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57 ABSTRACT
Antisense polynucleotides and their use in pharmaceutical
compositions to induce exon skipping in targeted exons of
the gamma sarcoglycan gene are provided, along with
methods of preventing or treating dystrophic diseases such
as Limb-Girdle Muscular Dystrophy.

Specification includes a Sequence Listing.
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ANTISENSE POLYNUCLEOTIDES TO
INDUCE EXON SKIPPING AND METHOD
OF TREATING DYSTROPHIES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 15/698,406, filed Sep. 7, 2017, which is a
Continuation of U.S. application Ser. No. 15/254,817, filed
Sep. 1, 2016, which is a Divisional of U.S. application Ser.
No. 14/426,348, filed Mar. 5, 2015, which is a U.S. National
Phase of PCT/US2013/058636, filed Sep. 6, 2013, which
claims the priority benefit under 35 U.S.C. § 119(e) of
Provisional U.S. Patent Application No. 61/697,766, filed
Sep. 6, 2012, the disclosures of which are incorporated
herein by reference in their entirety.

STATEMENT OF GOVERNMENT INTEREST

[0002] This invention was made with government support
under Grant Number HL061322 and US54AR052646
awarded by the National Institutes of Health. The govern-
ment has certain rights in the invention.

INCORPORATION BY REFERENCE OF
MATERIAL SUBMITTED ELECTRONICALLY

[0003] This application contains, as a separate part of the
disclosure, a Sequence Listing in computer-readable form
which is incorporated by reference in its entirety and iden-
tified as follows: Filename: 47153D_Seqlisting.txt; Size:
10,460 bytes; Created: September , 2018.

FIELD OF THE INVENTION

[0004] The present disclosure relates to antisense poly-
nucleotides and their use in pharmaceutical compositions to
induce exon skipping in targeted exons of the gamma
sarcoglycan gene (SGCGQ), useful in treating various forms
of Muscular Dystrophy.

BACKGROUND OF THE INVENTION

[0005] Muscular Dystrophy (MD) is a group of more than
30 genetic disorders characterized by skeletal muscle weak-
ness and degeneration. Limb-girdle Muscular Dystrophy
(LGMD) is an autosomal class of MD. The most severely
affected muscles in LGMD are those of limbs, including
arms and legs, as well as the trunk muscles affecting posture
and breathing. MD patients are born with normal muscle
function but develop heart failure and breathing problems
due to the loss of mass and strength of cardiac and respira-
tory muscle. Limb Girdle Muscular Dystrophy type 2C
(LGMD2C) is caused by mutations in the y-sarcoglycan
(Sgcg) gene [Noguchi et al., Science 270: 819-822 (1995);
McNally et al., Am J Hum Genet 59: 1040-1047 (1996);
Lasa et al., Eur ] Hum Genet 6: 396-399 (1998)]. y-sarco-
glycan is a dystrophin-associated protein [Allikian et al.,
Traffic 8: 177-183 (2007)]. Dystrophin is a large rod-shaped
cytoplasmic protein found along the inner surface of the
plasma membrane of muscle cells. Dystrophin is encoded by
the DMD gene, which is the largest gene known so far,
spanning 2.4 MB on the X chromosome [Hoffman, et al.,
Biotechnology 24: 457-466 (1992)]. Mutations in the DMD
gene are the most common cause of muscular dystrophy,
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affecting 1 in every 3500 newborn boys worldwide [Moser,
Hum Genet 66: 17-40 (1984)].

[0006] The dystrophin complex localizes at the muscle
membrane, known as the sarcolemma, and connects intra-
cellular actin bundles to the extracellular matrix. The dys-
trophin complex plays a critical role in stabilizing the
sarcolemma during muscle contraction. Mutation or loss of
dystrophin or the associated sarcoglycans leads to destabi-
lization of the sarcolemma and subsequent events, such as
muscle cell injury, muscle cell necrosis and fibrotic or fatty
tissue deposition.

[0007] Mice and humans have a highly conserved dystro-
phin complex. The Sgcg null mouse model (Sgeg™") was the
first model established for LGMD by deleting exon 2 of
Sgceg, resulting in a null allele [Hack et al., J Cell Biol 142:
1279-1287 (1998)]. y-sarcoglycan mutant mice develop pro-
gressive disease pathology that resembles that of LGMD2C
patients. Sgcg™™ mice are born in the expected Mendelian
ratios. By 20 weeks of age, however, half of the Sgcg™~
mice die and the surviving mice weigh significantly less than
wild-type littermates. Dystrophic changes of skeletal
muscle, such as broad variation in fiber size, immune cell
infiltration and fibrotic and fatty tissue deposition, are evi-
dent by 3 weeks of age but become prominent around 8
weeks of age. Consistent with the disease progression pat-
tern in patients, cardiomyopathy in Sgeg™~ also develops at
later stage. At 20 weeks of age, Sgcg™™ hearts display
remarkable fibrosis and reduced cardiac function.

[0008] Disruption of the dystrophin complex makes the
muscle membrane more fragile and more susceptible to
membrane tears when subject to the shearing force during
contraction. As a result of these tears, dystrophin or sarco-
glycan null skeletal muscles show increased permeability
that allows soluble enzymes such as creatine kinase to exit
from the cell and blood proteins such as albumin or ions
such as calcium to enter the cell. Initially, the membrane
repairing machinery, including dysferlin family proteins, is
activated to reseal the damaged membrane [Bansal Nature
423: 168-172 (2003); Doherty et al., Development 132:
5565-5575 (2005)]. However, this blurring of cell-environ-
ment boundary and increased cytoplasmic calcium content
are associated with a series of harmful cellular events, such
as increased reactive oxygen species, activation of protease
cascade, and eventually lead to necrotic cell death [Gold-
stein et al., J Gen Physiol 136: 29-34 (2010)].

[0009] Loss of muscle fibers also activates muscle stem
cells, called satellite cells. Satellite cells divide and attempt
to repair injured muscle fibers. As myoblasts only have
limited dividing potential, the degeneration trend gradually
overcomes the regeneration efforts, resulting in irreversible
muscle loss. The loss of muscle bulk is accompanied by
replacement of connective and fatty tissue. Like humans,
mutant mice also develop cardiomyopathy as a result of loss
of cardiomyocytes and fibrotic tissue deposition. Hearts with
cardiomyopathy fail to pump properly, which results in a
failure to deliver oxygen and nutrients to the tissue.

[0010] Drosophila has a simplified dystrophin complex
that shows conservation with mammals. Drosophila v/5-
sarcoglycan (Sged) is equally similar to mammalian y-sarco-
glycan and d-sarcoglycan. Previous work resulted in the
generation of a fly model of muscular dystrophy by inducing
a large deletion in the Sged locus via imprecise P-element
excision [Allikian et al., Hum Mol Genet 16: 2933-2943
(2007)]. The Sgcd®*© line was selected and further charac-
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terized because it had a defined deletion that ablates expres-
sion of the single y/d-sarcoglycan gene. Similar to the
progressive nature of MD in mammals, Sged mutant flies are
normal when they emerge as adults, but develop heart and
skeletal muscle abnormalities over time. Unlike the four-
chamber heart in mammals, flies have a simple heart tube to
promote the blood circulation. Compared to wild-type flies,
heart tubes in Sgcd mutant flies are enlarged and defective
in contraction. Weakness in skeletal muscle manifests in the
impaired climbing ability of the mutant flies. Histological
examination of flight muscle in mutant flies also revealed
muscle fiber detachment from the exoskeleton, which is only
infrequently seen in wild-type flies.

[0011] The most common causes of muscular dystrophy
are mutations in the dystrophin gene. Different mutations in
dystrophin lead to different severities. For example, a muta-
tion which shifts the reading frame, such as the deletion of
exon 43 to exon 48 [ Doriguzzi et al., Eur Neurol 33: 454-460
(1993)], leads to a much more severe disease than one with
a larger deletion spanning exon 13 to 48 [Passos-Bueno et
al.,, Huom Mol Genet 3: 919-922 (1994)]. The frame shift in
the former case results in loss of the C-terminus of dystro-
phin, which is responsible for normal localization of sarco-
glycans and other dystrophin-associated proteins. Further-
more, the level of dystrophin protein is also greatly reduced,
possibly due to nonsense-mediated decay or improper pro-
tein folding and subsequent degradation. In the latter case,
the large deletion reduces the number of spectrin repeats in
the middle region of the protein, while keeping the crucial
C-terminus and N-terminus intact. This suggests that inter-
nally truncated protein can be partially functional. These
milder mutations are known as forms of Becker Muscular
Dystrophy (BMD).

[0012] Most eukaryotic genes are made of protein-coding
exons and non-coding introns. Splicing is required to con-
nect exons to form mature mRNA. To achieve a proper
splicing pattern, recognition of splice donor, splice acceptor
and exonic splicing enhancer (ESE) sites by the splicing
machinery are required. Blocking essential splice sites by
antisense polynucleotides (AONs) induces exclusion of cer-
tain exons from the mature mRNA [Aartsma-Rus et al.,
RNA 13: 1609-1624 (2007)]. This event is referred to as
exon skipping.

[0013] Phase I and phase Il clinic trials of therapeutic exon
skipping have been carried out, proving the safety of AON
administration and efficiency of dystrophin restoration [Ber-
toni, Front Biosci 13: 517-527 (2008); Cirak et al., Lancet
378: 595-605 (2011)]. In the phase II trial, 19 patients aged
from 5-15 participated in the study. They were divided into
multiple groups that received escalated doses of AVI-4568
(the AON drug) via weekly intravenous infusion for 12
weeks. No serious drug-related adverse effect was observed.
Targeted exon skipping was observed in all patients and new
dystrophin production was detected in a dose dependent
manner. The 3 patients with greatest response to the drug had
15%, 21% and 55% dystrophin positive fibers. Consistent
with the reproduction of functional dystrophin, dystrophin-
associated proteins were also found restored at the plasma
membrane of muscle cells.

SUMMARY OF THE INVENTION

[0014] The disclosure is directed to one or more antisense
polynucleotides and their use in pharmaceutical composi-
tions in a strategy to induce exon skipping in the gamma
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sarcoglycan gene in patients suffering from Limb-girdle
Muscular Dystrophy-2C (i.e., LGMD2C) or in patients at
risk of such a disease. The disclosure also provides methods
of preventing or treating muscular dystrophy, e.g.,
LGMD2C, by exon skipping in the gamma sarcoglycan gene
using antisense polynucleotides.

[0015] One aspect the disclosure provides an isolated
antisense polynucleotide wherein the polynucleotide spe-
cifically hybridizes to an exon target region of a gamma
sarcoglycan RNA, wherein the exon is selected from the
group consisting of exon 4 (SEQ ID NO: 1), exon 5 (SEQ
ID NO: 2), exon 6 (SEQ ID NO: 3), exon 7 (SEQ ID NO:
4) and a combination thereof. In some embodiments, the
antisense polynucleotide cannot form an RNase H substrate,
and in further embodiments the antisense polynucleotide
comprises a modified polynucleotide backbone. In some
embodiments, the modified backbone is a 2'-O-methyl-
oligoribonucleotide.

TABLE 1

Gamma sarcoql can exon sequences.

Exon
(SEQ ID NO) Sequence (5'-3')

4 (SEQ ATTTTGCAAATTTTATAAATCTCTTTCTAGGACTCATCT

ID NO: 1) CTGCTTCTACAATCAACCCAGAATGTGACTGTAAATGCG

CGCAACTCAGAAGGGGAGGTCACAGGCAGGTTAAAAGTC
GGTGAGTCCAGCTTCATCATGGTGCTTTGCA

5 (SEQ AGTTTATAATAAACTGTTTTAATTCTTCAGGTCCCAAAA
ID NO: 2) TGGTAGAAGTCCAGAATCAACAGTTTCAGATCAACTCCA
ACGACGGCAAGCCACTATTTACTGTAGATGAGAAGGAAG
TTGTGGTTGGTACAGATAAACTTCGAGTAACTGGTATGT
ACTAACTCGAGAAAAACACAACAT

6 (SEQ GCTCCTGATACATCTTTGTTTTTTGTTTAGGGCCTGAAG

ID NO: 3) GGGCTCTTTTTGAACATTCAGTGGAGACACCCCTTGTCA

GAGCCGACCCGTTTCAAGACCTTAGGTAAGAATTTTTGT
TCAAATATTAACAACC

7 (SEQ ATTTTTAATACTTTTTTTTTTTTTTTTTGTGCTTCTTTT
ID NO: 4) CCTCATCTCAGATTAGAATCCCCCACTCGGAGTCTAAGC
ATGGATGCCCCAAGGGGTGTGCATATTCAAGCTCACGCT
GGGAAAATTGAGGCGCTTTCTCAAATGGATATTCTTTTT
CATAGTAGTGATGGAATGGTGAGTTCATTCACAGATCAG

CCTCCTACT

Underlining indicates coding region of exon.

Antisense polynucleotides are contemplated to be segquences
that target an exon or an intron-exon boundary.

[0016] In further embodiments, the disclosure contem-
plates that the modified polynucleotide backbone comprises
a modified moiety substituted for at least one sugar of at
least one of the polynucleotides. In a specific embodiment,
the modified moiety is a Morpholino.

[0017] It is additionally contemplated by the disclosure
that, in some embodiments, the modified polynucleotide
backbone of the polynucleotide comprises at least one
modified internucleotide linkage, and in some embodiments
the modified internucleotide linkage comprises a modified
phosphate. The modified phosphate, in various embodi-
ments, is selected from the group consisting of a methyl
phosphonate, a methyl phosphorothioate, a phosphoromor-
pholidate, a phosphoropiperazidate and a phosphoroami-
date.

[0018] The disclosure also provides embodiments wherein
the polynucleotide comprises a peptide nucleic acid.
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[0019] In still further embodiments, it is contemplated that
the polynucleotide is chemically linked to one or more
conjugates that enhance the activity, cellular distribution, or
cellular uptake of the antisense polynucleotide. In related
embodiments, the conjugate is a peptide that enhances
cellular uptake, and in further embodiments the peptide is
selected from the group consisting of a nuclear localization
signal (NLS), HIV-1 TAT protein, a peptide comprising an
integrin binding domain, an oligolysine, an adenovirus fiber
protein and a peptide comprising a receptor-mediated endo-
cytosis (RME) domain.

[0020] In some embodiments, the polynucleotide is
chemically linked to a polyethylene glycol molecule.

[0021] In another aspect of the disclosure, a pharmaceu-
tical composition is provided comprising the antisense poly-
nucleotide as described herein and a physiologically com-
patible phosphate buffer. In some embodiments, the
pharmaceutical composition further comprises an additional
antisense polynucleotide, wherein the additional polynucle-
otide specifically hybridizes to an exon of a gamma sarco-
glycan nucleic acid.

[0022] A further aspect of the disclosure provides a
method of inducing exon-skipping of a gamma sarcoglycan
RNA, comprising delivering to a cell a therapeutically
effective or prophylactically effective amount of the anti-
sense polynucleotide or a composition of the disclosure,
thereby inducing exon-skipping of the gamma sarcoglycan
RNA.

[0023] In some embodiments, the cell is a human muscle
cell and in further embodiments the human muscle cell is in
a patient. The patient, in various embodiments, is a patient
that has muscular dystrophy. In further embodiments, the
muscular dystrophy is Limb Girdle Muscular Dystrophy
type 2C (LGMD2C).

[0024] Instill another aspect of the disclosure, a method of
ameliorating Limb Girdle Muscular Dystrophy type 2C
(LGMD2C) in a patient in need thereof is provided, com-
prising the step of administering to the patient a therapeu-
tically effective amount of a composition of the disclosure,
thereby ameliorating LGMD2C.

[0025] The disclosure also provides a method of inhibiting
the progression of dystrophic pathology associated with
LGMD2C in a patient in need thereof comprising the step of
administering to the patient a therapeutically effective
amount of a composition of the disclosure, thereby inhibit-
ing the progression of dystrophic pathology.

[0026] In some aspects, the disclosure provides a method
of improving muscle function in a patient suffering from
Limb Girdle Muscular Dystrophy type 2C (LGMD2C) com-
prising the step of administering to the patient a therapeu-
tically effective amount of a composition of the disclosure,
thereby improving muscle function. In some embodiments,
the improvement is a cardiac muscle improvement, and in
further embodiments the improvement in muscle function is
an improvement in muscle strength. In further embodiments,
the improvement in muscle strength is an improvement in
respiratory muscle strength, and in additional embodiments
the improvement in muscle function is an improvement in
motor stability. In any of the embodiments of the disclosure,
the improvement in respiratory muscle strength is measured
as reduced nocturnal desaturation events or improved pul-
monary function testing. In any of the embodiments of the
disclosure, the improvement in motor stability results in an
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improved time to standing or climbing stairs relative to
previously measured time to standing or climbing stairs.
[0027] The improvement in motor stability, in some
embodiments, results in an improved six-minute walk test
by the patient relative to a previously measured six-minute
walk test by that patient. Additional improvements contem-
plated by the disclosure are assessed via improved histopa-
thology or improved noninvasive imaging evidence such as
reduced fibrofatty infiltration and reduced evidence of scar-
ring. Cardiac muscle improvement as documented by
improved left and right ventricular function, reduced right
and left ventricular diameters and reduced evidence of
cardiac damage is also contemplated.

[0028] Another aspect of the disclosure is drawn to a kit
comprising the antisense polynucleotides as described
herein, optionally in a container, and a package insert,
package label, instructions or other labeling. In some
embodiments, the kit further comprises an additional poly-
nucleotide, wherein the additional polynucleotide specifi-
cally hybridizes to an exon in a gamma sarcoglycan RNA.
[0029] Additional aspects and embodiments of the disclo-
sure are described in the following enumerated paragraphs.
[0030] 1. An isolated polynucleotide encoding a mini-
gamma sarcoglycan protein comprising a deletion of an
exon selected from the group consisting of exon 4 (SEQ ID
NO: 1), exon 5 (SEQ ID NO: 2), exon 6 (SEQ ID NO: 3),
exon 7 (SEQ ID NO: 4) and a combination thereof.
[0031] 2. A composition comprising a viral vector com-
prising the polynucleotide according to paragraph 1.
[0032] 3. The composition of paragraph 2, wherein the
viral vector is selected from the group consisting of a
herpesvirus and an adenovirus.

[0033] 4. The composition of paragraph 2 or paragraph 3,
wherein the viral vector is adeno-associated virus-9 (AAV-
9).

[0034] 5. The composition of any one of paragraphs 2-4,
wherein the deletion comprises exon 5.

[0035] 6. The composition of any one of paragraphs 2-4,
wherein the deletion comprises exon 4, exon 5, exon 6 and
exon 7.

[0036] 7. The composition of any one of paragraphs 2-4,
wherein the deletion consists of exon 5.

[0037] 8. The composition of any one of paragraphs 2-4,
wherein the deletion consists of exon 4, exon 5, exon 6 and
exon 7.

[0038] 9. An isolated mini-gamma sarcoglycan polypep-
tide, wherein the gamma sarcoglycan comprises at least one
deletion in an exon selected from the group consisting of
exon 4, exon 5, exon 6 and exon 7.

[0039] 10. The mini-gamma sarcoglycan polypeptide of
paragraph 9 that comprises a sequence as set forth in SEQ
ID NO: 7 or SEQ ID NO: 8.

[0040] 11. An isolated polypeptide that is at least about
75%, at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 99% or 100%
identical to the mini-gamma sarcoglycan polypeptide of
paragraph 9 or paragraph 10.

[0041] 12. A pharmaceutical composition comprising the
mini-gamma sarcoglycan polypeptide of any one of para-
graphs 9-11 and a pharmaceutically acceptable carrier,
diluent, or excipient.

[0042] 13. The composition of any one of paragraphs 2-8
or 12, further comprising an additional therapeutic agent.



US 2018/0327743 Al

[0043] 14. The composition of paragraph 13, wherein the
additional therapeutic agent is selected from the group
consisting of a glucocorticoid steroid, an angiotensin con-
verting enzyme inhibitor, a beta adrenergic receptor blocker,
an anti-fibrotic agent and a combination thereof.

[0044] 15. The composition of any one of paragraphs 2-8
or 12-14, further comprising a pharmaceutically acceptable
carrier, diluent, or excipient.

[0045] 16. A host cell comprising the polynucleotide of
paragraph 1 or the composition of any one of paragraphs
2-8.

[0046] 17. A method of expressing a mini-sarcoglycan
protein in a cell, the method comprising contacting the cell
with the isolated polynucleotide of paragraph 1 or the
composition of any one of paragraphs 2-8 or 13 under
conditions that result in expression of the mini-sarcoglycan
protein in the cell.

[0047] 18. The method of paragraph 17, wherein the
contacting occurs in vivo.

[0048] 19. The method of paragraph 17 or paragraph 18,
wherein the cell is a muscle cell.

[0049] 20. The method of any one of paragraphs 17-19,
wherein the cell is a mammalian cell.

[0050] 21. The method of paragraph 20, wherein the
mammalian cell is a human cell.

[0051] 22. The method of paragraph 21, wherein a human
comprising the human cell has muscular dystrophy.

[0052] 23. The method of paragraph 22, wherein the
muscular dystrophy is Limb Girdle Muscular Dystrophy
type 2C (LGMD2C).

[0053] 24. The method of paragraph 17, wherein the
contacting occurs in vitro.

[0054] 25. The method of paragraph 24, wherein the cell
is a muscle cell.

[0055] 26. The method of any one of paragraphs 17 or
24-25, wherein the cell is a mammalian cell.

[0056] 27. The method of paragraph 26, wherein the
mammalian cell is a human cell.

[0057] 28. The method of paragraph 27, wherein a human
comprising the human cell has muscular dystrophy.

[0058] 29. A method of ameliorating Limb Girdle Mus-
cular Dystrophy type 2C (LGMD2C) in a patient in need
thereof comprising the step of administering to the patient a
therapeutically effective amount of the polynucleotide of
paragraph 1 or the composition of any one of paragraphs 2-8
or 12-15, thereby ameliorating LGMD2C.

[0059] 30. A method of inhibiting the progression of
dystrophic pathology associated with LGMD2C in a patient
in need thereof comprising the step of administering to the
patient a therapeutically effective amount of the polynucle-
otide of paragraph 1 or the composition of any one of
paragraphs 2-8 or 12-15, thereby inhibiting the progression
of dystrophic pathology.

[0060] 31. A method of improving muscle function in a
patient suffering from Limb Girdle Muscular Dystrophy
type 2C (LGMD2C) comprising the step of administering to
the patient a therapeutically effective amount of the poly-
nucleotide of paragraph 1 or the composition of any one of
paragraphs 2-8 or 12-15, thereby improving muscle func-
tion.

[0061] 32. The method of paragraph 31 wherein the
improvement is a cardiac muscle improvement.
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[0062] 33. The method of paragraph 31 or paragraph 32
wherein the improvement in muscle function is an improve-
ment in muscle strength.

[0063] 34. The method of paragraph 33 wherein the
improvement in muscle strength is an improvement in
respiratory muscle strength.

[0064] 35. The method of paragraph 29 or paragraph 30
wherein the improvement in muscle function is an improve-
ment in motor stability.

[0065] 36. The method of paragraph 35 wherein the
improvement in motor stability results in an improved
six-minute walk test by the patient relative to a previously
measured six-minute walk test by that patient.

[0066] 37. A kit comprising the polynucleotide of para-
graph 1, the polypeptide of any one of paragraphs 9-11 or the
composition of any one of paragraphs 2-8 or 12, optionally
in a container, and a package insert, package label, instruc-
tions or other labeling.

[0067] 38. The kit of paragraph 37, further comprising an
additional therapeutic agent.

[0068] 39. The kit of paragraph 38, wherein the additional
therapeutic agent is selected from the group consisting of a
glucocorticoid steroid, an angiotensin converting enzyme
inhibitor, a beta adrenergic receptor blocker, an anti-fibrotic
agent and a combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] FIG. 1 shows the reading frame of the mammalian
Sgeg gene before (A) and after (C) skipping exon 4-7.
Deletion of one thymine in exon 6 disrupts the reading frame
and is the most common LGMD2C mutation. (B). Skipping
exon 4-7 restores the reading frame. Exons that follow exon
“E8” and those that are labeled “E1” represent untranslated
regions.

[0070] FIG. 2 depicts the structure of full-length y-sarco-
glycan (left) and the internally truncated y-sarcoglycan after
exon 4-7 is skipped (right). Conserved amino acids are
shown.

[0071] FIG. 3 depicts vector maps of mini-Sgcg constructs
in transgenic flies (A) and transgenic mice (B). UAS is the
enhancer sequence specifically recognized by Gal4. The
desmin (Des) promoter is muscle specific. Preliminary data
has shown mini-Sgcg is produced in UAS-mini-Sgcg trans-
genic flies and in Des-mini-Sgeg transfected muscle cells in
culture. Note that mini-Sgcg produced from both transgenes
is tagged with the Xpress epitope tag.

[0072] FIG. 4 shows that the Drosophila heart tube is a
thin-walled structure that runs along the dorsum of the adult
fly (A). B shows an EM image of the heart tube (h and
arrows). A and B are from Curtis, Morphology 240: 225
(1999). C shows the membrane localized staining from the
mini-Sgcg transgene expressing mini-Sgeg in Sgeg®*° flies
in the heart tube using a Tinman GALA4.

[0073] FIG. 5 depicts that full-length Sgcg and mini-Sgeg
are expressed and localize correctly to the plasma membrane
of transgenic fly skeletal muscle cells. Muscle cells are
aligned parallel to each other.

[0074] FIG. 6 depicts improved heart function in mini-
Sgcg rescued Sged®** flies. Shown on the left is the End
Systolic Dimension (ESD). Sgcd®*° flies have increased
ESD, indicating heart tube dilation. This enlargement is
rescued when mini-Sgcg protein is introduced into Sged®*°
flies via transgenesis.
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[0075] FIG. 7 shows the construct to produce mini-Sgeg in
mice. A positive transgenic founder mouse (#23, called
“MJ”) is indicated.

[0076] FIG. 8 shows that mini-Sgcg protein is produced in
cultured myotubes when transfected with the Des-mini-Sgcg
vector and localizes to the muscle membrane.

[0077] FIG. 9 depicts the rescue of walking ability in Sged
null flies using mini-Sgecg. On the left panel, the Y axis is
number of beam breaks per hour, and the X axis is hour
where midnight is designated as 0. On the right panel, the Y
axis is total number of beam breaks from midnight to 8 AM.
[0078] FIG. 10 shows that expression of mini-Sgeg in
Sgcd®**° flies significantly improved nocturnal activity.
[0079] FIG. 11 shows that mini-Sgecg protein can be stably
produced in mammalian skeletal muscle (skeletal) and heart
(Heart).

[0080] FIG. 12 depicts mini-Sgeg expression in two dif-
ferent transgenic lines. The upper panel shows expression at
three different concentrations from transgenic line 50 or
transgenic line 84.

[0081] FIG. 13 depicts that mini-Sgeg protein localizes to
the plasma membrane of skeletal muscle when expressed in
wildtype normal mice (Tg"). This same signal was not
detected in transgenic negative (Tg™) muscle demonstrating
that this signal derives from the transgene.

[0082] FIG. 14 shows that expression of full length endog-
enous y-sarcoglycan protein (Sgcg) is diminished at the
plasma membrane when mini-Sgeg is present (Tg* (left
panel) versus when mini-Sgcg is absent (Tg™ (right panel)).
[0083] FIG. 15 depicts a model for sarcoglycan assembly.
[0084] FIG. 16 shows that mini-Sgeg is enriched in the
heavy microsomal fraction of muscle.

[0085] FIG. 17 shows two human cell lines with SGCG
mutations that have been infected with retroviruses express-
ing telomerase and MyoD. The top row is from an LGMD
2C patient whose disease arises from a mutation deleting
exon 7 in SGCG. The bottom row is from an LGMD 2C
patient who is deleted for exon 6 of SGCG.

[0086] FIG. 18 depicts LGMD 2C cell lines differentiated
into the muscle lineage (6 days of differentiation). The top
row is from an LGMD 2C patient whose disease arises from
a mutation deleting exon 6 in SGCG, and the bottom row is
from an LGMD 2C patient who is deleted for exon 7 of
SGCG. MyoD, a muscle marker, is expressed from the
retrovirus (middle panel) and desmin, a muscle marker, is
induced from MyoD (right panel) indicating that these cells
are viable models for muscle disease. The left hand panel
(Hoechst) shows nuclei.

DETAILED DESCRIPTION OF THE
INVENTION

[0087] Mutations in the gene encoding y-sarcoglycan,
Sgeg, lead to muscular dystrophy, a disease with muscle
degeneration, failed regeneration and muscle weakness. One
strategy examined herein for the treatment of genetic forms
of muscular dystrophy is exon skipping. Exclusion of certain
exon(s) from final transcripts, or exon skipping, can be
achieved by blocking essential splice sites using one or more
antisense polynucleotides (AONs). By inducing splicing
around mutation-bearing exons, an internally deleted but
potentially functional protein is produced. y-sarcoglycan is a
membrane-associated protein that is part of the dystrophin
protein complex, a complex that stabilizes the muscle mem-
brane during muscle contraction. The Sgcg gene is com-
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posed of 8 exons. The most common mutation in Sgcg is the
deletion of thymidine 525 in exon 6 (525AT), causing the
production of 19 missense amino acids and a premature stop
codon. Skipping exons 4-7 restores the proper protein read-
ing frame, resulting in an internally truncated y-sarcoglycan
protein. This truncated form of y-sarcoglycan reduces the
full-length protein from 291 amino acids to 157 amino acids
and retains the intracellular region, transmembrane domain
and the crucial cysteine-rich motif at the carboxy-terminus.
[0088] The y-sarcoglycan gene is conserved between
human, mouse and Drosophila, and both fly and mouse
models of y-sarcoglycan gene mutations have previously
been generated. The amino acid sequence of human gamma
sarcoglycan is set forth in SEQ ID NO: 5, while the amino
acid sequence of mouse gamma sarcoglycan is set forth in
SEQ ID NO: 6. The truncated murine or human y-sarcogly-
can resulting from skipping exon 4-7 has been termed
“mini-Sgeg.” The amino acid sequence of human mini-Sgeg
resulting from skipping exon 4-7 is set forth in SEQ ID NO:
7, while the amino acid sequence of mouse mini-Sgcg
resulting from skipping exon 4-7 is set forth in SEQ ID NO:
8. The disclosure also contemplates, in various embodi-
ments, human or mouse mini-Sgcg polypeptides in which
one or more of exon 4, exon 5, exon 6 and exon 7 are deleted
in any combination. Thus, mini-Sgcg polypeptides are con-
templated in which exon 4-7 are variously deleted, including
but not limited to combinations in which: (i) exon 4 and
exon 5 are deleted; (ii) exon 5 and exon 6 are deleted; (iii)
exon 4 and exon 6 are deleted; (iv) exon 4 and exon 7 are
deleted; (v) exon 5 and exon 7 are deleted; (vi) exon 6 and
exon 7 are deleted; (vii) exon 4, exon 5 and exon 6 are
deleted; (viii) exon 5, exon 6 and exon 7 are deleted; (ix)
exon 4, exon 6 and exon 7 are deleted; (x) exon 4 is deleted;
(xi) exon 5 is deleted; (xii) exon 6 is deleted; or (xiii) exon
7 is deleted. The disclosure also contemplates corresponding
polynucleotides that encode each of the foregoing mini-Sgcg
polypeptides.

[0089] Insome aspects, the disclosure provides an isolated
mini-gamma sarcoglycan polypeptide, wherein the gamma
sarcoglycan comprises at least one deletion in an exon
selected from the group consisting of exon 4, exon 5, exon
6 and exon 7. In some embodiments, the mini-gamma
sarcoglycan polypeptide of the disclosure comprises a
sequence as set forth in SEQ ID NO: 7 or SEQ ID NO: 8.
[0090] In additional aspects, the disclosure provides an
isolated polypeptide that is at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 99% or 100%
identical to a mini-gamma sarcoglycan polypeptide of the
disclosure. In further aspects, the disclosure provides an
isolated polypeptide that is about 75%, about 80%, about
85%, about 90%, about 95% or about 99% identical to a
mini-gamma sarcoglycan polypeptide of the disclosure. In
still further aspects, the disclosure provides an isolated
polypeptide that is at least 90% to about 100%, or at least
95% to about 100%, or at least about 95% to about 99%
identical to a mini-gamma sarcoglycan polypeptide of the
disclosure.

[0091] Data provided herein demonstrates that the mini-
Sgceg protein is produced in transgenic Drosophila, where it
localizes normally to the plasma membrane. The structures
of the full-length y-sarcoglycan and the truncated protein
after exon skipping are shown in FIGS. 1 and 2, respectively.
[0092] The disclosure thus provides one or more isolated
antisense polynucleotide(s) wherein the one or more poly-
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nucleotide(s) specifically hybridizes to an exon target region
of'a gamma sarcoglycan RNA, wherein the exon is selected
from the group consisting of exon 4 (SEQ ID NO: 1), exon
5 (SEQ ID NO: 2), exon 6 (SEQ ID NO: 3), exon 7 (SEQ
ID NO: 4) and a combination thereof.

[0093] As used herein, “hybridization” means an interac-
tion between two or three strands of nucleic acids by
hydrogen bonds in accordance with the rules of Watson-
Crick DNA complementarity, Hoogstein binding, or other
sequence-specific binding known in the art. Hybridization
can be performed under different stringency conditions
known in the art. “Specifically hybridize,” as used herein, is
hybridization that allows for a stabilized duplex between
polynucleotide strands that are complementary or substan-
tially complementary. For example, a polynucleotide strand
having 21 nucleotide units can base pair with another
polynucleotide of 21 nucleotide units, yet only 19 bases on
each strand are complementary or substantially complemen-
tary, such that the “duplex™ has 19 base pairs. The remaining
bases may, for example, exist as 5' and/or 3' overhangs.
Further, within the duplex, 100% complementarity is not
required; substantial complementarity is allowable within a
duplex. Substantial complementarity refers to 75% or
greater complementarity. For example, a mismatch in a
duplex consisting of 19 base pairs results in 94.7% comple-
mentarity, rendering the duplex substantially complemen-
tary.

[0094] It is noted here that, as used in this specification
and the appended claims, the singular forms “a,” “an,” and
“the” include plural reference unless the context clearly
dictates otherwise.

[0095] Itis also noted that the term “about” as used herein
is understood to mean approximately.

Antisense Polynucleotides/Polynucleotide Design

[0096] According to a first aspect of the invention, there is
provided an antisense polynucleotide capable of binding to
a selected target to induce exon skipping. To induce exon
skipping in exons of the gamma sarcoglycan gene transcript,
the antisense polynucleotide is selected based on the exon
sequences shown in Tables 1 and 2. The disclosure also
provides a combination or “cocktail” of two or more anti-
sense polynucleotides capable of binding to a selected target
or targets to induce exon skipping. The exon skipping
contemplated herein induces exclusion of exons 4, 5, 6,
and/or 7 so as to generate an in-frame, internally truncated
gamma sarcoglycan protein. Excluding exons 4, 5, 6 and 7
results in the generation of an internally truncated protein
lacking 135 amino acids, while deleting exon 5 results in an
internally deleted, in-frame protein lacking 40 amino acids.
The internally truncated proteins, termed mini-Sgcg, retains
the capacity to interact with dystrophin and its associated
proteins and stabilize cardiac and skeletal muscle cells.
[0097] Within the context of the disclosure, preferred
target site(s) are those involved in mRNA splicing (i.e.,
splice donor sites, splice acceptor sites or exonic splicing
enhancer elements). Splicing branch points and exon rec-
ognition sequences or splice enhancers are also potential
target sites for modulation of mRNA splicing.

[0098] Thus, in various embodiments, one, two three, four,
five, six, seven, eight, nine, ten, eleven, twelve, thirteen,
fourteen, fifteen or more antisense polynucleotides are used
to induce exon skipping of a gamma sarcoglycan nucleic
acid. The choice of the number of antisense polynucleotides
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can be determined empirically by one of ordinary skill in the
art. The person of ordinary skill can individually test the
relative ability of compositions comprising one, two three,
four or more antisense polynucleotides to produce a protein
product of interest in vitro. Briefly, and in one specific
embodiment, a composition comprising a single antisense
polynucleotide that is designed to specifically hybridize (i.e.,
block) a splice acceptor site in exon 4 of a gamma sarco-
glycan nucleic acid is added to a culture of fibroblasts
obtained from a patient harboring a mutation in gamma
sarcoglycan. Next, the fibroblasts are induced to adopt a
myogenic lineage via forced MyoD expression (see
Example 2 for details), and the resulting myotubes are tested
for surface expression of a mini-Sgeg protein via, for
example and without limitation, an immunofluorescence
experiment. Further immunofiuorescent analysis of the myo-
tubes can be conducted to identify whether additional sarco-
glycans (i.e., a-, p- and d-sarcoglycan) are co-localized with
mini-Sgeg in myotubes. Such co-localization of the mem-
bers of the sarcoglycan complex associated with muscle
membranes indicates that the mini-Sgcg that is produced
following administration of the composition comprising a
single antisense polynucleotide is able to effectively induce
exon skipping of the gamma sarcoglycan nucleic acid to
result in a truncated protein that retained its ability to
associate with the other members of the sarcoglycan com-
plex, as well as embed in a muscle membrane. Similar
experiments may be conducted with compositions that indi-
vidually comprise two, three, four, five or more antisense
polynucleotides, each designed to specifically hybridize to
an exon of a gamma sarcoglycan nucleic acid.

[0099] To identify and select antisense polynucleotides
suitable for use in the modulation of exon skipping, a nucleic
acid sequence whose function is to be modulated must first
be identified. This may be, for example, a gene (or mRNA
transcribed form the gene) whose expression is associated
with a particular disorder or disease state, or a nucleic acid
molecule from an infectious agent. Within the context of the
disclosure, suitable target site(s) are those involved in
mRNA splicing (e.g., splice donor sites, splice acceptor
sites, or exonic splicing enhancer elements). Splicing branch
points and exon recognition sequences or splice enhancers
are also potential target sites for modulation of mRNA
splicing contemplated by the disclosure.

TABLE 2

Table of exon coordinates based on the UCSC Human Genome Build 19.

exon start exon end

exon start exon end +30 +30
exon 4 23824768 23824856 23824738 23824886
exon 5 23853497 23853617 23853467 23853647
exon 6 23869553 23869626 23869523 23869656
exon 7 23894775 23894899 23894725% 23894929

Sgcg exons per UCSC hgl9, transcript NM_000231
*50 from exon start because of T rich region

[0100] Those of skill in the art can readily design antisense
polynucleotides according to the present disclosure. For
example, general teachings in the art include, but are not
limited to, Aartsma-Rus et al., Methods Mol Biol. 867:
117-29 (2012); Aartsma-Rus et al., Methods Mol Biol. 867:
97-116 (2012); van Roon-Mom et al., Methods Mol Biol.
867: 79-96 (2012), each of which is incorporated herein by
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reference. General guidelines also include attempting to
avoid 3 consecutive G or C nucleotides, choosing lengths
and sequences that favor self structure (hairpinning will be
avoided), and avoiding those sequences likely to form
primer dimers. In some embodiments, an antisense poly-
nucleotide of the disclosure is one that is designed to
specifically hybridize to an exon or an intron-exon boundary,
such that the antisense polynucleotide specifically hybrid-
izes to a sequence that is completely within an exon of a
gamma sarcoglycan nucleic acid, or about one nucleotide of
the antisense polynucleotide spans said intron-exon bound-
ary when the antisense polynucleotide is specifically hybrid-
ized to the gamma sarcoglycan nucleic acid. In some
embodiments wherein the antisense polynucleotide specifi-
cally hybridizes to a sequence that is completely within an
exon, it is contemplated that a terminus of the antisense
polynucleotide is about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
nucleotides from a terminus of the exon. The intron-exon
boundary for each of exons 4, 5, 6, and 7 is shown in Table
1. In further embodiments, an antisense polynucleotide of
the disclosure is one that is designed to specifically hybrid-
ize to an intron-exon boundary of a gamma sarcoglycan
nucleic acid, such that about 2, 3,4, 5,6, 7, 8, 9, 10 or more
nucleotides of the antisense polynucleotide span said intron-
exon boundary. It is understood that a nucleotide can “span
the intron-exon boundary” on either the exon side or intron
side. Thus, an antisense polynucleotide that specifically and
predominantly hybridizes to intronic sequence and only
hybridizes to one nucleotide of an adjoining exon would
“span the intron-exon boundary” by one nucleotide. Simi-
larly, an antisense polynucleotide that specifically hybridizes
to exonic sequence and only hybridizes to one nucleotide of
an adjoining intron would “span the intron-exon boundary”
by one nucleotide. In any of the aforementioned embodi-
ments, the antisense polynucleotide is at least about 10
nucleotides and up to about 15, 20, 25, 30, 35, 40, 45, 50 or
more nucleotides in length. Lengths of antisense polynucle-
otides contemplated by the disclosure are discussed in more
detail below.

[0101] In some aspects, the disclosure provides pharma-
ceutical compositions comprising an antisense polynucle-
otide to induce exon skipping of a gamma sarcoglycan
nucleic acid, such that a “mini-Sgeg” protein is produced
that has the ability to (a) effectively associate with other
members of the sarcoglycan complex (i.e., a-, - and
d-sarcoglycan) and (b) correctly embed in a muscle mem-
brane. In some embodiments, methods described herein
result in the restoration of a sarcoglycan at a muscle mem-
brane surface, such that about 1% of the gamma sarcoglycan
protein is restored relative to the amount of gamma sarco-
glycan protein at a muscle membrane in the absence of
administration of the pharmaceutical composition. In further
embodiments, methods described herein result in the resto-
ration of a sarcoglycan protein at the muscle membrane
surface, such that about 2%, about 3%, about 4%, about 5%,
about 6%, about 7%, about 8%, about 9%, about 10%, about
11%, about 12%, about 13%, about 14%, about 15%, about
16%, about 17%, about 18%, about 19%, about 20%, about
21%, about 22%, about 23%, about 24%, about 25%, about
26%, about 27%, about 28%, about 29%, about 30%, about
31%, about 32%, about 33%, about 34%, about 35%, about
36%, about 37%, about 38%, about 39%, about 40%, about
41%, about 42%, about 43%, about 44%, about 45%, about
46%, about 47%, about 48%, about 49%, about 50%, about
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51%, about 52%, about 53%, about 54%, about 55%, about
56%, about 57%, about 58%, about 59%, about 60%, about
61%, about 62%, about 63%, about 64%, about 65%, about
66%, about 67%, about 68%, about 69%, about 70%, about
71%, about 72%, about 73%, about 74%, about 75%, about
76%, about 77%, about 78%, about 79%, about 80%, about
81%, about 82%, about 83%, about 84%, about 85%, about
86%, about 87%, about 88%, about 89%, about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98%, about 99%, about 2-fold, about
3-fold, about 4-fold, about 5-fold, about 6-fold, about 7-fold,
about 8-fold, about 9-fold, about 10-fold or more of the
gamma sarcoglycan protein is restored relative to the
amount of gamma sarcoglycan protein at the muscle mem-
brane in the absence of administration of the pharmaceutical
composition. Such restoration of gamma sarcoglycan pro-
tein at the muscle membrane can be determined by one of
ordinary skill in the art by, for example and without limi-
tation, obtaining a muscle biopsy from the patient and
performing immunofluorescence with an antibody that has
specific binding affinity for mini-Sgeg protein.

Polynucleotides

[0102] Products, uses and methods of the disclosure com-
prise one or more polynucleotides. As used herein, a “poly-
nucleotide” is an oligomer comprised of nucleotides. A
polynucleotide may be comprised of DNA, RNA modified
forms thereof, or a combination thereof.

[0103] The term “nucleotide” or its plural as used herein
is interchangeable with modified forms as discussed herein
and otherwise known in the art. In certain instances, the art
uses the term “nucleobase” which embraces naturally occur-
ring nucleotides as well as modifications of nucleotides that
can be polymerized. Thus, nucleotide or nucleobase means
the naturally occurring nucleobases adenine (A), guanine
(G), cytosine (C), thymine (T) and uracil (U) as well as
non-naturally occurring nucleobases such as xanthine,
diaminopurine, 8-oxo-N6-methyladenine, 7-deazaxanthine,
7-deazaguanine, N4,N4-ethanocytosin, N',N'-ethano-2,6-di-
aminopurine, S-methylcytosine (mC), 5-(C;-Cy)-alkynyl-
cytosine, S-fluorouracil, 5-bromouracil, pseudoisocytosine,
2-hydroxy-5-methyl-4-tr-iazolopyridin, isocytosine, isogua-
nine, inosine and the “non-naturally occurring” nucleobases
described in Benner et al., U.S. Pat. No. 5,432,272 and
Susan M. Freier and Karl-Heinz Altmann, 1997, Nucleic
Acids Research, vol. 25: pp 4429-4443. The term “nucle-
obase” also includes not only the known purine and pyrimi-
dine heterocycles, but also heterocyclic analogues and tau-
tomers thereof. Further naturally and non-naturally
occurring nucleobases include those disclosed in U.S. Pat.
No. 3,687,808 (Merigan, et al.), in Chapter 15 by Sanghvi,
in Antisense Research and Application, Ed. S. T. Crooke and
B. Lebleu, CRC Press, 1993, in Englisch et al., 1991,
Angewandte Chemie, International Edition, 30: 613-722
(see especially pages 622 and 623, and in the Concise
Encyclopedia of Polymer Science and Engineering, J. 1.
Kroschwitz Ed., John Wiley & Sons, 1990, pages 858-859,
Cook, Anti-Cancer Drug Design 1991, 6, 585-607, each of
which is hereby incorporated by reference in its entirety). In
various aspects, polynucleotides also include one or more
“nucleosidic bases” or “base units” which include com-
pounds such as heterocyclic compounds that can serve like
nucleobases, including certain “universal bases” that are not
nucleosidic bases in the most classical sense but serve as
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nucleosidic bases. Universal bases include 3-nitropyrrole,
optionally substituted indoles (e.g., S-nitroindole), and
optionally substituted hypoxanthine. Other desirable univer-
sal bases include pyrrole, and diazole or triazole derivatives,
including those universal bases known in the art.

[0104] Polynucleotides may also include modified nucle-
obases. A “modified base” is understood in the art to be one
that can pair with a natural base (e.g., adenine, guanine,
cytosine, uracil, and/or thymine) and/or can pair with a
non-naturally occurring base. Exemplary modified bases are
described in EP 1 072 679 and WO 97/12896, the disclo-
sures of which are incorporated herein by reference. Modi-
fied nucleobases include, without limitation, S-methylcyto-
sine (5-me-C), S5-hydroxymethyl cytosine, xanthine,
hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl
derivatives of adenine and guanine, 2-propyl and other alkyl
derivatives of adenine and guanine, 2-thiouracil, 2-thiothy-
mine and 2-thiocytosine, 5-halouracil and cytosine, 5-pro-
pynyl uracil and cytosine and other alkynyl derivatives of
pyrimidine bases, 6-azo uracil, cytosine and thymine, 5-ura-
cil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol,
8-thioalkyl, 8-hydroxyl and other 8-substituted adenines and
guanines, 5-halo particularly 5-bromo, 5-trifluoromethyl and
other 5-substituted uracils and cytosines, 7-methylguanine
and 7-methyladenine, 2-F-adenine, 2-amino-adenine, 8-aza-
guanine and 8-azaadenine, 7-deazaguanine and 7-deazaade-
nine and 3-deazaguanine and 3-deazaadenine. Further modi-
fied bases include tricyclic pyrimidines such as phenoxazine
cytidine (1H-pyrimido[5,4-b][1,4]benzoxazin-2(3H)-one),
phenothiazine cytidine (1H-pyrimido[5,4-b][1,4]benzothi-
azin-2(3H)-one), G-clamps such as a substituted phenox-
azine cytidine (e.g. 9-(2-aminoethoxy)-H-pyrimido|5,4-b]
[1,4]benzoxazin-2(3H)-one), carbazole cytidine (2H-
pyrimido[4,5-bJindol-2-one), pyridoindole cytidine
(H-pyrido[3',2"4,5]pyrrolo[2,3-d]pyrimidin-2-one). Modi-
fied bases may also include those in which the purine or
pyrimidine base is replaced with other heterocycles, for
example 7-deaza-adenine, 7-deazaguanosine, 2-aminopyri-
dine and 2-pyridone. Additional nucleobases include those
disclosed in U.S. Pat. No. 3,687,808, those disclosed in The
Concise Encyclopedia Of Polymer Science And Engineer-
ing, pages 858-859, Kroschwitz, J. 1., ed. John Wiley &
Sons, 1990, those disclosed by Englisch et al., 1991, Ang-
ewandte Chemie, International Edition, 30: 613, and those
disclosed by Sanghvi, Y. S., Chapter 15, Antisense Research
and Applications, pages 289-302, Crooke, S. T. and Lebleu,
B., ed., CRC Press, 1993. Certain of these bases are useful
for increasing the binding affinity of the polynucleotide and
include 5-substituted pyrimidines, 6-azapyrimidines and
N-2, N-6 and O-6 substituted purines, including 2-amino-
propyladenine, 5-propynyluracil and S-propynylcytosine.
5-methylcytosine substitutions have been shown to increase
nucleic acid duplex stability by 0.6-1.2° C. and are, in
certain aspects, combined with 2'-O-methoxyethyl sugar
modifications. See, U.S. Pat. No. 3,687,808, U.S. Pat. Nos.
4,845,205; 5,130,302; 5,134,066, 5,175,273; 5,367,066;
5,432,272, 5,457,187, 5,459,255; 5,484,908; 5,502,177,
5,525,711; 5,552,540, 5,587,469, 5,594,121, 5,596,091,
5,614,617, 5,645,985; 5,830,653; 5,763,588; 6,005,096;
5,750,692 and 5,681,941, the disclosures of which are
incorporated herein by reference.

[0105] Modified polynucleotides are contemplated for use
wherein both one or more sugar and/or one or more inter-
nucleotide linkage of the nucleotide units in the polynucle-
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otide is replaced with “non-naturally occurring” sugars (i.e.,
sugars other than ribose or deoxyribose) or internucleotide
linkages, respectively. In one aspect, this embodiment con-
templates a peptide nucleic acid (PNA). In PNA compounds,
the sugar-backbone of a polynucleotide is replaced with an
amide-containing (e.g., peptide bonds between N-(2-amino-
ethyl)-glycine units) backbone. See, for example U.S. Pat.
Nos. 5,539,082; 5,714,331; and 5,719,262, and Nielsen et
al., Science, 1991, 254, 1497-1500, the disclosures of which
are herein incorporated by reference.

[0106] Modified polynucleotides may also contain one or
more substituted sugar groups. In one aspect, a modification
of the sugar includes Locked Nucleic Acids (LNAs) in
which the 2'-hydroxyl group is linked to the 3' or 4' carbon
atom of the sugar ring, thereby forming a bicyclic sugar
group. The linkage is in certain aspects a methylene
(—CH,—),, group bridging the 2' oxygen atom and the 4'
carbon atom wherein n is 1 or 2. LNAs and preparation
thereof are described in WO 98/39352 and WO 99/14226,
the disclosures of which are incorporated herein by refer-
ence.

[0107] To avoid degradation of pre-mRNA during duplex
formation with the antisense polynucleotides, the antisense
polynucleotides used in the method may be adapted to
minimize or prevent cleavage by endogenous RNase H. This
property is advantageous because the treatment of the RNA
with the unmethylated polynucleotides either intracellularly
or in crude extracts that contain RNase H leads to degrada-
tion of the pre-mRNA:antisense polynucleotide duplexes.
Any form of modified antisense polynucleotide that is
resistant to such degradation, or does not induce such
degradation, is contemplated by the disclosure. Non-limiting
examples of antisense molecules which, when duplexed
with RNA, are not cleaved by cellular RNase H are poly-
nucleotides comprising 2'-O-methyl derivatives of nucleo-
tides. 2'-O-methyl-oligoribonucleotides are very stable in a
cellular environment and in animal tissues, and their
duplexes with RNA have higher T, values than their ribo- or
deoxyribo-counterparts.

[0108] Antisense polynucleotides that do not activate
RNase H can be made in accordance with known techniques
(see, for example and without limitation, U.S. Pat. No.
5,149,797). Such antisense polynucleotides, which may be
deoxyribonucleotide or ribonucleotide sequences, simply
contain any structural modification which sterically hinders
or prevents binding of RNase H to a duplex molecule
containing the polynucleotide as one member thereof, which
structural modification does not substantially hinder or dis-
rupt duplex formation. Because the portions of the poly-
nucleotide involved in duplex formation are substantially
different from those portions involved in RNase H binding
thereto, numerous antisense molecules that do not activate
RNase H are available. (Activation is used in this sense to
refer to RNase H degradation, whether as a result of a
substrate not being susceptible to such degradation or such
substrate failing to induce degradation.) For example, such
antisense molecules may be polynucleotides wherein at least
one, or all, of the inter-nucleotide bridging phosphate resi-
dues are modified phosphates, such as methyl phosphonates,
methyl phosphorothioates, phosphoromorpholidates, phos-
phoropiperazidates and/or phosphoramidates. For example,
every other one of the internucleotide bridging phosphate
residues may be modified as described. In another non-
limiting example, such antisense polynucleotides are poly-
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nucleotides wherein at least one, or all, of the nucleotides
contain a 2' carbon bound to a lower alkyl moiety (e.g.,
C,-C,, linear or branched, saturated or unsaturated alkyl,
such as methyl, ethyl, ethenyl, propyl, 1-propenyl, 2-prope-
nyl, and isopropyl). For example, every other one of the
nucleotides may be modified as described.

[0109] Methods of making polynucleotides of a predeter-
mined sequence are well-known. See, e.g., Sambrook et al.,
Molecular Cloning: A Laboratory Manual (2nd ed. 1989)
and F. Eckstein (ed.) Oligonucleotides and Analogues, 1st
Ed. (Oxford University Press, New York, 1991). Solid-phase
synthesis methods are preferred for both polyribonucle-
otides and polydeoxyribonucleotides (the well-known meth-
ods of synthesizing DNA are also useful for synthesizing
RNA). Polyribonucleotides can also be prepared enzymati-
cally. Non-naturally occurring nucleobases can be incorpo-
rated into the polynucleotide, as well. See, e.g., U.S. Pat. No.
7,223,833; Katz, J. Am. Chem. Soc., 74:2238 (1951);
Yamane, et al.,, J. Am. Chem. Soc., 83:2599 (1961); Kos-
turko, et al., Biochemistry, 13:3949 (1974); Thomas, J. Am.
Chem. Soc., 76:6032 (1954); Zhang, et al., J. Am. Chem.
Soc., 127:74-75 (2005); and Zimmermann, et al., J. Am.
Chem. Soc., 124:13684-13685 (2002).

[0110] Polynucleotides contemplated herein range from
about 5 nucleotides to about 50 nucleotides in length. In
some embodiments, the polynucleotide is between at least 5
nucleotides and at least 20 nucleotides, between at least 5
nucleotides and at least 30 nucleotides or between at least 5
nucleotides and at least 50 nucleotides.

[0111] In further embodiments, a polynucleotide contem-
plated by the disclosure is about 5 to about 60, 70, 80, 90,
100 or more nucleotides in length, about 5 to about 90
nucleotides in length, about 5 to about 80 nucleotides in
length, about 5 to about 70 nucleotides in length, about 5 to
about 60 nucleotides in length, about 5 to about 50 nucleo-
tides in length about 5 to about 45 nucleotides in length,
about 5 to about 40 nucleotides in length, about 5 to about
35 nucleotides in length, about 5 to about 30 nucleotides in
length, about 5 to about 25 nucleotides in length, about 5 to
about 20 nucleotides in length, about 5 to about 15 nucleo-
tides in length, about 5 to about 10 nucleotides in length, and
all polynucleotides intermediate in length of the sizes spe-
cifically disclosed to the extent that the polynucleotide is
able to achieve the desired result. Accordingly, polynucle-
otides of 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71,72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100 or more nucleotides in length are contemplated.
[0112] The polynucleotides of the disclosure are approxi-
mately 40% GC to about 60% GC, with a Tm of about 48°
C. or higher.

[0113] Another modification of the polynucleotides of the
invention involves chemically linking the polynucleotide to
one or more moieties or conjugates that enhance the activity,
cellular distribution or cellular uptake of the polynucleotide.
Such moieties include, but are not limited to, lipid moieties
such as a cholesterol moiety, cholic acid, a thioether, e.g.,
hexyl-S-tritylthiol, a thiocholesterol, an aliphatic chain, e.g.,
dodecandiol or undecyl residues, a phospholipid, e.g., di-
hexadecyl-rac-glycerol or triethylammonium 1,2-di-O-
hexadecyl-rac-glycero-3-H-phosphonate, a polyamine or a
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polyethylene glycol chain, or adamantane acetic acid, a
palmityl moiety, or an octadecylamine or hexylamino-car-
bonyl-oxycholesterol moiety.

Therapeutic Agents

[0114] The compounds of the disclosure also can be used
as a prophylactic or therapeutic, which may be utilized for
the purpose of treatment of a genetic disease.

[0115] In one embodiment the disclosure provides anti-
sense polynucleotides that bind to a selected target in the
gamma sarcoglycan pre-mRNA to induce efficient and con-
sistent exon skipping described herein in a therapeutically or
prophylactically effective amount admixed with a pharma-
ceutically acceptable carrier, diluent, or excipient.

[0116] A pharmaceutically acceptable carrier refers, gen-
erally, to materials that are suitable for administration to a
subject wherein the carrier is not biologically harmful, or
otherwise, causes undesirable effects. Such carriers are
typically inert ingredients of a medicament. Typically a
carrier is administered to a subject along with an active
ingredient without causing any undesirable biological
effects or interacting in a deleterious manner with any of the
other components of a pharmaceutical composition in which
it is contained. Suitable pharmaceutical carriers are
described in Martin, Remington’s Pharmaceutical Sciences,
18th Ed., Mack Publishing Co., Easton, Pa., (1990), incor-
porated by reference herein in its entirety.

[0117] In a more specific form of the disclosure there are
provided pharmaceutical compositions comprising thera-
peutically effective amounts of an antisense polynucleotide
together with pharmaceutically acceptable diluents, preser-
vatives, solubilizers, emulsifiers, adjuvants and/or carriers.
Such compositions include diluents of various buffer content
(e.g., phosphate, Tris-HCI, acetate), pH and ionic strength
and additives such as detergents and solubilizing agents
(e.g., Tween 80, Polysorbate 80), anti-oxidants (e.g., ascor-
bic acid, sodium metabisulfite), preservatives (e.g., Thim-
ersol, benzyl alcohol) and bulking substances (e.g., lactose,
mannitol). The material may be incorporated into particulate
preparations of polymeric compounds such as, for example
and without limitation, polylactic acid or polyglycolic acid,
or into liposomes. Hylauronic acid may also be used. Such
compositions may influence the physical state, stability, rate
of in vivo release, and rate of in vivo clearance of the
disclosed compositions. The compositions may be prepared
in liquid form, or may be in dried powder, such as
lyophilized form.

[0118] It will be appreciated that pharmaceutical compo-
sitions provided according to the disclosure may be admin-
istered by any means known in the art. Preferably, the
pharmaceutical compositions for administration are admin-
istered by injection, orally, or by the pulmonary, or nasal
route. The antisense polynucleotides are, in various embodi-
ments, delivered by intravenous, intra-arterial, intraperito-
neal, intramuscular, or subcutaneous routes of administra-
tion.

[0119] The antisense molecules of the invention encom-
pass any pharmaceutically acceptable salts, esters, or salts of
such esters, or any other compound which, upon adminis-
tration to an animal including a human, is capable of
providing (directly or indirectly) the biologically active
metabolite or residue thereof. Accordingly, for example, the
disclosure is also drawn to prodrugs and pharmaceutically
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acceptable salts of the compounds of the invention, phar-
maceutically acceptable salts of such pro-drugs, and other
bioequivalents.

[0120] The term “pharmaceutically acceptable salts”
refers to physiologically and pharmaceutically acceptable
salts of the compounds of the invention: i.e., salts that retain
the desired biological activity of the parent compound and
do not impart undesired toxicological effects thereto.
[0121] For polynucleotides, preferred examples of phar-
maceutically acceptable salts include, but are not limited to,
(a) salts formed with cations such as sodium, potassium,
ammonium, magnesium, calcium, polyamines such as sper-
mine and spermidine; (b) acid addition salts formed with
inorganic acids, for example hydrochloric acid, hydrobro-
mic acid, sulfuric acid, phosphoric acid, nitric acid; (c) salts
formed with organic acids such as, for example, acetic acid,
oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric
acid, gluconic acid, citric acid, malic acid, ascorbic acid,
benzoic acid, tannic acid, palmitic acid, alginic acid, poly-
glutamic acid, naphthalenesulfonic acid, methanesulfonic
acid, p-toluenesulfonic acid, naphthalenedisulfonic acid,
polygalacturonic acid; and (d) salts formed from elemental
anions such as chlorine, bromine, and iodine. The pharma-
ceutical compositions of the disclosure may be administered
in a number of ways depending upon whether local or
systemic treatment is desired and upon the area to be treated.
Administration may be topical (including ophthalmic and to
mucous membranes including rectal delivery), pulmonary,
e.g., by inhalation of powders or aerosols, (including by
nebulizer, intratracheal, intranasal, epidermal and transder-
mal), oral or parenteral. Parenteral administration includes
intravenous, intra-arterial, subcutaneous, intraperitoneal or
intramuscular injection or infusion; or intracranial, e.g.,
intrathecal or intraventricular, administration. Polynucle-
otides with at least one 2'-O-methoxyethyl modification are
believed to be particularly useful for oral administration.
[0122] The pharmaceutical formulations of the disclosure,
which may conveniently be presented in unit dosage form,
may be prepared according to conventional techniques well
known in the pharmaceutical industry. Such techniques
include the step of bringing into association the active
ingredients with the pharmaceutical carrier(s) or excipient
(s). In general the formulations are prepared by uniformly
bringing into association the active ingredients with liquid
carriers or finely divided solid carriers or both, and then, if
necessary, shaping the product.

[0123] Combination therapy with an additional therapeu-
tic agent is also contemplated by the disclosure. Examples of
therapeutic agents that may be delivered concomitantly with
a composition of the disclosure include, without limitation,
a glucocorticoid steroid (for example and without limitation,
prednisone and deflazacort), an angiotensin converting
enzyme inhibitor, a beta adrenergic receptor blocker, an
anti-fibrotic agent and a combination thereof.

Gene Therapy

[0124] In some aspects, the disclosure provides methods
of expressing a mini-gamma sarcoglycan in a cell. In any of
the aspects or embodiments of the disclosure, the cell is a
mammalian cell. In any of the aspects or embodiments of the
disclosure, the cell is in a human and the human is in need
of the mini-gamma sarcoglycan. Accordingly, in some
aspects the disclosure provides gene therapy methods for
expressing a mini-gamma sarcoglycan in a cell.
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[0125] In some embodiments, a vector (e.g., an expression
vector) comprising a polynucleotide of the invention to
direct expression of the polynucleotide in a suitable host
cell. Such vectors are useful, e.g., for amplitying the poly-
nucleotides in host cells to create useful quantities thereof,
and for expressing proteins using recombinant techniques.
In some embodiments, the vector is an expression vector
wherein a polynucleotide of the invention is operatively
linked to a polynucleotide comprising an expression control
sequence. Autonomously replicating recombinant expres-
sion constructs such as plasmid and viral DNA vectors
incorporating polynucleotides of the disclosure are specifi-
cally contemplated. Expression control DNA sequences
include promoters, enhancers, and operators, and are gen-
erally selected based on the expression systems in which the
expression construct is to be utilized. In some embodiments,
promoter and enhancer sequences are selected for the ability
to increase gene expression, while operator sequences may
be selected for the ability to regulate gene expression.
Expression constructs of the invention may also include
sequences encoding one or more selectable markers that
permit identification of host cells bearing the construct.
Expression constructs may also include sequences that
facilitate, and preferably promote, homologous recombina-
tion in a host cell. Expression constructs of the disclosure
also include, in various embodiments, sequences necessary
for replication in a host cell.

[0126] Exemplary expression control sequences include
promoter/enhancer sequences, e.g., cytomegalovirus pro-
moter/enhancer [Lehner et al., J. Clin. Microbiol., 29: 2494-
2502, 1991; Boshart et al., Cell, 41: 521-530, (1985)]; Rous
sarcoma virus promoter [Davis et al., Hum. Gene Ther., 4:
151, (1993)]; and simian virus 40 promoter, for expression
in a target mammalian cell, the promoter being operatively
linked upstream (i.e., 5') of the polypeptide coding sequence
(the disclosures of the cited references are incorporated
herein by reference in their entirety and particularly with
respect to the discussion of expression control sequences).
In another variation, the promoter is a muscle-specific
promoter. The polynucleotides of the invention may also
optionally include a suitable polyadenylation sequence (e.g.,
the SV40 or human growth hormone gene polyadenylation
sequence) operably linked downstream (i.e., 3') of the poly-
peptide coding sequence.

[0127] If desired, a polynucleotide of the disclosure also
optionally comprises a nucleotide sequence encoding a
secretory signal peptide fused in frame with the polypeptide
sequence. The secretory signal peptide directs secretion of
the polypeptide of the invention by the cells that express the
polynucleotide, and is cleaved by the cell from the secreted
polypeptide. The polynucleotide may further optionally
comprise sequences whose only intended function is to
facilitate large scale production of the vector, e.g., in bac-
teria, such as a bacterial origin of replication and a sequence
encoding a selectable marker. However, if the vector is
administered to an animal, such extraneous sequences are
preferably at least partially cleaved. One can manufacture
and administer polynucleotides for gene therapy using pro-
cedures that have been described in the literature for other
transgenes. See, e.g., Isner et al., Circulation, 91: 2687-
2692, 1995; Isner et al., Human Gene Therapy, 7: 989-1011,
1996; Wang et al., Mol Ther. 20(8):1501-7 (2012); and
Zhang et al., Hum Mol Genet. 22(18): 3720-9 (2013); each
of which is incorporated herein by reference in its entirety.
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[0128] In some embodiments, a “naked” transgene encod-
ing a mini-gamma sarcoglycan described herein (i.e., a
transgene without a viral, liposomal, or other vector to
facilitate transfection) is employed.

[0129] Vectors also are useful for “gene therapy” treat-
ment regimens, wherein, for example, a polynucleotide
encoding a mini-gamma sarcoglycan is introduced into a
subject suffering from or at risk of suffering from a muscular
dystrophy in a form that causes cells in the subject to express
the mini-gamma sarcoglycan in vivo. Any suitable vector
may be used to introduce a polynucleotide that encodes a
mini-gamma sarcoglycan into the host. Exemplary vectors
that have been described in the literature include replication
deficient retroviral vectors, including but not limited to
lentivirus vectors [Kim et al., J. Virol., 72(1): 811-816,
(1998); Kingsman & Johnson, Scrip Magazine, October,
1998, pp. 43-46]; parvoviral vectors, such as adeno-associ-
ated viral (AAV) vectors [U.S. Pat. Nos. 5,474,9351; 5,139,
941; 5,622,856; 5,658,776, 5,773,289; 5,789,390; 5,834,
441, 5,863,541, 5,851,521, 5,252,479; Gnatenko et al., J.
Invest. Med., 45: 87-98, (1997)]; adenoviral (AV) vectors
[U.S. Pat. Nos. 5,792,453, 5,824,544; 5,707,618; 5,693,509,
5,670,488; 5,585,362; Quantin et al., Proc. Natl. Acad. Sci.
USA, 89: 2581-2584, (1992); Stratford Perricaudet et al., J.
Clin. Invest., 90: 626-630, (1992); and Rosenfeld et al., Cell,
68: 143-155, (1992)]; an adenoviral adeno-associated viral
chimeric [U.S. Pat. No. 5,856,152] or a vaccinia viral or a
herpesviral vector [U.S. Pat. Nos. 5,879,934; 5,849,571,
5,830,727, 5,661,033; 5,328,688]; Lipofectin mediated gene
transfer (BRL); liposomal vectors [U.S. Pat. No. 5,631,237];
and combinations thereof. Additionally contemplated by the
disclosure for introducing a polynucleotide encoding a mini-
gamma sarcoglycan into a subject is a plasmid vector [see,
e.g., Dean, Am J Physiol Cell Physiol. 289(2): C233-45
(2005); Kaufman et al., Gene Ther. 17(9): 1098-104 (2010);
Magnusson et al., ] Gene Med. 13(7-8): 382-91 (2011)]. For
example and without limitation, any pBR- or pUC-derived
plasmid vector is contemplated. All of the foregoing docu-
ments are incorporated herein by reference in their entirety
and particularly with respect to their discussion of expres-
sion vectors. Any of these expression vectors can be pre-
pared using standard recombinant DNA techniques
described in, e.g., Sambrook et al., Molecular Cloning, a
Laboratory Manual, 2d edition, Cold Spring Harbor Press,
Cold Spring Harbor, N.Y. (1989), and Ausubel et al., Current
Protocols in Molecular Biology, Greene Publishing Associ-
ates and John Wiley & Sons, New York, N.Y. (1994).
Optionally, the viral vector is rendered replication-deficient
by, e.g., deleting or disrupting select genes required for viral
replication.

[0130] Other non-viral delivery mechanisms contem-
plated include calcium phosphate precipitation [Graham and
Van Der Eb, Virology, 52: 456-467, 1973; Chen and
Okayama, Mol. Cell Biol., 7: 2745-2752, (1987); Rippe et
al., Mol. Cell Biol.,, 10: 689-695, (1990)], DEAE-dextran
[Gopal, Mol. Cell Biol., 5: 1188-1190, (1985)], electropo-
ration [Tur-Kaspa et al., Mol. Cell Biol., 6: 716-718, (1986);
Potter et al., Proc. Nat. Acad. Sci. USA, 81: 7161-7165,
(1984)], direct microinjection [Harland and Weintraub, J.
Cell Biol., 101: 1094-1099, (1985)], DNA-loaded liposomes
[Nicolau and Sene, Biochim. Biophys. Acta, 721: 185-190,
(1982); Fraley et al., Proc. Natl. Acad. Sci. USA, 76:
3348-3352, (1979); Felgner, Sci Am., 276(6): 102-6, (1997);
Felgner, Hum Gene Ther., 7(15): 1791-3, (1996)], cell
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sonication [Fechheimer et al., Proc. Natl. Acad. Sci. USA,
84: 8463-8467, (1987)], gene bombardment using high
velocity microprojectiles [ Yang et al., Proc. Natl. Acad. Sci
USA, 87: 9568-9572, (1990)], and receptor-mediated trans-
fection [Wu and Wu, J. Biol. Chem., 262: 4429-4432,
(1987); Wu and Wu, Biochemistry, 27: 887-892, (1988); Wu
and Wu, Adv. Drug Delivery Rev., 12: 159-167, (1993)].
[0131] The expression vector (or the mini-gamma sarco-
glycan discussed herein) may be entrapped in a liposome.
[0132] In some embodiments, transferring a naked DNA
expression construct into cells is accomplished using par-
ticle bombardment, which depends on the ability to accel-
erate DNA coated microprojectiles to a high velocity allow-
ing them to pierce cell membranes and enter cells without
killing them [Klein et al., Nature, 327: 70-73, (1987)].
Several devices for accelerating small particles have been
developed. One such device relies on a high voltage dis-
charge to generate an electrical current, which in turn
provides the motive force [Yang et al., Proc. Natl. Acad. Sci
USA, 87: 9568-9572, (1990)]. The microprojectiles used
have consisted of biologically inert substances such as
tungsten or gold beads.

[0133] In embodiments employing a viral vector, pre-
ferred polynucleotides still include a suitable promoter and
polyadenylation sequence as described above. Moreover, it
will be readily apparent that, in these embodiments, the
polynucleotide further includes vector polynucleotide
sequences (e.g., adenoviral polynucleotide sequences) oper-
ably connected to the sequence encoding a polypeptide of
the disclosure.

[0134] The disclosure further provides a cell that com-
prises the polynucleotide or the vector, e.g., the cell is
transformed or transfected with a polynucleotide encoding a
mini-gamma sarcoglycan of the disclosure or the cell is
transformed or transfected with a vector comprising a poly-
nucleotide encoding the mini-gamma sarcoglycan.

[0135] Polynucleotides of the disclosure may be intro-
duced into the host cell as part of a circular plasmid, or as
linear DNA comprising an isolated protein coding region or
a viral vector. Methods for introducing DNA into the host
cell, which are well known and routinely practiced in the art,
include transformation, transfection, electroporation,
nuclear injection, or fusion with carriers such as liposomes,
micelles, ghost cells, and protoplasts. As stated above, such
host cells are useful for amplifying the polynucleotides and
also for expressing the polypeptides of the invention
encoded by the polynucleotide. The host cell may be isolated
and/or purified. The host cell also may be a cell transformed
in vivo to cause transient or permanent expression of the
polypeptide in vivo. The host cell may also be an isolated
cell transformed ex vivo and introduced post-transforma-
tion, e.g., to produce the polypeptide in vivo for therapeutic

purposes.
Kits

[0136] The disclosure also provides kits for treatment of a
patient with a genetic disease such as LGMD2C. In one
aspect, the kit comprises an antisense polynucleotide as
disclosed herein, optionally in a container, and a package
insert, package label, instructions or other labeling.

[0137] In a further embodiment, a kit is provided that
comprises an additional polynucleotide, wherein the addi-
tional polynucleotide specifically hybridizes to an exon in a
gamma sarcoglycan RNA.
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[0138] Those of ordinary skill in the art will appreciate
that applications of the above method has wide application
for identifying antisense molecules suitable for use in the
treatment of many other diseases.

EXAMPLES
Example 1

Rescue Efficiency of Mammalian Full Length
y-Sarcoglycan and Mini-Sgcg in Sarcoglycan Null
Flies

[0139] The sarcoglycans are conserved between Droso-
phila and mammals. y-sarcoglycan null flies develop symp-
toms similar to mammals. Transgenic flies expressing full-
length murine y-sarcoglycan and mini-Sgcg, were generated
and it was found that mini-Sgcg protein correctly localizes
at the plasma membrane of fly muscle cells.

[0140] y/d-sarcoglycan null flies (Sged®®) were previ-
ously generated and characterized [Allikian et al., Hum Mol
Genet 16: 2933-2943 (2007)]. Using PCR and Southern blot,
it has been shown that exons 1 to 3 and partial exon 4 out
of the 6 exons in the Drosophila Sged gene is deleted in
Sged®* flies.

[0141] To determine whether mini-Sgcg retains the func-
tion of the full-length protein, the UAS-GAL4 system was
utilized [Brand et al., Development. 118: 401-15 (1993)] to
express two different sarcoglycan constructs. GAL4 is a
transcription factor that recognizes a specific enhancer
sequence called UAS.

[0142] The first construct expresses the full coding
sequence of murine Sgcg gene from exon 2 to exon 8,
referred to as UAS-Sgeg. The second construct comprises
the sequence of an Xpress epitope tag and exon 2, exon 3
and exon 8 of murine Sgcg gene only, referred to as
UAS-mini-Sgeg (FIG. 1). The shorter construct retains the
coding sequence of an intact intracellular domain, trans-
membrane domain and part of the extracellular domain
including the essential carboxyl-terminus (FIG. 2). A com-
parison of the constructs used in Drosophila and mouse is
depicted in FIG. 3. One UAS-Sgcg and one UAS-mini-Sgeg
transgenic line were generated in matched genetic back-
grounds. A Mef2-GAL4 stock was also obtained. Mef2 is a
muscle specific driver that promotes GAL4 expression in
both heart and skeletal muscle tissue. Flies carrying both
Mef2-GAIL4 and UAS-Sgcg or UAS-mini-Sgeg produce
Sgeg or mini-Sgeg protein specifically in the heart tube and
in muscle tissue. To express the full-length and mini-Sgeg in
mutant flies, Sgcd®**°, Mef2-GAL4 virgin females were
crossed to either UAS-Sgeg/+ or UAS-mini-Sgeg/+ male
flies. Since the Sgcd gene is located on X chromosome, all
the male progeny from each cross were null for Sged, with
half carrying both GAL4 and UAS transgenes. The other
half served as an internal negative control. This comparison
minimizes the effects of environment and genetic back-
ground on behavior assays. Wild-type flies with matched age
and genetic background served as the positive control.
[0143] The data showed that mini-Sgeg has distinct
plasma membrane localization in Sgcd®*® fly heart tubes
(FIG. 4) and in body muscle (FIG. 5). This pattern is similar
to full length Sgeg (FIG. 5). Studies in human muscle, mice,
and cell expression systems suggest that sarcoglycan com-
plex assembly is required for the shuttling of y-sarcoglycan
to the plasma membrane [Allikian et al., Traffic 8: 177-83
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(2007); Chen et al., Exp Cell Res. 312: 1610-25 (2006);
Crosbie et al., Hum Mol Genet. 9:2019-27 (2000)]. Thus the
correct subcellular localization of both proteins implies
interaction with the fly sarcoglycan subunits, highlighting
the conservation between murine and fly y-sarcoglycan.
More importantly, the results indicated that mini-Sgcg pro-
tein retains the function of interacting with other compo-
nents of the dystrophin complex.

Skeletal Muscle Structure and Function in
Transgenically Rescued Flies

[0144] Patients with LGMD2C display distinct muscle
histology from healthy individuals, including loss of mature
muscle fibers, abnormal deposition of fibrotic or fatty tissue
and immune cells infiltration [Dubowitz, Muscle disorders
in childhood. Saunders, Philadelphia. xiii, 282 (1978)].
Sged®* flies show increased detachment of flight muscle
from exoskeleton, and this finding is more prominent if flies
are allowed to exercise [Goldstein et al., Hum Mol Genet.
20: 894-904 (2011)]. To encourage muscle usage, flies are
kept in a 20x20x20 cm box instead of standard vials so that
they can fly at ease. Flies are aged to 28 days before
harvesting for histological examination. Specifically, thora-
ces are collected, sectioned and stain with hematoxylin and
eosin (H&E) using the Carnoy fixation protocol. The fre-
quency of flight muscle fracture between mutant flies, res-
cued flies and wild-type flies are then compared.

[0145] Similar to human patients, Sged®*° flies develop
impaired locomotive ability over time [Allikian et al., Hum
Mol Genet 16: 2933-43 (2007)]. Motility defects are mea-
sured using a negative geotaxis assay. Different from most
apparatus for bulk measurement, a more “individualized”
apparatus was designed that can provide the walking ability
measurement of an individual fly as precise as 0.5 cm
[Goldstein et al., Hum Mol Genet. 20: 894-904 (2011)]. The
apparatus is composed of 16 vertical plastic tubes that are 13
cm long with rulers on each side. Briefly, an individual fly
is placed in each tube after anesthesia, allowed to recover for
30 minutes and then tested. To test walking, the flies are then
tapped to the bottom and allowed to climb up for 5 seconds.
The distance that each fly travels at the end of the 5 seconds
is scored. Six trials with a 1-minute interval are performed.
Analysis of variance (ANOVA) with a post Tukey test is
employed for data analysis in PRISM software.

Assess Heart Function Rescue Using Optical
Coherence Tomography (OCT)

[0146] Muscular dystrophy patients develop dilated car-
diomyopathy due to the impaired contractility of heart
muscle cells. Sged®* flies also show cardiac malfunction as
they age, indicated by enlarged heart tube and reduced
fraction shortening [Allikian et al., Hum Mol Genet 16:
2933-43 (2007); Goldstein et al., Hum Mol Genet. 20:
894-904 (2011)]. The heart function of flies is examined by
OCT [Wolf et al., Proc Natl Acad Sci USA. 103: 1394-9
(2006)]. OCT serves as the fly counterpart to the echocar-
diography (ECHO) used with mammals. The major differ-
ence between OCT and ECHO is that OCT measures back-
scattered light instead of sound. OCT determines the end
systolic diameter (ESD), end diastolic diameter (EDD),
fractional shortening (FS) and heart rate. Twenty to forty
flies from each genotype were tested at 7-10 days of age.
Data showed that mini-Sgeg expression reduced the abnor-
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mal heart tube dilation in Sged®*° flies (FIG. 6), indicating
that the mini-Sgcg was functional. Flies will be assessed at
older ages, when the cardiomyopathy is more prevalent.
Importantly, the results will be compared to transgenic flies
expressing full-length murine y-sarcoglycan to determine if
the degree of correction is similar between the mini-Sgecg
and the full-length Sgcg.

[0147] Itis expected that expression of either mini-Sgcg or
full-length Sgcg will lead to rescue of disease progression in
mutant flies. Specifically, it is expected that less muscle
disruption, improved walking ability and restored heart
function will be seen in mutant flies with the mini-Sgcg or
Sgeg. It is possible that the preparation procedures of the
muscle tissue might interfere with identification of muscle
tears. Muscle damage induces TGFf signaling surrounding
the injury sites, which can be visualized by dad-lacZ reporter
activity [Goldstein et al., Hum Mol Genet. 20: 894-904
(2011)]. The dad-lacZ reporter construct is expected to
provide better visualization of muscle tearing [Goldstein et
al., Hum Mol Genet. 20: 894-904 (2011)]. If the walking
assay is not sensitive enough to detect the improvement
brought by expression of mini-Sgcg, an alternative motility
assay that enables the examination of a larger number of flies
at one time will be performed [Shcherbata et al., EMBO J
26: 481-93 (2007)]. Mutant flies have reduced life span
[Allikian et al., Hum Mol Genet 16: 2933-43 (2007)]. Thus,
the lifespan of mini-Sgeg-rescued flies is determined, pro-
viding additional evidence of the benefits of mini-Sgcg
expression, and the increased lifespan will be quantitated.
Data has shown that expression of mini-Sgeg significantly
improved heart function in Sgcd®**° flies, leading to the
expectation that mini-Sgeg or full-length Sgeg will yield
beneficial effects in preventing or treating dystrophic disease
such as LGMD (e.g., LGMD2C). As a comparison, flies that
express Drosophila Sged have also been generated for
comparison purposes.

Example 2

Mini-Sgcg can Replace Full-Length Sgeg in the
y-Sarcoglycan Mutant Mouse Model

[0148] By characterizing the correction of mutant pheno-
type in an established mouse model, a more accurate pre-
diction of the effect of replacing the full-length y-sarcogly-
can with the truncated y-sarcoglycan in human patients can
be determined.

Transgenic Mouse Expressing Mini-Sgcg in Muscle
Using the Human Desmin Promoter with the
Mini-Sgeg Coding Sequence

[0149] To test the function of mini-Sgeg in mice, trans-
genic mice expressing murine mini-Sgcg were generated
using the desmin promoter which expresses in both heart
and muscle cells [Pacak et al., Genet Vaccines Ther 6: 13
(2008)]. y-sarcoglycan is required for proper function of
both heart and skeletal muscle [Zhu et al., FASEB J 16:
1096-1098 (2002)]. To assess the rescue efficiency of
y-sarcoglycan sub-domains in both muscle tissues, the
human desmin promoter is used. Desmin is an intermediate
filament that is expressed in all muscle tissue, including
heart and skeletal muscle [Su et al., Proc Natl Acad Sci USA
101: 6062-6067 (2004)]. Besides being tissue specific, the
desmin gene also becomes activated during muscle differ-
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entiation at around the same time as the sarcoglycans [Li et
al., J Cell Biol 124: 827-841 (1994); Noguchi et al., Eur J
Biochem 267: 640-648 (2000)]. Desmin expression level
remains low in dividing myoblasts and reaches a persistently
high level in terminally differentiated myofibers. Minimal
sequences of the regulatory region of the human desmin
gene have been cloned and have been shown to promote
high-level target gene expression specifically in both heart
and skeletal muscle [Pacak et al., Genet Vaccines Ther 6: 13
(2008)].

[0150] Using a CMV-mini-Sgcg construct in a pcDNA™
3.0 vector (Invitrogen), the CMV promoter was replaced
with the desmin promoter. An Xpress epitope tag was
inserted at the N-terminus of mini-Sgcg. The purified
desmin-mini-Sgcg construct (see FIG. 3B) was injected, and
a transgene-positive male founder (FIG. 7) was generated.
The male founder is being bred to Sgcg™~ mice. Transgene
injections continued and five additional founder lines were
generated. To test the function of the desmin promoter,
C2C12 cells (a cultured muscle cell line) were transfected
with the desmin-mini-Sgcg construct, and it was found that
mini-Sgeg was produced in differentiated myotubes (FIG.
8).

Level of Expression and Subcellular Localization
of Mini-Sgeg Using the Epitope Tag

[0151] Overexpression of y-sarcoglycan has been shown
to cause severe muscular dystrophy in wild-type mice when
expression levels are approximately 20-fold over normal
levels [Zhu et al., FASEB J 16: 1096-8 (2002)]. This result
was likely due to the formation of abnormal cytoplasmic
protein aggregates that interfere with sarcoglycan complex
assembly and membrane targeting. The copy number of the
currently generated single transgene line appears low, so
problems resulting from overexpression are not anticipated.
Muscle from desmin-mini-Sgeg transgenic mice are exam-
ined for normal membrane localization using the Xpress tag.
Experiments have been conducted with this same construct
in C2C12 cells, a muscle cell line. In these cells, mini-Sgcg
showed similar localization to endogenous y-sarcoglycan
protein.

[0152] To further determine the level of mini-Sgeg pro-
duction, both heart and skeletal muscle tissue from various
transgenic lines are collected and processed for immunob-
lotting experiments. The Xpress epitope tag allows the
mini-Sgeg protein to be easily detected on the immunoblot
through the use of an antibody against Xpress. Full-length
y-sarcoglycan is detected using NCL-g-sarc antibody (No-
vocastra). Because this monoclonal antibody is raised
against a 12-amino-acid peptide within exon 6, only full-
length but not mini-Sgeg protein will be detected. Poly-
clonal antibodies have also been generated that will recog-
nize both full-length and mini-Sgcg. Following generation
of additional transgenic lines, a line is chosen that shows an
expression level near wild-type.

Rescue of y-Sarcoglycan Mutants by Crossing the
Transgene into Sgcg™~ Mice

[0153] To determine if mini-Sgcg can replace full-length
Sgeg in mammals, mini-Sgeg Tg™ (transgene positive) mice
are bred to Sgeg™™ mice to determine whether heart and
muscle dysfunction in Sgeg™™ can be rescued. To prevent
phenotypic drift, Sgecg™ mice are kept as heterozygotes to
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reduce selection of spontaneously developed modifiers. To
introduce the mini-Sgcg transgene into Sgeg™™ mice,
Sgeg™™ are bred to mini-Sgeg Tg* mice. The Tg* Sgeg™™ Fl
males are bred to females. In F2, Tg* Sgcg™™ mice are
produced. Among the littermates, Tg" wild-type mice are
used as positive controls while Tg~ Sgcg™~ mice are used as
negative controls. To measure whether mini-Sgeg can
improve the impaired muscle function in Sgeg™™ mice, the
following aspects are compared between cohorts: subcellu-
lar localization of sarcoglycan proteins, direct interaction
between mini-Sgeg and other sarcoglycans, plasma mem-
brane permeability of muscle cells, fibrotic tissue deposition
(fibrosis) and skeletal muscle function and heart function.
Histopathology is examined from transgene-rescued mice to
compare to Sgcg™~ and wild-type mice. Muscles are exam-
ined for variation in fiber size, central nucleation and
replacement by fibrosis and fat. Sgcg™~ and transgenic mice
are all on the C57BI16/] background.

Subcellular Localization

[0154] Inheart and muscle cells lacking y-sarcoglycan, c-,
[-, and d-sarcoglycans are also greatly reduced from muscle
membrane while their mRNA levels remain normal, indi-
cating that the presence of y-sarcoglycan is required for the
stable membrane localization of other sarcoglycans in the
complex [Hack et al., J Cell Sci. 113(14): 2535-44 (2000)].
To test if the mini-Sgcg protein can restore the proper
localization of other sarcoglycans in the absence of full-
length y-sarcoglycan, sections of frozen muscle tissue from
Tg* Sgeg™~ animals are examined and immunofluorescence
microscopy is performed using antibodies against .-, -, and
d-sarcoglycan, respectively. All antibodies are available
commercially or are those that were previously generated.

Interaction

[0155] In wild-type muscle cells, a-, -, y- and d-sarco-
glycans form a tight complex that localizes at the plasma
membrane. y-sarcoglycan can be co-immunoprecipitated
(co-1P) with p-sarcoglycan from muscle tissue [Hack et al.,
J Cell Sci. 113(14): 2535-44 (2000)]. To examine if mini-
Sgeg can also interact with f-sarcoglycan, co-IP is per-
formed on protein preparations collected from Tg* Sgeg™~
mice. The muscle is fractionated to isolate the membranes
from the myofibrillar components. These microsomal prepa-
rations are performed on whole muscle and only the
microsomal fraction is used in the co-IP.

Membrane Permeability

[0156] In Sgcg™~ animals, the muscle plasma membrane
is weakened and becomes more permeable to large protein
molecules. Evans Blue Dye (EBD) is a small molecule dye
that binds tightly to albumin and measures sarcolemmal
permeability [Matsuda et al., J Biochem 118: 959-64
(1995)]. Mice are injected with EBD and sacrificed 40 hours
after injection. EBD is measured by incubating tissues in 1
milliliter of formamide at 55° C. for 2.5 hours and deter-
mining the absorbance of the resulting elution at 620 nm.
Serum creatine kinase (CK) level is also measured using the
EnzyChrom™ Creatine Kinase Assay Kit (BioAssay Sys-
tems).

Fibrosis

[0157] Collagen is the main component of the excessive
fibrous tissue. To quantify collagen deposition, hydroxypro-
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line assays (HOP) are performed to quantitate collagen
content. Hydroxyproline is a modified amino acid that
comprises a major portion of collagen. Heart and muscle
tissues are collected and HOP assays are performed accord-
ing to described methods [Heydemann et al., Neuromuscul
Disord 15: 601-9 (2005)], incorporated herein by reference.

Heart Function

[0158] Heart dysfunction is a major direct cause of dis-
ability and death in muscular dystrophy patients. Mice
lacking y-sarcoglycans also develop dilated cardiomyopa-
thy. To investigate heart function, echocardiography
(ECHO) is performed to measure end-diastolic dimension
(EDD), end-systolic dimension (ESD) and fractional short-
ening (FS).

Analysis of Mice

[0159] Mice are analyzed at 12 and 24 weeks of age since
these time points display both muscle and heart disease. The
numbers used will reflect the physiological studies being
conducted and typically require cohorts of between 5 and 10
to show significance (t-test). Additional animals are also
used to provide a supply of tissue for microscopy and
Western blotting.

Strain Ages Number Purpose

C57BIl6/T 12 & 24 wks  10-20 Tissue, echo, histo, IF
Des-mini-Sgeg Tg 12 & 24 wks  10-20 Tissue, echo, histo, IF
Sgeg™™ 12 & 24 wks  10-20 Tissue, echo, histo, IF

Des-mini-Sgeg Tg/Sgeg 12 & 24 wks  10-20  Tissue, echo, histo, IF

[0160] Mice are being used because they provide a good
model of muscle and heart disease that reflects what is seen
in humans with similar gene mutations. Over 500 mice of
this genotype (Sgcg) have been examined and quantitative
methods of phenotyping have been established [Heydemann
et al., Neuromuscul Disord 15(9-10): 601-9 (2005); Hey-
demann et al., J. Clin. Invest 119(12): 3703-12 (2009);
Swaggart et al., Physiol Genomics 43(1): 24-31 (2011)].
Given the difference in phenotype expected from the Droso-
phila studies, it is anticipated that cohorts of 5-10 mice will
be sufficient.

Expected Results

[0161] Several lines of mice harboring des-mini-Sgeg
transgenes that express mini-Sgeg protein at different levels
in muscle tissue are expected, with some lines at near-
endogenous y-sarcoglycan levels. It is expected that mini-
Sgceg is undetectable in other tissues. It is also expected that
mini-Sgeg protein is enriched at the plasma membrane in
wild-type mice. It is possible that some cytoplasmic or
perinuclear staining of mini-Sgcg is observed because the
presence of full-length Sgcg may compete with mini-Sgeg
for inclusion in the sarcoglycan complex. More distinct
plasma membrane staining of mini-Sgeg in Sgeg™~ mice is
expected. A similar pattern of expression has been seen in
studies in Drosophila. In Tg* Sgeg™™ muscle, it is expected
that mini-Sgeg expression will restore the membrane local-
ization of other sarcoglycans. Mini-Sgcg is also expected to
be present among the proteins associated with, and pulled
down by, f-sarcoglycan. Improved histopathology, reduced
EBD uptake, decreased CK level, less HOP and improved
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heart function are expected in Tg* Sgeg™~ compared to Tg™
Sgcg™ littermates without the transgene. These would all
represent an improvement in muscle and heart disease,
establishing that mini-Sgecg rescues the Sgcg mutation, as
expected.

[0162] Based on the Drosophila studies described herein,
mini-Sgeg is expected to have many of the functions of
Sgeg. The transgenic mice will also allow for the investi-
gation of the interaction with other important components of
the dystrophin complex, such as dystrophin, sarcospan, and
interactions with other transmembrane components.

[0163] For exon skipping, fibroblasts have been obtained
from human LGMD2C patients. A forced MyoD expression
approach, described below, is used to induce these cells into
a myogenic lineage [Kimura et al., Hum Mol Genet 17:
2507-17 (2008)]. These cells will provide a cell-based
environment in which to test human Sgcg exon skipping.

Example 3

Exon Skipping in Muscle Culture Derived from
Human Patients

[0164] The rationale for the experiments described below
is that exon skipping requires optimization of antisense
polynucleotides and proof-of-function in vitro.

Use MyoD Transformation to Induce Cultured
Primary Human Fibroblasts to Become Myoblasts

[0165] Fibroblasts isolated from two LGMD2C patients
carrying a deletion of exon 6 in the Sgcg gene have been
obtained. MyoD is a master regulator of the muscle differ-
entiation program. Forced expression of MyoD in fibroblasts
can convert the fibroblasts to a muscle lineage [Lattanzi et
al., J Clin Invest 101: 2119-2128 (1998)].

[0166] MyoD is a key initiator of the skeletal muscle
differentiation program [Weintraub et al., Science 251: 761-
766 (1991)]. MyoD is responsible for activating other essen-
tial muscle regulators, such as myocyte enhancer factor-2
(MEF2) and myogenin. It has been shown that forced
expression of MyoD in fibroblasts is able to convert fibro-
blasts to myoblasts both in vitro and in vivo [Kimura et al.,
Hum Mol Genet 17: 2507-2517 (2008)]. Therefore, intro-
ducing MyoD into fibroblasts is sufficient to convert a
fibroblast down a myoblast lineage. Once established, myo-
blasts under the proper conditions can be induced to differ-
entiate further into myotubes. This process is applied to
human fibroblasts and “MyoD forced fibroblasts™ are useful
for diagnosing human muscle disease. Myoblasts derived
from human patients bearing the y-sarcoglycan mutation
described herein are required in order to test the efficiency
of'exon skipping induced by different potential AONs. Using
dermal fibroblasts from LGMD2C patients avoids the need
for painful muscle biopsies required to obtain myoblasts.

[0167] Kimura et al. made a tamoxifen-inducible MyoD
construct and inserted the MyoD gene into fibroblast
genomes via lentiviral vector. They found that the trans-
fected fibroblasts were able to form myotubes both in vivo
and in vitro upon administration of tamoxifen. The MyoD
vector is used to transfect the fibroblasts obtained from the
LGMD2C patients. The transfected fibroblasts are expanded
without tamoxifen induction and frozen in small aliquots for
future use.
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MyoD Forced Fibroblasts Treated with Antisense
Polynucleotides Induce Exon Skipping of Exons
4-7 of Sgeg

[0168] To target specific exons, antisense polynucleotides
(AONs) are designed to block splice donor, splice acceptor
or exonic splicing enhancer (ESE) sites. Splice donor and
splice acceptor sites localize at exon-intron boundaries and
have highly conserved sequences. Based on nucleotide
sequence and secondary structure of RNA transcripts, ESE
sites are predicted at high accuracy by software such as
ESEfinder, which predicts binding sites for the four most
abundant serine/arginine-rich proteins involved in splicing
regulation (SR proteins). A series of AONs are designed
based on the prediction of available software programs. The
efficiency and specificity of different AONs in myotubes
converted from patient fibroblasts is then examined, follow-
ing a protocol that has been used to test exon skipping
efficiency in primary human myotubes [Aartsma-Rus et al.,
Hum Mol Genet 12: 907-914 (2003)]. Specifically, fibro-
blasts are treated with tamoxifen for 24 hours to induce
MyoD expression before switching the fibroblasts to differ-
entiation medium for induction of myotube formation. Fol-
lowing 7-14 days of serum deprivation, the myotubes are
transfected with AON using polyethylenimine (PEI) for 3
hours in low-serum medium. At 24 hours post-transfection,
total RNA is extracted from the myotube cultures. The ratio
of the shorter mRNA transcript composed of only exon 1, 2,
3 and 8 to the full-length transcripts is quantified by per-
forming reverse transcriptase-polymerase chain reaction
(RT-PCR). The PCR product is fractionated on an agarose
gel and the ratio of short/long products is calculated using
Photoshop software. The AONs with highest exon skipping
efficiency are selected.

Use of Immunofluorescence (IF) Microscopy to
Test Whether the Carboxy-Terminus of
y-Sarcoglycan is Present after Anti-Sense
Treatment, and Whether Other Sarcoglycans are
Stabilized Using this Approach

[0169] Frame shift mutations in the Sgcg gene in patients
result in a prematurely terminated protein without a C-ter-
minus. Previous study has also shown that the protein
product of the Sgcg gene with a 525AT mutation was not
detected by a rabbit polyclonal antibody raised again the
entire Sgeg protein [McNally et al., Am J Hum Genet 59:
1040-1047 (1996)]. This result suggested that the mutant
Sgeg gene was not able to produce a stable protein product.
This is also likely to be the case in the LGMD2C patients
from whom the fibroblasts were obtained.

[0170] Restoration of the reading frame results in trans-
lation of an internally truncated protein with a normal
C-terminus. To visualize the production of AON-induced
protein, IF microscopy is performed using the polyclonal
antibody against the full-length y-sarcoglycan protein on
myotubes with and without AON treatment. By using IF, it
can also be determined whether the smaller y-sarcoglycan
protein localizes to the membrane. IF is also performed to
detect other sarcoglycans (e.g., a-, p- and d-sarcoglycan)
and assess whether they have been restored to the membrane
in Tg* Sgcg™™ mice.

Expected Results

[0171] It is expected that fibroblasts are converted to
myoblast-like cells that are capable of forming myotubes
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upon tamoxifen administration. Alternatively, myoblasts are
obtained from human patients. It is expected that several
AON treatments will convert a substantial fraction of full-
length Sgeg transcript to smaller, internally truncated pro-
tein. It is expected that no Sgcg staining is detected by the
polyclonal antibody in patient myotubes without AON treat-
ment, while the internally truncated y-sarcoglycan protein is
expected to be localized at the membrane of a substantial
percentage of treated myotubes. Further, it is expected that
other components of the dystrophin complex are restored at
the plasma membrane of the myotubes that show positive
y-sarcoglycan membrane staining. In the event that the
polyclonal antibody is able to detect residual product of the
525AT Sgeg gene, an antibody against the C-terminus of the
y-sarcoglycan protein is raised to specifically detect the
truncated y-sarcoglycan protein.

Example 4

Walking Behavior in Sged Null Flies

[0172] This experiment was designed to test whether loss
of Sged in Drosophila negatively affects their walking
activity.

[0173] A monitor designed to test walking activity (Triki-
netics, Waltham, Mass.) was used to record movement,
measured as infrared beam breaks, over a 24 hour period on
individual Drosophila. Normally Drosophila display a
marked spike in activity at dawn and dusk, irrespective of
genotype. The data are shown in FIG. 9. To assess basal
activity, data was analyzed from midnight to 8 AM, boxed
as region of interest in left panel of FIG. 9. Wildtype flies
have significantly more activity, measured as infrared beam
breaks, than Sged®*° flies which lack y-sarcoglycan and
serve as a model for Limb Girdle Muscular Dystrophy type
2C. This decline in activity mirrors what is seen in muscular
dystrophy patients who display reduced ambulation due to
muscle weakness.

Expression of Mini-Sgeg in Sged®*° Flies
Significantly Improved Nocturnal Activity

[0174] FIG. 10 shows that expression of mini-Sgeg in
Sged®* flies significantly improved nocturnal activity of
mutant Drosophila, measured as infrared beam breaks (com-
pare Sgcd®* vs Scgd®*°, mini-Sgeg in left panel). These
data indicate that mini-Sgcg can function in the place of full
length v/3-sarcoglycan which is deleted in Sged®*° flies. The
right hand panel shows that nocturnal activity was equally
rescued by Sgcg, which is the full length mouse y-sarcogly-
can protein, and mini-Sgcg (Sgeg®*°, Sgeg compared to
Sgcd®**°, mini-Sgcg). These data indicate that mini-Sgeg is
as functional as full length Sgcg for restoring walking
activity.

Example 5

Mini-Sgcg Protein is Stably Produced in
Mammalian Skeletal Muscle and Heart

[0175] A transgene using the desmin promoter to drive
expression of Mini-Sgcg was introduced in normal wildtype
mice (Tg+). The data are presented in FIG. 11. Skeletal
(quadriceps) muscle isolation and immunoblotting was per-
formed as described in Hack et al. [J Cell Sci. 113: 2535-44
(2000)]. Mini-Sgcg protein is robustly detected in skeletal
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muscle and heart at the expected molecular weight of 18
KDa (FIG. 11, arrow). It is not detected in other cell types
such as liver, spleen and kidney. This expression pattern
reflects the desmin promoter which drives expression only in
heart and muscle. Mini-Sgcg is not detected in wildtype,
non-transgenic mice (Tg-) (see FIG. 11). The Xpress
epitope (Invitrogen) was placed on Mini-Sgeg, and an
affinity purified polyclonal rabbit antibody raised to the
Xpress epitope was used at a 1:1000 dilution to detect
expression from the transgene. These data demonstrate that
mini-Sgeg protein is stable in mammalian muscle and heart,
and further that the protein is able to correctly translocate to
the muscle membrane.

Characterization of Transgenic Mice

[0176] Two different transgenic lines were established
expressing mini-Sgeg. The transgenic animals were created
using standard protocols. As depicted in FIG. 12, line 50
expresses at higher levels than line 84. The upper panel of
FIG. 12 shows expression at three different concentrations
from line 50 or line 84. These data demonstrate that mini-
Sgeg is a stable protein in skeletal muscle and cardiac
muscle. An antibody to endogenous y-sarcoglycan protein
was used to demonstrate expression of Sgcg protein (full
length) in these same samples. A polyclonal affinity purified
rabbit anti-Xpress was generated at Pocono Rabbit Farms. It
was used at a dilution of 1:1000 for immunoblotting to
detect mini-Sgeg (FIG. 12, upper panels). The antibody to
y-sarcoglycan was previously described [McNally et al.,
Hum Mol Genet. 5: 1841-7 (1996)] and was used to detect
endogenous y-sarcoglycan at 1:1000.

Mini-Sgeg Protein Localizes to the Plasma
Membrane of Skeletal Muscle

[0177] FIG. 13 shows that mini-Sgeg protein localizes to
the plasma membrane of skeletal muscle when expressed in
wildtype normal mice (Tg+). An anti-Xpress antibody was
used to detect expression at the periphery of each myofiber
consistent with localization at the plasma membrane, or
sarcolemma, of skeletal muscle. This intracellular pattern is
identical to normal y-sarcoglycan (Sgcg) protein, and indi-
cates that mini-Sgcg translocates properly. This same signal
was not detected in transgenic negative (Tg-) muscle (FIG.
13, right panel) demonstrating that this signal derives from
the transgene. Immunostaining was performed as described
in Hack et al. [J Cell Sci. 113: 2535-44 (2000)]. The affinity
purified polyclonal antibody to the Xpress epitope was used
at 1:200.

Expression of Full Length Endogenous
y-Sarcoglycan Protein is Diminished at the Plasma
Membrane when Mini-Sgcg is Present

[0178] FIG. 14 shows the results of an experiment
designed to test whether the mini-Sgcg protein can compete
with the endogenous y-sarcoglycan protein in vivo. Note that
the signal intensity for full length endogenous Sgcg is
reduced in the left panel of FIG. 14 compared to the right
panel. These data demonstrate that mini-Sgeg competes with
endogenous normal Sgcg and therefore mini-Sgeg can
replace full length Sgecg. Immunostaining was performed as
described in Hack et al. [J Cell Sci. 113: 2535-44 (2000)].
The polyclonal anti-y-sarcoglycan antibody was used at
1:200.
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[0179] FIG. 15 depicts a model for sarcoglycan assembly.
Published literature describes the assembly of the sarcogly-
can complex [Chan et al., J Cell Biol. 143: 2033-44 (1998);
Chen et al., Exp Cell Res. 312: 1610-25 (2006); Hack et al.,
J Cell Sci. 113: 2535-44 (2000)]. In mammalian muscle,
where there are four sarcoglycan subunits, a-, -, y-, and
d-sarcoglycan, the p-sarcoglycan and d-sarcoglycan sub-
units assemble first as a unit in the endoplasmic reticulum
(ER)/Golgi apparatus. This step is followed by the addition
of a-sarcoglycan and y-sarcoglycan. The assembly of the
sarcoglycan complex is necessary but not sufficient for
translocation to the plasma membrane [Chen et al., Exp Cell
Res. 312: 1610-25 (2006)]. Mutations in sarcoglycan sub-
units disrupt normal translation of the sarcoglycan complex
from the ER/Golgi to the plasma membrane. Translocation
to the plasma membrane requires an interaction with dys-
trophin and is associated with stabilization of the plasma
membrane. Sarcoglycan complexes containing y-sarcogly-
can (y) or Mini-Sgeg (my) successfully translocate to the
plasma membrane. In Drosophila muscle, where there is
only a single y/d-sarcoglycan subunit, mammalian mini-
Sgeg can rescue the loss of the single y/d-sarcoglycan
moiety and rescue defective heart and muscle function (as
shown herein).

Mini-Sgeg Enriches in the Heavy Microsomal
Fraction of Muscle

[0180] Muscle can be fractionated into a cytoplasmic (C)
and a membrane fraction. The membrane fraction can be
further subdivided into light (I) and (H) microsomes. The
sarcoglycan complex is normally found in the heavy
microsomal complex containing plasma membrane. Muscle
from mice expressing mini-Sgeg (T+) was fractionated to
separate the cytoplasm from the light and heavy microsomal
fractions. The heavy microsomal fraction contains the ER,
Golgi and plasma membrane fractions. In the two different
transgenic lines (84 and 50), mini-Sgcg enriches greatly in
the heavy microsomal fraction (FIG. 16). This demonstrates
that mini-Sgeg is found in the proper intracellular fraction.
The method for isolating microsomes was as previously
described [Ohlendieck et al., J Cell Biol. 112: 135-48
(1991)] with modification described in [Duclos et al., J Cell
Biol. 142: 1461-71 (1998); Hack et al., J Cell Sci. 113:
2535-44 (2000)]. The antibody used in the upper panels of
FIG. 16 is the affinity purified anti-Xpress epitope. The
antibody used in the lower panel of FIG. 16 was a rabbit
polyclonal anti-y-sarcoglycan antibody [McNally et al.,
Hum Mol Genet. 5: 1841-7 (1996)]. Antibodies were used at
1:500. All secondary antibodies were from Jackson Immu-
nochemicals (goat-anti-rabbit-HRP) used at 1:1000.
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Establishment of Human Cell Lines with SGCG
Mutations

[0181] Two human cell lines with SGCG mutations have
been established for the purposes of testing exon skipping
for the production of mini-Sgcg. These lines are derived
from dermal fibroblasts isolated from human patients with
primary SGCG gene mutations. The top row of FIG. 17
shows cells from an LGMD 2C patient whose disease arises
from a mutation deleting exon 7 in SGCG. The bottom row
of FIG. 17 shows cells from an LGMD 2C patient who is
deleted for exon 6 of SGCG. These cell lines were infected
with retroviruses expressing telomerase and MyoD. The
infection with the telomerase virus provides an immortalized
cell line, and the infection with the MyoD virus provides a
regulated means of inducing muscle differentiation since the
nuclear position of MyoD is under the control of tamoxifen
[Kimura et al., Hum Mol Genet. 17: 2507-17 (2008); Ken-
dall et al., Sci Transl Med. 4: 164ral60 (2012)]. This
combination creates cell lines that are immortalized with
telomerase, which provides a ready supply of cells. The
regulatable control of MyoD nuclear expression provides a
mechanism by which muscle conversion can be induced at
will. These cell lines serve as cellular models of LGMD 2C,
and provide the format in which induced expression of
mini-Sgecg can be tested in a human cell context. With the
addition of tamoxifen, the MyoD localizes in the nucleus
and the cells undergo differentiation into elongated myo-
tubes (FIG. 17, middle and right panel).

LGMD 2C Cell Lines Differentiated into the
Muscle Lineage

[0182] FIG. 18 shows that LGMD 2C cell lines differen-
tiated into the muscle lineage following 6 days of differen-
tiation. With the addition of tamoxifen, the LGMD 2C cell
line lines undergo morphological changes becoming elon-
gated and expressing myogenic markers and demonstrating
differentiation into the muscle lineage. MyoD, a muscle
marker, is expressed from the retrovirus (FIG. 18, middle
panel) and desmin, a muscle marker, is induced from MyoD
(FIG. 18, right panel) indicating that these cells are viable
models for muscle disease. The left hand panel of FIG. 18
(Hoechst) shows nuclei. Methods for cell culture are
described in Kendall et al. [Sci Transl Med. 4: 164ral60
(2012)]. The anti-desmin and anti-MyoD antibodies were
from ThermoFisher (PAS-17182 and MA1-41017, respec-
tively). Secondary antibodies were from Molecular Probes/
Invitrogen (goat-anti mouse Cy3, goat anti mouse Alexa488,
respectively).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8

<210> SEQ ID NO 1

<211> LENGTH: 149

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (31)..(118

<223> OTHER INFORMATION: Exon coding region
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<400> SEQUENCE: 1
dattttgcaa attttataaa tctcetttcta ggactcatct ctgcttctac aatcaaccca
gaatgtgact gtaaatgcgc gcaactcaga aggggaggtce acaggcaggt taaaagtcgg

tgagtccage ttcatcatgg tgetttgea

<210> SEQ ID NO 2

<211> LENGTH: 180

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (31)..(150

<223> OTHER INFORMATION: Exon coding region

<400> SEQUENCE: 2
agtttataat aaactgtttt aattcttcag gtcccaaaat ggtagaagtce cagaatcaac
agtttcagat caactccaac gacggcaage cactatttac tgtagatgag aaggaagttg

tggttggtac agataaactt cgagtaactg gtatgtacta actcgagaaa aacacaacat

<210> SEQ ID NO 3

<211> LENGTH: 133

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (31)..(103)

<223> OTHER INFORMATION: Exon coding region

<400> SEQUENCE: 3
getectgata catctttgtt ttttgtttag ggcectgaagg ggctettttt gaacattcag
tggagacacc ccttgtcaga gecgaccegt ttcaagacct taggtaagaa tttttgttca

aatattaaca acc

<210> SEQ ID NO 4

<211> LENGTH: 204

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (51)..(174)

<223> OTHER INFORMATION: Exon coding region

<400> SEQUENCE: 4

atttttaata cttttttttt ttttttttgt gcttectttte ctcatctcag attagaatcc
cccactegga gtctaageat ggatgeccca aggggtgtge atattcaage tcacgetggg
aaaattgagg cgctttctca aatggatatt ctttttecata gtagtgatgg aatggtgagt

tcattcacag atcagectee tact

<210> SEQ ID NO 5

<211> LENGTH: 291

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (100)..(130)
<223> OTHER INFORMATION: Exon 4
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (131)..(169)

60

120

149

60

120

180

60

120

133

60

120

180

204
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-continued

<223> OTHER INFORMATION: Exon 5
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (170)..(193)
<223> OTHER INFORMATION: Exon 6
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (194) ..(234)
<223> OTHER INFORMATION: Exon 7

<400> SEQUENCE: 5

Met Val Arg Glu Gln Tyr Thr Thr Ala Thr Glu Gly Ile Cys Ile Glu
1 5 10 15

Arg Pro Glu Asn Gln Tyr Val Tyr Lys Ile Gly Ile Tyr Gly Trp Arg
20 25 30

Lys Arg Cys Leu Tyr Leu Phe Val Leu Leu Leu Leu Ile Ile Leu Val
35 40 45

Val Asn Leu Ala Leu Thr Ile Trp Ile Leu Lys Val Met Trp Phe Ser
50 55 60

Pro Ala Gly Met Gly His Leu Cys Val Thr Lys Asp Gly Leu Arg Leu
65 70 75 80

Glu Gly Glu Ser Glu Phe Leu Phe Pro Leu Tyr Ala Lys Glu Ile His
85 90 95

Ser Arg Val Asp Ser Ser Leu Leu Leu Gln Ser Thr Gln Asn Val Thr
100 105 110

Val Asn Ala Arg Asn Ser Glu Gly Glu Val Thr Gly Arg Leu Lys Val
115 120 125

Gly Pro Lys Met Val Glu Val Gln Asn Gln Gln Phe Gln Ile Asn Ser
130 135 140

Asn Asp Gly Lys Pro Leu Phe Thr Val Asp Glu Lys Glu Val Val Val
145 150 155 160

Gly Thr Asp Lys Leu Arg Val Thr Gly Pro Glu Gly Ala Leu Phe Glu
165 170 175

His Ser Val Glu Thr Pro Leu Val Arg Ala Asp Pro Phe Gln Asp Leu
180 185 190

Arg Leu Glu Ser Pro Thr Arg Ser Leu Ser Met Asp Ala Pro Arg Gly
195 200 205

Val His Ile Gln Ala His Ala Gly Lys Ile Glu Ala Leu Ser Gln Met
210 215 220

Asp Ile Leu Phe His Ser Ser Asp Gly Met Leu Val Leu Asp Ala Glu
225 230 235 240

Thr Val Cys Leu Pro Lys Leu Val Gln Gly Thr Trp Gly Pro Ser Gly
245 250 255

Ser Ser Gln Ser Leu Tyr Glu Ile Cys Val Cys Pro Asp Gly Lys Leu
260 265 270

Tyr Leu Ser Val Ala Gly Val Ser Thr Thr Cys Gln Glu His Ser His
275 280 285

Ile Cys Leu
290

<210> SEQ ID NO 6

<211> LENGTH: 291

<212> TYPE: PRT

<213> ORGANISM: Mus musculus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
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-continued

<222> LOCATION: (100)..(130)
<223> OTHER INFORMATION: Exon 4
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (131)..(169)
<223> OTHER INFORMATION: Exon 5
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (170)..(193)
<223> OTHER INFORMATION: Exon 6
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (194) ..(234)
<223> OTHER INFORMATION: Exon 7

<400> SEQUENCE: 6

Met Val Arg Glu Gln Tyr Thr Thr Val Thr Glu Gly Thr His Ile Glu
1 5 10 15

Arg Pro Glu Asn Gln His Ile Tyr Lys Ile Gly Ile Tyr Gly Trp Arg
20 25 30

Lys Arg Cys Leu Tyr Leu Phe Val Leu Leu Leu Leu Ala Ile Leu Val
35 40 45

Val Asn Leu Ala Leu Thr Ile Trp Ile Leu Lys Val Met Trp Phe Ser
50 55 60

Pro Ile Gly Met Gly His Leu His Val Thr Ala Asp Gly Leu Arg Leu
65 70 75 80

Glu Gly Glu Ser Glu Phe Leu Phe Pro Leu Tyr Ala Lys Glu Ile Arg
85 90 95

Ser Arg Val Asp Ser Ser Leu Leu Leu Gln Ser Thr Gln Asn Val Thr
100 105 110

Val Ser Ala Arg Asn Ser Glu Gly Glu Val Thr Gly Arg Val Lys Val
115 120 125

Gly Ala Gln Met Val Glu Val Gln Ser Gln His Phe Gln Ile Asn Ser
130 135 140

Glu Asp Gly Lys Pro Leu Phe Ser Ala Glu Glu Gln Asp Val Val Val
145 150 155 160

Gly Thr Gly Arg Leu Arg Val Thr Gly Pro Glu Gly Ala Leu Phe Glu
165 170 175

His Ser Val Glu Thr Pro Leu Val Arg Ala Asp Pro Phe Gln Asp Leu
180 185 190

Arg Leu Glu Ser Pro Thr Arg Ser Leu Ser Met Asp Ala Pro Arg Gly
195 200 205

Val His Val Lys Ala Asn Ala Gly Lys Leu Glu Ala Leu Ser Gln Met
210 215 220

Asp Ile Ile Leu Gln Ser Ser Glu Gly Val Leu Val Leu Asp Ala Glu
225 230 235 240

Thr Val Gly Leu Thr Lys Leu Lys Gln Gly Thr Gln Gly Pro Ala Gly
245 250 255

Ser Ser Asn Gly Phe Tyr Glu Ile Cys Ala Cys Pro Asp Gly Lys Leu
260 265 270

Tyr Leu Ser Met Ala Gly Glu Val Thr Thr Cys Glu Glu His Ser His
275 280 285

Val Cys Leu
290

<210> SEQ ID NO 7
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-continued

<211> LENGTH: 156
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Met Val Arg Glu Gln Tyr Thr Thr Ala Thr Glu Gly Ile Cys Ile Glu
1 5 10 15

Arg Pro Glu Asn Gln Tyr Val Tyr Lys Ile Gly Ile Tyr Gly Trp Arg
20 25 30

Lys Arg Cys Leu Tyr Leu Phe Val Leu Leu Leu Leu Ile Ile Leu Val
35 40 45

Val Asn Leu Ala Leu Thr Ile Trp Ile Leu Lys Val Met Trp Phe Ser
50 55 60

Pro Ala Gly Met Gly His Leu Cys Val Thr Lys Asp Gly Leu Arg Leu
65 70 75 80

Glu Gly Glu Ser Glu Phe Leu Phe Pro Leu Tyr Ala Lys Glu Ile His
85 90 95

Ser Arg Val Leu Val Leu Asp Ala Glu Thr Val Cys Leu Pro Lys Leu
100 105 110

Val Gln Gly Thr Trp Gly Pro Ser Gly Ser Ser Gln Ser Leu Tyr Glu
115 120 125

Ile Cys Val Cys Pro Asp Gly Lys Leu Tyr Leu Ser Val Ala Gly Val
130 135 140

Ser Thr Thr Cys Gln Glu His Ser His Ile Cys Leu
145 150 155

<210> SEQ ID NO 8

<211> LENGTH: 156

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 8

Met Val Arg Glu Gln Tyr Thr Thr Ala Thr Glu Gly Ile Cys Ile Glu
1 5 10 15

Arg Pro Glu Asn Gln Tyr Val Tyr Lys Ile Gly Ile Tyr Gly Trp Arg
20 25 30

Lys Arg Cys Leu Tyr Leu Phe Val Leu Leu Leu Leu Ile Ile Leu Val
35 40 45

Val Asn Leu Ala Leu Thr Ile Trp Ile Leu Lys Val Met Trp Phe Ser
50 55 60

Pro Ala Gly Met Gly His Leu Cys Val Thr Lys Asp Gly Leu Arg Leu
65 70 75 80

Glu Gly Glu Ser Glu Phe Leu Phe Pro Leu Tyr Ala Lys Glu Ile His
85 90 95

Ser Arg Val Leu Val Leu Asp Ala Glu Thr Val Cys Leu Pro Lys Leu
100 105 110

Val Gln Gly Thr Trp Gly Pro Ser Gly Ser Ser Gln Ser Leu Tyr Glu
115 120 125

Ile Cys Val Cys Pro Asp Gly Lys Leu Tyr Leu Ser Val Ala Gly Val
130 135 140

Ser Thr Thr Cys Gln Glu His Ser His Ile Cys Leu
145 150 155
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What is claimed is:

1. An isolated antisense polynucleotide wherein the poly-
nucleotide specifically hybridizes to an exon target region of
a gamma sarcoglycan RNA, wherein the exon is selected
from the group consisting of exon 4 (SEQ ID NO: 1), exon
5 (SEQ ID NO: 2), exon 6 (SEQ ID NO: 3), exon 7 (SEQ
ID NO: 4) and a combination thereof.

2. The antisense polynucleotides of claim 1, wherein the
polynucleotide cannot form an RNase H substrate.

3. The antisense polynucleotide of claim 1 or claim 2,
comprising a modified polynucleotide backbone.

4. The antisense polynucleotide of any one of claims 1-3,
wherein the modified polynucleotide backbone comprises a
modified moiety substituted for the sugar of at least one of
the polynucleotides.

5. The antisense polynucleotide of claim 5, wherein the
modified moiety is a Morpholino.

6. The antisense polynucleotide of any one of claims 3-5,
wherein the modified polynucleotide backbone of at least
one of the polynucleotides comprises at least one modified
internucleotide linkage.
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7. The antisense polynucleotide of claim 6, wherein the
modified internucleotide linkage comprises a modified phos-
phate.

8. The antisense polynucleotide of claim 7, wherein the
modified phosphate is selected from the group consisting of
a methyl phosphonate, a methyl phosphorothioate, a phos-
phoromorpholidate, a phosphoropiperazidate and a phos-
phoroamidate.

9. The antisense polynucleotide of any one of claims 3-8,
wherein the polynucleotide is a 2'-O-methyl-oligoribonucle-
otide.

10. The antisense polynucleotide of any one of claims 1-9,
wherein the polynucleotide is chemically linked to one or
more conjugates that enhance the activity, cellular distribu-
tion, or cellular uptake of the antisense polynucleotide.

11. A pharmaceutical composition, comprising the anti-
sense polynucleotide of any one of claims 1-10 and a
physiologically compatible phosphate buffer.

12. A kit comprising the antisense polynucleotide of any
one of claims 1-10, optionally in a container, and a package
insert, package label, instructions or other labeling.

#* #* #* #* #*



