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Molecular Pathogenesis of Muscular Dystrophies

Yoshihide Sunapa

Department of Neurology, Kawasaki Medical School

Muscular dystrophy is one of the most devas-
tating diseases for which there is no effective
therapy at present. In an attempt to develop ef-
fective therapeutics, a considerable number of
causative genes for the numerous types of mus-
cular dystrophy have been identified in the last
twenty years. However, uncovering causative
genes alone is not enough. It is crucial to compre-
hend molecular pathogenesis of muscular dys-
trophy, focusing on the causative proteins. It is
further necessary to investigate the RNA pro-
cessing defects.

Muscular dystrophies can be divided into five
groups depending on the subcellular localization
of the causative proteins as follows : (1) the extra-
cellular matrix proteins such as laminin a2 or
collagen VI, (2) the sarcolemmal proteins includ-
ing dystrophin, sarcoglycans, and dysferlin, (3)
the sarcommeric proteins like myotilin, titin,
and FHL-1, (4) the nuclear membrane proteins
like emerin and lamin A/C, and (5) other miscel-
laneous proteins such as calpain 3 and TRIM32.

Given the number of proteins attributed to
muscular dystrophy, it can be said to be a hetero-
geneous and variable pathogenesis. However, re-
cent research has revealed important molecular
mechanisms leading to muscle degeneration. We
discuss three major issues. First, in the patho-
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genesis of dystrophinopathy, increased sarcolem-
mal fragility and increased Ca** influx have been
observed. It is also revealed that TRPV2, a
stretch-sensitive ion channel, plays a significant
role in increasing Ca®" influx. Second, dysferlin
has been proved to be involved in the membrane
repair system. In addition to the molecule dysfer-
lin which works in a Ca’’dependent manner,
MG53 has been identified to play a significant
role in membrane repair without Ca**. MG53 is
also expected to be a novel therapeutic target
molecule. Third, as a major underlying factor
causing muscle damage in dystrophin-deficient
skeletal muscle, decreased nNOS activity has
been pointed. Dystrophin-deficient skeletal
muscle is damaged as a consequence of disturbed
vasodilation after muscle contraction. This is
proved with mdx mice, where administration of a
phosphodiesterase 5 inhibitor, a potent vasodila-
tor, ameliorates muscle damage.

Although these findings at the protein level
have great implications for the therapy of mus-
cular dystrophy, clarifying the molecular mecha-
nisms at the RNA level will be the key in devel-
oping novel therapeutic strategies. One of the
new therapies for DMD could be the exon-skip-
ping therapy where anti-sense agents are used
to modify RNA splicing.
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delivery ICB N 2 BAET A MERHPHA LN TS
7o. L2L, & F T3 AAV Hifk 2B L T 5 AN
%<, ¥, —ERSTLLEFHESTES
¥, 2 EHUEOHRSEEHTE Y., 61, N
¥ — B TE 2 REET OV A XITHIRS
HD, AAV B Tl3 DMD OEEE L 132 D124
WwWEEZ oML, —7, BERIZIEEZFLER

*ELTBY, BEDIPS Mg HBICHE S L
T, Bz A BAERIZ DMD OaEE L
LTRWICHIF I TS,

SR X 3 BRGEEL Y %
FT 4 —

1. FEEHERE

BARE 1 IR R IR T & 5 i 2 M
(muscle satellite cells) 7%, B X BEHEAHMRAE L 3t
BOEERETHINT, dormant 2R THFET
3. —H, HiEEEZITAL, HEEMBIZE
MALL, 2B, ML), BEVEEL
T, AHVIIE OV HRMEL S L THRET
BAETS (B1). T, £BOHOBRER, HE
KRHGEMRE Vo RHFOTEEICHES L Tw
5. BEEMRE, ERLHEAREZE) ERT
HBHH, TOFEEIMETIZL, HIAMH

* Muscular dystrophy.
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BB HEFEMi

| 2
BAZEIE - BRSE

@ PEREE " s @ L8>

@ ik FHIR-TIOTI—Y B HEREN EZi

E 1 HESE, FHan, HiReBLEY 2ERTENSRR T HRIEMH
FrE EMRRIEER (& dormant ICIRIETHIRIE C R ERRO/ICEETD 2100, BINMBEE TSNS LIEIEE
&N, WL THIFMEEED, SESNICHREEBE LT, BijtzBETD. —HiEotE
FICHEEMIEE LD (BEER). FHRIRPYI07 7 —JRIEEREDREZTD . BERH
faE, HESMRDEREPEBEEDRE, MENAY Yy IROBRBHICESTHLEASND. B
IREBED S FEFBVRIRTIE, HEBOREICPIERTEORRIICES.

*SP : side population

T4 = ETRYVELGEHEEMBEISHE I NS
L, e llnBk, Mgt kv, HEESEHE,
BRI BV R 25, ERCHE ) HER (F
VaAR=7) TH, HfmEMEOEEREOKT
—RHicmoTWAE EEZLND.

2. EiEFilRaiE

1990 4EACRTE, HED» B HEEMRE R
# | CHE S ¥/, DMD BEOBHKH~BH
T 5 HEMABREI T b N A, BREOHHIEIE
BNt hol, T ARAVWRERNLG, £
DERE LT, Q8% L-HGHEME (H3EmE)
T, #ERE, SMEESETLTWwAZE, @F
HERIZE L OBFEMBITEATLEICL, @
BMAHIFMESHEBNZH I VRE L 2
L, BEDPHRINTWA, & 512 @ RIEHIH A
AtaThor-Z L b HHFMEBHEOLEFEDK
TOERD—DLEEEINTWEY, —F, <V
ADFRTI, HEEMBOER:HEERDTS
nNTHH, BELEL CTERHAGEZIZ6T5IC
T AHEROBHEEMITOFEELS, FL HAERE
PHELZoTVBEDTIRZVREVIRED 2SN
TWwaY, HEEMBEZBEICEHT 5720101,
S HICHEEMBOREER, invitro TOREEES
HEBRET LTV LEN DAL,

- RIE, HEFMRBREIE, HEMREINTWVDE
DRE LTV RIEERE A b7 1 — (ocu-
lo—pharyngeal muscular dystrophy ; OPMD) (http://
clinicaltrials.gov/ct2/show/NCT00773227 term=
OPMD %E3 %80 %81 myoblasts&rank=1), AT §
B Ffgiflas Y A b 127 14 — (fascio-scapulo—humeral
muscular dystrophy ; FSHD) 7 &2t LT
TEBY, BEIRIN TV S5O LR O
FHifaz AL, WEETOZELVH BT 5
BRMBABHEEEL LTRAI OO 5.

3. AYFPYFATZAM (mesoangioblast)

WA, MR ERHAGOME, MEFHFICY,
Sttt bbb, Hlla~GLy seailRs#Z <
HHIEVFHESNTWA, RENZ D OPIME
FEBRICIFET AU A b+ (pericyte ; ML)
RRAYTYEFTIANTHEY. fht EMIO
FEERIIEEICE(, HREREICBW RO
MRS IC R TREEMIZHFS L Tw2 2 L 3HL A
THHY. WEHDOAV T Y FFTITAIDED
RE, HREDOBEILFS LTV EDIRE,TH
WA, YA PO T 4 —TRZEHFDHIEED
WETHY, BETCLrEE L VWi EMEC
LT, REIRAY, REERREICERHNES L
BWHEASET 2 LEE STV A EfilROFI X
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JZRAT 1YV

Y70 SIVTBET BET BHFILEY SR ROT A
AH& A PR HERRIRIE
Y\
-—l-b lg=

BERMHF R

® 2 iPS #Hia% ALz DMD (S T 2 EHiBE s ROBIRE

yZ2kOzqv
PRI BRRIE

SBEDEMELEICTELRFEEAT ST PS MEEFEL, EEEYZ MO7« VBETZEAE, HDE
FEE, RENSETD. DROIVERHLENOHHEHE S, BBEMEEED DMBROREDFECD

.

KVICEIFEENB L ZATHD. TTILAYT Y
Fr 752 ML, HBIA PO T4 —RNOREEk
5%, EFOBKHTYAMNTT 4 Y DERE
B <4, HYA O 74 —DREREEEICUE
XEgp I LATEHINTEYY, Hkrd dFE
TEET, 4 # ) 7 T phase 1 @ clinical trial D ¥
MIThbhTwab,

4. Y7075 v TEfICK 2B REERR
DFE—PS WGV A NOT « —RE
~DIHFA

2006 4, EHAREOF LI, 4 DOEERT

(Oct3/4, Sox2, KIff, c-Myc) %iRfIEFR LS
e Ty AR, o, BRI
(embryonic stem cells ; ES #ifa) (CEOL 72 HH
% b o NT%EettEMIAE (induced pluripotent stem
cells ; iPS Mfa) BT L727. B MR
MR S iPS ML AYE I & B, 2008 4121
6 5.0 DMD 2 & 38 %D Becker BFH T A b U
7 4 — (DMD O allelic ZEE. BET, BH,
MNEOTANTT 4 Y OFERFH L) DBEEDK
T R ESEMRE A © O iPS M OB LA HE ST
Vw310 mhsk iPS ML, b P ATIRER
(HAC) "z ¥ —%2FALI-EERVA T 74
VBREFOEAEMEAAGDELZLTY, Xk
#18 > DMD O BFEME % A\ 7z M B RETE R R
DHIfEEL LT, HiFshTws (H2).
B BS MR & FE S U S WO —

SCHY, iPSHIEHY A PO T 4 —DBEHEIC
V2 A1 BV T b o LFEERIN O EH
THo. EH, K% WHOBKHOEIERL, W
HIRELR L TEXAEEHTH S (K3). AEOMI
B ORI EEOMBRLHRENL 3T ST Y
FFNVEZITERY, HREOTOS T AR ETS
FTw L, B, ¥ A ES LTI, Pax3 % tet-
on DHE % AVTHHERT 2 Z & T, HrrBEME
LHETE, YA MO T4 VYRIBYT ACERET
LRIV A I T4 Y ORERZEESE,
GIGEDASRE LI BEF R SR, b
b iPS MR TOILA IR T EHE SN TR WA,
Yk, v b iPS A THE L S HAILFET S
FEFEL SRS LHFEEINE. bhlbhg,
Pax3 12t B1E5F1L& M & A v THM AR
ANDOGALFEE T RA TV D,

MyoD 1= & - THRHESFHIIR % sl g~
conversion 35 ik

MyoD 7 & % F v TS fifie = gl ia~ & 1
L7 M) Fays I v T A RELHALNT
V1519, MyoD I basic helix-loop-helix #i& % b
SERGRENEERT T, FEHARICEATS
L, BHOCERG~OFLEFET 5. Kimura
S0, HEEL72fY X O 74— ADHKE
FMAEICy EF Y 7 o VHI#E T T MyoD 2 HR
TAhEy PEERBRENZE b skeletal a-
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Notch

BMP4, high Shh o2 °°

Pax 3, Pax7
Whnt, low Shh

FGF
@ Mpyostatin
Al — FFRIRME —— FFE
MyoD, Myf5

myogenin
> e

> kit

REXERE

3 F8 - IEOESHHMEOREE LD (EICYIREBWVCIEDS) GO Z)
LB k&7 (somite) (&, JREARAEEE (paraxial mesoderm) [CHISET 2 hRREMFADIET,
THEE - BR, BIRTHEE, LRI SHWINDHFEAT (Shh, Wnt, BMP4, NT3, FGF5
FE) [CRELTVAWVWAILERFRENDLT 5. R epaxial dermamyotome D' SHfEIH
BE L TETHHADEET (myotome) HTE, KIC hypaxial dermamyotome H SRR TEED
UCETHSHREIC/ED . BEICEEE (dermamyotome) MSEED («) DK SIC Pax3 B3
%, Pax7 B4 DOEHIERMIENEEH U TLDEEZ 5NTWVD. TUEEDHE hypaxial myotome
h ol EEI L TW\E, Bt ETERIND.

T fEE S HIEET

actin (HSA) O 70 E—4% —DHFH T TV, 7O
VAMu74 Y BETFERRTAAEY bR LY
FIANARS & —TEAL, mdxdey 7 AF
Bis~BHt, ¥ EFT 7202 H%5 LT fibro-
blast z fHAfE~MLFET L L, ZL{DIVA IO
74 VEEEGRMEASRET SRR L. L
L, ZL OBEMRFHE C/MOBHE LR L
TWC, BFEOGBELBEL BT, BeT
LEGRBDLI ENESBORETHA.

BT P A A W5 0

FHHBEIE, HEEMARDADOVAS VAL
HMOBMESLETH L. -k 21, tFH5k - <
7077 —VOEERPLEAEBEISET TS L,

FEZHHEIRISZ2WY, 7., MEICHEE
THOHERMBL, HEERIEER LS, HHE
L, WAWALHYA oA rofifast~ b))y s
AZBEAEL, HEEMBEOEECEE 2 REL,
Afgst~ b v 7 AOBEERIT) R E, HELE
AT B, —T5, BOEN - BIEAEATL,
HBEENENITEBVOPRL R, BHEI R
LR Cim e as -y E 2 EE
L, fibrosis ®ERHILZIRHET 219, Zh o D3
FROMBEOHEBERERT 2 RARICED S L)
% ERNOREVPERH OBEERBORINILET
H5.
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