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Fig. 1-2 Schematic image of muscle tissue engineering using iPS cells for Regenerative therapy.
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Fig. 2-1 A top-down view of skeletal muscle structure.
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Fig. 2-2 Interaction of actin with myosin filament.
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Fig. 2-3 Molecular mechanism of muscle contraction.
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Fig. 2-4 Contraction of rubber artificial muscle with air pressure''.
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Fig. 2-5 View of motor unit (left) and artificial muscle arm (right)'2.
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Fig. 2-6 Schematic diagram of application for bio-actuator.
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Fig. 2-7 Primary myoblasts derived from muscle disease patient'.
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Fig. 2-8 Schematic diagram of application for drug testing system.
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Table 2-1 Efficacy data from the MAGIC study'®.

Placebo Low dose  High dose p value
myoblasts myoblasts  (high dose

vs. placebo)
No of patients: 41 39 40
randomised
No of patients: 34 33 30
injected
Change in LVEF  +4.4% +3.4% +5.2% NS
(echo)
Change in LVEDD +9 =9 =23 0.006
(ml)* (—21t028) (—33t025) (—421t00)
Change in LVEF 0% (n=30) 2% (n=20) 3% (n=25) <0.04
(nuclear)

* Mean and 95% CI.
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Fig. 2-9 Schematic diagram of adhesion and detachment of a cell sheet to poly (N-

isopropylacrylamide) grafted surface.
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iPS cells RPE differentiation = RPE- cell sheet
Fig. 2-10 Fabrication of RPE-cell sheet from iPS cells.
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WA, 7 X —OHIREIRORBIZED . A > 7 ZMIBRARICE X # 2
TeNA T TV o Z =D EDEANATON T WD, EHIZ2D 7Y 2T T
<, HIBEE SR 7 U > b5 3D U U X=X o T, 3 Rk
DIERDPHAL LN TND, TNHDNA ATV 7 —F, Mfa-CHRE D 25
MEHATE OMIIRECCIRE CIEMICHIE L, A2 ER T2 2A12h D
2, ZOXHR3ID TV T 4 L TEMT, N FT T ) U —RERGETO
ISR SN TS (Fig. 2-11),
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Fig. 2-11 The common approaches currently used to bio-print tissue, are laser-assisted, inkjet-

based and extrusion-based robotic dispensing techniques'.

Fo, ZOMITFEARID A ATV T ¢ 7 E LTIE, A R
TN EDRGMEIORD Y IZ, Mg (X7 v A F) 2605k
(CEPRAESE 2T D ENHE SR CWD 2, ZOFEEF, A7 oaA KR
EAMEBIE 7o T D Ted, — 723D 7V 7 ¢ 7 THOWLILD B
BHZT VAT —ERZEN TG, TROZERTE 5 2 L AFIR L
THFbND, BUEZ OFFFETIE, ATEFTHOKRWME 2, BHE H & O/
MWHERIL, BT L2 EEE LTEDLNTWS (Fig. 2-12),

Fig. 2-12 Main components of the 3D biopringing platform. (A) Aseptic hood containing the

assembling line: a plate storage magazine (far left), followed by two feeding magazines and a
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plate transportation line toward the mobile arm (far right) and an imaging system (red light). (B)
Cell spheroid imaged within its feeding plate’s well. (C) Top view of a completed cell construct
and the tips of supporting microneedles. (D) Fluid-immersed Kenzan holder. (E) Nozzle
aspirating a spheroid. (F) Nozzle depositing a spheroid onto a needle. (G) Three types of
kenzans (with 9 X9 regular and hollow, and with 26 X 26 needles); note the needle-perforated
plastic bases. (H) A virtual double-layered tube created with the “Bio 3D Designer” program.

(I) An actual spheroid construct awaiting postprinting maturation®.
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Magnetite cationic liposomes (MCLs)

‘ + Contains magnetite nanoparticles —_
+ Covered with cationic liposomes

¢
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I Electric stimulation
gt
Incubate — Fixation
Construct cellular sheet Muscle tissue Tension measurement
using magnetic force formation

Fig. 2-13 Schematic image of Mag-TE technique.
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DLW EREIT oI, O, BIEFEALIT> TRV — FaB
M L7286 S LT REIMITIBFNRZHERFT 2 2 LITREI L TV D 2,

F72. Goudenege b IIFFFRAVIZE N T Tod 5 MyoD BinT % ES M & iPS
MRUEA L, FiFMia~EFE Lk, MivA e 7 4 —ET L~ T R
(mdx ~ 7 R) IZBHET HEREIT-7-, TOME, BT EAZITOTICS
(L% U7- ES AlifE & iPS MIAEIE mdx ~ 7 RIZIF E A EAEER Ligh o723,
MyoD BIEFZEALTE B DX, mdx vV ADFHRIZAEEFE L TWHZ EE2HH
M LTz 2,
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Sato 5%, HAFFER OB TR AT 2E2HMA L, B ORESLHL
(CEE 2B 2 Jede L QWD Insulin-like growth factor-1 (IGF-I) 815 % i 3
M TR ST N TR Z ER L, BRI UTAE U 5 INHE /2 JlE
T 5 2 & TALMkOERER LORHME 21T - 72, TORER, BinFREHELH
L CTW RO & Hle U C IGF-1 BIn TR AFHFE L2 b DI, IHE I3
LTS B L7238, FERKRSIE, Mo 7 R b— RO EEZRGIEEA T &
L THBID B-cell lymphoma 2 (Bcl-2) B FIZOWTH, [AEROFIETAL
ki A R LG D2 E L TR0 . K2 50U N &M LS5 Z LI
LC\W2% (Fig. 2-14) %,

A 20 45
— 15} C2C12/1GF (Dox+) - C2C12/IGF (Dox+)
Zz Z 30
f 10 C2C12/IGF (Dox-) ‘f
g s g 15 F C2C12/IGF (Dox-)
L 5t L c2c12
0 0
0 2 4 6 8 0 2 4 6 8
Time [s] Time [s]
B »f *ex 40} .0
E‘ 15+ + E 30 [*
= =
g 10F gg 20+
£ i
5F 10F
C2C12 C2C12/IGF C2C12/IGF C2C12 C2C12/IGF C2C12/IGF
(Dox-) (Dox+) (Dox-) (Dox+)

Fig. 2-14 Contractile properties of the artificial skeletal muscle tissue constructs. (A) A
representative peak 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. (B)
Maximum twitch (left) and tetanus (right) forces of the muscle bundles. The data are expressed
as the means = SD of three bundles. *P < 0.05 and **P < 0.05 versus normal C2C12 bundles

and C2C12/IGF (Dox—) bundles, respectively®.
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2.4.2 ANILHHERROESABRE=

—EAZIL, RSB 2 AR R 525 2 6T, FL—=2 7 &2 70, )
WEZHERISELZEPMBNT VD, LLRA L, invivo TIZHHXARRER
2 B IEEB PRI AT LT, FRIZEXIIE S M2 BIVD DY, invitro TO AN
TAPAHRR OREE Tl MIRMIIIIAFAE LW e, 8 OFEIXRARH 5 &
SHTNG 3033 2 Z TitdE, G O i ikl c EXRiM e 522 2
& T, EEREL AR A BTV D, Fujita HI, Vi CHEE L TV 2%t
L, BRAME G252 LT, VLI ATHREORELHRLTND M, -
Donnelly 1%, F#lfkDEXRMEEE AT O 2 & T, 2 5OIHE /1 & £ T
LB LIz B, EinFhx OFFFRE T, B E Ve ZRoTHERE SRR
Lo TERL L 7= N AR IC 5 2 5 72 OBLRESE (FUNELE, 2L A
. FIEED ORETAZITV. 0.3 Vimm, 4ms, | Hz OEXHFE A A TA#ERIC
B2 TH#ERTHZ T, BRHEEZ G2 TV RWEE LR L T, K550
M fsgAbickZh LT\ 5 (Fig. 2-15) 36,

0+ T T T T

0 20 40 60 80 100
Percentage of peak
twitch force (%Pt)

Fig. 2-15 Contractile properties of artificial skeletal muscle tissue constructs using a culture
system with EPS. (A) Contractile twitch force of EPS-treated artificial tissue constructs (day 7),
using a single electric pulse (voltage, 0.83 V/mm; width, 10 ms). The maximum twitch force
generation was observed for tissue constructs applied the EPS culture of 0.3 V/mm, 4 ms and 1

Hz. (B) Relationship between %Pt and the contractile force®®.
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2.4.3 b b iPS M LB EMBA~D S FHE

1.1.2 THEHRISR 7228, B ic 1T D MyoD s F- I B0 BB T,
Davis H |2 &2~ U ZAHRHEFMIAkO X A L7 U Ta 77 I 72k o
THOLNT ST, HDIE. MyoD BT & MHEF AR ~T AT 5 2 & T,
RPN 2 LNV Th D I AT o EE (MHC) 2889 2 M) 3 iiia 2 5584
52 LI LTS (Fig. 2-16) 7,

Fig. 2-16 Myosin Staining of Different Cell Lines Transfected with the MyoD Expression
Vehicle Immunostained myosin heavy chain-positive colonies: C3H10T1/2 (A), NIH 3T3 (B),
Swiss 3T3 (C), Swiss 3T3-clone 2 (D), L cells (E), 3T3-LI1 adipocytes (F), 3T3-F442A

adipocytes (G), and TAl adipocytes (H)*'.
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% 775004F Tanaka 1%, MyoD Bz T- % BRI FERER A TR ¥ — ML
AA B R IPSHIEA~NEAT D Z & T, BEE 90%D RN THi M~ 5
DREDREINTND S, S5IC, ZOMFHRFEEEEZHACDZ & T, M
faDOfES RV EO—FTHDHV AT = ORFIEE L THLILD — B,
VA a7 —HEBEHRO PS MR DM A ER L in vitro THIR
BERADRGE 2D E WO IREBZ BT L Z & ITkII LTS (Fig. 2-17) 3,
FVE T, iPS HESC ES MfEZe & HIREEMR (EB) AL Z & C i 2EMN & 7%
T D FIETHE ST, Fi2FiinE THET 282K <. Tanaka 5O
BSE L7 FEIC K- TR 2 B AERET 2 2 L3 AR & 72 o 72 38, iPS Hifia~

B FZEAL, BROMRAFHFET 2HINIEE THLH—FH T, HEDOHH
PEDFRE L o> T D,

MyoD-MM #5
MyoD-MM #5 +Dysf MyoD-B7 #9

Os

20s

Fig. 2-17 Modeling Miyoshi Myopathy (MM) by patient derived-hiPSCs. Entry of FM1-43
green fluorescent dye into differentiated myofibers from MyoD-MM #5 (left), rescued MyoD-
MM #5 with DYSF expression (middle), or control MyoD-hiPSC clone B7 #9 (right), before (0
s) and 20 s after (20 s) two photon laser-induced damage of the sarcolemmal membrane (arrow).

Scale bars = 20 mm°.
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Z OFEE RIS H 72912, Uchimura 5 I30ERK E TOR/MEAEELEE KR
L. b Eo@ib ClazE U, BERRESL ) X L—7 o ZIEZBRR
L72%, ZOFRETIEH, 2MEiFE day3 T TRERBEV D6 7=/ T L—FEX 10
em T o v Vo T A 548 Lotk BERILERIC CHIfRZ HIBEL . 96 ¥ = /L~
L— X384 U oL L— MIHERKFET S (Fig. 2-18A), ZOFIEITLY
EH296 7V x /L7 L— MIREH L7726 LR LT, Mz zhZtho v = /v
TH—IZmfbsE 5 Z LIS LT\ % (Fig. 2-18B), Z#ulL, AIFEARA 7 U —
=R BND LIV DOENE E REENE LN TR Y . FREBOIRK
A~ DISHBHIRFE N TN D,

A 6-well/10cm 56,354 wol
'_ %8
Pre-plating Replating
»
(day) DO D1 D2 D3-4 D9-10 D16
+Y
+Y +Y , _+Dox +Dox +5% HS+/-Dox +2%HS .
StemFit PECM aMEM+5% KSR DMEM
Total number of DAPI*
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14000

12000

10000
8000
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4000
2000

Fig. 2-18 Skeletal muscle differentiation of hiPSC'*™¥°P™ in 96 multi-well plate by replating
method. (A) A schematic diagram of the replating for skeletal myogenic differentiation of

hiPSC'*-My°PmC (B) A total number of cells are compared between direct plating and replating

methods at day 9 *°.
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25 KRKEDOEL®

21 Hi T, AR ED LD Ml S ME LR SE o TS D, £z,
AR D ERBERE L LT B DIHMELISMZ ED & 9 ek Z2ff o T D DA
AT, 22 HiTIE, AR TAC/ER S = f N s B 2 77 LT,
23HITHE, HAEEROEBRICHNT =7 72 —F IOV TIFZER 2R L7e R D
A L7z, 24 H#iCld, frlaoagn LIcH 5 L72BEoZE2 R~ L. AL
ik O FERETR (LI K OMUMETE PERTM IS W T ABIE TRA L & T 7' m —
F 2 WIS LT,
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H3E A RNLZRET 2RI XD
N LA/ DR REsR L

WIE BMX N RETRa LV EVBRERMNMCL S
N T fRERR O resR

3.1 #=

RETIT, MHOERRELZ ST EICL DA ML AL —fRIICE
ZICLELTHMLNTWVWAT Za L UEEAERIETORMM E LTz %
ZLIZRD, MR, ERE~ DB A~ T,

B, =X —OBEHEEO -S> TH Y | @miEwE» S IKIEMERICBEIT 5
HEMRTANLF—Th 5, £/, PHWER 2 L TRESZEER L WD
TV 5D, EWFENIE, MIRABED A R L AGETIZE b SIZREICEY =
v 7 2RI E (HSP) Wit vxyXnr b LTz Ri#ET D708
DRI, BUR, AL L RITT O, 612, AR L RIE, R
FIETHHILTWVD K912, #Ex RBICHT 2B A RIEICAS b Tn
Do Fiz, BUIWHEMICES \MERHRETH D | B2, ERMICH RN Z 3R E
THZET, ARNVAZRHMICNZ D Z ENTE D, EFRIZ, A R L2 %0
2% LT, b MRS~ U A dkk C2C12 MldsIER L7z Z &
PGSR TNS 4,

— 5T, R ORR R JOMEEIZIE, RS E R DSt~ B Y > 7 %
ThHhLaT—T UV ODERPARAIRTHD #8, a7 =703, Felriein
XML EREMN IMAEZZ T T 3 REHOTra—F 7 LT~ &
N, Z0%k M cruag—r o X7FE—BIzko TR O o
TIB NG W ShChaRag—Fr by BELTHEEZIEY, Sbica
T FRNBIOG FATRBEMTONLZETHE K IND, ZOK
JE7EEAT, Y Rt RaX i Wb I AR, Al LTTr AaLe
VEENBEETAZ LD, a5 —F U OESRIZIZT A2V E VEERLETH
Do IHIT, TAANECERE, IEERE P OSOWINEELIIT B DG, 7
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RLF U DERE W2 T2 AR OB 2 22 ROSICINA . i O 579 E T o
LD OMREIC B LTV D “, AFE Tk, A LAk oeem b 2
AL T BR P L 22522 LT LERNRT ANV BROFERTH D
L-7AanV e gl VBT ATV TR A n KFI(AscP) &2 IG5 2
LIk, ~ U A C2C12 (2B D & bk KON, /RS L 72 A5
WOFATNHR T DB AT,

3.2 EBRMEIEBE XOHE

3.2.1 ~ U AHIEMMEKE C2C12 Mg DREE

~ U AfHARRAE C2C12 MR | P RAFE bk B S b DA LT,
HASE B #11X DMEM (Dulbecco’s modified Eagle’s medium; Gibco) (2™ 2/ JIG V2 IfiL i
(Fetal Bovine Serum, FBS) % 10%#sINIL7=8 D S0k &5 i34+ 2F 1 ig (CS) &
2% IRIMUI=b D& L=, %72, AscP (Wako) 1% 0, 50, 100, 200, 400 uM DT
Mz 7= 44, EHELoEE 100 unit/ml <=2V 100 pg/ml AT h~AT 2 3.7
mg/ml REEKFE T ND LETILT, Hi5lEE R 1E 37°C, 5%C0; A2 F2_X—HNT
ATV, 50~80%= 2 7 /LU NI/ o T2l Tk E A B /K (PBS) T 2 [EIBEAL .
0.25%K) 7" -EDTA % W CHEBEZIZAL T 1/8 255 1/16 (ARSI 7= AlIu S
THER U=, F72, oMb B EE31E 6 well 7L —h (Greiner) IZflli% 5.0x10° cells
fwell THEREL | 2 H RJHEFEES HIC, 37°C, 5%CO0, A2 Fa_X—F N THEE{ T2,
IHEFEERICE % 7 BREREIT o7z, ARV AN 37,39 DT 41°C 12

FELT 5%C0r A2 Fa_X—FZNTEHETHZ LTI T,
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3.2.2 SMFEREHA

Hif% PBS T, 4% 3T/ A7 VTR (PFA) &7 PBS T 15 ZyREEEL
77 EHIZ 0.2% Triton-X 100 Z & e PBS T 15 /7R L7=% . PBS T 3 [EIFEHL. 1%
UUMIET V7 (BSA) & e PBS T 30 7 vy s Ui, RIC 1 IRPUIAT
HDHPL o 77 F = iR (Sigma) & 1%BSA &4 PBS T 800 57 IR L7-I&IE T 45 4
RSS2, PBS T 3 [BIfEHL ., 2 IRFLATHS Alexa Flour 488 (Invitrogen) &7 7
1 (Alexa Flour 546 phalloidin, Invitrogen) 33T DAPI (Roche) # 1%BSA & f
PBS T 1000 {5 R 72K T 45 3 MRS STz, BUGH% ., PBS T 3 BIWeHL ., #

YeBEEE (BZ-9000, F—T R) TEIZELI-,

323 B av a0 BRBIMaT—F U DOBIETFREMGNT

B2 NV ALKMETICBITD, v a v 7 20 X727 —7 0l
TIEELE N E B RNT T 5 72 9DIZ RT-PCR 21T 72, £9°, C2C12 Hifia % HasH
B C 2 HREIREER L, fbifish© 7 HMESE 21T -7, KIZ. RNA filif%
>k (RNAiso plus, Takara) % A T, Total RNA Z i L7=, 728, BIEFIEIX
L7 0 ha— it -7, it L7= Total RNA % oligo-dT 77 A ~v—¢&
ReverTra Ace (Toyobo) W#rEFESE % HWTHHERE L, ¢cDNA Z&K L7-, aB-
Crystallin, HSP47, HSP72, HSP90 7L T, Type I collagen i&in1- DI ELENT D
72812, G-tag DNA AR U A Z—+ (Cosmo Genetech) % VT PCR #1T-7=,
PCR JZJii%, 95°C 2 73 MO WIHIFRER . 95°C 20 FP[E]. 60°C 10 FHH] 0> HME St
% 30 YA 7 ATV, AL 72°C S O ERIG 2 T2, =2 hr— e L
TATAF—E VT #I5 T Th D GAPDH %I L, FKiEfn T OMEIEIZIL, &
(BTICKRIT DR RN 7 T A ~—%& Hie (Table 3-1),
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N LBk OB RER b

Table 3-1 Primer sequences for RT-PCR

Product
Gene Primer sequences
size
FW 5’ - TCAGAGGCGAAGGCAACAGTC -3’
a B-Crystallin 151 bp

RV 5" - AACCTTGACTTTGAGTTCCTCCG -3’
FW 5'- GATGGGGCACTGCTTGTGAA -3

HSP 47 168 bp
RV 5'- TCTCCTTCTCGTCGTCATAGTAGTTG -3'
FW 5'- TGGAGGAGTTCAAGAGGAAGCA -3'

HSP 72 170 bp
RV 5'- GCGTGATGGATGTGTAGAAGTCG -3'
FW 5'- TGGACGAGAAATCCTGATGACAT -3'

HSP 90 145 bp
RV 5'- CTTGGGACAAAAAGAAGGGC -3'
FW 5'- TCAGAGGCGAAGGCAACAGTC -3'

DBype I collagen 119 bp

RV 5'- GCAGGCGGGAGGTCTTGG -3
FW 5'- CTACCCCCAATGTGTCCGTC -3

GAPDH 150 bp
RV 5'- GCTGTTGAAGTCGCAGGAGAC -3'

324 UvxRZ2 7wk (SDS-PAGE)

7 A CREEE R 2 LTz o Pl A B R K (PBS) T 2 [BIYEHL .,
0.25%RJ 7> -EDTA % VTRl 2 FIBEL 72, BRORS Bl AR AL BRAS T 1212, 15000 rpm,
4°C T 5 3 lE O Z2ATV, B ZEIN L7, IRIZ BCAIEIZED B Y TIOR3
7R FE %] E LT, Bicinchoninic Acid Solution (BCA, Sigma) & copper (II) sulfate

(Sigma) % 50:1 OE| A TIRAL T BCA REA/ERILTz, BeMEMINL =2 08
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7L 50 pl 12k T BCA #R#K% 500 ul 37212 C 37°C T 1 KA Fa—
U724, Kk ECam LIz, IRIZ, Smart Spec 3000 (Bio-Rad) T 562 nm TOWL
JEZHEL o 7 NVREZRIHL, 2k BERIITREREI DX /7 E T
&% BSA (Bovine Serum Albumin) ¥&#& (Sigma) Z M\ 7z, ZLTH 7o H X

BIREED 1.5 pg/ul (27255902 PBS Z W CRBLL 72, #1212 3xBuffer (195 mM
Tris-HCl (pH6.8) . 9% SDS. 30%27 VEu—/L 15% 2- AV 7Rk /—/ 0.075%
BPB) Z 2T 100°C T 5 /3 MAMNRL 7% K ETHCL, ZhaikE 7 rel
72, Myosin heavy chain (MHC) 330} Myosin heavy chain fast (MHC fast) (22T
X Lower gel % 7.5%. Myosin heavy chain slow (MHC slow), Akt, pAkt, Myogenin 33
XY GAPDH (Z2WTiE Lower gel 2 10% Cai# L7, JKEIREFIZ, MHC BXW
MHC fast |% 2 F#ff] 15 53, Akt, pAkt, MHC slow , Myogenin, 33JZ T GAPDH (2D

TIE 1 FefE 45 oL, ZENENEET 100 V TEKEIL 7=,

325 vxRFZ 7 uy bk GFFEAEREG)

SDS-PAGE #& T# D7 W% 15 BIRENT VAT 7—3y 77— (25 mM Tris, 192
mM 7V 0.1% SDS, 20% A%/ —/)IZiZL TR\, 7402 — 3y R Ak
(Bio-rad) . =hat/Lm—RAA 7L (Amersham) b [RIEEIC N T AT 77—/ 77—
IR LT, TNVEA TV % 2 DA TIIES I, 2D LbEBITT7 V2 — 3R

TIIE A, MU A7 7—HEEE 12y MUz, 350 mA, | BT AMBAL T L2~
BN R B LT, 5B T, A7 L% TBS-T (25xTBS (pH7.4) 20 ml,
Tween20 250 pl ([ZZRBE/KZMZT 500 ml &3°%) THV, 3~5%DAF LIV 7 &A#
AL T, —Wf 4°C TTayF o 72T o7c, —IRPUKRIZITY T AHT Myogenin Hiik

(Abcam) . 7% 5. MHC Hi/K (Santa Cruz Biotechnology) . =™ AHT MHC-fast LK
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(Santa Cruz Biotechnology) . <7 A5t MHC-slow $L{& (Santa Cruz Biotechnology) .
TYPL Akt HLIK (Cell Signaling Technology) . 7351 pAkt Hi{A& (Cell Signaling
Technology) . 7951 GAPDH Hifk (Cell Signaling Technology) %1 F L . Myogenin
(TAREE A 1:200 T 1 FEf OGS, MHC, GAPDH 1347 RAE 44 1:1000 T 1
T A S, Akt pAkt I3ATIRAZER% 1:1000 T 1 BESGSSHET-, £72 2 kbUiRIx
ZZE 4L, Myogenin & MHC-fast & MHC-slow 23 V¥ Hi~7 ALK (Santa Cruz
Biotechnology) . MHC & Akt & pAkt & GAPDH [V HivHFHi{K (Santa Cruz
Biotechnology) Z-f#i FiL . FrBUEF=R1T4C 1:5000 T 1 B IGSET-, Pz
T OB MR EZ EIF 572912 Cangetsignal (Toyobo) 21 FH L 7=, 2 HUAK G
#4 T %% . ECL Plus Western Blotting Detection Reagent Solution A & B (GE Healthcare)
ZIRALIZb D% PVDF BUIIEAR<HNT T 5 pEELZ, TR, AT %

mini camera (Amersham) |~y ML TR AT o7,

3.2.6 Magnetite Cationic Liposome (MCL)MD{EH!

RIF#E 10 nm D~ RZAF(Fes04; 7 H L) Z2 MK TR L . RAP7RAA
Ry % o TBR R 1 RIS I BRI K0 Sy B~ 7 R B A N E S T, RIS, 7
TRV ACEMESE IR (TMAG; #H A3 T., DLPC; Sigma, DOPE; Sigma) %%
NENWWE R 1:22:2 O/ TRASE, FART7IZ2aic Al Tr—#) — /R
—Z TCRERSERNRLWAL, 77 A NEE AR IRZ /ERIL 72, 10 mg/ml (ZFHHRIL
T~ T REANREZ DT TANTINZ RNT v I A@ T HZ LI~ 154

MeEE CE LT,

3.2.7 MCL 2 X % C2C12 M DRt E A=
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C2C12 Al KUTERR L BT o TR Z & s BE I O 2 S i RS T =
WITALRR AR+ 572012, MCL % AWV TRERAER R L 7=, 80%=1 7 /LT hDT 4
vV aOffEZEEIN L, HEEIT-72%12 100 pg/cell DIEEIC/RDIIICHTL -
MCL A3 EREHIAZHAL | 8 BRI 9725 28T C2C12 e I bRk L 7=,

3.2.8 RIRHMEBROIEM L o bFHE

8 IRFff B SRR L7 C2C12 MifaZ Al L | 1.0x10° cells/ 50 ul © DMEM (Gibco)
Z FBS % 10%IRIL7-E5 ISR L7, 0.3 %Type I 27 —7 2 (BrHETTFV) .
10xDMEM, F## AL FHREE# (0.05N /KEE(b TR A 100 ml (kL IRERK
F R 2.2 g HEPES 4.77 g Z{a0L7cbH®D), <K% /L (BD Biosciences) . FBS,
R R 2 2 N E I 56:7:7:15:15:50 DEIA TRA LZIRA IR AL, I’
BWRIL, 27— KO~ N FARENEIERKEIRE 0.5 mg/ml KO 0.8~1.2
mg/ml 725 IR 7=, BRIk ETiTHo 72,

WA RIS 24 U= LT L — O NIV — 2% W CEE 12 mm OV
RAFKEL, ZhE 4000 G DA D BICERE LT, Vot Va2 o ic TE7
M, ERIL 72 IR ATATE 1 well 24720 150 pl §>FFRELT-,

BRR AR A 12 MRS i CRE R L7212 1, BRI A B Ak L, e %
RAWTERIRFMEZ V2 T8 — RIZEELTZ, T VasrF/8—{Z20 T, 35 mm
dish & L<IE 6 well plate DTV =/VINIZTRE LT, £z, e EHBE L OFREIZOWNT
X 6mm EL7z, D%, /pbiFEss il LC, DMEM IZ Mg OB EL THbHiLS
Ultroser G (Pall) % 0.4% & Leh5 A Nz | 5%CO02 A2 F2X—FNT 7 HM4 L
B EAT 012, ZORE, COy A FaX—HDREIRELEZDHET, BAARL 2%

FINL72, 72, AscP 13200 uM DIRFETINAT-,

33



H3E A RNLZRET 2RI XD
N LA/ DR REsR L

3.2.9 BRIRFHERROIHE 1 HIE

4 lane 1558 7L —| (Nalgen Nunc International) D8] {2 18 mm O[] @ TR 3 it
AR E L SHEFFERHCH L T2 DMEM IZ 0.4 %0 Ultroser G %5 4ok i A
NI, IRFBEMRENCHEE L AN LA E LIz, RIC, ik EEL <
WE U INBIRDAN L RS O SEICR B LT e S EE LTz, £ D&, BN
T|IE 15 V., 7OULANE 10 ms OER/ VAR H % | LabView Y7+ =7 (National

Instruments) % F VN CTUAE I D FENT 21T o 77,

3.2.10 HEEHEELT

< VIR A v b =B E & D CRERHIENT 21TV, P<0.05 DFE, FEIC
END D L LTz,

33 EBRERBLIVUEER

3.3.1 HEEBENHIFEMICE X HEE

WA, HEFHERH IR RIBE 2 E X 52T, AN AZ N2 52 LI LA IERE
IHERE DN RARGFEL T2, FEFIREIR, 37, 39, 41°C @ 3 &bl 37°C b
—/b, 39°C ZRARCDR AL 22 MA T2 6 | 41°C ZRWVEARL ZAZ N R T &
L7z, Fio, biFiE 7 B BICmE 417572 (Fig. 3-1A), o 77T = e,
i DAPT Yt i Do L3R (b LT IR OB SR ML ) L5 O K&%

HIELT= (Fig. 3-1B), 728, a 77T =& DAPI IZL-> T, 5L LT LR e th
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ID, FE R BEERILE TOLRITIE DO -T2, v bra— L (37°C) Ll L
T 39°CIZBITAEEZTIIHEDIEKRL., 41°C I2BITA552 ClIM BRI S0
o770 ZIUZKD T2V BAA R AN B R EFHE T ANy o7,

< 8000 0.6 70
£ 7000} I | T s0b —x =
e + | o 05 E 60
< 6000 | < =
© S oa4f £ ]
- 5000} ‘[’ c ©
= S S 40t
c 4000 s 03}
5 = 2 30}
© 3000} c 2
$ Q 0.2F ° 20
S 2000 F kS S 20t
g 1000 k = 0.1} = 10}
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37°C 39°C 41°C 37°C 39°C 41°C 37°C 39°C 41°C

Fig. 3-1 Effects of heat stimulation on myogenic differentiation. (A) Fluorescence microscopic
images of myotubes on day 7. C2C12 cells were cultured at 37, 39, or 41°C for 7 days in
differentiation medium. Green, a-actinin-positive myotubes; blue, DAPI-stained nuclei. (B)
Quantitative image analysis of the number of nuclei (left), differentiation rate (center), and

myotube width (right) on day 7. The data are expressed as mean + SD (n=3). *P < 0.05.

332 BBREENHHEMROBRY g v 7 Z o0 BRBEFRACE X HHE

AR ASAE TICBI A0 b FE T OB a9 7 2 NIEDRB AT 5120
2. a B-ZUAZY HSP47. HSP72. HSP90 DiE{xF3EL ~/L% RT-PCR (2T
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TE BN HRNT 2T o T2, T DRER, B a7 X 7B DFEBE, 39°C HLLIE 41°C
DEAR AL > THEINLHZ LD D) o7 (Fig. 3-2)

37°C 39°C 41°C

aB-Crystallin

HSP47

HSP72

HSP90

GAPDH

Fig. 3-2 Effects of heat stimulation on heat shock protein gene expression. Semiquantitative RT-

PCR analysis of HSP gene expression at 37, 39, or 41°C on day 1.

3.3.3 BROPLRER b LR DOHIINERH Ok

WIT, BAARL AN 2B OB SOV ThH 2, 37 8L 39°C T 7 BE
SRR U SA (Fig. 3-3; Stk 4, i) & 39°C T 1 H LA ®L ., o
%.37°C T 6 AMMLEFEREELIGE (Fig. 3-3; &fMF i) @ 3 &ffheL, ()%=
vhr—b | (iii) 2R AN A E ML 723556, () Z2F200 R BA L
A B WIRFIINL 72856 L Uiz, sHEFHE 7 B BICREREEI TV, o T7F =0
YA EE DI E D KSERE LIz, 2 ha— L (§) LB LT, 39°C T 1 H 5
FEL, TD#%, 37°C 6 HEEEZELZGA Gi) ITABICHENERLE, £/, 39°C T
7 BMEEE L7254 (i) Sl LT, 39°C T 1 HEEGEL, 201, 37°C, 6 HHEE
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L7256 (i) (ZRAFCAER L RO BAIE R,

—~ 8000 S— 06 70 _
£ 7000 f _l_' H | 1% o5 E eof [
£ 6000 (= = ol

2 5000} T § 04 g u
S S 2 40}

2 4000 T 03 > 0

Y - L

o 3000 S o2} E

2 2000} K o 20r

g 1000 k a 0.1 = 10}

< 0 0 0

@i (i) (i) (i (i) (i) @i iy (i)
Fig. 3-3 Effects of heat stimulation on myogenic differentiation. Effects of heating period on
myogenic differentiation. Time schedule (top) indicates heating periods: (i) incubation at 37°C
for 7 days; (ii) incubation at 39°C for 7 days; and (iii) incubation at 39°C for 24 h and subsequent
incubation at 37°C for 6 days. Quantitative image analysis of the number of nuclei (left),

differentiation rate (center), and myotube width (right) on day 7. The data are expressed as mean

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

334 T RI)VE UBIRMBHEMRICE 2 B R

ZHNETORERND | BAARL A2 T IER D EZDH DD | 43{b=RD EH 1T,
BNIRNZERNb)oTz, — 5 B4 C FHERTHY, EMRIEHESHERFSND
AscP Z 3 LFBERFHUICIINT A2 LI K EmO I BIREN RGO ND LM E 1 B
%8B, ZT T, AN RZNN A HEEBIT, AscP ZUINTHIEIZED, fHERL, SHIC

RN ERTHOTIH 0 EE 2T, F97, C2C12 FfRD 3 EIZiE L 7= AscP D
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IR EZRR 572012, 50, 100, 200, 400 uM O AscP %43k ik EEs Ml wnL .
IMERE~DNRAEMRFELTZ, £z, 2 ba—/LEL T, AscP ZIRIML T 7 bk
B CH RERIC bR g R 21T o7, s biRE 7 A BSOSz TV a 7
JF = Gu gl DAPL Yo AR D (LR EFE O RS & HIE LT (Fig. 3-4) . &
R IINREE 50 uM 205 200 uM ETIEL, IR EH-F 512240, b E
AN AL, 2 ha—/L (AscP #sII7eL) LELEZL T, 200 BLTY 400 uM
THEIZMERN ER U, —J5 T & DRSITHOWTIEL, AscP OIRINITH ER

ZIT RO o7, ZRHDZEND, LIEOER TIX AscP OIRINREZ 200 pM

tL7z,
0.8 - 80
O * —_
o IS
[0}
< 06} = 60}
p= S
S S
g 04} 8 40 ¢+
o 2
2 02f S 20t
&) =
0 ) ) ) ) 0 : : : :
0 100 200 300 400 0 100 200 300 400
AscP (uM) AscP (M)

Fig. 3-4 Effects of AscP concentration on myogenic differentiation. Quantitative image analysis of the
differentiation rate (left) and myotube width (right) on day 7. The data are expressed as mean = SD

(n=3). *P < 0.05 vs. 0 uM.

335 BARRLRLETRa/VEVBEINCE 5
C2C12 D 22 5 — X LV BIFRB~DEE
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Hi3E A RNLRET RN UBRINCL S
N L ik D RERE TR L,

WA, I BT DT Za B U DR ENZ DWW THARLI=012, BARRL RET
ANV TR E A THEE LT C2C12 MDD X AT 1 27 —7 L OBIn T3 B2 1E
BIICIRIT LT, ZORE R BRARL A XoTad—F U ORBLUIFHEI R ol
D, T AIVE CERIINO S T Tl E OB BRI E TH, 27— O BAFHEL
TWDZENbh -7z (Fig. 3-5),

Day 0 1 7
M [
(if) [nnnizec
(iii) [3e°cf  37°C
AscP - AscP +
@ i (i) @) (i) (i)

GAPDH

Fig. 3-5 Semiquantitative RT-PCR analysis of type I collagen expression in myogenic differentiation
with (+) or without (—) AscP supplementation. Time schedule indicates heating periods: (i) incubation
at 37°C for 7 days; (ii) incubation at 39°C for 7 days; and (iii) incubation at 39°C for 24 h and

subsequent incubation at 37°C for 6 days.

336 BARRLRET R )LE VBRI X 5 C2C12 MR DIH b~ DR

W, BRI E A ST D EHIT, AscP 20 bR TIN5 2 81285,
INER &S LBE~ DR R RFEL T2, BERIRE 1L, 2 hr—/LTHD 37°C &, AscP
UL TR L FE B RS TR AR R DS HERR ST 39°C D 2 FffeLiz, Fi-,
SHLEEE 7 B BICRIEY @A ATT -7 (Fig. 3-6A), T D%, o 7T/F =L Yeta gL
DAPI Yeta @@ oL R e E O RKSAHE LT (Fig. 3-6B), fEREL T, avbm
— /LT 39°C IZRBIT D555 Tl AscP ZUsIILT- 0 bafsss il dshne <
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HBI3IE BRAPNLARALTRAILE VBRI I D
N LBk OB RER b

RN E BB - D [ S CA BISHH B R D ATz, £, AscP ZIRIML T/
W EEHEEEF I LT AscP ZUSINUT A EFRERF LTI, s b= B LT,
ZDZENE, AscP ZIRINT D2 LIV LRED L5200 T, ZIb D
b, 39°C DEAARL- L AscP OIRINZAE A G HOELHIET, FHERESEROM
Ji& I L& EHZEICEIILT,

A AscP -
37°C
200 pym
39°C

B 0.8 80 .
O £ " |
2 06F 3 6o} |
= =

©
o] o
= 04} 2 40}
E 3
3 2
RG:J 0.2F Q 20f
a =
0 1 0 1
AscP — + -+ AscP — + -+
37°C 39°C 37°C 39°C

Fig. 3-6 Combined effects of mild heat stimulation and AscP supplementation on myogenic
differentiation. (A) Fluorescence microscopic images of myotubes on day 7. C2C12 cells were

cultured at 37 or 39°C for 7 days, with (+) or without (—) AscP supplementation in differentiation
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medium. Green, a-actinin-positive myotubes; blue, DAPI-stained nuclei. (B) Quantitative image
analysis of the differentiation rate (left) and myotube width (right) on day 7. The data are

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

3.3.7 BARRLRET R )VEVERIRINZ T3 C2C12 D & R B RIBOEA

5T, 39°C ICBITDHEFERL AscP IO G DR DR Z L B DRHBLOL
bz =2z 7 vy NEIZLVIENT L7z (Fig. 3-7), 512, £35172/3R% Imagel
(NIH) V7 by =7 THUE L L, BB EZ LT, HIERIL, 7 T VinEWE Th
% Akt BRI NDZEIZ IR IAZENFHITND, £ T, Akt LU Bk Akt
(pAkt) DR BLEFTIRI=LZ A, 2 hr— L (37°C, AscP ifs7aL) &b, 39°C T
AscP OIEIFLE T T, pAkt DFBLN 3.2 {5 L H- LTz, F72, 39°C T APS ZIRINLT-E;
T, pAkt OFEBL 2 ha—/LEHEZL T, 6.8 fFHIML TWAHZ LD, Akt DY
VEEAEAMEES L, SRR 572 B 2 BND, LD EFIZOWT, fiak
~—7—T&% myogenin & MHC OFEHLZFH 7225, 39°C T AscP ZiINLTZY;
AL v ba— L L CL myogenin (X 2.7 fi5. MHC 13 2.2 R B E LI,
F7o, BN AT ) S AT IS SN D, FHBRUC DWW TR T2E A, B
HELZ IRV O LR 2\ MHC slow DX BRI, a2 ha—/L LT 39°C TOHS
FITIBUVT, AscP FEFFEE FC 2.7 fi5, AscP iRINSEAFT 3.5 fif LA L7z, 2o Z&n
5.39°C THALFHE R R A LIZERIC, Bt TIOD R BA R (2 I Ji i 72 = 1]
IR —= 7 CHESNDEMFIZT 7 ML TS ATREME AV RIB S T2,
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Hi3E A RNLRET RN UBRINCL S
N L ik D RERE TR L,

37°C 39°C

AscP - + - +

Akt s D e

esenn 0 D
MHC - !

MHC-fast H-
MHC-slow 15 | ‘

Fig. 3-7 Western blot analysis of myogenic differentiation proteins in C2C12 cells cultured at 37 or

39°C, with (+) or without (—) AscP supplementation for 7 days.
33.8 ERFLRLETRVEVERIRINC & 5 A THBEG~DEE

BN ZOHINET 2208 BRI ORI E 0T LD Wik o0 UHE 71~ %)
REMRGET D712, BRIRAMERRZ /ERLL 7= (Fig. 3-8A) . Fig. 3-8B LD Ax—
LDIACHE SR TR ATV, /EFFE 7 B BICIE I ORIEZETT-T- (Fig. 3-
8B), T ATVE AR TR EREE (AscP-) LB T, 7 AL E R Z RN
L72554% (AscP+) Tl [FCIREESRMFIZIBW T (S 1 D AscPE | 5 il D AscP =,
G dii O AscPE=DHER) | B EARZIT ROV -T2 h3 | IHE ) 2319~ H R A
HoTz,

%72, 39°C T 7 HEEFELIZGG . 37°C T 7 HREBELG S LU T (&M i
D AscP-L55M it D AscP-, §ff i D AscP+EZeM: ii 0 AscP+D ELER) | UiE /)13

DUT-o N T ERROERLZ 3BT, 39°C T 7 H ME2Z U~ hfiAk 1%, 37°C TH: %
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H3E HARNLRLETZAIAEUBEINCES
N L ik D RERE TR L,

LT AR AT BB E RS P U CLEIL OB E D o Tz, FHitEE O
FIRZHORERIZIBNT, 39 °C. 7 HBIOBARN A THIIEZ A A LIS, B
RAGERR BN THRfEA~DZ A= Do 7o b D EHERIS D,

— 77 39 COBAN %4 LiB SR LA 1 B BIINU 7=k (Gt i) 1%
37°C T 7 A MR U7k & FLie LT (5 1 D AscP-L5:1F iii D AscP-. Feff i
D AscP+ERA: il D AscP+D ELiR) IE )23 B SR B LTz, ZAuc kD i o
B ZOEIINE APS BN XY . N LB AR OIE 23 m L3 52 En3 55 hoT,

20 -
«—— (iii) AscP + 20F . |
5l (iii) AscP -
(i) AscP + 15}
%_ (i) AscP - é
g 10 F g 0l
o o
' '
(ii) AscP +
St (ii) AscP - 5}
0 WM = 0 " rl-ﬂ "
0 1 2 3 4 5 AscP _— - -
Time (s) (i) (ii) (iif)

Fig. 3-8 Combined effects of mild heat stimulation and AscP supplementation on bioengineered
skeletal muscle tissue constructs. (A) Macroscopic observation of a tissue construct fabricated by the

Mag-TE technique. The tissue construct is indicated by the arrow. (B) Contractile properties of skeletal
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muscle tissue constructs. Time schedule (top) indicates heating periods: (i) incubation at 37°C for 7
days; (ii) incubation at 39°C for 7 days; and (iii) incubation at 39°C for 24 h and subsequent incubation
at 37°C for 6 days. (left) Representative peaks of the twitch force generated by skeletal muscle tissue
constructs on day 7. (right) Maximum twitch forces of the skeletal muscle tissue constructs. The data

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

34 KEDOEL®

ARETIE, BA ML RLEZ IV CHFEAERTHDL T AL E VBRI LD
N Lk Ogresafl 2l To, FRREARN ZAE N X 528 (39°C ITBIT5HES
) CTHHER T D2 E03bomolc, ZOBR, B\ray s 2 NIE Tk aB-7VAZ) |
HSP47, HSP72, HSP90 DEnT-3HL ~L D EH MRS, TR = AT
HIIZ B LS HD HSPT2 O BLET, 37°C D5 5L H_T39°C T 1.8 /5 L5
L7z, BAARL ZIZHNT HSP72 (3, #o X 7E OE E MEMERRC R % B2 - C
BY, HiYANET A —FT T A% HWTWFSETIE, fIRNT HSP72 O3B
RS HTET, P AR T 4 —OIREBEBHS IO I ED MG SIL TN D 4546, Lol
IRMG, =T AT AL C2C12 I HSP72 iRl R BLS 72720 T, fE o
KEHFEFEBMEES RNV RE DR DL LD, RO IERIENEZ D720
2L, B ay 72 R ORBLIZT TlE 5 TN ENRZEZLNL Y, — 5
DFHIERDATI= A LEL T, C2C12 FEIZISNT, DT DA ARFH 2TV
=2 =V T T IRER I OIEMEAL LR EFfAE R O T Mgl &z 328
DR ESNTND B, RHFFEICRBN TS, FECHREARL RZ 8D MHC-slow DX
NRYEFBLOIE TR HER IV, 2T, BUZ Lo TN O V27 AT 751
IMUT=Z ET AN DATARLF I T TV BNEHAL S VT2 728 . AR RN
HINTEB 2 HDH 430,
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Hi3E A RNLRET RN UBRINCL S
N L ik D RERE TR L,

Fo, BT =7 O G RUTHEERDE I C Z/ERETDHIENTERN
ZEND EXIY C HEKTHDLT AL VS (AscP) A B i I 00 43 b
[CEIMTHZLTAHTHDHEEZLND 3, FERIZ, C2C12 MlaD o bFkEd ey
ATVE VR EIRINT HZETHbRER ER-L. ik BRAVERE K 1 T2 myogenin
DIEBLENBEMUTZ, ZOAH =X NIRIZITHALDNI 720 TR, A HIIR O K
AT LR ENRAR 71280 T, 2T — 7 U e E ORI~ N > 7 2D & RIS AL
IMLBEETHDHEVNIZEIZEIEL TWDHEEZBND 32,

ZLTC, PRI W TMERBER ST AL BV IRZ RN | FEe0 R BAA
FRZMAHZETHIEREDEREER ER-SELHTLITIILT, Flo, ZOEEIET
VERIL 7= kAR S . BAARL RET 2L E O WF b 2 TV as ha— Lk
T, KRN Z AT HIEN gD oTc, ZTNHORERNG, BRI EA AL 3
HEVHEE FIE TN LA OMEEZ LT 22N TE, EBILT AL U
WINZR B DR DL T, WM 2 RIE TEHT LN RSN,
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T4E BoFLENFREZRAWE
AN T fhrERk o aesal

4.1 =

ZIETON LM OMAERILIZE T 2R TIX, Bix B2 8 A
5 Z LT, mEFMiaoRER EARALNTEZ 282, L LR, ZOE
IHAEERSEANA S V=7 T F ax—Z~OJEH~KE MR FE
T5 Lo gk L 7> TWD LITFWE, A LA Z EERITSHT 5
T2DITIE, & 572 DRI 2B s T 2 f 2~ S AL, K0 Eoeg
REEAHT 5 AN LEHMEOERI RO BN D,

3—n Y R TEHAESEMN LI ECEREDOEERMON TR, 20
L O RFLZOEIGTZHD L. Myostatin BInF-IkE2 RERNPER I TE
D . 2005 VT Myostatin BIn FEREZFSB IR bME SN TS, ZOBRD
AL, FrEROENLESHEZELTEY, 5T 3kg DX~V ERL T
HTENTE B, 29 LT, Myostatin X B EHINZHHIT5 2 &AW 5
meioi,

Myostatin [T B # 5 R RAICHILT D TGF-p 7 7 2 U —3F+TH Y, 1997 £
McPherron HIZ L > T/ r—=V 7 Il 4, YA e 7 4 —0OiEFEE LT,
Z @ Myostatin % $T Myostatin FLATHET 2 2 & T, BRHEZ LAHRHET 5
HEIE 35 D LT3, = RARA v b THh DEF /IIRAECH MRIREIZIS U
THERWEITIA LI -T2 35, OMIZ 1 Myostatin 2 BHE T 2 Bl & LT,
FRRESMZENWANARFENEZ LN TEY | AN ER L TS, 20D
HD—>TdH D Follistatin 1T Myostatin [ZEHREA L, M EICFEEL TV D
JEEES TGF-B 1 B AR & TGF-B I B FAK~OFEA Z#AET 2 6, Zhb
D EnD, N OBREIRILIZI\N T, Follistatin B Ax1-5 A M a2
HAWD Z EITAIRFETHLEEZBND,
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Fro, BEOHIZE TR~/ X 512, Tto HIF A LAFHEMICE X G 2 T
T 5 Z L TR S RO /RAIC RS LT 5 36, & 2 TAMISE Tl Follistatin
B FEANCNA T, BRABEELHAEDEL 2 LT, ALFHHEOE R D
PERETR(L 27l T

42 EBMELB X UOFHE

4.2.1 ~ U A C2C12 Mg DREE

~ U AR MO C2C12 MfaIR S H P R SEET s Dk G S b D& L
72, C2C12 ffuDHEFEE i E LT, K7 /v 22— DMEM (Dulbecco’s modified
Eagle’s medium ; Gibco) & ikE5H1IZ 10% 7 3 a1+ 1% (Fetal Bovine Serum , FBS) |
PUAEME (100 unitml R V<=3 U > B Y 74 (Wako). 100 pg/ml A b L
7 b~ A UK (Wako)). 25 mM HEPES (FEM={b%2). 3.7 mg/ml (REE/KSE
T U UL (Wako) ZWINIL TREH L7z, £/, o baFEss L, 10%FBS Z ¥
320012 2% 410 (CS) ZWRMLI=b D& Wz, HFEERF&1E 37°C,
5%CO, A ¥ F 2 _X—Z NTITV, 50~80% 2> 7 /LT MIR D IRE, U U EERE
AP R K (PBS) T2EIWEA L. 0.25% ~ U 72 -EDTA % JHW Cfiia 4 %
HBlE L. 2000 cells/em? D fffla s B TR L7c, F 72, 50 b#BEESE 1 5000 cells /cm?
THEFE L, 2 HEPGERHLC, 37°C, 5%CO2 A & F 2 X—ZNTHEL, a7

IV Nl oT2%., biREEE A 2. 7T HiEEEEZIT - 7=,

4.2.2 b MRIRBHIME B SRAREER 293FT MilaDEE#&E

U A JVAEFEMIIE & LT 293FT Al &2 V=, 293FT flifld s & LT, 10%
FBS. 0.1 mM FE#ZH7 2 /8 (NEAA, Invitrogen) . 25 mM HEPES ([F{(b%52) .

PrAEWE (100 unit/mL X2 I NAX=v VBV A 01 mgmL A kL7 b=
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A UmEEE) BEIW 3.7 gL [REEKFZ T NI ULAEZRMNMLIZEZ L3 —X
DMEM #HW/-, F/-, EEEME L Cad—Fra—rF v 2 (Iwaki)
ZEA L. 37°C. 5% COy A ' F 2 _X—H NTHE LT,

423 TTARAI KR Z—BEDT-DDEE

4231 KPBE =72 bEAOFHR

AT TIE, Inoue HOFEEH &I, a7y MeEAOEREZIT-72 Y,

LB ZEREM (1% U X7 b2, 1%NaCl, 0.5%fRk=F% 2 2% 7 #—) EiZ
KEBAA L, HEL7-an=—% 3 ml ® LB IS, 37°C T KRR
‘L7, BH, Iml ORRGFERZ 30ml OF7-72 LB EFHIZIRIN L, BRI DO %)
FEAY OD600=0.5 1272 % F T 37°C THREL# L=, T D%, 3,000 x g, 10 47,
4°C TlELIHEL . BE&ERE L, IWRLEEAESL Y b2 10ml D kT A
7 —A—3 a3y 77— (10mMPIPES, 15mM CaCl, * 2H,0. 250 mM KCl,
MnCl * 4H,0. pH6.8) THEE L. K LT 10 oBEE L=, 52, 3,000 x g,

53 4°C TELBEZ TV, BIEZFRZE L, 7%DMSO #3¢e24ml O k7
VAT —A—va Ny 7y —TEEL, 100u TomELE, FO%, KK

R & VTR <&, -80°C TRIF LT,

4.23.2 WEE:#H

WEE LT 2 —7I1210 )l 7T A RDNARIK E RGE =2 27> hev
100 pl Z{RE, TN E Ny FTHELEZ, KET305 A4 FaX—hL
T2, 2°C D — 71y 7 T45 BEMBLEL 21T\ BUUK LT 5 oA %
2_X— kL7, KIZ, 1 ml @ LBEH (1% AU L7 k. 1%NaCl, 0.5%ERk
THFR) DASTZRBPEICEELZRE L, 37°C T 1 KRR E Lz, T D4,
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Feii 100 ul 2 LBFER 7 L— k (LBEsHl, 2% 7T H o —R) (2L, arF—
UhEE R WTHEEIZB Y IR, 37°C DA U F a_X—FXNT—®E L, ar=
—Z ST,

4233 /NRFr—)FF5ZAI RDNAHH (DY)

WEE LT 2 — 7 I KIBE ORI 1ml 2 & D 6,000 xg, 15Oz EE
%, BiBERREL EEREZEIL L, 100l OV Y F—AEF 7V 3 — AR (50
mM 7L — A 25 mM Tris-HCI (pH 8.0), 10 mM EDTA, 2 mg/ml U V' F— LX)
Nz, L <BRE LT, I, 200 ul D7 L4 Y -SDS ¥R (0.2 N NaOH. 1%SDS)
A, EIE LT 22— 7 ZF30N IR L, 150 ul @ 3 M FEEED U 7 A
(pH4.5) ZINx ., MEE LT 2 — 7 220N L, 22450 D7 =/
—-7auRVARERE A, L <ERMLUIEE, 12,000 x g, 5770, 4°C Tix
DT 5HZEIZED, DNA 25 TeKE &M% it L7,

DNA # &t g a2 #-72MEm LT = — 712 L, 300 ul oA Y 7 asX ) —
NEMA, XIEMEIHE, 12,000 x g, 10 57fH, 4°C TizLo0BE L, DNA XL v
Mo sz, Wiz, BEEEBREL, 200 Wl O 70% =¥ J —/VEINZ T,
20,000 x g, 5 57 [].4°C T LB 5 Z &1k W DNA XLy M &g L7z%,
VG ZHET, BUERERE L. 20 wl OBRUKISE ] L7z,

4.2.3.4 fHIPREEER Z HV 7z DNA DY)k

7T A2 ROHIREEEIC L2 0WE, 77 A2 K (50~200ng) & HIPRAEESE .
OHIIRBEER ICE T DNy 7 7 — 2 EELTF 2 —7I1C L V| IWRZIREYE, <=
L LT (B MEE LT 2— 7 DEIZED, 37°C T, 1 MG ST,

423.5 THo—RF)VEKKENC X 5 DNA Wi ORI L U Hl
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il FRIE SR CUIWT L 72 DNA IR I 7 A a— A7 MCT 774 L, T
(2N R A X3 o3> T b~ —H — (A-Hindlll-digested F 7213 ¢X174-
Hincll-digested marker) & [RIRFZPKEN T2 2 & TH T ILDONY ROR S Z iR
L7z,

THr— AT NVERKKEE, = FYvLATav A REHNWTT Te—2 70
1O DNA Wi &2 4eta Lz, UV B T TR RO O7 T v — 27 v &)
DL, NS ATA AL 15ml v A 7 nFa—TICB L, ZDO%, DNA K
> b (MagExtractor-PCR & Gel Clean Up-, Toyobo) % H VT, DNA Wi % i
"7z, BEEITF Y MIMHET 2 7w b a—ZiE- T,

42.3.6 77 A3 F DNA OXKEHH

HHYD 77 23X FDNA #H 3 % Kk 4 LB B 3 ml T 8 RFfAET & L, £
DR 80 ul ZFr /=72 LB K5 40 ml 1Zh1 2., 12 BEfES% L=, £ D%, 6,000
x g, 1543, 4°C TEODHEL ., EEAZZERICRE L, KIT, 77 AR
it~ b (QIAfilter Plasmid Midi Kits, Qiagen) (2 & VW 75 %2 3 RO KEHiH %

1To7,

4.2.4 Follistatin B5F %8 A L7- C2C12 MR D /ERL

4241 VRO UANVARYT Z—HEERTT R I FOEE

C2C12 MIfA~DIBE T HADT=HIZ, MSCV RX—ZAD L kR A JVART X
—%Z MW, £70, L e U A LAY X —|Z Tet-On > A7 A (Clontech) %
FAIATe Z & T, Follistatin BioFDHEBFELITo7-, L IR U )LART X
—AEFEDTZDIZ, U AN—=RT N T A7V Rl b T o R TEEARR T

(reverse tetracycline-dependent transactivator; tTA) OXBlo1=v FZ2a— RK$5%
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LhaOANVARY Z—AERT T AI R&efH L7z, pQMSCV/EGFP-CMV-
rtTA-WPRE [X, F¥ %A 7 U (Dox) IZ&L > THEMHEILIHE D rtTA OEER
Bl =y hxa— 15,

pQMSCV/EGFP-TREtight-Follistatin-WPRE (%, 7 k7 ¥ A 7 U VARSI

(tetracycline-responsive element; TRE) & Follistatin 384517 HREAK S 4125 FEHL
2=y N&a— RT3 5%, Follistatin Bin 1 O%EIL, EHLENTZ tTAIZ X -
THEEND, ZNHDTTAI R, VANVZIORED DD L AR—%
—®IETF L LT, A /LA LTR 71 %E—4% —OH4# |2 Enhanced green
fluorescent protein (EGFP) HEIzTZH 3 %, pQMSCV/EGFP-CMV-rtTA-WPRE
IFILoTF SRR HRENE L TIHW 2 8, F 72, Follistatin © ¢cDNA X Follistatin &
I5¥%&tr 77 A3 K pCMV-SPORT6 (Clone ID: LIFESEQ95153976, Open
Biosystems) Z##RIZ L TR 2-1 lZRT 7T A ~—%&H\WT PCRIEIZE D HHIR
L. #IPREESE BamHI Ti4{L L7z Follistatin 3 {51-@ DNA Wi /v %, BamHI CTY)
7 L 7= pQMSCV/EGFP-TREtight-WPRE & f#& &+, pQMSCV/EGFP-TREtight-
Follistatin -WPRE Z {Efl L 7=,

Table 4-1 Primer sequences for cloning of follistatin gene.

Gene Primer sequences Enzyme

' '
FW 5'- AAGGATCCACCATGGTCCGCGCGAG-3 BamHI

Follistatin
RV  5'-GCGGATCCTTACCACTCTAGAATAGAAGATATAGGAAAG -3' BamHI

4242 LV RaUA)VARY Z—DAEER X ORRA~DRY

7 A VAT Z—L, Hotta b D HFIEIZFESWTHERE I Y, B FEAD
ATHIZ293FT fifinz 27—~ a— T 1 v =212 6.5x10% cells/dish THEFE L |
BH, MIE D 90~95%IZ 7% - 7= KF i C pQMSCV/EGFP-CMV-rtTA-WPRE &
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721X pQMSCV / EGFP- TREtight- Follistatin- WPRE 3 X T' pcDNA4/gag-pol
pLP/VSV-G % U /R 7 = 7 3 a > iR3K Lipofectamine 2000 (Invitrogen) % FHV>T—
WETa hT AT =7varlic, T AT 27 arhhb 48 RIS
293FT Mifld 0352 BiEAZ BN L7z, B L 72352 BiEIE. R oMz rEd
DDA 045 um DL —RAT T — F 7 )L H¥— (Advantec) % T
Tgis U ClEIY U, R ER 2 U CTHifi%, -80°C THRfF L7z, U A /L2l
OR|E X C2C12 MR HiH (2 24 well plate (Thermo Fisher Scientific) (2 1x10*
cells/well T L, DMEM (8 ng/mL 7R Y 7 L > (Sigma-Aldrich)) TEMEA R
L7z ANVARREMZ, 48 BgiIc7an—% A v A R —Ic X DHEEIT-
Iz UANVAEGED 28I, C2C12 #2100 mm M58 7 « » 2 = (Thermo
Fisher Scientific) (Z 2.5 X 10° cells/dish O THERE L7z, 0., 558 LIEA W
DERE. MOI (Multiplicity of infection) 7% 5 (2725 X 9127 A L X Jiffli % Fi%&

(2.5x10° TU/mL) L. 8 ug/mL RV 7 L ZGiefl- /i anz -, Mhz
37°C T 6 WrfAls & L, Hha i L7,

4.2.5 Follistatin 85F D 3REFENT

Follistatin 385 1- DR BLE Z 1 & BEIHNTT 5729012 RT-PCR #17o7, F
3\ Follistatin B{x15 A C2C12 #ifd (LLT C2C12/FST i) 7 HyFEss#i< 2 H
AEEEE U, /0 bafasi i< 7 A RIS & 217 - 72, IRIZ, RNA filtt % >~ & (RNAiso
plus, Takara) Z IV T, Total RNA ZHlith L7z, 7236, HEFIRITRS 7w F =
—)UZHE - 7=, fillH L 7= Total RNA % oligo-dT 77 4 <~ — & ReverTra Ace (Toyobo)
WA EESE 2 VTS L, cDNA Z ARk L7, Follistatin 3811 O FBURNT
D7=HIZ, G-tagDNA 7R Y A7 —F (Cosmo Genetech) % T PCR #1757z,
PCR BU&IE. 95°C 2 43 IO HIfREER . 95°C 20 #D[#. 72°C 10 F# DRSS
7 30 YA 7 ATV, ARIZ 72°C5 3RO BESOR Z AT 272, 2 hr—L e L
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TN AF—E U T EETFTh D GAPDH 2 EIR L, K iE s+ ORIz X, 58
LAk DRI 72 7T A ~—Z% H\ 7= (Table 4-2),

Table 4-2 Primer sequences for RT-PCR

Product
Gene Primer sequences
size

FW 5’ - TGGACCGAGGAGGATGTGAAC -3’
Follistatin 155 bp
RV 5’ - GCAGCGGGGTTTATTCTTCTTGT -3’

FW 5'-CTACCCCCAATGTGTCCGTC-3'
GAPDH 150 bp
RV 5-GCTGTTGAAGTCGCAGGAGAC-3'

4.2.6 HBFEHRICHA

AEFEEHRONE 2B L, WREFIICHHE (MEOKRS, miE, 2MbROE
) T 57O w It a A 1T o 72, C2C12 Aifdds LT C2C12/FST #Mifd % 6
well #lifals# 7 L — b (Thermo Fisher Scientific) (Z 5.0x10* cells/well DifaEL T
FRRE L, POTHEZHIC 80~90% 1> 7L NI B ETER U214, Hibiky
BEHCH) D R X =R A ERE 0 HE & LT, 7 BREE A AT 72,
SHMEFEE T ARIZ, Yo7 m ) R E AP A K (Phosphate buffered saline;
PBS) Tk L., 4% /X7 KV AT VTt K (PFA) Z# &1 PBS T 15 pMEE L
7o EDH%, 7L 0.2% Triton-X 100 (Wako) %75 ¢e PBS T 15 43ffizZ L
72 PBS T3 [EIPEH L7z, 1 %V v iljgE7 /L7 I (BSA, Wako) %1 PBS
T30 M7 ry X7 Lc, RICREUKTH L0 0 7 7 F = HiUk (Sigma) :
1% BSA & F PBS=1:1000 DEIG TEA LIk & o 7 45 53R LT,
PBS C 3 [F%E7F L, KPR Alexa Flour 488 (Invitrogen) : Alexa Flour 546 phalloidin

(Invitrogen) : DAPI (Roche) : 1% BSA %A PBS=1:1:1: 1000 D& TIRE
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L 72 8RR % V2 77 VA 45 43[R LT-, PBS C 3 [mITEE L, #0EBEE (BZ-9000,
F—T U R) TRIE LT, I well IO &E SHOFEZHRD | F5&MHFT 3well T,
1S BOBEE)NG Image ] Y7 v =7 (NIH) ZEH LT a7 7 F =Bk
DFFEOKRS LU, 2 E 8 PIFET 2R 0E G2 541k
REHEM LT,

4.2.7 EKRIBSEAE B O LR FHR

C2C12 AR L OV C2C12/FST Ml % 5x10% cells/dish DAMIEEL T 35 mm AL LS
#7 4 v =2 (Corning) (ZHEFERE, HIAHIGHIT 2 ARIEE L. /bEFEET I
LT 7 AMEEEZIT o7, £ DFE. C2C12/FST MiflliZi% Dox % 73tk Eks
HIFZ 1 pg/ml TEWINL 72/l L | bt g e U COIRIRMO b o2 E Lc, £
Dk, T 4 v ¥ 2w BRANEEET v > 3—WN (C-Dish) [Z3%i&E L, EILERL
T C-dish 2> & RIS MR A D1 2 7=, HUNEEIE (0.3 V/imm), 7SV A0E (4
ms), A (1Hz) OB TESMNE 5 2 72 & & OfhE O ES) & B

(BZ-9000, ¥—T > R) T4 MRRE L, ZOBEZEHEMHENT Y 7 b7 =7 T
FEAT L. R OWUHEE 2 & L7z,

4.2.8 Magnetite Cationic Liposome(MCL)D{ERL

3.2.6 1250t L7=FE L FARIC LT MCL Z il L7,

429 ATk ER

BENZ K> Cllid Z & 28 B ICES R IR N B S ¥ RO a a4 5 70

DIZ, MCL Z MWl 2 BAIEmk L=, 80% 2> 7/ DT 4 v ad
HIR 2 [EI U, RS & 31 L 727212 100 pg/eell DIEREIC/A2 % K o IR L 72
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MCL &A1 TREMIAZHA 21TV, 4 IFRIER R 2 2 & T C2C12 Ml 2 ol Uk
L7z,

D%, BEKEER L7z C2C12 Mifu & [ L, 1.0x10° cells/ 50 ul O#fifia T
10%FBS %4 DMEM F5 28 L72, 0.3 %Typel =27 —47 > GHIHE T ),
10xDMEM. FH# AR R (0.05N KE2{bF N U 7 AEHE 100 ml (ZkF L, R
AKFEF MV L 22¢g, HEPES 4.77 g =i/ Li=zb D), =~ h U Z L (BD
Biosciences) . FBS. ffafik s 2424056 :7:7 :15:15: 50 DEEGTRA
LICIBAWR AR LTz, £ LT, BIEEAENE 24 well 558 7' L — F D well D
DNIEEZEH 7 Y —A (Corning) ZHWTHEE 12mm OKRY I —HRxr— hMe%E
AL, Z4L% 4000 G ORA D RIZERE LTz, well &R Y I —ARxr— MEDOM
[T BRI, ERURAEEE 1 well 4720 150 ul T>8FE L 7=,

4.2.10 ATHHEBRDOOLEHE L BEXHESZE(EPS)

N L Aka k2 12 RpfE e CRE 3% L= 1c, v U 227 /3—% 35 mm dish
H LT 6well 7L — FD well NICEEZEMN 7V — A2 HWTHES L7z, AL
iRk A D s L, e 2 W T ALK E Y 2 73— RICHEE Lz,
Flo, REVEREVOMBICOWTE Tmm & L, Z0%, Sbifdng L
LT, MiFoREYE LTS Ultroser G % 0.4% 2 ¢e DMEM B A H
T, 5%CO A »F 2_X—ZNTT AMMEFERREZT o7, £72, BRI
BB AAT o T2 RFITHOWTUE, 4 HMEFE 21T o 721 . N LBk 2 B <R
WEE#E T v v 3—W (C-Dish) |ZaRiE L7, BER&ERZ HWT, C-dish 76 AL
kAR L BB AURITM A N % 7=, FVINEEE (0.3 V/imm) , ~S/V AHE (4ms) . JEHEE (1
Hz) /X7 A —& —b LT T CokihiE7 H B £ CESXHIEZ 21T 72,
F 72, Follistatin BAn TR A HLET 2 RMFITHOWTIR, FlikEE L FERIC, 77
EFEE 0 H B2 5 1 pg/mL OPRE T Dox Z &K LT,
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4211 ANTHHHERROIHEHIE

3.2.9 1TFCIR Lo Tk & RIBRIC U TN Aj AR O e /0 lE 217 > 7,

4.2.12 Follistatin 85 FE AR OGER YA X B

N TR O E 285 L, BRME;2E & Follistatin FEHLC X S HREH E 2
B = AL DR ATRD 5 7o O\ RO Y 24T o 7=, C2C12/FST Mifd A Fv
TANLTMER A ER U=t S biFEss ic o) 0 B 2 e i 2 0baF s 0 A H
LT, 7 AMEARHARIEZITo7-, Z OB, BRANREEE 1T o &1,
AEFEE4 B ES 7 HEETO4 HEFTV Follistatin F8EL 2 3538 L 72 S0 1%,
FHRzomfvikgd o 7 AMEBIML7z, £o%, NL#ika PBS THE L.
4%PFA % & ie PBS T 15 /2MEE L7z, i\ T, 0.2% Triton-X 100 % & Te PBS
T 1547z L, PBS T3 [EIEH L7z, 1 %BSA Z&ie PBS T30 /M7=y
XU LT, WIC—KPRTH L0 T 7 F =0k : 1% BSA &4 PBS=1 :
1000 DEIG TRA LT-ER 2V > 7 i 45 43fig L=, PBS T3 [EIPEEL, —
WP Alexa Flour 546 : DAPI : 1% BSA &4 PBS=1: 1 : 1000 DEI & TRA L
TV % T T 45 3R L=, PBS T3 [EIPEye L, S L — 3 —BAMEE
B SE (Flouview FVil0, OLUMPUS) T#IZ %4177,

4.2.13 FEEHEENT

~ IR A b =—ERLARRE 2 O TTRERHIRST 21TV, P<0.05 DF, A EIC
ZEND D LR LT,
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4.3 EBRERB LI VOEE

4.3.1 Follistatin B5F %8 A L7- C2C12 MR D /ERL

Follistatin Br 7% %Al (RF¥ %A 7 U, Dox) THERBELIELHHIT,
Tet-on ¥ A7 LEMMAAATIL b DA VAR & —% C2C12 Ml S
C2C12/FST #ifid & VE$ U 7=, Follistatin An1 DR B A #EFR T 5 72, C2C12/FST
MG 2 AR T 2 HRAJES AR L. /0 Laf a5 i © 7 H B L 71, RT-PCR fi#
Friz X V. EEMIT Follsitatin 61 ORBEOWRZ1T- 7= (Fig. 4-1), <

DOFEH.. Dox Il (Dox+) DSMHET Follistatin i8{n+ DI B HER I 7=,

Follistatin

GAPDH

TRty e RN :
Dox- Dox+

Fig. 4-1 Follistatin expression of C2C12/FST cells at day7 in the presence (Dox+) or absence

(Dox-) of doxycycline (Dox) for 7 days.

4.3.2 TFollistatin BILIZIIT B C2C12 B DI RBZFZ AL

C2C12 fp/E DIREF A 23 24T 5 72912, C2C12 #ia3s OV C2C12/FST
fiol 2 BEAHES HLC 2 H B % . LA B HIC A L C 7 HIMRS#E L, C2C12 A
faz g ~L b, TO%k, SEELREAIC IV HE S MaEs o 72
F=r (FRfa) BELODAPI (Hth) THELER L, BMEE CBlE 21T o7 (Fig.
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4-2), ZOfEF, Dox ¥RINT Follistatin % %3l L 7= C2C12/FST (Dox+) FlAaIL,
Dox FEUIND C2C12/FST (Dox-) Ml & g LT, BN K - TH v, HE
BELELL /2S5 TWND Z LRI, RIZ, Image] Y 7 b =7 % HW T,
ERIEGIAT 21TV, o 77 F = Y AEmEifg & DAPL Beamig o, 31t
R (HEPORBBER BLOBEOKRSZME LE Z A, C2CI12 MilaE
F O Dox FEEMN D C2C12/FST (Dox-) ffifiel & Feifge L T, Dox Z @l L 72 C2C12/FST
(Dox+) #faiL, MEEB L OHEORIVAREICER LT (Fig.4-2), =
NHOZ Lt C2C12 AfalZ 3V T Follistatin OFEHLN . i ~D /3L DERIC

EIEREZR L, 2R E LR SEL 2 LbhroT,

A

B 0.8 ¢ 80
~07}F * 70} .
g 06} I __60f I
é 0.5 : g 50
504 < 40t
E 03} I T;—’ 30 1
£ 02 20
Oo1t 10}
0 0
Dox- Dox+ Dox- Dox+

Fig. 4-2 (A)Fluorescence microscopy images of a-actinin-positive myotubes (red) of C2C12/FST
cells at day 7 in two-dimensional (2D) culture. Nuclei were stained using DAPI (blue).

C2C12/FST cells were cultured in the presence (Dox+) or absence (Dox-) of doxycycline (Dox)

58



H4® BB LFHFEERWE
N Lk o sERE AL

for 7 days. Scale bars, 200 pm. (B) Quantitative image analysis of myotube differentiation rate at
day 7 in 2D culture. The data are expressed as mean + SD of triplicate experiments. *P < (.05 vs.
Dox-. (C) Quantitative image analysis of myotube width at day 7 in 2D culture. The data are

expressed as mean + SD of triplicate experiments. *P < 0.05 vs. Dox-.

4.3.3 Follisatatin 28E12% C2C12 FPEDUHETE T 5- 2. 5 B

C2CI12 Hifids & OY C2C12/FST #ificd 2 H9AERE HLC 2 0 HIEE28 L. Zr(bahigss

T 7 BAREEE L%, BROEICIS UCIUET 25 E BB A IR L. Bk
Bry 7 No =TI THE OIHEREZ HIE L= (Fig. 4-3),
Z D& R Follistatin BAR T 2R B LI fE Ml (Dox+) DULHEMEIL, Follistatin
ZFEBLL TWRWHE ML (Dox-) & HEE L T, AEICIMENHEIN L2, 24
(Z XD M OTERE A 2RI & DB REUGE 721 T < | TEEMERE & L T
TEAME R LT D Z &6, Follistatin 838 C2C12 Mifia 2 W5 Z & T, mitkne
I N LRk O ER I IfF T & B,

Displacement (um)
R
o O O O O O O
| 1 ] ] | I
—
*

o
($)]
T

o

Dox- Dox+

Fig. 4-3 Contractile movement of myotubes in 2D culture. Electrical pulse stimulation (EPS;

voltage, 0.3 V/mm; width, 10 ms) was applied at 1 Hz, and the displacement of a single point was
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analyzed within the myotubes on day 7. Quantitative analysis of displacement was performed.

The data are expressed as mean = SD of triplicate experiments. *P < 0.05 vs. Dox-.

4.3.4 Follisatatin Z8I L BRRBEEE S N TR DOIUE /11 5- 2 D8

Follistatin J8FIZF 1T 5 N LA OBERERFIE~ DB EZ 57202, AL
IR DOIER 21T O N LA BRIV A THIIR L, ZOBRIHA L
G 2 E UTee £9. C2C12/FST AR BEREMERLME T/ R Td 5 MCL &
BOIAEREDZ L THAREM LT, S, Bz THlnzARY 1—HRx—
ML 24 well 7L — FORMICEBEICERIE L2 LT, MRBERE <,
Bl D & D N TR O ERUC R ) L=, WiC, Z O N TRk & oLk Ess
HT7 AR ZITo72%. 1 Vimm, 7NV AR 10 ms DEX/ NNV AEH 25 2
& CUGHEEE) S/, 2D & & OWHE ) Z2HE LT (Fig. 4-4), & Of5ER. Follistatin
FHLR L CEKANEEEE E21T > TORW A LRk (Dox-, EPS-) & Hig LT,
Follistatin FE B0 CTIER U 72 N TAFAHA% (FST+. EPS-) I, ULifg 2349 9 fF 1l
EUL7, F7, BXHNEEEE ORI L D N TR (Dox-. EPS+) DULHE /I
FIIf 4.8 5L 72 o7=, S BIZ, Follsitatin 385 & BXHNEIEE 2 A G HET
il L7z N L% (Dox+, EPS+) OULHEIE, K 17 fFm L L7, 2B DR
Feon B C2C12 MIfEIZ Follistatin {51 DE N & XA 2 O A G DL,
TA v aTy Y= ) 7 TER U AN TR OREER EICIEF /R T

HDHT ENDNoT,
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120 =

100

Force (uN)
(@] (@]
o o

N
o
T

Dox- Dox+ Dox- Dox+

EPS- EPS+

Fig. 4-4 The force generated by tissue-engineered skeletal muscle tissue constructs on day 7.
Constructs were cultured with (EPS+) or without (EPS-) continuous EPS at an amplitude of 0.3
V/mm, width of 4 ms, and frequency of 1 Hz during tissue culture. The data are expressed as

mean + SD of three constructs. *P < 0.05 vs. EPS- Dox-.

4.3.5 Follistatin B FEAN T O EE £

C2C12/FST #ifid z FIv T N Lk 2 fER U 72 #% . FEHIC LV Follistatin 181x
FORBRZFEL, S HICEXRIEEEE LG LE D 2 LT ALFERKDIN
M1 2R3 5 Z LITHEY LTz, & 2 C. A LA OERER B2 1 = X LR
7= B REBIER 21T > 7=, £ 3. C2CI12/FST HifZ v T AN Lk 2 /ER
L. /ML & RECIRANC L 0 Follistatin 8in 3B E2FHE L, &5
(ZbEEE 4 BES 7 BB £ TEXBIEIEEZITo72%. AN LIk s %%
GBI LV EEFR L=, BE a7 7 F =2 (FREa), #IEEZIE DAPI (7
) DWW REIER L — Y —BMEIC X VBl 5 2 & ¢, Mk oM
RROBIEZ#1T o7 (Fig.4-5), £ D#ER, Follistatin 2388 L 72 N LAm#HAk (Fig.
4-5 4 b, AEfE29.242.8 um) 1%, Bl FREEL L, EXAEEERLOa
Fa— (Fig. 4-5 /6 b, & FE 141114 um) & Hele U TR O K S 23804
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5L ENbotz, ZhuE, FEEEICKIT D C2C12/FST #lli o Gt et ok
REMBEAMERHD &N D, £, BRBIEETE 21T T2 N LMk (Fig. 4-5
T, BiEf 279127 um) OFEIX, BELLEILaATHEEZALTNDZ
ENRDnoT, DK D 7EEE LT L3 A TG, ERBMEEEITo TV
ROV (Fig. 4-5 /6 1) TIEMEERHR R o722 &0, EXRHIHETRIZ L D
N LA OUGHE SR, b3 A THEEOFEIZER L TWD 2 & AURIER
iz, —H T, Dox DUHIT X % Follistatin FH DO A DM (Fig. 4-5 4 L) 12
BWTH, BRATMSEIIZ ETIERWA, v a A THEE DD L ST,
FIHFEE TV T, Follistatin OFBUIMIEKR &L EL L bRESATND Z
EMD . NLHfRRICIBSWN TS | A kit THAa A TENER S &
EzoNb, £, BRUAELSE & Follistatin 7881 % f1l A5 7250 (Fig. 4-5
. BEF40.829.4um) TIL, Follistatin BILUIZ X » THEDSIEREL, £D
R PICAFIET DY 3 A7 WEKREREEIC L - THET 2 2 LA AL
OE LVERER LICTHE L WL EEX BN D,

Dox-, EPS- _Dox+, EPS-

Dox-, EPS#*

Fig. 4-5 Fluorescence microscopy images of a-actinin-positive myotubes (red) in the C2C12/FST

tissue constructs at day 7. Nuclei were stained by DAPI (blue). Muscle tissue constructs were
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cultured in the presence (Dox+) or absence (Dox-) of doxycycline, and cultured with (EPS+) or
without (EPS-) continuous EPS at amplitude of 0.3 V/mm, width of 4 ms, and frequency of 1Hz.

Sarcomere structures were indicated by white arrows. Scale bars, 50 um.

44 EKEDOEL®

A, PR O KIBHEALCHAR OB EE AN RITKH IR 7 iE & L CRAEERD
ERSNTEBY ., ZOWBRTIEEZFERT IO T Ay vax =T )7
DEEE STz, BT H A LA OER L, A& 55 AR E R O 72 D O MR
AR 2HANA 7 V== 7 F1eT 7 Faxz—F OB R E~DJL
RIS T D, — 05 C, IUEEBNCIRE S o A AR OMEE T A AR
filk & P LT L <R, 2ol EIIAN LHMEOICHZ BT ICH 720 M3
RAIRTHDHEER D,

Z ZTARETIH, ALFMO SR LE BN E LT, BB L¥ENRe T 7'e
—F LT T e —FIC L D RE b 2 A T, 3 C2C12 Mk~ Tet-
on VAT DEMIGANTE L Fa A NVARY X —E R\ T Follistatin #8515
AZITO B IE T O Dox MM CBAR -2 % Bl4 5 C2C12/FST Aifu 2 Bufs L 7=,
RIZ. Follistatin AR T DOFBLZ BT 572912, RT-PCR fEHTIZ KV Follistatin
WG % 2B EATHRHT L. Dox #RINC XV Follistatin s+ % BT 52 L %
MR8 L7z, #iv T, Follistatin FEH N LFE SR OFFE OIERBIZ G 2 2 %8 2
RHT-DIT, Gz W Ca 7 7 F =& DAPI ORI EBIZE L, HE
DRS, MEREFR LTz, ZORER, Follistain ORI L > T, HiEORKIE
LN HMEERN EH L=, & 5IZ, Follistatin OFEBAFLE OUHEEENZ 5 2 5
SBE PN D00, BRI E 525 Z L CUINET 2 08 Ol & R L, B
Kty 7 b o =7 2 VT, B OULHENR 2 HIE L7z, ZAUZ XY Follistaitn
DOFRBUIFHE OWHEIE %2 BB ER S5 2 & D3R S uiz, RIZ, Follistatin %
FEELT DML 2 VTN LG 2 (F 3 U721, Follistain FEEL Tiifl faikie 2 53
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fbL. BRAEEE R Z T 5 2 L T ALFMEMBOINM H2FE L mLsED
ZEITEII LTz, ZHUT X D | Follistatin DOFEELNFE AN L D N L AREAE D
F—= U TR ERET D AR E S R ST, UL D Z &G | Follistain &
RTEA & BRI R OMAE DRI N LM O%ERLICAEHTH S &
EZbND, E£7c. Follistatin BInTEA & BEXHIHE 2 L 5 N Ltk
RESRAL A 7 = X L ORI O 7= 012 N LiffkZ fug e L, HER L —F —H
B TR DB AT o T2, TORIR, BRABEEEIZ L > THED I /L= A
THEED I L, Follistatin OFEBLCTHHIL AR L TV D Z & 3R S 4, BRI
K248 & Follistain FEELOMAG DI X D N TAGEM OIGHE /1A Bk, fHiEK &
YL a XA THEEOREBICERNT D LB 515,
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H5E MR oGEEM 2RI L
WRNA 7 Y —= 2 T ROKEGE

5 E BIEMROIKEEEEZFIHE L
WENR 7 Y —=0 T RORER

5.1 #S

Tox OWFFEETIE, EERMADPFF SRS AT 5 72912, Mag-TE 154 F|
U C AN TR OIERL 21T o C& fo 6282936 fERIL 7= = ykor A\ T ALk
IE, MRS EEBEICEE L, —HIChm LB 28T 52N TE,
TERL L 72 =Rge N LAk 3 364 U7 DA BET 5 10T )
0.5%BETIIH o7 b DD, EXHRIISE LN Z R LT Z Enb ., AR
R & AED T L CHEFRET D] Lo iliietEz &> T d Z &2
ST ol R & AR ORERENE 2 R > 72 Z RO A TRRRICIZZ < 0
JEHARE 2 BN D0, T invitro THIMERE & B0 2 JKAI A PRI T 2 DITH
IR — L L IR D TR EE 2T,

— T, mEV=RT 4 v I REbE ST b IR TR ORI L0 3
AR DI b MEE S NI L OHEDRH L 00, =P R2T 4 7 AL F
DNA EF| D& Z DT, #hRIREMIC X 0 BRF BN HIE S iR S h
LUAMABDZ L ThHDH, TTH, BERX M7 BFAAUEESE (HDAC) (TH7
LT B FAbEESR & LT T < Ml CEREREICED L 2 X7 g
EHAEREERT D Z LIck v, BEEAEYOBIRTHRIGHEICHEBEbLL Z &
R, B> TEZ7, HDAC TG 21X U, AR fatéazl2 B
H59%, Liei>T, HDAC Z[HET 5 Z LI2 LV | BB FRICMaMRE
ZALEEDHZ LN TE D, HDAC & LTI ETIC L FEHD & v 37 B
ESNTEY, TNOOX I RIEIFI TABIGETHIENTELT, £
HIZa X X R FIET S HDAC 7 T A1 | EICDIESERICIEET D
HDAC 7 Z AN OfZ 7 A | 77 AV BFEIET 5, HDAC BAEAITZ
DHEEDBENNI L > T4 XA ST TEDLN, B Fax Ay 7O R
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axZF A (TSA) | FHEIENIRZ A 7o v afig) U s (VPA) &
e U 7 A (SB) | BRIRT N IXTF RIS TOTET T (AP 72 &
WD, T HDAC BAFEAIELFIC HDACI &K O HDACI % fHET %,
HDAC [HEHIOMIZ, =P =T 4 v 7 0B k% b7 b3 #5H & LT DNA
i A FIACHI D 5 THF P (5AC) 238 %, DNA A FIALSD 5 U MTI A
FAbSN D Z &2k BARSIE®R A KIITE R B TREOF /4
THRYI0 DR, ZuE, MlEENICE T S EE O 7 e T — X —EIIC A
FOEPMIIMEND & 7 1T —F =T REN L 72 0 BT 0BG 2 IH S5
ZLICEDbDTHD, Thbb, MIIATFLEDERE V) Y =T
A v V7 IRBEPIC K FEx IR S T ORI RBL L 2 oMl & FERIC L TR

D, BRI O SEEEN LR o7 bW S S B D 10.66,

FITARETIH, €Y= XT 4 v 7 e bEk bic b3 5 FEOMKS T 3EA
T T VERF L LT C2C12 Ml D bRE & HIERIC G R DB aii~T-, T L
C. Mag-TE {&CTER U 7= N LA U 2 IUHE 710 i 1528 C O UUE IR 72
E DOWHETEE 2 FRAE & L CHEAIOFikkaem LR AT~ 5 2 & TIAMRSR Y —
& L TOR M2 RRGE LT,

52 EBRMBPHE X UOFHE

5.2.1 ~ U AN C2C12 MEDREE

~ U A FMIARE C2C12 Ml i T8 H P A ST Db G S e b D2 L
7=, BEFEESHIE DMEM (Dulbecco’s modified Eagle’s medium ; Gibco) (27 iR
{f1fi% (Fetal bovine serum: FBS) % 10% W L7= & O, S Lafksss i r-4- i
% (Calf serum: CS) % 2% L7 b D&M Uiz, HHIZSHOBRIC, 3Hl%
Gt AT 5 2 & CHEARMEIT o 72, K5 T3EAIIL TSA, VPA, SB,
API B X ONSAC O 5 FEFEE L, FEAIEIZ 3 DOREE S CTHREE L 72, Z DRE,
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R ZRMLU720 C2C12 flflaz 2> he—v b Uiz, BEfFO#®E I, o1b#
W ARNCEAZRML TS 7 e b a— B E oz, AFFEClanibs
B4 0 BIZEAZRI L T day7 £ TOMERBEEZIT 72 06, £, HEEZ S
&2, TSA (Wako) (% 0.1 pM, VPA (Wako) iX 1 mM, SB (Wako) I%5
mM. API (Enzo) 1% 0.1 mM, 5AC (Wako) (X 10puM OJEEZ UL LT, 10
3D 1 IR XUV 10 FREE TR L 7z 8070,

EH 5 OEHE 100 unit/ml =V > 100 pg/ml A F L7 k<A 2 3.7
mg/ml [RFEKFET MU U LAEZHRIN LTz, HEEFEIL 37C, 5%C0, 1 »F 2
— ZNTITU, 50~80% 2> 7V MIlpo7- 6 ) L Feka i A F Atk
(PBS) T2[EIPEHF L. 0.25% bV 7T -EDTA # W CIC X W ez 133 L
T U8B 1/16 DA CRE L7z, F7-. MbFFELF# 13 24 well plate
(Corning) ZHifEZ 5.0 X 10* cells/well CTHERE L, 2 H 5L <, 37°C,
5%C02 A »F aX—FNTEERELITo -1k, mMEFFEREICE X, 7 B,
5%CO, 1 > F a2 X—HNTITo T,

5.2.2 ARG

SALREER OFE 2 Blg L, TPRRERICHHE (& OKS, oMEROER)

T A= 42,7 125008 Uiz Fi & RIERIC U T st e o 247> 7=,

5.2.3 MCL DR

s

3.2.6 |2tk L7 FiE & RARIC LT MCL Z3fi#e U 7=,

5.2.4 Fh3FAER DB SAER
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WM K o TR & @ 8 P ISR R I i SRS S8 C =Rk A 235 7
DIZ, MCL % W Tl & B AAZ ek L7z, Miask 2 5 L2k, 80% = 7L
T2 hDT 4 v 2 OHIIEIZ 100 pg/cell DIEREIZ/2 D X H I L7 MCL &
LG CTEEHIAZHA 21TV, 4 IRfHBE R T2 2 & T C2C12 Mllfia & e Uik L 72,

52,5 BEXIEBMRE =27 —7 U FVIERERDORER

AR R L7 C2C12 Al Z B L, 1.0x10° cells/ 50 pl OFHEE EE T 10%FBS
&4 DMEM B8 #8 L7=, 03 %Typel =27 —4> CGHHEE T F ).
10xDMEM, AR AR @R (0.05N ZKER{bTF R U o7 A¥EHE 100 ml (2xf L, R
fe/kEF YU 7 A22g HEPES4.77g 2Lt ®), ~ KU Z L (BD
Biosciences) . FBS. MIfEIK A EALE40 56 : 7 :7 1 15: 15 : 50 DEIEG Tl
& LI RAIR 2R Lz,

5.2.6 ANLFBHEBROERL I OOLFHE

N Lk 2 12 REFHEHEE TR L72RIC, U 2T 3—% 35 mm
dish & L <X 6 well 7'L— F® well NIZEHEZEH 7 ) — R &2 FHWTHS L,
ANLHffkZ R4 L, REZHWTCALHMEEREZ Y 22 73— RICEE
L7 F72, i B ORBICOWTIZ 7Tmm & L=, 0%, ki
EiE e UC, iR E LT B L5 Ultroser G % 0.4% 1 ¢ DMEM £%
HaE AT, 5%CO A »FaX—XNTT HBMEBEREEZT-oT-, £,
BRANERTR 21T o 1R IFIZ DWW TIE, 4 HIMEEFE 21T o 712%. A LAl
WA BERANSIEETF v > 3—WN (C-Dish) TR & L7-, ERERZHWT, C-
dish 2> 5 N LA C EXR A N 2 7=, FIINEE (0.3 V/imm), 7SV A1E (4
ms), JARE (1Hz) 27 A—H—L L7=E&FTob#E 7 BB £ TEX
I EE R 21T > T2,
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5.2.7 ANTLH#ERRDINNE 118 E

3.2.9 1TRCIR Lo Tk & RIBRIC L C N ARG O e /I IE 217 - 72,

5.2.8 BB UG EAE B OO e R F -5

C2C12 #lifd A 5x10* cells/dish OAMIIEL T 35 mm MfEEEET 1+ v =

(Corning) |Z#EFEM%L, HYFEETHIC 2 HREGR L, /o LFFEETHIc AR L C 7 H
WNB 2T o7-, OB, bk 4 A BICES TERAZRIN L, Z0%,
T A v o BRI ET v 3= (C-Dish) 1ZF%E L, HIRERZ HW
T C-dish 2» b IR E SRR AN 2 72, FIINERE (0.3 Vimm) . 7S/ AHE (4
ms) . JAWEE (1 Hz) OFM4TEIRNRE 52 72 & & OfE OULHEES) 4 B
B (BZ-9000, FF—x 2 R) T24 MY L, £O®EZERMTY 7 b U =
T CHRNT L. W OUUHENE 2 JE LT,

529 Y T7NVHALPCRIZED Follistatin BnT DRBUENT

FLUEPR L D 5 FREH OAR S 7 HAN 2 BRI TSI Lo bk i % e 2 (=Y
L7-, TD%. RNA #iiF~ b (RNAiso plus, Takara) % T Total RNA %
fhH U7=, flifH L 7= Total RNA % oligo-dT 77 A ~— & ReverTra Ace

(Toyobo) WA GRS % VN TWHHAE L, cDNA Z 4k L7z, &k L7- cDNA
%77 L— k& LTHV., THUNDERBIRD SYBR qPCR RT Set (Toyobo) %
EHLTY 7 V%A LPCR Z1ToTc, 774 ~—I&. GAPDH I[Z DWW T,
Table 4-2 |25tk L72 & D& L. Follistatin (25U TiX, QuantiTect Primer
Assays (Cat# QT00105483, Qiagen) Z i L7=, F7=. PCR IOV TIE,
LightCyclerl.5 (Roche) ZHWT 95°C 5, 56°C20 %, 72°C30 % 1 A1~
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E LT, 40 A 72N ToT2, RIS T, GAPDHD 7 v v > 7 RA > b
HAEL LT, A ACT EIC L KA I51F 5 Follistatin FEHE2HH L
7=,

5.2.10 FEFHEET

~ IR A b =—ERLARRE 2 O TTRERHI#IT 21TV, P<0.05 DRF, A EIC
ZEND D LR LT,

53 EBRFERBLUER

5.3.1 (B TFEFD C2C12 MDY LEEIC 5 2 A%

C2C12 MR D53 bFHERFIZ 5 T DR M E 2 EnIRnT 2 2 LIk
D AR T-FEHFI DS C2C12 MR D LRE & FHIEKIC G- 2 5 B A BEE L=, &
NTEIHOHOIIMEFEI AL 4 A THY, HMEiFE4 A BICEDY 7
RN RN 5 &, EFFE 1 BANCERZ RN 25 0 & RIS R T
&z, MEEEE T H BIZIE, Mz EE L CTRERAZITV., 77 F =l
Yufamfg & DAPL SO Y AR )~ b MM b=R & i O R S Z2R1E LT
(Fig. 5-1A),

FRE LT, EBOFERAZMZ 20 ay b a— Ul e~T, RS 3640 2N
AT E IR Lic 2 s | RS FIRAN ISR » 5 &5
z2bivd (Fig. 5-1B), #EZEUE. 1103, EERE, 105EED > B, 10
R 72 21O TR T IS b o 7o, K T3-A & iR L 7=+ <,
VPA (0.1 mM) OREEEN—FZ o722 LD, MlFEENME 722 &M
25, ML, BZT R b= ARG R IRET D L Do R B
L5200, MRRESLT LHRMBEIZR D LITRLARNEZ X LD %,
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T, MEEEEHLZEZ A, TSA (0.01 pM B L TV0.1 pM), VPA (1
mM), SB (5mM). API (0.1 mM). 5AC (10 uM. 100 uM 3 X T 1000 uM)
ICBWCTHERMEEOR EAAZ LR (Fig 5-10), AHFZETIX. STECTHEM
STV D HANREE 2 T, ZORED 1/10 3 L O 10 fFRE Tt 417 -
7oA, FEANREE A b BV T EERNME T 2R b o7, ZNET
(2 API Z C2C12 M #IN L Torfbsh s L O IE R ~D 58 2 i~ T ey
X222 T2Dy APL 3 opfkRm L& MR A5 & Z 32 L nbho7- (Fig.
5-1C BXUD), APLIZHIIEIA > e X —Th D P21 Bin-or v/ U v
DEBIENZHFETH L VO MERNH L LD, Mg as|l sk Lt s
BEZDHILD S, APLIX, BNADIRERE LTHHEREZED TWDH 0, HKIG
MBI SN DA TH 5, > HDAC BAEHITH S TSA, VPA, SB Z iR
L7z C2C12 MR b [RIBRIZ, /bR m E LTz, 2D ORERIE, BEX hohbd
TEFNEZIRY RS BROEWZ T 52 LI 28 FRE=a Fr—L
BTS2 T, C2CL2 MDD bR BS LR LIzt EZX BN T &b, 2
D DK THAD . FFMROSMEFEEICH A TH D Z & MRE ST,

I b —/ LA FRCEW I ERIIRS DX, TSA (0.1 uM) TH
D oA=L 2 512 ER L2, TSA OWRINZ /3 EFHERTICIT > TV 5 SCHk & B
THIRFEOMERIE ST &b, fbdFE 4 A H Th - THMFMiko /b
AR L2 B2 B D 00 SAC RN L 72 C2C12 ML, FEUERE. 1/10
R, 10 fFREDOT X TSN TOMERPNAEIC LA Ui, HEUEREC A
TI0fHRE T, OMEEBMETL TN H0OD, 23 ha—/L LT
L7 ER 5T D728, SACIEDNA LA FALAIE LT Y =R T 4 v
DB ERIERBITROICHEEL T, MbaRELZEExbhd, BRI
(ZIE. MR 31T 2 i L BIEEAR 1O 7 1 B — X —REIE D A TV
L, Yee—F = EMT 5 2 & T BETOBRERIEE LI, ik
DEEINTZEBZ 2 N5,
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iz, T b r— L E AT, RS A A SRR T & ETERE D 1/10 TR
IMUTZBZIIHE N KL 7o TV D Z 03y 7= (Fig. 5-1C), I bIHENK
<7po7®iX APL (0.0l mM) THY, KED 1.8fFIZ/2 o7, 5AC (10 uM)
THHEEERDHD . KIM L6 fFIlleolz, ZDIZ & bIEs-IRANILAE
RERETDNRP DD LEZOND, AR TIE, RS FFA ORI Z 531,
Bish 4 H B TIT o727, HDAC BREHI K O A FALHRIToH %5 SAC 1245 2
FADE B R A A T 2 2 L d | FHEEEEICB W TRy 738
R BT D24 I T MImatd 52 & T, BR230R %2 ED % alRett
N D,

A Control
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Fig. 5-1 Effects of epigenetic drugs on the myogenic differentiation of C2C12 cells in two-
dimensional culture. (A) Fluorescence microscopy images of myotubes at day 7. C2C12 cells were
treated with trichostatin A (TSA, 0.1 uM), valproic acid (VPA, 1 mM), sodium butyrate (SB, 5 mM),
apicidin (APL, 0.1 mM) or 5-azacytidine (SAC, 0.01 mM) at day 4. Red, a-actinin-positive
myotubes; blue, DAPI-positive nuclei. Scale bar, 200 pm. (B) Quantitative image analysis of number
of nuclei. (C) Quantitative image analysis of myotube differentiation rate. The data are expressed as
mean = SD. *P < (0.05 vs. control. (D) Quantitative image analysis of myotube width. The data are

expressed as mean + SD of triplicate experiments. *P < 0.05 vs. control.

53.2 B FEAZHRML I ATHEBROEREBHIERIZE 25

TRETIE, B TFERIERM L2 A TEHMHIC X 2 IGE ) ORE 21T - 72
WAL, Mag-TE I X0 VERLL 72 A ARSI ARy 72640 2 i L, UHE
HEMIBROBREZMET 2 Z & T, Oy T HA O AR ERVREZ TS, @
N LR OREAIESR Y — L b LCOFIME, % L COTHits# T C2C12 #ifa
WAy 3N % T2 354 & OFIBINE & 72,

09 T 518 ZUER OIS~ 52 5 B A RAET 572010, SRk
-

FHERR

(AR - FEA 2 BRI AR RS (O BRBE 1 B Al IS L 7228, Mk
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FEDRH D=0 h, BRSNS TLE W, MBIERNA TE ooz, D7
O, ARk TERITTER L2 bihE 4 B BIZ BRI 2 2 h o5y 13K
Flzami, sbikE 7 A B D OWE Z1T > T2, £ D%, 4%PFA % HV
a4 EE L CRIEEEY ATV, 7 7 F= s Y E i & DAPI #ok Y
G 2 LR L — B L VBT 5 2 &L M O Mg o
w52

R B8 S 72y, F£ 72, DAPI 132 COMROEE Nt S b,

..[

#1T-o7z (Fig. 5-22A), ZOBS, 77 F= 130 b L& 1Tt S s 73

ZORER, 3 b — L L AT FEHIZ 110 fRRE R JORERE CIRNL
TBICIEHE N RS 2o TND 2 EWR otz (Fig. 5-2B), £7- API TiE 10 %
RETHLHENRKS Lo T\, IbMHENRIRo72DIT5AC (10uM) TH
JIE AR 5h
MK L
D EIFRD o Te, THUT, FEHERAE OO 10 f5IREE T, K5 7555173 M

. KREDKI 25T, ZDZ b B FIANII AR D

&

RBbDHLEFZEZDLND, UL, EAERED 10 fFRE TIILT LI

bl

BEEAZRLIETEOTHLEBZ 2N, — 7, FER LI N LA R AT DI
fEE, RS FEF AR L TR a s b e —/Lic e, TSA (0.01 M B &
0.1 uM) IZBWTHERIM EXRA BT (Fig. 5-2C), TSA (0.1 uM) #RINIC
L0 KINBEDWHE ) DAl ERFH BT, L LD b DK 5y 13 Al (VPA,
SB. API, 5AC) (Z2oWTiE, 2> b — Uiz b ~UHE DIER% S 5\ s L
Too ETo AR FHAN 2 WM LT FinksE O FEER (Fig. 5-1) [ZB W TIERS
AR S B D T2 A O FFECIRE Th - Th . IRk OUUHE 71133800
L7z, ZHUE, BRI I W TR TR B LR WM~ &7 4 —
ViR ol wREME. B D WIIRS T EAF TR Y S D A bR ) NG /)
IZRE DN TWRWATEEMEDR B 2 B D,
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BEx 70 B X ENBE L TWA, FD7-8 ., RN O E DKL D005
EWVo T, IHEITHEOD S TR B 7202 Lo T,
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Fig. 5-2 Effects of epigenetic drugs on force generation of tissue-engineered skeletal muscle
constructs. (A) Fluorescence microscopy images of a-actinin-positive myotubes (red) in the
tissue-engineered skeletal muscle tissue constructs at day 7. Nuclei were stained using DAPI
(blue). Tissue-engineered skeletal muscle tissue constructs were treated with trichostatin A
(TSA; 0.1 uM), valproic acid (VPA; 1 mM), sodium butyrate (SB; 5 mM), API (0.1 mM) or 5-
azacytidine (S5AC; 0.01 mM) at day 4. Scale bars, 50 um. (B) Quantitative image analysis of
myotube width in tissue-engineered skeletal muscle tissue constructs. The data are expressed as
mean + SD of three constructs. *P < (.05 vs. control. (C) 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.

5.3.3 [ESFEFHEINMTBT 5 C2C12 5% OIHETE M

WA, T & SRR L OMBR D D008 D il Tm, A O AR ORE
REITINAG T 223, £ DI OFAEDR/NEALIT, FififR DY v a A TEED T 7
FUTATAVNEIF VT4 TAL NOMBAERTHD, LLERG, 4
F LAV TOY L3 AT ONUHEZ RRFICBIZE T 5 Z L IR TH 5, £ 2T,
YL a X THEE 2 RFORRE DI A BIZ2 9 5 2 & T, RS T-EAIDY C2C12 DOff
BB 2 258 % A OBEREIC K 0 IR WEHliFTE L LTIz, 9. C2C12 #
fle 2o HEGEEE L C 2 HRAIEER L. Z0(bifiE 4 B B3RS FRERzaHmL ., 1k
PHEEEHT 7 FHE TR L, 20%, EXMIEE G2 RNB 57V ATR T
TUNHE T2 W OBl 2 4Rsg L, BYAMRNT Y 7 b w = 71 THE O IR % 8
EL7- (Fig. 5-3A),

ZOFER, TSA (0.01 pM B ETV0.1 uM) & FIN L 7270 & fAE O AR 1. K
Oy TEAN TN LT W& R & el U ¢, A RICUEIE 2380 L 7= (Fig.

5-3B), ZAUZ XV, TSA (0.01 yM B ELTN0.1 uM) Z U L 7= BRI I3 AE o 7
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Fig. 5-3 Effects of epigenetic drugs on the contractile activity of C2C12 myotubes in two-
dimensional culture. (A) Contractile movement of myotubes. C2C12 cells were treated with
trichostatin A (TSA; 0.01, 0.1 or 1 pg/ml) on day 4. Electrical pulse stimulation (voltage, 0.3
V/mm; width, 10 ms; frequency, 1Hz) was applied, and the displacement of a single cell within
the myotubes was analyzed. (B) Quantitative analysis of the range of displacement. The data are

expressed as mean + SD of triplicate experiments. *P < 0.05 vs. control.
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8 OWHERERED ) | L7 BRim & LT FN O/ INEAL T H 2 a5
ARATHEENFHIEL TNDEINLTHDLEBX T2, T THENOY L2 X T
EEBEET DIZDOEREIT oo, £, C2C12 fllfid z HEFEks T 2 H AL 2%
L. 72HMEaFE 4 A BICIHE D A ZRIM L, EFFEET T 7 A B £ T8
L7c, 0%, BEXRIHEEE 2 AW THiE ICEXHNM A 30 o5 272, BX
filigz 52 5L, HHAOIHEERCHLY LI AT ORMTH L —HRITHDSD
TR Z BIMEE CRIR LT K D & B 210, £k, Mz PBS T 3 A%
L. 4%PFA % M\ CHifE 2 & L CREdotfe s 1T-7- (Fig. 5-4A), e
NI DBIEL 21T > 72 fE 5, TSA (0.0l pM B L TV0.1 pM) ZFRINT 5 &, 1Ky
TIAEZBRML T RWIEE L L TH L a AT 2T 5HENRE b
2o DFED ., TSA (0.0l pM BER0.1 pM) ZFRINT 5 & s TRl
RARELS QY PLaxTHEELETLIME OB EL L hole, £L T, =
IR IR D b L LT\ 2 Enh . SRR OIHE 1 & i
K248 COME ONFETETEORHMIF LWL 2 A THEEOIEIL, BRSO
LRERE IR o7,

A B
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Fig. 5-4 Effects of epigenetic drugs on the contractile activity of C2C12 myotubes in two-
dimensional culture. (A) Fluorescence microscopy images of myotubes at day 7. C2C12 cells were
treated with small molecular drugs on day 4. (B) Quantitative image analysis of the number of
myotubes with striations. The number of myotubes displaying striations of sarcomeric a-actinin
was quantified by counting myotubes. The data are the means = SD of triplicate experiments.

*P < 0.05 vs. control.

5.3.5 &S FIEHKID Follistatin B FRIBICE 2 D&

i SRR C2C12 MIEIZ 3T, Follistatin 18151 OFEHIFEIUC L > T, i)
DAL DIERAb ZA2HE U, e O BERE T & 2 IGHATE P23 P iR S

L xR AETRLUED, SHBEOERSTFAID Follistatin 815D X 5 725 #
R D53 O REIC & » THEEREE|ZHH O B FORBLL VTR ET 500
E D IniiTz, C2C12 M D o LFh IS ELERR B & e D8 Al 2L, 4y
LFBE%, MiRZEILL U 7 V¥ A 5 PCR Z1To72, ZORER, TSA, APIE
L OV5AC ZWIN L 72 5544 T Follistatin {81n 7 OFEBL L~ /Lh3m L L7 (Fig. 5-
5). APLX° 5AC ORI D Follistatin AR T ORBLEONNIX, N LA
ik DU S INE R R 2 T OUUHETEME DRGSR &1, MEMER e oTe, 20
ZEmn | R EA ORI 1 R AL 0D ISLfE P M TS M D [A) 1
Follistatin BT RELOE 5 /R SN2, £ TiE+4aTldze, o
B> TV D ATREMEDS RIZ STz,
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=z
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Fig. 5-5 Effects of epigenetic drugs on follistatin gene expression. Relative expression level of
follistatin mRNA. C2C12 cells were treated with TSA (0.1 uM), VPA (1 mM), SB (5 mM), API
(0.1 mM) or SAC (0.01 mM) at day 4. Total RNA was isolated on day 7 and real time-PCR was
performed with primers for follistatin and GAPDH. The data are expressed as mean + SD of

triplicate experiments. *P < 0.05 vs. control.

54 AREOELD

ARETIE, M OIMETEIEZ R Lo AR 7 U —= 0 7RO A« R
& LIet B aAT o7, £D7HIz, 7 /VEEFE LT 5 HEEORS FIEHH
N Lk o B RE i R I KON Wi OIUHIEVEIZ B 2 2 B i~ % Z &
T, I OMERE 2 1R & L 72RHi R oA V2 #REE L 7=,

ZORERE LT, AR FFHN 2 00 L 72 B R O ERIZEB WD TIa B RRe
FIAER D R & NI AN OFFLRE T - ThH ., 43 L b =IRooHh AR o I
TNITR Lo dz, T OB, VHEEE THIERZ /L O 1L 72 KA1 T =R
FRICBNTHHERN R O, Zhid, OBRRFEMRANICSOTIE, Fi
BB TIEA LR WM ~D X A=V > 7o v[RetE, 2 WL, O 73

80



H5E MR oGEEM 2RI L
WRNA 7 Y —= 2 T ROKEGE

FHICTHE SN DA b= D1 ERIGREINTRE DWW TV R WATRENMED B 2 B
%o SRRy FHAN O F T, TSA (0.01 pM B L V0.1 uM) RN L 7=
BT, SRITARR OIUE A A B Lz, & 2T, HEESEE TRE OUUEIE
BIHRDZ LT, TSA (0.0l pM B XL V0.1 pM)  Z RN L7ZBRIS. IAERRE 23 K
SR EMDhoT, TOBRIL, HHRNOIHNEIEE Th L VL2 A T HEE
CHDEB X, HEORERNREEITo CHL AR THERIZL 25,
TSA (0.0l pM B L TV0.1 pM) ZIRIILIZGAICE,. a2 T#EERZ <A
Hivic, Fio. SFEDIKS TIKAID Follistatin AR TR BLA~DFEIZ DT
I%. TSA. API 35 XU 5AC 28 Follistatin i85 73 BL AR L TRV | UHE M
ERCUAETE MEREAT & AHBAME X 22 o 7, LN L. Follistatin 8An+ O FE BN B
RBICERS D> TS Z &L, 4 BEORRIVHLINTH D,

BRI T D in vitro DFFAMR & LT, FHiE#E COME DR EREED
HEN—RNZHNGN TS, LALRRL, ZHUHEEFINRBIZZTET T
(X, AREEMIL DA DBERE T & 2 IUHEC A U DN T3 ISRl © & Tu/g
WHREMEMN B D, AETIX, FEERICBW TSR E TORME S IETH HIEHE
FHRHE & L X0 EERERY 22 BRI A3 RTRE 72 7 2 MR O IR TE M A bl T 5 2 &
T, IUHETEPEIC X DMl AERIE L D b RERFIN TE D Z & 20T
L. ALk O IHE /3 & @ MBI 2 A 2 5HliE CTd 5 2 & 3 gt
7,

81



=3
Y

[53>2
et
i)

6 E BiE
6.1 KigXDELD

BGT A4 v a7 V2B 0T, N LBMERk O BERE TR AL 0 U
TEPEDRHMIX, B GHAEERSERAZ ) —=2 T N AT I Fax—H
~DOICHZBERTICOIEVMEE R DL ENTREIND, AT, BEER
B RIR T OWMY ., Ml ~DBEFEHAIZ L H AN LA OMREIR(L 2 5
F. NLGMEMAEICA N2 FIEEZRF L, £720 5 2OFT /VHAZ AN T
N LA AR D UHE /112 & 2 A & v VH B 2 3 5 R 5 15 A BR5R LT,

1 ETIE, AMIROEREZHHA L, TORAMEOHNEERBLOTO
AT #t 2R LTz,

2 BT, AROFHRNNED LD RN DRI TWD D0, £z,
ZDOERBEREL L TR BTV DU E D X 5 2B 2 4H - TV D D 7>
IR T, LT, B AR L CE S e N LA A O FI0 A LGOS H
Blarml, T4y Yvaxz V=7 U7 EHERKOMD IOV THIR~T,
S BT, AR OMRESRILIC A G- LI gE 28 LT ARIFSE Tl 5 R & 78
O LT,

B3 T, AR R LR LT XL UEBETING X D N LRk OB RERIL
lATz, £ RERIBENT MM C2C12 Mo, MEKRS, ok
N ZDEBIIONWTHRRIZE 2 A, 39°C DI EARN 2 MZ 2556
JERZFHE LI N L TRY, MilSELFFE L2 mmeShic, 22
T, 39°C DEARN 2% 5.2 D2 0 bFEE 1 HHO 24 FFE72FIILIZEZ A,
39°C DEAN 2% 7 ARG T256 L RSO IEREH T T HIENTE, MlLsE

82



i
[@))
i
R

T EINNZ Dbtz

WA EEBE T OTNMMEL T, T ALY VRO RINEE a2 1T o7 Db
BERIRPOT AV E VEEOREIRE 0, 50, 100, 200, 400 pM THRFILIZEZA,
200, 400 pM DB E LA THLRNAEIC EF Lz, — 5T, TALE VEROTIN
IR RICEBE LN N boTz, ZE OO G EM A S bR LA,
PIREFEIZRBWT, bR EFE RSOW i ESEHIEITEILTZ, EHIT, )
ARV AET ATV E VR AR IR B DR T b & DN TAFHER O UL /1~ 0D 5B~
Tt B WOfs /1B LR B2 03 o7,

54 T, B Ly FREE AW N AR OEEERIL 21T > 72, 63
BT, BERETORMNYSEEREZZEIE 5 2 LI X - T oAb
BRABTN, RETEHER T e —F L LT, ANLFHHEBEOMRKEE 25
C2C12 M ~BIEFHEAZITWHE a0z m LS, ZOMia T AL
kA ERT 2 = & IUE 19 b 21T o 72, E 37\ Follistatin {5138 A C2C12
HifE 2 B L, PCR IZ &L - T Follistatin O3B A L=, £ LT, FHEEIC
BT, Follistatin BELDFHE~DEBELFI~I2L 2 A, /bR P EF L, HIE
RKBFEINTNDLZERDIoT, I LITIHEEEDEL 2o TND Z &N
bhrol, ki, NLHMH#EOBILICHH T 2 BRI R ST T
Follistatin Z§3 C2C12 M7 & 72 2 N LAk 2 VER U IGHE ) E 217 - 7o
R, FL ML bd2 2 LITkI LT,

5 ETIE, MM OHEEE 2RI LI2EAIR 7 ) —= 0 T ROMEE %
AT, ET. MAICK L THRERHE SN TWD 5 SORS T3 AZET
JVEFIE LT, PR TOMMEER & FHE ORI X250l & A LRk D UL
WD EMERSICL DRIz el L7- & 2 A, FHEEE TIE 5 2T TOHHA
WAL IR ERE LT WO RER &R ooy N LFMRR I I 1T 2 I
HOFMTIL, TSA OB THENMEESND Z LR bhoTe, HIT, ks

83



i
[@))
1
&
oh

= COPFFIEMEIZ DWW T RIREDOIAF| TR AT L 2 A, TSA OHDUAEIETE %
M EXE7=Z e h . SEEERE TONMENEPEIX N LA O UG D HIE & @
MEMEDOH HEHMETH D Z &R E N7,

LLEDOFER X 0 . ARFFECTEAT L2 AN TR OFEEESRAL & 5 2 M o UL A

MRS, FAEERSEAIA S V—= ) T Fax—F~DOIA% B
TRRIZ, BT A v ax V=TV IR 2L RRT 5 FEE L
THETHLETRT I ENTET,

6.2 SHDORBRE

ARWFIEIC K0 BB D OUSIN R R RS, B XU OBEFEAZAT D
Z & T, NI O SRS E UTe, E o, i M oo IGHa TS M 4 F1)
L7ZiHli oG A2 RT 2 &R TE L, £Z T, SHBOBEIZHOVWTLUT
DEITELDD,

3 EEP 4 ETR LK IS, AU TO N LG OERERIIZ, 7
VBRI E AR N L RIZ K 5T 1565, BIEFEAR L OVERIKEEE %
HZ2722 LT 9 fEOWHEIHERICREI LTz, Lox L s, HBROFETSHT)
S LTH, R 5%ATM & WO EMEICR E > TV D72, B bk iED
BABIIITONARE THDHEFZZXTND & Tto biE, 7kiFE 4 HE2H 0.3
V/mm, 4 ms, 1Hz OEKABEEREMF CEXAIEEELZHB L, 7 0 HIZIX40
uN OUHE 1 %243 TR V. 14 H H £ CHEKIEEZ %2179 2 & T 100 pN % LA
LUHE NG BT Z & A E LT\ 5 36, ARWFFETIE, Follistatin FEHL & X
FIHES R OMAE DY D Z & T, EFFE 7 B B THIE LTI 80 uN &
2 HWHEII DG AL, EOHO—FHOTMME TIL, 100 WNZHEX L5250 H -
77

84



i
[@))
1
&
oh

DX IRFERING, He DEERESRIL O 72D X B ARk E AT D
VENHDH EBEZ LD, Tto DRHWEFIETIE, BRIRGMHEkIC= 7 —7 R
BV A 2 — T DRBERIFIE CThH o 7223, RBFZETIE, L0 FRWIHE /IS
it 2 DA AERT 272012, 27 —7 U IRGERIR TRl 2 a8 L CBik
DGR A VED FIEZ TN 72, 22 L0 L IHE D O i R A o VL2 B oh
L7223, M O oMl & CRE-CHEIR 1 23T X DT, SEMI AR b
DAL DSHFR P AFTE T DA B o 72 28, RO TIE, Ml £ &
STERERORNCMBERRY KO SN TEY, 2O XD RS EE LT, Mk
RO THRECHE, EREMONHR AR M EHELEIET D5 LNH
PR D EEZTND, BRGNS — b OERIZ B O TR 2RI & 5 N
MR D IEEFIZ K - T, BEREA 22 MEREE OREEAHE ST\ 5 73, AIFSEIC
BWTH, ZOX D e RAEMIEOILEEEIC L2 N THMEMOERNIEE Ly,

55 BECIX, A AR OUUHETEYE A FIH L72EHI A 7 ) — =0 7R OHEHED
T2DIZ, 5 DORS T HA A FCL TRRE AR5 -, A LAk O IHE /1.
M55 7% O FR & OULHETEPERTEM 2 el U7-, A5 2RI O BTS2 F N 7= 5l
1T, PR E TORREFARRFHME L D &, FFHAb S 712 FEHD i i O RE I 1 -
R HREBIZHONT, BEMIZFHMETEZ D Z &b olz, LG, T
F TIT - CE ML ERNREEE OB L, 6 well 7L — MR &/ SV EGE
A —=NThole, RWFFEOIHEEIERATIC 3T 2 5% OBEIL, NAT—1
ETHDHEEZTND, 96 well 7' L— =384 well 7'L— b ~D/NA 7 — Ak
ICBNWTETRHEE 225 D1%, Ffllg~OWHE LT A ED X5 LTH
Z5HINTHDH, TOFEE LT, HTH U T EORBZHIET 5 @B
FiE (I PP =T 4 7 R) FRRENEINTH 5, FEEIZ, Mlld~DEE
DMEWEF & LED Ol s VT, SBiEHE kA A F v 2L ThDHT v rin
R 2 %384 5 C2C2AMMADIEEZFETE DL LBRESNTND T,

85



=3
Y

i
[@))
1
E\l_“/_
oh

DO LI EZHND Z LT, INATF— VDR T L — MMk L= B
WIEE A2 WD Z &2 < I OIHEEEZIE T D Z ENTEDH EB XN

)

]

S HIZARIT RO A 7 ) —= 7 FRIZE M iPS Ml HFFE L 7ML 4
Wbz emEBEzons, 1 EBIOE 2 BTz X 9 IZEE - TFMIC
fh AR 2 7589 5 FIEIE, Tanaka HIZ K-> THRESINTEBY . E5IZFDOH
BiEEZWR L, EHA 7Y —= 0 7 RITHEISATRER LV D —HET, & b iPS
FRD D AR~ ME S 2 Z EIZEI LTV D ¥, 20 X 5 72 liaii & A4F5E
TOWHMEMEZ AW R IEHT A2 & T BRHT 4 v az =7
VT DIEHO—2THLIHEMAZ Y —=0 7R ~OIEHIZESN TN &

2T 5,

86



235 30k

2 3CHR

10

11

12

13

14

O’Connor, N.E., Mulliken, J.B., Banks-Schlegel, S., Kehinde, O., and Green, H.
Grafting of burns with cultured epithelium prepared from autologous epidermal
cells. The lancet., 317(8211), 75-78, 1981.

Ochi, M., Uchio, Y., Tobita, M., and Kuriwaka, M. Current concepts in tissue
engineering technique for repair of cartilage defect. Artificial organs., 25(3),
172-179, 2001.

Langer, R., and Vacanti, J.P., Tissue engineering. Science. 260(5110), 920-926,
1993

Takahashi, K., Tanabe, K., Ohnuki, M., Narita, M., Ichisaka, T., Tomoda, K., and
Yamanaka, S. Induction of pluripotent stem cells from adult human fibroblasts by
defined factors. Cell., 131(5), 861-872, 2007.

Tanaka, A., Woltjen, K., Miyake, K., Hotta, A., Ikeya, M., Yamamoto, T., Nishino,
T., Shoji, E., Sehara-Fujisawa, A., Manabe, Y., Fujii, N., Era, Y., and Yamanaka,
S. Efficient and reproducible myogenic differentiation from human iPS cells:
prospects for modeling Miyoshi Myopathy in vitro. Plos one., 8(4):¢61540, 2013.

Yamamoto, Y., Ito, A., Fujita, H., Nagamori, E., Kawabe, Y., and Kamihira, M.
Functional evaluation of artificial skeletal muscle tissue constructs fabricated by
a magnetic force-based tissue engineering technique. Tissue. Eng. Part A.,
17(1-2), 107-114, 2010.

AHFETT, WA, GERRAL, p43-44., 2009

Schiaffino, S., and Reggiani, C. Fiber types in mammalian skeletal muscles.
Physiol. Rev., 91(4), 1447-1531, 2011

Huxley, H.E., and Hanson, J., Changes in the cross-striations of muscle during
contraction and stretch and their structural interpretation. Nature, 173(4412),
973-976, 1954

Huxley, A.F.,, and Niedergerke, R., Structural changes in muscle during
contraction: Interference microscopy of living muscle fibres. Nature, 173(4412),
971-973, 1954

FRART KRR, il 7 A iE R b B 22 5 = A N TR R O B3, B AR 7 258,
110(1062), 73, 2007.

A, THEZ%k, AL Z B L-BRidEeeT7 7 Faxo—4%, H
AR 2 5m SCEE (CHR) , 74(738), 359-364, 2008

Herr, H., and Dennis, R.G., A swimming robot actuated by living muscle tissue. J.
Neuroeng. Rehabil., 1, 6, 2004.

Feinberg, A.W., Feigel, A., Shevkoplyas, S.S., Sheehy, S., Whitesides, G.M., and

87



15

16

17

18

19

20

21

22

23

24

25

235 30k

Parker, K.K. Muscular thin films for building actuators and powering devices.
Science., 317(5843), 1366-1370, 2007.

Tanaka, Y., Morishima, K., Shimizu, T., Kikuchi, A., Yamato, M., Okano, T.,
Kitamori, T., Demonstration of a PDMS-based bio-microactuator using cultured
cardiomyocytes to drive polymer micropillars. Lab Chip, 6(2), 230-235, 2006.

Yaffe, D., and Saxel, O. Serial passaging and differentiation of myogenic cells
isolated from dystrophic mouse muscle. Nature., 270(5639), 725-727, 1977.

Menasche, P., Alfieri, O., Janssens, S., McKenna, W., Reichenspurner, H.,
Trinquart, L., Vilquin, J.T., Marolleau, J.P., Seymour, B., Larghero, J., Lake, S.,
Chatellier, G., Solomon, S., Desnos, M., and Hagege, A.A. The myoblast
autologous grafting in ischemic cardiomyopathy (MAGIC) trial. Circulation,
117(9), 1189-1200, 2008.

Cleland, J.G.F., Coletta, A.P., Abdellah, A.T., Nasir, M., Hobson, N., Freemantle,
N., and Clark, A.L. Clinical trials update from the American Heart Association
2006: OAT, SALT 1 and 2, MAGIC, ABCD, PABA-CHF, IMPROVE-CHF, and
percutaneous mitral annuloplasty. Eur. J. Heart Failure., 9(1), 92-97, 2007.

Yang, J., Yamato, M., Shimizu, T., Sekine, H., Ohashi, K., Kanzaki, M., Ohki, T.,
Nishida, K., and Okano, T., Reconstruction of functional tissues with cell sheet
engineering. Biomaterials, 28(34), 5033-5043, 2007

Kanemura, H., Go, M.J., Shikamura, M., Nishishita, N., Sakai, N., Kamao, H.,
Mandai, M., Morinaga, C., Takahashi, M., and Kawamata, S. Tumorigenicity
studies of induced pluripotent stem cell (iPSC)-derived retinal pigment epithelium

(RPE) for the treatment of age-related macular degeneration. Plos one.,
9(1):¢85336, 2014.

Charbe, N., McCarron, P.A., and Tambuwala, M.M. Three-dimensional
bio-printing: A new frontier in oncology research. World J. Clin. Oncol., 8(1),
21-36, 2017.

Moldovan, N.I., Hibino, N., and Nakayama, K. Principles of the Kenzan method
for robotic cell spheroid-based three-dimensional bioprinting. Tissue Eng. Part A.,
23(3), 237-244,2017.

Ito, A., Shinkai, M., Honda, H., and Kobayashi, T. Medical application of
functionalized magnetic nanoparticles. J. Biosci. Bioeng., 100(1), 1-11, 2005.

Shimizu, K., Ito, A., Lee, J. K., Yoshida, T., Miwa, K., Ishiguro, H., Numaguchi,
Y., Murohara, T., Kodama, 1., and Honda, H., Construction of multi-layered

cardiomyocyte sheets using magnetite nanoparticles and magnetic force.
Biotechnol. Bioeng., 96(4), 803-809, 2007

Ito, A., Ino, K., Hayashida, M., Kobayashi, T., Matsunuma, H., Kagami, H., Ueda,
M., and Honda, H., Novel methodology for fabrication of tissue-engineered
tubular constructs using magnetite nanoparticles and magnetic force. Tissue Eng.,

88



26

27

28

29

30

31

32

33

34

35

36

37

235 30k

11(5-6), 1553-1561, 2005.

Uchinaka, A., Kawaguchi, N., Hamada, Y., Miyagawa, S., Saito, A., Mori, S.,
Sawa, Y., and Matsuura, N. Transplantation of elastin-secreting myoblast sheets

improves cardiac function in infarcted rat heart. Mol. Cell Biochem., 368(1-2),
203-214, 2012.

Goudenege, S., Lebel, C., Huot, N.B., Dufour, C., Fujii, I., Gekas, J., Rousseau, J.,
and Tremblay, J.P. Myoblasts derived from normal hESCs and dystrophic hiPSCs

efficiently fuse with existing muscle fibers following transplantation. Mol. Ther.,
20(11), 2153-2167, 2012.

Sato, M., Ito, A., Kawabe, Y., Nagamori, E., and Kamihira, M. Enhanced
contractile force generation by artificial skeletal muscle tissue using IGF-I
gene-engineered myoblast cells. J. Biosci. Bioeng., 112(3), 273-278, 2011.

Sato, M., Ito, A., Akiyama, H., Kawabe, Y., and Kamihira, M. Effects of B-cell
lymphoma 2 gene transfer to myoblast cells on skeletal muscle tissue formation

using magnetic force-based tissue engineering. Tissue Eng. Part A, 19(1-2),
307-315, 2012.

Ross, J.J., Duxson, M.J., and Harris, A.J. Neural determination of muscle fibre
numbers in embryonic rat lumbrical muscles. Dvelopment., 100, 395-409, 1987.

Fredette, B.J., and Landmesser, L.T., A reevaluation of the role of innervation in

primary and secondary myogenesis in developing chick muscle. Dev. Biol., 143(1),
19-35, 1991.

Harris, A.J., Fitzsimons, R.B., and McEwan, J.C. Neural control of the sequence
of expression of myosin heavy chain isoforms in foetal mammalian muscles.
Development., 107, 751-769, 1989.

Wilson, S.J., and Harris, A.J. Formation of myotubes in aneural rat muscles. Dev.
Biol., 156(2), 561-571, 2008.

Fujita, H., Nedachi, T., and Kanzaki, M. Accelerated de novo sarcomere assembly
by electric pulse stimulation in C2C12 myotubes. Exp. Cell Res., 313(9),
1853-1865, 2007.

Donnelly, K., Khodabukus, A., Philp, A., Deldicque, L., Dennis, R.G., and Baar,
K. A novel bioreactor for stimulating skeletal muscle in vitro. 7issue Eng. Part C:
Methods., 16(4), 711-718, 2010.

Ito, A., Yamamoto, Y., Sato, M., Ikeda, K., Yamamoto, M., Fujita, H., Nagamori,
E., Kawabe, Y., and Kamihira, M. Induction of functional tissue-engineered
skeletal muscle constructs by defined electrical stimulation. Sci. Rep., 4:4781,
10.1038/srep04781, 2014.

Davis, R.L., Weintraub, H., and Lassar, A.B. Expression of a single transfected
cDNA converts fibroblasts to myoblasts. Cell., 51(6), 987-1000, 1987.

89



38

39

40

41

42

43

44

45

46

47
48

49

50

235 30k

Gao, F., Kishida, T., Ejima, A., Gojo, S., and Mazda, O. Myostatin acts as an
autocrine/paracrine negative regulator in myoblast differentiation from human
induced pluripotent stem cells. Biochem. Biophys. Res. Commun., 431(2), 309-314,
2013.

Uchimura, T., Otomo, J., Sato, M., and Sakurai, H. A human iPS cell myogenic
differentiation system permitting high-throughput drug screening. Stem Cell Res.,
25, 98-106, 2017.

Morrison, P.R., and Ryser, F.A. Weight and body temperature in mammals.
Science., 116(3009), 231-232, 1952.

Yamaguchi, T., Suzuki, T., Arai, H., Tanabe, S., and Atomi, Y. Continuous mild
heat stress induces differentiation of mammalian myoblasts, shifting fiber type
from fast to slow. Am. J. Physiol. Cell Physiol., 298, 140-148, 2010.

Mitsumoto, Y., Liu, Z., and Klip, A. A long-lasting vitamin C derivative, ascorbic
acid 2-phosphate, increases myogenic gene expression and promotes
differentiation in L6 muscle cells. Biochem. Biophys. Res. Commun., 199(1),
394-402. 1994.

Shima, A., Pham, J., Blanco, E., Barton, E.R., Sweeney, H.L., and Matsuda, R.
IGF-I and vitamin C promote myogenic differentiation of mouse and human
skeletal muscle cells at low temperatures. Exp. Cell Res., 317(3), 356-366, 2011.

Savini, ., Rossi, A., Catani, M.V, Ceci, R., and Avigliano, L. Redox regulation of
vitamin C transporter SVCT2 in C2C12 myotubes. Biochem. Biophys. Res.
Commun., 361(2), 385-390, 2007.

Yamaguchi, T., Arai, H., Katayama, N., Ishikawa, T., Kikumoto, K., and Atomi, Y.

Age-related increase of insoluble, phosphorylated small heat shock proteins in
human skeletal muscle. J. Gerontol. A Biol. Sci. Med. Sci., 62(5), 481-489, 2007.

Gehrig, S.M., van der Poel, C., Sayer, T.A., Schertzer, J.D., Henstridge, D.C.,
Church, J.E., Lamon, S., Russell, A.P., Davies, K.E., Febbraio, M.A., and Lynch,

G.S. Hsp72 preserves muscle function and slows progression of muscular
dystrophy. Nature., 484(7394), 394-398, 2012.

BEIFFR, &7, pp. 25, 2013.

Semsarian, C., Wu, M.J., Ju, Y.K., Marciniec, T., Yeoh, T., Allen, D.G., Harvey,
R.P, and Graham, R.M. Skeletal muscle hypertrophy is mediated by a
Ca”"-dependent calcineurin signalling pathway. Nature., 400(6744), 576-581,
1999.

Mikkelsen, R.B., Reinlib, L., Donowitz, M., and Zahniser, D. Hyperthermia
effects on cytosolic [Ca’]: analysis at the single cell level by digitized imaging
microscopy and cell survival. Cancer Res., 51(1), 359-364, 1991.

Thelen, M.H., Simonides, W.S., Muller, A., and van Hardeveld, C. Cross-talk
between transcriptional regulation by thyroid hormone and myogenin: new

90



51

52

53

54

55

56
57

58

59

60

61

62

235 30k

aspects of the Ca*"-dependent expression of the fast-type sarcoplasmic reticulum
Ca’'-ATPase. Biochem. J., 329(1), 131-136, 1998.

Peake, J.M. Vitamin C: effects of exercise and requirements with training. Int. J.
Sport Nutr. Exerc. Metab., 13(2), 125-151, 2003

Saitoh, O., Periasamy, M., Kan, M., and Matsuda, R. cis-4-Hydroxy-L-proline and
ethyl-3,4-dihydroxybenzoate prevent myogenesis of C2C12 muscle cells and
block MyoD1 and myogenin expression. Exp. Cell Res., 200(1), 70-76, 1992.

Schuelke, M., Wagner, K.R., Stolz, L.E., Hubner, C., Riebel, T., Komen, W.,
Braun, T., Tbin, J.F., and Lee, S.J. Myostatin mutation associated with gross
muscle hypertrophy in a child. N. Engl. J. Med., 350, 2682-2688, 2004.

McPherron, A.C., Lawler, A.M., and Lee, S.J. Regulation of skeletal muscle mass
in mice by a new TGF-beta superfamily member. Nature., 387, 83-90, 1997.

Wagner, K.R., Fleckenstein, J.L., Amato, A.A., Barohn, R.J., Bushby, K., Escolar,
D.M., Flanigan, K.M., Pestronk, A., Tawil, R., Wolfe, G.I., Eagle, M., Florence,
J.M., King, WM., Pandya, S., Straub, V., Juneau, P., Meyers, K., Csimma, C.,
Araujo, T., Allen, R., Parsons, S.A., Wozney, J.M., Lavallie, E.R., and Mendell,
J.R. A phasel/Iltrial of MYO-029 in adult subjects with muscular dystrophy. Ann.
Neurol., 63(5), 561-571, 2008.

Patel, K. Follistatin. Int. J. Biochem. Cell Biol., 30(10), 1087-1093, 1998.

Inoue, H., Nojima, H., and Okayama, H. High efficiency transformation of
Escherichia coli with plasmids. Gene., 96(1), 23-28, 1990.

Yamamoto, H., Kawabe, Y., Ito, A., and Kamihira, M. Enhanced liver functions in
mouse hepatoma cells by induced overexpression of liver-enriched transcription
factors. Biochem. Eng. J., 60, 67-73, 2012.

Hotta, A., Saito, Y., Kyogoku, K., Kawabe, Y., Nishijima, K., Kamihira, M., and
Iijima, S. Characterization of transient expression system for retroviral vector
production. J. Biosci. Bioeng., 101(4), 361-368, 2006.

Colussi, C., Mozzetta, C., Gurtner, A., Illi, B., Rosati, J., Straino, S., Ragone, G.,
et al. HDAC?2 blockade by nitric oxide and histone deacetylase inhibitors reveals a
common target in Duchenne muscular dystrophy treatment. Proc. Natl. Acad. Sci.

US4., 105(49), 19183-7, 2008.

Iezzi, S., Padova, M.D., Serra, C., Caretti, G., Simone, C., Maklan, E., Minetti, G.,
Zhao, P., Hoffman, E.P., Puri, P.L., Sartorelli, V. Deacetylase inhibitor increase

muscle cell size by promoting myoblast recruitment and fusion through induction
of follistatin. Dev. Cell., 6(5), 673-684, 2004.

Hagiwara, H., Saito, F., Masaki, T., Ikeda, M., Nakamura-Ohkuma, A., Shimizu,
T., and Matsumura, K. Histone deacetylase inhibitor trichostatin A enhances

myogenesis by coordinating muscle regulatory factors and myogenic repressors.
Biochem. Biophys. Res. Commun., 414(4), 826-831, 2011.

91



63

64

65

66

67

68

69

70

71
72

73

74

235 30k

Ahn, S., Olive, M., Aggarwal, S., Krylov, D., Ginty, D.D., and Vinson, C. A
dominant-negative inhibitor of CREB reveals that it is a general mediator of
stimulus-dependent transcription of c-fos. Mol. Cell Biol., 18(2), 967-977, 1998.

lezzi, S., Cossu, G., Nervi, C., Sartorelli, V., and Puri, P.L. Stage-specific
modulation of skeletal myogenesis by inhibitors of nuclear deacetylase. Proc. Natl.
Acad. Sci. USA.,99(11), 7757-7762, 2002.

Abaza, M.S., Bahman, A.M., and Al-Attiyah, R. Superior antimitogenic and
chemosensitization activities of the combination treatment of the histone

deacetylase inhibitor apicidin and proteasome inhibitors on human colorectal
cancer cells. Int. J. Oncol., 44(1), 105-128, 2013.

Hupkes, M., Jonsson, M.K., Scheenen, M.J., van Rotterdam, W., Sotoca, A.M.,
van Someren, E.P., van der Heyden, M.A., van Veen, T.A., van Ravestein-van Os,
R.I., Bauerschmidt, S., Piek, E., Ypey, D.L., van Zoelen, E.J., and Dechering, K.J.,
Epigenetics: DNA demethylation promotes skeletal myotube maturation. FASEB
J., 25(11), 3861-3872, 2011.

Guasconi, V., and Puri, P.L. Chromatin: the interface between extrinsic cues and
the epigenetic regulation of muscle regeneration. 7rends Cell Biol., 19(6), 286-294,
20009.

McKinsey, T.A., Zhang, C.L., and Olson, E.N. Control of muscle development by
dueling HATs and HDACs. Curr. Opin. Genet., 11(5), 497-504, 2001.

Weber, M., Hellmann, 1., Stadler, M.B., Ramos, L., Paabo, S., Rebhan, M., and
Schubeler, D. Distribution, silencing potential and evolutionary impact of

promoter DNA methylation in the human genome. Nat. Genet., 39, 457-466,
2007.

Palacios, D., Summerbell, D., Rigby, P.W., and Boyes, J. Interplay between DNA
methylation and transcription factor availability: implications for developmental
activation of the mouse myogenin gene. Mol. Cell. Biol., 30(15), 3805-3815,
2010.

BRI, IRFFnSE, BLEANE N> K7 > 27,2006

Ikeda, K., Ito, A., Sato, M., Kanno, S., Kawabe, Y., and Kamihira, M. Effects of
heat stimulation and L-ascorbic acid 2-phosphate supplementation on myogenic
differentiation of artificial skeletal muscle tissue constructs. J. Tissue Eng. Regen.
Med., 11(5), 1322-1331, 2015.

Levenberg, S., Rouwkema, J., Macdonald, M., Garfein, E.S., Kohane, D.S.,
Darland, D.C., Marini, R., Blitterswijk, C.A., Mulligan, R.C., D’ Amore, P.A., and
Langer, R. Engineering vascularized skeletal muscle tissue. Nat. Biotechnol.,
23(7), 879-884, 2005.

Asano, T., Ishizua, T., and Yawo, H. Optically controlled contraction of
photosensitive skeletal muscle cells. Biotechnol. Bioeng. 109(1), 199-204, 2012.

92



A

B

AWREAIT I DTV | KIEARERD TR, JTHHfEZIBY . S 6l &k
D TR O R DR R, INWREFICSY. o T2 b DD E X FIZHONWT THUR
TZEWE LIEUNRZFPR B L gEbe b Ty B 1Bl Bz
SEHOBEERLET,

KX DOBFEIZHT-0D ., BRDOOMEETED ZHE2 B0 £ LN KT
Kbt TR Ebe b 1o SR NG 2 B, Bk Loy Tk 9% 2d%
% LAYl Dh= 5

AR EATHICHT-0 | KB RO ZHE, ZHhE2nWizl&EE L
TN R T IE e b2 TR AR ik 2 HEEdR (SO XD SR L LT =
j—o

EERAZHIBIZITZ 5 LD ICHICEE L CIHEWZIE Y T <, NEEZ2 5 1E T
H 74— LTV WU R F LM ZEpe b LFE e e (B Bh#
WZIT LR 0BGV LET,

TR DD I Lo TROF R Lo TND I EEFKLTEY |
WREEE DT 21T LE VEHT-LET, RS, RIFFEOA =L LT
SRl ) 22 TA T2 Ve BB IR, (LA BoAR, 4l M/ RT3 < st
W LET,

BB, S M &V 9 W RERARE 2 B0 DX 2 TIEWTZWEH K O &
e, HAREE, KADOT 2T OBNLEFEAL, 2O 2N Tz
) L TCRDMENTIZ D Z b0 FHATLE, 2 IS WL E
j—o

93



