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Figure 18
AAVrh.74.CMV.miR29C treated SGCB-/-

Untreated SGCB-/-
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ADENO-ASSOCIATED VIRUS VECTOR
DELIVERY OF B-SARCOGLYCAN AND
MICRORNA-29 AND THE TREATMENT OF
MUSCULAR DYSTROPHY

[0001] This application claims priority benefit of U.S.
Provisional Application No. 62/323,333 filed Apr. 15, 2016
and U.S. Provisional Application No. 62/433,548, filed Dec.
13, 2016, both of which are incorporated by reference herein
in its entirety.

INCORPORATION BY REFERENCE OF
MATERIAL SUBMITTED ELECTRONICALLY

[0002] 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: 50622A_Seqlisting.txt; Size:
21,466 bytes, created: Apr. 13, 2017.

FIELD OF THE INVENTION

[0003] Described herein are therapy vectors such as AAV
vectors expressing [-sarcoglycan and method of using these
vectors to reduce and prevent fibrosis in subjects suffering
from a muscular dystrophy. The invention also provides for
combination gene therapy methods comprising the admin-
istration of a first AAV vector expressing [-sarcoglycan and
a second AAV vector expressing miR-29 to reduce and
prevent fibrosis in patients suffering from muscular dystro-

phy.
BACKGROUND

[0004] Limb-girdle muscular dystrophy (LGMD) type 2E
(LGMD2E) is an autosomal recessive disorder resulting
from mutations in the gene encoding [-sarcoglycan
(SGCB), causing loss of functional protein.l LGMD2E
represents a relatively common and severe form of LGMD
in the United States with worldwide reports of incidence of
1/200,000-1/350,000.(2) The absence of p-sarcoglycan
leads to a progressive dystrophy with chronic muscle fiber
loss, inflammation, fat replacement and fibrosis, all resulting
in deteriorating muscle strength and function. (3,4) As a
complex, the sarcoglycans (a-, f, y-, 9-), ranging in size
between 35 and 50 kD,(5) are all transmembrane proteins
that provide stability to the sarcolemma offering protection
from mechanical stress during muscle activity.(3) Loss of
3-sarcoglycan in LGMD2E usually results in varying
degrees of concomitant loss of other sarcoglycan proteins
contributing to the fragility of the muscle membrane leading
to loss of myofibers.1 Although the range of clinical phe-
notype of LGMD2E varies, diagnosis typically occurs
before age 10 and with loss of ambulation occurring by mid
to late teens.1,6,7 Patients present with elevated serum
creatine kinase (CK), proximal muscle weakness, difficulty
arising from the floor and progressive loss of ambulation.
Cardiac involvement occurs in as many as fifty percent of
cases

[0005] Adeno-associated virus (AAV) is a replication-
deficient parvovirus, the single-stranded DNA genome of
which is about 4.7 kb in length including two 145 nucleotide
inverted terminal repeat (ITRs). There are multiple sero-
types of AAV. The nucleotide sequences of the genomes of
the AAV serotypes are known. For example, the complete
genome of AAV-1 is provided in GenBank Accession No.
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NC_002077; the complete genome of AAV-2 is provided in
GenBank Accession No. NC_001401 and Srivastava et al.,
J. Virol., 45: 555-564 {1983); the complete genome of
AAV-3 is provided in GenBank Accession No. NC_1829;
the complete genome of AAV-4 is provided in GenBank
Accession No. NC_001829; the AAV-5 genome is provided
in GenBank Accession No. AF085716; the complete
genome of AAV-6 is provided in GenBank Accession No.
NC_00 1862; at least portions of AAV-7 and AAV-8
genomes are provided in GenBank Accession Nos.
AX753246 and AX753249, respectively; the AAV-9 genome
is provided in Gao et al., J. Virol., 78: 6381-6388 (2004); the
AAV-10 genome is provided in Mol. Ther., 13(1): 67-76
(2006); and the AAV-11 genome is provided in Virology,
330(2): 375-383 (2004). The sequence of the AAV rh.74
genome is provided in see U.S. Pat. No. 9,434,928, incor-
porated herein by reference. Cis-acting sequences directing
viral DNA replication (rep), encapsidation/packaging and
host cell chromosome integration are contained within the
AAV ITRs. Three AAV promoters (named pS5, p19, and p40
for their relative map locations) drive the expression of the
two AAV internal open reading frames encoding rep and cap
genes. The two rep promoters (p5 and p19), coupled with the
differential splicing of the single AAV intron (at nucleotides
2107 and 2227), result in the production of four rep proteins
(rep 78, rep 68, rep 52, and rep 40) from the rep gene. Rep
proteins possess multiple enzymatic properties that are ulti-
mately responsible for replicating the viral genome. The cap
gene is expressed from the p40 promoter and it encodes the
three capsid proteins VP1, VP2, and VP3. Alternative splic-
ing and non-consensus translational start sites are respon-
sible for the production of the three related capsid proteins.
A single consensus polyadenylation site is located at map
position 95 of the AAV genome. The life cycle and genetics
of AAV are reviewed in Muzyczka, Current Topics in
Microbiology and Immunology, 158: 97-129 (1992).

[0006] AAV possesses unique features that make it attrac-
tive as a vector for delivering foreign DNA to cells, for
example, in gene therapy. AAV infection of cells in culture
is noncytopathic, and natural infection of humans and other
animals is silent and asymptomatic. Moreover, AAV infects
many mammalian cells allowing the possibility of targeting
many different tissues in vivo. Moreover, AAV transduces
slowly dividing and non-dividing cells, and can persist
essentially for the lifetime of those cells as a transcription-
ally active nuclear episome (extrachromosomal element).
The AAV proviral genome is inserted as cloned DNA in
plasmids, which makes construction of recombinant
genomes feasible. Furthermore, because the signals direct-
ing AAV replication and genome encapsidation are con-
tained within the ITRs of the AAV genome, some or all of
the internal approximately 4.3 kb of the genome (encoding
replication and structural capsid proteins, rep-cap) may be
replaced with foreign DNA. To generate AAV vectors, the
rep and cap proteins may be provided in trans. Another
significant feature of AAV is that it is an extremely stable
and hearty virus. It easily withstands the conditions used to
inactivate adenovirus (56° to 65° C. for several hours),
making cold preservation of AAV less critical. AAV may
even be lyophilized. Finally, AAV-infected cells are not
resistant to superinfection.

[0007] Multiple studies have demonstrated long-term
(>1.5 years) recombinant AAV-mediated protein expression
in muscle. See, Clark et al., Hum Gene Ther, 8: 659-669
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(1997); Kessler et al., Proc Nat. Acad Sc. USA, 93: 14082-
14087 (1996); and Xiao et al., J Virol, 70: 8098-8108 (1996).
See also, Chao et al., Mol Ther, 2:619-623 (2000) and Chao
et al., Mol Ther, 4:217-222 (2001). Moreover, because
muscle is highly vascularized, recombinant AAV transduc-
tion has resulted in the appearance of transgene products in
the systemic circulation following intramuscular injection as
described in Herzog et al., Proc Natl Acad Sci USA, 94:
5804-5809 (1997) and Murphy et al., Proc Natl Acad Sci
USA, 94: 13921-13926 (1997). Moreover, Lewis et al., J
Virol, 76: 8769-8775 (2002) demonstrated that skeletal
myofibers possess the necessary cellular factors for correct
antibody glycosylation, folding, and secretion, indicating
that muscle is capable of stable expression of secreted
protein therapeutics.

[0008] An emerging form of therapy for LGMD2E is
viral-mediated gene delivery to restore wild-type protein to
affected muscle resulting in restoration of muscle function.
Considering that a subset of patients can develop cardio-
myopathy, (8, 9, 10, 13) this would have to be considered in
the long-term care of these patients. In previous reports, the
Sgeb-null mouse was well characterized. Araishi et al.3
developed the p-sarcoglycan-deficient mouse with accom-
panying loss of all of the sarcoglycans as well as sarcospan,
with at least minor preservation of merosin, the dystrogly-
cans and dystrophin, reproducing the clinical picture seen in
LGMD2E. The histological changes in this animal model
were also a prototype for the clinical counterpart, including
the prominence of skeletal muscle fibrosis.(14) Dressman et
al. (25) injected the transverse abdominal muscle using
rAAV2.CMV.SGCB. Expression persisted for 21 months
and muscle fibers were protected from recurrent necrosis.
The use of self-complementary AAV to enhance transgene
expression,16 a muscle-specific promoter to better target
skeletal muscle (20, 26) and the optimization of a human
p-sarcoglycan gene (hSGCB) has also been described.
[0009] Functional improvement in patients suffering from
LGMD and other muscular dystrophies require both gene
restoration and reduction of fibrosis. There is a need for
methods of reducing fibrosis that may be paired with gene
restoration methods for more effective treatments of LGMD
and other muscular dystrophies.

SUMMARY

[0010] Described herein are gene therapy vectors, e.g.
AAV, expressing the f-sarcoglycan gene and methods of
delivering f-sarcoglycan to the muscle to reduce and/or
prevent fibrosis; and/or to increase muscular force, and/or to
treat a -sarcoglycanopathy in a mammalian subject suffer-
ing from muscular dystrophy.

[0011] In addition, the invention provides for combination
therapies and approaches using gene therapy vectors to
deliver p-sarcoglycan to address the gene defect observed in
LGMD2E and gene therapy vectors delivering miR-29 to
further suppress fibrosis.

[0012] In one aspect, described herein is a recombinant
AAV vector comprising a polynucleotide sequence encoding
p-sarcoglycan. In some embodiments, the polynucleotide
sequence encoding [3-sarcoglycan comprises a sequence e.g.
at least 65%, at least 70%, at least 75%, at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, or 89%, more
typically 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more identical to the nucleotide sequence set
forth in SEQ ID NO: 1 and encodes protein that retains
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[p-sarcoglycan activity. In some embodiments, the poly-
nucleotide sequence encoding [-sarcoglycan comprises the
nucleotide sequence set forth in SEQ ID NO: 1. In some
embodiments, the polynucleotide sequence encoding [3-sar-
coglycan consists the nucleotide sequence set forth in SEQ
ID NO: 1.

[0013] In another aspect, a recombinant AAV vector
described herein comprises a polynucleotide sequence
encoding p-sarcoglycan that is at least 65%, at least 70%, at
least 75%, at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, or 89%, more typically at least 90%, 91%, 92%,
93%, or 94% and even more typically at least 95%, 96%,
97%, 98% or 99% sequence identity to the amino acid
sequence of SEQ ID NO: 2, and the protein retains [3-sar-
coglycan activity.

[0014] In another aspect, described herein is a recombi-
nant AAV vector comprising a polynucleotide sequence
encoding functional -sarcoglycan that comprises a nucleo-
tide sequence that hybridizes under stringent conditions to
the nucleic acid sequence of SEQ ID NO: 1, or a comple-
ment thereof.

[0015] The term “stringent” is used to refer to conditions
that are commonly understood in the art as stringent.
Hybridization stringency is principally determined by tem-
perature, ionic strength, and the concentration of denaturing
agents such as formamide. Examples of stringent conditions
for hybridization and washing are 0.015 M sodium chloride,
0.0015 M sodium citrate at 65-68° C. or 0.015 M sodium
chloride, 0.0015M sodium citrate, and 50% formamide at
42° C. See Sambrook et al., Molecular Cloning: A Labora-
tory Manual, 2nd Ed., Cold Spring Harbor Laboratory, (Cold
Spring Harbor, N.Y. 1989). More stringent conditions (such
as higher temperature, lower ionic strength, higher forma-
mide, or other denaturing agent) may also be used, however,
the rate of hybridization will be affected. In instances
wherein hybridization of deoxyoligonucleotides is con-
cerned, additional exemplary stringent hybridization condi-
tions include washing in 6xSSC 0.05% sodium pyrophos-
phate at 37° C. (for 14-base oligos), 48° C. (for 17-base
oligos), 55° C. (for 20-base oligos), and 60° C. (for 23-base
oligos).

[0016] Other agents may be included in the hybridization
and washing buffers for the purpose of reducing non-specific
and/or background hybridization. Examples are 0.1%
bovine serum albumin, 0.1% polyvinyl-pyrrolidone, 0.1%
sodium pyrophosphate, 0.1% sodium dodecylsulfate,
NaDodSO4, (SDS), ficoll, Denhardt’s solution, sonicated
salmon sperm DNA (or other non-complementary DNA),
and dextran sulfate, although other suitable agents can also
be used. The concentration and types of these additives can
be changed without substantially affecting the stringency of
the hybridization conditions. Hybridization experiments are
usually carried out at pH 6.8-7.4, however, at typical ionic
strength conditions, the rate of hybridization is nearly inde-
pendent of pH. See Anderson et al., Nucleic Acid Hybridi-
sation: A Practical Approach, Ch. 4, IRL Press Limited
(Oxford, England). Hybridization conditions can be adjusted
by one skilled in the art in order to accommodate these
variables and allow DNAs of different sequence relatedness
to form hybrids.

[0017] In another aspect, the recombinant AAV vectors
described herein may be operably linked to a muscle-
specific control element. For example the muscle-specific
control element is human skeletal actin gene element, car-
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diac actin gene element, myocyte-specific enhancer binding
factor MEF, muscle creatine kinase (MCK), tMCK (trun-
cated MCK), myosin heavy chain (MHC), MHCK7 (a
hybrid version of MHC and MCK), C5-12 (synthetic pro-
moter), murine creatine kinase enhancer element, skeletal
fast-twitch troponin C gene element, slow-twitch cardiac
troponin C gene element, the slow-twitch troponin I gene
element, hypozia-inducible nuclear factors, steroid-induc-
ible element or glucocorticoid response element (GRE).
[0018] In some embodiments, the muscle-specific pro-
moter is MHCK7 (SEQ ID NO: 4). An exemplary rAAV
described herein is pAAV.MHCK7.hSCGB which com-
prises the nucleotide sequence of SEQ ID NO: 3; wherein
the MCHK?7 promoter spans nucleotides 130-921, a SV40
chimeric intron spans nucleotides 931-1078, the 3-sarcogly-
can sequence spans nucleotides 1091-2047 and the poly A
spans nucleotides 2054-2106.

[0019] In some embodiments, the muscle-specific pro-
moter is tMCK (SEQ ID NO: 6). An exemplary rAAV
described herein is pAAV.IMCK . hSCGB which comprises
the nucleotide sequence of SEQ ID NO: 5; wherein the
tMCK promoter spans nucleotides 141-854, an SV40 chi-
meric intron spans nucleotides 886-1018, the -sarcoglycan
sequence spans nucleotides 1058-2014 and the poly A spans
nucleotides 2021-2073.

[0020] The AAV can be any serotype, for example AAV1,
AAV2, AAV3, AAV4, AAVS, AAV6E, AAVT, AAVS, AAVY,
AAV-10, AAV-11, AAV-12, AAV-13 and AAV rh.74. Pro-
duction of pseudotyped rAAV is disclosed in, for example,
WO 01/83692. Other types of rAAV variants, for example
rAAV with capsid mutations, are also contemplated. See, for
example, Marsic et al., Molecular Therapy, 22(11): 1900-
1909 (2014).

[0021] Compositions comprising any of the rAAV vectors
described herein are also contemplated.

[0022] Methods of producing a recombinant AAV vector
particle comprising culturing a cell that has been transfected
with any recombinant AAV vector described herein and
recovering recombinant AAV particles from the supernatant
of the transfected cells are also provided. Viral particles
comprising any of the recombinant AAV vectors described
herein are also contemplated

[0023] Methods of reducing fibrosis in a mammalian sub-
ject in need thereof is also provided. In this regard, the
method comprises administering a therapeutically effective
amount of an AAV vector described herein (or composition
comprising an AAV vector described herein) to the mam-
malian subject. In some embodiments, the mammalian sub-
ject suffers from muscular dystrophy. In some embodiments,
administration of an AAV vector described herein (or com-
position comprising an AAV vector described herein)
reduces fibrosis in skeletal muscle or in cardiac muscle of
the subject. These methods may further comprise the step of
administering a second recombinant AAV vector comprising
a polynucleotide sequence comprising miR29C.

[0024] The term “muscular dystrophy” as used herein
refers to a disorder in which strength and muscle bulk
gradually decline. Non-limiting examples of muscular dys-
trophy diseases may include Becker muscular dystrophy,
tibial muscular dystrophy, Duchenne muscular dystrophy,
Emery-Dreifuss muscular dystrophy, facioscapulohumeral
muscular dystrophy, sarcoglycanopathies, congenital mus-
cular dystrophy such as congenital muscular dystrophy due
to partial LAMAZ2 deficiency, merosin-deficient congenital
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muscular dystrophy, type 1D congenital muscular dystro-
phy, Fukuyama congenital muscular dystrophy, limb-girdle
type 1A muscular dystrophy, limb-girdle type 2A muscular
dystrophy, limb-girdle type 2B muscular dystrophy, limb-
girdle type 2C muscular dystrophy, limb-girdle type 2D
muscular dystrophy, limb-girdle type 2E muscular dystro-
phy, limb-girdle type 2F muscular dystrophy, limb-girdle
type 2G muscular dystrophy, limb-girdle type 2H muscular
dystrophy, limb-girdle type 21 muscular dystrophy, limb-
girdle type 21 muscular dystrophy, limb-girdle type 2]
muscular dystrophy, limb-girdle type 2K muscular dystro-
phy, limb-girdle type IC muscular dystrophy, rigid spine
muscular dystrophy with epidermolysis bullosa simplex,
oculopharyngeal muscular dystrophy, Ullrich congenital
muscular dystrophy, and Ullrich scleroatonic muscular dys-
trophy. In some embodiments, the subject is suffering from
limb-girdle muscular dystrophy. In some embodiments, the
subject us suffering from limb-girdle muscular dystrophy
type 2E (LGMD2E).

[0025] The term “fibrosis” as used herein refers to the
excessive or unregulated deposition of extracellular matrix
(ECM) components and abnormal repair processes in tissues
upon injury including skeletal muscle, cardiac muscle, liver,
lung, kidney, and pancreas. The ECM components that are
deposited include collagen, e.g. collagen 1, collagen 2 or
collagen 3, and fibronectin.

[0026] In another aspect, described herein is a method of
increasing muscular force and/or muscle mass in a mam-
malian subject comprising administering a therapeutically
effective amount of an AAV vector described herein (or
composition comprising an AAV vector described herein) to
the mammalian subject.

[0027] In any of the methods of the invention, the subject
may be suffering from muscular dystrophy such as limb-
girdle muscular dystrophy or any other dystrophin-associ-
ated muscular dystrophy.

[0028] Also provided is a method of treating muscular
dystrophy in a mammalian subject comprising administering
a therapeutically effective amount of an AAV vector
described herein (or composition comprising an AAV vector
described herein) to the mammalian subject. In some
embodiments, the muscular dystrophy is limb-girdle mus-
cular dystrophy. Any of the methods described herein may
further comprise the step of administering a second recom-
binant AAV vector comprising a polynucleotide sequence
comprising miR29C.

[0029] Combination therapies are also contemplated. In
this regard, any of the foregoing methods described here
may further comprise administering a second recombinant
AAV vector comprising a polynucleotide sequence compris-
ing miR29C. In some embodiments, the polynucleotide
comprising miR29C is operably linked operably linked to a
muscle-specific control element. For example the muscle-
specific control element is human skeletal actin gene ele-
ment, cardiac actin gene element, myocyte-specific
enhancer binding factor MEF, muscle creatine kinase
(MCK), tMCK (truncated MCK), myosin heavy chain
(MHC), MHCK?7 (a hybrid version of MHC and MCK),
C5-12  (synthetic promoter), murine creatine kinase
enhancer element, skeletal fast-twitch troponin C gene ele-
ment, slow-twitch cardiac troponin C gene element, the
slow-twitch troponin I gene element, hypozia-inducible
nuclear factors, steroid-inducible element or glucocorticoid
response element (GRE). In some embodiments, the second
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recombinant vector comprises a polynucleotide sequence set
forth in SEQ ID NO: 9 or SEQ ID NO: 8, as described in
U.S. Provisional Application No. 62/323,163 (the disclosure
of which is incorporated herein by reference in its entirety).
[0030] In combination therapy methods described herein
in which both an rAAV vector expressing [-sarcoglycan and
an rAAV vector expressing miR29c¢ are administered to the
mammalian subject, the rAAV vectors may be administered
concurrently, or administered consecutively with the rAAV
vector expressing [-sarcoglycan being administered imme-
diately before or after the rAAV expressing miR29¢. Alter-
natively, the AAV vector expressing f-sarcoglycan is admin-
istered within about 1-24 hours (e.g., 1,2,3,4,5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24
hours) after administering the rAAV expressing miR-29 or
the methods of the invention are carried out wherein the
AAV vector expressing the f-sarcoglycan is administered
within about 1-24 hours (e.g., 1,2, 3,4, 5,6, 7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 hours)
before administering the rAAV expressing miR-29. In some
embodiments, the AAV vector expressing [-sarcoglycan is
administered within about 1-5 hours (e.g., 1, 2, 3, 4 or 5
hours) after administering the rAAV expressing miR-29 or
the methods of the invention are carried out wherein the
AAV vector expressing the f-sarcoglycan is administered
within about 1-5 hours (e.g., 1, 2, 3, 4 or 5 hours) before
administering the rAAV expressing miR-29c.

[0031] In any of the methods of the invention, the rAAV
is administered by intramuscular injection or intravenous
injection. In addition, in any of the method of the invention,
the rAAV is administered systemically, such as parental
administration by injection, infusion or implantation.
[0032] The compositions of the invention are formulated
for intramuscular injection or intravenous injection. In addi-
tion, the compositions of the invention are formulated for
systemic administration, such as parental administration by
injection, infusion or implantation.

[0033] In addition, any of the compositions formulated for
administration to a subject suffering from muscular dystro-
phy (such as limb-girdle muscular dystrophy or any other
dystrophin-associated muscular dystrophy). In some
embodiments, the composition may further comprise a sec-
ond recombinant AAV vector comprising a polynucleotide
sequence set forth in SEQ ID NO: 9 or SEQ ID NO: 8.
[0034] Inany of the uses of the invention, the medicament
is formulated for intramuscular injection or intravenous
injection. In addition, in any of the uses of the invention, the
medicament is formulated for systemic administration, such
as parental administration by injection, infusion or implan-
tation. In addition, any of the medicaments may be prepared
for administration to a subject suffering from muscular
dystrophy (such as limb-girdle muscular dystrophy or any
other dystrophin associated muscular dystrophy). In some
embodiments, the medicament may further comprise a sec-
ond recombinant AAV vector comprising a polynucleotide
sequence set forth in SEQ ID NO: 9 or SEQ ID NO: 8.
[0035] The foregoing paragraphs are not intended to
define every aspect of the invention, and additional aspects
are described in other sections, such as the Detailed Descrip-
tion. The entire document is intended to be related as a
unified disclosure, and it should be understood that all
combinations of features described herein are contemplated,
even if the combination of features are not found together in
the same sentence, or paragraph, or section of this document.
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The invention includes, as an additional aspect, all embodi-
ments of the invention narrower in scope in any way than the
variations defined by specific paragraphs above. For
example, where certain aspects of the invention that are
described as a genus, it should be understood that every
member of a genus is, individually, an aspect of the inven-
tion.

BRIEF DESCRIPTION OF THE FIGURES

[0036] FIGS. 1A-1D demonstrate that AAV mediated
[p-sarcoglycan expression restores dystrophin-associated
proteins and protects membrane integrity. (a) Self-comple-
mentary AAV vector containing the codon-optimized human
[p-sarcoglycan gene (hWSGCB) driven by the muscle-specific
tMCK promoter. The cassette also contains a chimeric intron
to augment processing and polyadenylation signal for sta-
bility. (b) Immunofluorescence staining with anti-f-SG anti-
body shows high levels of sarcolemmal staining of the
SGCB transgene in 5-week-old mice both 6 and 12 weeks
post injection. x20 images shown. Percentage of fibers
expressing beta-sarcoglycan per TA muscle averaged
88.4+4.2% after 6 weeks (n=9, 4 male, 5 female) and
76.5£5.8% after 12 weeks (n=6, 4 male, 2 female). Protein
expression confirmed in the western blot with gamma-
tubulin blot shown for a loading control. (¢c) AAV delivery
of B-sarcoglycan leads to restoration of other members of the
sarcoglycan complex; a-sarcoglycan, dystrophin. x20
images. (d) scAAVrh.74 hSGCB protects sgcb—/- mem-
branes from damage. Image showing a large area of Evans
blue-positive fibers (red) juxtaposed to a cluster of -sarco-
glycan-positive fibers that have been protected from Evans
blue dye incorporation. x40 image is shown.

[0037] FIGS. 2A-2E shows the histological analysis of
[-SG-deficient treated skeletal muscle. scAAVrh.74 hSGCB
treatment normalizes histological parameters of sgcb™
mice. Hematoxylin & Eosin staining and Picrosirius Red
staining were performed on TA muscle from sgcb™~ mice
along with normal control C57/BL6 mice and scAAVrh.74.
hSGCB-treated mice followed by quantification of histo-
logical parameters and % collagen staining. (a) H&E stain-
ing shows the presence of centrally nucleated fibers,
inflammatory cells and large fiber diameter distribution in
[-SG-deficient muscle and an improvement in histopathol-
ogy following gene transfer. (b) Pircrosirius Red staining
shows a decrease in red collagen staining in treated muscle.
(c) Quantification of centrally nucleated fibers showing a
decrease following treatment (P<0.0005, one-way ANOVA)
and (d) representation of fiber size distribution and increase
in average fiber size of TA muscle from C57/BL6 controls
and sgch™ mice compared with treated mice (P<0.0001,
one-way ANOVA). (e) Quantification of % collagen in TA
muscle from C57/BL6 controls and sgch™~ mice compared
with sgcb™~ treated mice (P<0.0001, one-way ANOVA).
100 um scale bar shown for x20 images. ***P<0.001;
*#*¥P<0.0001.

[0038] FIGS. 3A-3C shows that scAAVrh.74.hSGCB
intramuscular delivery corrects tetanic force and resistance
to contraction-induced injury. The TA muscle of sgch™~
mice treated with 3x10'° vg of scAAVrh.74 hSGCB via an
IM injection was harvested 6 weeks post gene transfer, and
subjected to a protocol to assess tetanic force and an
eccentric contraction protocol to assess resistance to con-
traction-induced injury. (a) AAVrh.74 hSGCB-treated TA’s
demonstrated significant improvement in both absolute
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tetanic force (P<0.01, paired t-test) and (b) normalized
specific force (P<0.05, paired t-test), which was not different
from wild-type force (C57/BL6). (¢) AAVrh.74.hSGCB
treated TA’s exhibited significant improvement in resistance
to contraction-induced injury compared with untreated
sgcb™ controls (P<0.01, two-way ANOVA). Force reten-
tion following 10 contractions is shown. *P<0.05; **P<0.
01.

[0039] FIGS. 4A-4C shows the results of the analysis of
aged mice treated intramuscularly with scAAVrh.74 tMCK.
hSGCB. (a) Immunofluorescence staining of TA muscle
from 6-month-old treated sgcb™ mice 12 weeks post injec-
tion (n=5, 5 male) shows sarcolemmal expression of the
SGCB transgene at levels averaging 80% in injected mice
compared with untreated (n=4, 4 male). (b) Picrosirius red
staining of the treated and untreated TA muscle. (¢) Quan-
titation of collagen present in the Picrosirius red stained
tissue shows a significant reduction in the amount of colla-
gen following treatment with rAAVrh.74tMCK.hSGCB
(P<0.0001, one-way ANOVA). 100 pum scale bar shown for
%20 images. ****P<(.0001.

[0040] FIGS. 5A-5C show the results of vascular delivery
of scAAVrh.74 hSGCB. Four (n=5, 5 male) and five (n=4, 2
male, 2 female) weeks (-SG-deficient mice were treated
with vector via the femoral artery to deliver the vector to the
lower limb muscles. At a dose of 5x10' vg, B-SG expres-
sion was 90.6+2.8% in the TA and 91.8+4.7% in the GAS of
treated mice accompanied by improvements in histopathol-
ogy that resulted in significant improvement in specific force
compared with untreated animals even following an injury
paradigm. (a) -SG protein expression from three represen-
tative mice. Muscle from a p-SG KO untreated mouse is
shown for comparison in the inset (lower right). x20 Images
are shown. Expression in treated muscles confirmed via
western blot and gamma-tubulin is shown as a loading
control. (b) Histopathology is significantly improved fol-
lowing high dose treatment. Upper panels-treated TA and
gastrocnemius muscles. Bottom panels-untreated (3-SG-
deficient control muscle. 100 um scale bar shown for x20
images. (c) Percentage of specific force retained in EDL
muscle following 10 cycles of eccentric contraction-induced
injury. Treatment with 5x10*! vg of AAVrh.74 hSGCB led to
significant improvement in force that was equivalent to WT
(normal) control muscle (P<0.05, one-way ANOVA). *P<0.
05.

[0041] FIGS. 6A-6B show reduction of fibrosis in ILP-
treated $-SG KO mice. (a) Picrosirius red staining shows
reduced fibrosis in treated mice indicated by a decrease in
collagen deposition compared with untreated sgch™~ mice.
(b) Quantification of collagen levels in the TA and GAS
muscles from BL6 WT, untreated sgcb™~ mice, and treated
mice confirm reduction in collagen levels in treated mice
(P<0.001, one-way ANOVA). 100 um scale bar shown for
%20 images. ***P<0.001.

[0042] FIGS. 7A and 7B show vector biodistribution and
protein expression. (a) Histogram of average distribution of
vector in harvested tissues from I[.P-treated mice given in
copies of transcript per microgram of DNA added to gPCR.
Left limb was treated. (b) No protein expression via western
blot seen in off target organs.

[0043] FIG. 8A-D provide histological and functional
deficits in sgcb™" mice at 7 months of age. Trichome
staining in the diaphragm (A) and heart (C) of SGCB™~
mice shows extensive fibrosis (red). The force output from
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the diaphragm is significantly reduced in the diaphragm (B)
and the cardiac ejection fraction is also reduced in sgch™'~
mice (D).

[0044] FIG. 9 provides a schematic of therapeutic [3-sar-
coglycan transgene cassette. Self-complementary AAV vec-
tor containing the codon-optimized human [-sarcoglycan
gene (WSGCB). A muscle specific MHCK7 promoter drives
expression. The cassette also contains a chimeric intron to
augment processing and polyadenylation signal for stability.

[0045] FIG. 10 provides immunofluorescence staining for
[p-sarcoglycan in various skeletal muscles demonstrates
robust expression with rare negative fibers after 1, 4, or 6
months of treatment (1 month shown).

[0046] FIG. 11 provides immunofluorescence staining for
[p-sarcoglycan in diaphragm and heart demonstrates robust
expression with rare negative fibers after 1, 4, or 6 months
of treatment (1 month shown).

[0047] FIG. 12A-D depicts restoration of SGCB expres-
sion following intravenous delivery of scAAVrh.74.
MHCK7.hSGCB. (A) scAAVrh.74. MHCK7.hSGCB cas-
sette. (b) Immunofluorescence imaging 6 months post-
injection of skeletal muscles, diaphragm, and heart from
sgeb™~ mice intravenously injected with 1e12 vg total dose
scAAVrh.74 MHCK7.hSGCB. Representative images of
skeletal muscles displaying an average of 98.13+0.31%
transduction. 20x images are shown. Representative images
of heart tissue displaying high levels of hSGCB transgene
expression. 10x images are shown. (¢c) Western blotting of
all muscles from one treated sgcb™~ mouse confirming
hSGCB transgene expression. (d) Western blotting for
hSGCB expression in hearts of five sgch™~ treated mice
with densitometry quantification showing overexpression of
hSGCB up to 72.0% of BL6 WT levels.

[0048] FIG. 13A-D depicts the effect of systemic treat-
ment with scAAVrh74 MHCK7.hSGCB on muscle pathol-
ogy. (a) H&E stain of diaphragm and QUAD muscle from
C57BL/6 WT, sgcb™", and scAAVrh.74 MHCK7.hSGCB
treated mice showing normalized histopathology. (b) Quan-
tification of reduction in centrally nucleated fibers in sgcbh™'~
treated muscle compared to untreated sgcb™~ muscle (TA,
GAS, GLUT, diaphragm, p<0.0001) (QUAD, PSOAS, TRI,
p<0.05). (c) Normalization of fiber distribution in GAS,
PSOAS, and TRI, and (d) increase in average fiber size in
treated muscles compared to untreated sgcb—/— muscles
(p<0.001) (ONE-WAY ANOVA) (n=5 per group).

[0049] FIGS. 14A and 14B depict reduced collagen depo-
sition in intravenous treated $-SG KO mice. (a) Picrosirius
red staining showed reduced fibrosis in treated mice indi-
cated by a decrease in collagen deposition compared to
untreated sgcb™~ mice in diaphragm and GAS. (b) Quanti-
fication of collagen levels in the diaphragm and GAS
muscles from C57BL/6 WT mice (n=4), untreated sgcb™~
mice (n=4), and treated sgchb™~ mice (n=5) confirm reduc-
tion in collagen levels in both treated muscles (p<0.0001,
ONE-WAY ANOVA). 100 um scale bar shown for 20x
images.

[0050] FIG. 15 demonstrates delivery of scAAVrh.74.
MHCK7.hSGCB via the tail vein of sgch™/- mice com-
pletely restores force in the diaphragm. following 6 months
of treatment (IV administration (lel2vg)). Diaphragm
muscle strips were harvested from treated and control
SGCB™~ mice and WT mice and subjected to force mea-
surements, treatment restored force to WT levels.
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[0051] FIG. 16 provides a schematic of rAAV vector
scAACrh.74.CMV.miR29¢ and the nucleotide sequence of
the miR-29¢ in a natural miR-30 backbone.

[0052] FIG. 17 demonstrates that following 3 months of
treatment with AAVrh.74. CMV.miR29C, TA muscles were
harvested from treated and control SGCB~"~ mice and WT
mice and analyzed for fibrosis (collagen levels) (n=5 per
group). Using sirius red staining and quantification, collagen
levels were reduced following treatment (see FIG. 18).
Results indicated that transcript levels of Coll A, Col3 A, and
Fbn were normalized and muscle fiber size was increased.
[0053] FIG. 18 provides representative images of scanned
full sections of untreated and AAVrh.74.CMV.miR29C
treated tibialis anterior muscles stained with Sirius Red
which stains for collagen 1 and 3. Quantification is shown in
FIG. 17

[0054] FIGS. 19A and 19B demonstrate correction of
kyphoscoliosis in thoracic spine. (a) Kyphoscoliosis in
sgcb™™ mice as evidenced by X-ray radiography. (b) The
Kyphotic Index (KI) score of sgcb™— mice (3.69) is low
compared to C57BL/6 WT (6.01) (p<0.01), but increases
upon treatment with scAAVrh.74 MHCK7.hSGCB (5.39)
(p<0.05 compared to sgch™'-) (ONE-WAY ANOVA) (n=6
per group).

[0055] FIG. 20A-D provide the assessment of cardio-
myopathy in heart muscle. (a) H&E and picrosirius red
stains of 7 month old BL6 WT, sgcb™~, and AAVMHCK?7.
hSGCB treated sgcb™" hearts 6 months post-treatment indi-
cating myocardial degeneration in untreated sgchb™~ muscle
and improvement following treatment. (b) Cardiac Mill
analysis showing reduction in sgcb™"~ hearts in stroke vol-
ume (p<0.01), cardiac output, and ejection fraction (p<0.05)
(ONE-WAY ANOVA) and improvements 6 months after
treatment (n=6 per group). (c) Western blotting of two
C57BL/6 WT hearts, two sgcb™ hearts, and five AAV.
MHCK?7 hSGCB treated sgcb™~ hearts showing decreased
cardiac troponin [ levels in diseased mice. (d) Densitometry
quantification showing reduction of cardiac troponin I
(cTrpl) to 60.38% of BL6 WT levels and an overexpression
of up to 135.8% of BL6 WT levels.

[0056] FIG. 21A-B demonstrates diaphragm function cor-
rection and increased open-field cage activity. (a) Dia-
phragm muscle strips were harvested to measure force and
resistance to fatigue in BL6 WT mice (n=5), sgch™ mice
(n=4), and AAV.MHCK 7 hSGCB treated sgcb™~ mice (n=5)
all at 7 months of age. Six months of treatment restored force
to WT levels (p<0.01 compared to sgch™") and improved
resistance to fatigue. (b) Overall ambulation in x and y
planes is significantly decreased in sgecb™~ mice (p<0.0001)
and slightly improved in MCHK?7 treated mice (p<0.05).
Vertical activity rearing onto hindlimbs also decreased in
sgcb™ mice (p<0.01) and significantly increased in
MCHKY7 treated mice (p<<0.05) (ONE-WAY ANOVA) (n=6
per group).

[0057] FIG. 22A-B provide biodistibution and off-target
transgene expression analysis of systemic scAAVrh.74.
MHCK7.hSGCB delivery. (a) Distribution histogram of
average vg copies of transcript per microgram DNA added
to qPCR reaction in various tissues from two sgcb™~ mice
after IV delivery of scAAVrh.74 MHCK7.hSGCB at lel2
vg total dose. (b) Biodistribution westerns on muscles and
organs from scAAVrh.74 MHCK7.hSGCB systemically
injected sgch™~ mice indicating no expression of hSGCB
transgene in any non-muscle samples.

Aug. 11,2022

DETAILED DESCRIPTION

[0058] The present disclosure is based on the discovery
that administration of an AAV vector comprising a poly-
nucleotide expressing 3-sarcoglycan results in a reduction or
complete reversal of muscle fibrosis in a limb-girdle mus-
cular dystrophy animal model. As demonstrated in the
Examples, administration of the AAV vector described
herein resulted in the reversal of dystrophic features includ-
ing fewer degenerating fibers, reduced inflammation and
improved functional recovery by protection against eccen-
tric contraction with increased force generation.

[0059] As used herein, the term “AAV” is a standard
abbreviation for adeno-associated virus. Adeno-associated
virus is a single-stranded DN A parvovirus that grows only in
cells in which certain functions are provided by a co-
infecting helper virus. There are currently thirteen serotypes
of AAV that have been characterized. General information
and reviews of AAV can be found in, for example, Carter,
1989, Handbook of Parvoviruses, Vol. 1, pp. 169-228, and
Berns, 1990, Virology, pp. 1743-1764, Raven Press, (New
York). However, it is fully expected that these same prin-
ciples will be applicable to additional AAV serotypes since
it is well known that the various serotypes are quite closely
related, both structurally and functionally, even at the
genetic level. (See, for example, Blacklowe, 1988, pp.
165-174 of Parvoviruses and Human Disease, J. R. Pattison,
ed.; and Rose, Comprehensive Virology 3:1-61 (1974)). For
example, all AAV serotypes apparently exhibit very similar
replication properties mediated by homologous rep genes;
and all bear three related capsid proteins such as those
expressed in AAV2. The degree of relatedness is further
suggested by heteroduplex analysis which reveals extensive
cross-hybridization between serotypes along the length of
the genome; and the presence of analogous self-annealing
segments at the termini that correspond to “inverted terminal
repeat sequences” (ITRs). The similar infectivity patterns
also suggest that the replication functions in each serotype
are under similar regulatory control.

[0060] An “AAV vector” as used herein refers to a vector
comprising one or more polynucleotides of interest (or
transgenes) that are flanked by AAV terminal repeat
sequences (ITRs). Such AAV vectors can be replicated and
packaged into infectious viral particles when present in a
host cell that has been transfected with a vector encoding
and expressing rep and cap gene products.

[0061] An “AAV virion” or “AAV viral particle” or “AAV
vector particle” refers to a viral particle composed of at least
one AAV capsid protein and an encapsidated polynucleotide
AAV vector. If the particle comprises a heterologous poly-
nucleotide (i.e. a polynucleotide other than a wild-type AAV
genome such as a transgene to be delivered to a mammalian
cell), it is typically referred to as an “AAV vector particle”
or simply an “AAV vector”. Thus, production of AAV vector
particle necessarily includes production of AAV vector, as
such a vector is contained within an AAV vector particle.

AAV

[0062] Recombinant AAV genomes of the invention com-
prise nucleic acid molecule of the invention and one or more
AAV ITRs flanking a nucleic acid molecule. AAV DNA in
the rAAV genomes may be from any AAV serotype for
which a recombinant virus can be derived including, but not
limited to, AAV serotypes AAV-1, AAV-2, AAV-3, AAV-4,
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AAV-5, AAV-6, AAV-7, AAV-8, AAV-9, AAV-10, AAV-11,
AAV-12, AAV-13 and AAV rh.74. Production of pseudo-
typed rAAV is disclosed in, for example, WO 01/83692.
Other types of rAAV variants, for example rAAV with
capsid mutations, are also contemplated. See, for example,
Marsic et al., Molecular Therapy, 22(11): 1900-1909 (2014).
As noted in the Background section above, the nucleotide
sequences of the genomes of various AAV serotypes are
known in the art. To promote skeletal muscle specific
expression, AAV1, AAVS, AAV6, AAVE or AAVI may be
used.

[0063] DNA plasmids of the invention comprise rAAV
genomes. The DNA plasmids are transferred to cells per-
missible for infection with a helper virus of AAV (e.g.,
adenovirus, El-deleted adenovirus or herpesvirus) for
assembly of the rAAV genome into infectious viral particles.
Techniques to produce rAAV particles, in which an AAV
genome to be packaged, rep and cap genes, and helper virus
functions are provided to a cell are standard in the art.
Production of rAAV requires that the following components
are present within a single cell (denoted herein as a pack-
aging cell): a rAAV genome, AAV rep and cap genes
separate from (i.e., not in) the rAAV genome, and helper
virus functions. The AAV rep and cap genes may be from
any AAV serotype for which recombinant virus can be
derived and may be from a different AAV serotype than the
rAAV genome ITRs, including, but not limited to, AAV
serotypes AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAV-6,
AAV-7, AAV-8, AAV-9, AAV-10, AAV-11, AAV-12, AAV-13
and AAV rh.74. Production of pseudotyped rAAV is dis-
closed in, for example, WO 01/83692 which is incorporated
by reference herein in its entirety.

[0064] A method of generating a packaging cell is to
create a cell line that stably expresses all the necessary
components for AAV particle production. For example, a
plasmid (or multiple plasmids) comprising a rAAV genome
lacking AAV rep and cap genes, AAV rep and cap genes
separate from the rAAV genome, and a selectable marker,
such as a neomycin resistance gene, are integrated into the
genome of a cell. AAV genomes have been introduced into
bacterial plasmids by procedures such as GC tailing (Sam-
ulski et al., 1982, Proc. Natl. Acad. S6. USA, 79:2077-
2081), addition of synthetic linkers containing restriction
endonuclease cleavage sites (Laughlin et al., 1983, Gene,
23:65-73) or by direct, blunt-end ligation (Senapathy &
Carter, 1984, J. Biol. Chem., 259:4661-4666). The packag-
ing cell line is then infected with a helper virus such as
adenovirus. The advantages of this method are that the cells
are selectable and are suitable for large-scale production of
rAAV. Other examples of suitable methods employ adeno-
virus or baculovirus rather than plasmids to introduce rAAV
genomes and/or rep and cap genes into packaging cells.

[0065] General principles of rAAV production are
reviewed in, for example, Carter, 1992, Current Opinions in
Biotechnology, 1533-539; and Muzyczka, 1992, Curr. Top-
ics in Microbial. and Immunol., 158:97-129). Various
approaches are described in Ratschin et al., Mol. Cell. Biol.
4:2072 (1984); Hermonat et al., Proc. Natl. Acad. Sci. USA,
81:6466 (1984); Tratschin et al., Mol. Cell. Biol. 5:3251
(1985); McLaughlin et al., J. Virol., 62:1963 (1988); and
Lebkowski et al., 1988 Mol. Cell. Biol., 7:349 (1988).
Samulski et al. (1989, J. Virol., 63:3822-3828); U.S. Pat. No.
5,173,414; WO 95/13365 and corresponding U.S. Pat. No.
5,658,776, WO 95/13392; WO 96/17947;, PCT/US98/
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18600; WO 97/09441 (PCT/US96/14423); WO 97/08298
(PCT/US96/13872); WO 97/21825 (PCT/US96/20777);
WO 97/06243 (PCT/FR96/01064); WO 99/11764; Perrin et
al. (1995) Vaccine 13:1244-1250; Paul et al. (1993) Human
Gene Therapy 4:609-615; Clark et al. (1996) Gene Therapy
3:1124-1132; U.S. Pat. Nos. 5,786,211; 5,871,982; and
6,258,595. The foregoing documents are hereby incorpo-
rated by reference in their entirety herein, with particular
emphasis on those sections of the documents relating to
rAAV production.

[0066] The invention thus provides packaging cells that
produce infectious rAAV. In one embodiment packaging
cells may be stably transformed cancer cells such as Hela
cells, 293 cells and PerC.6 cells (a cognate 293 line). In
another embodiment, packaging cells are cells that are not
transformed cancer cells, such as low passage 293 cells
(human fetal kidney cells transformed with E1 of adenovi-
rus), MRC-5 cells (human fetal fibroblasts), WI-38 cells
(human fetal fibroblasts), Vero cells (monkey kidney cells)
and FRhL-2 cells (rhesus fetal lung cells).

[0067] Recombinant AAV (i.e., infectious encapsidated
rAAV particles) of the invention comprise a rAAV genome.
Embodiments include, but are not limited to, the rAAV
named pAAV.MHCK7hSCGB which comprises the poly-
nucleotide sequence set forth in SEQ ID NO: 3; and pAAV.
tMCK.hSCGB  which comprises the polynucleotide
sequence set forth in SEQ ID NO: 5.

[0068] The rAAV may be purified by methods standard in
the art such as by column chromatography or cesium chlo-
ride gradients. Methods for purifying rAAV vectors from
helper virus are known in the art and include methods
disclosed in, for example, Clark et al., Hum. Gene Ther.,
10(6): 1031-1039 (1999); Schenpp and Clark, Methods Mol.
Med., 69 427-443 (2002); U.S. Pat. No. 6,566,118 and WO
98/09657.

[0069] In another embodiment, the invention contem-
plates compositions comprising rAAV of the present inven-
tion. Compositions described herein comprise rAAV in a
pharmaceutically acceptable carrier. The compositions may
also comprise other ingredients such as diluents and adju-
vants. Acceptable carriers, diluents and adjuvants are non-
toxic to recipients and are preferably inert at the dosages and
concentrations employed, and include buffers such as phos-
phate, citrate, or other organic acids; antioxidants such as
ascorbic acid; low molecular weight polypeptides; proteins,
such as serum albumin, gelatin, or immunoglobulins; hydro-
philic polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, arginine or lysine;
monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating agents
such as EDTA; sugar alcohols such as mannitol or sorbitol;
salt-forming counterions such as sodium; and/or nonionic
surfactants such as Tween, pluronics or polyethylene glycol
(PEG).

[0070] Titers of rAAV to be administered in methods of
the invention will vary depending, for example, on the
particular rAAV, the mode of administration, the treatment
goal, the individual, and the cell type(s) being targeted, and
may be determined by methods standard in the art. Titers of
rAAV may range from about 1x10°, about 1x107, about
1x108, about 1x10°, about 1x10'°, about 1x10'!, about
1x10"2, about 1x10'® to about 1x10'* or more DNase
resistant particles (DRP) per ml. Dosages may also be
expressed in units of viral genomes (vg).
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[0071] Methods of transducing a target cell with rAAV, in
vivo or in vitro, are contemplated by the invention. The in
vivo methods comprise the step of administering an effective
dose, or effective multiple doses, of a composition compris-
ing a rAAV of the invention to an animal (including a human
being) in need thereof. If the dose is administered prior to
development of a disorder/disease, the administration is
prophylactic. If the dose is administered after the develop-
ment of a disorder/disease, the administration is therapeutic.
In embodiments of the invention, an effective dose is a dose
that alleviates (eliminates or reduces) at least one symptom
associated with the disorder/disease state being treated, that
slows or prevents progression to a disorder/disease state,
that slows or prevents progression of a disorder/disease
state, that diminishes the extent of disease, that results in
remission (partial or total) of disease, and/or that prolongs
survival. An example of a disease contemplated for preven-
tion or treatment with methods of the invention is muscular
dystrophy, such as limb-girdle muscular dystrophy

[0072] Combination therapies are also contemplated by
the invention. Combination as used herein includes both
simultaneous treatment or sequential treatments. Combina-
tions of methods of the invention with standard medical
treatments (e.g., corticosteroids) are specifically contem-
plated, as are combinations with novel therapies.

[0073] A therapeutically effective amount of the rAAV
vector is a dose of rAAV ranging from about lel3 vg/kg to
about 5el4 vg/kg, or about lel3 vg/kg to about 2e13 vg/kg,
or about lel3 vg/kg to about 3el3 vg/kg, or about lel3
vg/kg to about 4el3 vg/kg, or about lel3 vg/kg to about
Sel3 vg/kg, or about 1el3 vg/kg to about 6el3 vg/kg, or
about lel3 vg/kg to about 7el3 vg/kg, or about 1el3 vg/kg
to about 8el3 vg/kg, or about lel3 vg/kg to about 9el3
vg/kg, or about lel3 vg/kg to about lel4 vg/kg, or about
lel3 vg/kg to about 2e14 vg/kg, or 1e13 vg/kg to about 3e14
vg/kg, or about 1lel3 to about 4el4 vg/kg, or about 3el3
vg/kg to about 4el3 vg/kg, or about 3el3 vg/kg to about
Sel3 vg/kg, or about 3el3 vg/kg to about 6el3 vg/kg, or
about 3el3 vg/kg to about 7el3 vg/kg, or about 3el13 vg/kg
to about 8el3 vg/kg, or about 3el3 vg/kg to about 9el3
vg/kg, or about 3el3 vg/kg to about lel4 vg/kg, or about
3el3 vg/kg to about 2e14 vg/kg, or 3el3 vg/kg to about 3el4
vg/kg, or about 3el3 to about 4el4 vg/kg, or about 3el3
vg/kg to about 5el4 vg/kg, or about 5el3 vg/kg to about
6el3 vg/kg, or about 5el3 vg/kg to about 7el3 vg/kg, or
about 5Sel3 vg/kg to about 8el3 vg/kg, or about 5e13 vg/kg
to about 9el13 vg/kg, or about 5el13 vg/kg to about leld
vg/kg, or about 5el3 vg/kg to about 2el4 vg/kg, or Sel3
vg/kg to about 3el4 vg/kg, or about 5el3 to about 4el4
vg/kg, or about Sel13 vg/kg to about Sel4 vg/kg, or about
lel4 vg/kg to about 2e14 vg/kg, or 1el4 vg/kg to about 3e14
vg/kg, or about lel4 to about 4el4 vg/kg, or about leld
vg/kg to about Sel4 vg/kg. The invention also comprises
compositions comprising these ranges of rAAV vector.
[0074] For example, a therapeutically effective amount of
rAAV vector is a dose of lel3 vg/kg, about 2el3 vg/kg,
about 3el3 vg/kg, about 4el3 vg/kg, about 5el3 vg/kg,
about 6e13 vg/kg, about 7el3 vg/kg, about 8el3 vg/kg,
about 9e13 vg/kg, about leld vg/kg, about 2el4 vg/kg,
about 3el4 vg/kg, about 4el4 vg/kg and Sel4 vg/kg. The
invention also comprises compositions comprising these
doses of rAAV vector.

[0075] Administration of an effective dose of the compo-
sitions may be by routes standard in the art including, but not
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limited to, intramuscular, parenteral, intravenous, oral, buc-
cal, nasal, pulmonary, intracranial, intraosseous, intraocular,
rectal, or vaginal. Route(s) of administration and serotype(s)
of AAV components of the rAAV (in particular, the AAV
ITRs and capsid protein) of the invention may be chosen
and/or matched by those skilled in the art taking into account
the infection and/or disease state being treated and the target
cells/tissue(s) that are to express the [-sarcoglycan.

[0076] The invention provides for local administration and
systemic administration of an effective dose of rAAV and
compositions of the invention. For example, systemic
administration is administration into the circulatory system
so that the entire body is affected. Systemic administration
includes enteral administration such as absorption through
the gastrointestinal tract and parental administration through
injection, infusion or implantation.

[0077] In particular, actual administration of rAAV of the
present invention may be accomplished by using any physi-
cal method that will transport the rAAV recombinant vector
into the target tissue of an animal. Administration according
to the invention includes, but is not limited to, injection into
muscle, the bloodstream and/or directly into the liver. Sim-
ply resuspending a rAAV in phosphate buffered saline has
been demonstrated to be sufficient to provide a vehicle
useful for muscle tissue expression, and there are no known
restrictions on the carriers or other components that can be
co-administered with the rAAV (although compositions that
degrade DNA should be avoided in the normal manner with
rAAV). Capsid proteins of a rAAV may be modified so that
the rAAV is targeted to a particular target tissue of interest
such as muscle. See, for example, WO 02/053703, the
disclosure of which is incorporated by reference herein.
Pharmaceutical compositions can be prepared as injectable
formulations or as topical formulations to be delivered to the
muscles by transdermal transport. Numerous formulations
for both intramuscular injection and transdermal transport
have been previously developed and can be used in the
practice of the invention. The rAAV can be used with any
pharmaceutically acceptable carrier for ease of administra-
tion and handling.

[0078] For purposes of intramuscular injection, solutions
in an adjuvant such as sesame or peanut oil or in aqueous
propylene glycol can be employed, as well as sterile aqueous
solutions. Such aqueous solutions can be buffered, if desired,
and the liquid diluent first rendered isotonic with saline or
glucose. Solutions of rAAV as a free acid (DNA contains
acidic phosphate groups) or a pharmacologically acceptable
salt can be prepared in water suitably mixed with a surfac-
tant such as hydroxpropylcellulose. A dispersion of rAAV
can also be prepared in glycerol, liquid polyethylene glycols
and mixtures thereof and in oils. Under ordinary conditions
of storage and use, these preparations contain a preservative
to prevent the growth of microorganisms. In this connection,
the sterile aqueous media employed are all readily obtain-
able by standard techniques well-known to those skilled in
the art.

[0079] The pharmaceutical forms suitable for injectable
use include sterile aqueous solutions or dispersions and
sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In all cases the form must
be sterile and must be fluid to the extent that easy syring-
ability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the
contaminating actions of microorganisms such as bacteria
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and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, liquid polyethylene glycol and
the like), suitable mixtures thereof, and vegetable oils. The
proper fluidity can be maintained, for example, by the use of
a coating such as lecithin, by the maintenance of the required
particle size in the case of a dispersion and by the use of
surfactants. The prevention of the action of microorganisms
can be brought about by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic
acid, thimerosal and the like. In many cases it will be
preferable to include isotonic agents, for example, sugars or
sodium chloride. Prolonged absorption of the injectable
compositions can be brought about by use of agents delaying
absorption, for example, aluminum monostearate and gela-
tin.

[0080] Sterile injectable solutions are prepared by incor-
porating rAAV in the required amount in the appropriate
solvent with various other ingredients enumerated above, as
required, followed by filter sterilization. Generally, disper-
sions are prepared by incorporating the sterilized active
ingredient into a sterile vehicle which contains the basic
dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for
the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum drying and the freeze
drying technique that yield a powder of the active ingredient
plus any additional desired ingredient from the previously
sterile-filtered solution thereof.

[0081] Transduction with rAAV may also be carried out in
vitro. In one embodiment, desired target muscle cells are
removed from the subject, transduced with rAAV and rein-
troduced into the subject. Alternatively, syngeneic or xeno-
geneic muscle cells can be used where those cells will not
generate an inappropriate immune response in the subject.
[0082] Suitable methods for the transduction and reintro-
duction of transduced cells into a subject are known in the
art. In one embodiment, cells can be transduced in vitro by
combining rAAV with muscle cells, e.g., in appropriate
media, and screening for those cells harboring the DNA of
interest using conventional techniques such as Southern
blots and/or PCR, or by using selectable markers. Trans-
duced cells can then be formulated into pharmaceutical
compositions, and the composition introduced into the sub-
ject by various techniques, such as by intramuscular, intra-
venous, subcutaneous and intraperitoneal injection, or by
injection into smooth and cardiac muscle, using e.g., a
catheter.

[0083] Transduction of cells with rAAV of the invention
results in sustained expression of -sarcoglycan. The present
invention thus provides methods of administering/delivering
rAAV which express -sarcoglycan to a mammalian subject,
preferably a human being. These methods include transduc-
ing tissues (including, but not limited to, tissues such as
muscle, organs such as liver and brain, and glands such as
salivary glands) with one or more rAAV of the present
invention. Transduction may be carried out with gene cas-
settes comprising tissue specific control elements. For
example, one embodiment of the invention provides meth-
ods of transducing muscle cells and muscle tissues directed
by muscle specific control elements, including, but not
limited to, those derived from the actin and myosin gene
families, such as from the myoD gene family [See Weintraub
et al., Science, 251: 761-766 (1991)], the myocyte-specific
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enhancer binding factor MEF-2 [Cserjesi and Olson, Mo/
Cell Biol 11: 4854-4862 (1991)], control elements derived
from the human skeletal actin gene [Muscat et al., Mol Cell
Biol, 7: 4089-4099 (1987)], the cardiac actin gene, muscle
creatine kinase sequence elements [See Johnson et al., Mo/
Cell Biol, 9:3393-3399 (1989)] and the murine creatine
kinase enhancer (mCK) element, control elements derived
from the skeletal fast-twitch troponin C gene, the slow-
twitch cardiac troponin C gene and the slow-twitch troponin
1 gene: hypoxia-inducible nuclear factors (Semenza et al.,
Proc Natl Acad Sci USA, 88: 5680-5684 (1991)), steroid-
inducible elements and promoters including the glucocorti-
coid response element (GRE) (See Mader and White, Proc.
Natl. Acad. Sci. USA 90: 5603-5607 (1993)), and other
control elements.

[0084] Muscle tissue is an attractive target for in vivo
DNA delivery, because it is not a vital organ and is easy to
access. The invention contemplates sustained expression of
miRNAs from transduced myofibers.

[0085] By “muscle cell” or “muscle tissue” is meant a cell
or group of cells derived from muscle of any kind (for
example, skeletal muscle and smooth muscle, e.g. from the
digestive tract, urinary bladder, blood vessels or cardiac
tissue). Such muscle cells may be differentiated or undiffer-
entiated, such as myoblasts, myocytes, myotubes, cardio-
myocytes and cardiomyoblasts.

[0086] The term “transduction” is used to refer to the
administration/delivery of a polynucleotide of interest (e.g.,
a polynucleotide sequence encoding f-sarcoglycan) to a
recipient cell either in vivo or in vitro, via a replication-
deficient rAAV described resulting in expression of [3-sar-
coglycan by the recipient cell.

[0087] Thus, also described herein are methods of admin-
istering an effective dose (or doses, administered essentially
simultaneously or doses given at intervals) of rAAV that
encode f-sarcoglycan to a mammalian subject in need
thereof.

[0088] All publications and patents mentioned herein are
hereby incorporated by reference in their entirety as if each
individual publication or patent was specifically and indi-
vidually indicated to be incorporated by reference. In case of
conflict, the present application, including any definitions
herein, will control.

[0089] The invention is further described in the following
Examples, which do not limit the scope of the invention
described in the claims.

EXAMPLES

Materials and Methods

[0090] Animal models—All procedures were approved by
The Research Institute at Nationwide Children’s Hospital
Institutional Animal Care and Use Committee (protocol
AR12-00040). B6.129-Sgch™!&cam/17 heterozygous mice
were purchased from the Jackson Laboratory (Bar Harbor,
Me., USA; Strain #006832). Sgcb™'~ mice were generated
by breeding heterozygous mice. KO mice were bred and
maintained as homozygous animals in standardized condi-
tions in the Animal Resources Core at the Research Institute
at Nationwide Children’s Hospital. Mice were maintained
on Teklad Global Rodent Diet (3.8z5 fiber, 18.8% protein,
5% fat chow) with a 12:12-h dark:light cycle. Identification
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of SGCB™~ mice was performed by genotyping using PCR.
All animals were housed in standard mouse cages with food
and water ad libitum.

[0091] Beta-sarcoglycan gene construction. The full-
length human beta-sarcoglycan cDNA (GenBank Accession
No. NM_0034994.3) was codon optimized and synthesized
by GenScript Inc, Piscataway, N.J., USA. Codon optimiza-
tion through GenScript uses an algorithm that takes into
account parameters that include transcription, mRNA pro-
cessing and stability, translation and protein folding to
design a cDNA sequence that results in maximum expres-
sion in muscle tissue (www.genscript.com).

[0092] For the pAAV.IMCK hSGCB construct, the cDNA
was then cloned into a plasmid containing AAV2 ITRs and
the cassette included a consensus Kozak sequence
(CCACC), an SV40 chimeric intron and a synthetic poly-
adenylation site (53 bp). The recombinant tMCK promoter
was a gift from Dr Xiao Xiao (University of North Caro-
lina). It is a modification of the previously described CK6
promoter27 and includes a modification in the enhancer
upstream of the promoter region containing transcription
factor binding sites. The enhancer is composed of two
E-boxes (right and left). The tMCK promoter modification
includes a mutation converting the left E-box to a right
E-box (2R modification) and a 6-bp insertion (S5 modifi-
cation). The pAAVAMCK hSGCB vector was constructed by
ligation of 1040 bp Kpnl/Xbal fragment from pUC57-BSG
(Genscript Inc.) into the Kpnl/Xbal sites of pAAV. tIMCK.
hSGCA.26

[0093] The pAAV.MHCK7hSGCB vector was con-
structed by removing the tMCK promoter and SV40 chime-
ric intron with Notl/Kpnl sites and inserting a PCR ampli-
fied fragment containing the MHCK?7 promoter and identical
SV40 chimeric intron with Notl/Kpnl sites. MHCK?7 is an
MCK based promoter which utilizes a 206-bp enhancer
taken from ~1.2 kb 5' of the transcription start site within the
endogenous muscle creatine kinase gene with a proximal
promoter (enh358MCK, 584-bp)>'2. The MHCK7 promoter
itself contains this modified CK7 cassette from the MCK
family of genes ligated to a 188-bp a-MyHC (a-myosin
heavy chain) enhancer 5' of the CK portion to enhance
cardiac expression'. The creatine kinase portion of the
promoter (CK) is 96% identical between tMCK and
MHCK?7. Finally, the pAAVMHCK7.hSGCB vector was
constructed by ligation of the 960 bp Notl/Kpnl MHCK7+
Intron fragment from pAAV.MHCK7.DYSF5'DV44 into the
Notl/Kpnl sites of pAAVAIMCK . hSGCB (Pozgai et al., Gene
Ther. 23: 57-66, 2016)

[0094] rAAV production. A modified cross-packaging
approach, previously reported by Rodino-Klapac et al. (J.
Trans. Med. 5:45, 2007), was used to produce the rAAV
vector. Here, a triple transfection method with CaPO, pre-
cipitation in HEK293 cells allows for AAV2 ITRs to be
packaged into a different AAV capsid serotype. (28,29) The
production plasmids were (i) pAAVIMCKhSGCB or
PAAV.MHCK7.hSGCB, (ii) rep2-caprh.74 modified AAV
helper plasmids encoding cap serotype 8-like isolate rh.74
and (iii) an adenovirus type 5 helper plasmid (pAdhelper)
expressing adenovirus E2A, E4 ORF6 and VA VIl RNA
genes. Vectors were purified and encapsidated vg titer (uti-
lizing a Prism 7500 Tagman detector system; PE Applied
Biosystems, Carlsbad, Calif., USA) was determined as pre-
viously described. 30 The primer and fluorescent probe
targeted the tMCK promoter and were as follows: tMCK
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forward primer, 5'-ACC CGA GAT GCC TGG TTA TAA
TT-3' (SEQ ID NO: 10); tMCK reverse primer, 5'-TCC ATG
GTG TAC AGA GCC TAA GAC-3' (SEQ ID NO: 11); and
tMCK probe, 5'-FAM-CTG CTG CCT GAG CCT GAG
CGG TTA C-TAMRA-3' (SEQ ID NO: 12). The primer and
fluorescent probe targeted the MHCK?7 promoter and were
as follows: MHCK?7 forward primer, 5'-CCA ACA CCT
GCT GCC TCT AAA-3' (SEQ ID NO: 16); MHCK?7 reverse
primer, 5'-GTC CCC CAC AGC CTT GTT C-3' (SEQ ID
NO: 17); and MHCK?7 probe, 5'-FAM-TGG ATC CCC-Zen-
TGC ATG CGA AGA TC-31ABKFQ-3' (SEQ ID NO: 18).

[0095] Intramuscular Gene delivery. For intramuscular
injection, mice were anesthetized and maintained under
1-4% isofturane (in O%). The anterior compartment of the
lower left limb of 4- to 6-week-old SGCB™~ mice was
cleaned with 95% EtOH then the transverse abdominal (TA)
muscle was injected with 3x10'! vg of scAAVrh.74.tMCK.
hSGCB diluted in saline in a 30-ul volume using a 30 gauge
ultra-fine insulin syringe. The contralateral muscle was left
untreated to serve as a control. TA muscle from both limbs
was removed at either 6 (n=9, 4 male, 5 female) or 12 (n=6,
4 male, 2 female) weeks post injection to assess gene
transfer efficiency. In experiments involving 6-month-old
mice (n=5, 5 male), treatment consisted of intramuscular
injection into the left TA with 3x10" vg scAAVrh.74 tMCK.
hSCGB. For isolated limb perfusion experiments, sgcb™™
mice were perfused at 4 (n=5, 5 male) and 5 (n=4, 2 male,
2 female) weeks of age with 5x10' vg of scAAVrh.74.
tMCK.hSCBB by injection into the femoral artery as pre-
viously described.19 Animals were euthanized and muscles
were analyzed 8 weeks post gene transfer.

[0096] Systemic Gene Delivery: Systemic delivery was
achieved through injection of vector into the tail vein of
sgcb™™ mice. Mice were injected with 1x10'? vg of
scAAVrh.74 MHCK7.hSGCB diluted in saline in a 212 pl.
volume using a 30 gauge ultra-fine insulin syringe. Mice
were restrained in a holding tube placing the tail back
through tail slot to warm it up in order dilate the blood
vessels for ease of injection. After locating the artery down
the center line of the tail, the injection was performed in one
of the purple/blue lateral veins that run alongside the tail
artery. All treated mice were injected at 4-5 weeks of age and
euthanized 6-months post-injection.

[0097] EDL force generation and protection from eccen-
tric contractions. A physiological analysis of the EDL
muscles from mice treated by isolated perfusion (ILP) was
performed. The EDL muscle from both lower hind limbs of
treated mice was dissected at the tendons and subjected to a
physiology protocol to assess function that was previously
described by our laboratory and others (19,31) with some
adaptations. During the eccentric contraction protocol, a 5%
stretch-re-lengthening procedure executed between 500 and
700 ms (5% stretch over 100 ms, followed by return to
optimal length in 100 ms). Following the tetanus and eccen-
tric contraction protocol, the muscle was removed, wet-
weighed, mounted on chuck using gum tragacanth, and then
frozen in methyl-butane cooled in liquid nitrogen.

[0098] TA force generation and protection from eccentric
contractions. A protocol to assess functional outcomes in the
TA muscle was performed on muscles extracted from mice
treated by IM injection. This TA procedure is outlined in
several previous studies.(32,33) After the eccentric contrac-
tions, the mice were then euthanized and the TA muscle was
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dissected out, weighed and frozen for analysis. Analysis of
the data was performed blindly but not randomly.

[0099] Immunofluorescence. Cryostat sections (12 pm)
were incubated with a monoclonal human beta-sarcoglycan
primary antibody (Leica Biosystems, New Castle, UK; Cat.
No. NCL-L-b-SARC) at a dilution of 1:50 in a block buffer
(1xTBS, 10% Goat Serum, 0.1% Tween) for 1 h at room
temperature in a wet chamber. Sections were then washed
with TBS three times, each for 20 min and re-blocked for 30
min. AlexaFluor 594 conjugated goat anti-mouse secondary
IgG1 antibody (Life Technologies, Grand Island, N.Y.,
USA; Cat. No. A21125) was applied at a 1:250 dilution for
45 min. Sections were washed in TBS three times for 20 min
and mounted with Vectashield mounting medium (Vector
Laboratories, Burlingame, Calif., USA). Four random x20
images covering the four different quadrants of the muscle
section were taken using a Zeiss AxioCam MRCS camera.
Percentage of fibers positive for beta-sarcoglycan staining
(450% of muscle membrane staining intensity) was deter-
mined for each image and averaged for each muscle.
[0100] Western blot analysis. Tissue sections from the left
treated TA muscle and the right contralateral TA muscle
(20-20 micron thick) were collected into a micro-centrifuge
and homogenized with 100 pl homogenization buffer (125
mM Tris-HCI, 4% SDS, 4 M urea) in the presence of 1
protease inhibitor cocktail tablet (Roche, Indianapolis, Ind.,
USA). After homogenization, the samples were centrifuged
at 10,000 rpm for 10 min at 4° C. Protein was quantified on
NanoDrop (Thermo Scientific, Waltham, Mass., USA). Pro-
tein samples (20 ng) were electrophoresed on a 3-8%
polyacrylamide Tris-acetate gel (NuPage, Invitrogen, Carls-
bad, Calif., USA) for 1 h 5 min at 150 V and then transferred
onto a PVDF membrane (Amersham Biosciences, Piscat-
away, N.J., USA) for 1 h 15 min at 35 V. The membrane was
blocked in 5% non-fat dry milk in TBST for 1 h, and then
incubated with a rabbit polyclonal human beta-sarcoglycan
antibody (Novus Biologicals, Littleton, Colo., USA; Cat.
No. NBP-1-90300 1:100 or 1:250 dilution) and a 1:5000 of
a monoclonal mouse gamma-tubulin antibody (Sigma-Al-
drich, St Louis, Mo., USA; Cat. No. T6557) or a 1:5000
dilution of a mouse monoclonal mouse a-actinin antibody
(Sigma-Aldrich, St Louis, Mo., USA; Cat. No. A7811). A
1:500 dilution of a rabbit polyclonal mouse cardiac troponin
I antibody (Abcam, Cambridge, Mass.; Cat. No. ab47003)
and a 1:1000 dilution of a rabbit monoclonal mouse vinculin
antibody (Invitrogen, Frederick, Md.; Cat. No. 70062) were
used. Anti-mouse (Millipore, Billerica, Mass., USA; Cat.
No. AP308P) and anti-rabbit (Life Technologies; Cat. No.
656120) secondary-HRP antibodies were used for ECL
immunodetection.

[0101] EBD assay. A dose of 3x10'° vg of scAAVrh.74.
tMCK . hSGCB was delivered to 4-week-old sgch™ mice to
the left TA through an intramuscular injection. Four weeks
post injection, mice were injected in the intraperitoneal
cavity on the right side at 5 ul/g body weight of a filter
sterilized 10 mg/ml EBD in 1x phosphate buffer solution.
Mice were then killed 24 h post injection and tissues were
harvested and sectioned. Sections were fixed in cold acetone
for 10 min and then the immunofluorescence protocol was
used to stain for human beta-sarcoglycan.

[0102] Morphometric analysis. Muscle fiber diameters
and percentage of myofibers with centrally located nuclei
were determined from TA and GAS muscles stained with
hematoxylin and eosin (H&E). Four random x20 images per
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section per animal were taken with a Zeiss AxioCam MRCS
camera. Centrally nucleated fibers were quantified using the
NIH Imagel software (Bethesda, Md., USA). Fiber diam-
eters were measured as the shortest diameter through the
muscle fiber using Zeiss Axiovision LE4 software (Carl
Zeiss Microscopy, Munich, Germany).

[0103] Biodistribution qPCR analysis. Tagman quantita-
tive PCR was performed to quantify the number of vector
genome copies present in targeted and untargeted contral-
ateral muscle as well as non-targeted organs as previously
described.(18,30) A vector-specific primer probe set was
used to amplify a sequence of the intronic region directly
downstream from the tMCK promoter that is unique and
located within the scAAVrh.74.tMCK.hSGCB transgene
cassette. The following primers and probe were used in this
study: tMCK and MHCK?7 intron Forward Primer 5'-GTG
AGG CAC TGG GCA GGT AA-3' (SEQ ID NO: 13); tMCK
and MHCK?7 intron Reverse Primer 5'-ACC TGT GGA
GAG AAA GGC AAA G-3' (SEQ ID NO: 14); and tMCK
and MHCK?7 intron Probe 5'-6FAM-ATC AAG GTT ACA
AGA CAG-GTT TAA GGA GAC CAATAG AAA-tamra-3'
(IDT) (SEQ ID NO: 15). Copy number is reported as vector
genomes per microgram of genomic DNA.

[0104] Immunohistochemistry for immune cell staining.
Immunohistochemistry was used to identify immune cells.
Frozen tissue sections on Fisherbrand Superfrost charged
microscope slides were incubated with rat anti-mouse mono-
clonal antibodies using an anti-rat Ig HRP Detection kit (BD
Pharmagen, San Jose, Calif., USA; Cat: 551013): CD3 (Cat:
555273), CD4 (Cat: 550280), CDS (Cat: 550281) and Mac-3
for macrophages (Cat: 550292). All primary antibodies were
diluted at 1:20 with phosphate-buffered saline. Positive
immune staining was visualized using DAB chromagen
diluted in DAB buffer with Streptavidin-HRP peroxidase
ectastain ABC Peroxidase. Ten random x40 images were
taken for each muscle and each corresponding stain. The
number of mono-nuclear cells was counted and expressed as
total number per mm?>.

[0105] Picrosirius red stain and collagen quantification.
Frozen sections placed onto Fisherbrand Superfrost charged
microscope slides were fixed in 10% Neutral Buffered
Formalin for 5 min, then rinsed in distilled water. Slides
were then incubated in Solution A (Phosphomolydbic acid)
from the Picrosirius Red Stain Kit (Polysciences Inc., War-
rington, Pa., USA; Catalog #24901) for 2 min. After a
thorough rinse in distilled water, the slides were placed in
Solution B (Direct Red 80/2 4 6-Trinitrophenol) for 15 min,
followed by an additional rinse in distilled water and then
incubation in Solution C (0.1 N hydrochloride acid) for 2
min. Slides were counterstained for 2.5 min with 1% Fast
Green in 1% Glacial Acetic Acid from Poly Scientific
(Catalog #S2114) using a 1:10 dilution in DI water. Finally,
the slides were rinsed again in distilled water, dehydrated in
graded ethanol, cleared in xylene and mounted with cover-
slips using Cytoseal 60 media from Thermo-Scientific
(Waltham, Mass., USA; Cat #8310). Images were taken
using the AxioVision 4.9.1 software (Carl Zeiss Micros-
copy). For analysis of Sirius red staining and % collagen
quantification, the contrast between the red and the green
colors was enhanced using Adobe Photoshop. The color
deconvolution plugin in the Imagel software program was
selected and the RGB color deconvolution option was used.
The Red image includes all connective tissue from the Sirius
Red stain. The Green image includes all muscle from the



US 2022/0251156 Al

Fast Green counterstain. Only the Red image and the origi-
nal image were used. A threshold was then applied to the
images to obtain black and white images with areas positive
for collagen in black and negative areas in white. Using the
measure function, the area of collagen was calculated. The
total tissue area was then determined by converting the
originally image to ‘8-bit’ and adjusting the threshold to 254,
which will be one unit below completely saturating the
image. The total tissue area was then measured as done
previously and total area was recorded. The percentage of
collagen was then calculated by dividing the area of collagen
by the total tissue area. The mean percentage for each
individual was then calculated.

[0106] Diaphragm Tetanic Contraction for Functional
Assessment: Mice were euthanized and the diaphragm was
dissected with rib attachments and central tendon intact, and
placed in K-H buffer as previously described by Beastrom et
al. (Am. J. Pathol. 179: 2464-74, 2011), Rafael-Forney et al.
(Circulation 124: 582-8, 2011 and Moorwood e t al. (/.
Visualized Experiments 71:¢50036, [year?]) A 2-4 mm wide
section of diaphragm was isolated. Diaphragm strips were
tied firmly with braided surgical silk (6/0; Surgical Special-
ties, Reading, Pa.) at the central tendon, and sutured through
a portion of rib bone affixed to the distal end of the strip.
Each muscle was transferred to a water bath filled with
oxygenated K-H solution that was maintained at 37° C. The
muscles were aligned horizontally and tied directly between
a fixed pin and a dual-mode force transducer-servomotor
(305C; Aurora Scientific, Aurora, Ontario, Canada). Two
platinum plate electrodes were positioned in the organ bath
so as to flank the length of the muscle. The muscle was
stretched to optimal length for measurement of twitch con-
tractions, and then allowed to rest for 10 minutes before
initiation of the tetanic protocol. Once the muscle is stabi-
lized, the muscle is set to an optimal length of 1 g and is
subjected to a warm-up which consists of three 1 Hz
twitches every 30 seconds followed by three 150 Hz
twitches every minute. After a 3 min rest period, the dia-
phragm is stimulated at 20, 50, 80, 120, 150, 180 Hz,
allowing a 2 min rest period between each stimulus, each
with a duration of 250 ms to determine maximum tetanic
force. Muscle length and weight was measured. The force
was normalized for muscle weight and length.

[0107] Cardiac Magnetic Resonance Imaging: Cardiac
function was analyzed using a 9.4T horizontal-bore mag-
netic resonance imaging (MRI) system and mouse volume
coil (Bruker BioSpin, Billerica, Mass., USA). Mice were
anaesthetized with 2.5% isofluorane mixed with carbogen (1
L/min) for 3 minutes prior to placement on the imaging bed.
Upon placement of mice in imaging apparatus and initiation
of imaging, isoflurane/carbogen mixture was dropped to
1.5% for the remainder of the study. EKG and respiration
were monitored using an MRI-compatible system (Model
1025, Small Animal Instruments, Stonybrook, N.Y., USA).
Gated cardiac short-axis FLASH cine T1-weighted images
were acquired over the entire left ventricle (LV) of the
mouse (TR=8 ms; TE=2.8 ms; [~180; matrix=256x256;
FOV=3.0x3.0 cm; slice thickness=1 mm, nslices=7, up to 20
frames per cardiac cycle). For image analysis, the end-
diastolic and end-systolic timepoint of each short-axis image
were identified and the endocardial and epicardial cardiac
boundaries were manually traced. The papillary muscles
were excluded from the endocardial boundary of the LV.
From these measured areas, end-diastolic volume (EDV),
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end-systolic volume (ESV), stroke volume (SV), cardiac
output (CO), ejection fraction (EF), and average LV mass
were calculated.

[0108] Immunofluorescence: Cryostat sections (12 pm)
from the tibialis anterior (TA), gastrocnemius (GAS), quad-
riceps (QUAD), psoas major (PSOAS), gluteal (GLUT),
triceps (TRI), and diaphragm muscles along with the heart
were subjected to immunofluorescence staining for the
hSGCB transgene via our previously used protocol as
described in Pozgai et al., Gene Therap. 23: 57-66, 2016.
Sections were incubated with a mouse monoclonal human
beta-sarcoglycan primary antibody (Leica Biosystems, New
Castle, UK; Cat. No. NCL-L-b-SARC) at a dilution of
1:100. Four random 20x images covering the four different
quadrants of the muscle section were taken using a Zeiss
AxioCam MRCS camera. Percentage of fibers positive for
beta-sarcoglycan staining (>50% of muscle membrane stain-
ing) was determined for each image and averaged for each
muscle.

[0109] Morphometric Analysis: Hematoxylin and eosin
(H&E) staining was performed on 12 pm thick cryosections
of muscle from 7 month old C57BL6 WT mice (n=5),
sgecb™™ mice (n=5), and rAAV.MHCK7hSGCB 6 month
treated sgcb™'~ mice (n=5) for analysis. The percentage of
myofibers with central nuclei was determined in the TA,
GAS, QUAD, PSOAS, GLUT, TRI, and diaphragm
muscles. Additionally, muscle fiber diameters were mea-
sured in the GAS, PSOAS, and TM muscles. Four random
20x images per muscle per animal were taken with a Zeiss
AxioCam MRCS camera. Centrally nucleated fibers were
quantified using the NIH Image] software and fiber diam-
eters were measured using Zeiss Axiovision LE4 software.
[0110] X-Ray Images: Whole body x-rays were performed
on anesthetized 7 month old C57BL6 WT mice (n=6),
untreated sgcb™™ mice (1=6), and rAAV.MHCK7.hSGCB 6
month treated sgcb™~ mice (n=6) using the Faxitron MX-20
digital x-ray system at 26 kV for 3 secs (Faxitron X-Ray
Corp, Lincolnshire, USA).

[0111] Laser Monitoring of Open Field Cage Activity: An
open-field activity chamber was used to determine overall
activity of experimental mice. Mice at 7 months old from the
C57BL6 WT (n=6) and untreated sgcb™~ (n=6) control
groups along with the rAAVMHCK7hSGCB 6 month
treated sgch™~ mice (n=6) were subjected to analysis fol-
lowing a previously described protocol (Kobayashi et al.,
Nature 456: 511-5, 2008, Beastrom et al., Am. J. Pahol. 179:
2464-74, 2011) with several modifications. All mice were
tested at the same time of day in the early morning near then
end of the night cycle when mice are most active. All mice
were tested in an isolated room, under dim light and with the
same handler each time. To reduce anxiety and keep behav-
ioral variables at a minimum, which could potentially affect
normal activity of the mice and consequently the results of
the assay, the mice tested were not individually housed
(Voikar et al., Genes Brain Behav. 4: 240-52, 2005). Mice
were activity monitored using the Photobeam Activity Sys-
tem (San Diego Instruments, San Diego, Calif.). This system
uses a grid of invisible infrared light beams that traverse the
animal chamber front to back and left to right to monitor the
position and movement of the mouse within an X-Y-Z plane.
Activity was recorded for 1 hour cycles at S-minute inter-
vals. Mice were acclimatized to the activity test room for an
initial 1 hour session several days prior to beginning data
acquisition. Mice were tested in individual chambers in sets
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of 4. Testing equipment was cleaned between each use to
reduce mouse reactionary behavioral variables that could
alter our results. Data collected was converted to a Microsoft
Excel worksheet and all calculations were done within the
Excel program. Individual beam breaks for movement in the
X and Y planes were added up for each mouse to represent
total ambulation, and beam breaks in the Z plane were added
up to obtain vertical activity within the 1 hour time interval.

Example 1

scAAVrh.74 tMCK.hSGCB Construction and Vector
Potency

[0112] The transgene cassette containing a codon-opti-
mized full-length human SCGB ¢DNA as shown in FIG. 1A
was constructed. The cassette includes a consensus Kozak
sequence (CCACC), an SV40 chimeric intron, a synthetic
polyadenylation site, and the muscle-specific tMCK pro-
moter (20) used to drive expression of the cassette. The
cassette was packaged into a self-complementary (sc)
AAVrh.74 vector that is 93% homologous to AAVS. AAVrh.
74 has been shown in mice and non-human primates to be
safe and effective, particularly in crossing the vascular
barrier when delivered to muscle through the circulation.(17,
18, 21) Vector potency was established by intramuscular
injection into the left TA muscle in the Sgcb-null mouse.
Delivery of 3x10'° vg transduced 70.5£2.5% of muscle
fibers and 1x10"! vg transduced 89.0+4.0% of muscle fibers,
3 weeks post gene transfer.

Example 2

Intramuscular Delivery of
scAAVrh.74 tMCK.hSGCB

[0113] Following vector potency, studies were extended to
analyze the efficacy of therapy 6 and 12 weeks post gene
transfer. As a result of the high levels of expression follow-
ing the short 3-week potency study, a dose of 3x10'° vg total
was selected for subsequent studies to use the lowest effec-
tive dose. Five-week-old sgchb™~ mice were treated with
3x10"° vg of scAAVrh.74 tMCK hSCGB intramuscularly to
the left transverse abdominal (TA) and [-sarcoglycan
expression was demonstrated using immunofluorescence in
88.4x£4.2% of muscle fibers 6 weeks post injection (n=9),
and in 76.5+5.8% of muscle fibers 12 weeks post injection
(n=6), and expression was confirmed via western blotting
(FIG. 1B). p-Sarcoglycan expression was accompanied by
restoration of components of the dystrophin-associated pro-
tein complex (a-sarcoglycan and dystrophin) (FIG. 1C).
Using Evans blue dye (EBD) as a marker for membrane
permeability (22, 23) we found all fibers expressing exog-
enous f-sarcoglycan were protected from leakage and EBD
inclusion (FIG. 1D). Muscle from sgch™™ mice exhibit a
severe muscular dystrophy with centrally nucleated fibers,
frequent muscle fiber necrosis, fibrotic tissue and significant
fiber size variability represented by both atrophic and hyper-
trophic fibers. (3, 4) As seen in FIG. 2A, hematoxylin &
eosin staining shows an overall improvement in the dystro-
phic phenotype of diseased muscle including a reduction in
central nuclei (sgcb™ untreated-76.8+2.3% vs AAVhSCGB
treated-38.86+3.5%; P<0.0001) (FIG. 2C). Normalization of
fiber size distribution, with an increase in the average fiber
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diameter following treatment was also observed (sgcbh™'~
untreated-32.6+0.31 um vs AAV.hSGCB treated-35.56+0.22
pum; P<0.0001) (FIG. 2D).

[0114] The histopathological hallmark of the scgb™~
mouse is fibrosis characterized by widespread replacement
of muscle tissue primarily with collagens along with other
extracellular matrix components such as fibronectin, elastin,
laminin and decorin.(14) This replacement of muscle tissue
by connective tissue challenges the potential value of gene
replacement and may limit the degree of improvement. (24)
To test this, mice treated for 12 weeks were assayed for
reduction in fibrosis. The TA muscle was specifically
assessed since its inherent degree of fibrosis was established
in the KO model and because it represents a potential target
following vascular ILP gene delivery. Picrosirius red stain-
ing for collagen, types I and III, of TA muscles showed a
significant reduction (52.74%) in the amount of collagen
present within scAAVrh.74.tMCK.hSGCB-treated muscle
compared with untreated sgcb™~ mouse muscle (20.7x0.
57% vs 43.8423%, AAVhSGCB treated vs sgch™”
untreated, respectively; P<0.0001) (FIGS. 26 and e).
Untreated sgcb™~ muscle from 5-week-old mice at the age
of injection had 24.05+1.5% collagen deposition, indicating
there was a slight (14.0%) reduction in the amount of
collagen following the 12 weeks of treatment.

Example 3

Functional Correction in Skeletal Muscle Following
scAAVrh.74 tMCK hSGCB Gene Transfer

[0115] To determine whether hSGCB gene transfer can
improve muscle function, we assessed the functional prop-
erties of the TA muscle from sgch™~ mice treated with
scAAVrh.74 tMCK hSCGB. Following intramuscular deliv-
ery of 3x10'° vg of scAAVrh.74. tMCK.hSCGB to the TA of
4-week-old sgcb™~ mice, 6 weeks post treatment the TA
muscles were subjected to in situ force measurements (n=4).
Treated muscles were compared with untreated contralateral
muscles and those from C57BL/6 WT mice. scAAVrh.74.
tMCK.hSCGB-treated muscle showed significant improve-
ment in both absolute tetanic force and normalized specific
force (FIGS. 3A and B). Treated muscles had an average
absolute force of 1436.9+199.5 mN compared with 770.
9+118.3 mN for untreated sgcb™~ controls (P<0.01). Simi-
larly, treated TA muscles produced an average specific force
of 254.01+6.9 mN/mm?* and untreated muscles produced
124.2£13.9 mN/mm? of force (P<0.01). Finally, muscles
treated with scAAVrh.74tMCK.hSCGB showed greater
resistance to contraction-induced injury compared with the
untreated control muscles (FIG. 3C). Treated TA muscles
lost 34.0+£5.1% of force from that produced after the first
contraction whereas untreated diseased muscle lost 54.1+3.
8% (P<0.01) of force following the eccentric contraction
protocol. These data show that hNSGCB gene transfer does
provide a functional benefit to diseased muscle deficient for
[p-sarcoglycan.

Example 4

Treatment of Aged Muscle with
scAAVrh.74 tMCK .hSGCB

[0116] Studies of disease progression in this mouse model
of LGMD2E have shown that although the most severe
tissue remodeling in muscle occurs between 6 and 20 weeks,
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the histopathology of the muscle continues to worsen with
age, resembling the disease progression in patients.(3, 4, 14)
Consequently, to mimic a clinical setting where treatment
would occur at an older age with more advanced muscle
deterioration and endomysial fibrosis, we treated 6-month-
old sgcb™~ mice (n=5) intramuscularly in the TA with
3x10"° vg of scAAVrh.74 tMCK hSCGB. Following 12
weeks of treatment, at 9 months of age, 80.1x4.8% of
muscle fibers were transduced (FIG. 4A). Picrosirius red
stain for collagen types I and III showed a 42.2% reduction
in the amount of collagen present in treated mice compared
with untreated sgch™~ mouse muscle (AAVhSGCB treated-
20.0£0.80% vs sgch™~ untreated-34.6x1.4%, P<0.0001)
(FIGS. 4B and C). At the age of treatment, 6-month-old
sgcb™~ mice have 30.8+2.0% collagen deposition (n=4, 4
male); thus, these results indicate that scAAVrh.74.tMCK.
hSCGB treatment not only prevents, but also has the poten-
tial to reverse existing fibrosis.

Example 5

ILP of scAAVrh.74 tMCK hSGCB in sgcb-/- Mice

[0117] The ability to target multiple muscles in one limb
allows for a more clinically relevant delivery method for
translation to LGMD2E patients. Delivery of 5x10*! vg of
scAAVrh.74 tMCK.hSGCB by ILP in 4- to 6-week-old
sgcb™~ mice (n=9, 7 male, 2 female) was analyzed 2 months
post gene ftransfer. [-Sarcoglycan expression reached
91.8+4.7% of fibers in the gastrocnemius (GAS) muscle and
90.6£2.8% in TA (FIG. 5A). ILP delivery of scAAVrh.74.
tMCK.hSGCB resulted in significant protection from eccen-
tric contraction-induced injury (P<0.05), that was not dif-
ferent from WT, compared with untreated contralateral
muscles (FIG. 5C). Vascular delivery also restored muscle
histopathological parameters (FIG. 5B). Central nuclei were
decreased in the TA (sgcb™" untreated-76.9+2.8% vs AAV.
hSGCB treated-23.2+5.7%, P<0.001) and GAS (sgcb™~
untreated-78.2+2.4% vs AAV.hSGCB treated-16.8+6.6%,
P<0.001). Gene transfer also led to an increase in the
average fiber size in the TA (sgcb™" untreated-30.53+0.52
um vs AAV.hSGCB treated-41.9£0.46 um; P<0.0001) and
GAS (sgcb™~ untreated-38.9x0.37 um vs AAVhSGCB
treated-33.320.44 um; P<0.0001), with normalization of
fiber diameter distribution. a substantial decrease (~60%) in
the number of CD3 cells, CD4 cells and macrophages (Table
1) was observed.

TABLE 1

Immune response in scAAVrh.74.tMCK.hSGCB ILP-treated mice

Uninjected

Treated Left Untreated Right SGCB -/-

Cell type TA cells/mm? TA cells/mm? TA cells/mm?
CD3 15.6 £3.2 37.85 £ 6.2 29.8 = 1.7
CD4 209 4.7 58.1 =29 49.0 £ 0.8
CD8 82=x138 127 £ 2.4 155 £5.8
Macrophage 282 £5.0 75.2 £5.6 100.2 £ 5.9

Abbreviations: ANOVA analysis of variance; ILP, isolated-limb perfusion; SGCB, f-sar-
coglycan; TA, tibialis anterior.

Quantification of immune cells present in uninjected SGCB —/— mice, and scAAVrh.74.
tMCK.hSGCB treated and untreated muscle. Data shown are following ILP delivery of
virus and represent the mean number of cells/mm’ = s.e.m. n = 8 per group. A one-way
ANOVA used to compare values from the three different cohorts. Levels of immune cells
were decreased with a statistically significant difference (P < 0.01) between the treated left
TA and untreated right TA and/or the treated left TA and uninjected TA in all stains except
for CDS.
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[0118] Picrosirius red staining of TA and GAS muscles
also showed a significant reduction in the amount of colla-
gen compared with untreated sgcb™  muscle following
vascular delivery (FIG. 6a). Collagen levels in the TA were
reduced to 21.6+£1.3% in treated muscle compared with
40.2+1.5% in untreated sgcb™~ mice at the age of end point
(P<0.0001). As indicated previously, sgcb™~ mice at the age
of injection presented with 24.1+1.5% collagen in TA
muscle, indicating again a slight reduction (10.0%) in col-
lagen deposition following 8 weeks of treatment. Similarly,
staining of the GAS muscle showed that treated mice had
22.9£0.99% collagen compared with 37.9x1.3% in
untreated sgch™~ mice at the end point (P<0.0001). Quali-
tative PCR was performed to detect collagen transcript
levels in muscle, which correlate with the results of the
Sirius red staining. Taken together, these data show that
AAV-mediated delivery of human p-sarcoglycan reduces
muscle fibrosis, improves muscle function and reverses
dystrophic pathology of sgcb™~ diseased muscle.

Example 6

Safety and Biodistribution of
rAAVrh.74 tMCK . hSGCB

[0119] Initially, normal WT mice injected with 3x10,, vg
of scAAVrh.74 tMCK hSGCB intramuscularly into the TA
showed no signs of toxicity by H&E stain indicating no
adverse effects due to the virus. Following the ILP vascular
delivery of 5x10'' vg total dose of scAAVrh.74.tMCK.
hSGCB as described in the previous section, the safety was
assessed in a small group of mice in this cohort (n=4). First,
targeted muscles with significant gene expression were
analyzed, as well as off target organs including heart, lung,
liver, kidney, spleen, gonads and diaphragm histologically.
Paraffin sections were formally reviewed by a veterinary
pathologist and there was no evidence of toxicity in any
organ noted (data not shown). Protein expression and vector
biodistribution were also assessed in all of the above tissues
and organs with western blotting and qPCR, respectively.
Vector genome copies were detected in all organs tested;
however, no protein expression was detected in any sample
other than treated muscle (FIG. 7). Finally, an analysis of
wet weights of treated and untreated muscle shows no
significant difference or trend when comparing the average
weights from either cohort (data not shown). These data
provide evidence that the muscle-specific tMCK promoter
restricted expression to skeletal muscle and the vector is
non-toxic.

Example 7

Histological and Functional Deficits in the Heart
and Diaphragm of SGCB-/- Mice

[0120] WT and 7 month old SGCB-/- mice (n=6 per
strain) that were untreated were analyzed by cardiac MRI
and diaphragm physiology to look for deficits. Following
these analyses the animals were sacrificed and evaluated for
histopathology (FIG. 8). Trichrome staining showed exten-
sive fibrosis (red staining) in both the diaphragm (FIG. 8A)
and heart (FIG. 8C). This was accompanied by functional
deficits of specific force in the diaphragm (116.24 mN/mm?>
SGCB-/-vs. 236.67 mN/mm? WT, FIG. 8B) and significant
deficit in ejection fraction measured by MRI (WT, 78% vs.
SGCB-/- 65%, F1G. 8D).
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Example 8

scAAVrh.74 MHCK7 hSGCB Construction and
Vector Potency

[0121] The transgene cassette containing a codon-opti-
mized full-length human SCGB ¢DNA as shown in FIG. 9A
was constructed. The cassette includes a consensus Kozak
sequence (CCACC), an SV40 chimeric intron, a synthetic
polyadenylation site, and the muscle-specific MHCK7 used
to drive expression of the cassette. This is an MCK based
promoter which utilizes a 206-bp enhancer taken from ~1.2
kb 5' of the transcription start site within the endogenous
muscle creatine kinase gene with a proximal promoter
(enh358MCK, 584-bp)>'2. The cassette was packaged into
a self-complementary (sc) AAVrh.74 vector that is 93%
homologous to AAV8. AAVrh.74 has been shown in mice
and non-human primates to be safe and effective, particu-
larly in crossing the vascular barrier when delivered to
muscle through the circulation.(17, 18, 21) Vector potency
was established by intramuscular injection into the left TA
muscle in the Sgcb-null mouse. Delivery of 3x10%° vg
transduced >90% of muscle fibers 4 weeks post gene trans-
fer.

Example 9

Systemic Delivery of scAAV.MHCK7.hSGCB

[0122] We delivered vector through a tail vein injection to
14 SGCB-/- mice at a dose of 1x10" vg total dose (5x10*>
vg/kg) to assess transgene expression and efficacy of our
vector when delivered systemically at a long-term time point
of 6 months. Mice were injected at 4 weeks of age and a full
necropsy was performed at 6 months post-injection (1
mouse was taken down at 1 month and 2 mice were taken
down at 4 months as intermediate assessments for expres-
sion). All skeletal muscles discussed above along with the
diaphragm and heart were extracted for analysis. Organs
were also removed for toxicology and biodistribution analy-
sis. Immunofluorescence staining for human beta-sarcogly-
can was used to determine hSGCB transgene expression in
5 limb muscles, both left and right, in additional to the
diaphragm and heart of 6 of the KO mice given a systemic
injection of hRSGCB vector. These muscles included the TA,
gastrocnemius (GAS), quadriceps (QUAD), gluteal (GLUT)
(not shown), psoas major (PSOAS), and triceps (TRI) (FIG.
10). A qualitative analysis of heart tissue was also used to
assess the relative level of transgene expression in cardiac
muscle upon delivery.

[0123] Four 20x images were taken of each muscle and the
percent of hSGCB positive fibers was determined for each
image resulting in the average percent transduction for each
muscle from each mouse. The results shown in FIG. 10 and
FIG. 11 demonstrate =98% transduction in all muscles
analyzed including the diaphragm and heart. Mice deficient
for f-sarcoglycan were completely absent of the protein
when analyzed by immunofluorescence. The therapeutic
dose of 1x10'* vg total dose resulted in an average of
97.96+0.36% (+SEM) vector transduction across all skeletal
muscles including the diaphragm, and approximately 95%
or greater in cardiac muscle (data not shown).
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Example 10

Long-Term Systemic Delivery of
scAAVrh.74 MHCK7.hSGCB in SGCB™~ Mice

[0124] To build upon the results of the one-month potency
assay described in Example 9, longer-term (6-month dura-
tion) systemic delivery of the -sarcoglycan transgene cas-
sette to sgch™~ mice was investigated. Four-to-five week old
sgcb™™ mice were treated with 1x10'? vg total dose
scAAVrh.74 MHCK7.hSGCB intravenously in the tail vein
(n=5). Mice were necropsied 6 months post-injection and
hSGCB transgene expression was demonstrated using
immunofluorescence in six skeletal muscles, both left and
right, in addition to the diaphragm and heart of all treated
mice. Skeletal muscles analyzed included the TA, GAS,
QUAD, gluteal (GLUT), PSOAS, and TRI. Average hSGCB
expression resulting from systemic delivery in treated mice
was 98.13+0.31% (xSEM) across all skeletal muscles
including the diaphragm, with expression in the heart
exceeding >95%. Representative images are shown in FIG.
125b. The expression levels in each individual muscle type
averaged from all treated mice are shown in Table 2. Western
blotting in FIG. 12¢ confirms transgene expression in all
muscles. The expression values in Table 2 are presented for
various muscles as the average of left and right muscles from
systemically injected mice (n=5). Values indicated as
AVG=SEM. In addition, quantification of hSGCB transgene
expression in hearts from treated mice via western blotting
and densitometry indicate overexpression of hSGCB up to
72.0% above BL6 WT levels of expression (FIG. 12d),
correlating to the high levels quantified in skeletal muscle.

TABLE 2

B-sarcoglycan Immunofluorescence Expression

Dose % Fibers

Delivery (vg Total Endpoint Expressing
Muscle Route Dose) (Months) SGCB
TA v lel2 6 98.88 = 0.55
GAS v lel2 6 98.24 = 0.82
QD v lel2 6 99.32 £ 0.19
GLUT v lel2 6 97.50 = 0.39
PSOAS v lel2 6 98.75 = 0.23
TRI v lel2 6 97.21 £ 1.35
Diaphragm v lel2 6 97.00 = 1.26
Heart v lel2 6 =95%
[0125] An important characteristic of sgch™ muscle

described in previous reports (Araishi et al, Hum. Mol.
Genet 8: 1589-98, 1999, Durbeej et al., Mol. Cell. 5:141-51,
2000) and illustrated by the hematoxylin & eosin staining of
the GAS and diaphragm in FIG. 13a is severe dystrophic
pathology including central nucleation, necrosis, inflamma-
tory infiltration, and fibrosis. Gene transfer significantly
improved this pathology, alleviating many of these dystro-
phic features (FIG. 13a). Quantification of histological
parameters showed a significant reduction in central nucle-
ation in the various skeletal muscles analyzed as a result of
gene transfer (FIG. 135). With the expected low levels of
central nucleation in BL6 WT mice across all muscles
averaging 1.89x£0.39%, as note here, taking into account all
muscles analyzed, an average of 66.85+1.86% central nuclei
in untreated sgcb™~ mice compared to 36.30£5.16% in
AAV.MHCK7 hSGCB treated sgcb™~ muscle (p<0.0001)
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Table 3 below provides central nuclei counts and fiber
diameters given for various muscles as the average (+SEM)
of left and right muscles from BL6 WT, sgch™", and
systemically injected mice (n=5 per group). Of note, the
most significant wave of degeneration/regeneration occurs
at 3 weeks in sgcb™~ muscle indicated by centrally placed
nuclei. Animals were treated following this insult and there-
fore a complete reversal of centralized nuclei was not
anticipated. A more in depth analysis of muscle histopathol-
ogy revealed a normalization of fiber size distribution
accompanied by an increase in average fiber diameter in
diseased mice treated with vector compared with untreated
sgcb—/— mice in all three muscles examined (GAS: sgcb-/—
untreated—28.37+0.23 um vs. AAV.hSGCB treated—36.
0420.17 um; p<0.0001) (PSOAS: sgcb-/- untreated—24.
75+0.23 um vs. AAVhSGCB treated—38.43+0.28 um; p<0.
0001) (TRI: sgch™~ untreated—28+0.31 pm vs. AAV.
hSGCB treated—35.56x0.22 pm; p<0.0001) (FIGS. 13c,
13d, Table 3).

TABLE 3

Example 11

Restoration of Diaphragm Function Following
Systemic Delivery

[0127] To determine whether hSGCB gene transfer can
improve muscle function, we assessed the functional prop-
erties of the diaphragm muscle from SGCB~'~ mice treated
with scAAVrh.74 MHCK7.hSCGB (see Griffin et al. for
methods). A functional deficit in diaphragms of SGCB-/-
mice was first established. KO diaphragms demonstrated a
50.9% reduced specific force output (116.24 mN/mm?)
compared to BL6 WT mice (116.24 mN/mm® vs. 236.67
mN/mm?) and greater loss of force following a rigorous
fatigue protocol (23% loss in SGCB™~; 7% loss in BL6
WT). Tail vein delivery of scAAVrh.74 MHCK7.hSGCB
resulting in nearly 100% hSGCB expression in the dia-
phragm lead to restoration of diaphragm function with

Analysis of Percent Central Nucleation

Dose % Central Combined  Fiber Diameter
(vg Total Nuclei Avg % CN pm
Animal Group Dose) Muscle (Avg = SEM) (+SEM) (Avg = SEM)
C57BL6 WT NA TA 1.78 = 0.86 1.89 = 0.39 N/A
GAS 0.83 = 0.41 39.69 = 0.18
QD 0.98 = 0.31 N/A
GLUT 2.50 = 0.68 N/A
PSOAS 1.26 = 0.28 40.96 = 0.22
TRI 2.13 £ 0.36 41.53 £ 0.24
DIA 3.75 = 1.30 N/A
Sgeb™~ NA TA 7045 £3.04 66.85 = 1.86 N/A
GAS 67.26 = 1.81 28.37 £0.23
QD 63.57 = 2.09 N/A
GLUT 61.34 = 2.05 N/A
PSOAS 62.73 = 5.20 2475 £ 0.22
TRI 67.11 = 2.83 28.74 £ 0.22
DIA 7547 £ 3.79 N/A
AAVMHCK7.hSGCB  1.00E+12 TA 43.85 £ 3.89 36.30 £ 5.16 N/A
Treated GAS 38.71 £ 3.50 36.04 £0.18
QD 46.10 = 6.26 N/A
GLUT 42.11 £5.48 N/A
PSOAS 21.00 £ 4.69 38.43 = 0.28
TRI 48.39 = 6.20 39.92 £0.27
DIA 11.59 = 2.08 N/A
[0126] Due to the significant role fibrosis plays in the specific force output improved to 226.07 mN/mm® and a

pathogenesis of LGMD2E and effectiveness of therapies, it
was critical to demonstrate the same efficacy in reducing
fibrosis. That was saw with localized B-sarcoglycan gene
transfer. now following systemic delivery of scAAVrh.74.
MHCK7.hSGCB. Using the Picrosirius red stain for colla-
gen types | and 11, we analyzed the levels of collagen in the
gastrocnemius and diaphragm muscles was analyzed in 7
month old BL6 WT mice (n=4), untreated sgch™~ mice
(n=4), and treated sgcb™~ mice (n=5) 6 months post-injec-
tion. Treated muscles displayed significantly less collagen
deposition compared to untreated sgcb™~ muscles (FIG.
14a). Vector transduced GAS muscle contained 17.55x0.
59% collagen compared to 43.55+£3.33% collagen in
untreated sgcb—/— GAS muscles (p<0.0001). Furthermore,
treated diaphragm muscle exhibited 21.67+£1.09% collagen
compared to 44.05£2.39% in untreated sgcb-/- muscle
(p<0.0001) (FIG. 14b) demonstrating the ability of hSGCB
gene transfer to mitigate the fibrotic component of the
LGMD2E phenotype.

greater resistance to fatigue with only a 12% loss of force
(0n=5) (FIG. 15).

Example 12

Delivery of scAAVrh.74.CMV.miR29C Reduces
Fibrosis in SGCB-/- Mice

[0128] The extensive fibrosis we identified in both skeletal
muscle (FIGS. 2, 4, and 6) as well as the heart and dia-
phragm (FIG. 8) demonstrated a need to treat collagen
deposition (fibrosis) in LGMD2E. We previously found that
Mir29C was most severely reduced (of Mir29A, B, and C)
in Duchenne muscular dystrophy. He hypothesized that
Mir-29C would also be reduced in Beta-sarcoglycan defi-
cient mice (a mouse model for LGMD2E). We proved this
to be true (FIG. 15). Mir29C levels were decreased, fibrosis
(collagen) levels were increased, and three components of
fibrosis (ColA, Col3A, and Fbn) were increased at the RNA
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level. To test whether we could prevent fibrosis with
Mir29C, The gene therapy vector scrAAVrh.74.CMV.
miR29¢ (3x10'! vgs) was injected into the tibialis anterior
muscle of 4 week old SGCB-/- mice (n=5). The scrAAVrh.
74.CMV.miR29c¢ is shown in FIG. 16 and described in U.S.
Provisional Application No. 62/323,163, the disclosure of
which is incorporated herein by reference in its entirety.
Following 2 months of treatment with AAVrh.74.CMV.
miR29C, TA muscles were harvested from treated and
control SGCB-/- mice and WT mice and analyzed for
fibrosis (collagen levels) (n=5 per group). Using sirius red
staining and quantification, collagen levels were reduced
following treatment (see FIG. 17). Transcript levels of
CollA, Col3A, and Fbn were normalized and muscle fiber
size was increased. Representative images of scanned full
sections of untreated and AAVrh.74.CMV.miR29C treated
tibialis anterior muscles stained with Sirius Red which stains
for collagen 1 and 3 are shown in FIG. 118. This demon-
strates proof of principle that scAAVrh.74.CMV.miR29C
reduces fibrosis in SGCB-/- mice and could be used in
combination with gene replacement with scAAVrh.74.
tMCK.hSGCB or scAAVrh.74 MHCK7.hSGCB.

Example 13

Intravenous Gene Transfer to SGCB-/- Mice
Reduces Kyphoscoliosis of Thoracic Spine

[0129] Degeneration of torso muscles due to the worsen-
ing histopathology in patients suffering from LGMD2E
patients can be attributed to kyphosis. Kyphoscoliosis of the
thoracic spine due to weakening of muscles supporting the
spinal column can result in the diaphragm being pushed
forward, further compromising lung capacity and diaphragm
function. As a result of the severity of the phenotype in the
sgcb™~ mouse with the gross anatomical appearance of
kyphoscoliosis, full body x-ray radiography was used to
determine the degree of kyphosis in 7-month old BL6 WT
mice (n=6), sgcb™~ mice (n=6), and treated sgch—/— mice 6
months post-injection (n=6). The kyphotic index (KI) score
determines a quantitative value for the level of kyphosco-
liosis (Laws et al. J. Appl. Physiol. 97: 1970-7, 2004). As
depicted in the WT panel in FIG. 194, the KI score is a ratio
of length from forelimb to hindlimb compared to the length
of the midline to the apex of the curvature in the spine.
While sgcb™~ mice present with a severely curved spine and
lower KI score of 3.64+0.16 (n=6), BL6 WT mice have a
significantly straighter spine resulting in a higher KI score of
6.01£0.41 (n=6) (p<0.01) (FIG. 195). Treated sgcb™'~ mice
exhibit a significant reduction in the degree of kyphosis in
the spine with an increase in the KI score to 5.39+0.58 (n=6)
(p<0.05) (FIG. 195). These data indicated that intravenous
delivery of scAAVrh.74. MHCK7.hSGCB is beneficial for
the overall integrity of the spine and can alleviate the
kyphosis and joint contractures present in the disease. This
data demonstrated the alleviation of kyphosis and increased
physical activity in sgchb™~ mice following systemic deliv-
ery of the rAAV vector of the invention. This data is
additional evidence that the gene therapy of the invention
improves the quality of life for LGMD2E patients.

Example 14

Assessment of Cardiomyopathy

[0130] The histological destruction of limb and diaphragm
muscle is also detected in the myocardium of 7 month old
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sgcb™~ mice particularly with the presence of myocardial
necrosis and fibrosis as evident by H&E and picrosirius red
staining (FIG. 20a). The presentation of impaired heart
function often in the form of dilated cardiomyopathy with
reduced cardiac output and lower ejection fraction (Sempli-
cini et al., Neurology 84: 1772-81, 2015, Fanin et al.,
Neuromuscul Disorder 13:303-9, 2003). Cardiac magnetic
resonance imaging (MRI), was used to evaluate several
functional parameters of the heart in order to establish
functional deficits in the myocardium of sgcb™~ mice com-
pared to BL6 WT mice to use as a functional outcome
measure. Imaging of control mice at 7 months of age showed
a reduction of 29.4% in stroke volume from 0.041+0.0019
mL in sgeb™~ hearts to 0.029+0.0024 mL in BL6 WT hearts
(p<0.01), a 31.7% lower cardiac output from 14.70+0.74
mL/min in sgch™~ hearts to 12.72+0.97 mL/min in BL6 WT
hearts, and finally a 14.3% lower ejection fraction, 66.21+3.
83% in sgch™'~ hearts compared to 76.90x1.67% in BL6 WT
hearts (p<0.05) (FIG. 204). This indicates a modest decline
in overall cardiac function at this age and a trend towards the
development of cardiomyopathy. Restoring hSGCB expres-
sion in hearts of KO mice through systemic delivery par-
tially corrected these deficits, improving stroke volume to
0.032+0.0027 mL, cardiac output to 14.66+0.75 ml./min,
and ejection fraction to 68.16x2.31% (FIG. 195). As a
correlate to the histological and functional disruption of
cardiac tissue reported here, western blotting for cardiac
troponin 1 (cTrpl) expression, an important regulator of
cardiac function and an indicator (biomarker) of cardiac
damage, is reduced in diseased sgcb™'~ hearts to 60.38% of
the levels seen in BL6 WT mice (FIG. 20¢). Levels of cTrpl
are restored following treatment to levels of 35.80% of the
expression seen in WT hearts (FIG. 204).

Example 15

Functional Restoration in Diaphragm Muscle with
Increase in Physical Activity

[0131] The significant involvement of diaphragm dysfunc-
tion and respiratory failure in LGMD2E mandate functional
benefit to the diaphragm essential for validation of clinical
systemic therapy. With the use of an ex vivo experimental
protocol on strips taken from diaphragm muscle, it was
assessed whether restoring [-sarcoglycan provides a func-
tional benefit to this severely compromised muscle. In
accordance with the significant histopathology identified in
7 month old diaphragms from diseased mice, sgch™~ dia-
phragms (n=4) exhibited a functional deficit with a signifi-
cant (51%) reduction in specific force output compared to
BL6 WT mice (n=5) (116.24£10.49 mN/mm?2 vs. 236.
67+15.87 mN/mm?, respectively, p<0.001), as well as a
greater loss of force from that produced after the first
contraction following a rigorous fatigue protocol (23x£1.0%
loss in sgcb™; 7.0£3.0% loss in BL6 WT, p<0.05) (FIG.
6a). Six months following tail vein delivery of scAAVrh.
74 MHCK7 hSGCB, a dramatic improvement in specific
force output was observed. The specific force output
increased to 226.07+27.12 mN/mm* (n=5) (p<0.05 com-
pared to sgcb™") and better protection of the muscle from
repeated fatigue was observed with only a 12.0£4.0% loss of
force (p<0.05 compared to sgcb™) (FIG. 21a). Overall,
these data support our previous findings in the TA muscle
and show that restoring p-sarcoglycan provides functional
recovery in diaphragm muscle.
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[0132] Symptoms of increased fatigue and reduced overall
activity are frequently reported in many neuromuscular
diseases, partially attributed to the occurrence of kyphosis.
As a result and taking into account the phenotype of
LGMD2E, it was hypothesized that KO mice would natu-
rally be less active compared to healthy WT mice, and
moreover systemic delivery of rAAV.MHCK7.hSGCB to
sgeb™~ mice would result in more physically active mice. In
order to test this hypothesis and additional potential func-
tional benefits of gene transfer, a laser-monitoring of open-
field cage activity protocol similar to that described in
Kobayashi et al., Nature 456: 511-5, 2008 and Beastrom et
al., Am. J. Pathol. 179: 2464-74, 2011, was performed on all
groups of mice. The graphs in FIG. 215 depict a significant
decrease (55.5%) in KO mice compared to WT, in both total
ambulation (horizontal movement in the x and y planes) and
hindlimb vertical rearing. The average number of horizontal
ambulatory laser beam breaks over a 1 hour period in WT
mice was 7355+400.8 (n=6) compared to 3271+483.8 (n=6)
in KO mice (p<0.0001). Furthermore, the average number of
vertical rearing beam breaks recorded in WT mice was
626.7£53.76 as opposed to 264.5+63.36 in KO mice (p<O0.
01) (FIG. 21b). In accordance with the initial hypothesis,
rAAV.MHCK7.hSGCB treated mice were visibly more
active compared to KO which was illustrated in the quan-
tification of activity, where total ambulation increased by
22% to 5143+293.2 beam breaks (p<0.05) and hind limb
vertical rearing increased dramatically by 77% to 615.3x95.
93 beam breaks (p<0.05) in treated mice (n=6) (FIG. 215).

Example 16

Safety and Biodistribution Analysis of
rAAVrh.74 MHCK7.hSGCB

[0133] Potential toxicity or safety concerns of hSGCB
gene therapy was assessed in sgch—/— mice at 6 months
following systemic delivery of scAAVrh.74 MHCK?7.
hSGCB at 1.0x1012 vg total dose (5x1013 vg/kg). Vector
biodistribution and off-target transgene expression were
analyzed on tissue samples (TA, TRI, diaphragm, heart,
gonad, lungs, kidney, liver, and spleen) from vector dosed
sgcb™~ animals using gPCR and Western blotting, respec-
tively. Using vector specific primer probe sets, MHCK?7.
hSGCB vector genomes were detected at varying levels in
all collected tissues. As expected, the highest levels were
seen in the liver as well as skeletal muscle and the heart,
indicating that the test article was efficiently delivered into
all intended muscles of vector dosed mice (FIG. 22a).
Furthermore, western blotting to detect hSGCB protein
expression confirmed the functionality of the muscle specific
MHCK?7 promoter and the expression of transgene restricted
to cardiac and skeletal muscle. Beta-sarcoglycan protein
expression was observed in varying amounts in all skeletal
muscle samples as well as heart samples, and importantly
was not detected in any non-muscle tissue (FIG. 225),
supported by the fact that beta-sarcoglycan is known to be
a muscle specific protein. Finally, hematoxylin & eosin
staining was performed on cryosections of muscle tissue and
all offsite organs harvested from five sgcb™~ mice along
with five C57BL6 WT mice treated systemically with our
vector at the therapeutic dose used in this study. These
sections were then formally reviewed for toxicity by a
veterinary pathologist and no adverse effects were detected
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in any sample from any of the mice. Taken together, these
data indicate that this test article was well tolerated by the
test animals.

[0134] The fact that such high levels of transduction in all
muscles throughout the body was achieved with no adverse
effects using a relatively low dose (1x10'* vg total dose;
5x10" vg/kg) provides great promise for translation to
LGMD2E patients. From a clinical perspective, the dose
used in the experiments described herein is much lower than
the dose used for systemic delivery of an SMN1 expressing
AAV therapy delivered to babies with SMA, which is
currently in clinical trial (Mendell et al., Mol. Ther. 24:
S190, 2016). The highly efficient restoration of [-sarcogly-
can expression using the MHCK7 promoter accompanied
with functional benefits is very encouraging at dosing levels
that could be applied clinically, and given the high incidence
of heart involvement in the f-sarcoglycan deficiency in the
LGMD2E patients, systemic delivery provides a great ben-
efit to these patients.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 18

<210> SEQ ID NO 1

<211> LENGTH: 957

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:
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-continued
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: Beta-sarcoglycan
<400> SEQUENCE: 1
atggcagcag cagccgecge agecgecgag cagcagtcaa gcaatggace agtgaaaaaa 60
tcaatgagag aaaaagccgt cgagaggaga tcagtgaata aggagcacaa cagcaattte 120
aaagccggcet acatcectat tgacgaagat cgectgeata agacaggect gagggggege 180
aaaggaaacc tggcaatctyg cgtcatcatt ctgctgttta tectggeegt gattaatcetg 240
atcattactc tggtgatttyg ggctgtcate cgecattggec caaacgggtyg tgactctatg 300
gagttccacg aaagtggcct getgcgattt aagcaggtgt ccgatatggyg ggtcatccat 360
ccactgtaca aatctactgt cggegggegg agaaacgaga atctggtgat caccgggaac 420
aatcagccca ttgtgtteca gecagggaace acaaagetgt ctgtggaaaa caataaaaca 480
tcaatcacta gcgacattgg catgcagtte tttgatccece ggacccagaa tatcctgtte 540
agtaccgact atgagacaca cgaatttecat ctgcctteceg gggtgaagte tctgaacgte 600
cagaaagcca gcactgagag aatcaccagt aacgctacat cagacctgaa tatcaaggtg 660
gatggacgag ctattgtccg gggaaatgag ggcgtgttca tcatgggcaa gacaattgaa 720
tttcacatgyg gaggcaacat ggagctgaaa gcagaaaaca gcatcattcet gaatgggagce 780
gtgatggtct ccactaccag actgcccage tcctctagtyg gagaccaget ggggtcegga 840
gattgggtca ggtataagct gtgcatgtgt gccgatggea ccctgtttaa agtgecaggte 900
accagccaga atatgggatg tcagattage gataaccctt gtgggaatac tcattaa 957

<210> SEQ ID NO 2

<211> LENGTH: 318

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: Beta-sarcoglycan

<400> SEQUENCE: 2

Met Ala Ala Ala Ala Ala Ala Ala Ala Glu Gln Gln Ser Ser Asn Gly
1 5 10 15

Pro Val Lys Lys Ser Met Arg Glu Lys Ala Val Glu Arg Arg Ser Val
20 25 30

Asn Lys Glu His Asn Ser Asn Phe Lys Ala Gly Tyr Ile Pro Ile Asp
35 40 45

Glu Asp Arg Leu His Lys Thr Gly Leu Arg Gly Arg Lys Gly Asn Leu
50 55 60

Ala Ile Cys Val Ile Ile Leu Leu Phe Ile Leu Ala Val Ile Asn Leu
65 70 75 80

Ile Ile Thr Leu Val Ile Trp Ala Val Ile Arg Ile Gly Pro Asn Gly
85 90 95

Cys Asp Ser Met Glu Phe His Glu Ser Gly Leu Leu Arg Phe Lys Gln
100 105 110

Val Ser Asp Met Gly Val Ile His Pro Leu Tyr Lys Ser Thr Val Gly
115 120 125

Gly Arg Arg Asn Glu Asn Leu Val Ile Thr Gly Asn Asn Gln Pro Ile
130 135 140

Val Phe Gln Gln Gly Thr Thr Lys Leu Ser Val Glu Asn Asn Lys Thr
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145 150 155 160

Ser Ile Thr Ser Asp Ile Gly Met Gln Phe Phe Asp Pro Arg Thr Gln
165 170 175

Asn Ile Leu Phe Ser Thr Asp Tyr Glu Thr His Glu Phe His Leu Pro
180 185 190

Ser Gly Val Lys Ser Leu Asn Val Gln Lys Ala Ser Thr Glu Arg Ile
195 200 205

Thr Ser Asn Ala Thr Ser Asp Leu Asn Ile Lys Val Asp Gly Arg Ala
210 215 220

Ile Val Arg Gly Asn Glu Gly Val Phe Ile Met Gly Lys Thr Ile Glu
225 230 235 240

Phe His Met Gly Gly Asn Met Glu Leu Lys Ala Glu Asn Ser Ile Ile
245 250 255

Leu Asn Gly Ser Val Met Val Ser Thr Thr Arg Leu Pro Ser Ser Ser
260 265 270

Ser Gly Asp Gln Leu Gly Ser Gly Asp Trp Val Arg Tyr Lys Leu Cys
275 280 285

Met Cys Ala Asp Gly Thr Leu Phe Lys Val Gln Val Thr Ser Gln Asn
290 295 300

Met Gly Cys Gln Ile Ser Asp Asn Pro Cys Gly Asn Thr His
305 310 315

<210> SEQ ID NO 3

<211> LENGTH: 2306

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: pAAV.MHCK7.hSCGB

<400> SEQUENCE: 3
ctgegegete getegetcac tgaggecgee cgggcaaage cegggegteg ggcegaccttt 60

ggtcgecegyg cctcagtgag cgagcegageyg cgcagagagg gagtggggtt aaccaattgg 120

cgeggecgea agcettgeatg tctaagetag acccttcaga ttaaaaataa ctgaggtaag 180
ggcctgggta ggggaggtgg tgtgagacge tcctgtetet cctcectatetg cccateggec 240
ctttggggag gaggaatgtg cccaaggact aaaaaaaggce catggageca gaggggcegag 300
ggcaacagac ctttcatggg caaaccttgg ggccctgetg tctagecatge cccactacgg 360
gtctaggetyg cccatgtaag gaggcaagge ctggggacac ccgagatgec tggttataat 420
taacccagac atgtggetge ccccccccce ccaacacctg ctgectctaa aaataaccct 480
gtcectggty gatcccctge atgegaagat cttcgaacaa ggetgtgggyg gactgaggge 540
aggctgtaac aggcttgggg gecagggett atacgtgect gggactceca aagtattact 600
gttccatgtt ccecggcgaag ggccagetgt cccccgecag ctagactcag cacttagttt 660
aggaaccagt gagcaagtca geccttgggg cageccatac aaggcecatgg ggctgggcaa 720
getgcacgee tgggtceggg gtgggcacgyg tgcccegggca acgagctgaa agetcatctg 780
ctctcagggyg ccecteectyg gggacagece ctectggeta gtcacacect gtaggetcect 840
ctatataacc caggggcaca ggggctgece tcattctacce accaccteca cagcacagac 900

agacactcag gagcagccag cggcegegece aggtaagttt agtetttttg tettttattt 960
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caggtcccgg atccggtggt ggtgcaaatc aaagaactgce tcctcagtgg atgttgectt 1020
tacttctagg cctgtacgga agtgttactt ctgctctaaa agctgcggaa ttgtacccecgg 1080
taccgecace atggcagcag cagccgecge agecgcecgag cagcagtcaa gcaatggace 1140
agtgaaaaaa tcaatgagag aaaaagccgt cgagaggaga tcagtgaata aggagcacaa 1200
cagcaatttc aaagccggct acatccctat tgacgaagat cgcctgcata agacaggect 1260
gagggggcgce aaaggaaacc tggcaatctg cgtcatcatt ctgectgttta tcecctggecegt 1320
gattaatctg atcattactc tggtgatttg ggctgtcatc cgcattggcc caaacgggtyg 1380
tgactctatg gagttccacg aaagtggcct gctgcgattt aagcaggtgt ccgatatggg 1440
ggtcatccat ccactgtaca aatctactgt cggcgggcgg agaaacgaga atctggtgat 1500
caccgggaac aatcagccca ttgtgttcca gcagggaacc acaaagctgt ctgtggaaaa 1560
caataaaaca tcaatcacta gcgacattgg catgcagttc tttgatccce ggacccagaa 1620
tatcctgttc agtaccgact atgagacaca cgaatttcat ctgccttcecg gggtgaagtce 1680
tctgaacgte cagaaagcca gcactgagag aatcaccagt aacgctacat cagacctgaa 1740
tatcaaggtg gatggacgag ctattgtccg gggaaatgag ggcgtgttca tcatgggcaa 1800
gacaattgaa tttcacatgg gaggcaacat ggagctgaaa gcagaaaaca gcatcattct 1860
gaatgggagc gtgatggtct ccactaccag actgcccage tcectctagtg gagaccagcet 1920
ggggtccgga gattgggtca ggtataagct gtgcatgtgt gecgatggca ccctgtttaa 1980
agtgcaggtc accagccaga atatgggatg tcagattagc gataaccctt gtgggaatac 2040
tcattaaaag cttggccgca ataaaagatc tttattttca ttagatctgt gtgttggttt 2100
tttgtgtgtc ctgcaggggc gcgcctcectag agcatggcta cgtagataag tagcatggceg 2160
ggttaatcat taactacaag gaacccctag tgatggagtt ggccactccce tctetgegeg 2220
ctegeteget cactgaggcce gggcgaccaa aggtegeceg acgeccggge tttgecceggg 2280
cggcctcagt gagcgagcga gcgcegce 2306
<210> SEQ ID NO 4

<211> LENGTH: 792

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: MHCK7 promoter

<400> SEQUENCE: 4

aagcttgcat gtctaageta gacccttcag attaaaaata actgaggtaa gggectgggt 60
aggggaggtyg gtgtgagacg ctectgtete tectetatet geccategge ccetttgggga 120
ggaggaatgt gcccaaggac taaaaaaagg ccatggagcce agaggggcga gggcaacaga 180
ccttteatgg gcaaaccttyg gggecctget gtetageatg ceccactacg ggtctagget 240
geccatgtaa ggaggcaagg cctggggaca cccgagatge ctggttataa ttaacccaga 300
catgtggetyg cccceccccee cccaacacct getgectcta aaaataacce tgtcccetggt 360
ggatccectyg catgegaaga tcettcgaaca aggctgtggg ggactgaggyg caggetgtaa 420

caggcttggyg ggccaggget tatacgtgece tgggactcece aaagtattac tgttccatgt 480
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tceceggegaa gggcecagetg tccccegeca getagactcea gcacttagtt taggaaccag 540
tgagcaagtce agcccttggg gcagcccata caaggccatyg gggcetgggea agcetgcacge 600
ctgggtceegyg ggtgggcacyg gtgcceggge aacgagcetga aagctcatcet gctctcaggg 660
geeectecect ggggacagee cctectgget agtcacacce tgtaggetcec tctatataac 720
ccaggggcac aggggctgcce ctcattctac caccacctece acagcacaga cagacactca 780
ggagcagcca gc 792
<210> SEQ ID NO 5

<211> LENGTH: 2244

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: pAAV.tMCK.hSGCB

<400> SEQUENCE: 5

ctgegegete getegetcac tgaggecgee cgggcaaage cegggegteg ggcegaccttt 60

ggtcgecegyg cctcagtgag cgagcegageyg cgcagagagg gagtggggtt aaccaattgg 120

cggccgcaaa cttgcatgece ccactacggg tctaggetge ccatgtaagg aggcaaggec 180
tggggacacc cgagatgect ggttataatt aaccccaaca cetgetgece cceccccccece 240
aacacctget gectgagect gageggttac cccaccecegg tgectgggte ttaggetetg 300
tacaccatgg aggagaagct cgctctaaaa ataaccetgt cectggtgga tccactacgg 360
gtctatgetyg cccatgtaag gaggcaagge ctggggacac ccgagatgec tggttataat 420
taaccccaac acctgetgece cececccece caacacctge tgectgagee tgageggtta 480
cceccacceeg gtgectgggt cttaggetcet gtacaccatg gaggagaage tcgctctaaa 540
aataaccctyg tcectggtgg accactacgg gtetaggetg cecatgtaag gaggcaagge 600
ctggggacac ccgagatgece tggttataat taaccccaac acctgetgece ccccccccece 660
aacacctget gectgagect gageggttac cccaccecegg tgectgggte ttaggetetg 720
tacaccatgg aggagaagct cgctctaaaa ataaccetgt cectggtect ccctggggac 780
agccectect ggctagtcac accctgtagg ctectctata taacccaggg gcacagggge 840
tgcccceggyg tcacctgecag aagttggteg tgaggcactg ggcaggtaag tatcaaggtt 900
acaagacagg tttaaggaga ccaatagaaa ctgggcttgt cgagacagag aagactcttg 960

cgtttctgat aggcacctat tggtcttact gacatccact ttgcctttet cteccacaggt 1020

gtccactcece agttcaatta cagegegtgg taccaccatg gcagcagcag ccgecgeage 1080

cgccgagcag cagtcaagca atggaccagt gaaaaaatca atgagagaaa aagccgtcega 1140

gaggagatca gtgaataagg agcacaacag caatttcaaa gccggctaca tcecctattga 1200

cgaagatcge ctgcataaga caggectgag ggggcgcaaa ggaaacctgg caatctgegt 1260

catcattctg ctgtttatce tggccgtgat taatctgatc attactctgg tgatttgggce 1320

tgtcatccge attggcccaa acgggtgtga ctctatggag ttccacgaaa gtggectget 1380

gcgatttaag caggtgtccg atatgggggt catccatcca ctgtacaaat ctactgtegg 1440

cgggcggaga aacgagaatc tggtgatcac cgggaacaat cagcccattg tgttccagca 1500

gggaaccaca aagctgtctg tggaaaacaa taaaacatca atcactagcg acattggcat 1560
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gcagttcttt gatccccgga cccagaatat cctgttcagt accgactatg agacacacga 1620
atttcatctg ccttecgggyg tgaagtctct gaacgtcecag aaagccagca ctgagagaat 1680
caccagtaac gctacatcag acctgaatat caaggtggat ggacgagcta ttgtccgggg 1740
aaatgagggc gtgttcatca tgggcaagac aattgaattt cacatgggag gcaacatgga 1800
gctgaaagca gaaaacagca tcattctgaa tgggagcgtyg atggtctcca ctaccagact 1860
gcccagcetece tcectagtggag accagctggg gtccggagat tgggtcaggt ataagctgtg 1920
catgtgtgcce gatggcaccc tgtttaaagt gcaggtcacc agccagaata tgggatgtca 1980
gattagcgat aacccttgtg ggaatactca ttaaaagctt ggccgcaata aaagatcttt 2040
attttcatta gatctgtgtg ttggtttttt gtgtgtcecctg caggggcgcg cctctagagce 2100
atggctacgt agataagtag catggcgggt taatcattaa ctacaaggaa cccctagtga 2160
tggagttggce cactccctet ctgcgegcete gctegctcecac tgaggccggg cgaccaaagg 2220
tcgececcgacg ceccgggcettt gecce 2244
<210> SEQ ID NO 6

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: tMCK promoter

<400> SEQUENCE: 6

ccactacggyg tctaggetge ccatgtaagg aggcaaggec tggggacace cgagatgect 60
ggttataatt aaccccaaca cctgetgece ccccccccee aacacctget gectgagect 120
gagcggttac cccacceegg tgcctgggte ttaggetcetg tacaccatgg aggagaaget 180
cgctctaaaa ataaccctgt cectggtgga tccactacgg gtctatgetg cccatgtaag 240
gaggcaaggce ctggggacac ccgagatgece tggttataat taaccccaac acctgetgec 300
ccecoeecace caacacctge tgectgagee tgageggtta ceccaccecg gtgectgggt 360
cttaggctet gtacaccatg gaggagaage tcgctctaaa aataaccetg tcectggtgg 420
accactacgg gtctaggetg cccatgtaag gaggcaagge ctggggacac ccgagatgece 480
tggttataat taaccccaac acctgetgee ccececccece aacacctget gectgagect 540
gagcggttac cccacceegg tgcctgggte ttaggetcetg tacaccatgg aggagaaget 600
cgctctaaaa ataaccctgt cectggtect ceetggggac agcccctect ggetagtcac 660
accctgtagg ctectetata taacccaggg gcacagggge tgcccecggg tcac 714

<210> SEQ ID NO 7

<211> LENGTH: 296

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: miR29c

<400> SEQUENCE: 7

ggceggectyg tttgaatgag gettcagtac tttacagaat cgttgectge acatcttgga 60
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aacacttgct gggattactt cttcaggtta acccaacaga aggctcgaga aggtatattg 120
ctgttgacag tgagcgcaac cgatttcaaa tggtgctaga gtgaagccac agatgtctag 180
caccatttga aatcggttat gectactgece teggaattca aggggctact ttaggagcaa 240
ttatcttgtt tactaaaact gaataccttg ctatctcttt gatacattgg ccggec 296
<210> SEQ ID NO 8
<211> LENGTH: 3384
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: pAAV.CMV.Mir29C
<400> SEQUENCE: 8
cagcagcetge gegetegete getcactgag gecgeccggyg caaagecegyg gegtegggeg 60
acctttggte gcceggecte agtgagegag cgagcegcegea gagagggagt ggggttaaac 120
tcgttacata acttacggta aatggcccge ctggetgace geccaacgac ccccgeccat 180
tgacgtcaat aatgacgtat gttcccatag taacgccaat agggactttce cattgacgte 240
aatgggtgga gtatttacgg taaactgccce acttggcagt acatcaagtg tatcatatge 300
caagtacgce ccctattgac gtcaatgacg gtaaatggec cgectggeat tatgeccagt 360
acatgacctt atgggacttt cctacttgge agtacatcta cgtattagtc atcgctatta 420
ccatggtgat geggttttgg cagtacatca atgggegtgg atageggttt gactcacggg 480
gatttccaag tctccaccee attgacgtca atgggagttt gttttggcac caaaatcaac 540
gggactttec aaaatgtcgt aacaactccg ccccattgac gcaaatgggce ggtaggegtyg 600
tacggtggga ggtctatata agcagagctce gtttagtgaa ccgtcagatc gcctggagac 660
gecatccacyg ctgttttgac ctccatagaa gacaccggga ccgatccage ctecggacte 720
tagaggatce ggtactcgag gaactgaaaa accagaaagt taactggtaa gtttagtcett 780
tttgtetttt atttcaggtc ccggatececgg tggtggtgca aatcaaagaa ctgctcectca 840
gtggatgttyg cctttactte taggectgta cggaagtgtt acttctgetce taaaagetge 900
ggaattgtac ccggggccga tccaccggte tttttegcaa cgggtttgece gecagaacac 960

aggtaagtgce cgtgtgtggt tcccgeggge ggcgacgggyg ccecegtgegte ccagegcaca 1020
tgtteggcega ggcggggect gegagegegg ccaccgagaa tceggacgggyg gtagtctcaa 1080
gctggecgge ctgtttgaat gaggcttcag tactttacag aatcgttgcec tgcacatcett 1140
ggaaacactt gctgggatta cttcecttcagg ttaacccaac agaaggctcg agaaggtata 1200
ttgctgttga cagtgagcgce aaccgatttc aaatggtgct agagtgaagce cacagatgtce 1260
tagcaccatt tgaaatcggt tatgcctact gcctcggaat tcaaggggct actttaggag 1320
caattatctt gtttactaaa actgaatacc ttgctatctc tttgatacat tggccggect 1380
gctetggtge ctggectege gcegecgtgt atcgeccccecge cctgggeggce aaggctggec 1440
cggteggecac cagttgegtg agcggaaaga tggecgette ceggecctge tgcagggage 1500
tcaaaatgga ggacgcggceg ctcgggagag cgggcegggtyg agtcacccac acaaaggaaa 1560

agggccttte cgtcectcage cgtcecgcettca tgtgactceca cggagtaccg ggcgcecgtcece 1620
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aggcacctcg attagttcte gagettttgg agtacgtegt ctttaggttg gggggagggg 1680
ttttatgcga tggagtttcc ccacactgag tgggtggaga ctgaagttag gccagcttgg 1740
cacttgatgt aattctcctt ggaatttgce ctttttgagt ttggatcttg gttcattctce 1800
aagcctcaga cagtggttca aagttttttt ctteccatttc aggtgtcgtg aaaagctagce 1860
gctaccggac tcagatctceg agctcaagcet gecggggatcee agacatgata agatacattg 1920
atgagtttgg acaaaccaca actagaatgc agtgaaaaaa atgctttatt tgtgaaattt 1980
gtgatgctat tgctttattt gtaaccatta taagctgcaa taaacaagtt aacaacaaca 2040
attgcattca ttttatgttt caggttcagg gggaggtgtg ggaggttttt tcactagtag 2100
catggctacg tagataagta gcatggcggg ttaatcatta actacaagga acccctagtg 2160
atggagttgg ccactcccte tetgegeget cgctegetca ctgaggccgg gcegaccaaag 2220
gtegeccegac gecegggett tgceccgggeg gectcagtga gegagegage gegecagetg 2280
gegtaatage gaagaggcce gcaccgatceg cectteccaa cagttgegca gectgaatgg 2340
cgaatggaat tccagacgat tgagcgtcaa aatgtaggta tttccatgag cgtttttect 2400
gttgcaatgg ctggcggtaa tattgttctg gatattacca gcaaggccga tagtttgagt 2460
tcttctacte aggcaagtga tgttattact aatcaaagaa gtattgcgac aacggttaat 2520
ttgcgtgatg gacagactct tttactcggt ggcctcactg attataaaaa cacttctcag 2580
gattctggeg taccgttcecct gtctaaaatc cctttaatceg gectectgtt tagectcecge 2640
tctgattcta acgaggaaag cacgttatac gtgctcgtca aagcaaccat agtacgcgcece 2700
ctgtagceggce gcattaageg cggcgggtgt ggtggttacg cgcagcgtga ccgctacact 2760
tgccagegece ctagecgceeg ctectttege tttetteect tectttcecteg ccacgttege 2820
cggctttece cgtcaagete taaatcgggg gctcecccttta gggttccgat ttagtgettt 2880
acggcacctc gaccccaaaa aacttgatta gggtgatggt tcacgtagtg ggccatcgcece 2940
ctgatagacg gtttttcgec ctttgacgtt ggagtccacg ttctttaata gtggactcectt 3000
gttccaaact ggaacaacac tcaaccctat ctcggtctat tcettttgatt tataagggat 3060
tttgccgatt tcggcctatt ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa 3120
ttttaacaaa atattaacgt ttacaattta aatatttgct tatacaatct tecctgttttt 3180
ggggctttte tgattatcaa ccggggtaca tatgattgac atgctagttt tacgattacc 3240
gttcatcgat tcectecttgttt gctccagact ctcaggcaat gacctgatag cctttgtaga 3300
gacctctcaa aaatagctac cctectceccegge atgaatttat cagctagaac ggttgaatat 3360
catattgatg gtgatttgac tgtc 3384
<210> SEQ ID NO 9

<211> LENGTH: 296

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: miR29c

<400> SEQUENCE: 9

ggceggectyg tttgaatgag gettcagtac tttacagaat cgttgectge acatcttgga 60

aacacttgct gggattactt cttcaggtta acccaacaga aggctcgaga aggtatattg 120
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ctgttgacag tgagcgcaac cgatttcaaa tggtgctaga gtgaagccac agatgtctag
caccatttga aatcggttat gectactgee teggaattca aggggetact ttaggagcaa

ttatcttgtt tactaaaact gaataccttg ctatctettt gatacattgg ccggece

<210> SEQ ID NO 10

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: tMCK forward primer

<400> SEQUENCE: 10

acccgagatyg cctggttata att

<210> SEQ ID NO 11

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: tMCK reverse primer

<400> SEQUENCE: 11

tccatggtgt acagagecta agac

<210> SEQ ID NO 12

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: tMCK probe
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: 5' FAM
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (25)..(25)

<223> OTHER INFORMATION: 3' TAMRA

<400> SEQUENCE: 12

ctgetgectyg agectgageg gttac

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: tMCK intron Forward Primer

<400> SEQUENCE: 13

gtgaggcact gggcaggtaa

180

240

296

23

24

25

20
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-continued
<210> SEQ ID NO 14
<211> LENGTH: 22
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: tMCK intron Reverse Primer
<400> SEQUENCE: 14
acctgtggag agaaaggcaa ag 22
<210> SEQ ID NO 15
<211> LENGTH: 39
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: tMCK intron Probe
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: 5' 6FAM
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (39)..(39)
<223> OTHER INFORMATION: 3' TAMRA
<400> SEQUENCE: 15
atcaaggtta caagacaggt ttaaggagac caatagaaa 39
<210> SEQ ID NO 16
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 16
ccaacacctg ctgcctctaa a 21
<210> SEQ ID NO 17
<211> LENGTH: 19
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: MHCK7 reverse primer
<400> SEQUENCE: 17
gtccecccaca gecttgtte 19
<210> SEQ ID NO 18
<211> LENGTH: 23
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: MHCK7 probe
<220> FEATURE:
<221> NAME/KEY: misc_feature
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-continued

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: 5' FAM
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Zen
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (23)..(23)

<223> OTHER INFORMATION: 3IABKFQ

<400> SEQUENCE: 18

tggatccect gcatgegaag atc

23

What is claimed is:

1. A recombinant AAV vector comprising a polynucle-
otide sequence encoding f-sarcoglycan.

2. The recombinant AAV vector of claim 1 wherein the
polynucleotide sequence encoding [-sarcoglycan comprises
a nucleotide sequence at least 95% identical to SEQ ID NO:
1.

3. The recombinant AAV vector of claim 1, wherein the
polynucleotide sequence encoding [-sarcoglycan comprises
the nucleotide sequence set forth in SEQ ID NO: 1.

4. The recombinant AAV vector of any one of claims 1-3,
wherein the vector is of the serotype AAV1, AAV2, AAV4,
AAVS, AAV6, AAV7, AAVE, AAV9, AAV10, AAVII,
AAVI12, AAV13 or AAV rh.74.

5. The recombinant AAV vector of any one of claims 1-4,
wherein the polynucleotide sequence is operably linked to a
muscle-specific control element.

6. The recombinant AAV vector of claim 5, wherein the
muscle-specific control element is human skeletal actin gene
element, cardiac actin gene element, myocyte-specific
enhancer binding factor mef, muscle creatine kinase (MCK),
truncated MCK (tMCK), myosin heavy chain (MHC),
MHCK?7, C5-12, murine creatine kinase enhancer element,
skeletal fast-twitch troponin ¢ gene element, slow-twitch
cardiac troponin ¢ gene element, the slow-twitch troponin i
gene element, hypozia-inducible nuclear factors, steroid-
inducible element or glucocorticoid response element (gre).

7. The recombinant AAV vector of claim 6, wherein the
muscle-specific control element is truncated MCK (tMCK).

8. The recombinant AAV vector of claim 6, wherein the
muscle-specific control element is MHCK7.

9. The recombinant AAV vector of any of claims 1-8
comprising the nucleotide sequence set forth in SEQ ID NO:
3

10. The recombinant AAV vector of any of claims 1-8
comprising the nucleotide sequence set forth in SEQ ID NO:
5.

11. A composition comprising the recombinant AAV
vector of any one of claims 1-10.

12. A method of treating muscular dystrophy in a subject
comprising administering to the subject a therapeutically
effective amount of the recombinant AAV vector of any one
of claims 1-10 or the composition of claim 11.

13. A method of increasing muscular force and/or muscle
mass in a mammalian subject suffering from muscular
dystrophy comprising administering to the subject a thera-
peutically effective amount of the recombinant AAV vector
of any one of claims 1-10 or the composition of claim 11.

14. A method of reducing fibrosis in a subject suffering
from muscular dystrophy comprising administering to the
subject a therapeutically effective amount of the recombi-
nant AAV vector of any one of claims 1-10 or the compo-
sition of claim 11.

15. A method of reducing contraction-induced injury in a
subject suffering from muscular dystrophy comprising
administering to the subject a therapeutically effective
amount of the recombinant AAV vector of any one of claims
1-10 or the composition of claim 11.

16. A method of treating [3-sarcoglycanopathy in a subject
comprising administering to the subject a therapeutically
effective amount of the recombinant AAV vector of any one
of claims 1-10 or the composition of claim 11.

17. The method of claim any one of claims 12-16, wherein
the subject is suffering from limb-girdle muscular dystrophy.

18. The method of any one of claims 12-17, wherein the
recombinant AAV vector or the composition is administered
by intramuscular injection or intravenous injection.

19. The method of any one of claims 12-17, wherein the
recombinant AAV vector or the composition is administered
systemically.

20. The method of claim 19, where the recombinant AAV
vector or the composition is parentally administration by
injection, infusion or implantation.

21. The method of any one of claims 12-20, further
comprising administering a second recombinant AAV vector
comprising a polynucleotide sequence comprising miR29C.

22. The method of claim 21, wherein the second recom-
binant vector comprises the nucleotide sequence set forth in
SEQ ID NO: 9 or the nucleotide sequence set forth in SEQ
ID NO: 8.

23. The method of claim 21 or 22 wherein the second
recombinant AAV vector is administered by intramuscular
injection or intravenous injection.

24. A composition comprising the recombinant AAV
vector of any one of claims 1-10 for reducing fibrosis in a
mammalian subject in need thereof.

25. The composition of claim 24, wherein the subject is
suffering from muscular dystrophy.

26. A composition comprising the recombinant AAV
vector of any one of claims 1-10 for treating a f3-sarcogly-
canopathy in a mammalian subject in need thereof.

27. The composition of claim 26, wherein the subject is
suffering from muscular dystrophy.

28. A composition comprising the recombinant AAV
vector of any one of claims 1-10 for increasing muscular
force in a mammalian subject suffering from muscular
dystrophy.
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29. A composition comprising the recombinant AAV
vector of any one of claims 1-10 for treatment of muscular
dystrophy.

30. The composition of any one of claims 24-29, wherein
the muscular dystrophy is limb-girdle muscular dystrophy.

31. The composition of any one of claims 24-30 further
comprising a second recombinant AAV vector comprising
the miR-29 nucleotide sequence.

32. The composition of claim 31 wherein the second
rAAV comprises wherein the second recombinant vector
comprises the nucleotide sequence set forth in SEQ 1D NO:
9 or the nucleotide sequence set forth in SEQ ID NO: 8.

33. The composition of any one of claims 24-32 that is
formulated for intramuscular injection or intravenous injec-
tion.

34. The composition of any one of claims 24-34 that is
formulation for systemic administration.

35. The composition of claim 34, wherein the systemic
administration is parenteral administration by injection,
infusion or implantation.

36. Use of the recombinant AAV vector of any one of
claims 1-10 or the composition of claim 11 in the preparation
of a medicament for reducing fibrosis in a mammalian
subject in need thereof.

37. Use of the recombinant AAV vector of any one of
claims 1-10 or the composition of claim 11 in the preparation
of a medicament for increasing muscular force in a mam-
malian subject in need thereof.

38. The use of claim 36 or claim 37, wherein the subject
is suffering from muscular dystrophy.

39. Use of the recombinant AAV vector of any one of
claims 1-10 or the composition of claim 11 in the preparation
of a medicament for treating muscular dystrophy in a
mammalian subject.

40. The use of claim 38 or 39, wherein the muscular
dystrophy is limb-girdle muscular dystrophy.
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41. The use of any one of claims 36-40, wherein the
medicament further comprises a second recombinant AAV
vector comprising the miR-29 nucleotide sequence.

42. Use of the recombinant AAV vector of any one of
claims 1-10 or the composition of claim 11 in combination
with a second recombinant AAV vector comprising a poly-
nucleotide sequence comprising miR29C in the preparation
of a medicament for reducing fibrosis in a mammalian
subject in need thereof.

43. The use of claim 41 or 42, wherein the second
recombinant vector comprises the nucleotide sequence set
forth in SEQ ID NO: 9 or the nucleotide sequence set forth
in SEQ ID NO: 8.

44. Use of the recombinant AAV vector of any one of
claims 1-10 of the composition of claim 11 in combination
with a second recombinant AAV vector comprising a poly-
nucleotide sequence comprising a miR-29¢ in the prepara-
tion of a medicament for increasing muscular force in a
mammalian subject in need thereof.

45. The use of claim 44, wherein the second recombinant
vector comprises the nucleotide sequence set forth in SEQ
ID NO: 9 or the nucleotide sequence set forth in SEQ ID
NO: 8.

46. The use of any one of claim 39-45, wherein the subject
is suffering from muscular dystrophy.

47. Use of the recombinant AAV vector of any one of
claims 1-10 of the composition of claim 11 in combination
with a second recombinant AAV vector comprising a poly-
nucleotide sequence comprising a miR-29¢ in the prepara-
tion of a medicament for treating muscular dystrophy in a
mammalian subject.

48. The use of claim 47, wherein the second recombinant
vector comprises the nucleotide sequence set forth in SEQ
ID NO: 9 or the nucleotide sequence set forth in SEQ ID
NO: 8.

49. The use of claim 47 or 48, wherein the muscular
dystrophy is limb-girdle muscular dystrophy.

#* #* #* #* #*



