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ANTIBODIES TO MYOSTATIN

Background Of The Invention

[0001] A growing body of evidence indicates that myostatin (mstn, Growth and Differentiation
Factor-8, or GDF-8) negatively regulates skeletal muscle growth. For example, a myostatin null
mutation in a child has been associated with dramatic muscle hypertrophy without any obvious
abnormalities (Schuelke et al. (2004) Myostatin Mutation Associated with Gross Muscle
Hypertrophy in a Child. New Engl. J. Med. 350:2682-8). A negative correlation between
muscle myostatin protein levels and skeletal muscle mass has also been demonstrated
(Schulte, J.N. and Yarasheski, K.E. (2001). Effects of resistance training on the rate of muscle
protein synthesis in frail elderly people. Int. J. Sport Nutr. Exerc. Metab. 11 Supp!:S111-820;
Walker KS et al. (2004) Resistance training alters plasma myostatin but not IGF-1 in healthy
men. Med Sci Sports Exerc. 36(5):787-93.). For example, there is an increased expression of
muscle myostatin levels with age and increased myostatin expression has also been shown to
contribute to muscle wasting in HIV-infected patients (Gonzalez-cadavid et al. (1998)
Organization of the human myostatin gene and expression in healthy men and HIV-infected
men with muscle wasting. PNAS 95:14938-4321). In addition, elevated myostatin levels are
found in elderly populations. (Yarasheski KE et al., (2002) Serum myostatin-immunoreactive
protein is increased in 60-92 year old women and men with muscle wasting. J Nutr. Health
Aging. 6(5):343-8). Myostatin also influences bone mass as myostatin-deficient mice have
increased bone mineral density (Hamrick et al.,, (2003) Bone Architecture and Disc
Degeneration in the Lumbar Spine of Mice Lacking GDF-8 (Myostatin). J. Orthopaedic Res.
21:1025-1032 (and references therein).

[0002] Antibodies to circulating myostatin have been shown to cause increased muscle mass
and improved glucose homeostasis in murine models of type 2 diabetes mellitus. Inhibition of
myostatin by ip injection of a neutralizing antibody increases skeletal muscle mass, lowers
fasting blood glucose and improves glucose sensitivity in obese diabetic mice (Li X. et al.
(2002) Inhibition of myostatin increases muscle mass and improves glucose sensitivity in
obese, diabetic mice. Poster #224, in Keystone Symposia: Diabetes Mellitus: Molecular
Mechanisms, Genetics and New Therapies).In addition, A*/a mice are known to develop insulin
resistance and are used as a model for type 2 diabetes. When A’/a mice are made devoid of
myostatin by deletion of the myostatin locus, they have normal fed glucose and insulin levels,
and dramatically lower glucose levels following an exogenous glucose load relative to normal
A¥/amice (McPherron et al. (2002) J. Clin. Invest. 109:595-601).

[0003] Considering the detrimental muscle, bone and metabolic defects associated with
myostatin, there is an urgent need for antibodies as therapeutics that are specific for myostatin
and which prevent or treat conditions by reducing myostatin activity, as well as antibodies as
diagnostics to identify individuals that are in need of treatment to reduce myostatin activity.
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Summary Of The Invention

[0004] The invention provides anti-myostatin antibodies, nucleic acids encoding them,
vectors and host cells for producing the antibodies, compositions and kits comprising the
antibodies and methods of making and using the antibodies. Various embodiments of the
invention described in the following numbered paragraphs include, but are not limited to those.

1. A human, chimeric or humanized monoclonal antibody or an antigen-
binding portion thereof that specifically binds to myostatin.

2. The monoclonal antibody or antigen-binding portion according to
paragraph 1 wherein the myostatin is human myostatin.

3. A monoclonal antibody or antigen-binding portion according to paragraph
1, wherein said antibody or portion selectively binds myostatin over GDF11 by at least 50-fold.

4. A monoclonal antibody or antigen-binding portion according to paragraph
3, wherein said antibody or portion inhibits myostatin binding to an activin type | or type I
receptor.

5. A monoclonal antibody or antigen-binding portion according to paragraph
1, wherein the antibody or portion thereof has at least one property selected from the group
consisting of:
‘ (a) competes for binding to myostatin with an antibody selected from
the group consisting of 1_116_1; 1_136_3; 1.257_1; 1_46_1; 2_112_1; 1.314_1; 1_66_1;
243 1;2_177_1;1_132_1;1_268_1; 2_112_K; 1_116_1L-Q45K; 1_257_1L-L21l; 1_314_1H-
TO2A; 1_46_1H-L81M; 2_112_1H-M12V; 2_112_1L-F58l; 2_112_1L-I185V; 2_112_1H-L81M, L-
F58l; 2_112_1H-L81M, L-I185V; and 2_112_1H-L.81M, L-F58I, 185V;
(b) binds to the same epitope of myostatin as an antibody selected
from the group consisting of 1_116_1; 1_136_3; 1_257_1; 1_46_1; 2_112_1; 1_314_1;
1.66_1; 2_43_1; 2_177_1; 1_132_1; 1_268_1; 2_112_K; 1_116_1L-Q45K; 1_257_1L-L21l;
1_314_1H-T92A; 1_46_1H-L81M; 2_112_1H-12V; 2_112_1L-F58l; 2_112_1L-I85V;
2_112_1H-L.81M, L-F58I; 2_112_1H-L81M, L-I85V; and 2_112_1H-L81M, L-F58lI, I85V;
(c) binds to myostatin with substantially the same Ky as an antibody
selected from the group consisting of 1_116_1; 1_136_3; 1_257_1; 1_46_1; 2 112_1;
1.314_1; 1.66_1;, 2 .43_1; 2_177_1; 1_132_1; 1.268 1; 2 _112_K; 1_116_1L-Q45K;
1_257_1L-L211; 1_314_1H-T92A; 1_46_1H-L81M; 2_112_1H-112V; 2_112_1L-F58I;
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2_112_1L-185V; 2_112_1H-L81M, L-F58l; 2_112_1H-L81M, L-I85V; and 2_112_1H-L81M, L-
F58I, 185V, and

(d) binds to myostatin with substantially the same off rate as an
antibody selected from the group consisting of 1_116_1; 1_136_3; 1_257_1; 1_46_1;2_112_1;
1.314_1; 1.66_1; 2_43_1;, 2_177_1; 1_132_1; 1_268_1; 2_112_K; 1_116_1L-Q45K;
1.257_1L-L21I;  1_314_1H-T92A; 1_46_1H-L81M; 2_112_1H-1M12V; 2_112_1L-F58l;
2_112_1L-185V; 2_112_1H-L81M, L-F58l; 2_112_1H-L81M, L-I85V; and 2_112_1H-L81M, L-
F58l, I185V.

6. A monoclonal antibody or antigen-binding portion thereof comprising:

(a) a CDR set, CDR1, CDR2, and CDR3, that sequentially together
are at least 90% identical in amino acid sequence to heavy chain CDRs, CDR1, CDR2, and
CDR3, sequentially together, that are included in the amino acid sequence set forth in any one
of SEQ ID NOs: 45, 49, 53, 57, 61, 65, 69, 73, 77, 81, 85 and 118;

(b) a CDR set, CDR1, CDR2, and CDR3, that sequentially together
are at least 90% identical in amino acid sequence to light chain CDRs, CDR1, CDR2, and
CDR3, sequentially together, that are included in the amino acid sequence set forth in any one
of SEQ ID NOs: 47, 51, 55, 59, 63, 67, 71, 75, 83, 87 and 120; or

(c) afirst CDR set of (a) and a second CDR set of (b).

7. A monoclonal antibody or antigen-binding portion thereof according to
paragraph 1, wherein said antibody comprises heavy chain CDRs CDR1, CDR2, and CDR3,
that sequentially together are at least 90% identical in amino acid sequence to heavy chain
CDRs, CDR1, CDR2, and CDR3, sequentially together, that are included in the amino acid
sequence set forth in any one of SEQ ID NOs: 45, 49, 53, 57, 61, 65, 69, 73, 77, 81, 85 and
118.

8. A monoclonal antibody or antigen-binding portion thereof according to
paragraph 1, wherein said antibody comprises light chain CDRs CDR1, CDR2, and CDR3, that
sequentially together are at least 90% identical in amino acid sequence to light chain CDRs,
CDR1, CDRZ2, and CDR3, sequentially together, that are included in the amino acid sequence
set forth in any one of SEQ ID NOs: 47, 51, 55, 59, 63, 67, 71, 75, 83, 87 and 120.

9. A monoclonal antibody or antigen-binding portion according to paragraph
1, wherein said antibody or antigen-binding portion comprises the heavy chain CDR1, CDR2
and CDR3 sequences found in any one of SEQ ID NOs: 45, 49, 53, 57, 61, 65, 69, 73, 77, 81,
85 or 118.
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10. A monoclonal antibody or antigen-binding portion according to paragraph
1, wherein said antibody or antigen-binding portion comprises the light chain CDR1, CDR2 and
CDR3 sequences found in any one of SEQ ID NOs: 47, 51, 55, 59, 63, 67, 71, 75, 79, 83, 87 or
120.

11. A monoclonal antibody or antigen-binding portion according to paragraph
1, wherein said antibody or portion comprises a heavy chain that utilizes a human Vy 1-02
gene, a human Vy 3-21 gene or a human Vy 3-23 gene.

, 12. A monoclonal antibody or an antigen-binding portion according to
paragraph 1, wherein said antibody or portion comprises a light chain that utilizes a human Vy
L2 gene, a human Vi A3 gene or a human Vk A30 gene.

13. A monoclonal antibody according to paragraph 1 comprising a Vy domain
at least 90% identical in amino acid sequence to the Vy domain in any one of SEQ ID NOs: 2,
6, 10, 14, 18, 22, 26, 30, 34, 38, 42 or 115.

14. A monoclonal antibody according to paragraph 1 comprising a V| domain
at least 90% identical in amino acid sequence to the V| domain in any one of SEQ ID NOs:4, 8,
12, 16, 20, 24, 28, 32, 36, 40, 44 or 117.

15. A monoclonal antibody or an antigen-binding portion according to

paragraph 1 that specifically binds myostatin, wherein:

(a) the heavy chain comprises the heavy chain CDR1, CDR2 and
CDR3 amino acid sequences of an antibody selected from the group consisting of: 1_116_1;
1.136_3;1 257 1;1_46_1;2_112_1;1.314_1;1._66_1;2 43 _1;2_177_1;1_132_1;
1.268_1;2_112_K; 1_116_1L-Q45K; 1_257_1L-L211; 1_314_1H-T92A; 1_46_1H-L81M;
2_112_1H-12V; 2_112_1L-F58l; 2_112_1L-I185V; 2_112_1H-L81M, L-F58I; 2_112_1H-L81M,
L-185V; and 2_112_1H-L.81M, L-F58I, I85V;

(b) the light chain comprises the light chain CDR1, CDR2 and CDR3
amino acid sequences of an antibody selected from the group consisting of 1_116_1; 1_136_3;
1_257_1;1_46_1;2_112_1;1_314_1;1_66_1;2_43_1;2_177_1;1_132_1;1_268_1;
2_112_K; 1_116_1L-Q45K; 1_257_1L-L211; 1_314_1H-T92A; 1_46_1H-L81M; 2_112_1H-
12V; 2_112_1L-F58l; 2_112_1L-185V; 2_112_1H-L81M, L-F58l; 2_112_1H-L81M, L-I85V; and
2_112_1H-L81M, L-F58I, 185V; or

(c) the antibody comprises a heavy chain of (a) and a light chain of

®).
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16. A monoclonal antibody according to paragraph 12 further comprising a V.
domain at least 90% identical in amino acid sequence to the variable domain in any one of
SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44 or 117.

17. A monoclonal antibody selected from the group consisting of:

(a) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 2 and SEQ ID NO: 4,

(b) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 6 and SEQ ID NO: 8;

(c) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 10 and SEQ ID NO: 12;

(d) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 14 and SEQ ID NO: 16;

(e) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 18 and SEQ ID NO: 20;

(f) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 22 and SEQ ID NO: 24;

(g) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 26 and SEQ ID NO: 28;

(h) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 30 and SEQ ID NO: 32;

(i) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 34 and SEQ ID NO: 36;

() an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 38 and SEQ ID NO: 40;

(k) an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 42 and SEQ ID NO: 44; and

() an antibody comprising the amino acid sequences set forth in SEQ
ID NO: 115 and SEQ ID NO: 117.

18. A monoclonal antibody or antigen-binding portion thereof selected from

the group consisting of:

(a) an antibody or antigen-binding portion comprising the variable
domain amino acid sequences set forth in SEQ ID NO: 2 and SEQ ID NO: 4.

(b) an antibody or antigen-binding portion comprising the variable
domain amino acid sequences set forth in SEQ ID NO: 6 and SEQ ID NO: 8;

(c) an antibody or antigen-binding portion comprising the variable
domain amino acid sequences set forth in SEQ ID NO: 10 and SEQ ID NO: 12;
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(d) an antibody or antigen-binding portion comprising
domain amino acid sequences set forth in SEQ ID NO: 14 and SEQ ID NO: 16;

(e) an antibody or antigen-binding portion comprising
domain amino adid sequences set forth in SEQ ID NO: 18 and SEQ ID NO: 20;

(f) an antibody or antigen-binding portion comprising
domain amino acid sequences set forth in SEQ ID NO: 22 and SEQ ID NO: 24;

(9) an antibody or antigen-binding portion comprising
domain amino acid sequences set forth in SEQ ID NO: 26 and SEQ ID NO: 28;

(h) an antibody or antigen-binding portion comprising
domain amino acid sequences set forth in SEQ ID NO: 30 and SEQ ID NO: 32;

() an antibody or antigen-binding portion comprising
domain amino acid sequences set forth in SEQ ID NO: 34 and SEQ ID NO: 36;

() an antibody or antigen-binding portion comprising
domain amino acid sequences set forth in SEQ ID NO: 38 and SEQ ID NO: 40;

(k) an antibody or antigen-binding portion comprising

the

the

the

the

the

the

the

the

domain amino acid sequences set forth in SEQ ID NO:; 42 and SEQ ID NO: 44; and
(1) an antibody or antigen-binding portion comprising the variable

domain amino acid sequences set forth in SEQ ID NO: 115 and SEQ ID NO: 117.

PCT/US2006/015407

variable

variable

variable

variable

variable

variable

variable

variable

19. A monoclonal antibody or antigen-binding portion thereof comprising a first
CDR sequence set comprising a first CDR1, first CDR2 and first CDR3 and a second CDR
sequence set comprising a second CDR1, second CDR2 and second CDR3, wherein said first

CDR set and said second CDR set each sequentially together have at least 90% identity to the

CDR1, CDR2 and CDR3 sequences, sequentially together, of:
(a) SEQ ID NO: 2 and SEQ ID NO: 4, respectively;
(b) SEQ ID NO: 6 and SEQ ID NO: 8, respectively;
(c) SEQID NO:10 and SEQ ID NO:12, respectively;
(d) SEQ ID NO:14 and SEQ ID NO:16, respectively;
{e) SEQ ID NO:18 and SEQ ID NO:20, respectively;
() SEQID NO:22 and SEQ ID NO:24, respectively;
(g) SEQ ID NO:26 and SEQ ID NO:28, respecitively;
(h) SEQID NO:30 and SEQ ID NO:32, respectively;
(i) SEQID NO:34 and SEQ ID NO:386, respectively;
(i) SEQ ID NO:38 and SEQ ID NO:40, respectively;
(k) SEQ ID NO:42 and SEQ ID NO:44, respectively; and
() SEQID NO:115 and SEQ ID NO:117, respectively.
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20. A monoclonal antibody or antigen-binding portion thereof comprising a first

CDR sequence set comprising a first CDR1, first CDR2 and first CDR3 and a second CDR
sequence set comprising a second CDR1, second CDR2 and second CDRS3, wherein said first
CDR set and said second CDR set are each the CDR1, CDR2 and CDR3 sequences,
sequentially together, of

a) SEQ ID NO: 2 and SEQ ID NO: 4, respectively;

(b) SEQ ID NO: 6 and SEQ ID NO: 8, respectively;

(c) SEQ ID NO:10 and SEQ ID NO:12, respectively;

(d) SEQ ID NO:14 and SEQ ID NO:16, respectively;

(e) SEQ ID NO:18 and SEQ ID NO:20, respectively;

() SEQ ID NO:22 and SEQ ID NO:24, respectively;

(9) SEQ ID NO:26 and SEQ ID NO:28, respectively;

(h) SEQID NO:30 and SEQ ID NO:32, respectively;

(i) SEQ ID NO:34 and SEQ ID NO:36, respectively;

(k) SEQ ID NO:38 and SEQ ID NO:40, respectively;

) SEQ ID NO:42 and SEQ ID NO:44, respectively; and

(m) SEQ ID NO:115 and SEQ ID NO:117, respectively.

21. A monoclonal antibody that specifically binds myostatin comprising the
heavy chain amino acid sequence set forth in SEQ ID NO:115 and the light chain amino acid
sequence set forth in SEQ ID NO;117.

22. A monoclonal antibody or an antigen-binding portion thereof comprising
the variable regions contained in SEQ ID NO:115 and SEQ ID NO:117.

23. A monoclonal antibody or an antigen-binding portion thereof, that
specifically binds myostatin comprising CDRs CDR1, CDR2, and CDRS3 contained in SEQ ID
NO:115 and SEQ ID NO:117.

24. A monoclonal antibody or an antigen-binding portion thereof said
monoclonal antibody or antigen-binding portion binds to peptide 1 and peptide 5 portions of
myostatin, wherein peptide 1 comprises the amino acid sequence of SEQ ID NO: 103 and
peptide 5 comprises the amino acid sequence of SEQ ID NO: 107.

25. An antibody produced by a cell having ATCC Deposit Designation Number
selected from the group consisting of PTA-6566, PTA-6567, PTA-6568, PTA-6569, PTA-6570,
PTA-6571, PTA-6572, PTA-6573, PTA-6574, PTA-6575, and PTA-6576.
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26. A pharmaceutical composition comprising an antibody or an antigen-
binding portion according to any one of paragraphs 1 to 25 and a pharmaceutically acceptable
carrier.

27. A pharmaceutical composition according to paragraph 26, further
comprising at least one therapeutic agent.

28. A method comprising the step of administering to said subject an antibody
or an antigen-binding portion according to any one of paragraphs 1 to 25 or the pharmaceutical
composition according to paragraph 26, wherein said antibody, antigen-binding portion or
pharmaceutical composition inhibits myostatin activity, wherein said subject is in need of
increasing muscle mass, promoting skeletal muscle development, treating a muscle wasting
disorder or enhancing skeletal muscle growth.

29. An isolated cell line that produces an antibody or an antigen-binding
portion according to any one of paragraphs 1 to 25 or the heavy chain or light chain of said
antibody or said antigen-binding portion.

30. An isolated nucleic acid molecule comprising a nucleotide sequence that
encodes the heavy chain or an antigen-binding portion thereof or the light chain or an antigen-
binding portion thereof of an antibody according to any one of paragraphs 1 to 25.

31. A vector comprising the nucleic acid molecule according to paragraph 30
wherein the vector optionally comprises an expression control sequence operably linked to the
nucleic acid molecule. '

32. A host cell comprising the vector according to paragraph 31 or the nucleic
acid molecule according to paragraph 30.

33. A method for producing an anti-myostatin antibody or an antigen-binding
portion thereof, comprising culturing the host cell according to paragraph 32 or the cell line
according to paragraph 29 under suitable conditions and recovering said antibody or antigen-
binding portion.

34. A non-human transgenic organism carrying the nucleic acid according to
paragraph 30 either chromosomally or extrachromasomally, wherein the non-human transgenic
organism expresses said nucleic acid.
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35. A method for isolating an antibody or an antigen-binding portion thereof
that specifically binds to myostatin, comprising the step of isolating the antibody from the non-
human transgenic organism according to paragraph 34.

36. A method for treating a subject in need thereof with an antibody or an
5  antigen-binding portion thereof that specifically binds to myostatin comprising the steps of:
(a) administering to said subject an effective amount of an isolated
nucleic acid molecule according to paragraph 30; and
(b) expressing said nucleic acid molecule.

37. A method for producing a human monoclonal antibody that specifically
10 binds to myostatin, comprising the steps of:

(@) immunizing a non-human transgenic animal that is capable of
producing human antibodies with myostatin, an immunogenic portion of myostatin, or a cell or
tissue expressing myostatin;

(b) allowing the non-human transgenic animal to mount an immune

15 response to myostatin;

(c) isolating B lymphocytes from the non-human transgenic animal;
and

(d) isolating a monoclonal antibody that specifically binds to myostatin
from said isolated B lymphocytes.

20 38. An isolated antibody produced by the method according to paragraph 37.

39. A method for inhibiting the binding of myostatin to cells expressing an
activin Type Il or IIB receptor comprising contacting the myostatin with an antibody or antigen-
binding portion according to any one of paragraphs 1 to 25, wherein said antibody or antigen-
binding portion inhibits myostatin activity.

25 40. A method for increasing myoblast proliferation comprising contacting a
composition comprising myoblasts and myostatin with an antibody or antigen-binding portion
according to any one of paragraphs 1 to 25, wherein said antibody or antigen-binding portion
inhibits myostatin activity.

41. A method comprising administering to a subject an antibody or an antigen-

30  binding portion thereof according to any one of paragraphs 1 to 25, wherein said antibody or
antigen-binding portion inhibits myostatin activity, wherein said subject is in need of improving
glubose homeostasis, decreasing fat mass, increasing insulin sensitivity, improving kidney
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function, decreasing fat accumulation, treating, preventing or inhibiting a disease or condition
characterized by bone loss, said disease or condition including osteoporosis, osteopenia,
osteoarthritis and bone fractures, treating metabolic syndrome, or counteracting muscle
wasting from sustained administration of a glucocorticoid or a steroid hormone during the time
that said subject is undergoing treatment with a glucocorticoid or a steroid hormone.

42. A method for reducing myostatin activity in a subject in need thereof
comprising the step of administering to said subject a monoclonal antibody or an antigen-
binding portion thereof according to any one of paragraphs 1 to 25, wherein said monoclonal
antibody or antigen-binding portion inhibits myostatin activity.

43. A method for reversing age-related decline in muscle mass in a subject in
need thereof comprising the step of administering to said subject an antibody or an antigen-
binding portion according to any one of paragraphs 1 to 25, wherein said antibody or antigen-
binding portion inhibits myostatin activity.

44. A method for increasing myoblast proliferation and differentiation in a
subject in need thereof comprising the step of administering to said subject an antibody or
antigen-binding portion according to any one of paragraphs 1 to 25, wherein said antibody or
antigen-binding portion inhibits myostatin activity.

45. A method for reducing myostatin-induced activin type lIA or 1IB membrane
receptor mediated cell signalling in a subject in need thereof comprising the step of
administering to said subject an antibody or an antigen-binding portion according to any one of
paragraphs 1 to 25, wherein said antibody or antigen-binding portion inhibits myostatin activity.

46. A method for decreasing myostatin-mediated activation of an activin type |
membrane receptor in a subject in need thereof comprising the step of administering to said
subject an antibody or an antigen-binding portion according to any one of paragraphs 1 to 25,
wherein said antibody or antigen-binding portion inhibits myostatin activity.

47. A method for reducing myostatin-mediated phosphorylation of one or more
R-smad proteins selected from the group consisting of: Smad 2 and Smad 3 in a subject in
need thereof comprising the step of administering to said subject an antibody or antigen-
binding portion according to any one of paragraphs 1 to 18, wherein said antibody or antigen-
binding portion inhibits myostatin activity.
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48, A method for increasing expression of a gene selected from the group
consisting of: myoD, myf5 and myogenin, in a subject in need thereof comprising the step of
administering to said subject an antibody or antigen-binding portion according to any one of
paragraphs 1 to 25, wherein said antibody or antigen-binding portion inhibits myostatin activity.

49. A method for promoting muscle growth, weight gain or aiding in the
prevention of frailty in cattle, swine, sheep, chickens, turkeys, horses, fish, dogs and cats in
need thereof comprising the step of administering to said subject an antibody or antigen-
binding portion according to any one of paragraphs 1 to 25, wherein said antibody or antigen-
binding portion inhibits myostatin activity.

50. A monoclonal antibody or antigen binding portion thereof selected from the

group consisting of:

(a) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO: 45 and SEQ ID NO:47;

(b) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO:49 and SEQ ID NO:51;

(c) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO: 53 and SEQ ID NO:55;

(d) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO:57 and SEQ ID NO:59;

(e) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO:61 and SEQ ID NO:63;

(f) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO:65 and SEQ ID NO:67;

(g) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO:69 and SEQ ID NO:71;

(h) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ 1D NO:73 and SEQ ID NO:75;

(i) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO:77 and SEQ ID NO:79;

(i) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO:81 and SEQ ID NO:83; and

(k) an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ 1D NO:85 and SEQ ID NO:87; and

() an antibody or antigen binding portion thereof comprising the
variable domain amino acid sequences set forth in SEQ ID NO: 118 and SEQ ID NO:120.
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51. A method of treating metabolic syndrome in a subject in need thereof
comprising the step of administering to said subject an antibody or antigen-binding portion
according to any one of paragraphs 1 to 25, wherein said antibody or antigen-binding portion
inhibits myostatin activity.

52. A mammalian host cell line comprising polynucleotides encoding the heavy
and light chains of a human, chimeric or humanized monoclonal antibody that competes for
binding to myostatin with an antibody or an antigen-binding portion thereof, wherein the
antibody or portion thereof has at least one property selected from the group consisting of:

(a) competes for binding to myostatin with an antibody selected from
the group consisting of 1_116_1; 1_136_3; 1_257_1; 1_46_1; 2_112_1; 1_314_1; 1_66_1;
2 43 1,2_177_1;1_132_1;1_268_1; 2_112_K; 1_116_1L-Q45K; 1_257_1L-L21Il; 1_314_1H-
T92A; 1_46_1H-L81M; 2_112_1H-112V; 2_112_1L-F58l; 2_112_1L-I185V; 2_112_1H-L81M, L-
F58l; 2_112_1H-L81M, L-185V; and 2_112_1H-L81M, L-F58lI, I85V;

(b) binds to the same epitope of myostatin as an antibody selected
from the group consisting of 1_116_1; 1_136_3; 1_257_1; 1_46_1; 2_112_1; 1_314_1;
1.66_1; 2_43_1; 2_177_1; 1_132_1; 1_268_1; 2_112_K; 1_116_1L-Q45K; 1_257_1L-L21];
1_314_1H-T92A; 1_46_1H-L81M; 2_112_1H-1M2Vv; 2_112_1L-F581; 2_112_1L-I85V;
2_112_1H-L81M, L-F58I; 2_112_1H-L81M, L-I85V; and 2_112_1H-L81M, L-F58I, 185V;

(c) binds to myostatin with substantially the same Kp as an antibody
selected from the group consisting of 1_116_1; 1_136_3; 1_257_1; 1_46_1, 2_112_1;
1.314_1; 1.66_1; 2.43 1; 2_177_1; 1_132_1; 1_268_1; 2_112_K; 1_116_1L-Q45K;
1_257_1L-L211;  1_314_1H-T92A; 1_46_1H-L81M; 2_112_1H-i12V; 2_112_1L-F58];
2_112_1L-185V; 2_112_1H-L81M, L-F58I; 2_112_1H-L81M, L-185V; and 2_112_1H-L81M; L-
F58l, I185V; and

(d) binds to myostatin with substantially the same off rate as an
antibody selected from the group consisting of 1_116_1; 1_136_3; 1_257_1;1_46_1; 2_112_1,
1.314_1; 1.66_1; 243 1, 2_177_1; 1_.132_1; 1_268_1; 2_112_K; 1_116_1L-Q45K;
1_257_1L-L21I; 1_314_1H-T92A; 1_46_1H-L81M; 2_112_1H-12V; 2_112_1L-F58I;
2_112_1L-185V; 2_112_1H-L81M, L-F58l; 2_112_1H-L81M, L-I85V; and 2_112_1H-L81M; L-
F58l, 185V.

53. A mammalian host cell line comprising polynucleotides encoding the heavy
and light chains of a monoclonal antibody or antigen-binding portion thereof that competes for
binding to myostatin with an antibody comprising:

(a) a heavy chain that utilizes a human Vy 1-02 gene, a human Vy 3-
21 gene or a human Vy 3-23 gene; and
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(b) a light chain that utilizes a human Vi L2 gene, a human Vi A3
gene or a human Vi A30 gene.

54. A mammalian host cell line comprising polynucleotides encoding the
heavy and light chains of a monoclonal antibody or an antigen-binding portion of said
monoclonal antibody having the same amino acid sequence as the antibody produced by a
hybridoma cell line having ATCC Deposit Designation Number selected from the group
consisting of PTA-6566, PTA-6567, PTA-6568, PTA-6569, PTA-6570, PTA-6571, PTA-6572,
PTA-6573, PTA-6574, PTA-6575, and PTA-6576.

!

55. A mammalian host cell line comprising polynucleotides encoding an
antibody having the same amino acid sequence as the antibody produced by a hybridoma cell
having an ATCC Deposit Designation Number selected from the group consisting of PTA-6566,
PTA-6567, PTA-6568, PTA-6569, PTA-6570, PTA-6571, PTA-6572, PTA-6573, PTA-6574,
PTA-6575, and PTA-6576.

56. A method comprising expressing said human monoclonal antibody in said
mammalian host cell line of any one of paragraphs 52-55 and recovering said human

monoclonal antibody.

57. A hybridoma cell line selected from the group consisting of ATCC Deposit
Designation Numbers PTA-6566, PTA-6567, PTA-6568, PTA-6569, PTA-6570, PTA-6571,
PTA-6572, PTA-6573, PTA-6574, PTA-6575, and PTA-6576

58. A. mammalian host cell line comprising polynucleotides encoding the
heavy and light chains of a human, chimeric or humanized monoclonal antibody, wherein the
antibody or portion thereof has at least one property selected from the group consisting of:

(a) competes for binding to myostatin with an antibody selected from
the group consisting of :1_116_1; 1_136_3;1_257_1;1_46_1;2_112_1;1_314_1;1_66_1;
2.43_1,2_177_1,1_132_1;1_268_1;2_112_K; 1_116_1L-Q45K; 1_257_1L-L21l; 1_314_1H-
T92A; 1_46_1H-L81M; 2_112_1H-112V; 2_112_1L-F58I; 2_112_1L-185V; 2_112_1H-L81M, L-
F581; 2_112_1H-L81M, L-I185V; and 2_112_1H-L81M, L-F58I, I185V;

(b) binds to the same epitope of myostatin as an antibody selected
from the group consisting of :1_116_1; 1_136_3; 1_257_1;1_46_1;2_112_1;1_314_1;
1.66_1,2_43_1;2_177_1,1_132_1;1_268_1;2_112_K; 1_116_1L-Q45K; 1_257 1L-L21];
1_314_1H-TO2A; 1_46_1H-L81M; 2_112_1H-112V; 2_112_1L-F58l; 2_112_1L-I85V;
2_112_1H-L81M, L-F58l; 2_112_1H-L81M, L-I85V; and 2_112_1H-L81M, L-F58I, 185V,
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(c) is an antibody having the same amino acid sequence as the
antibody produced by a hybridoma cell having an ATCC Deposit Designation Number selected
from the group consisting of PTA-6566, PTA-6567, PTA-6568, PTA-6569, PTA-6570, PTA-
6571, PTA-6572, PTA-6573, PTA-6574, PTA-6575, and PTA-6576; and

(d) is a hybridoma cell line selected from the group consisting of
ATCC Deposit Designation Numbers PTA-65686, PTA-6567, PTA-6568, PTA-6569, PTA-6570,
PTA-6571, PTA-6572, PTA-6573, PTA-6574, PTA-6575, and PTA-6576.

Brief Description Of The Drawings

[0005] Figure 1 shows the results of a myostatin responsive reporter gene assay. As shown,
neutralizing anti-myostatin antibodies inhibit myostatin induced luciferase activity in A204 cells.
Human antibody variants 1_116_1L-Q45K: 1_257-1L-L.211; 1_314_1H-T92A and 2_1 12_1H-
112V, L-F 58I, 185V inhibited luciferase activity to the same extent as wild type antibodies.
[0006] Figure 2 shows the results of an L6 Aurora beta-lactamase assay. As shown,
neutralizing anti-myostatin antibodies inhibit myostatin induced beta-lactamase activity in L6 rat
myoblasts. Human antibody variants 1_1 16_1L-Q45K; 1_257-1L-L211; 1_314_1H-T92A and
2_112_1H-112V, L-F58l, 185V inhibited beta-lactamase activity to the same extent as the wild
type antibodies.

[0007] Figure 3 shows the results of a western blot. As shown, neutralizing anti-myostatin
antibodies of the invention inhibit myostatin induced smad2 phosphorylation in HepG2 cells by
western blot.

[0008] Figure 4 shows the results of myf5 mRNA expression assays. (A) Neutralizing anti-
myostatin antibodies 1_268_1,2_177_1, and 2_112_1 rescued myf5 gene expression inhibited
by myostatin in C2C12 mouse myoblasts, whereas a non-neutralizing antibody 1_159 1 could
not. Myf5 mRNA level was detected by TagMan PCR. (B) 1_116_1 rescued myf5 gene
expression in a dose-dependent manner.

[0009] Figure 5 shows the results of C2C12 muscle cell differentiation assays.

(A) Neutralizing anti-myostatin antibodies 2_43_1,1_814_1, and 1_257_1 rescued myostatin-
blocked muscle differentiation in C2C12 mouse muscle celis. Embryonic myosin heavy chain
(MHC) protein level was used a marker to measure C2C12 differentiation. (B) Antibodies
2_112_1,1_46_1, and 1_116_1 rescued myostatin-blocked C2C12 muscle differentiation.
[0010] Figure 6 (A) illustrates peptides generated from mature GDF8 (SEQ ID NO: 89) to test
anti-myostatin antibody binding. Amino acids in lower case letters are the amino acids that are
different from GDF11 (B) Summary of peptide binding. As shown in the Figure, some
antibodies do not bind to any of the peptides. Some antibodies bind to non-contiguous
peptides. (C) Predicted GDFS8 structure with the illustration of peptide binding of the human
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anti-myostatin antibodies. GDF8 structure was generated using SWISS-MODEL,; a fully
automated protein structure homology-modeling server, accessible via the ExPASy web server,
or from the program DeepView (Swiss Pdb-Viewer). The first seven amino acids were missing
from the predicted structure. Mature GDF8 is a homodimer protein. Only one subunit is
shown. The antibodies disclosed herein bind to GDF8 as a homodimer. As shown in the
Figure, human monoclonal antibodies 2_43 1, 2_112_1,and 2_177_1 bind to both peptide 1
and 5. Peptides 1 and 5 are proximal spatially but not in primary structure.

[0011] Figure 7 shows the amino acid sequences of peptides 1-11 and corresponding
sequence identifiers (SEQ ID NOs 103-113).

[0012] Figure 8 depicts epitope binning. Epitope binding of the human anti-myostatin
antibodies of the invention was mapped by cross-competition experiments using a BlAcoreTM
3000 instrument. Antibodies are depicted as labeled boxes. Antibodies in one circle compete
with antibodies in overlapping circles. For instance, antibody 1_46_1 competes with antibody
1_136_3, but antibody 1_46_1 does not compete with antibody 1_268_ 1. When two or more
antibodies are in the same circle their respective binding cannot be distinguished.

[0013] Figure 9 shows the results of an immunoprecipitation study to test the ability of human
anti-myostatin antibodies of the invention to pull down mature GDF8 and mature
GDF8/propeptide latent complex. Conditioned medium containing 293T cells transfected with
GDF8 was used. As shown in the Figure, antibodies 2_112_1,2_43_1,and 2_177_1 pulled
down mature GDF8, mature GDF8/propeptide complex, and unprocessed GDF8; antibody
1_66_1 pulled down mature GDF8 and mature GDF8/propeptide complex; no other antibodies
pulled down mature GDF8, propeptide, or unprocessed GDF8. Lane 4 is the 1/10 medium
loading control, and lane 7 is immunoprecipitation control with medium only.

[0014] Figure 10 shows the results of an immunoprecipitation study to test the ability of anti-
myostatin antibodies of the invention to pull down mature GDF8 from mouse serum. As shown
is the Figure, antibodies 2_112_1,2_43 1, and 2_177_1 pulled down mature GDF8 from the
mouse serum, whereas antibodies 1_116_1, and 1_66_1 could not.

[0015] Figure 11 is a sequence alignment of mature human GDF8 and GDF11. Mature
GDF8 (SEQ ID NO: 89) and GDF11 (SEQ ID NO: 90) share approximately 90% identical amino
acid sequences. Both mature GDF8 and GDF11 form homodimers. Both mature GDF8 or
GDF11 have nine cysteines, which form four internal disulfide bonds and one intermolecular
disulfide bond. As shown in the Figure, cysteines that form a disulfide bond with each other are
labeled with the same dots or plus. One cysteine (cys73) that forms intermolecular disulfide
bond was labeled with a star. GDF8 structure was predicted using SWISS-MODEL (see Figure
6C).

[0016] Figure 12 is a table summarizing in vitro assay data.

[0017] Figure 13 is a table summarizing gene usage, epitope binning and peptide binding.
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[0018] Figures 14 and 15 show the effects on muscle mass in mice following in vivo
treatment with anti-myostatin antibodies as compared with vehicle for the gastrocnemius-
pantaris-sloeus (GPS), tibilalis anterior (TA) and quadriceps (Quads) muscles.

[0019] Figure 16 shows the effects on muscle weight and strength in SCID mice following in
vivo treatment with an anti-myostatin antibody (2_112_K).

[0020] Figure 17 illustrates the effects on muscle weight in SCID mice following in vivo
treatment with varying doses of an anti-myostatin antibody (2_112_K).

[0021] Figure 18 is a dose (A) and concentration (B) response analysis of varying doses of
an anti-myostatin antibody (2_112_K) and their effects on muscle weight.

[0022] Figure 19 is an alignment of the heavy and light chain variable regions of antibodies
2_112_1 (heavy chain: SEQ ID NO:77; light chain: SEQ ID NO:79) and 2_112_K (heavy chain:
SEQ ID NO:118; light chain: SEQ ID NO:120).

[0023] Figure 20 show the effects on muscle mass (A) and adipose mass (B) in mice
following in vivo treatment with cortisone with an anti-myostatin antibody (2_112_K) as
compared with vehicle for the gastrocnemius-pantaris-sloeus (GPS), tibilalis anterior (TA) and
quadriceps (Quads) muscles (in 20A) and the inguinal, epididymal and abdominla fat pad
masses (in 20B).

Detailed Description Of The Invention

Definitions and General Techniques

[0024] Unless otherwise defined herein, scientific and technical terms used in connection with
the present invention shall have the meanings that are commonly understood by those of
ordinary skill in the art. Further, unless otherwise required by context, singular terms shall
include pluralities and plural terms shall include the singular. Generally, nomenclature used in
connection with, and techniques of, cell and tissue culture, molecular biology, immunology,
microbiology, genetics and protein and nucleic acid chemistry and hybridization described
herein are those well known and commonly used in the art.

[0025] The methods and techniques of the present invention are generally performed
according to conventional methods well known in the art and as described in various general
and more specific references that are cited and discussed throughout the present specification
unless otherwise indicated. See, e.g., Sambrook etal. Molecular Cloning: A Laboratory
Manual, 2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989) and
Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing Associates (1992),

and Harlow and Lane Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. (1990), incorporated herein by reference. Enzymatic reactions and
purification techniques are performed according to manufacturer's specifications, as commonly
accomplished in the art or as described herein. The nomenclature used in connection with, and
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the laboratory procedures and techniques of, analytical chemistry, synthetic organic chemistry,
and medicinal and pharmaceutical chemistry described herein are those well known and
commonly used in the art. Standard techniques are used for chemical syntheses, chemical
analyses, pharmaceutical preparation, formulation, and delivery, and treatment of patients.
[0026] The following terms, unless otherwise indicated, shall be understood to have the
following meanings:

[0027] The term “polypeptide” encompasses native or artificial proteins, protein fragments
and polypeptide analogs of a protein sequence. A polypeptide may be monomeric or
polymeric.

[0028]  The term “isolated protein”, “isolated polypeptide” or “isolated antibody” is a protein,
polypeptide or antibody that by virtue of its origin or source of derivation (1) is not associated
with naturally associated components that accompany it in its native state, (2) is free of other
proteins from the same species, (3) is expressed by a cell from a different species, or (4) does
not occur in nature. Thus, a polypeptide that is chemically synthesized or synthesized in a
cellular system different from the cell from which it naturally originates will be “isolated” from its
naturally associated components. A protein may also be rendered substantially free of
naturally associated components by isolation, using protein purification techniques well known
in the art.

[0029] In various embodiments an isolated anti-myostatin antibody is one that has been
protein A- purified (see, e.g., Example XVI1), one that has been synthesized by a hybridoma or
other cell line in vitro, and/or a human anti-myostatin antibody derived from a transgenic
mouse.

[0030] A protein or polypeptide is “substantially pure,” “substantially homogeneous,” or
“substantially purified” when at least about 60 to 75% of a sample exhibits a single species of
polypeptide. The polypeptide or protein may be monomeric or multimeric. A substantially pure
polypeptide or protein will typically comprise about 50%, 60%, 70%, 80% or 90% W/W of a
protein sample, more usually about 95%, and preferably will be over 99% pure. Protein purity
or homogeneity may be indicated by a number of means well known in the art, such as
polyacrylamide gel electrophoresis of a protein sample, followed by visualizing a single
polypeptide band upon staining the gel with a stain well known in the art. For certain purposes,
higher resolution may be provided by using HPLC or other means well known in the art for
purification.

[0031]  The term “non-human transgenic organism” as used herein refers to any non-human
transgenic individual living thing, including a non-human transgenic animal, plant, bacterium,
protist, or fungus.

[0032] The term “polypeptide fragment” as used herein refers to a polypeptide that has an
amino-terminal and/or carboxy-terminal deletion, but where the remaining amino acid sequence

is identical to the corresponding positions in the naturally-occurring sequence. In some
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embodiments, fragments are at least 5, 6, 8 or 10 amino acids long. In other embodiments, the
fragments are at least 14, at least 20, at least 50, or at least 70, 80, 90, 100, 150 or 200 amino
acids long.

[0033] The term “polypeptide analog” as used herein refers to a polypeptide that comprises a
segment that has substantial identity to a portion of an amino acid sequence and that has at
least one of the following properties: (1) specific binding to myostatin under suitable binding
conditions, (2) ability to inhibit or activate myostatin. Typically, polypeptide analogs comprise a
conservative amino acid substitution (or insertion or deletion) with respect to the native
sequence. Analogs typically are at least 20 or 25 amino acids long, preferably at least 50, 60,
70, 80, 90, 100, 150 or 200 amino acids long or longer, and can often be as long as a
full-length polypeptide. Some embodiments of the invention include polypeptide fragments or
polypeptide analog antibodies with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 or 17
substitutions from the germline amino acid sequence.

[0034] In certain embodiments, amino acid substitutions to an anti-myostatin antibody or
antigen-binding portion thereof are those which: (1) reduce susceptibility to proteolysis, (2)
reduce susceptibility to oxidation, (3) alter binding affinity for forming protein complexes, and (4)
confer or modify other physicochemical or functional properties of such analogs, but still retain
specific binding to myostatin. Analogs can include various muteins of a sequence other than
the normally-occurring peptide sequence. For example, single or multiple amino acid
substitutions, preferably conservative amino acid substitutions, may be made in the
normally-occurring sequence, preferably in the portion of the polypeptide outside the domain(s)
forming intermolecular contacts. A conservative amino acid substitution should not
substantially change the structural characteristics of the parent sequence; e.g., a replacement
amino acid should not alter the anti-parallel B-sheet that makes up the immunoglobulin binding
domain that occurs in the parent sequence, or disrupt other types of secondary structure that
characterizes the parent sequence. In general, glycine and proline would not be used in an
anti-parallel B-sheet. Examples of art-recognized polypeptide secondary and tertiary structures
are described in Proteins, Structures and Molecular Principles (Creighton, Ed., W. H. Freeman
and Company, New York (1984)); Introduction to Protein Structure (C. Branden and J. Tooze,
eds., Garland Publishing, New York, N.Y. (1991)); and Thornton et al., Nature 354:105 (1991),
incorporated herein by reference.

[0035] Non-peptide analogs are commonly used in the pharmaceutical industry as drugs with
properties analogous to those of the template peptide. These types of non-peptide compound
are termed “peptide mimetics” or “peptidomimetics.” Fauchere, J. Adv. Drug Res. 15:29
(1986); Veber and Freidinger, TINS p.392 (1985); and Evans et al., J. Med. Chem. 30:1229
(1987), incorporated herein by reference. Such compounds are often developed with the aid of
computerized molecular modeling.  Peptide mimetics that are structurally similar to
therapeutically useful peptides may be used to produce an equivalent therapeutic or
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prophylactic effect.  Generally, peptidomimetics are structurally similar to a paradigm
polypeptide (i.e., a polypeptide that has a desired biochemical property or pharmacological
activity), such as a human antibody, but have one or more peptide linkages optionally replaced
by a linkage selected from the group consisting of: --CH,NH--, --CH,S--, --CHy-CHo--,
--CH=CH--(cis and trans), --COCH,--, --CH(OH)CH,--, and —CH,SO--, by methods well known
in the art. Systematic substitution of one or more amino acids of a consensus sequence with a
D-amino acid of the same type (e.g., D-lysine in place of L-lysine) may also be used to
generate more stable peptides. In addition, constrained peptides comprising a consensus
sequence or a substantially identical consensus sequence variation may be generated by
methods known in the art (Rizo and Gierasch, Ann. Rev. Biochem. 61:387 (1992), incorporated
herein by reference); for example, by adding internal cysteine residues capable of forming
intramolecular disulfide bridges which cyclize the peptide.

[0036] Where an “antibody” is referred to herein with respect to the invention, it is normally
understood that an antigen-binding portion thereof may also be used. An antigen-binding
portion competes with the intact antibody for specific binding. See generally, Fundamental
Immunology, Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1989)) (incorporated by
reference in its entirety for all purposes). Antigen-binding portions may be produced by
recombinant DNA techniques or by enzymatic or chemical cleavage of intact antibodies. In
some embodiments, antigen-binding portions include Fab, Fab’, F(ab’), Fd, Fv, dAb, and
complementarity determining region (CDR) fragments, single-chain antibodies (scFv), chimeric
antibodies, diabodies and polypeptides that contain at least a portion of an antibody that is
sufficient to confer specific antigen binding to the polypeptide.

[0037] From N-terminus to C-terminus, both the mature light and heavy chain variable
domains comprise, sequentially, the regions FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4.
The assignment of amino acids to each domain herein is in accordance with the definitions of
Kabat, Sequences of Proteins of Immunological Interest (National Institutes of Health,
Bethesda, Md. (1987 and 1991)), Chothia & Lesk, J. Mol. Biol. 196:901-917 (1987) or Chothia
et al., Nature 342:878-883 (1989).

[0038] As used herein, an antibody that is referred to by number is the same as a monoclonal

antibody that is obtained from the hybridoma of the same number. For example, monoclonal
antibody 2_112 is the same antibody as one obtained from hybridoma 2_112, or a subclone
thereof, such as 2_112_1, 2_112_2, and the like. The only exception is 1_136_3 which is a
different hybridoma from subclones 1_136_1 and 1_136_2.

[0039] As used herein, a Fd fragment means an antibody fragment that consists of the V4
and Cy1 domains; an Fv fragment consists of the V| and Vy domains of a single arm of an
antibody; and a dAb fragment (Ward et al.,, Nature 341:544-546 (1989)) consists of a Vy
domain.
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[0040] In some embodiments, the antibody is a single-chain antibody (scFv) in which V|
and Vy domains are paired to form a monovalent molecules via a synthetic linker that enables
them to be made as a single protein chain. (Bird etal., Science 242:423-426 (1988) and
Huston et al., Proc. Natl. Acad. Sci. USA 85:5879-5883 (1988).) In some embodiments, the
antibodies are diabodies, i.e., are bivalent antibodies in which Vy and V_ domains are
expressed on a single polypeptide chain, but using a linker that is too short to allow for pairing
between the two domains on the same chain, thereby forcing the domains to pair with
complementary domains of another chain and creating two antigen binding sites. (See e.g.,
Holliger P. etal., Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993), and Poliak R. J. etal.,
Structure 2:1121-1123 (1994).) In some embodiments, one or more CDRs from an antibody of
the invention may be incorporated into a molecule either covalently or noncovalently to make it
an immunoadhesin that specifically binds to myostatin. In such embodiments, the CDR(s) may
be incorporated as part of a larger polypeptide chain, may be covalently linked to another
polypeptide chain, or may be incorporated noncovalently. Further, the framework regions
(FRs) may be derived from one of the anti-myostatin antibodies from which one or more of the
CDRs are taken or from one or more different human antibodies.

[0041] In embodiments having one or more binding sites, the binding sites may be identical to
one another or may be different.

[0042] As used herein, the term “human antibody” means any antibody in which the variable
and constant domain sequences are human sequences. The term encompasses antibodies
with sequences derived from (i.e., that utilize) human genes, but which have been changed,
e.g. to decrease possible immunogenicity, increase affinity, eliminate cysteines that might
cause undesirable folding, etc. The term encompasses such antibodies produced
recombinantly in non-human cells, which might impart glycosylation not typical of human cells.
These antibodies may be prepared in a variety of ways, as described below.

[0043] The term “chimeric antibody” as used herein means an antibody that comprises
regions from two or more different antibodies. In one embodiment, one or more of the CDRs of
the chimeric antibody are derived from a human anti-myostatin antibody. In another
embodiment, all of the CDRs are derived from a human anti-myostatin antibodies. In another
embodiment, the CDRs from more than one human anti-myostatin antibodies are combined in
a chimeric antibody. For instance, a chimeric antibody may comprise a CDR1 from the light
chain of a first human anti-myostatin antibody, a CDR2 from the light chain of a second human
anti-myostatin antibody and a CDR3 from the light chain of a third human anti-myostatin
antibody, and CDRs from the heavy chain may be derived from one or more other anti-
myostatin antibodies. Further, the framework regions may be derived from one of the anti-
myostatin antibodies from which one or more of the CDRs are taken or from one or more
different human antibodies.
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[0044] In some embodiments, a chimeric antibody of the invention is a humanized anti-
myostatin antibody. A humanized anti-myostatin antibody of the invention comprises the amino
acid sequence of one or more framework regions and/or the amino acid sequence from at least
a portion of the constant region of one or more human anti-myostatin antibodies of the
invention and further comprises sequences derived from a non-human anti-myostatin antibody,
for example CDR sequences.

[0045] Fragments or analogs of antibodies or immunoglobulin molecules can be readily
prepared by those of ordinary skill in the art following the teachings of this specification.
Preferred amino- and carboxy-termini of fragments or analogs occur near boundaries of
functional domains. Structural and functional domains can be identified by comparison of the
nucleotide and/or amino acid sequence data to public or proprietary sequence databases.
Preferably, computerized comparison methods are used to identify sequence motifs or
predicted protein conformation domains that occur in other proteins of known structure and/or
function. Methods to identify protein sequences that fold into a known three-dimensional
structure are known. See Bowie et al., Science 253:164 (1991).

[0046] The term “surface plasmon resonance”, as used herein, refers to an optical
phenomenon that allows for the analysis of real-time biospecific interactions by detection of
alterations in protein concentrations within a biosensor matrix, for example using the
BIACORE™ system (Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway, N.J.). For
further descriptions, see Johnsson U. et al., Ann. Biol. Clin. 51:19-26 (1993); Jonsson U. et al.,
Biotechniques 11:620-627 (1991); Jonsson B. etal., J. Mol. Recognit. 8:125-131 (1995); and
Johnsson B. et al., Anal. Biochem. 198:268-277 (1991).

[0047] The term “Kp” means the equilibrium dissociation constant of a particular
antibody-antigen interaction.

[0048] The term “off rate” means the dissociation rate constant of a particular antibody-
antigen interaction.

[0049] The term “epitope” includes any protein determinant capable of specific binding to an
immunoglobulin or T-cell receptor or otherwise interacting with a molecule.  Epitopic
determinants generally consist of chemically active surface groupings of molecules such as
amino acids or carbohydrate or sugar side chains and generally have specific three
dimensional structural characteristics, as well as specific charge characteristics. An epitope
may be “linear” or “conformational.” In a linear epitope, all of the points of interaction between
the protein and the interacting molecule (such as an antibody) occur linearly along the primary
amino acid sequence of the protein. In a conformational epitope, the points of interaction occur
across amino acid residues on the protein that are separated from one another. An antibody is
said to specifically bind an antigen when the dissociation constant is < 1 mM, preferably < 100
nM and most preferably < 10 nM. In certain embodiments, the Kp is 1 pM to 500 pM. In other
embodiments, the Kp is between 500 pM to 1 uM. In other embodiments, the Kp is between 1
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UM to 100 nM. In other embodiments, the Kp is between 100 mM to 10 nM. Once a desired
epitope on an antigen is determined, it is possible to generate antibodies to that epitope, e.g.,
using the techniques described in the present invention. Alternatively, during the discovery
process, the generation and characterization of antibodies may elucidate information about
desirable epitopes. From this information, it is then possible to competitively screen antibodies
for binding to the same epitope. An approach to achieve this is to conduct cross-competition
studies to find antibodies that competitively bind with one another, e.g., the antibodies compete
for binding to the antigen. A high throughput process for “binning” antibodies based upon their
cross-competition is described in International Patent Application No. WO 03/48731.

[0050] As used herein, the twenty conventional amino acids and their abbreviations follow
conventional usage. See Immunology - A Synthesis (Z"d Edition, E.S. Golub and D.R. Gren,

Eds., Sinauer Associates, Sunderland, Mass. (1991)), incorporated herein by reference.

[0051] The term “polynucleotide” as referred to herein means a polymeric form of nucleotides
of at least 10 bases in length, either ribonucleotides or deoxynucleotides or a modified form of
either type of nucleotide. The term includes single and double stranded forms.

[0052] The term “isolated polynucleotide” as used herein means a polynucleotide of genomic,
cDNA, or synthetic origin or some combination thereof, which by virtue of its origin the “isolated
polynucleotide” (1) is not associated with all or a portion of a polynucleotides with which the
“isolated polynucleotide” is found in nature, (2) is operably linked to a polynucleotide to which it
is not linked in nature, or (3) does not occur in nature as part of a larger sequence.

[0053] The term “naturally occurring nucleotides” as used herein includes deoxyribonucleotides
and ribonucleotides. The term “modified nucleotides” as used herein includes nucleotides with
modified or substituted sugar groups and the like. The term “oligonucleotide linkages” referred
to herein includes oligonucleotides linkages such as phosphorothioate, phosphorodithioate,
phosphoroselenoate, phosphorodiselenoate,  phosphoroanilothioate,  phoshoraniladate,
phosphoroamidate, and the like. See e.g., LaPlanche et al., Nucl. Acids Res. 14:9081 (1986),
Stec et al., J. Am. Chem. Soc. 106:6077 (1984); Stein et al., Nucl. Acids Res. 16:3209 (1988),
Zon et al., Anti-Cancer Drug Design 6:539 (1991); Zon et al., Oligonucleotides and Analogues:
A Practical Approach, pp. 87-108 (F. Eckstein, Ed., Oxford University Press, Oxford England
(1991)); U.S. Patent No. 5,151,510; Uhimann and Peyman, Chemical Reviews 90:543 (1990),

the disclosures of which are hereby incorporated by reference. An oligonucleotide can include

a label for detection, if desired.

[0054] “Operably linked” sequences include both expression control sequences that are
contiguous with the gene of interest and expression control sequences that act in trans or at a
distance to control the gene of interest. The term “expression control sequence” as used
herein means polynucleotide sequences that are necessary to effect the expression and
processing of coding sequences to which they are ligated. Expression control sequences

include appropriate transcription initiation, termination, promoter and enhancer sequences;
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efficient RNA processing signals such as splicing and polyadenylation signals; sequences that
stabilize cytoplasmic mRNA; sequences that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance protein stability; and when desired, sequences
that enhance protein secretion. The nature of such control sequences differs depending upon
the host organism; in prokaryotes, such control sequences generally include promoter,
ribosomal binding site, and transcription termination sequence; in eukaryotes, generally, such
control sequences include promoters and transcription termination sequence. The term
“control sequences” is intended to include, at a minimum, all components whose presence is
essential for expression and processing, and can also include additional components whose
presence is advantageous, for example, leader sequences and fusion partner sequences.
[0055] The term “vector”, as used herein, means a nucleic acid molecule capable of
transporting another nucleic acid to which it has been linked. In some embodiments, the vector
is a plasmid, i.e., a circular double stranded piece of DNA into which additional DNA segments
may be ligated. In some embodiments, the vector is a viral vector, wherein additional DNA
segments may be ligated into the viral genome. In some embodiments, the vectors are
capable of autonomous replication in a host cell into which they are introduced (e.g., bacterial
vectors having a bacterial origin of replication and episomal mammalian vectors). In other
embodiments, the vectors (e.g., non-episomal mammalian vectors) can be integrated into the
genome of a host cell upon introduction into the host cell, and thereby are replicated along with
the host genome. Moreover, certain vectors are capable of directing the expression of genes to
which they are operatively linked. Such vectors are referred to herein as “recombinant
expression vectors” (or simply, “expression vectors”).

[0056] The term “recombinant host cell” (or simply “host cell”), as used herein, means a cell
into which a recombinant expression vector has been introduced. It should be understood that
“recombinant host cell” and “host cell” mean not only the particular subject cell but also the
progeny of such a cell. Because certain modifications may occur in succeeding generations
due to either mutation or environmental influences, such progeny may not, in fact, be identical
to the parent cell, but are still included within the scope of the term “host cell” as used herein.
[0057] The term “selectively hybridize” referred to herein means to detectably and specifically
bind. Polynucleotides, oligonucleotides and fragments thereof in accordance with the invention
selectively hybridize to nucleic acid strands under hybridization and wash conditions that
minimize appreciable amounts of detectable binding to nonspecific nucleic acids. “High
stringency” or “highly stringent” conditions can be used to achieve selective hybridization
conditions as known in the art and discussed herein. One example of “high stringency” or
“highly stringent” conditions is the incubation of a polynucleotide with another polynucleotide,
wherein one polynucleotide may be affixed to a solid surface such as a membrane, in a
hybridization buffer of 6X SSPE or SSC, 50% formamide, 56X Denhardt's reagent, 0.5% SDS,
100 pg/ml denatured, fragmented salmon sperm DNA at a hybridization temperature of 42°C
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for 12-16 hours, followed by twice washing at 55°C using a wash buffer of 1X SSC, 0.5% SDS.
See also Sambrook et al., supra, pp. 9.50-9.55.

[0058] The term “percent sequence identity” in the context of nucleic acid sequences means
the residues in two sequences that are the same when aligned for maximum correspondence.
The length of sequence identity comparison may be over a stretch of at least about nine
nucleotides, usually at least about 18 nucleotides, more usually at least about 24 nucleotides,
typically at least about 28 nucleotides, more typically at least about 32 nucleotides, and
preferably at least about 36, 48 or more nucleotides. There are a number of different
algorithms known in the art which can be used to measure nucleotide sequence identity. For
instance, polynucleotide sequences can be compared using FASTA, Gap or Bestfit, which are
programs in Wisconsin Package Version 10.0, Genetics Computer Group (GCG), Madison,
Wisconsin. FASTA, which includes, e.g., the programs FASTA2 and FASTAS3, provides
alignments and percent sequence identity of the regions of the best overlap between the query
and search sequences (Pearson, Methods Enzymol. 183:63-98 (1990); Pearson, Methods Mol.
Biol. 132:185-219 (2000); Pearson, Methods Enzymol. 266:227-258 (1996); Pearson, J. Mol.
Biol. 276:71-84 (1998); incorporated herein by reference). Unless otherwise specified, default
parameters for a particular program or algorithm are used. For instance, percent sequence
identity between nucleic acid sequences can be determined using FASTA with its default
parameters (a word size of 6 and the NOPAM factor for the scoring matrix) or using Gap with
its default parameters as provided in GCG Version 6.1, incorporated herein by reference.
[0059] A reference to a nucleotide sequence encompasses its complement unless otherwise
specified. Thus, a reference to a nucleic acid having a particular sequence should be
understood to encompass its complementary strand, with its complementary sequence.

[0060] As used herein, the terms “percent sequence identity” and “percent sequence
homology” are used interchangeably.

[0061] The term “substantial similarity” or “substantial sequence similarity,” when referring to
a nucleic acid or fragment thereof, means that when optimally aligned with appropriate
nucleotide insertions or deletions with another nucleic acid (or its complementary strand), there
is nucleotide sequence identity in at least about 85%, preferably at least about 90%, and more
preferably at least about 95%, 96%, 97%, 98% or 99% of the nucleotide bases, as measured
by any well-known algorithm of sequence identity, such as FASTA, BLAST or Gap, as
discussed above.

[0062] As applied to polypeptides, the term “substantial identity” means that two peptide
sequences, when optimally aligned, such as by the programs GAP or BESTFIT using default
gap weights as supplied with the programs, share at least 70%, 75% or 80% sequence identity,
preferably at least 90% or 95% sequence identity, and more preferably at least 97%, 98% or
99% sequence identity. In certain embodiments, residue positions that are not identical differ
by conservative amino acid substitutions. A “conservative amino acid substitution” is one in
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which an amino acid residue is substituted by another amino acid residue having a side chain R
group with similar chemical properties (e.g., charge or hydrophobicity). In general, a
conservative amino acid substitution will not substantially change the functional properties of a
protein. In cases where two or more amino acid sequences differ from each other by
conservative substitutions, the percent sequence identity may be adjusted upwards to correct
for the conservative nature of the substitution. Means for making this adjustment are well-
known to those of skill in the art. See, e.g., Pearson, Methods Mol. Biol. 243:307-31 (1994).
Examples of groups of amino acids that have side chains with similar chemical properties
include 1) aliphatic side chains: glycine, alanine, valine, leucine, and isoleucine; 2)
aliphatic-hydroxyl side chains: serine and threonine; 3) amide-containing side chains:
asparagine and glutamine; 4) aromatic side chains: phenylalanine, tyrosine, and tryptophan; 5)
basic side chains: lysine, arginine, and histidine; 6) acidic side chains: aspartic acid and
glutamic acid; and 7) sulfur-containing side chains: cysteine and methionine. Conservative
amino acids substitution groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-
arginine, alanine-valine, glutamate-aspartate, and asparagine-glutamine.

[0063] Alternatively, a conservative replacement is any change having a positive value in the
PAM250 log-likelihood matrix disclosed in Gonnet etal., Science 256:1443-45 (1992),
incorporated herein by reference. A “moderately conservative” replacement is any change
having a nonnegative value in the PAM250 log-likelihood matrix.

[0064]  Sequence identity for polypeptides is typically measured using sequence analysis
software. Protein analysis software matches sequences using measures of similarity assigned
to various substitutions, deletions and other modifications, including conservative amino acid
substitutions. For instance, GCG contains programs such as “Gap” and “Bestfit” which can be
used with default parameters as specified by the programs to determine sequence homology or
sequence identity between closely related polypeptides, such as homologous polypeptides
from different species of organisms or between a wild type protein and a mutein thereof. See,
e.g., GCG Version 6.1 (University of Wisconsin, WI). Polypeptide sequences also can be
compared using FASTA using default or recommended parameters, see GCG Version 6.1.
FASTA (e.g., FASTA2 and FASTA3) provides alignments and percent sequence identity of the
regions of the best overlap between the query and search sequences (Pearson, Methods
Enzymol. 183:63-98 (1990); Pearson, Methods Mol. Biol. 132:185-219 (2000)). Another
preferred algorithm when comparing a sequence of the invention to a database containing a
large number of sequences from different organisms is the computer program BLAST,
especially blastp or tblastn, using default parameters as supplied with the programs.. See, e.g.,
Altschul et al., J. Mol. Biol. 215:403-410 (1990); Altschul et al., Nucleic Acids Res. 25:3389-402
(1997).

[0065] The length of polypeptide sequences compared for homology will generally be at least
about 16 amino acid residues, usually at least about 20 residues, more usually at least about
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24 residues, typically at least about 28 residues, and preferably more than about 35 residues.
When searching a database containing sequences from a large number of different organisms,
it is preferable to compare amino acid sequences.

[0066] As used herein, the terms “label” or “labeled” refers to incorporation of another
molecule in the antibody. In one embodiment, the label is a detectable marker, e.g.,
incorporation of a radiolabeled amino acid or attachment to a polypeptide of biotinyl moieties
that can be detected by marked avidin (e.g., streptavidin containing a fluorescent marker or
enzymatic activity that can be detected by optical or colorimetric methods). In another
embodiment, the label or marker can be therapeutic, e.g., a drug conjugate or toxin. Various
methods of labeling polypeptides and glycoproteins are known in the art and may be used.
Examples of labels for polypeptides include, but are not limited to, the following: radioisotopes
or radionuclides (e.g., °H, ™*C, N, *s, *Y, *Tc, "I, ®I, **"l), fluorescent labels (e.g., FITC,
rhodamine, lanthanide phosphors), enzymatic labels (e.g., horseradish peroxidase,
B-galactosidase, luciferase, alkaline phosphatase), chemiluminescent markers, biotinyl groups,
predetermined polypeptide epitopes recognized by a secondary reporter (e.g., leucine zipper
pair sequences, binding sites for secondary antibodies, metal binding domains, epitope tags),
magnetic agents, such as gadolinium chelates, toxins such as pertussis toxin, taxol,
cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide,
vincristine, vinblastine, colchicine, doxorubicin, daunorubicin, dihydroxy anthracin dione,
mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine,
tetracaine, lidocaine, propranolol, and puromycin and analogs or homologs thereof. In some
embodiments, labels are attached by spacer arms of various lengths to reduce potential steric
hindrance.

[0067] Throughout this specification and claims, the word “comprise,” or variations such as
“comprises” or “comprising,” will be understood to imply the inclusion of a stated integer or

group of integers but not the exclusion of any other integer or group of integers.

Human Anti-Myostatin Antibodies and Characterization Thereof

[0068] The invention herein provides anti-myostatin antibodies. In some embodiments, the
antibodies are human. In other embodiments, the antibodies are humanized. In some
embodiments, human anti-myostatin antibodies are produced by immunizing a non-human
transgenic animal, e.g., a rodent, whose genome comprises human immunoglobulin genes so
that the transgenic animal produces human antibodies.

[0069] An anti-myostatin antibody of the invention can comprise a human kappa or a human
lambda light chain or an amino acid sequence derived therefrom. In some embodiments
comprising a kappa light chain, the light chain variable domain (V.) utilizes a human A30, A3
or L2 Vcgene
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[0070] In some embodiments, the V| of the anti-myostatin antibody comprises one or more
amino acid substitutions, deletions or insertions (additions) relative to the germline V¢ amino
acid sequence. In some embodiments, the V| of the anti-myostatin antibody comprises 1, 2, 3,
4 or 5 amino acid substitutions relative to the germline V, amino acid sequence. In some
embodiments, one or more of the substitutions from germline is in the CDR regions of the light
chain. In some embodiments, the V amino acid substitutions relative to germline are at one or
more of the same positions as the substitutions relative to germline found in any one or more of
the V. of the antibodies provided herein. For example, the V| of an anti-myostatin antibody of
the invention may contain one or more of the amino acid substitutions compared to germline
found in the V, of antibody 1_257_1. There also may be one or more amino acid substitutions
compared to germline found in the V of antibody 1_116_1, which utilizes the same Vi gene as
antibody 1_257_1. In some embodiments, the amino acid changes are at one or more of the
same positions, but involve a different substitution than in the reference antibody. In all cases,
the recitation of an antibody clone with dashes is equivalent to the same antibody clone with
dots (e.g., 1_257_1 = 1.257.1).

[0071] In some embodiments, amino acid substitutions relative to germline occur at one or
more of the same positions as substitutions from germline in any of the V| of antibodies
1_116_1, 1.136_3, 1.257_1, 1_46_1, 2_112_1, 1.314 1, 1.66_1, 2_43_1, 2_177_1,
1_132_1, 1_268_1, 1_116_1L-Q45K; 1_257_1L-L21l; 1_314_1H-T92A; 1_46_1H-L81M;
2_112_1H-112V; 2_112_1L-F58l; 2_112_1L-185V; 2_112_1H-L81M, L-F58l; 2_112_1H-L81M,
L-185V; or 2_112_1H-L81M, L-F58I, 185V, but the substitutions may represent conservative
amino acid substitutions at such position(s) relative to the amino acid in the reference antibody.
For example, if a particular position in one of these antibodies is changed relative to germline
and is glutamate, one may substitute aspartate at that position. Similarly, if an amino acid
substitution compared to germline in an exemplified antibody is serine, one may conservatively
substitute threonine for serine at that position. Conservative amino acid substitutions are
discussed supra, throughout this application.

[0072] In some embodiments, the anti-myostatin antibody comprises a light chain amino acid
sequence selected from the group consisting of SEQ ID NOS: 4, 8, 12, 16, 20, 24, 28, 32, 36,
40 and 44. In other embodiments, the light chain comprises the light chain amino acid
sequence of antibody 1_116_1L-Q45K; 1_257 1L-L21I; 2_112_1L-F58l; 2_112_1L-I85V or
2_112_1L-F58l, 185V. In some embodiments, the light chain of the human anti-myostatin
antibody comprises the V| amino acid sequence of antibody 1_116_1 (SEQ ID NO: 4);
1_136_3 (SEQ ID NO: 12); 1_257_1 (SEQ ID NO: 16); 1_46_1 (SEQ ID NO: 24); 2_112_1
(SEQ ID NO: 28); 1_314_1 (SEQ ID NO: 20); 1_66_1 (SEQ ID NO: 36); 2_43_1 (SEQ ID NO:
44); 2_177_1 (SEQ ID NO: 40); 1_132_1 (SEQ ID NO: 8); or 1_268_1 (SEQ ID NO: 32) or
said amino acid sequence having up to 1, 2, 3, 4 or 5 conservative amino acid substitutions
and/or a total of up to 3 non-conservative amino acid substitutions. In otherembodiments the
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light chain of the human anti-myostatin antibody comprises the V. amino acid sequence of
antibody 1_116_1L-Q45K; 1_257_1L-L21l; 2_112_1L-F58I; 2_112_1L-I185V or 2_112_1L-F58l,
185V. In some embodiments, the light chain comprises the amino acid sequence from the
beginning of the CDR1 to the end of the CDR3 of any one of the foregoing antibodies.

[0073] In some embodiments, the light chain may comprise the amino acid sequences of
CDR1, CDR2 and CDR3 regions independently selected from the light chain CDR1, CDR2 and
CDR3 regions, respectively, of two or more monoclonal antibodies selected from 1_116_1
(SEQ ID NO: 4); 1_136_3 (SEQ ID NO: 12); 1_257_1 (SEQ ID NO: 16); 1_46_1 (SEQ ID NO:
24); 2_112_1 (SEQ ID NO: 28); 1_314_1 (SEQ ID NO: 20); 1_66_1 (SEQ ID NO: 36); 2_43 1
(SEQ ID NO: 44); 2_177_1 (SEQ ID NO: 40); 1_132_1 (SEQ ID NO: 8); or 1_268_1 (SEQ ID
NO: 32), or said CDR regions each having less than 3 or less than 2 conservative amino acid
substitutions and/or a total of three or fewer non-conservative amino acid substitutions.

[0074] In certain embodiments, the light chain of the anti-myostatin antibody comprises the
amino acid sequences of the light chain CDR1, CDR2 and CDR3 regions of an antibody
selected from 1_116_1 (SEQ ID NO: 4); 1_136_3 (SEQ ID NO: 12); 1_257_1 (SEQ ID NO: 16);
1_46_1 (SEQ ID NO: 24); 2_112_1 (SEQ ID NO: 28); 1_314_1 (SEQ ID NO: 20); 1_66_1 (SEQ
ID NO: 36); 2_43_1 (SEQ ID NO: 44); 2_177_1 (SEQ ID NO: 40); 1_132_1 (SEQ ID NO: 8); or
1_268_1 (SEQ ID NO: 32) or said CDR regions each having less than 3 or less than 2
conservative amino acid substitutions and/or a total of three or fewer non-conservative amino
acid substitutions.

[0075] With regard to the heavy chain, in some embodiments, the variable domain (Vy)
utilizes a human Vy 1-02, Vy 3-21 or Vi 3-23 gene. In some embodiments, the Vy sequence
of the anti-myostatin antibody contains one or more amino acid substitutions, deletions or
insertions (additions), collectively “mutations”, relative to the germline Vy; amino acid sequence.
In some embodiments, the variable domain of the heavy chain comprises 1, 2, 3, 4, 5, 6, 7, 8,
9, 10 or 11 mutations from the germline V,; amino acid sequence. In some embodiments, the
mutation(s) are non-conservative substitutions compared to the germline amino acid sequence.
In some embodiments, the mutations are in the CDR regions of the heavy chain.

[0076] In some embodiments, amino acid substitutions are at one or more of the same
positions as the substitutions from germline in any one or more of the Vy of antibodies
1_116_1, 1_136_3, 1.257 1, 1_46_1, 2_112_1, 1_314_1, 1_66_1, 2 43_1, 2_177_1,
1.132_1, 1.268_1, 1_116_1L-Q45K; 1_257_1L-L21l; 1_314_1H-T92A; 1_46_1H-L81M;
2_112_1H-112V; 2_112_1L-F58l; 2_112_1L-I185V; 2_112_1H-L81M, L-F58I; 2_112_1H-L81M,
L-185V; or 2_112_1H-L81M, L-F58lI, I185V. In other embodiments, the amino acid changes are
at one or more of the same positions but involve a different substitution than in the reference
antibody.

[0077] In some embodiments, the heavy chain comprises an amino acid sequence selected
from the group consisting of SEQ ID NOS: 2, 6, 10, 14, 18, 22, 26, 30, 34, 38 and 42. In other
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embodiments, the heavy chain comprises the heavy chain amino acid sequence of antibody
1_314_1H-T92A; 1_46_1H-L81M; or 2_112_1H-112V. In some embodiments, the heavy chain
comprises the Vi amino acid sequence of antibody 1_116_1 (SEQ ID NO: 2), 1_136_3 (SEQ
ID NO: 10), 1_257_1 (SEQ ID NO: 14), 1_46_1 (SEQ ID NO: 22), 2_112_1 (SEQ ID NO: 26),
1_314_1(SEQID NO: 18),1_66_1 (SEQ ID NO: 34), 2_43_1 (SEQ ID NO: 42),2_177_1 (SEQ
ID NO: 38), 1_132_1 (SEQ ID NO: 6) and 1_268_1 (SEQ ID NO: 30); or said V4 amino acid
sequence havingup to 1, 2, 3, 4, 6, 8, 9, 10 or 11 conservative amino acid substitutions and/or
a total of up to 3 non-conservative amino acid substitutions. In other embodiments, the heavy
chain comprises the Vi, amino acid sequence of antibody 1_314_1H-T92A; 1_46_1H-L81M; or
2_112_1H-112V. In some embodiments, the heavy chain comprises the amino acid sequence
from the beginning of the CDR1 to the end of the CDR3 of any one of the foregoing antibodies.
[0078] In some embodiments, the heavy chain comprises the heavy chain CDR1, CDR2 and
CDRS regions of antibody 1_116_1, 1_136_3, 1_257_1,1_46_1,2_112_1,1_314 1, 1_66_1,
2 43 1, 2_177_1, 1_132_1, 1_268_1, 1_116_1L-Q45K; 1_257_1L-L21l; 1_314_1H-T92A;
1_46_1H-L81M; 2_112_1H-112V; 2_112_1L-F58I; 2_112_1L-I85V; 2_112_1H-L81M, L-F58I;
2_112_1H-L81M, L-185V; or 2_112_1H-L81M, L-F58I, 185V or said CDR regions each having
less than 8, less than 6, less than 4, or less than 3 conservative amino acid substitutions and/or
a total of three or fewer non-conservative amino acid substitutions.

[0079] In some embodiments, the heavy chain CDR regions are independently selected from
the CDR regions of two or more antibodies selected from antibodies 1_116_1, 1_136_3,
1.257_1, 1.46_1, 2_112_1, 1_314_1, 1.66_1, 2_43_1, 2_177_1, 1_132_1, 1_268 1,
1_116_1L-Q45K; 1_257_1L-L21}; ' 1_314_1H-T92A; 1_46_1H-L81M; 2_112_1H-112V;
2_112_1L-F58l; 2_112_1L-I185V; 2_112_1H-L81M, L-F58I; 2_112_1H-L81M, L-I85V; or
2_112_1H-L81M, L-F58I, I85V. In another embodiment, the antibody comprises a light chain
as disclosed above and a heavy chain as disclosed above. In a further embodiment, the light
chain CDRs and the heavy chain CDRs are from the same antibody.

[0080] In various embodiments, the anti-myostatin antibodies have the full-length heavy chain
and full length light chain amino acid sequence(s), the Vy and V. amino acid sequences, the
heavy chain CDR1, CDR2 and CDR3 and light chain CDR1, CDR2 and CDR3 amino acid
sequences or the heavy chain amino acid sequence from the beginning of the CDR1 to the end
of the CDR3 and the light chain amino acid sequence from the beginning of the CDR1 to the
end of the CDR3 of an anti-myostatin antibody provided herein.

[0081] One type of amino acid substitution that may be made is to change one or more
cysteines in the antibody, which may be chemically reactive, to another residue, such as,
without limitation, alanine or serine. In one embodiment, there is a substitution of a non-
canonical cysteine. The substitution can be made in a CDR or framework region of a variable
domain or in the constant domain of an antibody. In some embodiments, the cysteine is
canonical.
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[0082]  Another type of amino acid substitution that may be made is to remove potential
proteolytic sites in the antibody. Such sites may occur in @ CDR or framework region of a
variable domain or in the constant domain of an antibody. Substitution of cysteine residues and
removal of proteolytic sites may decrease the risk of heterogeneity in the antibody product and
thus increase its homogeneity. Another type of amino acid substitution is to eliminate
asparagine-glycine pairs, which form potential deamidation sites, by altering one or both of the
residues.

[0083] In some embodiments, the C-terminal lysine of the heavy chain of the anti myostatin
antibody of the invention is cleaved. In various embodiments of the invention, the heavy and
light chains of the anti-myostatin antibodies may optionally include a signal sequence.

[0084] In one aspect, the invention provides to eleven inhibitory human anti-myostatin
monoclonal antibodies and the hybridoma cell lines that produce them. Table 1 lists the
sequence identifiers (SEQ ID NOs) of the nucleic acids encoding the full-length heavy and light
chains and variable domain containing portions of those chains, and the corresponding full-
length deduced amino acid sequences.
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Table 1
SEQUENCE IDENTIFIERS (SEQ ID NO)
FULL LENGTH V DOMAIN CONTAINING PORTION
Heavy Light Heavy Light

Mab DNA PROTEIN DNA PROTEIN | PROTEIN DNA PROTEIN DNA
11161 |1 2 3 7 45 6 47 48
11321 |5 3 7 8 49 50 51 52
11363 |9 10 11 12 53 54 55 56
1257 1 |13 14 15 16 57 58 59 60
13141 |17 18 19 |20 65 &6 67 68
1461 |21 22 23 | 24 69 70 71 72
> 1121 |25 |26 57 |28 77 78 79 80
12681 |29 30 31 32 61 62 63 64
1661 |33 |34 35 36 73 74 75 76
2177 1 |37 38 39 |40 81 82 83 84
5 431 |41 42 43 |44 85 86 87 88

[0085] The invention further provides heavy and/or light chain variants of certain of the
above-listed human anti-myostatin antibodies, comprising one or more amino acid
modifications. To designate the variants, the first letter is the one letter symbol for the amino
acid of the naturally-occurring antibody chain, the number refers to the position of the amino
acid (wherein position one is the N-terminal amino acid of the FRI), and the second letter is the
one letter symbol for the variant amino acid.

[0086] The invention provides a light chain variant of monoclonal antibody 1_116_1 called
1_116_1L-Q45K, which has a lysine at position 45 of SEQ ID NO: 4.

[0087] Another light chain variant is 1_257_1L-L21l, which has an isoleucine residue at
position 21 of SEQ ID NO: 16.

[0088] A heavy chain varianty of monoclonal antibody of 1_314_1 called 1_314_1H-T92A
which has an alanine residue at position 92 of SEQ ID NO: 18.

[0089] The invention further provides a heavy chain variant of monoclonal antibody 1_46_1
called 1_46_1H-1.81M, which has a methionine at position 81 of SEQ ID NO: 22.

[0090] The invention provides a heavy chain variant (112V) and two light chain variants (F58I
and 185V) of monoclonal antibody 2_112_1. The heavy chain variant called 2_112_1H-112V
has a valine at position 12 of SEQ ID NO: 26. One light chain variant, 2_112_1L-F85l, has an
isoleucine at position 85 of SEQ ID NO: 28. The other light chain variant, called 2_112_1L-
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185V, has a valine at position 85 of SEQ ID NO: 28. The invention also provides a light chain
variant comprising both mutations, i.e., 2_112_1L-F85], I85V. The invention also includes
antibodies comprising the heavy chain variant with either one or both of the light chain
mutations, i.e., 2_112_1H-112V, L-F58I; 2_112_1H-112V, L-185V; and 2_112_1H-112V, L-F58I,
[85V.

[0091] In still further embodiments, the invention includes antibodies comprising variable
domain amino acid sequences with more than 80%, more than 85%, more than 90%, more
than 95%, more than 96%, more than 97%, more than 98% or more than 99% sequence
identity to a variable domain amino acid sequence of any of the above-listed human anti-
myostatin antibodies

Class and Subclass of Anti-myostatin Antibodies

[0092] The class and subclass of anti-myostatin antibodies may be determined by any
method known in the art. In general, the class and subclass of an antibody may be determined
using antibodies that are specific for a particular class and subclass of antibody. Such
antibodies are commercially available. The class and subclass can be determined by ELISA,
or Western Blot as well as other techniques. Alternatively, the class and subclass may be
determined by sequencing all or a portion of the constant domains of the heavy and/or light
chains of the antibodies, comparing their amino acid sequences to the known amino acid
sequences of various class and subclasses of immunoglobulins, and determining the class and
subclass of the antibodies.

[0093] In some embodiments, the anti-myostatin antibody is a monoclonal antibody. The
anti-myostatin antibody can be an IgG, an IgM, an IgE, an IgA, or an IgD molecule. In a
preferred embodiment, the anti-myostatin antibody is an IgG and is an 1gG1, 1gG2, 1gG3, IgG4
subclass. In another preferred embodiment, the antibody is subclass IgG2.

Identification of Myostatin Epitopes Recognized by Anti-myostatin Antibodies

[0094] The invention provides a human anti-myostatin monoclonal antibody that binds to
myostatin and competes or cross-competes with and/or binds the same epitope as: (a) an
antibody selected from 1_116_1, 1_136_3, 1_257_1, 1_46_1, 2_112_1, 1_314_1, 1_66_1,
243 1, 2_177_1, 1_132_1, 1_268_1, 1_116_1L-Q45K; 1_257_1L-L21l; 1_314_1H-T92A,
1_46_1H-L81M; 2_112_1H-112V; 2_112_1L-F58I; 2_112_1L-185V; 2_112_1H-L81M, L-F58I;
2_112_1H-L81M, L-I85V; or 2_112_1H-L81M, L-F58I, 185V; (b) an antibody that comprises a
heavy chain variable domain having the amino acid sequence of the Vi domain in any one of
SEQ ID NOS: 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 45, 49, 53, 57, 61, 65, 69, 73, 77, 81 or
85, (c) an antibody that comprises a light chain variable domain having the amino acid
sequence of the V|_domain in any one of SEQ ID NOS: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44,
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47, 51, 55, 59, 63, 67, 71, 75, 79, 83 or 87 (d) an antibody that comprises both a heavy chain
variable domain as defined in (b) and a light chain variable domain as defined in (c).

[0095] One can determine whether an antibody binds to the same epitope or cross competes
for binding with an anti-myostatin antibody by using methods known in the art. In one
embodiment, one allows the anti-myostatin antibody of the invention to bind to myostatin under
saturating conditions and then measures the ability of the test antibody to bind to myostatin. If
the test antibody is able to bind to myostatin at the same time as the reference anti-myostatin
antibody, then the test antibody binds to a different epitope than the reference anti-myostatin
antibody. However, if the test antibody is not able to bind to myostatin at the same time, then
the test antibody binds to the same epitope, an overlapping epitope, or an epitope that is in
close proximity to the epitope bound by the anti-myostatin antibody of the invention. This
experiment can be performed using ELISA, RIA, BIACORE™, or flow cytometry. To test
whether an anti-myostatin antibody cross-competes with another anti-myostatin antibody, one
may use the competition method described above in two directions, i.e. determining if the
known antibody blocks the test antibody and vice versa. In a preferred embodiment, the
experiment is performed using ELISA.

Inhibition of Myostatin Activity by Anti-myostatin Antibody

[0096] One can identify anti-myostatin monoclonal antibodies that inhibit myostatin binding
using a number of assays. For example, neutralizing anti-myostatin antibodies can be identified
by their ability to block myostatin-induced luciferase activity in A204 cells transfected with a
Smad response elements/luciferase construct as described in Example lll. Preferred anti-
myostatin antibodies have an ICs, of no more than 500nM, 250nM, 100nM, 75nM, 50nM, 40nM,
30nM, 20nM, 10nM, 1nM, 0.5nM or 0.1nM.

[0097] One also can determine the ability of an anti-myostatin antibody to block myostatin-
induced Smad protein activation by contacting L6 rat myoblast cells transfected with a Smad
2/3-binding element/beta lactamase construct with an anti-myostatin antibody as described in
Example IV. In various embodiments, the anti-myostatin antibody has an ICs in this assay of
no more than 500nM, 250nM, 100nM, 75nM, 50nM, 40nM, 30nM, 20nM, 10nM, 1nM, 0.5nM or
0.1nM.

[0098] Alternatively, neutralizing anti-myostatin anti-bodies can be identified by their ability to
inhibit Smad 2 or 3 phosphorylation in a Western Blot as described in Example V.

[0099] In other embodiments, an anti-myostatin antibody of the invention modulates the
expression of genes associated with muscle cell proliferation and differentiation. Such
modulation includes but is not limited to decreasing expression of the cell cycle inhibitor P21
protein and pro-apoptotic Bax protein, increasing phosphorylation of Rb, and increasing
expression of Cdk2. In some embodiments, antagonist anti-myostatin antibodies of the

invention increase the expression of MyoD, myogenin and Myf5. The effect of an anti-
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myostatin antibody on gene expression can be determined using any of a number of routine
techniques. (See e.g., Example VI).

[0100] In some embodiments, a neutralizing anti-myostatin antibody of the invention
enhances myoblast differentiation. The ability of an antibody to enhance such proliferation and
differentiation can be determined by assays using, e.g., C2C12 cells as described in Example
VL.

Competitive vs Non-competitive Human Anti-myostatin Antibodies

[0101] Human anti-myostatin antibodies of the invention can be categorized as competive
and non-competivé with other inhibitory myostatin binding proteins using immunoprecipitation
experiments. For example, the propeptide, which forms a complex with mature GDF8 is an
inhibitory protein. Conditioned medium from 293T cells expressing GDF8 contains mature
GDF8, mature GDF8/propeptide complex and unprocessed GDF8. Immunoprecipitation studies
were conducted to test the binding of the human anti-myostatin antibodies in the invention to
mature GDF8/propetide complex using this conditioned medium. As described in Example X,
antibodies 2_112_1,2_43_1 and 2_177_1 bound and immunoprecipitated mature GDF8,
mature GDF8/propeptide complex, and unprocessed GDF8. Antibody 1_66_1 bound and
immunoprecipitated mature GDF8 and mature GDF8/propeptide complex. None of the other
antibodies immunoprecipitated mature GDF8, propeptide, or unprocessed GDF8. Antibodies
2_112_1,2_43_1 and 2_177_1, thus, are non-competitive antibodies, and antibody 1_66_1
also is a non-competitive antibody but one that binds to a different epiptope of myostatin. A
non-competive neutralizing antibody, i.e., one that binds myostatin in the presence of other
inhibitory proteins, will have better in vivo efficacy than a competitive antibody.

[0102] In other embodiments, an anti-myostatin antibody of the invention immunoprecipitates
mature GDF8 from mouse serum. As described in Example XI, monoclonal antibodies 2_112,
2_43_1and 2_177 pull down more mature GDF8 than 1_116_1 and 1_66_1.

Species Specificity and Molecular Selectivity

[0103] In another aspect of the invention, the anti-myostatin antibodies demonstrate both
species specificity and molecular selectivity. In some embodiments, the anti-myostatin
antibody binds to human, mouse, Rattus norvegicus (Norway rat), cynomolgus macaque
{monkey), Macaca fascicularis (crab-eating macaque), Meleagris gallopavo (turkey), Sus scrofa
(pig), Gallus gallus (chicken), Gallus gallus (chicken), Canis familiaris (dog), Equus caballus
(horse), Coturnix chinensis (Quail), Coturnix coturnix (common quail), and Columba livia
(domestic pigeon) myostatin. Following the teachings of the specification, one may determine
the species specificity for the anti-myostatin antibody using methods well known in the art. For
instance, one may determine the species specificity using Western blot, surface plasmon
resonance, e.g., BlAcore, ELISA, immunoprecipitation or RIA.



10

15

20

25

30

35

WO 2006/116269 PCT/US2006/015407

35

[0104] In other embodiments, the anti-myostatin antibody has a selectivity for myostatin over
GDF11 of at least 50-fold or at least 100-fold. GDF11 is a close family member of myostatin
that shares ninety percent identity in its mature protein. In some embodiments, the anti-
myostatin antibody does not exhibit any appreciable specific binding to any other protein other
than myostatin. One can determine the selectivity of the anti-myostatin antibody for myostatin
using methods well known in the art following the teachings of the specification. For instance
one can determine the selectivity using Western blot, flow cytometry, ELISA,
immunoprecipitation or RIA.

[0105] In other embodiments of the invention, the anti-myostatin antibody does not have this
high degree of selectivity for GDF8 over GDF11.

Methods of Producing Antibodies and Antibody Producing Cell Lines

Immunization

[0106] In some embodiments, human antibodies are produced by immunizing a non-human,
transgenic animal comprising within its genome some or all of human immunoglobulin heavy
chain and light chain loci with a myostatin antigen. In a preferred embodiment, the non-human
animal is a XENOMOUSE™ animal. (Abgenix, Inc., Fremont, CA).

[0107] XENOMOUSE™ mice are engineered mouse strains that comprise large fragments
of human immunoglobulin heavy chain and light chain loci and are deficient in mouse antibody
production. See, e.g., Green etal., Nature Genetics 7:13-21 (1994) and U.S. Patents
5,916,771, 5,939,598, 5,985,615, 5,998,209, 6,075,181, 6,091,001, 6,114,598, 6,130,364,
6,162,963 and 6,150,584. See also WO 91/10741, WO 94/02602, WO 96/34096, WO
96/33735, WO 98/16654, WO 98/24893, WO 98/50433, WO 99/45031, WO 99/53049, WO
00/09560, and WO 00/037504.

[0108] In another aspect, the invention provides a method for making anti-myostatin
antibodies from non-human, non-mouse animals by immunizing non-human transgenic animals
that comprise human immunoglobulin loci with a myostatin antigen. One can produce such
animals using the methods described in the above-cited documents. The methods disclosed in
these documents can be modified as described in U.S. Patent 5,994,619, which is hereby
incorporated by reference. U.S. Patent 5,994,619 describes methods for producing novel
cultured inner cell mass (CICM) cells and cell lines, derived from pigs and cows, and transgenic
CICM cells into which heterologous DNA has been inserted. CICM transgenic cells can be
used to produce cloned transgenic embryos, fetuses, and offspring. The ‘619 patent also
describes methods of producing transgenic animals that are capable of transmitting the
heterologous DNA to their progeny. In preferred embodiments of the current invention, the
non-human animals are mammals, particularly rats, sheep, pigs, goats, cattle, horses or
chickens.
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[0109] XENOMOUSE™ mice produce an adult-like human repertoire of fully human
antibodies and generate antigen-specific human antibodies. In some embodiments, the
XENOMOUSE™ mice contain approximately 80% of the human antibody V gene repertoire
through introduction of megabase sized, germline configuration fragments of the human heavy
chain loci and kappa light chain loci in yeast artificial chromosome (YAC). In other
embodiments, XENOMOUSE™ mice further contain approximately all of the human lambda
light chain locus. See Mendez etal., Nature Genetics 15:146-156 (1997), Green and
Jakobovits, J. Exp. Med. 188:483-495 (1998), and WO 98/24893, the disclosures of which are
hereby incorporated by reference.

[0110] In some embodiments, the non-human animal comprising human immunoglobulin
genes are animals that have a human immunoglobulin “minilocus”. In the minilocus approach,
an exogenous Ig locus is mimicked through the inclusion of individual genes from the Ig locus.
Thus, one or more Vy genes, one or more Dy genes, one or more Jy genes, a mu constant
domain, and a second constant domain (preferably a gamma constant domain) are formed into
a construct for insertion into an animal. This approach is described, inter alia, in U.S. Patent
Nos. 5,545,807, 5,545,806, 5,569,825, 5,625,126, 5,633,425, 5,661,016, 5,770,429, 5,789,650,
5,814,318, 5,591,669, 5,612,205, 5,721,367, 5,789,215, and 5,643,763, hereby incorporated by
reference.

[0111] In another aspect, the invention provides a method for making humanized anti-
myostatin antibodies. In some embodiments, non-human animals are immunized with a
myostatin antigen as described below under conditions that permit antibody production.
Antibody-producing cells are isolated fro