII_platform_22
DGL903 Alk1_platform_17 BMPRII_platform 23
DGL904 Alk1_platform_17 BMPRII_platform_25
DGL905 Alk1_platform_18 BMPRII_platform_17
DGL906 Alk1_platform_18 BMPRII_platform_18
DGL907 Alk1_platform_18 BMPRII_platform_19
DGL908 Alk1_platform_18 BMPRII_platform_21
DGL909 Alk1_platform_18 BMPRII_platform_22
DGL910 Alk1_platform_18 BMPRII_platform 23
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DGL911 Alk1_platform_18 BMPRII_platform_25
DGL912 Alk1_platform_19 BMPRII_platform_17
DGL913 Alk1_platform_19 BMPRII_platform_18
DGL914 Alk1_platform_19 BMPRII_platform_19
DGL915 Alk1_platform_19 BMPRII_platform_21
DGL916 Alk1_platform_19 BMPRII_platform_22
DGL917 Alk1_platform_19 BMPRII_platform 23
DGL918 Alk1_platform_19 BMPRII_platform_25

Table 7. Additional engineered variants.

ID

Sequence

CH969
(ScFv29_L1_H3_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGK
GLEWVANINQSGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRA
EDTAVYYCAREFDWWGQGTLVTVSSSGGGGSGGGGSGGGGSQ
SVLAQPPSASGTPGQRVTISCSGSASNIGSNYVYWYQQLPGTAPK
LLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 124)

CH970
(scFv29_L2 H3_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGK
GLEWVANINQSGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRA
EDTAVYYCAREFDWWGQGTLVTVSSSGGGGSGGGGSGGGGSQ
SVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPK
LLIYGNNKRPAGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 125)

CH971
(scFv29_L3 H3_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGK
GLEWVANINQSGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRA
EDTAVYYCAREFDWWGQGTLVTVSSSGGGGSGGGGSGGGGSQ
SVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPK
LLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLSGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 126)
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CH972
(scFv29_L4 H3_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGK
GLEWVANINQSGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRA
EDTAVYYCAREFDWWGQGTLVTVSSSGGGGSGGGGSGGGGSQ
SVLAQPPSASGTPGQRVTISCSGSASNIGSNYVYWYQQLPGTAPK
LLIYGNNKRPAGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLSGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 127)

CH973
(scFv29 L1 CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVSSSGGGGSGGGGSGGGGSQS
VLAQPPSASGTPGQRVTISCSGSASNIGSNYVYWYQQLPGTAPKL
LIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAW
DDSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 128)

CH974
(scFv29 L2 CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVSSSGGGGSGGGGSGGGGSQS

VLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNNKRPAGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAW
DDSLNGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWE

SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 129)

CH975
(scFv29 L3_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVSSSGGGGSGGGGSGGGGSQS

VLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAW
DDSLSGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWE

SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 130)

CH976
(scFv29 L4 CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKG
LEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQMNSLRAE
DTAVYYCAREFDYWGQGTLVTVSSSGGGGSGGGGSGGGGSQS
VLAQPPSASGTPGQRVTISCSGSASNIGSNYVYWYQQLPGTAPKL
LIYGNNKRPAGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAW
DDSLSGRVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGQPREPQVYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWE
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SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGEPEA (SEQ ID NO: 131)

CH977
(scFv36_L1_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSASNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLDKTHTCPPCPAPEAAGAPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID
NO: 132)

CH978
(scFv36_L2_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPAGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGNYNLVFGGGTKLTVLDKTHTCPPCPAPEAAGAPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVY
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID
NO: 133)

CH979
(scFv36_L3_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGLYNLVFGGGTKLTVLDKTHTCPPCPAPEAAGAPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID
NO: 134)

CH980
(scFv36_L4_CH)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKG
LEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDT
AVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSQSVLTQPPSASGTPGQRVTISCTGSASNIGAGYDVHWY
QQLPGTAPKLLIYRSNQRPAGVPDRFSGSKSGTSASLAISGLRSED
EADYYCSSYAGLYNLVFGGGTKLTVLDKTHTCPPCPAPEAAGAPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVCTLPPSRDELTKNQVSLSCAVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGWSHPQFEK (SEQ ID
NO: 135)

These binders were then tested using an ELISA assay. High binding plates (Corning,
9018) were coated with either 2 ug /ml of human BMPRII protein (Sino Biological, #10551-
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HO8H) or 2 ug/ml of human ALK1 protein (Sino Biological, #10066-H08H) overnight at 4C.
The plates were then washed three times with wash buffer (R&D Systems, WA126). The
plates were blocked with 1% BSA in PBS for one hour at room temperature, then blocked with
1% BSA and 2 ug/ml of goat anti-human IgG (Jackson ImmunoResearch, 109-005-190) in
PBS for another hour at room temperature. The plates were then washed three times with
wash buffer and DGL antibodies or controls, which were diluted with PBS and 0.1% BSA. The
antibodies were incubated for one hour at room temperature and then the plates were washed
three times with wash buffer. The plates were then incubated with mouse anti-human IgG Fc
secondary — HRP (diluted with PBS/0.1% BSA); 100 ul per well at 2 ug/ml and incubated at
room temperature for one hour. The plate was washed three times in wash buffer and then
100 ul TMB (R&D Systems, DY9998B, substrate reagent pack). After the wells turn blue, 50
ul of stop solution (R&D Systems, DY994) was added to each well and the absorbance of the

plate was read at 450nm. results can be found in Table 8.

Table 8. Binding of optimized ALK1 and BMPRII bispecific antibodies.

Name Abs450 | Abs450 10 | Abs450 1 | Abs450 | Abs450 10 | Abs450 1
100 nM nM (Alk1 | nM (Ak1 | 100 nM nM nM
(AlK1 ELISA) ELISA) (BMPRIl | (BMPRIl | (BMPRII
ELISA) ELISA) ELISA) ELISA)
DGL621 | 1.58 0.95 0.17 0.33 0.22 0.21
DGL622 | 1.58 0.75 0.15 0.50 0.36 0.37
DGL623 | 1.43 0.61 0.14 0.31 0.20 0.18
DGL624 | 1.54 1.21 0.25 0.93 0.24 0.16
DGL625 | 0.11 0.07 0.07 1.21 0.35 0.17
DGL626 | 0.06 0.07 0.06 0.71 0.25 0.17
DGL627 | 0.07 0.07 0.05 0.66 0.22 0.15
DGL628 | 0.52 0.12 0.05 0.80 0.27 0.17
DGL629 | 0.08 0.08 0.08 0.90 0.29 0.18
DGL630 | 0.08 0.07 0.07 0.53 0.31 0.30
DGL631 [ 0.70 0.19 0.07 0.97 0.65 0.61
DGL632 | 0.06 0.05 0.06 0.88 0.46 0.46
DGL633 | 1.42 0.78 0.15 0.37 0.14 0.12
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DGL634 0.10 0.06 0.05 0.40 0.19 0.12
DGL635 1.17 0.29 0.09 1.17 0.33 0.15
DGL636 1.45 0.56 0.11 0.20 0.16 0.14
DGL637 1.48 0.77 0.16 0.27 0.17 0.17
DGL638 1.02 0.22 0.05 0.23 0.22 0.17
DGL639 1.39 0.46 0.09 0.49 0.35 0.34
DGL640 1.40 0.47 0.09 0.43 0.30 0.30
DGL641 0.83 0.15 0.07 0.90 0.43 0.33
DGL642 0.50 0.09 0.08 0.51 0.55 0.53
DGL643 0.71 0.13 0.04 0.26 0.23 0.3

DGL644 0.54 0.10 0.06 0.17 0.20 0.23
DGL645 0.59 0.13 0.07 0.16 0.21 0.23
DGL646 0.80 0.15 0.06 0.34 0.22 0.25
DGL647 0.84 0.16 0.07 1.90 0.51 0.25
DGL648 0.80 0.17 0.08 0.77 0.33 0.24
DGL649 0.81 0.18 0.07 0.76 0.32 0.30
DGL650 0.65 0.15 0.08 0.79 0.49 0.54

Example 6. DiscoverX data for variants

The bispecific antibodies were screened for agonist activity as described in Example
2. Data reported (RLU) is the average of two replicates at the highest concentration tested.

Antibodies were compared to the natural ligand, BMP9 on every plate.

Table 9. Agonist activity of exemplary bispecific antibodies

DGL Description Emax (RLU) % Emax

BMP9
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DGL621 ALK1 platform 1 B 8 30
1091500

DGL622 ALK1 platform 2 B 8 25
936000

DGL6B23 ALK1 platform 3 B 8 30
1108500

DGL6B24 ALK1 platform 4 B 36 42
1550500

DGL625 ALK1 platform 5 B 36 17
615000

DGL6B26 ALK1 platform 6 B 36 7
258000

DGLB27 ALK1 platform 7 B 36 14
502500

DGL6B28 ALK1 platform 8 B 36 24
883500

DGL6B29 ALK1 platform 9 B 36 12
424500

DGL630 ALK1 platform_10 B 8 5
168000

DGL631 ALK1 platform 11 B 8 13
470000

DGLB32 ALK1 platform 12 B 8 4
130000

DGLB33 ALK1 platform 13 B 8 32
585800

DGL6B34 ALK1 platform 14 B 8 16
288300

DGL6B35 BMPRII_platform_1 B29 141
2614800

DGL6B36 BMPRII_platform_2 B29 20
361800

DGLB37 BMPRII_platform_3 B29 21
382300

DGLB38 BMPRII_platform_4 B29 80
1474800

DGLB39 BMPRII_platform 5 B29 41
752300

DGL6B40 BMPRII_platform 6 B29 83
1532800

DGL641 BMPRII_platform_7 B1 76
1407800

DGL642 BMPRII_platform_8 B1 14
255300

DGL6B43 BMPRII_platform_9 B1 13
246300

DGL644 BMPRII_platform_10_B1 8
153400

DGL645 BMPRII_platform_11_B1 19
352650

DGL646 BMPRII_platform_12_B1 18
332700

DGLB47 BMPRII_platform_13 B1 79
1455250
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DGLB48 BMPRII_platform_14v2_B1 78
1448250
DGL649 BMPRII_platform_15 B1 35
648250
DGL650 BMPRII_platform_16_B1 43
801250
DGL651 17617667 72
ALK1 platform 15 B 36
DGLB52 ALK1 platform 16 B 36 60
1484266.667
DGL6B53 ALK1 platform 17 B 36 58
1433766.667
DGL654 BMPRII_platform_17 _B29 76
1871266.667
DGL655 BMPRII_platform_18 B29 18
437266.6667
DGL656 BMPRII_platform_19 B29 55
1355266.667
DGL730 BMPRII_platform 20 B
36 Alk1 scFv29 BsAb 342493.75 22
DGL731 BMPRII_platform 21 B
36 Alk1 scFv29 BsAb 1559493.75 100
DGL732 BMPRII_platform 22 B
36 Alk1 scFv29 BsAb 844993.75 54
DGL733 BMPRII_platform 23 B
36 _Alk1 scFv29 BsAb 1654493.75 106
DGL734 BMPRII_platform 24 B
36 Alk1 scFv29 BsAb 216993.75 14
DGL735 BMPRII_platform 25 B
36 _Alk1 scFv29 BsAb 1062493.75 68
DGL736 ALK1 platform_18 B
29 BMPRII scFv36 BsAb 1131493.75 73
DGL737 ALK1 platform_19 B
29 BMPRII scFv36 BsAb 1200493.75 77
DGL860 79
ALK1 platform 15 BMPRII Platform 17 2011075
DGL861 81
ALK1 platform 16 BMPRII Platform 17 2084075
DGL862 83
ALK1 platform 17 BMPRII Platform 17 2131075
DGL863 24
ALK1 platform 15 BMPRII Platform 18 603575
DGL864 22
ALK1 platform 16 BMPRII Platform 18 553075
DGL865 30
ALK1 platform 17 BMPRII_Platform 18 755075
DGL866 45
ALK1 platform 15 BMPRII_Platform 19 1147575
DGL867 58
ALK1 platform 16 BMPRII_Platform 19 1479075
DGL868 67
ALK1 platform 17 BMPRII Platform 19 1707075
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Table 10. Agonist activity of exemplary bispecific antibodies
DGL Description Emax % Emax
(RLU) BMP9
DGL869 scFv29 L1 H3 CH 1436575 56
DGL870 scFv29 L2 H3 CH 1423575 56
DGL871 scFv29 L3 H3 CH 1593075 62
DGL872 scFv29 L4 H3 CH 1456075 57
DGL873 scFv29 L1 CH 1545575 60
DGL874 scFv29 L2 CH 1558075 61
DGL875 scFv29 L3 CH 1656575 65
DGL876 scFv29 L4 CH 1568575 61
DGL877 scFv36 L1 CH 1950075 76
DGL878 scFv36 L2 CH 1880075 73
DGL879 scFv36 L3 CH 1806575 71
DGL880 scFv36 L4 CH 1682575 66
Table 11. Agonist activity of exemplary bispecific antibodies
DGL Description Emax % Emax
(RLU) BMP9
DGL893 Alk_platform_15 BMPRII_platform_21 551775 20
DGL894 Alk_platform_15 BMPRII_platform_22 | 383225 14
DGL895 Alk_platform 15 BMPRII_platform 23 715275 26
DGL896 Alk_platform_15 BMPRII_platform_25 | 281725 10
DGL897 Alk1_platform_16_BMPRII_platform 21 | 700775 26
DGL898 Alk1_platform_16_BMPRII_platform 22 | 509125 19
DGL899 Alk1_platform 16 _BMPRII_platform 23 | 812275 30
DGL900 Alk1 _platform_16_BMPRII_platform 25 | 332675 12
DGL901 Alk1_platform_ 17 BMPRII_platform 21 | 799775 29
DGL902 Alk1_platform_ 17 BMPRII_platform 22 | 528925 19
DGL903 Alk1_platform_ 17 _BMPRII_platform 23 | 917775 34
DGL904 Alk1 _platform_17 BMPRII_platform 25 | 474575 17
DGL905 Alk1 _platform_18 BMPRII_platform 17 | 972275 36
DGL906 Alk1 _platform_18 BMPRII_platform 18 | -41075 -2
DGL907 Alk1 _platform_18 BMPRII_platform 19 | 320825 12
DGL908 Alk1_platform_18 BMPRII_platform 21 | 1234775 45
DGL909 Alk1 _platform_18 BMPRII_platform 22 | 663275 24
DGL910 Alk1 platform 18 BMPRII_ platform 23 | 1328775 49
DGL911 Alk1_platform_18 BMPRII_platform 25 | 520775 19
DGL912 Alk1_platform_19 BMPRII_platform 17 | 909775 33
DGL913 Alk1_platform_19 BMPRII_platform_18 8425 0
DGL914 Alk1_platform_19 BMPRII_platform 19 | 556775 20
DGL915 Alk1_platform_19 BMPRII_platform 21 | 123975 5
DGL916 Alk1 _platform_19 BMPRII platform 22 | 1114275 41
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DGL917 Alk1 _platform_19 BMPRII_platform 23 | 469475 17
DGL918 Alk1_platform_19 BMPRII_platform 25 | 1243275 46

Example 7. Engineering of scFv containing bispecific agonist antibodies with
optimized hinges

Agonist activity of heteromeric antibodies with modified hinges identified by the
DIAGONAL platform was also tested. A variant of DGL288, DGL809, was designed with hinge
1. DGL809 was designed, expressed, and purified as described above. Heteromeric
antibodies were tested using the DiscoverX assay. DGL809 outperformed the parental
DGL288, as seen in Table 12 (average values across two different experiment is shown),

which shows the activity level relative to BMP9 at 100 nM antibody concentration.

Table 12. Agonist activity of exemplary bispecific antibodies

DGL Hinge % Emax
BMP9
DGL288 Hinge 6 72
DGL809 Hinge 1 79

Example 8. Engineering bispecific agonist antibodies with optimized linkers in DVD-Ig
format

An alternative way to rigidify agonist antibodies is to optimize the linkers between 1gG
and additional variable domains in the DVD-Ig format. To pursue this route, the agonist activity
of heteromeric antibodies with modified VH to IgG hinge linkers identified by the DIAGONAL
platform was tested. Variants of DGL292, DGL810, DGL811, and DGL812, were designed,
expressed, and purified as described above. Heteromeric antibodies were tested using the
DiscoverX assay where variants outperformed the parental DGL292, as seen in Table 14

(average values across two different experiment is shown).

Table 13. Linkers used in DVD-Ig format

DGL VH1-VH2 linker VL1-VL2 linker
DGL292 PAPNLLGGP PAPNLLGGP
DGL810 PLAP PLAP

DGL811 PLAP PAPNLLGGP
DGL812 PAPNLLGGP PLAP

Table 14. Agonist activity in DVD-Ig format
| DGL | % Emax |
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BMP9
DGL292 57
DGL810 76
DGL811 73
DGL812 62

Table 15. Sequences

ID

Seguence

DGL288

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVS
SISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFG
VAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLTQPP
SASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPS
GVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLT
VLDKGPSVFPLAPEPKSSEVQLLESGGGLVQPGGSLRLSCAASGFTFSSY
AMSWVRQAPGKGLEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYL
QMNSLRAEDTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGG
SQSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNG
RVFGGGTKLTVLDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO:
147)

DGL809

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVS
SISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFG
VAGWFGQYGMDVWGQGTLVTVSSGGGGSGGGGSGGGGSQSVLTQPP
SASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPS
GVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLT
VLDKGPSVFPLAPEPKSSEVQLLESGGGLVQPGGSLRLSCAASGFTFSSY
AMSWVRQAPGKGLEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYL
QMNSLRAEDTAVYYCAREFDYWGQGTLVTVTSSGGGGSGGGGSGGGG
SQSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLI
YGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNG
RVFGGGTKLTVLCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 148)

DGL292_HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVS
SISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFG
VAGWFGQYGMDVWGQGTLVTVSSPAPNLLGGPEVQLLESGGGLVQPG

GSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKNYVDS

MRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVT
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKY

EPKSCDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVD

VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 149)

DGL292_LC

QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLI
YRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNL
VFGGGTKLTVLPAPNLLGGPQSVLAQPPSASGTPGQRVTISCSGSSSNIG
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SNYVYWYQQLPGTAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLR
SEDEADYYCAAWDDSLNGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEEL
QANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAAS
SYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 150)

DGL810_HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVS
SISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFG

VAGWFGQYGMDVWGQGTLVTVSSPLAPEVQLLESGGGLVQPGGSLRLS
CAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKNYVDSMRGRFTI
SRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVTSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDK

THTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE

VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC
KVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGF

YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVYDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 151)

DGL810_LC

QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLI

YRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNL

VFGGGTKLTVLPLAPQSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVY

WYQQLPGTAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEA
DYYCAAWDDSLNGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKA

TLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLT
PEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 152)

DGL811_HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVS
SISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFG

VAGWFGQYGMDVWGQGTLVTVSSPLAPEVQLLESGGGLVQPGGSLRLS
CAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKNYVDSMRGRFTI
SRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVTSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDK

THTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE

VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKC
KVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGF

YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVYDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 153)

DGL811_LC

QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLI
YRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNL
VFGGGTKLTVLPAPNLLGGPQSVLAQPPSASGTPGQRVTISCSGSSSNIG
SNYVYWYQQLPGTAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLR
SEDEADYYCAAWDDSLNGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEEL
QANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAAS
SYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 154)

DGL812_HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVS
SISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFG
VAGWFGQYGMDVWGQGTLVTVSSPAPNLLGGPEVQLLESGGGLVQPG

GSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKNYVDS

MRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVT
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKY

EPKSCDKTHTCPPCPAPEAAGAPSVFLFPPKPKDTLMISRTPEVTCVVVD

VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 155)
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DGL812_LC

QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLI

YRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNL

VFGGGTKLTVLPLAPQSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVY

WYQQLPGTAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEA
DYYCAAWDDSLNGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKA

TLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLT
PEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 156)

Table 16. Sequences

ID

Sequence

CH1118_HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSI
SGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAG
WFGQYGMDVWGQGTLVTVSSPAPNLLGGPEVQLLESGGGLVYQPGGSLRL

SCAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKNYVDSMRGRFTI
SRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVSSASTKGPS

VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ

SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPEAAGAPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP

APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEW

ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPG (SEQ ID NO: 136)

CH1119_HC
(DGL945
HC)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSI
SGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAG
WFGQYGMDVWGQGTLVTVSSPLAPEVQLLESGGGLVQPGGSLRLSCAAS

GFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKNYVDSMRGRFTISRDNS
KNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVSSASTKGPSVFPLAP
SSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE
AAGAPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGVEV

HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVYMHEALHNHYT

QKSLSLSPG (SEQ ID NO: 137)

CH1120_HC
(DGL946
HC)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSS
ISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVA

GWFGQFGMDVWGQGTLVTVSSPLAPEVQLLESGGGLVQPGGSLRLSCAA

SGFTFSSYWMSWVRQAPGKGLEWVANIKQDGSEKNYVDSMRGRFTISRD

NSKNTLYLQMNSLRAEDTAVYYCAREYDYWGQGTLVTVSSASTKGPSVFPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKYDKKVEPKSCDKTHTCPPCPA
PEAAGAPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGV

EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVYMHEALHNH
YTQKSLSLSPG (SEQ ID NO: 138)

CH1121_HC
(DGL947
HC)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSS
ISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVA
GWFGQFGMDVWGQGTLVTVSSPLAPEVQLLESGGGLVQPGGSLRLSCAA
SGFTFSSYWMSWVRQAPGKGLEWVANINQDGSEKYYVDSMRGRFTISRD
NSKNTLYLQMNSLRAEDTAVYYCAREYDYWGQGTLVTVSSASTKGPSVFPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKYDKKVYEPKSCDKTHTCPPCPA

105




WO 2024/211796

PCT/US2024/023386

PEAAGAPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVYMHEALHNH
YTQKSLSLSPG (SEQ ID NO: 139)

CH1122_HC
(DGL948
HC)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSS
ISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVA

GWFGQFGMDVWGQGTLVTVSSPLAPEVQLLESGGGLVQPGGSLRLSCAA

SGFTFSSYWMSWVRQAPGKGLEWVANIKQDGSEKNYVDSMRGRFTISRD

NSKNTLYLQMNSLRAEDTAVYYCAREFDFWGQGTLVTVSSASTKGPSVFPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKYDKKVEPKSCDKTHTCPPCPA
PEAAGAPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGV

EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE

KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVYMHEALHNH
YTQKSLSLSPG (SEQ ID NO: 140)

CH1123_HC
(DGL949
HC)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSS
ISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVA

GWFGYYGMDVWGQGTLVTVSSPLAPEVQLLESGGGLVQPGGSLRLSCAA

SGFTFSSYWMSWVRQAPGKGLEWVANIKQDGSEKNYVDSMRGRFTISRD

NSKNTLYLQMNSLRAEDTAVYYCAREFDFWGQGTLVTVSSASTKGPSVFPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKYDKKVEPKSCDKTHTCPPCPA
PEAAGAPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGV

EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE

KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVYMHEALHNH

YTQKSLSLSPG (SEQ ID NO: 141)

CH1247
(DGL1146
HC)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSI
SGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAG
WFGQYGMDVWGQGTLVTVSSPLAPEVQLLESGGGLVQPGGSLRLSCAAS

GFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKNYVDSMRGRFTISRDNS
KNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVSSASTKGPSVFPLAP
SSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE
AAGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV

HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTQ
KSLSLSPG (SEQ ID NO: 142)

CH385_LC

QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIY
RSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFG
GGTKLTVLPAPNLLGGPQSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYV
YWYQQLPGTAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEA
DYYCAAWDDSLNGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATL
VCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE
QWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 143)

CH1126_LC

QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIY

RSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGLYNLVFG
GGTKLTVLPLAPQSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQ
LPGTAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLSGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
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YPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHR
SYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 144)

CH1127_LC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSI
SGGSTYYADSRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAG
WFGQYGMDVWGQGTLVTVSSPLAPQSVLAQPPSASGTPGQRVTISCSGSS
SNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISG
LRSEDEADYYCAAWDDSLSGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEEL
QANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASS

YLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 145)

CH943_LC
(DGL945 LC,
DGL946 LC,
DGL947 LC,
DGL948 LC,
DGL949 LC,
DGL1146
LC)

QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIY

RSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFG
GGTKLTVLPLAPQSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQ
LPGTAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAA
WDDSLNGRVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHR
SYSCQVTHEGSTVEKTVAPTECS (SEQ ID NO: 146)

Table 17. Sequences - CDRs

ID Sequence

DGL945 / DGL1146 ALK1 SYAMS

HCDR1

DGL945 / DGL1146 ALK1 NINQDGSEKNYVDSMRG
HCDR2

DGL945 / DGL1146 ALK1 EFDY

HCDR3

DGL945 / DGL1146 BMPRII | DYYMT

HCDR1

DGL945/ DGL1146 BMPRII
HCDR2

SISGGSTYYADSRKG

DGL945/DGL1146 BMPRIlI | DFGVAGWFGQYGMDV
HCDR3
DGL947 ALK1 HCDR1 SYWMS

DGL947 ALK1 HCDR2

NINQDGSEKYYVDSMRG

DGL947 ALK1 HCDR3 EYDY

DGL947 BMPRII HCDR1 DYYMN

DGL947 BMPRII HCDR2 SISGGSTYYADSVKG
DGL947 BMPRII HCDR3 DFGVAGWFGQFGMDV
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DGL949 ALK1 HCDR1

SYWMS

DGL949 ALK1 HCDR2

NIKQDGSEKNYVDSMRG

DGL949 ALK1 HCDR3 EFDF

DGL949 BMPRII HCDR1 DYYMN

DGL949 BMPRII HCDR2 SISGGSTYYADSVKG
DGL949 BMPRII HCDR3 DFGVAGWFGYYGMDV

CH943 ALK1 LCDR1

SGSSSNIGSNYVY

CH943 ALK1 LCDR2

GNNKRPS

CH943 ALK1 LCDR3

AAWDDSLNGRV

CH943 BMPRII LCDR1

TGSSSNIGAGYDVH

CH943 BMPRII LCDR2 RSNQRPS
CH943 BMPRII LCDR3 SSYAGNYNLV
Table 17. Sequences — VH/VL

ID Sequence

DGL945 / DGL1146 EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAP

ALK1 VH GKGLEWVANINQDGSEKNYVDSMRGRFTISRDNSKNTLYLQM
NSLRAEDTAVYYCAREFDYWGQGTLVTVSS

DGL945 / DGL1146 QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPG

ALK1 VL TAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEAD
YYCAAWDDSLNGRVFGGGTKLTVL

DGL945 / DGL1146 EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPG

BMPRII VH KGLEWVSSISGGSTYYADSRKGRFTISRDNSENTLYLQMNSLR

AEDTAVYYCARDFGVAGWFGQYGMDVWGQGTLVTVSS

DGL945 / DGL1146
BMPRII VL

QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLP
GTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDE
ADYYCSSYAGNYNLVFGGGTKLTVL

DGL947 ALK1 VH

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAP
GKGLEWVANINQDGSEKYYVDSMRGRFTISRDNSKNTLYLQM
NSLRAEDTAVYYCAREYDYWGQGTLVTVSS
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DGL947 ALK1 VL QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPG
TAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEAD
YYCAAWDDSLNGRVFGGGTKLTVL

DGL947 BMPRII VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPG
KGLEWVSSISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLR
AEDTAVYYCARDFGVAGWFGQFGMDVWGQGTLVTVSS

DGL947 BMPRII VL QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLP
GTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDE
ADYYCSSYAGNYNLVFGGGTKLTVL

DGL949 ALK1 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAP
GKGLEWVANIKQDGSEKNYVDSMRGRFTISRDNSKNTLYLQM
NSLRAEDTAVYYCAREFDFWGQGTLVTVSS

DGL949 ALK1 VL QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPG
TAPKLLIYGNNKRPSGVPDRFSGSKSGTSASLAISGLRSEDEAD
YYCAAWDDSLNGRVFGGGTKLTVL

DGL949 BMPRII VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPG
KGLEWVSSISGGSTYYADSVKGRFTISRDNSENTLYLQMNSLR
AEDTAVYYCARDFGVAGWFGYYGMDVWGQGTLVTVSS

DGL949 BMPRII VL QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLP
GTAPKLLIYRSNQRPSGVPDRFSGSKSGTSASLAISGLRSEDE
ADYYCSSYAGNYNLVFGGGTKLTVL

Example 9. Screen for Agonistic Activity

The bispecific antibodies were screened for agonist activity. PathHunter U20s ALK-
1/BMPR-2 dimerization assay was obtained from DiscoverX Corporation (93-0962C3). These
cells use Enzyme Fragment Complementation (EFC) technology using p-galactosidase
fragments to evaluate protein-protein interactions. Reporter cells were revived and cultured
according to supplier's recommendations. Bispecific antibodies were compared to the natural
ligands, BMP9 and BMP10.

To perform the assay, cells were detached and removed from the flask with cell
detachment reagent (DiscoverX, 92-0009). Cells were spun at 300g for four minutes and
resuspended at a density of 250K/ml in assay plating media (DiscoverX 93-0563R22A). 20 pl
of the suspension were plated/well of a 384 well plate and incubated at 37°C for 24 hours.
Bispecifics were made at 5x the final concentration. 12-point titrations using a 1:10 dilution
were done to generate curves. 5 pl of the bispecific was added to the 384 well plate and

incubated for three hours. 25 pl of flash detection reagent (DiscoverX, 93-0247) was
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added/well and the plates were read on a Verilux Skan at 60 minutes. Data was analyzed
using PRISM. The results are represented below in Table 17. The data demonstrates that

each of the tested bispecific antibodies had robust agonist activity.

Table 17. Agonist activity in DiscoverX assay

DGL % Emax BMP9
DGL292 60
DGL945 78
DGLY947 47
DGL949 42
DGL1146 78

Example 10. Measurement of agonistic activity in endothelial cells

HMEC-1 cells were plated at 30K cell/well in 96 well plate in 200 pl complete 10%
MCDB growth media and incubated overnight. Approximately 16 hrs later, complete media
was replaced with 50 pl serum free MCDB media. Cells were incubated for 4hrs in serum free
media before the addition of 2X DGL tools in 50ul of serum free MCDB media. After 45minutes,
media was removed and cells were washed once with PBS before addition of lysis buffer from
the ELISA kit. Lysates were then analyzed via ELISA following the manufacturer’s instructions
(Abcam pSMAD1 ELISA AB186036). 12-point titrations using a 1:10 dilution were done to
generate curves. As a negative control, an anti-HEL antibody with LALA-PG mutations
(BioXCell, CP149) was used. Data was analyzed using PRISM. Data reported is the average
of two experiments. The results are represented below in Table 18. The data demonstrates
that each of the tested bispecific antibodies had robust agonist activity, as measured through
pSMAD1 levels.

Table 18. Agonist activity in endothelial cells

DGL % Emax
BMP9
DGL292 69
DGL945 77
DGL947 55
DGL949 35
DGL1146 79

Example 11. Measurement of in vivo activity

Antibodies were measured for agonistic activity in a mouse model of HHT wherein
circulating BMP9/BMP 10 were neutralized by anti-BMP9/10 antibodies (Ruiz S, et al, Scientific

Reports, 2016 Nov 22: 5:37366). These mice develop vascular defects in the postnatal retina.
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Three animals were dosed with DGL292, DGL945, DGL947 or a negative control antibody
(Anti-HEL, LALA-PG, BioXCell, CP149) for two days, P3 and P4, at 1mg/kg/day. BMP9/10
antibodies were dosed on the same days. Analysis was completed on P6. Retinas were
dissected and whole-mount prepared, then stained with both isolectin B4 and SMA to label
retinal vasculature and detect ateriovenous malformations (AVMs). Results are shown in FIG.
4. Mice dosed with any ALK1-BMPRII agonist showed a significant reduction in the formation

of AVMs, whereas the negative control showed an average of 4.5 AVMs/retina.

Example 12. Analysis of thermal stability

Differential scanning calorimetry (DSC) is a thermo-analytical technigue used to
characterize the thermal stability of protein samples and assess conformational differences
between them. Measurements were performed on MicroCal PEAQ DSC (Malvern) for thermal
transition midpoint (Tm) and onset of unfolding (TOnset) testing. Samples were diluted to 1
mg/mL with the reference buffer (20 mM Histidine, 8%(w/v) sucrose, 0.02%(w/v) PS80, pH
6.0. 400 pL of respective reference buffers were added into the odd-numbered wells of a 96-
well plate and 400 pL of samples were added into the even-numbered wells of the same plate.
Experimental parameters were set such that the scan temperature ramped from 10 to 95°C at
a scan rate of 200 °C/h. Data analysis was performed in MicroCal PEAQ-DSC automated data
analysis software. Melting temperature data is depicted below in Table 19. Surprisingly, it was
discovered that DGL947 and DGL949 possessed increased stability, as demonstrated by an
increase in both the onset temperature of thermal unfolding (Tonset) and the first unfolding
event (Tm1) relative to DGL945 and DGL1146. The variable domains of DGL947 and DGL949
differ from DGL945 and DGL1146 only within the CDRs.

Table 19. Melting temperatures

Molecule TOnset (OC) Tm1 (OC) Tm2 (OC) Tm3 (OC)
DGL945 47 .1 61.7 86.7 NA
DGL947 59.0 71.2 87.3 NA
DGL949 57.1 65.9 82.1 87.4
DGL1146 48.4 61.6 69.0 82.0

Example 13. Gene expression analysis of HMEC-1 cells
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HMEC-1 cells from ATCC were plated at 30K cells/well of 96 well plate in 100 pl
(MCDB base, +10% FBS, Pen/Strep,

hydrocortisone, EGF) overnight. After overnight incubation media was removed and replaced

complete growth media L-glutamine, and
with 50 pl reduced serum media (same as growth but 1% FBS). Cells were allowed to incubate
for approximately 4 hours while standard curves of agonists were made in reduced serum
media at 2X final concentration. After 4 hours, 50 pl of the antibody or BMP9 was added to
cells and allowed to incubate overnight. After overnight incubation, media was removed and
RNA lysis buffer from ZYMO was added. RNA was isolated from the cell lysates using a ZYMO
96 RNA isolation kit and RT reaction was performed using Quanta Biosciences kit. gPCR was
performed on cDNA using Thermo designed Tagman assays for ID1, Serpine1 and GAPDH
as a housekeeping control. Fold change was calculated as DD ct. The results of the gene
expression analysis, as shown in Table 20-22, demonstrate that the bispecific antibodies
stimulate gene expression of an ALK1 target (ID1) using GAPDH as a housekeeping gene.

Table 23-25 is a second experiment, using RPL36AL as the housekeeping gene.

PCT/US2024/023386

Table 20.
On target ID1 fold change over no treatment
BMP9 | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1nM 5.5 36.4 7.9 8.6 8.7 3.7
100pM 7.8 31.8 6.9 9.0 14.8 4.0
10pM 1.2 11.0 3.6 2.1 5.5 3.8
1pM 2.3 9.9 3.6 3.3 2.6 3.2
Table 21.
Off target Serpine1 fold change over no treatment
BMP9 | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1nM 1.4 2.6 1.2 1.1 1.1 1.3
100pM 1.5 3.4 1.5 1.3 1.4 1.6
10pM 1.0 3.4 1.6 1.0 1.3 1.5
1pM 1.9 4.0 2.1 1.8 0.9 1.5
Table 22.
On target/off target effect
BMPS | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1M 4.0 14.0 6.7 8.0 8.1 2.8
100pM 5.2 9.4 4.6 6.9 10.7 2.6
10pM 1.2 3.2 2.3 2.1 4.2 2.5
1pM 1.2 2.5 1.7 1.9 2.8 2.1
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Table 23.
On target ID1 fold change over no treatment
BMP9 | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1nM 9.1 2.3 1.0 25 1.9 0.6
100pM 3.5 3.2 0.3 2.1 0.7 0.6
10pM 1.0 0.4 0.3 1.7 0.4 0.2
1pM 0.7 0.3 0.1 0.4 0.5 0.2
Table 24.
Off target Serpine1 fold change over no treatment
BMP9Q | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1nM 1.2 0.3 0.3 0.4 0.2 0.2
100pM 0.7 0.6 0.1 0.6 0.1 0.3
10pM 0.8 0.2 0.2 1.7 0.2 0.2
1pM 0.4 0.2 0.1 0.2 0.3 0.1
Table 25.
On target/off target effect
BMP9 | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1nM 7.8 7.7 3.9 6.2 9.5 3.4
100pM 4.7 5.7 2.0 3.6 53 2.0
10pM 1.3 2.1 1.2 1.0 21 1.3
1pM 1.8 1.3 1.1 1.7 1.5 1.3

PCT/US2024/023386

A separate cell line, the TIME cell line, as also used in gene expression analysis. TIME
(ATCC), hTERT-immortalized

morphology, were plated at 30K cells/well of 96 well plate in 100ul complete growth media

cells which are cells exhibiting endothelial-like
(Vascular cell basal media plus microvascular endothelial cell growth kit-VEGF) overnight.
After overnight incubation, media was removed and replaced with 50pl reduced serum media
(Growth media diluted 1:10 with Vascular cell basal media). Cells were allowed to incubate for
approximately 4 hours while standard curves of agonists were made in reduced serum media
at 2X final concentration. After 4 hours, 50l of agonist was added to cells and allowed to
incubate overnight. After overnight incubation, media was removed and RNA lysis buffer from
ZYMO was added. RNA was isolated from the cell lysates using a ZYMO 96 RNA isolation kit
and RT reaction was performed using Quanta Biosciences kit. gPCR was performed on CDNA
using Thermo designed Tagman assays for ID1, Serpine1 and GAPDH or RPL3BAL as a
housekeeping control. Fold change was calculated as DD ct. Table 26-27 shows the results

using RPL36AL as the housekeeping control.
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Table 26.
On target ID1 fold change over no treatment
BMP9 | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1nM 6.4 7.0 4.5 12.3 [ n.d. n.d.
100pM 1.5 4.6 0.6 4.7 [ nd. n.d.
10pM 0.3 1.0 0.4 0.3 [ n.d. n.d.
1pM 0.6 0.3 0.3 0.3 [ n.d. n.d.
Table 27.
Off target Serpine fold change over no treatment
BMP9 | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1nM 0.6 0.5 0.4 1.9 | nd. n.d.
100pM 0.7 0.5 0.2 1.5 | nd. n.d.
10pM 0.2 0.3 0.2 0.2 [ n.d. n.d.
1pM 0.7 0.2 0.2 0.3 | nd. n.d.
Table 28.
On target/off target effect
BMP9 | DGL945 | DGL947 | DGL292 | DGL1146 | DGL949
1nM 11.3 14.9 11.5 6.6 [ n.d. n.d.
100pM 2.1 9.4 4.0 3.1 [ n.d. n.d.
10pM 1.8 2.8 1.7 1.0 | n.d. n.d.
1pM 0.9 1.5 1.9 1.2 [ n.d. n.d.

n.d. — not determined

Example 14. Stabilization of the ALK1 receptor on the surface of cells

PCT/US2024/023386

The bispecific antibodies of the disclosure may stabilize the ALK1 receptor complexed
with any one of BMPRII, ActRIIA, and ActRIIB on the surface of a cell. Through stabilization

of the receptor, signaling may be sustained for longer durations.

To assess ALK1 receptor complex stabilization on the surface of cells, staining may

be performed against ALK1 and one or BMPRII, ActRIIA, and ActRIIB. An exemplary protocol

is described below, however one of skill in the art will readily recognize alternative approaches

for detecting a protein on the surface of a cell. Moreover, the specific parameters outlined in

the exemplary protocol (e.g., buffer choice, buffer component concentrations, cell line choice,

total cells, antibody concentration, time, temperature, and others) may be adjusted as need to

optimize the assay.
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Staining for ALK1 and BMPRII in MS1 cells:

Autoclaved coverslips are placed in cell culture 24-well plate, and MS1 cells are

seeded onto the coverslips in complete medium, allowing them to adhere overnight.
Subsequently, the cells are starved for about 3 hours and then treated with a bispecific
antibody disclosed herein (such as DGL288) or an IgG control at a concentration of about 1
pg/mL for 2 hrs. Following treatment, the coverslips are rinsed twice with PBS for about 5
minutes each and fixed in 4% paraformaldehyde for about 10 minutes, followed by another
PBS wash.

Next, the cells are permeabilized for about 15 minutes using 0.25% Triton X-100 in
PBS and blocked for about 1 hour with a solution containing 5% normal goat serum (Sigma-
Aldrich, #G9023-10ML) and 0.25% Triton X-100 in PBS. Primary antibodies, including ALK1
(dilution 1:100, Santacruz #sc-101556), BMPRII (dilution 1:100, Invitrogen #MA5-15827), and
CD31-AF667 (dilution 1:50, Miltenyi #130-128-736), diluted in a solution of 1% NGS and
0.25% Triton X-100 in PBS, are then applied and allowed to incubate overnight at 4°C. The
following day, the coverslips are washed twice with PBS for 5 minutes each and then
incubated with secondary antibodies diluted in a solution of 1% NGS and 0.25% Triton X-100
in PBS at a dilution of 1:1000 (Goat anti-rat IgG H+L AF568, Thermo Fisher Scientific, #A-
11077; Goat anti-mouse IgG1 AF488, Thermo Fisher Scientific #A-21121). After an additional
3 washes with PBS, the cells are stained with DAPI (BD Biosciences, #564907), followed by
3 more PBS washes. Finally, the coverslips are mounted on glass slides using ProLong™
Diamond Antifade Mountant (Thermo Fisher #P36965). Cell imaging was performed using a
confocal Zeiss LSM900 microscope at 63x magnification, and image analysis was conducted

using Zenblue Zeiss software.
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CLAIMS

1. A multispecific binding protein comprising at least a first polypeptide chain, wherein said
first polypeptide chain comprises a first variable heavy chain domain (VH1) linked to a
second variable heavy chain domain (VH2) via at least one modified hinge region, wherein:
the VH1 binds specifically to a target selected from BMPRII, ActRIIA, and ActRIIB
and the VH2 binds specifically to ALK1; or
the VH1 binds specifically to ALK1 and the VH2 binds specifically to a target selected
from BMPRII, ActRIIA, and ActRIIB.

2. The multispecific binding protein of claim 1, wherein one or both of VH1 and VH2 are VH

domains or VHH domains.

3. The multispecific binding protein of claim 1 or 2, further comprising a second polypeptide
chain, wherein said second polypeptide chain comprises a first variable light chain domain
(VL1) linked to a second variable light chain domain (VL2), wherein:

the VL1 binds specifically to a target selected from BMPRII, ActRIIA, and ActRIIB
and the VL2 binds specifically to a ALK1; or

the VL1 binds specifically to ALK1 and the VL2 binds specifically to a target selected
from BMPRII, ActRIIA, and ActRIIB.

4. The multispecific binding protein of claim 3, wherein the VL1 is linked to the VL2 via at

least one modified hinge region.

5. The multispecific binding protein of any one of claims 1-4, wherein one or both of VH1

and VH2 is truncated at the C-terminal end.

6. The multispecific binding protein of claim 5, wherein the C-terminal end is truncated by at

least one residue.

7. The multispecific binding protein of claim 5 or 8, wherein the C-terminal end is truncated

by at least two residues.

8. The multispecific binding protein of any one of claims 5-7, wherein the SS amino acid

residues of the C-terminal end are deleted.
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9. The multispecific binding protein of any one of claims 1-8, comprising a first polypeptide
chain of VH1-HX1-VH2-C-Fc, wherein:

VH1 is a first heavy chain variable domain;

VH2 is a second heavy chain variable domain;

C is a heavy chain constant domain;

HX1 is a modified hinge region linker; and

Fcis an Fc region; and

a second polypeptide chain of VL1-LX1-VL2-C,
wherein:

VL1 is a first light chain variable domain;

VL2 is a second light chain variable domain;

C is a light chain constant domain; and

LX1 is a modified hinge region linker.

10. The multispecific binding protein of any one of claims 1-9, wherein the modified hinge
region comprises;
i) an upper hinge region of up to 7 amino acids in length or is absent; and

ii) a lower hinge region.

11. The multispecific binding protein of any one of claims 1-10, wherein the modified hinge

region comprises or consists of an amino acid sequence of PLAP or PAPNLLGGP.

12. The multispecific binding protein of any one of claims 1-11, wherein:

A) the VH binding to ALK1 comprises an HCDR1 amino acid sequence of SYAMS, an
HCDR2 amino acid sequence of NINQDGSEKNYVDSMRG, and an HCDR3 amino acid
sequence of EFDY; and the VL binding to ALK1 comprises an LCDR1 amino acid sequence
of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS, and an LCDR3
amino acid sequence of AAWDDSLNGRYV; or

B) the VH binding to ALK1 comprises an HCDR1 amino acid sequence of SYWMS, an
HCDR2 amino acid sequence of NINQDGSEKYYVDSMRG, and an HCDR3 amino acid
sequence of EYDY; and the VL binding to ALK1 comprises an LCDR1 amino acid sequence
of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS, and an LCDR3
amino acid sequence of AAWDDSLNGRYV; or
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C) the VH binding to ALK1 comprises an HCDR1 amino acid sequence of SYWMS, an
HCDR2 amino acid sequence of NIKQDGSEKNYVDSMRG, and an HCDR3 amino acid
sequence of EFDF; and the VL binding to ALK1 comprises an LCDR1 amino acid sequence
of SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS, and an LCDR3
amino acid sequence of AAWDDSLNGRYV.

13. The multispecific binding protein of any one of claims 1-12, wherein:

A) the VH binding to BMPRII comprises an HCDR1 amino acid sequence of DYYMT, an
HCDR2 amino acid sequence of SISGGSTYYADSRKG, and an HCDR3 amino acid
sequence of DFGVAGWFGQYGMDYV; and the VL binding to BMPRII comprises an LCDR1
amino acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid sequence of
RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLYV; or

B) the VH binding to BMPRII comprises an HCDR1 amino acid sequence of DYYMN, an
HCDR2 amino acid sequence of SISGGSTYYADSVKG, and an HCDR3 amino acid
sequence of DFGVAGWFGQFGMDV; and the VL binding to BMPRII comprises an LCDR1
amino acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid sequence of
RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLYV; or

C) the VH binding to BMPRII comprises an HCDR1 amino acid sequence of DYYMN, an
HCDR2 amino acid sequence of SISGGSTYYADSVKG, and an HCDR3 amino acid
sequence of DFGVAGWFGYYGMDV; and the VL binding to BMPRII comprises an LCDR1
amino acid sequence of TGSSSNIGAGYDVH, an LCDR2 amino acid sequence of
RSNQRPS, and an LCDR3 amino acid sequence of SSYAGNYNLV.

14. The multispecific binding protein of any one of claims 1-13, wherein:

A) the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKN
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVSS, or an
amino acid sequence with at least 90% identity thereto; and the VL binding to ALK1
comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid

sequence with at least 90% identity thereto; or
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B) the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVANINQDGSEKY
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREYDYWGQGTLVTVSS, or an
amino acid sequence with at least 90% identity thereto; and the VL binding to ALK1
comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid

sequence with at least 90% identity thereto; or

C) the VH binding to ALK1 comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVANIKQDGSEKN
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDFWGQGTLVTVSS, or an
amino acid sequence with at least 90% identity thereto; and the VL binding to ALK1
comprises an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid

sequence with at least 90% identity thereto.

15. The multispecific binding protein of any one of claims 1-14, wherein:

A) the VH binding to BMPRII comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSISGGSTYYAD
SRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGQYGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90% identity thereto; and the VL binding to
BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid

sequence with at least 90% identity thereto; or

B) the VH binding to BMPRII comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSSISGGSTYYAD
SVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGQFGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90% identity thereto; and the VL binding to
BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
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DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid

sequence with at least 90% identity thereto; or

C) the VH binding to BMPRII comprises an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMNWIRQAPGKGLEWVSSISGGSTYYAD
SVKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGYYGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90% identity thereto; and the VL binding to
BMPRII comprises an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid

sequence with at least 90% identity thereto.

16. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence selected from the group consisting of SEQ ID NO:
136-142, and the second polypeptide chain comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 143-146.

17. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 137, and the second polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 146.

18. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 138, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 146.

19. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 139, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 146.

20. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 140, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 146.
21. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 141, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 146.
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22. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 142, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 146.

23. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 68, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 69.

24. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 70, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 71.

25. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 72, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 73.

26. The multispecific binding protein of any one of claims 3-15, wherein the first polypeptide
chain comprises an amino acid sequence of SEQ ID NO: 74, and the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO: 75.

27. A multispecific binding protein comprising a first polypeptide chain and a second
polypeptide chain, wherein the first polypeptide chain and second polypeptide chain each
comprise, from N-terminus to C-terminus, a first single chain variable fragment (scFv) linked
to a second scFv, wherein:

the first scFv binds specifically to a target selected from BMPRII, ActRIIA, and
ActRIIB and the second scFv binds specifically to ALK1; or

the first scFv binds specifically to ALK1 and the second scFv binds specifically to a
target selected from BMPRII, ActRIIA, and ActRIIB.

28. The multispecific binding protein of claim 27, wherein the first scFv is linked to the

second scFv via at least one modified hinge region.

29. The multispecific binding protein of 27 or 28, wherein the scFv binding to ALK1

comprises:

A):
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a VH domain comprising an HCDR1 amino acid sequence of SYAMS, an HCDR2
amino acid sequence of NINQDGSEKNYVDSMRG, and an HCDR3 amino acid sequence of
EFDY; and

a VL binding to ALK1 comprises an LCDR1 amino acid sequence of
SGSSSNIGSNYVY, an LCDR2 amino acid sequence of GNNKRPS, and an LCDR3 amino
acid sequence of AAWDDSLNGRYV; or

B):

a VH domain comprising an an HCDR1 amino acid sequence of SYWMS, an HCDR2
amino acid sequence of NINQDGSEKYYVDSMRG, and an HCDR3 amino acid sequence of
EYDY:; and

a VL domain comprising an an LCDR1 amino acid sequence of SGSSSNIGSNYVY,
an LCDR2 amino acid sequence of GNNKRPS, and an LCDR3 amino acid sequence of
AAWDDSLNGRYV; or

C):

a VH domain comprising an HCDR1 amino acid sequence of SYWMS, an HCDR2
amino acid sequence of NIKQDGSEKNYVDSMRG, and an HCDR3 amino acid sequence of
EFDF; and

a VL domain comprising an an LCDR1 amino acid sequence of SGSSSNIGSNYVY,
an LCDR2 amino acid sequence of GNNKRPS, and an LCDR3 amino acid sequence of
AAWDDSLNGRV.

30. The multispecific binding protein of any one of claims 27-29, wherein the scFv binding to

BMPRII comprises:

A):

a VH domain comprising an HCDR1 amino acid sequence of DYYMT, an HCDR2
amino acid sequence of SISGGSTYYADSRKG, and an HCDR3 amino acid sequence of
DFGVAGWFGQYGMDV; and

a VL domain comprising an LCDR1 amino acid sequence of TGSSSNIGAGYDVH,
an LCDR2 amino acid sequence of RSNQRPS, and an LCDR3 amino acid sequence of
SSYAGNYNLYV; or

B):
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a VH domain comprising an HCDR1 amino acid sequence of DYYMN, an HCDR2
amino acid sequence of SISGGSTYYADSVKG, and an HCDR3 amino acid sequence of
DFGVAGWFGQFGMDYV; and

a VL domain comprising an LCDR1 amino acid sequence of TGSSSNIGAGYDVH,
an LCDR2 amino acid sequence of RSNQRPS, and an LCDR3 amino acid sequence of
SSYAGNYNLYV; or

C):

a VH domain comprising an HCDR1 amino acid sequence of DYYMN, an HCDR2
amino acid sequence of SISGGSTYYADSVKG, and an HCDR3 amino acid sequence of
DFGVAGWFGYYGMDV; and

a VL domain comprising an LCDR1 amino acid sequence of TGSSSNIGAGYDVH,
an LCDR2 amino acid sequence of RSNQRPS, and an LCDR3 amino acid sequence of
SSYAGNYNLV.

31. The multispecific binding protein of any one of claims 27-30, wherein the scFv binding to
ALK1 comprises:

a VH domain comprising an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVANINQDGSEKN
YVDSMRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREFDYWGQGTLVTVSS, or an
amino acid sequence with at least 90% identity thereto; and

a VL domain comprising an amino acid sequence of
QSVLAQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYGNNKRPSGVPD
RFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLNGRVFGGGTKLTVL, or an amino acid

sequence with at least 90% identity thereto.

32. The multispecific binding protein of any one of claims 27-31, wherein the scFv binding to
BMPRII comprises:

a VH domain comprising an amino acid sequence of
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYYMTWIRQAPGKGLEWVSSISGGSTYYAD
SRKGRFTISRDNSENTLYLQMNSLRAEDTAVYYCARDFGVAGWFGQYGMDVWGQGTLVT
VSS, or an amino acid sequence with at least 90% identity thereto; and

a VL domain comprising an amino acid sequence of
QSVLTQPPSASGTPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYRSNQRPSGVP
DRFSGSKSGTSASLAISGLRSEDEADYYCSSYAGNYNLVFGGGTKLTVL, or an amino acid

sequence with at least 90% identity thereto.
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33. The multispecific binding protein of any one of claims 27-30, wherein the scFv binding to
ALK1 comprises an amino acid sequence of SEQ ID NO: 120, or an amino acid sequence

with at least 90% identity thereto.

34. The multispecific binding protein of any one of claims 27-30, wherein the scFv binding to
ALK1 comprises an amino acid sequence of SEQ ID NO: 122, or an amino acid sequence

with at least 90% identity thereto.

35. The multispecific binding protein of any one of claims 27-30, wherein the scFv binding to
BMPRII comprises an amino acid sequence of SEQ ID NO: 121, or an amino acid sequence

with at least 90% identity thereto.

36. The multispecific binding protein of any one of claims 27-30, wherein the scFv binding to
ALK1 comprises an amino acid sequence of SEQ ID NO: 123, or an amino acid sequence

with at least 90% identity thereto.

37. The multispecific binding protein of any one of claims 27-30, wherein the first and
second polypeptide chain each comprise an amino acid sequence of any one of SEQ ID
Nos: 60-63.

38. The multispecific binding protein of any one of claims 1-37, wherein the multispecific
binding protein is capable of inducing signaling by inducing proximity between ALK1 and
BMPRII, ActRIIA, or ActRIIB.

39. The multispecific binding protein of any one of claims 1-38, wherein the multispecific
binding protein has greater agonist activity compared to a multispecific binding protein that

lacks at least one modified hinge region.

40. The multispecific binding protein of any one of claims 1-39, wherein the multispecific

binding protein induces at least about 35% of the activity of BMP9.
41. The multispecific binding protein of claim 40, wherein the activity of BMP9 is determined

by measuring phosphorylated SMAD1 (pSMAD1) levels in cells incubated with the

multispecific binding protein and/or in cells incubated with BMP9.
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42. The multispecific binding protein of any one of claims 1-41, wherein the melting
temperature onset of unfolding (Tonset) of the multispecific binding protein is at least about
55 °C.

43. The multispecific binding protein of any one of claims 1-42, wherein the melting
temperature thermal transition midpoint (Tm) of the multispecific binding protein is at least

about 64 °C.

44. The multispecific binding protein of claim 42 or 43, wherein the Tonset and Tm of the

multispecific binding protein is determined by differential scanning calorimetry (DSC).

45. The multispecific binding protein of any one of claims 1-44, capable of stimulating

expression of ID1 in a cell.

48. The multispecific binding protein of claim 45, wherein expression of ID1 in the cell is at

least 50% relative to ID1 expression from a cell incubated with BMP9.

47. The multispecific binding protein of any one of claims 1-46, wherein the first polypeptide

chain further comprises a heavy chain constant region.

48. The multispecific binding protein of claim 47, wherein the heavy chain constant region

comprises a substitution at amino acid position 234, according to EU numbering.

49. The multispecific binding protein of claim 48, wherein the substitution at amino acid

position 234 is an alanine (A).

50. The multispecific binding protein of claim 47, wherein the heavy chain constant region

comprises a substitution at amino acid position 235, according to EU numbering.

51. The multispecific binding protein of claim 50, wherein the substitution at amino acid

position 235 is an alanine (A).

52. The multispecific binding protein of claim 47, wherein the heavy chain constant region

comprises a substitution at amino acid position 237 according to EU numbering.

53. The multispecific binding protein of claim 52, wherein the substitution at amino acid

position 237 is an alanine (A).
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54. The multispecific binding protein of claim 47, wherein the heavy chain constant region
comprises one or more substitutions at amino acid positions 234, 235, or 237, according to

EU numbering.

55. The multispecific binding protein of claim 54,
wherein the substitution at amino acid position 234 is an alanine (A),
wherein the substitution at amino acid position 235 is an alanine (A), and

wherein the substitution at amino acid position 237 is an alanine (A).

56. The multispecific binding protein of any of the previous claims, wherein the heavy chain
constant region comprises heterodimerization mutations to promote heterodimerization of

the first binding moiety with the second binding moiety.

57. The multispecific binding protein of claim 56, wherein the heterodimerization mutations

are Knob-in-Hole (KIH) mutations.

58. The multispecific binding protein of claim 57, wherein the first heavy chain constant
region comprises an amino acid substitution at position 366, 368, or 407 which produced a
hole, and the second heavy chain constant region comprises an amino acid substitution at

position 366 which produce a knob.

59. The multispecific binding protein of claim 58, wherein the first heavy chain constant
region comprises the amino acid substitution T366S, L368A, or Y407V, and the second

heavy chain constant region comprises the amino acid substitution T366W.

60. The multispecific binding protein of claim 56, wherein the heterodimerization mutations

are charge stabilization mutations.

61. The multispecific binding protein of claim 60, wherein the first heavy chain constant
region comprises the amino acid substitution N297K, and the second heavy chain constant

region comprises the amino acid substitution N297D.
62. The multispecific binding protein of claim 60, wherein the first heavy chain constant

region comprises the amino acid substitution T299K, and the second heavy chain constant

region comprises the amino acid substitution T299D.
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63. The multispecific binding protein of claim 56, wherein the heterodimerization mutations

comprise an engineered disulfide bond.

64. The multispecific binding protein of claim 63, wherein the engineered disulfide bond is
formed by a first heavy chain constant region comprising the amino acid substitution Y349C,

and a second heavy chain constant region comprising the amino acid substitution S354C.

65. The multispecific binding protein of claim 63 or 64, wherein the engineered disulfide
bond is formed by a C-terminal extension peptide fused to the C-terminus of each of the first

heavy chain constant region and the second heavy chain constant region.

66. The multispecific binding protein of claim 65, wherein the first heavy chain constant
region C-terminal extension comprises the amino acid sequence GEC, and the second
heavy chain constant region C-terminal extension comprises the amino acid sequence
SCDKT.

67. The multispecific binding protein of any one of the previous claims, wherein at least one

heavy chain constant region comprises one or more mutations to promote increased half-life.

68. The multispecific binding protein of claim 67, wherein at least one heavy chain constant
region comprises one or more substitutions at amino acid positions 252, 254, or 256,

according to EU numbering.

69. The multispecific binding protein of claim 68,
wherein the substitution at amino acid position 252 is a tyrosine (Y),
wherein the substitution at amino acid position 254 is a threonine (T), and

wherein the substitution at amino acid position 256 is a glutamic acid (E).
70. The multispecific binding protein of claim 67, wherein at least one heavy chain constant
region comprises one or more substitutions at amino acid positions 428 or 434, according to

EU numbering.

71. The multispecific binding protein of claim 70, wherein at least one heavy chain constant

region comprises a M428L and N434S substitution, according to EU numbering.
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72. A pharmaceutical composition comprising the multispecific binding protein of any one of

the preceding claims and a pharmaceutically acceptable carrier.

73. An isolated nucleic acid molecule encoding the multispecific binding protein of any one

of claims 1-71.

74. An expression vector comprising the nucleic acid molecule of claim 73.

75. A host cell comprising the expression vector of claim 74.

76. A method for treating a disease or disorder in a subject, comprising administering to a

subject in need thereof the multispecific binding protein of any one of claims 1-71.

77. The method of claim 76, wherein the disease or disorder is a vascular disease or

disorder.

78. The method of claim 77, wherein the vascular disease or disorder is hereditary

hemorrhagic telangiectasia (HHT).

79. The method of claim 77, wherein the vascular disease or disorder is pulmonary arterial

hypertension (PAH).

80. The multispecific binding protein according to any one of claims 1-71, for use as a

medicament.

81. A method for inducing signaling between ALK1 and BMPRII, ActRIIA, or ActRIIB in a
subject, comprising administering to the subject the multispecific binding protein of any one

of claims 1-71.

82. The method of any one of claims 76-81, wherein the multispecific binding protein is
capable of inducing signaling by inducing proximity between ALK1 and BMPRII, ActRIIA, or
ActRIIB.

83. The method of any one of claims 76-82, wherein the multispecific binding protein has

greater agonist activity compared to a multispecific binding protein that lacks at least one

modified hinge region.
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84. The method of any one of claims 76-83, wherein the multispecific binding protein
induces at least about 35% of the activity of BMP9.

85. The method of claim 84, wherein the activity of BMP9 is determined by measuring

phosphorylated SMAD1 (pSMAD1) levels in cells incubated with the multispecific binding

protein and/or in cells incubated with BMP9.
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