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Description

Field of the Invention

[0001] This invention relates to compounds and uses thereof for treating muscle-wasting disease conditions, and
additionally, for impacting muscle tissue development in mammalian subjects.
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Background of the Invention

[0003] Myostatin, or growth/differentiation factor 8 (GDF-8), belongs to the transforming growth factor-6 (TGF-B)
superfamily (McPherron, Lawler et al.
[0004] 1997). The human myostatin gene has been cloned (Gonzalez-Cadavid, Taylor et al. 1998), and it has been
reported that myostatin is largely expressed in human skeletal muscle and plays an essential role in negatively regulating
the growth and development of skeletal muscle (Gonzalez-Cadavid, Taylor et al. 1998).
[0005] Knock-out mice provided the first evidence that myostatin plays a key role in negatively regulating muscle
development (McPherron, Lawler et al. 1997). The myostatin null mice were normal except that they were significantly
larger than wild-type mice and had a large and widespread increase in skeletal muscle mass. Furthermore, it was also
determined that two breeds of cattle, with the heritable characteristic of increased muscle mass, have mutations in the
myostatin coding sequence (McPherron and Lee 1997). Furthermore, the serum and intramuscular concentrations of
myostatin are increased in HIV-infected men with muscle wasting compared with healthy men (Gonzalez-Cadavid, Taylor
et al. 1998). These data support the role of myostatin as a negative regulator of skeletal muscle growth in adult men
and as a contributor to muscle wasting in HIV-infected men.
[0006] Heretofore, methods for treating muscle-wasting conditions and/or enhancing muscle mass in mammals by
manipulating myostatin levels have been proposed. For example, U.S. Patent Nos. 6,103,466 and 6,617,440, and U.S.
published patent applications US 2004/242528 A1 and 20030074680 A1 disclose methods for inhibiting levels of ex-
pressed myostatin by administering to a human or animal subject, an antisense compound against the myostatin tran-
script. To date, there is no evidence that such approaches have succeeded or would succeed as disclosed, or how one
would select and monitor subjects for and during treatment. There is thus a need for composition for use in a treatment
method for effectively treating muscle wasting as a result of a condition such as paralysis or disease state such as, for
example, aging, acquired immune deficiency syndrome, multiple sclerosis, and cancer. There is also a need for an
antisense agent that can effectively accumulate in target muscle cells, e.g., with oral administration, and inhibit myostatin
expression in muscle cells.
[0007] Methods for enhancing muscle mass in meat-bearing animals, by administering anti-myostatin antisense agents,
have also been proposed. However, to date such approaches have not proven practical because of poor uptake of the
agents and/or inability to administer the agents orally. It would thus be desirable to provide an agent that could be
supplied orally, e.g., in animal feed, to enhance muscle mass in meat-bearing animals.

Summary of the Invention

[0008] The invention includes, in one aspect, an antisense composition for use in increasing skeletal muscle mass in
a human subject. The antisense composition includes a nuclease resistant oligonucleotide compound (i) composed of
morpholino subunits and phosphorus-containing intersubunit linkages joining a morpholino nitrogen of one subunit to a
5’ exocyclic carbon of an adjacent subunit; (ii) containing between 18-40 subunits; and (iii) having a base sequence that
is complementary to at least 12 contiguous bases of a splice site in the preprocessed human myostatin transcript having
a sequence of SEQ ID NO:13, (iv) wherein the oligonucleotide compound includes a base sequence as set forth in SEQ
ID NO:3, (v) wherein the oligonucleotide is effective to form under stringent hybridization conditions a heteroduplex to
an expression-sensitive region of preprocessed human myostatin RNA transcript, defined, in its processed form, by
SEQ ID NO:6, the heteroduplex having a Tm substantially greater than 37°C, and (vi) wherein the oligonucleotide
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compound blocks production of a full-length processed myostatin transcript from a preprocessed myostatin transcript.
[0009] The morpholino subunits in the compound may be joined by intersubunit linkages, in accordance with the
structure:

where Y1=0, Z=0, Pj is a purine or pyrimidine base-pairing moiety effective to bind, by base-specific hydrogen bonding,
to a base in a polynucleotide, and X is alkyl, alkoxy, thioalkoxy, or -NR2, wherein each R is independently H or alkyl.
[0010] The antisense compound in the composition may be conjugated to an arginine-rich polypeptide effective to
promote uptake of the compound into target muscle cells. An exemplary arginine rich peptide has one of the sequences
identified as SEQ ID NOS:7-9. The arginine-rich peptide may be covalently coupled at its C terminus to the 5’ end of
the antisense compound.
[0011] In another aspect, the invention includes the composition for use in a method for treating loss of skeletal muscle
mass in a human subject. The steps in the method entail (a) measuring blood or tissue levels of myostatin in the subject,
(b) administering to the subject, a myostatin-expression-inhibiting amount of the antisense composition described above,
(c) by this administering, forming within target muscle cells in the subject, a base-paired heteroduplex structure composed
of human myostatin RNA transcript and the antisense compound and having a Tm of dissociation of at least 45°C,
thereby inhibiting expression of myostatin in said cells, (d) at a selected time following administering the antisense
compound, measuring a blood or tissue level of myostatin in the subject, and (e) repeating the administering, using the
myostatin levels measured in (d) to adjust the dose or dosing schedule of the amount of antisense compound administered,
if necessary, so as to reduce measured levels of myostatin over those initially measured and maintain such levels of
myostatin measured in step (d) within a range determined for normal, healthy individuals.
[0012] In one general embodiment, the myostatin value measured in step (a) is above a selected threshold for normal
healthy people. The administering and measuring steps are preferably carried out over a selected period of at least 2
weeks. The administering may be by oral route.
[0013] Also forming part of the use of the composition is a method of measuring myostatin expression levels in a
mammalian subject, by (a) administering to the subject, a myostatin-expression-inhibiting amount of the substantially
uncharged antisense compound of the type described above, (b) within about 8-72 hours following the administering,
analyzing a body-fluid sample obtained from the subject for the presence of a heteroduplex composed of the antisense
compound and a complementary region of said myostatin RNA transcript, to determine the concentration of transcript
in said sample.
[0014] Also disclosed is a feed composition for a meat-producing animal, composed of a feed substance, and mixed
therewith, a substantially uncharged antisense compound of the type described above.
[0015] These and other objects and features of the invention will become more fully apparent when the following
detailed description is read in conjunction with the accompanying figures and examples.

Brief Description of the Figures

[0016]

FIG. 1 shows several preferred morpholino-type subunits having 5-atom (A), six-atom (B) and seven-atom (C-D)
linking groups suitable for forming polymers; and
FIGS. 2A-D show the repeating subunit segment of exemplary morpholino oligonucleotides having phosphorus-
containing linkages, designated A through D, constructed using subunits A-D, respectively, of FIG. 1.

Detailed Description of the Invention

I. Definitions

[0017] The terms below, as used herein, have the following meanings, unless indicated otherwise.
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[0018] The terms "antisense oligonucleotides," "antisense oligomer," and "antisense compound" are used interchange-
ably and refer to a compound having a sequence of nucleotide bases and a subunit-to-subunit backbone that allows the
antisense oligomer to hybridize to a target sequence in RNA by Watson-Crick base pairing, to form an RNA:oligomer
heteroduplex within the target sequence. The antisense oligonucleotide includes a sequence of purine and pyrimidine
heterocyclic bases, supported by a backbone, which are effective to hydrogen-bond to corresponding, contiguous bases
in a target nucleic acid sequence. The backbone is composed of subunit backbone moieties supporting the purine and
pyrimidine heterocyclic bases at positions that allow such hydrogen bonding. These backbone moieties are cyclic moieties
of 5 to 7 atoms in length, linked together by phosphorous-containing linkages one to three atoms long.
[0019] A "morpholino" oligonucleotide refers to a polymeric molecule having a backbone which supports bases capable
of hydrogen bonding to typical polynucleotides, wherein the polymer lacks a pentose sugar backbone moiety, and more
specifically a ribose backbone linked by phosphodiester bonds which is typical of nucleotides and nucleosides, but
instead contains a ring nitrogen with coupling through the ring nitrogen. A preferred "morpholino" oligonucleotide is
composed of morpholino subunit structures of the form shown in Fig. 1A-1D, where (i) the structures are linked together
by phosphorous-containing linkages, one to three atoms long, joining the morpholino nitrogen of one subunit to the 5’
exocyclic carbon of an adjacent subunit, and (ii) Pi and Pj are purine or pyrimidine base-pairing moieties effective to
bind, by base-specific hydrogen bonding, to a base in a polynucleotide. Exemplary structures for antisense oligonucle-
otides for use in the invention include the morpholino subunit types shown in Figs. 1A-1D, with the uncharged, phos-
phorous-containing linkages shown in Figs. 2A-2D.
[0020] As used herein, an oligonucleotide or antisense oligomer "specifically hybridizes" to a target polynucleotide if
the oligomer hybridizes to the target under physiological conditions, with a thermal melting point (Tm) substantially
greater than 37°C, preferably at least 45°C, and typically 50°C-80°C or higher. Such hybridization preferably corresponds
to stringent hybridization conditions, selected to be about 10°C, and preferably about 50°C lower than the Tm for the
specific sequence at a defined ionic strength and pH. At a given ionic strength and pH, the Tm is the temperature at
which 50% of a target sequence hybridizes to a complementary polynucleotide.
[0021] Polynucleotides are described as "complementary" to one another when hybridization occurs in an antiparallel
configuration between two single-stranded polynucleotides. A double-stranded polynucleotide can be "complementary"
to another polynucleotide, if hybridization can occur between one of the strands of the first polynucleotide and the second.
Complementarity (the degree that one polynucleotide is complementary with another) is quantifiable in terms of the
proportion of bases in opposing strands that are expected to form hydrogen bonds with each other, according to generally
accepted base-pairing rules. An antisense compound may be complementary to a target region of a target transcript
even if the two bases sequences are not 100% complementary, as long as the heteroduplex structure formed between
the compound and transcript has the desired Tm stability.
[0022] As used herein the term "analog" with reference to an oligomer means a substance possessing both structural
and chemical properties similar to those of the reference oligomer.
[0023] As used herein, a first sequence is an "antisense sequence" or "targeting sequence" with respect to a second
sequence or "target sequence" if a polynucleotide whose sequence is the first sequence specifically binds to, or specifically
hybridizes with, the second polynucleotide sequence under physiological conditions.
[0024] As used herein, "effective amount" relative to an antisense oligomer refers to the amount of antisense oligomer
administered to a subject, either as a single dose or as part of a series of doses that are effective to inhibit expression
of a selected target nucleic acid sequence.
[0025] As used herein, an "expression-sensitive region" of a processed or preprocessed mRNA transcript refers to
either (i) a region including or adjacent the AUG start site of a processed transcript, where formation of an antisense-
transcript heteroduplex is effective to inhibit translation of the transcript or (ii) a region including or adjacent a donor or
acceptor splice site junction in a preprocessed transcript, where formation of an antisense-transcript heteroduplex is
effective to inhibit formation of a full-length processed transcript, either because one or more exons that would normally
be included in the transcript have been deleted or because the transcript has been truncated at the target splice site.
[0026] An agent is "actively taken up by mammalian cells" when the agent can enter the cell by a mechanism other
than passive diffusion across the cell membrane. The agent may be transported, for example, by "active transport",
referring to transport of agents across a mammalian cell membrane by e.g. an ATP-dependent transport mechanism,
or by "facilitated transport", referring to transport of antisense agents across the cell membrane by a transport mechanism
that requires binding of the agent to a transport protein, which then facilitates passage of the bound agent across the
membrane. For both active and facilitated transport, the oligonucleotide compound has a substantially uncharged back-
bone, as defined below. In addition, the analog may be conjugated, e.g., at its 5’ or 3’ end, to an arginine rich peptide,
e.g., the HIV TAT protein, or polyarginine, to facilitate transport into the target host cell, as discussed below.
[0027] As used herein, the term "myostatin antisense oligomer" refers to a nuclease-resistant phosphorus-linked
morpholino antisense oligomer having high affinity for (i.e., which "specifically hybridizes to") a complementary or near-
complementary human myostatin nucleic acid sequence.
[0028] As used herein "treatment" of an individual or a cell is any type of intervention used in an attempt to alter the
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natural course of the individual or cell. Treatment includes, but is not limited to, administration of e.g., a pharmaceutical
composition, and may be performed either prophylactically, or subsequent to the initiation of a pathologic event or contact
with an etiologic agent.

II. Antisense Composition for use in Practicing the Invention

[0029] Antisense compound. Antisense compounds in accordance with the present invention are substantially un-
charged antisense compounds (i) composed of morpholino subunits and phosphorus-containing intersubunit linkages
joining a morpholino nitrogen of one subunit to a 5’ exocyclic carbon of an adjacent subunit; (ii) capable of uptake by
target muscle cells in the subject; (iii) containing between 10-40 nucleotide bases; (iv) having a base sequence effective
to hybridize to an expression-sensitive region of processed or preprocessed human myostatin RNA transcript, identified,
in its processed form, by SEQ ID NO:6; to form a heteroduplex complex having a Tm substantially greater than 37°C,
preferably at least 45°C, and (vi) nuclease resistance.
[0030] In addition, the antisense compound may have the capability for active or facilitated transport as evidenced by
(i) competitive binding with a phosphorothioate antisense oligomer, and/or (ii) the ability to transport a detectable reporter
into target cells.
[0031] Candidate antisense oligomers may be evaluated, according to well known methods, for acute and chronic
cellular toxicity, such as the effect on protein and DNA synthesis as measured via incorporation of 3H-leucine and 3H-
thymidine, respectively. In addition, various control oligonucleotides, e.g., control oligonucleotides such as sense, non-
sense or scrambled antisense sequences, or sequences containing mismatched bases, in order to confirm the specificity
of binding of candidate antisense oligomers. The outcome of such tests is important in discerning specific effects of
antisense inhibition of gene expression from indiscriminate suppression. Accordingly, sequences may be modified as
needed to limit non-specific binding of antisense oligomers to non-target nucleic acid sequences.
[0032] Heteroduplex formation. The effectiveness of a given antisense compound in forming a heteroduplex with the
target mRNA may be determined by screening methods known in the art. For example, the oligomer is incubated in a
cell culture containing an mRNA preferentially expressed in activated lymphocytes, and the effect on the target mRNA
is evaluated by monitoring the presence or absence of (1) heteroduplex formation with the target sequence and non-
target sequences using procedures known to those of skill in the art, (2) the amount of the target mRNA expressed by
activated lymphocytes, as determined by standard techniques such as RT-PCR or Northern blot, (3) the amount of
protein transcribed from the target mRNA, as determined by standard techniques such as ELISA or Western blotting.
(See, for example,(Pari, Field et al. 1995; Anderson, Fox et al. 1996).
[0033] Uptake into cells. A second test measures cell transport, by examining the ability of the test compound to
transport a labeled reporter, e.g., a fluorescence reporter, into cells, e.g., cultured myocytes. The cells are incubated in
the presence of labeled test compound, added at a final concentration between about 10-300 nM. After incubation for
30-120 minutes, the cells are examined, e.g., by microscopy or FACS analysis, for intracellular label. The presence of
significant intracellular label is evidence that the test compound is transported by facilitated or active transport.
[0034] In one embodiment of the invention, uptake into cells is enhanced by administering the antisense compound
in combination with an arginine-rich peptide linked to the 5’ or 3’ end of the antisense oligomer. The peptide is typically
8-16 amino acids and consists of a mixture of arginine, and other amino acids including phenylalanine and cysteine, as
discussed further below.
[0035] RNAse resistance. Two general mechanisms have been proposed to account for inhibition of expression by
antisense oligonucleotides (Agrawal, Mayrand et al. 1990; Bonham, Brown et al. 1995; Boudvillain, Guerin et al. 1997).
In the first, a heteroduplex formed between the oligonucleotide and the viral RNA acts as a substrate for RNaseH, leading
to cleavage of the RNA. Oligonucleotides belonging, or proposed to belong, to this class include phosphorothioates,
phosphotriesters, and phosphodiesters (unmodified "natural" oligonucleotides). Such compounds expose the RNA in
an oligomer:RNA duplex structure to hydrolysis by RNaseH, and therefore loss of function.
[0036] A second class of oligonucleotide analogs, termed "steric blockers" or, alternatively, "RNaseH inactive" or
"RNaseH resistant", have not been observed to act as a substrate for RNaseH, and act by sterically blocking target RNA
nucleocytoplasmic transport, splicing, translation, or replication. This class includes methylphosphonates (Toulme, Tin-
evez et al. 1996), morpholino oligonucleotides, peptide nucleic acids (PNA’s), certain 2-O-allyl or 2’-0-alkyl modified
oligonucleotides (Bonham, Brown et al. 1995), and N3’->P5’ phosphoramidates (Ding, Grayaznov et al. 1996; Gee,
Robbins et al. 1998).
[0037] A test oligomer can be assayed for its RNaseH resistance by forming an RNA:oligomer duplex with the test
compound, then incubating the duplex with RNaseH under a standard assay conditions, as described (Stein, Foster et
al. 1997). After exposure to RNaseH, the presence or absence of intact duplex can be monitored by gel electrophoresis
or mass spectrometry.
[0038] In vivo uptake. In accordance with another aspect of the disclosure, there is provided a simple, rapid test for
confirming that a given antisense oligomer type provides the required characteristics noted above, namely, high Tm,
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ability to be actively taken up by the host cells, and substantial resistance to RNaseH. This method is based on the
discovery that a properly designed antisense compound will form a stable heteroduplex with the complementary portion
of the RNA target when administered to a mammalian subject, and the heteroduplex subsequently appears in the urine
(or other body fluid). Details of this method are also given in co-owned U.S. Patent No. 6,365,351 for "Non-Invasive
Method for Detecting Target RNA".
[0039] Briefly, a test morpholino oligomer having an uncharged phosphorus-containing backbone to be evaluated,
and having a base sequence targeted against a known myostatin RNA sequence (not necessarily an expression-sensitive
region of the RNA transcript), is injected into a mammalian subject.
[0040] Several hours (typically 8-72) after administration, the urine is assayed for the presence of the antisense-RNA
heteroduplex. If heteroduplex is detected, the backbone is suitable for use in the antisense oligomers of the present
invention.
[0041] The test oligomer may be labeled, e.g. by a fluorescent or a radioactive tag, to facilitate subsequent analyses,
if it is appropriate for the mammalian subject. The assay can be in any suitable solid-phase or fluid format. Generally,
a solid-phase assay involves first binding the heteroduplex analyte to a solid-phase support, e.g., particles or a polymer
or test-strip substrate, and detecting the presence/amount of heteroduplex bound. In a fluid-phase assay, the analyte
sample is typically pretreated to remove interfering sample components. If the oligomer is labeled, the presence of the
heteroduplex is confirmed by detecting the label tags. For non-labeled compounds, the heteroduplex may be detected
by immunoassay if in solid phase format or by mass spectroscopy or other known methods if in solution or suspension
format.
[0042] Structural features. As detailed above, the antisense oligomer has a base sequence directed to a targeted
portion of a cellular gene, preferably the region at or adjacent the start codon or a processed transcript or a region at or
adjacent a splice site junction of the myostatin mRNA or preprocessed transcript. In addition, the oligomer is able to
effectively inhibit expression of the targeted gene when administered to a host cell, e.g. in a mammalian subject. This
requirement is met when the oligomer compound (a) has the ability to be taken up by muscle cells, and (b) once taken
up, form a duplex with the target RNA with a Tm greater than about 45°C, preferably greater than 50°C.
[0043] The ability to be taken up selectively by activated immune cells requires, in part, that the oligomer backbone
be substantially uncharged. The ability of the oligomer to form a stable duplex with the target RNA will depend on the
oligomer backbone, the length and degree of complementarity of the antisense oligomer with respect to the target, the
ratio of G:C to A:T base matches, and the positions of any mismatched bases. The ability of the antisense oligomer to
resist cellular nucleases promotes survival and ultimate delivery of the agent to the cell cytoplasm.
[0044] Antisense oligonucleotides of 15-20 bases are generally long enough to have one complementary sequence
in the mammalian genome. In addition, antisense compounds having a length of at least 12, typically at least 15 nucleotides
in length hybridize well with their target mRNA. Due to their hydrophobicity, antisense oligonucleotides tend to interact
well with phospholipid membranes, and it has been suggested that following the interaction with the cellular plasma
membrane, oligonucleotides are actively transported into living cells (Loke, Stein et al. 1989; Yakubov, Deeva et al.
1989; Anderson, Xiong et al. 1999).
[0045] Morpholino oligonucleotides, particularly phosphoramidate- or phosphorodiamidate-linked morpholino oligo-
nucleotides have been shown to have high binding affinities for complementary or near-complementary nucleic acids.
Morpholino oligomers also exhibit little or no non-specific antisense activity, afford good water solubility, are immune to
nucleases, and are designed to have low production costs (Summerton and Weller 1997).
[0046] Morpholino oligonucleotides (including antisense oligomers) are detailed, for example, in co-owned U.S. Patent
Nos. 5,698,685, 5,217,866, 5,142,047, 5,034,506, 5,166,315, 5,185, 444, 5,521,063, and 5,506,337.
[0047] As noted above, the antisense oligomers for use in practicing the invention are composed of morpholino subunits
of the form shown in the above cited patents, where (i) the morpholino groups are linked together by uncharged phos-
phorus-containing linkages, one to three atoms long, joining the morpholino nitrogen of one subunit to the 5’ exocyclic
carbon of an adjacent subunit, and (ii) the base attached to the morpholino group is a purine or pyrimidine base-pairing
moiety effective to bind, by base-specific hydrogen bonding, to a base in a polynucleotide. The purine or pyrimidine
base-pairing moiety is typically adenine, cytosine, guanine, uracil or thymine. Preparation of such oligomers is described
in detail in U.S. Patent No. 5,185,444 (Summerton et al., 1993. As shown in this reference, several types of nonionic
linkages may be used to construct a morpholino backbone.
[0048] Exemplary subunit structures for antisense oligonucleotides of the invention include the morpholino subunit
types shown in Figs. 1A-D, each linked by an uncharged, phosphorous-containing subunit linkage, as shown in Figs.
2A-2D, respectively. In these figures, the X moiety pendant from the phosphorous may be any of the following: fluorine;
an alkyl or substituted alkyl; an alkoxy or substituted alkoxy; a thioalkoxy or substituted thioalkoxy; or, an unsubstituted,
monosubstituted, or disubstituted nitrogen, including cyclic structures. Alkyl, alkoxy and thioalkoxy preferably include
1-6 carbon atoms, and more preferably 1-4 carbon atoms. Monosubstituted or disubstituted nitrogen preferably refers
to lower alkyl substitution, and the cyclic structures are preferably 5- to 7-membered nitrogen heterocycles optionally
containing 1-2 additional heteroatoms selected from oxygen, nitrogen, and sulfur. Z is sulfur or oxygen, and is preferably
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oxygen.
[0049] Fig. 1A shows a phosphorous-containing linkage which forms the five atom repeating-unit backbone shown in
Fig. 2A, where the morpholino rings are linked by a 1-atom phosphoamide linkage. Subunit B in Fig. 1B is designed for
6-atom repeating-unit backbones, as shown in Fig. 2B. In Fig. 1B, the atom Y linking the 5’ morpholino carbon to the
phosphorous group may be sulfur, nitrogen, carbon or, preferably, oxygen. The X moiety pendant from the phosphorous
may be any of the following: fluorine; an alkyl or substituted alkyl; an alkoxy or substituted alkoxy; a thioalkoxy or
substituted thioalkoxy; or, an unsubstituted, monosubstituted, or disubstituted nitrogen, including cyclic structures. Z is
sulfur or oxygen, and is preferably oxygen. Particularly preferred morpholino oligonucleotides include those composed
of morpholino subunit structures of the form shown in Fig. 2B, where X is an amine or alkyl amine of the form X=NR2,
where R is independently H or CH3, that is where X=NH2, X=NHCH3 or X=N(CH3)2, Y=O, and Z=O.
[0050] Subunits C-D in Figs. 1C-D are designed for 7-atom unit-length backbones as shown for structures in Figs. 2C
and D. In Structure C, the X moiety is as in Structure B, and the moiety Y may be methylene, sulfur, or preferably oxygen.
In Structure D, the X and Y moieties are as in Structure B. In all subunits depicted in Figs. 1 and 2, each Pi and Pj is a
purine or pyrimidine base-pairing moiety effective to bind, by base-specific hydrogen bonding, to a base in a polynucle-
otide, and is preferably selected from adenine, cytosine, guanine and uracil.
[0051] As noted above, the substantially uncharged oligomer may advantageously include a limited number of charged
linkages, e.g. up to about 1 per every 5 uncharged linkages. In the case of the morpholino oligomers, such a charged
linkage may be a linkage as represented by any of Figs. 2A-D, preferably Fig. 2B, where X is oxide (-O-) or sulfide (-S-).
[0052] Especially preferred is a substantially uncharged morpholino oligomer such as illustrated by the phosphorodi-
amidate morpholino oligomer (PMO) shown in Fig. 3G. It will be appreciated that a substantially uncharged backbone
may include one or more, e.g., up to 10-20% of charged intersubunit linkages, typically negatively charged phosphorous
linkages.
[0053] Preferred Antisense Targets. In the method and composition of the invention, the antisense oligomer is designed
to hybridize to an expression-sensitive region of the myostatin nucleic acid sequence, under physiological conditions
with a Tm substantially greater than 37°C., e.g., at least 50°C. and preferably 60°C. to 80°C. The antisense compound
is designed to have high-binding affinity to the nucleic acid and may be 100% complementary to the myostatin target
sequence or may include mismatches, e.g., to accommodate allelic variants, as long as the heteroduplex formed between
the oligomer and myostatin target sequence is sufficiently stable to withstand the action of cellular nucleases and other
modes of degradation during its transit from cell to body fluid. Mismatches, if present, are less destabilizing toward the
end regions of the hybrid duplex than in the middle. The number of mismatches allowed will depend on the length of the
oligomer, the percentage of G:C base pair in the duplex and the position of the mismatch(es) in the duplex, according
to well understood principles of duplex stability.
[0054] Although such an antisense oligomer is not necessarily 100% complementary to the myostatin target sequence,
it is effective to stably and specifically bind to the target sequence such that expression of myostatin is modulated. The
appropriate length of the oligomer to allow stable, effective binding combined with good specificity is about 8-40 nucleotide
base units, and preferably about 12-25 nucleotides. Oligomer bases that allow degenerate base pairing with target bases
are also contemplated, assuming base-pair specificity with the target is maintained.
[0055] In one preferred approach, the target for modulation of gene expression using the antisense methods of the
present invention comprises a sequence spanning or adjacent to the mRNA translational start codon for myostatin. In
an alternative preferred approach, a splice acceptor or donor region of preprocessed myostatin mRNA is targeted. It will
be understood that other regions of myostatin mRNA may be targeted, including one or more of, an initiator or promoter
site, an intron or exon junction site, a 3’-untranslated region, and a 5’-untranslated region. It will be further understood
that both spliced and unspliced RNA may serve as the template for design of antisense oligomers for use in the methods
of the invention (See, e.g., Hudziak, Summerton et al. 2000). Table 1 below lists exemplary target regions in the human
myostatin gene (SEQ ID NOS:10-14). The translational start site target (MSTN-AUG) covers a region from -28 to +24
relative to the A residue of the ATG start codon (shown in bold). The Nucleotide Region (Nct. Region) is relative to a
human bacterial artificial chromosome sequence (GenBank Accession No. AC073120) that contains the myostatin gene.
For the splice donor (SD) and splice acceptor (SA) targets the splice site is indicated within the sequence with "/". The
specific target regions for the antisense oligomers listed in Table 2 are contained within the target sequences shown in
Table 1 and are exemplary. It is fully anticipated that alternative antisense oligomers that target different sequences
within those shown in Table 1 would function to effectively decrease the expression of the myostatin gene.



EP 1 855 694 B1

9

5

10

15

20

25

30

35

40

45

50

55

[0056] Exemplary antisense oligomers to myostatin and their targets are provided in Table 2, below. The complement
to the myostatin translational start codon is indicated in bold.

[0057] For instance, the antisense oligomer is a PMO containing the sequences presented as SEQ ID NOS:1 -5.
[0058] The effectiveness of a given antisense oligomer molecule in forming a heteroduplex with the target RNA may
be determined by screening methods known in the art. For example, the oligomer is incubated a cell culture expressing
myostatin and the effect on the target RNA is evaluated by monitoring the presence or absence of (1) heteroduplex
formation with the target sequence and non-target sequences using procedures known to those of skill in the art, (2) the
amount of myostatin mRNA, as determined by standard techniques such as RT-PCR or Northern blot, or (3) the amount
of myostatin protein, as determined by standard techniques such as ELISA or immunoblot (e.g. Western blot).

III. Compositions for use in the Treatment of Muscle Wasting

[0059] The invention provides compositions for use in the treatment of muscle wasting with an antisense oligonucleotide
directed against a nucleic acid sequence encoding myostatin, and is based on the discovery that a stable, substantially
uncharged phosphorus-linked morpholino antisense compound, characterized by high Tm, capable of active or facilitated
transport into cells, and capable of binding with high affinity to a complementary or near-complementary myostatin
nucleic acid sequence, can be administered to a human subject or patient and inhibit expression of myostatin by muscle
cells resulting in increased of muscle growth.
[0060] In vivo administration of a myostatin antisense oligomer to a subject using the methods described herein can
result in an improved muscle mass for the patient, with the extent improvement dependent upon dose and frequency of
myostatin antisense oligomer administration and the general condition of the subject.
[0061] In preferred applications of the compositions for use the subject is a human patient diagnosed as having
degenerated or reduced muscle mass secondary to a primary indication or disease state such as cancer, acquired
immune deficiency syndrome (AIDS) or muscular dystrophy. The patient may also be one who does not have a muscle
wasting disease but be in need of maintaining or increasing muscle mass and tone to offset normal loss of muscle mass
as one ages, or muscle loss due to an extended period of inactivity.
[0062] As a first step, the patient is tested for myostatin levels, typically using a standard assay for measuring serum

TABLE 1. Human Myostatin Target Regions

Name Target Sequence (5’ to 3’) Nct. Region 
(AC073120)

SEQ ID 
NO

MSTN-
AUG

29692-29743 10

MSTN-
SD1

29318-29367 11

MSTN-
SA2

27530-27579 12

MSTN-
SD2

27156-27205 13

MSTN-
SA3

24733-24782 14

TABLE 2. Exemplary Myostatin Antisense Oligomers

Name Antisense Oligomer (5’ to 3’) Targeting Sequence Target Nets. GenBank Acc. # SEQ. ID NO.

MSTN-AUG GAGTTGCAGTTTTTGCATG 133-151 AF104922 1

MSTN-SD1 ACTCTGTAGGCATGGTAATG 487-506 AF104922 2

MSTN-SD2 CAGCCCATCTTCTCCTGG 730-747 AF104922 3

MSTN-SA2 CACTTGCATTAGAAAATCAG 507-526 AF104922 4

MSTN-SA3 CTTGACCTCTAAAAACGGATT 881-901 AF104922 5
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myostatin levels. See, for example, Yarasheski, et al., Schulte et al., and Kirk, et al. for methods and reagents for
measuring serum myostatin-immunoreactive levels. If the measured levels are above a selected threshold level for
normal average individuals, and typically more than 10-20% above the selected threshold, or if the patient otherwise
presents with obvious muscle wasting, the patient is a candidate for the use of the composition of the invention. Normal
threshold values may be determined for normal healthy individuals within a certain gender and/or age bracket, e.g., men
in the 20-35 years old age group, but more typically, values
for normal patients in the same category as the test patients are preferred, except for very elderly patients, e.g., above
age 70. Alternatively, levels of myostatin transcript may be determined using the heteroduplex detection method described
below.
[0063] In another embodiment, the composition is applied to patients who are likely candidates for loss of muscle,
e.g., those who are subject to extended periods of inactivity, even though measured levels of myostatin may be within
a normal range.

Treatment Regimens

[0064] After identifying the patient as a treatment candidate, the patient is administered an amount of the antisense
compound effective to raise measured myostatin levels over a suitable response period, e.g., 1-3 days following admin-
istration of the antisense compound.
[0065] In accordance with the invention, effective delivery of an oligomer antisense to a human subject may include,
but is not limited to, various systemic routes, including oral and parenteral routes, e.g., intravenous (IV), subcutaneous,
intraperitoneal (IP), and intramuscular; as well as inhalation and transdermal delivery. It is appreciated that any methods
effective to deliver a myostatin antisense oligomer to into the bloodstream of a subject are also contemplated. Transdermal
delivery of antisense oligomers may be accomplished by use of a pharmaceutically acceptable carrier adapted for e.g.,
topical administration. One example of morpholino oligomer delivery is described in PCT patent application WO 97/40854.
[0066] In one preferred embodiment, the oligomer is a phosphorodiamidate morpholino oligomer (PMO), contained
in a pharmaceutically acceptable carrier, and delivered orally. In a further aspect of this embodiment, a morpholino
myostatin antisense oligonucleotide is administered at regular intervals for a short time period, e.g., daily for two weeks
or less. However, in some cases the antisense oligomer is administered intermittently over a longer period of time.
[0067] Typically, one or more doses of antisense oligomer are administered, generally at regular intervals for a period
of about one to two weeks. Preferred doses for oral administration are from about 1 mg oligomer/patient to about 100
mg oligomer/patient (based on an adult weight of 70 kg). In some cases, doses of greater than 100 mg oligomer/patient
may be necessary. For IV administration, the preferred doses are from about 0.5 mg oligomer/patient to about 10 mg
oligomer/patient (based on an adult weight of 70 kg). The antisense compound is generally administered in an amount
sufficient to result in a peak blood concentration of at least 200-400 nM antisense oligomer. Greater or lesser amounts
of oligonucleotide may be administered as required and maintenance doses may be lower.
[0068] At regular intervals during the treatment, e.g., 1-3 days following administration of the antisense compound,
the patient is monitored for changes in myostatin levels, e.g., serum myostatin-immunoreactive protein. The dose of
antisense compound administered to the patient should be such as to reduce measured myostatin level over the initially
measured level. Typically a decrease in measured myostatin level of at least 10-20% over initial levels is desired. If the
initial measured levels were above a selected threshold for normal healthy individuals, the dose of antisense compound
is preferably adjusted to bring the myostatin level within this normal range, and the treatment is continued, as needed
to maintain myostatin levels within this range. Diagnosis and monitoring of muscle wasting generally involves monitoring
weight loss due to increased skeletal muscle breakdown (Wallace and Schwartz 2002). Such methods may be qualitative
or quantitative.
[0069] In some cases, the treatment regimen will include further intervention such as radiation therapy, immunotherapy
and/or additional chemotherapy. Such treatment may occur prior to, during or subsequent to administration of the
chemotherapeutic agent and myostatin antisense oligomer.

Sequence listing

[0070]

Oligomer Targeting and Target Sequences (5’ to 3’) SEQ ID NO GenBank Acc. No. Target Region

GAGTTGCAGTTTTTGCATG 1 AF104922 133-151

ACTCTGTAGGCATGGTAATG 2 AF104922 487-506

CAGCCCATCTTCTCCTGG 3 AF104922 730-747
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(continued)

Oligomer Targeting and Target Sequences (5’ to 3’) SEQ ID NO GenBank Acc. No. Target Region

CACTTGCATTAGAAAATCAG 4 AF104922 507-526

CTTGACCTCTAAAAACGGATT 5 AF104922 881-901

10 AC073120 29692-29743

11 AC073120 29318-29367

12 AC073120 27530-27579

13 AC073120 27156-27205

14 AC073120 24733-24782
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SEQUENCE LISTING

[0071]

<110> AVI BioPharma, Inc. Iversen, Patrick L.

<120> Antisense Composition and Method for Treating Muscle Atrophy

<130> 504508073WO0

<140> Not Yet Assigned
<141> Filed Herewith

<150> US 60/651,574
<151> 2005-02-09

<160> 14

<170> PatentIn version 3.2

<210> 1
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> synthetic antisense

Transport Peptide Sequences SEQ ID NO. Name

NH2-RRRRRRRRRFFC-CO2H 7 R9F2C

NH2-RRRRRFFRRRRC-CO2H 8 R5F2R4C

NH2-RAhxRRAhxRRAhxRRAhxR-CO2H 9 (RAhxR)4
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<400> 1
gagttgcagt ttttgcatg 19

<210> 2
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> synthetic antisense

<400> 2
actctgtagg catggtaatg 20

<210> 3
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> synthetic antisense

<400> 3
cagcccatct tctcctgg 18

<210> 4
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> synthetic sequence

<400> 4
cacttgcatt agaaaatcag 20

<210> 5
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> synthetic antisense

<400> 5
cttgacctct aaaaacggat t 21

<210> 6
<211> 2823
<212> DNA
<213> Homo sapiens

<400> 6
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<210> 7
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic transport protein
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<400> 7

<210> 8
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic transport protein

<400> 8

<210> 9
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic transport protein

<220>
<221> misc_feature
<222> (2, 5, 8, 11)

<223> Xaa is 6-aminohexanoic acid

<400> 9

<210> 10
<211> 52
<212> DNA
<213> Homo sapiens

<400> 10
gaaaaaagat tatattgatt ttaaaatcat gcaaaaactg caactctgtg tt 52

<210> 11
<211> 50
<212> DNA
<213> Homo sapiens

<400> 11
acaatcatta ccatgcctac agagtgtaag tagtcctatt agtgtatatc 50

<210> 12
<211> 50
<212> DNA
<213> Homo sapiens
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<400> 12
cttttctttt cttattcatt tatagctgat tttctaatgc aagtggatgg 50

<210> 13
<211> 50
<212> DNA
<213> Homo sapiens

<400> 13
cccaggacca ggagaagatg ggctggtaag tgataactga aaataacatt 50

<210> 14
<211> 50
<212> DNA
<213> Homo sapiens

<400> 14
tgattgttct ttccttttca aacagaatcc gtttttagag gtcaaggtaa 50

Claims

1. An antisense composition of a nuclease-resistant oligonucleotide compound (i) composed of morpholino subunits
and phosphorus-containing intersubunit linkages joining a morpholino nitrogen of one subunit to a 5’ exocyclic carbon
of an adjacent subunit, (ii) containing between 18-40 subunits, (iii) having a base sequence that is complementary
to at least 12 contiguous bases of a splice site in the preprocessed human myostatin transcript having a sequence
of SEQ ID NO:13, (iv) wherein the oligonucleotide compound includes a base sequence as set forth in SEQ ID-
NO:3, (v) wherein the oligonucleotide is effective to form under stringent hybridization conditions a heteroduplex
with an expression-sensitive region of a preprocessed human myostatin RNA transcript defined in its processed
form by SEQ ID NO:6, the heteroduplex having a Tm substantially greater than 37°C, and (vi) wherein the oligonu-
cleotide compound blocks production of a full-length processed myostatin transcript from a preprocessed myostatin
transcript.

2. The composition of claim 1, wherein the heteroduplex formed by the oligonucleotide compound has a Tm dissociation
of at least 45°C.

3. The composition of any one of claims 1 or 2, wherein the morpholino subunits are joined by intersubunit linkages,
in accordance with the structure:

wherein Y1=O, Z=O, Pj is a purine or pyrimidine base-pairing moiety effective to bind, by base-specific hydrogen
bonding, to a base in a polynucleotide, and X is alkyl, alkoxy, thioalkoxy, or -NR2, wherein each R is independently
H or alkyl.

4. The composition of claim 3, wherein X is -NR2, wherein each R is methyl.

5. The composition of claim 1, wherein the oligonucleotide compound is conjugated to an arginine-rich peptide effective
to promote uptake of the compound into target muscle cells.

6. The composition of claim 5, wherein the arginine-rich peptide has one of the sequences identified as SEQ ID NOS:7-9.
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7. The composition of claim 6, wherein the arginine-rich peptide has a sequence of SEQ ID NO:9.

8. The composition of claim 5, wherein the arginine-rich peptide is covalently coupled at its C-terminus to the end of
the oligonucleotide compound.

9. The composition of claim 8, wherein the arginine-rich peptide is covalently coupled at its C-terminus to the 5’ end
of the oligonucleotide compound.

10. A composition according to any one of claims 1 to 9 for use in treating skeletal muscle mass deficiency in a human
subject, wherein the composition is to be administered in a myostatin-expressing inhibiting amount to the subject.

11. The composition for use of claim 10, wherein the subject to be treated has a myostatin level above a selected
threshold for normal, healthy individuals.

12. The composition for use of claim 11, wherein at a selected time following administration, a blood or tissue level of
myostatin is to be measured.

13. The composition for use of claim 12, wherein the administering is to be repeated to reduce the measured levels of
myostatin and to maintain the levels of myostatin in the subject within a range determined for normal, healthy
individuals.

14. The composition for use of claim 13, wherein the administering and measuring is to be carried out for a selected
period of at least 2 weeks.

15. The composition for use of any one of claims 10-14, wherein the administering is to be carried out by oral adminis-
tration.

Patentansprüche

1. Antisense-Zusammensetzung einer Nuklease-resistenten Oligonukleotid-Verbindung (i), die zusammengesetzt ist
aus Morpholino-Untereinheiten und Phosphor-enthaltende Zwischenverknüpfungen, die einen Morpholino-Stickstoff
einer Untereinheit mit einem 5’-exocyclischen Kohlenstoff einer benachbarten Untereinheit verbinden, (ii) die zwi-
schen 18-40 Untereinheiten enthält, (iii) die eine Basensequenz aufweist, die zumindest zu 12 zusammenhängenden
Basen einer Spleißstelle in dem präprozessierten menschlichen Myostatin-Transkript mit der Sequenz von SEQ ID
NO: 13 komplementär ist, (iv) wobei die Oligonukleotid-Verbindung eine Basensequenz wie in SEQ ID NO: 3 gezeigt
beinhaltet, (v) wobei das Oligonukleotid in der Lage ist, unter stringenten Hybridisierungs-Bedingungen ein Hete-
roduplex mit einer expressionsempfindlichen Region des präprozessierten menschlichen Myostatin-RNA-Trans-
kripts, definiert in seiner prozessierten Form durch SEQ ID NO: 6, zu bilden, wobei der Heteroduplex eine Tm hat,
die wesentlich größer als 37°C ist, und (vi) wobei die Oligonukleotid-Verbindung die Herstellung eines prozessierten
Myostatin-Transkripts mit voller Länge aus einem vorverarbeiteten Myostatin-Transkripts blockiert.

2. Zusammensetzung nach Anspruch 1, wobei das durch die Oligonukleotid-Verbindung gebildete Heteroduplex eine
Tm Dissoziation von zumindest 45°C hat.

3. Zusammensetzung nach einem der Ansprüche 1 oder 2, wobei die Morpholino-Untereinheiten durch Zwischenver-
knüpfungen verbunden sind in Übereinstimmung mit der Struktur:



EP 1 855 694 B1

18

5

10

15

20

25

30

35

40

45

50

55

wobei Yi=O, Z=O, Pj ist ein Purin oder Pyrimidin-Basen-paarender Rest, der in der Lage ist, mittels Basen-spezifischer
Wasserstoffbindungen an eine Base in einem Polynukleotid zu binden, und X Alkyl, Alkoxy, Thioalkoxy, oder -NR2
ist, wobei jedes R unabhängig voneinander H oder Alkyl ist.

4. Zusammensetzung nach Anspruch 3, wobei X NR2 ist, wobei jedes R Methyl ist.

5. Zusammensetzung nach Anspruch 1, wobei die Oligonukleotid-Verbindung an ein Arginin-reiches Peptid konjugiert
ist, das wirksam ist, die Aufnahme der Zusammensetzung in die Ziel-Muskelzellen zu fördern.

6. Zusammensetzung nach Anspruch 5, wobei das Arginin-reiche Peptid eine der als SEQ ID NOS:7-9 gekennzeich-
neten Sequenzen aufweist.

7. Zusammensetzung nach Anspruch 6, wobei das Arginin-reiche Peptid eine Sequenz von SEQ ID NO:9 aufweist.

8. Zusammensetzung nach Anspruch 5, wobei das Arginin-reiche Peptid an seinem C-Terminus kovalent an das Ende
der Oligonukleotid-Verbindung gebunden ist.

9. Zusammensetzung nach Anspruch 8, wobei das Arginin-reiche Peptid an seinem C-Terminus kovalent an das 5’-
Ende der Oligonukleotid-Verbindung gebunden ist.

10. Zusammensetzung nach einem der Ansprüche 1 bis 9 zur Verwendung bei der Behandlung von Skelettmuskel-
Massen-Defizienz in einem menschlichen Subjekt, wobei die Zusammensetzung in einer Myostatin-Expression
hemmenden Menge an das Subjekt zu verabreichen ist.

11. Zusammensetzung zur Verwendung nach Anspruch 10, wobei das zu behandelnde Subjekt einen Myostatin-Spiegel
über dem ausgewählten Schwellenwert einer normalen, gesunden Person hat.

12. Zusammensetzung zur Verwendung nach Anspruch 11, wobei zu einer ausgewählten Zeit im Anschluss an die
Verabreichung ein Blut- oder Gewebespiegel von Myostatin zu messen ist.

13. Zusammensetzung zur Verwendung nach Anspruch 12, wobei das Verabreichen zu wiederholen ist, um die ge-
messenen Spiegel von Myostatin zu reduzieren und um die Spiegel von Myostatin in dem Subjekt in einem für
normale, gesunde Personen bestimmten Bereich zu halten.

14. Zusammensetzung zur Verwendung nach Anspruch 13, wobei das Verabreichen und das Messen für einen aus-
gewählten Zeitraum von zumindest 2 Wochen durchzuführen ist.

15. Zusammensetzung zur Verwendung nach einem der Ansprüche 10-14, wobei die Verabreichung mittels oraler
Verabreichung durchzuführen ist.

Revendications

1. Composition antisens d’un composé d’oligonucléotide résistant à une nucléase (i) composé de protomères mor-
pholino et de liaisons inter-protomère contenant du phosphore liant un azote de morpholino d’un protomère à un



EP 1 855 694 B1

19

5

10

15

20

25

30

35

40

45

50

55

carbone exocyclique en 5’ d’un protomère adjacent, (ii) contenant entre 18 et 40 protomères, (iii) ayant une séquence
de base qui est complémentaire à au moins 12 bases contiguës d’un site d’épissage dans le produit de la transcription
de myostatine humaine prétraité ayant une séquence de SEQ ID N° : 13, (iv) dans laquelle le composé d’oligonu-
cléotide inclut une séquence de base telle qu’établie dans SEQ ID N° : 3, (v) dans laquelle l’oligonucléotide est
efficace pour former dans des conditions d’hybridation strictes un hétéroduplex avec une région sensible à l’expres-
sion d’un produit de la transcription d’ARN de myostatine humaine prétraité défini sous sa forme traitée par SEQ
ID N° : 6, l’hétéroduplex ayant une Tm essentiellement supérieure à 37°C, et (vi) dans laquelle le composé d’oligo-
nucléotide bloque la production d’un produit de la transcription de myostatine traité de longueur entière à partir d’un
produit de la transcription de myostatine prétraité.

2. Composition selon la revendication 1, dans laquelle l’hétéroduplex formé par le composé d’oligonucléotide a une
dissociation de Tm d’au moins 45°C.

3. Composition selon l’une quelconque des revendications 1 ou 2, dans laquelle les protomères morpholino sont liés
par des liaisons inter-protomère conformément à la structure :

dans laquelle Y1=O, Z=O, Pj est un fragment d’appariement de bases de purine ou pyrimidine efficace pour se fixer,
par liaison d’hydrogène spécifique à la base, à une base dans un polynucléotide, et X est alkyle, alkoxy, thioalkoxy
ou -NR2, dans laquelle chaque R est indépendamment H ou alkyle.

4. Composition selon la revendication 3, dans laquelle X est -NR2, dans laquelle chaque R est méthyle.

5. Composition selon la revendication 1, dans laquelle le composé d’oligonucléotide est conjugué à un peptide riche
en arginine efficace pour promouvoir la capture du composé dans des cellules musculaires cibles.

6. Composition selon la revendication 5, dans laquelle le peptide riche en arginine a une des séquences identifiées
comme SEQ ID N° : 7 à 9.

7. Composition selon la revendication 6, dans laquelle le peptide riche en arginine a une séquence de SEQ ID N° : 9.

8. Composition selon la revendication 5, dans laquelle le peptide riche en arginine est accouplé par covalence à sa
terminaison C à l’extrémité du composé d’oligonucléotide.

9. Composition selon la revendication 8, dans laquelle le peptide riche en arginine est accouplé par covalence à sa
terminaison C à l’extrémité 5’ du composé d’oligonucléotide.

10. Composition selon l’une quelconque des revendications 1 à 9 destinée à être utilisée dans le traitement d’une
déficience en masse musculaire squelettique chez un sujet humain, dans laquelle la composition doit être administrée
en une quantité inhibant l’expression de la myostatine au sujet.

11. Composition destinée à être utilisée selon la revendication 10, dans laquelle le sujet devant être traité a un niveau
de myostatine au-dessus d’un seuil sélectionné pour des individus sains normaux.

12. Composition destinée à être utilisée selon la revendication 11, dans laquelle un niveau sanguin ou de tissu de
myostatine doit être mesuré à un moment sélectionné suite à l’administration.

13. Composition destinée à être utilisée selon la revendication 12, dans laquelle l’administration doit être répétée pour
réduire les niveaux mesurés de myostatine et pour maintenir les niveaux de myostatine chez le sujet au sein d’une
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plage déterminée pour des individus sains normaux.

14. Composition destinée à être utilisée selon la revendication 13, dans laquelle l’administration et la mesure doivent
être effectuées pendant une période sélectionnée d’au moins 2 semaines.

15. Composition destinée à être utilisée selon l’une quelconque des revendications 10 à 14, dans laquelle l’administration
doit être effectuée par administration orale.
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