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HYA LR 74—, HEHEOEY - BEREFEZRDEL 56, &
EMELHHETET L T RERGRBORKTHZ, YAtr 74
> (dystrophin) @ &% CHEIET % XE#H% ¥ D Duchenne B 2 + v
7 4 —%E (DMD) »ERHHEEHE L, 3,500 A0 BRI 1 AOFHETRIE
T5.

dystrophin (& B & EHHERABE T OMfa g s <7 BT, BRBELET
dystrophin - §§& v 7 HEAKEZERLTED, %0 1D dystroglycan
ISR N L TREBERON S S = vicka L Twa (iR 1), dystro-
phin O NSHMRE®RD T 7+ L&A L TR Y, MiaEE L Miaikz >
L REZES TS, dystrophin3REL 2wk, ESHESICRD,
DU - MBI PR BRI R b L i & 5 TEBBEMESEATL L
ZzohTw3,

dystrophin * HE&KEZHERT B FFOEFBICL>THH I A br 74—
MRIET 5. BHHBICHBET % 4 oDsarcoglycan (a, 8, ¥, d) DV
THhOBIZEFEETY, sarcoglycan DIUBEAEAEIE,SHEL, HY
A 074 —DRIET S, 73V a2BHICEENHB L, Aus R
EREREGHS 2 ba7 4 — (CMDIA) 2%ET %, «-dystroglycan
(a-DG) DEHBMORE TIINAHCRREE 2 E&0FT 5 Walker-
Warburg fEf&E: (WWS), muscle-eye-brain (MEB) j&, fILEMS A b
0 74— (FCMD) Z0%&FKEHVA a7 4 —2FET 5 (BKER2).

DMD OREMETF IV YV Rdmdx <7 ATh 503, HEEVSESET, &
BHICLAEALTED, BAETORETHY, WRFECHACSE
&, HEICEEINETH %, mdx % dystrophin @ autosomal homologue
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T& 5 utrophin 2 REF 2272 (Ur~7") LXELT, %\ >idMyoD
RE-I7ALRELCERML 22 22 HWT, LHORETFEH,
BB OMREBRI T 2/ X b HERIN T3, dystrophin 2K
BIBZHPA LR 7 4 —RIZDMDROEERIERZELEFNVE LTIRE
NTw 22, FEROBHENKEL, FLERFBHIEEL LS.

SEVH

1) Willmann, R. et al. : Neuromuscul, Disord., 19 : 241-249, 2009
= Duchenne i 2 + v 7 4 —D € 7 LVEYICBIT 8t

2) Vainzof, M. et al. : Mol Neurosci., 34 : 241-248, 2008
> BRI - HEBEOE T VEYICBET 25

EER

FCMD, MEB, WWS,
MDCIC, MDC1D

SRR

1 ROV Y RABERE
B HYrO74—

& BAZEIZ O
AQP4 g__s& B '2,. Gk
TInanoaennte LIIITLIL meam
nNOS /= dystrobrevin R

CER R
F-actin

BIB&E 1 : dystrophin - 5 V(O BESEKE
BETAHIZAOT 4 —BKUTETIVI DR

dystrophin i3 N#& CHIfEE 7 7 F v &#E (F-actin) iz, CJiTdystroglycan (DG) %
AL THMREICREEL, BREZELL TS, a-DGIZ0-v> ) — A B
ENLTEERD 7 S =V ICkHAT 5. HAk2 R T 5 4 DDsarcoglycan (a
- B-, v-, 0-SG) DBEFREELHCA IO 7+ —%5IERIT, BRGRH
Ri7 S = HE§ (laminin a2 heavy chain) DR¥IZEEZERERHS R b
74 —%FIET 5. MEBHK, FCMD, WWSEDLEKMERH S b1 7 4 —icizdhl
LT, a-DGOESEBMARSREIN, o -dystroglycanopathy & \» ) EEH&
AR E N7z, S syntrophin, SS: sarcospan, AQP4 : aquaporin-4, BMD :
Becker muscular dystrophy, FCMD =% 2 icBiL TixKanagawa, M. et al. :
Hum. Mol. Genet., 18 : 621-631, 2009 ZZH X i\,
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POMGNT1
MEB &

POMT1/POMT2
WWS

a-DG

B8R 2 . a-dystroglycan (a-DG) D#E&EE 0-v> ./ —A B
POMTI1, POMT2 ix Walker-Warburg &8 (WWS) 0 RRBETF T, Hakz
FERLTa-DGOLY Y - ALF=vicey /) —RERE&ERILEEIGNTY
%. POMGnTI iz muscle-eye-brain (MEB) fEOREREGEF CN-7EF)L L a
YIveey /) —AREBEES, BURERMEHC A bo7 4 —TbBELEY
B 7 I VRHAEOETIRBOONE . BERYFTH 27 7 F v DHEEBEE
EHEIRBES 2 Tld2 v, POMGNT] L HEE 2T 2 L EZL 6N TW 3, large
B X Nlarge L% DFKRP (fukutin-related protein) DR& % o —DG D
HEMREE TR THIA 07 4 —2RIEES R 208, ZOFMLBEIIAHTSH S,
a —dystroglycanopathy TIZ7 S =v 2 LH LT YAV FLofEatEskbh
BT LHYRBOFLTHS LEZ 5N (B4GalTs : betal 4galactosyltransferases,
ST3Gals : alpha2,3sialyltransferases)
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. MdxvJ A

[®#t&] C57BL/10ScSn-Dmd™/J

[¥&R#] C57BL/10J

[REDHE] 27 AP 2=y 7RH, S2—F VR, BRAREER

(%% - #5] mdxA £ 0 BH AKX E (homozygotexhemizygote
(femalexmale) )

[fEROER] BRAFKE-Y R

mE

Duchenne &Y 2 + v 7 4+ — (DMD) OfREHEF L~ 2. DMD
BEFOLIY 2303185 FEDCH LIERERIC L) TICES#Db-
FelediZiba P e, £Rdystrophin23RET 328, =7V V2
¥ v 7 & o Tdystrophin BEBFSER L IV 8=F b 7 74 8=28
OTPICHRT 3. £% 2~ 3E» o BRHOEN - B4, RKiEHMHED
BREsA SN, E8 10EMEEIIE - £ L BEGVRET 2RBE&ET
¥ (®). L»L, DMDEE L RiD, mdx TREEENNE (RSN
THY, BRHOGMEN - B, BRIDETEET, HFEREY R
LEFHIR1T ~ 19 %BBE LhEdR, FIS IR0 - 35T -
KRME(L - BB LI ETHETH 5.

N-ZFL=bay LTI ko THEREINLER Y R (mdx?™-mdx®®)
*DMDEEFLEERETEY 2P, 51FEOII Y vickAeL s
VittEREF 2 FHAL CDMDBETRBEEL 7227 2 (mdx52) ) bIEH
INTVE, IN6D=T RADOERBIImdx EFELL T3,

U BE

+ dystrophin K#IZ & B85 2 k1 7 4 —DIREEHIZE.

- DMD (234§ % EWiafes - BIEFIRR - MEBESRE OB,
BRI, HREG&OWE, MK CKENET, Bk OEES CRIE
T35,




382 |%5a13 BHERS

Gemdx v R

A) 8B#Dmdx~y AL C57BL/6% 7 A (%), SHETREFIOEICL (, EELHE
4SRN R RBL Tmdx OB#EHIE, ©UAEXERICH S, B) L C) IXHEREHHE J
a8, mdx TI/MEOHRMEE (FERM), PR (FEORE, MRS, HITHRE,
HROANFAIEE, mdx =7 ATRIHEEEISLRIE CRnTib, B -8
HlLE B> THBEETH S

U AFHE

[AF%] EBEYHRFLEN (http://www.ciea.or.jp/), JacksonBFZRT
(http://jaxmice.jax.org/strain/001801.html ; MGI :
1856328), & % WIzHAF ¥ — R - Y,8—H (http://www.
crj.co.jp) IKHEXTE 3, 74tV AE0OHIBRERICRL, &8,
EABRBE (EERFELHREREBYF) 5, mdxvTR%
C57BL/6 ~R LZEE L T 7= C57BL/6-mdx D BikEZ IR X E T
Bt - REERA L v 5 —HRARTERSYEEE (http://
www.ncnp.go.jp/nin/guide/r_ani/index.html) THRFI L Tw
% (MTAE),

SEH
1) Spurney, C. F. et al. : Muscle. Nerve., 39 : 591-602, 2009
= Mdx % i\ 72 G HRBF 72 O R 5 12 B S 5 3
2) Amalfitano, A. et al. : Muscle. Nerve., 19 : 1549-1553, 1996
=2 x) ¥4y PCROFHIERENT S
3) Kudoh, H. et al. : Biochem. Biophys. Res. Commun., 328 : 507-516, 2005
4) Areaki, E. et al. : Biochem. Biophys. Res. Commun., 238 : 492-497, 1997



SRMFXIR - Sy MNEBEFILER/\V R Tvs | 383

utrophin - dystrophin+ 7/ v 279 b
YIR i mdx; utr~/-

[R#E&] mdx; utr /-

[#®&F#] C57BL/10

[RHEOAE] 2vP ==y 7%

[%%%& - #4%] mdx & utrophin / v 7 7% + = R OKAL

[#e8 D& |]] utrophin i dystrophin * HEMHE L, 727 F v LOREE
¥, dystrophinfs v {7 EHEEGK L OREAELZEL T
%, mdx <7 A DR Tix utrophin BSEEHEHE L T
%t 6, mdxicB\} % dystrophin @8 % utrophin »*
REFLTWVB EEZ ST Wi, 19974, K. Davies & & J.
R. Sanes K & ® 2 7L — 73 utrophin KB < 7 2 % {E@l
L7:%5% utrophin R#E-7 ARH YA 7 4 —DEREZ
B3 %do7, L Lmdx< 2 ¢ utrophin KiEEI < 2
2T &b Tmdy; utr/~<= 7 2% M T2 £, Duchenne
B2 ta7 4+ — (DMD) BEDRERICL: BV FRER
%7 L7, utrophin 3% % B dystrophin D#§sE = fi-> T
VW3 I LM E N

mE.

mdx; utr /" ZEFRED4~208TH Y, EEOHHET, RERD,
BIEifRE, FHEBEIFLY (). 486 HE> SHEREICE VT
FARRMEDITE L ML RS o s . 28D o BRI B CHEEES
BARONDH, 4~5@BF TCOHRBIEImdx~T7 A EEDbS R, Ly
L, mdx Lt 872, 5B#MUESHE - BESBATH D, 10E#EICIZ
VUL I B\ TH S D L U 5. EITORY, BEWREEZDMD
BEORELLIVRBLAETVCIRATHY, BEREICAVONS,

Q Bz

dystrophin R#IC X 282 2 b v 7 1 —DOFERERFZ & DMD ic x5 3 %
PaRE - RETRE - MlBEGEREOR%E,

— 48 —



384 |%sais i

<+ utrophin * dystronphin ¥ 7JL/ v 7P hT I R

A) utrophin « dystrophin ¥ 7V v 2 7% b9 2 L AROFER 7 X (8B, 2).
B) BURKEEEOBMIEIA O H.E. Rtaff (x400), RENZHLE, <0 R TREL LR
EORIIROE, BREORLICHET 3, KRERMEOBEFOBERME

U AF5iE

[AF%] EBEYHRPER (http://www.ciea.or.jp/) 15 AFTE 3,
utrophin-null =77 21ZK. Davies KD 7 R TEH L 72 bDTH 3

SENI
1) Deconinck, A. E. et al. : Cell, 90 : 717-727, 1997

SEFNTTAL LTOMIE, ZEDHEK, Yx/) ¥4y PCROZHIE
BENTV3

B 53=> a2mmxmeyx (@y>vay™)

[R#g&] dy**/dy*

[#¥®/%#E] C57BL/6

[REDDE] avP =y IR

[%5 - #35] ~F oY 2AALORE

[(EBOBER] O—vy—F T4V JHEILED Iy a2 EHBEFICE
FeA v VitEREFEHA L CREFEREM, Anvy
REFEREH A Fa 74— (CMDIA) ODETNVITR
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W

2y vREE FEXREHC A 74— (MDCIA) DEFIILT X,
TIZVIZER o 8 GRESEREOTA Y 74— ABHONTR3), B8
(37), y# (38 ObY~>—HERZLTED, L - BHEERE - X
HHEOEYIZRI I =V a2, B, vy TINS5 3=V (laminin-
211) BEEL, MEHEARICIEII=Y a2, B2, yITHERINS
7 2= (laminin- 221) BHFEET 3. 7 I =V a2 BEHFHMTLICREBT
ZEETNTIRER BB, BRHOEE - SESHEAL, EBEsE
<, B (EB1~24H) KHLT3. EREAINTELBRREED
dy/dy ? T RATIREL RV TH B, 73I=V a2 BHEHOEELBDO N,
PPHIA L7 4 —DETINERDTH 55, BEFNTIEIFHEEEAL
B, PRYARRED dy?/dy? =7 ATRF AL Y VIEZRELS S
SV a2 EHEMBEERL, BiE

U B

FREFH R b r 7 4 —OREHE, XY - BT - MEBEGHRTTE.
D7 I = VEHDER Y7 APLBESROMF I N2 BIETOBFFKR
FIVRS 2oy r ey R EDREEIC & KR DRI,

o dy*/dy** DR & BHREE
A) BPAERE dy*/dy** (H 338#). SE@ENEL, BYA o7 4 —ERVEL, 8
BHUEE. B) BB OMKTIIA O HE tafh, HILRE (%), POLERE o), <
777 —LHOREEMIERE (KF). 7I=v a2 BEROBRNIC L 2B - WHIE
AT, BB HRMEORD L HERINED

— 50 —
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U #e

[E&&] Avs vIi3E. Engvall 25 R L7 BHfs - D - > 27 v/
i - ol - HEFICRENCRAT 27 I =V a2BHE2EL 7
SovThE. IV M-I VvEENEILLH D
2, BEORLETIEI I =V 211, F3=v-221, $3I=V
213, 3=V 212, $ IV -222 %N T 5 LEbNS, 8
DEAFEIHRT S LT, BRUSIHUS '

U AFHE

[AFE] dy/dy =9 R3EBREYHRPFZRT (http://www.ciea.or.jp/) %
Jackson HFZERT (MGI : 1856026) %>5 AFAIGE. dy*/dy* <
7 AGEEM - RERTIA LY 5 —EHARTEE FRER
BT CHEZEIRZ MR L Tvw5 (EMTA) (http://www.
ncnp.go.jp/nin/guide/r_dna2/index.html).

SEVH
1) Tomé, F. M. et al. : C. R. Acad. Sci. IIl., 317 : 351-357, 1994
X0y Y RBICE BHEREH A e 7 4 -0 LD TORE
2) Miyagoe, Y. et al. : FEBS. Lett., 415 : 33-39, 1997
=25 3=y a2 EHERE YT ADEH L7 ARRE OB

l POMGNnT1 RIEZY A

[®###&] C57BL/6JJcl.129/Sv]-pomgnt]l (POMGnTI! : protein
O-linked mannose betal, 2-N-acetylglucosaminyltransferase
Ri~ 7 A (Pomgnt]™S¥)]
[F&FR#H] C57BL/6JJcl (RUKEIC X )
[RFEOHE] av P ==y 7R
(8258 - #33] heterozygotexheterozygote, +EfE{IE, 4£#% 3@HE T
KRELPTVROT, FHDIREL TR ZEBBETHS
[fERDFE] ESHfaTOHEMERZ IZ LY pomgntl BEFOLZY 18
2EUMIE, 244 v VitBEETFZEURS|ICERL -

— 51 —
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g

POMGnT1 BIEFOERTHRERMEM Y X b a7 1 — LIRAH, BokiE
TURREE (NENERGE) 25 T 2% - B - B9% (MEB : muscle-eye-
brain disease) BFEAET 3. YEF LTI REMEIINZ {, STRER
bHY, BEFL L2 LR VT 2TEH (2728 vY) 2#7+4
E, FEEFRZT CIRIITE 3, MiE CKED LRRAEMEDOEE S LIk
EHCHs, BRTIIMERMOMAECHEELE OETORLN, HE - K
REORE L E ORI NTE D, MEBREZORAH LA L EROIF
R, MEB % & Akic P RER O RE (KMBEE0ENE) 25
D, METIRETEOEKMIESED s, GFAPRERTI &, TR
T ATEDFEREMIEHEETER L TED, glial limitans () 7EFLAE)
DEEBRDON TV I ENHEINS,

U mBE
MEB#5% & UBB# L 72 @-DG OMSRH 2RE L T 5 KMHY 2 b u
7 4 —DRRIER & VBRI,
Q#®e
(ERER] BAERL L OB U OB <, EBB0AM S CRECT ST L
D%, ARCERSLETH S, ZhUBREEL TV
U AFGE

[AF5%] BT - RERTTIE LY ¥ —ET ARG TR B IaEmE
# (http://www.ncnp.go.jp/nin/guide/r_dna2/index.html)
[AF%4] EMTA

SEVH

1) Miyagoe-Suzuki, Y. et al. : Mech. Dev., 126 : 107-116, 2009
SHALDER D S5 POMGNT1 R A1 LA BEEE b D DRI L 73/

2) Liu, J. et al. : Mech Dev., 123 : 228-240, 2006

DL ERYANVART Y —E2 7Y VITEAZN TS Pomgntl 2 v 2 7
b= 2 b fEHENTE D, The Mouse Transgenics Core of the Consortium
for Functional Glycomics 25 AFH#TH 3 (https://www.functionalgly
comics.org/static/consortium/resources/resourcecoref.shtml)
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.Large'"”’?'?ll i

[F#k4&] B6C3Fe a/a-Large™?/J

[#% & %#] B6C3Fe-a/a

[®#H D4 3] mutant stock

[%%5& - #3#%] homozygous for Large™?xB6C3Fe-a/a hybrid (femalex
male), %Fhix, ZEKREEATOTHAHEREDL, ~Tuf

 LOBIEDRICHART, EREMET

(fEBIOER] HARE. large BETFOLI VY 5~TDOREICEZ7L—

L7 b

U wa&

myd =<7 A3, BREOKRESHSA a7 4 —%4 71D (CMDID) @
EFIUIVATHD, ETHEOHY A ru 74—, RORE, KKKEE, &,
B, BETOMEMAOEERE L EEROBR Y RE L T 5 PIRHER
DEE#F T, muscle-eye-brain (MEBJR) LEILEERMRGY R b
v 74— (FCMD) HB%# LFkkic, B#EH EMT a-dystroglycan (o —
DG) DOHEHEAETIBEINS, BERE - ~TuDRE7 A XD b/
XL, HTRESCIIAEV7bED oS (). large RBRIFHHRI
% &, POMGnTI % Fukutin 3% 83 2 Hiffifa ¢ b a-DG DR EHibE
L, YVATRHBIA IR 74 —OREENUET LI LBAONTE
b, BEANOICABEFEINS,

p

a-DGOBESBMARIC & 2 HRMR Y R b1 7 4 —OREHE - B
Wi,

— 53 —
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myd aveo-i avhko-ib

myd

100pm -
Semyd vy X
A~C) myd Lt ABEOHFER > 2 (5:8#). C) mydi3&#EIhE<, RBEHFL BT

3&, WBERAALLS %Y FAEY /5B 6N5, D) 13#imyd v 2O BHEESO
HERE, F5E e BER, MREE, BREORNTHE, FOBRESsANS
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U #iR

[E&EE] largeDa—F 325078138725 a-DCOEHEHICE
532 Bbnsh, ZzoOBEIZES»TIIRYL, filc, a-DG
DHEHBH ORE2ELTHEBRBOEFTVLIRLELT,
POMGNT1-null mice (MEBJEDEF) %, FCMD ¥ DER
ZEALeYAY, EHENTED, a-DCOEHEHMDOEE
WCEBHYA P74 —ORERE, WREOBEICHVONS

U AFHE

[AF%] Jacksonfff%iFT (http://jaxmice.jax.org/strain/000226.html ;
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Duchenne muscular dystrophy (DMD) is a lethal muscle disorder caused by muta-
tions of the DMD gene, which encodes a 427-kDa spectrin-like cytoskeletal protein,
dystrophin. Exon skipping induced by antisense oligonucleotides is a novel method to
restore the reading frame of the mutated DMD gene and rescue dystrophin expres-
sion. We recently demonstrated that systemic delivery of antisense phosphorodiamidate
morpholino oligonucleotides (PMOs) targeting exons 6 and 8 of the canine DMD gene
efficiently recovered functional dystrophin at the sarcolemma of dystrophic dogs, and
improved performance of the affected dogs without serious side effects. As a strategy
to target hot spots of mutation in the DMD gene, we also tried exon 51-skipping using
PMOs in mdz52 mice to convert an out-of-frame mutation into an in-frame mutation with
restoration of dystrophin expression in various muscles and improvement of pathology
and function. Progress in adeno-associated virus vector serotype 9 (AAV-9)-mediated
DMD gene therapy has enabled the delivery of the therapeutic gene to the whole muscu-
lature, including cardiac muscle, while evoking minimal immunological reactions in mice,
dogs, and non-human primates. Furthermore, DMD-derived patient-specific induced
pluripotent stem (iPS) cells could be a potential source for cell therapy, although there
are at present hurdles to be overcome. In the future, this technology could be used
in combination with exon skipping or AAV-mediated gene therapy to achieve clinical
benefits.

Keywords: Duchenne muscular dystrophy; exon skipping; AAV vector; iPS cells.

Duchenne Muscular Dystrophy
Duchenne muscular dystrophy (DMD) is the most common form of childhood mus-

cular dystrophy. DMD is an X-linked recessive disorder with an incidence of 1 in
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