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A, BURRINDTORBETH LS

(1), 2, 3, 4, 5k, 8F/id6, & 74&THLT

B. BNFERICAOBMEEIIHET HBEEIVBIGE
a RARNOBBRENFIEOERDEEG 4 (BIE1E)
b #ohoiFs& (1), 2, 3, 5& (BiE1E),

k6, L 74&THET

YAz 4

8 %

BWT O] BB

(1), 2, (3), 4, 5¢6DETEWIT
Emery-Dreifuss (EMD) BT A v 4 —
FEEDW OS5t

LaF o]

XAEHLETEEDMD ORZDHEESHICIEI T RO L& THH
12INBUENEHSH (BL, —ADBREFEIZLETHRDLIE
<Thiw)

1. BENCHBIT27 £V AR, I, ook
2. LB Tl humeral 32, T Tid peroneal SHEMD

BIRETHORHIIET & EH. mEET, 21T

3. DEDOEEBEZOMO.LHEDTTR 22T 5.

4. BEMKTE, HEREELEDI2VEHESIRHB YA

74 —REET 5.
5. HEL XEHASUREICEEGT 2RER2HD 5,

FEAE M
NRH, 20PBEORIER TR

B o4

oD RBHAETAMRT 28043 5. HBSoMmgIc
LY, MRMNZEHEIZLY, 7THRVAROWEECLY
BEEOTETHEILCRY, FRRIFCHIFULN,
RIEPHIRE NS,

FHMPRAIHN, REHEEEmNEE 2T 5.

AR & KT

15

MBMEMDETIE, BB TR humeral &N, THT
{Z peroneal FHEMIZHEZ 5.

FEET, SIS B, BEE, B, KBEofh
ETAET 5.,

BROmNET 2R TEELWS, MHELEHOER
JHETFLETEZ LD 5.

i)V N
BETHREFRIIEMT 5.
FW L THREEGOER
a2
RRUILETETH 29, BEIEIRE

LREE

OHRERE B, Bk, #5HE, BE7ay 2,
BHTO Y 2) &/ H B0 LHREEDTER BILOEX,
EERRAE). 0L RRER, UdRMoOREE=S
—ZLnEgh ol 0KE TIITHIET 5.

BIRE e XS MRIRICHE T 2 RIRE

YA M7 4 —ORERER I 2B O X

1) Duchenne muscular dystrophy (DMD)
BHRBVORLRIBBUOTA a7 4 YHHFIZLY

MR A R S v, revertant & L ITh BB

DIFEMRSTFET 5.

VAru74 YEEEH (-tr7 1Y) T,

AR A IEE S RIS THL M ash b,

Faryh YEAET, ERSEICkE T aksE
TL, YAtu74 YEEERD (- Fu7 1) Hifk
T, MBS ER RIS THL M R SN 5.

Fnarz) i R, EESRIChRTHRad o
TLTWA,

2) Becker muscular dystrophy (BMD)

VA7 4 PRIy, MRESEELVESH
1285< (faint), HBWiddr5I2 (patchy) Pefadh .
DB OEL BEROVUEE vk, BETRER
—HLT, FLVWROAKOET 20 5.

VAru74 YHAEER (- to7 1 v) BT,
MRBILIEENB L W faih s,

YNar) s kT, EERRICkRTRadE
TLTWS,

3) Fukuyama congenital muscular dystrophy (FCMD)

A HRAICEY, MRENTERBEERTwS
D, GOHIIFEBINTVLILOMNREELTEDLRS.
a-VArarz)h r OBEBMERERIGT, MlEo
FtaEIFEHICET LTS,

4) Merosin deficiency # 0 ¥ ¥ KiBfE



BYA M7 1 —OBEEEERORA

A0y CPUEIC X D HEEOREMHSFINET L T
wa.
non-Fukuyama muscular dystrophy (non-FCMD)

oY attoRERLRTHERBEDO L ZAHE
9, BEREIZLIBENIIATETH .

Limb-girdle muscular dystrophy (LG) B#HIgFI A b
a7 4—

LGIZIZZ L DEBIRETNEA, Z0DH HLAREMRR
LAAMBWICRE OO, BIEDEIAY VAT ) A/
NRF=LTRTzNINF—Tdhb.

1. Sarcoglycanopathy Va7 1) 5 J 35—

TRTCOFN AT ) yHET, FWRMREO Y

HEDET2E0 L. BHELLZH VISV A VT

RARTHIRIF LY. YR a7 4 rHifkidiaE

2 EEMICRETS.

2. dysferlinopaty Y A7 =)V J /NF—

TAT VY YHRIC K DR R Shkv.
7) Emery-Dreifuss muscular dystrophy (EMD) Emery-

5)

6)

DreifussBIfEY A b7 4 —
1. XEMD X Zufafi¥k Emery-Dreifuss BIfi A bu v
4—
I A PR THIROSE R E Sk,
2. ADEMD &3 {E Y Emery-Dreifuss #IfF ¥ X b
177 4 — (laminopathy 5 I J /3F—)
73V A/CHRIC L aEDREHR, EEHE
LEBETHY, HREREAICLABHIRBENEL AR
THETH 5. '

=

AFFIC 12 PMD O35 data DR E LB H 543, EEEIZ
RLADOZEIL NV OFPSWEHERIShS, L TDH data
DEFELHTTHLEDICELREELENGHTEL LD
ZRET 5.
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YEBRPCREICKSZ VA bu 74 VBETERBNEEOR E

Mg S &7, EASME:, A B, I

ER PZ2MO7 1 BEFEREBNEELTRAVWShTEATEENY Y 70Oy ME, multiplex PCR %,
BLUmMRNABREEIFIRTEEICMA T, $EEPCREEBEATHZEICL Y LURTOREIFEEIRE {MA.LEL .
BHOI VI II2EREDH S TEROHENSFET, BXEROREFSBRTH > 287 ERH236IcE
WTHARERPRAE SN BEIOBELEBTES L, $-RASSHICHICHTESZEDLS, YUk
TOBMOFEALGFRE>f. EAVHYTOY MAEOBERF—HULEV2EFROBIAEITIZEICEY,
PCR7 54 v —sREIEBLICRAD B EEEPCRIENDHAE R L 2. ERLBEFEROREIERL T, %

DEMFREHAGHETHELITIVLES $ 3.

R BHIC

WERTIE19924E0 6 VR by 4 VBETFERFN 2 H
BLzve, BE5IF 74V b =T ERHWIEEBNTY
7Oy MENCE BT Y YBITOKRE - B, BLU
REBEZH % To T, ZD# Chamberlain-Beggs 7
54—ty MZX%multiplex PCREZBEAL, f#ifE- -1
e REEFORMPMTREIC ko /2. BEFREVRBE SR
WA I mRNA OFERFIEMIC L Y AER L Lofuh
BRRPATIL VY FREXAELTVS. 199840 51
FEEPCREY Y AN, REEFAORRABZH 21T
7. AR TRZIOYEEEPCREZEREMILIEAL
A==y 7 LTHEML, 2hE CHEIZTFERVRREE
THoTIEPNEITL, TOFHELZMELL:. —h, F2
EPCRETOHRIBEROYFrTuy METORREE—
R aho/z2ERMZ@EL TEOMESZRE L.

HE& - FiE

PERITHoTELYF 7y bR multiplex PCREE, *
7e—EOESNT BV TIE mRNARITIC & > THERFFE
TRLPo8TRREHFE LA O v ViZHIE
T275 4 v—%HAEbETER L2 RKISHICHEER
R6G dUTP %X PCR¥IBE L7z, RIBAST T b—I2ET 5
MORBBEENCHEIEL TYwaY 4 7 VET#EIE X, PCR
EYEA— 1 =02 =2X Y757 A MEN L.
PCREYEIZEIHREICKB I NS 2D ERN L HIE AW
BIZRY, 7V VORERPERPAESNS. REBET
BHEOtR s hy, ERORETEENBOMN2EOME
ERY., RE - BEHORREIIBVWTR, ThZRIEFED
05f%, 15t5&%5%. 754 <—IikChamberlain-Beggs iZ X
519DV rDIiEHh, TRELETHNN-LTWRWER
DLy yEEML, 794<—=3Iv 721 (Pm, 2, 3, 6,

8, 11, 12, 13, 19, 34, 46, 50D 127V ), FI4<
—3Iv s R2 (4, 5 17, 22, 43, 44, 45, 48, 49, 51, 52,
55, 60, 62, 70MD1I5Lr V), 754 —3I v 7 X3
(Pm, 16, 32, 33, 36, 41, 42, 47, 53, 54, 56, 58, 61
D3y V) O3EEMERLEISOED 2 v ZFITFL
pA

%8, EZEXREFIALSO—712% ) ADNADPCR %
BEHOLFERIYF 70y VEOHIRDELY Ah, —8
DIEFORITIIRE L7,

B ®

1. PERBPCREWELBZVA U7 4 VHEGFEERITOF
#at

BTRFZDI L, 6RFROERELERE TRROREER )
Fgashs: (ED. SHSHT&-EBEEMINREICBY
TIDOHETEHMOBEL T LEHEN LIFER) O
327%H72), TORTHILI Y Y 2HMBEHIISFERE
BEE O TV, REEMIV$ Y Chamberlain-Beggs
DTITA2—ky MIEFR TR WIr Y VY HFOERT
HY, 27V 3UEORBEFANS KRR SN, F

#1 PEEPCREKIVHLIZEBENFAEShAER -
REEIEH

ERER KRR RRER AR
IrVY 2 8 7V 1011 1
IrVY 312 1 TrVY 2241 1
7V 316 1 7YY 5355 3
IrVY 322 1 7YY 55 1
IrVY 57 1 T2V 56 1
IrVY 844 1

VY 12 1

IIVY 4552 2

EHoER 16 REDEE 7

ENZRBE R S E MR
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FEBPCRIEIZE DY A DO T 4 v BIGT 2 RIS

TRED M)

1-A 100 1150 ‘200 ?50 ,300 A350 400 }50 ‘S 9 550 '600
«] DMDEME sl I S
3004 17//47
20C
10C J
1G 1 1811-H@2004/06/08 /
18C J
e EEBEM
12C ]
3¢ |
6C |
3C |
LMMMMULJ
2G: 1809-H@2004/06/08 /
EFIL F M EF2 F M
X1-B
IV V>
17 L S .
JF(9.0kb)B A -
s —— m 47 ;
48
483 - “", == JF3.6kb)»
48-5" P —
X1-C EiEEe EEES
7098+1963
7098+1963
K1 REB 1 DTS H
A CPERPCRIL 27V VA8 EMEIRT

B I ERLHH 7 uy bk I3 HindIIL, 4513 Pstl CEEEIN, FI21E&E LM, MIZIE® B4k

C 7/ A DNA B LU mRNA O

REFHF 70y MECBWTOEHORFMELN L Sh, Z0

RIZHE i PCREDH R E —F L 72,
2. FERPCRIE - ¥ ¥ 70y MEAR—IEG O AT

JEBIT 0 DMD 3. FEREPCRETIEI Y V48D &
MEREWELZ (KM1A). Hind I TREZEYK LY 2 A
DNAZHWTHHY 7oy MEZITH &, =7V 48D5
MESTDONY FiZ2a =535 N LDIZH L, 3HER



EERPCREICL AV A MO 7 1 V(B ERBFEEDM L

50 100 150 200 250 300 350 400 450 500
] 2- 70 Jp 17y
2 A c,uf i BMD %ﬁ 177216 14+15
SOC |
40C § l l
30C §
20¢ | |
=) }{ WA ﬁ UU\ U
@E  8G:632-RC2004/11/10 7
o] B
S50C
Soc] } ‘ 1 ﬁ ﬁ
éocz i
AHEE 96 1Z90RCS2004/11/10/
ol EmEM
25C )
z2oc |
¥5¢ |
EE e L
5¢ 4
A SEEE  5C I SOONRCB2004/11/10 7/
EF2 F M fEBR2 F M fEBI2 M F
2-B .
IV IOy Iy
16JF o s
(9.0kb) > T -y
16 | 3 4 163 JF
(5.9kb) = 8 == cF (6.3kb)
T —— . (4.7kb) - an 16-3
: - - 165
m16 5 ”
(3.1kb) (3.2kb)
T — Q
> 4 "?
2.C l— (3.1kb—) 4.7kb
29
PstI Pst I?2? Pst I
#93.1kb FEA
Int. 15 F2 = F1 = <+ R Int. 16
1813 1813
T —6901FiE  —130fFik T
Bgl II Bl IT
3.2kb — 6.3kb —I
Hind IIT Hind III
L 5.9kb— 9.0kb J
2 JEB 2 DTS F

A PEEPCREL 7Y V16DORERRT
B : JERLHH¥ > 7oy b I HindlIL Hyeid Pstl, 4513 Bgl 1T CTREZ LI

C 7/ 2 DNA & & il RREZ Z IR r

DNV FiFl1a¥—55Laril, 9.6kbfhmicidy v s v
377728 (JF) 2HBLL Tz, Pstl THERUIM
EifofzH 7y METIETZZ Y V481323 —5dH
D, E5HIT36kbFEIZJFA RO SN (K1B). RNA fif

Ml 2B O mRNADHER I Nz, —HidT sV 4870
EHL TS mRNA-L, ) —HiFzrvra8stxrr v
A9DIZA ¥ ba v 48D —FB (7098+1910_7098+1963) &
IV 4T O3 MEG (6829_6912) BX U7 vV v 48



BEBEPCRIEIZEAVA MO 7 4 YEEFEEFEEOR L

(6913_7098) #5727 A ¥ b AHEA E 72 mRNA-2
THY, WHITITZRBECHEIBLTO, EELESE
B OmMRNARIZLALRBDON Doz, ¥/ ADNAD
HHIREFIFITIZE Y, 41V POV A8ORPIIT IV 4TD
3 IR PAREASHEAS L2255 0, 6829_7098+1963 EHIA SR
LHELE (HIC).

fEFI2 : BMD B, PERPCRETIHLIV V160
— 73, FLBBCLEEHBOL 20— L2
HONY, TV VI6OREERLHAEL: (K2A). &
ZDNAZDWCHind I3 X U Pstl CERFREEEYIWL
THHFr7uy VEZTIE, EBICTIV V16DV F
ZHEELTW2A, BIE T3 9.0kb fHEIC, #E TiE47kb
RIZJF BB LTz, Bgl ITUMLAYFyTay
METI, T2V 16D 3MEGF O FIZIEEOAEC
O HNTHS, 5EESDSY FIZ63kbEIIBEH L T
72 (M2B). #BFEERPCRETIF4<—F1, R1IxHwY
47 VERBRLLTRIE2fToe s, EFEOESELD
7974 b OBEEFED b, F2, R1754v—I
XoTIIMIECTE o7 (H20).

z =

PEEPCRERZEFEREQICL IV V2HBMEHROS
MIcHLTHEITH 72, (koY 7oy bkiZDNA
% HindIII CEZYH LDNA 2 7a—7L LTIV VB
OERFAEZToTCORd, 7V Y237V Y10E
BB Shy A LS oRBPERETH 72, KB
RCEBLUAERIYY YT uy METRIOHENSYR SN
IV Y 20ORMOMEICE 7295, FHEE LTIERERER
BICHECHRL*ETLLDNTH 5, HEEFBERIIBY
Tid, EHEROBABLTIAL XHKREL 2B 1D,
cDNA O UFFBIBIEEI NI b, SFEELRATST
AV THRBIHVEBOMRNAEL S 2 L L ERFE:
Wiicd 2 —HIZhoTwWa, PERPCRETIRTIIA~
—ZEUNCHAGbELZEICEY, BAOTr Y IZBT
LEROFEHNTEETH ), multiplex PCRIFTH/N—TE
Lo RERORIERGMNTESL LIk 7e. fHIE -
BHCETELROAZ ) —= Vv T OHE—FE L LCHL
Ehiz, EEMTF YTy MEFEREREZRICOIGHET
Ep2 itk Y, SROBETHIREIN L L. BUERRNT
WL T Y ZIZ54MICHZTBY, BH L7V iZon
THRBITRME A ED T WD,

—77, 2REPIOFBHTER L Y P EE PCREOHMEEITRS
hie, EFLEZESHERICIVA VY PTVABDAT TR
B oI TR L, 7098+ (1908_1909) M AG % 3 A
TIAABMETDEATIA Y ZHEBI Y, 7098+1910 L
FedSmRNA-2 BICHB T 2 ML EEIC koo LR S h
5. #EFI2IZHind B L UBgl I TCRELLYFYTuy

FMEDKERDPHIZA ¥ v 15D 3 {ICH 3kb DIEADEE
bi=#, PstliZ X BHH > 7uy MEOEREIZI—RLE
o, RNADE LN T mRNABITIZTE Ty, B
EBILXUBBETPCRELDPDIZ VI EDRDL, TALPD
57 A LOBEREFER SRS,

PCREDFTHTH DA, LERPCRETHEAL TS S
GAT—RBEEL IV VNPTV EOBERITENA Vb
0 Y EMCEREI L Tw B, TOQEFICALRE LI
BROE LIS T T 4 v — B3I E 2 5 & PCRIEEDS
TETHFry7ay MEOHRL—HLEZWEESH L. &
RICBE—T 7 VY OERIZBVWTRHAEZ BB F 1D
5. BEOBEFIMICEL TERBROBHFR2EASD
CSCHEET)LENDS.

PGB F T2 DMD419%%, BMD61FKFADE 480
RRBAEZWIALTVE., 7Y YEHEDOREIZ2655%
(552%), E#545% (113%) THY, BMER (v
VHIEIEB, FEA - RS, 4 Vo U EEER) E83FK
% (173%) #FELTWw5A. RNAD LLIZDNADAFTE
TELTHENPTCERVERNRE2KBE, BETRRIIOWV
CTRNARIPTH 5.

DMD/BMD OEEFZHIZB VT, BETHBEOEHE
RHERTBWORBELR LX), ERLEROFEENIERE
NBEIR-TER, DIRRHIROREBLITEY, DHE
D—PELTROOLNERELDEZEZ L. FEERNIIIEA
2=y VU OB R RREIRASEE LG
{, FREHDEFAFED LN TWA, RFNFEICHIHE
LTy —DRRBIZEXNTH S, Ly —H~OBH
B FOHARNRRZBRRICRHETLLENH D LEL
5.

X ®

1) Roberts RG, Barby TFM, Manners E, et al: Direct
detection of dystrophin gene rearrangements by
analysis of dystrophin mRNA in peripheral blood lym-
phocytes. Am J Hum Genet 1991; 49: 298-310

Roberts RG, Coffey AJ, Bobrow M, et al: Exon struc-
ture of the human dystrophin gene. Genomics 1993; 16:
536-538

Hiraishi Y, Kato S, Ishihara T, et al: Quantitative
southern blot analysis in the dystrophin gene of

2)

3)

Japanese patients with Duchenne or Becker muscular
dystrophy: a high frequency of duplications. J Med
Genet 1992; 29: 897-901

Yau SC, Bobrow M, Mathew CG, et al: Accurate diag-
nosis of carriers of deletions and duplications in

4)

Duchenne/Becker muscular dystrophy by fluorescent
dosage analysis. ] Med Genet 1996; 33: 550-558
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FVvavAL a7 &Y 2 a7 g VBB FRISTGHZ T

g A, JRHET?, B 8309,
ZH R, yEH —RY, ME XD

ERIEF, Fal1 XBHI A AT 14— (Duchenne muscular dystrophy: DMD) (233 U T{E 4 DEES
DHBEFEEICHELEF—F—X 1 FRAFABEFZEEENATVS. COLS AR EEEICSAT SIS
W, BELOSRKENT X bOT 1 VBEFEHMEDHARIFARTHS. $E, DNATL 7071 EHV
ERELOEEENI A MO 1 CEBEFREAZEEZRRL 1.

X47A7L1ELT, ET7VOORFICHE T 3EHABRDNAZ T I ARICAEL AU dv 407
LA1EERL, REEREORI 21T/ 2EEFOZIMOT7 4 VBEGFOLI IV EHIETAHERELT,
SRISIKAFEILVF Ly P ZXPCREEFRAV:. ChoDORHICE-T, 2AMAEVSEHBETERICY X b
O7 ¢ BEFREEZMTIATLERRET B ECKIL L.

SEOHRKARIEAHREEE ERERILAEDBOTHY, COVRATFARLE>TF2IzXBBHIX
PO 4 —DF—F -4 A FRPFREGKEHEELh S,

(F=T—=F;=42u7lL 4, VAba74 7 BEFEN F—F—A4 FHTHREHYVAIOT7 1)

4

i

Ty VXRBFHF YA a7 14— (Duchenne muscular
dystrophy: DMD) i3#THEEEROGEBTH D, 10
BTHIEARRE ) 10RABEED S 20 HTE CHIERS -
DRI EELERETH S, L LHES CIRHERSE
DAT, AHLBHEE LW, BE, DMDIZXH LTHEA
DEFOBIETREIIHIE Lzt —F— A 4 F5FHEENE
HEhTwa, Z0&) 2HRHEEZERIIDET S Licsw
T, VA 74 VERETFEMITRURTH 5.

ik, YAt VRIEFEEORERYFYy Ty b
®, *VFTUy 7 APCRBICE o TIThh, E5I12#/h
EROMHEY /7 5 DNA B 2 it cDNA O &iE 2 ECHI T

EVAONED, EROZHMEIIRAREETS, dsw
BEZBRTELRVWILYFS2LET5LbDTR o7,
ZDHRATEEEOBWEORLY, BREoREL L
TWw5,
FA2BIEDNATA 707 A & B E&85T+%E
REREVFIMICAEST 2FHETH L LIZER LA 4MH,
F)IAL 70T LA ZHAWTIR AT 4 VBIETFREE
REREPOEHEICTMTHHELHARK L.
;-

1. ANI=4L 7074 OfEK

VAIO T4 VBRIEFETY Y VAOEFICHYT S 60
D4 ) TDNA 21K L, GENEMACHINE# 82 % v

Lo THbATEY LALIOBREFIZ3000kb 12K F—%AWTREYANEIAL I FIERTFA FHTANDRER
SERLZBIETFTHY2, SLIIRE - BERREEYLRE v FR{TW, AT f 07 LA 2ERLT:.
250
o
= 200
(1o
k5
:150
P
\Lﬁ100
8
5 50 i i A
0
M bk 0 = = PN NN W W A B2 &2 U1 O B 55 N N D
g', IS T = > T oo B U » T o C T o TN <6 S S o < B AN T ) T oo TR O = B \S T = Y =
2} S
= ¥
exon Nc

P RER PR RR SRR R0
MR RFERFRE R IER IR E 2
LEE S AT & - F A T AR EH

21



F)IvL 787 L4 EHWEYA MO T 4 VBRETRESESHTE:

2. EFOBETFOHRE

EFB L CEENBomME LY ¥/ ADNAZHBL, 3
BIBIZ 2= v F 7Ly 2 APCREWILE TV A MO Y
1 VBETFOELZ YV Y OWBEZITo 7z, BIBLZEEY R
ra7 4 VEBEFETI YV 2 Cy3I2L o T, DMDIEFIY
A b7 4 VBIBFELTY V2 Cy5Il & o TEHRL-.

3. 94 BTULANDONL TY FALE— a r BLUR

WEENAEE (Cy3itX o TE#E) BLUDMDIEHR
(Cy5iz ko T OPCREYZFYIAL 707 LA
BENA TN ¥4 ¥ - ar Lz, £0H, Cy3BXUCy5
FhENOUBHELZRITL, Cy3 (QE#EY / A) L Cy5
(DMDERI 7/ &) OHEMEOLRZFHUL, RELIY
Y DHEXIT oIz,

# R

1. IE¥%/ A DNA % Hlv7-f##t

%%, EEY/ADNAXYW YRR T 4 YBIETFETY
VI EINVF Ty 7 APCRIBICE 5 T2H ¥ VIR
L, =% Cy3il o THEHEL, % Cy5iT & o THERE
LTCAH) I A 707 VAICHEENA TN V4 E—var&
&7z, HA0EEHEOR (Cy3/Cy5) 2Lz Z 5,
ZOHEIZ08H S LTOMICNE > TEY, Tl ozt
STREEHETZIENTARETHLIEMFHLPIIE -
AR

2. DMDJEBID4 ) 4 DNA % v 7247

Kiz, DMDEM L W LAy 22w Th#E2T-
2. TV U5~11OREDMDIER L Y LAY 4%
< NVF Ty 72 APCREIZE - THIEL, Cy5ickoTHE
%, EWHEZCy3ickoTHERL, AYIf7uT L
ANEENA TV T A ¥ =T ary Lz, 8T T FIVEEir
L, W#EOD (Cy3/Cy5) #7774 L72d D EKITRT.
R&Ex v viE, Cy3/CyslEdrvwind 25U ETHY, K
KEYHICFAET S EXFTRETH o 7.

FIRIZ T 2 Y 45 ~ 48 DR ek (2% D IEFIC BV THRET
LizeZn, RERLZV VI, Cy3/CysHM60LLETH Y,
REZHBICHET A EWFTRETHo/z. 615, =7V
¥ 20 DR S % 7D BIERITIE Cy3/Cy5 AT 1000 L E, =2
VU3~TOREK%EDDIEF TIXCy3/Cy5LH350 BL L,
LY 48 DRE R ED BRI TIE Cy3/Cy5 HA5200 BL E,
LYV V45~ 50 DR %E B BIEFTIZ Cy3/Cy5HA7100
BEChHh, REZBHEICRETSIEDWMRETH- 2.

502, AMOEZoTs v v OREEFNDODNA %
HAwTiToZz, WFRIZBWTHIRELZ vV V2 ERICHE
THIEDURETH- 7.

£ =

Ahl, AT ra 74 ZHWEYA a7 4 VR
FREBUY AT AORFEELTo . AV T4 707 LA

22

T, 60EF*EDF ) TDNADHEEEIIZ L o TN TY &
AE¥—a v OREPRESE LD, 2070, IE¥DNA
L DMDEBIDNAZ~YA 707 LA IZBENA T ¥4 E
—2a rEELFELAVLILE L. FORKE, REL
T — 9 2 {5 WL ol ATl 70T LA
BH—L2EREESCKBEETE 20, BHibEiReTs
HLEICBVTDNAA 707 LAICHRERTVS, &
A T4 70T LAIREB VAT AOMBERLES
Lk, EREICMIRECHELACLZERTLLOLE
Zbhab.

7-Hik, DMDO#EEELT, YAt 74 VEETFIC
BOTRELTCVEL Y VIBETAZ IV ERAT YT
SN S VA T4 VEAORBMEFET 2ERER
REL, BRISHERBLTWSS, $h, FreryAZR
PHTLECHL, FYi<wA T ICEBEEEDLT T
BERIEHOEBRBEIZA-TWSS, ZDX)IZH4 DIEFTH
SNLBEIETFEBIIS LA —F— 24 FOGFHEBEOREE
OGBS h TS, SEBMLZZH AT AL
DL LHTFEROBBEERELHEETSHODTHS. T/,
SEFBLAEVATFARVA MO 74 VHIETREOA TR
2, MoOBGEFREICOEHTAIENURETHS. BIK
DHFIZBVTC, HIEFEMIEFICHELDIDICE->TET
VEH, BEPOBVEBREHEOf a7 LA 2 VB
VAT LD, RN RRETFEIEE LTURCERT 5 WHE
Hhdh 5,

L, <4707 VA RHW-VA N T 4 YBIEFRE
MY AT AORBIIK Lz, YAV T 4 Y BIETRE
TRREERFBIZ6HTHY, 3HOEMNTIIALED
HoNE., SEOEREELEL, FVIAruT7 LA %2H
WERERBI VAT AOREEZITo T LENH 5.
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1) RAiER, SORBREF, SRR, rEZEu, HREAKE,
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4)

phorothioate oligodeoxynucleotides in induction of
exon 19 skipping in dystrophin mRNA. Oligonucleo-



FNITTA4 707V ZHWYR M7 4 VBEFREBRESEE
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Multiplex Amplifiable Probe Hybridization ¥ % Fi\ 7=
UZ2tua7 4 VBIETIY Y v OBHERE - HEDD

Al

*k, Al

&m

ZEE : Duchenne BB X A7 1 —(DMD)DRERTH 3T A A7 ¢ VBIEFOI VYV 2 EHER multiplex
PCRZATRBEINLEEBEI 7V REEZEMNHEICHER < BT % Multiplex Amplifiable Probe Hybridization
(MAPH);E#BEST U /=. Multiplex PCR TREAZRH LV 4 ER TEEZZBITLALEZS, TV 12, 50-52(D
BEHPRAEENE. 2E{ESH, multiplex PCRE KT MAPHEIZ K, DMD 240 65-67%DBET A A

BETH 5.

EUBHI

Duchenne®# VA buv 41— (DMD) OERTHAH Y
A bO7 4 yBEEFREICE, KRE CEYH HER, RE/
BAOMAEER, 7V—A3 7 Ao NTWES, BE
121X, multiplex PCR, ¥ ¥ 7uy bTbhTWw5.
Multiplex PCRYi%, ~60%Hi&DIEF DLy Vv ¥ REEE
352 EHFMETHY, S5, $Fr7oy METINC
&0, 100%DFLRRERLEFEVFBIMITRETH S, 72D ~35%
i3, EEBRICILEF VLR, 7L—AT 7 M EFIE
RITHMIRE A, ATITAAFMNOEREZZ HNRT
W5, INLOFNEREIZLTWAEDIER, YAMaT4
VEETIC MEERERBEF CREROZOY A XIlh
A, VAP 743, X$REED01%% HD, 24Mbilb
Y TOEDTY YV UHS ) ADNA EICBHEL Tw5h. HiEF
BT, BEN, BHoE»S, BEHOMN IR Tw:
WZ ENEL, i, B%TEIDRMmBERESRESIRT
w3, 4, #3tid, 20024812 den Dunnen 512X DR S
7> Multiplex Amplifiable Probe Hybridization (MAPH)
BORFEN L0 THET 5.

MREFE

MAPH #:1%, WGBS 2 HOHHELE Tu—T ¢y
MIXYERMYY Y Tay FETY, ARShATu—7
% PCR¥IE LEYEDNA ¥ — 27 T U4 —CRE, HEZ BN
T5HETHS (Fig.1). Amplifiable probe (DNA probe
set 1X, 96 well plate IZ/MESINTHE Y, K4, 10ng D tem-
plate # PCREHIEL7-b®) &, FHK144 10812, DR
JT den Dunnen (Leiden University Human and Clinical
Genetics, The Netherlands) & DNA probe @ material
transfer DEIBEFH L HZ, FEIZARKICAFLAL. DNA
probe set {%, 96 well plate IZ5HEENTED, &4, 10ng
?template # PCREHMIELAb D THS. Al-12~GlT7IC
exon 1-79, G8-12, H1-6ZBRCA12, Y-chromosome, NF2

amplifiable probes

e

nylon| cfr' b hybridize
filter {a‘ o
recover and
amplify
bound probes
— =

Fig. 1 General principle of MAPH. (citeted from Amour
JAL. Sismani C. Patsalis PC. et al: Measurement of locus
copy number by hybridization with amplifiable probes.
Nucleic Acids res 28: 605-609, 2000)

gene DWIRIZHE H probe 23E X NTw/z. DNARBE IS,
2~ 144ng/ u 1T, SEUH3%T H0— R STEFIKE LALE
Frv 7722 h, exon 25,7,24,26,34,44,58,65,69,73,75,76
VRERROS (Fig. 2A), 10ng ® template % F PCR 1
18 L, MicroSpin Column S400 CHH L7: (Fig. 2B).
F#E1E, 1) micro-Southern Blot: IEE AHMIRHEKDOH
EEDNA (>05ug/ul, 1pg/spot) ZT7IVAHVMELF
4074 NVF—IZUV-20 AR > (50 m], each side)
L7z. & b} Cot-l DNA, herring sperm DNA&HIBIET
pre-hybridization #, probeiZJ¥ 500pg/ 11 (each exon)
G hybridization 2 T o 72. 60T T 1xSSC/1% SDS,
0.1xSSC/0.1% SDS T#iJ1iZ wash L7z, 2) first & second

SR e AR/ R R
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Multiplex Amplifiable Probe Hybridization % I\ 72V A b0 7 « V{7 vV v OR# AR RS - B

T

2 (A)
Probe Set A

=Ch) 52 78 716861 782877 14476264 76226313 56 16 7459 7651821 43582954513946 3 17361028 194440 2

- -

Probe Set B

=X 34 69 237942362672 4 6312538335737 683235274124 959 12 8116675 5 7315 6749555348 145

MY 34 69 267624 7 65 5875 5 73 44 2

Fig. 2 Amplifiable probe sets of MAPH (A, B).

61 Probe Set A-1
52 71 7 47
NF2
R
R0 e APV A =Y H -
7030 218 Probe Set A-2

40
M

N

69

Probe Set B-1
NF2

L

T T
150 200 250 300 350 400 450 500 550 600 bp

Fig. 3 Trace patterns obtained from analysis of male control individual by use of probe set A-1, A-2, B-1 and B-2.
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Multiplex Amplifiable Probe Hybridization # % iV 72 VA b a7 1 VEIZF L2 vV ¥ ORELRKE - ERDHT

Male’s duplicated exon 12 Male’s duplicated exon 50-52

71
34 52 61 49

31
§
6 K}

47

2.18
+50

1 M i 4 ¥ T T T T T T

150 200 250 300 350 400 bp 150 200 250 200 150 400 Bp
Fig. 4 Male patient's duplicated exon 12 (lower lane) and Fig. 5 Male patient's duplicated exon 50-52 {(lower lane) and
male control individual (upper lane). male control individual (upper lane).

&. Distrophin- E3
Deletion Analysis of Dystrophin gene by Yakumo National Hospital: Tomoyuki Aovagi Ver 1.0
. 3. Watanabe :
Patient Name e
Ti1andPM 111 I 7| w ¥ 51 61 i
T2 12 22 42 52 62 72
3 13 .23 I 43 53 63 73
4 Cia 24 ‘ T 54 Ce o
5 iis igs 35 45 '[85 e O
6 e . e 138 46 56 e 7
r7 e g7 g7 47 57 el
re . Cis o Cies s a8 58 T s
e e 29 [ <t 4 55 e s
o 20 30 140 M50 I 60 70 " Reset

|:| Beggs's 10 region I:I‘Oham'berlain's 9 rerion

] ] Out of ”Fré’me ;

Memo Duplication of exan 50-52]

PRINT EXIT

Fig. 6 This PC-base software (Deletion Analysis of Dystrophin gene, ver 1.0) can check DMD exonic
deletions/duplications reading-frame (updated 2004/9/11, compatible to Windows 98, 98 second edition. Windows
XP version is also available. Please contact to author). Please note that literature reports several exceptions
where changes at DNA level do not match exactly with changes on RNA level.
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Multiplex Amplifiable Probe Hybridization 2% fi\V: 7z A b0 7 4 VBIZF T2 V v OBFELRE - EEDHE

PCR: PCR# 1§, AmpliTaq Gold (PE Applied
Biosystems) kit v 7z, 1st PCRiE, wash L7z A4 1
YAYTVY (2x3 mm) Y TINELTHY, 5942
N7 (94T 5min, 94T 45sec/57 C 1min/68 T 1min,
68T 10min, final 50 # 1), 2nd PCR & LT, 1st PCREY
5ulZ5WL, 2544 7 VigRL 7. 3) ALF II DNA ¥ —
7 .4 —: RiproGel Long Read (7= ¥ A7 7 V=¥ 7)
ICTEKKE LA (850V, 38mA,30W, 600min, 55T). fEAT
12137 7 v= ¥ 7 Fragment Maneger verl.l # i\ 7:.

¥ 7

JR#:Cld Probe Set A (40 exons), B (39 exons) # 96-cap-
illary ¥V = 27 2V H—%HWTHEL T35, ALF II
DNAY—2 o9 —TOFHEERL, NEXZEHICT
572087212 A-1 (20 exons), A-2 (20 exons), B-1 (20
exons), B-2 (19 exons) @ probe set ZFHE L 7=, #FIL,
79D exon T RCE#ERETE 72 (Fig. 3). Multiplex
PCR, ¥ 7uy bTLr VU REEZADEVWDMD AR
APNIAERZ T LA 25, HLVEHE (exon 12, 5052)
AEE S 7z (Fig 4, 5).

z =

White 5912k % &, EHIZVA I 74 VEBETERDS
$Z6%ZHOLEHELTWD, KBEiZkh, EEBIU
multiplex PCRTCRREENTWEHFLREOBMIHNTREE 2
5. ®I¥T, Yan 9%, multiplex PCR/MAPH/DOVAM-S
(detection of virtually all mutation-SSCP) @ 3EkF&H 5 %
BT AT 2 %7 &, BIZFEROBREFIZ6%ID &
HEEELTYWA, Wi, R%E:59%, HMER: 29%, E
B5%, REINLRI: 3% ERLZL:4%THho7.
PoT, %L LD, multiplex PCRB LU MAPH#EIZ X
D, DMDED 65-67% DB T ZMANEETH S, F7z,
AEOF 7R L7219 HBRORK L, v Y REDFER %=
ABLT, REWGOWE, 7V—277 VOBREXHET
5 EfEPCHAITY 7 b (Windows 98SEHGAR) % 0EH$
LIV BHELBEEZHNTEETH S (Fig. 6). FRo
DMDBIZFHBOBRISHO 02, 5FLXVOIER
REBIARURTH L. 5HOBETFEBHOTVATLLELT,
FAFEiE, multiplex PCR/MAPH/RT-nested PCR+protein-
truncation-test (PTT) "% ) DMD BIZF2MEED T
WELZWEZEZ TV,

X B

1) Chamberlain JS, Gibbs RA. Et al: Deletion screening of
the Duchenne muscular dystrophy locus via multiplex
DNA amplification. Nucleic Acids Res 16:11141-11156,
1988

2) Beggs AH, Kunkel LM.Improved diagnosis of

Duchenne/Becker muscular dystrophy. J Clin Invest

85:613-619, 1990

Den Dunnen JT, Grootscholten PM. Bakker E. et al:

Topography of the Duchenne muscular dystrophy

(DMD) gene: FIGE and ¢cDNA analysis of 194 cases

reveals 115 deletions and 13 duplications. Am ] Hum

Genet 45 : 835-847, 1989

Roberts RG, Gardner RJ, Bobrow M.: Searching for the

1 in 2,400,000: a review of dystrophin gene point muta-

tions. Hum Mutat 4:1-11, 1990

5) Yan ], Feng J, Buzin CH. Et al: Three-tiered noninva-

sive diagnosis in 96% of patients with Duchenne mus-

cular dystrophy (DMD). Hum Mutat 23:203-204, 2004

White S, Kalf M, Liu Q. et al: Comprehensive detection

of genomic duplications and deletions in the DMD

3)

4)

6)

gene, by use of multiplex amplifiable probe hybridiza-
tion. Am J Hum Genet 71:365-374, 2002

Roest PA, Roberts RG, Sugino S. et al: Protein trunca-
tion test (PTT) for rapid detection of translation-termi-
nating mutations. Hum Mol Genet 2:1719-1721, 1993
Roest PA, Roberts RG, van der Tuijn AC. et al: Protein
truncation test (PTT) to rapidly screen the DMD gene

7)

8)

for translation terminating mutations. Neuromuscul
Disord 3:391-3%4, 1993
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Pioglitazone &R 5 IC X AAFRE MY A b1 7 4 — DFERRDIGE

A Bz, KR

WO R, B B2, BS WA, MK, I R

EE  HBREMYAMO7 11— (DM1) IZEH#T ZEREICIL 1 2 R 2 EREREER pioglitazone DzIR
EREIL . BRBEEAHULAEDMIBESAT, 553 Aldglibenclamide #AfRL TV m¥EI> FO—Jb
IIRBTdH 7. Pioglitazone 15mg#EH#%5 (glibenclamide (3thik) TF¥y15.4+9.6 r AEEHREL, MEED
P rA-IVEBIFT, EMERECEHERIIEC -7/ 75gBAT FUBARRRTIE, EAFEOMEEL
2B TETL, 1RV BER4ADFIZEFRE, 4APETLA DM BEOFERRICIE, &ICREBHIC
AR B BOERIZH BEETIE, pioglitazone BN TH D EEZL .

Key words : fiMEIEY R b o7 1 —, HRKE, 1 AU ViEHE,

FUBIC

FHmEEY R ba 74— (DM1) Tik5~125%DBH A
BRFEZEHETHHY, ERHEICHAL LS LD, LIFLEA
YA VEFHR AL, EERoMBERmBA A SE
(RDMBEETH-Tdh, TFIEAMICLIEFELLIRIPFL
R4 5I L2529, DM OBERFIZ2RIBERBE ML
LB TH LA, 2RIBRE CITbh b A3 L ERE
BRI A RV EDS V. DMIEEIR, HHET O
DHSTEHEIMENRT, BEHERPRED S, BRI
hedv, ERREIHHETOLDIIHETHS. 1~
A RS pioglitazone 1&, AFHE, EEHED
ATRTALEHENEONT, 4 YR VIEEEYRD 5D,
b LR AN R VREETIBERET A +45% 2 KB R W
B H B, ETHERFEEHLADMIDL YR
vERHAS%EL, MErayu—3T52 L EFHMIZ
pioglitazone PIfRIEFDZI R EARET L 7=,

MREFE

WEZ ABEHRT, FEMBEMERTIA b= 7ar4 V%
F—EHETOFMRELRD CTG ) ¥~ MEEDDH S DM1
BEC, BRHZEHELZ SA BHE6A, KH2AN), F
WERS2]1 £ 868 (32~60%) xS & L7z (tablel).
A—KROE IV o7z. BEOBERIII2AEE2 3)
BT CHASITIET, Bo6 NZERTF TR T
% 7z. Body mass index (BMD)¥TIXEE3, 6D 2 AHBMI
5L TR Th o7z, BERBRBEFSDODUEEIHER
L, (1) MEBRMEE 200mg/dl A L2 FEER, (2) HLEAZEfERE
m¥% 126mg/dl P L& #ERR, (3)75 g A HER(7520G
TT) TI1205# 00k 200mg/dl A E%2#EZ, OwvwThr
TRRHEE L, JoBICHERFEIHEShZb0%
BRBEZHI Lz, BE L 3,56 1 320E%E (1) 2221,
BF2 47,83 E@ FMALL @FHLTHEEIY

FTVI T EEE, TogHRETRAE

Lo, BE1 ~5IMERTERIEASYT, AFRHRE
LTw/z. B#E6~8Itglibenclamide (Euglucon®) #% #iHI
BIZHR L TWwids, ooy bo—VIiZRRT, HiZl
~2RE, ZEFICRISERPELLZ EAbo7. £
D7:H3NE D glibenclamide ZRE L2 BEXH b,
glibenclamide Ok % k3 5 & BIBERE U120, BE 7
i3 25mg A & BFAYIZIE025mg F T glibenclamide Z W& L
Tw:7z. Homeostasis model assessment - insulin resist-
ance (HOMA-IR) 3EMD A > 2 ) Y EHEOFHEIEL T,
ZEPE RS (mg/dl) X Z2fERE 4 > A Y Yl (p U/ml) /405
THHE LY WEXHAEE, LER, e NOEXRF MUY
LFIRARTF ¥ (HANP) ZL&FASEHEHEICHY, LFL
ZARETARRIZ o7,

BE1I~S5EBRAOZNE, ODRICLSFHHLFAEDD
& 1Z pioglitazone (Actos® 15 mg #EiEFBICHRL . &
#6~81%, glibenclamide FRIAE TN 2 >~ P2 —L748
HEEThsZ L2 HHL, FEZFTglibenclamide ZH1k
L, #&# pioglitazone 15mgWARICER L 7. WIREAKHT
15 AUHNOBREE L ERTORFOREME 2 LB LUEED
BEHELL. 28, BH6~8i glibenclamide MR I
pioglitazone PIRFIGART DIRFE 21T o 72, 75g0GTT Tii#H
ARTHT, WA 305%, 6040, 9044, 12050, 180%
HCEE & IRITZ BIE L7z, SRR ROFMIZIE 75g0GTT -
TOREARE 120 25 0 MBS & BERBT£ 120 2 £ T IR AR
TH&E (ZIRI(x U - hr/mD)), HOMA-IR Z 8L 7. iE
FYIMHIZBMI, HbAlc##lsE L, HANP % &0 /2 MR
#F, WHXHEHE, LEN, bza—, BERZZ 28N
B holz., EHICIEStatView (ver5.0)e 2L,
paired tiRETWI NI p<0BZHEEEL L.

5 B
pioglitazone #1316 ~36 ((F#148 £9.1) » HEBEL

7o, BSHERICHE L -BE RV R P,
75 ¢ OGTT %4t (Figl) : BAMWOMEIZEH T

Bl Kt - #RRE v & —RERBERE PR
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Pioglitazone RIIZ 5 IC X 2 HREM Y R bR 7 1 —OBRFBOER

Table.1: Pretreatment profile of patients
BMI: body mass index, HOMA-IR: homeostasis model assessment — insulin resistance,
M: male, F: female, WC: wheelchair, and WA: walking with aid.

Dose of

Casual plasma

Patient  Age(yean/ reCpi;i VZﬁ}ﬁlgg (kBg/MI2 glibenclamide  glucose HbAie  HOMA-IR
) (mg) (mg/d) (%)
1 51/M 400 wC 17.8 - 230 6.1 0.6
2 60/F 1700 WA 18.2 - 289 6.1 23
3 52/M 1400 WA 25.0 - 202 57 2.8
4 54/F 900 wC 16.0 - 269 6.8 16
5 54/M 1000 wC 206 - 225 5.6 2.7
6 32/M 1400 wC 269 1.25 213 7.9 2.8
7 57/M 1100 wC 21.6 0.25 257 6.3 0.6
8 57/M 1400 WC 17.1 1.25 231 7.0 33
MeantSD  52.18.6 - - 20443.9 - 239.5429.5 64408 21210
126mg/dI AT CTh o 7z, MR TRONIRED 2 BH 5 z =

ADH B3N, BEFRTO 75g0GTT ¢ — Mg FR
TH37THY, BELIIEAWTONRIC, BE2IIEE
60 RIC, BEIJGHEAWNIFHRIZ, ThEhmEoY
=7 Bbo7z (Figl(A)). B#4, 513, BAEFIS05H%IC
BUMED LH7T 2 MY > Thoz (Figl(B)). IRI
DY VIFAANZESEDY, IRIOY — 27 OBERIZ—E L h
©7z. pioglitazone BEHE T D IRIOELL BAEN D - 7=,
glibenclamide %~ % pioglitazone \Z IR 2L H L 7- &6, 7,
81, 75gOGTT DM IIHTMET L., LaL, BF
6, TTRINTOWMETHEMAL D BEBDDIRIBETL
7z (Fig.1(C)).

FERBT 1205, = IRL, HOMA-IR (Fig2) : pioglitazone
BN R CHEP I EFTHAMNE 1205 O MEEET
L, WBHERTOTH 203.3 = 41.7 mg/dl 2 & BRI FEY
1539 + 395 mg/dICHEIZHE L 7= (p= 0004) (Fig2(A)).
Z IRIX, pioglitazone {&EH#ERT DG 2369 = 1702 4 U - hr/
ml 7 HiEHHIET 1696 = 813 4 U « hr/ml 2K FHEE %
Biz (p=012). HEFICTIRIAZ250 4 U + he/ml L ET
HolzA NIZEFRPICT IRIFRS L, EEENC T IRIAS150
2U « hr/mlBUTFCH o724 A T IRTIZERER
L7 (Fig2(B)). HOMA-IR X BB OTH 21+ 1005
HRPIXLL 2 04 ICFRICEEL (p= 004). HBHERNIC
HOMA-IR 25 ETH o724 A, HESIZ HOMAIR 3¢
Thol T2, A7 AREHFDPOHOMAIRAL5 LT
Thol: (Fig2(C)).

BMI, HbA,., BIfEH (table.2) : Pioglitazone &35 & i&
#EHTBMI & HbA, ICHEBELELIZ B h o7 (p=034, p=
0.21). WEHRMMPICH - 2 FFasR S, THERE, L1
&, BMmAERME, @EEEE Lo/, BF 81 HANP
PEEICER LAY, WHXHER, LHoa— CORERE
TFi3% <, pioglitazone FIIREH R L 72,

29

DM1BERERERLEPORETHL LS, AH
BEP—EY, AVKZVREED LS 24 VA V3%
RET 2HEFDOHIRCA ¥ A Y VETESICL 2BRFD
HRTIREOELE L 3EREH5. 7, DML TIEEH
FRZEZ AT 5 L ABUCBR LM Y 2 ) U235l sh, &
MBREVFRIND ZEHFPE IR TV S 9, gliben-
clamide #* & pioglitazone IZZH L2 B H L &%, pioglita-
zone I ITRMBERIEAR & T, BRIICEHREHRE
Zxi.

75g0GTT THDM1 DI DOEEE, WHE, BRHE,
ZHRRE, SHTHDIEFRESA TS 1, K5
DR ZEETOHAMBOMBED LRSS Vi34 Tholn
25, WIFROIY VT o T ploglitazone iEHE T O MiE I
WE LA TIRIOZEEEBEAZEND o7z, T IRIA250 u
U - he/ml B EOBGBOBEIXE IRIFESL, 4 2
VEEFRBRALT, mMEEbEELL. SIRIAI50 4 U -
hr/mlPTFORRARBER, TIRIIZEESNL:.
pioglitazone WARIZ X o TDM1 D4 ¥ X W ENRIF
B S NS D 5. T2, HOMA-IRIZ—#21225
PETA 22 YEHESED Y, I5UTTEREE ST
58, ZOFHEITLD L, KEZED 8 A4 AL pioglitazone
BEANICA Y R PR D o 72285, HEFTERA v XY >~
EHHIEERD b e H o 72, pioglitazone X DM1 D4 » 2 Y
VMR RELALEL 2 LA VYR Y BSBOMRE
RAOBETHRAE BT S 5.

INETIIDMLICA Y RY ViRt 2 %8+ 22 5hb
FTIN T FBEDO—DTH 5B troglitazone # 5 L7135
HEHDSH. BRFEESHLAZDMIO 22T, trogli-
tazone % 12AMZE L2E 25, 4 v R VikfitEdstss
L, BIREICIE I A P 7HHELRZD. LiL, BEHIC
B2 65vwDM1 D35 B TIX, amitriptyline (28EH L
Ttroglitazone % 6 B G LIz 25, 4 VR v IERE



Pioglitazone 51 & BAFMEYE Y A b1 7 1 — DRERWBOW#

Plasma glucose level Serum insulin level

(A) (mg/dl) (uU/ml)

300 /A-\‘\\ 400

250 o —A
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== 57] 200 / OA.
—o— t. x 200
—a— 150
™ pt2
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Fig.1

Results of 75 g oral glucose tolerance test. Patient 1, 2, and 3 show mono-phasic increased in plasma glucose (A),

Patient 4 and 5, biphasic increased in plasma glucose 180 min later (B). Patient 7, 8, and 9 were under glibenclamide treat-

ment (C). Plasma insulin levels decreased significantly in patient 5, 6 and 7, but remained unchanged in others. Pt.: patient.

@®, M, A: pretreatment and O, [, A: during pioglitazone treatment.

BEAL, A YAV VAFRRIEFHEELZ. ZLT,
troglitazone 1k 4 AEDOBRETIZA ¥ R ) VBFUIYE
L7-7-%, troglitazone x4 > AV Y&k RES LW
LEFEEINTW, troglitazone X EE LM REREEOBI{EH
OF-HEBEHIEICE D, BB DMLICAET LBRFE~DE
ERBROFEMITETE S5 hh o7z, LA L pioglitazone Tld A
VA VEFRRRESN, 4 YR VEASRIIINE SR
o, ZBIF P THRACHTIHRIE, HREETEYL
TR,

pioglitazone MDA EHHIL, FFEREERIID L, KKl
Iz LA LALTHESR TS 9., AROEETI, 8
AF1AICHANP O ERDBA SRS, LAETR LD
72. DM1 TROAED R THRMES MY T 2ARRRTF
F (BNP) 2L 8¥T5Z 2135, LEEOFMICIE
HANPA X W ERTH L LR ENRTHIY, Larl,
LDEREBPERECTOHANPPLAT I MEL LY,
BEOHANP EAOEWRDITIIHEETH - 72, pioglitazone
BRI X HEER ETORBBERILELEL LY,
DM1 T pioglitazone PIIRIZ & B LA E %2 BAE T D aRIF
KEWERFZZIZ W,

— I 2RI RRBIE O RGBE, 34 v R ViEHtED

30

RIC ko CTHEMASEES K, mEEERO-0ICHE p AR
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Fig.2

Plasma glucose level at 120 min of 75 g oral glucose tolerance test (75g OGTT) (A), serum insulin area under the

curve (Z IRI) of 75g OGTT (B) and the homeostasis model assessment - insulin resistance (HOMA-IR) (C). Plasma glucose
level at 120min decreases during pioglitazone treatment in all patients. ¥ IRI decreased patient 3, 5, 6 and 7 with a pretreat-
ment 2 IRI = 250 ¢ U -« hr/ml, while it increased in other patients with pretreatment ¥ IRI = 150 4 U + hr/ml slightly.
HOMA-IR improved significantly during pioglitazone treatment in patient 3, 5, 6 and 8. Pt patient. *: p<0.05.

Table.2: During pioglitazone treatment.
BMI: body mass index, HANP: human atrial

natriuretic peptide.

Patient agirg;grﬁtsz:rzz?trilgn BMI HbAic HANP
period (months) (kg/m?) (%) (pg/ml)
1 12 17.8 6.0 <10
2 12 19.1 6.4 25
3 9 25.0 5.6 16
4 16 15.7 6.5 14
5 12 19.8 54 <10
6 36 25.7 4.6 10
7 6 21.6 6.5 26
8 15 16.5 6.1 47
MeantSD 14.849.1 20.243.7 5.940.7 -
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e, BE &

ER I BREMSAMOT 1~ (MyD) BERZEFLVVEMFREICL > THOPREREBERI LV EFZL,
MyDBEIZLLBEASKICEIS A 51ThY, EBHLEDRBUF LA BETHREZFELRAKICBELE
%Kz, BEMBIRMERBHME (Sp0,) RETULA. MyDBEEODRIS AICX 5 SpO, R{EMIE, 24KHTE
—2Y 2 IDSpo, BREMELUE,-1. BI5AFRRTIE, MyDBEDODHBEEOHRTHS hBEBBREIC
39 BBRMOET (FREHBORM) FFETELVY, EBICEUC TV 3EMIREOEAMERRSH

B3ICIHATSH 3.

key words: fiMEH VA bu 74—, BZ S X, KEEEIVE, MUEEERE

Lo

HREEY R a7+ — (MyD; DM1) B#EE, Sk
TIRIREE L COPRESERLHFLLZLIEHTH
5. MyD BB ERBEREICHT 2 IPREYE - B L X0
BEEPET LTwEDOTE2VWALELLNDS., BRAOE
- DB LRFSENOBRISE VKT  MyD BE Tk
HENTwEA, I CRERCTONFREERL R LA
kv, MyD CRIFEEETICH U CREERMEHNE
DT ENEL D, RFTOMREBERREIFEIHICL IRET
22tbdhy, PHEMBEREDHE) 2O, TREEELHE
TFENTVD. BT 5 ZITFFHFHAE < 2 5 BHHTIIRE
BEEQEEN V., BHRGIHETOREOLLRVWEI L ZIT
o THEBERELIEVHTZET, MyDREETOEEL
EDOREHET OMWHREL R,

& - Fik

RENSZEM LAREOLTHIFB LR, HREBHHT
ZABRBOMyD (DM1) BE9% (EEN39~60 (52.0
71), B44 - &5%4, 1&FBRVCEAETEH), HREE
AN8% (E#28~56 (465+96), H64, w2H) 2%
L7 BiEEOM, BETRLERRSWEERELRLET, B
Z 5 ZOREW % FHE - R L. ATRISE G - ik
- RENXGHERAORDBE S, BBRErOA ¥
Tr—hFartr b rige,

SpO,fEZE=F—L2A%, HREEMRIZI105BEMT
REERED, SpO,VFEELTWAB I EZMHREL, LHFTR
HoORSRMECEIEDZBIHL (A), TOTIEIH 2T
FE&E, BIOAPIELSZLLELADEL (B)
&, BRICELBIO XA 2RHETE R ko 7BH (O I,
BFEILLLEHE RO 20 (C) OBHETHEBLICIFRZ
HRI S/, SpO, xRS EICETL, SEMIZE
BEEE (D) 28T, BILOBARIOMICEEL - i,

WAL EAEZRT, THELETHETCHEL:. BE
B EEROHEIL 2-way repeated ANOVA TAT - 7z.
SpO, & Novametritt® 2 X 7100 # HWT, 8T & ITHl
EL7. FBBECTHELGOSPOEOEEHME, HAE
FERBSM-7100 2 AWT 145 T &2 24 R ELER L 72,

w R

BEIOXKEHELBEASHT 2R T, SpO,PMKTF I HHIIC
BELE2EUED (Figl). SpO,ET LD -k
2, BEIBTRILOBRIHRELR kot Tho/z. &
B TR I BIRABIB L2285, SpO,fHIzZ %D
HICET LRIEEICE 72, BELEERETSpO, PMETL
Tw B b2 BT 2 &, SpO,fH (%) 1L BE (A) 959 £ 12,
(B)96.0 £ 09, (C)951 =08, (D)9L7 =17, #&EH (A)
97.7 =05, (B)97.1=06, (C)95.7+ 11, (D)930+ 17T,
HEREVII R,z (p=0267). BELIZRLBDDF
TORH (A-B) I3BHE213 =578, BEH200+95%,
BILZMHRETEREE (A-C) 13E%E356 818,
%8490 = 1578, SpO, RILMEICE S £ TORM (A -
D) 3B #524 =81, BEHT40 = 1908, WREH»S
SpO, BB 5 2 BB OMEICE S £ TOBE (C-D) &
BE289+32, BEHEAS5+6080THY, WFhIBET
BEFTEIVOEI o (FEEITA - BiXp=0.0582,
A - CiZ p=00319, A — DX p=0.0071, C — D& p=0.0001).
B8 475 24 BE[H C 0 SpO, ZBh#i B O R fE(87.7 = 24) & |
BL, BZ5 2B O SpO,fE (951 = 08) IX£&HIT,
3 FPIREREZICA SN SpO, I (916 +17) 14
FBRW8KT, LV ENok (Fig2). 2 BEMLHEN
THSpO,RBHE A/ THENDEHHMORREL Y ELo
7o, F7-SpO, EHHPHOE Yy —hIEELESZHIL T
Lol 2B2EHOUERBRCORKNZELZ, 4A
DBE TR & REPREZ &8 15~ 30 5H1T o 7248
SpO. fHIZIZIT—F LT,

ENZAEH - FRt v v —RER R
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Figure 1

patients
SpO2 (%)

100 {

95 |

90

85

Figure 1: SpO, changes in breath-holding test.

controls

A: start

B: feeling dyspnea
C: giving up breath-holding
D: minimal SpO2

Patients feel dyspnea before decrease of SpQ,, as 2 out of 8 healthy controls.

In 3 patients, SpO, starts to decrease after they give up breath-holding.
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DRFEET 5.
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BT 5 E, —iRICEEEANEOM T RIS IEIRE SRR & HHE
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LW e, ERBOEISZRBRTY, HrEEOH
HAHR LT REtEd D 5.

FRBEWRBEERS (NIPPV) &, HRGAFET LM
BHMEBRBECEGOEREL LICHRES, MyDBETIR
HRARERELHMBREET2ES>22 83, NIPPVO
BAKELT, £F L3 AENGHETERIE LT,
NIPPV# A HAICIEBE N 2= L b D, BA L CIRRIRE
ARELTS, LELIEI Y547V REWS, Ll
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Figure 2
SpO2(%)
100 =
B ®  Starting breath-holding
95 mem
| O  Feeling dyspnea
- 4 Giving up breath-holding
90 (== gk Minimal SpO:2 in test
— | Range in 24-hour monitoring
85 |m= |

patient 1 2 3 4 5 6 7 8 9

SpO2(%)
- example: patient §
- Cessation of breath-holding \_
™S o Q ) / Sy e
7 hyperventilation
95 =
| Feeling dyspnea SpO2
range
B in 24-hour
n monitoring
Minimal SpO:
90 =
85 I | I I | ! | [ I l ! |

0 8 16 24 32 40 48 56 64 72 80 88 96 (sec)
Figure 2: SpQ, ranges in breath-holding test and in 24-hour monitoring in 9 patients.
In all but one patient, minimal SpO, induced by breath-holding is higher than minimal SpQ, in 24-hour monitoring. In 6
patients, when sitting awake at rest, SpO, is lower than maximal SpO, in 24-hour monitoring.
Example: patient 8.
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PR ENTONT V52, FEBOHHZETLLEY, 5
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FRIEBERELBENZVEA LD SH. MyD O RERE
IR L 0 D FRBOEZEFHEHEPIL VT LD
NTWBDT, ZORBEAEIZWT 2EMEROTEENE %
Wat L7
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" (%9 B SHl 6 KF) OSpO2DETAHHD,
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1AM OREXEB/2ZIZT, Ty Iy %100mgs
25 L, NSNVAFFI A —F—CHEREE (Sp022°
90%LT) OBF#To7. EHIHOBRKZ 2 AOHEL
BIHAT, TRYZ V¥ 100mgs2ix5 L, 10145
I27u3I75 37 10mg ZRENTEMESEL, SVATF
A—% —CIHEERS L UHERHERE (Sp024%80%
UT) ofiEziro.

B R

Ty IUE 1 %I, 44T 3 AOTEMEREEIY
HBL 18T Ero7 (figl). 5 7H, 10,
14 B#ICIE, 4253 B0EAEERFARCEELE
(D SpO2H UL T ORMART < v ¥ I VGO
448 £155%ic ko 2.). 1 BICBABEEN TR o7
(fig.2).

127 BUL#HELTHETE DR 2HATH-72. TR
YTV EER 12 BT1IAMEROREERL, KE5E2H
L7 32 BTl UBORELHZ, 5 2hiEL7.

After 1 day
50
S
~ [} before
E Bl after(1)
casel case2 case3 cased
Fig. 1
9
byt before
% after
z p<0.05 (7,10,14)
casel case2 case3  cased4
Fig. 2

dl & 2 EE CEREIRHE L. 49 AT1A235p02D
W hme ey, METaE ko7 BIHREL
24095 1 ZFGRHOREERERE (NAR) 25358
48%, 17 HARiEH165+68%, 1» AL E13» A ZTH
116 £ 105%T7 v v ¥ IV ORIV HFE L7z (figl, 4, 5).
b9 1413, FERHT106 £30%, 12 ARKiEIAT7 £ 1.7%,
1% AUEI2» BECA77£23% 137 AML2 AT
AL = 27% T, 1» HRBTIXAERICHKELLD, 128
P22 AECTIRIEEMEREEN R ko (figh).
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24%, 1» HEMHD11.0=31%THERL, 1413121
KRG CRARNTH o FEHCRENTHY, 9 1413%
HRiA%9.3 £ 1.9%, 3 » ARiEA53£18%T, 34 ATl
AR TH o 72085, &5 HhILHE545 + 239% & EfLL 7.
BRERONARM 35S + 48%DEFTIX 134 A T THYMTH
D, NARPZEWIZHE L. #E5MONARHI6I = 3.2%
DEFTIIREH%H 4 » B TH354 £ 288% T, NARNH
HlickE LA (fig?7, 8, 9).
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15). 7=v ¥V BSHEBRELRR Y, THAOHRE
TERAIEHE L.
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REERBEZ I T THBIENELLN, TV IV
MIERRBIIBERE A TWAZEbELLNE. BEOK
BB EOEMN TR T Y UyRBEHOI EXd b, F-
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SpOZAME T F 2 EEA R o2 ) ZDOMREANIH LD 33
IEDL, TV UHRIBOREZEL TWDE I ENE
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B SpO2 R T T2 A2 Y BT DIZ OIS
IVOLRES TN, 2EMNT, HHSERERSE
BICELE SHENED L2 BERBEONED LTy
WA, 2703753 VHFREMERZEN T2 &85
NTHY», ZHEERBEEOYUHEIREM ERERIZ L2
HEESDHBLEZONS. 22 LEELE I h o A e
EEZEREPZoCLEAELTEY, I-%580MsEL, ¥
DEREOHHMEIFRT 2 hbhoTELY, BRLOH
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HTh5.

X ®

1) Ax—, ¥¥ &, LAY HRERIAboT g
—BFOMEREFIINTI e b= 4 F5HIA L
7y —=T I A bOFRABEICOWT. PIRIL-I34EE
FEEGEERN R EMERGER YA tuy g
— ORIEHFERORBICE S BREOHRICET 5
IeEitidr. 2002: 208
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Sniff nasal inspiratory pressure (SNIP) DA}

T BT

£ CHESTHEMEHHEL « VITALOPOWER KH-101 % fiLy MyD 8% 124 ® sniff nasal inspiratory
pressure (SNIP) #BIFEL 7. SNIP L RABRKHOEAE (Pimax) BHFELMEZRL %, SNIP (I Plmax
FUHEEICEEETRLUEY, SNIP EEEE (VC) IREEL4EE%RL, SNIP A MyD OFFREBAFFHHICERT

HBIEFTRRSNL.

Key Words : #5#E1E ¥ X b 07 4 —, sniff nasal inspiratory pressure (SNIP), RABESREORENE (Plmax)

U &HI

BEHHOFMmEE L TRARABOHIENE (Plnax)
B BIT & 7205, <9 A E—ADME) OERELSAE
ERBEESHC L VFIIXEEE 25 2 EAEHIATY
A, R, BAHHOFEMEL LT, &KMo Sniff (G&H
X, Bh6Hd9) 2B 8ILOBEZIE T 5 sniff nasal
inspiratory pressure (SNIP) OFHEW»HEIA TS,
SNIPiZ Plmax iCHRY WA —RELELET, T4
Plmax DRICHESRBIC W LEREN 2 BERXRAZITIO
LRAY, BEMICHEBEENNG LAREZHETS-08
FEoOWAESZESY, MERLRLMEHEEA)YTHOIE
BRpIrOBELZRKHHOFOEL LTOARESHES
hTws, HEGOHHETRERETEAONLZ LDE
WHHREEYI A ba74— (MyD) BETIE Plmax DHll
TBIEEZELLZ ENTFHEER, TRICRLIRAH D
BEE LTHOSNIPDAEME R FMT A LE3LETHD L
Bbhi.

MR - Tk

HHRIEIMyDBEED 126 (BiEsH, &k 76) THY,
FERHIZ2927562ICbAY, F1HIX46.9£11.25%
(mean = SD.) THhol:. BEEEH Y AREEEFF T2
5 8izhizs. SNIP, BARLKE (Plmax) % o UNHE
BVOERHEIE LY. BEATOSNIP & PImax & OR#E % A
B0 FIOXIREE (ERI336 = 98K, Hk74, KiE2H)
T SNIP & Plmax % #l5€ L 7=.

SNIP @ #il5E 13 CHEST # 8 0FH 5 75 - VITALOPOW-
ER KH-101 Zw7z. £y H =077 A ¥ —AEHEHIZH
WEETFTAFy 72N L TRBEARYY Y V0K mEE
Gl VYU IEROEMD FES I B TEY, ZRAER
OIS IZBILCH bR LTI I EEY, ThERILICE
AL7=

SNIP ©#l BB IR LR Rz, 75 7 & HILICHEA LB

TRLEZHEWRRE (FRC) C, 3 —H0ELA»1L Y
Y —7hHBEHOSHfZ{ThE, TOBREZRHELL. HE
FOHEKEE LD, WHIORTETVERADHEZHEREL
THw.

Plmax b F LB LAV, 75 VD&Y7 AE—-2%
FAVEBMIZTRZ Yy P THELSEFRCALWEL .
RE15To0hkBE L Y SEAORITETY, RROMEH
RELTHEAL.

B =R

MyD BEBEOIERERERIZRT (Table).
MyD BEBETIRIBANT YA -2 bz oNT

Plmax - VC & b ICHIERRETH o7z, LT, SNIP &
Table 1 MyDI2FlOMRFAEREF
st | 490 | e | psng | STIE )| P | vC(L)| SNIP/Plmax
1 M 29 2 46 58.2| 2.11 0.79
2l M 30, 4 15.2 23] 1.03 0.66
3|_F 36] 3 32 46.7] 2.57 0.69
4 M 40| 2 89.2 107.7] 3.71 0.83
5| F 43| 2 43.5 35.2] 3.31 1.24
6] F 49 7 19.5 26.5] 1.97 0.74
71 F 49 7 9.5 12.7) 1.04 0.74
8| F 52| 8 12.5 X X
9 F 56] 2 28.5 46.7] 1.37 0.61
10f M 56] 7 155 29.5] 1.75 0.53
1] F 60] 6 15.5 15.3| 1.19 1.01
12[ M 62| 7 6.5 11] 1.02 0.59

==

Plmax25& b ICHMETEETH - 2 1L TORE 21T .

SNIP ®» 113 29.2 = 23.8cmH,0, Plmax OFHHE
375 + 27.8 cmH,0 Tdh o 72. SNIP & PImax i3 H HEZIED
HMEERLE (r=096, p<0.0001) (Fig.l). 95ITSNIP
13 PImax & D /P& E%R L, SNIPix Plmax & ) AEIZE
fliZRLE (p<001) (Fig2).

VCIZ#} L SNIP & Plmax if, & dICHELENOHEZR
L7z (SNIP & VC r=087,p < 00005) (PImax & VC r=0.78
p<0005) (Fig. 3, Fig.4)

T ATBOE NE SR BB LIR B
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SNIP (cmH,0)
100
r=0.96 p<0.0001
80 -
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20 A
0 T T T T T 1
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PImax(cmH,0)
Fig.1 SNIP & PImax D4 (MyD11#1)
cmH20
140
120 | FP<O.01—I
100 | /
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SNIP Plmax
Fig.2 SNIP & PImax DH# (MyD11 #1)
SNIP (cmH,0)
100
r=0.87 p<0.0005 o
80 -
60
40
20
0 .
0 5 1 15 2 25 3 35 4
VC (L)

Fig.3 SNIP &£ VC R (MyD11#1)

MyD £ ® SNIP & PImax ® . (SNIP/PImax) ik
0.77 £ 0.20 T, xHERE T SNIP/PImax (090 +021) kb
BNETH o725, BEZREAHDLL 2 d o7 (P=0.18)
(Fig. 5).

z £
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Fig.4 Plmax & VCORH (MyD114#1)

I Mean+S.D.

MyDRE o R

Fig.5 SNIP/Plmax, MyD#: & 4 & DIL#R

D, LB L TMyD CRINEEDET X Y BRI
VR - FHRAES (RRRAR - IRERFOLIENE) O T A
HLC, MyDOBMEARERELZRIICE S 2 57201013 %
KA E L IPRGINCIEET A LENH B LT WA, L
7 LPImax D FHIZARBETH Y AL dboTh Y, RKITE
WEPRONIZE LTOEORFKGIHET 2R LT B4
2, 3% (EF4R—Yay) ORMPLFEBIUTHo 72
L) WEHEERTETE LW, MyDEEIZBWTIREL®
HHETERDTIAE—RA %L bX B EHFHERTHS &
FHEIND, FBRKI MyD OFRASRERD review D 72
PTMyD OB ERICHBL TS L DL LT [HEMK
T, EEL, FEEEE] 2 EFTwA9% 512 Plmax 2475
LETOEFAR=Va YORKSHFHRENS., Loz th
5 MyD QWS 7] % Plmax O FEC & Y 5§ 2 02 m g
HhiHrEBbh, MyDERZOBREGHONEONEN LT
BELTOSNIPOMETIILER DL Bbhi.

SBIOKEH T AE—RA %L bZ 5N $ PImax - VC
ELIHERIETH o2 MyD BEM 16D 57245, SNIP
DORWEITEETH o 72, Sniff XBEHEHTHRZESTH Y
SNIPIZ® YV AE—ZXHPFRETCERDOET LTS MyD &
BTHESHIIHAITTE, MyDEBEIZBIT 5 SNIP OHHM
ZIRTHREELNS.



APREMEY A b O 7 4 —I2$54) B Sniff nasal  inspiratory pressure (SNIP) D#RES

SNIP O IE % ()1 59 T 70ecmH,0 BL 1, ZET60
cmH,0 BLLEoTH b 4o MyD TORE TIIREE 2 0B
MEHE—FIE OZVTSNIP IR 60cmH,0 LT TH Y, F5
1329.2 = 23.8cmH,0 THIEFMHL D FHIE WLz Lo T
(RYAR

EEveHRGERY R E LR T, SNIPIE
Plmax & Y Bz RTHERIHBHESNTVS, MyDBET
BHEEOHIIPETFT LI VA —AZ Lo brbl Lk
AT X ¥ PImax i SNIP X KWl ZR T L FHI Iz,
A E OHE T3 MyD & H Cid SNIP/PImax i3 0.77 £ 0.20
CTSNIP 2 Plmax £ W AEIREZRL, ¥ BETY
SNIP/PImax 13 0.90 + 021 T Y fhoMEOFRE IRz
TW5. ZORBELTELONELDERREILET S,

@OSinfflic BV TIREILLHEZE LT, 105256
15cmH,0 O RE L EORRIE Tk B ILOEPIAPRSIEI
HHLTEL 252 L TRILOBRMRIT—E L 25 Lkl
EhTWAD, SEMRE L7 MyD OfEH Tt SNIP A3
15cmH,0 BUTOFIF6 AR EDTEY, DX ITHK
BADIEEITET T2 & Sniff IR S5 5 BILOPAEI R+
GEhY, EOURAEEUSNIPH L YL HlEShimEE
HAhHb. —FHPlmax ZRILEZHBEL TB Y EQOT AP %

{, FOESNIP/Plmax MEL oz Bbh s,

@ Zifko 513 MyD Cld Bz A HFIE CHIBE - MO
CMAPH/NEL, HEBHELIBENCEZHLPIZL, Th
ZHREHRORA NI TOBELLIZDDOERRTNS
8, MyD B TR HEEICD &5 5 REH K
TORFLINZ, ZOL)LPRHEORA Y T4 TOEE
& ) Sniff ICB I HHIBEOB M 2 DO BENEL
SNIP A3k D& Zo kb Z X SN 5.

@ PImax i 1 EOFEWETRT O LIRS TEY
MOHETH Plmax # 1 BHOFHETCETOIIHL, &
EOMRETHEML /-5 (CHEST L BIgRH & -
VITALOPOWER KH-101) i2PImax % ¥ — 7 EDATHE
HT5b0Thol:, COMRSEOKRETIIMYDE - &
FHRHEREE Lo ME L b Plmax &2 #KIZEHE L 721

BEDTETEY, BEEMRETH SNIP/Plmax OFHH
09 L o - REESH 5.

MyD i85 T SNIP i3 Plmax & R#kiz VC Izt LA E %
EOMBE %R L, SNIPAMyD 2B 2 RAMH O F Mk
LLTHATHLZILERBETLLDTHS. SNIPIZ
Plmax & b AN E W DD, Plmax A% MyD JEF
BV THWERLRRETH L E B,
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BC-HEERIT G ER A & O E Y 2 bu 7 4 — &0
A PRI REDRHM B L OV LA EEDTER (V= VBREFTIEF) O
A HPEIZBE§ 5 Bt

AIH

Eg!

W, B fr, i BT

PC-FHRRMRERICT, HILEEBNERAENRL TOAVEHRES X A7 ¢ —BE 1020 FHHHEE

ERELE. —BMERABMD56.02£8.824 L, BRES A MOT7 + —BETIR 792422720 L FEL
BHEEOEESrBHShi. £/, SHHECHERE (HEE, IPHIMHELE), D26k (BNPE) &
SUBKNBEEELOBICREELEBREES Shih ok X5, HEETEDTER (VI BEYTUKR)
/S5 UH, 831212497 2 & BHIHEDEER AW h > T,

Key words: 5 HEH#E, BC-HREITFARR, HHMETA a7 4 —, HILEESITEH

FUSI

BHREYA a7 4 - B AEBERoEZFHRE L
T, HLEPEOREE LA HETERRENER SR TY
59, TOFEMLEBRFE LY. 20— CHLERED
AR B L EEEDTHENNI TSR R T B s
PHY 2, FEIRHTDLZ LT IEYEBENM TR TWA,

EEEHEERFICB W CEBHHBENEELFEREEX 6
w558, BRRN EYEMREEHE 3120w T RZHE
averFRRELRTWEW, BEL T, BIHiELH
EF 5 HEL LTradioisotope (RI) #, 7 b+73I/ 72
vk, BOHRAER~Y — A e EAMTbhT& 4D, FH
REEMER, BEY, Bl KR ECOME»S, BifEn
AL ALSNWABEER LOKREE LTEHIATH W
DOPBKTH 53, —JF, 19884, Ghoos 5B BCALEW %
AR mE L, EEERMNLN LV BHHNER
FEE LTIEA SR, RIFICBWTH HHER IR
fTbhTwa., RIBEEORERFIZBVTHEVHELR
LzZ &5, MERBRERRIECRLYELMEEEL
THAFEHFRPOICRES EoBELIC ) TRt
Th5bH9,

£, AEFEEHAWICLICLVHEEIA MO T4 —E
PICBT 2 BHEMBE R e 3 2 L 361C, BRI L A5R
ERBIICEm L .

XN&EHE

KHEIZO EHHREOH SR URART D, HLEE
BEFAZARL T ARWHBEI A b7 4 —BE10%
ERHE L. WRIZEM44, kikes, TFIHFEEHS25
91 (38~65) #, BEAEH YAV L AREESFIZMA
14, VAH%14%, Vi34, IH24, A3 TR

ZAEGICTdh - 7=, LERHILEEIRICO & QUEST MRS (B
HRABEMEIC L 3 EHAETEREZ A 7L -FBERY)
ERHWTHERY 217- 72, #E&%, 1300ml OIER % 3%
%, SC-BEfEF ML 100mg &8 DFEI & 2 — L *200ml
FEIEE, BRI THEIE10, 15, 20, 30, 40, 50, 60,
75, 90, 105, 120543 f4D 1184 ¥ b T 120ml DR 2 $REX
L7z, B, BoRAIPRF D BCO,RE % UBIT-
TR300° (KEBFHRREH) ICTHEL, 55 HPERERE
7u s 5 ANITYER U723 AR B Tmax (& 2CHF
TEEPREL LT TORRN) 25 TEHMELZ. HREL
TRERABET7BIC LR 5CREREMRREE 21T -
72. ¥7:, Tmax & BMI, BEERESHE, Mgk (WiEE,
M AGHE, WEEREHER LM BNPEE O
HEzRES Lz, K, K&, MiGsE, PV A50E &
RIEEEEIE R X 't BNP O E L, W5 RERET 48
BIBINICAT o 7. & 60, HLEESAEME LTy n Vv
EY 71 F (15mg/day) Z—BEPNRE, FEQUESTH
PEICLIZHEMY B LURAREZITY, RS Tmax
DOEALEBIE LEHEESLER O R 2 WE L.

B R

QUEST M2 E» 5, WTFhoiEMIZBWTDH, hel),
PR & Vo 22 I ERERED S oz,
HE YA M7 4 —BE 10/ DY Tmax 1379.24 + 22.72
ST, AEEE LR ASRE 7 2 OF Tmax 56.02
882K LTHE (p<005) ICEENED LN (Figl).
¥ 72, Tmax & BMI, BREESHE, MilE, A 2540
i, TEREEEEIER, Ih BNPE L OMBE 2 HRE L72At
HELHBRIEOR o7,

2L VBEFTY) FREC X ZIEROEMNMIZED Hh,
HEHOFH Tmax 138312 = 2497 5 CHRERICH L THE
LEAIEDOh R d o7 (Fig2).

M ATEE AR MR RRANLEEE (T 600-8556 AL LTy A 5-8-31)
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PCRERIP AR AW BAE Y R F 07 4 - BEOBHRLEEOFHES L THLEERTER (7 L Y BEF 7Y V) OFARICET A 1%5

LEFIE (B)

e GHBHSI POT £ —

standard control
standard BEEHIZNI71—

68.3
F e —
102

=
= - £
0 : N X
Figl BEXALHGREYA a7 -BEOFHEHED
§7d 14
Tmax(min)

before after

Fig.2 HiiEYA M7 —BRFIBIIE7 2V BEYT
) M5BT 5 BHEHEEO &L

z =

HEZRIZE W CEEWHALSERT & EFRITRE LR,
ARSRELBEEREZ EOHBIHMTRRAE 2V 5%
BMHRENPFRE SRV LICEBT A LPH B, 20X
D BHARRRICIHEEHEEIRCHES LT L
BEN5, TOBERTELHESRICBVTERIICRET
shapZlizdin. TOEHO—DL LT, FEHRZEE
REPLSERL T RW D ERLARZEL TS, 50,
HILEEDEED ) b HHRBIC DM 2T o205, €0
BREED A RHENRESNTED, R&{H5T5L, B
RL7-8WE 723~ — A —OHEHMERE 2 HENICER TR
5 [HEE], RBRALLLICEP LI S By ER
{LEMAHE 2 DRI S h T RIFEHICEHA 2 b D 2|

ETHIEIEY BHMEELR<S Mkl &40, £
7o, REEDSEBAELIREECOAETES. 20
L, BRFEMREEEZ O RIERLEY 2 RE Lsr oY
<A AT THERELEGEA A — Uk bHikFMZ 179 RIE
3IR7E, BYEHEEREH:D “gold standard” &£ X 6N T

L WA, THEEMES, REY, REtLCoMEY»5, H

50

ETHRLLTERL TRV, £ CHAE, HFRBEHTIH
HERPLwEEZ RS [HEE] 0—>Th 5 CHEE
MR RAEBRE:Z AT EORE 2175 72,

BC-EE R AR, BO&KS Shi sCERILEY s
W - RBESNTIFERICBCO, & LTHElE ST A Z & 27
HALAHEET (D) FReEEzLEE LR, (2) 8C
ERILEMVRERAETH YR FPES, ) EiRkib
L LCREE RV A0 EEL L OB R R
&, (1) BUTBEgEEEbiv, (6) AT L D HllEsds
WHETH DRI X BRIREH Z LEE L, (6) HFH
LRRMEES LR EORENH Y, EVIEE, HHEh
R E L (s haRELEZ O, BET TN
BEYA M7 4 -BEOBHMRBICOVWTRIFEICL 2K
Fasfrhbh, BEFCRLCAERERERD-EHESH
Twp o, SEoC-RERPFARRETORETH ML
HWEMEON, F-EHOmML, EHEROLVERETYT
TIBHEHBETAELTWAZ L BB SR D, HHEH
BETHFEEEGOBEILILZDOPEIDRAHETH S
A, BB EX EIEBEREB»SECTEY, M
BEER O L IS IC B kT A LR s L L,
HEEORIETRE» o SN BESEEOT V< h
ASWETHRICEBMENL DI LT, MiEETHLES
EiX, HHEYA br 74 —BRICB) 2 EERRERE
B, 8- § - +T2HRBOFENWRBOFER CERLE
WoORIX () R (BF) —dRE () o#ABTOR
HIZL D EEE2ZIIRTVEEZ LN, TORBRICWEELS
BRI LELEZ LN,

—J7, HLEBBREICHRT S EE 2 605 EEHELE
BN L, ML ESLEAIMERA NS, 4 CICHE
S EETERIZOERBEE» O KT ELOF
—NRIVD,ZERENEHOHE b0, @ta b=y (5
HT,~5HT,) ZEHIEHTEL0, @44 FEEFE
HERT 200, @FFY) VvESHFEBIEATE OB D
FNENDOZERORH, 5 VEEBTERICLY 7TV
) YO RE L THILE FEH 2 D06 s, HILEE
BERETLIEEZLONRTVAS, LAL, AL F
BHFDOLDIEELELTVWATREDSLHREIA b
074 —BEICHL, HEEEHTENLRETAZLICER
FZBRLTWwA, 22THAE, 7T VB 7Y FEHV
THIEHEEOZL 2R LD, ABLUERE O 25
7z. Horowitz 51 RIZEICTA P27 075 3 FiZ X 5 HHEH
BERENREEZMELTVEN, £I6ENTEBREICTCE
FIBELZIEADOAIBNTA 2O T5 3 Feksy
L, #EL LCHEHBAEICTESE LD, WERECIIRE
LiadolzLTws 1, T/, Ronnblom 63 Au=
43 v EHWCRIE, BRBREECTHEMEOR{bLE B
LEBLZEILRZD o7z HELTVA N, T, F
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—RIVD,EZERE, ktult=r5-HT, Z854kPEF) »
ZERE Vo ZEREAT IMRRICEEND LD, £
NE L FRHHRBAROBELRONC L DBREFRR S5,
Lewis 5i3< ./ A M) 4 — & Fwi-REHcbBwT, H% %A
T5 2 AMEEIEHRIIRENICEE TH ), FEHEHKo
BEEFHETHLEHRHBLTVS. BRERIZBWT LN
ILERRE2RADHREIA b7 1 —BEIZHL, BLE
EHILEFLIRES LRTFIRET 2 RERL 5505, ZoEH
BRFE2E 25 LRENRBEEREY B ER8HRO%ER,
ELHIXTIEREDOFILEVSIBEPLETH Y, BRE
L= 50 BRMSR S EE X bhi,
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Myotonic Dystrophy (MyD) D& T Rl Lo
I FREEICN T 520 T 7Y LORHR

wH EE, BE W, ik 2%, L T

EE I HERMECZAMOT r— (LITTMyD) BEDETES2ETFHETES (Videofluorography; ELF VF)
ZRAVWTIRRL, ESRIFFFTUNEZAVWTERTESIUETSILPEIPERFILE. MEEHET, MyD
BEORTEZOSE (BEHEOLER) (HBRIOCERPHEABARBOMYDBE12REMRE L. BER
A5&EMHBELVVFEREITLUA. 2, TFIT7VIOBRTEHHREDNE | MyDBEE12281ICHLIFZTUNL
5mg/H % 4 BRMKRE L. REFTEICVFERITLUA. 3, 72FXWBI/ARF—N—_—EFHRIIEESAR :
MyDEEISEEHRELE. BEESCHFLICA BO2EICA, ABICRIF ST UIL10mg/H % 4:BHIE
5%, 2dEBOKEHEEBEVT T 7R 24 8-S L. BRI €K 480, 28KE, 1F+57U4
ARMIRS U7z, VFid Leonard 5 DIREICHEN, BRTHE2BEFML A KR, MyD DEETEEONFHE | fE
B OE ARSI HEL & THEHFEERICHEANTHEECERL TO L BEEREIG, ROES LS, 8
OEFESMISET 260, WEE SEENES (MUTPES) KA OER, PESHRABMKICESEME, PES
EASEICERBMANBRICL L TAERERL TV, 2, IFF57VIOBTEHNEDE | BEREDR B
BTEOREERFEEICERL 2. BTEEESRHTHE, &OES L, SEBUHEBIrREMNCHELTER
IKEHELA 3/ 5EFRMBIEERI/ QXA —N-UBHABR:IFST7VINE TS ERICELTEREICKRAOES
IRAESE S L, EREEEPESNELZAGHL ASREICACEAEEZIRE T 5 & R X ORERD
BTT3EVIREPREREN TV, XPAROEBR, MyDBEORTEZIETE 20ICEE %Y, 1+
STUINBHEOEOHELHBEERICRBILIEFrALSHAICE . ROZER LOYEIHRTRAOHES
RERLTWA EEZ 5N, ACE FAFZEIE MyD OERETFHICHARIFHTS. SRESERBAWEEZITY, EH

HaEP L,

Table 1  Clinical profile for pilot trial of enarapril in MyD

TUSHIZ Case Age/Sex Duration of MyD (yrs)
1 49/m 41
SN . R s o 2 29/m 6
BREEVA IO 74— (LUTFMyD) BEIIFEEPICHE 3 So/m 29
THEERL, REEMREHET 52 L05v. A% " S "
MyD BFEOQOWETRFIZOWTE 74+ BT &% 5 38/m 13
(Videofluorography; LT VF) ZHWTHEL, &6t 6 63/f 15
FITINERACWTHETEESWE T2, E) PEREL 7 42/m 29
. SBITIRHMBOEERY 0 A+ — S — HERR Y 8 45/m 15
= 9 40/ 6
ot 10 50/f 10
11 52/f 22
HREFE 12 5/f 26

1, MyDBEOMWETREEORY (BERLOILE)
YEICHEER IR AREFOMyDBEHF 2GR EL
oo B4, ks, FHER4S2E, FHRHE
1894ETH o7z, HHEBRASZEIEENEE Lz Bitasg,
14, FHEHMARTH-72 (FED).
2, TFITIVNOETERHRENE F—7 38R
WIS TRIEME LN - MyD BE 126 (B4, &ik
3%, FER4665, THRBUMITI78E) LT
+ 7 7Y Vvsmg/B % 4 BHEGEI%IC, VFE2ETLA
(Table 1).

3, 79ERWEs 0 XF — - HERLEGRE
HEFEMITHEZELMyDBEISH. BN, &
e A, THEESL2HEK, PHBRKPHE2414TH 7.
BEES VI LA, BO2RIIHY, ABIZEZFS 7Y
)V 10mg/H % 4% 5%, 2@8MOKENH2EWT TS
CREAEBES L. BEIZT 7 2R 4HRB], 28KE,
IFS7UINVABEEES L. ABIRBEME4AN, K4,
ERERISL2 R, FHRBIMN 2044, BRIIBEHESA, &
2 A, PHERSLIE, FHRFEHH284FTHo 72
(Table 2).

BBttt RUsbE gl
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LT 52

50%w/v OFEEEN ) 7 AKBH A BEV 1 BITHETTE 3
# (5-10ml) %ZINCE T, BRTCHET S8/, HEGEL
Ly 7 AMBERL, BTHE2HOUTDNRS A= 2IEL

Table 2 Clinical profile of participants for double-blind cross-

over trial.

Case Age/sex Duration of MyD MDRS MR

1 48/M 24 3 -
2 66/F 16 4 +
3 50/F 20 3 -
4 4/M 28 4 +
5 66/F 25 4 +
6 54/F 8 4 -
7 39/M 19 1. -
8 43M 23 3 +
9 42/F 42 3 +
10 43/M 43 4 +
11 55M 25 3 +
12 56/M 5 2 -
13 49/F 19 4 +
14 53/M 15 4 +
15 60/M 50 2 -
Abbreviations:

MDRS:muscular disability rating scalel), 0 = no clinical impair-
ment,” 1 = minimal signs of impairment, 2 = distal weakness, 3=
moderate proximal weakness, and 4 = nonambulatory. Cough:
cough symptom expressed before the present trial. MR:mental
retardation.

Table 3 Bolus Transit Time

7-. Bl WiFHomE h. BREEIENE (THA) 2887
HHH. BVIREZO LB MEEHESICA - HL, BV2
MEROLHIWREER 2 M2k 4, SPstBk &2 L%
EFR. SPmaxikOENFRESRISEL 2B, SPclik#E2%
LASET L7-Fe . PopMASHEEIERIAS (PES) 2BV 72B
M. PmaxPES #HAICEW/AzKS, PcLPES A8 L 72k
. HIEBEHP LA A IC8 R i ke, H2 B30 E i i
ELZEN, H3EEATHICBH X )it HEEEH%
FROLICE o 7okl EMBETEEIA b ), REZEITLOM
BICR - -FE .

CROLDIITGA—FHhs, MEROBERR (WEEM :
Pcl-Bl, OOFEIHTEM] © BV1-B1, TIHEH : Pcl-Bl) B& U
WET Bh{ERERT (BRI Z2 LBIMA © SPst-Bl, BOZEATRS
13ET % CORM . SPmax-SPst, HEEEIFL ¢ HI-BI,
HENREMIZET S T CTORMN | H4HI, RS oEbR
¥ : H3-H2, PESHBBS @ Pop-Bl, PESHHIHRLIEL®
BHEEH © Pcl-Pop, ®ABRICESKM ¢ Pmax-Bl, PESt
P83 208 - Pcl-Bl, WEEHENLHMICH L HEH EM-
Bl) #28#HHL7Z. ¥¥4d30frames/sec THMH L,
1frame=0.033sec & L TRIE L7z, TXTOHEEIKRT L
%, BENRELLOHNE—T Y L, BEBOMEHIIZEER
ICHLTHELTWEEE, AL E LR, $ittkst
i, ERRKOREICE 2 BET v, BEH L MyD
HEOHRBEBLIUF—7VREBItRER Vv, ZHER
7 AR F—=N—RERBRICBWT/NT 2 — 5 DE{LOREI
BtHREZHY, AOEORBICR 2 REEX AW,

Transit time Control MyD MyD(enalapril)
IHTEHA(Pcl-B1) 0.804 + 0.353 1.69 & 1.73* 153 +1.1
CREMRGER(BVI-B1)  0.008 % 0.008 0.69 & 0.74* 0.277 £ 0.41*
TIHSERA(Pcl-BV2) 0.464 +0.39 0.95 +0.54 1.00 =+ 0.80
*: p<0.05
Table 4 Swallow Gesture
Swallow Gesture Control MyD MyD(enalapril)
Soft Palate Elevation
RO LR4S (SPst-B1) -0.796 £ 0.387 0.447 + 0.59%* -0.124 +0.28*
REMICET 58 (SPm-SPst) 1.158 £0.719 0.520 £ 0.449% 0.479 +0.453
Hyoid Displacement
HEBEMs (HI-B1) 0.174 =+ 0.352 0.893 + 0.703* 0.113 = 0.533*
REALICET AEER (H2-H1) 0.222 £ 0.307 0.432 +0.367 0.323 =+ 0.380
REMOFRRR (H3-H2) 0.222 +0.335 0.476 £ 0.385 0.861 £ 0.617
PES Opening
PES FX B OB (Pop-Bl) 0.358 +0.427 1.08 = 0.616* 0.636 +0.974
FeflEtE (Pel-Pop) 0.446 +0.394 0.700 + 0.573 0.714 £ 0.342
BARRMICES R (Pm-B1) 0.394 £ 0.43 1.26 &+ 0.579%* 0.674  0.978
PES Closure
PES MISRICE 05 (Pcl-Bl) 0.804 £ 0.353 1.78 £ 0.820% 135+ 1.12
Epiglottis
ETHE DRI R S (EM-B1) 1.686 =+ 0.464 2.76 +1.02 225 +1.46

Abbreviations: PES: pharyngo-esophageal sphincters

*: p<0.05, **: p<0.01
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p<00sZHEEDY LHE L. BHEHZHMRS5720, VF
HfTRCIERNE, mMERE (I - miEFENEE) %
HITL, MR CAEESI VWAL »ER L. Rkl
B R R A AR RSO REEHB-OBICHETL
AR

B &®

1, MyD OBEFEEDORE (Table 34)

REAOBEARHEWEEY (p=0.023) & TIHEY
(p=0.003) FREBIIHSRTHEIERL Tz, BTES
BRRIE, SRIOEZ LR (p=00007), BKOBESHREMIZE
T 5 (p=0.04), PESBEIHKADOKH (p=0.031), PES
DRAKBBICE LM (p=0.0093), PESPHSKIZE % KH
(p=0023) PSHBEHEICHELTERIIEEL TV,

2, TF 57 VOUETEEIESIR (Table 34)

IF 5 TN 4RSS, REROEBRRTIOREREE
MAFECHEB LR (p=0014). HETEEHEH T, ®OE
Z LR (p=0022), HERBEHHE (p=0016) RS
WHLUTHEEIERL ..

3, 79 RMBIEERY O R F - —HERER
1) BEER

ABFL BEECER, W BRERCERERI o7

2) FHMEEE (Figure)

3.94+/-2608 %20 (p=0.80), 79 tRELEHHETIR
0.19+/-3.08 %% 5 045+/-359 e 5 72 (p=095). BE®D
SPst-Bliz =+ 5 7Y VLRI % T0.12+/-0.19sec 2 5
0.10+/-0.21 8 X 2 ) (p=0.042), 7J L RKFGHiH T
0.01+/-008 87 5 0.09+/-0.08 8012 % o 7z (p=0.11).

3) A%h% (Table 5)

Table 5 rate of effectiveness

enalapril placebo

Gr.A 6 3

H1-B1 Gr.B 4 2
total (%) 10 (66.7 %) 5 (33.3%)

Gr.A 7 3

SPst-B1 Gr.B 6 2
total (%) 13 (86.7%) * 5 (333%)

ABEDOHIBLIE, TF57IYNMNEST6EWER, 9%
REGTR3BPEDTHol. ABOSPstBliztH5 7
YRS TTENES, 77 RS TRILVENTH-
7. BEOHI-B1, =+ 57 )NEETLEM¥ER), 77
L EREEGTCR2AWEN TH oz, BHDOSPst-Bl iz )5
TUNESTORVER, 7T LFEETR2RIENTH
o7, ABEZAEEHT AL, =+ 57 VOAZEIZHLBL
#346.7%, SPst-B1i2733%Tdholz. 7 ROFEHEI

HI-B174740%, SPst-B1433.3%C

GroupA GroupB botz. TFITYMITT L
RIZH U THEICSPst-Bl # &L
Sec. Sec.
5q ns. ns s ns. ns. #EX4E7: (p=0.029). HI-B1®
o ] HARCAHEER 2o 12
e 41 g 5
H1-BI 3 3) REMI “
2:- 3] HMENFTR TR 1 AP %
e =] Bafdt, REEHRIETHI1EY
o3 “15D. s D G o, MM TIXR
° ! BEBELAPIER, MEbHE
enalapril  placebo placebo  enalapril 5% I E AT 90mmHg BT
Sec. Sec. LR AP, RECHFT
) p<0.05 ns. 25 - ns. p<0.05 X7,
25 2
SPst-B1 }\ {\ % =
: 51 ’E / 2
prE =
1 \§ g \{) MyD BE O TR E I TS
=15 A & Ny & s
2] S T BB B S LA
kol Thbb, BTHED
enalapril  placebo placebo  enalapril HBRHIERELTE), BT

ABEOHIBLIX, =757 ) VIRGH11%T0.34+/-3.82sec
5 010+/-3078H 2 (p=008), 77 KREEAMHE T
0.26+/-318 85 &5 024+/2198 1k o /= (p=0.86). AHD
SPst-Blixd =+ 7YY Vx5 RI £ T0.17+/-0.26sec 2* 6
-0.14+/-016 & %20 (p=0.04), 7ItRZEE5HHTIX
0.04+/-007 2 5 007+/0.16 812 o 72 (p=0.17). BH®
H1-Blit, =35 7Y VG # T3.51+/-2.47sec P H
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D% EHBAREIIS ORNTE

Tz, BEETRRERIMBHEICASNICKOZRESE

DOEEVEEL TV 50IZ0 LT MyD 3 ClIRERI MR

WHALZBUUROZELEBOELPHABL TS,

Leonard & D #E TH A EOMF L A, MyD BHE DO
TAEOBEARMPEEL, BTESHORBIELTH2,

HEEREMELZ S0 LASRE I ACEHERE 2T

5 EBENMRORBREREPET T2 LI MENEFEL S



Tw5b 90, ACEFIHEIIACEDF:=F—FII#HET 5.
CRIZEDHTAY VAP (BT SP) OoG@EHEESNSD
~o SP kI R RE T KEHI D ST 50T, MAEEH
ERTRIBTREIEET 5. Arai SidEERE M
HSPEESNTEL VRMT, £3IF 7Y NESIZLYSP
BEFEELLEHRE LAY, ACEHEROMEIESR
CHET2HEDELBL IFTINERHCTEY, HRIEE
MEBEZEMIIEAETH S, RFETIE, MEHFEFED
MyD BEAWNFIC L2720, BEMESAIFTINED
F£HLENDTFITTYNERVE, BWEHE LTI 1
Bldo72%, MEEZIILETAHIEILrEB IS hdh ol B
REMERTZ2EZ LML, OERETORERAL
Bhdrolz. TFI7YNE510mg/ B CHEEEIZMHE
TEBEEZONS., 5BIEIMyD BEDOSPEEOE(LR
IF 5T NVOEREESBRERHTILEND 5.
BEICACEHEROREHET 5 DIZ VF i
o /zDT, Fald, TTA—7VRABREBITLA. &
OFZ LRGBS X RS BERAGBSIER SR L TR
FERLTWwWA., 618, “HEMRARICI ) ACEHEED
EETHR LA L LRER LI o720T, 79 RR
ZEERRBRT AT L2, AR HERCEAESE O
TWiz7z2®, Z70RF—-N-HERBRLITo 2. COFR,
ROBOELHABEARIINESIELILPHLPICRS
7o. BROFEZH LoOYERWTREOHRBLRBL TS LE
25N, ACEHEHRIIMyD OB TREIIEHTHLLEEL
bha. LaL, ACEHEEDOHRDATHEREL ST
BitaZ L3R METHS. SEHNRNAPLETDHS. #
AXEEOMRARYIREEHRERE TR LI(ED LR,
IhEPRESELLDICEBOZET AN TH S I LA
bRTw3. MyDBETHRET 2 &5 LMBEHICEYL
RRBEAROTILENTESL, MyD BEIIMMEELES
BIAZWDT, ZHETFIZBEIEES L LTI
WAALTIT) FoshREHFFCE 5. £/, MyDEHIE
HBBESFETLTVwAE I EAbhoTHBY, BF LAY
MG LREEM M R 2 R S TR D 5. AR 2R
THLEBREICEYIRELTVEHL H 555, AEKEOB
LI TRET 219 ATk,

SHIIZWR LR LTV, EFREZHER Lv. &5
IO NRHRE~OIEH b R CE 20 THREZ LT T
X2,

X ®

1) J Mathieu, M De Braekeleer, C Prevost et al: Myotonic
dystrophy: clinical assessment of muscular disability in
an isolated population with presumed homogeneous
mutation. Neurology, Jan 1992;42:203-208
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study.Arch Phys Med Rehabil. 2001;82:979-985
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AREEY 2 a7 4 — BT T 5 BRI LR ZE
— AT ML RIS K B RRE—

Hrb w, 84 W, A8E FlME, L Iag,
BT #1, B W T, A B, I

JC,

e

EE I EBOEEFTIE BEMRIZAVT, BHEEMS Z b O7 1 —BF (MyD) (C&( 2 EIRELIERE
Zi1RRTL =, MyD T3, HBRORFRIEEER TS Z7—7, BELIH, BMRELERBEOVIIFH3EEL5
hr. ESMRITRAREEICS 7 H 8RO spotty BIREZBO ZEFIF H Y, REMEREDAIREESTR

®ehi. MyD T, BIREMEMSHEDTFHME TDURXIEEGERTH 5.

U BHIC

WHMEETA by 4— (MyD) Tit, BEELEHT
eV MENHRIND 0, FHLRHBICOVWTIET
SREEh TV, T2MyD BERELEBRMELZ &%
6L, BREICHEBOV A2 BDHDLELORDLH,
ZO L BEEILOBEKEMRRS R, FIC, RedmSR
LBRY, SERE{LOFMEE L TR ST 3 HB0ER
TEEE ORI S hTwniv, SEER 413, FEHEm
HEE S, FEMRIICTMyD OBREAMHREICOWT
FFE L 7.

oI

g, MmERE, BtEcEBOBREDZVARTRO
MyD10#] (B 4%, 64, 500 £55/%) ThoH. HIBM
BHEEETIE, BEE184 (B9, K9%, 33276
W) 2avio—neLi,

p -

MyD B3R (FBS126mg/diPi L), BISMIE (3o
LVAFu—220mg/dl U ED L IE, R 150 k),
B (BMI25 ML), REROAEERREE L. FEIIROZE
it 12 B LERE RV Y — LR ZE .

FER 1L, OLYMPUS#H: % SonoSite180PLUS % 4]
L, 758MHz DY) =7 /0 —7% T, BmodeiEiZ& D
#HEIR (CCA : common carotid artery), WIHHEIR
(ICA : internal carotid artery) Z#iHiL, CCA®far wall
DI KPIHEE (maxIMT © max intima-media thickness)
BLUCCA, HEFEME (VA : vertebral artery) DI
ErllgE Lz, IMTIE, LlmmBlEZEEE L. plaque
&, IMTLImm P LofEREEREE L. A7 —F7
FHETME LML, RBWHERL T I — 7 AL 72

CCA DIREHMGEEE DA AN, (EDratio - end-diastolic
ratio) #HML, 14 L2 mBORENEEREDREY
L7

e E 2L, O5tesla® MRIZEE# Alv, T1, T24§
HEE, 7V 7HEBOKERICTEMEL . 4 flow void
OFETERDIROMEERL L WE L7z, T2HAMEET
BE5 % T RE 15cm BT @ spotty RIRE & diffuse 2%
A EHE L 7=,

BRI tiRE R v,

B R

HREREELRLE, MyD T, BRF6H, SEEm
JESH, 7R E AL T LEME L EOARNERE
BHLIEME o 72, MyD#E®O maxIMT IE, 1.06 = 0.16
(mm) T, 2V PU—LVEHO068 011 L D HRITBEL
Tw/ (p<001) (X1). maxIMT %%1.1mm 2L EDORE %R
Lo 74, 10l1ETHo/z. IMTREFAZH2ITRL
7. BEER12mm O IMTRE 22D, T 240558,
ICAILT 9 — 27 %2 BHI-0R7MET, THIH 5 1MERE
HESS— 2 2FL2R0%DICKETH- 72 (K3).
CCAOMEHEDERZ (EDratio=14) XD, VA
OMFITNEAITHECH o 72, TEMRITE, T2HAME S -
137 L7 B{%TO diffuse 22 iRZEIX 841, spotty %RRZIL5 5
2RO, REBRBIROMEEREIIRD o7z (RD.
diffuse 2% & spotty RIREVIRAE T HEM IR L2
(4, 5).

£ B

MyD Tid, BEZEZE&HT L EBHESATEY, I
BORICH D SRt oHERii s hTwa e, 7, SREM
HEROBRFELI/WBEINTE ), MO0 RED S
ShTws9, Lal, BEEOSFHFERHE L WRREAR
R Jsv i RN

25 BE AR D BRI R BE AR PO 7Y
(* B [ S B BT A e 3 e R PR T SE.88)
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faREME Y A b7 1 —BE BT B EIREE LR

o1 B >
1 AR Max IMT(mm) P <001
maxIMT MRI T2 lesion 14 l
case age/sex obesity DM HL Af R/L(mm) plaque spotty diffuse 13 _r
1 51/M - o+ - 12/12 - - - 1.2
2 54/F + -+ - 12/09 + + + 11
3 53/M - + i - 13/13 - + + 1.0
([ ]
4 48/F + S+ - 0910 . + o+ 09 L
- 55 ° —e—
5 44/M - + = - 09/13 i + +
6 56/F  + + 0.8/09 - L < 07
0.6
7 50/F + + i - 08/12 * + =
0.5
8 51/F + + + 1.1/1.0 + + + 04
9 38/N + + - 09/L + +
: - MyD oy bra—)
10 55/F &+ + 11/1.0 + ND ND

K1 MyD#®maxIMTI3,1.06 =016 (mm) T, 2> +H
—VEED 068 =011 & Y FEICHE L T/ (p<0.01)

ND:not done

2 JEW] 2 OLRIHBIRD B-mode i
R 22 1.2mm O IMT JRIE % 3280 5. 3 JER 7 OLWNEBIRSEO A T — KT Tk
IR T T — 712 & 289 50%DFREVEIRL 2 80 5.

X4 $Ef] 3 OB MRI T2 b6 78 i (% 5 JER4OEEBMRI 7 L7 %
I 22 LS e A R B LS diffuse Ze m {25380 Gil W2 FE DM 20 P b 2 diffuse @5 GIWARED) %, BETI
WHHD) % B Tl spotty REfEFE (KW spotty Z2EfE 5 (KWRH)) 2 5.

) 2305,

BEKeA S, FEATPMLE T W & 2 FHE RO AP REILE R Faix, MyD 2R, ®IRIUE, B e o oG 0HE %
7T =7 ORI, BRI OHEERAIZE 2 & OB IR AT 2HE0H 5 s, RELREOBHIRMEIEERLD
BREOEHEH LI LERL TV EMESIN TS £ Y A7 % i T 5 HT, HHRONPEILE & MRIIZ X

Nz, FIMEB &L, BRI LR EOFTFMmP 2 27 1) B B M4, MR ZEORE 217> 72,
— =Y I7RAEDHNT, K<HwLRTWSEY, 22T, S OME T, AREHEEZNGE LTW27200, L,
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RIS A b 07 4 — BEIZBIT L BIREILEIRE

R, BRECEIERREL, ChoodHEL—D
UEHELTD, REROSH I 217, HEHELERE
EHED/NT A—F—E LT, CCADmaxIMT iZFHHMIC
EnTHY, BEESEVEShBY Y, Frid, ZhicH
HL7. MyD® maxIMT %, 1.06 £ 0.16 (mm) T, &%
D068 =011 X WAERICEEL W, LA LIMT I3
BWEELICMET A0, RABFL IV FO—VEOFRH
< v FLTWRWSEOKRETIE, maxIMT OREDEHE
LT, BREAERBOSIEZT TR, FROZED
Zio6hi:.

L»L, IMTIREBGEEDICBRETLI OO, BF
10mm BT THY, Llmm U EEREHLZEE L SR Tnw59,
4E, IMT2 Llmm M LOREZ 2 L2 7TERR ST — 2
ZROEARERELAMEROVR 2 HBEE2 60
. ThooZehs, BREAERELY A TS MyD O
HEOREIZOWV TR, RERICHE) BB 2 T2 L,
MR oMb R I hz. fic, Ef7 (83) o
IO L EERLEEOH50%DICHEEERLIEEE ST —
7%, MEETI—7vbhTEh, BEEORERME
REDEBOWRSELON, VAZ 7729 —DEHE
FEBmMERERECIZEHANL 7+ 0—T v THLETH
BrEZ NI

HEBRSLEFERO MITEENE CIE, WEBMAT Tk
{, MFEHBEOETH» S Z0RMMOMREEREDOZHHW
BThsr, SHEHOKRITTIE, ERBROBELRPERLI
EENTHY, HEEMRIOflow void DEHMETYH, HEMR
BB '

£, MyDOMRIFiIRE LT, KIBABEREN BRI
TWwaAon, BHICESE b0, BMIZX3300ES R
BEFOFRERZHELL Do TRV, SEOKRETII,
T2 HFAE{§ TD spotty ZIREIWCEFH L7245, Tholds s
FHEERTHY, BOMREOWTEEDIZE XL 5hi:. diffuse
RIREIIDOWTIE, EHRRHEELL, BiliiEebs ot
gahsz, LPL, LhFEHGEREOLDICE, ThboOH
BEMERBEN L HENLETHLEZEZ LN

MyD OBIREALRBORELILRT 572010, HH
BRLEREPYFESELLET, )0 F}TFD, HHREE

[ER BB & B D B0k L, SHEHIHEN 2D
T LEXD L. 5%, HPITFREEREICE T,
MyD O FEGFERTIE, 4T TEHREESBHE
DFEMEZOVABEEPEREEL 2L EZ2 0N

X ®

1) Biller J, Ionasescu V, Zellweger H, Adams HP ]Jr,
Schultz DT : Frequency of cerebral infarction in
patients with inherited neuromuscular diseases.Stroke.
1987;18(4):805-7.

WAMZE, BEME, fmEsl, KR, SR 5%
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REMAES~ 0 EENAEREE HYVA 074 —DHE
FEHFRUCEHENHEBORBLGRICHET LA,
1999, p449
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EHIA a7 4 —ICB 2 RERERORE DB XU
BEICHT 2. EAEEEW - MERABRE8~10
EEMAEREE VA o7 1 —OREHBRRTEY
HRRTE O & 335 ICBI 3 A58, 1999, p138-139
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FREMEY 2 b1 7 4 —BEITE T 5 BRI R RREE R E
& W7z Ik TR A B § % Bead

M SRRy, A% EAY, B T2,

=mH Y, 5

A

WSO, oL BHE

R BHREMIZAMO7  —BE N ACARMESHEZRXEARES ¥5 L TR ERREOREDT
BEMICOWTIRET L 7z, EBFZE{E Tl fibrinogen BENBREF I FEICTOMAETL A £/, BNPIRESRK

TRICHEICETLL

TAT, PTF1+2, DD S K UPICIC DWW TIIEEH, JEEBEBICESLEITAS L

Boff, FHERREERTE >4 TTCOROBRENS 3 BEIMRICIEES BV, MICHEFKES

HET SRS REN .
Key words

Lo

YA b7 4 —BEIEITELICAE MARTE B O iR RE
ZHbEEZLNTVS, BERARFEBICBVWTTEALS
TR EOMBIENHEEL 2o TBY, BYBREILLS
FhHEF RS hTw5, —F, BRHBEZEEo—-RLE LT
MR FH 020, BRH\SHEERANEEEE (nter-
mittent pneumatic-pump compression: 2A'F, IPC & W) %
HOEYRELRISOMENEONDZ LERTHWS, bhb
i, BREE YA ro 74— (LT, MyD &8 HMEIC
IPC 2375 LMREEDOFHEE, AT 3HE+%KR
HL-0THET 5.

HRELUHE

BRNOHKBRESOTRESZIF 2%, YKICAED®
MyD BEFIZIPCOFHB 247V, TROB LR MyD BEIiz
EBEEIT- T

SIGMAX ## PLEXIPULSE # iV, ERIIBEEORr ¥
2=V DHVTW LT T, EHIKME Uz, 5T
B TIES D, F2E0ORM%Z T2, RMERIZI8HE
30574 5 9HFT, 22GLL LSt AVEIRE V1T - 7.
Fibrinogen, 7o bu Y ¥ VKM (PT), {#HHELEHS o~
RTIRAFVRE (APTT) BXULBEOFME LT
BNPOZEHE IZOWTRBHELORBRG 2170 . &
HIZEER, FEEEBREMTOTAT (thrombin-antithrombin
1T complex), PTF1+42 (prothrombin fragment 1+2), DD
(D-dimmer) 3 & UFPIC (plasmin-a 2 plasmin inhibitor
complex) DHLEMREZIT o7,

FABTHEROLBI thE, ¥E5ELEEEEORKI
Mann-Whitney ® UKREZ v, p>005%2 o THEED
D&l

MMEEYR ba 74—, MREONSEERKNEEEE, MRE

B R

45 AU EOREREZTo R BHR11ETHo 7 (B
6%, K54, FHERS23I®K, FHEAPM2+ ).
EHIMED P TVRBICED Sk o, HHEBEDIC
o PR MBRIEERE BT 2 BH TV o . EEFELLH
o7BEII6RTHo7 (Bik12g, kidas, FHESR
5215%).

1.3 BF O fibrinogen, PT, APTT 3 X U'BNPOZE 1L
(&ED
a. Fibrinogen

IPC #¥e75 BF P, HifTBIZARIIC fibrinogen @ £ #

(400mg/dlPLE) 2R LABEEBTH -2 HfTkI

2B L L. BEERECREEERLEIV—7TR

KEWITHAEEIZ fibrinogen DRI BFAD L7z

(p<0.05). EXE L Lho LBHII Y ILTREMERL

7o. F—HIEEABIC 28R REHETR L.

b.PT « APTT

IPCEABHEICIIHATHBENICPTREMEZRL-AE

BWidho b BfTRICREHEERLEBEE W Do 72,

APTTEATHIRARNIC 3B REMEE R L72A, HiTHh

BEBEHEERLL., 2E Lo BEILWPT

TI6BF 1 BAFREMEER L. A—BERAHRICI14

PREMER L. APTTHRREMEZRLBHZIL16

LH1ED2%E BT,

c. BNP

IPC %235 L& D WaAT BIRART O F3913 25.45pg/ml TH -

. REHEZRL-BERSATH- 2. HfTHRTEY

18.70pg/ml CHZEIZHA L (p<0.05). BEMEEZRL:

BRERICKRIIBI LA, BELehoBEOMMOFY

1% 25.93pg/ml C16 ZH 4B CREMERLE. H—H

&A% OFMIL 41.94pg/ml TH o 72, BEMEERL

LEFII4BTH 7.

YIRS ATBOE N BN BB E R IR EIEILRL, 2BART AR R I AAL,

WRSLAT B B SR BEARAS F AR Bt A R
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x£1 HEEBEOfibrinogen, PT. APTT 8 L U'BNP O%AL
SEWS | TR | #AEBIM | Fibrinogen(mg/d)) PT(#) APTT#) BNP(pg/m})
( A) WATET TR | MATET MifTR: WEATHT  RiATHE | MEATEY MEfTER
73 F 4 670 435 10.3 103 235 242 319 29.1
49 F 4 445 344 100 106 257 249 439 234
44 F 7 352 351 108 108 275 286 362 355
64 | M 7 303 289 109 107 268 275 121 54
43 F 12 301 351 113 112 280 284 41.1 311
57 | M 12 365 339 10.8 109 293 29.6 322 14.1
57 F 12 602 333 118 114 347 27.7 283 26.6
53 | M 12 257 208 106 100 272 27.8 234 257
36 | M 12 277 242 102 104 26.0 26.7 234 82
49 | M 12 552 414 107 109 254 28.1 29 20
50 | M 12 400 273 11.2 118 344 310 45 46
F2 BE BERY—I—0OEEE - EEEEOLE
#EEH (n=11) JEEAEE (n=16)
TAT(ng/dl) ¥33.56(1.1-11.5) S 6.19(1.1-26.9)
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THE INCIDENCE OF UTERINE LEIOMYOMA IS HIGH IN MYOTONIC DYSTROPHY

Tsuyoshi MATSUMURA, Sonoko NOZAKI, Masaru YOKOE,
Toshio SAITO, Atsuhiro KUNITOMI and Susumu SHINNO

Myotonic dystrophy (DM) is one of the most common forms of muscular dystrophy, inherited in autoso-
mal dominant fashion. DM is also known as multiple organ disease, complicating with cataracts, baldness, cog-
nitive dysfunction, endocrine abnormalities, and so on. Various kind of tumors have also been reported in DM.
We surveyed coincidence of uterine leiomyoma and dysmenorrhea in 30 female myotonic dystrophy patients.
As a result, 18 of 30 (60%) patients had uterine leiomyoma. At least 4 patients showed ovarian cyst. The pro-
files of onset for uterine leiomyoma was similar to general population. The mean age of onset for DM was
higher in the patients with uterine leiomyoma than those without uterine leiomyoma. Most patients were suf-
fering from dys menorrhea. Although we do not know the exéct reason, we should take care for gynecological

complication when we see female DM patients.

(Key Words : myotonic dystrophy, uterine leiomyoma, dysmenorrhea, complication)

U

WMEMEY A P a7 4 — (Myotonic dystrophy: BLF DM)
iZ, Duchenne B BHTE LRI & A CHIBEDOH WG
VAT L —DO—DT, EHROAHEEEEEERZRT. A
£, 19p131Z4F7E$ % myotonic dystrophy protein kinase
gene (LLF DMPK) @ 3'9E8fRH#EIR (3' untranslated
region: LLF3' UTR) C, CTG repeat IERIEAEIMT %
Z & (EEH: 37HELF, DM: 50 E) I2X»THlE#R
315 triplet repeat disease D—2>TH 5 1,

FIEDFFRIC, HIHETRHRENR L EOBHERMAC
b, HRBERRE, WORRYE, BREREELr2mE
BEEINLZ ENEITOND, AFMEFLLTIE, £
) YEPIEOTERERE, BESVEVRTICL 28H8RE
REFALRTWE. Zofl, FHOBEHOEHIZVIL
bEHEIhTWS 9, SEELIE, DMICFEHEOS A
ZVOTREVIAEVIEMEL S, 25 Lokt DM

BECTVr—MRAEZERLL. ZOHER, #AKXLE30
LHIBHTTENE, 42 THEEREOSI 2D, 1T A
BT REEE B0 FERRF 0SB VT,
RV E P REEOEMEZ SFIIBWAIGE - RE)TEET
D5,

&R - Fik

HEIE, 1995 F LR ICARBERIE DB % 25 M Eoict
DMBHEA0HT, T0HIL30HNST V47— FRAEIIHT
A2HhERl. BEL2R7230R0FHERIL466E (26-69
%), FHDMEBEERIZI27.7E (0-48%) Tho7-.
Congenital myotonic dystrophy 2% TH 5. DM D%
&, EUHEMOFHIET &EER - BRAEREN 2R
Blg, MECKBHEIIETWTTo7z. REEVHLPLD
12248 T, BETRAGRTFEMICEDAAD L IFFREE
CTG repeat DIEE %R L 7.

T¥r—MTR, FEHGROBRE - &0oFE, TENE

B v #ae DBIlERE AR (7 560-8552 KIRAF&PHITIMRILS-1-1  TEL: 06-6853-2001)

Department of Neurology, Toneyama National Hospital

5-1-1 Toneyama, Toyonaka, Osaka 560-8552, Japan TEL: +81-6-6853-2001
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ABENEE QRERNE) 264  (93%)
A FARNE (83%)
AT (59%)
M ERE (53%)
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2

A B
3rd 4th 5th 6th
decade decade decade decade

Age of onset for myoma uteri

Fig. 1. Profile of onset for myoma uteri

Black box means patients who presented myoma uteri
prior to muscle symptoms. Checker box shows patients
who presented myoma uteri after onset of DM.

About a half of patients with myoma uteri were detected
in their fifth decade. The distribution of onset for myoma
uteri was quite similar to that of general population. Six
patients presented myoma uteri prior to muscle symp-
toms. These patients showed tendency of younger onset

for myoma uteri,

Hw R

Tyr—rORKR, UWEATTEBEOBEZRDL, HIZ,
HAERMEP IR ETo 26 P4 B TTFEREIER S 1
7=. ¥/, AXEBICRLhob 00, PREMOEGHN
Ll b4 TRON: (D). FEHEOFHRNER
123968 (25-525%) T, 0RRTOREIROS Do 1.
64 Tid, DMBEDRICTERESER ST (Fig.
1). FEGEOAH L DM BEFKE ORET TR, &6
T2 DM PHRIEF KT 3L6 R TIHA DR D 21851 H~E
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DM onset p<0.05
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ovarian cyst
0 ol A
Complicated Non-complicated

Fig. 2. Relationship between DM onset and coincidence
of myoma uteri

Closed circle shows patients who presented myoma uteri
prior to DM. Closed triangle presents paitents who had
ovarian cyst.

The mean age of onset for DM with Myoma uteri was
31.6+/-12.5 and that of without myoma uteri was
21.8+/12.2. The p value in student t was 0.043. Those who
presented myoma uteri prior to DM showed relatively
higher onset for DM.

WHERAIAR Sz (Fig. 2).

o0 BRNEEIXIZE A EOEFTED LN, L
L, BEARZZZLZARLRL, AVEVRELEHE
NHEBEEZZICnol, HERRVEVERTZ2RLA1HO
ATHolz.
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DM R IEBIRFIBDOIUTR OERIZL - THE LB ML
BT, T REREIAEDSNITER/MEEEN—R
TdHoSCASTHEZINTVWLEDARATH S RIETIILHI
BAEBENLH, ZOEREEE L TDMPK UHOBEDRIE
FORBICHLEABELTVWB I LIRERTV S, HIZIE,
DMPK\ZBEHET % SIXS R DMWD DREBLHPRSINTEY Y,
CUG binding protein M %P homeostasis DHFEATE 4 D&
EFRBICEELSZ 2 MHEESHMESIATVS, FiEL
gL oEEIZo>nwT, BRLIIBERKICSWTCTG
repeat BAMBOMBE L D BBV & EBR LS. i, B
ML T CTG repeat BN S WHIILFRAD 2RI HAMFES
RS Z LR BN, anticipation RIEB K & OBE
TEBEh 5.

NGWREICOVTIE, MHEERTORERELE LTRE
insulin receptor @ aberrant splicing "S5 S hv/z. Z D1,
IL-6 7z £ @ cytokine BH# LK TEF - FTHME - BIFRF NV
EVREELOMUEEZRETIHRE 2SS, FEHER,
—BAOTLEREIE (20-25%) JLihErb, Th
FCHEBESh TV Loz Bbhs. UL, SEOHE
TIX 68 (95%EHEKXE © 425-775%) L) D TH W
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£ =L ENTW599m Te-MIBLIZ TP R ERET 2320
bbb, BEFANETTLLEZONARBY
YFT 5T 4 —ThbH123-BMIPP (R H# Y v 5775
7 4—), 1231-MIBG GRS v F7/574—) 2
THEHEETZED R VEZ 205F 2 fIZEDH 5 Z &S
PEhoTEBY, SHEFEFOKERREIC L 2HERL
LT, ERRMEY Y F 75374 —LERTWD123LTIE
99m Tc-MIBI® dual scintigraphy (2 Tl #To 7. F0
W3, 123LTITOREZED S, 99m Te-MIBI DEF
HMGE & X0 5 DRBRE R ED LR ER KuLd
HUEEATRIE Sz,

(2) BFREEY X OT 1 —ICH T 2 HMBEBERE LA
&R £ OEEM

MyD24 BlZDnC, HERFINRESMETFER 7 — 1
(HDS-R) 3 X U'Minimental state examinationfTv>, ¥
MRUCBIT B EHE/NG A — 7 — L BRI L7, F513,
YREABEPDI0~66 T TOMHEMBELEIY X by 4 —BF
24 NT, PIEEIZ5085, BREIEIZ I 11257 Ei
TH 5 EMMSE BB DD o 7. FERE L KRETE R
DOEBRTIHERO LAY, MEROET T 2MMMmicdh -
7z, 61T, ERTRREE, BRMBEDLEHO LFIZHL,
AEICETLTW. CTGY ¥— & MMSE DT,
CTGY ¥— b oiimizfvy, MMSE RETF¥ 2 Hi2H -
7. MRITHH S - BB A ERZ I ERE AOEBEE
MpHh, HBEAEFELRDAEMIID 72, S5
BHEETHHFAETIE, REOHDIHETCTGIE—TM
Mt sEmicd Y, HDS-RIME T3 2 HMIZdH - 7.
BEnzhs, MyDTIdiEE L L ICHOKE SIZRLE
LEINCH B, IHHDINT A—F — XA 3
¥, MPERIINFERE L OREITRIE S L.

(3) BREMIZIPMAT 1« —IZH17 5 3D-SSP &£ SSED#

b

o

MyDIZ B 5 BT E %2 5HE3 2 Hi9<, Rmigs >~
FTT 7T — 5 EZRICHEHLIE T 0 75 A CERIIRIT
L7z, BTN BEARBPOMyD %274 (BH144%, &
134) CEHEMIT522 + 865K, MM SPECT iz
1231-IMP 2 V>, Hifg57— 4% %3 D-SSPALFEL, X512
SSE CEEMICHANT L, Level 3OMTERIIH L TIRAR
R (ZFTHHRETARL) & &AW T Wilcoxon #55
JEMAREZ T VI L2, 2D E, MyD Tid4e izl
W THEEN DY, AEICMERT L TWABE S #Z
Ltz HIR, BRTHCRIELRAENH 7. MDIZEH
R ERN L MEETHRIEED Rd ol T2, £XKE
LBABIEORETH, BREEBIROhE» o7 BE
DWE PS5, MyD CREBHLMERTIFRTHELE
Zbhhiz.

SR O 3EHDOBRE TR, MyDBIZIHESH O & X
hTouiwy, BIVERBSHEEL, REORIICIIZES
WRENHEHLEEZ SN,
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EUBHIC

HEEETVA T 4 — 18 (BRERIA o7 4 —,
Myotonic dystrophy type 1 (DM1) [MIM 160900)) %, 10
TACHAOFETRHRIETARATRLEEOEVHIX
074 —-Tdhh, HENZEHEREZIVWEZICERShTw]
Wi AL, 19924EIZDMIASCTGHEDELEMICL S
Y7Ly P ¥— L (triplet repeat disease) THHI &
AHEHL 2, 2001 FEIZDMLIZEMBML TWAE L 0D, PR
MAEEREETHHEEE IR a7 4 — 28 (myotonic
dystrophy type 2 (DM2) /proximalmyotonic myopathy
(PROMM) [MIM 602668]%3CCTG ? 43534k b & LAY
THHZENPYSLPIT oz L L h3s, JFROBHLL
LI 2oEARD0H B, Tk, FloofmmEEY X b
o7 4 —3% (DM3) »#E Sz (Table 1) 9.

AR TIEDML ZH0IMZ, EBRBERTOBREICHL TR
EOMFRMESEERRD L L HIC, FNICESERERRED
THEIC DWW TIRB T 5.

I, DMIDERERRY - BRI

DM1 i3 ¥R AEEOREEREZ L), NEOFRE,
FRCERS, MEOEMBICHEBEHVETIIME, Eoi:
FRBEPLPETRVEVIEFRNLIF P THRASRES
5, ZODHERIEEIMITOAN B TH B, Fhic
M2 CHWE, MEKRT, EEELELoRRHRER
(CNS) @ tauopathy, HWEE, F{HH, IgCHWMET, B
B - BIHIRBARGEREE, MOmE, MRSEREE (B, 1ICG
PREERE), 4 VR ) VERSEOBEEBIEEIRM, SAEH,
MEZOEMN SRS (malignant hyperthermia), KHGE
a7y e, BvRE - BREROSEE GRCER
PREES:, PREMES, EXTEGE, BEE 2L, 2atE
BThrlwiFMEAL, BECNROSOERPBEESAD
H&F %% quality of life (QOL) #ZA&HT 5 ve0,

FDMIRAZAOAELITI &, MREBEL I - TRIEE
AR LY, Fhek HITERPEE T S anticipation
BEhBoohb L5, B oAb Twi. FcEH
HDMIBEETH LBEIIE, EEOEREDMIOFit

BETHh, BAERICATIHRERPLERZZEDH S (con
genital myotonic dystrophy). Z® X 9 7 anticipation %
13, 2 EBIH-S>TCTGIE— O A APERT S
ZEPOLELS.

DM2 OEKIER D FRE DML L H U TH 575, HRHMHEIE
RRPLEREDM2OBMEDN LW EADMI L ER B9, $72
TR EIEMIZ, DM IRMRRERYH LD & v FE
&% (Tablel) °.

I. PUFLy PUE-FRELTODMI

7 AOH T, 3WHEOHEY R LA (Triplet repeat)
DVERT S ETERENRIET L2502 M) Ty P E—
FHEVY, BEETICIOHBICAZ I5EHOKENSR
HEnTwas, P 7Ly ) E— MRIZZOHD R LA
2k, ZRENORIERT B L CBKERPELZ -T2
ZEHEHMTHBHH, TOHBTCAGY ¥— MEHIE D BN
ShTw3, ZoORBHEECTIE, ERLAZCAGEMIZZY Vv
PHICELELTEY, RUYFNY I VHICHREN, Ao
EEF ALY, MBI HAREREL, T
P—YARFEEINS. T, BEERMIZCAGY ¥— i,
FRE B ERAEZ RV CERNCNSICHB T2 L v 5§
HHdh 5.

—}/CTGY ¥— b & LTid, DM & HRI/MKIHE 8
I (SCA8) M2 ¥EA'H 5, DMI Tid dystrophia myotoni-
ca-protein kinase (DMPK) #&fx¥F, SCA8 TiiSACS#in
F-03 FERFREEIZ, DM1I T2 80mLLE, SCA8TIX100
B EICHEREL72CTGY ¥— b MfEfEL, EELAZCTGR
HiZ mRNAIZIXEEE S 5798,

HAEICIERINZ2W, $2DM2TIRE, HEEEE
1T 5 zinc finger protein 9 (ZNF9) #&fzFHA >~ bu
> LT 5 CCTG Y ¥ — b2, 75~ 11,000 @I % CLE
BLTWAIY,

I, CTG Y E— MER & DM1 RIERF
1, DMPK&CTG U E—RERE

DM1 ¥4, CTGEFIIFHHERICE CHMLTEY,
FRIZERE DM TiX1,000~3,000 £ CTEHT 5, VK-

*Pathogenesis and Trial for Treatment of Myotonic Dystrophy.

BT EGE A BN R E R R BE AR Hirokazu Furuya: Department of Neurology, Chikugo National Hospital, Chikugo,

Fukuoka, Japan
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Table 1 Clinical Features of the Myotonic Dystrophies (DM1, DM2, DM3)

FEATURE DM1 DM2/PROMM DM3
Myotonia +++ +++ I
Facial weakness + + +
Proximal weakness +++ +++ +4++
Distal weakness ++ ++ T+
Sternocleidomastoid atrophy ++ ++ ++
Iridescent cataracts ++ ++ e
Cardiac arrhythmias T4+ ++ ?
Testicular failure + + ?
Insulin resistance diabetes mellitus ++ ++ +
Hypogammaglobulinemia + + ?
Elevated creatine kinase (CK) + + +
Tauopathy + - ++
Gene DMPK ZNF9 ?
Repeat CTG OCTG ?
Gene locus 19q 13.2-q13.3 3q 13.3-g24 15q21-24

(Adapted with minor modification from the reference 4,5 and 26)

FORITHB T E SRR THB Y, BEMBRTIIERL
TWhHEDHELH L7,

DMPX BT E£EHN121kb T, I5HADIY vV ¥ X DK
EhTwd, BNV E—-OERIZE 5 DMPK HE D%
HEDODRYR, FORBIRMATI4 7 (alternative
splicing) OZILAHERIZOLMNBE EEZ STV,
DMPK / v 7 7% b ANEH L OHEE DAY
ZDMIDEREESELWVWEW) I LA, ZORFEORKET
Holo.

—7J3 Thornton 5D F V—F%, BT 7 F Y BIEFD
3 EBHFREBRICCTGYE— 2 AN SV AV
IRTARER L7 A, BRAEMIIIA P TEREL,
HWEFTR D DMLICEP T 270~ 2Bk &3 2
EERERLZY, ZoZihs, BRETERIE-I2ED
mRNA RT3 Z L B DMI OFHFRIZES L, DMPK
HAERZENZLEEZLZERER 20O TIE2whAEWH#
AL o TETWVA.

2. YE—~PFEEERNADEDEGEFARIFTE

7/ 5 LT DMPKEEZET ORI EICHBETAEEL
TEYH, DMPK®$ 5" Eiicia DMWD (LLATIE protein
59 L BHIZN T W), 37 FiiCid SIXS (LA#TIZ DMAHP &
FEhTwiz) MMEBLTwS, $ABEOTOE—7—
BIZCTGY E— rOfIfEE A —1N—F v FLTWwh. L7z
HoT, JE—- MOERITHDSIXSEZTOTIE—S
—HRZEL, H#ETFORIAZMHATS. hiZEonwT
SIX6D /v 277 by ARERLIzEZ A, DMIICE: D
ZVETETHANENRET L Dbz, 20
CEXHEELZCTGY ¥— Mi, HBICHEET 585F
DRBICEETLZEMBELL. 2 ogE, VE—}
PEELTWA7 LD THAEFORBOWMHE, 2
NERT L EHEORIEIIHHTE 22, Lo iHEICD
WTIRFHHEECTHSL., ZFZTEELZZCTGY ¥—biZ,
FIRRIICEBR T A MOBETORBICDEEL RIZLTVS
WS E Z Sz (trans-3IR).

VY= MRGZTu—7L LCRELLEE AOBHFEMREA
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T®DMPX mRNA ®J37E% RNAFISHETHRTHAS &,
BEHGFHBETEIY VT VEIBEORIIEFEL TV
(Fig, 1B). FRROEBE%ZBUEFMITIT o TATD, R
DEERDDLIVELDAEy MK SR (Fig, 10),
YE¥—b2ATHmRNAGBHICSCFEET A2 Eo%hHh
oz, EHITVE-LIORAORGETu—TELTX
RNA-FISH %479 &, DMPK® 3 7 F AL Tw
AHEFTHRL, BEIIHELIMNEBICED SN SDMPK &
SIX56 DY 7 FH, DMBHEOHFMETCIIEL-TRR
2L00% -7 (Fig. 2B, £H). 2Fh Y- zHt
RNA L, FECEBRTHBOEETORRIZIEBELTY
AT LIFERE NI TH S 121,

3. DM1 D RNAKEE (toxic RNA, %L < {3 RNA gain of
function &) ,

CTG (CUG) W E— 2 &t mRNAMHMIZE SHEEL
TW3 I LAHIEY % LRI, DML EE M HESE
MR, BiHEMER T4 OBETF (DFERZUT
(cTNT) ', £ ¥ 2Y ¥Z%&FH%k (IR) 9, HREHIOI4
FFrv AN (MSCC) w1, ¥o&EEW, I+XFa77Y
> (myotubularin) % ¥) 12, BIRHAFSL Y FOR
FEVPELBZEPHHLL., ZOoBERTCEZIV1IO
RELZZIRVPHARTREATLIE TS, YA Y VRO
BERBMRIEL, MSCCTCIRBFHMOZERPRIL &L
HHIEWZEDIFF=THRMPEIY, CNSIZEHAT S
FUBATI, =2V v2, 3ORBLEY VRIETFVEHR
TAHIET, BV UVELy yEBDILHE (tauopathy) 7%
ELZOTRZVNLEZLND LI E-TER. ZOX
IIZRELRNADVEA OBIETRIAORE L & 12 THE
X, BIETldtoxic RNAF, 3 L {IZRNA H&EIZHE? D
L bIiF TR VDT, RNA gain of function iz & & FEEh
Twa, FEINS CUGEIDER L/ZRNA I, EroHM
Fagicggdhil, 2<{E%5&kI &Y, EELHEAEN
DERAHEZ B 19,

RIZFOEILREERNARED L ) R CHA DO#EE
FRAORFZ2EITIPWEICIL L. ThIZH L TR,
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PK SIX5

(B) DM myoblast Control myoblast

SIX5/PK

(C) DM fibroblast Control fibroblast

CAG

Fig.1 (A)Location of synthesized RNA-FISH prbes. CAG ; complementary sequence of (CTG)n repeats, which detect the
CUG repeat sequence, PK ; complementary sequence of exon 15 region of DMPK gene, SIX5 ; complementary sequence of
SIX5 gene. (B) RNA-FISH analysis of normal and DM1 patient myoblast cell using SIX5 and PK probes. Note both of the
signals are located in the different region of nulcleus in normal myoblast. However, in patient myoblast, both signal over-
lapped (arrow head). (C) RNA-FISH analysis of normal and DMI patient fibroblast cell using CAG probe. Note increased

number of signal in DM1 fibroblast.
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D D
\6‘ \8
& i
D K )
t : p<0.05 N & &
* : p<0.0001 .g'?b & & &é‘
4 o
(A) Luciferase assay (cis-effect) (B) @o éé‘\ §° &
-
4days . & & ¢ g
6 - formononetin |
. * i sl ) . PR
i -_ e ane <
34 )
i 208 ) < cL
pg/ml KDa
PR : inactive form of caspase-3
CL : active form of caspase-3

Fig.2 (A) Iihibition by formononetin (isoflavone) of the cis-effect caused by expanded CTG repest. The points represent
means luciferase activity = standard errors of control PCI2 cell, which expresses luciferase mRNA with out expanded CUG
repeat (O) and DM1 model PC12 cell which stably expresses luciferase mRNA which contains 250 expanded CUG repeat in
its 3' UTR (@). Values are retios for luciferase for each untreated cell. The box shows the findings after 4 days of incuba-
tion with present of nerve growth factor and various concentration of formononetin, absent of fetal calf serum, which causes
the oxidative stress. Statistical significance also is shown (* ; p<.0001). (B) Oxidative stress increases the active form of cas-
pase-3 (CL) in DM1 model PC12 cell (Lane 1 : no flavonoid), but the increase is inhibited by flavonoid treatment. Long incu-
bation of DM1 model PCI12 cell in serun-free media with NGF increases cleaved caspase-3 {active form of caspase-3) (CL)
more than uncleaved caspase-3 (inactive form) (PR). Longer incubation of DM1 model PC12 cell after differerentiation under
the oxidative stress condition (FCS (), NGF (+), for 144 h) increases the active caspase-3 form (CL). But, this is inhibited by
flavonoid treatment. Lane 1 : no flavonoid, 2 : ononin (5_g/ml), 3 : formononetin (10_g/ml), 4 : isosakuranetin (20_g/ml), PR :
inactive form of caspase-3 (prccaspase-3), CL : active form of caspase-3 (cleaved caspase-3). Positions to which molecular
markers (kDa) migrate are indicated on the left.

CUGY E— MEBICHRMNICHEATAEAEMNDML, 2% SHICY Y- MEAEA L DML, 20RERFEARIEIIZ
HEICRELEELLZATVALEREERTWE, Z0LH % % 575, Bl Swanson 59D ¥ b — 71k, MBNLA5cTNT %
HEHHEELT, £ CUGBPEHEAMRAZES N, KIZRNA- IRDBRAA TG4 Y Z IS LTWA I L #ERA L
binding protein muscle blind (MBNL, MBLL, MBXL) #°% B, BELMBNLAER)E—bEBHEELTELE
FREN -, BHELOT7NV—TOWENIS, Thod Wb, BIRWATIA4 L I TCOBEZELTIENT
HZEIZLTLLCUGRCCUGY ¥— MIBRMIZHET S ElRY, BEVELBDOTIRARVWESD B,
HOTIEHVHe . CUG-BP DBEEFEHA, MBNLIOR

RIIBROATSA PV TORERE RTINS, ERL V. REICAL AR EBEROHEA
72CUG, CCUGY E¥— i, ThoDBEHERELESL
TLEV, FHFRELTFEREZEITTRENEL LN, UEDXHITDMICETAH LWRBIRSEAEE XA T

Z it Swanson 5D Z NV —79%, MBNLIEEFD/) v o E720T, FNICRILABRENEZIOND L)L -TE
TP AERERL, TRATTINTHEETIOERIAS 7. RMDMITC, Y¥—IrDcisFEICE T, FEA
FAVVITOERENREIY, BAEIRIEL, BRAEIHEY {2FTdH5DMPK R, ZDTHDSIX5 DRASRP L TW
CHHREEMICO DML LR LR A SN2 & T 5T LML 7-DC, DMPK % SIX5 DHFEIECTldkz
Ihizm, ok, DMITIEY Y- togInsidE WhHEEZ LR, FRAEZTCRERSRIEDLLL kS
FEYTELRL, TOEE, #RICHSTLHTE, o0t T&7:, DM1iCUGY ¥ — b DEE L7z mRNA 2SEHIZ
ZNLRNA L OHERPRBIELHELTWEILEE Y, TV E-MEEABAPEELTHEKREBRLT
BLTWa. cis-, trans-FJREZEI T L2, REBICELHEEL TV S,
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Lichio THEOWRERE LTI, (1) YE—LOERL
ZRNADOEELZHC, (2) HETAVE-MEEEAR
WETH, (3) VE—IDEELZRNA %, ErSHlE
BNTELRTRLABMBELTEEWRTS, REOHEFEL
Y (-
INHDRFEIZEDT O DMIEHORA L LT, VKR
4 2% HAWTCUGY ¥ — M DEE L7z mRNA DEE 21
LAV CHIRIS B g s hiz2, $72, Swanson HD
FIW—7i%, RNAigEL E2 v ToOR#ERN R MBNLL OF
ZFREABMPL. MBNL1 & 5& L TERMA TS L v 7
EH#35CELFORH Iy ba— V%479 2 & T, RNA
gain of function ZETEZDTREVWIEEZTWE D,
L 25T, DMILIZBIFT S RNA gain of functionid, Y ¥
— FMOERL/zmRNA (%5 < DM2 Tid hnRNA Tid %
WHEEZ ONB)ANICHEET S LEHHETHHDT,
RNA O - #ifa/E st 2188 L CHIRE I RNA 2%+ h
EHFEHROMAMHEMENEZELZO5NE, 20X ) 2 lEIZHE
JnT, bhvbhid R (PC12) % HvwTDbMl
DEFNMABZER L. ZOMBTR, V-7 —#8{ET
W7 x27—%) OIFEMREBRIC250MIZERL7CTG
YE—bEAL, EELAZCUGY E— F2EEMICERT
BIENTESL., ZITHMARTIIZRL, HRROEENR
W0, BEROBEMRE TRV ZAS N EE S
LHRSELEL220T, BEISHEFSNTRERNAD
MEFHRPTL RBDTIREVDEZEL PO THE. 20D
LW UTHERE L 72 DM1 &7 VIR, SHMEFEL TEW
BALBIA P L RAZDITB E, LR—F—HEIEFOHRIEEL
Y, MREASRISLZEIHPLY. LR-5—-#BETFD
EEANETLORESROT, BALHA P L AT %
12 235 FE 5 O bio-flavonoid 28D HHIZINZ T, LFE—% —
BIEFORBRZREL, MEELZNAHTIEHDORA ) —=
VI RToLEZ A, BERIIEOMREDSH LT AL
72 (Fig. 2), TOYAFLBBEIOESIZDMLDHEE
AR EHORIERIRYPTE 5D T, RNA gain of func-
tonBIRZMH L C, DMIORIEZR B LS & 9 REH DA
Iy ZICEPTR VA EHF SRS ET).

T EH

I ETDMI, 20HEOCFRICIE, (1) DM1IACTGY
E—METHHIELEDORER, 2) 775 yBIaTrHVA
GUAV 2=y I ATODMIEE, (3) DM2O%XR,
(4) DM1, 2TOEAX OBETORRHRATIAL P 7OR
HORE, 6) MBNL1./ v 277 b= ZAODMIERD
R COMESEELEFH 2R LTEL.

EThHERELTCEZLD L, HPVWEBRIITHLAEEW
#*DM1 TiZDMPK mRNAD 70ty ¥ v 7, ¥i LMl
ANOWMBEPEBELRVTHITFOh, BRIZE->TWwE
mRNAZMBNLID L ) Y E— MEARA L BRELES
REEELUBEEERAZHET 22 EOMHT, HFHERZ
DT VIVORAOBIETFORAOAL B3 (cisZHR), R
WRATI4 Y VOREELER, FAEICERT 2 Moo=
FORBUICIEFTLzRETOTREZRLEEZORS
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(trans-%1#) (Fig. 3A). BF5<, DM2oE4&iiE,
ZNFO#EF O hnRNA LARUVTDML ER L &9 %2 2 & H5
CoTwbEFHEINSE (Fig. 3B). L2LYE¥— &S
HAD, ML > TEREILrEELBHEZLTWEETH
i, DM1 BFRBFEMUBIGERSHAT 2 HEOE W
LR, EREDMIEAIMARICIERELEREETZO
12, ZOBIGERFER L CRMMAEETEREN DS WS
EEZORBATHIITHZ LEEEETH 5.

WERICE L DML, 213, RNAHETHIWVIRE, Th
ITIHREO LV RREBLE bR 5%, T4, RNA
7 I /BICHRSNWTHEBEIL 2505, SATEETR
BHHIZHBHE L TR I edbhroTETED, DML, 2
DRI ZD LS LHMANOEIEN A h = XL ORE L biE
K pPboTwbIebELON, SHOSLRIHENRE
BAZEINSG.

BB RERIDICHAY, RNATFISHE:OEHZHt%
L Tz 72wz ERLR R Ok « Atz 4 & UM R 24k
P RBFFE R DO KEF 43" & 554, Bioflavonoid DiEfiE % L C
Wwieiwiz, BINERERRZOMFEEAICER AL E
7.

X ®
1) Harper PS : In : Myotonic Dystrophy. 3rd ed. WB
Saunders, London, p 17-165, 2000
Fu YH, Pizzuti A, Fenwick RG Jr, King J et al : An
unstable triplet repeat in s gene related to myotonic
muscular dystrophy. Science 255 : 1256-1258, 1992
Liquori CL, Ricker K, Moseley ML et al : Myotonic
dystrophy type 2 caused by a CCTG expinsion in
intron 1 of ZNF9. Science 293 : 864-867, 2001
Day JW, Ricker K, Jacobsen JF et al : Myotonic dys-
trophy type 2 : molecular, diagnostic and clinical spec-
trum, Neurology 60 : 657-664, 2003
Le Ber I, Martinez M, Campion D et al : A non-DM1,
non-DM2 multisystem myotonic disorder with fron-

2)

3)

4)

5)

totemporal dementia : phenotype and suggestive map-
ping of the DM3 locus to chromno-some 15q21-24.
Brain 127 : 1979-1992. 2004
6) Kinoshita M, Igarashi A, komori T et al : Differ-ences
in CTG triplet repeat expansions in an ovarian cancer
and cyst from a patient with myo-tonic dystrophy.
Muscle Nerve 20 : 622-624, 1997
Kinoshita M, Osanai R, Kikkawa M et al : A patient

with myotonic dystrophy type 1 (DM1) accompanied

7)

by laryngeal and renal cell carcinomas had a small
CTG triplet repeat expansion but no somatic in normal
tissues. Inten Med 41 : 312-318, 2002

Koob MD, Moseley ML, Schut L] et al :An un-translat-
ed CTG expansion causes a novel form of spinocere-
bellar ataxis (SCA8). Nature Genet 21 : 379-384, 1999
Timchenko LT : Myotonic dystrophy : the role of BNA
CUG triplet repeats. Am ] Hun Genet 64 : 360-364,

8)

9)



HAEES A MO 7 4 - DFRELEFE~NDERE
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Repeat binding protein
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Muscular Dystrophy

Myotonia (MSCC splicing)

Cardiac Abnommalities (cTNT splicing)
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Tauopathy in CNS{Tau splicing)
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HypolgG  Fatty Liver Benign and Malignant Tumor
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M{ifuclear Pore O mBNA
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fharmful RNA?) CUG-BP1,2(?) ete.
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Muscular Dystrophy
Myotonia (MSCC splicing)

Cardiac Abnormalities {cTNT splicing)

Insulin Resistant Diabetes Mellitus(IR splicing)
Cataracts Hypogonadism

Hypo IgG Fatty Liver

Fig.3 Schematic diagram of steps involved in RNA gain-of-function mechanism in DM1 (A) and DM2 (B). A CTG repeat
expansion, which is transcribed into mRNA hut not translated, causes DM1 (A) and a CCTG repeat expansion, which is
expressed at the RNA but not the protein level, causes DM2 (B). Specific changes in premRNA(hnRNA) splicing have been
associated with several genes, including the insulin receptor (IR), the chloride channel (MSCC), tau and cardiac troponin T
(cTNT) which is correlated with insulin resistance diabetes mellitus, myotonia, tauopathy and cardiac abnormalities both in
DM1 and 2. (adapted with modification from reference 25 and 26.)
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Pathogenesis and Trial Treatment of Myotonic Dystrophy

Hirokazu Furuya

Department of Neurology, Chikugo National Hospital, Chikugo, Fukuoka, Japan

Myotonic dystrophy (DM) is the most common form of
muscular dystrophy in adults with mul-tisystemic clinical
features affecting skeletal muscle, the heart, the eye, the
central nervous system (CNS) and the endocrine system.
Two genetic loci have been reported with the type 1(DM1)
and type 2 (DM2). The former was iden-tified as a CTG
expansion in the 3' untranslated region of the dystrophia
myotonica-protein ki-nase gene (DMPK) and the latter was
caused by an untranslated CCTG expansion in the intron
of zinc finger protein 9 (ZNF9). Along with other discover-
ies on DM1 pathogenesis, the clinical features common to
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both diseases are caused by a gain-of-function RNA mecha-
nism in which the CUG and CCUG repeats alter cellular
basic function, including alternative splicing of vari-ous
genes probably with the mediation of repeat binding pro-
teins such as MBNL or CUG-BP. Based on these findings,
several trials for treat-ment of DM1,2 were proposed using
murine DMI1 model animal and cell-culture model with the
method of ribozyme, RNAI or screening of model cell with
bioflavonoids. These studies demonstrate for the possibility
of recovery of nuclear-retained mutant mRNAs, providing
the treatment of DM 12,
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Abstract

Expanded CUG triplet repeats carrying mRNA seem to be responsible for myotonic dystrophy type 1 (DM 1). To study the pathogenesis
of DM1, we constructed a DM1 cell culture model using a PC12 neuronal cell line and screened flavonoids that ameliorate this mRNA gain
of function. The expanded 250 CTG repeat was subcloned into the 3'-untranslated region of the luciferase gene yielding a stable transfor-
mant of PC12 (CTG-250). The cytotoxicity of CTG-250 was evaluated by intracellular LDH activity, and the cis-effect by luciferase activity.
To find agents that alter CTG-250 toxic effects, 235 bioflavonoids were screened. An increased cis-effect and cytotoxicity were found when
CTG-250 was treated with nerve growth factor to indutce differentiation. Western blotting with anti-caspase-3 antibody suggested that cell
death was caused by apoptosis. Screening analysis confirmed that a flavone (toringin), an isoflavones (genistein and formononetin), a fla-
vanone (isosakuranetin), and DHEA-S prevent both the cytotoxicity and cis-effect of CTG-250 and that a flavanone (naringenin), isoflavone
(ononin), and xanthylatin strongly inhibit the cis-effect of CTG repeats. In conclusion, we found that this neuronal cell line, which expresses
the CUG repeat-bearing mRNA, showed cis-effects through the reporter gene and neuronal death after cell differentiation in vitro. However,
some flavonoids and DHEA-S inhibit both the cis-effect-and cytotoxicity, indicating that their chemical structures work to ameliorate both
these toxic effects. This system makes it easy to evaluate the toxic effects of expanded CTG repeats and therefore should be useful for
screening other DM1 treatments for their efficacies.

© 2004 Published by Elsevier Inc.

Keywords: Myotonic dystrophy type 1 ; Trinucleotide repeats; PC12; Flavonoid; RNA gain of function; Tauopathy

1. Introduction

Myotonic dystrophy, type 1 [MIM 160900; dystrophia myotoni-
ca 1 (DM1)] is an autosomal dominant form of muscular dystro-
phy. Although its common features are myotonia and progressive
type 1 dominant muscle fiber atrophy, other frequent defects are
cardiopathy, cataracts, insulin resistance, frontal balding, mild

Abbreviations: DM1, myotonic dystrophy typel; DM2, myotonic dys-
trophy type2; DMPK, DM 1 protein kinase; 3'-UTR, 3'-untranslated
region; RT-PCR, reverse transcription polymerase chain reaction; MW,
molecular weight; kDa, kilo-Dalton; EtBr, ethidium bromide; cone.,
concentration; nt, nucleotides length; DHEA-S, dehydroepiandrosterone
sulfate; DMSO, dimethyl sulfoxide; DMEM, Dulbecco's modified
Eagle's medium: CNS, central nervous system
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dementia, and other systemic involvements [1]. To date, two muta-
tions (DM1 and DM2 [MIM 602668; dystrophia myotonica 2
(DM2)]), at unlinked loci, are known to be associated with
myotonic dystrophy.

The DMI mutation has been identified as an expanded CTG
trinucleotide repeat tract in the 3'-untranslated region (3'-UTR) of
the DM1 protein kinase (DMPK) gene [2]. In DMI patients, the
mRNA for DMI protein kinase (DMPK) has from 50 to more than
2000 CTG repeats in its 3'- untranslated region (3'-UTR) [3].
Although this DM1 mutation accounts for 98% of DM cases, it is
not known exactly how it causes the disease [4]. Several mecha-
nisms, which indicate altered DMPK and/or isoforms, and misex-
pression of self or neighboring genes at the DM1 locus (cis-effect),
and/or at trans-dominant mutant DMPK mRNA (trans-effect),
have been proposed [5].

Recently, a CCTG repeat expansion disease (DM2), in which the
CCTG repeat is in intron 1 of the zinc funger protein 9 (ZNF9)
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gene, has been reported [6,7]. Like the CUG-bearing RNA in
DM1, the CCUG-bearing RNA in DM2 accumulates at a small
number of foci in the nucleus. The expression of RNA carrying
either a CUG or CCUG expanded repeat, rather than a deficiency
of the DMPK, SIX5 or ZNF9 proteins, therefore is thought to
account for the disease features common to DM1 and DM2 [4].
Mutant transcripts are retained in the nuclei of mouse C2C12
myoblast cells and aggregate into distinct foci [8,9]. Moreover,
there is increasing evidence that mutant DMPK mRNA acts in
trans- to disrupt cellular RNA metabolism (the toxic RNA theory
of DM1 or RNA gain of function theory) [10-12]. Further, we have
shown that CTG repeats interfere with the expression of the
reporter gene in Xeno-pus oocytes but not in embryos (fertilized
eggs). Early embryonic cells undergo extensive division, whereas
the oocyte nucleus never divides and does not liberate nuclear
materials into the cytoplasm. CTG repeats therefore are thought to
interfere with the nucleus-cytoplasm transport of mRNA, especial-
ly at the nuclear membrane, rather than transcription of the gene
[13].

To explain how RNA gain of function causes DM, the protein
sequestration hypothesis has been proposed [10-12,14]. According
to this hypothesis, the DM1 expansion leads to sequestration of
(CUG), binding proteins on mutant DMPK RNAs and depletion
from other transcripts that require these proteins for normal gene
expression. Several (CUG), binding proteins have been subcloned,
and proteins in the MBNL(muscleblind-like) family bind to
expanded CUG repeats in vitro and colocalize with mutant DM
transcripts in vivo [11,15,16]. Expression of CUG and CCUG
expansion RNAs induces MBNL recruitment into nuclear RNA
foci, and disruption of the mouse Mbnll gene leads to muscle, eye,
central nervous system (CNS) and RNA splicing abnormalities that
are characteristic of DM1 [11,17,18].

The human CNS has tau proteins that consist of six isoforms
which differ by the presence or absence of alternatively spliced
exons 2, 3 and 10. The main pattern of aggregated tau isoforms in
DMI brain lesions is the shortest human tau isoform. Reduced
expression of tau isoforms containing exon 2 occurs at both the
mRNA and protein levels [19]. The same tau isoform pattern
occurs in the CNS of a mouse transgenic model for DM1 [20].
These findings indicate that normal neuronal functions are dis-
turbed by the CTG repeat expansions, resulting in abnormal phos-
phorylation of tau protein, which has recently been called tauopa-
thy. Further, the expanded CTG90 repeats is reported to inhibit
neuronal differentiation in a PC12 rat neuronal cell line [21].

We established a PC12 cell line that stably expresses expanded
250 CUG repeat-bearing mRNA. In this system, mitosis occurs,
and the nuclear membrane disappears during very mitotic period
until cell differentiation starts, but once differentiation starts, mito-
sis never occurs [22]. We hypothesized that this system shows the
toxicity of CUG repeatexpanded mRNA after cell differentiation
much more effectively than do cell lines with frequent mitosis.
Since tau plays a significant role in the cytoskeletal changes that
occur during apoptosis in the PC12 cell line [23], for example, in
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the histopathology of Alzheimer's disease patients or tauopathy,
and because the removal of serum from the culture medium causes
oxidative stress and triggers cell injury characterized by signs of
apoptosis [24,25], we first examined the abnormal phosphorylation
of tau protein resulting from the different alternative splicings of
the tau gene using this system. We confirmed the cytotoxicity and
cis-effect of the expanded repeat under the oxidative stress after
neuronal cell differentiation in vitro.

Then, we screened chemicals that ameliorate the cytotoxicity
and cis-effect of toxic RNA with expanded CUG repeats. For the
screening, panels of bio-flavonoids were the candidates for treat-
ment because (1) flavonoids are ubiquitous polyphenolic com-
pounds in the human diet, (2) the basic flavonoid structure is very
simple, but there are hundreds of derivatives, and (3) some
flavonoids have a variety of biological activities that include bene-
ficial effects on cancer or for coronary heart disease prevention
[26]. We found that some bioflavonoids inhibit the cytotoxicity
and/or cis-effect of expanded CTG repeats carrying mRNA.

2. Materials and methods
2.1. Plasmid constructions

A CTG repeat-bearing DNA fragment was isolated from genom-
ic DNA extracted from leukocytes obtained from a mildly affected
47-year-old male with DM after obtaining his informed consent.
When this genomic DNA was subjected to Southern blot analysis,
it was found to carry a 250 CTG repeat expansion. The amplified
DNA fragment with the repeats was digested with MsplI and sub-
cloned into the luciferase expression vector pGL3 (Promega) at the
bluntended Xbal sites. The pGL3 vector carrying the luciferase
gene and 250 CTG repeats was digested with HindIII and BamHI,
blunt-ended and then subcloned into the pCAGGSneo vector [27]
at the blunt-ended EcoRI site. Subcloned plasmids were sequenced
by the dideoxy sequencing method with a Dye Deoxy Terminator
Kit (Perkin-Elmer Applied Biosystems).

2.2. Cell culture and transfection

PC12 cells were maintained as described elsewhere [28]. Cells
plated on collagen-coated dishes (Sigma) were transfected with
reporter plasmids by means of the Lipofectamin Plus Reagent
(Gibco-BRL). Stable transfectants were isolated after extended cul-
ture in growth medium containing 0.4 mg/ml Neomycin (Gibco-
BRL). Surviving cells were re-cultured, and luciferase activity was
measured to screen for colonies with a high level of expression. A
RTPCR done on the mRNA extracted from these stable cells was
performed to analyze whether the clones had 250 CTG repeats. A
selected PC12 cell line carrying 250 CTG repeats and efficiently
expressing the luciferase gene was named CTG-250. A cell line
that expresses the luciferase reporter gene only was named LUC
and used as the control. To induce differentiation, cells were treat-
ed with 100 ng/ml nerve growth factor (NGF; Gibco-BRL) for up
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to 7 days. Serum was removed by replating the differentiated PC12
cells onto new collagen-coated dishes as described elsewhere [29],
and cells were maintained in 100 ng/ml NGF with serum-free
medium for the appropriate period under oxidative stress [24,25].
For immunohistochemical analysis, cells were reseeded onto glass
coverslips in 24-well plates coated with 12 pg/ml poly ,-lysine
(Sigma).

2.3. Immune fluorescence microscopy

For immuno-histochemical analysis, cells were reseeded onto
glass coverslips in 24-well plates coated with 12 pg/ml poly -
lysine (Sigma) at a density of 2.5x10* cells/well. Two to 6 days
after reseeding with NGF in serum-free medium, cultured the
PC12 cells placed cultured on coverslips were fixed with 4%
paraformaldehyde-phosphate-buffered saline (PBS) for 15 min.
After residual formaldehyde had been quenched with 50 mM
NH4CI-PBS for 10 min, cells were permeabilized in 0.2% Triton
X-100-PBS for 10 min and incubated with 10% fetal bovine serum
in PBS for 30 min to block nonspecific antibody binding.
Cytoplasmic neurofilaments were detected with an antineurofila-
ment 200 kDa monoclonal antibody (clone NE14, Boehringer
Mannheim Biochemica) in PBS (0.5 U/ml) for 1 h. Cells on cover-
slips were mounted in 90% glycerol containing 0.1% p-phenylene-

FCS(+)
NGF(-}

e,

mitosis @ ,{@

PC12 .
(a) LX)

FCS(+)
NGF(s)

dendrite FCS(-)

NGF(+)

© £y

Fig. 1. Schematic presentation of the PC12 cell cycle without dif-
ferentiation (a), with differentiation (b), and the effect of CTG
repeat expression on neurite outgrowth in NGF-treated stably
transfected PC12 cell lines under oxidative stress (c).
Immunohistochemical staining of the LUC control and CTG-250
neuronal cell lines is shown (neurofilament (NF) staining, 200x).
Photos of cells are placed under the corresponding cell figure (c).
The nuclear membrane of PC12 cells disappears during every
mitotic event (broken line) (a). After cellular differentiation by
NGF during 6 days of incubation with fetal calf serum (FCS),
PCI12 cell mitosis stops, the nuclear membrane is maintained and
dendrites and axons are formed (FCS(+), NGF(+)) (b). Note dete-
rioration of the axon and dendrite processes in CTG-250 cells cul-
tured without FCS, but with NGF (FCS(-), NGF(+)) for 2-6 days
(c).
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diamine dihydrochloride in PBS and examined by the method
described elsewhere (Fig. 1c) [30]. All the steps were done at room
temperature, and the cells were rinsed with PBS between steps.

2.4. RNA extraction and reverse transcription

Total RNA was extracted from the cultured cells with RNeasy
Mini (Qiagen), and the concentration measured by means of a
NanoDrop (NanoDrop Tech) then used for Northern blotting and
the RT-PCR. One microgram of total RNA was reverse transcribed
with a First-Strand cDNA

Synthesis Kit (Pharmacia Biotech) using random hexamers.
After incubation, the reaction mixture was diluted to 30 ml with

water, and 1 ml of the dilution was used for the RT-PCR analysis.
2.5. Northern blot hybridization

Five micrograms of the total RNA from each cell was elec-
trophoresed in an agarose gel and then transferred to a Hybond N*
membrane (Amersham Inc.). These membranes were hybridized
with a *¥P-labeled luciferase cDNA probe, labeled by the Random
Primer labeling system using [*?P]dCTP as the radioactive
nucleotide. Blots were exposed on imaging plates, and the radioac-
tivity of the bands quantified with the BAS2000 System (Fuji film
Inc.). The radioactivity of the mRNA bands from each cultured cell
obtained at each time point (24-48 h) was calculated as the ratio of
the value obtained for the undifferentiated CTG-250 cell line.
Hybridized blot analysis was performed three times (Fig. 2).

2.6. RT-PCR

PCR amplification of the tau transcripts was done with rat tau
primers that recognize differences in the sizes of tau gene prod-
ucts. No DNA amplification was found in the controls. The for-
ward and reverse primer sequences used were M-TauE1.FWD 5'-
GGC TTA AAA GAG TCT CCC CCA C-3'; M-TauEl 2.FWD §'-
GGC TTA AAA GAG TCT CCC CCA C-3'; M-TauE4.RV 5-GGT
GTC TCC GAT GCG TGC TTC TTC-3'; M-TauE9.FWD 5-CCA
GAC CTA AAG AAG GTC AGG-3'; M-TauE11.RV 5'- GGA CAT
GGG TGA TGT TAT CC-3"; R-GAPDH.FWD 5'-AAT GGC ACA
GTC AAG GCT GAG-3"; R-GAPDH.RV 5-ACC AGT GGA TGC
AGG GAT GAT-3' (Fig. 3a). PCR amplification was done at a final
volume of 20 ml containing 10 mM Tris/HCI, pH 9.0, 50 mM KCl,
2mM MgCl,, 0.2mM of each ANTP, 10% DMSO, 20 pmol of each
primer set and 0.2 IU HS-Taq polymerase (Takara). The PCR pro-
gram used a "hot start" PCR protocol, an initial step of 93 °C for 5
min and 72 °C for 2 min (hot start) followed by 42 cycles of 30 s
each at 93 °C for DNA denaturation, 30 s each at 55 °C for the
annealing of primers, and 4min at 72 °C for primer extension. After
the addition of 10 pul of 10x loading buffer, the RT-PCR products
were electrophoresed on 2% NuSieve GTG agarose (Cambrex Co.)
and a 0.7% agarose mixture gel in IXTAE buffer followed by stain-
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Fig. 2. Quantitative transcriptional analysis in expanded (CTG-250) and nonexpanded (LUC) reporter genes by RNA blotting. Bands were
scanned into Image-J. Three independent experiments were done. Results are shown as ratios of the undifferentiated CTG-250 cell line. Note
the absence of a significant difference in reporter gene transcription between CTG-250 and LUC with and without differentiation.

ing with 0.2 pg/m} EtBr. Each gel image was recorded with a CCD
camera (MiniVisionary, Fotodyne Inc.), and the intensity of each
band measured. Rat glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA was the internal standard amplified with a pair
of primers (RGAPDH.FWD and R-GAPDH.RV) and a separate
aliquot of the reaction mixture in the same PCR machine
(GeneAmp PCR system 9700, Applied Biosystems Inc.).

2.7. Semi-quantitative analysis of tau isoforms mRNA

For each pair of gene-specific primers, semi log plots of the
fragment intensity as a function of cycle number were used to
determine the cycle number range over which linear amplification
occurred. The number of PCR cycles was kept within this range.
The range was linear from 33 to 39 amplification cycles (data not
shown). The amount of the tau gene product was determined as a
ratio for the intensity of the GAPDH band. Because there is an
abundance of GAPDH mRNA in neuronal cell lines, we added a
set of primer at the 11th amplification cycle after the first 10 cycles
of idle running of PCR to get a linear amplification between 33 and
39 amplification cycles. Based on these preliminary amplification
experiments, we measured the intensity of bands at 36 amplifica-
tion cycles (data not shown). Tau gene products were quantified by
comparing the intensity of each band with the GAPDH band inten-
sity. Experiments were repeated three times independently, and the

data used for the statistical analysis (Fig. 3b-d).

2.8. Immunoblotting analysis of the tau gene and caspase-3 prod-

ucts

Cell homogenates were prepared for immunoblotting analysis as
described previously [31]. Ten micrograms of protein was separat-
ed by electrophoresis on a 7.5% SDSpolyacrylamide gel then

transferred to an Immunobilon-P membrane (Millipore Co.). The
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membrane was blocked with 3% nonfat dry milk (Morinaga Co.)
then incubated with AT-8 (Pierce Biotechnology, Inc.), rat whole-
tau antibody (graciously supplied by Dr. M. Miyazono and
Professor T. Iwaki) or phosphorylated tau pS** antibody
(BioSource International) as the primary antibody and with cas-
pase-3 (Cell Signaling Technology) for the analysis of apoptosis
(Fig. 10). After incubation with horseradish peroxidase-conjugated
secondary antibody, immunoblots were developed by an Enhanced
Chemiluminescence System (ECL system) (Amersham Pharma-

cia Biotech).
2.9. Luciferase assay and LDH cytotoxicity detection assay

To evaluate the transcription and translation of the CTG repeat-
bearing reporter gene, luciferase activity was assayed with a
Luciferase Assay System according to the manufacturer's protocol
(Promega Co.). After CTG-250 and LUC cell differentiation with
NGF, PC12 cells were plated in 96-well plates at 1.3x104
cells/well. After 2-6 days incubation period with a flavonoid under
oxidative stress, the cells were washed with PBS and assayed
(Figs. 4a, 6a, 7a, 8a, and 9a). The amount of protein in each sample
was determined by the Lowry-Folin assay [32]. Luciferase activity
was expressed on a per-protein basis.

To determine the cytotoxic effect of the expanded CTG repeat,
lactate dehydrogenase (LDH) activity in the cell was measured as a
gauge of the total number of living cells with a kit from Takara
(LDH Cytotoxicity Detection Kit).

Results are shown as intracellular LDH activity on a perprotein
basis (Figs. 4b, 6b, 7b, 8b and 9b).

2.10. First screening of bioflavonoids and other chemicals for RNA

gain of function prevention
In the cell treatment experiment, 235 purified bioflavonoids and

BCP 8478 1-14
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Fig. 3. (a) Diagram of tau isoform structures [34]. Alternatively spliced exons are shown as white boxes. Regions common to all isoforms are
shaded. Microtubule (MT) binding repeats (three or four) are indicated numbered black boxes. The diagram is not drawn to scale. Names and
locations of the primers used for the RT-PCR are shown as relative positions at the top. The six tan isoforms, taus 1-6, were derived by alter-
native splicing of exons 2, 3, and 10, three with and three without exon 10, that encode for the additional MT-binding repeat. (b) Expression
profile of rat tau mRNA isoforms. RT-PCR products corresponding to the various isoforms were obtained with two sets of primers. Primers
M-tauE1.FWD and M-tauE4.RV (b) or M-tauE1 2.FWD and M-tauE4.RV (c) were also used to differentiate tau mRNA isoforms that have or
lack exons 2, 3 or both (a). Tau mRNA isoforms, that have or lack exon 10 also were identified with primers M-TauE9.FWD and M-
TauE11.RV (d). LUC control cells after 48 h (lane 1), and 96 h (lane 2) incubations with differentiation; CTG-250 cells after 48 h (lane 3), 96
h (lane 4) incubations with differentiation (b-d). GAPDH was the internal standard. Relative tau expression ratios are shown in the lower
berth of each figure. Data are expressed as transcribed tau gene products normalized to GAPDH gene expression, mean = SEM. (n=3 in
separate experiments). TP< 0.05 compared with PC12 cells without expanded CTG repeats (LUC). Note the decrease in tau mRNA isoforms
that lack exons 3 and 10 after differentiation for 48-96 h.

other chemicals that structurally resemble bioflavonoids were imum DMSO concentration of 0.5%. After differentiation, PC12
screened initially. All bioflavonoids were supplied from by the cells (LUC and CTG-250) were re-plated in collagen-coated 96-
Laboratory of Pharmacognosy, Toyama Medical and well plates at 1.3 x 104 cells/well in serum-free medium contain-
Pharmaceutical University. They were originally obtained by isola- ing 100 ng/ml NGF and 10 pg/ml of each flavonoid for cell treat-
tion from higher plants growing in Japan. Most of them were iden- ment. After 2 days of incubation, the cells were washed with PBS,
tified by spectral analyses. Some compounds were obtained by lysed in Cell Lysate Buffer (Promega Co.), and used in the
chemical modification of the isolated compounds. The purity of luciferase assay. Luciferase activity data were compared with the
each compound was checked by thin layer chromatography, NMR data for untreated cells. Flavonoids and other related chemicals
spectrum, and elemental analysis. The bioflavonoids and other that produced luciferase activity more than three times that of the
chemicals were dissolved in dimethy! sulfoxide (DMSO) at a max- untreated controls were selected and prepared for second and third
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Fig. 4. In vitro luciferase (a) and LDH (b) assay of cultures without (upper graphs) and with (lower graphs) NGF and the incubation periods.
The graphed points represent the means + standard errors of the LUC (O) and CTG-250 (@) cells. Values shown are ratios to luciferase or
LDH activity without incubation. Note that the luciferase activity of LUC cells with NGF is significantly increased (P < 0.0001) vs. that of
CTG-250 cells. as incubation progresses. The LDH activity of CTG-250 decreased slightly (P = 0.0043) when incubated with NGF.

screenings. DHEA-S was used for in the second screening directly

because its effectiveness has already reported [33].

2.11. Second and third screenings of flavonoids and other chemi-

cals

After differentiation, PC12 cells (LUC and CTG-250) were re-
plated in collagen-coated 96-well plates at 1.3 X 104 cells/well in
serum-free medium containing 100 ng/ml NGF. Various concentra-
tions of flavonoids for cell treatment (10, 20, 40, and 80 pg/ml in
the second screening, and 5, 10, 20, 80, and 160 pg/ml in the third)
were added on the second and fourth days of culture. Luciferase
activities of the CTG-250 and LUC cell lines were compared over
the time course. Several flavonoids and other chemicals had statis-
tically significant effectiveness in preventing the cis-effect, cyto-
toxicity of expanded CTG repeats or both (Figs. 6-9 and Table 1).
The chemical structures of those flavonoids are presented in Fig. 5.

2.12. Data analysis and statistics

The expression of the luciferase gene in Northern blotting and of
the tau protein in RT-PCR were determined by use of the National
Institutes of Health Image-J (V1.31b), Java-based image process-
ing program in a Macintosh OSX based computer system. Data
were analyzed statistically by the Student's t-test and repeated
measures ANOVA.

Data obtained from the experiment that detected RNA gain of
function with or without differentiation were expressed as ratios of
their respective control values obtained on the fist day of sample
re-plating, which was not under differentiated conditions (FCS(+),
NGF(-), in Fig. 1a) (Fig. 4). In the cell treatment experiment with
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bioflavonoids and other chemicals, the data are expressed as ratios
of the respective control values for the untreated cells (FCS(-),
NGF(+), Fig. 1b) (Figs. 6-9). Data are expressed as means+S.D. A
repeated measures ANOVA was used for the statistical analysis
between CTG-250 and LUC cells based on the time courses in all
the experiments related to detecting cis-effect and cytotoxicity
(Figs. 4 and 6-9, Table 1). Three separate experiments were per-
formed. A P value <0.05 was considered significant.

The results of in vitro luciferase and LDH assay cultures without
and with NGF were analyzed according to the time course (Fig. 4).
Thus, the result is displayed only as a P value. The data on inhibi-

Table 1
Inhibitory effect of flavonoids on expanded 250 CTG repeats tran-
scribing PC12 neuronal cell (erG-250)

Chemical name Cone. Cone. Cis- Cytotoxicity
MW) (ug/u)  (UM) effect
Flavone
Baicalein(280) 5 17.9 + -
10 357 + -
20 714 + -
Toringin(416) 5 12.0 - -
10 24.0 - -
20 48.0 + +
Cosmosiin(432) 5 11.6 - -
10 23.1 - -
10 46.3 - -
Acacetin(284) 5 17.6 - -
10 352 - -
20 704
Apigenin(270) 5 18.5 + -
10 37.0 + -
20 74.0 + -
Irisolone(312) 5 16.0 + -
10 320 - -
20 64.1 - -
Genkwanin(284) 5 17.6 + -
10 352 + -
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Isoflavone Genistein(270)

5 18.5 - -
10 370 + +
20 74.0 - -
Formononetin(268) 5 18.7 + +
10 37.3 + +
20 74.6 - -
Ononin(430) 5 11.6 + +
10 232 + -
20 46.5 - -
Daidzein(254) 5 19.7 - -
10 394 - -
20 78.7 - -
Flavanone Isosakuranetin(286)
5 174 - -
10 349 + -
20 69.9 ++ ++
Naringenin(272) 5 18.4 - -
10 36.8 + -
20 73.5 ++
Coumarin Xanthylatin(228)
5 219 - -
10 439 ++ -
20 87.7 ++ -
Steroid DHEA-S(368)
5 13.6 + -
10 27.2 + +
20 54.3 - -

(+) effective for inhibition (P < 0.05); (++) highly effective for
inhibition (P < 0.0001); (-) not effective for inhibition; MW,
molecular weight; DHEA-S, dehydroepiandrosterone-sulfate.

tion of the cis-effect and cytotoxicity by bioflavonoids (Figs. 6-9)
was analyzed with ANOVA according to the time course (two and
four incubation days) between CTG-250 and LUC cells, and the
results are shown in the graph at various bioflavonoid concentra-
tions (0, 5, 10 and 20 pg/ml). Thus, the results of statistical analy-
ses are shown by symbols on the graph.

3. Results

3.1. Establishment of stable PCI12 clones

Luciferase was used as the reporter gene to determine the cis-

flavone
baicaleln (MW

acacetin (MW 284)

toringin (MW 416)

ﬁ/()
HO o W o
@ "™ ) Q.:e,ji)/g

apigenin (MW 270}

effect of the CUG repeat expansion in the 3'-UTR region of the
RNA. Reporter plasmids that carried the 3'-UTR region, with or
without expanded CTG repeats, were transfected into CT12 cells,
producing several stable clones that were selected by the neomycin
resistance of each construct. PC12 cells have been widely used as a
model for studying the characteristics of neuronal cells because
they respond to NGF and differentiate into cells that are morpho-
logically and biologically similar to neurons (Fig. 1a and b). A
PCR done on the genomic DNA extracted from these stable cells,
performed to analyze whether the clones had CTG repeats in their
genomes and expressed CUG repeats carrying RNA in vitro, con-
firmed the presence of the expanded CTG repeat (data not shown).
Northern blotting with luciferase cDNA as the probe also showed
expanded 250 CUG repeats and the same luciferase mRNA intensi-
ties in CTG-250 and LUC, evidence of the successful transcription

of the luciferase gene in this system Fig. 2).

3.2. mRNA carrying expanded CUG repeats produce different pat-
terns of alternative splicing of the tau gene but not abnormal phos-

phorylation

Because differences in the alternative splicing of the tau gene
and the abnormal phosphorylation of tau protein have been report-
ed in brains of DM1 patients and in a DM1 mouse model
[19,20,34], we examined splicing and phosphorylation in our
PC12-based cell system. When primer sets detecting taul-6 iso-
forms (M-TauE1.FWD and M-TauE4.RV) (Fig. 3a) were used, no
difference in the expression patterns of tau isoforms was detected
(Fig. 3b). However, when a primer set that specifically encodes tau
2, 3, 5, 6 were used W-TauEl_2.FWD and M-TauE4.RV) (Fig. 3a),
decreased expression of the exon 3 spliced-out isoform was con-
firmed (Fig. 3c). These results indicate that in the CTG-250 PC12
cell line, tau 2 or tau 5 isoforms, rather than tau 3 or tau 6 iso-
forms, are increased.

These findings are compatible with previous reports [19,20], but
there is a different tau isoform expression pattern, a splice out of

exon 10 of the tau gene, also was present in our CTG-250 cell line
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Fig. 5. Structures of flavonoids and the other test chemicals of (1) the flavone family, (2) the isoflavone, flavanone family and the basic

structure of flavonoids, MW: molecular weight.
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Fig. 6. Inhibition by ononin (isoflavone) of the cis-effect (a) and cytotoxicity (b) caused by expanded erG repeats. The points represent
means # standard errors of LUC (O) and CTG-250 (@) cells. Values are ratios for luciferase (a) or LDH activity (b) for each untreated cell.
The upper boxes shown findings after 2 days of incubation, the lower ones after 4 days of incubation (FCS(-), NGF(+)). Statistical signifi-

cance also is shown (*P < 0.0001; tP < 0.05).

(Fig. 3d). A different abnormal phosphorylation pattern also has
been reported in DM patients and in the DM1 mouse model
[19,20], but no significant difference in the phosphorylation pattern
was found for the stable, repeat-expressing PC12 (CTG-250) and
control cell lines (LUC) (data not shown).

3.3. mRNA carrying expanded CUG repeats shows cytotoxicity

To investigate the effect of expanded CTG repeat transcription
on the neuronal differentiation and cytotoxicity of PC12 cells, mor-
phological changes in the stable clones were examined during
NGF-induced differentiation (Fig. 1c). After 6 days of NGF treat-
ment under oxidative stress, the changes in the characteristics of

the CTG-250 cell line were swelling of the cell body and very

Luciferase assay

short stubby processes that failed to elongate into dendrites and
axons, whereas the LUC cell line did not show any marked change
(Fig. Ic).

To evaluate the extent of those defects in the CTG-250 cell line,
cell function was analyzed with LDH and the luciferase assay.
Comparison of the luciferase activity of the CTG-250 cell line,
which had cells that expressed expanded CTG repeats, with that of
repeat-free clone (LUC) cells carrying repeat-free luciferase
showed significantly low translation of luciferase, especially with
NGF (P< 0.0001) (Fig. 4a).

Results of the LDH assay, which reflects the cytotoxicity of cul-
tured cells, appeared to be equivalent to those of the repeat-free
cell lines. They did not significantly differ between CTG-250 and
LUC cells without NGF (P = 0.041), but with NGF, the difference
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Fig. 7. Inhibition by formononetin (isoflavone) of the cis-effect (a) and cytotoxicity (b) caused by expanded CTG repeats (data and abbrevia-

tions are the same as inFig.6).
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Fig. 8. Inhibition by genistein (isoflavone) of the cis-effect (a) and cytotoxicity (b) caused by expanded CTG repeats (data and abbreviations

are the seme as in Fig. 6).

is significant (P = 0.0043) (Fig. 4b). Therefore, expression of the
expanded 3-UTR RNA, affects the NGF-based signaling pathway
in particular. These results are evidence that the expression of RNA
that carries the 250 CTG repeat expansion in the 3'-UTR region
disrupted cell function, especially under oxidative stress. These
results also indicate a cis-effect on the inhibition of protein produc-
tion. These findings are consistent with those of a previous report
on a muscle cell model [5,35].

3.4. Protective effects of some flavonoids against oxidative stress

When it became clear that the CTG-250 cell to some extent sim-
ulates the pathological mechanisms of the neuronal cell of DM1,
we screened bioflavonoids and related chemicals for their abilities
to inhibit the RNA gain of function seen in this cell system. The
structurally related bioflavonoids examined in the third screening

Luciferase assay
2 days

Relative LD

are shown in Fig. 5, and their effects on CTG-250 and LUC cell
line proliferations are presented in Figs. 6-9. These flavonoids
decreased the differences in luciferase activity, cytotoxicity, or
both, between the CTG-250 and LUC cell lines.

The addition of 5-20 pig/ml or any of them inhibited cell cyto-
toxicity, lessened the cis-effect of CTG repeats, or both. Ononin
accelerated luciferase activity that resulted from the reduced cis-
effect of the CTG repeats (Figs. 6a and 7a, Table 1). Genistein, for-
mononetin and isosakuranetin decreased both the cis-effect and
cytotoxicity of the CTG repeats significantly (Figs. 8a and b and 9a
and b, Tables 1 and 2).

Dose-response experiments showed that exposure to ononin
(11.6 uM) (Fig. 6, Table 1); formononetin (18.7-37.3 uM) (Fig. 7,
Tables 1 and 2); naringenin (73.5 pM) (Table 1); or xanthylatin
(43.9-87.7 uM) (Tables 1 and 2) significantly decreased the cis-
effect of toxic RNA, whereas no decrease in cytotoxicity was

LDH assay
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Fig. 9. Inhibition by isosakuranetin (flavanone) of the cis-effect (a) and cytotoxicity (b) caused by expanded CTG repeats (data and abbrevi-

ations are the same as in Fig. 6).
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found during the 2- to 4-day incubation periods. The use of 10-20
ug/ml of genistein (37.0-74.1 uM) (Fig. 8, Table 1), isosakuranetin
(34.9-69.9 uM) (Fig. 9, Table 1), or toringin (48.0 uM) (Table 1),
however, progressively decreased not only the cis-effect of the
expanded CTG repeats but cytotoxicity as well. Interestingly, dehy-
droepiandrosterone sulfate (DHEA-S) (27.2 uM), which is report-
ed to improve the symptoms of DM1 patients was efficacious
against cytotoxicity and the cis-effect in our system (Table 1)
[33.36].

We have independently constructed two other stable clones con-
taining expanded CTG repeats in the same way (Table 2,
CTG250_1, CTG250_12). Using these clones, we confirmed the
protective effect of these flavonoid; all of them were revealed to be
effective in the same conditions as the previous experiment at a
suitable concentration (Table 1). Using these clones, protective
effects were also observed with isosakuranetin, formohonetin, xan-
thylatin and DHEA-S, which is almost the same result as that of
the CTG-250 and LUC cell lines, except that formononetin showed
a protective effect for both cis-effect and cytotoxicity (Table 2).

3.5. Protective effect of some flavonoids against the cis-effect and

cytotoxicity

The underlying cellular mechanisms by which these flavonoids
give neuroprotection in this cellular model have yet to be deter-
mined, but a significant number of neuronal deaths in a previous
C2C12 myoblast cells study done with a transient expression sys-
tem, showed features of apoptosis with prominent caspase-3 activa-
tion [35,37]. We therefore considered whether flavonoid treatment
blocks expanded CTG repeat-induced caspase-3 activation in the
CTG-250 cell line. First, we used Western blotting to search for
formation of the activated form of caspase-3, the p17 form, as well
as by cleavage of known caspase-3 substrates [38] and found an
increase in the active form of caspase-3 in CTG-250 cells cultured

without a flavonoid (Fig. 10a). In cell lysates derived from samples
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Fig. 10. Oxidative stress increases the active form of caspase-3
(CL) in CTG-250 cells (a), but the increase is inhibited by
flavonoid treatment (b), (a) Long incubation of CTG-250 cells in
serum-free media with NGF increases cleaved caspase-3 (active
form of caspase-3) (CL) more than uncleaved caspase-3 (inactive
form) (PR). LUC cells incubated after differentiation (FCS(-),
NGF(+)), for 48 h (lane 1), 96 h (lane 2) and 144 h (lane 3), and
CTG-250 cells incubated after differentiation (FCS(-), NGF(+),
for 48 h (lane 4), 96 h (lane 5) and 144 h (lane 6). (b) Increase in
the active caspase-3 form (CL) in CTG-250 cells is inhibited by
flavonoid treatment. Lane 1: no flavonoid, lane 2: ononin (5
ug/ml), lane 3: formononetin (10 pg/ml), lane 4: isosakuranetin
(20 ug/ml), PR: inactive form of caspase-3 (procaspase-3), CL:
active form of caspase-3 (cleaved caspase-3). Positions to which
molecular markers (kDa) migrate are indicated on the left.

treated at the appropriate concentration with isosakuranetin, genis-
tein, formononetin, or ononin, however, no cleavage of caspase-3
or its substrates was found in the Western blotting (Fig. 10b).
Because caspase-3 works during the last stage of apoptotic path-

ways, it is not clear whether flavonoids directly block this apoptot-

Table 2
Inhibitory effect of flavonoids on different expanded 250 CTG repeats transcribing PC12 neuronal cell lines (CTG250_1, CTG250_2)
Chemical name(MW) Conc.(mg/ml) Cone.(mM) Cis-effect Cytotoxicity
CTG250_1 CTG250_2 CrG250_1 CTG250_12
Isoflavone
Genistein(270) 10 S 37.0 + + + +
Formononetin(268) 5 187 + + + ++
10 37.3 = = -
Daidzein(254) 10 394 = = - -
Flavanone
Isosakuranetin(286) 10 349 + + + +
20 69.9 ot = + =
Coumarin
Xanthylatin(228) 10 439 + ++ + -
Steroid
DHEA-S(368) 10 272 + - - +

(+) effective for inhibition (P < 0.05); (++) highly effective for inhibition (P < 0.0001); (-) not effective for inhibition: MW, molecular

weight; DHEA-S, dehydropiandrosterone-sulfate.
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ic cascade, but our fidinOgs suggest that inhibition of the cis-effect
of the CTG repeat expansions also may inhibit apoptotic neuronal
death.

4. Discussion

We showed that a PC12 rat neuronal cell line which expresses
expanded CTG repeats that carry reporter mRNA can be character-
ized simply by measuring its gene translational product in order to
evaluate the cis-effect of expanded CTG repeats. Under oxidative
stress, our neuronal cell line underwent neuronal death just after
cell differentiation and showed different alternative splicing pat-
terns of the tau gene. Of course, this system is not completely iden-
tical to that of the neuronal cells of DM1 patients or the DM1
mouse model because the gene expression pattern of the tau iso-
forms differs slightly from that of DM, and no different pattern of
abnormal phosphorylation has yet been observed. These differ-
ences may be owing to a difference in the species or organs used,
the absence of a neuron-glia cell relationship, or the short culture
period used in this system. Its simplicity and ease of handling,
however, make the system useful for detecting the mechanisms of
altered alternative splicing or apoptosis caused by toxic RNA.
Further, in this system, although the nuclear membrane disappears
at every mitosis before differentiation, it is preserved after the
induction of differentiation by NGF. This means the effects of the
retention of the expanded CUG repeats carrying mRNA can be
determined at any time in detail (Fig. 1a and b). With this system,
we also demonstrated that some flavanones and isoflavones, in par-
ticular, isosakuranetin, inhibit the cis-effect and cytotoxicity caused
by CTG repeat expansions.

Retention of nuclear-cytoplasm transportation is disturbed in
cultured DM1 fibroblasts and myoblasts, and increased numbers of
probe signals have been confirmed by the FISH meihod with CUG-
repeat or DMPK-specific probes [8,39], resulting in decreased
expression of DMPK gene products [40,41]. These phenomena,
referred to as the decreased cis-effect and reduced cytotoxicity,
which are caused by expanded CTG repeats in 3-UTR may corre-
spond to improvement of the trans-effect [5]. The nuclear mem-
brane may have an important role in that situation [13]. Increased
luciferase activity in this system, unlike in repeat-free control cells,
means that the cis-effect of expanded CTG repeats in 3'-UTR was
reduced after treatment with several flavonoids. Results of RNA
blotting showed that in this system, the amount of gene translation
did not differ greatly between CTG-250 and LUC cells. Therefore,
the difference in luciferase activity in this system is considered to
be a result of translation rather than gene transcription and is gen-
erated by repeats that produce RNA intoxication from a distur-
bance in nucleus-to-cytoplasm transportation in the nuclei [12].

Our findings provide evidence that the expression of expanded
250 CTG repeats in the 3'-UTR region disrupts cellular functions
under oxidative stress after differentiation. Quintero-Mora et al.
also reported that an expanded 90-CTG repeat in a stable cell line

suppressed NGF- induced neuronal differentiation during 6 days of
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culture [21]. Our system showed not so strong inhibition of NGF-
induced neuronal differentiation under oxidative stress, but fragili-
ty followed by apoptosis. Because gene expression efficiency dif-
fers a bit in every stable cell lines, if the repeat size is beyond the
normal range, the repeat size may not necessarily correlate exactly
with the toxic effect [42]. So, both 90-CTG repeats carrying a CAT
reporter gene and our 250 CTG repeats with a luciferase reporter
gene system are suitable for in vitro research on the effects of toxic
RNA in the nucleus or tauopathy in the CNS [4,19].

Our hdings also indicate that exposure to isosakura- netin,
toringin, genistein, or DHEA-S protects and rescues PC12 neu-
ronal cells that transcribe expanded CTG repeats in the 3'-UTR
region of the luciferase gene from apoptotic death under the condi-
tion of oxidative stress, acting principally via its flavonoid consti-
tution (Table 1). This is the first report of the efficaciousness of
flavonoids for ameliorating the RNA gain of function caused by
expanded CTG repeats. Flavonoids are reported to have various
biological activities and fbeneficial actions against cancers, coro-
nary heart disease [26], oxidative stress-induced toxicity
[43,44,45], and b-amyloid-induced toxicity [46,47],
among other pathologies.

Because no chemical ameliorates only cytotoxicity, flavonoids
may reduce the cis-effect of toxic RNA, causing a reduction in
cytotoxicity. Not all the flavonoids examined were equally effec-
tive against the cis-effect of mRNA and cytotoxicity. The greatest
inhibition was produced by isosakuranetin (Fig. 9, Table 1),
toringin, genistein, and DHEA-S being less effective (Table 1).
Little is known about isosakuranetin, which is present in Poncirus
trifoliata or Chromolaena odorata (Eupolin), and is reported to
enhmce the proliferation of fibroblasts and endothelial cells [48].
Genistein, a naturally occurring isoflavonoid in soybean, is a well-
known anti-carcinogen that is commonly sold as a nutrient. It is
reported that the genistein lowers the risk of breast, pancreatic, and
prostatic cancers [49-51], although there is a study that did not find
it beneficial in vivo [52]. Some steroid derivatives, such as DHEA-
S, are reported to be the useful for the improvement of the clinical
symptoms of muscular dystrophy [33,36]. The effectiveness of
DHEA-S in treating DM1 also was confirmed in our model cell
system, as was the usefulness of the system for screening various
other chemicals.

A comparison of the chemical structures of isoflavones and fla-
vanone may help us to understand how they inhibit the cis-effect
and/or cytotoxicity. In the isoflavone group, the only difference
between genistein and daidzein is the existence of the hydroxyl
group at C-5 (Fig. 5h and k). Replacement of the hydroxyl group at
the C-4' of daidzein with a methoxy group may increase the com-
pound’s ability to protect cells (Fig. 51 and k). However, this effect
differs slightly in each cell line (CTG-250, CTG250_1 and
CTG250_12, Tables 1 and 2). Further, if the phenolic group at C-3
in genistein is moved to C-2, the effect against cytotoxicity is lost
(Fig. 5e¢ and h), and if the hydroxyl group at C-4' in apigenin is
replaced with a methyl group (Fig. 5d and e), both effects are lost.

In the flavanone group, naringenin possesses a hydroxyl group at
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the C-5 and C-4' positions, and it prevents the cis-effect only (Fig.
5m). On the other hand, isosakuranetin possesses a hydroxyl group
at C-5 and a methyl group at C-4' (Fig. 5n), and it prevents both the
cis-effect and cytotoxicity constitutively. Although the only con-
structive difference among isosakuranetin and acacetin is the exis-
tence of a double bond between C-2 and C-3 (Fig. 5d and n), the
preventative effect differs greatly.

Based on these findings, the presence of a hydroxyl group either
at C-4' and C-5 in an isoflavone may inhibit cytotoxicity. Similarly,
either the hydroxyl group at C-5 or the methyl group at C-4" in fla-
vanones may inhibit cytotoxicity. It is not known how these
flavonoids ameliorate cytotoxicity and the cis-effect, but a previous
report showed that genistein and daidzein, which are the same nat-
ural soybean extract, have the same effect [51]. In our study, genis-

tein was effective, whereas, daidzein was not. These results suggest

that the basic flavonoids mechanism against neoplastic and CTG-

250 PC12 cells differs in vitro.

Because repeat binding proteins such as CUG-binding protein or
muscleblind protein MBNL 1/EXP) are reported to play an impor-
tant role in nuclear-cytoplasm transportation and gene expression
[11,15,16,18), these flavonoids may intervene in the increment or
decrement of the affinity between the repeat-expanded mRNA and
repeat-specific binding protein. Likewise, it is not clear whether
they will be as effective in the DM1 mouse model and/or treatment
of DM1 patients in this PC12-based model cell. Therefore, before
starting bioflavonoid treatment, there are various factors that must
be clarified by detailed examination: (1) the effectiveness of these
flavonoids for DM1 model myoblast cells, (2) the permeability of
the blood brain barrier to these flavonoids, and (3) the toxicity of
these flavonoids to neuronal and glial cells during long-term cul-
ture. Detailed studies with this cell model of the effects of these
flavonoids on repeat-mediated toxicity are needed.

In summary, we constructed a neuronal cell model that simulates
the pathogenesis of DM1 and discovered that several bioflavonoids
ameliorate repeat-mediated cis-effects, cytotoxicity, or both, that
are produced by expanded CTG repeats. These bioflavonoids may
have strong potential as agents against the repeat-mediated cis-
effect, cytotoxicity or both, caused by expanded CTG DMI or
DM?2 repeats. Based on the fidings presented, effects mainly are
attributable to polyvalent actions of the flavonoid constituents of
isosakuranetin, including the ability to modulate apoptotic path-
ways. The protective/rescuing properties of those flavonoids under-
lie the potential beneficial effects against gain of function of
expanded repeats carrying mRNA and other related pathologies
likely to be associated with the deleterious effects of increased pro-

duction of expanded CUG repeat containing RNA.
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Beta-Blocker Therapy of for Cardiac Dysfunction in Patients

with Muscular Dystrophy

Hidemi Kajimoto, Toshio Nakanishi, Kenichi Okumura, Hirofumi Tomimatsu,
Makoto Nakazawa, Kayoko Saito , Makiko Qosawa

Background: In muscular dystrophy, cardiac function deteriorates with time and heart failure is one of the major causes of
death. Although the combination of angiotensin-converting enzyme (ACE) inhibitors and beta-blockers improves cardiac
function in adults, little is known about the efficacy of those drugs in patients with muscular dystrophy.

Methods: We studied the effect of beta-blocker, carvedilol, and/or ACE inhibitors on ventricular function in patients with
muscular dystrophy. We gave carvedilol and an ACE inhibitor to 14 patients (carvedilol group), mean age 17 years (ranging 8
to 29 years); and an ACE inhibitor only to 13 patients (ACE inhibitor group), mean age 17 years (ranging 7 to 36 years).
Diagnoses included Duchenne muscular dystrophy (n=23), Fukuyama muscular dystrophy (n=3), and Emery-Dreifuss
musvular dystrophy (n=1). Echocardiographic parameters of the left vntricle were measured during the follow-up period at 6
months interval.

Results: After combination therapy of cavedilol and ACE inhibitor for 23 months, there was a significant increase in left
ventricular fractional shortening (LVSF). After administration of ACE inhibitor only for for 20 months, there was no signifi-
cant change in LVSE,

Conclusions: Carvedilol in addtion to ACE inhibitors improves left ventricular systolic function in patients with muscular

dystrophy.

In muscular dystrophy, cardiac function may deteriorate with age
and heart failure is one of the major causes of death in patients
with Duchenne muscular dystrophy (DMD)(1). It has been shown
that angiotensin-converting enzyme (ACE) inhibitors and beta-
blockers are effective to improve symptoms and cardiac function
and to decrease mortality in adult patients with congestive heart
failure due to ischemic heart disease or to dilated cardiomyopathy
(2, 3,4). However, whether these drugs are effective in the manage-
ment of patients with muscular dystrophy patients has not been
well unknown. We investigated whether a beta-blocker, carvedilol,
in addition to an ACE inhibitor is effective to improve cardiac

function in patients with muscular dystrophy.
Methods

Between January 2002 and December 2002, 27 patients, age
17+4/-5 years (range 7 to 29 years), were started on cilazapril or
enalapril because of ventricular dysfunction. Diagnoses were DMD
in 23 patients; Fukuyama-type muscular dystrophy in 3 patients;
and Emery-Dreifuss muscular dystrophy in one. The decision to
start cilazapril or enalapril was based on echocardiographic find-
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ings; these drugs were started when left ventricular shortening
fraction (LVSF) was <0.26. The final dosage of cilazapril was 0.03
mg/Kg/day and the final dosage of enalapril was 0.2 to 0.4
mg/Kg/day. After the dosage of ACE inhibitors reached to the final
value, the 27 patients were randomly allocated into two groups.
One group was given carvedilol in addition to ACE inhibitors (13
patients; age 17+/-5 years, ranging 7-27 years) (carvedilol group),
and the other group was given ACE inhibitors only (14 patients;
age 17+/-5 years, ranging 8-29 years) (ACE inhibitor group).
Carvedilol was initially started at 0.01-0.02 mg/Kg
(maximum;Img ) administered twice daily and slowly increased
over a period of weeks to a dose of 0.5-1 mg/Kg (maximum;
20mg). The duration of administration of ACE inhibitors in the two
groups were similar.

Echocardiographic estimates of left ventricular function included
left ventricular diastolic dimension (LVIDd), shortening fraction
(SF), and diastolic posterior wall thickness (LVPWTd) measured
from the parasternal short-axis view. Patients had measurements at
least at 3 or 4 points in time: (1) before starting ACE inhibitor; (2)
after having been maintained on ACE inhibitor therapy and before
starting carvedilol in the carvedilol group; (3) several months after
the maintenance dosage of carvedilol and/or ACE inhibitors.
Comparisons between the two groups were made by analysis of
variance. Differences were considered significant for p<0.05. All
data were expressed as mean +/- SD.

Results

In the ACE inhibitor group, values of echocardiographic palame-
ters were shown at three points; (1) before starting ACE inhibitor;
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Figure 1A
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Figure 1A: Left ventricular diastolic dimension (LVIDd) in the
ACE inhibitor group. Data at 3 points are shown; 1) before starting
ACE inhibitor (before ACEi), 2) after having been maintained on
ACE inhibitor therapy, at the time when the highest LVSF value
was observed (max), and 3) several months (mean: 23 months)
after the highest LVSF value was observed (now). ACEi:
angiotensin-converting enzyme inhibitor.
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Figure 2A: Left ventricular shortening fraction (LVSF) in the
ACE inhibitor group. LVSF increased slightly but the change was
not significant.

(2) after having been maintained on ACE inhibitor therapy, at the
time when the highest LVSF value was observed, and (3) several
months (mean: 23 months) after the highest LVSF value was
observed. In the ACE inhibitor group, LVIDd did not change sig-
nificantly during the study period (Fig. 1A). In the ACE inhibitor
group, LVSF increased slightly but the change was not significant
(Fig. 2A). In the ACE inhibitor group, LVPWTd did not change
significantly during the study period (Fig. 3A).

In the carvedilol group, values of echocardiographic palameters
were shown at four points; (1) before starting ACE inhibitor; (2)
after having been maintained on ACE inhibitor therapy and before
administration of carvedilol, (3) at the time when the highest LVSF
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Figure 1B
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Figure 1B: Left ventricular diastolic dimension (LVIDd) in the
carvedilol group. Values of LVIDd were shown at four points; (1)
before starting ACE inhibitor; (2) after having been maintained on
ACE inhibitor therapy and before administration of carvedilol, (3)
at the time when the highest LVSF value was observed after
carvedilol was started, and (4) several months (mean: 20 months)

after the highest LVSF value was observed on carvedilol.

Figure 2B
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Figure 2B: Left ventricular shortening fraction (LVSF) in the
carvedilol group. There was no significant changes in LVFS
between the values before and after ACE inhibitor therapy, but
there was a significant increase in LVFES after carvedilol therapy.

value was observed after carvedilol was started, and (4) several
months (mean: 20 months) after the highest LVSF value was
observed on carvedilol. In the carvedilol group, LVIDd did not
change significantly during the study period (Fig. 1B). In the
carvedilol group, there was no significant changes in LVIDd (5.0
+/ 0.8 cm vs. 5.1 +/- 1.0 cm), FS (0.17 +/- 0.06 vs. 0.17 +/- 0.08),
or LVPWTd (6.7 +/- 2.3 mm vs. 6.5 +/- 1.5 mm). between the val-
ues before and after ACE inhibitor therapy (Figs 1B, 2B, 3B).
However, after carvedilol therapy, there was a significant increase
in LVFS (0.17 +/ 0.08 vs. 0.21 +/- 0.06, p=0.01) (Fig. 2B).

No patients had had cardiac symptoms before the administration
of carvedilol and/or ACE inhibitors. No patient developed adverse
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Figure 3A
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Figure 3A: Left ventricular posterior wall thickness at diastole
(LVPWTd) in the ACE inhibitor group. LVPWTd did not change
significantly during the study period.

effects of carvedilol and/or ACE inhibitors during the study period.

Discussion

With the development of management system for respiratory
insuficiency, the life expectancy of patients with muscular dystro-
phy has been prolonged (5). As the life span of the patients pro-
longs, cardiac dysfunction has been observed more frequently,
especially in adult patients with muscular dystrophy and now
patients with muscular dystrophy often die in chronic heart failure
(1). Although the optimal therapy for cardiac dysfunction in
patients with muscular dystrophy remains undetermined, ACE
inhibitors and beta-blockers may potentially be effective, based on
the studies performed in adult patients with cardiac dysfunction
due to ischemic heart discases or dilated cardiomyopathy (2-4).
Reports regarding the of ACE inhibitors and beta-blockers in pedi-
atric patients are limited (6,7). However, the efficacy of ACE
inhibitors and beta-blockers in pediatric patients similar to that in
adult patients may be expected.

In the present study, there was no significant improvement in
LVIDd, LVFS, and LVPWTd in the ACE inhibitor group during the
study period of 23 months. However, this does not necessarily
indicate that ACE inhibitors were not effective to treat ventricular
dysfunction in muscular dystrophy, because ventricular function
may deteriorate in the natural history of patients with muscular
dystrophy and in the present study, there was no control group in
which ACE inhibitors were not used.

In the present study, there was a significant improvement in
LVFS in the carvedilol group during study the period of 20
months. This suggests that carvedilol may have a positive impact
on ventricular function. Whether carvedilol and/or ACE inhibitors
prolong a life span of patients with muscular dystrophy remains
unclear. The study of long-term effect of carvedilol in patients with
muscular dystrophy is warranted. Ishikawa et al (8) also reported
the clinical usefulness of beta-blockers in the management of
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Figure 3B
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Figure 3B: Left ventricular posterior wall thickness at diastole
(LVPWTAJ) in the carvedilolgroup. LVPWTd did not change signif-
icantly during the study period.

patients with Duchenne muscular dystrophy.

It was difficult to evaluate if carvedilol was effective in improv-
ing cardiac symptoms in the present study, because most patients
with DMD and Fukuyama muscular dystrophy had been confined
to a wheelchair.

The present study with a beta-blocker in muscular dystrophy
rajses many questions regarding the types of muscular dystrophy
amenable to beta-blockers, the optimal timing of beta-blocker ther-
apy, and the preferable type of beta-blockers. Many types of mus-
cular dystrophy involves cardiac muscle (9-16). Since the number
of patients with Becker muscular dystrophy, Fukuyama muscular
dystrophy, and Emery-Dreifuss muscular dystrophy was small in
the present study, we could not conclude if there was a difference
in the effectiveness of beta-blockers among these types of muscu-
lar dystrophy.

Most studies in adults with ischemic heart diseases and dilated
cardiomyopathy regarding the effect of beta-blockers have been
performed in patients with NYHA functional class II or IfI and
with ejection fractions less than 0.40. However, recent guide-lines
suggest the use of beta-blockers and/or ACE inhibitors even in
asymptomatic patients or in patients with mild cardiac dysfunction
(17). In the present study, ACE inhibitors were started when LVSF
became <0.26 (LVEF<0.58) and in most patients LVSF was >0.1
(LVEF >0.27). Thus, the degree of depression of systolic function
was mild to moderate in the present study. Therefore, it remains
unknown whether ACE inhibitors might have been effective if
ACE inhibitors were started in patients with severely depressed
cardiac function. The optimal type of beta-blockers to be used in
muscular dystrophy also requires further study. We chose
carvedilol because carvedilol has beta-1, beta-2, and alpha-1 block-
ing properties and have vasodilating properties.

We conclude that combination of ACE inhibitors and carvedilol
is a safe and effective therapy in patients with muscular dystrophy.
Further study is warranted to define whether beta-blockers are

effective in improving survival of patients with muscular dystro-
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LFEABS ZEIRTEG

WHHEERE  FECHLEHRE

THEEPRY

NYHAZEAL |
Fol LAEYE—F—
3 6
1 Carvedilol A #:8E

DHFHEEEB DR

® ZZIRFEH(n=6)
o LAEABEFI(n=15)
& LR L(n=96)

* p<0.05
p<0.01
LVDd EF WR BNP **
(mm) (%) ns (%) jif] (pg/ml)  ns
%
1004 — 3B, T4 804 o 1800+ .r_'
1 304 o
304 & oo 1° @& " 15004 o
: @) O 60 7 Crg o)
- @) 25 - @ R v
; 3 ® 1200
60 &p
20 -] @D 5
- 0 40 - o 9004
15 - O
40 — ®
s © © 600- ©
- 10 - o - s
20 o
20 - 300 O
- 51 * 97
&
0 0 0 0
2 LDERBER DR

BARCEZER L OBERRMBERORETESR O
%, V9 3HEPEPFRTRIN.
BHEOAEREOLEFETFHIC b BNPRBESFH L O
BENS VY, HiHSE3 r HOEHGHE KO BNP HED
240pg/mL L EDHERNE, H#RED CHRBERIRVEHR
HELTWSY, AFEICBVTD, OHFRSERIERER
L, BoreRE e fEREEAER O BNPE
WHBECEM?Z -7 (514 % 462 vs 137 = 148pg/ml,
p<001). AWEOBLTRE ML, [ERFEEAROER
REGFIOTFHEARLETHSD. BUENENHWETTHEAT
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5TH, TOBOASARERTEMAH 56 (FERET
ABID11.3%) FEL. ThoOEFHEHROI Y 754
7 Y AIBFT, kL COREOEHPA T 4Tl b o7,
158D 5 oFliZ B ER CRILL4%, £FINYHA ¢
BALLEA, 209 beflIIBEELAEARLLE. Tho
DIEFNIZLHAEDEITH fERE TR CE oD
DLEZLND, DL IZcarvedilol # HWE T THEHE
BTETH, LAEF—ETOLHBLLENZ, ToKLE
DY ¥—F =2 BTMHREINRV 20, [EMEGHROA
RS, WLER—Y 7 ENRERUOBHREE



B LIAERF T B EREEA GO LR R ER ORF

BHICEBLAANEIVwEEZ bhi,

T2, BHOAEBREICBWTBNPHIZEREOTANC
FREOHERHS9. L L, AT OAEARRAE
R, WIR D LEREERIEN & <TBNPEIE
WD, BNPEBMTHEOKFNITE b o7
Kaye & i3.L\E® Norepinephrine (NE) spillover Z#IEL,
LEXBRMEEEOCERTERROVL Y THHI L %2R
L7, RARFEDOTHIEE L L CORKRMEELEOTTHERE

FRHLEZEZONS, LA LNE spillover 2D b DDHIEIZH

e 7o, BRIBH S M7 DB A REEONEETH 5,
MIBGLE Y ¥ F 2757 412X 5 WROMWEKIE TR
L7z, WRIZLHEHROFHRTFTHLZ e Tl
SNTHBH Y, RFFRIZBOTHOHFHRREGIZIERER &
HRWRPE D o7z, & HIZHIREV L, LHERERD
R THRREML, OAESRIER & T carvedilol EA
H WRPE AP DL BIMRVEEZ 72, Lrd, Z2R35EH
BOLAREAERET LEVEW) RENH o7, RERDD
AR THEHAEROELEIZE 2FEOFMEI L ShTwE:
V. BEOAEIROBETE fEMERROLHIEEEZEO
FREZTFRUTERVWEVIHELH D459, WR LR
DHEBRRSHILICMET 2LENH 5.

MIBGICLAWRBIUL I —-IZ kAL ERIRE
&, carvedilolBEABZORREDOFMERHTH S LR
mEhiz, F72, carvedilolEEARIIEEBIIZ—ETH .0
TEEBRFELLENL, LA2BRELLBERERRT LT
REMEASE .

X ®|

1) Colucci WS, Packer M, Bristow WS et al. Carvedilol
inhibits clinical progression in patients with mild
symptoms of heart failure. Circulation 94:2800-
2806,1996
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carvedilol on survival in severe chronic heart failure.
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2)

3)
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compensation of endogeneous cardiac natriuretic pep-
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plasma brain natriuretic peptide concentration in
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beta-blocker treatment on the prognostic value of cur-

10)
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Neurohumoral prediction of benefit from carvedilol in
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ation of neurohumoral plasma levels before and during
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WwH F—, FH
HE HY, RKiE
Eg.
SH, B1
EEHS PICL L

=23

E_D
=1

S, FEACTRGBOREY p TO Y H—-EEOFHEOHNICERD,

A
, i

DESREOCBEDOHREEORE - ERICE, p1RBHICHTIACRKREFOREFH#EASh TV,
REGRBAED/-HDELSAF v M E{EEL, IREOCHERE LSV TR 1RBZBACRBOE

T p 1 REGHG

DOREFES TR OTLOBEREE L TEDPIRETL T L.

EUHIC

LREICBIE7 FLTY Y EBEDT70~80%1 8 1 25
hThHs, R, p1EEERCHT 2 HOHEOTFENERE
ENTWAHDY, Limas bix, 7 v MOHMREEZ{ES7-Y 7
Y FHEERLY, WERELOCAHIERE O A0%IZ f XHHE
B HFET S 2 L 285 L T 52, Magnusson b b,
PHERLLGREBRE CHEETH 1 ZEEROFE 2V —T 1T
HZHOMBPEET S 2 & 2HEL T3 9. WFRALLHE
VAT b Chagas LFEPL 2V OCHRBF O MG CTREBIE
(30%%) = B 1 ZFEHCHAESRBERTVSY,

B 1 EZAEEIFILLHIEER 2 AL, LEtEfEH 2 RBE
TaHIEMREINTEY, WREALOGHEIC X 2 0FE0%H
BICHS LW ARSI S h 3. 22 CHek, R
ELOHEIZ X 5 OAAERIEICEBIT 5 f 1 SR ECHEOHE
BizowTthi it

MHREFE

(1) yZu 7Y y5EOHE
LAERFEOMEL Y AT LEIZED) y a7 Vo
] % R LA
(2) v LMD E
ABIBEBOBHERS v b OLED SEEREICTHEE
DR 2 R L. BEHaE % B9 5 L5HRICOTR
EBEOy FaT) VHEERML, LaRoELEY
FATICBE L.
(3) ELISA v bDEK
B1ZERDOE2NVN—TDT I B (197-222;
HWWRAESDEARRCYNDPKCCDFVTNR) #4&HiL,
/z’ 1B hECHKLR#ETHELISA¥ v F2/ERL
RV TNV A4 T1SESE (ATD
@%2» 72T 5 HOHi k2 2335 ELISA ¥ v

bR L 72,
(4) HHBH
IERBLOAERSE 19%, BEWES 154, #ESE
F12%ExHZ, LEELISA v b2 AviniEdo g
1BIXCATI ZERHEZRIE L 7.

B &

(1) LR OmEEcB LTy Z7u 7Y Y SEOER
ERLBERE 0BGy 70T Y &5y MER

OFRBLSRM L2 & 25, HBREE B L0

108 $5%, Lol 24, HMLIzDH3

ZTHY, HEXZEAMIZEDLh ok (D).
(2) p1EAKBRCIEONE

Bl ZAEhBCHEL T 5 ELISA ¥ v P2 AV,
HOAZME Lz, 9501, BEHfsEESh

RTVBERBE AT IZERACHAZNEL

7223, 15BH8H/THETH 7.

S HICHREHERF 19AICBWT g 1ZEFFEHCH
iz flEL-E 25, BESRECHL, FRICSEZR
L7z (K2). —F, ATISFAHCRAMIIMERTEL
ooz (H3).

z B

DAREBREIIBWTRES U7 YEEHEOBRRED
BBEEhTBY), ZoRMEFREShTwS. fESaT
Y VIREREVED REFEO—D2E LT, —Ho0FERE

T B IZFRECHAITFLEL, TORACHEOERIZL
DEROHHRO g 1 ZAEKIHIE I, MHEELEL
TWAHHEEESHFER ST TYS

FITkAI, TTH1 5¢?¢®bloassay<‘:l,f EA
#5 v MR OMEBEICNT AL0AERED y 71T
YHBEOERIZOWTHE L2, y /a7 YaElzid,

MEHAFER ETRREENE

MM AR EBE S S A R
Y BERER BRI
'HBERKFET UV F—-BERYE
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1. EERGHERED y Z7u 7y YiRNck 59 v b
RO HRO BB B

f1-antibody level (laboratory units)

DCM

2. DCMBED B 1 ZEAIUHME

p1SEECHT2EBER IR 2o 70

FEFC p 1 2B ECVEfONEL T2, 3, TR
D ELISA v Wiz, BIRERE2NV—-TDT I
BEAML, ELISAS v FEERLZ . 20Xy FERW,
BEHBHEOIE TS 1ZFAECHALMELZLEZ A,

BRICHOHEIEE TH o2, E5H1C, WRELLIESE
T f1ZERHCHEMO LA Z RO,

FERIICIE, B 1RAERIINT 2 BERERTICX DO
REVPRETHZEPHLIIZR-oTWSY, LAL, B
MIZRBENERO f 1 ZBEENEISREL IR 200D
Y EFOPRFALS TR, BESOMEICLS L, R
ELOAHEIC BT S B 1 SERIKEEES LREREL O/
2, EES, fP, ERHS, NYHASREEOERITADOK
Twipnwe, —J, Chiale 53, LEUABRP(ZHEE %
HTABETHIZEENELET IEENRVWI 2
LTws?,

B1ZHEAIADOEENFENE L - THESIRSL S
&, BIUSEMENILBERLLGIED QOL B X U TFHE
WENTHLILE2EZ2DbED LY, BRMICRDEEKD
Bhsoulgl1ZatkaciitkofEICLY) 70y H—
DRPIZERB D LEPEPEV) ETHL, LIL, 20K
12 L T ? Magnusson b DEI T3, B 1B HMKkOE

SHEBBCANEOH KT 5H%R
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50

40 n=12

AT1-antibody level (laboratory units)

914
TR GRS

DCM

B13. DCMEZD AT1

MICID BT Uy h—OHRIIERIBDOLN o729,
—75, Felix 5i3, B 12BRNAREOREMHIERE %
MU RIET T T YRERERT, B 1 ZEEEUERE,
IgG, IgMOET L HICMITHEOEZE L HELREL T
510, UL, REREFREOEDEE § 1SEERFUHMEGIC
FEESEVWETAHELHD 1Y), SHLLELMEPLET
H5b.

&

B

PIRILOGEREIZE VT B 1 ZHE CHEOFES Y
kol St AHCHAEOUES S 7Oy i —#kE
OHEEOHPNHERD, & I 1ZEHIUED WA HIE
BF T DA EOERFEE LTEPHRF L TWw L.

X ®

1) Matsui S, Fu MLX: Characteristic distribution of circu-
lating autoantibodies against G-protein coupled cardio-
vascular receptors with idiopathic dilated and hyper-
trophic cardiomyopathy. Int J Cardiol 1996:54:143.
Limas CJ, Goldenberg IF, Limas C: Autoantibodies
against beta-adrenoreceptors in human dilated car-
diomyopathy. Circ Res 1989:64:97.
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2)

3)
functional autoimmune epitope on the betal-adrener-
gic receptor in patients with idiopathic dilated car-
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Ay A2 b a7 4 —REFIO LA GRRE &
angiotensin-converting enzyme (ACE) J&{x 1 £ % & o B

oripfgess - HA

HEFoEE - R

D>, W

%% **
Juesr

ER HVAMOT 1 —EFROOREFRELEEH T 2 EECHNEFEHES PICTEEMNIC, ACEEGRFLE LD
TLREBEEOEELZHREILA. NBEACEEBEFSEE2ETHH A MO7 « —EFIDLVEF I, D/IDEEEFETS
FEBIDOLVEF EHBE LU THEEICBETH o 7-. VIBACEEITZFLEY, HP A MOT 1« —EHICHO T OEAE

BREFO—DOTHBAEEMEIRRENS.

iEUoIc

NI B HEOMERIC LY, PRAEEZET Y X
Fa 74— EFDQOL & AmFHRIIEFEL TnDH. —HT
OAEIITH T 2 EWHFEIZRARD Y, HIA a7 4 —
SEBI D LA 4R HITE S Tld v, JT4E angiotensin-con-
verting enzyme (ACE) #fnT%H & LAREIFREE ORI
MBI ESNTWD 02, RIFETIE, HYA MO 71 —EH
WK LRI SRR 2 OB EEIRT AEEL LT,
BIZWHET & LTOACEEEZTFERIER L, OALIRRE
& OB E A R L 72,

POE s p- >

1) &4 BEABES, H5VIidskilETo Ty v v
ABFH A b7 4 — (DMD) FERF 721 E Ny =D 2
ba7 4 —JERI14% (BB, FE24d = A1 R<FY =
SD >, FEREREER 246 VIIE, 1M BiPAP A% 34,
SEWRTONLIFREEIER 44). O OIRE
& LT HANPREE & BNPIRE %, LREEFME L TO
BB E W ARA Tl L2 IVS, PW, LVEF # w7,

2) BARFEENT © A% VIR OERE M & ) DNA % i
WML, WTo&%ETPCREZERL 7-.
CTGCAGACCACTCCCATCCTTT, antisense primer ;
GATGTGGCCATCACATTCGTCAG. Initial denaturation
93C 347. annealing 58 C 245, polymerization 72 C 2 47,
denaturation 93°C 1.5 min x 30 cycles. PCREM % 2% 7 #
=25 )VCikBI L, kB/S% —> &) ACE#ETZH,
/1% (490 bp DA EHE), I/DH (490 bp & 190 bp D~

sense primer ;

Fufs) &D/DE (190 bp DREHAE) 2HELZ (K
D. BRI LREMEZERSTRR SN, BT

ARNSBNIREFL ) LEICLZFAELEFTEBL .

Bw R

S.M

500 bp mh EEE

I’m /D D/D

1. KL Yl L722DNA ZH W THEML 72 PCRD
PCR EW)IkE) /35 — > .

ACE#IZ¥%£ %, I/I# (490 bp Dk EHAE), /DM
(490 bp & 190 bp D~F O #4y) & D/DA (190 bp DFE
#e) 2HELL.

200bp =

1) ACE#EZTZROME | /I 441 (25.7 = 3.07%,
FEFEHIM 225 £ 4.14F), I/DEI7HI (247 = 477, 223 =
6.34), D/D# 36 (21.7 5.0, 17.7 = 7.14). 4E# -
BRI L O XHMBCTHELET RO LA o 72, ZH BiPAP
EEBIEIZ16TD, JEWHTOAN LIRS HES X
VIENZ 16, /DELC3FIEG T ().

R1. KIEBIORIAHRR
eI HANP BNP IVS/PW LVEF pCO2 02
s ] fil (48) (pg/mL) (pg/mL)  (mm) %) %VC (Torr) (Pl'orri
I/ 22B 19 6.7 <4.0 8/10 33 308 524 61.5
25 19 13.7 37.0° 8/9 31 156 504 71.7
29 27 <5.0 <4.0 8/8 34 240 3523 99.5
27R 25 <5.0 <4.0 7/11 37 ND 347 126.0
/D 19 18 =i5.0 <4.0 9/7 34 154 452 103.0
22 20 8.0 6.8 10/8 45 172 448 87.5
24 23 52 10.3 6/8 38 18.0 489 89.9
32B 18 14.9 325" 6/8 35 326 579 82.2
23R 21 17.7 225" 712 46 ND 247 1300
24R 20 17.9 15.0 7/8 13 ND 438 1120
29R 26 30.1 20.7° ND ND ND 497 1490
D/D 17 10 <5.0 12.8 717 42 420 511 81.8
21B 19 11.6 <4.0 9/10 38 19.9 56.8 87.9
21 24 <5.0 <4.0 9/12 58 278 495 75.8
R: N THFR TR, B: % MIBiPAP, N.D: K%M, RESE, 241

" RIS B R AR R v — IR
[ AR R AR R v Y — AR
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2) ACEEZTER L.LASIBEOMME | M4 ANPIRE
BEFTEFHEEZ ZIRELNT Ch o7z, MEBNPIRE
BIIELIG, /DE3FICREEMEEZR L. IVS | VIR
7.75 £ 050, I/D# 750 + 1.64, D/DE 833 = 1.16 (mm).
PW ; I/IE! 950 +1.29, I/D#®! 850 = 1.76, D/D#! 967 +
253 (mm). IVS L PWRREHHTEEEZZ DD o7z,
LVEF ; I/I£1338 + 25, I/DEI352 + 120, D/D# 460 =
101 (%). LVEF R I/IEA D/D# &L KL CHEICKET
o7 (P< 005 ; Mann-Whitney UE) (H2).

P<0.04
N.S N.
LVEF |
(%)
50
40 |-
® .
0L +10.1
33.8
+2.5
| 352
20 £12.0
——
|
U1 D DD

X 2. ACEL K& D LVEF.
/1B LVEFIXD/DEOLVEF L HE L THEICEE
ToHh-o7.

£ =

ACE&EEZFIZiE, %516 intron L@ Alu&LH](# 300 bp)®
FA/REIZELY, BETFER (insertion()/deletion (D)) #%
HAET 5. D/DREF T HEFIIMD ACEBRE;HEICH
wZ kA eh, D/DEFEZRRKOERETO—2TH
52k, D/DEIFULAEENDOFREARFO—DTH S

Z &, VERRLLHIEIC G 