O\ Tz —REDES

iPS RO ERFBIBHR SR D BIA

RO A7 B 27 A ek LRI A5 4 B 516 9 17 2 e o 3 [ F Sl

2 #i
Li LIU
L WMBED1DTH A, M2 B EIEETELnd,
1. [FULU®IC

SR COAE O BHE IR 3,000 5 A, ERIECHEEK
1Z# 890 H AT DI TH V), 2030 4F 121 Lo 12
LDMEEN46%EFTLEATLLHEESNTVED . £
7z, HARENIZBW T, OHEEZIZ LD LT 5 EES
ANEBEIEH80 AT, FEMFI8H AN L TWw b,
CNE T, BIEM % B LA BT LD R AT
ME—DHE R R IERETH - 7205, HARTIRED THELZ K
TR TH Y, F 7RIS 7 & ORI TR
AL 2 0HUE7% S v, DB E COMIELE L
T, A ABRIN T, A L0 X 5 EH D
TTHN T2 A, Btk BRGE R Mk 56 4L O M % 5
L ZTFER 520D, LS X AT D
0 &P BIEOAEORIREOHBNEHETH 5,

BN O EEAT1E 20 ~ 406E (T & U ML S A7 AE 5
%o LMHHZEICHA - 72K, BRI DL 10513 & o Lol
FaASBEIT % A%, B A DL B Gl RE T A3 & & 28
MOENTWD, Bz il EAEFic kb Tn(
EnH iR, B oREE X LITOEE LToOREEDME
TIrILehl), DAZRETSEDLZEICEIDY,

2. k h~ipsifemR Oz AL CBEER

Zae e (B0 WEYEZ stk Eeiilie) (SO 2 &
kA ZMIIC LT 2 2 EATRETH ), A E M

B
KR BT R IR YRR T 2
A

(75650871 KBUFMHEMILEE217 4+ =27 A& ¥
¥ —P3Mi511%)
Email. li-liu@surgl.med.osaka-u.ac.jp

2006 47 (2 B R = O ISR EIZ 254 © DGR % v
THRMINE 2 S N L etk GPSHING) OBZIZHT) L
TULK, iPSHINEIEZ o Mk FREEGE e & AT~ D7 LREI X
D, B, HAERE, WAOWEBHHOY —LE LTER S
NTW5 9, K, LI X 9 2 Bh6e Rl I
xf LT, iPS HS LM % FH v 72 A BRI O s A3k
IR I N TV D, HAERBIMEN T % 1PSHMld D% 4
PEREIZ S F TRE SN TV, E, BaelrmwiPS
M D IR BRI 7 VEBLE Y. S I, SRIEIR S BUG 2355\,
HLA (human leukocyte antigen) /> 71 % £ 7 ® & € iPSHl
NaRRABEICERR IIEH E T3 9

—77T, & MiPSHINIZ IR 2 O M o 53 La% 8 Ty
ERRANTHE SN TNDD o LM ORME & SE DR
LI ITFD L TV 225, DRI B O MK EAs
Ylip 728, Raproa A - il feat, Ol ki,
FCHIRLOBRZ:, FEAA ) A 7 ok, S inglzh R 2
EOR 4 I F YRR TH B,

3. DEFfiEZE BV ERIEE

e R D iPS Ml o kO AR D B AL, FIDOAE
OFFAEFRI AN 2 EHTEGT 2 5k (HRESE), @44k
HETOEMIIE % ¥ — MIRISHTE L, W2 A5 ) £
%5 il > — R &) o

OERESHEE, B 2 DI i 2 5 1E &
TR CIEBEH 5 A L TH B & M ZReEEHIIL
K HAINE & EHIES 35 2 & T, VoL ZE O R
WEICHI L2 DHEN DD LY LEDVS, ZOKE
TIIMEH T 2B % <, A L 7 MR 00 LA
PO 5, MITICO-> TEFITHA S D, Mllgod:
ERPDTPEN TH L, BHMEANERYTELET 2% 80

NTE# 51435 20224 173



MEFRM I N TV 59, BHEMLOESER LN L3¢
572002, ARV RS TR G35 kb s h
TWBH, HELWHYHEEALN TRV,

PAE, BRIV TN OB AR 2 TR S ® 7R ICEHT 5
HEFME SN TS, HMBOBAL D S RIEHIEO
HEERZIN L EEE 2 EAWEEE NIz, TS N7z B R
O THIEE LB ITH A L, BAER T ER$ICHE S
N5 ET, MBOEFENAELIZEZZONS, &5
I, BHEAROT A4 ZFHEM I D b RE W20, mli LI
CWwZ EdMESNL, ZoOEERZHNT, LAEET
WNEN B X OSKEIICREHE L C, proof of concept 255 5
MTW 510,10 AL R TS O RAEBRDEITHTH %,

@M > — bEE B FME T Spoly
(N-isopropylacrylamide, PIPAAm) 282 —5 1 ¥ 7 &7z
kR CER L2/ Y — P2 V2 HIETH 5,
37C OBEE T TII PIPAAM I BUKE D458 % F5 5, Ml &
BAETHIENTE D20, fifey — MRICH:E - ¥55
%o IMEEDME T3 % & PIPAAmMEHUKTEIC & 0, Milia % > —
MROF FCHIBE FUXTE 212, 20K ETIEIHBRAD
MY, HAE Y N BRI GS Y HeED
PEREAHERF SN TV 5720, BAEERICAIRNTOEE DS
ERT2EEZLNL, F72, HHBLOWE XD bk
RREEENEDO SN L0, 8T 754 VRIRFIMET S L
FRENL, 512, My — 2T, LFHEELRAL,
DHHRDOHINZER O A1, Ml 2 OmiRE ISR S L 2w
72, BRBAENRDTEA LIS L, EHEEL o TR
ETHLEEZLND,

Fx OWIGET — A TIE, BEB LG OFHT RO HIFM
faxHwTy— M ERERT 2HMEZREL, CAZDOBE
WCRHE L7z £ 5o BE CORRRIRE & B ok
FEOHE SN T VB, 20154E 11X B O LA LR
FIFHERFRS R [N — b ¥ — M@ (7 VE) OREIRTEAK
RAEPHFL, RERTSHG SNz, Lo L, HBITERw
W3ERIIE Y — S DEBRI BRI IRAY D 5o — 3RO FIEL
AABE I L TIIREBLE R RO 5NT V595, #i
HEALZ B ) WIS LA BRI LTI, HEEMEy — o
BRI TH 5o LFAEZEDIAC, ML L 2-/zo
b 0 I\ oL MRS 5 LEBH L, €T,
Tk, mMlE s — & ERARIS, IPSHIBICHIR L 720
Ml > — b OVERG O RBEAL 21T o 720 MER S N720H
M > — b % i MO e O /NBY - KRB E 7V ICHHE
L. proof of concept 234 5Ty % .15 20204E0 5 13§
MPEOFIE D BE Z 1R & L C frist in human O RIS
Bla S, T TABIOMRHAERZ ML, 36125 RAFIC

EELTWwE EHEsh, 1GEERLEIRPTHLH 19,
iPSILH 7 — b DRI X B DBEREGE D A = AL & LT
&, BRSO S NS4 b4 2K B IMERA
HEDINT 7T A VR, BRULE 2 L 7B 2SSO ®E
K FEII o 1A b, AL OB I & 2 0EE > 7
FEEEDHIAIE 2 5 b,

RRAIE AT 2 &, LERED I VEEET A L)
WD DO, FRICIRBLOHE OB S Tw
%o & FNDLEBEDELIZFL cm T, i OHEEHSE R PE
EHTHOVHEETH L. HENOBUNRSEZ Bl L C,
BALGHAMIIEAEEEZ D, 2 5IEAD 1 mmbh
LETHHTENET L. LAL, BEOLHMI Y — b
BiCidg vy aniEcdy, BEL 7T 7 M2 FRT
LT LIIHEETH L, —FHT, FAVME L EERHWTELE
b3 2 Hefli & Wis 2TV 228, Ok IR & 2 PR
AL, OHM MK, F7mE A mEE g, B
PED RV EN 7T, 1 mm U LOEARD B %R
AT 5 IR H 519 o BICHRIGH S hTws,
REWEDE R HRFEM TH HIME-7) o — VIR E
A1k (poly lactic-co-glycolic acid, PLGA) 13K [ £ i 25 3
J& (FDA) IZR8W S 7 AR PERE 38 i 20 Td %o PLGA
VBT 2 7 7 4 N — OVEREA L M7= T
M SNz TOPLGAF /7 7 43— k2 MiPSHilE
Hk. DML 2 s 5 &, Mifaid 2 7 7 4 N — O KM
WL, 5127 7 A NN—DJEICEHT 5 Z & DHER
SNz BLETF 2 7 7 A4 /8 —TRESE L 720k, o0
iR DR & B # S 5 B {5 T Td % TnT-2 (troponin T
2), a -actinin, MYL-2 (myosin light chain 2) DI&HZ, BA
WM~ — 4 —Cd % f -MHC (myosin heavy chain) ®
BHLFLL LA S EDRWENE ol

HEHINEZ L, ZoHM TrER S 72 1PS RO
AR IEEZ AT L L & DI, 0.2 mmPl EOJER % Ff
DLFHAMR Y — P OMEIIK L 72D e TH B, B
EHET L7720, HEROMIEY — b KL T, My
WRIE 2R, RO 8RR, SR, RAEE 2R L7ze E 72,
7 7 A N = DRI W R B B 2 A2 5 & & T, 1A
BRBEBEEZMBT AL TE, 612, fEoh/:
R EBRCEZ R 2, 7 7 A N—=0 IR T,
AN U, 408 e o ALAR DG T 1) 1 b iR S iz,
Nk, NE - KENY O IMLPECFREE 7 VA~BRLL 72
Rige, FHIHZORERBUGHERI R, Koo HIE RO LEER
MNDEE PR S Nz DIROBHECIREAmE L, A
PR & SHE SO 2 SRR S N hr o 72 (K1, [X2) 1920
LTI, SOEMICHEDE, S 5123 RITR; K E

174 N7 51435 20224F



BEEIF /=

TR LT R 3

(Aligned Fibers)

DR Z— IR P
Fw;r;; T T
B

A

o o

H1 BT 7 A 85— % 7O oS B X OH Rl

Topview TnT2

S0mm

BHu

EEERE

i i

Dayd ANFs Flat RNFs

(A) BirE 7 7 4 N—#3E (SEM), (B) Bk 7 7 A 23— THRESE L 72 DRk o BL i PR % (TnT24tn), (C) BmitE” 7 4 /N —THESE L
72O ALEE O 3 e (HEJett), (D) 3KIC « BP0 LR, (E~G) 3WJt - BLiPk O iR S ok (TEM), (H) Al
YRGS LR L T~ 7 AR ORI O T 45500, (D O & BIFRT 285 7383 L v o Ik (Day0 : OifIIa 5 L% & 07, ANFs :
3WIT - BEIAPERE S O ALk, Flat © fEROBEIEM TR L 722D - 5 ¥ ¥ 238 OFiil), RNFs @ 3WIC - 7 & ¥ A Ok

HE, hematoxylin-eosin; SEM, scanning electron microscope; TEM, transmission electron microscopy.

R LTI ITREZMA S Z LT, SHICHEDPDE
PRBE 22 MR O RS P 2 FEIR ST & /22D 20224E3 A
BUE, 841 mm OB 2 AAREOMSIEII L, Bk O
HE/NEIY € 7OV DA R & WGEE L 720

4. mwEIC

AT, OARHEEY HIYE Lo HAERBENZ £ &
W7z (FDo FRIICIE, NS EEE OMAIR BN B
IUTAFTIZED, EBEOOMO LSBT R 2
855 (B3)o mAMIITIE, HKE TS5 2 BRfE L 7w b
REALCALAR IS X 2 IO A SRR ILE O R% & HIE 3,

AR OFEFEIIHRE SN2 COLIk v,

X B
1) Heidenreich PA, Albert NM, Allen LA, et al; American
Heart Association Advocacy Coordinating Committee;
Council on Arteriosclerosis, Thrombosis and Vascular
Biology; Council on Cardiovascular Radiology and

Intervention; et al: Forecasting the impact of heart failure in
the United States: a policy statement from the American
Heart Association. Circ Heart Fail 6: 606-19, 2013

2) Vis A, Arfaee M, Khambati H, et al: The ongoing quest for
the first total artificial heart as destination therapy. Nat Rev
Cardiol 6, 2022

3) Nelson VL, Brunt KR: Cutting the molecular brakes to achieve
cardiac regeneration. Cell Death Differ 28: 1126-9, 2021

4) Kehat I, Kenyagin-Karsenti D, Snir M, et al: Human
embryonic stem cells can differentiate into myocytes with
structural and functional properties of cardiomyocytes. J
Clin Invest 108: 407-14, 2001

5) Takahashi K, Yamanaka S: Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast cultures
by defined factors. Cell 126: 663-76, 2006

6) Okita K, Yamakawa T, Matsumura Y, et al: An efficient
nonviral method to generate integration-free human-
induced pluripotent stem cells from cord blood and
peripheral blood cells. Stem Cells 31: 458-66, 2013

7) Zhang J, Wilson GF, Soerens AG, et al: Functional
cardiomyocytes derived from human induced pluripotent
stem cells. Circ Res 104: e30-41, 2009

8) Shiba Y, Gomibuchi T, Seto T, et al: Allogeneic
transplantation of iPS cell-derived cardiomyocytes

N LIg#r51%3 75  20224F 175



.~

200 pum

29I E S L JER

a-actinin DA

E <TnT a-actinin DAPI

ST R

| .

REFLSy MOGEBM)ET LS

<TmT CDA1 AF]

DEEHE (%) ©

c3BEs8823
,._{n...
—{I+
o
s

]

45 2 MBI (mm?)
E 82 2

&

GEEHE(%)

-1

3> kO=  MREEEE

K2 BIAYET 7 A 8= THEE L7202 T, OAS - KEMWE 7 VISR AL O AR VLR
(A~D) $EE AT v MUFHHISEEF L, (E~H)) 7 5 UIHESEE 70 OBANT %O ORI, BHMILOAAE SHELRE, mesE
IRIEH X O SO O e G © BEIAIPE 7 7 4 3 — CHESE L 72 30T - RLAIPE LA, 2> ba— b BRI T 7 4 N —0D k)

DAPI, 4',6-diamidino-2-phenylindole; MI, myocardial infarction.

regenerates primate hearts. Nature 538: 388-91, 2016
9) Funakoshi S, Fernandes I, Mastikhina O, et al: Generation

of mature compact ventricular cardiomyocytes from human
pluripotent stem cells. Nat Commun 12: 3155, 2021

10) Kawaguchi S, Soma Y, Nakajima K, et al: Intramyocardial
Transplantation of Human iPS Cell-Derived Cardiac
Spheroids Improves Cardiac Function in Heart Failure
Animals. JACC Basic Transl Sci 6: 239-54, 2021

11) Monsanto MM, Wang BJ, Ehrenberg ZR, et al: Enhancing
myocardial repair with CardioClusters. Nat Commun 11:
3955, 2020

12) Iseoka H, Miyagawa S, Fukushima S, et al: Pivotal Role of
Non-cardiomyocytes in Electromechanical and Therapeutic
Potential of Induced Pluripotent Stem Cell-Derived Engineered
Cardiac Tissue. Tissue Eng Part A 24: 287-300, 2018

13) Kainuma S, Miyagawa S, Toda K, et al: Long-term outcomes
of autologous skeletal myoblast cell-sheet transplantation
for end-stage ischemic cardiomyopathy. Mol Ther 29:
1425-38, 2021

14) Kawamura M, Miyagawa S, Fukushima S, et al: Enhanced

survival of transplanted human induced pluripotent stem
cell-derived cardiomyocytes by the combination of cell
sheets with the pedicled omental flap technique in a porcine
heart. Circulation 128: S87-94, 2013

15) Higuchi T, Miyagawa S, Pearson JT, et al: Functional and
Electrical Integration of Induced Pluripotent Stem Cell-
Derived Cardiomyocytes in a Myocardial Infarction Rat
Heart. Cell Transplant 24: 2479-89, 2015

16) Miyagawa S, Kainuma S, Kawamura T, et al. Transplantation
of iPSC-Derived Cardiomyocyte Patches for Ischemic
Cardiomyopathy. Cardiovascular Medicine (medRxiv.org),
2022

17) Querdel E, Reinsch M, Castro L, et al: Human Engineered
Heart Tissue Patches Remuscularize the Injured Heart in a
Dose-Dependent Manner. Circulation 143: 1991-2006,
2021

18) Matsuo T, Masumoto H, Tajima S, et al: Efficient long-term
survival of cell grafts after myocardial infarction with thick
viable cardiac tissue entirely from pluripotent stem cells. Sci
Rep 5: 16842, 2015

176 N7 51435 20224F



K1 BEHTES UMD LLK

AR NREN HME Y — M s
N AN T F— K71 — 2 —F
BRI HA 2747 e Hydrogel .
‘ Cell sheet Spoi’lgreoie » Aligned fiber
il ke H DM, iPS/ES HRO mibkAIN - #AEfbiile - MZEReME 2 &
e e P A - - - + 23 + 19).20)
ECM - + + + +
wRME +9 No report + 14,15 No report + 19
T A 35 % ) 1 10),11) 11 1 18).23) T 1 1920
BRBAIENR D5 E 19 1 101D ) — 1829 — 19),20)
SNELY 19 T 1 15 T 18),20) 1 19).21)
B ) 1 10),11) 11 1 23).25) 1 20
* +
BRI R
< CZ?;(:)ISO gl?e?e— Not yet - hES-cardiac Not yet
b y hiPS-CMs!16) progenitors y
derived 26)
cells CDC? cell

CDC, cardiosphere-derived cell; ECM, extracellular matrix; ES, embryonic stem; iPS, induced pluripotent stem.

2
& Ll

EEMORMEBRMEL =30 - EROHEROMEE

I¥MFE
<fuunn :ﬁ,%r_:f

X3 Rk APl 2 Bl L 7 s bae b Ok O 2 HaE

iPSC, induced pluripotent stem cell.

19) Li J, Minami I, Shiozaki M, et al: Human Pluripotent Stem
Cell-Derived Cardiac Tissue-like Constructs for Repairing
the Infarcted Myocardium. Stem Cell Reports 9: 1546-59,
2017

20) Suzuki K, Miyagawa S, Liu L, et al: Therapeutic efficacy of
large aligned cardiac tissue derived from induced
pluripotent stem cell in a porcine ischemic cardiomyopathy
model. ] Heart Lung Transplant 40: 767-77, 2021

21) Nakazato T, Kawamura T, Uemura T, et al: Engineered
three-dimensional cardiac tissues maturing in a rotating
wall vessel bioreactor remodel diseased hearts in rats with
myocardial infarction. Stem Cell Reports 17: 1170-82, 2022

22) Makkar RR, Smith RR, Cheng K, et al: Intracoronary
cardiosphere-derived cells for heart regeneration after
myocardial infarction (CADUCEUS): a prospective,
randomised phase 1 trial. Lancet 379: 895-904, 2012

23) Weinberger F, Breckwoldt K, Pecha S, et al: Cardiac repair
in guinea pigs with human engineered heart tissue from
induced pluripotent stem cells. Sci Transl Med 8: 363ra148,
2016

24) Bellamy V, Vanneaux V, Bel A, et al: Long-term functional
benefits of human embryonic stem cell-derived cardiac
progenitors embedded into a fibrin scaffold. J] Heart Lung
Transplant 34: 1198-207, 2015

25) Menasché P, Vanneaux V, Fabreguettes JR, et al: Towards a
clinical use of human embryonic stem cell-derived cardiac
progenitors: a translational experience. Eur Heart J 36:
743-50, 2015

26) Menasché P, Vanneaux V, Hagege A, et al: Human
embryonic stem cell-derived cardiac progenitors for severe
heart failure treatment: first clinical case report. Eur Heart
J36:2011-7, 2015

N LIg#r51%3 75  20224F 177



