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[AFFEBHRE O HEY &5t

AWFFEBHTE Tl BRAERFRA iPS M Z7EH U CORBIT 2 D TRIFERA 7 V) —=0 72 Eid 5 2
& T, RBICKIT HIBEERAIN A B L, SRR L LT, BEESHRNZ S ET VB THIR
RERFZEDN 72 SILCWV BB KRR E L Ca T RN R TIREEOAIHICE > Qe T = v o X
A hm 74— (DMD), FFREMES A b7 o — (DM1), EHfEJEH EBfA; S 2 ka7 ¢ — (FSHD)
D 3R L BEEDRD T 7 < JRRENFZEE A TV 7 W RMER I JEMERE (CMS) & R A4
NF—D 2 AR5 EBLZEE LFEHIRINICA 7 Y —= 0 7 R OS2 U CTREE~OERZ HIE
T L LB, B EZEDHH OIS — 7y FOREE BIE LT,

S DICHEBOZEILA E LT, %< OFEEMIED 1PS HilaZ v CTHEde X 912, Frdisss e
TEFTEATDOBISE AT - 72, THE TICT 2 23BA%E L= LB EE T, HF L-UL OB IC S & e
FRFTIXFIRE CH D Z LITR L TE D, £ < O A TREVEREE OB IE R T | MR a i
72 W IR N R AR B NMFAE L, By MEBI ORI E CREET DIZIE R+ Th o
7oo ARFFEBSE CTIX iPS MO 2 LEER IR 2N L, BRI . AR ARG, 3D A1 2 FF O M IR A ALk
RS L, AERERMNTIE R E LT A LT, INETHREETH T Z e E L, < OE
BOFRRERBL « ORI ~DISHZ B L1z, MR BIIIEE A ERTDESE Th 5703, ZREEM
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Rtk 2 ERS 2 2 & T, ERED D72 THOREOE WA TE 5,

(W7 R O]

WFFEBHTE DRI, SRR ER D 2 VIR EE Z L ICiE#T 5,
WHZERIBHRB L. T a2 XAHI A a7 o — (DMD)

AR Ca2+i2 ) @ F5- (Shoji et al. Scientific Reports, 2015) &9 fHfaZFREA A W C
Ca2+A A=V U Ik DAY )V —=0 7 %Ei LIz, STIMI-Orail &\ 9 Ca F ¥ /LT AT L)% DMD
JRRBIZ BT B E Ca2HiRRBICH 5 L CW\WA Z E A 5 L7z (Uchimura et al. Biomedicines, 2021),
LB, A7) —=0 7 OfE R TIIRBSERS R L FF O &L 5 A HRbEMNR G bR o Tz,
KV ERRIEREZ K LT BT AR D 728 | BRI & 2 i HE R 2 A U CRAIRR O st b 2 12
T 5 FELIE L, & OITRReRIZREXAIT A ke L TAMI S Z & T, DMD 3 Bk MAaIZ B0
T, IHRERENMET T2 0D THEFEET V] ZEE L, ZOETAVEHWTUNRAT—LDOR Y
U= 7% E L, HiEETHLL L ha Lo Do Ca2+F ¥ RVBLERN, Gt
WETAHZ EEHALNZ LT (Uchimura et al. Cell Reports Medicine, 2021), F7=f/Mafk~n
Ca2+DFH Y 1A Z HilfH4" 2% SERCAL &9 43 FDBEREICTEH L, SERCAL DIHPEALANHINEN Ca2+dD /N
KU > 7 ti#E% I LC DMD OIRBEERN R 2 FF>Z & B 502 L7- (Nogami et al. Human Molecular
Genetics, 2021),
et 2. FHREMEC A ha 7 — 180 (DM1)

DML D43 FHfETdH % CTG U B — MERIZDOWT, U B — MEEEZ R SED A W = XL OH DT,
F9° DML AR HI3k iPS M 2 R EF 95 & CT6 U B — R MR T2 Z L 25202 LT 5 (Ueki et al.
Scientific Reports, 2017), ZODOET/NEHWNT, Kok iPSHilAZY 7 /7 a—=7 L., fxR) ©—
MR A RO —BE WD iPS Ml ZEHEHNL Lz, 20V 77 a—rOf TRUEERIZL->TH CT6 U v
— FHE LRRWRBIZ 57 v — & FE L, MEiER - RBBT Ao 7 v — 0 & i LTI L
Too BRx IR BIEEER 7D EE S, RIS 2V v 7 X002 K 2 BERERTAM 2 52 L, ZNF850 &
WIS CTG U B— MARICE G T 55+ ThHDZ 25 L7 (Kamon et al.in revision),
WFgext i 3. Bm A B ERBiRAR A b e 7 ¢+ — (FSHD)

FSHD 1B IR B2 N B, ERIERNHIESCEE DI L & DOKRE SR 80D BRSO e
iR DIFAED R X TNz, & ZC FSHD HBg Hisk iPS flifi (FSHD-1iPSC) % MyoD #iiIZEBLIZ Xk 501k
LTI L S, BEa AR N L RAENZ D 2 & TRINEE T DU OFRBN EFAT 2008
D INERRGRE Lo, ZORER, H0: Z WL TH(LA L A% 5 X T2BRIZ DUX4 DFEBLN 2~3 512 EART 52
EERAH LT, A=A LELTEA R LARIZE D DNABEISE Y 7T AO—2Th D ATM > 7 FIVRE
ML L, DUX4 R LR 2358 T D 2 ERHALNE o Te, N O6DT = ) 2 A T3l s HEEKR TIZA
N D7D, REEZRBMLIEZLDOTHDLZ ENH LN E /-7~ (Sasaki-Honda et al. Human
Molecular Genetics, 2018),

WITIRFIEBFE OB & LT, =7 ) AREIC L DIRKEE T DUX1 OFBUNHZ % — 7 > NIt %
M7=, DNA BIWHEMED 720 dCas9 12 KRAB X2 DNMT3A 72 & D A FIALFFER -4 fEE LTV AT A& flioTC
D474 FEIICFFRAY 72 sgRNA & & (2 FSHD-1PSC |28 n FAE A L, DAZ4 fEID A FALGHEIZHER L7, £
OFEFR, —BEOBIR B A% 3 [I#Y KT Z & T, FSHD-iPSC (2381} % D474 fElk D A F/VACFEEIZ L)
L. DUX4 BELOMHNTEE) L7- (Sasaki-Honda et al. bioRxiv {Z Preprint Z/AFH, 2022),

FFext G 4. Jo RVERG B RE@ERE  (CMS)

CMS 1%, & 2R RIRE s AR K0 FHEE 2 FIET DIRETEORI TH D, £DOHTY DOK7 28 HIERF]
\ZDOW TR 3K 1PS MIAE 2 17 LIRREMEAT 2 D 7=, DOK7-CMS B3> LN L7z iPS s & /58 % %
A% L DOK7 p.G6AR /XY 7> RMIER A L AZ#EX# Z L perinuclear aggresome ZJERKT 5 Z & ZHH &)
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W U7z, MZCATfED DOKT p. TTIMIZ HEEBLOJRERE N TFET 5 Z &£ #5702 L7z (Zhang et al. Human
Molecular Genetics, 2023),
WFIExt SR 5. e RVE A/ 3F—

FERME S A /3T —1%, ke 72 R R AR A FAZ 0 HZAERED &/ 20 B KT % e 39 BAREOF
HChd, ZOWFFERRE TIZ, MIM1 ZRER] & LMNA 28 BE RO TR sk iPS MiE 2 #37 LIS
ez D 7=, MM ZBEJEF]ITiE, mTORCL ¥ 7L OBENEMA L 7e E OFREFBLICRI L, T4 Y
— L DBENEE L0 KB A R U2, £72 LMNA ZREF I, o bg oI RER & )
JREEFHLIC T L 7=,

BANBAZETER 1. 2D iavtiFE

FHEERIRICETE L OO B e O 3 bE5 858 2 -V CEASMiesiiin 2358 - 2BEL . B
Mz s~ MY SV EEET 2 FEICK D | WS T Gz oMb Lot x 2D TR
DT LTI L, FrEFHRES L7 (FFRE 2019-134123) . E7-BANBAFEIEE 4 LHHE L | BHEHICHB T 5T ¥
INFEBET a7 7 A4 VT Licl 2A, PIREEEMIE L RSO Z FE O E Ml Ch 2 ERH 6 e
pote, I HICRMIMOMBLE; R T, = SMAEEN YT 5 L ZAE THREMEDS T Z L b X TEB Y,
BEASONS e MO in vitro BB T, ROBEBMELIZ LV ETHE T/ LE %D (Fujivara
et al. Frontiers in Cell and developmental Biology, 2022),

BANBHZEHE 2. wh Ay

MHRETEEEE (WJ) @ in vitro TOFFED =&, iPS Hild) o EEIEGHL & B4 Fkiia & Bl 4 (255
LT bR 2 FIEEAR AT, U], 1iPS M) & /0 baFE U 7o B A& ke o 1\ s s R i 2 75
T2, HHVTWIC, EERHROREE LIOEESMRME AR L7 9 2 T, Bkx RS COMR A
1T T NMJ TR D BIEL A 3 A T2 23, RIS D TR D o 7o, AEIRIIC N IR A ZERICBIZ T2 2 &
NTELFEEL LT T 5 2 LN TETOIE, KE(LEF RIS 4 M U CEER AL & B+ i 4 2
NENOFRMETHEEL, MXEZRET5 7Y — A& Hil L7 AR E B IR I Bt L7358 10 S
DM 28895, LW FETH-T-, ZOREEREIC THE L MJ OEFZHN 2 MEE e L
FETL, ARRSIIRES 22 KHIZ KC1 Z2IRINT° 2 2 &2 L 0 MRHiia 2 58 sl IS Bl 0 ik S W72 35502, — 5 o i
fa CHRIRAN T Vo 7 A F PRED ER- 27880, HERERI e \MJ SRS TnD Z &2 62 L,
BANBHSEEE 3. 3D MhfHEI R

RS Nippi OWIIZ L0 B Z R L BT 27 ha—12BE L, SHICED
7'm ha—LxzHOTHIEERICRIATE S5, BREFH LICBMREET S — FaEBR L, 2z v
MR ES R FIEZ B LT, T OFIEZHWT, ~ U A HFEMlark C2C12 2/ L AR A 1T L 2 A,
BlmEE & o THlBVYL LT D Z & Rl L7z (Nakada et al. Bioengineering, 2022),

Z ol 7 a ha—u L filakE FEAICH LT, B N iPS MR B FFE U 72 B A A s 2 A e
¥ — b ECHET L FIEZBIR Lz, & b iPS Ml bR BN Native 72 BURIRRE#& 5 o — b TIdH
JEDEE RN EN -T2, & Mz T I =2/ % 7 F > (Lam/En) (2 K - TR B #&#H > — b
DIER & 4T > 7=, Lam/En {EAGMHIILE R > — Md e b iPS MR kfMia o Baf 2 EstEz R~ L,
Lam/En ERFBGHIN B S S — b LTI S Z b iPS M i AR B4 7250k &2 s L., B L 7275
EMHIETHMEL TWD Z EARS T, 2 ORCRITFFRE 2022-023837 b MEREE T VAL & LT
R HEZ AT o 72,

FANBATIEH 4. AHRAORREMAT

MyoD B&HIFEBLR 72 £ e D iPS KGR D A A 2 F v RIVBIE T OIBURNT 21T\
LB AL ENARATE Na* T v x L (Navl. 4) & 2— K925 SOVA B\R I3 BIME L, D
Na*F v x/L (Navl.5) Z=— K92 SOVGA BIn T OFRBLNENZ ENDMN0 | BIHIOEK
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T ANEFFOZEPRBI NI, ZOZ LD, HERD iPS HERMMIRLIL, EXBENME & D BLR TRk
REED @ < ZRWATRBMEDSU R STz, — 05, iPS BRE ML (IMuSC) 12381 54 4 v F v RVl +
FEHUFAT 24TV, SOVIA BAG T ORBR BN & 2l Lz, KIS, iMuSC Z W TAR—LEL Ry F 7T
Y IEIZOWT, OFEMIZATRER b, ORESRME. @R — By F 7 T o TRIEIC BRI -
TR A ST LTz, iMuSC IZFEBLd % Navl. 4 OFEFREIE 21TV, 7 b R hFR AL D F v XV EL
RWTZFHE S & TITV, AR BRI L E R B R E 2 RN A4 5 2 L 23EH L7z, $£7z, iMuSC
(ZHEBLT D BAUKAENE KT ¥ RVERIZOW T HRIEICAREI L, iMuSC DR BLEEMEZ 1 5 222 B
SO T ORIEIEIIMEL TE T2,

[WFER R D EFE

I OMEIRIC G 2 DL LT, IBROBEREN X —F Y B X BN DHRENEES b/, FSHD
BT DIRBEALR - & L TIEA B L RZRETE 722, S bANC X 2 EITIHlIESIE3 CITERIMN T o
ERRBFZE CRUER S STl Y . B OHIR LY 7 U A > s OWNAR T, FSHD BE OEEEEE O SE 2S
&N TW5 (Free Radical Biology and Medicine, 2015), 4. FSHD (24l L 7= PiBR IR IR O FE R 72
~OFEBNIEEIND, TEF 7 MMREICE D DAZ4 ~D A FALFEIZHOWT S, #fL~LTo POC 1
BAATE, BUEIT 7T A3 FTIEZA< mRNA &2 VT LNP TOEAZMEEL TW5, LNP T mRNA % 5 75E T
B35 Z L1ZOWTIHCOVD-19 U 7 F U CILK A AWM R SN TE Y . R 5 CThiuIERIGH I
ANDo FTZOHEZ, MO RIF 0 MR AT 4 7ERFRITKT 2EGIMHNER & U TR T 2 hetk
DdH D,

B ORI 58 L LT, VMR 28 CTh 5, Biffafts — Mo 72l basE
151X iPS MO 772 57 Primary myoblast (26 S HATRE THFRI LB OAMIZEINLTEH Y . FrftiED
FHATEY ., B Z O ET WEROFT2 /e A2 o X — R e DRt H 5, BRI L DAk
RFHE & KRBV R HEE 2 TH O . Ml 2 HEE & L72fTICAE I CTh D, iMuSC 76 DRI E
FHEEDRRFHEA A TH Y . BHEA by 7 S Eo TRIFIE iPS Ml R5E T 2 LB H e\ 29, iPS
R B Z A BR 0D 72 WIIFZE RSP RUIR A S~ DR BB M L T D, B IS HREREL LB ™S 5D
728, Primary myoblast & [l U & 9 R CHEH TE 2090 — /& LTEN D BAIRF S5,

fER=—X L Oxtic L LTI, FRBIXIBEREOmO TZ LW TH Y | IBFREAIH~DO KX 727 v
Ay h=—=ABFET D, YU RET /L TOMIED D & MifE - BEMILZ L > 725 ~D > 7 O E M
MU D 72T, FRERFIRAY 1PS Ml 2 280857 - TRt L, ARATICH L 72 oMb RS IE EEBRRE L. -
BEVITER CE e, FRMEMRLOT A AN vy a UHEMICER L, KFOMALT e ha—it
THFT DL, EBRFFEEOTTFONTERONTZROEHXETHoT- LTV A, V7 Ml THIREEAIHIZM
F7= R ED ITHED Bz,



Our research proposal aims to develop long—awaited therapeutic approaches for muscular diseases
by clarifying pathogenesis and conducting drug screening using patient—derived iPSCs. Muscular
diseases are mostly monogenic, therefore suitable for the disease modeling approach employing
patient—derived iPSCs. Our research group is composed of investigators specialized in muscular
diseases with well-experienced technique in the use of iPSCs, together with skeletal muscle
disease clinical doctors and an administrator of national registry for muscular dystrophy, to
combat against the intractable diseases

Targeted diseases the following. Duchenne muscular dystrophy (DMD), Myotonic Dystrophy type 1
(DM1) and Facioscapulohumeral muscular dystrophy (FSHD), Congenital myasthenic syndrome (CMS) and
Congenital myopathy.

For understanding the precise pathological conditions of the target diseases and recapitulating
the pathogenesis of other muscular diseases, we will establish advanced culture techniques,
including maturation of myotubes, formation of neuromuscular junctions, and reconstitution of 3D
muscle fibers with decellularized ECM, and will develop new methods for physiological and
biophysical analysis. Research achievements are indicated by the target diseases
Target disease 1. DMD

Since DMD myocytes show hyper influx of Ca2+, we conducted a phenotypic screening by Ca2+ imaging.
However no useful compounds were obtained. Therefore, we built fatiguability models with
continuous electrical stimulation that reflect clinical pathology and identified several targets.
In addition, we clarified that activation of SERCA1 has a pathological improvement effect through
improvement of handling of intracellular Ca2+.

Target disease 2. DMI

We have elucidated the mechanism of CTG repeat expansion, which is a molecular pathogenesis of
DM1. Previously, we reported that CTG repeat expansion 1is recapitulated during DM1-iPSC
maintenance culture. Using this model, we subcloned undifferentiated iPS cells and established
multiple iPS cells with various repeat lengths derived from the same patient. Among these subclones,
we identified a clone with a phenotype in which CTG repeats were not expanded. Then we performed
comprehensive gene expression analysis in comparison with other clones, and we identified ZNF850
as a candidate molecule involved in CTG repeat expansion in DMI.

Target disease 3. FSHD

We identified oxidative stress as a pathological modifier and clarified that DNA damage response
ATM signaling is involved. We also demonstrated that DNA methylation induction in D474 region by
epigenome editing has a therapeutic effect to repress the DUX4 expression.

Target disease 4. CMS

We clarified the pathology that DOK7 mutations cause ER stress in myocytes by the formation of
perinuclear aggresome.

Target disease 5. Congenital myopathy

We succeeded in reproducing pathological conditions of M7M/-mutated patient derived myocytes
such as overactivation of mTORC1 signal and found a phenotype of impaired lysosomal movement. In
addition, we succeeded in reproducing the pathological condition of L#NA-mutated patient derived
myocytes such as abnormal nuclear morphology.

During all pathological analyses, we proceeded the creation of gene repair strains by genome
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editing for each disease and proceeded with the deposition of newly established iPS cells to
RIKEN BRC. Moreover, we established a maturation induction method for myocytes using iPS cell-
derived skeletal muscle stem cells and decellularized sheets, and demonstrated that mature

myocytes are useful for pathological models including physiological analysis



