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Fig . 2E 
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Figure 5 
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Figure 7A 
SEQ ID NO 1 : 
MLWWEEVEDCYEREDVQKKTFTKWVNAQFSKFGKQHIENLFSDLQDGRRLLDLLEGLTG QKLPKEKGSTRVHALNNVNKALRVLQNNNVDLVNIGSTDIVDGNHKLTLGLIWNIILHWQ VKNVMKNIMAGLQQTNSEKILLSWVRQSTRNYPQVNVINFTTSWSDGLALNALIHSHRPDL 
FDWNSVVCQQSATQRLEHAFNIARYQLGIEKLLDPEDVDTTYPDKKSILMYITSLFQVLPQQ VSIEAIQEVEMLPRPPKVTKEEHFQLHHQMHYSQQITVSLAQGYERTSSPKPRFKSYAYTQ 
AAYVTTSDPTRSPFPSQHLEAPEDKSFGSSLMESEVNLDRYQTALEEVLSWLLSAEDTLQA QGEISNDVEVVKDQFHTHEGYMMDLTAHQGRVGNILQLGSKLIGTGKLSEDEETEVQEQM 
NLLNSRWECLRVASMEKQSNLHRVLMDLQNQKLKELNDWLTKTEERTRKMEEEPLGPDL 
EDLKRQVQQHKVLQEDLEQEQVRVNSLTHMVVVVDESSGDHATAALEEQLKVLGDRWAN ICRWTEDRWVLLQDILLKWQRLTEEQCLFSAWLSEKEDAVNKIHTTGFKDQNEMLSSLQK 
LAVLKADLEKKKQSMGKLYSLKQDLLSTLKNKSVTQKTEAWLDNFARCWDNLVQKLEKS TAQISQAVTTTQPSLTQTTVMETVTTVTTREQILVKHAQEELPPPPPQKKRQITVDSEIRKRL 
DVDITELHSWITRSEAVLQSPEFAIFRKEGNFSDLKEKVNAIEREKAEKFRKLQDASRSAQA 
LVEQMVNEGVNADSIKQASEQLNSRWIEFCQLLSERLNWLEYQNNIIAFYNQLQQLEQMT TTAENWLKIQPTTPSEPTAIKSQLKICKDEVNRLSGLQPQIERLKIQSIALKEKGQGPMFLDA 
DFVAFTNHFKQVFSDVQAREKELQTIFDTLPPMRYQETMSAIRTWVQQSETKLSIPQLSVT DYEIMEQRLGELQALQSSLQEQQSGLYYLSTTVKEMSKKAPSEISRKYQSEFEEIEGRWKK LSSQLVEHCQKLEEQMNKLRKIQNHIQTLKKWMAEVDVFLKEEWPALGDSEILKKQLKQC RLLVSDIQTIQPSLNSVNEGGQKIKNEAEPEFASRLETELKELNTQWDHMCQQVYARKEAL KGGLEKTVSLQKDLSEMHEWMTQAEEEYLERDFEYKTPDELQKAVEEMKRAKEEAQQKE 
AKVKLLTESVNSVIAQAPPVAQEALKKELETLTTNYQWLCTRLNGKCKTLEEVWACWHEL LSYLEKANKWLNEVEFKLKTTENIPGGAEEISEVLDSLENLMRHSEDNPNQIRILAQTLTD 
GGVMDELINEELETFNSRWRELHEEAVRRQKLLEQSIQSAQETEKSLHLIQESLTFIDKQLA 
AYIADKVDAAQMPQEAQKIQSDLTSHEISLEEMKKHNQGKEAAQRVLSQIDVAQKKLQDV SMKFRLFQKPANFEQRLQESKMILDEVKMHLPALETKSVEQEVVQSQLNHCVNLYKSLSE VKSEVEMVIKTGRQIVQKKQTENPKELDERVTALKLHYNELGAKVTERKQQLEKCLKLSR KMRKEMNVLTEWLAATDMELTKRSAVEGMPSNLDSEVAWGKATQKEIEKQKVHLKSITE 
VGEALKTVLGKKETLVEDKLSLLNSNWIAVTSRAEEWLNLLLEYQKHMETFDQNVDHITK WIIQADTLLDESEKKKPQQKEDVLKRLKAELNDIRPKVDSTRDQAANLMANRGDHCRKLV EPRISELNHRFAAISHRIKTGKASIPLKELEQFNSDIQKLLEPLEAEIQQGVNLKEEDFNKD MNEDNEGTVKELLQRGDNLQQRITDERKREEIKIKQQLLQTKHNALKDLRSQRRKKALEIS HQWYQYKRQADDLLKCLDDIEKKLASLPEPRDERKIKEIDRELQKKKEELNAVRRQAEGL SEDGAAMAVEPTQIQLSKRWREIESKFAQFRRLNFAQIHTVREETMMVMTEDMPLEISYVP STYLTEITHVSQALLEVEQLLNAPDLCAKDFEDLFKQEESLKNIKDSLQQSSGRIDIIHSKKT AALQSATPVERVKLQEALSQLDFQWEKVNKMYKDROGRFDRSVEKWRRFHYDIKIFNQW LTEAEQFLRKTQIPENWEHAKYKWYLKELQDGIGQRQTVVRTLNATGEEIIQQSSKTDASIL QEKLGSLNLRWQEVCKQLSDRKKRLEEQKNILSEFQRDLNEFVLWLEEADNIASIPLEPGK EQQLKEKLEQVKLLVEELPLRQGILKQLNETGGPVLVSAPISPEEQDKLENKLKQTNLQWI KVSRALPEKQGEIEAQIKDLGQLEKKLEDLEEQLNHLLLWLSPIRNQLEIYNQPNQEGPFD VQETEIAVQAKQPDVEEILSKGQHLYKEKPATQPVKRKLEDLSSEWKAVNRLLQELRAKQP DLAPGLTTIGASPTQTVTLVTQPVVTKETAISKLEMPSSLMLEVPALADFNRAWTELTDWLS LLDQVIKSQRVMVGDLEDINEMIIKQKATMQDLEQRRPQLEELITAAQNLKNKTSNQEART IITDRIERIQNQWDEVQEHLQNRRQQLNEMLKDSTQWLEAKEEAEQVLGQARAKLESWKE GPYTVDAIQKKITETKQLAKDLRQWQTNVDVANDLALKLLRDYSADDTRKVHMITENINAS WRSIHKRVSEREAALEETHRLLQQFPLDLEKFLAWLTEAETTANVLQDATRKERLLEDSKG VKELMKQWQDLQGEIEAHTDVYHNLDENSQKILRSLEGSDDAVLLQRRLDNMNFKWSEL RKKSLNIRSHLEASSDQWKRLHLSLQELLVWLQLKDDELSRQAPIGGDFPAVQKQNDVHR AFKRELKTKEPVIMSTLETVRIFLTEQPLEGLEKLYQEPRELPPEERAQNVTRLLRKQAEEV NTEWEKLNLHSADWQRKIDETLERLQELQEATDELDLKLRQAEVIKGSWQPVGDLLIDSL 



U.S. Patent Mar. 16 , 2021 Sheet 14 of 28 US RE48,468 E 

Figure 7B 
QDHLEKVKALRGEIAPLKENVSHVNDLARQLTTLGIQLSPYNLSTLEDLNTRWKLLQVAVE DRVRQLHEAHRDFGPASQHFLSTSVQGPWERAISPNKVPYYINHETQTTCWDHPKMTELY 
QSLADLNNVRFSAYRTAMKLRRLQKALCLDLLSLSAACDALDQHNLKQNDQPMDILQIINC 
LTTIYDRLEQEHNNLVNVPLCVDMCLNWLLNVYDTGRTGRIRVLSFKTGIISLCKAHLEDK 
YRYLFKQVASSTGFCDQRRLGLLLHDSIQIPRQLGEVASFGGSNIEPSVRSCFQFANNKPEIE AALFLDWMRLEPQSMVWLPVLHRVAAAETAKHQAKCNICKECPIIGFRYRSLKHFNYDICQ 
SCFFSGRVAKGHKMHYPMVEYCTPTTSGEDVRDFAKVLKNKFRTKRYFAKHPRMGYLPV 
QTVLEGDNMETPVTLINFWPVDSAPASSPQLSHDDTHSRIEHYASRLAEMENSNGSYLNDS 
ISPNESIDDEHLLIQHYCQSLNQDSPLSQPRSPAQILISLESEERGELERILADLEEENRNLQ AEYDRLKQQHEHKGLSPLPSPPEMMPTSPQSPRDAELIAEAKLLRQHKGRLEARMQILED HNKRLESQLHRLRQLLEQPQAEAKVNGTTVSSPSTSLQRSDSSQPMLLRVVGSQTSDSMGE 
EDLLSPPQDTSTGLEEVMEQLNNSFPSSRGRNTPGKPMREDTM 
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Figure 8 

Human IGF - 1 Isoform 4 amino acid sequence 

SEQ ID NO 2 : 
MGKISSLPTQLFKCCFCDFLKVKMHTMSSSHLFYLALCLLTFTSSATAGPETLCGAELVDAL 
QFVCGDRGFYFNKPTGYGSSSRRAPQTGIVDECCFRSCDLRRLEMYCAPLKPAKSARSVRA 
QRHTDMPKTQKEVHLKNASRGSAGNKNYRM 
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Figure 9A 

DMD Gene Exon 43 

SEQ ID CGACC UGAGC UUUGU UGUAG NO 3 
SEQ ID CGACC UGAGC UVUGU UGUAG ACUAU NO4 
SEQ ID CCUGA GCUUU GUUGU AGACU AUC NO 5 
SEQ ID CGUUG CÁCUU UGCAA UGCUG CUG NO 6 
SEQ ID CUGUA GCUUC ACCCU UUCC 
NO 7 
SEQ ID GAGAG AGCUU CCUGU AGCUU CACC NO 8 
SEQ ID GUCCU UGUACAUUUU GUUAA CUUUU UC 
NO9 
SEQ ID GGA GAG AGC UUC CUG UAG CU 
NO 263 
SEQ ID UCA CCC UUU CCA CAG GCG UUG CA NO 264 
SEQ ID UGCACUUUGCAAUGCUGCUGUCUUCUUG 
NO 265 CUAU 
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Figure 9B 

AGCUUCUGUUAGCCACUGAUUAAA 

CAGCUUCUGUUAGCCACUGAUUAAA 

AGCUUCUGUUAGCCACUGAUUAAA 

AGCUUCUGUUAGCCACUGAU 

GCUUCUGUUAGCCACUGAUU 

AGCUUCUGUUAGCCACUGAUU 

GCUUCUGUUAGCCACUGAUUA 

AGCUUCUGUUAGCCACUGAUUA 

SEQ ID UCAGCUUCUGUUAGCCACUG NO 10 
SEQ ID UUCAGCUUCUGUUAGCCACU NO 11 
SEQ ID UUCAGCUUCUGUUAGCCACUG NO 12 
SEQ ID UCAGCUUCUGUUAGCCACUGA NO 13 
SEQ ID UUCAGCUUCUGUUAGCCACUGA NO 14 
SEQ ID UCAGCUUCUGUUAGCCACUGA NO 15 
SEQ ID UUCAGCUUCUGUUAGCCACUGA NO 16 
SEQ ID UCAGCUUCUGUUAGCCACUGAU NO 17 
SEQ ID UUCAGCUUCUGUUAGCCACUGAU NO 18 
SEQ ID UCAGCUUCUGUUAGCCACUGAVU NO 19 
SEQ ID UUCAGCUUCUGUUAGCCACUGAUU NO 20 
SEQ ID UCAGCUUCUGUUAGCCACUGAUUA NO 21 
SEQ ID UUCAGCUUCUGUUAGCCACUGAUA NO 22 
SEQ ID UCAGCUUCUGUUAGCCACUGAUUAA NO 23 
SEQ ID UUCAGCUUCUGUUAGCCACUGAUUAA NO 24 
SEQ ID UCAGCUUCUGUUAGCCACUGAUUAAA NO 25 

SEQ ID 
NO 35 
SEQ ID 
NO 36 
SEQ ID 
NO 37 
SEQ ID 
NO 38 
SEQ ID 
NO 39 
SEQ ID 
NO 40 
SEQ ID 
NO 41 
SEQ ID 
NO 42 
SEQ ID 
NO 43 
SEQ ID 
NO 44 
SEQ ID 
NO 45 
SEQ ID 
NO 46 
SEQ ID 
NO 47 
SEQ ID 
NO 48 
SEQ ID 
NO 49 
SEQ ID 
NO 50 
SEQ ID 
NO 51 

GCUUCUGUUAGCCACUGAUUAA 

AGCUUCUGUUAGCCACUGAUUAA 

GCUUCUGUUAGCCACUGAUUAAA 

AGCUUCUGUUAGCCACUGAVUAAA 

GCUUCUGUUAGCCACUGAUUAAA 

CCAUUUGUAUUUAGCAUGUUCCC 

AGAUACCAUUUGUAUUUAGC 

GCCAUUUCUCAACAGAUCU 

SEQ ID UUCAGCUUCUGUUAGCCACUGAUUAAA GCCAUUUCUCAACAGAUCUGUCA NO 26 



U.S. Patent Mar. 16 , 2021 Sheet 18 of 28 US RE48,468 E 

Figure 9C 

SEQ ID CAGCUUCUGUUAGCCACUG NO 27 
SEQ ID CAGCUUCUGUUAGCCACUGAU 
NO 28 
SEQ ID AGCUUCUGUUAGCCACUGAUU NO 29 
SEQ ID CAGCUUCUGUUAGCCACUGAUU NO 30 
SEQ ID AGCUUCUGUUAGCCACUGAUUA NO 31 
SEQ ID CAGCUUCUGUUAGCCACUGAUUA NO 32 
SEQ ID AGCUUCUGUUAGCCACUGAUUAA NO 33 
SEQ ID CAGCUUCUGUUAGCCACUGAUUAA NO 34 
SEQ ID UCAUAAUGAAAACGCCGCCAUUUCUCAACAG 
NO 266 AUCU 

SEQ ID AUUCUCAGGAAUUUGUGUCUUUC NO 52 
SEQ ID UCUCAGGAAUUUGUGUCUUUC 
NO 53 
SEQ ID GUUCAGCUUCUGUUAGCC NO 54 
SEQ ID CUGAUUAAAUAUCUUUAUAU C NO 55 
SEQ ID GCCGCCAUUUCUCAACAG NO 56 
SEQ ID GUAUUUAGCAUGUUCCCA NO 57 
SEQ ID CAGGAAUUUGUGUCUUUC NO 58 
SEQ ID UUU GUG UCU UUC UGA GAA AC NO 267 
SEQ ID UUUAGCAUGUUCCCAAUUCUCAGGA 
NO 268 AUUUG 
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Figure 9D 

DMD Gene Exon 45 

UUUGCCGCUGCCCAAUGCCAUCCUG GUUGCAUUCAAUGUUCUGACAACAG 

AUUCAAUGUUCUGACAACAGUUUGC UUGCAUUCAAUGUUCUGACAACAGU 

CCAGUUGCAUUCAAUGUUCUGACAA UGCAUUCAAUGUUCUGACAACAGUU 

CAGUUGCAUUCAAUGUUCUGAC GCAUUCAAUGUUCUGACAACAGUUU 

AGUUGCAUUCAAUGUUCUGA CAUUCAAUGUUCUGACAACAGUUUG 

GAUUGCUGAAUUAUUUCUUCC AUUCAAUGUUCUGACAACAGUUUGC 

GAUUGCUGAAUUAUUUCUUCCCCAG UCAAUGUUCUGACAACAGUUUGCCG 

AUUGCUGAAUUAUUUCUUCCCCAGU CAAUGUUCUGACAACAGUUUGCCGC 

UUGCUGAAUUAUUUCUUCCCCAGUU AAUGUUCUGACAACAGUUUGCCGCU 

SEQID 
NO 59 
SEQ ID 
NO 60 
SEQ ID 
NO 61 
SEQ ID 
NO 62 
SEQ ID 
NO 63 
SEQ 10 
NO 64 
SEQ ID 
NO 65 
SEQ ID 
NO 66 
SEQ ID 
NO 67 
SEQ ID 
NO 68 
SEQ1D 
NO 69 
SEO ID 
NO 70 
SEQ ID 
NO 71 
SEQ ID 
NO 72 
SEQ ID 
NO 73 
SEQID 
NO 74 
SEQ ID 
NO 75 
SEQ ID 
NO 76 
SEQ ID 
NO 77 

UGCUGAAUUAUUUCUUCCCCAGUUG 

SEQ ID 
NO 89 
SEQ ID 
NO 90 
SEQ ID 
NO 91 
SEQ ID 
NO 92 
SEQ ID 
NO 93 
SEQ ID 
NO 94 
SEQ ID 
NO 95 
SEQ ID 
NO 96 
SEQ ID 
NO 97 
SEQ ID 
NO 98 
SEQ ID 
NO 99 
SEQ ID 
NO 100 
SEQ ID 
NO 101 
SEQ ID 
NO 102 
SEQ ID 
NO 103 
SEQ ID 
NO 104 
SEQ ID 
NO 105 
SEQ ID 
NO 106 
SEQD 
NO 107 

AUGUUCUGACAACAGUUUGCCGCUG 

GCUGAAUUAUUUCUUCCCCAGUUGC UGUUCUGACAACAGUUUGCCGCUGC 

CUGAAUUAUUUCUUCCCCAGUUGCA GUUCUGACAACAGUUUGCCGCUGCC 

UGAAUUAUUUCUUCCCCAGUUGCAU UUCUGACAACAGUUUGCCGCUGCCC 

GAAUUAUUUCUUCCCCAGUUGCAUU UCUGACAACAGUUUGCCGCUGCCCA 

AAUUAUUUCUUCCCCAGUUGCAUUC CUGACAACAGUUUGCCGCUGCCCAA 

AUUAUUUCUUCCCCAGUUGCAUUCA UGACAACAGUUUGCCGCUGCCCAAU 

UUAUUUCUUCCCCAGUUGCAUUCAA GACAACAGUUUGCCGCUGCCCAAUG 

UAUUUCUUCCCCAGUUGCAUUCAAU ACAACAGUUUGCCGCUGCCCAAUGC 

AUUUCUUCCCCAGUUGCAUUCAAUG CAACAGUUUGCCGCUGCCCAAUGCC 
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Figure 9E 

SEO ID AACAGUUUGCCGCUGCCCAAUGCCA 

ACAGUUUGCCGCUGCCCAAUGCCAU 

CAGUUUGCCGCUGCCCAAUGCCAUC 

AGUUUGCCGCUGCCCAAUGCCAUCC 

GUUUGCCGCUGCCCAAUGCCAUCCU 

VUUGCCGCUGCCCAAUGCCAUCCUG 

SEQ ID 
NO 108 
SEQ ID 
NO 109 
SEO ID 
NO 110 
SEQ ID 
NO 111 
SEQID 
NO 112 
SEQ ID 
NO 113 
SEQ ID 
NO 114 
SEQ ID 
NO 115 
SEQ ID 
NO 116 
SEQ ID 
NO 117 
SEQ ID 
NO 118 
SEQ ID 
NO 272 
SEQ ID 
NO 273 

UUUCUUCCCCAGUUGCAUUCAAUGU NO 78 
SEQ ID UUCUUCCCCAGUUGCAUUCAAUGUU NO 79 
SEQ ID UCUUCCCCAGUUGCAUUCAAUGUUC NO 80 
SEO ID CUUCCCCAGUUGCAUUCAAUGUUCU NO 81 
SEQ ID UUCCCCAGUUGCAUUCAAUGUUCUG NO 82 
SEQ ID UCCCCAGUUGCAUUGAAUGUUCUGA NO 83 
SEO ID CCCCAGUUGCAUUCAAUGUUCUGAC N084 
SEQ ID CCCAGUUGCAUUCAAUGUUCUGACA NO 85 
SEQ ID CCAGUUGCAUUCAAUGUUCUGACAA NO 86 
SEQ ID CAGUUGCAUUCAAUGUUCUGACAAC NO 87 
SEO ID AGUUGCAUUCAAUGUUCUGACAACA NO 88 
SEQ ID UCC UGU AGA AUA CUG GCAUC NO 269 
SEQ ID UGC AGA CCU CCU GCC ACC GCA GAU UCA NO 270 
SEQ ID UUGCAGACCUCCUGCCACCGCAGAUUCAGGCU 
NO 271 UC 

UUGCCGCUGCCCAAUGCCAUCCUGG 

UGCCGCUGCCCAAUGCCAUCCUGGA 

GCCGCUGCCCAAUGCCAUCCUGGAG 

CCGCUGCCCAAUGCCAUCCUGGAGU 

CGCUGCCCAAUGCCAUCCUGGAGUU 

UGU UUU UGA GGA UUG CUG AA 
UGUUCUGACAACAGUUUGCCGCUGCCC 

AAUGCCAUCCUGG 
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Figure 9F 

DMD Gene Exon 46 

GCUUUUCUUUUAGUUGCUGCUCUUU AGGUUCAAGUGGGAUACUAGCAAUG 

CUUUUCUUUUAGUUGCUGCUCUUUU GGUUCAAGUGGGAUACUAGCAAUGU 

SEQ ID 
NO 119 
SEQ ID 
NO 120 
SEQ ID 
NO 121 
SEQ ID 
NO 122 

UUUUCUUUUAGUUGCUGCUCUUUUC GUUCAAGUGGGAUACUAGCAAUGUU 

UUUCUUUUAGUUGCUGCUCUUUUCC UUCAAGUGGGAUACUAGCAAUGUUA 

SEQ ID UUCUUUUAGUUGCUGCUCUUUUCCA UCAAGUGGGAUACUAGCAAUGUUAU 

UCUUUUAGUUGCUGCUCUUUUCCAG CAAGUGGGAUACUAGCAAUGUUAUC 

CUUUUAGUUGCUGCUCUUUUCCAGG AAGUGGGAUACUAGCAAUGUUAUCU 

UUUUAGUUGCUGCUCUUUUCCAGGU AGUGGGAUACUAGCAAUGUUAUCUG 

UUUAGUUGCUGCUCUUUUCCAGGUU GUGGGAUACUAGCAAUGUUAUCUGC 2.3 

SEQ ID 
NO 147 
SEQ ID 
NO 148 
SEQ ID 
NO 149 
SEQ ID 
NO 150 
SEQ ID 
NO 151 
SEQ ID 
NO 152 
SEQ ID 
NO 153 
SEQ ID 
NO 154 
SEQ ID 
NO 155 
SEQ ID 
NO 156 
SEQ ID 
NO 157 
SEQ ID 
NO 158 
SEQ ID 
NO 159 
SEQ ID 
NO 160 
SEQ ID 
NO 161 
SEQ ID 
NO 162 
SEQ ID 
NO 163 
SEQ ID 

UUAGUUGCUGCUCUUUUCCAGGUUC UGGGAUACUAGCAAUGUUAUCUGCU 

UAGUUGCUGCUCUUUUCCAGGUUCA 

NO 123 
SEQ ID 
NO 124 
SEQ ID 
NO 125 
SEQ ID 
NO 126 
SEQ ID 
NO 127 
SEQ ID 
NO 128 
SEQ ID 
NO 129 
SEQ ID 
NO 130 
SEQ ID 
NO 131 
SEQ ID 
NO 132 
SEQ ID 
NO 133 
SEQ ID 
NO 134 
SEQ ID 
NO 135 
SEQ ID 
NO 136 

GGGAUACUAGCAAUGUUAUCUGCUU 

AGUUGCUGCUCUUUUCCAGGUUCAA GGAUACUAGCAAUGUUAUCUGCUUC 

GUUGCUGCUCUUUUCCAGGUUCAAG GAUACUAGCAAUGUUAUCUGCUUCC 

UUGCUGCUCUUUUCCAGGUUCAAGU AUACUAGCAAUGUUAUCUGCUUCCU 

UGCUGCUCUUUUCCAGGUUCAAGUG UACUAGCAAUGUUAUCUGCUUCCUC 

GCUGCUCUUUUCCAGGUUCAAGUGG ACUAGCAAUGUUAUCUGCUUCCUCC 

CUGCUCUUUUCCAGGUUCAAGUGGG CUAGCAAUGUUAUCUGCUUCCUCCA 

UGCUCUUUUCCAGGUUCAAGUGGGA UAGCAAUGUUAUCUGCUUCCUCCAA NO 164 
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Figure 9G 

SEQ ID SEQ ID GCUCUUUUCCAGGUUCAAGUGGGAC AGCAAUGUUAUCUGCUUCCUCCAAC 
NO 137 NO 165 
SEQ ID CUCUUUUCCAGGUUCAAGUGGGAUA SEQ ID GCAAUGUUAUCUGCUUCCUCCAACC NO 138 NO 166 
SEQ ID SEQ ID UCUUUUCCAGGUUCAAGUGGGAUAC CAAUGUUAUCUGCUUCCUCCAACCA 
NO 139 NO 167 
SEQ ID SEQ ID CUUUUCCAGGUUCAAGUGGGAUACU AAUGUUAUCUGCUUCCUCCAACCAU 
NO 140 NO 168 
SEQ ID SEQ ID UUUUCCAGGUUCAAGUGGGAUACUA AUGUUAUCUGCUUCCUCCAACCAUA 
NO 141 NO 169 
SEQ ID SEQ ID UUUCCAGGUUCAAGUGGGAUACUAG UGUUAUCUGCUUCCUCCAACCAUAA 
NO 142 NO 170 
SEQ ID UUCCAGGUUCAAGUGGGAUACUAGC SEQ ID GUUAUCUGCUUCCUCCAACCAUAAA 
NO 143 
SEQ ID SEQ ID UCCAGGUUCAAGUGGGAUACUAGCA GCUGCUCUUUUCCAGGUUC 
NO 144 NO 172 
SEQ ID SEQ ID CCAGGUUCAAGUGGGAUACUAGCAA UCUUUUCCAGGUUCAAGUGG 
NO 145 NO 173 
SEQ ID SEQ ID CAGGUUCAAGUGGGAUACUAGCAAU AGGUUCAAGUGGGAUACUA 
NO 146 NO 174 
SEQ ID CUCUUUUCCAGGUUCAAGUGGGAUACUA SEQ ID UAUUCUUUUGUUCUUCUAGCCUGGAGAA 
NO 274 GC NO 276 AG 

SEQ ID CAAGCUUUUCUUUUAGUUGCUGCUCUU SEQ ID CUGCUUCCUCCAACCAUAAAACAAAUUC 
NO 275 UUCC NO 277 

NO 171 
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Figure 9H 

DMD Gene Exon 50 

CUCAGCUCUUGAAGUAAACG 

CCUCAGCUCUUGAAGUAAAC 

CCUCAGCUCUUGAAGUAAACG 

AUAGUGGUCAGUCCAGGAGCU 

SEQ ID 
NO 175 
SEQ ID 
NO 176 
SEQ ID 
NO 177 
SEQ ID 
NO 178 
SEQ ID 
NO 179 
SEQ ID 
NO 180 
SEQ ID 
NO 278 
SEQ ID 
NO 279 
SEQ ID 

CAGUC CAGGA GCUAG GUCAGG 

UAGUGGUCAGUCCAGGAGCUAGGUC 

CCACUCAGAGCUCAGAUCUUCUAACUUCC 

CUUCCACUCAGAGCUCAGAUCUUCUAA 

CAGUCCAGGAGCUAGGUCAGGCUGCUUUGC NO 280 1 
SEQ ID UCUUGAAGUAAACGGUUUACCGCCUUCCACU 
NO 281 CAGAGC 
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Figure 91 

UCAAGGAAGAUGGCAUUUCUAGUUU 

UCAAGGAAGAUGGCAUUUCU 

CAAGGAAGAUGGCAUUUCUAGUUUG 

AAGGAAGAUGGCAUUUCUAGUUUGG 

AGGAAGAUGGCAUUUCUAGUUUGGA 

GGAAGAUGGCAUUUCUAGUUUGGAG 

GAAGAUGGCAUUUCUAGUUUGGAGA 

AAGAUGGCAUUUCUAGUUUGGAGAU 

DMD Gene Exon 51 
SEQ ID AGAGCAGGUACCUCCAACAUCAAGG NO 181 
SEQ ID GAGCAGGUACCUCCAACAUCAAGGA NO 182 
SEQ ID AGCAGGUACCUCCAACAUCAAGGAA NO 183 
SEQ ID GCAGGUACCUCCAACAUCAAGGAAG NO 184 
SEQ ID CAGGUACCUCCAACAUCAAGGAAGA NO 185 
SEQ ID AGGUACCUCCAACAUCAAGGAAGAU NO 186 
SEQ ID GGUACCUCCAACAUCAAGGAAGAUG NO 187 
SEQ ID GUACCUCCAACAUCAAGGAAGAUGG NO 188 
SEQID UACCUCCAACAUCAAGGAAGAUGGC NO 189 
SEQ ID ACCUCCAACAUCAAGGAAGAUGGCA NO 190 
SEQ ID CCUCCAACAUCAAGGAAGAUGGCAU NO 191 
SEQ ID CUCCAACAUCAAGGAAGAUGGCAUU NO 192 
SEQ ID CUCCAACAUCAAGGAAGAUGGCAUU 
NO 193 UCUAG 
SEQ ID UCCAACAUCAAGGAAGAUGGCAUUU NO 194 
SEQ ID CCAACAUCAAGGAAGAUGGCAUUUC NO 195 

SEQ ID CAACAUCAAGGAAGAUGGCAUUUCU NO 196 
SEQ ID AACAUCAAGGAAGAUGGCAUUUCUA NO 197 
SEQ ID ACAUCAAGGAAGAUGGCAUUUCUAG NO 198 

SEQ ID 
NO 203 
SEQ ID 
NO 204 
SEQ ID 
NO 205 
SEQ ID 
NO 206 
SEQ ID 
NO 207 
SEQ ID 
NO 208 
SEQ ID 
NO 209 
SEQ ID 
NO 210 
SEQ ID 
NO 211 
SEQ ID 
NO 212 
SEQ ID 
NO 213 
SEQ ID 
NO 214 
SEQ ID 
NO 215 
SEQ ID 
NO 216 
SEQ ID 
NO 217 
SEQ ID 
NO 218 
SEQ ID 
NO 219 

AGAUGGCAUUUCUAGUUUGGAGAUG 

GAUGGCAUUUCUAGUUUGGAGAUGG 

AUGGCAUUUCUAGUUUGGAGAUGGC 

UGGCAUUUCUAGUUUGGAGAUGGCA 

GGCAUUUCUAGUUUGGAGAUGGCAG 

GCAUUUCUAGUUUGGAGAUGGCAGU 

CAUUUCUAGUUUGGAGAUGGCAGUU 

AUUUCUAGUUUGGAGAUGGCAGUUU 

UUUCUAGUUUGGAGAUGGCAGUUUC 

SEQ ID UUCUAGUUUGGAGAUGGCAGUUUCC NO 220 
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Figure 9J 

SEQ ID ACAUCAAGGAAGAUGGCAUUUCUAG 
NO 199 UUUGG 

SEQ ID ACAUCAAGGAAGAUGGCAUUUCUAG NO 200 
SEQ ID CAUCAAGGAAGAUGGCAUUUCUAGU NO 201 
SEQ ID AUCAAGGAAGAUGGCAUUUCUAGUU NO 202 
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Figure 9K 

DMD Gene Exon 52 

UUUGGGCAGCGGUAAUGAGUUCUU 

UUUGGGCAGCGGUAAUGAGUUCUUC 

UUGGGCAGCGGUAAUGAGUUCUUCC 

UGGGCAGCGGUAAUGAGUUCUUCCA 

GGGCAGCGGUAAUGAGUUCUUCCAA 

CCUCUUGAUUGCUGGUCUUGUUUUU SEQ ID 
NO 250 

CUCUUGAUUGCUGGUCUUGUUUUUC SEQ ID 
NO 251 

UCUUGAUUGCUGGUCUUGUUUUUCA SEQ ID 
NO 252 
SEQ ID CUUGAUUGCUGGUCUUGUUUUUCAA NO 253 

UUGAUUGCUGGUCUUGUUUUUCAAA SEQ ID 
NO 254 

UGAUUGCUGGUCUUGUUUUUCAAAU SEQ ID 
NO 255 

GAUUGCUGGUCUUGUUUUUCAAAUU SEQ ID 
NO 256 

AUUGCUGGUCUUGUUUUUCAAAUUU SEQ ID 
NO 257 

UUGCUGGUCUUGUUUUUCAAAUUUU SEQ ID 
NO 258 

UGCUGGUCUUGUUUUUCAAAUUUUG SEQ ID 

GGCAGCGGUAAUGAGUUCUUCCAAC 

GCAGCGGUAAUGAGUUCUUCCAACU 

CAGCGGUAAUGAGUUCUUCCAACUG 

SEQ ID 
NO 221 
SEQ ID 
NO 222 
SEQ ID 
NO 223 
SEQ ID 
NO 224 
SEQ ID 
NO 225 
SEQ ID 
NO 226 
SEQ ID 
NO 227 
SEQ ID 
NO 228 
SEQ ID 
NO 229 
SEQ ID 
NO 230 
SEQ ID 
NO 231 
SEQ ID 
NO 232 
SEQ ID 
NO 233 
SEQ ID 
NO 234 
SEQ ID 
NO 235 
SEQ ID 
NO 236 
SEQ ID 
NO 237 
SEQ ID 
NO 238 

AGCGGUAAUGAGUUCUUCCAACUGG 

GCGGUAAUGAGUUCUUCCAACUGGG NO 259 

GCUGGUCUUGUUUUUCAAAUUUUGG CGGUAAUGAGUUCUUCCAACUGGGG 

CUGGUCUUGUUUUUCAAAUUUUGGG GGUAAUGAGUUCUUCCAACUGGGGA 

SEQ ID 
NO 260 
SEQ ID 
NO 261 
SEQ ID 
NO 262 
SEQ ID 
NO 263 
SEQ ID 

UGGUCUUGUUUUUCAAAUUUUGGGC GUAAUGAGUUCUUCCAACUGGGGAC 

GGUCUUGUUUUUCAAAUUUUGCGCA UAAUGAGUUCUUCCAACUGGGGACG 

GUCUUGUUUUUCAAAUUUUGGGCAG AAUGAGUUCUUCCAACUGGGGACGC NO 264 

UCUUGUUUUUCAAAUUUUGGGCAGC AUGAGUUCUUCCAACUGGGGACGCC 

CUUGUUUUUCAAAUUUUGGGCAGCG 

SEQ ID 
NO 265 
SEQ ID 
NO 266 
SEQ ID 
NO 267 

UGAGUUCUUCCAACUGGGGACGCCU 

UUGUUUUUCAAAUUUUGGGCAGCGG GAGUUCUUCCAACUGGGGACGCCUC 
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Figure 9L 

AGUUCUUCCAACUGGGGACGCCUCU 

GUUCUUCCAACUGGGGACGCCUCUG NO 240 

UUCUUCCAACUGGGGACGCCUCUGU 

UCUUCCAACUGGGGACGCCUCUGUU 

CUUCCAACUGGGGACGCCUCUGUUC 

UUCCAACUGGGGACGCCUCUGUUCC 

SEQ ID UGUUUUUCAAAUUUUGGGCAGCGGU SEQ ID 
NO 239 NO 268 
SEQID GUUUUUCAAAUUUUGGGCAGCGGUA SEQ ID 

NO 269 
SEQ ID UUUUUCAAAUUUUGGGCAGCGGUAA SEQ ID 
NO 241 NO 270 
SEQ ID UUUUCAAAUUUUGGGCAGCGGUAAU SEQ ID 
NO 242 NO 271 
SEQ ID UUUCAAAUUUUGGGCAGCGGUAAUG SEQ ID 
NO 243 NO 272 
SEQ ID UUCAAAUUUUGGGCAGCGGUAAUGA SEQ ID 
NO 244 NO 273 
SEQ ID UCAAAUUUUGGGCAGCGGUAAUGAG SEQ ID 
NO 245 NO 274 
SEQ ID SEQ ID CAAAUUUUGGGCAGCGGUAAUGAGU NO 246 NO 275 
SEQID SEQ ID AAAUUUUGGGCAGCGGUAAUGAGUU NO 247 NO 276 
SEQ ID AAUUUUGGGCAGCGGUAAUGAGUUC SEQ ID 
NO 248 NO 277 

AUUUUGGGCAGCGGUAAUGAGUUCU SEQ ID 
NO 249 NO 283 
SEQ ID UCCAACUGGGGACGCCUCUGUUCC SEQ ID 
NO 282 AAAUCC NO 284 

GAUUG CUGGU CUUGU UUUUC 

CCUCU UGAUU GCUGG UCUUG 

GGUAA UGAGU UCUUC CAACU GG 

ACUGG GGACG CCUCU GUUCC 

SEQ ID ACUGGGGACGCCUCUGUUCCA 

CCGUAAUGAUUGUUCUAGCC 
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Figure 9M 

DMD Gene Exon 53 

SEQ ID CCAUUGUGUUGAAUCCUUUAACAUU NO 250 
SEQ ID CCAUUGUGUUGAAUCCUUUAAC NO 251 
SEQ ID AUUGUGUUGAAUCCUUUAAC NO 252 
SEQ ID CCUGUCCUAAGACCUGCUCA NO 253 
SEQ ID CUUUUGGAUUGCAUCUACUGUAUAG NO 254 
SEQ ID CAUUCAACUGUUGCCUCCGGUUCUG NO 255 
SEQ ID CUGUUGCCUCCGGUUCUGAAGGUG NO 256 
SEQ ID CAUUCAACUGUUGCCUCCGGUUCUGAAGGUG NO 257 
SEQ ID CUGAAGGUGUUCUUGUACUUCAUCC NO 258 
SEQ ID UGUAUAGGGACCCUCCUUCCAUGACUC NO 259 
SEQ ID AUCCCACUGAUUCUGAAUUC NO 260 
SEQ ID UUGGCUCUGGCCUGUCCUAAGA NO 261 
SEQ ID AAGACCUGCUCAGCUUCUUCCUUAGCUUCCAG 
NO 262 CCA 
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MEANS AND METHODS FOR the C - terminal end is part of the dystrophin glycoprotein 
COUNTERACTING MUSCLE DISORDERS complex ( DGC ) , which spans the sarcolemma . In the 

absence of dystrophin , mechanical stress leads to sarcolem 
Matter enclosed in heavy brackets [ ] appears in the 5 the muscle fiber interior , thereby triggering calcium - acti mal ruptures , causing an uncontrolled influx of calcium into 
original patent but forms no part of this reissue specifica vated proteases and fiber necrosis . tion ; matter printed in italics indicates the additions For most genetic muscular dystrophies no clinically appli made by reissue ; a claim printed with strikethrough cable and effective therapies are currently available . Exon indicates that the claim was canceled , disclaimed , or held skipping techniques are nowadays explored in order to invalid by a prior post - patent action or proceeding . combat genetic muscular dystrophies . Promising results 

have recently been reported by us and others on a genetic 
Notice : More than one reissue application has been filed therapy aimed at restoring the reading frame of the dystro 

for the reissue of U.S. Pat . No. 9,243,245 . Besides the instant phin pre - mRNA in cells from the mdx mouse and DMD 
application , other reissue applications include two reissue 15 patients ' - 11 . By the targeted skipping of a specific exon , a 
applications ( U.S. application Ser . No. 15 / 881,604 and U.S. DMD phenotype ( lacking dystrophin ) is converted into a 
application Ser . No. 15 / 881,610 ) , which were both filed on milder BMD phenotype ( partly to largely functional dystro 
Jan. 26 , 2018 ; two continuation reissue applications ( U.S. phin ) . The skipping of an exon is preferably induced by the 
application Ser . No. 16 / 249,759 and U.S. application Ser . binding of antisense oligoribonucleotides ( AONS ) targeting 
No. 16 / 249,777 ) which were both filed on Jan. 16 , 2019 ; one 20 either one or both of the splice sites , or exon - internal 
continuation reissue application ( U.S. application Ser . No. sequences . Since an exon will only be included in the 
16 / 353,978 ) which was filed on Mar. 14 , 2019 ; and two mRNA when both the splice sites are recognised by the 
divisional reissue applications ( U.S. application Ser . No. spliceosome complex , splice sites are obvious targets for 
16 / 373,429 and U.S. application Ser . No. 16 / 373,459 ) , AONs . Alternatively , or additionally , one or more AONs are 
which were both filed on Apr. 2 , 2019 . 25 used which are specific for at least part of one or more 

This application is a reissue of U.S. Pat . No. 9,243,245 , exonic sequences . Using exon - internal AONs specific for an 
filed as U.S. application Ser . No. 12 / 767,702 on Apr. 26 , exon 46 sequence , we were previously able to modulate the 2010 , which is a continuation [ application of and claims splicing pattern in cultured myotubes from two different 
priority to ] of PCT / NL2008 / 050673 , filed on Oct. 27 , 2008 , DMD patients with an exon 45 deletion 1 . Following AON which claims priority to EPO Application No. 07119351.0 , treatment , exon 46 was skipped , which resulted in a restored filed on Oct. 26 , 2007 , and U.S. Provisional Application No. reading frame and the induction of dystrophin synthesis in at 61 / 000,670 , filed on Oct. 26 , 2007 [ , the ] . The contents of least 75 % of the cells . We have recently shown that exon [ which ] each of the above applications are hereby incorpo 
rated by reference in their entirety [ by this reference ) . skipping can also efficiently be induced in human control 

The invention relates to the fields of molecular biology 35 and patient muscle cells for 39 different DMD exons using 1,2,11-15 and medicine . A muscle disorder is a disease that usually has exon - internal AONs1 , 
a significant impact on the life of an individual . A muscle Hence , exon skipping techniques applied on the dystro 
disorder can either have a genetic cause or a non - genetic phin gene result in the generation of at least partially 
cause . An important group of muscle diseases with a genetic functional albeit shorter dystrophin protein in DMD 
cause are Becker Muscular Dystrophy ( BMD ) and Duch- 40 patients . Since DMD is caused by a dysfunctional dystro 
enne Muscular Dystrophy ( DMD ) . These disorders are phin protein , it would be expected that the symptoms of 
caused by defects in a gene for a muscle protein . DMD are sufficiently alleviated once a DMD patient has 

Becker Muscular Dystrophy and Duchenne Muscular been provided with functional dystrophin protein . However , 
Dystrophy are genetic muscular dystrophies with a relatively the present invention provides the insight that , even though 
high incidence . In both Duchenne and Becker muscular 45 exon skipping techniques are capable of inducing dystrophin 
dystrophy the muscle protein dystrophin is affected . In synthesis , DMD symptom ( s ) is / are still further alleviated by 
Duchenne dystrophin is absent , whereas in Becker some administering to a DMD patient an adjunct compound for 
dystrophin is present but its production is most often not reducing inflammation , preferably for reducing muscle tis 
sufficient and / or the dystrophin present is abnormally sue inflammation , and / or an adjunct compound for improv 
formed . Both diseases are associated with recessive 50 ing muscle fiber function , integrity and / or survival . Accord 
X - linked inheritance . DMD results from a frameshift muta- ing to the present invention , even when a dystrophin protein 
tion in the DMD gene . The frameshift in the DMD gene deficiency has been restored in a DMD patient , the presence 
results in the production of a truncated non - functional of tissue inflammation and damaged muscle cells still con 
dystrophin protein , resulting in progressive muscle wasting tinues to contribute to the symptoms of DMD . Hence , even 
and weakness . BMD occurs as a mutation does not cause a 55 though the cause of DMD i.e. a dysfunctional dystrophin 
frame - shift in the DMD gene . As in BMD some dystrophin protein — is alleviated , treatment of DMD is still further 
is present in contrast to DMD where dystrophin is absent , improved by additionally using an adjunct therapy according 
BMD has less severe symptoms then DMD . The onset of to the present invention . Furthermore , the present invention 
DMD is earlier than BMD . DMD usually manifests itself in provides the insight that a reduction of inflammation does 
early childhood , BMD in the teens or in early adulthood . The 60 not result in significant reduction of AON uptake by muscle 
progression of BMD is slower and less predictable than cells . This is surprising because , in general , inflammation 
DMD . Patients with BMD can survive into mid to late enhances the trafficking of cells , blood and other com 
adulthood . Patients with DMD rarely survive beyond their pounds . As a result , AON uptake / delivery is also enhanced 
thirties . during inflammation . Hence , before the present invention it 

Dystrophin plays an important structural role in the 65 would be expected that an adjunct therapy counteracting 
muscle fiber , connecting the extracellular matrix and the inflammation involves the risk of negatively influencing 
cytoskeleton . The N - terminal region binds actin , whereas AON therapy . This , however , appears not to be the case . 



5 

US RE48,468 E 
3 4 

The present invention therefore provides a method for As defined herein , a functional dystrophin is preferably a 
alleviating one or more symptom ( s ) of Duchenne Muscular wild type dystrophin corresponding to a protein having the 
Dystrophy or Becker Muscular Dystrophy in an individual , amino acid sequence as identified in SEQ ID NO : 1. A 
the method comprising : functional dystrophin is preferably a dystrophin , which has 

administering to said individual a compound for provid- an actin binding domain in its N terminal part ( first 240 
ing said individual with a ( at least partially ) functional amino acids at the N terminus ) , a cystein - rich domain 
dystrophin protein , and ( amino acid 3361 till 3685 ) and a C terminal domain ( last 

administering to said individual an adjunct compound for 325 amino acids at the C terminus ) each of these domains 
reducing inflammation , preferably for reducing muscle tis being present in a wild type dystrophin as known to the 
sue inflammation , and / or an adjunct compound for improv 10 skilled person . The amino acids indicated herein correspond 
ing muscle fiber function , integrity and / or survival . to amino acids of the wild type dystrophin being represented 

by SEQ ID NO : 1 . In other words , a functional dystrophin is In another preferred embodiment the method for allevi a dystrophin which exhibits at least to some extent an ating one or more symptom ( s ) of Duchenne Muscular Dys activity of a wild type dystrophin “ At least to some extent " trophy or Becker Muscular Dystrophy in an individual 15 preferably means at least 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , comprises administering to said individual an adjunct com 90 % , 95 % or 100 % of a corresponding activity of a wild pound for reducing inflammation , preferably for reducing type functional dystrophin . In this context , an activity of a muscle tissue inflammation , and / or an adjunct compound for functional dystrophin is preferably binding to actin and to 
improving muscle fiber function , integrity and / or survival . the dystrophin - associated glycoprotein complex ( DGC ) 56 . 

It has surprisingly been found that the skipping frequency 20 Binding of dystrophin to actin and to the DGC complex may 
of a dystrophin exon from a pre - mRNA comprising said be visualized by either co - immunoprecipitation using total 
exon , when using an oligonucleotide directed toward the protein extracts or immunofluorescence analysis of cross 
exon or to one or both splice sites of said exon , is enhanced sections , from a biopsy of a muscle suspected to be dystro 
if cells expressing said pre - mRNA are also provided with an phic , as known to the skilled person . 
adjunct compound for reducing inflammation , preferably for 25 Individuals suffering from Duchenne muscular dystrophy 
reducing muscle tissue inflammation , and / or an adjunct typically have a mutation in the gene encoding dystrophin 
compound for improving muscle fiber function , integrity that prevent synthesis of the complete protein , i.e of a 
and / or survival . The enhanced skipping frequency also premature stop prevents the synthesis of the C - terminus . In 
increases the level of functional dystrophin protein produced Becker muscular dystrophy the dystrophin gene also com 
in a muscle cell of a DMD or BMD individual . 30 prises a mutation compared tot the wild type but the muta 

The present invention further provides a method for tion does typically not include a premature stop and the 
enhancing skipping of an exon from a dystrophin pre- C - terminus is typically synthesized . As a result a functional 
mRNA in cells expressing said pre - mRNA , said method dystrophin protein is synthesized that has at least the same 
comprising activity in kind as the wild type protein , not although not 

contacting said pre - mRNA in said cells with an oligo- 35 necessarily the same amount of activity . The genome of a 
nucleotide for skipping said exon and , BMD individual typically encodes a dystrophin protein 

contacting said cells with an adjunct compound for reduc- comprising the N terminal part ( first 240 amino acids at the 
ing inflammation , preferably for reducing muscle tissue N terminus ) , a cystein - rich domain ( amino acid 3361 till 
inflammation , and / or an adjunct compound for improv- 3685 ) and a C terminal domain ( last 325 amino acids at the 
ing muscle fiber function , integrity and / or survival . 40 C terminus ) but its central rod shaped domain may be shorter 

As Duchenne and Becker muscular dystrophy have a than the one of a wild type dystrophin56 . Exon skipping for 
pronounced phenotype in muscle cells , it is preferred that the treatment of DMD is typically directed to overcome a 
said cells are muscle cells . Preferably said cells comprise a premature stop in the pre - mRNA by skipping an exon in the 
gene encoding a mutant dystrophin protein . Preferably said rod - domain shaped domain to correct the reading frame and 
cells are cells of an individual suffering from DMD or BMD . 45 allow synthesis of remainder of the dystrophin protein 

The present invention further provides a method for including the C - terminus , albeit that the protein is somewhat 
enhancing skipping of an exon from a dystrophin pre- smaller as a result of a smaller rod domain . In a preferred 
mRNA in cells expressing said pre - mRNA in an individual embodiment , an individual having DMD and being treated 
suffering from Duchenne Muscular Dystrophy or Becker by a method as defined herein will be provided a dystrophin 
Muscular Dystrophy , the method comprising : 50 which exhibits at least to some extent an activity of a wild 

administering to said individual a compound for provid- type dystrophin . More preferably , if said individual is a 
ing said individual with a ( at least partially ) functional Duchennes patient or is suspected to be a Duchennes patient , 
dystrophin protein , and a functional dystrophin is a dystrophin of an individual 

administering to said individual an adjunct compound for having BMD : typically said dystrophin is able to interact 
reducing inflammation , preferably for reducing muscle tis- 55 with both actin and the DGC , but its central rod shaped 
sue inflammation , and / or an adjunct compound for improv- domain may be shorter than the one of a wild type dystro 
ing muscle fiber function , integrity and / or survival phin ( Aartsma - Rus et al ( 2006 , ref 56 ) . The central rod 
An individual is provided with a functional dystrophin domain of wild type dystrophin comprises 24 spectrin - like 

protein in various ways . In one embodiment an exon skip- repeats 56. For example , a central rod shaped domain of a 
ping technique is applied . However , alternative methods are 60 dystrophin as provided herein may comprise 5 to 23 , 10 to 
available , such as for instance stop codon suppression by 22 or 12 to 18 spectrin - like repeats as long as it can bind to 
gentamycin or PTC1241 ( also known as 3- ( 5- ( 2 - fluoro- actin and to DGC . 
phenyl ) -1,2,4 - oxadiazol - 3 - yl ) benzoic acid ) , and / or adeno- Alleviating one or more symptom ( s ) of Duchenne Mus 
associated virus ( AAV ) -mediated gene delivery of a func- cular Dystrophy or Becker Muscular Dystrophy in an indi 
tional mini- or micro - dystrophin gene18-20 . PTC124TM is a 65 vidual in a method of the invention may be assessed by any 
registered trademark of PTC Therapeutics , Inc. South Plain- of the following assays : prolongation of time to loss of 
field , N.J. walking , improvement of muscle strength , improvement of 

16,17 
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the ability to lift weight , improvement of the time taken to decrease of necrosis may be a decrease of 5 % , 10 % , 20 % , 
rise from the floor , improvement in the nine - meter walking 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % or more of the area 
time , improvement in the time taken for four - stairs climbing , wherein necrosis has been identified using biopsy cross 
improvement of the leg function grade , improvement of the sections . The decrease is measured by comparison to the 
pulmonary function , improvement of cardiac function , 5 necrosis as assessed in a same individual before treatment . 
improvement of the quality of life . Each of these assays is A detectable increase of the homogeneity of the diameter 
known to the skilled person . As an example , the publication of a muscle fiber is preferably assessed in a muscle biopsy 
of Manzur at al ( 2008 , ref 58 ) gives an extensive explanation cross - section , more preferably as described in 57 . 
of each of these assays . For each of these assays , as soon as A treatment in a method according to the invention is 
a detectable improvement or prolongation of a parameter 10 about at least one week , about at least one month , about at 
measured in an assay has been found , it will preferably mean least several months , about at least one year , about at least 
that one or more symptoms of Duchenne Muscular Dystro- 2 , 3 , 4 , 5 , 6 years or more . 
phy or Becker Muscular Dystrophy has been alleviated in an In one embodiment an adjunct compound for increasing 
individual using a method of the invention . Detectable turnover of damaged muscle cells is used . An adjunct 
improvement or prolongation is preferably a statistically 15 compound for increasing turnover of damaged muscle cells 
significant improvement or prolongation as described in comprises any therapy which is capable of at least in part 
Hodgetts et al ( 2006 , ref 57 ) . Alternatively , the alleviation of inducing and / or increasing turnover of damaged muscle 
one or more symptom ( s ) of Duchenne Muscular Dystrophy cells . Damaged muscle cells are muscle cells which have 
or Becker Muscular Dystrophy may be assessed by measur- significantly less clinically measurable functionality than a 
ing an improvement of a muscle fiber function , integrity 20 healthy , intact muscle cell . In the absence of dystrophin , 
and / or survival as later defined herein . mechanical stress leads to sarcolemmal ruptures , causing an 
An adjunct compound for reducing inflammation com- uncontrolled influx of calcium into the muscle fiber interior , 

prises any therapy which is capable of at least in part thereby triggering calcium - activated proteases and fiber 
reducing inflammation , preferably inflammation caused by necrosis , resulting in damaged muscle cells . Increasing 
damaged muscle cells . Said adjunct compound is most 25 turnover of damaged muscle cells means that damaged 
preferably capable of reducing muscle tissue inflammation . muscle cells are more quickly broken down and / or removed 
Inflammation is preferably assessed by detecting an increase as compared to a situation wherein turnover of damaged 
in the number of infiltrating immune cells such as neutro- muscle cells is not increased . Turnover of damaged muscle 
phils and / or mast cells and / or dendritic cells and / or lym- cells is preferably assessed in a muscle biopsy , more pref 
phocytes in muscle tissue suspected to be dystrophic . This 30 erably as described in 57 using a cross - section of a biopsy . 
assessment is preferably carried out in cross - sections of a A detectable increase of turnover may be an increase of 5 % , 
biopsy of muscle tissue suspected to be dystrophic after 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % or more 
having specifically stained immune cells as identified above . of the area wherein turnover has been identified using a 
The quantification is preferably carried out under the micro- biopsy cross - section . The increase is measured by compari 
scope . Reducing inflammation is therefore preferably 35 son to the turnover as assessed in a same individual before 
assessed by detecting a decrease in the number of immune treatment . 
cells in a cross - section of muscle tissue suspected to be Without wishing to be bound to theory , it is believed that 
dystrophic . Detecting a decrease preferably means that the increasing turnover of muscle cells is preferred because this 
number of at least one sort of immune cells as identified reduces inflammatory responses . 
above is decreased of at least 1 % , 2 % , 3 % , 5 % , 7 % , 10 % , 40 According to the present invention , a combination of a 
12 % , 15 % , 17 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , therapy for providing an individual with a functional dys 
90 % or more compared to the number of a corresponding trophin protein , together with an adjunct therapy for reduc 
immune cell in a same individual before treatment . Most ing inflammation , preferably for reducing muscle tissue 
preferably , no infiltrating immune cells are detected in inflammation in an individual , is particularly suitable for use 
cross - sections of said biopsy . 45 as a medicament . Such combination is even better capable of 
An adjunct compound for improving muscle fiber func- alleviating one or more symptom ( s ) of Duchenne Muscular 

tion , integrity and / or survival comprises any therapy which Dystrophy or Becker Muscular Dystrophy as compared to a 
is capable of measurably enhancing muscle fiber function , sole therapy for providing an individual with a functional 
integrity and / or survival as compared to an otherwise similar dystrophin protein . This embodiment also enhances the 
situation wherein said adjunct compound is not present . The 50 skipping frequency of a dystrophin exon from a pre - mRNA 
improvement of muscle fiber function , integrity and / or sur- comprising said exon , when using an oligonucleotide 
vival may be assessed using at least one of the following directed toward the exon or to one or both splice sites of said 
assays : a detectable decrease of creatine kinase in blood , a exon . The enhanced skipping frequency also increases the 
detectable decrease of necrosis of muscle fibers in a biopsy level of functional dystrophin protein produced in a muscle 
cross - section of a muscle suspected to be dystrophic , and / or 55 cell of a DMD or BMD individual . 
a detectable increase of the homogeneity of the diameter of Further provided is therefore a combination of a com 
muscle fibers in a biopsy cross - section of a muscle suspected pound for providing an individual with a functional dystro 
to be dystrophic . Each of these assays is known to the skilled phin protein , and an adjunct compound for reducing inflam 
person . mation , preferably for reducing muscle tissue inflammation 

Creatine kinase may be detected in blood as described in 60 in said individual , for use as a medicament . Since said 
57. A detectable decrease in creatine kinase may mean a combination is particularly suitable for counteracting DMD , 
decrease of 5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , the invention also provides a use of a compound for pro 
80 % , 90 % or more compared to the concentration of creatine viding an individual with a functional dystrophin protein , 
kinase in a same individual before treatment . and an adjunct compound for reducing inflammation , pref 
A detectable decrease of necrosis of muscle fibers is 65 erably for reducing muscle tissue inflammation in said 

preferably assessed in a muscle biopsy , more preferably as individual , for the preparation of a medicament for allevi 
described in 57 using biopsy cross - sections . A detectable ating one or more symptom ( s ) of Duchenne Muscular Dys 
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trophy . In one embodiment , said combination is used in designed on the basis of rising dose studies in clinical trials 
order to alleviate one or more symptom ( s ) of a severe form for which rigorous protocol requirements exist . 
of BMD wherein a very short dystrophin protein is formed In a particularly preferred embodiment , a compound for 
which is not sufficiently functional . providing an individual with a functional dystrophin protein 

Preferred adjunct compound for reducing inflammation 5 is combined with a steroid . As shown in the Examples , such 
include a steroid , a TNFO inhibitor , a source of mIGF - 1 combination results in significant alleviation of DMD symp 
and / or an antioxidant . However , any other compound able to toms . One preferred embodiment of the present invention 
reduce inflammation as defined herein is also encompassed therefore provides a method for alleviating one or more 
within the present invention . Each of these compounds is symptom ( s ) of Duchenne Muscular Dystrophy in an indi 
later on extensively presented . Each of the compounds 10 vidual , the method comprising administering to said indi 
extensively presented may be used separately or in combi- vidual a steroid and a compound for providing said indi 
nation with each other and / or in combination with one or vidual with a functional dystrophin protein . A combination 
more of the adjunct compounds used for improving muscle of a steroid and a compound for providing an individual with 
fiber function , integrity and / or survival . a functional dystrophin protein for use as a medicament is 

Furthermore , a combination of a therapy for providing an 15 also provided , as well as a use of a steroid and a compound 
individual with a functional dystrophin protein , together for providing an individual with a functional dystrophin 
with an adjunct therapy for improving muscle fiber function , protein for the preparation of a medicament for alleviating 
integrity and / or survival in an individual is particularly one or more symptom ( s ) of DMD . This embodiment also 
suitable for use as a medicament . Such combination is even enhances the skipping frequency of a dystrophin exon from 
better capable of alleviating one or more symptom ( s ) of 20 a pre - mRNA comprising said exon , when using an oligo 
Duchenne Muscular Dystrophy as compared to a sole nucleotide directed toward the exon or to one or both splice 
therapy for providing an individual with a functional dys- sites of said exon . The enhanced skipping frequency also 
trophin protein . increases the level of functional dystrophin protein produced 

Further provided is therefore a combination of a com- in a muscle cell of a DMD or BMD individual . 
pound for providing an individual with a functional dystro- 25 In one embodiment , said combination is used in order to 
phin protein , and an adjunct compound for improving alleviate one or more symptom ( s ) of a severe form of BMD 
muscle fiber function , integrity and / or survival in said indi- wherein a very short dystrophin protein is formed which is 
vidual , for use as a medicament . This combination is also not sufficiently functional . 
particularly suitable for counteracting DMD . A use of a A steroid is a terpenoid lipid characterized by a carbon 
compound for providing an individual with a functional 30 skeleton with four fused rings , generally arranged in a 
dystrophin protein , and an adjunct compound for improving 6-6-6-5 fashion . Steroids vary by the functional groups 
muscle fiber function , integrity and / or survival in said indi- attached to these rings and the oxidation state of the rings . 
vidual , for the preparation of a medicament for alleviating Steroids include hormones and drugs which are usually used 
one or more symptom ( s ) of Duchenne Muscular Dystrophy to relieve swelling and inflammation , such as for instance 
is therefore also provided . In one embodiment , said combi- 35 prednisone , dexamethasone and vitamin D. 
nation is used in order to alleviate one or more symptom ( s ) According to the present invention , supplemental effects 
of a severe form of BMD wherein a very short dystrophin of adjunct steroid therapy in DMD patients include reduc 
protein is formed which is not sufficiently functional . tion of tissue inflammation , suppression of cytotoxic cells , 

Preferred adjunct compounds for improving muscle fiber and improved calcium homeostasis . Most positive results 
function , integrity and / or survival include a ion channel 40 are obtained in younger boys . Preferably the steroid is a 
inhibitor , a protease inhibitor , L - arginine and / or an angio- corticosteroid ( glucocorticosteroid ) . Preferably , prednisone 
tensin II type I receptor blocker . However , any other com- steroids ( such as prednisone , prednizolone or deflazacort ) 
pound able to improving muscle fiber function , integrity are used in a method according to the invention l . Dose 
and / or survival as defined herein is also encompassed within ranges of ( glucocortico ) steroids to be used in the therapeutic 
the present invention . Each of these compounds is later on 45 applications as described herein are designed on the basis of 
extensively presented . Each of the compounds extensively rising dose studies in clinical trials for which rigorous 
presented may be used separately or in combination with protocol requirements exist . The usual doses are about 
each other and / or in combination with one or more of the 0.5-1.0 mg / kg / day , preferably about 0.75 mg / kg / day for 
adjunct compounds used for reducing inflammation . prednisone and prednisolone , and about 0.4-1.4 mg / kg / day , 

In one embodiment a pharmaceutical preparation is made 50 preferably about 0.9 mg / kg / day for deflazacort . 
which comprises at least one of the above mentioned com- In one embodiment , a steroid is administered to said 
binations comprising a compound for providing an indi- individual prior to administering a compound for providing 
vidual with a functional dystrophin protein together with an an individual with a functional dystrophin protein . In this 
adjunct compound according to the invention . Further pro- embodiment , it is preferred that said steroid is administered 
vided is therefore a pharmaceutical preparation comprising : 55 at least one day , more preferred at least one week , more 

a compound for providing an individual with a functional preferred at least two weeks , more preferred at least three 
dystrophin protein , and weeks prior to administering a compound for providing said 

an adjunct compound for reducing inflammation , prefer- individual with a functional dystrophin protein . 
ably for reducing muscle tissue inflammation in said indi- In another preferred embodiment , a compound for pro 
vidual , and / or an adjunct compound for improving muscle 60 viding an individual with a functional dystrophin protein is 
fiber function , integrity and / or survival in said individual , combined with a tumour necrosis factor - alpha ( TNFa ) 
and inhibitor . Tumour necrosis factor - alpha ( TNFa ) is a pro 

a pharmaceutically acceptable carrier , adjuvant , diluent inflammatory cytokine that stimulates the inflammatory 
and / or excipient . Examples of suitable carriers and adju- response . Pharmacological blockade of TNFa activity with 
vants are well known in the art and for instance comprise a 65 the neutralising antibody infliximab ( Remicade ) is highly 
saline solution . Dose ranges of compounds used in a phar- effective clinically at reducing symptoms of inflammatory 
maceutical preparation according to the invention are diseases . In mdx mice , both infliximab and etanercept delay 
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and reduce the necrosis of dystrophic muscle24,25 , with combination of mIGF - 1 , or a compound capable of enhanc 
additional physiological benefits on muscle strength , chlo- ing mIGF - 1 expression or an mIGF - 1 activity , and a com 
ride channel function and reduced CK levels being demon- pound for providing an individual with a functional dystro 
strated in chronically treated exercised adult mdx mice26 . phin protein for use as a medicament is also provided , as 
Such highly specific anti - inflammatory drugs designed for 5 well as a use of mIGF - 1 , or a compound capable of 
use in other clinical conditions , are attractive alternatives to enhancing mIGF - 1 expression or mIGF - 1 activity , and a 
the use of steroids for DMD . In one embodiment , the use of compound for providing an individual with a functional 
a TNFa inhibitor is limited to periods of intensive muscle dystrophin protein for the preparation of a medicament for 
growth in boys when muscle damage and deterioration are alleviating one or more symptom ( s ) of DMD . In one 
especially pronounced . 10 embodiment , such combination is used in order to alleviate 
One aspect of the present invention thus provides a one or more symptom ( s ) of a severe form of BMD wherein 

method for alleviating one or more symptom ( s ) of Duchenne a very short dystrophin protein is formed which is not 
Muscular Dystrophy in an individual , the method compris- sufficiently functional . 
ing administering to said individual a TNFa inhibitor and a Within the context of the invention , an increased amount 
compound for providing said individual with a functional 15 or activity of mIGF - 1 may be reached by increasing the gene 
dystrophin protein . A combination of a TNFa inhibitor and expression level of an IGF - 1 gene , by increasing the amount 
a compound for providing an individual with a functional of a corresponding IGF - 1 protein and / or by increasing an 
dystrophin protein for use as a medicament is also provided , activity of an IGF1 - protein . A preferred mIGF - 1 protein has 
as well as a use of a TNFa inhibitor and a compound for been earlier defined herein . An increase of an activity of said 
providing an individual with a functional dystrophin protein 20 protein is herein understood to mean any detectable change 
for the preparation of a medicament for alleviating one or in a biological activity exerted by said protein or in the 
more symptom ( s ) of DMD . In one embodiment , said com- steady state level of said protein as compared to said activity 
bination is used in order to alleviate one or more symptom ( s ) or steady - state in a individual who has not been treated . 
of a severe form of BMD wherein a very short dystrophin Increased amount or activity of mIGF - 1 is preferably 
protein is formed which is not sufficiently functional . A 25 assessed by detection of increased expression of muscle 
preferred TNFa inhibitor is a dimeric fusion protein con- hypertrophy biomarker GATA - 2 ( as described in 27 ) . 
sisting of the extracellular ligand - binding domain of the Gene expression level is preferably assessed using clas 
human p75 receptor of TNFa linked to the Fc portion of sical molecular biology techniques such as ( real time ) PCR , 
human IgGl . A more preferred TNFa inhibitor is ethanercept arrays or Northern analysis . A steady state level of a protein 
( Amgen , America ) 26 . The usual doses of ethanercept is 30 is determined directly by quantifying the amount of a 
about 0.2 mg / kg , preferably about 0.5 mg / kg twice a week . protein . Quantifying a protein amount may be carried out by 
The administration is preferably subcutaneous . any known technique such as Western blotting or immuno 

In another preferred embodiment , a compound for pro- assay using an antibody raised against a protein . The skilled 
viding an individual with a functional dystrophin protein is person will understand that alternatively or in combination 
combined with a source of mIGF - 1 . As defined herein , a 35 with the quantification of a gene expression level and / or a 
source of IGF - 1 preferably encompasses mIGF - 1 itself , a corresponding protein , the quantification of a substrate of a 
compound able of enhancing mIGF - 1 expression and / or corresponding protein or of any compound known to be 
activity . Enhancing is herein synonymous with increasing . associated with a function or activity of a corresponding 
Expression of mIGF - 1 is synonymous with amount of protein or the quantification of said function or activity of a 
mIGF - 1 . mIGF - 1 promotes regeneration of muscles through 40 corresponding protein using a specific assay may be used to 
increase in satellite cell activity , and reduces inflammation assess the alteration of an activity or steady state level of a 
and fibrosis27 . Local injury of muscle results in increased protein . 
mIGF - 1 expression . In transgenic mice with extra IGF - 1 In a method of the invention , an activity or steady - state 
genes , muscle hypertrophy and enlarged muscle fibers are level of a said protein may be altered at the level of the 
observed27 . Similarly , transgenic mdx mice show reduced 45 protein itself , e.g. by providing a protein to a cell from an 
muscle fiber degeneration 8. Upregulation of the mIGF - 1 exogenous source . 
gene and / or administration of extra amounts of mIGF - 1 Preferably , an increase or an upregulation of the expres 
protein or a functional equivalent thereof ( especially the sion level of a said gene means an increase of at least 5 % of 
mIGF - 1 Ea isoform [ as described in 27 , human homolog the expression level of said gene using arrays . More pref 
IGF - 1 isoform 4 : SEQ ID NO : 2 ] ) thus promotes the effect 50 erably , an increase of the expression level of said gene 
of other , preferably genetic , therapies for DMD , including means an increase of at least 10 % , even more preferably at 
antisense - induced exon skipping . The additional mIGF - 1 least 20 % , at least 30 % , at least 40 % , at least 50 % , at least 
levels in the above mentioned transgenic mice do not induce 70 % , at least 90 % , at least 150 % or more . In another 
cardiac problems nor promote cancer , and have no patho- preferred embodiment , an increase of the expression level of 
logical side effects . One aspect of the present invention thus 55 said protein means an increase of at least 5 % of the expres 
provides a method for alleviating one or more symptom ( s ) sion level of said protein using western blotting and / or using 
of Duchenne Muscular Dystrophy in an individual , the ELISA or a suitable assay . More preferably , an increase of 
method comprising administering to said individual a com- the expression level of a protein means an increase of at least 
pound for providing said individual with a functional dys- 10 % , even more preferably at least 20 % , at least 30 % , at 
trophin protein , and providing said individual with a source 60 least 40 % , at least 50 % , at least 70 % , at least 90 % , at least 
of mIGF - 1 , preferably mIGF - 1 itself , a compound able of 150 % or more . 
increasing mIGF - 1 expression and / or activity . As stated In another preferred embodiment , an increase of a poly 
before , the amount of mIGF - 1 is for instance increased by peptide activity means an increase of at least 5 % of a 
enhancing expression of the mIGF - 1 gene and / or by admin- polypeptide activity using a suitable assay . More preferably , 
istration of mIGF - 1 protein and / or a functional equivalent 65 an increase of a polypeptide activity means an increase of at 
thereof ( especially the mIGF - 1 Ea isoform [ as described in least 10 % , even more preferably at least 20 % , at least 30 % , 
27 , human homolog IGF - 1 isoform 4 : SEQ ID NO : 2 ] ) . A at least 40 % , at least 50 % , at least 70 % , at least 90 % , at least 
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150 % or more . The increase is preferably assessed by of W. somnifera powder , 75 mg green tea ( 98 % polyphenols 
comparison to corresponding activity in the individual wherein 45 % EGCG ) and 75 mg turmeric ( 95 % curcumin ) . 
before treatment . In another preferred embodiment , a compound for pro 
A preferred way of providing a source of mIGF1 is to viding an individual with a functional dystrophin protein is 

introduce a transgene encoding mIGF1 , preferably an 5 combined with an ion channel inhibitor . The presence of 
mIGF - 1 Ea isoform ( as described in 27 , human homolog damaged muscle membranes in DMD disturbs the passage 
IGF - 1 isoform 4 : SEQ ID NO : 2 ) , more preferably in an of calcium ions into the myofibers , and the consequently 
AAV vector as later defined herein . Such source of mIGF1 disrupted calcium homeostasis activates many enzymes , e.g. 
is specifically expressed in muscle tissue as described in proteases , that cause additional damage and muscle necrosis . 
mice in 27 . 10 Ion channels that directly contribute to the pathological 

In another preferred embodiment , a compound for pro- accumulation of calcium in dystrophic muscle are potential 
viding an individual with a functional dystrophin protein is targets for adjunct compounds to treat DMD . There is 
combined with an antioxidant . Oxidative stress is an impor- evidence that some drugs , such as pentoxifylline , block 
tant factor in the progression of DMD and promotes chronic exercise - sensitive calcium channels32 and antibiotics that 
inflammation and fibrosis29 . The most prevalent products of 15 block stretch activated channels reduce myofibre necrosis in 
oxidative stress , the peroxidized lipids , are increased by an mdx mice and CK levels in DMD boys33 . One embodiment 
average of 35 % in Duchenne boys . Increased levels of the thus provides a method for alleviating one or more 
enzymes superoxide dismutase and catalase reduce the symptom ( s ) of Duchenne Muscular Dystrophy in an indi 
excessive amount of free radicals causing these effects . In vidual , the method comprising administering to said indi 
fact , a dietary supplement Protandim® ( LifeVantage ) was 20 vidual an ion channel inhibitor and a compound for provid 
clinically tested and found to increase levels of superoxide ing said individual with a functional dystrophin protein . A 
dismutase ( up to 30 % ) and catalase ( up to 54 % ) , which combination of an ion channel inhibitor and a compound for 
indeed significantly inhibited the peroxidation of lipids in 29 providing an individual with a functional dystrophin protein 
healthy persons30 . Such effective management of oxidative for use as a medicament is also provided , as well as a use of 
stress thus preserves muscle quality and so promotes the 25 an ion channel inhibitor and a compound for providing an 
positive effect of DMD therapy . Idebenone is another potent individual with a functional dystrophin protein for the 
antioxidant with a chemical structure derived from natural preparation of a medicament for alleviating one or more 
coenzyme Q10 . It protects mitochondria where adenosine symptom ( s ) of DMD . In one embodiment , said combination 
triphosphate , ATP , is generated by oxidative phosphory- is used in order to alleviate one or more symptom ( s ) of a 
lation . The absence of dystrophin in DMD negatively affects 30 severe form of BMD wherein a very short dystrophin protein 
this process in the heart , and probably also in skeletal is formed which is not sufficiently functional . 
muscle . Idebenone was recently applied in clinical trials in Preferably , ion channel inhibitors of the class of xanthines 
the US and Europe demonstrating efficacy on neurological are used . More preferably , said xanthines are derivatives of 
aspects of Friedreich’s Ataxia31 . A phase - Ila double - blind , methylxanthines , and most preferably , said methylxanthine 
placebo - controlled randomized clinical trial with Idebenone 35 derivates are chosen from the group consisting of pentoxi 
has recently been started in Belgium , including 21 Duch- fylline , furafylline , lisofylline , propentofylline , pentifylline , 
enne boys at 8 to 16 years of age . The primary objective of theophylline , torbafylline , albifylline , enprofylline and 
this study is to determine the effect of Idebenone on heart derivatives thereof . Most preferred is the use of pentoxifyl 
muscle function . In addition several different tests will be line . Ion channel inhibitors of the class of xanthines enhance 
performed to detect the possible functional benefit on 40 the skipping frequency of a dystrophin exon from a pre 
muscle strength in the patients . When effective , Idebenone is mRNA comprising said exon , when using an oligonucle 
a preferred adjunct compound for use in a method according otide directed toward the exon or to one or both splice sites 
to the present invention in order to enhance the therapeutic of said exon . The enhanced skipping frequency also 
effect of DMD therapy , especially in the heart . One aspect of increases the level of functional dystrophin protein produced 
the present invention thus provides a method for alleviating 45 in a muscle cell of a DMD or BMD individual . 
one or more symptom ( s ) of Duchenne Muscular Dystrophy Depending on the identity of the ion channel inhibitor , the 
in an individual , the method comprising administering to skilled person will know which quantities are preferably 
said individual an antioxidant and a compound for providing used . Suitable dosages of pentoxifylline are between about 
said individual with a functional dystrophin protein . A 1 mg / kg / day to about 100 mg / kg / day , preferred dosages are 
combination of an antioxidant and a compound for provid- 50 between about 10 mg / kg / day to 50 mg / kg / day . Typical 
ing an individual with a functional dystrophin protein for use dosages used in humans are 20 mg / kg / day . 
as a medicament is also provided , as well as a use of an In one embodiment , an ion channel inhibitor is adminis 
antioxidant and a compound for providing an individual tered to said individual prior to administering a compound 
with a functional dystrophin protein for the preparation of a for providing an individual with a functional dystrophin 
medicament for alleviating one or more symptom ( s ) of 55 protein . In this embodiment , it is preferred that said ion 
DMD . In one embodiment , said combination is used in order channel inhibitor is administered at least one day , more 
to alleviate one or more symptom ( s ) of a severe form of preferred at least one week , more preferred at least two 
BMD wherein a very short dystrophin protein is formed weeks , more preferred at least three weeks prior to admin 
which is not sufficiently functional . Depending on the iden- istering a compound for providing said individual with a 
tity of the antioxidant , the skilled person will know which 60 functional dystrophin protein . 
quantities are preferably used . An antioxidant may include In another preferred embodiment , a compound for pro 
bacoside , silymarin , curcumin , a polyphenol , preferably viding an individual with a functional dystrophin protein is 
epigallocatechin - 3 - gallate ( EGCG ) . Preferably , an anti - oxi- combined with a protease inhibitor . Calpains are calcium 
dant is a mixture of antioxidants as the dietary supplement activated proteases that are increased in dystrophic muscle 
Protandim® ( LifeVantage ) . A daily capsule of 675 mg of 65 and account for myofiber degeneration . Calpain inhibitors 
Protandim® comprises 150 mg of B. monniera ( 45 % baco- such as calpastatin , leupeptin 4 , calpeptin , calpain inhibitor 
sides ) , 225 mg of S. marianum ( 70-80 % silymarin ) , 150 mg III , or PD150606 are therefore applied to reduce the degen 
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eration process . A new compound , BN 82270 ( Ipsen ) that combined with angiotensin II type 1 receptor blocker Losar 
has dual action as both a calpain inhibitor and an antioxidant tan which normalizes muscle architecture , repair and func 
increased muscle strength , decreased serum CK and reduced tion , as shown in the dystrophin - deficient mdx mouse 
fibrosis of the mdx diaphragm , indicating a therapeutic effect model23 . One aspect of the present invention thus provides 
with this new compounds . Another compound of Leupep- 5 a method for alleviating one or more symptom ( s ) of Duch 
tin / Carnitine ( Myodur ) has recently been proposed for clini- enne Muscular Dystrophy in an individual , the method 
cal trials in DMD patients . comprising administering to said individual angiotensin II 
MG132 is another proteasomal inhibitor that has shown to type 1 receptor blocker Losartan , and a compound for 

reduce muscle membrane damage , and to ameliorate the providing said individual with a functional dystrophin pro 
histopathological signs of muscular dystrophy36 . MG - 132 10 tein . A combination of angiotensin II type 1 receptor blocker 
( CBZ - leucyl - leucyl - leucinal ) is a cell - permeable , protea- Losartan and a compound for providing an individual with 
somal inhibitor ( Ki = 4 nM ) which inhibits NFkappaB acti- a functional dystrophin protein for use as a medicament is 
vation by preventing IkappaB degradation ( IC50 = 3 OM ) . In also provided , as well as a use of angiotensin II type 1 
addition , it is a peptide aldehyde that inhibits ubiquitin- receptor blocker Losartan and a compound for providing an 
mediated proteolysis by binding to and inactivating 20S and 15 individual with a functional dystrophin protein for the 
26S proteasomes . MG - 132 has shown to inhibit the protea- preparation of a medicament for alleviating one or more 
somal degradation of dystrophin - associated proteins in the symptom ( s ) of DMD . In one embodiment , said combination 
dystrophic mdx mouse model36 . This compound is thus also is used in order to alleviate one or more symptom ( s ) of a 
suitable for use as an adjunct pharmacological compound for severe form of BMD wherein a very short dystrophin protein 
DMD . Further provided is therefore a method for alleviating 20 is formed which is not sufficiently functional . Depending on 
one or more symptom ( s ) of Duchenne Muscular Dystrophy the identity of the angiotensin II type 1 receptor blocker , the 
in an individual , the method comprising administering to skilled person will know which quantities are preferably 
said individual a protease inhibitor and a compound for used . 
providing said individual with a functional dystrophin pro- In another preferred embodiment , a compound for pro 
tein . A combination of a protease inhibitor and a compound 25 viding an individual with a functional dystrophin protein is 
for providing an individual with a functional dystrophin combined with an angiotensin - converting enzyme ( ACE ) 
protein for use as a medicament is also provided , as well as inhibitor , preferably perindopril . ACE inhibitors are capable 
a use of a protease inhibitor and a compound for providing of lowering blood pressure . Early initiation of treatment 
an individual with a functional dystrophin protein for the with perindopril is associated with a lower mortality in 
preparation of a medicament for alleviating one or more 30 DMD patients22 . One aspect of the present invention thus 
symptom ( s ) of DMD . In one embodiment , said combination provides a method for alleviating one or more symptom ( s ) 
is used in order to alleviate one or more symptom ( s ) of a of Duchenne Muscular Dystrophy in an individual , the 
severe form of BMD wherein a very short dystrophin protein method comprising administering to said individual an ACE 
is formed which is not sufficiently functional . Depending on inhibitor , preferably perindopril , and a compound for pro 
the identity of the protease inhibitor , the skilled person will 35 viding said individual with a functional dystrophin protein . 
know which quantities are preferably used . A combination of an ACE inhibitor , preferably perindopril , 

In another preferred embodiment , a compound for pro- and a compound for providing an individual with a func 
viding an individual with a functional dystrophin protein is tional dystrophin protein for use as a medicament is also 
combined with L - arginine . Dystrophin - deficiency is associ- provided , as well as a use of an ACE inhibitor , preferably 
ated with the loss of the DGC - complex at the fiber mem- 40 perindopril , and a compound for providing an individual 
branes , including neuronal nitric oxide synthase ( nNOS ) . with a functional dystrophin protein for the preparation of a 
Expression of a nNOS transgene in mdx mice greatly medicament for alleviating one or more symptom ( s ) of 
reduced muscle membrane damage . Similarly , administra- DMD . In one embodiment , said combination is used in order 
tion of L - arginine ( the substrate for nitric oxide synthase ) to alleviate one or more symptom ( s ) of a severe form of 
increased NO production and upregulated utrophin expres- 45 BMD wherein a very short dystrophin protein is formed 
sion in mdx mice . Six weeks of L - arginine treatment which is not sufficiently functional . The usual doses of an 
improved muscle pathology and decreased serum CK in ACE inhibitor , preferably perindopril are about 2 to 4 
mdx mice 37. The use of L - arginine as an adjunct therapy in mg / day22 
combination with a compound for providing said individual In a more preferred embodiment , an ACE inhibitor is 
with a functional dystrophin protein has not been disclosed . 50 combined with at least one of the previously identified 

Further provided is therefore a method for alleviating one adjunct compounds . 
or more symptom ( s ) of Duchenne Muscular Dystrophy in an In another preferred embodiment , a compound for pro 
individual , the method comprising administering to said viding an individual with a functional dystrophin protein is 
individual L - arginine and a compound for providing said combined with a compound which is capable of enhancing 
individual with a functional dystrophin protein . A combina- 55 exon skipping and / or inhibiting spliceosome assembly and / 
tion of L - arginine and a compound for providing an indi- or splicing . Small chemical compounds , such as for instance 
vidual with a functional dystrophin protein for use as a specific indole derivatives , have been shown to selectively 
medicament is also provided , as well as a use of L - arginine inhibit spliceosome assembly and splicing , for instance by 
and a compound for providing an individual with a func- interfering with the binding of serine- and arginine - rich ( SR ) 
tional dystrophin protein for the preparation of a medica- 60 proteins to their cognate splicing enhancers ( ISEs or ESEs ) 
ment for alleviating one or more symptom ( s ) of DMD . In and / or by interfering with the binding of splicing repressors 
one embodiment , said combination is used in order to to silencer sequences ( ESSs or ISSs ) . These compounds are 
alleviate one or more symptom ( s ) of a severe form of BMD therefore suitable for applying as adjunct compounds that 
wherein a very short dystrophin protein is formed which is enhance exon skipping . 
not sufficiently functional . Further provided is therefore a method for alleviating one 

In another preferred embodiment , a compound for pro- or more symptom ( s ) of Duchenne Muscular Dystrophy in an 
viding an individual with a functional dystrophin protein is individual , the method comprising administering to said 

65 
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individual a compound for enhancing exon skipping and / or encode a dystrophin protein with an intact C - terminus of the 
inhibiting spliceosome assembly and / or splicing , and a protein . Said oligonucleotide preferably comprises an anti 
compound for providing said individual with a functional sense oligoribonucleotide . In a preferred embodiment an 
dystrophin protein . A combination of a compound for exon skipping technique is applied . 
enhancing exon skipping and / or inhibiting spliceosome 5 Exon skipping interferes with the natural splicing pro 
assembly and / or splicing and a compound for providing an cesses occurring within a eukaryotic cell . In higher eukary 
individual with a functional dystrophin protein for use as a otes the genetic information for proteins in the DNA of the 
medicament is also provided , as well as a use of a compound cell is encoded in exons which are separated from each other 
for enhancing exon skipping and / or inhibiting spliceosome by intronic sequences . These introns are in some cases very 
assembly and / or splicing and a compound for providing an 10 long . The transcription machinery of eukaryotes generates a 
individual with a functional dystrophin protein for the pre - mRNA which contains both exons and introns , while the 
preparation of a medicament for alleviating one or more splicing machinery , often already during the production of 
symptom ( s ) of DMD . In one embodiment , said combination the pre - mRNA , generates the actual coding region for the 
is used in order to alleviate one or more symptom ( s ) of a protein by splicing together the exons present in the pre 
severe form of BMD wherein a very short dystrophin protein 15 mRNA . 
is formed which is not sufficiently functional . Depending on Exon - skipping results in mature mRNA that lacks at least 
the identity of the compound which is capable of enhancing one skipped exon . Thus , when said exon codes for amino 
exon skipping and / or inhibiting spliceosome assembly and / acids , exon skipping leads to the expression of an altered 
or splicing , the skilled person will know which quantities are product . Technology for exon - skipping is currently directed 
preferably used . In a more preferred embodiment , a com- 20 towards the use of antisense oligonucleotides ( AONs ) . 
pound for enhancing exon skipping and / or inhibiting spli- Much of this work is done in the mdx mouse model for 
ceosome assembly and / or splicing is combined with a ACE Duchenne muscular dystrophy . The mdx mouse , which 
inhibitor and / or with any adjunct compounds as identified carries a non - sense mutation in exon 23 of the dystrophin 
earlier herein . gene , has been used as an animal model of DMD . Despite 
A pharmaceutical preparation comprising a compound for 25 the mdx mutation , which should preclude the synthesis of a 

providing an individual with a functional dystrophin protein , functional dystrophin protein , rare , naturally occurring dys 
any of the above mentioned adjunct compounds , and a trophin positive fibers have been observed in mdx muscle 
pharmaceutically acceptable carrier , filler , preservative , tissue . These dystrophin - positive fibers are thought to have 
adjuvant , solubilizer , diluent and / or excipient is also pro- arisen from an apparently naturally occurring exon - skipping 
vided . Such pharmaceutically acceptable carrier , filler , pre- 30 mechanism , either due to somatic mutations or through 
servative , adjuvant , solubilizer , diluent and / or excipient may alternative splicing . AONs directed to , respectively , the 3 ' 
for instance be found in Remington : The Science and and / or 5 splice sites of introns 22 and 23 in dystrophin 
Practice of Pharmacy , 20th Edition . timore , Md .: Lip- pre - mRNA , have been shown to interfere with factors nor 
pincott Williams & Wilkins , 2000 . mally involved in removal of intron 23 so that also exon 23 

The invention thus provides a method , combination , use 35 was removed from the mRNA3,5,6,39,40 . 
or pharmaceutical preparation according to the invention , By the targeted skipping of a specific exon , a DMD 
wherein said adjunct compound comprises a steroid , an ACE phenotype is converted into a milder BMD phenotype . The 
inhibitor ( preferably perindopril ) , angiotensin II type 1 skipping of an exon is preferably induced by the binding of 
receptor blocker Losartan , a tumour necrosis factor - alpha AONs targeting either one or both of the splice sites , or 
( TNFa ) inhibitor , a source of mIGF - 1 , preferably mIGF - 1 , 40 exon - internal sequences . An oligonucleotide directed 
a compound for enhancing mIGF - 1 expression , a compound toward an exon internal sequence typically exhibits no 
for enhancing mIGF - 1 activity , an antioxidant , an ion chan- overlap with non - exon sequences . It preferably does not 
nel inhibitor , a protease inhibitor , L - arginine and / or a com- overlap with the splice sites at least not insofar as these are 
pound for enhancing exon skipping and / or inhibiting spli- present in the intron . An oligonucleotide directed toward an 
ceosome assembly and / or splicing . 45 exon internal sequence preferably does not contain a 
As described herein before , an individual is provided with sequence complementary to an adjacent intron . Further 

a functional dystrophin protein in various ways , for instance provided is thus a method , combination , use or pharmaceu 
by stop codon suppression by gentamycin or PTC124 ! tical preparation according to the invention , wherein said 
or by adeno - associated virus ( AAV ) -mediated gene delivery compound for providing said individual with a functional 
of a functional mini- or micro - dystrophin gene ' 50 dystrophin protein comprises an oligonucleotide , or a func 

Preferably , however , said compound for providing said tional equivalent thereof , for inhibiting inclusion of an exon 
individual with a functional dystrophin protein comprises an of a dystrophin pre - mRNA into mRNA produced from 
oligonucleotide , or a functional equivalent thereof , for at splicing of said pre - mRNA . An exon skipping technique is 
least in part decreasing the production of an aberrant dys- preferably applied such that the absence of an exon from 
trophin protein in said individual . Decreasing the production 55 mRNA produced from dystrophin pre - mRNA generates a 
of an aberrant dystrophin mRNA , or aberrant dystrophin coding region for a functional - albeit shorter - dystrophin 
protein , preferably means that 90 % , 80 % , 70 % , 60 % , 50 % , protein . In this context , inhibiting inclusion of an exon 
40 % , 30 % , 20 % , 10 % , 5 % or less of the initial amount of preferably means that the detection of the original , aberrant 
aberrant dystrophin mRNA , or aberrant dystrophin protein , dystrophin mRNA is decreased of at least about 10 % as 
is still detectable by RT PCR ( mRNA ) or immunofluores- 60 assessed by RT - PCR or that a corresponding aberrant dys 
cence or western blot analysis ( protein ) . An aberrant dys- trophin protein is decreased of at least about 10 % as assessed 
trophin mRNA or protein is also referred to herein as a by immunofluorescence or western blot analysis . The 
non - functional dystrophin mRNA or protein . A non func- decrease is preferably of at least 20 % , 30 % , 40 % , 50 % , 
tional dystrophin protein is preferably a dystrophin protein 60 % , 70 % , 80 % , 90 % or 100 % . 
which is not able to bind actin and / or members of the DGC 65 Once a DMD patient is provided with a functional dys 
protein complex . A non - functional dystrophin protein or trophin protein , the cause of DMD is taken away . Hence , it 
dystrophin mRNA does typically not have , or does not would then be expected that the symptoms of DMD are 

16,17 
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sufficiently alleviated . However , as already described sites than the sites of the exon to be skipped could easily 
before , the present invention provides the insight that , even interfere with the accuracy of the splicing process . To 
though exon skipping techniques are capable of providing a overcome these and other potential problems related to the 
functional dystrophin protein , a symptom of DMD is still use of AONs which are complementary to an intron 
further alleviated by administering to a DMD patient an 5 sequence , one preferred embodiment provides a method , 
adjunct compound for reducing inflammation , preferably for combination , use or pharmaceutical preparation according to 
reducing muscle tissue inflammation , and / or an adjunct the invention , wherein said compound for providing said 
compound for improving muscle fiber function , integrity individual with a functional dystrophin protein comprises an 
and / or survival . Moreover , the present invention provides oligonucleotide , or a functional equivalent thereof , compris 
the insight that an adjunct therapy counteracting inflamma- 10 ing a sequence which is complementary to a dystrophin 
tion does not negatively influence AON therapy . The present pre - mRNA exon . Preferably , said AON is capable of spe 
invention further provides the insight that the skipping cifically inhibiting an exon inclusion signal of at least one 
frequency of a dystrophin exon from a pre - mRNA compris- exon in said dystrophin pre - mRNA . Interfering with an exon 
ing said exon is enhanced , when using an oligonucleotide inclusion signal ( EIS ) has the advantage that such elements 
directed toward the exon or to one or both splice sites of said 15 are located within the exon . By providing an AON for the 
exon . The enhanced skipping frequency also increases the interior of the exon to be skipped , it is possible to interfere 
level of functional dystrophin protein produced in a muscle with the exon inclusion signal thereby effectively masking 
cell of a DMD or BMD individual . the exon from the splicing apparatus . The failure of the 

Since an exon of a dystrophin pre - mRNA will only be splicing apparatus to recognize the exon to be skipped thus 
included into the resulting mRNA when both the splice sites 20 leads to exclusion of the exon from the final mRNA . This 
are recognised by the spliceosome complex , splice sites are embodiment does not interfere directly with the enzymatic 
obvious targets for AONs . One embodiment therefore pro- process of the splicing machinery ( the joining of the exons ) . 
vides a method , combination , use or pharmaceutical prepa- It is thought that this allows the method to be more specific 
ration according to the invention , wherein said compound and / or reliable . It is thought that an EIS is a particular 
for providing said individual with a functional dystrophin 25 structure of an exon that allows splice acceptor and donor to 
protein comprises an oligonucleotide , or a functional assume a particular spatial conformation . In this concept it 
equivalent thereof , comprising a sequence which is comple- is the particular spatial conformation that enables the splic 
mentary to a non - exon region of a dystrophin pre mRNA . In ing machinery to recognize the exon . However , the inven 
one embodiment an AON is used which is solely comple- tion is certainly not limited to this model . It has been found 
mentary to a non - exon region of a dystrophin pre mRNA . 30 that agents capable of binding to an exon are capable of 
This is however not necessary : it is also possible to use an inhibiting an EIS . An AON may specifically contact said 
AON which comprises an intron - specific sequence as well exon at any point and still be able to specifically inhibit said 
as exon - specific sequence . Such AON comprises a sequence EIS . 
which is complementary to a non - exon region of a dystro- Using exon - internal AONs specific for an exon 46 
phin pre mRNA , as well as a sequence which is comple- 35 sequence , we were previously able to modulate the splicing 
mentary to an exon region of a dystrophin pre mRNA . Of pattern in cultured myotubes from two different DMD 
course , an AON is not necessarily complementary to the patients with an exon 45 deletion 1. Following AON treat 
entire sequence of a dystrophin exon or intron . AONs which ment , exon 46 was skipped , which resulted in a restored 
are complementary to a part of such exon or intron are reading frame and the induction of dystrophin synthesis in at 
preferred . An AON is preferably complementary to at least 40 least 75 % of the cells . We have recently shown that exon 
part of a dystrohin exon and / or intron , said part having at skipping can also efficiently be induced in human control 
least 13 nucleotides . and series of patients with different mutations , including 

Splicing of a dystrophin pre - mRNA occurs via two deletions , duplications and point mutations , for 39 different 
sequential transesterification reactions . First , the 2'OH of a DMD exons using exon - internal AONs1,2,11-15 
specific branch - point nucleotide within the intron that is 45 Within the context of the invention , a functional equiva 
defined during spliceosome assembly performs a nucleo- lent of an oligonucleotide preferably means an oligonucle 
philic attack on the first nucleotide of the intron at the 5 ' otide as defined herein wherein one or more nucleotides 
splice site forming the lariat intermediate . Second , the 3'OH have been substituted and wherein an activity of said func 
of the released 5 ' exon then performs a nucleophilic attack tional equivalent is retained to at least some extent . Prefer 
at the last nucleotide of the intron at the 3 ' splice site thus 50 ably , an activity of said functional equivalent is providing a 
joining the exons and releasing the intron lariat . The branch functional dystrophin protein . Said activity of said func 
point and splice sites of an intron are thus involved in a tional equivalent is therefore preferably assessed by quan 
splicing event . Hence , an oligonucleotide comprising a tifying the amount of a functional dystrophin protein . A 
sequence which is complementary to such branch point functional dystrophin is herein preferably defined as being a 
and / or splice site is preferably used for exon skipping . 55 dystrophin able to bind actin and members of the DGC 
Further provided is therefore a method , combination , use or protein complex . The assessment of said activity of an 
pharmaceutical preparation according to the invention , oligonucleotide is preferably done by RT - PCR or by immu 
wherein said compound for providing said individual with a nofluorescence or Western blot analyses . Said activity is 
functional dystrophin protein comprises an oligonucleotide , preferably retained to at least some extent when it represents 
or a functional equivalent thereof , comprising a sequence 60 at least 50 % , or at least 60 % , or at least 70 % or at least 80 % 
which is complementary to a splice site and / or branch point or at least 90 % or at least 95 % or more of corresponding 
of a dystrophin pre mRNA . activity of said oligonucleotide the functional equivalent 

Since splice sites contain consensus sequences , the use of derives from . Throughout this application , when the word 
an oligonucleotide or a functional equivalent thereof ( herein oligonucleotide is used it may be replaced by a functional 
also called an AON ) comprising a sequence which is 65 equivalent thereof as defined herein . 
complementary of a splice site involves the risk of promis- Hence , the use of an oligonucleotide , or a functional 
cuous hybridization . Hybridization of AONs to other splice equivalent thereof , comprising or consisting of a sequence 
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which is complementary to a dystrophin pre - mRNA exon the same RNA . It has long since been thought that structures 
provides good anti - DMD results . In one preferred embodi- in the RNA play a role in the function of the RNA . Without 
ment an oligonucleotide , or a functional equivalent thereof , being bound by theory , it is believed that the secondary 
is used which comprises or consists of a sequence which is structure of the RNA of an exon plays a role in structuring 
complementary to at least part of dystrophin pre - mRNA 5 the splicing process . Through its structure , an exon is 
exon 2 , 8 , 9 , 17 , 19 , 29 , 40-46 , 48-53 , 55 or 59 , said part recognized as a part that needs to be included in the mRNA . 
having at least 13 nucleotides . However , said part may also Herein this signalling function is referred to as an exon have at least 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , inclusion signal . A complementary oligonucleotide of this 
26 , 27 , 28 , 29 , 30 nucleotides . 
Most preferably an AON is used which comprises or 10 the exon and thereby capable of interfering with the exon embodiment is capable of interfering with the structure of 

consists of a sequence which is complementary to at least 
part of dystrophin pre - mRNA exon 51 , 44 , 45 , 53 , 46 , 43 , 2 , inclusion signal of the exon . It has been found that many 
8 , 50 and / or 52 , said part having at least 13 nucleotides . complementary oligonucleotides indeed comprise this 
However , said part may also have at least 14 , 15 , 16 , 17 , 18 , capacity , some more efficient than others . Oligonucleotides 
19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 nucleotides . 15 of this preferred embodiment , i.e. those with the said overlap 
Most preferred oligonucleotides are identified by each of the directed towards open and closed structures in the native 
following sequences SEQ ID NO : 3 to SEQ ID NO : 284 . exon RNA , are a selection from all possible oligonucle 
Accordingly , a most preferred oligonucleotide as used otides . The selection encompasses oligonucleotides that can 
herein is represented by a sequence from SEQ ID NO : 3 to efficiently interfere with an exon inclusion signal . Without 
SEQ ID NO : 284 . A most preferred oligonucleotide as used 20 being bound by theory it is thought that the overlap with an 
herein is selected from the group consisting of SEQ ID NO : 3 open structure improves the invasion efficiency of the oli 
to NO : 284 . gonucleotide ( i.e. increases the efficiency with which the 

Said exons are listed in decreasing order of patient oligonucleotide can enter the structure ) , whereas the overlap 
population applicability . Hence , the use of an AON com- with the closed structure subsequently increases the effi 
prising a sequence which is complementary to at least part 25 ciency of interfering with the secondary structure of the 
of dystrophin pre - mRNA exon 51 is suitable for use in a RNA of the exon , and thereby interfere with the exon 
larger part of the DMD patient population as compared to an inclusion signal . It is found that the length of the partial 
AON comprising a sequence which is complementary to complementarity to both the closed and the open structure is 
dystrophin pre - mRNA exon 44 , et cetera . not extremely restricted . We have observed high efficiencies 

In a preferred embodiment , an oligonucleotide of the 30 with oligonucleotides with variable lengths of complemen 
invention which comprises a sequence that is complemen- tarity in either structure . The term complementarity is used 
tary to part of dystrophin pre - mRNA is such that the herein to refer to a stretch of nucleic acids that can hybridise 
complementary part is at least 50 % of the length of the to another stretch of nucleic acids under physiological 
oligonucleotide of the invention , more preferably at least conditions . It is thus not absolutely required that all the bases 
60 % , even more preferably at least 70 % , even more pref- 35 in the region of complementarity are capable of pairing with 
erably at least 80 % , even more preferably at least 90 % or bases in the opposing strand . For instance , when designing 
even more preferably at least 95 % , or even more preferably the oligonucleotide one may want to incorporate for instance 
98 % or more . In a most preferred embodiment , the oligo- a residue that does not base pair with the base on the 
nucleotide of the invention consists of a sequence that is complementary strand . Mismatches may to some extent be 
complementary to part of dystrophin pre - mRNA as defined 40 allowed , if under the circumstances in the cell , the stretch of 
herein . For example , an oligonucleotide may comprise a nucleotides is capable of hybridising to the complementary 
sequence that is complementary to part of dystrophin pre- part . In a preferred embodiment a complementary part 
mRNA as defined herein and additional flanking sequences . ( either to said open or to said closed structure ) comprises at 
In a more preferred embodiment , the length of said comple- least 3 , and more preferably at least 4 consecutive nucleo 
mentary part of said oligonucleotide is of at least 13 , 14 , 15 , 45 tides . The complementary regions are preferably designed 
16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 such that , when combined , they are specific for the exon in 
nucleotides . Preferably , additional flanking sequences are the pre - mRNA . Such specificity may be created with various 
used to modify the binding of a protein to the oligonucle- lengths of complementary regions as this depends on the 
otide , or to modify a thermodynamic property of the oligo- actual sequences in other ( pre- ) mRNA in the system . The 
nucleotide , more preferably to modify target RNA binding 50 risk that also one or more other pre - mRNA will be able to 
affinity . hybridise to the oligonucleotide decreases with increasing 
One preferred embodiment provides a method , combina- size of the oligonucleotide . It is clear that oligonucleotides 

tion , use or pharmaceutical preparation according to the comprising mismatches in the region of complementarity 
invention , wherein said compound for providing said indi- but that retain the capacity to hybridise to the targeted 
vidual with a functional dystrophin protein comprises an 55 region ( s ) in the pre - mRNA , can be used in the present 
oligonucleotide , or a functional equivalent thereof , which invention . However , preferably at least the complementary 
comprises : parts do not comprise such mismatches as these typically 

a sequence which is complementary to a region of a have a higher efficiency and a higher specificity , than 
dystrophin pre - mRNA exon that is hybridized to another oligonucleotides having such mismatches in one or more 
part of a dystrophin pre - mRNA exon ( closed structure ) , and 60 complementary regions . It is thought that higher hybridisa 

a sequence which is complementary to a region of a tion strengths , ( i.e. increasing number of interactions with 
dystrophin pre - mRNA exon that is not hybridized in said the opposing strand ) are favourable in increasing the effi 
dystrophin pre - mRNA ( open structure ) . ciency of the process of interfering with the splicing machin 

For this embodiment , reference is made to our WO ery of the system . Preferably , the complementarity is 
2004/083432 patent application . RNA molecules exhibit 65 between 90 and 100 % . In general this allows for approxi 
strong secondary structures , mostly due to base pairing of mately 1 or 2 mismatch ( es ) in an oligonucleotide of around 
complementary or partly complementary stretches within 20 nucleotides 
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The secondary structure is best analysed in the context of oligonucleotide that at least partly overlaps said ( putative ) 
the pre - mRNA wherein the exon resides . Such structure may binding site and that overlaps at least part of said closed 
be analysed in the actual RNA . However , it is currently structure and overlaps at least part of said open structure . In 
possible to predict the secondary structure of an RNA this way we increase the chance of obtaining an oligonucle 
molecule ( at lowest energy costs ) quite well using structure- 5 otide that is capable of interfering with the exon inclusion 
modelling programs . A non - limiting example of a suitable from the pre - mRNA into mRNA . It is possible that a first 
program is RNA mfold version 3.1 server41 . A person skilled selected SR - binding region does not have the requested 
in the art will be able to predict , with suitable reproducibil- open - closed structure in which case another ( second ) SR 
ity , a likely structure of the exon , given the nucleotide protein binding site is selected which is then subsequently 
sequence . Best predictions are obtained when providing 10 tested for the presence of an open - closed structure . This 
such modelling programs with both the exon and flanking process is continued until a sequence is identified which 
intron sequences . It is typically not necessary to model the contains an SR protein binding site as well as a ( n ) ( partly 
structure of the entire pre - mRNA . overlapping ) open - closed structure . This sequence is then 
The open and closed structure to which the oligonucle- used to design an oligonucleotide which is complementary 

otide is directed , are preferably adjacent to one another . It is 15 to said sequence . 
thought that in this way the annealing of the oligonucleotide Such a method for generating an oligonucleotide is also 
to the open structure induces opening of the closed structure performed by reversing the described order , i.e. first gener 
whereupon annealing progresses into this closed structure . ating an oligonucleotide comprising determining , from a 
Through this action the previously closed structure assumes secondary structure of RNA from a dystrophin exon , a 
a different conformation . The different conformation results 20 region that assumes a structure that is hybridised to another 
in the disruption of the exon inclusion signal . However , part of said RNA ( closed structure ) and a region that is not 
when potential ( cryptic ) splice acceptor and / or donor hybridised in said structure ( open structure ) , and subse 
sequences are present within the targeted exon , occasionally quently generating an oligonucleotide , of which at least a 
a new exon inclusion signal is generated defining a different part of said oligonucleotide is complementary to said closed 
( neo ) exon , i.e. with a different 5 ' end , a different 3 ' end , or 25 structure and of which at least another part of said oligo 
both . This type of activity is within the scope of the present nucleotide is complementary to said open structure . This is 
invention as the targeted exon is excluded from the mRNA . then followed by determining whether an SR protein binding 
The presence of a new exon , containing part of the targeted site at least overlaps with said open / closed structure . In this 
exon , in the mRNA does not alter the fact that the targeted way the method of WO 2004/083432 is improved . In yet 
exon , as such , is excluded . The inclusion of a neo - exon can 30 another embodiment the selections are performed simulta 
be seen as a side effect which occurs only occasionally . neously . 
There are two possibilities when exon skipping is used to Without wishing to be bound by any theory it is currently 
restore ( part of ) an open reading frame of dystrophin that is thought that use of an oligonucleotide directed to an SR 
disrupted as a result of a mutation . One is that the neo - exon protein binding site results in ( at least partly ) impairing the 
is functional in the restoration of the reading frame , whereas 35 binding of an SR protein to the binding site of an SR protein 
in the other case the reading frame is not restored . When which results in disrupted or impaired splicing . 
selecting oligonucleotides for restoring dystrophin reading Preferably , an open / closed structure and an SR protein 
frames by means of exon - skipping it is of course clear that binding site partly overlap and even more preferred an 
under these conditions only those oligonucleotides are open / closed structure completely overlaps an SR protein 
selected that indeed result in exon - skipping that restores the 40 binding site or an SR protein binding site completely over 
dystrophin open reading frame , with or without a neo - exon . laps an open / closed structure . This allows for an improved 

Further provided is a method , combination , use or phar- disruption of exon inclusion . 
maceutical preparation according to the invention , wherein Besides consensus splice sites sequences , many ( if not all ) 
said compound for providing said individual with a func- exons contain splicing regulatory sequences such as exonic 
tional dystrophin protein comprises an oligonucleotide , or a 45 splicing enhancer ( ESE ) sequences to facilitate the recog 
functional equivalent thereof , which comprises a sequence nition of genuine splice sites by the spliceosome42,43 . A 
that is complementary to a binding site for a serine - arginine subgroup of splicing factors , called the SR proteins , can bind 
( SR ) protein in RNA of an exon of a dystrophin pre - mRNA . to these ESEs and recruit other splicing factors , such as U1 
In our WO 2006/112705 patent application we have dis- and U2AF to ( weakly defined ) splice sites . The binding sites 
closed the presence of a correlation between the effectivity 50 of the four most abundant SR proteins ( SF2 / ASF , SC35 , 
of an exon - internal antisense oligonucleotide ( AON ) in SRp40 and SRp55 ) have been analyzed in detail and these 
inducing exon skipping and the presence of a ( for example results are implemented in ESEfinder , a web source that 
by ESEfinder ) predicted SR binding site in the target pre- predicts potential binding sites for these SR proteins 
mRNA site of said AON . Therefore , in one embodiment an There is a correlation between the effectiveness of an AON 
oligonucleotide is generated comprising determining a ( pu- 55 and the presence / absence of an SF2 / ASF , SC35 and SRp40 
tative ) binding site for an SR ( Ser - Arg ) protein in RNA of binding site . In a preferred embodiment , the invention thus 
a dystrophin exon and producing an oligonucleotide that is provides a method , combination , use or pharmaceutical 
complementary to said RNA and that at least partly overlaps preparation as described above , wherein said SR protein is 
said ( putative ) binding site . The term “ at least partly over- SF2 / ASF or SC35 or SRp40 . 
laps ” is defined herein as to comprise an overlap of only a 60 In one embodiment a DMD patient is provided with a 
single nucleotide of an SR binding site as well as multiple functional dystrophin protein by using an oligonucleotide , or 
nucleotides of said binding site as well as a complete overlap a functional equivalent thereof , which is capable of specifi 
of said binding site . This embodiment preferably further cally binding a regulatory RNA sequence which is required 
comprises determining from a secondary structure of said for the correct splicing of a dystrophin exon in a transcript . 
RNA , a region that is hybridised to another part of said RNA 65 Several cis - acting RNA sequences are required for the 
( closed structure ) and a region that is not hybridised in said correct splicing of exons in a transcript . In particular , 
structure ( open structure ) , and subsequently generating an supplementary elements such as intronic or exonic splicing 

42,43 
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enhancers ( ISEs and ESEs ) or silencers ( ISSs and ESEs ) are can be found in4 Hybrids between one or more of the 
identified to regulate specific and efficient splicing of con- equivalents among each other and / or together with nucleic 
stitutive and alternative exons . Using sequence - specific anti- acid are of course also suitable . In a preferred embodiment 
sense oligonucleotides ( AONs ) that bind to the elements , locked nucleic acid is used as a functional equivalent of an 
their regulatory function is disturbed so that the exon is 5 oligonucleotide , as locked nucleic acid displays a higher 
skipped , as shown for DMD . Hence , in one preferred target affinity and reduced toxicity and therefore shows a 
embodiment an oligonucleotide or functional equivalent higher efficiency of exon skipping . 
thereof is used which is complementary to an intronic In one embodiment an oligonucleotide , or a functional 
splicing enhancer ( ISE ) , an exonic splicing enhancer ( ESE ) , equivalent thereof , which is capable of inhibiting inclusion 
an intronic splicing silencer ( ISS ) and / or an exonic splicing 10 of a dystrophin exon into dystrophin mRNA is combined 
silencer ( ESS ) . As already described herein before , a dys- with at least one other oligonucleotide , or functional equiva 
trophin exon is in one preferred embodiment skipped by an lent thereof , that is capable of inhibiting inclusion of another 
agent capable of specifically inhibiting an exon inclusion dystrophin exon into dystrophin mRNA . This way , inclusion 
signal of said exon , so that said exon is not recognized by the of two or more exons of a dystrophin pre - mRNA in mRNA 
splicing machinery as a part that needs to be included in the 15 produced from this pre - mRNA is prevented . This embodi 
mRNA . As a result , a mRNA without said exon is formed . ment is further referred to as double- or multi - exon skip 
An AON used in a method of the invention is preferably ping2,15 . In most cases double - exon skipping results in the 

complementary to a consecutive part of between 13 and 50 exclusion of only the two targeted exons from the dystrophin 
nucleotides of dystrophin exon RNA or dystrophin intron pre - mRNA . However , in other cases it was found that the 
RNA . In one embodiment an AON used in a method of the 20 targeted exons and the entire region in between said exons 
invention is complementary to a consecutive part of between in said pre - mRNA were not present in the produced mRNA 
16 and 50 nucleotides of a dystrophin exon RNA or dystro- even when other exons ( intervening exons ) were present in 
phin intron RNA . Preferably , said AON is complementary to such region . This multi - skipping was notably so for the 
a consecutive part of between 15 and 25 nucleotides of said combination of oligonucleotides derived from the DMD 
exon RNA . More preferably , an AON is used which com- 25 gene , wherein one oligonucleotide for exon 45 and one 
prises a sequence which is complementary to a consecutive oligonucleotide for exon 51 was added to a cell transcribing 
part of between 20 and 25 nucleotides of a dystrophin exon the DMD gene . Such a set - up resulted in mRNA being 
RNA or a dystrophin intron RNA . produced that did not contain exons 45 to 51. Apparently , the 

Different types of nucleic acid may be used to generate the structure of the pre - mRNA in the presence of the mentioned 
oligonucleotide . Preferably , said oligonucleotide comprises 30 oligonucleotides was such that the splicing machinery was 
RNA , as RNA / RNA hybrids are very stable . Since one of the stimulated to connect exons 44 and 52 to each other . 
aims of the exon skipping technique is to direct splicing in Further provided is therefore a method , combination , use 
subjects it is preferred that the oligonucleotide RNA com- or pharmaceutical preparation according to the invention , 
prises a modification providing the RNA with an additional wherein a nucleotide sequence is used which comprises at 
property , for instance resistance to endonucleases and 35 least 8 , preferably between 16 to 80 , consecutive nucleotides 
RNaseH , additional hybridisation strength , increased stabil- that are complementary to a first exon of a dystrophin 
ity ( for instance in a bodily fluid ) , increased or decreased pre - mRNA and wherein a nucleotide sequence is used which 
flexibility , reduced toxicity , increased intracellular transport , comprises at least 8 , preferably between 16 to 80 , consecu 
tissue - specificity , etc. Preferably said modification com- tive nucleotides that are complementary to a second exon of 
prises a 2 - O - methyl - phosphorothioate oligoribonucleotide 40 said dystrophin pre - mRNA . 
modification . Preferably said modification comprises a 2 ' - O- In one preferred embodiment said first and said second 
methyl - phosphorothioate oligodeoxyribonucleotide modifi- exon are separated in said dystrophin pre - mRNA by at least 
cation . One embodiment thus provides a method , combina- one exon to which said oligonucleotide is not complemen 
tion , use or pharmaceutical preparation according to the tary . 
invention , wherein an oligonucleotide is used which com- 45 It is possible to specifically promote the skipping of also 
prises RNA which contains a modification , preferably a the intervening exons by providing a linkage between the 
2 - O - methyl modified ribose ( RNA ) or deoxyribose ( DNA ) two complementary oligonucleotides . Hence , in one 
modification . embodiment stretches of nucleotides complementary to at 

In one embodiment the invention provides a hybrid oli- least two dystrophin exons are separated by a linking moiety . 
gonucleotide comprising an oligonucleotide comprising a 50 The at least two stretches of nucleotides are thus linked in 
2 - O - methyl - phosphorothioate oligo ( deoxy ) ribonucleotide this embodiment so as to form a single molecule . Further 
modification and locked nucleic acid . This particular com- provided is therefore a method , combination , use or phar 
bination comprises better sequence specificity compared to maceutical preparation according to the invention wherein 
an equivalent consisting of locked nucleic acid , and com- said oligonucleotide , or functional equivalent thereof , for 
prises improved effectivity when compared with an oligo- 55 providing said individual with a functional dystrophin pro 
nucleotide consisting of 2 - O - methyl - phosphorothioate oli- tein is complementary to at least two exons in a dystrophin 
go ( deoxy ) ribonucleotide modification . pre - mRNA , said oligonucleotide or functional equivalent 

With the advent of nucleic acid mimicking technology it comprising at least two parts wherein a first part comprises 
has become possible to generate molecules that have a an oligonucleotide having at least 8 , preferably between 16 
similar , preferably the same hybridisation characteristics in 60 to 80 , consecutive nucleotides that are complementary to a 
kind not necessarily in amount as nucleic acid itself . Such first of said at least two exons and wherein a second part 
functional equivalents are of course also suitable for use in comprises an oligonucleotide having at least 8 , preferably 
a method of the invention . Preferred examples of functional between 16 to 80 , consecutive nucleotides that are comple 
equivalents of an oligonucleotide are peptide nucleic acid mentary to a second exon in said dystrophin pre - mRNA . The 
and / or locked nucleic acid . Most preferably , a morpholino 65 linkage may be through any means but is preferably accom 
phosphorodiamidate is used . Suitable but non - limiting plished through a nucleotide linkage . In the latter case the 
examples of equivalents of oligonucleotides of the invention number of nucleotides that do not contain an overlap 
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between one or the other complementary exon can be zero , current invention are those vectors wherein transcription is 
but is preferably between 4 to 40 nucleotides . The linking driven from PolIII promoters , and / or wherein transcripts are 
moiety can be any type of moiety capable of linking oligo- in the form fusions with U1 or U7 transcripts , which yield 
nucleotides . Preferably , said linking moiety comprises at good results for delivering small transcripts . It is within the 
least 4 uracil nucleotides . Currently , many different com- 5 skill of the artisan to design suitable transcripts . Preferred 
pounds are available that mimic hybridisation characteristics are PolIII driven transcripts . Preferably in the form of a 
of oligonucleotides . Such a compound , called herein a fusion transcript with an U1 or U7 transcript4,51,52 . Such 
functional equivalent of an oligonucleotide , is also suitable fusions may be generated as described 3,54 . The oligonucle 
for the present invention if such equivalent comprises simi- otide may be delivered as is . However , the oligonucleotide 
lar hybridisation characteristics in kind not necessarily in 10 may also be encoded by the viral vector . Typically this is in 
amount . Suitable functional equivalents are mentioned ear- the form of an RNA transcript that comprises the sequence 
lier in this description . As mentioned , oligonucleotides of of the oligonucleotide in a part of the transcript . 
the invention do not have to consist of only oligonucleotides Improvements in means for providing cells with an oli 
that contribute to hybridisation to the targeted exon . There gonucleotide or equivalent thereof , are anticipated consid 
may be additional material and / or nucleotides added . 15 ering the progress that has already thus far been achieved . 

The DMD gene is a large gene , with many different exons . Such future improvements may of course be incorporated to 
Considering that the gene is located on the X - chromosome , achieve the mentioned effect on restructuring of mRNA 
it is mostly boys that are affected , although girls can also be using a method of the invention . The oligonucleotide or 
affected by the disease , as they may receive a bad copy of the equivalent thereof can be delivered as is to the cells . When 
gene from both parents , or are suffering from a particularly 20 administering the oligonucleotide or equivalent thereof to an 
biased inactivation of the functional allele due to a particu- individual , it is preferred that the oligonucleotide is dis 
larly biased X chromosome inactivation in their muscle solved in a solution that is compatible with the delivery 
cells . The protein is encoded by a plurality of exons ( 79 ) method . For intravenous , subcutaneous , intramuscular , 
over a range of at least 2.6 Mb . Defects may occur in any intrathecal and / or intraventricular administration it is pre 
part of the DMD gene . Skipping of a particular exon or 25 ferred that the solution is a physiological salt solution . 
particular exons can , very often , result in a restructured Particularly preferred for a method of the invention is the use 
mRNA that encodes a shorter than normal but at least of an excipient that will aid in delivery of a compound as 
partially functional dystrophin protein . A practical problem defined herein , preferably an oligonucleotide and optionally 
in the development of a medicament based on exon - skipping together with an adjunct compound to a cell and into a cell , 
technology is the plurality of mutations that may result in a 30 preferably a muscle cell . Preferred are excipients capable of 
deficiency in functional dystrophin protein in the cell . forming complexes , vesicles and / or liposomes that deliver 
Despite the fact that already multiple different mutations can such a compound as defined herein , preferably an oligo 
be corrected for by the skipping of a single exon , this nucleotide and optionally together with an adjunct com 
plurality of mutations , requires the generation of a large pound complexed or trapped in a vesicle or liposome 
number of different pharmaceuticals as for different muta- 35 through a cell membrane . Many of these excipients are 
tions different exons need to be skipped . An advantage of a known in the art . Suitable excipients comprise polyethylen 
compound capable of inducing skipping of two or more imine ( PEI ) , or similar cationic polymers , including poly 
exons , is that more than one exon can be skipped with a propyleneimine or polyethylenimine copolymers ( PECs ) 
single pharmaceutical . This property is not only practically and derivatives , ExGen 500 , synthetic amphiphils ( SAINT 
very useful in that only a limited number of pharmaceuticals 40 18 ) , LipofectinTM , DOTAP and / or viral capsid proteins that 
need to be generated for treating many different DMD or are capable of self assembly into particles that can deliver 
particular , severe BMD mutations . Another option now open such compounds , preferably an oligonucleotide and option 
to the person skilled in the art is to select particularly ally together with an adjunct compound as defined herein to 
functional restructured dystrophin proteins and produce a cell , preferably a muscle cell . Such excipients have been 
compounds capable of generating these preferred dystrophin 45 shown to efficiently deliver ( oligonucleotide such as anti 
proteins . Such preferred end results are further referred to as sense ) nucleic acids to a wide variety of cultured cells , 
mild phenotype dystrophins . including muscle cells . Their high transfection potential is 

Each compound , an oligonucleotide and / or an adjunct combined with an excepted low to moderate toxicity in 
compound as defined herein for use according to the inven- terms of overall cell survival . The ease of structural modi 
tion may be suitable for direct administration to a cell , tissue 50 fication can be used to allow further modifications and the 
and / or an organ in vivo of individuals affected by or at risk analysis of their further ( in vivo ) nucleic acid transfer 
of developing DMD or BMD , and may be administered characteristics and toxicity . 
directly in vivo , ex vivo or in vitro . Lipofectin represents an example of a liposomal transfec 

Alternatively , suitable means for providing cells with an tion agent . It consists of two lipid components , a cationic 
oligonucleotide or equivalent thereof are present in the art . 55 lipid N- [ 1- ( 2,3 dioleoyloxy ) propyl ] -N , N , N - trimethylammo 
An oligonucleotide or functional equivalent thereof may for nium chloride ( DOTMA ) ( cp . DOTAP which is the meth 
example be provided to a cell in the form of an expression ylsulfate salt ) and a neutral lipid dioleoylphosphatidyletha 
vector wherein the expression vector encodes a transcript nolamine ( DOPE ) . The neutral component mediates the 
comprising said oligonucleotide . The expression vector is intracellular release . Another group of delivery systems are 
preferably introduced into the cell via a gene delivery 60 polymeric nanoparticles . 
vehicle . A preferred delivery vehicle is a viral vector such as Polycations such like diethylaminoethylaminoethyl 
an adeno - associated virus vector ( AAV ) , or a retroviral ( DEAE ) -dextran , which are well known as DNA transfec 
vector such as a lentivirus vector4,51,52 and the like . Also tion reagent can be combined with butylcyanoacrylate 
plasmids , artificial chromosomes , plasmids suitable for tar- ( PBCA ) and hexylcyanoacrylate ( PHCA ) to formulate cat 
geted homologous recombination and integration in the 65 ionic nanoparticles that can deliver a compound as defined 
human genome of cells may be suitably applied for delivery herein , preferably an oligonucleotide and optionally together 
of an oligonucleotide as defined herein . Preferred for the with an adjunct compound across cell membranes into cells . 
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In addition to these common nanoparticle materials , the its expression levels , the medium used and the transfection 
cationic peptide protamine offers an alternative approach to and incubation conditions , the concentration of oligonucle 
formulate a compound as defined herein , preferably an otide ( s ) used may further vary and may need to be optimised 
oligonucleotide and optionally together with an adjunct 
compound as colloids . This colloidal nanoparticle system 5 More preferably , a compound preferably an oligonucle 
can form so called proticles , which can be prepared by a otide and an adjunct compound to be used in the invention 
simple self - assembly process to package and mediate intra- to prevent , treat DMD or BMD are synthetically produced 
cellular release of a compound as defined herein , preferably and administered directly to a cell , a tissue , an organ and / or 
an oligonucleotide and optionally together with an adjunct patients in formulated form in a pharmaceutically acceptable 
compound . The skilled person may select and adapt any of 10 composition or preparation . The delivery of a pharmaceuti 
the above or other commercially available alternative excipi- cal composition to the subject is preferably carried out by 
ents and delivery systems to package and deliver a com- one or more parenteral injections , e.g. intravenous and / or 
pound as defined herein , preferably an oligonucleotide and subcutaneous and / or intramuscular and / or intrathecal and / or 
optionally together with an adjunct compound for use in the intraventricular administrations , preferably injections , at one 
current invention to deliver said compound for the treatment 15 or at multiple sites in the human body . 
of Duchenne Muscular Dystrophy or Becker Muscular Dys- Besides exon skipping , it is also possible to provide a 
trophy in humans . DMD patient with a functional dystrophin protein with a 

In addition , a compound as defined herein , preferably an therapy based on read - through of stopcodons . Compounds 
oligonucleotide and optionally together with an adjunct capable of suppressing stopcodons are particularly suitable 
compound could be covalently or non - covalently linked to a 20 for a subgroup of DMD patients which is affected by 
targeting ligand specifically designed to facilitate the uptake nonsense mutations ( ~ 7 % ) resulting in the formation of a 
in to the cell , cytoplasm and / or its nucleus . Such ligand stop codon within their dystrophin gene . In one embodiment 
could comprise ( i ) a compound ( including but not limited to said compound capable of suppressing stopcodons com 
peptide ( -like ) structures ) recognising cell , tissue or organ prises the antibiotic gentamicin . In a recent study in mdx 
specific elements facilitating cellular uptake and / or ( ii ) a 25 mice , gentamicin treatment induced novel dystrophin 
chemical compound able to facilitate the uptake in to cells expression up to 20 % of normal level , albeit with variability 
and / or the intracellular release of an a compound as defined among animals . Human trials with gentamicin have however 
herein , preferably an oligonucleotide and optionally together been inconclusive55 . PTC124 belongs to a new class of 
with an adjunct compound from vesicles , e.g. endosomes or small molecules that mimics at lower concentrations the 
lysosomes . 30 readthrough activity of gentamicin . Administration of 

Therefore , in a preferred embodiment , a compound as PTC124 resulted in the production of full - length and func 
defined herein , preferably an oligonucleotide and optionally tionally active dystrophin both in vitro and in mdx mice16 . 
together with an adjunct compound are formulated in a Phase I / II trials with PTC124 are currently ongoing , not only 
medicament which is provided with at least an excipient for application in DMD but also for cystic fibrosis16,17 . The 
and / or a targeting ligand for delivery and / or a delivery 35 references 16 and 17 also describe preferred dosages of the 
device of said compound to a cell and / or enhancing its PCT124 compound for use in the present invention . Further 
intracellular delivery . Accordingly , the invention also provided is therefore a method , combination , use or phar 
encompasses a pharmaceutically acceptable composition maceutical preparation according to the invention , wherein 
comprising a compound as defined herein , preferably an said compound for providing said individual with a func 
oligonucleotide and optionally together with an adjunct 40 tional dystrophin protein comprises a compound for sup 
compound and further comprising at least one excipient pressing stop codons . Said compound for suppressing stop 
and / or a targeting ligand for delivery and / or a delivery codons preferably comprises gentamicin , PTC124 or a func 
device of said compound to a cell and / or enhancing its tional equivalent thereof . Most preferably , said compound 
intracellular delivery . comprises PTC124 . 

It is to be understood that an oligonucleotide and an 45 In one embodiment an individual is provided with a 
adjunct compound may not be formulated in one single functional dystrophin protein using a vector , preferably a 
composition or preparation . Depending on their identity , the viral vector , comprising a micro - mini - dystrophin gene . Most 
skilled person will know which type of formulation is the preferably , a recombinant adeno - associated viral ( rAAV ) 
most appropriate for each compound . vector is used . AAV is a single - stranded DNA parvovirus 

In a preferred embodiment the invention provides a kit of 50 that is non - pathogenic and shows a helper - dependent life 
parts comprising a compound for providing an individual cycle . In contrast to other viruses ( adenovirus , retrovirus , 
with a functional dystrophin protein and an adjunct com- and herpes simplex virus ) , rAAV vectors have demonstrated 
pound for reducing inflammation , preferably for reducing to be very efficient in transducing mature skeletal muscle . 
muscle tissue inflammation , and / or an adjunct compound for Application of rAAV in classical DMD “ gene addition ” 
improving muscle fiber function , integrity and / or survival . 55 studies has been hindered by its restricted packaging limits 

In a preferred embodiment , a concentration of an oligo- ( < 5 kb ) . Therefore , rAAV is preferably applied for the 
nucleotide as defined herein , which is ranged between about efficient delivery of a much smaller micro- or mini - dystro 
0.1 nM and about 1 uM is used . More preferably , the phin gene . Administration of such micro - or mini - dystrophin 
concentration used is ranged between about 0.3 to about 400 gene results in the presence of a at least partially functional 
nM , even more preferably between about 1 to about 200 nM . 60 dystrophin protein . Reference is made to 
If several oligonucleotides are used , this concentration may A compound for providing an individual with a functional 
refer to the total concentration of oligonucleotides or the dystrophin protein and at least one adjunct compound 
concentration of each oligonucleotide added . The ranges of according to the invention can be administered to an indi 
concentration of oligonucleotide ( s ) as given above are pre- vidual in any order . In one embodiment , said compound for 
ferred concentrations for in vitro or ex vivo uses . The skilled 65 providing an individual with a functional dystrophin protein 
person will understand that depending on the oligonucle- and said at least one adjunct compound are administered 
otide ( s ) used , the target cell to be treated , the gene target and simultaneously ( meaning that said compounds are adminis 
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tered within 10 hours , preferably within one hour ) . This is BRIEF DESCRIPTION OF THE DRAWINGS 
however not necessary . In one embodiment at least one 
adjunct compound is administered to an individual in need FIGS . 1A - 1B . Schematic Representation of Exon Skip 
thereof before administration of a compound for providing ping 
an individual with a functional dystrophin protein . Further 5 In a patient with Duchenne's muscular dystrophy who has 

a deletion of exon 50 , an out - of - frame transcript is generated provided is therefore a method according to the invention , 
comprising : in which exon 49 is spliced to exon 51 ( A ) . As a result , a stop 

codon is generated in exon 51 , which prematurely aborts 
administering to an individual in need thereof an adjunct dystrophin synthesis . The sequence - specific binding of the 

compound for reducing inflammation , preferably for reduc exon - internal antisense oligonucleotide PRO051 interferes 
ing muscle tissue inflammation , and / or administering to said with the correct inclusion of exon 51 during splicing so that 
individual an adjunct compound for improving muscle fiber the exon is actually skipped ( B ) . This restores the open 
function , integrity and / or survival , and , subsequently , reading frame of the transcript and allows the synthesis of a 

administering to said individual a compound for provid dystrophin similar to that in patients with Becker's muscular 
ing said individual with a functional dystrophin protein . dystrophy ( BMD ) . 

FIGS . 2A - 2E . Prescreening Studies of the Four Patients . 
In yet another embodiment , said compound for providing Magnetic resonance images of the lower legs of the four 

an individual with a functional dystrophin protein is admin- patients ( the left leg of Patient 3 and right legs of the other 
istered before administration of said at least one adjunct three patients ) show the adequate condition of the tibialis 
compound anterior muscle ( less than 50 % fat infiltration and fibrosis ) 

Further provided is a method for at least in part increasing 20 ( A ) . The diagnosis of Duchenne's muscular dystrophy in 
the production of a functional dystrophin protein in a cell , these patients was confirmed by diaminobenzidine tetrahy 
said cell comprising pre - mRNA of a dystrophin gene encod drochloride staining of cross sections of biopsy specimens 
ing aberrant dystrophin protein , the method comprising : obtained previously from the quadriceps muscle ( B ) . No 

dystrophin expression was observed , with the exception of 
providing said cell with a compound for inhibiting inclu- one dystrophin - positive , or revertant , fiber in Patient 2 

sion of an exon into mRNA produced from splicing of said ( arrow ) . Reverse - transcriptase - polymerase chain - reaction 
dystrophin pre - mRNA , and ( RT - PCR ) analysis of the transcript region flanking the 

providing said cell with an adjunct compound for reduc patients ' mutations and exon 51 confirmed both the indi 
ing inflammation , preferably for reducing muscle tissue vidual mutations in nontreated myotubes ( NT ) and the 
inflammation , and / or providing said cell with an adjunct 30 positive response to PRO051 ( i.e. , exon 51 skipping ) in 
compound for improving muscle fiber function , integrity treated myotubes ( T ) on the RNA level ( C ) . The efficiencies 

of exon skipping were 49 % for Patient 1 , 84 % for Patient 2 , and / or survival , the method further comprising allowing 
translation of mRNA produced from splicing of said pre 58 % for Patient 3 , and 90 % for Patient 4. Acryptic splice site 

within exon 51 is sometimes activated by PRO051 in cell mRNA . In one embodiment said method is performed in culture , resulting in an extra aberrant splicing product , as vitro , for instance using a cell culture . seen in the treated sample from Patient 4. Lane M shows a 
In this context , increasing the production of a functional 100 - bp size marker , and lane C RNA from healthy control 

dystrophin protein has been earlier defined herein . muscle . Sequence analysis of the RT - PCR fragments from 
Unless otherwise indicated each embodiment as described treated and untreated myotubes identified the precise skip 

herein may be combined with another embodiment as ping of exon 51 for each patient ( D ) . The new in - frame 
40 transcripts led to substantial dystrophin synthesis , as described herein . detected by immunofluorescence analysis of treated myo 

In this document and in its claims , the verb “ to comprise ” tubes with the use of monoclonal antibody NCL - DYS2 ( E ) . 
and its conjugations is used in its non - limiting sense to mean No dystrophin was detected before treatment . 
that items following the word are included , but items not FIG . 3. RT - PCR Analysis of RNA Isolated from Serial 
specifically mentioned are not excluded . In addition the verb Sections of Biopsy Specimens from the Patients . 
“ to consist ” may be replaced by “ to consist essentially of " After treatment with PRO051 , reverse - transcriptase - poly 
meaning that a compound or adjunct compound as defined merase - chain - reaction ( RT - PCR ) analysis shows novel , 
herein may comprise additional component ( s ) than the ones shorter transcript fragments for each patient . Both the size 
specifically identified , said additional component ( s ) not and sequence of these fragments confirm the precise skip 
altering the unique characteristic of the invention . ping of exon 51. No additional splice variants were 

observed . At 28 days , still significant in - frame RNA tran In addition , reference to an element by the indefinite scripts were detected , suggesting prolonged persistence of 
article “ a ” or “ an ” does not exclude the possibility that more PRO051 in muscle . Owing to the small amount of section 
than one of the element is present , unless the context clearly material , high - sensitivity PCR conditions were used ; this 
requires that there be one and only one of the elements . The process precluded the accurate quantification of skipping 
indefinite article “ a ” or “ an ” thus usually means “ at least 55 efficiencies and the meaningful correlation between levels of 
one ” . RNA and protein . M denotes size marker , and C control . 

The word “ approximately ” or “ about ” when used in FIGS . 4A - 4B . Dystrophin - Restoring Effect of a Single 
Intramuscular Dose of PRO051 . Immuno fluorescence association with a numerical value ( approximately 10 , about 

10 ) preferably means that the value may be the given value analysis with the use of the dystrophin antibody MAN 
of 10 more or less 1 % of the value . 60 DYS106 clearly shows dystrophin expression at the mem 

branes of the majority of fibers throughout the biopsy All patent and literature references cited in the present specimen obtained from each patient ( B ) . Western blot specification are hereby incorporated by reference in their analysis of total protein extracts isolated from the patients ' entirety . biopsy specimens with the use of NCL - DYS1 antibody 
The invention is further explained in the following 65 show restored dystrophin expression in all patients ( A ) . 

examples . These examples do not limit the scope of the FIG . 5. Exon 23 skipping levels on RNA level in different 
invention , but merely serve to clarify the invention . muscle groups ( Q : quadriceps muscle ; TA : tibialis anterior 
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muscle ; DIA : diaphragm muscle ) in mdx mice ( two mice per indicated that the PRO051 compound was locally safe and 
group ) treated with PS49 alone ( group 3 ) or with PS49 and well tolerated . For immunofluorescence analysis , acetone 
prednisolone ( group 4 ) . fixed cross - sections of the biopsy were incubated for 90 FIGS . 6A - 6B . In muscle cells , DMD gene exon 44 ( A ) or minutes with monoclonal antibodies against the central rod exon 45 ( B ) skipping levels are enhanced with increasing 5 
concentrations of pentoxyfilline ( from 0 to 0.5 mg / ml ) . FIG . domain ( MANDYS106 , Dr. G. Morris , UK , 1:60 ) , the 
6C Exon 23 skipping levels on RNA level in different C - terminal domain ( NCL - DYS2 , Novocastra Laboratories 
muscle groups ( Q : quadriceps muscle ; TA : tibialis anterior Ltd. , 1:30 ) or , as reference , laminin - a2 ( Chemicon Interna 
muscle ; Tri : triceps muscle ; HRT : heart muscle ) in mdx mice tional , Inc , 1 : 150 ) , followed by Alexa Fluor 488 goat anti 
( two mice per group ) treated with PS49 alone ( group 3 ) or 10 mouse IgG ( H + L ) ( Molecular Probes , Inc , 1 : 250 ) antibody 
with PS49 and pentoxyfilline ( group 4 ) . for one hour . Sections were mounted with Vectashield FIGS . 7A - 7B . Dystrophin ( DMD ) gene amino acid Mounting Medium ( Vector Laboratories Inc. ) . For quanti sequence 

FIG . 8. Human IGF - 1 Isoform 4 amino acid sequence . tative image analysis the ImageJ software ( W. Rasband , 
FIGS . 9A - 9M . Various oligonucleotides directed against 15 NIH , USA ; http://rsb.info.nih.gov/ij ) used 

the indicated exons of the dystrophin 20 ( DMD ) described 160,61 . Entire cross - sections were subdivided into 
series of 6-10 adjacent images , depending on section size . To 

EXAMPLES ensure reliable measurements , staining of the sections and 
Example 1 recording of all images was performed in one session , using 

fixed exposure settings , and avoiding pixel saturation . The 
In a recent clinical study the local safety , tolerability , and lower intensity threshold was set at Duchenne muscular 

dystrophin - restoring effect of antisense compound PRO051 dystrophy background , and positive fluorescence was quan 
was assessed . The clinical study was recently published . The tified for each section ( area percentage ) , both for dystrophin 
content of the publication is reproduced herein under 25 and laminin - a2 . Western blot analysis was performed as 
example 1A . In brief , PRO051 is a synthetic , modified RNA described ' , using pooled homogenates from sets of four 
molecule with sequence 5 ' - UCA AGG AAG AUG GCA serial 50 um sections throughout the biopsy . For the patients 
UUU CU - 3 ' , and designed to specifically induce exon 51 30 and 60 ug total protein was applied and for the control 
skipping59 . It carries full - length 2 - O - methyl substituted sample 3 ug . The blot was incubated overnight with dys 
ribose moieties and phosphorothioate internucleotide link- trophin monoclonal antibody NCL - DYS1 ( Novocastra 
ages . Four DMD patients with different specific DMD gene Laboratories , 1 : 125 ) , followed by goat anti - mouse IgG - HRP 
deletions correctable by exon 51 skipping were included . At ( Santa Cruz Biotechnology , 1 : 10.000 ) for one hour Immuno 
day 0 , a series of safety parameters was assessed . The reactive bands were visualized using the ECL Plus Western 
patient's leg ( i.e. tibialis anterior muscle ) was fixed with a 35 Blotting Detection System ( GE Healthcare ) and Hyperfilm 
tailor - made plastic mould and its position was carefully ECL ( Amersham , Biosciences ) . Signal intensities were mea 
recorded . A topical anesthetic ( EMLA ) was used to numb sured using ImageJ . Novel dystrophin protein expression at 
the skin Four injections of PRO051 were given along a line the sarcolemma was detected in the majority of muscle 
of 1.5 cm between two small skin tattoos , using a 2.5 cm fibers in the treated area in all four patients . The fibers in 
electromyographic needle ( MyoJect Disposable Hypoder- each section were manually counted after staining for lami 
mic Needle Electrode , TECA Accessories ) to ensure intra- nin - a2 , a basal lamina protein unaffected by dystrophin 
muscular delivery . Each injection volume was 200 ul , con- deficiency . The individual numbers varied , consistent with 
taining 200 ug PRO051 , dispersed in equal portions at the biopsy size and the quality of the patients ' muscles . In 
angles of approximately 30 degrees . At day 28 , the same 45 the largest sections , patient 2 had 726 fibers , of which 620 
series of safety parameters was assessed again . The leg was were dystrophin - positive , while patient 3 had 120 fibers , of 
positioned using the patient's own mould , and a semi - open which 117 were dystrophin - positive . The dystrophin inten 
muscle biopsy was taken between the tattoos under local sities were typically lower than those in a healthy muscle 
anesthesia using a forceps with two sharp - edged jaws biopsy . Western blot analysis confirmed the presence of 
( Blakesley Conchotoma , DK Instruments ) . The biopsy was dystrophin in varying amounts . The dystrophin signals were 
snap - frozen in liquid nitrogen - cooled 2 - methylbutane . scanned and correlated to the control ( per ug total protein ) . 
Patients were treated sequentially . At the time of study , two The amounts varied from 3 % in patient 3 with the most 
patients ( nr . 1 and 2 ) were also on corticosteroids ( predni- dystrophic muscle , to 12 % in patient 2 with the best pre 
sone or deflazacort ) , one had just stopped steroid treatment 55 served muscle . Since such comparison based on total protein 
( nr . 4 ) and one patient never used steroids ( nr . 3 ) ( see Table does not correct for the varying amounts of fibrotic and 
1 ) . This latter patient was also the one who lost ambulance adipose tissue in Duchenne muscular dystrophy patients , we 
at the youngest age when compared to the other three also quantified the dystrophin fluorescence signal relative to 
patients . The biopsy was analysed , for detection of specific that of the similarly - located laminin - a2 in each section , by 
exon skipping on RNA level ( RT - PCR analysis , not shown ) ImageJ analysis . When this dystrophin / laminin - a2 ratio was 
and novel expression of dystrophin on protein level ( immu- set at 100 % for the control section , the two patients that were 
nofluorescence and western blot analyses , summarized in co - treated with corticosteroids showed the highest percent 
Table 1 ) . Assessment of the series of safety parameters ages of dystrophin , 32 % in patient 1 and 35 % in patient 2 
( routine plasma and urine parameters for renal and liver 65 ( Table 1 ) . The lowest percentage of dystrophin was detected 
function , electrolyte levels , blood cell counts , hemoglobin , in patient 3 , 17 % . In patient 4 an intermediate percentage of 
aPTT , AP50 and CH50 values ) before and after treatment , 25 % was observed . These percentages correlated to the 
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relative quality of the target muscle , which was best in access to the data , jointly wrote the manuscript , and vouch 
patients nr . 1 and 2 , and worst in patient nr . 3 . for the completeness and accuracy of the data and analyses 

presented . 
TABLE 1 Description of PRO051 

PRO051 is a synthetic , modified RNA molecule with 
sequence 5 ' - UCAAGGAAGAUGGCAUUUCU - 3.12 It car 
ries full - length 2 - O - methyl - substituted ribose molecules Age ( yrs ) 

Age at Loss of and phosphorothioate internucleotide linkages . The drug 
Ambulation ( yrs ) was provided by Prosensa B.V. in vials of 1 mg of freeze 
Steroid Treatment 10 dried material with no excipient . It was dissolved and January administered in sterile , unpreserved saline ( 0.9 % sodium 
Ratio Dystrophin / chloride ) . PRO051 was not found to be mutagenic by 
laminin - alpha2 bacterial Ames testing . In regulatory Good Laboratory Prac 

tice safety studies , rats that received a single administration Conclusion : the effect of the PRO051 antisense compound was more prominent in those 
patients that were also subjected to corticosteroids . 15 of up to 8 mg per kilogram of body weight intramuscularly 

and 50 mg per kilogram intravenously showed no adverse 
effects ; monkeys receiving PRO051 for 1 month appeared to Example 1A tolerate doses up to 16 mg per kilogram per week when the 
drug was administered by intravenous 1 - hour infusion or by Reproduced from Van Deutekom JC et al , ( 2007 ) Anti 20 subcutaneous injection , without clinically relevant adverse 

sense Oligonucleotide PRO051 Restores Local Dystrophin effects . 
in DMD Patients . N Engl J. Med . , 357 ( 26 ) : 2677-86 . In Vitro Prescreening 
Methods A preexisting primary myoblast culturel was used for the 
Patients and Study Design prescreening of Patient 4. For the other three patients , 

Patients with Duchenne's muscular dystrophy who were 25 fibroblasts were converted into myogenic cells after infec 
between the ages of 8 and 16 years were eligible to partici- tion with an adenoviral vector containing the gene for the 
pate in the study . All patients had deletions that were myogenic transcription factor ( MyoD ) as described previ 
correctable by exon - 51 skipping and had no evidence of Myotube cultures were transfected with 
dystrophin on previous diagnostic muscle biopsy . Concur- PRO051 ( 100 nM ) and polyethylenimine ( 2 ul per micro 
rent glucocorticoid treatment was allowed . Written informed 30 gram of PRO051 ) , according to the manufacturer's instruc 
consent was obtained from the patients or their parents , as tions for ExGen500 ( MBI Fermentas ) . RNA was isolated 
appropriate . During the prescreening period ( up to 60 days ) , after 48 hours . Reverse transcriptase - polymerase chain reac 
each patient's mutational status and positive exon - skipping tion ( RT - PCR ) , immunofluorescence , and Western blot 
response to PRO051 in vitro were confirmed , and the analyses were performed as reported previously 1,12 PCR 
condition of the tibialis anterior muscle was determined by 35 fragments were analyzed with the use of the 2100 Bioana 
T -weighted magnetic resonance imaging ( MRI ) .62 For lyzer ( Agilent ) and isolated for sequencing by the Leiden 

Genome Technology Center . patients to be included in the study , fibrotic and adipose Safety Assessment tissue could make up no more than 50 % of their target At baseline and at 2 hours , 1 day , and 28 days after muscle . 40 injection , all patients received a full physical examination During the baseline visit , safety measures were assessed . ( including the measurement of vital signs ) and underwent In each patient , the leg that was to be injected was fixed with electrocardiography . In addition , plasma and urine were 
a tailor - made plastic mold and its position was recorded . A obtained to determine renal and liver function , electrolyte 
topical eutectic mixture of local anesthetics ( EMLA ) was levels , complete cell counts , the activated partial - thrombo 
used to numb the skin . Four injections of PRO051 were 45 plastin time , and complement activity values in the classical 
given along a line measuring 1.5 cm running between two ( CH50 ) and alternative ( AP50 ) routes . The use of concomi 
small skin tattoos with the use of a 2.5 - cm electromyo- tant medications was recorded . At baseline and on day 28 , 
graphic needle ( MyoJect Disposable Hypodermic Needle the strength of the tibialis anterior muscle was assessed with 
Electrode , TECA Accessories ) to ensure intramuscular the use of the Medical Research Council scale to evaluate 
delivery . The volume of each injection was 200 ul contain- 50 whether the procedures had affected muscle performance . 
ing 200 ug of PRO051 , which was dispersed in equal ( On this scale , a score of 0 indicates no movement and a 
portions at angles of approximately 30 degrees . score of 5 indicates normal muscle strength . ) Since only a 

At day 28 , safety measures were assessed again . The leg small area of the muscle was treated , clinical benefit in terms 
that had been injected was positioned with the use of the of increased muscle strength was not expected . At each visit , 
patient's own mold , and a semiopen muscle biopsy was 55 adverse events were recorded . 
performed between the tattoos under local anesthesia with a RNA Assessment 
forceps with two sharp - edged jaws ( Blakesley Conchotoma , Serial sections ( 50 um ) of the frozen muscle - biopsy 
DK Instruments ) .63 The biopsy specimen was snap - frozen in specimen were homogenized in RNA - Bee solution ( Campro 
2 - methylbutane cooled in liquid nitrogen . Scientific ) and MagNA Lyser Green Beads ( Roche Diag 

Patients were treated sequentially from May 2006 through 60 nostics ) . Total RNA was isolated and purified according to 
March 2007 and in compliance with Good Clinical Practice the manufacturer's instructions . For complementary DNA , 
guidelines and the provisions of the Declaration of Helsinki . synthesis was accomplished with Transcriptor reverse tran 
The study was approved by the Dutch Central Committee on scriptase ( Roche Diagnostics ) with the use of 500 ng of 
Research Involving Human Subjects and by the local insti- RNA in a 20 - ul reaction at 55 ° C. for 30 minutes with human 
tutional review board at Leiden University Medical Center . 65 exon 53 or 54 specific reverse primers . PCR analyses were 
All authors contributed to the study design , participated in performed as described previously . Products were ana 
the collection and analysis of the data , had complete and free lyzed on 2 % agarose gels and sequenced . In addition , 
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RT - PCR with the use of primer set for the protein- which was considered to be an adverse event related to the 
truncation test67 was used to rapidly screen for aspecific study drug . Other events included mild - to - moderate pain 
aberrant splicing events throughout the DMD gene . after the muscle biopsy . Two patients had blistering under 
Assessment of Protein Level the bandages used for wound closure . In the period between 

For immunofluorescence analysis , acetone - fixed sections 5 injection and biopsy , two patients reported a few days of 
were incubated for 90 minutes with monoclonal antibodies flulike symptoms , and one patient had mild diarrhea for 1 
against the central rod domain ( MANDYS106 , Dr. G. Mor- day . At baseline , the muscle - strength scores of the treated 
ris , United Kingdom ) at a dilution of 1:60 , the C - terminal tibialis anterior muscle in Patients 1 , 2 , 3 , and 4 were 4 , 2 , 
domain ( NCL - DYS2 , Novocastra Laboratories ) at a dilution 3 , and 4 , respectively , on the Medical Research Council 
of 1:30 , or ( as a reference ) laminin ( Chemicon Interna- 10 scale . None of the patients showed changes in the strength 
tional ) , a basal lamina protein that is unaffected by dystro- of this muscle during the study or significant alterations in 
phin deficiency , at a dilution of 1 : 150 , followed by Alexa standard laboratory measures or increased measures of 
Fluor 488 goat anti - mouse IgG ( H + L ) antibody ( Molecular complement split products or activated partial - thromboplas 
Probes ) at a dilution of 1 : 250 for 1 hour . Sections were tin time . No local inflammatory or toxic response was 
mounted with Vectashield Mounting Medium ( Vector Labo- 15 detected in the muscle sections of the patients ( data not 
ratories ) . ImageJ software ( W. Rasband , National Institutes shown ) . Patient 3 successfully underwent preplanned sur 
of Health , http://rsb.info.nih.gov/ij ) was used for quantita- gery for scoliosis in the month after the study was com 
tive image analysis as described previously . Entire cross pleted . 
sections were subdivided into series of 6 to 10 adjacent RNA and Protein Level 
images , depending on the size of the section . To ensure 20 At day 28 , a biopsy of the treated area was performed in 
reliable measurements , staining of the sections and record- each patient . Total muscle RNA was isolated from serial 
ing of all images were performed during one session with the sections throughout the biopsy specimen . In all patients , 
use of fixed exposure settings and the avoidance of pixel RT - PCR identified a novel , shorter fragment caused by 
saturation . The lower - intensity threshold was set at back- exon - 51 skipping , as confirmed by sequencing ( FIG . 3 ) . 
ground for Duchenne's muscular dystrophy , and positive 25 Further transcript analysis showed no other alterations ( data 
fluorescence was quantified for each section ( area percent- not shown ) . Immunofluorescence analyses of sections 
age ) , both for dystrophin and laminin a2 . throughout the biopsy specimen of each patient showed 

Western blot analysis was performed as described previ- clear sarcolemmal dystrophin signals in the majority of 
ously with the use of pooled homogenates from sets of four muscle fibers ( FIGS . 4A and 4B ) . Dystrophin antibodies 
serial 50 - um sections throughout the biopsy specimen . For 30 proximal and distal to the deletions that were used included 
each patient , two amounts of total protein 30 ug and 60 MANDYS106 ( FIGS . 4A and 4B ) and NCL - DYS2 ( similar 
ug — were applied , and for the control sample , 3 ug . The to MANDYS106 , not shown ) . The fibers in each section 
Western blot was incubated overnight with dystrophin were manually counted after staining for laminin a2.68 The 
monoclonal antibody NCL - DYS1 ( Novocastra Laborato- individual numbers varied , consistent with the size of the 
ries ) at a dilution of 1 : 125 , followed by horseradish - peroxi- 35 biopsy specimen and the quality of the muscle . In the largest 
dase - labeled goat antimouse IgG ( Santa Cruz Biotechnol- sections , Patient 2 had 726 fibers , of which 620 were 
ogy ) at a dilution of 1 : 10,000 for 1 hour . Immunoreactive dystrophin - positive , whereas Patient 3 had 120 fibers , of 
bands were visualized with the use of the ECL Plus Western which 117 were dystrophin - positive ( Data not shown ) . The 
blotting detection system ( GE Healthcare ) and Hyperfilm dystrophin intensities were typically lower than those in a 
ECL ( Amersham Biosciences ) . Signal intensities were mea- 40 healthy muscle biopsy specimen ( Data not shown ) . The 
sured with the use of ImageJ software . single fibers with a more intense dystrophin signal in 
Results Patients 2 and 3 could well be revertant fibers ( Data not 
Prescreening of Patients shown ) . 

The study was planned to include four to six patients . Six Western blot analysis confirmed the presence of dystro 
patients were invited to participate , and one declined . The 45 phin in varying amounts ( FIG . 4A ) . The dystrophin signals 
remaining five patients were prescreened . First , the condi- were scanned and correlated to the control ( per microgram 
tion of the tibialis anterior muscle was evaluated on MRI . of total protein ) . The amounts varied from 3 % in Patient 3 , 
The muscle condition of four patients was deemed to be who had the most - dystrophic muscle , to 12 % in Patient 2 , 
adequate for the study ( FIG . 2B ) , and the absence of who had the best - preserved muscle . Since such comparison 
dystrophin was confirmed in the patients ' original biopsy 50 on the basis of total protein does not correct for the varying 
specimens ( FIG . 2B ) . Second , the mutational status and amounts of fibrotic and adipose tissue in patients with 
positive exon - skipping response to PRO051 of these four Duchenne's muscular dystrophy , we also quantified the 
patients were confirmed in fibroblast cultures . PRO051 dystrophin fluorescence signal ( Data not shown ) relative to 
treatment generated a novel , shorter fragment of messenger that of the similarly located laminin a2 in each section by 
RNA for each patient , representing 46 % ( in Patient 4 ) to 55 ImageJ analysis . When the ratio of dystrophin to laminin a2 
90 % ( in Patient 1 ) of the total RT - PCR product ( FIG . 2C ) . was set at 100 for the control section , Patients 1 , 2 , 3 , and 
Precise exon - 51 skipping was confirmed by sequencing 4 had ratios of 33 , 35 , 17 , and 25 , respectively ( Table 1 ) . 
( FIG . 2D ) . No other transcript regions were found to be Discussion 
altered . Immunofluorescence analyses showed a preponder- Our study showed that local intramuscular injection of 
ance of dystrophin - positive myotubes ( FIG . 2E ) , a finding 60 PRO051 , a 20MePS antisense oligoribonucleotide comple 
that was confirmed by Western blot analysis ( not shown ) . mentary to a 20 - nucleotide sequence within exon 51 , 
Thus , the four patients were judged to be eligible for induced exon - 51 skipping , corrected the reading frame , and 
PRO051 treatment . Their baseline characteristics are shown thus introduced dystrophin in the muscle in all four patients 
in Table 2 . with Duchenne's muscular dystrophy who received therapy . 
Safety and Adverse Events 65 Dystrophin - positive fibers were found throughout the 

All patients had one or more adverse events . However , patients ' biopsy specimens , indicating dispersion of the 
only one patient reported mild local pain at the injection site , compound in the injected area . Since no delivery - enhancing 
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excipient was used , PRO051 uptake did not seem to be a liquid nitrogen - cooled 2 - methylbutane . For RT - PCR analy 
major potentially limiting factor . We cannot rule out that sis , the muscle samples were homogenized in the RNA - Bee 
increased permeability of the dystrophic fiber membrane had solution ( Campro Scientific , The Netherlands ) . Total RNA 
a favorable effect . The patients produced levels of dystro- was isolated and purified according to the manufacturer's 
phin that were 3 to 12 % of the level in healthy control 5 instructions . For cDNA synthesis with reverse transcriptase 
muscle , as shown on Western blot analysis of total protein . ( Roche Diagnostics , The Netherlands ) , 300 ng of RNA was 
Since the presence of fibrosis and fat may lead to some used in a 20 ul reaction at 55 ° C. for 30 min , reverse primed 
underestimation of dystrophin in total protein extracts , we with mouse DMD gene - specific primers . First PCRs were 
determined the ratio of dystrophin to laminin a2 in the cross performed with outer primer sets , for 20 cycles of 94 ° C. ( 40 sections , which ranged from 17 to 35 , as compared with 100 10 sec ) , 60 ° C. ( 40 sec ) , and 72 ° C. ( 60 sec ) . One ul of this in control muscle . The dystrophin - restoring effect of 
PRO051 was limited to the treated area , and no strength reaction ( diluted 1:10 ) was then re - amplified using nested 

primer combinations in the exons directly flanking exon 23 , improvement of the entire muscle was observed . Future 
systemic treatment will require repeated administration to with 30 cycles of 94 ° C. ( 40 sec ) , 60 ° C. ( 40 sec ) , and 72 ° 
increase and maintain dystrophin expression at a higher 15 C. ( 60 sec ) . PCR products were analysed on 2 % agarose 
level and to obtain clinical efficacy . gels . Skipping efficiencies were determined by quantifica 

Because of medical - ethics regulations regarding interven tion of PCR products using the DNA 1000 LabChip® Kit 
tions in minors , we could not obtain a biopsy specimen from and the Agilent 2100 bioanalyzer ( Agilent Technologies , 
the patients ' contralateral muscles that had not been injected . The Netherlands ) . No exon 23 skipping was observed in the 
However , the patients showed less than 1 % of revertant 20 muscles from mice treated with physiologic salt or preniso 
fibers in the original diagnostic biopsy specimens obtained lone only ( groups 1 and 2 ) . Levels of exon 23 skipping were 
5 to 9 years before the initiation of the study ( Table 2 and detected and per muscle group compared between mice 
FIG . 2B ) . We consider it very likely that the effects we treated with PS49 only ( group 3 ) and mice treated with PS49 
observed were related to the nature and sequence of the and adjunct compound prednisolone ( group 4 ) . In the quad 
PRO051 reagent rather than to a marked increase in rever- 25 riceps ( Q ) , tibialis anterior ( TA ) , and diaphragm ( DIA ) 
tant fibers . Indeed , a single , possibly revertant fiber that had muscles , exon 23 skipping levels were typically higher in 
an increased dystrophin signal was observed in both Patient group 4 when compared to group 3 ( FIG . 5 ) . This indicates 
2 and Patient 3 ( FIG . 4B ) . that adjunct compound prednisolone indeed enhances exon 

In summary , our study showed that local administration of 23 skipping levels in mdx mice treated with PS49 . 
PRO051 to muscle in four patients with Duchenne's mus- 30 
cular dystrophy restored dystrophin to levels ranging from 3 Example 3 
to 12 % or 17 to 35 % , depending on quantification relative to 
total protein or myofiber content . Consistent with the dis- A. , B. Differentiated muscle cell cultures ( myotubes ) 
tinctly localized nature of the treatment , functional improve- derived from a healthy control individual were transfected 
ment was not observed . The consistently poorer result in 35 with 250 nM PS188 ( [ 5 ' UCAGCUUCUGUUAGCCACUG 
Patient 3 , who had the most advanced disease , suggests the 3 ' ; SEQ ID NO : 10 ] an AON optimized to specifically skip 
importance of performing clinical trials in patients at a 44 ) 250 nM PS221 ( [ 5 ' AUUCAAU 
relatively young age , when relatively little muscle tissue has GUUCUGACAACAGUUUGC 3 ' ; SEQ ID NO : 60 ] an 
been replaced by fibrotic and adipose tissue . Our findings AON optimized to specifically skip exon 45 ) in the presence 
provide an indication that antisense - mediated exon skipping 40 of 0 to 0.5 mg / ml pentoxifylline , using the transfection 
may be a potential approach to restoring dystrophin synthe- reagent polymer UNIFectylin ( 2.0 ul UNIFectylin per ug 
sis in the muscles of patients with Duchenne's muscular AON in 0.15M NaCl ) . UNIFectylin interacts electrostati 
dystrophy . cally with nucleic acids , provided that the nucleic acid is 

negatively charged ( such as 2 - O - methyl phosphorothioate 
Example 2 45 AONs ) . Pentoxyfillin ( Sigma Aldrich ) was dissolved in 

water . Total RNA was isolated 24 hrs after transfection in 
In a pre - clinical study in mdx mice ( animal model for RNA - Bee solution ( Campro Scientific , The Netherlands ) 

DMD ) the effect of adjunct compound prednisone on AON- according to the manufacturer's instructions . For cDNA 
induced exon skipping was assessed . synthesis with reverse transcriptase ( Roche Diagnostics , The 
Mdx mice ( C57B1 / 10ScSn - mdx / J ) were obtained from 50 Netherlands ) , 500 ng of RNA was used in a 20 ul reaction 

Charles River Laboratories ( The Netherlands ) . These mice at 55 ° C. for 30 min , reverse primed with DMD gene 
are dystrophin - deficient due to a nonsense mutation in exon specific primers . First PCRs were performed with outer 
23. AON - induced exon 23 skipping is therapeutic in mdx primer sets , for 20 cycles of 94 ° C. ( 40 sec ) , 60 ° C. ( 40 sec ) , 
mice by removing the nonsense mutation and correction of and 72 ° C. ( 60 sec ) . One ul of this reaction ( diluted 1:10 ) 
the open reading frame . Two mdx mice per group were 55 was then re - amplified using nested primer combinations in 
injected subcutaneously with : Group 1 ) physiologic salt ( wk the exons directly flanking exon 44 or 45 , with 30 cycles of 
1-8 ) , Group 2 ) prednisolone ( 1 mg / kg , wk 1-8 ) , Group 3 ) 94 ° C. ( 40 sec ) , 60 ° C. ( 40 sec ) , and 72 ° C. ( 60 sec ) . PCR 
mouse - specific antisense oligonucleotide PS49 designed to products were analysed on 2 % agarose gels . Skipping effi 
specifically induce exon 23 skipping ( 100 mg / kg , wk 4 ( 5 ciencies were determined by quantification of PCR products 
times ) , week 5-8 ( 2 times ) , Group 4 ) prednisolone ( 1 mg / kg , 60 using the DNA 1000 LabChip® Kit and the Agilent 2100 
wk 1-8 ) + PS49 ( 100 mg / kg , wk 4 ( 5 times ) , week 5-8 ( 2 bioanalyzer ( Agilent Technologies , The Netherlands ) . 
times ) . PS49 ( 5 ' GGCCAAACCUCGGCUUACCU 3 ' ) has a Both with PS188 and PS221 , increasing levels of exon 44 
full - length phosphorothioate backbone and 2'0 - methyl or 45 skipping were obtained with increasing concentrations 
modified ribose molecules . of the adjunct compound pentoxifylline when compared to 

All mice were sacrificed at 1 week post - last - injection . 65 those obtained in cells that were not co - treated with pen 
Different muscles groups , including quadriceps , tibialis toxyfilline ( see FIG . 6 ) . These results indicate that pentoxi 
anterior , and diaphragm muscles were isolated and frozen in fylline enhances exon skipping levels in the muscle cells . 

exon or 
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C. TABLE 2 - continued 
In a pre - clinical study in mdx mice ( animal model for 

DMD ) the effect of adjunct compound pentoxyfilline on Baseline characteristics of the DMD patients 

AON - induced exon skipping was assessed . Mdx mice Patient 3 Patient 4 
( C57B1 / 10ScSn - mdx / J ) were obtained from Charles River 5 
Laboratories ( The Netherlands ) . These mice are dystrophin Strength TA 

muscle ( MRC deficient due to a nonsense mutation in exon 23. AON scale ) 
induced exon 23 skipping is therapeutic in mdx mice by Moderate ? Moderate Moderate ? Moderate 
removing the nonsense mutation and correction of the open 10 % Revertant reading frame . Two mdx mice per group were injected 
subcutaneously with : Group 1 ) pentoxyfilline ( 50 mg / kg , wk 

Inormal level : < 200 U / I 1-2 ) , Group 2 ) mouse - specific antisense oligonucleotide 2 less than 50 % fat infiltration and / or fibrosis [ Mercuri et al . , 2005 ) PS49 designed to specifically induce exon 23 skipping ( 100 
mg / kg , wk 2 ( 2 times ) , Group 3 ) pentoxyfilline ( 50 mg / kg , 
wk 1-2 ) + PS49 ( 100 mg / kg , wk 2 ( 2 times ) . PS49 ( 5 ' REFERENCES 
GGCCAAACCUCGGCUUACCU 3 ' ) has a full - length 
phosphorothioate backbone and 2'O - methyl modified ribose 1. Aartsma - Rus A , Janson A A , Kaman W E , et al . Thera 
molecules . peutic antisense - induced exon skipping in cultured 

All mice were sacrificed at 1 week post - last - injection . 20 muscle cells from six different DMD patients . Hum Mol 
Different muscles groups , including quadriceps , tibialis Genet . 2003 ; 12 ( 8 ) : 907-14 . 
anterior , triceps and heart muscles were isolated and frozen 2. Aartsma - Rus A , Janson AA , Kaman WE , et al . Antisense 
in liquid nitrogen - cooled 2 - methylbutane . For RT - PCR induced multiexon skipping for Duchenne muscular dys 
analysis , the muscle samples were homogenized in the trophy makes more sense . Am J Hum Genet . 2004 ; 
RNA - Bee solution ( Campro Scientific , The Netherlands ) . 25 74 ( 1 ) : 83-92 . 
Total RNA was isolated and purified according to the 3. Alter J , Lou F , Rabinowitz A , et al . Systemic delivery of 
manufacturer's instructions . For cDNA synthesis with morpholino oligonucleotide restores dystrophin expres 
reverse transcriptase ( Roche Diagnostics , The Netherlands ) , sion bodywide and improves dystrophic pathology . Nat 
300 ng of RNA was used in a 20 ul reaction at 55 ° C. for 30 Med 2006 ; 12 ( 2 ) : 175-7 . 
min , reverse primed with mouse DMD gene - specific prim- 30 4. Goyenvalle A , Vulin A , Fougerousse F , et al . Rescue of 
ers . First PCRs were performed with outer primer sets , for dystrophic muscle through U7 snRNA - mediated exon 
20 cycles of 94 ° C. ( 40 sec ) , 60 ° C. ( 40 sec ) , and 72 ° C. ( 60 skipping . Science 2004 ; 306 ( 5702 ) : 1796-9 . 
sec ) . One ul of this reaction ( diluted 1:10 ) was then re 5. Lu Q L , Mann C Lou F , et al . Functional amounts of 
amplified using nested primer combinations in the exons dystrophin produced by skipping the mutated exon in the 
directly flanking exon 23 , with 30 cycles of 94 ° C. ( 40 sec ) , 35 mdx dystrophic mouse . Nat Med 2003 ; 6 : 6 . 
60 ° C. ( 40 sec ) , and 72 ° C. ( 60 sec ) . PCR products were 6. Lu QL , Rabinowitz A , Chen Y C , et al . Systemic delivery 
analysed on 2 % agarose gels . Skipping efficiencies were of antisense oligoribonucleotide restores dystrophin 
determined by quantification of PCR products using the expression in body - wide skeletal muscles . Proc Natl Acad 
DNA 1000 LabChip® Kit and the Agilent 2100 bioanalyzer Sci USA 2005 ; 102 ( 1 ) : 198-203 . 
( Agilent Technologies , The Netherlands ) . No exon 23 skip- 40 7. McClorey G , Fall A M , Moulton H M , et al . Induced 
ping was observed in the muscles from mice treated with dystrophin exon skipping in human muscle explants . 
pentoxyfilline only ( groups 1 ) . Levels of exon 23 skipping Neuromuscul Disord 2006 ; 16 ( 9-10 ) : 583-90 . 
were detected and per muscle group compared between mice 8. McClorey G , Moulton H M , Iversen PL , et al . Antisense 
treated with PS49 only ( group 2 ) and mice treated with PS49 oligonucleotide - induced exon skipping restores dystro 
and adjunct compound pentoxyfilline ( group 3 ) . In the 45 phin expression in vitro in a canine model of DMD . Gene 
quadriceps ( Q ) , tibialis anterior ( TA ) , triceps ( Tri ) and heart Ther 2006 ; 13 ( 19 ) : 1373-81 . 
( HRT ) muscles , exon 23 skipping levels were typically 9. Pramono Z A , Takeshima Y , Alimsardjono H , Ishii A , 
higher in group 3 when compared to group 2 ( FIG . 6c ) . This Takeda S , Matsuo M. Induction of exon skipping of the 
indicates that adjunct compound pentoxyfilline indeed dystrophin transcript in lymphoblastoid cells by transfect 
enhances exon 23 skipping levels in mdx mice treated with 50 ing an antisense oligodeoxynucleotide complementary to 
PS49 . an exon recognition sequence . Biochem Biophys Res 

Commun 1996 ; 226 ( 2 ) : 445-9 . 
TABLE 2 10. Takeshima Y , Yagi M , Wada H , et al . Intravenous 

infusion of an antisense oligonucleotide results in exon 
Baseline characteristics of the DMD patients skipping in muscle dystrophin mRNA of Duchenne mus 

cular dystrophy . Pediatr Res 2006 ; 59 ( 5 ) : 690-4 . 
11. van Deutekom JC , Bremmer - Bout M , Janson A A , et al . 

Age ( yrs ) Antisense - induced exon skipping restores dystrophin 
Deletion expression in DMD patient derived muscle cells . Hum 

Mol Genet . 2001 ; 10 ( 15 ) : 1547-54 . Age at Loss of 
Ambulation ( yrs ) 12. Aartsma - Rus A , Bremmer - Bout M , Janson A , den 

Dunnen J , van Ommen G , van Deutekom J. Targeted exon 
skipping as a potential gene correction therapy for Duch Levels ( U / I ) enne muscular dystrophy . Neuromuscul Disord 2002 ; 12 Steroid treatment 

January Suppl : S71-877 . 
13. Aartsma - Rus A , De Winter C L , Janson A A , et al . 

Functional analysis of 114 exon - internal AONs for tar 
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SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 314 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 3685 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 1 

Met Leu Trp Trp Glu Glu Val Glu Asp Cys Tyr Glu Arg Glu Asp Val 
1 5 10 15 

Gin Lys Lys Thr Phe Thr Lys Trp Val Asn Ala Gin Phe Ser Lys Phe 
20 25 30 

Gly Lys Gin His Ile Glu Asn Leu Phe Ser Asp Leu Gin Asp Gly Arg 
35 40 45 

Arg Leu Leu Asp Leu Leu Glu Gly Leu Thr Gly Gln Lys Leu Pro Lys 
50 55 60 
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Glu Lys Gly Ser Thr Arg Val His Ala Leu Asn Asn Val Asn Lys Ala 
65 70 75 80 

Leu Arg Val Leu in Asn Asn Asn Val Asp Leu Val Asn Ile Gly Ser 
85 90 95 

Thr Asp Ile Val Asp Gly Asn His Lys Leu Thr Leu Gly Leu Ile Trp 
100 105 110 

Asn Ile Ile Leu His Trp Gin Val Lys Asn Val Met Lys Asn Ile Met 
115 120 125 

Ala Gly Leu Gin Gin Thr Asn Ser Glu Lys Ile Leu Leu Ser Trp Val 
130 135 140 

Arg Gin Ser Thr Arg Asn Tyr Pro Gin Val Asn Val Ile Asn Phe Thr 
145 150 155 160 

Thr Ser Trp Ser Asp Gly Leu Ala Leu Asn Ala Leu Ile His Ser His 
165 170 175 

Arg Pro Asp Leu Phe Asp Trp Asn Ser Val Val Cys Gin Gin Ser Ala 
180 185 190 

Thr Gln Arg Leu Glu His Ala Phe Asn Ile Ala Arg Tyr Gln Leu Gly 
195 200 205 

Ile Glu Lys Leu Leu Asp Pro Glu Asp Val Asp Thr Thr Tyr Pro Asp 
210 215 220 

Lys Lys Ser Ile Leu Met Tyr Ile Thr Ser Leu Phe Gin Val Leu Pro 
225 230 235 240 

Gin Gin Val Ser Ile Glu Ala Ile Gin Glu Val Glu Met Leu Pro Arg 
245 250 255 

Pro Pro Lys Val Thr Lys Glu Glu His Phe Gln Leu His His Gin Met 
260 265 270 

His Tyr Ser Gin Gin Ile Thr Val Ser Leu Ala Gin Gly Tyr Glu Arg 
275 280 285 

Thr Ser Ser Pro Lys Pro Arg Phe Lys Ser Tyr Ala Tyr Thr Gln Ala 
290 295 300 

Ala Tyr Val Thr Thr Ser Asp Pro Thr Arg Ser Pro Phe Pro Ser Gln 
305 310 315 320 

His Leu Glu Ala Pro Glu Asp Lys Ser Phe Gly Ser Ser Leu Met Glu 
325 330 335 

Ser Glu Val Asn Leu Asp Arg Tyr Gln Thr Ala Leu Glu Glu Val Leu 
340 345 350 

Ser Trp Leu Leu Ser Ala Glu Asp Thr Leu Gin Ala Gin Gly Glu Ile 
355 360 365 

Ser Asn Asp Val Glu Val Val Lys Asp Gin Phe His Thr His Glu Gly 
370 375 380 

Tyr Met Met Asp Leu Thr Ala His Gin Gly Arg Val Gly Asn Ile Leu 
385 390 395 400 

Gin Leu Gly Ser Lys Leu Ile Gly Thr Gly Lys Leu Ser Glu Asp Glu 
405 410 415 

Glu Thr Glu Val Gin Glu Gin Met Asn Leu Leu Asn Ser Arg Trp Glu 
420 425 430 

Cys Leu Arg Val Ala Ser Met Glu Lys Gin Ser Asn Leu His Arg Val 
435 440 445 

Leu Met Asp Leu Gin Asn Gin Lys Leu Lys Glu Leu Asn Asp Trp Leu 
450 455 460 

Thr Lys Thr Glu Glu Arg Thr Arg Lys Met Glu Glu Glu Pro Leu Gly 
465 470 475 480 
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Pro Asp Leu Glu Asp Leu Lys Arg Gin Val Gin Gin His Lys Val Leu 
485 490 495 

Gln Glu Asp Leu Glu Gin Glu Gln Val Arg Val Asn Ser Leu Thr His 
500 505 510 

Met Val Val Val Val Asp Glu Ser Ser Gly Asp His Ala Thr Ala Ala 
515 520 525 

Leu Glu Glu Gin Leu Lys Val Leu Gly Asp Arg Trp Ala Asn Ile Cys 
530 535 540 

Arg Trp Thr Glu Asp Arg Trp Val Leu Leu Gln Asp Ile Leu Leu Lys 
545 550 555 560 

Trp Gln Arg Leu Thr Glu Glu Gin Cys Leu Phe Ser Ala Trp Leu Ser 
565 570 575 

Glu Lys Glu Asp Ala Val Asn Lys Ile His Thr Thr Gly Phe Lys Asp 
580 585 590 

Gin Asn Glu Met Leu Ser Ser Leu Gln Lys Leu Ala Val Leu Lys Ala 
595 600 605 

Asp Leu Glu Lys Lys Lys Gin Ser Met Gly Lys Leu Tyr Ser Leu Lys 
610 615 620 

Gln Asp Leu Leu Ser Thr Leu Lys Asn Lys Ser Val Thr Gin Lys Thr 
625 630 635 640 

Glu Ala Trp Leu Asp Asn Phe Ala Arg Cys Trp Asp Asn Leu Val Gin 
645 650 655 

Lys Leu Glu Lys Ser Thr Ala Gin Ile Ser Gin Ala Val Thr Thr Thr 
660 665 670 

Gln Pro Ser Leu Thr Gin Thr Thr Val Met Glu Thr Val Thr Thr Val 
675 680 685 

Thr Thr Arg Glu Gln Ile Leu Val Lys His Ala Gin Glu Glu Leu Pro 
690 695 700 

Pro Pro Pro Pro Gin Lys Lys Arg Gln Ile Thr Val Asp Ser Glu Ile 
705 710 715 720 

Arg Lys Arg Leu Asp Val Asp Ile Thr Glu Leu His Ser Trp Ile Thr 
725 730 735 

Arg Ser Glu Ala Val Leu Gin Ser Pro Glu Phe Ala Ile Phe Arg Lys 
740 745 750 

Glu Gly Asn Phe Ser Asp Leu Lys Glu Lys Val Asn Ala Ile Glu Arg 
755 760 765 

Glu Lys Ala Glu Lys Phe Arg Lys Leu Gin Asp Ala Ser Arg Ser Ala 
770 775 780 

Gln Ala Leu Val Glu Gin Met Val Asn Glu Gly Val Asn Ala Asp Ser 
785 790 795 800 

Ile Lys Gin Ala Ser Glu Gin Leu Asn Ser Arg Trp Ile Glu Phe Cys 
805 810 815 

Gin Leu Leu Ser Glu Arg Leu Asn Trp Leu Glu Tyr Gin Asn Asn Ile 
820 825 830 

Ile Ala Phe Tyr Asn Gin Leu Gin Gin Leu Glu Gin Met Thr Thr Thr 
835 840 845 

Ala Glu Asn Trp Leu Lys Ile Gln Pro Thr Thr Pro Ser Glu Pro Thr 
850 855 860 

Ala Ile Lys Ser Gin Leu Lys Ile Cys Lys Asp Glu Val Asn Arg Leu 
865 870 875 880 

Ser Gly Leu Gin Pro Gin Ile Glu Arg Leu Lys Ile Gin Ser Ile Ala 
885 890 895 

Leu Lys Glu Lys Gly Gin Gly Pro Met Phe Leu Asp Ala Asp Phe Val 
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900 905 910 

Ala Phe Thr Asn His Phe Lys Gin Val Phe Ser Asp Val Gin Ala Arg 
915 920 925 

Glu Lys Glu Leu Gln Thr Ile Phe Asp Thr Leu Pro Pro Met Arg Tyr 
930 935 940 

Gin Glu Thr Met Ser Ala Ile Arg Thr Trp Val Gin Gin Ser Glu Thr 
945 950 955 960 

Lys Leu Ser Ile Pro Gin Leu Ser Val Thr Asp Tyr Glu Ile Met Glu 
965 970 975 

Gln Arg Leu Gly Glu Leu Gin Ala Leu Gin Ser Ser Leu Gin Glu Gin 
980 985 990 

Met Ser Lys Gln Ser Gly Leu Tyr Tyr Leu Ser 
995 1000 

Thr Thr Val Lys Glu 
1005 

Glu Phe Glu Lys Ala 
1010 

Pro Ser Glu Ile Ser Arg Lys Tyr Gin Ser 
1015 1020 

Leu Val Glu Glu Ile 
1025 

Glu Gly Arg Trp Lys 
1030 

Lys Leu Ser Ser Gin 
1035 

His Cys 
1040 

Gln Lys Leu Glu Glu 
1045 

Gln Met Asn Lys Leu Arg Lys Ile 
1050 

Glu Val Asp Gln Asn 
1055 

His Ile Gln Thr Leu 
1060 

Lys Lys Trp Met Ala 
1065 

Ser Glu Ile Val Phe 
1070 

Leu Lys Glu Glu Trp 
1075 

Pro Ala Leu Gly Asp 
1080 

Leu Lys Lys Gin Leu Lys Gin 
1085 1090 

Cys Arg Leu Leu Val 
1095 

Ser Asp Ile 

Gln Thr 
1100 

Ile Gln Pro Ser Leu 
1105 

Asn Ser Val Asn Glu Gly Gly Gin 
1110 

Lys Ile 
1115 

Lys Asn Glu Ala Glu 
1120 

Pro Glu Phe Ala Ser Arg Leu Glu 
1125 

Thr Glu 
1130 

Leu Lys Glu Leu Asn 
1135 

Thr Gln Trp Asp His 
1140 

Met Cys Gin 

Leu Glu Lys Gin Val 
1145 

Tyr Ala Arg Lys Glu Ala Leu Lys Gly Gly 
1150 1155 

Thr Val 
1160 

Ser Leu Gin Lys Asp 
1165 

Leu Ser Glu Met His 
1170 

Glu Trp Met 

Thr Gln 
1175 

Ala Glu Glu Glu Tyr 
1180 

Glu Tyr Lys Leu Glu Arg Asp Phe 
1185 

Thr Pro 
1190 

Asp Glu Leu Gin Lys 
1195 

Ala Val Glu Glu Met Lys Arg Ala 
1200 

Leu Leu Thr Lys Glu 
1205 

Glu Ala Gin Gin Lys Glu Ala Lys Val Lys 
1210 1215 

Glu Ser 
1220 

Val Asn Ser Val Ile Ala Gin Ala Pro Pro Val Ala Gin 
1225 1230 

Glu Ala 
1235 

Leu Lys Lys Glu Leu 
1240 

Glu Thr Leu Thr Thr Asn Tyr Gln 
1245 

Leu Glu Glu Trp Leu 
1250 

Cys Thr Arg Leu Asn 
1255 

Gly Lys Cys Lys Thr 
1260 

Val Trp 
1265 

Ala Cys Trp His Glu 
1270 

Leu Leu Ser Tyr Leu Glu Lys Ala 
1275 

Thr Thr Glu Asn Lys 
1280 

Trp Leu Asn Glu Val Glu Phe Lys Leu Lys 
1285 1290 

Asn Ile 
1295 

Pro Gly Gly Ala Glu 
1300 

Glu Ile Ser Glu Val 
1305 

Leu Asp Ser 
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Leu Glu Asn Leu Met Arg His 
1310 1315 

Ser Glu Asp Asn Pro Asn Gln Ile 
1320 

Arg Ile 
1325 

Leu Ala Gin Thr Leu 
1330 

Thr Asp Gly Gly Val Met Asp Glu 
1335 

Leu Ile 
1340 

Asn Glu Glu Leu Glu 
1345 

Thr Phe Asn Ser Arg 
1350 

Trp Arg Glu 

Leu His 
1355 

Glu Glu Ala Val Arg Arg Gln Lys Leu Leu Glu Gin Ser 
1360 1365 

Leu Ile Gin Ile Gln 
1370 

Ser Ala Gln Glu Thr Glu Lys Ser Leu His 
1375 1380 

Glu Ser 
1385 

Leu Thr Phe Ile Asp 
1390 

Lys Gln Leu Ala Ala 
1395 

Tyr Ile Ala 

Asp Lys Val Asp Ala Ala Gln 
1400 1405 

Gln Lys Ile Met Pro Gin Glu Ala 
1410 

Glu Met Lys Gln Ser 
1415 

Asp Leu Thr Ser His 
1420 

Glu Ile Ser Leu Glu 
1425 

Leu Ser Gln Lys His 
1430 

Asn Gin Gly Lys Glu Ala Ala Gln Arg Val 
1435 1440 

Ile Asp Val Ala Gln Lys Lys 
1445 1450 

Leu Gin Asp Val Ser Met Lys Phe 
1455 

Leu Gln Glu Arg Leu 
1460 

Phe Gln Lys Pro Ala Asn Phe Glu Gln Arg 
1465 1470 

Pro Ala Leu Ser Lys 
1475 

Met Ile Leu Asp Glu Val Lys Met His Leu 
1480 1485 

Gln Leu Asn Glu Thr 
1490 

Lys Ser Val Glu Gin 
1495 

Glu Val Val Gln Ser 
1500 

His Cys Val Asn Leu Tyr Lys 
1510 

Lys Ser Glu Ser Leu Ser Glu Val 
1515 1505 

Val Glu 
1520 

Met Val Ile Lys Thr Gly Arg Gln Ile Val 
1525 1530 

Gin Lys Lys 

Thr Ala Leu Gin Thr 
1535 

Glu Asn Pro Lys Glu 
1540 

Leu Asp Glu Arg Val 
1545 

Lys Leu 
1550 

His Tyr Asn Glu Leu Gly Ala Lys Val Thr Glu Arg Lys 
1555 1560 

Gln Gln 
1565 

Leu Glu Lys Cys Leu 
1570 

Lys Leu Ser Arg Lys Met Arg Lys 
1575 

Glu Met Asn Val Leu Thr Glu 
1580 1585 

Trp Leu Ala Ala Thr Asp Met Glu 
1590 

Leu Thr 
1595 

Lys Arg Ser Ala Val 
1600 

Glu Gly Met Pro Ser Asn Leu Asp 
1605 

Ser Glu 
1610 

Val Ala Trp Gly Lys Ala Thr Gin Lys Glu 
1615 1620 

Ile Glu Lys 

Glu Ala Leu Gln Lys 
1625 

Val His Leu Lys Ser 
1630 

Ile Thr Glu Val Gly 
1635 

Lys Thr 
1640 

Val Leu Gly Lys Lys 
1645 

Glu Thr Leu Val Glu Asp Lys Leu 
1650 

Ser Leu 

1655 
Leu Asn Ser Asn Trp 

1660 
Ile Ala Val Thr Ser Arg Ala Glu 

1665 

Met Glu Thr Glu Trp Leu Asn Leu Leu Leu 
1670 1675 

Glu Tyr Gin Lys His 
1680 

Ile Gln Ala Phe Asp Gin Asn Val Asp His 
1685 1690 

Ile Thr Lys Trp Ile 
1695 
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Gin Gin Lys Asp Thr 
1700 

Leu Leu Asp Glu Ser Glu Lys Lys Lys Pro 
1705 1710 

Glu Asp Val Leu Lys Arg Leu 
1715 1720 

Lys Ala Glu Leu Asn Asp Ile Arg 
1725 

Leu Met Ala Pro Lys 
1730 

Val Asp Ser Thr Arg Asp Gln Ala Ala Asn 
1735 1740 

Gln Ile Ser Asn Arg Gly Asp His Cys Arg 
1745 1750 

Lys Leu Val Glu Pro 
1755 

Glu Leu 
1760 

Asn His Arg Phe Ala Ala Ile Ser His Arg 
1765 1770 

Ile Lys Thr 

Phe Asn Ser Gly Lys 
1775 

Ala Ser Ile Pro Leu 
1780 

Lys Glu Leu Glu Gln 
1785 

Ile Gin Gin Asp Ile 
1790 

Gin Lys Leu Leu Glu 
1795 

Pro Leu Glu Ala Glu 
1800 

Gly Val 
1805 

Asn Leu Lys Glu Glu Asp Phe Asn Lys Asp Met Asn Glu 
1810 1815 

Asp Asn 
1820 

Glu Gly Thr Val Lys 
1825 

Glu Leu Leu Gin Arg 
1830 

Gly Asp Asn 

Glu Ile Lys Leu Gin 
1835 

Gin Arg Ile Thr Asp 
1840 

Glu Arg Lys Arg Glu 
1845 

Ile Lys 
1850 

Leu Lys Asp Gin Gin Leu Leu Gin 
1855 

Thr Lys His Asn Ala 
1860 

Ser His Gln Leu Arg 
1865 

Ser Gin Arg Arg Lys 
1870 

Lys Ala Leu Glu Ile 
1875 

Trp Tyr 
1880 

Gln Tyr Lys Arg Gln Ala Asp Asp Leu Leu 
1885 1890 

Lys Cys Leu 

Pro Arg Asp Asp Asp 
1895 

Ile Glu Lys Lys Leu 
1900 

Ala Ser Leu Pro Glu 
1905 

Glu Arg Lys Ile Lys Glu Ile Asp Arg Glu Leu Gin 
1910 1915 1920 

Lys Lys Lys 

Leu Ser Glu Glu Glu 
1925 

Leu Asn Ala Val Arg Arg Gln Ala Glu Gly 
1930 1935 

Gln Leu Ser Asp Gly 
1940 

Ala Ala Met Ala Val 
1945 

Glu Pro Thr Gln Ile 
1950 

Phe Arg Arg Lys Arg Trp Arg Glu Ile Glu 
1955 1960 

Ser Lys Phe Ala Gin 
1965 

Thr Met Met Leu Asn 
1970 

Phe Ala Gln Ile His 
1975 

Thr Val Arg Glu Glu 
1980 

Val Met 
1985 

Thr Glu Asp Met Pro 
1990 

Leu Glu Ile Ser Tyr Val Pro Ser 
1995 

Thr Tyr Leu Leu Glu Leu Thr Glu Ile Thr 
2005 

His Val Ser Gln Ala 
2010 2000 

Val Glu 
2015 

Gln Leu Leu Asn Ala 
2020 

Pro Asp Leu Cys Ala 
2025 

Lys Asp Phe 

Ile Lys Asp Glu Asp 
2030 

Leu Phe Lys Gln Glu 
2035 

Glu Ser Leu Lys Asn 
2040 

His Ser Lys Ser Leu 
2045 

Gin Gin Ser Ser Gly Arg Ile Asp Ile Ile 
2050 2055 

Lys Thr 
2060 

Ala Ala Leu Gln Ser Ala Thr Pro Val Glu Arg Val Lys 
2065 2070 

Leu Glin 
2075 

Glu Ala Leu Ser Gin 
2080 

Leu Asp Phe Gln Tri Glu Lys Val 
2085 

Asn Lys Met Tyr Lys Asp Arg Gln Gly Arg Phe Asp Arg Ser Val 
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2090 2095 2100 

Phe Asn Gln Glu Lys 
2105 

Trp Arg Arg Phe His 
2110 

Tyr Asp Ile Lys Ile 
2115 

Gln Ile Pro Trp Leu 
2120 

Thr Glu Ala Glu Gln 
2125 

Phe Leu Arg Lys Thr 
2130 

Glu Asn 
2135 

Trp Glu His Ala Lys 
2140 

Tyr Lys Trp Tyr Leu Lys Glu Leu 
2145 

Thr Leu Asn Gin Asp Gly Ile Gly Gin Arg 
2150 2155 

Gln Thr Val Val Arg 
2160 

Ala Thr 
2165 

Gly Glu Glu Ile Ile 
2170 

Gln Gln Ser Ser Lys 
2175 

Thr Asp Ala 

Ser Ile 
2180 

Leu Gln Glu Lys Leu 
2185 

Gly Ser Leu Asn Leu Arg Trp Gin 
2190 

Leu Glu Glu Glu Val 
2195 

Cys Lys Gin Leu Ser 
2200 

Asp Arg Lys Lys Arg 
2205 

Gln Lys Asn Ile Leu Ser Glu 
2210 2215 

Phe Gln Arg Asp Leu Asn Glu Phe 
2220 

Ile Pro Leu Val Leu 
2225 

Trp Leu Glu Glu Ala Asp Asn Ile Ala Ser 
2230 2235 

Glu Pro Gly Lys Glu Gin Gin 
2240 2245 

Leu Lys Glu Lys Leu Glu Gln Val 
2250 

Ile Leu Lys Lys Leu 
2255 

Leu Val Glu Glu Leu 
2260 

Pro Leu Arg Gln Gly 
2265 

Gln Leu 
2270 

Asn Glu Thr Gly Gly 
2275 

Pro Val Leu Val Ser Ala Pro Ile 
2280 

Ser Pro 
2285 

Glu Glu Gln Asp Lys 
2290 

Leu Glu Asn Lys Leu Lys Gln Thr 
2295 

Asn Leu 
2300 

Gln Trp Ile Lys Val 
2305 

Ser Arg Ala Leu Pro Glu Lys Gin 
2310 

Leu Glu Lys Gly Glu 
2315 

Ile Glu Ala Gln Ile 
2320 

Lys Asp Leu Gly Gin 
2325 

Leu Leu Trp Lys Leu Glu Asp Leu Glu Glu 
2330 2335 

Gin Leu Asn His Leu 
2340 

Gln Pro Asn Leu Ser 
2345 

Pro Ile Arg Asn Gin 
2350 

Leu Glu Ile Tyr Asn 
2355 

Gln Glu 
2360 

Gly Pro Phe Asp Val Gin Glu Thr Glu Ile Ala Val Gln 
2365 2370 

Ala Lys Gin Pro Asp Val Glu 
2380 

Glu Ile Leu Ser Lys Gly Gln His 
2385 2375 

Leu Tyr 
2390 

Lys Glu Lys Pro Ala 
2395 

Thr Gin Pro Val Lys Arg Lys Leu 
2400 

Glu Asp Leu Ser Ser Glu Trp 
2410 

Lys Ala Val Asn Arg Leu Leu Gln 
2415 2405 

Leu Thr Thr Glu Leu Arg Ala Lys Gln Pro 
2420 2425 

Asp Leu Ala Pro Gly 
2430 

Thr Gin Pro Ile Gly 
2435 

Ala Ser Pro Thr Gln 
2440 

Thr Val Thr Leu Val 
2445 

Met Pro Ser Val Val 
2450 

Thr Lys Glu Thr Ala 
2455 

Ile Ser Lys Leu Glu 
2460 

Ser Leu 
2465 

Met Leu Glu Val Pro Ala Leu Ala Asp Phe Asn Arg Ala 
2470 2475 

Gin Val Ile Trp Thr 
2480 

Glu Leu Thr Asp Trp 
2485 

Leu Ser Leu Leu Asp 
2490 
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Ile Asn Glu Lys Ser 
2495 

Gin Arg Val Met Val Gly Asp Leu Glu Asp 
2500 2505 

Met Ile 
2510 

Ile Lys Gin Lys Ala 
2515 

Thr Met Gin Asp Leu Glu Gln Arg 
2520 

Arg Pro 
2525 

Gln Leu Glu Glu Leu 
2530 

Ile Thr Ala Ala Gln Asn Leu Lys 
2535 

Asn Lys Thr Asp Arg Thr Ser Asn Gin Glu Ala Arg Thr Ile Ile 
2545 2550 2540 

Ile Glu 
2555 

Arg Ile Gln Asn Gin 
2560 

Trp Asp Glu Val Gln Glu His Leu 
2565 

Gln Asn Arg Arg Gln Gln Leu Asn Glu Met Leu Lys Asp Ser Thr 
2570 2575 2580 

Gln Trp Leu Glu Ala Lys Glu Glu Ala Glu Gin Val 
2585 2590 2595 

Leu Gly Gin 

Ala Arg Ala Lys Leu Glu Ser 
2605 

Trp Lys Glu Gly Pro 
2610 

Tyr Thr Val 
2600 

Leu Ala Lys Asp Ala 
2615 

Ile Gin Lys Lys Ile 
2620 

Thr Glu Thr Lys Gin 
2625 

Asp Leu Arg Gln Trp Gln Thr 
2630 2635 

Asn Val Asp Val Ala Asn Asp Leu 
2640 

Thr Arg Lys Ala Leu 
2645 

Lys Leu Leu Arg Asp 
2650 

Tyr Ser Ala Asp Asp 
2655 

Val His 
2660 

Met Ile Thr Glu Asn 
2665 

Ile Asn Ala Ser Trp Arg Ser Ile 
2670 

His Lys Glu Thr His Arg Val Ser Glu Arg Glu Ala Ala Leu Glu 
2680 2685 2675 

Phe Leu Ala Arg Leu 
2690 

Leu Gln Gln Phe Pro 
2695 

Leu Asp Leu Glu Lys 
2700 

Trp Leu 
2705 

Thr Glu Ala Glu Thr 
2710 

Thr Ala Asn Val Leu Gin Asp Ala 
2715 

Thr Arg Lys Glu Arg Leu Leu Glu Asp Ser Lys Gly Val Lys Glu 
2720 2725 2730 

Glu Ala His Leu Met 
2735 

Lys Gin Trp Gin Asp 
2740 

Leu Gin Gly Glu Ile 
2745 

Thr Asp Val Tyr His Asn Leu Asp Glu Asn Ser Gin Lys Ile Leu 
2750 2755 2760 

Arg Ser 
2765 

Leu Glu Gly Ser Asp 
2770 

Asp Ala Val Leu Leu Gln Arg Arg 
2775 

Leu Asp Asn Met Asn Phe Lys Trp Ser Glu Leu Arg Lys Lys Ser 
2780 2785 2790 

Leu Asn 
2795 

Ile Arg Ser His Leu 
2800 

Glu Ala Ser Ser Asp 
2805 

Gln Trp Lys 

Leu Gln Leu Arg Leu 
2810 

His Leu Ser Leu Gin 
2815 

Glu Leu Leu Val Trp 
2820 

Lys Asp Asp Glu Leu Ser Arg 
2825 2830 

Gln Ala Pro Ile Gly 
2835 

Gly Asp Phe 

Pro Ala Phe Lys Arg Val Gin Lys Gin Asn Asp Val His Arg Ala 
2845 2850 2840 

Leu Glu Thr Glu Leu 
2855 

Lys Thr Lys Glu Pro 
2860 

Val Ile Met Ser Thr 
2865 

Leu Glu Lys Val Arg 
2870 

Ile Phe Leu Thr Glu 
2875 

Gln Pro Leu Glu Gly 
2880 
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Leu Tyr 
2885 

Gin Glu Pro Arg Glu 
2890 

Leu Pro Pro Glu Glu Arg Ala Gin 
2895 

Asn Val 
2900 

Thr Arg Leu Leu Arg Lys Gin Ala Glu Glu Val Asn Thr 
2905 2910 

Glu Trp Glu Lys Leu Asn Leu 
2920 

His Ser Ala Asp Trp 
2925 

Gln Arg Lys 
2915 

Ile Asp Glu Thr Leu Glu Arg 
2935 

Leu Gln Glu Leu Gln Glu Ala Thr 
2940 2930 

Asp Glu Ile Lys Gly Leu Asp Leu Lys Leu Arg Gln Ala Glu Val 
2950 2955 2945 

Ser Trp 
2960 

Gin Pro Val Gly Asp 
2965 

Leu Gin Asp Leu Leu Ile Asp Ser 
2970 

His Leu 
2975 

Glu Lys Val Lys Ala 
2980 

Leu Arg Gly Glu Ile Ala Pro Leu 
2985 

Lys Glu 
2990 

Asn Val Ser His Val Asn Asp Leu Ala Arg Gln Leu Thr 
2995 3000 

Thr Leu Gly Ile Gin Leu Ser 
3005 3010 

Pro Tyr Asn Leu Ser Thr Leu Glu 
3015 

Asp Leu Asn Thr Arg Trp Lys 
3020 3025 

Leu Leu Gin Val Ala Val Glu Asp 
3030 

Arg Val Arg Gln Leu His Glu Ala His Arg Asp Phe Gly Pro Ala 
3035 3040 3045 

Ser Gln 
3050 

His Phe Leu Ser Thr 
3055 

Ser Val Gln Gly Pro 
3060 

Trp Glu Arg 

His Glu Thr Ala Ile 
3065 

Ser Pro Asn Lys Val 
3070 

Pro Tyr Tyr Ile Asn 
3075 

Gln Thr 
3080 

Thr Cys Trp Asp His 
3085 

Pro Lys Met Thr Glu 
3090 

Leu Tyr Gln 

Ser Leu 
3095 

Ala Asp Leu Asn Asn Val Arg Phe Ser Ala 
3100 3105 

Tyr Arg Thr 

Ala Met 
3110 

Lys Leu Arg Arg Leu Gln Lys Ala Leu Cys 
3115 3120 

Leu Asp Leu 

His Asn Leu Leu Ser 
3125 

Leu Ser Ala Ala Cys Asp Ala Leu Asp Gin 
3130 3135 

Ile Asn Cys Lys Gin 
3140 

Asn Asp Gln Pro Met Asp Ile Leu Gin Ile 
3145 3150 

Leu Thr 
3155 

Thr Ile Tyr Asp Arg 
3160 

Leu Glu Gin Glu His Asn Asn Leu 
3165 

Val Asn 
3170 

Val Pro Leu Cys Val Asp Met Cys Leu Asn 
3175 3180 

Trp Leu Leu 

Asn Val 
3185 

Tyr Asp Thr Gly Arg 
3190 

Thr Gly Arg Ile Arg Val Leu Ser 
3195 

Phe Lys Leu Glu Asp Thr Gly Ile Ile Ser 
3205 

Leu Cys Lys Ala His 
3210 3200 

Lys Tyr Arg Tyr Leu Phe Lys Gin Val Ala Ser Ser 
3215 3220 3225 

Thr Gly Phe 

Ser Ile Gln Cys Asp 
3230 

Gln Arg Arg Leu Gly 
3235 

Leu Leu Leu His Asp 
3240 

Ile Pro Arg Gln Leu Gly Glu Val Ala Ser Phe Gly Gly Ser Asn 
3245 3250 3255 

Ile Glu 
3260 

Pro Ser Val Arg Ser 
3265 

Cys Phe Gin Phe Ala Asn Asn Lys 
3270 

Pro Glu Ile Glu Ala Ala Leu Phe Leu Asp Trp Met Arg Leu Glu 
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3275 3280 3285 

Pro Gin 
3290 

Ser Met Val Trp Leu 
3295 

Pro Val Leu His Arg Val Ala Ala 
3300 

Ala Glu 
3305 

Thr Ala Lys His Gin Ala Lys Cys Asn Ile 
3310 3315 

Cys Lys Glu 

Cys Pro 
3320 

Ile Ile Gly Phe Arg 
3325 

Tyr Arg Ser Leu Lys His Phe Asn 
3330 

Tyr Asp 
3335 

Ile Cys Gln Ser Cys 
3340 

Phe Phe Ser Gly Arg Val Ala Lys 
3345 

Thr Pro Thr Gly His 
3350 

Lys Met His Tyr Pro 
3355 

Met Val Glu Tyr Cys 
3360 

Thr Ser 
3365 

Gly Glu Asp Val Arg Asp Phe Ala Lys Val 
3370 3375 

Leu Lys Asn 

Lys Phe 
3380 

Arg Thr Lys Arg Tyr 
3385 

Phe Ala Lys His Pro Arg Met Gly 
3390 

Met Glu Thr Tyr Leu 
3395 

Pro Val Gin Thr Val 
3400 

Leu Glu Gly Asp Asn 
3405 

Ala Pro Ala Pro Val 
3410 

Thr Leu Ile Asn Phe 
3415 

Trp Pro Val Asp Ser 
3420 

Ser Ser 
3425 

Pro Gln Leu Ser His Asp Asp Thr His Ser Arg Ile Glu 
3430 3435 

His Tyr Ala Ser Arg Leu Ala Glu Met Glu Asn Ser Asn Gly Ser 
3445 3450 3440 

Tyr Leu 
3455 

Asn Asp Ser Ile Ser 
3460 

Pro Asn Glu Ser Ile Asp Asp Glu 
3465 

His Leu 
3470 

Leu Ile Gln His Tyr 
3475 

Gin Asp Ser Cys Gin Ser Leu Asn 
3480 

Ile Ser Leu Pro Leu 
3485 

Ser Gin Pro Arg Ser 
3490 

Pro Ala Gln Ile Leu 
3495 

Glu Ser 
3500 

Glu Glu Arg Gly Glu 
3505 

Leu Glu Arg Ile Leu 
3510 

Ala Asp Leu 

Glu Glu 
3515 

Glu Asn Arg Asn Leu 
3520 

Gln Ala Glu Tyr Asp Arg Leu Lys 
3525 

Ser Pro Pro Gln Gln 
3530 

His Glu His Lys Gly 
3535 

Leu Ser Pro Leu Pro 
3540 

Glu Met 
3545 

Met Pro Thr Ser Pro 
3550 

Gln Ser Pro Arg Asp Ala Glu Leu 
3555 

Ile Ala 
3560 

Glu Ala Lys Leu Leu Arg Gin His Lys Gly Arg Leu Glu 
3565 3570 

Leu Glu Ser Ala Arg 
3575 

Met Gln Ile Leu Glu Asp His Asn Lys Gln 
3580 3585 

Gln Ala Glu Gln Leu 
3590 

His Arg Leu Arg Gln 
3595 

Leu Leu Glu Gln Pro 
3600 

Thr Ser Leu Ala Lys 
3605 

Val Asn Gly Thr Thr Val Ser Ser Pro Ser 
3610 3615 

Gin Arg Ser Asp Ser Ser Gin 
3625 

Pro Met Leu Leu Arg Val Val Gly 
3630 3620 

Leu Ser Pro Ser Gin 
3635 

Thr Ser Asp Ser Met 
3640 

Gly Glu Glu Asp Leu 
3645 

Glu Gln Leu Pro Gln 
3650 

Asp Thr Ser Thr Gly 
3655 

Leu Glu Glu Val Met 
3660 

Pro Gly Lys Asn Asn 
3665 

Ser Phe Pro Ser Ser Arg Gly Arg Asn Thr 
3670 3675 
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Pro Met Arg Glu Asp Thr Met 
3680 3685 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 153 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 2 

Met Gly Lys Ile Ser Ser Leu Pro Thr Gin Leu Phe Lys Cys Cys Phe 
1 5 10 15 

Cys Asp Phe Leu Lys Val Lys Met His Thr Met Ser Ser Ser His Leu 
20 25 30 

Phe Tyr Leu Ala Leu Cys Leu Leu Thr Phe Thr Ser Ser Ala Thr Ala 
35 40 45 

Gly Pro Glu Thr Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Gin Phe 
50 55 60 

Val Cys Gly Asp Arg Gly Phe Tyr Phe Asn Lys Pro Thr Gly Tyr Gly 
65 70 75 80 

Ser Ser Ser Arg Arg Ala Pro Gin Thr Gly Ile Val Asp Glu Cys Cys 
85 90 95 

Phe Arg Ser Cys Asp Leu Arg Arg Leu Glu Met Tyr Cys Ala Pro Leu 
100 105 110 

Lys Pro Ala Lys Ser Ala Arg Ser Val Arg Ala Gin Arg His Thr Asp 
115 120 125 

Met Pro Lys Thr Gin Lys Glu Val His Leu Lys Asn Ala Ser Arg Gly 
130 135 140 

Ser Ala Gly Asn Lys Asn Tyr Arg Met 
145 150 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 3 

cgaccugagc uuuguuguag 20 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 4 

cgaccugagc uuuguuguag acuau 25 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 5 

ccugagcuuu guuguagacu auc 23 
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< 210 > SEQ ID NO 6 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 6 

cguugcacuu ugcaaugcug cug 23 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 7 

cuguagcuuc acccuuucc 19 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 8 

gagagagcuu ccuguagcuu cacc 24 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 27 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 9 

guccuuguac auuuuguuaa cuuuuuc 27 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 10 

ucagcuucug uuagccacug 20 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 11 

uucagcuucu guuagccacu 20 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 
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< 400 > SEQUENCE : 12 

uucagcuucu guuagccacu g 21 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 13 

ucagcuucug uuagccacug a 21 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 14 

uucagcuucu guuagccacu ga 22 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 15 

ucagcuucug uuagccacug a 21 

< 210 > SEQ ID NO 16 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 16 

uucagcuucu guuagecacu ga 22 

< 210 > SEQ ID NO 17 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 17 

ucagcuucug uuagccacug au 22 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 18 

uu agcuucu guuagccacu gau 23 

< 210 > SEQ ID NO 19 
< 211 > LENGTH : 23 
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< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 19 

ucagcuucug uuagccacug auu 23 

< 210 > SEQ ID NO 20 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 20 

uucagcuucu guuagccacu gauu 24 

< 210 > SEQ ID NO 21 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 21 

ucagcuucug uuagccacug auua 24 

< 210 > SEQ ID NO 22 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 22 

uucagcuucu guuagccacu gaua 24 

< 210 > SEQ ID NO 23 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 23 

ucagcuucug uuagccacug auuaa 25 

< 210 > SEQ ID NO 24 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 24 

uucagcuucu guuagccacu gauuaa 26 

< 210 > SEQ ID NO 25 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 25 
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ucagcuucug uuagccacug auuaaa 26 

< 210 > SEQ ID NO 26 
< 211 > LENGTH : 27 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 26 

uucagcuucu guuagccacu gauuaaa 27 

< 210 > SEQ ID NO 27 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 27 

cagcuucugu uagccacug 19 

< 210 > SEQ ID NO 28 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 28 

cagcuucugu uagccacuga u 21 

< 210 > SEQ ID NO 29 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 29 

agcuucuguu agccacugau u 21 

< 210 > SEQ ID NO 30 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 30 

cagcuucugu uagccacuga uu 22 

< 210 > SEQ ID NO 31 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 31 

agcuucuguu agccacugau ua 22 

< 210 > SEQ ID NO 32 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
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< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 32 

cagcuucugu uagccacuga uua 23 

< 210 > SEQ ID NO 33 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 33 

agcuucuguu agccacugau uaa 23 

< 210 > SEQ ID NO 34 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 34 

cagcuucugu uagccacuga uuaa 24 

< 210 > SEQ ID NO 35 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 35 

agcuucuguu agccacugau uaaa 24 

< 210 > SEQ ID NO 36 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 36 

cagcuucugu uagccacuga uuaaa 25 

< 210 > SEQ ID NO 37 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 37 

agcuucuguu agccacugau uaaa 24 

< 210 > SEQ ID NO 38 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 38 

agcuucuguu agccacugau 20 
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< 210 > SEQ ID NO 39 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 39 

gcuucuguua gccacugauu 20 

< 210 > SEQ ID NO 40 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 40 

agcuucuguu agccacugau u 21 

< 210 > SEQ ID NO 41 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 41 

gcuucuguua gccacugauu a 21 

< 210 > SEQ ID NO 42 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 42 

agcuucuguu agccacugau ua 22 

< 210 > SEQ ID NO 43 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 43 

gcuucuguua gccacugauu aa 22 

< 210 > SEQ ID NO 44 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 44 

agcuucuguu agccacugau uaa 23 

< 210 > SEQ ID NO 45 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 
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< 400 > SEQUENCE : 45 

gcuucuguua gccacugauu aaa 23 

< 210 > SEQ ID NO 46 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 46 

agcuucuguu agccacugau uaaa 24 

< 210 > SEQ ID NO 47 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 47 

gcuucuguua gccacugauu aaa 23 

< 210 > SEQ ID NO 48 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 48 

ccauuuguau uuagcauguu CCC 23 

< 210 > SEQ ID NO 49 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 49 

agauaccauu uguauuuago 20 

< 210 > SEQ ID NO 50 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 50 

gccauuucuc aacagaucu 19 

< 210 > SEQ ID NO 51 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 51 

gccauuucuc aacagaucug uca 23 

< 210 > SEQ ID NO 52 



US RE48,468 E 
79 80 

- continued 

< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 52 

auucucagga auuugugucu uc 23 

< 210 > SEQ ID NO 53 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 53 

ucucagga au uugugucuuu c 21 

< 210 > SEQ ID NO 54 
< 211 > LENGTH : 18 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 54 

guucagcuuc uguuagcc 18 

< 210 > SEQ ID NO 55 
5211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 55 

cugauuaaau aucuuuauau C 21 

< 210 > SEQ ID NO 56 
< 211 > LENGTH : 18 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 56 

gccgccauuu cucaacag 18 

< 210 > SEQ ID NO 57 
< 211 > LENGTH : 18 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 57 

guauuuagca uguuccca 18 

< 210 > SEQ ID NO 58 
< 211 > LENGTH : 18 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 58 



US RE48,468 E 
81 82 

- continued 

caggaauuug ugucuuuc 18 

< 210 > SEQ ID NO 59 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 59 

uuugccgcug cccaaugcca uccug 25 

< 210 > SEQ ID NO 60 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 60 

auucaauguu cugacaacag uuugc 25 

< 210 > SEQ ID NO 61 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 61 

ccaguugcau ucaauguucu gacaa 25 

< 210 > SEQ ID NO 62 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 62 

caguugcauu caauguucug ac 22 

< 210 > SEQ ID NO 63 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 63 

aguugcauuc a auguucuga 20 

< 210 > SEQ ID NO 64 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 64 

gauugcugaa uuauuucuuc C 21 

< 210 > SEQ ID NO 65 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
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< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 65 

gauugcugaa uuauuucuuc cccag 25 

< 210 > SEQ ID NO 66 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 66 

auugcugaau uauuucuucc ccagu 25 

< 210 > SEQ ID NO 67 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 67 

uugcugaauu auuucuuccc caguu 25 

< 210 > SEQ ID NO 68 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 68 

ugcugaauua uuucuucccc aguug 25 

< 210 > SEQ ID NO 69 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 69 

gcugaauuau uucuucccca guugc 25 

< 210 > SEQ ID NO 70 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 70 

cugaauuauu ucuuccccag uugca 25 

< 210 > SEQ ID NO 71 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 71 

ugaauuauuu cuuccccagu ugcau 25 
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< 210 > SEQ ID NO 72 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 72 

gaauuauuuc uuccccaguu gcauu 25 

< 210 > SEQ ID NO 73 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 73 

aauuauuucu uccccaguug cauuc 25 

< 210 > SEQ ID NO 74 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 74 

auuauuucuu ccccaguugc auuca 25 

< 210 > SEQ ID NO 75 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 75 

uuauuucuuc cocaguugca uucaa 25 

< 210 > SEQ ID NO 76 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 76 

uauuucuucC ccaguugcau ucaau 25 

< 210 > SEQ ID NO 77 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 77 

auuucuuccc caguugcauu caaug 25 

< 210 > SEQ ID NO 78 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
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< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 78 

uuucuucccc aguugcauuc a augu 25 

< 210 > SEQ ID NO 79 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 79 

uucuucccca guugcauuca auguu 25 

< 210 > SEQ ID NO 80 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 80 

ucuuccccag uugcauucaa uguuc 25 

< 210 > SEQ ID NO 81 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 81 

cuuccccagu ugcauucaau guucu 25 

< 210 > SEQ ID NO 82 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 82 

uuccccaguu gcauucaaug uucug 25 

< 210 > SEQ ID NO 83 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 83 

uccccaguug cauucaaugu ucuga 25 

< 210 > SEQ ID NO 84 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 84 

ccccaguugc auucaauguu cugac 25 
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< 210 > SEQ ID NO 85 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 85 

cccaguugca uucaauguuc ugaca 25 

< 210 > SEQ ID NO 86 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 86 

ccaguugcau ucaauguucu gacaa 25 

< 210 > SEQ ID NO 87 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 87 

caguugcauu caauguucug acaac 25 

< 210 > SEQ ID NO 88 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 88 

aguugcauuc aauguucuga caaca 25 

< 210 > SEQ ID NO 89 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 89 

guugcauuca auguucugac aacag 25 

< 210 > SEQ ID NO 90 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 90 

uugcauucaa uguucugaca acagu 25 

< 210 > SEQ ID NO 91 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 
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< 400 > SEQUENCE : 91 

ugcauucaau guucugacaa caguu 25 

< 210 > SEQ ID NO 92 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 92 

gcauucaaug uucugacaac aguuu 25 

< 210 > SEQ ID NO 93 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 93 

cauucaaugu ucugacaaca guuug 25 

< 210 > SEQ ID NO 94 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 94 

auucaauguu cugacaacag uuugo 25 

< 210 > SEQ ID NO 95 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 95 

ucaauguucu gacaacaguu ugccg 25 

< 210 > SEQ ID NO 96 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 96 

caauguucug acaacaguuu gccgc 25 

< 210 > SEQ ID NO 97 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 97 

ad guucuga caacaguuug 25 

< 210 > SEQ ID NO 98 
< 211 > LENGTH : 25 
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< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 98 

auguucugac aacaguuugc cgcug 25 

< 210 > SEQ ID NO 99 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 99 

uguucugaca acaguuugcc gcugc 25 

< 210 > SEQ ID NO 100 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 100 

guucugacaa caguuugccg cugcc 25 

< 210 > SEQ ID NO 101 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 101 

uucugacaac aguuugccgc ugccc 25 

< 210 > SEQ ID NO 102 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 102 

ucugacaaca guuugccgcu gocca 25 

< 210 > SEQ ID NO 103 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 103 

cugacaacag uuugccgcug cccaa 25 

< 210 > SEQ ID NO 104 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 104 
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ugacaacagu uugccgcugc ccaau 25 

< 210 > SEQ ID NO 105 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 105 

gacaacaguu ugccgcugcc caaug 25 

< 210 > SEQ ID NO 106 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 106 

acaacaguuu gccgcugccc aaugo 25 

< 210 > SEQ ID NO 107 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 107 

caacaguuug ccgcugccca augcc 25 

< 210 > SEQ ID NO 108 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 108 

aacaguuugc cgcugcccaa ugcca 25 

< 210 > SEQ ID NO 109 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 109 

acaguuugcc gcugcccaau gccau 25 

< 210 > SEQ ID NO 110 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 110 

caguuugccg cugcccaaug ccauc 25 

< 210 > SEQ ID NO 111 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
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< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 111 

aguuugccgc ugcccaaugc caucc 25 

< 210 > SEQ ID NO 112 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 112 

guuugccgcu gcccaaugcc auccu 25 

< 210 > SEQ ID NO 113 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 113 

uuugccgcug cccaaugcca uccug 25 

< 210 > SEQ ID NO 114 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 114 

uugccgcugc ccaaugccau ccugg 25 

< 210 > SEQ ID NO 115 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 115 

ugccgcugcc caaugccauc cugga 25 

< 210 > SEQ ID NO 116 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 116 

gccgcugccc aaugccaucc uggag 25 

< 210 > SEQ ID NO 117 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 117 

ccgcugccca augccauccu ggagu 25 
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< 210 > SEQ ID NO 118 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 118 

cgcugcccaa ugccauccug gaguu 25 

< 210 > SEQ ID NO 119 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 119 

gcuuuucuuu uaguugcugc ucuuu 25 

< 210 > SEQ ID NO 120 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 120 

cuuuucuuuu aguugcugcu cuuuu 25 

< 210 > SEQ ID NO 121 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 121 

uuuucuuuua guugcugcuc uuuuc 25 

< 210 > SEQ ID NO 122 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 122 

uuucuuuuag uugcugcucu uuucc 25 

< 210 > SEQ ID NO 123 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 123 

uucuuuuagu ugcugcucuu uucca 25 

< 210 > SEQ ID NO 124 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 
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< 400 > SEQUENCE : 124 

ucuuuuaguu gcugcucuuu uccag 25 

< 210 > SEQ ID NO 125 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 125 

cuuuuaguug cugcucuuuu ccagg 25 

< 210 > SEQ ID NO 126 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 126 

uuuuaguugc ugcucuuuuc caggu 25 

< 210 > SEQ ID NO 127 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 127 

uuuaguugcu gcucuuuucc agguu 25 

< 210 > SEQ ID NO 128 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 128 

uuaguugcug cucuuuucca gguuc 25 

< 210 > SEQ ID NO 129 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 129 

uaguugcugc ucuuuuccag guuca 25 

< 210 > SEQ ID NO 130 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 130 

aguugcugcu cuuuuccagg uucaa 25 

< 210 > SEQ ID NO 131 
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< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 131 

guugcugcuc uuuuccaggu ucaag 25 

< 210 > SEQ ID NO 132 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 132 

uugcugcucu uuuccagguu caagu 25 

< 210 > SEQ ID NO 133 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 133 

ugcugcucuu uuccagguuc aagug 25 

< 210 > SEQ ID NO 134 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 134 

gcugcucuuu uccagguuca agugg 25 

< 210 > SEQ ID NO 135 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 135 

cugcucuuuu ccagguucaa guggg 25 

< 210 > SEQ ID NO 136 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 136 

ugcucuuuuc cagguucaag uggga 25 

< 210 > SEQ ID NO 137 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 137 
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gcucuuuucc agguucaagu gggac 25 

< 210 > SEQ ID NO 138 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 138 

cucuuuucca gguucaagug ggaua 25 

< 210 > SEQ ID NO 139 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 139 

ucuuuuccag guucaagugg gauac 25 

< 210 > SEQ ID NO 140 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 140 

cuuuuccagg uucaaguggg auacu 25 

< 210 > SEQ ID NO 141 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 141 

uuuuccaggu ucaaguggga uacua 25 

< 210 > SEQ ID NO 142 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 142 

uuuccagguu caagugggau acuag 25 

< 210 > SEQ ID NO 143 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 143 

uuccagguuc aagugggaua cuage 25 

< 210 > SEQ ID NO 144 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
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< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 144 

uccagguuca agugggauac uagca 25 

< 210 > SEQ ID NO 145 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 145 

ccagguucaa gugggauacu agcaa 25 

< 210 > SEQ ID NO 146 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 146 

cagguucaag ugggauacua gcaau 25 

< 210 > SEQ ID NO 147 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 147 

agguucaagu gggauacuag caaug 25 

< 210 > SEQ ID NO 148 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 148 

gguucaagug ggauacuage aaugu 25 

< 210 > SEQ ID NO 149 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 149 

guucaagugg gauacuagca auguu 25 

< 210 > SEQ ID NO 150 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 150 

uucaaguggg auacuagcaa uguua 25 
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< 210 > SEQ ID NO 151 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 151 

ucaaguggga uacuagcaau guuau 25 

< 210 > SEQ ID NO 152 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 152 

caagugggau acuagcaaug uuauc 25 

< 210 > SEQ ID NO 153 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 153 

aagugggaua cuagcaaugu uaucu 25 

< 210 > SEQ ID NO 154 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 154 

agugggauac uagcaauguu aucug 25 

< 210 > SEQ ID NO 155 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 155 

gugggauacu agcaauguua ucugc 25 

< 210 > SEQ ID NO 156 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 156 

ugggauacua gcaauguuau cugcu 25 

< 210 > SEQ ID NO 157 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
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< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 157 

gggauacuag caauguuauc ugcuu 25 

< 210 > SEQ ID NO 158 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 158 

ggauacuagc a auguuaucu gcuuc 25 

< 210 > SEQ ID NO 159 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 159 

gauacuagca auguuaucug cuucc 25 

< 210 > SEQ ID NO 160 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 160 

auacuagcaa uguuaucugc uuccu 25 

< 210 > SEQ ID NO 161 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 161 

uacuagcaau guuaucugcu uccuc 25 

< 210 > SEQ ID NO 162 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 162 

acuagcaaug uuaucugcuu ccucc 25 

< 210 > SEQ ID NO 163 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 163 

cuagcaaugu uaucugcuuc cucca 25 
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- continued 

< 210 > SEQ ID NO 164 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 164 

uagcaauguu aucugcuucc uccaa 25 

< 210 > SEQ ID NO 165 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 165 

agcaauguua ucugcuuccu ccaac 25 

< 210 > SEQ ID NO 166 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 166 

gcaauguuau cugcuuccuc caacc 25 

< 210 > SEQ ID NO 167 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 167 

caauguuauc ugcuuccucc aacca 25 

< 210 > SEQ ID NO 168 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 168 

aauguuaucu gcuuccucca accau 25 

< 210 > SEQ ID NO 169 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 169 

auguuaucug cuuccuccaa ccaua 25 

< 210 > SEQ ID NO 170 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 
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- continued 

< 400 > SEQUENCE : 170 

uguuaucugc uuccuccaac cauaa 25 

< 210 > SEQ ID NO 171 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 171 

guuaucugcu uccuccaacc auaaa 25 

< 210 > SEQ ID NO 172 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 172 

gcugcucuuu uccagguuc 19 

< 210 > SEQ ID NO 173 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 173 

ucuuuuccag guucaagugg 20 

< 210 > SEQ ID NO 174 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 174 

agguucaagu gggauacua 19 

< 210 > SEQ ID NO 175 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 175 

cucagcucuu gaaguaaacg 20 

< 210 > SEQ ID NO 176 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 176 

?ct agcucu uga u???? 20 

< 210 > SEQ ID NO 177 
< 211 > LENGTH : 21 
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- continued 

< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 177 

ccucagcucu ugaaguaaac g 21 

< 210 > SEQ ID NO 178 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 178 

auagugguca guccaggage u 21 

< 210 > SEQ ID NO 179 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 179 

caguccagga gcuaggucag g 21 

< 210 > SEQ ID NO 180 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 180 

uaguggucag uccaggagcu agguc 25 

< 210 > SEQ ID NO 181 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 181 

agagcaggua ccuccaacau caagg 25 

< 210 > SEQ ID NO 182 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 182 

gagcagguac cuccaacauc aagga 25 

< 210 > SEQ ID NO 183 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 183 
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agcagguacc uccaacauca aggaa 25 

< 210 > SEQ ID NO 184 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 184 

gcagguaccu ccaacaucaa ggaag 25 

< 210 > SEQ ID NO 185 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 185 

cagguaccuc caacaucaag gaaga 25 

< 210 > SEQ ID NO 186 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 186 

agguaccucc aacaucaagg aagau 25 

< 210 > SEQ ID NO 187 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 187 

gguaccucca acaucaagga agaug 25 

< 210 > SEQ ID NO 188 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 188 

guaccuccaa caucaaggaa gaugg 25 

< 210 > SEQ ID NO 189 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : antisense nucleotide 

< 400 > SEQUENCE : 189 

uaccuccaac aucaaggaag auggc 25 

< 210 > SEQ ID NO 190 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial 












































