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ANTI-MYOSTATIN ANTIBODIES

FIELD OF THE INVENTION

T'he mvention is in the field of medicine, particularly in the field of monoclonal
antibodies against myostatin. More specifically the invention relates to high affinity
chimeric, humanized or human anti-myostatin antibodies and use of the antibodies for
therapy, prophylaxis or diagnosis of various disorders or conditions in mammalian and

avian species.
BACKGROUND OF THE INVENTION

Members of the transforming growth factor beta (TGF-8) superfamily of proteins

are 1nvolved in embryonic development and adult tissue homeostasis. The TGF-j3
superfamily members share a common structure including a peptide signal sequence
required for secretion of the protein and an amino-terminal fragment that is proteolytically
cleaved about 105-140 amino acids from the carboxy-terminus of the large precursor
protein to produce the mature protein. The mature protein is characterized by highly
conserved cysteine residues, while the active form of the mature protein is a disulfide-
linked homodimer of the proteolytically-cleaved proprotein (Gray, A., and Maston, A.,
Science, 247:1328, 1990). °

Myostatin, also referred to as growth differentiation factor-8 (GDF-8) is a member
of the TGF-P superfamily of proteins. Myostatin shares structural similarities with other

TGF-[3 family members. It contains a hydrophobic amino-terminus that acts as a
secretory signal and a conserved RSRR domain that is important for proteolytic
processing. Cleavage of the protein gives rise to an amino-terminal latency associated
peptide and a carboxy-terminal mature signaling peptide which forms the biologically
active homodimer. Myostatin is expressed largely in developing and adult skeletal
muscle and functions as a negative regulator of skeletal muscle. Systemic over-
expression of myostatin in adult mice leads to muscle wasting (Zimmers, et al., Science,
296:1486-1488, 2002) while conversely, a myostatin knock-out mouse is characterized by
hypertrophy and hyperplasia of the skeletal muscle resulting in two- to threefold greater
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muscle mass than their wild type littermates and a decrease in fat accumulation
(McPherron, et al. Nature, 387:83-90, 1997). A human with a myostatin knock-out
mutation was reported to be associated with gross muscle hypertrophy (Scheulke, et al.,
New Eng. J. Med. 350:2682, 2004).

There are presently limited treatments available for muscle wasting or for
disorders or conditions which would benefit from an increase in muscle mass and/or
muscle strength including, for example, muscular dystrophy, frailty, disuse atrophy and,
cachexia, as well as disorders which are associated with muscle wasting, for example,
renal disease, cardiac failure or disease, and liver disease. Due to its role as a negative
regulator of skeletal muscle growth, myostatin is a desirable target for therapeutic or
prophylactic intervention for such disorders or conditions or for monitoring progression of
such disorders or conditions. Apart from its direct role in skeletal muscle regulation,
myostatin may also be involved in other physiological processes including preadipocyte
differentiation to adipocytes (Kim et al. BBRC, 281:902-906, 2001), and, indirectly with
olucose homeostasis (McPherron, A and Lee S-J. JCI 109:595, 2002) and inhibition of
bone formation (Hamrick, M. Mol. Cell Evol. Biol. 272 388-91, 2003; Hamrick et al.
Calcif Tissue Int. 71:63, 2002). Therefore, myostatin-specific antagonists, €.g.,
myostatin-specific antibodies, may also prove useful for treating, preventing or
monitoring disorders or conditions such as those which benefit from increasing bone
density (e.g., osteoporosis), Type II diabetes, metabolic syndrome, obesity and
osteoarthritis.

Myostatin is highly conserved across species; the amino acid sequence of the
mature form of myostatin in human, mouse, rat, chicken, turkey and cow are 100%

identical (See Figs. 2 and 3). There are naturally occurring myostatin mutations in cattle,

- which have been linked to a double-muscled phenotype (McPherron, et al. PNAS,

04:12457-61, 1997). Since myostatin is highly conserved in sequence and in function
across species, not only does an anti-myostatin antibody provide a promising means of
increasing muscle mass, or treatment or prevention of such disorders or conditions listed
above in humans, but also in other mammals including, e.g., domestic animals (e.g.,
canine and feline), sports animals (e.g., equine), food-source animals (e.g., bovine,
porcine and ovine) and in avian species (e.g., chicken, turkey, duck and other game birds

and poultry).
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Growth differentiation factor-11, also referred to as GDF-11 or BMP-11, is the

member of the TGF-[ superfamily of proteins that is most homologous to myostatin. The |

amino acid sequence of the mature forms of human myostatin and GDF-11 are about 90%
identical; however, GDF-11 is expressed in a wider range of tissues than is GDF-8

5  including dental pulp, brain, heart, kidney and lung as well as muscle and adipose tissue
(Nakashima, et al. Mech. of Development 80:185, 1999). GDEF-11 knock-out mice die .
within 24 hours of birth with multiple abnormalities. In particular the mice exhibit extra

pairs of ribs, lack kidneys and show defects in the stomach, spleen and pancreas
(McPherron et al., Nature Genetics 22:260, 1999; Esquela and Lee, Dev. Biol. 257:356,
10  2003; Harmon et al., Devpt. 131:6163, 2004). Human GDF-11 has recently been found to

R nd

govern the temporal windows during Which multipotent progenitors retain competence to
produce distinct neural progeny (Kim, J. et al. Science 308:1927-1930, 2005).

There is a therapeutic need for an anti-myostatin antibody that preferentially binds

myostatin over other TGF-P superfamily proteins, particularly GDF-11. Furthermore,
15 —there is a need-for myostatin-specific antibodies which bind myostatin with a high
affinity, particularly a higher affinity (i.e. a stronger affinity as shown for example by a
lower Kp value), than with which they bind GDF-11, and thereby allow the dosage level
that patients receive to be minimized which may thereby result in less frequent dosing
-with such an antibody than with an antibody that binds myostatin with a lesser affinity
20  (i.e., a higher Kp). A high affinity antibody is also desirable in that it may allow for more
flexibility in the route of administration of the antibody to a patient since it 1s less
desirable for a drug to be administered intravenously than subcﬁtanequsly for example.
“There is also a need for myostatin-specific antibodies with a low or otherwise favorable
ICs, value in a myostatin bioactivity assay in order to generate a therapeutic anti-
25  myostatin antibody with a minimum effective therapeutic dose. It is also desirable to
_provide antibodies specific to myostatin where any immune response to the antibody
evoked by a patient receiving the antibody is reduced to a minimum. The present

invention satisfies these needs and provides related advantages.

30
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SUMMARY .OF THE INVENTION

~ Antibodies of the invention are chimeric, humanized, or fully human anti-
myostatin monoclonal antibodies, and antigen-binding portions thereof, that antagonize or
neutralize at least one in vitro or in vivo biological activity or property associated with
myostatin or a portion thereof. Preferably, the antibodies of the invention do not bind a
peptide consisting of amino acids 40-64 (inclusive), 43-57 or 45-59 of mature myostatin,
preferably human myostatin, at levels significahﬂy greater than background.

In one embodiment, antibodies of the invention have an ICsg of less than or equal

to about 40 nM, 30 nM, 25 nM, 20 nM or 10 nM, more preferably less than or equal to

about 5 nM, 4 nM, 3 nM, 2 nM or 1 nM in an in vitro myostatin/SBE reporter assay (see |

Example 5). Preferably the antibodies of the invention have an ICsg 1n an 1n vitro
myostatin/SBE reporter assay at least 20% or 50% lower, more preferably at least about
two times, three times or four times lower than the ICso of the antibody in an in vitro
GDF-11/SBE reporter assay (as described in Example 5 herein).

| In one embodiment, antibodies of the invention are characterized by a strong
binding affinity (Kp) for myostatin, i.e., less than about 4.2 X 10°Mor4.0x 10° M,
preferably less than about 4.6 X 1(__)"10 M, 4.0 x 10 M or 2 x 10"° M and more preferably
less than about 8 x 107! M, 7x 10 M,5x 10?Mor 1.4 x 10 M. Alternatively, the
antibodies of the invention are characterized by a Kp for myostatin of no greater than
about 4.2 x 10° M or 4.0 x 10 M, preferably no greater than about 4.6 x 10'°M, 4.0 x
10°M or 2 x 107" M and more preferably no greater than about 8 x 101 M, 7x 10" M,
5x 10" Mor 1.4 x 107 M.

In another embodiment, the anti-myostatin antibodies of the invention are
characterized by preferentially binding myostatin over GDF-11 protein by at least 20%,
30%, or 40%. Preferably, antibodies of the invention that preferentially bind myostatin
over GDF-11 are further characterized by having a Kp for myostatin of less than about 4.2
x 10° M or 4.0 x 10° M, preferably less than about 4.6 x 107°M,4.0x 10" Mor2x 10
19 M and more preferably less than about 5 x 10" M or 1.4 x 10" M. In another

embodiment, antibodies of the invention that preferentially bind myostatin over GDF-11

are further characterized by having an ICso of less than or equal to about 40 nM, 20 nM or
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10 nM, more preferably less than or equal to about 5 nM, 4 nM, 3 nM, 2 oM or. 1 nM in
an in vitro myostatin/SBE reporter assay.

In another embodiment, an anti-myostatin monoclonal antibody of the invention
comprises a light chain variable region (“LCVR”) polypeptide with an amino acid
sequence selected from the group consisting of SEQ ID NOs: 74-102, 140, 141 and 142
(Fig. 9). In another embodiment, an anti-myostatin monoclonal antibody of the invention
comprises a heavy chain variable region (“HCVR”) polypeptide with an amino acid
sequence selected from the group consisting of SEQ ID NOs: 103-138 (Fig. 10).

In another embodiment, an anti-myostatin monoclonal antibody of the invention
comprises (i) a LCVR polypeptide comprising an amino acid sequence selected from the
group eonsisting-of SEQ ID NOs:-74-102;-140, 141 and 142, and (ii) a HCVR polypeptide
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs:
103-138. In a preferred embodiment, an antibody of the invention comprising an LCVR
polypeptide comprising an amino acid sequence with a SEQ ID NO as shown in Table 1
below further comprises a HCVR polyp.eptide comprising an amino acid sequence with
the SEQ ID NO of the HCVR polypeptide corresponding to the particular LCVR 1n Table

1 below. For example, an antibody of the invention comprising an LCVR polypeptide

~comprising an amino acid sequence of SEQ ID NO: 88, preferably further comprises a

HCVR polypeptide comprising an amino acid sequence of SEQ ID NO: 103 or 119.

Table 1
(Seq of preferred Abs of the invention)
LCVR HCVR (SEQ ID NOs)

74 103

75 104

76 104

77 103 0r113

78 - 105

79 103

80 106

81 - 103, 104, 107, 108, 109, 110, 112,114,117, 118
- 82 104

83 111

84 112

85 113

86 103, 108, 115

87 116

838 103, 119
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89 103, 120, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134
90 103, 121, 122
91 121 |
92 103, 121
5 03 120
04 120
95 120, 137
96 120, 135
97 120
10 08 120, 138
99 120, 136, 138
100 120
101 135
102 136
15 140 137
141 123
142 138

In another embodiment, a monoclonal antibody of the invention 1s one which can
20 comﬁéte for blndlng to human myoétatin with a competing antibody as demonstrated by
an assay available in the art (e.g., a competition ELISA), wherein the competing antibody.;,.,,_,,..
comprises two polypeptides with the sequences selected from the group consisting of: (i)
SEQ ID NOs: 98 and 138 and (11) SEQ ID NOs: 74 and 103.
In one embodiment, an anti-myostatin antibody of the invention has a heavy chain
25  variable region and a light chain variable region, wherein the heavy chain variable region
comprises CDR regions with the following amino acid sequences: CDRH1 (SEQ ID NO:
42), CDRH2 (SEQ ID NO: 71) and CDRH3 (SEQ ID NO: 72) (see Fig. 7); and/or
wherein the light chain variable region comprises CDR regions with the following amino
acid sequences: CDRL1 (SEQ ID NO: 12), CDRL2 (SEQ ID NO: 154) and CDRL3 (SEQ
30 ID NO: 37)(see Fig. 6). Preferably, the heavy chain CDRs of an antibody of the invention
- are together in one antibody as in an antibody shown in Fig. 7 and the light chain CDRs of
an antibody of the invention are together in one antibody as in an antibody shown in Fig
6. '
An anti-myostatin monoclonal antibody of the invention may fturther comprise a
35  heavy chain constant region selected from the group consisting of human (or substantially
of human origin) IgG;, IgG,, IgGs, 1gGy, IgA, IgE, IgM and IgD, preferably IgG; or 1gGy.
An anti-myostatin monoclonal antibody of the invention may further comprise a human

kappa or lambda light chain constant region. When the antibody 1s to be used as a
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therapeutic or preventative in a human, the constant region is preferably substantially or
entirely of human origin. When the antibody is to be used as a therapeutic or preventative
in a non-human animal, or egg of a non-human animal, the constant region preferably
substantially originates from the animal in which the antibody is to be used as a
therapeutic. (see, e.g., Clarkson, C. et al., Mol. Imm. 30:1195-1204, 1993;‘_ U.S.
application number 2002/01651350; and Genbank accession numbers X69797, U03778,
X16701, X07174, ABO16711). |

Various forms of the antibody are contemplated herein. For example, an anti-
myostatin monoclonal antibody of the invention may comprise or consi"st of an intact

antibody (i.e., full-length, having an intact Fc region), a substantially intact antibody, an

--antigen-binding portion thereof (e.g., a Fab, Fab’, F(ab'),) or a single chain Fv fragment.

It is understood that all such forms of the antibodies are encompassed herein and

throughout within the term “antibody.” Furthermore, an antibody of the invention may be

labeled with a detectable label, immobilized on a solid phase and/or conjugated with a

heterologous compound, e.g., an enzyme or polyethylene glycol molecule. Furthermore, |
antibodies of the invention are contemplated to be of monoclonal origin even though they
may differ in glycosylation pattern.

In another embodiment, the invention provides a pharmaceutical composition
comprising an anti-myostatin monoclonal antibody of the invention. The pharmaceutical
composition of the invention may further comprise a pharmaceutically acceptable carrier.
In said pharmaceutical composition, the anti-myostatin monoclonal antibody of the
invention is the active ingredient. Preferably the pharmaceutical composition comprises a
homogeneous or substantially homogeneous population of an anti-—myostatin monoclonal
antibody of the invention. The composition for therapeutic use 1s sterile and may be
lyophilized, optionally supplied with an appropri"ate diluent.

The invention provides a method of inhibiting at least one myostatin biological
activity in an animal, preferably a mammalian or avian species, preferably a human, in
need thereof, comprising administering a therapeutically effective amount, or
prophylactically effective amount, or myostatin-neutralizing or myostatin-inhibiting
amount of an anti-myostatin monoclonal antibody of the invention to said mammalian or
avian speciés. The invention further provides a method of enhancing muscle mass or

treating or preventing a disease or disorder or condition ameliorated by neutralizing or
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antagonizing a myostatin bioactivity that comprises administering to a patient (e.g., a
human) in need of such treatment or prevention a therapeutically or prophylactically
effective amount of a monoclonal antibody of the invention.

The invention embodies an anti-myostatin monoclonal antibody of the invention
for use in the manufacture of a medicament for administration to a mammal, preterably a
human, for the treatment of e.g., frailty, cachexia, age-related sarcopenia, muscle wasting
or weakness, myopathy, muscular dystrophy, ost_eop'orosis, obesity, COPD, renal failure
or disease, liver failure or diseése, cardiac failure or disease, metabolic syndrome and
Type II diabetes in a mammal, preferably a human, in need thereof by administering to
said mammal a therapeutically effective or prophylactically effective amount of an anti-
myostatin monoclonal antibody of the invention.

The invention embodies an article of manufacture éomprising a packaging
material and an antibody of the invention contained within said packaging material and
wherein the packaging material comprises a package insert which indicates that the
antibody neutralizes a myostatin activity or decreases the level of myostatin present in the
system.

The invention further provides isolated nucleic acid encoding an antibody of the
invention; a vector (or vectors) comprising that nucleic acid, optionally operably linked to
control sequences recognized by a host cell transformed with the vector; a host cell
comprising thét vector; a process for producing an antibody of the invention comprising
culturing the host cell so that the nucleic acid is expressed and, optionally, recovering the

antibody from the host cell culture medium.

BRIEF DESRIPTION OF THE DRAWINGS
FIG. 1 shows the amino acid sequence of human promyostatin with the signal
sequence underlined and the portion of the protein at the carboxy-terminus that makes up
a monomer of fhe mature form of myostatin in bold letters.
FIG. 2 shows the amino acid sequence of the monomeric human mature myostatin.
Active human myostatin is a homodimer of this polypeptide associated by disulfide
bonds. This sequence is identical to that of the mature myostatin in mouse, rat, chicken,

turkey, dog, horse, and pig.
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FIG. 3 shows an alignment of the amino acid sequence of mature myostatin of

various mammalian and avian species.

FIG. 4 shows the alignment of the amino acid sequence-of the mature form Of
human myostatin and human GDF-11.

FIG. 5 shows the amino acid sequence of the HCVR and LCVR of YN41
antibody, an exemplary parent antibody of antibodies of the invention. The figure further ;
shows an exemplary nucleotide sequence encoding the HCVR and LCVR of YN41
antibody.

FIG. 6 shows the amino acid sequence of CDRs of the LCVR of various

antibodies of the 1invention.

—----- FIG. 7 shows the amino acid sequence of CDRs of the HCVR of various

antibodies of the invention.

FIG. 8 shows the amino acid sequence of the light chain kappa constant region

‘which may be operably linked to the LCVR of an antibody of the invention in the

generation of a full-length light chain of an antibody of the invention and the amino acid
sequence of an Ig(G4 constant region domain which may be operably linked to the HCVR
of an antibody of the invention in the generation of a full-length heavy chain of an
antibody of the invention. The figure further shows an exemplary nucleotide sequence
encoding the iight chain kappa constant region and an exempl:ary nucleotide sequence
encoding a heavy chain IgG4 domain.

FIG 9 shows the alignment of the amino acid sequence of LCVRs of various
antibodies of the invention. The CDR domains are underlined in the first antibody

sequence.

FIG. 10 shows the alignment of the amino acid sequence of HCVRSs of various

--antibodies of the invention. The CDR domains are underlined in the first antibody

sequence.

DETAILED DESCRIPTION OF THE INVENTION

The 1nvention presents chimeric, humanized or fully human anti-myostatin |
monoclonal antibodies antibodies or antigen-binding portions thereof able to neutralize or

antagonize at least one myostatin activity in vitro and/or in vivo further characterized as
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demonstrating an ICsg less than about 40 nM, 20 nM or 10 nM, more preferably less than
or equal to about 5 nM, 4 nM, 3 nM, 2 nM or 1 nM in an in vitro myostatin/SBE reporter
assay and/or preferably demonstrating a strong binding affinity with myostatin. The
antibodies of the invention are further characterized in that they preferentially bind
myostatin over myostatin's nearest homologue, GDF-11 by at least 20%.
Definitions | _

When used herein, the term “mature myostatin” (see SEQ ID NO: 2 for human,
murine, rat, chicken, turkey, canine, equine and porcine species) refers to the monomeric
or the homodimeric form of the protein resulting after proteolytic cleavage at Arg 266 of
the 375 amino acid proprotein form of myostatin. When used herein, the term
“myostatin” refers to mature myostatin. When used herein, the term “promyostatin” or

“proprotein form of myostatin” when used with reference to the human protein refers to a

-.fprotein comprising the sequence shown in SEQ ID NO: 1 either as a monomer or

homodimer. ‘

A full-length antibody as it exists naturally is an immunoglobulin molecule
comprised of four peptide chains, two heavy (H) chains (about 50-70 kDa when full
length) and two light (L) chains (about 25 kDa when full length) interconnected by
disulfide bonds. The amino terminal portion of each chain includes a variable region of
about 100-110 or more amino acids primarily responsible for antigen recognition. The
carboxy-terminal portion of each chain defines a constant region primarily responsible for
etfector function.

Light chains are classified as kappa or lambda and characterized by a particular
constant region as known 1n the art. Heavy chains are classified as gamma, mu, alpha,
delta, or epsilon, and define the antibody’s 1sotype as IgG, IgM, IgA, IgD, and IgE,
respectively and several of these may be turther divided into subclasses (isotypes) e.g.,
12G1, 1gGo, IgGs, IgGy, IgA+, and IgA,. Each heavy chain type is characterized by a
particular constant region known in the art. The subunit structures and three-dimensional
configurations of different classes of antibodies are well known in the art. Each heavy
chain is comprised of an N-terminal heavy chain variable region (herein “HCVR™) and a
heavy chain constant region. The heavy chain constant region is comprised of three

domains (CH1, CH2, and CH3) for IgG, IgD, and IgA; and 4 domains (CH1, CH2, CH3,
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and CH4) for IgM and IgE. Each light chain is comprised of a light chain variable region
(herein “LLCVR") and a light chain constant region, CL. The HCVR and LCVR regions
can be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDRs), interspersed with regions that are more conserved, termed
S framework regions (FR). Each HCVR and LCVR is composed of three CDRs and four
FRs, arranged from amino-terminus to carboxy-terminus in the following order: FR1,
CDRI1, FR2, CDR2, FR3, CDR3, FR4. Herein the 3 CDRs of the heavy chain are
referred to as “CDRH1, CDRH2, and CDRH3"” and the 3 CDRs of the light chain are
referred to as “CDRL1, CDRL2 and CDRL3.” The CDRs contain most of the residues
10  which form specific interactions with the antigen. CDR3 is typically the greatest source
of molecular diversity within the antibody-binding site. Assignment of amino acids to
each domain 1s in accordance with well-known conventions [e.g., Kabat, “Sequenées of
Proteins of Immunological Interest,” National Institutes of Health, Bethesda, Md. (1991)

or Chothia numbering scheme as described in Al-Lazikani et ai., J. Mol. Biol. 273:927-
15 948, 19971 '

The functional ability of an antibody to bind a particular antigen is largely influenced by
the six CDRs.
The term “antibody,” in reference to an anti-myostatin monoclonal antibody of the
invention (or simply, “monoclonal antibody of the invention™), as used herein, refers to a
20 monoclonal antibody. A “monoclonal antibody” as used herein refers to a chimeric
antibody, a humanized-antibody or a fully human antibody, unless otherwise indicated
herein. Preferably a monoclonal antibody of the invention exists in a homogeneous or
substantially homogeneous population. Monoclonal antibodies of the invention can be
produced using e.g., hybridoma techniques well known in the art, as well as recombinant
25 technologies, phage display technologies; synthetic-technologies or combinations of such
technologies or other technologies readily known in the art. “Monoclonal antibody”
refers to an antibody that is derived from a single copy or clone, including e.g., any
eukaryotic, prokaryotic, or phage clone, and not the method by which it is produced. A
“monoclonal antibody” can be an intact antibody (comprising a complete or full length Fc
30  region), a substantially intact antibody, or a portion or fragment of an antibody comprising
an antigen-binding portion, e.g., 2 Fab fragment, Fab’ fragment or F(ab'), fragment of a

chimeric, humanized or human antibody.



10

15

20

25

30

CA 02624935 2008-04-04
WO 2007/047112 PCT/US2006/038817

~-12-

The variable regions of each light/heavy chain pair form the antigen-binding sites
of the antibody. Thus, an intact IgG antibody has two binding sites. Except in
bifunctional or bispecific antibodies, the two binding sites are the same. As used herein,
the “antigen-binding portion” or “antigen-binding region” or “antigen-binding fragment”
refer‘s interchangeably hereir to that portion of an antibody molecule, within the variable
region, which contains the amino acid residues that interact with an antigen and confer on
the antibody its specificity and affinity for the antigen. This antibody portion includes the
framework amino acid residues necessary to maintain the proper conformation of the
antigen-binding residues.. Preferably, the CDRs of the antigen-binding region of the
antibodies of the invention will be of murine origin or substantially of murine origin with
certain amino acids residues altered to improve-a particular activity (see e.g., Figs. 6 and
7). Preferably, the framework regions of antibodies of the invention are of human origin
or substantially of human origin (at least 95%, 97% or 99% of human origin; see e.g.,
Figs. 9-and 10). -In other embodiments, the antigen-binding region, or the CDRs of the
antigen-binding region, can be derived from other non-human species including, but not
limited to, rabbit, rat or hamster. In other embodiments, the antigen-binding region can
be entirely of human origin or substantially ot human origin with certain amino acids
residues altered to improve a particular activity, e.g., atfinity or specificity (see e.g., the
amino acid positions of Figs. 6 and 7 which are in bold print and underlined).

Furthermore, a “monoclonal antibody” as used herein can be a single chain Fv
fragment that may be produced by joining the DNA encoding the LCVR and HCVR with
a linker sequence. (See, Pluckthun, The Pharmacology of Monoclonal Antibodies, vol.
113, Rosenburg and Moore eds., Springer-Verlag, New York, pp 269-315, 1994). It 1s
understood that regardless of whether fragments or portions are specified, the term
“antibody” -as used herein includes such fragments or portions as well as single chain
forms. As long as the protein retains the ability to specifically or preferentially bind its
intended target (i.e., epitope or antigen), it is included within the term “antibody.”

A “population of monoclonal antibodies,” refers to a homogeneous or
substantially homogeneous antibody population (i.e., at least about 90%, 91%, 92%, 93%,
94%, 95%, 96%, more preferably at least about 97% or 98% or most preferably at least
99% of the antibodies in the population would compete 1n an ELISA assay for the same

antigen or epitope). Antibodies may or may not be glycosylated and still fall within the
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bounds of the invention. Monoclonal antibodies may be homogeneous if they have
identical amino acid seqeuence although they may differ in a post-translational
modification, e.g., glycosylation pattern.

A *variant” anti-myostatin antibody, refers herein to a moiecule which differs in
amino acid sequence from a “parent” anti-myostatin antibody amino acid sequence by
virtue of addition, deletion and/or substitution of one or more amino acid residue(s) in the
parent antibody sequence. In the preferred embodiment, the variant conhprises one or
more amino acid substitution(s) in one or more CDR region(s) of the parent antibody. For
example, the variant may comprise at least one (e.g., from about one to about ten, and
preferably from about two to about five) substitution in one or more CDR regions of the
parent antibody. Identity-or homology with respect to the-variant sequence is defined
herein as the percentage of amino acid residues in the variant sequence that are identical
with the parent antibody residues, after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent seugnece identity. None of N-terminal, C-
terminal, or internal extensions, deletions or insertions in the antibody sequence shall be
construed as affecting sequence identity or homology. The variant retains the ability to
bind myostatin and preferably has properties which are superior to those of the parent
antibody. For exampie, the variant may have stronger binding affinity, lower IC50 in a
SBE/reporter assay or enhanced ability to inhibit 2 myostatin Bioactivity. The vanant
antibody of particular interest herein is one which displays at least about S fold, preferably
at least about 10 fold, and more preferably at ieast about 20, 30, or SO fold enhancement
in a bioiogical activity when compared to the parent antibody.

The “parent” antibody herein is one which is encoded by an amino acid sequence
used for the preparation of the variant. The parent antibody may have a murine
framework, but preferably has-a-human framework region. The parent antibody may be a
murine tsee ¢.g., Fig. 5 herein), chimeric, humanized or human antibody.

The term “specifically binds” as used herein refers to the situation in which one
member of a specific binding pair does not significantly bind to molecules other than its
specific binding partner(s) as measured by a technique available in the art, e.g.,
competition ELISA, BIACORE assay or KINEXA assay. The term is also applicable
where e.g., an antigen-binding domain of an antibody of the invention is specific for a
particular epitope that is carried by a number of antigens, in which case the specific
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antibody carrying the antigen-binding domain will be able to specifically bind to the
various antigens carrying the epitope. Accordingly a monoclonal antibody of the present
invention specifically binds GDF-8 and GDF-11.

The term “preferentially binds” as used herein refers to the situation in which an
antibody binds a specific antigen at least about 20% greater than it binds a different
antigen as measured by a technique available in the art, e.g., competition ELISA or Kp
measurement with BIACORE or KINEXA assay. Accordingly, a monoclonal antibody of
the present invention preferenﬁally binds GDF-8 over GDF-11. Similarly, an antibody
may preferentially may bind one epitope within an antigen over a different epitope within
the same antigen.

-~ The-term “epitope” refers to that portion of a molecule capable of being
recognized by and bound by an antibody at one or more of the antibody’s antigen-binding

regions. Epitopes often consist of a chemically active surface grouping of molecules such

-as amino acids or sugar side chains and have specific three-dimensional structural

characteristics as well as specific charge characteristics. By “inhibiting epitope” and/or
“neutralizing epitope” is intended an epitope, which when in the context of the intact
molecule (in this case, myostatin) and when bound by antibody specific to the epitope,
results in loss or diminution of a biological activity of the molecule or organism
containing the molecule, in vivo or in vitro.

The term "epitope,” as used herein, further refers to a portion of a polypeptide
having antigenic and/or immunogenic activity in an animal, preferably a mammal, e.g., a
mouse or a human. The term "antigenic epitope," as used herein, is defined as a portion of
a polypeptide to which an antibody can specifically bind as determined by any method

well known in the art, for example, by conventional immunoassays. Antigenic epitopes

need not necessarily be immunogenic, but-may be immunogenic. An "immunogenic

epitope,” as used herein, is defined as a portion of a polypeptide that elicits an antibody
response in an animal, as determined by any method known in the art. (See, e. g., Geysen
et al., Proc. Natl. Acad. Sci. USA 81:3998-4002 (1983)).

The phrases “biological property” or “bioactivity,” “activity” or “biological
activity,” in reference to an antibody of the present invention, are used interchangeably
herein and include, but are not limited to, epitope/antigen affinity and specificity, ability

to neutralize or antagonize an activity of myostatin in vivo or in vitro, ICsp1n a
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myostatin/SBE reporter assay or other in vitro activity assay, the in vivo stability of the
antibody and the immunogenic properties of the antibody. Other identifiable biological
properties of an antibody include, for example, cross-reactivity, (i.e., with non-human
homologs of the targeted peptide, or with other proteins or tissues, generally), and ability
to preserve high expression levels of protein in mammalian cells. The aforementioned
properties or characteristics can be observed or measured or assessed using art-recognized
techniques including, but not limited to, ELISA, competitive ELISA, sﬁurface plasmon
resonance analysis, in vitro and in vivo neutralization assays without limit, receptor
binding, cytokine or growth factor production and/or secretion, Xenopus animal cap
development, signal transduction and immunohistochemistry with tissue sections from
different-sources-including humans; primate, or any other source as the need may be.

The term “myostatin activity” as used herein refers to one oi’ more ot

physiologically growth-regulatory or morphogenetic activities associated with active

~-myostatin protein. For example, active myostatin 1s a negative regulator of skeletal

muscle mass. Active myostatin can also modulate the production of muscle-specific
enzymes (e.g., creatine kinase), stimulate myoblast proliferation, and modulate
preadipocyte differentiation to adipocytes.

The term “inhibit” or “neutralize” as used herein with respect to an activity of an

antibody of the invention means the ability to substantially aniagonize, prohibit, prevent,

20 - restrain, slow, disrupt, eliminate, stop, reduce or reverse e.g., progression or severity of

that which is being 1inhibited including, but not limited to, a biological activity or
property, a disease or a condition. The inhibition or neutralization is preterably at least

about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or higher.

The term "isolated" when used in relation to a nucleic acid or protein (e.g., an

25 ---antibody)-refers to a nucleic acid-sequence-or protein that is identified and separated from

30

at least one contaminant with which it 1s ordinarily associated in its natural source.
Preferably, an “isolated antibody” is an antibody that is substantially free of other
antibodies heaving different antigenic specificities (e.g., pharmaceutical compositions of
the invention comprise an isolated antibody that specifically binds myostatin and is
substantially free of antibodies that specifically bind antigens other than myost<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>