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WIRIEONZ A Hh 2T, BB UL ZAREE & D, 34 b= —oEMEL B,

LB Na B %, TBIZZ DREGEN

e b L ICHIMBEBORLLor T aL -y a v ZRL TS, TR TRFAIGICEMHN

T B O BB A4 % (a). Navld OB OATREAEE I N TV 5854, Na o

EONES 2 5 (b 1), Z o & EMHUBELEERA T & & D MG A (myotonic dis-

charge) B34 L, ZALWPAM 52 PMC Oz $H 7 5 (b). Navld OBV £iG{kaskai ¢

VB, Na MOSHEE L B o ISR ST B (¢ LB, oL, miallapisERo

Hidtizd & LRI FEAE L, DR HERRBUCE 5. TS HyperPP DR & 7 2 (o),

aggravated myotonia : PAM), K85 &4 b
=— (paramyotonia congenita : PMC), & K #L:
WA VARS8 (hy perkalemic periodic paralysis :

HyperPP) i2 6l U SCN4A BIEDERTHEL 3
PRETHE, ClIC-1EEILLZIA P =—i
CIC-1 @ loss of function T4 U 2o icxf L, kit
SHERUL SCN4A 284 & ) Navld osfens & b
BRZEM: FOE~ & 25467 B (gain of function) & & 42
EDEL %, Navld g, O L F v 2 4h
MW 7IRRE(O), @F ¥ 2 ADEBAL Ty BR58
(C), @OFFHAL T 23IRMED), »d 5 (H2-
B). AIRLIREER A A v 2 ERLEVEWLI ET
BEAU TW AR L HEETH 2%, W Bk
ERTHAA VBRI AL AV E VI A
THRZ 2, AEMICIEZ ORFRRGHD 6, R
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WL EBEBARTFLDO T LY 2 fiNd 5,
S ATTACALIFH B FE B O WS 5.3
3., BORIFIZ DT msec B 5 K sec
BUE DGR & b 4 U B AE IREET, 8
BOREDS B EHZ LN T B, EIIYEHR
L EH O CRHINE AL B H3% >, T3S Navld
DARRED 9 B, & ORI D3RI S (ko> 8
BIEICEDE N ICHET 2 h, FBTF—v % b &
KlfcavEa—4%rial—varzHoTR
MNENTETED, Lil3%EEBERE LDl
A S s> TETWL 3Y (F 2-C),

PAM (SCM) : JEEHR A Y 7 LRITE I O
DIDEDEFFET S, BlfFEIZNaF ¥ 204 3
# b = —(sodium channel myotonia : SCM) & X

SRE LR ENTY2Y, B (myotonia fluc- -
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V$D Pore

W

A :
| ERRREE |

() Navid  Cavii Shaker

Domain TIHNN THHNV K2
SSKT KSKA A
AVSL AVIF |
LLLF LLLF L
[ERAR [ R] @
TETV ACVL
FFLI FILF |
| R RR ] ﬁ
VIAL VLVV
LLLA LLLM V
[ rA RRRRA] [A]
AVPI PIPL V
LFLG LFLI F
[KK®R BKEK] [R]
TLAV LT AC 1
}éLﬁ %ESL i
1K s[R] s[Klns [K
VSHL GY[RR] T
I WFI VWAA S |
ppER pTKIE [R]
GTGG SSGG H
LLMA LLLV S
[KINRK os[KR] [K]

B 3 WAMSYE RN X 1 2 (VSD) Lgating pore®ift
AiNavlADADDFAL DA G, 1 2% POIIRT, Na 4 4 2 054 58 7 1o 3
DDRFALLDSEELUSE EMAGHE > THINENS (LR M), S4IffiEy
BRI L 27 2 J RSN 5 2 &, gating pore FEMREAE U A CFEL: R

PRIECREIN)

I3t Navld, Cavll, X0 Shaker/Kvi2DO#% F AL v SA07 2/ 8EIE7R, $INhE

LI T 2 7REM3 7 2 7T & isonbhn s,

A KA IR R

OB E U THMN ST 3 BB 2 A E TR T,

tuans) 2 & fi (myotonia permanens) £ T A <X
VAR INE TR

PMC : WIS X D FEHA SN BMO I HiFH %
P & 95, & EClRRAE G AR R R
B, T biE ) BB TRINT 2085 24
b= B KR b, i < DI £ D R
TERRTER LS,

HyperPP : §i K i % £1 9 Sl B 7 15 05
BCh B, WIBRAAIBEH AL v, FRBRI AN
i, B s A b=, B L T A b
S ESRD D, H )y ARELIEI, i
BOEH, ST OFER - KT TH 5.
WEDERS ¥ 2L TIORGOS b i
L L DHIL Y,

2. FREREREEERE T BHF v RIK

M KK E SRS 1R, 28
(hypokalemic periodic paralysis type 1,
type 2 : HypoPP1, HypoPP2)

% KM & £ ) MR R R e 2 4 e 975,
ASEOFEME L HyperPP I IR THREZIGHT S E v,
A PSRBT, AN —RREEN 2
EKTFEELDZ 8D D,

HypoPPl 348 Hi 8 Ca 9 % 2 1 (Cavll) %
a— F¥ 2% CACNAIS BB DM, HypoPP2
1 SCNAA DEEBC X DU 50 ho o bl
B, VSD b $412H % gating charge H3iod
TIIEICERL TR NTHE, 200D
For BB REORIRE 228 E L
T, gating pore B & XLiFN 3, WEORT L2
HIOFEEFIC & B IIAERAVEL 5 2 LR ENT
VBB A FXE 1y B, B W
&N T3 HypoPP 261, Navld o DI, D
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I, DU ® gating charge DERTH 5B, DN D
gating charge DI PMC ORI TH B T &
DRISNTHE Y, HypoPP2 Dz 7z v, Zh
W Navld 81 280 - BhE Lok sz
LASTRENTO S, NavlADHZ D F 2 4 Vi3
EBIRHERTIENRINTED, DI, DI,

DI, DVONUCIHELL, €< DVD VSD @
ZEIEE C, Navld OFORELIcET5 2 &
DR E T3, DV T EH D galing
charge ICZERAB AL Tz U T gating pore &
TSNS Z BN TED, DVD VSD i
13 % hydrophobic plug DR MDD 3 F X £~
LY CEMBBRENTL R 40
HypoPP £EICA 5N % gating pore Eifti3HE
A RIE CEE L E N s EE b L, 20

FEAL, REETHLMIRNARA & v asiiin o0
HIE e, MiBOMBEES LE L ZIREL
5.

Gating pore BitICOWTIE, Z7 U AV XA
IV OUIEHINE % AV 7 cut-open BAREIE L IC
& % Navld F % 320V OB %34 L THMEH 3
F o757, Nitf, HypoPP £¥ %A L 7 Navld
FIvAY v 2 APE XU Cavll b P
VAP zzy rer AW EMGEIcE Y, i
#13 gating pore | & £ A 5N BN IRHNE
WA CHBMEIRZ BT 5 2 &R ENZ, I
DI e, HWHLRMERZZ2T S &M
HypoPP (o il § 29[ &£ 2 515,

@ EKYENEEEE (HyperPP)

WR oD 72 W,

——Shaker KF v 2JL

Gating pore BEIF. BEEBYICIF Shaker K F+JUIC
BNTERCHTREN?. S40 1 DED gating
charge T2 R362 B AF IV VICEBIRT DL, BEN
PEMBTDCETTORYERFANDCED DD
fo. THUSFBAIEASYE R XA N TR ZE CDHEE

NERICIRWEBFICERNTNTH O, DDEDHVFIREN
BAIERS T DHES electric field” DEHLTWVWDHED

(A)

Gating charge
oEBO

BRokET7 S /B
TR SN3E

V' vSDmhydrophobic plug&gating porefEi

THBTEERBLTNG. TOH. COMBERNER
THDEEEBRTDOOELT, S1~83 (CHFET D
KEF = /BBBEOEEENS DN > TETUND2R24 (R
). TS0 Shaker K F v RILOBRZEE, HypoPP2
@ Navl.4 187D gating pore BHROFEBICDEN -
W3,

Kv1.2i2 81 Bhydrophobic plug/layer '

Kvl2 OFBAIREZME F 2 4 20 down state (I % 1o 78R T-(A), ¥ o s 8017-(B), U
R TRLUTYL DO Kvl.2 9 S1~84 ¢ backbone TH %, ZDLHICEENIHRET = /8% 5k
(7 2= N7 7= 2%, ZOMER)TRL, Z2OHLEBNEEZHSHICLTHS, YKGHEND
gating charge, XTSI, $2, S3ICHFEFN LML L OO7 I /BRVTHOKRAT 4 v 7 TR
LTwd, 29 LTHBEHURET S 7 BETHUY H £ 7= B0 iliBkic gating charge (B (1) 230 A T

B ENh B (M) . &3 Protein Data Base

ID3LUT 2 % LR,

736
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@ XU INERT
(congenital myasthenic syndrome : CMS)

FhIEAE, hAEAE, RO A A s ¢
. BB TR F L) L e T Y —
(AchR)DHfiz O 722y FOBEREVICLD
(T A F X2 2IR), SCNIA MR T4HIC X
HRE B D, WHEROE 4 BT 5,
@ Andersen-TawilfiEf& 3

FOSHPEVU R RS, O EETRENRS QT e, #F
W “Ha e T 20, Z#LBZEs2blwdld
v, 10 MEHIE T, MIEDRM L Vo R
2, WRBEFEECRIET 5, WIS K 7 v &
WV 21(Kir21) & a-— F9 % KCNJ2 AR D2 R
MEET, WgadEtEes st FLdl

@* FERMERGIRIIREIREF (CMS)

R EGEICRIRY 2O FOBREBFERICADE
U, IBEFETIC, QAChRODEYIOZw b, @357
v, @FO), @OBEIERNREGT O F
F—E(MUSK), ®Dok-7, @I oF, QIS
E-TDO A B UVEBTPE ) BIRBER. ®@3
S5 Q(ColQ). @R ST, @IV VTFEF
WA Tr5—E, OEGRFRESEESNTL
B0 TNSICHA T, SCNAA BETFEERIC LD
ENHD . WIS UTR 4 BECHHSIND. 1
BliF AchR BIBEDRBIC LD BDT, LEBOOITK
B, 1 BEE ST, A4 F v R)VOBEOREIRE
[GEUBDAO~F v RIVEREEE, 4 VF v RILD
BB RONMNERE T D 7 7 — R bF v R UFEIRBE T KR
END. ADO—F v 3 VIEREHE CMS DIRhvCff—
D gain-of-function ICLHEMEEEMHERET, A
REEOHDHLHOND. 2 BISHERIR AChR RIBIET
&b, BESENEICLICRET, O~QIL&DdBD
DEREINTVD. SBEKRIRACh TRFS—F
(AChE) RIBAET#HD. AChE D F(& ColQ 9 F&E
BEAHEERLTVDTEND, ®ICKDERD
AcChE h'RiBY 5. ColQ ZFHHEBISRNLRERE
g5 &BEFB U protein-anchoring therapy @
HEhSEATWVD. 4 BIGREGRMNREM DT,
LEEOBLU SCNIA B FRBICKDHDTNIC
Hled.

FRFE, AR TT7 o 8= PR OFGIZES.
3, WREEEAEETIHT v RIVK
W SR T B 4 A T v ROV X

HIEF v R AL HENT WS, BHEMCIZZ

TR T B IEBERIME, 2 PN a Tl Lo

)T /YTy — BRI K BIRIBEAIC

4, Brody 77 EihANEd s A7 L ATPase

(SERCA) DBEEZ X BB E3d 5,

VT )P T =KD A K Ty v
T, BET R T —OMEE LA, ANA/ MR
RO Btz L, SR L2 o L (Ca®h) J4RE
DHEFFICIEGT 5, AR RYRI~3 ETO T
AV 7 x=b%bh, L OCEBHICHERLTY
5DV RyR1TH B, RyR2 i3 ¥ b Ll 5
WL, h7a9 v @B nssmn
(CPVT) 7 ¥ OFREICRIMIT 203, FF L AR
B, (K TH5 a9 s vERSBELEHEN
(CPVT) & # ol jOfIiR 5, & ZTlk RyR1
(Y 2 B AE E 2 v b T L a TR
Wil %, Z0WED, RYRI {5 AR
EANF—THEeNF I aTHEPre) 3
AT — L DOPRHEL R E N T3,

O BYEME - RYRIBETOERIZLD
AU BEIMERTH B, FROEY LR,
7y F—v X, (EEEFIE, SR, RE2 NS
R RURAE & REPR IV & 37 2. AR EE,
SR PR A AR, L oS e R R O W R
R EDFERTHIET B 2 L%, BRI
1, RYRI BROBRFETH - THIEL w2
LB BT, ERELEEBHEIRHTHE, &
HEOFRIEE B IZ A B RyR]1 OFEIRAFIZ b5 5 &
Zp ER LTV 5720, B s MEm~
O Ca* JREAHEC O, HAIEP Ca® it 2 iR
TERL R LD EEZLNT D, FiFEHk, B
RDRYY YUY LI L BRENEECH B,
@ wrbhIFNATHE-EREI AT O
B TRGBELEZONTWS, RYRI DER
TEDEL, BRAFEEE L USERERRE
b0, F-KRBROEPTHEMBIIZSDER
HoN5, EKNESITEME, BARE0RY
DNEGE It < A BT N, IR O FIEHR
BETHD, H{ DBRENEUEBIEY FET 3
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YR ELD, RELRITRERRT, I A%
2 EICREINBER (Type 1 EH#E) NI, I b
ay Py 7 LEUEEEE R “a7” LXidh
BHEMBARLNE I LICk D, KETOER
RyR1 O¥#EEE X, OF/MaEEd o MEA~D
Ca’* i &, Q@EEBIHHERICEIT S Cavll &
RyR1 & O@EEMHTE & DRBEI N T3,

& TRIEBRET v R
1. BRENXI A MO7 14—
(dystrophia myotonica : DM)

BADES A LR 7 4 —DRDPTRITH S,
WM - HHET, IS4 bo—%EHET oY
AR EERE T, 18(DM]) & 2 B (DM2)
BEISN TS, DMI i3 19 HGealk b DMPK
BIEFIcd 5 CTGC RIFELTI 0 AR FIEGER (>50
BE)EREETHY, bYETIHIZLAEB DML T
»%. DM OB D LIREIDWTIE, CTGKE
BSlRICEBR L 2R 774 > v TRTFOBRNE
Ik 2BADMRNA DA TS 4 v JBRET
HHIEMHEHEPI RN ODH D, T4 -k
AT I TREEI LY CIC-1 DRBIMET T
BIETHLBIEMFHINTLEY, 7,
CIC-1 D BIRFGA Vv F ¥ ZNDATF4
Y7 BEE LT, RyRI', SERCAl ®& LU 2
D Cavll®DR 794 v v FBEMNAER
N, HEME - BHET BT 20 ETRR X
nTw»3,

2. FURBRrhE B A O R

(thyrotoxic periodic paralysis : TPP)

BRI R TR R B I T 5 R F v 2
VIR, FERIE—R M HypoPP I8l5, 7Y 7L
7T RAYADOBEIILE», EE, B TPP
BEOD 33% ICHFHHBIET KCNJI8 DEEDEE
Xnk?, KCNJI8 I Kir26%2—FLTED,
70 E— & — R FRIR ROV € VIREELSIDIE
ETHI Lo, EELEZFRERLVE Y DEH
TKir26 DFRBEELSHML, BEEREEITZE
B Kir26 e cERGMEoBER I LR
BLELLNTVEY,

—F, ZDKCNJISEZDADPpo AHON
REHBBE, TIPN-T75VRFRYID 30
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ADTPPHE A, FHOSARIA, v viHi—
WD2TANFTAE, TPP D%\ E INDHRD
BOTHEBARLNDEY, I DHIC D TYHE,

BHOEBLIUVIA DS S ) L7 4 FEEENT
(GWAS) DIENH VO TLENTS, wWih
DIWETH KCNJIS IO W TIBRB I Nk dho
o, TO2WMDOGCGWASTIREDIC, bolt bl
T BEERE T L LT 17 B aikER,

KCNJ2BEFOTHRICHE T 2 RSB S0
7:. KCNJ2BIEF EWBNIEWERTH 2 2
Ebn, HEENEELEHIN TV R, FERIE
FHTH 5,

& S@oORZ

B 2 AROZWIR, EEBFZED T
¥, BREMICIBEFHRITIC X 2Z R HE D
2L s, EEL, B -0ERER - BA--RK%
DT HIEROBED, HE&IC L > TREHRA
DS ELRBENS, FHEROBAIE
F % 2 OVEERERRAT £ TIT v, BEF x» 2L OKERE
EEMERESHALIZ I L2RTILPEEH
L, INODEBHEBELTIA P o—EHEEHCD
WTIREBEBSEE -, —F, BEE2EERET
% EEEBET D\ TIE HypoPPl + HypoPP2 2 817
% gating pore BIROMAREIC & HILH T 2EREL
BOBBIEE > T 5, TPP 3%  OEREEH
FREETAERBRLELION, FHLELEDS
<, & DIEMELERZE, BEHOEBEIZEEN
3. HEESREROT 7 Jud—E, Ry —
JIvY =LY, BEDIE L WESPA
BNTV 3, NG OEMEENT 2 DITIEK
ZHZ k5, CELZDENFITERELERHD
ERBHETH B, 7, Shaker F v F A BT
5 W% 55 HypoPP @ gating pore EFi~2 %>
fok T, FESAENT - MEBITE AT F v ROLERF
FRESBELA AV F v FVERBAICHETTEE:
‘B EH) EEZ NS,

X#
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- K W B
| DREYOR SR - BEBOREDES 2) <

GRREMEY A Ne 70 —i2BITA
RE, DBEEREL AT F v RV EE

AR B OBF h & O 2 B OB T e

Myotonia and Cardiac Conduction Defects in
Myotonic Dystrophy and Defect in Ion Channels .

Tomoya KUBOTA, MD, PhD*1, Masayuki NAKAMORI, MD, PhD*2
and Masanori P. TAKAHASHI, MD, PhD*3

Myotonic dystrophy (DM), the most common hereditary muscle disease in adults, is caused by the unsta-
ble genomic expansion of simple sequence repeats. This disease is characterized by myotonia and various
multisystemic complications, most commonly those of the cardiac, endocrine, and central nervous systems.
The cardiac abnormalities, especially cardiac conduction defects, significantly contribute to morbidity and
mortality in DM patients. Therefore, understanding the pathophysiology of cardiac conduction defects in
DM is important. ‘

The pathomechanism of DM has been thoroughly investigated. The mutant RNA transcripts containing
the expanded repeat give rise to a toxic gain-of-function by perturbing splicing factors in the nucleus, leading
to the misregulation of alternative pre-mRNA splicing. In particular, several studies, including ours, have
shown that myotonia is caused by alternative splicing of the CLCNI gene coding the voltage-gated chloride
channel in skeletal muscle through an “RNA-dominant mechanism”. Since the aberrantly spliced isoform
does not seem to form a functional channel, the feature of skeletal muscle in DM can be interpreted as a
“channelopathy” caused by reduced chloride channel protein. Similarly, we recently identified a misregula-
tion of alternative splicing in an ion channel gene which is known to be responsible for arrhythmic disease
showing Mendelian inheritance. Here, we review the cardiac manifestation and RNA-dominant mechanism
of DM, and discuss the possible pathophysiology of cardiac conduction defects by referring to hereditary ar-
rhythmic diseases, such as long QT syndrome and Brugada syndrome. [Review]

[Rinsho Byori 62 : 246~254, 2014]

k Corresponding author: Masanori P. TAKAHASHI, MD, PhD, Department of Neurology, Osaka University
Graduate School of Medicine, Suita 565-0871, Japan. E-mail: mtakahas@neurol.med.osaka-u.ac.jp

[Key Words] myotonia(3 4 h=—), cardiac conduction defect (L:ig{=E %), mRNA, aberrant splicing
(RS54 7 BE), ionchannel (£ F > F v L)
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ARk Y A b v 7 4 — (myotonic dystrophy: DM)
A TR G BUE OR VR EM SR TH Y, Wik
BRI R A L 5V DM AR, TR (2
A b= ) RHA P OW SN - TR OE, O
B, o mRiEd, NamRER Y, S¥kse
Btk E BT B FOPCHLERERE 2 &t
HOHER, DM BHOERO 30%% S, WHE
PHEICRWCHR OB AThHDH. Lnh, BOEH
OB B ORI R THEL B Z & b
BATh, DM BB GRS O MRS S X
VFE O IEOBR 2D D Z L3 CEH 5H, HHE,
DM O R EME 1Y, BUR T L OB LR v B LAY
PHEEENRS, B RNA THSEZ BT
e, BFETHR, £, DMBIDIA h=—-
D AR BES ORIERAR & T RNA% A U Tosi ki
WD, Efe, DEEEREREERILY S
BB IE-FITIEE O L 2R bOord D), BB
NRIE B A P IR, Z O, DM T 5 LIE
WS OPFEEICDOWT, $OE O/ LA 38 2 CHE
W5,

I. DM ORREKR{E

DM i A DS 1/8,000 A & il A CH b B O
WHEHEIRE TH Y, WA RELE R R &
%Y, DM B, WM (I4 h=—) Rtk o
WIET - HEEREOITH, DBEEREERILDE
T 5 ANEPHE, AREBEEREE, CIPRRE Ao
7Y, BHRELENERTIRHERTH D,

DM O iR O—2CHD T34 h=—)
ErE, BRRRMICIY, BEREUN E I I X D B
N FEOMBHRIE L B EN D, BEDHZX &
LTt TFR2ED LBE v THROZHIE
V] EWoltbOBRRENTHD. K, MR
BRI T, #HHERIZIS T 2 myotonic dis-
charge, F#REHEMRAIZI T B post exercise myo-
tonic potential & FHEN DH BRI B O,
L THRIHERZ?, 34 b —O4EBPARIT,
A B R T A EOA T2 F v RNV ORF
CE-»TEERIESND, HmEloR R l#HmE
FHETHB. I4 b=—%BTHHRBIBHL T
A N =—fERE L, DM O T, B
Bk 254 RFr R2ACIC-D) 2a— FT
5 CLCN1 BIZFOEBRIT LB EKEI A b=—,
BRABEENKFEET MY U AF v 3L (Navld) %

—62 13« 2014—

ot W95 SONAA SRAGTHE RIS L D H U o A3
HEIAd b= BREATSF ho— WV o ik
MBI AY, e CIC-1 EHic £ < B LT
BY, AR LA LT OF A A v il ik
Wafok, BWEMEEELIEIHEE LD,
CIC-1 Iz I U BRI F b=, O
BWEET - B OET (loss-of-function) {2 & 5.
DM i % 34 b=—1% CIC-1 ORWIC LD L0
ThDH I EMAEN TS {hit),

Lo X5k, DM IS ER LS RE BT D5,
FORTHOAPHEITRBELR D 30%, A
Bich, BETHD, LEAMEOTTTL ORI
FEATHY, WNOBFIZED NS LR
HWHRONWFN OB THEEZNITL S 525, His-
Purkinje & ORHBIEL THDH, IEROBETD,
12 BB (ECG) b U < 13 His #{EE A T PR
MESZ » QRS HERAR Y, B2 L 5 523,
N B ORMARRE S, &V EE ORISR~
EHEFTLD B DI EERE O 2 RIRRT D
Hlr, —#c DM X 6~12 » A I 12 330
BRI LD 7+ n—7 v FHRERER TS, 20
1E» EEHO D O, 50 FEHE) (atrdal fibrillation:
AD D DM BH T <RO BN, 25%DEHTHED
HhaY,

1. DM O3%kE —RNA dominant disease —

AFE D DM IEHI ORI % 53 2 MY 2 b
74— 1 8 (DM1) i3 DMPK #EF 0 3° IEB iR
3 (3 untranslated region: 3'UTR) iz % CTG3 ik
BRVIEURTIOREMESRRE SR TRLY, IF
WHOCTGY ¥~ RIX5~37T ThHdnitHL,
DM1 & O HLEL i 3,000~6,000 F THK T
b MRICCTG VY — bRZEREHBELTEY,
VE~ MBREWIERERRL DY, TORY
CTG V¥ — MIMRERSL T LiTET 2 4mN
HY, DML ORBIPHEENFTIE, VE—}
FERELIETUEBHOT, £XKMEDML &g
NAEEF LRI LB D, £, H—BHOM
MRETHY - MNRIZERY, HBHETHLERK
- DT RLS, SbiERLEDIEMELE

B9, DM1 CiE, CTG Y ¥— MIIEiREEIC

HBOT, BELRDMPK ZANEL DR TIERN,
Ef, BEMMBTDMPK ZSHTLOETLTES
P, DMPK &< EB LRV v I T U h<w Y AT
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DM1
CTG) o,
$
CUG hairpin formation
MBNL sequestration
CELF stabilization/increase
cuGer V

Normal
(CTG) .
DMPK gene —-D——
MBNL \‘
€ e
DMPK mRNA
CLCN1
pre-mRNA

Adult CLCN1

b DM1 #OERIEHEV R BRNZ RS, £
5 < DM1 OFREEEFIZAHTH Y. LiL,

DMPK Tii/e <, 77 F 2 @BEFO 37 JERRER
12250CTG V¥ — bR AANKLET N TR
(HSA) B DM [M#k 3 2 b=—A2 L DIEREE TS
Z LY, DMI1 LHE{E L ER %R DM2 ORI A
DMPK & x4 < 8725 CNBP(ZNF9) Bix+0A v b

21 LD CCTG VY — FDHMETHDZ LAY,

HAETI DM i DMPK 22 CNBP s W B H B
DEETHEL, MELRECUG, CCUGYE¥—}
EEORE RNAWKREOHLTHD EEZ2BNT
V% (RNA dominant disease) V%2,

HL DM ERTSA DU TERE

DMI1 BEHBIZBNTI, BEFELLCIG %
o7 VAR DORE DMPK-mRNA &, EET Y
M3 DMPK-mRNA ¢ R#iciEE s b, ER
DMPK-mRNA 235 ~BIih EHicBIREN 5 —
4, 8% DMPK-mRNA Ci3#E L7 CUG J¥—
M CUG™) BAT E iR L D, MRE~TEHS
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[ Abnormal splicing ]

Fetal CLCN1

Figure 1 Pathomechanism of and therapeutic strategy for myotonic dystrophy.
Among several missplicing events observed in DM, an abnormal splicing of the skeletal muscle CI~
channel, which is responsible for myotonia, is shown. CUG hairpin formation of mRNA leads to the se-
* questration of MBNL or the stabilization/increase of CELF1, and results in the dysregulation of alternative
splicing of the C1~ channel.[Adopted from 25) 12§ &, W& IEAT. Brain Nerve 2011.]

2 H$H%A T RNA B8 (rbonuclear foci) 2R3
b. TH5LTHRIREREINL CUG™ itL Y, &3k
CUG fid% A& e RNA IZfE 49 B8 24D MBNL
(Muscleblind like protein), CELF1(CUGBP1) &\
E2O00BAMPERERTIY., Thbidsikic
premRNA A 7S5 A4 Vo V2 ldT38B0THY,

I TR D HAERD b IRBEI A~ ORIRN R 7 5
AL FERERBILTVS, MBNL iZZF 0O/ W
CUG BHI~DFEA KN LT RNABEKITHED
B bh, DMI BN CIESIC#ERET 5 MBNL 238
3 5. —%, CELF1 X RNA BEMALIZHES LRVD
DD, U UBASEESLEL, AT CELF
AT A, ZOR, DML Tid MBNL - CELF1
EWHRTFA VI THBRTFOT VAT AR
U, B4 mRNA DA T4 2V 7 BE (GER A
FSAVYTTAY 7 — L0 NEER - X
N3 (Fig. D2, ZORTT54 20 FBEX, HSAR
TYADKRIRBTMBNLL /) v 27 vy AR
CELF1 BREEH~Y A THHBE &N, k7%, ZTh
LOTYRAMIF ho—REEERELRTB T
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LB B DML 0% AR CUG™ L)
toxic RNA 237 59 pre-mRNA 275 A L0 B
WX DODEHEZ LN TND,

IV. DMIZBIF5 34 bo—DREST
—F X L & LT O/~

DM OIER O T, 34 b=—ORFERF IO
WTIIHEAGIEA T WD, BRo X 51z CIC-1 14
FRIm i B 0 Tl LR D MRy i B g e B e
LTWah, DM CREAT A & Z BB 0 205
Lk, =2y Ta i A S YFHW CIC-1 &
TG5A Y SR T DY COATTA
S BRI e e R b o CIC-1 BB E P,
BET D F v 2 VBT 5 2%, e o s
MEEY, 34 bo—2BERITIEMRENT
WA (Fig, e ZOE0, $< OBBETOAT T A
U REBFEEN TS (Table 1) 75, WAk
O X5 MG Dk S %o e foh
5.

ClUSF¥fNDAT T TN A b=—
DA THD X 51, BEOFE L DIENF A 02
R mRNA SHTH D EMPH L TE D, ¥
72 DA 0 [ 51 00 4 3 BRI S T
CIC-1 & [ffiz, OMEAZEEE b 5% mRNA 2 & 5
INFEIA T2 F v RADAT S A 2 FREILE D
F ¥ FARCTH LML, i bR, %
6, DHOFEHEAIERICEL, S0k il
EFRENREDO LS REEHRELEERILY D
o, BB IR A Pl it B

V. DMEEEE - FEROREER

D OIEBIEN % Fig. 21074, O OFETIEA
B5 oIz TEHRTI2HNTE S, £ Na
BRSPS GUIRR) IR D Z & T8 0 oA
REBBMAFNT D, B OBRINRO BRI
v, 55 2 AR BB HEAT E K G (Iro) 50
Jasis i, BBEA LT v F G5 LD 2RT
B, Na BHRIZT SCRRATALEN DN, JlEfian
M CaF v R ABRBHENDZ L TE2HILH
SHIRPITCOFT b—HEHKT D, &3 HTIL,
SR & OMIERE A K BH Uk, Ixe), ATP KR
K F ¥ XA ER (kare), P& B HHE K B )
REOHBMEERICLY, HoBER,

DMEREEE - TEIROS <1k, DM Bz

~62: 3 2014—

Table 1 Abnormal splicing reported in DM tissue

Skeletal Muscle
TNNT3 Skeletal muscle troponin T
INSE Insulin receptor
CLCNI Skeletal muscle CI™ channel
MTMRI Myotubularin-related protein
~ RYRI Ryanodine receptor
SERCA1 | SR Ca** pump
SERCAZ SR Ca** pump
LDB3 LIM domain binding protein
MBNL1 Muscleblind-like protein 1
MBNL2 Muscleblind-like protein 2
TTN ~ Titin
CAPN3 Calpain 3
FHODI Formin related protein
GFPT1 | Glutamine-fructose 6 phosphate transaminase
NRAP Nebulin related protein
PDLIM3 PDZ/LIM domain protein
MAPT Tau protein
DMD Dystrophin
DTNA Dystrobrevin
MEF2C Myocyte enhancer factor
BIN1 Bridging integrator 1
Heart
_INNTz Cardiac type troponin T
MTMRI Myotubularin-related protein
KCNAB1 Voltage-gated K* channel f#member 1
LDB3 LIM domain binding protein
TTN Titin
PDLIM3 PDZ/LIM domain protein
DMD Dystrophin
DTNA Dystrobrevin
Brain
APP Amyloid precursor protein
GRIN1 NMDA receptor
MAPT Tau protein
CAMK2D Calciumycalmodulin-dependent
. protein kinase Tl delta ™
SORBS1 Sorbin and SH3 domain containing 1

Shadow indicates the mRNA missplicing identified
by our group.

HEEA T Fr2AORFBICEIVEL, §ETIC
L DWEKRERBRBMEZORINLRZAFVFr 2N
BEFRAFTVFYy RNEREAER - FT 58K
FORENFEINTETWS, RENREREL
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—H R W -
A - 0: depolarization
) Actlor'w ' 1: fast repolarization
potential 2: plateau
3: terminal repolarization
4: resting
B) 1 Protein l I Gene I
Sodium current 1 Navl.5 SCNSA
Calcium current  l¢y — Cavl.2 CACNAIC
Na*-Ca* exchanger | 0 : NCX1 SLCBAL
— '
Transient outward by, k- Kva.2/kv4.3 KCND2/KCND3
Delayed rectifier slow |, s - KvLQT1/minK KCNQ1/KCNDE1
Delayed rectifier fast 'Kr £ \ HERG/MIRP KCNH2/KCNE2
Inward rectifier slow |y, i { \’\j Kir2.1 KCNJ2
Pacemaker current |y \J hHCN4 HCN4

Figure 2 The ventricular action potential and its underlying ion channels.
A) Schematic of a ventricular action potential.
B) Major sarcolemmal ionic currents which form the ventricular action potential.
[Adopted from 16) Ruan Y, et al. Nat Rev Cardiol 2009.)

Tk QT E&KLE % # (long QT syndrome: LQT),
Brugada fE{% 8% (Brugada syndrome: BrS), #Ef7#k
f=8EE ¥ (progressive cardiac conduction defect: PCCD),
TARA&SE1RTE (sick sinus node syndrome: SSS), O
E) (AD LW o b DAH B (Fig. 3).
A. LQT

ECG T QT MR WBIEM: DB AN B
WREEERI L, KRRESEREORELRSH
BEHEREBIRER TH B, BIEE CiREEEESD
AT, 14 OFRNBEFRRESHTNSHLQTL
~LQT14), LQT1, LQT2, LQT3 ® 3B TLM4ED
70~75%% T EY, LQT1 HBVBEE I
K F % 3 (k) &2 7 — F9°% KCNQIL BIRFOLER,
LQT2 iV B IEEFE K Fv 3 (k) 23— KT
% KCNH2 BizT-0OER, LQT3 i LHEENKTT
#Na Fr XA D a%72=y b Navl5) BT — K
35 SCN5A BisFERIC X 5.
B. BrS

ECG THEZ vy il L, VI~V3HERLS
173 coved B ¥ 7 i3 saddleback # > ST LR 2 E L,
F & LTHE4E~ PRSI IC 0NEHIE (VF) 2t
I LTERETIHEETH D, S CTREERET
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HEHT U ORFBETRFEEI TN S (BrS1-
BrS14)®, 1T BrSl i3 SCNSA BIZFERIC LY,
BrS EF LD 15~30%% DTS,

C. PCCD

B4 Lev-Lenégre % & DIFIZH, P15 REREL
KRR LIZ, ECG THTHEOEE vy s - {7
Y7 ERL, RUPEREOKERL2S, ThE
TIERBETFE LT, SCN5A #ix+, LBRE
PREMENa F Yy RAD LY T2y hga—F
3% SCNIB #i=F, RERZY TRP F+ x 1L 0O—
DTH D TRPML BizF, axFPr 40%a—FK
3% GJAS BisF R ENERENTNS, KEFT
Hoh b SCNSA BEEFOSIzIE BrS DFERE S
EFARHEINLTBY, A—0%R - BREEF TR
WHOKHERT DL BDZ00, EmdisT
v 616>°
D, SSS ,

ECG T, %R - Wizl - BIRBIRE R 2 L
RETIHEMT, $ECRERBETFE LTSCN5A
Biz¥, BOEEEHBRX 7 V3T FEER-RK T
¥ X)) typed B a— KT 5 HON4 @51 L BRES
htnd, :
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