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ACTIVIN-ACTRII ANTAGONISTS AND
USES FOR TREATING BONE AND OTHER DISORDERS

[0001] This application claims priority to U.S. Provisional Patent Application No.
61/721,898, filed November 2, 2012, and to U.S. Provisional Patent Application No. 61/740,665,
filed December 21, 2012, the disclosures of each of which are herein incorporated by reference
in their entireties.

1. INTRODUCTION

[0002] Provided herein are methods for the treatment of bone disorders that are associated
with kidney disease, such as chronic kidney disecase-mineral and bone disorder ("CKD-MBD"),
wherein the methods comprise administration of Activin-ActRII inhibitors to a subject in need of
the treatment. Also provided herein are methods and compositions for the treatment of low
turnover bone disorders wherein the methods comprise administration of Activin-ActRII
inhibitors to a subject in need of the treatment. Also provided herein are compositions for the
treatment of bone disorders that are associated with kidney disease and compositions for the

treatment of low turnover bone disorders and vascular calcification.

2. BACKGROUND

[0003] Bone growth and mineralization are dependent on the activities of two cell types,
osteoclasts and osteoblasts, although chondrocytes and cells of the vasculature also participate in
critical aspects of these processes. Developmentally, bone formation occurs through two
mechanisms, endochondral ossification and intramembranous ossification, with the former
responsible for longitudinal bone formation and the later responsible for the formation of
topologically flat bones, such as the bones of the skull. Endochondral ossification requires the
sequential formation and degradation of cartilaginous structures in the growth plates that serve as
templates for the formation of osteoblasts, osteoclasts, the vasculature and subsequent
mineralization. During intramembranous ossification, bone is formed directly in the connective
tissues. Both processes require the infiltration of osteoblasts and subsequent matrix deposition.
[0004] Chronic kidney discase is associated with a progressive deterioration in mineral
homeostasis, with a disruption of normal serum and tissue concentrations of phosphorus and

calcium, and changes in circulating hormones, such as parathyroid hormone, 25-hydroxyvitamin
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D, 1,25-dihydroxyvitamin D, other vitamin D metabolites, fibroblast growth factor-23, and
growth hormone. See, Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD),
Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group, In: Kidney Int
Suppl. (2009) 76 (Suppl 113):S1-130, page S3. The mineral and hormone homeostasis that is
disrupted in chronic kidney disease is critical for initial bone formation during growth (bone
modeling) and bone structure and function during adulthood (bone remodeling). As a result,
bone abnormalities are found in patients with chronic kidney disease. In addition, similarly due
to the disruption in mineral and endocrine functions, extraskeletal calcification may be found in
patients with chronic kidney disease. These syndromes are termed chronic kidney discase-
related mineral and bone disorders ("CDK-MBD").

[0005] Bone undergoes continuous turnover. Bone turnover is the process of resorption
followed by replacement of bone. Osteoblasts and osteoclasts are the cells necessary for bone
turnover. Low turnover and adynamic bone diseases are characterized by reduced or absent
resorption and replacement of bone. CKD-MBD can be characterized by low turnover or
adynamic bone. (Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD), Kidney
Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group, In: Kidney Int Suppl.
(2009) 76 (Suppl 113):S1-130, page S34).

[0006] Increased calcium levels in the vasculature can lead to vascular calcification, a
condition characterized by increased vessel stiffening. Patients with vascular calcification have
an increased risk of myocardial infarction, and vascular calcification is particularly prevalent in
patients suffering from kidney disease, e¢.g., CKD-MBD. See, ¢.g., Shanahan et al., 2011, Circ.
Res. 109:697-711.

[0007] Two related type I receptors, ActRIIA and ActRIIB, have been identified as the type
IT receptors for activing (Mathews and Vale, 1991, Cell 65:973-982; Attisano et al., 1992, Cell
68: 97-108). Besides activins, ActRIIA and ActRIIB can biochemically interact with several
other TGF-beta family proteins, including BMP7, Nodal, GDFS, and GDF11 (Yamashita et al.,
1995, J. Cell Biol. 130:217-226; Lee and McPherron, 2001, Proc. Natl. Acad. Sci. 98:9306-9311;
Yeo and Whitman, 2001, Mol. Cell 7: 949-957; Oh et al., 2002, Genes Dev. 16:2749-54). ALK4
is the primary type I receptor for activins, particularly for activin A, and ALK-7 may serve as a

receptor for activins as well, particularly for activin B.
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3. SUMMARY
[0007a] In one aspect, provided herein is a method for treating vascular calcification in a subject,
wherein the method comprises administering a therapeutically effective amount of an ActRIl inhibitor to a
subject in need of treatment of atherosclerotic calcification.
[0007Db] In another aspect, provided herein is a method for reducing vascular calcium levels in a subject
diagnosed with vascular calcification, wherein the method comprises administering a therapeutically
effective amount of an ActRII inhibitor to the subject.
[0007¢] In another aspect, provided herein is the use of an ActRIl inhibitor in the manufacture of a
medicament for treatment of vascular calcification in a subject in need of treatment of atherosclerotic
calcification.

[0007d] In another aspect, provided herein is the use of an ActRIl inhibitor in the manufacture of a
medicament for reduction of vascular calcium levels in a subject diagnosed with vascular calcification.
[0007e] In another aspect, provided herein is an ActRIl inhibitor when used in the treatment of
vascular calcification in a subject in need of treatment of atherosclerotic calcification.

[00071] In another aspect, provided herein is an ActRII inhibitor when used in the reduction of
vascular calcium levels in a subject diagnosed with vascular calcification.

[0008] In certain embodiments, provided herein are methods for treating an adynamic bone disorder
in a subject, wherein the method comprises administering a therapeutically effective amount of an ActRII
inhibitor to a subject in need of treatment of the adynamic bone disorder. Further provided herein are
methods for treating an adynamic bone disorder form of CKD-MBD in a subject, wherein the method
comprises administering a therapeutically effective amount of an ActRII inhibitor to a subject in need of
treatment of the adynamic bone disorder form of CKD-MBD.

[0009] In certain more specific embodiments, the adynamic bone disorder is characterized by absence
of tetracycline incorporation into mineralized bone.

[0010] In certain embodiments, provided herein are methods for treating a low bone turnover form of
CKD-MBD in a subject, wherein the method comprises administering a therapeutically effective amount of
an ActRIl inhibitor to a subject in need of treatment of the low bone turnover form of CKD-MBD. In a more
specific embodiment, the low bone turnover form of CKD-MBD is osteomalacia.

[0011] In certain embodiments, provided herein are methods for treating a bone disorder characterized by
hyperphosphatemia in a subject, wherein the method comprises administering a therapeutically effective
amount of an ActRII inhibitor to a subject in need of treatment of the bone disorder characterized by
hyperphosphatemia.

[0012] In certain embodiments, provided herein are methods for treating atherosclerotic calcification
in a subject, wherein the method comprises administering a therapeutically effective amount of an ActRII
inhibitor to a subject in need of treatment of atherosclerotic calcification.

[0013] In certain embodiments, provided herein are methods for treating a renal disease in a subject,

wherein the method comprises administering a therapeutically effective amount of an ActRIl inhibitor to a
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subject in need of treatment of the renal disease. In a more specific embodiment, the renal disease is renal
fibrosis.

[0014] In a specific embodiment, provided herein is a method for treating extraskeletal calcification in
a subject, wherein said method comprises administering a therapeutically effective amount of an ActRII
inhibitor to the subject. In another specific embodiment, provided herein is a method for preventing
extraskeletal calcification in a subject, wherein said method comprises administering a therapeutically

effective amount of an ActRII inhibitor to the subject.

3A
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In specific embodiments, the extraskeletal calcification treated or prevented in a subject by the
methods described herein is vascular calcification, i.¢., the accumulation of calcium salts in the
vasculature of the subject, ¢.g., calcification of arteries of the subject.

[0015] In certain embodiments, the ActRII inhibitor that can be used with the methods
provided herein is a polypeptide comprising an amino acid sequence selected from the group
consisting of: 90% identical to SEQ ID NO:2; 95% identical to SEQ ID NO:2; 98% identical to
SEQ ID NO:2; SEQ ID NO:2; 90% identical to SEQ ID NO:3; 95% identical to SEQ ID NO:3;
98% identical to SEQ ID NO:3; SEQ ID NO:3; 90% identical to SEQ ID NO:6; 95% identical to
SEQ ID NO:6; 98% identical to SEQ ID NO:6; SEQ ID NO:6; 90% identical to SEQ ID NO:7;
95% identical to SEQ ID NO:7; 98% identical to SEQ ID NO:7; SEQ ID NO:7; 90% identical to
SEQ ID NO:12; 95% identical to SEQ ID NO:12; 98% identical to SEQ ID NO:12; SEQ ID
NO:12; 90% identical to SEQ ID NO:17; 95% identical to SEQ ID NO:17; 98% identical to SEQ
ID NO:17; SEQ ID NO:17; 90% identical to SEQ ID NO:20; 95% identical to SEQ ID NO:20;
98% identical to SEQ ID NO:20; SEQ ID NO:20; 90% identical to SEQ ID NO:21; 95%
identical to SEQ ID NO:21; 98% identical to SEQ ID NO:21; and SEQ ID NO:21. In a more
specific embodiment, the ActRII inhibitor is a polypeptide comprising the amino acid sequence
of SEQ ID NO:7. In a more specific embodiment, the ActRII inhibitor is administered
parentally.

[0016] In a specific embodiment, the ActRII inhibitor that can be used with the methods
provided herein is an ActRIIA inhibitor, wherein the ActRIIA inhibitor comprises or consists of
a polypeptide selected from the group consisting of: a. a polypeptide at least 90% identical to
SEQ ID NO:2; b. a polypeptide at least 95% identical to SEQ ID NO:2; c. a polypeptide at least
98% identical to SEQ ID NO:2; d. SEQ ID NO:2; e. a polypeptide at least 90% identical to SEQ
ID NO:3; f. a polypeptide at least 95% identical to SEQ ID NO:3; g. a polypeptide at least 98%
identical to SEQ ID NO:3; h. SEQ ID NO:3; i. a polypeptide at least 90% identical to SEQ ID
NO:6; j. a polypeptide at least 95% identical to SEQ ID NO:6; k. a polypeptide at least 98%
identical to SEQ ID NO:6; 1. SEQ ID NO:6; m. a polypeptide at least 90% identical to SEQ ID
NO:7; n. a polypeptide at least 95% identical to SEQ ID NO:7; o. a polypeptide at least 98%
identical to SEQ ID NO:7; p. SEQ ID NO:7; q. a polypeptide at least 90% identical to SEQ ID
NO:12; r. a polypeptide at least 95% identical to SEQ ID NO:12; s. a polypeptide at least 98%
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identical to SEQ ID NO:12; and t. SEQ ID NO:12. In a specific embodiment, the ActRIIA

inhibitor is a polypeptide comprising or consisting of the amino acid sequence of SEQ ID NO:7.

[0017] In another specific embodiment, the ActRII inhibitor that can be used with the
methods provided herein is an ActRIIB inhibitor, wherein the ActRIIB inhibitor comprises or
consists of a polypeptide selected from the group consisting of: a. a polypeptide at least 90%
identical to SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, or 43; b. a polypeptide
at least 95% identical to SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37,42, 0r 43; c. a
polypeptide at least 98% identical to SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37,
42, 0r 43; d. SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, or 43; ¢. a polypeptide
90% identical to SEQ ID NO:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, or 47; {. a polypeptide
95% identical to SEQ ID NO:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, or 47; g. a polypeptide
98% identical to SEQ ID NO:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, or 47; and h. SEQ ID
NO:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, or 47. In a specific embodiment, the ActRIIB
inhibitor is a polypeptide comprising or consisting of SEQ ID NO:23. In another specific
embodiment, the ActRIIB inhibitor is a polypeptide comprising or consisting of SEQ ID NO:25.

[0018] In another specific embodiment, an ActRIIA inhibitor and an ActRIIB inhibitor can
be used in the methods provided herein (e.g., a composition comprising an ActRIIA inhibitor and
an ActRIIB inhibitor can be used; or an ActRIIA inhibitor and an ActRIIB inhibitor can both be
administered, separately, to a subject being treated in accordance with the methods described
herein), wherein the ActRIIA inhibitor comprises or consists of a polypeptide selected from the
group consisting of: a. a polypeptide at least 90% identical to SEQ ID NO:2; b. a polypeptide at
least 95% identical to SEQ ID NO:2; c. a polypeptide at least 98% identical to SEQ ID NO:2; d.
SEQ ID NO:2; e. a polypeptide at least 90% identical to SEQ ID NO:3; f. a polypeptide at least
95% identical to SEQ ID NO:3; g. a polypeptide at least 98% identical to SEQ ID NO:3; h. SEQ
ID NO:3; i. a polypeptide at least 90% identical to SEQ ID NO:6; j. a polypeptide at least 95%
identical to SEQ ID NO:6; k. a polypeptide at least 98% identical to SEQ ID NO:6; 1. SEQ ID
NO:6; m. a polypeptide at least 90% identical to SEQ ID NO:7; n. a polypeptide at least 95%
identical to SEQ ID NO:7; o. a polypeptide at least 98% identical to SEQ ID NO:7; p. SEQ ID
NO:7; q. a polypeptide at least 90% identical to SEQ ID NO:12; r. a polypeptide at least 95%
identical to SEQ ID NO:12; s. a polypeptide at least 98% identical to SEQ ID NO:12; and t. SEQ
ID NO:12; and wherein the ActRIIB inhibitor comprises or consists of a polypeptide selected
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from the group consisting of* a. a polypeptide at least 90% identical to SEQ ID NO:17, 18, 23, 26, 27, 29, 30,
31,32, 33,36, 37,42, or 43; b. a polypeptide at least 95% identical to SEQ ID NO:17, 18, 23, 26, 27, 29, 30,
31,32, 33,36, 37, 42, or 43; c. a polypeptide at least 98% identical to SEQ ID NO:17, 18, 23, 26, 27, 29, 30,
31,32,33,36,37,42,0r 43; d. SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36,37,42,0r 43; ¢. a
polypeptide 90% identical to SEQ 1D NO:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, or 47, f. a polypeptide
95% identical to SEQ ID NO:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, or 47; g. a polypeptide 98%
identical to SEQ ID NO:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, or 47; and h. SEQ 1D NO:20, 21, 24,
25,34, 35, 38, 39, 40, 41, 44, 46, or 47. In a specific embodiment, the ActRIIA inhibitor is a polypeptide
comprising or consisting of SEQ ID NO:7 and the ActRIIB inhibitor is a polypeptide comprising or
consisting of SEQ ID NO:23. In another specific embodiment, the ActRIIA inhibitor is a polypeptide
comprising or consisting of SEQ ID NO:7 and the ActRIIB inhibitor is a polypeptide comprising or
consisting of SEQ 1D NO:25.

[0019] In certain embodiments, the subject to be treated with the methods provided herein is less than
18 years old. In certain embodiments, the subject to be treated with the methods provided herein has end
stage renal disease. In certain embodiments, the subject to be treated with the methods provided herein
undergoes dialysis. In certain embodiments, provided herein is a method to increase the height of the
subject.

[0020] In certain embodiments, provided herein are methods for treating or preventing
hyperphosphatemia, secondary hyperparathyroidism (due to increase in phosphorus), extraskeletal
calcification, e.g., vascular calcification, and adynamic bone disorder in a subject, wherein the method
comprises administering a therapeutically effective amount of an ActRII inhibitor to a subject in need of
treatment of hyperphosphatemia, secondary hyperparathyroidism (due to increase in phosphorus),
extraskeletal calcification, e.g., vascular calcification, and adynamic bone.

[0020a] Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is not to be taken as an admission that any or all of these matters form
part of the prior art base or were common general knowledge in the field relevant to the present disclosure as
it existed before the priority date of each claim of this application.

[0020b] Throughout this specification the word “comprise”, or variations such as “comprises” or
“comprising”, will be understood to imply the inclusion of a stated element, integer or step, or group of
elements, integers or steps, but not the exclusion of any other element, integer or step, or group of elements,
integers or steps.

4. BRIEF DESCRIPTION OF THE FIGURES

[0021] Figure 1: Mouse body weight following partial nephrectomy.
[0022] Figure 2: Changes in BMD by DEXA Scan following partial nephrectomy in mice.
[0023] Figure 3: The murine counterpart of SEQ ID NO 7 (“mActRIIA-Fc”) hematocrit changes

following partial nephrectomy in mice.
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[0024] Figure 4: MicroCT 3D image of representative bones following partial nephrectomy
n mice.

[0025] Figure 5: mActRITA-Fc¢ treatment Increases Hematocrit.

[0026] Figure 6: mActRIIA-Fc increases Bone Mineral Density.

[0027] Figure 7: Representative microCT Scans of Femurs.

[0028] Figure 8: mActRIIA-Fc increases Cortical Thickness of the Femur Mid-Shaft.
[0029] Figure 9: mActRITA-Fc¢ Increases Trabecular Bone Volume.

[0030] Figure 10: mActRIIA-Fc Increases Trabecular Thickness in the Distal Femur.
[0031] Figure 11: mActRIIA-Fc causes a reduction in the levels of aortic calcium in a CKD

mouse model.

5. DETAILED DESCRIPTION
5.1 OVERVIEW

[0032] Provided herein, in one aspect, is a method for the treatment of Chronic Kidney
Disease-Mineral and Bone Disorders (CKD-MBD) wherein the method comprises administering
an inhibitor of ActRII to a patient in need of treatment. The inhibitor of ActRII can be an
inhibitor of ActRIIA and / or ActRIIB.

[0033] CKD-MBD can be diagnosed as a systemic disorder of mineral and bone metabolism
due to chronic kidney disecase and manifested by either one or a combination of (1) abnormalities
of calcium; phosphorus; calcium x phosphorus product; alkaline phosphatases (total or bone
specific); bicarbonate; parathyroid hormone ("PTH"); 1-84 PTH, 1-84-PTH/7-84 PTH ratio;
osteocalcin; osteoprotegrin; tartrate-resistant acid phosphatase isoform 5b ("TRAP-5b");
pyridinoline and deoxypyridinoline; procollagen type 1 amino-terminal extension peptides; C-
terminal crosslinks; C-terminal crosslinks of collagen; fibroblast growth factor 23 ("FGF23");
Fetulin-A; or vitamin D metabolism; (2) abnormalities of bone turnover, mineralization, volume,
linear growth, or strength; and (3) vascular or other soft tissue calcification. See Nickolas, 2008,
Kidney International 74:721-731; and Moe et al., 2006, Kidney International 69:1945-1953.
Guidelines for the diagnosis of CKD-MBD can be found, e.g., in KDIGO clinical practice
guidelines for the prevention, diagnosis, evaluation, and treatment of Chronic Kidney Disease-
Mineral and Bone Disorder (CKD-MBD), Kidney Disease: Improving Global Outcomes
(KDIGO) CKD-MBD Work Group, In: Kidney Int Suppl. (2009) 76 (Suppl 113):S1-130.
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[0034] In certain embodiments, provided herein are methods for the treatment of low bone
turnover forms of CKD-MBD wherein the method comprises administering an inhibitor of
ActRII to a patient in need of treatment. In certain embodiments, provided herein are methods
for the treatment of CKD-MBD characterized by hyperphosphatemia and / or hypercalcemia. In
certain embodiments, provided herein are methods for the treatment of CKD-MBD characterized
by extraskeletal calcification, such as, but not limited to atherosclerotic calcification.

[0035] In certain embodiments, provided herein are methods for the treatment of CKD-
MBD, wherein the chronic kidney disease has reached stage 3, stage 4, stage 5, or stage 5D. In a
specific embodiment, the kidney disease is end stage kidney disease. In certain embodiments,
provided herein are methods for the treatment of CKD-MBD characterized by a glomerular
filtration rate of less than 60ml/min/1.73m” in adults or less than 89 ml/min/1.73m” in pediatric
patients. See, Moe et al., 2006, Kidney International 69:1945-1953. In certain embodiments,
provided herein are methods for the treatment in adults of CKD-MBD characterized by a
glomerular filtration rate of less than 50ml/min/1 73m?, 40ml/min/1.73m?, 30ml/min/1.73m?,
20ml/min/1.73m?, or less than 10ml/min/1.73m”. In certain embodiments, provided herein are
methods for the treatment in pediatric patients of CKD-MBD characterized by a glomerular
filtration rate of less than 80ml/min/1.73m’, 70ml/min/1.73m?, 60ml/min/1.73m’,
50ml/min/1.73m’, 40ml/min/1.73m’, 30ml/min/1.73m’, 20ml/min/1.73m’ or less than
10ml/min/1.73m’,

[0036] Without being bound by theory, a glomerular filtration rate of less than

60 ml/min/1.73m? in adult patients and less than 89 ml/min/1.73m? in pediatric patients results in
detectable abnormalities in calcium levels, phosphorus levels, PTH levels, and vitamin D
metabolism; and abnormal levels of these markers result in bone disease.

[0037] In certain embodiments, provided herein are methods for the treatment of a bone
pathology associated with chronic kidney disease, i.e., CKD-MBD. See Moe et al., 2006,
Kidney International 69:1945-1953. In certain embodiments, the CKD-MBD is low-turnover
CKD-MBD. Low-turnover CKD-MBD can be diagnosed by the histological features set forth in
Table 1 below. See National Kidney Foundation, Kidney Disease Outcomes Quality Initiative

Guidelines at the website of the National Kidney Foundation.
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Table 1. Histological Features of Low-Turnover CKD-MBD

Feature Adynamic Osteomalacia
Bone Formation
Trabecular bone volume Normal, low Variable
Low, normal or high

Osteoid volume Normal, low High-very high
Osteoid seam thickness Normal, low High-very high
Number of osteoblasts Low Low
Bone formation rate Low-very low Low-very low
Mineralization lag time Normal Prolonged
Bone Resorption
Eroded bone perimeter Normal, low Variable

Often low, may be high
Number of osteoclasts Low Low, may be normal or high
Marrow fibrosis Absent Absent

[0038] In a specific embodiment, provided herein is a method for treating extraskeletal
calcification in a subject, wherein said method comprises administering a therapeutically
effective amount of an ActRII inhibitor to the subject. In another specific embodiment, provided
herein is a method for preventing extraskeletal calcification in a subject, wherein said method
comprises administering a therapeutically effective amount of an ActRII inhibitor to the subject.
In specific embodiments, the extraskeletal calcification treated or prevented in a subject by the
methods described herein is vascular calcification, i.¢., the accumulation of calcium salts in the
vasculature of the subject, ¢.g., calcification of arteries of the subject.

[0039] In certain embodiments, the methods of of treatment or prevention of extraskeletal
calcification, e.g., vascular calcification, provided herein are performed on a subject that is at
risk of suffering from extraskeletal calcification, e.g., vascular calcification (i.c., the at risk
subject is administered an ActRII inhibitor in accordance with the methods described herein). In
a specific embodiment, the subject at risk of suffering from extraskeletal calcification, e.g.,
vascular calcification, has hypercholesterolemia. In another specific embodiment, the subject at
risk of suffering from extraskeletal calcification, e.g., vascular calcification, has hypertension. In
another specific embodiment, the subject at risk of suffering from extraskeletal calcification, e.g.,
vascular calcification, has diabetes. In another specific embodiment, the subject at risk of
suffering from extraskeletal calcification, e.g., vascular calcification, has renal disease (e.g., end-

stage renal disease). In another specific embodiment, the subject at risk of suffering from
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extraskeletal calcification, e.g., vascular calcification, has chronic kidney disease. In another
specific embodiment, the subject at risk of suffering from extraskeletal calcification, e.g.,
vascular calcification, has increased oxidative stress, €.g., an imbalance between oxidant
production and antioxidant activity in the vasculature. In another specific embodiment, the
subject at risk of suffering from extraskeletal calcification, e.g., vascular calcification, has a
calcification inhibitor deficiency (e.g., a deficiency in one or more of fetuin-A, matrix gla protein
(MGP), and osteoprotegerin (OPG)).

[0040] In certain embodiments, the subjects suffering from vascular calcification treated in
accordance with the methods described herein have Media calcification (also known as
Monckeberg’s sclerosis or media calcinosis). Media calcification is characterized by diffuse
mineral deposits within the arterial tunica media. In a specific embodiment, the subjects
suffering from media calcification are elderly. In a specific embodiment, the subjects suffering
from media calcification have a disorder that causes the Media calcification, e.g., diabetes, renal
disease (e.g., CKD).

[0041] In certain embodiments, the subjects suffering from vascular calcification treated in
accordance with the methods described herein have Intima calcification. Intima calcification is
associated with atherosclerosis and progresses as atherosclerotic plaques progress.

[0042] In certain embodiments, a subject suffering from, or at risk of suffering from, a form
of CKD-MBD and/or extraskeletal calcification, ¢.g., vascular calcification, has increased levels
of FGF23, a hormone produced by osteocytes in response to decreased mechanical loading,
decreases in bone formation and to excess phosphorus in the exchangable pool (see, ¢.g., Hruska
and Mathew, 2011, Advances in Chronic Kidney Discase 18(2):98-104), relative to FGF23
levels in subjects that are not suffering from, or not at risk of suffering from, a form of CKD-
MBD and/or extraskeletal calcification, e.g., vascular calcification. Levels of FGF23 can be
detected using methods known in the art, e.g., ELISA, using samples from the subjects, ¢.g,
blood, serum. In a specific embodiment, the level of FGF23 (e.g., the level detectable in the
serum) in a subject suffering from, or at risk of suffering from, a form of CKD-MBD and/or
extraskeletal calcification, e.g., vascular calcification, is about 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, or greater than 50%, greater than the level of FGF23 (e.g., the level
detectable in the serum) in a subject not suffering from, or not at risk of suffering from, a form of

CKD-MBD and/or extraskeletal calcification, e.g., vascular calcification. In another specific
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embodiment, the level of FGF23 (e.g., the level detectable in the serum) in a subject suffering
from, or at risk of suffering from, a form of CKD-MBD and/or extraskeletal calcification, e.g.,
vascular calcification, is about 5-10%, 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 50-75%, or
75-100%, greater than the level of FGF23 (e.g., the level detectable in the serum) in a subject not
suffering from, or not at risk of suffering from, a form of CKD-MBD and/or extraskeletal
calcification, e.g., vascular calcification.

[0043] In certain embodiments, levels of FGF23 in a subject suffering from, or at risk of
suffering from, a form of CKD-MBD and/or extraskeletal calcification, ¢.g., vascular
calcification, can be used to monitor the effectiveness of a method described herein, e.g., a
method of treating a form of CKD-MBD and/or a method of treating extraskeletal calcification
(e.g., vascular calcification), wherein such methods comprise administration of a therapeutically
effective amount of an ActRII inhibitor described herein. In a specific embodiment, a subject
treated in accordance with one or more of the methods described herein has a decreased level of
FGF23 (e.g., as detected in the serum of the subject) as compared to the level of FGF23 detected
in the subject prior to being treated with a method described herein. In another specific
embodiment, the level of FGF23 (e.g., the level detectable in the serum) in a subject suffering
from, or at risk of suffering from, a form of CKD-MBD and/or extraskeletal calcification, e.g.,
vascular calcification, treated with a method described herein is decreased by about 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, or greater than 50%, relative to the level of FGF23
(e.g., the level detectable in the serum) detected in the subject prior to treatment with a method
described herein. In another specific embodiment, the level of FGF23 (e.g., the level detectable
in the serum) in a subject suffering from, or at risk of suffering from, a form of CKD-MBD
and/or extraskeletal calcification, e.g., vascular calcification, is decreased by about 5-10%, 10-
20%, 20-30%, 30-40%, 40-50%, 50-60%, 50-75%, or 75-100%, relative to the level of FGF23
(e.g., the level detectable in the serum) detected in the subject prior to treatment with a method
described herein.

[0044] In a specific embodiment, provided herein is a method of treating a form of CKD-
MBD and/or extraskeletal calcification, e.g., vascular calcification, comprising: (i) administering
an ActRII inhibitor to an individual having a form of CKD-MBD and/or extraskeletal
calcification, e.g., vascular calcification; (i1) determining an amount of FGF23 in a tissue sample

(e.g., serum) of said individual after the adminstration of the ActRII inhibitor; and (iii) if the
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amount of FGF23 in said tissue sample is decreased by no more than about 5%, 10%, 15%, 20%,
or 25%, or by about 5-10%, 10-20%, 20-30%, as compared to the amount of FGF23 determined
in a sample of the same tissue type from said individual (e.g., a different sample of serum from
the same individual) prior to administration of the ActRII inhibitor, repeating the administration
of the ActRII inhibitor. In certain embodiments, if the amount of FGF23 is not decreased
following administration of the ActRII inhibitor, the dose of the ActRII inhibitor administered
can be increased. In certain embodiments, if the amount of FGF23 is not decreased following
administration of the ActRII inhibitor, the frequency of administration of the ActRII inhibitor
administered can be increased.

[0045] In certain embodiments, a subject suffering from, or at risk of suffering from, a form
of CKD-MBD and/or extraskeletal calcification, ¢.g., vascular calcification, has increased levels
of sclerostin, a protein increased in subjects suffering from, or at risk of suffering from, CKD-
MBD (see, e.g., Graciolli et al., 2010, J] Am Soc Nephrol 21:774A), relative to sclerostin levels
in subjects that are not suffering from, or not at risk of suffering from, a form of CKD-MBD
and/or extraskeletal calcification, e.g., vascular calcification. Levels of sclerostin can be
detected using methods known in the art, e.g., ELISA, using samples from the subjects, e¢.g,
blood, serum. In a specific embodiment, the level of sclerostin (e.g., the level detectable in the
serum) in a subject suffering from, or at risk of suffering from, a form of CKD-MBD and/or
extraskeletal calcification, e.g., vascular calcification, is about 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, or greater than 50%, greater than the level of sclerostin (e.g., the level
detectable in the serum) in a subject not suffering from, or not at risk of suffering from, a form of
CKD-MBD and/or extraskeletal calcification, e.g., vascular calcification. In another specific
embodiment, the level of sclerostin (e.g., the level detectable in the serum) in a subject suffering
from, or at risk of suffering from, a form of CKD-MBD and/or extraskeletal calcification, e.g.,
vascular calcification, is about 5-10%, 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 50-75%, or
75-100%, greater than the level of sclerostin (e.g., the level detectable in the serum) in a subject
not suffering from, or not at risk of suffering from, a form of CKD-MBD and/or extraskeletal
calcification, e.g., vascular calcification.

[0046] In certain embodiments, levels of sclerostin in a subject suffering from, or at risk of
suffering from, a form of CKD-MBD and/or extraskeletal calcification, ¢.g., vascular

calcification, can be used to monitor the effectiveness of a method described herein, e.g., a
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method of treating a form of CKD-MBD and/or a method of treating extraskeletal calcification
(e.g., vascular calcification), wherein such methods comprise administration of a therapeutically
effective amount of an ActRII inhibitor described herein. In a specific embodiment, a subject
treated in accordance with one or more of the methods described herein has a decreased level of
sclerostin (e.g., as detected in the serum of the subject) as compared to the level of sclerostin
detected in the subject prior to being treated with a method described herein. In another specific
embodiment, the level of sclerostin (e.g., the level detectable in the serum) in a subject suffering
from, or at risk of suffering from, a form of CKD-MBD and/or extraskeletal calcification, e.g.,
vascular calcification, treated with a method described herein is decreased by about 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, or greater than 50%, relative to the level of
sclerostin (e.g., the level detectable in the serum) detected in the subject prior to treatment with a
method described herein. In another specific embodiment, the level of sclerostin (e.g., the level
detectable in the serum) in a subject suffering from, or at risk of suffering from, a form of CKD-
MBD and/or extraskeletal calcification, e.g., vascular calcification, is decreased by about 5-10%,
10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 50-75%, or 75-100%, relative to the level of
sclerostin (e.g., the level detectable in the serum) detected in the subject prior to treatment with a
method described herein.

[0047] In a specific embodiment, provided herein is a method of treating a form of CKD-
MBD and/or extraskeletal calcification, e.g., vascular calcification, comprising: (i) administering
an ActRII inhibitor to an individual having a form of CKD-MBD and/or extraskeletal
calcification, e.g., vascular calcification; (i1) determining an amount of sclerostin in a tissue
sample (e.g., serum) of said individual after the adminstration of the ActRII inhibitor; and (ii1) if
the amount of sclerostin in said tissue sample is decreased by no more than about 5%, 10%, 15%,
20%, or 25%, or by about 5-10%, 10-20%, 20-30%, as compared to the amount of sclerostin
determined in a sample of the same tissue from said individual (e.g., a different sample of serum
from the same individual) prior to administration of the ActRII inhibitor, repeating the
administration of the ActRII inhibitor. In certain embodiments, if the amount of sclerostin is not
decreased following administration of the ActRII inhibitor, the dose of the ActRII inhibitor
administered can be increased. In certain embodiments, if the amount of sclerostin is not
decreased following administration of the ActRII inhibitor, the frequency of administration of

the ActRII inhibitor administered can be increased.
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[0048] In certain embodiments, the subject suffering from vascular calcification treated in
accordance with the methods described herein is less than 18 years old. In a specific
embodiment, the subject suffering from vascular calcification treated in accordance with the
methods described herein is less than 13 years old. In another specific embodiment, the subject
suffering from vascular calcification treated in accordance with the methods described herein is
less than 12, less than 11, less than 10, less than 9, less than &, less than 7, less than 6, or less
than 5 years old. In another specific embodiment, the subject suffering from vascular
calcification treated in accordance with the methods described herein is 1-3 years old, 3-5 years
old, 5-7 years old, 7-9 years old, 9-11 years old, 11-13 years old, 13-15 years old, 15-20 years
old, 20-25 years old, 25-30 years old, or greater than 30 years old. In another specific
embodiment, the subject suffering from vascular calcification treated in accordance with the
methods described herein is 30-35 years old, 35-40 years old, 40-45 years old, 45-50 years old,
50-55 years old, 55-60 years old, or greater than 60 years old. In another specific embodiment,
the subject suffering from vascular calcification treated in accordance with the methods
described herein is 60-65 years old, 65-70 years old, 70-75 years old, 75-80 years old, or greater
than 80 years old.

[0049] In certain embodiments, the subject suffering from vascular calcification treated in
accordance with the methods described herein has end stage renal disease. In certain
embodiments, the subject suffering from vascular calcification treated in accordance with the
methods described herein undergoes dialysis.

[0050] In certain embodiments, the effectiveness of treatment or prevention of extraskeletal
calcification, e.g., vascular calcification, is assessed using one or more assays known to those of
skill in the art. Exemplary assays are described in Section 5.3(a)(iv). In accordance with such
embodiments, one of skill in the art will understand that a subject being treated with an ActRII
inhibitor as described herein may have their treatment regimen adjusted based on the outcome of
the assays. For example, a subject being treated by a method described herein that displays
increases in levels of calcium, e.g., vascular calcium (e.g., arterial calcium) may be administered
an increased dose of ActRII inhibitor, or a may be administered an ActRII inhibitor more
frequently (i.c., the time between dose administrations may be decreased). Conversely, a subject
being treated by a method described herein that displays decreases in levels of calcium, e.g.,

vascular calcium (e.g., arterial calcium) may be administered a decreased dose of ActRII
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inhibitor, or a may be administered an ActRII inhibitor less frequently (i.e., the time between
dose administrations may be increased).

[0051] In certain embodiments, the methods provided herein result in the improvement of the
symptoms of one or more of the following: hyperphosphatemia, secondary hyperparathyroidism
(due to increase in phosphorus), and extraskeletal calcification, e.g., vascular calcification. Any
method known to the skilled artisan to determine the degree of these symptoms can be used with
the methods provided herein. In specific embodiments, the methods described herein result in
the improvement of one or more symptoms of vascular calcification. Exemplary symptoms
include, without limitation, increases in the levels of vascular (e.g., arterial) calcium, increased
apoptosis of vascular smooth muscle cells, loss of arterial elasticity, an increase in PWV (pulse
wave velocity), development of left ventricular hypertrophy, decrease in coronary artery
perfusion, and myocardial ischaemia.

[0052] In certain embodiments, the methods described herein result in a decrease in the
levels of vascular calcium, e.g., arterial calcium, in a subject by at least 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45% or 50%. In certain embodiments, the methods described herein
result in a decrease in the levels of vascular calcium, e.g., arterial calcium, in a subject by 5%-
10%, 10%-15%, 15%-20%, 20%-25%, 25%-30%, 30%-35%, 35%-40%, 40%-45%, or 45%-
50%.

[0053] In a specific embodiment, provided herein is a method of reducing the levels of
vascular calcium in a subject, comprising: (i) administering an ActRII inhibitor to a subject in
need of reduction vascular calcium levels (e.g., a subject having a form of CKD-MBD and/or
extraskeletal calcification, e.g., vascular calcification); (ii) determining an amount of vascular
calcium in a tissue sample (e.g., serum) of said subject after the adminstration of the ActRII
inhibitor; and (iii) if the amount of vascular calcium in said tissue sample is decreased by no
more than about 5%, 10%, 15%, 20%, or 25%, or by about 5-10%, 10-20%, 20-30%, as
compared to the amount of vascular calcium determined in a sample of the same tissue from said
subject (e.g., a different sample of serum from the same individual) prior to administration of the
ActRII inhibitor, repeating the administration of the ActRII inhibitor. In certain embodiments, if
the amount of vascular calcium is not decreased following administration of the ActRII inhibitor,

the dose of the ActRII inhibitor administered can be increased. In certain embodiments, if the

15



WO 2014/071158 PCT/US2013/068009

amount of vascular calcium is not decreased following administration of the ActRII inhibitor, the
frequency of administration of the ActRII inhibitor administered can be increased.

[0054] In certain embodiments, the methods described herein result in a decrease in the
progression of the Agatston score of a subject having or at risk of developing vascular
calcification. In a specific embodiment, the methods described herein result in a 5%, 10%, 15%,
20%, 25%, 30%, or greater than 30% decrease in the Agatston score of a subject having or at risk
of developing vascular calcification as compared to the Agatston score of the subject prior to
administration of an ActRII inhibitor in accordance with the methods described herein (see, e.g.,
Section 5.3(a)(iv)). In another specific embodiment, the methods described herein result in a
5%-10%, 10%-15%, 15%-20%, 20%-25%, 25%-30%, 30%-35%, 35%-40%, 40%-45%, or 45%-
50% decrease in the Agatston score of a subject having or at risk of developing vascular
calcification as compared to the Agatston score of the subject prior to administration of an
ActRII inhibitor in accordance with the methods described herein (see, e.g., Section 5.3(a)(iv)).
[0055] In another specific embodiment, the methods described herein result in a decrease in
the levels of calcium in the vasculature of a subject, ¢.g., a decrease in the levels of calcium in
one or more arteries of the subject, e.g., a subject having or at risk of developing vascular
calcification. In another specific embodiment, the methods described herein result in a decrease
in the levels of phosphorus in the vasculature of a subject, e.g., a decrease in the levels of
phosphorus in one or more arteries of the subject, e.g., a subject having or at risk of developing
vascular calcification.

[0056] In certain embodiments, provided herein are methods for the treatment of low
turnover bone disorders. Low bone turnover can be diagnosed using the tests set forth in Section
5.3(a) below. Biochemical markers of bone turnover include: serum or urine collagen cross-
links (N-telopeptide or C-telopeptide), bone-specific alkaline phosphatase, serum osteocalcin
and/or propeptide type 1 collagen, 25 hydroxyvitamin D, and parathyroid hormone ("PTH"). In
a specific embodiment, the low turnover bone disorder is adynamic bone disorder. In certain
embodiments, a patient to be treated with the methods provided herein has a reduction in bone-
turnover of at least 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%,
98%, 99% or of 100%. In certain embodiments, a patient to be treated with the methods
provided herein has a reduction in bone-turnover of at most 10%, 20%, 25%, 30%, 40%, 50%,
60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or of 100%. In certain embodiments, a
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patient to be treated with the methods provided herein has a reduction in bone-turnover of at
between 10% and 25%, 20% and 35%, 30% and 45%, 40% and 55%, 50% and 65%, 60% and
75%, 70% and 85%, 80% and 95%, 90% and 100%. In certain embodiments, the reduction in
bone turnover is compared to historical data of the same patient. In other embodiments, the
reduction in bone turnover is compared to the average bone turnover in a population without
bone disorders. The population without bone disorders can be of the same age and / or same sex
as the patient.

[0057] In a specific embodiment, provided herein is a method of treating a low turnover bone
disorder, e.g., adynamic bone disorder, comprising: (1) administering an ActRII inhibitor to a
subject having a low turnover bone disorder; (ii) determining the level of bone-turnover in said
subject after the adminstration of the ActRII inhibitor (e.g., by using one or more of the tests set
forth in Section 5.3(a) below and/or by measuring one or more biochemical markers of bone
turnover); and (iii) if the level of bone turnover in the subject is decreased by no more than about
5%, 10%, 15%, 20%, or 25%, or by about 5-10%, 10-20%, 20-30%, as compared to the level of
bone turnover in the subject prior to administration of the ActRII inhibitor, repeating the
administration of the ActRII inhibitor. In certain embodiments, if the level of bone turnover is
not decreased following administration of the ActRII inhibitor, the dose of the ActRII inhibitor
administered can be increased. In certain embodiments, if the level of bone turnover is not
decreased following administration of the ActRII inhibitor, the frequency of administration of

the ActRII inhibitor administered can be increased.

5.2  INHIBITORS OF ACTRII
(a) INHIBITORS OF ACTRIIA

[0058] As used herein, the term "ActRIIA" refers to a family of activin receptor type Ila
(ActRIIA) proteins from any species and variants derived from such ActRIIA proteins by
mutagenesis or other modification. Reference to ActRIIA herein is understood to be a reference
to any one of the currently identified forms. Members of the ActRIIA family are generally
transmembrane proteins, composed of a ligand-binding extracellular domain with a cysteine-rich
region, a transmembrane domain, and a cytoplasmic domain with predicted serine/threonine

kinase activity.
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[0059] ActRIIA inhibitors to be used in the compositions and methods described herein
include, without limitation, activin-binding soluble ActRIIA polypeptides; antibodies that bind to
activin (particularly the activin A or B subunits, also referred to as BA or 8B) and disrupt
ActRIIA binding; antibodies that bind to ActRIIA and disrupt activin binding; non-antibody
proteins selected for activin or ActRIIA binding (see e.g., W0O/2002/088171, WO/2006/055689,
W0/2002/032925, WO/2005/037989, US 2003/0133939, and US 2005/0238646, cach of which
is incorporated herein by reference in its entirety, for examples of such proteins and methods for
design and selection of same); and randomized peptides selected for activin or ActRIIA binding,
which can be conjugated to an Fc domain.

[0060] In certain embodiments, two or more different proteins (or other moieties) with
activin or ActRIIA binding activity, especially activin binders that block the type I (e.g., a
soluble type I activin receptor) and type Il (e.g., a soluble type II activin receptor) binding sites,
respectively, may be linked together to create a bifunctional or multifunctional binding molecule
that inhibits ActRIIA and thus can be used in the compositions and methods described herein. In
certain embodiments, Activin-ActRIIA signaling axis antagonists that inhibit ActRIIA include
nucleic acid aptamers, small molecules and other agents are used in the compositions and
methods described herein include.

(i) ActRIIA Inhibitors Comprising ActRITA Polypeptides

[0061] The term "ActRIIA polypeptide" includes polypeptides comprising any naturally
occurring polypeptide of an ActRIIA family member as well as any variants thereof (including
mutants, fragments, fusions, and peptidomimetic forms) that retain a useful activity. For
example, ActRIIA polypeptides include polypeptides derived from the sequence of any known
ActRIIA having a sequence at least about 80% identical to the sequence of an ActRIIA
polypeptide, and optionally at least 85%, 90%, 95%, 97%, 98%, 99% or greater identity. For
example, an ActRIIA polypeptide may bind to and inhibit the function of an ActRIIA protein
and/or activin. An ActRIIB polypeptide may be selected for its ability to promote bone growth
and bone mineralization. Examples of ActRIIA polypeptides include human ActRIIA precursor
polypeptide (SEQ ID NO: 1) and soluble human ActRIIA polypeptides (e.g., SEQ ID NOs: 2, 3,
7 and 12). With respect to the ActRIIA precursor polypeptide whose amino acid sequence is
depicted at SEQ ID NO:1, the signal peptide of the human ActRIIA precursor polypeptide

located at amino acid positions 1 to 20; the extracellular domain is located at amino acid
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positions 21 to 135 and the N-linked glycosylation sites of the human ActRIIA precursor
polypeptide (SEQ ID NO: 1) are located at amino acid positions 43 and 56 of SEQ ID NO:1.
The nucleic acid sequence encoding the human ActRIIB precursor polypeptide of SEQ ID NO:1
is disclosed as SEQ ID NO:4 (nucleotides 164-1705 of Genbank entry NM_001616). The
nucleic acid sequence encoding the soluble human ActRIIA polypeptide of SEQ ID NO:2 is
disclosed as SEQ ID NO:5. See Table 6 for a description of the sequences.

[0062] In specific embodiments, the ActRIIA polypeptides used in the compositions and
methods described herein are soluble ActRIIA polypeptides. An extracellular domain of an
ActRIIA protein can bind to activin and is generally soluble, and thus can be termed a soluble,
activin-binding ActRITA polypeptide. Thus, as used herein, the term "soluble ActRITA
polypeptide” generally refers to polypeptides comprising an extracellular domain of an ActRITA
protein, including any naturally occurring extracellular domain of an ActRIIA protein as well as
any variants thereof (including mutants, fragments and peptidomimetic forms). Soluble ActRIIA
polypeptides can bind to activin; however, the wild type ActRIIA protein does not exhibit
significant selectivity in binding to activin versus GDF8/11. Native or altered ActRIIA proteins
may be given added specificity for activin by coupling them with a second, activin-selective
binding agent. Examples of soluble, activin-binding ActRIIA polypeptides include the soluble
polypeptides illustrated in SEQ ID NOs: 2, 3, 7, 12 and 13. Other examples of soluble, activin-
binding ActRIIA polypeptides comprise a signal sequence in addition to the extracellular domain
of an ActRIIA protein, for example, the honey bee mellitin leader sequence (SEQ ID NO: 8), the
tissue plasminogen activator (TPA) leader (SEQ ID NO: 9) or the native ActRIIA leader (SEQ
ID NO: 10). The ActRITA-hFc polypeptide illustrated in SEQ ID NO:13 uses a TPA leader.
[0063] In certain embodiments, the inhibitors of ActRIIA used in the compositions and
methods described herein comprise a conjugate/fusion protein comprising an activin-binding
domain of ActRIIA linked to an Fc portion of an antibody. In certain embodiments, the activin-
binding domain is linked to an Fc portion of an antibody via a linker, e.g., a peptide linker.
Optionally, the Fc domain has one or more mutations at residues such as Asp-265, lysine 322,
and Asn-434. In certain cases, the mutant Fc domain having one or more of these mutations
(e.g., an Asp-265 mutation) has a reduced ability to bind to the Fcy receptor relative to a wild-
type Fc domain. In other cases, the mutant Fc domain having one or more of these mutations

(e.g., an Asn-434 mutation) has an increased ability to bind to the MHC class I- related Fc-
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receptor (FCRN) relative to a wild-type Fc domain. Exemplary fusion proteins comprising a
soluble extracellular domain of ActRIIA fused to an Fc domain are set forth in SEQ ID NOs: 6,
7,12, and 13.

[0064] In a specific embodiment, the ActRITA inhibitors used in the compositions and
methods described herein comprise the extracellular domain of ActRIIA, or a portion thereof,
linked to an Fc portion of an antibody, wherein said ActRIIA inhibitor comprises an amino acid
sequence that is at least 75% identical to an amino acid sequence selected from SEQ ID NOs: 6,
7, 12, and 13. In another specific embodiment, the ActRIIA inhibitors used in the compositions
and methods described herein comprise the extracellular domain of ActRIIA, or a portion
thereof, linked to an Fc portion of an antibody, wherein said ActRIIA inhibitor comprises an
amino acid sequence that is at least 80%, 85%, 90%, 95%, 96%, 97%., 98%, or 99% identical to
an amino acid sequence selected from SEQ ID NOs: 6, 7, 12, and 13.

[0065] In certain embodiments, the inhibitors of ActRIIA used in the compositions and
methods described herein comprise a truncated form of an extracellular domain of ActRIIA. The
truncation can be at the carboxy terminus and/or the amino terminus of the ActRIIA polypeptide.
In certain embodiments, the truncation canbe 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, or 25 amino acids long relative to the mature ActRIIB polypeptide
extracellular domain. In certain embodiments, the truncation canbe 1, 2, 3, 4, 5, 6, 7, &, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 N-terminal amino acids of the mature
ActRIIA polypeptide extracellular domain. In certain embodiments, the truncation can be 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 C-terminal amino
acids of the mature ActRIIA polypeptide extracellular domain. For example, truncated forms of
ActRIIA include polypeptides with amino acids 20-119; 20-128; 20-129; 20-130; 20-131; 20-
132; 20-133; 20-134; 20-131; 21-131; 22-131; 23-131; 24-131; and 25-131, wherein the amino
acid positions refer to the amino acid positions in SEQ ID NO:1.

[0066] In certain embodiments, the inhibitors of ActRIIA used in the compositions and
methods described herein comprise an extracellular domain of ActRIIA with one or more amino
acid substitutions. In certain embodiments, the inhibitors of ActRIIA used in the compositions
and methods described herein comprise a truncated form of an ActRIIA extracellular domain that

also carries an amino acid substitution.
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[0067] In a specific embodiment, the ActRITA inhibitor to be used in the compositions and
methods described herein is a fusion protein between the extracellular domain of the human
ACctRIIA receptor and the Fc portion of IgG1. In another specific embodiment, the ActRITA
inhibitor to be used in the compositions and methods described herein is a fusion protein
between a truncated extracellular domain of the human ActRIIA receptor and the Fc portion of
IgGl1. In another specific embodiment, the ActRIIA inhibitor to be used in the compositions and
methods described herein is a fusion protein between a truncated extracellular domain of the
human ActRIIA receptor and the Fc portion of IgG1, wherein the truncated extracellular domain
of the human ActRIIA receptor possesses one or more amino acid substitutions.

[0068] Functionally active fragments of ActRIIA polypeptides can be obtained, for example,
by screening polypeptides recombinantly produced from the corresponding fragment of the
nucleic acid encoding an ActRIIA polypeptide. In addition, fragments can be chemically
synthesized using techniques known in the art such as conventional Merrifield solid phase f-Moc
or t-Boc chemistry. The fragments can be produced (recombinantly or by chemical synthesis)
and tested to identify those peptidyl fragments that can function as antagonists (inhibitors) of
ActRIIA protein or signaling mediated by activin.

[0069] In addition, functionally active variants of ActRIIA polypeptides can be obtained, for
example, by screening libraries of modified polypeptides recombinantly produced from the
corresponding mutagenized nucleic acids encoding an ActRIIA polypeptide. The variants can be
produced and tested to identify those that can function as antagonists (inhibitors) of ActRIIA
protein or signaling mediated by activin. In certain embodiments, a functional variant of the
ActRIIA polypeptides comprises an amino acid sequence that is at least 75% identical to an
amino acid sequence selected from SEQ ID NOs: 2 or 3. In certain cases, the functional variant
has an amino acid sequence at least 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to
an amino acid sequence selected from SEQ ID NOs: 2 or 3.

[0070] Functional variants may be generated, for example, by modifying the structure of an
ActRIIA polypeptide for such purposes as enhancing therapeutic efficacy, or stability (e.g., ex
vivo shelf life and resistance to proteolytic degradation in vivo). Such modified ActRITA
polypeptides when selected to retain activin binding, can be considered functional equivalents of
the naturally-occurring ActRIIA polypeptides. Modified ActRIIA polypeptides can also be

produced, for instance, by amino acid substitution, deletion, or addition. For instance, it is
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reasonable to expect that an isolated replacement of a leucine with an isoleucine or valine, an
aspartate with a glutamate, a threonine with a serine, or a similar replacement of an amino acid
with a structurally related amino acid (e.g., conservative mutations) will not have a major effect
on the biological activity of the resulting molecule. Conservative replacements are those that
take place within a family of amino acids that are related in their side chains. Whether a change
in the amino acid sequence of an ActRIIA polypeptide results in a functional homolog can be
readily determined by assessing the ability of the variant ActRIIA polypeptide to produce a
response in cells in a fashion similar to the wild-type ActRIIA polypeptide.

[0071] In certain embodiments, the ActRIIA inhibitor to be used in the compositions and
methods described herein may comprise an ActRIIA polypeptide having one or more specific
mutations that can alter the glycosylation of the polypeptide. Such mutations may introduce or
eliminate one or more glycosylation sites, such as O-linked or N-linked glycosylation sites.
Asparagine-linked glycosylation recognition sites generally comprise a tripeptide sequence,
asparagine-X-threonine (or asparagines-X-serine) (where "X" is any amino acid) which is
specifically recognized by appropriate cellular glycosylation enzymes. The alteration may also
be made by the addition of, or substitution by, one or more serine or threonine residues to the
sequence of the wild-type ActRIIA polypeptide (for O-linked glycosylation sites). A variety of
amino acid substitutions or deletions at one or both of the first or third amino acid positions of a
glycosylation recognition site (and/or amino acid deletion at the second position) results in non-
glycosylation at the modified tripeptide sequence. Another means of increasing the number of
carbohydrate moieties on an ActRIIA polypeptide is by chemical or enzymatic coupling of
glycosides to the ActRIIA polypeptide. Depending on the coupling mode used, the sugar(s) may
be attached to (a) arginine and histidine; (b) free carboxyl groups; (¢) free sulthydryl groups such
as those of cysteine; (d) free hydroxyl groups such as those of serine, threonine, or
hydroxyproline; (¢) aromatic residues such as those of phenylalanine, tyrosine, or tryptophan; or
(f) the amide group of glutamine. These methods are described in WO 87/05330 published Sep.
11, 1987, and in Aplin and Wriston (1981) CRC Crit. Rev. Biochem., pp. 259-306, incorporated
by reference herein. Removal of one or more carbohydrate moieties present on an ActRITA
polypeptide may be accomplished chemically and/or enzymatically. Chemical deglycosylation
may involve, for example, exposure of the ActRIIA polypeptide to the compound

trifluoromethanesulfonic acid, or an equivalent compound. This treatment results in the cleavage
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of most or all sugars except the linking sugar (N-acetylglucosamine or N-acetylgalactosamine),
while leaving the amino acid sequence intact. Chemical deglycosylation is further described by
Hakimuddin et al. (1987) Arch. Biochem. Biophys. 259:52 and by Edge et al. (1981) Anal.
Biochem. 118:131. Enzymatic cleavage of carbohydrate moieties on ActRITIA polypeptides can
be achieved by the use of a variety of endo- and exo-glycosidases as described by Thotakura et
al. (1987) Meth. Enzymol. 138:350. The sequence of an ActRIIA polypeptide may be adjusted,
as appropriate, depending on the type of expression system used, as mammalian, yeast, insect
and plant cells may all introduce differing glycosylation patterns that can be affected by the
amino acid sequence of the peptide. In general, ActRIIA proteins for use in humans can be
expressed in a mammalian cell line that provides proper glycosylation, such as HEK293 or CHO
cell lines, although other expression systems, such as other mammalian expression cell lines,
yeast cell lines with engineered glycosylation enzymes and insect cells, are expected to be useful
as well.

[0072] Further provided herein are methods of generating mutants, particularly sets of
combinatorial mutants of an ActRIIA polypeptide, as well as truncation mutants; pools of
combinatorial mutants are especially useful for identifying functional variant sequences. The
purpose of screening such combinatorial libraries may be to generate, for example, ActRITA
polypeptide variants which can act as either agonists or antagonist, or alternatively, which
possess novel activities all together. A variety of screening assays are provided below, and such
assays may be used to evaluate variants. For example, an ActRIIA polypeptide variant may be
screened for ability to bind to an ActRIIA ligand, to prevent binding of an ActRIIA ligand to an
ActRIIA polypeptide or to interfere with signaling caused by an ActRIIA ligand.

[0073] Combinatorially-derived variants can be generated which have a selective or
generally increased potency relative to a naturally occurring ActRIIA polypeptide. Likewise,
mutagenesis can give rise to variants which have intracellular half-lives dramatically different
than the corresponding a wild-type ActRIIA polypeptide. For example, the altered protein can
be rendered either more stable or less stable to proteolytic degradation or other cellular processes
which result in destruction of, or otherwise inactivation of a native ActRIIA polypeptide. Such
variants, and the genes which encode them, can be utilized to alter ActRIIA polypeptide levels
by modulating the half-life of the ActRIIA polypeptides. For instance, a short half-life can give

rise to more transient biological effects and can allow tighter control of recombinant ActRIIA
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polypeptide levels within the patient. In an Fc fusion protein, mutations may be made in the
linker (if any) and/or the Fc portion to alter the half-life of the protein.

[0074] A combinatorial library may be produced by way of a degenerate library of genes
encoding a library of polypeptides which each include at least a portion of potential ActRIIA
polypeptide sequences. For instance, a mixture of synthetic oligonucleotides can be
enzymatically ligated into gene sequences such that the degenerate set of potential ActRIIA
polypeptide nucleotide sequences are expressible as individual polypeptides, or alternatively, as
a set of larger fusion proteins (e.g., for phage display).

[0075] There are many ways by which the library of potential homologs can be generated
from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence
can be carried out in an automatic DNA synthesizer, and the synthetic genes then be ligated into
an appropriate vector for expression. The synthesis of degenerate oligonucleotides is well
known in the art (see for example, Narang, S A (1983) Tetrahedron 39:3; Itakura et al., (1981)
Recombinant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG Walton, Amsterdam:
Elsevier pp 273-289; Itakura et al., (1984) Annu. Rev. Biochem. 53:323; Itakura et al., (1984)
Science 198:1056; Ike et al., (1983) Nucleic Acid Res. 11:477). Such techniques have been
employed in the directed evolution of other proteins (see, for example, Scott et al., (1990)
Science 249:386-390; Roberts et al., (1992) PNAS USA 89:2429-2433; Devlin et al., (1990)
Science 249: 404-406; Cwirla et al., (1990) PNAS USA 87: 6378-6382; as well as U.S. Pat. Nos.
5,223,409, 5,198,346, and 5,096,815).

[0076] Alternatively, other forms of mutagenesis can be utilized to generate a combinatorial
library. For example, ActRIIA polypeptide variants can be generated and isolated from a library
by screening using, for example, alanine scanning mutagenesis and the like (Ruf et al., (1994)
Biochemistry 33:1565-1572; Wang et al., (1994) J. Biol. Chem. 269:3095-3099; Balint et al.,
(1993) Gene 137:109-118; Grodberg et al., (1993) Eur. J. Biochem. 218:597-601; Nagashima et
al., (1993) J. Biol. Chem. 268:2888-2892; Lowman et al., (1991) Biochemistry 30:10832-10838;
and Cunningham et al., (1989) Science 244:1081-1085), by linker scanning mutagenesis (Gustin
et al., (1993) Virology 193:653-660; Brown et al., (1992) Mol. Cell Biol. 12:2644-2652;
McKnight et al., (1982) Science 232:316); by saturation mutagenesis (Meyers et al., (1986)
Science 232:613); by PCR mutagenesis (Leung et al., (1989) Method Cell Mol Biol 1:11-19); or

by random mutagenesis, including chemical mutagenesis, etc. (Miller et al., (1992) A Short
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Course in Bacterial Genetics, CSHL Press, Cold Spring Harbor, N.Y.; and Greener et al., (1994)
Strategies in Mol Biol 7:32-34). Linker scanning mutagenesis, particularly in a combinatorial
setting, is an attractive method for identifying truncated (bioactive) forms of ActRITA
polypeptides.

[0077] A wide range of techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations and truncations, and, for that matter, for
screening cDNA libraries for gene products having a certain property. Such techniques will be
generally adaptable for rapid screening of the gene libraries generated by the combinatorial
mutagenesis of ActRIIA polypeptides. The most widely used techniques for screening large
gene libraries typically comprises cloning the gene library into replicable expression vectors,
transforming appropriate cells with the resulting library of vectors, and expressing the
combinatorial genes under conditions in which detection of a desired activity facilitates relatively
casy isolation of the vector encoding the gene whose product was detected. Preferred assays
include activin binding assays and activin-mediated cell signaling assays.

[0078] In certain embodiments, ActRIIA polypeptides used in the inhibitors of the methods
and compositions described herein may further comprise post-translational modifications in
addition to any that are naturally present in the ActRIIA polypeptides. Such modifications may
include, but are not limited to, acetylation, carboxylation, glycosylation, phosphorylation,
lipidation, and acylation. As a result, the modified ActRIIA polypeptides may contain non-
amino acid elements, such as polyethylene glycols, lipids, poly- or mono-saccharide, and
phosphates. Effects of such non-amino acid elements on the functionality of a ActRIIA
polypeptide may be tested by any method known to the skilled artisan. When an ActRITA
polypeptide is produced in cells by cleaving a nascent form of the ActRIIA polypeptide, post-
translational processing may also be important for correct folding and/or function of the protein.
Different cells (such as CHO, HeLa, MDCK, 293, W138, NIH-3T3 or HEK293) have specific
cellular machinery and characteristic mechanisms for such post-translational activities and may
be chosen to ensure the correct modification and processing of the ActRIIA polypeptides.
[0079] In certain aspects, functional variants or modified forms of the ActRIIA polypeptides
used in the inhibitors of the methods and compositions described herein include fusion proteins
having at least a portion of the ActRIIA polypeptides and one or more fusion domains. Well

known examples of such fusion domains include, but are not limited to, polyhistidine, Glu-Glu,
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glutathione S transferase (GST), thioredoxin, protein A, protein G, an immunoglobulin heavy
chain constant region (Fc), maltose binding protein (MBP), or human serum albumin. A fusion
domain may be selected so as to confer a desired property. For example, some fusion domains
are particularly useful for isolation of the fusion proteins by affinity chromatography. For the
purpose of affinity purification, relevant matrices for affinity chromatography, such as
glutathione-, amylase-, and nickel- or cobalt-conjugated resins are used. Many of such matrices
are available in "kit" form, such as the Pharmacia GST purification system and the
QIAexpress. TM. system (Qiagen) useful with (HIS6) fusion partners. As another example, a
fusion domain may be selected so as to facilitate detection of the ActRIIA polypeptides.
Examples of such detection domains include the various fluorescent proteins (e.g., GFP) as well
as "epitope tags," which are usually short peptide sequences for which a specific antibody is
available. Well known epitope tags for which specific monoclonal antibodies are readily
available include FLAG, influenza virus hemagglutinin (HA), and c-myc tags. In some cases,
the fusion domains have a protease cleavage site, such as for Factor Xa or Thrombin, which
allows the relevant protease to partially digest the fusion proteins and thereby liberate the
recombinant proteins therefrom. The liberated proteins can then be isolated from the fusion
domain by subsequent chromatographic separation. In certain preferred embodiments, an
ActRIIA polypeptide is fused with a domain that stabilizes the ActRIIA polypeptide in vivo (a
"stabilizer" domain). By "stabilizing" is meant anything that increases serum half life, regardless
of whether this is because of decreased destruction, decreased clearance by the kidney, or other
pharmacokinetic effect. Fusions with the Fc portion of an immunoglobulin are known to confer
desirable pharmacokinetic properties on a wide range of proteins. Likewise, fusions to human
serum albumin can confer desirable properties. Other types of fusion domains that may be
selected include multimerizing (e.g., dimerizing, tetramerizing) domains and functional domains
(that confer an additional biological function, such as further stimulation of bone growth or
muscle growth, as desired).

[0080] It is understood that different elements of the fusion proteins may be arranged in any
manner that is consistent with the desired functionality. For example, an ActRIIA polypeptide
may be placed C-terminal to a heterologous domain, or, alternatively, a heterologous domain

may be placed C-terminal to an ActRIIA polypeptide. The ActRIIA polypeptide domain and the
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heterologous domain need not be adjacent in a fusion protein, and additional domains or amino
acid sequences may be included C- or N-terminal to either domain or between the domains.
[0081] In certain embodiments, the ActRIIA polypeptides used in the inhibitors of the
methods and compositions described herein may contain one or more modifications that are
capable of stabilizing the ActRIIA polypeptides. For example, such modifications may enhance
the in vitro half life of the ActRIIA polypeptides, enhance circulatory half life of the ActRITA
polypeptides or reduce proteolytic degradation of the ActRIIA polypeptides. Such stabilizing
modifications may include, but are not limited to, fusion proteins (including, for example, fusion
proteins comprising an ActRIIA polypeptide and a stabilizer domain), modifications of a
glycosylation site (including, for example, addition of a glycosylation site to an ActRIIA
polypeptide), and modifications of carbohydrate moiety (including, for example, removal of
carbohydrate moieties from an ActRIIA polypeptide). In the case of fusion proteins, an ActRIIA
polypeptide is fused to a stabilizer domain such as an IgG molecule (e.g., an Fc domain). As
used herein, the term "stabilizer domain" not only refers to a fusion domain (e.g., Fc) as in the
case of fusion proteins, but also includes nonproteinaceous modifications such as a carbohydrate
moiety, or nonproteinaceous polymer, such as polyethylene glycol.

[0082] In certain embodiments, isolated and/or purified forms of ActRIIA polypeptides,
which are isolated from, or otherwise substantially free of, other proteins can be used with the
methods and compositions described herein. ActRIIA polypeptides can generally be produced
by expression from recombinant nucleic acids.

[0083] In certain aspects, the ActRIIA polypeptides used in the compositions and methods
described herein are generated using isolated and/or recombinant nucleic acids encoding any of
the ActRIIA polypeptides (e.g., soluble ActRIIA polypeptides), including fragments, functional
variants and fusion proteins disclosed herein. For example, SEQ ID NO: 4 encodes the naturally
occurring human ActRITA precursor polypeptide, while SEQ ID NO: 5 encodes the processed
extracellular domain of ActRIIA. Such nucleic acids may be single-stranded or double stranded.
Such nucleic acids may be DNA or RNA molecules. These nucleic acids may be used, for
example, in methods for making ActRIIA polypeptides or as direct therapeutic agents (e.g., in a

gene therapy approach).
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[0084] In certain aspects, nucleic acids encoding ActRIIA polypeptides may include nucleic
acids that are variants of SEQ ID NO: 4 or 5. Variant nucleotide sequences include sequences
that differ by one or more nucleotide substitutions, additions or deletions, such as allelic variants.
[0085] In certain embodiments, isolated or recombinant nucleic acid sequences encoding
ActRIIA polypeptides may be least 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to
SEQ ID NO: 4 or 5. One of ordinary skill in the art will appreciate that nucleic acid sequences
complementary to SEQ ID NO: 4 or 5, and variants of SEQ ID NO: 4 or 5 may be used in the
production of ActRIIA polypeptides suitable for use in the methods and compositions described
herein. In further embodiments, such nucleic acid sequences can be isolated, recombinant,
and/or fused to a heterologous nucleotide sequence, or be from a DNA library.

[0086] In other embodiments, nucleic acids used in the production of ActRIIA polypeptides
suitable for use in the methods and compositions described herein may include nucleotide
sequences that hybridize under highly stringent conditions to the nucleotide sequence designated
in SEQ ID NO: 4 or 5, complement sequence of SEQ ID NO: 4 or 5, or fragments thereof. One
of ordinary skill in the art will understand that appropriate stringency conditions which promote
DNA hybridization can be varied. For example, one can perform the hybridization at 6.0 times
sodium chloride/sodium citrate (SSC) at about 45 degree Celsius, followed by a wash of 2.0
times SSC at 50 degree Celsius. For example, the salt concentration in the wash step can be
selected from a low stringency of about 2.0 times SSC at 50 degree Celsius to a high stringency
of about 0.2 times SSC at 50 degree Celsius. In addition, the temperature in the wash step can be
increased from low stringency conditions at room temperature, about 22 degree Celsius, to high
stringency conditions at about 65 degree Celsius. Both temperature and salt may be varied, or
temperature or salt concentration may be held constant while the other variable is changed. In
one embodiment, nucleic acids which hybridize under low stringency conditions of 6 times SSC
at room temperature followed by a wash at 2 times SSC at room temperature can be used with
the methods and compositions described herein.

[0087] Isolated nucleic acids which differ from the nucleic acids as set forth in SEQ ID NOs:
4 or 5 due to degeneracy in the genetic code also can be used in the production of ActRITA
polypeptides suitable for use in the methods and compositions described herein. For example, a
number of amino acids are designated by more than one triplet. Codons that specify the same

amino acid, or synonyms (for example, CAU and CAC are synonyms for histidine) may result in
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"silent" mutations which do not affect the amino acid sequence of the protein. However, it is
expected that DNA sequence polymorphisms that do lead to changes in the amino acid sequences
of the subject proteins will exist among mammalian cells. One skilled in the art will appreciate
that these variations in one or more nucleotides (up to about 3-5% of the nucleotides) of the
nucleic acids encoding a particular protein may exist among individuals of a given species due to
natural allelic variation.

[0088] In certain embodiments, the recombinant nucleic acids may be operably linked to one
or more regulatory nucleotide sequences in an expression construct. Regulatory nucleotide
sequences will generally be appropriate to the host cell used for expression. Numerous types of
appropriate expression vectors and suitable regulatory sequences are known in the art for a
variety of host cells. Typically, said one or more regulatory nucleotide sequences may include,
but are not limited to, promoter sequences, leader or signal sequences, ribosomal binding sites,
transcriptional start and termination sequences, translational start and termination sequences, and
enhancer or activator sequences. Constitutive or inducible promoters as known in the art are
contemplated herein. The promoters may be either naturally occurring promoters, or hybrid
promoters that combine elements of more than one promoter. An expression construct may be
present in a cell on an episome, such as a plasmid, or the expression construct may be inserted in
a chromosome. In a preferred embodiment, the expression vector contains a selectable marker
gene to allow the selection of transformed host cells. Selectable marker genes are well known in
the art and will vary with the host cell used.

[0089] In certain aspects, the a nucleic acid used in the production of ActRIIA polypeptides
suitable for use in the methods and compositions described herein can be provided in an
expression vector comprising a nucleotide sequence encoding an ActRIIA polypeptide and
operably linked to at least one regulatory sequence. Regulatory sequences are art-recognized and
are selected to direct expression of the ActRIIA polypeptide. Accordingly, the term regulatory
sequence includes promoters, enhancers, and other expression control elements. Exemplary
regulatory sequences are described in Goeddel; Gene Expression Technology: Methods in
Enzymology, Academic Press, San Diego, Calif. (1990). For instance, any of a wide variety of
expression control sequences that control the expression of a DNA sequence when operatively
linked to it may be used in these vectors to express DNA sequences encoding an ActRIIA

polypeptide. Such useful expression control sequences, include, for example, the early and late
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promoters of SV40, tet promoter, adenovirus or cytomegalovirus immediate early promoter,
RSV promoters, the lac system, the trp system, the TAC or TRC system, T7 promoter whose
expression is directed by T7 RNA polymerase, the major operator and promoter regions of phage
lambda, the control regions for fd coat protein, the promoter for 3-phosphoglycerate kinase or
other glycolytic enzymes, the promoters of acid phosphatase, ¢.g., Pho3, the promoters of the
yeast a-mating factors, the polyhedron promoter of the baculovirus system and other sequences
known to control the expression of genes of prokaryotic or cukaryotic cells or their viruses, and
various combinations thereof. It should be understood that the design of the expression vector
may depend on such factors as the choice of the host cell to be transformed and/or the type of
protein desired to be expressed. Moreover, the vector's copy number, the ability to control that
copy number and the expression of any other protein encoded by the vector, such as antibiotic
markers, should also be considered.

[0090] A recombinant nucleic acid used in the production of ActRIIA polypeptides suitable
for use in the methods and compositions described herein can be produced by ligating the cloned
gene, or a portion thereof, into a vector suitable for expression in either prokaryotic cells,
cukaryotic cells (yeast, avian, insect or mammalian), or both. Expression vehicles for production
of a recombinant ActRIIA polypeptide include plasmids and other vectors. For instance, suitable
vectors include plasmids of the types: pBR322-derived plasmids, pEMBL-derived plasmids,
pEX-derived plasmids, pBTac-derived plasmids and pUC-derived plasmids for expression in
prokaryotic cells, such as E. coli.

[0091] Some mammalian expression vectors contain both prokaryotic sequences to facilitate
the propagation of the vector in bacteria, and one or more eukaryotic transcription units that are
expressed in eukaryotic cells. The pcDNAI/amp, pcDNAI/neo, pRc/CMV, pSV2gpt, pSV2neo,
pSV2-dhfr, pTk2, pPRSVneo, pMSG, pSVT7, pko-neo and pHyg derived vectors are examples of
mammalian expression vectors suitable for transfection of eukaryotic cells. Some of these
vectors are modified with sequences from bacterial plasmids, such as pPBR322, to facilitate
replication and drug resistance selection in both prokaryotic and eukaryotic cells. Alternatively,
derivatives of viruses such as the bovine papilloma virus (BPV-1), or Epstein-Barr virus
(pHEBo, pREP-derived and p205) can be used for transient expression of proteins in eukaryotic
cells. Examples of other viral (including retroviral) expression systems can be found below in

the description of gene therapy delivery systems. The various methods employed in the
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preparation of the plasmids and in transformation of host organisms are well known in the art.
For other suitable expression systems for both prokaryotic and eukaryotic cells, as well as
general recombinant procedures, see Molecular Cloning A Laboratory Manual, 3rd Ed., ed. by
Sambrook, Fritsch and Maniatis (Cold Spring Harbor Laboratory Press, 2001). In some
instances, it may be desirable to express the recombinant polypeptides by the use of a
baculovirus expression system. Examples of such baculovirus expression systems include pVL-
derived vectors (such as pVL1392, pVL1393 and pVL941), pAcUW-derived vectors (such as
pAcUW1), and pBlueBac-derived vectors (such as the f-gal containing pBlueBac III).

[0092] Vectors can be designed for production of the subject ActRIIA polypeptides in CHO
cells, such as a Pemv-Script vector (Stratagene, La Jolla, Calif.), pcDNA4 vectors (Invitrogen,
Carlsbad, Calif.) and pCl-neo vectors (Promega, Madison, Wis.). As will be apparent, the
subject gene constructs can be used to cause expression of the subject ActRIIA polypeptides in
cells propagated in culture, e.g., to produce proteins, including fusion proteins or variant
proteins, for purification.

[0093] Host cells transfected with a recombinant gene including a coding sequence (e.g.,
SEQ ID NO: 4 or 5) for one or more of the subject ActRIIA polypeptides can be used in the
production of ActRIIA polypeptides suitable for use in the methods and compositions described
herein. The host cell may be any prokaryotic or eukaryotic cell. For example, an ActRIIA
polypeptide provided herein may be expressed in bacterial cells such as E. coli, insect cells (e.g.,
using a baculovirus expression system), yeast, or mammalian cells. Other suitable host cells are
known to those skilled in the art.

[0094] Accordingly, provided herein are methods of producing the ActRIIA polypeptides.
For example, a host cell transfected with an expression vector encoding an ActRIIA polypeptide
can be cultured under appropriate conditions to allow expression of the ActRIIA polypeptide to
occur. The ActRIIA polypeptide may be secreted and isolated from a mixture of cells and
medium containing the ActRIIA polypeptide. Alternatively, the ActRIIA polypeptide may be
retained cytoplasmically or in a membrane fraction and the cells harvested, lysed and the protein
isolated. A cell culture includes host cells, media and other byproducts. Suitable media for cell
culture are well known in the art. The subject ActRIIA polypeptides can be isolated from cell
culture medium, host cells, or both, using techniques known in the art for purifying proteins,

including ion-exchange chromatography, gel filtration chromatography, ultrafiltration,
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electrophoresis, immunoaffinity purification with antibodies specific for particular epitopes of
the ActRIIA polypeptides and affinity purification with an agent that binds to a domain fused to
the ActRIIA polypeptide (e.g., a protein A column may be used to purify an ActRIIA-Fc fusion).
In a preferred embodiment, the ActRITIA polypeptide is a fusion protein containing a domain
which facilitates its purification. In one embodiment, purification is achieved by a series of
column chromatography steps, including, for example, three or more of the following, in any
order: protein A chromatography, Q sepharose chromatography, phenylsepharose
chromatography, size exclusion chromatography, and cation exchange chromatography. The
purification could be completed with viral filtration and buffer exchange. As demonstrated
herein, ActRIIA-hFc protein was purified to a purity of >98% as determined by size exclusion
chromatography and >95% as determined by SDS PAGE. This level of purity was sufficient to
achieve desirable effects on bone in mice and an acceptable safety profile in mice, rats and non-
human primates.

[0095] In another embodiment, a fusion gene coding for a purification leader sequence, such
as a poly-(His)/enterokinase cleavage site sequence at the N-terminus of the desired portion of a
recombinant ActRIIA polypeptide, can allow purification of the expressed fusion protein by
affinity chromatography using a Ni2+ metal resin. The purification leader sequence can then be
subsequently removed by treatment with enterokinase to provide the purified ActRITA
polypeptide (e.g., see Hochuli et al., (1987) J. Chromatography 411:177; and Janknecht et al.,
PNAS USA 88:8972).

[0096] Techniques for making fusion genes are well known. Essentially, the joining of
various DNA fragments coding for different polypeptide sequences is performed in accordance
with conventional techniques, employing blunt-ended or stagger-ended termini for ligation,
restriction enzyme digestion to provide for appropriate termini, filling-in of cohesive ends as
appropriate, alkaline phosphatase treatment to avoid undesirable joining, and enzymatic ligation.
In another embodiment, the fusion gene can be synthesized by conventional techniques including
automated DNA synthesizers. Alternatively, PCR amplification of gene fragments can be
carried out using anchor primers which give rise to complementary overhangs between two
consecutive gene fragments which can subsequently be annealed to generate a chimeric gene
sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel et al., John

Wiley & Sons: 1992).
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[0097] ActRITA-Fc fusion protein can be expressed in stably transfected CHO-DUKX BI 1
cells from a pAID4 vector (SV40 ori/enhancer, CMV promoter), using a tissue plasminogen
leader sequence of SEQ ID NO:9. The Fc portion is a human IgGl Fc sequence, as shown in
SEQ ID NO:7. In certain embodiments, upon expression, the protein contained has, on average,
between about 1.5 and 2.5 moles of sialic acid per molecule of ActRIIA-Fc fusion protein.
[0098] In certain embodiments, the long serum half-life of an ActRIIA-Fc fusion can be 25-
32 days in human patients. Additionally, the CHO cell expressed material can have a higher
affinity for activin B ligand than that reported for an ActRIIA-hFc fusion protein expressed in
human 293 cells (del Re et al., J Biol Chem. 2004 Dec 17;279(51):53126-35). Additionally,
without being bound by theory, the use of the TPA leader sequence provided greater production
than other leader sequences and, unlike ActRIIA-Fc expressed with a native leader, may provide
a highly pure N-terminal sequence. Use of the native leader sequence may result in two major
species of ActRIIA-Fc, each having a different N-terminal sequence.

(b) INHIBITORS OF ACTRIIB

[0099] As used herein, the term "ActRIIB" refers to a family of activin receptor type 1IB
(ActRIIB) proteins from any species and variants derived from such ActRIIB proteins by
mutagenesis or other modification. Reference to ActRIIB herein is understood to be a reference
to any one of the currently identified forms of the receptor. Members of the ActRIIB family are
generally transmembrane proteins, composed of a ligand-binding extracellular domain with a
cysteine-rich region, a transmembrane domain, and a cytoplasmic domain with predicted
serine/threonine kinase activity.

[00100] ActRIIB inhibitors to be used in the compositions and methods described herein
include, without limitation, activin-binding soluble ActRIIB polypeptides; antibodies that bind to
activin (particularly the activin A or B subunits, also referred to as BA or 8B) and disrupt
ActRIIB binding; antibodies that bind to ActRIIB and disrupt activin binding; non-antibody
proteins selected for activin or ActRIIB binding; and randomized peptides selected for activin or
ActRIIB binding, which can be conjugated to an Fc domain.

[00101] In certain embodiments, two or more different proteins (or other moieties) with
activin or ActRIIB binding activity, especially activin binders that block the type I (e.g., a
soluble type I activin receptor) and type II (e.g., a soluble type II activin receptor) binding sites,

respectively, may be linked together to create a bifunctional or multifunctional binding molecule
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that inhibits ActRIIB and thus can be used in the compositions and methods described herein
include. In certain embodiments, Activin-ActRIIB signaling axis antagonists that inhibit
ActRIIB include nucleic acid aptamers, small molecules and other agents are used in the
compositions and methods described herein include.

(i) ActRIIB Inhibitors Comprising ActRIIB Polypeptides

[00102] As used herein, the term "ActRIIB polypeptide" refers to polypeptides comprising
any naturally occurring polypeptide of an ActRIIB family member as well as any variants thereof
(including mutants, fragments, fusions, and peptidomimetic forms) that retain a useful activity.
For example, ActRIIB polypeptides include polypeptides derived from the sequence of any
known ActRIIB receptor having a sequence at least about 80% identical to the sequence of an
ActRIIB polypeptide, and optionally at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or greater
identity. For example, an ActRIIB polypeptide may bind to and inhibit the function of an
ActRIIB protein and/or activin. An example of an ActRIIB polypeptide includes the human
ActRIIB precursor polypeptide (SEQ ID NO:16 or SEQ ID NO:28). With respect to the
ActRIIB precursor polypeptide whose amino acid sequence is depicted as SEQ ID NO:16 or
SEQ ID NO:28 (i.e., the human ActRIIB precursor polypeptide), the signal peptide of the
ActRIIB precursor polypeptide is located at amino acids 1 to 18; the extracellular domain is
located at amino acids 19 to 134 and the potential N-linked glycosylation sites are located at
amino acid positions 42 and 65. The nucleic acid sequence encoding the human ActRIIB
precursor polypeptide of SEQ ID NO:16 is disclosed as SEQ ID NO:19 (SEQ ID NO:19
provides an alanine at the codon corresponding to amino acid position 64, but could be readily
modified by one of skill in the art using methods known in the art to provide an arginine at the
codon corresponding to amino acid position 64 instead). See Table 6 for a description of the
sequences.

[00103] The numbering of amino acids for all of the ActRIIB-related polypeptides described
herein is based on the amino acid numbering for SEQ ID NO:16 and SEQ ID NO:28 (which only
differ in the amino acid expressed at position 64), unless specifically designated otherwise. For
example, if an ActRIIB polypeptide is described as having a substitution/mutation at amino acid
position 79, then it is to be understood that position 79 refers to the 79th amino acid in SEQ ID
NO:16 or SEQ ID NO:28, from which the ActRIIB polypeptide is derived. Likewise, if an

ActRIIB polypeptide is described as having an alanine or an arginine at amino acid position 64,
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then it is to be understood that position 64 refers to the 64th amino acid in SEQ ID NO:16 or
SEQ ID NO:28, from which the ActRIIB polypeptide is derived.

[00104] In certain embodiments, the inhibitors of ActRIIB used in the compositions and
methods described herein comprise polypeptides comprising an activin-binding domain of
ActRIIB. In some embodiments, the activin-binding domains of ActRIIB comprise the
extracellular domain of ActRIIB, or a portion thereof. In specific embodiments, the extracellular
domain or portion thercof of ActRIIB is soluble. Illustrative modified forms of ActRIIB
polypeptides are disclosed in U.S. Patent Application Publication Nos. 20090005308 and
20100068215, the disclosures of which are incorporated herein by reference in their entireties.
[00105] In specific embodiments, the ActRIIB polypeptides used in the compositions and
methods described herein are soluble ActRIIB polypeptides. The term "soluble ActRIIB
polypeptide” generally refers to polypeptides comprising an extracellular domain of an ActRIIB
protein, including any naturally occurring extracellular domain of an ActRIIB protein as well as
any variants thereof (including mutants, fragments and peptidomimetic forms). Soluble ActRIIB
polypeptides can bind to activin; however, the wild type ActRIIB protein does not exhibit
significant selectivity in binding to activin versus GDF8/11. In certain embodiments, altered
forms of ActRIIB with different binding properties can be used in the methods provided herein.
Such altered forms are disclosed, ¢.g., in international patent application publication Nos. WO
2006/012627 and WO 2010/019261, the disclosures of which are incorporated herein by
reference in their entireties. Native or altered ActRIIB proteins may be given added specificity
for activin by coupling them with a second, activin-selective binding agent. Exemplary soluble
ActRIIB polypeptides include the extracellular domain of a human ActRIIB polypeptide (e.g.,
SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43).

[00106] An Fc fusion protein having the ActRIIB extracellular sequence disclosed by Hilden
et al. (Blood, 1994, 83(8):2163-70), which has an alanine at the position corresponding to amino
acid 64 of the ActRIIB precursor amino acid sequence, i.e., SEQ ID NO: 16 (herein referred to
as “A64”), has been demonstrated to possess a relatively low affinity for activin and GDF-11.
By contrast, an Fc fusion protein with an arginine at position 64 of the ActRIIB precursor amino
acid sequence (herein referred to as “R64”) has an affinity for activin and GDF-11 in the low
nanomolar to high picomolar range (see, ¢.g., U.S. Patent Application Publication No.

20100068215, the disclosure of which is herein incorporated in its entirety). An ActRIIB
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precursor amino acid sequence with an arginine at position 64 is presented in SEQ ID NO:28.

As such, in certain embodiments, the ActRIIB polypeptides used in accordance with the
compositions and methods described herein may comprise either (i) an alanine at the position
corresponding to amino acid 64 of the ActRIIB precursor amino acid sequence, i.e., SEQ ID NO:
16; or (i) an arginine at position 64 of the ActRIIB precursor amino acid sequence, i.e., SEQ ID
NO: 28. In other embodiments, the ActRIIB polypeptides used in accordance with the
compositions and methods described herein may comprise an amino acid that is not alanine or
arginine at the position corresponding to amino acid 64 of the ActRIIB precursor amino acid
sequence, i.e., SEQ ID NO: 16 or SEQ ID NO:28.

[00107] It has been shown that a deletion of the proline knot at the C-terminus of the
extracellular domain of ActRIIB reduces the affinity of the receptor for activin (see, e.g.,
Attisano et al., Cell, 1992, 68(1):97-108). An ActRIIB-Fc fusion protein containing amino acids
20-119 of SEQ ID NO: 28 (i.e., SEQ ID NO:32), "ActRIIB(20-119)-Fc" has reduced binding to
GDF-11 and activin relative to an ActRIIB-Fc fusion protein containing amino acids 20-134 of
SEQ ID NO: 28 (i.e., SEQ ID NO:31), “ActRIIB(20-134)-Fc”, which includes the proline knot
region and the complete juxtamembrane domain. However, an ActRIIB-F¢ fusion protein
containing amino acids 20-129 of SEQ ID NO: 28, “ActRIIB(20-129)-Fc” retains similar but
somewhat reduced activity relative to the non-truncated extracellular domain of ActRIIB, even
though the proline knot region is disrupted. Thus, ActRIIB polypeptides comprising
extracellular domains that stop at amino acid 134, 133, 132, 131, 130 and 129 of SEQ ID NO: 28
(or SEQ ID NO:16) are all expected to be active, but constructs stopping at amino acid 134 or
133 may be most active. Similarly, mutations at any of residues 129-134 are not expected to
alter ligand binding affinity by large margins, as indicated by the fact that mutations of P129 and
P130 of SEQ ID NO: 28 do not substantially decrease ligand binding. Therefore, the ActRIIB
polypeptides used in accordance with the methods and compositions described herein may end as
carly as amino acid 109 (i.e., the final cysteine) of SEQ ID NO:28 (or SEQ ID NO:16), however,
forms ending at or between amino acid positions 109 and 119 of SEQ ID NO:28 (or SEQ ID
NO:16) are expected to have reduced ligand binding ability.

[00108] Amino acid 29 of SEQ ID NO:16 and SEQ ID NO:28 represents the initial cysteine in
the ActRIIB precursor sequence. It is expected that an ActRIIB polypeptide beginning at amino
acid 29 of the N-terminus of SEQ ID NO:16 or SEQ ID NO:28, or before these amino acid
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positions, will retain ligand binding activity. An alanine to asparagine mutation at position 24 of
SEQ ID NO:16 or SEQ ID NO:28 introduces an N-linked glycosylation sequence without
substantially affecting ligand binding. This confirms that mutations in the region between the
signal cleavage peptide and the cysteine cross-linked region, corresponding to amino acids 20-29
of SEQ ID NO:16 or SEQ ID NO:28, are well tolerated. In particular, ActRIIB polypeptides
beginning at amino acid position 20, 21, 22, 23 and 24 of SEQ ID NO:16 or SEQ ID NO:28 will
retain activity, and ActRIIB polypeptides beginning at amino acid positions 25, 26, 27, 28 and 29
of SEQ ID NO:16 or SEQ ID NO:28 are also expected to retain activity. An ActRIIB
polypeptide beginning at amino acid position 22, 23, 24 or 25 of SEQ ID NO:16 or SEQ ID
NO:28 will have the most activity.

[00109] Taken together, the active portions (i.e., ActRIIB polypeptides) of the ActRIIB
precursor protein (i.e., SEQ ID NO:16 or SEQ ID NO:28) to be used in accordance with the
methods and compositions described herein will generally comprise amino acids 29-109 of SEQ
ID NO:16 or SEQ ID NO:28, and such ActRIIB polypeptides may, for example, begin at a
residue corresponding to any one of amino acids 19-29 of SEQ ID NO:16 or SEQ ID NO:28 and
end at a position corresponding to any one of amino acids 109-134 of SEQ ID NO:16 or SEQ ID
NO:28. Specific examples of ActRIIB polypeptides encompassed herein include those that
begin at an amino acid position from 19-29, 20-29 or 21-29 of SEQ ID NO:16 or SEQ ID NO:28
and end at an amino acid position from 119-134, 119-133 or 129-134, 129-133 of SEQ ID
NO:16 or SEQ ID NO:28. Other specific examples of ActRIIB polypeptides encompassed
herein include those that begin at an amino acid position from 20-24 (or 21-24, or 22-25) of SEQ
ID NO:16 or SEQ ID NO:28 and end at an amino acid position from 109-134 (or 109-133), 119-
134 (or 119-133) or 129-134 (or 129-133) of SEQ ID NO:16 or SEQ ID NO:28. Variant
ActRIIB polypeptides falling within these ranges are also contemplated, particularly those
having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%, or 99% sequence
identity or sequence homology to the corresponding portion of SEQ ID NO:16 or SEQ ID
NO:28.

[00110] In certain embodiments, the inhibitors of ActRIIB used in the compositions and
methods described herein comprise a truncated form of an extracellular domain of ActRIIB. The
truncation can be at the carboxy terminus and/or the amino terminus of the ActRIIB polypeptide.

In certain embodiments, the truncation can be 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16,
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17,18, 19, 20, 21, 22, 23, 24, or 25 amino acids long relative to the mature ActRIIB polypeptide
extracellular domain. In certain embodiments, the truncation canbe 1, 2, 3, 4, 5, 6, 7, &, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 N-terminal amino acids of the mature
ActRIIB polypeptide extracellular domain. In certain embodiments, the truncation can be 1, 2, 3,
4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 C-terminal amino
acids of the mature ActRIIB polypeptide extracellular domain. For example, truncated forms of
ActRIIB include polypeptides with amino acids 20-119; 20-128; 20-129; 20-130; 20-131; 20-
132; 20-133; 20-134; 20-131; 21-131; 22-131; 23-131; 24-131; and 25-131, wherein the amino
acid positions refer to the amino acid positions in SEQ ID NO:16 or SEQ ID NO:28.

[00111] Additional exemplary truncated forms of ActRIIB include (i) polypeptides beginning
at amino acids at any of amino acids 21-29 of SEQ ID NO:16 or SEQ ID NO:28 (optionally
beginning at 22-25 of SEQ ID NO:16 or SEQ ID NO:28) and ending at any of amino acids 109-
134 of SEQ ID NO:16 or SEQ ID NO:28; (ii) polypeptides beginning at any of amino acids 20-
29 of SEQ ID NO:16 or SEQ ID NO:28 (optionally beginning at 22-25 of SEQ ID NO:16 or
SEQ ID NO:28) and ending at any of amino acids 109-133 of SEQ ID NO:16 or SEQ ID NO:28;
(ii1) polypeptides beginning at any of amino acids 20-24 of SEQ ID NO:16 or SEQ ID NO:28
(optionally beginning at 22-25 of SEQ ID NO:16 or SEQ ID NO:28) and ending at any of amino
acids 109-133 of SEQ ID NO:16 or SEQ ID NO:28; (iv) polypeptides beginning at any of amino
acids 21-24 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 109-134 of
SEQ ID NO:16 or SEQ ID NO:28; (v) polypeptides beginning at any of amino acids 20-24 of
SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 118-133 of SEQ ID NO:16
or SEQ ID NO:28; (vi) polypeptides beginning at any of amino acids 21-24 of SEQ ID NO:16 or
SEQ ID NO:28 and ending at any of amino acids 118-134 of SEQ ID NO:16 or SEQ ID NO:28;
(vii) polypeptides beginning at any of amino acids 20-24 of SEQ ID NO:16 or SEQ ID NO:28
and ending at any of amino acids 128-133 of SEQ ID NO:16 or SEQ ID NO:28; (viii)
polypeptides beginning at any of amino acids 20-24 of SEQ ID NO:16 or SEQ ID NO:28 and
ending at any of amino acids 128-133 of SEQ ID NO:16 or SEQ ID NO:28; (ix) polypeptides
beginning at any of amino acids 21-29 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of
amino acids 118-134 of SEQ ID NO:16 or SEQ ID NO:28; (x) polypeptides beginning at any of
amino acids 20-29 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 118-
133 of SEQ ID NO:16 or SEQ ID NO:28; (xi) polypeptides beginning at any of amino acids 21-
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29 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 128-134 of SEQ ID
NO:16 or SEQ ID NO:28; and (xii) polypeptides beginning at any of amino acids 20-29 of SEQ
ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 128-133 of SEQ ID NO:16 or
SEQ ID NO:28. In a specific embodiment, an ActRIIB polypeptides comprises, consists
essentially of, or consists of, an amino acid sequence beginning at amino acid position 25 of SEQ
ID NO:16 or SEQ ID NO:28 and ending at amino acid position 131 of SEQ ID NO:16 or SEQ
ID NO:28. In another specific embodiment, an ActRIIB polypeptide consists of, or consists
essentially of, the amino acid sequence of SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36,
37,42, or 43.

[00112] Any of the ActRIIB polypeptides used in the compositions and methods described
herein may be produced as a homodimer. Any of the ActRIIB polypeptides used in the
compositions and methods described herein may be formulated as a fusion protein having a
heterologous portion that comprises a constant region from an IgG heavy chain, such as an Fc
domain. Any of the ActRIIB polypeptides used in the compositions and methods described
herein may comprise an acidic amino acid at the position corresponding to position 79 of SEQ
ID NO:16 or SEQ ID NO:28, optionally in combination with one or more additional amino acid
substitutions, deletions or insertions relative to SEQ ID NO:16 or SEQ ID NO:28.

[00113] In specific embodiments, the inhibitors of ActRIIB used in the compositions and
methods described herein comprise an extracellular domain of ActRIIB with one or more amino
acid substitutions/mutations. Such an amino acid substitution/mutation can be, for example, an
exchange from the leucine at amino acid position 79 of SEQ ID NO:16 or SEQ ID NO:28 to an
acidic amino acid, such as aspartic acid or glutamic acid. For example, position L79 of SEQ ID
NO:16 or SEQ ID NO:28 may be altered in ActRIIB extracellular domain polypeptides to confer
altered activin-myostatin (GDF-11) binding properties. L79A and L79P mutations reduce GDF-
11 binding to a greater extent than activin binding. L79E and L79D mutations retain GDF-11
binding, while demonstrating greatly reduced activin binding.

[00114] In certain embodiments, the inhibitors of ActRIIB used in the compositions and
methods described herein comprise a truncated form of an ActRIIB extracellular domain that
also carries an amino acid substitution, e.g., an exchange from the leucine at amino acid position
79 of SEQ ID NO:16 or SEQ ID NO:28 to an acidic amino acid, such as aspartic acid or

glutamic acid. In a specific embodiment, the truncated form of an extracellular domain of
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ActRIIB polypeptide that also carries an amino acid substitution used in the compositions and
methods described herein is SEQ ID NO:23. Forms of ActRIIB that are truncated and/or carry
one or more amino acid substitutions can be linked to an Fc domain of an antibody as discussed
above.

[00115] Functionally active fragments of ActRIIB polypeptides can be obtained, for example,
by screening polypeptides recombinantly produced from the corresponding fragment of the
nucleic acid encoding an ActRIIB polypeptide. In addition, fragments can be chemically
synthesized using techniques known in the art such as conventional Merrifield solid phase f-Moc
or t-Boc chemistry. The fragments can be produced (recombinantly or by chemical synthesis)
and tested to identify those peptidyl fragments that can function as antagonists (inhibitors) of
ActRIIB protein or signaling mediated by activin.

[00116] In addition, functionally active variants of ActRIIB polypeptides can be obtained, for
example, by screening libraries of modified polypeptides recombinantly produced from the
corresponding mutagenized nucleic acids encoding an ActRIIB polypeptide. The variants can be
produced and tested to identify those that can function as antagonists (inhibitors) of ActRIIB
protein or signaling mediated by activin. In certain embodiments, a functional variant of the
ActRIIB polypeptides comprises an amino acid sequence that is at least 75% identical to an
amino acid sequence selected from SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42,
and 43. In certain embodiments, the functional variant has an amino acid sequence at least 80%,
85%, 90%, 95%., 96%, 97%, 98%, or 99% identical to an amino acid sequence selected from
SEQ ID NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43.

[00117] Functional variants may be generated, for example, by modifying the structure of an
ActRIIB polypeptide for such purposes as enhancing therapeutic efficacy, or stability (e.g., ex
vivo shelf life and resistance to proteolytic degradation in vivo). Such modified ActRIIB
polypeptides when selected to retain activin binding, are considered functional equivalents of the
naturally-occurring ActRIIB polypeptides. Modified ActRIIB polypeptides can also be
produced, for instance, by amino acid substitution, deletion, or addition. For instance, it is
reasonable to expect that an isolated replacement of a leucine with an isoleucine or valine, an
aspartate with a glutamate, a threonine with a serine, or a similar replacement of an amino acid
with a structurally related amino acid (e.g., conservative mutations) will not have a major effect

on the biological activity of the resulting molecule. Conservative replacements are those that
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take place within a family of amino acids that are related in their side chains. Whether a change
in the amino acid sequence of an ActRIIB polypeptide results in a functional homolog can be
readily determined by assessing the ability of the variant ActRIIB polypeptide to produce a
response in cells in a fashion similar to the wild-type ActRIIB polypeptide.

[00118] ActRIIB polypeptide mutants, particularly sets of combinatorial mutants of an
ActRIIB polypeptide, as well as truncation mutants; pools of combinatorial mutants are
especially useful for identifying functional variant sequences can be used in the methods and
compositions described herein. The purpose of screening such combinatorial libraries may be to
generate, for example, ActRIIB polypeptide variants which can act as either agonists or
antagonist, or alternatively, which possess novel activities all together.

[00119] It has been demonstrated that the ligand binding pocket of ActRIIB is defined by
residues Y31, N33, N35, L38 through T41, E47, E50, Q53 through K55, L57, H58, Y60, S62,
K74, W78 through N83, Y85, R87, A92, and E94 through F101 of SEQ ID NO:16 or SEQ ID
NO:28. At these positions, it is expected that conservative mutations will be tolerated, although
a K74A mutation is well-tolerated, as are R40A, K55A, F82A and mutations at position L79.
R40 is a K in Xenopus, indicating that basic amino acids at this position will be tolerated. Q53 is
R in bovine ActRIIB and K in Xenopus ActRIIB, and therefore amino acids including R, K, Q,
N and H will be tolerated at this position. Thus, a general formula for an ActRIIB polypeptide
for use in the methods and compositions described herein is one that comprises amino acids 29-
109 of SEQ ID NO:16 or SEQ ID NO:28, but optionally beginning at an amino acid position
ranging from 20-24 or 22-25 of SEQ ID NO:16 or SEQ ID NO:28 and ending at an amino acid
position ranging from 129-134 of SEQ ID NO:16 or SEQ ID NO:28, and comprising no more
than 1, 2, 5, or 15 conservative amino acid changes in the ligand binding pocket, and zero, one or
more non-conservative alterations at amino acid positions 40, 53, 55, 74, 79 and/or 82 of SEQ ID
NO:16 or SEQ ID NO:28 in the ligand binding pocket. Such an ActRIIB polypeptide may retain
greater than 80%, 90%, 95% or 99% sequence identity or sequence homology to the sequence of
amino acids 29-109 of SEQ ID NO:16 or SEQ ID NO:28. Sites outside the binding pocket, at
which variability may be particularly well tolerated, include the amino and carboxy termini of
the extracellular domain of ActRIIB, and positions 42-46 and 65-73. An asparagine to alanine
alteration at position 65 of SEQ ID NO:16 or SEQ ID NO:28 (N65A) actually improves ligand

binding in the A64 background, and is thus expected to have no detrimental effect on ligand
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binding in the R64 background. This change probably eliminates glycosylation at N65 in the
A64 background, thus demonstrating that a significant change in this region is likely to be
tolerated. While an R64A change is poorly tolerated, R64K is well-tolerated, and thus another
basic residue, such as H may be tolerated at position 64.

[00120] As a specific example of an ActRIIB polypeptide with a mutation in the ligand
binding domain, the positively-charged amino acid residue Asp (D80) of the ligand-binding
domain of ActRIIB can be mutated to a different amino acid residue such that the variant
ActRIIB polypeptide preferentially binds to GDFS, but not activin. In a specific embodiment,
the D8O residue is changed to an amino acid residue selected from the group consisting of: an
uncharged amino acid residue, a negative amino acid residue, and a hydrophobic amino acid
residue. As a further specific example, the hydrophobic residue L79 can be altered to the acidic
amino acids aspartic acid or glutamic acid to greatly reduce activin binding while retaining
GDF11 binding. As will be recognized by one of skill in the art, most of the described
mutations, variants or modifications may be made at the nucleic acid level or, in some cases, by
post translational modification or chemical synthesis. Such techniques are well known in the art.
[00121] In specific embodiments, the inhibitors of ActRIIB used in the compositions and
methods described herein comprise a conjugate/fusion protein comprising an extracellular
domain (e.g., an activin-binding domain) of an ActRIIB receptor linked to an Fc portion of an
antibody. Such conjugate/fusion proteins may comprise any of the ActRIIB polypeptides
disclosed herein (e.g., any of SEQ ID NOs:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37,42, or
43), any ActRIIB polypeptides known in the art, or any ActRIIB polypeptides generated using
methods known in the art and/or provided herein.

[00122] In certain embodiments, the extracellular domain is linked to an Fc portion of an
antibody via a linker, e.g., a peptide linker. Exemplary linkers include short polypeptide
sequences such as 2-10, 2-5, 2-4, 2-3 amino acid residues (e.g., glycine residues), such as, for
example, a Gly-Gly-Gly linker. In a specific embodiment, the linker comprises the amino acid
sequence Gly-Gly-Gly (GGG). In another specific embodiment, the linker comprises the amino
acid sequence Thr-Gly-Gly-Gly (TGGG). Optionally, the Fc domain has one or more mutations
at residues such as Asp-265, lysine 322, and Asn-434. In certain cases, the mutant Fc domain
having one or more of these mutations (e.g., an Asp-265 mutation) has a reduced ability to bind

to the Fcy receptor relative to a wild-type Fc domain. In other cases, the mutant Fc domain
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having one or more of these mutations (e.g., an Asn-434 mutation) has an increased ability to
bind to the MHC class I- related Fc-receptor (FcRN) relative to a wild-type Fc domain.
Exemplary fusion proteins comprising a soluble extracellular domain of ActRIIB fused to an Fc
domain are set forth in SEQ ID NOs:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, and 47.
[00123] In a specific embodiment, the ActRIIB inhibitors used in the compositions and
methods described herein comprise the extracellular domain of ActRIIB, or a portion thereof,
linked to an Fc portion of an antibody, wherein said ActRIIB inhibitor comprises an amino acid
sequence that is at least 75% identical to an amino acid sequence selected from SEQ ID NOs:20,
21,24, 25, 34, 35, 38, 39, 40, 41, 44, 46, and 47. In another specific embodiment, the ActRIIB
inhibitors used in the compositions and methods described herein comprise the extracellular
domain of ActRIIB, or a portion thereof, linked to an Fc portion of an antibody, wherein said
ActRIIB inhibitor comprises an amino acid sequence that is at least 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical to an amino acid sequence selected from SEQ ID NOs:20, 21, 24,
25, 34, 35, 38, 39, 40, 41, 44, 46, and 47.

[00124] In a specific embodiment, the ActRIIB inhibitor to be used in the compositions and
methods described herein is a fusion protein between the extracellular domain of the human
ActRIIB receptor and the Fc portion of IgG1. In another specific embodiment, the ActRIIB
inhibitor to be used in the compositions and methods described herein is a fusion protein
between a truncated extracellular domain of the human ActRIIB receptor and the Fc portion of
IgGl1. In another specific embodiment, the ActRIIB inhibitor to be used in the compositions and
methods described herein is a fusion protein between a truncated extracellular domain of the
human ActRIIB receptor and the Fc portion of IgG1, wherein the truncated extracellular domain
of the human ActRIIB receptor possesses an amino acid substitution at the amino acid position
corresponding to amino acid 79 of SEQ ID NO:16 or SEQ ID NO:28. In one embodiment, the
amino acid substitution at the amino acid position corresponding to amino acid 79 of SEQ ID
NO:16 or SEQ ID NO:28 is substitution of Leucine for Aspartic Acid (i.e., an L79D mutation).
[00125] In a specific embodiment, the ActRIIB inhibitor to be used in the compositions and
methods described herein is SEQ ID NO:24 or 25, which represents a fusion protein between the
extracellular domain of the human ActRIIB receptor and the Fe¢ portion of IgG1, wherein said

ActRIIB extracellular domain comprises amino acids 25-131 of SEQ ID NO:28 with an L79D
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mutation. The nucleic acid sequence encoding the ActRIIB-Fc fusion protein of SEQ ID NO:24
is presented in SEQ ID NO:45.

[00126] In another specific embodiment, the ActRIIB inhibitor to be used in the compositions
and methods described herein is SEQ ID NO:34 or 35, which represents a fusion protein between
the extracellular domain of the human ActRIIB receptor and the Fc portion of IgG1, wherein said
ActRIIB extracellular domain comprises amino acids 25-131 of SEQ ID NO:16 with an L79D
mutation.

[00127] Asparagine-linked glycosylation recognition sites generally comprise a tripeptide
sequence, asparagine-X-threonine (or asparagine-X-serine) (where "X" is any amino acid) which
is specifically recognized by appropriate cellular glycosylation enzymes. The alteration may
also be made by the addition of, or substitution by, one or more serine or threonine residues to
the sequence of the wild-type ActRIIB polypeptide (for O-linked glycosylation sites). A variety
of amino acid substitutions or deletions at one or both of the first or third amino acid positions of
a glycosylation recognition site (and/or amino acid deletion at the second position) results in
non-glycosylation at the modified tripeptide sequence. Another means of increasing the number
of carbohydrate moieties on an ActRIIB polypeptide is by chemical or enzymatic coupling of
glycosides to the ActRIIB polypeptide. Depending on the coupling mode used, the sugar(s) may
be attached to (a) arginine and histidine; (b) free carboxyl groups; (¢) free sulthydryl groups such
as those of cysteine; (d) free hydroxyl groups such as those of serine, threonine, or
hydroxyproline; (¢) aromatic residues such as those of phenylalanine, tyrosine, or tryptophan; or
(f) the amide group of glutamine. These methods are described in International Patent
Application No. WO 87/05330 published Sep. 11, 1987, and in Aplin and Wriston (1981) CRC
Crit. Rev. Biochem., pp. 259-306, incorporated by reference herein. Removal of one or more
carbohydrate moieties present on an ActRIIB polypeptide may be accomplished chemically
and/or enzymatically. Chemical deglycosylation may involve, for example, exposure of the
ActRIIB polypeptide to the compound trifluoromethanesulfonic acid, or an equivalent
compound. This treatment results in the cleavage of most or all sugars except the linking sugar
(N-acetylglucosamine or N-acetylgalactosamine), while leaving the amino acid sequence intact.
Chemical deglycosylation is further described by Hakimuddin et al. (1987) Arch. Biochem.
Biophys. 259:52 and by Edge et al. (1981) Anal. Biochem. 118:131. Enzymatic cleavage of
carbohydrate moieties on ActRIIB polypeptides can be achieved by the use of a variety of endo-
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and exo-glycosidases as described by Thotakura et al. (1987) Meth. Enzymol. 138:350. The
sequence of an ActRIIB polypeptide may be adjusted, as appropriate, depending on the type of
expression system used, as mammalian, yeast, insect and plant cells may all introduce differing
glycosylation patterns that can be affected by the amino acid sequence of the peptide. In general,
ActRIIB proteins for use in humans will be expressed in a mammalian cell line that provides
proper glycosylation, such as HEK293 or CHO cell lines, although other expression systems,
such as other mammalian expression cell lines, yeast cell lines with engineered glycosylation
enzymes and insect cells, are expected to be useful as well.

[00128] In specific embodiments, mutated ActRIIB polypeptides comprising the addition of a
further N-linked glycosylation site (N-X-S/T) that increases the serum half-life of an ActRIIB-Fc
fusion protein, relative to the ActRIIB(R64)-Fc form can be used in the methods and
compositions described herein. In a specific embodiment, introduction of an asparagine at
position 24 of SEQ ID NO:16 or SEQ ID NO:28 (A24N) results in the creation of an NXT
sequence that confers a longer half-life. Other NX(T/S) sequences can be found at 42-44 (NQS)
and 65-67 (NSS), although the latter may not be efficiently glycosylated with the R at position
64 (i.e., in R64 polypeptides). N-X-S/T sequences may be generally introduced at positions
outside the ligand binding pocket of ActRIIB, which is detailed above. Particularly suitable sites
for the introduction of non-endogenous N-X-S/T sequences include amino acids 20-29, 20-24,
22-25, 109-134, 120-134 or 129-134 of SEQ ID NO:16 or SEQ ID NO:28. N-X-S/T sequences
may also be introduced into the linker between the ActRIIB sequence and the Fc or other fusion
component. Such a site may be introduced with minimal effort by introducing an N in the
correct position with respect to a pre-existing S or T, or by introducing an S or T at a position
corresponding to a pre-existing N. Thus, desirable alterations that would create an N-linked
glycosylation site are: A24N, R64N, S67N (possibly combined with an N65A alteration),
E106N, R112N, G120N, E123N, P129N, A132N, R112S and R112T (with all amino acid
positions corresponding to the positions they can be found in SEQ ID NO:16 or SEQ ID NO:28).
Any S that is predicted to be glycosylated may be altered to a T without creating an
immunogenic site, because of the protection afforded by the glycosylation. Likewise, any T that
is predicted to be glycosylated may be altered to an S. Thus the alterations S67T and S44T are

encompassed herein. Likewise, in an A24N variant, an S26T alteration may be used.
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Accordingly, an ActRIIB polypeptide may include one or more additional, non-endogenous N-
linked glycosylation consensus sequences.

[00129] A variety of screening assays may be used to evaluate ActRIIB polypeptide variants.
For example, an ActRIIB polypeptide variant may be screened for ability to bind to an ActRIIB
ligand, to prevent binding of an ActRIIB ligand to an ActRIIB polypeptide or to interfere with
signaling caused by an ActRIIB ligand. The activity of an ActRIIB polypeptide or its variants
may also be tested in a cell-based or in vivo assay.

[00130] Combinatorially-derived variants can be generated which have a selective or
generally increased potency relative to a naturally occurring ActRIIB polypeptide. Likewise,
mutagenesis can give rise to variants which have intracellular half-lives dramatically different
than the corresponding wild-type ActRIIB polypeptide. For example, the altered protein can be
rendered either more stable or less stable to proteolytic degradation or other cellular processes
which result in destruction of, or otherwise inactivation of a native ActRIIB polypeptide. Such
variants, and the genes which encode them, can be utilized to alter ActRIIB polypeptide levels
by modulating the half-life of the ActRIIB polypeptides. For instance, a short half-life can give
rise to more transient biological effects and can allow tighter control of recombinant ActRIIB
polypeptide levels within the patient. In an Fc fusion protein, mutations may be made in the
linker (if any) and/or the Fc portion to alter the half-life of the protein.

[00131] A combinatorial library may be produced by way of a degenerate library of genes
encoding a library of polypeptides which each include at least a portion of potential ActRIIB
polypeptide sequences. For instance, a mixture of synthetic oligonucleotides can be
enzymatically ligated into gene sequences such that the degenerate set of potential ActRIIB
polypeptide nucleotide sequences are expressible as individual polypeptides, or alternatively, as
a set of larger fusion proteins (e.g., for phage display).

[00132] There are many ways by which the library of potential homologs can be generated
from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence
can be carried out in an automatic DNA synthesizer, and the synthetic genes then be ligated into
an appropriate vector for expression. The synthesis of degenerate oligonucleotides is well
known in the art (see for example, Narang, S A (1983) Tetrahedron 39:3; Itakura et al., (1981)
Recombinant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG Walton, Amsterdam:
Elsevier pp 273-289; Itakura et al., (1984) Annu. Rev. Biochem. 53:323; Itakura et al., (1984)
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Science 198:1056; Ike et al., (1983) Nucleic Acid Res. 11:477). Such techniques have been
employed in the directed evolution of other proteins (see, for example, Scott et al., (1990)
Science 249:386-390; Roberts et al., (1992) PNAS USA 89:2429-2433; Devlin et al., (1990)
Science 249: 404-406; Cwirla et al., (1990) PNAS USA 87: 6378-6382; as well as U.S. Pat. Nos.
5,223,409, 5,198,346, and 5,096,815).

[00133] Alternatively, other forms of mutagenesis can be utilized to generate a combinatorial
library. For example, ActRIIB polypeptide variants can be generated and isolated from a library
by screening using, for example, alanine scanning mutagenesis and the like (Ruf et al., (1994)
Biochemistry 33:1565-1572; Wang et al., (1994) J. Biol. Chem. 269:3095-3099; Balint et al.,
(1993) Gene 137:109-118; Grodberg et al., (1993) Eur. J. Biochem. 218:597-601; Nagashima et
al., (1993) J. Biol. Chem. 268:2888-2892; Lowman et al., (1991) Biochemistry 30:10832-10838;
and Cunningham et al., (1989) Science 244:1081-1085), by linker scanning mutagenesis (Gustin
et al., (1993) Virology 193:653-660; Brown et al., (1992) Mol. Cell Biol. 12:2644-2652;
McKnight et al., (1982) Science 232:316); by saturation mutagenesis (Meyers et al., (1986)
Science 232:613); by PCR mutagenesis (Leung et al., (1989) Method Cell Mol Biol 1:11-19); or
by random mutagenesis, including chemical mutagenesis, etc. (Miller et al., (1992) A Short
Course in Bacterial Genetics, CSHL Press, Cold Spring Harbor, N.Y.; and Greener et al., (1994)
Strategies in Mol Biol 7:32-34). Linker scanning mutagenesis, particularly in a combinatorial
setting, is an attractive method for identifying truncated (bioactive) forms of ActRIIB
polypeptides.

[00134] A wide range of techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations and truncations, and, for that matter, for
screening cDNA libraries for gene products having a certain property. Such techniques will be
generally adaptable for rapid screening of the gene libraries generated by the combinatorial
mutagenesis of ActRIIB polypeptides. The most widely used techniques for screening large
gene libraries typically comprises cloning the gene library into replicable expression vectors,
transforming appropriate cells with the resulting library of vectors, and expressing the
combinatorial genes under conditions in which detection of a desired activity facilitates relatively
casy isolation of the vector encoding the gene whose product was detected. Preferred assays

include activin binding assays and activin-mediated cell signaling assays.
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[00135] In certain embodiments, ActRIIB polypeptides used in the methods and compositions
described herein may further comprise post-translational modifications in addition to any that are
naturally present in the ActRIIB polypeptides. Such modifications include, but are not limited
to, acetylation, carboxylation, glycosylation, phosphorylation, lipidation, and acylation. As a
result, the modified ActRIIB polypeptides may contain non-amino acid elements, such as
polyethylene glycols, lipids, poly- or mono-saccharide, and phosphates. Effects of such non-
amino acid elements on the functionality of a ActRIIB polypeptide may be tested by any method
known to the skilled artisan. When an ActRIIB polypeptide is produced in cells by cleaving a
nascent form of the ActRIIB polypeptide, post-translational processing may also be important for
correct folding and/or function of the protein. Different cells (such as CHO, HelLa, MDCK, 293,
W138, NIH-3T3 or HEK293) have specific cellular machinery and characteristic mechanisms for
such post-translational activities and may be chosen to ensure the correct modification and
processing of the ActRIIB polypeptides.

[00136] In certain aspects, functional variants or modified forms of the ActRIIB polypeptides
include fusion proteins having at least a portion of the ActRIIB polypeptides and one or more
fusion domains. Well known examples of such fusion domains include, but are not limited to,
polyhistidine, Glu-Glu, glutathione S transferase (GST), thioredoxin, protein A, protein G, an
immunoglobulin heavy chain constant region (Fc), maltose binding protein (MBP), or human
serum albumin. A fusion domain may be selected so as to confer a desired property. For
example, some fusion domains are particularly useful for isolation of the fusion proteins by
affinity chromatography. For the purpose of affinity purification, relevant matrices for affinity
chromatography, such as glutathione-, amylase-, and nickel- or cobalt-conjugated resins are
used. Many of such matrices are available in "kit" form, such as the Pharmacia GST purification
system and the QIAexpressTM system (Qiagen) useful with (HIS6) fusion partners. As another
example, a fusion domain may be selected so as to facilitate detection of the ActRIIB
polypeptides. Examples of such detection domains include the various fluorescent proteins (e.g.,
GFP) as well as "epitope tags," which are usually short peptide sequences for which a specific
antibody is available. Well known epitope tags for which specific monoclonal antibodies are
readily available include FLAG, influenza virus hemagglutinin (HA), and c-myc tags. In some
cases, the fusion domains have a protease cleavage site, such as for Factor Xa or Thrombin,

which allows the relevant protease to partially digest the fusion proteins and thereby liberate the
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recombinant proteins therefrom. The liberated proteins can then be isolated from the fusion
domain by subsequent chromatographic separation. In certain preferred embodiments, an
ActRIIB polypeptide is fused with a domain that stabilizes the ActRIIB polypeptide in vivo (a
"stabilizer" domain). By "stabilizing" is meant anything that increases serum half life, regardless
of whether this is because of decreased destruction, decreased clearance by the kidney, or other
pharmacokinetic effect. Fusions with the Fc portion of an immunoglobulin are known to confer
desirable pharmacokinetic properties on a wide range of proteins. Likewise, fusions to human
serum albumin can confer desirable properties. Other types of fusion domains that may be
selected include multimerizing (e.g., dimerizing, tetramerizing) domains and functional domains
(that confer an additional biological function, such as further stimulation of bone growth or
muscle growth, as desired).

[00137] It is understood that different elements of the fusion proteins may be arranged in any
manner that is consistent with the desired functionality. For example, an ActRIIB polypeptide
may be placed C-terminal to a heterologous domain, or, alternatively, a heterologous domain
may be placed C-terminal to an ActRIIB polypeptide. The ActRIIB polypeptide domain and the
heterologous domain need not be adjacent in a fusion protein, and additional domains or amino
acid sequences may be included C- or N-terminal to either domain or between the domains.
[00138] In certain embodiments, the ActRIIB polypeptides used in the methods and
compositions described herein contain one or more modifications that are capable of stabilizing
the ActRIIB polypeptides. For example, such modifications enhance the in vitro half life of the
ActRIIB polypeptides, enhance circulatory half life of the ActRIIB polypeptides or reduce
proteolytic degradation of the ActRIIB polypeptides. Such stabilizing modifications include, but
are not limited to, fusion proteins (including, for example, fusion proteins comprising an
ActRIIB polypeptide and a stabilizer domain), modifications of a glycosylation site (including,
for example, addition of a glycosylation site to an ActRIIB polypeptide), and modifications of
carbohydrate moiety (including, for example, removal of carbohydrate moieties from an ActRIIB
polypeptide). In the case of fusion proteins, an ActRIIB polypeptide is fused to a stabilizer
domain such as an IgG molecule (e.g., an Fc domain). As used herein, the term "stabilizer
domain" not only refers to a fusion domain (e.g., Fc) as in the case of fusion proteins, but also
includes nonproteinaceous modifications such as a carbohydrate moiety, or nonproteinaceous

polymer, such as polyethylene glycol.
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[00139] In certain embodiments, the methods and compositions described herein use isolated
or purified ActRIIB polypeptides, i.e., ActRIIB polypeptides which are isolated from, or
otherwise substantially free of, other proteins can be used with the methods and compositions
described herein. ActRIIB polypeptides will generally be produced by expression from
recombinant nucleic acids.

[00140] In certain aspects, the ActRIIB polypeptides used in the methods and compositions
described herein are encoded by isolated and/or recombinant nucleic acids, including fragments,
functional variants and fusion proteins disclosed herein. For example, SEQ ID NO:19 encodes
the naturally occurring human ActRIIB precursor polypeptide. The subject nucleic acids may be
single-stranded or double stranded. Such nucleic acids may be DNA or RNA molecules. These
nucleic acids may be used, for example, in methods for making ActRIIB polypeptides or as
direct therapeutic agents (e.g., in a gene therapy approach).

[00141] In certain aspects, the nucleic acids that can be used to produce ActRIIB polypeptides
suitable for use in the methods and compositions described herein are further understood to
include nucleic acids that are variants of SEQ ID NO: 19 as well as variants of those nucleic acid
sequences that encode soluble ActRIIB polypeptides (e.g., nucleic acids that encode SEQ ID
NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37,42, and 43). Variant nucleotide sequences
include sequences that differ by one or more nucleotide substitutions, additions or deletions, such
as allelic variants.

[00142] In certain embodiments, the isolated or recombinant nucleic acid sequences that can
be used to produce ActRIIB polypeptides suitable for use in the methods and compositions
described herein are at least 80%, 85%, 90%, 95%, 97%., 98%, 99% or 100% identical to SEQ
ID NO:19 or those nucleic acid sequences that encode soluble ActRIIB polypeptides (e.g.,
nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43).
One of ordinary skill in the art will appreciate that nucleic acid sequences complementary to
SEQ ID NO:19 or those nucleic acid sequences that encode soluble ActRIIB polypeptides (e.g.,
nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43),
and variants of SEQ ID NO:19 or those nucleic acid sequences that encode soluble ActRIIB
polypeptides (e.g., nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33,
36, 37,42, and 43) can be used with the methods and compositions described herein. In further
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embodiments, the nucleic acid sequences can be isolated, recombinant, and/or fused with a
heterologous nucleotide sequence, or in a DNA library.

[00143] In other embodiments, nucleic acids that can be used to produce ActRIIB
polypeptides suitable for use in the methods and compositions described herein include
nucleotide sequences that hybridize under highly stringent conditions to the nucleotide sequence
designated in SEQ ID NO:19 or those nucleic acid sequences that encode soluble ActRIIB
polypeptides (e.g., nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33,
36, 37, 42, and 43), complement sequence of SEQ ID NO:19 or those nucleic acid sequences that
encode soluble ActRIIB polypeptides (e.g., nucleic acids that encode SEQ ID NOs: 17, 18, 23,
26,217, 29, 30, 31, 32, 33, 36, 37, 42, and 43), or fragments thereof. One of ordinary skill in the
art will understand that appropriate stringency conditions which promote DNA hybridization can
be varied. For example, one can perform the hybridization at 6.0 times sodium chloride/sodium
citrate (SSC) at about 45 degree Celsius, followed by a wash of 2.0 times SSC at 50 degree
Celsius. For example, the salt concentration in the wash step can be selected from a low
stringency of about 2.0 times SSC at 50 degree Celsius to a high stringency of about 0.2 times
SSC at 50 degree Celsius. In addition, the temperature in the wash step can be increased from
low stringency conditions at room temperature, about 22 degree Celsius, to high stringency
conditions at about 65 degree Celsius. Both temperature and salt may be varied, or temperature
or salt concentration may be held constant while the other variable is changed. In one
embodiment, nucleic acids which hybridize under low stringency conditions of 6 times SSC at
room temperature followed by a wash at 2 times SSC at room temperature can be used with the
methods and compositions described herein.

[00144] Isolated nucleic acids which differ from the nucleic acids as set forth in SEQ ID
NO:19 or those nucleic acid sequences that encode soluble ActRIIB polypeptides (e.g., nucleic
acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43) due to
degeneracy in the genetic code can also be used to produce ActRIIB polypeptides suitable for
use in the methods and compositions described herein. For example, a number of amino acids
are designated by more than one triplet. Codons that specify the same amino acid, or synonyms
(for example, CAU and CAC are synonyms for histidine) may result in "silent" mutations which
do not affect the amino acid sequence of the protein. However, it is expected that DNA

sequence polymorphisms that do lead to changes in the amino acid sequences of the subject
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proteins will exist among mammalian cells. One skilled in the art will appreciate that these
variations in one or more nucleotides (up to about 3-5% of the nucleotides) of the nucleic acids
encoding a particular protein may exist among individuals of a given species due to natural
allelic variation. Any and all such nucleotide variations and resulting amino acid polymorphisms
can be used with the methods and compositions described herein.

[00145] In certain embodiments, the recombinant nucleic acids that can be used to produce
ActRIIB polypeptides suitable for use in the methods and compositions described herein may be
operably linked to one or more regulatory nucleotide sequences in an expression construct.
Regulatory nucleotide sequences will generally be appropriate to the host cell used for
expression. Numerous types of appropriate expression vectors and suitable regulatory sequences
are known in the art for a variety of host cells. Typically, said one or more regulatory nucleotide
sequences may include, but are not limited to, promoter sequences, leader or signal sequences,
ribosomal binding sites, transcriptional start and termination sequences, translational start and
termination sequences, and enhancer or activator sequences. Constitutive or inducible promoters
as known in the art can be used with the methods and compositions described herein. The
promoters may be either naturally occurring promoters, or hybrid promoters that combine
elements of more than one promoter. An expression construct may be present in a cell on an
episome, such as a plasmid, or the expression construct may be inserted in a chromosome. In a
preferred embodiment, the expression vector contains a selectable marker gene to allow the
selection of transformed host cells. Selectable marker genes are well known in the art and will
vary with the host cell used.

[00146] In certain aspects, the nucleic acids that can be used to produce ActRIIB polypeptides
suitable for use in the methods and compositions described herein are provided in an expression
vector comprising a nucleotide sequence encoding an ActRIIB polypeptide and operably linked
to at least one regulatory sequence. Regulatory sequences are art-recognized and are selected to
direct expression of the ActRIIB polypeptide. Accordingly, the term regulatory sequence
includes promoters, enhancers, and other expression control elements. Exemplary regulatory
sequences are described in Goeddel; Gene Expression Technology: Methods in Enzymology,
Academic Press, San Diego, Calif. (1990). For instance, any of a wide variety of expression
control sequences that control the expression of a DNA sequence when operatively linked to it

may be used in these vectors to express DNA sequences encoding an ActRIIB polypeptide. Such
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useful expression control sequences, include, for example, the early and late promoters of SV40,
tet promoter, adenovirus or cytomegalovirus immediate early promoter, RSV promoters, the lac
system, the trp system, the TAC or TRC system, T7 promoter whose expression is directed by
T7 RNA polymerase, the major operator and promoter regions of phage lambda, the control
regions for fd coat protein, the promoter for 3-phosphoglycerate kinase or other glycolytic
enzymes, the promoters of acid phosphatase, ¢.g., Pho3, the promoters of the yeast a-mating
factors, the polyhedron promoter of the baculovirus system and other sequences known to
control the expression of genes of prokaryotic or eukaryotic cells or their viruses, and various
combinations thereof. It should be understood that the design of the expression vector may
depend on such factors as the choice of the host cell to be transformed and/or the type of protein
desired to be expressed. Moreover, the vector's copy number, the ability to control that copy
number and the expression of any other protein encoded by the vector, such as antibiotic
markers, should also be considered.

[00147] A recombinant nucleic acid can be produced by ligating the cloned gene, or a portion
thereof, into a vector suitable for expression in either prokaryotic cells, eukaryotic cells (yeast,
avian, insect or mammalian), or both. Expression vehicles for production of a recombinant
ActRIIB polypeptide include plasmids and other vectors. For instance, suitable vectors include
plasmids of the types: pBR322-derived plasmids, pEMBL-derived plasmids, pEX-derived
plasmids, pBTac-derived plasmids and pUC-derived plasmids for expression in prokaryotic cells,
such as E. coli.

[00148] Some mammalian expression vectors contain both prokaryotic sequences to facilitate
the propagation of the vector in bacteria, and one or more eukaryotic transcription units that are
expressed in eukaryotic cells. The pcDNAI/amp, pcDNAI/neo, pRc/CMV, pSV2gpt, pSV2neo,
pSV2-dhfr, pTk2, pPRSVneo, pMSG, pSVT7, pko-neo and pHyg derived vectors are examples of
mammalian expression vectors suitable for transfection of eukaryotic cells. Some of these
vectors are modified with sequences from bacterial plasmids, such as pPBR322, to facilitate
replication and drug resistance selection in both prokaryotic and eukaryotic cells. Alternatively,
derivatives of viruses such as the bovine papilloma virus (BPV-1), or Epstein-Barr virus
(pHEBo, pREP-derived and p205) can be used for transient expression of proteins in eukaryotic
cells. Examples of other viral (including retroviral) expression systems can be found below in

the description of gene therapy delivery systems. The various methods employed in the
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preparation of the plasmids and in transformation of host organisms are well known in the art.
For other suitable expression systems for both prokaryotic and eukaryotic cells, as well as
general recombinant procedures, see Molecular Cloning A Laboratory Manual, 3rd Ed., ed. by
Sambrook, Fritsch and Maniatis (Cold Spring Harbor Laboratory Press, 2001). In some
instances, it may be desirable to express the recombinant polypeptides by the use of a
baculovirus expression system. Examples of such baculovirus expression systems include pVL-
derived vectors (such as pVL1392, pVL1393 and pVL941), pAcUW-derived vectors (such as
pAcUW1), and pBlueBac-derived vectors (such as the f-gal containing pBlueBac III).

[00149] In one embodiment, a vector can be designed for production of the ActRIIB
polypeptides used in the methods and compositions described herein in CHO cells, such as a
Pcmv-Script vector (Stratagene, La Jolla, Calif.), pcDNA4 vectors (Invitrogen, Carlsbad, Calif.)
and pCl-neo vectors (Promega, Madison, Wis.). As will be apparent, the subject gene constructs
can be used to cause expression of the subject ActRIIB polypeptides in cells propagated in
culture, e.g., to produce proteins, including fusion proteins or variant proteins, for purification.
[00150] Host cells transfected with a recombinant gene including a coding sequence (e.g.,
SEQ ID NO:19 or those nucleic acid sequences that encode soluble ActRIIB polypeptides (e.g.,
nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43))
for one or more of the subject ActRIIB polypeptides can be used to produce ActRIIB
polypeptides suitable for use in the methods and compositions described herein. The host cell
may be any prokaryotic or eukaryotic cell. For example, an ActRIIB polypeptide may be
expressed in bacterial cells such as E. coli, insect cells (e.g., using a baculovirus expression
system), yeast, or mammalian cells. Other suitable host cells are known to those skilled in the
art.

[00151] Accordingly, provided herein are methods of producing the ActRIIB polypeptides
used in the methods and compositions described herein. For example, a host cell transfected
with an expression vector encoding an ActRIIB polypeptide can be cultured under appropriate
conditions to allow expression of the ActRIIB polypeptide to occur. The ActRIIB polypeptide
may be secreted and isolated from a mixture of cells and medium containing the ActRIIB
polypeptide. Alternatively, the ActRIIB polypeptide may be retained cytoplasmically or in a
membrane fraction and the cells harvested, lysed and the protein isolated. A cell culture includes

host cells, media and other byproducts. Suitable media for cell culture are well known in the art.
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The subject ActRIIB polypeptides can be isolated from cell culture medium, host cells, or both,
using techniques known in the art for purifying proteins, including ion-exchange
chromatography, gel filtration chromatography, ultrafiltration, electrophoresis, immunoaffinity
purification with antibodies specific for particular epitopes of the ActRIIB polypeptides and
affinity purification with an agent that binds to a domain fused to the ActRIIB polypeptide (e.g.,
a protein A column may be used to purify an ActRIIB-Fc fusion). In a preferred embodiment,
the ActRIIB polypeptide is a fusion protein containing a domain which facilitates its purification.
In a preferred embodiment, purification is achieved by a series of column chromatography steps,
including, for example, three or more of the following, in any order: protein A chromatography,
Q sepharose chromatography, phenylsepharose chromatography, size exclusion chromatography,
and cation exchange chromatography. The purification could be completed with viral filtration
and buffer exchange. As demonstrated herein, ActRIIB -hFc protein was purified to a purity of
>98% as determined by size exclusion chromatography and >95% as determined by SDS PAGE.
This level of purity was sufficient to achieve desirable effects on bone in mice and an acceptable
safety profile in mice, rats and non-human primates.

[00152] In another embodiment, a fusion gene coding for a purification leader sequence, such
as a poly-(His)/enterokinase cleavage site sequence at the N-terminus of the desired portion of
the recombinant ActRIIB polypeptide, can allow purification of the expressed fusion protein by
affinity chromatography using a Ni2+ metal resin. The purification leader sequence can then be
subsequently removed by treatment with enterokinase to provide the purified ActRIIB
polypeptide (e.g., see Hochuli et al., (1987) J. Chromatography 411:177; and Janknecht et al.,
PNAS USA 88:8972).

[00153] Techniques for making fusion genes are well known. Essentially, the joining of
various DNA fragments coding for different polypeptide sequences is performed in accordance
with conventional techniques, employing blunt-ended or stagger-ended termini for ligation,
restriction enzyme digestion to provide for appropriate termini, filling-in of cohesive ends as
appropriate, alkaline phosphatase treatment to avoid undesirable joining, and enzymatic ligation.
In another embodiment, the fusion gene can be synthesized by conventional techniques including
automated DNA synthesizers. Alternatively, PCR amplification of gene fragments can be
carried out using anchor primers which give rise to complementary overhangs between two

consecutive gene fragments which can subsequently be annealed to generate a chimeric gene
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sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel et al., John
Wiley & Sons: 1992).

[00154] ActRIIB -Fc fusion protein can be expressed in stably transfected CHO-DUKX Bl 1
cells from a pAID4 vector (SV40 ori/enhancer, CMV promoter), using a tissue plasminogen
leader sequence of SEQ ID NO:8. The Fc portion can comprise a human IgGl Fc sequence, as
shown in SEQ ID NO:7. In certain embodiments, upon expression, the protein contained has, on
average, between about 1.5 and 2.5 moles of sialic acid per molecule of ActRIIB-Fc fusion
protein.

[00155] In certain embodiments, the long serum half-life of an ActRIIB-Fc¢ fusion can be 25-
32 days in human patients. Additionally, the CHO cell expressed material can have a higher
affinity for activin B ligand than that reported for an ActRIIB-hFc fusion protein expressed in
human 293 cells (del Re et al., J Biol Chem. 2004 Dec 17;279(51):53126-35). Additionally,
without being bound by theory, the use of the TPA leader sequence provided greater production
than other leader sequences and, unlike ActRIIB-Fc expressed with a native leader, may provide
a highly pure N-terminal sequence. Use of the native leader sequence may result in two major
species of ActRIIB-Fc, each having a different N-terminal sequence.

(ii) Other ActRII Receptor Inhibitors

[00156] In certain embodiments, the inhibitors of ActRII receptors used in the compositions
and methods described herein are nucleic acid compounds.

[00157] Examples of categories of nucleic acid compounds that inhibit ActRII receptors
include antisense nucleic acids, siRNA or RNAI constructs and catalytic nucleic acid constructs.
A nucleic acid compound may be single- or double-stranded. A double-stranded compound may
also include regions of overhang or non-complementarity, where one or the other of the strands
is single-stranded. A single-stranded compound may include regions of self-complementarity,
meaning that the compound may form a so-called "hairpin" or "stem-loop" structure, with a
region of double helical structure.

[00158] In certain embodiments, the nucleic acid compounds that inhibit ActRII receptors
may comprise a nucleotide sequence that is complementary to a region consisting of no more
than 1000, no more than 500, no more than 250, no more than 100 or no more than 50, 35, 30,
25, 22,20 or 18 nucleotides of the full-length ActRII receptor nucleic acid sequence or activin

nucleic acid sequence (e.g., the nucleic acid sequence of an activin A or activin B subunit, also
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referred to as BA or BB). In specific embodiments, the region of complementarity will be at least
8 nucleotides, and optionally at least 10 or at least 15 nucleotides, and optionally between 15 and
25 nucleotides. A region of complementarity may fall within an intron, a coding sequence or a
noncoding sequence of the target transcript, such as the coding sequence portion. Generally, a
nucleic acid compound that inhibits an ActRII receptor will have a length of about 8 to about 500
nucleotides or base pairs in length, and optionally the length will be about 14 to about 50
nucleotides. A nucleic acid compound that inhibits an ActRII receptor may be a DNA
(particularly for use as an antisense), an RNA, or an RNA:DNA hybrid. Any one strand may
include a mixture of DNA and RNA, as well as modified forms that cannot readily be classified
as either DNA or RNA. Likewise, a double stranded nucleic acid compound may be DNA:DNA,
DNA:RNA, or RNA:RNA, and any one strand may also include a mixture of DNA and RNA, as
well as modified forms that cannot readily be classified as either DNA or RNA.

[00159] The nucleic acid compounds that inhibit an ActRII receptor may include any of a
variety of modifications, including one or modifications to the backbone (the sugar-phosphate
portion in a natural nucleic acid, including internucleotide linkages) or the base portion (the
purine or pyrimidine portion of a natural nucleic acid). In certain embodiments, an antisense
nucleic acid compound will have a length of about 15 to about 30 nucleotides and will often
contain one or more modifications to improve certain characteristics, such as stability in the
serum, stability in a cell, or stability in a place where the compound is likely to be delivered,
such as, e.g., the stomach in the case of orally delivered compounds and the lung for inhaled
compounds. In the case of an RNAI construct, the strand complementary to the target transcript
will generally be RNA or modifications thereof. The other strand may be RNA, DNA, or any
other variation. The duplex portion of double stranded or single stranded "hairpin" RNA1
construct may, in certain embodiments, have a length of 18 to 40 nucleotides in length and
optionally about 21 to 23 nucleotides in length, so long as it serves as a Dicer substrate.

Catalytic or enzymatic nucleic acids may be ribozymes or DNA enzymes and may also contain
modified forms. In certain embodiments, nucleic acid compounds that inhibit ActRII receptors
may inhibit expression of their target by about 50%, 60%, 70%, 75%, 80%., 85%, 90%, 95%,
99%, or more under physiological conditions and at a concentration where a nonsense or sense
control has little or no effect. Concentrations for testing the effect of nucleic acid compounds

include 1, 5, 10 micromolar, or more.

57



WO 2014/071158 PCT/US2013/068009

[00160] In other embodiments, the inhibitors of ActRII receptors used in the compositions and
methods described herein are antibodies. Such antibodies include antibodies that bind to activin
(particularly the activin A or B subunits, also referred to as BA or BB) and disrupt ActRII
receptor binding; and antibodies that bind to ActRII receptor polypeptides (e.g., a soluble
ActRIIA or soluble ActRIIB polypeptide) and disrupt activin binding.

[00161] By using immunogens derived from an ActRII receptor polypeptide or an activin
polypeptide, anti-protein/anti-peptide antisera or monoclonal antibodies can be made by standard
protocols (see, for example, Antibodies: A Laboratory Manual ed. by Harlow and Lane (Cold
Spring Harbor Press: 1988)). A mammal, such as a mouse, a hamster or rabbit can be
immunized with an immunogenic form of the ActRII receptor polypeptide, an antigenic fragment
which is capable of eliciting an antibody response, or a fusion protein. Techniques for
conferring immunogenicity on a protein or peptide include conjugation to carriers or other
techniques well known in the art. An immunogenic portion of an ActRII receptor or activin
polypeptide can be administered in the presence of adjuvant. The progress of immunization can
be monitored by detection of antibody titers in plasma or serum. Standard ELISA or other
immunoassays can be used with the immunogen as antigen to assess the levels of antibodies.
[00162] Following immunization of an animal with an antigenic preparation of an ActRII
receptor polypeptide, antisera can be obtained and, if desired, polyclonal antibodies can be
isolated from the serum. To produce monoclonal antibodies, antibody-producing cells
(Iymphocytes) can be harvested from an immunized animal and fused by standard somatic cell
fusion procedures with immortalizing cells such as myeloma cells to yield hybridoma cells.

Such techniques are well known in the art, and include, for example, the hybridoma technique
(originally developed by Kohler and Milstein, (1975) Nature, 256: 495-497), the human B cell
hybridoma technique (Kozbar et al., (1983) Immunology Today, 4: 72), and the EBV-hybridoma
technique to produce human monoclonal antibodies (Cole et al., (1985) Monoclonal Antibodies
and Cancer Therapy, Alan R. Liss, Inc. pp. 77-96). Hybridoma cells can be screened
immunochemically for production of antibodies specifically reactive with an ActRII receptor
polypeptide and monoclonal antibodies isolated from a culture comprising such hybridoma cells.
[00163] The term "antibody" as used herein is intended to include fragments thereof which are
also specifically reactive with a subject polypeptide. Antibodies can be fragmented using

conventional techniques and the fragments screened for utility in the same manner as described
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above for whole antibodies. For example, F(ab)2 fragments can be generated by treating
antibody with pepsin. The resulting F(ab)2 fragment can be treated to reduce disulfide bridges to
produce Fab fragments. An antibody is further intended to include bispecific, single-chain,
chimeric, humanized and fully human molecules having affinity for an ActRII receptor or activin
polypeptide conferred by at least one CDR region of the antibody. An antibody may further
comprise a label attached thereto and able to be detected (e.g., the label can be a radioisotope,
fluorescent compound, enzyme or enzyme co-factor).

[00164] In certain embodiments, the antibody is a recombinant antibody, which term
encompasses any antibody generated in part by techniques of molecular biology, including CDR-
grafted or chimeric antibodies, human or other antibodies assembled from library-selected
antibody domains, single chain antibodies and single domain antibodies (e.g., human VH
proteins or camelid VHH proteins). In certain embodiments, an antibody can be a monoclonal
antibody, and in certain embodiments. For example, a method for generating a monoclonal
antibody that binds specifically to an ActRII receptor polypeptide or activin polypeptide may
comprise administering to a mouse an amount of an immunogenic composition comprising the
antigen polypeptide effective to stimulate a detectable immune response, obtaining antibody-
producing cells (e.g., cells from the spleen) from the mouse and fusing the antibody-producing
cells with myeloma cells to obtain antibody-producing hybridomas, and testing the antibody-
producing hybridomas to identify a hybridoma that produces a monoclonal antibody that binds
specifically to the antigen. Once obtained, a hybridoma can be propagated in a cell culture,
optionally in culture conditions where the hybridoma-derived cells produce the monoclonal
antibody that binds specifically to the antigen. The monoclonal antibody may be purified from
the cell culture.

[00165] The adjective "specifically reactive with" as used in reference to an antibody is
intended to mean, as is generally understood in the art, that the antibody is sufficiently selective
between the antigen of interest (e.g., an ActRII receptor polypeptide) and other antigens that are
not of interest that the antibody is useful for, at minimum, detecting the presence of the antigen
of interest in a particular type of biological sample. In certain methods employing the antibody,
such as therapeutic applications, a higher degree of specificity in binding may be desirable.
Monoclonal antibodies generally have a greater tendency (as compared to polyclonal antibodies)

to discriminate effectively between the desired antigens and cross-reacting polypeptides. One
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characteristic that influences the specificity of an antibody:antigen interaction is the affinity of
the antibody for the antigen. Although the desired specificity may be reached with a range of
different affinities, generally preferred antibodies will have an affinity (a dissociation constant)
of about 10-6, 10-7, 10-8, 10-9 or less. Given the extraordinarily tight binding between activin
and an ActRII receptor, it is expected that a neutralizing anti-activin or anti-ActRII receptor
antibody would generally have a dissociation constant of 10-10 or less.

[00166] In addition, the techniques used to screen antibodies in order to identify a desirable
antibody may influence the properties of the antibody obtained. For example, if an antibody is to
be used for binding an antigen in solution, it may be desirable to test solution binding. A variety
of different techniques are available for testing interaction between antibodies and antigens to
identify particularly desirable antibodies. Such techniques include ELISAs, surface plasmon
resonance binding assays (e.g., the Biacore. TM. binding assay, Biacore AB, Uppsala, Sweden),
sandwich assays (e.g., the paramagnetic bead system of IGEN International, Inc., Gaithersburg,
Md.), Western blots, immunoprecipitation assays, and immunohistochemistry.

[00167] In certain embodiments, ActRII receptor inhibitors to be used in the compositions and
methods described herein include alternative forms of activin, particularly those with alterations
in the type I receptor binding domain can bind to type Il receptors and fail to form an active
ternary complex. In certain embodiments, nucleic acids, such as antisense molecules, siRNAs or
ribozymes that inhibit activin A, B, C or E, or, particularly, ActRII receptor expression, can be
used in the compositions and methods described herein.

[00168] In other embodiments, the inhibitors of ActRII receptors used in the compositions and
methods described herein are non-antibody proteins with ActRII receptor antagonist activity,
including inhibin (i.e., inhibin alpha subunit), follistatin (e.g., follistatin-288 and follistatin-315),
Cerberus, follistatin related protein ("FSRP"), endoglin, activin C, alpha(2)-macroglobulin, and
an M108A (methionine to alanine change at position 108) mutant activin A.

[00169] In a specific embodiment, the ActRII receptor inhibitor to be used in the compositions
and methods described herein is a follistatin polypeptide that antagonizes activin bioactivity
and/or binds to activin. The term "follistatin polypeptide” includes polypeptides comprising any
naturally occurring polypeptide of follistatin as well as any variants thereof (including mutants,
fragments, fusions, and peptidomimetic forms) that retain a useful activity, and further includes

any functional monomer or multimer of follistatin. Variants of follistatin polypeptides that retain
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activin binding properties can be identified based on previous studies involving follistatin and
activin interactions. For example, W02008/030367, which is included by reference herein in its
entirety, discloses specific follistatin domains ("FSDs") that are shown to be important for
activin binding. Follistatin polypeptides include polypeptides derived from the sequence of any
known follistatin having a sequence at least about 80% identical to the sequence of a follistatin
polypeptide, and optionally at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or greater identity.
Examples of follistatin polypeptides include the mature follistatin polypeptide or shorter
isoforms or other variants of the human follistatin precursor polypeptide as described, for
example, in W02005/025601, which is included by reference herein in its entirety.

[00170] In a specific embodiment, the ActRII receptor inhibitor to be used in the compositions
and methods described herein is a follistatin-like related gene (FLRG) that antagonizes activin
bioactivity and/or binds to activin. The term "FLRG polypeptide” includes polypeptides
comprising any naturally occurring polypeptide of FLRG as well as any variants thereof
(including mutants, fragments, fusions, and peptidomimetic forms) that retain a useful activity.
Variants of FLRG polypeptides that retain activin binding properties can be identified using
routine methods to assay FLRG and activin interactions. See, for example, U.S. Pat. No.
6,537,966, which is included by reference herein in its entirety. FLRG polypeptides include
polypeptides derived from the sequence of any known FLRG having a sequence at least about
80% identical to the sequence of an FLRG polypeptide, and optionally at least 85%, 90%, 95%,
96%, 97%, 98%, 99% or greater identity.

[00171] In certain embodiments, functional variants or modified forms of the follistatin
polypeptides and FLRG polypeptides include fusion proteins having at least a portion of the
follistatin polypeptides or FLRG polypeptides and one or more fusion domains, such as, for
example, domains that facilitate isolation, detection, stabilization or multimerization of the
polypeptide. Suitable fusion domains are discussed in detail above with reference to the
ActRIIA and ActRIIB polypeptides. In one embodiment, an ActRII receptor inhibitor is a fusion
protein comprising an activin binding portion of a follistatin polypeptide fused to an Fc domain.
In another embodiment, an ActRII receptor inhibitor is a fusion protein comprising an activin

binding portion of an FLRG polypeptide fused to an Fc domain.

5.3  ASSAYS
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(a) DIAGNOSTIC ASSAYS
() BONE TURNOVER

[00172] Various circulating markers of bone turnover can be used to diagnose bone disorders,
such as low bone turnover. Circulating markers of bone turnover are markers of bone formation
such as bone specific alkaline phosphatase (bAP), osteocalcin, procollagen type I C-terminal
propeptide (PICP) and insulin-like growth factor-1 (IGF-1), some being markers of bone
resorption such as pyridinoline, deoxypyridinoline, tartrate-resistant acid phosphatase (TRAP),
TRARP type 5b, pyridinoline, deoxypyridinoline and procollagen type I C-terminal telopeptide
(ICTP), serum or urine collagen cross-links (N-telopeptide or C-telopeptide), and 25
hydroxyvitamin D. Assays to measure the entire parathyroid hormone (PTH) molecule can also
be used. The skilled artisan is aware of imaging methods allowing the assessment of bone
mineral density (BMD). See, e.g., Tilman B. Drucke and Sharon M. Moe, Disturbances of bone
and mineral metabolism in chronic kidney disease: an international initiative to improve
diagnosis and treatment, Nephrol Dial Transplant (2004) 19: 534-536; Okuno S, Inaba M.,
Biochemical markers of bone turnover. New aspect. Dialysis and bone metabolic marker, Clin
Calcium. 2009 Aug;19(8):1084-91; Herberth J, Monier-Faugere MC, Mawad HW, Branscum
AlJ, Herberth Z, Wang G, Cantor T, Malluche HH, The five most commonly used intact
parathyroid hormone assays are useful for screening but not for diagnosing bone turnover
abnormalities in CKD-5 patients, Clin Nephrol. 2009 Jul;72(1):5-14; Lehmann G, Ott U,
Kaemmerer D, Schuetze J, Wolf G., Bone histomorphometry and biochemical markers of bone
turnover in patients with chronic kidney disease Stages 3 — 5, Clin Nephrol. 2008 Oct;70(4):296-
305; Driicke TB., Is parathyroid hormone measurement useful for the diagnosis of renal bone
disease?, Kidney Int. 2008 Mar;73(6):674-6; Yamada S, Inaba M, Kurajoh M, Shidara K,
Imanishi Y, Ishimura E, Nishizawa Y., Utility of serum tartrate-resistant acid phosphatase
(TRACPS5b) as a bone resorption marker in patients with chronic kidney disease: independence
from renal dysfunction., Clin Endocrinol (Oxf). 2008 Aug;69(2):189-96. Epub 2008 Jan 23. See
also, Paul D. Miller, Diagnosis and Treatment of Osteoporosis in Chronic Renal Disease, 2009.
[00173] Another marker for monitoring bone resorption in CKD patients with mild renal
dysfunction is serum concentration of type I collagen N-telopeptide (S-NTX). See, e.g., Hamano
T, Fujii N, Nagasawa Y, Isaka Y, Moriyama T, Okada N, Imai E, Horio M, Ito T., Serum NTX is
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a practical marker for assessing antiresorptive therapy for glucocorticoid treated patients with
chronic kidney disease., Bone. 2006 Nov;39(5):1067-72. Epub 2006 Jun 16.

[00174] Quantitative computed tomography (QCT) can also be used to determine bone
turnover.

(ii) ADYNAMIC BONE DISORDER MODEL

[00175] A mouse model for adynamic bone disease in a renal setting is to use a mouse
nephrectomy model, such as the 5/6 nephrectomy model used in Sections 6.2 and 6.3, wherein
the mice are fed a low phosphate diet.

[00176] In another mouse model, mice are subjected to electrocautery of one kidney and
nephrectomy of the other kidney. The mice are fed low-phosphate chow supplemented with

calcitriol. See, e.g., Lund et al., 2004, J] Am Soc Nephrol 15:349-369.

(iii) TETRACYCLINE LABELING OF BONE

[00177] A diagnostic test that can be used to determine the type of bone disease associated
with CKD is iliac crest bone biopsy with double tetracycline labeling and bone

histomorphometric analysis. See, e.g., National Kidney Foundation: NKF KDOQI Guidelines.

(ivy VASCULAR CALCIFICATION

[00178] Non-contrast computed tomography (CT) for imaging the extent of coronary artery
calcification (CAC) and contrast CT for noninvasive coronary angiography (CTA) are
developments generally used to diagnose obstructive coronary disease. Radionuclide stress
testing, coronary artery calcium scanning, and noninvasive coronary angiography for diagnostic
and prognostic cardiac assessment can also be used. See: Berman DS, Shaw LJ, Hachamovitch
R, Friedman JD, Polk DM, Hayes SW, Thomson LE, Germano G, Wong ND, Kang X, Rozanski
A., Comparative use of radionuclide stress testing, coronary artery calcium scanning, and
noninvasive coronary angiography for diagnostic and prognostic cardiac assessment, Semin Nucl
Med. 2007 Jan;37(1):2-16.

[00179] Coronary calcium screening results from asymptomatic patients can be used as a
comparison. For example, calcium screening results obtained prior to the onset of kidney disease

can be used as a comparison when vascular calcification is related to the kidney disease.
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[00180] Possible methods of detecting and quantifying coronary artery calcification (CAC)
include, but are not limited to, x-ray computed tomography and myocardial perfusion single
photon emission computed tomography (SPECT). Moser KW, O'Keefe JH Jr, Bateman TM,
McGhie IA., Coronary calcium screening in asymptomatic patients as a guide to risk factor
modification and stress myocardial perfusion imaging, J Nucl Cardiol. 2003 Nov-Dec;10(6):590-
8. Multi-detector computed tomography (MDCT) also can be used to detect vascular
calcification (see, e.g., Burrill et al., 2007, Postgrad. Med. J. 83(985):698-704).

[00181] Another diagnostic method for vascular calcification is fluorine 18
fluorodeoxyglucose (FDG) uptake in the thoracic aortic wall at combined positron emission
tomography (PET)/computed tomography (CT). See: Tatsumi M, Cohade C, Nakamoto Y, Wahl
RL., Fluorodeoxyglucose uptake in the aortic wall at PET/CT: possible finding for active
atherosclerosis, Radiology. 2003 Dec;229(3):831-7. Epub 2003 Oct 30.

[00182] In even another embodiment, ultrafast CT can be used to detect the presence of
atherosclerotic coronary disease. See, e.g., Breen JF, Sheedy PF 2nd, Schwartz RS, Stanson
AW, Kaufmann RB, Moll PP, Rumberger JA, Coronary artery calcification detected with
ultrafast CT as an indication of coronary artery disease, Radiology. 1992 Nov;185(2):435-9.
[00183] Electron-beam computed tomography scanning can also be used to diagnose coronary
artery disease. See: Schmermund A, Baumgart D, Sack S, Mohlenkamp S, Gronemeyer D,
Seibel R, Erbel R., Assessment of coronary calcification by electron-beam computed
tomography in symptomatic patients with normal, abnormal or equivocal exercise stress test, Eur
Heart J. 2000 Oct;21(20):1674-82.

[00184] Another test for vascular calcification regards the plaque composition in plexogenic
and thromboembolic pulmonary hypertension. Chronic thromboembolic pulmonary
hypertension is associated with atherosclerotic plaques with glycophorin-rich pultaceous cores,
and plexogenic pulmonary hypertension with fibrous plaques. Thromboembolic material plays a
critical role in the formation of pultaceous cores, of which erythrocyte membrane derived
glycophorin is a major component. Thereby, chronic thromboembolic and plexogenic
pulmonary hypertension (primary and secondary (Eisenmenger syndrome)) are investigated.

See: Arbustini E, Morbini P, D'Armini AM, Repetto A, Minzioni G, Piovella F, Vigano M,
Tavazzi L, Plaque composition in plexogenic and thromboembolic pulmonary hypertension: the

critical role of thrombotic material in pultaceous core formation, Heart. 2002 Aug;88(2):177-82.
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[00185] Agatston scoring, a calcium scoring system based on density measurements of
deposited calcium plaques, can be used to quantify vascular calcification. In this system, levels
of vascular calcification can be measured by multi-detector computed tomography (MDCT) and
attenuations in the rate of progression in the Agatston score can be assessed (see, ¢.g., Sharma et
al., 2010, Vasc. Health Risk Manag. 6:603-611).

[00186] Further, vascular calcification can be assessed using the methods described in
Adragao et al., 2004, Nephrol. Dial. Transplant 19:1480-1488.

[00187] Another assay for use in quantifying vascular calcification in a subject is the lesion-
specific calcium score, which comprises a method of calcium measurement that results from a
CT test for coronary artery calcification. This method is described by, ¢.g., Akram and Voros,
2008, Int. J. cardiovac. Imaging 14:743-749.

(v) KIDNEY DISEASE

[00188] Glomerular filtration rate can be determined by any method known to the skilled

artisan to determine kidney disease. See website of the National Kidney Foundation.

(vij SECONDARY PARATHYROIDISM

[00189] Secondary hyperparathyroidism occurs when the parathyroid glands produce too
much parathyroid hormone (PTH) because of too low calcium levels or increased phosphorus

levels. Calcium, phosphorus, and PTH levels can be determined from blood samples.

(viij HYPERPHOSPHATEMIA

[00190] Abnormally elevated levels of phosphate in the blood can be determined by any

method known to the skilled artisan.

(b) Screening Assays

[00191] Various ActRII polypeptide variants, or soluble ActRII polypeptide variants, may be
tested for their ability to inhibit ActRII. In addition, compounds can be tested for their ability to

inhibit ActRII. Once inhibitors of ActRII activity are confirmed, these compounds can be used
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with the methods provided herein. ActRII can be ActRIIA or ActRIIB. The assays below are
described for ActRIIA but can be performed analogously for ActRIIB.

[00192] For example, the effect of an ActRIIA polypeptide variant on the expression of genes
involved in bone production or bone destruction may be assessed. This may, as needed, be
performed in the presence of one or more recombinant ActRIIA ligand proteins (e.g., activin),
and cells may be transfected so as to produce an ActRIIA polypeptide and/or variants thereof,
and optionally, an ActRIIA ligand. Likewise, an ActRIIA polypeptide may be administered to a
mouse or other animal, and one or more bone properties, such as density or volume may be
assessed. The healing rate for bone fractures may also be evaluated. Dual-energy x-ray
absorptiometry (DEXA) is a well-established, non-invasive, quantitative technique for assessing
bone density in an animal. In humans central DEXA systems may be used to evaluate bone
density in the spine and pelvis. These are the best predictors of overall bone density. Peripheral
DEXA systems may be used to evaluate bone density in peripheral bones, including, for
example, the bones of the hand, wrist, ankle and foot. Traditional x-ray imaging systems,
including CAT scans, may be used to evaluate bone growth and fracture healing. In addition,
bone density can be measured using quantitative computed tomography (qCT). The mechanical
strength of bone may also be evaluated.

[00193] In certain aspects, provided herein is the use of ActRIIA polypeptides (e.g., soluble
ActRIIA polypeptides) and activin polypeptides to identify compounds (agents) which are
agonist or antagonists of the activin-ActRIIA signaling pathway. Compounds identified through
this screening can be tested to assess their ability to modulate bone growth or mineralization in
vitro. Optionally, these compounds can further be tested in animal models to assess their ability
to modulate tissue growth in vivo.

[00194] There are numerous approaches to screening for therapeutic agents for modulating
tissue growth by targeting activin and ActRIIA polypeptides. In certain embodiments, high-
throughput screening of compounds can be carried out to identify agents that perturb activin or
ActRIIA-mediated effects on bone. In certain embodiments, the assay is carried out to screen
and identify compounds that specifically inhibit or reduce binding of an ActRIIA polypeptide to
activin. Alternatively, the assay can be used to identify compounds that enhance binding of an
ActRIIA polypeptide to activin. In a further embodiment, the compounds can be identified by
their ability to interact with an activin or ActRIIA polypeptide.
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[00195] A variety of assay formats will suffice and, in light of the present disclosure, those
not expressly described herein will nevertheless be comprehended by one of ordinary skill in the
art. As described herein, the test compounds (agents) used herein may be created by any
combinatorial chemical method. Alternatively, the subject compounds may be naturally
occurring biomolecules synthesized in vivo or in vitro. Compounds (agents) to be tested for their
ability to act as modulators of tissue growth can be produced, for example, by bacteria, yeast,
plants or other organisms (e.g., natural products), produced chemically (e.g., small molecules,
including peptidomimetics), or produced recombinantly. Test compounds contemplated herein
include non-peptidyl organic molecules, peptides, polypeptides, peptidomimetics, sugars,
hormones, and nucleic acid molecules. In a specific embodiment, the test agent is a small organic
molecule having a molecular weight of less than about 2,000 daltons.

[00196] The test compounds can be provided as single, discrete entities, or provided in
libraries of greater complexity, such as made by combinatorial chemistry. These libraries can
comprise, for example, alcohols, alkyl halides, amines, amides, esters, aldehydes, ethers and
other classes of organic compounds. Presentation of test compounds to the test system can be in
either an isolated form or as mixtures of compounds, especially in initial screening steps.
Optionally, the compounds may be derivatized with other compounds and have derivatizing
groups that facilitate isolation of the compounds. Non-limiting examples of derivatizing groups
include biotin, fluorescein, digoxygenin, green fluorescent protein, isotopes, polyhistidine,
magnetic beads, glutathione S transferase (GST), photoactivatible crosslinkers or any
combinations thereof.

[00197] In many drug screening programs which test libraries of compounds and natural
extracts, high throughput assays are desirable in order to maximize the number of compounds
surveyed in a given period of time. Assays which are performed in cell-free systems, such as
may be derived with purified or semi-purified proteins, are often preferred as "primary” screens
in that they can be generated to permit rapid development and relatively easy detection of an
alteration in a molecular target which is mediated by a test compound. Moreover, the effects of
cellular toxicity or bioavailability of the test compound can be generally ignored in the in vitro
system, the assay instead being focused primarily on the effect of the drug on the molecular
target as may be manifest in an alteration of binding affinity between an ActRIIA polypeptide

and activin.
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[00198] Merely to illustrate, in an exemplary screening assay, the compound of interest is
contacted with an isolated and purified ActRIIA polypeptide which is ordinarily capable of
binding to activin. To the mixture of the compound and ActRIIA polypeptide is then added a
composition containing an ActRIIA ligand. Detection and quantification of ActRIIA/activin
complexes provides a means for determining the compound's efficacy at inhibiting (or
potentiating) complex formation between the ActRIIA polypeptide and activin. The efficacy of
the compound can be assessed by generating dose response curves from data obtained using
various concentrations of the test compound. Moreover, a control assay can also be performed to
provide a baseline for comparison. For example, in a control assay, isolated and purified activin
is added to a composition containing the ActRIIA polypeptide, and the formation of
ActRIIA/activin complex is quantitated in the absence of the test compound. It will be
understood that, in general, the order in which the reactants may be admixed can be varied, and
can be admixed simultaneously. Moreover, in place of purified proteins, cellular extracts and
lysates may be used to render a suitable cell-free assay system.

[00199] Complex formation between the ActRIIA polypeptide and activin may be detected by
a variety of techniques. For instance, modulation of the formation of complexes can be
quantitated using, for example, detectably labeled proteins such as radiolabeled (e.g., *P, *°S,
'C or *H), fluorescently labeled (e.g., FITC), or enzymatically labeled ActRIIA polypeptide or
activin, by immunoassay, or by chromatographic detection.

[00200] In certain embodiments, contemplated herein is the use of fluorescence polarization
assays and fluorescence resonance energy transfer (FRET) assays in measuring, either directly or
indirectly, the degree of interaction between an ActRIIA polypeptide and its binding protein.
Further, other modes of detection, such as those based on optical waveguides (PCT Publication
WO 96/26432 and U.S. Pat. No. 5,677,196), surface plasmon resonance (SPR), surface charge
sensors, and surface force sensors, are compatible with many embodiments described herein.
[00201] Moreover, an interaction trap assay, also known as the "two hybrid assay," can be
used for identifying agents that disrupt or potentiate interaction between an ActRIIA polypeptide
and its binding protein. See for example, U.S. Pat. No. 5,283,317; Zervos et al. (1993) Cell
72:223-232; Madura et al. (1993) J Biol Chem 268:12046-12054; Bartel et al. (1993)
Biotechniques 14:920-924; and Iwabuchi et al. (1993) Oncogene 8:1693-1696). In a specific

embodiment, contemplated herein is the use of reverse two hybrid systems to identify
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compounds (e.g., small molecules or peptides) that dissociate interactions between an ActRITA
polypeptide and its binding protein. See for example, Vidal and Legrain, (1999) Nucleic Acids
Res 27:919-29; Vidal and Legrain, (1999) Trends Biotechnol 17:374-81; and U.S. Pat. Nos.
5,525,490, 5,955,280; and 5,965,368.

[00202] In certain embodiments, the subject compounds are identified by their ability to
interact with an ActRIIA or activin polypeptide. The interaction between the compound and the
ActRIIA or activin polypeptide may be covalent or non-covalent. For example, such interaction
can be identified at the protein level using in vitro biochemical methods, including photo-
crosslinking, radiolabeled ligand binding, and affinity chromatography (Jakoby W B et al., 1974,
Methods in Enzymology 46: 1). In certain cases, the compounds may be screened in a
mechanism based assay, such as an assay to detect compounds which bind to an activin or
ActRIIA polypeptide. This may include a solid phase or fluid phase binding event.
Alternatively, the gene encoding an activin or ActRIIA polypeptide can be transfected with a
reporter system (e.g., B-galactosidase, luciferase, or green fluorescent protein) into a cell and
screened against the library preferably by a high throughput screening or with individual
members of the library. Other mechanism based binding assays may be used, for example,
binding assays which detect changes in free energy. Binding assays can be performed with the
target fixed to a well, bead or chip or captured by an immobilized antibody or resolved by
capillary electrophoresis. The bound compounds may be detected usually using colorimetric or
fluorescence or surface plasmon resonance.

[00203] In certain aspects, provided herein are methods and agents for modulating
(stimulating or inhibiting) bone formation and increasing bone mass. Therefore, any compound
identified can be tested in whole cells or tissues, in vitro or in vivo, to confirm their ability to
modulate bone growth or mineralization. Various methods known in the art can be utilized for
this purpose. In particular, the compounds can be tested for their ability to increase bone
turnover.

[00204] For example, the effect of the ActRIIA or activin polypeptides or test compounds on
bone or cartilage growth can be determined by measuring induction of Msx2 or differentiation of
osteoprogenitor cells into osteoblasts in cell based assays (see, e.g., Daluiski et al., Nat Genet.
2001, 27(1):84-8; Hino et al., Front Biosci. 2004, 9:1520-9). Another example of cell-based

assays includes analyzing the osteogenic activity of the subject ActRIIA or activin polypeptides
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and test compounds in mesenchymal progenitor and osteoblastic cells. To illustrate, recombinant
adenoviruses expressing an activin or ActRIIA polypeptide can be constructed to infect
pluripotent mesenchymal progenitor C3H10T1/2 cells, preosteoblastic C2CI2 cells, and
osteoblastic TE-85 cells. Osteogenic activity is then determined by measuring the induction of
alkaline phosphatase, osteocalcin, and matrix mineralization (see, e.g., Cheng et al., J bone Joint
Surg Am. 2003, 85-A(8): 1544-52).

[00205] Also provided herein are in vivo assays to measure bone or cartilage growth. For
example, Namkung-Matthai et al., Bone, 28:80-86 (2001) discloses a rat osteoporotic model in
which bone repair during the early period after fracture is studied. Kubo et al., Steroid
Biochemistry & Molecular Biology, 68:197-202 (1999) also discloses a rat osteoporotic model in
which bone repair during the late period after fracture is studied. Andersson et al., J. Endocrinol.
170:529-537 describe a mouse osteoporosis model in which mice are ovariectomized, which
causes the mice to lose substantial bone mineral content and bone mineral density, with the
trabecular bone losing roughly 50% of bone mineral density. Bone density could be increased in
the ovariectomized mice by administration of factors such as parathyroid hormone. In certain
aspects, fracture healing assays that are known in the art can be used. These assays include
fracture technique, histological analysis, and biomechanical analysis, which are described in, for
example, U.S. Pat. No. 6,521,750, which is incorporated by reference in its entirety for its
disclosure of experimental protocols for causing as well as measuring the extent of fractures, and

the repair process.

5.4 DOSE

[00206] Provided herein are methods for the treatment of CKD-MBD and / or low turnover
bone disease, wherein the methods comprise administering to a patient in need of treatment a
therapeutically effective amount of an inhibitor of ActRII (see Section 5.2). In certain
embodiments, an ActRII inhibitor is an inhibitor of ActRIIA as set forth in Section 5.2(a). In
other embodiments, an ActRII inhibitor is an inhibitor of ActRIIB as set forth in Section 5.2(b).
In certain embodiments, an ActRII inhibitor is a combination of an ActRIIA inhibitor and an
ActRIIB inhibitor.

[00207] In certain embodiments, a therapeutically effective amount of an ActRII inhibitor is

sufficient to ameliorate one symptom of CKD-MBD. In certain embodiments, a therapeutically

70



WO 2014/071158 PCT/US2013/068009

effective amount of an ActRII inhibitor is sufficient to prevent at least one symptom of CKD-
MBD from worsening.

[00208] In certain embodiments, a therapeutically effective amount of an ActRII inhibitor
improves or stabilizes kidney function. Kidney function can be measured by glomerular
filtration rate. See, e.g., Section 5.4(a)(iv). In certain embodiments, a therapeutically effective
amount of an ActRII inhibitor is a daily dose that is sufficient to stabilize the glomerular
filtration rate of a CKD-MBD patient for the duration of treatment with ActRII inhibitor and for
at least 3 months, 6 months, 9 months, or 12 months. In certain embodiments, a therapeutically
effective amount of an ActRIIA inhibitor is a daily dose that is sufficient to increase the
glomerular filtration rate by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or at lcast
50%.

[00209] In certain embodiments, a therapeutically effective amount of an ActRII inhibitor
increases the red blood cell level and / or hemoglobin levels in the patient.

[00210] In certain embodiments, a therapeutically effective amount of an ActRII inhibitor is
effective to (a) increase red blood cell and / or hemoglobin levels in the patient; (b) improvement
in bone quality and / or bone mineral density in the patient; and (c) improve kidney function in
the patient.

[00211] In certain embodiments, a therapeutically effective amount of an ActRII inhibitor is
effective to (a) increase red blood cell and / or hemoglobin levels in the patient; (b) increase the
bone turnover in the patient; and (c¢) improve kidney function in the patient.

[00212] In certain embodiments, the ActRII inhibitor is dosed at intervals and amounts
sufficient to achieve serum concentrations of 0.2 microgram/kg or greater, and serum levels of 1
microgram/kg or 2 microgram/kg or greater are desirable for achieving significant effects on
bone density and strength. Dosing regimens may be designed to reach serum concentrations of
between 0.2 and 15 microgram/kg, and optionally between 1 and 5 microgram/kg. In humans,
serum levels of 0.2 microgram/kg may be achieved with a single dose of 0.1 mg/kg or greater
and serum levels of 1 microgram/kg may be achieved with a single dose of 0.3 mg/kg or greater.
The observed serum half-life of the molecule is between about 20 and 30 days, substantially
longer than most Fc fusion proteins, and thus a sustained effective serum level may be achieved,
for example, by dosing with 0.2-0.4 mg/kg on a weekly or biweekly basis, or higher doses may

be used with longer intervals between dosings. For example, doses of 1-3 mg/kg might be used
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on a monthly or bimonthly basis, and the effect on bone may be sufficiently durable that dosing

is necessary only once every 3, 4, 5, 6, 9, 12 or more months.

5.5 PHARMACEUTICAL COMPOSITIONS

[00213] In certain embodiments, activin-ActRII antagonists (e.g., ActRII polypeptides) are
formulated with a pharmaceutically acceptable carrier for use with the methods described herein.
For example, an ActRII polypeptide can be administered alone or as a component of a
pharmaceutical formulation (therapeutic composition). The subject compounds may be
formulated for administration in any convenient way for use in human or veterinary medicine.
ActRII can be ActRIIA or ActRIIB.

[00214] In certain embodiments, the therapeutic methods described herein include
administering the composition systemically, or locally as an implant or device. When
administered, the therapeutic compositions used herein can be in a pyrogen-free, physiologically
acceptable form. Therapeutically useful agents other than the ActRIIA antagonists which may
also optionally be included in the composition as described above, may be administered
simultaneously or sequentially with the subject compounds (e.g., ActRII polypeptides, such as
ActRIIA and / or ActRIIB polypeptides (see Section 5.2)).

[00215] Typically, ActRIIA antagonists will be administered parenterally. Pharmaceutical
compositions suitable for parenteral administration may comprise one or more ActRII
polypeptides in combination with one or more pharmaceutically acceptable sterile isotonic
aqueous or nonaqueous solutions, dispersions, suspensions or emulsions, or sterile powders
which may be reconstituted into sterile injectable solutions or dispersions just prior to use, which
may contain antioxidants, buffers, bacteriostats, solutes which render the formulation isotonic
with the blood of the intended recipient or suspending or thickening agents. Examples of
suitable aqueous and nonaqueous carriers which may be employed in the pharmaceutical
compositions used in the methods described herein include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as cthyl oleate. Proper
fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by the

maintenance of the required particle size in the case of dispersions, and by the use of surfactants.
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[00216] Further, the composition may be encapsulated or injected in a form for delivery to a
target tissue site (e.g., bone). In certain embodiments, compositions used in the methods
described herein may include a matrix capable of delivering one or more therapeutic compounds
(e.g., ActRIIA polypeptides) to a target tissue site (e.g., bone), providing a structure for the
developing tissue and optimally capable of being resorbed into the body. For example, the matrix
may provide slow release of the ActRIIA polypeptides. Such matrices may be formed of
materials presently in use for other implanted medical applications.

[00217] The choice of matrix material is based on biocompatibility, biodegradability,
mechanical properties, cosmetic appearance and interface properties. The particular application
of the subject compositions will define the appropriate formulation. Potential matrices for the
compositions may be biodegradable and chemically defined calcium sulfate,
tricalciumphosphate, hydroxyapatite, polylactic acid and polyanhydrides. Other potential
materials are biodegradable and biologically well defined, such as bone or dermal collagen.
Further matrices are comprised of pure proteins or extracellular matrix components. Other
potential matrices are non-biodegradable and chemically defined, such as sintered
hydroxyapatite, bioglass, aluminates, or other ceramics. Matrices may be comprised of
combinations of any of the above mentioned types of material, such as polylactic acid and
hydroxyapatite or collagen and tricalciumphosphate. The bioceramics may be altered in
composition, such as in calcium-aluminate-phosphate and processing to alter pore size, particle
size, particle shape, and biodegradability.

[00218] In certain embodiments, the compositions used in the methods described herein can
be administered orally, e.g., in the form of capsules, cachets, pills, tablets, lozenges (using a
flavored basis, usually sucrose and acacia or tragacanth), powders, granules, or as a solution or a
suspension in an aqueous or non-aqueous liquid, or as an oil-in-water or water-in-oil liquid
emulsion, or as an elixir or syrup, or as pastilles (using an inert base, such as gelatin and
glycerin, or sucrose and acacia) and/or as mouth washes and the like, each containing a
predetermined amount of an agent as an active ingredient. An agent may also be administered as
a bolus, electuary or paste.

[00219] In solid dosage forms for oral administration (capsules, tablets, pills, dragees,
powders, granules, and the like), one or more therapeutic compounds used in the methods

described herein may be mixed with one or more pharmaceutically acceptable carriers, such as
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sodium citrate or dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such
as starches, lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for
example, carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose, and/or
acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5)
solution retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary
ammonium compounds; (7) wetting agents, such as, for example, cetyl alcohol and glycerol
monostearate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and
mixtures thereof; and (10) coloring agents. In the case of capsules, tablets and pills, the
pharmaceutical compositions may also comprise buffering agents. Solid compositions of a
similar type may also be employed as fillers in soft and hard-filled gelatin capsules using such
excipients as lactose or milk sugars, as well as high molecular weight polyethylene glycols and
the like.

[00220] Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In addition to the active
ingredient, the liquid dosage forms may contain inert diluents commonly used in the art, such as
water or other solvents, solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-
butylene glycol, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame
oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring, perfuming,
and preservative agents.

[00221] Suspensions, in addition to the active compounds, may contain suspending agents
such as ethoxylated isostearyl alcohols, polyoxyethylene sorbitol, and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth, and
mixtures thereof.

[00222] The compositions used in the methods described herein may also contain adjuvants,
such as preservatives, wetting agents, emulsifying agents and dispersing agents. Prevention of

the action of microorganisms may be ensured by the inclusion of various antibacterial and
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antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may
also be desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may be
brought about by the inclusion of agents which delay absorption, such as aluminum monostearate
and gelatin.

[00223] It is understood that the dosage regimen will be determined by the attending
physician considering various factors which modify the action of the subject compounds used in
the methods described herein (e.g., ActRII polypeptides, such as ActRITA and / or ActRIIB
polypeptides (see Section 5.2)). The various factors include, but are not limited to, amount of
bone weight desired to be formed, the degree of bone density loss, the site of bone damage, the
condition of the damaged bone, the patient's age, sex, and diet, the severity of any disease that
may be contributing to bone loss, time of administration, and other clinical factors. Optionally,
the dosage may vary with the type of matrix used in the reconstitution and the types of
compounds in the composition. The addition of other known growth factors to the final
composition, may also affect the dosage. Progress can be monitored by periodic assessment of
bone growth and/or repair, for example, X-rays (including DEXA), histomorphometric
determinations, and tetracycline labeling.

[00224] In certain embodiments, the methods described herein comprise gene therapy for the
in vivo production of ActRII polypeptides. Such therapy would achieve its therapeutic effect by
introduction of the ActRII polynucleotide sequences into cells or tissues having the disorders as
listed above. Delivery of ActRII polynucleotide sequences can be achieved using a recombinant
expression vector such as a chimeric virus or a colloidal dispersion system. Preferred for
therapeutic delivery of ActRII polynucleotide sequences is the use of targeted liposomes. The
ActRII polypeptides can be ActRIIA and / or ActRIIB polypeptides (see Section 5.2)).

[00225] Various viral vectors which can be utilized for gene therapy as taught herein include
adenovirus, herpes virus, vaccinia, or, preferably, an RNA virus such as a retrovirus. Preferably,
the retroviral vector is a derivative of a murine or avian retrovirus. Examples of retroviral
vectors in which a single foreign gene can be inserted include, but are not limited to: Moloney
murine leukemia virus (MoMuLV), Harvey murine sarcoma virus (HaMuSV), murine mammary
tumor virus (MuMTYV), and Rous Sarcoma Virus (RSV). A number of additional retroviral

vectors can incorporate multiple genes. All of these vectors can transfer or incorporate a gene
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for a selectable marker so that transduced cells can be identified and generated. Retroviral
vectors can be made target-specific by attaching, for example, a sugar, a glycolipid, or a protein.
Preferred targeting is accomplished by using an antibody. Those of skill in the art will recognize
that specific polynucleotide sequences can be inserted into the retroviral genome or attached to a
viral envelope to allow target specific delivery of the retroviral vector containing the ActRITA
polynucleotide. In a preferred embodiment, the vector is targeted to bone or cartilage.

[00226]  Alternatively, tissue culture cells can be directly transfected with plasmids encoding
the retroviral structural genes gag, pol and env, by conventional calcium phosphate transfection.
These cells are then transfected with the vector plasmid containing the genes of interest. The
resulting cells release the retroviral vector into the culture medium.

[00227] Another targeted delivery system for ActRIIA polynucleotides is a colloidal
dispersion system. Colloidal dispersion systems include macromolecule complexes,
nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water emulsions,
micelles, mixed micelles, and liposomes. One colloidal system that can be used is a liposome.
Liposomes are artificial membrane vesicles which are useful as delivery vehicles in vitro and in
vivo. RNA, DNA and intact virions can be encapsulated within the aqueous interior and be
delivered to cells in a biologically active form (see ¢.g., Fraley, et al., Trends Biochem. Sci.,
6:77, 1981). Methods for efficient gene transfer using a liposome vehicle, are known in the art,
see e.g., Mannino, et al., Biotechniques, 6:682, 1988. The composition of the liposome is
usually a combination of phospholipids, usually in combination with steroids, especially
cholesterol. Other phospholipids or other lipids may also be used. The physical characteristics of
liposomes depend on pH, ionic strength, and the presence of divalent cations.

[00228] Examples of lipids useful in liposome production include phosphatidyl compounds,
such as phosphatidylglycerol, phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine, sphingolipids, cerebrosides, and gangliosides. Illustrative
phospholipids include egg phosphatidylcholine, dipalmitoylphosphatidylcholine, and
distearoylphosphatidylcholine. The targeting of liposomes is also possible based on, for example,
organ-specificity, cell-specificity, and organelle-specificity and is known in the art.

[00229] In certain embodiments, the ActRIIA inhibitor is substantially pure in a

pharmaceutical composition. Specifically, at most 20%, 10%, 5%, 2.5%, 1%, 0.1%, or at most
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0.05% of the compounds in the pharmaceutical composition are compounds other than the

ActRII inhibitor and the pharmaceutical acceptable carrier.

6. EXAMPLES
6.1 Example 1l
(a) ActRIIA-F¢ Fusion Proteins

[00230] A soluble ActRIIA fusion protein that has the extracellular domain of human
ActRIIA fused to a human or mouse Fc domain with a minimal linker is described. The
constructs are referred to as ActRITA-hFc and mActRITA-Fc, respectively. ActRIIA-hFc is
provided as SEQ ID NO:7. mActRITA-Fc is the murine counterpart to SEQ ID NO:7.

[00231] The ActRITA-hFc and mActRITA-Fc proteins were expressed in CHO cell lines.
Three different leader sequences were considered:

(i) Honey bee mellitin (HBML): SEQ ID NO: 8

(i1) Tissue Plasminogen Activator (TPA): SEQ ID NO: 9

(ii1) Native ActRIIA: SEQ ID NO: 10

[00232] The selected form employs the TPA leader and has the following unprocessed amino
acid sequence is set forth in SEQ ID NO: 13. This polypeptide is encoded by SEQ ID NO: 14.

(b) ActRIIB-Fc¢ Fusion Proteins

[00233] Co-crystal structure of an extracellular domain of human ActRIIB fused to a human
Fc domain and Activin did not show any role for the final (C-terminal) 15 amino acids (referred
to as the "tail" herein) of the extracellular domain in ligand binding. This sequence failed to
resolve on the crystal structure, suggesting that these residues are present in a flexible loop that
did not pack uniformly in the crystal. Thompson et al. EMBO J. 2003 Apr 1 ;22(7):1555-66.
This sequence is also poorly conserved between ActRIIB and ActRIIA. Accordingly, these
residues were omitted in the basic, or background, ActRIIB-Fc fusion construct. Additionally,
position 64 in the background form is occupied by an alanine, which is generally considered the
"wild type" form, although a A64R allele occurs naturally. Thus, the background ActRIIB-Fc
fusion has the sequence disclosed as SEQ ID NO:21.
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[00234]  Surprisingly, the C-terminal tail was found to enhance activin and GDF-11 binding,
thus a preferred version of ActRIIB-Fc has a sequence SEQ ID NO:20.

[00235] A variety of ActRIIB a variants that may be used according to the methods described
herein are described in the International Patent Application published as W02006/012627 (see

e.g., pp. 59-60), incorporated herein by reference in its entirety.

6.2 EFFECTS OF mACTRIIA INHIBITION IN A MOUSE MODEL OF CHRONIC
KIDNEY DISEASE

[00236] This study was designed to study the effects of soluble mouse ActRITA fused with
mouse Fc via a minimal linker (SEQ ID NO:15) on treatment of blood and bone parameters in a
mouse model of chronic kidney disease and CKD-MBD.

[00237] Patients with chronic kidney disease (CKD) can become anemic and also become
osteopenic. Mice with partial renal ablation (5/6 nephrectomy) were used as a model of CKD to
test the effects of the polypeptide with the amino acid sequence of SEQ ID NO:15 in this model.
Mice received two surgeries to 1) remove one kidney completely and 2) to ligate 2 of the 3 renal
arteries in the remaining kidney. Sham operated mice were also included as controls. The sham
or 5/6 nephrectomy surgeries were performed at Jackson Laboratories.

[00238]  After mice were received they were placed on high fat diet for the duration of the
study. Two weeks after the final surgery mice were divided into groups (both SHAM and CKD)
and began dosing with vehicle (PBS) or mActRITA-Fc at 10 mg/kg twice per week for 8 weeks.
Complete blood counts (CBC) were taken periodically during the study to assess for anemia.
[00239] Bone mineral density was determined using dual energy x-ray absorptiometry
(DEXA, PIXIMus). At the conclusion of the study necropsies were conducted to collect the long
bones of the hind limbs and major organs. The remnant kidney was sent for histology processing
and staining with H&E or Trichrome stain. Femurs were scanned by uCT (Scanco) to determine
bone microarchitecture.

[00240] Mice appeared normal and healthy throughout the study period and put on weight as
the study progressed (Figure 1). Bone mineral density increased in all four groups of mice, but
mACctRIIA-Fc treated mice (SHAM and CKD) had greater increases than either vehicle treated
group (Figure 2). mActRIIA-Fc treatment in CKD mice had bone mineral densities that equaled
or exceeded SHAM-VEH treated mice by the end of the study. CKD mice also became anemic
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by the end of the study (HCT < 40%), but mActRITA-Fc¢ treatment prevented anemia in the CKD
group (HCT > 40%; Figure 3). mActRIIA-Fc treated mice in the SHAM group also showed
increases in HCT when compared to VEH controls. Micro CT analysis of femurs after dissection
showed increases in trabecular bone in the mActRIIA-Fc treated mice, but there were no major
differences between the SHAM and CKD vehicle treated groups at this time in the disease
progression. At necropsy, no major differences in organ weights were observed, although
mACctRIIA-Fc treated mice had a slight increase in fat pad weights. Trichrome stained
histological sections of the remnant kidney did not indicate widespread fibrosis at this point in

the study in the CKD mice.

6.3 mACTRIIA INHIBITION PREVENTS ANEMIA AND BONE LOSS IN A
THERAPEUTIC MODEL OF ESTABLISHED KIDNEY DISEASE

[00241] The 5/6 nephrectomy surgery in rodents is a commonly performed experimental
protocol used to model chronic kidney disease. In this two-phase surgery 2/3 of one kidney and
the complete kidney on the contralateral side are removed using aseptic surgical procedures. As
a result of the surgery the animal experiences impaired kidney function and exhibits physiologic
behavior analogous to humans with chronic kidney disease.

[00242] Sham or 5/6 nephrectomy surgery was performed at Jackson Laboratories according
to standard operating procedures. Animals were allowed to recover from surgery and then
shipped. Animals were acclimated to laboratory conditions for a minimum of 48 hours prior to
the first measurements being made. During this period all animals were observed for any signs
of clinical abnormalities that would exclude them from study. Animals were assigned a study
number on their cage cards and uniquely identified by ear notching.

[00243] ActRIIA-mlIgG2aFc was diluted using Sterile PBS to a concentration of 2.0 mg/ml.
The dosing concentration: was 2.0 mg/ml. ActRIIA-mlIgG2aFc was stored at -65°C £ 15°C,
material may be thawed at room temperature, or overnight at 4°C. Thawed protein was kept on
wet ice until use.

[00244] Thirty C57BL/6 female mice (10 weeks old) underwent a 5/6 nephrectomy surgery in
which one kidney is completely removed followed by ligation of 2 of 3 renal veins ligated in the
remaining kidney two weeks later. Sham surgeries were also performed on thirty C57BL/6

females in which the animals are subject to the same abdominal surgical procedure without
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removal of the kidneys. After recovery from the second surgery animals were shipped and
allowed to acclimate to laboratory conditions for a minimum of 48 hours. Two months after the
second surgery mice were randomly assigned to one of four treatment groups with 15 mice per
group (Table 2). Mice were weighed and dosed with either mActRITA-Fc or PBS twice per
week for a total of 8 weeks. Longitudinal measurements of bone mineral density (BMD) and
hematological parameters were made at baseline, an interim time point and at the conclusion of
the study. At necropsy bones were collected and stored for histological examination or for

analysis by microCT scanning.

Table 2
Rout
e
1 15 C57BL/6 Chow PBS Sham volume S.C.
2 15  C57BL/6  Chow mAC;'z”A' Sham 10 mg/kg S.C.
3 15  C57BL/6  Chow PBS 5/6 volume s.C.
Nephr.
4 15  C57BL/6  Chow MACRIIA- — 5/6 10 mg/kg s.C.

Fc Nephr.

(a) EXPERIMENTAL PROCEDURES
(i) Surgical modification

[00245] Female C57BL/6 mice aged 10 weeks were given a two-stage surgery to accomplish
a 5/6nephrectomy or the equivalent sham surgery.

(ii) Animal Dosing

[00246] Dosing in the current study commenced one month after the completion of the 5/6
nephrectomy surgery. Mice were weighed and administered either PBS or mActRITA-Fc at 10
mg/kg twice per week by subcutaneous injection.

(iii) DXA scanning

[00247] Longitudinal measurements of BMD were made monthly on anesthetized mice using

DXA scanning (Lunar PIXIMus, GE Medical Systems). During DXA scan analysis of BMD the
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mouse head was eliminated from the region of interest prevent quantification artifacts associated
with the skull.

(iv)  Blood collection

[00248] Longitudinal measurements of complete blood counts (HM2, VetScan) were made on
blood collected by monthly submandibular bleeding. At the termination of the study a terminal
bleed was performed, blood was collected and divided into either an EDTA containing tube for
CBC analysis or into a serum separation tube for serum collection. Serum was frozen at -80° for
future analyses.

v) Serum Analyses

[00249] Frozen serum was defrosted and 100 microliter were analyzed using a Vetscan VS2
analyzer (Abaxis, Inc.). A comprehensive diagnostic rotor was used to analyzes the samples for
serum albumin (ALB), alkaline phosphatase (ALP), alanine aminotransferase (ALT), amylase
(AMY), total bilirubin (TBIL), blood urea nitrogen (BUN), total calcium (Ca++), Phosphorus
(PHOS), creatinine (CRE), glucose (GLU), sodium (NA+), potassium (K+), total protein (TP)
and globulin (GLOB).

(vi)  Necropsy

[00250] At the conclusion of the study mice were euthanized by CO; inhalation. The kidneys
and spleens were removed, weighed and stored in 10% formalin. The tibiae and femurs were
collected and stored in 70% ethanol.

(vii) microCT analysis

[00251] At the termination of the experiment the left femur and tibia from each mouse were
dissected and fixed in 70% ethanol. Bones were scanned using a Scanco microCT (VivaCT75,
Scanco) at 55 kV, 145 microA and a voxel size of 20 microm. Scanned images were
reconstructed using the incorporated Scanco software. Trabecular bone volume (BV/TV) and
trabecular thickness (Tb.Th) were assessed in a 400 microm section of bone which was
positioned 200 microm from the distal tip of the femur. Cortical thickness was measured in a 200
microm section of bone centered at the mid-line of the femur.

(vili) DATA ANALYSIS

[00252] Comparisons between mActRITA-Fc and vehicle treated mice and tissues were

performed by Student’s t-Test using Microsoft Excel. Data are expressed as mean = SEM.
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(b) Results

[00253] We investigated the ability of mActRIIA-Fc to prevent anemia and bone loss in a
mouse model of chronic kidney disease. After 2 months of disease progression following the 5/6
nephrectomy surgery (Day 0), 5/6 nephrectomized mice (CKD) exhibited a significant decrease
in hematocrit compared to the sham cohorts (-5.4%, P<0.01). Longitudinal blood sampling and
subsequent CBC analysis showed that mActRITA-Fc treated mice in both the CKD and sham
cohorts displayed significant increases in hematocrit compared to their VEH treated counterparts
after 4 and 8 weeks of treatment (Figure 5).

[00254]  After 2 months of disease progression following the 5/6 nephrectomy surgery (Day
0), 5/6 nephrectomized mice (CKD) exhibited a significant decrease in BMD compared to the
sham cohorts (-5.4%, P<0.01). Through 6 weeks of treatment the mActRIIA-Fc¢ treated sham and
CKD cohorts had significantly greater BMD compared to their VEH treated counterparts (Figure
6).

[00255] At the conclusion of the study the hind limbs were collected and fixed in 70%
ethanol. The right femur was microCT scanned (VivaCT 75, Scanco) to quantify cortical and
trabecular bone structure. Figure 7 shows cross-sectional images of femurs from each treatment
group. Nephrectomized mice exhibited decreased cortical thickness and no obvious changes to
trabecular bone structure.

[00256] mACctRITIA-Fc treated mice exhibited increases in both cortical thickness and
trabecular bone volume. Analyses of the femur mid-shaft were used to quantify the mean cortical
thickness in each cohort (Figure 8). The CKD mice had thinner cortical bones than their sham
counterparts in both the VEH (P<0.01) and mActRIIA-Fc (P<0.01) cohorts. mActRITA-Fc
treated mice had a significant increase in cortical thickness in both the sham (+17%, P<0.01) and
CKD (+19.2%, P<0.01) cohorts compared to their respective VEH-treated mice. As evidenced
by the sample images in Figure 7, analyses of the distal femur revealed dramatic increases in
trabecular bone volume and thickness in mActRIIA-Fc treated mice. mActRIIA-Fc was able to
significantly increase trabecular bone volume (Figure 9) and trabecular thickness (Figure 10)
over VEH treated mice in both the sham and CKD cohorts. Measurements of trabecular bone
volume demonstrated at week 8 that mActRIIA-Fc treated mice had a significant increase in
trabecular bone volume in both the sham (+549%, P<0.001) and CKD (+827%, P<0.001) cohorts

compared to their respective VEH-treated mice. Measurements of trabecular thickness
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demonstrated at week 8 that mActRIIA-Fc treated mice had a significant increase in trabecular
thickness in the CKD (+62%, P<0.001) cohorts compared to their respective VEH-treated mice.
[00257] At terminal sacrifice whole blood was taken from all animals and processed for
serum. Serum samples were analyzed using a Vetscan VS2 analyzer (Abaxis, Inc) using a
comprehensive profile rotor. Mean values for the analyates from each group are shown in Table
3. Comparison of the SHAM and CKD vehicle control groups showed increases in blood urea
nitrogen (BUN) and creatinine (CRE) as expected due to impaired renal function. Additionally
the ALT and amylase (AMY) were increased in CKD mice due to altered kidney function or
suggestive of the nephrectomy also altering liver function. Calcium (CA++) and total alkaline
phosphates (ALP) levels also increased as expected due to increased bone turnover. mA ctRITA-
Fc treatment increased ALP levels in both the SHAM and CKD mice due to the bone anabolic
properties of the drug. In CKD mice mActRITA-Fc treatment decreased albumin (ALB), total
protein (TP) and CRE levels compared to CKD-VEH controls, but were not different than

SHAM mice. These changes are not thought to be relevant to the model or the treatment at this

point.
Table 3
S WAGRIA CKDVEH mAGRIA
-Fc -Fc
865.45: 80338+  1486.18: 1418.42%
ANY oL 304 66.06 53.82 36.68
0.25¢ 0.23 ¢ 0.23 ¢ 0.27 ¢
BIL mgiaL 002 0.02 0.01 0.01c
2792+  2020%  5275%¢  51.50%
BUN mgaL 139 1.26 2.66 210
1018+ 1038+  11.00 1133+
A mgiaL 016 0.12 £.13 0.13
8.58 8.96 8.28 7.96 £
PHOS mgaL 017 0.28 0.36 0.26
033 % 0.40 £ 0.44 % 0.31%
CRE mgial 005 0.05 0.05 0.02
19850+ 26090+  223.67+  260.86 %
LU mgial 652 28.79* 13.53 14.98
15650+  157.60+  158.58% 15564 %
NA. oL 977 0.73 2.37 0.34
7.65¢ 7.85¢ 7.08 ¢ 7.77¢
‘. oo 014 0.15 0.14 0.13
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5.66 542t 573 547 t

™ gldL 0.05 0.057 * 0.08 0.07a
1.79 £ 1.67 % 173 % 1.97 £

GLOB gldL 0.08 0.06 0.07 0.06a

*=p<0.05 vs SHAM VEH; ++=p<0.05 vs CKD VEH

(¢©0 CONCLUSIONS

[00258] Treatment with mActRIIA-Fc was able to prevent anemia and bone loss in a 5/6
nephrectomy model of chronic kidney disease. CKD mice were anemic, had lower BMD and
thinner cortical bone structure in the femur when compared to the sham counterparts. mActRIIA-
Fc treatment of CKD mice increased the hematocrit, BMD and cortical bone structure
significantly over the VEH treated mice. Furthermore, mActRIIA-Fc was able to increase
trabecular bone volume and trabecular thickness in the CKD mice to values greater than the
VEH treated mice in both the sham and CKD cohorts. These data demonstrate that blocking
Activin receptor IIA signaling by mActRIIA-Fc administration can prevent anemia and bone loss

in the 5/6 nephrectomy model of chronic kidney disease.

6.4 PROPHETIC EXAMPLE-mACTRIIA INHIBITION TO TREAT
ADYNAMIC BONE DISEASE IN CDK CONTEXT

[00259] Mice are subjected to electrocautery of one kidney and nephrectomy of the other
kidney. The mice are fed low-phosphate chow supplemented with calcitriol. See, e.g., Lund et
al., 2004, J Am Soc Nephrol 15:349-369.

[00260] This study is designed to study the effects of soluble mouse ActRIIA that is fused
with mouse Fc via a minimal linker (SEQ ID NO:15) on treatment of blood and bone parameters
in a mouse model of adynamic bone disorder.

[00261] Mice with electrocautery of one kidney and nephrectomy of the other kidney are used
as a model of adynamic bone in CKD (“ADB”) context to test the effects of the polypeptide with
the amino acid sequence of SEQ ID NO:15 in this model. Mice receive two surgeries to 1)
remove one kidney completely and 2) electrocautery of the other kidney. Sham operated mice
are also included as controls. The surgeries can be conducted as described in Lund et al., 2004, J

Am Soc Nephrol 15:349-369.

84



WO 2014/071158 PCT/US2013/068009

[00262] One group of mice is placed on low-phosphate chow supplemented with calcitriol
diet. Another group of mice is placed on normal chow diet. Two weeks after the final surgery
mice are divided into groups (both SHAM and ADB) and administration begins with vehicle
(PBS) or mActRIIA-Fc at 10 mg/kg twice per week for 8 weeks. Complete blood counts (CBC)
are taken periodically during the study to assess for anemia.

[00263] Bone mineral density is determined using dual energy x-ray absorptiometry (DEXA,
PIXIMus). At the conclusion of the study necropsies are conducted to collect the long bones of
the hind limbs and major organs. The remnant kidney is sent for histology processing and
staining with H&E or Trichrome stain. Femurs are scanned by uCT (Scanco) to determine bone
microarchitecture. Quantitative computed tomography (QCT) can also be used to determine

bone turnover.

6.5 EFFECTS OF ACTRIIA INHIBITION ON VASCULAR CALCIFICATION

[00264] This Example demonstrates that inhibiting ACTRIIA is effective in reducing calcium
levels in the vasculature of subjects, and thus represents a means for treating vascular
calcification.

[00265]  Stage 3 chronic kidney disease (CKD) was induced in 14-week old Idl" mice
(C57Bl/6] background; Jackson Laboratory) that were fed high fat diets (“CKD mice”). Low-
density lipoprotein receptor (Idlr) is known to be involved in lipid clearance, and /d/r knockout
mice represent a model of atherosclerosis. The ldIr deficient mice that are fed high
fat/cholesterol diets develop atherosclerosis, and aortic plaque associated calcification that is
stimulated by CKD induced by renal ablation. CKD was induced in the /d/"" mice by 5/6
nephrectomy (see above). As described above, the 5/6 nephrectomy comprises complete
removal of one kidney followed by ligation of 2 of the 3 renal veins in the remaining kidney.
[00266] By week 22, vascular calcification is established in the CKD mice, as confirmed by
chemical calcification quantitation. Briefly, hearts and aorta from the mice are dissected at
sacrifice, and all extraneous tissue is removed by blunt dissection under a dissecting microscope.
Tissues are desiccated for 20-24 hours at 55°C, weighed and crushed to a powder with a pestle
and mortar. Calcium is eluted in 10% formic acid (10:1 v/w) for 24 hours at 4°C. Calcium
content of eluate is assayed using a cresolphthalein complexone method (Sigma, St Louis),

according to manufacturers instructions, and results are corrected for dry tissue weight.
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[00267] The CKD mice were divided into two experimental groups (i) mActRIIA-Fc treated
mice; and (i1) CKD-3-Vehicle mice, which were administered the vehicle portion only of the
mACctRIIA-Fc composition (i.e., the mice were administered a saline composition without
mACctRIIA-Fc). mActRIIA-Fc-treated mice (n=5) were administered 10 mg/kg of mActRIIA-Fc
twice per week for 6 weeks. CKD-3-Vehicle mice (n=6; vehicle=saline) were administered
vehicle only on the same days that mActRIIA-Fc was administered to the mActRIIA-Fc-treated
mice. Wild-type mice (n=6; C57Bl/6J background) and SHAM mice (n=8; C57Bl/6J
background) were used as negative controls. SHAM mice consisted of /dl" mice that were
operated on, but in which CKD was not induced (e.g., nephrectomy was not conducted). All
mice were cuthanized at week 28 for assessment of aortic calcium levels in each of the four
treatment groups (CKD-3-Vehicle; mActRIIA-Fc-treated; SHAM; and wild-type).

[00268] Table 4, below, provides the aortic calcium levels observed in each mouse used in the
study (column 2), as well as the average calcium levels for each of the SHAM, CKD-3-Vehicle,
mACctRIIA-Fc, and wild-type study groups (column 3). The results are presented in graph form
in Figure 11. As demonstrated by the data, a clear reduction in aortic calcium was observed in
the mice belonging to the mActRIIA-Fc treated group compared to the vehicle-treated group. In
4 of the 5 CKD mice that were treated with mActRIIA-Fc, levels of aortic calcium were
comparable to levels observed in the two negative control groups (wild-type and SHAM mice).
[00269] Elevated vascular (e.g., arterial) calcium levels are known to be associated with
vascular calcification (see, ¢.g., Raggi P et al., Clin J Am Soc Nephrol 2008; 3: 836-843). Thus,
the foregoing results indicate that ActRIIA inhibition represents a suitable approach for the

treatment and prevention of vascular calcification.

Table 4: Aortic Calcium Levels

Experimental Group | Subject Specific Ca’ Levels (mg/g) Average Ca’*" mg/g
Wild-type (n = 6) 0.25,0.11, 0.26, 027 £0.09
0.36,0.31, 0.35
Sham (n = &) 0.28, 0.18, 0.24, 0.16, 0.22 £0.06
0.13,0.25,0.26, 0.27
CKD-3-Vehicle (n = 6) 0.58,0.17, 0.51, 052 %028
0.56,0.31,0.99
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Experimental Group | Subject Specific Ca’ Levels (mg/g) Average Ca’*" mg/g
mACtRIIA-Fc (n = 5) 0.83, 0.28, 0.19, 0.29+0.31
0.13,0.04

6.6 EFFECTS OF ACTRIIA INHIBITION ON VASCULAR CALCIFICATION

[00270] This Example describes a study of the the effect of ActRII inhibition on vascular
calcification in subjects with chronic kidney disease.
[00271] The mouse model of early CKD-MBD described in the preceding examples can be
used. In this model, renal ablation is added to genetic deficiency of the LDL receptor, /dir, and
mice are fed a high fat high cholesterol diet. In stage 3 CKD, the animals have CKD induced
stimulation of vascular calcification, decreases in bone formation, elevated FGF23 levels,
hyperphosphatemia, and elevated PTH levels.

(a) Materials and Methods

[00272] Animals and diets: LDL receptor null (LDLR’/) mice on a C57B1/6J background or
wild type C57Bl/6J mice can be purchased from Jackson Laboratory (Bar Harbor, Maine) and
bred in a pathogen-free environment. Animals can be weaned at three weeks to a chow diet
having 6.75% calories as fat. At 10 weeks, some animals can be initiated on a high cholesterol
(0.15%) diet containing 42% calories as fat (Harlan Teklad, Madison W1, Product No.
TD88137), a diet that has been shown to generate atherosclerosis with vascular calcification in
this genetic background (see, e.g., Towler et al., 1998, J Biol Chem 273:30427-30434). Calcium
content in all diets can be 0.6%. Animals can be given access to water ad libitum, and
maintained according to local and national animal care guidelines. mActRIIA-Fc can be
administered IP (10 mg/kg) twice weekly.

[00273] Surgical Procedures: A two-step procedure can be utilized to create CKD as
previously described (see, e.g., Davies et al., 2003, J Am Soc Nephrol 14:1559-1567; and Davies
et al., 2005, J Am Soc Nephrol 16:917-928). Briefly, electrocautery can be applied to the right
kidney through a 2 cm flank incision at 10 weeks post-natal, followed by left total nephrectomy
through a similar incision 2 weeks later. Control animals can receive sham operations in which
the appropriate kidney is exposed and mobilized but not treated in any other way. Intraperitoneal
anesthesia (xylazine 13 mg/kg and ketamine 87 mg/kg) can be used for all procedures.

Saphenous vein blood samples can be taken at 1 week following the second surgery to assess
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baseline post-surgical renal function. Animals can be sacrificed under anesthesia at 20 weeks, or
26 weeks depending on the group after blood is taken by intracardiac stab. The heart and aorta
can be dissected en bloc.

[00274]  Tissue Preparation: Resected specimens can be fixed in formalin, and then divided
as follows: the heart, ascending aorta and aortic arch can be separated from the descending
aorta, and bisected sagittally through the aortic outflow tract. The descending aorta can be
bisected coronally, approximately halfway along its length. All four pieces can be embedded in
the same wax block. Slices (5 um thick) can be cut and stained with hematoxilin and eosin,
trichrome, Alizarin Red and von Kossa.

[00275] Immunohistochemistry: Tissue sections can be prepared as above, deparaffinized in
xylene, and rehydrated in graded ethanols. Endogenous peroxidase activity can be blocked by
incubation in 3% hydrogen peroxide (Sigma, St Louis MO), and non-specific binding can be
blocked with a 10-minute incubation with a proprietary solution of casein in PBS (‘Background
SNIPER’, BioCare Medical, Walnut Creck CA). Antigen retrieval can be performed with a 5-
minute incubation with citrate buffer (‘Decloaker’ BioCare Medical, Walnut Creck CA) at 100’
C. Sections can be incubated with affinity-purified goat polyclonal antibody against mouse
osteocalcin (OC) (Biogenesis Inc, Brentwood NH) overnight, then incubated with biotinylated
mouse anti-goat secondary antibody for 10 minutes prior to streptavidin-conjugated peroxidase
staining (all reagents, BioCare Medical, Walnut Creek CA), and counterstained with 0.1%
Hematoxylin (Sigma).

[00276] RT-PCR: RNA can be extracted from tissue samples using the RNAqueous-4PCR
kit (Ambion), according to the manufacturer’s instructions. RT-PCR can be performed using the
One-step RT-PCR Kit (Qiagen, Valencia CA) according to manufacturer’s instructions.
Conditions can be: 50°C for 30 min, 95°C for 15 min, then 35-40 cycles of 94°C for 1 min,
60°C for 1 min & 72°C for 1 min, then 72°C for 10 min. Primer specifc to murine osteocalcin
and murin GAPDH can be selected.

[00277] Chemical Calcification Quantitation: Hearts and aorta can be dissected at sacrifice,
and all extraneous tissue removed by blunt dissection under a dissecting microscope. Tissues
can be desiccated for 20-24 hours at 55°C, weighed and crushed to a powder with a pestle and

mortar. Calcium can be eluted in 10% formic acid (10:1 v/w) for 24 hours at 4°C. Calcium
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content of eluate can be assayed using a cresolphthalein complexone method (Sigma, St Louis),
according to manufacturers instructions, and results can be corrected for dry tissue weight.
[00278] Bone Histomorphometry: Bone formation rate can be determined by double
fluorescence labeling. All mice can receive intraperitoneal calcein (20mg/kg) 7d and 2d before
they are sacrificed. Both femurs can be dissected at the time the animals are sacrificed and
placed in 70% ethanol. The specimens can be implanted undecalcified in a plastic embedding kit
H7000 (Energy Beam Sciences). Bones can be sectioned longitudinally through the frontal plane
in 10-um sections with JB-4 microtome (Energy Beam Sciences). Unstained sections can be
used for calcein-labeled fluorescence analysis. Slides can be examined at X400 magnification
with a Leitz microscope attached to an Osteomeasure Image Analyzer (Osteometrics, Atlanta
GA). Ten contiguous 0.0225-mm” fields of the distal femur, 150 um proximal to the growth
plate, can be examined per animal.

[00279] Measurements of Parathyroid Hormone and Serum Chemistry: Blood samples can
be obtained at 2 and 8 weeks of CKD by capillary tube aspiration of the saphenous vein, and
with a different procedure (intracardiac puncture) at the time of sacrifice (12 weeks CKD) and
transferred to heparinized tubes. After centrifugation (400X g for 5 minutes), plasma can be
removed, aliquoted and frozen at -80°C. Intact PTH levels (performed only at sacrifice because
of the volume of blood required) can be measured by two-site immunoradiometric assay (IRMA)
using a commercially available kit (Immutopics, San Clemente, CA). Blood urea nitrogen
(BUN), serum calcium and phosphorus can be measured using standard multichannel analyzer
techniques.

[00280] Measurements of FGF23: An FGF23 murine ELISA assay can be purchased from
the Kainos company.

[00281] Measurements of DKKI and osteocalcin: Commercial ELISA assays for DKK1 and
undercarboxylated osteocalcin can be used.

[00282] Measurements of OPG and SRANKL: The ratio of OPG to RANKL can be
determined in serum assays. These assays have been shown to correlate well with bone turnover
and excess bone resorption (see, ¢.g., Geusens et al., 2006, Arthritis & Rheumatism 54:1772-
17775). The levels of SRANKL in the serum can be determined by a radioimmunoassay (Linco
Research, St. Louis MO). Levels of serum OPG can be measured by an ELISA method
(OSTEOmedical NL, Marishof, NL). The intra- and interassay coefficients of variation (CV) are
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less than 10% for both tests, according to the manufacturers. The detection limit for SRANKL is
0.08 pmol/l, and for OPG is 0.14 pmol/l.
[00283] Measurements of Markers of Bone Turnover: Serum P1NP and osteocalcin can be
used as markers of osteoblast activity and tartrate resistant acid phosphatase form 5b (TRACP
5b) (mouseTRAP, IDS Ltd, Bolden, UK) can be used as a marker of osteoclast levels.
[00284] Measurements of Markers of inflamation: Serum assays for TNF alpha, and ¢
reactive protein can be used to follow the levels of inflamation and the response to mActRIIA-
Fe.
[00285]  Statistical Analysis: Data can be analyzed for statistical significance (P<.05) using
ANOVA. Comparison can be made between animals treated with vehicle (control group) and
those treated with mActRIIA-Fc. Comparison can also be made between sham-operated mice
and CKD mice treated with Vehicle and mActRITA-Fc. These analyses can be performed with
the SPSS 11.0 statistical package (Needham Heights, MA).

(b) Study Parameters

[00286] Mice used in the study can be placed into one of eight groups as shown in Table 5,

below.

Table 5

Group | Description of Group # Animals
A Wild type 10
B LDLR High Fat/CKD vehicle treated euth 22 wks 10
C LDLR High Fat/CKD RAP-011 treated cuth 22 wks 10
D LDLR High Fat/CKD vehicle teated euth 28 wks 10
E LDLR High Fat/CKD RAP-011 treated cuth 28 wks 10
F LDLR High Fat/sham operation euth 28 wks 10
G LDLR High Fat/sham operation euth 20 wks 10
H LDLR High Fat/CKD ecuth at 14 weeks 10

[00287] One group of animals (Group H in Table 5) can be sacrificed at 14 weeks to measure
the baseline vascular calcification and histomorphometry at the time of instituting therapy.
Groups C and E can be used to assess the efficacy of treatment with mActRITA-Fc compared to
vehicle treated groups (Groups B and D) over variable periods of CKD. Groups F and G are age
matched sham operated high fat fed animals that can be used as the control for the CKD effects.
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Group sizes of 10 animals per group after randomization into the treatment groups can be
sufficient to obtain statistical significance.

[00288] At 16-18 weeks, glomerular filtration rate (GFR) can be measured by injection of
inulin into the mice and measurment of its disappearance. At cuthanasia, blood can be drawn by
intracardiac stab, and serum DKK 1, FGF23, ostcocalcin, PTH and calcitriol levels can be
determined, along with serum calcium, Pi, blood urea nitrogen (BUN), glucose, and cholesterol
levels.

[00289]  Aortas from the /d/r-/- high fat fed CKD animals can be analyzed. Total aortic
calcium levels and von Kossa stained microscopic sections can be obtained. Aortas can be
processed to obtain RNA for analysis of aortic gene expression. Aortas can be processed for
immunohistochemistry. At 22 weeks in the model of CKD described above, the euthanasia age
for groups B and C, vascular calcification is established and adynamic bone disorder is present
despite secondary hyperparathyroidism. Between 22 and 28 weeks, vascular calcification is
progressive and the effects of the presence of parathyroid hormone begin to increase osteoblast
surfaces.

[00290] The study described in this example can be used to determine the effects of ActRII
inhibition on vascular calcification, bone remodeling rates, and secondary hyperparathyroidism

observed in subjects having CKD.
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EQUIVALENTS

[00291] Although the invention is described in detail with reference to specific embodiments
thereof, it will be understood that variations which are functionally equivalent are within the
scope of this invention. Indeed, various modifications of the invention in addition to those
shown and described herein will become apparent to those skilled in the art from the foregoing
description and accompanying drawings. Such modifications are intended to fall within the
scope of the appended claims. Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific embodiments of
the invention described herein. Such equivalents are intended to be encompassed by the
following claims.

[00292]  All publications, patents and patent applications mentioned in this specification are
herein incorporated by reference into the specification to the same extent as if each individual
publication, patent or patent application was specifically and individually indicated to be

incorporated herein by reference in their entireties.
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WHAT IS CLAIMED:

1. A method for treating vascular calcification in a subject, wherein the method
comprises administering a therapeutically effective amount of an ActRII inhibitor to a subject in

need of treatment of atherosclerotic calcification.

2. A method for reducing vascular calcium levels in a subject diagnosed with vascular
calcification, wherein the method comprises administering a therapeutically effective amount of an

ActRII inhibitor to the subject.

3. Use of an ActRII inhibitor in the manufacture of a medicament for treatment of

vascular calcification in a subject in need of treatment of atherosclerotic calcification.

4, Use of an ActRII inhibitor in the manufacture of a medicament for reduction of

vascular calcium levels in a subject diagnosed with vascular calcification.

5. An ActRII inhibitor when used in the treatment of vascular calcification in a subject

in need of treatment of atherosclerotic calcification.

6. An ActRII inhibitor when used in the reduction of vascular calcium levels in a

subject diagnosed with vascular calcification.

7. The method of claim 1 or claim 2, or the use of claim 3 or claim 4, or the ActRII
inhibitor of claim 5 or claim 6, wherein the ActRII inhibitor is a polypeptide comprising an amino
acid sequence selected from the group consisting of:

a. 90% identical to SEQ ID NO:2;
b. 95% identical to SEQ ID NO:2;
c. 98% identical to SEQ ID NO:2;
d. SEQ ID NO:2;

e. 90% identical to SEQ ID NO:3;
f. 95% identical to SEQ ID NO:3;
g. 98% identical to SEQ ID NO:3;
h. SEQ ID NO:3;

1. 90% identical to SEQ ID NO:6;
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J. 95% identical to SEQ ID NO:6;

k. 98% identical to SEQ ID NO:6;

1. SEQ ID NO:6;

m. 90% identical to SEQ ID NO:7;
n. 95% identical to SEQ ID NO:7;
0. 98% identical to SEQ ID NO:7;
p. SEQ ID NO:7;

q. 90% identical to SEQ ID NO:12;
r. 95% identical to SEQ ID NO:12;
s. 98% identical to SEQ ID NO:12;
t. SEQ ID NO:12;

u. 90% identical to SEQ ID NO:17;
v. 95% identical to SEQ ID NO:17;
w. 98% identical to SEQ ID NO:17;
x. SEQ ID NO:17;

y. 90% identical to SEQ ID NO:20;
z. 95% identical to SEQ ID NO:20;
aa. 98% identical to SEQ ID NO:20;
bb. SEQ ID NO:20;

cc. 90% identical to SEQ ID NO:21;
dd. 95% identical to SEQ ID NO:21;
ee. 98% identical to SEQ ID NO:21;
ff. SEQ ID NO:21

gg. 90% identical to SEQ ID NO:23;
hh. 95% identical to SEQ ID NO:23;
i1. 98% identical to SEQ ID NO:23;
Jj- SEQ ID NO:23

kk. 90% identical to SEQ ID NO:25;
11. 95% identical to SEQ ID NO:25;
mm. 98% identical to SEQ ID NO:25; and
nn. SEQ ID NO:25.

8. The method of claim 1 or claim 2, or the use of claim 3 or claim 4, or the ActRII
inhibitor of claim 5 or claim 6, wherein the ActRII inhibitor is a polypeptide comprising the amino

acid sequence of SEQ ID NO:7.
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9, The method of claim 1 or claim 2, or the use of claim 3 or claim 4, or the ActRII
inhibitor of claim 5 or claim 6, wherein the ActRII inhibitor is a polypeptide comprising the amino

acid sequence of SEQ ID NO:25.

10. The method of any one of claims 1, 2, or 7 to 9, or the use of any one of claims 3, 4,
or 7 to 9, or the ActRII inhibitor of any one of claims 5 to 9, wherein said ActRII inhibitor reduces
or ameliorates one or more symptoms of vascular calcification, wherein said one or more symptoms
are increased apoptosis of vascular smooth muscle cells, loss of arterial elasticity, an increase in
pulse wave velocity, development of left ventricular hypertrophy, decrease in coronary artery

perfusion, and myocardial ischaemia.

11. The method any one of claims 1, 2, or 7 to 10, or the use of any one of claims 3, 4, or
7 to 10, or the ActRII inhibitor of any one of claims 5 to 10, wherein the ActRII inhibitor is

administered parenterally.

12. The method of any one of claims 1, 2, or 7 to 11, or the use of any one of claims 3, 4,
or 7 to 11, or the ActRII inhibitor of any one of claims 5 to 11, wherein the subject is less than 18

years old.

13, The method of any one of claims 1, 2, or 7 to 12, or the use of any one of claims 3, 4,
or 7 to 12, or the ActRII inhibitor of any one of claims 5 to 12, wherein the method increases the

height of the subject.

14, The method of any one of claims 1, 2, or 7 to 13, or the use of any one of claims 3, 4,
or 7 to 13, or the ActRII inhibitor of any one of claims 5 to 13, wherein the subject has end stage

renal disease.

15. The method of any one of claims 1, 2, or 7 to 13, or the use of any one of claims 3, 4,
or 7 to 13, or the ActRII inhibitor of any one of claims 5 to 13, wherein the subject has chronic

kidney disease.

16. The method of any one of claims 1, 2, or 7 to 13, or the use of any one of claims 3, 4,
or 7 to 13, or the ActRII inhibitor of any one of claims 5 to 13, wherein the subject has

hypertension.



01 Jun 2018

2013337677

17. The method of any one of claims 1, 2, or 7 to 13, or the use of any one of claims 3, 4,
or 7 to 13, or the ActRII inhibitor of any one of claims 5 to 13, wherein the subject has

hypercholesterolemia.

18. The method of any one of claims 1, 2, or 7 to 13, or the use of any one of claims 3, 4,

or 7 to 13, or the ActRII inhibitor of any one of claims 5 to 13, wherein the subject has diabetes.

19. The method of any one of claims 1, 2, or 7 to 13, or the use of any one of claims 3, 4,
or 7 to 13, or the ActRII inhibitor of any one of claims 5 to 13, wherein the subject has undergone

or is undergoing dialysis.
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12827_375 28 Sequence_Listing.TXT
SEQUENCE LISTING

<110> Celgene Corporation, Washington University, Victor Schorr Sloan, Keith
Hruska, Yifu Fang

<120> ACTIVIN-ACTRI1 ANTAGONISTS AND USES FOR TREATING
BONE AND OTHER DISORDERS

<130> 12827-375-228

<140>
<141>

<150> 61/721,898
<151> 2012-11-02

<150> 61/740,665
<151> 2012-12-21

<160> 53
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 513

<212> PRT

<213> Homo sapiens

<220>
<223> human ActRIIA precursor polypeptide

<400> 1
Met Gly Ala Ala Ala Lys Leu Ala Phe Ala Val Phe Leu lle Ser Cys
1 5 10 15
Ser Ser Gly Ala lle Leu Gly Arg Ser Glu Thr GIn Glu Cys Leu Phe
20 25 30
Phe Asn Ala Asn Trp Glu Lys Asp Arg Thr Asn GIn Thr Gly Val Glu
35 40 45
Pro Cys Tyr Gly Asp Lys Asp Lys Arg Arg His Cys Phe Ala Thr Trp
50 55 60
Lys Asn lle Ser Gly Ser lle Glu Ile Val Lys GIn Gly Cys Trp Leu
65 70 75 80
Asp Asp lle Asn Cys Tyr Asp Arg Thr Asp Cys Val Glu Lys Lys Asp
85 90 95
Ser Pro Glu Val Tyr Phe Cys Cys Cys Glu Gly Asn Met Cys Asn Glu
100 105 110
Lys Phe Ser Tyr Phe Pro Glu Met Glu Val Thr GIn Pro Thr Ser Asn
115 120 125
Pro Val Thr Pro Lys Pro Pro Tyr Tyr Asn lle Leu Leu Tyr Ser Leu
130 135 140
Val Pro Leu Met Leu Ile Ala Gly lle Val lle Cys Ala Phe Trp Val
145 150 155 160
Tyr Arg His His Lys Met Ala Tyr Pro Pro Val Leu Val Pro Thr GIn
165 170 175
Asp Pro Gly Pro Pro Pro Pro Ser Pro Leu Leu Gly Leu Lys Pro Leu
180 185 190
GIn Leu Leu Glu Val Lys Ala Arg Gly Arg Phe Gly Cys Val Trp Lys
195 200 205
Ala GIn Leu Leu Asn Glu Tyr Val Ala Val Lys lle Phe Pro Ile GIn
210 215 220
Asp Lys GIn Ser Trp GIn Asn Glu Tyr Glu Val Tyr Ser Leu Pro Gly
225 230 235 240
Met Lys His Glu Asn lle Leu GIn Phe 1le Gly Ala Glu Lys Arg Gly
245 250 255
Thr Ser Val Asp Val Asp Leu Trp Leu Ile Thr Ala Phe His Glu Lys
260 265 270
Gly Ser Leu Ser Asp Phe Leu Lys Ala Asn Val Val Ser Trp Asn Glu
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275 280 285
Leu Cys His lle Ala Glu Thr Met Ala Arg Gly Leu Ala Tyr Leu His
290 295 300
Glu Asp Ile Pro Gly Leu Lys Asp Gly His Lys Pro Ala lle Ser His
305 310 315 320
Arg Asp lle Lys Ser Lys Asn Val Leu Leu Lys Asn Asn Leu Thr Ala
325 330 335
Cys lle Ala Asp Phe Gly Leu Ala Leu Lys Phe Glu Ala Gly Lys Ser
340 345 350
Ala Gly Asp Thr His Gly GIn Val Gly Thr Arg Arg Tyr Met Ala Pro
355 360 365
Glu val Leu Glu Gly Ala Ile Asn Phe GIn Arg Asp Ala Phe Leu Arg
370 375 380
Ile Asp Met Tyr Ala Met Gly Leu Val Leu Trp Glu Leu Ala Ser Arg
385 390 395 400
Cys Thr Ala Ala Asp Gly Pro Val Asp Glu Tyr Met Leu Pro Phe Glu
405 410 415
Glu Glu Ile Gly GIn His Pro Ser Leu Glu Asp Met GIn Glu val Val
420 425 430
Val His Lys Lys Lys Arg Pro Val Leu Arg Asp Tyr Trp GIn Lys His
435 440 445
Ala Gly Met Ala Met Leu Cys Glu Thr 1le Glu Glu Cys Trp Asp His
450 455 460
Asp Ala Glu Ala Arg Leu Ser Ala Gly Cys Val Gly Glu Arg lle Thr
465 470 475 480
GIn Met GIn Arg Leu Thr Asn lle Ile Thr Thr Glu Asp Ile Vval Thr
485 490 495
Val Val Thr Met Val Thr Asn Val Asp Phe Pro Pro Lys Glu Ser Ser
500 505 510

Leu

<210> 2

<211> 115

<212> PRT

<213> Homo sapiens

<220>
<223> human ActRIIA soluble (extracellular), processed polypeptide

<400> 2

Ile Leu Gly Arg Ser Glu Thr GIn Glu Cys Leu Phe Phe Asn Ala Asn
1 5 10 15
Trp Glu Lys Asp Arg Thr Asn GIn Thr Gly Val Glu Pro Cys Tyr Gly

20 25 30
Asp Lys Asp Lys Arg Arg His Cys Phe Ala Thr Trp Lys Asn lle Ser
35 40 45
Gly Ser Ile Glu Ile val Lys GIn Gly Cys Trp Leu Asp Asp lle Asn
50 55 60

Cys Tyr Asp Arg Thr Asp Cys Val Glu Lys Lys Asp Ser Pro Glu Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Met Cys Asn Glu Lys Phe Ser Tyr

85 90 95
Phe Pro Glu Met Glu Val Thr GIn Pro Thr Ser Asn Pro Val Thr Pro
100 105 110

Lys Pro Pro

115
<210> 3
<211> 100
<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIA soluble (extracellular), processed polypeptide
with the C-terminal 15 amino acids deleted
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<400> 3

Ile Leu Gly

Trp Glu Lys

Asp Lys Asp

Gly Ser lle
50

Cys Tyr

65

Tyr

Asp

Phe Cys

Phe Pro Glu

<210>
<211>
<212>
<213>

4
1542
DNA

Homo

<220>
<223>

<400> 4

atgggagctg
atacttggta
agaaccaatc
tttgctacct
gatgatatca
tatttttgtt
gaagtcacac
ctctattcct
tacaggcatc
cccccacctt
ggaagatttg
tttccaatac
atgaagcatg
gtggatcttt
gctaatgtgg
gcatatttac
agggacatca
tttgggttgg
ggtacccgga
gcatttttga
tgtactgctg
cagcatccat
ttaagagatt
tgttgggatc
cagatgcaga
gtgacaaatg

<210>
<211>
<212>
<213>

5
345
DNA
Homo

<220>
<223>

<400> 5

atacttggta
agaaccaatc
tttgctacct
gatgatatca
tatttttgtt

Arg Ser
Asp
20
Lys

Arg
Arg

Glu Ile

Arg Thr

Cys Cys
85
Met
100

sapiens

ctgcaaagtt
gatcagaaac
aaactggtgt
ggaagaatat
actgctatga
gctgtgaggg
agcccacttc
tggtgccact
acaagatggc
ctccattact
gttgtgtctg
aggacaaaca
agaacatatt
ggctgatcac
tctcttggaa
atgaggatat
aaagtaaaaa
ccttaaaatt
ggtacatggc
ggatagatat
cagatggacc
ctcttgaaga
attggcagaa
acgacgcaga
gactaacaaa
ttgactttcc

sapiens

gatcagaaac
aaactggtgt
ggaagaatat
actgctatga

gctgtgaggg

Glu
Thr
Arg
val
Asp

70
Glu

12827_375 28 Sequence_Listing.TXT

Thr GIn

Asn GIn

His Cys
40
Lys GIn
55
Cys Vval

Gly Asn

human ActRIIA precursor

ggcgtttgece
tcaggagtgt
tgaaccgtgt
ttctggttce
caggactgat
caatatgtgt
aaatccagtt
tatgttaatt
ctaccctcct
agggttgaaa
gaaagcccag
gtcatggcaa
acagttcatt
agcatttcat
tgaactgtgt
acctggccta
tgtgctgttg
tgaggctggc
tccagaggta
gtatgccatg
tgtagatgaa
catgcaggaa
acatgctgga
agccaggtta
tattattacc
tcccaaagaa

tcaggagtgt
tgaaccgtgt
ttctggttce
caggactgat
caatatgtgt

Glu Cys Leu
10

Thr Gly

25

Phe

Val

Ala Thr

Gly Cys Trp

Glu Lys Lys
75
Asn

Met Cys

90

gtctttctta
cttttcttta
tatggtgaca
attgaaatag
tgtgtagaaa
aatgaaaagt
acacctaagc
gcggggattg
gtacttgttc
ccactgcagt
ttgcttaacg
aatgaatacg
ggtgcagaaa
gaaaagggtt
catattgcag
aaagatggcc
aaaaacaacc
aagtctgcag
ttagagggtg
ggattagtcc
tacatgttgc
gttgttgtgc
atggcaatgc
tcagctggat
acagaggaca
tctagtctat

human ActRIIA soluble (extracellular)

cttttcttta
tatggtgaca
attgaaatag
tgtgtagaaa
aatgaaaagt

Page 3

Phe Phe Asn

Glu Pro Cys

30

Trp Lys Asn
45

Leu Asp
60

Asp

Asp

Ser Pro

Glu Lys Phe

tctcctgttc
atgctaattg
aagataaacg
tgaaacaagg
aaaaagacag
tttcttattt
caccctatta
tcatttgtgce
caactcaaga
tattagaagt
aatatgtggc
aagtctacag
aacgaggcac
cactatcaga
aaaccatggc
acaaacctgc
tgacagcttg
gcgataccca
ctataaactt
tatgggaact
catttgagga
ataaaaaaaa
tctgtgaaac
gtgtaggtga
ttgtaacagt

ga

polypeptide

atgctaattg
aagataaacg
tgaaacaagg
aaaaagacag
tttcttattt

Ala
15
Tyr

Asn
Gly

Ile Ser

Ile Asn

Glu Vval
80
Ser Tyr
95

ttcaggtgct
ggaaaaagac
gcggcattgt
ttgttggctg
ccctgaagta
tccagagatg
caacatcctg
attttgggtg
cccaggacca
gaaagcaagg
tgtcaaaata
tttgcctgga
cagtgttgat
ctttcttaag
tagaggattg
catatctcac
cattgctgac
tggacaggtt
cgaaagggat
ggcttctcge
ggaaattggc
gaggcctgtt
cattgaagaa
aagaattacc
ggtcacaatg

ggaaaaagac
gcggcattgt
ttgttggctg
ccctgaagta
tccagagatg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1542

60

120
180
240
300
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gaagtcacac agcccacttc aaatccagtt acacctaagc caccc 345

<210> 6

<211> 225

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct - fusion protein comprising a soluble
extracellular domain of ActRIIA fused to an Fc domain

<220>

<221> MOD_RES
<222> (43)..(43)
<223> Asp or Ala

<220>

<221> MOD_RES
<222> (100)..(100)
<223> Lys or Ala

<220>

<221> MOD_RES
<222> (212)..(212)
<223> Asn or Ala

<400> 6
Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
1 5 10 15
Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser
20 25 30
Arg Thr Pro Glu Val Thr Cys Val Val Val Xaa Val Ser His Glu Asp
35 40 45
Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
50 55 60
Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val
65 70 75 80
Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu
85 90 95
Tyr Lys Cys Xaa Val Ser Asn Lys Ala Leu Pro Val Pro lle Glu Lys
100 105 110
Thr 1le Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr
115 120 125
Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr
130 135 140
Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Vval Glu Trp Glu
145 150 155 160
Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
165 170 175
Asp Ser Asp Gly Pro Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
180 185 190
Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu
195 200 205
Ala Leu His Xaa His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
210 215 220
Lys
225

<210> 7

<211> 344

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic construct - Extracellular domain of human ActRIIA
fused to a human Fc domain
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<400> 7

Ile
Trp
Asp
Gly
Cys
65

Tyr
Phe
Lys
Pro
Lys
145
Val
Asp
Tyr
Asp
Leu
225
Arg
Lys
Asp
Lys
Ser
305

Ser

Ser

Leu
Glu
Lys
Ser
50

Tyr
Phe
Pro
Pro
Glu
130
Asp
Asp
Gly
Asn
Trp
210
Pro
Glu
Asn
Ile
Thr
290
Lys
Cys

Leu

<210> 8
<211> 21
<212> PR

<213>

<220>

<223>

<400> 8
Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Vval Tyr lle

1

Gly
Lys
Asp
35

Ile
Asp
Cys
Glu
Pro
115
Leu
Thr
Val
Val
Ser
195
Leu
Val
Pro
GIn
Ala
275
Thr
Leu

Ser

Ser

T

Arg
Asp
20

Lys
Glu
Arg
Cys
Met
100
Thr
Leu
Leu
Ser
Glu
180
Thr
Asn
Pro
GIn
Val
260
Val
Pro
Thr
Val

Leu
340

Ser
Arg
Arg
Ile
Thr
Cys
85

Glu
Gly
Gly
Met
His
165
Val
Tyr
Gly
Ile
Val
245
Ser
Glu
Pro
Val
Met

325
Ser

5

Ser Tyr lle Tyr Ala
20

<210> 9
<211> 22
<212> PR

<213>

<220>

T

Unknown

Glu
Thr
Arg
Val
Asp
70

Glu
Val
Gly
Gly
Ile
150
Glu
His
Arg
Lys
Glu
230
Tyr
Leu
Trp
Val
Asp
310
His

Pro

Apis mellifera
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Thr GIn Glu Cys

Asn
His
Lys
55

Cys
Gly
Thr
Gly
Pro
135
Ser
Asp
Asn
vVal
Glu
215
Lys
Thr
Thr
Glu
Leu
295
Lys
Glu

Gly

GIn
Cys
40

GIn
Val
Asn
GIn
Thr
120
Ser
Arg
Pro
Ala
Val
200
Tyr
Thr
Leu
Cys
Ser
280
Asp
Ser

Ala

Lys

Thr
25

Phe
Gly
Glu
Met
Pro
105
His
Val
Thr
Glu
Lys
185
Ser
Lys
lle
Pro
Leu
265
Asn
Ser
Arg

Leu

10
Gly Vval

Ala Thr
Cys Trp

Lys Lys
75

Cys Asn

90

Thr Ser

Thr Cys
Phe Leu

Pro Glu
155

Val Lys

170

Thr Lys

Val Leu
Cys Lys

Ser Lys
235

Pro Ser

250

Val Lys

Gly GIn
Asp Gly
Trp GIn

315

His Asn
330

Leader sequence of Honey bee mellitin

10

Page 5

Glu
Trp
Leu
60

Asp
Glu
Asn
Pro
Phe
140
Val
Phe
Pro
Thr
Val
220
Ala
Arg
Gly
Pro
Ser
300
GIn

His

Leu Phe Phe

Pro
Lys
45

Asp
Ser
Lys
Pro
Pro
125
Pro
Thr
Asn
Arg
Val
205
Ser
Lys
Glu
Phe
Glu
285
Phe
Gly

Tyr

Asn
Cys
30

Asn
Asp
Pro
Phe
Val
110
Cys
Pro
Cys
Trp
Glu
190
Leu
Asn
Gly
Glu
Tyr
270
Asn
Phe

Asn

Thr

Ala
15

Tyr
Ile
Ile
Glu
Ser
95

Thr
Pro
Lys
Val
Tyr
175
Glu
His
Lys
GIn
Met
255
Pro
Asn
Leu

Val

GIn
335

15

Asn
Gly
Ser
Asn
Val
80

Tyr
Pro
Ala
Pro
Val
160
Val
GIn
GIn
Ala
Pro
240
Thr

Ser

Tyr

Phe
320
Lys
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<223> Leader sequence of Tissue Plasminogen Activator (TPA)

<400> 9

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 10 15

Ala Val Phe Val Ser Pro

20
<210> 10
<211> 20
<212> PRT
<213> Unknown
<220>
<223> Native ActRIIA leader
<400> 10
Met Gly Ala Ala Ala Lys Leu Ala Phe Ala Val Phe Leu lle Ser Cys
1 5 10 15
Ser Ser Gly Ala
20
<210> 11
<211> 9
<212> PRT
<213> Artificial Sequence
<220>
<223> Synthetic construct - ActRIlA-hFc and ActRIIA-mFc N-terminal
sequence
<400> 11

Ile Leu Gly Arg Ser Glu Thr GIn Glu
1 5

<210> 12

<211> 329

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct - ActRIlIA-Fc Protein with deletion of the
C-terminal 15 amino acids of the extracellular domain of ActRIIA

<400> 12

Ile Leu Gly Arg Ser Glu Thr GIn Glu Cys Leu Phe Phe Asn Ala Asn
1 5 10 15

Trp Glu Lys Asp Arg Thr Asn GIn Thr Gly Val Glu Pro Cys Tyr Gly

20 25 30
Asp Lys Asp Lys Arg Arg His Cys Phe Ala Thr Trp Lys Asn lle Ser
35 40 45
Gly Ser Ile Glu Ile val Lys GIn Gly Cys Trp Leu Asp Asp lle Asn
50 55 60

Cys Tyr Asp Arg Thr Asp Cys Val Glu Lys Lys Asp Ser Pro Glu Val
65 70 75 80

Tyr Phe Cys Cys Cys Glu Gly Asn Met Cys Asn Glu Lys Phe Ser Tyr

85 90 95
Phe Pro Glu Met Thr Gly Gly Gly Thr His Thr Cys Pro Pro Cys Pro
100 105 110
Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
115 120 125
Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
130 135 140

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
145 150 155 160

Page 6



Val
GIn
GIn
Ala
Pro
225
Thr
Ser
Tyr
Tyr
Phe

305
Lys

Asp
Tyr
Asp
Leu
210
Arg
Lys
Asp
Lys
Ser
290
Ser

Ser

<210> 13
<211> 36
<212> PR

<213>

<220>

<223>

Gly
Asn
Trp
195
Pro
Glu

Asn

Thr
275
Lys
Cys

Leu

9
T

val
Ser
180
Leu
val
Pro
GIn
Ala
260
Thr
Leu
Ser

Ser

Glu
165
Thr
Asn
Pro
GIn
Val
245
val
Pro
Thr
val

Leu
325

val
Tyr
Gly
e
val
230
Ser
Glu
Pro
Val
Met

310
Ser

leader sequence

<400> 13

Met
1

Ala
GlIn
GlIn
Cys
65

GlIn
val
Asn
GlIn
Thr
145
Ser
Arg
Pro
Ala
val
225
Tyr

Thr

Asp
val
Glu
Thr
50

Phe
Gly
Glu
Met
Pro
130
His
val
Thr
Glu
Lys
210
Ser
Lys
Ile

Ala
Phe
Cys
35

Gly
Ala
Cys
Lys
Cys
115
Thr
Thr
Phe
Pro
val
195
Thr
val
Cys

Ser

Met Lys Arg
5

val
20

Leu
val
Thr
Trp
Lys
100
Asn
Ser
Cys
Leu
Glu
180
Lys
Lys
Leu
Lys

Lys
260

Ser
Phe
Glu
Trp
Leu
85

Asp
Glu
Asn
Pro
Phe
165
Val
Phe
Pro
Thr
Val

245
Ala

Pro
Phe
Pro
Lys
70

Asp
Ser
Lys
Pro
Pro
150
Pro
Thr
Asn
Arg
Val
230
Ser

Lys
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Thr Lys Pro

His
Arg
Lys
Glu
215
Tyr
Leu
Trp
Val
Asp
295
His

Pro

Artificial Sequence

Synthetic construct -

Gly
Gly
Asn
Cys
55

Asn
Asp
Pro
Phe
Val
135
Cys
Pro
Cys
Trp
Glu
215
Leu
Asn

Gly

Asn
Val
Glu
200
Lys
Thr
Thr
Glu
Leu
280
Lys
Glu

Gly

Ala
Val
185
Tyr
Thr
Leu
Cys
Ser
265
Asp
Ser
Ala

Lys

Lys
170
Ser
Lys
Ile
Pro
Leu
250
Asn
Ser
Arg

Leu

Unprocessed

Leu
Ala
Ala
40

Tyr
Ile
Ile
Glu
Ser
120
Thr
Pro
Lys
Val
Tyr
200
Glu
His
Lys
GIn

Cys
Ala
25

Asn
Gly
Ser
Asn
Val
105
Tyr
Pro
Ala
Pro
Val
185
Val
GIn
GIn
Ala

Pro
265

Cys
10

Ile
Trp
Asp
Gly
Cys
90

Tyr
Phe
Lys
Pro
Lys
170
Val
Asp
Tyr
Asp
Leu

250
Arg

Val
Cys
Ser
Pro
235
Val
Gly
Asp
Trp

His
315

Leu
Lys
Lys
220
Ser
Lys
GIn
Gly
GIn

300
Asn

Thr
val
205
Ala
Arg
Gly
Pro
Ser
285
GlIn

His

ActRI11A-hFc

Val
Leu
Glu
Lys
Ser
75

Tyr
Phe
Pro
Pro
Glu
155
Asp
Asp
Gly
Asn
Trp
235
Pro

Glu

Page 7

Leu
Gly
Lys
Asp
60

Ile
Asp
Cys
Glu
Pro
140
Leu
Thr
Val
Val
Ser
220
Leu

Val

Pro

Leu
Arg
Asp
45

Lys
Glu
Arg
Cys
Met
125
Thr
Leu
Leu
Ser
Glu
205
Thr
Asn
Pro

GIn

Arg
val
190
Ser
Lys
Glu
Phe
Glu
270
Phe
Gly

Tyr

Glu
175
Leu
Asn
Gly
Glu
Tyr
255
Asn
Phe
Asn

Thr

Glu
His
Lys
GIn
Met
240
Pro
Asn
Leu
Val

GIn
320

with TPA

Leu
Ser
30

Arg
Arg
Ile
Thr
Cys
110
Glu
Gly
Gly
Met
His
190
val
Tyr
Gly
Ile

val
270

Cys
15

Glu
Thr
Arg
val
Asp
95

Glu
val
Gly
Gly
Ile
175
Glu
His
Arg
Lys
Glu

255
Tyr

Gly
Thr
Asn
His
Lys
80

Cys
Gly
Thr
Gly
Pro
160
Ser
Asp
Asn
val
Glu
240
Lys
Thr
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Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr
275 280 285
Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala val Glu Trp Glu
290 295 300
Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
305 310 315 320
Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
325 330 335
Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu
340 345 350
Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
355 360 365
Lys
<210> 14
<211> 1114
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic construct - Unprocessed ActRIIA-hFc with TPA leader sequence
<400> 14
atggatgcaa tgaagagagg gctctgctgt gtgctgctgc tgtgtggagc agtcttcgtt 60
tcgececeggeg ccgctatact tggtagatca gaaactcagg agtgtctttt tttaatgcta 120
attgggaaaa agacagaacc aatcaaactg gtgttgaacc gtgttatggt gacaaagata 180
aacggcggca ttgttttgct acctggaaga atatttctgg ttccattgaa tagtgaaaca 240
aggttgttgg ctggatgata tcaactgcta tgacaggact gattgtgtag aaaaaaaaga 300
cagccctgaa gtatatttct gttgctgtga gggcaatatg tgtaatgaaa agttttctta 360
ttttccggag atggaagtca cacagcccac ttcaaatcca gttacaccta agccacccac 420
cggtggtgga actcacacat gcccaccgtg cccagcacct gaactcctgg ggggaccgtc 480
agtcttcctc ttccccccaa aacccaagga caccctcatg atctcccgga cccctgaggt 540
cacatgcgtg gtggtggacg tgagccacga agaccctgag gtcaagttca actggtacgt 600
ggacggcgtg gaggtgcata atgccaagac aaagccgcgg gaggagcagt acaacagcac 660
gtaccgtgtg gtcagcgtcc tcaccgtcct gcaccaggac tggctgaatg gcaaggagta 720
caagtgcaag gtctccaaca aagccctccc agtccccatc gagaaaacca tctccaaagc 780
caaagggcag ccccgagaac cacaggtgta caccctgccc ccatcccggg aggagatgac 840
caagaaccag gtcagcctga cctgcctggt caaaggcttc tatcccagcg acatcgccgt 900
ggagtgggag agcaatgggc agccggagaa caactacaag accacgcctc ccgtgctgga 960
ctccgacggc tccttcttcc tctatagcaa gctcaccgtg gacaagagca ggtggcagca 1020
ggggaacgtc ttctcatgct ccgtgatgca tgaggctctg cacaaccact acacgcagaa 1080
gagcctctcc ctgtctccgg gtaaatgaga attc 1114
<210> 15
<211> 106
<212> PRT
<213> Artificial Sequence
<220>
<223> Synthetic construct - human ActRlIB soluble (extracellular), processed
polypeptide sequence with the N-terminal 6 amino acid of the EC domain
deleted and the C-terminal 4 amino acids of the EC domain deleted
<400> 15
Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn Trp Glu Leu Glu Arg
1 5 10 15
Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly Glu GIn Asp Lys Arg
20 25 30
Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser Gly Thr 1le Glu Leu
35 40 45
Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn Cys Tyr Asp Arg GlIn
50 55 60
Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val Tyr Phe Cys Cys Cys
65 70 75 80
Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His Leu Pro Glu Ala Gly
85 90 95

Page 8



Gly Pro Glu val Thr

<210> 16
<211> 51
<212> PR

2
T

100

<213> Homo sapiens

<220>
<223> hu

<400> 16

Met Thr
1

Pro Gly

Asn Ala

Cys Glu
50

Asn Ser

65

Asp Phe

Pro GIn
Phe Thr

Pro Pro
130

Pro Ile

145

Arg His

Gly Pro
Leu Glu

Leu Met
210

GIn Ser

225

His Glu

Leu Glu
Leu Thr

His Val
290

Val Pro

305

Asp Phe

Leu Ala
Gly Asp

Val Leu
370

Asp Met

385

Lys Ala

Glu lle

His Lys

man

Ala
Ser
Asn
35

Gly
Ser
Asn
Val
His
115
Thr
Gly
Arg
Pro
Ile
195
Asn
Trp
Asn
Val
Asp
275
Ala
Trp
Lys
Asp
Thr
355
Glu
Tyr
Ala
Gly

Lys

ActRIIB

Pro Trp
5

Gly Arg
20
Trp Glu

Glu GIn
Gly Thr

Cys Tyr
85

Tyr Phe

100

Leu Pro

Ala Pro
Gly Leu

Lys Pro
165

Pro Pro

180

Lys Ala

Asp Phe
GIn Ser

Leu Leu
245

Glu Leu

260

Tyr Leu

Glu Thr
Cys Arg

Ser Lys
325

Phe Gly

340

His Gly

Gly Ala
Ala Met

Asp Gly
405

GIn His

420

Met Arg
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Tyr Glu Pro Pro Pro

105

precursor protein

Val
Gly
Leu
Asp
Ile
70

Asp
Cys
Glu
Thr
Ser
150
Pro
Ser
Arg
Val
Glu
230
GIn
Trp
Lys
Met
Gly
310
Asn
Leu
GIn
Ile
Gly
390
Pro

Pro

Pro

Ala Leu
Glu Ala

Glu Arg
40

Lys Arg

55

Glu Leu

Arg GIn
Cys Cys

Ala Gly
120

Leu Leu

135

Leu lle

Tyr Gly
Pro Leu
Gly Arg
200
Ala Val
215
Arg Glu
Phe Ile
Leu Ile
Gly Asn
280
Ser Arg
295
Glu Gly
Val Leu
Ala Val
Val Gly
360
Asn Phe
375
Leu Val
Val Asp
Ser Leu

Thr l1le

Ala
Glu
25

Thr
Leu
Val
Glu
Glu
105
Gly
Thr
Val
His
Val
185
Phe
Lys
lle
Ala
Thr
265
lle
Gly
His
Leu
Arg
345
Thr
GIn
Leu
Glu
Glu

425
Lys

Leu Leu
10
Thr Arg

Asn GIn

His Cys

Lys Lys
75

Cys Vval

90

Gly Asn

Pro Glu
Val Leu

Leu Leu
155

Val Asp

170

Gly Leu

Gly Cys
Ile Phe

Phe Ser
235
Ala Glu
250
Ala Phe

Ile Thr
Leu Ser

Lys Pro
315

Lys Ser

330

Phe Glu

Arg Arg
Arg Asp

Trp Glu
395

Tyr Met

410

Glu Leu

Asp His
Page 9

Trp
Glu
Ser
Tyr
60

Gly
Ala
Phe
Val
Ala
140
Ala
lle
Lys
Val
Pro
220
Thr
Lys
His
Trp
Tyr
300
Ser
Asp
Pro
Tyr
Ala
380
Leu
Leu

GIn

Trp

Gly
Cys
Gly
45

Ala
Cys
Thr
Cys
Thr
125
Tyr
Phe
His
Pro
Trp
205
Leu
Pro
Arg
Asp
Asn
285
Leu
Ile
Leu
Gly
Met
365
Phe
Val
Pro

Glu

Leu

Ser
Ile
30

Leu
Ser
Trp
Glu
Asn
110
Tyr
Ser
Trp
Glu
Leu
190
Lys
GIn
Gly
Gly
Lys

270
Glu

His
Ala
Thr
Lys
350
Ala
Leu
Ser
Phe
Val

430
Lys

Leu
15

Tyr
Glu
Trp
Leu
Glu
95

Glu
Glu
Leu
Met
Asp
175
GIn
Ala
Asp
Met
Ser
255
Gly
Leu
Glu
His
Ala
335
Pro
Pro
Arg
Arg
Glu
415
Val

His

Trp
Tyr
Arg
Ala
Asp
80

Asn
Arg
Pro
Leu
Tyr
160
Pro
Leu
GIn
Lys
Lys
240
Asn
Ser
Cys
Asp
Arg
320
Val
Pro
Glu
Ile
Cys
400
Glu
Val

Pro
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435 440 445
Gly Leu Ala GIn Leu Cys Val Thr 1le Glu Glu Cys Trp Asp His Asp
450 455 460
Ala Glu Ala Arg Leu Ser Ala Gly Cys Val Glu Glu Arg Val Ser Leu
465 470 475 480
Ile Arg Arg Ser Val Asn Gly Thr Thr Ser Asp Cys Leu Val Ser Leu
485 490 495
Val Thr Ser Val Thr Asn Val Asp Leu Pro Pro Lys Glu Ser Ser lle
500 505 510

<210> 17

<211> 116

<212> PRT

<213> Homo sapiens

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide

<400> 17
Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ile Tyr Tyr Asn Ala
1 5 10 15
Asn Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu
20 25 30
Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser
35 40 45
Ser Gly Thr 1le Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe
50 55 60
Asn Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn
65 70 75 80
Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr
85 90 95
His Leu Pro Glu Ala Gly Gly Pro Glu vVal Thr Tyr Glu Pro Pro Pro
100 105 110
Thr Ala Pro Thr
115

<210> 18

<211> 101

<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
sequence with the C-terminal 15 amino acids deleted

<400> 18
Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ile Tyr Tyr Asn Ala
1 5 10 15
Asn Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu
20 25 30
Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser
35 40 45
Ser Gly Thr 1le Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe
50 55 60
Asn Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn
65 70 75 80
Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr
85 90 95
His Leu Pro Glu Ala
100

<210> 19

<211> 1539

<212> DNA

<213> Homo sapiens

Page 10



<220>

12827_375 28 Sequence_Listing.TXT

<223> human ActRIIB (A64) precursor

<400> 19

atgacggcgc
cgtggggagg
accaaccaga
gcctecctggg
gacttcaact
ttctgctgct
ggcccggaag
tactcactgc
cggcatcgca
ccatcccctc
tttggctgtg
ctccaggaca
cacgagaacc
ctgtggctca
atcatcacat
ctgcatgagg
gactttaaaa
ggcttggetg
acgagacggt
ttcctgcgea
aaggctgcag
cacccttcgt
aaagatcact
tgggaccatg
attcggaggt
accaatgtgg

20
344
PRT

<210>
<211>
<212>
<213>

<220>
<223>

cctgggtgge
ctgagacacg
gcggcctgga
ccaacagctc
gctacgatag
gtgaaggcaa
tcacgtacga
tgcccatcgg
agccccccta
tggtgggcct
tctggaaggc
agcagtcgtg
tgctacagtt
tcacggcctt
ggaacgaact
atgtgccctg
gtaagaatgt
ttcgatttga
acatggctcc
ttgacatgta
acggacccgt
tggaggagct
ggttgaaaca
atgcagaggc
cggtcaacgg
acctgccccc

cctcgeectce
ggagtgcatc
gcgctgcgaa
tggcaccatc
gcaggagtgt
cttctgcaac
gccacccccg
gggcctttcc
cggtcatgtg
gaagccactg
ccagctcatg
gcagagtgaa
cattgctgcc
ccatgacaag
gtgtcatgta
gtgccgtggce
attgctgaag
gccagggaaa
tgaggtgctc
tgccatgggg
ggatgagtac
gcaggaggtg
cccgggectg
tcgecttgtcc
cactacctcg
taaagagtca

Artificial Sequence

ctctggggat
tactacaacg
ggcgagcagg
gagctcgtga
gtggccactg
gagcgcttca
acagccccca
ctcatcgtcc
gacatccatg
cagctgctgg
aatgactttg
cgggagatct
gagaagcgag
ggctccctca
gcagagacga
gagggccaca
agcgacctca
cctccagggg
gagggagcca
ttggtgctgt
atgctgccct
gtggtgcaca
gcccagcttt
gcgggctgtg
gactgtctcg
agcatctaa

cgctgtggec
ccaactggga
acaagcggct
agaagggctg
aggagaaccc
ctcatttgcc
ccctgctcac
tgctggcctt
aggaccctgg
agatcaaggc
tagctgtcaa
tcagcacacc
gctccaacct
cggattacct
tgtcacgagg
agccgtctat
cagccgtgcet
acacccacgg
tcaacttcca
gggagcttgt
ttgaggaaga
agaagatgag
gtgtgaccat
tggaggagceg
tttccctggt

cggctctggg
gctggagege
gcactgctac
ctggctagat
ccaggtgtac
agaggctggg
ggtgctggcc
ttggatgtac
gcctccacca
tcgggggcege
gatcttccca
tggcatgaag
cgaagtagag
caaggggaac
cctctcatac
tgcccacagg
ggctgacttt
acaggtaggc
gagagatgcc
gtctcgctge
gattggccag
gcccaccatt
cgaggagtgc
ggtgtccctg
gacctctgtc

Synthetic construct - fusion protein comprising a soluble

extracellular domain of ActRIIB fused to an Fc domain

<400> 20
Ser Gly
1

Arg

Glu
5

Gly

Ala Glu

Thr Arg

Glu
10

Cys

Ile Tyr Tyr

Asn
15

Asn
Gly
Ser
Asn
65

val
His
Thr
Pro
Lys
145
val
Asp

Tyr

Trp
Glu
Gly
50

Cys
Tyr
Leu
Ala
Glu
130
Asp
Asp
Gly

Asn

Glu
GIn
35

Thr
Tyr
Phe
Pro
Pro
115
Leu
Thr
val
val

Ser
195

Leu
20

Asp
Ile
Asp
Cys
Glu
100
Thr
Leu
Leu
Ser
Glu

180
Thr

Glu
Lys
Glu
Arg
Cys
85

Ala
Gly
Gly
Met
His
165
val

Tyr

Arg
Arg
Leu
GIn
70

Cys
Gly
Gly
Gly
Ile
150
Glu
His

Arg

Thr
Leu
Val
55

Glu
Glu
Gly
Gly
Pro
135
Ser
Asp
Asn

Val

Asn
His
40

Lys
Cys
Gly
Pro
Thr
120
Ser
Arg
Pro
Ala

Val
200

GIn
25

Cys
Lys
Val
Asn
Glu
105
His
Val
Thr
Glu
Lys

185
Ser

Ser
Tyr
Gly
Ala
Phe
90

Val
Thr
Phe
Pro
Val
170
Thr

Val

Gly Leu

Ala Ser

Cys Trp
60
Thr Glu
75
Cys Asn

Thr Tyr

Cys Pro
Phe
140
Val

Leu

Glu
155
Lys Phe

Lys Pro

Leu Thr

Page 11

Glu
Trp
45

Leu
Glu
Glu
Glu
Pro
125
Pro
Thr
Asn
Arg

val
205

Arg
30

Ala
Asp
Asn
Arg
Pro
110
Cys
Pro
Cys
Trp
Glu

190
Leu

Cys
Asn
Asp
Pro
Phe
95

Pro
Pro
Lys
val
Tyr
175
Glu

His

Glu
Ser
Phe
GIn
80

Thr

Pro

Pro
val
160
val
GIn

GIn

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1539



Asp Trp
210

Leu Pro

225

Arg Glu

Lys Asn
Asp lle

Lys Thr
290

Ser Lys

305

Ser Cys

Ser Leu

<210> 21
<211> 32
<212> PR

Leu
val
Pro
GIn
Ala
275
Thr
Leu

Ser

Ser

9
T

Asn
Pro
GIn
Val
260
Val
Pro
Thr
Val

Leu
340

Gly
Ie
Val
245
Ser
Glu
Pro
Val
Met

325
Ser

Lys
Glu
230
Tyr
Leu
Trp
Val
Asp
310
His

Pro
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Ser Asn Lys

Glu Tyr
215
Lys Thr

Thr Leu
Thr Cys
Glu Ser
280
Leu Asp
295
Lys Ser
Glu Ala

Gly Lys

<213> Artificial Sequence

<220>

Lys
Ile
Pro
Leu
265
Asn
Ser
Arg

Leu

Cys
Ser
Pro
250
Val
Gly
Asp
Trp

His
330

Lys
Lys
235
Ser
Lys
GIn
Gly
GIn

315
Asn

Val
220
Ala
Arg
Gly
Pro
Ser
300
GIn

His

Lys
Glu
Phe
Glu
285
Phe
Gly

Tyr

Gly
Glu
Tyr
270
Asn
Phe
Asn

Thr

GIn
Met
255
Pro
Asn
Leu
val

GIn
335

Pro
240
Thr
Ser
Tyr
Tyr
Phe

320
Lys

<223> Synthetic construct - fusion protein comprising a soluble
extracellular domain of ActRIIB (A64) with the C-terminal
acids deleted fused to an Fc domain

am

<400> 21
Ser Gly
1

Asn Trp
Gly Glu

Ser Gly
50

Asn Cys

65

Val Tyr

His Leu
Ala Pro

Pro Lys
130

vVal Val

145

Val Asp

GIn Tyr
GIn Asp
Ala Leu
210
Pro Arg
225
Thr Lys
Ser Asp
Tyr Lys

Tyr Ser

ino

Arg
Glu
GIn
35

Thr
Tyr
Phe
Pro
Glu
115
Asp
Asp
Gly
Asn
Trp
195
Pro
Glu
Asn
Ile
Thr

275
Lys

Gly
Leu
20

Asp
Ile
Asp
Cys
Glu
100
Leu
Thr
Val
Val
Ser
180
Leu
Val
Pro
GIn
Ala
260
Thr

Leu

Glu
5

Glu
Lys
Glu
Arg
Cys
85

Ala
Leu
Leu
Ser
Glu
165
Thr
Asn
Pro
GIn
Val
245
Val

Pro

Thr

Ala
Arg
Arg
Leu
GIn
70

Cys
Gly
Gly
Met

His
150
Val
Tyr
Gly
Ile
Val
230
Ser
Glu
Pro

Val

Glu Thr
Thr Asn

Leu His
40

Val Lys

55

Glu Cys

Glu Gly
Gly Gly

Gly Pro
120

Ile Ser

135

Glu Asp

His Asn
Arg Val
Lys Glu
200
Glu Lys
215
Tyr Thr
Leu Thr
Trp Glu
Val Leu

280
Asp Lys

Arg
GIn
25

Cys
Lys
Val
Asn
Thr
105
Ser
Arg
Pro
Ala
Val
185
Tyr
Thr
Leu
Cys
Ser
265
Asp

Ser

Glu
10

Ser
Tyr
Gly
Ala
Phe
90

His
Val
Thr
Glu
Lys
170
Ser
Lys
lle
Pro
Leu
250
Asn
Ser

Arg

Page 12

Cys
Gly
Ala
Cys
Thr
75

Cys
Thr
Phe
Pro
vVal
155
Thr
Val
Cys
Ser
Pro
235
Val
Gly
Asp

Trp

lle
Leu
Ser
Trp
60

Glu
Asn
Cys
Leu
Glu
140
Lys
Lys
Leu
Lys
Lys
220
Ser
Lys
GIn
Gly

GIn

Tyr
Glu
Trp
45

Leu
Glu
Glu
Pro
Phe
125
Val
Phe
Pro
Thr
Val
205
Ala
Arg
Gly
Pro
Ser

285
GIn

Tyr
Arg
30

Ala
Asp
Asn
Arg
Pro
110
Pro
Thr
Asn
Arg
Val
190
Ser
Lys
Glu
Phe
Glu
270
Phe

Gly

Asn
15

Cys
Asn
Asp
Pro
Phe
95

Cys
Pro
Cys
Trp
Glu
175
Leu
Asn
Gly
Glu
Tyr
255
Asn
Phe

Asn

Glu
Ser
Phe
GIn
80

Thr
Pro
Lys
Val
Tyr
160
Glu
His
Lys
GIn
Met
240
Pro
Asn

Leu

Val

15



305

<210>
<211>
<212>

12827_375 28 Sequence_Listing.TXT

290 295 300
Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn
310 315 320
Lys Ser Leu Ser Leu Ser Pro Gly Lys
325

22

105

PRT

Artificial Sequence

<213>

<220>
<223>

<400>
1

human ActR1IB soluble (extracellular), processed polypeptide
with the N-terminal 6 amino acids of the EC domain

deleted and the C-terminal 5 amino acids of the EC domain
deleted and with an L79D mutation

22

Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn Trp Glu Leu Glu Arg
5

10 15

Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly Glu GIn Asp Lys Arg

20 25 30

Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser Gly Thr lle Glu Leu

35 40 45

Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn Cys Tyr Asp Arg GlIn

50

55 60

Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val Tyr Phe Cys Cys Cys

65

<210>
<211>
<212>

70 75 80
Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His Leu Pro Glu Ala Gly
85 90 95
Gly Pro Glu val Thr Tyr Glu Pro Pro
100 105

23

107

PRT

Artificial Sequence

<213>

<220>
<223>

<400>

human ActR1IB soluble (extracellular), processed polypeptide
sequence with the N-terminal 6 amino acids of the EC domain
deleted and the C-terminal 3 amino acids of the EC domain
deleted and with an L79D mutatioN

23

Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn Trp Glu Leu Glu Arg
1 5

10 15

Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly Glu GIn Asp Lys Arg

20 25 30

Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser Gly Thr lle Glu Leu

35 40 45

Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn Cys Tyr Asp Arg GlIn

50

55 60

Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val Tyr Phe Cys Cys Cys

65

70 75 80

Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His Leu Pro Glu Ala Gly

<210>
<211>
<212>

85 90 95
Gly Pro Glu val Thr Tyr Glu Pro Pro Pro Thr
100 105
24
360
PRT
Artificial Sequence

<213>
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<220>
<223> Unprocessed ActRIIB-Fc fusion protein with the N-terminal 6
amino acids of the EC domain deleted and the C-terminal 3
amino acids of the EC domain deleted and with an L79D
mutation and with TPA leader sequence

<400> 24
Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 10 15
Ala Val Phe Val Ser Pro Gly Ala Ala Glu Thr Arg Glu Cys lle Tyr
20 25 30
Tyr Asn Ala Asn Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu
35 40 45
Arg Cys Glu Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp
50 55 60
Arg Asn Ser Ser Gly Thr 1le Glu Leu Val Lys Lys Gly Cys Trp Asp
65 70 75 80
Asp Asp Phe Asn Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu
85 90 95
Asn Pro GIn Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu
100 105 110
Arg Phe Thr His Leu Pro Glu Ala Gly Gly Pro Glu Val Thr Tyr Glu
115 120 125
Pro Pro Pro Thr Gly Gly Gly Thr His Thr Cys Pro Pro Cys Pro Ala
130 135 140
Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro
145 150 155 160
Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys Val Val
165 170 175
Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val
180 185 190
Asp Gly Vval Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn
195 200 205
Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn
210 215 220
Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala
225 230 235 240
Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly GIn Pro
245 250 255
Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr
260 265 270
Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
275 280 285
Asp Ile Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr
290 295 300
Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
305 310 315 320
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe
325 330 335
Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys
340 345 350
Ser Leu Ser Leu Ser Pro Gly Lys
355 360

<210> 25

<211> 335

<212> PRT

<213> Artificial Sequence

<220>

<223> Processed ActRlIB-Fc fusion protein with the N-terminal 6
amino acids of the EC domain deleted and the C-terminal 3
amino acids of the EC domain deleted and with an L79D mutation

<400> 25
Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn Trp Glu Leu Glu Arg
1 5 10 15
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Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly Glu GIn Asp Lys Arg
20 25 30
Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser Gly Thr 1le Glu Leu
35 40 45
Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn Cys Tyr Asp Arg GIn
50 55 60
Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val Tyr Phe Cys Cys Cys
65 70 75 80
Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His Leu Pro Glu Ala Gly
85 90 95
Gly Pro Glu vVal Thr Tyr Glu Pro Pro Pro Thr Gly Gly Gly Thr His
100 105 110
Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Vval
115 120 125
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr
130 135 140
Pro Glu Val Thr Cys Val Vval Val Asp Val Ser His Glu Asp Pro Glu
145 150 155 160
Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
165 170 175
Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser
180 185 190
Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys
195 200 205
Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile
210 215 220
Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro
225 230 235 240
Pro Ser Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu
245 250 255
Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
260 265 270
Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
275 280 285
Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
290 295 300
Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
305 310 315 320
His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330 335

<210> 26

<211> 115

<212> PRT

<213> Homo sapiens

<220>
<223> human ActRIIB soluble (extracellular) processed polypeptide

<400> 26
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu VvVal Thr Tyr Glu Pro Pro Pro Thr
100 105 110
Ala Pro Thr
115
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<210> 27

<211> 100

<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular) processed polypeptide
sequence with the C-terminal 15 amino acids deleted

<400> 27
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala
100

<210> 28

<211> 512

<212> PRT

<213> Homo sapiens

<220>
<223> human ActRIIB precursor protein

<400> 28
Met Thr Ala Pro Trp Val Ala Leu Ala Leu Leu Trp Gly Ser Leu Trp
1 5 10 15
Pro Gly Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr
20 25 30
Asn Ala Asn Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg
35 40 45
Cys Glu Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg
50 55 60
Asn Ser Ser Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp
65 70 75 80
Asp Phe Asn Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn
85 90 95
Pro GIn Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg
100 105 110
Phe Thr His Leu Pro Glu Ala Gly Gly Pro Glu Val Thr Tyr Glu Pro
115 120 125
Pro Pro Thr Ala Pro Thr Leu Leu Thr Val Leu Ala Tyr Ser Leu Leu
130 135 140
Pro Ile Gly Gly Leu Ser Leu lle Val Leu Leu Ala Phe Trp Met Tyr
145 150 155 160
Arg His Arg Lys Pro Pro Tyr Gly His Val Asp lle His Glu Asp Pro
165 170 175
Gly Pro Pro Pro Pro Ser Pro Leu Val Gly Leu Lys Pro Leu GIn Leu
180 185 190
Leu Glu 1le Lys Ala Arg Gly Arg Phe Gly Cys Val Trp Lys Ala GIn
195 200 205
Leu Met Asn Asp Phe Val Ala Val Lys lle Phe Pro Leu GIn Asp Lys
210 215 220
GIn Ser Trp GIn Ser Glu Arg Glu Ile Phe Ser Thr Pro Gly Met Lys
225 230 235 240
His Glu Asn Leu Leu GIn Phe lle Ala Ala Glu Lys Arg Gly Ser Asn
245 250 255
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Leu Glu Val Glu Leu Trp Leu Ile Thr Ala Phe His Asp Lys Gly Ser
260 265 270
Leu Thr Asp Tyr Leu Lys Gly Asn lle Ile Thr Trp Asn Glu Leu Cys
275 280 285
His Val Ala Glu Thr Met Ser Arg Gly Leu Ser Tyr Leu His Glu Asp
290 295 300
Val Pro Trp Cys Arg Gly Glu Gly His Lys Pro Ser lle Ala His Arg
305 310 315 320
Asp Phe Lys Ser Lys Asn Val Leu Leu Lys Ser Asp Leu Thr Ala Vval
325 330 335
Leu Ala Asp Phe Gly Leu Ala Val Arg Phe Glu Pro Gly Lys Pro Pro
340 345 350
Gly Asp Thr His Gly GIn Val Gly Thr Arg Arg Tyr Met Ala Pro Glu
355 360 365
Val Leu Glu Gly Ala Ile Asn Phe GIn Arg Asp Ala Phe Leu Arg lle
370 375 380
Asp Met Tyr Ala Met Gly Leu Val Leu Trp Glu Leu Val Ser Arg Cys
385 390 395 400
Lys Ala Ala Asp Gly Pro Val Asp Glu Tyr Met Leu Pro Phe Glu Glu
405 410 415
Glu 1le Gly GIn His Pro Ser Leu Glu Glu Leu GIn Glu Val val Val
420 425 430
His Lys Lys Met Arg Pro Thr lle Lys Asp His Trp Leu Lys His Pro
435 440 445
Gly Leu Ala GIn Leu Cys Val Thr I1le Glu Glu Cys Trp Asp His Asp
450 455 460
Ala Glu Ala Arg Leu Ser Ala Gly Cys Val Glu Glu Arg Val Ser Leu
465 470 475 480
Ile Arg Arg Ser Val Asn Gly Thr Thr Ser Asp Cys Leu Val Ser Leu
485 490 495
Val Thr Ser Val Thr Asn Val Asp Leu Pro Pro Lys Glu Ser Ser lle
500 505 510

<210> 29
<211> 116
<212> PRT
<213> Homo sapiens
<220>
<223> human ActRIIB soluble (extracellular) processed polypeptide
<400> 29
Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ille Tyr Tyr Asn Ala
1 5 10 15
Asn Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu
20 25 30
Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser
35 40 45
Ser Gly Thr 1le Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe
50 55 60
Asn Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn
65 70 75 80
Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr
85 90 95
His Leu Pro Glu Ala Gly Gly Pro Glu Val Thr Tyr Glu Pro Pro Pro
100 105 110
Thr Ala Pro Thr
115
<210> 30
<211> 101
<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
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with the C-terminal 15 amino acids deleted

<400> 30
Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ille Tyr Tyr Asn Ala
1 5 10 15
Asn Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu
20 25 30
Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser
35 40 45
Ser Gly Thr 1le Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe
50 55 60
Asn Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn
65 70 75 80
Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr
85 90 95
His Leu Pro Glu Ala
100
<210> 31
<211> 115
<212> PRT
<213> Homo sapiens
<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
<400> 31
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys VvVal Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu Vval Thr Tyr Glu Pro Pro Pro Thr
100 105 110
Ala Pro Thr
115
<210> 32
<211> 100
<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
with the C-terminal 15 amino acids deleted

<400> 32

Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15

Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly

20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe Asn
50 55 60

Cys Tyr Asp Arg GIn Glu Cys Vval Ala Thr Glu Glu Asn Pro GIn Val

65 70 75 80

Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His

85 90 95
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Leu Pro Glu Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
1

100
33
107
PRT
Artificial Sequence

human ActRI1IB soluble (extracellular), processed polypeptide
sequence with the N-terminal 6 amino acids of the EC domain
deleted and the C-terminal 3 amino acids of the EC domain
deleted and with an L79D mutation

33

Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn Trp Glu Leu Glu Arg
5

10 15

Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly Glu GIn Asp Lys Arg

20 25 30

Leu His Cys Tyr Ala Ser Trp Ala Asn Ser Ser Gly Thr 1le Glu Leu
35

40 45

Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn Cys Tyr Asp Arg GlIn

50

55 60

Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val Tyr Phe Cys Cys Cys

65

<210>
<211>
<212>

70 75 80
Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His Leu Pro Glu Ala Gly
85 90 95
Gly Pro Glu val Thr Tyr Glu Pro Pro Pro Thr
100 105

34

360

PRT

Artificial Sequence

<213>

<220>
<223>

<400>
1

Unprocessed ActRIIB-Fc fusion protein with the N-terminal 6
amino acids of the EC domain deleted and the C-terminal 3
amino acids of the EC domain deleted and with an L79D
mutation and with TPA leader sequence

34

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
5

10 15

Ala Val Phe Val Ser Pro Gly Ala Ala Glu Thr Arg Glu Cys lle Tyr

20 25 30

Tyr Asn Ala Asn Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu

35 40 45

Arg Cys Glu Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp

50

55 60

Ala Asn Ser Ser Gly Thr 1le Glu Leu Val Lys Lys Gly Cys Trp Asp

65

70 75 80

Asp Asp Phe Asn Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu

85 90 95

Asn Pro GIn Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu

100 105 110

Arg Phe Thr His Leu Pro Glu Ala Gly Gly Pro Glu Val Thr Tyr Glu

115 120 125

Pro Pro Pro Thr Gly Gly Gly Thr His Thr Cys Pro Pro Cys Pro Ala
130 135 140
Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro

145

150 155 160

Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys Val Vval

165 170 175

Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val

180 185 190
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Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn
195 200 205
Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn
210 215 220
Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala
225 230 235 240
Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly GIn Pro
245 250 255
Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr
260 265 270
Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
275 280 285
Asp lle Ala Vval Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr
290 295 300
Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
305 310 315 320
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe
325 330 335
Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys
340 345 350
Ser Leu Ser Leu Ser Pro Gly Lys
355 360

<210> 35

<211> 335

<212> PRT

<213> Artificial Sequence

<220>

<223> Processed ActRIlIB-Fc fusion protein with the N-terminal 6
amino acids of the EC domain deleted and the C-terminal 3
amino acids of the EC domain deleted and with an L79D mutation

<400> 35
Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn Trp Glu Leu Glu Arg
1 5 10 15
Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly Glu GIn Asp Lys Arg
20 25 30
Leu His Cys Tyr Ala Ser Trp Ala Asn Ser Ser Gly Thr lle Glu Leu
35 40 45
Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn Cys Tyr Asp Arg GlIn
50 55 60
Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val Tyr Phe Cys Cys Cys
65 70 75 80
Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His Leu Pro Glu Ala Gly
85 90 95
Gly Pro Glu val Thr Tyr Glu Pro Pro Pro Thr Gly Gly Gly Thr His
100 105 110
Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val
115 120 125
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr
130 135 140
Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu
145 150 155 160
Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
165 170 175
Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser
180 185 190
Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys
195 200 205
Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr lIle
210 215 220
Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro
225 230 235 240
Pro Ser Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu
245 250 255
Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
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260 265 270
Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
275 280 285
Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
290 295 300

Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
305 310 315 320
His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys

325 330 335

<210> 36

<211> 115

<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
sequence with L79D mutation

<400> 36
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu Vval Thr Tyr Glu Pro Pro Pro Thr
100 105 110
Ala Pro Thr
115

<210> 37

<211> 115

<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
sequence with L79D mutation

<400> 37
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu Vval Thr Tyr Glu Pro Pro Pro Thr
100 105 110
Ala Pro Thr
115

<210> 38
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<211> 343
<212> PRT
<213> Artificial Sequence

<220>

<223> human ActRIIB soluble (extracellular), processed polypeptide
sequence with L79D mutation fused to an Fc domain with a
GGG linker

<400> 38
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Vval Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu Vval Thr Tyr Glu Pro Pro Pro Thr
100 105 110
Ala Pro Thr Gly Gly Gly Thr His Thr Cys Pro Pro Cys Pro Ala Pro
115 120 125
Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
130 135 140
Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Vval Vval
145 150 155 160
Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
165 170 175
Gly VvVal Glu Vval His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr
180 185 190
Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn Asp
195 200 205
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
210 215 220
Pro Ala Pro Ile Glu Lys Thr lle Ser Lys Ala Lys Gly GIn Pro Arg
225 230 235 240
Glu Pro GIn vVal Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
245 250 255
Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
260 265 270
Ile Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys
275 280 285
Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
290 295 300
Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser
305 310 315 320
Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser
325 330 335
Leu Ser Leu Ser Pro Gly Lys
340

<210> 39

<211> 343

<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
sequence with L79D mutation fused to an Fc domain

<400> 39
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
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Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Ala Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Vval Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu Vval Thr Tyr Glu Pro Pro Pro Thr
100 105 110
Ala Pro Thr Gly Gly Gly Thr His Thr Cys Pro Pro Cys Pro Ala Pro
115 120 125
Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
130 135 140
Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Vval Vval
145 150 155 160
Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
165 170 175
Gly val Glu Vval His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr
180 185 190
Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn Asp
195 200 205
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
210 215 220
Pro Ala Pro Ile Glu Lys Thr lle Ser Lys Ala Lys Gly GIn Pro Arg
225 230 235 240
Glu Pro GIn val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
245 250 255
Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
260 265 270
Ile Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys
275 280 285
Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
290 295 300
Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser
305 310 315 320
Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser
325 330 335
Leu Ser Leu Ser Pro Gly Lys
340

<210> 40

<211> 368

<212> PRT

<213> Artificial Sequence

<220>

<223> human ActRIIB soluble (extracellular), processed polypeptide
sequence with L79D mutation fused to an Fc domain and with
TPA leader sequence

<400> 40

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 10 15

Ala Val Phe Val Ser Pro Gly Ala Ser Gly Arg Gly Glu Ala Glu Thr

20 25 30
Arg Glu Cys Ile Tyr Tyr Asn Ala Asn Trp Glu Leu Glu Arg Thr Asn
35 40 45
GIn Ser Gly Leu Glu Arg Cys Glu Gly Glu GIn Asp Lys Arg Leu His
50 55 60

Cys Tyr Ala Ser Trp Arg Asn Ser Ser Gly Thr Ile Glu Leu Val Lys

65 70 75 80
Lys Gly Cys Trp Asp Asp Asp Phe Asn Cys Tyr Asp Arg GIn Glu Cys

85 90 95
Val Ala Thr Glu Glu Asn Pro GIn Val Tyr Phe Cys Cys Cys Glu Gly

Page 23



12827_375 28 Sequence_Listing.TXT
100 105 110
Asn Phe Cys Asn Glu Arg Phe Thr His Leu Pro Glu Ala Gly Gly Pro
115 120 125
Glu vVal Thr Tyr Glu Pro Pro Pro Thr Ala Pro Thr Gly Gly Gly Thr
130 135 140
His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser
145 150 155 160
Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg
165 170 175
Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro
180 185 190
Glu vVal Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala
195 200 205
Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val
210 215 220
Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr
225 230 235 240
Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys Thr
245 250 255
Ile Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu
260 265 270
Pro Pro Ser Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys
275 280 285
Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser
290 295 300
Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
305 310 315 320
Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
325 330 335
Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
340 345 350
Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
355 360 365

<210> 41

<211> 368

<212> PRT

<213> Artificial Sequence

<220>

<223> human ActRIIB soluble (extracellular), processed polypeptide
sequence with L79D mutation fused to an Fc domain and with
TPA leader sequence

<400> 41
Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 10 15
Ala Val Phe Vval Ser Pro Gly Ala Ser Gly Arg Gly Glu Ala Glu Thr
20 25 30
Arg Glu Cys lle Tyr Tyr Asn Ala Asn Trp Glu Leu Glu Arg Thr Asn
35 40 45
GIn Ser Gly Leu Glu Arg Cys Glu Gly Glu GIn Asp Lys Arg Leu His
50 55 60

Cys Tyr Ala Ser Trp Ala Asn Ser Ser Gly Thr Ile Glu Leu Val Lys

65 70 75 80

Lys Gly Cys Trp Asp Asp Asp Phe Asn Cys Tyr Asp Arg GIn Glu Cys
85 90 95

Val Ala Thr Glu Glu Asn Pro GIn Val Tyr Phe Cys Cys Cys Glu Gly

100 105 110
Asn Phe Cys Asn Glu Arg Phe Thr His Leu Pro Glu Ala Gly Gly Pro
115 120 125
Glu vVal Thr Tyr Glu Pro Pro Pro Thr Ala Pro Thr Gly Gly Gly Thr
130 135 140

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser

145 150 155 160

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg
165 170 175
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Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro
180 185 190
Glu vVal Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala
195 200 205
Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val
210 215 220
Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr
225 230 235 240
Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr
245 250 255
Ile Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu
260 265 270
Pro Pro Ser Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys
275 280 285
Leu Val Lys Gly Phe Tyr Pro Ser Asp Ille Ala Val Glu Trp Glu Ser
290 295 300
Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
305 310 315 320
Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
325 330 335
Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
340 345 350
Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
355 360 365

<210> 42

<211> 141

<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
having a variant C-terminal sequence

<400> 42
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Vval Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu Gly Pro Trp Ala Ser Thr Thr lle
100 105 110
Pro Ser Gly Gly Pro Glu Ala Thr Ala Ala Ala Gly Asp GIn Gly Ser
115 120 125
Gly Ala Leu Trp Leu Cys Leu Glu Gly Pro Ala His Glu
130 135 140

<210> 43

<211> 141

<212> PRT

<213> Artificial Sequence

<220>
<223> human ActRIIB soluble (extracellular), processed polypeptide
having a variant C-terminal sequence having an L79D mutation

<400> 43
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
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Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Vval Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu Gly Pro Trp Ala Ser Thr Thr lle
100 105 110
Pro Ser Gly Gly Pro Glu Ala Thr Ala Ala Ala Gly Asp GIn Gly Ser
115 120 125
Gly Ala Leu Trp Leu Cys Leu Glu Gly Pro Ala His Glu
130 135 140

<210> 44

<211> 370

<212> PRT

<213> Artificial Sequence

<220>

<223> human ActRIIB soluble (extracellular), processed polypeptide
sequence having a variant C-terminal sequence having an L79D
mutation fused to an Fc domain with a TGGG linker

<400> 44
Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys lle Tyr Tyr Asn Ala Asn
1 5 10 15
Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu Gly
20 25 30
Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser Ser
35 40 45
Gly Thr Ile Glu Leu Val Lys Lys Gly Cys Trp Asp Asp Asp Phe Asn
50 55 60
Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn Val
65 70 75 80
Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr His
85 90 95
Leu Pro Glu Ala Gly Gly Pro Glu Gly Pro Trp Ala Ser Thr Thr lle
100 105 110
Pro Ser Gly Gly Pro Glu Ala Thr Ala Ala Ala Gly Asp GIn Gly Ser
115 120 125
Gly Ala Leu Trp Leu Cys Leu Glu Gly Pro Ala His Glu Thr Gly Gly
130 135 140
Gly Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
145 150 155 160
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle
165 170 175
Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu
180 185 190
Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
195 200 205
Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg
210 215 220
Val Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys
225 230 235 240
Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu
245 250 255
Lys Thr 1le Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr
260 265 270
Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu
275 280 285
Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp
290 295 300
Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val

Page 26



305

12827_375 28 Sequence_Listing.TXT

310
Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp

325

315
330

320
335

Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His

340

345

350

Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro

355
Gly Lys
370

<210>
<211>
<212>
<213>

45
1083
DNA

<220>
<223>

360

Artificial Sequence

365

Unprocessed ActRIIB-Fc fusion protein with the N-terminal 6
amino acids of the EC domain deleted and the C-terminal

3

amino acids of the EC domain deleted and with an L79D
mutation and with TPA leader sequence

<400> 45
atggatgcaa
tcgceecggeg
cggacgaacc
tatgcgtcgt
gacgatttca
tatttctgtt
ggcgggeccey
ccgtgcccag
aaggacaccc
cacgaagacc
aagacaaagc
gtcctgcacc
ctcccagccc
gtgtacaccc
ctggtcaaag
gagaacaact
agcaagctca
atgcatgagg
tga

<210>
<211>
<212>
<213>

46
344
PRT

<220>
<223>

tgaagagagg
ccgccgaaac
aatccgggct
ggaggaactc
attgttatga
gttgcgaggg
aggtgaccta
cacctgaact
tcatgatctc
ctgaggtcaa
cgcgggagga
aggactggct
ccatcgagaa
tgcccccatc
gcttctatcc
acaagaccac
ccgtggacaa
ctctgcacaa

gctctgctgt
ccgcgaatgt
cgaacggtgt
ctccgggacg
ccgccaggaa
gaatttctgt
tgaacccccg
cctgggggga
ccggacccct
gttcaactgg
gcagtacaac
gaatggcaag
aaccatctcc
ccgggaggag
cagcgacatc
gcctceegtg
gagcaggtgg
ccactacacg

Artificial Sequence

gtgctgctgc
atttattaca
gagggggaac
attgaactgg
tgtgtcgcga
aatgaacggt
cccaccggtg
ccgtcagtct
gaggtcacat
tacgtggacg
agcacgtacc
gagtacaagt
aaagccaaag
atgaccaaga
gccgtggagt
ctggactccg

cagcagggga
cagaagagcc

ActRIIB fused to an Fc domain

<400> 46
Ser Gly Arg
1

Asn Trp Glu

Glu GIn
35
Thr

Gly
Ser Gly
50
Asn Cys
65

vVal

Tyr

Tyr Phe

His Leu Pro

Thr Ala Pro

Gly Glu

5
Leu Glu
20
Asp Lys

Ile Glu

Asp Arg

Cys Cys
85
Glu Ala
100

Thr Gly

Ala
Arg
Arg
Leu
GIn
70

Cys
Gly
Gly

Glu Thr

Thr Asn

His
40
Lys

Leu

Val
55
Glu Cys

Glu Gly

Gly Pro

Gly Thr

Arg

GIn
25
Cys

Lys
Val
Asn
Glu

105
His

Glu
10
Ser

Cys
Gly

Tyr Ala

Gly Cys

Ala Thr
75
Phe Cys
90
Val Thr

Thr Cys
Page 27

tgtgtggagc
atgctaattg
aggataaacg
tcaagaaagg
ccgaagagaa
ttacccacct
gtggaactca
tcctcttecc
gcgtggtggt
gcgtggaggt
gtgtggtcag
gcaaggtctc
ggcagccccg
accaggtcag
gggagagcaa
acggctcctt
acgtcttctc
tctccctgte

fusion protein comprising a soluble extracellular

Ile Tyr Tyr

Leu Glu Arg

30

Ser Trp Arg
45

Trp Leu
60

Glu

Asp

Glu Asn

Asn Glu Arg

Glu Pro
110
Cys

Tyr

Pro Pro

agtcttcgtt
ggaactcgaa
cctccattge
gtgctgggac
tccgeaggte
ccccgaagcec
cacatgccca
cccaaaaccc
ggacgtgagc
gcataatgcc
cgtcctcacc
caacaaagcc
agaaccacag
cctgacctgc
tgggcagccg
cttcctctat
atgctccgtg
cccgggtaaa

domain of

Asn Ala
15
Cys Glu

Asn Ser

Asp Phe
GIn
80
Thr

Pro

Phe
95

Pro Pro

Pro

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1083
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115 120 125
Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro
130 135 140
Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys Val Val
145 150 155 160
Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val
165 170 175
Asp Gly Vval Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn
180 185 190
Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn
195 200 205
Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala
210 215 220
Leu Pro Val Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly GIn Pro
225 230 235 240
Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr
245 250 255
Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
260 265 270
Asp Ile Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr
275 280 285
Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
290 295 300
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe
305 310 315 320
Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys
325 330 335
Ser Leu Ser Leu Ser Pro Gly Lys
340

<210> 47

<211> 329

<212> PRT

<213> Artificial Sequence

<220>

<223> fusion protein comprising a soluble extracellular domain of
ActRI1IB (R64) with the C-terminal 15 amino acids deleted fused
to an Fc domain

<400> 47
Ser Gly Arg Gly Glu Ala Glu Thr Arg Glu Cys Ile Tyr Tyr Asn Ala
1 5 10 15
Asn Trp Glu Leu Glu Arg Thr Asn GIn Ser Gly Leu Glu Arg Cys Glu
20 25 30
Gly Glu GIn Asp Lys Arg Leu His Cys Tyr Ala Ser Trp Arg Asn Ser
35 40 45
Ser Gly Thr 1le Glu Leu Val Lys Lys Gly Cys Trp Leu Asp Asp Phe
50 55 60
Asn Cys Tyr Asp Arg GIn Glu Cys Val Ala Thr Glu Glu Asn Pro GIn
65 70 75 80
Val Tyr Phe Cys Cys Cys Glu Gly Asn Phe Cys Asn Glu Arg Phe Thr
85 90 95
His Leu Pro Glu Ala Gly Gly Gly Thr His Thr Cys Pro Pro Cys Pro
100 105 110
Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
115 120 125
Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
130 135 140
Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
145 150 155 160
Val Asp Gly Vval Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
165 170 175
GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
180 185 190
GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
195 200 205
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Ala Leu Pro Val Pro Ile Glu

210 215
Pro Arg Glu Pro GIn val Tyr

230

Thr Lys Asn GIn Val Ser Leu

245

Ser Asp Ile Ala Val Glu Trp

260

Tyr Lys Thr Thr Pro Pro Val

275

Tyr Ser Lys Leu Thr Val Asp
290 295
Phe Ser Cys Ser Val Met His

305

310

Lys Ser Leu Ser Leu Ser Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>

325

48

407

PRT
Unknown

Lys
Thr
Thr
Glu
Leu
280
Lys
Glu
Gly

Thr
Leu
Cys
Ser
265
Asp
Ser
Ala

Lys

1le
Pro
Leu
250
Asn
Ser
Arg

Leu

Ser
Pro
235
Val
Gly
Asp
Trp

His
315

Lys
220
Ser
Lys
GIn
Gly
GIn

300
Asn

Ala
Arg
Gly
Pro
Ser
285
GIn

His

Lys
Glu
Phe
Glu
270
Phe
Gly

Tyr

full-length, unprocessed precursor protein GDF11l

(GDF11 preproprotein)
48

Met Val Leu Ala Ala Pro Leu

1

5

Glu Leu Arg Pro Arg Gly Glu

20

Ala Ala Ala Ala Ala Ala Ala

35

Ser Arg Pro Ala Pro Ser Val

50

55

Cys Val Trp Arg GIn His Ser

65

70

Ser GIn Ile Leu Ser Lys Leu

85

Arg Glu Vval Vval Lys GIn Leu

100

Ile Leu Asp Leu His Asp Phe

115

Phe Leu Glu Glu Asp Glu Tyr
130 135
Met Ala GIn Glu Thr Asp Pro

145

150

Cys Cys His Phe His Phe Ser

165

Lys Ala GIn Leu Trp Val Tyr

180

Val Tyr Leu GIn lle Leu Arg

195

Ala Gly Gly Gly Gly Gly Gly
210 215

Lys Ile Glu Leu His Ser Arg

225

230

Lys GIn Val Leu His Ser Trp

245

Ile GIlu Ile Asn Ala Phe Asp

260

Ser Leu Gly Pro Gly Ala Glu

275

Val Leu Glu Asn Thr Lys Arg
290 295
Asp Glu His Ser Ser Glu Ser

305

310

Leu
Ala
Ala
40

Ala
Arg
Arg
Leu
GIn
120
His
Ala
Pro
Leu
Leu
200
Arg
Ser
Phe
Pro
Gly
280
Ser

Arg

Leu
Ala
25

Ala
Pro
Glu
Leu
Pro
105
Gly
Ala
Val
Lys
Arg
185
Lys
Arg
Gly
Arg
Ser
265
Leu
Arg

Cys

Gly
10

Glu
Gly
Glu
Leu
Lys
90

Lys
Asp
Thr
GIn
Val
170
Pro
Pro
His
His
GIn

250
Gly

His
Arg

Cys
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Phe
Gly
Val
Pro
Arg
75

Glu
Ala
Ala
Thr
Thr
155
Met
Val
Leu
Ile
Trp
235
Pro
Thr
Pro
Asn

Arg
315

Leu
Pro
Gly
Asp
60

Leu
Ala
Pro
Leu
Glu
140
Asp
Phe
Pro
Thr
Arg
220
GIn
GIn
Asp
Phe
Leu

300
Tyr

Leu
Ala
Gly
45

Gly
Glu
Pro
Pro
GIn
125
Thr
Gly
Thr
Arg
Gly
205
Ile
Ser
Ser
Leu
Met
285
Gly

Pro

Leu
Ala
30

Glu
Cys
Ser
Asn
Leu
110
Pro
val
Ser
Lys
Pro
190
Glu
Arg
Ile
Asn
Ala
270
Glu
Leu

Leu

Gly
Glu
Tyr
255
Asn
Phe
Asn

Thr

Ala
15

Ala
Arg
Pro
Ile
Ile
95

GIn
Glu
Ile
Pro
val
175
Ala
Gly
Ser
Asp
Trp
255
val
Leu
Asp

Thr

GIn
Met
240
Pro
Asn
Leu
val

GIn
320

Leu
Ala
Ser
val
Lys
80

Ser
GIn
Asp
Ser
Leu
160
Leu
Thr
Thr
Leu
Phe
240
Gly
Thr
Arg
Cys

val
320



Asp Phe Glu

Lys Ala Asn
His
355
Cys

Tyr Pro
Pro
370
Asn

Gly

Phe
385
val

Asp

Asp Arg

<210>
<211>
<212>
<213>

49
1221
DNA

<220>
<223>

Ala Phe
325
Tyr Cys
340
Thr His

Cys Thr

Lys GIn

Gly
Ser
Leu
Pro

GIn
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Trp Asp

Gly GIn

vVal GIn
360
Thr Lys
375

Ile lle

390

Cys Gly

405

Unknown

Cys

Ser

(GDF11 preproprotein)

<400> 49
atggtgctcg
€ggggggagg

gcgggggtcg
ggctgccccg

tcgcagatct
aagcagctgc
ggcgacgcgce
accgtcatta
tgctgccatt
tgggtgtacc
aaacccctaa
atccgctcac
aagcaagtgc
gcctttgatc
ctgcatccat
ggtctggact
gactttgagg
tgctccggec
caggccaatc
aacatgctct
gtggatcgct

<210>
<211>
<212>
<213>

50
274
PRT
Homo

<220>
<223>

<400> 50
Ala Glu Gly

1
Ala Gly Vval

Glu Pro
35
Arg

Pro

Glu Leu

50

Leu Lys Glu

65

Pro Lys Ala

Gly Asp Ala

cggccccget
cggccgaggyg
ggggggagceg
tgtgcgtttg
tgagcaaact
tgcccaagge
tgcagcccga
gcatggccca
ttcacttcag
tacggcctgt
ctggggaagg
tgaagattga
tacacagctg
ccagtggcac
tcatggagct
gcgacgagca
ctttcggctg
agtgcgagta
caagaggctc
acttcaatga
gtggctgctc

sapiens

Pro Ala
5
Gly Gly
20
Asp Gly

Leu Glu

Ala Pro
Pro
85
GIn

Pro

Leu

Ala
Glu
Cys
Ser
Asn
70

Leu

Pro

gctgctggge
ccccgeggeg
ctccagccgg
gcggcagcac
gcggctcaag
gccgcecgetg
ggacttcctg
ggagacggac
ccccaaggtg
accccgccca
gaccgcaggg
gctgcactca
gttccgccag
agacctggct
tcgagtccta
ctcaagcgag
ggactggatc
catgttcatg
tgctgggccc
caagcagcag
t

GDF11 propeptide of human

Ala Ala

Arg Ser
Val
40
Lys

Pro

Ile
55
Ile Ser

GIn GIn

Glu Asp

Ile lle
330
Glu Tyr

Trp

Cys
345
GIn Ala Asn

Met Ser Pro

Tyr Gly Lys
395

ttcctgctcc
gcggeggegy
ccagccccgt
agccgcgagc
gaggcgccca
cagcagatcc
gaggaggacg
ccagcagtac
atgttcacaa
gccacagtct
ggagggggcg
cgctcaggcc
ccacagagca
gtcacctccc
gagaacacaa
tccecgetget
atcgcaccta
caaaaatatc
tgttgtaccc
attatctacg

Ala Pro Lys

Met Phe Met
350
Pro Arg Gly

365
Ile Asn
380

Ile Pro

Met
Gly

full-length, unprocessed precursor protein GDF11l

tcgecctgga
cggcggegge
ccgtggcgec
tgcgcctaga
acatcagccg
tggacctaca
agtaccacgc
agacagatgg
aggtactgaa
acctgcagat
gaggccggceg
attggcagag
actggggcat
tggggceggy
aacgttcccg
gccgatatcc
agcgctacaa
cgcataccca
ccaccaagat
gcaagatccc

GDF11 protein

Ala Ala Ala
10

Ser Arg Pro
25
Cys

Val Trp

Ser GIn lle

Glu Vval
75

Asp

Arg
Ile Leu
90

Phe Leu Glu
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Ala Ala Ala

Ala Ser
30

His

Pro

GIn
45
Ser

Arg

Leu
60
Val

Lys

Lys GIn

Leu His

Glu Asp Glu

Arg Tyr
335
GIn Lys

Ser Ala
Leu Tyr

Met Val
400

gctgcggcecc
ggcggceageg
cgagccggac
gagcatcaag
cgaggtggtg
cgacttccag
caccaccgag
cagccctctc
ggcccagctg
cttgcgacta
tcacatccgt
catcgacttc
cgagatcaac
agccgagggg
gcggaacctg
cctcacagtg
ggccaactac
tttggtgcag
gtccccaatc
tggcatggtg

Ala Ala

Val
Ser Arg
Leu Arg
Leu

80
GIn

Leu

Phe
95
Tyr

His

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1221



Ala Thr Thr

115

Val GIn Thr
130

Lys Val Met

145

Arg

Pro Vval

Lys Pro Leu
e
195

Trp

Arg His
His
210
GIn

Gly
Arg Pro
225
Ser

Gly Thr

Leu His Pro

Arg Arg

<210>
<211>
<212>
<213>

51
822
DNA
Homo

<220>
<223>

<400> 51

gccgagggec
ggggagcgcet
tgcgtttgge
agcaaactgc
cccaaggcgc
cagcccgagg
atggcccagg
cacttcagcc
cggcctgtac
ggggaaggga
aagattgagc
cacagctggt
agtggcacag
atggagcttc

<210>
<211>
<212>
<213>

52
109
PRT
Homo

<220>
<223>

<400> 52

Asn Leu Gly
1

Arg Tyr Pro

Ile Ala Pro
35
Tyr Met Phe
50
Asn Pro Arg
65

100
Glu Thr

Asp Gly

Phe Thr

Val
Ser

Lys
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105

Ile Ser Met
120

Pro Leu
135

Val

Cys

Leu Lys

150

Pro Arg
165
Thr Gly
180
Arg lle

GIn Ser

GIn Ser

Pro
Glu
Arg
e

Asn

Ala Thr Vval

Thr Ala
185

Lys

Gly

Leu
200
Phe

Ser

Asp
215
Trp

Lys
Gly

230

Leu
245
Met

Asp

Phe
260

sapiens

ccgeggegge
ccagccggcc
ggcagcacag
ggctcaagga
cgccgctgeca
acttcctgga
agacggaccc
ccaaggtgat
cccgcccagce
ccgcaggggy
tgcactcacg
tccgccagec
acctggctgt
gagtcctaga

sapiens

Leu Asp
5

Leu Thr

20

Lys Arg

Met GIn

Gly Ser

Ala
Glu

Val Thr Ser
Val

265

Leu Arg

110

Ala GIn Glu Thr Asp
125

Phe His
140

Leu

Cys His Phe

Ala GIn
155
Leu

Trp Val

Tyr GIn l1le Leu

170

Gly Gly Gly Gly Gly

190
Ile Glu His Ser
205
His

Leu

GIn Val Leu Ser

220
Glu Ile Asn
235

Gly

Ala Phe

Leu Pro Ala
250

Leu

Gly

Glu Asn Thr Lys

270

GDF11 propeptide of human GDF11l protein

ggcggcggcg
agccccgtcc
ccgcgagctg
ggcgcccaac
gcagatcctg
ggaggacgag
agcagtacag
gttcacaaag
cacagtctac
agggggcgga
ctcaggccat
acagagcaac
cacctccctg
gaacacaaaa

Mature human GDF11 protein

gcggeggegg
gtggcgeecy
cgcctagaga
atcagccgcg
gacctacacg
taccacgcca
acagatggca
gtactgaagg
ctgcagatct
ggccggegte
tggcagagca
tggggcatcg

gggccgggag
cgttcccgge

Cys Asp Glu His Ser Ser

10

Val Asp Phe Glu Ala Phe
25
Tyr Lys Ala Asn Tyr Cys
40
Lys Tyr Pro His Thr His
55

Ala Gly Pro Cys Cys Thr
70

75
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cggcagcgge
agccggacgg
gcatcaagtc
aggtggtgaa
acttccaggg
ccaccgagac
gccctctctg
cccagctgtg
tgcgactaaa
acatccgtat
tcgacttcaa
agatcaacgc

ccgaggggct
g9

Glu Ser Arg
Gly Trp Asp
30

Ser Gly GIn
45

Leu Val

60

Pro Thr Lys

GlIn

Pro

Ser Pro

Leu
160
Leu

Tyr

Arg
175
Gly Arg

Arg Ser

Trp Phe
Pro
240
Gly

Asp

Glu
255

Arg Ser

gggggtcggg
ctgccccgtg
gcagatcttg
gcagctgctg
cgacgcgctg
cgtcattagc
ctgccatttt
ggtgtaccta
acccctaact
ccgctcactg
gcaagtgcta
ctttgatccc
gcatccattc

Cys Cys
15

Trp lle
Cys Glu
GIn Ala

Met Ser
80

60
120
180
240
300
360
420
480
540
600
660
720
780
822



Pro Ile Asn Met Leu Tyr Phe Asn Asp

85
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Lys Ile Pro Gly Met Val Val Asp Arg Cys Gly Cys Ser

<210> 53
<211> 327
<212> DNA
<213> Homo

<220>

100

sapiens

105

<223> GDF11 propeptide of human GDF1ll protein

<400> 53

aacctgggtc
acagtggact
aactactgct
gtgcagcagg
ccaatcaaca

atggtggtgg

tggactgcga
ttgaggcttt
ccggccagtg
ccaatccaag
tgctctactt
atcgctgtgg

cgagcactca agcgagtccc gctgctgcecg
cggctgggac tggatcatcg cacctaagcg
cgagtacatg ttcatgcaaa aatatccgca
aggctctgct gggccctgtt gtacccccac
caatgacaag cagcagatta tctacggcaa
ctgctct
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atatcccctc
ctacaaggcc
tacccatttg
caagatgtcc
gatccctgge

60

120
180
240
300
327
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