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(Mann-Whitney U ¥iE), £7-, HETFEENH D
BEICHNSCTVIERERE L. (RYRT 47
A[EF AT, REIEATE)

(RS

iy A hr 7 ¢ —286 A, Wi T EEOEHHE 184
A (64%) T, EDH HLiAME 46 N (16%), MESA
FEROFKE 104 N (36%), FLIRFaMOFRE 133
AN (47%) ThoT-.

BRI OFAME, MEEHEZER O, FURMEM o7
OEPHEE L, Zh i BMD: 0%, 17%, 8%,
DMD: 8%, 25%, 62%, FSHD1: 6%, 8%, 8%,
LGMD: 0%, 9%, 0%, DM1: 26%, 56%, 62.2%,
OPMD: 57%, 86%, 100% T - 7.

EE

RAFIY A ha 7 ¢ —BED 64%\2 VFG THRA
AT 278, FAHE 16%, MEIHERD 36%, FEHEAL
KM OFREE 47% CTd> - 7=, Wk FBEE AR O K
THRETHD B 2T, KEHNOHETRED S
(#4813, BMD, LGMD, FSHD1 (%<, DMD,
DM1, OPMD iZE~7=. D5 b, jakDA 0k
BN E WV OIE, DML 25.9% & OPMD 57.1%C
Ho7-. DM1 & OPMD X EE Zpml | 2 5 0F
THZLERLT.

it A

BMD, LGMD, FSHD1 TidHE FFEEOADHHEE
ML <, DMD, DM1, OPMD TiZ&OHEEN
WZ &L

ot ¥

235 3CHR
1. IAELZ. YA ba 7 ¢ —ouk FREE - 5.
MD Frontier. 2021;1(3):34-8.

SN 4 HEBE
AT A a7 0 —BEITIT D ABERFOHE T
[EEX 7Y —=17

=i

]

i
RN A be 7 =%, LIEUIEH MRS 25
Ot L, ABEh ORAEEIENZ O FIEC % EF DR



K272 D, LnLaiin, oo FoEiEIC X
D, MEIRZ R D 2 TSRO T SR
HIX, FORBRYSIRNPLEICRY, L IRED
DIRNA T ) — = TRRAEOBEENEE Uiz, A4
ZE1X, YA b7 g —ORE LR DA
oA bw 7 —OBETREEZ@EICAS ) —=
VT HZEEEE LT

ik

2010 4= 10 A% 2022 4F 11 A £ TORIZ, 4Pt
WCABEL, W FEERA L I LAY A b
n 7 ¢ —iE 283 N (il 43.0 %, 5 178
N, 105 N) Zxtgl Uiz, Jwild, Bomiifn
A r7 4— (LGMD) 33 A, v —Hlf;
VA Rr7— (BMD) 14 A, #miAEF Fpi
YA a7 4—1% (FSHD1) 36 A, T =¥
= XA YA e 7 ¢+ —(DMD) 52 A, fhiRE
YA ha 7 —1%8 (DM1) 142 A, ARMHSAS
YA ka7 4 — (OPMD) 6 AThHolz.
TOBRFITAFORFLEAOFBIL Tz,

WE T ISR A CIRIRIA N Y 7 A 10ml OWE T 4 5F
i L, A, MEEEZSA O, FLIRMAMOEE O
TINEROTGG, WETESE L HE L. Wil
BINZ, HETNREEAIFRAZRD, 26% L T AR 27
B, 26%0°0 T4% %Y A7 &, T5%LL E&m Y
AR LT.

WE TR O BRI, BAGERUHE TR EE M2 (SDQ)
TiHMlL7=Y . 2L T, hURZBHIES N
BF OHE MIEEMRAE ORI & SDQ OHIERE R %,
A ZRRETHRA L2, 2B, TXTOERE)
HIERBEST, MEaE I L

(LS

iy A hr 7 ¢ —283 N, i T EEHEDOEIHE 167
A (69.0%) T, D9 Hiale 44 N (15.5%), W
SHEAOFRE 112 A (39.6%), FLiRKaM o7
131 A (46.3%) T -o7-. AR O T FEEA O
LK, KU 27 #EE LGMD 6.1%, BMD 21.4%,

FSHD1 25.0%, 11U A7 L DMD 67.3%, =Y
A7 #E1X DM1 78.9%, OPMD 100% Cd - 7=.
SDQ %, DMD e FlEE %, A 0.46, FritfL
0.82, B 84.2%, F2MERH 3 43.7% CTH
EIZHE L= < 0.05).

i i

YA ha 7 4 — TR X - CHiE FREEAOF
DY Ry B~ LGMD, BMD, FSHD1 I3,
WE T REE O { R R, RN A D
MEE RN EE 272, —J5, DM1, OPMD |3, Wi
THEEOHREN 2 TH, ABEORFELE
EDORMAB I TH D L& 2 7. DMD 1%, BE

L FREENSEDIIUE, YRR LI TH
HEBZT-.
STHR

1. Yamamoto T, Ikeda K, Usui H, Miyamoto M,
M. Validation of the

translation of the Swallowing Disturbance

Murata Japanese

Questionnaire in Parkinson's disease patients.
Qual Life Res. 2012;21(7):1299-303.



Duchenne/Becker %l fff ¥ X b m 7 4 —
(DMD/BMD) D% A F v 53 fRDIREEFREA
M REREREFZHER B REE/NER S

Duchenne #fH v A a7 ¢+ — (DMD) L. DMD
BETORFIZIVCA M7 4 v EREBETLHE
RYERRIR T, EITIEOMZEM A FIER &35, ¥
Abv7 4 rEBRB LU CTIIHRENERL I
D3, ZIVE THARBEOFLE 2 SO~ 5 FRAE AN 72 70
o7z, AT BRI T, BEHOVI /LI AT T
AN FDOEEN e Rz 2 A F O fREY (R
Z A F ) 5 DMD Offifpsa =4 /34 A ~—A—
Ll nZ lERFLTCEL (1,2, &6ic, <0
DMD BEDRFPEZA T AREORENS, £ DR
FEVIIERICIRIA A5 2 &, ANEERH A
R DH & a i L, fix OWRREN 7 A F o fig
WZHEL WL Z el N, £, YA e
7 4 BERET DMD L 0 #iER TH 5 Becker A
i A bmr 7 4 —BMD)DRH X A F o & RE L
o2 A, ZOREIZDMD LY IKET, AL
D EfETH-72, DMD & BMD OD#/NG, # A
T BOREITBREOEEEICHEIND Z &
DRI L7273, DMD, BMD £ EHDFEE T,
JRAVZ A F AMEO R T REIRAE R IT W EZH 5 9
TRUN,

% ZC.DMD/BMD #£H# DGR T — & CH{G R A,
DMD D EffiE{n 1 Th D ACTNS &in 8% L R
H AT REOREZFH~, DMD/BMD (2351
LR Z A F o DEFRIERIC OV TR LTz,

J5 ik

XFGE 2015 4F 4 A5 2022 4F 5 H ORI
PR ERE A %27 5 DMD & X O
BMD, DMD, BMD DO @ZWrid A . F 7= 1354 5
2Bl L7z gDNA %7213 mRNA T DMD i&fx

TIERDOREIZLIVITo T, BKRT — 21320k
gD BRI LT,

JRH % A4 F I X Human Titin-N fragment
assay kit-IBLOKZ &6z A mursear) [8]1% H
VW2 ELISA{ETHIE L7e, —BEHEEITV.,
BEHEMN L, JRHFP 27 L7 F =% LabAssay
Creatinine(Wako
Ltz HWTHEL, Ry 7 VT F=riREs
pmol/mg Cr T/r L7z, ACTN3BisTHIX, KIiH
2 &HH L7z g DNA Z W CEEE Y — 7 = R
HaEFWCIRE LTz, p <0.05 Hit P EES
L7z, & Z OWFZEIEH P R ¥ B & B = O 7KGE

(No.1709) &1 TH o7z,

Pure Chemical Industries,

FERLEBE
® 7V k=Yur (PSL) #5iE#IC X %5 DMD
DIFRAEMEIZRORF & A4 F o 2 FWT=FF
(i
DMD % 155 A (0-33 %) 7> 6 1 CK 275 il
RS2 A T 660 HDT — % % Eifs L, PSL 5
T & IE G- TN AR & el U7,
BEENCEBT 5 PSL & 58, FEELGREOME CK
O FRAEIZZ R 5683, 2012 U/L TH W | PSL
BHHEOME CK "ARICEHE ThH-72 (p <
0.01), 0-57%. 6-10 %, 11-15 k. 16 kLA £ T,
PSL ¢ 51 & FE 5RO s CK B A bl L7- &
Z A, 11-15 %, 16 mlA =T PSL & EGHEOMIE
CK MR GHIVARBICEME TH - (p<
0.05)
KICFREOBRFT 2 IRP 2 A4 F o THIiTo T2, &4
Wl BT % PSL &G0, R EGHEOIRTT & A F
OB ZNFh 875.2, 580.5 pmol/mg Cr T
&Y, PSLEHHEORF XA F U BN HEICHEET
Ho7- (p<0.01), 0-55%. 6-10 ik, 11-15 5%,
16 5% 2L B CL PSL & G- & IEZK GRED IR 2 A F
VEEE LI Z A, 6-10 Tl FERERED
EARERIVEETH-Z (p<0.05), —J,
11-15 %, 16 WLl E T3 GO RFP X A F A



DIEFEGHLVAREICEETH 72 (p <0.05),
PSL # 580 i CK &R & A F- 13 FEF HAE
2 BARGBRIEMNTFESCHRIR T 28D 7= (X 1),
SR A F 1% 6-10 %D PSL £ 58 THE K
<. CKHIETIEAE LN D - 7- PSL O HREED
INHIDI D 572 o 72

1) FlmBERomiE CK & Rp 2 A4 F
RIS A F > (36-10DPSLIF SR TERICEL

LLLLL

PSL-

cK

PSL+

*

rrrrrrrrrr

*

* E‘“

0-5 6-10 11-15 16<
F (1)

PSLI%S(C & D EARRE AN

@ RHPHAF1E BMD OKBRIAR & RFR 88
BEMD~—HI—Th b

i CT Z#4R L, MoRPZ A F U EERIE LT
BMD &% 18 AT URF X A F Ml & 5 CT & (7
EVEDFRER) OBEZRE L7z, @ CT fEl% Lk
B, B, RERECENE 2 E, 1E, 7THEO
WTHELZLDERE LT, i CT fEERF &
A FAEOMBZ R~ E 2 A, KERIERG & KB
TEAICIRWE OFARS (FRBSMR S | v | >0.7) & 78
7= (X2), ZDMOFATITTIFERI~FFFREE D
ADOHBEZFE DT,

KBRS - B LRSI S 2
W%, BTN EOIRRAME ) 72 & T
BMD #EHE IRV TUIFH O B2 27 LT
BLEZ DI, RP KA FAEERE LT

BIVE, FEGRE IO, U/ ey

T—vareBETONERD D, R ZATF
(TIRBRIE T & R —BH A Ok & FHl 9% S A
N ERDEBRI,

B 2) KR & KRR HERS DD
A F Ml

CT fE& R~

PN L] 5]
r=-0.707

CT value

20 10
-10

-20

r s
100 200 300 4001000
Uninary titin

A 0
0 100 200 300 4001000 0
Urinary titin

® DMD (2875 ACTNS Biz¥HRERFZA
F AABEDRRY
DMD ##& 97 A0 5 277 AR 2 A F 5%
B L7, 83 20 ACTN3 #s 1A (RR, RX,
Xﬁ”) DENZNDREZ A F o DFEEICE
DRI T2, WIT 5-20 BEOFERBIZH T D IR
EP&% FAEO R 4T > 72, RR, RX, XX & D
R A F o OFREIZZENEIL 709, 582,
605pmol/mg Cr ThH 7=, 3HEMDRF XA TF
WCHBZITRO o7 (K 3), £/, 5712 i,
13-20 i TR X A FUAED AT > 7273, 3 #F
M CHEZITROD o1,

ACTN3 Bl fma—RT5Ha77F= 31X 7
WCHAT U ERBETDHED, a T 7F= 3%
KT DR (XX B)ORETIEZ A F U
HEPMERET D LB X BN, AEOKRE T
AR ZEITR O 7> T2

3) ACTN3 B R L JRP & A F



10000

RR RX XX
A "
‘; 2l
t O g
1000 - i,
: | g Oad
E il 3
A ,:‘? 582 e L
H o Skt ole
¥ - T
2 & o
B 100 n
™

—
11 . . NS: not significant
3

5 37 A A
sS4t Tl 98~ T FEL gt B

PR Z A F e V-3l <, PSL 23 DMD 8%
DFRREZ T 2R EZ WO L, RPH
A F 7 DMD O FREEOFREE 2 HE T D IpE~
— =B ERLIEMERTHY, PSL L4
T AR 2 M4 2 EN 4 & 512K L .DMD ©
AL S IVIIRIRRS T T 2 HENL T D

BMD FEE TIE R Z A F U BNRERIAT 6 LUK
B8 —BRfH O EME 2 AT o N, A~ — A — & 72
52 EEHLMNCZL.BMD BEICBITDIRT A
FUREDOEREMEEZ R LT,

BE IR

1. Awano, H., et al., Diagnostic and clinical
significance of the titin fragment in urine
of Duchenne muscular dystrophy
patients. Clin Chim Acta, 2018. 476: p.
111-116.

2. Awano, H., et al., Urinary titin is a non-
Invasive  biomarker to  diagnose
Duchenne muscular dystrophy even in
advanced stage. J Neuromuscul Dis,
2018. 5(S1): p. S202-203.

3. Maruyama, N., et al., Establishment of a
highly sensitive sandwich ELISA for the

N-terminal fragment of titin in urine. Sci

Rep, 2016. 6: p. 39375



HRMEFHV A ba 7 4 —ThH B IBE DR
HRETFERRZNER
f[E RF

. MU REGY A ha 7 4 —BEEZ SR &
L7zAT a4 FOE I fAEIEER

[ S IR TR A b e 7 ¢ — (FCMD)
IIMAFTEZ LD BEOH YA a7 4 —Thb,
20 AT ISR AR A, DAREDFIN TR T 508
BRI ETE 0. AT a4 REEIL, Duchenne
B A ba 7 ¢ — (DMD) (233U THRR0E H 23
b0, EITHEHIVRTICRHT 2 HFMEO= T
ANHE SN TN D, 2013~2015 FIZH L 1 &
KIZBNT, T E -7 9 il FCMD %
Wt D AT A RS OBKRBRZITV, HK
EEEE N RE (GMFM) % A 7= B8 AE AT |2
THEFFE72I3kEwET D L2 Lz V. KAF%E
TiX, FCMD (ZBIF 2 AT v A FEEO B H
ARERMEAZEL LT, ShigkdkRRHBRETTH 2
EEHHIELTND.

[J7iE] BiIpted &EA42 BN e LT, 1R
FHEEIERR, WA ST 5. F=IIE, ENIAFZEEE
FEENE SR - AR ERIF S o 2 — BT B
IRAIFGE - BUEWHE TR P ERARAIF J8 S0 & A5 g 2 -
FENTHI D ARO S48 % 52 1 Vi 2 D 7.

Ui SRR T3MA £ - 72 FCMD B 12645 AT
n A FEGOBRKRBERELwmCRE L. V. £
7= FCMD |23} 5 GMFM % 7= HSRERRIFSE &
X — & & LT L7z 2. 2021 4% AMED
MR RAFIE - TRBRHEMEIF S ) IR D A (R T
7 1) B E AL, FERRSEBE MO AR
T, 7L F=vnr % 1lmgkelEH (0.5mg/kg/H)
T 6~12 7 AR 59 2 1R E NG E i@@f
TR FCMD B3 15 fl 2 x5 & Li=f3ht
il LV, @FEHEAMEL LOES «Tmﬁéﬂ
20 il (DxETe) 22X E Uiz il 4 VER
L, PMDA & RS ¥EMEAHAR & G2k L 7=, FHif ik

& X D% OBEE RA~ORZEEIC XY mEREIC
£V, ERERICmE S 28 TSRS EE I
Eolo. IR L OIRERERIRHE, & IE RS
DEEICE LN EED . IR e 2
7 Wi COBE Y 70— b, FEh AT REETR A & 58
T L, HRiROFMEDN GMFM Oifzk L O
B, FCMD B#FIZHF5 GMFM G-l O E A
Oz T LiZ. 2022 £ 0 AMED #ih
PEWFZE LA FE S (R T v 77 2) ITEIRSh,
2023 FE X VIEBFERO TE L LTV D.
[Z42] ARO XZHEIC LV, ERRABRYEI I 72
<SET L7z, FiC, EhEitmFIcBi L PMDA & R
HMABIZESTZZ LI REW. ZRETEMLE
GMFM 24 3 ids & OV RIEMFZE, g Ly
A b U OREBIRIAIF TS S 7 & H3 FE Nt FH I 2 SR E T
DIZIEFICERA CTH o=, VI —FHLEBRES
DWHNEHT, LIA MY ZHWTEL T
TEELLTWD., BRIOREEARRBRTIE, #EH
MERBREZ L CAMMEZIEN L7122, bl
(2, BRSSO U 7 B S B & 3 0 & T2k
L, Bk 2L LTS, BESLD LIAR
LU CTHEETHFEBEN. SEOBBIZENT,
SHERE LOMEAE L7V FCMD (2351 5 ¥
ﬁ%%%kbf,ﬁbwﬁﬁﬁfi@w17u4
KERTZyTVRYa= 7280
T2, A7 A FIEBEFRICE ST, S%%R
INBEHFE OS2V FCMD DOFEUETE PR
ORFEMNAREEL 725 L) HTHIEFFICERED
EEZD.
[#7w] ARO ZHEZ2%F, v k= —/L1E),
PMDA L OAREICHED, JRBRMERITH Y 72 < 58
T U7z, SREERBBGTE S LTWD.

(%7 k]
1) Murakami T et al. Efficacy of steroid therapy
congenital  muscular
dystrophy. Sci Rep. 2021 Dec 20;11(1):24229.

doi: 10.1038/s41598-021-03781-z.

for  Fukuyama



2) BELHLDL. BINBEREFH VA vr 7 4
— BB D IEENRE S ORI L. PR
SRS 2021:48 (5) 1 463-472

I f@IRERMER YA b a7 — 8

[#5] FCMD Ti% 10 iRz a—Thi=E
WREIR T ORHAME STV 5. BElE ITFEER
DT BRSO EIEG D722 <, OFEREREE A~
DB, KRB ORE ORFHI 5 Thhro
7o E7z, BEWTHE A ORHIRRGE OS2
AN

[ 73] FCMD31 0 LHEREIC DT, 2008 4F
2B 2021 FFE TOBRITHEBIMIEZIT T,
USR] B 1761, &R 1461 (5-21 5%, " 9RfE
11 %) Zxt e Lic. Blo I, SEHAM 17
Bil, ~7 AR 14 ], REIEIE 3 #, A
18 fl, FJE 10 Bl TH -7z, DHEEEIL T (LVSF<
0.28) 1% 39% (12/31) (238, 1K FHEAFEH D ke
EIX 10 5% (7-14 7%), BB GREREGH/~
T AR T, 9k (7-11 5%) /10 % (9-14 %)
THEEITRO R -1, BIEF] (9-11 5%) 1K
THNXZR o 7. #AIB O IufiE 9 7% (7-11 7%),
HAEH] 12 5% (9-14 %) LA EZEITVDS, R
BIOE T B RMEBNC H > 72, SRR T IZB L,
AT aA G LR GEHAEEITA LR
ofz. DEEREIRTEIO 5 6, 3 23 B W SEBH LA
B —HIXEHEE T LVSF OW#EN AL b7z,
FCMD »= 54 4, DMD O 18 &35 L 72 -
7. BNP i & NT-proBNP fiiZ, Wik T
4, IEOMBER L7 (R2=0.8402, P<0.0001).
BNP ffl, NT-proBNP fi& LVSF &%, Wb
FRERBEXA 72 /B 2 7R L, #5512 FCMD 28\ C,
BNP>40 [pg/mL], NT-proBNP>125 [pg/mL]D i
I%, LVSF<0.2 ZxL7-

[B22] @s 78, KRB L 508K T HE
T BZITRO T, EEAER & OfE

RICIRBEED B 5 Z LT, BB ISP E Lo T,

fFifin & LVSF (ZHHBRIEH 228, s Rk B

WZEBT, AT uA FIZL DU REFEHSHEED

RO B> Tz, B IEEIFEE AR OUERIE, &

B LVSF IR 23 S 7o RO BEREIC B el 3823

MAIH T, BREZ B B BEHTSEAS R E

AZNTz 2 BillE 15 KL BT HIEHR 22 OB RE D HE

FrafTuniz. 10 mARETHIC LVSF 0.15 A

T LR OBERED 3 fillTs s 0, RN

MaxTHY, MENOEMRKTOEG IR S

7z.

[#55m] FCMD . .LBEReRE 3R B, 7

TIEIHAR DT, (WENOEMK T D535

AbND. ORI TR O B KK ITA2T

Y, 10 HUEROEH R AENLEE L.

(2% 3]

1) Nakanishi T et al. Cardiac involvement in
Fukuyama-type congenital muscular
dystrophy. Pediatrics. 2006;117(6):e1187-92.

2) Yamamoto T et al. Cardiac involvement in
Fukuyama muscular dystrophy is less
severe than in Duchenne muscular

dystrophy. Brain Dev. 2017 Nov;39(10):861-

868.

II. oY yeBEREHVA I 7 4 —DH
IRIERFIE 36 & OSHT SA A~ — B — B #E

(5] o)y e BERMFH A ba 71—
( Ullrich congenital muscular dystrophy :
UCMD) %, VIEI= T —5 0 ORFIZ L0 BIET
%, MR, ITALBEE RN, 1AL REET IR i & F
METDERMEGA I T 4 —THY, DHHE
TN T 2 FHICHER SV, 60~
80% T2 HAGT 5 A%, BEREH] TITIMAA AT HE
BIOAFAET 5. HLlng B2~ b R O 5 IR
DROND—HT, DEESE STV, Bk
ST, UCMD |[ZHr AR ITIMSLL TH 5T,



R PRI I 0t D U e ) =t a v
SISIMFE L IR D DY, EF, FRx IRIBHRIEOHIZEN
HEATND., REBIIHDRETHLI NP I,
ZAIVE TS S T BB RE RN 12 L D IR 72
A AP BT L1372, %72, UCMD T
RBETT & CK EMHERE T, TEIRANR & Sk
FTHNA A=A —HFEL TR, RHFFET
X UCMD @ BRI XL OAA A~ — T —DFiil
FAFE A HAE & L, BAGATEDMZEFT B2 HE T 5.

[ 5iE] BB EIIIHED G2 E LT
UCMD HEZ %5 & L, 6 7> H I EEhFERE R,
BRONA A~ == %1T 5. EEREGEFE A
W2 B3 L T 1% Gross Motor
Measure(GMFM, FAGEEAEE /) R E) OFEAf 21T
vy, EEERROBREEZHET D, N A~ —
—WFgElE, RO IEEERERIMN & RS, FEEE
R, MIRRAEICKDHRES X707 X R
DfET, ~A 7 7 RNA BBL&AZ1TV, EEWERED
T BT 2 HE 2 RRT 2.

[E£] BifE, HRLrERRKAmEEE PG
BT TCWDHEMETH D0, N A~ —T—5E
WL TIE, RELBEELTEDDLIZETRESR
BFoni-. £7-, UCMD BEFES%1E L TR
FDOV I N—EeiToTEY, mHEES TEAR
DRONRE, MEZEBETLTETHD.
GMFM I, EERINCRO G HBECRE T 1 7
TLNRDDH L, FEALARIESH) 6 AT P RER] £
TR REALS e THH Z &, FCMD, Pompe
7R EDIRBICE NS TND Z &b, Al
FHEREE L GREELE. N F~—h—IZBL
T, EEBEWEICHEDN EFT ANV oS —47
(BN D F BRERL ST IR D & 87 07 X
B2 DR, B SR LICEET 2~ A 7 1
RNA BB EZWET DI EICLY, FiElo A 4
~—N—EABT LI LAEMNE LTS,

[#Esm] 4%, BB E FEaxtg e Lizb D
WZBATT2I2H720, 26 OFMEEH 235 S
NTORITIE, DRHEETT O Z LIIREETSH

Function

D, AWFFETIE 2 FOFHETHEEET — 7 24755 2
EZHEL LTS,

(27 3R]

1) TagaY et al. Stable isotope-labeled collagen:
a novel and versatile tool for quantitative
collagen analyses using mass spectrometry.
J Proteome Res. 2014;13(8):3671-8.

2) Koutsoulidou A et al. Circulating

Biomarkers in Muscular Dystrophies:
Disease and Therapy MonitoringCardiac
involvement in Fular dystrophykuyama
muscular dystrophy is less severe than in
Duchenne muscu. Mol Ther Methods Clin

Dev . 2020;18:230-239.



BREMET R hu 7 4 —OIREFREHDOREN
EmRPriE It EE R v & —
RS RE Y F—

F)1&m

[#Z]
20204F |2 1R sRE Y 2 b 7 ¢ — (Myotonic
dystrophy typel=DM1)® MW 2 PR D [E] B =
RV RABPRERSNIZVD, A XY T T,
A BT L =DFRT R A PO A
BRI TARINTZY

Z O FEEIRIRIIE T b % IR ALK IE
(Noninvasive ventilation =NIV) OWE5~7 1%,
W O _EKENNE A =X L& R 5 ERET
DT, BRI OMER RS & BERE 2 KT S
B, VRIRICREZ KT T TR & 0 . IR
FRITN R 72 AR B D 9, HEEDOXIE & WL
([CEET 5 NIV NHRANESS O E#GF 2 Mt L
7=

Flo. ALIERZRO Y 2 — LRI O B
EHEOBIZ, BEADEODEZRE LT,

[FY]

DM1 (8 DWZHERE & 74T L A %722 B 51k
[ZOWTHETT 2, F7, MEIRFEESR 56 LT
NIV Z 24 2 BRI EE 2 INR e & 2 R ET 5.
GSED

BFHT 2020 4E 9 H 705 2021 48 11 H £ TITHF
W BRAFREEAL DT 75 & > 7o DM,

[5ik]

UUTOHERAZZ2Eaek L ViET 5, Filin,
PRI, ABTHEE, BinFREE®, ST/, H
WAETERE /) (Barthel Index=BI) | frHiie-ClE0Y BEH
B, MiEE, MO —27 71— (cough peak
flow=CPF) ,

AT B O J51E, NIV ARG

NIV QAR O i Gk D E D 729D
I AT RET 4 —FAT o7, RE - RET—4
m/— MJ-ADL-21 (4 rT w27 ) ZHW,

Fx¥ o= AR, A, BFEATOIRE & HEHT
(k) ZRE L7, ANLPER#RIE Astral 150
(ResMed f1) Z M, WE S U725l O e
BE (k&) LOROTZRFE R AR L, ALIRTT O A 5
RN & PR E A AV, B (8 H) 4% (1
~2 1) OEFHIEE 5512, HxheE &Ko7
FEEDSWEYN 72 D X D 72 RN 25 O FEFE DR A
Bt L RERMFE R LT,
kPR R B = K78 50 1 (hPa) /B Fi K 78 5 50 1
(hPa) = #eHiE i (mg/L)/EaFn K 75 & i (m/L)
s sk HEEHITEE = 217x6.1078X10 75X / <ix2375
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2—4
Research to Promote Clinical Development and Build Evidence for Muscular Dystrophy
Principal Researcher: Hirofumi Komaki, National Center of Neurology and Psychiatry

Conclusive Research Report

1. Research Objectives

The purpose of this study was to developmentally modify the Patient Registry (Remudy), which has
been in operation since 2009, and the Muscular Dystrophy Clinical Trial Network (MDCTN), which
has been in operation since 2012, as a project of the CareCure-NMD (CCNMD), and to assume its
management by this research group. In light of the current progress in clinical development of
innovative methods such as nucleic acid drugs, we will promote clinical research to generate
evidence to improve clinical development and standard practice by utilizing the foundation of
CCNMD. We will also consider disclosing information from the user's perspective.

2. Research Organization

Principal investigator Hirofumi Komaki: National Center of Neurology and Psychiatry, NCNP
Co-investigator NCNP: Fumie Arie, Kazuhiko Segawa, Eri Takeshita, Harumasa Nakamura, Ichizo
Nishino, Katsuhiro Mizuno (2020-1), Takatoshi Hara (2022), Yuko Motohashi, Madoka Mori,
Toshiyuki Yamamoto, Kobe University: Hiroyuki Awano, Tokyo Women's Medical University:
Keiko Ishigaki, Yakumo National Hospital(2020), Hokkaido medical center(2021-2): Yuka
Ishikawa, Higashisaitama National Hospital: Katsuhisa Ogata, Suzuka National Hospital: Satoshi
Kuru, Kitasato University: Masashi Takaso, Osaka University: Masanori Takahashi, Hyogo Medical
University: Yasuhiro Takeshima, Matsumoto Medical Center: Akinori Nakamura, Yokohama Rosai
Hospital: Takahiro Nakayama, Osaka Toneyama Medical Center: Tsuyoshi Matsumura, The Japan
Muscular Dystrophy Association: Kenji Yazawa, Kumamoto University(2020-1), International
University of Health and Welfare(2022): Satoshi Yamashita.

3. Research Results
i) Clinical Development

a. Research on the Efficacy of Steroids in Fukuyama Congenital Muscular Dystrophy
(FCMD) (Ishigaki): With the aim of starting a clinical trial, PMDA preliminary interviews were
conducted, a protocol outline was drawn up, a multicentre study system was established, the study
was selected for AMED research funding and a system was put in place to start the clinical trial.

b. CCNMD Facility Survey (Ogata): An annual survey was conducted among MDCTN
member facilities on the number of patients and the condition of facilities, and the results were
published on the website.

C. Feasibility Study Using Remudy and CCNMD: Physician-initiated clinical trials
(Myotonic dystrophy: DM1, Duchenne muscular dystrophy: DMD) using Remudy, a patient registry,
assistance in recruiting subjects to corporate clinical trials (DMD), and feasibility study were
conducted on request. Since 2014, support has included 9 clinical trial subject recruitment, 18
feasibility studies, 7 research secretariats and 36 other research support projects.

ii)Registry

a. The National Center of Neurology and Psychiatry continued the project, taking charge of
the secretariat for the treatment of dystrophinopathies (DMD and Becker muscular dystrophy
(BMD)), GNE myopathy, DM1 and congenital muscular diseases. The number of registered patients
was 2104, 240, 1177 and 75, respectively, as of November 2022.

b. Facioscapulohumeral Muscular Dystrophy Registry (Matsumura): Registration started in
2020. The registry items cover the “core dataset for the international FSHD registry,” making the
data available for international use. Dissemination activities were carried out through patient groups,
member facilities, related research groups and academic societies, and 163 registrations were
obtained as of the end of October 2022.



C. In anticipation of its use in post-marketing surveillance, the multicentre Remudy-DMD
study, a registry with new functions and a certain level of reliability assurance, was started, and 117
registrations were obtained as of the end of 2022 (Osamu Nakamura).

d. Myotonic Dystrophy Registry (Osamu Nakamura, Takahashi): The myotonic dystrophy
registry data operated at Osaka University was transferred to NCNP. Multiple regression analysis of
registry items was performed on 974 symptomatic patients using items from the registry. There was
a strong influence of CTG repeat sequence length on grip strength, %FVC and QRS, and age at
registration on PR. Next to PR, grip strength, %FVC, and QRS were all significantly affected by age
at registration. Using the Remudy patient registry, we conducted a secondary survey on lipid and
glucose metabolism and liver function, and found that dyslipidemia and liver dysfunction were more
frequent, and that dyslipidemia was not adequately treated. Remudy was utilized to recruit patients
for a multicentre physician-led clinical trial to investigate the safety and efficacy of erythromycin
(Takahashi).

e. Oculopharyngeal Muscular Dystrophy Registry (Yamashita): Preparations were made for
the start of registration by setting registry items, examining the establishment and operation system
of the registry system, conducting publicity activities, and international collaboration.

f. Uninsured genetic analysis and curation of dystrophinopathy, GNE myopathy, and FSHD
were performed during registration. We successfully detected D4Z4 repetitive sequence repeat
length and CpG methylation simultaneously by using a nanopore long-read sequencer for genetic
diagnosis of FSHD, which requires a complex procedure and data analysis (Nishino).

iii)Natural History

a. Prospective Natural History Study of DMD (Takeshita): 33 cases were registered and the
study continued with an interim analysis. Using the North Star Ambulatory Assessment (NSAA), we
presented for the first time the minimal change in motor function assessment for Japanese DMD
patients, including an average decrease of 3 points at 1 year from baseline and an average decrease
of 8.9 points at 2 years. The exercise intensity and sedentary time obtained from the activity meter
measured at the same time correlated well with changes over time in the NSAA and the 6-minute
walk test, providing fundamental insights for the clinical application of real-world data. Individual
patient data from this study was provided to a company on request to evaluate the efficacy of the
company trial.

b. Prospective Natural History Study of GNE Myopathy (Mori): A 5-year prospective
observational study was conducted and data on summed MMT, GMFM, grip strength, pinch
strength, %FVC, CK, leg body composition measurements and SF-36 showed significant
progression in the long-term.

C. Multicentre Study of Natural History of BMD (Akira Nakamura): We collected clinical
information from genetic mutation information and medical records of 319 patients with BMD.
Among them, based on the data of 305 patients with BMD for which accurate genetic information
was obtained, we analyzed the phenotypes of skeletal muscle, respiratory function, cardiac function,
and central nervous system disorders, in addition to patient attributes, and their association with the
genotypes. And we found for the first time that the phenotype and severity of these elements differed
according to the genotype of the patients. In addition, the frequency of co-occurring central nervous
system disorders in BMD was higher than expected, with epilepsy and intellectual and
developmental disabilities being the main features in some cases.

iv)Outcome Measure, Biomarker

a. Upper Extremity Function Assessment of DMD (Mizuno, Hara): The Box and Block Test
(BBT) and Purdue Pegboard Test (PPT), an upper extremity function assessment method that can be
applied to various diseases, were performed in 64 DMD patients aged 8-41 years. We found that
BBT and PPT correlated well with the Brooke scale, a standard upper extremity function assessment
method for DMD, and could be used as quantitative indices until about age 15-18, when they could
not be performed. Furthermore, we found that the classification of upper extremity motor
dysfunction, which was developed by the NCNP research team in the past and can be relatively
easily measured in clinical practice, correlates well with other upper extremity function assessments.




b. Activity Meter Assessment of DMD (Mizuno, Hara, Takeshita): Activity was measured
using an activity meter in 9 patients with DMD who were able to stand up from the floor and walk.
There were no significant changes in exercise over 3 years, but exercise intensity decreased
significantly over time. The results suggest that exercise intensity is more useful as an indicator of
life activity in ambulatory DMD patients.

C. Urine miRNA Analysis of DMD (Motohashi): Of the 2578 miRNAs comprehensively
analyzed by the microarray method, 4 miRNAs showed sufficient expression levels and significant
differences between the DMD and healthy groups, one of which was correlated with the clinical
course and confirmed to be involved in cell survival, proliferation, and size in cell experiments,
supporting its relevance to clinical data.

d. Automation of Quantitative Analysis of Skeletal Muscle Images Using Al (Nakayama):
Regarding the automation of manual erasure of skin and subcutaneous blood vessels outside the
skeletal muscle related to the muscle quantification method using the estimation function of the
skeletal muscle CT image of muscular dystrophy patients which has already been established, we
have developed an automation software using Al by constructing a non-object erasure logic, having
Al machine-learn the position, shape and area of erased parts in a non-object, and having Al
recognize the misdetected tissue as teacher data of a non-object. We developed and validated an
automatic muscle contour extraction program for use in the neural network middle layer of deep
learning. The error of thigh muscle mass between the images obtained by this program processing
and those processed manually was as small as 0.25%.

e. Urinary Titin in FCMD (Ishigaki): Urinary titin levels were significantly elevated in all 18
patients with FCMD compared with healthy control groups, and urinary titin levels were
significantly correlated with serum CK levels. In patients homozygous for the founder haplotype, it
showed a significant correlation with the motor assessment scale GMFM.

f. Biomarker Study of Urinary Titin (Awano): We compared urinary titin levels in DMD
patients classified by ACTN3 genotype, and found no significant differences in urinary titin levels
among the three genotypes in any age group. On the other hand, there was a negative correlation
between urinary titin levels and CT values of the vastus femoris and biceps femoris in patients with
BMD. In patients with active muscle breakdown, it was assumed that the muscles involved in knee
joint movement would be strongly degenerated, and urinary titin could be a biomarker for assessing
degeneration of the vastus femoris and biceps femoris.

v)Evidence Building

a. Epidemiological Study Using the National Database of Neuromuscular Diseases
(Motohashi): The target diseases, assessment items (primary endpoint: number of prevalent patients,
secondary endpoints: incidence of diseases and quality of medical care) and the environment for
handling data were set up, and an ethics application and a data use application were submitted to the
MHLW, which was accepted. A data management system was established, including rules for using
NDB in NCNP.

b. Survey of Parents' Intention to Newborn Screening for Spinal Muscular Atrophy (SMA)
(Takeshima): A questionnaire survey was conducted among parents of children attending outpatient
allergy clinics and parents of 5-year-old children in the prefecture who were eligible for health
check-ups, and revealed that parents tend to be positive about newborn screening, although they do
not have sufficient knowledge about the disease and treatment of SMA.

C. Multicentre Study on the Timing of Introduction of Alternative Nutrition for DMD
Patients (Yamamoto): The data of 166 Duchenne muscular dystrophy patients from 7 multicentre
study facilities are collected and analyzed.

d. Dysphagia Associated with Adult Muscular Dystrophy (Yamamoto): A study of 286 adult
muscular dystrophy patients with dysphagia who had undergone contrast-enhanced swallowing
studies and perceived dysphagia using the Japanese version Swallowing Disturbances Questionnaire
(SDQ) showed that dysphagia was less frequently associated with BMD, LGMD and FSHD1, and
more frequently associated with DMD, DM1 and OPMD. For FSHD1, the complication of
dysphagia could be diagnosed from the patient's perception, but not for the other diseases. We




believe that patients with DM1 or OPMD should be suspected of having dysphagia even if they are
not aware of it.

e. Cardiac Dysfunction Associated with Myotonic Dystrophy (Segawa): Cardiac
complications were found to be more common in cardiac conduction disturbance, atrial fibrillation,
and atrial flutter, and less common in ventricular tachycardia and decreased left ventricular
contractility.

f. Development of Multidisciplinary Team and Formation of Specialized Centres Related to
DM1 Respiratory Management (Ishikawa): A study according to the international consensus is
underway.

g. Research to Establish the Usefulness of Skeletal Muscle Imaging in the Differential
Diagnosis (Kuru): A diagnostic algorithm for limb-girdle muscular dystrophy (LGMD) using
skeletal muscle imaging findings will be developed, with the aim of completion in the next fiscal
year after approval by the Japanese Society of Neurology. The IBIC Image Database (IBISS)
operated by NCNP was utilized for the creation.

h. Study of Postoperative Outcomes and Risk Factors for Perioperative Complications in
Neuromuscular Scoliosis (Takaso): A study of 30 patients (SMA in 11 patients, DMD in § patients,
other in 11 patients) with flaccid neuromuscular scoliosis who had severe deformity with a Cobb
angle of 100 degrees or more at the time of surgery and who had undergone posterior corrective
fusion showed that the average Cobb angle before surgery was 121.9 degrees (42.9 degrees after
surgery) and the patients had severe restrictive ventilatory impairment preoperatively. The average
operating time was 339 minutes, the average blood loss was 1440ml, and 8 patients had
perioperative complications. It required highly invasive surgery to correct severe spinal deformities,
and there were many perioperative complications, and it was necessary to establish a consultation
system with specialists so that therapeutic intervention could be done before spinal deformities
became severe.

i. Study of Ethical Issues in Preclinical Diagnosis, Early Diagnosis and Early Treatment of
Muscular Dystrophy (Arie): ELSI (Ethical, Legal and Social Issues) survey on early diagnosis and
early treatment of muscular dystrophy and public awareness survey on early diagnosis and early
treatment technology were conducted, and ELSI was examined and summarized. The research also
aimed to disseminate and share information to society through outreach and in-reach activities.
Reviews of the literature revealed ELSI's challenges to address key issues such as personal data
protection, genetics discrimination, right to disclosure of information, and family relationships. An
opinion exchange meeting was held on the theme of considering ELSI in the preclinical diagnosis,
early diagnosis and early treatment of muscular dystrophy with clinical and humanities experts and
others. Based on the findings that not enough research has been conducted on the challenges of
living with rare diseases, and that this issue has not yet been clarified from the perspective of
patients, we will continue our research in light of these challenges.

J- Clinical Research from the Patient and Family Point of View in Close Collaboration with
the Patient and Family Association (Yazawa): The research group works closely with patient
associations, and this year again conducted research in collaboration with them regarding the
implementation of lectures, research on registries and outcome measures, and consideration of
ethical issues.
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