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DESCRIPTION

FIELD OF INVENTION

[0001] The invention provides adeno-associated virus (AAV) vectors expressing a miniaturized
human micro-dystrophin gene and uses of these vectors in methods to express micro-
dystrophin in skeletal muscles including diaphragm and cardiac muscle and to protect muscle
fibers from injury, increase muscle strength and reduce and/or prevent fibrosis in subjects
suffering from muscular dystrophy.

BACKGROUND

[0002] The importance of muscle mass and strength for daily activities, such as locomotion
and breathing, and for whole body metabolism is unequivocal. Deficits in muscle function
produce muscular dystrophies (MDs) that are characterized by muscle weakness and wasting
and have serious impacts on quality of life. The most well-characterized MDs result from
mutations in genes encoding members of the dystrophin-associated protein complex (DAPC).
These MDs result from membrane fragility associated with the loss of sarcolemmal-
cytoskeleton tethering by the DAPC. Duchenne Muscular Dystrophy (DMD) is one of the most
devastating muscle disease affecting 1 in 5000 newborn males.

[0003] DMD is caused by mutations in the DMD gene leading to reductions in mRNA and the
absence of dystrophin, a 427 kD sarcolemmal protein associated with the dystrophin-
associated protein complex (DAPC) (Hoffman et al., Cell 51(6):919-28, 1987). The DAPC is
composed of multiple proteins at the muscle sarcolemma that form a structural link between
the extra-cellular matrix (ECM) and the cytoskeleton via dystrophin, an actin binding protein,
and alpha-dystroglycan, a laminin-binding protein. These structural links act to stabilize the
muscle cell membrane during contraction and protect against contraction-induced damage.
With dystrophin loss, membrane fragility results in sarcolemmal tears and an influx of calcium,
triggering calcium-activated proteases and segmental fiber necrosis (Straub et al., Curr Opin.
Neurol. 10(2): 168-75, 1997). This uncontrolled cycle of muscle degeneration and regeneration
ultimately exhausts the muscle stem cell population (Sacco et al., Cell, 2010. 143(7): p. 1059-
71; Wallace et al., Annu Rev Physiol, 2009. 71: p. 37-57), resulting in progressive muscle
weakness, endomysial inflammation, and fibrotic scarring.

[0004] Without membrane stabilization from dystrophin or a micro-dystrophin, DMD will
manifest uncontrolled cycles of tissue injury and repair ultimately replace lost muscle fibers with
fibrotic scar tissue through connective tissue proliferation. Fibrosis is characterized by the
excessive deposits of ECM matrix proteins, including collagen and elastin. ECM proteins are
primarily produced from cytokines such as TGFB that is released by activated fibroblasts
responding to stress and inflammation. Although the primary pathological feature of DMD is
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myofiber degeneration and necrosis, fibrosis as a pathological consequence has equal
repercussions. The overproduction of fibrotic tissue restricts muscle regeneration and
contributes to progressive muscle weakness in the DMD patient. In one study, the presence of
fibrosis on initial DMD muscle biopsies was highly correlated with poor motor outcome at a 10-
year follow-up (Desguerre et al., JNeuropatholExp Neurol, 2009. 68(7): p. 762-7). These
results point to fibrosis as a major contributor to DMD muscle dysfunction and highlight the
need for early intervention prior to overt fibrosis.

[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 145 nucleotide inverted terminal
repeat (ITRs). There are multiple serotypes of AAV. The nucleotide sequences of the genomes
of the AAV serotypes are known. For example, the nucleotide sequence of the AAV serotype 2
(AAV2) genome is presented in Srivastava et al., J Virol, 45: 555-564 (1983) as corrected by
Ruffing et al., J Gen Virol, 75: 3385-3392 (1994). As other examples, the complete genome of
AAV-1 is provided in GenBank Accession No. NC_002077; 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 (see also U.S. Patent Nos. 7,282,199 and 7,790,449
relating to AAV-8); 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). Cloning of the AAVrh.74 serotype is described in
Rodino-Klapac., et al. Journal of translational medicine 5, 45 (2007). Cis-acting sequences
directing viral DNA replication (rep), encapsidation/packaging and host cell chromosome
integration are contained within the ITRs. Three AAV promoters (named p5, 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 (e.g., at AAV2 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 ultimately 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 splicing and non-consensus translational start
sites are responsible 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 attractive 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 transcriptionally active nuclear episome (extrachromosomal
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element). The AAV proviral genome is infectious as cloned DNA in plasmids which makes
construction of recombinant genomes feasible. Furthermore, because the signals directing
AAV replication, genome encapsidation and integration are contained 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 such as
a gene cassette containing a promoter, a DNA of interest and a polyadenylation signal. 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°C 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 (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 transduction
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] Functional improvement in patients suffering from DMD and other muscular dystrophies
requires gene restoration at an early stage of disease. There is a need for treatments that
increase muscle strength and protect against muscle injury in patients suffering from DMD.

SUMMARY OF INVENTION

[0009] The present invention is directed to AAV vectors expressing the micro-dystrophin gene
to skeletal muscles including diaphragm and cardiac muscle to protect muscle fibers from
injury, increase muscle strength and reduce and/or prevent fibrosis.

[0010] The present invention provides a recombinant AAVrh.74 vector comprising an MHCK7
muscle-specific promoter/enhancer operably linked to the nucleotide sequence of SEQ ID NO:
1, wherein the recombinant AAVrh.74 vector comprises a 5' AAV2 inverted terminal repeat
(ITR), the MHCK7 muscle-specific promoter/enhancer, an SV40 intron, the nucleotide
sequence of SEQ ID NO: 1, a synthetic polyadenylation (PolyA) signal and a 3' AAV2 ITR.

[0011] Described herein are therapies and approaches for increasing muscular force and/or
increasing muscle mass using gene therapy vectors to deliver micro-dystrophin to address the
gene defect observed in DMD. As shown in Example 2, treatment with micro-dystrophin gene
therapy resulted in a greater muscle force in vivo. Furthermore, delivery of micro-dystrophin
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gene therapy intramuscularly and systemically showed delivery of dystrophin to the muscles in
mice models in vivo.

[0012] The micro-dystrophin protein provides stability to the muscle membrane during muscle
contraction, e.g. micro-dystrophin acts as a shock absorber during muscle contraction.

[0013] In one embodiment, the rAAV vector is a non-replicating, recombinant adeno-
associated virus (AAV) termed rAAVrh74 MHCKY7.micro-dystrophin. This vector genome
contains minimal elements required for gene expression, including AAV2 inverted terminal
repeats (ITR), the micro-dystrophin, SV40 intron (SD/SA), and synthetic polyadenylation (Poly
A) signal, all under the control of the MHCKY promoter/enhancer. The schematic of the vector
genome and expression cassette is shown. The AAVrh74 serotype can be employed to
achieve efficient gene transfer in skeletal and cardiac muscle following IV administration.

[0014] The term "stringent” is used to refer to conditions that are commonly understood in the
art as stringent. Hybridization stringency is principally determined by temperature, 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 Laboratory Manual, 2nd Ed.,
Cold Spring Harbor Laboratory, (Cold Spring Harbor, N.Y. 1989). More stringent conditions
(such as higher temperature, lower ionic strength, higher formamide, or other denaturing
agent) may also be used, however, the rate of hybridization will be affected. In instances
wherein hybridization of deoxyoligonucleotides is concerned, additional exemplary stringent
hybridization conditions include washing in 6x SSC 0.05% sodium pyrophosphate 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).

[0015] 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 independent of pH. See Anderson et al., Nucleic Acid Hybridisation: 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.

[0016] The term "muscle specific control element” refers to a nucleotide sequence that
regulates expression of a coding sequence that is specific for expression in muscle tissue.
These control elements include enhancers and promoters. Described herein are constructs
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comprising the muscle specific control elements MCKH7 promoter, the MCK promoter and the
MCK enhancer.

[0017] The term "operably linked" refers to the positioning of the regulatory element nucleotide
sequence, e.g. promoter nucleotide sequence, to confer expression of said nucleotide
sequence by said regulatory element.

[0018] The recombinant AAV vectors of the present invention comprises an MHCK7 muscle-
specific promoter/enhancer operably linked to the nucleotide sequence of SEQ ID NO: 1. Other
muscle specific control elements include a 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), hybrid a-myosin heavy chain
enhancer-/MCK enhancer-promoter (MHCKY7), 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, hypoxia-inducible nuclear factors, steroid-
inducible element or glucocorticoid response element (GRE).

[0019] For example, a muscle specific control element is the MHCKY? promoter nucleotide
sequence SEQ ID NO: 2 or a muscle specific control element is MCK nucleotide sequence
SEQ ID NO: 4. In addition, in any of the rAAV vectors of the invention, the muscle specific
control element nucleotide sequence is operably linked to the nucleotide sequence encoding
the micro-dystrophin protein. For example, the MHCKY promoter nucleotide sequence (SEQ ID
NO: 2) is operably linked to the human micro-dystrophin coding sequence (SEQ ID NO: 1) as
set out in the construct provided in Figure 1 or Figure 10 (SEQ ID NO: 3). In another aspect,
the invention provides for a rAAV vector of the invention comprising the nucleotide sequence of
SEQ ID NO: 1 and SEQ ID NO: 2.

[0020] In a further aspect, the invention provides for a rAAV vector of the invention comprising
the nucleotide sequence of SEQ ID NO: 3. For example, the rAAVrh74.MHCK7.microdystrophin
vector comprises the nucleotide sequence of SEQ ID NO: 3 and shown in Figure 10. This rAAV
vector comprises the MHCK7 promoter, a chimeric intron sequence, the coding sequence for
the human micro-dystrophin gene, poly A, ampicillin resistance and the pGEX plasmid
backbone with pBR322 origin or replication.

[0021] The invention provides for a recombinant AAV vector of the invention comprising the
human micro-dystrophin nucleotide sequence of SEQ ID NO: 1 and the MHCKY7 promoter
nucleotide sequence of SEQ ID NO: 3. This rAAV vector is the AAV serotype AAVrh.74.

[0022] The invention also provides for a recombinant AAV vector of the invention comprising
the pAAV.MHCKY7.micro-dystrophin construct nucleotide sequence of SEQ ID NO: 3. This rAAV
vector is the AAV serotype AAVrh.74.

[0023] The invention also provides for pharmaceutical compositions (or sometimes referred to
herein as simply "compaositions") comprising any of the rAAV vectors of the invention.
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[0024] Described herein are methods of producing a rAAV vector particle comprising culturing
a cell that has been transfected with any rAAV vector of the invention and recovering rAAV
particles from the supernatant of the transfected cells. The invention also provides for viral
particles comprising any of the recombinant AAV vectors of the invention.

[0025] The invention provides for a recombinant AAV vector of the invention for use in
methods of treating muscular dystrophy comprising administering a therapeutically effective
amount of any of the recombinant AAV vectors of the invention expressing human micro-
dystrophin.

[0026] The invention provides for a recombinant AAV vector of the invention for use in
methods of treating muscular dystrophy comprising administering a therapeutically effective
amount of a recombinant AAV vector of the invention comprising the human micro-dystrophin
nucleotide sequence of SEQ ID NO: 1 and the MHCKY promoter nucleotide sequence of SEQ
ID NO: 2.

[0027] The invention also provides for a recombinant AAV vector of the invention for use in
methods of treating muscular dystrophy comprising administering a therapeutically effective
amount of a recombinant AAV vector of the invention comprising the pAAV.MHCKY.micro-
dystrophin construct nucleotide sequence of SEQ ID NO: 3.

[0028] "Fibrosis" 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 fibronectin and collagen, e.g. collagen 1, collagen 2 or collagen 3.

[0029] The invention also provides for a recombinant AAV vector of the invention for use in
methods of reducing or preventing fibrosis in a subject suffering from muscular dystrophy
comprising administering a therapeutically effective amount of any recombinant AAV vector of
the invention.

[0030] In another embodiment, the invention provides for a recombinant AAV vector of the
invention for use in methods of preventing fibrosis in a subject in need thereof, comprising
administering a therapeutically effective amount of a recombinant AAV vector of the invention.
For example, any of the rAAV vectors of the invention can be administered to subjects suffering
from muscular dystrophy to prevent fibrosis, e.g. the rAAV of the invention expressing a human
micro-dystrophin protein administered before fibrosis is observed in the subject. In addition, the
rAAV of the invention expressing a human micro-dystrophin gene can be administered to a
subject at risk of developing fibrosis, such as those suffering or diagnosed with muscular
dystrophy, e.g. DMD. The rAAV of the invention can be administered to the subject suffering
from muscular dystrophy in order to prevent new fibrosis in these subjects.

[0031] The invention contemplates administering any of the AAV vectors of the invention
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before fibrosis is observed in the subject. In addition, the rAAV of the invention can be
administered to a subject at risk of developing fibrosis, such as those suffering or diagnosed
with muscular dystrophy, e.g. DMD. The rAAV of the invention can be administered to the
subject suffering from muscular dystrophy who already has developed fibrosis in order to
prevent new fibrosis in these subjects.

[0032] Also described herein are methods of increasing muscular force and/or muscle mass in
a subject suffering from muscular dystrophy comprising administering a therapeutically
effective amount of a rAAV vector of the invention expressing a human micro-dystrophin gene.
These methods can further comprise the step of administering a rAAV expressing micro-
dystrophin.

[0033] The invention contemplates the use of any of the AAV vectors of the invention for
administration to patients diagnosed with DMD before fibrosis is observed in the subject or
before the muscle force has been reduced or before the muscle mass has been reduced.

[0034] The invention also contemplates the use of a AAV of the invention for administration to
a subject suffering from muscular dystrophy who already has developed fibrosis, in order to
prevent new fibrosis in these subjects or to reduce fibrosis in these patients. The invention also
provides for the use of any of the rAAV of the invention for administration to the patient
suffering from muscular dystrophy who already has reduced muscle force or has reduced
muscle mass in order to protect the muscle from further injury.

[0035] In any of the methods the subject may be suffering from muscular dystrophy such as
DMD or any other dystrophin-associated muscular dystrophy.

[0036] In any of the methods the rAAV vector or composition can be administered by
intramuscular injection or intravenous injection.

[0037] In addition, in any of the methods the rAAV vector or composition can be administered
systemically. For example, the rAAV vector or composition can be parenterally administration
by injection, infusion, or implantation.

[0038] In another embodiment, the invention provides a composition comprising any of the
rAAV vectors of the invention for use in reducing fibrosis in a subject in need thereof.

[0039] In addition, the invention provides a composition comprising any of the recombinant
AAV vectors of the invention for use in preventing fibrosis in a patient suffering from muscular

dystrophy.

[0040] The invention provides for compositions comprising any of the recombinant AAV vectors
of the invention for use in treating muscular dystrophy.

[0041] The invention provides for compositions comprising a recombinant AAV vector of the
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invention comprising the human micro-dystrophin nucleotide sequence of SEQ ID NO: 1 and
the MHCKY promoter sequence of SEQ ID NO: 2 for use in treatment of muscular dystrophy.

[0042] The invention provides for a composition comprising a recombinant AAV vector of the
invention comprising the pAAV.MHCKY7.micro-dystrophin construct comprising the nucleotide
sequence of SEQ ID NO: 3 for use in treatment of muscular dystrophy.

[0043] Also described herein are compositions comprising any of the rAAV vectors of the
invention for increasing muscular force and/or muscle mass in a subject suffering from
muscular dystrophy. In a further embodiment, the invention provides for compositions
comprising any of the rAAV vectors of the invention for use in treatment of muscular dystrophy.

[0044] The compositions of the invention can be formulated for intramuscular injection or
intravenous injection. The composition of the invention is also formulated for systemic
administration, such as parenterally administration by injection, infusion or implantation.

[0045] In addition, any of the compositions can be formulated for administration to a subject
suffering from muscular dystrophy such as DMD or any other dystrophin associated muscular
dystrophy.

[0046] In any of the uses of the invention, the medicament can be formulated for intramuscular
injection or intravenous injection. In addition, in any of the uses of the invention, the
medicament can be formulated for systemic administration such as parenteral administration
by injection, infusion, or implantation.

[0047] Any of the medicaments can be prepared for administration to a subject suffering from
muscular dystrophy such as DMD or any other dystrophin associated muscular dystrophy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048]

Figure 1 illustrates the pAAV.MHCKY.micro-dystrophin construct. In this construct, the cDNA
expression cassette is flanked by AAV2 inverted terminal repeat sequences (ITR). The
construct is characterized by an in-frame rod deletion (R4-R23), while hinges 1, 2 and 4 (Hi, H>
and Hy) and the cysteine rich domain remain producing a 138 kDa protein. The expression of
the micro-dystrophin protein (3579 bp) is guided by a MHCKY7 promoter (795 bp). The intron
and 5' UTR are derived from plasmid pCMVp (Clontech). The micro-dystrophin cassette had a
consensus Kozak immediately in front of the ATG start and a small 53 bp synthetic polyA signal
for mRNA termination. The human micro-dystrophin cassette contained the (R4-R23/A71-78)
domains as previously described by Harper et al. (Nature Medicine 8, 253-261 (2002)).

Figure 2 demonstrates dystrophin protein expression following intramuscular delivery of
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AAVrh74.MHCK7 construct. The tibialis anterior muscle of mdx mice was injected with 1 x 10"
vg (n=5 per group). Six weeks later the muscles were harvested and stained for dystrophin
expression with an N-terminal antibody for dystrophin and hematoxylin and eosin staining.

Figures 3A-3C provide skeletal muscle force measurements and quantification of micro-
dystrophin expression following intramuscular injection of AAVrh74 MHCK?7 construct. (A) The

tibialis anterior muscle of mdx mice was injected with1 x 101" vg (n=5) with AAVrh74.MHCK?7
construct. Six weeks later the tibialis anterior muscles were harvested and subjected to in vivo
force measurements. The dosed cohort had significantly greater force production than
untreated mdx controls.

Figures 4A-4C demonstrate widespread transduction of skeletal, diaphragm and cardiac
muscle fibers after systemic administration of the AAVrh.74. MHCKY.micro-dys construct. (A)

Mdx mice were treated systemically at 6 weeks of age via the tail vein with 6x1012 vg (2 x 10 4
vg/kg) of AAVrh.74. MHCKY .micro-dystrophin following 12 weeks of treatment. (B) Staining for
micro-dystrophin demonstrates quantification of the percentage of muscle fibers expressing
micro-dystrophin in each tissue. (C) Shows the specific force measured in the diaphragm at the
low and high (planned clinical) dose. No significant difference was seen at low dose; however
there was significant improvement at the high dose.

Figure 5 demonstrates dystrophin protein expression following systemic delivery of
AAVrh.74 MHCKY7.micro-dystrophin construct. Mdx mice (n=5) were treated systemically

starting at 6 weeks of age via the tail vein with 6 x 10 '2vg of AAVrh.74.MHCK7.micro-
dystrophin. Following 12 weeks of treatment, all muscles were harvested and stained for
dystrophin and restoration of DAPC components (beta-sarcoglycan shown).

Figures 6A-6D demonstrate the toxicology/safety of AAVrh.74 MHCKY7. Hematoxylin and eosin
(H&E) staining was performed on the following muscle tissues to analyze toxicity: Tibialis
anterior (TA), Gastrocnemius (GAS), Quadriceps (QD), Psoas (PSO), Triceps (TRI), and
Diaphragm (DIA) (Figure 6A). No toxicity was noted. As an indicator of efficacy, the number of
muscle fibers with centrally placed nuclei (CN) was quantified (Figure 6B). CN are indicative of
cycles of muscle degeneration and regeneration and thus reduction in CN demonstrates
treatment effect. (Figure 6C) demonstrates the total number of fibers is unchanged with
treatment. The amount of creatine kinase is provided in (D) showing improvement at high
dose. Independent t-tests were used to locate differences (p<.05); Data are reported as means
+ SEM.

Figure 7 illustrates the pAAV.MCK micro-dystrophin plasmid construct.

Figure 8 provides the results of a rAAVrh74. MCK. micro-dystrophin (human) potency assay.

The tibialis anterior muscle of mdx mice was injected with 3 x 109, 3 x 1070, or 1 x 10" vg (n=3
per group). Four weeks later the muscles were harvested and stained for dystrophin
expression with the N-terminal Dys3 antibody. There was a linear correlation between

expression and dose with very little expression (no effect level) at 3 x 10° vg and 89%
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expression at 1 x 10" vg.

Figures 9A-9C demonstrate that Human micro-dystrophin improves force generation and
protection from eccentric contraction induced injury. (A) Dystrophin protein immunostaining in
the extensor digitorum longus (EDL) and TA shows expression in a mdx myofibers following
rAAVrh.74-MCK-micro-dystrophin (human) injection via the femoral artery. Mock-infected
muscle was stained in an identical manner and exposures are time matched. (B) rAAVrh.74-
MCK-micro-dystrophin significantly increased normalized specific force relative to mock-treated
mdx muscles (P<0.05 vs. mdx). (C) mdx muscles infected with rAAVrh.74-MCK-Micro-
dys(human) were compared with mock-infected contralateral mdx EDL muscles and WT (WT
C57BI/10) EDL muscles for force drop during repetitive eccentric contractions at 12 weeks post
gene transfer. rAAVrh.74-MCK-microdystrophin (Micro-dys) treatment significantly protected
against loss of force compared with mock-treated mdx muscles (P< 0.001 vs. mdx). Errors are
SEMs.

Figure 10 provides the nucleic acid sequence (SEQ ID NO: 3 rAAVrh74 MHCKY. micro-
dystrophin).

Figure 11 provides the nucleic acid sequence (SEQ ID NO: 5) rAA Vrh74.MCK.micro-
dystrophin.

Figures 12A - 12B provides the immunological response to systemic delivery of
AAVrh74 MHCKY7.micro-dystrophin in the non-human primate. (A) ELISpot response to AAV
capsid and micro-dystrophin peptide pools. ConA is the positive control and DMSO is the
negative control. There were three pools to AAVrh74 and four peptide pools specific to micro-
dystrophin. (B) ELISA positive titers of circulating neutralizing antibodies to vector capsid.
Serum was isolated from primates biweekly and analyzed for antibody titer. Titer reported
corresponds to last dilution at which ratio of response 22.

Figure 13A -B demonstrates systemic delivery in rhesus macaque with
AAVrh74 MHCKY7.microdystrophin. Anti-FLAG immunofluorescence staining in the left side
muscles demonstrated robust micro-dystrophin expression.

Figure 14 demonstrates the effect of systemic treatment with rAAVrh74. MHCKY7.micro-
dystrophin on transgene expression. Immunofluorescence staining for micro-dystrophin using
an N-terminal dystrophin antibody in the heart, diaphragm, psoas, and tibialis anterior (TA)
demonstrates robust expression in the mid (6e12 vg; 2e14 vg/kg) and high dose (1.2e13 vg;
6e14 vg/kg) treated animals 3 months post-injection. 20x images are shown.

Figure 15 demonstrates the effect of systemic treatment with rAAVrh74 MHCKY7.micro-
dystrophin on transgene expression. Immunofluorescence staining for micro-dystrophin using
an N-terminal dystrophin antibody in the gastrocnemius, quadriceps, tricep and gluteus
demonstrates robust expression in the mid (6e12 vg; 2e14 vg/kg) and highest dose (1.2e13
vg; 6e14 vg/kg) treated animals 3 months post-injection. 20x images are shown.

Figure 16 demonstrates the effect of systemic treatment with rAAVrh74. MHCKY7.micro-
dystrophin on muscle pathology. (A) H&E stain of diaphragm, tibialis anterior, gastrocnemius,
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and quadricep muscle from C57BL/6 WT, mdx, and rAAVrh74. MHCKY .micro-dystrophin treated
mice (Mid dose-2e14vg/kg; high dose-6e14vg/kg), (B) Quantification of average fiber size
demonstrated a normalization of fiber size across all tissue. ***p<0.001, one-way ANOVA,;
Data are reported as means £ SEM. 20x images are shown.

Figure 17 demonstrates the effect of systemic treatment with rAAVrh74. MHCKY7.micro-
dystrophin on muscle pathology. (A) H&E stain of tricep, gluteal and psoas muscle from
C57BL/6 WT, mdx, and rAAVrh74. MHCKY7 .micro-dystrophin treated mice (mid dose-2e14vg/kg;
high dose-6e14vg/kg), (B) Quantification of average fiber size demonstrated larger fibers in a
dose dependent manner. ***p<0.001, one-way ANOVA; Data are reported as means £+ SEM.
20x images are shown.

Figure 18 demonstrates the effect of systemic treatment with rAAVrh74. MHCKY7.micro-
dystrophin on central nucleation. Dose escalation illustrates reductions in central nucleation in
all skeletal muscles and diaphragm. Two-way ANOVA were used to locate differences (p<0.05).
Data are reported as means + SEM.

Figure 19 demonstrates the effect of systemic treatment with rAAVrh74. MHCKY7.micro-
dystrophin on collagen deposition. Dose escalation illustrates reductions in collagen
accumulation (%) in the diaphragm. *p<0.05, one-way ANOVA; Data are reported as means +
SEM. 20x images are shown.

Figure 20 demonstrates correction of force deficits in the diaphragm. Following 3 or 6 months
of treatment, diaphragm muscle strips were harvested to measure specific force (normalized to

cross sectional area). Treatment restored force to WT levels. *p<0.05. One-way ANOVA was
utilized to determine differences from mdx-LR mice.

Figure 21 demonstrates correction of force deficits in the TA. (A) Following 3-6 months of
treatment TA muscles were harvested (both Left and Right) to measure specific force
(normalized to TA weight). Treatment restored force to WT levels. (B) Treatment rescued TA

muscles from fatigue after rigorous protocol of eccentric contractions. *p<0.05. One-way
ANOVA was utilized to determine differences from mdx-LR mice.

Figure 22 provides distribution of average vg copies in various tissues from three mdx mice
after IV delivery of rAAVrh74.MHCKY .micro-dystrophin.

Figure 23. Serum chemistries for ssAAVrh74 MHCKY7.micro-dystrophin systemically injected
mice and age matched control groups serum chemistries were analyzed by an independent
CRO (Charles River Laboratories) which indicate normal values across all chemistries
analyzed. The only abnormal values were elevated AST and ALT noted in MDX vehicle treated
animals [MDX-LR (lactated ringers)] that was normalized with treatment. AST and ALT are
known to be elevated in DMD. ALT = alanine aminotransferase, ALP/K = alkaline phosphatase,
AST = aspartate aminotransferase, BUN = blood urea nitrogen, B/C = Blood to creatinine ratio,
CREAT = creatine, GLU = glucose, TP= total protein, TBIL = total bilirubin, DBIL = direct
bilirubin
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Figure 24 provides biodistribution western blots on muscles and organs from
rAAVrh74 MHCKY7.micro-dystrophin systemically injected mdx mice.

Figure 25 provides the pNLREP2-Caprh74 AAV helper plasmid map.

Figure 26 provides the Ad Helper plasmid pHELP.

DETAILED DESCRIPTION

[0049] The present invention provides for rAAV vectors overexpressing human micro-
dystrophin and the rAAV vectors for use in methods of reducing and preventing fibrosis in
muscular dystrophy patients. Muscle biopsies taken at the earliest age of diagnosis of DMD
reveal prominent connective tissue proliferation. Muscle fibrosis is deleterious in multiple ways.
It reduces normal transit of endomysial nutrients through connective tissue barriers, reduces
the blood flow and deprives muscle of vascular-derived nutritional constituents, and functionally
contributes to early loss of ambulation through limb contractures. Over time, treatment
challenges multiply as a result of marked fibrosis in muscle. This can be observed in muscle
biopsies comparing connective tissue proliferation at successive time points. The process
continues to exacerbate leading to loss of ambulation and accelerating out of control,
especially in wheelchair-dependent patients.

[0050] Without early treatment including a parallel approach to reduce fibrosis it is unlikely that
the benefits of exon skipping, stop-codon read-through, or gene replacement therapies can
ever be fully achieved. Even small molecules or protein replacement strategies are likely to fail
without an approach to reduce muscle fibrosis. Previous work in aged mdx mice with existing
fibrosis treated with AAV.micro-dystrophin demonstrated that we could not achieve full
functional restoration (Liu, M., et al.,, Mol Ther 11, 245-256 (2005)). It is also known that
progression of DMD cardiomyopathy is accompanied by scarring and fibrosis in the ventricular
wall.

[0051] As used herein, the term "AAV" is a standard abbreviation for adeno-associated virus.
Adeno-associated virus is a single-stranded DNA 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 principles 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
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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.

[0052] 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.

[0053] 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 polynucleotide (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

[0054] The recombinant AAVrh.74 vectors of the invention comprise an MHCK7 muscle-
specific promoter/enhancer operably linked to the nucleotide sequence of SEQ ID NO: 1,
wherein the recombinant AAVrh.74 vector comprises a 5' AAV2 inverted terminal repeat (ITR),
the MHCK7 muscle-specific promoter/enhancer, an SV40 intron, the nucleotide sequence of
SEQ ID NO: 1, a synthetic polyadenylation (PolyA) signal and a 3' AAV2 ITR. 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 AAVrh.74, AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAV-
6, AAV-7, AAV-8, AAV-9, AAV-10, AAV-11, AAV-12 and AAV-13. Production 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). 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, AAV6, AAV8 or AAVrh.74 can be used.

[0055] DNA plasmids of the invention comprise rAAV genomes of the invention. The DNA
plasmids are transferred to cells permissible for infection with a helper virus of AAV (e.g.,
adenovirus, E1-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 packaging 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
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AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAV-6, AAV-7, AAVrh.74, AAV-8, AAV-9, AAV-10, AAV-11,
AAV-12 and AAV-13. Production of pseudotyped rAAV is disclosed in, for example, WO
01/83692.

[0056] 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 (Samulski 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 packaging 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 adenovirus or baculovirus rather than plasmids to introduce rAAV
genomes and/or rep and cap genes into packaging cells.

[0057] General principles of rAAV production are reviewed in, for example, Carter, 1992,
Current Opinions in Biotechnology, 1533-539; and Muzyczka, 1992, Curr. Topics 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., Mol. Cell. Biol., 7:349 (1988). Samulski et al., J. Virol., 63:3822-3828 (1989); U.S. Patent
No. 5,173,414; WO 95/13365 and corresponding U.S. Patent No. 5,658.776 ; WO 95/13392;
WO 96/17947; PCT/US98/18600; 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. Vaccine 13:1244-1250 (1995); Paul et al. Human Gene Therapy 4:609-
615 (1993); Clark et al. Gene Therapy 3:1124-1132 (1996); U.S. Patent. No. 5,786,211; U.S.
Patent No. 5,871,982; and U.S. Patent. No. 6,258,595.

[0058] Described herein are packaging cells that produce infectious rAAV. Packaging cells may
be stably transformed cancer cells such as Hela cells, 293 cells and PerC.6 cells (a cognate
293 line). Packaging cells may be cells that are not transformed cancer cells, such as low
passage 293 cells (human fetal kidney cells transformed with E1 of adenovirus), 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).

[0059] Recombinant AAV (ie., infectious encapsidated rAAV particles) of the invention
comprise a rAAV genome. In exemplary embodiments, the genomes of both rAAV lack AAV rep
and cap DNA, that is, there is no AAV rep or cap DNA between the ITRs of the genomes.
Examples of rAAV that may be constructed to comprise the nucleic acid molecules of the
invention are set out in International Patent Application No. PCT/US2012/047999 (WO
2013/016352).
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[0060] In an exemplary embodiment, the recombinant AAV vector of the inveiton is produced
by the triple transfection method (Xiao et al. ,J Virol 72, 2224-2232 (1998) using the AAV vector
plasmids pAAV.MHCK?7.micro-dystrophin, pNLRep2-Caprh74 and pHelp, pAAV contains the
micro-dystrophin gene expression cassette flanked by AAV2 inverted terminal repeat
sequences (ITR). It is this sequence that is encapsidated into AAVrh74 virions. The plasmid
contains the micro-dystrophin sequence and the MHCK?7 enhancer and core promoter
elements of the muscle specific promoter to drive gene expression. The expression cassette
also contains an SV40 intron (SD/SA) to promote high-level gene expression and the bovine
growth hormone polyadenylation signal is used for efficient transcription termination.

[0061] The pNLREP2-Caprh74 is an AAV helper plasmid that encodes the 4 wild-type AAV2
rep proteins and the 3 wild-type AAV VP capsid proteins from serotype rh74. A schematic map
of the pNLREP2-Caprh74 plasmid is shown in Figure 25.

[0062] The pHELP adenovirus helper plasmid is 11,635 bp and was obtained from Applied
Viromics. The plasmid contains the regions of adenovirus genome that are important for AAV
replication, namely E2A, E4ORF6, and VA RNA (the adenovirus E1 functions are provided by
the 293 cells). The adenovirus sequences present in this plasmid only represents ~40% of the
adenovirus genome, and does not contain the cis elements critical for replication such as the
adenovirus terminal repeats. Therefore, no infectious adenovirus is expected to be generated
from such a production system. A schematic map of the pHELP plasmid is shown in Figure 26.

[0063] The rAAV may be purified by methods standard in the art such as by column
chromatography or cesium chloride 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. Patent No. 6,566,118 and WO 98/09657.

[0064] In another embodiment, the invention contemplates compositions comprising rAAV of
the present invention. Compositions of the invention comprise rAAV and a pharmaceutically
acceptable carrier. The compositions may also comprise other ingredients such as diluents
and adjuvants. Acceptable carriers, diluents and adjuvants are nontoxic to recipients and are
preferably inert at the dosages and concentrations employed and include buffers and
surfactants such as pluronics.

[0065] Titers of rAAV to be administered in methods 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 1x10'9 about

1x10™, about 1x10'2, about 1x10"3 to about 1x1074 or more DNase resistant particles (DRP)
per ml. Dosages may also be expressed in units of viral genomes (vg).

[0066] Methods of transducing a target cell with rAAV, in vivo or in vitro, are described herein.
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The in vivo methods comprise the step of administering an effective dose, or effective multiple
doses, of a composition comprising 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 development 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 prevention or treatment with
methods of the invention is DMD.

[0067] Combination therapies are also contemplated by the invention. Combination as used
herein includes both simultaneous treatment and sequential treatments. Combinations of
methods of the invention with standard medical treatments (e.g., corticosteroids) are
specifically contemplated, as are combinations with novel therapies.

[0068] Administration of an effective dose of the compositions may be by routes standard in
the art including, but not limited to, intramuscular, parenteral, intravenous, oral, buccal, 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 micro-dystrophin protein.

[0069] 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 parenteral administration through injection, infusion or implantation.

[0070] In particular, actual administration of rAAV of the present invention may be
accomplished by using any physical 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 and injection into the bloodstream. Simply 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. 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
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with any pharmaceutically acceptable carrier for ease of administration and handling.

[0071] The dose of rAAV to be administered in methods disclosed herein 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 each rAAV administered may range from about 1x108, about 1x107, about
1x108, about 1x10%, about 1x10'0, about 1x10"", about 1x1012, about 1x10"3, about 1x1014,
or to about 1x10"° or more DNase resistant particles (DRP) per ml. Dosages may also be
expressed in units of viral genomes (vg) (i.e., 1x107 vg, 1x108 vg, 1x10° vg, 1x1010 vg, 1x10"
vg, 1x1012 vg, 1x1013 vg, 1x1074 vg, 1x10"° respectively). Dosages may also be expressed in
units of viral genomes (vg) per kilogram (kg) of bodyweight (i.e., 1x1010 vg/kg, 1x10"" vg/kg,

1x1012 vg/kg, 1x1013 vg/kg, 1x1014 vg/kg, 1x10'° vg/kg respectively). Methods for titering AAV
are described in Clark et al., Hum. Gene Ther., 10: 1031-1039 (1999).

[0072] In particular, actual administration of rAAV of the present invention may be
accomplished by using any physical 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 and injected into the bloodstream. Simply 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. 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 administration and handling.

[0073] 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 surfactant 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 obtainable by standard techniques well-known to those skilled in the art.

[0074] The pharmaceutical carriers, diluents or excipients suitable for injectable use include
sterile aqueous solutions or dispersions and sterile powders for the extemporaneous
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preparation of sterile injectable solutions or dispersions. In all cases the form must be sterile
and must be fluid to the extent that easy syringability 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 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 gelatin.

[0075] Sterile injectable solutions are prepared by incorporating rAAV in the required amount in
the appropriate solvent with various other ingredients enumerated above, as required, followed
by filter sterilization. Generally, dispersions 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.

[0076] 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 reintroduced into
the subject. Alternatively, syngeneic or xenogeneic muscle cells can be used where those cells
will not generate an inappropriate immune response in the subject.

[0077] Suitable methods for the transduction and reintroduction 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. Transduced cells can then be formulated into pharmaceutical
compositions, and the composition introduced into the subject by various techniques, such as
by intramuscular, intravenous, subcutaneous and intraperitoneal injection, or by injection into
smooth and cardiac muscle, using e.g., a catheter.

[0078] Transduction of cells with rAAV of the invention results in sustained expression of the
micro-dystrophin protein. Thus methods of administering/delivering rAAV which express micro-
dystrophin protein to an animal, preferably a human being are provided. These methods
include transducing 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 cassettes comprising tissue specific
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control elements. For example, described herein are methods 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 enhancer binding factor
MEF-2 (Cserjesi and Olson, Mol 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., Mol 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 | gene: hypoxia-inducible nuclear factors (Semenza et al.,
Proc Natl Acad Sci USA, 88: 5680-5684 (1991)), steroid-inducible elements and promoters
including the glucocorticoid response element (GRE) (See Mader and White, Proc. Natl. Acad.
Sci. USA 90: 5603-5607 (1993)), and other control elements.

[0079] 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
microdystrophin from transduced myofibers.

[0080] 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
undifferentiated, such as myoblasts, myocytes, myotubes, cardiomyocytes and
cardiomyoblasts.

[0081] The term "transduction" is used to refer to the administration/delivery of the coding
region of the micro-dystrophin to a recipient cell either in vivo or in vitro, via a replication-
deficient rAAV of the invention resulting in expression of micro-dystrophin by the recipient cell.

[0082] Thus, methods of administering an effective dose (or doses, administered essentially

simultaneously or doses given at intervals) of rAAV that encode micro-dystrophin to a patient in
need thereof are provided.

EXAMPLES

Example 1

Generation of the pAAV.MHCK7.micro-dystrophin construct

[0083] The pAAV.MHCKY.micro-dystrophin plasmid contains a human micro-dystrophin cDNA
expression cassette flanked by AAV2 inverted terminal repeat sequences (ITR) (see Fig. 1).
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The micro-dystrophin construct was characterized by an in-frame rod deletion (R4-R23), while
hinges 1, 2 and 4 and cysteine rich domain remain producing a 138 kDa protein. The
expression of the micro-dystrophin protein (3579 bp) was guided by a MHCK7 promoter (795
bp). The plasmid was constructed from the pAAV.MCK micro-dystrophin plasmid by removing
the MCK promoter and inserting the MHCK?7 promoter. After the core promoter, the 53 bp
endogenous mouse MCK Exon1 (untranslated) is present for efficient transcription initiation,
followed by the SV40 late 16S/19S splice signals (97 bp) and a small 5’UTR (61 bp). The intron
and 5' UTR are derived from plasmid pCMVp (Clontech). The micro-dystrophin cassette had a
consensus Kozak immediately in front of the ATG start and a small 53 bp synthetic polyA signal
for mRNA termination. The human micro-dystrophin cassette contained the (R4-R23/A71-78)
domains as previously described by Harper et al. (Nature Medicine 8, 253-261 (2002)). The
complementary DNA was codon optimized for human usage and synthesized by GenScript
(Piscataway, NJ) (Mol Ther 18, 109-117 (2010)). The only viral sequences included in this
vector were the inverted terminal repeats of AAV2, which are required for both viral DNA
replication and packaging. The micro-dystrophin cassette has a small 53 bp synthetic polyA
signal for mRNA termination.

[0084] Previous studies have validated cardiac expression using MHCK7 promoter (Salva et al.
Mol Ther 15, 320-329 (2007) and AAVrh74 achieving skeletal, diaphragm, and cardiac muscle
expression (Sondergaard et al. Annals of clinical and Transl Neurology 2, 256-270 (2015)),
The sequence of construct of Fig. 1 was encapsidated into AAVrh.74 virions. The molecular
clone of the AAVrh.74 serotype was cloned from a rhesus macaque lymph node and is
described in in Rodino-Klapac et al. Journal of Translational medicine 5, 45 (2007).

Table 1 shows the molecular features of the plasmid pAAV.MHCK7.micro-dystrophin (SEQ ID
NO: 3)

Table 1. Molecular Features of plasmid pAAV.MHCK7.micro-dystrophin
TYPE START {END {NAME DESCRIPTION
REGION {7 116 {5'ITR Wild-type AAVZ2 inverted terminal repeat
REGION {236 1036 {MHCK7 {Mouse myosin heavy chain complex - E
box muscle creatine kinase fusion
enhancer/promoter
REGION {1046 1195 {Chimeric }{5' donor site from human B-globin gene
intron and the branchpoint and 3' splice acceptor
site from IgG heavy chain variable region
GENE 1206 4786 {huDys Human micro-dystrophin cDNA
cDNA
REGION {4787 4842 iPolyA Synthetic PolyA
REGION {4933 5042 {3' ITR Wild-type AAV2 inverted terminal repeat
GENE 6808 7668 {AmpR B-lactamase gene
REGION {7823 8442 ; Ori Plasmid origin of replication

Example 2
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Intramuscular Expression Studies Using rAAV.MHCK7.micro-dystrophin

[0085] Expression studies were conducted with the human micro-dystrophin construct
(rAAVrh74 MHCKY. micro-dystrophin; described in Example 1) by intramuscular injection. The

tibialis anterior muscle of mdx mice (spontaneous Dmd™¥ mutant mice that do not express

dystrophin) were injected with 1 x 10" vg of the cassette (n=5 per group). Six weeks later the
muscles were harvested and stained for dystrophin (Dys3) expression with an N-terminal
antibody for dystrophin and hematoxylin and eosin (HE) staining. Figure 2 shows diffuse gene

expression and reduction in centrally located nuclei with 1 x 10! vg dose compared to the
untreated muscle. Furthermore, a decrease in central nucleation with an increase in average
fibers/frame was observed following treatment with micro-dystrophin construct. Expression
levels of the rAAVrh74. MHCK?7. micro-dystrophin construct were quantified at about 73%.

[0086] In addition to measuring micro-dystrophin localization and expression levels, skeletal
muscle force was measured following intramuscular injection of the cassette. Intramuscular
expression of pAAV.MHCKY.micro-dystrophin construct resulted in significantly greater
absolute and specific force production compared with untreated controls (Figures 3A and 3B,
respectfully).

Example 3

Systemic Delivery of rAAVrh.74.MHCK7.micro-dystrophin to mdx mice

[0087] Cohorts of mdx mice were injected via tail vein with either 2 x1012 vg (8x1073 vg/kg) or

high dose (planned clinical dose) 6 x10'2 vg (2x10' vg/kg) of rAAVrh.74. MHCK7.micro-
dystrophin at 6 weeks of age. Following 12 weeks of treatment, all muscles were harvested
and stained for dystrophin and restoration of DAPC components. Systemically injected (tail
vein) mice showed high levels of staining of dystrophin throughout all muscles. Figure 4A
represents the widespread transduction of skeletal, diaphragm and cardiac muscle fibers after

a6x10'2 vg (2 x 10 1 vg/kg) systemic dose. Figure 4B shows quantification of the percentage
of muscle fibers expressing micro-dystrophin in each tissue. Finally the diaphragm was tested
for functional improvement (Figure 4C). No significant difference was seen at low dose;
however there was significant improvement at the high dose. Importantly, Figure 5
demonstrates other components of the DAPC were completely restored following micro-
dystrophin delivery. Shown is Beta-sarcoglycan (B-SG).
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[0088] The toxicology/safety of AAVrh.74.MHCKY.micro-dystrophin are were evaluated by
administering the vector via intravenous (i.v.) injection to the tail vein of mdx mice per Table 2.
There was no evidence of toxicity in any of the muscle tissues analyzed including: Tibialis
anterior (TA), Gastrocnemius (GAS), Quadriceps (QD), Psoas (PSO), Triceps (TRI), and
Diaphragm (DIA) (Figure 6A and 6B). The number of centrally placed nuclei were decreased

with the high dose 6x10'2 vg (2 x 10 ' vg/kg). Historically, central nucleation of skeletal
muscles in untreated age matched mdx mice are on average ~80%. Finally, the preliminary
data from a small sample size (n=3) demonstrates a decreased level of CK release (U/L) in
serum of high dose treated mice (D). Independent t-tests were used to locate differences
(p<.05); Data are reported as means + SEM.

Table 2. Outline of toxicology/safety study of rAAVrh.74 MHCKY7.micro-dystrophin in mice.

Dose | Treatment Day{ Follow-up Sacrificial
Cohort (va/kg) 0 Day 1 EndPoint
Study Agent
Number yAg Week | Extra
6
Low |AAVIN.74MH injesc'?ig'ne tlé "{he 24 h Weight,
(1) CK7.Micro- { g0 A Clinical oM | +2
Dose q : tail vein of mdx :
ys x1013 mice Observations
(2) § High {AAVrh.74 MH{ 2.0 5M +2
Dose § CK7.Micro- §{ x1014
dys
(3) iControl Vehicle 0 5M +2
(LRS)
TOTAL N =
MICE 21
Example 4

Generation of the pAAV.MCK.micro-dystrophin construct

[0089] The pAAV.MCK micro-dystrophin plasmid was constructed by inserting the MCK
expression cassette driving a codon optimized human micro-dystrophin cDNA sequence into
the AAV cloning vector psub201 (Samulski et al., J. Virol. 61(10):3096-3101). A muscle-specific
regulatory element was included in the construct to drive muscle-specific gene expression.
This regulatory element comprised the mouse MCK core enhancer (206 bp) fused to the 351
bp MCK core promoter (proximal). After the core promoter, the construct comprises the 53 bp
endogenous mouse MCK Exon1 (untranslated) for efficient transcription initiation, followed by
the SV40 late 16S/19S splice signals (97 bp) and a small 5’'UTR (61 bp). The intron and 5' UTR
was derived from plasmid pCMVp (Clontech). The micro-dystrophin cassette has a consensus
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Kozak immediately in front of the ATG start and a small 53 bp synthetic polyA signal for mRNA
termination. The human micro-dystrophin cassette contains the (R4-R23/A71-78) domains as
previously described by Harper et al. Nat. Med. 8(3):253-61, 2002

[0090] The pAAV.MCK . micro-dystrophin plasmid contained the human micro-dystrophin cDNA
expression cassette flanked by AAV2 inverted terminal repeat sequences (ITR) (see Fig. 7).
This sequence was encapsidated into AAVrh.74 virions. The molecular clone of the AAVrh.74
serotype was cloned from a rhesus macaque lymph node and is described in Rodino-Klapac et
al. Journal of Tran. Med. 45 (2007).

Example §

Potency and Dose Analysis Using rAAV.MCK.micro-dystrophin

[0091] Expression studies were conducted with the human micro-dystrophin construct
(rAAV.MCK micro-dystrophin; described in Example 1) by intramuscular injection. The tibialis

anterior (TA) muscle of mdx mice (spontaneous Dmd™% mutant mice that do not express

dystrophin) were injected with 3 x 109 3 x 1010, or 1 x 10" vg (n=3 per group). Four weeks
later the muscles were harvested and stained for dystrophin expression using an antibody
specific for the N-terminal Dys3 and hematoxylin and eosin (HE) staining. Figure 8 show a
linear correlation between expression and dose where very little expression (no effect level) at

3 x 109 vg and 89% expression at 1 x 101" vg.

Example 6

Vascular Delivery of rAAV.MCK.micro-dystrophin to mdx Mice

[0092] Using an isolated limb perfusion model (Rodino-Klapac et al., J. Trans. Med. 5(45): 1-

11, 2007), mdx mice (n=10) were injected with 1 x 10! vg of rAAVrh.74.MCK micro-dystrophin
via the femoral artery and performed outcomes analysis was carried out. Three months post
gene transfer, lower limb muscles were harvested and efficacy studies demonstrated
significant improvement in both force and resistance to eccentric contraction induced injury
(Figure 9).

[0093] Dystrophin protein immunostaining in the extensor digitorum longus (EDL) muscle and
TA muscle shows expression in a mdx myofibers following rAAVrh.74-MCK-micro-dystrophin
treatment (Fig. 9A). Mock-infected muscle was stained in an identical manner and exposures
were time matched. Fig. 9B demonstrates that rAAVrh.74-MCK-micro-dystrophin significantly
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increased normalized specific force relative to mock-treated mdx muscles (P<0.05 vs. mdx). In
addition, the mdx muscles infected with rAAVrh.74-MCK-micro-dystrophin (human) were
compared with mock-infected contralateral mdx EDL muscles (blue) and Wild Type (WT
C57BI/10) EDL muscles for force drop during repetitive eccentric contractions at 12 weeks post
gene transfer (Fig. 9C). It was found that rAAVrh.74-MCK-microdystrophin (Micro-dys)
treatment significantly protected against loss of force compared with mock-treated mdx
muscles (P< 0.001 vs. mdx).

Example 7

Primate Studies

[0094] In order to apply pre-clinical finds in mice to a clinical paradigm, a non-human primate
(NHP) was dosed systemically in order to evaluate safety and efficacy for future clinical trials.

The effect of 2x10' vg total dose of AAVrh74.MHCK7.micro-dystrophin.FLAG delivered
intravenously through the cephalic vein was studied in a non-human primate. This dose was
proportional (based on animal weight) to the systemic dose given to mice and corresponded to

the mid-dose (6.0x10'2 vg Total Dose) given to mice.

[0095] Baseline chemistries and immunological studies including enzyme-linked
immunosorbent spot assay (ELISpot) analysis were carried out to measure T cells against
AAVrh.74 capsid and micro-dystrophin as well as anti-AAV antibody titers. Three peptide pools
were used for the AAVrh.74 capsid protein (Genemed Synthesis, San Antonio, TX) containing
34-36 peptides, each 18 amino acids long and overlapping by 11 residues. Four peptide pools
encompassing the micro-dystrophin.FLAG protein (Genemed Synthesis) each 18 amino acids
long and overlapping by 11 residues. Concanavalin A (ConA) (Sigma, 1ug/mL) served as a
positive control and 0.25% dimethylsulfoxide (DMSO) as a negative control. These studies
were repeated every two weeks for the entire study. At 3 months following treatment, animals
were euthanized to obtain a full tissue necropsy. Immunological assays did not show any
unexpected responses to the capsid or transgene by ELISpot (Figure 12A) and no unexpected
antibody responses to the AAVrh74 capsid by ELISA (Figure 12B).

[0096] In addition full complete blood count and chemistry panels showed slight elevation of
liver enzymes which were normalized back to baseline with no intervention or treatment
necessary, as shown in Table 3 below.

Table 3

Blood Chemistry

13-176 Baseline {24 2 4 6 8 12
hours jweek jiweek jweek jweek jweek

Total Protein (6.4-7 mg/dL){7 7 6.7 66 ({66 {66 {67




DK/EP 3596222 T5

Blood Chemistry
13-176 Baseline {24 2 4 6 8 12
hours jweek jweek jweek jweek iweek
Billirubin, Total (0.15-0.23 {0.2 0.4 0.3 0.2 0.3 0.4 0.4
mg/dL)
ALT (31-50U/L) 39 38 75 104 {182 172 {65
AST (19-38 U/L) 35 63 50 92 98 121 64

Alkaline Phosphatease  |417 396 {332 1383 (598 {608 1578
(504-821 U/L)

GGT 7 7 120 {106 {131 {156 {134
CK 109 504 164 {183 {137 {126 {123

[0097] There were no other unexpected chemistry values throughout the duration of the study.
Finally, a full analysis of all skeletal muscles demonstrated widespread expression in muscle
fibers through immunofluorescence staining with a FLAG specific antibody and western blot
detection using a mouse monoclonal antibody to dystrophin (Figure 14A, B).

[0098] The data together demonstrates that systemic delivery of AAVrh74 MHCKY.micro-
dystrophin.FLAG established safety and efficacy with widespread expression across all skeletal
muscles in a non-human primate.

Example 8

Pre-Clinical Study to Demonstrate Efficacy

[0099] A pre-clinical study was carried out to demonstrate efficacy of systemic delivery of
rAAVrh74 MHCKY7.micro-dystrophin in treating skeletal and cardiac muscle deficits in mdx mice.
The AAVrh74 vector containing a codon optimized human micro dystrophin transgene driven
by a muscle and cardiac specific promoter, MHCK7 as described in Example 1 was used for
this study.

[0100] Systemic injections of the rAAVrh74 MHCK7.micro-dystrophin via the tail vein in mdx
(dystrophin null) mice were used for a dose response study. The results of this study
demonstrated that systemic injections in mdx mice was effective in normalizing histologic and
functional outcomes measured in limb and diaphragm in a dose dependent manner.
Additionally, no significant vector-associated toxicity was reported following formal
histopathology review by a board-certified veterinary pathologist.

[0101] The vector for this study was produced by the Nationwide Children's Hospital Viral
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Vector Core utilizing a triple-transfection method of HEK293 cells, under research grade
conditions. Characterization of the vector following production included titer determination by
gPCR with a supercoiled standard, endotoxin level determination (EU/mL) and a sterility
assessment. The produced vector was analyzed by SDS-PAGE to verify banding pattern
consistency with expected rAAV. The vector was produced using plasmid containing the
microdystrophin construct, a muscle specific MHCK7 promoter to drive expression, a
consensus Kozak sequence (CCACC), an SV40 chimeric intron, synthetic polyadenylation site
(53 bp) (Figure 1). The microdystrophin expression cassette was cloned between AAV2 ITRs
packaged into an AAVrh74 vector for enhanced transduction of skeletal and cardiac tissue.

[0102] Potency determination of the rAAVrh74.MHCKY.micro-dystrophin test article was
achieved by performing intramuscular injections of the vector into mdx mice. Wild type mice
serve as a positive control and injection of sterile lactated ringers into mdx mice serve as a

negative control.
Table 4: Overview of rAAVrh74 MHCK7. micro-dystrophin Study Design

_IF, H&E. Diaph Phys, TA

IV (Efficacy)  mdx  3mo _ Phys, Path, Biodistribution.

_Diaph Phys.

C37BL/6 : Ph th

[0103] The animals indicated in Table 4 were dosed at the age indicated (4-5 weeks of age)
with a tail vein injection for systemic delivery. To perform accurate dosing with an intramuscular
injection, animals were briefly anesthetized by isoflurane inhalation. Doses were administered
by direct injection into the tibialis anterior muscle of the lower hind limb. No anesthesia was
required for accurate dosing with systemic delivery. Doses were administered by the
vasculature through the tail vein. Care was taken to accurately deposit the entire vector dose
into the vessel. After the dosing was performed, animals were placed on a heating pad until
spontaneous movement was regained, and then returned to the cage. Observations of each
animal were performed weekly for the whole duration of the study.

[0104] At the appropriate age as listed in Table 4, mice were overdosed with
Ketamine/Xylazine mixture (200mg/kg/20mg/kg). Blood was collected via heart puncture and
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whole blood was sent for complete blood count (CBC) analysis and serum was stored at -80°C
till serum chemistries were analyzed by Charles Rivers Laboratory. Tissues were then collected
and sent for analysis by an independent veterinary histopathologist and in house.

[0105] Intramuscular delivery of rAAVrh74 MHCK7.micro-dystrophin to dystrophin null mice at

1x10™" vg total dose resulted in ~70% expression of dystrophin in the injected TA muscles.
Immunofluorescence imaging of the vector dosed mouse confirmed expression of the micro-
dystrophin gene.

Restoration of Dystrophin Expression Following Systemic Treatment with
rAAVrh74.MHCK7.micro-dystrophin

[0106] Efficacy determination of the rAAVrh74.MHCKY.micro-dystrophin test article was
achieved by performing systemic injections in mdx mice (genotype: C57BL/10ScSn-Dmd™¥/J)
using dose escalation at low, mid and high dose (2.0x10'2 vg Total Dose; 6.0x1012 vg Total

Dose; 1.2x10"3 vg Total Dose) to assess transgene expression and efficacy of the vector when
delivered systemically at the time points of 3 and 6 months post injection. Mice were injected at
4-5 weeks of age and a full necropsy was performed at both 3 and 6 months post-injection.

Based on mean animal weights per group, these doses equal: 8x1013 vg/kg, 2x10'4 vg/kg and

6x1014 vg/kg. Injection of an equal volume of lactated ringers served as a negative control.
Injection of an equal volume of lactated ringers into C57BL/6 mice served as a positive control.

Safety was determined by performing systemic injections in WT mice at a dose of 6.0 x10'2 vg
Total Dose (denoted as WT TX-mid Dose group). Immunofluorescence stain of skeletal
muscles tibialis anterior (TA), gastrocnemius (GAS), quadriceps (QUAD), gluteus (GLUT),
psoas, tricep (TRI), diaphragm (DIA), and heart was carried out to determine restoration of
dystrophin and to ensure efficacy of viral vector of rAAVrh74. MHCKY7 .micro-dystrophin.

[0107] The skeletal muscles (TA, QUAD, GLUT, TRI) were extracted, along with the heart and
diaphragm, for analysis. Organs were also removed for toxicology and biodistribution studies.
Micro-dystrophin transgene expression remained high following 3-6 months treatment. This
was accompanied by improved muscle histopathology and improved function with no adverse
effects in off target organs.

Reversal of Dystrophic Phenotype in rAAVrh74.MHCKY7.micro-dystrophin Systemically
Treated mdx Mice

[0108] Hematoxylin & Eosin (H&E) stain of skeletal muscles, diaphragm and heart was carried
out to determine reversal and improvement of dystrophic pathology following systemic injection

of rAAVrh74.MHCK?7.micro-dystrophin at 2x102 vg total dose (Low Dose; n=1), 6x102 vg total
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dose (Mid Dose; n=8), and 1.2x10"3 vg total dose (High Dose; n=8) for each dose with
euthanasia 12 weeks post-injection. At 24 weeks post-injection, a second cohort of animals

treated with mid dose (6x10'2 vg total dose) were evaluated for reversal and improvement of
dystrophin pathology (n=5).

[0109] Immunofluorescence staining for the human micro-dystrophin protein was used to
determine micro-dystrophin transgene expression in both left and right sides of six skeletal
muscles (TA, GAS, QUAD, GLUT, psoas, TRI), as well as the diaphragm and the heart in all
dystrophin null mice injected with the micro-dystrophin vector. This was carried out to
determine restoration of dystrophin and to ensure efficacy of viral vector of

rAAVrh74.MHCK7 .micro-dystrophin at 2x10'2 vg total dose (Low Dose; n=2), 6x1012 vg total

dose (Mid Dose; n=8), and 1.2x10'3 vg total dose (High Dose; n=8) for each dose with
euthanasia 12 weeks post-injection.

[0110] In order to evaluate expression and transduction efficiency, images from all three
dosing cohorts and both left and right sides of each muscle were utilized for quantification.
Four 20X images were taken of each muscle and the percent of micro-dystrophin positive
fibers was determined for each image resulting in the average percent transduction for each
muscle. Figures 14 and 15 present representative images from treated mice from the mid dose

(6x1012vg; 2x10%vg/kg) and the high dose (1.2x10'3 vg; 6x10"%vg/kg). Dystrophin null mice
that were injected with lactated ringers and age matched were included for negative control
and wild-type mice injected with lactated ringers were included for positive controls. The heart
demonstrated 275% in all animals analyzed.

[0111] The muscles from untreated animals exhibited widespread myopathy including fatty
infiltration, central nucleation, fibrosis and focal areas of necrosis. H&E staining in Figure 16
and Figure 17 illustrates this dystrophic phenotype in dystrophin null mice when compared to
normal WT mice and the improvement of muscle pathology following treatment at either the

mid dose (6x10'2 vg; 2x10" vg/kg) or the high dose (1.2x10'3 vg; 6x10"* vg/kg).
Quantification of histological parameters showed a reduction in central nucleation (Figure 18)
and a normalization of average fiber diameters (Figure 16 and 17) in treated mice in all
muscles in a dose dependent manner. Sirius Red staining demonstrated a reduction in
collagen deposition in the diaphragm in both the mid and high dose cohorts compared to
untreated (mdx LR) cohorts (Figure 19).

Functional Assessment of Systemic Treatment with rAAVrh74. MHCKY7.micro-dystrophin

[0112] To determine whether micro-dystrophin gene transfer provided a functional strength
benefit to diseased muscle, the functional properties of both the diaphragm and the tibialis
anterior from mdx mice, WT mice, and vector dosed mice at three dose levels were assessed.

The dose escalation included low dose (8x10'3 vg/kg), mid dose (2x1074 vg/kg), and high dose
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(6x10"% vg/kg). Functional assessment of systemic treatment with rAAVrh74.MHCK?7.micro-
dystrophin using ex-vivo assessment of specific force and decrease in force output following
eccentric contractions in the TA was utilized 24 weeks post-injection in animals systemically

injected with rAAVrh74.MHCK7.micro-dystrophin at 6x1072 vg total dose (Mid Dose).
Additionally, specific force output in the diaphragm was assessed in the same animals.

[0113] As outlined in the previous figures, histopathology exhibited a more normalized
environment with improvements in central nucleation, collagen deposition, and fiber size in the
mid and high doses. Tail vein delivery of rAAVrh74 MHCK7.micro-dystrophin led to a stepwise

improvement in specific force output in the diaphragm (176.9 mN/mm? in the mid dose group
versus 227.78 mN/mm? in the high dose group). Additionally, the long-term treated cohort
represents mice 6 months post injection (mid dose 2x10'4 vg/kg) and there was no deviation in

diaphragm force output long-term (176.9 mN/mm?2 vs 194.9 mN/mm?2) (Figure 20).

[0114] Furthermore, functional deficits in tibialis anterior muscle in mdx mice were observed
compared to WT mice. Mdx mice demonstrated 50% decrease in force output compared to WT

mice (171.3 mN/mm?2 vs. 291.65 mN/mm?) and greater loss of force following eccentric
contractions (32% loss in mdx; 5% loss in WT). Systemic delivery of the mid dose level of
rAAVrh74 MHCK?7.micro-dystrophin resulted in 65.5% dystrophin in the tibialis anterior muscle
and restoration of specific force output which improved to 235.4 mN/mm2 and protected the
muscle from repeated eccentric contraction damage with only a 25% decrease in force (Figure
21). The WT Mid Dose group represents a wild-type treated cohort in order to demonstrate
absence of toxicity and maintenance of functional outcome measures after vector treatment.

Summary

[0115] After the initial demonstration of biopotency by intramuscular injection, comparable or
increased restoration of micro-dystrophin was achieved with vascular delivery while
transducing skeletal muscles, diaphragm and the heart. The efficacy demonstrated reversal of
dystrophic features in a dose dependent manner by reduction of inflammation, fewer
degenerating fibers, and improved functional recovery by protecting against eccentric
contractions in the tibialis anterior and diaphragm. The functional benefits of the vector include
a stepwise improvement to wild-type levels in force generation of the diaphragm and the TA.

Example 9

Toxicology and Biodistribution of Systemic Treatment with rAAVrh74.MHCKY7.micro-
dystrophin




DK/EP 3596222 T5

[0116] Organs and tissues from mdx mice given systemic injection of rAAVrh74 MHCKY7.micro-
dystrophin were collected for real-time quantitative PCR to detect specific sequences of vector
DNA. Protein extracted from all collected organs and tissues were run on Western blot to
detect micro-dystrophin in off-target organs.

[0117] Test article was given at three dose levels: low (2 x 102 vg; 8 x 103 vg/kg), mid (6 x

1012 vg; 8 x 107%vg/kg) and high dose (1.2 x 1013 vg; 6 x 10"vg/kg) by intravenous route at 4-
5 weeks of age. To assess the safety of the vector, H&E staining was performed on
cryosections of muscle tissue and all major organs harvested from the same cohorts of mice
previously described. Also included were organs and muscles from C57BL6 WT mice treated
systemically with the vector at the mid dose. Lactated ringers treated mdx and WT mice were
also included for histopathology analysis. These sections were formally reviewed for toxicity by
a third-party, board-certified, veterinary pathologist and no adverse effects were detected in
any sample from any of the mice; results are summarized below.

[0118] Group details and study design are shown in 4 below.
Table 5: rAAVrh74.MHCKY7.micro-dystrophin Safety Study Design

Delivery {Animal Total No. of jTreatment Pathology Report
Route Strain Dose Mice |{Endpoint Number
(vg)

v mdx 2x1012 {5 3 mo AAVrh74-mdx-MOUSE-
001.1

v mdx 6x1012 {7 3 mo AAVrh74-mdx-MOUSE-
001.1/001.2

v mdx 12x1013 {8 3 mo AAVrh74-mdx-MOUSE-
001.2

v C57BL/6 igx1012 {5 3 mo AAVrh74-mdx-MOUSE-
001.2

v mdx 6x1012 {5 6 mo AAVrh74-mdx-MOUSE-
001.3

v mdx - 8 3 mo AAVrh74-mdx-MOUSE-
001.2

v C57BL/6  {-- 6 3 mo AAVrh74-mdx-MOUSE-
001.2

Histopathological Review of Vector Transduced Tissue

[0119] IV injection of rAAVrh74 MHCK?7.micro-dystrophin did not elicit any microscopic changes
in myofibers of any skeletal muscles examined. In addition, no treatment-related lesions were
seen in any of the tissues evaluated histologically. Any changes noted were seen in both
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treated and control mice and were considered incidental findings. Taken together, these data
indicate that this test article was well tolerated by the test subjects. Furthermore, relative to
reference specimens from age-matched, untreated mdx mice, administration of
rAAVrh74 MHCKY7.micro-dystrophin decreased myofiber atrophy in treated mdx mice, thus
showing that the test article can ameliorate the degree of myopathy associated with
deficiencies of mdx.

[0120] In addition to review of diseased mdx mice systemically treated with vector,
rAAVrh74 MHCKY7.micro-dystrophinwas delivered systemically to five C57BL/6 WT mice at a
dose identical to the minimally efficacious dose (MED) established in the studies above in mdx

mice, 6x10'2 vg total dose (2x1014 vg/kg). This allowed for the study of intravenous delivery of
the test article in healthy WT mice to determine more definitively if any adverse effects result
solely due to the treatment. Here again a variety of skeletal muscles including the diaphragm,
along with heart, and five other organs were harvested and H&E sections of each tissue were
formally reviewed by an independent veterinary pathologist.

Vector Genome Biodistribution

[0121] The presence of test article-specific DNA sequences was examined using a real time,
quantitative PCR assay (gPCR). Biodistribution analysis was performed on tissue samples
collected from three vector dosed mdx animals per dose level. A positive signal was anything
equal to or greater than 100 single-stranded DNA copies/ug genomic DNA detected. Tissues
were harvested at necropsy and vector specific primer probe sets specific for sequences of the
MHCKY promoter were utilized. Figure 22 and Table 6 below depicts the vector genome copies
detected in each tissue sample from rAAVrh74 . MHCKY7.micro-dystrophin injected mice.

Table 6: Vector Genome copy numbers in organs and muscles from three vector dosed
mdx mice per dose level. Values are shown in vg/ug genomic DNA.

Tissue 2.00E+12 6.00E+12 1.20E+13
(average vg (average vg (average vg
copies/ug) copies/ug) copies/ug)

Hrt 2.84E+04 7.65E+05 5.35E+06

Lng 3.14E+04 2.52E+05 1.49E+06

Liv 4.36E+04 1.11E+07 1.80E+07

Kid 1.96E+04 3.27E+05 1.06E+06

Spl 5.69E+04 5.27E+05 5.78E+05

Gon 5.74E+04 3.68E+04 3.50E+05

Dia 2.22E+04 3.55E+05 2.32E+06

Pso 1.28E+05 1.60E+05 1.57E+06

Tri 1.60E+05 5.45E+05 2.50E+06

Qd 2.66E+06 6.57E+05 2.29E+06
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Tissue 2.00E+12 6.00E+12 1.20E+13
(average vg (average vg (average vg
copies/ug) copies/ug) copies/ug)

Gas 1.69E+05 5.80E+05 2.93E+06

TA 5.86E+05 1.25E+05 1.32E+06

[0122] rAAVrh74 MHCKY.micro-dystrophin transcript was detected at varying levels in all
collected tissues. As expected, the highest levels were seen in skeletal muscle and the heart.
The lowest levels were detected in gonad, lung, kidney, and spleen. These data indicate that
the test article was efficiently delivered into all investigated tissues of vector dosed mice.

[0123] As the gqPCR results above indicate, intravenous delivery of rAAVrh74 MHCKY7.micro-
dystrophin resulted in distribution of vector transcript to varying levels in most tissues, with the
highest levels occurring in the liver, heart, and quadriceps muscle (mid dose) and the liver,
heart and gastrocnemius muscle (high dose). Therefore, the objective of this portion of the
study was to determine the protein expression of the human micro-dystrophin transgene in
these tissues to ensure the functionality of the muscle specific MHCK7 promoter. Western
blotting was used to detect micro-dystrophin expression in the tissue samples.

[0124] Protein expression and vector biodistribution were also assessed using qPCR and
western blotting (Figure 23), and these data indicate normal levels of vector in off-site organs
and minimal detection of micro-dystrophin protein in the high dose treated livers. These results
were correlated with no toxicity as determined by the pathologist in the liver. Additionally,
serum chemistries were analyzed by an independent CRO (Charles River Laboratories) which
indicate normal values across all chemistries analyzed. There were three abnormal values in
the liver enzyme AST, 2 of which were demonstrated in the mdx-LR group and 1 of which in
the mid-dose group (Figure 23). A subset of animals underwent creatine kinase analysis (CK),
however, samples were analyzed pre and post physiology evaluation. Analysis of serum
corroborates the lack of toxicity after test article delivery.

[0125] Micro-dystrophin protein expression was observed in varying amounts in all skeletal
muscle samples as well as heart samples (Figure 24). However, there was minimal protein
detected in the high dosed cohorts in the liver. This is believed to be a benign result and it
might be that the presence in the liver is due to expression in smooth muscle of the liver.
Importantly, there were no adverse histopathologic effects denoted by the independent
pathologist report in the liver.

Summary

[0126] Histopathology review concluded that the mdx-LR cohort exhibited widespread
myopathy affecting all seven skeletal muscles evaluated as well as the right ventricular wall of



DK/EP 3596222 T5

the heart. The principal findings of the histopathology review included pronounced and
widespread myofiber atrophy (30-75% of normal myofiber size), minimal to mild mononuclear
cell inflammations, increased interstitial space, and increased cytoplasmic mineral deposits.
The diaphragm exhibited the most marked changes in mononuclear cell infiltration and
myofiber atrophy. The heart exhibited a few small foci of minimal mononuclear cell
accumulation in the ventricular myocardium. Vector dosed cohorts had substantially reduced
myopathy in all skeletal tissues and the heart. The reductions in histopathologic findings were
in a dose dependent manner with the high dose group having substantially less degeneration
and inflammation. There were no adverse effects due to vector treatment with
rAAVrh74 MHCKY7.micro-dystrophin as was documented in the WT treated cohort and the
vector dosed mdx cohorts. There were incidental findings in the liver and lung of mdx and WT
mice, regardless of treatment, in which the mice exhibited mild vacuolation of hepatocyte
cytoplasm. Therefore, the test article was safe, efficacious and the protective effect was dose-
dependent.
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tgccacagea
aagtgactaa
ceglygacecl
acga~tatac
cccageaccet
tgaazctgga
Aaagacacacl
t.ccacacaca
tecetgcaget
aagtgcagga
Lggagasagca
agcetgaacga
tgggacccega
atctgcaaca
aatctactgyg
Jggtggeccaa
tgaaatcgca
aggaccgcegt
gectgaeagaa
aactgtatag
AYATACASGE
agaaaactac
caacectgat
cecageaaga
agclgeagga
ggtaottogea
tgaagectcet
tggctacaca
aggacclygaa

tgcascagge

tecggecaaacoe
taagcagcca
ctgocceean
ctgecatgcga
geggeceagy
gqaagogecag
gtcaccectt
cgggetgege
cctgcggaca
cacacggect
gJecaceqaodg
glygglgyglge
acggaaqtgt
gtggtggcag
caaglgyely
cgacctgcaqg
geecaadeay

actgctgeag

gaaccacaaa
tgtgatgaayg
ttgagtgcay
ctggagogas
ctggaatagzs
cgelegglac
cccagataaa
gaqtgteratt
agaggagcat
ggeleaggga
coaggetgon
ggaggescca
toggtaccag
guaggeneay
cgagggatat
gggctetaaa
gcagatgaac
glccaaccly
ctggetgaca
cctggaggat
ggagcaggty
agatcacgco
catttgceay

gaggctgace

actggetgty
¢cctgaaacag
clggelggal

agctcoagato
ggaaacoqgty
gotgeocacct
agecaclgac
goetgtggge
gagaggcgaa
gctgacaaca
Laccagylygy

ccategcgac

ttggggccet
aggcetggygy
cocancaaca
agatcttoga
gcttatacgt
ctgtoccocyg
ggggeagece
acggtgccoeqg
geeocteoty
gcecteatzce
coecnagyta
aaaloaaaga
tacttetget
gaggtggagy
aacgeleagl
gatgggagac
aagygggagea

aacaacaacg

ctoacactecg
aacatcatcy
cagagcacec

gggetggece

gaagocatte
tttcacctec
Lalgygaccgcea

taacgteacaa

ggogadal Ll

atcatcgaca
ctratcggea
ctecctcaaca
cacegeglee
aagaoctgacg
ctraacagac
cgegtoaact
accgcegoce

tgcaccgacy

a8

gacggaccac

ocagcacaaccy

ctgaacgoey
gacctectea
aaclllgece
teotecacgetg
accaccgtea
ccacctecce
gazclegace
gatateatea
attgctccac
cteggcatce
aagcleclec

tteggaccag

gqetagtctage
acacccgaga
cctgetgect
acaacgctgt
gcotcoggact
ccagqctacac
atacaagcce
ggoaacgago
gctactcaca
Taccaccace
aqtTtagtcet
aclbgelecle
ctaaaaqctyg
attgttatga
ccageaaall
ggcocctega
clageglceca

~ggatctegt

goctgatang
ccgegetygea
gcaactatec
tgaatgetet
agcagzctge
Legaaaaacl
tgatgtacat
aggagqtagga
atcatcagat
ceaclaclec
otacagacaea
grtttgegte
aggaggtget
ceaal.gacgl
tgacagctaa
cegegaaact
gcceciegga
Lgalggacel
aaccoacaag
aggtgcagca
ccotgacaca
tggaggaaca
acacgzcyqt
gtetygtttag

c-ttaagga
atetggagaa

gzacoetgaa

go cgga

tgaccacaac
caacococqga
agaagaagag
Lyaagcebyag
Ttgat-cact
tgaaggagaa
agctgaccee
agglyggelgl

ccacgeagea

atgcooccact
tgcctegtta
cTaanaataa
gggggactca
cccaaagtat
tcaqgcactta
atgggectey
tgaaacctea
cectgtagec
tccacageac
tTttagtettt
aglyggalyglL
cggaattagta
aagggaggac
Lgggaagay
tctgoctggaa
cyceclyaac

gaatattgec

caacaz-att
¢cacaccaat
ccacgogaac
cattcacaqgc
cacacaqage
cCLcgaceea
tactageetg
aaTcoTgoce
ccattacagc
daaaccacyg
Tactagatce
cageoTgatyg
cagctggetg
©Qa49..99..9
ceacgggege
caqtgaggac
ctgtctgaga
ceagaaccay
caacas.ggag
ccataaggtg
tatggTgytyg
gcrgaagygtg
ccoccTqgcaqg
tgcttggctyg
tcacaacgaa
aaacaagoag
caacaagagc
Cadcd..gy..g
coacactage
acacazCcotg
aacccTggag
ceacgecgaa
ccacgaccac
cg-cag-cat
atacaatctg
cgaagaceyy

ctTteogaqge

acgaqgtetag
taattaacce
caongtacar
cggcaggetyg
tactgtzcca
cttTaggaac
ccaagoTgoa
teotgeteteoa
teoctctatac
agacagacac
Tat-toagys
ceeollaclo
[afataTsfalo{s fatalod
ctgcagaaga
cacalcgaga
cgactgactq
dacglygaaca

agtactgata

ctgcactgge
Tccgagaaga
gtgattaact
cacaggcecte
ctggaacate
gaggalelyge
“tocagetge
fals falalalatatalat:}
cagcagatta
~Leaaglecl
acotttoaat

gaaagccag

I

ctgagtecte
aagygal.cagl

gtgggraata
gqaggaaacac
gtyggctagta
daaclgaaac
gaggagaaaa
ctygcagcage
gtyggtggace
ctggyggace
gacatccetge
agcgagaaac
atgetgtcta
agoatgocgaea
gtgaceccaga
cagasaclge
ctgacccaga
gtgaaacate
cggctgcage
glgallaage
atggaaaage
gtgaaccatce
agcacactge
glygeggeage

acazcootge

i
@

3180
3240
3300
3360
3120
3480
3540

3600

W

660

w

720
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aggggcecety
cecagaccas
tgaacaacgt
cectgteect
Lgaagcagaa
acgacacgat
gectgaacty
gttttaaaac

Lgllcaageca

tgcatgatag
acalegaace
ctgctetotT
tgcacagagz
aatgtcoccaz
agagetgeto
aatattgcac
aTaagtttog
agacagtccT
atctttatts
galaaglage
actoactata
cogggetttyg
agaggeoege
ccagacgatzc
Lggtgglaa.
ggcaagtcan
acagactctz
accgttectyg
cgaggaadyge
cattaagcge
tagegectge
gocaagetex
accccaaaaa
tztttcgece
gaafaacact
cggcoctattg
tattaacctz
gattatcaac
cTottgtttg
aatagctacce
tgatttgact
callbgcall s
tTetccogca
cTetgageeT
tgttggaag-
azatggtcca
cegeeaacac
caagetgtga
cgcgcgacac
atggtttets
tratttttes
Coliaalaan
coecttttttyg
aaagatgctqg

gyglaagalce

ggagaggygcee
ttgttgggac
gaggtttage
ggatctgety
cgalcageca
ggageaggag
gctgctgaac
tgggattatc

gyglggclagl

tatscagatt
cageelycye
cctggattygg
Jgctcecgaa
tatacgettt
ctittecgya
cecaactaca
gactaagagqg
Jgaacgagac
tcattagate
algygegygll
tgcgegatog
ceegegegge
accgategee
gagccetcaaa
allglleclyy
gttattacta
ttactegaty
tectaaaatee
acgllacacy
Jgcgeg=gtyg
tecttteqget
aaatcggagy
acttecattay
tttgacgttyg
caaccctato
gttaaaaaat
tacaatitaa
cgggctacat
cf.coagacta
cteteeqggea
Jtcteeggee
aaazalacaly
adagtattac
ttattgetta
tcetocatgsg
dteteagtac
cegelgacye
acgtetacgg
Jaaacggcot
agaccteagy
aaatacattc
allydaadaay
cggoatTttg
aagatcagtt

LlgacaglLl

atttcteceea
catcccaaca
gcttacagaa
toccteteocy
alggalalcc
cacaacaaca
gtctatgaca
tcoectetgta

ageaclggal

tatgecgaag
tacTtoqeaoa
aatatggaga
tgtatattug
aalcalcaac
at.egataoact
atcactgaga
ctteccaaca
atgraggtat
alaclaccag
atcaaagaag
gccozcactga
ctttaatcgy
Lgec.ocy.ocaa
gtggttacge
ttettecctt
ctecectitag
ggtgatagtt
gagzZccacgt
taggtatatt
gagctgattt
atatttgoett
atgattgaca
t.cagccaatg
tgaattzate
tttetcacce
agggliclaa
agggtcataa
att-tgetaa
gtattticte
aatctgetet
geeclyacyy
gagatgeatag
cgtgatacge
tggecacTttt
aaa-atgtat
gaagag.aly
cetTectgrt
ggg-ccacga

Legeceegaa

acaaggtgcec
tgacagaact
ccgetatgaa
cogeotoaga
Lgcagalcal
tggtgaacgt
ctgcgcetac
aggecoeaccet

LLoclgacea

teggagagyt

> aglllygecad

aaccacagac

agcaccaggc

& gtctgaaaca

aaggazacaa
atgtgcgcega
ETofal:Yatatatatalol
ccgatacaat
ttttttatat
Lacaaggaac
gaggecggge
gagogagago
gttgegeage
ttecatgage
caddaggeegal
tattgcogaca
ttataaaaac
cctectgttt
daccaaccala
gcagecgTgac
ccttteszege
gettecgatt
cacgtagtyge
tectttaatac
ottttgattt
aacaaaaatt
atacaazctt
tcctagzttt
acctgatage
acctagaacc
gtttgaatct
agalll.lLal
tgttttoggt
ttetttageet
cttacgeatc
gatgcecgeat
gellglelge
tetoagaggt
ctatttztat
cegggaaate
ccgctcatga
aclallcaac
TLtgeteacc
gtgggttaca

gaacgl.llic

ctactaczact

ctaccagtec

caaclygce.og
cactangtge
cggecggazce
ggacgacaag

cegeeyee .y

gectagttte
cddCaaacl
catggtetyge
~aaatgcaac
—tttaactac
gatgcactac
~tttgceaag
catgggetat
gtgagcegeoe
gtoctagagca
cceolaglgal
gatcaaaggt
gocagatgge
ctgaategee
gtttttccte
daclllgagll
acggttaatt
acttcecteage
accteceget
glacgegeee
cgcoctacactt
cacgttegoe
~agtgattta
geoatcgeoe
—cgactectte
ataaggcatt
~aacgccaat
cctgttttte
acgattacce
ctttgtagac
gttgaatatc
Ttacctacac
cellgeelle
acaaccgatt
Teoctgtate
Tctgcgetat
acttaaccca
Leceggeale
Ttteoacaegta
acgttaatgt
Toogogcaac
gacaataacc
alllceelygl
cagaaacyot
Tcgaactgga

caalgalgac

aatcacgaga
ctggecgate
ctgcagaage
cagcataatc
accaclalel
gtggatatgt
agagtgctga
Tacaggtace

ggaclyclge

ggaggatcta
yaaaleyaye

ctgeoctgtge

gatatttgec
cctatggtge
gtgectgaaga
actfgecagtqge
gcaataaaac
Tggctacata
yyagllgyoe
cghcagacga
gtaatagaga
aatggaagtt
Ttgcaatgyge
cllclaclea
~gogrgatge
attctggcagt
ctgattctaa
~glageygeg
gccagcgacc
qaotttecce
cggecacctee

Tgatagacy

i}

—tccaaact

ftel

~tgcegattt
~ttaacaaaa
gggcttttet
Ttcatcgatt
accnotcaaa
ataztgatge
attactcage
dAd L AAAYYC
Tagctttate
attzattgga
~tcacaccgce
geooegacac
cgeLlacaga
atcacngaaa
catgataata
ccoTatttgt
ctgataaate
cgeecellall
ggtgaaagta
Tctcaacage

cacelllaaa

3780
3840
3800
3960
4020
4080
4140
4200
1260

4800
4360
1920
4980
5040

5880
5940
6300
IR0

6510
6600
66ED
6/20
6780
6810
8900
6960

7020
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gttctgectat

cgcatacact

a

cgcasgygca
gageacaact
aacatqgqgqqg
ccaaacgacy
ttaactggoeg
gataaagttg
aaatciggag
aagceectece
aatagacaga
gtttactaat
gqtgaagatcc
tgaccgtcay
qtaatctget
caacagctac
aclelecl.oc
acataccteg
cttacegggt
gggeg=tegt
cagegTgage
gtaagcggca
tatct-taza
tegtcagygg
gcoocttztget
aaccgzatTa

agocagteayg

<210> 4

gtgccgeggt
attctcagaa
Ttgacagtaag
tacttetgac
atocatqgtaac
agogtgacac
aagtacttac
cagcaccact
cegetgageg
qtatcqgtagt
tcgctgagat
atatacttza
Tttttgataa
accccgtaga
gcttgeaaac
caactettot
Laglyoagece
cteotgetaat
tggactcaag
gcacacagec
tatcagaaaq
gggtcgcaac
gteoctqtegqg
ggcegacect
ggcctzttge
ccgegTtttga

tgaccgacca

<211> 564

<212> DN

A

attatccegt
tgacttegot
agaattatge
aacgatcgga
tegecttgat
cacgatccoct
tetagettec
tectgageteg
tgggtctege
tatctacacqg
aggtgcctea
gattgattza
teteateace
aaagatcaaa
aaaaaaacca
tccgaacgza
glagllagygc
cctgttacca
acgatactza
cagettegag
dgocaceeTt
aggagagcgce
gtttcgecac
atggaaaaac
tcacatetzce
gqtgagoetgat

agoggaagayg

attgacgcce
gagtactcac
agtgctygcca
ggaccgaage
cgttgggaac
gtagcaatge
caggeaacaat
gescttooge

ggtatcatte

ggatcttett
cegetaccac
actggcttca
caccactied
gtggetgete
ccygataage
¢cgaacgacct
ccegaaggga
acgagggagce
ctotgactte
gccageaace
“ttectgegt
acageteqec

(&)

<213> Adeno-associated virus

<400> 4
cagocaczat
cctggttata

catnaceeaa

tetazaaata ac

Lggyggeeay
cgaagggeca
agtcagccect
cegyygglyey
cecetggggac

geacagygec

<210>5

cggtctagage
attaacccag
accoagetga
cotqtece
cgellalacy
cctgteccce
tggggcagee
cacygglecee
agcecctect

tgcecceceggy

<211> 8409

<212> DN

A

tgecoccatqta
acatgtyggct
ctgggtatta
tggtgagety
Lyceleggac
gqecagetaca
catacaagcc
gygguaacygay
ggctactcac

tcac

aggaggeaaq
cecteeoceee
cgotatgtac
tgqgaqgqactq
Leocadagla
cteoageact:
catggggctyg
clygaaagele

accctgtagqg

<213> Adeno-associated virus

<400> 5

gcccaatace

ggcaagagca
cagtcacaqga
~aaccatgac
agcetaacagae
cqggagotgaa
caacaacgtt
Taatagacte
ctggetyggtt
cagcactggce
aggcaactat
attggtaact
~ttaatttaa
aacqgtgagtt
gagatccttt
cqgtaggttte
gcagagcgea
agaaclLelgl
ccagtggega
cgcagoggte
acaccgaact
Jaaaggcgga
~tceagggge
agogtogatt
cggecttttt
—atcecctga

gcagoogaac

gecetggggac
cccaacaccet
ACcATggagy
aqgggcangqet
Llac.glice
agtt-aggaa
ggcaageTyc
alclgelele

ctcotctata

actcecgzcge
aaagca-ctt
Tcataacact
~tttttgeac
Zcaacccata
gegcaaacta
qatgeaqqeq
Tattcctgat
gccacazggt
qecatcaacga
gtcacaccaa
aaggatetaqg
Ttegttecac
Ttttetgege
“ttgccggat
gataccaaat
accaccgegl
—aagtcgtgt
gegetgaacy
gagataccta
caggtazceg
aaacccctgg
Tttgtgatgc
acggttectyg
—tctctggat

qacccagege

acccgacatqg
cctecctgag
agaagot.cga
ctaacacqgot
alyglleocecyy
ccactgaqgea
acgccteogyn
49gegeece.

taacccaggqg

caaaccgcct cteccococge gttggecgat tcattaatge agetggogeg

7080
7140
7200
7260
7320
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clegeocgel
cggeeTecagt
ccttygtagtt
ac.algegle
ttataattaa
cooccaccoc
aaataaccct
gocagggctt
ggccagetgt
goeettegyy
gtgggeacge
gggacaccoc
ggggegece
gceaggtaac
atcaaacaac
¢Loclygelel
gy-ggacgat
cgctoactte
Lygggagacye
ggggageact
caacaacgtc
gacac.cgygc
cascazogoe
gagcacccge

gcTggecct

fto

ggrgtgeaac
gcrgggeatce
glelaclele
agecazteoag
tcagcTcecat
Lgagegeace
cgzgacaact
ggacaacagc
agocooTegac
cgaaatttoo
gatqggaccte
gatcggcace

ctgaacagc

CeqaqLactg
gactgacgaa
gaacagacag
ggtcaactcce
cgeegecoTe
garcyacygac
ggaccactagt
cacaaccggc
gadeyccygal
ceteoTeage
ctttgeeoge
tcacgetygzyg
cadegogaca
acctocccag
actbcgaceIyg
Lclecocanl

tgctecactyg

caclyageoe
gagogagega
aatgattaac
Laggelgecee
cccagacatg
gotgectegg
gtecetgety
atacgtgect
ccceoecgeeay
cagcceccatac
teecoggeaa
cteetggcta
ccgggtoace
tttagtcttt
tectectcay
adaagelecey
toettargaaa
accaaatttyg
clge.ggalce
acgg.gcacy
gatctggtga
ctgatctega
gego.goage
aactateces
aatgctctga
cagtatgeaa
gaaaaactgce
atglacalla
gagy.ggaaa
catcagatgcs
aclaglocaa
accgacocta
tttggytcca
gaggigctga
Aaatgacgtgg
acagctecace
gegaaactga

cectgggagt

atgeaccetqge
cgcacaagga
glLygcagcagce
¢tgacacata
gagcaacagce
agglyggglyge
ctogtttagtg
tttaaggatc
clycayadaa
accctgaaga
tgctgggaca
accacaaccce
acceycgaac
aagaagagaa
aagctgagge
galtceelge

aagcagaacyg

goeoyyecad
gogegoagad
cegecatget
alglaacyac
tggctgetce
tettagecte
ggctgtegye
gggactceca
¢tagactcac
aaggccatge

acgagaotgaa

ttgtctitta
tggatgtige
gaallglace
gygaggacgt
ggaagcagca
Lgclyggaage
ccetgaacaa
atattgccac
acattattet
agaccaatte
aggtgaacqgt
ttcacagcea

cacagoocan

tggacccaga
clageelgll
tgetgeccog
atTacaccca
aaccaccgll
ctagatccoce
goectgatgga
goiggetgot
aagtggtgaa
aggggeceqgt
gtgaggacga
gtctgacagt

agaaccagaa
agatggagga
alaagglgel
tggtggtggt
tgaaggtgcet
Lyclgcagga
cttcgetgag
agaacgaaat
dyddycaygay
acaagagcgt
acctggtgca
agcctageet
dagaleclggl
cactggageg
aggccegaagt
dggaccaccel
tgactcatgt

d4gcueyyyey
agggagtgce
aattatctac
gceaaggeelyg
cecoecocaa
tgtacaccat
gactgaggee
aaqtattact
cacttagttt
ggctggycaa
agcteataetg
gtaggetecst
cagoacagac
tttcaggtec
ctttacttcet
tgeggeeygee

r‘.aqaagaaq
catcgagaat
aclgaclgece
cgtgaacaaa
tactgatatc
gcattggeayg
cgagaagate
gattaacsttc
caggcctgat
ggaacatgae
ggatgtggac
ceagylyelyg
cococccaaa
gcagattacc
caagleclac
ctttecatec
aagcgaggty
gagtgctgaa
ggatcagttc
gggcaatatc
ggaaacagaa

ggctagtatg

actcaaagaqg
ggagccactg
geacygaggel
ggtcgacgaa
gggcgacegg
calecoge.g
cgacaaagaq
gctetetage
calcyycaaa
gacccagaag
JaaacTggag
gacccagaca

gaaagcalgee

gattaagggy
ggadaqagyg.g
gaacgatcog

Leygyecace
caacteecate
gtagccatgt
gggacacese
cacctgetge
qggaqggacaac
aggctgtaac
gttcecatgtt
aggaaccaqgt
gctgcacgece
ctetcacgge
ctatazaacce
agacactcac
cggatccggt
aggecoetac
accalgcelgl
antttTacna
ctgttitcece
cagaagelge
gotetgagac
gtggaccoga
gtgaaaaate
ctgetgtett
actacatcct
ctgtteccact
tteaatatoe
actacatacc
ceacageaye
gtgac-aaaq
gtgagectge
gulla.acoe
cagqeacctae
aatctgeate
gacacactygc
cacacacace
ctgcagetge
gtgcagcage

gagaagcagt

ctgaacqgact
¢gacccgace
clygaacagy
teTagtggag
tgggacaaca
daalyggcaga
cacqgocgtga
ctgcagaaac
clylalayce
acagaagcct
aaaagtacaqg
accgtgatgyg
caggaagage
ctgeaggaag
tettggeage
aaggcelelga
¢ctagacage

Lltygygleygee
actagggatt
ctagacagcee
agalgce.cgy
ctgagcctca
ctegetoTaa
aggettyggey
cecggeyaan
gagcaag-ca
tgggtceegey
cccoteactyg
caggggtaca
gagocageca
ggtggtgcaa
Jggaagtg-ta
yglyggagea
agtgggt gaa
acctgcagea
ceanagagaa
tgetgcagaa
accacazact
tgatgaagaa
gggtgcggea
ggagcgacey
ggaatagcet
cteggtacca
cagataaaaa
Lglcltal.oca
aggageattt
ctcagggata
aggolgoela
aggoectaca
ggtaccagac
aggccocagey
agggctatat
getotaaact
agatgaacct

ccaacctgea

cgctgacaaa
tyggaggatct
ageagyglyeg
atcacgcrac
ttzccoeggtyg
cgclygacega
acaagatcea
tggctgtget
Lyadacaygya
cgctggataa
ctcagatcte
aaaccgtgac
Lgecacclee
ccactgacga
ctgtgggcga
cagecygaaal
tgacaacact

13¢0
2040
21C0
2180
2220
2260
2340
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gggcatccay
gulee.cuag
cggaccaged
ttetccecaac
Leccaacany
ttacagaacc
cctetecygece
gyala.cc. g
caacaaccig
gtatgacact
celelglaag
cactggat=t
tagacacztq
ctgrttoecag
gogecIggaa
aactgecaaqg
ctacageagt
agtcgccaaa
tggcgaagat
cttcgecaag
tatggagacc
tgtetzegnt
tcattaacta
cgeleaclyga
cagtgaccga
teocaacaqt
gtacgrattt
allaccagea

caaagaagTa

ctcactgatt
ttaatcggec
ctoctcaaag
ggttacgcge
cllceellce
caottTaggy
tgatggttca
gleccacgllc
ggtctattct
gctcazttaa
atttgcettat
gattgacatg
aggcaatgac
aatttatcaq
tcteaccegt
ggttctaaaa
ggtcataatg
tttaocTaatt
allilelecl
tctgetetga
cctoacggge
gctecatgty
Lgatacgeel
geactTtteg
atatgzatcc
agactatgayg

tteoctgtttt

ctgagococat
glgeelglyg
agocaqeact
aagctgccet
acagdaclgl
getatgaage
gcctgegatg
cagaloalca
gtgaacgtge
Jgggcgcaccyg
gceeacelygy
tgtcaccago
qqacaqqtaqg
Tttecccaata
ccacagagca
caccaqqcta
ctgaaacatt
ggacacaaga
gtgcgogatt
cacccocygca
gatacaatgt
ttitgtgtgt
caacgaaccc
ggecygggeda
gcgagegoge
tgogeoagect
ccatgagogt
dggeegatay

ttgegacaac

ataaaaacac
tcectgtttag
caaccatagt
agcgtgaccy
LL_clegeca
tteagat=ta
cgragtyggge
LL.aalagly
ttogattzat
caaaaat-ta
acaatctzcc
ctagttttac
ctgatagect
ctagaacqdgt
ttgaatottt
atttttatcc
trottgg-ac
ct-tgcottey
Lacgecalely
tgccgeatag
ttgtotgete
tcagaggztt
al.lllacay
¢ggaaatgty
cczcatgaga
tattcaacat

tgetecaceca

acaatcrgag
dagaccgagl
tTtetgageac
actatattaa
accag.ceel
tgacacggot
ccctggatca
dc.ceelgac
ctetgtgegt
ccecgateag
dygacaagla
cececcctggg
ctact-toqg
acaaacctga
tggtgzggcet
aatccaacat
ttaactacga
tgcactaccc
ttgccaagqt
tggegratcet
cagcggesgce
ctacageatg
ctactgatqgqg
ceaaaggleg
cagctggogt
caatggcgaa
ttTtcctgtt
Lb.ocaglicl

cgntaatttg

tctcaggaz
cTcccgoten
acgcgeoctyg
ctacacttge
cgllegeegy
gmgatttacg
catcogeocty
gaclellgl.e
aagggatttz
acgcgaatts
tgttottygyyg
gattacegt:
ttgtagagac
tgaazatcaz
acctacacaz
tigcgttgaa
aacogattta
cetgtatgaz
Lgcgglallo
tTaagccage
ceqgcateag
tcaccgtcaz
g.laalylca
cgeggaacce
caataaccct
tTteocogtgteg

gaaacgctgy

cacacTggag
gegeedgeng
atcegtagcaq
tcacgagacc
gycegale.eg
gcagaagyae
gcataatcog
cacla_clac
ggatatgtgc
agteczgagt
cagelaceog
actcengeng
aggatctaac
aatcgaggcet
gcootgzgozg
ctgcaaggaa
tatttgccag
tatcgrggaa
gotcaagaat
gccagtgcag
aataaaagat
getacgtaga
agttggceac
ceogacgeee
aatagcgaag
tggaaqttec
gcaatggctg
Lelacscagy

dgtcatggac

tctgecgtac
gattctaace
tagccgegea
cagcgcecta

cllleceegl

geaccetegac
atagecggtt
ceaast..gga
gccgetttee

taacezaaata

ctcteaaaaa
attgetaggte
tactcaggea
ataasggett
gotttazgot
ttattggate
cacacegeal
cccgeacacce
cttacagaca
cacccaaacy
Lgaleacaal
ctatttgttt
gatazazgot
cecttattece

tgaasgTaaa

cacctgaata
ca.gaggeee
cgqeccetggq
cagaccactt
dacaacglga
ctgtyectgg
aagcagaacqg
cacagygclyy
ctgaactgge
tt-aasactyg
LlLcaagcagy
cangatagta
atcgaacecea
ceczctgttec
cacagagtgg
tTgrécecatta
agetgettet
tattgecaccc
aaqtttcgga
acagtgctyy
ctttatttte
Taagtagaoat
teectetotyg
cggelllgee
aggccocgeac
agacgattga
ccggtaatat
caaglgalgl

agactotttt

cgttcecctgze
aggaaagcac
~taagceegg
gcgceceeete
caaccltclaa
caoaaaaaad
Tttcgeeett
acaacaclca
gcctattggt
“taacgtt-a
ztatcaaccy
cttetttget
Tagctaccct
atttgactqgt
Ttgcatttaa
ctececcgeaaa
ctgaggot™t
—tgcaactzc
algelgeactl
gooaacacce
agétgteace
cgccagacga
gglllcllLag
atttttctaa
~caataatat
cttttttgeyg

agatgctgaa

ccacgTggaa
alegegactl
agacggoecat
ctieggacca
cy.llagcyge
atetgetgte
atcagecaat
ageaggagea
tgctgaacgt
cgattatcte
Lyggeclaglady
toecagattee
cocqtgegeag
Tggat-ggat
ctgecogecaga
Togeottteg
ttTccggaag
caactacatce
ctaagaqggta
aagcagacaa
attagatcetyg
cgecggttaa
cgecoTcget
cgyeeygool
cgatogecct
coqtcaaaat
tg-tetggat
La_lacladl

acteggtgge

taaaatccet
cttatacgtg
cggetgtget
ctttcgettt
alecgggggel
ttgattageg
tgacgttgca
accelalele
taaaaaatca
caatt-aaat
cygtacatat
ccacactcte
cteoecggeatg
cteocggectt
aatatatgay
agtattacag
attcaTtaat
ctgatgeget
cleag.acaa
ceteacgogc
ctotecqggea
aagcgcctcey
acgledggly
atacattcaa
tgaaaaagca
ccattttgece

catcagtteg

38490
3900
3960
4020
4080
4140
4200
42690
4320

4800
1860
4920
4980
5019
5100

2760
5820
5880
5940
5000

5060
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gtgcacgagt
gcececcgaaga
tatccegtat
acttggttga
aalla.geay
cgataeggagg
geottgateg
cgatgectgt
tageticceg
tgcecezcgge
ggtctcgegyg
Lelacacgac
gtgcatcact
ttgatttaza
tcatgaccaa
agalcaaaqgy
aaaaaccacc
cgaaggtaac

agttaggceea

tgttaccact
gatagttacc
gcttgcageg
ccacygctzeo
gagagegeas
ttegeocacct
ggaanaaqcn
acatgttett
gagctcazac

cygadcage

cggttacate
acgttttcca
tgacgcoqgy
ctactcacca
Lgelgeoals
acagaaggay
ttgggaaccy
agcaatggea
ceaacaatta
ccTtocgget
taccattgea
¢yggaglcay
cattaagcat
acttcatott
aa-cccttaa

alellceloga

acagey
tggcettecage

ccacttcaay

cgctgcectgee
c¢gataaggcg
aacgacctac
cgaagcgaca
cagggagcott
ctgacttgag
cageaaagag
tcctgegtta

cgctcecoece

gaacTggatc
atgatgagca
caagagoaac
gzcacagaaa
acca.gagly
cTaacegoetT
gagc-gaatqg
acaacgttge
atagactgga
ggctggttta
gcactggggc
gcaaclalgy
tggtaactg:
taatztaaaa
cgtgagttt=
galeellLlo
gTggTttats
agagcgcaga

aactetgtag

agtcygcgata
cagcggtcgg
accgaactga
aagccggaca
ccagygggaa
cgtecgatttt
goettottac
toeccetgatt

ageccgaacga

tcaacagege
cttttaaagt
teggtegecs
agcatcoztac
alaacaclge
ttttcoacaa
aagccazacc
gcaazczatt
tggacycgyga
ttgctgataa
cagatggtaa
algascgaaa
cagaccaagt
ggatctaggt
cgttecacte
Llcleegeyl
tgeocgatoa
tacceaatac

cacceogtac

agtcgtetet
gctcaacggg
gatacctaca
ggtatccyggt
acgectegta
tgtcateccte
ggttaotgge
ctgtggataa

ccgagoecayg

Taacatcett
—ctcctatgt
catacactat
ggatggcatyg
ggecaacl.a
catcggegat
aaacgacgag
aactggcgaa
~aaagttgea
atctggagece
gcecticeegt
FEUEETE e
~tactaatat
gaacatcett
agegtecagac
aaltclyclyge
agacctaccea
—gtcectteza

ataccteget

taccgggtte
gggttegtge
gagtgagata
aagcggcage
tectttatagt
gtcaggggge
cttttgotge
ccgtattace

cgactcagte

cagagztttc
cggceeggtat
tctcagaaty
acactaagag
cllolgacaa
catctaanta
cgtcacacca
ctactzactc
cgaccacttc
cgtcaqgegtyg
atcctagtta
celeagalag
atactztaca
tttecataatc
cceectagaaa
Llycaaacaa
actetzttte
ctgtagecect

ctgctaatce

gactcaagac
acacagccca
~cagaaagog
gtoggaacag
cctgtogggs
ccgagectat
cotTttgate
gegzttgags

agcgaccaag

/920
7980
8040
8100
8160
8220
8280
8340
8400

810¢
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Patentkrav

1. Rekombinant AAVrh.74-vektor, som omfatter en
muskelspecifik  MHCK7-promotor/enhancer, der er operabelt
koblet til nukleotidsekvensen ifeglge SEQ ID NO: 1, hvor den
rekombinante AAVrh.74-vektor omfatter en bL'-AAVZ2-inverteret
terminal repetition (ITR), den muskelspecifikke MHCK'7 -
promotor/enhancer, en SV40-intron, nukleotidsekvensen ifglge
SEQ ID NO: 1, et syntetisk polyadenylerings (PolyA)-signal og
en 3'-AAV2-ITR.

2. Rekombinant AAVrh.74-vektor ifglge krav 1, hvor vektoren
omfatter en nukleotidsekvens som vist ved nukleotiderne 7-5042
ifglge SEQ ID NO: 3.

3. Sammensatning, som omfatter den rekombinante AAVrh.74-
vektor 1ifeglge krav 1 eller 2 og et farmaceutisk acceptabelt

baeremateriale.

4, Rekombinant AAVrh.74-vektor ifelge krav 1 eller 2 eller
sammensatning ifelge krav 3 til anvendelse til behandling af

muskeldystrofi hos et individ, der har behov for den.

5. Rekombinant AAVrh.74-vektor ifelge krav 1 eller 2 eller
sammensaetning ifelge krav 3 til anvendelse til reducering
eller forebyggelse af fibrose hos et individ, der 1lider af

muskeldystrofi.

6. Rekombinant AAVrh.74-vektor eller sammensatning til
anvendelse ifglge krav 4 eller 5, hvor individet 1lider af

Duchennes muskeldystrofi.

7. Rekombinant AAVrh.74-vektor eller sammensatning til
anvendelse 1fglge et hvilket som helst af kravene 4-6, hvor
den rekombinante AAVrh.74-vektor eller sammensatningen
administreres ved intramuskuler injektion eller intravengs

injektion.
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_2_
8. Rekombinant AAVrh.74-vektor eller sammensatning til
anvendelse 1fglge et hvilket som helst af kravene 4-7, hvor
den rekombinante AAVrh.74-vektor eller sammensatningen

administreres systemisk.
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Figure 10
SEQIDNO: 3
rAAVrh74 MHCK 7.microdystrophin

Main features:

MHCKY7 promoter
Chimeric intron sequence

Human micro-dvstrophin sequence
Poly A tail

pGEX plasmid backbone with

GCCCAATACGCAAACCGCCTCTCCCCGCGLGTTGGCCGATTCATTAATGCAGCTGGCGCGCTCGCTC
GCTCACTGAGGLCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAG
CGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAA
CCCGCCATGCTAATTATCTACGTAGCCATGTCTAGAg  taaacaag

ALGTIGCCTITA A ) AL LJA AAAL BA A

CCGCGGCCGCCACCATGCTGTGGTGGGAGCAGCTGCAGGATTGTTATGAAAGGGAGGACGTGCAG

AAGAAGACTTTTACCAAGTGGGTGAACGCTCAGTTCAGCAAATTTGGGAAGCAGCACATCGAGAAT
CTGTTTTCCGACCTGCAGGATGGGAGACGGCTGCTGGATCTGCTGGAAGGACTGACTGGCCAGAAG

CTGCCCAAAGAGAAGGGGAGCACTAGGGTGCACGCCCTGAACAACGTGAACAAAGCTCTGAGAGT
GCTGCAGAACAACAACGTGGATCTGCTGAATATTGG CAGTACTGATATCGTGGACGGGAACCACAA
ACTGACACTGGGCCTGATCTGGAACATTATTCTGCACTGGCAGGTGAAAAATGTGATGAAGAACATC
ATGGCCGGGCTGCAGCAGACCAATTCCGAGAAGATCCTGCTGTCTTGGGTGCGGCAGAGCACCCGL
AACTATCCCCAGGTGAACGTGATTAACTT CACTACATCCTGGAGCGACGGGCTGGCCCTGAATGCTC
TGATTCACAGCCACAGGCCTGATCTGTTCGACTGGAATAGCGTGGTGTGCCAGCAGTCTGCCACACA
GCGCCTGGAACATGCCTTCAATATCGCTCGGTACCAGCTGGGGATCGAAAACTGCTGGACCCAGA
GGATGTGGACACTACATACCCAGATAAAAAGTCTATTCTGATGTACATTACTAGCCTGTTCCAGGTGC
JGCCACAGCAGGTGTCTATTGAAGCCATT CAGGAGGTGGAAATGCTGCCCCGCCCCCCCAAAGTGAC
JAAAGAGGAGCATTTTCAGCTGCATCATCAGATGCATTACAGCCAGCAGATTACCGTGAGCCTGGCT
CAGGGATATGAGCGCACCAGTAGTCCAAAACCACGGTTCAAGTCCTACGCTTATACCCAGGCTGCCT
ACGTGACAACTAGCGACCCTACTAGATCCCCCTTTCCATCCCAGCACCTEGAGGCCCCAGAGGACAA
GAGCTTTGGGTCCAGCCTGATGGAAAGCGAGGTGAATCTGGATCGGTACCAGACAGCCCTGGAGGA

GGTGCTEAGCTGGCTGCTGAGTGCTGAAGACACACTGCAGGCCCAGCGCGAAATTTCCAATGACGT
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GGAAGTCGTGAAGGATCAGTTCCACACACACGAGGGCTATATGATGGACCTGACAGCTCACCAGES
GOGCGTGGGLAATATCCTGCAGCTGGGCTCTAAACTGATCGGCACCGGGAAACTGAGTGAGGACG

GGAAACAGAAGTGCAGGAGCAGATGAACCTGCTGAACAGCCGCTGGGAGTGTCTGAGAGTGGCTA
STATGGAGAAGCAGTCCAACCTGCACCGGGTGCTGATGGACCTGCAGAACCAGAAACTGAAAGAGC
TGAACGACTGGCTGACAAAGACTGAGGAACG CACAAGGAAGATGGAGGAGGAGCCACTGGGACCC
GACCIGGAGGATCTGAAGAGACAGGTGCAGCAGCATAAGGTGCTGCAGGAGGATCTGGAACAGGA
SCAGGTGCGGGTGAACTCCCTGACACATATGGTGGTGGTGGTGGACGAATCTAGTGGAGATCACGC
CACCGCCGCCCTEGAGGAACAGCTGAAGGTGCTGGGGGACCGGTGGGLCAACATTTGCCGGTGGA
CCGAGGACAGGTGGCTGCTGCTGCAGGACATCCTGCTGAAATGGCAGAGGCTGACCGAGGAGCAG
IGTCTGTTTAGTGCTTGGCTGAGCGAGAAAGAGGACGCCGTGAACAAGATCCACACAACCGGCTTTA
AGGATCAGAACGAAAT GCTGTCTAGCCTGCAGAAACTGGCTGTGCTGAAGGCCGATCTGGAGAAAA

AACCGTGATGGAAACCGTGACCACCGTGACAACCCGCGAACAGATCCTGGTGAAACATGCCCAGGA
AGAGCTGCCACCTCCACCTCCCCAGAAGAAGAGAACCCTGGAGCGGCTGCAGGAGCTGCAGGAAGC
CACTGACGAACTGGACCTGAAGCTGAGGCAGGCCGAAGTGATTAAGGGGTCTTGGCAGCCTGTGGE
CCATCTGCTGATTGATTCCCTGCAGGACCACCTGGAAAAGGTGAAGGCTCTGAGAGGCGAAATTGCT
CCACTGAAGGAGAACGTGACTCATGTGAACGATCTGGCTAGACAGCTGACAACACTGGGCATCCAG
CTGAGCCCATACAATCTGAGCACACTGGAGGACCTGAATACCAGGTGGAAGCTGCTGCAGGTGGCT
GTGGAAGACCGGGTGCGGCAGCTGCATGAGGCCCATCGCGACTTCGGACCAGCCAGCCAGCACTTT
CTGAGCACATCCOTGCAGGGGCCCTGGEAGAGGGCCATTTCTCCCAACAAGGTGCCCTACTATATTA
ATCACGAGACCCAGACCACTTGTTGGGACCATCCCAAGATGACAGAACTGTACCAGTCCCTGGCCGA
ICTGAACAACGTGAGGTTTAGCGCTTACAGAACCGCTATGAAGCTGAGACGGCTGCAGAAGGCCCT
GTGCCTGGATCTGCTGTCCCTGTCCGCCGCCTGCGATGCCCTGGATCAGCATAATCTGAAGCAGAAC
GATCAGCCAATGGATATCCTGCAGATCATCAACTG CCTGACCACTATCTACGACAGGCTGGAGCAGG
AGCACAACAACCTGGTGAACGTGCCTCTGTGCGTGGATATGTGCCTGAACTGGCTGCTGAACGTGTA
TGACACTGGGCGCACCEGCCGGATCAGAGTGCTGAGTTTTAAAACTGGGATTATCTCCCTGTGTAAG
GCCCACCTGGAGGACAAGTACAGGTACCTGTTCAAGCAGGTGGCTAGTAGCACTGGATTTTGTGACC
AGCGCCGCCTGGGACTGCTGCTGCATGATAGTATCCAGATTCCTAGACAGCTGGGAGAGGTGGCTA
SITTCGGAGGATCTAACATCGAACCCAGCGTGCGCAGCTGTTTCCAGTITGCCAATAACAAACCTGA
AATCGAGGCTGCTCTGTTCCTGGATTGGATGCGCCTGGAACCACAGAGCATGGTGTGGCTGCCTGTG
CTGCACAGAGTGGCTGCCGCCEAAACTGCCAAG CACCAGGCTAAATGCAACATCTGCAAGGAATGT
CCCATTATCGGCTTTCGCTACAGGAGTCTGAAACATTTTAACTACGATATITGCCAGAGCTGCTTCTTT
TCCGGAAGAGTGGCCAAAGGACACAAGATGCACTACCCTATGGTGGAATATTGCACCCCAACTACAT
CTGGCGAAGATGTGCGCGATTTTGCCAAGGTGCTGAAGAATAAGTTTCGGACTAAGAG GTACTTCGC
CAAGCACCCCCGCATGGGGTATCTGCCAGTGCAGACAGTGCTGCAAGGAGACAATATGGAGACCGA
TACAATGTGAGCGGCCGCAATAAAAGATCTTTATTTTCATTAGATCTGTGTGTTGGTTTTTTGTGTGT
CTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTAGTGA
TGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCG
ACGCCCGGGCTTTGCCCGGECGGCCTCAGTGAGCGAGCGAGCGCGCCAGCTGGCGTAATAGCGAA
GAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGAAGTTCCAGACG
ATTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTTTTCCTGTTGCAATGGCTGGCGGTAATATTGT
TCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAATC
AAAGAAGTATTGCGACAACGGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGA
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TTATAAAAACACTTCTCAGGATTCTGGCGTACCGTTCCTGTCTAAAATCCCTTTAATCGGCCTCCTGTT
TAGCTCCCGCTCTGATTCTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGC
GCCCTGTAGCGGCGCATTAAGLGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGC
CAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGT
CAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGATTTACGGCACCTCGACCCCAAAAA
ACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGT
TGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTC
TATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAA
AAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTAAATATTTGCTTATACAATCTTCCTGT
TITTGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTACCGTTCA
TCGATTCTCTTGTTTGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGAGACCTCTCAAAAAT
AGCTACCCTCTCCGGCATGAATTTATCAGCTAGAACGGTTGAATATCATATTGATGGTGATTTGACTG
TCTCCGGCCTTTCTCACCCGTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTTAAAATATATG
AGGGTTCTAAAAATTTTTATCCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCAT
AATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATTGCTTAATTTTGCTAATTCTTTGC
CTTGCCTGTATGATTTATTGGATGTTGGAAGTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGG
TATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCC
GACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGLTCCCGGCATCCGCTTACAGACA
AGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGA
CGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTC
AGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATA
TGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAG

TCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTT
GATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAA
G ,; ;
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CCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTT
CCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGGGTTTGAGTGAGCTGATACCGCTCGCCG
CAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGACCAAGCGGAAGAGC
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Figure 11

SEQIDNO: 5
tAAVth74 MCK micro-dystrophin

Main features:

MCK promoter

Chimeric intron sequence

I ] \mized micro-d b )
Poly A tail

pGEX plasmid backbone with

GCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCGCGCTCGCTC
GCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAG
CGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAA
CCCGCCATGCTAATTATCTACGTAGCCATGTCTAGACAGCCACTATGGGTCTAGGCTGCCCATGTAAG
GAGGCAAGGCCTGGGGACACCCGAGATGCCTGGTTATAATTAACCCAGACATGTGGCTGCTCCCCTC
CCCCAACACCTGCTGLCTGAGLCTCACCCCCACCCCGGTGCCTGGGTCTTAGGCTCTGTACACCATGG
AGGAGAAGCTCGCTCTAAAAATAACCCTGTCCCTGGTGGGCTGTGGGGGACTGAGGGCAGGCTGTA
ACAGGCTTGGGGGCCAGGGCTTATACGTGCCTGGGACTCCCAAAGTATTACTGTTCCATGTTCCCGG
CGAAGGGCCAGCTGTCCCCCGCCAGCTAGACTCAGCACTTAGTTTAGGAACCAGTGAGCAAGTCAGC
CCTTGGGGCAGCCCATACAAGGCCATGGGGECTGGGCAAGCTGCACGCCTGGGTCCGGGGTGGGCA
CGGTGCCCGGGCAACGAGCTGAAAGCTCATCTGCTCTCAGGGGCCCCTCCCTGGGGACAGCCCCTCC
CCACCTCCACAGCACAGACAGACACTCAGGAGCCAGCCAGCCAGQTAAGTTTAGTCTTTITGICTTIT
ATTTCAGGTCCCGGATCCGGTGGTGGTGCAAAT GAACTGCTCCTCAGTGGATGTTGCCTTTACT
TCTAGGCCTGTACGGAAGTGTTACTTCTGCTCTAAAAGCTGCGGAATTGTACCCGCGGCCGCCACCA

IGCTGTGGTGGEAGGAGCTGGAGGATTGTTATCGAAAGGGAGGACGTGCAGAAGAAGACTTTTACC
AAGTGGGTGAACGCTCAGTTCAGCAAATTTGGGAAGCAGCACATCGAGAATCTGTTTTCCGACCTGC

ACGTGATTAACTTCACTACATCCTGGAGCGACGGECTCGCCCTGAATCCTCTGATTCACAGCCACAG
GCCTGATCTGTTCGACTGGAATAGCGTGGTGTGCCAGCAGTCTGCCACACAGCGCCTGGAACATGCC




ACCCAGATAAAAAGTCTATTCTGATGTACATTACTAGCCTGTTCCAGGTGCTGCCACAGCAGGTGTCT
ATTGAAGCCATTCAGGAGGTGGAAATGCTGCCCCGCCCCCCCAAAG TGACTAAAGAGGAGCATTTTC
AGCTGCATCATCAGATGCATTACAGCCAGCAGATTACCGTGAGCCTG GCTCAGGGATATGAGCGCAC
CAGTAGTCCAAAACCACGGTTCAAGTCCTACGCTTATACCCAGGCTGCCTACGTGACAACTAGCGAC
CCTACTAGATCCCCCTTTCCATCCCAGCACCTGGAG GCCCCAGAGGACAAGAGCTTTGGGTCCAGCCT
GATGGAAAGCGAGGTGAATCTGGATCGGTACCAGACAGCCCTGGAGGAGGTGCTGAGCTGGCTGC
TGAGTGCTGAAGACACACTGCAGGCCCAGGGCGAAATTTCCAATGACGTGGAAGTGGTGAAGGATC
AGTTCCACACACACGAGGGCTATATGATGGACCTGACAGCTCACCAGGGGCGCGTGGGCAATATCC
JGCAGCTGGGCTCTAAACTGATCGGCACCGGGAAACTGAGTGAGGACGAGGAAACAGAAGTGCAG
GAGCAGATGAACCTGCTGAACAGCCGCTGGGAGTGTCTGAGAGTGGCTAGTATGGAGAAGCAGTCC
AACCTGCACCGGGTGCTGATGGACCTGCAGAACCAGAAACTGAAAGAGCTGAACGACTGGCTGACA
AAGACTGAGGAACGCACAAGGAAGATGGAGGAGGAGCCACTGGGACCCGACCTGGAGGATCTGAA
GAGACAGGTGCAGCAGCATAAGGTGCTGCAGGAGGATCTGGAACAGGAGCAGGTGCGGGTGAACT
CCCTGACACATATGGTGGTGGTGGTGGACGAATCTAGTGGAGATCACGCCACCGCCGCCCTGGAGE
AACAGCTGAAGGTGCTGGGGGACCGGTGGGCCAACATTITGCCGGTGGACCGAGGACAGGTGGGTG

JTGAAGCTGAGGCAGGCCGAAGTGATTAAGGGGTCTTGGCAGCCTGTGGGCGATCTGCTGATTGATT
SCCTGCAGGACCACCTGGAAAAGGTGAAGGCTCTGAGAGGCGAAATTGCTCCACTGAAGGAGAACG
TGAGTCATGTGAACGATCTGGCTAGACAGCTGACAACACTGGGCATCCAGCTGAGCCCATACAATCT
GAGCACACTGGAGGACCTGAATACCAGGTGGAAGCTGCTGCAGGTGGCTGTGGAAGACCGGGTGE
GGCAGCTGCATGAGGCCCATCGCGACTTCGGACCAGCCAGCCAGCACTTTCTGAGCACATCCGTGCA

GGGGCCCTGGGAGAGGGCCATTTCTCCCAACAAGGTGCCCTACTATATTAATCACGAGACCCAGACC
ACTTGTTGGGACCATCCCAAGATGACAGAACTGTACCAGTCCCTGGCCGATCTGAACAACGTGAGGT
JTAGCGCTTACAGAACCGCTATGAAGCTGAGACGGCTGCAGAAGGCCCTGTGCCTGGATCTGCTGTC

CLTGTCCOCCG CCTGCGATGLCCTGCATCAGCATAATCTGAAGCAGAACGATCAGCCAATGGATATC
CTGCAGATCATCAACTGCCTGACCACTATCTACGACAGGCTGGAGCAGGAGCACAACAACCTGGTGA
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CGAACCCAGCGTGCOCAGCTGTITCCAGT I TGCCAATAACAAACCTGAAATCGAGGCTGCTCTGTTCC
TGGATTGGATGCGCCTGGAACCACAGAGCATGGTGTGGCTGCCTGTGCTGCACAGAGTGGCTGCCG

CAGGAGTCTGAAACATTTTAACTACGATATTTGCCAGAGCTGCTTCTTTTCCGGAAGAGTGGCCAAA
GGACACAAGATGCACTACCCTATGGTGGAATATTGCACCCCAACTACATCTGGCGAAGATGTGCGCG

ATTTTGCCAAGGTGCTGAAGAATAAGTTTCGGACTAAGAGGTACTTCGCCAAGCACCCCCGCATGGG
GTATCTGCCAGTGCAGACAGTGCTGGAAGGAGACAATATGGAGACCGATACAATGTGAGCGGLCGC
AATAAAAGATCTTTATTTTCATTAGATCTGTGTGTTGGTTTTTTGTGTGTCTAGAGCATGGCTACGTA
GATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCT
CTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGLTTTGCCCG
GGCGGCCTCAGTGAGCGAGLGAGCGCGCLAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGE
CCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGAAGTTCCAGACGATTGAGCGTCAAAATGTAG
GTATTTCCATGAGCGTTTTTCCTGTTGCAATGGCTGGCGGTAATATTGTTCTGGATATTACCAGCAAG
GCCGATAGTTTGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAATCAAAGAAGTATTGCGACAAC
GGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAGG
ATTCTGGCGTACCGTTCCTGTCTAAAATCCCTTTAATCGGCCTCCTGTTTAGCTCCCGCTCTGATTCTA
ACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAA
GCGCGGCGGGTGTGGTGCTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTC
CTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCT
CCCTTTAGGGTTCCGATTTAGTGATTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTT
CACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAAT
AGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGG
ATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAA
CAAAATATTAACGTTTACAATTTAAATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTA
TCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTACCGTTCATCGATTCTCTTGTTTGCTCC
AGACTCTCAGGCAATGACCTGATAGCCTTTGTAGAGACCTCTCAAAAATAGCTACCCTCTCCGGCATG
AATTTATCAGCTAGAACGGTTGAATATCATATTGATGGTGATTTGACTGTCTCCGGCCTTTCTCACCC
GTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTTTA
TCCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCG
ATTTAGCTTTATGCTCTGAGGCTTTATTGCTTAATTTTGCTAATTCTTTGCCTTGCCTGTATGATTTATT
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GGATGTTGGAAGTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATG
GTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCG
CTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGG
GAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGAT
ACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGG
GAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGAC
AATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATITCCGTGIC

TGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAA
AATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAA

GCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGA
TTCTGTGGATAACCGTATTACCGGGTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAG
CGCAGCGAGTCAGTGAGCGACCAAGCGGAAGAGC
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FIG. 15
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FIG. 16
Tibiatis Anterior
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FIG. 17

Gluteus Maximus
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FIG. 18
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FIG. 20

Specific Force-Dia
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FIG. 23
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