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F1E #

[l

ErDEGBEGEMEHRBLL TR EAMH RO I—  HEBER SR OT—. &
BEESA AV —LBoVICR B FEBRENBREIN T B25], 2R TEFHL S
APBTA—EBBHOEM - BREEIFELL. BENICRIETHOHERLLUVE
NEBETZ2REXTIEGHOEBLERINATHY . BEEMUBLUEEMNSHEELD
BRRAGBEICHESIA TV, F0FO— D THAFAVIVRBEHF A O T(—
(Duchenne Muscular Dystrophy=DMD) (&, CAFO TV BEFORE LY S5
EBHETHAVAMOTIUNRBTZE-0ICELIERTHA[26]. SRFOTA (4
DGC (dystrophin—glicoprotein—-complex) DX BEL#EHE K S THY. CArOT(U AR A
FTAHIEIL. FH#RHEHH (sarcolemma) D DGC DEKICDHEMND, SO EA IS IZREL
T HREOREGZESIERECTHRE. . MRBIBREBETE . BBELLTERHGBLUD
BICEBWTENERRES LV AEBEERLCEDET DT A ELS[4,10], =
DTAMOTEBHDEEGERE X LEEEB (Xp21)I2HY. 79 BOIHIVUM
2300~ 2500kbp -'ea)ﬁ(:bf:o’tﬁ&?‘ééﬁiﬁ{z‘:%'&%wt&n%‘e%zﬁiéiub
TLELWDLNA TS, ChoDIENS DMD (& X E#HM S EGHRICLIEERES
N BEBRICOAREL. HFOAMAT—OF TRELBFHNZHERR 3000
~4000 ANIZT— ADHETREETHIERESN TS, DMD D 2/3 MEEICKYREL.

1/3 I TRARERICKYRET H([3.23],



EEDZTEL. RERETFHALESNTELFIEDREANBEEFLRILTHSAICENE
SHTHLRAMABRICEIZLTLAL,

DMD [ 2 R TEDBREKBMBENROON.5 BETICZH N3, BRBBRELLTE
%ﬁ‘ﬁ,kﬂiﬁEﬁﬁ‘ﬁd)a‘”’ﬁjﬂﬁ'FaSJ:Ua"ﬁ%ﬁﬁl:&éiwJXL\’GEEIF&HS;Uﬁii&ﬁ‘zgﬁ
REIV. HFEHOREBREES, £TFLEMNE BBRESL . BIESTHEL
FRIESITEEL. 10 BB TSI FEELLY. LIELIFES. MUBELGEESHT
DL BB SO MBDEMSLUERE . DB OB (4O IEIREEE . 74250
DREETARECHEBEIN, Z<COBEHN 20 BIETHERFRL(75%) 00 F 2
(209%). TOM A2 MIEEHD D IERRATICLYE =T 55N TE1=[5,15,35,39.45].
EF EREMBCAIFREOESICLIYFERFLICEZETYRIARDIL. S4
FANRYDRGOTVNA— AT REMARERBLGEATVALR 21X, DMD 125
FTORENEERELGREALEOTINS[9,36],DMDIZEHALFLDEREIZES LG O
FHICERTOESN . BBREDHEICEYULEFAELE2T5.0MD OOBEE IS
ﬁﬁiﬁﬂktb‘mﬁﬁﬂﬂ’ﬂmt\%lﬂz’it\PFEHITE&%\L\H::DI:—J;d)iﬁﬁ"rﬁ,hfﬁﬁm
DNTWS DEREDRELLT. VI IZEHA REOHEX. I avL. V5 5T V6
FEHAIVE. I .M. aVF FBICEHTIQEOER. YUXL-EBRE T A ENR
HAHEPREABDEMELLITLDEEBEMBEBABE SN TIVS[11,35,40,44], i Ta—

LtEDERBICHEESHAEZROHLAOND, DIO—LEESESLLTHHS



NAMEIZHELTIE, REMBREICI S TETHOLHHHEEEC TV ALRES

NTNB[53539]. HBMWALERDOREMRRIE. £ 0 EHREE DD E 8 # 16 A° (Y5

NDEBANEBTEEHILISRETIERESNTIND[39,44]6D D . B8 R4 18 8 (10

NN TULELY,

DMD [EHEIFHLMBEICH T AR ENDREBFRLVEHNTLEEMICRBEL

BETAHLIE.DMD OLF L ABEDEILICFARTH S, B|IZTRDOR, SyrLLat

DEMTAITEL DMD EFLHHERIL. TOLBERBS2ES LTS FEY

BEDHIVF. D FEMELERRLBRMDSBRETILE. SHDDMD IZHHFE1D

FTEORERALBOVITARICKECEMTIEEALND, BE DMD EFLEHEL

TR XERMEEGEEDImMdx T IRBAINEERRELET—ILTY LR —/s—FK (=

FYBEILLIzT—LTU LM —N—XE#EMEH O APOTLA—ET LR (GRMD) E A

ALBN TS, mdx YVRI(EL DMD LRk, PAMOD(EHENRIBT IO AL

BRRBICRI-STLD, LHOLEAS mdx YHYRIZEFREBELT. HHET EHT

NCHYLHEELESTERRTAHNZ . F-. BERGREMABFRELTIE,

5% 1~2 7RFEFTHREORENBOONDILONDERL-BERHGBHEIBETS

HICERSW . MRRZRV TR EHBOEEFTE LBV, ST LDHIZBNT

EAGYDERICESLLDEZRBICRHEEILBDOHONILIIHZLOD. ERTIEIETH

ZHELLM[43,58], GRMD ITEVTIF. RBRE  DERAR FISECTIEDOEL Q &) .



DIA—FMR.GoUITLHFEMBARA DMD LHELLTHEY. DR L DK ERR

BRICASHOLWET LY THASESN TIVA[2,33,41,52,53,54], LALAAS . GRMD

FERERTHICEAOHBEEENH L HEORBICRELE NEBOTHENM

BOHY. . SOICEBLLTVRBRICHELEATEIAENEZIONT-,

BETIE 1995 F LY, T—ILFo LM —N—(2B 35RO T —KX D EEEF

EE—JIRICHEALEZOO=Z—O®EENBEESh . BEZOIO=—OR I #EAY

SNTWA[47], COa0=—(E. BRHGEZICELVTIZ DMD 22O THEE LTSS

ENEREATOALO0. LEREICET AR ETDATLLL,

AHRIL.DMD ETLBMELTHRIHEFINTLVAERIO=—_ Canine X-Linked

Muscular Dystrophy in Japan (CXMD ) IZH T2 DB EEEES DK ELEE . NETEC

EICKY.DMD IZEHHLF 2 OFRERAICEMTIERABIC. DARLAREIOMR

ANEITTO—BERAMNBEMNTONTHLNCTAIENE—DENTHS, IDTK

HRAORRICEY . MEFLRETAETHANASHITSA TV AN 1=, BXRRE

YIYBLVEGEDHBRMICRETIH AT —EBMISIOLHREIZEITS

REZHRAL. REMITERRAREICER T IS HMESIND,



B 2E Canine X-Linked Muscular Dystrophy in Japan(CXMD )IZ& (1 5 B

R & KU # BE 5T

DMD BEHEDLBEICETIMEAERELT. DER. DIO—FBICHMUMNEES
FRERNEBOHONATNS, THHLELERICENTIE. VI IZCBEHE REDHEE. 1. aVvL.
VS U V6 BFEHAHNED . MASUIZ, aVF FHICETAEMENE L Q FOH
EHAHVE.PR MRODEBMEENRBOON. FLOII—TREDERBRICEESHE
BARHONS[39,4044], ROBLArOTA—I2HEFALERFR. HALEDHTa—
MROLCNODAMREFEFEITELLTLS, Moise BIE, T—ILF2-LR)—/N—X EY
HHCAPOT4— (GRMD) IZE T D ER I, I, aVF, CV6LL LU CV6LU I=H (T
2QRIEMWOBREIY Q/REDEANBHOA D Ia—-ITEVTEELEEHE
LDEERELVABEHICEHIBESHEENRREINEREL T A(33,52,53,54],
BERERDOAGOTLDRECESOTELEEOELUEEERICHENIENS, GRMD (X
DMD %?;bﬁ%abtaﬁﬁl:ﬁﬁﬁ THACENHB THD, LHOLEAL, BEEFHE
ZELCICT D CXMDITEVWTIX. ETLBMELTOFRAEABLESATIEIVDELDD.,
DHREGOVICLDHBEICEIIFMERFEEEIA TV, CXMD,IZEIT5EE
FREEBEELUDLHME. TALERBEICOVNTRIETAZEILDMD DR L DK ERZR

BOUICERAEICETIETLBMELTORRARZFMEIEI5XTEETHD. 2



THE2E T CXMD,IZHE T BB M IEDIBES LU L HBEEIC OV T, BB ML E

HRE.GOVICLDIT—REFRBLEER (HER) BRI ET o1,

F18 #HEAXLTSUTITHE

F1R #HEX

AREBRICIE, Kornegay [Ck>THEH N7 GRMD D BB FEMOE—F LKA T
BRETAOCLICKYMEHLEZREROMIC. SSICEEAROE—Y LREARZRT
BDELITKYER SN #HBFESN TS CXMD,OO=—D X 8B (EE X 3B . FEX 2

88.CXMD,3BB) % {E B L1=[Table 1],

F2IH #HEXOFME
T BRRBREIUFHRRE

REIHAROFAFTEERITELT. TR BR.ETREGSUCITH I ORE
BECODVWTHRETILABIC. NE . MBPBLVHEZITLI25KBRELZEMLL,
2.0ERRE

BREX. ERSyYAR.7THAB. 107AR. GOV 13y ARMBOSHIEEBL

. BYMALD B ECG-9922(AFAABI XA R M) ZAL . BRIBBALICEEL



r:iﬁ:ﬁ%ﬁﬁ_ﬂiéﬁﬁ;‘fB&Uﬂ@%ﬂﬁ#ﬂﬁ%g;‘fﬁﬁib\‘cﬁﬁbtoEaﬁibf:%iﬁ?'\“c
[COVWTPKR.QE.RK.SKASUIZ Q/R LEFHBILI=, SSICTIHBIZELNT P,
PR. & & QRS BFRIZETRILT=, 5TRIME (L& 5 BEDERICEEFEHER -,
3.LII—-RE

REZ DERRELABICEMEL:, BEKREEE (EUBB00D. B8 %
AN BB RE LR SN - EERBRICBVT. EEDLELESLURRES
ICHBEHOMEZHRR. FELL. EOTERAFEHLRILBIZT. M T—RIcLYE
EMERRYE (LVED) . EZWRWRHE (LVESD) . DEDBILER L E (IVsD) . &

EMBRBREE (VPWD)  GOUICEERNBREME (FS)EH AL,

FIE MEAFHBAT
HE X AT2—TUrOBBEAVE M EEICH T I BRE CXMD I THES

BREZT . R EI(X, p<0.01 £4->THEELLT-,

E28 RE
F£11H CXMD DEKRBEFLUVEGHRE
ERVT7ABETORERNZICEVTR . B RBIURERELELT CXMD, A

PPRHIEERICH7=A . EDRITCXMD, 1 BIZRVTEEHRARICERTZHLEH



27=[Fig 1]. CXMD, 1 BIZHEE R B AR OO NEIBIER 128H 1=, £ 54 5 wIzHEn
T.CXMD,ZBEICEE . RELGSVICHEGOERNEDOONT:-, BB I-T CXMD,® 1
BIINO.B)ISHE LTI R AP TD Levinel/6 0D UNHE HIEE it 2 B AEEER S 4L 1=,

% 7 7R TIE. CXMD,ELBIICEVTHEDERICMZ . THLEES. BE 5
EEBUIZWﬁiﬁ{ﬁ%ﬁl:ﬁHéﬁﬁmwﬁiﬁb‘“i’&&)t‘ohto%dﬁiifﬁ 10588 s

FU 13 yBAEHTOEETTIL. CXMD, 3B X ICERRBIEDEL TR OSAEA ST,

F2H LEERE

1. PR

HERREX.GS5UIC CXMDIZE TR P KOBLIZ. T RTOIE@EIZENTE
HEE04mV)ERBETIEEROBN o, . P BERICSLNTLE X 5 H
(0.04 sec)[28,50,51]Z:& I 2 MEIXRHONT . B AL CXMD, DR ICEEZ X320
bhigmMotz[Table 2],

2. QK

E®RS AWM. IFHITH TS CXMD,OQKBERMDOFEY(E-1.07 mV THY . 358
RA-045 mV. REAKXH-0.30 mV THAIDIZHLBEAOALEEER L, £1-. £ 5
TRABMNS 137 AMETOEH 4 EDEHBICHEHE. FEEBD Q KELIL. CXMD,T

. AHBREEBLT. I. IS&LVaVFEETHELGB AN BOoh, FEGE



(<0.04 mV)Z &R L TLVf=[Table 3],

3. RIK

ERS7ABAL B3 rARETCHOAH AEDOHBEVT. FEEDORFEMIZ.

HBREFUVRERELEL CXMD, TlRaVLE R CEEERTHEBAAZOLN . 5 8

REDMIZHERBENRBOHONI=[Table 4],

4. S K

TRTOB|ARICBEVT. IBLVaVFEEICHBOVTESEHE (<-035 mV)E&EEL

TBlERONGH 1= FETRTOFEICENT. HBRE CXMD,ORIZEELE L

BN MN>1=[Table 5],

5. Q/RK

ERSTAHBMO 1I3,AMETOEHF AEDOHRMICHE TS Q/REF, HEBRELE

LTCXMD,E, I, MAEsUICaVFE B THEEICEMEEZRL-, IZHE(ICBITA4E#®

S7RAE® Q/REIF, MEBX 029, BLUBFRER 0.23 THADITR L CXMD, £ 0.79 T

Bl F-. ER13yARMICHITAQ/REIZFNFN0.23, 0354552053 THY .

CXMD,IZEWVWTE T ORIV ERMNEDHSNT=[Table 6],

6. P B

PEDEKEMITILVWINBLEETHENO0.04 #)TH-o1=[Table 71,



7. PR ER@

PR EIfRIE. IFJBICEVNTIRTOHRART 0.08-0.09 # &IE ¥ & FEH K (0.06-0.13
W)= o1=[Table 8],

8. QRS Hhf

QRS FE. IFBICEVT. TRTOHRART 0.03-0.05 ¥ D IE ¥ FE A (<0.05

M) IZ&H-1=[Table 9],

F£3E LIa—&E

DITI—REICETAHBE DL IO—TIE.CXMD,1HI(NONIZTB LT, &% 54 B8
CELDZEMABEFICEESBINRBOON. UEERI1ByABETORERIZET
B DA RARBOHONT-[Fig 2], TOMDOF B X FREARGSUIZ CXMD,IZHB L TIE,
BRICEERXROoNG Mo, LVEDD IR ECHEVENARB O AEEOD. HEBR
31.15£4.49 mm, fRE X 31.85 mm.,H KU CXMD,31.13£5.48 mmTHY. £t R
il:ﬁL\TEﬁ‘ﬁ[ﬂi—ﬁﬁ%‘é’é@ﬁtli«ﬁ%ht;b\of:ﬁable 10],
LVEsD 4 F-REICHESIEMARBOOA10OD. EXEEEEK T2 ETE %
104 B # B D CXMD, 1Bl DA TH D1z, LVEsD I BR . RE X AZSUIZ CXMD, TF
NEHN 17.03+£2.49 mm. 1846 mmB KLY 18.55:4.78 mmTHY. B KX & CXMD,

MTHEELZEXRDoNGEASF=[Table 101, IVSD EXULVPWD ITELTHRAKICH

10



JEMARDONIA, EETEE THBLI[Table 10], B X FEE KX ASVIZ CXMD
JSHBITHIVSD [, ENEH 6.65+1.63 mm. 7.01 mm. BELU 6.90+2.06 mmTHY.
LVPWD [£.6.83+1.09 mm, 7.28 mm#% 5 U, 6.96+1.37 mmT#H->1=[Table 10],
FS I, X BB K 45.09+£5.09 %, fRE X 40.97 %. HELU CXMD,40.88+7.66 % ThHY.
WThLEEHEEAANTHBL. ABRE CXMD I THELZXEOONAEA ST

[Table 10],

FE 3 I E

BRE.TaAaVIVXEHIAMAT—(DMD) IR THRAMAGABELLT. EEF
AR BAEBBARGOVICEMARLGEORENYUFTINTLS, LALENS AR
AEEZRELCRATAE-OICK. BYLGET LBV ERILTEFEIODT—4%5E
BMIAENEETHALESNTER[8], —ADMDIX. BHEMBLHEZELCAIEN
HMohTHEY. CORBEDHFERFORASICARZIOFARE. ABICCAMOT4Y
iﬁ{ﬁ?d)iﬁ‘I:J:é%’z‘x#l:l74—jt(:i*t*d’éi’a‘#ﬁl:tk%(ﬁﬁﬁ‘é%@&%i%h
D

ZITARETIE . DHAET DMD DETILEHMELTRISAFZE—TILRER—RL
LEBYARAT4—X (CXMD ) IZE D BRBERGOVICLDBEICOVTLERS &

UDIa—ZAVTERFZET .
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ER R BURICBAL T.CXMD, 3£ %55 AMOREN BIES . AE. . AESOER.
FHENAOEEFNOERBSLVEEEHOEEN RO RESLUE T E
BERLLAIBMEMICH o=, ChODEKIIDMDEE DB ERER EBLULTEY
[5.15,35.39]. CXMD,IZEL\THDMDDEE R MIBEE 2T A EMBE LA ER -, LAL
BRDLDAEETTHIEFILZRBOOAALA S, ABICSEFALEERRIZONT.
ERI1BYTARETOBRBICEVTRHLBER-MBENAZONLEAST-,

DERBREICEVTIE. CXMD, TIHRENEF FXEHLNEN>=20D . 4%
STYABMBICEBREICRVQROUER . GOUIZQ/REDEAMNT ., ML aVF FE(
SLWTER oHontz,

DII—RETIE. ERISYAREFTOREICHEVT, CXMD ASUIZ, BE X EHI
DHEBETERHoNEMN Sz, Ff-. DMDELUGRMDIZENTHRETATNIE D
EEHBFELE. LEAHERICERT 5515 S A R [33,45,53,58] 1% . CXMD, M 1 4
(NO.T) DHAICEBSHENT=,

ULDBENS. SEFEALI: CXMD,F. BEEMNEEOAHALSTRERICAETE. |

DMD7ZE5UIZ GRMD DFF R EFBLLTWAIENER INT-,
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% 3% Canine X-Linked Muscular Dystrophy in Japan(CXMD )IZH TS

REBESIVLDBEREOHBRHEHEEHMEITONT

F2EOBR ERBEILIN CXMD ,O0=— (28T, HMMEEESBESLUD
EHREICBTHP2EERMRHN. DMDESUIZGRMD [ZHBLLTVWRIEARBINT-,
LALGAS CXMDICEVTRBBROEBRTIUMOKREICOVTIE. ChETLR
SN TOEW, ChETORETIE DMD DB . BB DT E<E R 2B LYEKAH
RBIdEEOLNTLAN .  BEENERZF DAETIE. BMBELLTHERETALUIZ. T
TICAOADREMENMHRLTOATHEMEATL . F1RBROBEN D CXMD,DEE
FREIEA DMD OFF RICEBOH TEBLTWAIEMNHBLE=CEMND, S R B R H SEE
MICEREBEERBEITAEICKY . ChETTFBALESNA TV - DMD OFELEESICHEMIC
HMOASENTEDLNEER . EIFZMELIz. T TEIETIL. CXMD DERKR B IES
FULBEREICESTIREBEZHMCBIEITIENT. F2ELYISSICEBED

CXMD ZRAWTHEMICHRRZT o,
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F18 #HARXGSLITHE

F1E #HHAEX

HREARE BIBA - ARE IR REFROLEERYYR (DR YA R
B)ITEVWTHE. AFESI TS CXMD,O0=—0@ CXMD,28 . fE X 1BHS LI,
EEE—TLR(FBR)I1BEOEHIEER U= [Table 11], LRDATEIZHNTIETA
TOREZERBLIZ. OIS BRERERERB IS L TCOXMD,1BEEMA-ERBEIZ,
2ARBMLERBRE RLA—DLDERRE)ICBVTIIHBA%E25E. 5(2 CXMD,25
ZMAI=[Table 12], ChEDRBRIZAWVETRTDH CXMD,IZHLTH. $EBH 12— 48

SURE.DERRELGLUICLIO—REEZEMELS,

F21H K&

HRREERTBERIVEREBERENIEZT V. £ %IERIYER1ELE
HRE. BAIEOII—REERBLI HEFTATE2EH 1HH2E 1.2,
BERBMD A ZERN T ot T . AETRHEHMBRLNSILEERL, FEM
MM DRYBLERATESDBERENVEOTHS. 24BBMLERRE (hLa—

LDEX)%EMAT=[22,29,31,57,58],

14



¥$31H REHEBEB

RERBRF.F2EF1H$2H 1. 2. 3LABOEBICMATEBMNIZALE—D
BEREEZT 2. BB . F2EH2HMFE 21 52O TlE. B R E CXMD Iz
WTHEZEZROEI . ISLVaVFREICE QK. RENDEBHASUIZQ/REIZ

DWT . FEIFBICE T SPREBE LVQRSER DLW TTF—428B 577,

FA4H 24BMOBER(RLA—DLER)ERABBERLUEE S

RAS—DERDOERTE. DABHFERRBROEEER(RHAILEEELT.
—EDEHTTRAESTILENSHS. SEAORNETHERRDFAEF I CXMD,ERY
—V(RTE:170cm x4 :70cmx FE:156. 5cm)IcTHBESN . TRABBIZLY
FHEFHEEMN22. 5C. F-FHEEES2. 6%ICHREIN-, T-RAEBETRNOE
BIEFRT7 :O0ICEB RSN . FH19:00[CEHHMITE TNz, AT HER AR
ERMHIE. FH9:00-10:00, F#15:00-16:00ICREEATHEY ., COEMIZHK
BEELVEBERZET -

RLE—DBEZERITH1TEMATEY. RLI—FRADYTYMB LU ITUHFRZIAHS
—ZHARXICEBEL. REMINBRZT o=, SHICEF BB ISKRLEI—DEREK
EONTUMIRMESE T24MEIBL-R . SEMER CTRBFLZ. AITEHTEHR

548 .85B8.12-B8. BXUV17-A &LT=,
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RLE—DBEIE. 2F ¥R LRB R DOKRILE—L3—4 —Quick-corderQR-2100 #
FUQR-1300(TVF T LA —TH W) EEALI, BREFEBHET—T hbybT—
T)T24BME. BI10KICEBHELLITK ML, T4 RAK—+T L E 4B (ECHORODE
ITE-170. D99 BF B )R BFL . BEBI—FEHBRAL—IL (T YFEIN, IO T L
I—IRB)BFUVEBET—T (FRUFR7 EBRESBKISHE)ISICHEELS (R
hSvT SMB) THRRICEBSE LB RLEF—EHIS vy rORyyRZRLE—K
RERMLI. FEIE, —BEZEERT. +EBEAREEH~EETIM—XFEE (NA
SAFER) . BIU-1BZS50-6M TEME. +B%5-6 MM T EMSMICEETILR

FEOD2FvoRILELT=,

F5IE LHEEHMEHE
ARARTE.ARBBEBHETHINNT—ARIMNLBREZERL-, DERER
8 L1=T—7 &, HOLTER TAPE DECK QD 200(79F T LA —T X 8)ICTTFALE
#L.a3vEa1—%—Endeavor MT7500/7300(17‘/>9‘4l/’JH%i_t%?i&)l:%mLf:O
DREBEITICIEHSI000(ZVF T LA —TEE)ZFERALEZ. BEEJOv95H50\E.
DEMHANIME (VPO LEDTFEREREL-E. RREABTF—4M5Y3— 1 LE
BI—)IEBRE(ST-FFT ZR)ZRAVT. 10 S BIZEARIMNLOBEHE T o=, T1-.

1B B R X 5 (Low Frequency:LF) [ 0.04-0.15 Hz, & & K B % (High Frequency:HF) (%
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0.15-0.40 Hz &L BB R ZEZMMFL1=,

REREB (X, D% . HFpower. 8L ULFpower ELT=, Ff-. HFELF A S LF/HF %
BRI SIS TBROREEHELIRET -0, DEMH /U (VPC) L UR
MRREREE AL .1 B 24 BME0BAS 6. 6 B5AD 1285, 125 18 B,
BOUIZ 18 ML 0BRDADIZHBEIL. FAEFLDOBMBICAETI2RATEEE R L,
MEBRANBEROGSICEBAEEIIOVTEFAFTNAOBHEICAETI2FEYE

(mean) B LUV R ERE(SDITH HE L1,

% 28 RUIR

F11H CXMD,DEEKRBEBELSLIVEARRE
TARTORERICEVTHZEREIROONGI . BRREITRTOER ..
BEMBRREEBELTNSCXMD2BEDIEM. SHIC1EED CXMD ,ZMA - 3BEITXL
TT2fz. SE AWz CXMD,IE. BEEKICKIEEEICHEBEIHDILDOD. TRTO
CXMDIZENWTERIVAMIYAIEFOEREIUETTHOEBRAR OO, 5
21 BIINOIBO)EBRUVT. RBENHERBORK, EMICLLOISHEE . RES
FUEEMNRBOON-. E® 4 vARICEVTE. ChoDERETLHIZEDHSA . A

BHNDER. ETHOBXGLUVIC.EFOETICHEV. RE. BLUVBHEOERRE
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ENBREBICROON. ERS5-ABNS6 5 BHICHITT. ChODEE KRR IFESIC
ETL. BRTREREHIVE. REARBELLELROONDLSITHT-,

UEDEIIT. ERIVAREIVER 6T AREETT. RRELLICERERDOET
NEOONIN BMRHMER T IR 77 ARELIYETOETIERBELY . N EHK

RE TH#E ¥ St f=[Table 13],

$2IH DLDERRE

1. QK

EERIEBIOSYARETCOQREBEMMOIAEIX. IFEICHLT. ®BR(NO.9)

TRR.ER7ARBSEIUSEEIZ0.70 mV EZSTIZ 0.77 mV 2R L4t 0.40-0.59

mV O THBLI-, REX(NO.10)TIEX.0.19-0.50 mV ORI THRBL. XK=LEH (T

BHongmhotz, INHELEELT.CXMD,(NO.11) TIZ4E %688 T 0.82 mV

AR TBBTIE1.4mV EEBXRLIz, TDH®E0.60-1.39 mV TOHBELY BKTB

ERMAEOHSNT=, CXMD,(NO.12)IZEWVTIE NO.11 ELERBEBBRTHILOD . &

B7EBLIYEBEBXTEIERNEHONT=[Table 14, Fig 3], IHB LY aVF FE(ZHUVT

HL CXMD,EMBRBLVRARELBELT, IFERFKBERERARBOHLNI[Table

1516, Fig 3l 5% 6 v A@MH»5 21 vAWMETE. FAB TR RLEA. IFHICH

WTHBRELIUVUREARELEL.CXMD,D QREBEMIFLLIEBXISERMAZBOHLN
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fz[Table 17, Fig 4], ¥ . MB LY aVF FRITBVTERBRESUIZ, BE X LR
BL.CXMD,D Q REBAIIXFL{IE KA LT-[Table18,19, Fig 4]. REAXIZEBLTIX. Q

BROEXKARIIBOH G, ST,

2. RK

ARSVAMETOIFTEICEIIREDEMIZ. FHARELICER 3 BRS L
U4 B TIXEVMAR IZH7=A, TOREHBRT2.15-2.67 mV. RE R TIE
0.80-1.44 mV, KU CXMD,(NO.11) TIE 1.07-1.78 mV. CXMD,(NO.12) T (&
1.22-167mV THBL. #BRELBRLARBRGESUIT CXMD,(FEMER [CH 1=, I
BEVaVFFBICEVWTLIF B ELEFAHKOERMAR OO T=[Table 20,21,22, Fig 5],
LOLBEAS, WFhLEEFEEHEANN.0~3.0 mV)TDETHo1-, SHIC. £#% 6 v A
UM 21 7 ABICETARKOBMIF. IFBICEVWTHRBRA 1.74~2.56 mV THR
LE=DIZHE L. CXMD,(NO1) TIXE® 1 »ABK.97ARK. 12 7AH . 13 v A #H. 14
A, 16 '75?\7250'(: 1TyARICEREHBEALUTEGY . EDOHMHO A& TIE 1.07~
144 mV LEEHERNTHHILODEIMER AR O ON Tz, Ffz CXMD(NO.12)TIE,
1.05~2.13 mV THYEHEHBERNTHERBLEZ REXICEVLWTE. £® 10 ALY
MEBEELICEEFEEEZ FTEAME 0.30~0.91 mV THFE LIz[Table 23 Fig 6], MH LU

AVFFEECBWTHLIFELRAKDOERMNRBOHONT=[Table 24,25 Fig 6],

19



3. Q/RL

Bk 3 B@RAS 5 vABICEIIEHED QR HIF. IFHICAEVTHER
0.15-0.43. RE KX 0.11-0.57 THo7=A. CXMD,(NO.11) Tl . 0.49-0.98 . CXMD
(NO.12) TIX 0.27-0.71 THBL. B RELEL CXMD, XS E THB TAER N2 H
bfifz[Table 26 Fig 7], IB &LV aVF FHIZHE LT, IFFLABEOEANE DA
Tz[Table 27,28, Fig 7], I EIZH(+5 CXMD, D Q/R k&, £% 6 » BB LLE
5% 21 sABICBEVTELERBRIE 015-029 L—SLTEBTHEBLE-DIZHEEL.
CXMD,(NO.11) (& 0.46-0.88, CXMD,(NO.12) Tl£ 0.27-0.61 &£%2Y . CXMD,[FE L{E L
fREAROONT RERTE. . £% 11 vABRSEV 19 AR THEERL M 1E.
0.10-0.64 THEF L1=[Table 29, Fig8l, ¥MW.H LYW aVF FHBICEVTLIFH LM
BROERAZEDHSNT=[Table 30,31, Fig 8],

4. PRMER

PRAERIZ. #EBX . RERLESVIC CXMDIZEVT. FhEh 0.07~0.09 .
0.06~0.09 #7%5TNIC 0.06~0.10 HTHY . Efi 21 " AW ETO R AAMZEELTE
EHEEM (0.06~0.13 #) THBL1=[Table 32 Fig 9],

5. QRSHM

AR RERGSVIZ CXMD,OTARTOHRARICEWVTEHEFEER(0.05 #)T

HBLE, FHAROFRME I, *E X 0.032-0.045 2. £E X 0.037-0.046 5
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[20.034-0.047 ¥ T&H>1=[Table 33. Fig 9],

F£3EH LDIO—RKE

DIO—RERFER 1 TABIYRBLE. TRTO#/BERICBLVT. KB LITI—
CEOEZRBHEABRLEREMRIEOOALN S, LVEDD £, REICHELLHII
BOTEMERZEZRL.RRAR T T2E% 8 vBHURIE. B A 33.3-37.7 mm.
REX 32.2-40.1 mm7ZESTUIZ CXMD,28.9-37.2 mmTHY. CXMD,(NO.12) [2ELT
%8, AWMEFIC28.9 mm%E.RLUFZUS XIE H B (30.0-40.0 mm) D&M RS
bhigMot=[Table 34, Fig 10], LVEsD IZEWLVTH LVEdD LB DERA AR HSN.
HERXERERGZSUIZCXMDICEVNWTE®Z 8 yAMUBOEAEIX. FhFh
21.0-24.7 mm,21.0-27.2 mm. B &LV 18.6-26.9 mmTHY.CXMD,(NO.11) D 4E#
16 7AEICHEITS 269 mm,. BIUREROER 137ARICHE TS 27.2 mmlls T
EHEHER(18.0-26.0 mm)Z &R THEFRHONLEM>T=[Table 34, Fig 10],
IVsD (£, &% 8 AR U TIERERX 59-85 mm, REX 5.0-9.07.28mm. BLU
CXMD,5.0-10.7 mmT#&Ho71=[Table 35, Fig 11], LVPwD [&. st X 5.3-6.8 mm,
REX 4.2-7.9 mmiES5TIZ CXMD 4.2-6.4 mmT#Hof=[Table 35, Fig 11],

FS F. 0 BRX.BERXRLZLUIZ CXMD, TEFLFh 321-446 % . RERX

28.6-40.0 %, CXMD,26.8-43.0 % THY . EE B A (25.0-45.0 %) THo1=[Table
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36 Fig 12],

UEDRRIYVAREIZEHHASAZCXMD ,BLUBRERIZCEVNT. &A% 21 » AR OB

RTEDII—RELLOHEBETZRIAREEIROOA LIS,

FA4H LDHEDERFTOLR

1. DA%

5% 55ABICEOTIE, B A28 (NO.13. NO.14) B KU CXMD,1 58 (NO.16) & f#

AL.BZT o= DAL, B RECXMD ,ZHEL-ECAH . 0BENAS6 BT, Fh

Fh 98.99+6.79 E/H.HELV 1354 B /5.6 M 12 B TENLEFN 129.46+0.38

B/9.B&T 14042 /5 .12 BHDS 18 BB TEFNF N 129.18+3.47 B/ 4. B &LV

12452 A/ . SHIZ 18NS 0B T. ENEH 101.98£9.73 @E/H. H KU 140 [E/

S T#H-o1=[Table 37. Fig 131,

% 8 yABMICBLTIERNEBA 1 BE(N0.9) . RE X188 (NO.10) H KU CXMD,3 B8

(NO.11.NO.12. NO.1B) [CDWWTHRINZERL-. TOHER 3 BRHICHTH 0L BRI,

FRNEFNRLOBAMAS6BETT551 B/4.78.25 B/ HH L1V 8267x7.16 E/HTHY.6

BEAD 12 B TFAEFN 106.14 Bl/%.10.9.49 Bl /S5 101.51£6.56 B /4. &

SIZ12 B 18BICBLTIE. #FhFh 98.37 @/%.90.68 El/H.H LV 106.27+

1063 @/%.&5I12 18 BHD 0 BETIX. FhFh 8631 [A/4.83.16 B/ HLU
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92.89+8.23 [/ T&H>1=[Table 37 Fig 13],

ER1Z7ARICEVTHL. AR Sy ABERBOBRRREAVTRLA—DEROE
MERTELI-. SERAICEH2 0. HBR . BERASTIT CXMD,IZHT,

OB ADB6ETENEN63.9 E/4.68.34 E/HEHEV79.66+10.06 [E/4.6EHMD
12EBTENEN 89.32 E/%.92.84 B/ S5, 97.77+15.42 B /5 ThHY.
BN I8HTIE. ERENT79.72 @/4.85.41 E/HH KLU 102.02+11.82 E/% .
SHIC18 ML 0 B TIX. ThEh 72.09 E/%.75.46 B/ S H LU

83.77+10.08 [B/% T&H>71=[Tabled7, Fig 13],

ER1U7T7ABMICENTIE, MEBX 15 (N0.9). fRE X 2 88 (NO.10, NO.15) . CXMD,
3BR(NO.11.NO.12. NO17) DEtHI6EEE AUV THRMEEML-. TOHKE. L IAKI(E.
OFAMDL 6B TENTAN 59.6 /% .70.87£1.16 E/HH LU 63.49+7.17 E/H TH
Y. BAD 12 BTIEENEN 77.2 B/%.92.59+2.09 E/5 5T, 90.25+8.89
Bl/7 . F- 12BN 18 HTIEENEN 69.74 E/5.92.13 @/ ELUV
79.99+7.38 El/% . EHIC 18 BAS 0 B TIXZENZEh 63.85 E/4.79.07 B/ A&
W 69.27x534 B/ D THo. FEABMBIVBHHEFTICE T2 0EHE. ABR. R

RKELBL CXMDIZE LT . EBMTEERMAEBHSNT-[Table 37, Fig 13],
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2. HF power

£% 57 ABICEIFHHF power (&, A EBRE CXMD ZHEThIE. 0 B AD 6 B T
[FENEN 471.52+£34.22 msec’H LU 381.15 msec’. 6 A DS 12 B TIXEFAE N
213.21£34.25 msec’HB XU 361.1 msec’, Ff= 12 BAS 18 B TIXEAEF N 179.9+
21.60 msec’ZZHUNC 492.63 msec’. EHIC 18 BMD 0 B TIXEFNEF N 437.4+89.17
msec’'HS LU 362.35 msec'THY . B RABMERHICEL BPEMEERTDICH
BL.CXMD,[Z 1 BZBLTEETHB T IERARBOHONI=[Table 38, Fig 14 ],

AR8YARICETARBR, RERLZSUIZ CXMD,M HF power (£, 0 B A S 6 BF
T.ENEh 527.83 msec’HB KU 435.28 msec’, 485.55+68.14 msec’ THY .6 BMD 12
B TIXENEh 265.7 msec’, 209.94 msec 75 UNIZ 414.12+63.86 msec' THY ., £1= 12
FFMD 18 B TIEZEN TN 214.66 msec’, 232.93 msec’H LU 412.54+76.82 msec'E ik
Lfz. SHIZ 18 B mD 0 BF TIXEN £ 369.8 msec’, 352.57 msec’HB LU
444976713 msec’TH 2= B RABIVREA RN 18BALORKLLUNICTOHNS 6
ﬁ@ﬁaﬂiﬁﬂﬁllﬁﬁﬁfés FEORMNS 12K 128BAL 18HOBARTHICEERZ
RLEDIZHBL,.CXMD,RTIX. 6 BAD 12BELV 12BAS 18BOBESTEE
TERMNEBHONT[Table 38, Fig 14],

E®127ARICHEITARBR REXGSVICCXMD,IZEH TS HF power (&, 0 B H

56 BTIZFNF N 640.05 msec?, 565.98 msec’, B KXV 448.46+10.01msec’ZE R L.
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6 E MG 12 B TIXEN T 363.16 msec’, 382.36 msec?’T> 1A= 386.28+35.79

msec’, ¥z 12 B 5 18 BF TIZEF N EF N 370.71 msec’. 365.98 msec'dS LU 382.29+
59.32 msec’. THIT 18 BAD 0 B TIXEFNEN 550.91 msec’. 505.38 msec'& LU
447.38+19.88 msec’D{EZ R~ L7z[Table 38 Fig 14 ],

E® 17T 7REHICEHITHHFpower (X, HEBR . RERXRESUIT CXMD,T 0 BEAD 6 B
TENEN 646.44 msec’, 604.93+98.52 msec’, 460.22+63.83 msec’B LU 6 B A D
12 B TIXENE N 444.59 msec’, 400.93+27.30 msec’. 403.16+30.30 msec?, 1= 12
Frvo 18 B TIEENEN 529.95 msec’, 501.46+71.34 msec'HB LU 413.22+63.74
msec’THY ., 18 MDD 0 BFTIEENEF N 654.92 msec’, 599.93+109.51 msec’B LU
439.81£60.17 msec’TdH>7=[Table 38, Fig 14]. 5% 12 v A®MBLIUV 17 vBRIZH
WTIEE.HBRELVRERICETSHF power (BB AT THD 6 MDD 12
Fr 120D 1B TARLGETAROHONDIDICLEL,. CXMD, TIXAELE TIXR
HonT—BHEELTHF powerDZEEEBOFE L NEBHONT-,

3. LF/HF

%5 ABICEITH LF/HF (. B REKIU CXMDITHE LT 0 NS 6 BETEL
Fh 45241289 %.47.8 %. 6 NS 12 TIEENEN 676403 %. 42.7 %,
12EMS 18 TIEEFNFN 694572 %.32.8 %, 18 AL 0 B TIEEAEFL

445+4.03 %. 409 B THOF=. ABRXAENS 12BHIV 12 A S 18 B OB
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HFCLFITADICHEL.CXMD, TIE—BZBLTEHMN/INEHh>1=[Table 39, Fig
18]

EREVYARMICEVT. MBX RERAZSUIZCXMD,IZHITS LF/HF (X, 0B A5 6
BTENRETN 412 %.46.2 %, HEXV 90.5+20.43 %.6 BHD 12 BTEEFAEFL
62.6 %.74.8 %75 TNIZ, 64.330/50 % THY. . 12BH5 18 TIXENEN 58.2 %.
59.9 %.H KXV 57.8+34.66 %.IHIZ 18 BFEAD 0 BFTIEEN TN 45.0 %, 48.6 %,
B 80.4+25.6 % TdHor=[Table 39, Fig 15],

% 27ARICEVTIX. HBXRX . FRAXGESUIZCXMD,T.0 BN 6 FAETLE
534 %.54.7 %HE KV 110.10£29.90 %.6 BEAMS 12 BFTIEZNAEh 500 %.
49.2 %H KU 79.2+25.90 %THY.12 BM5 18 FFTIEENEN 439 %.35.7 %&H
FU71.4£29.45 % ESSICT18 ML 0B TIEETNEN 403 %, 36.2 %ALUIZ,
107.1+£27.36 % T -o1=[Table 39 Fig 15],

S%177A@BICHETHARBR, FERXGSUIC CXMD,D LF/HF (X, 0 BfM5 6 BT
FNREN 805 %, 71.7£19.65 %AESTUIT, 113.7£16.39 %. 6 BEMi5 12 ﬂ%'@li%hf
N56.9 %.555+2.54 %P LU 746+£19.74 %, 12EAHL 18 B TIEZENTH 39.3 %,
39.6+0.77 %HELU61.0+£18.14 % THY. SHIC1IBFRALOBFTEXIENEN 473 %,
46.6+0.42 %H LU 98.7£27.35 % THo1=[Table 39 Fig 15], ER 12 yAWE LV

17T BRBIZEFARBRESVICEERICEVT.LF/HFOEHEBEX—BZEL TS
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LMEE 2B 1= CXMDICEBWVWTIE. £ % 558 KY—BLTLF/HF (X 6 B D 12 BF
BLU12BAL 18ROBHMTECTETIAMERAEDON. . £% 8 AR, 127 A K.
177A®ICEVWTEDEM XEE THo1=,

4, TERHY

A% 5 yABTORMEBMRGSTICODESEHNRBE (VPC)DHBEHK (. B X
NO.13,NO.14 ELU CXMD IZHEWNT. BBARKTHMETENA T 847 E/3 H.

1251 E/3 BH XV 1291 BE/3 BH.FHAKEHETEENETH 287 E/3 B,

449 E/3 BHE KLY 1589 [E/3 B TH-Tz. VPCIZTBEWLWTIEEREA, HBX NO.14 T
HITHMBCT B/3 B.CXMDIZEVLWTIERATHME®FICT BE/3 BOATHo1=
[Table 40],

%8 ABTIE. HBR . FEX.CXMD,(NO.11,NO.12, NO.16) ITDWVTEM L=,
AMEROERH IR TEHEMFTTEAETL 412 @/3 5,418 E/3B.125H/3 B,
170 El/3 BAELUIZ 145 E/3 BTHY. EHLIKMBMF TIEERLEN 79E/3 B,

112 @/3B.10 E/3 8.24 @/3 BEXVU 13 @/3 BTH>’=. VPC HERHM TIEHE
EMN.RTBHMEAFTTERLENT E/38.230 E/38 ~784l E/38.1 B/3BELU
3101 E/3 B.HHEFCEEAETL 0 E/3B.73 E/38.499 /3 8.

0 @/3BH&U2832 @/3B. —EN. RITBMFTENRLENL O BE/3 8,

36 @/38.135 E/3 8.0 @/3B&H&V 1041 [E/3 B HTHMTFTTEENAETL
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0 @/3H.14 E/3B.161 E/3 8.0 E/3B&&LU 536 H/3 BTHot=, IHIT=

BLULEE RAKHEMBFTCEAEFNLOEB/3B. 47 @/38.199 E/3 8.0 @/3 B8

FU 1413 El/3 B, HTHME TEEAENO0 @/3 8.26 E/3H.211 B/3 8.1

Bl/3 BE KU 548 [E/3 B TéH-o1=[Table 40],

ER127ABICBVTH Sy AREABOBRAREAVTEBL:, #BX . REX

IEH T CXMD,(NO.11 . NO.12, NO.16) IZHE WL T. RS EIR D H 8 B £ 1%, A LT

HCTETNETN 115 B/38.239 E/38.24 @/38.157 @/38BE&LUV145@/3 8.

HITHMBF CTEENREFN 18 B/3 8. 23 @/38.0 @/3 .19 @/3 BE&V

13 B/3 BTH-o1=. VPCIZBWLWTIXE RN, ANBMETEEAETA 0 B/3 8.

3E/3B.713 E/3 BHLU 3101 E/3 B, HITHBETIIFAFA2 @/3 8.

5 E/38.3 E/38.39 E/38BH8&L02832 EB/38. —ENAAMTBHEETCIIFAF

noE/38.1 E/3H.0 B/3H.21 EI/3HLELUIZ1041E/3 B . HTERET

FFENhFh o0 EH/3B.0E/3B.0EB/38.3 B/3BH&LV536 BE/38. 5=

EULE. ATEBESTEALENOMERE/3IBE.0E@/38.0 E@/3H.23 @/3 B&

U1413 B/3 B . ETEBMETEEFENALEFNOME/3B.2 @/38.0 @/38.9 H/3

HEHE &KUY 548 [Bl/3 B THo1=[Table 41],

%17 BRI BR. £FE X (NO.10, NO.15), CXMD,(NO.11,NO.12. NO.17) %

AOVDTEBLE, AIHEROERERIE. SUTRHETFTHRERXAS B/38. RAR
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MD>% NO.10 (X 366 [E/3 H.NO.15 (X 473 [@/3 H.CXMD,M>% NO.11 (&

40 [E/3 B.NO.12 (X 101 E/3 H.NO.17 (X 90 [E/3 B . H{THM®B TIEEAEFN
O ®m/3H.57 E/3H.97 @/38H.0 @/38.1 B/3B&LUV2 E/3 B TH1=.
VPCIZEWTIHKRMTHMEHF THOEREE. Thth2 B/38.119 E/3 8.2 E/3 .
6[E/38.3 B/3B&HEKLV36 E/3H . HTKM®HTIEZENENO @/38.14 E/3
H.3E/3B.1 E/3B.4 B/38&&U76 B/38. ZE(F. RTHMTFTIEETA
£hoE/3H.28 E/3B.0[E/38.0 E/38.0 @/3B&HKV9 E/38.HLT
K& CTEEREN0 B/3A.0E/38.1 @/38.0 B/3H.0 E/3 BELV
29 BE/3 HTH 1=, SHICRIATFHMFICETEI=ZEULOHRIE. EhEh
0E/3B.19 E/38.0 E/3B.0E/38.1 B/3BHELVT7 E/3 8. HITHME
HwTIEENZEHh o @/3H.3 EB/3H.1 E/3H.0 BI/3B&HKLV 35 B/3 HTH-
o BtRIZRBLEZ=ZBRAICOVTOHADHERTHAHAHLD D, CXMD [T B R EEEKL

TVPCOHIBEMAZ MER AR OO T[Table 41],

F3IEH NE
FE2ETIE CXMDIZEWVWT. £& 5 AR TICICEBRERBLULER LOREE
AFICQEIRIBEDOEK)ZETAENREDOON:-, TLTEIETIE. ChoDERDH

ERHMELURBICOVNTRATICLZENELTE2RESVISOICEHHM DDA
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DEALZRDICREZT o>l F-. 24 BEALEHRE (RLI—LERBEE)EMR

TR %17T-1-[29,31,57,58],

TDMER CXMDITEFTABRRERIEERELSLIVRRIIERICZLDERBEEH

2PDD.E%® 3 rABKIYROON . ERE6VARFETRRICETTHIENER SN

L, DERREBICBVWTHAR7EASH LY. I.I. BEUPaVFFEIZCHET.,. QRIRME

DERVBOHONT= LALLGALG DII—RETEH. ER 21 ARKICE>THILHAE

BETESIUOREEHNREFRREIZBOONT  EBHNRBICRIFICHEB T OISR

SNz RLEA—DEEICEAILHEEDREFT OB R T, CXMD IR B RELEBELTD

HBE-—BLTERBESNALARIC. TEBROERYN S MEAMICHAHEAHER

Sht-, Ff-. CXMD, TIHBEI X R AR DIEE THHHF power DBREEA/NES 5

X BRARR RO SN EIEECTHALF/HFIE. BPIZE FLERMBICERTAER LY

Y. ORI TICERAMBEREICODTIERLEARTEENERLTVLIIEATRES

Nz FERICEVTR. HBREFERBROERZEL. CORMOERMEMAEIC

DWTHELGELLFERBSAGE, o,
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% 4 & Canine X-Linked Muscular Dystrophy in Japan

(CXMD)IZH 15 CARTO VAT AIZKADEREEEHRA DR

F2EDHEERENS.DMD OETILEMELTHER LIz CXMD,IZHELNTH. GRMDEE
BROBEKBIEGLOVICLERREZETHAIENALI LGz, LALEHNS
CXMDIZEWVWT. ChoDHBBHESULICEORBMNELICOVTOFMITIAEBEIN
TLWEWHFISOMD ISHSLHEREFLLEREELOBRZMACEE. FRITET
%5 DMD DEZMBLVERICBOTEETHILEAON-CENL,. BEIFEZERLS:
R CXMDICEBITAINOEEBESIVQAQEDREEZHBELELLEREEORR
FASBBAIN. SOOI 24BMLBERBREICL>TLEHMICEH TS CXMD, D il 5
REREO—MABBAIIT,

ZNFETDMD KU GRMD [TEVWTEHONALBERRERX. LI2—LDOEES

ouji

RIC—BIILHRECICERIIEBNNOBETARETHALDRHRABES
nTWLA[39,4041], LALGEALSEDOM#E TIEX.CXMD, ZHICLBEREENRHL
N30/l LDIO—LEEZRHD éXMDJIi%ZEE*é‘&bT{» 1B DHTH=.
NoDHEBENISEZ.CXMDICEDONILEREERILDHFRHELLICERTHI0T
FHEMOREICEYRERLTVWSAREMEELEZAON . ECTHEL4ETEH. COLER

EXOREEMHETSEMNT CARTO YATLZAVEEREEBZMNRFZITOERA
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FICR—XORERUZREL. FEABENREET o1,

F1f HAXGOSUITHE

F 1R #3

i

X

ARSI BIRA AR A REEZBRDIYR(PEERIYHARESR)TE
E.ABSNTLWAEER (B RETSH)3BE.CXMD 4 BEEEH 7TBEEFEALI-. ZDS
Ex R 151 (NO.9) . KU CXMD,2 I (NO.11.NO.12) [$&E# 21 v A THY. &Y
DOXBX 2 Hl(NO.18. NO19)EENENER 5 Y AMBIUER 9 v A, SIS
CXMD,2 5 (NO.20 . NO.21)[FE®R S ¥ ABMBLUVER I YARTHY. ThETLREK
R TH-o1z[Table 42],

EE. . FEHESYMNREIZBLTIE. CXMD,NO.6, NO.8 FLU NO.17 [TDWLVTHE

mbf:o

¥ 21 CXMD, DEKRMEDOHRE

1. BRBBRSIUVSBRE

TRTOBHAREEIE. E1H.F2H1. 2. 3EABENDHEEAVTRMEL =,
CXMD,B&UMBRICEVTIE. BEZ LLMET XERMSNEMN >z, CXMD,(NO.20,

NIFFNFNE R YARIVETHOERSLIVEELRBOONT-, HICTNO21T
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X ERSYAMKIYAIBEH OERLLUVICSHRORENRBOON . £% 6 vAH LY

RBEZEL1=,

2. LERRBRE

% 545880 CXMD,(NO.20)TIX. IFEICHITHQK (L. 0.68 mV EZRL.

CXMD, ) Q KB DIRIEFEZTERNBOHONS, FLMALUIC aVF FRITEL

THREBOMENRBOHON-. £EH® 9 AR D CXMD,(NO.21)IZHITHQREBALIE.

-046 mVEZRL.IB LY aVF FREICEVWTLE XK IHER AR DO =[Table 43],

RIEEBAIIX, T55EITHLVT CXMD,(NO.20) TlE,-1.19 mV THY.CXMD,(NO.21)

TlE-188mV THY. EEHERTH T, SHICMASLIZaVF FEICEWVTHE KIS

EEHBEROREETHo1=[Table 43],

Q/R Hl%. CXMD,(NO.20) TlZ 0.59 &BE <. I, aVF FEICTHELVTH CXMD I HF LA

mMARHOLNT-, Ff- CXMD,(NO.21)IZHI1T5H Q/R (F 0.25 THY . HWELZ Q/RHED

wXEEHLSNEM>T=[Table 43],

E5[2 CXMD,(NO.2N) 2BV TIE, SIEARBHONT-T-6H . NO.20 XU NO.21 [2D»

TISKEMMDBEEREML.S/R LEFHLZ. TOMHRS/R LIF. IFRICENT

CXMD, (NO.20) Tl% 0.14 THY.NO.21 TIX 0.31 THot=, MASUIZ aVF FHIHT

A S/R HIZ.NO.20 Tl 0.23 LU 0.12, NO.21 TIE 0.39 &LV 0.38 THY NO.21 T
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FOIFELRERERNBHSNT=[Table 43],

PR (&. CXMD,(NO.20) TI& 0.072 #. CXMD,(NO.21) Tl 0.079 ¥ THY. L

ThLEEHBERNTHoI=[Table 43],

QRSH;fE I&. CXMD,(NO.20) TI1%0.035 #'.CXMD,(NO.21) TI£0.033 ¥ THY. IE

BEHERNTH-o=[Table 43],

3. LIO—8BE

£ %558 THS CXMD,(NO.20)[ZF+5 LVEdD (£ 27.4 mm, NO.21 TIX 30.2 mm

T#H->1=, LVEsD (& NO.20 TlE 18.4 mm. NO.21 TlX 20.5 mm T#H>71=, FS [X NO.20 T

(% 33.4 %, NO.21 TIX 31.6 % THYWTHLEESETERN TH-o1=[Table 43 ],

%31 CARTO YATLBXIUVEEHE A

4 EBELVf- CARTO Y RAFL&l. Electro—anatomical YYEV T EZFZE L. DEAD

ERNFREHMIEFALT/RONANAT—TILEBOMNERSR (BRHFNHER) ZEF

[CaAVEa—4—NEBFEILICES T LBOIEERE)TZLEALICHETHIEN

TEBVARATLATHD. THEHLL. BEAKEBEOHREOTRICIEOHBSRELEREEZR

BL.ENFNOEBHIOMBUBMIBERESEAILICKIY DERICEAShEZAT

—FILABOBEt Y —PNEAThOBMBOEREEZRANT L. BRALL-HEBOIR

BEAs=E@@EAEIND CORBEAVTLBORNEBZRHSE. B<ORERXLET
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ALEICKYZERABRESA . LBOIAER,SEESND, IVE1—8—DFT1RT

LAEDBRIEVHALGIAENSLERICRIZENTELIEND, ERTHADHEMED

BOMEEZIERETIENTARLGREIRATLTH S,

CARTO YATLTHEHIDDI VT #ERTHENTEZ . ESNWBENDGEBRRE

RENDRVGHAMIOF B -E-BR - F-H-ROETHESINALRBROIEE

BLEICRRTABTIFAR—=L30ey T SOl HREGCBOBRFEFEOHEICT

RRTATAONT =230y ZTLTHRENLGLHEEZEENOLE L TR RT SR

WT—2IvTTHA[27],

ERAEICEX.DEREMEZBRANTAIIVEVITERAT—TIL(FEREZ—R)E A

W RYEV T ERAT—TIVICEEB L Y —NEDRAFATEY . LEREANGDT

YEVTRAVEDIERIECARTO VAT ALAMNAVTS749 AW . D—HORFT—3,

CARTO A=whk . O45—2avXyR)IZ&>TRYRAH . BT ETS5LREEICENE IR

EREBEL. TORBICEVTEE IV T (TIFR—2avvvd RLT—OIvTH

foFansy—avey ) EERLE,
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% 418 CARTO VRTLBIFEX

BERIE. TS E/NL (01 mg/ke) BEUIEEBE S B3> (5.0 mg/kg) D&% Bk A %
SCEVRBEAR . SERELAVILSURB THEL:, EABBRRZICTHEY
. EHB-BIREZBELIZ, DLVTERIZTFr BLUBFr O —REAPOTF21—H—%
BELYRIREZERL . RODICIVEVITRAT—TILEEEHIRICEALELE
FTHESEER.LERNOEHEOBMZANELZ. RO TEEBRICTVEL ST
AT—TLEBAL.AHEOAETELDERNEMZRELZ, B E (L 64-108 B AT D&

BETERBEL,

¥5H REMBENBRERE

FERASNEIRTORRAR T EBRTERAVILSVRAMBERB TT.RER
EiTol. TR ECONICLDEBZEZHBELT. ARMBREZT LR DBHRZT ISR
WIYVICTERLEEL:. RERABFHRERIAILNF D) -IF DR E (HER
B)ELUICTYYY M IO—LEE (MTRE)ZERL. DHEBEZAFZEMBLA

}L—Gﬁg L/T:o
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E28 R T

F1H XNBRXBELIUCXMDIZHITBCARTOVATLERTYTD
L&

1. RLT7—U<vT

TRTOEARICEVWT. RALT—OI9T (15 mV U ETHY., RTOEEE XK
ESNTLVEVLDDEMIBHFAIEEHEALO1S mV)—HTHIENRB DL T[Fig
161,

2. TUOFR—3ovyr

5% 5 TAMBIUVER I YABORNBRTE. DEFRICBEVTHRELGLUIZHE
BOTYINRANCHEIN LEREGEHFERLLT. REOHABMAXLEPRRT
HHIEN RSNz, —H CXMD,TR. RAICELEEHELEENFEIZENT
FEGLVICEBEBOIYTINEINIIEND CXMDIZEVNTIF,. HBRTROHOoNT
DEPRHBETEIE.ELEEBABLEENORENRIBECAELSIENERESH
t=[Fig 17]. £ &% 21 AR ICBVTHBRTRERSYAMBEIU9YA ﬁ%tlﬂﬁ
DEECEHFINBOHONEDOICHL.CXMD, TRELERZO—HIUTICHEKZE
DIVvTHHEIN . ELEORECEABICAVTREDEERUNFEIT HEN

BHon ER1ELUROERBFLERGEIVvT A EH ShTz[Fig 18],
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3. FanyF—saveys

ERS7TARBIUVER 9 yARTE. HBRIZBLT. LEPRBICSNORE N
ECRRICLDERR T ANCELEFLTEDEALEBLTLKEFNAER IO
[SHL.CXMDICEVWTRELEEHBUOEERHEOREARNICEL. COE
MoRRICLDERNREIVLRBAR. FLTELELEICERBLTUOKEFARRS
nr1=[Fig 1920 21 22], F-4 % 21 v A TIE. B R ELEL CXMD, 2B TIXE L
EARO-—MT.ERNREGEEEREERO. LHALELAS, BERB A

COBREGEBHRAICOVTHMZRETIICIXESLNS-[Fig 23],

F2IH CXMDICETHREBEMHBFENREMR

5% 15 7ARETO CXMDIZEWVWT. 1 BIZRUVWVTEALHOLHMIZE SR
RIEBOONGEN Iz, EEZE Dz NO.16 TIRE.BEHLEELZICHABHEIDHS
N EVRRASIUERRBLEENELTHEY. . BICSLHOPRBMHE (DR IZES
TEERMERELEILECTLIEEIRHONT:,

5% 15 7AEHLURO CXMDIZEVWTR . RENEEEICEHREIZDHHLONE
BICEVWTEALHOERRENROON . EXHREDSFIX. MORICHEBMEIC
BOON. SHITLDHFORB(LARER) YL FBEIUNBICELCELTLSHER

NEHSNT=[Table 44], THICEVWTELRFRICHBTCEEETHLIDICHL. FBH &
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UNECRIEFHRES. . EHES3 N MRS R RARKICLZBRIZEALD
EFTHRATHO . FIT.EHR 21 A O CXMD,(NO.1) TIEMT 2B TERIZLES
RELCARNLCEEICROON. BELHOBRMEILEBEE Tho1-

(Fig24]. F AR 21 v AR ORBAR BV THEMABRELEMLIZLIA,
CXMD LEHRICEIALHDEMEMNB OO, LALENSZDE M OWKR (LHF#
ERCIOIFBRESIVNERBEOBRHEHER THY. CXMD IZBIFTEFhLYET
AR TH . BEIPARREBLUARICENT CXMD  ERABEDERAMNZEDHONT:
[Table 45],

HBRLDHHER (TLF IR CSVTR. . REMEBZNREEERLZER 5 &
AE-4£% 39 ¥ AMETO CXMD, TIX LA ICEMBELR D TLFUIRHDOE
HE.EHAXRICIVEECHEOREEIACEHERER. SSICTLF IR
REELICEDILDETHR R TH=[Fig 25], RERITBEVTIEX. HHLHOEHE IR
HonGh ot F-REHBFNREEERL-ABRICEVTRERR IR HS

high-ot=,
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FEI3HE /N FE

FAETIE 1 BIZBRTRTO CXMDIZBVTRHoNELEREE (B I-QKE
BOBK)OKEICOVTEAL. EREB¥MRMASHRFTE/T o1z, CARTOV R
TLICEOBTOBR . HBRE CXMD, TRLUEREGEHXICBLVTELRDERAM
BOONIZ. THRHLL . ER S5 ARBLV I ARBICELNTIER. BRTELOER (B
ENMBRFR)RHBICELLODERECERAMEASOA, CTHhIZRH L. CXMD,TIED
EREQRLEPRHICHBET . E0EEBBLOEERMEICHEY. DERREA
AICEELTIKEDREGEHRI AR IN . £ .CXMDICEVWTHEMAKEN
REL BELHORERIRBOONT . HELHOEROANBOHONz, ChbDT
EMD.CXMDIXBE B LHDEMNBOLLGLELRNBREELGIVDEREGEHKL2Z
ETHEMICHIENBELNERY  CXMDIZE TR L EREGEHEXNLDEDEE
ERIOADEENHIZEATE SN, —F . £E&R217A8ICE TS CXMD,TIE. i
EORECBICEERUZREN 100 TORECERXICBALTEITHTH 1=,
FTOREIOVTIE. SoBRFTILERHIN. ChETOREMBEWRENHES
%‘iébﬁmiﬁrbﬁ%xs;liﬁiéktt\ﬁﬁwﬁﬁﬁ&%)b%ﬁl:%ﬂt%ﬂetu::ba)

EHRINT,
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¥5F KRERIUEE

EFDTFALIVRBHOAMOT—(DMD) B EICEH2BLELLMEIX. chE
TRTFRBEETICIITERTENAERLECTIBBTHo-N EEFTTREE
BEMOESICEYFRFTLIYELA DMD IZERTALGEICEETALFRLTH
BESNTVD . EDEXRMLERODHETCHAICENOD R R TIEDABAT
THAN AR DT ECFREE (CH T HMF R 2 A B|ALEEDE (Quality of life) Dk
EGOUICEREICEVTESLTLSDICHL. DHEEZH >BEEICHLTIE. &
HMOESGNFEOATVELDONRERKTHSH[20,32], RIETHEZDERSFICHELT
BEBREARELGENMARSIN. ChETRANT AL TUEERICHLT, X
EHRREHIT TS, DMDIZENTH, BAMARZEZIC. BEEFEARELLU
BEBHEAR.COICEMARORARNMHFEINTLS, ChoDABEMRITENT
[X.DMDD B BEMATHELBLUITHTHLL DMD ARICEHTIETILEHOD
BANBHOTEETHHESNTINS[8,52,53], CNET mdx YIREBLUT— LT -
l/I\'J—1(~X5§ﬁ‘fiﬂ'§;’°)ll~ﬂ74—(GRMD)@Ef)‘-"&i"}bﬁ%tL‘Cﬁﬁ%~ FMAZIIhT
Z1-M. & @ 3t R &L1= Canine X-Linked Muscular Dystrophy in Japan (CXMD,) (& & #
DEEFEREF L. SRICEIARFRUSVICHBTEEROHRANSCETILEYE

LTEEBIZERTHEIEEZEAONTVA UL EDIEND CXMDIZEITALBERETD
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RENRASNLIILIE. DMDDA LT RN ICMEBK A FIcS T35 00T
(—ZETEDVOLH . BRICBVTERELBBAER-TEEZIOND, KAFEDE
B[E CXMD DB EERBAT I LIH AN BICChETHOATOANVHEEROE
RO KICHSTELLT AU BEDREEREEEBYMICBERTICEEERS -,
ERMLURRBNICERBBREIVLOBEOELERAS-OICEF. #RRICHLER
EARGAEZEAVTLHEREICOVTRHATILENAHEICLLS. TTHEY
BEOEBELABICLERRESLVLDIO-—RELZERLTLEABORBREBEERA1-.,

1. BRERSEICETIER

R EIRE. F2EREE THIE RS ARICERVTI CICRAEFNER.ES.
SHICHEZED GRMD [ZREHABBRNEHON £% 5y AR TOZO#IEL.
GRMD [ZB§9 % Valentine[33,35,52,53,54]15 D& L—HL TV =2 EM S, CXMD, A
DMD DFERBICELI-ETILTHAZENER SN, FCT.ESCERBISOTF
—ARKEBEIVBHINLETHILE DN DT FIETHHEBIV-RIERE
ERMBLIE. TORR. ER 3 YABRBEIYBRZRHILONABEHOER. TTH
DEX.EF.HANERKELZED GRMD (CHHHNLTBENRBOOI-. TOER. . EKE
DELVE®R 6 YARMET.CAONHBBROEELERALNRBOOAN . £% 7 1A H
Mo 8 YyABBIRICIKZFEZF-—EDOREBTEREL. ENULOEFTEIROoNTIZ/IE

KETHBL-, CXMD, XDEREBEMNELCHEHRIL. Valentine 5D GRMD D&
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[(52]ICEEICEHELELTHY., é%l:DMDE%(:ﬁHé%ﬁfﬁﬁ%ttﬁ{uL,'cm‘:a

Valentine 5[ O GRMD S &K UE—4 L3 # 2k 2/N % @) GRMD THEIZBLTIE,

GRMD tHBLTEHRBBEINBETHAILRELTLIN, ZHFEIZSNTIL. B8 BR B

BEORBERMSIVEEEICHLTE. OLAERECRETABENASNEEZD

N COBEBAZEEIHILOD0. REMICOAMEENLETESL. RELK T &

F—EDRETHFINIERALSBOON, SDIZ. BKEICHENE LD CXMD, 1% B8

RBEURICHLTIRRG -BIe TERZEnBER ST,

2, DEHRE QEEECERN)BLIVULDII-—FRICEHTIER

DEROMCELTE, £&3BMLYBMKL. BMLBFETS5 BN TER

STAMICELETIH. TRTOBBICEVTTF—2OBITET o1, TOHEE CXMD,

DI, MELUIC aVF FHRIZEVT.QRREOBEELEANE R 7EAB LIYR DL

L. ER2EBETE.BEHMCHEIIFBROLTHEOELELABY. LEDLE S KD

BAGE . ERGRDOLERLFRUIMANBOASIEEATNS[E8], SED

CXMDIZEFA LD ERDEEMENQRIRIENE R THACE. T-FDOHE A LR T

BETHHASELECENS. Q RIREOEXKEBRBICEHINTHENZEIERT

AEUETRHENEEZSN, CXMD ICEVTIE. EERBBEABEELAIURIS . (HE

CREZRELTVWAIENHBALE, F-. DIa—REICEALTIZ. GRMD TIXE D

EEHERSIULAR. SOHICHBERICETI2BESHEABERLIVYEDON . FSO
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ETABRBINSGEMESN TIVA[33,4552,53], LALEASEAER CIE. DREIZE
5% 21 TAROR R THEENAREEROoT . DEROSESFEE. 14
(NO.T)DAICEBBEN=. COBIICEVTR. ELDEMABGO—HISESHE
NREOHONIZLDD . FSOBETRBOOILLA S, SSICHLOESLVDLEDFEO D
II—RBRELCEVTHL.LHOBHENFTY —AEREROHLNEA ST, Ll EDOFEA
bEAT.ER217ABETO CXMDIZEWNTIX. ChETHORELRAYDHDTI—IC
BIAREMRIZFLAEROONT  DHBELRIFICEBEINIEMNHBELL,
Bosser LIZ.DMDIZEVWTLERLORE X . L OBHPLIVBHOLNEZLOD,
DIT—REICETILHBES. BANTLHEONBRELZRHIEEICLEFY,
FSOETEIMNYBEDERICERKFLTVWIERAR LT JYBHICOBERES
RADNFGA—B—DHEEEIT>TL B[14], 1= Chetboul 51, GRMDIZHEITHEH D
DA EEFICDOLNTIREIL., Tissue Doppler Index(TDD) TIXBE LD II—RE LR ¥R
REZOGVERH (£% 2511 AR ICAVTH. D BEBENBHINILBAT
1V 5([55,56], — A . ROILRE DEHE (DCM) IZEFADIa—FRIZELT, D #EE
Bﬁ%’&%}:d‘uﬁﬁﬂi:b%Zfﬁﬁﬁﬁi—ﬁtﬂiéztliaﬁﬁlzﬁiﬁﬁwh @ B IZDMD
BEUGRMDIZEITALHESIX. DCMIZEMUTHESN TLVA(3,11,28,33,40,45,54]
COBRMSEZINIE. SEIAVZCXMDIZEVWTLDIO—FMRICEENZHOALGL

CEIFXBRBICBETESD, LEENS>T.CXMDIZETALHFEETOFEDEELZE#HMIC,
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IDI:—FREJ:b\%%?ﬁ?é:tl:!iiiﬁ%E'«?’é:&b\’ﬁtB’iéh?‘:o‘éfol:\ CXMD,T
FOER Q ;‘EHE'PECDEXliﬁ.ﬁ@%hé%ﬂ)@rbl:—_tEﬁli%#&f&é:tb\&
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3. LHEHBWICHIIER

DMEROERBRICLIFNBEE I DR LEEHIVGLR LB YOBEL
ERLV AR EE R T A L TR CEENRHEETHS., BEDMDEE 2B TIL.
DHEZOEM., AERERELVZOMMOFRBROEBRARE SN THY[16,21,40,41].
TOREELT. NELEREDETICHTIRBHANXLICER. 2) G2
ROBENDHEETZBERTS. 3 AERAOEHERSLIUREILICEY . B H
EOEESLIVIIVMN) —BEDTFRERESERCT . HEDRELHB[13,18], =
D&IIT.DMDIZEIFHF ERDFE ZBAREICSATLALA, DMDEEIZELVTES
CRAGERI.AGYDEIEGN) TERAENBOONIEDHE THB[16]. Z0D
%?&R@Iﬁlﬁtbfﬁ%&ﬁéhfbé%lﬁli‘ PRUYFEROHR THA37], T/
HH
DMDEBHICH L TEML24BMOLER (RILEA—DLDER) BT OH|/E T, 40%LL

EIZAorDDLEEISNE (VPC)OMREDON, SSHICLDBEGHRBRFTIZBLNT, —
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ATATUNVXLICRERMNBHSh1-[58],

DMDEEICEFAIhOOHMEASEZNIZ. SEEHLS CXMD, Iz +BHKRILE—
LDERICLILHENBRITOEERATRIND, DMDEEICE T 2B 2AEH
REDREMRELTIE. M OEBE TIE HF power THELLEIXREHBRROBEELE
FTEIULF/HFIGhbXBARERDFRILABOONE, EROEF T, Ch
DM RIFSHIZETL. BEEBEITHSLTIEL. HF power DEFNEBHLNT (BIZ R
MREMEOET). FLLF/HF BV TH. ZOEBHFBHTIEN, 252 EF T h I
LF/HF A%, B RO LEMISHEMT 2. BEE LB DY —hT(TFUURLESEL. — B
CBLTREARRDEEEMERShIRENROOND, EERICBFILAT
BICLDFREBRDEERRESVICH—NTAFUYXLOBRITIZELTIZ. N OHD
BMENHY  H—NTAFUIXLBEREREBEREFTEELURABZES T
20192430 SERBLIALI—DERERICLDZLBEB BT O R . CXMD, D
DHBENBREEBRLTEICHEVMERAZRL ., Z0OEHAICELTILBERE TR,
CXMD,FEE. ETHNEXRSSICRENEEICKINEEELL  IHMEEELOY
I?iﬂ’i?ﬂ:l:ﬁiiﬂﬂﬁﬁtébfiCTL‘%:&(:J:LLPa020)1&T’&¥E§EL‘C:L\T:%0)t%i
bR COEIBGKRBICHTIRERBLLTOBEBEMAELTVATEMENEZS
Nfzo —A . VPCORBREBICEVTIZ, B RELBEL CXMD [EFEEICEN>1=1DD.

SEORHTE.VPCORRIIAMEERICLYERENLAON, —EDEREED
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SREH STz LMLEAS. £S5y AMERE. HBHMONF A DE SIS T.
TRTDH CXMD, TIER ERA &M L-EHOVPCABERENT-, $-EEDHLELT
—ELUEOVPCHRBHONICEIE, B . RTIIRBEIC = E L F OVPCH B (1
HTH L, CMER OB ERAOIDLEBEE IR ENHILORES
[6.17.24.30)2F ¥ 1 IL. CXMD,IZENTIE. £ 8 » BBE T TIZOLBATLAD
%2%75‘“&&’&\6:&73‘?&%2‘&7‘:0fﬂﬂffl:,lt\miﬁﬁiﬁlzc}:ééﬁ?@%%wﬂ{ﬂﬁ(:
BUT BIXRBHBEOEETHD HF power 1, #BRBLURER CILETBELLY
CERNCRRICHEICHIDISH L, CXMD, TIXE#5, BB TLEDH—HF(T
YIALEZL. ED®RE®R 8y AM. 12 - ABE LV 17 2 BBIZELT. HF power O
EHNBIRICNSKBIIELNEREIN, BICXBBBEOIEIETHS LF/HF TlL. &
ReyAM. 127 AMBEIV 1T 7 ARICBLTIR. BhBOL. BRMLERET2YLLE
ETORRNBONz, LROY—HTAF7UIXLRF, ChETHRE SN TE-B &

DMDEBEEDUALE—HLTEY.CXMD,TIXE®R 8 Y ARICALT. T TICERME
BEEICELERLLTVAIENTREEIN . COTENSBRE ORI —LL4 (=
MEYBRBICDBEICIRENRBEL TV ITREUABVIENATEEIN-, CHI &L
EREARMERTCHSIASHORERRNELITRMAHIEETHRL. 201
DELTRARICBITISAERNOTEREROATREREZLRTB LI, D&

CXMD,DILHEBBITICETIERARROBERE~AOT7IO—FOEEHNET
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4. CARTO YRATLICLPLEREGEHIORIFI BT =
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SEDNL.EHRITEVTIE, DREOELENOLHEMDIEEERIT LI, TOKE.
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DRBEN. DV TELEBHERA . DRB. ESCELTHA~EEEL. BRYIC

DEERCAMNVEBRL IDERNOREGEEICEITIBEL—BLE-FEABLN-,

LILGH's, REFHD CXMDISHENTIE, 0 EOBRE B E0D = B g TlLid.

ELEEHRBLREEN CTHOICENBRIN -, ESICTDOHLUNDE - BE T (L.

ELEBBHEZLRBAMICANIERAEIC. DERRICAANA>TEBTIER MR

AN . HBRERGIBIMWREGERBRR LI BRI £% 21 v ABIC

BOTLHERI, LRORNBREAFKOLERECEBRELILARI ST,

E® 2178 O CXMD ICEV TR ELEERENRE BRI REGEDRBET

DHRBMNRBOON . £EH 5 vARBLULER 9 vABH D CXMD,IZHB T2 EBHE &L
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RUEOBMER LIz, CARTOV RF AIZE BB ICENT. 2R D CXMD,TIE. LE®D
@ﬁlﬁ&é%ﬁﬁib“lbiﬂhlﬁ‘cliﬁaZE!DEEEE%l:E&é‘L’CL\é:td)Elﬂl:oL\tli
EEECD&:%Z?BB‘G"&B%QL?fJ\L,tth‘fo,ﬁﬁﬁlbiiﬁ?ﬁ"éi?éﬁl:ﬁ(féM cell IZ
FUlL-%SkEma CXMDICENTHEHEL. COISHBREBELTINITEEMS
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FICEBIORKE.LERLEI. I, 8L aVF FERICBEVTQRIREAE X T B0
REFRINE. BE . LEPREGEETIREL. DOLVTELE A @ISR B
TAHCEITKY . REARIL TS, LHLAAS CXMD,Tl. £ iD= H HEMNDEDRF
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Dissertation Abstract

Characterization of Cardiomyopathy in Canine X-linked

Muscular Dystrophy in Japan

Duchenne muscular dystrophy (DMD) is a hereditary disorder in human
characterized by progressive muscular degeneration and necrosis. Clinically, it is
marked by progressive muscular atrophy and weakness. DMD is caused by a mutation
in a gene for a cytoskeletal protein called dystrophin, resulting in dysfunctional or
deficient protein. Dystrophin is a key structure in the dystrophin-glycoprotein complex
(DGC). The loss of dystrophin thus leads to destruction of the DGC in the sarcolemma,
which in turn initiates a cascade of events in skeletal and cardiac myocytes, including
membrane damages during muscle contraction, cellular destruction and replacement by
fibrosis and fatty infiltration.

The clinical manifestation includes abnormal gait due to muscle weakness and
atrophy, difficulty walking, respiratory insufficiency and reduced cardiac function.
These symptoms advance gradually and progressively, and in most patients death occurs
unexpectedly at a young age or dead typically from respiratory failure, pneumonia or
chronic cardiac failure. Recent advancements in medicine have reduced the risk of death
from respiratory failure and prolonged the life span of DMD patients. On the other hand,
cardiac failure is still the primary cause of death in DMD, as it is treated only
conservatively. As such, development of a better animal model of DMD and
characterization of cardiomyopathy in the model are promising approaches for
pathophysiological understanding and development of therapeutic options for cardiac
dysfunction in DMD. Further, these studies have a future potential in companion animal
medicine to contribute to the therapy of canine X-linked muscular dystrophy (CXMD),
which shares the same genetic background with DMD. To this end, the clinical and
pathological presentations of cardiac dysfunction were characterized in dogs with
Japanese CXMD (CXMDy) in this study.

Although CXMD; shares the same genetic background with DMD, its
phenotype is ill defined. In Chapter 2, the phenotype of CXMD, i.e., clinical symptoms
and cardiac function, was examined in dogs with CXMD). In Chapter 3, to understand



the course of cardiac alteration in CXMD), postnatal development of cardiomyopathy
was followed in dogs with CXMD; until 21 months of age. In Chapter 4,
electrophysiological and histopathological studies were performed to analyze the results
in Chapters 2 and 3 and to understand the pathology of cardiomyopathy in more detail.
The results of this study provided a clue to the pathogenesis of cardiomyopathy in
CXMD;j and demonstrated the usefulness of CXMDj as an animal model of DMD.

Chapter 2: Evaluation of clinical symptoms and cardiac function in CXMD;

On average, DMD patients develop clinical symptoms at 1.5 years of age and
are diagnosed by age 5. Skeletal muscle degeneration generally starts as weakness or
atrophy in the pelvicrural muscle and quadriceps and spreads to the shoulder blade and
upper limbs. These symptoms are typically accompanied by pseudohypertrophy of calf
muscles. By the age of 10, most patients lose ability to walk and often develop
macroglossia and thoracic deformity, which are followed by respiratory muscle disorder
and cardiomyopathy. Electrocardiogram (ECG) demonstrates abnormalities such as
sinus tachycardia and deep, narrow Q waves in lead I, aVL, V5 and V6.
Echocardiography may reveal a high-echo density in the left ventricular posterior wall.
In this part of the study, physical examination, ECG and echocardiography were
performed in dogs with CXMD; at 5, 7 and 10 months of age. At 5 months, the dogs had
already developed macroglossia, sialorrhea and atrophy in the temporal muscles. At 7
months, abnormal vocalization and muscle contractures in the proximal limbs were
observed. There was no further progression in clinical symptoms at 10 months of age.
ECG revealed deep Q waves at 5 months and an increased Q/R ratio in lead II, III and
aVF. In one dog, a high-echo region was found near the left ventricular papillary muscle
by echocardiography. These results indicated that clinical manifestations of CXMD;
were very similar to those of GRMD.

Chapter 3: Time course analysis of clinical development and the onset of

cardiomyopathy in CXMD;

In Chapter 2, clinical, ECG and echocardiographic analyses outlined the course
and manifestations of CXMDj and indicated that these findings were similar to those of
GRMD. In this chapter, the earlier development of CXMDj was followed in further

detail. As a result, clinical symptoms appeared as early as 3 months of age and



progressively developed until about 6 months. Thereafter, the symptoms remained
stable. ECG showed deep Q waves and increased Q/R in lead II, III and AVF from 7
weeks of age. No morphological abnormality or cardiac dysfunction was found by
echocardiography. A heart rate variability analysis of 24-hr ECG at the age of 5, 8, 12
and 17 months showed continuously elevated heart rates as well as frequent incidences
of ventricular arrhythmia in dogs with CXMD; compared to the control dogs. In
addition, dogs with CXMD; showed smaller diurnal variability in the average high
frequency power (HF), and the low frequency/high frequency (LF/HF) ratio was
decreased during the day and increased at night. These findings were also similar to
those in DMD and were indicative of disturbance in the autonomic nervous function.
From these results, it was found that clinical symptoms and abnormal ECG readings
appeared as early as 3 months old in CXMD;. Furthermore, early asymptomatic
myocardial abnormalities were detected by heart rate variability analysis, which
implicated autonomic nervous dysfunction, as well as by ECG and blood test as forms
of arrhythmia.

Chapter 4: Analysis of ventricular impulse propagation in CXMDj using the
CARTO system

The analyses in Chapter 2 and 3 elucidated the timing of the onset of clinical
symptoms and ECG abnormalities in dogs with CXMD;. These studies also revealed
autonomic disturbance, which had not been reported previously. However, the link
between the ECG abnormalities and cardiomyopathy remains to be studied. To
determine the cause of observed ECG abnormalities, the cardiac electrophysiology of
CXMD; was analyzed using the CARTO system in this chapter. Autopsy was also
performed for histopathological analysis. The CARTO analysis performed in the control
dogs and CXMDj dogs at 5, 9 and 21 months of age revealed a difference in ventricular
impulse conduction between these dogs. In the control dogs at 5 and 9 months, the
action potentials started from the interventricular septum and spread to the left
ventricular free wall, the apex and to the right ventricle. The impulse terminated in the
cardiac base. This sequence of ventricular electric activation was similar to that of
healthy adult dogs. However, in 5- and 9-month-old dogs with CXMD;j, the ventricular
impulse was initiated at the cranial region of the left ventricular free wall, not at the
interventricular septum. The impulse then bifurcated to the apex and to the
interventricular septum, indicating that the mode of ventricular electric conduction is

different from that of the control dogs. At 21 months of age, the control dogs showed



similarly normal impulse propagation in the ventricles. In 21-month-old CXMD; dogs
impulse conduction was different from those observed at 5 and 9 months and delayed in
island-shaped regions along the lateral side of the left ventricular free wall. These
observations suggested that, in CXMD);, the impulse traveling from the left ventricular
free wall to the interventricular septum was responsible for deep Q waves observed by
ECG

By histopathological analysis, no degeneration was found in ordinary cardiac
muscle fibers in young CXMD; dogs. However, fiber degeneration was evident in
CXMD; dogs older than 15 months. In contrast, degeneration of specialized cardiac
fibers (i.e., Purkinje fibers) was observed at 5 months of age. Together, the delayed
impulse conduction in the left ventricle in 21-month-old CXMD; dogs was thought to
be a consequence of altered vector potentials due to degeneration in ordinary cardiac

muscle fibers and Purkinje fibers

Conclusion and Prospectus

The present study confirmed that clinical presentations and ECG abnormalities
in CXMDj closely resemble to those of GRMD. A novel form of abnormality in ECG,
autonomic disturbance were also found during early development of CXMD). Further,
cardiac impulse conduction is altered in CXMD);, and histopathological examination
revealed degeneration of Purkinje fibers. These characteristics are novel and have not
been reported in previous studies of DMD, Golden Retriever muscular dystrophy
(GRMD) and CXMD. The study demonstrated that CXMD; is an excellent animal
model for characterization of DMD pathology, especially for pathogenesis of clinically
important cardiomyopathy. The model is also promising in understanding the pathology
of CXMD in veterinary medicine.



