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(57) Abstract: This disclosure provides ActRII-binding proteins such as anti-ActRIIA and anti-ActRIIB antibodies, and composi-
tions and methods for making the ActRII-binding proteins. In certain aspects the ActRII-binding proteins inhibit, or antagonize Act-
RIT activity. In addition, the disclosure provides compositions and methods for diagnosing and treating dieseases and conditions as -
sociated muscle wasting; a fibrotic condition; an intflammatory, cardiovascular, pulmonary, musculoskeletal, neurologic, ocular,
skeletal, autoimmune, or metabolic disease or condition; wound healing; and cancer, and other ActRII-mediated diseases and condi -
tions.
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BACKGROUND

he transforming growth factor-beta (TGF-beta) family contains a variety of growth
factors that are known to exert biological effecis on a large variety of cell types in both
vertebrates and invericbrates. Members of the TGF-beta family perform important functions
during embryonic development in pattern formation and tissue specification and can influence
a variety of differentiation processes, including adipogenesis, myogenesis, chondrogenesis,
cardiogenesis, hematopoiesis, neurogenesis, and epithelial cell differentiation. The family
includes proteins that are variously described as Growth and Differentiation Factors (GDFs),
Bone Morphogenetic Proteins (BMPs), activins and inhibins.

TGF-beta family members transduce signals through a mechanism that includes a
multistep process in which the TGF-heta family member hinds a type 1 sering/threoning
kinase receptor expressed on the cell surface, the type I receptor forms a heteromeric
comopiex with a cognate type 1 receptor and activates the type [ receptor through
phosphorylation, the activated type-I receptor phosphorylates and activates Smad proteins
that transduce the signal from the cytoplasm to the nucleus, and nuclear Smad oligomers bind
to DNA and associate with transcription factors to regulate the expression of target genes.

Two related type H TGF-beta receptor family members, ActRIIB and ActRHA, have
been identified as type H receptors for activin A and activin B and other TGF-beta family
members incloding BMP7, BMP9, BMP10, GDF1, GBEF3, GDF8 (myostatin}, GDF11, and
Nodal (Yamashita e af,, J. Cell Biol. 130:217-226 (1995); Lee ef al, PNAS 98:9306-9311
(2001); Yeo er al, Mol Cell 7:949-957 (2001); and Oh er o/, Genes Dev. 16:2749-54
{2002)). ALK4 and ALK7 are the primary type I TGF-beta receptor family member receptors
for activin A and activin B, respectively.

Alterations in the expression and activity of members of the TGF-beta ligand and
receptor families have been proposed to be associated with a variety of disorder and

conditions inchiding muscle, bone, neurclogical and metabolic disorders and conditions, and
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cancer. It is an object of this disclosure to provide ActRI antagonists and uses for the same in
the diagnosis and treatment, prevention and/or amelioration of a disease or condition

associated with ActRI and/or ActR1II ligands.

BRIEF SUMMARY

The disclosure provides activin receptor type H (ActRif)-binding proteins and
methods of using the ActRII-binding proteins. In particalar aspects, the ActRII-binding
proteins are capable of inhibiting or blocking the binding of ActRH to one or more cognate
ActRII ligands and/or one or more cognate ActRI receptors. In some aspects, the ActRIl-
binding proteins are capable of inhibiting or blocking the binding to ActRIH to an ActRi
ligand (e.g., activin A, activin B, GDF1, GDF3, GDFS (myostating, GDF1 1, BMP6, BMP7,
BMP9, or BMP10). The disclosure also provides methods of using ActRII-binding proteins
for the diagnosis, or treatment, prevention and/or amelioration of a disease or condition
associated with ActRH expression and/or elevated ActRIl-mediated signaling. Such diseases
or conditions include, but are not limited to, muscle disorders such as degenerative mmscle
disease, muscular dystrophy, muscle atrophy, or muscle wasting disorders; a fibrotic
condition, an inflammatory, autoimmune, cardiovascular, pulmonary, wnwsculoskeletal,
skeletal, ooular, neurclogic, or metabolic disease or condition; obesity; wound healing; and
cancer.

In some aspects, the ActRII-binding protein specifically binds ActRURB. In further
aspects, the provided ActRH-binding protein specifically binds ActRIIB and has at least one
characteristic selected from the group cousisting oft (3) competes with an ActRU ligand (e.g.,
activin A, activin B, GDFI, GDF3, GDFE (myostatin}, GDF11, BMP6, BMP7, BMP9, or
BMP10) for binding to ActRUB; (b) decreases the phosphorylation of ALK4 and/or ALK7 in
cells expressing ActRIIB and ALK4 and/or ALK7 in the presence of an ActRIIB ligand (e.g.,
activin A and/or GDFS {myostatin}); (¢} decreases the phosphorylation of Smads (e.g., Smad2
and/or Smad3) in cells expressing ActRIIB in the presence of an ActRIEB ligand (e.g., activin
A and/or GDFR); and (d) binds to ActRUB with a Ky of <1 oM and 21 pM (eg, as
determined by BLACORE® analysis). In some aspects, the ActRIB-binding protein has 2, 3,
or 4 of the above characteristics. In some aspects, the ActRIIB-binding protein has at least 2
or at least 3 of the above characteristics. In further aspects, the ActRIB-binding protein
competes for binding to ActRIB with an antibody having an ActRIIB-binding VH and VL
pair disclosed herein. In further aspects, the ActRIIB-binding protein is an anti-ActRIB

antibody or an ActRIIB-binding antibody fragment.
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in some aspects, the ActRIl-binding protein specifically binds ActRIIB and ActRHA.
In further aspects, the provided ActRII-binding protein specifically binds ActRIIB and
ActRIIA and has at least one characteristic selected from the group consisting oft {a)
competes with an ActRI ligand {e.g., activin A, activin B, GDF1, GDF3, GDF8 (myostating,
GDF11, BMP6, BMP7, BMP9, or BMP10) for binding to ActRIB and/or ActRHA; (b)
decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing ActRIIB and/or
ActRITA, and ALK4 and/or ALK, in the presence of an ActRIB and/or ActRIA ligand
{e.g., activin A and/or GDFE (myostatin}}, (¢) decreases the phosphorylation of Smads (e.g.,
Smad? and/or Smad3) in cells expressing ActRIB and/or AciRIIA in the presence of an
ActRIIB and/or ActRIIA ligand (e.g, activin A and/or GDF8); and (d) binds 1o ActRHB with
a Kp ot <l nM and 21 pM {(e.g., as determined by BIACORE® analysis). In some aspects, the
ActRUB- and ActRUA -binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRIIB- and ActRHA -binding protein has at least 2 or at least 3 of the above
characteristics. In further aspects, the ActRIIB-binding protein competes for binding to
ActRIIB and ActRIIA with an antibody having an ActRIB- and ActRIEA binding VH and
VL pair disclosed herein. In further aspects, the AciRIIB--and ActRIA- binding protein is an
anti-ActRHB and ActRUB antibody or an ActRUB- and ActRUB binding antibody fragment.

In some aspects, the ActRil-binding protein specifically binds ActRIA. In further
aspects, the provided ActRH-binding protein specifically binds ActRHA and has at least one
characteristic selected from the group consisting of: (a) competes with an ActRIl ligand {e.g.,
activin A, activin B, GDF1, GDF3, GDF8 {myostatin), GDF11, BMPs, BMP7, BMPY, or
BMP10) for binding to ActRIIA; {b) decreases the phosphorvlation of ALK4 and/or ALK7 in
cells expressing ActRHA and ALK4 and/or ALK7 in the presence of an ActRUA ligand (e.g..
activin A and/or GDFB (myostatin}); (¢} decreases the phosphorylation of Smads {(e.g., Smad?
and/or Smad3) in cells expressing ActRIIA m the presence of an ActRIEA ligand (e.g., activin
A and/or GDFS); and (d} binds to ActRIIA with a Kp of <1 oM and =1 pM (e.g, as
determined by BIACORE® analysis}). In some aspects, the ActRIIA-binding protein has 2, 3,
or 4 of the above characterisiics. In some aspects, the ActRI{A-binding protein has at least 2
or at least 3 of the above characteristics. In further aspects, the ActRIIA-binding protein
conpetes for binding to ActRUA with an antibody having an ActRUA-binding VH and VL
pair disclosed herein. In further aspects, the ActRIIA-binding protein is an anti-ActRUA
antibody or an ActRIFA-binding antibody fragment.

fn some aspects, the ActRIl-binding protein comprises a set of complementary

determining regions (CDRs): heavy chain variable region (VH)-CDR1, VH-CDR2Z, VH-
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CDR3, light chain variable region (VL}-CDR1, VL-CDR2 and VL-CDR3, wherein the CDRs
are present in a heavy chain variable region (VH) and a light chain variable region (VL) pair
disclosed in Table 1. In some aspects, the ActRU-binding protein comprises a set of CDRs
present in a VH and a VL pair selected from the group consisting of: (a) a VH sequence of
SEQ ID NO:2, 16, 22, 28, 34, or 40, and a VL sequence of SEQ 1D NO:9, and whercin the
protein binds ActRIIB, (b) a VH sequence of SEQ I} NO:63 or 77, and a VL having the
amino acid sequence of SEQ ID NO:70, and wherein the protein binds ActRIIB; {¢) a VH
sequence of SEQ 1D NO:45 or 57, and a VL seguence of SEQ I3 NO:50, and wherein the
protein binds ActRIIB; (dy a VH sequence of SEQ ID NG:84, 98, 105, 112, or 119, and a VL
sequence of SEQ ID NO:91, and wherein the protein binds and ActRIIB and activin recepior
type HA (ActRHA}, and {¢} a VH sequence of SEQ ID NG:123, and a VL segoence of SEQ
12 NG:132, and wherein the protein binds ActRIIA.

In some aspects, the ActRH-binding protein comprises a set of CDRs present ina VH
having the amino acid sequence of 5EQ 1D NO:144 and a VL having the amino acid
sequence of SEQ ID NO:151, and wherein the protein binds ActRHB.

in some aspects, the ActRH-binding protein comprises a set of CDRs present ina VH
having the amino acid sequence of SEQ ID NO:165 and a VL having the amino acid
sequence of SEQ D NO:172, and wherein the protein binds AciRIA and ActRIIB.

in additional aspects, the ActRIi-binding protein specifically binds ActRI and
comprises a s¢t of CBDRs: VH-CDRI, VH-CDR2, VH-CDR3, VL-CDRI, VL-CDRZ, and
VL-CDR3, wherein the set of CIDRs 13 identical to, or has a total of one, two, three, four, five,
six, seven, eight, nine, ten, or fewer than ten, amine acid substitutions, deletions, and/or
insertions from a reference set of CDRs in which: (a)(1)y VH-CDR1 has the amino acid
sequence of SEQ ID NO:3, 17, 23, 29, 35 or 41; (i1) VH-CDR2 has the amino acid sequence
of SEQ 1D NO:4, 13, 24, 30, or 36; (in) VH-CDR3 has the amino acid sequence of SEQ ID
NO:5; (iv) VL-CDR1 has the amino acid sequence of SEQ 1D NO:10; {(v) VL-CDRZ has the
amino acid sequence of SEQ 1D NO:11; and {(vi) VL-CDR3 has the amino acid sequence of
SEQ ID NO:12; and wherein the protein binds ActRUB; (b)i) VH-CDR?Y has the amino acid
sequence of SEQ ID NOG:64 or 78; (i} VH-CDR2 has the amino acid sequence of SEQ ID

MNO:65 or 79; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:66 or 80; (iv) VL-

DRI has the amino acid sequence of SEQ ID NO:71; (v} VL-CDR2 has the amino acid
sequence of SEQ ID NO:72; and {vi) VE-CDR3 has the amino acid sequence of SEQ ID
MNO:73; and wherein the protein binds ActRHB; (¢){(1) VH-CDRI has the amino acid sequence
of SEQ 1D NO:3 or 38; (1) VH-CDR2 has the amino acid sequence of SEQ ID NG:4 or 59;
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(iily VH-CDR3 has the amino acid sequence of SEQ 1D NO:46; (iv) VL-CDR1 has the amino
acid sequence of SEQ D NO:51; (v) VL-CDRZ has the amino acid sequence of SEQ 1D
NO:52; and (viy VL-CDR3 has the amino acid sequence of SEQ 1D NO:53; and wherein the
protein binds ActRIB; (d¥1) VH-CDR1 has the amino acid sequence of SEQ D N(O:&5, 99,
106, or 113; (i) VH-CDR2 has the amino acid sequence of SEQ 1D NO:R6, 100, 107, 114, or
126; (iii) VH-CDR3 has the amino acid sequence of SEQ ID NO:87, 101, 108, 115, or 121;
{iv} VL-CDRI has the amino acid sequence of SEQ 1D NO:92; (vy VL-CDRZ has the amino
acid sequence of SEQ ID NO:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ ID
NO:94; and wherein the protein binds ActRIB and ActRIEA; or {e}i} VH-CDRI has the
amino acid sequence of SEQ 1D NO:126; (it) VH-CDR2 has the amino acid sequence of SEQ
1B NO:127; (3iiy VH-CDR3 has the amino acid sequence of SEQ 1D NO:128; vy VL-CDR1
has the amino acid sequence of SEQ 1D NO:133; (v) VL-CDR2 has the amino acid scquence
of SEQ ID NO:134; and (vi} VL-CDR3 has the aminoe acid sequence of SEQ 1D NO:135; and
whergin the protein binds ActRITA.

In additional aspects, the ActRIl-binding protein specifically binds ActRIIB and
comprises a set of CBDRs: VH-CDRI, VH-CDR2Z, VH-CDR3, VL-CDRY, VL-CDR2Z, and
VL-CDR3, wherein the set of CIDRs is identical 1o, or has a total of one, two, three, four, five,
31X, seven, eight, nine, ten, or fewer than ten, amino acid substititions, deletions, and/or
insertions fron a reference set of CDRs in which (i) YH-CDR1 has the amino acid sequence
of SEQ 1D NO:145; (iiy VH-CDRZ has the amino acid sequence of SEQ ID NO:146; (iip)
VH-CDR3 has the amino acid sequence of SEQ I3 NOG:147; (ivy VL-CDR1 has the amino
acid sequence of SEQ ID NO:152Z; (v} VL-CDRZ has the amino acid sequence of SEQ ID
MNO:153; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:154.

In additional aspects, the ActRI-binding protein specifically binds Act 1IRA and
ActRIB and comprises a set of CDRs: VH-CBR1, VH-CDR2, VH-CDR3, VL-CDRI, VL-
CDR2, and VL-CDR3, wherein the set of CDRs is identical 1o, or has a total of one, two,
three, four, five, six, seven, eight, nine, ten, or fewer than ten, amine acid substitutions,
deletions, and/or insertions from a reference set of CDRs in which (i) VH-CDRI has the
amino acid sequence of SEQ 1D NO:166; {1i) VH-CDR2 has the amino acid sequence of SEQ
1D NO:167; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:168; (iv) VL-CDR1
has the amino acid sequence of SEQ ID NO:173; (v) VL-CDR2 has the amino acid scquence
of SEQ D NO:174; and (vi) VE-CDR3 has the amino acid sequence of SEQ ID NOG:175.

in soroe aspects, the ActRIE-binding protein specifically binds ActRI and comprises a

set of CDRs in which: (a}{1) VH-CDR1 has the amino acid sequence of SEQ ID NG:3, 17,23,
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29, 35 or 41; (i1} VH-CDR2 has the amino acid sequence of SEQ 1D NO:4, 18, 24, 30, or 36;
{iii} VH-CDR3 has the aminoe acid sequence of SEQ ID NOG:5; (ivy VL-CDRI has the amino
acid sequence of SEQ 1D NO:10; (vy VL-CDRZ2 has the amino acid sequence of SEQ 1D
NO:1; and (vi) VE-CDR3 has the amino acid sequence of SEQ ID NG:12; and wherein the
protein binds ActRIB; (b)(1) VH-CDRI has the amino acid sequence of SEQ 1D NO:64 or
78; {ii} VH-CDR2 has the amine acid sequence of SEQ ID NG:65 or 79; (i1i) VH-CDR3 has
the amino acid sequence of SEQ ID NO:66 or B0 (ivy VL-CDRI1 has the amino acid
sequence of SHQ 1D NO:71; (v) VL-CDR2 has the amino acid sequence of SEQ 1D NO:72;
and {vi) VL-CDR3 has the amino acid sequence of SEQ 1D N(O:73; and wherein the protein
binds ActREB; (c)}{1) VH-CDRI has the amino acid scquence of SEQ 1D NO:3 or 38; (it}
VH-CDR2 has the amino acid sequence of SEQ ID NG:4 or 59; (i) VH-CBRS3 has the
amino acid sequence of SEQ ID N(O:46; (ivy) VL-CDR1 has the amino acid sequence of SEQ
IB NG:31; (vy VL-CDR2 has the amino acid sequence of SEQ 1D NOG:52; and (vi) VL-CDR3
has the amino acid sequence of SEQ 1D NO:53; and wherein the protein binds ActRIEB; (d)(i}
VH-CPRI has the amino acid sequence of SEQ ID NO:B5, 99, 106, or 113; (i} VH-CDR2
has the aminge acid sequence of SEQ ID NO:86, 100, 107, 114, or 120; (111} VH-CDR3 has the
amino acid sequence of SEQ 1D NO:87, 101, 108, 115, or 121; (iv) VL-CBDR1 has the amino
acid sequence of SEQ ID NO:92Z: (v) VL-CDR2 has the amino acid sequence of SEQ ID
NO:93; and {vi) VL-CDR3 has the amino acid sequence of SEQ ID NO:94; and wherein the
protein binds ActRIIB and ActRUA; or (e){(i) VH-CDR1 has the amino acid sequence of SE{
T NO:126; (1) VH-CDRZ has the amino acid sequence of SEQ 1D NO:127; (ut) VH-CDR3
has the amino acid sequence of SEQ 1D NO:128; (iv) VL-CDR1 has the amine acid sequence
of SEQ 1D NO:133; (v VL-CDR2 has the amino acid sequence of SEQ 1D NO:134; and (vi)
VL-CDR3 has the amino acid sequence of SEQ 1D NO:135; and wherein the protein binds
ActRITA.

in soroe aspects, the ActRIE-binding protein specifically binds ActRIB and comprises
a set of CDRs in which (1) VH-CDRI has the amino acid sequence of SEQ ID NO:145; (i)
VH-CDR2 has the amino acid sequence of SEQ 1D NO:146; (1i1) VH-CDR3 has the amino
acid sequence of SEQ ID NG:147; (iv) VL-CDRI has the amino acid sequence of SEQ ID
MNO:152; (v VL-CDR2 has the amino acid sequence of SEQ 1D NO:153; and (vi) VL-CDR3
has the amino acid sequence of SEQ ID NO:154.

In some aspects, the ActRII-binding protein specifically binds ActlIRA and ActRIIB
and comprises a sct of CDRs in which (1) VH-CDRI has the amino acid sequence of SEQ ID
NO:166; (1) VH-CDR2 has the amino acid sequence of SEQ ID NG:167; {(iti) VH-CDRS3 has
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the amino acid sequence of SEQ 1D NO:168; (iv) VL-CDRI has the amino acid sequence of
SEQ I NO:173; (v VL-CDR2 has the amino acid sequence of SEQ ID NO:174; and (vi}
VL-CDR3 has the amine acid sequence of SEQ ID NO:175.

In some aspects, the ActRIE-binding protein specifically binds ActRII and comprises a
set of CDRs that has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer
than ten, or zero, amino acid substitutions, deletions, and/or insertions from a reference set of
CDRs in which: (a}i) VH-CDR1 has the amino acid sequence of SEQ 1D NG:3; (i) VH-
CDR2 has the amine acid sequence of SEQ 1D NO:4; (i) VH-CDR3 has the amino acid
sequence of SEQ ID NO:5; (iv) VL-CDRI has the amino acid sequence of SEQ {D NOG:1G;
{v} VL-CDR2 has the amino acid sequence of SEQ 1D NO:11; and (vi) VL-CDR3 has the
amino acid sequence of SEQ ID NO:12; and wherein the protein binds ActRIB; (b)) VH-
CDR1 has the amino acid sequence of SEQ 1D NO:17; (i) VH-CDR2 has the amino acid
sequence of SEQ 1D NO:18; (i) VH-CDRS3 has the amine acid sequence of SEQ 1D NO:35;
{iv} VL-CDRI has the amino acid sequence of SEQ 1D NO:10; (vy VL-CDRZ has the amino
acid sequence of SEQ ID NO:11; and (vi} VL-CDR3 has the amino acid sequence of SEQ ID
NO:12; and wherein the protein binds ActRIIB; (¢)(i) VH-CDR1 has the amino acid sequence
of SE(Q 1D N(O:23; (i1) VH-CDRZ has the amino acid sequence of SE(Q 1D NO:24; (it) VH-
CDR3 has the amino acid sequence of SEQ ID NO:5; (iv) VL-CDRI has the amino acid
sequence of SHQ 1D NO:10; (v) VL-CDR2 has the amino acid sequence of SEQ 1D NO:11;
and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D NG:12; and wherein the protein
binds ActRIB; ()i} VH-CDBRI1 has the amino acid sequence of SEQ 1D NO:29; (i) VH-
CDR2 has the amino acid sequence of SEQ ID NO:30; (iil) VH-CDR3 has the amino acid
sequence of SEQ 1D NO:5; (ivy VL-CDRI has the amino acid sequence of SEQ 1D NO:10;
{v) VL-CDR2 has the amino acid sequence of SEQ D NO:11; and (vi) VL-CDR3 has the
amino acid sequence of SEQ ID NO:12; and wherein the protein binds AciRIIB; (e)(1) VH-
CDR1 has the amino acid sequence of SEQ D NO:35; (i) VH-CDR2 has the amino acid
sequence of SEQ 1D NO:36; Gil) VH-CDR3 has the amino acid sequence of SEQ 1D NO:5;
{iv} VL-CDRI has the amino acid sequence of SEQ 1D NO:10; (vy VL-CDRZ has the amino
acid sequence of SEQ ID NO:11; and (vi} VL-CDR3 has the amino acid sequence of SEQ ID
MO:12; and wherein the protein binds ActRIUB; (1) VH-CDRI has the amino acid sequence

CDR3 has the amino acid sequence of SEQ ID NO:5; (iv) VL-CDRI has the amino acid
sequence of SHQ 1D NO:10; (v) VL-CDR2 has the amino acid sequence of SEQ 1D NO:11;
and {vi) VL-CDR3 has the amino acid sequence of SEQ ID NG 12; and wherein the protein
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hinds ActRIIB; (g¥(i) VH-CDR1 has the amino acid secquence of SEQ 1D NO:64; (i) VH-
CDRZ has the amine acid sequence of SEQ 1D NG:63; (i) VH-CDR3 has the amino acid
sequence of SEQ ID NO:66 or 80; (iv) VL-CDRI has the amino acid sequence of SEQ 1D
NOG:71; (vy VL-CDR2 has the aming acid sequence of SEQ ID NO:72; and (vi} VL-CDR3
has the amino acid sequence of SEQ 13 NO:73; and wherein the protein binds ActRIIB; and
{h)(i) VH-CDRI1 has the amino acid sequence of SEQ ID NO:78; (ii) VH-CDRZ has the
aming acid sequence of SEQ [ NO:79; (1) VH-CDR3 has the amino acid sequence of SEQ
1D NO:SO; (ivy VL-CDR1 has the amino acid sequence of SEQ ID NO:71; (vy VL-CDR2 has
the amino acid sequence of SEQ ID NG:72; and (vi} VL-CDR3 has the amino acid sequence
of SEQ 1D NO:73; and wherein the protein binds ActRUB; (){i) VH-CDRI has the amino
acid sequence of SEQ ID NO:3; (i) VH-CDRZ has the amuno acid sequence of SEQ ID
NO:4; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:46; (iv) VL-CDRI has the
amino acid sequence of SEQ ID NO:51; (v) VL-CDRZ has the amino acid sequence of SEQ
I NO:52; and (vi) VL-CDR3 has the amino acid sequence of SEQ ID NO:53; and wherein
the protein binds ActRIB; ()i} VH-CDRI has the amino acid sequence of SEQ ID NO:55;
{ii} VH-CDR2 has the amino acid sequence of SEQ 1D N(O:39; (i1i) VH-CDR3 has the aming
acid sequence of SEQ 1D NO:46; {(iv) VL-CDRI1 has the amino acid sequence of SEQ 1D
NG:51; (vy VL-CDR2 has the aming acid sequence of SEQ ID NO:52; and (vi} VL-CDR3
has the amino acid sequence of SEQ 1D NO:53; and wherein the protein binds ActRUB; (ki)
VH-CDRI has the amino acid sequence of SEQ ID NG:835; (i) VH-CDRZ has the amino acid
(iv} VL-CDRI has the amino acid sequence of SEQ 1D NO:92; (v) VL-CDRZ has the amino
acid sequence of SEQ ID NO:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ ID
NO:94; and wherein the protein hinds ActREB and ActRHA; (1)(1) VH-CDR1 has the amine
acid sequence of SEQ 1D NO:99; (i) VH-CDRZ has the amino acid sequence of SEQ ID
NO:100; (iil) VH-CDR3 has the amino acid sequence of SEQ 1D NO:101; (ivy VL-CDR1 has
the amine acid sequence of SEQ ID NO:9Z; {v) VL-CDR2 has the amino acid sequence of
SEQ D NO:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D N(O:94; and
wherein the protein binds ActRIB and ActRIIA; (m)}{i) VH-CDRI has the amino acid
sequence of SEQ 1D NO:106; (1) VH-CDR2 has the amino acid sequence of SEQ ID
NO:107, (1) VH-CDR3 has the amino acid sequence of SEQ ID NO 108; {iv) VL-CDRI has
the amino acid sequence of SEQ D NG:92; (v) VL-CDR2 has the amino acid sequence of
SEQ 1D N(G:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:94; and
wherein the protein binds ActRIIB and ActRHA; (n)i) VH-CDRI has the amino acid
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sequence of SEQ ID NO:113; (ii}) VH-CDR2 has the amino acid sequence of SEQ ID
NO:114; (i1} VH-CDRA3 has the amine acid sequence of SEQ ID NG:113; (iv) VL-CDRI has
the amino acid sequence of SEQ 1D NO:92; (vy VL-CDR2 has the amino acid sequence of
SEQ ID NG:93; and (vi) VL-CDR3 has the amino acid seqoence of SEQ ID N(O:94; and
wherein the protein binds ActRUB and ActRIA; (0)(i) VH-CDRI1 has the amino acid
sequence of SEQ 1D NO:113; (i1} VH-CDR2 has the amino acid sequence of SEQ ID
NO:120; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:121; (iv) VL-CDRI has
the amino acid sequence of SEQ ID NO:92; (v) VL-CDR2 has the amino acid sequence of
SEQ ID NO:93; and {vi}) VL-CDR3 has the amino acid sequence of SEQ ID NO:94; and
wherein the protein binds ActRIIB and ActRIA; or (p)}(i) VH-CDR1 has the amino acid
sequence of BSEQ ID NO:126; (i) VH-CDRZ has the amino acid seguence of SEQ ID
NO:127; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:128; (ivy VL-CDR1 has
the amino acid sequence of SEQ ID NO:133; (v) VL-CDR2 has the amino acid sequence of
SEQ ID NO:134; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:135; and
wherein the protein binds ActRIIA.

in some aspects, the ActRII-binding protein specifically binds ActRIIB and comprises
a sct of CDRs that has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer
than ten, or zero, amino acid substitutions, deletions, and/or insertions from a reference set of
CDRs in which (i) VH-CDRI has the amino acid sequence of SEQ 1D NO:145; (i) VH-
{CDR2 has the amino acid sequence of SE ID NO:146; (iii}) VH-CDR3 has the amino acid
sequence of SEQ ID NO:147; (v} VL-CDR1 has the amino acid sequence of SEQ 1D
NO:152; (v VL-CDR2 has the amino acid sequence of SEQ ID NO:153; and (vi) VL-CDR3
has the amino acid sequence of SEQ 1D NO:154.

In some aspects, the ActRU-binding protein specifically binds ActliRA and ActRIIB
and comprises a set of CDRs that has 2 total of one, two, three, four, five, six, seven, eight,
nineg, ten, fewer than ten, or zere, amino acid substitutions, delctions, and/or insertions from a
reference set of CDRs in which (i} VH-CDRI has the amine acid scquence of SEQ ID
NO:166; (1) VH-CDRZ has the amino acid sequence of SEQ D NO:167; (iii) VH-CDR3 has
the amino acid sequence of SEQ ID NG:168; {iv) VL-CDBRI has the amino acid sequence of
SEQ 1D NO:173; vy VL-CDR?2 has the amino acid sequence of SEQ ID NO:174; and (vi)
VL-CDR3 has the amino acid sequence of SEQ 1D NO:175.

In some aspects, the ActRIE-binding protein specifically binds ActRII and comprises a
VH and a VL pair sclected from the group consisting of: {(a)(1} a VH having at least 90%,

5%, 97%, 98%, or 99% scquence identity to SEQ 1D NO:Z, 16, 22, 28, 34, or 40, and (ii} a
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VL havisg at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NG9, and
wherein the protein binds ActRIB; (b}1) a VH having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ 1D NO:45 or 57, and (i) a VL having at [cast 90%, 95%, 97%,
88%, or 99% sequence identity to SEQ ID NO:50, and wherein the protein binds ActRIEB;
{c}(1) a VH baving at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ D NG:63
or 77, and {ii) a VL having at least 90%, 35%, 97%, 98%, or 99% sequence identity to SEQ
1D NO:70, and wherein the protein binds ActRURB; (d¥i) a VH having the amino acid
sequence of SEQ ID NO:84, 98, 105, 112, or 119, and (ii} a VL having the amino acid
sequence of SEQ ID NG:91, and wherein the protein binds ActRIB and ActRIA; and {¢)(i) a
VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:125, and
(ii) a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:132,
and wherein the protein binds ActRIA.

In some aspects, the ActRIE-binding protein specifically binds ActRIIB and comprises
a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:144,
and a VL having at least 90%, 95%, 97%, 98%, or 39% sequence identity to SEQ 1D NO:151.

In some aspects, the ActRil-binding protein specifically binds ActliRA and ActRIIB
and comprises a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ
ID NG:165, and a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ
1B NG:72.

In a further aspect, the ActRII-binding protein comprises a VH and a VL pair selected
from the group consisting of: (a) a VH sequence of SEQ 1D NO:2, 16,22, 28,34, 0r 40, and a
VL seguence of SEQ ID NO:9; and wherein the protein binds ActRHB; (b} a VH sequence of
SEQ ID NO:45 or 57, and a VL sequence of SEQ 1D NO:50; and wherein the protein binds
ActRIIB; (¢} a VH sequence of SEQ ID NO:63 or 77, and a VL sequence of SEQ 1D NO:70;
and wherein the protein binds ActRIIB; (d} a VH sequence of SEQ Dy NO:&4, 938, 105, 112,
or 119, and a VL sequence of SEQ 1D NO:91; and wherein the protein binds ActRHB and
ActRIA; and (e} a VH sequence of SEQ 1D NO:125, and & VL sequence of SEQ 1D NO:132
and wherein the protein binds ActRIA.

In additional aspects an ActRI-binding protein competes for binding to ActRI} with
an antibody comprising a VH and a VL sequence pair disclosed herein. In some aspects, an
ActRIE-binding protein binds to the same epitope as an ActRIl-binding protein disclosed
herein.

in sompe aspects, the ActRU-binding protein binds a polypeptide sclected from the

aroup consisting oft {a) amino acid residues NANWELERT (3EQ ID NO:157) of ActRIEB;
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(b) amino acid residues CCEGNFCUNER (SEQ ID NO:159) of ActRIIB; (¢) amino acid
residocs CCEGNMOCNEK (SEQ ID NO:161) of ActRHIA; and (d) amino acid residues
BECLFFNANWEKD (SEQ 1D NO:162) of ActRIIA.

In a further aspect, the ActRIl-binding protein comprises a VH sequence of SEQ ID
MNO:144, and a VL sequence of SEQ [D NO:151; and the protein binds ActRIB.

In a further aspect, the ActRIl-binding protein comprises a VH sequence of SEQ ID
NO:165, and a VL sequence of SEQ 1D NO:172; and the protein binds ActliRA and ActRIIB.

in a further aspect, the ActRIi-binding protein comprises a VH and a VL pair selected
from the group consisting oft (8) a VH sequence of SEQ [D NO:2 and a VL sequence of SEQ
ID NO:9; (b a VH sequence of SEQ ID NO:16 and a VL sequence of SEQ 113 NO:9; (¢) a
VH sequence of SEQ ID NO:22 and a VL sequence of SEQ 1D NO:9; (d) a VH sequence of
SEQ D NO:28 and a VL sequence of SEQ 1D NO:9; (¢} a VH sequence of SEQ 1D N(O:34
and a VL sequence of SEQ D NO:9; () a VH sequence of SEQ 1D N340 and a VL
sequence of SEQ 1D NO:9; (g) a VH sequence of SEQ {1 NO:4S and a VL sequence of SEQ
1B NO3:50; (h) a VH sequence of SEQ ID NG:57 and a VL sequence of SEQ ID NO:53; (i) a
VH sequence of SEQ 1D NO:63 and a VL sequence of SEQ D NO:70; (3) a VH sequence of
SEQ 1D NO:77 and a VL sequence of SEQ 1D NO:70; (k) a VH sequence of SEQ 1D NO:84
and a VL sequence of SEQ ID NO:9L; (1) a VH sequence of SEQ D NO:9E and a VL
sequence of SEQ ID NO:91; (m) a VH sequence of SEQ 1D NO:105 and a VL sequence of
SEQ ID NO:91; (ny a VH sequence of SEQ ID NO:112 and a VL sequence of SEQ ID
N(O:91; {0} VH sequence of SEQ 1D NO:119 and a VL sequence of SEQ 1D NO:91; and (p}
VH sequence of SEQ 1D NO:125 and a VL sequence of SEQ 1D NO:132. In a further aspect,
the ActRIl-binding protein comprises a VH having a sequence of SEQ 1D NO:144 and a VL
bavnig a sequence of SEQ I3 NO:151. In a further aspect, the ActRU-binding protein
comprises a VH having a sequence of SEQ 1D NO:165 and a VL having a sequence of SEQ
1B NG:72.

In some aspects, the ActRIl-binding protein comprises a VH and a VL pair selected
from the group consisting of: (a)(i}) a VH seguence having a total of one, two, three, four,
five, six, seven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VH sequence selected from the group consisting
of SEQQ ID NO:2, 16, 22, 28, 34, or 40, and (ii) a VL sequence having a total of one, two,
three, four, five, six, seven, cight, nine, ten, fower than fifteen, or zero, amino acid
substitutions, deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:9, and

wherein the protein binds ActRIIB; (b}i) a VH sequence having a total of ong, two, three,
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four, five, six, scven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VH seguence of SEQ ID NOG:45 or 537, and (ii) a
VL sequence having a total of one, two, three, four, five, six, seven, ecight, nine, ten, fewer
than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a reference
VI sequence of SEQ 1D NO:50, and wherein the protein binds ActRUB; ()i} a VH
sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten, fower than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VH
sequence of SEQ ID NO:63 or 77, and (ii) a VL sequence having a total of one, two, three,
four, five, six, seven, eight, nine, ten, fewer than fifteen, or zero, amine acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO: 70, and wherein th

protein binds ActRIB; (d¥1) a VH sequence having a total of one, two, three, four, five, six,
seven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or
insertions from a reference VH sequence selected from the group consisting of SEQ 1D
NO:84, 98, 105, 112, or 119, and (31) a VL sequence having a total of one, two, three, four,
five, six, seven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ D NO:91, and wherein the
protein binds ActRIIB and ActRIIA; {c){i) a VH scquence having a total of one, two, three,
four, five, six, sgven, ecight, nine, ten, fewer than fifteen, or zero, aming acid substitutions,
deletions, and/or insertions from a reference VH sequence of SEQ 1D NO:125, and (iiy a VL

sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten, fower than
fifteen, or zero, anuno acid substitutions, deletions, and/or insertions from a reference VL of
SEQ 1D NO:132, and wherein the protein binds ActRIIA.

in some aspects, the ActRII-binding protein comprises a VH sequence having a total
of one, two, three, four, five, six, seven, g¢ight, nine, ten, fewer than fifteen, or zero, amino
acid substitutions, deletions, and/or insertions from a reference VH sequence of SEQ ID
NO:144, and a VL sequence having a total of one, two, three, four, five, six, seven, cight,
nine, ten, fewer than {ifteen, or zero, amino acid substitutions, deletions, and/or insertions
from a reference VL sequence of SEQ 1D NO:151, and the protein binds ActRIIB.

In some aspects, the ActRII-binding protein comprises a VH sequence having a total
of one, two, three, four, five, six, seven, gight, nine, ten, fower than fifteen, or zero, amino
acid substitutions, deletions, and/or insertions from a reference VH sequence of SEQ 1P
NO:1635, and a VL scquence having a total of one, two, three, four, five, six, seven, eight,

nine, ten, fower than fifieen, or zero, amino acid substitutions, deletions, and/or insertions
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from a reference VL sequence of SEQ 1D NO:172, and the protein binds ActHRA and
ActRIIB.

In a further aspect, the ActRH-binding protein comprises a VH and a VL pair
wherein: {a) the VH sequence has a total of one, two, three, four, five, six, seven, cight, nine,
ten, fewer than fifteen, or zere, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence of SEQ ID NG:2; and the VL sequence has a total of one, two, three,
four, five, six, sgven, eight, nine, ten, fewer than fifteen, or zero, aming acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:9; and wherein the
protein binds ActRIIB; (b} the VH sequence has a total of one, two, three, four, five, six,
scven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or
insertions from a reference VH sequence of SEQ ID NO:16; the VL sequence has a total of
one, two, three, four, five, six, seven, eight, nine, ten, fewer than fifteen, or zero, amino acid

substitutions, deletions, and/or insertions trom a reference VL sequence of SEQ 1D NG:9; and

herein the protein binds ActRIB; {c) the VH sequence has a total of one, two, three, four,
five, six, seven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VH sequence of SEQ ID N(O:22; and the VL
scquence has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VL
sequence of SEQ 1D NO:9; and wherein the protein binds ActRIEB; (d) the VH sequence has
a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer than fifteen, or zero,
amino acid substitutions, deletions, and/or insertions from a reference VH sequence of SEQ
1D NO:28; and the VL sequence has a total of one, two, three, four, five, six, seven, eight,
nine, ten, fewer than {iftecen, or zero, amino acid substitutions, deletions, and/or insertions
from a reference VL sequence of SEQ ID NO:9; and wherein the protein binds ActRHB; {¢)
the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ ID NO:34; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, fower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ ID NG:9; and wherein the

protein binds ActRIR; () the VH sequence has a total of one, two, three, four, five, six,

jawy

seven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or
insertions from a reference VH sequence of SEQ ID NO:40; and the VL sequence has a total
of one, two, three, four, five, six, scven, cight, nine, ten, fower than fifteen, or zero, amino

acid substitutions, deletions, and/or insertions from a reference VL sequence of SEQ ID
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MNO:9; and wherein the protein binds ActRUB; (g) the sequence has a total of one, twao, three,
four, five, six, seven, eight, nine, ten, fewer than fifteen, or zero, amine acid substitutions,
deletions, and/or insertions from a reference VH sequence of SEQ 1D NO:435; and the VL
sequence has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VL
sequence of SEQ ID NO:50; wherein the protein binds ActRIIB; (h) the VH sequence has a
total of one, two, three, four, five, six, seven, cight, nine, ten, fewer than fifteen, or zero,
amino acid substitutions, deletions, and/or insertions from a reference VH sequence of SEQ
IB NO:S7; and the VL sequence has a total of one, two, three, four, five, six, seven, cight,
nine, ten, fewer than fificen, or zero, amino acid substitutions, deletions, and/or insertions
from a reference VL sequence of SEQ ID NO:50; wherein the protein binds ActRIIB; (i) the
VH sequence has a total of one, two, three, four, five, six, seven, ¢ight, ning, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VH
sequence of SEQ D NO:63; and the VL sequence has a total of one, two, three, four, five,
six, scven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions,
and/or insertions from a reference VL sequence of SEQ ID NO:70; and wherein the protein
binds ActRIB; () the VH sequence has a total of one, two, three, four, five, six, scven, cight,
ning, ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions
from a reference VH sequence of SEQ ID NO:77; and the VL sequence has a total of ane,
two, three, four, five, six, seven, eight, nine, ten, fewer than fifteen, or zero, amino acid
substitutions, deletions, and/or nsertions from a reference VL sequence of SEQ 1D NO:70;
and wherein the protein binds ActRUB; (k) the sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, fower than fifteen, or zero, amine acid substitutions,
deletions, and/or insertions from a reference VH sequence of SEQ 1D NO:84; and the VL
sequence has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer than
fif , Or zero, anuno acid substitutions, deletions, and/or insertions from a reference VL

sequence of SEQ D NO:9L; wherein the protein binds ActRIIB and ActRUA; (1) the VH

e-i‘-

sequence has a total of one, two, three, four, five, six, seven, eight, nive, ten, fower than

fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VH

~

sequence of SEQ ID N(O:9&; and the VL sequence has a total of one, two, three, four, five,

1

six, sgven, eight, nine, ten, fower than fifteen, or zero, amino acid substitutions, deletions,
and/or insertions from a reference VL sequence of SEQ [D NO:91; wherein the protein binds
ActRIB and ActRITA; (ny) the VH sequence has a total of one, two, three, four, five, six,

seven, cight, nine, ten, fower than fifteen, or zero, amino acid sebstitutions, deletions, and/or
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insertions from a reference VH sequence of SEQ 1D NO:105; and the VL sequence has a total
of one, two, three, four, five, six, sgven, gight, nine, ten, fewer than fifteen, or zere, amino
acid substitutions, deletions, and/or insertions from a reference VL0 sequence of SEQ 1B
NO:91; and wherein the protein binds ActRIIB and AciRIFA; (n) the VH sequence has a total
of one, two, three, four, five, six, seven, gight, nine, ten, fower than fifteen, or zero, amino
acid substitutions, deletions, and/or insertions from a reference VH sequence of SEQ 1P
NO:112; and the VL sequence has a total of one, two, three, four, five, six, seven, eight, nine,
ten, fewer than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a

reference VL sequence of SEQ ID NO:©91; and wherein the protein binds ActRIIB and
ActRITA; (o) the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine
ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence of SEQ 1D NO:119; and the VL scquence has a total of one, two,
three, four, five, six, seven, ecight, nine, ten, fewer than fifteen, or zere, amino acid
substitutions, deletions, and/or nsertions from a reference VL sequence of SEQ 1D NO:91,
and wherein the protein binds ActRHB and ActRUA; or (p) the VH sequence has a total of
one, two, three, four, five, six, seven, eight, nine, ten, fewer than fifteen, or zero, aming acid
substitutions, deletions, and/or insertions from a reference VH sequence of SEQ 1D NO:125
and the VL scquence has a total of one, two, three, four, five, six, seven, eight, nine, ten,
fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VL sequence of SEQ 1D NO:132; and wherein the protein binds ActRIIA.

In a further aspect, the ActRI-binding protein comyprises a VH and a VL pair,
wherein the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten,
fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence of SEQ ID NO:144, and the VL sequence has a total of one, two
three, four, five, six, seven, cight, nine, ten, fower than fifteen, or zero, amino acid
substitutions, delctions, and/or insertions from a reference VL sequence of SEQ 1D NO:151
and wherein the protein binds ActRIB.

In a further aspect, the ActRI-binding protein comyprises a VH and a VL pair,
wherein the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten,
fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence of SEQ 1D NO:163, and the VL sequence has a total of one, two,
three, four, five, six, seven, cight, nine, ten, fower than fifteen, or zero, amino acid
substitutions, delctions, and/or inscrtions from a reference VL sequence of SEQ 1D NO:172;

and wherein the protein binds AciRIA and ActRIIB.
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fn some aspects, the ActRII-binding protein is an antibody that specifically binds
ActRIL In additional aspects, the antibody is a monocional antibody, a recombinant antibody,
a lmuman antibody, a humanized antibody, a chimeric antibody, a bi-specific antibody, or a
multi-specific antibody. Some aspects, the ActRIl-binding protein is the ActRII-binding
antibody fragment. Tn some aspects the antibody is av antibody fragment selected from the
group consisting of a Fab, Fab', F{ab'),, Fv, diabody, DART, and a single chain antibody

olecule (e.g., a BiTE).

Nucleic acids and sets of gucleic acids encoding ActRU-binding proteins are also
provided. Vectors and sets of vectors containing the nucleic acids and sets of nucleic acids,
and host cells transformed with the nucleic acids and vectors are further provided. In some
aspects, the host cell is a hybridoma or mammalian host cell such as, a NSO murine myeloma

cell, a PER.CO® human ccll, or a Chinese hamster ovary (CHO) cell. Host cells including
mammalian host cells and hybridomas that produce ActRIU-binding proteins are alsg
provided.

Methods for making an ActRII-binding protein are also provided. In some aspects, the
method comprises culturing a host cell capable of expressing the ActRIl-binding protein
under suitable conditions for expressing the protein and optionally isolating the expressed
ActRII-binding protein. ActRII-binding proteins prepared andfor isolated using methods
disclosed herein or otherwise known in the art are also provided.

Pharmaceutical compositions  comprising an ActRI-binding protein and a
pharmaceutically acceptable carrier are further provided. In some aspects, the disclosure
provides methods for treating and/or ameliorating a condition in 3 subject associated with
elevated ActRIT expression or ActRil-mediated signaling. {n some aspects, the methods
decrease ActRI-mediated signaling in the subject. Also provided is the use of an ActRIl-
binding protein provided herein (e.g., an anti-ActRIIB- and/or ActRIIA- binding antibody}, in
the manufacture or preparation of a medicament. Io some embodiments, the medicament is
for the treatment and/or amelioration of a condition in a subject associated with elevated
ActRII expression or ActRIl-mediated signaling. In an additional embodiment the disclosure
provides the use of an ActRH-binding protein as provided herein in the manufacture of a
medicament {or the treatment of a disease or condition described herein.

Conditions that may be treated and/or ameliorated in a subject using the provided
methods include, but are not limited to: muscle disorders such as degenerative muscle
disease, nwscular dystrophy, mwscle atophy, or ovwscle wasting disorders; a fibrotic

condition {e.g., a hepatic, pulmonary, vascular and/or ocular fibvotic condition, such as
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myocardial fibrosis, and idiepathic pulmonary fibrosis (IPF)); metabolic discase {(e.g., type ]
diabetes insulin resistance, hyperglycemia, and obesity); inflammatory disease or conditions,
autolrnnwoe disease, cardiovascular disease (e.g., congestive heart failure, and hypertension);
ocular disease such as age-related macular degeneration; pulmonary disease, rvusculoskeletal
disease, skeletal disease such as osteoporosis; newrclogic disease; neuronmscular disease,
degenerative disease, wound healing; weight loss; and cancer {¢.2., a carcinoma, mycloma, a
bone-loss inducing cancer, pitaitary cancer, and gastrointesiioal cancer).

fn some aspects, the disclosed methods include admisistering a pharmaceutical
composition comprising an effective amount of an ActRII-binding protein to a subject in need
thereof. In some aspects, the ActRI-binding protein is administered alone. In other aspects,
the ActRiI-binding protein is administered as a combination therapy. In further aspects, the
ActRU-binding protein is administered as a combination therapy to the standard of care
treatment/therapy.

Methods of blocking or reducing ActRH activity {e.g., ligand binding and/or
signaling) are also provided. In some aspects the method comprises contacting an ActRH-
binding protein and a cell that expresses the ActRIL In some instances the method comprises
contacting an ActRIi-binding protein and a cell that expresses the ActRH in the preseonce of
an ActRIF ligand (e.g., activin A). In some aspects, the method is performed i vivo. In other
aspects, the method is performed in vitro. In some aspects the blocked or reduced ActRH
activity is the phosphorylation of ActRI. In further aspects, the phosphorylated ActRI is
ALK4 and/or ALK7. In additional aspects the blocked or reduced ActRIf activity is the
phosphorylation of Smads (e.g.., SmadZ and/or Smad3). In some aspects, the disclosure
provides a method of blocking or reducing ActRIl activity in a subject that comprise
admoinistering an effective amount of an ActRi-binding protein to a subject in need thereof,
In some aspects a method of reducing ActRIEA activity in a subject is provided that comprises
adounistering an effective amount of an ActRIIA-binding protein to a subject in need thereof.

v

In some aspects a method of reducing ActRIIB activity in a subject is provided that comprises
administering an effective amount of an ActRIIB-binding protein to a subject in need thereof.
Also provided is a method of blocking or reducing ActRII activity in a pathological
condition associated with increased ActRIl expression and/or ActRH signaling, or in a
pathological condition that can be treated and/or ameliorated by reducing or inhibiting the

activity of an ActRH-ligand. In some instances, the method comprises administering ar

=

ActRii-binding protein 1o a subject having increased expression of ActRII or an ActRH-

1
H
1

g

v

hizand. In some aspects the pathological condition 1s a muscle disorder. In further aspects, the
g , £
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muscle disorder is wasting or nwscular dystrophy. In some aspects the pathological condition
is a metabolic condition such as obesity or type I diabetes. In some aspects the pathological
condition is a fibrotic condition of the lung, or liver. In additional aspects the pathological
condition 1s a cancer. In further aspects, the cancer is myelotibrosis, myeloma {2z, multiple

mveloma), pituitary cancer, breast cancer, gastrointestinal cancer, or a carcinoma. In
additional aspects the pathological condition is a bone-loss inducing cancer {e.g., prostate and
breast cancer). In some aspects, the disclosure provides a method of blocking or reducing

3

ActRI activity in a pathological condition associated with cancer treatment induced bon

[

088,

w

In some aspects, the disclosure provides a method of treating and/or ameliorating a
muscle disorder. In some instances, the method comprises administering an ActRII-binding
protein {e.g., an anti-ActRI antibody} to a subject having a muscle disorder. Further provided
is use of an ActRIl-binding protein as provided herein in the manufacture of a medicament
for the treatment or amelioration of a muscle disorder. In further aspects the muscle disorder
is wasting or rmuscular dystrophy. In other aspects, the subject is at risk of developing a
muscle disorder. In further aspects the subject is at risk of developing wasting or muscular
dystrophy.

In some aspects, the disclosure provides a method of treating and/or ameliorating a
fibrotic condition. In some instances, the method corprises administering an ActRIl-binding
protein {e.g., in a pharmaceutical composition described herein) to a subject having a fibrotic
condition. In other aspects, the subject is at risk of developing a fibrotic condition. In some
aspects the fibrotic condition is chronic. Further provided s use of an ActRIE-binding protein
as provided herein in the manufacture of a medicament for the treatment or amelioration of a
fibrotic condition.

In some aspects, the disclosure provides a method of decreasing fibrosis in a subject.
In some instances, the method comprises administering an ActRIl-binding protein {e.g., an
anti-ActR amibody such as a full-length ActRII-antibedy or an AciRII-binding antibody
fragment, and variants and derivatives thereof) to a subject having a fibrosis. In some aspects,
the fibrosis is a hepatic or pulmonary fibrosis. Further provided is use of an ActRII-binding
protein as provided herein in the manufacture of a medicament for the treatment or
amelioration of fibrosis.

In another aspect, the disclosure provides a method of reducing the loss of hepatic or
pulmeonary function caused by fibrosis i a subject. In some aspects, the method comprises

administering an ActRII-binding protein {e.g., an anti-ActRI{ antibody such as a full-length
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ActRif-antibody and an ActRH-binding fragment thereof} to 3 subject in need thereof In some
aspects the method reduces the loss of hepatic function in a sabject. In some aspects the

method reduces the loss of pulmonary function in a subject.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

FIGS. TA-IN depict kinetic characterization of AQ1 lineage antibodies binding to
hActRHB and hAciRIIA as determined by BIACORE®-based analysis at 37°C. Monomeric
or dimeric hActRIB or hActRHA was captured on a chip and then exposed o concentrations
of A01 lineage antibodies. FIGS. 1A-ID depict characterization of antibody AO0I (parent)
binding to ActRIEB monomer (FIG. 1A), ActRIB dimer (FIG. 1B), ActRIUA monomer (FIG.
1C), and ActRIIA dimer (FIG. 1D). FIGS. 1E and 1F depict characterization of antibody B0O1
binding to ActRIB monomer (FIG. 1E) and ActRUB dimer (FIG. 1F). FIGS. 1G-1H depict
antibody CO1 binding to ActRUB monomer (FIG. 1G) and ActRUB dimer (FIG. 1H). FIGS.
11-1J depict antibody D01 binding to ActRIB monomer (FIG. 11} and ActRHB dimer (FIG.
15 FIGS. 1K-1L depict antibody EOI binding to ActRIEB monomer (FEG. 1K) and ActRUB
dimer (FIG. 1L}. FIGS. 1M-IN depict antibody FO! binding to ActRIIB monomer (FIG. [ M)
and ActRIIB dimer (FIG. 1N).

FIG. 2 depicts neutralizing activity of A01 lineage antibodies in a cell-based reporter
gene assay. Included are assay responses with activin A alone (2 ng/ml), and activin A,
combined with 50 ng/ml of AG1 lineage antibodies AG1, B, CO1, D01, EOL, and FO1.

FIGS. 3A-3F depict kinetic characterization of G02 lineage autibodies binding to
hActRHB and hActRHA as determined by BIACORE®-based analysis at 37°C. Monomeric
or dimeric hActRIIB or hActRIIA was captured on a chip and then exposed GO! lineage.
FIGS. 3A-3D depist characterization of antibody G0l binding to ActRUB monomer (FIG.
3A), ActRUR dimer {FIG. 3B), ActRUA monomer (FIG. 3C), and ActRUA dimer (FIG. 3D).
FIGS. 1E and 1F depict characterization of antibody HO1 binding to ActRIB monomer (FIG.
3E) and ActRIIB dimer (FIG. 3F).

FIG. 4 depicis neutralizing activity of GO1 parent and HO1 optimized antibodies in a
cell-based reporter gene assay. Included are assay responses in the absence of activin A, with
activin A alone (2 ng/ml), and activin A, combined with 30 ng/ml of GO1 lineage antibodies
401 or HOL.

FIGS. 5A-5P depict kinetic characterization of A0Z lineage antibodies binding to
hActRHB and hActRHA as determined by BIACORE®-based analysis at 37°C. Monomeric
or dimeric hActRIIB or hActRHA was captured on a chip with and then exposed to AQ2
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lincage antibodies. FIGS. 5A-5D depict characterization of antibody AO2 {parent) binding to
ACtRIB monomer (FIG. 5A), ActRIB dimer (FIG. 5B), ActRIA monomer (FIG. 5C), and
ActRITA dimer (FIG. 5D). FIGS. 5E-5H depict characterization of antibody BO2 binding to
ActRIIB monomer (FIG. 5E), ActRIIB dimer (FIG. 5F), ActRIA monomer (FIG. 5G), and
ActRUIA dimer (FIG. 5H). FIGS. 5I-5L depict characterization of antibody C02 binding to
ActRIIB monomer (FIG. S, ActRIIB dimer (FIG. 51}, ActRUA monomer (FIG. 5K}, and
ActRITA dimer (FIG. 5L). FIGS. 5M-53P depict characterization of antibody D02 binding to
ActRIIB monomer (FIG. 5M), ActRIIB dimer (FIG. 5N), ActRIIA monomer (FIG. 50), and
ActRIA dimer {FIG. 5P). FIGS. 53-5T depict characterization of antibody D03 binding to
ActRIIB monomer (FIG. 5Q), ActRHIB dimer (F1G. 3R}, ActRUA monomer (FIG. 38), and
ActRHUA dimer (FIG. 5T).

FIGS. 6A-68 depict neutralizing activity of AQ2 lineage antibodies in 2 cell-based
gporter gene assay. Included arc assay responses in the absence of activin A, with activin A
alone (2 ng/ml), and activin A, combined with 50 ng/ml of AO2 lincage antibodies. FIG. 6A
depicts neutralizing activity of AO02 (parent), B0O2, €02, and D02, FIG. 6B depicts
neutralizing activity of D02 and D03,

FIGS. 7TA-7F depiet kinetic characterization of EO2 parent and FO2 variant antibody
binding to hActRIIB and hActRIA as determined by BIACORE®-based analysis at 37°C.
Monomeric or dimeric hActRIB or hActRHA was captured on a chip and then exposed 1o
E02 and FO2. FIGS. 7A-7D depict characterization of E02Z parent binding to ActRIIB
monomer (FIG. 7A), ActRIIB dimer (FIG. 7B), ActRITA monomer (FIG. 7C), and ActRITA
dimer (FIG. 7D). FIGS. 7E AND 7F depict characterization of antibody F02 binding to
ActRIB monomer {(FIG. 75), and ActRIB dimer (FIG. 7F).

FIGS. BA-8D depict kinetic characterization of antibody GO2 binding to hAciRIIB
and hActRIIA as determined by BIACORE®-based analysis at 37°C. Monomeric or dimeric
hActRHB or hActRITA was captured on a chip with and then exposed to the evaluated anti-
hActRH antibodies. FIGS. 8A-8D depict characterization of antibody GO02 binding to
ActRITB monomer (FIG. 8A), ActRIIB dimer (FIG. 8B), ActRIIA monomer (FIG. 8C), and
ActRIA dimer (FIG. 8D).

FIG. 9 depicts neutralizing activity of ActRI{B-binding E0Z parent and FO2 variant
antibodies and ActRIIA-binding antibody GO2 in a celi-based reporter gene assay. Included
are assay responses in the absence of activin A, with activin A alone (2 ng/ml), and activin A,

combined with 50 ng/ml of antibody EO2, FOZ, or GO2.
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DETAILED DESCRIPTION

The disclosure provides isolated recombinant ActRiI-binding proteins. In certain
aspects the ActRil-binding proteins specifically bind ActRIB and/or ActRIIA. In further
aspects, the ActRiI-binding proteins arve asti-ActRl antibodies. Nucleic acids encoding the
ActRIE-binding proteins, vectors and host cells containing the nucleic acids, and methods of
making and using the ActRl-binding proteins are also provided. The provided ActRil-
binding proteins have uses in diagnosing, treating, and/or ameliorating diseases and
conditions associated with increased ActRU expression and/or signaling. Such uses include
but are not Himited to, preventing, and/or ameliorating muscle disorders such as degenerative
muscle disease muscular dystrophy, muscle atrophy or muscle wasting disorders; a fibrotic
condition {e.g., a hepatic, pulinonary, vascular and/or ocular fibrotic condition, such as
myocardial fibrosis, and idiopathic pulmonary {ibrosis (IPF)); metabolic disease (e.g., type i
diabetes and obesity); inflammatory discase or conditions, autoimnuine diseasc,
cardiovascular disease {e.g.. congestive heart failure, and hypertension); ocular disease such
as age-related macular degeneration; pulmonary disease, musculoskeletal disease, skeletal
disease, neurologic disease, such as osteoporosis; wound healing; weight loss; and cancer
{e.g, a carcinoma, mycloma, a bone-loss inducing  cancer, pituitary  cancer, and

sastroiniestinal cancer).

i
Definitions
Unless defined otherwise, all technical and scientific terms used herein have the same

5
i

meaning as commonly understood by one of ordinary skill in the art to which this disclosure
is related. For example, the Councise Dictionary of Biomedicine and Molecular Biology, hue

Pei-Show, Znd ed., 2002, CRC Press; The Dictionary of Cell and Molecular Biology, 3rd ed.,

1999, Acadernic Press; and the Oxford Dictionary Of Biochemistry And Molecular Biclogy,
Revised, 2000, Oxford University Press, provide one of skill with a ral dictionary of

many of the terms used in this disclosure. The headings provided herein are not limitations of
the various aspects which can be had by reference to the specification as a whole. Moreover,
the terms defined tmmediately below are more fully defined by reference to the specification
in its entirety.

o,

The terms "a," "an" and "the” include plural referents unless the context in which the
term is used clcariy dictates otherwise. The terms "a" {or "an"), as well as the terms "one or
more," and "at least one” can be used interchangeably herein. Furthermore, "and/or” where

used herein is to be taken as specific disclosure of each of the two or more specified features
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or components with or without the other. Thus, the tera "and/or" as used in a phrase such as

"A and/or B" herein is intended to include "A and B,” "A or B,” "A" (alone), and "B" (alone).

Likewise, the term "and/or" as used in a phrase such as "A, B, and/or {7 is intended to

encompass cach of the following aspecis: A, B, and C, A B,or CAor G Aor By Bor O A
and C; A and B; B and C; A (alone); B (alone); and C {alone).

The term "comprise” is generally used in the sense of include, that is to say permitting

the presence of one or more features or components. Wherever aspects are described herein

1]

with the language "comprising,” otherwise analogous aspects described in terms of
consisting of,” and/or "consisting essentially of” are also provided.

The terms "about” and "approximately” as used in connection with a numerical value
throughout the specification and the claims denotes an interval of accuracy, familiar an
aceeptable to a person skilled in the art. In general, such imterval of accuracy is + 10%
Alternatively, and particularly in biological systems, the terms "about” and "approximately”
may mean values that are within an order of magnitude, preferably < 5 -fold and more
preferably < 2-fold of a given value.

3

Numeric ranges are inchisive of the nombers defining the range.

An ActRil-binding protein refers to a protein that specifically binds to AciRU (ie,
ActRIIB and/or ActRIIA}, preferrably binding to the extracelivlar domain of ActRIL

The terms "ActRI activin receptor type I, and "ActRH" are used interchangeably and
refer to the activin receptor type HA (ActRHA) and/or activin receptor type HB (ActRIIB)
unless the context in which the term is used clearly dictates otherwise.

The terms "activin receptor type HA," "ActRIA receptor,” and "ActRIA" are used
interchangeably herein, and refer to ActRILA (also referred to as ACVRZA, ActRITA, ActRIL,
and BC 2.7.11.30 in the literature). Reference sequence for hwman ActRIEA is provided in
RefSeq NONP 001607.1. The provided ActRIIA-binding proteins bind the extracellvlar
domain of ActRHA corresponding to the amine acid sequence of SHQ HI NO:138.

The terms "activin receptor type HB,” "ActRIIB receptor,” and "ActRIIB” are used
interchangeably and refer to ActRIIB {also referred to as ACVRIE, ActRUB, HTX4, ErbB3
receptor, and EC 2.7.11.30 in the literature). Reference sequence for human ActRIIB is
provided in NCBI Reference Sequence NP_001097. The provided ActRIB-binding proteins
bind the extracellular domain of ActRIIB corresponding to the amino acid sequence of SEQ
1D NO:139.

1]

The term "compete” or "competes” when used in the context of ActRil-binding

e
ail

proteins {e.g., neutralizing antibodies} means competition between antigen binding proteins as
p g g P p
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determined by an assay in which the antigen binding protein {e.g., an agti-ActRH antibody or
an ActRIf-binding fragment thereof) under test prevents or inhibits specific binding of a
refevence antigen binding protein {e.g., a ligand, or a reference antibody) to a common
antigen {e.g., an ActRIIA or AciRIIB extracellolar domain or a fragment thereof). Numerous
types of competitive binding assays can be used, for example: solid phase direct or indirect
radiolmmuncassay (RIA) (see, e.g., Meldenhauer er al, Scand. J. Immunol. 32:77-82 (1990)
and Morel er al.,, Molec. fmmunol 25:7-15 (1988)), solid phase direct or indirect enzyme
immunaassay (EIA), solid phase direct biotin-avidin ElA (see, e.g., Cheung, e/ ¢, Virology
176:546-552 (1990) and Kirkland er af., J. fmmunol. 137:3614-3619 (1986} and a sandwich

competition assay (see, e.g., Stahli et al, Methods in Enzvmology 92:242-253 (1983)).
Typically, such an assay involves the use of purified antigen bound to a solid surface or cells
bearing either of these, an unlabeled test antigen binding protein and a labeled referenc
antigen binding protein.

Competitive inhibition can be measured by determining the amount of label bound to
the solid surface or cells in the presence of the test antigen binding protein. Usually the test
antigen binding protein is present in excess. Antigen binding proteins identified by
corpetition assay (competing anfigen binding proteins) include ActRU-binding proteins that
bind to the same epitope as the reference ActRII-binding protein as well as ActRII-binding
proteins that bind to an adjacent epitope sufficiently proximal to the epitope bound by the
erence ActRIE-binding protein for steric hindrance to occur, Usually, when a competing
ActRIl (e.g.,

binding of a reference ActRiI-binding protein ActRII {e.g., ActRILA or ActRIIB) by at iecast

ActRIIA or ActRIIB) binding protein is present in excess, it will inhibit specific

40%, 45%, S0%, 55%, 60%, 65%, 70% 75%. In some instance, a competing antigen
binding protein inhibits specific binding of a reference ActRIl-binding protein by at least
B0%, B5%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%., 97% 8%, or 99%.

The term "epitope" when used in context of an ActRIN protein refers to an ActRH
{e.g., human ActRIIA, homan ActRIB, murine ActRIIA or muwrine ActRHA) protein
determinant capable of binding to an ActRll-binding protein {e.g. an antibody) of the
disclosure. Epitopes usually consist of chemically active surface groupings of molecules such
as amino acids or sugar side chains and usually have specific three-dimensional structural
characteristics, as well as specific charge characteristics. Conformational and non-
conformational epitopes are distinguished in that the binding to the former but not the latter is

fost in the presence of denaturing solvents. The ActRI epitope bound by an ActRIl-binding

protein can readily be determined using techniques known in the art.
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Antigen binding proteins such as the anti-ActRI-binding antibodies and ActRI-
binding binding fragments, variants, or derivatives thereof disclosed herein, can be described
or specified in terms of the epitope(s) or portion{s) of an antigen, e.g., 2 target polypeptide
that they recognize or specifically bind. For example, the portion of ActRII that specifically
interacts with the antigen binding domain of an ActRI¥-binding protein disclosed herein is an
"epitope.” Epitopes can be formed both from contiguous aminoe acids or noncontiguous aming
acids juxtaposed by tertiary folding of a protein. Epitopes formed from contiguous amino
acids are typically retained on exposure to denaturing solvents, whereas epitopes formed by
tertiary folding are typically lost on treatment with denaturing solvents. Epitope determinants
may include chemically active surface groupings of molecules such as amino acids, sugar
side chains, phosphoryl or suifonyl groups, and may have specific three dimensional

structural characteristics, and/or specific charge characteristics. An epitope typically includes
atlcast3,4,5,6,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35 amino
acids in a unicue spatial conformation. Epitopes can routinely be determined using methods
known in the art.

The terms "inhibit,” "block,” "reduce,” "decrease,” "suppress,” “antagonize,” and
"neutralize” are used interchangeably and refer to any statistically significant decrease in
activity {e.g., AciRI ligand binding and AciRI signaling), including full blocking of the
activity. For example, "inhibition"” or "suppression” can refer 1o a decrease of about 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 100% in activity compared 1o a control.

In some aspects, the term "decrease” may refer to the ability of an ActRU-binding
protein such as an antibody or AciRIl-binding fragment thereof, to statistically significantly
{e.g., with a p value less than or equal to 0.05) decrease the phosphorylation of one or more

Smads (e.g., Smad? and/or Smad3) induced by contacting a cell expressing ActRIE and a type
I receptor with an ActRII ligand such as activin A, relative to the extent of Smad
phosphorylation in the cell when not contacted with the AciRil-binding protein. The cell
which expresses AciRIl {e.g., ActRIB and/or AciRIFA) can be a natarally ocourring cell or a
cell line, or can be recombinantly produced by introducing a mucleic acid encoding ActRil
(e.g., ActRIIB and/or ActRIIA) into a host cell. In one aspect, the ActRIl-binding protein,
e.g., an ActRIl antibody or ActRil-binding fragment thereof, decreases ActRIl ligand
mediated phosphorylation of one or more Smads (e.g., Smad2 and/or Srnad3) by at least 10%,

20%, 38%, 40%, 50%, 60%., 70%, 80%, 90%, or 95%, or by about 100%, as determuned, for

example, by Western blotting followed by probing with ag anti-phosphotyrosine antibody or
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by ELISA, using standard technigques and conditions described hercin or otherwise known in
the art.

In soine aspects, an ActREA-binding protein decreases ActRHA ligand {(e.g, activin
A} mediated phosphoryiation of one or more Smads {e.g., Smad2 and/or Smad3) by at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%, or by about 100%, as
determined, for example, by Western blotting followed by probing with an anti-
phosphotyrosine antibody or by ELISA {e.g, P-Smad ELISA) or a Smad dependent reporter
gene assay using techniques described herein or otherwise known in the art.

in additional aspects, an ActRIB-binding protein decreases ActRIIB ligand {e.g.,
activin A or GIDF8)-mediated phosphorylation of one or more Smads {e.g., Smad2 and/or

Smad3) by at least 18%, 20%, 30%, 40%, 30%, 60%, 70%, 80%, 90%, or 95%, or by about

100%, as determined, for example, by Western blotting followed by probing with an anti-
phosphotyrosine antibody or by ELISA {e.g.. a P-Smad ELISA) or a Smad dependent reporter
gene assay using standard technigues and conditions described herein or otherwise known in
the art.

The terms "antibody” and "immunoglobulin,” are used interchangeably herein, and

include whole (full-length} antibodics and antigen binding fragment or single chains thereof,

pe

A typical

Vi antibody comprises at least two heavy (H) chains and two light (L) chains
interconnected by disulfide bonds. Bach heavy chain s comprised of a heavy chain variable
region (abbreviated herein as VH) and a heavy chain constant region. The heavy chain
constant region is comprised of three domains, CHI, CHZ, and CH3. Each light chain is
comprised of a light chain variabie region (abbreviated herein as VL) and a light chain
constant region. The light chain constant region is comprised of one domain, CL. The VH and
Vi regions can be furher subdivided into regilons of hypervariability, termed
Complementarity Determining Regions (CUDR), interspersed with regions that are more
conserved, termed framework regions (FW). Each VH and VL is composed of three CDRs
and four FWs, arranged from amino-terminus to carboxy-terminus in the following order:
FW1, CDR1, FW2, CDR2, FW3, CDR3, FW4, The variable regions of the heavy and light
chains contain a binding domain that interacts with an antigen. The constant regions of the
antibodies can mediate the binding of the immunoglobulin to host tissues or factors, including
various cells of the immune system {e.g., effector celis) and the first component (Clg) of the
classical complement system. Exemplary antibedies include typical antibodies, sclFvs, and
combinations thereof where, for example, an scFv is covalently linked {for example, via

peptidic bonds or via a chemical linker) to the N or C-terminus of either the heavy chain
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and/er the light chain of a typical antibody, or intercalated in the heavy chain and/or the light
chain of a typical antibody.

The terms "antibody"” and "imamuneglobulin,” encompass intact polyclonal antibodies,
intact monoclonal antibodics, antibody fragments (such as Fab, Fab', F(ab'}2, and Fv
fragments), single chain Fv (scFv) derivatives and mutants, multispecific antibodies such as
bispecific antibodics, chimeric antibodies, humanized antibodies, human antibodies, fusion
proteins comprising an antigen determination portion of an antibody, and any other modified
immunaglobulin molecule comprising an antigen recognition site so long as the antibodies

exhibi

5 v

i the desired binding activity. An antibody can be of any the

five major classes of
immunoglobulins: fga, Ieh, IeE, IaG, and IgM, or subclasses (isotypes) thereof (e.g., 1gGl,
1gG2, 163, 1gG4, IgAl and IgAZ), based on the identity of their heavy-chain constant
domains referred to as alpha, delta, epsilon, gamma, and nw, respectively. The different
classes of immunoglobulins have different and well known subunit structures and three-
dimensional configurations. Antibodies can be naked or conjugated to other molecules such
as toxins, radicisotopes, efc. The term "IgG" refers to a polypeptide belonging to the class of
antibodies that are substantially encoded by a recognized immunoglobulin gamma gene. In
bumnians this class comprises IgGl, 122, 1gG3, and IgG4. In mice this class comprises 1gG1,

1gG2a, Ig(2b, and IgG3.

The terms "ActRU antibody," "an antibody that binds to ActRIL" or "anti-ActRH
antibody” refer to an antibody that is capable of binding ActRI (e.g. ActRUB and/or
ActRITA) with sufficient affinity such that the antibody is useful as a therapeutic agent or
diagnostic reagent in targeting ActRHB and/or ActRIEA, respectively.

By "specifically binds" when used in the context of ActRI proteins, it is generally
meant the ability of a binding protein such as an antibody, © bind to ActRII (e.g., ActRIB
and/or  ActRIA, preferably homan ActRIIA and/or human ActRIIB, preferably an
extracellular domain of ActRHB and/or ActRUIEA), with greater affinity than the binding
protein binds to an unrelated control protein. In some aspects, the control protein is hen egg
white lysozyme. Preferably the binding protein binds ActRIT with an affinity that is at least,
100, 500, or 1000 times greater than the affinity for a control protein. Preferably, the binding
protein has a binding affinity for human ActRI of < 1 X 107 M or < 1 X 107 as measured
using a binding assay known in the art. In some aspects, the binding affinity is measured
usiug a radioimmunoassay (RIA) or BIACORE® (e.g., using AciRI {e.g., ActRHB and/or

ActRIEA) as the analyte and ActRIE-binding protein as the ligand, or vice versa).
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in soipe aspects, the extent of binding of an ActRi-binding protein {e.g, an anti-
ActRII antibody) to an unrelated, non-ActRI protein is less than about 10% of the binding of
the ActRl-binding protein to ActRI as measured, for example, by a radioimmunoassay
(RIA), BIACORE® (using recombinant ActRII as the analyte and ActRII-binding protein as
the ligand, or vice versa), kinetic exclusion assay (KINEXA®), or other binding assays
known in the art. In certain aspects, the ActREE-binding protein is a full-length antibody or an
ActRIl-binding antibody fragment that has a dissociation constant (Kp) of <1 uM, <100 oM

<10 nM, <1 oM, <0.1 oM, <10 pM, <1 pM, or <0.1 pM.

The terms “antigen binding antibody fragment” (e.g, "AciRIl-binding antibody

fragment,” "ActRIIA-binding antibody fragment” and "ActRIIB-binding antibody fragmeunt™}
refer to a fragment containing all or a portion of an amigen binding variable region (e.g.,
CDR3) of an intact antibody. It is known that the ant inding function of an antibedy can
be performed by fragments of a full-length ‘mibody. Examples of antibody fragments
nclude, but are not limited to Fab, Fab', F(ab'}y2, and Fv fragments, linear antibodies, single
chain antibodies, and multispecific antibodies formed from one or more antibody fragments.
In some aspects the disclosure provides ActRII-binding antibody fragments wherein the
antibody fragment is a Fab fragment, a Fab' fragment, a F(ab"); fragment, a Fv fragment, a
diabody, or a single chain antibody molecule.

The Fe region includes polypeptides comprising the constant region of an antibody
excluding the first constant region immunoglobulin domain. Thus, Fe refers to the last two
constant region immunoglobulin domains of IgA, {gD, and IgG, and the last three constant
region immunoglobulin domains of IgE and IgM, and the flexible hinge N-terminal to these
domains. For IgA and IgM Fc may include the J chain. For igG, Fc comprises
immunogiobulin domains Cy2 and Cy3 and the hinge between Cyl and Cy2. Although the
boundaries of the Fe region may vary, the human IgG heavy chain Fe region is usually
defined to comprise residues C226 or P230 to its carboxyl-termious, whercin the mumbering
is according to the EU index as set forth in Kabat {Kabat ef o/, Sequences of Proteins of
Immunological nterest, Sth Ed. Public Health Service, NIH, Bethesda, Md. (1991}). Fc may
refer to this region in isolation, or this region in the context of a whole antibody, antibody
fragment, or Fe fusion protein. Polymorphisms have been obscrved at a number of different
Fc positions, including but not limited to positions 270, 272, 312, 315, 356, and 358 as
numbered by the EU index, and thus shight differences between the presented sequence and

sequences in the prior art may exist.
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A "monoclonal antibody" refers to a homogeneous antibody population involved in
the highly specific recognition and binding of a single antigenic determinant or epitope. This
is in contrast to polyclonal antibodies that typically include different antibodies directed
against different antigenic determinants. The term "monoclonal antibody” encompasses both
intact and full-length monoclonal antibodies as well as antibody fragments (such as Fab, Fab/,

3

F(ab")2, and Fv), single chain (scFv) mutants, and fusion proteins) comprising an antibody
portion, and any other modified immunoglobulin molecule comprising an antigen recognition
site. A monoclonal antibody may be made in any number of ways including, but not limited
to, by hybridoma, phage selection, recombinant expression, and transgenic animals.

The term "chimeric antibody" refers to an antibody wherein the amino acid sequence
of the immunoglobolin molecule is derived from two or more species. Typically, the variable
region of both light and heavy chains corresponds to the variable region of antibodies derived
from one species of mammal (e.g., mouse, rat, rabbit, esc.) with the desired antigen-binding
specificity, affinity, and/or capability while the constant regions are homologous to the
sequences in antibodies derived from another species (usually human} to avoid eliciting an
immune response in that species.

The term "humanized antibody” refers to an antibody derived from a non-human (e.g,,
murine) immunoglobulin, which has been engineered to contain fewer preferably minimal
non-human {e.g, owring} sequences. Typically, humanized antibodies are human
immunoglobulins in which residues from the CDR are replaced by residues from the CDR of
a non-human species {e.g., mouse, rat, rabbit, or hamster) that have the desired antigen-
binding specificity, affinity, and/or capability (Jones, Namre 321:522-525 (1986);

Riechmann, Nagre 332:323-327 (1988); Verhoeyen, Science 239:1534-1536 (1988)). In
somge instances, the Fv framework region (FW) residues of a human immunoglobulin are
replaced with the corresponding residues in an antibody {from a non-human species that has
the desired antigen-binding specificity, affinity, and/or capability. The humanized antibody
can be further modified by the substitution of additional residues either in the Fv framework
region and/or within the replaced non-human residues to refine and optimize antibody
specificity, affinity, and/or capability. In general, the humanized antibody will comprise
substantially all of at least one, and typically two or three, variable domains containing all or
substantially all of the CDR regions that correspond to the nopn-human immunoglobulin
whereas all or sobstantially ali of the FR regions are those of a human immunoglobulin
consensus sequence. The humanized antibody can also comprise at least a portion of an

immunoglobulin constant region or domain (Fc), typically that of a huoman immunoglobulin.
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Exarmples of methods used to generate humanized antibodies are described in U.S. Pat. Nos.
5,225,539 and 5,639,641.

The term "human aotibody” refers to an antibody produced by a human or an
antibody having an amine acid sequence corresponding to an antibody produced by a human
made using any technigue known in the art. The term "human antibody"” includes intact {full-
length) antibodies, fragments thereof, and/or antibodies comprising at least one human heavy
and/or light chain polypeptide such as, an antibody comprising murine light chain and human
heavy chain polypeptides.

An "antagonist,” "blocking,” or "neutralizing” binding protein is one that inhibits or

reduces activity of the antigen it binds, such as ActRUB and/or ActRIIA. In some aspects, the
antagonist ActRI-binding protein reduces or inhibits the binding to ActRIIA by an AciRIIA
ligand such as activin A. In some aspects, the antagonist ActRH-binding protein reduces or
inhibits the binding to ActRIIB by an ActRIB ligand such as activin A. In certain aspects the
antagonist ActRII-binding protein substantially or completely inhibits the activity of

ActRIL In some aspects, the ActRH activity is reduced by 10%, 20%, 30%, 50%, 70%, &(0%,

3
ine

90%., 95%, or 100%. In certain aspects the antagonist ActRII-binding protein is an anti-
ActRIIA antibody, such as a full-length antibody or an ActRUA-binding antibody fragment.
In further aspects, the antagonist anti-ActRIA antibody inhibits or reduces the activity of
ActRHA by at least 10%, 20%, 30%, 50%, 70%, R0%, 0%, 95%, or cven 100%. In
additional aspects, the antagonist ActRII-binding protein is an anti-ActRIIB antibody, such as
a full-length antibody or an ActRIB-binding antibody fragment. In further aspects, the
antagonist anti-ActRIIB antibody inhibits or reduces the activity of ActRIIB by at least 10%,
20%, 30%, 50%, 70%, 80%, 90%, 95%, or even 100%.

"Binding affinity" geonerally refers to the strength of the sum total of non-covalent
interactions between a single binding site of a molecule (e.g., an antibody}) and its binding
partner {e.g., an autigen). Usless indicated otherwise, "binding affinity” refers to intrinsic
binding affinity which reflects a i:1 interaction between members of a binding pair {e.g.,
antibody and aotigen). The affinity of a nwlecule X for its partner Y can generally be
represented by the dissociation constant (Kp). Affinity can be measured by common methods
known in the art, including those described herein and can be used for the purposes of the
present disclosure.

"Potency” is a measure of pharmacological activity of a compound expressed in terms
of the amount of the compound required 1o produce an effect of given intensity. ¥t refers to

the amount of the compound required to achieve a defined biological effect; the smaller the
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dose required, the more potent the drug. Potency is normally expressed as an ICsy value, in
nM unless otherwise stated. 1Cs is the median inhibitory concentration of an ActRII-binding
protein {e.g.. an anti-ActRIA or anti-ActRHB antibody). In functional assays, ICsy is the
concentration that reduces a biological response by 50% of its maximum. In Eigand-recepmr
binding studies, ICsy is the concentration that reduces ligand-receptor binding by 50% of
maximal specific binding level. 1Csy can be calculated by any number of means known in the

The fold improvement in potency for the antibodies or other binding protein provided
herein as compared 1o a reference anti-ActRII antibody or other ActRIi-binding protein can
be at least 2-fold, 4-fold, 6-fold, 8-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 60-fold,
70-fold, 80-fold, 90-fold, 100-fold, 110-fold, 120-fold, 130-fold, 140-fold, 150-fold, 160-fold,
170-fold, or at least 180-fold.

"Antibody-dependent cell-mediated cytotoxicity” or "ADCC" refers to a form of
cytotoxicity in which secreted Ig bound onto Fe receptors (FeRs) present on certain cytotoxic

cells {e.g., Natural Killer (NK} cells, neutrophils, and macrophages) enables these cytotoxic
effector cells to bind specifically to an antigen-bearing target cell and subsegquently kill the
target cell with cytotoxins. Specific high-affinity IgG antibodies direcied to the surface of
target cells "arm" the cytotoxic cells and are absolutely required for such killing. Lysis of the
target cell is extraceliular, requires direct cell-to-cell contact, and does not involve
complement. It is contemplated that, in addition to antibodics, other proteins comprising Fc
regions, specifically Fe fusion proteins, having the capacity to specifically bind to an ActRII-
bearing target cell will be able to effect cell-mediated cytotoxicity. For simplicity, the cell-
mediated cytotoxicity resulting from the activity of an Fc fusion protein is also referred to
herein as ADCC activity.

An ActRIl-binding protein {e.g., an ActRH antibody, including an ActRll-binding
fragment, variant, and derivative thercof), polynucleotide, vector, cell, or composition which
is "isolated"” is a protein {e.g., antibody), pelynucleotide, vector, cell, or composition which is
in a form not found in natare. Isolated proteins, polynucieotides, vectors, ce

compositions include those which have been purified to a degree that they are no longerin a
form in which they are found in nature. In some aspects, a protein, polynucleotide, vector,

11
H
i

cell, or composition which is isolated is substantially pure. Isolated proteins and isolated

nucleic acid will be free or substantially free of material with which they are naturally
associated such as other polypeptides or nucleic acids with which they are found in their
natural environment, or the environment in which they are prepared {e.g., ccll culiure) when

such preparation is by recombinant DNA technology practiced in vitro or in vivo. Proteins
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and rueleic acid may be fornmwulated with diluents or adjuvants and still for practical purposes
be isolated - for example the proteins wiil normally be mixed with gelatin or other carriers if
used to coat microtitre plates for wuse in immmunoassays, or will be mixed with
pharmaceutically acceptable carriers or diluents when used in diagnesis or therapy.

LR

The terms "subject,” "individual,” "animal," "patient,” and "marmal,” refer to any
subject, particolarly a mammalian subject, for whom diagnosis, prognosis, or therapy is
desired. Mammalian subjects include but are not limited 1o humans, non-human primates,
domestic animals, farm animals, rodents, and the like, which is to be the recipient of a
particular treatment.

The term "pharmaceutical composition” refers to a preparation which is in such form
as to permit the biological activity of the active ingredient to be effective, and which contains
no additional components at concentrations that are unacceptably toxic to a subject to which
the composition would be administered. Such composition can be sterile.

An "effective amount” of a polypeptide, e.g., an antigen binding protein including an
antibody, as disclosed herein is an amount sufficient to carry out a specifically stated purpose.
An “effective amount” can be determined empirically and in a routine manner, in relation 1o
the stated purpose. The term "therapeutically effective amount” refers to an amount of a
polypeptide, e.g., an antigen binding protein including an antibedy, or other drug effective to
"treat” a discase or condition in a subject {e.g, a manunal such as a buman) and provides
some improvement or benefit to a subject having the disecase or condition. Thus, a
"therapeutically effective” amount is an amount that provides some alleviation, mitigation,
and/or decrease in at least one clinical symptom of the ActRII-mediated disease or condition.
Clinical symptoms associated with the diseases or condifions that can be treated by the
methods of the disclosure are well known. Further, therapeutic effects need not be complete
or curative, as long as some benetit is provided to the subject. In some embodiments, the term
"therapcutically effective” refers to an amount of a therapeutic agent that is capable of
reducing ActRH activity in a patient in need thereof. The actoal amount adnunistered and rate
and time-course of administration, will depend on the nature and severity of what is being
treated. Prescription of treatment, e.g., decisions on dosage efc., is within the responsibility of
general practitioners and other medical doctors. Appropriate doses of antibodies and antigen
bindiﬂg fragments thereof are are generally known; see. Ledermann ef o/, fnr. J. Cancer
47:659-664 {1991); Bagshawe et ol., Ant. Immun. and Radiopharm. 4:915-922 (1991).

A "sufficient amount” or "an amount sufficient to" achieve a particular result in 3

patient having an ActRiI-mediated disease or condition refers to an amount of a therapeutic
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agent {e.g., an antigen binding protein including an antibody, as disclosed herein) that is
effective to produce a desired effect, which is optionally a therapeutic effect (ie., by
administration of a therapeutically effective amount). In some crmbodiments, such particular
result is a reduction in ActRI activity in a patient in need thereof.

The term "label” refers to a detectable compound or composition which is conjugated
directly or indirectly to a meiety such as an anti-ActRII antibody so as to generate a "labeled”
moiety. The label can be detectable by itself {e.g.. radioisotope labels or fluorescent labels})
or, in the case of an ecnzymatic label, can catalyze chemical alteration of a substrate
compound or composition which is detectable

"

Terms such as "treating,” or "teatment,” "to treat" or "ameliorating” and
ameliorate” refer to both (a) therapeutic measures that cure, slow down, lessen symptoms of]
and/er halt progression of a diagnosed pathologic condition or disorder and (b} propbylactic
or preventative measures that prevent and/or slow the development of a targeted disease or
condition. Thus, subjects in need of treatment include those already with the disease or
condition; those at risk of developing the disease or condition; and those in whom the disease
or condition is to be prevented. In certain aspects, a subject is successfully "treated”
according to the methods provided herein if the subject shows, e.g., total, partial, or transient
amelioration or elimination of a symptom associated with the disease or condition. In some
aspects, the disclosure provides a method for freating a vwscle disorder, such as muscle
wasting due to discase or disuse. In additional aspects the disclosure provides a method for
treating a disease or condition selected from muscle disorders such as degenerative muscle
disease, nmscular dystrophy, muscle atrophy. or nmmscle wasting disorders; a fibrotic
condition {e.g.,, a hepatic, pulmonary, vascular and/or ocular fibrotic condition, such as
myocardial fibrosis, and idiopathic pulmonary fibrosis (IPF}); metabolic discase {e.g., type 1
diabetes and obesity); inflammatory disease or conditions, autoimmune disease,
cardiovascular disease {e.g.. congestive heart failure, and bypertension); ocular disease such
as age-related macular degeneration; pulmonary disease, musculoskeletal disease, skeletal
disease, neurolegic disease, such as osteoporosis; wound healing; weight loss; and cancer
{e.g. a carcinoma, myelogw, a bone-loss inducing cancer, pitoliary cancer, and
sastroimiestinal cancer). o further aspects the disclosure provides use of an ActRIi-binding
protein as provided herein in the manufacture of a medicament for the treatment or
amelioration of one or more of the above diseases or conditions.

As used herein, “in combination with” or “combination therapies” refers to any form

of administration such that additional therapics (e.g., second, third, fourth, eic) are stll
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effective in the body {e.g., muitiple compounds are sinmltanecusly effective in the subjec

which may include synergistic effects of those compounds). Effectiveness may not correlate
to measurable concentration of the agent in blood, serum, or plasma. For example, the
different therapeutic compounds can be administered either in the same formulation or in
separate formulations, either concomitantly or sequentially, and on different schedules. Thus,
a subject that receives such treatment can benefit from a combined effect of different
therapies. One or more ActRIl-binding proteins of the disclosure can be administered
concurrently with, prior to, or subsequent to, one or more other additional agents and/or

.
ai

supportive therapies. In general, each therapeutic agent will be administered at a dose and/or
on 3 time schedule determined for that particular ageunt. The particular combination to
emiploy in a regimen will take into account compatibility of the antagonist of the present
disclosure with therapy and/or the desired outcome.

The mcthods and techniques of the present disciosure are generally performed
according to known conventional methods and as described in various general and more
specific references that are cited and discussed throughout the present disclosure unless

R Y]
H
i,

otherwise indicated. See, e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual, 3rd
ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2001} and Ausubel ef

Current Protocols in Molecular Biology, Greene Publishing Associates (1992), an
Harlow and Lane Antibodies: A Laboratory Marmual Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. (1990}, all of which are hercin incorporated by reference.

#on

The terms "cancer,” "tumor,” "cancerous,” and "malignant” refer to or describe the
physiological condition in mammals that is typically characterized by uvnregulated cell
growth. Examples of cancers include but are not limited to, carcivoma including
adenocarcinomas, lymphomas, blastomas, meclanomas, sarcomas, and leukemias. More
particular examples of such cancers include squamous cell cancer, small-cell lung cancer,
non-emall cell lung cancer, gastrointestinal cancer, Hodgkin's and non-Hodgkin's lymphoma,
pancreatic cancer, glioblastoma, glioma, cervical cancer, ovarian caneer, liver cancer such as
hepatic carcinoma and hepatoma, bladder cancer, breast cancer (incliding hormonally
mediated breast cancer, see, e.g., Innes ef af., Br. J. Cancer 94:1057-1065 (2006)}, colon
cancer, colorectal cancer, endometrial carcinoma, myeloma {such as multiple myeloma},
salivary gland carcinoma, basal cell carcinoma, melanoma, prostate cancer, vulval cancer,
thyroid cancer, testicular cancer, esophageal cancer, various types of head and neck cancer
and cancers of moucinous origing, such as, mucinous ovarian cancer, and cholangiocarcinoma

{liver). In a particular aspect, the cancer is myelotibrosis, myeloma (e g, multiple myeloma},
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or pifuitary cancer. In another aspect, the cancer is breast cancer, gastrointestinal cancer, or a

carcinoma {e.g., basal and squamous ceil carcinomas). In an additional

\

aspect, the cancer is a
bone-loss-inducing cancer.

The terms "polynucieotide” and "nucleic acid” are used interchangeably and are

intended to encompass a singular nucleic acid as well as plural nucleic acids, and refers to an
isolated mucleic acid molecule or construct, e.g., messenger RNA {mRNA), complementary
DNA {cDNA), or plasmid DNA (pDNA). In certain aspects, a polynucleotide comprises a
conventional phosphodiester bond or a non-conventional bond {(e.g., an amide bond, such as
found in peptide nucleic acids (PNA)). The term "nucleic acid” refers to any one or more
nucleic acid segments, e.g., DNA, cDNA, or RNA fragments, present in a polymucleotide.
When applied to a nocleic acid or polynucleotide, the term "isolated” refers to a nucleic acid
molecule, DNA or RNA, which has been removed from its native environment, for example,
a recombinant polynucleotide encoding an antigen binding protein contained in a vector is
considered isolated for the purposes of the present disclosure. Further examples of an isolated
polymucleotide include recombinant polynucleotides maintained in heterclogous host cells or
purified (partially or sabstantially) from other polynucleotides in a solution. Isoclated RNA
molecules inchude in vive or im vitre RNA transcripts of polymucleotides of the present
disclosure. Isolated polynucleotides or nucleic acids according to the present disclosure
further include such molecules produced synthetically. In addition, polyrmucleotides or nucleic
acids can include regulatory elements such as promoters, enhancers, ribosome binding sites,
or franscription termivation signals.

'

The term "vector” means a construct, which is capable of delivering, and in some
aspects expressing, one or more gene(s) or sequence(s) of interest in a host cell. Examples of
vectors include, but are not limited to, viral vectors, naked DNA or RINA expression vectors,
plasmid, cosmid or phage vectors, DNA or RNA expression vectors associated with cationic
condensing agents, DNA or RNA expression vectors encapsulated in liposomes, and cerfain
eukaryotic cells, such as producer cells.

The term "host cell” refers to a cell or a population of cells harboring or capable of
harboring a recombinant nocleic acid. Host cells can be prokaryotic {e.g., £ coli), or
eukaryotic. The host cells can be fungal cells including yeast such as Saccharomyces
cerevisiae, Pichia pastoris, or Schizosaccharomyces pombe. The host cells also be any of
i

various animal cells, such as insect cell

CHO, COS-7, NIH-3T3, NS0, PER.C6®, and hybridoma). In further aspects, the host cells is

s {e.g., S£9) or mammalian cells (e.g, HEK293F,
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a CHO cell selected from the group consisting of CHO-K, CHO-0 CHO-Lec10, CHO-Lecl3,
CHO-Lecl, CHO Pro™5, and CHO dhfi’. In particular aspects, the host cell is a hybridoma.

"o

The terms "polypeptide,” "peptide,” "protein” are used interchangeably herein to
refer to polymers of amino acids of any length. The polymer can be linear or branched, it can
conprise modified amino acids, and it can be interrupted by nos-amine acids. The teros also
encompass an aming acid polymer that has been medified naturally or by intervention; for
example, disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or
any other manipulation or modification, such as conjugation with a labeling component. Also
included within the definition are, for example, polypeptides containing one or more analogs
of a0 amine acid {including, for example, unnatural amino acids, e«.), as well as other
modifications known in the art. It is understood that, because in some aspects the provided
ActRUi-binding proteins are based upon antibodies, the ActRIE-binding proteins can occur as
single chains or associated chains.

A "recombinant” polypeptide, protein or antibody refers to polypeptide, protein or
antibody produced via recombinant DNA technology. Recombinantly produced polypeptides,
proteins and antibodies expressed in host cells are considered isolated for the purpose of the
present disclosure, as are native or recombivant polypeptides which have been separated,
fractionated, or partially or substantially purified by any suitable technique.

Also included in the present disclosure are fragments, variants, or derivatives of
polypeptides, and any combination thereof. The term "fragment” when referring to
polypeptides and proteins include any polypeptides or proteins which retain at least some of
the properties of the reference polypeptide or protein. Fragments of polypeptides include
proteolytic fragments, as well as deletion fragments.

The tero "variant” refers to an antibody or polypeptide sequence that differs from that
of a parent antibody or polypeptide sequence by wvirtue of at least one amino acid
modification. Variants of antibodies or polypeptides include fragments, and also antibodies or
polypeptides with aliered amino acid sequences due to amino acid substitutions, deletions, or

L1
H
i

insertions. Varianis can be naturally or non-naturally occurring. Non-naturally occwrring

variants can be produced using art-known nutagencsis techniques. Variant polypeptides can

comprise conservative or non-conservative amino acid substitutions, delctions or additions.
The term "dertvatives” as applied to antibodies or polypeptides refers to antibodies or

.
ait

polypeptides which have been altered 50 as to exhibit additional featores not found on the

native antibody or polypeptide. An example of a "derivative” antibody is a fusion or 3
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conjugate with a second polypeptide or asother molecule {e.g., a polymer such as PEG, 3
chromophore, or a fluorophore) or atom (e.g., a radioisotope).

The term "amino acid substitution” refers to replacing an amino acid residue present
in a parent sequence with another amino acid residue. An amino acid can be substituted in a
parent sequence, for example, via chemical peptide synthesis or through known recombinant
methods. Accordingly, references to a "substitution at position X" or "substitution at position
X" refer to the substitution of an amino acid residue present at position X with an alternative
amino acid residue. In some embodiments, substitution patterns can described according to
the schema AXY, wherein A is the single leiter code corresponding to the amino acid residue
naturally present at position X, and Y is the substiuting amine acid residuve. o other aspects,
substitution patterns can described according to the schema XY, wherein Y is the single letter
code corresponding to the amino acid residue substituting the amino acid residue natrally
present at position X,

A "conservative amino acid substitution” is one in which the amino acid residue is
replaced with an amino acid residue having a similar side chain. Families of amino acid
residaes having similar side chains have been previvosly defined, including basic side chains
{e.g., Lys, Arg, His), acidic side chains {e.g., Asp, (lu), vncharged polar side chains (e.g.,
Gly, Asp, Gln, Ser, Thr, Tyr, Cys), nonpolar side chains {e.g., Ala, Val, Ley, e, Pro, Phe
Met, Trp), beta-branched side chains (e.g.. Thr, Val, le) and aromatic side chains {e.g,, Tyr,
Phe, Trp, His). Thus, if an amino acid residue in a polypeptide is replaced with another aming
acid residue from the same side chain family, the substitution is considered to be
conservative. In another aspect, a string of amino acid residues can be conservatively replaced
with a structurally similar string that differs in ovder and/or composition of side chain family
members.

Non-conservative substitutions include those in which (a) a residoe having an
electropositive side chain {e.g., Arg, His, or Lys) i5 substituted for, or by, an electronegative
residoe {e.g., Glu or Asp), (b) a hydrophilic residue (e.g., Ser or Thr} is substituted for, or by,

a hydrophobic residue {e.g., Ala, Leu, lle, Phe, or Val}, {c) a Cys or Pro is substituted for, or

v, any other residue, or (d} a residue having a bulky hydrophobic or aromatic side chain

{e.g., Val, His, lle, or Trp) is substituted for, or by, one having a smaller side chain (e.g., Ala
or Ser) or no side chain {e.g., Gly).

Other substitutions can be readily identified. For example, for the amino acid alanine,
a substitution can be taken from any one of D-Ala, Gly, beta-Ala, L-Cys and D-Cys. For

lysine, a replacement can be any one of D-Lys, Arg, D-Arg, homo-Arg, Met, D-Met,



WO 2017/156488 PCT/US2017/021958

[0113]

10114]

-37 -

omithine, or D-ornithine. Generally, substitfutions in functionally important regions that can
be expected to induce changes in the properties of iselated polypeptides are those in which (a)
a polar residue {e.g, Ser or Thr} is substituted for (or by) a hydrophobic residue {e.g., Ley,
Ile, Phe, or Alay; (b} a Cys residue is substitoted for (or by) any other residue; (¢} a residue
having an electropositive side chain (e.g., Lys, Arg, or His), is substituted for {or by) a
residuc having an clectronegative side chain (e.g., Glu or Asp); or {d) a residue having a
bulky side chain {e.g., Phe) is substituted for {or by} one not having such a side chain (e.g,
Gly). The likelibood that one of the foregoing non-conservative substitutions can alter
functional properties of the protein is also correlated to the position of the substitution with
respect to functionally important regions of the protein: some non-couservative substitutions
can accordingly have little or no effect on biological properties.

The term "amino acid insertion” refers o introducing a new amine acid residuc
between two amino acid residues present in the parent sequence. An amino acid residue can
be inserted in a parent sequence, for example, via chemical peptide synthesis or through

combinant methods kaown in the art. Accordingly, the phrases "insertion between positions
X and Y" or "insertion between Kabat positions X and Y,” wherein X and Y correspond to
amino acid residue positions {e.g., a cysieine amino acid residue insertion between positions
239 and 240}, refers to the insertion of an amino acid residue between the X and Y positions,
and also to the insertion in a nucleic acid sequence of a codon encoding an anuno acid residue
between the codons encoding the aming acid residues at positions X and Y.

The term "percent sequence identity” or ‘"percent identity” between two
polymucleotide or polypeptide sequences refers to the number of identical matched positions
shared by the sequences over a comparison window, taking into account additions or
deletions {i.e., gaps) that must be introduced for optimal alignment of the two sequences. A
matched position is any position where an identical nucleotide or amino acid is presented in
both the target and reference sequence. Gaps presented in the target sequence are not counted
since gaps are not nucleotides or amino acids. Likewise, gaps presented in the reference
sequence are not counted since target sequence nucleotides or amino acids are counted, not

nuclectides or aming acids from the reference sequence. The percentage of sequence identity

ot s
L6

caleulated by determining the number of positions at which the identical amino-acid
esidue or nucleic acid base occurs in both sequences to yield the mumber of matched
positions, dividing the mumber of matched positions by the total number of positions in the
window of comparison and meultiplyving the result by 100 1o yield the percentage of sequenc

identity. The comparison of sequences and determination of percent sequence identity
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between two sequences can be accomplished using readily available software programs.
Suitable software programs are available from various sources, and for alignment of both
protein and nucleotide sequences. One suitable program to determine percent sequence
identity is bl2seq, part of the BLAST suite of program available from the U.S. government's
Mational Center for Biotechnology Information BLAST web site (blast.ncbinimunib.gov).
BlZseq performs a comparison between two sequences using either the BLASTN or BLASTP
algorithm. BLASTN is used to compare nucleic acid sequences, while BLASTP is used to
compare amino acid sequences. Other suitable programs are, e.g., Needle, Stretcher, Water,

or Matcher, part of the EMBOSS suite of bioinformatics programs and also available from the
Furopean Bioinformatics Institute (EBI) at www.ebi.ac.uk/Tools/psa.

The structure for carrying a CDR or a set of CDRs will generally be of an antibody
heavy or light chain sequence or substantial portion thereof in which the CDR or set of CDRs
is located at a location corresponding to the CDR or set of CDRs of naturally occurring VH
and VL antibody variable domains encoded by rearranged imanwinoglobulin genes. The
structures and locations of imnwnoglobulin variable domains and their CDRs can readily be
determined by one skilled in the art esing programs and known variable domain residoe
numbering systems such as Chothia, Chothia+, and Kabat can routinely be determined by
reference to Kabat (Kabat ef af, Sequences of Proteins of Immmunological Interest. 4th
Edition. U.5. DHHS. 1987, and tfools available on the Interset {eg., at bioinforguk/
abysis/sequence input/key annotationv/key annotation.htmi; and  immuno.bme.nwu.edu)),
herein incorporated by reference in its entirety.

{CDRs can also be carried by other scaffolds such as fibronectin, cytochrome B,
albumin (e.g., ALBUdAb (Domantis/GSK) and ALB-Kunitz {Dyax)}), unstructured repeat

~

sequences of 3 or § amine acids {e.g., PASylation® technology and XTEN® technology),

V0.

-

and sequences containing elastin-like repeat domains (see, e.g.. U.S. Pat. Appl
61/442,106, which is herein incorporated by reference in its entirety).

A CDR amino acid sequence substantially as set out herein can be carried as a CDR
in a human variable domain or a substantial portion thereof. The HCDR3 secuences
substantially as set out herein represent embodiments of the present disclosure and each of
these may be carried as a HCDR3 in a human heavy chain variable domain or a substantial
portion thereof.

Variable domains employed in the present disclosure can be obtained from any germ-
line or rearranged buman variable domain, or can be a synthetic variable domain based on

consensus sequences of known human variable domains. A CDR sequence {e.g., CDR3) can
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be introduced into a repertoire of variable domains lacking a CDR {e.g, CDR3), using
recombinant DNA technology.

For example, Marks ef af, {(Bio/Technology 10:779-783 (1992} which is herein
incorporated by reference in its entirety} provide methods of producing repertoires of
antibody variable domains in which consensus primers directed at or adjacent to the 5 end of
the variable domain area are used in conjunction with consensus primers to the third
framework region of human VH genes to provide a repertoire of VH variable domains
facking a CDR3. Marks er o/, further describe how this repertoire can be combined with a
CDR3 of a particular antibody. Using analogous technigues, the CDR3-derived sequences of
the present disclosure can be shuffled with repertoires of VH or VL domains lacking a CDR3,
and the shuffled complete VH or VL domains combined with a cognate VL or VH domain to
provide antigen binding proteins. The repertoire can then be displayed in 2 suitable host
systern such as the phage display system of Intl. Appl. Publ. No. WO92/01047 or any of a
subsequent large body of literature, including Kay er &/, {1996} Phage Display of Peptides
and Proteins: A Laboratory Manual, San Diego: Academic Press, so that suitable antigen
binding proteins may be selected. A repertoire can consist of from anything from 104
individual menibers upwards, for example from 10° to 10%0or 10'°, members. Other suitable
host systems include yeast display, bacterial display, T7 display, and ribosome display. For a
review of ribosome display for see Lowe ef @, Curr. Pharm. Biotech. 517-527 (2004) an
Intl. Appl. Publ. No. W092/01047, each of which is herein incorporated by reference herein
in its eutirety. Analogous shuffling or combinatorial techniques are also disclosed by
Stemumer (Nature 370:389-391 (1994), which is herein incorporated by reference in its
entirety), which describes the technique in relation to a B-lactamase gene but observes that the
approach may be used for the generation of antibodies.

An ActRil-binding protein {e.g., an anti-ActRIA antibody and an anti-ActRIIB
antibody) is said to "compete” with a reference molecule for binding to ActRl (2.2, ActRIUB

v

and/or ActRIIA, respectively) if it binds to ActRII to the extent that it blocks, to some degree,

binding of the reference molecule to ActRIL The ability of proteins to compete for binding to
ActRIE and thus to interfere with, block or “cross-block” one anothers binding to ActRII can
be determined by any standard competitive binding assay known in the art including, for
example, a competition ELISA assay, surface plasmon resonance (SPR; BIACORE®

Biosensor, Piscataway, N.J.} or according to methods described by Scatchard ef of. (Ann. V.Y
Acad. Sci. 51:660-672 (1949)). An ActRl-binding protein may be said to competitively

inhibit binding of the reference molecule to ActRIL, for example, by at least 90%, at least



WO 2017/156488 PCT/US2017/021958

[0121]
[0122]

[0123]

[0124]

- 40 -

80%, at least 70%, at least 60%, or at least 50%. According to some aspects, the ActRE-
binding protein competitively inhibits binding of the reference molecule to ActRIIA, by at
icast 90%, at least 80%, at lcast 70%, at least 60%, or at least 50%. According to other
aspects, the ActRII-binding protein competitively inhibits binding of a reference molecule to

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

ActRiI-binding proteins

Proteins that specifically bind ActRH are provided.

In some aspects, the ActRIl-binding protein binds ActRII with an affinity that 1s at
least, 100, 500, or 1000 times greater than the affinity of the ActRil-binding protein for a
control protein that is not a TGE-beta receptor family member. In certain aspects, the ActRH-
binding protein binds ActRIl and has a dissociation constant (Kp) of <1 uM, <100 nM, <10
oM, <1 aM, <0.1 nM, <10 pM, <1 pM, or <G.1 pM. In some aspects, the AciRll-binding
protein has a Kp for human ActRIE within the range of <1 uM and >0.1 pM, <100 pM and
>0.1 pM, or <100 uM and =1 pM.

In some aspects, BIACORE® analysis is used to determine the ability of an ActRII-
binding protein {e.g., a0 anti-ActRI antibody) to compete with/block the binding to ActRU
protein by a reference ActRII-binding protein (e.g.. an anti-ActRIl antibody). In a further
aspect in which a BIACORE® instrument {for example the BIACORE® 3000) 5 operated
according to the mamufacturer's recommendations, ActRII-Fc fusion protein is captured on a
CM5 BIACORE® chip by previously attached anti-niFc IgG to generate an ActRil-coated
surface. Typically 200-800 resovance units of ActRU-Fe (dimeric) would be coupled to the
chip {an amount that gives easily measurable levels of binding but that is readily saturable by
the concentrations of test reagent being vsed).

The two ActRII-binding proteins (termed A* and B*) to be assessed for their ability
1o compete with/block each other are mixed at a one to one molar ratio of binding sites in a
suitable buffer to create a test mixture. When calculating the concentrations on a binding site
basis the molecular weight of an ActRIl-binding protein is assurmed to be the total molecular
weight of the ActRII-binding protein divided by the number of ActRIi-binding sites on that
ActRII-binding protein. The concentration of each ActRII-binding protein (i.e., A* and B*) in
the test muixture should be high enough to readily saturate the binding sites for that ActRH-
binding protein on the ActRH-Fc molecules captored on the BIACORE® chip. The A* and
B* ActRIl-binding proteins in the mixture are at the same molar concentration {on a binding
basis) and that concentration would typically be between 1.00 and 1.5 micromolar {on a

binding site basis). Separate solutions containing ActRIl-binding protein A* alone and
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ActRU-binding protein B* alone ave also prepared. ActRI-binding protein A* and ActRH-
binding protein B* in these sohutions should be in the same buffer and at the same
concentration as in the test nuxture. The test mixture is passed over the ActRU-Fe-coated
BIACORE® chip and the total amount of binding recorded. The chip is then treated in such a
way as to remove the bound ActRII-binding proteins without damaging the chip-bound
ActRIE-Fe. Typically, this is done by treating the chip with 30 mM HC1 for 60 seconds. The
solution of ActRIl-binding protein A* alone is then passed over the ActRH-Fe-coated surface
and the amount of binding recorded. The chip is again treated to remove the bound antibady

without damaging the chip-bound ActRII-Fc. The solation of ActRII-binding protein B*
alone is then passed over the ActRIll-Fe-coated surface and the amount of binding recorded.
The maximum theoretical binding of the mixture of ActRII-binding protein A* and ActRII-
binding protein B* is next caleulated, and is the sum of the binding of each ActRIl-binding
protein when passed over the ActRII surface alone. If the actual recorded binding of the
mixture is less than this theoretical maxiroum then the two ActRil-binding proteins are
competing with/blocking each other. Thus, in general, a blocking ActRII-binding protein
one which will bind to ActRIl in the above BIACORE® blocking assay such that during the
assay and in the presence of a second ActRIl-binding protein the recorded binding is between
30% and 0.1% (e.g., 80% > to 4%) of the maximum theoretical binding, speciﬁcaily between
75% and 0.1 % {e.g, 75% 0 4-%} of the maximum theoretical binding, and more specifically
between 70% and 0.1% (e.g., 70% to 4%} of maximum theoretical binding (as defined above)
of the two ActRil-binding proteins in combination.

The BIACORE® assay described above is an exemplary assay used to determine if
wo ActRII-binding proteins such as anti-ActRI antibodies compete with/block each other
for binding ActRIl. On rare occasions, particular ActRI-binding proteins may not bind to
ActRII-Fc coupled via anti-Fe IgG 1o a CMS BIACORE® chip (this might occur when the
relevant binding site on ActRIl is masked or destroyed by ActRII linkage to Fe). In such
cases, blocking can be determined using a tagged version of ActRIl, for example C-terminal
His-tagged ActRH. Tn this particular format, an anti-His antibody would be coupled to the
BIACORE® chip and then the His-tagged ActRI would be passed over the surface of the
chip and captured by the auti-His antibody. The cross-blocking analysis would be carried out
essentially as described above, except that after each chip regeneration cycle, new His-tagged
ActRI would be loaded back onto the surface costed with anti-His antibody. Morcover,
various other known tags and tag binding protein combinations can be used for such a

blocking analysis {e.g., HA tag with anti-HA antibodies; FLAG tag with anti-FLAG
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antibodies; bictin fag with streptavidin). The following generally describes an ELISA assay
for determining whether an ActRI-binding protein blocks or is capable of blocking the
binding of a reference ActRIE-hinding protein to ActRIL

In some aspects, an ELISA is used to determune the ability of an ActRII-binding
protein {e.g., an anti-ActRIl antibody) to compete for binding to the ActRI protein with a
reference ActRIL-binding protein (e.g. an anti-ActRII antibody or ActRII ligand). The
general principle of such an assay is to have a reference ActRI-binding protein {e.g., an anti-
ActRI antibody) coated onto the wells of an BELISA plate. An excess amount of a second
potentially blocking, test ActRII-binding protein is added in solation (i.e.. not bound to the
ELISA plate). A limited amount of ActRH (or alternatively ActRU-Fc) is then added 1o the
wells. The coated reference ActRil-binding protein and the test ActRII-binding protein in
solution compete for binding of the limited number of ActRIE {or ActRII-F¢) molecules. Th
plate is washed to remove ActRII that has not been bound by the coated reference ActRI-
binding protein and to also remove the test, solution-phase ActRil-binding protein as well as
any complexes formed between the test, solution-phase ActRII-binding protein and ActRIL
The amount of bound ActRIT is then measured using an appropriate ActRII detection reagent.
A test ActRIl-binding protein in solution that is able to block binding of the coated reference
ActRII-binding protein to ActRII will be able to cause a decrease in the number of ActRI
molecules that the coated reference ActRIl-binding protein can bind relative to the number of
ActRIE molecules that the coated reference ActRII-binding protein can bind in the absence of
the second, solution-phase test ActRI-binding protein. The background signal for the assay is
defined as the signal obtained in wells with the coated reference ActRIl-binding protein,
solution-phase test ActRI-binding protein, ActRIl buffer only (i.e, no ActRIl) and ActR
detection reagents. The positive conirol signal for the assay is defined as the signal obtained
in wells with the coated reference ActRII-binding protein, solution-phase test ActRIl-binding
protein buffer anly {i.e., no soluticn-phase test ActRIil-binding protein), ActRI and ActRI]
detection reagents. The ELISA assay is be run in such a manner so as to have the positive
control signal at least 3 times the background signal. As a control for methodologic artifacts,
the cross-blocking assay may be run in the format just described and also reversed, with the
test ActRil-binding protein as the coated antibody and the reference ActRil-binding protein
as the solution-phase antibody.

In some aspects, a reporier gene assay is used to determine the ability of an ActRII-
hinding protein (e.g., an anti-ActRIl antibody) to neutralize ActRI (e.g., ActRIIB}. In some

aspects, the reporter gene assay is performed using recombinant AZ04 cells to determine the
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ability of an ActRll-binding protein (e.g., an anti-ActRI antibody) to neutralize ActRI (e.g.,
ActRIIB) activity. This assay is based on a human rhabdomyosarcoma cell line transfected
with a pGL3{CAGA)IZ plasauid containing a (CAGA)12 motil (see, eg, Bennler e of,
EMBO 17:3091-3100 (1998) and U.S. Patent No. 8,765,385, cach of which in herein
incorporated by reference in its entirety) as well as a ReniUa reporter plasmid (pRLCMV) to
control for transfection efficiency. The CAGA1Z metif is present in TGF-beta responsive
genes {(PAl-1 gene), so this vector is of general use for factors signaling through Smad2 and
Smad3. With respect 1o rueasuring the ActRIIB-binding activity of 2 candidate protein using
this assay, since the A204 cell line expresses primarily ActRIIA rather than ActRIIB, it is not
possible to directly test antibodies for potential ActRUB neutralizing ability. Instead, this
assay is designed to detect the ability of a test ActRII protein binding candidate to neutralize
the inhibitory effect of the soluble fusion protein ActRUB-Fe on activation of endogenous
ActRITA by ligands {such as activin A or GDFI1} that can bind with high affinity to both
ActRIIB and ActRITA. Thus, in this assay, ligand-mediated activation of ActRITA will occur
despite the presence of ActRIIB-Fc if the ActRIIB-binding is neutralizing.

On the first day of the assay, AZ04 cells (ATCC HTB-82) are distributed in 48-well
plates at 10° cells per well. On the second day, a solution containing 10 pug pGLI(CAGA) 2,
I ug pRECMY, 30 ul Fugene © (Roche Dhagnostics}, and 976 gl OptiMEM {Invitrogen) is
preincubated for 30 minutes, then added to McCoy's growth medium, which is applied to the
plated cells (SO0 pl/well) for incubation overnight at room temperature. On the third day,
medium is removed, and cells are incubated for 6 hours at 37°C with a mixture of ligands and
inhibitors prepared as described below.

According to one aspect, the neutralizing potency of an ActRIi-binding protein such
as an anti-ActRII antibody, s evaluated whereby a serial dilution of the test protein is made in
a 48-well plate in a 200 pi volume of assay buffer (MeCoy's medium + 0.1 % BSA). For
assays assessing the ability of a candidate protein to neuiralize ActRHB activity, an equal
volume of ActRIB-Fc (200 pg/ml) in assay buffer is then added. The test solutions are
incubated at 37°C for 30 minutes, then 400 pl of activin A (10 ng/md) is added to all wells,
and 350 ul of this mixture is added to each well of the 48-well plate of A204 cells. Each
concentration of test protein is tested in duplicate. For assays assessing the ability of a
candidate protein to neutralize ActRHB activity, the final concentration of ActRIIB-Fc is 50
ng/mi {which is the ICsq for this mhibitor of activin A signaling when the final concentration
of activin A is 5 ng/al). After incubation with test solutions for 6 hours, cells are rinsed with

phosphate-buffered saline containing 0.1% BSA, then lysed with passive lysis buffer
pnosp £ 3 p Y
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{(Promega E1941) and stored overnight at -70°C. On the fourth and fival day, plates are
warmed to room temperature with gentle shaking. Cell lysates are transferred in duplicate to a
chenmoluminescence plate {96-well) and analyzed in a lwminometer with reagents from a
Dual-Luciferase Reporter Assay system (Promega E1980) to determine normalized huciferase
activity.

Pharmacodynamic parameters dependent on ActRIIB signaling can be measured as
endpoints for in vivo testing of ActRIIB-binding proteins in order to identify those binding
proteins that are able to neutralize ActRUB and provide a therapeutic benefit. An ActRUB
neutralizing binding agent is defined as one capable of causing a statistically significant
change, as compared to vehicle-freated animals, in such 2 pharmacodynamic parameter. Such
in vivo testing can be performed in any suitable mammal (e.g., mouse, rat, or monkey).

in some aspects, the ActRIl-binding protein binds ActRUA with an affinity that is at
least, 100, 500, or 1000 times greater than the affinity of the ActRIl-binding protein for a
control protein that s not a TGF-beta receptor family member. In additional aspects, the
ActRIE-binding protein binds ActRIA with an affinity that is at least, 100, 500, or 1000 times
greater than the affinity of the ActRIl-binding protein for a control protein that is not a TGF-
beta receptor family member. In certain aspects, the ActRUA-binding protein binds ActRUA
and has a dissociation constant (Kp) of <t uM, <100 nM, <10 nM, <1 nM, <0.1 nM, <10 pM,
<] pM, or <0.1 pM. In some aspects, the ActRIIA-binding protein has a Kp for human
ActRITA within the range of <1 uM and >0.1 pM, <100 uM and > 0.1 pM, or <100 uM and
=1 pM.

In some aspects, the ActRH-binding protein binds ActRIB with an affinity that is at
feast, 100, 500, or 1000 times greater than the affinity of the ActRU-binding protein for a
conirol protein that is not a TGF-beta family member. Jo additional aspects, the ActRIl-
binding protein binds ActRIIB with an affinity that 1s at least, 100, 500, or 1000 times greater
than the affinity of the ActRIl-binding protein for a control protein that is not a TGF-beta
receptor family member. In certain aspects, the ActRIIB-binding protein binds ActRIIB and
has a dissociation constant {Kp) of <1 pM, <100 oM, <10 nM, <1 oM, <0.1 nM, <10 pM, <1
pM, or <0.1 pM. In some aspects, the ActRIIB-binding protein has a Kp for human ActRIIB

In some aspects, the ActRII-binding protein binds AciRIIB and ActRIA with an
affinity that is at least, 100, 500, or 1000 times greater than the affinity of the ActRIl-binding
protein for a control protein that is not a TGF-beta family member. In additional aspects, the

ActRII-binding protein binds ActRIIB and ActRIIA with an affinity that is at least, 100, 500,
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or 1000 times greater than the affinity of the ActRII-binding protein for a control protein that
is not a TGF-beta receptor family member. In certain aspects, the ActRIl-binding protein
binds ActRIIB and ActRIIA and has a dissociation constant {Kp) of <1 pM, <100 nM, <10
u, < nM, <0.1 oM, <i0 pM, <1 pM, or <0.1 pM. In some aspects, the ActRHA- and
ActRIIB-binding protein has a Kp for human ActRIB and ActRIIA within the range of <1
uM and >0.1 pM, <100 uM and >0.1 pM, or <100 uM and >1 pM.

In some aspects, an ActRil-binding protein is an antibody that specifically binds
ActREE In additional aspects, the ActRl-binding protein is a full-length anti-ActRIIA
antibody or a full-length anti-ActRIIB antibody. In additional aspects, the antibody is a
monoclonal antibedy, a recombinant antibody, a luman antibody, a humanized antibody, a
chimeric antibody, a bi-specific antibody, a multi-specific antibody, or an ActRIl-binding
antibody fragment thereof. In additional aspects, the antibody specifically binds ActRUB
and/or ActRITA.

In some aspects, the ActRl-binding protein {e.g., an anti-ActRIl antibody and an
ActRIE-binding antibody fragment) can bind to ActRII molecules across species.

The mature ActRIEA extracellular domain of human ActRIFA (SEQ D NO:138)
differs from that of the mouse ActRUA ortholog (Refl P27038) by anly two conserved amino
acid substitutions {Z.e., K19R and V721). In additional aspects, the ActRI-binding protein can
hind to human ActRIIA (hActRIIA) and mrine ActRUIA (murActREA). In cortain aspects,
the ActRIl-binding protein is an anti-ActRIIA antibody (e.g.. 3 full-length ActRIIA-antibody
and an ActRITA-binding antibody fragment, and a variant and derivative thereof) can
specifically bind to ActRIA {(e.g hActRIIA or murActRIIA) with a dissociation constant or
Kp of less than 107 M, than less than 1077 M, or less than 107° M, as determined by
BIACORE® or KINEXA®. In further aspects, the anti-ActRIIA antibody binds to ActRUA
with a Kp of <1 oM (e.g., as determined by BIACORE® analysis). In a further aspect, the
anti-ActRHA antibody binds fo ActRHA with a Kp within one order of magnitude of 1M or
within two orders of magnitude of TnM. In some aspects, the ActRHA-binding protein has a
Kp for human ActRIEA within the range of <1 uM and > 0.1 pM, <100 uM and > 0.1 pM, or
<100 pM and > 1 pM.

The mature extracellular domain of human ActRIB (SEQ 1D NO:139) differs from
the corresponding sequence of the mouse ActRIIB ortholog (NCBI Ref. Seq. NP 031423) by
one amino acid substitution {(i.e., A95P). In certain aspects, the AciRII-binding protein is an
anti-ActRUHB antibody {eg, a full-length ActRUB-antibody and an ActRHB-binding

antibody fragment, and a variant and derivative thereot) that specifically binds ActRIIB (e.g.,
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hACtRIIB and murActRIIB) with a dissociation constant or Kp of less than 107 M, less than
1077 M, or less than 1077 M as determined by BIACORE® or KINEXA®. In further aspects,
the anti-ActRIIB antibody binds to ActRUIB with a Kp of < 1 nM as determined by
BIACORE® or KINEXA® analysis. In a further aspect, the anti-ActRIIB antibody binds
ActRIIB with a Kp within one order of magnitude of InM or within two orders of magnitude
of InM. In some aspects, the ActRUB-binding protein has a Ky for human ActRUB within
the range of <1 uM and >0.1 pM, <100 uM and >0.1 pM, or < InM and =1 pM.

fn some aspects, anti-ActRIl astibody is an ActRUi-binding antibody fragment. In
some aspects, the ActRII-binding antibody fragment i1s a: Fab, Fab', F(ab'),, Fv fragment,
diabody, or single chain antibody molecule. In additional aspects, the ActRU-antibody is a
Fd, single chain Fv{scFv}), disulfide linked Fv, V-NAR domain, IgNar, intrabody, IgGACH2,
minibody, Flab); tetrabody, triabody, diabody, single-domain antibody, DVD-Ig, Feab,
mAb”, (s¢Fv),, seFv-Fc or bis-scFv.

In additional aspects the ActRE-binding protein is an antibody that includes a VH and
a VL. In some aspects the anti-ActRII antibody further includes a heavy chain constant region
or fragmeut thereof. {n some aspects, the antibody comprises a heavy chain immunoglobulin
constant region selected from the group consisting ofi {a) a human IgA constant region, or
fragment thereol; (b) a buman gD constant region, or fragment thereof) {¢) a human igk
counstant dorpain, or fragment thereof; (d) a human Ig(G1 constant region, or fragment thereof]
{e} a human IgG2 constant region, or fragment thereof; () a human IgG3 constant region, or
fragment thereof; {g) a human 1gG4 constant region, or fragment thereof; and (k) a buman
IgM constant region, or fragment thereof. In certain aspects an ActRil-binding protein
conprises a heavy chain constant region or fragment thereof, e.g., a human IgG constant
region or fragment thereof. In further aspects, the ActRil-binding protein comprises a heavy
chain imnwooglobulin constant domain that has, or has been mutated to have altered effector
function and/or half-life.

in particular aspects, the ActRII-binding protein is an antibody that comprises an
18G1 heavy chain constant region containing a nwitation that decreases effector function {see,
e.g., Idusogie ef al, J. Immunol 166:2571-2575 (2001); Sazinsky er al., PNAS USA
105:20167-20172 (2008); Davis ef al., J. Rheumartol. 34:2204-2210 (2007); Bolt et al., Eur. J.
Immunol. 23:403-411 (1993); Alegrc et al., Transpiantation 57:1337-1543 (1994); Xu ef ¢l
Cell Bmmunol, 200:16-26 (2000Y; Cole et ol., Transplantaiion 68:563-571 {1999}, Hutchins ef
al., PNAS USA 92:11980-11984 (1995); Reddy er ., J. Immunol 164:1925-1933 (2000);
WO97/11971, and WOO7/106585; U.S. Appl. Publ. 2007/0148167A1; McEarchern ef al.,
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Rlood 109:1185-1192 (2007); Strohl, Curr. Op. Biotechnol, 20:685-691 (2009); and Kumagai
et al., J. Clin. Pharmacol, 47:1489-1497 (2007}, each of which is herein incorporated by
reference in its entirety).

In some aspects, the heavy chain constant region or fragment thereof includes one or
more amino acid substitutions relative to a wild-type 1gG constant domain wherein the
modified 1gG has decreased ADCC compared to the half*life of an IgG having the wild-type
1gG constant domain. Examples of Fe sequence engineering modifications contained in the
provided antibodics that decrease ADCC include one or more modifications corresponding to:
1gGl-K326W, E3338; [gG2-E3338; IgGl-N297A; IgG1-L234A, L235A; [gG2-V234A,
G237A; 1gG4-1235A, G237A, E318A,; 1e(G4-S228P, 1.236E; 1g(GZ-EU scquence 118-260;

1gG4-EU sequence 261-447; 1gG2-HZ68(Q, V309L, A3305, A331S; IgG1-C2208, C2268,
C2298, P238S; leG1-C2268, C2298, E233P, 1234V, L235A; and lgG1-L234F, L235E,

P33185, wherein the position numbering is according to the EU index as in Kabat.

In certain aspects an ActRIl-binding protein comprises a heavy chain
immunoglobulin constant domain that has, or has been mutated to have, reduced CDC
activity. In particular aspects, the ActRII-binding protein is an antibody that comprises an
18G1 heavy chain constant region containing a youtation that decreases CDC activity {see,
e.g., WO7/11971 and WOO7/106585; U.S. Appl. Publ. 2007/0148167A1; McEarchem et al.,
Blood 109:1185-1192 (2007); Hayden-Ledbetter e /., Clin. Cancer 15:2739-2746 (2009);
Lazar et al., PNAS US4 103:4005-4010 (2006); Bruckheimer ef of., Neoplasia 11:509-517
{2009); Strohl, Curr. Op. Biotechnol. 20:685-691 (2009); and Sazinsky er af, PNAS US4
105:20167-20172 (2008); each of which is herein incorporated by reference in its entirety).
Examples of Fe sequence engineering modifications contained in an anti-ActRIT antibody that
decrease CDC include one or more madifications corresponding to: 1gG1-S2390, A330L,
I332E; IgG2 EU sequence 118-260; IgG4-BEU sequence 261-447; 1gG2-H268Q, V309L,
A3308, A331S; 1gG1-C2268, €2296, E233P, 1234V, L235A; 1G1-1.234F, L235E, P3315;
and IgG1- C2268, PZ30S.

In further aspects, the heavy chain constant region or fragment thereof includes one or
more amino acid substitutions relative to a wild-type IgG constant domain wherein the
modified g has an increased half-life compared to the haif-life of an 1gG having the wild-
type IgG constant domain. For example, the IgG constant domain can contain one or more
amino acid substitutions of amino acid residues at positions 251-257, 285-290, 303-314, 385-
389, and 428-436, wherein the amino acid position numbering is according to the EU index as

set forth in Kabat. In certain aspects the IgG constant domain can contain one or more of a
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substitution of the amino acid at Kabat position 252 with Tyr, Phe, Trp, or Thr; a substitution
of the amino acid at Kabat position 254 with Thr; a substitution of the amino acid at Kabat
position 256 with Ser, Arg, Gln, Glu, Asp, or Thr; a substitution of the amino acid at Kabat
position 257 with Leu; a substitution of the amino acid at Kabat position 309 with Pro; a
substitution of the amino acid at Kabat position 311 with Ser; a substitution of the amino acid
at Kabat position 428 with Thr, Leu, Phe, or Ser; a substitution of the amino acid at Kabat
position 433 with Arg, Ser, Iso, Pro, or Gin; or a substitution of the amino acid at Kabat
position 434 with Trp, Met, Ser, His, Phe, or Tyr. More specifically, the IgG constant domain
can contain amino acid substitutions relative to a wild-type human IgG constant domain
ncluding a substitution of the amine acid at Kabat position 252 with Tyr, a substitution of the
amino acid at Kabat position 254 with Thr, and a substitution of the amino acid at Kabat
position 256 with Glu.

In additional aspects, the ActRI-binding protein is an antibody that comprises a light
chain inununoglobulin constant region. In a further aspect, the antibody comprises a human
Ig kappa constant region or a human Ig larmbda constant region.

in some aspects, the ActRIl-binding protein comprises a set of CDRs: VH-CDRI,
VH-CDR2, VH-CDR3, VL-CDRI, VL-CDR2 and VL-CDR3, whercin the CDRs arc present
in a VH and a VL pair disclosed in Table 1. In further embodiments, the ActRII-binding
protein coroprises a set of CD3Rs wherein the CERs are present in a VH and a VL pair
sclected from the group consisting of (a) a VH sequence of SEQ ID NG:2, 16, 22, 28, 34, or
40, and a VL sequence of SEQ ID NO:9, and wherein the protein binds ActRUB, {b) a VH
sequence of SEQ ID NO:©63 or 77, and a VL having the amino acid sequence of SEQ ID
MNO:70, and wherein the protein binds ActRIIB; (¢) a VH sequence of SEQ 1D NO:45 or 57,
and a VL scquence of SEQ 1D NO:50, and wherein the protein binds ActRIB; (dy a VH
sequence of SEQ ID N(O:84, 98, 103, 112, or 119, and a VL sequence of SEQ ID N(O:91, and
wherein the protein binds ActRIIA, and (¢} a VH sequence of SEQ ID NO:125, and a VL
sequence of SEQ ID NG:132, and wherein the protein binds ActRIHA.

In further embodiments, the ActRI-binding protein comprises a set of CDRs wherein
the CDRs are present in a VH and a VL pair having: {a) 2 VH sequence of SEQ D NO:144,
and a VL sequence of SEQ 1D NO:151, and wherein the protein binds ActRIB.

In further embodiments, the ActRII-binding protein comprises a set of CDRs wherein
the CDRs are present in a VH and a VL pair having: {a) a VH sequence of 3EQ [D NO: 165,
and a VL sequence of SEQ 1D NO:172, and wherein the protein binds ActlIRA and ActRIB.
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in some aspects an ActRIl-binding protein comprises a set of CDRs: {a}) VH-CDRI,
VH-CDR2, and VH-CDR3, or (b} VL-CDR1, VL-CDR2, and VL-CDR3, wherein the set of
{DRs is identical to, or has a total of one, two, three, four, five, six, seven, cight, nine, ten, or
fewer than ten, amino acid substitutions, deletions, and/or insertions from a reference set of
CDRs disclosed herein.  In further aspects, the ActRII-binding protein comprises a set of
CDRs, wherein the set of CDRs is identical to, or has a total of one, two, three, four, five, six,
seven, eight, nine, ten, or fower than ten, amine acid substitutions, delctions, and/or insertions
from a reference set of CDRs in a VH or VL sequence disclosed in Table |

in some aspects an ActRil-binding protein comprises a set of CDRs: VH-CDRI,
VH-CDR2, VH-CDR3, VL-CDRI, VL-CDRZ, and VL-CDR3, wherein the set of CDRs is
identical to, or has a total of one, two, three, four, five, six, seven, eight, nine, ten, or fewer
than ten, amino acid substitutions, deletions, and/or insertions from a reference set of CDRs
disclosed herein. In further aspects, the ActRIl-binding protein comprises a set of CDRs,
wherein the set of CDRs is identical to, or has a total of one, two, three, four, five, six, seven,
gight, nine, ten, or fewer than ten, amino acid substitutions, deletions, and/or insertions from a
reference set of CDRs in a VH and VL sequence pair disclosed in Table 1.

In additional aspects, the ActRIl-binding protein specifically binds ActRIl and
comprises a st of CDRs: VH-CDR1, VH-CDR2, VH-CDR3, VL-CDRI, VL-CDRZ, and
VL-CDR3, wherein the sct of CDRs is identical to, or has a total of one, two, three, four, five,
six, seven, eight, nine, ten, or fewer than ten, amino acid substitutions, deletions, and/or
insertions from a reference set of CDRs in which: {(a}{i) VH-CDBRI has the amino acid
sequence of SEQ 1D NO:3, 17, 23, 29, 35 or 41; (i) VH-CDRZ has the amino acid sequence
of SEQ 1D NO:4, 18, 24, 30, or 36; (i) VH-CDR3 has the amino acid sequence of SEQ ID
NO:5; (iv) VL-CDR] has the amino acid sequence of SEQ 1D NO:10; (v) VL-CDR2 has the
amino acid sequence of SEQ ID NO:11; and (vi) VL-CDR3 has the amino acid sequenece of
SEQ 1D NO:12; and wherein the protein binds ActRIURB; (b)(i) VH-CDR1I has the amino acid
sequence of SEQ IDB NO:64 or 78; (1) VH-CDRZ has the amino acid sequence of SEQ ID
NO:65 or 79; (3i1) VH-CDR3 has the amino acid sequence of SEQ 1D NO:66 or 80; (iv) VL-
CDR1 has the amine acid sequence of SEQ ID NO:71; (v) VL-CDRZ has the amino acid
sequence of SEQ ID NO:72; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D
NO:73; and wherein the protein binds ActRIIB; (¢)(i) VH-CDR1 has the amino acid sequence
of SEQ ID NO:3 or §8; (31) VH-CDR2 has the amino acid sequence of SEQ ID NO:4 or 59,
(iily VH-CDR3 has the amino acid sequence of SEQ 1D NO:46; (iv) VL-CDR1 has the amino
acid sequence of SEQ D NO:51; (v) VL-CDRZ has the amino acid sequence of SEQ 1D
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NO:52; and {vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:53; and wherein the
protein binds ActRIB; (d}1) VH-CDR1 has the amino acid sequence of SEQ ID NO:8S, 99,
106, or 113; {ii) VH-CDR2 has the amino acid sequence of SEQ 1D NO:86, 100, 107, 114, or
120; (i1} VH-CDR3 has the amino acid sequence of SEQ ID NO:R7, 101, 168, 115, or 121;
{iv) VL-CDR1 has the amino acid sequence of SEQ D NO:92; (v VL-CDR2 has the amino
acid sequence of SEQ ID NO:93; and {vi) VL-CDR3 has the amino acid sequence of SEQ 1D
NO:94; and wherein the protein binds ActRIIB and ActREA; or (e}i) VH-CDRI1 has the
amino acid sequence of SEQ ID NO:126; (i) VH-CDR2 has the amino acid sequence of SEQ
IB NG:127; {411y VH-CDR3S has the amino acid sequence of SEQ 1D NO:128; (ivy VL-CDRI
has the amine acid sequence of SEQ ID NO:133; (v) VL-CDR2Z has the amino acid sequence
of SEQ D NO:134; and (vi) VL-CDR3 has the aming acid sequence of SEQ ID NG:135; and
wherein the protein binds ActRUA. In further aspects, the ActRIIB-binding protein bas at
least one characteristic selected from the group consisting of: (3} competes with an ActRI
Higand {e.g., activin A, activin B, GDF1, GDF3, GDFB (myostatin}, GDF11, BMP6, BMP7,
BMPSY, or BMP10) for binding to ActRIL; {b) decreases the phosphorylation of Smads {e.g.,
SmadZ and/or Smad3} in cells expressing ActRII in the presence of an ActRI ligand (e.g.,
activin A or GDFE); {¢) decreases the phosphorylation of ALK4 and/or ALKT in cells
expressing ActRI and ALK4 and/or ALK7 in the presence of an ActRI ligand; and (d) binds
to ActRH with a Kp of <1 oM and =1 pM (e.g, as determived by BIACORE® analysis). In
some aspects, the ActRIl-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRIf-binding protein has at least 2 or at least 3 of the above characteristics.

In additional aspects, the ActRII-binding protein specifically binds ActRI and
comprises a set of CDRs: VH-CDRI1, VH-CDRZ, VH-CDR3, VL-CDR1, VL-CDR2, and
VL-CDR3, wherein the set of CIDRs is identical 1o, or has a total of one, two, three, four, five,
31X, seven, eight, nine, ten, or fewer than ten, amino acid substititions, deletions, and/or
insertions fron a reference set of CDRs in which (i) YH-CDR1 has the amino acid sequence
of SEQ D NO:145; (i) VH-CDR?2 has the amine acid scquence of SEQ ID NO:146; (i)
VH-CDR3 has the amino acid sequence of SEQ I3 NOG:147; (ivy VL-CDR1 has the amino
acid sequence of SEQ ID NO:152Z; (v} VL-CDRZ has the amino acid sequence of SEQ ID
MO:153; and (vi) VL-CDR3 has the amino acid sequence of SEQ ID NO:154; and wherein
the protein binds ActRHB. In further aspects, the ActRIB-binding protein has at least one
characteristic selected from the group consisting oft (a) competes with an ActRIl ligand (e.g.,
activin A, activin B, GDF1, GDF3, GDFB (nwyostatin), GDF11, BMP6, BMP7, BMP9, or
BMP10) for binding to ActRI; {b) decreases the phosphorylation of Smads {e.g., Smad2
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and/or Smad3) in cells expressing ActRIE in the presence of an ActRI ligand {e.g,, activin A
or GDFE); (¢} decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing
ActRII and ALK4 and/or ALK7Y in the presence of an ActRI ligand; and (d) binds to ActRU
with a Kp of <1 oM and >1 pM (e.g., as deiermined by BIACORE® analysis). In some
aspects, the ActRll-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRII-binding protein has at least 2 or at least 3 of the above characteristics.

In additional aspects, the ActRII-binding protein specifically binds ActRIl and
comprises a sct of CDRs: VH-CDRI, VH-CDR2, VH-CDBR3, VL-CDR1, VL-CDR2, and
VL-CDR3, wherein the set of CDRs is identical to, or has a total of one, two, three, four, five,
8ix, scven, cight, nine, ten, or fewer than ten, amino acid substitutions, deletions, and/or
mnsertions from a reference set of CDRs in which (o) VH-CDR1 has the amino acid sequence
of SEQ 1D NO:166; (i) VH-CDR2 has the amino acid scquence of SEQ 1D NO:167; (iii)
VH-CDR3 has the amino acid sequence of SEQ ID NO:168; {iv) VL-CDR1 has the amino
acid sequence of SEQ ID NO:173; (v) VL-CDR? has the amino acid sequence of SEQ 1D
NO:174; and (vi) VL-CDR3 has the amine acid sequence of SEQ 1D NO:175; and whercin
the protein binds ActliRA and ActRIB. In further aspects, the ActRII-binding protein has at
least one characteristic sclected from the group consisting oft (a3} competes with an ActRH
ligand (e.g., activin A, activin B, GDF1, GDF3, GEFS (myostatin}, GDFL 1, BMP6, BMP7,
BMPY, or BMP10) for binding to ActRIL; (b) decreases the phosphorylation of Smads {e.g.,
Smad? and/or Smad3} in cells expressing ActRI in the presence of an ActRII ligand {e.g.,
activin A or GDFE); {c) decreases the phosphorylation of ALK4 and/or ALKT in cells
expressing ActRII and ALK 4 and/or ALK7 in the presence of an ActRY ligand; and (d) binds
1o ActRH with a Kp of <1 oM and >1 pM (e.z., as determined by BIACORE® analysis). in
some aspects, the ActRI-binding protein bas 2, 3, or 4 of the above characteristics. In some
aspects, the ActRIf-binding protein has at least 2 or at least 3 of the above characteristics.

in soroe aspects, the ActRIE-binding protein specifically binds ActRI and comprises a
set of CDRs that has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer
than ten, or zero, amino acid substitutions, deletions, and/or tnsertions from a reference set of
CDRs in which: (a}{i) VH-CBRI has the amino acid sequence of SEQ 1D NG:3; {ii) VH-
CDR2 has the amino acid sequence of SEQ 1D NO4; (i) VH-CDR3 has the amino acid
sequence of SEQ 1D NG:5; (ivy VL-CDR1 has the amino acid sequence of SEQ 1D NO:10;
{(v) VL-CDR2 has the amino acid sequence of SEQ ID NO:11; and (vi) VL-CDR3 has the
amino acid sequence of SEQ 1D NO:12; and wherein the protein hinds ActRIEB; (b}{i) VH-
CDR1 has the amino acid sequence of SEQ ID NG:17; (i) VH-CDR2 has the amino acid
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sequence of SHQ 1D NO:18; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:5;
{iv) VL-CDR1 has the amino acid sequence of SEQ 1D NO:1G; {vy VL-CDR2 has the aming
acid sequence of SEQ 1D NO:11; and (vi) YL-CDR3 has the amino acid sequence of SEQ 1D
NO:12; and wherein the protein binds ActRIB; (¢){i) VH-CDRI has the amino acid sequence
of SEQ ID NO:23; (i) VH-CDR2 has the amine acid sequence of SEQ 1D NO:24; (i) VH-
{CDR3 has the amino acid sequence of SEQ ID NG:5; (iv) VL-CDRI has the amino acid
sequence of SEQ ID NOG:10; (v VL-CDR2 has the amino acid sequence of SEQ 1D NO:11;
and (vi) VE-CDR3 has the amino acid sequence of SEQ ID NG:12; and wherein the protein
binds ActRIB; ()1} VH-CDRI1 has the amino acid sequence of SEQ ID NOG:29; (i) VH-
CDR2 has the amine acid sequence of SEQ 1D NO:30; (iii) VH-CDR3 has the amino acid
sequence of SEQ IB NO:5; (ivy VL-CDR1 has the amino acid seguence of SE(} 1D NO:1G;
(v) VL-CDR2 has the amino acid scquence of SEQ D NO:11; and (vi) VL-CDR3 has the
amino acid sequence of SEQ 1D NO:12; and wherein the protein binds ActRIIB; {(e}{i) VH-
CDR1 has the amino acid sequence of SEQ 1D NO:35; (i) VH-CDR2 has the amino acid
sequence of SEQ ID NG:36; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:5;
{iv) VL-CDR1 has the amino acid sequence of SEQ 1D NO:1G; {vy VL-CDR2 has the aming
acid sequence of SEQ 1D NO:11; and (vi) YL-CDR3 has the amino acid sequence of SEQ 1D
NO:12; and wherein the protein binds ACRIB; (H{1) VH-CDRI has the amino acid sequence
of SEQ 1D NO:41,; () VH-CDR2 has the amino acid sequence of SEQ 1D NO:18; (i) VH-
{CDR3 has the amino acid sequence of SEQ ID NG:5; (iv) VL-CDRI has the amino acid
sequence of SEQ ID NOG:10; (v VL-CDR2 has the amino acid sequence of SEQ 1D NO:11;
and (vi) VL-CDR3 has the amino acid sequence of SEQ ID NG:12; and wherein the protein
binds ActRIIB; {(g)i) VH-CDRI has the amino acid sequence of SEQ ID NO:64; (i) VH-
CDR2 has the amine acid sequence of SEQ 1D NO:65; (iii) VH-CDR3 has the amino acid
sequence of SEQ I NO:66; (ivy VL-CDRI has the amino acid sequence of SEQ 1D NO:T1;
(v) VL-CDR2 has the amino acid scquence of SEQ D NO:72; and (vi) VL-CDR3 has the
amino acid sequence of SEQ 1D NO:73; and wherein the protein binds ActRIIB; and (h)(i)
VH-CDR]1 has the amino acid sequence of SEQ 1D NO:7%; (i) VH-CDR2 has the amino acid
sequence of SEQ ID NG:79; (iii) VH-CDR3 has the amino acid sequence of SEQ 1D NO:8{;
{iv) VL-CDR1 has the amino acid sequence of SEQ D NO:71; (v VL-CDR2 has the amino
acid sequence of SEQ ID NO:72; and {vi) VL-CDR3 has the amino acid sequence of SEQ 1D
N(:73; and wherein the protein binds ACtRUR; (13(1) VH-CDR1 has the amino acid sequence
of SEQ ID NO:3; (1) VH-CDR2 has the amino acid sequence of SEQ 1D NO:4; (iii) VH-
CDR3 has the amino acid sequence of SEQ ID NO:46; (iv) VL-CDR1 has the amino acid
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sequence of SHQ 1D NO:51; (v) VL-CDR2 has the amino acid sequence of SEQ 1D NO:52Z;
and {vi) VL-CDR3 has the amino acid sequence of SEQ ID NCG:33; and wherein the protein
binds ActRIB; (j){1) VH-CDR1 has the amino acid sequence of SEQ 1D NO:58; (ii) VH-
CDR2 has the amino acid sequence of SEQ ID NO:59; (i) VH-CDR3 has the amino acid
sequence of SEQ 1D N(G:46; (iv) VL-CDR1 has the amino acid seqguence of SEQ 1D NO:51;
{v) VL-CDRZ has the amino acid sequence of SEQ 1D NO:5Z; and (vi) VL-CDR3 has the
amino acid sequence of SEQ 1D NO:53; and wherein the protein binds ActRIB; (ki) VH-
CDR1 has the amino acid sequence of SEQ D NO:8BS; (i) VH-CDR2 has the amino acid
sequence of SEQ D NO:86; (1ii} VH-CDR3 has the amino acid sequence of SEQ} ID NO:R7;
{iv) VL-CDRI has the amino acid sequence of SEQ 1D NO:92; {(vy VL-CDRZ has the amino
acid sequence of SEQ ID NO:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D
NO:94; and wherein the protein binds ActRHB and ActRILA; (1)(iy VH-CDRI has the amino
acid sequence of SEQ ID NO:99: (ii) VH-CDR2 has the amino acid sequence of SEQ ID
NO:100; (1) VH-CDR3 has the amino acid sequence of SEQ I3 NO:161; (iv) VL-CDRI has
the amino acid sequence of SEQ 1D NG:92; (v) VL-CDR2 has the amino acid sequence of
SEQ ID NO:93; and {vi}) VL-CDR3 has the amino acid sequence of SEQ ID NO:94; and
wherein the protein binds ActRIB and ActRITA; (m)(i}) VH-CDRI1 has the amino acid
sequence of BSEQ ID NO:106; (1) VH-CDRZ has the amino acid sequence of SEQ ID
NO:107, (ii) VH-CDR3 has the amino acid sequence of SEQ 1D NO 108; (ivy VL-CDR1 has
the amino acid sequence of SEQ ID NO:92; (vy VL-CDRZ has the amino acid sequence of
SEQ D NO:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D N(O:94; and
wherein the protein binds ActRUB and ActRHA; (n}i) VH-CDRI1 has the amino acid
sequence of SEQ 1D NO:113; (1) VH-CDR2 has the amino acid sequence of SEQ ID
NO:114; (1) VH-CDR3 has the amino acid sequence of SEQ 1D NO:115; (iv) VL-CDRI has
the amino acid sequence of SEQ D NG:92; (v) VL-CDR2 has the amino acid sequence of
SEQ 1D N(G:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:94; and
wherein the protein binds ActRIIB and ActRHA; (0)i) VH-CDRI has the amino acid
sequence of SEQ ID NO:113; (i) VH-CDR2 has the amino acid sequence of SEQ 1D
NO:128; (11 VH-CDR3 has the amino acid sequence of SEQ ID NO:121; (iv) VL-CDR1 has
the amino acid sequence of SEQ 1D NO:92Z; (v) VL-CDR2 has the amino acid sequence of
SEQ ID NO3:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ ID NO:94; and
wherein the protein binds ActRIIB and ActRIA; or (p)(i) VH-CDRI has the amino acid
sequence of SEQ ID NO:126; (i) VH-CDR2 has the amino acid sequence of SEQ ID
NO:127; (i1} VH-CDRA3 has the amine acid sequence of SEQ ID NG:128; {iv) VL-CDRI has



WO 2017/156488 PCT/US2017/021958

{4254

- 54 -

the amino acid sequence of SEQ 1D NO:133; (v VL-CDR?2 has the amino acid sequence of
SEQ 1P NO:134; and (vi) VL-CDR3 has the amino acid sequence of SEQ D NG:133; and
wherein the protein binds ActRUA. In further aspects, the ActRIIB-binding protein has at
least one characteristic selected from the group consisting oft {a) competes with an ActRIl
figand {e.g., activin A, activin B, GDFI, GDF3, GDFS {myostatin}, GDF11, BMP6, BMP7,
BMP9, or BMP10) for binding to ActRIL; (b) decreases the phosphorylation of Smads {e.g.,
Smad? and/or Smad3) in cells expressing ActRIH in the presence of an ActRII ligand (e.g.,
activin A or GDFR); (¢} decreases the phosphorylation of ALK4 and/or ALKT in cells
expressing ActRIT and ALK4 and/or ALK7 in the presence of an ActRI ligand; and (d) binds
to ActRI with a Kp of <1 nM and =1 pM (e.g.. as determined by BIACORE® analysis). In
some aspects, the ActRIl-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRI-binding protein has at least 2 or at least 3 of the above characteristics.

In some aspects, an ActRIE-binding protein specifically binds ActRIUB and comprises
a set of CDRs: VH-CDRI1, VH-CDRZ, and VH-CDR3, wherein the set of CDRs is identical
to, or has a total of one, two, three, four, five, six, seven, eight, nine, ten, or fewer than ten,
amino acid substitutions, deletions, and/or insertions from a reference set of CDRs in which:
{a)iy VH-CDRI has the amino acid sequence of SEQ D NO:3, 17, 23, 29, 35, or 41; {(i1) VH-
CDR2 has the amino acid sequence of SEQ 1D NG:4, 18, 24, 30, or 36; and (i1} VH-CDR3
has the amine acid sequence of SEQ 1D NO:5; (b){1) VH-CDRI has the amino acid scquence
of SEQ 1D NO:3 or 38; {1i) VH-CDRZ has the amino acid sequence of SEQ ID NG:4 or 39;
and (it} VH-CDR3 has the amino acid sequence of SEQ 1D NG:46; or (¢)(i) VH-CDR1 has
the amino acid sequence of SEQ 1D NO:64 or 78; (it) VH-CIIR2 has the amine acid sequence
of SEQ 3 NO:65 or 79; and (111) VH-CDR3 has the amino acid sequence of SEQ 1D NO:66
or 80. In further aspects, the ActRIIB-binding protein has at least one characteristic selected
from the group consisting of? (a} competes with an ActRII ligand {e.g., activin A, activin B,
GDF1, GDF3, GDF8 (myostatin), GDF11, BMP6, BMP7, BMP9, or BMP10) for binding to
ActRIIB; (b} decreases the phosphorylation of Smads (e.g., Smad2 and/or Smad3) in cells
expressing ActRIB in the presence of an ActRIIB ligand {e.g.. activin A or GDFR); (¢}
decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing ActRIIB and ALKA4
and/or ALK7 in the presence of an ActRIIB ligand; and {d) binds to ActRIIB with a Kp of <1
oM and >1 pM (e.g.. as determined by BIACORE® analysis). In some aspects, the ActRIIB-
binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the AciRIIB-

binding protein has at least 2 or af [east 3 of the above characteristics.
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in some aspects, an ActRIE-binding protein specifically binds ActRIIB and comprises
a set of CDRs: VH-CDRI, VH-CDR2, and VH-CDR3, wherein the set of CDRs 15 identical
to, or has a total of one, two, three, four, five, six, seven, eight, nine, ten, or fewer than ten,
amino acid substitutions, deletions, and/or insertions from a reference set of CDRs in which:

{a}1) VH-CDRI has the amino acid sequence of SEQ 1D NO:3; (i) VH-CDR2 has the amino

NO:5; and wherein the protein binds ActRIIB; (byi) VH-CDRI has the amino acid sequence
of SEQ 1D NO:17; (i) VH-CDR2 has the amino acid sequence of SEQ 1D NO:18; (i) VH-
CDR3 has the amino acid sequence of SEQQ 1D NO:5; and wherein the protein binds ActRIIB;
{c)iy VH-CDRI has the amino acid sequence of SEQ ID NO:23; (it} VH-CDRZ has the
amino acid sequence of SEQ [0 NO:24; (3i1) VH-CDR3 has the amino acid sequence of SEQ
1P NO:5; and wherein the protein binds ActRIB; {(d)i) VH-CDRI1 has the amino acid
sequence of SEQ ID NO:29; (i} VH-CDRZ has the amino acid sequence of SEQ 1D NO:30;
{iiiy VH-CDR3 has the amino acid sequence of SEQ 1D NO:5; and wherein the protein binds
ActREIB; (e)(i) VH-CDRI has the amino acid sequence of SEQ ID NO:35; (i) VH-CDR2 has
the amino acid sequence of SEQ 1D NO:36; (1i1) VH-CDR3 has the amino acid sequence of
SEQ 1D NO:5; and wherein the protein binds ActRIIB; (fi(i) VH-CDRI1 has the amino acid
sequence of SEQ D NO:41; Giy VH-CDR2 has the aming acid sequence of SEQ 1D NO:135;
(il VH-CDR3 has the amino acid sequence of SEQ 1D NO:5; and wherein the protein binds
ActRIB; (gi(i) VH-CDRI has the amino acid sequence of SEQ ID NG:64; (i) VH-CDRZ
has the amino acid sequence of SEQ 1D NO:65; (i) VH-CDR3 has the amino acid sequence
of SEQ 1D NG:66; and wherein the protein binds ActRIB; (h){1) VH-CDRI has the amino
acid scquence of SEQ ID NO:78; (i) VH-CDR2 has the amivo acid sequence of SEQ ID
NO:T9; (i} VH-CDR3 has the amino acid sequence of SEQ 1D NO:80; and wherein the
protein binds ActRIIB; (111} VH-CBRI1 has the amino acid sequence of SEQ IB NO:3; (i)
VH-CDRZ has the amino acid sequence of SEQ 1D NO:4; (iiiy VH-CDR3 has the amino acid
sequence of SEQ ID NO:46; and wherein the protein binds ActRIIB; or (31) VH-CDRI has
the amino acid sequence of SEQ 1D NO:58; (11) VH-CDR2 has the amino acid sequence of
SEQ 1D NO:59; (1) VH-CPR3 has the amino acid sequence of SEQ 1D N(G:46; and whercin
the protein binds ActRUB. In further aspects, the ActRIIB-binding protein has at least one
characteristic selected from the group consisting of: (a) competes with an ActRIl ligand {e.g.,
activin A, activin B, GDF1, GDF3, GDFE (myostatin}, GDF1L, BMP6, BMP7, BMP9, or
BMP10) for binding to ActRIB; (b) decreases the phosphorylation of Smads (e.g., Simad2

and/or Smad3) in cells expressing ActRIIB in the presence of an AciRIIB ligand (e.g., activin
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A or GDFE); {c}) decreases the phosphorylation of ALK4 and/or ALK7Y in cells expressing
ActRIIB and ALK4 and/or ALK7 in the presence of an ActRIIB ligand; and {d) binds to
ActRIIB with a Kp of <1 oM and =1 pM (e.g., as determined by BIACORE® analysis). In
some aspects, the ActRIIB-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRIIB-binding protein has at least 2 or at least 3 of the above characteristics.

In some aspects, an ActRIE-binding protein specifically binds ActRIUB and comprises
aset of CDRs: VL-CDRI1, VL-CDR2, and VL-CDR3, wherein the set of CDRs is identical 1o,
or has a total of one, two, three, four, five, six, seven, ¢ight, nine, ten, or fewer than ten,
amino acid substitutions, deletions, and/or insertions from a reference set of CDRs in which:
{a)i} VL-CDR1 has the amino acid sequence of SEQ ID NO:10; (iiy VL-CDR2 has the amino
acid sequence of SEQ ID NO:11; and (iit}) VL-CDPR3 has the amino acid sequence of SEQ 1D
NO:12; and wherein the protein binds ActRIB; (b)(i) VL-CDR1 has the amine acid scquence
of SEQ ID NO:71; (iiy VL-CDR2Z has the amino acid sequence of SEQ 1D NO:72Z; and (iit)
VL-CDR3 has the amino acid sequence of SEQ [ NO:73; and wherein the protein binds
ActREIB; or (c)}{1) VL-CDRI1 has the amino acid sequence of SEQ ID NG:51; (it VL-CDR2
has the amino acid sequence of SEQ ID NO:52; and (3ii) VL-CDR3 has the amino acid
sequence of SEQ 1D NO:53; and wherein the protein binds ActRIB. In further aspects, the
ActRIIB-binding protein has at least one characteristic selected from the group consisting oft
(a) competes with an ActRIl ligand (e.g., activin A, activin B, GDFI, GDF3, GDF¥
{myostatin), GDF11, BMP6, BMP7, BMP9, or BMPI0) for binding to ActRIB; (b)
decreases the phosphorylation of Smads {e.g, Smad? and/or Smad3) in cells expressing
ActRIIB in the presence of an ActRIIB ligand (e.g., activin A or GDFR); (¢} decreases the
phosphorylation of ALK4 and/or ALK7 in cells expressing ActRIIB and ALK4 and/or ALK7
in the presence of an ActRIB ligand; and {(d) binds to ActRIIB with a Kp of <1 oM and >1
pM {e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIB-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIUB-binding
protein has at least 2 or at least 3 of the above characteristics.

In some aspects, an ActRH-binding protein specifically binds ActRIIB and ActRUA
and comprises a set of CDRs; VH-CDRI1, VH-CDRZ, and VH-CDR3, wherein the set of
CDRs is identical to, or has a total of one, two, three, four, five, six, seven, eight, nine, ten, or
fewer than ten, amino acid substitutions, deletions, and/or insertions from a reference set of
CDRs in which VH-CDRI has the amino acid scquence of SEQ 1D NGBS, 99, 106, or 113,
VH-CDRZ has the amino acid sequence of SEQ HD NO:86, 100, 107, 114, or 120; and VH-
CDR3 has the amine acid sequence of SEQ ID NO:87, 101, 108, 115, or 121. In further
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aspects, the ActRUB- and ActRUA-binding protein has at least one characteristic sclected
from the group consisting oft {a) competes with an ActRII ligand {(e.g., activin A, activin B,
GDFY, GBE3, GDFS (myostating, GDF11, BMP6, BMP7, BMPY, or BMP10) for binding to
ActRIIB and/or ActRIIA; (b} decreases the phosphorylation of Smads {e.g., Smad2 and/or
Smad3) in cells expressing ActRIB and/or ActRIIA in the presence of an ActRIIB and/or
ActRIA ligand {e.g., activin A or GDF&); {c¢) decreases the phosphorylation of ALK4 and/or
ALKT in cells expressing ActRIIB and/or ActRITA and ALK4 and/or ALKT in the presence
of an ActRIB and/or ActRIIA ligand; and (d) binds to ActRHB and/or ActRIIA with a Kp of
<1 nM and =1 pM (e.g.. as determined by BIACORE® analysis). In some aspects, the
ActRIIB and/or ActRIHA-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRIIB and/or ActRIIA-binding protein has at least 2 or at least 3 of the above
characteristics,

In some aspects, an ActRH-binding protein specifically binds ActRIB and ActRUA
and comprises a set of CDRs: VH-CDR1, VH-CDR2, and VH-CDR3, wherein the set of
CDRs is identical to, or has a total of one, two, three, four, five, six, seven, eight, nine, ten, or
fewer than ten, amino acid substitutions, deletions, and/or insertions from a reference set of
CDRs in which: (a)(iy VH-CDR1 has the amino acid sequence of SEQ D NO:R5; (i) VH-
CDR2 has the amino acid sequence of SEQ ID NO:86; (i1} VH-CDR3 has the amino acid
sequence of SEQ 1D NO:87; and wherein the protein binds ActRIIB and ActRUA; (b){(1) VH-
DRI has the amino acid sequence of SEQ ID NOG:99; (i) VH-CDR2 has the amine acid
sequence of SEQ > NO:100; (i) VH-CDR3 has the amino acid sequence of SEQ 1D
NO:10%; and wherein the protein binds AciRIIB and AciRIIA; (c}{i) VH-CDRI has the
amino acid sequence of SEQ [ NO:106; (11) VH-CDR2 has the amino acid sequence of SEQ
1D NO:107, (iil) VH-CDR3 has the amino acid sequence of SEQ ID NO 108; and wherein the
protein binds ActRIIB and ActRIEA; (d}{1} VH-CDRI has the amino acid sequence of SEQ
1D NO:113; (i1y VH-CDR?2 has the amino acid sequence of SEQ 1D NO:114; (iii) VH-CDR3
has the amino acid sequence of SEQ ID NG:115; and wherein the protein binds ActRIIB and
ActRITA; or (e)iy VH-CDR1 has the amino acid sequence of SEQ ID NO:113; (i) VH-
CDR2 has the amine acid sequence of SEQ D NO:120; (iit) VH-CDR3 has the amino acid
sequence of SEQ I NO:121; and wherein the protein binds ActRIB and AciRIIA. in
further aspects, the ActRI-binding protein has at least one characteristic selected from the
group consisting oft {a} competes with an ActRI higand (eg., activin A, activin B, GDFI,
GDF3, GDFS (myostatin), GDF11, BMP6, BMP7, BMPY, or BMP10) for binding to ActRIIB

and/or ActRIIA; (b) decreases the phosphorylation of Smads (e.g., Smad2 and/or Smad3) in
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cells expressing ActRIIB and/or ActRUA in the presence of an ActRHB and/or ActRIIA
ligand {e.g., activin A or GDFE); (¢} decreases the phosphorylation of ALK4 and/or ALK7 in
cells expressing ActRIB and/or ActRIIA and ALK4 and/or ALK7 in the presence of an
ActREB and/or ActRIIA ligand; and {d) binds to ActRIUB and/or ActRHA with a Kp of <1
nM and =1 pM (e.g., as determined by BIACORE® analysis). In some aspects, the ActRIB
and/or ActRIIA-binding protein has 2, 3, or 4 of the above characteristics. In some aspects,
the ActRIIB and/or ActRIlA-binding protein has at least 2 or at least 3 of the above
characteristics,

in some aspects, an ActRH-binding protein specifically binds ActRIIB and ActRIIA
and comprises a set of CDRs: VL-CDRI, VL-CDRZ, and VL-CDR3, wherein the set of
CDRs is identical to, or has a total of one, two, three, four, five, six, seven, cight, nine, ten, or
fewer than ten, amino acid substitutions, delctions, and/or insertions from a reference set of
CDRs in which VL-CBRI has the amino acid sequence of SEQ 1D NO:92; (1) VL-CDRZ has
the amino acid sequence of SEQ 13 NO:93; and (ii1) VL-CDR3 has the amino acid sequence
of SEQ 1D NO:94; and wherein the protein binds ActRIIB and ActRHA. In further aspects,
the ActRil-binding protein has at least one characteristic selected from the group consisting
of: {(a) competes with an ActRH ligand {e.g., activin A, activin B, GDF1, GDF3, GDFS8
(myostatiny, GDF11, BMP6, BMP7, BMP9, or BMP10} {or binding to ActRIB and/or
ActRUEA; (b) decreases the phosphorylation of Smads {e.g., Smad?2 and/or Smad3) in cells
expressing ActRIIB and/or ActRIIA in the presence of an ActRIIB and/or ActRIIA ligand
{e.g., activin A or GDFB); (c) decreases the phosphorylation of ALK4 and/or ALK7 in cells
expressing ActRIIB and/or ActRIIA and ALK4 and/or ALK7 in the presence of an ActRIIB
and/or ActRIA ligand; and (d) binds to ActRIB and/or ActRITA with a Ky of <1 oM and >1
pM (e.g., as determined by BIACORE® analysis). In some aspects, the ActRUB and/or
ActRITA-binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the
ActRUB and/or ActRUA-binding protein has at least 2 or at least 3 of the above
characteristics.

In some aspects, an ActRIi-binding protein specifically binds ActRIA and conprises
a set of CDRs: VH-CDRI1, VH-CDR2, and VH-CER3, wherein the set of CDRs is identical
to, ot has a total of one, two, three, four, five, six, seven, cight, nine, ten, or fower than ten,
amino acid substitutions, deletions, and/or insertions from a reference set of CDRs mn which
VH-CDRI has the amino acid sequence of SEQ ID NO:126; VH-CDRZ has the amino acid
sequence of SEQ 1D NO:127; and VH-CDR3 has the amino acid sequence of SEQ ID

NO:128. In further aspects, the ActRIHA-binding protein has at least one characteristic
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selected from the group consisting of (3) competes with an ActRIIA ligand {e.g., activin A,
activin B, GDF1, GDFE3, or Nedaly; (b) decreases the phosphorylation of Smads (e.g., Smad2
and/or Smad3) in cells expressing ActRILA in the presence of an ActRUA ligand {e.g., activin
AY; (¢} decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing ActRIIA and
ALEK4 and/or ALK7 in the presence of an ActRIA ligand; and (d) binds to ActRITA with a
Kpof<l nMand > | pM (e.g., as determined by BIACORE® analysis). In some aspects, the
ActRITA-binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the
ActRUA-binding protein has at least 2 or at least 3 of the above characteristics.

In some aspects, the ActRIl-binding protein specifically binds ActRHA and
comprises a set of CDRs: VL-CDR1, VL-CDR2, and VL-CDR3, wherein the set of CDRs is
identical to, or has a total of one, two, three, four, five, six, seven, eight, ning, ten, or fewer
than ten, anuino acid substitutions, deletions, and/or insertions from a reference set of CDRs
in which: VL-CDRI has the amino acid sequence of SEQ ID NO:133 VL-CDR2Z has the
amino acid sequence of SEQ 1D NO:134; and VL-CDR3 has the amino acid sequence of SEQ
1D NG:135. In further aspects, the ActRIIA-binding protein has at least one characteristic
selected from the group consisting of (a) competes with an ActRIIA ligand (e.g., activin A,
activin B, GDF1, GDF3, or Nodal); (b} decreases the phosphorylation of Simads {e.g., Smad?2
and/or Smad3) in cells expressing ActRIIA 1n the presence of an ActRIIA ligand {e.g., activin
A}, {¢) decreases the phosphorylation of ALK4 and/or ALK 1o cells expressing ActRHA and
ALK4 and/or ALK7 in the presence of an ActRIA ligand; and {d) binds to ActRIIA with a
Kpof<l pM and = 1 pM (e.g., as determined by BIACORE® analysis). In some aspects, the
ActRIFA-binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the
ActRIEA-binding proteiv has at least 2 or at least 3 of the above characteristics.

In additional aspects, the ActRII-binding protein specifically binds ActRIB and
comprises a st of CDRs: VH-CDR1, VH-CDR2, VH-CDR3, VL-CDRI, VL-CDRZ, and
VEL-CDR3, wherein the set of CDRs is identical to, or has a total of one, two, three, four, five,
six, seven, eight, wine, ien, or fewer than ten, aminoc acid substitutions, deletions, and/or
insertions from a reference set of CDRs in which: {(a}{i) VH-CDBRI has the amino acid
sequence of SEQ 1D NO:3, 17, 23, 29, 35, or 41; (ii) VH-CDRZ has the amino acid sequence
of SEQ ID NO:4, 18, 24, 30, or 36; (i) VH-CUCDR3 has the amino acid sequence of SEQ 1D
NO:5; (iv) VL-CDRI has the amino acid sequence of SEQ 1D NO:10; (v) VL-CDR2 has the
amino acid sequence of SEQ ID NO:11; or {vi} VL-CDR3 has the amino acid segoence of
SEQ 1D NO:12; (by(i) VH-CDR1 has the amino acid sequence of SEQ I NO:3 or 58; (ii)
VH-CDRZ has the amino acid seguence of SEQ 1D NO:4 or 539; (i) VH-CER3 has the
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amino acid sequence of SEQ ID N(O:46; (ivy) VL-CDR1 has the amino acid sequence of SEQ
IB NG:51; vy VL-CDBR2 has the amino acid sequence of SEQ IB NG:52; or {(vi) VL-CDR3
has the amino acid sequence of SEQ 1D NO:53; or (i) VH-CDRI has the amino acid
sequence of SEQ ID NO:64 or 78; (1i) VH-CDR2 has the amino acid sequence of SEQ 1D
MO:65 or 79; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:66, or 80; (iv) VL-
DRI has the amino acid sequence of SEQ ID NO:71; (v} VL-CDR2 has the amino acid
sequence of SEQ 1D NO:72; or (vi) VL-CDBR3 has the amino acid sequence of SEQ 1D
MNO:T73. In further aspects, the ActRIIB-binding protein comprises a VH and a VL. In further
aspects, the ActRIIB-binding protein has at least one characteristic selected from the group
consisting of (3} cornpetes with an ActRI ligaed (e.g., activin A, activin B, GD¥FI1, GDF3,
GDFR (myostating, GDFLL, BMP6, BMP7, BMPY, or BMP1Q) for binding to ActRHRB; (b}
decreases the phosphorylation of Smads {e.g., Smad?2 and/or Smad3) in cells expressing
ActRIIB in the presence of an ActRIB ligand (e.g., activin A or GDF&); (¢} decreases the
phosphorylation of ALK4 and/or ALK7 in cells expressing ActRIB and ALK4 and/or ALK7
in the presence of an ActRIB ligand; and {d) binds to ActRIIB with a Kp of <1 nM and >1
pM (e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIB-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIIB-binding
protein has at least 2 or at least 3 of the above characteristics.

fn Rurther aspects, the ActRil-binding protein specifically binds ActRUB and
comprises a s¢t of CBDRs: VH-CDRI, VH-CDR2, VH-CDR3, VL-CDRI, VL-CDRZ, and
VL-CDR3, wherein: (a)(i) VH-CDR1 has the amino acid sequence of SEQ 1D NO:3, 17, 23,
29, 35, or 41; (i1 VH-CDRZ has the amino acid sequence of SEQ 1D NO:4, 18, 24, 30, or 36;
(i1} VH-CDR3 has the amino acid sequence of SEQ 1D NG:5; (iv)y VL-CDR1 has the amino
acid sequence of SEQ 1D NO:10; (vy VL-CDRZ2 has the amino acid sequence of SEQ 1D
NO:1L; or (vi) VE-CDR3 has the amino acid sequence of SEQ ID NO:12; (b)1) VH-CDRI
has the amino acid sequence of SEQ 1D NO:3 or 38; (it) VH-CDR2 has the amine acid
sequence of SEQ ID N(O:4 or 59; (i1) VH-CDR3 has the amino acid sequence of SEQ ID
NO:46; (ivy VL-CDR1 has the amino acid sequence of SEQ 1D NO:5T; (v) VL-CDR? has the
amino acid sequence of SEQ 1D NO:5Z; or (vi) VL-CDR3 has the amino acid sequence of
SEQ ID NG:53; or (¢)(1) VH-CDBR1 has the amine acid sequence of SEQ 1D NO:64 or 78; (1)
VH-CDRZ has the amino acid sequence of SEQ ID NO:65 or 79; (iii}) VH-CDR3 has the
amino acid sequence of SEQ ID NG:66, or 80; (ivy VL-CDRI has the amino acid sequence of
SEQ ID NO:71; (v) VL-CDR2 has the amino acid sequence of SEQ 1D NO:72; or (vi) VL-
CDR3 has the amino acid sequence of SEQ ID NO:73. . In further aspects, the ActRIIB-



WO 2017/156488 PCT/US2017/021958

[0164]

- 61 -

binding protein comprises a VH and a VL. In further aspects, the ActRHB-binding protein
has at least one characteristic selected from the group consisting of (a} competes with an
ActRIT ligand (e.g., activin A, activin B, GDF1, GDF3, GDFE (myostatin), GDF11, BMP6,
BMP7, BMP9, or BMP10) for binding to ActRIB; (b) decreases the phosphorylation of
Smads {e.g., Smad?2 and/or Smad3) in cells expressing ActRIB in the presence of an ActRIB
ligand (e.g., activin A or GEFS); (¢} decreases the phosphorylation of ALK4 and/or ALK7 in
cells expressing ActRIIB and ALK4 and/or ALK7 in the presence of an ActRIB ligand; and
{d) binds 1o ActRUB with a Kp of <1 oM and >1 pM {e.g, as determined by BIACORE®
analysis). In some aspects, the ActRIIB-binding protein has 2, 3, or 4 of the above
characteristics. In some aspects, the ActRUB-binding protein has at least 2 or at least 3 of the
above characteristics.

in additional aspects, the ActRIl-binding protein specifically binds ActRIB and
ActRIIA and comprises a set of CDRs: VH-CDRI, VH-CDR2, VH-CDR3, VL-CDRI, VL-
CDR2, and VL-CDR3, wherein the set of CDRs is identical to, or has a total of one, two,
three, four, five, six, seven, cight, nine, ten, or fewer than ten, amino acid substitutions,
deletions, and/or insertions from a reference set of CDRs in which: {(a) VH-CDR1 has the
aming acid sequence of SEQ D NO:8S5, 99, 106 or 113; (b) VH-CDR2 has the amino acid
sequence of SEQ D NO:RG, 100, 107, 114, or 126; {¢) VH-CDR32 has the amino acid
sequence of SEQ 1D NO:87, 101, 108, 115, or 121; (d) VL-CDRI1 has the amino acid
sequence of SEQ 1D NO:9Z; (¢) VL-CDR2 has the amino acid sequence of SEQ 1D N(G:93;
or {f}y VL-CDR3 has the amino acid sequence of SEQ 1D NO:94. In further aspects, the
ActRIl-binding protein has at least one characteristic selected from the group consisting off
{a)} competes with an ActRI ligand (eg., activin A, activin B, GDFI1, GDF3, GDF¥
{myostatin), GDF11, BMP6, BMP7, BMP9, or BMP10) for binding to ActRIB and/or
ActRITA; (b) decreases the phosphorylation of Smads (e.g., SmadZ and/or Smad3) in cells
expressing ActRIIB and/or ActRIIA in the presence of an ActRUB and/or ActRHA ligand
{e.g., activin A or GDFR); (c) decreases the phosphorylation of ALK4 and/or ALK7 in cells
expressing ActRIB and/or ActRITA and ALK4 and/or ALK?7 in the presence of an ActRIIB
and/or ActRIIA ligand; and (d) binds to ActRIIB and/or ActRIIA with a Kp of <1 oM and >1
pM {e.g., as determined by BIACORE® analysis). In some aspects, the ActRIB and/or
ActRITA-binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the
ActRIIB and/or ActRIIA-binding protein has at least 2 or at least 3 of the above

characteristics.
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in additional aspects, the ActRIl-binding protein specifically binds ActRIB and
ActRIIA and compriscs a sct of CDRs: VH-CDRI, VH-CDR2, VH-CDR3, VL-CDR1, VL-
CDR2, and VL-CDR3, wherein: {a) VH-CDR1 has the amino acid sequence of SEQ 1D
NO:85, 99, 106 or 113; (b} VH-CDR2 has the amino acid segoence of SEQ ID N(O:86, 100,
107, 114, or 120; (¢) VH-CDR3 has the amivno acid sequence of SEQ 1D NO:87, 101, 10§,
115, 0r 121; {d) VL-CDR1 has the amino acid sequence of SEQ 1D NG:92; (¢) VL-CDRZ has
the amino acid sequence of SEQ 1D NO:93; or () VL-CDR3 has the amino acid sequence of
SEQ 1D NO:94. In further aspects, the ActRIl-binding protein has at least one characteristic
selected from the group consisting oft {(a) compeies with an ActRII ligand (e.g., activin A,
activin B, GDF1, GDF3, GDF8 {nyostatin), GDF11, BMP6S, BMP7, BMPY, or BMP1O) for
binding to ActRIIB and/or AciRIIA; (b) decreases the phosphorylation of Smads {e.g., Smad2
and/or Smad3) in cells expressing ActRIB and/or ActRIFA in the presence of an AciRIB
and/or ActRIIA ligand (e.g., activin A or GDF&); (¢) decreases the phosphorylation of ALK4
and/or ALK7 in cells expressing ActRIB and/or ActRITA and ALK4 and/or ALKY in the
presence of an ActRIIB and/or ActRIA ligand; and (d) binds to ActRIB and/or ActRIIA
with a Kp of <l oM and 21 pM (e.g., as determined by BIACORE® analysis). In some
aspects, the ActRHB and/or ActRHA-binding protein has 2, 3, or 4 of the above
characteristics. In some aspects, the ActRIIB and/or ActRIIA-binding protein has at ieast 2 or
at least 3 of the above characteristics.

In additional aspects, the ActRII-binding protein specifically binds AcCtRIA and
comprises a set of CDRs: VH-CDRI, VH-CDR2, VH-CDR3, VL-CDRI, VL-CDR2, and
VL-CDR3, wherein the set of CDRs is identical to, or has a total of one, two, three, tour, five,
$ix, seven, eight, ning, ten, or fewer than ten, amino acid substitutions, deletions, and/or
insertions from a reference set of CDRs in which: {a) VH-CDR1 has the amino acid sequence
of SEQ 1D NO:126; (b) VH-CDR2 has the amino acid sequence of SEQ 1D NO:127; {¢) VH-
CIDR3 has the amino acid sequence of SEQ ID NO:128; (d) VL-CDR1 has the amino acid
sequence of SEQ ID NG:133; (g) VL-CDR2 has the amino acid sequence of SEQ ID NOG:134;
or {f) VL-CDR3 has the amino acid sequence of SEQ ID NO:135. In further aspects, the
ActRIFA-binding protein has at least one characteristic selected from the group consisting of
{a) competes with an ActRUA ligand (2. g, activin A, activin B, GDF1, GDF3, or Nodal); (b)
decreases the phosphorylation of Smads (e.g., Smad2 and/or Smad3) in cells expressing
ActRITA in the presence of an ActRIIA ligand (e.g., activin A); {c} decreases the
phosphorylation of ALK4 and/or ALKT in cclls expressing ActRIA and ALK4 and/or ALK7

in the presence of an ActRIA ligand; and {d) binds to ActRIFA with a Kp of <l nM and = 1
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pM {e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIA-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIFA-binding
protein has at least 2 or at least 3 of the above characteristics.

In further aspecis, the AciRIi-binding protein specifically binds ActRHA and
comprises a set of CDRs: VH-CDRI1, VH-CDR2, VH-CDR3, VL-CDR1, VL-CDR2, and
VL-CDR3, wherein: {(a) VH-CDR1 has the amino acid sequence of SEQ ID NO:126; (b) VH-
CDR2 has the amino acid sequence of SEQ D NO:127; (¢) VH-CDR3 has the amino acid
sequence of SEQ 1D NO:128; (d) VL-CDR1 has the amino acid sequence of SEQ ID
NO:133; (e) VL-CDRZ has the amine acid sequence of SEQ ID NO:134; or () VL-CDR3 has
the amino acid sequence of SEQ 13 N(O:135. In further aspects, the ActRHA-binding protein
has at least one characteristic selected from the group consisting of {a} competes with an
ActRHA ligand (e.g., activin A, activin B, GDFI, GDF3, or Nodal); (b} decreases the
phosphorylation of Smads (e.g., SmadZ and/or Smad3) in cells expressing ActRHA in the
presence of an ActRIIA ligand {e.g,, activin A); (¢} decreases the phosphorylation of ALK4
and/or ALK7 in cells expressing ActRUA and ALK4 and/or ALK7 in the presence of an
ActRITA ligand; and {d) binds to ActRIA with a Kp of <1 nM and > 1 pM {eg., as
determined by BIACORE® analysis). In some aspects, the ActRIIA-binding protein has 2, 3,
or 4 of the above characteristics. In some aspects, the ActRHA-binding protein has at least 2
or at least 3 of the above characteristics.

In some aspects, the ActRIE-binding protein specifically binds ActRIl and comprises a
set of CDRs in which: (a}(1) VH-CDR1 has the amino acid sequence of SEQ D3 NO:3, 17, 23,
29, 35 or 41; (1i) VH-CDRZ has the aming acid sequence of SEQ 1D NO:4, 18, 24, 30, or 36;
(i1} VH-CDR3 has the amino acid sequence of SEQ ID NO:5; (ivy VL-CDRI has the amino
acid sequence of SEQ 1D NO:10; (vy VL-CDRZ2 has the amino acid sequence of SEQ 1D
NO:1; and (vi) VE-CDR3 has the amino acid sequence of SEQ ID NG:12; and wherein the
protein hinds ActRIB; (h){1) VH-CDRI has the amino acid scquence of SEQ 1D NO:64 or
78; {11} VH-CDR2 has the amino acid sequence of SEQ ID NG:65 or 79; (11i) VH-CDR3 has
the amino acid sequence of SEQ ID NO:66 or B0 (ivy VL-CDRI1 has the amino acid
sequence of SEQ 1D NG:71; (v} VL-CDRZ has the amino acid sequence of SEQ 1D NO:72;
and (vi) VE-CDR3 has the amino acid sequence of SEQ 1D NOG:73; and wherein the protein
binds ActRIB; (c}{1) VH-CDRI has the amino acid sequence of SEQ ID NG:3 or 38; (it}
VH-CDR2 has the amino acid sequence of SEQ ID NG:4 or 59; (i) VH-CBRS3 has the
amino acid sequence of SEQ ID N(O:46; (ivy) VL-CDR1 has the amino acid sequence of SEQ
IB NG:51; {vy VL-CDR2 has the amino acid sequence of SEQ ID NO:52; and (vi} VL-CDR3



WO 2017/156488 PCT/US2017/021958

13169]

- 64 -

has the amino acid sequence of SEQ 1D NO:53; and wherein the protein binds ActRUB; {d)(i)
VH-CDRI has the amino acid sequence of SEQ 1D N(O:835, 99, 106, or 113; (i) VH-CDR2
has the amino acid sequence of SEQ 1D NO:86, 100, 107, 114, or 120; (iil) VH-CDR3 has the
amino acid sequence of SEQ ID NO:R7, 161, 108, 115, or 121; {iv) VL-CBR! has the amino
acid sequence of SEQ 1D NO:D2; (v) VL-CDR?2 has the amino acid sequence of SEQ 1D
NO:93; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D N{:94; and wherein the
protein binds ActRIIB and ActRUA; or (e)(1) VH-CDR1 has the amino acid sequence of SEQ
1D NO:126; (i1y VH-CDR?2 has the amino acid sequence of SEQ 1D NO:127; (iii) VH-CDR3
has the amine acid sequence of SEQ ID NO:128; (iv) VL-CDRI has the aming acid sequence
of SEQ 1D NO:133; (v) VL-CDR2 has the amino acid sequence of SEQ D NO:134; and (vi}
VL-CDR3 has the amino acid sequence of SEQ ID NO:135; and wherein the protein binds
ActREA.

In additional aspects, the ActRH-binding protein comprises a set of CDRs in which:
{a){i) VH-CDR]I has the amino acid sequence of SEQ 1D NO:3; (1) VH-CDR2 has the amino
acid sequence of SEQ ID NG:4; (iil) VH-CDR3 has the amino acid sequence of SEQ ID
NO:S; (ivy VL-CDRI has the amino acid sequence of SEQ 1D NO:10; (v) VL-CDRZ2 has the
amino acid sequence of SEQ 1D NO:11; and (vi) VL-CDR3 has the amino acid sequence of
SEQ D NO:12; and wherein the protein binds ActRIIB; (b}iy VH-CDR!I has the amino acid
sequence of SEQ 1D NO:17; (i) VH-CDR2 has the amino acid sequence of SEQ 1D NO:1§;
{iiiy VH-CDR3 has the amino acid sequence of SEQ ID NG:5; (ivy VL-CDR1 has the aming
acid sequence of SEQ 1D NO:10; (v VL-CDR2 has the amino acid sequence of SEQ 1D
NO:11; and (vi) VE-CUDR3 has the amino acid sequence of SEQ ID NG:12; and wherein the
protein binds ActRIIB; (¢)(i) VH-CDRI has the amino acid sequence of SEQ D NO:23; (i)
VH-CDR2 has the amino acid scquence of SEQ 1D NO:24; (iil) VH-CDR3 has the amine
acid sequence of SEQ ID NG:5; (ivy VL-CDRI has the amino acid sequence of SEQ ID
NO:10; (v) VL-CDR2 has the amino acid sequence of SEQ ID NO:11; and (vi) VL-CDR3
has the aming acid sequence of SEQ ID NO:12; and wherein the protein binds ActRUB; (d){(1}
VH-CDRI1 has the amino acid sequence of SEQ 1D NO:29; (i) VH-CDR2 has the amino acid
sequence of SEQ ID NG:30; (i) VH-CDR3 has the amino acid sequence of SEQ 1D NO:5;
{iv) VL-CDR1 has the amino acid sequence of SEQ 1D NO:10; (v VL-CDR2 has the amino
acid sequence of SEQ ID NO:11; and {vi) VL-CDR3 has the amino acid sequence of SEQ 1D
NO:12; and wherein the protein binds ActRIB; ()i} VH-CDRI has the amino acid sequence
of SEQ 1D NO:35; (i) VH-CDR2 has the amino acid sequence of SEQ 1D NO:36; (i) VH-
CDR3 has the amino acid sequence of SEQ ID NG:5; (iv) VL-CDRI has the amino acid
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sequence of SHQ 1D NO:10; (v) VL-CDR2 has the amino acid sequence of SEQ 1D NO:11;
and {vi) VL-CDR3 has the amino acid sequence of SEQ ID NG 12; and wherein the protein
binds ActREB; (){i} VH-CDRI has the amine acid sequence of SEQ 1D NO:41; (i) VH-
CDR2 has the amino acid sequence of SEQ ID NO:1B; (11} VH-CDR3 has the amino acid
sequence of SEQ 1D NO:5; (ivy VL-CDRI has the amino acid sequence of SEQ 1D NO:10;
{v) VL-CDRZ has the amino acid sequence of SEQ 1D NO:11; and (vi) VL-CDR3 has the
amino acid sequence of SEQ 1D NO:12; and wherein the protein binds ActRIB; (g)(i) VH-
CDR1 has the amino acid sequence of SEQ 1D NO:64; (1) VH-CDR2 has the amino acid
sequence of SEQ D NO:65; (i} VH-CDR3 has the amino acid sequence of SEQ} 1D NO:66;
{iv) VL-CDRI has the amino acid sequence of SEQ 1D NO:71; {vy VL-CDRZ has the amino
acid sequence of SEQ ID NO:72; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D
NO:73; and wherein the protein binds ActRIIB; and (h}{(i) VH-CDRI has the amino acid
sequence of SEQ ID NO:78; (it VH-CDRZ has the amino acid sequence of SEQ ID NO:79;
{111y VH-CDR3 has the amino acid sequence of SEQ {13 NO:RO; {iv) VL-CDRI has the amino
acid sequence of SEQ ID NO:71; (v) VL-CDR2 has the amine acid sequence of SEQ ID
NO:T72; and (vi) VE-CDR3 has the amino acid sequence of SEQ ID NO:73; and wherein the
protein binds ActRIIB; (ixi) VH-CDRI1 has the amino acid sequence of SEQ 1D NO:3; (it}
VH-CDR2 has the amino acid scqoence of SEQ ID NG:4; (iil} VH-CDR3 has the amino acid
sequence of SEQ 1D NO:46; (ivy VL-CDRI has the amino acid sequence of SEQ 1D NO:51;
{v) VL-CDRZ has the amino acid sequence of SEQ 1D NO:5Z; and (vi) VL-CDR3 has the
amino acid sequence of SEQ I NO:53; and wherein the protein binds ActRIIB; (5)(i) VH-
CDR1 has the amino acid sequence of SEQ ID NO:S8; (i) VH-CDRZ has the amino acid
sequence of SEQ ID NO:59; (iu) VH-CDR3 has the amino acid sequence of SEQ 1D NO:46;
{iv) VL-CDRI has the amino acid sequence of SEQ 1D NO:51; {vy VL-CDRZ has the amino
acid sequence of SEQ ID NO:32; and (vi) VL-CDR3 has the amino acid sequence of SEQ 1D
NQO:53; and wherein the protein binds ActRHB; (k){(1) VH-CDRI has the amine acid scquence
of SEQ 1D N(O:ES; (i) VH-CDR2Z has the amino acid sequence of SEQ 1D NG:E6; (111) VH-
CDR3 has the amino acid sequence of SEQ 1D NO:E7; (iv) VL-CDR1 has the amino acid
sequence of SEQ 1D NG:92; (v) VL-CDRZ has the amino acid sequence of SEQ 1D NO:93;
and (vi) VE-CDR3 has the amino acid sequence of SEQ 1D NO:94; and wherein the protein
binds ActRIIB and ActRIIA; (13() VH-CDRI1 has the amino acid sequence of SEQ ID
N(:99; (i) VH-CDR2 has the amino acid sequence of SEQ ID NG:106; (1) VH-CDR3 has
the amino acid sequence of SEQ 1D NO:101; (iv) VL-CDRI has the amino acid sequence of

SEQ ID NO:92Z; (v) VL-CDBR2 has the amino acid sequence of SEQ ID NO:93; and (vi) VL-
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CDR3 has the amino acid sequence of SEQ 1D NO:94; and wherein the protein binds
ACtRIIB and AGRIIA; {m){i) VH-CDRI has the amino acid sequence of SEQ 1D NOG:106;
{iiy VH-CDR2 has the amino acid sequence of SEQ 1D NO:107, (iil) VH-CDR3 has the
amino acid sequence of SEQ ID NGO 108; (v VL-CERI has the amino acid sequence of SEQ
1D NG:92; (vy VL-CDR2 has the amino acid sequence of SEQ 1D NO:93; and (vi) VL-CDR3
has the amino acid sequence of SEQ ID NO:94; and wherein the protein binds ActRIIB and
ActRITA; (n)(1) VH-CDRI has the amino acid sequence of SEQ ID NO:113; (i) VH-CDR2
has the amino acid sequence of SEQ 1D NO:114; (i) VH-CDR3 has the amine acid sequence
of SEQ I NO:115; (ivy VL-CDRI has the amino acid sequence of SEQ 1D NO:92Z; {vy VL-
{CDR2 has the amino acid sequence of SEQ 1D NO:93; and (vi) VL-CDR3 has the amine acid
sequence of SEQ ID NO:94; and wherein the protein binds ActRIB and ActRIA; or (0)(3)
VH-CDRI has the amino acid sequence of SEQ D NO:113; (ii) VH-CDRZ has the amino
acid sequence of SEQ ID NO:120; (i) VH-CDR3 has the amino acid sequence of SEQ 1D
NO:121; (iv) VL-CDRI has the amino acid sequence of SEQ I3 NO:92; (v) VL-CDRZ has
the amino acid sequence of SEQ 1D N(G:93; and (vi}) VL-CDR3 has the amino acid sequence
of SEQ ID N(O:94; and wherein the protein binds ActRIB and AciRIIA.

In some aspects an ActRIE-binding protein comprises 3 VH-CDBR3 or a VL-CDR3
sequence disclosed herein. In further aspects, the ActRIl-binding protein comprises a VH-
CDR3 or 2 VL-CDR3 sequence disciosed in Table 1. In some aspects an ActRIl-binding
protein comprises a VH-CDR3 and a VL-CDR3 sequence disclosed herein. In further aspects,
the ActRIl-binding protein conprises a VH-CDR3 and a VL-CDR3 sequence disclosed in
Table 1.

in further aspects, the disclosure provides an ActRIIB-binding protein comprising a
VH-CDR3 baving the amino acid sequence of SEQ H3 NO:5, 46, 66, or 80. In some aspects,
the ActRIIB-binding protein comprises a VH-CDR3 having the amino acid sequence of SEQ
1D NG5, In further aspects the ActRIEB-binding protein comprises a VH-CDR3 having the
amnino acid sequence of SEQ ID NO:S and a VH-CDR2 having the amino acid sequence of
SEQ D N4, 18, 24, 30, or 36. In further aspects, the AcitRIIB-binding protein comprises a
VH-CDR3 having the aming acid sequence of SEQ ID NO:3, a VH-CDR?2 having the amino
acid sequence of SEQ 1D NO4, 18, 24, 30, or 36, and a VH-CDR1 having the amino acid
sequence of SEQ 1D NO:3, 17, 23, 29, 35, or 41. In some aspeets, the ActRIIB-binding
protein comprises a VH-CDR3 having the amino acid sequence of SEQ ID NO:46. In further
aspects the ActRIIB-binding protein comprises 3 VH-CDR3 having the amino acid sequence

of SEQ ID NO:46 and a VH-CDR2 having the amino acid sequence of SEQ ID NOG:4 or 59.
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In further aspects, the ActRIIB-binding protein comprises a VH-CDR3 having the amine acid
sequence of SEQ D NO46, a VH-CDR2Z having the amino acid sequence of SEQ ID NO:4
or 59, and a VH-CDRI having the amine acid sequence of SEQ ID NO:3 or 58. In some
aspects, the ActRIIB-binding protein comprises a VH-CDR3 having the amino acid sequence
of SEQ 1D NO:66. In fwrther aspects the ActRUB-binding protein comprises a VH-CDR3
having the amino acid sequence of SEQ ID NO:66 and a VH-CDRZ having the amino acid
sequence of SEQ 1D NOG:65. In further aspects, the ActRHB-binding protein comprises a
VH-CDR3 having the amino acid sequence of SEQ H3 NO:66, a VH-CDRZ having the amino
acid sequence of SEQ D NO:65, and a VH-CDRI1 having the amino acid seguence of SEQ
1D NOG:64. In some aspects, the ActRHB-binding protein comprises 2 VH-CDBR3 having the
amino acid sequence of SEQ 1D NO:80. In further aspects the ActRIIB-binding protein
comprises a VH-CDR3 having the anune acid sequence of SEQ 1D NO:80 and a VH-CDR2
having the amino acid sequence of SEQ ID NO:79. In further aspects, the ActRIIB-binding
protein comprises a VH-CDR3 having the amino acid sequence of SEQ 1D NG:80, a VH-
CDRZ2 having the amino acid sequence of SEQ I NO:79, and a VH-CBR1 having the amino
acid sequence of SEQ D NO:78. In further aspects, the ActRIIB-binding protein has at least
one characteristic selected from the group consisting of (&) competes with an ActRY ligand
{e.g., activin A, activin B, GDF1, GDF3, GDFE {myostatin}, GDF11, BMP6, BMP7, BMPY,
or BMP10) for binding to ActRUEB; (b) decreases the phosphorylation of Smads {e.g., Srmad2
and/or Smad3) in cells expressing ActRIIB in the presence of an ActRIEB ligand (e.g., activin
A or GDFR); {c) decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing
ActRIIB and ALK4 and/or ALKT in the presence of an ActRIIB ligand; and {(d) binds to
ActRIB with a Kp of <1 nM and =1 pM (e.g., as determined by BIACORE® analysis). in
some aspects, the ActRIIB-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRI{B-binding protein has at least 2 or at least 3 of the above characteristics.

In further aspects, the disclosure provides an ActRIIB-binding protein comprising a
VL-CDR3 having the amino acid sequence of SEQ D NO:12, 53, or 73. In some aspects, the
ActRIIB-binding protein comprises a VE-CDR3 having the amino acid sequence of SEQ 1D
NO:12. In further aspects the ActRIIB-binding protein comprises a VL-CDR3 having the
amino acid sequence of SEQ 1D NO:12 and a VL-CDR2 having the amino acid sequence of
SEQ ID NO:11. In further aspects, the ActRIIB-binding protein comprises a VL-CDR3
having the amino acid sequence of SEQ ID NO:i2, a VL-CDRZ having the amino acid
sequence of SEQ ID NO:11, and a VL-CDR] having the amine acid sequence of SEQ ID
NO:10. In some aspects, the ActRIHB-binding protein comprises a VL-CDR3 having the
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amino acid sequence of SEQ I3 NO:53 In further aspects the ActRUB-binding protein
comprises a VL-CDR3 having the amino acid sequence of SEQ 1D NO:53 and a VL-CDR2
having the amino acid sequence of SEQ 1D NO:52. In further aspects, the ActRIIB-binding
protein comprises a VL-CDR3 having the amino acid sequence of SEQ {D NO:53, a VL-
CDR2 having the amino acid sequence of SEQ ID NG:52, and a VL-CDR1 having the amino
acid sequence of SEQ 1D NO:51. In some aspects, the ActRIIB-binding protein comprises a
VL-CDR3 having the amino acid sequence of SEQ 1D NO:73. In fwrther aspects the ActRIIB-
binding protein comprises a VE-CDR3 having the amino acid sequence of SEQ 1D NO:73
and a VL-CDRZ having the amino acid sequence of SEQ 1D NO:72. In fwther aspects, the
ActRIIB-binding protein comprises a VL-CDR3 having the amino acid sequence of SEQ 1D
NO:73, a VL-CDRZ2 having the amino acid segquence of SEQ ID NO:72, and a VL-CDR]
having the amino acid sequence of SEQ 1D NO:71. In further aspects, the ActRIB-binding
protein has at least one characteristic selected from the group consisting of (a) competes with
an ActRIT ligand (e.g., activin A, activin B, GDF1, GDF3, GDF8 (myostatin), GDF11,
BMP6, BMP7, BMP9, or BMP10) for binding to ActRHB; (b) decreases the phosphorylation
of Smads {(e.g., Smad2 and/or Smad3) in cells expressing ACtRIIB in the presence of an
ActRIIB ligand (e.g., activin A or GDFE); {¢) decreases the phosphorylation of ALK4 and/or
ALKT7 in cells expressing ActRIB and ALK4 and/or ALK7 mn the presence of an ActRIIB
figand; and (d} hinds to ActRHB with a Kp of <1 nsM and >1 pM (e.g, as determined by
BIACORE® analysis). In some aspects, the ActRIIB-binding protein has 2, 3, or 4 of the
above characteristics. In some aspects, the ActRIB-binding protein has at least 2 or at least 3
of the above characteristics.

in further aspects, the disclosure provides an AciRIB- and/or ActRIIA-binding
protein comprising a VH-CDR3 baving the aming acid sequence of SEQ HD NO:87, 101, 108,
115, or 121, In further aspects, the ActRIl-binding protein comprises a VH-CDR3 having the
amino acid sequence of SEQ 1D NO:R7, 101, 108, 115, or 121, and a VH-CDRZ having the
amino acid sequence of SEQ IB NO:&6, 100, 107, 114, or 120, In further aspects, the ActRIE-
binding protein comprises a VH-CDR3I having the amino acid sequence of SEQ 1D NO:R7,
101, 108, 115, or 121, a VH-CDR2 having the amino acid sequence of SEQ ID NG:86, 100,
107, 114, or 120, and a VH-CDRI having the amino acid sequence of SEQ 1D NO:85, 99,
106 or 113. In some aspects, the ActRHB- and/or ActRIA binding protein comprises a VH-
CDR3 having the amino acid sequence of SEQ ID NO:87. In further aspects the ActRIIB-
and/or ActRITA binding protein comprises a VH-CDR3 having the amino acid sequence of

SEQ ID NO:87 and a VH-CDR2 having the amino acid sequence of SEQ ID NO:86. in



WO 2017/156488 PCT/US2017/021958

- 66 -

further aspects, the ActRUB- and/or ActRIA-binding protein comprises a VH-CDR3 having
the amino acid sequence of SEQ 1D NO:87, a VH-CDRZ having the amino acid sequence of
SEQ 1D NO:86, and a VH-CDR] having the amino acid sequence of SEQ D NO:ES, In some
aspects, the ActRIIB- and/or ActRIIA-binding protein comprises a VH-CDR3 having the
amino acid sequence of SEQ 1D NO:101. 1o further aspects the ActRIB- and/or ActRIIA-
binding protein comprises a VH-CDR3 having the amino acid sequence of SEQ 1D NO:101
and a VH-CDRZ having the amino acid sequence of SEQ 1D NGO:100. 1o further aspects, the
ActRUB- and/or ActRUEA-binding protein comprises a VH-CDR3 having the amino acid
sequence of SEQ ID NO:101, a VH-CDR2 having the amino acid sequence of SEQ ID
NO:100, and a VH-CDBRI haviog the amino acid sequence of SEQ HI NO:99. In some
aspects, the ActRIIB- and/or ActRIIA-binding protein comprises a VH-CDR3 having the
amino acid sequence of SEQ I3 NO:108. In further aspects the ActRUB- and/or ActRIJA-
binding protein comprises a VH-CDR3 having the amino acid sequence of SEQ 1D NO:108
and a VH-CDRZ having the amino acid sequence of SEQ 1D NO:107. 1o further aspects, the
ActRIIB- and/or ActREIFA-binding protein comprises a VH-CDR3 having the amino acid
sequence of SEQ ID NO:108, a VH-CDR2 having the amino acid sequence of SEQ ID
NO:107, and a VH-CDR1 having the amino acid sequence of SEQ ID NCG:106. In some
aspects, the ActRIIB- and/or ActRIIA-binding protein comprises a VH-CDR3 having the
amino acid sequence of SEQ I3 NO:115. In further aspects the ActRUB- and/or ActRIJA-
binding protein comprises a VH-CDR3 having the amino acid sequence of SEQ 1D NO:115
and a VH-CDRZ having the amino acid sequence of SEQ 1D NO:114. 1o further aspects, the
ActRIIB- and/or ActREIFA-binding protein comprises a VH-CDR3 having the amino acid
sequence of SEQ 1D NO:115, a VH-CDR2 having the amino acid sequence of SEQ 1D
NO:114, and a VH-CDR] having the amino acid sequence of SEQ ID NO:113. In forther
aspects, the ActRIIB- and/or ActRIIA-binding protein comprises a VH-CDR3 having the
amino acid sequence of SEQ 1D NO:121, a VH-CDR2 having the amino acid sequence of
SEQ 1D NO:120, and a VH-CDRI having the amino acid sequence of SEQ ID NOG:113. in
further aspects, the ActRi-binding protein has at least one characteristic selected from the
group consisting of: {a) competes with an ActRH ligand (e.g., activin A, activin B, GDFI,
GDF3, GDFE (myostatin, GDF11, BMP6, BMP7, BMP9, or BMP10) for binding to ActRIIB
and/or ActRIIA; (b) decreases the phosphorylation of Smads (e.g., Smad2 and/or Smad3) in
cells expressing ActRIIB and/or ActRIIA in the presence of an ActRIB and/or ActRIIA
ligand {e.g., activin A or GDFE&); {¢) decreases the phosphorylation of ALK4 and/or ALK7 in

cells expressing ActRIIB and/or ActRIIA and ALE4 and/or ALK7 in the presence of an



WO 2017/156488 PCT/US2017/021958

#3274}

[6175]

Z70 -

ActRIB and/or ActRIIA ligand; and {d) binds to ActRIB and/or ActRIIA with a Kp of <1
nM and =1 pM (e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIB
and/or ActREHA-binding protein has 2, 3, or 4 of the above characteristics. In some aspects,
the AciRIB and/or ActRIIA-binding protein has at least 2 or at least 3 of the above
characteristics.

In further aspects, the disclosure provides an ActRIB- and/or ActRIIA-binding
protein comprising a VL-CDR3 having the amino acid sequence of SEQ 1D NO:94. {n some
aspects, the ActRHUB- and/or ActRIIA-binding protein comprises a V0L-CDR3 having the
amnino acid sequence of SEQ ID NO:94 and a VL-CDR2 having the amino acid sequence of
SEQ 1D NO:©93, In further aspects, the ActRIB-binding protein comprises a VL-CDR3
having the amino acid sequence of SEQ ID NO:%4, a VL-CDRZ having the amino acid
sequence of SEQ I NO:93, and a VL-CDR] having the amine acid sequence of SEQ ID
NO:92. In further aspects, the ActRil-binding protein has at least one characteristic selected
from the group consisting of (a} competes with an ActRIl ligand {e.g., activin A, activin B,
GDF1, GDF3, GDFE (myostatin), GDF11, BMP6, BMP7, BMP9, or BMP10) for binding to
ActRIIB and/or ActRIIA; (b) decreases the phosphorylation of Smads (e.g., Smad2 and/or
Smad3) in cells expressing ActRIIB and/or ActRIIA in the presence of an ActRUB and/or
ActRITA ligand (e.g., activin A or GDF8); (¢} decreases the phosphorylation of ALK4 and/or
ALKT in cells expressing ActRIB and/or ActRIA and ALK4 and/or ALKY7 in the presence
of an ActRIIB and/or ActRIIA ligand; and {d} binds to ActRHUB and/or ActRUA with a Kp of
<1 oM and =1 pM (eg, as determined by BIACORE® analysis). In some aspects, the
ActRIIB and/or ActRIFA-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRIB and/or ActRIIA-binding protein has at least 2 or at least 3 of the above
characteristics.

In further aspects, the disclosure provides an ActRIIB- and/or ActRIIA-binding
protein comprising a VH-antigen binding domain 3 (ABD3) having the amine acid sequence
of SEQ ID NO:142. In further aspects, the ActRIf-binding protein comprises a VH-ABD3
having the amino acid sequence of SEQ ID NO:142 and a VH-antigen binding domain 2
(VH-ABD?Z) having the amino acid sequence of SEQ ID NOG:141. In further aspects, the
ActRII-binding protein comprises a VH-ABD3 having the amino acid sequence of SEQ 1D
NO:133, a VH-ABD2 having the amino acid sequence of SEQ 1D NO:141, and a VH-antigen
binding domain 1 (VH-ABD1) having the amino acid sequence of SEQ 1D NG:140. In further
aspects, the ActRUB- and ActRUA-binding protein has at least one characteristic sclected

from the group consisting of {a) competes with an ActRII ligand (e.g., activin A, activin B,
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GDF1, GDF3, GDF8 (myostatin), GDF11, BMP6, BMP7, BMP9, or BMP10) for binding to
ActRIIB or ActRIIA; (b) decreases the phosphorylation of Smads (e.g., Smad2 and/or
Smad3) in cells expressing ActRIIB and/or ActRIIA in the presence of an ActRUB and/or
ActRITA ligand (e.g., activin A); (¢} decreases the phosphorylation of ALK4 and/or ALK7 in
cells expressing ActRUB and/or ActRUA and ALK4 and/or ALK7 in the presence of an
ActRIIB and/or ActRIIA ligand; and {d) binds to ActRHUEB and/or ActRIIA with a Kp of <1
nM and > 1 pM {e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIB-
and ActRHA-binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the
ActRIIB- and ActRIIA-binding protein has at least 2 or at least 3 of the above characteristics.

In frther aspects, the disclosure provides an ActRUA-binding protein comprising a
VH-CDR3 having the amuino acid sequence of SEQ ID NO:128. In further aspects, the
ActRU-binding protein comprises a VH-CDR3 baviang the amino acid sequence of SEQ ID
NO:128 and a VH-CDRZ having the amino acid sequence of SEQ ID NO:127. In further
aspects, the ActRIf-binding protein comprises a VH-CDR3 having the amivo acid sequence
of SEQ ID NO:128&, a VH-CDR?2 having the amino acid sequence of SEQ ID N(O:127, and a
VH-CDRI having the amino acid sequence of SEQ ID NO:126. In further aspects, the
ActRIIA-binding protein has at least one characteristic selected from the group consisting of
{a} compeies with an ACtRIIA ligand (e.g., activin A, activin B, GDF1, GDF3, or Nodal); (b}
decreases the phosphorylation of Smads {e.g., Smad?2 and/or Smad3) in cells expressing
ActRIA in the presence of an ActRHA ligand (e.g, activin A}, (¢} decreases the
phosphorylation of ALK4 and/or ALK7 in cclis expressing ActRUA and ALK4 and/or ALK7Y
in the presence of an ActRIIA ligand; and (d) binds to ActRIA with a Kp of <1 sM and > 1
pM {e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIA-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRUA-binding
protein has at least 2 or at least 3 of the above characteristics.

in further aspects, the disclosure provides an ActRIIA-binding protein comprising a
VL-CDR3 having the amino acid sequence of SEQ ID NO:135. In further aspects, the
ActRIl-binding protein comprises a VL-CDR3 having the amino acid sequence of SEQ 1D
NO:135 and a VL-CDRZ having the amino acid sequence of SEQ ID NO:134. In further
aspects, the ActRI-binding protein comprises a VL-CDE3 having the amino acid sequence of
SEQ ID NOG:135, a VL-CPR2 having the amino acid sequence of SEQ 1D NO:134, and a VL-
CDR1 having the amino acid sequence of SEQ D NO:133. In further aspects, the ActRIA-
binding protein has at least one characteristic sclected from the group copsisting of (a)

competes with an ActRIIA ligand (e.g, activin A, activin B, GDFI, GDF3, or Nodal); (b)
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decreases the phosphorylation of Smads {e.g., Smad?2 and/or Smad3) in cells expressing
ActRITA in the presence of an ActRIA ligand (e.g, activin A}; (c) decreases the
phosphorylation of ALK4 and/or ALKY7 in cells expressing ActRHA and ALK4 and/or ALK7
in the presence of an ActRIIA ligand; and {d) binds to ActRIIA with a Kp of <l nsM and > §
pM {e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIA-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIFA-binding
protein has at least 2 or at least 3 of the above characteristics.
in some aspects an ActRi-binding protein comprises a VH or a VL which has a total
of one, two, three, four, five, six, sgven, gight, nine, ten, fewer than fifteen, or zere, amino
acid substitutions, deletions, and/or insertions compared to a reference VH or VL disclosed
herein. In further aspects, the ActRII-binding protein comprises a VH or a VL which has a
total of one, two, three, four, five, six, scven, eight, nine, ten, fower than fifteen, or zero,
amino acid substitutions, deletions, and/or insertions compared to a reference VH or VL
disclosed in Table 1. In some aspects an ActRIl-binding protein comprises a VH and a VL
pair which has a total of one, two, three, tour, five, six, seven, cight, nine, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions compared 1o a reference
VH and VL0 pair disclosed herein. In further aspects, the ActR}-binding protein comprises a
VH and VL pair which has a total of one, two, three, foar, five, six, seven, eight, nine, ten,
fewer than fificen, or zero, amino acid substittions, deletions, and/or insertions compared to
a reference VH and VL pair disclosed in Table 1
In some aspects, the ActRII-binding protein comprises a VH and a VL pair selecied
from the group consisting oft (a)(i) a VH sequence having a total of one, two, three, four,
five, six, seven, eight, nine, ten, fower than fifteen, or zero, amine acid substitutions,
deletions, and/or insertions from a reference VH sequence selected from the group cousisting
of SEQ 1D NG:2, 16, 22, 28, 34, or 40, and (31) 2 VL sequence having a total of one, two,
three, four, five, six, seven, cight, nine, ten, fewer than fifteen, or zero, amino acid
substitutions, deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:9, and
herein the protein binds ActRIB; (bY1) a VH sequence having a total of one, two, three,
four, five, six, scven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VH scquence of SEQ ID NO:45 or 57, and (i) a
VL sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a reference
VL sequence of SEQ ID NO:50, and whercin the protein binds ActRUB; ()i} 2 VH

sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten, fower than
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fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VH
sequence of SEQ I NO:63 or 77, and (31} a VL sequence having a total of one, two, three,
four, five, six, sgven, ecight, nine, ten, fewer than fifteen, or zero, amine acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NG:70, and wherein the
protein binds ActRIIB; (d}i) a VH sequence having a total of one, two, three, four, five, six,
seven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or
insertions from a reference VH sequence selected from the group consisting of SEQ 1D
NO:84, 98, 105, 112, or 119, and (ii) a VL sequence having a total of one, two, three, four,
five, six, seven, eight, nine, ten, {ower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:91, and wherein the
protein binds ActRIIB and ActRIIA; and (e}{(i) 2 VH sequence having a total of one, two,
three, four, five, six, seven, cight, nine, ten, fewer than fifteen, or zero, amino acid
substitutions, deletions, and/or insertions from a reference VH sequence of SEQ 1D NO:125,
and (i1) a VL sequence having a total of one, two, three, four, five, six, seven, cight, nine, ten,
fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VL of SEQ ID NO:132, and wherein the protein binds ActRIIA.

In some aspects, the ActRIF-binding protein comprises a VH and a VL pair having {i}
a VH sequence having a total of one, two, three, four, five, six, seven, cight, nine, ten, fower
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ 1D NO:144, and (ii) a VL sequence having a total of one, two, three,
four, five, six, sgven, eight, nine, ten, fewer than fifteen, or zero, aming acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:151, and the protein
binds ActRIIB.

In some aspects, the ActRIF-binding protein comprises a VH and a VL pair having {i}
a VH sequence having a total of one, two, three, four, five, six, seven, cight, nine, ten, fower
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ ID NO: 165, and (i) a VL sequence having a total of one, two, three,
four, five, six, sgven, eight, nine, ten, fewer than fifteen, or zero, aming acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:172, and the protein
binds ActliRA and ActRHRB.

In a further aspect, the ActRII-binding protein comprises a VH and a VL pair where
the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc

VH seqguence of SEQ 1D NG:2; and the VL sequence has a total of ong, two, three, four, five,
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six, sgven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions,
and/or insertions from a reference VL sequence of SEQ ID NO:9; and wherein the protein
binds ActRIIB; {b) the VH scquence has a total of one, two, three, four, five, six, seven, cight,
ning, ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions
from a reference VH sequence of SEQ D NO:16; the VL sequence has a total of one, two,
three, four, five, six, seven, ecight, nine, ten, fewer than fifteen, or zere, amino acid
substitutions, deletions, and/or insertions from a reference VL sequence of SEQ ID NO:9; and
wherein the protein binds ActRIB,; (¢) the VH sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, {ower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VH sequence of SEQ > NO:i22; and the VL
sequence has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VL
sequence of SEQ ID NO:9; and wherein the protein binds ActRIIB; (d} the VH segquence has
a total of one, two, three, four, five, six, seven, eight, nine, teu, fewer than fifteen, or zero,
amino acid substitutions, deletions, and/or insertions from a reference VH sequence of SEQ
IB NO:Z3; and the VL sequence has a total of one, two, three, four, five, six, seven, cight,
nine, ten, fewer than fificen, or zero, amino acid substitutions, deletions, and/or insertions
from a reference VL sequence of SEQ ID NO:9; and wherein the protein binds ActRHB; (e}
the VH sequence has a total of one, two, three, four, five, six, sgven, cight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a reference
VH sequence of SEQ ID NO:34; and the VL sequence has a total of one, two, three, four,
five, six, seven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:9; and wherein the
protein hinds ActRUB; (fy the VH sequence has a total of one, two, three, four, five, six,
seven, eight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or
insertions from a reference VH sequence of SEQ ID NOG:40; and the VL sequence has a total
of one, two, three, four, five, six, sgven, gight, nine, ten, fewer than fifteen, or zere, amino
acid substitutions, deletions, and/or insertions from a reference VL sequence of SEQ ID
NO:9; and wherein the protein binds ActRIB; (g) the sequence has a total of one, two, three,
four, five, six, seven, eight, nine, ten, fewer than fifteen, or zero, amine acid substitutions,
deletions, and/or insertions from a reference VH sequence of SEQ ID NO:45; and the VL
sequence has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VL

sequence of SEQ ID NO:50; wherein the protein binds ActRIR; (h} the VH sequence has a
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total of one, two, three, four, five, six, sgven, eight, nine, ten, fower than fifteen, or zero,
amino acid substitations, deletions, and/or insertions from a reference VH sequence of SEQ
ID NO:57; and the VL sequence has a total of one, two, three, four, five, six, seven, eight,
ning, ten, fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions
from a reference VL sequence of SEQ 1D NO:30; wherein the protein binds ActRIIB; (i) the
VH sequence has a total of one, two, three, four, five, six, seven, cight, ning, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VH
sequence of SEQ 1D NO:63; and the VL sequence has a total of one, two, three, four, five
six, sgven, eight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions,
and/or insertions from a reference VL sequence of SEQ 1D NO:70; and wherein the protein
binds ActRIIB; (§) the VH sequence has a total of one, two, three, four, five, six, seven, eight,
nine, ten, fower than fifieen, or zero, amino acid substitutions, deletions, and/or insertions
from a reference VH sequence of SEQ ID NO:77; and the VL sequence has a total of one,
two, three, four, five, six, seven, cight, nine, ten, fewer than fiftcen, or zero, amine acid
substitutions, deletions, and/or insertions from a reference VL sequence of SEQ ID NO:70;
and wherein the protein binds ActRIB; (k) the sequence has a total of one, two, three, four,

five, six, seven, eight, nine, tcn, fower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VH sequence of SEQ ID NO:84; and the VL
sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VL
sequence of SEQ 1D NO:91; wherein the protein binds ActRIIB and AciRIIA; (1) the VH
sequence has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VH

sequence of SEQ D NO:98; and the VL sequence has a total of one, two, three, four, five,

o

ix, sgven, eight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions,
and/or insertions from a reference VL sequence of SEQ ID NO:91; wherein the protein binds
ActRIIB and ActRUA; (m} the VH seqguence has a total of one, two, three, four, five, six,
seven, eight, nine, ten, fewer than fiftecn, or zero, amino acid substitutions, deletions, and/or
insertions from a reference VH sequence of SEQ 1D NO:105; and the VL sequence has a total
of one, two, three, four, five, six, seven, gight, nine, ten, fower than fifteen, or zero, amino
acid substitutions, deletions, and/or insertions from a reference VL sequence of SEQ 1B
N:91; and wherein the protein binds ActRIIB and AciRIIA; {(n) the VH sequence has a total
of one, two, three, four, five, six, scven, cight, nine, ten, fower than fifteen, or zero, amino

acid substitutions, deletions, and/or insertions from a reference VH sequence of SEQ ID
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NO:112; and the VL sequence has a total of one, two, three, four, five, six, scven, cight, nine,
ten, fewer than fifteen, or zero, aming acid substitutions, deletions, and/or insertions from a
refevence VL sequence of SEQ 1D NO:9I; and whercin the protein binds ActRIB and
ActRITA; (o) the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine
ten, fewer than fifteen, or zere, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence of SEQ 1D NG:119; and the VL sequence has a total of one, two,
three, four, five, six, seven, ecight, nine, ten, fewer than fifteen, or zero, amino acid
substitutions, delctions, and/or insertions from a reference VL sequence of SHQ 1D NO:91;
and wherein the protein binds ActRIHB and ActRIIA; or (p) the VH sequence has a total of
one, two, three, four, five, six, seven, cight, nine, ten, fewer than fificen, or zero, amino acid
substitutions, deletions, and/or insertions from a reference VH sequence of SEQ 1D NO:12
and the VL sequence has a total of one, two, three, four, five, six, seven, cight, nine, ten,
ewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VL sequence of SEQ 1D NO:132; and wherein the protein binds ActRIHA.

In a further aspect, the ActRII-binding protein comprises a VH and a VL pair wherein
the VH seguence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, delctions, and/or insertions from a reference
VH sequence of SEQ 1D NO:144; and the VL seguence has a total of one, two, three, four,
five, six, seven, cight, nine, ten, fower than fificen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ ID NO:151, and wherein
the protein binds ActRIB.

In a further aspect, the ActRII-binding protein comprises a VH and a VL pair wherein
the VH sequence has a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, delctions, and/or insertions from a reference
VH sequence of SEQ ID NO:165; and the VL sequence has a total of one, two, three, four,
five, six, seven, cight, nine, ten, fower than fificen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ [D NG:172, and wherein
the protein binds ActliRA and ActRIIB,

In some aspects an ActRIl-binding protein comprises a VH or a VL which has at least
90%, 95%, 97%, 98%, or 49% sequence identity to a reference VH or VL disclosed herein.
In further aspects,, the ActRI-binding protein comprises a VH or a VL which has at least
80%, 35%, 97%, 98%, or 99% sequence identity to a reference VH or VL disclosed in Table
1. In soroe aspects an ActRIE-binding protein comprises a VH and VL which has at least 90%,

5%, 87%, 98%, or 99% sequence identity to a reference VH and VL disclosed herein. In
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further aspects, the ActRil-binding protein comprises a VH and VL which has at least 90%,
35%, 97%, 98%, or 99% scquence identity to a reference VH and VL disclosed in Table 1. In
further aspects, the ActREB-binding protein has at least one characteristic selected from the
group consisting oft {a} competes with an ActRI higand (eg., activin A, activin B, GDFI,
GDF3, GDFE (myostatin), GDF11, BMP6, BMP7, BMP9Y, or BMP10) for binding to ActRI;
{b) decreases the phosphorylation of Smads {e.g., Smad2 and/or Smad3) in cells expressing
ActRIT in the presence of an ActRI ligand {e.g., activin A or GDFE); {¢) decreascs the
phosphorylation of ALK4 and/or ALK7 in celis expressing AciRIE and ALK4 and/or ALKT
n the presence of an ActRIl ligand; and (d) binds to ActRI with a Kp of <1 oM and =1 pM
{e.g., as determined by BIACORE® analysis). 1o some aspects, the ActRIk-binding protein
has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIl-binding protein has at
ieast 2 or at least 3 of the above characteristics.

In some aspects, the ActRIE-binding protein specifically binds ActRIl and comprises a
VH and a VL pair selected from the group consisting oft {a)(i) a VH having at least 90%,
95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:2, 16, 22, 28, 34, or 40, and (ii} a
VL having at least 90%, 85%, 87%, 98%, or 99% scquence identity to SEQ ID N(O:9, and
wherein the protein binds ActRIB; (b)(1) a VH having at teast 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ ID NO:45 or 57, and (i1} a VL having at least 90%, 95%, 97%,
98%, or 99% sequence identity to SEQ 1D NO:50, and wherein the protein binds AciRIIB;
{c){i) a VH having at least 9%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NG:63
or 77, and {ii) a VL having at least 90%, 35%, 97%, 98%, or 99% sequence identity to SEQ
1P NO:70, and wherein the protein binds ActRIIB; {d}i}) a VH having the amino acid
sequence of SEQ 1D NO:84, 98, 105, 112, or 119, and (ii} a VL having the amino acid
sequence of SHQ 1D NO:91, and wherein the protein binds ActRIIB and ActRUA; and {2){i} a
VH having at least 90%, 93%. 97%, 98%, or 99% sequence identity to SEQ 1D NO:125, and
(it & VL having at least 90%, 95%, 37%, 98%, or 99% sequence identity to SEQ D NG:132,
and wherein the protein binds ActRIIA. In further aspects, the ActRIIB-binding protein has at
least one characteristic selected from the group consisting oft (a) competes with an ActRI
ligand (e.g., activin A, activin B, GDF1, GDF3, GDFS (myostating, GDF1 1, BMP6, BMP7,
BMP9, or BMP10) for binding to ActRIL; (b) decreases the phosphorylation of Smads {e.g.,
Smad? and/or Smad3} in cells expressing ActRII in the presence of an ActRII ligand {(e.g.,
activin A or GDF8); (¢} decreases the phosphorylation of ALK4 and/or ALK7 in cells
expressing ActRIE and ALK4 and/or ALK7 in the presence of an ActRY ligand; and (d) binds
to ActRH with a Kp of <1 nM and 21 pM (e.g., as determined by BIACORE® analysis). in
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some aspects, the ActRII-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRII-binding protein has at least 2 or at least 3 of the above characteristics.

In some aspects, the ActRI-binding protein binds ActRIIB and comprises a VH and
VL pair sclected from (i} a VH having at least 90%, 95%, 97%, 98%, or 99% sequence
identity to SEQ 1D NO:144, and (i) a VL having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ ID NO:151, and the protein binds ActRUB. In further aspects, the
ActRIIB-binding protein has at least one characteristic selected from the group consisting of:
(a) competes with an ActRIl ligand (e.g., activin A, activin B, GDFI, GDF3, GDF¥
{myostatin}, GDF11, BMP6, BMP7, BMPY, or BMP10) for binding to AciRI; (b) decreases
the phosphorylation of Smads (e.g., Smad2 and/or Smad3) in cells expressing ActRIU in the
presence of an ActRII ligand (e.g., activin A or GDF8); (¢} decreases the phosphoryiation of
ALK4 and/or ALK in cells expressing ActRE and ALK4 and/or ALK7 in the presence of an
ActRII ligand; and (d) binds to ActRII with a Kp of <1 nM and >1 pM {e.g., as determined by
BIACORE® analysis). In some aspects, the ActRi-binding protein has 2, 3, or 4 of the above
characteristics. In some aspects, the ActRI-binding protein has at least 2 or at least 3 of the
above characteristics.

In some aspects, the ActRU-binding protein binds ActRUB and comprises a VH
having at least S0%, 955, 97%, 98%, or Y9% sequence identity to SEQ ID NG 165, and (i) a
VL having at least 90%, 95%, 97%, 98%, or 99% sequence identify to SEQ ID NO:172, and
the protein binds ActlIRA and ActRIIB. In further aspects, the ActRIl-binding protein has at
least one characteristic selected from the group consisting oft (a) competes with an ActRI
ligand (e.g., activin A, activin B, GDF1, GDF3, GDFS (myostating, GDF1 1, BMP6, BMP7,
BMP9, or BMP10) for binding to ActRIL; (b) decreases the phosphorylation of Smads {e.g.,
Smad? and/or Srad3) o cells expressing ActRH in the presence of an ActRI] ligand {e.g,
activin A or GDF8); (¢} decreases the phosphorylation of ALK4 and/or ALK7 in cells
expressing ActRIE and ALK4 and/or ALK7 in the presence of an ActRY ligand; and (d) binds
to ActRH with a Kp of <1 nM and 21 pM (e.g., as determined by BIACORE® analysis). in
some aspects, the ActRll-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRII-binding protein has at least 2 or at least 3 of the above characteristics.

in a further aspect, the ActRl-binding protein specifically binds ActRI and
comprises a VH and a VL pair selected from the group consisting oft (a) a VH sequence of
SEQ IB NG:2, 16, 22, 28, 34, or 40, and a VL sequence of SEQ ID NO:9; and wherein the
protein binds ActRUB; (b} a VH sequence of SEQ 1D NG:45 or 57, and a VL sequence of
SEQ ID NG:50; and wherein the protein binds ActRIIB; (¢} 8 VH sequence of SEQ ID
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MNO:63 or 77, and a VL sequence of SEQ 1D NO:70; and wherein the protein binds ActRIIB,
{dy a VH seguence of SEQ ID NO:84, 93, 105, 112, or 119, and a VL sequence of SEQ ID
NO:91; and wherein the protein binds ActRIB; and (¢) a VH sequence of SEQ 1D NO:125,
and a VL sequence of SEQ ID NG:132 and wherein the protein binds ActRHA. In a further
aspect, the ActRIl-binding protein comprises a VH and a VL pair selected from the group
consisting of: {a) a VH sequence of SEQ ID NG:2 and a VL sequence of SEQ ID NO:9; (b) a
VH sequence of SEQ 1D NO:16 and a VL sequence of SEQ 1D NO:%; (¢} a VH sequence of
SEQ ID NO:22 and a VL sequence of SEQ 1D NO:9; (d) a VH sequence of SEQ D NO:2¥
and a VL sequence of SEQ 1D NO:9; (g) a VH sequence of SEQ ID NO:34 and a VL
sequence of SEQ 1D NO:9; (f) a VH sequence of SEQ 1D NO:40 and a VL sequence of SEQ
1P NO:9; (g3 a VH sequence of SEQ ID NG:45 and a VL sequence of SEQ ID NG:56; (h) a
VH sequence of SEQ ID NO:57 and a VL sequence of SEQ 1D NO:50; (i) a VH sequence of
SEQ ID NO:63 and a VL sequence of SEQ ID NG:70; () a VH sequence of SEQ 1D NO:77
and a VL sequence of SEQ ID NO:70; (k) a VH sequence of SEQ ID NO:84 and a VL
sequence of SEQ ID NO:S1; (1) a VH sequence of SEQ ID NG:98 and a VL sequence of SEQ
IB NG:91; (m) a VH sequence of SEQ D NO:105 and a VL sequence of SEQ ID NO:91; (n)
a VH sequence of SEQ 1D NO:112 and a VL scquence of SEQ D NO:91; (o) VH sequence
of SEQ ID NO:119 and a VL sequence of SEQ ID NO:S1; and (p) VH sequence of SEQ ID
MNO:125 and a VL seguence of SEQ 1D NO:132.

In a further aspect, the ActRIl-binding protein specifically binds ActRII and
comprises a VH sequence of SEQ 1D NO:144 and a VL sequence of SEQ 1D NO:151, and the
protein binds ActRIIB.

in a further aspect, the ActRl-binding protein specifically binds ActRI and
corprises a VH sequence of SEQ ID NO:165 and a VL sequence of SEQ 1D NO:172, and the
protein binds ActiiRA and ActRIIB.

in some aspects, the ActRil-binding protein comprises a VH and VL pair selected
from the group consisting oft {a) a VH having at least 90%, 953%. 97%, 98%, or 99%
sequence identity to SEQ D NO:2 and a VL having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ ID NO:9 and wherein the protein binds ActRIB; (b} a VH having
at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:16 and a VL having
at lcast 90%, 95%, 97%, 938%, or 99% sequence identity to SEQ ID NO:9 and wherein the
protein binds ActRIB; (¢} a VH having at least 90%, 959, 97%, 98%, or 99% sequence
identity to SEQ 3 NO:22 and a VL having at least 90%, 95%, 97%, 98%, or 99% sequence

identity to SEQ ID NO:9, and wherein the protein binds ActRIB; (d) a VH having at least
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0%, 95%, 97%, 98%, or 39% sequence identity to SEQ I3 NO:28 and a VL baving at least
0. 95%, 97%, 98%, or 99% sequence identity 1o SEQ ID NO:9, and wherein the protein
binds ActRIIB; {¢) a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to
SEQ D NO:34 and a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to
SEQ 1D NO:9, and wherein the protein binds ActRHB; () a VH having at least 90%, 95%,
7%, 98%, or 99% sequence identity to SEQ ID NO:40 and a VL having at least 90%, 95%,
97%, 98%, or 99% sequence identity to SEQ D NO:9, and wherein the protein binds
ActRUB; {g) a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ
IB NG:45 and a VL having at least 90%, 95%, 97%, 93%, or 99% sequence identity to SEQ
1D NO:50, and wherein the protein binds ActRIIB; (h) a VH having at least 90%, 95%, 97%,
88%, or 99% sequence identity to S3EQ ID NO:57 and a VL having at least 90%, 95%, 97%,
8%, or 99% sequence identity to SEQ 1D NO:50, wherein the protein binds ActRIB; (i) 2
VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:63 and a
VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:70, and
wherein the protein binds ActRIB; (j) a VH having at least 90%, 95%, 97%, 9&%, or 39%
sequence idenuty to SEHQ D NO:77 and & VL having at least 98%, 95%, 97%, 98%, or 99%
sequence identity to SEQ HD NO:70; and wherein the protein binds ActRIIB; (k) a VH baving
at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:&4 and a VL having
at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ D NO:91, and wherein the
protein binds ActRUB and ActRIIA; (1) a VH having at least 90%, 95%, 97%, 98%. or 99%
sequence identity to SEQ 1D NO:9R and a VH having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ ID NO:91, and wherein the protein binds ActRHB and ActRIIA;
{m} a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:105
and a VL having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ 1D NO:@l,
and wherein the protein binds ActRIIB and ActRHA; (n} a VH having at least 90%, 93%,
97%, 98%, or 9% scquence identity to SEQ ID NO:112 and a VL having at least 90%, 95%,
7%, 98%, or 99% sequence identity to SEQ D NO:91, and wherein the protein binds
ActRIIB and ActRIIA; (o) a VH having at least 905, 95%, 97%, 98%, or 99% sequence
entity to SEQ ID NO:119 and a VL having at least 90%, 95%, 7% or 99% sequence

entity to SEQ 1D NO:91, and wherein the protein binds ActRIIB and ActRHA; and (p) a
VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:125 and a
VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:132, and
wherein the protein hinds ActRIIA. In further aspects, the ActRIEB-binding protein has at

ieast one characteristic selected from the group consisting oft (8} competes with an ActRII
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figand (e.g., activin A, activin B, GDF1, GDF3, GDFS (myostatin}, GDF11, BMP6, BMP7,
BMP9, or BMP1O) for binding to ActRIL; (b) decreases the phosphorylation of Smads {e.g.,
Smad? and/or Srad3) in cells expressing ActRH in the presence of an ActRI] ligand {e.g,
activin A or GDF8); (¢} decreases the phosphorylation of ALK4 and/or ALK7 in cells
expressing ActRIF and ALK4 and/or ALKY7 in the presence of an ActRI ligand; and (d) binds
to ActRII with a Kp of <1 nM and >1 pM (e.g.. as determined by BIACORE® analysis). In
some aspects, the ActRll-binding protein has 2, 3, or 4 of the above characteristics. In some
aspects, the ActRI-binding protein has at least 2 or at least 3 of the above characteristics.

In some aspects, the ActRII-binding protein comprises a VH having at least 90%,
95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:144 and a VL having at least 90%,
95%, 97%., 98%, or 99% sequence identity to SEQ ID NO:151; and the protein binds
ActRUB. In further aspects, the ActRUB-binding protein has at least one characteristic
selected from the group consisting oft (a) competes with an ActRII ligand {e.g., activin A,
activin B, GDF1, GDF3, GDFR (myostatin), GDF11, BMP6, BMP7, BMP9, or BMP10) for
binding to ActRIL (b) decreases the phosphorylation of Smads (e.g.. Smad? and/or Smad3) in
cells expressing AcCtRII in the presence of an ActRI ligand (e.g.. activin A or GDFB); (c)
decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing ActRI and ALK4
and/or ALK7 in the presence of an ActRIH ligand; and {d) binds to ActRH with a Kp of <1
nM and 21 pM (e.g., as determined by BIACORE® apalysis). In some aspects, the ActRIl-
binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIE-binding
protein has at least 2 or at least 3 of the above characteristics.

In some aspects, the ActRI-binding protein comprises a VH having at least 90%,
5%, 97%, 98%, or 99% sequence identity to SEQ D NO:165 and a VL having at least 90%,
5%, 97%, 98%, or 99% secquence identity to SEQ 1D NO:172; and the protein binds
ActliRA and ActRIIB. In further aspects, the ActRII-binding protein has at least one
characteristic selected from the group cousisting oft (3) competes with an ActRIU ligand (e.g.,
activin A, activin B, GDFI, GDF3, GDFE (myostatin}, GDF11, BMP6, BMP7, BMP9, or
BMP10) for binding to ActRIL; (b) decreases the phosphorylation of Smads (e.g., Smad2
and/or Smad3) in cells expressing ActRII in the presence of an ActRIE ligand {e.g., activin A
or GDFE); (¢} decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing
ActRIE and ALK4 and/or ALK7 in the presence of an ActRI ligand; and (d) binds to ActRU
with a Kp of <1 oM and >1 pM (e.g., as deiermined by BIACORE® analysis). In some
aspects, the ActRl-binding protein has 2, 3, or 4 of the above characteristics. In some

aspects, the ActRII-binding protein has at least 2 or at least 3 of the above characteristics.
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in some aspects, the ActRil-binding protein comprises a VH and VL pair selected
from the group consisting of® (a} a VH sequence of SEQ ID NG:2 and a VL sequence of SEQ
ID NO:9; (b a VH sequence of SEQ ID NO:16 and a VL sequence of SEQ 113 NO:9; (¢) a
VH sequence of SEQ ID NO:22 and a VL sequence of SEQ 1D NO:9; (d) a VH sequence of
SEQ 1D NO:28 and a VL sequence of SEQ 1D NO:9 (e) a VH sequence of SEQ 1D NO:34
and a VL sequence of SEQ D NO:9; () a VH sequence of SEQ 1D N340 and a VL
sequence of SEQ 1D NO:9; (g) a VH sequence of SEQ {1 NO:4S and a VL sequence of SEQ
12 NO:50; (h) a VH sequence of SEQ 1D NO:57 and a VL sequence of SEQ 1D NO:50; (i) a
VH sequence of SEQ ID NO:63 and a VL sequence of SEQ D NO:70; (j) a VH sequence of
SEQ 1D NO:77 and a VL sequence of SEQ 1D NO:70; (k) a VH sequence of SEQ 1D NO:84
and a VL sequence of SEQ ID NO:9L; (1) a VH sequence of SEQ D NO:9E and a VL
sequence of SEQ ID NO:91; (m) a VH sequence of SEQ H3 NG:105 and a VL sequence of
SEQ ID NO:91; (ny a VH sequence of SEQ ID NO:112 and a VL sequence of SEQ ID
NO:91; {0) VH sequence of SEQ 1D NG:119 and a sequence of SEQ 1D NO:91; and (p) VH
sequence of SEQ 1D NO:125 and a sequence of SEQ 1D NO: 132,

In some aspects, the ActRif-binding protein comprises a VH sequence of SEQ ID
NO:144 and a VL sequence of SEQ D NOG:151

In some aspects, the ActRII-binding protein comprises a VH sequence of SEQ ID
MNO:165 and a VL sequence of SEQ 1D NO:172.

In some aspects, the ActRIE-binding protein specifically binds ActRIIB and comprises
a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:2, 16,
22,28, 34, 40, 45, 57, 63, or 77. In some aspects, the ActRIl-binding protein comprises a VH
having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO: 2. In some
aspects, the ActRii-binding protein comprises a VH having at least 90%, 95%, 97%, 98%, or
99% sequence identity to SEQ ID NO:16. In some aspects, the ActRIl-binding protein
comprises a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ ID
NO: 22, In some aspects, the ActRil-binding protein comprises a VH having at least 90%,
95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO: 28. In some aspects, the ActRIl-
binding protein comprises a VH having at least 90%, 95%, 97%. 98%, or 99% sequence
identity to SEQ 1D NO: 34, In some aspects, the ActRIi-binding protein comprises a VH
having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ [D NO: 40. In some
aspects, the ActRII-binding protein comprises a VH having at least 80%, 95%, 97%, 98%, or
99% scquence identity to SEQ ID NO: 45. In some aspects, the ActRl-binding protein

comprises a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID
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MNO: 57, In some aspects, the ActRU-binding protein comprises a VH having at least 90%,
85%, 97%, 98%, or 99% scguence identity to SEQ ID NO:63. In some aspects, the ActRIE-
binding protein comprises a VH having at least 90%, 95%, 97%, 98%, or 99% sequence
identity to SEQ {D NO:77. In some aspects, the ActRIl-binding protein speciﬁcal}y binds
ActRIEB and comprises a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:9, 50, or 70. In further aspects, the ActRIE-binding protein specifically binds
ActRIIB and comprises a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity
to SEQ 1D NO:2, 16, 22, 28, 34, or 40, and a VL having at least 90%, 95%, 97%, 98%, or
9% sequence identity to SEQ ID NO:9. In further aspecis, the ActRI-binding protein
specifically binds ActRIIB and comprises a VH having at least 90%, 35%, 97%, 98%, or 99%
sequence identity to SEQ ID NO: 45 or 37. In some aspects, the ActRII-binding protein
specifically binds ActRIB and comprises a VL having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ ID NO:50. In further aspects, the ActRII-binding protein
specifically binds ActRIIB and comprises a VH having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ ID NO: 45 or 57, and a VL having at least 90%, 95%, 97%, 98%, ot
9% sequence identity to SEQ D NO:530. In some aspects, the ActRI-binding protein
specifically binds ActRIIB and comprises a VH and a VL, wherein, the VH has at least 90%,
85%, 37%, 98%, or 989% sequence identity to SEQ 1D NO: 63 or 77; and the VL has at least
90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:70. In further aspects, the
ActRIE-binding protein specifically binds ActRIIB and comprises a VH having at least 90%,
95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO: 63 or 77, and a VL having at least
90%, 95%, 7%, 98%, or 99% sequence identity to SEQ 1D NO:70. In further aspects, the
ActRIIB-binding protein has at least one characteristic selected from the group cousisting of
{a} competes with an ActRY ligand (e.g, activin A, activin B, GDF1, GDF3, GDFS8
(myostatin, GDF1L, BMP6, BMP7, BMPY, or BMPI0} for binding to ActRIB; (b}
decreases the phosphorylation of Smads {e.g., Smad?2 and/or Smad3) in cells expressing
ActRIIB in the presence of an ActRIIB ligand (e.g.. activin A or GDFE); (¢} decreases the
phosphorylation of ALK4 and/or ALK7 in cells expressing ActRIB and ALK4 and/or ALK7
in the presence of an ActRIB ligand; and {d) binds to ActRIIB with a2 Kp of <1 nM and >1
pM (e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIB-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIIB-binding
protein has at least 2 or at least 3 of the above characteristics.

in soroe aspects, the ActRIE-binding protein specifically binds ActRIB and comprises

a VH having at least 90%, 95%, 97%, 98%., or 99% sequence identity to SEQ ID NG:144. In
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some aspects, the ActRil-binding protein specifically binds ActRIB and comprises a VL
having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:151. In some
aspects, the ActRIi-binding protein specifically binds ActRIIB and comprises a VH and a VL,
wherein, the VH has at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID
MNO:144; and the VL has at least 0%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D
NO:151. In further aspects, the ActRIl-binding protein specifically binds ActRUB and
comprises a VH having the amino acid sequence of SEQ 1D NO:144 and a VL having the
amino acid sequence of SEQ 1D NO:151, In further aspects, the ActRIIB-binding protein has
at least one characteristic selected from the group consisting of {(a) competes with an ActRH
ligand {e.g., activin A, activin B, GDF1, GDF3, GDF8 (myostatin), GDF11, BMP6, BMP7,
BMP9Y, or BMP 10} for binding to ActRIIB; (b) decreases the phosphorylation of Smads (e.g.,
Smad? and/or Smad3) in cells expressing ActRHUEB in the presence of an ActRIIB ligand {e.g..
activin A or GDFS8): {¢) decreases the phosphorylation of ALK4 and/or ALKT7 in cells
expressing ActRIIB and ALK4 and/or ALK7T in the presence of an ActRIIB ligand; and (d}
binds to ActRIIB with a Kp of <1 nM and >1 pM (e.g., as determined by BIACORE®
analysis). In some aspects, the ActRIIB-binding protein has 2, 3, or 4 of the above
characteristics. In some aspects, the ActRUB-binding protein has at least 2 or at least 3 of the
above characteristics
in some aspects, the ActRIl-binding protein specifically binds ActliRA and ActRUB
and comprises a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ
1D NO:165. In some aspects, the ActRII-binding protein specifically binds ActliRA and
ActRIIB and comprises a VL having at least 30%, 95%, 97%, 98%, or 99% sequence identity
o SEQ D NO:172. In some aspects, the ActRH-binding protein specifically binds ActliRA
and ActRIIB and compriscs a VH and a VL, wherein, the VH has at least 90%, 95%, 97%,
88%, or 99% sequence identity to SEQ ID NO:165; and the VL has at least 90%, 95%, 97%,
8%, or 99% sequence identity to SEQ 1D NO:172. In further aspects, the ActRIl-binding
protein specifically binds ActIRA and ActRIIB and comprises a VH having the amino acid
sequence of SEQ D NO:165 and a VL having the amino acid sequence of SEQ 1D NO:172.
In further aspects, the ActRIE-binding protein has at least one characteristic selected from the
group consisting of (a) competes with an ActRII ligand (e.g., activin A, activin B, GDFI1,
GDF3, GDF8 (myostatiny, GDF1i, BMP6, BMP7, BMP9, or BMPI0) for binding to
ActRITA and/or ActRIIB; (b} decreases the phosphorylation of Smads {e.g., Smad2 and/or
Smad3) in cells expressing ActRIJA and/or ActRUB in the presence of an ActRUA and/or
ActRIIB ligand {e.g., activin A or GDF&); {¢} decreases the phosphorylation of ALK4 and/or
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ALKT in cells expressing ACtRITA and/or ActRUB and ALK4 and/or ALK7 in the prese

of an ActRHA and/or ActRIIB higand; and {(d} binds (o each of ACtRUA and ActRIIB with a

Kp of <1 nM and >1 pM (e.g., as determined by BIACORE® analysis). In some aspects, the
s

ActRII-binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the

ActRII-binding protein has at least 2 or at least 3 of the above characteristics.

In some aspects, the ActRIE-binding protein specifically binds ActRIIB andr ActRUIA
and comprises a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ

1D NG: SEQ D NO:84, 98, 105, 112, or 119, In some aspects, the ActRIl-binding protein
specifically binds ActRIIB and AciRITA and comprises a VH having at least 90%, 95%, 97%,
98%, or 99% sequence identity to SEQ 1D NO:84. In some aspects, the ActRU-binding
protein specifically binds ActRIIB and ActRIA and comprises a VH having at least 90%,
95%, 97%, 98%, or 39% sequence identity to SEQ 1D NO: SEQ HI NO: 98, In some aspects,
the ActRII-binding protein specifically binds ActRIIB and ActRIFA and comprises a VH
having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO: SEQ 1D
NO:105. In some aspects, the ActRI-binding protein specifically binds ActRIIB and ActRIIA
and comprises a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ
1D NO: SEQ 1D NO:112. In some aspects, the ActRH-binding protein specifically binds
ActRIB and ActRIIA and comprises a VH having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ I3 NO: SEQ D NO:119. In some aspects, the ActRIl-binding
protein specifically binds AciRUB and ActRUA and comprises a VL having at least 90%,
95%, 97%, 98%, or 99% sequence identity 1o SEQ 1D NO:91. In further aspects, the ActRIl-
binding protein specifically binds ActRIB and ActRUA and comprises a VH having at least
90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:84, 98, 105, 112, or 119, and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:91.
further aspects, the ActRi-binding protein specifically binds ActRIIB and ActRIA and
comprises a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID
NO:84, and a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D
NO:91. In fwther aspects, the ActRl-binding protein specifically binds ActRHB and
ActRIIA and comprises a VH having at least 90%, 95%. 97%, 98%, or 99% sequence identity
o SEQ 1D NO: 98 and a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity
to SEQ ID NO:91. In further aspects, the ActRII-binding protein specifically binds ActRIIB
and ActRIIA and comprises a VH having at least 90%, 95%, 97%, 98%, or 99% sequence
identity to SEQ H3 NO:105 and a VL baving at least 90%, 35%, 97%, 98%, or 99% sequence
identity to SEQ ID NO:91. In further aspects, the ActRII-binding protein specifically binds
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ActRUB and/or ActRUA and comprises a VH having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ ID NO: 112 and a VL having at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ ID NO:9l. In further aspects, the ActRIl-binding protein
specifically binds ActRIIB and ActRIIA and comprises a VH having at least 90%, 95%, 97%.,
98%, or 99% sequence identity to SEQ D NO:119, and a VL having at least 90%, 95%, 97%,
8%, or 99% sequence identity to SEQ ID NO:91. In further aspects, the ActRHB- and
ActRITA-binding protein has at least one characteristic sclected from the group consisting oft
(a) competes with an ActRIl ligand (e.g., activin A, activin B, GDFI, GDF3, GDF¥
{myostatin}, GDF11, BMP6, BMP7, BMPS, or BMP10} for binding to AciRUB and ActRIIA;
{b} decreases the phosphorylation of Smads {e.g., Smad2 and/or Smad3) in cells expressing
ActRIIB and/or ActRIIA in the presence of an AciRIIB and/or ActRIA ligand (e.g., activin
A or GDIFE); (¢} decrcases the phosphorylation of ALK4 and/or ALK7 in cells expressing
ActRIIB and/or ActRHA and ALK4 and/or ALK7 in the presence of an ActRIIB and/or
ActRITA ligand; and {d) binds to ActRIIB and/or ActRIIA with a Kp of <1 oM and >1 pM
(e.g., as determined by BIACORE® analysis). In some aspects, the ActRIB and ActRIIA-
binding protein has 2, 3, or 4 of the above characieristics. In some aspects, the ActRIIB and
ActRIIA-binding protein has at least 2 or at least 3 of the above characteristics.

In some aspects, the ActRIl-binding protein specifically binds ActRHA and
comprises a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ ID
NO:125. In some aspects, the ActRIl-binding protein specifically binds ActRIFA and
comprises a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D
NO:132. In some aspects, the ActRil-binding protein specifically binds ActRIHA and
comprises a VH and a VL, wherein, the VH has at least 90%, 95%, 97%, 98%, or 99%
sequence identity to SEQ 1D NO:125; and the VL has at least 90%, 95%, 97%, 98%, or 99%
sequence idemity to SEQ ID NO:132. In further aspects, the ActRIIA-binding protein has at
ieast one characteristic sclected from the group consisting of (3) competes with an ActRIIA
ligand {e.g., activin A, activin B, GDF1, GDF3, or N()dalj; {b) decreases the phosphorylation
of Smads {e.g, Smad? and/or Smad3) in cells expressing ActRHA in the presence of an
ActRIIA ligand (e.g., activin Aj; (¢} decreases the phosphorylation of ALK4 and/or ALK7 in
cells expressing ActRIIA and ALK4 and/or ALK7 in the presence of an ActRIIA ligand; and
{d) binds to ActRIA with a Kp of <1 nM and > 1 pM {e.g., as determined by BIACORE®

analysis). In some aspects, the ActRIIA-binding protein has 2, 3, or 4 of the above

characteristics. In some aspects, the ActRIFA-binding protein has at least 2 or af least 3 of the

above characteristics.
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o additional aspects an ActRil-binding protein competes for binding to ActRIf with
an antibody comprising a VH and a VL sequence pair disclosed herein. In additional aspects
an ActRI-binding protein competes for binding to ActRI with an antibody comprising a VH
and a VL sequence pair disclosed in Table 1. In certain aspects, an ActRIi-binding protein
binds to the same epitope as an ActRil-binding protein disclosed herein. In additional
aspects, an ActRII-binding protein binds to the same epitope as an ActRII-binding protein
disclosed in Table 1. The ability of an ActRIl-binding protein to compete for binding with
and/or bind the same epitope of ActRH as a reference ActRII-binding protein can readily be
determined using techniques disclosed herein or otherwise known in the art.

In some aspects, the ActRl-binding protein specifically binds ActRIIB and comprises
a VH of SEQ ID NG:2, 16, 22, 28, 34, 40, 45, 37, 63, or 77. In additional aspects, the ActRII-
binding protein specifically binds ActRIIB and comprises a VL of SEQ 13 NG9, 50, or 70.
In further aspects, the ActRIE-binding protein specifically binds ActRIIB and comprises a VH
of SEQ 1D NO:2, 16, 22, 28, 34, 40, 45, 57, 63, or 77; and a VL of SEQ D NO:9, 50, or 70.
In some aspects, the ActRil-binding protein specifically binds ActRUB and comprises a VH
of BEQ ID NO:i44. In additional aspects, the ActRIl-binding protein specifically binds
ActRIIB and comprises a VL of SEQ 1D NG:151. In further aspects, the AciRll-binding
protein specifically binds ActRIIB and comprises a VH of SEQ ID NG:144 and a VL of SEQ
12 NO:I5T. In further aspects, the ActRil-binding protein specifically binds ActRIIB but
does not specifically bind ActRIIA. In some aspects, the ActREE-binding protein specifically
binds ActRITA and ActRIB and comprises a VH of SEQ 1D NO:165. In additional aspects,
the ActRII-binding protein specifically binds ActRIIA and ActRIIB and comprises a VL of
SEQ D NO:172. 1o further aspects, the ActRH-binding proteivn specifically binds ActRIIA
and ActRIB and compriscs a VH of SEQ 1D NO:165 and a VL of SEQ ID NO:172. In
further aspects, the ActRII-binding protein specifically binds ActRIIA and ActRIB.

fn some aspects, the ActRII-binding protein binds amino acid residues
NANWELERT (SEQ ID NCG:157) of ActRIIB. In some aspeets, the ActRI-binding protein
binds amino acid residucs NANWELERT (SEQ 1D NO:157) of ActRIIB, but does not bind
AcRITA. In some aspects, the ActRI-binding protein binds amino acid residues
VKKGCWLDD (SEQ 1D NO:158) of ActRIB, but does not bind AcRITA. Tn some aspects,
the ActRIl-binding protein binds amino acid residues NANWELERT (SEQ ID NO:157) and
aming acid residocs VKKGCWLDD (SEQ ID NO:158) of ActRIUB. In firther aspects, the
ActRif-binding protein binds amino acid residues NANWELERT (SEQ 1D NO:157) and
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amino acid residues VEKGUWLDD (SEQ 1D NO:158) of ActRUB, but does not bind
ActRIA.

In some aspects, the ActRIl-binding protein binds a polypeptide sclected from the
group consisting oft (a} amino acid residues NANWELERT (SEQ 1D NO:157) of ActRIB;
{by amino acid residues CCEGNFCNER (SEQ 1D NO:159) of ActRIIB; (¢) amino acid
residucs CCEGNMCNEK (SEQ 1D NG:161) of ActRIIA; and {(d) amino acid residucs
ECLFFNANWEKD (SEQ 1D NO:162) of ActRIA.

in some aspects, the ActRi-binding protein binds a polypeptide or a set of
polypetides selected from the group consisting oft (a) amino acid residues NANWELERT
{SEQ ID NO:157) and amino acid residucs CCEGNFCNER (SEQ 1D NO:159) of ActRIIB;
(by amine acid residues NANWELERT (SEQ I NO:157) and amino acid residues
VKKGCWLDD (SEQ D NO:158) of ActRUB; (¢} amino acid residues NANWELERT (SEQ
IB NO:157), amino acid residues CCEGNFUNER (SEQ ID NO:159), and amino acid
residues GCWLDDFNCYDR (SEQ 1D NO:160) of ActRIB; {d) amino acid residues
NANWELERT (SEQ ID NG:157) of ActRIIB and aming acid residues BECLFFNANWEKD
{SEQ ID NO:162) of ActRIEA; (¢} amino acid residues NANWELERT (SEQ ID NO: 157},
amino acid residucs GCWLDDEFNCYDR (SEQ 1D NO:160), and amino acid residucs
VEKGCWLDE (SEQ 1D NO:153) of AciRIEB; (f} amino acid residues CCEGNFCNER
(SEQ ID NO:139) of ActRIIB and amino acid residucs CCEGNMCNEK (SEQ 1D NO:161)
of ActRHA:; (g) amino acid residuecs CCEGNMCNEK (SEQ ID NO:161), amino acid
residues ECLFFNANWEKD (SEQ D NO:162), and amino acid residues CWLDDI
NCYDRT (SEQ 1D NO:163) of ActRIIA; (h) amino acid residues NANWELERT (SEQ ID
MNO:157), amino acid residucs CCEGNFCNER (SEQ 1D NO:159), and amino acid residues
GCWLDDENCYDR (SEQ 1D NO:160) of ActRUB, and amino acid residucs CCEG
NMCNEK (SEQ 1D NO:161), amino acid residues BECLFFNANWEKD (SEQ ID NO:162),
and amino acid residues CWLDDINCYDRT (SEQ 1D NO:163) of ActRIIA.

in some aspects, the ActRI-binding protein competes for binding to ActRIIB with an
antibody comprising & VH of SEQ 1D NO:Z, 16, 22, 28, 34, 40, 45, 57,63, 77, or 144, and a
VL of SEQ ID NO:9, 50, 70, or 131, In further aspects, the ActRIl-binding protein binds the
same epitope of ActRIB and/or ActRHA as an antibody comprising a VH of SEQ 1D NO:2Z,
16, 22, 28, 34,40, 45, 57,63, 77, or 144, and a VL of SEQ ID N(O:9, 50, 70, or 151.

In some aspects, the ActRIIB-binding protein (e.g., an anti-ActRIB antibody)
comprises a VH of SEQ 1D NO:2 and a VL of SEQ 1D NO:9. In some aspects, an ActRIIB-

binding protein competes for binding to ActRHB with an antibody comprising a VH of SEQ
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1D NG:2 and a VL of SEQ 1D NO:9. In further aspects, the ActRIl-binding protein binds the
same epitope of ActRIB as an antibody comprising a2 VH of SEQ ID NO:2 and a VL of SEQ
1D NO:S,

In some aspects, the ActRIIB-binding protein comprises a VH of SEQ ID NG:16 and
a VL of 8EQ I NO:9. In some aspects, an ActRIIB-binding protein competes for binding to
ActRIIB with an antibody comprising 2 VH of SEQ ID NO:16 and a2 VL of SEQ I NG9, In
further aspects, the ActRU-binding protein binds the same epitope of ActRIIB as an antibody
comprising a VH of SEQ ID NO:16 and a VL of SEQ 1D NO:9.

in some aspects, the ActRIIB-binding protein comprises a VH of SEQ D NO:22 and
a VL of SEQ ID NO:9. In some aspects, an ActRIB-binding protein competes for binding to
ActRIIB with an antibody comprising a VH of SEQ ID NO:22 and a VL of SEQ ID NG:9. In
further aspects, the ActRIl-binding protein binds the same epitope of ActRIIB as an antibady
comprising a VH of SEQ ID NO:22 and a VL of SEQ 1D NG9,

In some aspects, the ActRIIB-binding protein comprises a VH of SEQ 1D NO:28 and
a VL of SEQ ID NG:9. In some aspeacts, an ActRIIB-binding protein competes for binding to
ActRIIB with an antibody comprising a8 VH of SEQ ID NO:28 and a VL of SEQ [D NO:S. In
further aspects, the ActRil-binding protein binds the same epitope of ActRIUB as an antibody
comprising a VH of SEQ ID NO:28 and a VL of SEQ 1D NG,

in some aspects, the ActRUB-binding protein comprises a VH of SEQ 13 NO:34 and
a VL of SEQ 1D NO:9. In some aspects, an ActRIIB-binding protein competes for binding to
ActRIIB with an antibody comprising a VH of SEQ 1D NO:34 and a VL of SEQ 1D NG9, In
further aspects, the ActRIl-binding protein binds the same epitope of ActRIIB as an antibody
conprising a VH of SEQ 1D NO:34 and a VL of SEQ 1D NGO,

In some aspects, the ActRIIB-binding protein comprises a VH of SEQ 1D NO:40 and
a VL of SEQ ID NG:9. In some aspects, an ActRIIB-binding protein competes for binding to
ActRUB with an antibody comprising a VH of SEQ ID NOG:40 and a VL of SEQ ID NO:%. In
further aspects, the ActRII-binding protein binds the same epitope of ActRIIB as an antibody
comprising a VH of SEQ ID NO:40 and a VL of SEQ 1D NG9,

In some aspects, the ActRIIB-binding protein comprises a VH of SEQ ID NO:45 and
a VL of SEQ 1D NO:50. In some aspects, an ActRIIB-binding protein competes for binding
to ActRIB with an antibody comprising a VH of SEQ 1D} NO:45S and a VL of SEQ ID
NO:50. In further aspects, the ActRiI-binding protein binds the same epitope of ActRIIB as
an agtibody comprising a VH of SEQ 1D NOw45 and a VL of SEQ 1D NO:50.
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in some aspects, the ActRUB-binding protein comprises a VH of SEQ 13 NO:57 and
a VL of SEQ ID NG:50. In some aspects, an ActRIIB-binding protein competes for binding
to ActRHB with an antibody comprising a VH of SEQ 1D NO:57 and a VL of SEQ 1D
NO:50. In further aspects, the ActRiI-binding protein binds the same epitope of ActRIIB as
an antibody comprising a VH of SEQ 1D NO:57 and a VL of SEQ 1D NO:S50.

In some aspects, the ActRIIB-binding protein comprises a VH of SEQ 1D NO:63 and
a VL of 5EQ 1D NO:70. In some aspecis, an ActRIIB-binding protein competes for binding
to ActRIB with an antibody comprising a VH of SEQ 1D NO:63 and a VL of SEQ ID
NO:70. In further aspects, the ActRil-binding protein binds the same epitope of ActRIIB as
an antibody comprising a VH of SEQ 1D NO:63 and a VL of SEQ 1D NO:70.

In some aspects, the ActRIIB-binding protein comprises a VH of SEQ ID NG:77 and
a VL of SEQ 1D NO:70. In some aspects, an ActRIIB-binding protein competes for binding
to ActRIB with an antibody comprising a VH of SEQ 1D} NO:77 and a VL of SEQ ID
NO:70. In further aspects, the ActRil-binding protein binds the same epitope of ActRIIB as
an antibody comprising a VH of SEQ ID N©O:77 and a VL of SEQ ID NG:70.

In some aspects, the ActRIIB-binding protein comprises a VH of SEQ ID NO:144
and a VL of SEQ ID NO:151. In some aspects, an ActRHB-binding protein competes for
binding to ActRIIB with an antibody comprising a VH of SEQ D NO:144 and a VL of SEQ
12 NG:I51. I further aspects, the ActRII-binding protein binds the same epitope of ActRUB
as an antibody comprising a VH of SEQ ID NO:144 and a VL of SEQ ID NO:151.

In some aspects, the ActRE-binding protein comprises a VH of SEQ 1D NO:165 and
a VL of SEQ ID NO:172. In some aspects, an ActRIIB-binding protein competes for binding
to ACtRIIB with an antibody comprising a VH of SEQ I3 NO:165 and a VL of SEQ ID
NO:172. In further aspects, the ActRI-binding protein binds the same epitope of ActRIUB as
an antibody comprising a VH of SEQ D NO:165 and a VL of SEQ ID NO:172.

in some aspects, the ActRIE-binding protein comprises a VH of SEQ 13 NG:165 and
a VL of BEQ ID NO:172. In some aspects, an ActRHA-binding protein competes for binding
to ActRUA with an antibody comprising a VH of SEQ 1D NO:165 and a VL of SEQ 1D
NO:172. In further aspects, the ActRII-binding protein binds the same epitope of ActRIIA as
an antibody comprising a VH of SEQ 1D NG:165 and a VL of SEQ D NO:172.

In some aspects, the ActRIIB-binding protein competes for binding to amino acid
residues NANWELERT (SEQ ID NG: 157} of ActRIIB with an antibody comprising a VH of
SEQ D NO:144 and a VL of SEQ ID NO:151. In some aspects, the ActRHB-binding protein
competes for binding to amino acid residues VKKGCWLDD (BEQ ID NO:158) of ActRIIB
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with an antibody cormprising a VH of SEQ 1D NO:144 and a VL of SEQ D NOG:151. In some
aspects, the ActRIIB-binding protein competes for binding to amino acid residues
NANWELERT (SEQ I3 NO:157) and amino acid residues VEKGCWLDD (SEQ 1D
NO:138) of ActRIB, with an antiboedy comprising a VH of SEQ ID NG:144 and a VL of
SEQ (D NO:151. In further aspects, the ActRIEB-binding protein does not specifically bind
ActRIIA.

In some aspects, the ActRH-binding protein competes for binding to ActRIB and/or
ActRUA with an antibody comsprising a VH of SEQ 1D NO:84, 98,105, 112, or 119 and a VL
of SEQ ID NO:9I1. In further aspects, the ActRII-binding protein binds the same epitope of
ActRIIB and/or ActRUA as an antibody comprising a VH of SEQ D NO:84, 98, 105, 112, or
119; and a VL of SEQ 1D NO:9 1L

fn some aspects, the ActRII-binding protein hinds amino acid residues
CCEGNFUNER (SEQ 1D NO:159) of ActRIB.

In some aspects, the ActRI-binding protein binds amino acid residues
GCWLDDFNCYDR (SEQ ID NO:160) of ActRHB.

in some aspects, the ActRII-binding protein binds amino acid residues
NANWELERT (SEQ 13 NOG:157) of ActRIB. In some aspects, the ActRI-binding protein
binds amino acid residues NANWELERT (SEQ ID N{:157) and amino acid residues
GCWLDDFNCYDR (SEQ 1D NO:160) of ActRHE. In some cmbodiments, the ActRI-
binding protein binds amino acid residues NANWELERT (SEQ ID NQG:157) and aming acid
residues CCEGNFCNER (SEQ ID MNO:159) of ActRIB. In further embodiments, the
ActRIE-binding protein binds amino acid residues NANWELERT (SEQ 1D NG:157), amino
acid  residues CCEGNFCNER (SEQ ID NOII59), and amine acid  residues
GCWLDDENCYDR {SEQ ID NO:1680) of ActRHB.

In some aspects, the ActRIl-binding protein binds amino acid residues
CCEGNMONEK (SEQ 1D NO:161) of ActRIIA.

in some aspects, the ActRII-binding protein binds amino acid residues
BECLFFNANWEKD (5EQ 1D NO:162) of ActRIA. In further aspects, the ActRU-binding
protein binds amino acid residues CCEGNMCNEK (SEQ ID NO:161) and amino acid
residues BCLFFNANWEKD (SEQ 1D NG:162) of ActRUA.

In some aspects, the ActRI-binding protein binds amino acid residues
CWLDDINCYDRT (SEQ ID NO:163) of ActRIA. In further embodiments, the ActRI-
hinding protein binds amino acid residues CCEGNMONEK (5EQ 1D NO:161), amino acid
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residucs  BCLFFNANWEKD (SEQ  ID NO:162), and amino acid residues
CWLDDINCYDRT (SEQ ID NO:163) of ActRHA.

16236] In some aspects, the ActRl-binding protein binds amino acid residues
CCEGNFCNER (SEQ ID NO:159) of ActRHUB and amino acid residues CCEGNMCNEK
{(SEQ D NO:161) of ActRHA.

16231] In some aspects, the ActRI-binding protein binds amino acid residues
NANWELERT (SEQ D NO:157) of ActRIB and amino acid residues BECLFFNANWEKD
(SEQ 1D NO:162) of ActRUHA. In further aspects, the ActRII-binding protein hinds amine
acid residues CCEGNICNER (SEQ ID NO:159) and amino acid residues NANWELERT
{SEQ ID NO:157) of ActRIB and amino acid residues CCEGNMCNEK (SEQ 1D NO:161}
and amino acid residues BECLFFNANWEKD (SEQ 1D NO:i162) of ActRHA. In further
aspects, the ActRIi-binding protein binds amino acid residues CCEGNFCNER (SEQ ID
NO:159), amino acid residues NANWELERT (SEQ ID NO:157) and amino acid residucs
GCWLDDFNCYDR  (REQ ID NO:160) of ActRUB and amino acid residues
CCEGNMCNEK (SEQ ID NO:161), amino acid residucs ECLFFNANWEKD (SEQ ID
MN:162), and amino acid residues CWLDDINCYDRT (SEQ ID NO:163) of ActRHAL

16232} In some aspects, the ActRUB- and ActRUA-binding protein comprises a VH of SEQ
ID NO:84 and a VL of SEQ ID NOG:91. In some aspects, an ActRIIB-binding protein
competes for binding to ActRIIB and ActRHA with an antibody comprising a VH of SEQ ID
NO:84 and a VL of SEQ ID NO:91. In further aspects, the ActRII-binding protein binds the
same epitope of ActRIIB and ActRIA as an antibody comprising a VH of SEQ {D NO:84
and a VL of SEQ ID NG:921.

6233 in some aspects, the ActRIIB- and ActRITA-binding protein comprises a VH of SEQ
1D NO:165 and a VL of SEQ 13 NO:172. In some aspects, an ActRIIB-binding protein
competes for binding to ActRIIB and ActRHA with an antibody comprising a VH of SEQ ID
MNO:165 and a VL of SEQ 1D NO:172. In further aspects, the ActRIl-binding protein binds
the same epitope of ActRIIB and ActRIIA as an antibody comprising a VH of SEQ ID
NO:165 and a VL of SEQ 1D NO:172.

[6234] In some aspects, the ActRIIB- and ActRIIA-binding protein competes for binding to
amino acid residucs CCEGNFCNER (SEQ ID NO:159) of ActRIB with an antibody
comprising a VH of SEQ ID NO:84 and a VL of SEQ ID NO:91. In some aspects, the
ActRIIB and ActRIIA-binding protein competes for binding to amino acid residues
NANWELERT (SEQ 1D NO:157) of ActRIB with an antibody comprising a VH of SEQ ID
NO:84 and a VL of SEQ ID NO:91. In further aspects, the ActRIIB- and ActRIIA-binding
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protein competes for binding to amino acid residues CCEGNFCUNER (SEQ 1D NO:159) and
amino acid residues NANWELERT (SEQ Iy NO:157) of AcRIB with an antibody
corprising a VH of SEQ 1D NO:84 and a VL of SEQ 1D NG9,

[6235] In some aspects, the ActRIIB- and ActRIIA-binding protein competes for binding to
amino acid residucs CCEGNFCNER (SEQ ID NO:159) of ActRIB with an antibody
comprising a VH of SEQ ID NO:165 and a VL of SEQ ID NO:172. In some aspects, the
ActRIIB and ActRIJA-binding protein competes for binding to amino acid residues
NANWELERT (SEQ 1D NO:157) of ActRIB with an antibody comprising a VH of SEQ ID
NO:165 and a VL of SEQ D NO:172. In further aspects, the ActRIIB- and ActRIIA-binding
protein competes for binding to anune acid residues CCEGNFONER (SEQ 1D NO:159) and
amino acid residues NANWELERT (SEQ ID NG:157) of ActRIIB with an antibody
comprising a VH of SEQ ID NO:165 and a VL of SEQ 1D NO:172,

16236] In some aspects, the ActRIIB- and ActRIIA-binding protein competes for binding to
amino acid residues GCWLDDENCYDR (SEQ 1D NO:160) of ActRIIB with an antibody
comprising a VH of SEQ ID NG:84 and a VL of SEQ 1D NO:91.

[6237] In some aspects, the ActRIIB- and ActRIIA-binding protein competes for binding to
amino acid residucs GCWLDDENCYDR (SEQ 1D NO:160) of ActRIIB with an antibody
comprising a VH of SEQ ID NO:165 and a VL of SEQ ID NG:172.

16238] in some aspects, the ActRUB- and ActRUlA-binding protein comspetes for binding 1o
amino acid residues CCEGNFCNER (SEQ ID NO:159), amino acid residues NANWELERT
(SEQ ID NO:157), and amino acid residues GCWLDDFNCYDR (SEQ ID NO:160) of
ActRIIB with an antibody comprising a VH of SEQ ID NO:84 and a VL of SEQ [D NO:9S1.

3239 in some aspects, the ActRUB- and ActRUA-binding protein competes for binding 1o
amino acid residues CCEGNFCONER (SEQ 1D NO:159), amino acid residucs NANWELERT
(SEQ 1D NO:157), and amino acid residues GCWLDDFNCYDR {(SEQ ID NO:160) of
ActRUB with ag antibody comprising a VH of SEQ 1D NO:165 and a VL of SEQ ID
NG:172.

[6248] In some aspects, the ActRil-binding protein specifically binds ActRUB and ActRUA
and comprises a VH of SEQ ID NO:24, 98, 105, 112, or 119. In additional aspects, the
ActRII-binding protein specifically binds ActRIIB and ActRIIA and comprises a VL of SEQ
ID NO:91. In forther aspects, the ActRII-binding protein specifically binds ActRIIB and
ActREA and comprises a VH of SEQ 1D N(G:84, 98, 105, 112, or 119; and a VL of 3EQ ID
NO:SL.
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in some aspects, the ActRIl-binding protein specifically binds ActRIIB and ActRIIA
and comprises a VH of SEQ ID NO:165. In additional aspects, the AciRll-binding protein
specifically binds ActRUB and ActRIFA and comprises a VL of SEQ 1D NG:172. In further
aspects, the ActRII-binding protein specifically binds ActRHB and ActRIIA and comprises a
VH of SEQ 1D NO:165; and a VL of SEQ 1 NO:172.

In some aspects, the ActRIB- and ActRIFA-binding protein comprises a VH of SEQ
1D NO:84 and a VL of SEQ 1D NO:91. In further aspects, the ActRil-binding protein binds
the same epitope of ActRIIB and ActRUA as an antibody comprising a VH of SEQ I3 NO:84
and a VL of SEQ ID NG9 L.

In some aspects, the ActRUB- and ActRUA-binding protein comprises a VH of SEQ
ID NO98 and a VL of SEQ ID NOG:91. In some aspects, an ActRIIB-binding protein
competes for binding to ActRIIB and ActRHA with an antibody comprising a VH of SEQ ID
NO:98 and a VL of SEQ ID NO:91. In further aspects, the ActRII-binding protein binds the
same epitope of ActRIIB and ActRIA as an antibody comprising a VH of SEQ D NO:98
and a VL of SEQ ID NG:921.

In some aspects, the ActRIIB- and ActRITA-binding protein comprises a VH of SEQ
1D NO:105 and a VL of SEQ 1D NG9 In some aspects, an ActRIIB-binding protein
competes for binding to ActRIIB and ActRHA with an antibody comprising a VH of SEQ ID
MNO:105 and a VL of SEQ 1D NO:91. In further aspects, the ActRH-binding protein binds the
same epitope of ActRIIB and ActRHA as an antibody comprising a VH of SEQ 1D NO:10S
and a VL of SEQ 1D NG:91.
he ActRIIB- and ActRIIA-binding protein comprises a VH of SEQ
ID NO:112 and a VL of SEQ 1D NO:91. In some aspects, an ActRIB-binding protein

In some aspects, t

coropetes for binding to ActRIB and ActRHA with an antibody comprising a VH of SEQ 1D
NO:112 and a VL of SEQ {D NO:91. In further aspects, the ActRII-binding protein binds the
same epitope of ACtRIB and ActRIIA as an antibody comprising 2 VH of SEQ 1D NO:112
and a VL of SEQ ID NO:91L.

In some aspects, the ActRUB- and ActRUA-binding protein comprises a VH of SEQ
ID NO:119 and a VL of SEQ ID NO:91. In some aspects, an ActRIB-binding protein
conpetes for binding to ActRIIB and ActRHA with an antibody comprising a VH of SEQ 1D
NO:119 and a VL of SEQ ID NGO:91. In further aspects, the ActRII-binding protein binds the
same epitope of ACtRIB and ActRIIA as an antibody comprising a VH of SEQ ID NG:119
and a VL of SEQ ID NOG:91,
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in some aspects, the ActRHA-binding protein comprises a VH of SEQ 1D NO:125
and a VL of SEQ D NO:132. in some aspects, an ActRIEA-binding protein competes for
binding to ActRILA with an antibody comprising a VH of SEQ ID NO:125 and a VL of SEQ
1D NO:132. In further aspects, the ActRif-binding protein binds the same epitope of ActRIIA
as an antibody comprising a VH of SEQ 1D NO:125 and a VL of SEQ 1D NO:132.

In some aspects, the ActRIE-binding protein specifically binds ActRIIB and comprises
a set of CDRs: VH-CDRI1, VH-CDRZ, and VH-CDR3, wherein the set of CDRs is identical
to, or has a total of one, two, three, four, five, six, seven, gight, nine, ten, or fewer than ten,
amino acid substitutions, deletions, and/or insertions from a reference set of CDRs in which:
{a)y VH-CDR]I has the amino acid sequence of SEQ 1D NG:3 or 58; (b) VH-CDR2 has the
amino acid sequence of SEQ ID NO:4 or 59; or (¢) VH-CDR3 has the amino acid sequence of
SEQ 1D NO:46. In further aspects, the ActRIIB-binding protein has at least one characteristic
selected from the group consisting of {a) competes with an ActRII ligand (e.g., activin A,
activin B, GDF1, GDF3, GDFR (myostatin), GDF11, BMP6, BMP7, BMP9, or BMP10) for
binding to ActRIB; (b) decreases the phospherylation of Smads {e.g., Smad2 and/or Smad3)
in ceils expressing ActRIIB in the presence of an ActRIIB ligand (e.g., activin A or GDF8);
{c} decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing ActRUB and
ALK4 and/or ALK7 in the presence of an ActRIIB ligand; and (d) binds to ActRIB with a
Kp of <1 oM and =21 pM (e.g.. as determined by BIACORE® analysis). In some aspects, the
ActRIIB-binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the
ActRIIB-binding protein has at {east 2 or at least 3 of the above characteristics.

In some aspects, the ActRIE-binding protein specifically binds ActRIIB and comprises
aset of CDRs: VL-CDRI, VL-CDR2, and VL-CDR3, wherein the set of CDRs is identical to,
or has a total of one, two, three, four, five, six, seven, cight, nine, ten, or fewer than ten,
amino acid substitutions, deletions, and/or insertions from a reference set of CDRs in which:
{a) VL-CDRI has the anuno acid scquence of SEQ 1D NO:51; (b) VL-CDRZ has the amino
acid sequence of SEQ ID NO:52; or (¢} VL-CDRS3 has the amino acid sequence of SEQ ID
NO:53. In further aspects, the ActRIIB-binding protein has at least one characteristic selected
from the group consisting of (a) competes with an ActRII ligand (e.g., activin A, activin B,
GDFI1, GDF3, GDFR {(myostatin}, GDF11, BMPo, BMP7, BMP9, or BMP10)} for binding to
ActRIIB; (b} decreases the phosphorylation of Smads (e.g., Smad2 and/or Smad3) in cells
expressing ActRIIB in the presence of an ActRIIB ligand (e.g., activin A or GDFS8); (¢}
decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing ActRIB and ALK4
and/or ALK in the presence of an ActRIIB ligand; and (d) binds to ActRIIB with a Kp of <



WO 2017/156488 PCT/US2017/021958

16230

[0251]

-84 -

nM and > 1 pM (e.g., as determined by BIACORE® analysis}. In sonie aspects, the ActRUB-
binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIIB-
binding protein bas af least 2 or at least 3 of the above characteristics.

In additional aspects, the ActRIl-binding protein specifically binds AciRIB and
comprises a set of CDRs: VH-CDRI1, VH-CDRZ, VH-CDR3, VL-CDR1, VL-CDR2, and
VL-CDR3, wherein the set of CDRs is identical to, or has a total of one, two, three, four, five,
8ix, seven, eight, nine, ten, or fewer than ten, amino acid substitutions, deletions, and/or
insertions from a reference sct of CDRs in which: (a) VH-CDRI1 has the amino acid sequence
of SEQ ID NOG:3 or 38; (b} VH-CDR2 has the amino acid sequence of SEQ D NO:4 or 59;
{c) VH-CDR3 has the amino acid sequence of SEQ 1D NO:46; (d) VL-CDR]I has the amino
acid sequence of SEQ ID NG:51; () VL-CDR2 has the amino acid sequence of SEQ ID
NO:52; or () VL-CDR3 has the amino acid sequence of SEQ 1D NOG:53. In further aspects,
the ActRIIB-binding protein has at least one characteristic selected from the group consisting
of {a) competes with an ActRIH ligand {e.g, activin A, activin B, GDF1, GDF3, GDFR
(myostatiny, GDF11, BMP6, BMP7, BMPY, or BMP10} for binding to ActRIB; (b)
decreases the phosphorylation of Smads {e.g., Smad2 and/or Smad3) in cells expressing
ActRIIB in the presence of an ActRIB ligand (e.g., activin A or GDFR); (¢) decreases the
phosphorylation of ALK4 and/or ALK in cells expressing ActRIIB and ALK4 and/or ALK7
in the presence of an ActRIIB ligand; and {(d) binds 10 ActRUB witha Kp of <1 sM and > 1
pM (e.g.. as determined by BIACORE® analysis). In some aspects, the ActRIIB-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIIB-binding
protein has at least 2 or at least 3 of the above characteristics.

in further aspects, the ActRil-binding protein specifically binds ActRUB and
ActRIIA and comprises a set of VH antigen binding domains (ABDs) VH-ABD1, VH-
ABD2, VH-ABD3, VL-ABDI1, VL-ABD2, and VL-ABD3, wherein: (a) VH-ABD! has the
amino acid scquence of SEQ 1D NO:140; (b) VH-ABD? has the amino acid sequence of SEQ
IB NO:141; () VH-ABD3 has the amino acid sequence of SEQ 1D NO:14Z; {(d) VL-ABDI
has the amino acid sequence of SEQ 1D NO:92; (e) VL-ABD2 has the amino acid sequence
of SEQ 1D NO:93; or () VL-ABD3 has the amino acid sequence of SEQ ID NO:94. In
further aspects, the ActRIB-binding protein comprises a VH and a VL. In further aspects, the
ActRIIB- and ActRIIA-binding protein has at least one characteristic selected from the group
consisting of (a) competes with an ActRII ligand {e.g., activin A, activin B, GDF1, GDF3,
GDFS (myostatin}, GDF11, BMP6, BMP7, BMP9, or BMP10) for binding to ActRUB or

ActRIIA; (b) decreases the phosphorylation of Smads {e.g., Smad2 and/or Smad3) in cells
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expressing ActRUB and/or ActRIIA in the presence of an ActRUB and/or ActRIIA ligand
{e.g., activin A}; {¢) decreases the phosphorylation of ALK4 and/or ALK in cells expressing
ActRIIB and/or ActRIIA and ALK4 and/or ALK7 in the presence of an ActRIIB and/or
ActRIA ligand; and (d) binds to ActRIIB and/or ActRIFA with a Kp of <1 nM and > 1 pM
{e.g., as determined by BIACORE® analysis). In some aspects, the ActRIIB- and ActRIA-
binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIIB- and
ActRITA-binding protein has at least 2 or at least 3 of the above characteristics.

in some aspects, the ActRl-binding protein specifically binds ActRHA and
comprises a VH and a VL wherein the VH seguence is identical to, or has a total of one, two,
three, four, five, six, seven, cight, nine, ten, fewer than fifteen, or zero, amino acid
substitutions, deletions, and/or insertions from a reference VH sequence of SEQ D NO:125,
and wherein the VL sequence is identical to, or has a total of one, two, three, four, five, six,
seven, cight, nine, ten, fewer than fiftecn, or zero, amino acid substitutions, additions and/or
deletions from a reference VL sequence of SEQ 1D NO:132. In further aspects, the ActRIA-
binding protein has at least one characteristic selected from the group consisting of (a)
competes with an ActRIIA ligand (e.g, activin A, activin B, GDFI, GDF3, or Nodal); (b)
decreases the phosphorylation of Smads {e.g, Smad? and/or Smad3) in cells expressing
ActRITA in the presence of an ActRIIA ligand (e.g., activin A); {c} decreases the
phosphorylation of ALK4 and/or ALKT in cclls expressing ActRIA and ALK4 and/or ALK7
in the presence of an ActRIIA ligand; and {d) binds to ActRIIA with a Ky of <1 nM and > |
pM {e.g., as determined by BIACORE® analysis). In some aspects, the ActRUA-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the ActRIFA-binding
protein has at least 2 or at least 3 of the above characteristics.

In some aspects, the ActRI-binding protein is an antibody that specifically binds
ActRIL In some aspects, the anti-ActRIH specifically binds ActRIIB and/or ActRIIA. In some
aspects, the anti-ActRII antibody is a murine antibody, 2 humanized antibody, a chimeric
antibody, a monoclonal antibody, a polyclonal antibody, a recombinant antibody, a
multispecific antibody, or any corabination thereof. In some aspects the anti-ActRI antibody
is an Fv fragment, an Fab fragment, an F(ab')2 fragment, an Fab' fragment, a dsFv fragment,
an scFv fragment, or an sc(Fv)2 fragment.

In some aspects, the ActRIE-binding protein specifically binds ActRII (e.g., ActRUA
and/or ActRIIB) and blocks an activity of an ActRII-ligand (e.g., GDFB (myostatin) and/or
activin}. In some aspects the ActRH-binding protein specifically binds ActRH {eg., and

decreases the inhibition of muscie formation or the increase in fat formation asssociated with
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the activity of an ActRH ligand (e.g., GDFE (myostatin and/or activin). In some aspects the
ActRII-binding protein specifically binds ActRI and treats or ameliorates one or more
conditions associated with a nwiscle disorder or & raetabolic disorder. In some aspects, the
muscle diserder 3 muoscle wasting due to disease or disuse. In some aspects, the metabolic
disorder is diabetes, obesity, hyperglycemia, or bone loss.

In particular aspects, the ActRHB-binding protein (e.g., an anti-ActRHB antibody or
an anti-ActRIIB and ActRIIA antibody) inhibits or decreases the binding of ActRIIB by
GDFS (omwostating or GDFB-mediated ActRIIB Souad signaling. In ancther aspect, the
ActRIIB-binding protein decreases the inhibition of muscle formation or the increase in fat
formation. In some aspects the ActRIIB-binding protein binds ActRIIB and inhibits or
decreases one or more conditions associated with a musele disorder or a metabolic disorder.
In some aspects, the muscle disorder 5 nwscle wasting due fo disease or disuse. In soms
aspects, the metabolic disorder s diabetes, obesity, hyperglycemia, or bone loss.increases
muscle mass or strength in a subject.

In certain aspects, the blocking of ActRIl {e.g., ActRIIB and/or ActRIIA) activity by
an ActRI-binding protein (e.g., an anti-AciRIIB antibody and an anti-ActRIIA antibody)
described herein, inhibits or decreases one or more conditions associated with a muscle
disorder, such as muscle wasting. In further aspecis the blocking of ActRII inhibits or
decreases one or more conditions associated with muscle wasting due to disease or disuse. In
particular aspects, the ActRII-binding protein (e.g, an anti-ActRHB antibody or an anti-
ActRIIB and ActRIHA antibody) inhibits or decreases the binding to ActRIURB by GDF&. In
another aspect the ActRIIB-binding protein inhibits or decreases the inhibition of muscle
differentiation by a Srad-dependent pathway.

In some aspects, the ActRIE-binding protein specifically binds ActRIIB and blocks an
ActRIIB ligand-mediated activity. Sonme ActRIIB ligands sach as GDF-8 are known to be a
negative regulator of skeletal muscle tissue and myostatin signaling is known to lead 1o
muscle mass.  ActRIB ligand-mediated signalling can also medulate the production of
muscle-specific enzymes (e.g., creatine kinase), stinmlate myoblast proliferation, and
modulate preadipocyte differentiation to adipocytes. Increased myostatin activity has been
assoicated with mwscle wasting disorders, muscle loss due to inactivity, and metabolic

disorders including diabetes, obesity, hyperglycemia, and bone loss. Increased ActRIIB

i N
1y
183

igand-mediated activity has also been assoicated with age-related increases in fat to muscle
ratios, and age-related muscular atrophy.  In some aspects the ActRIE-binding protein

specifically binds ActRIB and decreases the inhibition of muscle formation or the increase in
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fat formation asssociated with the activity of some ActRHB ligands-. In some aspects the
ActRII-binding protein specifically binds ActRIIB and treats or ameliorates one or more
conditions associated with a nwiscle disorder or & raetabolic disorder. In some aspects, the
muscle diserder 3 muoscle wasting due to disease or disuse. In some aspects, the metabolic
disorder is diabetes, obesity, hyperglycemia, or bone loss. ActRIIB ligand-mediated activity
can be determined using art-recognized methods, such as those described herein.

In certain aspects, the blocking of ActRIl {e.g.. ActRIB and/or ActRUA) activity by

an ActRH-binding protein (e.g., an anti-ActRIIB antibody and an anti-ActRIFA astibody)
described herein, redaces one or more conditions associated with fibrosis. In particular
aspects, the ActRUB-binding protein inhibits or decreases ActRIB-mediated development of
fibrotic lesions, weight loss or other clinical symptoms, and/or altered expression of
biological molecules {e.g., mRNA or protein expression} associated with the development of
a fibrotic condition. In particular aspects, the ActRIFA-binding protein inhibits or decreases
ActRITA-mediated development of fibrotic lesions, weight loss or other clinical symptors,
and/or altered expression of biological molecules {e.g, mRNA or protein expression}
associated with the development of a fibrotic condition.

As noted above, an anti-ActRY antibody {e.g., a full-length ActRIIB-antibody and an
ActRII-binding antibody fragment, and a variant and derivative thereot) containing a VH
and/or VL amino acid sequence that binds ActRIE can have at least 853%, 90%, 95%, 96%,
97%, 98% or 99% sequence iderntity to a sequence set forth herein. In some aspects, the VH
and/or VL amino acid sequence(s) that binds ActRIf comprise §, 7, 6,5, 4, 3, 2, | amino acid
additions, substitutions {e.g., conscrvative substitutions) or deletions relative to a sequence set
forth herein. In additional aspects, the VH and/or VL amino acid sequence that binds ActRI
comprise i, 2, 3, 4, 5 or more amino acid additions, substitutions {e.g., conservative
substitutions} or deletions relative to a sequence set forth herein. An anti-ActRH antibody
containing VH and VL regions having a certain percent similarity to a VH region or VL
region, or having one or more substitations, deletions and/or insertions (e.g., conservative
substitutions} can be obtained by mutagenesis {e.g., site-directed or PCR-mediated
mutagenesis) of nucleic acid molecules encoding VH and/or VL regions described herein,
followed by testing of the encoded altered antibody for binding 1o ActRH and optionally
testing for retained function using the functional assays described herein or an assay known in
the art that can routinely be modified to test the retained fanction.

he affinity or avidity of an ActRH-binding protein such as, an anti-ActRIB antibody

{e.g., a foll-length AciRIIB-antibody and an ActRIf-binding antibody fragment, and a variant
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and derivative thereof}, for hACRIIB, nwurActRUB, can be defermined experimentally using
any suitabie method known in the art, e.g., flow cytometry, enzyme-linked immunosorbent
assay (ELISA}, or radioimnmmnoassay (RIA), or kinetics {e.g., BIACORE® or KINEXA®
analysis). Direct binding assays and competitive binding assay formats can be readily
employed. (See, for example, Berzofsky e al, "Antibody-Antigen Interactions,” in
Fundamental Immunology, Paul, W. E., Ed., Raven Press: New York, N.Y. (1984); Kuby,
Immunology, W. H. Freeman and Company: New York, N.Y. {1992); and methods described
herein.y The measured affinity of a paricular antibody-anfigen interaction can vary if
measured onder different conditions {e.g., salt concentration, pH, temperawre}. Thus,
measurements of affinity and other ActRIl-binding parameters (e.g., Kp or Kd, K, Kog) are
made with standardized solutions of ActRIl-binding proteins and ActRIH and the
measurerments are performed using standardized conditions and methods, as described herein
or otherwise known in the art.

The disclosure further provides an ActRil-binding protein such as, an anti-ActRIIB
antibody and/or an Anti-ActRIIA antibody as described hercin, where the ActRII-binding
protein is conjugated to a heterologous agent. In certain aspects the heterologous agent 1s an

antimicrobial agent, a therapeutic agent, a prodrug, a peptide, a protein, an enzyme, a lipid, a

po

.
ai

biclogical response modifier, a pharmaceutical agent, a lymphokine, a heterologous antibody
or antibody fragment, a detectable label, or a polycthylene glycol (PEG). Heteroconjugate
ActRII-binding proteins are discussed in more detail elsewhere herein.

In certain aspects, the ActRIl-binding protein is not an anti-ActRIl antibody. A
variety of methods for identifying and producing non-antibody polypeptides that bind with
high affinity to a protein target are known in the art. See, e.g, Skerra, Curr. Opin. Biotech.
18:295-304 (2007); Hosse ef al., Protein Science 15:14-27 (2006, Gill et al., Curr. Opin.
Biotechnol. 17:653-658 (2006}; Nygren, FERS J. 275:2668-2676 (2008); and Skerra, FEBS J.
275:2677-2683 (2008), cach of which is incorporated by reference herein in its entirety. In
some aspects, phage display technology can been used to identify/produce an ActRI-binding
protein. In some aspects, the ActRil-binding protein comyprises a protein scaffold based on a
type selected from the group consisting of VASP polypeptides, avian pancreatic polypeptide
{aP'P), tetranectin (based on CTLD3), affilin (based on yB-crystailin/ubiquitin}, a knottin, an
SH3 domain, a PDZ domain, tendamistat, transferrin, an ankyrin consensus repeat domain
{e.g., DARPins), a lipocalin protein fold (e g, anticaling and Duocalins}, a Protein Epltope
Mimetic (PEM), a maxybody/avimer, a domain antibody a fibronectin domain {e.g., 10 Fa3,

see, e.g., U.S. Appl. Pabl. Nos. Z003/6170753 and 20090155273, each of which is herein
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incorporated by reference in its entirety}, a domain of protein A (eg. Affibodies), and
thioredoxin.

In some aspects the disclosure provides an ActRIIA-binding protein {e.g., an anti-
ActRITA antibody such as, a full-length anti-ActRHA antibody and an ActRIIA-binding
antibody fragment) that competes for binding ActRIA with an anti-ActRIA auntibody
provided herein. In some aspects the disclosure provides an ActRIIA-binding protein that
binds to the same epitope of ActRILA as an ActRUA-binding protein provided herein.

in soipe aspects the disclosure provides an ActRIIB-binding protein {e.g, an anti-
ActRIIB antibody such as, a full-length anti-ActRIIB antibody and an ActRIIB-binding
antibody fragment) that competes for binding ActRIIB with an anti-ActRIIB antibody
provided herein. In some aspects the disclosure provides an ActRIIB-binding protein that
binds to the same epitope of ActRUB as an ActRIB-binding protein provided herein. The
ability of a test ActRII-binding protein to inhibit the binding of, for example, a reference
binding protein such as an antibody comprising a VH sequence of SEQ 1D NO:40 and a VL
sequence of SEQ ID NG:9, or a VH sequence of SEQ ID NO: 1192 and a VL sequence of SEQ
ID NO:91, to ActRIIB demonstrates that the test ActRIl-binding protein can compete with the
refevence antibody for binding to ActRIIB. Such an ActRIB-binding protein can, according
to non-limiting theory, bind to the same or a related {e.g., a structurally similar or spatially
proximal) epitope on ActRIIB as the ActRIIB-reference antibody with which it competes. In
one aspect, the ActRIIB-binding protein binds to the same epitope on ActRHB as an antibody
comprising a VH sequence of SEQ 1D N(O:40 and a VL sequence of SEQ D NO:G.

ActRII receptors such as, AcIRIIB and ActRHA, are known to phosphorylate ActRi
coreceptors {e.g.. Alk4 and Alk7) and to signal through the phosphorvlation of Smads (e.g.,
Smad? and/or Smad3). In some aspects, an ActRI-binding protein {e.g., an anti-AciRIIB
antibody and an anti-ActRIIA antibody) can decrease ActRI-mediated phosphorylation of its
cognate ActRI receptor. In some aspects, an ActRIEB-binding protein {e.g., an anti-ActRIUB
antibody} can decrease ActiRIIB-mediated phosphorylation of ALK4 and/or ALK7. In some
aspects, an ActRIA-binding protein {e.g., an anti-ActRIIA antibody} can decrease ActRIUA-
mediated phosphorylation of ALK4 and/or ALK7. In some aspects, an ActRIl-binding protein
can inhibit ActRIf-mediated Smads (e.g., Smad?2 and/or Smad3) phosphorylation in ActRIi2-
expressing cells. In some aspects, an ActRIIB-binding protein (e.g., an anti-ActRIIB
antibody) can  decrease  ActRIIB-mediatcd Smads {eg, Smad2 and/or Smad3)
phosphorylation in cell expressing ActRIB. In some aspects, an ActRUA-binding protein

{e.g., an anti-ActRHA antibody} can decrease ActRIEA-mediated Smads {e.g., Smad2 and/or
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Smad3) phosphorylation in cell expressing ActRIIA. In some aspects the ActRI receptor
expressing cells are human.

In some aspects, an ActRil-binding protein has at least one characteristic selected
from: (a) competing with activin A for binding to ActRIIA and/or ActRIIB; (b} decreasing
the phosphorylation of Smads {e.g., Smad? and/or Smad3) in cells expressing ActRHA and/or
ActRIIB in the presence of an ActRHA and/or ActRUB ligand (e.g., activin A); (¢} decreasing
the phosphorvlation of ALK4 and/or ALK7 in cells expressing ActRIA and/or ActRIIB and
ALK4 and/or ALK7 in the presence of an ACtRUB and/or ActRHUA ligand; and (d) binding 1o
ActRITA and/or ActRIIB with a Kp of <1 uM and > 1 pM as determined by BIACORE® or
by KINEXA®,

In some aspects, an ActRIE-binding protein (e.g., an anti-ActRII antibody) suppresses
ActRil-mediated phosphorylation of an ActRI receptor (e.g, ALK4 and/or ALK7Y), or the
phosphorlyation of Smads (e.g.. Smad2 and/or Smad3) in cells expressing ActRIL as
measured using a cell-based assay. In some aspects, an ActRII-binding protein suppresses
ActRIE-mediated phosphorylation with an ICsg lower than 500 pM, lower than 350 pM, lower
than 250 pM, lower than 150 pM, lower than 100 pM, lower than 75 pM, lower than 60 pM,
lower than 50 pM, lower than 40 pM, lower than 30 pM, lower than 20 pM, lower than 15

pM, lower than 10 pM, or lower than 5 pM, as measured using a celi-based assay.

Preparation of ActRII-binding proteins

In some aspects, the ActRI-binding protein binds the extracellular domain of ActRII
{e.g., ActRHB and ActRHA). In further aspects, the ActRIl-binding protein is ag anti-
ActRITA antibody and/or an anti-ActRIIB antibody such as, a full-length anti-ActRIIA
antibody and a full-length anti-ActRIIB antibody and an ActRH-binding antibody fragment,
and variants, and derivatives thereof

ActRIl-binding proteins can be readily prepared using known technigues.
Monoclonal anti-ActRI (e.g., ActRUB and ActRIIA)} antibodies can be prepared using
techniques known in the art, including hybridoma methods, such as those described by Kohler
and Milstein, Nafure 256:495-497 {1975). Using the hybridoma method, a mouse, hamster, or
other appropriate host animal, is immenized as described above to clicit the production by
tymphocytes of antibodies that will specifically bind to an inununizing antigen. Lymphocytes
can also be immunized in vifro. Following immuanization, the lvmphocytes are isolated and
fused with a suitable myeloma cell line to form hybridoma cells that can then be selected
away from unfused lymphocytes and myeloma cells. Hybridomas that produce monoclonal

antibodies directed specifically against ActRI such as hActRUIB and hActRUA, as
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determined by Unowuooprecipitation, iramunoblotting, or by an in vitro binding assay {e.g.
radioimmunoassay (RIA); enzyme-linked immunosorbent assay (ELISA)) can then be
propagated cither in in vifro culture using standard methods {see, e.g., Goding, Monoclonal
Antibodies: Principles and Practice, Academic Press, 1986} or in vivo as ascites tumors in an
animal. The monoclonal antibodies can then be purified from the culture medium or ascites
fluid as described for polyclonal antibodies above.

The provided monoclonal antibodies can also be made using recombinant DNA
methods as described in U.S. Pat. No. 4,816,567, wherein the polynuciectides encoding a
monoclonal antibody are isolated from mature B-celis or a hybridoma cell, such as by
RT-PCR using oligonucleotide primers that specifically anplify the genes encoding the heavy
and light chains of the antibody, and their sequence is determined using known procedures.

The isolated polynuclectides encoding the heavy and light chains are then cloned into suitable

=

expression vectors, which when transfected into host cells such as £. coli cells, simian COS

i
H
i

cells, Chinese hamster ovary (CHO) cells, Per.C6 cells, or myeloma cells {e.g, NSO cell
that do not otherwise produce immunoglobulin protein, monoclonal antibodies are generated
by the host cells. Recombinant anti-ActRII monoclonal antibodies can also readily be isolated
from phage display libraries expressing CIDRs of the desired species using knowas techunigues
(see, e.g., MeCafferty ef al., Nature 348:552-554 (1990); Clackson et of., Nature 352:624-628
{1991); and Marks et ol., J. Mol. Riol. 222:581-397 (1991)).

The
to display high affinity for the ActRU antigen {e.g, ActRIB and AciRIIA) and other

=

ati-ActRIE antibodies can optionally be humanized, resurfaced, and engineered

favorable biological propertics. For example, a humanized (or human) anti-ActRI antibody,
can readily be designed and prepared using commonly available three-dimensional
immunoglobulin modeling and known procedures for selecting framework (FW) residues,
consensus sequences, and germiine sequences to provide a desired antibody characteristic,
such as increased affinity for ActRIL

Affinity matoration strategies and chain shuffling strategies are known in the art and
can be emploved to generate high affinity anti-ActRI (e.g, anti-ActRHA and/or anti-
ActRIIB) antibodies as well as derivatives and variants of the ActRH-binding proteins
disclosed herein. See, e.g., Marks er af., Bio/Technology 10:773-783 (1992), which is herein
incorporated by reference in its entirety. An additional strategy for generating high affinity
anti-ActRHE {(e.g, anti-ActRIFA and/or anti-ActRIIB}Y antibodies as well as derivatives an
variants of the ActRIl-binding proteins disclosed herein is to generate novel VH or VL

regions carrying CDR-derived sequences of the disclosure using random mutagenesis of one
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or more selected VH and/or VL genes to generate mutations within the entire variable
domain. Such a technique that uses error-prone PCR 1s described by Gram er af. (PNAS US4
89:3576-3580 (1992)). In some embodiments, one or two amine acid substitutions are made
within a set of VH CDRs and/or VL CDRs. A further sirategy used direct mutagenesis to
CDR regions of VH or VL genes encoding anti-ActRI antibodies disclosed herein. Examples
of such techniques are disclosed by Barbas er al (PNAS US4 91:3809-3813 (1994)) and
Schier ef gl (1. Mol Biol 263:551-567 (1996)).

Humanization, resurfacing or engineering of anti-ActRI antibodies of the disclosure
can be performed using any known method including, but not limited to, those described in
Jones ef al., Nature 321:522 (1986); Ricchmann ef af.,, Natre 332:323 (1988); Verhocyen et
al., Science 239:1534 (1988)), Sims ef al, J. Immunol 151: 2296 (1993); Chothia ef af, J
Mol Biol 196:901 (1987), Carter ef al., PNAS UUSA 89:4285 (1992); Presta ef al., J. Immunol.
151:2623 (1993), US. Pat. Nos. 5,639,641, 5,723,323; 5,976,862; 5,824,514; 5,817,4&3;
5,814,476; 5,763,192; 5,723,323, 5,766,886; 5,714,352; 6,204,023; 6,180,370; 5,693,762;
5,530,101; 5,585,089; 5,225,539; 4,816,567, 7,557,189; 7,538,195; and 7,342,110; Intl. Appl.
Nos.  PCT/USS8/16280;  PCT/USY6/18978;,  PCT/USS1/09630; PCT/USYL/G5939;
PCT/USS4/01234; PCT/GBES/01334, PCT/GBY1/01134; PCT/GBY2/ 01755; intl. Appl
Publ. Nos. W0O90/14443; W0O90/14424; W(O90/14430; and EP Pat. Publ. No. EP 229246;
cach of which is herein incorporated by reference in is entirely. Likewise, known assavs arg
available for readily selacting ActRil-antibodics displaying desirable features {e.g., assays for
determitung binding affinity to AciBIE cross-blocking assays such as the BIACORE®R-based
hurnan ActRI-binding protein competition binding assays described hereind,

Methods for engineering, humanizing or resurfacing non-human or human antibodies
can also be used and arc known in the art. A humanized, resurfaced or similarly engineered
antibody can have one or more amino acid residues from a source that is non-human, e.g., but
not limited to, mouse, raf, rabbit, non-human primate or other mammal. These noo-human
amino acid residues are replaced by residues that are often referred to as "import” residues,

e

which are typically taken from an "import" variable, constant or other domain of a known
human sequence. Such imported sequences can be used to reduce immunogenicity or reduce,
enhance or modify binding, affinity, on-rate, off-rate, avidity, specificity, half-life, or any
other suitable characteristic, as known in the art. Preferably, part or all of the non-human or
human CDR sequences are maintained while the non-human sequences of the variable and

counstant regions can be replaced with huroan or other amine acids.
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The nucleic acid{s) encoding an ActRll-binding protein, such as a full-length anti-
ActRIIA or anti-ActRIIB antibody can further be modified in a number of different manners
using recombinant DNA technology to generate altermative antibodies. In some aspects,

ucieic acid(s) encoding the constant domains of the light and heavy chains of, for example, a
mouse monocional antibody can be substituted (a) for those coding regions of, for example, a
human antibody to generate a chimeric antibody or (b} for non-immunoglobulin encoding
nucleic acid(s) to generate a fusion antibody. In some aspects, the constant regions are
truncated or removed to generate the desired antibody fragment of a monoclonal antibody.
Site-directed or high-density mutagenesis of the variable region coding sequence can be used
to optinize specificity, affinity, efc. of a monoclonal antibody.

Anti-ActRIE human antibodies can be directly prepared using any of the mumerous
techoigues known in the art. {(See, eg, Cole ef o/, Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, p. 77 (1983); Boemer ef al., J. Immunol. 147(1):86-95 (1991); and
V.S Patent No. 5,750,373). Similarly, human anti-ActRII antibodies can readily be obtained
from immortalized human B lymphocyte immunized iz vitro or isolated from an immunized
individual that produces an antibody directed against ActRII {e.g., ActRIIB and ActRIIA).

Human anti-ActRI antibodies can also be selected from a phage library that
expresses human antibodies, as described, for example, in Vaughan er al, Nat. Biotech.
14:309-314 (1996), Sheets ef al.,, PNAS 95:6157-6162 (1998), Hoogenboom and Winter, J
Mol. Biol 227:381 (1991}, and Marks er af., J. Mol. Biol. 222:581 {1991). Techniques for the
generating and screening antibody phage libraries are also deseribed in U.S. Pat. Nos.
5,969,108; 6,172,197, 5,885,793, 6,521,404; 6,544.731; 6.,555,313; 6.582,215; 6,593,081;
6,300,064; 6,653,06%8; 6,706,484; and 7.264,963; and Rothe er al, J Mol Biol
376(4):1182-1200 (2008)(cach of which is herein incorporated by reference in its entirety).

Human anti-ActRII antibodies can alse be made in transgenic mice containing human
immunaglobulin loci that are capable upon imenwnization of producing human antibodies in
the absence of endogencus immunoglobulin production. This approach is described for
example, in U8, Pat. Nos. 5,545,807, 5,545,806; 5,569,825, 5,625,126; 5,633.425; and
5,661,016.

Human anti-ActRI antibodies can also be selected and/or isolated from veast-based
antibody presentation libraries, as disclosed in, for example, WO0G12/009568; W(0O09/036379;
WO10/105256; WO03/074679 and U.S. Appl. Publ. No. US2002/06177170, the contents of
each of which is herein incorporated by reference in its entirety. Such libraries are designed

in silico to be retlective of the diversity afforded by the human preimmune repertoire.
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Alternatively, anti-ActRII antibodies may be selected from a yeast-displayed antibody
iibrary see, for example: Blaise or al, Gene 342(2):211-218 (2004); Boder e af, Nat
Biotechnol. 15(6):553-557 (1997); Kuroda ef al., Riotechnol Lett. 33(1):1-2 (2011}, Review;
Laver ef af, J. Pharm. Sci. 101(13:102-15 (2012} Creutt KD, and Wittrap K.D. Antibody
Engineering, yeast display and selectios (2010), 207-233; Rakestraw et af., Protein Eng. Des.
Sed, 24(6):523-30 (2011); and U.S. Patent Nos. 6,423,538, 6,696,251 ; and 6,699,653,

Various techniques are known for the production of antigen-binding antibody
fragments. Traditionally, these fragments are derived via proteolytic digestion of intact
antibodies {see, e.g., Morimoto er al., J. Biochem. Biophys. Meth. 24:107-117 (1993); and
Brennan ef al, Science 229:81 {1985)). In certain aspects an ActRil-binding antibody
fragmetnis produced recombinantly. Fab, Fv, and scEFv antibody fragments can all be
expressed in and seoreted from £, cofi or other host cells, thus allowing the production of
large amounts of these fragments. Such an ActRIE-binding antibody fragment can additionally
be isolated from the antibody phage libraries discussed above. In some aspects, the ActRIH-
binding antibody fragment is a linear antibody as described in U.S. Pat. No. 5,641,870, Other
techniques for the production of antigen-binding antibody fragments are known in the art.

Known technigques can be readily adapted for the production of single-chain
antibodies that bind AciRII {see, e.g., U.S. Pat. No. 4,946,778). In addition, known methods
can routinely be adapted for the construction of Fab expression librarics (see, e.g., Huse e al.,
Science 246:1275-1281 (1989)) to allow rapid and effective identification of monocional Fab
fragments with the desired specificity for ActRIL ActRIll-binding antibody fragment can be
produced by technigues known in the art including, but not limited to: (a) a F{ab')2 fragment
produced by pepsin digestion of an antibody; (b) a Fab fragment generated by reducing the
disulfide bridges of an F(ab")2 fragment, (¢} a Fab fragment generated by the treatment of the
anti-ActRI antibody with papain and a reducing agent, and {d) Fv fragments.

in certain aspects, an ActRII-binding protein {e.g., an anti-ActRIA antibody and/or
an anti-ActRIIB antibedy) can be modified in order to increase its serurn half-life. This can be
achieved, for example, by incorporation of a salvage receptor binding cpitope into the ActRIl-
binding protein by mutation of an appropriate region in the ActRIl-binding protein or by
incorporating the salvage receptor epitope into a peptide tag that is then fused to the ActRIB-
binding protein at either end or in the middie {e.g., by DNA or peptide synthesis). Other
methods to increase the seram half-life of an ActRII-binding protein, e.g., conjugation to a

heterologous molecule such as PEG are known in the art.
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Heteroconjugate ActRII-binding proteins {e.g., anti-ActRUIB antibodies, such as a
full-length anti-ActRIIB antibodies and ActRIIB-binding antibody fragments, and variants
and derivatives thereof) are also within the scope of the disclosure. Heteroconjugate ActRIL-
binding proteins are composed of two covalently joined proteins. It is contemplated that the
heteroconjugate ActRll-binding proteins can be prepared in vitro using known methods in
synthetic protein chemistry, including those involving crosslinking agents. For example,
immunotoxins can be counstructed using a disulfide exchange reaction or by forming a
thioether bond. Examples of suitable reagents for this purpose include iminothiolate and
methyl-4-mercaptobutyrimidate.

ActRE-binding proteins can comprise any type of variable region that provides for the
association of the antibody with ActRIL {e.g, ActRIRB and ActRILA). Sach variable region
can comprise or be derived from asy maosunal that can be induced to mount a humoral

esponse and generate immunoglobulins against the ActRIE antigen. The variable region of an
anti-ActRH antibody can be, for example, of human, murine, non-human primate (e.g,
cynomolgus monkeys, macaques, ¢fc.} or lupine origin. In some aspects both the variable and
constant regions of the modified anti-ActRIl antibodies are human. In other aspects the
variable regions of compatible antibodies (usually derived from a son-human source) can be
engineered or specifically tailored to improve the binding properties or reduce the
immunagenicity of the molecule. In this respect, variable regions useful according to the
disclosure can be humanized or otherwise altered through the inclusion of imported amino
acid sequences using affinity maturation, mutagenesis procedures, chain shuffling strategies
and/or other methods described herein or otherwise know in the art.

in certain aspects, the variable domains in both the heavy and light chains of an anti-
ActRII antibody are altered by at least partial replacement of one or more CDRs and/or by
partial framework region replacement and sequence changing. Although the CDRs can be
derived from an antibody of the same class or even subelass as the antibody from which the
framework regions are derived, it is envisaged that the CDRs will be derived from an

W1
s
Ci

antibody of different class and in certain aspects from an antibody from a different species. It
is not necessary to replace all of the CDRs with the complete CBRs from the doner variable
region to transfer the antigen-binding capacity of one variable domain to another. Rather, it is
only necessary to transfer those residues that are necessary to maintain the activity of the

amigen~binding site. It 1s well within the competence of those of ordinary skill in the art, to
routinely obtain a functional antibody with reduced imuwnogenicity. See, e.g., U.S. Pat. Nos.

5,585,089, 5,693,761 and 5,693,762.
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Alterations to the variable region notwithstanding, those of ordinary skill in the art
will appreciate that the modified anti-ActRI of the disclosore will comprise antibodies in
which at least a fraction of one or more of the constant region doypains has been deleted or
otherwise aliered so as to provide desired biochemical characteristics such as decreased
ADCC or increased serum half-life when compared with an antibody of approximately the
sanie immunogenicity comprising a native or unaltered constant region. In some aspects, the
constant region of the modified anti-ActRH antibodies comprise a human constant region.
Muodifications to the constant region can include additions, deletions or substitutions of one or
more amine acids in one or more domains. The modified anti-ActRII antibodies disclosed
herein can comprise alterations or modifications to one or more of the three heavy chain
constant domains (CHI, CH2 or CH3) and/or to the light chain constant domain (CLY. In
some aspects, the modified anti-ActRU antibodies comprise counstant regions wherein one or
more domains are partially or entirely deleted are contemplated. In some aspects, the
modified anti-ActRII antibodies comprise domain deleted coustructs or variants wherein the
entire CH2 domain has been removed (ACHZ constructs). In some aspects, the omitted
constant region domain can be replaced by a short amino acid spacer {e.g., 10 residues) that

provides some of the molecular flexibility typically imparted by the absent constant region.
p YyPICally 1my

1 1
H
Adx

It is generally onderstood that the constant region mediates several effector functions.

For example, binding of the C1 component of complement fo antibodies activates the
complement system. Activation of complement is important in the opsonization and fysis of
cell pathogens. The activation of complement also stimulates the inflammatory response and
can also be involved in autoimmune hypersensitivity. Further, antibodies bind to cells via the
Fe region, with a Fe receptor site on the antibody Fe region binding to a Fe receptor (FeR) on

cell. There are a number of Fo receptors that are specific for different classes of astibody,
inclading 1gG (gamma receptors), IgE (eta receptors), IgA (alpha receptors) and IgM (mu
receptors). Binding of antibody to Fo receptors on cell surfaces triggers a sumber
important and diverse biological responses including engulfment and destraction of antibody-
coated particles, clearance of immmune coraplexes, lysis of antibody-coated target cells by
killer cells (called antibody-dependent cell-mediated cytotoxicity, or ADCC), release of
imflammatory mediators, placental transfer and control of immunoglobulin production.

In certain aspects, an anti-ActRII antibody has an altered effector function that, in

tarn, affects the bielogical profile of the administered anti-ActRII antibody. For example, th
deletion or inactivation (through poist nwitations or other means) of a constant region domain

v

can reduce Fc receptor binding of the circulating modified antibody. In other cases the
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counstant region rodifications, can moderate complement binding and thus reduce the serum
half-life and nonspecific association of a conjugated cytotoxin. Yet other modifications of the
constant region can be used to elimivate disulfide linkages or oligosaccharide moieties that

3

ow for enhanced localization due to increased antigen specificity or antibody flexibility.

5
i

al
Similarly, modifications to the constant region in accordance with this disclosure can easily
be made using biochemical or molecular engineering techniques known to those of ordinary
skill in the art.

in some aspects, an ActRUB-binding protein provided herein is an ActRI antibody
that does not have one or more effector functions. For nstance, in some aspects, the anti-
ActRIl antibody bas no antibedy-dependent cellular cytoxicity {(ADRCC) activity and/or uo
complement-dependent cytoxicity {CDC) activity. In certain aspects, the anti-ActRII antibody
does not bind to an Fe receptor and/or complement factors. In cerfain aspects, the anti-ActRE
antibody has ne effector function. Examples of Fc sequence engineering medifications that
reduce or eliminate ADCC and/or CDC activity and Fo receptor and/or complement factor
binding arc described herein or otherwise know in the art, as are assays and procedures for
testing the same.

In some aspects, an anti-ActRH antibody is engineered o fuse the CH3 domain
directly to the hinge region of the respective modified antibody. In other consiructs a peptide
spacer is inserted between the hinge region and the meodified CH?2 and/or CH3 domains. For
example, compatible constructs can be expressed in which the CH2 domain has been deleted
and the remaining CH3 domain {modified or unmodified) is joined to the hinge region with a

5-20 amine acid spacer. Such a spacer can be added, for instance, to ensure that the regulatory
elements of the constant domain remain free and accessible or that the hinge region remains
flexible. Amino acid spacers can, in some cases, prove 1o be invmunogenic and elicit an
unwanted immune response against the construct. Accordingly, in certain aspects, any spacer
added to the construet can be relatively non-immunogenic, or ¢ven omitted altogether, so as
to maintain the desired biochemical qualities of the modified anti-ActRIL

In additional aspects anti-ActRH antibodies are modified by the partial deletion or
substitution of a few or even a single amino acid in 3 constant region. For example, the
mutation of a single amino acid in selected areas of the CHZ domain can be enough to
substantially reduce Fe binding and thereby. Similarly one or more constant region domains
that control the effector function {e.g., complement CI0Q binding) can be fully or partially
deleted. Such partial deletions of the constant regiouns can improve selected characteristics of

the anti-ActRI antibody (e.g., serum half-life) while leaving other desirable functions
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associated with the corresponding constant region domain intact. In some aspects the constant
regions of the anti-ActRI antibodies are modified through the mutation or substitution of one
or more amine acids that enhances the profile of the resulting construct. In this respect it is
possible to disrupt the activity provided by a conserved binding site {e.g., Fc binding) while
substantially maintaining the configuration and immunogenic profile of the modified anti-
ActRIl antibody. The disclosure also provides an anti-ActRIT antibody that contains the
addition of one or more amino acids to the constant region fo enhance desirable
characteristics such, as decreasing or increasing effector function or providing attachments
sites for one or more cytotoxin, labeling or carbohydrate moieties. In such aspects it can be
desirable 1o insert or replicate specific sequences derived from selecied constant region
domains.

The disclosure alse provides an ActRIE-binding protein that is a variant to the
ActRIIB and ActRIIA-binding proteins provided herein (e.g.. murine, chimeric, humanized
and human ActRU-binding proteins). In particular aspects, the variant ActRIi-binding protein

has at

—

east one characteristic selected from the group consisting oft (3} competing with
activin A for binding to ActRIIB and/or ActRIA; (b} decreasing the phosphorylation of
Smads {e.g, Smad2 and/or Smad3} in cells expressing ActRIIB and/or ActRUA in the
presence of an ActRIB and/or ActRIA ligand (e.g.. activin A); (¢} decreasing the
phosphorylation of ALK4 and/or ALK7 in cells expressing ActRUB and/or ActRHA and
ALK4 and/or ALK in the presence of an ActRIIB and/or ActRIIA ligand; and {(d} binding to
ActRIIB or ActRITA with a Kp of €1 oM and > 1 pM (e.g.. as determined by BIACORE®
analysis). In some aspects, the ActRIl-binding protein has 2, 3, or 4 of the above
characteristics. In some aspects, the ActRil-binding protein has at least 2 or at least 3 of the

above characteristics. In further aspects, the variant contains conservative amino acid residue
substitution mutations compared to an ActRIl-binding protein provided herein.

The provided ActRII-binding proteins, such as anti-ActRI} antibodies, can be
derivatized to contain additional chemical moieties known in the art for improving for
example, the solubility, biological half-life, bicavailability, and to otherwise improve the
stability, formulation and/or therapeutic properties of the ActRIl-binding protein. A non-
exhaustive overview for such mwoieties can be found for example, in Remington's

Pharmaceutical Sciences, 20th ed., Mack Publishing Co., Haston, PA {2000).
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Nucleic Acids Encoding ActRII-Binding Proteins and Their Expression

Nucleic acid molecules and combinations of nucleic acid molecules that encode an
ActRIl-binding protein are also provided. In some aspects, the nucleic acids molecules
encode an anti-ActRH antibody, such as a full-length anti-ActRH antibody and an ActRI-
binding antibody fragment. In further aspects, the disclosure provides mucleic acid molecules
that encode a variant or derivative of a full-length anti-ActRI antibody or an ActRIU-binding
antibody fragment provided hercin.

The nucleic acid molecules disclosed herein can be in the form of RNA or in the form
of DNA. DNA includes ¢cDNA, genomic DNA, and synthetic DNA; and can be double-
stranded or single-stranded, and if single stranded can be the coding strand/or non-coding
{anti-sense)} strand. o certain aspects, the nucleic acid molecule is isolated. In additional
aspects, a nucleic acid molecule is substantially pure. In some aspects the nucleic acid is
cDNA or is derived from c¢DNA. In some aspects the nucleic acid is be recombinantly
produced.

in some aspects, the nucleic acid molecule comprises an ActRif-binding protein
coding sequence operably linked to a control sequence that controls the cxpression of the
coding sequence in a host cell or in vifro. In particular aspects, the coding sequence is a
cDNA. The disclosure also relates to vectors containing nucleic acid molecules comprises an
ActRIE-binding protein coding sequence operably linked to a control sequence that controls
the expression of the coding sequence in a host cell or in vitro.

In somc aspects, the nucleic acid molecule comprises a coding sequence for a mature
ActRII-binding protein that is fused in the same reading frame to a heterologous

polynucleotide sequence. In some aspects, the heterologous polynucleotide sequence encodes

WL

a leader peptide sequence that facilitates the secretion of the expressed protein from the host
cell tansformed with the ActRII-binding protein encoding ovucleic acid molecule(s). A
protein containing a leader sequence is referred to as a preprotein and can have the leader
sequence cleaved by the host cell to form the mature form of the ActRIl-binding protein.
Such leader peptide sequences and their use facilitating the secretion of recombinant proteins
in host cells s generally known in the art. In additional aspects, the heterologous
polynucleotide sequence encodes additional 5' amino acid residues that can function for

example, to facilitate purification, add or improve protein stability and/or therapeutic or

diagnostic properties of the recombinantly expressed ActRIE-binding protsin.
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in some aspects the disclosure provides isolated vucleic acids such as an ActRI-
binding protein encoding ¢DNA fragments, safficient for use as a hybridization probe, PCR
prirer or sequencing primer.

In some aspects, the nucleic acid molecules encode an ActRI-binding protein that has
at least one characteristic selected from the group consisting oft (8) competes with an ActRI
ligand for binding to the ActRIL; (b) decreases the phosphorylation of ALK4 and/or ALK7 in

i1
H
i

cells expressing an ActRI¥ and a cognate ActRI in the presence of an ActRIT ligand; (c}
decreases the phosphoryiation of one or more Smads in cells expressing ActRI in the
presence of an ActRII ligand; and {d} binds to ActRII with a Kp of <l nM and > 1 pM (e.g.,
as determined by BIACORE® analysis). In some aspects, the encoded ActRI-binding protein
has 2, 3, or 4 of the above characteristics. In some aspects, the encoded ActRI-binding
protein has at least 2 or at least 3 of the above characteristics. In some aspects, the encoded
ActRIE-binding protein competes for binding to ActRII with an antibody having an ActRH-
binding VH and VL pair disclosed herein. In additional aspects, the encoded ActRIl-binding
protein binds to the same epitope of ActRII as an antibody disclosed herein.

In some aspects, the nucleic acid molecules encode an ActRIl-binding protein that
specifically binds ActRUA and has at least one characteristic selected from the group
consisting of: {a) competes with an ActRIIA lHgand {e.g., activin A, activin B, GDF1, GDF3,
or Nodal); (b} decreases the phosphorylation of ALK4 and/or ALK7 in cells expressing
ActRIA and ALK4 and/or ALKT7 in the presence of an ActRIIA ligand (e.g., activin A); (¢
decreases the phosphorylation of one or more Smads in cells expressing ActRITA in the
presence of an ActRILA ligand; and {d) binds to ActRIA with a Kp of <1 nM and > 1 pM
{e.g., as determined by BIACORE® analysis). In some aspects, the encoded ActRITA-binding
protein has 2, 3, or 4 of the above characteristics. In some aspects, the encoded ActRHA-
binding protein has at least 2 or at least 3 of the above characieristics. In some aspects, the
encoded ActRITA-binding protein competes for binding to ActRUA with an antibody having
an ActRHA-binding VH and VL pair disclosed herein. In additional aspects, the encoded
ActRITA-binding protein binds to the same epitope of ActRIIA as an antibody disclosed
herein. In further aspects, the nucleic acid molecules encode an ActRIFA-binding protein that
specifically binds ActRI and comprises a VH and a VL.

In some aspects, the nucleic acid molecules encode an ActRil-binding protein that
specifically binds ActRIIB and has at least one characteristic selected from the group
cousisting oft (3} competes with activin A and/or GDFE for binding to ActRHB; (b) decreases

the phosphorvlation of ALK4 and/or ALK7 in cells expressing ActRIIB and ALK4 and/or
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ALK7 in the presence of an ActRHB ligand (e.g., activin A and/or GDFS); (¢} decrcases the
phosphorylation of one or more Smads in cells expressing ActRHB in the presence of an
ActRIIB ligand; and (d) binds to ActRHB with 2 Kp of <1 nM and > 1 pM (eg. as
determined by BIACORE® analysis). In some aspects, the encoded ActRIIB-binding protein
has 2, 3, or 4 of the above characteristics. In some aspects, the encoded ActRIB-binding
protein has at icast 2 or at least 3 of the above characteristics. In some aspects, the encoded
ActRIIB-binding protein competes for binding to AciRIB with an antibody having an
ActRUB-binding VH and VL pair disclosed herein. In additional aspects, the encoded
ActRIIB-binding protein binds to the same epitope of ACtRIB as an antibody disclosed
herein. In further aspects, the nucleic acid moelecules encode an ActRIIB-bhinding protein that
specifically binds ActRIIB and comprises a VH and a VL

in some aspects, the nucleic acid molecules encode an ActRil-binding protein that
specifically binds ActRIIB and ActRIA and has at least one characteristic selected from the
group consisting oft (a) competes with activin A and/or GDFR for binding to ActRIB and
ActRIEA; (b} decreases the phosphoryiation of ALK4 and/or ALK7 in cells expressing
ActRITA and/or ActRIIB and ALK4 and/or ALK7 in the presence of an ActRIA and/or
ActRIIB ligand (e.g, activin A and/or GDF8); {¢) decreases the phosphorylation of one or
more Smads in cells expressing ActRIA and/or ActRIIB 1 the presence of an ActRIIA
and/or ActRIB ligand; and (d) binds to ActRUA or ActRIIBwitha Kp of <I rM and = 1 pM
{e.g., as determined by BIACORE® analysis). In some aspects, the encoded ActRIIB and
ActRITA-binding protein has 2, 3, or 4 of the above characteristics. In some aspects, the
encoded ActRIIB-binding protein has at least 2 or at least 3 of the above characteristics. In
some aspects, the encoded ActRIIB and ActRITA-binding protein competes for binding to
ActRIIB and ActRIA with an antibody having an ActRIB and ActRHA-binding VH and VL
pair disclosed herein. In additional aspects, the encoded ActRIIB-binding protein binds to the
same epitope of ACtRUA or ActRUB as an antibody disclosed herein. In further aspects, the
nucleic acid molecules encede an ActRIB and ActRIA-binding protein that specifically
binds ActRUB and ActRIA and comprises a VH and a VL.

The disclosure also provides vectors and sets of vectors containing nucleic acids and
sets of nucleic acids encoding the ActRIB-binding proteins provided herein. Host cells
transformed with these nucleic acids, sets of nucleic acids, vectors, and sets of vectors are
also provided, as are methods of making an using the ActRI-binding proteins.

in some aspects, the disclosure provides a host cell comprising a pueleic acid

molecule or combination of nucleic acid molecules or a vector as provided above, where the
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host cell can, in some instances express an ActRli-binding protein {e.g., an anti-ActRI]
antibody such as, a full-length ActRIIB-antibody and an ActRil-binding antibody fragment},
that specifically binds to ActRIUL In further aspects, the disclosure provides a host cell
transformed with a nucleic acid molecule or combination of nucieic acid molecules or a
vector as provided above, where the host cell can, in some instances express an ActRI-
binding protein that specifically binds to ActRIL Such host cells can be utilized in a method
of making an AciRH-binding protein as provided herein, where the method includes (a)

culturing the host cell and {(b) isolating the ActRII-binding proteins expressed from the host

cell.
The disclosure also provides a method for making an ActRIl-binding protein
comprising culturing a host cell {e.g., a hybridoma or transformed mammalian host cell}
capable of expressing the ActRII-binding protein under suitable conditions and optionally
provides a method for isolating the ActRII-binding protein secreted from the host cell. And

i
H
i

the disclosure additionally provides the ActRl-binding protein isolated using the disclosed

methods.
n certain aspects the polynucleotides comprise the coding sequence(s) for the mature
ActRII-binding protein(s) {e.g., an ActRil-antibody, such as a full-length antibody and an

3:

ActRII-binding antibody fragment) fused in the same reading frame o a marker sequence that

3

fows, for example, for purification of the encoded polypeptide. For example, the marker

iy

a
sequence can be a hexa-histidine tag supplied by a pQE-9 vector to provide for purification of
the matare polypeptide fused to the marker in the case of a bacterial host, or the marker
sequence can be a hemagglutinin (HA) tag derived from the influenza hemagglutinin protein
when a mammalian host {e.g., COS-7 cells) is used.

MNucleic acid variants enceding an ActRIl-binding protein such as, an anti-ActRU
antibody and an ActRII-binding antibody fragment, are also provided. Nucleic acid variants
can contain alterations in the coding regions, non-coding regions, or both. In some aspects the
nucleic acid variants contain alterations that produce silent substitutions, additions, or
deletions, but do not alter the properties or activitics of the encoded polypeptide. In some
aspects, the nucleic acid variants are produced by silent substitutions duc to the degeneracy of
the genetic code. Nucleic acid variants can be produced for a variety of reasons, eg., 1o
optimize codon expression for a particular host (change codons in the human mRNA to those

.
i

preferred by a bacterial host such as £, coli). Vectors and cells comprising the nocleic acids

described herein are also provided.
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in somge aspects a nucleic acid sequence encoding an ActRIi-binding protein (e.g., an
' o S

5
i

anti-ActREH antibody such as a full-length antibody and an ActRIH-binding antibody fragment)

b

s constructed by chemical synthesis using an oligonucleotide synthesizer. Such
oligonucleotides can be designed based on the amino acid sequence of the desired
polypeptide and codon optimization based on the host cell preferences. Standard methods can
routinely be applied to synthesize an isolate polynucleotide sequences encoding ActRIE-
binding proteins.

Once assembled (by synthesis, site-directed mutagenesis or another method), the
nucleic acid sequences encoding ActRIE-binding proteins can routinely be operably linked to
a control sequence appropriate for expression of the ActRIi-binding proteins in a desired host.
In some aspects, the nucieic acid seguences encoding ActRII-binding proteins is inserted into
an expression vector and operably linked 10 a control sequence appropriate for expression of
the protein in a desired host. In order to obtain high expression levels of a transfected gene in
a host, the gene can be operably linked to or associated with transcriptional and translational
gxpression control sequences that are functional in the chosen expression host.

In certain aspects, recombinant expression vectors are used to amplify and express
DNA encoding an ActRii-binding protein, such as, an anti-ActRIIB antibody, an anfi-
ActRITA antibody, an AciRIIB-binding antibody fragment, or an ActRHA-binding antibody
fragment. Recombinant expression vectors are replicable DNA coostructs which have
synthetic or ¢DNA-derived DNA fragments encoding a polypeptide chain of an ActRII-
binding protein operably linked to suitable transcriptional or translational regulatory elements
derived from mammalian, microbial, viral or insect genes. A transcriptional unit generally
conprises an assembly of {1} a genetic element or elements having a regulatory role in gene
expression, for example, transcriptional promoters or ephancers, (2} a structural or coding
sequence which is transcribed into mBNA and translated into protein, and (3} appropriate

transeription and frapslation initiation and termination sequences, as described in detail

below. Such regulatory elements can include an operator sequence to control transcription.
The ability to replicaie in a host, usually conferred by an origin of replication, and a selection
gene to facilitate recognition of transtormants can additionally be incorporated. DNA regions
are operably linked when they are functionally related to each other. For example, DNA fora
signal peptide {sccretory leader) is operably linked to DNA for a polypeptide if it is expressed

a precursor which participates in the secretion of the polypeptide; a promoter is operably
linked to a coding sequence if it controls the transcription of the sequence; or a ribosome

3

binding site is operably linked to a coding sequence if it is positioned so as to permit
1 £ sCq g

4
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translation. Structural clements intended for use in yeast expression systems inchude a leader
sequence enabling extracellular secretion of transiated protein by a host cell. Alternatively,
where a recombinant protein is expressed without a leader or fransport sequence, the protein
can include an N-terminal methionine residue. This residue can optionally be subsequently
cleaved from the expressed recombinant protein to provide a final protein. In certain aspects,
the disclosure provides a composition, e.g., a pharmaceutical composition, comprising a
nucleic acid or vector of as described above or elsewhere hevein, optionally further
comprising one or more carviers, diluents, excipients, or other additives.

Also provided is a host cell transformed with the nucleic acid molecule or ¢cDNA
maolecuies and/or the vectors disclosed herein. The disclosure also provides host cells
transformed with the disclosed nucleic acid molecule or molecules operably
control secquence and optionally inserted into a vector. In some aspects, the host cell is a
mammalian host cell. In further aspects, the mammalian host cell is a NSO murine myeloma
cell, a PER.CO6® human cell, or a Chinese hamster ovary (CHO) cell. In other aspects, the
host cell 1s a hybridoma.

In additional aspects, the disclosure provides a method of making an ActRIi-binding
protein {e.g., an anti-ActRH antibody such as, a full-length ActRif-antibedy and an ActRH-
binding antibody fragment, and variants and derivatives thereof) provided herein comprising
culturing a transformed host cell or a hybridoma disclosed herecin under suitable conditions
for producing the ActRIl-binding protein. The disclosure optionally provides isolating the
ActRIT-binding protein secreted from the host cell. The disclosure also optionally provides
the ActRIl-binding protein produced using this method and pharmaceutical compositions
comprising the ActRIi-binding protein and a pharmaceutically acceptable carrier.

The choice of expression control sequence and cxpression vector will depend upon
the choice of host. A wide variety of expression host/vector combinations can be employed.
Useful expression vectors for eukaryotic hosts, include, for example, vectors comprising
expression control sequences from SV40, bovine papilloma virus, adenovirus and
cvtomegalovirus. Useful cxpression vectors for bacterial hosts inchude known bacterial
plasmids, such as plasmids from £ cofi, including pCRI, pBR322, pMB9 and their
derivatives, and also wider host range plasmids, such as M13 and filamentous single-stranded
DNA phages.

Suitable host cells for expression of an ActRH-binding protein, include prokaryotes,
yeast, insect or higher eukaryotic cells under the control of appropriate promoters

Prokaryotes include gram negative or gram positive organisms, for example £. coli or bacilli.
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Higher eukarvotic cells include established cell lines of manuwvalian origin as described
below. Cell-free translation systems could also be employed. Additional information
regarding methods of protein production, including antihody production, ¢an be found, e.g.,
in LS. Appl Publ. No. 2008/01879534, U.S. Pat. Nos. 6,413,746 and 6,660,501, and {ml
Appl. Publ. No. WO04/009823, cach of which is herein incorporated by reference in its
entirety.

Various mamunalian or insect cell culture systems can also be advantageously
emploved 10 express recornbinant ActRIl-binding proteins {e.g., an anti-ActRII antibody such
as, a full-length ActRil-antibody and an ActRII-binding antibody fragment, and variants and
derivatives thereof). Expression of recombinant ActRH-binding proteins in mammalian cells
can be performed because such proteins are generally correctly folded, appropriately
modified and completely functional. Examples of suitable mammalian bost cell lines include
HEK-293 and HEK-293T, the COS-7 lines of monkey kidney cells, described by Gluzman
{Cell 23:175 (1981)), and other cell lines including, for example, L cells, C127, 3T3, Chinese
hamster ovary (CHQO), HelLa and BHK cell lines. Mammalian expression vectors can
comprise nontranscribed elements such as an origin of replication, a suitable promoter and
enhancer linked to the gene to be expressed, and other 5' or 3' flanking nontranseribed
sequences, and §' or 3' nontranslated sequences, such as necessary ribosome binding sites, a

olyadenylation site, splice domor and acceptor sites, and tfranscriptional termination
sequences. Baculovirus systems for production of heterologous proteins in insect cells are
reviewed by Luckow and Summers, BioTechnology 6:47 (1988).

ActRIE-binding proteins produced by a transformed hest cell or hybridoma can be
purified according to any suitable method. Such standard methods include chromatography
{e.g., ion exchange, affinity and sizing column chromatography), cenivifugation, differential
solobility, or by any other standard technigue for protein purification. Affinity tags such as
hexahistidine, maltose binding domain, influenza coat sequence and glutathione-S-transferase
can be attached to the protein to allow easy purification by passage over an appropriate
affinity column. ActRil-binding proteins can also be physically characterized using such
technigues as proteolysis, nuclear magnetic resonance and x-ray crystallography.

For example, supernatants from systems that secrete recombinant ActRIi-binding
proteins into culture media can be first concentrated using a commercially available protein
concentration filter, for example, an Amicon or Millipore Pellicon uitrafiltration unit.
Following the concentration step, the concentrate can be applied to a suitable purification

matrix. Alternatively, an anion exchange resin can be empioyed, for example, a matrix or
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substrate having pendant diethylaminoethyl (DEAE) groups. The matrices can be acrylamide,

.
i

agarose, dextran, cellulose or other types commonly employed in protein purification

Alternatively, a cation ¢xchange step can be employed. Suitable cation exchangers include
various insoluble matrices comprising sulfopropyl or carboxymethy! groups. Finally, one or
more reversed-phase high performance liquid chromatography (RP-HPLC) steps employing
hydrophobic RP-HPLC media, e.g., silica gel having pendant methyl or other aliphatic
groups, can be employved to further purify an ActRil-binding protein. Some or all of the
foregoing purification steps, in various combinations, can also routinely be employed to
provide a homogeneous recombinant ActRIf-binding proteins

16319] A recornbinant ActRIl-binding protein {e.g,, an anti-ActRIl antibody such as, a full-
tength ActRIf-antibody and an AciRIl-binding antibody fragment and variants and
derivatives thereof) produced in bacterial culture can be isolated, for example, by initial
extraction from cell pellets, followed by one or more concentration, salting-out, agueous ion
exchange or size exclusion chromatography steps. High performance liquid chromatography
(HPLC) can be croployed for final purification steps. Microbial celis employed in expression
of a recombinant protein can be disrapted by any convenient method, inclading freeze-thaw
cycling, sonication, mechanical disruption, or use of cell lysing agents.

[6328] Methods known in the art for purifying target binding proteins such as full-length
antibodies and antigen-binding antibody fragmentis also include, for example, those described
in U.S. Appl. Publ. Nos, 2008/0312425, 2008/0177048, and 2009/86187005, cach of which is
ncorporated herein by reference herein in its entirety.

[6321] In certain aspects, the ActRII-binding protein is not an antibody. A variety of methods
are known for identifying and producing non-antibody polypeptides that bind with high
affinity to a protein targst. See, e.g. Skerra, Curr. Opin. Bictechnol 18:295-304 (2007},
Hosse ef al., Protein Science 15:14-27 (2006}, Gill et al., Curr. Opin. Biotechnol. 17:653-658
(20006), Nygren, FERS J. 275:2668-2676 (2008), and Skerra, FEBS J. 275:2677-2683 (2008},
each of which is herein incorporated by reference in its entirety. In certain embodiments,
phage display technology is used to identify/produce the ActRIl-binding protein. In certain
embeodiments, the polypeptide comprises a protein scaffold of a type selected from the group

~

consisting of protein A, a lipocalin, a fibronectin domain {e.g., Fibronectin type I (Fn3)), an

(P4l

ankyrin consensus repeat domain, and thioredoxin.

Methods of use and pharmaceutical compositions

16322] The provided ActRII-binding proteins (including antibodies, immunoconjugates, and

polypeptides) are useful in a variety of applications including, but not limited to, diagnostic
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methods and methods of treating and/or ameliorating various diseases and condifions with an
ActRII-binding protein (e.g., an anti-ActRIIB and an ActRIIA antibody). Methods are
provided for the use of an ActRIl-binding protein {e.g., an anti-ActRH antibody such as, a
full-length antibody that specifically binds ActRII and an ActRI-binding antibody fragment,
and varianis and derivatives thereof) to treat subjects having a disease or condition associated
with ACtRII {e.g., ActRIIB and/or ActRIIA} signaling and/or increased ActRII expression. In
additional aspects, the disclosure provides a pharmaceutical composition containing an
ActRU-binding protein provided herein and 2 pbarmaceutically acceptable carrier. In some

.
ai

aspects, the disclosure provides a pharmaceutical composition containing an ActRII-binding
protein provided herein and a pbarmaceutically acceptable carrier, for use as a medicamen
The disclosure also provides the use of the pharmaceutical compositions disciosed herein for
treating and/or ameliorating a disease or condition associated with ActRI, increased ActRI
expression and/or increased ActRII signaling. In some aspects, the disease or condition
treated using the pharmaceutical composition provided herein is a muscle disorder, such as
muscle wasting due to discase or disuse. In additional aspects the disease or condition treated
using the pharmaceutical compositions provided herein is a fibrotic condition (e.g., a hepatic,
pulmonary, vascular and/or ocular fibrotic condition); an inflammatory, cardiovascular,
pulmonary, muosculoskeletal, nevrelogic, or metabolic disease or condition; wound healing; or
cancer.

1323] In some aspects, a pharmaceutical composition contains an ActRII-binding protein
{e.g., a full-length antibody that specifically binds ActRUEB and a full-length antibody that
specifically binds ActRIIA} and a pharmaceutically acceptable carrier, and further comprises
a labeling group or av effector group. A "label” refers to one or more elements, isotopes, or
chemical compounds attached to enable the detection in a screen. Labels generally fall into
three classes: (a) isotopic labels, which may be radicactive or heavy isotopes, {(b) small
molecule labels, which may include fhuorescent and colorimetric dyes, or molecules such as
biotin that enable other labeling methods, and (¢} immune labels, which may be an epitope
ncorporated as a fusion partuer that is recognized by an antibody, "Labeling group” refers to
any detectable label. In some aspects, the labeling group is coupled to the ActRII-binding
protein via a spacer {e.g., a peptide spacer) to reduce potential steric hindrance. Labels may
be incorporated into the compound at any position and may be incorporated in vifro or in vive
during protein expression. Various methods for labeling proteins are known in the art and

may be used in performiing the provided methods. v additional aspects, the abeling group is

clected from the group consisting of: 1sotopic labels, magnetic labels, redox active moicties
o > s
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optical dyes, biotinyiated groups and polypeptide epitopes recognized by a secondary
reporter. In some aspects, the labeling group is a fluorescent protein such as a Green
Fluorescent Protein or derivative thereof (e.g, enbhanced GFP, blue fluorescent protein or
derivative thereof (eg., EBFP (Enhanced Blue Fluovescent Protein), EBFPZ, Azurite,
mlcalamal, cyan fluorescent protein or derivative thereof {e.g, ECFP (Enbanced Cyan
Fluorescent Protein), Cerulean, CyPet), vellow fluorescent protein or derivative thereof {(e.g.,
YFP, Citrine, Venus, YPet). In some aspects, the polvpeptide epitope is a member selected
from a biotin signaling peptide, histidine peptide (his), hemagghutinin (HA), Flag, gold

.
ai

binding peptide. In additional aspects the effector group is selected from the group consisting

of a radioisotope, radionucleotide, a foxin, a therapeutic and a chemotherapeutic agent.

3

The ActRH-binding proteins of the present disclosure have applications in in vigre and
in vivo diagunostic and therapeutic utilities. For exanpile, the ActRIl-binding proteins can be
administered to cells in culture, e.g., in vifro or in vivo, or in a subject, to treat, prevent or
diagnose a variety of diseases or conditions. In some aspects, the ActRH-binding proteivs are
human antibodies, raurine antibodies, or humanized antibodies.

Also provided are methods of blocking AciRIT activity. In some aspects, the method
coroprises contacting ActRH with an ActRH-binding protein. In some instances the method is
performed in vive. In other instances, the method is performed in visro. In some aspects the
blocked ActRU activity is sclected from {a) binding by an AciRIl ligand (e.g., activin A,
activin B, GDF8 (myostatiny, GDF1i, BMP6, GDF3, BMP9, or BMPIi{); (b)
phosphorylation of one or more Smads in cells expressing ActRIl in the presence of activin
A {¢) phosphorylation of ALK4 and/or ALK7 in cells expressing ActRIL, and ALK4 and/or
ALKT7 in the presence of an ActRI ligand.

In some aspects a method of blocking ActRILA activity is provided. In further aspects,
the method comprises contacting ActRIIA with an ActRiIA-binding protein. In some
instances the method is performed in vive. In other instances, the method is performed in
vitro. In some aspects the blocked ActRIIA activity is selected from (a) binding by an
ActRITA ligand (e.g., activin A, activin B, GDF1, GDF3, or Nodal); (b) phosphorylation of
one or more Smads in cells expressing ActRIIA in the presence of activin A; (¢}
phosphorylation of ALK4 and/or ALK7T in cells expressing ActRIA, and ALK4 and/or
ALKT7 in the presence of an ActRIIA ligand.

In some aspects a method of blocking ActRIIB activity is provided. In further aspects,
the method comprises contacting AciRUB with an ActRHB-binding protein. In some

i

o

tances the method is performed in vivo. In other instances, the method is performed in
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vitro. In some aspects the blocked AciRHB activity is selected from (a) binding by an
ACtRIIB ligand {e.g., activin A, activin B, GDFE (myostatin}, GDF11, BMPS, GDF3, BMP9,
or BMP10}; (b) phosphorylation of one or more Smads in cells expressing ActRIIA in the
presence of activin A; (¢} phosphorylation of ALK4 and/or ALK7 in cells expressing
ActRIEA, and ALK4 and/or ALKT in the presence of an ActRIIB ligand.

In one aspect, the disclosure provides for the treatment, prevention and/or
amelioration of a disease or condition that comprises administering an ActRII-binding protein
{e.g., a full-length antibody that specifically binds ActRIIB and a full-length antibody that
specifically binds ActRIIA) to a subject that has a disease or condition, or is at risk of
developing a discase or condition, associated with ActRIl expression and/or clevated ActRIl
signaling. In another aspect the treatment includes the administration of an ActRII-binding
protein to ap isolated tissue or cells from a subject, where the subject has a disease or
condition, or is at risk of developing a disease or condition, associated with ActRI expression
or ActRII signaling. Further provided is use of an ActRIl-binding protein as provided herein
in the manufacture of a medicament for the treatment of a disease or condition associated
with ActRII expression or ActRII signaling.

The disclosure provides pharmaceutical compositions comprising an ActRU-binding
protein and a pharmaceutically acceptable carrier. Alse provided are methods for treating
and/or ameliorating conditions associated with an ActRIl {e.g, ActiRHA or ActRUB)-
mediated activity in a subject, comprising administering to a subject in need thereof an
effective amount of a pharmaceutical composition comprising an ActRI-binding protein
provided herein. In some aspects, the ActRﬂ-binding protein is administered alone. In other
aspects, the ActRil-binding protein is administered as a combination therapy. Also provided
arc mcthods of reducing ActRI activity in a subject comprising administering an effective
amount of an ActRIl-binding protein to a sabject in need thereof.

The disclosure also provides methods for treating and/or ameliorating a disease or

3

condition associated with a muscle disorder. In some aspects, the muscle disorder is wasting.
fo fwther aspects the wasting is due to disease or disuse. In some aspects, the method
comprises administering to a subject in need thereof, an effective amount of a pharmaceutical
conposition comprising an ActRIl-binding protein (e.g., an antibody that specifically binds
ActRIIB an antibody that specifically binds ActRHA, or an antibody that specifically binds
ActRIIB and ActRIIA). In additional aspects, the ActRII-binding protein is administered

alone or as a combination therapy.
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According to some aspects, the disclosure provides a method of inducing the
formation of skeletal muscle in a subject. In some aspects, the method comprises
administering an ActRIIB-hinding protein (e.g., 20 anti-ActRHEB astibody such as, a full-

3

tength ActRiIB-antibody and an ActRIIB-binding antibody fragment) to a subject in need

)
H

thereof. In some aspects the method increases muscle mass or strength in the subject.

The disclosure also provides methods for treating and/or ameliorating a discase or
condition associated with muscle disorders such as degenerative muscle disease, muscular
dystrophy, rouscle atrophy, or muscle wasting disorders; a fibrotic condition {e.g., a hepatic,
pulmonary, vascular and/or ocular fibrotic condition, such as myocardial fibrosis, and
idiopathic pulmonary fibrosis (IPF)); metabolic disease {e.g., type H diabetes insulin
resistance, hyperglycemia, and obesity); inflammatory disease or conditions, autoimmune
discase, cardiovascular disease (e.g, congestive heart failure, and hypertension); ocular
disease such as age-related macular degeneration; pulmonary disease, musculoskeletal
disease, skeletal disease such as osteoporosis; neurologic disease; wound healing; weight
loss; and cancer {e.g.. a carcinonya, myeloms, a bone-loss inducing cancer, piituiiary cancer,
and gastrointestinal cancer), in a subject. In some aspects, the method comprises
administering to a subject in need thereof, an cffective amwount of a pharmaceutical
composition comprising an ActRIl-binding protein {e.g., an antibody that specifically binds
ActRUB, an antibody that specifically binds ActRIEA, or an antibody that specifically binds
ActRIIB and ActRIIA). In additional aspects, the ActRII-binding protein is administered
alone or as a combination therapy. Further provided is use of disease or condition, or is at risk
of developing a disease or condition, associated with ActRI expression or ActRII signaling.

The disclosure also provides methods of reducing ActRI (e.g., ActRHA or ActRUB)
activity such as signaling in a subject. In some aspects, the method comprises adounistering
to a subject in need thereof (e.g.. a subject diagnosed with muscle wasting; a fibrotic
condition {e.g., a hepatic, pulmonary, vascular and/or ocular fibrotic condition); an

5
i

inflammatory, cardiovascular, pulmonary, musculoskeletal {(fe, bone and/or muscular),
neurplogic, or metabolic disease or condition; wound healing; or cancer) an effective amount
of an ActRII-binding protein {(e.g.. an antibody that specifically binds ActRIIB, an antibody
that specifically binds ActRITA, or an antibody that specifically binds ActRIB and ActRIA)
or an effective amount of a pharmaceutical composition comprising an ActRII-binding
protein.

in one aspect, the disclosure provides methods of treating and/or ameliorating a

muscle disorder in a subject. In some instances, the method comprises administering an
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ActRil-binding protein {e.g., an antibody that specifically binds ActRIIB, an antibody that
specifically binds ActRIIA, or an antibody that specifically binds ActRIIB and ActRIIA) to a
subject having a muscle disorder. In other aspects, the subject is at risk of developing a
muscle disorder. In some aspects the muscle disorder or condition is muscle atrophy. In
further aspects, the muscle atrophy is a condition associated with glucocorticoid treatment
such as, fteatment with cortisol, dexamethasone, betamcthasone, prednisone,
methylprednisolone, or prednisolone. In additional aspects, the muscle atrophy is a condition
associated with nerve trauma or a result of a degenerative, metabolic, or inflammatory

.
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neuropathy {e.g., Guillian-Barré syndrome, peripheral neuropathy, or exposwe (o
environmental toxins or drugs). In additional aspects, the muscle atrophy 18 a condition
associated with an adult motor neuron disease, infantile spinal muscuolar atrophy, amyotrophic

clerosis, juvenile spinal muscular atrophy, awiotmmamne motor newropathy with

iy
5]

fatera i
multifocal conductor block, paralysis due to stroke or spinal cord injury, skeletal
immobilization due to trauma, prolonged bed rest, voluntary inactivity, involuntary inactivity,
metabolic stress or nutritional insufficiency, cancer, AIDS, fasting, a thyroid gland disorder,
diabetes, benign congenital hypotonia, central core disease, burn injury, chronic obstructive
pulmonary disease, liver diseases {examples such as fibrosis, cirrhosis}, sepsis, congestive
heart fatlure, aging, space travel or time spent in a zero gravity environment.

in some aspects the treated and/or ameliovated nwscle disorder is muscle atrophy
associated with a myepathy. In further aspects the myopathy is selected from the group
consisting oft mitochondrial nyopathy; a metabolic myopathy, such as caused by a glycogen
or lipid storage discase a congenital myopathy, including nemalene myopathy, multi/minicore
myopathy and myotubular (centronuclear) myopathy; myotonia; familial periodic paralysis;
and inflamumatory myopathy. In additional aspects, the myopathy is a condition associated
with a muscular dystrophy syndrome, such as  Duchenne, Becker, myotonic,

El

fascioscapulohumeral, Fukuyama, lunb girdle, scapulohumeral, Emery-Dreifuss,

.
i

oculopharyngeal, Charcot-Marie-Tooth discase (CMT}, a congenital muscular dystrophy, or
hereditary distal myopathy. The provided ActRI-binding proteins may be used to treat
inclusion body myositis, myoglobinurias, rhabdomyolysis, myositis ossificans, polymyositis,
or dermatomyositis. In addition, the provided ActRil-binding proteins may treat or prevent
muscle atrophy arising from ghicocorticoid treatment, sarcopenia, prolonged bed rest, skeletal
immobilization, sepsis, or congestive heart fathure

in avother aspect, the disclosure provides methods of treating and/or ameliorating

muscular dystrophy. The term "muscular dystrophy™ refers 1o a group of degenerative muscle
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diseases characterized by gradual weakening and deterioration of skeletal mwuscles and
sometimes the heart and respiratory muscies. Exemplary muscular dystrophies that can be
treated and/or ameliorated with the ActRH-binding proteins and pharmaceutical compositions
provided herein include: Duchenne muscular dystrophy {BMD)}, Becker muscular dystrophy
(BMD), Emery-Dreifuss muscular dystrophy (EDMD), limb-girdie muscular dystrophy
{LGMD), fascioscapulohomeral muscular dystrophy (FSH or FSHD) {(also known as
Landoury-Dejerine), myotonic rmouscular dystrophy {(MMD) (also known as Steinert's
Disease), oculopharyngeal muscular dystrophy (OPMD), distal muscular dystrophy (DD,
congenital muscular dystrophy (CMI3), and scapulohumeral muscular dystrophy (SMD).

In another aspect, the disclosure provides metheds of treating and/or ameliorating a

v

fibrotic condition {e.g., a fibrosis). In some instances, the method comprises administering an
ActRil-binding protein {e.g., an antibody that specifically binds ActRIIB, an antibody that
specitically binds ActRIIA, or an antibody that specifically binds ActRIIB and ActRUA) to a
subject having a fibrotic condition. In other aspects, the subject is at risk of developing a
fibrotic condition. In further aspects the fibrotic condition is DN. In some aspects, the treated
fibrotic condition is a primary fibrosis. In one aspect, the treated fibrotic condition is
idiopathic. In some aspects the fibrotic condition is chronic. In some aspects, the treated
fibrotic condition is systemic. In other aspecis, the treated fibrotic disease or condition is a
condition associated with (e.g., is secondary to) a discasc {e.g., an infectious disease, an

inflammatory disease, an autoimmune disease, a malignant or cancerous disease, and/or a
connective disease); a toxin; an insult {e.g., an environmental hazard (e.g., asbestos, coal dust,
polycyclic aromatic hydrocarbons), cigarette smoking, a wound}; or 2 medical treatment (e.g.
surgical incision, chemotherapy or radiation).

Fibrotic conditions that can be treated and/or ameliorated with the ActRU-binding
proteins provided herein include, but are not limited to, fibrosis, hepatic injury {e.g., liver
injury caused by alcohol, and viral infection such as, Hepatitis B and C infection), pulmonary
fibrosis (e.g., cystic fibrosis, IPF or lung fibrosis caused by cigarette smoking, environmental
hazards and chemotherapeutic drugs such as, bleomycin), radiation induced fibrosis, injection
fibrosis, vascular fibrosis, atherosclerosis, pancreatic fibrosis, musculoskeletal tibrosis {e.g..
muscle fibrosis), cardiac fibrosis, skin fibrosis, scleroderma, ophthalmic fibrosis (eg., age-
related macular degeneration, diabetic macular edema, diabetic retinopathy, and dry eye
discase), progressive systemic sclerosia (PSS}, chronic grafi-versus-host disease, Peyronie's

discase, post-cystoscopic urethral stenosis, retroperitoneal fibrosis, mediastinal fibrosis,
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progressive massive fibrosis, proliferative fibrosis, neoplastic fibrosis, Dupuytren's disease,

5
i

strictures, pleural fibrosis, sarcoidosis, spinal cord injury/fibrosis, and myelofibrosis.

Also provided are methods of decreasing fibrosis in a subject. In some aspects, the
disclosure provides a method of decreasing fibrosis in a subject that comprises administering
an ActRil-binding protein {(e.g, in a pharmaceutical composition described herein) to a
subject having a fibrosis. Such decreased fibrosis can be reflected in for example, reduced
fibrosis and decreases signs or conditions associated with fibrosis including for exanple,
decreased development of fibrotic lesions, a decrease in weight loss or other clinical
symptoms, and/or an altered expression of biological molecules {e.g, mENA or protein
expression) associated with development of the fibrotic condition being treated. In some
aspects, the fibrosis is a hepatic, muscle, or pulmonary fibrosis. Further provided is use of an
ActRU-binding protein as provided herein in the maoufacture of a medicament for the
treatment of fibrosis.

i1
H
i

In another aspect, the disclosure provides methods of reducing fibrosis in celis or
tissues. The methods include contacting a fibrotic cell or tissue with an ActRIE-binding
protein {e.g., as a single agent or in combination with another agent or therapeutic modality)
in an amount sufficient to decrease or inhibit the fibrosis. These methods can be carried out in
vitro or in vivoe. In one aspect, the method is carried out in vive, for example, in 8 mamenalian
subject {e.g., an avimal model). In one aspect the subject is a human. In some aspects,
reducing fibrosis includes: (a) reducing or inhibiting the formation or deposition of tissue
fibrosis; (b) reducing the size, cellularity (e.g., fibroblast or imnwne cell numbers),
composition; or cellular content, of a fibrotic lesion; (c) reducing the collagen or
hydroxyproline content, of a fibrotic lesion; (d) reducing expression or activity of one or more
fibrogenic proteins; and/or {e} reducing fibrosis associated with an inflaramatory response. In
some aspects, reducing fibrosis includes: (a) redocing or inhibiting the formation or
deposition of tissue fibrosis; (b) reducing the size, cellularity {e.g., fibroblast or immune cell
numbers), compeosition; or cellular content, of a fibrotic lesion; {¢) reducing the ceilagen or
hydroxyproline content, of a fibrotic lesion; (d) reducing expressisn or activity of one or more
fibrogenic proteins; and/or {e} reducing fibrosis associated with inflammation.

According to some aspects, the disclosure provides methods of reducing the loss of
hepatic or pulmonary function in a subject. In some aspects, the method comprises
administering an ActRII-binding protein {e.g., an anti-ActRII antibody such as, a full-length
ActRif-antibody and an ActRl-binding antibody fragment) 1o a subject in need thereof. In

v

some aspects the method reduces the loss of hepatic function in a subject. In further aspects,
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the method reduces the loss of hepatic function in a subject through reducing hepatic fibrosis.
In some aspects the method reduces the loss of pulmonary function in a subject. In some
aspects the method reduces the loss of pulmonary function in 2 subject through reducing
pulmonary fibrosis. In some aspects the methods reduces the loss of pulmonary function
and/or pulmonary fibrosis in a subject having or at risk of developing idiopathic pulmonary
fibrosis (IPF}.

Additionally provided are methods of improving hepatic or pulmonary function by
reducing fibrosis in a subject. In some instances, the method comprises administering an
ActRII-binding protein e.g., an anti-ActRII antibody such as, a fuli-length ActRI-antibody
and an ActRil-binding antibody fragment, and variants and derivatives thereof} or
pharmaceutical composition provided herein to a subject in need thereof. In some aspects,
reducing the loss of, or iroproving, hepatic or pulmonary function includes: (a) reducing or
inhibiting the formation or deposition of tissue fibrosis in the corresponding organ; (b)
reducing the size, cellularity (e.g., fibroblast or immune cell numbers), composition; or

cellular content, of a fibrotic lesion in the corresponding organ; {c) reducing the collagen or
hydroxyproline content, of a fibrotic lesion in the corresponding organ; {d) reducing
expression or activity of one or more fibrogenic proteins (e.g., fibrinogen and collagen) in the
corresponding organ; (d) reducing expression extracellular matrix and/or EMT in the
corresponding orgag; and/or (¢} reducing fibrosis associated with an inflanunatory response
in the corresponding organ.

The human body responds to trauma and injury by scarring. Fibrosis, a type of
disorder characterized by excessive scarring, occurs when the normal wound healing response
is disturbed. During fibrosis, the wound healing response continues causing an excessive
production and deposition of collagen. In another aspect, the disclosure provides a method for
treating fibrosis comprising administering to a subject in need thereof a therapeutically
effective amount of ActRil-binding protein {e.g., an antibody that specifically binds ActRIB
or an antibody that specifically binds ActRIIA).

In some aspects, the discloswre provides methods of reducing the loss of, or
improving, hepatic or pulmonary function. In some aspects, the method results in: (a)
reducing or inhibiting the formation or deposition of tissue fibrosis in the corresponding
organ; (b) reducing the size, cellularity {e.g., fibroblast or immune cell numbers),
composition; or cellular content, of a fibrotic lesion in the corresponding organ; (¢) reducing

the collagen or hydroxyproline content, of a fibrotic lesion in the corresponding organ; (&)

o]

reducing expression or activity of one or more fibrogenic proteins {e.g., fibrinogen and
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collagen) in the corresponding organ; {d) reducing expression extracellular matrix and/or
EMT in the corresponding organ; and/or {e) reducing fibrosis associated with an
inﬂammatory response in the corresponding organ.

he discloswre also provides methods of treating and/or ameliorating a fibrotic
condition of the lung. In some aspects, the method comprises administering an ActRI-
binding protein {e.g., an anti-ActRII antibody such as, an antibody that specifically binds
ActRIl, and fragments and variants and derivatives thereof) to a subject having or at risk of
developing, a fibrotic condition of the lung. In some aspects, the pulmonary fibrosis is
idiopathic, pharmacologically-induced, radiation-induced, chronic obstructive pulmonary
diseasc (COPLD), or chronic asthima. Fibrotic conditions of the fung that can be treated include
one or more members of the group consisting oft usual interstitial pneumonitis (UIP),
interstitial lung discase, cryptogenic fibrosing alveolitis (CFA), and bronchiectasis. In some
aspects the treated fibrotic condition of the lung is a condition associated with an
inflarnmatory disorder of the lung, e.g., asthma, and/or chronic obstructive pulmonary disease
(COPD).

In particular aspects, the disclosure provides a method of treating and/or ameliorating
a pulmonary fibrosis that comprises administering an ActRIl-binding protein to a subject
having or at risk of developing, pulmonary fibrosis. Further provided is use of an ActRIl-
hinding protein as provided herein in the manufacture of a medicament for the treatment or
ameclioration of pulmonary fibrosis.

In some aspects, the fibrotic condition of the lung treated with an ActRI-binding
protein {e.g., and anti-ActRIA antibody and an anti-ActRIIB antibody) is a member selected
from the group consisting of: acute respiratory distress syndrome, chrovic asthma, acute lung
syndrome, bronchopulmonary dysplasia, pulmonary bypertension {e.g., idiopathic pulinonary
hypertension (IPH}), histiocytosis X pneumoconiosis, Caplan's disease, rheumatoid disease,
and systemic sclerosis.

In some aspects, the fibrotic condition of the lung treated with an ActRII-binding
protein {e.g., and anti-ActRHA antibody and an anti-ActRIIB antibody) provided herein is a
condition associated with an autoimmune connective tissue disorder. In some aspects, the
autoinunune connective tissue disorder is selected from the group consisting of! sarcoidosis
rheumatoid arthritis, scleroderma and systemic hupus erythematosus (SLE). In additional
aspects, the fibrotic condition of the lung 18 a condition associated with a disease, a toxin, an
imsult, or a medical treatment. Thus, in some aspects, the fibrotic condition of the lung is a

condition associated with one or more members of the group consisting of: exposure to toxins
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and irritants including, inhaled workplace hazards (e.g., dust, ashestos, silica, bauxite, iron,
cotton, tale, and coal dust), toxins {e.g, amiodarone, carmosting, chloramphenicol,
hexamethonium), cigarette smoke, and environmental pollutants. In additional aspects, the
treated fibrotic condition of the lung is a condition associated with an fectious disease. In
particular aspects the infectious disease is a condition associated with a chronic infection.

In additional aspects, the treated fibrotic condition of the lung is a condition
associated with a medical treatment. In particular aspects the medical treatment is selected
from surgery, radiation therapy, and drug therapy. In further aspects, the drug therapy is
chemotherapy. In further aspects, the chemotherapy involves the adminiswration of a
chenmotherapeutic agent selected from the group consisting of bleomycin, methotrexate,
anmiodarone, busulfan, nitrosourea, and nitrofurantoin.

Also provided are methods of treating and/or ameliorating pulmonary hypertension or
idiopathic pulmonary fibrosis (IPF). In some instances, the method comprises administering
an ActRIl-binding protein {e.g, an anti-ActRH antibody such as, a full-length ActRII-
antibody and an ActRI-binding antibody fragment, and variants and derivatives thercof) to a
subject having or at risk of developing pulmonary hypertension or IPF. In some instances, the
ActRIl-binding protein or the pharmaceutical composition comprising an ActRIl-binding-
protein is administered to treat prevent, and/or ameliorate pulmonary hypertension. In some
instances, the ActRil-binding protein or the pharmaceutical compesition comprising an
ActRIE-binding protein is administered to treat, prevent, and/or ameliorate IPF. In some
aspects, the ActRl-binding protein or the pharmaceutical composition comprising an ActRIl-
binding protein is administered to a subject having or at risk of developing pulmonary
hypertension or {PF.

The disclosure also provides methods of ireating and/or ameliorating fibrotic
condition of the liver. In some aspects, the method comprises administering an ActRI-
binding protein or an effective amount of a pbarmaceutical composition comprising an
ActRII-binding protein to a subject having or at risk of developing, a fibrotic condition of the
liver. Further provided is use of an ActRil-binding protein as provided herein in the
manufacture of a medicament for the treatment or amelioration of a fibrotic condition of the
liver. Fibrotic conditions of the liver that can be weated using ActRII-binding proteins
provided herein include one or more members of the group consisting ofl steatosis {e.g.,
nonalcoholic steatohepatitis (NASH), fatty liver disease, cholestatic liver disease (e.g,
primary biliary cirrhosis (PBC)), liver cirrhosis, aleohol induced liver fibrosis, infection-

induced liver fibrosis, biliary duct injury, biliary fibrosis, congenital hepatic fibrosis,
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autoinumune hepatitis, and a cholangiopathy. In further aspects, the infection-induced liver
fibrosis is bacterial-induced or viral-induced.

In an additional aspect, the fibrotic condition of the liver that can be treated with an
ActRII-binding protein provided herein is one or more members of the group consisting oft
hepatic fibrosis associated with viral infection (e.g, hepatitis (hepatitis C, B and Dj,
autoimmune hepatitis, non-alcoholic fatty liver disease (NAFLD), progressive massive
fibrosis, alcoholism, and exposure to toxins or irritants {e.g., alcohol, pharmaceutical drugs
and environmental toxins).

The disclosure also provides methods of treating and/or ameliorating cardiac fibrosis.
Io some aspects, the method comprises administering an ActRil-binding protein or an
effective amount of a pharmaceutical composition comprising an ActRi-binding protein to a
subject having or at risk of developing, a fibrotic condition of the cardiovascular system. In
some embodiments, the cardiac fibrosis is endomyocardial fibrosis or idiopathic
myocardiopathy. o some embodiments, the skin fibrosis is scleroderma, post-trauwmatic,
operative cutancous scarring, keloids, or cutaneous keloid formation. In some embodiments,
the eye fibrosis is glaucoma, sclerosis of the eyes, conjunctival scarring, corneal scarring, or
pterygium.  In some embodiments, the retroperitogeal fibrosis 15 idiopathie,
pharmacologically-induced or radiation-induced. In some embodiments, the cystic fibrosis is

cystic fibrosis of the pancreas or cystic fibrosis of the lungs. In some embodiments, the

injection fibrosis occurs as a complication of an intramuscular injection. Further provided is
use of an ActRll-binding protein as provided herein in the manufacture of a medicament for
the treatment or amelioration of a fibrotic condition of the fibrotic condition of the
cardiovascular system.

Also provided are methods of treating and/or ameliorating an ocular disease or

condition comprising administering an ActRII-binding protein to a subject in need thereof. In

/

particular aspects the ocular discase or condition is glaucoma. In some aspects, the ocular

v

disease is retinopathy. In further aspects, the ocular disease is diabetic retinopathy.

3

In additional aspects, the disclosure provides methods of treating and/or ameliorating

174l

a fibrotic condition of the eye {e.g., fibrosis of the eye, ophthalmic fibroses, and fibrosi

associated with retina
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Thus, 1o some instances, the method comprises
administering an ActRII-binding protein to a subject having or at risk for developing a
fibrotic condition of the eye. Further provided is use of an ActRII-binding protein as provided
herein in the manufacture of a medicament for the treatment or amelioration of 2 fibrotic

condition of the fibrotic condition of the cardiovascular system.
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Fibrotic conditions of the eye that can be treated according to the methods provided
herein can occur in response to injury, such as mechanical wound fe.g., fibrosis associated
with alkali burn} or various metabelic malfunctions (including, eg., respouses to
mnflammation, ischemia, and degenerative discase). In some aspects, the disclosure provides
methods for treating fibrosis associated with ocular surgery. In further aspects, the fibrosis is
a condition associated with postoperative scarring in an ocular condition. In further aspects,
the postoperative scarring is a condition associated with surgery involving, retinal
reattachment, cataract extraction or a drainage procedure.

In some aspects, the disclosure provides a methed of treating and/or ameliorating a
fibrotic condition of the eye associated with one or more members of the group consisting oft
macular edema (e.g., diabetic macular edema}, dry eve disease, fibrosis of the lens, fibrosis of
the corneal stroma or endotheliumm, scarring in the comea and conjunctiva, fibrovascular
scarring, retinal fibrosis, and retinal gliosis.

In some aspects, the disclosure provides a method for treating a fibrotic condition of
the eye associated with macular degeneration. In some embodiments, the treated fibrotic
condition is a condition associaled with age-related macular degeneration. In some
embodiments the treated condition is a condition associated with wet macular degeneration.
In other embodiments the treated condition is a condition associated with dry macular
degeneration.

In some aspects, the disclosure provides a method for treating and/or ameliorating an
inflammatory disease or condition that comprises administering an ActRIl-binding protein to
a subject in need thereof. Further provided is use of an ActRII-binding protein as provided
herein in the manufacture of a medicament for the treatment or amelioration of inflammatory
disease or condition. In some aspects, the inflanunatory disease or condition is inflammatory
cancer, inflammation associated with fibrosis, inflammation associated with atherosclerosis,
asthma or an autoimmune disorder,

Additionally provided are methods of weating and/or ameliorating a cardiovascular
disease or condition. Further provided is use of an ActRIf-binding protein as provided herein
in the mamufacture of a medicament for the treatment or amelioration of a cardiovascular
disease or condition. In some instances, the method comprises treating or ameliorating a
cardiovascular disease or condition by administering an ActRII-binding protein to 2 subject in
need thereof. In some aspects, the cardiovascular disease or condition is anemiia, congestive
heart failure, ventricular dysfunction, vascular caleification, pulmovary hypertension, arterial

restenosis, or myocardial {ibrosis.
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in some aspects, the disclosure provides a method for treating and/or ameliorating a
pulmonary disease or condition that comprises administering an ActRIl-binding protein to a
subject in need thereof. Further provided is use of an ActRIi-binding protein as provided
herein in the manufacture of a medicament for the treatment or amelioration of a pulmonary
disease or condition.

In some aspects, the disclosure provides a method for treating and/or ameliorating a
musculoskeletal disease or condition that comprises administering an effective dose of
ActRii-binding protein to a subject in need thersof. Further provided is use of an ActRH-
binding protein as provided herein in the manufacture of a medicament for the treatment or
amclioration of a musculoskeletal disecase or condition. Exemplary ActRIIB-associated
conditions that can be treated and/or ameliorated by administering an effective dose of an
ActRU-binding protein {e.g.. anti-ActRIB antibedy) include newromuscular disorders (e.g
muscular dystrophy and rmwuscle atrophy), congestive obstructive pulmonary discase or
pulmonary emphysema (and associated muscle wasting), nwscle wasting syndrome,
sarcopenia, cachexia, adipose tissue disorders (e.g., obesity), type 2 diabetes, and bone
degenerative disease {e.g., osteoporosis}. The vse of an ActRi-binding protein as provided
berein in the manufacture of 3 medicament for the treatment or amelioration of each of these
diseases or conditions is provided herein.

Other exenplary ActRif-associated conditions that can be treated and/or ameliorated
by administering an effective dose of an ActRil-binding protein (e.g., anti-ActRIB antibody)
nclude musculodegenerative and neuronuiscular disorders, and osteoporosis.

The provided ActRIE-binding proteins provide an effective means to increase muscle
mass in other neuronwscular diseases or conditions that are in need of muscle growth. For
example, in amyotrophic lateral sclerosis (ALS). Other neuromuscular diseases in which
ActRII-binding proteins may be useful include paralysis due to spinal cord injury or stroke;
devervation due fo frauma or degenerative, metabolic, or inflarnmatory neuropathy; aduli
motor neuron disease; autoimmune motor neuropathy with muitifocal conductor block; and
infantile or juvenile spinal muscular atrophy.

In other aspects, the disclosure provides methods of inducing bone and/or cartilage
formation, preventing bone loss, increasing bone miveralization or preventing the
demineralization of bone. For example, the provided ActRII-binding proteins have use in
treating osteoporosis and the healing of bone fractures and cartilage defects in a subject (e.g.,
humans and other animals). In some aspects, the disclosure provides a method for healing

bone fractures or cartilage in a subject. In another aspect, the provided methods and
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compositions are administered 0 treat a condition causing bone loss such as osteoporosis,
hyperparathyroidism, Cushing's disease, thyrotoxicosis, chronic diarrheal state or
malabsorption, or anorexia nervosa.

In additional aspects, the disclosure provides a method for treating a neurological
disorder or condition that comprises administering an ActRU-binding protein to a subject in
need thereof. Further provided is use of an ActRIE-binding protein as provided herein in the

i
H
B

manufacture of a medicament for the treatment or amelioration of a neurological disorder or

condition. In some aspects, the neurological disorder or condition is associated with neuronal

W13
H
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death. In some aspects, the neurological disorder or condition is Parkinson's Disease, ALS;
brain atrophy, or dementia.

In additional aspects, the disclosure provides a method for weating a metabolic
disorder or condition that comprises administering an ActRU-binding protein to a subject in
need thereof. Further provided is use of an ActRIE-binding protein as provided herein in the
manufacture of a medicament for the treatment or amelioration of a metabolic disorder or
condition. In some aspects, the metabolic disorder or condition is a condition associated with
diabetes. In some aspects the metabolic disorder or condition is obesity. In further aspects the
metabolic disorder or condition is hypertrophic obesity. In some aspects, the metabolic
disorder or condition is cancer cachexia or muscle wasting.

in other aspects, the disclosure provides positions and methods for regulating body fat
content in a subject and for treating or preventing conditions related thereto, and particularly,
health-compromising conditions related thereto.

As provided hercin, to regulate {control) body weight can refer to reducing or
increasing body weight, reducing or increasing the rate of weight gain, or increasing or

reducing the rate of weight loss, and also includes actively maintaining, or not sigunificantly
changing body weight {(e.g., against external or internal influences which may otherwise
increase or decrease body weight). According to one aspect, the disclosure provides a method
of regulating body weight by administering to a subject (e.g., a human} in need thereof an
ActRIl-binding protein provided herein. In one aspect, the disclosure provides a method for
reducing body weight and/or reducing weight gain in an subject, and more particularly, for
reating or ameliorating obesity in a patient at risk for or suffering from obesity. In another
aspect, the disclosure provides a method and compounds for treating a subject that is unable
to gain or retain weight {e.g, an animal with a wasting syndrome). Such methods are
cffective to increase body weight and/or mass, or to reduce weight and/or mass loss, or to

improve conditions associated with or caused by andesirably low (e.g., unhealthy) body
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weight and/or mass. The provided ActRIIB-binding proteins may further be used as a
therapeutic agent for slowing or preventing the development of type II diabetes and metabolic
syndrome.

In particular aspects, the disclosare provides a method of treating and/or ameliorating

condition associated with diabetes that comprises administering an ActRII-binding protein
to a subject having or at risk of developing, diabetes and/or a condition associated with
diabetes. Further provided is use of an ActRIl-binding protein as provided herein in the
manufacture of a medicament for the weatment or amelioration of diabetes or a condition
associated with diabetes. In one aspect, the condition associated with diabetes is diabetic
neuropathy, diabetic retivopathy, diabetic nephropathy, diabetic vasculopathy or diabetic
microangiopathy.

In additional aspects, the disclosure provides a method for promoting wound healing
that comprises administering an ActRII-binding protein to a subject in need thereof. In some
aspects the ActRIl-binding protein is administered to a subject to reduce scar formation
associated with wound healing. In some aspects the ActRIE-binding protein is administered to
a subject at risk of developing a hypertrophic scar or keloid.

Additionally provided are methods of antagonizing ActRI activity in a pathological
condition associated with ActRIE expression and/or ActRII signaling. In some instances, the

wethod corprises administering an ActRH-binding protein {e.g., an anti-ActRH antibody

such as, a full-length anti-ActRH-antibody or an ActRII-binding antibody fragment} to a
subject in need thereof. In some aspects the pathological condition is a musculoskeletal
disease or disorder, such as muscle atrophy. In some aspecis the pathological condition is a
fibrotic disease of, for example, the lung or liver. In further aspects, the pathological
condition 5 diabetes. In some aspects, the pathological condition is obesity {e.g., hypertrophic
obesity). In additional aspects, the pathological condition is pulmonary hypertension or
idiopathic pulmonary fibrosis (IPF). In some aspects the pathological condition is an ocular

3

disease such as, diabetic retinopathy. In some aspects the pathological condition is a cancer,
such as a carcinoma {e.g., basal and squamous cell carcinomas of the skin, head and neck
carcinomas, and renal cell carcinoma}, myeloma (e.g., mulitiple myeloma}, colorectal canser,
or g bone-loss inducing cancer.

Methods of antagonizing ActRHB activity in a pathological condition associated with
ActRIIB expression and/or increased ActRIIB signaling are also provided. In some instances,
the method comyprises administering an ActRU-binding protein {e.g., an anti-ActRI antibody

such as, a full-length anti-ActRIiB-antibody and an ActRIIB-binding antibody fragment, and
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variants and derivatives thereof} to a subject in need thereof. In some aspects the pathological
condition is a muscuioskeletal disease or disorder, such as muscle atrophy. In some aspects
the pathological condition is a fibrotic disease of, for example, the lung or liver. In further
aspects, the pathological condition is diabetes. In some aspects, the pathological condition is
obesity (e.g, hypertrophic obesity). In additional aspects, the pathological condition is
pulmonary hypertension or idiopathic pulmonary fibrosis (IPF). In some aspects the
pathological condition is an ocular disease such as, diabetic retinopathy. In some aspects the
pathological condition is a cancer, such as 2 carcinoma {e.g. basal and squamous cell
carcinomas of the skin, and head and neck carcinomas), myeloma, renal cell carcinoma,
colorectal cancer, or a boge-loss inducing cancer.

Additionally provided are methods of antagonizing ActRIIA activity in a pathological
condition associated with ActRIFA expression and/or increased ActRUA signaiing. in some
instances, the method comprises administering an ActRil-binding protein (e.g.. an anti-
ActRII antibody such as, a full-length anti-ActRHA-antibody or an ActRIIA-binding antibody
fragment} to a subject in need thereof. In some aspects the pathological condition is a
musculoskeletal disease or disovder, such as muscle atrophy. In one aspect the pathological
condition is a fibrotic disease. In some aspects the pathological condition is a fibrotic disease
of, for example, the ung or liver. In a further aspect the pathological condition is a fibrotic
disease of lung or liver. In further aspects, the pathological condition is diabetes. In some
aspects, the pathological condition is obesity {(e.g, hypertrophic obesity). In additional
aspects, the pathological condition is pulmonary hypertension or idiopathic pulmonary
fibrosis (IPF). In some aspects the pathological condition is an ocular disease such as,
diabetic retinopathy. In some aspects the pathological condition is a cancer, such as a
carcinoma {e.g., basal and squamous cell carcivomas of the skin, head and neck carcinomas),
myeloma {e.g., multiple myeloma)}, colorecial cancer, or a bone-loss inducing cancer.

Additionally provided are methods of astagonizing ActRIEB and ActRIIA activity in
a pathological condition associated with AcCtRIE and/or ActRIA expression, and/or
increased ActRHB and/or ActRIIA signaling. o some instances, the method comprises
administering an ActRIl-binding protein {e.g., an anti-ActRIl antibody such as, a full-length
anti-ActRH-antibody or an ActRU-binding antibody fragment) to a subject in need thereof. in
some aspects the pathological condition is a musculoskeletal disease or disorder, such as
muscle atrophy. In one aspect the pathological condition is a fibrotic disease. In some aspects
the pathological condition is a fibrotic disease of, for example, the lung, or liver. Io a further

aspect the pathological condition is a fibrotic disease of the lung, or liver. In further aspects,
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the pathological condition is diabetes. In some aspects, the pathological condition is ohesity

.., hypertrophic obesity). In additional aspects, the pathological condition is pulmonary
hwpertemmn or idiopathic pulmovary fibrosis (IPF). In some aspecis the pathological
condition 1s an ocular disease such as, diabetic retinopathy. In some aspects the pathological

condition 15 a cancer, such as a carcinoma {e.g.. basal and squamous cell carcinomas of the

2R
r’\

in, head and neck carcinomas), myeloma (e.g.. multiple myeloma), colorectal cancer, or a
bone-loss inducing cancer.

o additional aspects, the disclosure provides methods of treating and/or ameliorating
cancer or a condition assoclated with cancer or the treatment thereof, that comprises
admoinistering an ActRli-binding protein {e.g., an anti-ActRIU antibody or ActRU-binding
fragment thereof) to a subject in need thereof. In some aspects the ActRIf-binding protein is
an anti-ActRIB antibody or an ActiRUB-binding fragment thereof. Further provided is use of
an ActRIl-binding protein as provided herein in the manufacture of a medicament for the
treatment or amelioration of cancer or a condition associated with cancer. In some aspects
the ActRIl-binding protein is an anti-ActRHA antibody or an ActRIIA-binding fragment
thereof. In some aspects the ActRI-binding proiein is an antibody that binds ActRIIB and
ActRIIA or an ActRIIB and ActRUA ActRIUB-binding fragment thereof. In some aspects,
the subject has a cancer selected from the group consisting of a: melanoma, uterine cancer,
hung cancer, ovarian canger, breast cancer, colon cancer, pancreatic cancer and a sarcoma. In
particular aspects, the subject has a carcinoma {e.g., basal and squameous cell carcinomas of

the skin, and head and seck carcinoma}, myeloma, colorectal cancer, ot a bone-loss inducing

in some aspects, the method comprises contacting a cancer cell, tumor associated-
stromal cell, or endothelial cell expressing ActRU (e.g., ActRIIB and/or ActRIIA}, with an
ActRII-binding protein that specifically binds the ActRIH. In some instances, the method
comprises contacting activin A with an ActRIH-binding protein. In additional aspects the
wimor cell is from a cancer selected from the group consisting oft myelefibrosis, myeloma
{e.g., multiple myeloma), piuitary cancer. In another aspect, the cancer is breast cancer,
gastrointestinal cancer, or a carcinoma (e.g., basal and squamous cell carcinomas). In an
additional aspect, the cancer is a bone-loss-inducing cancer. In some aspects the tumor cell is
from a cancer line.

The disclosure provides methods that comprise admunistering a therapeutically
effective amount of 2 ActRIl-binding protein, alone or in combination with one or more

additional therapies {e.g., one or more additional therapeutic agenis} to a subject having, or at
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risk for developing, a fibrotic condition. The disclosure additionally provides compasitions
for use of an ActRil-binding protein alone or in combination with another agent for
preparation of one or more medicaments for use in freating (e.g., preventing), and/or
ameliorating a ActRil-mediated disease and/or condition (e.g.. muscle disorders such as
degenerative muscle disease, muscular dystrophy, muscle atrophy, or owscle wasting
disorders; a fibrotic condition {e.g., a hepatic, pulmonary, vascular and/or ocular fibrotic
condition, such as myocardial fibrosis, and idiopathic pulmmonary fibrosis (IPF)); metabolic
disease (e.g., tvpe Il diabetes insulin resistance, hyperglycemia, and obesity); inflammatory
disease or conditions, autoirnmune disease, cardiovascular disease {e.g, congestive heart
failure, and hypertension); ocular disease such as age-related macular degeneration;

pulmonary disease, musculoskeletal disease, skeletal disease such as osteoporosis; nenrologie

far

iscase: wound healing; weight loss; and cancer {e.g. a carcinoioa, mycioma. a bope-loss
inducing cancer, pituitary cancer, and gastrointestinal cancery}.

Also provided is the use of an ActRIi-binding protein provided herein for diagnostic
monitoring of protein levels (e.g, ActRIB and/or ActRIIA levels) in blood or tissue as part
of a clinical testing procedure, e.g., to determine the efficacy of a given treatment regimen
For example, detection can be facilitated by coupling an ActRIl-binding protein 1o a
detectable substance. Examples of detectable substances include various enzymes, prosthetic
groups, fluorescent materials, luminescent materials, bioluminescent materials, and
radioactive materials. Examples of suitable enzymes include horseradish peroxidase, alkaline
phosphatase, B-galactosidase, or acetyicholinesterase; examples of suitable prosthetic group
complexes include streptavidin/biotin and avidin/biotin; examples of suitable fluorescent
materials  include umbelliferone, fluorescein, fluorescein  isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chioride or phycoerythrin; an example of a

5
i

luminescent material includes luminol; exampies of biocluminescent materials include

Pharmacentical Compositions and Administration Methods

Methods of preparing and administering an AciRII-binding protein to a subject in
need thereof are known to or are readily determined by those of ordinary skill in the art. The
route of administration of the AciRIl-binding proteins can be, for example, oral, parenteral,
by inhalation or topical. The term parenteral includes, eg, intravenous, iniraarterial,

intraperitoneal, intramuscular, intraccular, subcutaneous, rectal, or vaginal administration.
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While all these forms of admunistration are clearly contemplated as being within the scope of
the disclosure, another example of a form for administration would be a solution for injection,
in particnlar for imfravenous or intraarterial ipjection or drip. Usually, a suitable
pharmaceutical composition can comprise a buffer (e.g., acetate, phosphate or citrate buffer),
a surfactant {e.g., polysorbate), optionally a stabilizer agent {e.g., human albumin), efc. in
other methods compatible with the tcachings herein, ActRII-binding proteins as provided
herein can be delivered directly to the organ and/or site of a fibrosis or tumor, thereby
nereasing the exposure of the diseased tissue to therapeutic agent. In one aspect, the
administration is directly to the airway, e.g., by inhalation or intranasal administration.

As  discussed herein, ActRil-binding proteins can be administered in a
pharmaceutically effective amount for the in vive treatment of ActRII-mediated diseases and
conditions including but neot limited to, muscle disorders such as degenerative nwiscle disease,
muscular dystrophy, muscle atrophy, or muscle wasting disorders; a fibrotic condition {e.g., a
hepatic, pulmonary, vascular and/or ocular fibrotic condition, such as myocardial fibrosis, and
idiopathic pulmonary fibrosis (IPF)); metabolic disease {e.g., type I diabetes insulin
resistance, hyperglycemia, and obesity); inflammatory disease or conditions, auteimmune
discase, cardiovascular disease {e.g., congestive heart faillure, and hypertension); ocular
disease such as age-related macular degeneration; pulmonary disease, musculoskeletal

disecase. skeletal disease such as osteoporosis; veurologic disease: wound healing; weight

[o—

oss; and cancer {e.g., a carcinmma, mycloma, a bong-loss inducing cancer, pituitary cancer,
and gastrointestinal cancer. in this regard, it will be appreciated that the disclosed ActRIl-
binding proteins can be fornwlated so as to facilitate administration and promote stability of
the active agent. Pharmaceutical compositions in accordance with the disclosure can comprise
a pharmaceutically acceptable, non-toxic, sterile carrier such as physiological saline, non-
toxic buffers, preservatives and the like. For the purposes of the instant application, a
pharmaceutically effective amount of a ActRIl-binding protein, conjugated or unconjugated,
means an amount sufficient to achieve effective binding to ActRH and to achieve a benefit,
e.g., to ameliorate symptoms of a disease or condition or to detect a substance or a cell.
Suitable formmlations for use in therapeutic methods disclosed herein are described in
Remington's Pharmaceutical Sciences {Mack Publishing Co.) 16th ed. (1980).

Cartain pharmaceutical compositions provided herein can be orally administered in an
acceptable dosage form including, e.g., capsules, tablets, agueous suspensions or solutions.
Certain pharmaceutical compositions also can be adounistered by nasal aerosol or inhalation.

Such compositions can be prepared as sohutions in saline, emiploying benzyl alcohol or other
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suitable preservatives, absorption promoters to enhance bioavailability, and/or other

5
i

conventional solabilizing or dispersing agents.

The amount of an ActRIl-binding protein {(e.g., an antibody that specifically binds
ActRIIB and/or ActRIIA) that can be combined with carrier materials to produce a single
dosage form will vary depending upon the subject treated and the particular mode of
administration. The composition can be administered as a single dose, multiple doses or over

n established period of time in an infusion. Dosage regimens also can be adjusted to provide
the optimum desired response {e.g.. a therapeutic or prophylactic response).

ActRIl-binding proteins provided herein can be administered to a human or other
subject in accordance with the aforementioned methods of treatment in an amount sufficient
to produce a therapeutic effect. The ActRIl-binding proteins provided herein can be
administered to such human or other animal in a conventional dosage form prepared by
combining the ActRII-binding proteins with a conventional pharmaceutically acceptable
carrier or diluent according to known techniques. The form and character of the
pharmaceutically acceptable carrier or diluent can be dictated by the amount of active
ingredient with which it is to be combined, the route of administration and other well-known
variables. A cocktail comprising one or more different ActRII-binding proteins can also be
used.

Therapeutically effective doses of ActRIl-binding compesitions for treatroent of an
ActRil-mediated disease or condition such as degenerative mwscle disease, mwuscular
dystrophy, mwuscle atrophy, or nwscle wasting disorders; a fibrotic coudition; an
inflammatory, autoimmune, cardiovascular, pulmonary, owsculoskelotal, skeleral, ocular,

b i
1y
i

nenrelogic, or membolic disease or condition; obesity; wound healing; and cancer, vary
depending upon many different factors, including means of administration, target site,
physiological state of the subject, whether the subject is human or an ammal, other
medications administered, and whether treatment is prophylactic or therapeutic. Usually, the
subject is a human, but non-human mammals including transgenic mammals can also be
treated. Treatment dosages can be titrated using routine methods known fo those of ordinary
skill in the art to optimize safety and efficacy

To ameliorate the symptons of a particular disease or condition by administration of
an ActRil-binding protein refers to any lessening, whether permanent or tempuorary, lasting o
transient that can be attributed to or associated with administration of the ActRH-binding.

The disclosure also provides for the use of an ActRIl-binding protein, such as, an

anti-ActRH antibody in the manufacture of a2 medicament for example, for treating or
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degenerative muscle disease, ovwscular dystrophy, nwscle atrophy, or nwsecle wasting
disorders; a fibrotic condition; an inflammatory, autoimmune, cardiovascular, pulmonary,
musculoskeletal, skeletal, ocular, nourciogic, or mewmbolic disgase or condition; obesity;

3

wound healing; and cancer.

Combination therapies
In some aspects, an ActRH-binding protein {e.g., an anti-ActRII antibody such as, a
full-length ActRif-antibody and an ActRil-binding antibody fragment, and variants and

3

derivatives thereof) is administered in combination with one or more other therapies. Such
therapies include additional therapeutic agents as well as other medical interventions.
Exemplary therapeutic agents that can be administered in combination with the ActRII-
binding proteins provided herein include, but are not limited to, anti-SDI-fibrotics,
corticosteroids, anti-inflanunatories, angiotensin converting enzyme inhibitors, angiotensin
receptor blockers, diuretics, antidiabetics, immuone sappressants, chemotherapeutic agents,
anti-metabolites, and immunomodulators. In various aspects, an ActRI-binding protein is

administered to a subject before, during, and/or after a surgical excision/remnoval procedure.
Biagnostics

The disclosure also provides a diagnostic method useful during diagnosis of ActRI-
mediated diseases and conditions {e.g., muscle disorders such as degenerative muscie disease,
mmscular dystrophy, nwscle atrophy, or muscle wasting disorders; a fibrotic condition {e.g., a
hepatic, pulmonary, vascular and/or ocular fibrotic condition, such as myocardial fibrosis, and

idiopathic pulmonary fibrosis (IPF)); metabolic disease (eg., type I diabetes insulin

el

£l

resistance, hyperglycemia, and obesity); inflammatory disease or conditions, autoimmune
disease, cardiovascular disease (e.g, congestive heart failure, and hyperiension); ocular
disease such as age-related macular degeneration; pulmonary disease, musculoskeletal
disease, skeletal disease such as osteoporosis; newrnlogic disease; wound healing; weight
toss; and cancer {e.g., a carcinmna, myeloma, a bone-loss inducing cancer, pitmitary cancer,
and gastrointestinal cancer}), which involves measuring the expression level of ActRII (e.g.,
ActRIIA or ActRIIB) protein tissue or body fluid from an individual and comparing the
measured cxpression level with a standard ActRII (e.g., ActRIIA or AciRIIB) expression
level in normal tissue or body fluid, whereby an increase in ActRI expression level compared
to the standard is indicative of a disorder treatable by an AciRil-binding protein provided
herein, such as a full-length anti-ActRIIB antibody and antigen-binding antibody fragment as

provided herein.
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The ActRIi-binding proteins provided herein such as, anti-ActRH antibedies {e.g
full-length  ActRIl-antibodies and ActRII-binding antibody fragment, and variants and

derivatives thereof) can be used to assay ActRH (e.g., ActRIIB and ActRHA) levels in a

. i
H H
Adx X

biologica in the
art {see, e.g., Jalkanen, et al, J. Cell. Biol [07:976-985 (1985); Jalkancn et o/, J. Cell Biol.

105:3087-3096 (1987})). Other antibody-based methods useful for detecting ActRI protein

sample using classical immunohistological methods known to those of skil

{e.g., ActRIB and ActRIIA) expression include imnwmnoassays, such as the enzyme linked
immunasorbent assay {ELISA), immunoprecipitation, or Westemn blotting

By "assaying the expression level of ActRII protein” is mtended qualitatively or
guantitatively measuring or estimating the level of ActRI protein in 2 first biological sample
either directly (e.g., by determining or estimating absolute proiein level} or relatively (e.g.. by
comparing to the discase associated polypeptide level in a second biological sample). The
ActRII protein expression level in the first bmlogical sample can be measured or estimated
and compared to a standard ActRII protein level, the standard being taken from a second
biclogical sample obtained from an individual not having the disorder or being determined by
averaging levels from a population of individuals not having the disorder. As will be
appreciated in the art, once the "standard” ActRIl protein level is known, it can be used
repeatedly as a standard for comparison.
"

By "biological sample

o

is intended any biological sample obtained from an
individual, cell line, tissue cuiture, or other source of cells potentially expressing ActRIL

Methods for obtaining tissue biopsies and body fluids from mammals are known in the art.

Kits comprising ActRII-binding proteins

This disclosure further provides kits that include an ActRIH-binding protein {e.g., an
antibody that specifically binds ActRH such as, a full-length ActRif-antibody and an AciRI-
binding antibody fragment, and variants and derivatives thereof) in suitable packaging, and
written material and that can be used to perform the methods described herein. The written
material cavn include any of the following information: instructions for use, discussion of
clinical studies, Hsting of side effects, scientific literature refevences, package insert materials,

P
i

intcal trial results, and/or summaries of these and the bke. The written material can indicate

(¢}

or establish the activities and/or advantages of the composition, and/or describe dosing,
administration, side effects, drug interactions, or other information useful to the hea

provider. Such information can be based on the results of various studies, for exampip, studies

trials. The kit can further contain another therapy (e.g.. avother agent) and/or written material
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such as that described above that serves to provide information regarding the other therapy
{e.g., the other agent).

In certain aspects, a kit comprises at least one purified ActRI-binding protein in one
or more containers. In some aspects, the kits contain all of the components necessary and/or
sufficient to perform a detection assay, including all controls, directions for performing

assays, and any necessary software for analysis and presentation of results.

Dmmunoassays

ActRIl-binding proteins {e.g., antibodies that specifically bind ActRil, and ActRII-
binding fragments of antibodies that specifically bind ActRH, and variants, or derivatives
thereof) can be assayed for immunospecific binding by any method known in the art. The
immunoassays that can be used include, but are not limited to, competitive and non-
competitive assay systermns using technigues such as Western blots, radisinumunoassays
(REA), ELISA ({(enzyme linked immumosorbent assay), "sandwich” immminoassays,
immunoprecipitation  assays, precipifin reactions, gel diffusion precipitin  reactions,
immunodiffusion 4ssays, agglutination  assays,  complement-fixation  assays,
immunoradiometric assays, fluorescent Unuwinosssays, or protein A Umonnoassavs. Such
assays arc routine and known in the art (see, e.g., Ausubel er o/, cds, (1994} Current
Protocols in Molecular Biology (John Wiley & Sons, Inc, NY) Vol 1, which is herein
incorporated by reference in its entirety).

ActRII-binding proteins (e.g., antibodies that specifically binds ActRH and ActRi-
binding fragments of antibadies that specifically bind ActRH, and variants, or derivatives
thereof) provided herein can be employed histologically, as i immuonofluorescence,
immunoelectron microscopy or nos-immunalogical assays, for in sify detection of ActRU
(e.g., ACtRIIB and AciRIFA) or conserved variants or peptide fragments thereotfl /n situ
detection can be accomplished according to methods known in the art. Those of ordinary skill
in the art will be able to determine operative and optimal assay conditions for each
determination by employing routine experimentation. Methods suitable for determination of
binding characteristics of an ActRil-binding protein are described herein or otherwise known
in the art. Equipment and software designed for such kinetic analyses are commercially
available {e.g, BIACORE®, BlAcvaluation® software, GE Healthcare; KINEXA®
Software, Sapidyne Instruments).

Unless otherwise indicated, the practice of the disclosure employs conventional
techniques of cell bislogy, cell culture, molecular biclogy, transgenic biology, microbiology,

recombinant DNA, and immunology, which are within the skill of the art.
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The following examples are offered by way of illustration and not by way of

iimttation.

EXAMPLES

The foregoing description of the speecific embodiments will so fully reveal the general

3

nature of the disclosure that others can, by applying knowledge within the skill of the art,
readily modify and/or adapt for various applications such specific embodiments, without
undue experimentation, without departing from the general concept of the present disclosure.
Therefore, such adaptations and meodifications are intended to be within the meaning and

range of equivalents of the disclosed embodiments, based on the teaching and guidance

3

presented herein. It is to be understood that the phraseology or terminology herein is for the

timitation, such that the terminology or phraseclogy of the

purpose of description and not of

i

present specification is to be interpreted by the

e skilled artisan in light of the feachings and
guidance.

The breadth and scope of the present disclosure should not be limited by any of the
above-described cxemplary embodiments, but should be defined only in accordance with the
following claims and their equivalents.

All publications, patents, patent applications, and/or other documents cited in this
application are incorporated by reference in their entirety for all purposes to the same extent
as if each individual publication, patent, patent application, and/or other document were

individually indicated to be incorporated by reference for all purposes.

Example 1. Selection, Characterization and Production of ActRII-Binding Antibodies

[0402]

[0463]

iy

A multi-round selection procedure was used to select for human IgG antibodies that
bind ActRII with high affinity and compete with activin A for binding human ActRI, which
is detailed below.
Materials and methods

Antigens {ActRHA, ActRIIB, ActRITA-Fc, and ActRIIB-Fc¢) were biotinylated using
the EZ-Link Sulfo-NHS-Biotinylation Kit from Pierce. Goat anti-human F(ab"), kappa-FITC
{(LC-FITCO), Extravidin-PE (EA-PE) and streptavidin-633 (8A-633) were obtained fro
Southern Biotech, Sigma and Molecular Probes, respectively. Streptavidin MicroBeads and
MACS LC separation colunws were purchased from Miltenyi Biotec.

Naive Discove
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Fight nafve human synthetic yeast libraries each of ~10° diversity were propagated as
described previously {see, e.g., ‘»7‘v7009/036379; WO10/105256; W(O12/009568). For the first
two rounds of selection, a magnetic bead sorting technique utilizing the Miltenyi MACs
system was performed, as described (see, e.g., Siegel et al., J. Immuncl. Meth. 286{1-2):141~
153 (2004)). Briefly, veast cells (~10'0 celis/library) were incubated with 3 mi of 10 nM
biotinylated monomeric ActRIl-Fc antigen (ActRIIB-Fc or ActRIIA-Fc¢) for 15 minute at
room temperature in FACS wash buffer {phosphate-buffered saline (PB8Y/0.1% bovine serum
albumin (BSA)). After washing once with 50 ml ice-cold wash buffer, the cell pellet was
resuspended in 40 mL wash buffer, and Streptavidin MicroBeads (300 ul) were added to the
veast and incubated for 15 minutes at 4°C. Next, the yeast were pelleted, resuspended in 5
mL wash buffer, and loaded onto a Miltenyt LS colomn. After the 5 mL was loaded, the
colurnn was washed 3 times with 3 ml FACS wash buffer. The coluran was then removed
from the magnetic field, and the yeast were eluted with 5 mbL of growth media and then
grown overnight. The following rounds of sorting were performed using flow cytometry.
Approximately 1x10° yeast were pelleted, washed three times with wash buffer, and
incubated with decreasing concentrations of biotinylated monomeric or ActRH-Fc fasion
antigen (100 to 1 nM) voder equilibrium conditions at room temperature.  Yeast were then
washed twice and stained with LC-FITC (diluted 1:100) and either SA-633 {dihsted 1:500) or
EA-PE (diluted 1:50) secondary reagents for 15 minutes at 4°C. Afier washing twice with

ice-cold wash buffer, the cell pellets were resuspended in 0.4 mL wash buffer and transferred

to strainer-capped sort tubes. Sorting was performed using a FACS ARIA sorter (BD

Biosciences} and sort gates were assigned to select for specific binders relative to a
background control.  Subsequent rounds of selection were employed in order to reduce the

number non-specific reagent binders utilizing soluble membrane proteins from CHO cells
(See, e.g., WOI4/179363 and Xu ef al,, Protein Eng. Des. Sel. 26(10):663-670 (2013}, and
to identify binders with tmaproved affinity to ActRIE (ActRHB or ActRUA) using the ActRIl-
Fe (ActRIIB-Fe and ActRIIA-Fc antigen, respectively). After the final round of sorting, yeast
were plated and individual colonies were picked for characterization and for nonunation of
clones for affinity maturation.
Affinity mataration

Binding optimization of naive clones was carried out utilizing three maturation
strategies: light chain diversification; diversification of CDRH and/CDRH2Z; and performing

sequential VH and VL nwitagenesis.
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Light chain diversification: Heavy chain plasmids were exiracted naive outpuls
{described above) and transformed into a lght chain library with a diversity of 1 x 10°%
Selections were performed as described above with one round of MACS sorting and two
rounds of FACS sorting using 10 nM or 1 nM biotinylated ActRII-Fc antigen {ActRIIB-Fc or
ActRIA-Fc) for respective rounds.

CDRH1 and CDRH2 selection: The CDRH3s from clones selected from the light
chain diversification procedure of was recombined into a premade library with CDRHY and
CDRH?2 variants of a diversity of 1 x 10® and parallel selections were performed using
ActRIIB and ActRIIA antigen, respectively. As described above. Affinity pressures were
applied by incubating the bistinylated antigen-antibody veast complex with unbiotinylated
antigen for different amounts of time to select for the highest affinity antibodies.

VHrout/VKowt sclection: Clones obtained from the CDRHEI and CDRH2Z selection
procedure were subject to additional rounds of affinity maturation via error prone PCR-based
mutagenesis of the heavy chain and/or light chain. Selections were performed using ActRIIB
or ActRILA as antigen generally as described above but with the addition of employing FACS
sorting for all selection rounds. Antigen concentration was reduced and cold antigen
corpetition times were increased to pressure further for optimal affinity,

Antibody production and purification

fn order to produce sufficient amounts of selected antibodies for further
characterization, the veast clonas were grown to saturation and then induced for 48 h at 30°C
with shaking. After induction, yeast cells were pelleted and the supernatants were harvesied
for purification. IgGs were purified using a Protein A column and eluted with acetic acid, pH
2.0. Fab fragments were generated by papain digestion and purified over KappaSelect (GE
Healthecare LifeSciences).

ForteBio Kp measurements

ForteBio affinity measurements of selected antibodies were performed gen ,rally as
previously described (see, e.g., Bstep er al., Mabs, 5(2):270-278 (2013}). Briefly, ForieBio
affinity measuremnents were performed by loading 1gGs on-line onto AHQ sensors. Sensors
were equilibrated off-line in assay butfer for 30 minutes and then monitored on-line for 60
seconds for baseline establishment. Sensors with loaded IgGs were exposed to 100 oM
antigen for 5 minutes, afterwards they were transferred to assay buffer for 5 minutes for off-
rate measurement. Kinetics were analyzed using the 1:1 binding model.

MSD-SET Kp measurements



WO 2017/156488 PCT/US2017/021958

[0411]

[0412]

[6413]

[0414]

- 145 -

Equilibrium affinity measurernents of selected antibodies were performed generally
as previously described (Esteper of, Mabs S(23270-278 (2013}). Briefly, solution
equilibrium titrations (SET) were performed in PBS + 0.1% lgG-Free BSA (PBSF) with
antigen (ActRIIB monomer or ActRHA monomer) held constant at 10-100 pM and incubated
with 3-to 5-fold serial dilutions of Fab or mAbs starting at 10pM-10nM. Antibodies (20 nM
in PBS) were coated onto standard bind MSD-ECL plates overnight at 4°C or at room
temperature for 30 minutes. Plates were then blocked by BSA for 30 minutes with shaking at
700 rpm, followed by three washes with wash buffer (PBSF + 0.05% Tween 20). SET
samples were applied and incubated on the plates for 150s with shaking at 700 rpm followed
by one wash, Auntigen captured on a plate was detected with 250ng/md. sulfotag-labeled
streptavidin in PBSF by incubation on the plate for 3 minutes. The plates were washed three
times with wash buffer and then read on the MSD Sector Imager 2400 instrument using 1x
Read Buffer T with surfactant. The percent free antigen was plotted as a function of titrated
antibody in Prism and fit to a quadratic equation to extract the Kp. To improve throughput,
liquid handling robots were used throughout MSD-SET experiments, including SET sample
preparation.

{ctet Red384 Epitope Binning/ligand blocking

Epitope binning/ligand blocking of selected antibodies was performed using a
standard sandwich format cross-blocking assay. Control anti-target 126G was loaded onteo
AH() sensors and unoccupied Fe-binding sites on the sensor were blocked with an irrelevant
buman IgGl antibody. The sensors were then exposed to 100 oM target antigen followed by a
second anti-target antibody or ligand. Data was processed using ForteBio's Data Analysis

=
7
/

Software 7.0. Additional binding by the second antibody or ligand after antigen association
indicates an unoccupied epitope {(non-competitor), while no binding indicates epitope
blocking {competitor or ligand blocking).
Size Exclusion Chromatography

A TSKgel SuperSW mAb HTP column (22855) was used for fast SEC analysis of
yeast-produced mAbs at 0.4 ml/minute with a cycle time of 6 min/run. 200 mM Sodium
Phosphate and 250 mM Sodiurm Chloride was used as the mobile phase.
Dynamic Scanning Fluorimetry

10 ul of 20x Sypro Orange was added to 20 vl of 0.2-1mg/mL mAb or Fab solution.
An RT-PCR instrument {BioRad CFX96 RT PCR) was used to ramp the sample plate
temperature from 40° to 95°C at 0.5°C increment, with a 2 minute eguilibration at each

temperatire. The negative of the first derivative for the raw data was used to extract Tm.
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[6415] Based on the foregoing analyses, the sequences of 8 naive ActRIl-binding antibodies
with preferred characteristics were confirmed and chosen for binding optimization using the

maturation strategies described above.

Example 2. Characterization of ActRIi-binding naive and optimized antibodies

[B416] Exemplary nafve and binding optimized ActRII-binding proteins generated according
to the previous example were further characterized by sequence, SPR, and cell-based reporter
assay analyses.

6417} Sequences of exemplary naive and binding optimized ActRII-binding antibodies
generated according to the methods described in Example 1 are presented in Table |

{exemplary CDR sequences are underscored).

Table 1: Exemplary ActRII-binding proteins
ActRIIB-binding Antibodies

Al

VH | CAGCTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTCACCTG
CACTGTCTCTGGTGGCTCCATC AGCAGTAGTAGTTACGC ATGGGGUTGGATCCGCCAGCCTUCCAGH
GAAGGGGCTGGAGTGGATIGGGAGTATCTATTATAGTGGGAGCACCTACTACAACCCGTOCCTCA
AGAGTCGAGTCACCATATCOGTAGACACGTCCAAGAACCAGTTCTCOCTGAAGCTGAGTTCTGTGA
CCGOCGCAGACACGGOGGTGTACTACTGOGCCAGAGACTCAGGAATAGGATACAGCTACGCCTCA
TCACATGGCTACTALTACTACATGGALUGTATGGGGCAAGGGTACAACTGTCACCGTCTCCTCA
(SEQ ID NO:1)

VHIQLOLQESGPGLVKPSETLSLTCTVSGGSIRSSSY AWGWIRQPPGRGLEWIGHY YSGS TYYNPSLKSRVT]
SVETSKNQEFSLEKLSSVIAADTAVYYCARDSGIGYSYASSHOYYYYMBVWGKGTTVIVSS (SEQ D
NG:2y

CDR1: GGSISSSSY (SEQ 3 NO:3; nucleotides 26-34 of SEQ 1D NG}

CDR2: YYSGS (SEQ D NO:4; amino acid residues 54-58 of SEQ 1D N(::2)

CDR3: DSGIGYSYASSHGYYYYMDV (SEQ 1D NO:5; amino acid residues 100-119 of SEQ ID NO:2)

H |CAGCTGCAGCTGCAGGAGTCGOGUCCAGGACTGOTCGAAGCCTICGGAGACCCTQTCCCTCACOTG
CACTGTCTCTGGTGGCTCCATCAGCAGTAGTAGTTACGCATGGGGCTGGATCCGCCAGCCCCCAGS
GAAGGGGCTGOGAGTGOGATTGGGAGTATCTATTATAGTGGGAGCACCTACTACAACCCGTCCCTICA
AGAGTCGAGTCACCATATCCGTAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGTTCTGTGA
CCGCCGCAGACACGGCGGTGTACTACTGCGCCAGAGACTCAGGAATAGGATACAGCTACGCCTCA
TCACATGGCTACTACTACTACATOGACGTATGGGGCAAGGGTACAACTGTCACCGTCTCCTCAGCT
AGCACAAAAGGACCAAGCGTOTTTCCACTGOCACCYAGCAGCAAATCCACCAGCGGCGHGAACAGT
AQCCCTCGOGTGCCTGOTGAAGCGATTACTICCCTOAGCCAGTCATAGTGTCUTGOAACTCUGGAGC
CCTGACATCCGGOGTGCACACCTTCCCCGOTGTGCTGCAATCCAGCGGACTGTATAGCCTCAGCTC
CGTCGTGACAGTCCCTTCCAGCAGCCTGGGCACACAGACTTACATTTGCAACGTGAACCACAAACC
TTCCAACACTAAGGTGGACAAAAAGGTGGAACCCAAATCCTGTGATAAGACCCATACATGCCCAL
CTTGTCCCCGUTCCTGAGCTGUTCOGGOGOACCTTCCOTCTTTICTGTTTCCTCCAAAACUCAAAAGACA
CACTCATGATCAGCCGGACCCCCGAAGTCACCTGTGTGGTGGTGOACGTCAGCCACGAAGATCCA
GAGGTCAAGTTCAATTGGTACGTGGATGGAGTGGAAGTCCACAACGCAAAAACCAAACCTAGAGA
AGAACAGTACAATAGCACATACAGGGTGGTGTCCGTCCTOATAGTGCTCCACCAGGACTGGCTCA
ATGGUAAAGAGTATAAGTGCAAGOTGAGCAACAAGGCCCTQGUCTGCACCAATTGAGAAAACAATTY
AGCAAGGCAAAGGGGCAGCCACGGGAACCCCAGGTCTATACCCTGCCOCCAAGCCGGGATGAAC
TOGACCAAAAACCAGGTCAGCCTGACATGCOTGGTGAAAGGOTITTACCCAAGCGATATTIGCCGTC
GAGTGGGAGAGCAACGGACAGCCAGAAAACAATTACAAAACCACCCCACCTGTGCTGGACTCCG




WO 2017/156488 PCT/US2017/021958

- 147 -

ATGGOAGCTTTITCCTCTACAGCAAGCTCACAGTGOACAAGTCCAGATGGCAACAGGGCAACTTG
TTTTCCTGCTCCGTGATGCACGAGGCCCTCCACAACCACTATACACAAAAGTCCCTCTCCCTCAGC
CCAGGAAAG (SEQ D NO:6)

&1

QLOLOESGPGLVKPSETLSLTCTYSGGSISSSSY AWGWIRQPPGRGLEWIGSIY YSGSTY Y NPSLKSRVT]
SVDTSKNQFSLEKLSSVTAADTAVYYCARDSGIGYSYASSHGYYYYMDVWGKGTTVIVSSASTKGPSY
FPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLGSSGLYSLASVVTVPSSSLGT
QITYIONVNHEPANTKVDEKVEPK SCDKTHTCPPCPAPELLOGGPSVELFPPKPKDTLMISRTPEVTCVVY
DVSHEDRPEVKENWY VDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGEEYECKVSNEALP
APIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVEGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDEKSRWQOQGNVESCSVMHEALHNHYTOKSLSLSPGK (BEQ ID NG:7)

VL

GAAATAGTGTTGACGCAGTCTCCAGCCACCCTGTICTGTGTCTCCAGGGGAAAGAGCCACCCTCTCC
TGCAGGGCCAGTCAGAGTGTTGGCAGCAACTTAGCCTGGTACCAGCAGAAACCTGGCCAGGCTCC
CAGGCTCCTCATCTATGOTGCATCCACCAGGGCCACTGGTATCCCAGCCAGGTTICAGTGGCAGTGO
GTCTGGOGACAGAGTTCACTCTCACCATCAGCAGCCTGCAGTCTGAAGATTTTGCAGTTTATTACTG
TCAGCAGTACTTCCACTTCCCTCTCACTTTTGGCGGAGGGACCAAGGTTIGAGATCAAA (SEQ ID
NO:8)

VL

CDR1: RASQSVGSNLA (SEQ ID NO:10; amine acid residues 24-34 of SEQ 1D NG:9)

CDR2: GASTRAT (SEQ 1D NO:11: amnw acid residues 50-56 of SEQ 1D N9}

CDR3: QQYFHFPLT (SEQ ID NO:12; amino acid residues 89-97 of SEQ ID NG:9)

GAAATAGTGTTGACGCAGTCTCCAGCCACCCTGTCTGTGTCTCCAGGGGAAAGAGCCACCCTCTCC
TGCAGGGCCAGTCAGAGTOTTGGCAGCAACTTAGCCTGGTACCAGCAGAAACCTGGCCAGGCTCC
CAGGCTCCTCATCTATGGTGCATCCACCAGGGCCACTGGTATCCCAGCCAGGTTCAGTGGCAGTGEG
GTCTGGGACAGAGTTCACTCTCACCATCAGCAGUCTGUAGTCTGAAGATTTTCCAGTTITATTACTG
TCAGCAGTACTTCCACTTCCCTCTCACTTTTGGCGGAGGGACCAAGGTTGAGATCAAACGTACGGT
GGCTGCACCTTCCGTCTTTATCTTTCCACCTTCCGATGAGCAGCTGAAGAGCGGAACAGUAAGCGT
GGTGTGTCTGCTGAACAACTTTTATCCCCGGGAGGUAAAGGTGCAGTGGAAAGTCGACAATGCTC
TCCAGTCCGOCAATTCCCAAGAGAGCGTOACAGAGCAAGATICCAAGGACTCCACTTACAGCITG
TCCAGCACCOTCACACTGAGCAAGGCTGATTACGAGAAACACAAAGTOTACGCTTIGTGAAGTCAC
CCACCAAGGCCTGAGCAGCCCAGTCACTAAGTCCTTTAACCGGGGUGAATOT (BEQ IDNG:3)

EIVLTOSPATLSVSPGERATLSCRASQSVGSNLAWYQOKPGOAPRLLIYGASTRATGIPARFSGSGSGTE
FTLTISSLOSEDFAVYYCQQYFHFPLTFGGGTKVEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEYP
REAKVOWEVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHEVY ACEVTHOGLSSPVTKS
FNRGEC (SEQ 1D NO:14)

Ed]

Y H

CAGGTGCAGCTGCAGGAGTCGGRCCCAGGAUTGHTGAAGCCTICACAGACCCTGTCCCTICACCYGY
ACTGTCTCTGGTGGCTCCATCGGGAGTGGTGGTTACTACTGGAGCTGGATCCGCCAGCACCCAGGG
AAGGGUCTGGAGTGCGATTGGGGGGATUTATGGTAGTGGOAGCACCTACTACAACCCGTICCCTCAAG
AGTCOAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTOGAAGCTCGAGTICTGTGACCG
CCGCAGACACGGUGGTGTACTACTGCGUCAGAGACTCAGGAATAGGATACAGCTACGCCTCATCALC
ATGGCTACTACTACTACATGGACGTATGGGGCAAGGGTACAACTGTCACCGTCTCCTCA (SEQ ID
NO:AS

YV H

QVOLQESGPGLVEPSOTLSLTCTVSGGSIGSGOY Y WSWIRQHPGKGLEWIGGIYGSGSTYYNPSLKSRYVT
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ISVEOTSKNQFSLELSSVIAADTAVY YCARDSGIGYSYASSHOYYYYMDVWGKGTIVIVSS  (SEQ 1D
NO:16)

CDR1: GGSIGSGGY (SEQ 1D NO:UT; amino acid residues 26-34 of SEQ 1D NO:16)

CPRZ: YGSG (SEQ 1D NO:8; amino acid residues 34-57 of SEQ 1D NO:16)

CDR3: DSGIGYSYASSHGYYYYMDV (SEG 1D NO:5; amino acid residues 100-119 of SEQ ID NO: 16}

H

CAGGTGCAGUTGCAGOAGTCGGOCCCAGGACTGOTGAAGUCTTCACAGACCCTGTCCUTCACCTGT
ACTGTCTCTGGTGGCTCCATCGGGAGTGGTGGTTACTACTGGAGCTGGATCCGCCAGCACCCAGGG
AAGGGCCTGGAGTGGATTGGGGGGATCTATGGTAGTGGGAGCACCTACTACAACCCGTCCCTCAA
GAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTICTCCCTGAAGCTGAGTTCTGTGAC
CGCOGCAGACACGGCGGTGTACTACTGCGCCAGAGACTCAGGAATAGGATACAGCTACGCCTCAT
CACATGGCTACTACTACTACATGGACGTATGGGGCAAGGGTACAACTGTCACCGTCTCCTCAGCTA
GCACAAAAGGACCAAGCGTGTTTCCACTGGCACCTAGUAGCAAATCCACCAGCGGUGGAACAGCA
GCCCTCGGGTGCCTGGTGAAGGATTACTTCCCTGAGCCAGTUACAGTGTCUTGUAACTCUGGAGCC
CTGACATCCGGCGTGCACACCTTCCCCGUTGTGCTGCAATCCAGCGGACTGTATAGCCTCAGCTCC
GTCGTGACAGTCCCTTCCAGCAGCCTGGGCACACAGACTTACATITGCAACGTGAACCACAAACCT
TCCAACACTAAGGTGGACAAAAAGGTGGAACCCAAATCCTGTGATAAGACCCATACATGCCCACC
TIGTCCCGOTCCTGAGCTGCTGGGOGGACCTICCGTCTTTCTGTTTCCTCCAAAALCAAAAGATACA
CTCATGATCAGCCGGACCCCCGAAGTCACCTGTGTGGTGGTGGACGTCAGCCACGAAGATCCAGA
GGTCAAGTTCAATTGGTACGTGGATGGAGTGGAAGTCCACAACGCAAAAACCAAACCTAGAGAAG
AACAGTACAATAGCACATACAGGGTGGTGTCOGTCCTGACAGTGCTCCACCAGGACTGGCTCAAT
GGUAAAGAGTATAAGTGUAAGGTGAGUAACAAGGCCCTGOUCTGUATCAATTGAGAAAACAATTAG
CAAGGCAAAGGGGCAGCCACGGGAACCCCAGGTGTATACCCTGCCCCCAAGCCGGGATGAACTGA
CCAAAAACCAGGTCAGCCTGACATGCCTGGTGAAAGGGTTTTACCCAAGCGATATTIGCCGTCGAGT
GGGAGAGCAACGGACAGUCAGAAAAUAATTACAAAACCACCCCACCTGTGCTGOACTCCGATGGE
AGCTTTTTCCTGTACAGCAAGCTCACAGTGGACAAGTCCAGATGGCAACAGGGCAACGTGTTTTCC
TGCTCCGTGATGCACGAGGCCCTCCACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCCAGGA
AAG (SEQ IDN:19)

QVOLOESGPGLVKPSQTLSLTCTVSGGRIGSGOGY Y WSWIRQHPGKGLEWIGGIYGSGSTY YNPSLKSRY
TISVITSKNQFSLELSSVTAADTAVYYCARDSGIGYSYASSHOYYYYMDVWGKOTTVIVSSASTKGPS
VEPLAPSSKSTSGOTAALGCLVKDYFPEPVTVIWNSGALTSGVHITPAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHEPSNTKVDEKVEPK SCDKTHTCPPCPAPELLGGPSVELFPPEKPKDTIMISRTPEVTCVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCEKVSNIKALPA
PIEKTISKAKGQPREPQVY TLPPSRDELTRNGVSLTCLVEGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DOSFFLYSKLTVDKSRWOQOQGNVESCSYVMHEALHNHYTQKSLSLSPGK (SEQ 1D NO:20

VL

SEQ D NO:8

VL

EIVLTQSPATLSVSPGERATLSCRASQSVGENLAWY QOKPGOAPRLLIVOASIRATGIPARFSGSGSGTE
HEPLTFGGGTKVEIK  (SEQ ID NO:%)

CDRI: RASQSVGSNLA (SEQ ID NO:10; amino acid residues 24-34 of SEQ D NOG:9)

CDR2Z: GASTRAT (SEQ ID NO:11; amino acid residues 50-56 of SEQ 1D NG:&)

CDR3: QOQYFHFPLT (SEQ ID NO:12; antino acid residues §89-97 of SEQ ID NO:9)

SEQ D NO:13

SEQ ID NO: 14

FO3

YV H

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTCACCTG
TACTGTCTCTGGTGGOTCCATCAAGAGTGGTGGGTACTACTGGAGCTGGATCUGCCAGCACCCAGS
GAAGGGCCTGOAGTGGATTGGGGGGATUTATCCGAGTGGUAGCACCTACTACAACCCGTCCCTCA
AGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTGAAGCTGAGTTCTGTGA
CCGCCGCAGACACGGCGGTGTACTACTGCGCCAGAGACTCAGGAATAGGATACAGCTACGCCTCA
TCACATGGCTACTACTACTACATGGACGTATGGGGCAAGGGTACAACTGTCACCGTCTCCTCA
(SBQ ID NO:2 1

VH

QVQLOESGPGLVEPSQTILSLTICTVAGOSIKSOGYYWIWIROHBPGKGLEWIGGIVPSGSTY YNPSLESRVT
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ISVOTSKNQFSLKLSSVIAADTAVYYCARDSGIGYSYASSHGY Y YYMDVWGKGTTVIVSS (SEQ 1D
NO:22)

CDR1: GGSIKSGGY (SEQ 1D NO:23; amino acid residues 26-34 of SEQ 18 NOG:22)

CDRZ: WIGGIYPSGSTYY (SEQ ID NO:24; amioo acid residues 49-61 of SEQ 1D NG:22)

CDR3: DSGIGYSYASSHGYYYYMDV (SEG 1D NO:5; amino acid residues 100-119 of SEQ ID NO:22)

H

CAGGTGCAGUTGCAGGAGTCGGGCCCAGGACTGGTGAAGUCTTCACAGACCCTGTCCUTCACCTG
TACTGTCTCTGGTGGCTCCATCAAGAGTGGTGGGTACTACTGGAGCTGGATCCGCCAGCACCCAGG
GAAGGGCCTGOAGTGGATTGGGGGGATCTATCCGAGTGGGAGCACCTACTACAACCUGTCCCTCA
AGAGTCGAGTTACCATATCAGTAGACACGTC TAAGAACCAGTTCTCUCTGAAGCTGAGTTCTGTGA
COGCCGCAGACACGGCGGTGTACTACTGCGCCAGAGACTCAGGAATAGGATACAGCTACGCCTCA
TCACATGGCTACTACTACTACATGGACGTATGGGGCAAGGGTACAACTGTCACCGTCTCCTCAGCT
AGCACAAAAGGACCAAGCGTGTTTCCACTGGCACCTAGCAGCAAATCCACCAGCGGCGGAACAGC
AGCLCTCGGGTGUCTGOTGAAGGATTACTTCCCTGAGUCAGTCACAGTGTCCTGGAAUTCCGGAGT
CCTGACATCCGGCGTGCACACCTTCCCCGCTGTGCTGCAATCCAGCGGACTGTATAGCCTCAGCTC
CGTCGTGACAGTCCCTTCCAGCAGCCTGGGCACACAGACTTACATTTGCAACGTGAACCACAAACC
TTCCAACACTAAGGTGGACAAAAAGGTGGAACCCAAATCCTGTGATAAGACCCATACATGCCCAC
CTTGTCCCGCTCCTOAGC TGCTGGGGGGACCTTCCGTCTTTCTGTTTCCTCC AAAACCAAAAGACA
CACTCATGATCAGCCGGACCCCCGAAGTCACCTGTGTGGTGGTGGACGTCAGCCACGAAGATCCA
GAGGTCAAGTTCAATTGGTACGTGGATGGAGTGGAAGTCCACAACGCAAAAACCAAACCTAGAGA
AGAACAGTACAATAGCACATACAGGGTGGTGTCCGTCCTGACAGTGCTCCACCAGGACTGGCTCA
ATGGCAAAGAGTATAAGTGCAAGGTGAGCAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATT
AGCAAGGCAAAGGGGCAGCCACGGGAACCCCAGGTGTATACCCTGCCCCCAAGCCGGGATGAAC
TGACCAAAAACCAGGTCAGCCTGACATGCCTGGTGAAAGGGTTTTACCCAAGCGATATTGCCGTC
GAGTGGGAGAGCAACGGACAGCUAGAAAACAATTACAAAACCACCCCACCTGTGCTGGACTCCG
ATGGGAGCTTTTTCCTGTACAGCAAGCTCACAGTGGACAAGTCCAGATGGCAACAGGGCAACGTG
TITTCCTGCTCCGTGATGCACGAGGCCCTCCACAACCACTATACACAAAAGTCCCTCTCCCTCAGE
CCAGGAAAG (SEQ (D NO:25)

QVOLOESGPGLVKPSQTLALTCTVSGGSIKSGOGY YWSWIRQHPGKGLEWIGGIYPSGSTY YNPSLKSR
VTISVDTSKNOQFSLKLASVTAADTAVY YCARDSGIGYSYASSHGY YYYMBDVWGKGTTVTVSSASTEKG
PSVEPLAPSSKSTSOGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTIPAVLQSSGLYSLISVVTIVPSS
SLGTOQTYICNVNHEPSNTKVDEKVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSEDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDRESRWOQOQGNVESCSVMHEALHNHYTQESLSLSPGK. (SEQ 3 NO:26)

VL

SEQ D NO:8

VL

EIVLTQSPATLSVSPGERATLSCRASQSVGSNLA
TLTISSLOSEDFAVY YL

WYQQKPGOAPRLLIYOASTRATGIPARFSGSGSGTER

CDRI: RASQSVGSNLA (SEQ ID NO:10; amino acid residues 24-34 of SEQ D NOG:9)

CDR2Z: GASTRAT (SEQ ID NO:11; amino acid residues 50-56 of SEQ 1D NG:&)

CDR3: QOQYFHFPLT (SEQ ID NO:12; antino acid residues §89-97 of SEQ ID NO:9)

SEQ D NO:13

SEQ ID NO: 14

BO1

YV H

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGOTGAAGCCTTCACAGACCCTGTCCCTCACCTG
TACTGTCTCTGGTGGCTCCATCGAGAGCGGTGGTTACTACTGGAGCTGGATCCGCCAGCACCCAG
GOAAGGGCCTGOAGTGOATTOGGOGOTATUTATOGOAGTGGGAGCACCTACTATAACCCGTCCCTC
AAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTGAAGCTGAGTTCTGT
GACCGCCGCAGACACGGCOGTOTACTACTGCOGCCAGAGACTCAGGAATAGGATACAGCTACGCC
TCATCACATGGCTACTACTACTACATGOGACGTATGGGGCAAGGOTACAACTGTCACCGTICTCCTC
A (SEQIDNO:Z7
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Vi

QVOLOESGPGLYEPSQTLSLTCTVSGGSILSGGY YWSWIRQHPGEGLEWIGGLY Y SGKTY YNPSLESR
VTISVDTSKNQFSLELSSVTAADTAVYYCARDSGIGYSYASSHGY YYYMDVWGKGTTVIVSS (SEQ
M NO:28)

CDR1: GGSILSGGY (SEQ ID NO:29; amino acid residues 26-34 of SEQ 1D NOG:25)

CDR2: YYSGE (SEQ 13 NO:30; amino acid residues 54-58 of SEQ 113 NG:28)

CDR3: DSGIGYSYASSHGYYYYMDV (SEQ 1D NO:S; amino acid residues 104-119 of SEQ 1D NO:28)

H

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGOTCAAGCCTTCACAGACCCTGTCCCTCACCTG
TACTGTCTCTGGTGGCTCCATCGAGAGCGGTGOTTACTACTGGAGCTGUATCCGUCAGCACCCAG
GOAAGOGUCTGGAGTGUATTGOGOGTATCTATGGCGAGTGGGAGCACCTACTACAACCCGTICCCTC
AAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTGAAGCTGAGTTCTGT
GACCGCCGCAGACACGGCGOTGTACTACTGCGCCAGAGACTCAGGAATAGGATACAGCTACGCC
TCATCACATGGCTACTACTACTACATGGACGTATGGGGCAAGGGTACAACTOTCACCGTCTCCTC
AGCTAGCACAAAAGOACCAAGCGTGTTTCCACTOGCACUTAGCAGCAAATCCACTAGCGGCGUA
ACAGCAGCCCTCGGGTGCCTGGTCAAGGATTACTTCCCTGAGCCAGTCACAGTGTCCTGGAACTC
CGGAGCCCTGACATCCOGGUGTGCACACCTTCCCCGCTGTOGCTGCAATCCAGCGGACTGTATAGCC
TCAGCTCCOTCGTGACAGTCCCTTCCAGCAGCCTGGGCACACAGACTTACATTTGCAACGTGAAC
CACAAACCTTCCAACACTAAGGTGOACAAAAAGGTGUAACCCAAATCCTGTGATAAGACCCATA
CATGCCCACCTTGTCCCGCTCCTGAGCTGCTGGOGGGOACCTTCCGTCTTTICTGTTTCCTCCAAAAC
CAAAAGACACACTCATCGATCAGCCGGACCCCCGAAGTCACCTGTGTGOTGOGTGGACGTCAGCCALC
GAAGATUCCACGAGGTCAAGTTCAATTGOTACGYGGATGOAGTGGAAGTCCACAACGCAAAAACCA
AACCTAGAGAAGAACAGTACAATAGCACATACAGGGTIGGTOTCCGTCUTCACAGTQGCTCCACCA
GOACTGGCTCAATGGCAAAGAGTATAAGTGCAAGGTCAGCAACAAGGCCCTGCCTGCACCAATT
GAGAAAACAATTAGCAAGGCAAAGGGGCAGCCACGGGAACCCCAGGTOTATACCCTGCCCCCAA
GCCOGOATOAACTOACCAAAAACCAGGTCAGCUTCGACATOCCTGGTOAAAGOGGTTTITACCCAAG
CGATATTGCCOTCOAGTGGCGAGAGCAACGCGACAGUCAGAAAACAATTACAAAACCACCCCACCT
GTGCTGGACTCCCGATGGGAGCTTTTICCTGTACAGCAAGUTCACAGTGGACAAGTCCAGATGGCA
ACAGGGCAACGTOTTTTCCTOCTCUGTOGATGCACGAGGCCCTCCACAACCACTATACACAAAAGT
CCCTCTCCUTCAGCCUAGGAAAG (SEQ D NO:31)

H

QVQLOESGPGLVEPSQTLSLTCTVSGGSIESGGY YWSWIRQHPGKGLEWIGGIYGSGSTYYNPSLKSR
VTISVIVISKNQFSLELSSVIAADTAVYYCARDSGIGYSYASSHOYYYYMDVWGOKGTTVIVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLGSSGLYSLSSVVTVPSS
SLEGTOTYICNVNHKPSNTKVDKKVEPKSCDEK THTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVT
CYVVDVSHEDPEVRFNWY VDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGOQPREPGVYTLEPSRDELTENQVSLTCLVEGFY PSDIAVEWESNGQOPENNYETT
PPVLDSDGSFFLY SKLTVDKSRWOQQGNVESCEVMHEALHNHYTQKSLSLSPGK (SEQ ID NO:32)

V1

SEQ 1D NO:8

V1

BIVETQSPATLSVSPGERATLSCRASOSVOGENLAWYQOKPGOAPRLLIYGASTRATGIPARTSGSGSGTER
TLTISSLOSEDFAVYYCQOYFHFPLTFGGGTKVEIE  (SEQ ID NO:9)

CDRE RASQSVGSNLA (SEQ [P NO:16; amuo acid residues 24-34 of SEQ 1D NO:9)

CDR2: GASTRAT (SEQ 1D NO:1 1; amioo acid residues 50-56 of SEQ 1D N9}

CDR3: QOQYFHFPLT (SEQ 1D NO:12; amino acid residues 89-97 of SEQ ID NG9}

L

SEQ 1D NO:13

L

SEQ D NO:14

Co

VH

CAGGTGCAGCTGCAGGAGTOGGGUCCAGGACTGGTGAAGCCTICACAGACCCTGTCCCTCACCTG
TACTGTCTCTGGTIGGUTCCATCTCTAGTGGTGGTTACTTITTIGGAGUTGGATCCGUCAGCACCUAGS
GAAGGGCCTGGAGTGGATTGGGGGGATCTATTACAGTGGGCGGACCTACTACAACCCGTCCCTCA
AGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTGAAGCTGAGTTCTGTG
ACCGCCGUAGACACGGUGGTGTACTACTGCGCCAGAGAC TCAGGAATAGGATACAGCTACGCCTC
ATCACATGGCTACTACTACTACATGGACGTATGGGGU AAGGGTACAACTGTCACCGTCTCUTCA
(SEQ ID NO:33)
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Vi

TISVDTSKNQFSLKLSSVTAADTAVYY CARDSGIGYSYASSHGYYYYMDVWGKGTTVIVSS (SEQ ID
NO:34)

CDR1: GGSISSGGY (SEQ 1D NOG:35; amino acid residues 26-34 of SEQ 1D NO:34)

CDOR2: YYSGRT (SEQ 1D NO:36; amino acid residues 54-58 of SEQ 13 NO:34)

CDR3: DSGIGYSYASSHGY Y YYMDV (SEQ ID NO:5; araino acid residues 100-119 of SEQ 1D NG:34)

H

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTCACCTG
TACTOGTCTCTGGTGGCTCCATCTICTAGTGGTGOTTACTITTIGGAGCTGOGATCCGCCAGCACCCAGG
QAAGOGCCTGOAGTGOATTGQGOGUATUTATTACAGTGOGUGOACCTACTACAACCCGTCCCTCA
AGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTICTCCCTCGAAGCTGAGTTCTGTG
ACCGCCGLAGACACGGUGOTGTACTACTGCGCCAGAGACTCAGGAATAGGATACAGCTACGCCTC
ATCACATGOCTACTACTACTACATGGACGTATGGGGUAAGGGTACAACTGTCACCOGTCTCCTCAG
CTAGCACAAAAGQGGACCAAGCQTOTTTCCACTOGCACCTAGCAGUAAATCCACCAGCOGCGGAACA
GCAGCCCTCGOGTGOCTGGTCAAGCGATTACTTCCCTGAGCCAGTCACAGTGTCCTGGAACTCCGG
AGCCCTGACATCCGGUGTGCACACCTICCCCGCTGTIGCTGCAATCCAGCGGACTGTATAGCCTICAG
CTCCOGTCOTCACAGTCCCTTCCAGCAGCUTOGUCACACAGACTTACATTTGCAACGTGAACCACA
AACCTTCCAACACTAAGGTGGACAAAAAGGTGGAACCCAAATCCTGTCATAAGACCCATACATGC
CCACCTTGTCCOGCTCCTGAGCTGCTGGGGGGACCTTCCOTCTTTCTGTTTCCTCCAAAACCAAAA
GACACACTCATCGATCAGCCGGACCCCCOGAAGTCACCTGTGTGOTGOTGGACGTCAGCCACGAAGA
TCCAGAGOGTCAAGTTCAATIGGTACGTGOATGGAGTGGAAGTCCACAACGUAAAMACCAAACCTA
GAGAAGAACAGTACAATAGCACATACAGGGTOGOTCTCCCTCCTGACAGTOCTCCACCAGGACTGG
CTCAATGGCAAAGAGTATAAGTGCAAGGTGAGCAACAAGGCCCTGCCTGCACCAATTGAGAAAA
CAATTAGCAAGGCAAAGGGGCAGCCACGGGAACCCCAGGTGTATACCCTGCCCCCAAGCCGGOA
TOAACTGACCAAAAACCAGOTCAGCUCTCACATGCCTCOGTCAAAGGGTITTACCCAAGCGATATIC
CCGTCOAGTGOGAGAGCAACGGACAGUCAGAAAACAATTACAAAACCACCCCACCTGTGUTGGA
CTCCGATGGGAGCTTTTICCTGTACAGCAAGCTCACAGTGGACAAGTCCAGATGGCAACAGGGCA
ACGTGTTTTCCTGCTCCHETGATGCACGAGGCCCTCCACAACCACTATACACAAAAGTCCCTCTICCC
TCAGCCCAGGAAAG (SEQ ID NO:3T)

H

QVOLOESGPGLVEPSGTLSLTCTVSGGRISSGGYFWSWIRQHPGKGLEWIGGIYYSGRTYYNPSLKSRY
TISVDTSKNQFSLKLSSVTAADTAVYY CARDSGIGYSYASSHOGYYYYMDVWGOKGTTVIVESASTKGP
SVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSGLY SLSSVVTVESSSL
GTQTYIONVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELEFPPKPKDTLMISRTPEVICY
VVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTIVLIHQDWLNGKEYKCEVENKA
LEAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVEGEYPSDIAVEWESNGOQPENNYKTTPPY
LDSDGSFFLYSKLTVDKSEWQOQGNVESCSVMHEALHNHYTOKSLSLSPGK (SEQ ID NG:3%)

V1

V1

SEQ 1D NO:8
BIVLTQSPATLSVSPGERATLSCRASOSVGSNLAWYQOK PGOAPRLLIYGASTRATGIPARTSGSGSGTE

FTLTISSLOSEDFAVYYCQOYFHFPLTFGGGTEVEIK  (SEQ ID NO:9)

CDRE RASQSVGSNLA (SEQ [P NO:16; amuo acid residues 24-34 of SEQ 1D NO:9)

CDR2: GASTRAT (SEQ 1D NO:1 1; amioo acid residues 50-56 of SEQ 1D N9}

CDR3: QOQYFHFPLT (SEQ 1D NO:12; amino acid residues 89-97 of SEQ ID NG9}

L |SHQID N3

L |SHQID NO:14

DOt

VH [ CAGGTGCAGUTGCAGGAGTCOGGCCCAGGACTOGGTOAAGCCTTCACAGACCCTGTCCCTCACCTGT

ACTGTCTCTGOTGGCTCCATCOAGAGCGOTCOTTACTACTGGAGCTGOGATCCGCCAGCACCTUAGGE
AAGGGCCTGGAGTGCATTGGOGGOTATCTATGGGAGTGGGAGCACCTACTACAACCCGTCCCTCAA
GAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTGAAGCTGAGTTICTGTGAL
CGCCGCAGACACGGCOGTGTACTACTGCOGCCAGAGACTCAGGAATAGUGATACAGCTACGCCTCAT
CACATGGCTACTACTACTACATGGACCTATGGGGUAAGOGGTACAACTGTCACCGTCICCTCA)

(SEQ ID NO:39)
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Vi

OVOLOESGPGLVEPSQTLSLTCTVSGGSIESGGY Y WSWIRGHPGE GLEWIGGIYGSGSTY YNPSLESRY
TISVDTSKNQFSLKLSSVTAADTAVY YCARDSGIGYSYASSHGY VY YMDVWGRGTTVIVSS  (SEQ ID
NO:40)

CDR1: GGSIESGGY (SEQ ID NO:41; amino acid residues 26-34 of SEQ 1D NG:40)

CDR2: YGSGS (SEQ D NO:18; amino acid residues 54-58 of SEQ 13 NO:40)

CDR3: DSGIGYSYASSHGYYYYMDV (SEQ 1D NO:S; amino acid residues 104-1 19 of SEQ 1D NG:40)

H

CAGGTGCAGCTGCAGCGAGTCGGGCCCAGGACTGGTCAAGCCTTCACAGACCCTGTCCCTCACCTGT
ACTGTCTICTGGTGGCTCCATCGAGAGCGOGTGOTTACTACTGGAGCTGUATCCGCCAGCACCCAGGE
AAGOGUCTGGAGTGOATTGGGOGTATCTATGGOAGTOGGAGCACCTACTACAACCCGTCCCTCAA
GAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTCTCCCTGAAGCTGAGTTCTGTGAC
CGCCGCAGACACGGCOGTCGTACTACTGCGCCAGAGACTCAGGAATAGGATACAGCTACGCCTCAT
CACATGGCTACTACTACTACATOGGACGTATGGOGGUAAGOGTACAACTGTCACCGTCTCCTCAGCTA
GCACAAAAGGACCAAGCGTCTTTCCACTOGCACCTAGCAGCAAATCCACCAGCGGCGGAACAGCA
GCCCTCGGGTGCCTGGTGAAGCGATTACTTCCCTGAGCCAGTCACAGTGTCCTGGAACTCCGGAGCC
CTGACATCCOGUGTOGCACACCTTICCCCGCTOTGCTGCAATCCAGCGGACTGTATAGCCTCAGLTCC
GTCGTGACAGTCCUTTCCAGCAGCCTGGGCACACAGACUTTACATTTGCAACGTGAACCACAAACCT
TCCAACACTAAGGTGQACAAAAAGGTGGAACCCAAATCCTGTGATAAGACCUCATACATGCCCACC
TTGTCCOGCTCCTGAGCTGCTGGGGGCACCTTCCOGTCTTTICTGTTITCCTCCAAAACCAAAAGACACA
CTCATGATCAGCCGGACCCCCGAAGTCACCTGTGTGOTGOGTGOACGTCAGCCACGAAGATCCAGA
GOTCAAGTTCAATTGGTACGTGGATGOAGTGGAAGTCCACAACGCAAAAACCAAACCTAGAGAAG
AACAGTACAATAGCACATACAGGOTGOTGTCCOTCCTGACAGTCCTCCACCAGGACTGQUTCAAT
GGCAAAGAGTATAAGTGCAAGGTGAGCAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATTAG
CAAGGCAAAGGGGCAGCCACGGGAACCCCAGGTGTATACCUTGCCCCCAAGCCGGGATGAACTGA
CUAAAAACCAGGTCAGCCTOGACATOCCTOGTGAAAGQUGTTTTACCCAAGCOATATTGUCGTCGAGT
GOGAGAGUAACGOGACAGCCAGAAAACAATTACAAAACCACCCCACCTOTGUTGGACTCCGATGHG
AGCTTTTTCCTGTACAGCAAGCTCACAGTGGACAAGTCCAGATGGCAACAGGGCAACGTGTTTTCC
TGCTCCGTGATGCACGAGGCCUTCCACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCCAGGA
AAG (SEQ 1D N(:42)

H

QVQLOESGPGLVEPSQTLSLTCTVSGGSIESGOY YWSWIRQHPGRGLEWIGGIYGSGSTY Y NPSLESRY

TISVDTSKNOFSLKLSSVTAADTAVY YCARDSGIGYSYASSHGY YYYMDVWGREGTTVTVSSASTEGES
VEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTRKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVVY
DVSHEDPEVKENWY VDGVEVHNAKTEPREEQYNSTYRVVSEVLTVLHGDWILNGEEYEKCKVENKALPA
PIBKTISKAKGOPREPOVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDS

DOGSFFLYSKLTVDKSRWQOQGNVESCESVMHEALHNHYTQKSLSLSPGK (SEGQ ID NOG:43)

V1

SEQ 1D NO:8

V1

BIVETQSPATLSVSPGERATLSCRASOSVOGSNLAWYQOKPGOAPRLLIYGASTRATGIPARTSGRGSGTE
FTLTISSLOSEDFAVYYCQOYFHFPLTFGGGTEVEIK  (SEQ ID NO:9)

CDRE RASQSVGSNLA (SEQ [P NO:16; amuo acid residues 24-34 of SEQ 1D NO:9)

CDR2: GASTRAT (SEQ 1D NO:1 1; amioo acid residues 50-56 of SEQ 1D N9}

CDR3: QOQYFHFPLT (SEQ 1D NO:12; amino acid residues 89-97 of SEQ ID NG9}

SEQ 1D NO:13

SEQ D NO:14

3t

CAGCTGCAGCTGCAGOAGTCOGOHCCCAGGACTGUTGAAGCCTICGGAGACCCTGTCCCTCACCTGL
ACTGTCTCTGOGTGGCTCCATCAGCAGTAGCTAGCTTACGCATGGGOUTGOATCCGCCAGCCCCCAQGGA
AGGGGUTGGAGTGCGATTGGGAGTATCTATTATAGTGGCGAGCACCTACTACAACCCGTCOCTCAAGA
GTCGAGTCACCATATCCGTAGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGTICTGTCGACCGE
CGCAGACACGGCGGTGTACTACTGCGCCAGAGUTGGAAAATAUCGATGGCACGGAATGGACGTATG
GOGUCAGGOAACAACTGTCACCGTCTCCTCA (SEQ [D NO:44)
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Vi

QLOLOESGPGLVKPSETLSLTCTYVSGGSISSSSYAWGWIRQPPGRGLEWIGSIY YSOSTY YNPSLKSRVTIS
VDTSENQFSLELSSVTAADTAVYYCARAGKYRWHGMBDVWGQGTTVTIVSS (SEQ ID NO:W45)

CDR1: GGSISSSSY (SEQ ID NO:3; aminoe acid residues 26-34 of SEQ H3 NO:45)

CPRZ: YYSGS (SEQ 1D N(O:4; amino acid residues 54-58 of SEQ D NO:435)

CDR3: AGKYRWHGMDYV (SEQ ID NO:46; amino acid residues 100-110 of SEQ ID NO:45)

H

CAGCTGCAGCTGCAGOAGTCOGOCCTAGGACTGUGTGAAGCCTICGGAGACCCTGTCCCTCACCTGO
ACTGTCTCTGGTGGCTCCATCAGCAGTACGTAGTTACGCATGGGGCTGCGATCCGCCAGCCCCCAGGGA
AGGGGCTGGAGTGGATTGGGAGTATCTATTATAGTGGCGAGCACCTACTACAACCCGTCCCTCAAGA
GTCOAGTCACCATATCCGTAGACACGTCCAAGAACCAGTICTCCUTGAAGCTGAGTTCTGTGACCGE
CGCAGACACGGCGOTGTACTACTGCGCCAGAGCTGGAAAATACCGATGGCACGGAATGGACGTATG
GGGCCAGGGAACAACTGTCACCGTCTCCTCAGCTAGCACAAAAGGACCAAGCGTGTTTCCACTGGL
ACCTAGCAGCAAATCCACCAGCGGCOHGAACAGCAGCCCTCGGOTGCCTGHTGAAGGATTACTTCCC
TOAGCCAGTCACAGTGTCCTGOAACTCCOGGAGCCCTGACATCCGGCOTGCACACCTTCCCCGCTIGTO
CTGCAATCCAGCGGACTGTATAGCCTCAGCTCCGTCGTGACAGTCCCTTCCAGCAGCCTGGGCACAC
AGACTTACATTTGCAACGTGAACCACAAACCTTCCAACACTAAGGTGGACAAAAAGGTGGAACCCA
AATCCTGTOATAAGACCCATACATGCCCACCTTIGTCCCGUTCCTGAGCTGCTGOGGGGACCTICCOGT
CTTTCTGTTTCCYCCAAAACCAAAAGACACACTCATGATCAGCCOGACCCCCOAAGTCACCTCTGTG
GTGGTGGACGTCAGCCACCGAAGATCCAGAGGTCAAGTTCAATTGGTACGTGGATGGAGTGGAAGTC
CACAACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCACATACAGGGTCGGTGTCCGTCCTG
ACAGTGCTCCACCAGGACTOGGUTCAATGGCAAAGAGTATAAGTGUAAGGTGAGCAACAAGGCCCTG
CCTGCACCAATTIGAGAAAACAATTAGCAAGGCAAAGGGGCAGCCACGGGAACCCCAGGTGTATAC
CCTGCCCCCAAGCCGGGATGAACTGACCAAAAACCAGGTCAGCCTGACATGCCTGGTGAAAGGOTT
TTACCCAAGCGATATTCGCCGTCGAGTGGGAGAGCAACGGACAGUCAGAAAACAATTACAAAACCACG
CCCACCTQTGCTGGACTCCOATGGGAGCTTTTTCCTOTACAGCAAGCTCACAGTGGACAAGTUCAGA
TOGOCAACAGGGCAACGTGTTTTCCTCCTCCQTGATGCACGAGGUCCTCCACAACCACTATACACAAA
AGTCCCTCTCCCTCAGCCCAGGAAAG (SEQ ID NOAT)

&1

QLOLOQESGPGLYEPSETLSLTCTVSGGRISSSSYAWGWIRQPPGKGLEWIGSIY Y SGSTY YNPSLESRVTIS
VDTSKNQFSLKLSSVTAADTAVYYCARAGRKYRWHGMDVWGQGTTVTVSSASTKGPSVEPLAPSSKSTS
GGTAALGCLVEDVFPEPVIVAEWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVESSSLGTQTYIONVNHEP
SNTKVBEKVEPKSCDKTHTCPPCPAPELLGGPSVELEPPRKPKOTLMISRTPEVTCVYVV VDYV SHEDPEVEFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHGDWLNGKEYKCKVSNKALPAPIEK TISKAKGQP
REPQVYTLPPSRDELTENGQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWOQQGNVESCSVMHEALHNHYTOQKSLSLSPGKE. (SEQ D NO:4S)

VL

GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTCTAGGAGACAGAGTCACCATCACTT

GTCGGGCOAGTCAGOGGTATTAGCAGUTGGTTAGCCTGUGTATCAGCAGAAACCAGGGAAAGCCUCTA
AGCTCCTGATCTATGUTGCATCCAATTTGCAAAGTGOGGOGTCCCATCAAGGTTCAGCGGCAGTGGATC
TGGOACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTACTGTCAG

CAGGCACCCGACCTCCCTATCACTTITGGCGGAGGGACCAAGGTTGAGATCAAA (SEQ ID NO:A49)

DIOMTQSPSSVSASVGDRVTITCRASQGISS WLAW YOQOKPGKAPKLLIYAASNLOSGVPSRISGSGSGTD
FTLTISSLOQPEDFATYYCQOQAPDLPITFGGGTKVEIK  (SEQ ID NO:50)

CDRE RASQGISSWLA (SEGQ 1D NO:5ST; aminoe acid residues 24-34 of SEQ 1D NO:5G)

CDR2: AASNLOS (SEQ 1D NO:52; ammoo acid residues 50-56 of SEQ 1D NO:50)

CDR3: QUAPDLPIT (SEQ ID NO:53; amino acid residues 89-97 of SEQ ID NG:50)

L

GACATCCAGATGACCCAGTCTCCATCTTCCOTCTCTGCATCTGTAGGAGACAGAGTCACCATCACT
TCTCGGGCGAGTCAGGOGTATTAGCAGCTGGTTAGCCTGGTATCAGCAGAAACCAGGGAAAGCCCC
TAAGCTCCTGATCTATGCTGCATCCAATTTGCAAAGTGGOGTCCCATCAAGGTTCAGCGGCAGTGG
ATCTGOGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTCAAGATITIGCAACTTATTACTGT
CAGCAGGCACCCGACCTCCCTATCACTTTIGGCGGAGGGACCAAGGTTGAGATCAAACGTACGGT
GGCTGCACCTTCCGTCTTTATCTTTCCACCTTCCGATGAGCAGCTGAAGAGCGGAACAGUAAGCGT
GUTGTGTICTGCTOAACAACTTTTATCCCCGOGAGGUAAAGGTOCAGTGGAAAGTCGACAATGCTCY
CCAGTCCGOCAATTCCCAAGAGAGCQTGACAGAGCAAGATICCAAGGACTCCACTTACAGCUTGT
CCAGCACCCTCACACTGAGCAAGGCTCGATTACGAGAAACACAAAGTGTACGCTTGTGAAGTCACC
CACCAAGGCCTGAGCAGCCCAGTCACTAAGTCCTTTAACCGGGGCGAATGT (SEG ID NO34)
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DIQMTQSPSSVSASVODRVTITCRASGGISSWEAWY QUK POKAPK LLIVAASNLOSGVPSRESGSGRGT
DFTLTISSLOPEDFATYYCQQAPDLPITFGGGTKVEIKRTVAAPSVEIFPPSDEQLEKSGTASVVCLLNNEY
PREAKVQWEVDNALQSGNSQESVITEQDSKDSTY SLSSTLTLSKADY EKHKVYACEVTHQGLSSPVTKS
FNRGEC (5EQ 1D NO:35)

HO

1

YV H

CAGOTQCAGCTGCAGOAGTCGOGCCCAGOGACTGOTGAAGCITTCGOAGACCCTOTCCUTCACCTGE
GCTGTCTCTGGTTACTCCATCAGCAGTGGTGTTTACTGGATGTGGATCCGGCAGCCCCCAGGGAAGG
GGCTGGAGTGGATTIGGGAGTATCOTTCATAGTGGGCATACCTACTACAACCCGTCCCTCAAGAGTCG
AGTCACCATATCAGTAGACACGTCCAAGAACCAGTTCTICCCTGAAGCTOAGTTCTOTGACCGCCGCA
GACACGOCOOGTOTACTACTOCOGCCAGAGUTCOGAAAATACCGATGGCACGGAATGCGACGTATGGOGO
CAGGGAACAACTGTCACCGTCTCCTCA (SEQ ID NO:56)

YV H

OVOLOESGPGLVKPSETLSLTCAVSGYSISSGY Y WMWIRQPPGK GLEWIGSIVHAGHTY YNPSLKSRVTIS
(SEQ ID NO:57)

CROL GYRISSGV (SEQ 113 NO:5§; amine acid residues 26-33 of SEQ 1D NO:5T)

CDR2: VHSGH (SEQ 1D NO:59; amino acid residues 53-57 of SEG 1D NQO:37)

CDR3: AGKYRWHGMDYV (SEQ ID NO:46; amino acid residues 99-109 of SEQ 1D NO:57)

&1

CAGGTGCAGCTOCAGGAGTCGGGCCCAGOACTGOTGAAGCCTTCGOAGACCCTOTCCUTCACCTGL
GCTGTCTCTGGTTACTCCATCAGCAGTGGTGTTTACTGGATGTGGATCCGGCAGCCCCCAGGGAAGG
GGCTGGAGTGGATTIGGGAGTATCOTTCATAGTGGGCATACCTACTACAACCCGTCCCTCAAGAGTCG
AGTCACCATATCAGTAGACACGTCCAAGAACCAGTTCTICCCTGAAGCTOAGTTCTOTGACCGCCGCA
GACACGOCOOGTOTACTACTOCOGCCAGAGUTCOGAAAATACCGATGGCACGGAATGCGACGTATGGOGO
CAGGGAACAACTGTCACCATCTCCTCAGCTAGCACAAAAGGACCAAGCGTGTTTCCACTGGCACCT
AGCAGCAAATCCACCAGCGGCGGAACAGCAGCCCTCGGGTGCCTGGTGAAGGATTACTTICCCTGAG
CCAGTCACAGTGTCCTGGAACTCCGGAGCCCTOGACATCCGGCOTGCACACCTTCCCOGCTGTGCTGC
AATCCAGCGOGACTGTATAGCCTCAGCTCCGTCGTOACAQGTCCCTICCAGCAGUCTGGGCACACAGAC
TTACATTTGCAACGTGAACCACAAACCTTCCAACACTAAGGTGGACAAAAAGGTGGAACCCAAATC
CTGTGATAAGACCCATACATGCCCACCTTGTCCCOGUTCCTGAGCTGCTGGOGGOGACCTTCCGTICTTY
CTGTTTCCTCCAAAACTAAAAGACACACTCATGATCAGCCGGACCCCCGAAGTCACCTGTGTGETGO
TGGACGTCAGCCACCGAAGATCCAGAGGTCAAGTTCAATTGGTACGTGGATCGGAGTGGAAGTCCACA
ACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCACATACAGGGTGGTGTCCGTCCTGACA
GTGCTCCACCAGGACTGGCTCAATGGCAAAGAGTATAAGTGCAAGGTGAGUAACAAGGCCCTGCCT
GCACCAATIGAGAAAACAATTAGCAAGGCAAAGGOGUAGCCACGGGAACCCCAGGTOTATACCCT
GCCCCCAAGCCGGGATCGAACTCACCAAAAACCAGGTCAGCCTGACATGCCTGGTGAAAGGGTTTTA
CCCAAGCGATATTGCCGTCGAGTGGGAGAGCAACGGACAGUCAGAAAACAATTACAAAACCACCC
CACCTGTGCTGGACTCCGATGOGAGCTTTTTCCTIGTACAGCAAGUCTCACAGTGOACAAGTCCAGATG
GCAACAGGGCAACGTGTTITTCCTGCTCCGTOATGCACCAGGUCCTCUCACAACCACTATACACAAAA
GTCCCTCTCCCTCAGCCCAGGAAAG (SEQ ID NO:60)

H

QVOLOESGPGLYKPSETLSLTCAVSGYSISSGVY WMWIRQPPGKGLEWIGSIVHSGHTY YNPSLKSR VTS
VDTSKNQFSLELSSVTAADTAVY YCARAGKYRWHGMDVWGQGTTVIVSSASTEGPSVFPLAPSSKSTS
GGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTIVPSSSLGTQTYICN VNHKP
SNTEVDKEVEPKSCDE THTCPPCPAPELLGGPSVFLFPPK PKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQGYNSTYRVYSVLTVLHODWLNGEEYECK VSNEALPAPIEK TISKAKGOP
REPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFELYSKLTVD
KSRWOQOQGNVFSCSVMHEALHNHYTQKSLSLSPGK. (SEQ ID NO:61)

\4»

SEQ ID NO:49

A DIOMTOSPSSVSASVGDRVTITCRASOGISSWI

AWYQOKPGKAPKLLIYAASNLOSGVPSRESGSGSGTD

FILTISSLQPEDFATYYC

CDRE RASQGISSWLA (SEGQ 1D NO:5ST; aminoe acid residues 24-34 of SEQ 1D NO:5G)

CDR2: AASNLGS (SEQ 1D NO:52; amino acid residues 50-536 of SEQ 1D NO:50}

CDR3: QQAPDLPIT (SEQ ID NO:53; amino acid residues 89-97 of SEQ ID NO:50)

L

SEQ ID N34
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L

SEQ D NO:5S

Ed2

(J

GAGCGTGCAGCTGTTGOAGTCTGGOGGAGGCTTGLGTACAGCCTOGHQGOTCCCTOAGACTCTCUTGT
GCAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGG
CTGOAGTGGOTCTCAGGAATTAGTGOGTAGTGGTGGTAGCACATACTACGCAGACTCCGTGAAGHG
CCGOTTCACCATCTCCAGAGACAATTCCAAGAACACGUTCTATCTGUAAATOAACAGCCTGAGAG
CCGAGGACACGGCGOTGTACTACTGCGCCAAGGACCCTTTGTCTCTACTTICTAGGCTACTTTGACT
ACTGGGGACAGGGTGCATTGCGTCACCGTCTICCTCA (SEQ ID NO:62)

Y

EVQLLESGGGLVOPGGSLRLSCAASGHFTFSSY AMSWYVROAPGKGLEWVSGISGRGGSTYYADSVEGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCAKDPLSLLULGYFDYWGOQGALVTVSS  (SEQ ID NG:63}

CDRE GETEFSSY (SEQ 11D NO:64; amino acid residues 26-32 of SEQ 1D NO:63)

CDR2: SGRGGS (SEQ 1D NO:6S; amino acid residues $2-57 of SEQ D NO:63)

CDR3: DPLSLLLGYFDY (SEQ ID NO:66; amino acid residues 99-110 of SEQ ID NG:63)

&1

GAGCGTGCAGCTGTTGOAGTCTGGOGGAGGCTTGLGTACAGCCTOGHQGOTCCCTOAGACTCTCUTGT
GCAGCCTCTGGATTCACCTTITAGCAGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGE
CTGOAGTGGOTCTCAGGAATTAGTGOGTAGTGGTGGTAGCACATACTACGCAGACTCCGTGAAGHG
CCGOTTCACCATCTCCAGAGACAATTCCAAGAACACGUTCTATCTGUAAATOAACAGCCTGAGAG
CCGAGGACACGGCGOTGTACTACTGCGCCAAGGACCCTTTGTCTCTACTTICTAGGCTACTTTGACT
ACTGGGGACAGGGTGCATTGCTCACCOGTCTCCTCAGCTAGCACAAAAGGACCAAGCGTGTTITCCAL
TGGCACCTAGCAGCAAATCCACCAGCGGCGGAACAGCAGCCCTCGGGTGCUTGGTGAAGGATTALC
TTCCCTOGAGCCAGTCACAGTGTCCTGOAACTCCGOAGCUCTGACATCCOGUGTGCACACCTTICCOC
GCTGTGCTGCAATCCAGCGGACTGTATAGCCTCAGCTCCOTCGTGACAGTCCCTTCCAGCAGCCTG
GGCACACAGACTTACATTTGCAACGTGAACCACAAACCTTICCAACACTAAGGTGGACAAAAAGGT
GGAACCCAAATCCTGTOATAAGACCCATACATGCCCACCTTGTCCCGUTCCTGAGCTGCTGGGHGE
ACCTTCCOTCTTICTGTTICCTCCAAAACCAAAAGACACACTCATGATCAGUCGGACCCCCGAALT
CACCTGTGTGGTGGTGGACGTCAGCCACGAAGATCCAGAGGTCAAGTTCAATTGGTACGTGGATG
GAGTGGAAGTCCACAACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCACATACAGGGT
GUGTGTCCOTCCTGACAGTGUTCCACCAGOGACTGGCTCAATOGGUAAAGAGTATAAGTGCAAGHGTGA
GCAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATTAGCAAGGCAAAGGGGCAGCCACGGGA
ACCCCAGCGTGTATACCCTGCCCCCAAGCCGGGATGAACTGACCAAAAACCAGGTCAGCCTGACAT
GCCTGGTGAAAGGGTTITACCCAAGCGATATTGCCGTCGAGTGGGAGAGCAACGGACAGCCAGAA
AACAATTACAAAACCACCCCACCTOTGUTGCGACTCCGATGGGAGCTTTTTCCTGTACAGCAAGCTC
ACAGTGGACAAGTCCAGATGGCAACAGGGCAACGTGTTTTCCTGCTCCGTGATGCACGAGGCCCIC
CACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCCAGGAAAG (SEQ ID NO:wT)

H

EVQLLESGGGLVQPGOSLRLSCAASGETFSSY AMSWVROAPGEGLEWVSGISGSGGSTY YADSVKGRYE
TISRONSKNTLYLOMNSLRAEDTAVYYCAKDPLSLLLGYFDYWGQGALVTVSSASTKGPSVEPLAPSS
KSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY SLSSVVTVESSSLGTOTYICHN
VNHKPSKTEKYDKE VEPKSCDK THTCPPCPAPELLGOPSVELFPPKPE DTLMISRTPEVICVVVDVSHED
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLITVLHODWLNGEEYKCK VSENKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNGVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSELTVDKSRWQQGNVESCSVMHEALHNHYTOKSLSLSPGK {SEQ 1D NO:68)

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGTAGGAGACAGAGTCACCATCACT
TGCOGGGCCAGTOAGAGTATTAGTAGCTGGTTGGCCTAGTATCAGCAGAAACCAGGGAAAGCTCC
TAAGCTCCTGATCTATGATGCCTCCAGTTTGGAAAGTGGGGTCCCATCAAGGTTCAGCGGUAGTGH
ATCTGGGACAGAATTCACTCTCACCATCAGCAGCC TGCAGCCTGATGATTTTGCAACTTATTACTG
CCAGCAGTACAATCGCCACTCTCCTACTTTTGGCGGAGGGACCAAGGTTGAGATCAAA (SEG ID
NO:69)

FTLTISSLOPDDFATY YCQOUYNRHSPIFGGGTKVEIK  (SEG 1D NOT6)

CDR1: RASQSISSWLA (SEQ ID NO:71; amino acid residues 24-34 of SEQ 1D NO:70)

CDRZ2: DASSLES (3EQ 1D NO72; amino acid residues 50-56 of SEQ D NO:70}
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CDR3: QOQYNRHSPT (5EGQ 1D NCG73; wruino acid residues 89-97 of SEQ ID NG:70}

GACATCCAGATGACCCAGTCTCCTICCACCCTOTCTGCATCTGTAGUGAGACAGAGTCACCATCALCT
TOCCOGOCCAGTCAGAGTATTAGTAGCTGOTTGOCCTOGGTATCAGCAGAAACCAGGGAAAGCTCC
TAAGCTCCTGATCTATGATGCCTCCAGTTITGGAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGE
ATCTGGGACAGAATTCACTCTCACCATCAGCAGCCTGCAGUCTGATGATITTGCAACTTATTACTG
CCAGCAGTACAATCOCCACTCTCCTACTITTGGCGGAGGGACCAAGGTTGAGATCAAACGTACGHT
GGCTGCACCTTCCGTCTTTATCTTTCCACCTTCCGATGAGCAGCTGAAGAGCGGAACAGCAAGCOGT
GOTGTOGTCTGCTGAACAACTTTITATCCCCGGGAGGCAAAGGTGCAGTGCAAAGTCGACAATGCTCT
CCAGTCCOGGCAATTCCCAAGAGAGUGTGACAGAGCAAGATTCCAAGGACTCCACTTACAGCCTGT
CCAGCACCCTCACACTCGAGUAAGGCTGATTACGAGAAACACAAAGTOTACCCTIGTGAAGTCACC
CACCAAGGCCTGAGCAGCCCAGTCACTAAGTCCTTTAACCGGGGCGAATGT (SEQ ID NG:74)

L

DIOMTOSPSTLSASVGDRVTITCRASQSISSWLAWY QQKPGKAPK LLIYDASSLESGVPSRFSGSGSGTE
FILTISSLOPDDFATYY COOYNRISPIFGGOTE VEIK RTVAAPSVPIFPPSDEOLKSGTASY VOLLNNEY P
REAKVQWKVDNALQSGNSQESVTEGDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHQGLSSPVTESE
NRGEC (SEQ ID NO:75)

FO2

VH

GAGOTGUAGCTGTIGGAGTCTGLGHGAGGCTTIGGTACAGCCTGGGGGGTCCCTGAGACTUTCCTGT
GCAGCCTCTGOATICACCTTTAGCCGTTATGCCATGTCGTGGHTCOGCCAGGCTUCAGGGAAGGGG
CTGGAGTGGGTCTCAGGTATTAGTGGAAGTGGTGGTGCGACATACTACGCAGACTCCGTGAAGGG
CCOGOGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAG
CCGAGOACACGGCGOTGTACTACTGCGUCAAGGACCCTTITOTCTICTACTTICTAGGCTACTTTGACT
ACTGGGOGACAGGGTOCATTGGTCACCOTCTCITCA (SEQ ID NO:76)

VH

EVQLLESGGGLVQPGGSLRLSCAASGEFTFSRYAMMWVROAPGKGLEWVSGISGSGGATYYADSVEKGR
FTISRONSKNTLYLOMNSLRAEDTAVY YCAKDELSLLLOGYEDYWGOGALVTVSS (SHQ 1D NO:77

CDRY: GFTFSRY (SEQ D NO:78; amino acid residues 26-32 of SEQ D NO:77)

CDR2: SGSGGA (SEQ ID NO:79; amino acid residues 52-57 of SEQ 1D NO:77)

CDR3: DPLSLLLGYFDY (SEQ ID NO:BG; amino acid residues 99-110 of SEQ ID NO777)

H

GAGOTGUAGCTGTIGGAGTCTGLGHGAGGCTTIGGTACAGCCTGGGGGGTCCCTGAGACTUTCCTGT
GCAGCCTCTGOATICACCTTTAGCCGTTATGCCATGTCGTGGHTCOGCCAGGCTUCAGGGAAGGGG
CTGGAGTGGGTCTCAGGTATTAGTGGAAGTGGTGGTGCGACATACTACGCAGACTCCGTGAAGGG
CCOGOGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAG
CCGAGOACACGGCGOTGTACTACTGCGUCAAGGACCCTTITOTCTICTACTTICTAGGCTACTTTGACT
ACTGGGGACAGGGTGCATTGGTCACCGTCTCCTCAGCTAGCACAAAAGGACCAAGCGTGTTTCCAL
TGGCACCTAGCAGCAAATCCACCAGCGGCGGAACAGCAGCCCTCGGGTGCCTGGTGAAGGATTALC
TTCCCTGAGCCAGTCACAGTGTCCTGGAACTCCGGAGCCCTCACATCCOGGUGTGCACACCTICCCC
GCTGTGCTGCAATCCAGCGGACTGTATAGCCTCAGCTCCGTCGTGACAGTCCCTTCCAGUCAGCCTG
GOUACACAGACTTACATTTIGCAACGTGAACCACAAACCTTCCAACACTAAGGTGGACAAAAAGGT
GOAACCCAAATCCTOTGATAAGACCCATACATGCCCACCTTGTCCCGCTCCTGAGCTGCTGGGGGE
ACCTTCCOGTCTTICTGTTTCCTCCAAAACCAAAAGACACACTCATCGATCAGCCGGACCCCCGAAGT
CACCTGTOTGOTGOTCOACGTCAGCCACGAAGATCCAGAGGTCAAGQGTTICAATTGGTACGTGUATG
GAGTGOAAGTCCACAACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCACATACAGGGT
GOTGTCCOGTCCTGACAGTGCTCCACCAGGACTGGCTCAATGGCAAAGAGTATAAGTGCAAGGTGA
GCAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATTAGCUAAGGCAAAGGGGCAGCTACGGGA
ACCCCAGGTGTATACCCTOGCCUCCAAGCCGGGATGAACTOACCAAAAACCAGOTCAGCUTGACAT
GCCTGOTGAAAGGGTTTTACCCAAGCGATATTGCCGTCGAGTGGGAGAGCAACGGACAGCCAGAA
AACAATTACAAAACCACCCCACCTGTGUTGGACTCCGATGGGAGCTTITICCTGTACAGCAAGCTC
ACAGTGGACAAGTCCAGATGGUAACAGGGCAACGTGTTITCCTGCTCCGTGATGCATGAGOGCCCTC
CACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCCAGGAAAG (SEQ 1D NO:8T)

H

BEVQLLESGGGLVQPOGGSLRLSCAASGETFSRYAMSWVRQAPGKGLEWVSGISGSGGATY YADSVEGR
FTISRDNSENTLYLOMNSLRAEDTAVYYCAKDPLSLLLOGYFDY WGQGALVIVSSASTKGPSVEPLAPSS
KSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICN
VNHEPSNTRVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPRDTLMISRTPEVTICVVVDVSHE
PEVEFNWYVDGVEVHNAKTKPREEGYNSTYRYVSVLIVLHQDWILNGKEYKCKVSNKALPAPIEKTIS
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KAKGQPREPOQVYTLPPSRDELTKNQVSLTCLVKGPYPSDIAVEWHESNGOPENNYKTTPPVLDSDGSEEL
YSKLTVDKSRWOQOGNVESCSVMHEALHNHY TQKSLSLSPGK (5EQ ID NG:82

V1

SEQ 1D NO:69

\4»

FTLTISSLOPDDFATYYCQOYNRHSPTFGGGTIKVEIK  (SEGQ ID NG!76)

CDR1: RASQSISSWLA (SEQ ID NO:71; amino acid residues 24-34 of SEQ 1D NO:70)

CDRZ2: DASSLES (3EQ 1D NO72; amino acid residues 50-56 of SEQ D NO:70}

CDR3: QQYNRHSPT (SEQ 1D NG:73; amino acid residues 89-97 of SEQ ID NG: 70}

SEQ ID NO:74

L

SEQ ID NKT5

10t

Y H

GAGGTGCAGCTGTTGCGAGTCTGGGOGAGGCTTGGTACAGCCTGGGGGGTCCCTGAGACTCTCCTGT
GCAGCCTCTGGATTCACCTTTIGGOAGCTATGGCATGACTTGOGGTCCGCCAGGCTCCAGGGAAGGGE
CTGGAGTGOGTCTCAGTTATTAGTGGAAGTGGTGGTGOGACATACTACGCAGACTCCGTGAAGGG
CCOGUGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAG
CCGAGGACACGGCGETGTACTACTGCGUCAAGGGTCCTAGAATAGTGOGGCATGGATGTGTGGGGC
CAGGGAACAACTGTCACCGTCTCCTCA (SEQ 1D NO:143)

VH

EVOQLLESGGGLVQPGGSLRLSCAASGFTFGSYGMTWVROAPGRKGLEWVSYISGSGGUTIYYADSVEGR
FTISRDNSKNTLYLOMNSLRAEDTAVY YCAKGPRIVOMDVWGQGTIVTVS (S3EQ ID NG: 144

CDR1: SYGMT (SEQ ID NO:145; amino acid residues 31-35 of SEQ 1D NO:144)

CPR2: VISGSGGGTYYADSVKG (SEQ ID NO:146; amino acid vesidues 50-65 of SEQ D NO:144)

CDR3: GPRIVGMDYV (SEQ ID NO:147; amino acid residues 95-102 of SEQ 1D NO:144)

H

GAGOTGCAGCTGTIGCGAGTCTGGGHOAGGCTTOGGTACAGUCTGGGGGUTCUCTGAGACTCTCCTGY
GCAGCCTCTGGATTCACCTTTIGGOAGCTATGGCATGACTTGOGGTCCGCCAGGCTCCAGGGAAGGGE
CTGGAGTGOGTCTCAGTTATTAGTGGAAGTGGTGGTGOGACATACTACGCAGACTCCGTGAAGGG
CCOGUGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAG
CCGAGGACACGGCGETGTACTACTGCGUCAAGGGTCCTAGAATAGTGOGGCATGGATGTGTGGGGC
CAGGGAACAACTGTCACCGTCTCCTCAGCTTCCACCAAGGGCCCATCCGTCTTCCCCCTLGUGCCC
TGCTUCAGGAGCACCTCCGAGAGCACAGCCGUCCTGOOCTGCCTGOTCAAGGACTACTICCCCGAA
CCGOTOACGGTOTCGTGGAACTCAGGCQUCCTOACCAGCOGUGTOCACACCTTCCCGGCTGTCCTA
CAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTCGACCGTGUCCTCCAGCAGCTTGGGCACGAAG
ACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGTCCAA
ATATGGTCCCCCATGCCCACCCTGUCCAGCACCTGAGTTCCTGOGGOGUACCATCAGTCTTCOTGTYC
CCCCCAAAACCCAAGGACACTCTCATCGATCYCCCGUACCCOTGAGQTCACGTGCGTGRTGETGGAL
GTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGCGATGGOGTGGAGGTGCATAATGC
CAAGACAAAGCCGCGGOAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCC
TGCACCAGGACTGGCTGAACGGUAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTUCCGTCC
TCCATCOGAGAAAACCATCTCCAAAGCCAAAGGOGCAGUCCCGAGAGCCACAGGTGTACACCCTGOC
CCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTICTACC
CCAGCGACATCGCUGTOGAGTOGUAGAGCAATGGGCAGCCGGAGAATCAACTACAAGACCACGCC
TCCCGTGCTGOACTCUGACQGCICCTTICTTCUTCTACAGCAGOCTAACCOGTGGACAAGAGCAGGTE
GCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACACAGA
AGAGCCTCTCCCTGTCTCTGGGTAAATGA (SEQ ID NG:148)

H

EVGQLLESGGGLVQPGGSLELSCAASGFTFGSYGMTWVRQAPGKGLEWVEVISGSGGGTYYADSVKGR
FTISRDNSKNTLYLOMNSLRAEDTAVY YCAKGPRIVGMDVWGQGTTVTVSSASTKGPSVEPLAPCSRS

TSESTAALGCLVKDYPPEPYVTVSWNSGALTSGVHTFPAVLQSSGLY SLESVVTIVPSSSLGTRKTYTONVD

HKPSNTRVDERVESEYGPPCPPCPAPEFLGGPSVELFPPKPKDTLMISRTPEVICYVVVDVSQEDPEVQOFN
WYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNEKGLPSSIEK TISKAKGOP

REPQVYTLPPSQEEMTKNGVSLTCLVKGEFYPSDIAVEWESNGOPENNYRKTTPPVLDSDGSFFLYSRLTV
DKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLGK  (SEQ 1D N(:149)
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VL

GACATCCAGATGACTCAGTCICUATCTTCCGTOTCTGCATCTGTAGGAGACAGAGTCACCATCACT
TGTCGGGCGAGTCAGGGTATTAGCAGCTGGTTAGCCTGGTATCAGCAGAAACCAGGGAAAGCCCC
TAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCUCATCAAGGTTCAGCGGUAGTGS
ATCTGGGACAGATTTCACTUTCACCATCAGCAGCCTGOAGCCTGAAGATTTTGUAACTTATTACTG
TCAGCAGGTATTCAGTTACCCTCTCACTTTTGGCGGAGGGACCAAGGTTGAGATCAAA (SEQ ID
NO:150)

VL

FTLTISSLOPEDFATYYCQOVESYPLTFGGGTKVEIK (SEQ ID NG:ish)

CDR1: RASQGISSWLA (SEGQ ID NO:152; amino acid residues 24-34 of SEQ ID NOG:151)

CDRZ: AASSLOS (SEGQ 1D NO:153; ammuno acid residues 58-56 of SEQ 1D N3 151}

CDR3: QQVFSYPLT (SEQ ID NO:154; amino acid residues 85-97 of SEQ ID NO:151)

GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGAGTCACCATCACT
TOTCGGGCCGAGTCAGGGTATTAGCAGCTGGTTAGCCTGGTATCAGCAGAAACCAGGGAAAGCCCC
TAAGCTCCTGATCTATGCTGCATCCAGTTITGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGG
ATCTGGOACAGATTTCACTCTCACCATCAGCAGCCTGUAGCCTOAAGATTTTGCAACTTATTACTOT
CAGCAGGTATTCAGTTACCCTCTCACTTTTGGCGGAGGGACCAAGGTTGAGATCAAACGAACTGTG
GCTGCACCATCTGTICTTICATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGC
TOTGCCTOCTGAATAACTTCTATCCCAGAGAGGUCAAAGTACAGTGUGAAGUGTGGATAACGCCCTCC
AATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGOACAGCACCTACAGCITCAGC
AGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCA
TCAGGGCCTGAGCTCGUCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG (SEQ 1D NO:135)

DIQMTQSPSSVSASVGDRVTITCRASQGISSWLAWYQOK PGKAPKLLIY AASSLOSGVPSEFSGSGSGTD
FTLTISSLOPEDFATYYCQQVFSYPLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP
REAKVQWKVDNALQOSGNSOESVTEQDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHQGLSSPVTKSE
NRGEC (SEQ 1D NO:156)

ActRUB- and ActRIIA--binding Antibodies

AD2

VH

CAGQTTCAGCTGOTOCAGTCTGGAGCTGAGOTGAAGAAGCCTGUGOGUCTCAGTGAAGGTCICCTG
CAAGGCTTCTGGTTACACCTTTACCAGCTATGGTATCAGCTGGGTGCCACAGGCCCCTGGACAAGG
GCTTGAGTGGATGGGATGGATCAGCCCTTACAATGGTAACACAAACTATGCACAGAAGCTCCAGS
GCAGAQTCACCATGACCACAGACACATCCACGAGCACAGCCTACATGOAGCTOAGGAGCCTGAGA
TCTGACGACACGGCGOGTGTACTACTGCGCTAGAGTATCTATGTACGCCCCAGAGCCAATGGACGTA
TGGOGGCCAGGGAACAACTGTCACCGTCTCCTCA (SEQ ID NG:83)

VH

RVIMTTDTSTSTAYMELRSLRSDDTAVYYCARVSMYAPEPMDVWGOGTTVTVSS (SEQ ID NO:843

CDRY: GYTHFTSY (SEQ 1D NOHES: amno acid residaes 26-32 of SEQ 1D N{3:&4)

CDRZ: SPYNGN (SEQ ID NO:86; amino acid residues 52-57 of SEQ [ NO:#4)

CDR3: VSMYAPEPMDYV (SEQ 1D NO:&87; amine acid residues 99-109 of SEQ 1D NO:84)

H

CAGQTTCAGCTGOTOCAGTCTGGAGCTGAGOTGAAGAAGCCTGUGOGUCTCAGTGAAGGTCICCTG
CAAGGCTTCTGGTTACACCTTTACCAGCTATGGTATCAGCTGGGTGCCACAGGCCCCTGGACAAGG
GCTTGAGTGGATGGGATGGATCAGCCCTTACAATGGTAACACAAACTATGCACAGAAGCTCCAGS
GCAGAQTCACCATGACCACAGACACATCCACGAGCACAGCCTACATGOAGCTOAGGAGCCTGAGA
TCTGACGACACGGCGOGTGTACTACTGCGCTAGAGTATCTATGTACGCCCCAGAGCCAATGGACGTA
TOGGOGUCCAGGGAACAACTGTCACCGTCTCOTCAGCTAGCACAAAAGGACCAAGCGTGTITCCACT
GOGCACCTAGCAGCAAATCCACCAGCOGGUGOAACAGCAGCCCTCGGGTOGCCTGGTGAAGGATTACT
TCCCTGAGCCAGTCACAGTOTCCTGGAACTCCOGAGCCCTOGATATCCGOCOTGCACACCTTCUCCG
CTGTGCTGCAATCCAGCGGACTGTATAGCCTCAGCTCCGTCGTGACAGTCCCTTCCAGCAGCCTGG
GCACACAGACTTACATTITGCAACGTGAACCACAAACCTTICCAACACTAAGGTGGACAAAAAGGTG
GAACCCAAATCCTGTGATAAGACCCATACATGCCCACCTTGTCCCGUTCCTGAGCTGCTGOGOGUA
CCTTCCOTCTTITCTGTTTCCTCCAAAACCAAAAGACACACTCATGATCAGUCGOACCCUCGAAGTC
ACCTGTGTGOGTGGTGGACGTCAGCCACGAAGATCCAGAGGTCAAGTTCAATTGGTACGTGGATGG
AGTGGAAGTCCACAACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCACATACAGGGTG
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GTOGTCCOTCCTGACAGTOUTCCACCAGGACTGOUTCAATGGUAAAGAGTATAAGTGCAAGGTGAG
CAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATTAGCAAGGCAAAGGGGCAGCCACGGGAA
CCCCAGOGTGTATACCCTGCCCCCAAGCCOGGUATGAACTOACCAAAAACCAGOTCAGCUTGACATG
CCTGGTOAAAGGGTTTTACCCAAGCGATATTGCCGTCCAGTGGGAGAGCAAUGGACAGCCAGAAA
ACAATTACAAAACCACCCCACCTGTGCTGGACTCCGATGGCAGCTTTTITCCTGTACAGCAAGCTCA
CAGTGGACAAGTCCAGATGGUCAACAGGGCAACGTGTTTITCCTGCTCCGTGATGCACGAGGCCCTCC
ACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCCAGGAAAG (SEQ 1D NO:B8)

QVOQLVQSGAEVEKKPGASVKVRCKASGYTFTSYGISWVRQAPGQGLEWMGWISPYNGNTNYAQKLQG
RVIMTITDTSTSTAYMELRSLRSDODTAVY YCARVSMY APEPMEDVWGQGTTVIVSESASTKGPSVEPLAP
SSKSTSGOTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY SLSSVVTVPRSSSLGTQTYIC
NVNHKPSNTKVDKEVEPKSCDEKTHTCPPCPAPELLGGPSVELFPPKPEDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNARKTEKPREEGYNSTYRVVSVLTVLHQDWLNGRKEYKCKVSNEKALPAPIEKTI
SKAKGQPREPQVY TLPPSRDELTRKNGVSLTCLVEGEY PADIAVEWESKGOPENNYKTTPPVLDSDGSEF
LYSKLTVDESRWOQONVESCSYMHEALHNHYTQESLSLSPGE. (SEQ 3 NO:89%)

VL

GACATCCAGATGACTCAGTCTCCATOTTCCGTGTCTGCATCIGTAGGAGACAGAGTCACTATCACT
TGTCGGGCGAGTCAGGGTATTAGCAGGTGGTTAGCCTGGTATCAGUAGAAACCAGGGAAAGCTCC
TAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGS
ATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTACTGT
CAGCAGGCATTCTCCUACCCTTGGACTTTTGGCGGAGGGACCAAGGTTGAGATCAAA (SEQ D
NO:90)

VL

DIOMTOSPSEVSASVGDRVTITCRASOGISRWLAWY QQEPGKAPKLLIY AASSLOSGVPSRFSGRGSGT
DETLTISSLOPEDFATY YCOOAFSHPWTFGGGTKVEIK  {(SEQ I NO91T)

CDRI: RASQGISEWLA (8EQ 1D N(:92; amino acid residues 24-34 of SEQ 1D NO:91)

CDR2: ASSLQS (SEQ ID NO:93; amino acid residues 50-56 of SEQ ID NG:91)

CDR3: QOAFSHPWT (SEQ ID N{:%4; amino acid residues 89-97 of SEQ ID NG:SH

L

GACATCCAGATGACTCAGTCTCCATOTTCCGTGTCTGCATCIGTAGGAGACAGAGTCACTATCACT
TGTCGGGCGAGTCAGGGTATTAGCAGGTGGTTAGCCTGGTATCAGUAGAAACCAGGGAAAGCCC
CTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGT
GGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTAC
TGTCAGCAGGUATTCTCCCACCCTIGGACTTTTIGGUGGAGGGACCAAGGTTGAGATC AAACGTAL
GOTGGCTGCACCTTCCGTOTTTATC T TCCACCTTCUGATGAGC AGCTGAAGAGCGGAACAGCAA
GCGTGGTGTGTCTGCTGAACAACTTTTATCCCCGGGAGGCAAAGGTGCAGTGGAAAGTCGACAAT
GCTCTCCAGTCCGGCAATTCCCAAGAGAGCGTCGACAGAGCAAGATTCCAAGGACTCCACTTACAG
COTGTCCAGCACCCTOACACTGAGCAAGGC TGATTACGAGAAACACAAAGTGTACGCTTGTGAAG
TCACCCACCAAGGUCTGAGCAGCCCAGTCACTAAGTCCTTTAACCGGGGCGAATGT (SEQ 1D
NO:95)

L

DIOMTQSPSSVSASVGDRVTITCRASQGISRWEAWY QUK POEAPKLLIVAASSLOSGVESRESGRGSGT
DFTLTISSLOPEDFATYYCQOAFSHPWTFGGGTKVEIK  (SEQ ID NO:%6)

BO2

Y H

CAGGTGCAGCTGOGTGCAGTCTGGGGCTCGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTCTCOCT
GCAAGGCTTCTGOATACACCTTCACCGGCCATAAGATGCACTGGOTGCGACAGGCCCCTGGACAA
GGGUTTGAGTGGATGGGATGGATCAACCCTGCTAGTGGTIGGACAAACTATGCACAGAAGTTTCA
GOGOCAGGUGTCACCATCACCAGGOACACGTCCATCAGUACAGCCTACATGGAGCTGAGCAGGUTG
AGATCTGACGACACGGUGGTGTACTACTGOGCCAGAGTATCTATGTACGUCCCAGAGCCAATGGA
CGTATGGGGCCAGGGAACAACTGTCACCGTCTICUTCA (SEG (D NO:HT)

Y H

GGRVIMTRDTSISTAYMELSRLRSDDTAVY YCARVSMYAPEPMDVWGQGTTVIVSS  (SEQ  ID
NO:98}

CDR1: GYTFTGHEMH (SEQ ID NO:99; amino acid residues 26-35 of SEQ 1D NG:9&)

CDR2: NPASGW (SEQ ID NO:100; amino acid residues 52-57 of SEQ ID NO:98)

CDR3: VSMYAPEPMDY (SEQ D NO:101; araino acid residues 99-109 of SEGQ 1D NO:98)
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H

CAGGTGCAGUTGGTGUAGTCTGGGGCTGAGGTGAAGAAGCUTGGGGCCTUAGTGAAGGTUTCCT
GCAAGGCTTCTGGATACACCTTCACCGGCCATAAGATGCACTGGGTGCGACAGGCCCUTGGACAA
GGGCTTGAGTGGATGGGATGGATCAACCCTGCTAGTGGTTGGACAAACTATGCACAGAAGTTTCA
GGGCAGGGTCACCATGACCAGGGACACGTUCATCAGCACAGCCTACATGGAGCTGAGCAGGCTG
AGATCTGACGACACGGCGGTGTACTACTGCGCCAGAGTATCTATGTACGCCCCAGAGCCAATGGA
CGTATGGGGCCAGGGAACAACTGTCACCGTCTCCTCAGCTAGCACAAAAGGACCAAGCGTGTTTIC
CACTGGCACCTAGCAGCUAAATCCACCAGCGGUGGAACAGCAGCCCTCGGGTGCCTGGTGAAGGA
TTACTTCCCTGAGCCAGTCACAGTGTCCTGGAAC TCCGGAGUUCTGACATCCGGUGTGCACATCT
TCCCCGUTGTGUTGOAATCCAGCGGACTGTATAGCCTCAGC TCOGTCGTGACAGTCCOTTCCAGCA
GCCTGGGCACACAGACTTACATTTGCAACGTGAACCACAAACCTTCCAACACTAAGGTGGACAA
AAAGGTGGAACCCAAATCCTGTGATAAGACCCATACATGCCCACCTTGTCCCGCTCCTGAGCTGO
TGGGGGGACCTTCCGTCTTTCTGTTTCCTCCAAAACCAAAAGACACACTCATGATCAGCCGGACT
CCCGAAGTCACCTGTGTGGTGGTGGACGTCAGCCACGAAGATCCAGAGGTCAAGTTCAATTGGTA
CGTGGATGGAGTGGAAGTCCACAACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCAC
ATACAGGGTGGTGTCCGTCCTGATUAGTGO TCCACCAGGACTGGUTCAATGGUAAAGAGTATAAGT
GOAAGGTGAGCAACAAGGUCCTGCCTGCACCAATTGAGAAAACAATTAGUAAGGCAAAGGGGCA
GCCACGGGAACCCCAGGTGTATACCCTGCCOCCAAGCCGGGATGAACTGACCAAAAACCAGGTC
AGCCTGACATGCCTGOTGAAAGGGTTTTACCCAAGCGATATTGCUCGTUGAGTGGGAGAGCAACG
GACAGUCAGAAAATAATTACAAAACCACCCCACCTGTGCTGGACTCOCGATGGGAGCTTTTTCCTG
TACAGCAAGCTCACAGTGGACAAGTCCAGATGGCAACAGGGCAACGTGTTTTCCTGCTCCGTGAT
GCACGAGGCCCTCCACAACCACTATACACAAAAGTCCCTCTCOCTCAGCCCAGGAAAG (SEQ ID
NO:102)

QVOLVOSGAEVEK PGASVRVECKASGYTFTGHKMHWVRQAPGQGLEWMGWINPASGWINYAQKF
QGRVIMTROTSISTAYMELSRLRSDDTAVYYCARVAEMY APEPMDVWGGGTTVTVSSASTRGPSVEPL
APSSESTSCGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEPAVLQSSGLY SLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKEVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPEDTLMISRTPEVICVVVDY
SHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP]
EKTISKAKGOPREPOQVYTLPPSRDELTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLIDSD
GSFFLY SKLTVDESRWQOQOGNVESCSVMHEALHNHY TQRSLSLSPGE. (SEQ D NOG:103)

VL

SEQ D NO:90

VL

TFGGGTKVEIK  (S5EQ ID NO:G1)

CDR1: RASQGISRWLA (SEGQ ID NO:92; amino acid residues 24-34 of SEQ ID NQO:9 1)

CDR2: AASSLQS (SEQ 1D NO:93; amino aeid residues 50-56 of SEQ 1D NO:91)

CDR3: QQAFSHPWT (SEQ 1D NO:94; amino acid residues 89-97 of SEG I NO:91)

SEQ ID N(»95

L

SEQ 1D NO:96

02

YV H

CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGOGCCTCAGTGAAGGTTICCTG
CAAGGCATCTGGATACACCTICACCAGCTACAATATGOGCOGTGGGTOGCGACAGGCCUCTGOACAAG
GOUTTGAGTGOATGOCGAATAATCAGGUCTAGTGTTGGTAGCACAAGCTACGCACAGAAQTTICCAG
GGCAGAGTCACCATGACCAGGGACACGTCCACGAGCACAGTCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACGGCGGTGTACTACTGUGCTAGAGTATCTATGTACGCCCCAGAGCCAATGGACGT
ATGGGOCCAGGGAACAACTGTCACCGTCTCCTCA (SEQ 1D NG:104)

YV H

RVIMTROTSTSTVYMELSSLESEDTAVYYCARYSMYAPEPMDYV WGQGTTVTIVSS (5EQ 1D NO:105)

CDR1: GYTFTSY (SEQ ID NO:106; amino acid residues 26-32 of SEQ ID NO:105)

CDR2: RPSVGS (SEQ ID NO:H07; ammuo acid residues 52-57 of SHQ 1D N{O:105)

CDR3: VEMYAPEPMDV (SEQ ID NO: 108; amino acid residues 99-109 of SEQ 1D NO: {05}

CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGOGCCTCAGTGAAGGTTICCTG
CAAGGCATCTIGGATACACCTICACCAGCTACAATATGOGCGTGGGTOGCGACAGGCCUCTGOACAAG
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GOCTTGAGTGOATGUGOAATAATCAGOCCTAGTOTTGGTAGCACAAGCTACGCACAGAAGTTICCAG
GGCAGAGTCACCATGACCAGGGACACGTCCACGAGCACAGTCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACGGCGGTGTACTACTGCGCTAGAGTATCTATOTACGCUCCAGAGUCAATGGACGT
ATGGOOGCCAGGGAACAACTCTCACCGTCTCCTCAGUTAGCAUAAAAGOACCAAGCGTOTTITCCAC
TGGCACCTAGCAGCAAATCCACCAGCGGCGGAACAGCAGCCCTCGGGTGCCTGGTGAAGGATTALC
TTCCCTGAGCCAGTCACAGTGTCCTGGAACTCCGGAGCCCTCACATCCOGGUGTGCACACCTICCCC
GCTGTGCTGCAATCCAGCGGACTGTATAGCCTCAGCTCCGTCGTGACAGTCCCTTCCAGUCAGCCTG
GOUACACAGACTTACATTTIGCAACGTGAACCACAAACCTTCCAACACTAAGGTGOACAAAAAGGTY
GOAACCCAAATCCTOTGATAAGACCCATACATGCCCACCTTGTCCCGCTCCTGAGCTGCTGGGGGE
ACCTTCCOTCTTICTGTTTCCTCCAAAACCAAAAGACACACTCATCGATCAGCCGGACCCCCGAAGT
CACCTGTGTGOTGOTGOACGTCAGUCACGAAGATCCAGAGGTCAAGTTCAATTGGTACGTGGATG
GAGTGOAAGTCCACAACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCACATACAGGGT
GOTGTCCOGTCCTGACAGTGCTCCACCAGGACTGGCTCAATGGCAAAGAGTATAAGTGCAAGGTGA
GCAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATTAGCAAGGCAAAGGGGCAGCCACGGGA
ACCCCAGOTGTATACCCTOGCCCCCAAGCCGGUATGAACTGACCAAAAACCAGHGTCAGCUTGACAT
GCCTGOTGAAAGGGTTTTACCCAAGCGATATTGCCGTCGAGTGGGAGAGCAACGGACAGCCAGAA
AACAATTACAAAACCACCCCACCTGTGUTGGACTCCGATGGGAGCTTITICCTGTACAGCAAGCTC
ACAGTGGACAAGTCCAGATGGUAACAGGGCAACGTGTTITCCTGCTCCGTGATGCATGAGHCCCTC
CACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCCAGGAAAG (SEQ 1D NO:109%)

H

QVOLVOSGAEVKEPGASVEVSCRASGYTFTSYNMAWVROQAPGOGLEWMGIHIRPSVGSTSYAQKFQG
RVIMTRDTSTSTVYMELSSLRSEDTAVYYCARVSMYAPEPMDVWGQGTTVTVSSASTRKGPIVEPLAPS
SESTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICON
VNHEPSNTRVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPRDTLMISRTPEVTICVVVDVSHE
PEVEFNWYVDGVEVHNAKTKPREEGYNSTYRVVSVLTVLHQDWILNGKEYKCKVSNKALPAPIEKTIS
KAKGOPREPOVYTLPPSRDELTENQVSLTCLVEGEYPSDHA VEWESNGOPENNY K TTPPVLDSDOGSEFL
YSKLTVDKSRWOGQGKVESCSVMHEALHNHY TOKSLSLSPGK (SEQ ID NO:118)

VL

SEQ D NO:9O

VL

DIOMTQSPSSVSASVOGDRVTIITCRASQGISRWEAWY QOKPGKAPKLLIYAASSLOSGVPSRESGSGSGT
WIFGGOGIRKVEIK (SEQ IDNO:SH

CDR1: RASQGISRWLA (SEGQ ID NO:92; amino acid residues 24-34 of SEQ ID NO:91)

CDR2: AASSLQS (SEQ ID NO:93; amino acid residues 50-56 of SEQ 1D NOG:91)

CDR3: QQAFSHPWT (SEQ I3 NO:%4; amino acid residues 89-97 of SEQ 113 NO:91)

1.

SEQ ID NO:95

I

SEQ ID NO:96

Do2

YV H

CAGOTQCAGCTGOTOCAGTCTOGOGCTCGAGOTGAAGAAGCCTGGGUGCCTCAGTGAAGGTTTCCTG
CAAGGCATCTGGATACACCTTCACCTCGTACCGTATGCACTGGGTGCGACAGGCCUCTGGACAAGG
GCTTGAGTGGATGGOATTTATCGTGCCTAGTGGTOGTAGCACAAGCTACGCACAGAAGTTCCAGE
GCAGAGTCACCATGACCAGGOACACGTCCACGAGCACAGTCTACATGGAGCTGAGCAGCCTGAGA
TCTGAGOGACACGOCQUGTGTACTACTOCGCTAGAGTATCTATGTACGCCCCAGAGUCAATQUACGTA
TGGGGCCAGGGAACAACTGTCACCGTCTCCTCA (SEQ IDNO:LEL)

YV H

QVOLVOSGAEVEKPGASVKVSCKASQY TFTSY RMHWVROQAPGOGLEWMGEIVESGORTSY AQKEQG
RVIMTRDTSTSTVYMELSSLRSEDTAVYYCARVSMYAPEPMDVWGQGTTVTIVSS (BEQID NG:112)

CDRE GYTETSY (SEQ D NO:113; wrumo acid residues 26-32 of SEQ ID NO:112)

CDR2: VPIGGS (SEGQ 1D NO:114; arsino acid residues 52-57 of SEQ 1D NOG:112)

CDR3: VSMYAPEPMDV (SEQ 1D NO:115; amino acid residues 99-109 of SEQ 1D NO:112)

&1

CAGOTQCAGCTGOTOCAGTCTOGOGCTCGAGOTGAAGAAGCCTGGGUGCCTCAGTGAAGGTTTCCTG
CAAGGCATCTGGATACACCTTCACCTCGTACCGTATGCACTGGGTGCGACAGGCCUCTGGACAAGG
GCTTGAGTGGATGGOATTTATCGTGCCTAGTGGTOGTAGCACAAGCTACGCACAGAAGTTCCAGE
GCAGAGTCACCATGACCAGGOACACGTCCACGAGCACAGTCTACATGGAGCTGAGCAGCCTGAGA
TCTGAGOGACACGOCQUGTGTACTACTOCGCTAGAGTATCTATGTACGCCCCAGAGUCAATQUACGTA
TGGGGCCAGGGAACAACTGTCACCGTCTCCTCAGCTAGCACAAAAGGACCAAGCGTGTTTCCACT
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GOCACCTAGCAGUAAATCCACCAGCGGUGOAACAGCAGCCCTCGGGTOCCTGUTGAAGGATTACT
TCCCTCGAGCCAGTCACAGTGTCCTGCAACTCCGGAGCCCTGACATCCGGUGTGCACACCTTCCLCG
CTGTGUTGCAATCCAGCGGACTGTATAGCCTCAGCTCCOGTCGTGACAGTCCUTICCAGCAGCCTGE
GCACACAGACTTACATTTGCAACGTGAACCACAAACCTTCCAACACTAAGGTGOACAAAAAGGTS
GAACCCAAATCCTGTGATAAGACCCATACATGCCCACCTTGTCCCGCTCCTGAGCTGCTGGGGGGA
CCTTCCOGTCTTTCTOTTITCCTCCAAAACCAAAAGACACACTCATGATCAGCCGGACCCCCGAAGTC
ACCTGTOTGOTGOGTGOACGTCAGCCACGAAGATCCAGAGUGTCAAGTTCAATTGGTACGTGGATGG
AGTGGAAGTCCACAACGCAAAAACCAAACTTAGAGAAGAACAGTACAATAGCACATACAGGGTG
GTGTCCGTCCTGACAGTGCTCCACCAGGACTGGCTCAATGGCAAAGAGTATAAGTGCAAGGTGAG
CAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATTAGCAAGGCAAAGGGGCAGCCACGGGAA
CCCCAGOGTGTATACCCTGCCCCCAAGCCOGGUATGAACTOACCAAAAACCAGOTCAGCUTGACATG
CCTGGTOAAAGGGTTTTACCCAAGCGATATTGCCGTCCAGTGGGAGAGCAAUGGACAGCCAGAAA
ACAATTACAAAACCACCCCACCTGTGCTGGACTCCGATGGCAGCTTTTITCCTGTACAGCAAGCTCA
CAGTGGACAAGTCCAGATGGUCAACAGGGCAACGTGTTTITCCTGCTCCGTGATGCACGAGGCCCTCC
ACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCTAGGAAAG (SEQ D NO:E1I6)

QVOQLVQSGAEVEKPGASVKVSCKASGY TFTSYRMHWVROAPGQGLEWMGFEIVPSGGSTSYAQKFQG

RVIMIRDTISTSTVYMELSSLRSEDTAVYYCARVSMY APEPMDVWGQGTTVIVASASTKGPSVEPLAPS
SKSTSGGTAALGCLYVKDYFPEPVTVSWNSGALTSQVHTFPAVLOSSGLY SLISVVTIVESSSLGTOTYICN
VNHEPSNTKVDEKVEPKSCDKTHTCPPCPAPELL GGPSVELFPPKPKDTLMISETPEVICVVVDVSHED

PEVKFNWYVDGVEVENAKTEKPREEQYNSTYRVVEVUTVLHODWINGE EYKCK VENKALPAPIEKTIS

KAKGQPREPOVYTLPPSEDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTIPPVLDSDGSPFL

YSKLTVDESRWQOQGNVESCSVMHEALHNHYTQRSLSLSPGK (SEQ ID NO:117)

VL

SEQ 1D NG90

VL

DIOMTOSPSSVSASVODRVTITCRASCGGISRWEAWY QOKPOGKAPKELIYAASSLOSGVPSEFSGIGSGT
DETLUTISSLOQPEDFATYYCOQQAE WIFGGGTKVEIK  (SEQ I NO:9T)

CDR1: RASQGISRWLA (SEQ 1D NOG:92; amino acid residues 24-34 of SEQ ID NO:91)

CDR2: AASSLGS (SEQ ID NQ:93; antino acid residues 50-56 of SEQ ID NG9

CDR3: QOQAFSHPWT (SEQ 1D N394, amino acid residues 89-97 of SEQ 1D NO:91)

SEQ ID NO:95

SEQ ID NO:96

CAGQTGCAGCTGOTGCAGTCTGLGGGCTOAGGTOAAGAAGCCTGOGOCCTCAGTCGAAGGTTTCCTG
CAAGGCATCTGGATACACCTTCACCTCGTACCGTATGCACTGGGTGCGACAGGUCCCCTGGACAAGG
GCTTGAGTGGATOGGOATTTATCGTGCCTAGTGOTGGTAGCACAGGCTACGCACAGAAGTTCCAGG
GCAGAGTTACCATGACCAGGCACACGTCCACGAGCACAGTCTACATGOAGCTGAGCAGCUTGAGA
TCTGAGGACACGOUGGTCTACTACTGUGCTAGAGTATCTAGOTACGCCCCAGAGUCAATGGACGT
ATGGGGCCAGGGAACAACTGTCACCGTCTCCTCA (SEQID NO:11E)

Vi

QVQLVOSGAEVKRPGASVEVSCKASGYTHISYRMEWVROAPGQCGLEWMGEIVPSGGSTOYAQKYQG
RVIMTRDTSTSTVYMELSSLRSEDTAVYYCARVSRYAPEPMDVWGOQGTTVTVSS (SEQ ID NO:11%)

CDRI: GYTETSY (SEQ ID N1 13; amino acid residues 26-32 of SEQ ID NO:119)

CDR2: VPSGGS (SEQ ID NO:126; amino acid residues 52-57 of SEQ 1D NO:119)

CDR3: VSEYAPEPMDV (SEQ ID NO:121; amino acid residues 99-109 of SEQ ID NO:119)

H

CAGQTGCAGCTGOTGCAGTCTGLGGGCTOAGGTOAAGAAGCCTGOGOCCTCAGTCGAAGGTTTCCTG
CAAGGCATCTGGATACACCTTCACCTCGTACCGTATGCACTGGGTGCGACAGGUCCCCTGGACAAGG
GCTTGAGTGGATOGGOATTTATCGTGCCTAGTGOTGGTAGCACAGGCTACGCACAGAAGTTCCAGG
GCAGAGTTACCATGACCAGGCACACGTCCACGAGCACAGTCTACATGOAGCTGAGCAGCUTGAGA
TCTGAGGACACGOUGGTCTACTACTGUGCTAGAGTATCTAGOTACGCCCCAGAGUCAATGGACGT
ATGGGGCCAGGGAACAACTGTCACCGTCTCCTCAGCTAGCACAAAAGGACCAAGCGTGTTTCCAL
TGGCACCTAGCAGCAAATCCACCAGCGGCGGAACAGCAGCCCTCGGGTGCCTGGTGAAGGATTALC
TTCCCTGAGCCAGTCACAGTOTCCTGGAACTCCGGAGUCCTOACATCUGGLGTGCACACCTICCCC
GCTGTGCTGCAATCCAGUGGACTGTATAGCCTCAGUTCCOTCGTGACAGTCCCTTCCAGUCAGCCTG
GGCACACAGACTTACATTTGCAACGTGAACCACAAACCTTCCAACACTAAGGTGGACAAAAAGGT
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GOAACCCAAATCCTOTCATAAGACCCATACATQCCCACCTTIGTCCCGOTCCTGAGCTGUTGG GGG
ACCTTCCOTCTTICTGTTTCCTCCAAAACCAAAAGACACACTCATCGATCAGCCGGACCCCCGAAGT
CACCTGTGTGOTGOTGOACGTCAGUCACGAAGATCCAGAGGTCAAGTTCAATTGGTACGTGGATG
GAGTGOAAGTCCACAACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCACATACAGGGT
GOTGTCCOGTCCTGACAGTGCTCCACCAGGACTGGCTCAATGGCAAAGAGTATAAGTGCAAGGTGA
GCAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATTAGCAAGGCAAAGGGGCAGCCACGGGA
ACCCCAGOTGTATACCCTOGCCCCCAAGCCGGUATGAACTGACCAAAAACCAGHGTCAGCUTGACAT
GCCTGOTOAAAGGGTTTTACCCAAGCOATATTGCCGTUGAGTGGOAGAGCAACGGACAGCCAGAA
AACAATTACAAAACCACCCCACCTGTGCTGGACTCCGATGGGAGCTTTTTCCTGTACAGCAAGCTC
ACAGTGGACAAGTCCAGATGGCAACAGGGCAACGTOTTTICCTGCTCCGTGATGCACGAGGCCCTC
CACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCCAGGAAAG (SEQ 1D N(:122)

QVOLVOSGAEVEKE PGASVEKVSCKASGYTFTSYRMEWVRQAPGQGLEWMGEFIVPSGGSTGYAQKFGG
RVIMTRDTSTSTVYMELSSLESEDTAVY YCARVERYAPEPMDVWGQGTTIVTVSSASTRGPIVEPLAPS
SESTSGGTAALGCLVKDYFPEPVTVESWNSGALTSGVHTFPAVLOSSGLY SLSSVVTVPSSSLGTOTYION
VNHKPSNTKVDKEKVEPKSCDKTHTCPPCPAPELLGGPSVELPPPKPEDTIMISRTPEVTCVVYVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEGYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNEKALPAPIEKTIS
KAKGOPREPQVYTLPPSRDELTENQVSLTCLVKGEYPSDHAVEWESNGOPENNY K TTPPVLDSDGSREFL
YSELTVDKSRWOQQGNVESCSVMHEALHNHBYTOKSLSLSPGK (SEQ 1D NG:123

VL

DIOMTQSPSSVSASVOGDRVTITICRASQGISRWLAWYQOKPGKAPKLLIYAASSLOSGVPSRESGSGSGT
DEFTLTUISSLOPEDFATYYC

CDR1: RASQGISRWLA (SEQ I3 NO:9Z; amino acid residues 24-34 of SEQ 1D NO:91)

CDRZ: AASSLQS (SEQ 1D NO:93; amino acid residues 50-56 of SEQ ID NO:%1)

CDR3: QQAFSHPWT (SEQ D NG:94; amino acid residues 89-97 of SEQ D NO:91}

SEQ D NO:93

SEQ ID NOG:96

Di4

CAGGTGCAGCTGGTCGCAGTCTGGGGCTCAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTTTICCTG
CAAGGCATCTGGATACACCTTCACCTCOTACCGTATGCACTGGGTGLGACAGGCCCOTGGACAAGG
GCTTGAGTGGATGGOGATTTATCGTGCUTAGTGOTGOTAGCACAGGCTACGCACAGAAGTTICCAGGG
CAGAGTTACCATGACCAGGGACACGTCCACGAGCACAGTCTACATOGAGCTCGAGCAGCCTGAGAT
CTGAGGACACGGUGGTGTACTACTGCGCTAGAGTATCTAGGTACGCCCCAGAGCCAATGGACGTA
TCGOGGCCAGGGAACAACTGTCACCGTCTCCTCA (SEQ ID NO:164)

VH

CDR1: SYRMH (8EQ 1D NO:166; amino acid residues 31-35 of SEQ D NO:165)

CDR2: FIVPSGGSTGY AQKFQG (SEQ ID NO:167; amino acid residues 50-66 of SEQ ID NO:165)

CDR3: VSRYAPEPMDYV (SEQ 1D NO:16K; amino acid residues 99-109 of SEQ D NO:165)

i

CAGQTGCAGCTGOTGCAGTCTGLGGGCTOAGGTOAAGAAGCCTGOGOCCTCAGTCGAAGGTTTCCTG
CAAGGCATCTGGATACACCTTCACCTCGTACCGTATGCACTGGGTGCGACAGGUCCCCTGGACAAGG
GCTTGAGTGGATOGGOATTTATCGTGCCTAGTGOTGOGTAGCACAGGCTACGUACAGAAGTTCCAGGG
CAGAGTTACCATGACCAGGGACACGTCCACGAGCACAGTCTACATGGAGUTGAGCAGCCTGAGAT
CTOAGQACACGGCGOTGTACTACTGCGCTAGAGTATCTAGGTACGCUCCAGAGUCAATGOACGTA
TGGGGCCAGGGAACAACTGTCACCGTCTCCTCAGCTTCCACCAAGGGCCCATCCGTCTTCOCCCTG
GCGCCCTGUTCCAGGAGCACCTCCGAGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTC
CCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGOT
GTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGUGTOGTGACCGTGCCCTCCAGTAGCTTGGGL
ACGAAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGCGACAAGAGAGTTGA
GTCCAAATATGGTCCCCCATGCCCACCCTGCCCAGCACCTGAGTICCTGGGGGGACCATCAGTCTT
CCTOGTTCCCCCCAAAACCCAAGGACACTCTCATGATCTUCCOGGACCCCTGAGGTCACGTGCGTGOT
GOTOGACQTGAGUCAGGAAGACCCCOAGOTCCAGTTUAACTGUTACGTGGATGGCGTGOAGG TGO
ATAATGCCAAGACAAAGCCGCGGGAGCGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
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ACCGTCCTGCACCAGGACTGGCTGAACGGUAAGGAGTACAAGTGCAAGGTICTCCAACAAAGGCOT
CCCGTCCTCCATCOGAGAAAACCATCTCCAAAGCCAAAGGGCAGUCCCGAGAGCCACAGHTGTACA

CCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCOTGGTCAAAGGC

TTCTACCCCAGCGACATCGCCGTGGAGTGOGAGAGCAATGOGCAGCCGGAGAACAACTACAAGALC
CACGCCTCCCOTGCTGGACTCCGACGGUTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAGAG

CAGQTGGCAGGAGGOGAATOTCTTCTCATGCTCCGTGATGCATCAGGCTCTGCACAACCACTACAL
ACAGAAGAGCCTCTCCCTGTCTCTGGGTAAATGA (SEQ 1D NO:16%)

QVOLVOSGAEVKKPGASVRKVSCKASGYTFTSYRMHWVRQAPGOQGLEWMGFIVPSGGSTGYAQKFQG
RVIMTRDTSTSTVYMELSSLESEDTAVYYCARVIRYAPEPMDVWGOGTTVTVSSASTEGPSVEPLAP
CSRSTSESTAALGCLVEDYEFPEPVIVEWNSGALTSGVHTIPAVLQSSGLYSLASVVIVPSSSLGTIKTYT
CNVDHEPSNTKVDERVESKYGPPCPPCPAPEFLGGPSVELFPPKPKDTLMISRTPEVICVVVDVSQEDP
EVOFNWY VDGVEVHNAKTKPREEGENSTYRVVSVLTVLHODWINGKEYKCK VENKGLPSSIEKTISK
AKGQPREPOVYTLFPAQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFL
YSRLUTVDESRWQOEGNVESCSVMHBEALHNEYTQKSLSLSLGK.  {(SEQ D NO:170)

GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGAGTCACCATCACT
TGTCGGGCGAGTCAGGGTATTAGCAGGTGOTTAGCCTGGTATCAGCAGAAACCAGGGAAAGCCCC
TAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGG
ATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTOCAGCUTCAAGATTTTGCAACTTATTACTG
TCAGCAGGCATTCTCCCACCCTTGCGACTTTTGGCGGAGGGACCAAGGTTGAGATCAAA (SEQID
NO:i71)

VL

DFTLTISSLOPEDFATYYCOOAFSHPWTFGGGTEVEIK (SEQ 1D NO:172)

CDR1: RASQGISRWLA (5EGQ 1D NCG:173; amino acid residues 24-34 of SEQ 1D NO:172

CDR2: AASSLQS (SEQ D NO:174; amino acid residues 50-56 of SEQ D NO:172)

CDR3: QQAFSHPWT (SEQ ID NO:175; antino acid residues §89-97 of SEQ ID NO:172)

GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGAGTCACCATCACT
TGTCGGGCGAGTCAGGGTATTAGCAGGTGGTTAGCCTGGTATCAGUAGAAACCAGGGAAAGCTCC
TAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGS
ATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTACTGT
CAGCAGGCATTCTCCCACCCTTGGACTTTTGGCGGAGGGACCAAGGTTGAGATCAAACGTAAGGG
GCTCACAGTTAATTAATTGAGGTCTGGACATATACATGGGTGACAATGACATCCACTTTGCCTTTCT
CTCCACAGGAACTGTGGCTGCACCATCTGTCTTCATUTTCCCGCCATCTGATGAGCAGTIGAAATCT
GGAACTGCCTCTGTIGTGTGCCTGCTGAATAACTICTATCCCAGAGAGGCCAAAGTACAGTGGAAG
GTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAG
CACCTACAGCCTCAGCAGCACCCTGACGUTGAGU A AAGCAGACTACGAGAAACACAAAGTCTACG
COTGCGAAGTCACCCATCAGGGCUTGAGC TCGUCCGTCACAAAGAGCTICAACAGGGGAGAGTGT
TAG (SEQ ID NO:176)

DIOMTOSPSSVSASVGDRVTITCRASGGISRWELAWY QOKPOGKAPKELIYAASSLQSGVPSRESGSGSGT
DETUTISSLQPEDFATYYCQQAFSHPWITFGGGTK VEIKRTVAAPSVEIFPPSDEQLESGTASYVCLLNNF
YPREARKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSEADY BEHEKVYACEVTHQGLSSPVT
KSFNEGEC (SEQ IDNG:17T)

ActRifA-binding Antibodies

GO2

VH

CAGGTGCAGCTGCAGCGAGTCGGGCCCAGGACTGGTCAAGCCTTCACAGACCCTGTCCCTCACCTGT
ACTGTCTICTGGTGGCTCCATCAGCAGTGGTAGCTACTACTGGAGCTGGATCCGCCAGCACCCAGGG
AAGOGCCTGOAGTGOATTGOGTACATCTATTACAGTOGGOAGCACCTACTACAACCUGTCUCTCAAG
AGTCCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTICTCCCTGAAGCTGAGTTCTGTGACC
GCCGCAGACACGGCGGTGTACTACTGCGUCAGAGGACTAGGAATGTACTACCACGTGCCATTCGA
CATATGGGGTCAGGGTACAATGGTCACCGTCTCCTCA (8EQ 1D NO:124)

ISVDTSKNQFSLKLSSVTAADTAVY YCARGLGMYYHVPEDIWGQGTMVTVSS  (SEQ ID NO:125)

CDR1: GGSISSGSY (SEQ 1D NO:126; amino acid residues 26-34 of SEQ 1D NO:125)
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CDR2: YYSGS (SEQ D NO:127; amno acid residues 54-58 of SEQ 1D N(:125)

CDR3: GLGMYYHVPEDI (SEQ ID NO:128; amnoo acid residues 106-111 of SEQ 1D NO:12)

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTCGAAGCCTTCACAGACCCTGTCCCTCACCTGT
ACTGTCTCTGGTGGCTCCATCAGCAGTGGTAGUTACTACTGGAGUTGGATCCGCCAGCACCCAGGG
AAGOGCCTGOAGTGOATTGOGTACATCTATTACAGTOGGOAGCACCTACTACAACCUGTCUCTCAAG
AGTCCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTICTCCCTGAAGCTGAGTTCTGTGACC
GCCGCAGACACGGCGGTGTACTACTGCGUCAGAGGACTAGGAATGTACTACCACGTGCCATTCGA
CATATGGGGTCAGGOGTACAATOGTCACCGTCTCCTCAGCTAGCACAAAAGGACCAAGCGTGTTTCC
ACTGGCACCTAGCAGCAAATCCACCAGUGQUGUAACAGUAGCCCUTCGOGTOCCTOOTGAAGGATT
ACTTCCCTGAGCCAGTCACAGTGTCCTGGAACTCCGGAGCCCTGACATCCGGUGTGCACACCTTCC
CCGCTGTGCTGCAATCCAGCGGACTGTATAGCCTCAGCTCCGTCGTGACAGTCCCTTCCAGCAGCC
TGGGCACACAGACTTACATTTGCAACGTGAACCACAAACCTTCCAACACTAAGGTGGACAAAAAG
GTGOAACCCAAATCCTGTGATAAGACCCATACATGCCCACCTTGTCCCGCTCCTGAGITGCTGGGE
GOACCTTCCOTCTTTICTOTTITCCTCCAAAACCAAAAGACACACTCATGATCAGCCGGACCCCCGAA
GTCACCTGTGTGGTOGGTGGACGTCAGCCACGAAGATCCAGAGGTUCAAGTTCAATTGGTACGTGGAT
GOAGTGOAAGTCCACAACGCAAAAACCAAACCTAGAGAAGAACAGTACAATAGCACATACAGGE
TGOGTGTCCGTCCTGACAGTGCTCCACCAGGACTGGCTCAATGGCAAAGAGTATAAGTGCAAGGTGA
GCAACAAGGCCCTGCCTGCACCAATTGAGAAAACAATTAGCAAGGCAAAGGGGCAGCCACGGGA
ACCCCAGOTGTATACCCTOGCCCCCAAGCCGGUATGAACTGACCAAAAACCAGHGTCAGCUTGACAT
GCCTGOTOAAAGGGTTTTACCCAAGCOATATTGCCGTUGAGTGGOAGAGCAACGGACAGCCAGAA
AACAATTACAAAACCACCCCACCTGTGCTGGACTCCGATGGGAGCTTTTTCCTGTACAGCAAGCTC
ACAGTGGACAAGTCCAGATGGCAACAGGGCAACGTOGTTTICCTGCTCCGTGATGCACGAGGCCCTC
CACAACCACTATACACAAAAGTCCCTCTCCCTCAGCCCAGGAAAG (SEQ 1D NO:129%)

QVOLOESGPGLVKPSQTLSLTCTVSGGSISSGSYYWSWIRGHPGKGLEWIGYIYYSGSTYYNPSLKSRVT
ISVITSKNOQFSLELSSVTAADTAVY YCARGLOMY YHVPFDIWGQGTMVTVISASTKGPSVEPLAPSSKES
TSGOTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNYN
HEPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTRPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAK
GOPREPQVYTLPPSEDELTKNQVSLTCLVEGFYPSDIAVEWESNGQPENNY KTTPPVLDSDGSFFLY SK
LEVOKSEWQOQGNVESCSVMHEALHNHYTQKSLSLSPGK. (SEQ 1D NO:130)

VL

GAAATTGTGTTGACACAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACCUTCTCCT
GCAGGGCCAGTCAGAGTGTTAGCAGCTACTTAGCCTGOTACCAACAGAAACCTGGUCAGGCTCCC
AGGCTCCTCATCTATGATGCATCCAACAGGGCCACTGGCATCCCAGCCAGGTTCAGTGGCAGTGGG
TCTGGGACAGACTTICACTCTCACCATCAGCAGCCTAGAGCCTGAAGATTTTGCAGTTITATTACTGTC
AGCAGTACTTCCACTGGCCTCCTACTTTTGGCGUAGGGACCAAGGTIGAGATCAAA (SEQID
N3

VL

WYQQEPGQAPRLLIVPDASNRATGIPARFSGSGSGTDF

EIVLTQSPATLSLSPGERATLSCRASORVSSYLA
TLYISSLEPEDFAVYYCL ¥

CDR1: RASQSVSSYLA (SEQ ID N:133; amino acid residues 24-34 of SEQ 1D NOG:132)

CDR2Z: DASNRAT (SEQ ID NO:134; amino acid residues 50-56 of SEQ 1D NO:132)

CDR3: QOYFHWPPT (SEQ 1D NO:135; amuino acid residues 89-987 of 5HQ 1D N(O:132)

GAAATTGTGTTGACACAGTCTICCAGCCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACCCTCTCL
TGOAGGGCUAGTCAGAGTGTTAGCAGCTACTTAGCUTGGTACCAACAGAAACCTGGUCAGGCTCC
CAGGCTCCTCATCTATGATGCATCCAACAGGGOCACTGGCATCCCAGCCAGGTTCAGTGGCAGTG
GGTCTGGGACAGACTTCACTCTCACCATCAGCAGCCTAGAGCCTGAAGATTTTGCAGTTTATTACT
GTCAGCAGTACTTCCACTGGCCTCCTACTTTTGGCGGAGGGACCAAGGTTGAGATCAAACGTALG
GIGGCTGCACCTICCGTOTTTATCTITCCACCTTCUGATGCAGCAGCTGAAGAGCGGAACAGCAAG
CGTGGTGTGTCTGCTGAACAACTITTATCCCCGGGAGGCAAAGGTGCAGTGGAAAGTCGACAATG
CTCTCCAGTCOGGCAATTCCCAAGAGAGCGTGACAGAGCAAGATTCCAAGGACTCCACTTACAGC
CTGTCCAGCACCUTCACACTGAGCAAGGUTGATTACGAGAAACACAAAGTGTACGCTIGTGAAGT
CACCCACTCAAGGCCTCAGCAGCCCAGTCACTAAGTCCTTTAACCGGGGUGAATGT (SEQ 1D
NO:136)

EIVLTQSEATLSLSPGERATLSCRASOSVSSY LAWYQQEPGOAPRLLIYDASNRATGIPARFSGSGSGTD
FTLTISSLEPEDFAVYYCQOYFHWPPTFGGGTKVEIKRTVAAPSVEIFPPSDEGLESGTASVVCLLNNEY
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PREAKVOWKVDNALQSGNSOESVTEQDSKDSTY SLYSTLTLSK ADY DEHKY YACEVTHOGLSSPVIK
SFNRGEC (SEQ ID NOG:137)

{418} SPR {BIACORE™-based analysis) and cell-based reporter assay was used to more
fully characterize the binding of the ActRII-binding proteins described in Table 1.
A01 lineage Antibodies
[3419] Kinetic characterization of Al antibody lineage (AG1 (nalve parent), B0, CO1, DO,
EOL and FO1) binding to monomeric and dimeric hActRIIB and hActRIIA was performed
using standard BIACORE®-based analysis at 37°C In brief, antibodies were captured on anti-
hFclgG Biacore chips and different concentrations of dimeric and monomeric ActRUIB or
ActRITA were injected in duplicates over the captured antibody and control surface. To
obtain Kinetic rate constants the data were double referenced and fit to a 1:1 interaction model
using BiaEvaluation software {GE Healthcare). The equilibrium binding constant Kp was
determined by the ratio of binding rate constants kzk,
16426] The results of the binding paramcter analysis of the A01 lincage antibodies AQ1-
FOlare presented in Table 2 and FIGS. 1A-1IN.
Table 2: AOT lineage improved binding to ActRUB
mAb AGRIB MONOMER AcRIIB DIMER ActREA MONOMER | ActREA DIMER
ka kd Kﬁ ka kd K{‘ ka kd KD k& kd KD
{1/Ms) (1/s) {pH {1/ms) | (1/=) (e} ((1/M=) (1/8) {pM (1/Ms} ] {1/s) | (&M
A0 1.72 x{1.98 x 1.06 x1{1.28 x ks .
3 1150000 « 4 V7 VO 1T Y T
Parent | 10° 1ot 0000 10 1o 120 No binding No binding
1.09 x{3.40 x 6.26 X{2.46 % o o
BOL BT KN EY X agay RS AT BT Mo binding Ko binding
10 10 10 i0 -
, 1.37 ®{7.12 x| _ 7.97 x{1.88 x| et
COL Lof 1o 5218 10" 10— 236 No binding No binding
g .54 .28 %{2.50 x e e
DO 1‘1 éx 3 Of*f 2191 | B 155" 2 1_2?*\ 302 No binding Mo binding
. 1.70 x{4.15 x e 17077 xl2.92 =] L R s
EQL 1 0° 103 2446 105 e 376 No bindirg No binding
1.24 x|4.44 x 6.01 x{2.16 % o -
1 . ; 332 c 260 o binding Jo bir
FO 1 0F 103 323 e 1o & No binding No binding
16421} The optimized AQ! lincage antibodies B0, CO1, DOL, EO1, and FO1 each displayed
improved equilibrium dissociation constant (KD} kinetic parameters for ActRIIB monomer
and dimer binding over the A01 parest antibody.
[B422] The ActRIIB neutralizing ability of AOI lineage antibodies AUL, BO1, €01, D01, EOI

and FO1 was assessed in a cell-based activin A signaling assay in F2.35 (JIA knockout} cells
obtained by CRISPE-Cas® modification of 293FT ceils. Cells were co-transfected with

experimental  luciferase  reporter plasmid  containing  Smad2/3  response  clement
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pGLI(CAGA}Y2 and control luciferase reporter plasmid pRL-CMVY. The next day, serial
difutions of the mAb was made and added to the transfected cells and incubated for 30
minutes, after which activating factors such as Activin A was added (final concentration
Sng/ml} for an additional 6 howr incubation. Cells were washed 1x in PBS, lysed and assayed
using the Dual-Luciferase Reporter Assay System (Promega) according to the manufacturer’s
instructions. Chemiluminescence was measured using the Infinite M200 plate reader. The
luciferase activity of the experimentalreporter was vormalized by the luciferase activity
obtained from control reporter. [ To evaluate anti-ActRIIA neutralizing activity, A204 celis
were transfected with the same reporter genes. AZ04 express ActRIA and a low level of
endogenous ActRIB. The transfected cells were assayed as above.

Each of the optimized AO! lincage antibodies, BOI, CO1, D81, E01, and FOI,
displayed increased ActRIIB-mediated signal iohibition compared to the A0l parent
antibody. See, FEG. 2.

GO1 Lineage Auntibodies

Kinetic characterization of the GO1 (naive parent) and optimized HOI antibodies to
monomeric and dimeric hAcCtRIIB and hActRHA was performed wusing standard
BIACORE®-based analysis at 37°C

The results of the binding parameter analysis of the G01 and HO! antibodies are

presented in Table 3 and FIGS. 3A-3F.

Table 3: GO2 lineage improved binding fo ActRIB

mAb AdREBMONOMER AdREB DIVIER ActiREIA MIONOMER | ActRIA DIMER
k. ka Ky k. ks Kp ks | ks B ks kg Ky
{1/¥s) {i/s) (o) | {1/Ms)}| (1/s) oM} WL/Ms)|(3/s} (o) [{1/Ms) {1/s) | (pMD
GOl 9.05 | 1.52 = 1.76 | 2.20 % N -
. 216790 5 T 1139 1o binding o bir
Parent | x 10° = 1675 < 10 104 39 No binding No binding
1.95 | 2.30 x 3.58 {127 x| L. s i
HoLl % 1’]06 1072 11786 % 10° 104 352 No binding Ne binding
[3425] The HOZ optimized antibody displated improved equilibrium dissociation constant

6427}

{KD) kinetic parameters for ActRUB monomer and dimer binding over the GOl parent
antibody.

The ActRIB neutralizing ability of the parent GO1 and optimized HO1 antibodics was
assessed in a cell-based activin A signaling assay in F2.35 (HA knockout) cells. The HOI
optinuzed antibody displayed an increased ActRUB-mediated signal inhibition compared to
the GO1 parent antibody. See, FIG. 4.

AQZ lineage Antibodies
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(6428} Kinetic characterization of A02 antibody lincage (AGQ1 (naive parvent), B02, C02, D02,
and D03} binding to monomeric and dimeric hActRHIB and hAciRIIA was performed using
standard BIACORE®-based analysis at 37°C.

[6423] The results of the binding parameter analysis of the ADZ lineage antibodies A02-D02

are presented in Table 4 and FIGS. 5A-5T.

Table 4: A02 lineage ruproved binding to ActRIIB and ActREA

mAb | AcREBMONOMER ActREB DIMER ActREAMONOMER ActREA DIMER
k. ks Ky k, kg By ky ks Ry ky kg X
{1/} {1/%) (i} (1/Msy (L/s) | (oW} | (3/Ms) | (/®) {pM (i/me) | (/=) | (20
D03 1_3(35X 2‘1%:1"‘ 194 @1‘29/;1% 22.6 jfagg /2*903 3635 fjég X9'1309,5 199
16436] The optimized A2 lineage antibodies BO2, €02, D02, and D03 each displayed

improved equilibrium dissociation constants (KD} for binding ActRIIB and AciRIIA
monomers, and ActRITA dimers over the AQ2Z parent antibody.

[0431] The ActRIIB neutralizing ability of antibodies A02, B0O2, €02, D02, and D03 was
assessed in a cell-based activin A signaling assay in F2.35 (1A koockour) cells. Each of the
optimized antibodies, B02, C0Z, D02, and D03 displayed increased ActRIIB-mediated signal
inhibition compared to the A0Z antibody. See, FIGS. 6A-6B.

EO2 lineage Autibodies

(84321 Kinetic characierization of the EO2 (naifve parent) and optimized FOZ antibodies to
monomeric and  dimeric bACRUB and hActRIIA was performed using standard
BIACORE®-based analysis at 37°C

[3433] The results of the binding parameter analysis of the E02 and F02 antibodies are
presented in Table 5 and FIGS. 7TA-TF.

Table 5: £02 lineage improved binding to ActRIIB

mAb | AcRIB MONOMER ActRIIB DIMER ActRIIA MONOMER | ActiREIA DIMER

ky ks ¥ ky ks Xp k, ks Xp ¥, kq Ky
(1/Ms) | (L/s} | (o) | (L/Ms)| (L/s) | (2D} | {1/Ms} | (L/s}| (M) | (1/Ms}| {1/s) | (pM)
1.02 x16.92 3.81 =7.60
BO2 |7 (6. 92 X 6798 1- #7.60 % 1885 No binding No binding

10° 10™ 10 107
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16434] The FO2 optimized antibody displaved improved kinetic parameters equilibrium

13435]

[0436]

dissociation constant (KD} over for ActRHB monomer and diraer binding over over the EO2
parent antibody.

The ActRHB neutralizing ability of the EOZ and FO2 antibodies was assessed in a cell-
based activin A signaling assay in F2.35 (1A knockout) cells. FIG. 9 depicis the neutralizing
activity of E02 parent and FO2 variant antibodies in the assay. As demonstrated, the FO2
antibody displayed increased signal inhibition compared to the EO2.

G02 Antibody

Kinetic characterization of G2 antibody binding to monomeric and dimeric
hActRIHB and hActRIHA was performed using standard BIACORE®-based analysis at 37°C
FIGS. BA-8D show kinetic characterization of GO2Z antibody binding to monomeric and
dimeric hActRIB and hActRIA (FIG. BA-8D, respectively) as determined by BIACORE®-
based analysis at 37°C. The results of the binding parameter avalysis of the G02 antibodyis

presented in Table 6.

Table 6: GO2 antibedy binding to ActRIIA

mAb ActRIEB MONOMER AcREB DIMER AcREA MONOMER ActREA DIMER

k. ks ¥p ks ks | ¥ k. ks Ko ks Ks Ky

GO2 No binding No binding

(1,’2:15) {1/8) (pM} |{1/ms) (1/8) (g2} | (1/M9) (1/:5) (g} ({1/Ms)}|{1/s)] (pie)

1.314 % 1 1.86 x32.75 1430
g 458020
1G X

(o)
=,

o)
o 10° b 107

Exampie 3. Reporter Gene Assay in A204 Cells

3437}

A reporter gene assay in A204 cells can be used to determine the ability of ActRII-
binding proteins such as anti-ActRI{ Fabs and recombinant antibodies to neutralize ActRU
{e.g.. AciRIIB}. This assay can be based on a human rhabdomyosarcoma cell line transfected
with a pGL3(CAGAY 2 reporter plasmid (Dennler ef af., EMBO 17:3091-3100 (1998)) as
well as a3 ReniUa reporter plasmid (pRLCMV) to control for transfection efficiency. The
CAGA12 motif is present in TGF-beta responsive genes (PAI-1 gene), so this vector is of
general use for factors signaling through Smad2 and Smad3. Since the A204 cell line
expresses primarily ActRHA rather than ActRIB, it is not possible to directly test antibodies
for potential ActRIB newiralizing ability. Instead, this assay can be designed 1o detect the

ability of test articles to neutralize the inhibitory effect of the soluble fusion protein ActRIIB-
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Fe on activation of endogenous ActRIFA by ligands {such as activin A, GDF11, or myyostating
that can bind with high affinity to both ActRIIB and ActRITA.

16438] Thus, in this assay, ligand-mediated activation of ActRHA will occur despite the
presence of ActRIIB-Fc if the anti- ActRIIB Fab or antibody 1s neutralizing. On the first day
of the assay, A204 cells (ATCC HTB-82) are distributed in 48-well plates at 10° cells per
well. On the second day, a solution containing 10 pug pGL3(CAGA)Z, 1 ug pRLCMY, 30 ul
Fugene 6 (Roche Diagnostics), and 970 ul OptiMEM (Invitrogen) is preincubated for 30 min,
then added to McCoy's growth medium, which is applied to the plated cells (500 pl/well) for
incubation overnight at room temperature. On the third day, medium is removed, and cells are
incubated for 6 h at 37°C with a mixture of ligands and inhibitors prepared as described
below.

16439] To evaluate the neutralizing potency of test ActRIl-binding proteins, a serial dilution
of the test article is made in a 48-well plate in a 200 ul volume of assay buffer (McCoy's
medium +0.1 % BSA). An equal volume of ActRIIB-Fe (200 pg/ml) in assay buffer is then
added. The test solutions are incubated at 37°C for 30 minutes, then 400 pl of GDF11 (16
ng/mi) or activin A {10 ng/mi) is added to all wells, and 350 uf of this mixture is added to
each well of the 48-well plate of A204 cells. Each councentration of test ActRﬂ-binding
1Csq for this inhibitor of activin A signaling when the final concentration of activin A is 3
ng/mi). After incubation with test solutions for 6 h, cells are rinsed with phosphate-buffered
saline containing 0.1% BSA, then lysed with passive lysis buffer (Promega El 941) and stored
overnight at -70°C. On the fourth and final day, plates are warmed to room terperature with
gentle shaking. Cell lysates are transferred in duplicate to a chemoluminescence plate {(96-
well}) and analyzed in 2 luminometer with reagents from a Dual-Luciferase Reporter Assay
system (Promega Bl 980) to determine normalized luciferase activity. Differences in
fuciferase activity between the test article and a control in which the test article is absent

retlect differences in cellnlar signaling reselting from the presence of the test article.

Example 4. Precision Epitope mapping

44 6] Mapping of the ActRIIB and AciRIIA BECD epitopes recognized by the antibodies
was performed by Pepscan Presto BV using custom made peptide libraries. Seguences of
ECDs of human ActRHB and ActRIIA were converted into libraries of overlapping linear 15-

mers and circularized 15-mer CLIPS using combinatorial matrix design. CLIPS {Chemical



WO 2017/156488 PCT/US2017/021958

10441]

[0442]

13443]

171 -

Linkage of Peptides onto Scaffolds) technology structurally fixes peptides into defined three-
dimensional structures (single, double, triple, etc. loops) creating functional mimics of
coropiex binding sites. Peptides were synthesized on solid support. Binding of antibodies to
each of the synthesized peptides was tested by ELISA and binding affinities were quantified.
Peptide constructs representing both parts of the discontinuous epitope in the correct
conformation bind specific antibody with the highest affinity. Peptide constructs presenting
an incomplete epitope bind specific antibody with lower affinity, whereas constructs not
containing correct epitope did not bind at all. Each peptide was given a score based on
affinity.

Auntibody D04 was determined to bind across three sequence siretches on AcRHA,
with binding epitopes mapped to amino acid residues 9 through to 20 (ECLFFNANWEKD
(SEQ 1D NO:162)), amino acid residues 58 through to 69 (CWLDDINCYDRT (SEQ ID
NO:163)) and amino acid residues 84 through to 93 (CCEGNMCNEK (SEQ ID N{:161)) of
SEQ 1D NO: 138,

Antibody D04 was also determined to bind across threc sequence stretches on
AcRIIB, with binding epitopes mapped to amino acids 9 through to 17 (NANWELERT {(SEQ
ID NO:157)), amino acids 52 through to 63 (GCWLDDEFNCYDR (SEQ 1D NO:160)) and a
binding site of amino acids 79 through to 88 (CCEGNFCNER (SEQ ID N(G:598)) of SEQ ID
MNO: 138,

Antibody 101 was determined to bind across two stretches of sites on AcRIIB, with
binding epitopes mapped to amino acids 9 through to 17 (NANWELERT (SEQ ID NOG:157))
and amino acids 49 through to 63 (VKEGCWLDD (SEQ 1D NG:158)) of SEQ ID NG; 139,
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CLAIMS

1. An isolated activin receptor type H {(AciRIl}-binding protein comprising a set of

CDRs: VH-CDRI, VH-CDRZ, VH-CDR3, VL-CDR1, VL-CDRZ and VL-CDR3, wherein the CDRs
are present in a heavy chain variable region (VH) and a light chain variable region (VL) pair selected
from the group consisting oft
(a} (i) a VHscquence of SEQ ID NO:163, and

{11y a VL sequence of SEQ ID NG:172, and

wherein the protein binds activin receptor type 1B (ActRIB);
(by (1) a VHsequence of SEQ 1D NO:2, 16, 22, 28, 34, or 40, and

(i) a VL sequence of SEQ ID NO:9, and

wherein the protein binds ActRIIB;
{cy (i) a VHsequence of SEQID NO:63 or 77, and

(ii} a VL having the amino acid sequence of SEQ ID NO:76, and

wherein the protein binds ActRIB;
(dy (1) a VHsequence of SEQ ID NO:45 or 57, and

(i) a VL sequence of SEQ ID NO:50, and

wherein the protein binds ActRIIB;
{¢) () a VH scquence of SEQ ID NO:144, and

{il) a VL sequence of SEQ ID NO:151, and

wherein the protein binds ActRIIB;
(i, () aVHscquence of SEQ ID NO:R4, 95,105, 112, or 119, and

{i) a VL scquence of SEQ 1D NO:91, and

wherein the protein binds and ActRIIB and activin receptor type HA (ActRIIA); and
(g} (1) aVHscquence of SEQ 1D NO:125, and

(i1) a VL sequence of SEQ ID NG:132, and

wherein the protein binds ActRITA.

2, An isolated ActRII-binding protein comprising a set of CDRs: VH-CDRI, VH-
CDR2, VH-CDR3, VL-CDRI, VL-CDR2 and VL-CDR3, wherein the set of CDRs has a total of ong,
two, three, four, five, six, seven, cight, nine, ten, fewer than ten, or zero, amino acid substitutions,
deletions, and/or inscrtions from a reference set of CDRs in which:
{a}y (1) VH-CDRI has the amino acid sequence of SEQ 1D NO:166;
(i)  VH-CDRZ2 has the amino acid sequence of SEQ ID NO:167;
{iii) VH-CDRS3 has the amino acid sequence of SEQ D NO:168;
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{iv) VL-CDRI has the amino acid sequence of SEQ 1D NO:173;

(v} VL-CDRZ2 has the amino acid sequence of SEQ ID NO:174; and
(vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:175;
and wherein the protein binds AciRIIB;

{iy VH-CDRI has the amino acid sequence of SEQ ID NG:3, 17, 23,

PCT/US2017/021958

29, 35 or 41;

(iiy  VH-CDRZ has the amino acid sequence of SEQ 1D NO:4, 18, 24, 36, or 36;

(iil)  VH-CDR3 has the amino acid sequence of SEQ 1D NO:5;

{iv) VL-CDRI has the amino acid sequence of SEQ 1D NO:10;

(v} VL-CDRZ2 has the amino acid sequence of SEQ ID NG 11 and
(vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:12;

and wherein the protein binds AciRIIB;

{i) VH-CDRI has the amino acid sequence of SEQ 1D NO:64 or 78;
(iiy  VH-CDRZ has the amine acid sequence of SEQ 1D NO:65 or 79;
(iil)  VH-CDR3 has the amino acid sequence of SEQ 1D NO:66 or 80;
(iv) VL-CDRI has the amine acid sequence of SEQ ID NO:71;

(v} VL-CDRZ2 has the amino acid sequence of SEQ ID NG:72; and
(vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:73;

and wherein the protein binds AciRIIB;

{i) VH-CDR1 has the amino acid sequence of SEQ D NG:3 or 58;
(iiy  VH-CDRZ has the amino acid sequence of SEQ I NO:4 or 59;
(iil)  VH-CDR3 has the amino acid sequence of SEQ 1D NO:46;

(iv) VL-CDRI has the amine acid sequence of SEQ ID NO:51;

{v) VL-CDR2 has the amino acid sequence of SEQ 1D NO:52; and
(vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:53;

and wherein the protein binds AciRIIB;

{i) VH-CDRI has the amino acid sequence of SEQ 1D NO:145;

(i1}  VH-CDRZ has the amino acid sequence of SEQ [0 NO:146;

(iil)  VH-CDR3 has the amino acid sequence of SEQ 1D NO:147;

(iv) VL-CDRI has the amine acid sequence of SEQ ID NO:152;

{v) VL-CDR2 has the amino acid sequence of SEQ ID NO:153; and
(vi) VL-CDR3 has the amino acid sequence of SEQ ID NG:154;

and wherein the protein binds AciRIIB;

{i) VH-CDR1 has the amino acid sequence of SEQ D NG:ES, 99, 1
(iiy  VH-CDRZ has the amino acid sequence of SEQ D NO:B6, 100,

06, 0r 113;
107, 114, or 120:;
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{iii) VH-CDR3 has the amino acid sequence of SEQ 1D NO:87, 101, 108, 115, or 121;
(iv} VL-CDRI has the amino acid sequence of SEQ ID NOG:82;
(v)  VL-CDR2 has the amino acid sequence of SEQ ID NO:93; and
{(vi} VL-CDR3 has the amino acid sequence of SEQ 1D NO:94;
and wherein the protein binds ActRIIB and ActRIIA; or
gy @ VH-CDRI has the amino acid sequence of SEQ 1D NO:126;
ity VH-CDR2 has the amino acid sequence of SEQ 1D NO:127;
i}y  VH-CDR3 has the amino acid sequence of SEQ 11D NO:128;
(iv} VL-CDRI has the amino acid sequence of SEQ ID NO:133;
(v)  VL-CDR2 has the amino acid sequence of SEQ ID NO:134; and
{(vi} VL-CDR3 has the amino acid sequence of SEQ 1D NO:135;
and wherein the protein binds ActRUIA.

3. The isolated ActRil-binding protein of claim 2 which comprises a set of CDRs in
which:
(a)y (i) VH-CDRI has the amino acid sequence of SEQ 1D NO:166;
(iiy  VH-CDRZ has the amino acid sequence of SEQ I NO:167,;
(iil)  VH-CDR3 has the amino acid sequence of SEQ 1D NO:168;
(iv) VL-CDRI has the amine acid sequence of SEQ ID NO:173;
{v) VL-CDR2 has the amino acid sequence of SEQ ID NO:174; and
(vi) VL-CDR3 has the amino acid sequence of SEQ 1D NO:175;
and wherein the protein binds AciRIIB;
{b} (1) VH-CDR]1 has the amino acid sequence of SEQ 1D NO:3, 17,23, 29,35 or 41,
{11} VH-CDR2 has the amino acid sequence of SEQ ID NG:4, 18, 24, 30, or 36;
{11t} VH-CDR3 has the amino acid sequence of SEQ 1D NO:5;
(ivi  VL-CDRI1 has the amino acid sequence of SEQ ID NO:16;
{v} VL-CDR? has the amino acid sequence of SEQ D NO:11; and
{vi)  VL-CDR3 has the amino acid sequence of SEQ ID NO:12;
and wherein the protein binds ActRIIB;
{c) (i) VH-CDR]I has the amino acid sequence of SEQ 1D NO:64 or 78;
{ii} VH-CDR2 has the amino acid sequence of SEQ IDNG:65 or 79;
{iiiy ~ VH-CDR3 has the amino acid sequence of SEQ 1D N(O:66 or 80;
(ivi  VL-CDRI has the amino acid sequence of SEQ ID NO:71;

{v} VL-CDR? has the amino acid sequence of SEQ 1D NO:72; and
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(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:73;
and wherein the protein binds ActRIIB;

() {i} VH-CDRI1 has the amino acid sequence of SEQ 1D NG:3 or 58;
(1t} VH-CDR2 has the amino acid sequence of SEQ D NO:4 or 59;
(1)  VH-CDR3 has the amino acid sequence of SEQ 1D N(G:46;
{iv)  VL-CDRI has the amine acid sequence of SE€Q ID NO:51;
{v) VL-CDR2 has the amino acid seguence of SEQ 1D NO:52; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:53;
and wherein the protein binds ActRIIB;

() {1 VH-CDRI1 has the amino acid sequence of SEQ 1D N(O:145;

(1t} VH-CDR2 has the amino acid seqoence of SEQ [DNO:146;
(itiy  VH-CDR3 has the aminoe acid sequence of SEQ D NO:147;
{iv)  VL-CDRI has the amino acid sequence of SE€Q 1D NO:152;
{v) VL-CDR2 has the amino acid seguence of SEQ ID NO:153; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ ID NO:154;
and wherein the protein binds ActRIIB;

(HH {i} VH-CDR1 has the amino acid sequence of SEQ HD NO:E5, 99, 106, or 113;
(1t} VH-CDR2 has the amino acid sequence of SEQ ID NO:86, 100, 107, 114, or 120;
(iiiy  VH-CDR3 has the amine acid sequence of SEQ 1D NO:87, 101, 108, 115, or 121;
{iv)  VL-CDRI has the amino acid sequence of SE€Q 1D NO:92Z;
{v) VL-CDR2 has the amino acid seguence of SEQ 1D NO:93; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:94;
and wherein the protein binds AciRIIB and ActRIIA; or

I3 {i) VH-CDRI1 has the amino acid sequence of SEQ 1D NO:126;
(1t} VH-CDR2 has the amino acid seqoence of SEQ [DNO:127;
(itiy  VH-CDR3 has the aminoe acid sequence of SEQ D NO:128;
{ivy  VL-CDRI has the amino acid sequence of SEQ 1D NO:133;
{v) VEL-CDR2 has the amino acid sequence of SEQ 1D NO:134; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ ID NO:135;

and wherein the protein binds ActRITA.

4, The ActRH-binding protein of claim 2, wherein the set of UDDRs has a total of one,
wo, three, four, five, six, seven, cight, nine, ten, fewer than ten, or zero, aming acid substitutions,

deletions, and/or insertions from a reference set of CDRs in which:
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(a)y (i) VH-CDRI has the amino acid sequence of SEQ 1D NO:166;
i1y VH-CDRZ has the amino acid sequence of SEQ D NO:167;
i)  VH-CDR3 has the amino acid sequence of SEQ 1D NO:168;
(iv} VL-CDRI has the amino acid sequence of SEQ ID NO:173;
{v) VL-CDR2 has the amino acid sequence of SEQ ID NO:174; and
(vi) VL-CDR3 has the amino acid sequence of SEQ ID NG:175;

e

and wherein the protein binds ActRIIB;
(b} (i) VH-CDR]I has the amine acid sequence of SEQ D NO:3;
{ii} VH-CDR2 has the amino acid sequence of SEQ ID NG 4,
{iiiy ~ VH-CDR3 has the amino acid sequence of SEQ 1D N(Q:5;
(ivy  VL-CDRI has the amino acid sequence of SEQ ID NO:16;
(V) VIL~-CDR2 has the amino acid sequence of SEQ D NO:11; and
{vi)  VL-CDR3 has the amino acid sequence of SEQ ID NO:12;
and wherein the protein binds ActRIEB;
() (i) VH-CDRI has the amino acid sequence of SEQ 1D NO:17;
{ii} VH-CDR2 has the amino acid sequence of SEQ ID NG:1E;
{iiiy ~ VH-CDR3 has the amino acid sequence of SEQ 1D N(Q:5;
(ivy  VL-CDRI has the amino acid sequence of SEQ ID NO:16;
(V) VL-CDR2 has the amino acid sequence of SEQ 1D NO:11; and
{vi)  VL-CDR3 has the amino acid sequence of SEQ ID NO:12;
and wherein the protein binds ActRIEB;
{d} (1) VH-CDRI has the amino acid sequence of SEQ 1D NO:23;
{i1} VH-CDR2 has the amino acid sequence of SEQ 1D N(G:24;
{iiiy ~ VH-CDR3 has the amino acid sequence of SEQ 1D N(Q:5;
(ivy  VL-CDRI has the amino acid sequence of SEQ ID NO:16;
(V) VL-CDR2 has the amino acid sequence of SEQ 1D NO:11; and
{vi)  VL-CDR3 has the amino acid sequence of SEQ D NO:12;
and wherein the protein binds ActRIEB;
{e) (i) VH-CDRI has the amino acid sequence of SEQ 1D NO:29;
{i1} VH-CDR2 has the amino acid sequence of SEQ ID NG:30;
{iiiy ~ VH-CDR3 has the amino acid sequence of SEQ ID NG:5;
(ivy  VL-CDRI has the amino acid sequence of SEQ ID NO:16;
(V) VL-CDR2 has the amino acid sequence of SEQ 1D NO:11; and
{vi)  VL-CDR3 has the amino acid sequence of SEQ D NO:12;
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and wherein the protein binds ActRIB;

(i)
(i)
(iii)
(iv)
{v)

(vi)

VH-CPRI has the amino acid sequence of SEQ ID N(:35;
VH-CDRZ has the amino acid sequence of SEQ 1D N(O:36;
VH-CDR3 has the amino acid sequence of SEQ 1D NO:S;
VL-CDR1 has the amino acid sequence of SEQ D NO:14;
VEL-CDRZ has the amino acid sequence of SEQ 1D NO:11; and
VE-CDR3 has the amino acid sequence of SEQ 1D NO:12;

and wherein the protein binds ActRIB;

(i)
(i)
(iii)
(iv)
{v)

(vi)

VH-CPRI has the amino acid sequence of SEQ ID N(O:41,
VH-CDRZ has the amino acid sequence of SEQ 1D NO:18;
VH-CDR3 has the amino acid sequence of SEQ 1D NO:S;
VL-CDR1 has the amino acid sequence of SEQ 1D NO:16;
VEL-CDRZ has the amino acid sequence of SEQ 1D NO:11; and
VE-CDR3 has the amino acid sequence of SEQ 1D NO:12;

and wherein the protein binds ActRIIB;

{iy VH-CDRI has the amino acid sequence of SEQ ID NG:64;

(i)
(iii)
(iv)
{v)

(vi)

VH-CDRZ has the amino acid sequence of SEQ 1D NOu6S,;
VH-CDR3 has the amino acid sequence of SEQ D NO:66;
VL-CDR1 has the amino acid sequence of SEQ D NO:7L;
VL-CDRZ has the aming acid sequence of SEQ 1D NG:72; and
VE-CDR3 has the amino acid sequence of SEQ 1D NO!73;

and wherein the protein binds ActRIIB;

(1} VH-CDRI has the amino acid sequence of SEQ 1D NG7E;

(i)
(iii}
()
)

(vi)

VH-CDRZ has the amino acid sequence of SEQ 1D NO79,
VH-CDR3 has the amino acid sequence of SEQ 1D NO:80;
VL-CDR1 has the amino acid sequence of SEQ D NO:7L;
VL-CDRZ has the amino acid sequence of SEQ 1D NO:72; and
VE-CDR3 has the amino acid sequence of SEQ 1D NO!73;

and wherein the protein binds ActRIIB;

(i)

(i1}
(iii)
(iv)

(v}

VH-CDRI has the amino acid sequence of SEQ 1D NO:3;
VH-CBRZ has the amino acid sequence of SEQ 1D NG:4;
VH-CDR3 has the amino acid sequence of SEQ D NO:46;
VL-CDR1 has the amino acid sequence of SEQ 1D NO:5T;
VL-CDRZ has the amino acid sequence of SEQ 1D NO:52; and
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(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:53;
and wherein the protein binds ActRIIB;

(k) {i} VH-CDRI1 has the amino acid scquence of SEQ 1D N(:5§;
(1t} VH-CDR2 has the amino acid seqoence of SEQ [D NO:SG;
(1)  VH-CDR3 has the amino acid sequence of SEQ 1D N(G:46;
{iv)  VL-CDRI has the amine acid sequence of SE€Q ID NO:51;
{v) VL-CDR2 has the amino acid seguence of SEQ 1D NO:52; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:53;
and wherein the protein binds ActRIIB;

§)] {1) VH-CDRI1 has the amino acid sequence of SEQ 1D N(O:145;
(1t} VH-CDR2 has the amino acid seqoence of SEQ [DNO:146;
(itiy  VH-CDR3 has the aminoe acid sequence of SEQ D NO:147;
{iv)  VL-CDRI has the amino acid sequence of SE€Q 1D NO:152;
{v) VEL-CDR2 has the amino acid sequence of SEQ 1D NO:153; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ ID NO:154;
and wherein the protein binds ActRIIB;

(my (i) VH-CDRI1 has the amino acid sequence of SEQ 1D N(O:R35;
(1t} VH-CDR2 has the amino acid seqoence of SEC [D NO:R6;
(itiy  VH-CDR3 has the aminoe acid sequence of SEQ 1D NO:87;
{iv)  VL-CDRI has the amine acid sequence of SE€Q 1D NO:92;
{v) VL-CDR2 has the amino acid seguence of SEQ 1D NO:93; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:94;
and wherein the protein binds ActRIIB and ActRIIA;

(1) {i} VH-CDRI1 has the amino acid sequence of SEQ 1D N(:99;
(1t} VH-CDR2 has the amino acid seqoence of SEQ [DNO: 10
(itiy  VH-CDR3 has the aminoe acid sequence of SEQ D NO:101;
{ivy  VL-CDRI has the aming acid sequence of SEQ {3 NO:G2;
{v) VL-CDR2 has the amino acid seguence of SEQ 1D NO:93; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:94;
and wherein the protein binds ActRIIB and ActRIIA;

{0} {1} VH-CBR1 has the amino acid sequence of SEQ 1D NG:106;
(1t} VH-CDR2 has the amino acid sequence of SEQ (D NO:107,
(itiy  VH-CDR3 has the aminoe acid sequence of SEQ 1D NO 108;
{ivy  VL-CDRI has the aming acid sequence of SEQ {3 NO:G2;
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VEL-CDR2 has the amino acid sequence of SEQ 1D NG:93; and
VL-CDR3 has the amino acid sequence of SEQ D NO:94;

and wherein the protein binds ActRIB and ActRUA;

{11}
(iv)
(v)

(vi)

VH-CDR1 has the amino acid sequence of SEQ ID NO:113;
VH-CDR2 has the amino acid sequence of SEQ 1D NO:114;
VH-CDR3 has the amino acid sequence of SEQ ID NO:115;
VE-CDRI1 has the amino acid sequence of SEQ 1D NO:92Z;
VEL-CDR2 has the amino acid sequence of SEQ 1D NG:93; and
VL-CDR3 has the amino acid sequence of SEQ D NO:94;

and wherein the protein binds ActRIB and ActRUA;

®
(i

{11}

(iv)

VH-CDR1 has the amino acid sequence of SEQ ID NO:113;
VH-CDR2 has the amino acid sequence of SEQ D NO:120;
VH-CEBR3 has the amino acid sequence of SEQ 1D NO:121;
VE-CDRI1 has the amino acid sequence of SEQ 1D NO:92Z;

(v)VL-CDPR2 has the amino acid sequence of SEQ ID NO:93; and

(vi)

VL-CDR3 has the amino acid sequence of SEQ D NO:94;

and wherein the protein binds ActRIB and ActRUA; or

®

v
(vi)

VH-CDR1 has the amino acid sequence of SEQ ID NO:126;
VH-CDR2 has the amino acid sequence of SEQ DX NO:127;
VH-CDR3 has the amino acid sequence of SEQ 1D NO:128;
VE-CDRI1 has the amino acid sequence of SEQ 1D NO:133;
VL-CDR2 has the amino acid sequence of SEQ ID NO:134; and

VL-CDR3 has the amino acid sequence of SEQ D NO:135;

and wherein the protein binds ActRHA.

{vi)

The ActRH-binding protein of claim 4, which comprises a set of CDRs in which:

VH-CDR1 has the amino acid sequence of SEQ 1D NO:166;

VH-CDR2 has the amino acid sequence of SE€) 112 NO:167;
VH-CDR3 has the amino acid sequence of SEQ 1D NO:168;
VL-CDRI has the amino acid sequence of SEQ 1D NG:173;
VL-CDR2 has the amino acid sequence of SEQ ID NO:174; and
VL-CDR3 has the amino acid sequence of SEQ 1D NOG:175;

and wherein the protein binds AciRIIB;

(0

(i)

VH-CDR]I has the amino acid seguence of SEQ D NO:3;
VH-CBRZ has the amino acid sequence of SEQ 1D NG:4;
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(itiy  VH-CDR3 has the amine acid sequence of SEQ 1D NO:5;

{ivy  VL-CDRI has the aming acid sequence of SEQ [ NO: 1

{v} VL-CDR2 has the amino acid sequence of SEQ 1D NO:11; and

(vi}  VL-CDRE3 has the amino acid sequence of SEQ ID NO:12;

and wherein the protein binds ActRIIRB;

{i} VH-CBR1 has the amino acid sequence of SEQ 1D NG:17;

{11} VH-CDR? has the amino acid sequence of SEQ ID NO:18;

(itiy  VH-CDR3 has the amine acid sequence of SEQ 1D NO:5;

{ivy  VL-CDRI has the aming acid sequence of SEQ [ NO: 1

{v} VE-CDR2 has the amino acid sequence of SEQ 1D NO:11; and

(vi}  VL-CDRE3 has the amino acid sequence of SEQ ID NO:12;

and wherein the protein binds ActRIB;

{1 VH-CBR1 has the amino acid sequence of SEQ 1D N(G:23;

{11} VH-CDR? has the amino acid sequence of SEQ ID NO:24;

(itiy  VH-CDR3 has the amino acid sequence of SEQ 1D NO:S5;

{ivy  VL-CDRI has the aming acid sequence of SEQ [ NO: 1

{v} VE-CDR2 has the amino acid sequence of SEQ 1D NO:11; and

(vi}  VL-CDRE3 has the amino acid sequence of SEQ ID NO:12;

and wherein the protein binds ActRIB;

{1} VH-CBR]1 has the amino acid sequence of SEQ 1D NG:29;

{11} VH-CDR? has the amino acid sequence of SEQ ID NO:30;

(itiy  VH-CDR3 has the amino acid sequence of SEQ 1D NO:S5;

{ivy  VL-CDR1 has the amino acid sequence of SEQ D NO:10;

{v} VE-CDR2 has the amino acid sequence of SEQ 1D NO:11; and

(vi}  VL-CDRE3 has the amino acid sequence of SEQ ID NO:12;
and wherein the protein binds ActRIB;

{1} VH-CDR1 has the amino acid sequence of SEQ ID N(G:35;

{11} VH-CDR? has the amino acid sequence of SEQ ID NO:36;

(itiy  VH-CDR3 has the amino acid sequence of SEQ 1D NO:S5;

{ivy  VL-CDR1 has the amino acid sequence of SEQ D NO:10;

{v) VL-CDRZ has the aminog acid sequence of SEQ 1D NOG:11; and

(vi}  VL-CDRE3 has the amino acid sequence of SEQ ID NO:12;

and wherein the protein binds ActRIB;

{1} VH-CDR1 has the aminoe acid sequence of SEQ ID NG:41;
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(i1} VH-CDR2 has the amino acid sequence of SEQ D NO:18;
{iiiy ~ VH-CDR3 has the aminoe acid sequence of SEQ ID NG:5;
{ivy ~ VL-CDRI has the amino acid sequence of SEQ 1D NO:10;
{v) VL-CDR2 has the amino acid sequence of SEQ ID NO:11; and
{vi}  VL-CDR3 has the amino acid sequence of SEQ D NO:12;
and wherein the protein binds ActRIB;

{g) {1} VH-CDR1 has the amino acid sequence of SEQ 1D NO:64;
(i1} VH-CDR2 has the amino acid sequence of SEQ 1D NO:65,
{iiiy ~ VH-CDR3 has the aminoe acid sequence of SEQ 1D N(:66;
{ivy ~ VL-CDRI has the amino acid sequence of SEQ 1D NO:71;
{v) VIL-CDR2 has the amino acid sequence of SEQ ID NO:72; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:73;
and wherein the protein binds ActRIB;

{h) {1} VH-CDR1 has the amino acid sequence of SEQ 1D NO:78;
(i) VH-CDR2 has the amino acid sequence of SEQ 1D NO:79;
{iiiy ~ VH-CDR3 has the aminoe acid sequence of SEQ ID NO:&G;
{ivy ~ VL-CDRI has the amino acid sequence of SEQ 1D NO:71;
{v) VIL-CDR2 has the amino acid sequence of SEQ ID NO:72; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:73;
and wherein the protein binds ActRIB;

(i) {1} VH-CDR1 has the amino acid sequence of SEQ 1D NO:3;
(it} VH-CDR2 has the amino acid sequence of SEQ 1D NO:4;
(1)  VH-CDR3 has the amino acid sequence of SEQ 1D N(G:46;
{ivy ~ VL-CDRI has the amino acid sequence of SEQ 1D NO:51;
{v) VIL-CDR2 has the amino acid sequence of SEQ ID NO:52; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:53;
and wherein the protein binds ActRIIB;

) (1} VH-CDR1 has the amino acid sequence of SEQ D NO:5E;
(i) VH-CDR2 has the amino acid sequence of SEQ 1D NO:59;
(1)  VH-CDR3 has the amino acid sequence of SEQ 1D N(G:46;
{iv)  VL-CDRI has the amine acid sequence of SE€Q ID NO:51;
{v) VIL-CDR2 has the amino acid sequence of SEQ ID NO:52; and
(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:53;

and wherein the protein binds ActRIIB;
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{k) {i) VH-CDR]I has the amino acid sequence of SEQ [D NO:145;
{ii} VH-CDR2 has the amino acid sequence of SEQ ID NG:146;
{iiiy ~ VH-CDR3 has the amino acid sequence of SEQ 1D NO:147;
(ivy  VL-CDRI1 has the amino acid sequence of SEQ ID NO:152;
{v} VL-CDR? has the amino acid sequence of SEQ 1D NO:153; and
{vi)  VL-CDR3 has the amino acid sequence of SEQ 1D NO:154;
and wherein the protein binds ActRIEB;

{ (i) VH-CDR]1 has the amino acid sequence of SEQ 1D NO:85S,;
{ii} VH-CDR2 has the amino acid sequence of SEQ ID NO:&6;
{iiiy ~ VH-CDR3 has the amino acid sequence of SEQ 113 NO:87;
(ivy  VL-CDRI has the amino acid sequence of SEQ 1D N(O:92;
(V) VL-CDR2 has the amino acid sequence of SEQ 1D NO:93; and
{vi)  VL-CDR3 has the amino acid sequence of SE€Q 1D NO:94;
and wherein the protein binds ActRIEB and ActRIIA;

(m) (1) VH-CDRI has the amino acid sequence of SEQ 1D NO:99;
{ii} VH-CDR2 has the amino acid sequence of SEQ ID NG:106;
{iiiy  VH-CDR3 has the amino acid sequence of SEQ 1D NO:161;
(ivy  VL-CDRI has the amino acid sequence of SEQ 1D N(O:92;
(V) VL-CDR2 has the amino acid sequence of SEQ 1D NO:93; and
{vi)  VL-CDR3 has the amino acid sequence of SE€Q 1D NO:94;
and wherein the protein binds ActRIEB and ActRIIA;

(1) (1) VH-CDRI has the amino acid sequence of SEQ [D NO:106;
{i1} VH-CDR2 has the amino acid sequence of SEQ 1D NO:107,
{iiiy ~ VH-CDR3 has the amino acid sequence of SEQ 1D NO 108;
(ivy  VL-CDRI has the amino acid sequence of SEQ 1D N(O:92;
(V) VL-CDR2 has the amino acid sequence of SEQ 1D NO:93; and
{vi)  VL-CDR3 has the amino acid sequence of SEQ {13 NO:%4;
and wherein the protein binds ActRIEB and ActRIIA;

) (i) VH-CDRI has the amino acid sequence of SEQ IDNO:113;
{i1} VH-CDR2 has the amino acid sequence of SEQ ID NO:114;
{iiiy ~ VH-CDR3 has the aminoe acid sequence of SEQ ID NO:115;
(ivy  VL-CDRI has the amino acid sequence of SEQ 1D N(O:92;
(V) VL-CDR2 has the amino acid sequence of SEQ 1D NO:93; and
{vi)  VL-CDR3 has the amino acid sequence of SEQ {13 NO:%4;
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and wherein the protein binds ActRIB and ActRIA;

{0} {1} VH-CDR1 has the amino acid sequence of SEQ ID NG:113;
{ii) VH-CDRZ has the amino acid sequence of SEQ 1D NO:120;
(iiiy  VH-CDR3 has the aming acid scqoence of SECQ IDNO:121;
{ivy  VL-CDR1 has the amino acid sequence of SEQ D NO:92;
{v)VL-CUDRZ has the amino acid sequence of SEQ 1D NOG:93; and
{(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:94;
and wherein the protein binds ActRIIB and ActRILA; or

)] {1} VH-CDRI has the amino acid sequence of SEQ 1D NO:126;
{ii) VH-CDRZ has the amino acid sequence of SEQ ID NO:127;
(iiiy  VH-CDR3 has the aming acid scqoence of SECQ D NO:128;
(ivy  VL-CDR1 has the amino acid sequence of SEQ 11D NO:133;
{v)VL-CUDRZ has the amino acid sequence of SEQ 1D NO:134; and
{(vi}  VL-CDR3 has the amino acid sequence of SEQ 1D NO:135;

and wherein the protein binds ActRITA.

6. An ActRIl-binding protein comprising a VH and a VL pair selected from the group
consisting of:
{(a) (i) a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID
NO:165, and
{ii) a VL having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ 1D
NO:172, and wherein the protein binds ActRIUEB;
{b} (i) a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ ID
NO:2, 16,22, 28, 34, or 40, and
(1} a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID
NO:9, and wherein the protein binds ActRIIB;
{c) (1) a VH having at least 90%, 95%, 97%, 98%, or 9% sequence identity to SEQ ID
NO:45 or 57, and
(1t} a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID
MNO:50, and wherein the protein binds ActRIEB;
{d) {1} a VH having at least 90%, 95%, 97%, 98%, or 99% scqoence identity to SEQ ID
NO:63 or 77, and
(it} a VL having at least 90%, 953%, 97%, 98%, or 99% scquence identity to SEQ ID

MNO:70, and wherein the protein binds ActRIIB;
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{c) (1) a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ ID
NGO: 144, and

{ii) a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D
NO:151, and wherein the protein binds ActRIUEB;

{H) {i) a VH having the amine acid sequence of SEQ 1D NO:B4, 98, 105, 112, or 119, and
{ii) a VL having the amino acid sequence of SEQ ID NG:21, and
wherein the protein binds ActRIB and ActRIA; and

{2} {i) a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ ID
NQ:125, and
{ii) a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D

NO:132, and wherein the protein binds ActRIIA.

7. The ActRH-binding protein of claim 6 wherein the VH and a VL pair is selected from
the group consisting of:

{a) a VH seqoence of SEQ ID NO: 165, and a VL sequence of SEQ Dy NG:172, wherein the
protein binds ActRHUB;

(b} a VH sequence of SEQ ID NO:2, 16, 22, 28, 34, or 40}, and a VL sequence of SEQ [D NO:9,
wherein the protein binds ActRUE;

{c) a VH sequence of SEQ ID N(O:45 or 57, and a VL sequence of SEQ ID NG:50, wherein the
protein binds ActRIB;

() a VH sequence of SEQ ID NO:63 or 77, and a VL sequence of SEQ 1D NO:70, wherein the
protein binds ActRIIB;

{e) a VH sequence of SEQ ID NO:144, and a VL sequence of SEQ ID NO:151, wherein the
protein binds ActRIIB;

{H) a VH sequence of SEQ D NO:84, 98, 105, 112, or 119, and a VL sequence of SEQ 1D
NO:91, wherein the protein binds ActRIIB and ActRHA; and

{2) a VH sequence of SEQ [D NO:125, and a VL sequence of SEQ ID NO:132, wherein the
protein hinds ActRIIA.

3. The ActRII-binding protein of claim 7 wherein the VH and VL pair is selected from
the group consisting of:
(a) a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ ID NG:165 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ [D NO:172 and

wherein the protein binds ActRIB;
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a VH having at least 30%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NOG:Z and 2
VL having at least 90%, 95%, 97%, 98%, or 89% sequence identity to SEQ D NG9 and
wherein the protein binds ActRUB;
a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NG:16 and
a VL having at least 90%, 953%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:9 and
wherein the protein binds ActRIIB;
a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NG:22 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:9, and
wherein the protein binds ActRHB;
a VH having at least 0%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:28 and
a VL having at least 80%, 95%, 97%, 98%, or 99% scquence identity to SEQ ID NO:9, and
wherein the protein binds ActRIB;
a VH having at lcast 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:34 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ D NO©, and
wherein the protein binds ActRIIB;
a VH having at least S0%, 95%, 97%, 98%, or 99% sequence dentity to SEQ D NO40 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity 1o SEQ ID NG9, and
wherein the protein binds ActRIIB;
a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:45 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:50, and
wherein the protein binds ActRUE;
a VH having at least 90%, 33%, 97%, 98%, or 99% sequence identity to SEQ ID NG:57 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D N(O:50,
wherein the protein binds ActRUB;
a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NG:63 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NOG:70, and
wherein the protein binds ActRHB;
a VH having at least 90%, 95%, 97%%, 98%, or 99% sequence identity to SEQ 1D NG:77 and
a VL having at least 90%, 35%, 97%, 98%, or 99% sequence identity to SEQ ID NO:70; and
wherein the protein binds ActRIB;
a VH having at least 90%, 95%, 97%, 98%, or $9% sequence identity to SEQ ID NG:145 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:151; and

wherein the protein binds ActRIB;
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{o) a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:84 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:91, and
wherein the protein binds ActRIIB and ActRHA;

{n) a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NG:98 and
a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:91, and
wherein the protein binds ActRIIB and ActRIIA;

{0} a VH having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ [D NO:105 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NOG:91, and
wherein the protein binds ActRIHB and ActRIIA;

)] a VH having at least 0%, 95%, 97%, 98%, or 99% seqguence identity to SEQ 1D NO:112 and
a VL having at least 90%, 95%, 9796, 98%, or 99% scguence identity to SEQ 1D NO:91, and
wherein the protein binds ActRIB and ActRILA,;

G) a VH having at least 90%, 95%, 97%, 98%, or 99% scquence identity to SEQ ID NG:119 and
a VL having at least 90%, 95%, 97%, 98%, or 99% sequence identity to SEQ ID NO:91, and
wherein the protein binds ActRIIB and ActRHA; and

{r) a VH having at least 0%, 95%, 97%, 98%, or 99% scquence identity to SEQ 1D NOG:125 and
a VL having at least 90%, 953%, 97%, 98%, or 99% sequence identity to SEQ 1D NO:132, and

wherein the protein binds ActRIIA.

9. The ActRI-binding protein of claim 8 wherein the VH and a VL pair is selected from the
group consisting oft

{a) a VH sequence of SEQ ID NG:165 and a VL sequence of SEQ D NO:172;
(b} a VH sequence of SEQ 113 NO:2 and a VL sequence of SEQ 1D NO:9;

{c) a VH sequence of SEQ 1D NO:16 and a VL sequence of SEQ 1D NO:9;

{c) a VH sequence of SEQ 1D NO:22 and a VL sequence of SEQ 1D NO:9;

() a VH sequence of SEQ ID NO:28 and a VL sequence of SEQ 1D NO:9;

O a VH sequence of SEQ {13 NO:34 and a VL sequence of SEQ ID NO:9;

(2) a VH sequence of SEQ 1D NO:40 and a VL sequence of SEQ 1D NO:9;

{h} a VH sequence of SEQ 1D NO:45 and a VL sequence of SEQ 1D NO:50;

(1) a VH sequence of SEQ 113 NO:57 and a VL sequence of SEQ 1D NO:50;
(i a VH sequence of SEQ 1D NO:63 and a VL sequence of SEQ 1D NO:70;
{k a VH sequence of SEQ 1D NO:77 and a VL sequence of SEQ 1D NOG:70;
)] a VH sequence of SEQ ID NO:144 and a VL sequence of SEQ 1D NO:151;
{m)  a VHsequence of SEQ 1D NO:84 and a VL sequence of SEQ ID NOG:91;
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a VH sequence of SEQ 1D NO:98 and a VL sequence of SEQ [D NO:91;
a VH sequence of SEQ {1 NO:105 and a VL sequence of SEQ 1D N(O:91,
a VH seguence of SEQ 1D NO:112 and a VL sequence of SEQ D NO:91;
a VH sequence of SEQ ID NG:119 and a sequence of SEQ D NO:S1; and
a VH sequence of SEQ {D NO:125 and a sequence of SEQ 1D NG:132.

10. An ActRil-binding protein comprising a VH and a VL pair selected from the group

consisting of:

{a)

{b)

{d)

(1) a VH sequence having a total of one, two, three, four, five, six, scven, cight, nine, ten,
fewer than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence selected from the group consisting of SEQ 1D NO:165, and

{ii) a VL sequence having a total of one, two, three, four, five, six, seven, cight, nine, ten,
fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
refevence V10 sequence of SEQ D NOG:172, and

wherein the protein binds ActRIB;

{i) a VH sequence having a total of one, two, three, four, five, six, seven, cight, nine, ten,
fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence selected from the group consisting of SEQ 1D NO:2, 16, 22, 25,
34, or 40, and

{ii) a VL sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten,
fewer than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VL sequence of SEQ ID NO:9, and

wherein the protein binds ActRIIB,

(1) a VH sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten,

ewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence of SEQ 1D NOG:45 or 57, and

{ii) a VL sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten,
fewer than fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VL sequence of SEQ 1B NG:50, and

wherein the protein binds ActRIIB,

(1) a VH sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten,
fewer than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a

reference VH sequence of SEQ 1D NOG:63 or 77, and
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{i1) a VL sequence having a total of one, twoe, three, four, five, six, seven, eight, nine, ten, fower

than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a
refevence V10 sequence of SEQ D NO:70, and
wherein the protein binds ActRIIB;

(1) a VH sequence having a total of one, two, three, four, five, six, scven, cight, nine, ten,
fewer than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence of SEQ 1D NO:144, and

{i) a VL sequence having a total of one, two, three, four, five, six, seven, cight, nine, ten, fewer
than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a

reference V10 sequence of SEQ 1D NOG:151, and
wherein the protein binds ActRIIB;

{i) a VH sequence having a total of one, two, three, four, five, six, scven, cight, nine, ten,
fewer than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VH sequence selected from the group consisting of SEQ 1D NO:84, 98, 105,
112,0r 119, and

(iiy & VL sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten,
fewer than fifieen, or zero, amino acid substituiions, deletions, and/or insertions from a
reference VL sequence of SEQ IB NG:91, and

wherein the protein binds ActRIIB and ActRUA; and
(i) a VH sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten,
ewer than fifteen, or zere, amino acid substitutions, deletions, and/or insertions from a
eference VH sequence of SEQ 1D NO: 125, and

{ii) a VL sequence having a total of one, two, three, four, five, six, seven, eight, nine, ten,
fewer than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a
reference VL of SEQ ID NOG:132, and

wherein the protein binds ActRIA.

11. An ActRIE-binding protein comprising a VH and a VL wherein:

the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ 1D NO:165; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, tcn, fower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ ID NO:172; and wherein

the protein binds ActRIB;
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{b} the VH sequence has a total of one, two, three, four, five, six, sgven, cight, nine, ten, fower
than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a reference

VH sequence of SEQ ID NO:Z; and the VL sequence has a total of one, two, three, four, five,

o

ix, sgven, eight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions,
and/or insertions from a reference VL sequence of SEQ 1D NO:9; and wherein the protein
binds AciRIIB;

{c) the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fower
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ ID NO:16; the VL sequence has a total of one, two, three, four, five,
six, sgven, eight, nine, ten, foewer than fiftcen, or zero, amino acid substitutions, deletions,
and/or insertions from a reference VL sequence of SEQ ID N(O:9; and wherein the protein
binds ActRIIB;

{(d) the VH sequence has a total of one, two, three, four, five, six, scven, eight, nine, ten, fewer
than fifieen, or zero, aming acid substitutions, deletions, and/or insertions from a reference
VH sequence of SEQ ID NG:22; and the VL sequence has a total of ong, two, three, four,
five, six, seven, eight, nine, ten, {ower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL0 sequence of SEQ 1D NO:9; and wherein the
protein binds ActRIIB;

{c) the VH sequence has a total of one, two, three, four, five, six, seven, ¢ight, nine, ten, fower
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a reference
VH sequence of SEQ ID NO:28; and the VL sequence has a total of one, two, three, four,
five, six, seven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:9; and wherein the
protein hinds ActRIIB;

{6 the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ ID NO:34; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, fower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ ID NG:9; and wherein the
protein binds ActRIB;

(&) the VH sequence has a total of one, two, three, four, five, six, scven, eight, nine, ten, fewer
than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a reference
VH sequence of SEQ D NO:40; and the VL sequence has a total of one, two, three, four,

five, six, seven, eight, nine, ten, {ower than fifteen, or zero, amino acid substitutions,
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deletions, and/or insertions from a reference VL sequence of SEQ ID NO:9; and wherein the
protein binds ActRIIB;

the sequence has a total of one, two, three, four, five, six, seven, eight, nineg, ten, fewer than
fifteen, or zero, amino acid sebstitutions, deletions, and/or insertions from a reference VH
sequence of SEQ ID N(:45; and the VL sequence has a total of one, two, three, four, five,
six, sgven, eight, nine, ten, fower than fifteen, or zero, amino acid substitutions, deletions,
and/or insertions from a reference VL sequence of SEQ 1D NO:50; wherein the protein binds
ActRIIB;

5
i

the VH seguence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, delctions, and/or insertions from a reference
VH sequence of SEQ ID NO:57; and the VL sequence has a total of one, tweo, three, four,
five, six, seven, cight, nine, ten, fower than fificen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ ID NO:50; wherein the
protein binds ActRIIB;

the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a reference
VH sequence of SEQ 1D NO:63; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, fewer than fifteen, or zero, aming acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:70; and wherein the
protein binds ActRIIB;

the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fower
than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ 1D NO:77; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, tcn, fower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL seguence of SEQ ID NO:70; and wherein the
protein binds ActRIB;

.
i

the VH seguence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fifieen, or zero, aming acid substitutions, deletions, and/or insertions from a reference
VH sequence of SEQ ID NO:144; and the VL seguence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, fower than fifteen, or zero, amine acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ D NO:151; and wherein
the protein binds ActRIIB;

the VH sequence has a total of one, two, three, four, five, six, sgven, cight, nine, ten, fower

than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a reference
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sequence of SEQ D NO:84; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, {ower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL scquence of SEQ 1D NO:91; and wherein the
protein binds ActRIIB and ActRIIA;
the sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer than
fifteen, or zero, amino acid substitutions, deletions, and/or insertions from a reference VH
sequence of SEQ D NO:98; and the VL sequence has a total of one, two, three, four, five,
six, sgven, cight, nine, ten, fewer than fifteen, or zero, amino acid substitutions, deletions,
and/or imsertions from a reference VL sequence of SEQ ID NO:91; wherein the protein binds
ActRIIB and ActRILA;
the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ 1D NO:105; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, fower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ} ID NO:91; wherein the
protein binds ActRIIB and ActRIIA;
the VH sequence has a total of one, two, three, four, five, six, scven, eight, nine, ten, fewer
than fifieen, or zero, amino acid substitutions, deletions, and/or insertions from a referenc
VH sequence of SEQ 1D NO:117; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, fower than fifteen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:91; and wherein the
protein binds ActRHB and ActRIIA;
the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, delctions, and/or insertions from a reference
VH sequence of SEQ ID NO:119; and the VL sequence has a total of one, two, three, four,
five, six, seven, cight, nine, ten, fower than fificen, or zero, amino acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:91; and wherein the
protein binds ActRIIB and ActRIA; or
the VH sequence has a total of one, two, three, four, five, six, seven, eight, nine, ten, fewer
than fificen, or zero, amino acid substitutions, deletions, and/or insertions from a reference
VH sequence of SEQ 1D NG:125; and the VL sequence has a total of one, two, three, four,
five, six, seven, eight, nine, ten, fewer than fifteen, or zero, aming acid substitutions,
deletions, and/or insertions from a reference VL sequence of SEQ 1D NO:132; and wherein

the protein binds ActRIA.
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12. An ActRI-binding protein that binds a polypepude selected from the group
consisting oft
{(a) amino acid residues NANWELERT (SEQ 1D NO:157) of ActiRHEB;
{b) amino acid residues CCEGNFUNER (SEQ ID NG:159) of ActRIB;
{c) amino acid residues CCEGNMCNEK (SEQ 1D NO:161) of ActRHA; and
{d} amino acid residues BECLFFNANWEKD (SEQ 1D NG:162) of ActRITA.

13. An ActRU-binding protein which binds the same epitope as an ActRll-binding

protein according to any one of claims 1-12.

14. An ActRIl-binding protein which competes for binding to ActRII with an ActRII-

hinding protein according to any one of claims 1-13.

)

15. An ActRil-binding protein of any one of claim 1-14 wherein the ActRIl-binding

protein antagonizes ActRIT activity.

16. The ActRH-binding protein of any one of claim 1-15, wherein the binding protein has

at least one characteristic selected from the group consisting of:

{a) competing with activin A, activin B, BMP7, BMPe, BMP10, GDF8 (myostatin), GDF11, or
Nodal, for binding to ActRIIB and/or ActRUA,;

{b) decreasing the phosphorylation of one or more Smads in cells expressing ActRIIB and/or
ActRHA inthe presence of an ActRIIB or ActRUA ligand {e.g., activin A);

{c) decreasing the phosphorylation of ALK4 and/or ALK7 in cells expressing ActRHB and/or
ActRITA and ALK4 and/or ALK in the presence of an ActRIIB and/or ActRHA ligand; and

{d) binding to ActRUB and/or ActRIIA with a Kp of <1 nM and >1 pM (e.g.. as determined by
BIACORE® analysis).

17. The ActRU-binding protein of any one of claim 1-16, wherein the ActRU-binding

protein is an antibody that specifically binds ActRIL

18. The ActRil-binding protein of claim 17, wherein the antibody is a menoclonal
antibody, 2 recombinant antibody, a buman antibody, a lmumanized antibody, a chimeric antibody, a

bi-specific antibody, a multi-specific antibody, or an ActRIE-binding antibody fragment.

19. The ActRi-binding protein of claim 18, wherein the ActRi-binding anubody
fragment is selected from the group cousisting of a Fab fragment, a Fab' fragment, a F{ab"), fragment,

a Fv fragment, a diabody, or a single chain antibody molecule.
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20, The ActRU-binding protein of any one of claitus 17-19, wherein the antibody further
comprises a heavy chain immunoglobulin constant domain selected from the group consisting of
(a}  ahuman IgA constant domain;
(b} 3 hoeman IgD constant domain;
{c) a lmman IgE constant domain;
{(d) ahuman Ig(G1 constant domain;
{¢}  ahomanlgG2 constant domain;
{f) a hmman IgG3 constant domain;
{gy  ahuman IgG4 constant domain; and

(hy 2 human IgM constant domain.

21 The ActRil-binding protein of anyone of claims 17-20, wherein the antibody further

comprises a light chain immunoglobulin constant domain selected from the group cousisting oft

{(a) a buman Ig kappa constant domain; and
{b) a human Ig lambda constant domain.
22 The ActRU-binding protein of anyone of claims 17-21, wherein the antibody further

conprises a human IgG1 heavy chain constant domain and a buman lambda light chain constant

domain.

23. An isolated nucleic acid molecule or set of nucleic acid molecules encoding an

ActRII-binding protein according to any one of claims 1-22.

24. The isolated nucleic acid molecule or set of nucleic acid molecules of claim 23 which

is a cDMNA.

25, Axn isolated polynucleotide or ¢cDNA molecule sufficient for use as a hybridization

probe, PCR primer or sequencing primer that is a fragment of the nucleic acid molecule or set of

nucleic acid molecules of claim 22 or 23, or its complement.

26. The nucleic acid molecule or ¢cDNA mwolecule according to claim 22, 23 or 29,

wherein the mueleic acid molecule is operably linked to a control sequence.
27. A vector comprising the nucleic acid molecule according to claim 22, 24 or 25.

28. A host cell comprising the nucleic acid molecule of claim 22, 24 or 25, or the vector

of claim 31.
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29. The host cell of claim 27, wherein the host cell is a mammalian host cell.
30. The mammalian host ceil of claim 28 wherein the host cell is a NSO murine myeloma

cell, a PER.C6® human cell, or a Chinese hamster ovary {CHO) cell

31. A method of making the ActRi-binding protein of any one of claims 1-21 comprising
culturing a host cell according to claims 27, 28, or 29 under suitable conditions for producing the

ActRIi-binding protein.

32, The method of claim 30 further comprising isolating ActR}-binding protein secreted

from the host cell.

33. An ActRII-binding protein produced using the method of claim 30 or 31.
34. A pharmaceutical composition comprising an ActRII-binding protein according to

any one of claims 1 -20 or 21 and a pharmaceutically acceptable carrier.
35. The pharmaceutical composition according to claim 33 for use as a medicament.

36. Use of the pharmaceutical composition of claim 34 for treating and/or ameliorating a
disease or condition-associated with ActRI expression or elevated ActRU signaling.

37. Use according to claim 35, wherein the disease or condition is a member selected
from the group consisting oft a degenerative muscle disease, muscular dystrophy, muscle atrophy,
muscle wasting, a fibrotic condition (a hepatic, a pulmonary, a vascular or an ocular fibrotic

condition), myocardial fibrosis, idiopathic pulmovary fibrosis, metabolic disease, type H diabetes,
obesity, inflammmatory disease, autoinvnune disease, ocular disease, age-related macular degeneration
cardiovascular disease, congestive heart failure, hypertension, pulmonary disease, musculoskeletal

disease, skeletal disease, osteoporosis, neuronmscular disease, degenerative disease, wound healing,

38. A pharmaceutical composition of claim 33, which further comprises a labeling group

or an cftector group.

39. A pharmaceutical composition of claim 37, wherein the effector group is selected
from the group consisting of a radicisotope, radioruclide, a toxin, a therapeutic and a

chemotherapeutic agent.
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40, A methed for treating and/or ameliorating a discase or condition associated with
ActRII expression or elevated ActRH-mediated signaling in a subject, comprising administering to a
subject in need thereof an effective amount of a composition comprising a ActRU-binding protein of
any one of claims 1-20 or 21, or the pharmaceutical composition of claim 33.

41. The method of claim 39, wherein the discase or condition is a member selected from
the group consisting of: a degenerative muscle disease, muscular dystrophy, muscle atrophy, muscle
wasting, a fibrotic condition {a hepatic, a pulmonary, a vascular or an ocular fibrotic condition),
myocardial fibrosis, idiopathic pulmonary fibrosis, metabolic disease, type Il diabetes, obesity,
inflammatory disease, autoimmune disease, ocular disease, age-related macular degencration
cardiovascular disease, congestive heart failure, hypertension, pulmonary disease, musculoskelstal
disease, skeletal discase, ostcoporosis, neuronwuscular disease, degenerative disease, wound healing,

and cancer.

42.  The method of claim 40, wherein the AciRI-binding protein or pharmaceutical

composition is administered alone or as a combination therapy.

43. A method of reducing ActRI activity in a subject comprising admigistering an
effective amount of an ActRil-binding protein according to any one of claims 1-21 or 37, or the

pharmaceutical composition of claim 39, 42, or 43,
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