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DFERIT, SHlERA 5 2 5 ETHFICE

LR TH D, 4% DMD & TOMEHIA

N T A7 VT b= DDA RN AT

% Z & T Z#UE T Dr. Rudnicki 234" LT
L. YA a7 4 —IZBIT D Al o
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myoblasts by antagonizing transforming
growth factor-beta signaling via C/EBPp.
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BRI AR BREROMH
[EI SRS - PR R 90 o 2 — e
bt N HEEM
e

Dystrophinopathy (Zi5E# % 19 dystrophin
B TERICE > TAHELDAERT, BIER
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FRAT DS 24.9 +/- 76.6 (13-38, median 24), #
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72 < FEMg Z A 2 BRI B AFET D,
DMD (Zxt 3 2 B A 1XiEH O T1, T2 BT
W & TR, BT > > L MRI [Doorenweerd
20141%° MRI i ifi i i 5 [Doorenweerd 20177,
PET[Lee 2002])7¢ EERIK D& TIFEM LIZ< W7
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1. Lee JS, Pfund Z, Juhész C, et al. Altered regional
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dystrophy: a pet study. Muscle Nerve. 2002
26:506-12



2. Doorenweerd N, Straathof CS, Dumas EM, Spitali
P, Ginjaar 1B, Wokke BH, et al.

Reduced cerebral gray matter and altered white
matter in boys with Duchenne muscular dystrophy.
Ann Neurol. 2014;76:403-11.
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Novel Molecular Basis for Synapse
Formation: Small Non-coding Vault RNA
Functions as a Riboregulator of MEK1 to
Modulate Synaptogenesis.

Front Mol Neurosci. (2021) 14: 748721.
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small non-coding vault RNA (Z X 5>+~
AWk O ik
AAbE (2022) 94: 78-81
3. Hagihira H., et al.
co-authors)

Systematic analysis of brain lactate and pH
levels in 65 animal models related to
neuropsychiatric conditions.
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STEMCELL™ Technologie @3 v b % FHV T iMSC
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{EREZ RN L7z, Felekigel LCv b ki
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BDNF, IGFBP-2 & iz < 73Wh L Tuh/e,
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1. Sakai-Takemura F, et al., Sci Rep. 2018; 8:6555.
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WCAERT D70, DRI —#8ETHY ., BEDHRE
EPEIC DT> Tkt SE D72 011E, SRR Y IR L
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I ZeMoEmnWT AT AL LTHEBEEINTEY,
EEA a7 4 VBETOTI VAT BT
SOISHIZONWTHIMEHREDRH L, ED L5
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3. U VY —AEAFES AV RS X —
HEL EREIToT,

(o1 ANEN

fEEm
t hEB LA X AAV-uDys OHIKIZ OV THREFE1T
VN, HEEL BT, % NNy Z—%2H
W in vitro, in vivollBITHFRILE L OMEEE
R L., IREARY 2 — 0)%%%%%&5%n3@‘%3 AAV X
7 B =GR ORE R RFEIRICOWTIE I =2 A
Pz AW 24T 9 28, & HI23E LT MSC H
Sy — KA RO R TRIEE DR N H
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NEAE LTEEREEN STy BET
X2 D BRI D ASO DOBIFENHIFE ST
% (1), —J. RNA i ASO I[Z- DWW Tik, fhshiE
PP v 7 4 —1 BDML)IZK L CERERBR N E
i ST EF LD 575, WHKITITE > T,
ASO D FERLZEHET D - DI2iE, ZhRM 72 E it
Fe DBHFE & 3512, ASO DEIHIRF A 22 0 5 2 Zh =21y
DOIEFEICFICE D2 A7 U —=2 7 R DBRFES,
ASO DR ZWEHYNFHMICE 28MET L EZD
FER RS U RME L S B,

BMEIZB D ASO OIE~D LY IA BRI,
BRI OIREEIZ L > TR DH(2), ZD7=®, X
0 N R 78 ASO FRIEDBIFE I AN & Iz 28 b
LRIV A NT T 4 — B O 5T« MR IE & E R
\ZHRT DB B D (), FRHCRFHE L CTG Y
E— MEENFENTRIET S DML 1, Al CTHIE
URREEI TR TH D Z &, B ) v — RIS
UCHEIEENRARD Z L0 E LTET N5,
ZOX D REBMBERNZIERE L, WEROARE R EHR
RIS 5720, BT VE & - TR 2R AT
TINARA R TH D, &2 TARSHEHIETIZ, DMD
KO DML (28T 27 LVEMOBRTE, F5 KONk
ZfE D RREEAL 2 fifbT 9~ 5 2 & T, ASO ik B %
ERET MM R ASL LR AR E L,
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Fik

DM1 ‘B A& Ot ERaE 2 J~ 5 72, FVBIN %
M2 RIS IR D BE CTG U v — RN s
nice NMEWG T 7 T BB FHAEASNZ DML
ET N~ T AHSA*LR ~ 7 A) & iz, —HDHE
BRIZ. AFCENERERE ISR E S B EBRE BB

FONEB M2 ERL 2T S OKGRE 5 T
L72,2,6,123 X 1V18 » H & HimD #7225 HSA*LR
T UAND . R T OEIA R £ 73 L IO E
DREEPR I L, JRIP ¥ A F % Mouse Titin N-
Fragment Assay Kit (FkA & tE0e % A=W SErT) 2 Hiv
THIE L7z, HSA*LR v 7 A FHfHICIIT 5 I A4 b
=T AL, HEMAEFH (=2 —re Xy 7 nl, AR
Stk A ) E W THEIE L7z, Dmd =2 Y 52
KIEI=F a7 T HEETNAVORIEIL. TANR—F K
2 BB S H R B L O Exemplar Genetics
Christopher Rogers 18+ & & $:[F ¢ L 7z,

S

HSA*LR ~ 7 ZITHWT, JRH X A T 1T HERE
26, 128 KVN18 7 HEmTHINT 5 Z & A3
EnEleotz, BT 12 » Al T b EVED R
Eh. 18 » AlslcBWThay ba—/Ld
FVBIN ¥ 7 A & [T, BHFICEVWEEZ TR L
776

R EEATHIE Tlx, HSA*LR ~ 7 A DRI D
B ChH 5 I A4 b =T BALAEEEN O RFIEE)
ORI FPNEREMEE LT, AERICLY, A
B A ERE A 3 L QKRR PO SE AT o> f B %
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OVKRERIYUSEF T, BEIE AR I BV THAESR
EnE< ., FR ARV EAURE N,
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ka7 4 ) R—EREETHET L THDZ
ARG L, £7-. invitro TIZH D0, PMO
EHAWEZTZZ V51 BELONE3 Ax v B IR
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FRETCTH D Z LS LT,

EE
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A F U REM D EFH- WO THER S v,
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[FEROFESH IR T 2R TV A ba 7 ¢ — b HtEREIC
H i, DG BEE LR S D, oHE HIX, DG
BESHIZIZY B h— U Uik & D ERR S T
BYO, 77 FUIREHEIZY B R — Y VA FHAGA
TefEsR, DG BEIEER OO E D ISPD (V) B h—
L) EROPESHATERIA CDP-U & h—/L DA pkEESE
ThdZ LML), 2FV, VER—LY v
FEFESH DO RIFIZ L - T, T I = UG EO RS MM
FC&P, REE—MIRBEOEE N iET 5 2 &2
FIETR & 70 D, AOHBEIZ BT, P&
DI FHEFICER L, FEHRE OMEE B L 2
DG #FIEDIRFIE A RFET 5.
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DG HHE ., FFIZ ISPD KABEUZXT 2 IREIE DO
% HEE L. ISPD B SUGIZ BD  BESHM R iE D
FEMEIFIE 2 E T 5, BRI, OISPD KiEE L
ORER~ T ZZEH L, @CDP-Y v h—/ LAl Fo
BB IO B M= Al FTRRIEO R LB & ST
%, ISPD TV ¥ h—/v 5 U fEH G CDP-U B h—
NEERT DBER TH D, 1€- T, ISPD XERIZIE
CDP-V v h— O ENEHEZEZ DD, Fi2,
UE r—=5 U OB MEMET 2D X5 729H
FMEARKRTE, VER—A5 U UVBROBRE LA
EEZDBND, KREFHETIX, ISPD OB HE BT
conditional KO (cKO) ~ W R & SR D S ) L
v RAEEH L, TOREEMITT 5, RWT,
INHDOFTASD CDP-U B h—1) B h—/L

5 U UROFE TIRIANRDTED B D PREET B,

. ERAEIRAY 72 ISPD-cKO v 7 2 & H

WT CDP-VU B b — Vi BFEIEZMREE L 7=,
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KT & DG FEHEE 2 A L, MBIV A ha
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T T Wk A L ARy 2 —Z W TIE® I1SPD
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FFR BRI 2 R S IRIRIC O N D Z B
ZoNb, —HT, PRIy 7L LTEERDK
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FLIRE R R
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FavxrXMFH A R 7 4 — (DMD) 129
MK TFIZE, Ye Fevl) PrzRR (DHPR)
WHUT ) VUK (RYR) ~00 B A i B R
BERERE LTz, /MR 5O Ca it &K T
NEEEFT 5. L»L7AeRS, DMD iz n,
DHPR-RyR ORI R 2N, EDO LI RpFA =X
ATHELTHWDIDEIRATHS. £, B35l &
X E 72 BUHE S o RN (ECC) 1%, fHic
SRV BT 2NN B IR S LT b TR
v, DMD i Tlix, ECCIZxId DEZ NS5
ZENMEENTWS (Allenetal, 2016). = Z TA
42 Ci%, DMD E£7 /L#h)Tod 5 mdx52 72 H NS
DMD-null/NSG ~ 7 A% FH\>, B A& 0> BILEE I
B RE I BB 72 A Bl %2 B 7= 3 SH3 and cysteine-rich
domain 3 (STAC3) I X Wjunctophilinl (JP1) (ZfE
RZ&HT, DMD TP i /1R = ECC IZXFT % e
FMETLHED A B = X L E R LT,

o

Fik
AR, FLIRERER FE) ERZE B 2 DKR
ST M L7z OKRE S 20-084). FEBRIZIX, 8-11
JE s OB AR C57BL/6) (WT, n=8) 5L TN mdx52
~ 7 A (n=8), NSG (n=6) I3 DMD-null/NSG
(n=6) Z#MHW/=. ~v 2DHEEIL, 12 B OHKE
P A 7 IVORIHT T=RIR 24 + 2°CEHHfERF L7
B SEICTITVY, KB LOREHT B BB E L.
R IC T 7 A ZHMLE L, TORIELE
Bl A/ NE A S v 7 BlER (P HERkes T 3w M)
W2, EREIAENEYE 0 E LD X ICEE L
(Yamada et al., 2021). =%, FKEEME THR%
& BRI O R Eas B T RR = EEA 2 fkde £ 5 1T
BEAT U7z, 5 RVEIGHE b v 7 1k, Bk gl s
(45V), /XL ABE 0.5 ms OEXML%E, 1-200 Hz
DRIREHAE T 600 ms fRl A9 5 Z & THIEL 7=, —
77, ECC M2 i, HoK FHIHIRE (45V) OER
i 2 2V A g 0.5 ms, FIPEAEE 50 Hz ThH- x5 &

RIS, BEREER LT —F -2k, v v
A D ERE & A 150° /s THE ST Z L TH
& L 7= (Himori et al., 2021). 7233, BEER o i B PH 1 X
JEHJE 00 B 40° L L, 4BBXIC 100|Elo>
ECC & faf L7z,

S

1. PRAbu7 4 REBICBITIERE M IO
BT &g U iEELERE S STAC3IIPL D5
WT < 7 Z |2k, mdx52 =~ 7 2 T, 1SO kb
7 DELWMET RO L. £/, mdx52 =7 %
BRI D RERE E X, L8 A v 1 OIEMEAL
&, STAC3 B L NIPL DA Z > Tz, EHIT,
DMD-null/NSG ~ 7 A{ZEBWTH, mdxs2 v 7 & &
FIEEO BB S iz,

2. VA7 4 s REFHITBIT D DHPR 26D
STAC3/IP1 DfiFEE

FIE TR REE A O T RETORE R, mdx52 72 6 N
DMD-null/NSG O/ #5 CTl%, DHPR 225 D
STAC3/IP1 DFFBENA T 5 Z E R LN E o T,

3. Ca*kiEMED STAC3/IPL D43fE

STAC3/JPL 3 Ca?"RAFMED /3 iR % 521 BN E 9
%, in vitro @f—?:f“*”?fbf: NSG ~ 7 A EHEAH Tl
0.1 uM BL ko> Ca*¥#5ik1Z 60 srHiNg#E+ 2 2 & T,
STAC3 Doy fiRinsE Uz, *ji DMD-null/NSG <~ 7

BAEIHIZEB VT Y Ca? K FMED STAC3 43 fif A3
Bl SN0, 0T 20 pM BL D Ca? ik Iz 380
TH U, F£72, PLICEH L TH RBROBIR TR
B, NSG ~ 7 A FHEHH TIL 0.2 UM LL Eo> Ca? %
<, —77, DMD-null/NSG < 7 Z DB k&5 Tl
2.5 UM LA £ Ca? kI BV T A Uiz,

VA a7 4 VREBHIICEWNT, CHRFEED
STAC3/IPL Do 13N S 4L D A B = XA Z et
B0l NERED AL AHHETH 5
calpastatin DB EZJE L7 & T A, NSG T~
DMD-null/NSG (235N TH) 2 fif D FEEL R R AR
LTz,

4.V A vu 7 4 REFITB 5 HEERHE (ECC)
2 & B Ca? ik fFtE D> STAC3/IP1 D4y il

DMD-null/NSG D E#&#5 Tl%, NSG ‘B #& A s,
ECC H D M7 BRAMITIR T L7z, $£7=, ECC A
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DMD-null/NSG (2B W CHEE D L, Thit
Evans blue day BaIERRHES DR, V31 2 1 OTE
PEALEE K, DHPR, STACS, JP1 DR BEK T2 fE- T
AV

EE

Z D20 FEIE E DRI, STAC3 72 5 TNZ JPL 723,
DHPR & RyR & OFEREHEI 240 5 Egi /e 7 > /R
HThdI RS, BRI OBRARD K
& < FifE L7=(lto et al., 2001; Horstick et al., 2013).
AIFFOFER, REREOU A va 7 ¢ v RKIBHIZ
BT, STAC3 I LN IPL DEid <, STAC3/IP1
® DHPR 76 OfFFENRD b= Z &0 n, Zh
73 DHPR & RyR OIS, ZhZRA &3
L/ Mad b o Cat it EDIER TIZ w532
ZEDURIBEI =, 72, invitro DFEBRRIZEBW
T, STAC3 B LUV IPL 3 Ca2 k{7t &# o /X7 43 fif
MRTHDLINANA OB L7 T EPRS
ni-. —J, YA ba7 o KRBT, NKEE
DI NSA AANHIE T D calpastatm DOHIIN

X0, IR AR 3R a2 I < 72D
ZEDNRRENT. é%L,vXFH74VK%
IR 5D ECCIZxd D Mesathicd, Mifastn

%@Cﬁmﬂuiéwwﬂ4/Wf$®
STAC3/IP1 O3 fRNEES-T 5 Z & AR &7z,

ARFFETIE, 2 2D%HD DMD €T /L~ 7 A
AW, DA a7 g U REMICEIT S Cat v
IRA ARTFVED STAC3IIPL S hs, ey oo B
WHEE AR E, DWW T ANKR FIcHET5Z &
OGN L. T2, VA M7 0 URERIC
BT % ECC IZHRT DMagHtEDTLEICE, 2 b
DREFEDTEMAC B E-T 5 Z L ARSI Tz,
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Duchenne ®!f; > 2 ~ 2 7 ¢+ — (DMD) (%, DMD
BIATERICEV A a7 0 URKRETHE
SRR TH D, DMD EinFEEDOK 10%H
exon 3~7 DFEIIZEE L TRV, Z OFEINICE
2925 DMD IZxf L, exon 3-9 skip i A
LI RRIEIC 72 B ATREMEIC W TR 5,

F7-. BMD OEEEITBEEFARICK Y B

HZEWSMoTEN, VA a7 0 v OREE.,

PERE, FEBLEODBEWIZ L 2 b DNENITHONTR
BB A28 o TUEW R, & ORGEEILBE T T
STENREETH L7720, b M TRIESEIEDH
G EREF> BMD €7 0~ A%/ERIL, &
JEAL A 1 = X B E RS 5,
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1. DMD exon 3-9 A v FIEE D%

F0 2 A TITFRF BRD 76 AF L& o
iPS Mz W7 AREEIZE Y DMD OFRELAY
% 79 exon 3-7 KT K OY exon 3-9 K A iPS il
o R U7z, AAEREIXZ 50 iPS #ifE 5 5y
EFHE L7 B#, ORI DV T O KR
@ RNAseq |2 L 5 /7B T3 BLET. @exon
3-7 RIFGIIZ L CT v F 1o AR (AO)
BIOVTF ) AREIZ X D exon 8, 9 skip TBIRDIAE
2Zh 5D Feifge 3 O exon 3-9 skip 16 DA ZhEIC S
WTTHRRRT L7z,

2. BMD £F /L~ AD{ER

BMD HKEEFHEMIZE (MDCTN ' 22 = 7 MRS,

AMED #Ha PRz B FEH{EAE) OS5 BMD
TIHBEFRIC KD B, PEY, GO, X
MIRHEEEICEVWR A OND Z ENH LI -
77 HFRICRAMEE O i\ WEF O T exon 45-49 K
JIXESE, exon 45-47 KAIIHEE, exon 45-48
RICITHESE, exon 45-55 R IGITRIRIE TH - 7= 2
EMD, HERDET AT AET ) MREIZED
TERLZATVN, ORI OWTHENT LT,
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1. DMD exon 3-9 2% v 7GR DB

RNA-Seq (2 L % ME#EAES T MEHTIC & % exon 3-7
K2 (DMD #!) & exon 3-9 K (BMD #!) ot
%2 Tl axon guidance. splicesome 7% & DB #F
DFRBAHEI L CTWiz— 5 T, cAMP signaling
pathway, regulation of actin pathway 7¢ £ D iE{5 1
FEORBDME T LT\, F7z, exon 3-7 KK
OB AT 6 L exon 8, 9 @ skip Z7#53E 9% PMO
Ik BIREMEICY A b7 4 v oRBEIE %
BT,
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exon 45-47 K233 L O exon 45-48 K~ 7 A DE
FUZREY LTz, 4 Bl CREAT L7oRE R, REITE
AREFE T mIXIZHE L THREICBRE TH -T2,
—J5 . ERFEIIEBROIED B By exon 45-48
R, exon 45-47 RJG, mdx Th-o7-, EIE
HOLEZRRHESS R/INASTA] [ O HI IR 1 max,
exon 45-45 K2k exon 45-48 K& CH .- TNz,
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MR L THRMBNTE 2, ZoETLE AN
TIRIEZ OMENB X OEGFEHRL L TO
BE 21T Z EMAiEE BEZ TV D,

2. BMD EF /L~ AD{ER
HHDOLERAHT 5 BMD EF /L~ 7 A2DIERLC
P L7, & b BMD ORI OFINMZ R L
7o ECHEIE(LA D= LZMAT 5 L b, B
IRADIGHE T 7 Vv« 2%y FIBBEE D15
FIEBARM I TN EE X TV D,
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Development of Molecular Therapies for Muscular Dystrophy using cellular and
animal models

Principal Investigator: Yoshitsugu Aoki, MD, PhD
Director, Department of Molecular Therapy, National Institute of Neuroscience
National Center of Neurology and Psychiatry

Project period: FY2020-FY2022

Human genetic therapies have come of age in curing rare neuromuscular diseases. The
nationwide research group aims to better understand and improve the treatment of fatal and
currently untreatable muscular dystrophies, including Duchenne muscular dystrophy (DMD). We
are dedicated to elucidating the molecular pathogenesis of muscular dystrophies, especially
Duchenne muscular dystrophy, and the development of advanced gene- and stem cell-based
therapeutics for the diseases. For this purpose, we integrate molecular, pharmacologic, proteomic,
and genomic methodologies using various types of unique animal models, including dystrophic
dogs, mice, rats, and common marmosets. We are combating these diseases through research
aimed at implementing promising novel therapeutic strategies, including oligonucleotide-based
exon-skipping therapy and mesenchymal stem cell therapy, into clinical practice. One of the
significant achievements of our research group is a successful completion of our antisense
oligonucleotide-based exon 44-skipping drug, NS-089/NCNP-02, for DMD in Japan. In the trial, we
succeeded first in the world in recovering the expression of human dystrophin protein over on
average 15%, and attained results suggesting sufficient efficacy for motor function. Moreover, we
have published an online resource eSkip-Finder (https://eskip-finder.org/cgi-bin/input.cgi) for
helping researchers identify optimal sequences of antisense oligonucleotides for exon skipping
(Nucleic Acids Res. 2021;49:W193-W198.).

RESEARCH & RELATED Senior/Key Person Profile
+ Principal Investigator
National Center for Neurology and Psychiatry
Yoshitsugu Aoki, Director
+ Co-Investigators
National Center for Neurology and Psychiatry
Satoru Noguchi, Section Chief
Rieko Muramatsu, Director
Kazuhiko Seki, Director
Daisuke Kawauchi, Section Chief
Shin'ichiro Hayashi, Section Chief
Madoka Mori, Section Chief
Yuko Suzuki, Section Chief
Kyoto University
Akitsu Hotta, Lecturer
Tokyo Metropolitan Health and Longevity Medical Center
Akiyoshi Uezumi, Associate Director
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Osaka University
Soichiro Fukada, Associate Professor
Tokyo University
Kanjiro Miyata, Associate Professor
IMSUT, Tokyo University
Takashi Okada, Professor
Tokyo University of Agriculture and Technology
Masaki Inada, Associate Professor
Nihon University
Yusuke Echigoya, Lecturer
Ehime University Graduate School of Medicine
Motoi Kanagawa, Professor
Sapporo Medical University
Takashi Yamada, Associate Professor
National Hospital Organization Matsumoto Medical Center
Akinori Nakamura, Director
National Center for Global Health and Medicine
Hideo Shindo, Associate Professor
RIKEN
Shuntaro Chiba, PhD
Central Institute for Experimental Animals
Masahiko Yasuda, PhD
Japan Muscular Dystrophy Association
Hisanobu Kaiya, President
Tohoku University
Naoki Suzuki, Assistant Professor
Alberta University
Toshifumi Yokota, Professor

STATEMENT OF WORK
Specific Aim 1
Development of new therapeutic interventions using animal models of neuromuscular diseases
a. Development of genetic therapies for muscular dystrophies
Investigators: Aoki, Miyata, Echigoya, Hotta, Okada, Nakamura, Chiba, Yokota
b. Development of stem cell-based therapies for muscular dystrophies
Investigators: Hayashi, Fukada, Uezumi
c. Discovery of new pathological mechanisms in neuromuscular diseases
Investigators: Noguchi, Muramatsu, Seki, Kawauchi, Kanagawa, Yamada, Shindo, Mori, Suzuki N
Specific Aim 2
Quality Control of Experimental Animals
Investigator: Yasuda
Specific Aim 3
Ethical and social studies to develop new treatments for muscular dystrophies
Investigator: Kaiya
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