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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to novel proteins with myostatin antagonist activity. The
present invention further relates to the use of the novel proteins in the treatment of myostatin
related disorders.

BACKGROUND

[0002] Myostatin (or GDF-8) is a negative regulator of muscle growth and is structurally
related to the transforming growth factor B (TGF-B) superfamily (McPherron et al 1997a). More
particularly, myostatin is a potent negative regulator of skeletal muscle during development,
and in adult life. Myostatin is also found in a wide range of species from fish to mammals and
the myostatin protein is highly conserved and homologous across species (McPherron and
Lee, 1997a). Myostatin exerts its biological effects through interaction with the cell surface
receptor activin type 1IB (Lee et al, 2001). Myostatin is also known to regulate its own
expression via a mechanism that is incompletely understood at present (Spiller et al., 2002,
Rebbapragada et al, 2003).

[0003] It has been demonstrated that myostatin inhibits myoblast proliferation and
differentiation without inducing apoptosis or stimulating muscle protein breakdown (Thomas et
al, 2000; Langley et al, 2002; Rios et al, 2001; Taylor et al, 2001). Knock-out mice for
myostatin have greatly increased muscle mass over their entire body. Myostatin-null mice have
approximately 30% greater body weight than normal mice, and exhibit a 2-3 fold increase in
individual muscle weight due to muscle fibre hyperplasia and hypertrophy. Natural mutations in
myostatin have been identified as being responsible for the "double-muscled" phenotype, such
as the Belgian Blue and Piedmontese cattle breeds (McPherron et al, 1997b; Kambadur et al,
1997; Grobet et al, 1997). A similar phenotype has been observed in a human that has a
defective myostatin gene (Schuelke et al, 2004). The interpretation of the role of myostatin in
various biological processes via studies of myostatin null animals has been confounded by
inability to distinguish between pre-natal developmental effects and effects that relate to the
lack of myostatin during juvenile and adult life.

[0004] However, myostatin has been implicated in a number of disorders associated with
muscle wasting, or muscle atrophy, such as that seen in individuals affected by HIV, cancer,
prolonged bed rest, muscular dystrophy or in age related sarcopenia (Gonzalez-Cadavid et al,
1998; Langley et al, 2004; Zachwieja et al, 1999; Bogdanovich et al, 2002; W02006/083183).
It was demonstrated that in vivo administration of myostatin induces cachexia, a severe form of
muscle wasting associated with cancer and sepsis (Zimmers et al, 2002) and that may also
occur as a result of extended bed rest. Furthermore, up-regulation of myostatin in
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glucocorticoid-induced muscle atrophy has been observed (Ma et al, 2003). Changes in
myostatin expression have been shown in other conditions, for example, up-regulated in
cardiomyocytes after heart damage, and down regulated in regenerating muscle (Sharma et
al, 1999).

[0005] Myostatin has also been linked with many other biological processes. For example,
knockout transgenic mice have altered cortical bone structure indicating a role in osteogenesis
(Hamrick 2003). Furthermore, myostatin has been shown to be involved in regulating glucose
and fat metabolism, thus it may be implicated in type 2 diabetes and obesity (McPherron and
Lee, 2002). Myostatin has also been shown to be involved in the inflammatory response during
wound healing (WO2006/083182).

[0006] The key role played by myostatin in the regulation of muscle growth and differentiation
and the pathology of many diseases and disorders has led to the search for antagonists of
myostatin. Whilst many myostatin antagonists have been developed, such as anti-myostatin
antibodies (US 6096506 and US 6468535); a truncated activin type 1B receptor, myostatin pro-
domain and follistatin (WO 02/085306); myostatin inhibitors released into culture from cells
overexpressing myostatin (WO 00/43781); dominant negatives of myostatin (WO 01/53350);
and small peptides including the WMCPP domain which binds to and inhibits myostatin (US
2004/0181033); there are currently no myostatin antagonists in clinical use. Thus, there still
exists a need to develop more potent myostatin antagonists for use as therapeutic agents.

[0007] Accordingly, it is an object of the invention to provide proteins with myostatin antagonist
activity for the treatment of myostatin related disorders, and/or to provide the public with a
useful choice.

SUMMARY OF THE INVENTION

[0008] The present invention is directed to novel, recombinantly produced peptides having
myostatin antagonist activity.

[0009] In one aspect, the present invention provides an isolated recombinant polypeptide
having myostatin antagonist activity, consisting of a mature myostatin peptide truncated at its
C-terminus, wherein the C-terminal truncation is at a position at or between amino acids 290
and 320, being a recombinantly produced polypeptide.

[0010] The isolated recombinant polypeptide may be selected from the group consisting of a
C-terminally truncated mature myostatin peptide wherein the C-terminal truncation is at amino
acid position 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305,
306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319 or 320.

[0011] Preferably the isolated recombinant polypeptide of the invention is selected from the
group consisting of a C-terminally truncated mature myostatin polypeptide, wherein the C-
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terminal truncation is at amino acid position 310, 300 or 295 (SEQ ID NOS: 5-7), or a
polypeptide having at least 85% sequence identity thereto.

[0012] More preferably the isolated recombinant polypeptide of the invention is selected from
the group consisting of a C-terminally truncated mature myostatin polypeptide, wherein the C-
terminal truncation is at amino acid position 320, 310 or 300 (SEQ ID NOS: 4-6).

[0013] The invention also provides for an isolated polynucleotide comprising a nucleotide
sequence that encodes a polypeptide of the invention, or a complementary sequence thereto.

[0014] Variants of the polypeptide and polynucleotide sequences of the invention may be
desirable as a way to produce a myostatin antagonist having selectively altered binding
characteristics or having improved biodistribution or half life in vivo or on the shelf.

[0015] Preferably the myostatin antagonist polypeptide of the invention is part of a fusion
protein including, in addition to the antagonist, one or more polypeptides that enhance one or
more functions selected from the group consisting of purification, formation of protein
complexes, tissue localization or distribution, uptake/administration, in vivo stability and/or in
vivo half life. For example, the fusion protein can include an immunoglobulin Fc domain such
as an IgG1 Fc fragment. The fusion protein may include a purification subsequence, such as
an epitope tag, a FLAG tag, a polyhistidine sequence, or a GST fusion. Preferably the tag
sequences comprise SEQ ID NO: 13 and 14.

[0016] The myostatin antagonist polypeptide of the invention may include one or more
modified amino acid residues, such as a glycosylated amino acid, a PEGylated amino acid, a
farnesylated amino acid, an acetylated amino acid, a biotinylated amino acid, an amino acid
conjugated to a lipid moiety, a D amino acid or an amino acid conjugated to an organic
derivatizing agent.

[0017] The invention also provides for a pharmaceutical composition comprising at least one
isolated polypeptide of the invention together with a pharmaceutically acceptable carrier.

[0018] Disclosed herein is a method of regulating muscle growth, promoting adipogenic
differentiation and/or promoting bone growth or mineralization in an animal comprising
administering to said animal an effective amount of at least one polypeptide of the invention.
The method may be used to produce increased muscle mass, decreased fat deposition and/or
improved bone growth in a sheep, cattle, deer, poultry, turkey, pig, horse, mouse, rat, cat, dog
or human.

[0019] The animal may have normal or abnormal levels of myostatin. In animals with normal
levels of myostatin, treatment with the antagonists of the invention will result in increased
muscle mass. In animals with normal muscle mass, such treatment will result in an increase in
muscle mass and may be particularly useful in the meat production industry. In animals with
reduced muscle mass, due to muscle damage or trauma, wasting due to bed rest, etc,
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treatment with the antagonists of the invention will restore the muscle mass to normal. In
animals with abnormal myostatin levels, the muscle mass will invariably be reduced and
treatment with myostatin antagonists of the invention will restore the muscle mass back
towards normal levels.

[0020] The invention also provides the myostatin antagonist polypeptide or fusion protein of
the invention for use as a medicament, preferably to prevent, treat or reduce the severity of a
myostatin related pathologic condition, which is characterized, at least in part, by an abnormal
amount, development or metabolic activity of muscle or adipose tissue in a patient, wherein
said method comprises administering an effective amount of at least one polypeptide of the
invention to a patient in need thereof.

[0021] The pathologic condition may include disorders related to muscle hypertrophy; muscle
atrophy and muscle wasting associated with inflammatory myopathies, muscular dystrophies,
motor neuron diseases, diseases of the neuromuscular junction, diseases of the peripheral
nerve, myopathies due to endocrine abnormalities, metabolic syndrome, HIV, cancer,
sarcopenia, cachexia, inactivity or prolonged bedrest and other wasting conditions; cardiac
failure; osteoporosis; renal failure or disease; liver failure or disease; anorexia; obesity;
diabetes; and wound healing.

[0022] As another alternative a polypeptide of this invention may be conjugated to another
pharmaceutically active compound to enhance the therapeutic effect on the target cell or tissue
by delivering a second compound in an effort to treat the diseases or therapeutic indications
stated above. In these combinations, the myostatin antagonist of the invention may be
independently and sequentially administered or co-administered.

[0023] Also disclosed herein is a method of regulating muscle growth of an animal comprising
administering to said animal an effective amount of at least one polypeptide of the invention.
The method may be used to produce increased muscle mass in a sheep, cattle, deer, poultry,
turkey, pig, horse, mouse, rat, cat, dog or human.

BRIEF DESCRIPTION OF THE FIGURES

[0024] The invention will be further described with reference to the following figures in which:

FIG. 1 shows the effect of myostatin antagonists 300, 310 and 320 (at 1 and 5 pg/ml) on
C2C12 myoblast proliferation. The myoblasts were cultured for 48 and/or 72 hours;

FIG. 2 shows the inhibitory effect of myostatin on C2C12 myoblast proliferation and recovery
using myostatin antagonists 300, 310 and 320 at three concentrations (1, 5 and 10 pg/ml);

FIG. 3 shows the number of PCNA positive nucleic on isolated fibres from young (1 month old)
wild-type mice. Isolated fibres were incubated with no antagonist (control) or with 5 ug of
myostatin antagonist 300 for 24 or 48 hours;
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FIG. 4 shows satellite cell activation data from young (1 month old) wild-type mice. Isolated
fibres were incubated with no antagonist (control) or 5 yg myostatin antagonist 300 for 24 or
48 hours. Activated satellite cells were detected by PCNA labeling through ICC. PCNA positive
nuclei were counted per 100 myonuclei and raw data converted to percentage increases which
were normalized to the controls. *p= <0.05;

FIG. 5 shows satellite cell activation data from old (2 year old) wild-type mice. Isolated fibres
were incubated with no antagonist (control) or 5 ug of myostatin antagonist 300, 310 or 320 for
24 or 48 hours. Activated satellite cells were detected by PCNA labeling through ICC. PCNA
positive nuclei were counted per 100 myonuclei and raw data converted to percentage
increases which were normalized to the control. *p= <0.05;

FIG. 6 shows the chemo-inhibitory effect of myostatin on primary myoblasts from old (2 year
old) mice and recovery using myostatin antagonists 300, 310 or 320;

FIG. 7 shows the chemo-inhibitory effect of myostatin on primary myoblasts from young (1
month old) mice and recovery using myostatin antagonists 300 and 310;

FIG. 8 shows the satellite cell activation data from mice receiving saline (control) or myostatin
antagonist 300 (6 pg/g body weight) three times per week for six weeks;

FIG 9 shows the migration capacity of myoblasts derived from mice receiving saline (control) or
myostatin antagonist 300 (6 ug/g body weight) three times per week for six weeks;

FIG. 10 shows the migration capacity of bone marrow derived macrophages from mice
receiving saline (control) or myostatin antagonist 300 (6 pg/g body weight) three times per
week for six weeks;

FIG. 11 shows the average percent change in grip strength in mice receiving saline (control) or
myostatin antagonist 300 (6 pg/g body weight) three times per week for six weeks;

FIG. 12 shows the average grip strength of the control and treated mice of figure 11 at day 0
and day 42;

FIG. 13 shows the effect of myostatin antagonists 300, 310, and 320 (at 1, 5 and 10 pg/ml) on
human myoblast proliferation. The myoblasts were cultured for 144 hours;

FIG. 14 shows the effect of myostatin antagonists 300, 310, and 320 (at 1, 5 and 10 pg/ml) on
ovine myoblast proliferation. The myoblasts were cultured for 48 hours;

FIG. 15 shows that MyoD and Pax7 are upregulated in biceps femoris, tibialis anterior and
gastrocnemius muscles following myostatin 300 antagonist treatment in mdx mice;

FIG. 16 shows that antagonism of myostatin with 300 enhances muscle regeneration and
reduces necrosis in mdx mice;

FIG. 17 shows that antagonism of myostatin with 300 decreases creatine kinase activity in mdx
mice;
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FIG. 18 shows that antagonism of myostatin with 300 increases grip strength in mdx mice; FIG.
19 shows the increase in grip strength after long term administration of 300 in wild-type mice;

FIG. 20 shows an increased wound healing in mice after skin biopsy when treated with
myostatin antagonist 300;

FIG 21 shows the collagen deposition on the wound area in mice after skin burn with and
without treatment with 300;

FIG 22 shows increased number of myogenic markers (total number of centrally formed nuclei
(CFN)) after muscle burn when treated with 300 as compared to saline;

FIG. 23 shows increased number of myogenic markers (number of fibres with centrally formed
nuclei (CFN)) after muscle burn when treated with 300 as compared to saline;

FIG. 24 shows that antagonism of myostatin with 300 rescues the expression of p-FoxO1 after
inhibition with myostatin;

FIG. 25 shows the average % body weight change over 22 days after treatment with
Dexamethasone or Dexamethasone in combination with 300;

FIG. 26 shows the average retroperitoneal fat-pad weights after treatment with
Dexamethasone or Dexamethasone in combination with 300;

FIG. 27 shows the average MyoD expression after treatment with Dexamethasone or
Dexamethasone in combination with 300;

FIG. 28 shows the average Pax7 expression after treatment with Dexamethasone or
Dexamethasone in combination with 300;

FIG. 29 shows the myoblast proliferation assay results of the mimetics 280 and 329 at three
concentrations (1, 5 and 10 pg/ml) in addition to 300 10 pg/ml at positive control after 48 hours
and 72 hours; and.

FIG. 30A (control) and B (300 treated) show van Giesen staining of the muscle 21 days after
burn injury, in which the arrows indicate collagen deposits on muscle, i.e., formation of fibrotic
tissue on muscle. Saline treated muscle (control) shows a higher amount of collagen deposit
when compared to 300 antagonist treated muscle. Figures 30C and D show H&E staining of
the muscle. Saline treated muscle (C) shows necrotic, degenerating fibres. 300 antagonist
treated muscle (D) shows darker stained fibres, many with centrally formed nuclei, indicating
nascent and regenerating fibres.

FIG 31 shows the high sequence homology of the myostatin sequence across species.

EXEMPLARY DEFINITIONS
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[0025] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and compositions similar or equivalent to those described
herein can be used in the practice or testing of the present invention, the preferred methods
and compositions are described herein. For purposes of the present invention, the following
terms are defined below:

"Hypertrophy" as used throughout the specification and claims means any increase in cell size.

[0026] "Hyperplasia" as used throughout the specification and claims mean any increase in
cell number.

[0027] "Muscle atrophy" as used throughout the specification and claims means any wasting
or loss of muscle tissue resulting from the lack of use.

[0028] "Sarcopenia" as used throughout the specification and claims means a decline in
muscle mass and performance caused by old age, as well as sarcopenia-related or other age-
related muscle disorders characterised by muscle atrophy and a decrease in the ability of
satellite cells to become activated.

[0029] "Inhibitor" or "antagonist" of myostatin as used throughout the specification and claims
means any compound that acts to decrease, either in whole or in part, the activity of myostatin.

[0030] "Muscle growth" is to be understood as meaning the division and/or differentiation of
muscle cells and includes the division and/or differentiation of any precursor cell, fusion of such
cells with each other and/or with existing muscle fibres, and it also includes increased protein
synthesis in myofibres leading to higher protein content and greater muscle fibre volume
(muscle fibre hypertrophy).

[0031] The term "polynucleotide" is to be understood as meaning a polymer of
deoxyribonucleic acids or ribonucleic acids, and includes both single stranded and double
stranded polymers, including DNA, RNA, cDNA, genomic DNA, recombinant DNA, nucleic acid
molecules prepared from natural or artificial nucleosides or nucleotides, and all other known
forms of polynucleotides. The polynucleotide may be isolated from a naturally occurring
source, produced using recombinant or molecular biological techniques, or produced
synthetically. A polynucleotide may include a whole gene or any part thereof, and does not
have to include an open reading frame. The use of all polynucleotides according to the present
invention includes any and all open reading frames. Open reading frames can be established
using known techniques in the art. These techniques include the analysis of polynucleotide
sequences to identify known start and stop codons. Many computer software programmes that
can perform this function are known in the art.
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[0032] A "protein", "peptide" or "polypeptide" is to be understood as meaning a polymer of
naturally occurring and/or artificial amino acids covalently linked via peptide bonds. A
polypeptide includes a polypeptide that has been isolated from a naturally occurring source, or
produced using recombinant techniques. It is to be appreciated that a polypeptide that includes
a leader or pro-sequence, or a polypeptide that undergoes a post translational modification is
intended to fall within the definition of a polypeptide. This term does not include a polypeptide
that has been synthetically produced, as synthetic polypeptides can be problematic. In
particular, synthetically made polypeptides may not fold correctly, and thus may not have the
biological activity associated with a naturally occurring or recombinantly produced polypeptide.

[0033] The term "fragment or variant" is to be understood to mean any polynucleotide or
polypeptide sequence or partial sequence that has been modified by substitution, insertion or
deletion of one or more nucleotides or one or more amino acids, but that has substantially the
same activity or function as the unmodified sequence or partial sequence.

[0034] Preferably, a variant contains conservative substitutions. A "conservative substitution”
is one in which an amino acid is substituted for another amino acid that has similar properties,
such that one skilled in the art of peptide chemistry would expect the secondary structure and
hydropathic nature of the polypeptide to be substantially unchanged. Amino acid substitutions
may generally be made on the basis of similarity in polarity, charge, solubility, hydrophobicity,
hydrophilicity and/or the amphipathic nature of the residues. For example, negatively charged
amino acids include aspartic acid and glutamic acid; positively charged amino acids include
lysine and arginine; and amino acids with uncharged polar head groups having similar
hydrophilicity values include leucine, isoleucine, and valine; glycine, and alanine; asparagine
and glutamine; and serine, threonine, phenylalanine, and tyrosine. Other groups of amino
acids that may represent conservative changes include (1) ala, pro, gly, glu, asp, gin, asn, ser,
thr; (2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg, his; and (5) phe, tyr, trp, his.

[0035] Amino acids may be classified according to the nature of their side groups. Amino
acids with nonpolar alkyl side groups include glycine, alanine, valine, leucine, and isoleucine.
Serine and threonine have hydroxyl groups on their side chains, and because hydroxyl groups
are polar and capable of hydrogen bonding, these amino acids are hydrophilic. Sulfur groups
may be found in methionine and cysteine. Carboxylic acid groups are part of the side chain of
aspartic acid and glutamic acid, which because of the acidity of the carboxylic acid group, the
amino acids are not only polar but can become negatively charged in solution. Glutamine and
asparagine are similar to glutamic acid and aspartic acid except the side chains contain amide
groups. Lysine, arginine, and histidine have one or more amino groups in their side chains,
which can accept protons, and thus these amino acids act as bases. Aromatic groups may be
found on the side chains of phenylalanine, tyrosine, and tryptophan. Tyrosine is polar because
of its hydroxyl group, but tryptophan and phenylalanine are non-polar. A variant may also, or
alternatively, contain nonconservative changes.

[0036] A polypeptide variant according to the invention may have at least one substitution,
addition, insertion, or deletion and may be made according to mutagenesis methods known in
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the art. Such modifications may be made to a polynucleotide sequence that encodes a
polypeptide variant or derivative of the invention and may be introduced using standard
mutagenesis techniques, such as oligonucleotide-directed site-specific mutagenesis. Mutations
can be introduced at particular loci by synthesizing oligonucleotides containing a mutant
sequence, flanked by restriction sites enabling ligation to fragments of the native sequence.
Following ligation, the resulting reconstructed sequence encodes an analog having the desired
amino acid insertion, substitution, or deletion. Oligonucleotide-directed site-specific
mutagenesis procedures can also be employed to provide an altered encoding polynucleotide
wherein predetermined codons can be altered by substitution, deletion, or insertion by
methods well known in the art.

[0037] Alternatively, a variety of computational methods can be used to generate variant
myostatin antagonist proteins of the invention, including sequence based methods and
structure based methods such as protein design automation (PDA) as described in US
6403312.

[0038] It should also be appreciated that software is available to very accurately predict the
three dimensional structure of a peptide sequence (Bradely, 2005). Therefore, it will be
possible for someone skilled in the art to use such software to predict the effect of variations to
the peptide sequence on structure of the peptide and therefore any likely effect on the activity
of the peptide. Such variations are also incorporated within the scope of the present invention.

[0039] A "derivative" polypeptide of the invention means that the amino acid sequence has
been altered in some way to produce a polypeptide having greatly increased stability. For
example, amino acids can be replaced by the same amino acid of different chirality, or non-
naturally occurring amino acids can be inserted or substituted in the polypeptide. Alternatively,
the polypeptide may be chemically modified to improve pharmacokinetics, such as by
crosslinking with polymers such as polyethylene glycol (US 4640835). Such derivatives may
have increased serum half lives in vivo, bioavailability, dissociation rates and other properties
that make them very useful in formulating pharmaceutical compositions.

[0040] A polypeptide of the invention, or a fragment, variant or derivative thereof has the
biological function of antagonising myostatin activity. To determine whether a polypeptide of the
invention, or a fragment, variant or derivative thereof, is able to antagonise myostatin activity,
such activity can be tested by growing myoblasts in the presence or absence (control) of a
candidate polypeptide of the invention. An increase in the growth of myoblasts, which produce
myostatin and therefore limit their own rate of proliferation, over control myoblasts that did not
receive the candidate polypeptide indicates that the peptide has myostatin antagonistic activity.
A suitable cell line could be murine C2C12 myoblasts (ATCC NO: CRL-1772), however, it will be

appreciated that any suitable myoblast cell line could be used, such as primary ovine, bovine,
porcine or human myoblasts.

[0041] The term "isolated" as used herein refers to removal of a molecule such as a
polypeptide or encoding polynucleotide from its natural source, environment or milieu (e.g.,
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removal of a protein from an intact cell source), and the term "purified” as used herein means
that the protein or polypeptide of the invention, or its encoding polynucleotide is essentially free
of association with other polynucleotides, proteins or polypeptides, for example, as a
purification product of recombinant host cell culture, or as a purified product from a non-
recombinant source. An "isolated" polypeptide therefore is one that is removed from its original
environment. Preferably, such polypeptides are at least about 70%, 75%, 80%, 85% or 90%
pure, at least about 95% pure, or at least about 99% pure, for example, where such a degree
of purity refers to the percentage of detectable myostatin antagonist polypeptide or its
encoding polynucleotide that is present in a preparation relative to other detectable
polynucleotides and/or polypeptides. The term "substantially purified" or "substantially isolated"
as used herein means a mixture that contains a molecule such as a myostatin antagonist
polypeptide or its encoding polynucleotide that is essentially free of association with other
polynucleotides, proteins or polypeptides, but for the presence of known proteins that can be
removed using conventional methods, such as by affinity chromatography with a specific
antibody or ligand, and which substantially purified or substantially isolated myostatin
antagonist polypeptide or encoding polynucleotide retains its biochemical characteristics as
described herein or retains at least one of its detectable functional biological activities.

[0042] "Gene expression” is to be understood as meaning the initiation of transcription, the
transcription of a section of DNA into mRNA, and the translation of the mRNA into a
polypeptide. "A modulator of gene expression" is defined as any compound that is able to
cause, in a statistically significant fashion, an increase or decrease in gene expression, and
may act at any point in the gene expression pathway.

[0043] The term 'comprising' as used in this specification and claims means 'consisting at
least in part of, that is to say when interpreting independent claims including that term, the
features prefaced by that term in each claim all need to be present but other features can also
be present.

[0044] The terms "substantially corresponds to," "substantially homologous," or "substantial
identity” as used herein denotes a characteristic of a nucleic acid or an amino acid sequence,
wherein a selected nucleic acid or amino acid sequence has at least about 70 or about 75
percent sequence identity as compared to a selected reference nucleic acid or amino acid
sequence. More typically, the selected sequence and the reference sequence will have at least
about 76, 77, 78, 79, 80, 81, 82, 83, 84 or even 85 percent sequence identity, and more
preferably at least about 86, 87, 88, 89, 90, 91, 92, 93, 94, or 95 percent sequence identity.
More preferably still, highly homologous sequences often share greater than at least about 96,
97, 98, or 99 percent sequence identity between the selected sequence and the reference
sequence to which it was compared. The percentage of sequence identity may be calculated
over the entire length of the sequences to be compared, or may be calculated by excluding
small deletions or additions which total less than about 25 percent or so of the chosen
reference sequence. The reference sequence may be a subset of a larger sequence, such as
a portion of a gene or flanking sequence, or a repetitive portion of a chromosome. However, in
the case of sequence homology of two or more polynucleotide sequences, the reference
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sequence will typically comprise at least about 18-25 nucleotides, more typically at least about
26 to 35 nucleotides, and even more typically at least about 40, 50, 60, 70, 80, 90, or even 100
or so nucleotides. Desirably, which highly homologous fragments are desired, the extent of
percent identity between the two sequences will be at least about 80%, preferably at least
about 85%, and more preferably about 90% or 95% or higher, as readily determined by one or
more of the sequence comparison algorithms well-known to those of skill in the art, such as,
e.g., the FASTA program analysis described by Pearson and Lipman (1988).

[0045] As used herein, "% identity" refers to the percentage of identical amino acids situated
at corresponding amino acid residue positions in a sequence when two or more polypeptide
are aligned and their sequences analyzed using a gapped BLAST algorithm (e.g., Altschul et
al., Nucleic Acids Res. 25:3389 (1997)), which weights sequence gaps and sequence
mismatches according to the default weightings provided by the National Institutes of Health/
NCBI database (Bethesda, MD; see Internet:>www.ncbi.nim.nih.gov/cgi-bin/BLAST /nph-
newblast).

[0046] The term "substantially complementary," when used to define either amino acid or
nucleic acid sequences, means that a particular subject sequence, for example, an
oligonucleotide sequence, is substantially complementary to all or a portion of the selected
sequence, and thus will specifically bind to a portion of an mRNA encoding the selected
sequence. As such, typically the sequences will be highly complementary to the mRNA "target”
sequence, and will have no more than about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 base mismatches
throughout the complementary portion of the sequence. In many instances, it may be desirable
for the sequences to be exact matches, J.e., be completely complementary to the sequence to
which the oligonucleotide specifically binds, and therefore have zero mismatches along the
complementary stretch. As such, highly complementary sequences will typically bind quite
specifically to the target sequence region of the mRNA and will therefore be highly efficient in
reducing, and/or even inhibiting the translation of the target mRNA sequence into polypeptide
product.

[0047] Substantially complementary oligonucleotide sequences will be greater than about 80
percent complementary (or "% exact-match") to the corresponding mRNA target sequence to
which the oligonucleotide specifically binds, and will, more preferably be greater than about 85
percent complementary to the corresponding mRNA target sequence to which the
oligonucleotide specifically binds. In certain aspects, as described above, it will be desirable to
have even more substantially complementary oligonucleotide sequences for use in the practice
of the invention, and in such instances, the oligonucleotide sequences will be greater than
about 90 percent complementary to the corresponding mRNA target sequence to which the
oligonucleotide specifically binds, and may in certain embodiments be greater than about 95
percent complementary to the corresponding mRNA target sequence to which the
oligonucleotide specifically binds, and even up to and including 96%, 97%, 98%, 99%, and
even 100% exact match complementary to all or a portion of the target mRNA to which the
designed oligonucleotide specifically binds.
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[0048] Percent similarity or percent complementary of any of the disclosed sequences may be
determined, for example, by comparing sequence information using the GAP computer
program, version 6.0, available from the University of Wisconsin Genetics Computer Group
(UWGCG). The GAP program utilizes the alignnent method of Needleman and Wunsch (1970).
Briefly, the GAP program defines similarity as the number of aligned symbols (i.e., nucleotides
or amino acids) that are similar, divided by the total number of symbols in the shorter of the
two sequences. The preferred default parameters for the GAP program include: (1) a unary
comparison matrix (containing a value of 1 for identities and 0 for non-identities) for
nucleotides, and the weighted comparison matrix of Gribskov and Burgess (1986), (2) a
penalty of 3.0 for each gap and an additional 0.10 penalty for each symbol in each gap; and
(3) no penalty for end gaps.

DETAILED DESCRIPTION OF THE INVENTION

[0049] The present invention is directed to novel proteins possessing myostatin antagonist
activity for use in the treatment of myostatin related disorders.

[0050] Specifically, the present invention is directed to novel dominant negatives of myostatin
comprising mature myostatin recombinant peptides having a C-terminal truncation at a position
either at or between amino acid positions 290 to 320 of SEQ ID NO: 2, being recombinantly
produced polypeptides.

[0051] The myostatin protein is initially translated as a 375 amino acid precursor molecule
having a secretory signal sequence at the N-terminus, a proteolytic processing signal (RSRR)
of the furin endoprotease, and nine conserved cysteine residues in the C-terminal region to
facilitate the formation of a "cysteine knot" structure. Myostatin is activated by furin
endoprotease cleavage at Arg 266 releasing the N-terminal, or "latency-associated peptide"
(LAP) and the mature, C-terminal domain, which dimerises to form the active myostatin
molecule. After processing, a homodimer of the LAP peptide remains non-covalently bound to
the homodimer of mature myostatin in an inactive complex (Lee et al, 2001). Other proteins,
for example, follistatin, titin cap, GDFP1, follistatin related gene and hSGT are also known to
bind to and regulate the secretion and activation of the latent myostatin complex (Lee and
McPherron, 2001; Nicolas et al, 2002; Hill et al, 2002; Hill et al, 2003; Wang et al, 2003). The
amino acid sequence of the human myostatin precursor protein molecule is shown in SEQ ID
NO:2. The corresponding nucleotide sequence encoding the myostatin precursor protein is
shown in SEQ ID NO:1.

[0052] Previous myostatin antagonists comprising mature myostatin peptides which are C-
terminally truncated at amino acid position 330 or 350 are known (WO 2001/53350). These
antagonists are truncated at a position so that key cysteines are retained that are likely to play
an important role in determining their three dimensional structure and associated interactions
with other molecules. Loss of these key cysteine residues would be expected to negatively
impact on their ability to function. For example, a C313Y substitution in the myostatin gene of
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cattle causes a loss of function resulting in the Piedmontese phenotype (Berry et al, 2002).

[0053] Surprisingly, it has been shown for the first time that mature myostatin peptides C-
terminally truncated at positions close to or excluding cysteine residues are biologically active.
These novel peptides have myostatin antagonist activity and are useful in the treatment of
myostatin related disorders. It has been determined that a myostatin peptide that was C-
terminally truncated at position 280 that critically removed all but one cysteine from the
mysotatin peptide, was not biologically active. The inventors have shown for the first time that
at least two cysteine moieties are required in a C-truncated mature myostatin peptide in order
to retain biological activity. Without being bound by theory, it is considered that a peptide that
has only a single cysteine moiety will not be able to form an appropriate three dimensional
structure required for biological activity. It is thought that the recombinantly produced C-
terminally truncated myostatin molecules of the invention fold into a number of different active
and inactive conformational forms. The exact conformational form of the biologically active
peptides is not known. Attempts by the inventors to make synthetic versions of the recombinant
peptide of the invention produced only inactive forms (results not shown). It is considered that,
for biological activity, recombinantly produced peptides are necessary.

[0054] Thus, the present invention provides for an isolated recombinant polypeptide having
myostatin antagonist activity, consisting of a mature myostatin peptide truncated at its C-
terminus, wherein the C-terminal truncation is at a position at or between amino acids 290 and
320, being a recombinantly produced polypeptide.

[0055] The isolated recombinant polypeptides of the invention may be selected from the
group consisting of a C-terminally truncated mature myostatin peptide wherein the C-terminal
truncation is at amino acid position 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300,
301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319
or 320 of SEQ ID NO: 2.

[0056] Preferably the isolated recombinant polypeptide of the invention is selected from the
group consisting of a C-terminally truncated mature myostatin polypeptide, wherein the C-
terminal truncation is at amino acid position 310, 300 or 295 (SEQ ID NOS: 5-7), or a
polypeptide having at least 85% sequence identity thereto.

[0057] More preferably the isolated recombinant polypeptide of the invention is selected from
the group consisting of a C-terminally truncated mature myostatin polypeptide, where in the C-
terminal truncation is at amino acid position 320, 310 or 300 (SEQ ID NOs: 4, 5 or 6)

[0058] The polypeptides of this invention can be altered in many ways to produce variants or
derivatives having improved pharmacokinetics, as would be appreciated by a skilled worker.
For example, functional groups may be added that alter polarity and/or the ability to form
hydrogen bonds and will alter the solubility of the polypeptides. Similarly a functional group
may alter the stability by changing the serum half-life (Werle et al, 2006) or by controlling the
release of the polypeptide from a micelle at the target site. Further a functional group may alter
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biocompatibility, for example by minimizing the side effects of the polypeptide to the patient.
Addition of a functional group capable of binding to target cells or tissues or facilitating the
transport into the target cells will enhance delivery and targeting of the polypeptide. It is also
understood that the peptides may be truncated from the N-terminal to improve
pharmacokinetics.

[0059] A functional group conjugated to a polypeptide of this invention may be a biological
targeting molecule that binds to a specific biological substance or site. The biological
substance or site is the intended target of the delivery and targeting molecule that binds to it,
enabling the delivery of the compound to the tissue or cells of interest.

[0060] A ligand may function as a biological targeting molecule by selectively binding or
having a specific affinity for another substance. A ligand is recognized and bound by a specific
binding body or binding partner, or receptor. Examples of ligands suitable for targeting are
antigens, haptens, biotin, biotin derivatives, lectins, galactosamine and fucosylamine moieties,
receptors, substrates, coenzymes and cofactors among others. Other substances that can
function as ligands for delivery and targeting are certain steroids, prostaglandins,
carbohydrates, lipids, certain proteins or protein fragments (i.e. hormones, toxins), and
synthetic or natural polypeptides with cell affinity. Ligands also include various substances with
selective affinity for ligators that are produced through recombinant DNA, genetic and
molecular engineering.

[0061] Another type of targeting molecule is an antibody, which term is used herein to include
all classes of antibodies, monoclonal antibodies, chimeric antibodies, Fab fractions, fragments
and derivatives thereof. Other targeting molecules include enzymes, especially cell surface
enzymes such as neuraminidases, plasma proteins, avidins, streptavidins, chalones, cavitands,
thyroglobulin, intrinsic factor, globulins, chelators, surfactants, organometallic substances,
staphylococcal protein A, protein G, cytochromes, lectins, certain resins, and organic polymers.
Targeting molecules may include peptides, including proteins, protein fragments or
polypeptides which may be produced synthetically or through recombinant techniques known
in the art. Examples of peptides include membrane transfer proteins which could facilitate the
transfer of the compound to a target cell interior or for nuclear translocation (see: WO
01/15511).

[0062] Other modifications to the polypeptides of the invention include conjugates to a
biologically compatible polymer such as polyethylene glycol (PEG) and related polymer
derivatives. Drug-PEG conjugates have been described as improving the circulation time
(prolong serum half-life) before hydrolytic breakdown of the conjugate and subsequent release
of the bound molecule thus increasing the drugs efficacy. For example, US 6214966 describes
the use of PEG and related polymer derivatives to conjugate to drugs such as proteins,
enzymes and small molecules to improve the solubility and to facilitate controlled release of the
drug. Alternatively, EP 1082105 (WO 99/59548) describes the use of biodegradable polyester
polymers as a drug delivery system to facilitate controlled release of the conjugated drug.
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[0063] The novel polypeptides of the present invention may also be modified in a way to form
chimeric molecules comprising the novel polypeptide fused to another, heterologous
polypeptide or amino acid sequence. In one embodiment, such a chimeric molecule comprises
a fusion of a polypeptide of the invention with a tag polypeptide which provides an epitope to
which an anti-tag antibody can selectively bind. The epitope tag is generally placed at the
amino-or carboxyl-terminus of the novel polypeptide. Also, provision of the epitope tag enables
the tagged polypeptide to be readily purified by affinity purification using an anti-tag antibody or
another type of affinity matrix that binds to the epitope tag. In an alternative embodiment, the
chimeric molecule may comprise a fusion of a novel polypeptide of the invention with an
immunoglobulin or a particular region of an immunoglobulin. For a bivalent form of the chimeric
molecule, such a fusion could be to the Fc region of an IgG molecule.

[0064] Various tag polypeptides and their respective antibodies are well known in the art.
Examples include poly-histidine (poly-his) or poly-histidine-glycine (poly-his-gly) tags; the flu HA
tag polypeptide and its antibody 12CAS5 (Field et al., 1988); the c-myc tag and the 8F9, 3C7,
6E10, G4, B7 and 9E10 antibodies thereto (Evan et al., 1985); and the Herpes Simplex virus
glycoprotein D (gD) tag and its antibody (Paborsky et al., 1990). Other tag polypeptides include
the Flag-peptide (Hopp et al., 1988); the KT3 epitope peptide (Martin et al., 1992); tubulin
epitope peptide (Skinner et al., 1991); and the T7 gene 10 protein peptide tag (Lutz-
Freyermuth et al., 1990).

[0065] As another alternative a polypeptide of this invention may be conjugated to another
pharmaceutically active compound to enhance the therapeutic effect on the target cell or tissue
by delivering a second compound with a similar myostatin antagonistic effect or a different
activity altogether. For example, US 6,051,576 describes the use of co-drug formulations by
conjugating two or more agents via a labile linkage to improve the pharmaceutical and
pharmacological properties of pharmacologically active compounds. For example, a second
myostatin antagonist may be selected from any one or more known myostatin inhibitors. For
example, US 6096506 and US 6468535 disclose anti-myostatin antibodies. US 6369201 and
WO 01/05820 teach myostatin peptide immunogens, myostatin multimers and myostatin
immunoconjugates capable of eliciing an immune response and blocking myostatin activity.
Protein inhibitors of myostatin are disclosed in WO 02/085306, which include the truncated
Activin type Il receptor, the myostatin pro-domain, and follistatin. Other myostatin inhibitors
derived from the myostatin peptide are known, and include for example myostatin inhibitors
that are released into culture from cells overexpressing myostatin (WO 00/43781); dominant
negatives of myostatin (WO 01/53350), which include the Piedmontese allele (cysteine at
position 313 is replaced with a tyrosine) and mature myostatin peptides having a C-terminal
truncation at a position either at or between amino acid positions 330 to 375. US2004/0181033
also teaches small peptides comprising the amino acid sequence WMCPP, and which are
capable of binding to and inhibiting myostatin.

[0066] A second pharmacologically active compound having different activity to the myostatin
antagonist polypeptide of the invention may be used conjointly with the polypeptide of the
invention to treat the myostatin related disorders. For example, the polypeptide may be
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administered in conjunction with polypeptide growth factors, NSAIDs or COX-2 inhibitors, alpha
and beta blockers, ACE inhibitors, bisphosphonates, oestrogen receptor modulators,
antihypertensive agents, glutamate antagonists, insulin, antibiotics, protein kinase C inhibitors
or various over the counter substances as would be appreciated by a skilled worker.

[0067] Other modifications to improve stability and half life include the identification of
susceptible amino acid protease cleavage sites within the polypeptides of the invention, and
replacement of such amino acids with alternative amino acids to prevent protease degradation
of the polypeptide in plasma, in vivo. A person skilled in the art will appreciate what type of
functional groups might be added to achieve the desired result in administering the polypeptide
to the patient and thereby improving the overall therapeutic index.

[0068] The present invention is further directed to analogs, derivation and variants of the
polypeptides of the invention having myostatin mimetics activity.

[0069] Analogs, derivatives or variants of the peptides of the invention may include sequence
modifications or non-sequence modifications. Non-sequence modifications can include
acetylation, methylation, phosphomethylation, carboxilation or glycosylation as described
above.

[0070] The specific recombinantly produced C-terminally-truncated polypeptides exemplified
in the present invention are shown in relation to their position on the C-terminal portion of
myostatin of SEQ ID NO: 2.

[0071] Preferred analogs include peptides whose sequence differs from those of the invention
by one or more conservative amino acid substitutions, deletions or insertions which do not
affect the biological activity of the peptide. Conservative substitutions typically include the
substitution of one amino acid for another with similar characteristics, e.g., substitutions within
the following groups: valine, glycine; glycine, alanine; valine, isoleucine, leucine; aspartic acid,
glutamic acid; asparagine, glutamine; serine, threonine; lysine, arginine; and phenylalanine,
tyrosine. Examples of conservative substitutions can be taken from Table 1 below.

TABLE 1

CONSERVATIVE AMINO ACID REPLACEMENTS

For Amino {Code;Replace with any of
Acid
Alanine A {D-Ala, Gly, beta-Ala, L-Cys, D-Cys
Arginine R {D-Arg, Lys, D-Lys, homo-Arg, D-homo-Arg, Met, lle, D-Met,
D-lle, Orn, D-Orn

Asparagine N §D-Asn, Asp, D-Asp, Glu, D-Glu, GIn, D-GIn
Aspartic Acid D iD-Asp, D-Asn, Asn, Glu, D-Glu, GIn, D-GIn

Cysteine C iD-Cys, S-Me-Cys, Met, D-Met, Thr, D-Thr

Glutamine Q iD-GIn, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp
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CONSERVATIVE AMINO ACID REPLACEMENTS
For Amino {CodeiReplace with any of

Acid
Glutamic Acid§ E {D-Glu, D-Asp, Asp, Asn, D-Asn, Gin, D-GIn
Glycine G i{Ala, D-Ala, Pro, D-Pro, .beta.-Ala Acp
Histidine H {Asp, D-Asp, Lys, D-Lys, Tyr

Isoleucine [ D-lle, Val, D-Val, Leu, D-Leu, Met, D-Met
D-Leu, Val, D-Val, Leu, D-Leu, Met, D-Met

—

Leucine

Lysine K
D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg, Met, D-
Met, lle, D-Ile, O, D-Orn ‘

Methionine M {D-Met, S-Me-Cys, lle, D-lle, Leu, D-Leu, Val, D-Val

Phenylalaninej F §D-Phe, Tyr, D-Thr, L-Dopa, His, D-His, Trp, D-Trp, Trans-3,4,
or 5-phenylproline, cis-3,4, or 5-phenylproline
Proline P §{D-Pro, L-I-thioazolidine-4-carboxylic acid, D- or L-1-
oxazolidine-4-carboxylic acid
Serine S
D-Ser, The, D-Thr, allo~Thr, Met, D-Met,
Met(0), D-Met(O), L-Cys, D-Cys
Threonine T
D-Thr, Ser, D-Ser, allo-Thr, Met, D-Met, Met(0),
D-Met(0), Val, D-Val
Tyrosine Y {D-Tyr, Phe, D-Phe, L-Dopa, His, D-His
Valine V iD-Val, Leu, D-Leu, lle, D-lle, Met, D-Met

[0072] Other analogs include peptides with modifications which influence peptide stability.
Such analogs may contain, for example, one or more non-peptide bonds (which replace the
peptide bonds) in the peptide sequence. Also included are analogs that include residues other
than naturally occurring L-amino acids, e.g. D-amino acids or non-naturally occurring synthetic
amino acids, e.g. beta or gamma amino acids and cyclic analogs.

[0073] The present invention further contemplates N-terminal truncations of the polypeptides
of the invention. Such variants will comprise the C-terminally truncated polypeptides of the
present invention whereby the amino acids from the N-terminal end are sequentially removed
and whereby such an N-terminally truncated peptide retains myostatin antagonistic activity.

[0074] The present invention also contemplates nucleic acid sequences encoding the novel
polypeptides of the present invention.
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[0075] Recent studies suggest that myostatin is a potent regulator of cell cycle progression
and functions in part by regulating both the proliferation and differentiation steps of
myogenesis (Langley et al., 2002; Thomas et al., 2000). Several studies have demonstrated a
role for myostatin not only during embryonic myogenesis, but also in postnatal muscle growth.
Studies by Wehling et al (Wehling et al., 2000) and Carlson et al (Carlson et al., 1999)
indicated that atrophy-related muscle loss due to hind limb suspension in mice was associated
with increased myostatin levels in M. plantaris. Increased myostatin levels were also
associated with severe muscle wasting seen in HIV patients (Gonzalez-Cadavid et al., 1998).
One explanation for the elevated levels of myostatin observed during muscle disuse is that
myostatin may function as an inhibitor of satellite cell activation. Indeed this is supported by
recent studies which show that a lack of myostatin results in an increased pool of activated
satellite cells in vivo and enhanced self-renewal of satellite cells (McCroskery et al., 2003).
Myostatin inhibitors have also been shown to increase the activation of satellite cells, as well as
to increase the migration of macrophages and myoblasts during muscle regeneration
(W0O2006/083182) and in wound healing (WO2006/083183).

[0076] Methods suitable for assaying for myostatin antagonist activity of the polypeptides of
the present invention may be based on any of a variety of known methodologies including
known in vivo animal models or in vitro models. For example, potential myostatin antagonists
of the invention may first be tested using an in vitro single fibre satellite cell activation assays,
myoblasts proliferation assays, bioassay (WO 2003/00120) or myoblast and/or macrophage
migration assays, as described below. Myostatin antagonist polypeptides of the invention that
are able to increase satellite cell activation, myoblast proliferation and/or myoblast or
macrophage migration in vitro, may then be tested for their ability to treat myostatin related
disorders in animal models in vivo. Such models include an aged mouse model of sarcopenia
(Kirk, 2000); a mouse model of muscular dystrophy (Mdx) (Tanabe et al, 1986); a mouse
model of diabetes (Like et al, 1976); a mouse model of obesity (Giridharan et al, 1998); a
notexin model of muscle injury (Kirk, 2000); a model of superficial or deep skin wounds (Gillitze
et al, 2001); a model of burns (Yang et al, 2005); a mouse cachexia model where
dexamethasone is injected into mice to induce muscle wasting (Ma et al, 2003) or a mouse
cancer model in which colon adenocarcinoma (C26) cells or Lewis Lung carcinoma (LLC) cells
are injected into mice to induce muscle wasting associated with cancer.

[0077] The isolated polypeptides of the invention preferably bind to their target with a Kd of 1
UM or less, and more preferably with a Kd of 100 nM, 10 nM or even 1 nM or less.

[0078] The present invention is also directed to a pharmaceutical composition comprising at
least one novel polypeptide of the invention having myostatin antagonistic activity together with
a pharmaceutical or physiologically acceptable carrier.

[0079] A polypeptide of this invention or salt thereof may be included in a pharmaceutically
acceptable carrier or diluent, ideally in an amount sufficient to deliver to a patient a
therapeutically effective amount without causing serious toxic effects in the patient treated. The
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concentration of active polypeptide in the composition will depend on absorption, distribution,
inactivation, and excretion rates of the polypeptide as well as other factors known to those of
skill in the art. It is to be noted that dosage values will also vary with the severity of the
condition to be alleviated. It is to be further understood that for any particular subject, specific
dosage regimens should be adjusted over time according to the individual need and the
professional judgement of the person administering or supervising the administration of the
compositions. Examples of the techniques and protocols mentioned above can be found in
Remington's Pharmaceutical Sciences, 16th edition, Oslo, A. (ed), 1980.

[0080] Solutions or suspensions used for parenteral, intradermal, subcutaneous, or topical
application may include the following components: a sterile diluent such as water for injection,
saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid;
buffers such as acetates, citrates or phosphates and agents for the adjustment of toxicity such
as sodium chloride or dextrose.

[0081] Suitable pharmaceutically acceptable carriers for parenteral application, such as
intravenous, subcutaneous, or intramuscular injection, include sterile water, physiological
saline, bacteriostatic saline (saline containing 0.9 mg/ml benzyl alcohol) and phosphate-
buffered saline. If administered intravenously, preferred carriers are physiological saline or
phosphate buffered saline.

[0082] Methods for preparing transdermal formulations including topical formulations or
transdermal delivery devices such as patches are known to those skilled in the art. For
example, see Brown L., and Langer R., Transdermal Delivery of Drugs (1988), Annual Review
of Medicine, 39:221-229.

[0083] Polypeptides of this invention may be prepared with carriers that will protect the
polypeptide against rapid elimination from the body, such as through controlled release
formulations, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid.

[0084] Liposomal suspensions are also suitable carriers for the polypeptides of this invention.
The polypeptides may be conjugated to a lipid by known methods for incorporation into a
liposomal envelope or the compounds may be encapsulated into the liposome. Liposomes may
be prepared according to methods known to those skilled in the art, such as is described in
US 4,522,811. For example, liposome formulations may be prepared by dissolving
appropriate lipid(s) (such as stearoyl phosphatidyl ethanolamine stearoyl phosphatidyl choline,
arachadoyl phosphatidy choline, and cholesterol) in an inorganic solvent that is then
evaporated, leaving behind a thin film of dried lipid on the surface of the container. An aqueous
solution of the active polypeptide of the invention or its monophosphate, and/or triphosphate
derivatives are then introduced into the container. The container is then swirled by hand to free
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the lipid aggregates, thereby forming the liposomal suspension.

[0085] For nasal or pulmonary administration, the active ingredients will be in the form of a
fine powder or a solution or suspension suitable for inhalation. Alternatively, the active
ingredients may be in a form suitable for direct application to the nasal mucosa such as an
ointment or cream, nasal spray, nasal drops or an aerosol.

[0086] Oral compositions may include an inert diluent or an edible carrier. They may be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated with excipients and used in the form
of tablets, troches, or capsules. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. Methods for encapsulating compositions
(such as in a coating of hard gelatin) for oral administration are well known in the art (Baker,
Richard, Controlled Release of Biological Active Agents, John Wiley and Sons, 1986).
Techniques to overcome various barriers including the mucus-layer barrier, the enzymatic
barrier, and the membrane barrier are well known in the art, (Bernkop-Schnurch et al, 2001).

[0087] Tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose, gum
tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such as
alginic acid, or corn starch; a lubricant such as magnesium stearate; a glidant such as colloidal
silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavouring agent such as
peppermint, methyl salicylate, or orange flavouring. When the dosage unit form is a capsule, it
can contain, in addition to material of the above type, a liquid carrier such as a fatty oil. In
addition, dosage unit forms can contain various other materials which modify the physical form
of the dosage unit, for example, coatings of sugar, shellac, or other enteric agents.
Alternatively, polypeptides of this invention could be administered as a component of an elixir,
suspension, syrup, wafer, chewing gum or the like. A syrup may contain, in addition to the
active compounds, sucrose as a sweetening agent and certain preservatives, dyes and
colourings and flavours.

[0088] The present invention is directed to a method of treating a myostatin related
pathological condition in a mammal, wherein the method generally comprises at least the step
of administering to a mammal in need thereof, an effective amount of at least one polypeptide
of the invention having myostatin antagonistic activity, for a time sufficient to prevent, treat or
ameliorate the symptoms of said myostatin related pathological condition. In preferred
embodiments the mammal is a human that has, is suspected of having, or has been diagnosed
with one or more myostatin related pathological conditions.

[0089] The pathologic condition is characterized, at least in part, by an abnormal amount,
development or metabolic activity of muscle or adipose tissue in a mammal and may include
disorders related to muscle hypertrophy; muscle atrophy and muscle wasting associated with
inflammatory myopathies, muscular dystrophies, motor neuron diseases, diseases of the
neuromuscular junction, diseases of the peripheral nerve, myopathies due to endocrine
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abnormalities, metabolic syndrome, HIV, cancer, sarcopenia, cachexia and other wasting
conditions; cardiac failure; osteoporosis; renal failure or disease; liver failure or disease;
anorexia; obesity; diabetes; and wound healing.

[0090] Inflammatory myopathies that can be treated include: Dermatomyositis (PM/DM),
Inclusion Body Myositis (IBM) and Polymyositis (PM/DM).

[0091] Muscular dystrophies that can be treated include: Becker Muscular Dystrophy (BMD),
Congenital Muscular Dystrophy (CMD), Distal Muscular Dystrophy (DD), Duchenne Muscular
Dystrophy (DMD), Emery-Dreifuss Muscular Dystrophy (EDMD), Limb-Girdle Muscular
Facioscapulohumeral Muscular Dystrophy (FSH or FSHD), Dystrophy (LGMD), Myotonic
Dystrophy (MMD) and Oculopharyngeal Muscular Dystrophy (OPMD),

[0092] Motor neuron diseases that can be treated include: Adult Spinal Muscular Atrophy
(SMA), Amyotrophic Lateral Sclerosis (ALS), Infantile Progressive Spinal Muscular Atrophy
(SMA, SMA1 or WH), Intermediate Spinal Muscular Atrophy (SMA or SMA2), Juvenile Spinal
Muscular Atrophy (SMA, SMA3 or KW) and Spinal Bulbar Muscular Atrophy (SBMA).

[0093] Diseases of the neuromuscular junction that can be treated include: Congenital
Myasthenic Syndrome (CMS), Lambert-Eaton Syndrome (LES) and Myasthenia Gravis (MG).

[0094] Diseases of peripheral nerve that can be treated include: Charcot-Marie-Tooth Disease
(CMT), Dejerine-Sottas Disease (DS), and Friedreich's Ataxia (FA).

[0095] Myopathies due to endocrine abnormalities that can be treated include: Hyperthyroid
Myopathy (HYPTM) and Hypothyroid Myopathy (HYPOTM).

[0096] Other myopathies that can be treated include: Central Core Disease (CCD), Myotonia
Congenita (MC), Nemaline Myopathy (NM), Myotubular Myopathy (MTM or MM),
Paramyotonia Congenita (PC) and Periodic Paralysis (PP).

[0097] Metabolic diseases of muscle that can be treated include: Acid Maltase Deficiency
(AMD), Carnitine Deficiency (CD), Carnitine Palmityl Transferase Deficiency (CPT),
Debrancher Enzyme Deficiency (DBD), diabetes, Lactate Dehydrogenase Deficiency (LDHA),
Myoadenylate Deaminase Deficiency (MAD) Mitochondrial Myopathy (MITO), obesity
Phosphorylase Deficiency (MPD or PYGM), Phosphofructokinase Deficiency (PFKM),
Phosphoglycerate Kinase Deficiency (PGK) and Phosphoglycerate Mutase Deficiency (PGAM
or PGAMM).

[0098] The polypeptide of the invention can also be used for treating or preventing congestive
heart failure; for reducing frailty associated with aging; for increasing bone density (such as for
treating osteoporosis) or accelerating bone fracture repair; for treating growth retardation, for
the treatment of physiological short stature, for attenuating protein catabolic response such as
after a major operation; for reducing protein loss due to chronic iliness; for accelerating wound
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healing; for accelerating the recovery of burn patients or patients having undergone major
surgery; for maintenance of skin thickness; for maintaining metabolic homeostasis, for treating
renal failure/disease and liver failure/disease; for treating growth hormone deficient adults and
for preventing catabolic side effects of glucocorticoids; and for treating a number of neuronal
system disease conditions, including CNS injuries/disease such as spinal cord injury and
stroke, and PNS injuries/diseases.

[0099] These disorders can be treated by administering a therapeutic amount of one or more
myostatin antagonist to a subject in need thereof.

[0100] In a further embodiment, the invention contemplates the use of one or more muscle
growth factors which may be co-administered with the pharmaceutical compositions of the
present invention to give an additive or synergistic effect to the treatment regime. Such growth
factors may be selected from the group consisting of HGF, FGF, IGF, MGF, growth hormone
etc. Such growth factors may be administered either separately, sequentially or simultaneously
with the pharmaceutical compositions comprising at least one polypeptide of the invention
having myostatin antagonist activity.

[0101] In a further embodiment, the invention contemplates the use of a second
pharmacologically active compound having different activity to the myostatin antagonist
polypeptide of the invention to be used conjointly with the polypeptide of the invention to treat
the myostatin related disorders. For example, the polypeptide may be administered in
conjunction with active compounds selected from the group consisting of polypeptide growth
factors (as mentioned above), NSAIDs or COX-2 inhibitors, alpha and beta blockers, ACE
inhibitors, bisphosphonates, oestrogen receptor modulators, antihypertensive agents,
glutamate antagonists, insulin, antibiotics, protein kinase C inhibitors or various over the
counter substances as would be appreciated by a skilled worker. Such active compounds may
be administered either separately, sequentially or simultaneously with the at least one
polypeptide of the invention having myostatin antagonist activity.

[0102] The present invention is also directed to the use of one or more myostatin inhibitors in
the manufacture of a medicament for treating myostatin related pathological conditions in a
patient in need thereof. The one or more myostatin antagonists may be selected from the
group of myostatin antagonists described above.

[0103] The medicament may be formulated for local or systemic administration. For example,
the medicament may be formulated for injection directly into a muscle, or may be formulated
for oral administration for systemic delivery to the muscle for the treatment of muscle wasting
conditions. The medicament may be formulated for topical administration for the treatment of
wound healing, and may be formulated for oral administration for the treatment of obesity and
diabetes.

[0104] The medicament may further comprise one or more additional muscle growth
promoting compounds to give an additive or synergistic effect to the treatment of muscle
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wasting conditions or for increasing muscle mass. The medicament may be formulated for
separate, sequential or simultaneous administration of the one or more myostatin antagonists
and the one or more muscle growth promoting compounds.

[0105] Without being bound by theory, it is thought that the novel polypeptides of the present
invention, which have myostatin antagonistic activity, are effective at preventing or treating
myostatin related disorders in part via three mechanisms. Firstly by inducing satellite cell
activation, proliferation and differentiation. Satellite cells are the muscle stem cells and are thus
involved in muscle tissue regeneration. Secondly, by enhancing myoblast proliferation and
migration to the site of regeneration, and thirdly by enhancing macrophage recruitment. It is
known that macrophages act to attract myoblasts and thus increase myogenesis. The effect on
macrophage recruitment has previously been observed with other myostatin antagonists to
result in improved wound healing (W02006/083182). Thus, the present invention should also
be effective at improving wound healing.

[0106] We show for the first time that novel myostatin inhibitors, comprising a C-terminally
truncated mature myostatin peptide, wherein the C-terminal truncation is prior to amino acid
329, are useful in treating myostatin related disorders. In aged-related models of sarcopenia,
the myostatin antagonists of the invention were effective not only at improving muscle mass
and strength but also at reducing sarcopenia related fat depositions. These results were
surprising given that the C-terminal truncation in these peptides was close to or excluded a
cysteine resulting in the disruption of the three dimensional structure, a feature thought to be
essential for biological activity (Jeanplong et al, 2001).

[0107] This invention may also be said broadly to consist in the parts, elements and features
referred to or indicated in the specification of the application, individually or collectively, and
any or all combinations of any two or more said parts, elements or features, and where specific
integers are mentioned herein which have known equivalents in the art to which this invention
relates, such known equivalents are deemed to be incorporated herein as if individually set
forth.

EXAMPLES

[0108] The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques disclosed in
the examples which follow represent techniques discovered by the inventor to function well in
the practice of the invention, and thus can be considered to constitute preferred modes for its
practice.

Example 1: Myostatin antagonists increase myoblast proliferation in vitro

Methods
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Expression and purification of myostatin antagonists

[0109] A cDNA corresponding to the 267-329; 267-320; 267-310; 267-300; and 267-280
amino acids of bovine myostatin sequence, hereafter referred to as myostatin antagonist 329,
320, 310, 300, and 280 respectively, was individually PCR amplified and cloned into a pET16-B
vector using BamHI sites. Expression and purification of myostatin antagonists 329, 320, 310,
300, and 280 was done according to the manufacturer's (Qiagen) protocol under native
conditions yielding peptides with an N terminal MGHHHHHHHHHHSSGHIEGRH
M L EDP)and C terminaltag EDPAANKARKEAELAAATAENQ).

Myoblast assay

[0110] Bovine C2C12 myoblasts were grown in Dulbecco's modified eagle medium according
to the standard techniques (Thomas et al, 2000). The myoblast proliferation assay was carried
out in uncoated 96-well microtitre plates. C2C12 cultures were seeded at 1000 cells/well.
Following a 16-hour attachment period, test media containing either recombinant wild type
myostatin or different myostatin antagonists were added and cells were incubated for a further
48 or 72 hour period. For competition assay, wild type myostatin was competed with different
concentrations of myostatin antagonists prior to the addition into the media. After the
incubation period, proliferation was assessed using methylene blue photometric endpoint
assay as previously described (Thomas et al, 2000).

[0111] Human skeletal muscle myoblasts (Cambrex, USA) or primary ovine myoblasts were
grown in Dulbecco's Modified Eagle Medium containing 20% FBS, 10% Horse serum and 0.5%
chicken embryo extract according to the standard techniques. The myoblast proliferation assay
was carried out in uncoated 96-well microtitre plates. Cell cultures were seeded at 2000
cells/well. Following a 24-hour attachment period, test media supplemented with 5% FCS
containing either buffer as a control or different myostatin antagonists (300, 310 or 320) were
added at 1, 5 and 10 pg/ml and cells were incubated for a further 144 hour period (for human
cells) or 48 hours (for ovine cells). After the incubation period, proliferation was assessed using
methylene blue photometric endpoint assay as previously described (Thomas et al, 2000).

Results

[0112] The results show that myostatin antagonists 300, 310, 320 and 329 significantly
enhanced the proliferation capacity of myoblasts compared to control when present at 1 pug/ml
or 5 pg/ml over 48 or 72 hours (FIG. 1 and FIG 29). The highest myoblast proliferation rate
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was observed at the 48 hour time point for each of the 300, 310 and 320 antagonists when
present at a concentration of 5 pg/ml and 10 pg/ml for 329. Myostatin antagonist 280 did not
show activity above the control. This is likely due to the fact that this peptide contains only 1
cysteine residue.

[0113] Addition of recombinant myostatin at 2.25 pg/ml to control medium led to a 25%
inhibition of myoblast proliferation after 48 hours. This figure was reduced to about 10% after
72 hours (FIG. 2). When myostatin antagonists 300, 310 and 320 were added at three different
concentrations (1, 5 and 10 pg/ml), the proliferation-inhibiting effects of myostatin on myoblasts
was rescued to levels similar to those observed in the positive control. This demonstrated that
myostatin antagonists such as 300, 310 and 320 can effectively accelerate muscle
regeneration by enhancing myoblast proliferation (FIG. 2).

[0114] To determine whether the myostatin antagonists are effective in different species we
conducted human and ovine myoblast proliferation assays. When myostatin antagonists 300,
310 and 320 were added at three different concentrations (1, 5 or 10 yg/ml over 48 or 144
hours) the proliferation capacity of human and ovine myoblasts was significantly enhanced
when compared to control (FIG. 13 and FIG.14).

[0115] These results indicate that administration of myostatin antagonists will have beneficial
effects on patients suffering from muscle related disorders or any other disorders where an
increased rate of proliferation of myoblasts is beneficial, such as in the treatment of muscle
wasting disorders or regeneration of wounded muscle tissue.

Example 2: Myostatin regulates satellite cell activation

Methods

Single myofibre isolation and culture

[0116] Single fibres were isolated as previously described Rosenblatt et al., (1995). Briefly, 1
and 24 month,old wild-type mice were euthanized by CO» gas followed by cervical dislocation.
TA were dissected out and digested in 0.2% (w/v) type 1A collagenase (>260 CDU/mg, Sigma)
in Dulbecco's modified Eagle medium (DMEM) (Invitrogen) for 60 minutes at 37°C. Muscles
were transferred to DMEM + 10% horse serum (HS) + 0.5% chicken embryo extract (CEE) and
fibres were separated by gentle trituration. Isolated fibres were transferred to 4 well chamber
slides (Becton Dickinson) coated with 10% matrigel (Becton Dickinson) and fixed with 100% ice
cold methanol for 10 minutes after culturing up to 72 hours at 37°C in 5% CO..

[0117] Proliferating Cell Nuclear Antigen (PCNA) is expressed in cells that are actively
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undergoing cell cycle but not in quiescent cells. A large percentage of the satellite cells
attached to the muscle fibres are quiescent and hence do not express PCNA. However, upon
activation, satellite cells are activated to express PCNA and regenerate the muscle by
replenishing the muscle fibres. Thus PCNA is a very reliable antigen to marker for the activated
satellite cells.

[0118] In order to determine the effect of myostatin antagonists on satellite cell activation,
single muscle fibres from TA muscle of young (1 month) or old (24 month) wild type mice were
cultured in presence of 5 pg/ml of myostatin antagonist 320, 310 or 300, in culture media for
24, 48 and 72 hours and fixed with methanol and washed in PBS. The fixed fibres were
permeabilised in 0.5% TritonX-100 in PBS for 10 minutes, blocked in 10% normal goat serum
and 0.35% carrageenan lambda in PBS for 30 minutes at room temperature then incubated
with a 1:100 dilution of anti-PCNA antibody in blocker overnight. Primary antibody was detected
using goat anti-mouse-alexa fluor 546 and fibres were counterstained with DAPI. PCNA
positive activated satellite cells were counted under microscope and expressed as a percent of
total myonuclei.

[0119] To test the effect of short term myostatin antagonist treatment on satellite cell
activation, single fibres were isolated from mice from each treatment group (as described in
example 4, below), and cultured as described above. Satellite cell activation was investigated
using anti-PCNA antibodies as described.

Results

Myostatin antagonists can activate satellite cells

[0120] When single muscle fibres from young (1 month old) wild type mice were incubated
with myostatin antagonist 300, a significant increase in the number of satellite cells activated
was observed (FIG. 3). Similar results were seen when the number of activated cells were
converted to a percentage increase, normalised against the controls (FIG. 4). This experiment
was repeated using myostatin antagonists 300, 310 and 320 on single muscle fibres from old
(2 year old) mice. Significant increases in the percentage of activated satellite cells were
observed with all myostatin antagonists tested. The greatest increase was seen with myostatin
antagonist 300 after 48 hours (FIG. 5). These results confirm that myostatin antagonists 300,
310 and 320 are potent activators of satellite cells in young and aged wild type muscle and
indicate that administration of myostatin antagonists can be expected to treat or prevent the
onset of disorders associated with a decrease in satellite cell activation such as sarcopenia.
Furthermore it can be expected that myostatin antagonists may be used to reduce the severity
of such conditions in cases where the proportion of activated satellite cells has already
decreased. This data also shows that the antagonists are effective in increasing satellite cell
activation in muscle fibres above normal levels of satellite cell activation. Therefore the
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myostatin antagonists could be used as a treatment prior to trauma due to medical treatments
or prior to the onset of conditions that would be expected to result in decreased muscle
strength such as enforced in activity or other conditions.

Example 3: Myostatin antagonists increase inflammatory response and chemotaxis of
macrophages and myoblasts

Methods

Chemotaxis assay

[0121] Primary myoblasts were cultured from the hind limb muscle of young (4 to 6 week old)
or old (24 month old) mice, according to the published protocols (Allen et al., 1997; Partridge,
1997). Briefly, muscles were minced, and digested in 0.2% collagenase type 1A for 90 min.
Cultures were enriched for myoblasts by pre-plating on uncoated plates for 3 hours. Myoblast
cultures were maintained in growth media (GM) supplemented with 20% fetal calf serum
(FCS), 10% HS and 1% CEE on 10% Matrigel coated plates, at 37°C/5% CO5. The extent of

culture purity was assessed by flow cytometry analysis of MyoD expression after 48 hours in

culture. Cells were harvested using trypsin, suspended at a concentration of 108 cells/200 i
and fixed overnight in 5 ml 70% ethanol at -20°C. Staining was performed for 30 min at room
temperature using rabbit polyclonal anti-MyoD, 1:200 (Santa Cruz), followed by Alexa fluor 488

anti-rabbit conjugate, 1:500 (Molecular Probes). Analysis was carried out in duplicate with 104
cell events collected in each assay. Debris was excluded by gating on forward and side scatter
profiles. Cells were analyzed by FACScan (Becton Dickinson). Macrophages were isolated by a
peritoneal lavage technique and/or derived from bone marrow Zymosan-activated mouse
serum (ZAMS) was prepared according to the published protocol (Colditz and Movat, 1984).

[0122] For the chemotaxis assay of myoblasts, a first assay was carried out on myoblasts
from 2 year old mice as follows. DMEM containing 2% horse serum (HS), 5% chicken embryo
extract (CEE) plus dialysis buffer was used as positive control. Recombinant myostatin (2.5
pg/ml myostatin) and myostatin antagonists 300, 310 and 320 (at 5-times myostatin
concentration, i.e., 12.5 pg/ml) were added to positive control medium. Plain DMEM was used
as negative control. On a 24-well plate, the bottom wells were filled with test or control media.
Seventy-five thousand cells were added to the top wells containing polyethylene terephthalate
(PET) 0.8 ym membranes coated with 1% Matrigel. The plate was incubated for 7 h at 37°C,
5% COo. The top surface of the membranes was washed with pre-wet swabs to remove cells
that did not migrate. The membrane was then fixed, stained in Gil's hematoxylin and wet
mounted on slides. Migrated cells were counted on four representative fields per membrane
and the average number plotted. The results are shown in FIG 6 (myoblast migration from old
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mice) and FIG 7 (myoblast migration from young mice).

[0123] In a second myoblast migration assay, primary myoblasts isolated form hind limb of
saline treated (control) and myostatin antagonist 300 treated mice (as described in example 4
below). Three chemo-attractant media were used: DMEM containing 2% horse serum (HS)
and 5% chicken embryo extract (CEE) (optimal chemo-attractant); DMEM containing only 5%
CEE or DMEM containing only 2% HS (both suboptimal chemo-attractants). Plain DMEM was
used as negative control. On a 24-well plate, the bottom wells were filled with test or control
media. Seventy-five thousand cells were added to the top wells. The plate was incubated for
7h at 37°C, 5% CO». The top surface of the membranes was washed with pre-wet swabs to

remove cells that did not migrate. The membrane was then fixed, stained in Gill's hematoxylin
and wet mounted on slides. Migrated cells were counted on four representative fields per
membrane and the average number plotted. The results are shown in FIG 9.

[0124] For chemotaxis analysis of macrophages bone marrow was isolated from saline
treated (control) and myostatin antagonist 300 treated mice (as described in example 4,

below), and plated at 5x108 cells/plate in DMEM 10% FBS plus 10% L929 conditioned medium
(containing CSF-1) for 5 days to induce macrophage differentiation. The macrophages were
then harvested and used in the assay. Three concentrations of DMEM containing Zymosan-
activated mouse serum (ZAMS) was used, 33% (optimum chemo-attractant concentration),
22% and 11% (suboptimal chemo-attractant concentrations). Plain DMEM was used as
negative control. On a 24-well plate, the bottom wells were filled with test or control media.
Seventy-five thousand cells were added to the top wells containing polyethylene terephthalate
(PET) 0.8 ym membranes. The plate was incubated for 4h at 37°C, 5% CO,. The top surface

of the membranes was washed with pre-wet swabs to remove cells that did not migrate. The
membrane was then fixed, stained in Gill's hematoxylin and wet mounted on slides. Migrated
cells were counted on four representative fields per membrane and the average number
plotted.

Results

[0125] When primary myoblasts isolated from old (2 year old) mice were incubated with
recombinant myostatin at 2.5 pg/ml in control (CEE) medium, a significant decrease of
approximately 78% was seen in the number of migrated myoblasts. When myostatin
antagonists 300, 310 and 320 were added at 5 pg/ml, the chemo-inhibiting effects of myostatin
on myoblast migration was rescued to levels similar to those observed in the control (FIG 6).
This experiment was repeated using myoblasts from young (1 month old) mice. Again, addition
of myostatin antagonists 300 and 310 to myostatin containing media rescued the migration of
myostatin cells to control levels (FIG 7). These results demonstrate that myostatin antagonists
such as 300, 310 and 320 can effectively accelerate muscle regeneration by enhancing
myoblast migration. As shown above, myostatin has a negative effect on myoblasts accretion
to the wounded area. Since myoblasts are known to be influenced by chemotactic factors to
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direct their movement (Bischoff, 1994; Jones, 2000), the effect of in vivo administration of
myostatin antagonist 300 on the migratory ability of satellite cell derived myoblasts was
investigated using three chemo-attractants. Myoblasts isolated from mice that had been
treated with myostatin antagonist 300 had significantly increased migration rates in each
chemo-attractant media compared to macrophages isolated from saline treated control mice
(FIG 9).

[0126] It is also known that myostatin has an effect on the inflammatory response, in
particular, myostatin interferes with the migration of macrophages to the site of injury during
muscle regeneration. To assess whether or not treatment with myostatin antagonist 300 in vivo
affected the migration of macrophages, an in vitro migration assay was carried out on
macrophages isolated from mice treated with saline (control) or antagonist 300 for six weeks.
The results showed that antagonist 300 in vivo treatment significantly increased the migratory
ability of macrophages in three different concentrates of chemo-attractant media ZAMS (11%,
22% or 33%) compared to macrophages isolated from saline treated controls (FIG 10).

[0127] The ability of in vivo administration of myostatin antagonist 300 to enhance the
migration rate of both myoblasts and macrophages indicates that administration of myostatin
antagonists could be used as an effective treatment in patients suffering from conditions where
inhibition of myostatin activity would be clinically beneficial, including muscle wasting conditions
and inflammatory myopathies, as well as being useful for wound healing and any other
pathologies where enhanced migration of macrophages and myoblasts can confer benefits.

Example 4: In vivo trials with myostatin mimetic 300

Methods

[0128] An animal trial was conducted to assess the effects of myostatin antagonist 300 in
improving muscle function. Sixteen month old mice were divided into two groups of ten. While
the control group received saline subcutaneous (SC) injections, the other group received
myostatin antagonist 300 SC at 6 pg/gram of BW three times a week for six weeks. The
functional improvement of sarcopenic muscle was assessed by measuring grip strength of
mice at the end of trial. Grip strength was measured in Newtons.

Results

[0129] The results indicate that while there is a reduction in the grip strength of the control
mice (loss of ~5%), there is highly significant increase in the grip strength of aged mice treated
with the 300 antagonist over a six week period (FIG. 11). The same data was expressed as
grip strength at the beginning and end of the trial for both groups (FIG. 12), and the same
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observation was made in which grip strength was significantly increased in mice treated with
the myostatin antagonists 300. This was due in part to the increase observed in satellite cell
activation and macrophage and myoblast migration obtained in cells and fibres isolated from
these mice at the end of the treatment period (FIGS 9 and 10).

[0130] An additional important observation was noted. At 16 months, aged wild-type mice
showed significant accumulation of body fat. In both treatment groups, all mice were observed
to have a distinct reduction in body fat compared with the saline treated controls. This was very
noticeable. It thus appears that prolonged treatment with myostatin antagonists seems to have
reduced the amount of subcutaneous fat including the inguinal fat pad in the mice treated with
300 when compared to the control mice (result not shown).

[0131] It has previously been shown that deletion of myostatin during embryonic stages
affects postnatal fat accumulation. However the surprising result here is that treatment of mice
for a 6 week period has reduced the amount of fat tissue. This could be due to the myostatin
antagonists either mobilizing the triglycerides stored in the adipose tissue interfering with fatty
acid biosynthesis or another mechanism. Regardless, this experiment clearly exemplifies the
control of fat tissue size by the myostatin antagonists as opposed to the lean body mass due to
a complete absence of myostatin (myostatin null mice) right from embryonic stages.

[0132] It thus appears that myostatin antagonists are useful in not only treating or preventing
the reduction in muscle mass and strength induced by sarcopenia but are also useful in
reducing the increased fat deposition that is also associated with old age. In addition, it is
envisaged that the myostatin antagonists of the present invention will have utility in
controlling/reducing the amount of fat tissue in clinical conditions of obesity, anorexia and
diabetes.

Example 5: Mdx In Vivo Trial

Methods:

[0133] An in vivo trial was performed in which 4 week old mdx mice were injected 3x per week
with 300 (6 pg/g) or saline (10 mice in each treatment) for 4 weeks. Body weights were
recorded regularly and blood was collected for creatine kinase activity to assess the extent of
muscle damage. Grip tests were performed as a measure of strength. After 4 weeks of
treatment mice were culled and individual hind limb muscles collected for protein expression
analysis - Pax7 & MyoD (satellite cell activation/myogenesis), and histology.

[0134] Protein was extracted from three hind limb muscles, biceps femoris, tibialis anterior
and gastrocnemius. 15 ug of protein was separated on 4-12% SDS PAGE, transferred to
nitrocellulose membrane and immunoprobed with Pax7 and MyoD.
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[0135] Ten micron transverse sections were cut from the midbelly region of each m.
gastrocnemius. Muscle sections were stained with haematoxylin and eosin (H & E) to visualise
and measure areas of necrosis and regeneration. These areas were analysed using an
Olympus BX50 microscope (Olympus, Tokyo, Japan), a SPOT-RT 4.01 camera and software
(Diagnostic Instruments, Sterling Heights, MI). Areas were measured using Image-Pro Plus
(Media Cybernetics, Silver Spring, MD).

[0136] Blood was collected by tail-bleeding into 75 mm heparinised microhematocrit tubes.
Tubes were centrifuged in a Micro-hematocrit centrifuge (Adams) for 5 minutes and then the
plasma removed. The recovered plasma was centrifuged again at 2500 x g for 5 minutes and
then stored at -80°C until analysis. Plasma was separated from the red blood cells within 2
hours of blood collection to minimise hemolysis. Creatine kinase activity was determined using
CK N-acetyl-L-cysteine creatine kinase kit (Beckman Coulter) within 6 weeks of plasma
collection. Muscle strength was assessed using a grip strength apparatus (MK-380S,
Muromachi; Tokyo, Japan) at the beginning, mid-point and end of the trial. The maximum force
exerted by a mouse while being pulled backward by the tail is recorded in Newtons. The mean
of three grip tests for each mouse was calculated and the mean maximal force of 10 mice per
group was determined.

Results

MyoD and Pax7 are upregulated in response to 300 treatment.

[0137] Both Pax7 and MyoD have been established as potent markers of myogenesis. Pax7
levels indicate the extent of satellite cell pool as well as satellite cell self-renewal and MyoD
expression indicates the level of myogenesis occurring within a muscle. To investigate Pax7
and MyoD protein levels in the muscles of mdx mice, western blot analyses were performed.

[0138] As shown in FIG. 15 there was a substantial upregulation of both Pax7 and MyoD.
Pax7 is expressed in both quiescent and proliferating satellite cells. The upregulation of Pax7 is
indicative of increased activation of satellite cells, higher satellite cell number and increased
satellite cell self renewal. MyoD is an important myogenic gene and its upregulation is
indicative of an increase in myogensis via upregulation of p21 and Myogenin. The upregulation
of both Pax7 and MyoD suggests that 300 effectively antagonises myostatin as it is well
established that absence of myostatin leads to increased satellite cell activation and self
renewal and myogenesis.

Reduced necrosis and increased regeneration is observed in 300 treated muscles.

[0139] The percentage area of regenerating and necrotic areas are shown in FIG. 16. This
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result is consistent with the hypothesis that myostatin antagonists increase muscle
regeneration and repair by activating satellite cells thereby increasing the formation of new
muscle fibres and decreasing levels of necrotic tissue as also indicated by the enhanced MyoD
and Pax7 expression and reduced CK values in the blood (FIG. 17).

Creatine kinase activity is reduced in mice treated with myostatin 300.

[0140] Creatine kinase (CK) is an intracellular enzyme commonly used as a primary marker to
monitor extent of muscle damage in mdx mice (Bogdanovich et al., 2005) and humans. The
change in creatine kinase activity from the commencement to the completion of the trial is
shown in FIG. 17. The larger decrease in creatine kinase activity in the 300 treated mice
suggests less muscle damage in these animals due to a change in the proportion of muscle
cells regenerating versus damaged or necrotic state. This corroborates the histological data
showing less necrotic area in 300 treated mice

Antagonism of myostatin with 300 increases grip strength.

[0141] The mean of three grip tests for each mouse was calculated and the mean maximal
force of 10 mice per group is shown in FIG. 18. The significant increase in grip strength after 4
weeks of 300 treatment indicates a functional improvement in the 300 treated mice. We largely
attribute this to the amelioration of the pathology of mdx mice muscles through increased
regenerative effects, via antagonism of myostatin resulting in a partial recovery of muscle
function. These findings suggest that beneficial effects of myostatin antagonists in mdx mice
are likely to be due to effective treatment of muscle damage enabling a rescue of grip strength
in mdx back to wild type (Amthor et al., 2007).

Example 6: In vivo skin biopsy trial

Methods:

[0142] C56bl/6 mice at ~ 10 months of age were anesthetized, the skin at the back of the
neck was shaved, and two wounds made on the skin with a 4 mm biopsy punch. The mice
were injected subcutaneously with either saline or 300 myostatin antagonist at 6 ug/g of body
weight at day 1, 3, 5 and 7 after injury. The mice were allowed to heal for 5, 7, 14, 21 and 28
days, after which they were culled and the skin processed for histology.

[0143] For the histology, skin samples were fixed in 10% formalin, embedded and mounted in
paraffin and stained with Masson's Trichrome stain. The sections were analysed for the size of
wound area for each day following the treatments, and the values plotted.
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Results:

[0144] To evaluate the impact of myostatin antagonism in wound healing in skin we performed
a skin biopsy study in mice. Animals treated with 300 consistently showed smaller wound area
when compared with the saline counterpart, particularly at the later time points as shown in
FIG. 20 indicating that treatment with 300 antagonist can positively influence the rate of skin
healing in mice following a biopsy wound. This result shows that antagonism of myostatin can
confer improved rates of healing in a non-muscle tissue such as skin and indicates that the use
of myostatin antagonists has applications in improving healing of skin after damage from
wounds, burns, surgical incisions and other skin traumas.

Example 7: In vivo skin burn trial

Methods:

[0145] C56bl/6 mice at ~ 12 months of age were anesthetized, the skin at the back of the
neck was shaved, and a red-hot metal rod (1.5 mm wide, 7 mm long) was applied to the
exposed skin of the mice for 5 sec. The mice were injected subcutaneously with either saline or
300 myostatin antagonist at 6ug/g of body weight at day 1, 3, 5, 7 and 10 after injury. The mice
were allowed to heal for 5, 7, 14, 21, 28, 35 and 46 days, after which they were culled and the
skin frozen in liquid nitrogen for hydroxyproline analysis.

Results:

[0146] After a burn injury in skin a hydroxyproline assay was performed to determine the
amount of collagen deposits on the wound area. Hydroxyproline is present in collagen, and
gives it a stable helical conformation. Therefore, measuring the amount of hydroxyproline
present in a given tissue will determine the amount of collagen present in the tissue. The 300
treated groups showed a tendency towards lower level of collagen on the wound area when
compared with the control group as shown in FIG. 21 suggesting that the myostatin
antagonists could be useful in the treatment of non-muscle tissue where the desired outcome
is decreased fibrosis after wound healing.

Example 8: In vivo muscle burn trial

Methods:
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[0147] C56bl/6 mice at ~ 12 months of age were anesthetized and a red-hot metal rod (1.5
mm wide, 7 mm long) was applied to TA muscle for 5 sec. The mice were injected
subcutaneously with saline or 300 myostatin antagonists at 6 pg/g of body weight at day 1, 3,
5, 7 and 10 after injury. The mice were allowed to heal for 5, 7, 14, 21, 28, 35 and 46 days,
after which they were culled and the muscle processed for histology.

[0148] Histological muscle samples were covered in OCT and frozen in isopentane cooled in
liquid nitrogen. The sections were cut in a cryostat at 10 pm thickness and stained with H&E
and Van Gieson. Regeneration markers such as total number of centrally formed nuclei (CFN)
and number of fibres with CNF were analysed for each day following the different treatments,
and the values plotted.

Results:

[0149] Mature skeletal muscle fibers have nuclei located at the periphery of the fiber.
However, during skeletal muscle regeneration, myoblasts migrate to the site of injury and fuse
to pre-existing fibers or fuse to each to form nascent myofibers. During this process the nuclei
of these cells are located in the center of the fiber. We therefore used the number of centrally
formed nuclei (CNF) and the number of fibers with CNF as markers of muscle regeneration.
The damage present in the muscles for the first time points of the trial was too widespread,
and no positive regeneration marker was detected for either the treated or control group (FIG.
22 and FIG. 23). However, by D21 the numbers of CFN in treated groups is significantly higher
than that in control groups indicating increased muscle regeneration on the treated animals.
This difference is maintained up to day 46 after injury. Interestingly, there is no difference in the
percentage of damage muscle area between the treatment and control groups from D28
onwards (data not shown). This indicates that the increase in regeneration in the 300 treated
groups as shown in the increased numbers of CNF resulted in an improvement in muscle
regeneration after burning. Furthermore, visually, differences in muscle fibre integrity between
the treated and control groups can be seen from D21 onwards in the treatment group. Also,
van Gieson staining revealed a higher degree of fibrosis in the control group when compared
to the treated groups at D21 after injury (FIG 30) signifying earlier remodelling of the injured
area, and therefore an earlier influx of myogenic precursors, leading to the increase CFN seen
from D28 onwards between the treated and control groups. Decreased fibrosis per se is also
attributed to the effects of the myostatin antagonist on the extent of fibrosis that occurs during
repair of wounded tissues.

Example 9: In vitro Cancer Cachexia Trial

Methods:
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[0150] C2C12 cells were differentiated for 72 hours in differentiation media (DMEM + 2% HS).
Following this period of differentiation the myotubes were tested with recombinant myostatin at
6 pug/mL or a combination of both myostatin and 300 recombinant protein at 30, 60, 90 or 120
ug/mL for further 24 hours to determine if 300 can rescue myostatin-mediated muscle wasting
in vitro. Gene expression changes of intermediate signalling molecules critical in myostatin-
mediated cachexia were analysed. Therefore, protein was isolated from cells and Western blot
analysis was performed to measure protein expression levels for p-FoxO1, which we have
shown to be a critical signalling intermediates in Myostatin-mediated cachexia (McFarlane et al
2006).

Results:

[0151] p-FoxO1 is a critical intermediate signalling molecules in myostatin mediated cachexia.
In the experiment expression levels of p-FoxO1 were normalised to total levels of FoxO1. As
shown in FIG. 24, treatment with 6 pg/mL recombinant Myostatin protein results in down-
regulation of p-FoxO1 expression following a 24 hour treatment. This result is consistent with
our previously published data describing the mechanism behind Myostatin-mediated cachexia
(McFarlane et al., 2006). A maximal rescue of p-FoxO1 expression is obtained with 90 pg/mL
300 (FIG. 24). This shows that application of the 300 myostatin antagonist can reduce the
magnitude of the FoxO1 signal that is critical in a proportion of cachexic wasting conditions.

Example 10: In vivo Cancer Cachexia trial

Methods:

[0152] A study of chronic cachexia was designed whereby C57B mice, 4 weeks of age, were
injected with the glucocorticoid drug Dexamethasone daily at a concentration of 1 mg/kg body
weight. Three treatment groups were designed: 5 mice receiving daily injections of saline, 5
mice receiving daily injections of Dexamethasone and 5 mice receiving daily injections of
Dexamethasone plus 300 antagonist at a concentration of 6ug/g body weight. Body weight of
the mice was recorded daily and monitored closely for signs of cachexia. Food and water
consumption was recorded to ensure that loss in body weight was not due to a loss of appetite
or thirst. Body weights, fat-pad weights, and MyoD and Pax7 expression were assessed.

Results:

Body weight
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[0153] Daily injection of Dexamethasone resulted in a reduction in average body weight as
compared with saline injected controls (FIG. 25). Co-treatment with Dexamethasone and 300
antagonist resulted in a smaller average body weight loss as compared to controls (FIG. 25)
indicating that the antagonists can prevent cachexia related muscle loss and hence body
weight in mice. This also indicates that use of myostatin antagonists such as 300 has
applications in reducing the negative effects of use of dexamethasone in human patients.

Fat pad weights

[0154] One of the clinical features of patients suffering from Cushing's syndrome (over-
production of glucocorticoids) is increased fat deposition, therefore fat-pad weights were
analysed following the completion of the trials.

[0155] Treatment with Dexamethasone resulted in an increase in retroperitoneal (left, 62.9%;
right, 60.4%) fat-pad weights as compared to saline treated mice, with statistically significant
increases observed in both the left and right retroperitoneal and inguinal fat-pads (p<0.05)
(FIG. 26). An increase in retroperitoneal (left, 23.3%; right, 39.2%) and inguinal (left, 33.2%;
right, 39%) fat-pad weights was also observed following treatment with 300, although to a
lesser extent than that observed following treatment with Dexamethasone only. Therefore
treatment with 300 partially rescued Dexamethasone-mediated increase in fat-pad weight
indicating that our antagonist can not only be useful in treating cachexia but may also be used
in situation where is would be advantageous to reduce fat deposition such as in the treatment
of obesity.

MyoD and Pax7 expression

[0156] Protein was isolated from the right gastrocnemius muscle from all mice and Western
blots performed for MyoD and Pax7. There was a significant down-regulation of MyoD (p<0.05)
(FIG. 27) and Pax7 (p<0.05) (FIG. 28) expression following treatment with Dexamethasone. In
addition we observed a significant up-regulation (rescue) of both MyoD (p<0.05) and Pax7
(p<0.01) in mice treated with Dexamethasone and 300 mstn antagonist. Therefore treatment
with 300 antagonist appears to regulate the expression of MyoD and Pax7 during
Dexamethasone-induced cachexia. It is well recognised that upregulation of MyoD and Pax 7
are markers of muscle regeneration.

[0157] During muscle regeneration in young wild-type and myostatin null mice, MyoD has
been shown to be expressed earlier and at higher levels in the myostatin null muscle as
compared with wild type muscle (McCroskery, 2005). Since MyoD expression can be used as a
marker for the very early detection of migrating myoblasts during muscle regeneration
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(Grounds, 1992), this early expression of MyoD was interpreted as an advanced migration of
myogenic cells to the site of injury (McCroskery, 2005).

[0158] Since Pax7 is a marker for satellite cell self-renewal (Oustanina, 2004; Zammit, 2004),
the higher level of Pax7 suggests that 300 enhanced this self-renewal process. This is in
accordance with an earlier finding that suggests myostatin inhibits satellite cell self-renewal
(McCroskery, 2005).

[0159] Taken together, the higher Pax7 and MyoD levels resulting from the administration of
300, support the observation that 300 treatment advanced muscle regeneration in this model
of muscle wasting through increasing levels of activated satellite cells and subsequent
myogenesis and satellite cell self renewal.

Example 11: In Vivo Sarcopenia Trial

Methods:

[0160] Wild type mice (32 mice approx. 4-5 months of age) were injected subcutaneously
fortnightly or monthly with 300 (6 pg/g body weight) or saline for a period of 10 month. Muscle
strength was assessed using a grip strength apparatus (MK-380S, Muromachi; Tokyo, Japan)
at the end of the trial. The maximum force exerted by a mouse while being pulled backward by
the tail is recorded in Newtons. The mean of three grip tests for each mouse was calculated
and the mean maximal force per group was determined.

Results:

[0161] Grip strength is used as an indication for muscle function (Wagner et a/ 2002). A 10
month animal trial was conducted to assess the effects of myostatin antagonists in improving
muscle function in mice during progression from young to aged status. As shown in FIG. 19 a
significant increase in grip strength in mice treated monthly with 300 over the saline control at
the end of the trial indicates a functional improvement in the 300 treated mice (**p<0.01). We
have shown that both application regimes, monthly (FIG. 19) as well as fortnightly (data not
shown) antagonists application were equally effective in increasing muscle function most likely
due to increased satellite cell activation and subsequent myogenesis.

[0162] In addition to the beneficial effects of the use of antagonists to increase muscle
strength in aged mice, it was noted that during this trial the initial response after one month of
treatment when the mice were young (4 - 5 months old) showed a significant increase in
muscle strength. This shows that the antagonists are effective in increasing muscle function in
muscle with normal levels of satellite cell activation and other determinants of muscle function.
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The result indicates that the treatment with myostatin antagonists prior to trauma due to
medical treatments or prior to the onset of conditions that would be expected to result in
decreased muscle strength such as enforced inactivity or other conditions.

Discussion

[0163] Myostatin is a negative regulator of muscle growth since lack of myostatin leads to
muscle growth while high levels of myostatin induces muscle wasting. It is documented that
myostatin elicits its biological function, in part, by controlling the proliferation rate of myoblasts
(Thomas et al, 2000). Myostatin appears to be a potent regulator of cell cycle progression and
it has been shown that increased levels of myostatin block the entry of myoblasts into S phase
thereby inhibiting myoblast proliferation (Thomas et al, 2000). Myostatin has been shown to
bind to the activin type IIB receptor and signal via the Smad2/3 pathway. It has been shown
that the TGF beta members, including myostatin, contain conserved cysteine residues that are
critical for determining the three dimensional structure and are essential for receptor binding
(Lee and McPherron, 2001).

[0164] Inhibition of myostatin activity may manifest itself in a number of ways such as an
increase in body weight (McPherron et al, 1997) enhanced muscle mass due to hypertrophy
and hyperplasia (McPherron,. 1997 and Zhu et al., 2000), a reduction in body fat content
(McPherron et al 2002), an increase in muscle strength (WO 2006/083183) and an increase in
bone quality (Hamrick, et al 2002).

[0165] In this study, several recombinant molecules were tested for their ability to antagonise
myostatin function. For the antagonists to be functional, it would be expected that the
conserved cysteine residues would be critical in determining the three dimensional structure of
the protein, thus imparting biological activity. Given that the C-terminal truncations at amino
acid positions 300, 310, 320 and 329 all result in the loss of essential cysteine residues
resulting in the disruption of the three dimensional structure, it was very surprising that 300,
310, 320 and 329 were able to be effective at neutralising myostatin activity both in vitro and in
vivo. Thus these results are unprecedented and surprisingly indicate that not only are these
antagonists novel compounds, but that their exact three dimensional protein structure and their
mechanism of action is unpredictable. Since peptides that are C-terminally truncated at
positions 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297,
298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315,
316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328 or 329 all contain sufficient
numbers of cysteines to confer activity as demonstrated by the examples above, it is expected
that all these peptides would be functional. The role of these cysteine residues in conferring
function is supported by the observation that 280, which has an additional cysteine residue
deleted, and therefore only contains one cysteine residue, appears to be inactive (Example 1).

[0166] The present results clearly show that the novel myostatin antagonists are able, despite
the loss of key cysteine residues and associated predicted structural conformation, to
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antagonise myostatin. This effect has been shown in the in vitro and in vivo trials described
here to provide benefits in: conditions where the effect or pathology is due to signalling via
increased myostatin levels, including various wasting conditions and traumas that are
associated with increased levels of myostatin, as described below, where the capacity to
antagonise myostatin is likely to directly confer beneficial outcomes; and in conditions where
the capacity to antagonise myostatin results in the enhancement of physiological processes
such as myobilast proliferation, satellite cell activation and self-renewal, migration of myoblasts
and macrophages and others, and where the enhancement of these effects confers benefits in
tissues where myostatin levels are not increased above those occurring in healthy tissues.

[0167] The present invention is likely to be useful in the treatment or prevention of a number
of diseases and disorders that are characterised, at least in part, by an abnormal amount,
development or metabolic activity of muscle or adipose tissue in a mammal and may include
disorders related to muscle hypertrophy; muscle atrophy and muscle wasting associated with
inflammatory myopathies, muscular dystrophies, motor neuron diseases, diseases of the
neuromuscular junction, diseases of the peripheral nerve, myopathies due to endocrine
abnormalities, metabolic syndrome, HIV, cancer, sarcopenia, cachexia and other wasting
conditions; cardiac failure; osteoporosis; renal failure or disease; liver failure or disease;
anorexia; obesity; diabetes; and wound healing. For example, it has been shown that cachexia
can be induced in mice by the systematic administration of myostatin (Zimmers et al, 2002).
Myostatin levels have also been shown to be elevated in animals with burn injuries (Charles H.
Lang, Christine Silvis, Gerald Nystrom And Robert A. Frost Regulation of myostatin by
glucocorticoids after thermal injury, FASEB 15 1807-1809 2001) and in HIV patients (Gonzalez-
Cadavid et al, 1998) and plasma myostatin immunoreactive protein was found to be increased
after prolonged bedrest (Zachwieja et al. 1999). We have demonstrated that administration of
the antagonists of the s results in rescuing myostatin mediated cachexia signalling molecules
(Example 9) and alleviating body weight loss and enhancing muscle regeneration in a cachexia
mouse model (Example 10). Thus indicating that our antagonists can be useful for the
treatment of individuals suffering from cachexia resulting from bums injuries, prolonged bed
rest, HIV or cancer.

[0168] Treatment of conditions such as these where increased myostatin levels is believed to
be a key signal to induce the deleterious effects will obviously be assisted by the capacity to
antagonise the myostatin signal using antagonists such as are described here. It is understood
that there will be numerous pathological conditions where the role of myostatin in signalling
and induction of the pathology exists but has not been discovered as yet.

[0169] Use of the present myostatin antagonists has been shown to confer benefits in several
conditions where it is not clear whether-increased levels of myostatin exist or are responsible
for the decline in muscle or other tissue function. It is clear that the inhibition of myostatin can
confer benefits in increasing myoblast proliferation in wild type myoblasts, (Example 1), young
wild type satellite cells (Example 2) and in young 5 month old mice (Example 11) where there is
no indication of abnormal levels of myostatin. Data is also presented showing benefits of the
present myostatin antagonists in two deleterious conditions, sarcopenia and muscular
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dystrophy, where the beneficial effects are likely to be largely due to the general effects of
enhanced myoblast proliferation, satellite cell activation and self-renewal, migration of
myoblasts and macrophages due directly to the effects of the present antagonists.

[0170] Sarcopenia or age-related cachexia is characterized by insufficient levels of muscle
regeneration and reduced muscle strength due a decrease in satellite cell activity and
myogenesis (Conboy et al, 2005; Bockhold et al, 1998).

[0171] It has been demonstrated that using the antagonists of the invention, muscle
regeneration is increased by two main mechanisms, i.e. by increasing myoblast proliferation
(Example 1), and by increasing satellite cell activation (Example 2). The increase in muscle
regeneration is associated with an increase in muscle strength as shown using both short term
(Example 4) and long term (Example 11) administration of the antagonists of the invention. The
results demonstrated herein also provide evidence that the antagonists of the invention can be
used to improve the muscle mass and strength in a number of conditions, such as muscular
dystrophy (Example 5); muscle injury (Example 8); sarcopenia (example 11); and cancer
cachexia (Examples 9 and 14).

[0172] As the mechanism of action is similar for other conditions, it is predicted that
antagonists will be useful for the treatment of individuals suffering from cachexia resulting from
bums injuries, prolonged bed rest, HIV or cancer and sarcopenia. Further, increasing satellite
cell activation and muscle strength in young wild-type muscle (Examples 2 and 11) also
indicates that the antagonists will be useful for treatment of patients pre-operatively thus
preventing muscle loss due to post-surgery enforced bed rest.

[0173] In dystrophic conditions there is constant activation of satellite cells due to repeated
cycles of muscle degeneration and subsequent regeneration. The present results demonstrate
that the inventive antagonists are able to increase muscle regeneration, satellite cell activation
and muscle strength in a muscular dystrophy mouse model (Example 5). As this mouse model
is a standard model for human dystrophy, it is predicted that individuals suffering from
dystrophy will be able to be successfully treated with the myostatin antagonists of the present
invention.

[0174] The two examples above show the effects of treatment of the antagonists on grip
strength in young and old mice (Example 4) and in decreasing the symptoms in mdx mice
(Example 5), where the beneficial effects are likely to be due to enhanced myoblast
proliferation, satellite cell activation and self-renewal, migration of myoblasts and macrophages
due to the effects of our antagonists in reducing myostatin levels below normal wild type. In
addition to these examples it is expected that treatment with the present myostatin antagonists
will confer beneficial effects in treatment of any medical condition where muscle function will be
improved by the effects of enhanced myoblast proliferation, satellite cell activation and self-
renewal, migration of myoblasts and macrophages. Such conditions include muscle loss after
surgery, growth retardation, physiological short stature, muscle loss due to chronic illness,
accelerating the recovery of burns patients or other disorders where improving muscle function
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would be beneficial.

[0175] Skeletal muscle resistance to insulin-stimulated glucose uptake is the earliest known
manifestation of type 2 diabetes mellitus (Corregan et al. 1991). It has been shown that the
lack of myostatin partially attenuates the obese and diabetes phenotypes of two mouse
models, the agouti lethal yellow (Yen et al. 1994), and cbese. Additionally the introduction of a
myostatin mutation into agouti lethal yellow mice has been shown to suppress fat accumulation
by five-fold (McPherron et al, 2002). This, together with the present results showing that the
antagonists of the present invention are capable of decreasing fat deposition (Example 4 and
11), indicate that individuals suffering from the effects of diabetes, obesity, and hyperglycemic
conditions will be able to be successfully treated with a therapeutically effective dose of one or
more myostatin antagonist of the present invention.

[0176] The present results also show that the present myostatin antagonists are useful in
wound healing. Every wound undergoes three distinct phases of wound healing. Firstly the
inflammatory phase for the detachment of deteriorated tissue and for wound cleansing;
secondly a proliferative phase for the development of granulation tissue; and thirdly a
differentiation or regeneration phase for maturation and scar formation (Sedlarik 1994). The
inflammatory phase is characterized by infilatration of inflammatory cells such as macrophages
to the damaged site. The present results demonstrate that use of the present antagonists
increase the migratory capacity of macrophages (Example 3). This along with decreased
wound size in skin (Example 6), decreased collagen deposition in skin (Example 7) and
increased muscle regeneration as indicated by increased myogenic markers (Example 8)
suggests that the present antagonists will be useful in the treatment of wound healing. The
results show that the beneficial effects can be expected in wounds of various tissues where
increased macrophage and myoblast migration, accelerated regeneration of muscle tissues
and decreased fibrosis are useful outcomes.

[0177] Itis also expected that the present myostatin antagonists will be useful in the treatment
of damaged cardiac muscle. Myostatin levels are upregulated in cardiomyocytes following
myocardial infarction (Sharma et al, 1999) indicating that inhibition of myostatin may improve
recovery of heart muscle after infarct.

[0178] In addition, myostatin null mice have increased bone mineral content and density as
well as increased muscle mass (Hamrick et al, 2002). It is therefore expected that reducing
myostatin levels will improve bone strength and reduce osteoporosis and other degenerative
bone diseases.

[0179] Rhabdomyosarcomas (RMSs), one of the most common solid tumor of childhood,
express high levels of myostatin. It has been demonstrated that inhibition of myostatin allows
RMSs to progress into the myogenic terminal differentiation (Ricaud et al, 2003), therefore our
antagonists may be useful for treatment of cancer.

[0180] As discussed above, it is expected that the antagonists of the present invention will be
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useful for treating humans. The present antagonists will also be useful for treating other
species given that the myostatin sequence is highly homologous across species, indeed the
human and bovine sequences are identical (FIG 31) and our antagonists have been
demonstrated to increase proliferation of ovine, murine and human cells in vitro. The present
results also clearly demonstrate that myostatin antagonists of the invention can increase
proliferation of myoblasts (Example 1).
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INDUSTRIAL APPLICATION

[0182] The present invention provides novel proteins having myostatin antagonistic activity
which are useful in the treatment of myostatin related disorders. Such disorders are
characterised, at least in part, by an abnormal amount, development or metabolic activity of
muscle or adipose tissue in a mammal and may include disorders related to muscle
hypertrophy; muscle atrophy and muscle wasting associated with inflammatory myopathies,
muscular dystrophies, motor neuron diseases, diseases of the neuromuscular junction,
diseases of the peripheral nerve, myopathies due to endocrine abnormalities, metabolic
syndrome, HIV, cancer, sarcopenia, cachexia and other wasting conditions; cardiac failure;
osteoporosis; renal failure or disease; liver failure or disease; anorexia; obesity; diabetes; and
wound healing.

SEQUENCE LISTING
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<110> Orico Ltd

<120> Myostatin Antagonists

<130> 567032 CJE

<160> 14

<170> Patentln version 3.3

<210>1

<211> 2823
<212>DNA

<213> Homo sapiens

<400> 1
agattcactg

attactcaaa

tgattttaaa

tgttgetggt

ggggctgtgt

taagatacaa

tataagacaa

ccagagggat

dacaatcatt

atgttgcettce

atggatatat

catecaaaccet

gaacccaggce

Caaacaacet

tettgetota

ggtagcagac

gtgtggcaaqg

agcaaaagaa

atcatgcaaa

cecagtggatce

aatgcatgta

atccteagta

cttttaccca

gacagcageg

accatgecta

tttazattta

ttgagacceg

atgaaagacyg gtacaaggta tactggaatc cgatctctga

actggtattt gecagagecat tgatgtgaay acagtgttge

gaatccaact taggcattga aataaasaget ttagatgaga

acctteccag gaccaggaga agatgggctg szatccegttto

acaccaaaaa gatccagaag ggattttggt cttgactgtyg

ttgtctectea

aagtaaaagg

aactgcaact

taaatgagaa

cttggagaca

aacttcgtet

aagctectec

atggctettt

cagagtctga

gctctaaaat

tcgagactee

gactgtacat

aagaaacaag

ctgkgtttat

cagtgagcaa

aaacactaaa

ggaaacagcet

acgtccgggaa

ggaagatgac

ttttctaatg

acaatacaat

tacaacagty

gcattaaaat

aacaagaaaa

atttacctgt

aaagsaaatg

tcttcaagaa

cctaacatca

ctgattgate

gattatcacyg

caagtggatyg

aaagtagtaa

tttgtgecaaa

tttgcttgge

aagattatat

ttatgetgat

tggaaaaaga

tagaagcecat

gcaaagatgt

agtatgatgt

ctacaacgga

gaaaacceaa

aggcccaact

tectgagact

aacttgacat

aaaattgget

atggtcatga

tagaggteaa

atgagcactc

DK/EP 2054434 T3

60
120
180
240
300
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aacagaatca
ttggattate
atttttacaa
aggecccktge
agaacaaata
agstttatat
tgzagctgtyg
cataagctac
ccaaacaaat
gaattacatt
tgagttbetga
tatttacaga
tegaatcate
ttccacaaaa
gtacattaac
ggtttatcac
ttcctacace
aggttggctt
adtggtgttt
tetttggaaa
aatgatcgac
atacaatatt
ctaaggacat
aactacttat

taatgattag

cgatgetgte
gcteoctaaaa
aaatatectce
tgtactecca
atatatggga
taagcgttea
aaattaagta
agtatgtaaa
cataéaagaa
tatg:tecta
tgaattaaag
agaatocaca
cbtaaacact
atagggatgy
aatccatgee

ataaaaaaca
tccaaatgag
teaattetgt
gtttttateca
attacaacac
tctatcaata
gttttgtaaa
ttcasattaa
atttcagagc

atggttatat

gttaccetet
gatatazggce
atactecetct
caaagatgte
aaattccagé
taacttecta
ccacaggota
ctaaaagugg
agttttatga
tatattacaa
gagtatgett
tacagtattg
tgaatttata
Lgcagcatat
aacggtgcta
ttcagtaaaa

gaatggattt

ageatacttyg

aaatgbcaaa

tgoctttgcea

ttgtatazaa

taagtgtete

gtactaaggce

aaattagcag

tacaatcatt

aactgtggat

caattactge

ggtacaccaa

tccaattaat

gatggtagta

aazcatggaa

taggecetaga

gaatatatge

tttecagagt

categgogag

taaagtotat

gtaazatgea

ttgtatcagta

gcaatttcca

atacgataygg

tagtaagttt

tetttaatgt

gagaaactgc

dtaacatact

acactgecagt

agactgaaac

cttttttatt

acaaagacat

attaaatagt

ttatattttt

tttgaagett

tetggagagt

gcaaaccoca

atgctatatt

gaccgetatyg

ggtttteacs

gtatgetaca

aatggttggo

ttttgageta

gaaatgaaag

ttetttaaag

ggattgttat

gtatacttdg

ttcdctattat

ctgaatgtct

ctcttttett

aagaagaatc

attatcttaa

tggagaagta

ttttatggta

aatgeattta

tactttggta

gtcatgecatc

ggtcttaaaa

ttacatgatt

ttggatggga

gtgaatttgt

gaggttcage

ttaatggcaa

ggtgcteatyg

tcaacaattt

ghtcacttaag

atttaaccat

gaaggagatc

agattotoct

tttigtttaa

ataccataat

taagataaaa

aattgacaca

gaggctacea

caggggceatt

atttttctag

aaggcagtea

tgtaattttg

aaataataga

tataatatgt

tatttttaca

acagaaaagc

ctececatatgt

aacattecact
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tatggattca tgatggctygt ataaagtgaa tttgaaattt caatggttta ctgtcattgt
gtttazatet caacgttoca ttattttaat acttgcaaaa acattactaa gtataccaaa
ataattgact ctattatcty aaatgaagaa taaactgatg ctatctcazc aataactgtt
acttttattt tataatttga taatgaatat atttectgecat ttatttactt ctgttttgta
aattgggatt ttgttaatca aatttattgt actatgacta aatgaaatta tttcttacat
ctaatttgta gaaacagtat aagttatatt aaagtgtitt cacattttit tgaaagacaa
aaa
<210>2
<211> 375
<212> PRT
<213> Homo sapiens
<400> 2
Met Gln Lys Leu Gln Leu Cys Val Tyr I'e Tyr Leu Phe Met DLeu Ile
1 5 10 15
Val Ala Gly Pro Val Asp Leu Asn Glu Asn Sexr Glu Gln Lys Glu Asn
20 26 30
Val Glu Lys Glu Gly Lieu Cys Asn Ala Cys Thr Trp Arg Gln Asn Thr
35 40 45
Lys Ser Ser Arg Ile Glu Ala Tle Lys Tle Gln Ile Leu Ser Lys Leu
50 55 60
Arg Leu Glu Thr Ala Pro Asn Ile Ser Lys Asp Val Ile Arg Gln Leu
65 70 75 80
Leuw Pro Lys Ala Pro Pro Leu Arg Glu Leu Ile Asp Gln Tyr Asp Val
85 90 95
Glr Arg Asp Asp Ser Ser Asp Gly Ser Leu Glu Asp Asp Asp Tyr His
Loo 105 110
Alz Thr Thr Glu Thr Ile Ile Thr Met Pro Thr Glu Ser Asp Phe Leu
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118 120 125

Mat &In Val Asp Gly Lys Pro Lys Cys Cys Pae Pae Lys Phe Ser Ser
130 135 140

Lys Ile Gln Tyr Asn Lys Val Val Lys Ald Gln Lsu Trp Ile ‘Iyr Leu
145 150 155 160

. Arg Pro Val Glu Thr Pro Thr Thr Val Phe Val Gln Ile Leu Arg Leu

165 170 175

Ile Lys Pro Met Lys Asp Gly Thr Arg Tyr Thr Gly Ile Arg Ser Leu
180 185 190

Lys Leu Asp Met Asn Pro Gly Thr GLy Ile Trp Gln Ser Ile Asp Val
185 290 20%

Lys Thr Val Leu Gln Asn Trp Leu Lys Gln Pro ‘Glu Ser Asn Leu
210 215 220

@
=
<

Ile Glu Ile Lys Ala Leu Asp Glu Asn Gly His Asp Leu Ala Val Thr
225 230 235 240

Phe Pro Gly Pro Gly Glu Asp Gly Leu Asn Pro Phe Leu Glu Val Lys
245 250 255

Val Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Phe Gly Leu Asp Cys
260 265 270

Asp Glu His Ser Thr Glu Ser Arg Cys Cys Arg Tvr Pro Leu Thr Val
275 280 285

Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile Ile Alz Pro Lys Arg Tyr
290 295 300

Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu Phe Val Phe Leu €ln Lys
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Tyr Pro His

Gly Pro Cys

Phe Asn Gly
355

Val Asp Arg
370

<210>3
<211> 63
<212>PRT
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Thr His Leu Val His Gln Ala Asn Pro Arg Gly Ser Ala

325

Cys Thr Pro Thr
340

Lys Glu Gln Ile

Cys Gly Cys Ser
375

<213> Homo sapiens

<400> 3

Asp Phe Gly Leu Asp Cys Asp

1

Arg Tyr Pro

Ile Ala Pro
35

Phe val Phe
50

<210>4
<211> 54
<212> PRT

5

Leu Thr Val Asp
20

Lys Arg Tyr Lys

Leu GIn Lys Tyr
55

<213> Homo sapiens

<400> 4

Lys

Ile
360

Glu

Phe

Ala

40

Pro

330

335

Met Ser Pro Ile Ash Met Leu Tyr

345

350

Tyr Gly Lys Ile Pro Ala Met Val

His Ser

10

Glu Ala
25

Asn Tyr

His Thr

365

Thr Glu Ser

Phe Gly Trp

Cys Ser Gly
45

His Leu Val
60

Arg Cys Cys

15

Asp Trp Ile

Glu Cys Glu

His Gln

Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys

1

5

10

15

Arg Tyr Pro Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile

20

25

30



Ile Ala Pro Lys Arg Tvxr Lys Ala Asn Tyr Cys Ser Gly Glu Cys Glu
35 40 45

© Phe Val Phe Leu Gln Lys

50

<210> 5

<211> 44

<212> PRT

<213> Homo sapiens

<400> 5
Asp Phe Gly Len Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys

1 5 10 15

Arg Tyr Pro Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile
20 25 30

Ile Ala Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser
35 40

<210>6

<211> 34

<212> PRT

<213> Homo sapiens

<400> 6
Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys
1 5 10 15

Arg Tyr Pro Leu Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile
20 25 30

Ile Ala

<210>7

<211> 28

<212> PRT

<213> Homo sapiens

<400>7
Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys Arg
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Tyr Pro Leu Thr Val Asp Phe Glu Ala Phe Gly Trp
20 25

<210> 8

<211> 23

<212> PRT

<213> Homo sapiens

<400> 8

Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys
1 5 10 15

Arg Tyr Pro Leu Thr Val Asp
20

<210> 9

<211> 18

<212> PRT

<213> Homo sapiens

<400> 9
Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys

1 5 10 15

Arg Tyr

<210> 10

<211> 16

<212> PRT

<213> Homo sapiens

<400> 10

Asp Phe Gly Leu Asb Cys Asp Glu His Ser Thr Glu Ser Arg Cys Cys
1 5 10 15

<210> 11

<211>15

<212> PRT

<213> Homo sapiens

<400> 11

DK/EP 2054434 T3



DK/EP 2054434 T3

Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg Cys
1 5 10 15

<210> 12

<211>14

<212> PRT

<213> Homo sapiens

<400> 12

Asp Phe Gly Leu Asp Cys Asp Glu His Ser Thr Glu Ser Arg
1 5 10

<210>13
<211> 26
<212> PRT
<213> Synthetic

<400> 13
Met Gly His His His His His His His His His His Ser Ser Gly His
1 5 10 : 15

Ile Glu Gly Arg His Met Leu Glu Asp Pro
20 25

<210> 14

<211> 21

<212> PRT

<213> E coli pET16-B vector

<400> 14
Glu Asp Pro Ala Ala Asn Lys Ala Arg Lys Glu Ala Glu Leu Ala Ala
1 5 10 15

Ala Thr Ala Glu Gln
20
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_1_
Patentkrav
1. Isoleret rekombinant polypeptid med
myostatinantagonistaktivitet, der bestar af et modent

myostatinpeptid, der er trunkeret i dets C-terminal, hvor den
C-terminale trunkering er 1 en position 1 eller mellem
aminosyrerne 290 og 320, som er et rekombinant produceret

polypeptid.

2. Isoleret rekombinant polypeptid ifglge krav 1 udvalgt fra
gruppen, der bestar af et modent myostatinpeptid, der erxr
trunkeret 1 dets C-terminal, hvor den C-terminale trunkering
er 1 aminosyreposition 290, 291, 292, 293, 294, 295, 296, 297,
298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309,
310, 311, 312, 313, 314, 315, 316, 317, 318, 319 eller 320.

3. Isoleret rekombinant polypeptid ifelge krav 2 udvalgt fra
gruppen, der bestar af et modent myostatinpolypeptid, der er
trunkeret 1 dets C-terminal, hvor den C-terminale trunkering
er 1 aminosyreposition 310, 300 eller 295, henholdsvis SEQ ID
NO: 5-7, eller et polypeptid med mindst 85 % sekvensidentitet

dermed.

4. Isoleret rekombinant polypeptid ifelge krav 2 udvalgt fra
gruppen, der bestar af et modent myostatinpolypeptid, der er
trunkeret 1 dets C-terminal, hvor den C-terminale trunkering

er i aminosyreposition 320, SEQ ID NO: 4.

5. Isoleret polynukleotid, der omfatter en nukleotidsekvens,
der koder for et ©polypeptid ifelge krav 1 eller en

komplementaer sekvens dertil.

6. Isoleret rekombinant polypeptid ifelge krav 1 eller
polynukleotid ifglge krav 5, hvor aminosyre- eller
nukleotidsekvensen er modificeret til frembringelse af en
myostatinantagonist med en eller flere modificerede
aminosyrerester udvalgt fra gruppen, der Dbestar af en

glycosyleret aminosyre, en PEGyleret aminosyre, en
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farnesyleret aminosyre, en acetyleret aminosyre, en
biotinyleret aminosyre, en aminosyre, der er konjugeret til en
lipiddel, en D-aminosyre eller en aminosyre, der er konjugeret

til et organisk derivatiseringsmiddel.

7. Fusionsprotein, der omfatter et eller flere rekombinante
polypeptider ifglge krav 1 sammen med et eller flere
yderligere polypeptider, der forbedrer en eller flere
funktioner wudvalgt fra gruppen, der bestar af oprensning,
dannelse af ©proteinkomplekser, vevslokalisering eller -
fordeling, optagelse/administration, in vivo-stabilitet

og/eller in vivo-halveringstid.

8. Fusionsprotein ifglge krav 7, hvor det ene eller de flere
yderligere polypeptider omfatter et immunoglobulin-Fc-domEne,

sasom et IgGl-Fc-fragment.

9. Fusionsprotein ifglge krav 7, hvor det ene eller de flere
yderligere polypeptider omfatter en oprensningsdelsekvens
udvalgt fra gruppen, der omfatter et epitoptag, et FLAG-tag,

en polyhistidinsekvens eller en GST-fusion.

10. Farmaceutisk sammensatning, der omfatter mindst ét
isoleret polypeptid ifglge krav 1 sammen med et farmaceutisk

acceptabelt baremateriale.

11. Farmaceutisk sammensatning, der omfatter mindst ét

fusionsprotein ifelge krav 7.

12. Farmaceutisk sammensetning ifelge krav 10 eller 11, hvor
det isolerede polypeptid eller fusionsprotein er konjugeret
til en anden farmaceutisk aktiv forbindelse til forbedring af
den terapeutiske virkning pa malcellen eller malvavet, og hvor
den farmaceutiske sammensatning er formuleret til separat,
sekventiel eller samtidig administration af det isolerede

polypeptid eller fusionsprotein og den anden forbindelse.

13. 1Isoleret rekombinant polypeptid ifglge krav 1 eller
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fusionsprotein ifglge krav 7 til anvendelse som et medikament.

14. 1Isoleret rekombinant polypeptid ifglge krav 1 eller
fusionsprotein ifglge krav 7 til anvendelse til forebyggelse,
behandling eller reducering af sverhedsgraden af en
myostatinrelateret patologisk tilstand, hvor den patologiske
tilstand er udvalgt fra gruppen, der bestar af forstyrrelser
relateret til muskelhypertrofi; muskelatrofi og muskeltab 1
forbindelse med inflammatoriske myopatier, muskeldystrofier,
motorneuronsygdomne, sygdomme i den neuromuskulare
forbindelse, sygdomme i de perifere nerver, mycopatier som
felge af endokrine abnormaliteter, metabolisk syndrom, HIV,
cancer, sarkopeni, kakeksi og andre tarende tilstande;
hjertesvigt; osteoporose; nyresvigt eller -sygdom; leversvigt

eller -sygdom; anoreksi; obesitas; diabetes; og sarheling.
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