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Fig. 10
SEQ ID NO: 3

rAAVrh74 MHCK7 . micro-dystrophin

Main features:

Human micro-dystrophin sequence
Ampicillin resistance

GCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGLCGATTCATTAATGCAGCTGGCGLGCTCGCTCGCTCACTGA
GGCCGCCCGGGCAAAGCCCGGGLETCOOGGLGACCTTTGGTCOCCCGGCCTCAGTGAGCGAGCGAGCGLGCAGA

GAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGCCATGCTAATTATCTACGTAGC
CATGTCTAGAgIttaaacaagcttigcatgictagectagacecitcagattagaaataactgaggtaagegcctgggtaggegaseigetgteggs
acgcetectgretctectictatetacceatcggeccitiggegagrageaatgtaccCaagsactadaaaaaggccalegagCeagagegacoasaoc

dacagacctticatgggcaaacctigggeccctecigtctagecatgeccecactacgegictaggltpceccatgtaaggaggeaageccteggpgacace
ceagatgcctgettataattaacccagacatgtpgctpecececceececeecctcaacacctectocctctaaaaataacectegteeccteatggatecccteca

ctcccteepgacageccctcctegctagtcacacectetagectectctatataacceagegecacageggctegcceteatictaccaccacciceaca
CCCAGGTAAGTITAGTICTITITGTCTITTATTTCAGGTCCCGGATCCGG

TCGAGAATCTIGTTTTCCGACCTGCAGGATGGGAGACGGLTGLTGGATCTGCTGGAAGGACTGACTGGCCAGAA
GCTGCCCAAAGAGAAGGGGAGCACTAGGGTGCACGCCCTGAACAACGTGAACAAAGCTCTGAGAGTGCTGCA
GAACAACAACGTGOGATCTGGTGAATATTGGCAGTACTGATATCGTGGACGGGAACCACAAACTGACACTOGGC
CTGATCTGGAACATTATTCTGCACTGGCAGGTGAAAAATGTGATGAAGAACATCATGGCCGGGCTGCAGCAGA
CCAATTCCGAGAAGATCCTGLTGTCTTGGOTGCGGLAGAGCACCCGCAACTATCCCCAGGTGAACGTGATTAAL
TTCACTACATCLCTGGAGCGACGGGLTGGCCCTGAATGCTCTGATTCACAGCCACAGGCCTGATLTGTTCGACTGG

CCAAAGTGACTAAAGAGGAGCATTTTCAGCTGCATCATCAGATGCATTACAGCCAGCAGATTACCGTGAGCCTG
GCTCAGGGATATGAGCGCALCAGTAGTCCAAAACCACGGTTCAAGTCCTACGCTTATACCCAGGCTGCCTACGT
GACAACTAGLGACCCTACTAGATCLCCCTITTCCATCCCAGCACCTGOGAGGUCCCAGAGGACAAGAGCTTTGGOTC
CAGCCTGATGOGAAAGCGAGGTOGAATCTOGGATCGGTACCAGACAGCCLCTGGAGGAGGTGLTGAGLTGGLTGLTG
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Fig. 10 (continued)
AGTGCTGAAGACACACTGCAGGCCCAGGGCGAAATTTCCAATGACGTGGAAGTGGTGAAGGATCAGTTCCACA
CACACGAGGGCTATATGATGGACCTGACAGCTCACCAGGGGLGCGTGOGCAATATCCTGCAGCTGGGCTCTAA
ACTGATCGGCACCGGGAAACTGAGTGAGGACGAGGAAACAGAAGTGCAGGAGCAGATGAACCTGCTGAACAG
CCGCTGGRAGTGTCTGAGAGTGGCTAGTATGGAGAAGCAGTCCAACCTGCACCGGRTGCTGATGGACCTGCAG
AACCAGAAACTGAAAGAGCTGAACGACTGGCTGACAAAGACTGAGGAACGCACAAGGAAGATGGAGGAGGA
ACAGGAGCAGGTGCGGGTGAACTCCCTGACACATATGGTGGTGGTGGTGGACGAATCTAGTGGAGATCACGCC
ACCGCCGCCCTGGAGGAACAGCTGAAGGTGCTGGGGGACCGGTGGGCCAACATTTGCCGGTGGACCGAGGAL
AGGTGGGTGCTGCTGCAGGACATCCTGCTGAAATGGCAGAGGCTGACCGAGGAGCAGTGTCTGTITAGTGCTT
GGCTGAGCGAGAAAGAGGACGCCGTGAACAAGATCCACACAACCGGCTITAAGGATCAGAACGAAATGCTGTC
TAGCCTGCAGAAACTGGCTGTGCTGAAGGCCGATCTGGAGAAAAAGAAGCAGAGCATGGGCAAACTGTATAG
CCTGAAACAGGACCTGCTGAGCACCCTGAAGAACAAGAGCGTGACCCAGAAGACAGAAGCCTGGCTGGATAAL
TTTGCCCGLTGCTGGGACAACCTGGTGCAGAAACTGGAGAAAAGTACAGCTCAGATCTCTCAGGCTGTGACCAC
AACCCAGCCTAGCCTGACCCAGACAACCGTGATGGAAACCGTGACCACCGTGACAACCCGCGAACAGATCCTGEG
TGAAACATGCCCAGGAAGAGLTGCCACCTCCACCTCCCCAGAAGAAGAGAACCCTGGAGCGGCTGCAGGAGCT
GCAGGAAGCCACTGACGAACTGGACCTGAAGCTGAGGLAGGCCGAAGTGATTAAGGGGTCTTGGCAGCCTGTG
GGCGATCTGCTGATTGATTCCCTGCAGGACCACCTGGAAAAGGTGAAGGCTCTGAGAGGLCGAAATTGCTCCACT
GAAGGAGAACGTGAGTCATGTGAACGATCTGGCTAGACAGCTGACAACACTGGGLCATCCAGCTGAGCCCATAC
AATCTGAGCACACTGGAGGACCTGAATACCAGGTGGAAGCTGCTGCAGGTGGCTGTGGRAAGACCGGGTGCGE
CAGCTGCATGAGGCCCATCGCGACTTCGGACCAGCCAGCCAGCACTTITCTGAGCACATCCGTGCAGGGGCCCTG
GGAGAGGGCCATTITCTCCCAACAAGGTGCCCTACTATATTAATCACGAGACCCAGACCACTTGTTGGGACCATCC
CAAGATGACAGAACTGTACCAGTCCCTGGCCGATCTGAACAACGTGAGGTTTAGCGCTTACAGAACCGCTATGA
AGCTGAGACGGCTGCAGAAGGCCCTGTGCCTGGATCTGCTGTCCCTGTCCGCCGCCTGCGATGCCCTGGATCAGC
ATAATCTGAAGCAGAACGATCAGCCAATGGATATCOTGUCAGATCATCAACTGCCTGACCALCTATCTACGACAGG
CTGGAGCAGGAGCACAACAACCTGGTGAACGTGLCTCTGTGCGTGOGATATGTGCCTGAACTGGCTGCTGAALGT
GTATGACACTGGGCGCACCGGCCGGATCAGAGTGCTGAGTTTTAAAACTGGGATTATCTCCCTGTGTAAGGCCC
ACCTGGAGGACAAGTACAGGTACCTGTICAAGCAGGTGGCTAGTAGCACTGGATTTTGTGACCAGCGLCCGLCTG
GGACTGCTGCTGCATGATAGTATCCAGATTCCTAGACAGCTGGGAGAGGTGGCTAGTTTCGGAGGATCTAACAT
CGAACCCAGCGTGCGCAGCTGTTTCCAGTITGCCAATAACAAACCTGAAATCGAGGCTGCTCTGTTCCTGGATTG
GATGCGCCTGGAACCACAGAGCATGGTGTGGCTGCCTGTGCTGCACAGAGTGGCTGCCGCCGAAACTGCCAAG
CACCAGGCTAAATGCAACATCTGCAAGGAATGTCCCATTATCGGCTTTCGCTACAGGAGTCTGAAACATTTTAAC
TACGATATTTGCCAGAGCTGCTTCTTTTCCGGAAGAGTGGCCAAAGGACACAAGATGCACTACCCTATGGTGGA
ATATTGCACCCCAACTACATCTGGCGAAGATGTGCGCGATTTITGCCAAGGTGCTGAAGAATAAGTTTCGGACTA
AGAGGTACTTCGCCAAGCACCCCCGCATAGGGTATCTGCCAGTGCAGACAGTGCTGGAAGGAGACAATATGGA

o aeth R F A R T Ty MR F e Rt R ety R TR A et R Tt R i T R iy R TR T iy R P At R Rt gy MR W T MR S Ty R F i m L MR Ay R ST Ty MR et LR Tty MR E g R T R R el U Wy L

ACTCCCTCTCTGCGCGLTCGCTCGCTCACTGAGGCCGGGLGACCARAGGTCGLCCGACGLCCGGGLTTTGLCCGE
GLCGGCCTCAGTGAGLGAGCGAGCGCGCLAGCTGGCGTAATAGCGAAGAGGLCCGCACCGATCOGLCCTTCCCAAL
AGTTGCGCAGCCTGAATGGCGAATGGAAGTTCCAGACGATTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTT

TTCCTGTTGCAATGGCTGGCGGTAATATTGTTCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTACTCAG
GLAAGTGATGTTATTACTAATCAAAGAAGTATTGLGACAACGGTTAATTTGLGTGATGGACAGACTCTTTTACTCG
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Fig. 10 (continued)
GTGGCCTCACTGATTATAAAAACACTTCTCAGGATICTGGCGTACCGTTCCTGTCTAAAATCCCTTTAATCGGCCTC
CTGTTTAGCTCCCGCTCTGATTCTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGLCC
TGTAGCGGCGCATTAAGCGLCGGCGGGTGTGETGGTTACGCGCAGCGTGACCGCTACACTTIGCCAGCGCCCTAGL
GCCCGCTCCTTITCGCTITCITCCCTTCCTTICTCGCCACGTTCGCCGGCTTTCLCCGTCAAGCTCTAAATCGGEGGELT
CCCTTTAGGGTTCCGATTTAGTGATTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGT
GGGCCATCGCCCTGATAGACGGTTITTTCGCCCTITGACGTTGGAGTCCACGTTICITTAATAGTGGACTCTTGTTCCA

AAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTAAATATTTGCTT
ATACAATCTTCCTGTTTITGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTAC
CGTTCATCGATTCTCTTGTTTGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGAGACCTCTCAAAAATAG
CTACCCTCTCCGGCATGAATTTATCAGCTAGAACGGTTGAATATCATATTGATGGTGATTTGACTGTCTCCGGCCTT
TCTCACCCGTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTTTAT
CCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTT

ATGCGGTATITTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGAT
GCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCAT
CCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGC
GAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGT
GGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCAT
GAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCC
CTTATTCCCTTTITIGCGGCATTTIGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAA
GATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCC
GAAGAACGTTTTCCAATGATGAGCACTTITAAAGTTCIGCTATGTGGCGCGGTATTATCCCGTATTIGACGCCGGGE
AAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTIGGTTGAGTACTCACCAGTCACAGAAAAGCATCT
TACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTT
CTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTITGCACAACATGGGGGATCATGTAACTCGCCTIGAT
CGITGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAAC
AACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCG
GATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCITCCGGCTGGCIGGTITATIGCTGATAAATCTGGAGCCGGTG
AGCGTGGGICTCGCGGTATCATIGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGAC
GGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTIGGT
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGA
AGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAA
AAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACC
AGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATA
CCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCGTACATACCTCGC
TCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAG
TTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTA

ATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTAT
AGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGA
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Fig. 10 {continued)
AAAACGCCAGCAACGCGGCLTTTTTACGGTICCTGGCCTTTITIGCTGGCCTTTITGLTCACATGTTICTTTCCTGCGTTAT

GCAGCGAGTCAGTGAGCGACCAAGCGGAAGAGC
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Fig. 11

SEQ ID NO: 5
rAAVrh74 MCK.micro~-dystrophin

Main features:
MOCK promoter

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Human codon optimized micro-dystrophin sequence -
Poly A tail
Ampicillin resistance

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

GCCCAATACGCAAACCGCCTCTCCCCGLGLGTTGGLCGATTCATTAATGCAGCTGGLGCGCTCGCTOGCTCACTGA
GGLCGLLCGGGLAAAGLLLGOGLGTCOGGGLGACCTTTGOTCGLLCOGGLLTCAGTGAGLOGAGCGAGLGCGLAGA
GAGGGAGTGOGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGCCATGCTAATTATCTACGTAGC
CATGTCTAGACAGCCACTATGGGTCTAGGCTGLCCATGTAAGGAGGLAAGGCCTGGGGACACCCGAGATGLLTG
GITATAATTAACCCAGACATOTGGCTIGCTCCCCCCCLCCAACACCTGCTGCCTGAGLETCACCCCCACCCEGGTECL

TGGETCTTAGGCTCTGTACACCATGCGAGGAGAAGCTCGCTCTAAAAATAACCCTOTCCCTGGTGOGCTGTIGGEGE

LCCTTOGGGCAGCCCATACAAGGCCATGGOGCTGGHLAAGCTGCACGLCTGHGTCLOGGETGOGLACGOTGCLL
GOGGCAACGAGCTIGAAAGCTICATCTIGCICTCAGGGGCLCCTCCCTGOGOACAGLLCCTCCTGOCTAGICACACCCT
GTAGGCTCCICIATATAACCCAGGGGCACAGGGGLTGCCCCCGGGTCACCACCACCTCCACAGCACAGACAGACA

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
------------------------------------------------------------------------------------------------------------------------------------------------------------------

COGOAATIGTACCCOLGGLCGCCACCATGLTOTGGTGOOAGGAGGTGGAGGATTGTTATGAAAGGGAGGACKGTG

CAGAAGAAGACTTTTACCAAGTGOGTGAACGCTCAGTTCAGCAAATTTGGGAAGCAGCACATCGAGAATCTGTT
AAGGGGAGCACTAGGGTGCACGLCCTGAACAACGTGAACAAAGCTCTGAGAGTGCTGCAGAACAACAACGTG
GATCTGGTGAATATTGGCAGTACTGATATCGTGGACGGGAACCACAAACTGACACTGGGLCTGATCTGGAACAT
TATTCTGCACTGGCAGGTGAAAAATGTGATGAAGAACATCATGGCCGGGCTGCAGCAGACCAATTCCGAGAAG
ATCCTGCTGTCTTGGGTGCGGCAGAGCACCCGCAALCTATCCCCAGGTGAACGTGATTAACTTCACTACATCCTGG
AGCGACGGGLTGGLCCTGAATGCTCTGATTCACAGCCACAGGCCTGATCTGTTCGACTGGAATAGCGTGGTGTG
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Fig. 11 {continued)
CCAGCAGTCTGCCACACAGCGCCTGGAACATGCCTTCAATATCGCTCGGTACCAGCTGGGGATCGAAAAACTGC
TGGACCCAGAGGATGTGGACACTACATACCCAGATAAAAAGTCTATTCTGATGTACATTACTAGCCTGTTCCAGG
GAGGAGCATTTTCAGCTGCATCATCAGATGCATTACAGCCAGCAGATTACCGTGAGCCTGGCTCAGGGATATGA
GCGCACCAGTAGTCCAAAACCACGGTTCAAGTCCTACGCTTATACCCAGGCTGCCTACGTGACAACTAGCGACCC
TACTAGATCCCCCTTTCCATCCCAGCACCTGGAGGCCCCAGAGGACAAGAGCTTTGGGTCCAGCCTGATGGAAA

ACTGCAGGCCCAGGGLOAAATTTCCAATGACGTGGAAGTGGTGAAGGATCAGTTCCACACACACGAGGGCTAT
ATGATGGACCTGACAGCTCACCAGGGOLGCOTGOGCAATATCCTGCAGLTGGGCTCTAAACTGATCGGCACCGG
GAAACTGAGTGAGGACGAGGAAACAGAAGTGCAGGAGCAGATGAACCTGCTGAACAGCCGCTGOGAGTGTCT
GAGAGTGGCTAGTATGGAGAAGCAGTCCAACCTGCACCGOGTGCTGATGGACCTGCAGAACCAGAAACTGAAA
GAGCTGAACGACTGGLTGACAAAGACTGAGGAACGCACAAGGAAGATGGAGGAGGAGCCACTGGGACCCGA
CCTGGAGGATCTGAAGAGACAGGTGCAGCAGCATAAGGTGCTGCAGGAGGATCTGGAACAGGAGCAGGTGLG
GGTGAACTCCCTGACACATATGGTGGTGGTGGTGGACGAATCTAGTGGAGATCACGCCACCGCCGCCCTGGAG
GAACAGCTGAAGGTGCTGGGGGACCGGTGGGLCAACATTTGLCGGTGGACCGAGGACAGGTGGGTGCTGCTG
CAGGACATCCTGCTGAAATGGCAGAGGCTGACCOGAGGAGCAGTOGTCTGTTITAGTGCTTGGCTGAGCGAGAAAG
AGGACGCCGTGAACAAGATCCACACAACCGGLTTITAAGGATCAGAACGAAATGCTGTCTAGCLCTGCAGAAACT
GGCTGTGCTGAAGGCCGATCTGGAGAAAAAGAAGCAGAGCATGGGLAAACTGTATAGLCTGAAACAGGACCT
GCTGAGCACCLCTGAAGAACAAGAGLGTGACCCAGAAGACAGAAGLCTGGLTGGATAACTITGCLLGLTGLTGEG
GACAACCTGGTGCAGAAACTGGAGAAAAGTACAGCTCAGATCTCTCAGGCTGTGACCACAACCCAGCCTAGCCT

ACGAACTGGACCTGAAGCTGAGGCAGGCCGAAGTGATTAAGGGGTCTTGGCAGUCTGTGGGCGATCTGCTGAT
TGATTCCCTGCAGGACCACCTGGAAAAGGTGAAGGLCTCTGAGAGGLGAAATTGCTCCACTGAAGGAGAACGTG
AGTCATGTGAACGATCTGGCTAGACAGCTGACAALCACTGGGCATCCAGUTIGAGCCCATACAATCTIGAGLACACT
GGAGGACCTGAATACCAGGTGGAAGCTGLTGCAGGTGGCTGTGGAAGACLOGOGGTGCGGCAGCTGCATGAGGC
CCATCOGCGACTTCGRACCAGCCAGLCAGCACTTTCTGAGCACATCCOGTGCAGGGGLCCTGGGAGAGGGCCATTT
CTCCCAACAAGOGTGCCCTACTATATTAATCACGAGACCCAGACCACTTOTTGGGACCATCCCAAGATGACAGAALC
CAGAAGGLCCTGTGCCTGGATCTGCTGTCCCTGTCCGCLCGCCTGLGATGCCCTGGATCAGCATAATCTGAAGCAG
AACGATCAGCCAATGGATATCCTGCAGATCATCAACTGCCTGACCACTATCTACGACAGGCTGGAGCAGGAGCA
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Fig. 11 (continued)
CAACAACCTGGTGAACGTGCCTCTGTGCGTGGATATGTGCCTGAACTGGCTGCTGAACGTGTATGACACTGGGC
GCACCGGCCGGATCAGAGTGCTGAGTTTTAAAACTGGGATTATCTCCCTGTGTAAGGCCCACCTGGAGGACAAG
TACAGGTACCTGTTCAAGCAGGTGGCTAGTAGCACTGGATTTTGTGACCAGCGCCGCCTGGGACTGCTGCTGCA
GCAGCTGTTTCCAGTTTGCCAATAACAAACCTGAAATCGAGGCTGCTCTGTTCCTGGATTGGATGCGCCTGGAAC
CACAGAGCATGGTGTGGCTGCCTGTGCTGCACAGAGTGGCTGCCGCCGAAACTGCCAAGCACCAGGCTAAATGC
AACATCTGCAAGGAATGTCCCATTATCGGCTTTCGCTACAGGAGTCTGAAACATTTTAACTACGATATTTGCCAG
AGCTGCTTCTTTTCCGGAAGAGTGGCCAAAGGACACAAGATGCACTACCCTATGGTGGAATATTGCACCCCAAC
TACATCTGGCGAAGATGTGCGCGATTTTGCCAAGGTGCTGAAGAATAAGTTTCGGACTAAGAGGTACTTCGCCA
AGCACCCCCGCATGGGGTATCTGCCAGTGCAGACAGTGCTGGAAGGAGACAATATGGAGACCGATACAATGTG

L Wl T TR i o i ot L L B T TR T i i L Bl R T T T i Tl i L R N all T T al k T AL T T — e S e o, Ll T L T T o R Tl T A i i i L ot o FLF L N BN S

GATAAGTAGCATGGLGGGTTAATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGLCACTCCCTCTCTGLGLG
CTCGCTCGCTCACTGAGGLCGGGLGACCAAAGRTCGLCCGALGCCCOGRATTTGLCCGGGLGGLLTCAGTGAGC
ATGGCGAATGGAAGTTCCAGACGATTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTITTCCTGTTIGCAATGGC
TOGGCGOTAATATTGTTCTGOGATATTACCAGCAAGGCCGATAGTITGAGTTCITCTACTCAGGCAAGTGATGTTATTA
CTAATCAAAGAAGTATTGLGACAACGGTTAATTTIGCGTGATGGACAGACTCTITTTACTCGGTGGLCTCACTGATTA
TGATTCTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGLGLCOCTGTAGLGGCGCATTAA
GQLGLEOLOEOTOTOOTGETTACGLGCAGCGTGACCGLTACACTTGLCAGLGLCCTAGCGCCCOUTCCTITCGLTIT
CTTCCCTTCCTITCTCGCCACGTICGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATT
TAGTGATTTACGGLACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGOCCATCGLCCTGATAG
ACGOTTTITTCGUCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAA
CCCTATCTCOGGTCTATTCTTTTIGATTTATAAGGGATTTTIGCCQATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTA
ACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTAAATATTTGCTTATACAATCTTICCTGTITTT
GGGGCTTTTCTGATTATCAACCGGGOTACATATGATTGACATGCTAGTITTACGATTACCOGTTCATCGATTCTCTTG
TTTGCTCCAGACTCTCAGGCAATGACCTGATAGLCTTTGTAGAGACCTCTCAAAAATAGLTACCCTCTCCOGGLATGA

TACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTITATCCTTGCGTTGAAATAAAG
GCTTCTCCLGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTITATT
GCITAATTTTIGCTAATTCTITGLCITOCCTOTATGATTTATTGOATGTTGOAAGTTCCTGATOGLGGTATTTICTCCTT
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Fig. 11 (continued

AC CTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCA

ACACC

TGTGCGGTA

ATGGTGCAC
GCCCCGACACCCGLCAACACCLCOGLTGACGCOGLLCTGACGOGLTIGTCTIGLICCCOGCATCCGCTTACAGACAAGCT
GACCGTCTCCGGGAGUTGCATOTGTCAGAGGTTTTCACCGTCATCACCGAAACGLGLGAGACGAAAGGLGLCTC
GITCATGATAATAATGGTTTICTTAGACGTCAGGTGGCACTTTICGGGGAAA

GATACGCCTATTTTTATAGGTTA

TGTGCGCGGAACCCCTATTTGTIT TTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATA

AATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTITCCGTGTCGCCCTTA 1GCGG

CATITTGCCTTCCTGTTTITGCTCACCCAGAAACGLTGGTGAAAGTAAAAGATHCTGAAGATCAGTTIGGGTGCACG

AGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCC TICCAATG

ATGAGCACTTT CIGCTATGTIGOGLGCGGTAT
GCATACACTATTCTCAGAATGACTIGGOTIGAG
AAGAGAATTATGCAGTGCTIGCCATAACCATGAGTGATAACALTGCGGCCAACTTACTICTGACAALCGATCGGAGE

CGAAGGAGCTAACCGCTTITTTTGCACAACATGGGGGATCATGT
GAATGAAGCCATACCAAACGACGAGLGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGLGCAAACTATT
AACTGGLOAACTACTTACTCTIAGC TIAATAGACTOOATGGAGGLGHGATAAA
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Fig. 12

PAAV.CMV.miR29C Sequence {SEQ ID NO: 6}

Main features:

CMV promoter- 120-526

Erla Intron- 927-1087, 1380-1354
miR-29c¢- 1257-1284
shRNA-miR29-c with primary seed sequence- 1088-1375

PolyA- 1896-2091

CAGCAGCTGCGLGCTCGCTLGUTCACTOAGGLLGLLLGGGLAAAGLLLGGOLGTLGGGLOALCTTTGGTCGCCCE
GCCTCAGTGAGCGAGCGAGLGCGLAGAGAGGGAGTGGGGTTAAALTLGTTACATAACTTACGGTAAATGGLCLG
CCTGGCTGALCGCCCAACGACCCCCOLCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGLCAATAGGGA

AAGIACGCCCCCTATTOGACGICAATGACGGTAAATGGCCCOCCTGGCATTATGCCCAGTACATGACCTIATGGGAC
TTTCCIALTTGGCAGTACATCTACGTATTIAGTCATCGCTATTACCATGGIGATGLGGTTTTGGLAGTACATCAATGE

CAAAATCAACGGGACTTTCCAAAATOTCGTAACAACTCCGCCCCATTGACGCAAATGGGLGGTAGGLGTGTALGG
TGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTITTIGACC
TCCATAGAAGACACCGGGALCGATCCAGCUICCGGACTCTAGAGGATCLGGTACTCGAGGAACTGAAAAALCAGA
AAGTTAACTGGTAAGTTTAGTCTTTTTGTCTTTTATTTCAGGTCCCGGATCCGGTGGTGGTGCAAATCAAAGAALTG
CTCCTCAGTGGATOTTGCCTITACTTCTAGGCCTGTACGGAAGTGITACTTCTGCTCTAAAAGCTGCGGAATTGTALC

CCGGGOLCGATCCACCGGTICTTTITICGLAACGGOTTTGCLOGLCAGAACACAGOTAAGTGLCGTGTGIGGITCLLG

------------------------------------------------------------------------------------------------------------------------------
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

ACATCTT GGAAACACTTG CTG GGATTACTTCTTCAG GTTAACCCAACAGAAGGCTCGAGAAGGTATATTGCT GTT
GACAGTGAGCG CAACCG ATTTCAAATGGTGCT AGAGTGAAGCCACAGATGTCTAG CACCATI'TGAAATCG GTI'A

-------------------------------------------------------------------------------------------------------------------
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
--------------------------------------------------------------------------------------------------------------------------------------------------------------------

AGCTGCGGGGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAA
TGCTITATTTGIGAAATT TGTGATGCTATTGCITTATTIGTAACCATTATAAGLTGLAATAAACAAGTTAACAACAAL
AATTOGCATTCATTTTATGTITICAGGTTCAGGGGGAGGTIGIGGCAGGTITTTTCACTAGTAGCATGGLTACGTAGAT
AAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTAGTOATGGAGTTGGLCACTCCCTCTCTGLGLGCTC
GCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCLLGGGLTTTGLLCGGGLGGCCTCAGTGAGLGAG
CGAGCGCGLLAGCTGGLGTAATAGCGAAGAGGLCCGCACCGATCGLCCTTCCCAACAGTTGCGLAGCLTGAATGG
CGAATGGAATTCCAGACGATTGAGLGTCAAAATGTAGGTATTTCCATGAGCOTTTITCCTGTTGCAATGGLTGELG
GTAATATTGTTCTGOATATTACCAGCAAGGCCGATAGTTTIGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAAT
CAAAGAAGTATTGCGACAACGGTTAATTTGCGTGATGGACAGACTCTTTITACTCGGTGGCCTCACTGATTATAAAA
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Fig. 12 {(continued)
ACACTTCTCAGGATTCTGGCGTACCGTTCCTGTCTAAAATCCCTTTAATCGGCCTCCTGTTTAGCTCCCGCTCTGATT
CTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAAC
CATAGTACGCGLCCTGTAGLGGLGCATTAAGCGLGGLGEGTOTOETGGTTACGLGCAGLCGTGACCGCTACACTTG
CCAGCGCCCTAGCGCCCGCTCCTTTCGCTITCTITCCCTTCCITICTCGCCALCGTTCGCCGGCTTTCCCCETCAAGCTCY
AAATCGG GGGCT CC‘CTTTAGG GTTCCGATTTAGTGCTTTACGGCACCT‘CGACCCCAAAAAACTTGATTAGGGTGAT

GACT-CT TGTTCCAAACT GGAACAACACTCAACCCT ATCTCG.GTCTATTCTTTTGATTTATAAG GGAT'"TTG CCGATTT
CGOLCCTATTGGTTAAAAAATGAGCTGATTITAACAAAAATTTAACGCGAATITTAACAAAATATTAACGTTITACAATT
TAAATATTTGCTTATACAATCTTCCIGTTITITGGGGCITITCTGATTATCAACCGGGOGTACATATGATTGACATGCTA
GTTTTACGATTACCOGTTCATCGATTCTCTTGTTITGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGAGACC
TCTCAAAAATAGCTACCLTCTCCGGLATOAATTTATCAGLTAGAACGOTTGAATATCATATTGATGGTGATITGACT
GTCTCCGGCCTTICTCACCCGTTTGAATCTITACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCT
AAAAATTTTTATCCTT G CGTTGAAATAAAGG CTTCTCCCGCAAAAGTATTACAGG‘GTC’ATAATGT'ITTTGGTACAAC

GGAATTCCTGATG-CGGTATTT' C.TCCTT ACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAGTACAA
TCTGCTCTGATGLCGCATAGTTAAGCCAGCCCCGACACCCOUCAACALCCGLTOACOLGLLCTGACGOGGLTTGICT
GCTCCCOGGCATCCOGUTTACAGALAAGCTGTGACCGTCTCCOGGGAGCTGCATOTGTCAGAGGTTTTCACCGTCATCA
CCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTT
AGACGTCAGGTGGCACTITTCGGGGAAATOTOLGCGGAACCCCTATITGTTTATTITICTAAATACATTCAAATATG
TATCCGCTCATOGAGACAATAACCCTGATAAATOLTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATT
TCCGTGTCGCCCTTATTCCCTTITTIGCGGCATTTTGCCTTCCTGTITITGCTCACCCAGAAACGUTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCLTTGAGA
GTTTTCGCCCCOGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCOTATT
GACGLLCGGGLAAGAGCAACTCGOTCGULGLATACALTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACA

GAAAAG’CATCTTACGGATG G’CAT’G ACAGTAAGAGAATTATGCAGTG CTGCCATAAC CATGAGTG ATAACACTGCG

A-CTCG CCTI-'GATCGTTGG:GAACCGG AG-CTGAATGAAG CCATACCAAACG ACGAG CGTGA-CA-CCACGATGCCTGTA
GCAATGGCAACAACGTTGCGCAAACTATTAACTGGLGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACT
GGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGUTGGTTTATTGUTGATAAAT
CTGOAGCCGGTGAGCHIGGGTCTCGLGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAG
TTATCTACACGACGGGGAGTCAGGLAACTATGGATGAACGAAATAGACAGATCGLTGAGATAGGTGCLTCACTGA
TTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTITITAATITAAAA
GGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTITCGTTCCACTGAGCGTCA
GACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTITTTITCTGCGCGTAATCTGCTGCTTGCAAACAAAAAA
ACCACCGCTACCAGCGGTGETTTIGTTTGCCGRATCAAGAGCTACCAACTCTTITICCGAAGGTAACTGGCTTCAGL
AGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCRC
CTACATACCTCGUTCTOLUTAATCCTGTTACCAGTGOUIGUTGLCAGTGGLGATAAGTCOTGTCTTACCGHOTTGGA
CTCAAGACGATAGTTACCGGATAAGGLGCAGCGGTCGOGLTGAACGGGOGGGTTCGTGCACACAGLCCAGCTTGG
AGCG AACGACCTACACCGAACTGAG ATAC CTACAG CGTGAG CTATGAG AAAGCG CCACG CTTCCCGAAG GGAGA

GCCTG-GTATCTI'TATAGTCCTGTCGG GT'ITCG-CCACCTCT GA-CT TGAG CGTCG ATTTTTG:TGATG CT CGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTITGCTCACATG

TTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATALCGCTCGLCGLAG

CCGAACGACCGAGCGCAGCGAGTCAGTGAGLGAGGAAGLGGAAGAGCGLCCAATACGCAAACCGCCTCTCCLLG
COCGTTGGCCGATTCATTAATG
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ADENO-ASSOCIATED VIRUS VECTOR
DELIVERY OF MUSCLE SPECIFIC
MICRO-DYSTROPHIN TO TREAT

MUSCULAR DYSTROPHY

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 16/757,207, now U.S. Pat. No. 11,334,

501, which 1s a national phase application of International
Patent Application No. PCT/US2018/022853, filed Mar. 16,
2018, which claims priority to U.S. Provisional Patent
Application No. 62/573,955, filed Oct. 18, 2017, which 1s
incorporated by reference in 1ts entirety.

[0002] This invention was made with government support
under grant number NS055958 awarded by the National
Institutes of Health/National Institute of Neurological Dis-
orders and Stroke. The government has certain rights in the
invention.

INCORPORAITION BY REFERENCE OF
MATERIAL SUBMITTED ELECITRONICALLY

[0003] This application contains, as a separate part of the
disclosure, a Sequence Listing in computer-readable form
which 1s incorporated by reference 1n 1ts entirety and 1den-
tified as {follows: Filename: 352822_Seqlisting.txt; Size:
39,851 bytes, created; Mar. 13, 2018.

FIELD OF INVENTION

[0004] The invention provides a combination gene therapy
comprising vectors, such as adeno-associated virus (AAV)
vectors, expressing a miniaturized human micro-dystrophin
gene and vectors such as adeno-associated virus (AAV)
vectors, expressing miR29. The invention also provides
method of using this combination therapy to express micro-
dystrophin and miR29 1n skeletal muscles including dia-
phragm and cardiac muscle and to protect muscle fibers
from 1njury, increase muscle strength and reduce and/or
prevent fibrosis in subjects sullering from muscular dystro-

phy.
BACKGROUND

[0005] The importance of muscle mass and strength for
daily activities, such as locomotion and breathing, and for
whole body metabolism 1s unequivocal. Deficits 1n muscle
function produce muscular dystrophies (MDs) that are char-
acterized by muscle weakness and wasting and have serious
impacts on quality of life. The most well-characterized MDs
result from mutations 1n 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. Duch-
enne Muscular Dystrophy (DMD) 1s one of the most dev-
astating muscle diseases aflecting 1 in 5000 newborn males.

[0006] DMD 1s caused by mutations in the DMD gene
leading to reductions 1n mRNA and the absence of dystro-
phin, a 427 kD sarcolemmal protein associated with the
dystrophin-associated protein complex (DAPC) (Hoflman et
al., Cell 51(6):919-28, 1987). The DAPC 1s 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
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damage. With dystrophin loss, membrane fragility results 1n
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. 37-37), resulting in progressive
muscle weakness, endomysial inflammation, and fibrotic
scarring.

[0007] Without membrane stabilization from dystrophin
or a micro-dystrophin, DMD will manifest uncontrolled
cycles of tissue imjury and repair ultimately replaces lost
muscle fibers with fibrotic scar tissue through connective
tissue proliferation. Fibrosis 1s characterized by the exces-
sive deposits of ECM matrix proteins, including collagen
and elastin. ECM proteins are primarily produced from
cytokines such as TGFp that 1s released by activated fibro-
blasts responding to stress and inflammation. Although the
primary pathological feature of DMD 1s myofiber degenera-
tion and necrosis, fibrosis as a pathological consequence has
equal repercussions. The over-production of fibrotic tissue
restricts muscle regeneration and contributes to progressive
muscle weakness in the DMD patient. In one study, the
presence of fibrosis on mitial DMD muscle biopsies was
highly correlated with poor motor outcome at a 10-year
follow-up (Desguerre et al., J Neuropathol Exp Neurol,
2009. 68(7): p. 762-7). These results point to fibrosis as a
major contributor to DMD muscle dystunction and highlight
the need for early intervention prior to overt fibrosis.

[0008] Most anti-fibrotic therapies that have been tested 1n
mdx mice act to block fibrotic cytokine signaling through
inhibition of the TGF{} pathway. MicroRNAs (miRNAs) are
single-stranded RNAs of ~22 nucleotides that mediate gene
silencing at the post-transcriptional level by pairing with
bases within the 3' UTR of mRNA, inhibiting translation or
promoting mRNA degradation. A seed sequence of 7 bp at
the 5' end of the miRNA targets the miRNA; additional
recognition 1s provided by the remainder of the targeted
sequence, as well as 1ts secondary structure. MiRNAs play
an 1mportant role 1n muscle disease pathology and exhibit
expression profiles that are uniquely dependent on the type
of muscular dystrophy 1n question (Eisenberg et al. Proc

Natl Acad Sc1 USA, 2007. 104(43): p. 17016-21). A growing
body of evidence suggests that miRNAs are mnvolved 1n the

fibrotic process in many organs including heart, liver, kid-
ney, and lung (Jiang et al., Proc Natl Acad Sc1 USA, 2007.
104(43): p. 17016-21). Recently, the down-regulation of
miR-29 was shown to contribute to cardiac fibrosis (Cac-
chuarelll et al., Cell Metab, 2010. 12(4): p. 341-31) and
reduced expression of miR-29 was genetically linked with
human DMD patient muscles (Eisenberg et al. Proc Natl
Acad Sc1 USA, 2007. 104(43): p. 17016-2). The miR-29
family consists of three family members expressed from two
bicistronic miRNA clusters. MiR-29a 1s coexpressed with
miR-29b (miR-29b-1); miR-29¢ 1s co-expressed with a
second copy of miR-29b (miR-29b-2). The miR-29 family
shares a conserved seed sequence and miR-29a and miR-29b
cach difler by only one base from miR-29c. Furthermore,
clectroporation of miR-29 plasmid (a cluster of miR-29a and
miR-29b-1) into mdx mouse muscle reduced the expression
levels of ECM components, collagen and elastin, and
strongly decreased collagen deposition in muscle sections
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within 25 days post-treatment (Cacchiarellr et al., Cell
Metab, 2010. 12(4): p. 341-51).

[0009] Adeno-associated virus (AAV) 1s a replication-
deficient parvovirus, the single-stranded DNA genome of
which 1s about 4.7 kb 1n length including 145 nucleotide
inverted terminal repeat (I'TRs). There are multiple sero-
types 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 1s pre-
sented 1n Srivastava et al., J FVirol, 45: 555-564 (1983) as

corrected by Ruiling et al., J Gen Virol, 75: 3385-3392
(1994). As other examples, the complete genome of AAV-1
1s provided 1n GenBank Accession No. NC_002077; the
complete genome of AAV-3 1s provided in GenBank Acces-
sion No. NC_1829; the complete genome of AAV-4 1s
provided i GenBank Accession No. NC_001829; the
AAV-5S genome 1s provided in GenBank Accessmn No.

AF085716; the complete genome of AAV-6 1s provided in
GenBank Accessmn No. NC_00 1862; at least portions of
AAV-7 and AAV-8 genomes are prowded in GenBank
Accession Nos. AX753246 and AX753249, respectively
(see also U.S. Pat. Nos. 7,282,199 and 7,790,449 relating to
AAV-8); the AAV-9 genome 1s provided in Gao et al., J.
Virol., 78:. 6381-6388 (2004); the AAV-10 genome 1s pro-
vided in Mol. Ther.,, 13(1): 67-76 (2006); and the AAV-11
genome 1s provided 1 Virology, 330(2): 3735-383 (2004).
Cloning of the AAVrh.74 serotype 1s described 1n Rodino-
Klapac., et al. Journal of transiational medicine 5, 45
(2007). Cis-acting sequences directing viral DNA replica-
tion (rep), encapsidation/packaging and host cell chromo-
some 1ntegration are contained within the I'TRs. Three AAV
promoters (named p3, pl9, 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 splic-
ing of the single AAV ntron (e.g., at AAV2 nucleotides 2107
and 2227), result 1n the production of four rep proteins (rep
78, rep 68, rep 52, and rep 40) from the rep gene. Rep
proteins possess multiple enzymatic properties that are ulti-
mately responsible for replicating the viral genome. The cap
gene 1s expressed from the p40 promoter and 1t encodes the
three capsid proteins VP1, VP2, and VP3. Alternative splic-
ing and non-consensus translational start sites are respon-
sible for the production of the three related capsid proteins.
A single consensus polyadenylation site 1s located at map
position 95 of the AAV genome. The life cycle and genetics

of AAV are reviewed i Muzyczka, Current lopics in
Microbiology and Immunology, 158: 97-129 (1992).

[0010] AAV possesses unique features that make 1t attrac-
tive as a vector for delivering foreign DNA to cells, for
example, 1n gene therapy. AAV infection of cells in culture
1s noncytopathic, and natural infection of humans and other
amimals 1s silent and asymptomatic. Moreover, AAV infects
many mammalian cells allowing the possibility of targeting
many different tissues in vivo. Moreover, AAV transduces
slowly dividing and non-dividing cells, and can persist
essentially for the lifetime of those cells as a transcription-
ally active nuclear episome (extrachromosomal element).
The AAV proviral genome 1s infectious as cloned DNA 1n
plasmids which makes construction of recombinant
genomes feasible. Furthermore, because the signals direct-
ing 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
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(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 1s that
it 1s an extremely stable and hearty virus. It easily withstands
the conditions used to mactivate adenovirus (56° C. to 65°
C. for several hours), making cold preservation of AAV less
critical. AAV may even be lyophilized. Finally, AAV-in-
fected cells are not resistant to superinfection.

[0011] 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 1s highly vascularized, recombinant AAV transduc-
tion has resulted 1n the appearance of transgene products in

the systemic circulation following intramuscular injection as
described 1n 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 1s capable of stable expression of secreted
protein therapeutics.

[0012] Functional improvement in patients suilering from
DMD and other muscular dystrophies requires gene resto-
ration at an early stage of disease. There 1s a need for
treatments that increase muscle strength and protect against
muscle mjury 1n patients suflering from DMD.

SUMMARY OF INVENTION

[0013] The present mnvention i1s directed to gene therapy
vectors, e.g. AAV, expressing the micro-dystrophin gene to
skeletal muscles including diaphragm and cardiac muscle to
protect muscle fibers from 1njury, increase muscle strength
and reduce and/or prevent fibrosis

[0014] The 1nvention provides {for 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 1n Example 2, treatment with micro-dystrophin gene
therapy resulted 1n a greater muscle force 1n vivo. Further-
more, delivery of micro-dystrophin gene therapy intramus-
cularly and systemically showed delivery of dystrophin to
the muscles 1n mice models 1n vivo.

[0015] In one embodiment, the invention provides for a
rAAV vector comprising a muscle specific control element
nucleotide sequence, and a nucleotide sequence encoding
the micro-dystrophin protein. For example, the nucleotide
sequence encodes a functional micro-dystrophin protein,
wherein the nucleotide 1s, e.g., at least at least 65%, at least
70%, at least 75%, at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, or 89%, more typically at least 90%, 91%,
92%, 93%, or 94% and even more typically at least 95%,
96%., 97%, 98%, 99% or 100% sequence 1dentity to SEQ ID
NO: 1, wherein the protein retains micro-dystrophin activity.
The micro-dystrophin protein provides stability to the
muscle membrane during muscle contraction, e€.g. micro-
dystrophin acts as a shock absorber during muscle contrac-
tion.
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[0016] The invention also provides for rAAV vectors
wherein the nucleotide sequence encodes a functional
micro-dystrophin protein comprising a nucleotide sequence
that hybridizes under stringent conditions to the nucleic acid
sequence of SEQ ID NO: 1, or compliments thereof, and
encodes a functional micro-dystrophin protein.

[0017] The term “stringent™ 1s used to refer to conditions
that are commonly understood 1n the art as stringent.
Hybrndization stringency 1s principally determined by tem-
perature, 1onic strength, and the concentration of denaturing,
agents such as formamide. Examples of stringent conditions
for hybridization and washing are 0.015 M sodium chloride,
0.0015 M sodium citrate at 65-68° C. or 0.015 M sodium
chloride, 0.0015M sodium citrate, and 50% formamide at
42° C. See Sambrook et al., Molecular Cloning: A Labora-
tory Manual, 2nd Ed., Cold Spring Harbor Laboratory,
(Cold Spring Harbor, N.Y. 1989). More stringent conditions
(such as higher temperature, lower ionmic 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 1s
concerned, additional exemplary stringent hybridization
conditions mclude washing 1n 6xSSC 0.05% sodium pyro-

phosphate at 37° C. (for 14-base oligos), 48° C. (for 17-base
oligos), 55° C. (or 20-base oligos), and 60° C. (for 23-base
oligos).

[0018] Other agents may be 1included 1n the hybridization
and washing buflers 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 dodecylsuliate,
NaDodS0O4, (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 1onic
strength conditions, the rate of hybridization 1s nearly inde-
pendent of pH. See Anderson et al., Nucleic Acid Hybridi-
sation: A Practical Approach, Ch. 4, IRL Press Limited
(Oxtord, England). Hybridization conditions can be adjusted
by one skilled 1n the art 1n order to accommodate these
variables and allow DNAs of different sequence relatedness
to form hybnids.

[0019] The term “muscle specific control element” refers
to a nucleotide sequence that regulates expression of a
coding sequence that i1s specific for expression in muscle
tissue. These control elements include enhancers and pro-
moters, The mmvention provides for constructs comprising

the muscle specific controls element MCKH7 promoter, the
MCK promoter and the MCK enhancer.

[0020] In one aspect, the invention provides for a rAAV
vector wherein the muscle specific control element 1s a
human skeletal actin gene element, cardiac actin gene ele-
ment, myocyte-speciiic enhancer binding factor mef, muscle
creatine kinase (MCK), truncated MCK (tMCK), myosin
heavy chamm (MHC), hybrid o-myosin heavy chain
enhancer--MCK enhancer-promoter (MHCK?7), C5-12,
murine creatine kinase enhancer element, skeletal fast-
twitch troponin ¢ gene element, slow-twitch cardiac tro-
ponin ¢ gene element, the slow-twitch troponin 1 gene
clement, hypoxia-inducible nuclear factors, steroid-induc-
ible element or glucocorticoid response element (gre).
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[0021] For examples, the muscle specific control element
1s the MHCK7 promoter nucleotide sequence SEQ ID NO:
2 or the muscle specific control element 1s MCK nucleotide
sequence SEQ 1D NO: 4. In addition, 1n any of the rAAV
vectors of the invention, the muscle specific control element
nucleotide sequence, e.g. MHCK7 or MCK nucleotide
sequence, 1s operably linked to the nucleotide sequence
encoding the micro-dystrophin protein. For example, the
MHCK?7 promoter nucleotide sequence (SEQ ID NO: 2) 1s
operably linked to the human micro-dystrophin coding
sequence (SEQ ID NO: 1) as set out in the construct
provided 1 FIG. 1 or FIG. 10 (SEQ ID NO: 3). The MCK
promoter (SEQ ID NO: 4) 1s operably linked to the human
micro-dystrophin coding sequence (SEQ ID NO: 1) as set
out 1n the construct provided in FIG. 7 or FIG. 11 (SEQ ID
NO: 3). In another aspect, the invention provides for arAAV
vector comprising the nucleotide sequence of SEQ ID NO:
1 and SEQ ID NO: 2. The mvention also provides for a
rAAV vector comprising the nucleotide sequence of SEQ 1D
NO: 1 and SEQ ID NO: 4.

[0022] In a further aspect, the mvention provides for a
rA AV vector comprising the nucleotide sequence of SEQ 1D
NO: 3 or SZQ ID NO: 5. For example the rAAVrh74.
MHCK'7 . micro-dystrophin vector comprlses the nucleotide
sequence of SEQ ID NO: 3 and shown in FIG. 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.
[0023] The invention provides for a recombinant AAV
vector comprising the human micro-dystrophin nucleotide
sequence of SEQ ID NO: 1 and the MHCK7 promoter
nucleotide sequence of SEQ ID NO: 3. This rAAV vector 1s
the AAV serotype AAVrh.74.

[0024] The invention also provides for a recombinant
AAV vector comprising the pAAV.MHCK7 micro-dystro-
phin construct nucleotide sequence of SEQ ID NO: 3. This
rAAV vector 1s the AAV serotype AAVrh.74.

[0025] The rAAV vectors of the invention may be any
AAV serotype, such as the serotype AAVrh.74, AAVI,
AAV2, AAV4, AAVS5, AAV6, AAVT, AAVE, AAV9, AAV 10,
AAVI11, AAV12 or AAV13.

[0026] The vention also provides for pharmaceutical
compositions (or sometimes referred to herein as simply
“compositions”) comprising any of the rAAV vectors of the
invention.

[0027] In another embodiment, the mvention provides for
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 transiected cells. The mvention also
provides for viral particles comprising any of the recombi-
nant AAV vectors of the invention.

[0028] The mmvention provides for methods of treating
muscular dystrophy comprising administering a therapeuti-
cally effective amount of any of the recombinant AAV
vectors of the mvention expressing human micro-dystro-
phin.

[0029] The mmvention provides for methods of treating
muscular dystrophy comprising administering a therapeuti-
cally cllective amount of a recombinant AAV vector com-

prising the human micro-dystrophin nucleotide sequence of
SEQ ID NO: 1 and the MHCK7 promoter nucleotide

sequence of SEQ 1D NO: 2.
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[0030] The invention also provides for methods of treating
muscular dystrophy comprising administering a therapeuti-
cally eflective amount of a recombinant AAV vector com-
prising the pAAV.MHCK7.micro-dystrophin construct
nucleotide sequence of SEQ ID NO: 3.

[0031] “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.

[0032] In another embodiment, the invention provides for
methods of preventing or reducing fibrosis 1n a subject in
need comprising administering a therapeutically effective
amount of the any recombinant AAV vector of the mnvention
a human micro-dystrophin protein targeted to the muscle
and enhanced cardiac gene delivery and expression in the
heart. For example, any of the rAAV of the mvention are
administered to subjects suflering from muscular dystrophy
to prevent or reducing fibrosis, e.g. the rAAV of the inven-
tion expressing a human micro-dystrophin protein adminis-
tered before fibrosis 1s observed 1n the subject In addition,
the rAAV of the mvention expressing a human micro-
dystrophin gene are administered to a subject at risk of
developing fibrosis, such as those suflering or diagnosed
with muscular dystrophy, e.g. DMD. The rAAV of the
invention are administered to the subject suflering from
muscular dystrophy in order to prevent new fibrosis in these
subjects or to reduce fibrosis 1n these subjects.

[0033] The mnvention contemplates administering any of
the AAV vectors of the invention before fibrosis 1s observed
in the subject. In addition, the rAAV of the mvention are
administered to a subject at risk of developing fibrosis, such
as those suflering or diagnosed with muscular dystrophy,
¢.g. DMD. The rAAV of the invention are administered to
the subject suflering from muscular dystrophy who already
has developed fibrosis 1n order to prevent new fibrosis in
these subjects.

[0034] The invention also provides for methods of increas-
ing muscular force and/or muscle mass 1n a subject sullering
from muscular dystrophy comprising administering a thera-
peutically effective amount of any of the rAAV vector of the
invention expressing a human micro-dystrophin gene. These
methods may further comprise the step of administering a
rAAV expressing micro-dystrophin.

[0035] The invention contemplates administering any of
the AAV vectors of the mvention to patients diagnosed with
DMD before fibrosis 1s observed 1n the subject or before the
muscle force has been reduced or before the muscle mass
has been reduced.

[0036] The invention also contemplates administering any
of the rAAV of the mvention to a subject suflering from
muscular dystrophy who already has developed fibrosis, in
order to prevent new fibrosis in these subjects. The imnvention
also provides for administering any of the rAAV of the
invention to the patient suflering from muscular dystrophy
who already has reduced muscle force or has reduced
muscle mass 1 order to protect the muscle from further
mjury.

[0037] In any of the methods of the invention, the subject
may be suflering from muscular dystrophy such as DMD or
any other dystrophin-associated muscular dystrophy.
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[0038] In another aspect, the rAAV vectors expressing the
micro-dystrophin protein comprises the coding sequence of
the micro-dystrophin gene operably linked to a muscle-
specific control element other than MHCK7 or MCK. For
example, the muscle-specific control element 1s human
skeletal actin gene element, cardiac actin gene element,
myocyte-specific enhancer binding factor MEF, tMCK
(truncated MCK), myosin heavy chain (MHC), C5-12 (syn-
thetic promoter), murine creatine kinase enhancer element,
skeletal fast-twitch troponin C gene element, slow-twitch
cardiac tropomin C gene element, the slow-twitch troponin I
gene element, hypoxia-inducible nuclear factors, steroid-
inducible element or glucocorticoid response eclement
(GRE).

[0039] In any of the methods of the invention, the rAAV
vector or composition 1s administered by intramuscular
injection or mtravenous injection.

[0040] In addition, in any of the methods of the invention,
the rAAV vector or composition 1s administered systemi-
cally. For examples, the rAAV vector or composition 1s
parentally administration by injection, mfusion or implan-
tation.

[0041] In another embodiment, the invention provides for
composition comprising any ol the rAAV vectors of the
invention for reducing fibrosis 1n a subject 1n need.

[0042] In addition, the invention provides for composi-
tions comprising any of the recombinant AAV vectors of the
invention for preventing fibrosis 1n a patient suflering from
muscular dystrophy.

[0043] The invention provides for compositions compris-
ing any of the recombinant AAV vectors of the invention for
treating muscular dystrophy.

[0044] The invention provides for compositions compris-
ing a recombinant AAV vector comprising the human micro-
dystrophin nucleotide sequence of SEQ ID NO: 1 and the
MHCKY7 promoter sequence of SEQ ID NO: 2 for treatment
of muscular dystrophy.

[0045] The invention provides for composition compris-
ing a recombinant AAV vector comprising the pAAV.
MHCK'7 .micro-dystrophin construct nucleotide sequence of
SEQ ID NO: 3 for treatment of muscular dystrophy.

[0046] The mvention also provides for compositions com-
prising any of the rAAV vectors of the invention for increas-
ing muscular force and/or muscle mass 1n a subject sullering
from muscular dystrophy. In a further embodiment, the
invention provides for compositions comprising any of the
rAAV vectors of the invention for treatment of muscular
dystrophy.

[0047] The compositions of the mvention are formulated
for iftramuscular injection or intravenous injection. The
composition of the invention 1s also formulated for systemic
administration, such as parentally administration by injec-
tion, infusion or implantation.

[0048] Inaddition, any of the compositions are formulated
for administration to a subject suflering from muscular
dystrophy such as DMD or any other dystrophin associated
muscular dystrophy.

[0049] In a further embodiment, the invention provides for
use of any of the rAAV vectors of the invention for prepa-
ration of a medicament for reducing fibrosis in a subject in
need. For example, the subject 1s 1n need suflering from
muscular dystrophy, such as DMD or any other dystrophin
associated muscular dystrophy.
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[0050] In another embodiment, the invention provides for
provides for use of any of the rAAV vectors of the invention
tor the preparation of a medicament for preventing fibrosis
in a subject sullering from muscular dystrophy.

[0051] In addition, the mvention provides for use of the
recombinant AAV vectors of the invention for the prepara-
tion ol a medicament for the increasing muscular strength
and/or muscle mass in a subject suflering from muscular
dystrophy.

[0052] The mnvention also provides for use of the rAAV
vectors of the invention for the preparation of a medicament
for treatment of muscular dystrophy.

[0053] The invention provides for use of a recombinant
AAV vector comprising the human micro-dystrophin
nucleotide sequence of SEQ ID NO: 1 and the MHCKY7
promoter nucleotide sequence of SEQ ID NO: 2 for prepa-
ration of a medicament for the treatment of muscular dys-
trophy.

[0054] The invention provides for use of a recombinant
AAV vector comprising the pAAV.MHCK7.micro-dystro-
phin construct nucleotide sequence of SEQ ID NO: 3 for
treatment of muscular dystrophy.

[0055] In any of the uses of the mnvention, the medicament
1s formulated for intramuscular injection or intravenous
injection. In addition, in any of the uses of the invention, the
medicament 1s formulated for systemic administration such
as parental administration by injection, infusion or implan-
tation.

[0056] Any of the medicaments may be prepared for
administration to a subject sullering from muscular dystro-
phy such as DMD or any other dystrophin associated
muscular dystrophy.

[0057] The invention also provides for combination
therapy or co-therapies comprising administering a recom-
binant AAV vector expressing micro-dystrophin and admin-
istering a recombinant AAV vector expressing miR-29 and
expression of miR-29 1s controlled by a muscle-specific
control element nucleotide sequence.

[0058] In one embodiment, the invention provides for
methods of treating muscular dystrophy comprising admin-
istering 1) a therapeutically effective amount of a recombi-
nant AAV vector expressing micro-dystrophin and expres-
sion of micro-dystrophin 1s controlled by a muscle specific
control element nucleotide sequence and 11) a therapeutically
ellective amount of a recombinant AAV vector expressing
miR-29¢ and expression of miR-29¢ 1s controlled by a
muscle-specific control element nucleotide sequence.

[0059] In another embodiment, the invention provides for
methods of increasing muscular force or muscle mass 1n a
subject suflering Ifrom muscular dystrophy comprising
administering 1) a therapeutically eflective amount of a
recombinant AAV vector expressing micro-dystrophin and
expression of micro-dystrophin 1s controlled by a muscle
specific control element nucleotide sequence and 11) a thera-
peutically effective amount of recombinant AAV vector
expressing miR-29c¢ and expression of miR-29c¢ 1s controlled
by a muscle-specific control element nucleotide sequence.

[0060] In a further embodiment, the invention provides for
methods of reducing or preventing fibrosis 1 a subject
suflering from muscular dystrophy comprising administer-
ing 1) a therapeutically eflective amount of a recombinant
AAV vector expressing micro-dystrophin and expression of
micro-dystrophin 1s controlled by a muscle specific control
clement nucleotide sequence and 11) a therapeutically eflec-

Sep. 28, 2023

tive amount of recombinant AAV vector expressing miR-29¢
and expression of miR-29¢ 1s controlled by a muscle-
specific control element nucleotide sequence.

[0061] The invention also provides for compositions for
treating muscular dystrophy comprising 1) a therapeutically
cllective amount of a recombinant AAV vector expressing
micro-dystrophin and expression of micro-dystrophin 1s
controlled by a muscle specific control element nucleotide
sequence and 11) a therapeutically eflective amount of a
recombinant AAV vector expressing miR-29¢ and expres-
sion of miR-29c¢ 1s controlled by a muscle-specific control
clement nucleotide sequence.

[0062] In another embodiment, the mvention provides for
compositions for increasing muscular force or muscle mass
in a subject suflering from muscular dystrophy comprising
administering 1) a therapeutically eflective amount of a
recombinant AAV vector expressing micro-dystrophin and
expression of micro-dystrophin 1s controlled by a muscle
specific control element nucleotide sequence and 11) a thera-
peutically effective amount of recombinant AAV vector
expressing miR-29¢ and expression of miR-29c¢ 1s controlled
by a muscle-specific control element nucleotide sequence.

[0063] In a further embodiment, the invention provides for
compositions for reducing or preventing fibrosis 1n a subject
sullering from muscular dystrophy comprising administer-
ing 1) a therapeutically effective amount of 1) a recombinant
AAV vector expressing micro-dystrophin and expression of
micro-dystrophin 1s controlled by a muscle specific control
clement nucleotide sequence and 11) a therapeutically eflec-
tive amount of recombinant AAV vector expressing miR-29¢
and expression of miR-29¢ 1s controlled by a muscle-

specific control element nucleotide sequence.

[0064d] The mvention also provides for use of 1) a thera-
peutically eflective amount of a recombinant AAV vector
expressing micro-dystrophin wherein the expression of
micro-dystrophin 1s controlled by a muscle specific control
clement nucleotide sequence and 11) a therapeutically eflec-
tive amount of recombinant AAV vector expressing miR-29¢
wherein the expression of miR-29¢ 1s controlled by a
muscle-specific control element nucleotide sequence for
preparation of a medicament for the treatment of muscular
dystrophy.

[0065] In another embodiment, the mvention provides for
use of 1) a therapeutically eflective amount of a recombinant
AAV vector expressing micro-dystrophin wherein the
expression ol micro-dystrophin 1s controlled by a muscle
specific control element nucleotide sequence and 11) a thera-
peutically eflective amount of a recombinant AAV vector
expressing miR-29¢ wherein the expression of miR-29c¢ 1s
controlled by a muscle-specific control element nucleotide
sequence for the preparation of a medicament for increasing
muscular force or muscle mass 1n a subject suflering from
muscular dystrophy.

[0066] In a further embodiment, the invention provides for
use of 1) a therapeutically eflective amount of a recombinant
AAV vector expressing micro-dystrophin wherein the
expression ol micro-dystrophin 1s controlled by a muscle
specific control element nucleotide sequence and 11) a thera-
peutically eflective amount of a recombinant AAV vector
expressing miR-29¢ wherein the expression of miR-29c¢ 1s
controlled by a muscle-specific control element nucleotide
sequence for the preparation of a medicament for reducing
or preventing fibrosis 1n a subject suflering from muscular
dystrophy.
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[0067] In any of the combination or co-therapy methods,
compositions or uses of the invention, the muscular dystro-
phy 1s Duchenne muscular dystrophy.

[0068] In any of the combination or co-therapy methods,
compositions or uses of the invention, the nucleotide
sequence encoding the micro-dystrophin protein comprises
a) a nucleotide sequence that 1s at least 85% identical to the
nucleotide sequence SEQ ID NO: 1 and encodes a functional
micro-dystrophin protein, or b) the nucleotide sequences of
SEQ ID NO: 1.

[0069] In addition, 1n any of the combination or co-
therapy methods, compositions or uses of the invention, the

recombinant AAV vector expressing miR-29¢ comprises: a)
the nucleotide sequences of SEQ ID NO: 8 and SEQ ID NO:

9, b) the nucleotide sequence of SEQ ID NO: 7, or c¢) the
nucleotide sequence of SEQ ID NO: 6.

[0070] In any of the combination or co-therapy methods,
compositions or uses ol the invention, at least one of the
muscle specific control element 1s human skeletal actin gene
clement, 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 (MHCK?7), (C5-12, murine creatine Kinase
enhancer element, skeletal fast-twitch troponin ¢ gene ele-
ment, slow-twitch cardiac troponin ¢ gene element, the
slow-twitch troponin 1 gene eclement, hypoxia-inducible
nuclear factors, steroid-inducible element or glucocorticoid
response element (gre). For example, the muscle specific
control element controlling expression of micro-dystrophin
comprises SEQ ID NO: 2 (MHCK?Y) and/or the muscle
specific control element controlling expression of miR-29¢
comprises SEQ ID NO: 10 (CMV).

[0071] In exemplary combination or co-therapy methods,
compositions or uses, the AAV vector expressing micro-
dystrophin comprises 1) the nucleotide sequences of SEQ 1D
NO: 1 (micro-dys) and 1) the nucleotide sequence of SEQ
ID NO: 2 (MHCKY7) or the AAV vector expressing micro-

dystrophin comprises the nucleotide sequence of SEQ ID
NO: 3.

[0072] In exemplary combination or co-therapy methods,
compositions or uses, the AAV vector expressing miR-29c¢
comprises 1) the nucleotlde sequence of SEQ ID NO: 8 or

SEQ ID NO: 9 and 1) the nucleotide sequence of SEQ ID
NO: 10 (CMV) or the AAV vector expressing miR-29c¢

comprises the nucleotide sequence of SEQ ID NO: 6.

[0073] In another exemplary combination or co-therapy
methods, compositions or uses, the AAV vector expressing,
micro-dystrophin comprises 1) the nucleotide sequences of
S_JQ ID NO: 1 (micro-dys) and 11) the nucleotide sequence
of SEQ 2 (M. {CK7) and wherein the AAV vector EXpress-
ing miR-29¢ comprises 1) the nucleotide sequence of SEQ
ID NO: 8 or SEQ ID NO: 9 and 1) the nucleotide sequence
of SEQ ID NO: 10 (CMV).

[0074] In further combination or co-therapy methods,
compositions or uses, the AAV vector expressing micro-
dystrophin comprises the nucleotide sequence of SEQ ID
NO: 3 and the AAV vector expressing miR-29¢ comprises

the nucleotide sequence of SEQ ID NO: 6.

[0075] In any of the combination or co-therapy methods,
compositions or uses ol the invention, at least one of the
recombinant AAV vectors 1s the serotype AAVrh.74, AAV1,
AAV2, AAV4, AAVS5, AAV6, AAVT, AAVE, AAV9, AAV 10,
AAV11, AAV12 or AAV13.
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[0076] In any of the combination or co-therapy methods,
compositions or uses of the invention, least one of the
recombinant AAV vectors, the composition or the medica-
ment 15 administered by intramuscular injection or intrave-
nous injection.

[0077] In any of the combination or co-therapy methods,
compositions or uses of the ivention, at least one of the
recombinant AAV vectors or the composition or the medi-
cament 1s administered systemically.

[0078] In any of the combination or co-therapy methods,
compositions or uses of the mvention, at least one of the
recombinant AAV vectors, compositions or medicaments 1s
parenterally administered by injection, infusion or implan-
tation.

BRIEF DESCRIPTION OF DRAWING

[0079] FIG.e 1 illustrates the pAAV.MHCK7 micro-dys-
trophin construct. In this construct, the cDNA expression
cassette 1s flanked by AAV2 inverted terminal repeat
sequences (ITR). The construct 1s characterized by an in-
frame rod deletion (R4-R23), while hinges 1, 2 and 4 (H,,
H, and H,) and the cysteine rich domain remain producing

a 138 kDa protein. The expression of the micro-dystrophin
protein (3579 bp) 1s guided by a MHCK'/ promoter (795 bp).

The mtron and 3' UTR are derived from plasmid pCMV 3
(Clontech). The micro-dystrophin cassette had a consensus
Kozak immediately 1n front of the ATG start and a small 53
bp synthetic polyA signal for mRNA termination. The
human micro-dystrophin cassette contaimned the (R4-R23/

A71-78) domains as previously described by Harper et al.
(Nature Medicine 8, 253-261 (2002)).

[0080] FIG. 2 demonstrates dystrophin protein expression
following intramuscular delivery of AAVrh74 MHCK'/ con-
struct. The tibialis anterior muscle of mdx mice was injected
with 1x10"" 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
cosin staining.

[0081] FIG. 3A-FIG. 3C provide skeletal muscle force
measurements and quantification of micro-dystrophin

expression following intramuscular injection of AAVrh74.
MHCK'/ construct. (A) The tibialis anterior muscle of mdx
mice was injected with 1x10"" vg (n=5) with AAVrh74.
MHCK'/ construct. Six weeks later the tibialis anterior
muscles were harvested and subjected to 1n vivo force
measurements. The dosed cohort had significantly greater
force production than untreated mdx controls.

[0082] FIG. 4A-FIG. 4C demonstrates widespread trans-
duction of skeletal diaphragm and cardiac muscle fibers after
systemic administration. (A) Mdx mice were treated sys-
temically at 6 weeks of age via the tail vein with 6x10'~ vg
(2x10'* vg/kg) of AAVrh.74 MHCK7.micro-dys following,
12 weeks of treatment. (B) Staining for micro-dystrophin
demonstrates the shows quantification of the percentage of
muscle fibers expressing micro-dystrophin in each tissue.
(C) shows the specific force measured 1n the diaphragm at
the low and high (planned clinical) dose. No significant
difference was seen at low dose; however there was signifi-
cant improvement at the high dose.

[0083] FIG. 5 demonstrates dystrophin protein expression
following systemic delivery of AAVrh.74 MHCK7.micro-
dys construct. Mdx mice (n=5) were treated systemically at
6 weeks of age via the tail vein with 6x10'*vg of
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AAVrh. 74 MHCK7.micro-dys following 12 weeks of treat-
ment, all muscles were harvested and stained for dystrophin
and restoration of DAPC components (beta-sarcoglycan
shown).

[0084] FIG. 6A-FIG. 6D demonstrates the toxicology/
satety of AAVrh.74 MHCK'/. 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) (FIG. 6A). No toxicity was noted. As an
indicator of eflicacy, the number of muscle fibers with
centrally placed nucler (CN) was quantified (FIG. 6B). CN
are 1ndicative of cycles of muscle degeneration and regen-
eration and thus reduction 1n CN demonstrates treatment
cllect. (FIG. 6C) demonstrates the total number of fibers 1s
unchanged with treatment. The amount of creatine kinase 1s
provided 1n (D) showing improvement at high dose. Inde-
pendent t-tests were used to locate differences (p<<0.05);
Data are reported as means=SEM.

[0085] FIG. 7 illustrates the pAAV.MCK.micro-dystro-
phin plasmid construct.

[0086] FIG. 8 provides the results of a rAAVrh74 MCK.
micro-dystrophin (human) potency assay. The tibialis ante-
rior muscle of mdx mice was injected with 3x10”, 3x10'°,
or 1x10"" 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 where very little expression
(no effect level) at 3x10” vg and 89% expression at 1x10""
Vg,

[0087] FIG. 9A-FIG. 9C demonstrate that Human micro-
dystrophin improves force generation and protection from
eccentric contraction induced njury. (A) Dystrophin protein
immunostaining in the extensor digitorum longus (EDL) and
TA shows expression 1n mdx myofibers following rAAVrh.
74-MCK-Micro-dys (human) injection wvia the femoral
artery. Mock-infected muscle was stamned 1n an identical
manner and exposures are time matched. (B) rAAVrh.74-
MCK-Micro-dys significantly increased normalized specific
force relative to mock-treated mdx muscles (P<<0.05 wvs.
mdx). (C) mdx muscles infected with rAAVrh.74-MCK-
Micro-dys (human) were compared with mock-infected con-
tralateral mdx EDL muscles and WT (WT C57B1/10) EDL
muscles for force drop during repetitive eccentric contrac-
tions at 12 wks post gene transfer. rAAVrh.74-MCK-micro-
dystrophin (Micro-dys) treatment significantly protected
against loss of force compared with mock-treated mdx
muscles (P<t0.001 vs. mdx). Errors are SEMs.

[0088] FIG. 10 provides the nucleic acid sequence (SEQ
ID NO: 3 rAAVrh74 MHCK7/. micro-dystrophin).

[0089] FIG. 11 provide the nucleic acid sequence (SEQ ID
NO: 5) rAAVrh74 MCK .micro-dystrophin.

[0090] FIG. 12 provide a schematic of rAAV vector
sCAAVrh.74. CMV.miR29¢ and the nucleotide sequence of
the miR-29¢ 1n a natural miR-30 backbone and the nucleo-

tide sequence of the predicted hairpin structure.

[0091] FIG. 13A-FIG. 13C demonstrate that early combi-
nation therapy restores force and protects against contrac-
tion-induced damage. Measurement of absolute (A) and
normalized specific force (B) following tetanic contraction
demonstrated increased force with combination therapy
compared to untreated mdx/utrn™~ muscle and micro-dys-
trophin therapy alone (*p<0.05). One-way ANOVA (C)

Muscles were then assessed for loss of force following
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repetitive eccentric contractions. Mice co-treated with miR -
29c¢/micro-dystrophin and micro-dystrophin alone showed a

protection from loss of force compared with untreated
mdx/utrn™~ muscles (red). Two-way ANOVA. (**p<0.01,

waekx P<0.0001). All data represent mean+SEM (D) Sirius
Red stain Representative 1mages demonstrating muscle
fibers (green) and collagen content (red).

[0092] FIG. 14A-FIG. 14F demonstrate that treatment of
AAV.CMV.miR-29¢/MHCK7.micro-dystrophin  combina-
tion therapy 1s eflective at reducing fibrosis and ECM
expression. (A) Sirtus Red staining shows a reduction 1n
collagen staining in both treated cohorts. (B) gRT-PCR
confirms an increase 1 miR-29c¢ transcript levels 1n the
treated cohorts (n=2-3 for all groups) One-way ANOVA,
Semi-quantitative gqRT-PCR shows a reduction in CollAl
and Col3A1 (C, D), Fbn (E) and Tgi1 (F) levels 1n the
AAV.CMV.miR-29¢/ AAV.MHCK7.micro-dystrophin
treated muscle compared to the contralateral limb and the
single therapy of MHCK7.micro-dystrophin, with CollAl
and Col3A1 being significant. C-F (n=2-3 per group) One-
way ANOVA. All data represent mean+SEM. (*p<0.05, **
p<0.01, *** p<0.001).

[0093] FIG. 15A-FIG. 15D demonstrate that treatment of
AAV.CMV.miR-29¢/MHCK7.micro-dystrophin  combina-
tion therapy increased fiber diameter. (A) Treated gas
weilghts showed no significant difference compared WT or
untreated muscle. (B) miR-29¢/micro-dystrophin combina-
tion treatment demonstrated an increase i1n average liber
size. Comparing mdx/utrn*’~ controls with miR-29¢/micro-
dystrophin treated mdx/utrn*~, the average diameter
increased from 29.02 to 33.61m (n=5-6 per group), One-way
ANOVA. (C) The co-delivery produced a shift towards
wild-type fiber size distribution. (D) The number of muscle
fibers per mm~ in the miR-29¢/micro-dystrophin combina-
tion treatment was no different from untreated mice or WT

mice. C-F (n=5-5 per group), One-way ANOVA. All data
represent mean£SEM. (***p<0.001, ****p<0.0001)

DETAILED DESCRIPTION

[0094] The present mnvention provides for gene therapy
vectors, e.g. rAAV vectors, overexpressing human micro-
dystrophin and methods of reducing and preventing fibrosis
in muscular dystrophy patients. The present invention also
provides for co-therapy (combination) gene therapy meth-
ods which comprise administering a gene therapy vector
expressing miR-29 in combination with a gene therapy
vector expressing micro-dystrophin that 1s deleted in DMD
patients.

[0095] Muscle biopsies taken at the earliest age of diag-
nosis of DMD reveal prominent connective tissue prolifera-
tion. Muscle fibrosis 1s deleterious 1 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 1n muscle biopsies comparing connective tissue
proliferation at successive time points. The process contin-
ues to exacerbate leading to loss of ambulation and accel-
erating out of control, especially in wheelchair-dependent
patients.

[0096] Without early treatment a parallel approach to
reduce {fibrosis it 1s unlikely that the benefits of exon
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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 tull
functional restoration (Liu, M., et al., Mol Ther 11, 245-256
(2005)). It 1s also known that progression of DMD cardio-
myopathy 1s accompanied by scarring and fibrosis in the
ventricular wall. Micro-RNA delivery 1s particularly inno-
vative because of lack of immune barriers and relative ease
of delivery. Micro-RNAs are small (~200 bp) and can
therefore be packaged mn AAV along with a therapeutic
cassette to correct or bypass the genetic defect.

[0097] As used herein, the term “AAV” 1s a standard
abbreviation for adeno-associated virus. Adeno-associated
virus 1s a single-stranded DNA parvovirus that grows only in
cells i 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, 1t 1s fully expected that these same prin-
ciples will be applicable to additional AAV serotypes since
it 1s 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 1n AAV2. The degree of relatedness 1s further
suggested by heteroduplex analysis which reveals extensive
cross-hybridization between serotypes along the length of
the genome; and the presence ol 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 1n each serotype
are under similar regulatory control.

[0098] 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 (I'TRs). Such AAV vectors can be replicated and
packaged into infectious viral particles when present 1n a
host cell that has been transiected with a vector encoding
and expressing rep and cap gene products.

[0099] 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. 1T the particle comprises a heterologous poly-
nucleotide (1.e. a polynucleotide other than a wild-type AAV
genome such as a transgene to be delivered to a mammalian
cell), 1t 1s 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 1s contained within an AAV vector particle.

AAV

[0100] Recombinant AAV genomes of the mnvention com-

prise nucleic acid molecule of the invention and one or more
AAV ITRs flanking a nucleic acid molecule. AAV DNA in
the rAAV genomes may be from any AAV serotype for
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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 1s disclosed 1n, 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 1n the Background section above, the nucleotide
sequences of the genomes of various AAV serotypes are
known 1n the art. To promote skeletal muscle specific

expression, AAV1, AAV6, AAVS or AAVrh.74 may be used.

[0101] 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, El-deleted adenovirus or herpesvirus) for
assembly of the rAAV genome 1nto infectious viral particles.
Techniques to produce rAAV particles, 1n which an AAV
genome to be packaged, rep and cap genes, and helper virus
functions are provided to a cell, are standard in the art.
Production of rAAV requires that the following components
are present within a single cell (denoted herein as a pack-
aging cell): a rAAV genome, AAV rep and cap genes
separate from (i.e., not 1n) the rAAV genome, and helper
virus functions. The AAV rep and cap genes may be from
any AAV serotype for which recombinant virus can be
derived and may be from a different AAV serotype than the
rAAV genome ITRs, including, but not limited to, AAV
serotypes AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAV-0,
AAV-7, AAVrh.74, AAV-8, AAV-9, AAV-10, AAV-11, AAV-
12 and AAV-13. Production of pseudotyped rAAV 1s dis-
closed 1n, for example, WO 01/83692 which is incorporated
by reference herein 1n 1ts entirety.

[0102] A method of generating a packaging cell 1s 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 mtegrated into the
genome of a cell. AAV genomes have been introduced into
bacterial plasmids by procedures such as GC tailing (Sam-
ulski et al., 1982, Proc. Natl. Acad. S6. USA, 79:20777-2081),
addition of synthetic linkers containing restriction endonu-
clease 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 1s
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 bacu-
lovirus rather than plasmids to introduce rAAV genomes
and/or rep and cap genes ito packaging cells.

[0103] General principles of rAAV production are
reviewed 1n, for example, Carter, 1992, Current Opinions in
Biotechnology, 1533-339; and Muzyczka, 1992, Curr. Top-
ics 1 Microbial. and Immunol., 158:97-129). Various
approaches are described 1n 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. 5:3231
(19835); 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. Pat. No. 5,173,414;
WO 95/13365 and corresponding U.S. Pat. No. 5,638,776;
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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
13:1244-12350 (1995); Paul et al. Human Gene Therapy
4:609-615 (1993); Clark et al. Gene Therapy 3:1124-1132
(1996); U.S. Pat. Nos. 5,786,211; 5,871,982; and 6,258,593.
The foregoing documents are hereby incorporated by refer-
ence 1n their enfirety herein, with particular emphasis on
those sections of the documents relating to rAAV produc-
tion.

[0104] The mvention thus provides packaging cells that
produce infectious rAAV. In one embodiment packaging
cells may be stably transformed cancer cells such as Hel a
cells, 293 cells and PerC.6 cells (a cognate 293 line). In
another embodiment, packaging cells are cells that are not
transformed cancer cells, such as low passage 293 cells
(human fetal kidney cells transtormed with E1 of adenovi-
rus), MRC-5 cells (human fetal fibroblasts), WI-38 cells
(human fetal fibroblasts), Vero cells (monkey kidney cells)
and FRhL-2 cells (rhesus fetal lung cells).

[0105] Recombinant AAV (1.e., infectious encapsidated
rAAV particles) of the mnvention comprises a rAAV genome.
In exemplary embodiments, the genomes of both rAAV lack
AAV rep and cap DNA, that 1s, there 1s no AAV rep or cap
DNA between the ITRs of the genomes. Examples of rAAV
that may be constructed to comprise the nucleic acid mol-
ecules of the invention are set out 1n International Patent
Application No. PCT/US2012/047999 (WO 2013/016352)

incorporated by reference herein 1n its entirety.

[0106] The rAAV may be purified by methods standard 1n
the art such as by column chromatography or cesium chlo-
ride gradients. Methods for puritying rAAV vectors from
helper virus are known in the art and include methods

disclosed 1n, for example, Clark et al., Hum. Gene Ther.,
10(6): 1031-1039 (1999); Schenpp and Clark, Methods Mol.

Med., 69 427-443 (2002); U.S. Pat. No. 6,566,118 and WO
98/096577.

[0107] In another embodiment, the invention contem-
plates compositions comprising rAAV of the present inven-
tion. Compositions of the invention comprise rAAV and a
pharmaceutically acceptable carrier. The compositions may
also comprise other ingredients such as diluents and adju-
vants. Acceptable carriers, diluents and adjuvants are non-
toxic to recipients and are preferably mert at the dosages and
concentrations employed and include buflers and surfactants
such as pluronics.

[0108] Titers of rAAV to be administered in methods of

the mvention 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 1n the art. Titers of
rAAV may range from about 1x10°, about 1x10’, about
1x10%, about 1x107, about 1x10*', about 1x10%', about
1x10*%, about 1x10*° to about 1x10'* or more DNase
resistant particles (DRP) per ml. Dosages may also be
expressed 1n units of viral genomes (vg).

[0109] Methods of transducing a target cell with rAAV, 1n
vIvo or 1n vitro, are contemplated by the invention. The in
vivo methods comprise the step of administering an effective
dose, or eflective multiple doses, of a composition compris-
ing a rAAV of the invention to an animal (including a human
being) 1n need thereof. If the dose 1s administered prior to
development of a disorder/disease, the administration 1is
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prophylactic. If the dose 1s administered after the develop-
ment of a disorder/disease, the administration 1s therapeutic.
In embodiments of the invention, an effective dose 1s 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 1n
remission (partial or total) of disease, and/or that prolongs
survival. An example of a disease contemplated for preven-
tion or treatment with methods of the mvention 1s FSHD.

[0110] Combination therapies or co-therapies are also con-
templated by the invention. Combination as used herein
includes both simultaneous treatment and sequential treat-
ments. Combinations of methods of the invention with
standard medical treatments (e.g., corticosteroids) are spe-
cifically contemplated, as are combinations with novel
therapies.

[0111] Admunistration of an eflective dose of the compo-
sitions may be by routes standard in the art including, but not
limited to, mntramuscular, parenteral, intravenous, oral, buc-
cal, nasal, pulmonary, intracranial, intraosseous, 1ntraocular,
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 mvention may be chosen
and/or matched by those skilled in the art taking 1nto account
the infection and/or disease state being treated and the target
cells/tissue(s) that are to express the micro-dystrophin pro-
tein.

[0112] The invention provides for local admimistration and
systemic administration of an eflective dose of rAAV and
compositions of the invention. For example, systemic
administration 1s administration into the circulatory system
so that the entire body 1s aflected. Systemic administration
includes enteral administration such as absorption through
the gastrointestinal tract and parental administration through
injection, nfusion or implantation.

[0113] In particular, actual administration of rAAV of the
present invention may be accomplished by using any physi-
cal method that will transport the rAAV recombinant vector
into the target tissue of an animal. Administration according
to the invention 1ncludes, but 1s not limited to, injection nto
muscle, the bloodstream and/or directly mto the liver. Sim-
ply resuspending a rAAV 1n phosphate buflered saline has
been demonstrated to be suflicient to provide a vehicle
usetul 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 1n the normal manner with
rAAV). Capsid proteins of a rAAV may be modified so that
the rAAV 1s targeted to a particular target tissue of interest
such as muscle. See, for example, WO 02/053703, the
disclosure of which 1s incorporated by reference herein.
Pharmaceutical compositions can be prepared as injectable
formulations or as topical formulations to be delivered to the
muscles by transdermal transport. Numerous formulations
for both intramuscular injection and transdermal transport
have been previously developed and can be used 1n the
practice of the invention. The rAAV can be used with any
pharmaceutically acceptable carrier for ease ol administra-
tion and handling.

[0114] The dose of rAAV to be administered 1n methods
disclosed herein will vary depending, for example, on the
particular rAAV, the mode of administration, the treatment
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goal, the individual, and the cell type(s) being targeted, and
may be determined by methods standard 1n the art. Titers of

each rAAV administered may range from about 1x10°, about
1x107, about 1x10%, about 1x10”, about 1x10'°, about

1x10', about 1x10'%, about 1x10'°, about 1x10'*, or to
about 1x10"> or more DNase resistant particles (DRP) per
ml. Dosages may also be expressed 1n units of viral genomes
(ve) (i.e., 1x107 vg, 1x10° vg, 1x10° vg, 1x10'° vg, 1x10""
vg, 1x10'% vg, 1x10'° vg, 1x10** vg, 1x10'° respectively).
Dosages may also be expressed in units of viral genomes
(vg) per kilogram (kg) of bodyweight (i.e., 1x10'° vg/kg,
1x10"" ve/kg, 1x10*° vg/kg, 1x10"° vg/kg, 1x10'* veg/kg,
1x10" vg/kg respectively). Methods for titering AAV are
described 1n Clark et al., Hum. Gene Ther, 10: 1031-1039
(1999).

[0115] In particular, actual administration of rAAV of the
present invention may be accomplished by using any physi-
cal method that will transport the rAAV recombinant vector
into the target tissue of an animal. Administration according
to the invention 1ncludes, but 1s not limited to, injection nto
muscle, the bloodstream and/or directly into the liver. Sim-
ply resuspending a rAAV 1n phosphate buflered saline has
been demonstrated to be suflicient to provide a vehicle
usetul 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 1n the normal manner with
rAAV). Capsid proteins of a rAAV may be modified so that
the rAAV 1s targeted to a particular target tissue of interest
such as muscle. See, for example, WO 02/053703, the
disclosure of which 1s incorporated by reference herein.
Pharmaceutical compositions can be prepared as injectable
formulations or as topical formulations to be delivered to the
muscles by transdermal transport. Numerous formulations
for both intramuscular injection and transdermal transport
have been previously developed and can be used in the
practice of the invention. The rAAV can be used with any
pharmaceutically acceptable carrier for ease of administra-
tion and handling.

[0116] For purposes of mtramuscular injection, solutions
in an adjuvant such as sesame or peanut o1l or 1n aqueous
propylene glycol can be employed, as well as sterile aqueous
solutions. Such aqueous solutions can be buflered, if desired,
and the liquid diluent first rendered 1sotonic with saline or
glucose. Solutions of rAAV as a free acid (DNA contains
acidic phosphate groups) or a pharmacologically acceptable
salt can be prepared in water suitably mixed with a surfac-
tant such as hydroxpropylcellulose. A dispersion of rAAV
can also be prepared 1n glycerol, liquid polyethylene glycols
and mixtures thereof and in o1ls. Under ordinary conditions
of storage and use, these preparations contain a preservative
to prevent the growth of microorganisms. In this connection,
the sterile aqueous media employed are all readily obtain-

able by standard techniques well-known to those skilled 1n
the art.

[0117] The pharmaceutical carriers, diluents or excipients
suitable for ijectable use include sterile aqueous solutions
or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In
all cases the form must be sterile and must be fluid to the
extent that easy syringability exists. It must be stable under
the conditions of manufacture and storage and must be
preserved against the contaminating actions of microorgan-
isms such as bacteria and fungi. The carrier can be a solvent
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or dispersion medium containing, for example, water, etha-
nol, 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 ol 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 1t will be preferable to include
1sotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the mjectable compositions can be
brought about by use of agents delaying absorption, for
example, aluminum monostearate and gelatin.

[0118] Sterile injectable solutions are prepared by incor-
porating rAAV in the required amount in the appropnate
solvent with various other ingredients enumerated above, as
required, followed by filter sterilization. Generally, disper-
sions are prepared by incorporating the sterilized active
ingredient 1nto 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 1injectable 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.

[0119] Transduction with rAAV may also be carried out 1n
vitro. In one embodiment, desired target muscle cells are
removed from the subject, transduced with rAAV and rein-
troduced 1nto the subject. Alternatively, syngeneic or xeno-
genelc muscle cells can be used where those cells will not
generate an mappropriate immune response 1n the subject.

[0120] Suitable methods for the transduction and reintro-
duction of transduced cells 1nto a subject are known 1n the
art. In one embodiment, cells can be transduced 1n vitro by
combining rAAV with muscle cells, e.g., in appropriate
media, and screening for those cells harboring the DNA of
interest using conventional techniques such as Southern
blots and/or PCR, or by using selectable markers. Trans-
duced cells can then be formulated into pharmaceutical
compositions, and the composition introduced into the sub-
ject by various techniques, such as by intramuscular, 1ntra-
venous, subcutaneous and intraperitoneal injection, or by
injection mto smooth and cardiac muscle, using e.g., a
catheter.

[0121] Transduction of cells with rAAV of the mvention
results 1 sustained expression of the micro-dystrophin pro-
tein. The present invention thus provides methods of admin-
istering/delivering rA AV which express of micro-dystrophin
protein to an anmimal, preferably a human being. 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 control
clements. For example, one embodiment of the mmvention
provides methods of transducing muscle cells and muscle
tissues directed by muscle specific control elements, includ-
ing, 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
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and Olson, Mol Cell Biol 11: 4854-4862 (1991)), control
clements derived from the human skeletal actin gene (Mus-
cat 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
clements derived from the skeletal fast-twitch troponin C
gene, the slow-twitch cardiac troponin C gene and the
slow-twitch troponin I gene: hypoxia-inducible nuclear fac-
tors (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.

[0122] Muscle tissue 1s an attractive target for i vivo
DNA delivery, because 1t 1s not a vital organ and 1s easy to
access. The mvention contemplates sustained expression of
micro-dystrophin from transduced myofibers.

[0123] By “muscle cell” or “muscle tissue” 1s 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 undifier-
entiated, such as myoblasts, myocytes, myotubes, cardio-
myocytes and cardiomyoblasts.

[0124] The term “transduction™ 1s used to refer to the
administration/delivery of the coding region of the micro-
dystrophin to a recipient cell either 1n vivo or 1n vitro, via a
replication-deficient rAAV of the mvention resulting in
expression ol micro-dystrophin by the recipient cell.
[0125] Thus, the invention provides methods of adminis-
tering an eflective dose (or doses, administered essentially
simultaneously or doses given at intervals) of rAAV that
encode micro-dystrophin to a patient in need thereof.

EXAMPLES

Example 1
[0126] Generation of the pAAV.MHCK7 Micro-Dystro-
phin Construct
[0127] The pAAV.MHCK7. micro-dystrophin plasmid

contains a human micro-dystrophin cDNA expression cas-
sette flanked by AAV2 inverted terminal repeat sequences
(ITR) (see FIG. 1). The micro-dys construct was character-
ized 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

intron and 5' UTR are derived from plasmid pCMV[3 (Clon-
tech). The micro-dystrophin cassette had a consensus Kozak
immediately 1n 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 Gen-
Script (Piscataway, NI) (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 poly A signal
for mRNA termination.

[0128] Previously studies have validated cardiac expres-
sion using MHCK7 promoter (Salva et al. Mol Ther 13,
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320-329 (2007) and AAVrh74 achieving skeletal, dia-
phragm, and cardiac muscle expression (Sondergaard et al.
Annals of clinical and Transl Neurology 2, 256-270 (2013)),
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

1s described in 1 Rodio-Klapac et al. Journal of Transia-
tional medicine 5, 45 (2007).

Example 2

[0129] Intramuscular :xpression Studies Using rAAYV.
MHCK7.Micro-Dystrophin

[0130] Expression studies were conducted with the human
micro-dystrophin construct (rAAVrh74 MHCK7. micro-
dystrophin; described 1n Example 1) by intramuscular injec-
tion. The tibialis anterior muscle of mdx mice (spontaneous
Dmd™* mutant mice that do not express dystrophin) were
injected with 1x10"" 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.
FIG. 2 shows diffuse gene expression and reduction 1in
centrally located nuclei with 1x10'" vg dose compared to the
untreated muscle. Furthermore, a decrease 1n central nucle-
ation with an 1ncrease in average fibers/frame was observed
following treatment with micro-dystrophin construct.

Expression levels of the rAAVrh74. MHCK7. micro-dystro-
phin construct were quantified at about 73%.

[0131] In addition to measuring micro-dystrophin local-
ization and expression levels, skeletal muscle force was
measured measurements and quantification of n following
intramuscular 1njection of the cassette. Intramuscular
expression of pAAV.MHCK7.micro-dystrophin construct
resulted 1n significantly greater absolute and specific force
production compared with untreated controls (FIG. 3A and

FIG. 3B, respectiully).

Example 3

[0132] Systemic Delivery of rAAVrh.74 MHCK'7 Micro-
Dys to Mdx Mice

[0133] Cohorts of mdx mice were injected via tail vein
with either 2x10"* vg (8x10"° vg/kg) or high dose (planned
clinical dose) 6x10'% vg (2x10'* vg/kg) of rAAVrh.74.
MHCK7.micro-dys at 6 weeks of age. Following 12 weeks
ol treatment, all muscles were harvested and stained for
dystrophin and restoration of DAPC components. Systemi-
cally imjected (tail vein) mice showed high levels of staining
of dystrophin throughout all muscles. FIG. 4A represents the
widespread transduction of skeletal, diaphragm and cardiac
muscle fibers after a 6x10'* vg (2x10 '* vg/kg) systemic
dose. FIG. 4B shows quantification of the percentage of
muscle fibers expressing micro-dystrophin in each tissue.
Finally the diaphragm was tested for functional improve-
ment (FIG. 4C). No significant difference was seen at low
dose; however there was significant improvement at the high
dose. Importantly, FIG. 5 demonstrates other components of
the DAPC were completely restored following micro-dys-
trophin delivery. Shown 1s Beta-sarcoglycan (B-SG).

[0134] The toxicology/safety of AAVrh.74 MHCK'7.Mi-
cro-dys are evaluating by administering the vector via
intravenous (1.v.) 1njection to the tail vein of mdx mice per
Table 1. There was no evidence of toxicity in any of the
muscle tissues analyzed including: Tibialis anterior (TA),
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Gastrocnemius (GAS), Quadriceps (QD), Psoas (PSQO), Tri-
ceps (ITRI), and Diaphragm (DIA) (FIG. 6A and FIG. B).
The number of centrally placed nucler was decreased with
the high dose 6x10'* vg (2x10 '* vg/ke). Historically,
central nucleation of skeletal muscles 1n untreated age
matched mdx mice are on average ~80%. Finally, the
preliminary data from a small sample size (n=3) demon-
strates a decrease level of CK release (U/L) 1n serum of high
dose treated mice (D). Independent t-tests were used to
locate differences (p<0.05); Data are reported as
means+=SEM.

TABLE 1
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described 1n Example 1) by intramuscular injection. The
tibialis anterior (TA) muscle of mdx mice (spontanecous
Dmd™* mutant mice that do not express dystrophin) were
injected with 3x10”, 3x10'®, or 1x10"" 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.
FIG. 8 show a linear correlation between expression and
dose where very little expression (no effect level) at 3x10°
vg and 89% expression at 1x10'" vg.

Outline of toxicologv/satety studv of rAAVrh. 74 MHCK7.Micro-dvs in mice.

Cohort Dose Treatment Follow-up
Number Study Agent (ve/kg) Day 0 Day 1
(1) Low AAVTh.74.MH 8.0 x 10'* Single i.v. injection 24 h Weight,

Dose CK7.Micro-dys to the tail vein of

(2) High AAVrh.74MH 2.0 x 10' mdx mice Observations
Dose CK7.Micro-dys
(3) Control  Vehicle (LRS) 0
TOTAL MICE
Example 4
[0135] Generation of the pAAV.MCK Micro-Dystrophin
Construct
[0136] The pAAV.MCK.micro-dystrophin plasmid was

constructed by inserting the MCK expression cassette driv-
ing a codon optimized human micro-dystrophin cDNA
sequence 1nto the AAV cloning vector psub201 (Samulski et
al., J. Virol 61(10):3096-3101). A muscle-specific regula-
tory element was included 1n the construct to drive muscle-
specific gene expression. This regulatory element comprised
the mouse MCK core enhancer (206 bp) fused to the 331 bp
MCK core promoter (proximal). After the core promoter, the
construct comprises the 353 bp endogenous mouse MCK

Exonl (untranslated) for etlicient transcription initiation,
followed by the SV40 late 16S5/19S splice signals (97 bp)

and a small 3'UTR (61 bp). The mtron and 3' UTR was
derived from plasmid pCMVp (Clontech). The micro-dys-
trophin cassette has a consensus Kozak immediately 1n front
of the ATG start and a small 53 bp synthetic poly A 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

[0137] The pAAV.MCK.micro-dystrophin plasmid con-
tained the human micro-dystrophin cDNA expression cas-
sette 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

1s described 1n Rodino-Klapac et al. Jourrnal of Tran. Med.
45 (2007).

Example 5

[0138] Potency and Dose Analysis Using rAAV.MCK.
Micro-Dystrophin

[0139] Expression studies were conducted with the human
micro-dystrophin construct (rAAV.MCK . micro-dystrophin;
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Example 6

[0140] Vascular Delivery of rAAV.MCK .micro-dystrophin
to mdx Mice

[0141] Using a model of 1solated limb perfusion model
(Rodino-Klapac et al., J. Trans. Med. 5(45): 1-11, 2007),
mdx mice (n=10) were injected with 1x10"" vg of rAAVrh.
74 MCK.micro-dystrophin via the femoral artery and per-
formed outcomes analysis was carried out. Three months
post gene transier, lower limb muscles were harvested and
cllicacy studies demonstrated significant improvement in
both force and resistance to eccentric conftraction induced
mjury (FIG. 9).

[0142] Dystrophin protein immunostaining in the extensor
digitorum longus (EDL) muscle and TA muscle shows
expression 1n a mdx myofibers following rAAVrh.74-MCK -
Micro-dys treatment (FIG. 9A). Mock-infected muscle was
stained 1n an 1dentical manner and exposures are time
matched. FIG. 9B demonstrates that rAAVrh.74-MCK-Mi-
cro-dys significantly 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-dys (human) were compared with mock-infected con-
tralateral mdx EDL muscles (blue) and Wild Type (WT
C57B1/10) EDL muscles for force drop during repetitive
eccentric contractions at 12 weeks post gene transter (FIG.
9C). rAAVrh.74-MCK-micro-dystrophin (Micro-dys) treat-
ment significantly protected against loss of force compared
with mock-treated mdx muscles (P<0.001 vs. mdx).

Example 7
[0143] Co-Delivery AAVrh74 MHCK7.micro-dystro-
phin+ AAVrh74.CMV.miR29C
[0144] To determine whether miR-29¢c/micro-dystrophin

combined gene therapy approach would be more beneficial
at reducing fibrosis,4-week-old mdx/utrn *'~ mice received
an intramuscular injection of AAVrh74 MHCK7 .micro-dys-
trophin and rAAVrh74.CMV.miR-29c at 5x10"" vgs each to
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the left gastrocnemius muscle. rAAVrh.74. MHCK7.micro-
dystrophin, and rAAVrh.74. MHCKY7 micro-dystrophin
alone. The mice were analyzed at 12 weeks post 1injection
which 1s considered early therapy.

[0145] The pAAVrh74 MHCK7.micro-dystrophin plas-
mid contains the human micro-dystrophin cDNA expression
cassette flanked by AAV2 mverted terminal repeat
sequences (ITR) as shown in FIG. 10 and 1s described 1n

detail in Example 1. It 1s this sequence that was encapsidated
into AAV rh.74 virions.

[0146] The pAAV.CMV.miR29C plasmid contains the
mir29¢ cDNA 1n a miR-30 stem loop backbone flanked by
AAV2 mverted terminal repeat sequences (ITR). It 1s this
sequence that was encapsidated into AAVrh.74 virions. In
addition, a few nucleotides with i the miR-29c target
sequence were changed to mimic Watson-crick pairing at
this site as in shRNA-miR (luc). According to ShRNA-Iuc
design, the hairpin should be perfectly complementary
throughout its length. Plus, the more changes to the passen-
ger strand, the more likely the elimination of any endog-
enous mechanism that regulates miR-29 processing that
could recognize the miRNA via the stem. The 19th base of
the guide strand was modified to a cytosine to mimic the
nucleotide that precedes the cleavage site 1n natural mi-29c¢
sequence and the corresponding base on the other strand was
changed to preserve pairing.as shown in FIG. 12.

[0147] Measurement of absolute (FIG. 13A) and normal-
1zed specific (FIG. 13B) following tetanic contraction dem-
onstrated increased force with combination therapy com-
pared to untreated mdx/utrn™~ muscle and micro-dystrophin
therapy alone (*p<0.05). Muscles were then assessed for
loss of force following repetitive eccentric contractions.
Mice co-treated with miR-29¢/micro-dystrophin and micro-
dystrophin alone showed a protection from loss of force
compared with untreated mdx/utrn™~ muscles (FIG. 13C).
Sirtus Red stain representative 1mages demonstrating
muscle fibers (green) and collagen content (red) are shown

in FIG. 13D.

[0148] GAS muscle was analyzed 12 months post-injec-
tion to assess collagen accumulation by Sirtus Red staining
and subsequent quantification with Imagel. Sirius Red stain-
ing shows a reduction 1n collagen staining in both treated
cohorts. (FIG. 14A). Additional outcomes included miR-29c¢
and collagen transcript levels. gRT-PCR confirms an
increase 1n miR-29¢ transcript levels 1in the treated cohorts

(n=2-3 for all groups) One-way ANOVA (FIG. 14B).

[0149] To further validate reduction of collagen observed
by picrosirius red staining, semi-quantitative qRT-PCR was
performed on the muscle to quantify transcript levels of
Coll A, Col3A and also another ECM component, fibronec-
tin (Fbn). gRT-PCR analysis detected a decrease 1n CollA
and Col3A following co-treatment (FIGS. 14C and 14D).
The analysis revealed that Fbn was significantly reduced
only in the co-treated cohort (FIG. 14E).

[0150] TGF-B1 has been previously shown to be up regu-
lated 1n dystrophic muscle, likely playing a role in the
initiation of the fibrotic cascade. TGF-31 1s a known pro-
fibrotic cytokine that down regulates miR-29¢ and is respon-
sible for conversion of myoblasts to myofibroblasts with an
increase 1n collagen and muscle fibrogenesis. qRT-PCR
analysis shows that co-treated muscle had lower levels of
TGF-f1 compared to uninjected muscle and either treatment

alone (FIG. 14F).
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[0151] The effect of AAV.CMV.miR-29¢/MHCK7.micro-
dystrophin combination therapy on muscle fiber diameter
was also mvestigated. As shown 1n FIG. 15, the combination
therapy increased fiber diameter. FIGS. 15A and 15B dem-
onstrate that MHCK7 micro-dystrophin treated muscle gas
weights show no significant difference compared WT or
untreated muscle, while miR-29c¢/micro-dystrophin combi-
nation treatment demonstrated an increase in average fiber
size. Comparing mdx/utrn™~ controls with miR-29¢/micro-
dystrophin treated mdx/utrn*’~, the average diameter
increased from 29.02 to 33.61 um (n=5-6 per group). FIG.
15C demonstrates that the combination therapy produced a
shift towards wild-type fiber size distribution 1in the mdx/
utrn™™ mice. FIG. 15D indicates that the number of muscle
fibers per mm~ in the miR-29¢/micro-dystrophin combina-
tion treatment was no different from untreated mice or WT

mice.

[0152] Imitial results using rAAV.miR-29c¢ as an anti-
fibrotic therapy suggest that there 1s beneficial effect with
reduction 1n collagen levels, a key contributor in fibrosis.
Moreover, when combined with micro-dystrophin to
improve membrane stability, miR29 up regulation normal-
1zed muscle force.
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SEQUENCE :

atgctgtggt
tttaccaagt
ttttccecgacc
aagctgccca
ctgagagtgc
gacgggaacc
aaaaatgtga
ctgtcttggy
acatcctgga
ttcgactgga
aatatcgctc
acatacccag
cagcaggtgt
actaaagagg
agcctggctc
tatacccagy
cacctggagy
ctggatcggt
acactgcagyg
acacacgagyg

cagctgggcet
caggagcaga
aagcagtcca
aacgactggc
cccgaccetgy
gaacaggagc
agtggagatc
gccaacattt
tggcagaggc
gccgtgaaca
cagaaactgg
tatagcctga
gaagcctggce
agtacagctc
gtgatggaaa
gaagagctgc
caggaagcca
tggcagccty
gctctgagag
agacagctga
ctgaatacca
gaggcccatc
ccetgggaga
accacttgtt
aacgtgaggt
tgcctggatc
cagaacgatc
aggctggagc
aactggctgc
aaaactggga
aagcaggtgg
gatagtatcc
gaacccagcyg
ctgttcectgy
agagtggctyg
cccattatceyg
Cgcttctttt
tgcaccccaa
tttcggacta

gtgctggaag

SEQ ID NO:
FEATURE
source

SEQUENCE :
gtttaaacaa

gcctgggtag

tttggggadgy
gcaacagacc

tctaggctgc
aacccagaca

tcecectggtygy

gggaggaggt
gggtgaacgc
tgcaggatgg
aagagaagdd
tgcagaacaa
acaaactgac
tgaagaacat
tgcggcagag
gcgacgggct
atagcgtggt
ggtaccagct
ataaaaagtc
ctattgaagc
agcattttca
agggatatga
ctgcctacgt
ccccagagga
accagacagc
cccagggcega
gctatatgat
ctaaactgat
tgaacctgct
acctgcaccyg
tgacaaagac
aggatctgaa
aggtgcgggt
acgccaccgc
gccggtggac
tgaccgagga
agatccacac
ctgtgctgaa
aacaggacct
tggataactt
agatctctca
ccgtgaccac
cacctccacce
ctgacgaact
tgggcgatct
gcgaaattgc
caacactggg
ggtggaagct
gcgacttcecgy
gggccatttc
gggaccatcc
ttagcgctta
tgctgtccct
agccaatgga
aggagcacaa
tgaacgtgta
ttatctccect
ctagtagcac
agattcctag
tgcgcagcetyg
attggatgcg
ccgcecgaaac
gctttcgcta
ccggaagagt
ctacatctygg
agaggtactt
gagacaatat

2

gcttgcatgt
gggaggtggt
aggaatgtgc
tttcatgggce
ccatgtaagg

tgtggctgcec
atcccctgea

organism

ggaggattgt
tcagttcagc
gagacggctyg
gagcactagg
caacgtggat
actgggccty

catggccggg
cacocygcaac

ggccctgaat
gtgccagcag
ggggatcgaa
tattctgatyg
cattcaggag
gctgcatcat
gcgcaccagt
gacaactagc
caagagcttt
cctggaggag
aatttccaat
ggacctgaca
cggcaccygdy
gaacagccgc
ggtgctgatyg
tgaggaacgc
gagacaggtg
gaactccctyg
cgccecctggag
cgaggacady
gcagtgtctyg
aaccggcettt
ggccgatctyg
gctgagcacc
tgcccecgetge
ggctgtgacc
cgtgacaacc
tccceccagaag
ggacctgaag
gctgattgat
tccactgaag
catccagctg
gctgcaggtyg
accagccagc
tcccaacaag
caagatgaca
cagaaccgct
gtccgcocgcc
tatcctgcag
caacctggtg

tgacactggg
gtgtaaggcc
tggattttgt
acagctggga
tttccagttt
cctggaacca
tgccaagcac
caggagtctg
ggccaaagga
cgaagatgtg
cgccaagcac
ggagaccgat

moltype =

15

-continued

Homo sapilens

tatgaaaggyg
aaatttggga
ctggatctgc
gtgcacgccc
ctggtgaata
atctggaaca
ctgcagcaga
tatccceccagy
gctctgattce
tctgccacac
aaactgctgyg
tacattacta
gtggaaatgc
cagatgcatt
agtccaaaac
gaccctacta
gggtccagcc
gtgctgagct
gacgtggaag
gctcaccagyg
aaactgagtyg
tgggagtgtc
gacctgcaga
acaaggaaga
cagcagcata
acacatatgg
gaacagctga
tgggtgctgc
tttagtgcett
aaggatcaga
gagaaaaaga
ctgaagaaca
tgggacaacc
acaacccagc
cgcgaacaga
aagagaaccc
ctgaggcagg
tcccectgcagy
gagaacgtga
agcccataca
gctgtggaag
cagcactttc
gtgccctact
gaactgtacc
atgaagctga
tgcgatgcecc
atcatcaact
aacgtgcctc
cgcaccggcc
cacctggagy
gaccagcgcc
gaggtggcta
gccaataaca
cagagcatgyg
caggctaaat
aaacatttta
cacaagatgc
cgcgattttyg
ccecocgeatgy
acaatgtga

DNA

Location/Qualifiers

1..810
mol type
organism

ctaagctaga
gtgagacgct
ccaaggacta
aaaccttggg
aggcaaggcc
ccogecoeeccece
tgcgaagatc

othexr DNA

length

aggacgtgca
agcagcacat
tggaaggact
tgaacaacgt
ttggcagtac
ttattctgea
ccaattccga
tgaacgtgat
acagccacag
agcgectgga
acccagagga
gcctgttceca
tgcccoccgecc
acagccagca
cacggttcaa
gatcccectt
tgatggaaag
ggctgcetgag
tggtgaagga
ggcgcgtggyg
aggacgadggda
tgagagtggc
accagaaact
tggaggagga
aggtgctgca
tggtggtggt
aggtgctggyg
tgcaggacat
ggctgagcga
acgaaatgct
agcagagcat
agagcgtgac
tggtgcagaa
ctagcctgac
tcctggtgaa
tggagcggcet
ccgaagtgat
accacctgga
gtcatgtgaa
atctgagcac
accgggtgeg
tgagcacatc
atattaatca
agtccctggc
gacggctgca
tggatcagca
gcctgaccac
tgtgcgtgga
ggatcagagt
acaagtacag
gcctgggact
gtttcggagg
aacctgaaat
tgtggctgcec
gcaacatctg
actacgatat
actaccctat
ccaaggtgct
ggtatctgcc

= 810

gaagaagact
cgagaatctg
gactggccag
gaacaaagct
tgatatcgtg
ctggcaggtyg
gaagatcctyg
taacttcact
gcctgatctyg
acatgccttce
tgtggacact
ggtgctgcca
ccccaaagtyg
gattaccgtyg
gtcctacgcet
tccatcccag
cgaggtgaat
tgctgaagac
tcagttccac
caatatcctg
aacagaagtg
tagtatggag
gaaagagctyg
gccactggga
ggaggatctg
ggacgaatct

ggaccggtgyg
cctgctgaaa
gaaagaggac
gtctagccty
gggcaaactyg
ccagaagaca
actggagaaa
ccagacaacc
acatgcccag
gcaggagctyg
taaggggtct
aaaggtgaag
cgatctggcet
actggaggac
gcagctgcat
cgtgcagggy
cgagacccag
cgatctgaac
gaaggcccty
taatctgaag
tatctacgac
tatgtgcctyg
gctgagtttt
gtacctgttc
gctgctgcat
atctaacatc
cgaggctget
tgtgctgcac
caaggaatgt
ttgccagagce
ggtggaatat
gaagaataag
agtgcagaca

Adeno-aggociated wvirus

cccttcagat
cctgtetcete
aaaaaaggcc
gcccectgetgt
tggggacacc
caacacctgc
ttcgaacaag

taaaaataac
ctctatctygce
atggagccag
ctagcatgcc
cgagatgcct
tgcctctaaa
gctgtggggy

tgaggtaagyg
ccatcggecc
agggygcgagy
ccactacggyg
ggttataatt

aataaccctg
actgagggca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3579

60

120
180
240
300
360
420
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ggctgtaaca
ttccatgttce

ggaaccagtg
ctgcacgcct

tctcaggggc
tatataaccc
gacactcagg

SEQ ID NO:
FEATURE
source

SEQUENCE :

gcccaatacg
ctcgcecteget
cggcctcagt
ccttgtagtt
aacaagcttyg

ggtaggggag
ggaggaggaa
agacctttca
gctgeccaty
agacatgtgg
ggtggatccc
taacaggctt
tgttcccecggce
cagtgagcaa
cgcctgggtce
ggggcccctc

aacccagggy
tcaggagcca

ccecggatceceg
ctaggcctgt
ccaccatgct
agacttttac
atctgttttc
gccagaagcet
aagctctgag
tcgtggacgg
aggtgaaaaa
tcctgectgtce
tcactacatc
atctgttcga
ccttcaatat
acactacata
tgccacagca
aagtgactaa
ccgtgagect
acgcttatac
cccagcacct
tgaatctgga
aagacacact
tccacacaca
tcctgcagcet
aagtgcagga
tggagaagca
agctgaacga
tgggacccga
atctggaaca
aatctagtgg

ggtgggccaa
tgaaatggca
aggacgccgt
gcctgcagaa
aactgtatag
agacagaagc
agaaaagtac
caaccgtgat
cccaggaaga
agctgcagga
ggtcttggca
tgaaggctct
tggctagaca
aggacctgaa

tgcatgaggc

ggcttggggy
ccggcgaagy
agcaagtcag
gggtccgggg
ccectecctgy

aggggcacag
agccagccag

3

caaaccgcct
cactgaggcc
gagcgagcga
aatgattaac
catgtctaag
gtggtgtgag
tgtgcccaag
tgggcaaacc
taaggaggca
ctgcccceccce
ctgcatgcga
gdgggccagy
gaagggccay
gtcagccctt
cggggtgggc
cctggggaca
cacaggggct
gccagcggcd
gtggtggtgc
acggaagtgt
gtggtgggag
caagtgggtyg
cgacctgcag
gcccaaagag
agtgctgcag
gaaccacaaa
tgtgatgaag
ttgggtgcgg
ctggagcgac
ctggaatagc
cgcteggtac
cccagataaa
ggtgtctatt
agaggagcat
ggctcaggga
ccaggctgcc

ggaggcccca
tcggtaccag

gcaggcccag

cgagggctat
gggctctaaa

gcagatgaac
gtccaacctyg
ctggctgaca

cctggaggat
ggagcaggtyg
agatcacgcc
catttgccygg

gaggctgacc
gaacaagatc
actggctgtg
cctgaaacag

ctggctggat
agctcagatc

ggaaaccgtyg
gctgccacct
agccactgac
gcetgtgggce
gagaggcgaa
gctgacaaca

taccaggtgy
ccatcgcecgac

ccagggctta
gccagctgtce
ccettggggc
tgggcacggt
ggacagcccc
gggctgccct
cggcegaegcecc

moltype =

tacgtgcctyg
ccoogocage
agcccataca
gcccocgggcaa
tcctggctag
cattctacca

DNA

Location/Qualifiers

1..8611
mol type
organism

ctccoccogegc

gcccecgggcaa
gcgcgcagag
ccgccatgcet
ctagaccctt
acgctcectgt

gactaaaaaa

ttggggccct

aggcctgggyg
ccceccaaca

agatcttcga
gcttatacgt
ctgtcccececcg

ggggcagccc
acggtgcccg
gcccecctecty
gccctcattce
cgcccaggta
aaatcaaaga
tacttctgct
gaggtggagyg
aacgctcagt
gatgggagac
aaggggagcea
aacaacaacg
ctgacactygg
aacatcatgg
cagagcaccc

gggctggece
gtggtgtgcc
cagctgggga
aagtctattc

gaagccattc
tttcagctgc
tatgagcgca
tacgtgacaa
gaggacaaga
acagccctgy
ggcgaaattt
atgatggacc
ctgatcggca
ctgctgaaca

caccgggtgc
aagactgagyg
ctgaagagac

cgggtgaact
accgccgcecc

tggaccgadgg
gaggagcagt
cacacaaccg
ctgaaggccg
gacctgctga
aactttgccc
tctcaggctyg
accaccgtga
ccacctcccce
gaactggacc
gatctgctga
attgctccac
ctgggcatcc
aagctgctgc
ttcggaccag

othexr DNA

length

16

-continued

ggactcccaa
tagactcagc
aggccatggyg
cgagctgaaa
tcacaccctyg
ccacctccac

= 8611

agtattactyg
acttagttta
gctgggcaag
gctcatctgce
taggctcctc
agcacagaca

Adeno-aggsociated wvirus

gttggccgat
agcccygygycy
agggagtggc
aattatctac
cagattaaaa
ctctcectceta
aggccatgga
gctgtctagc
acacccgaga
cctgetgect
acaaggctgt
gcctgggact
ccagctagac
atacaaggcc
ggcaacgagc
gctagtcaca
taccaccacc
agtttagtct
actgctcctc
ctaaaagctg
attgttatga
tcagcaaatt
ggctgctgga
ctagggtgca
tggatctggt
gcctgatctyg
ccgggcetgcea
gcaactatcc
tgaatgctct
agcagtctgce
tcgaaaaact
tgatgtacat
aggaggtgga
atcatcagat
ccagtagtcce
ctagcgaccc
gctttgggtc
aggaggtgct
ccaatgacgt
tgacagctca
ccgggaaact
gcecgetggga
tgatggacct
aacgcacaag
aggtgcagca
ccctgacaca
tggaggaaca

acaggtgggt
gtctgtttag

gctttaagga
atctggagaa
gcaccctgaa
gctgcetggga
tgaccacaac
caacccgcga
agaagaagag
tgaagctgag
ttgattcccet
tgaaggagaa
agctgagccc
aggtggcetgt
ccagccagca

tcattaatgc
tcgggcgacc
caactccatc
gtagccatgt
ataactgagyg
tctgcccatce
gcecagaggygyy
atgccccact
tgcctggtta
ctaaaaataa
gggggactga
cccaaagtat
tcagcactta
atggggctgyg
tgaaagctca
ccctgtaggce
tccacagcac
CCCCgtCcttLL
agtggatgtt
cggaattgta
aagggaggac
tgggaagcag
tctgctggaa
cgccectgaac
gaatattggc
gaacattatt
gcagaccaat
ccaggtgaac
gattcacagc
cacacagcgc
gctggaccca
tactagcctyg
aatgctgccc
gcattacagc
aaaaccacgg
tactagatcc
cagcctgatyg
gagctggctyg
ggaagtggtyg
ccaggyggygcedce
gagtgaggac
gtgtctgaga
gcagaaccag
gaagatggag
gcataaggtyg
tatggtggtyg
gctgaaggtyg
gctgetgcag
tgcttggcty
tcagaacgaa
aaagaagcag
gaacaagagc
caacctggtyg
ccagcctagce
acagatcctyg

aaccctggag
gcaggccgaa
gcaggaccac
cgtgagtcat
atacaatctyg

ggaagaccgg
ctttctgagce

agctggcegcyg
tttggtcgcce

actaggggtt
ctagagttta

taagggcctyg
ggccctttgyg
cgagggcaac

acgggtctag
taattaaccc

ccectgtecct
gggcaggcetyg
tactgttcca
gtttaggaac
gcaagctgca
tctgctctca
tcectectatat
agacagacac
tatttcaggt
gcctttactt
ccocgoeggcecy
gtgcagaaga
cacatcgaga
ggactgactg
aacgtgaaca
agtactgata
ctgcactggc
tccgagaaga
gtgattaact
cacaggcctyg
ctggaacatyg
gaggatgtgg
ttccaggtgce
cgccecocccca
cagcagatta
ttcaagtcct
ccctttecat
gaaagcgagyd
ctgagtgctyg
aaggatcagt
gtgggcaata
gaggaaacag
gtggctagta
aaactgaaag
gaggagccac
ctgcaggadgyg
gtggtggacyg
ctgggggacc
gacatcctgce

agcgagaaag
atgctgtcta
agcatgggca
gtgacccaga
cagaaactgyg
ctgacccaga
gtgaaacatg
cggctgecadgy
gtgattaagg
ctggaaaagyg
gtgaacgatc
agcacactgyg
gtgcggcagc
acatccgtgc

480
540
600
660
720
780
810

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880

2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3600
3720
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aggggccctg
cccagaccac

tgaacaacgt
ccectgtgect
tgaagcagaa
acgacaggct
gcctgaacty
gttttaaaac
tgttcaagca
tgcatgatag
acatcgaacc
ctgctetgtt
tgcacagagt
aatgtcccat
agagctgctt
aatattgcac
ataagtttcg
agacagtgct
atctttattt
gataagtagc
actccctcetce
ccgggcetttyg
agaggcccgc
ccagacgatt
tggcggtaat
ggcaagtgat
acagactctt
accgttcectg
cgaggaaagc
cattaagcgc
tagcgcccgc
gtcaagctct
accccaaaaa
tttttegeece
gaacaacact
cggcctattyg
tattaacgtt
gattatcaac
ctecttgtttyg
aatagctacc
tgatttgact
cattgcattt
ttctceccegea
ctctgaggct
tgttggaagt
atatggtgca
ccgccaacac
caagctgtga
cgcgcegagac
atggtttett
CCatttttct
cttcaataat
ccctttttty
aaagatgctg
ggtaagatcc
gttctgctat
cgcatacact

acggatggca
gcggccaact

aacatggggy
ccaaacgacyg

ttaactggcyg
gataaagttyg
aaatctggag
aagccctccc
aatagacaga
gtttactcat
gtgaagatcc
tgagcgtcag
gtaatctgct
caagagctac
actgtccttce
acatacctcg
cttaccgggt

gggggttcegt
cagcgtgagc

ggagagggcc
ttgttgggac
gaggtttagc
ggatctgctyg
cgatcagcca
gdagcaggagd
gctgctgaac
tgggattatc
ggtggctagt
tatccagatt
cagcgtgcgc
cctggattygg
ggctgccgcc
tatcggettt
cttttccgga
cccaactaca

gactaagagg
ggaaggagac
tcattagatc
atggcgggtt
tgcgcecgceteg
cccygyggeggce
accgatcgcece
gagcgtcaaa
attgttctygg
gttattacta
ttactcggtg
tctaaaatcc
acgttatacg
ggcgggtgtyg
tccttteget
aaatcggggg
acttgattag
tttgacgttyg
caaccctatc
gttaaaaaat
tacaatttaa
cggggtacat
ctccagactc
ctctceccggcea
gtctccggcec
aaaatatatg
aaagtattac
ttattgctta
tcctgatgeg
ctctcagtac
ccgctgacgc
ccgtetecygyg
gaaagggcct
agacgtcagg
aaatacattc
attgaaaaag
cggcattttg
aagatcagtt
ttgagagttt
gtggcgeggt
attctcagaa
tgacagtaag
tacttctgac
atcatgtaac
agcgtgacac
aactacttac
caggaccact
ccggtgageg
gtatcgtagt
tcgctgagat
atatacttta
tttttgataa
accccgtaga
gcttgcaaac
caactctttet
tagtgtagcc
ctctgctaat
tggactcaag
gcacacagcc
tatgagaaag

atttctccca
catcccaaga
gcttacagaa
tcocctgteceg
atggatatcc
cacaacaacc
gtgtatgaca
tccectgtgta
agcactggat
cctagacagce
agctgtttcc
atgcgcectygg
gaaactgcca
cgctacagga
agagtggcca
tctggcgaag
tacttcgcca
aatatggaga
tgtgtgttygyg
aatcattaac
ctcgctcecact
ctcagtgagc
cttcccaaca
atgtaggtat
atattaccag
atcaaagaag
gcctcactga
ctttaatcygg
tgctcgtcaa
gtggttacgc
CCcttccecctt
ctcecctttag
ggtgatggtt
gagtccacgt
tcggtctatt
gagctgattt
atatttgett
atgattgaca
tcaggcaatg
tgaatttatc
tttctcaccc
agggttctaa
agggtcataa
attttgctaa
gtattttcte
aatctgctct

gccctgacgy
gagctgcatyg
cgtgatacgc
tggcactttt
aaatatgtat
gaagagtatyg
ccttectgtt
gggtgcacga
tcgccocccgaa
attatcccgt
tgacttggtt
agaattatgc
aacgatcgga
tcgecttgat
cacgatgcct
tctagettece
tctgcecgeteg
tgggtctcgce
tatctacacg
aggtgcctca
gattgattta
tctcatgacc
aaagatcaaa
aaaaaaacca
tccgaaggta
gtagttaggc
cctgttacca
acgatagtta
cagcttggag
cgccacgcett

acaaggtgcc
tgacagaact
ccgctatgaa
ccgcectgega
tgcagatcat
tggtgaacgt
ctgggcgcac
aggcccacct
tttgtgacca
tgggagaggt
agtttgccaa
aaccacagag
agcaccaggc
gtctgaaaca
aaggacacaa
atgtgcgcga
agcaccccceg
ccgatacaat
ttttttgtgt
tacaaggaac
gaggccgggc
gagcgagcgc
gttgcgcagc
ttccatgagce
caaggccgat
tattgcgaca
ttataaaaac
ccteoetgttt
agcaaccata
gcagcgtgac
cctttetege
ggttccgatt
cacgtagtygg
tctttaatag
Cttttgattt
aacaaaaatt
atacaatctt
tgctagtttt
acctgatagc
agctagaacg
gtttgaatct
aaatttttat
tgtttttggt
ttctttgect
cttacgcatc
gatgccgcat
gcttgtctgc
tgtcagaggt
ctatttttat
cggggaaatg
ccgctcatga
agtattcaac
tttgctcacc
gtgggttaca
gaacgttttc
attgacgccg
gagtactcac
agtgctgcca
ggaccgaagyyd

cgttgggaac
gtagcaatgyg

cggcaacaat
gcecttecgy
ggtatcattyg
acggggagtc
ctgattaagc
aaacttcatt
aaaatccctt
ggatcttett
ccgctaccag
actggcttca
caccacttca
gtggctgcetyg
ccggataagg
cgaacgacct

cccgaaggga

17

-continued

ctactatatt
gtaccagtcc
gctgagacgyg
tgccctggat
caactgcctyg
gcctcectgtge
cggccggatc
gdaggacaag
gcgccgectyg
ggctagtttce
taacaaacct
catggtgtgyg
taaatgcaac
CLLttaactac
gatgcactac
ttttgccaag

catggggtat
gtgagcggcc
gtctagagca
ccctagtgat
gaccaaaggt
gccagctggce
ctgaatggcy
gtttttectg
agtttgagtt
acggttaatt
acttctcagyg
agctcccget
gtacgcgccc
cgctacactt
cacgttcgcc
tagtgattta
gccatcgecc
tggactcttyg
ataagggatt
taacgcgaat
cctgtttttyg
acgattaccy
ctttgtagag
gttgaatatc
ttacctacac
ccttgegttyg
acaaccgatt
tgcctgtatyg
tgtgcggtat
agttaagcca
tccecggeatce
tttcaccgtc
aggttaatgt
tgcgcggaac
gacaataacc
atttcegtgt
cagaaacgct
tcgaactgga
caatgatgag
ggcaagagca
cagtcacaga
taaccatgag
agctaaccgc
cggagctgaa
caacaacgtt
taatagactyg

ctggctggtt
cagcactggyg
aggcaactat
attggtaact
Cttaatttaa
aacgtgagtt
gagatccttt
cggtggtttyg
gcagagcgca
agaactctgt
ccagtggcga
cgcagcggtc
acaccgaact
gaaaggdgcgga

aatcacgaga
ctggccgatc
ctgcagaagyg
cagcataatc
accactatct
gtggatatgt
agagtgctga
tacaggtacc
ggactgctgc
ggaggatcta
gaaatcgagg
ctgcctgtygce
atctgcaagyg
gatatttgcc
cctatggtgy
gtgctgaaga
ctgccagtgc
gcaataaaag
tggctacgta
ggagttggcce
cgcoccecgacgc
gtaatagcga
aatggaagtt
ttgcaatggc
cttctactca
tgcgtgatgy
attctggcgt
ctgattctaa
tgtagcggcy
gccagcgccc
ggctttcccc
cggcacctcy
tgatagacgyg
ttccaaacty
ttgccgattt
tttaacaaaa
gggcttttet
ttcatcgatt
acctctcaaa
atattgatgyg
attactcagyg
aaataaaggc
tagctttatg
atttattgga
ttcacaccgc
gccceccgacac
cgcttacaga
atcaccgaaa
catgataata
ccctatttgt
ctgataaatyg
cgccecttatt
ggtgaaagta
tctcaacagc
cacttttaaa
actcggtcgc
aaagcatctt
tgataacact
ttttttgcac
tgaagccata
gcgcaaacta
gatggaggcyg
tattgctgat
gccagatggt
ggatgaacga
gtcagaccaa
aaggatctag
ttcgttccac
ttttectgege
tttgccggat
gataccaaat
agcaccgegt
taagtcgtgt
gggctgaacg
gagataccta

caggtatccg

3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440

7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
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gtaagcggca
tatctttata
tcgtcagggy
gccttttget

aaccgtatta
agcgagtcag

SEQ ID NO:
FEATURE
source

SEQUENCE :

cagccactat
cctggttata
cctcaccccc
tctaaaaata

tgggggccag
cgaagggcca
agtcagccct
ccggggtggy
ccetggggac
gcacaggggc

SskEQ ID NO:
FEATURE
source

SEQUENCE :

gcccaatacyg
ctcgcecteget
cggcctcagt
ccttgtagtt
actatgggtc
ttataattaa
ccoccaccecec
aaataaccct

gccagggctt
ggccagctgt
gccettgggg
gtgggcacgg
gggacagccc
ggggctgecc

gccaggtaag
atcaaagaac

cttctgetet
ggtggaggat
cgctcagtte
tgggagacgg
ggggagcact
caacaacgtg

gacactgggc
catcatggcc

gagcacccgc
gctggcecctyg
ggtgtgccag
gctggggatce
gtctattetyg

agccattcag
tcagctgcat
tgagcgcacce
cgtgacaact
ggacaagagc
agccctggag
cgaaatttcc
gatggacctyg
gatcggcacc
gctgaacagc
ccgggtgcetyg
gactgaggaa
gaagagacag
ggtgaactcc
cgccgccectyg
gaccgaggac
ggagcagtgt

gggtcggaac
gtcctgtegy
ggcggagcct
ggccttttgce

ccgggtttga
tgagcgacca

4

gggtctaggc
attaacccag

accccggtgce
accctgtccc
ggcttatacyg
gctgtccccc
tggggcagcc
cacggtgccc
agcccectect

tgccceccecgygyg

5

caaaccgcct
cactgaggcc
gagcgagcga
aatgattaac
taggctgccc
cccagacatg

ggtgcectggyg

gtccetggty
atacgtgcct

ccoccocgecag
cagcccatac

tgcccgggca
ctcctggcecta

ccgggtcecacc
Cttagtcttt
tgctcecctcecag
aaaagctgcy
tgttatgaaa
agcaaatttyg
ctgctggatc

agggtgcacyg
gatctggtga
ctgatctgga
gggctgcage
aactatcccc
aatgctctga
cagtctgcca
gaaaaactgc
atgtacatta
gaggtggaaa
catcagatgc
agtagtccaa
agcgacccta
tttgggtcca
gaggtgctga
aatgacgtgg
acagctcacc
gggaaactga
cgctgggagt
atggacctgc
cgcacaagga
gtgcagcagc
ctgacacata
gaggaacagc
aggtgggtgc
ctgtttagtyg

aggagagcgc
gtttcgccac
atggaaaaac
tcacatgttc
gtgagctgat
agcggaagag

moltype =

acgaggygagc
ctctgacttg
gccagcaacyg
tttcctgegt
accgctcegcec
C

DNA

Location/Qualifiers

1. .564
mol type
organism

tgcccatgta
acatgtggct
ctgggtctta
tggtgggcetyg
tgcctgggac
gccagctaga
catacaaggc
gggcaacgay
ggctagtcac
tcac

moltype =

othexr DNA

length

18

-continued

ttccaggggy
agcgtcgatt
cggccttttt
tatcccctga

gcagccgaac

= bo4

aaacgcctgyg
tttgtgatgce
acggttcctyg
ttctgtggat

gaccgagcgc

Adeno-aggociated virus

aggaggcaag
gCtCCCCCCC
ggctctgtac
tgggggactg
tcccaaagta
ctcagcactt
catggggctyg
ctgaaagctc
accctgtagyg

DNA

Location/Qualifiers

1..8409
mol type
organism

ctccoccogegc

gcccgggcaa
gcgcgcagag
ccgcecatgcet
atgtaaggag
tggctgcetcec
tcttaggctce
ggctgtgggy
gggactccca
ctagactcag
aaggccatygg
acgagctgaa
gtcacaccct
accacctcca
Ctgtctttta
tggatgttgc
gaattgtacc
gggaggacgt
ggaagcagca
tgctggaagg
ccctgaacaa
atattggcag
acattattct
agaccaattc
aggtgaacgt
ttcacagcca
cacagcgcct
tggacccaga
ctagcctgtt
tgctgcecceccecceyg
attacagcca
aaccacggtt

ctagatcccce
gcctgatgga
gctggctgcet
aagtggtgaa
aggggcgcegt
gtgaggacga
gtctgagagt
agaaccagaa
agatggagga
ataaggtgct
tggtggtggt
tgaaggtgct
tgctgcagga
cttggctgag

othexr DNA

length

gcctggggac
cccaacacct
accatggagyg

agggcaggct
ttactgttcc

agtttaggaa

ggcaagctgc
atctgctcetce
ctcctctata

= 8409

acccgagatg
gctgcctgag
agaagctcgce
gtaacaggct
atgttcccgyg
ccagtgagca
acgcctgggt

aggggccocct
taacccaggy

Adeno-agsociated wvirus

gttggccgat
agccegggeyg
agggagtggc
aattatctac
gcaaggcctg
CCCCCCCCad
tgtacaccat
gactgagggce
aagtattact
cacttagttt

ggctgggcaa
agctcatctyg

gtaggctcct
cagcacagac
tttcaggtcc
cCttacttct
cgoggaecgcec
gcagaagaag
catcgagaat
actgactggc
cgtgaacaaa
tactgatatc

gcactggcag
cgagaagatc
gattaacttc
caggcctgat

ggaacatgcc
ggatgtggac
ccaggtgctyg
cooccccaaa
gcagattacc
caagtcctac

ctttccatcece
aagcgaggtg
gagtgctgaa
ggatcagttc
gggcaatatc
ggaaacagaa
ggctagtatyg
actgaaagag
ggagccactyg
gcaggaggat
ggtggacgaa
gdggggaccyd
catcctgcetg

cgagaaagag

tcattaatgc

tcgggcgacc
caactccatc
gtagccatgt
gggacacccyg
cacctgcetygce
gygaggagaag
aggctgtaac
gttccatgtt
aggaaccagt
gctgcacgcc
ctctcagggy
ctatataacc

agacactcag

cggatccggt
aggcctgtac

accatgctgt
acttttacca
ctgttttccyg
cagaagctgc
gctctgagag
gtggacggga
gtgaaaaatg
ctgctgtett
actacatcct
ctgttcgact
ttcaatatcyg
actacatacc

ccacagcagg
gtgactaaag
gtgagcctgyg
gcttataccece
cagcacctgyg
aatctggatc
gacacactgc
cacacacacyg
ctgcagctgy
gtgcaggagc
gagaagcagt
ctgaacgact
ggacccgacce
ctggaacagyg
tctagtggayg
tgggccaaca
aaatggcaga

gacgccgtga

agctggcgcyg
tttggtcgec
actaggggtt
ctagacagcc
agatgcctgyg
ctgagcctca
ctcgcectcectaa

aggcttgggy
cccggcgaag
gagcaagtca
tgggtccggy
ccectecectyg

caggggcaca
gagccagcca
ggtggtgcaa
ggaagtgtta
ggtgggagga
agtgggtgaa
acctgcagga
ccaaagagaa
tgctgcagaa
accacaaact
tgatgaagaa
gggtgcggca
gygagcgacygy
ggaatagcgt
ctcggtacca
cagataaaaa
tgtctattga
aggagcattt
ctcagggata
aggctgcecta
aggccccaga

ggtaccagac
aggcccagyggygy
agggctatat
gctctaaact
agatgaacct
ccaacctgca
ggctgacaaa
tggaggatct
agcaggtgcyg
atcacgccac
tttgccggty
ggctgaccga
acaagatcca

8340
8400
8460
8520
8580
8611

60

120
180
240
300
360
420
480
540
564

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920

1280
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
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cacaaccggc
gaaggccgat
cctgcectgagc
ctttgceccgc
tcaggctgty
caccgtgaca
acctccceccayg
actggaccty
tctgetgatt
tgctceccacty

gggcatccag
gctgetgcayg
cggaccagcc
ttctcccaac
tcccaagatg
ttacagaacc
cctgtcegcec
ggatatcctyg
caacaacctg
gtatgacact
cctgtgtaag
cactggattt
tagacagctg
ctgtttccag
gcgcectggaa
aactgccaag
ctacaggagt
agtggccaaa
tggcgaagat
cttcgccaag
tatggagacc
tgtgttggtt
tcattaacta
cgctcactga
cagtgagcga
tcccaacagt
gtaggtattt
attaccagca
caaagaagta
ctcactgatt
ttaatcggcc
ctcgtcaaag
ggttacgcgc
cttccecttcec
ccectttagygg
tgatggttca
gtccacgttc
ggtctattct
gctgatttaa
atttgcttat
gattgacatyg
aggcaatgac
aatttatcag
tctcacccgt
ggttctaaaa
ggtcataatyg
tttgctaatt
attttctcct
tctgctcectga
cctgacgggce
gctgcatgty
tgatacgcct
gcactttteyg
atatgtatcc
agagtatgag
Ctcctgtttt
gtgcacgagt
gcccoccgaaga
tatcccgtat
acttggttga

aattatgcag
cgatcggagy
gccttgatcg
cgatgcctgt
tagcttccecyg
tgcgctcggc

tttaaggatc
ctggagaaaa
accctgaaga
tgctgggaca
accacaaccc
acccgcgaac
aagaagagaa
aagctgaggc
gattccctgc
aaggagaacg
ctgagcccat
gtggctgtgg
agccagcact
aaggtgccct
acagaactgt
gctatgaagc
gcctgcgatyg
cagatcatca
gtgaacgtgc
gyggcgcaccy
gcccacctgy
tgtgaccagc
ggagaggtgg
tttgccaata
ccacagagca
caccaggcta
ctgaaacatt
ggacacaaga
gtgcgcgatt
cacccccogcea
gatacaatgt
ttttgtgtgt
caaggaaccc
ggccgggceda
gcgagcgogc
tgcgcagect
ccatgagcgt
aggccgatag
ttgcgacaac
ataaaaacac
tcctgtttag
caaccatagt
agcgtgaccg
tttctcgceca
ttccgattta
cgtagtgggc
tttaatagtg
Cttgatttat
caaaaattta
acaatcttcc
ctagttttac
ctgatagcct
ctagaacggt
ttgaatcttt
aCtttttatcc
tttttggtac
ctttgecctty
tacgcatctg
tgccgcatag
ttgtctgetce
tcagaggttt
atttttatag

gggaaatgtg
gctcatgaga
tattcaacat
tgctcaccca
gggttacatc
acgttttcca
tgacgccgggy
gtactcacca
tgctgccata
accgaaggag
ttgggaaccyg
agcaatggca
gcaacaatta
ccttecggcet

agaacgaaat
agaagcagag
acaagagcgt
acctggtgca
agcctagcect
agatcctggt
ccctggagceg
aggccgaagt
aggaccacct
tgagtcatgt
acaatctgag
aagaccgggt
ttctgagcac
actatattaa
accagtccct
tgagacggct
ccctggatcea
actgcctgac
ctctgtgegt
gccggatcag
aggacaagta
gccgecetggy
ctagtttcygg
acaaacctga
tggtgtggct
aatgcaacat
ttaactacga
tgcactaccc
ttgccaaggt
tggggtatct
gagcggccgc
ctagagcatg
ctagtgatgg
ccaaaggtcg
cagctggcgt
gaatggcgaa
Ctttcctgtt
tttgagttet
ggttaatttyg
ttctcaggat
ctcececgetcet
acgcgccectyg
ctacacttgc
cgttcgecygyg
gtgatttacyg
catcgccctyg
gactcttgtt
aagggatttt
acgcgaattt
tgtttttgygg
gattaccgtt
ttgtagagac
tgaatatcat
acctacacat
ttgcgttgaa
aaccgattta
cctgtatgat
tgcggtattt
ttaagccagc
ccggceatcecg
tcaccgtcat
gttaatgtca

cgcggaaccc
caataaccct
ttccgtgteyg
gaaacgctgyg
gaactggatc
atgatgagca
caagagcaac
gtcacagaaa
accatgagtyg
ctaaccgctt
gagctgaatg
acaacgttgc
atagactgga
ggctggttta

gctgtctagce
catgggcaaa
gacccagaag
gaaactggag
gacccagaca
gaaacatgcc
gctgcaggag
gattaagggg

ggaaaaggtg
gaacgatctg

cacactggag
gcggcagcetyg
atccgtgcag
tcacgagacc
ggccgatctyg
gcagaaggcc
gcataatctg
cactatctac
ggatatgtgc
agtgctgagt
caggtacctyg
actgctgctyg
aggatctaac
aatcgaggct
gcectgtgcety
ctgcaaggaa
tatttgccag
tatggtggaa
gctgaagaat
gccagtgcag
aataaaagat
gctacgtaga
agttggccac
ccogacgecc
aatagcgaag
tggaagttcc
gcaatggctyg
tctactcagy
cgtgatggac
tctggcegtac
gattctaacyg
tagcggcgca
cagcgcccta
ctttcecegt
gcacctcgac
atagacggtt
ccaaactgga
gccgattteg
taacaaaata
gocttttetga
catcgattct
ctctcaaaaa
attgatggtyg
tactcaggca
ataaaggctt
gctttatget
ttattggatg
cacaccgcat
ccocgacaccec
cttacagaca
caccgaaacyg
tgataataat

ctatttgttt
gataaatgct
cccttattec
tgaaagtaaa
tcaacagcgg
cttttaaagt
tcggtcecgecyg
agcatcttac
ataacactgc
ttttgcacaa
aagccatacc
gcaaactatt
tggaggcgga
ttgctgataa

19

-continued

ctgcagaaac
ctgtatagcc
acagaagcct
aaaagtacag
accgtgatgyg
caggaagagc
ctgcaggaag
tcttggcagce
aaggctctga
gctagacagce
gacctgaata
catgaggccc
gggcccetggyg
cagaccactt
aacaacgtga
ctgtgcctgy
aagcagaacyg
gacaggctgyg
ctgaactggc
tttaaaactyg
ttcaagcagy
catgatagta
atcgaaccca
gctctgttec
cacagagtgyg
tgtcccatta
agctgcttcet
tattgcaccc
aagtttcgga
acagtgctgyg
cCttattttc
taagtagcat
tcecctetetyg
gggctttgcc
aggcccgceac
agacgattga
gcggtaatat
caagtgatgt
agactctttt
cgttcctgtce
aggaaagcac
ttaagcgcgy
gcgcccgcetce
caagctctaa
cccaaaaaac
tttcegccctt
acaacactca
gcctattggt
ttaacgttta
ttatcaaccy
cttgtttget
tagctaccct
atttgactgt
ttgcatttaa
ctcccecgcaaa
ctgaggcttt
ttggaagttc
atggtgcact
gccaacaccc
agctgtgacc
cgcgagacga
ggtttcttag
atttttctaa
tcaataatat
cttttttgeg
agatgctgaa
taagatcctt
tctgctatgt

catacactat

ggatggcatg
ggccaactta

catgggggat
aaacgacgag
aactggcgaa
taaagttgca
atctggagcc

tggctgtgct
tgaaacagga
ggctggataa
ctcagatctc
aaaccgtgac
tgccacctcec
ccactgacga
ctgtgggcga
gaggcgaaat
tgacaacact
ccaggtggaa
atcgcgactt
agagggccat
gttgggacca
ggtttagcgc
atctgctgtc
atcagccaat
agcaggagca
tgctgaacgt
ggattatctc
tggctagtag
tccagattcc
gcgtgcgcag
tggattggat
ctgccgecga
tcggetttcy
tttcecggaag
caactacatc
ctaagaggta
aaggagacaa
attagatctyg
ggcgggttaa
cgcgceteget
cgggceggect
cgatcgcecct
gcgtcaaaat
tgttctggat
tattactaat
actcggtggc
taaaatccct
gttatacgtg
cgggtgtggt
ctttegettt
atcgggggcet
ttgattaggy
tgacgttgga
accctatctce
taaaaaatga
caatttaaat
gggtacatat
ccagactctc
ctcecggcatyg
ctcecggectt
aatatatgag
agtattacag
attgcttaat
ctgatgcggt
ctcagtacaa
gctgacgcgc
gtctceccggga
aagggcctcyg
acgtcaggtyg
atacattcaa
tgaaaaagga
gcattttgcc
gatcagttgg
gagagttttc

ggcgcggtat
tctcagaatg
acagtaagag
cttctgacaa
catgtaactc
cgtgacacca
ctacttactc

ggaccacttc
ggtgagcgtyg

2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480

6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
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ggtﬂtﬂgﬂgg
tctacacgac

gtgcctcact
ttgatttaaa
tcatgaccaa
agatcaaagyg
aaaaaccacc
cgaaggtaac
agttaggcca
tgttaccagt
gatagttacc
gcttggagceg
ccacgcttcec
gagagcgcac
ttcgceccacct
ggaaaaacgc
acatgttctt
gagctgatac
cggaagagc

SEQ ID NO:
FEATURE

regulatory

tatcattgca
ggggagtcag
gattaagcat
acttcatttt
aatcccttaa
atcttcttga
gctaccagcy
tggcttcagce
ccacttcaag
ggctgctgcec
ggataaggcg
aacgacctac
cgaagggaga
gagggagctt
ctgacttgag
cagcaacgcg
tcctgegtta
cgctcecgecge

misc_feature

misc_feature

misc_feature

misc_feature

misc_feature

sOource

SEQUENCE :

cagcagctgc
acctttggtc
tcgttacata
tgacgtcaat

aatgggtgga
caagtacgcc

acatgacctt
ccatggtgat
gatttccaag
gggactttcc

tacggtggga
gccatccacy

tagaggatcc
Cttgtctttt

gtggatgttg
ggaattgtac
aggtaagtgc
tgttcggcga
gctggccggc
ggaaacactt
ttgctgttga
tagcaccatt
caattatctt

gctetggtgce
cggtcggcac
tcaaaatgga
agggcctttce
aggcacctcg
ttttatgcega
cacttgatgt
aagcctcaga
gctaccggac
atgagtttgg
gtgatgctat
attgcattca
catggctacg

atggagttgg

gcgctcocgetce
gcccggcectce
acttacggta
aatgacgtat
gtatttacgg
ccectattgac
atgggacttt

gcggttttygg
tctecacccc

aaaatgtcgt
ggtctatata
ctgttttgac

ggtactcgag
atttcaggtc

cCctttacttc

cCydyygygccyda
cgtgtgtggt
ggcggggcect
ctgtttgaat

gctgggatta
cagtgagcgc
tgaaatcggt
gtttactaaa

ctggcectege
cagttgcgtg
ggacgcgygcyd
cgtcctcecagce
attagttctc
tggagtttcc
aattctcctt
cagtggttca
tcagatctcg
acaaaccaca
Cgctttattt
Ctttatgttt
tagataagta
ccactccctce

gcactggggc
gcaactatgg

tggtaactgt
taatttaaaa
cgtgagtttt
gatccttttt
gtggtttgtt
agagcgcaga
aactctgtag
agtggcgata
cagcggtcgg
accgaactga
aaggcggaca

ccagygygygyaa
cgtcgatttt

gcctttttac
tcccoctgatt
agccgaacga

moltype =

cagatggtaa
atgaacgaaa
cagaccaagt
ggatctaggt
cgttccactyg
ttctgegegt
tgccggatca
taccaaatac
caccgcegtac
agtcgtgtcet
gctgaacggy
gatacctaca
ggtatccggt
acgcctggta
tgtgatgctc
ggttcctggce
ctgtggataa

ccgagogceag

DNA

Location/Qualifiers

120..52606
note =

927..1087
note =
1088..137
note =
1257
note =
1380
note =
1896 ..209
note =
1..5910
mol type
organism

gctcactgag
agtgagcgag
aatggcccgc
gttcccatag
taaactgccc
gtcaatgacg
cctacttggc
cagtacatca
attgacgtca
aacaactccyg
agcagagctc
ctccatagaa
gaactgaaaa

ccggatcecgy
taggcctgta

tccaccggtc

tccecgeggygce
gcgagcgceyy
gaggcttcag
cttcttcagg

aaccgatttc
tatgcctact
actgaatacc

gccgeagtgt
agcggaaaga
ctcgggagag
cgtcgcttcea
gagcttttgy
ccacactgag
ggaatttgcc
aagttttttct
agctcaagct
actagaatgc
gtaaccatta

caggttcagy

gcatggcggyg
tctgcgegcet

promoter -
regulatory class

Intron -

5

1

EFla

shRNA-m1R29-¢C
..1284
miR-29c
..1854
Intron -

EFla

polvAa

othexr DNA

length

20

-continued

gccctececgt
tagacagatc
ttactcatat
gaagatcctt
agcgtcagac
aatctgctygc
agagctacca
tgtcctteta
atacctcgcet
taccgggtty
gggttcgtgce
gcgtgagceta
aagcyggcagy
tctttatagt
gtcagggggy
cttttgctgyg
ccgtattacc

cgagtcagtyg

= 59210

CMV promotor
promoter

intron

intron

atcgtagtta
gctgagatag
atactttaga
tttgataatc
cccgtagaaa
ttgcaaacaa
actctttttc
gtgtagccgt
ctgctaatcc
gactcaagac
acacagccca
tgagaaagcy
gtcggaacag

cctgtaegggt
cggagcectat

ccttttgete

gggtttgagt
agcgaccaag

Adeno-aggociated virus

gccgeccggy
cgagcgcgca
ctggctgacc
taacgccaat
acttggcagt
gtaaatggcc
agtacatcta
atgggcgtgg
atgggagttt
ccceccattgac
gtttagtgaa
gacaccggga
accagaaagt
tggtggtgca
cggaagtgtt
tttttcgcaa
gdgcgacgdgygd
ccaccgagaa
tactttacag
ttaacccaac
aaatggtgct
gcctcggaat
ttgctatctc

atcgceccgce
tggccgcettce
cgggcegggtyg
tgtgactcca
agtacgtcgt
tgggtggaga
ctttttgagt
cCtccatttc
gcggggatcec
agtgaaaaaa
taagctgcaa
gggaggtgtg
tCaatcatta
cgctegcetea

caaagcccygyg
gagagggagdt
gcccaacgac
agggactttc
acatcaagtg
cgcctggcat
cgtattagtc
atagcggttt
gttttggcac

gcaaatgggc
ccgtcagatc

ccgatccagce
taactggtaa
aatcaaagaa
acttctgctce

cgggtttgec
ccegtgegte

tcggacgggy
aatcgttgcce

agaaggctcyg
agagtgaagc

tcaaggggct
tttgatacat

cctgggeggce
ccggecctygce
agtcacccac
cggagtaccyg
ctttaggttyg
ctgaagttag
ttggatcttyg
aggtgtcgtyg
agacatgata
atgctttatt
taaacaagtt
ggaggttttt
actacaagga

ctgaggccgyg

gcgtcecgggceyg
ggggttaaac
cceccocgeccat

cattgacgtc
tatcatatgc
tatgcccagt
atcgctatta

gactcacggy
caaaatcaac

ggtaggcgtyg
gcctggagac
ctccggactce
gtttagtcett
ctgctcectcea
taaaagctgc
gccagaacac
ccagcgcaca
gtagtctcaa
tgcacatctt
agaaggtata
cacagatgtc
actttaggag

tggccggect
aaggctggcec
tgcagggagc
acaaaggaaa
ggcgccgtec
g49999a9999

gccagcttgyg
gttcattcte

aaaagctagc
agatacattyg
tgtgaaattt
aacaacaaca
tcactagtag
acccctagtyg
gcgaccaaag

7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8409

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1280
2040
2100
2160
2220
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gtcgcccgac
gcgtaatagc
cgaatggaat
gttgcaatgyg
CEcttctactc
ttgcgtgatg
gattctggcy
tctgattcta
ctgtagcggc
tgccagcegcec
cggctttccc
acggcacctce
ctgatagacg
gttccaaact
tttgcecgatt
ttttaacaaa
ggggcttttc
gttcatcgat
gacctctcaa
catattgatg
cattactcag
gaaataaagyg
ttagctttat
gatttattgg
ttcacaccgc
gcccecgacac
cgcttacaga
atcaccgaaa
catgataata
ccctatttgt
ctgataaatg
cgcccttatt
ggtgaaagta
tctcaacagce
cacttttaaa
actcggtcgce
aaagcatctt
tgataacact
ttttttgcac
tgaagccata
gcgcaaacta
gatggaggcy
tattgctgat
gccagatggt
ggatgaacga
gtcagaccaa
aaggatctag
ttcgttccac
ttttetgege
tttgccggat
gataccaaat
agcaccgcct
taagtcgtgt
gggctgaacg
gagataccta
caggtatccg
aaacgcctygg
tttgtgatgce
acggttcctg
ttctgtggat
gaccgagcgc
tctececcecgeyg

SEQ ID NO:
FEATURE

gccecgggcett
gaagaggccc
tccagacgat
ctggcggtaa
aggcaagtga
gacagactct
taccgttcct
acgaggaaag
gcattaagcyg
ctagcgeccy
cgtcaagctc
gaccccaaaa
gtttttecgece
ggaacaacac
tcggectatt
atattaacgt
tgattatcaa
Cctcttgttt
aaatagctac
gtgatttgac
gcattgcatt
cttctceecgce
gctctgaggce
atgttggaat
atatggtgca
ccgocaacac
caagctgtga
cgcgcgagac
atggtttctt
CCtatttttct
cttcaataat
ccctttttty
aaagatgctyg
ggtaagatcc
gttctgctat
cgcatacact

acggatggca
gcggcecaact

aacatggggyg
ccaaacgacyg
ttaactggcy
gataaagttg
aaatctggag
aagccctecec
aatagacaga
gtttactcat
gtgaagatcc
tgagcgtcag
gtaatctgct
caagagctac
actgtccttc
acatacctcyg
cttaccgggt

gggggttcgt
cagcgtgagc
gtaagcggca
tatctttata
tcgtcaggygyg
gccttttget
aaccgtatta
agcgagtcag
cgttggccga

7

misc_feature

misc_feature

misc_feature

migc feature

misc_feature

misc_feature

tgccecgggceyg
gcaccgatcyg
tgagcgtcaa
tattgttctyg
tgttattact
tttactcggt
gtctaaaatc
cacgttatac
cggcgggtgt
ctcetttege
taaatcggygyg
aacttgatta
ctttgacgtt
tcaaccctat
ggttaaaaaa
ttacaattta
ccggggtaca
gctccagact
ccteteocgge
tgtctccgygce
taaaatatat
aaaagtatta
Cttattgctt
tcctgatgceg
ctctcagtac
ccgctgacgc
ccgtcectecygg
gaaagggcct
agacgtcagg
aaatacattc
attgaaaaag
cggcattttg
aagatcagtt
ttgagagttt
gtggcgceggt
attctcagaa
tgacagtaag
tacttctgac
atcatgtaac
agcgtgacac
aactacttac
caggaccact
ccggtgagceg
gtatcgtagt
tcgctgagat
atatacttta
tttttgataa
accccgtaga
gcttgcaaac
caactctttt
tagtgtagcc
ctctgctaat
tggactcaag
gcacacagcc
tatgagaaag
gggtcggaac
gtcctgtcecgy
ggcggagect
ggccttttgc
ccgectttga
tgagcgagga
ttcattaatyg

moltype =

gcctcagtga
ccctteccaa
aatgtaggta
gatattacca
aatcaaagaa
ggcctcactyg
cctttaatcg
gtgctcgtca
ggtggttacyg
CCtcttccect
gctcecttta
gggtgatggt
ggagtccacy
ctcggtctat
tgagctgatt
aatatttgcet
tatgattgac
ctcaggcaat
atgaatttat
ctttctcacc
gagggttcta
cagggtcata
aattttgcta
gtattttecte
aatctgctcect

gccctgacgg
gagctgcatg
cgtgatacgc
tggcactttt
aaatatgtat
gaagagtatg
ccttectgtt
gggtgcacga
tcgcccocgaa
attatcccgt
tgacttggtt
agaattatgc
aacgatcgga
tcgceccttgat
cacgatgcct
tctagcttec
tctgcgeteyg
tgggtctcgc
tatctacacyg
aggtgcctca
gattgattta
tctcatgacc
aaagatcaaa
aaaaaaacca
tccgaaggta
gtagttaggc
cctgttacca
acgatagtta
cagcttggag
cgccacgcett
aggagagcgc
gtttcgccac
atggaaaaac
tcacatgttc
gtgagctgat
agcggaagag

DNA

Location/Qualifiers

1..29¢6
note =
1..8

note =
9..1306
note =
1392..160
note =
161..175
note =
176..199

FSE-I cut gite

miR-29¢ target

miR-29¢ target

length

21

-continued

gcgagcgagc
cagttgcgca
tttccatgag
gcaaggccga
gtattgcgac
attataaaaa
gcctectgtt
aagcaaccat
cgcagcgtga
tccttteteg
gggttccgat
tcacgtagty
CCctttaata
CCcttttgatt
taacaaaaat
tatacaatct
atgctagttt
gacctgatag
cagctagaac
cgtttgaatc
aaaattttta
atgtttttgg
attctttgece
cttacgcatc
gatgccgcat
gcttgtctgce
tgtcagaggt
ctatttttat
cggggaaatg
ccgctcatga
agtattcaac
tttgctcacc
gtgggttaca
gaacgttttc
attgacgccy
gagtactcac
agtgctgcca
ggaccgaagyd
cgttgggaac

gtagcaatgyg
cggcaacaat

gcccttecgy
ggtatcattg
acggggagtc
ctgattaagc
aaacttcatt
aaaatccctt
ggatcttett
ccgctaccag
actggcttca
caccacttca
gtggctgcetg
ccggataagyg
cgaacgacct
cccgaaggga
acgagggygagdc
ctctgacttyg
gccagcaacyg
tttcctgegt
accgctegec
cgcccaatac

= 296

Synthetic oligonucleotide

miR-30 backbone

(senge)

(genge)

gcgccagcetyg
gcctgaatgg
cgttttteet
tagtttgagt
aacggttaat
cacttctcayg
tagctccoccgc
agtacgcgcc
ccgctacact
ccacgttegce
ttagtgcttt
ggccatcgec
gtggactctt
tataagggat
ttaacgcgaa
CCcctgttttt
tacgattacc
cctttgtaga
ggttgaatat
tttacctaca
tccttgegtt
tacaaccgat
ttgcctgtat
tgtgcggtat
agttaagcca
tcceggeatc
tttcaccgtc
aggttaatgt
tgcgcggaac
gacaataacc
atttccegtgt
cagaaacgct
tcgaactgga
caatgatgag
ggcaagagca
cagtcacaga
taaccatgag
agctaaccgc
cggagctgaa
caacaacgtt
taatagactyg
ctggctggtt
cagcactggyg
aggcaactat
attggtaact
CCLtaatttaa
aacgtgagtt
gagatccttt
cggtggtttyg
gcagagcgca
agaactctgt
ccagtggcga
cgcagcggtc
acaccgaact
gaaaggcgga
ttccaggggy
agcgtcgatt
cggecttttt
tatcccctga
gcagccgaac
gcaaaccgcc

strand

strand

2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5910
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-continued

note = miR-30 stem loop
migc feature 200..288

note = miR-29¢ guide ({(antisense) strand
migc feature 289..296

note = miR-30 backbone
source 1..2906

mol type = other DNA

organism = synthetic construct
SEQUENCE :
ggccggcectyg tttgaatgag gcttcagtac tttacagaat cgttgectge acatcttgga 60
aacacttgct gggattactt cttcaggtta acccaacaga aggctcgaga aggtatattg 120
ctgttgacag tgagcgcaac cgatttcaaa tggtgctaga gtgaagccac agatgtctag 180
caccatttga aatcggttat gcctactgcece tcggaattca aggggctact ttaggagcaa 240
ttatcttgtt tactaaaact gaataccttg ctatctcttt gatacattgg ccggcc 296
SEQ ID NO: 8 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc feature 1..22

note = Synthetic oligonucleotide
source 1..22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 8
accgatttca aatggtgcta ga 22
SEQ ID NO: 9 moltype = DNA length = 24
FEATURE Location/Qualifiers
migc feature 1..24

note = Synthetic oligonucleotide
gource 1..24

mol type = other DNA

organism = synthetic construct
SEQUENCE: ©
tctagcacca tttgaaatcg dgtta 24
SEQ ID NO: 10 moltype = DNA length = 407
FEATURE Location/Qualifiers
migc feature 1..407

note = CMV promotor
source 1..407

mol type = other DNA

organism = synthetic construct
SEQUENCE: 10
ctecgttacat aacttacggt aaatggcccg cctggcetgac cgcecccaacga cccceccgcecca 60
ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt ccattgacgt 120
caatgggtgg agtatttacg gtaaactgcc cacttggcag tacatcaagt gtatcatatg 180
ccaagtacgce cccecctattga cgtcaatgac ggtaaatggce ccocgectggca ttatgecccag 240
tacatgacct tatgggactt tcctacttgg cagtacatct acgtattagt catcgcetatt 300
accatggtga tgcggttttg gcagtacatc aatgggcgtg gatagceggtt tgactcacgg 360
ggatttccaa gtctccacce cattgacgte aatgggagtt tgttttg 407

1. A method of treating muscular dystrophy comprising
administering 1) a therapeutically eflective amount of a
recombinant AAV vector expressing micro-dystrophin and
expression of micro-dystrophin 1s controlled by a muscle
specific control element nucleotide sequence and 11) a thera-
peutically eflective amount of a recombinant AAV vector
expressing miR-29¢ and expression of miR-29c¢ 1s controlled
by a muscle-specific control element nucleotide sequence.

2. A method of 1ncreasing muscular force or muscle mass
in a subject suflering from muscular dystrophy comprising
administering 1) a therapeutically eflective amount of a
recombinant AAV vector expressing micro-dystrophin and
expression of micro-dystrophin 1s controlled by a muscle
specific control element nucleotide sequence and 11) a thera-
peutically effective amount of recombinant AAV vector
expressing miR-29¢ and expression of miR-29c¢ 1s controlled
by a muscle-specific control element nucleotide sequence.

3. Amethod of reducing or preventing fibrosis 1n a subject
suflering from muscular dystrophy comprising administer-
ing 1) a therapeutically effective amount of 1) a recombinant

AAV vector expressing micro-dystrophin and expression of
micro-dystrophin 1s controlled by a muscle specific control
clement nucleotide sequence and 11) a therapeutically effec-
tive amount of recombinant AAV vector expressing miR-29¢
and expression ol miR-29c¢ 1s controlled by a muscle-
specific control element nucleotide sequence.
4. The method of claim 1 wherein the muscular dystrophy
1s Duchenne muscular dystrophy.
5. The method of claim 1 wherein the nucleotide sequence
encoding the micro-dystrophin protein comprises
a) a nucleotide sequence that 1s at least 85% 1dentical to
the nucleotide sequence SEQ ID NO: 1 and encodes a
functional micro-dystrophin protein, or
b) the nucleotide sequences of SEQ ID NO: 1.

6. The method of claim 1 wherein the recombinant AAV
vector expressing miR-29¢ comprises:

a) the nucleotide sequences of SEQ ID NO: 8 and SEQ ID
NO: 9,

b) the nucleotide sequence of SEQ ID NO: 7, or

¢) the nucleotide sequence of SEQ ID NO: 6.
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7. The method of claim 1 wherein at least one of the
muscle specific control element 1s human skeletal actin gene
clement, cardiac actin gene element, myocyte-specific
enhancer binding factor mef, muscle creatine kinase (MCK),
truncated MCK (tMCK), myosin heavy chamm (MHC),
hybrid oa-myosin heavy chain enhancer-’'MCK enhancer-
promoter (MHCKY7), C3-12, murine creatine Kkinase
enhancer element, skeletal fast-twitch troponin ¢ gene ele-
ment, slow-twitch cardiac troponin ¢ gene eclement, the
slow-twitch troponin 1 gene element, hypoxia-inducible
nuclear factors, steroid-inducible element or glucocorticoid
response element (GRE).

8. The method of claim 1 wherein the muscle specific
control element controlling expression of micro-dystrophin
comprises SEQ ID NO: 2 (MHCK?7).

9. The method of claim 1 wherein the muscle specific
control element controlling expression of miR-29¢ com-
prises SEQ ID NO: 10 (CMV).

10. The method of claim 1 wherein the recombinant AAV
vector expressing micro-dystrophin comprises 1) the nucleo-
tide sequences of SEQ ID NO: 1 (micro-dys) and 11) the
nucleotide sequence of SEQ ID NO: 2 (MHCKY7).

11. The method of claim 1 wherein the recombinant AAV
vector expressing micro-dystrophin comprises the nucleo-

tide sequence of SEQ ID NO: 3.

12. The method of claim 1 wherein the recombinant AAV
vector expressing miR-29¢ comprises 1) the nucleotide
sequence of SEQ ID NO: 8 or SEQ ID NO: 9 and 11) the
nucleotide sequence of SEQ ID NO: 10 (CMV).
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13. The method of claim 1 wherein the recombinant AAV
vector expressing miR-29¢ comprises the nucleotide
sequence of SEQ 1D NO: 6.

14. The method of claim 1 wherein the recombinant AAV
vector expressing micro-dystrophin comprises 1) the nucleo-
tide sequences of SEQ ID NO: 1 (micro-dys) and 11) the
nucleotide sequence of SEQ 2 (MHCK?/), and wherein the
recombinant AAV vector expressing miR-29¢ comprises 1)
the nucleotide sequence of SEQ ID NO: 8 or SEQ ID NO:
9 and 11) the nucleotide sequence of SEQ ID NO: 10 (CMV).

15. The method of claim 1 wherein the recombinant AAV
vector expressing micro-dystrophin comprises the nucleo-
tide sequence of SEQ ID NO: 3 and the recombinant AAV
vector expressing miR-29¢ comprises the nucleotide
sequence of SEQ ID NO: 6.

16. The method of claam 1 wherein at least one of the
recombinant AAV vectors 1s the serotype AAVrh.74, AAV1,
AAV2, AAV4, AAVS5, AAV6, AAVT, AAVE, AAV9, AAV 10,
AAVI11, AAV12 or AAV13.

17. The method of claim 1 wherein at least one of the
recombinant AAV vectors 1s administered by intramuscular
injection or travenous injection.

18. The method of claim 1 wherein at least one of the
recombinant AAV vectors 1s administered systemically.

19. The method of claim 18, wherein at least one of the
recombinant AAV vectors 1s parenterally administered by

injection, infusion or implantation.
20-57. (canceled)
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