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OLGOMERS 

FIELD OF THE INVENTION 

0001. The present invention relates to oligomers which are 
capable of causing exon skipping and, in particular, relates to 
oligomers which are capable of causing exon skipping in the 
myostatin gene. 

BACKGROUND TO THE INVENTION 

0002. A range of strategies have been proposed to enhance 
muscle bulk and strength as a treatment for a number of 
age-related muscle disorders and various neuromuscular dis 
orders, including muscular dystrophies. Myostatin, a trans 
forming growth factor-B family member, also called growth 
and differentiation factor-8, is a negative regulator of muscle 
growth and the myostatin signalling axis has been a major 
focus in Such strategies. Myostatin null or hypomorphic ani 
mals are significantly larger than wild-type animals and show 
a large increase in skeletal muscle mass." The first natural 
myostatin mutation in humans has also been identified in a 
young boy. Myostatin blockade, therefore, offers a strategy 
for counteracting muscle-wasting conditions including 
Duchennemuscular dystrophy. Delivery of myostatin-inhib 
iting genes, including growth and differentiation factor-asso 
ciated serum protein-1 (GASP-1), follistatin-related gene 
(FLRG), follistatin-344 (FS) and myostatin propeptide, via 
adeno-associated virus, lead to an increase in muscle mass 
in treated animals, with the greatest increase in FS-treated 
animals. Use of potentially therapeutic antimyostatin-block 
ing antibodies of high-binding affinity has proved to be a 
promising strategy. However, there are some constraints 
related to the use of antimyostatin antibodies that include 
difficulty in long-term Sustainability, undesirable immune 
responses, and inhibitory effects not precisely specific to 
myostatin in regard to muscle growth. Significant increase 
in skeletal muscle mass was also observed using adeno-asso 
ciated virus vectors to deliver a recombinant myostatin 
propeptide gene fragment, or by a retrovirus-based RNA 
interference system (RNAi).'" Both approaches have 
safety concerns of possible genotoxicity, due to uncontrolled 
vector genome insertion into host chromosomes.' The RNAi 
system faces an additional hurdle in terms of effective deliv 
ery of the RNAi molecules into the disease models for clinical 
studies." RNA-based modulation therapy has the potential to 
overcome difficulties encountered by conventional gene 
therapy methods. Antisense oligonucleotides (AOS) are 
capable of hybridizing to a sense target sequence leading to 
cleavage of the RNA:DNA hybrid by RNase H which results 
in downregulation of genetranscription.'" In an alternative 
approach, antisense-mediated modulation of pre-mRNA 
splicing has been pioneered by Dominski and Kole." In the 
first experiments, AOS were aimed at activated cryptic splice 
sites in the f-globin (HBB) and cystic fibrosis transmem 
brane conductance regulator (CFTR) genes in order to restore 
normal splicing in B-thalassemia and cystic fibrosis patients. 
'''. The identification of exon/intron boundaries by the 
splicing machinery, and therefore inclusion of the exons into 
the mRNA, is extensively thought to depend on exonic splic 
ing enhancer (ESE) motifs. By masking these ESE sites 
with sequence-optimized AOS, the targeted exons are no 
longer recognized as exons, and are spliced out with neigh 
bouring introns. This so-called antisense-induced exon skip 
ping has already been used clinically to partly correct the 
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mutated dystrophin and convert the severe Duchenne muscu 
lar dystrophy phenotype into a milder Becker muscular dys 
trophy phenotype." Clinical trials to determine the safety 
profile and the efficacy of single intramuscular doses of two 
different chemistries of AOS, 2-O-methyl phosphorothioate 
(2OMePS) AOs and phosphorodiamidate morpholino oligo 
mers (PMOs) in Duchenne muscular dystrophy patients have 
recently been completed.' The treatments were well tol 
erated by all the patients and the injection of AOs induced the 
production of dystrophin. 2'OMePS AOS, being negatively 
charged, are easily delivered in vitro, whereas PMOs are 
capable of more sustained effect in vivo due to their resistance 
to enzymatic degradation’ and owing to their longer 
sequence, have increased affinity to target. When conju 
gated with various peptide derivatives, or with dendrimeric 
octa-guanidine (so-called Vivo-morpholino), PMOS demon 
strate a significantly increased delivery in the case of dystro 
phin skipping.'' 

SUMMARY OF THE INVENTION 

0003. The inventors have adopted the approach of using 
AOs with different chemistries, so enhancing their half-lives 
relative to RNAi molecules, to investigate the outcome of 
myostatin knockdown by exon skipping. Skipping of exon 2 
(374 nucleotides) of myostatin leads to an out-of-phase splic 
ing of exons 1 and 3, and knockdown of myostatin due to 
truncation of the Open Reading 
0004 Frame and nonsense-mediated mRNA decay. The 
data present here constitute a proof-of-principle that oligo 
nucleotide-mediated antisense exon skipping leads to a 
physiologically significant myostatin knockdown invitro and 
in vivo. This type of antisense treatment could thus form part 
of an effective strategy to improve various muscle-wasting 
conditions, and along with dystrophin rescue or augmenta 
tion, to treat Duchenne muscular dystrophy. 
0005. The present invention relates to oligomers which 
can bind to pre-mRNA produced from the myostatingene and 
cause exon skipping during cellular processing of the pre 
mRNA. 

0006. The present invention provides an oligomer for 
inducing exon skipping during processing of myostatin pre 
mRNA, the oligomer comprising at least 20 contiguous bases 
of a base sequence selected from the group consisting of 

(SEQ ID NO. 1) 
1) XCXCGACGGGXCXCAAAXAXAXCCAXAGXX; 

(SEQ ID NO. 2) 
2) XGXACCGXCXXXCAXAGGXXXGAXGAGXCX; 

(SEQ ID NO. 3) 
3) CCXGGGXXCAXGXCAAGXXXCAGAGAXCGG; 

(SEQ ID NO. 4) 
4) CAGCCCAXCXXCXCCXGGXCCXGGGAAGGX; 

(SEO ID NO. 5) 
5) XCXXGACGGGXCXGAGAXAXAXCCACAGXX; 

(SEQ ID NO. 6) 
6) XGXACCGXCXXXCAXGGGXXXGAXGAGXCX; 

(SEO ID NO. 7) 
7) CCXGGGCXCAXGXCAAGXXXCAGAGAXCGG; 
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- Continued 
(SEQ ID NO. 8) 

8) XCCACAGXXGGGCXXXXACX; 

(SEQ ID NO. 9) 
9) XCXGAGAXAXAXCCACAGXX; 

(SEQ ID NO. 10) 
O) XCXXGACGGGXCXGAGAXAX; 

(SEQ ID NO. 11) 
1) XGAXGAGXCXCAGGAXXXGC; 

(SEQ ID NO. 12) 
2) XXCAXGGGXXXGAXGAGXCX; 

(SEQ ID NO. 13) 
3) XXGXACCGXCXXXCAXGGGX; 

(SEQ ID NO. 14) 
4) CAGAGAXCGGAXXCCAGXAX; 

(SEQ ID NO. 15) 
5) XGXCAAGXXXCAGAGAXCGG; 

(SEQ ID NO. 16) 
6) CCXGGGCXCAXGXCAAGXXX; 

(SEO ID NO. 17) 
7) CXGGGAAGGXXACAGCAAGA; 

(SEQ ID NO. 18) 
8) XCXCCXGGXCCXGGGAAGGX; 

and 

(SEQ ID NO. 19) 
9) CAGCCCAXCXXCXCCXGGXC, 

0007 wherein X is T or U and the oligomer's base 
sequence can vary from the above sequence at up to two 
base positions, and wherein the oligomer can bind to a 
target site in the myostatin pre-mRNA to cause exon skip 
ping. 

0008. The oligomers described above cause exon skipping 
in the myostatin gene. In particular, these oligomers cause 
exon skipping of exon two of the myostatin gene, i.e. when 
the myostatin pre-mRNA is processed into mRNA, the oli 
gomers stop exon two from being included in the mRNA. 
0009. Without being restricted to any particular theory, it 

is thought that the binding of the oligomers to the myostatin 
pre-mRNA interacts with or interferes with the binding of SR 
proteins to the exon. SR proteins are involved in the splicing 
process of adjacent exons. Therefore, it is thought that inter 
acting or interfering with the binding of the SR proteins 
interferes with the splicing machinery resulting in exon skip 
ping. 
0010. The base “X” in the above base sequences is defined 
as being thymine (T) or uracil (U). The presence of either base 
in the sequence will still allow the oligomer to bind to the 
pre-mRNA of the myostatin gene as it is a complementary 
sequence. Therefore, the presence of either base in the oligo 
mer will cause exon skipping. The base sequence of the 
oligomer may contain all thymines, all uracils or a combina 
tion of the two. One factor that can determine whether X is T 
or U is the chemistry used to produce the oligomer. For 
example, if the oligomer is a phosphorodiamidate mor 
pholino oligonucleotide (PMO), X will be T as this base is 
used when producing PMOs. Alternatively, if the oligomer is 
a phosphorothioate-linked 2'-O-methyl oligonucleotide 
(2OMePS), X will be U as this base is used when producing 
2OMePSs. Preferably, the base “X” is only thymine (T). 
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0011. The advantage provided by the oligomer is that it 
causes exon skipping. Preferably, the oligomer causes an 
exon skipping rate of at least 40%, i.e. exon two will be 
skipped 40% of the time. More preferably, the oligomer 
causes an exon skipping rate of at least 50%, more preferably 
still, at least 60%, even more preferably, at least 70%, more 
preferably still, at least 75%, more preferably, at least 80%, 
even more preferably, at least 85%, more preferably still, at 
least 90%, even most preferably, at least 95%, more prefer 
ably, at least 98% and even more preferably, at least about 
99%. Exon skipping can be measured by transfection 
(leashed or unleashed: concentration between 50 and 500 
nM) into cultured human myoblast cells (e.g., using a trans 
fection reagent such as Lipofectamine2000TM), and evalua 
tion of skipped and unskipped mRNAs by electrophoretic 
densitometric analysis of RTPCR reaction products. 
0012. The oligomer can be any type of oligomeras long as 

it has the selected base sequence and can bind to a target site 
of the myostatin pre-mRNA to cause exon skipping. For 
example, the oligomer can be an oligodeoxyribonucleotide, 
an oligoribonucleotide, a phosphorodiamidate morpholino 
oligonucleotide (PMO) or a phosphorothioate-linked 2'-O- 
methyl oligonucleotide (2OMePS). Preferably, the oligomer 
is a PMO or a 2 OMePS. In one embodiment, the oligomer is 
a PMO. The advantage of a PMO is that it has excellent safety 
profiles and appears to have longer lasting effects in vivo 
compared to 2'OMePS oligonucleotides. Preferably, the oli 
gomer is isolated so that it is free from other compounds or 
contaminants. 

0013 The base sequence of the oligomer can vary from the 
selected sequence at up to two base positions. If the base 
sequence does vary at two positions, the oligomer will still be 
able to bind to the myostatin pre-mRNA to cause exon skip 
ping. Preferably, the base sequence of the oligomer varies 
from the selected sequence at up to one base position and, 
more preferably, the base sequence does not vary from the 
selected sequence. The less that the base sequence of the 
oligomer varies from the selected sequence, the more effi 
ciently it binds to the target site in order to cause exon skip 
ping. 
0014. The oligomer is at least 20 bases in length. Prefer 
ably, the oligomer is at least 25 bases in length. In some 
embodiments, the oligomer may be at least 28 bases in length 
or at least 30 bases in length. Preferably, the oligomer is no 
more than 40 bases in length. In some embodiments, the 
oligomer may be no more than 35 bases in length or no more 
than 32 bases in length. Preferably, the oligomer is between 
20 and 40 bases in length. More preferably, the oligomer is 
between 25 and 35 bases in length. In some embodiments, the 
oligomer is between 28 and 32 bases in length, between 29 
and 31 bases in length, or about 30 bases in length. It has been 
found that an oligomer which is 30 bases in length causes 
efficient exon skipping. If the oligomer is longer than 40 bases 
in length, the specificity of the binding to the target site may 
be reduced. If the oligomer is less than 20 bases in length, the 
exon skipping efficiency may be reduced. 
0015. In some embodiments, the oligomer comprises at 
least 20 contiguous bases of a base sequence selected from the 
group consisting of SEQ ID NOS. 1-7, wherein the oligo 
mer's base sequence can vary from SEQID NOS. 1-7 at up to 
two base positions. 
0016. In other embodiments, the oligomer comprises at 
least 20 contiguous bases of a base sequence selected from the 
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group consisting of SEQ ID NOS. 1-4, wherein the oligo 
mer's base sequence can vary from SEQID NOS. 1-4 at up to 
two base positions. 
0017. In the above embodiments relating to SEQID NOS. 
1-7 and SEQID NOS. 1-4, the oligomer preferably comprises 
at least 25 contiguous bases of the base sequences. More 
preferably, the oligomer comprises at least 28 contiguous 
bases of the base sequences. In some embodiments, the oli 
gomer comprises 30 contiguous bases of the base sequences, 
i.e. the oligomer comprises the base sequences of SEQ ID 
NOS. 1-7 or SEQID NOS. 1-4. In the embodiments described 
in this paragraph, the oligomer's base sequence can still vary 
from SEQID NOS. 1-7 or SEQID NOS. 1-4 at up to two base 
positions. 
0018. The oligomer may be conjugated to or complexed 
with various distinct chemical entities. For example, the oli 
gomer may be conjugated to or complexed with a targeting 
protein in order to target the oligomerto, for example, muscle 
tissue. If the oligomer is conjugated to an entity, it may be 
conjugated directly or via a linker. In one embodiment, a 
plurality of oligomers may be conjugated to or complexed 
with a single entity. For example, the oligomer may be con 
jugated to octa-guanidine dendrimers. Alternatively, an argi 
nine-rich cell penetrating peptide (CPP) can be conjugated to 
or complexed with the oligomer. In particular, (R-AhX-R) 
AhxB can be used, where Ahk is 6-aminohexanoic acid and 
B is beta-alanine (Moulton H M et al. (2007) Biochem. Soc. 
Trans. 35: 826-8.), or alternatively (RXRRBR).XB can be 
used These entities have been complexed to known dystro 
phin exon-skipping oligomers which have shown Sustained 
skipping of dystrophin exons in vitro and in vivo. 
0019. Alternatively, a range of nanoparticle systems can 
be used to deliver the oligomers'". 
0020. In another aspect, the present invention provides a 
vector for inducing exon skipping during processing of myo 
statin pre-mRNA, the vector encoding an oligomer of the 
invention, wherein when the vector is introduced into a cell 
(e.g. a human cell), the oligomer is expressed. For example, it 
is possible to express antisense sequences in the form of a 
gene, which can thus be delivered on a vector. One way to do 
this would be to modify the sequence of a U7 snRNA gene to 
include an antisense sequence according to the invention. The 
U7 gene, complete with its own promoter sequences, can be 
delivered on an adeno-associated virus (AAV) vector, to 
induce bodywide exon skipping. Similar methods to achieve 
exon skipping, by using a vector encoding an oligomer of the 
invention, would be apparent to one skilled in the art. 
0021. The present invention also provides a pharmaceuti 
cal composition for inducing exon skipping during process 
ing of myostatin pre-mRNA, the composition comprising an 
oligomer as described above or a vector as described above 
and a pharmaceutically acceptable carrier, adjuvant or 
vehicle. 
0022 Pharmaceutical compositions of this invention com 
prise an oligomer of the present invention, and pharmaceuti 
cally acceptable salts, esters, salts of such esters, or any other 
compound which, upon administration to a Subject (e.g. a 
human), is capable of providing (directly or indirectly) the 
biologically active oligomer thereof, with a pharmaceutically 
acceptable carrier, adjuvant or vehicle. Pharmaceutically 
acceptable carriers, adjuvants and vehicles that may be used 
in the pharmaceutical compositions of this invention include, 
but are not limited to, ion exchangers, alumina, aluminum 
Stearate, lecithin, serum proteins, such as human serum albu 
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min, buffer Substances such as phosphates, glycine, Sorbic 
acid, potassium Sorbate, partial glyceride mixtures of Satu 
rated vegetable fatty acids, water, salts or electrolytes, such as 
protamine Sulfate, disodium hydrogen phosphate, potassium 
hydrogen phosphate, Sodium chloride, Zinc salts, colloidal 
silica, magnesium trisilicate, polyvinyl pyrrolidone, cellu 
lose-based substances, polyethylene glycol, Sodium car 
boxymethylcellulose, polyacrylates, waxes, polyethylene 
polyoxypropylene-block polymers, polyethylene glycol and 
wool fat. 
0023 The pharmaceutical compositions of this invention 
may be administered orally, parenterally, by inhalation spray, 
topically, rectally, nasally, buccally, vaginally, intradermally 
or via an implanted reservoir. Oral administration or admin 
istration by injection is preferred. The pharmaceutical com 
positions of this invention may contain any conventional non 
toxic pharmaceutically-acceptable carriers, adjuvants or 
vehicles. The term parenteral as used herein includes subcu 
taneous, intracutaneous, intravenous, intramuscular, intra-ar 
ticular, intrasynovial, intrasternal, intrathecal, intralesional 
and intracranial injection or infusion techniques. Preferably, 
the route of administration is by injection, more preferably, 
the route of administration is intramuscular, intravenous or 
Subcutaneous injection and most preferably, the route of 
administration is intravenous or intramuscular injection. 
0024. The pharmaceutical compositions may be in the 
form of a sterile injectable preparation, for example, as a 
sterile injectable aqueous or oleaginous Suspension. This Sus 
pension may be formulated according to techniques known in 
the art using Suitable dispersing or wetting agents (such as, for 
example, Tween 80) and Suspending agents. The sterile 
injectable preparation may also be a sterile injectable solution 
or Suspension in a non-toxic parenterally-acceptable diluent 
or solvent, for example, as a solution in 1,3-butanediol. 
Among the acceptable vehicles and solvents that may be 
employed are mannitol, water, Ringer's Solution and isotonic 
sodium chloride solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent or Suspending medium. 
For this purpose, any bland fixed oil may be employed includ 
ing synthetic mono- or diglycerides. Fatty acids, such as oleic 
acid and its glyceride derivatives are useful in the preparation 
of injectables, as are natural pharmaceutically acceptable 
oils. Such as olive oil or castor oil, especially in their poly 
oxyethylated versions. These oil solutions or Suspensions 
may also contain a long-chain alcohol diluent, dispersant or 
similar alcohol. 
0025. The pharmaceutical compositions of this invention 
may be orally administered in any orally acceptable dosage 
form including, but not limited to, capsules, tablets, and aque 
ous Suspensions and Solutions. In the case of tablets for oral 
use, carriers which are commonly used include lactose and 
corn Starch. Lubricating agents, such as magnesium Stearate, 
are also typically added. For oral administration in a capsule 
form, useful diluents include lactose and dried corn starch. 
Whenaqueous Suspensions are administered orally, the active 
ingredient is combined with emulsifying and Suspending 
agents. If desired, certain Sweetening and/or flavouring and/ 
or colouring agents may be added. 
0026. The pharmaceutical compositions of this invention 
may also be administered in the form of Suppositories for 
rectal administration. These compositions can be prepared by 
mixing a compound of this invention with a suitable non 
irritating excipient which is solid at room temperature but 
liquid at the rectal temperature and therefore will melt in the 
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rectum to release the active components. Such materials 
include, but are not limited to, cocoa butter, beeswax and 
polyethylene glycols. 
0027 Topical administration of the pharmaceutical com 
positions of this invention is especially useful when the 
desired treatment involves areas or organs readily accessible 
by topical application. For application topically to the skin, 
the pharmaceutical composition should be formulated with a 
Suitable ointment containing the active components sus 
pended or dissolved in a carrier. Carriers for topical admin 
istration of the compounds of this invention include, but are 
not limited to, mineral oil, liquid petroleum, white petroleum, 
propylene glycol, polyoxyethylene polyoxypropylene com 
pound, emulsifying wax and water. Alternatively, the phar 
maceutical composition can be formulated with a suitable 
lotion or cream containing the active compound Suspended or 
dissolved in a carrier. Suitable carriers include, but are not 
limited to, mineral oil, Sorbitan monostearate, polysorbate 60, 
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl 
alcohol and water. The pharmaceutical compositions of this 
invention may also be topically applied to the lower intestinal 
tract by rectal Suppository formulation or in a Suitable enema 
formulation. Topically-transdermal patches are also included 
in this invention. 
0028. The pharmaceutical compositions of this invention 
may be administered by nasal aerosol or inhalation. Such 
compositions are prepared according to techniques well 
known in the art of pharmaceutical formulation and may be 
prepared as solutions in saline, employing benzyl alcohol or 
other Suitable preservatives, absorption promoters to enhance 
bioavailability, fluorocarbons, and/or other solubilizing or 
dispersing agents known in the art. 
0029. The pharmaceutical composition of the invention 
may also comprise an additional biologically active agent. 
For example, where the composition is for ameliorating 
Duchenne muscular dystrophy, the composition may com 
prise an oligomer for causing exon skipping in the dystrophin 
gene. Such oligomers are described, for example, in U.S. 
application Ser. No. 12/556,626. 
0030 The oligomers of the invention are for use in therapy 
and, in particular, for use in inducing exon skipping during 
processing of myostatin pre-mRNA. 
0031. The present invention also provides a method of 
inducing exon skipping during processing of myostatin pre 
mRNA in a patient (e.g. a human patient), the method com 
prising administering a therapeutically effective amount of 
the oligomer of the invention or the vector of the invention to 
the patient such that exon skipping during processing of myo 
statin pre-mRNA is induced. 
0032. In the above method, the oligomers can be used to 
increase or maintain muscle mass, or to slow the degeneration 
of muscle mass. In particular, musculoskeletal muscle mass 
can be increased or maintained, or its degeneration slowed. 
For example, the method can be for ameliorating muscle 
wasting conditions such as degenerative muscular disorders, 
including various forms of muscular dystrophy. Degenerative 
muscular disorders such as various forms of muscular dys 
trophies can actually be fatal at an early age of mid to late 
twenties. Muscle wasting conditions that can be ameliorated 
using the oligomers include muscular dystrophy Such as 
Becker's muscular dystrophy, congenital muscular dystro 
phy, Duchenne muscular dystrophy, distal muscular dystro 
phy, Emery-Dreifuss muscular dystrophy, facioscapulo 
humeral muscular dystrophy (FSHD), limb-girdle muscular 
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dystrophy, myotonic muscular dystrophy and oculopharyn 
geal muscular dystrophy. In one embodiment, the method is 
for ameliorating Duchenne muscular dystrophy (DMD). 
Other conditions that could be ameliorated by myostatin oli 
gomers include cachexia (muscle loss due to for example, 
cancer, chronic obstructive pulmonary disease (COPMD) 
and HIV/AIDS), sarcopenia (muscle loss due to natural old 
age), muscle atrophy (muscle loss in denervating conditions 
Such as motorneuron disease, and spinal muscular atrophy). 
In addition, myostatin knockdown by oligomers and the ensu 
ing increased muscle bulk may also have the potential to 
counteract insulin-resistance in diabetes and obesity-related 
metabolic syndromes. 
0033. In some embodiments of the invention, another bio 
logically active agent may also be administered in a therapeu 
tically effective amount. For example, where the method is 
for ameliorating DMD, antisense oligomers for causing exon 
skipping in the dystrophin gene may also be administered. 
Such oligomers are described, for example, in U.S. applica 
tion Ser. No. 12/556,626. 

DETAILED DESCRIPTION OF THE INVENTION 

0034. The present invention will now be described in 
detail, by way of example only, with reference to the accom 
panying figures in which: 
0035 FIG. 1: Bioinformatics analysis, design, and evalu 
ation in C2C12 muscle cells of specific AOS predicted to 
induce skipping of myostatin exon 2. (a) Results from three 
algorithms used to identify ESE sequences for designing of 
exon skipping AOS targeting exon 2 of the mouse myostatin 
gene. The ESE Finder analysis shows the location and values 
above threshold for SR protein-binding motifs, SF2/ASF, 
SF2/ASF (BRCA 1), SC35, SRp40, and SRp55 which are 
shown as vertical bars above the sequence of exon 2. The 
Rescue ESE analysis shows the position of possible exonic 
splicing enhancer sites by black horizontal lines parallel to 
the sequence of exon 2. The PESX analysis shows the loca 
tion of ESEs as light gray horizontal lines, and exon splicing 
silencers (ESSs) as dark gray horizontal lines. The bold hori 
Zontal laddered black lines represent the sequence of the 
20-mer 2 OMePSs which were obtained after aligning the 
outputs from the three algorithms. (b) Comparison of efficacy 
of different 2 OMePS oligomers to induce skipping of exon 2 
in myostatin mRNA from C2C12 cell cultures. RT-PCR was 
performed on 1 lug mRNA from C2C12 cells treated with 12 
different 2'OMePS oligomers at 250 nmol/l. Transfections 
were performed in duplicates and the nested RT-PCR prod 
ucts were loaded on 1.2% agarose gel as follow: Tracks 1 and 
2: oligomer A1: Tracks 3 and 4: oligomer A2: Tracks 5 and 6: 
oligomer A3; Tracks 9 and 10: oligomer B1; Tracks 11 and 
12: oligomer B2: Tracks 13 and 14: oligomer B3; Tracks 15 
and 16: oligomer C1; Tracks 17 and 18: oligomer C2: Tracks 
19 and 20: oligomer C3; Tracks 23 and 24: oligomer D1; 
Tracks 25 and 26: oligomer D2: Tracks 27 and 28: oligomer 
D3; Tracks 7, 8, 21 and 22: controls with transfection reagent 
Lipofectamine 2000 alone, but no AO: Size Marker used is 
Hyper ladder IV. 2'OMePS, 2O-methyl phosphorothioate 
RNA; AO, antisense oligonucleotide; bp, base pairs: ESE, 
exonic splicing enhancer; RT-PCR, reverse transcriptase 
PCR. 
0036 FIG. 2: Antisense-induced myostatin exon 2 skip 
ping with 2OMePS oligomers leads to an increase in C2C12 
cell proliferation. C2C12 cells were treated with a range of 
2OMePS oligomers along with lipofectamine 2000 
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(LF2000), and assayed 24 hours later for cell proliferation by 
lactic dehydrogenase assay. Treatment with 2 OMePS oligo 
mers A3, B3, and D3 resulted in significant increases in the 
number of cells after 24 hours compared to the cultures 
treated with only transfection reagent LF2000 but no AO. C3 
did not induce a substantial change. (t-test analysis, n=6; 
*P<0.05; **P<0.01). 2'OMePS, 2O-methyl phosphorothio 
ate RNA. 

0037 FIG.3: Exon skipping in mouse following intramus 
cular injection of 2 OMePS oligomers targeting myostatin 
exon 2. Oligomers A2 and B3 (3 nmol) were administered by 
a single intramuscular injection into the tibialis anterior (TA) 
muscles of mice. Two and four weeks later, muscles were 
recovered, and RNA extracted and analyzed for the presence 
of myostatin exon 2 skipping by RT-PCR. Agarose ethidium 
bromide gel electrophoresis is shown for the products of 
RT-PCR analysis: The upper and lower bands correspond to 
the normal exon 1, 2, and 3 product (532 bp) and the exon 2 
skipped product (158bp), respectively which were verified by 
sequencing (data not shown). The faint shadow band of inter 
mediate migration in some tracks was found upon sequencing 
to correspond to a product containing a partial sequence of 
exon 2 due to a cryptic 3' splice site 296 nt downstream of the 
correct one. Tracks 1 and 2: 14 days control; Tracks 3-5: 14 
days A2-treated; Tracks 6-8: 28 days A2-treated; Tracks 9-11; 
14 days B3-treated; Tracks 12-14: 28 days B3-treated; Tracks 
15 and 16: 28 days control. Densitometric evaluation of the 
skipped and unskipped bands showed that after 14 days, A2 
gave 25.6% and B3 54.6% skipping, and after 28 days, A2 
gave 48.6% and B3 24.5% skipping. 2'OMePS, 2O-methyl 
phosphorothioate RNA; bps, base pairs; nt, nucleotides; RT 
PCR, reverse transcriptase-PCR. 
0038 FIG. 4: Myostatin exon 2 skipping in C2C12 cell 
culture following treatment with a range of leashed-PMO 
lipoplexes. C2C12 cell cultures treated with a range of 
leashed PMOs in lipoplex form with LF2000 exhibited skip 
ping of exon 2 in myostatin mRNA. RT-PCR was performed 
on 1 lug mRNA from C2C12 cells treated with 250 nmol/l 
PMOs (designed on the basis of the most effective 2 OMePS 
sequences: A3, B3, C3, and D3) over a period of 24 hours. 
Transfections were performed in triplicate and RT-PCR prod 
ucts were loaded on 1.2% agarose gel as follows: Tracks 1-3: 
PMO-A: Tracks 4-6: PMO-B: Tracks 7-9: PMO C: Tracks 
10-12: PMO-D; Tracks 13-15; LF2000-treated control; bps, 
base pairs; LP2000, lipofectamine 2000; PMO, phospho 
rodiamidate morpholino oligomers: RT-PCR, reverse tran 
scriptase-PCR. 
0039 FIG. 5: Systemic injection of PMO conjugated to 
octa-guanidine dendrimer (Vivo-PMO) results in myostatin 
exon skipping associated with a significant increase in muscle 
mass and myofiber size. Mice were treated with 6 mg/kg of 
Vivo-PMO-D3 by five weekly intravenous injections, and 
muscles harvested for RNA extraction and immunohistology 
10 days later. (a) Weight of soleus and EDL muscle after 
treatment. Weights of soleus muscles were significantly 
increased (t-test, P-0.034; n=6) whereas weights of EDL 
muscles showed no significant change. (b) RT-PCR was car 
ried out on 1 lug RNA from soleus and EDL muscles and 
products resolved on a 1.2% agarose gel. Track 1: Vivo-PMO 
treated soleus; Track 2: control soleus; Track 3: Vivo-PMO 
treated EDL: Track 4: control EDL. (c) Distribution of myo 
fiber sizes (CSA) in vivo-PMO treated (black bars) and con 
trol (open bars) soleus muscles. (d) Representative dystro 
phin immunohistology indicating increased myofibre CSA in 
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vivo-PMO treated compared to control soleus muscle cryo 
sections. Bar 500 um. CSA, cross-sectional area; EDL, 
extensor digitorum longus; PMO, phosphorodiamidate mor 
pholino oligomers; RT-PCR, reverse transcriptase-PCR. 

Introduction 

0040. As stated above, the inventors have adopted the 
approach of using AOS with different chemistries, so enhanc 
ing their half-lives relative to RNAi molecules, to investigate 
the outcome of myostatin knockdown by exon skipping. 
Skipping of exon 2 (374 nucleotides) of myostatin was pre 
dicted to lead to an out-of-phase splicing of exons 1 and 3, and 
knockdown of myostatin due to truncation of the Open Read 
ing Frame and nonsense-mediated mRNA decay. The data 
present below constitute a proof-ofprinciple that oligonucle 
otide-mediated antisense exon skipping leads to a physiologi 
cally significant myostatin knockdown in vitro and in vivo. 
This type of antisense treatment could thus potentially form 
part of an effective strategy to improve various muscle-wast 
ing conditions, and along with dystrophin rescue or augmen 
tation, to treat Duchenne muscular dystrophy. 

Example 1 

Materials and Methods 

Bioinformatics Analysis of the Myostatin Gene to Design 
AOS Reagents. 

0041. Three different bioinformatics algorithms namely 
ESE Finder, PESX, and Rescue ESE were used to design 
antisense reagents. Results from the three algorithms were 
merged to define ESE sites and used to identify the regions of 
the myostatin exon 2, which are expected to be optimal targets 
for exon skipping antisense reagents. A set of 12 antisense 
reagents of 2 O-methyl RNA (2OMePS) chemistry were 
designed to target four different ESE-rich regions of exon 2 of 
myostatin (FIG. 1a). 

AO Reagents. 

0042. The 122 OMePS oligomers tested were obtained 
from Eurogentec (SA, Seraing, Belgium). The sequences of 
the 2CMePS are as follows: 

GDF8/A1: TCCACAGTTGGGCTTTTACT 

GDF8/A2: TCTGAGATATATCCACAGTT 

GDF8/A3 : TCTTGACGGGTCTGAGATAT 

GDF8/B1: TGATGAGTCTCAGGATTTGC 

GDF8/B2 : TTCATGGGTTTGATGAGTCT 

GDF8/B3 : TTGTACCGTCTTTCATGGGT 

GDF8/C1: CAGAGATCGGATTCCAGTAT 

GDF8/C2 : TGTCAAGTTTCAGAGATCGG 

GDF8/C3 : CCTGGGCTCATGTCAAGTTT 

GDF8/D1: CTGGGAAGGTTACAGCAAGA 

GDF8/D2 : TCTCCTGGTCCTGGGAAGGT 

GDF8/D3 : CAGCCCATCTTCTCCTGGTC 
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0043 PMOs were designed based on the 20MePS 
sequences. A total of four PMOs were tested and were 
obtained from Gene Tools (Philomath, Oreg.). PMO 
sequences are as follows: 

Mstin A: TCTTGACGGGTCTGAGATATATCCACAGTT 

Mstin B : TGTACCGTCTTTCATGGGTTTGATGAGTCT 

MStn. C: CCTGGGCTCATGTCAAGTTTCAGAGATCGG 

Mstin D : CAGCCCATCTTCTCCTGGTCCTGGGAAGGT 

0044 PMOS conjugated to octa-guanidine dendrimers 
(so-called Vivo-PMOs) were purchased from Gene Tools. 
0045 Cell culture and transfection of C2C12 cells with the 
designed antisense reagents. C2C12 mouse myoblasts were 
maintained in Dulbecco's modified Eagle's medium (Sigma 
Aldrich, Poole, UK) containing 10% fetal calfserum (Sigma 
Aldrich), 4 mmol/l 1-glutamine, 100U/ml penicillin and 100 
ug/ml streptomycin at 37° C. and 8% CO. Cells were split 
every 24 hours to prevent differentiation. Cells were detached 
by incubating them with 0.15% trypsin-phosphate-buffered 
saline for 1 minute at 37° C., and seeded at a density of 
1.5x105 cells/well of a 6-well plate. The antisense reagents of 
2OMePS chemistry were transfected at 250 nmol/l into 
C2C12 cells using Lipofectamine 2000 (Invitrogen, Paisley, 
UK). Controls contained Lipofectamine 2000 but no anti 
sense reagent. PMOs were leashed to complementary 
stretches of negatively charged DNA (obtained from MWG, 
Ebersberg, Germany) for efficient in vitro delivery, using 
Lipofectamine 2000 as transfection reagent. All transfections 
were performed in Dulbecco's modified Eagle's medium 
containing 2 mmol/l glutamine (without serum and antibiot 
ics) and after 3-4 hours of transfection, the medium was 
replaced with full growth medium containing serum as well 
as antibiotics. The transfections were performed in duplicate 
and the experiment repeated twice. 

RT-PCR Analysis of Myostatin Exon Skipping. 

0046 For in vitro experiments, 24 hours after transfection, 
RNA was extracted from each well using QIAshredder/RNe 
asy extraction kit (Qiagen, Crawley, UK). For in vivo experi 
ments, RNA was extracted from blocks using TRIZol reagent 
(Invitrogen, Scotland, UK). One microgram of RNA was 
reverse transcribed and resulting complementary DNA 
amplified using specific primers obtained from MWG, using 
the Genescript kit (Genesys, Camberley, UK). One micro litre 
of PCR products obtained was used as a template for nested 
PCR. Sequences of the primers and details of the PCR pro 
tocols used are available on request. The products from nested 
PCR were separated on 1.2% agarose gel in Tris-borate/ 
EDTA buffer and Hyper Ladder IV (Bioline, London, UK) 
was used as the marker. Densitometric analysis of the agarose 
gels was carried out using Gene Tools 3.05 (Syngene, Cam 
bridge, UK) and percentage skipping expressed as amount of 
skipped product seen relative to total PCR products detected. 

In Vitro Cell Proliferation Assay. 
0047. A proliferation assay using Cell Titer 96 Aqueous 
One Solution Cell Proliferation assay (Promega, Madison, 
Wis.) was performed, as reported by Cory et al..." on cells 
transfected with different 2OMePS. Briefly, 24 hours after 
seeding, the growth media was replaced with serum-free 
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media and cells incubated at 37°C. After 24 hours of subject 
ing cells to serum-free media, 15 Jul of assay reagent was 
added to 75ul cells in a 96-well plate. Plates were read at 490 
nm. Statistical analysis on the data from the proliferation 
assay was performed using the individual t-test. 
Treatment of Mice with PMOS and Vivo-PMOS. 
0048 For all the in vivo experiments, animals (MF1 or 
C57B110) were bought from Harlan (Blacktown, UK) and 
in-house maintained, and in vivo experimentation conducted 
under statutory Home Office recommendation, regulatory, 
ethical and licensing procedures and under the Animals (Sci 
entific Procedures) Act 1986 (project licence PPL 70/7008). 
For intramuscular delivery, mice were anaesthetized and 
injected with 3 nmol of2OMePS (in 25ul normal saline) into 
each of the TA muscles. Control animals were injected with 
normal saline. Whole body weights were measured weekly. 
TAs of treated and control mice were excised postmortem 
after 2 weeks (n=4) and 4 weeks (n=4). Weights were mea 
Sured and the muscles frozen in iso-pentane cooled with 
liquid nitrogen. For the systemic administration, C57BL10 
mice were injected intravenously with 6 mg/kg of Vivo 
PMO-D (Gene Tools) diluted in 200ul of normal saline, every 
week for 5 weeks. Weights were measured weekly and vari 
ous muscles from treated and control mice were harvested 10 
days after the last injection. Cryosectioning was performed at 
10 levels through the muscle. 

Immunocytochemistry and Morphometry. 

0049. Hematoxylin and eosin staining was used to esti 
mate the muscles size. For the estimation of fibre size and 
distribution, laminin staining was performed. Laminin anti 
body from Sigma-Aldrich (Dorset, UK) was used as primary 
antibody, with biotinylated anti-rabbit immunoglobulin G 
(Dako, Glostrup, Denmark) as secondary antibody. Finally 
sections were stained with DAB (Vector Laboratories, Burl 
ingame, Calif.) and slides mounted in DPX (VWR Interna 
tional, Poole, England) after appropriate washings. Immun 
ostaining was also carried out with Dystrophin antibody. For 
this, H12 Polyclonal Rabbit antibody was used as primary 
antibody, and Alexa fluor goat anti-rabbit 568 (fluorescein 
isothiocyanate) (Invitrogen, Paisley, Oreg.) was used as sec 
ondary antibody. Slides were mounted in Vectashield mount 
ing medium with DAPI (Vector Laboratories) after appropri 
ate washings with phosphate-buffered saline-Tween. CSA of 
muscle fibres was measured using SigmaScan Pro 5.0.0 (Sys 
tat Software, London, UK). 

Results 

Bioinformatics Analysis and Design of Specific AOs 
Predicted to Induce Skipping of Myostatin Exon 2. 

0050 
performed using three bioinformatics tools, ESE finder, 
PESX,’ and Rescue ESE, to identify and locate ESEs 
and exonic splicing Suppressor or silencer motifs. The output 
of these algorithms is displayed in FIG. 1a. A series of over 
lapping AOs were designed and synthesized as 2OMePSs 
and PMOs to span sequences where clusters of ESEs which 
were predicted by one or more of the programs coincide. 
High Levels of Myostatin Exon 2 Skipping in C2C12 Cell 
Culture Following Treatment with a Range of AOs. 
0051. In order to verify the efficiency of these AO target 
sequences, C2C12 muscle cell cultures were transfected with 

Bioinformatics analysis of exon 2 of myostatin was 
27,28 
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the 2CMePS oligomers, and nested reverse transcriptase 
PCR (RT-PCR) for skipping of myostatin performed on the 
RNA extracted from transfected and control cells. A repre 
sentative horizontal agarose gel electrophoresis separation of 
products obtained is shown in FIG. 1b. The level of skipping 
produced by each AO at 250 nmol/l was determined semi 
quantitatively using densitometric analysis. All of the 
designed 2 OMePSs were observed to induce myostatin exon 
2 skipping in C2C12 cultures but at various levels of relative 
efficiency. A2 and A3 induced almost 100% skipping; B3 
(74%), C3 (41%), and D3 (48%) also induced a considerable 
level of skipping. The nature of putative antisense-induced 
PCR exon1-exon3 splicing product was confirmed by 
sequencing the products. 

Antisense-Induced Myostatin Exon 2 Skipping and 
Myostatin Knockdown Leads to an Increase in C2C12 Cell 
Proliferation. 

0052. In order to verify that AO-mediated myostatin exon 
2 skipping and knockdown, lead to a significant biological 
response, the autocrine activity of myostatin on C2C12 cell 
proliferation was evaluated following treatment of cultures 
with 2 OMePSs targeting myostatin exon 2. The cell prolif 
eration assay was based on determination of lactic dehydro 
genase activity of metabolically active cells. The results of the 
proliferation assay clearly showed a remarkable difference in 
cell proliferation in C2C12 cells treated with myostatin exon 
2 AOS compared to mock-transfected control cells (FIG. 2). 
Statistical analysis of the data using individual paired t-tests 
showed that oligomers A3 (P=0.0031), B3 (P=0.0055) and 
D3 (P=0.01.15) induced a significant increase in cell prolif 
eration, as compared to mock transfected control cells. Oli 
gomer C3 (P=0.0534) did not produce a statistically signifi 
cant change. 

Demonstration of Exon Skipping in Mouse Following 
Intramuscular Injection of 2 OMePS Oligomers Targeting 
Myostatin Exon 2. 

0053. On the basis of RT-PCR results obtained from the 
in-vitro studies, two 2'OMePS oligomers (A2 and B3) were 
selected to evaluate their ability to induce efficient exon skip 
ping in vivo. The 2 OMePS oligomers (3 nmol) were admin 
istered by intramuscular injection into tibialis anterior (TA) 
muscles of mice. Two and four weeks after the injections, 
muscles were recovered, weighed, RNA extracted and ana 
lyzed for the presence of myostatin exon 2 skipping by RT 
PCR. Both reagents (A2 and B3) induced significant level of 
myostatin exon 2 skipping at either the 2 weeks and 4 weeks 
time points after a single 2OMePS oligomer administration 
(FIG. 3). Densitometric quantification of full-length and 
skipped product bands from the RT-PCR analyses of RNA 
was performed to detect which of the two 2 OMePSs tested 
was the more efficient in vivo. Oligomer A2 gave 25.6% 
skipping, and B3 gave 54.6% skipping at the 2 weeks time 
point. However, after 4 weeks, A2 gave 48.6% skipping 
whereas B3 gave 24.5% skipping. 
0054 Although the skipping of myostatin exon 2 was 
evident, the effect was not sufficient to see a significant 
change in TA muscle mass (data not shown). From previous 
work on exon skipping for dystrophin, it is well established 
that the intramuscular injections of naked unconjugated AOS 
in undamaged muscles are not very efficient.’ 
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High Levels of Myostatin Exon 2 Skipping in C2C12 Cell 
Culture Following Treatment with a Range of PMOs 
Designed on the Basis of 2 OMePS Data. 
0055. The animal studies above established that exon skip 
ping of the myostatin gene observed after intramuscular 
injection of 2 OMePSAOs was insufficient to induce change 
in TA mass. The PMO chemistry has been demonstrated to 
have very high efficiency in vivo. Therefore, PMOs were 
designed on the basis of most efficient 2'OMePS AOs (A3, 
B3, C3, and D3) and initially tested in vitro. PMOs are 
uncharged chemicals and do not directly interact with the 
polycationic transfection reagent lipofectamine 2000. In 
order to enable reasonable transfection efficiency in C2C 12 
cells, PMOs were hybridized to complementary so-called 
leash oligonucleotides of natural negatively charged DNA 
chemistry as previously described.''' Nested RT-PCR 
analysis of mRNA harvested from C2C12 cells treated with 
leashed-PMO lipoplexes demonstrated that exon skipping 
was induced by all the PMOs accurate skipping of the tar 
geted exon by both AO chemistries tested here. 
Systemic Injection of PMOs Conjugated to Octa-Guanidine 
Dendrimer Resulted in Myostatin Exon Skipping Associated 
with a Significant Increase in Muscle Mass and Myofibre 
Size. 
0056. The conjugation of PMO with octa-guanidine den 
drimer (so-called Vivo-PMOs) significantly increases the 
delivery and efficiency of PMO directed against exon 23 of 
dystrophin compared to unmodified PMO. Therefore, a 
Vivo-PMO based on the sequence of the previously tested 
2OMePS oligomer, D3, was produced to evaluate systemic 
intravascular treatment regimes. Mice were treated with 6 
mg/kg of Vivo-PMO-D3 by five weekly intravenous injec 
tions, and whole body weight and the mass of TA, soleus, and 
extensor digitorum longus (EDL) muscles were recorded 10 
days after the last injection. Among the muscles analyzed in 
the treated animals the soleus showed a statistically signifi 
cant change in mass (P=0.034) (FIG. 5a). In accordance with 
this, high levels of exon skipping of myostatin exon 2 was 
demonstrated at the transcript level in soleus (79%), whereas 
a very low level of skipping was observed in EDL muscle 
(9%) (FIG.5b). Importantly, the cross-sectional area (CSA) 
of soleus muscle fibres in treated animals significantly 
increased (P<0.0001; mean CSA were 254+5um2 for control 
and 333+3 um2 for PMO-treated animals (n=6) with a sig 
nificant shift on the distribution of CSA (X2=38.34; df =12) 
(FIG. 5c., d). No change was observed in the CSA of EDL 
muscle. 

Discussion 

0057 Although targeting donor splice site, acceptor splice 
sites and branch point sequences has successfully led to exon 
exclusion including DMD exon skipping, some studies 
have proved that targeting splice sites does not always induce 
exon skipping and therefore exclusion of an exon from the 
pre-mRNA. These contain some consensus sequences com 
mon to many other genes; therefore there lies a possible risk 
of disrupting the splicing of non-specific genes". Exon splic 
ing enhancers (ESEs) motifs form the binding sites for SR 
protein RNA domains and thus help the splicing machinery in 
exon recognition'. It has been shown that intraexonic point 
mutations usually lead to mRNA level of exon skipping 
instead of misense or no change in the amino acids. As SR 
protein binding to ESEs is very crucial for exon exclusion, 
blocking the ESEs with Antisense oligonucleotides (AOs) 
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would be expected to result in exon skipping. Different soft 
ware like RESCUE ESE, ESEFinder and PESX have 
been widely used to predict possible ESE sites for different 
SR domains in order to assist in designing AOs'''. 
0058 Different oligonucleotide sequences of two differ 
ent chemistries to target myostatin exon 2 were designed 
using these available online tools which showed a promising 
level of exon skipping. 2'OMePS chemistry was used for the 
preliminary tissue culture studies because of the advantage of 
cheap and easy synthesis over some other the PMO chemis 
try'. RNA from all the C2C12 cells transfected with 
twelve different 2 OMePS AO sequences showed skipped 
myostatin exon 2 as demonstrated by RT-PCR along with the 
full length product. As myostatin has been established to be a 
negative regulator of muscle mass growth and differentia 
tion', a decrease in its level is expected to result in 
enhanced proliferative capacity of muscle cells'. There 
fore, a colorimetric proliferation assay based on the principle 
of bioreduction of a tetrazolium compound by viable cells 
gives a quantitative measure of living cells present in a sys 
tem. On performing this assay on cells treated with four 
different AOs (one from each of the four sets based on RT 
PCR results), it was observed that the cells treated with AO 
A3 showed increased proliferation compared to control cells 
(p<0.01), treatment with AOs B3 and D3 also showed an 
increased cell proliferation (p<0.05), whereas AO-C3 did not 
lead to a significant increase in level of proliferation com 
pared to the control cells. 
0059 PMO chemistry has high nuclease resistance 7 and 

it does not induce RNase H-mediated down-regulation of the 
mRNA that it targets. Due to uncharged background, how 
ever, PMOs cannot be delivered efficiently across cells using 
cationic liposomes and needs to be used at very high concen 
trations''. Therefore, an anionic single-stranded nucleic 
acid molecule called leash was annealed to the PMO in 
order to mediate complex formation of PMO with the cationic 
transfection reagent'. Four different 20-mer 2 OMePS AO 
sequences were used for design and synthesis of PMOs. 
PMOs were 30-mers with an overlap of 10 bases between 
AO-2 and AO-3 of each of the 20MePSAO sets, A(1,2,3), 
B(1,2,3), C(1,2,3) and D(1,2,3). All the PMOs linked to their 
respective leashes resulted in induction of exon 2 skipping of 
myostatin mRNA and therefore showed the feasibility of the 
approach with two different AO chemistries. 
0060 A luciferase reporter assay has been used to study 
the myostatin inhibition effect of myostatin propeptide as 
well as that of myostatin neutralizing antibody JA16 in terms 
of a decrease in Smad binding to a TGF-B responsive ele 
ments called CAGA boxes'. A dose-response curve was 
prepared using different dilutions of recombinant mouse 
myostatin using human rhabdomyosarcoma cell line, A204 
transfected with pGL3-(CAGA)-luc. When supernatant 
from C2C12 cells treated with PMO-D was assayed on the 
A204 cells transfected with luciferase reporter containing 
Smad-binding site (CAGA) and luminescence was recorded, 
there was found to be a significant decrease (p=0.011) in the 
relative light units (RLU) after 48 hours in case of supernatant 
from treated C2C12 cells compared to supernatant from con 
trol C2C12 cells. This indicates a decrease in the transcrip 
tional activity of endogenous Smad proteins which are crucial 
for TGF-?3-mediated signal transduction' Therefore, inhibi 
tion of myostatin by exon skipping results in reduced biologi 
cal activity related to modulation of myostatin pathway. This 
study thus confirms the reported results for myostatin block 
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ade using dominant negative ActRIIB in human myoblasts' 
myostatin-neutralizing antibody, JA16" and myostatin 
propeptide' showing a decrease in Smad2 transcriptional 
activity and thus antagonizing biological activity. When the 
mean RLU values from the reporter assay for PMO-D treated 
cells were plotted on the myostatin standard curve, there was 
found to be a decrease in myostatin concentration in treated 
samples relative to the control cells by 44%. All these results 
were evident of skipping of myostatin exon 2 in vitro using 
two different chemistries along with modulation of prolifera 
tive capacity as well as alteration of myostatin pathway of 
AO-treated cells. 

Further Discussion 

0061. It has been well established that myostatin is a nega 
tive regulator of skeletal muscle mass and several 
approaches have been used to knockdown this factor to 
induce an increase in skeletal muscle growth." The use of 
AOS to induce exon skipping and thereby knockdown the 
expression of myostatin presents several advantages over the 
other currently used gene therapy approaches. Firstly, there is 
no risk of uncontrolled insertion into the genome with AOS as 
in case of virus-mediated approaches. Moreover, with an 
appropriate dosing regimen, exon skipping levels can be 
regulated and, if necessary the treatment can be interrupted. 
Importantly AOs have not been reported to produce any toxic 
effects or immune response so far in animal models as well as 
when used in clinical application.' Here, the inventors show 
that AOs of 2 OMePS chemistry, designed using bioinfor 
matics algorithms, resulted in a Substantial level of myostatin 
exon 2 skipping in vitro. Myostatin being an inhibitor of 
myogenic differentiation, controls the proliferation of myo 
blasts." Therefore, myostatin knockdown is expected to 
increase the cell proliferation. The AOs designed were bio 
logically active and induced an increase in C2C12 cell pro 
liferation. The efficacy of knockdown by exon skipping in 
Vivo has proved to be more challenging to establish than in 
vitro. The efficiency of myostatin skipping was verified by 
injecting 2 OMePS intramuscularly. The intramuscular treat 
ment of a single muscle induced exon skipping, but did not 
appear to affect myostatin activity. This is likely to be due to 
Supply of biologically active myostatin to the injected muscle 
by the bloodstream. Moreover, in a hypothetical clinical 
approach, the whole body should be treated. For these rea 
sons, the inventors decided to administer the AOs by systemic 
tail vein injection in further experiments. PMO chemistry was 
chosen for this experiment due to its better stability compared 
to the 20MePS and also because PMOs have been reported 
to have alonger effect in vivo.' This is particularly important 
for knocking down proteins like myostatin, which do not have 
a long half-life like dystrophin. The PMO sequence used for 
the systemic administration study induced efficient skipping 
in vitro. It also maps in a region totally conserved between 
mouse and human myostatin paving the way to test the same 
PMO for clinical applications in humans. In order to achieve 
a reasonable effect in undamaged muscles, a PMO conju 
gated to a delivery moiety has to be used." Vivo-PMO is 
commercially available and has been reported to be effective 
in normal healthy mice. By injecting Vivo-PMO, a substan 
tial increase in muscle size and the change of CSA fibre 
distribution has been obtained, but only in the soleus muscle. 
The differential response in EDL and soleus may be due in 
part to a greater amount of ActRIIb being expressed on the 
surface of EDL muscle, or because the intrinsic level of 
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myostatin is greater in fast (myosin type IIb positive) myofi 
bres. Alternatively, it can be speculated that the dosing 
regimen used, which has been reported to be optimal for 
Vivo-PMO for exon skipping of dystrophin gene,' does not 
achieve Sufficient skipping of myostatin gene in EDL. In the 
case of dystrophin skipping, the half-life of dystrophin pro 
tein and mRNA is extremely long and therefore relatively 
smaller dosage of AO gives more sustained exon skipping.' 
However, in myostatin skipping, it is perhaps likely that more 
frequent redosing is required, to have a more Sustained pres 
ence of AOS. This may explain the transient and weak effect 
in terms of whole body weight change that was observed in 
vivo. Interestingly, only soleus muscle showed a significant 
increase in weight and CSA fibre distribution. This is in 
compliance with Some previously published data showing 
that soleus is the most affected muscle following a systemic 
approach to knockdown myostatin. The results represent a 
proof-of-principle that myostatin knockdown can be obtained 
by skipping an exon from the transcript by using AOS. 

Example 2 

0062. The 30-mer PMO AOs tested above (Mstin-A to 
Mstin-D) were designed to target the myostatin gene in mice. 
Therefore, these Mstin-A to Mstn-D sequences correspond 
(are complementary to) to the Genbank mouse myostatin 
cDNA/mRNA gene sequence. The corresponding sequences 
complementary to the Genbank human myostatin sequences 
are as follows with differences between the Genbank mouse 
and human underlined: 

Hum Mst A: TCTCGACGGGTCTCAAATATATCCATAGTT 

Hum Mstin B : TGTACCGTCTTTCATAGGTTTGATGAGTCT 

Hum Mstin C: CCTGGGTTCATGTCAAGTTTCAGAGATCGG 

Hum Mstin D : 

0063. The skipping efficiency of these AOs can be tested 
by transfection (leashed or unleashed: concentration between 
50 and 500 nM) into cultured human myoblast cells (eg using 
a transfection reagent such as Lipofectamine2000TM), and 
evaluation of skipped and unskipped mRNAs by electro 
phoretic densitometric analysis of RTPCR reaction products. 

CAGCCCATCTTCTCCTGGTCCTGGGAAGGT 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 36 

<210s, SEQ ID NO 1 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic sequence 
<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . . (30) 
223 OTHER INFORMATION: N=U or T 

<4 OOs, SEQUENCE: 1 

incincgacggg incincaaanan anc canaginn 

<210s, SEQ ID NO 2 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic sequence 
<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . . (30) 
223 OTHER INFORMATION: N=U or T 

<4 OOs, SEQUENCE: 2 

ngnaccgnCn inncanagginn ngangagincin 

<210s, SEQ ID NO 3 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic sequence 
<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . . (30) 
223 OTHER INFORMATION: N=U or T 

<4 OOs, SEQUENCE: 3 

CCnggginnca ngnicaagnnn cagagancq9 

<210s, SEQ ID NO 4 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic sequence 
<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . . (30) 
223 OTHER INFORMATION: N=U or T 

<4 OOs, SEQUENCE: 4 

Cagcc.cancn incincCnggnc Cingggaaggn 

<210s, SEQ ID NO 5 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic sequence 
<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . . (30) 
223 OTHER INFORMATION: N=U or T 

<4 OOs, SEQUENCE: 5 

12 

3 O 

3 O 

3 O 

3 O 
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incinngacggg incingaganan anc cacagnin 

SEQ ID NO 6 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (30) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 6 

ngnaccgnCn inncanggginn ngangagincin 

SEO ID NO 7 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (30) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 7 

CCnggg Cnca ngnicaagnnn cagagancq9 

SEQ ID NO 8 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 8 

inccacagning ggcnnnnacn 

SEO ID NO 9 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 9 

incing aganan anc cacagnn 

SEQ ID NO 10 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 1.O 

incinngacggg incingaganan 

13 

- Continued 

3 O 

3 O 

3 O 
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SEQ ID NO 11 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 11 

ngangagincin Cagganningc 

SEQ ID NO 12 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 12 

nncanggginn ngangagincin 

SEQ ID NO 13 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 13 

nngnaccgnc nnncangggn 

SEQ ID NO 14 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 14 

cagagancq9 anniccagnan 

SEO ID NO 15 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 15 

ngnCaagnnn cagagancq9 

SEQ ID NO 16 

14 

- Continued 
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LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 16 

CCnggg Cnca ngnicaagnnn 

SEO ID NO 17 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 17 

Cingggaaggn nacagcaaga 

SEQ ID NO 18 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 18 

incinc Cingginc Cingggaaggn 

SEQ ID NO 19 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAMEAKEY: misc feature 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: N-U or T 

SEQUENCE: 19 

cagoccancn incinccingginc 

SEQ ID NO 2 O 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: exon 
LOCATION: (1) ... (2O) 
OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 2O 

tccacagttg ggctitt tact 

SEQ ID NO 21 
LENGTH: 2O 

TYPE: DNA 

ORGANISM: Homo sapiens 

15 
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FEATURE: 

<221 > NAMEAKEY: exon 

<223> OTHER INFORMATION: myostatin exon 2 
LOCATION: 

SEQUENCE: 

(1) . . . (20) 

21 

tctgagatat atccacagtt 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAME/KEY: 
LOCATION: 

OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 

22 

eXC) 

(1) . . . (20) 

22 

tcttgacggg totgagat at 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAME/KEY: 
LOCATION: 

OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 

23 

eXC) 

(1) . . . (20) 

23 

tgatgagt ct caggatttgc 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAME/KEY: 
LOCATION: 

OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 

24 

eXC) 

(1) . . . (20) 

24 

tt catgggitt tatgagt ct 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAME/KEY: 
LOCATION: 

OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 

25 

eXC) 

(1) . . . (20) 

25 

ttgtaccgt.c titt catgggit 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAME/KEY: 
LOCATION: 

OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 

26 

eXC) 

(1) . . . (20) 

26 

16 
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cagagat.cgg attic cagtat 

<210s, SEQ ID NO 27 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: exon 
<222s. LOCATION: (1) . . . (2O) 
<223> OTHER INFORMATION: myostatin exon 2 

<4 OOs, SEQUENCE: 27 

tgtcaagttt cagagat.cgg 

<210s, SEQ ID NO 28 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: exon 
<222s. LOCATION: (1) . . . (2O) 
<223> OTHER INFORMATION: myostatin exon 2 

<4 OOs, SEQUENCE: 28 

cctgggctica tdt caagttt 

<210s, SEQ ID NO 29 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: exon 
<222s. LOCATION: (1) . . . (2O) 
<223> OTHER INFORMATION: myostatin exon 2 

<4 OOs, SEQUENCE: 29 

Ctgggalaggt tacagcaaga 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: exon 
<222s. LOCATION: (1) . . . (2O) 
<223> OTHER INFORMATION: myostatin exon 2 

<4 OOs, SEQUENCE: 30 

tctic ctggtc. Ctgggalaggt 

<210s, SEQ ID NO 31 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: exon 
<222s. LOCATION: (1) . . . (2O) 
<223> OTHER INFORMATION: myostatin exon 2 

<4 OOs, SEQUENCE: 31 

cagoccatct tct cotgg to 

<210s, SEQ ID NO 32 
&211s LENGTH: 30 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

17 
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FEATURE: 

NAMEAKEY: exon 
LOCATION: (1) ... (30) 
OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 32 

t cittgacggg totgagatat atccacagtt 

SEQ ID NO 33 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: exon 
LOCATION: (1) ... (30) 
OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 33 

tgtaccgt.ct tt catgggitt tdatgagt ct 

SEQ ID NO 34 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: exon 
LOCATION: (1) ... (30) 
OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 34 

Cctgggct cattcaagttt cagagat.cgg 

SEO ID NO 35 
LENGTH: 30 

TYPE: DNA 

ORGANISM: Homo sapiens 
FEATURE: 

NAMEAKEY: exon 
LOCATION: (1) ... (30) 
OTHER INFORMATION: myostatin exon 2 

SEQUENCE: 35 

Cagcc catct tct Cotggtc. Ctgggaaggt 

SEQ ID NO 36 
LENGTH: 14 

TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic sequence 
NAME/KEY: MOD RES 
LOCATION: (1) . . . (14) 
OTHER INFORMATION: A=beta-alanine 

NAME/KEY: VARIANT 
LOCATION: (0) ... (O) 
OTHER INFORMATION: Xaa = Any Amino Acid 

SEQUENCE: 36 

18 
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1. An oligomer for inducing exon skipping during process 
ing of myostatin pre-mRNA, the oligomer comprising at least 
20 contiguous bases of a base sequence selected from the 
group consisting of 

(SEQ ID NO. 1) 
1) XCXCGACGGGXCXCAAAXAXAXCCAXAGXX; 

(SEQ ID NO. 2) 
2) XGXACCGXCXXXCAXAGGXXXGAXGAGXCX; 

(SEQ ID NO. 3) 
3) CCXGGGXXCAXGXCAAGXXXCAGAGAXCGG; 

(SEQ ID NO. 4) 
4) CAGCCCAXCXXCXCCXGGXCCXGGGAAGGX; 

(SEO ID NO. 5) 
5) XCXXGACGGGXCXGAGAXAXAXCCACAGXX; 

(SEQ ID NO. 6) 
6) XGXACCGXCXXXCAXGGGXXXGAXGAGXCX; 

(SEO ID NO. 7) 
7) CCXGGGCXCAXGXCAAGXXXCAGAGAXCGG; 

(SEQ ID NO. 8) 
8) XCCACAGXXGGGCXXXXACX; 

(SEQ ID NO. 9) 
9) XCXGAGAXAXAXCCACAGXX; 

(SEQ ID NO. O) 
O) XCXXGACGGGXCXGAGAXAX; 

(SEQ ID NO. 1) 
1) XGAXGAGXCXCAGGAXXXGC; 

(SEQ ID NO. 12) 
2) XXCAXGGGXXXGAXGAGXCX; 

(SEQ ID NO. 13) 
3) XXGXACCGXCXXXCAXGGGX; 

(SEQ ID NO. 14) 
4) CAGAGAXCGGAXXCCAGXAX; 

(SEQ ID NO. 5) 
5) XGXCAAGXXXCAGAGAXCGG; 

(SEQ ID NO. 6) 
6) CCXGGGCXCAXGXCAAGXXX; 

(SEQ ID NO. 7) 
7) CXGGGAAGGXXACAGCAAGA; 

(SEQ ID NO. 8) 

and 

(SEQ ID NO. 9) 
9) CAGCCCAXCXXCXCCXGGXC, 

wherein X is T or U and the oligomer's sequence can vary 
from the above sequence at up to two base positions, and 
wherein the oligomer can bind to a target site in the 
myostatin pre-mRNA to cause exon skipping. 

Apr. 4, 2013 

2. The oligomer of claim 1, wherein the oligomer causes an 
exon skipping rate of at least 50%. 

3. The oligomer of claim 1, wherein the oligomer causes an 
exon skipping rate of at least 90%. 

4. The oligomer of claim 1, wherein the oligomer is a 
phosphorodiamidate morpholino oligonucleotide (PMO) or a 
phosphorothioate-linked 2'-O-methyl oligonucleotide 
(2OMePS). 

5. The oligomer of claim 1, wherein the oligomer is a 
phosphorodiamidate morpholino oligonucleotide (PMO). 

6. The oligomer of claim 1, wherein the oligomer is 
between 20 and 40 bases in length. 

7. The oligomer of claim 1, wherein the oligomer is about 
30 bases in length. 

8. The oligomer of claim 1, wherein the base sequence is 
selected from the group consisting of SEQID NOS. 1-7. 

9. The oligomer of claim 1, wherein the base sequence is 
selected from the group consisting of SEQID NOS. 1-4. 

10. The oligomer of claim 1, wherein the oligomer com 
prises at least 25 contiguous bases of the base sequence 
selected from the group consisting of SEQID NOS. 1-7. 

11. The oligomer of claim 1, wherein the oligomer com 
prises at least 25 contiguous bases of the base sequence 
selected from the group consisting of SEQID NOS. 1-4. 

12. The oligomer of claim 1, wherein the oligomer is con 
jugated to or complexed with a distinct chemical entity. 

13. A vector for inducing exon skipping during processing 
of myostatin pre-mRNA, the vector encoding an oligomer of 
claim 1, wherein when the vector is introduced into a cell, the 
oligomer is expressed. 

14. A method of inducing exon skipping during processing 
of myostatin pre-mRNA in a patient, the method comprising 
administering a therapeutically effective amount of the oli 
gomer of claim 1 or the vector of claim 13 to the patient such 
that exon skipping during processing of myostatin pre 
mRNA is induced. 

15. The method of claim 14, wherein the method is for 
increasing or maintain muscle mass, or slowing degeneration 
of muscle mass in the patient. 

16. The method of claim 14, wherein the method is for 
ameliorating muscle wasting conditions. 

17. The method of claim 14, wherein the method is for 
ameliorating a muscular dystrophy Such as Becker's muscu 
lar dystrophy, congenital muscular dystrophy, Duchenne 
muscular dystrophy, distal muscular dystrophy, Emery-Dre 
ifuss muscular dystrophy, facioscapulohumeral muscular 
dystrophy (FSHD), limb-girdle muscular dystrophy, myo 
tonic muscular dystrophy and oculopharyngeal muscular 
dystrophy. 

18. The method of claim 14, wherein the method is for 
ameliorating Duchenne muscular dystrophy. 

19. The method of claim 18, wherein the method further 
comprises administering a therapeutically effective amount 
of an oligomer which causes exon skipping in the dystrophin 
gene and which ameliorates Duchenne muscular dystrophy. 
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