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AChR: Acethylcorine receptor (7 -&F /Ll 5z 75K)

ALS: Amyotrophic lateral sclerosis (ff Zefd AR SR ML IE)

BDNF: brain-derived neurotrophic factor

BSA: Bovine serum albumin

Cri-iPSc: Corrected DMD-iPSc by CRISPR-Cas 9 (DMD i#/{x1-1&14 iPS #llia)

CRISPR-Cas9: Clustered regularly interspaced short palindromic repeat/
CRISPR associated protein 9

DAPI: 4',6-diamidino-2-phenylindole

DMD: Duchenne muscular dystrophy (7 =3 =2 X AR T £—)

DMD-iPSc: DMD-patient derived iPS cell (DMD 3 Hi 3k iPS #fifi@)

DMEM (h): Dulbecco’ s modified Eagle’ s medium-high glucose

DMEM (1): Dulbecco’ s modified Eagle’ s medium-low glucose

Dox: Doxycycline

EPS: Electrical pulse stimulation (& 5#III)

healthy-iPSc: healthy individual-derived iPS cell (fd& A 3% iPS Hifiz)

i-MN: Motor neruon derived from mouse iPS cell (iPS #fifid H SR iEEh it i ia)

1PS cell: induced pluripotent stem cell

KSR: Knock-out serum replacement

Mag-TE: Magnetic force-based tissue engineering

MCL: Magnetite cationic liposome (F§REM:AENE T /K1)

MEF: Mouse embryonic fibroblast

a-MEM: a-Minimum essential medium eagle

PDMS: Polydimethylsiloxane

SDIA: Stromal cell-derived inducing activity

TuJ: BII-tubulin

RA: Retinoic acid
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1. 1.1 FFAIZOWT

ARIZB O T IR RO THY | AmiGEIZ MR T2 LT Z<o&kElizH
STWD, 1 D FITEROIEHELRY | EEREZENTZETHD, HRNOT THEE
TE R L2 B IONTEER AL TR, BEi%2 L% ES L1200 TR EE) X
DAERIEBIO EE2HSTND, 2 D BITE RN HOMREEEH THD, HRICE>TE
RHNERE DI TNDZEIZEY | SO B O H (KE 575, 3 2 BILfLikOR~7
TEHTHL, Dig I SN2 MRIIAR T 2O <208, Dlg DB 73 AL T
IMFED3TS £D, DB A DU EENZ LV ERARICTE 23035030 | iR 7 ER &
PRI MR OIEER MEES LD, 4 - BIFBRE THD, ARIOKIEITA) 36°CT
TRIZIVTODD, TOBVEREDK) 6 Bz DTS, 5 D HITSE S Drh L
T, Vo NERZIILD LT HERDOMINTT NI FEDT I K> TEME
&b, ZNBT UV BETHRNZE LTS, 6 DEHPRVES RV AL AL D
PEATH D, AN DAEFESNIWEILE BRSO RIE RS4RI $ 528 T4E
AEREDHERHICEIRL CWD, IiE D 7 2 B VK ORFFTHD, IRNFRK S B
FREEQIADMEREL CODEE DTV, i OREE X ZE OB R ORI ENR
EHIRZ RV KOG LR > TEBY , N ENDMAE L RO HFIZADIAL L
MR BRI PR DRV & 1705 TG L ZORG AT 250 it TRk
SNTIRY, SHITHHEHEI L Z B D FHFHRRAED B2 > T D, ZOREME L& i A5
A, EOEDIRAZFR E~BEIL, T (L ax7) #iEE T 228 TR ShD
(Fig. 1-1) o BHUAEDBERITIZ T NI AT HEEEEEL TONDIA T T4 TANET IF
YT ATARD YL AT O FRYERIZ A7) TRV G 28 CTIHE A3 44
% 2, BREIHIHREG L CTH A ARk Ch 23 T OB A A3 AR A3 i
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R THD, B RGO E D RIESUSIZ I T BEFBALIZEREL THDH4F
IR~ 707 7 —UNB SN A IT A S FEK 1 (Hepatocyte Growth Factor) %5
(Z&o TIEMA LS i R MR G IS B 975 2, L TR filia~&k
L7212, BEFE OB AMAAIC @ G 322 TR 2 A L TR AER IS,
AR CIE A A RS 22670~ — 71— &L T Pax7 X° Myf5 BAESHTIY, fifh
RO A AR D EEE S I 5 & TR AN ZEIZ AT T2 B 03 T o Ty
%43,
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Figure 1-1. Schematic image of muscle structure.
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DIEBRABIEZAT RO AL 2 E 03D, D HTHER A DIUHEIZ B> T\ 5
SN PR R A I LD AR Bl 2 A A 52 28 3 D RRIR ZEEE DS BRI AR D
HELTRY, SSICEREBET DMBAFEL TS, LT, RO KGRI
BRDOEARMELA DY | T IR ORI ILRC 5 AR LT R A 5-2 5,
TR AN AR ] O B = DI, MBI N O BALDS B FE RIS L L Tl
NG5, | AAESME Nat 2SN L0 R EE CIEEL . KIS
P FECAEAEL CUND, FIDITHIBAS S D 7 F AT L0 MERAI I D 3 54y D BT

(AL AECHTETEMEEZNE Na™F v 1L 03BA<, ZOZEIZXD ., Mflashh 6 Nat
DRI A~FEAL , B X5, 32N EMast CBAL N ELDHIET,
BEBEER T AR CBOE M Z L L Na* DA TS, ZO RIS EFICEDS
ZET BN TEMBBEEIL Tl EeD S BRI O BN AT A NGO
KA ETRDDZETEY R RELICHD Ca¥' T v RV DBHE Ca¥ SN
AT D, TSIV T T 2RNABRERETBEIL, T 72PN KR EIZE Eh
TR M E DS U S 4L IROFRREHAALH A~ Lo 7 F L DAREZEAT D,
EEN R ST R~ 7 T REZ I TO BRI R A B2 53 (Neuromuscular
Junction) A TERRS 41D (Fig. 1-2) o M A A EOEEGRERIZ I T, BB RE A
FRADFERINS /WS FLT- agrin 28 muscle-specific receptor tyrosine kinase (MuSK) %
IEMEALT 22812k T 7 EF a2k (AChR: Acethyleoline receptor) DH
FEDFIA ECEEED 78, ZAUCKEB RIS B N S e T B T e s
W LD AChRIIZFE AT HZET, RS | Z s 9,
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-
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Figure 1-2. Mechanism of muscle contraction by motor neuron.
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SRR 2 2R AR (SRR I AFAE L T L e B B DS AR S I 1) B e 4
AT 57213 T Mifash~ R > 22 (ECM : Extra Cellular Matrix) Z 53 W4 52
ETHRIGE T D, AT EPH O ECM 2 /&5 L TEREEHERFL TWDT20
RAE M S D B BRI TR L TUND, 7o 2 A 2 i AR S B BRI B 5 L T
HZEMHIBIVTND, i FF AR VL AT U7 i i AR 72 0 C7a< | dkiE 2 pa s
BELA~LBEIL, 277 Z1ILHETDH ECM Z20W T 228 THFAEDTZDD
R RMET D, o, i RO e INET 5 IL-6 F4 W3 528 Tl
A ZIZ S 1,

(3) fRhHEka

AR P RS DRE ALY T 4 AR A RN DTE & D4y A WL | 7
MRS W T D~ A A T A LRI D2 = — a2 T 2@ & 25>
Uy ZNBIFAERICI W TE R BN O Y72 B L ORERFICBI 5L TnD, 5
BRI Al A S MR AR D53 (C LD FETIE, IL-6 ROIAAZF AT L THAIC
IR E T A I 22N ME SN TND 12 KT TARIAL D—2ThD
Leptin 13, fht§ RS > 7 E DG RICEE G4 57200 Tl B D7 /L= — A ERL
EFHETOLREBALTND P,

1. 1.3 FHIHEIZEE T 2R

R OIHRIZBE 32 R KEDEET D&, i R OUURGE % 7] HIE Eh e R I 7
DA CHMRRIF AL MG L, A B IRIC B D3 A C DM R AL Zefi . St ik b
BEICEFE R ECCLEIRBD 3 DICHHIND, ZITII TR, ZRLENLD5
BT LICRERRIEERE — DT ORI T5,
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(1) Fr Mt MIZETE{LE (ALS: Amyotrophic lateral sclerosis)

ALS (IRRIFAEM ZMEDO—D> T, BB LU TLEE) =2 — e D3RI E
PEL ., SRENDHK 3~5 F TREE O LD R BB I LIBT3 5RE THD 1,
ALS & D 90% R ITEARMEDN ASNRWIENE T, FRV DK 10%03BARPED
ALS ThHD, ZNETIZ ALS BIEDOHIREZ ZONDBI T3 20 FREREEE R ES
NTWBA, TSR T EFAE D BHRIZHREIIZHASINI 25 TR, T T
IFEPELBARPEO M 7 THIAL TV DB F AR LL T TDP-43 2AFRIESNTEY,
ALS BFE DK 9 FINFHEMOMRMILT TDP-43 ORERERMMRHLND 15
TDP-43 |23 H L7eAFE N < S D LIS/ o TETMd | K72 ALS BIEAT =X
LEDFEMRBMRITMAZII TR,

(2) TavzvXBIH YV Aa7 +— (DMD: Duchenne muscular dystrophy)

DMD (X5 AR ZAE DS RMIRBTHY , X Petffk B HERIZDT0 B IRD A
(CHRIET Do FIER TR A ITHEMDEITL | B AR AR I IV EBFE DIZE
AEDS 30 RETITFEICES 16, BIEDOHIKIT X ek LIZH LV AT 1| n
FO—EBRE, BEHLWIZ 0 RERPELLHILICIY, MlEOESTH 2
RITOLANAT B NTENRBTHZECHD V, DA T (52 3BT
B N DI R BN 2 W] 57 7 F o XA v ARG LMD 7 a7 a7 A 2R G
T CHAEL TR Y M LHE D BR OB A =1 /L — O E B2 F i 9~ 5% HI 0, il
S EIAFAET DAT T RN OB EEPE T DX ENZH->TND 18, 20729,
T4 BRI HE CaREPBRITIAL, Iba R T AR AR T 0T 7Y —
LOFHUZLY | MR B R ZSNDHEZ 2 HILTND Y, IEHFTIL DMD D15
EDO—DLL TaF Y AF B I NER SN TVD, ZF Y ATy 7TV AR
TAV AR T OER R EFARIETZET, —HAEMEL TODBODOERER R o7z
VAT 4 BN DI B THE T H51ETHS 202, 2019 FFICTHF Y U AF o
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VT ERIH U R IR AGRHFESNEBY, DMD 1B OR EBIZHfFII VD
DD, RIEARTBIRIEDBIFRITIZE S TR,

(3) EEMESE

EEE A ) E (AR A BE S0 B R IR T A ORI S EARER
TEINEIE D72 D WP I SRR DN & | A AnMERFIC RN A C D, ZOFR BT AFREA
BB O A LI T 27 B F a2 B RISk 5 8 il 7eFral
VBRI LT AR R A B E T2 EIC IV BIET 2 2, BUETHIRIGTELA
7R TB P EIT2 < S I A 2 R LT ERRIE D B TH DT | Fric/pini
DEAFENRDHNTND,

1. 1.4 BHIHEET NVOEE

ZAVETIT YA ZE = T UIHEE 2R LI RN AT ) — =0 T RO ST -
T&Ez, £DOHT DNA FHNDOZEACZ DT b IR AR E TELZEN BN
TWDTE Y = 1T v 7 TR 3ANE I UTZ BRI i oMk D 43 (b3 K
SERHIGHRETEPEDS B L 22N 2 22 L TS (Fig. 1-3)%, ZOHEEIY (kD
TEREF YRR L0 | 55 P Db B EL R e THOUGHATE M2 B HH T2 714
DFENEH THLIEPREINTND, LI, RIEICHEANAI) —=0 77~
DISHDBHIFRF CED LD 72/ A AN —T s MR AR Z AR L 72 5 WA E 7 L DS
W7 ARAHERR 2 S T R BRI A BRI LA OIS LW E T v
DEAFEPLETHD,
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Figure 1-3. (A) Quantitative image analysis of myotube width in tissue-engineered skeletal
muscle tissue constructs. The data are expressed as mean + SD of three constructs. *P < 0.05
vs. control. (B) The force generated by tissue-engineered skeletal muscle tissue constructs

on day 7. The data are expressed as mean + SD of three constructs. *P < 0.05 vs. control®.

1.1.5 T %

R T2 A/ EERICB T D EEREAM O —>LL T, 1980 FADOHIZENHED
53TV %, Dr. Robert Langer & Dr. Joseph Vacanti 575 1993 4= (ZHERERI 721k 2 7B
2120, Mk, B, HIER T OEB R LERA R THLERBEL TS 2, E
BRIZ Vacanti 5O N—T1EX—=R U ADEIZAND H DA LI ik z B4 52
ETHAR A | ARk L A ERDRSGRESNDEoMiT &7~ 7 (Fig. 1-
45, Bk 3 BHREOH T EEAR BRI THY, Mz H RN T T r—F
(TR L7 FAEEROERNOIIIMTLUED, IHTIX 2006 FIZLH K F-0
LLiep RARZEZ 525> T induced pluripotent stem (iPS) HIAMERIS L CLLE,
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AR ISR SRR L) 7 7 e — I S W e AR E R OB R O S TE
72 2627, iPS A X b &3 D AR ERR 2 2 M RaAE A~ Lo b T REZR S REE A L
THY, ARSI TEE R RO PSHIIIAHEIEL . BE B H BT HZENTEETH
%, ED7= | BEAFOME OOl B L1320 | S iR ) — R 2 O
ZERECED R CIEFITH HeYy — 1 Thd, 72, 2016 FITT AV TITE G EHK
i )& (FDA) 7Y Regenerative Medicine Advanced Therapy (RMAT) Z#%\F . #l#ik T
FHNAF IS N B2 & Lo AR IR I W TR ARG I 2 i 95 28
T, R S E L O A EIFFES TN,

Figure 1-4. An external stent was fixed on the outside skin of the polymer ear implant to
maintain polymer mold shape. The tissue consisted of polymer matrices seeded with
chondrocyte, implanted subcutaneously, and then fixed by means of an external stent of the

same size and shape®.
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AT, 1D BISHIUHE 2 5] 5B B i OBE REZ Al 3 5728012 B AR LA
fa & M O LEE R A 2 IRoTe 3 IRTTO M T TREEL | EEh MR o O
P CULAE S D7 Ve FRL 72, 2 D AICCNE TUMIFEE THEIZH - T
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W AR SRR C2C12 MR TIEAR<, iPS Ml FE IR 250 I 2 87 LW A
LT, RO IETEEZ M LS FEEZMAG DT LIE T Ho 72 mithE £
TNERET HEHIT, ZOET VA EE BROMILIZE 35222 L0 WM
DORERERHI 21T o7, F72. 3 D HIINAALV—T Y MEZH T A IHMEE 7 V24
L. ET NVEAN T DU IS E B T 52 & TIFRIL 72 i e &7 v O F H
PEZ L7,

1.3 AFRCDWERK

5 1 FECIIAMIEICEOMT IZHTZD | R P B R E IR IR D H#HZ o
WTHRELTE,

B 2 BECIIAMIZEICBE T 20 B O FEIC DUV CRLIR L, F 78 R o B a IHE

(ZU72, 2. 1 B CIEAR TS A 7] ESHDAFFEI DV Tl <7, 2. 2 #i CIEBERD
A E 7 AT DN TR ATz, 2. 3, 4 i CIIARIHEE 7 /AR HT=0 | Ml s
LTHMTOLEEZABLN TS iPS Milfd ik 2l s iPS Ml a5 /0 LaFE LT
i A ORI B3 DR FE I DWW CREIR LT,

5 3 ETCIREB RGN E S Lo i IHEE T VL DIE AT o7z, ~ U A iPS fild
SREER PRI (-MN) & C2C12 Hlfe H ki M D72 235548 C | k%
& 3 WITHIRIC B W TR IS 48 T M IHEE 7 VA E T 528 T, FIHE
RS U CEEMRGH M O EE S Il CE LA R LT,

% 4 = TClL DMD BFHK iPS Ml B s FEE L2 iPS MO (LEFEL
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2. 1 In vitro TORHIURIEMER _EIZBE9 5858

2. 1.1 BRRBIERICIDHIRETE DR _E

&M (EPS: Electrical pulse stimulation) (3B ¥ 0 S &AL 3 HEAR I 1% D
— D THY ., MK RS DAL A 5| ZR 29 2RI BTN D, Inoue
SIXT v hOBERE A5 L CRRAINEZ 5 2 T2 B O Lk DO 2 LA FR R ICBLE2 L
TWD B, BRUINME 525 AR RINC R SEE | fiEer s VB 5/ EOEN
PREBITZ, AT, FHEO W B AN ML 72— J5 C, A LTz, b
D FNTESHNEN Lo TR DB RAEL . AL T2 Z &2 RmB L Tuvg 2, E6IC
BRI Z 52 T AR I C B D T IE R R E 2R ET 22 LR BV TNDT ARA
Ty ORHEM THLT o Fadr BRI 528N E SN TR, 7UR
BN DYEINIAT ARNAT B AT DR Z D | i IER AR I S 47z A
REMED VRIS LT 282

F72 Ito BIE C2C12 AMIE/SIERIL 7o ik (o6 L CRE RIS 2 95812, B
INEJE, 7V ARG, JE RS> T BRI O S 4 28 2 Tl Ze Seth 2t L <
W5 30(Fig. 2-1), Z2UZEY, 0.3 V/mm, 4 ms, 1Hz OS5 Theb U 3 K L=
ZEDITRENTEY, ERRNEEE R DS AHIGHIEMEO [ FICA MR FETHLZLER
LTV,
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Figure 2-1. The effects of EPS on in vitro skeletal muscle tissues from days 4 to 7.
(A) Peak twitch force generation of EPS-treated tissue constructs on day 7. (B)
Relationship between %Pt at day 4 and force production at day 7. Data are shown as
mean 6 SD of three constructs. *P > 0.05 vs. 0%Pt. (C—E) The effects of EPS
frequency during myogenic differentiation on the force production (C), the amount
of protein (D), and the number of nuclei (E) in the tissue constructs at day 7. The data

are expressed as mean 6 SD of three constructs. ¥*P >0.05 vs. non-EPS constructs®.

2. 1.2 BEFEANILSHNMEE DM B

R D o3, B B8 s T3 2 RESH TRBY, TNOE B 73
AT HZETHMMOTRILDH B TD, Tkeda HIF Follistatin 28 A L7 Ak
VEBLL T %, Follistatin 3B 4% i BN 40375 Myostatin (ZEHERE G528
T, ZDfhE%MHET 5, Follistatin 238 AL 7= fififk ClEBR FHEAZLITo TV
VVEHAR S HERRLCL AT 9 R5IHE 23 EL TR0, FTERE IS YL a AT 3 ElEEx
NDRE | tgRE M FICH AR FIETHAOZENRIZEII TGS 2,

FIVERD in vitro TERS-AFERIZ—E UL EOEL DB DL MENEAZ
MR KBIZ720 , TR =V AN EE TLEI LA TH -7, £ZT Sato HiT B-
cell lymphoma 2 (Bcl-2) (Z¥EH L7z 3, Bel-2 (37 R h—L R ET 52 hns C
DIMaLRIT RO AEESTHZE T, TR RZ80 75 32, Bel-2 Z#{s
T AU AR IR N B O 7 R b — o A0l S TR0, IUHE 2540 2 fi%
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[a] EL Tz (Fig. 2-2) 0 ZAUA RS E LB G- L 7RO A Th- Th | Mk
EMBT LR T2 AN HZ L TREIUHETEEZ 7] ETEHILE2mRRLTND,

Twitch Tetanus
50
40
z z
= =30F
3 3
5 S
uw w
10F
0
0
Time [s] Time [s]

Figure 2-2. Representative peaks of the twitch force generated by the muscle bundles (left)
and the fusion of tetanus of the muscle bundles (right) after 7 days of culture in the

differentiation medium?'.

2.2 BEfROBIHEET IV

2. 2.1 In vitro \ZB T A IEET Vv

In vitro TOFFIGHEE T /IERNAZ)— =2 77T T AT I F a—2 D
BAFE LA AR DRI [T TH R RO BV TS, Dennis HIX 7> O FIRH
70 =TT ORE G TR TD 33, D OMBAREEIE TIX, IDICT 1o
2DHPLNIT U —ERELTEE, 74y 2Ty ORI F Mz BB 2.
ZLU TR E T2 TT vy an bRV il — R T 2 1 —I2xt
L CEREAIET, il BESND, ZOFIE RSN FHHBIXNE TR
BRI TR, XIS E LTI D 228D SiTng 3 L
MLZOFETIET 4y anbffifdy — MRS 22 A 7 &2ar e —/ L T&ER
VESRRE T -7z, ZORREIZHRIL . Okano HIXIRFEIEE MR~ — DRI KT
LTCW5 ¥, ZOT 4w =id PIPAAm (poly (N-isopropylacrylamide) ) 32— &30 T
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BY.RCLUETIET 4y aRmBbTDICHBUKIEER DT80 a2 5 FTEETS
23, 32°C LU T CIEBIKRMEL 2R DT DI T 4> > 2B RIBEL TLEH, FEERICIA]
KOIFZOWREEISEMERY)~—Z2FH LU Tl — FoERIZ B L TEY | ot
BB OO IORI~—ZHH L THE ML | BRI IS E LTI 2 ) 2
AT RIS — MR 72 3 A S Tung 3036,

ZOMD in vitro \ZEIFDHIFEET VORELL T, Ito HIZX> TIRREIN T4
REMEREZME T ki (MCL: Magnetite Cationic Liposome) % iV 7= /7#£ (Mag-TE:
Magnetic force based-tissue engineering) 7382 37, MCL (3#é14: 7 /Rl 7 ChH~ 7 %
Z AN (FesO4) Z IEBEMATE NI COL T, MEICBVA LT WWEEZ R,
Z?D MCL (ZX0ff 3 MIa s <UERR L B2l Gila 2 HERE S 524 T i
2 MROBRR AT DR LN FTEEL 72D (Fig. 2-3) 3, Mag-TE 1A% i kR kA 21 2
328 ST R 2 & 5 B CEMSE 26T, i bif SR M@t &t &l >
1230 bR A D72 D3 JUZ D

Deposition by
magnetic force

Magnetite cationic liposomes (MCLs) Self-contraction

y
Y ‘ * Including magnetite (Fe;0,)
/ « It was wrapped in lipid membrane. [ —1

Figure 2-3. Mag-TE methods.

Hooking around two pins

IR U7 AR AR DOV A XK ZNZED D, 96 well plate <> 384 well plate 5
(] TEIRND | FHNAZ Y — = TR DB AA 2 =T MERZ LU
SBFEELCHEIFBIND, Simizu HIXZORBEE RIS 572012 96 well YA X
WELL 2~ AT NAZRZFIHTHZET, v~ A7k OREEE A TND ¥,
#51% Polydimethylsiloxane (PDMS) % H\NT 2 KOR—/L&2HTHELN 7 mm
D~AIaFT A Z%EBFE LT (Fig. 2-4) , 2 AROR— UL TEREA LIS E
BT LT, v A7l LI 22D kD, 2O~ A7 ki L E S
BB T UG /)% 36481 THY) . dexamethazone A ¥RN19% 2 & CULHE 11738
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BT,

5 _Electrode _ N
I Tisslue I

|
Device

[mm]

Figure 2-4. (A) Configuration of the microdevice, (B) Image of the fabricated device, (C)

Schematicdiagram of skeletal muscle tissue culture and electrical stimulation®.

2. 2.2 In vivo (2B A5 INMEET /v

B ERITIEAN AT ) — =2 T ROBAE BRI T BRIRRBRAATROANC L 2
ERERT DIDITIEF I A7 7k Tho, Fo, HREET LV OBMEH A T2
ET, AR TEE DO RA LRI L > TRl TE 5720 BLRTH KA
HRWERFEO—2ThHD, {REM2HIEL T DMD OJRREET /L Thsd mdx ~
DAL 1984 £ Bulfied HIZ&-TH RS TLOK, DMD #FFEIZ AW BT
%4, mdx vV AL DMD ERERICHER B AT BB FICAELTNDIET,
CARNAT 4 BTGP RBLTND, LU, BRI TFAERED BT | B O
R CHE ML DFREE DML . i TIZ O W THIZEA LR FLZR =D, DMD DY
BHEATZERITIIMRTE TR, —J7T DMD RTdhs CXMD RiT=FV
7T IZHRERERLTEY, mdx VAL DMD LRFRICTV AT 4 MFEBLL TR
W 2, CXMD R mdx v ALITERY B IR GIRAE IR LS b,
DMD DJFREZE LKL TV %, Yokota HILATR L7 =%V AF v 7 ik%E
CXMD RITHLCHE AL 2, ZDRER, PR T 4 Z OB EIE LT
P2 Tl CATEBRE N LCEL TN En D HSREL RIE L TV DT EAVRIRS
720 ZORRUTRER R OHEHE TR ESHF G LI2b DD, CXMD  ROFH IFHERF R
BIHIC S K97 NE BT DLV R A X T,

~ab
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2.3 iPS MDAy {LHE

iPS M LB HROMIRZFH TEL7-0 | EHAT) —=2 T ~ DI HITH
FFSIL T D, BUEE TITHR & 72 B A ~D S0 LEE BIE D LS L TRY ., Mk
IZBIL CHBEE DO RGN 72 S TS, Darabi SIEFHfE ML~ — A —L L THID
N5 Pax7 (AL ¥, iPS MO IREREZIE RS, £ D%, Pax7 BatEflilasz
BN L7z, o fbasi S ire Pax7 MM B RE~STEREZ 22 LS H ., 90%LL 1
AR LA~ — J1—TdH% myogenin X° MHC (Z&> TSN, £z Pax 7 itk
AIZ BRI WD ZE TR /1D EFA-S Boiiz, L LZOTFEIIRERIZ RS
1 r ARRED D120 JOEBIE TOoLFETELHEN RO, £ZT
Tanaka 5% 1993 4E|Z% L&, myogenin Z (XU &9 D5 45K BE > D5 5K+
DOFRBZHEATHZETHSILD MyoD1 % iPS MG &8 AL 49, 2Dk
R, EROMIZ 7 BFETHRLIZEICKIIL, /M EiFE 14 B BIZITESHREIZ
B LT INARS B S VT, Fo@im bRy 80% R LIEH IZmW b D TH o7
(Fig. 2-5),

A
do d1 d2 d7 Around d9
hiPSCs medium 5% HS DMEM
wlo bFGF 5% KSR oMEM : with IGF-1
Seeding With Dox < Characterization
B C

MHC / DAPI
MyoD-G1 #17 MyoD-B7 #9

100

~
(&)

)]
o

MyoD-G4 #31

N
w

G1 G1 G4 G4 B7 B7
#17 #23 #31 #35 #9 #20

o

MHC positive cells / Total cells (%)
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Figure 2-5. (A) A shematic of muscle differentiation protocol beginning with MyoD-
hiPSc. (B) Immuohistochemistry of differentiated MyoD-hiPSc for MHC (red). Scale
bar = 100 um. (C)Percentage of MHC positive cells per total cells following MyoD-
induced differentiation of 6 MyoD-hiPSc clones. (n=3 for each clone). Data are listed

as mean + S. D¥.

Uchimura 5{ZZOFELWRL, SMEFHE day 3 ([ZRWTHEZ T (2 2B H]
HELCL BT o 2\ TR T 5 7 1EABRFE LTz ¥, 2D HiETIFERkiE L gL
TIELDEZ R TEERE 0 LA T &0 TR, BEMZR /M LFFEITREIL
TW5% (Fig. 2-6), 2O 51T 96 well plate X° 384 well plate THIH TE5Z L0,
FRNAI)— =0 T U T o bR R IE ThDHEE R DD,

12345678 9101112131415161718192021222324

A
B
C
IF: MHC+DAP!
D
E
F
G
H
|
J
K
L
M
N
0
P
B
Percent of MHC'DAPI/DAPI* Total number of DAPI*
we 1 1600
% £ 2 1400
4 B 3
5 2 % 5 1200
6 &l 6
7 ot 55 7 1000
1§ EE o 1§ a0
1 i3 o] 11
i i
14 13 ;
12 - 12 _ i =
1 1
ABCDEFGH | JKLMNOPQRSTUVWX ABCDEFGH | JKLMNOPQRSTUVWX
C
Percent of MHC'DAPI'/DAPI* Total number of DAPI"

Mean SD cv Mean SD cv
Replating 91.51 1.70 1.86 1301.16 | 86.97 6.68
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Figure 2-6. Skeletal muscle differentiation of hiPSC®MyeP™C in 384multi-well plate by
replating method. (A) Immunofluorescence images of MHC of myogenic differentiated
hiPSCtetMyeDmC cyltured in 384 multi-well plate at day 9. (B) A heat-map analysis of
myogenic differentiation efficiencies and total number of nuclei at day 9. (C) A statistical
analysis of skeletal muscle differentiation efficiencies and total number of nuclei between

direct plating and replating methods in 384multi-well plate at day 9 “°.

2. 4 iPS HAE H SR F5 MR 2R LT 4R

2. 4. 1iPS MR FMREZFI A LI ERIAI)—= 7

Kokubo HIE i ANA T 4 —D—DTHHV AT 2 V) BERERE DD iPS Hifaz
TERL 72 ¥, DA77 2 VY SR E ISR S R G U T BRI X D IE T AR 3 O A
TNV DRFITEVITED, B E AT TEEHICH L TERELIZL A—TITI N
e DS R DB 2 < 72 5728012, Quality of life (QOL) MK T4 2R B THD, 151
R D LA EIEIZHIY  MyoD1 28 s 8 AL iPS Mifliz 384 plate (2 T4y
LFHE LT, ZORER, BEFRT AT T —POHAAF EL THE S QU z /s
V= VE L YRAT 2 ) DR BN EEE R RE A BIE T2 2 LB
7¢-7= (Fig. 2-7),

ZDIH7BEFHET AT TV — LB K iPS MR Z A s e IR AIA ) —=
ZNIZOMOMISHE THIAHED HILTRY, ALS BHE MR iPS Mifldz V73K A
AN == TN E A TRHENTZRAF =7 I 3BEIC R RBR MG E-T0D 8, 2h
SOFEFENSEBFHE PS MZFIHLIZEAIAZ)—= 7 I3H A ThHIENR
B TND,
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Fixation and

A Missense iPS cells Immunostaining
(MM4#7) day7 day8
day0 day1 day2 day3 ﬂ ﬂ

StemFit Primate ES aMRM+KSR
doxycyclin

Compounds

o]
O

622 compounds
1st screening

Nocodazole

14 compounds
by > Median + 3 S.D.

4 compounds
by dpse responsivefiess

Relative induction to DMSO control

Reprodycibility of Western N o A ]
. . *
exclusion pf e
autofluoresgence 0+ r r . .
0 200 400 600 800
Nocgdgzole Number of chemicals

Figure 2-7. (A) Schematic representation of the protocol for myocyte differentiation
and small molecule screening. (B) Schematic representation of the screening steps.
Nocodazole was identified as the most effective molecule from the 622 compounds tested.

(C) Result of the primary screen assay*’.

2. 4.2 iPS MR B R H MR L& i FEHE

TR FRESIN DI RAMES | FEERENY)TZ1 T7e< iPS MilazFIH Lz
B TEEICBE TR LA T TS, BEHK iPS MO f /3 L7k E
XATHRL 72 AT 2 VY BAEETZ 1T C/ed, DMD B 2K iPS M) 0Lk E
HLATHOI TS, Li HiZ DMD B H3E iPS HIICk LT MyoD]1 En &R HS
HHZET BRI L Tnd ¥, 2L TEDOMIEIT DMD (ZRHLV AR
BT 4 BB DR ROz, FIZFROITEIR T RELINT TS CRISPR-
Cas9 H1li&2FIHL T, eh iPS flIZBW T AN Y 4 VR T- DO RIE 2R A TS
4 CRISPR-Cas9 (clustered regularly interspaced short palindromic repeats/CRISPR
associated protein 9) FifffICIL, =R XL T —E THD Cas9 X4 —7 b/ biE s
T-ECHNZARAHAY72 gRNA M FHE LS %0, Cas9 & gRNA WEAEEREAT 52T,
gRNA 7% Cas9 Z#&—7 v e DB s FRLANZFHEL , UIWrT %, ZD% ., tHIAHRLA
WA AEEORBEEFIHTHZETEREOBIG T& B /v 7 AT HZ N
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KOBIE T REFNT THDL, ZOHEHNERNWT, VAN T 4V BB T OTXY L 44
[ZKIE%FF> DMD BEHE iPS LYy 4 & /oA LT, ZL T
ZOMI%E MyoD1 Zi8in B AT HZETHLIFELTAVE N AN T g Z X
JEOFBUNEIE LI Z AR L TS (Fig. 2-8),

DAPI

=
-

AHC Dystrophin Merge

Y /4

i
¥}

Healthy

DMD

In-frame
(IF*130)

Exon
skipping
{‘ES-I?Q)

TALEN
knockin
(TKI"'S)

CRISPR
knockin
(CKIC?)

/Y
/ J
--- 4

Figure 2-8. Immunofluorescence staining of skeletal muscle cells differentiated from the
corrected clones. A z axis section of the confocal microscopy image shows submembrane
localization of the dystrophin protein in the healthy control and all corrected clones, but not
in the uncorrected original DMD iPSCs. The cells were stained by DAPI, a marker of skeletal
differentiation (myosin heavy chain [MHC]), in red and an antibody that detects the rod

domain of dystrophin (DYS1) in green. Scale bar, 50 mm*.
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%3 FE iPS Mg ESHRIEE
FRINHEE T L DOREEE

3.1 %=

TR, ALS ZIUH LT DRI D in vitro TOHEKIAZ)—=271Z% LT iPS
AR H AT B AR AL OO IS F 23 B SAL T 5 4831 BRI AR oD et B B 701
REVTAPR A B G 0 2 A L T A DA & B S 287208 R D AR/ ) —=
VB TCITEB RO AR, R, Bis T RBFEBREIE RN THRT
BY | SRR HE S AT LI i DU |2 L0 S B R A A OB B A FEATE L 7 R JE 1R 72
DI, LIRS AR T, 7y MEIB B e fiiakk PC12 Mg s~ A6 3/l kk
C2C12 Mifaz TR S 7 VA LIZ0, MRS EZEME CTh o7 V43
1% (L-glutamate) |25 9 DI LI FH NG LA DAL TR 2, 20728 | fiffEZ
FEAE LU C B A DO > 7T ARTEIC I SO TR B 6T 7 L O BR %
DB THD,

iPS MR DARRE R DML ~D 73 LFEEED—DIT stromal cell-derived inducing
activity (SDIA) VERHY, ZOFIETIIvU AR —< il (PA6 Mifn) 27 +—4
—iflE LT 27200 TR ~DHMEFE SR WRE ThH D >, BFZEE T
PA6 HINEIZ KL T N-IR A~V B T2 m B HSE T — & —fiflae L THWH L
T, YA iPS FHfE/DIEE I A~O M EFEDNMEE TEX LI EEREL TV
3, AT, BEREMERG M T /R TR Z B KUE ek L . I - Tl 2 f g =
5L TR AR 2 /ERL % Mag-TE MEDAFZEE D TV G 3738,

ZITRETIE in vitro ([ZBW TS ET VAFRST 72012, 7 iPS
Mg C2C12 MaBZ N N T S L 7 B R & i 2 D I i 8 2
1Tolz, ZU T L Mag-TE EZFIH L7ICE A =R ikiik s VT, #hik
BB A LT R ISUHE 25 B A 3~ | S B A 0 0 i O 4 RE 2 A RT RE 72 5 LA € 7
IV DREEE T TR T,
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3.2 YHIZBITD <UR iPS MEH KEEHEMEE C2C12 MDD
IR

3.2.1 Ao HKY

R L728012, LAY AF4EEECld PC12 flifal C2C12 M b/ o ki &
ETNVEERL TS 2, L, ZOMRGHESET VRIS EDE ThHHS
WEAIARITH T LHINEIT RO TELT | BRORMPH D, MR THD
PCI12 fifinT72< iPS Mz WAL TET LR EL COFRAMNEELEE Z DN
%o T CARETIX, FHIEFFRIZEWT i-MN & C2C12 Mz HEi8 352 L CTHi-
IR A T T VORI T,

3.2.2 EBRHE:

(1) HEfakEZ

~7 A iPS ML DO AR LHERFRS 2 12 IV % Mouse embryonic fibloblast (MEF)
MilliQ (450 ml) (Z 4.5 g/l Dulbecco’ s Modified Eagle’ s Medium-high glucose
(DMEM (h) : Sigma-Aldrich) | 3.7 mg/ml fREE/K5E T R)7 2 (Fujifilm Wako Pure
Chemical) , 0.05mM ~=3U> G #YY L (Fuyjifilm Wako Pure Chemical) . 50 pg/ml
AN T AT RilatE (Fujifilm Wako Pure Chemical) 212, 1 M HCI (Fujifilm
Wako Pure Chemical) T pH 7.0 (ZFHHL | 7B R LG (FBS) 50 ml 212 T, &<
RA LR (LR, MEF FIEGH) (20538 L7, PA6/N #lifliliE Paerwen Paerhati
DML TV S, 153#%1X o -MEM  (Invitrogen) {2 10% FBS. 0.05 mM <
=3V G AV A, 50 pgiml AN b AT U RRIE IR A LT85 (PA6/N B
#1) 12T Collgen-Coated Dish Type I (AGC Techno Glass) £ Tf7o7=, <7 & iPS
fal% iPS-MEF-Ng-20S-17 #  (Riken) Z-fif FH L7z, ¥5#35 HiulE Knock-out Dulbecco’ s
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Modified Eagle’ s Medium (Invitrogen) {Z. 15 % Knock-out Serum Replacement (KSR:
Invitrogen) . 50 pg/ml AL 7~ A2 AilgtE . 0.05 mM <=2V G BV A, 4 mM
L-7/v4#3 (Fujifilm Wako Pure Chemical), 0.1 mM FE&XZE7I /% (Invitrogen) .

100 uM 2-AV 737’ h% /—/L (Thermo Fisher Scientific) . 1000 unit/ml [ 157 BHE
K (LIF: Millipore) Z #7235 (LLF < & iPS HEIEA 73 fLAERERS H) 2
Too Flo~U A iPS MIR IR EEMERF D7D ~ A~ A2 C (Nakalai Tesque)
[CXVALE LT MEF ECH#EL, 5 B B HIZS 21T 572, C2C12 Mg (ATCC:
American) D5 (I XHFEEF i LT DMEM-low glucose (DMEM (1) : Sigma-
Aldrich) (Z 56°C, 30 %y CIEL L 7= FBS. 596 mg/ml HEPES (Dojindo
Laboratories) \ 3.7 mg/ml JREEZ/KFEFTRIT L 0.05 mM <=2V G WUV A, 50
ug/ml AN~ A T BB EZ N Z b D% Wz, 2 TOMRE 37 C.5 %
CO2. 95 % air D COy A F 2N —X—THE L7z,

(2) MEF O

FEHR 14 H B O~ A (Balb/e: H A SLC) ZRAMEMLFISE, N ra=0 skl
Y HEIR (AN Takeda) (CIR UIH R LT, Vo FefEfE A= LR /K (PBS) 15 ml &
A2 10 em T ¥—L (AsOne) Z 3 BHEL, lRIEE2FEITLRVHL, 1 #H
DT —UIZAILTEEFLIZ, 2 BB Oy —UIZBL, FENBIRILAZ T HL TR
EEOBRW =% NIRETEZ TOBR -, 2 3B H O »—LICBL IEEHR TS
NGOG AT, IRIZ, 0.1 %R 72 /0.2 % EDTA ¥8ilia 7 7 AF v /e~y k
(Greiner) C 20 ml A1 Z 7= #H % %% ¥ i’k % C-Tube (Militenyi Biotec) (ZF L |
gentleMACS Dissociators (Militenyi Biotec) (24, a4 /rBfEL 7=, MEF F&5Hi%
MA TR TV DROGZEAT IESE | BRI IO TR L7212 T, RiE2E
U7, IR LT= EiE% 4°C. 1000 rpm. 5 min Tz yBEL7Z, BN LM% %,
MERFHFE R L O 0.5 %Y/ 7 )L—- PBS & W 2R o7 — B PR Ytk
[ZTHIE (LR, BTN L, 100 mm 7 > = (Thermo) 12 1 #2470 1 10°
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cells THEFEL ., 37 C. 5 % CO2, 95 % air D COr (> FaX—F—Thi#E L=, #H
MEF HEH CEE A AT o7, 2 7V NIELTZEZA TR U U ALV A AT
U, DAY B TR A2 [ L 7=, ZAUS MEF HESHL 900 pl, ¥ AF L ZLRFUR
(DMSO: Fujifilm Wako Pure Chemical) 100 pl {EE7- 781K CRABLBAE LT, 7235,
FRENZ N IES I, By NI B LT,

(3) SDIA EIZLD<TUR iPS MKIDEB R LFEE 255

SAEFEE day 0 (23T PAG/N MIFEICHEIREE 1 pg/ml T Dox ZiRvINLTZ, 32
H. 2.0 x 10°cells/well T Collagen 6 well-plate (AGC techno Glass) 2 PA6/N
faZRRFEL 7=, /0bFFE day 2 T, vV A iPS fifid 1.1x10%cells/well T 7/LT
YMIEL7Z PAO/N il EITHEREL | <7 iPS MR IMEHERFRT IS LIF 2Bk
L HIRE 1 ug/ml T Doxycycline (Dox: Sigma-Aldrich) 2z 7= 5541 (=&
iPS MR S ALRA LT H) (S TRE R L7z, 0 ki day 6 FRERSRDNO S EN AR~
EHERE M ALS DT DIT~ T A iPS M /(b FFERF HLIZ 0.2 uM All-trans retinoic
acid (RA: Fujifilm Wako Pure Chemical) & 1 uM purmorphamine (Sigma-Aldrich) %
AT BN AR S3ALF6 SE HUS To bk day 10 ETHEAIT o7z, S0 bikil
day 2 LAREIT 2 HIT 1 RIS HASHAZ AT o7,

(4) i-MN & C2C12 M DILEE#

i-MN & C2C12 iz LB 3 272 Hl0iT C2C12 #MifidZ 35 mm dish
(Thermo Fisher Scientific) {2 3.0 x 10* cells/well THEREL , C2C12 HiFERGHIIZ T
TN NIRHE TR R LI, 3. 2 /i 22H Q)RS HETHEFHELZ i-MN %
papain dissociation method (Worthington Biochemical) ZFI|HHL T v 2 BH| )3
L. [EXL7=#fifid% Collgen-Coated Dish Type I {Z#5FEL . 30 73 1C EiG&BIINT
HZET i-MN & PAON i3 CHET 5 i-MN LIS Oz /rBEL 72, IR 7Z
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i-MN Z2 7))L MNI725T% C2C12 AifE 12 3.2 x 10° cells/well Ol &
THEFEL 7=, B I EE R LA E 55 )5 RA & purmorphamine % [RV /=5
L, C2C12 AR DMIGEZ 2% A MFICE SR 5 #A 11 TIRALE
EEHIZ T 7 BT o7, B g BT o7,

(5) sufEdets

Day 10 £ T/ LA EEIT o= /% 4% PFA I TR T 15 M RSSETHEE
L7z, RICHIIEZ 1 XPBS (2T 3 [P, 0.2% TritonX-100 #5#%  (Fujifilm Wako
Pure Chemical) (Z={E T 15 3fEA v FaX—RL ., BLBimALEEAIT 7=, B 1X
PBS T 3 [AI¥EEL. 1 XPBS (2 Bovine serum albumin (BSA: Fujifilm Wako Pure
Chemical) #1272 1% BSA &R ZHEHL T, iR T 30 oA FaX—h 7oy
X7 LT, IRICTEEN R LB SR ZBIL Tl 1% BSA #RICHL BII-tubulin
PR (R & D Systems) % 1.5 ug/ml, 1 HB9 5K (Bioss) 5 pg/ml O TR
PRI AL 24 W] 4°CTAUFa—hLT, LR OEB AR IIHT B
II-tubulin HFURDHZHNT—IRFURL IR T 3 REF LS o, M D4 f
(ZBAL TIEHT o-actinin HifAR (Sigma-Aldrich) Z 1/1000 2T 1% BSA &I
Z. 1 R EIR CA v F X —h L7z, 24 IFfH]#£ . 1 XPBS C 3 [EIBEAL . 1% BSA %
TR CIREZ 1:1000 THRBL 7= 2 RPLUIA Alexa Fluor 488 (green) . Alexa Fluor 546
(red) AR, 512 4',6-diamidino-2-phenylindole (DAPI: Invitrogen) &/l % 45
SRALF 2=k, 3 [E] 1 XPBS THEF#., 1 XPBS 1%, BZ-9000 HGHATM
# (Keyence) [Z THIZELT-,

(6) MMLDTIRFERIBIEE

BIM-tubulin, HBY, a-actinin OFGMEMEFEIL 1 well IZ2&F 583D 3 well 05 HE%
w2 L, BZ-Analyzer Y7 V=7 (Keyence) IZ TR LTZ, FRELIEEEND
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lwell IZ2& 25,10 Mifa7"> 3 well 3EZNENMFEREDRSEHED KIS
BZ-Analyzer Y77 =7 (Keyence) % AV CHE L=,

(7) BHEOIEEEDOBILE

JERE % 7 H AT 7RIS L T, BZ-9000 2 YEBAMEEIC T S BBy o @hiE %
R LT-, I 800 uM L-glutamate (Sigma-Aldrich) Z¥RIL T, 1 43 2Rk L
ORI 2 BB Tk Lz, S5HIZ 50 pM curare (Tokyo Kasei Kogyo) %L CHif
iRk & FARDOGLEF 2 Bl THesg LTz, €D, 1 well 2720 3 RKOFHE OEE%E 3 well
57 s L72E)E LY motion analyzer Y7 k=7 (Keyence) (2 CEMT L7z, Mo
e NF, BRI L TR M E A 5 £720 DMEM (1) & V=,

(8) HEEHARAT

HRHEAT I X~V ARA Y h=— BN R B2 TV TITUN, P < 0.05 DEF, HEEND
HEHBrLTZ,

3.2.3. EBREREEBE

(1) =R iPS MR OEE R ~DHLEHEE

PA6/N il VT SDIA YEICEY~TU A iPS Alla)DEE AR ~& 0 (b
AT o, EERREHIIL L3 TS Z R T 572012, fifk~— I —Th
% Bll-tubulin (TulJ) . FEENVFHE~— N —TH2 HB9 2T NZEIIREFETHAL,
Bz (Fig. 3-1), TuJ & HBY CHESICMIER (an=—)M@lgshi-2t
MH~T A PS HIfED OB A~ D EFFEIZ R LT 2 b, FTo,
HBY B A& Tul Bt OR 50% THY, ZORE FIZLRTOHE LA L —
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W53 iPS HN A SREEN R A O T A IR T L O R S
L TWAZENSRIFREE ORI D i-MN #8452 L3k 2 65 55,

A

HB9 Tud

DAPI Merge

2.5

20F

05F

Positive area (mm?/ field)

0 |
Tud HB9

Figure 3-1. Motor neuronal differentiation of mouse iPS cells by SDIA method. iPS cells were

cultured on PA6/N feeder for 8 days. (A) Fluorescence microscopy of i-MNs stained with anti-
HB9 antibody (green, motor neuronal marker), anti-TuJ antibody (red, neuronal marker), and
DAPI (blue, nucleus). Scale bars, 400 um. (B) Quantitative analysis of HB9- and TuJ-positive

area. Data are expressed as means + SD (n=3).
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(2) i-MN & C2C12 A ILEERIZED i-MN L5 E DO RRIT T D&

I, LGRS -MN & C2C12 Ml SRR E ZNENE DI R 7m 3 0z
MO TEREZBIZR T DL TRz, HIEEND 7 Atk PR DRI TH O
PRI DRS%Z Tul TYAEINRE R EARGORIELZEIA, -MN ZHMT
B L7 L L CL K0 1.8 EHIEL T b2 emdyhno7z (Fig. 3-2), AERICE
WA brain-derived neurotrophic factor (BDNF) Z 13U &3 D4k & 7tk ¢
N 1%L CTEY, BDNF |E Tyrosine kinease B (TrkB) #&#4& /L C Fift D&
(BT AT 28T MRERAOIHERBURE LTRSS O R ARt 528
NENHIVTND 26, AEIEEA L. C2C12 flifiat, BDNF 228 Z it 352 L3 s S
TNHIEND, C2C12 M D ILEEFRIZLY i-MN ORI MR LIEbDEE 2
515 %0, E£7- Greene HOMHAENHE, C2C12 #ilffg: PC12 fiED 3R 2B W T
H. PC12 ffifid FSRAFRRERAR AL Z I W TR DM RN RO TERY A4 RIORE R L7F
ATHEDTH-T- Y,

Phase contrast Tud
. f954

i-MN
(Non-coated)
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Figure 3-2. Morphological observation of i-MNs in co-culture with C2C12-derived

myotubes. i-MNs were cultured with or without C2CI12 cells for 7 days. (A)

Fluorescence microscopy of cells immunostained with anti-TuJ antibody and DAPI.

Scale bars, 200 pm. (B) Quantitative analysis of neurite lengths. Data are expressed

as the mean = SD (n=3). *P < 0.05.

— 7 THEL R R 7 B B ISRk,

BORS HE AL i-MN O HLER ICLAF S
ZOFERMND ., I-MN ORI D FRE CHLIERIZE S L TELT ., i
BORS, HELICABEENRONRD) 72720 . i b L THLEFE LN &

DRSS,

Phase contrast

s \) o7

i-MN/C2C12

i DI REZBIELLIZ8,

TR -7 (Fig. 3-3),

a-Actinin
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Figure 3-3. Morphological observation of C2C12-derived myotubes in co-culture with i-MNs.
C2C12 cells were cultured with or without i-MNs for 7 days. (A) Fluorescence microscopy
of cells immunostained with anti-a-actinin antibody and DAPI. Scale bar, 100 um. (B, C)
Quantitative analysis of myotube widths (B) and a-actinin positive areas (C) with or without

i-MNs. Data are expressed as the mean + SD (n=3).

(3) PREMESE Lz C2C12 MEH SRH & DU B FAT

T 5 COIEERITEB T, i-MN & C2C12 Mfid k7 & O i iz &
DPIELEI TONDDEFIRDTD | MRAREY B Ch% L-glutamate [ ZhS2 LIZ I
E DA WA BT LV~ (Fig. 3-4) , BRI OFKE R L0, C2C12 MDD 7
DEEFE STl L-glutamate OEMOA MEIZEHOOT | FHIGHH L L7207,
—J7 T, i-MN EHEEEE U725/ TlE L-gulutamate OFSHINTIG U TUUHE 32 5% 23
RO, EHT 216 £ 044 pum BIOTUZ, X T, curare D FRANT S U7 IS
ZE DAL Z T, Curare [XfHE _EOT BT /NI 2 BRI A L CEB RS
MBS T B F L alr OBEERETHZE T, HHEZF LS8 o
M5, i-MN ED IR ST BT L-gulutamate DOFINZIVILHEL T FHE
2 curare ZRIMNTHIETIUEIME L LTz, ZRHORERIE i-MN & C2C12 e
S LD RN AR A DTSN 2 2RI L TR PRI W T
IRARRE R BT NV OREIT DI L T2 &E 2 B,
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Figure 3-4. Evaluation of contractile activity for 2D myotubes. Contractile activity of

C2C12-derived myotubes in mono-culture (A), or co-culture with i-MNs (B). (C)

Quantitative analysis of the displacement of C2C12-derived myotubes co-cultured

with i-MNs. N.D., not detected. For each condition, three myotubes were analyzed for

measurement of myotubes displacement. Data are expressed as the mean + SD (n=3).
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3.2.4 AEiDELED

i-MN & C2C12 #ifaz &R 9524 T, i-MN OABMESIL TV Z— T,
C2C12 MR 3 b & BRI EES 720 o T2, F7- L-glutamate IRINZ LD AL
R LN curare IRIMNZEDTHIHMEDAE IEDS RN T2Z D, i TORETRITE
WL i-MN & C2C12 A F R L ORISR G DTS izt B A b5,
IS IO IR R AR E LT T2 2 I B R I B T D AN AT ) — =2 7 R D 5L
TELEBZABND,

3.3 i-MN & C2C12 fia D 2B A& =R TR oE S

3.3.1 XEDOEW

3.2 HiCIEFEE TD i-MN & C2C12 MIfaE DN A DT ST Z &3y
Molz, ZZTAEITIEL Mag-TE IEZFIHL T i-MN & C2C12 fllfanb7e b8 a6 =
IR AR EEL . R R W THO R BE A B SN DOV TR
Lz,

3.3.2 EBFE

(1) MCL DS 37

KL% 10 nm O~ 31X Ak (Fe;04; Dai-ichi High Frequency) % 1 FRf[ 85 I AL
A DL TR~ R A NBSREAF -, RIZENE 7 aad)L AMIEfFLTZIERE

==t

fif B§ & T & %  N-(o-trimethylammonioacetyl)-didodecyl-D-glutamate chloride
(TMAG) (NOF Corporation) . Y FE T&5 dilauroylphosphatidylcholine (DLPC)
(NOF Corporation) , & dioleoylphosphatidyl-ethanolamine (DOPE) (NOF Corporation)

Zo1:2:2 TIRAL., UKL 7= AT 222Nz 1=, 7T AaNEEIZHy
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SIRERAE R SNDLICr— ) — TR L — 2 — TR A L3, 37°CT 1
RS IR TR LT, IR A% . 10 mg/mL (SRR 7203k~ 7 14 A N % g
BIENERESNIZ T AT Z 222N Z 15 RN T v I AT HET, w7 %
BANERRERE CEEL7Z MCL Z1ERLU 7=, S IREAEL D70 | 1 R
WA EDIMIRL 72,

(2) Mag-TE EEFIHALE A THHERR D ERY 23,3032,38,52

Mag-TE JEICEVHRREVERIT 572D, 80% 2 7 /L= hETHFE LT C2C12 H
% 100 pg/cells DFEE T MCL 2R 72 HIC KD 4 B89 5 2 LTRSS
L7z, 8% 1 2122%,0.3 % Type 1 collagen solution (Nitta Gelatin) 56 pL. 10
X DMEM (1) 7puL, EHERIATE (0.05N NaOH #A#R 100 mL (2% L C, NaHCOs
2.2 g. HEPES 4.77 g Z ¥R UT-¥&#%) 7 pL. Matrigel (Corning) 15 pL. HIIRIAETR
(C2C12 HufmsEFE ARGz C2C12 A 1.0 x 10° cells/tissue & i-MN 0-2.0 x 10°
cells/tissue ZIRE) 50 pL OFIG TIRE LICIERG KA LT, fTaOK E
TITo7, FRNIKEEE 24 well plate (Corning) D well OHLLNZERE 11 mm DR
U —ARp— M HZ 7Y — A2V EEL TEE, 1 well H7-VIRATAIK 150 uL %
R —ARp— NI RE well BEROPRFICIEFEL 7, FEFELICMnE 04T OfA
D FIZEE, 5 o 37 CTArFaX—ME, C2C12 MifaHEsE A 14 1 mL 0%,
FFEE 37 CTAUFa—RLTz, 12 WL AR —R R — MBI AR
kA IS L, BB (Siga) ZHW T Var I — EICBEE L, Y Var I8 —|Z
SUTIE 35 mm dish IR E L, F-h v FEOBEIL 1 em LT, 0%, £
FILEBR M CIFER 12 5 RA & purmorphamine ZFRUN=EqHIE C2C12 1
FEBEHL DM TEZ 0.4% Ultroser G (Pall) [CE &Hax 7285 H1A2 1:1 TIRE LB HIZ
T 5% COr (> FaX—%—NT 7 H{T-7
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(3) =RTHHMEROGE

e D> AChR ZYeta 4 57-0  MiE(ER 7 B HIZ 2 pg/ml Alexa Fluor 647-
conjugated bungarotoxin (Termo Fisher Scientific) ZE5#iZiNZ. 1 F¢fif, 37°CTA
FaX—hLT, ZD%, 4% PFA IZTEIRT 15 0BRSS TREE L, IRICHER
Z 1XPBS 2T 3 [AIPEH 4. 0.2% TritonX-100 AR IZ=RIE T 15 A Fa—
KU, BEFEIBAER A T o7, B 1 XPBS C 3 [RIPEEL, 1 XPBS (2 BSA #Nx7-
1% BSA iz AL T, =i T 30 oA FaX—L7ryFd 7Lz, I 1%
BSA 1A 25T HB9 HUiA 5 pg/ml., T a-actinin HTIAZ% 1/1000 O FE CHRBLL7-E1E
(ZAZHAL 24 FE[H 4CTALFa—hL7, 24 IEfElfE, 1 XPBS T 3 [EIMEEHL, 1%
BSA %R TR EEZ 1:1000 THAFIL 72 2 IRHLIK Alexa Fluor 488 (green) . Alexa Fluor
546 (red) ADIANE, 2Nz 45 53A2F=2~—hkL72, 310 1 XPBS THEHL, 1X
PBS #/Nx . LSV —V —BEE (Olympus) IZ TBIZE LT,

(4) SRITTEDHERR D IUHNE S E 233032, 28,52

4 lane 553 7L —bF (Nalgen Nunc International) {Z DMEM (1) Z#1 22 G 1L C
AT . N LMk AR E LTz, RIS [EEL Tz e 2 —D B4k L,
R MBE D JEIRE LIRS ICEE LTS, €DK LabView Y7 hT =7
(National Instruments) % 1] VN TULHE /1 s B O ff#r 2147 72, IRIZ 800 pM L-
glutamate ZIRAIL T, 1 43 1% (T HTE & [RAR I G IS & DT 21T 572, L-
glutamate ¥SAON& (ZUHE /721 E L7 AR 2% LT, 1.2 mM curare #SAIL . 5 237212
P LA ST e AT LT,

(5) WEEHARAT
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AT LT,

3.3.3 EBRHERLBLE

(1) i-MN & C2C12 MR DB E/ 2 MIRIE A L DRRFY

HIDHIZ, Mag-TE 1EZFIH L7z =R TAERERIZH1T5 i-MN & C2C12 flifad
72 MR G AR E T 27200 Ml 1 D7 £ C2C12 Miflno%x 1
x 10° cells/tissue CHEELARAD, i-MN & 1.0, 1.5, 2.0 x 10° cells/tissue TIRE LT
BE = Roe kA R | 25 50F 0 B 8 IGH 1 A7HlL 7z (Fig.3-5), C2C12 i
R B2 ARk S tei LT i-MN 2002528 C B3I /125 A =1 L L THY,
1.5 x 10° cells/tissue LA F i-MN 235 £4LCWDERMECTUURE 13— E L e o7, Zi
I3 i-MN DIEAEDEINT DL THRE SR 2 32T D8 S 2 AUV B 36
AR TR LT DB 2 B, T2 TINLREOFEERTIX C2C12 fifldd i-MN O

A ZFNFH 1.0, 1.5 x 10° cells/tissue THLREZ/ERLL /-,
35
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Figure 3-5. Effects of co-culturing with i-MNs on contractile force spontaneously generated

Force (UN)

by 3D muscle tissues. Co-cultured tissues were constructed by using various number of
C2C12 cells and i-MNs, and the contractile force spontaneously generated by 3D muscle
tissues were measured by using a force transducer. Data are expressed as means £ SD (n=3).

*P < 0.05.

35



55 3 B iPS Al HOREEN ARG A T2 R IGHE £ 7 /L D REEE

(2) =ZRITHMEMOFIRFERIBIE

“

PRI B TR ORI E LT BRI O > F 7 20 b i &7z agrin (29
& £ AChR NEFET22E03MBI TS 78, i-MN 254 oA = IRt ik
IZBWT, RSB 25 Lo AChR MERL CWD0ETHRHT20
IZ. AChR, i-MN, #ii% ® =B Yta%17-7= (Fig. 3-6), AChR DY IZ[I~EFHD
—FfETH5 a-bungarotoxin (a-BTx) Z{H L7z, C2C12 HIED A0 D725 = IR ILHH
R CTIE AChR OERIT RSN/ o7, — 5T, i-MN 2 &L EA — IR TRk
Tl i-MN EfFE DL TODISIZEBV T AChR DMEFEL T DRk -2 BIEES
oo ZOREFRED Mag-TE EIZIOERENT-EE =R T2V T, JERE
IR AR B G D S N ZEAVRIB S T,

HB9 a-BTx a-Actinin Merge

=

C2C12

i-MN/C2C12

Figure 3-6. Immunohistological observation of 3D myotubes. Confocal laser microscopy of
3D muscle tissue constructs stained with anti-HB9 antibody (green, motor neuronal marker),
a-BTx (blue, a-bungarotoxin, acetylcholine receptor marker), and anti-a-actinin antibody

(red, myotube marker). Scale bars, 10 um.

36



55 3 B iPS i FORIE BRI I A T RN 7 /L DR EE

(3) =WITHHAERRDULHE /1A

B 4 AR A = RO AL A3 AR A B 5 A L T M s 75 e R 9 7 e il R T
(Fig. 3-7), TDFEHE, C2C12 FIAD I mH705 Z IR TTHHHLAE TlX L-gultamate <°
curare ZRINIS UG /1 OZEIZ R GN2h o7, F2, i-MN Z &A=k
TERFFAAETIX L-glutamate OESINIIE U UL 1250 B3 B ICHT2H DD
AEETIALNRD Tz, — T, curare ZUNNTHIELIZED, C2C12 MDD HH
7272 Z R IC AR E FARE DL~V E T B FIHE I3 A BIAR T Lz, Zhbofk
R i-MN Z2E&0EA R THEMRICB O THREIE S BRI TODEHO D,
L-glutamate OEMNZEEDOLT i-MN BT &8F/val L TOD ATRENMEZ RIE
LTCW5, ZOBKEL THEEE L THWRERR R 2 23 AR £72>TUd KSR
FUZHRRR W E G ENTERY . SRR 7 /WIS TV DT 1T
PAREME DHREPNITIR R L. B RIAEO M EIZFHFELIZbDEBZ 2 HND,

A
Before addition Glutamate Curare
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Figure 3-7. Evaluation of contractile force generation for 3D muscle tissue constructs. The
contractile force levels generated by 3D muscle tissue constructs were measured using a force
transducer. (A, B) Profiles of contractile forces generated by 3D myotubes in mono-culture
(A) or co-culture with i-MNs (B). (C) Quantitative analysis of the contractile force levels

generated by 3D myotubes. Data are expressed as the mean + SD (n=3). *P < 0.05.

3.3.4. KEiDFELD

ARHEITHE -MN & C2C12 M B2 5186 = IRITAMERRIZ I W TR A & 03
TERRS DD E TR~ T2, I-MN & C2C12 MR H SR A B A3 2L CODE IV T
D AChR OEEDBRONT-ZEND | TERRFHIHRE IS DR RSN ZEN
IRIBENT-, F7-. L-gultamate <° curare ORI U CTULHE /1D ZFEEN L LT-Z
EMBE | A =R WD TR G DRI TV Db DEE X HND,

3.4 KEDOFLD

ARETIIHIOIC i-MN & C2C12 iz 53 U= BRI i-MN OZREICRIL Tl

RPN TRIR T D8k T MBLES S LT — 07 CL 8 I T o BT o e o7z,
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PR B L Tldi B oA & —E L TV, BDNF DM E R 112 Xk58 0
EEZBND,

F72,i-MN & C2C12 M Ith5 &R 3528 C, k&2 1T Cle = RotkkIc
B TH G ZE BN IFAT OFE B D L-glutamate X° curare (IS L7272
BB ENTZEP RS Tz, ZHHORERLID | i-MN OBEREA i IS M2 &
o TREAM AT REZSHT LRI £ 7 /L OREZL T I L T2,

ARE TR 72 INARE 7 L TR A DTE RS LT DT ALS %130
5O &g HARRRIR AR A ZE M 71T Tl MR R A IC R M E L DR BITKRIL T
JEH FIRE THHEE 2 HIVD,
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54 F BAEBRIPS Mz AW HIHEET LV ORBE

4.1 %5

DMD [IfRED—DT, fii1MME T3 52LTELDBEN 30 fLTHIZESTL
FHRTHD 1% DMD (X T DR RAVZRIBHRIEIIRIZITAAAEL 2, DMD TiX 79
bDTFY U INDIRDE KRB RV THLV AN T A BIn - OTX Y O—EIC
RIERLEEMNEL ., EHRP AT 4 2o E R ERIES NN VT DRk 4
DAFAELIRNZ 8T LD MIRSEDTHEINDT-0OIZ DMD O AL WIIEIR D F| &
HZEND, DMD OIRIFRIEMESLOT- O DOFT LEEL T, mdx ~T AR —HIZH
WHITUVD, mdx ¥ AL DMD LRIV AR 4 BAR A RBLTRY, DA
a7 g BN TEPEIENIRNEN) FTELITWD 4, LasL, DMD L5720 5
T T RF M ORIV 72 E 1T AL LD, DMD OJFBEZ 58 2T L TV
HEFTN RN,

T CIL DMD 1R IEETRR T 570 i Ak iPS Hifa) o MyoD1 Z3iE1{x
FHALTH M E R LS 235 ZoFiElL DMD BF R iPS Mifla7s
17C7e<, DMD % CRISPR-Cas9 £4fflcL0iai L7z iPS flfaicb s S Tung 4
B, UL, 2B iPS MR B EEEE LT I 1T BRI A L 72 B o
IHEZENZ DWW TIARIZFEMI I~ DAL TR,

ZHVETITYAFFEE TIE C2C12 ML B LR E LM & & B X & 452
EC, HEIE DS R B AT AL TG 308, 22 TAREE I, M A K iPS
#la  (healthy-iPSc) . DMD H3 H3k iPS #fild (DMD-iPSc), DMD % CRISPR-
Cas9 HINIC KB FEE L7z iPSHEfM (Cri-iPSc) DZIZE IO E ~&or b
L, BRI LIS M~ DR BT~ T2,
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4.2 RA INEEEITLS iPS MO 5 {bshR o -

4.2.1 X0 BH

ﬁ%‘%@%'ﬁg ngﬁﬁ'@"éf:&’)ﬁﬂi\ i@%<@ﬁ%%%ﬁ%5%\gﬁ)&)éo FI . KEAI_—J,,C
LA AR5 B Db o7 RA % 3 RO MIIHIC I IR T
AZET bR A b A E A7 5961

4.2.2 EBRF

(1) Ml

ETOMBNT AR PO R B AR L I0RAL TIHVW
Healthy-iPSc 1% 409B2 £kIZ%FL T puromycin MM & a2 E 5T A2V
B MyoD1 AU Z—%28 A+ 52 TERESNZ 6, DMD-iPSc 13 A7 ¢
VBIR T DXV 44 BRIEL TS DMD BE HK iPS Al (CIRA00111) (Zxf
LC neomycin MBS T2 H 3257 b A7V 55N MyoD1 R B 2 —% 38
AT HZETERE L2, Cri-iPSc 1Z CIRA00111 (2%t LT CRISPR-Cas9 £1fiz
WANET 4R DTFY L 44 % knock in L7-fild (CIRA00111-CKI-C2) IZ,
neomycin MM R 728 T 57 87V A7V 358 MyoD1 3B 2 —%8 A5
HTETIERE I %,

iPS flif A 1538 3572812 6-well plate (Thermo Fisher Scientific) 0.5 pg/cm?
laminin 511-E8 (Nippi) T 37°CT 1 KfH{LA baa—kL7z, 2D, iPS Ml 6.5 x
10* cells/well T lamminin =—MIZX%FL CHEFEL | Healthy-iPSc 1% Stem Fit AKO2N
(Ajinomoto Healthy Supply) {Z 10 pM Y-27632 (MedChem Express) . 0.5 pg/ml
puromycin (Thermo Fisher Scientific) Z¥RANL7-E #IIZ IV EE# L7z, £7=. DMD-
iPSc & Cri-iPSc ¥ Stem Fit AKO2N (Z 10 uM Y-276320 & 1 mg/ml neomycin
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(Sigma-Aldrich) Z IR U728 #lC KRR LT, Z L LIBEIE Stem Fit AKO2N 725
Y-27632 ZFRWERFHNZ IR L7, ##(RIE iPS Mifd% accutase (Innovative Cell
Technologies) T 10 47, 37°C TRETHZ LTI T L — I bBHIAL, 6.5 x 104
cells/well T laminin =—hFL7= 7L —MIHFEREL 72, 2 TOMIIE 37 C. 5 % COa.
95 % air D CO» A F a2 —H—THFE LT,

(2) B LRhE %

6 well-plate & L<i% 35 mm dish (Greiner) % 50 f%A7#RL7= matrigel growth
factor reduced (Greiner) © 2 B§EILL Ea— MU AL 7=, 0{LiFE day 0 C
healthy-iPSc, DMD-iPSc, Cri-iPSc ZZ #1241 3.0 x 103, 5.0 x 10%, 1.0 x 10° cells/well
TvhFva—Rl= 7L —MNIFEREL |, Stem Fit AKO2N (2 10 uM Y-27632, 0.1-10.0
uM RA. & 0.5 pg/ml puromycin $L<IZ 0.1 mg/ml neomycin Z 12 7= B HIlZ LV EE
# L7, Day 1 TH;#fiAZ Repro Stem (ReproCELL) {Z 0.1-10.0 uM RA (Fujifilm
Wako Pure Chemical) . & 0.5 pg/ml puromycin $L<{% 0.1 mg/ml neomycin Z /1272
Bl ac a7, 2 H | §5#1% Repro Stem (2 0.1-10.0 pM RA & 1.0 pg/ml Dox
(Sigma-Aldrich) Z N 2 7 B I LV EE R LTz, 70bi5E day 3 DIFEIE a-Minimum
Essential Medium Eagle (a-MEM: Invitorogen) {Z 5% KSR (Invitrogen) . 0.1-10.0
UM RA. 1.0 pug/ml Dox Z MU= HIIZLD, day 14 FCTHEEE LT, BdfE: H A& H
L.37 C.5%COa2. 95 % air ® CO A2 FaX—F—TE&E LT,

(3) st

Day 14 £T/MLFEEEIT-7- /% 4% PFA ICT=IET 15 MG SECHEE
L7z IRITHINEA 1 XPBS 12T 3 [EIHEH#%. 0.2% TritonX-100 HIZ=EIE T 15 47
A Fa_X—hL, ZIEAH AT o7, B 1XPBS T 3 EIPEAHL, 1 XPBS (2
BSA ZhNAx 72 1% BSA #WiRAAEAL T, =IE T 30 /A FaX—hL 7 ryF
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7Tz, FIE OYLIZ B CTIEIPT a-actinin HTIA (Sigma Aldrich) % 1/1000 #2 /£
T 1% BSA ERIZINZ., 1 BB =R TA ¥ aX—kLiz, Dk, 1 XPBS T 3 [A]
Vet L. 1% BSA W CIREZ 1/1000 THHEIL 7= 2 LA Alexa Fluor 488 (green)
ADIERRIZ DAPL ZiN%., 45 Z3fArFa~_—hkL7z, 3 [B] 1 XPBS THHEZ, 1 X
PBS %12, BZ-9000 H#GHEMEE (Keyence) (2 CHIZZL 7=, a-actinin O[5 &I
1 well IZ2& 5K9 D 3well 3 HEEEZRF L, BZ-Analyzer Y7 /=7 (Keyence)
[CCHEH Lz, (8 DORIIZZNENRELIZGEDND Iwell (22X 10 M3 3
well 43% BZ-Analyzer Y7 =7 % HWTHER LT,

(4) HREHRAT

HRHEAT X~V RA Y h=— BN R B2 IV TITUN, P < 0.05 DFF, FEEND
HEHIWr LTz,

4.2.3 EBEREEE

iPS FAED DAL E ~D L2 a2 ) LS 5720 RA OIRIEEEZITV, fm s
FE DR EFT -T2, RA I35 LB Pax3 03Bl h) ESE 52 THZMEID
HH3 DGRBS 9L, Healty-iPSc, DMD-iPSc, Cri-iPSc 273 b4 5B 0.1,
1.0, 10.0 uM RA ZMZTHEEL . & O REFIIBIEA1TH)Z & TRl IR £ %
L 72, A8 O RSITBIL TIiX RA OINEF R O EIZE LT, 2 CTOMAaRIZ
BT 12 um FECTHEZIZRALN 20 7= (Fig. 4-1) , ZOFEF L0, RA IXA5AE
RKOLIRFHRBNNTHE LN EE 2 DND, —H T, & mfEIL 1.0 uM RA 2R
MU TEELESRMFICB W TETORTAHEIC EF LTV e, fEDRSIHEDS
T RO K UT2 2 ST B B OH KON TR LR A3 m) B L2 &% R L
TWD, ZNHLOFERLY, RA BRINEFEIL iPS MOF bR om Eicg HTh
HIEMRES Iz, ZHLLIBETIE, 1.0 uM RA Z I3 2564 Tk g 21772,
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Figure 4-1. Morphological observation of iPS-derived myotubes with or without RA addition
culture. (A) Fluorescence microscopy of cells immunostained with anti-a-actinin antibody.
Scale bar, 100 um. Quantitative analysis of myotube area and myotubes width in (B) healthy-
iPSc, (C) DMD-iPSc, (D) Cri-iPSc-derived myotubes, respectively. Data are expressed as the
mean + SD (n=3). *P < 0.05.

4.2.4 KEiDELD

iPS AR DR E ~ELEEZ T DB RA ZIRINL TR 528 C, MR RIE
RESNRD -T2 OO | FiE mfEA B EUT, Fo, fdE AH RO iPS il
721 C72<, DMD 3 H 3K iPS Hilfid, CRISPR-Cas9 (2L Vi s TEE &1 T -7 iPS
AIIZ B W TH AR OFE RO NT=ZEMND, VAT 4B m 1O RBIZEDS
T RA INIEEE DM (b D IZA I ThHZ LRSI,

4. 3 iPS Mk B K B DB R

4.3.1 AEDOHB

ZINETITEEAR THD C2C12 AR RO E 2L ILE XML #E 21T &

T, AP ES I, IHETEPEDS A B9 A2 NG S Tng 308 —J55C ek
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iPS MR FE S LT i 8 (26 L CRAMISE B 21T o To iR 13720, £ ZTA
HiTld 3 FH iPS AL O LI E LI B (B W T AR ICE XURITSE 2 21T
HTLTHHAADMEE S, U TEPEAN A B3 D72 fi~72,

4.3.2 EBRFE

(1) BRI EE 0%

4. 2 BiCRUT- FECOMERAE LTz iPS ML KA ICx LT, 77vrvarve
AL —%— (NF Corporation) /2567 > = EEBIZEVfTF7= C-Dish (lonOptix) %
AU, EIINEEE 0.17 or 0.30 V/imm, 7S/ ABE 4 ms, &% 1 Hz D& To1bs
E day 7 05 day 14 FCESKHBIMEEETT-T,

(2) INEZEBNRAT

Day 14 FTH{LBEEIToT- MBI LT, 77 rvaryorxlb—4%— (NF
Corporation) 2>57 ¢ = EERIZEWFHF7= C-Dish (lonOptix) Z 4L C, HIIIEE
0.30 V/Imm, »X/LAE 4 ms, JEEE 1Hz O CESEIE 52 . ZOEF% BZ-
9000 5 BB LA S 3 BLEFSy . 3 dish 3" DB EiHRE L7, WORRIRIX & 404
IZBWTRHENN TS 3 AROFE % 3 dish 439> motion analyzer (2~ THEHT
Uiz, FMHEEIAICREL ISR T 1B Y720 16 ROfHE 2 BIEAITRDY,
AT E DU DO A A Bl52 9 2 L CRHMIL 72,

(3) TARI—RADIEHT 62

ilaz 4.2 @il R T IETREREAR ., 7 v arb— My —CHIkL TEm
W72 =RV L, Kk £ T permeabilisation buffer (Takara Bio) C 5 4y [JALEEL 7=,
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ZD# . 1 XPBS T 3 [H{#4 L. TdT enzyme (Takara Bio) & labeling safe buffer
(Takara Bio) % 1 : 9 TIRELIZEIRA AW T 37C. 1 KEEALBEIL 7=, ZD1%, 1 X
PBS T 3 [FIYE%L ., BZ-9000 & YEBAMERIC LB AT o7, TR — ADFHIIE
1dish (Z2& 389> 3dish 3 B EA R L a-actinin [FVEHEFENIZIS 1T Dt EL
(DAPI B5#%) 1263 %  TUNEL-FS AR 5 L=,

(4) Ca¥¥L —}HEIRBX TN Bax inhibitor DAL

4.2 238 () IZRTHFIET 0.30 Vimm OFEE CESHEEEEL QO M
LT, 2bFFE day 9 I Ca?**L —hAIT&HS Ethylene glycol tetraacetic acid
(EGTA) (Dojindo Labolatories) Z 1. 2. 4, 8, 16 mM DL TIRMIL | 24 FFfH 52
L7z B, 2Dk, 4.3 i 23 Q)ITRTIIETT A= ZOFHIIEAT 72,

Fro, BB EFRICESREEE R L TODMKI LT, 20bisE day 9 725 Bax
inhibitor peptide V5 (Bax inhibitor: Med Chem Express LLC) % 0.1, 1.0, 10.0 pM &
FETIRINEEZ L, /LS day 14 THIDGRTEIERS LU R — 2 2 e e i,
4.3 81 20 () BLV4.3Hi 2 G)ITRT HIETITo2 %,

(5) WEEHfEEMT

WEHRMT I X~ Ay b=— BN TR 2 FIVTI TV, P < 0.05 DI FEZEND
HEHIWr LTz,

4.3.3 EBEREEER

(1) EXRFFEERICID iPS Ml B R E DIURETE tE~D &

WA REZ A T D & ~ LA RCGAAAR 977212, 3 T iPS M DLk s
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L7 B ICx L CRAMNGE B 21T 72, BRI LET#HE ST
C2C12 M4 2B MM 22512, 0.17 VImm & 0.30 V/imm @ 2 5T
RS EE21T-72 %0 (Fig. 4-2) , Healthy-iPSc H 3 #5E OULHETE2S 0.30 V/imm
EIRWEEEZMA TR FICBWTHEICESLTEY, iiEOIGEEI&1X 0.17
Vimm EFWVEESRMAE LA RIC EH LT\, £z Cri-iPSc HERAE 1TV TE
Healthy-iPSc F K54 LIRS ICUAEIE2Y 0.30 VImm THEIZH ELTEY, IHEE]
A% 0.17 VIimm »HAFEIC EH LTz, —75 T DMD-iPSc HSRO )& Tl &
DILHEIE LN E S DEBOL I WEEZIMNZ TR THEIZH ELTWzboD |
SRV NEE 2 N R 72 S CIRIHETE PRI A L TWiRino e, ZubOfE LI <UH|
s EE DS PSS B SR O B ISR T A BRI TS M o8] EICE I CThD
ZEEIRL TS, £72 DMD-iPSc HISED & MR WVETEIZ L5 8 SIS B 72 Tl
BT D ] B L7272kt L, Cri-PSc H RO i & 12 B8 CUHETE M 23 ) _E
LI Z 8T B HEEDB VAT 4 B [RIE 72T T2 g RED R IZK L T
HbAHTHLZEEREL TS, Fio, VRS TIE DMD-iPSc 1R E 1Zxf
LTIDNDZ A=V HZE T IEREEDME TL TV 5EE 2 Hs,
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Figure 4-2. Contractile activity of iPSc-derived myotubes with EPS culture (voltage, 0.17 or
0.30 V/mm, 4ms, 1Hz). Quantitative analysis of (A) healthy-iPSc or (B) DMD-iPSc or (C)

Cri-iPSc derived-myotubes displacement and contractile rate. Data are expressed as the mean

+ SD (n=3). *P < 0.05.

(2) BLHNEEEE IZLD DMD-iPSc D7 RM— R3EHE

AR D IHIZ, healthy-iPSc & Cri-iPSc H1 KA E OIHETE A TRVVEFEIZ LB
FEEE 2R Gl EL721Cb 53, DMD-iPSc B 3k & QUGG 23 6] _E L7275
STRRZF AT, FexITZORKEL T, BRAITEEEEIZLY DMD-iPSc H1RD#)
BB W CHETE D A LU= E O T AR — ANFHEI IV TNDT20D | fiFHT OFE
(ZITIETE EO 1] B ABARNDTIERWNEE 2 7=, 22T 3 SOMIIERIZE
VT 0.30 VImm DS TERRBEE R 2T o7 % DT R—3 2% TUNEL {£ICX
ST 2, Z0fE R Healthy-iPSc & Cri-iPSc (238 Tl SUM S 2 0 f 45
BEDRIFIZE DL T TUNEL MO FIEDY 20% A CA B2 AT AL
727tz (Fig. 4-3), L, DMD-iPSc CIEESMNIEE  #42 L QRN T 22.6
+ 10.5%72->7= TUNEL BEPEMAEOE G 23, 0.17 V/imm OFESANILES % Tl 49.2
+ 83%<& EFH-LTHEY, 0.30 V/imm TERBIFHE R LIS TIX 683 + 7.4%E5

WEBESRM LB CHOAREIC EFH LTV, 205 RIL, DMD-iPSc H KD 5 A3
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Figure 4-3. Morphological observation of iPS-derived myotubes using EPS culture of 0.17 or
0.30V/mm, 4ms and 1Hz. (A) Fluorescence microscopy of cells immunostained with anti-a-
actinin antibody (red) and DAPI (blue). In addition, apoptotic cells were stained by TUNEL
assay (green). Scale bar is 50 um. Quantitative analysis of TUNEL-positive myotubes derived
from (B) healthy-iPSc or (C) DMD-iPSc or (D) Cri-iPSc in each EPS culture conditions. Data

are expressed as the mean = SD (n=3). *P < 0.05.

(3) Ca? ¥ L —MFNCXA T RM— 2O

U2 DMD-iPSc Bk 2RI 5T Rh— AD RN %<7, DMD DJFEEDJR
K &L CTHIBIE DESTH L L T E ThHU AT 4 D RBIZED, Mg ~D Ca®*
DR YA Z HIEH T E AR DT DITAIIIEN S | R ZESNDHEEZ HILTND 19,
ZZ TR A IXBLRANLEEEE T O DMD-iPSc 2350 bak S L7=ih & T[RRI Ca®*
DIBWAPELEZTODDO T RVINEBZ T2, TDT-0 | BRI G2 RE I
D Ca¥* XL —Ml (EGTA) IZL > TR L—h U, B O T Rh— A0l &
DO TIFZRVINET L ERZAT 72 O, F1D12 0.30 V/imm O ESKAIEIEE % day
T INBIRD T, EDZAI T TRIFSED IR ED D) ZEF 512D, day 8, 10, 12, 14
THEFAIZ TUNEL MEIC IO HIRSE A BIZZ LT, Z D5 R, day 8 TIE TUNEL Btk
MRIZHEY BS7eh~7c—J5C, day 10 LOHIIESEN 5 Z ik Z Sz fifla 3 < A
HiL7- (datanot shown) , =2 C day 7 2L ESKMEEE L TV D DMD-iPSc H kD
AEIZXIL T day 9 12 1 mM EGTA Z¥RMNL ., 24 FEH %12 TUNEL {EICED 7 AR h—
VAEBE LT (Fig. 4-4), TOREE, EGTA ZIIML T e WL L ¢
EGTA ZiRINT5ZL T, ERMBIE R ZATORWVEMLFERE ETT RE— AN
IS TN, 2T EYD DMD-iPSe HR & OB XIS &I BT 57 Rh—
I Ca¥ P RESE G L CODZEAVRIBES T,
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Figure 4-4. Morphological observation of DMD-iPS-derived myotubes using EPS culture of
0.30V/mm, 4ms and 1Hz with or without EGTA. (A) Fluorescence microscopy of cells
immunostained with anti-a-actinin antibody (red) and DAPI (blue). In addition, apoptotic
cells were stained by TUNEL assay (green). Scale bar is 75 um. (B) Quantitative analysis of
TUNEL-positive cells in each EPS culture conditions. Data are expressed as the mean + SD

(n=3). *P < 0.05.

(4) Bax inhibitor (Z&3 7 Rh— ZAOHH|B L O INFEEH DM _E

AR OFE R LD | BRI R ICL DT RE— AL C2HEIFTHHIENALINS
7potz, TARM =V AREITEB T Ca¥BPIbar RUTIZEREEINDHE, IharRUT
B ER LB S VD, ZAUTIVIR=a RUT by has C BNEHEhD
LT, TAHRR—VABBIEEIEIND O, ZZTH X IIIFTRIT~D Ca¥ OEIA
HEARHET D Bax ZHETHZETT RN— ARG TEHEE x| FREIT -7 %,
0.30 V/mm CTHESHIEKEE#ZEL T\ % DMD-iPSc D43tk E day 9 (2 Bax inhibitor
Z 0.1, 1.0, 10.0 pM DR EETHANETEL . 70LFHE day 14 TUGHETEMHEE T Rh—
AZ&FHE L= (Fig. 4-5. 6) , =Dk . Bax inhibitor FEFRMNSAETIX 1.83 + 0.17
um 7275 OULHEEAS 0.1, 1.0 pM Bax inhibitor D CHRMNEGE LI T
TFENEI 2.67 £ 0.15,2.76 £ 0.17 pm EHEIZ EFH LT, F/0%8 DI
FIELIEWMEAETIE 9.0 = 2.4%72 57223, 0.1, 1.0 uM Bax inhibitor D £ TH
IMEEFR L= SR TIEENET 32.6 = 48,368 £ 12%EAREICEF L, £
7= TUNEL BEMlaoB &6 IERMEE Tl 66.4 = 4.5%72 57273, 0.1, 1.0 uM
DOWEETIMERLIZLMETENTN 425 £ 6.6,512 = T2%EHEICH AL
T o, TNHOFERIL Bax inhibitor ORI EKANIKIZLVFE R I DMD-
iPSc HRANE DT AR b— 22 MfilL . AlUHEE R M L7 ZEa R L Tnvd,
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Figure 4-5. Contractile activity of DMD-iPSc-derived myotubes with 0.1, 1.0, 10.0 pM bax
inhibitor. (A) Quantitative analysis of iPSc-derived myotubes displacement, (B) contractile rate.

Data are expressed as the mean = SD (n=3). *P < 0.05.

55



543 HBEH R IPS MliRE W i IHE T L DS

Bax inhibitor (uM)

DAPI TUNEL a-Actinin

Merge

TUNEL-positive cells (%)

*
_ *
60 -
40
20
0 | | |
0 0.1 1.0 10.0

Bax inhibitor (uM)
Figure 4-6. Morphological observation of iPS-derived myotubes using EPS culture of 0.17 or

0.30V/mm, 4ms and 1Hz. (A) Fluorescence microscopy of cells immunostained with anti-a-
actinin antibody (red) and DAPI (blue). In addition, apoptotic cells were stained by TUNEL
assay (green). Scale bar is 50 um. (B) Quantitative analysis of TUNEL-positive cells in each

EPS culture conditions. Data are expressed as the mean £+ SD (n=3). *P < 0.05.
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4.3.4 KEHDOFLD

AEITIE 0.30 VImm OSMOESHIIEESZI1ZLY healthy-iPSc 35T Cri-iPSc H
K OFHE OWHETE D M ELTZ, LosL, DMD-iPSc B3 E X 0.17 VIimm OFEJE
TOELABIEE TIIICREFIEA B EL72b0o, 0.3 Vimm OFEETIEE EL
127307z, Ez DMD-iPSc RO 58 DOUHETE PEAN A L7V R R & U TR AU
B3 CT RNV ARFHEI N CNDI2D THDHEN) Al REME TUNEL EI2X07RL
7oo EBIZZEDOTHRI—VADFRNELT Ca¥ DF L —bFIZHWDHZET, Ca¥ Dt A
NFHLTWDIENRIBENT, FefzlZ Ca? KA DT Rh— (2B 5 Bax @
)&% Bax inhibitor (ZLVAE T 52 LT, DMD-iPSc HR & IZB W TT AR h— A
SIS V2720 T TSRS M) L7z,

4.4 REDELD

ARETIHHIOIZ RA ZUSINEE#E 5 5ZET healthy-iPSc, DMD-iPSc, Cri-iPSc ™
E DN RN LT D2 AR LT, ZAULA R IPS Al R 5 & 2
I BN TR S ZER BRSNS,

FIOERRFNHEE R ICEY eh iPS i H R A& OIHETE s M) R L7z, AUk
LA CTdD C2C12 MR+ 28 KR = S IR L TR Th DL L
[FIERIZER iPS A H RO E I L TH AR ThHZEaRL T, £/2 DMD &
FHk iPS MIIE DB LT 5 3B VI Lo U CUETE MR 3 M) B3, 7R
— I AZAELT-DIZXL, CRISPR-Cas9 iz TR FHE1E L7 MRtk sk o
8 CUEL T N B R O R R & BRI TE PR A M B L i O T AR — 2708
RonZemotz, ZORER LD, DMD (23 T 58 a HEE N HEEL BIE ST 57280
(ZHE A T IETHLZ LD RS,

F7-. DMD BE Hk iPS AL G LB E LI B IC R W THRWEE T AR —
VANEUTZFRNEL T, Ca? MR L TNDIE%E Ca¥FL—R I THDH EGTA =M
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WHZETHLNIT LT, SHIT, Ca* EAFHED T AR N— A% TE 5 Bax inhibitor
ERNINEEE DI TT A= A TETZIZT T MR REDIEE 2N bz,
ZNHORERID | WHETE A FEEE LT, DMD-iPSc ORERET 1 Tl s B
FFNC L DM RERIE 23Tl TE 7228 b | AR — = 7 IR AT e 7R R
13K iPS A A R IGHE & 7 L O EUTEh LT- LB 2 BD, BEEDMFEEL
T.DMD LS B EE D iPS Ml FRL-fb SN TRY, £hbo
Hife 2 4 B E R U 72 iR A € 7 VIS8 37028 T R & 225 R ISR 95 A A
IV == T OISR TES 4447,
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B SE ~vAf7uT NARERWHINHETT LV ORBEE

5.1 &

HEN 27 —= 7128V, 3R (replacement, reduction, refinement) O&LEH 5
KRB % T OO FEER T EICE XX HZEAROLI TS, EEEIZ iPS o
BISLLUK, R HEET L ChLEREY NG, BE HKO iPS Mz H 52Tl
SR DZEDIRAITHREIZ 22> TND 202, ZD IS, TR DT =/ ZA T %Al T
BETLIEN RIS o7 — 7 T A RZ =R eI T52 b RO BT
%o FRCE R RICBE T D 3RAI ALY — = 7B OB R S5 ~ 053k
RE DOKRESE, BHE OWHMETEMEIAHBI N 2N e 2T & 1345 L TRV, Mag-TE
RIS VERLU 72 = R T Rk 2 L 72 AN A7) — =0 7 R ORI Bh LT
% B, L LEEAFD Mag-TE 1% Tl =R ST ik oo 1 520U ) Ol E DM EHETH
0., HEHN A7) — =0 ZNSE LT A A —T y MED R, KO E AR ERLE D
T TdhD,

VT T AT O M S 2R D72blc~A7aT A 2R LT~ A 7a =k
TEAFARRA R LT KA AT ) — = T3 iE S D 3%, 2o~ A 7a 7 S A A
96 well plate TH:E&E TE 5728, WERDFHIHEE T /L EELAR | ANAZL—T > MEDS E]
VW, ZZTCAMIZETIE~ A7 T /"A AL Mag-TE EEMAGDELZLETvAfrm =
RIC ARk AL L TR MEA R L LT R ARV ) — = VR O 82 B R LT,

5.2. 2A7aF A R% V- C2C12 MifaH Sk~ A7 ARk DR %

5.2.1 AEDOHB

AR D LN DA FE T~ A 707 A 2% H A LTz Z IR ST iR O 5L T
SITWDN, WA zM LTz~ A 7ok O ERIT IS STV, £ 2 TARH
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TlX~U AT IEMIELE C2C12 Miladz VT, Mag-TE &2~ A 2707 /A A TR T
WAL, BOZEFIHA Uz~ A7 ki OVERAZ R T,

5.2.2 EBRFE

(1) Hparz#

C2C12 i (ATCC) DEFF\ZIZHISFEE 1AL C DMEM ()12 56°C, 30 4y CI
k. L7= FBS. 5.96 mg/ml HEPES, 3.7 mg/ml [KEE/KFEF K7L, 0.05 mM ==
V> G BV A, 50 pg/ml ARV T R~ AV U RE & Nz 7=b O % vz, Ml
37 C. 5% CO2, 95 % air D CO, A > FaX—X—Th&ELT,

(2) MCL DR 37

B3R 10nm O~7 FZ AR (Fes04) % 1 REHEE BT DL Corli~ T x4
ANEIRE AT RIENE N mad /L MZEfELT- TMAG, DLPC & DOPE % 1 :
2:2 TIRAL., BUKMAEE AL 7= AT Z 22N 2 T, 7T AT NREIZ ) ITHE
BN SNAIOICR—F ) — TR — 2 — TR LN 5, 37°C T 1 K&
WHBEELT-, IEE IR % . 10 mg/mL (ST I=4 B~ 7 R 2 A M 2 N5 E )
RSNz A7 Z 22z, 15 IR T v A48T 58T, v~ RmEA
fRE T MCL ZE L7, BRI - DR LB D 728D | 1 R 1
JOLELT,

(3) Mag-TE &2 FIALIc~v A7 0 N T ERRO/ERL 23.30-32, 38, 39,52

~A7u N LA ERIZ VD PDMS 7 A RT4 HRRKFOIEK—F HEH
RAZVERIL CIHV 2, Mag-TE {EIZEMMAZERS 2728, 80% =2 7/L = NET
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E# L7c C2C12 fifuz 100 pg/cells DR T MCL Z N X 7255 HIC KD 4 IR B2
T HILTRISAE LT, fifk 1 S22, 0.3 % Type I collagen solution (Nitta
Gelatin) 3.0 uL, 10 X DMEM (1) 0.4 pL. fF#KIE#K 0.4 uL. Matrigel
(Corning) 3 pL., Ml (C2C12 MIFLIETE G HIZ C2C12 Mg 0.75. 1.5, 3.0
x 10° cells/tissue) 13.2 uL OEG TIRALTIRGEIR AL, T2 TOK B
TITo7z, FHNZ, 96 well plate (Thermo) @ well |Z PDMS 7 /31 2% 7Y —Z[Z5D
BELTRE, B BIC8 — MR E L% TS, RIZ 1 well HTZVIRE
VR 20 uL % PDMS 7 A A EICHEELT-, LMl ia o LicE, 30 7
[ 37CTA>Fa~X—hk%, DMEM (1)IZ 0.4 % Ultroser G, 0.05 mM <=3V G
FVT I 50 pgiml ANV T I~ AT U 2 N A -85 2Nz, 5 37°CTA*F
a_—hLTz, 2D, BB HAIT, 5% COx A Fa—F—WNT 7 A
BR LT,
A B
PDMS micro device

/

Iron sheet

magnet

“___,_-—— Seedeing cells
: labeled by MCL

Figure 5-1. (A) Fabrication of micro skeletal muscle tissue by Mag-TE method. (B) PDMS

micro device, (C) iron sheet.
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(4) FHEEERICEITS C2C12 Mg B BB 12057 VEAR ORMNEE=

C2CI12 MifA 35 mm T (v =i 3.0 x 10* cells/well TFEREL . C2C12 HiFHLS Hh
[ZTCar 7 )V NIRDETE AR LT, D%, C2C12 HEFHEF IO i % 2%+ 41
TEICE S X - B I CRE IR %1 T o7, 4 H7%. testosterone % 0.01, 0.1, 1.0
uM 2D\ T dexamethasone 2 0.01, 0.1, 1.0 mM DR THRIML, 3 BHEEEEL-,
i H SIS ATV, 5% CO AV FaX—4—NT 7 ARIEELE 2,

(5) <AV T HET NVEADEMEE R

5.2 81 2 H QIR THETYA7REZERIL T 4 H1%. testosterone % 0.1
UM HAHUNE dexamethasone = 1.0 mM DOFRFECTHINL, 3 HEEEE L, & HE5#
RHEAT, 5% COr A2 Fa"—F—NT 7 HEKEFELI,

(6) IMEZEBIRAT

WriC 7 B E L. C2C12 ML H RO E IR LT, 77 rvary X
L—H =BT gy B AT 72 C-Dish 736, FIINFEE 0.3 VIimm, 7L AIig
4ms, EHEEL 1Hz O TERANE 5 2 . FO8T% BZ-9000 3 EBRMEEIZ LY
T 3 BE Sy, 3 dish T OBEZ 4R Uiz, WHEIR XA RIFICB O TrbENNT
W5 3 AROFE % 3 dish 473> motion analyzer (Zd& > TREHTLTZ,

7 AR Lo~ A7 afifilifk% PDMS 73 A28 35 mm 7 v =llBL, 77
YAV e =2 —nbT 4y a FENICEOA T2 C-Dish 4L, FINEE
0.3 VImm, »S)LAME 4 ms, JEHE 1Hz OS5 CEKAEE 52 £ DOfkT% BZ-
9000 “#EBAMERIZ LV BB L7z, IHEDE I motion analyzer (ZX - THEHTLIKIZ
AT A& W TG JEL TR L 329,
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E:elastic modulus (1.7 MN/m?)
Fe 3mER*S /R: radius of a micro post (0.5 mm)
413 \6:musdcle tissue displacement (um)
L:length of a micro post (4 mm)

(7) sufEdets

Day 7 £ T LA EEZITo7- /% 4% PFA [ C=HIRT 15 MG SECHEE

L7z, RICHIIEZ 1 XPBS IZT 3 [EIPEH%. 0.2% TritonX-100 EHRIZ=EE T 15 47
A Fa_—hL, IS ATT o7, B 1XPBS T 3 EIBEHL, 1 XPBS (2
BSA #/x 72 1% BSA iRAEEAL T, 2| T 30 oA FaX—h L7 av¥x
7 LTz, FT-A0AE O YA lZBAL TIEPT a-actinin HT/A% 1/1000 #2E T 1% BSA Ak
[Nz, 1 FF IR TArFaX—RL 7, D%, 1XPBS T 3 [HEHL. 1% BSA
FRUR IR 1/1000 THRARLL 7= 2 IRPUIK Alexa Fluor 546 (red) ADVHRIZ DAPI &
Iz, 45 53 MA v a~_—hkL7=, 3 8] 1 XPBS CTyE%E#. 1 XPBS Z/z., BZ-9000
HOCBAMEIC TR LT, A E#h3R1% 1 dish (9% 5 K™ 3 dish 2y 5 H &2
L. BZ-Analyzer Y7 =T |\ZCTHEILTZ, fiE O KIITENE R LIZEH)»
5 lwell (22X 10 M@ 3> 3 well 7% BZ-Analyzer Y7 =7 %MW THHL
77

(8) HEEHEEMT

WEHRMT I X~ Ay b=— BN TR 2 FIVTI TV, P < 0.05 DI FEZEND
HEHIWr LTz,
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5.2.3 BB REEE

(1) C2C12 Mk e~ A7k RS D B MR B DR F

IO~ A7 el i A F R o 7 A DRt a2 35726, 0.75, 1.5, 3.0 x 10°
cells/tissue DIRMFTHFRAETERLL . T 3A 2D DR LIZEE L0 fkKD
K& (FEFmotg) 2@ L7 (Fig. 5-2A, B) . ZOfEF, M3 s ind 52812
KRR DMENE DS 2o U, ZAUTMRI ALY 2\ Ge Tl MIARAMRE /11 ko T
FEECHERE L 7= %% . M — AR FETAR AR R 3R 528 T MR MR L T 23
R, MRS & B I LT R DI RSN T b B 2 B, AT, 4 E
VERLL 7= MR 37 A S T B T 8 AR DA B 45 7]
REMEITARL MBS 2 W TR Z B L T D ZER TRIND, Fo, I %
HELIZEZA 1.5 % 10° cells/tissue LL_ED S CULHE 23— @& L72>7= (Fig. 5-2C),

FZTCINLIEOFEERTIL 1.5 x 10° cells/tissue DSAE T~ A7 aflfik 2 ERILT-,

A
C2C12 (< 105 cells/tissue)

0.75

1.6

12 |

0.8 |

Width (mm)

04

0.75 15 3.0
C2C12(*x 105 cells/tissue)
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25

20

15

10 -

Contractile force (uN)

0.75 1.5 3.0
C2C12(*10° cells/tissue)

Figure 5-2. Optimization of seeding cell density (0.75, 1.5 or 3.0 x 10° cells/tissue) onto the micro
devise. (A) Phase contrast image of micro skeletal muscle tissue. Scale bar is 800 pm.
Quantitative analysis of width (B), contractile force (C) of micro skeletal muscle tissue. Data are

expressed as the mean + SD (n=5). *P < 0.05.

(2) Mag-TE \Z& 5~ A7kl IUHE /1 0m E

WIZ Mag-TE ¥EEFIHL TERIL 7=~ A 7 afflfk oA ATEE2 TR 57012, Bifa D
A IO DOERAZ A 7=, MCL #HViAEE 72 C2C12 fiflad~ArmT /3 A
KU THEREL . ZD1% ., v A7 F A 25 WA FICBW TR L4kl BeA
AT TICE R LRI 2 FAFTREL, (ERS 7 BR&ICIGHE 2 RIEL
7 (Fig. 5-3), W% PITHEERIL 7R AR, W20 12 R L 7ok & g
FTHE RO KRSDHIR > T, Flo, WA ZE T 528 T~ A7 ko I
b 2 ERREE GRS AR o TV e, ZAUE, A a2 L T Mag-TE {EIZRDARRZ (FR
THIET, MR D m <720 Ml A LD bR N2 & Ty A /il
MROWAE D3 F] _ELT=EE 2 b5,
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Mag+

1.6 " 20 -
12 F S e
- S 12|
= 08| ©
2 = 8t
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04 = 8 4 n
(@]
0 0 1
Mag- Mag+ Mag- Mag+

Figure 5-3. Effect of magnetic force during fabricate of micro tissue. (A) Phase contrast
image of micro skeletal muscle tissue. Scale bar is 800 um. Quantitative analysis of width
(B), contractile force (C) of micro skeletal muscle tissue. Data are expressed as the mean +

SD (n=5). *P < 0.05.

(3) =A7uHRRIIH DT NVEANDLE

Mag-TE V£ TR 7o~ A7 ol D3 AN A7 Y — =2 7712 %E LTl FTREDNE D7
FHRDT=IZ, testosterone & dexamethasone Z ¥RANEG# L7-BROUUHE /1 &2 BIZ2 L T=,
testosterone (% So-reductase ([Z X VM AN TIEMEM T el Th b
dihydrotestosterone (DHT) ~EZEHaASHL, P EHIRD—D>ThHD GLUT-4 DFEHL
DI =R, fhZ NI BEE A RET HZE T, B Sm BICE 3528
HIHILTWD 8, F7= dexamethasone [IIAAXF L OFBAIEINSEHZLET, A
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BEOR TZ5| ST ZENOINTND @, #1012, ~ A7 ik xE 3 25728
TIVEEFN DB EE 2R TE T D72 | R IZIBV T testosterone % 0.01, 0.1,
1.0 uM &5\ F dexamethasone 2 0.01, 0.1, 1.0 mM DO FE CIRMNEZZE L, IAFHNE .

bR HE DOKRSEREL (Fig. 5-4), T O, testosterone Z N 724 TD
ZAECULAEIRE A3 E) E L, 0.1 M DI EECUINL 7= 4 Cleb IR 23 1A ELCHsh,
SAERRLBEDORSITONVTH RIS 0.1 uM ORETRKER-T-, £,

dexamethasone Z ¥RINEG T 22 & TR TO SR TIHMEIRE AL TEY, 1.0mM O

IRERMETHER, HE ORS, RO = ThH RN 2Tz,

a-Actinin DAPI Merge
9
I=
O
O
S
o
=
C
[}
C
o :
2
7]
L
)]
o
| ---
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; Illln

Control 0.01 0.01
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Figure 5-4. Optimization of testosterone (0.01, 0,1, 1.0 pM) and dexamethasone (0.01, 0.1,
1.0 mM) concentration by morphological analysis and C2C12-derived myotubes contractile
activity. (A) Fluorescence microscopy of cells immunostained with anti-o-actinin antibody
(red) and DAPI (blue). Scale bar is 100 pm. Quantitative analysis of (B) myotube width, (C)
differentiation efficiency, and (D) contractile displacement with EPS (voltage, 0.3 V/mm, 10

ms, 1Hz). Data are expressed as the mean = SD (n=3). *P < 0.05 vs control.
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LT~ A7 RIS LT, testosterone % 0.1 uM, H5\ N E dexamethasone % 1.0
mM D ECIRINEGFE LTz, Z2ICH UL TN Cl~ A 7 ik O ULiE 123
10.10 = 1.23 uN 7=o7=—J5 T, testosterone & Mz 725/ TlX 12.92 + 5.09 uN &
Wi o EFN RSN, £72. dexamethasone & M2 725 Tl 5.73 £ 1.94 uN
EH B LT (Fig. 5-5) , Mag-TE IEICIERIL 7=~ A7 oz e L3
FIOWHINILC TG DAL T2 285 FERIAZ ) — = Z1ICh IS ATRE T D
EEZ BN,

20

=
(o)
|

[ERN
N
|

——

Contractile force (UN)
(o]
|

IN
|

Control Testosterone Dexamethasone

Figure 5-5. Effect of adding 0.1 puM testosterone or 1.0 mM dexamethasone to
contractile force of micro skeletal muscle tissue. Contractile force generated by
micro skeletal muscle tissue on day 7. Quantitative analysis of contractile force with
EPS (voltage, 0.3 V/mm, 10 ms, 1Hz). Data are expressed as the mean £ SD (n=3). *P <

0.05 vs control.

5.2.4 KEiDEED

1R A THERIL -~ A7 filikE bl L€, Mag-TE #E&FIHL T~ A7 ufl
a2 T, UM I3 E LT, £ T LEAIEL TO testosterone <°
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dexamethasone DFINZIET T~ A7 AR OIUHE /17232 L2275 Mag-TE 4
ZRHAUTERLU -~ A7 2l I 3EAN A7) — = TS A TEL LB 2 b,

5.3 iPS MifaZRI L=~ A 7ok D/ERLL L-carnosine DHINEEE

5.3.1 A& BH

5.2 i Tl Mag-TE #E2H A L7- C2C12 MR kD~ A 7 affflikaERIL, =5
JVIERNCK U TSBE LTZIHE N2 R LT ennn BHIAZ Y —=2 712 LT ]
RE CHDHIENIRINTZ, T CAREITTIIA AMEEEDHIZHOIT, T AR ROHMI T
% C2C12 Mifld <7<, eb iPS MifaZ MR E LTz~ 7 ik (F R CE D0 et
LTz, F7o, A7 a3 <7 FRCTh D L-carnosine (2t L CiZ L7 IE /1% 71
TE T,

5.3.2 EBRFE:

(1) MfakEZ®

E RO W2 LY puromycin THYEE G F2 /357 A2V 5
M MyoD1 JHLA_U X —Z8 AL7-th iPS HifuZ\ =720 7z, BB iPS Ml A k5
T 572812 6-well plate % 0.5 pg/cm? laminin 511-E8 ¢ 37°CC 1 KL E=—kL
2o D%, El iPS #iflaz 6.5 x 10* cells/well C lamminin =1—MIxL THEREL
Healthy-iPSc (% Stem Fit AKO2N (Z 10 pM Y-27632. 0.5 pg/ml puromycin Z#s0L
TR HIC RV RER LTz, £ LIREIT Stem Fit AKO2N 735 Y-27632 ZBRV Mo REHIIZ X
DEEFE LT, fR(RIEER iPS #iid% accutase (Innovative Cell Technologies) T 10 57,
37 C TR T HZLIZLD T L —MPBHEIAL, 6.5 x 10* cells/well T laminin =—hL
727 —MIEREREL 72, BER iPS Mildid 37 °C. 5 % CO2. 95 % air D CO2 A F =2
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—y—CHiELE,

(2) ebiPS MDD LTHE

6 well-plate $L<i% 35 mm T sy =% 50 %A IR L7= matrigel growth factor
reduced T 2 RFfi]LL b —MLBRZfL 72, 571ka5E day 0 T bR iPS MifaxZ %
AU 3.0 x 10° cells/well TvhZ/La—RL 727 L —NIHEFEL . Stem Fit AKO2N (2 10
UM Y-27632, 1.0 uM RA, & 0.5 pg/ml puromycin Z /% 7= 55 HIZ XD EZH#E LT, Day 1
THi % Repro Stem (Z 1.0 uM RA. & 0.5 ug/ml puromycin $L<I/E 0.1 mg/ml
neomycin & NA 7Z¥EHUTAZHL 7=, 321 | K5z Repro Stem (2 1.0 uM RA & 1.0
pg/ml dox ZMA 7o MU IVIEFE LT, 73 bih 8 day 3 LARRIE o-MEM (2 5% KSR,
1.0 uM RA. 1.0 ug/ml Dox Z¥RML 7= #IIZEY, day 4 TvA 72kl ERUZFI AL
7o

(3) AAERREHIE

5.3 ffi 21 QTR THIETOHMEFHFE L bh iPS e B Sk 2E MR L,
MCL % 0. 20, 40, 60, 80, 100 pg/cell DI FET 4 Kff HDIA FH TR AR L7,
MCL Z M2 TH5 24 FREEL , MR- L | MmEREHRARE R /7 L —2 T
FfR A R LT,

(4) SKIREERIE

MCL ZH0iA R THD 24 B OMIFEE 1 x 100 cells [FIULL , Y=/ —Ta1C
Fo TRz L7, L 7-/ifa% 7500 rpm, 4°C. 5 min T /Loy BEfk . LGz
[ER L, Yo7 LTz, MilliQ K THARLIZH 7 Mz LT 12 N HCl (Fujifilm
Wako Pure Chemical) % 200 pl 1z 40°C T 30 min MIGSH 72, K% HO0z
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(Fujifilm Wako Pure Chemical) 10 pl, 0.1 M FF 7 AU 2 (Fujifilm Wako
Pure Chemical) 4 ml Z/N4, WOt EEHIES: (BIO-RAD) Z HV T, 490 nm DT

HEEAT-T,

(5) Bl iPS #fa% A\ zv A7 kiR O %

3 fi 2 T (IIRLIEHFIET/OMEFE L BN iPS MiAE H R ARk LT
60 pg/cells DIEET MCL ZNNZ 755 IC XY 4 BEfEE %322 L CRESIERR LT,
FHAR 1 DITD2E,0.3 % Type 1 collagen solution 3.1 pL, 10 X DMEM (1) 0.4
uL, FHERIRIE 0.4 uL, Matrigel 3 pL, M H#E (a-MEM (2 5% KSR, 1.0 u/M RA
1.0 pg/ml Dox ZIRMNL7-E5HLZ BN iPS ML H R/ ZFMEZ 0.15, 0.50, 1.0, 2.0 x
10° cells/tissue) 12 pL OFEIA TRALZIRARIRZFHR L 7=, PRI 2Ok ETf7
72, FHINZ, 96 well plate (Thermo) @ well (Z PDMS 7 /3NA 2% 7 ) — A 230 [EH &
LCHE, e RIZ8 — MR E LT FIZH Nz, RIT 1 well HIZDIRATRIK
20 uL % PDMS T /AR RIZEERELT-, #EREL -l zma o EiciE, 30 43
37°CTAF2X—hME&, a-MEM |Z 5% KSR, 1.0 uM RA, 1.0 ug/ml Dox Z#sNL7=
Bz iz, FE 37CTAUFaX—R T, D%, i HEHZAZHBEZITV, 5%
CO, Ao FaX—F—NT 11 HREIEEEL, FloT77o7var Vo b —F—nbT
Ay FEIZIVAIF72 C-Dish Z24rLC, FINEE 0.17 or 0.3 V/imm, /L AIE 4
ms. EE 1 Hz OS5 THLFEE day 7 705 day 14 S CERMLIEEEZTT 7,
ZD%., 5.2 8 2 (6) IR T HIETIHEREI O E B L OMIT&21T 572,

(6) L-carnosine DENNEEE

5.2 8 23 (DI HIETHLFHEE L C2C12 Mfa R Ah 2EMIA, 5. 2 &i
2 I )T T HIETERL C2C12 M ke~ 7 afifliicx L <, obiFE
day 4 7°5 L-carnosine Z 0.01, 0.1, 1.0 uM &5\ & B-alanine Z 0.01, 0.1, 1.0 uyM T
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Mz, 7AtihE day 7 FCTHEELT,

F7o 536 2 (2) IR T HIETEEEEERICBWTMEFEL el iPS M
AR M, 5. 3 i 2 T (S IR IETIERLZ eh iPS Mla ik~ 72
FRRIZ /LT, 20fEFEE day 10 725 L-carnosine % 0.01, 0.1, 1.0 uM HDHW\NE B-
alanine % 0.01, 0.1, 1.0 uM THI X, 73{b#FE day 14 ETHEFELT,

(7) HEEHEAT

HRHEATIX~ AR A h=— BN FI B2 FIVTITU, P < 0.05 DOFE, AEZEND
HEHIWr LTz,

5.3.3 EBRHERLEE

(1) EbiPS MkEH i FHRIZx9 5 MCL HRINE DR

th iPS Mlfa B~ A 7w kA R DRI, b iPS e R 2R e
HEci7e MCL ININEZIRGET LT, 70 {EFFE day 3 @ BN iPS MfE H R 2FMERR IS
XL T, 20, 40, 60, 80, 100 pg/cell DIRFET 4 K] MCL ZHVIAEHE, MCL &R
MUTHD 24 REfEIZ IR A A7 =R L BRI IA A B & E LT (Fig. 5-6), MCL @
TN BE N <D Z L CHIIRSE B | X Z SNAMEANZHY | 60 pg/cell LLEDIEEE
T 40%FEE A ML R FEA TN, FI8REDIA A &lT 60 pg/cell T 14.00 =
6.22 pg/cell E72>THEY, ZiuL C2C12 )5 Mag-TE 15 CHu ARk Z /ERLI9-HE
DERI A B 9.7 pgleell 72> TWAIZEND, MR EVERITDIIT 4072 Ml
EEZHND, ZZTINLIEDERRTIE 60 pg/eell DT MCL Z#H0iAEHE, 3
BREAT o7,
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Figure 5-6. Optimization of MCL concentration (20, 40, 60, 80,100 pg/cell) into iPS cell-
derived myoblast. (A) Cell viability 24 hour after adding MCL. (B) Magnetite uptaken 24

hour after adding MCL. Data are expressed as the mean + SD (n=3).
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(2) &b iPS MlEH S~ A 7RO R Mz DR E

WIZ~ A7 ek a AR 5125720 | 72 O 23 57280, 0.15, 0.5,
1.0, 2.0 x 10° cells/tissue DFAFTHMEAZIFRLT. (Fig. 5-7), TDORER. 0.5 x 10°
cells/tissue TULHE I D3 e R E72>TERY, ZALED VIR ECCTIRIHNE /) 2384 LT
VW oo ZAUT 1.0, 2.0 x 10° cells/tissue DEAETIE R iPS MO E ~&53 L TE
TWRWe DI, WG DA LT2eB 265, VLD EZBRTIEL 0.5 x 10°
cells/tissue DA T iPS Ml ok~ A7 ik a AE R L | FEBRIZ VW,

A

iPS cell (X 106 cells/tissue)

0.15 0.50 1.00 2.00

Contractile force (UN)

0.15 0.50 1.00 2.00

iPS cell (X 106 cells/tissue)

Figure 5-7. Optimization of seeding iPS cell-derived myoblast cell density (0.15, 0.50, 1.0

or 2.0 x 10° cells/tissue) onto the micro devise. (A) Phase contrast image of micro skeletal
muscle tissue. Scale bar is 800 pm. (B) Quantitative analysis of micro skeletal muscle

tissue contractile force. Data are expressed as the mean = SD (n=5). *P < 0.05.
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(3) L-carnosine {INZ XA~ A7 iR O e _E

L-carnosine (ZHLIEILAEH 2R 377210 T2 <, Hi/MaIT/ER L THi /MMakn b
Ca”" DS T <K HZ T, AEICRE 5 T2 E THLHEZZ BN TND 7,
LU, in vitro \ZF T L-carnosine #SANC E- TULHF /12388 KU I ARZ SN
TUVVRW, £ZT C2C12 e R iPS M BIERIL Iz~ A 7Rk LT\ L-
carnosine ZININEEFE 352 LT, ARG /11253 258250~ N iPS MDA
WUz~ A7affikoA A2 EEL 72, L-carnosine | p-alanine & histudine 75
BT RTFRTHY, B-alanine DA TIEAH NI TRL 2N EIRE SN TNDTEND,
XA T 47 A hr—/L LT B-alanine ZfE HL7Z 7, WIDIZ, FEEFEICB W TH 27
EEFiEZ L TWD C2C12 M LT, 7 fbahE day 4 KV, L-carnosine % 0.01,
0.1, 1.0 uM H2\ & B-alanine % 0.01, 0.1, 1.0 uM TEHRMEEEL , HEOKE, 7k
FNAEEA T~ (Fig. 5-8) (i D KSIBLVY3{E=1E, L-carnosine & 0.1 uM
IV eiIFdyt U D/N SN (K3 S I PN QRYANAE S U= a - Pl se - A B @ STUNI'E 7
BB FARIC 0.1 uM LA EIRINL 7226 CHEIC EF L QWi S22 TOREICE N
T 1.0 uM L-carnosine iU 7- 5 Tl K& o7, — 77T, B-alanine 2L 7-5c
TETIEAHE O KRS, LR PGEIRICZLIT AN o, ZORFRLY . L-
carnosine 2N HFEREZ 7] EXHHTENIRBEIITZ,

%I C2C12 AR LY Eb iPS MR DAERIS LT~ A 2 2 il ki o 75 AT
PEA L-carnosine WRMNEGEIZIV M 320323 ~7-, C2C12 fliflas LIk iPS
faimb~A7afilikaERL, 2O o biEE day4bL<it day 1005 L-
carnosine & 0.01, 0.1, 1.0 uM &5 (% B-alanine % 0.01, 0.1, 1.0 uM THNIEEFEL
WAE D ZRIE LT (Fig. 5-9), ZOFER., C2C12 HIENBIERLIL 7=~ A7 fifififk <
IXATH I TOZRNWSEAT 10.10 = 1.23 uN 7257223, L-carnosine % 0.1, 1.0
uM FSIIL7=4MECENETL, 13.24 = 095, 14.32 £ 0.27 uN EUUHE I3 FEEIC
ERLUTW, Fizeh iPS MR L 7z~ A 7 o i I AL TH7Zgun
ST 413 £ 2.00 uN THHo72HDD, L-carnosine % 1.0 pM FRANL 7254 T,
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10.93 £ 2.74 uN LHEIC EA LT e, FEbOL0OMBTENGERL 7o D |
B-alanine ZINANL 7250 F IR 7N ZE T A BN/ o T2, C2C12 Ml iPS
FRRDVERLIL 7o~ A 7 2 LR Z ALZ 41T, L-carnosine D VRN FE = L [RIERDIX
Ha SIDO¥ERZRUTZZ D, BN iPS fERILIc~ A7 a ikl AN AT ) — =71
SO CELZEN RSN,
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Figure 5-8. Effect of adding L-carnosine (0.01, 0,1, 1.0, 10 uM) and B-alanine (0.01, 0.1, 1.0

mM) to C2C12 cell-derived myotubes morphology and contractile activity. (A) Fluorescence
microscopy of cells immunostained with anti-a-actinin antibody (red) and DAPI (blue). Scale
bar is 100 um. Quantitative analysis of (B) myotube width, (C) differentiation efficiency, and
(D) contractile displacement with EPS (voltage, 0.3 V/mm, 10 ms, 1Hz). Data are expressed
as the mean £+ SD (n=3). *P < 0.05 vs 0 uM.
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Figure 5-9. Effect of adding L-carnosine (0.01, 0,1, 1.0, 10 uM) and B-alanine (0.01, 0.1, 1.0

mM) to C2C12 cells or iPS cells-derived myoblast produced micro muscle tissue.
Quantitative analysis of contractile force by micro skeletal muscle tissue produced from (A)
C2C12 cells or (B) iPS cells-derived myoblast. Data are expressed as the mean = SD (n=3).
*P<0.05 vs 0 uM.
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