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Since induced pluripotent stem (iPS) cells have been generated in 2007 from human somatic cells, many stud-
ies of disease-specific iPS cells have been reported. Because disease-specific iPS cells can recapitulate disease
phenotypes, they are expected to be a novel research tool for in vitro disease modeling to dissect pathogenesis
and assist in drug discovery. In terms of cardiovascular diseases, most of the iPS cells have been generated from
the patients with inherited arrhythmias or cardiomyopathy. There have been few reports of human iPS cells
established from the patients with congenital heart diseases composed of abnormal structures. Most congenital
heart diseases are considered to be caused by combinatorial repression of transcription factors and/or impaired
epigenetic regulation. Recently, we successfully generated iPS cells from the patients with hypoplastic left heart
syndrome (HLHS). We showed that these HLHS-specific iPS cells recapitulated pathogenesis and worked as in
vitro disease models for investigating the function of transcription factors during the course of cardiac lineage
specification. In this review, we provide an overview of cardiac disease-specific iPS cells and discuss possible
uses for dissecting the underlying mechanisms of congenital heart diseases.

2007 fElc bt P AT ZHEM# (induced pluripotent stem: iPS) HIFEDITICBEN U TLLK, JRERRRN
iPS MR DIIZE D BN T E 2. FREEFASEFEZ in vitro THEIT X 2 SRR iPS Mk, #ifz
IRPEBRETIVE UTREMIALAEED T2 ORI MR S N 5. BEREM iPS Mifld OEERE T IV
ELTEEBHMN I ENTERD, ThX TR EICEBEEOREIRMEED OTED B ENTED,

SREFLH 211 5 S RIE RN B IEBhI SN T T b o e Jiff, FAL A MEIERGEER (hypoplas-
tic left heart syndrome: HLHS) HIROEEEFFEMY iPS MIMROBNIIC I L. BIEFRFEOHEST,
BARFRBEOE TP Y 237 ¢ v VHIHOFRE R E, 2RORFHEMICEEGT2EeEIO6ND
FeRVEOREDIRIERIHIC S, FRERFEM iPS MRS EH TH B ATREIEN D 5. AFRFITIE, FRER
19 iPS Ml IV T OIRERE 7OV OREREZ A L, K72 EERA iPS MIfEIC & 2 Je R DIRAE
fERIN D THREME 2 M 9 % .
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IFC&IC

FRBNFRN IPS HFAIC K BEREET IV

2006 FIC FERR A D IIHFHIREEZIC X DT AN
T.ZHEM# (induced pluripotent stem: iPS) Hlifdd
BRI REEENY, #2007 I & LT R
Thomson HIC XK D ZNZFH e iPS I S 1
ViV | RN A s b (U R
S WHNARAMC R O, Him LI XTOe M S L4
PEHIEZ NI TED T & binoiz. LK, REDNK
LEFEOBREN SR Ule THERERRN iPS HIfl) ©
MR fThbN s X Ik o Tz, FEEREMN iPS g
¥, b bOJREFAAIEZ in vitro THIIT 2 &H
TE S8, HilzapETTIVE U TRREMIAS> AR
ANOFAMARFE N TS, BEEEREEM iPS AL,
TERERAMREREEE D S BN ST SN TE 2D, X
G & 75 o Te O FISEETE O AR RSO AAE IS
EENTED * Y, BN SEDRIEE, HO0
i DICRESLH 2 11 5 e R IR RE D B IERHTL E N
TZhhholz. LhL, HEIETEENEKNE XS
WEE M2 W R DREORRREMRIAIC 2 7, Fe4H
FRIC T B 59 1Tl 722 Rl RE A L it © X 2 I iBRR
B iPS Ml A CTH A ATREMEN D D, MBI N
BHTOB O L B EMIERGERRE (hypoplastic
left heart syndrome: HLHS) D#EEREERY iPS Ao
BINTISIKIIU, 7 OISEEFER T Ot 21T - 72 7.
AKRETIE, TNE TOLERICET HEERRMY
iPS MR DFZE & DM FE A= 0 5 KM DR R D 73l i
PRS2 R U, SR MO R H R DS ER R Y 1PS A
faoa ftkz et Lz,

Table 1 Disease-specific iPS cells model heart diseases

DR T OPER N iPS filald, ChFXTHITHE
ORI LIRS DTS TE R Y.
BRix, JoRME QT EEEWRE:, 7737 V6%
FEVEZ TR O, EABLOEE, JERALOAIE,
FERIEE A =0 H5E, LEOPARD JiE R, Pompe
i, Friedreich JKFHIEN ST 5N % (Table 1.

SERME QT AERIEMEREIE, 60~70% D ZRFR T
ML A 7 > F % 3 b0 Ml e B i S B U 72
B FREZROTBOEEDFERE ENTVBH,
P& SRR SL Y iPS i iE 1, Romano-Ward JiE & #F D 5
5 LQTL, 2, 3, 8 DIEHE XD EN TS, LQTL &
6 M EEM K" F + % J)U% 32— K9 % potassium chan-
nel, voltage gated KQT-like subfamily Q, member 1
(KCNQD), LQT2 BRI K F v x)bZa— R
9°% potassium channel, voltage gated eag related sub-
family H, member 2 (KCNH2), LQT3 (3 & (i {17
Pk Na™F v % )L% 32— R$ % sodium channel, voltage
gated, type V alpha subunit (SCN5A), LQT8 (Timothy
SEMERD) FEBOAKATE LA C T F v 3V O— R T
% calcium channel, voltage-dependent, L type, alpha
1C subunit (CACNAIC) DEEMNHELTHD, %
NZNOBURFEARZRFDREMN S iPS M3 R T X
N, BRSO SRR G & 2 S OFESE -
YEERLTWS Y. 7735 I VBERIEZEILD
% # #1 (catecholaminergic polymorphic ventricular
tachycardia: CPVT) (ZEFPHEIA F L RAICE D QRS
FAEDDES 4 U2 BT OHMIIETO Ca*"
FETEMORE DK EEZONTED, ZRER
FICKOHRMDBHENT VS, SREREL iPS Ml

Disease Subtype Gene mutation
Long QT syndrome (LQTS) LQT1 KCNQ1
LQT2 KCNH2
LQT3 SCNbBA
LQT8 (Timothy syndrome) CACNA1C
Catecholaminergic polymorphic ventricular CPVT1 RYR2
tachycardia (CPVT) CPVT2 CASQ2
Dilated cardiomyopathy (DCM) TNNT2
LMNA
DES
Hypertrophic cardiomyopathy (HCM) MYH7
Arrhythmogenenic right ventricular dysplasia (ARVD) PKP2
LEOPARD syndrome PTPN11
Pompe disease GAA
Friedreich’s ataxia Frataxin
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ryanodine receptor 2 (RYR2) DZEAFKD CPVT1
& calsequestrin 2 (cardiac muscle) (CASQ2) @ %
FEMFKO CPVT2 BENSBIENTED, WIn
0 iPS HARDAIMIAE S 3 > - 11— )L iPS HR Ll
IKHR L, 1735 X VRIIC K % EIE RNz 7R
U7z B9, $EIERLOREIC DUV T, actin, alpha,
cardiac muscle 1 (ACTC1), desmin (DES), lamin
A/C (LMNA), sarcoglycan, delta (SGCD), myo-
sin, heavy chain 7, cardiac muscle, beta (MYH7),
troponin T type 2 (cardiac) (TNNT2), tropomyosin
1 (alpha) (TPMD) OB FREMNEELEZD S
BT EMNHBNTV R, FBKRRNPS M,
TNNT2, LMNA, DESZREHNSZNENMILE
NTHL, MEEFEENTOAMIIEAEE R & FhE
EHERD Y, EARLOEEE, MYH7 2 L
® & U7z 16 FEHLL EOEARF 0 900 L, FOZ R
MIREG SN TV B, FRERFFTPS Allfdid MYH7
ZRBHXOBNIINTED, BREFEHE Ca® ik
REORMERR U Y. IR RO, A
ANHOHR O OZN, TEiRME et ic iy, &
FBOILRPUNHAE, HEEROLEEARRZ 29
5. TAEY—LEHAOD plakophilin-2 (PKP2) i
LFRENZ {, BRI iPS #ifla & PKP2 DZ5R
BHEPOEhIINTED, OFMIlORIHZEE Ca®"
il #L 72 3R b 72 2 2V, LEOPARD JE I B i 314l
RN > 5 IVAEERE S T &% % RAS/MAPK D K1 77
T & % protein tyrosine phosphatase, non-receptor
type 11 (PTPN11), Raf-1 proto-oncogene, serine/
threonine kinase (RAF1), soc-2 suppressor of clear
homolog (SHOC2) HHIC X2, KM iPS H
fald PTPN11 225 DB E NSRBI, ENTH O, Ml
K ORERRLOIHE DRI 2R LTz ™. Z0Ofhic
&, Pompe Ji§, Friedreich ZKaRESF DB D B FEH
FESUT iPS MBI S T 2 2. codkSig,
TRERER I Tl FISEIZMEARR & KR OAED D

PR S iPS HIlUIZRNZ T N TR D, MldOME S
TP ERAUERP 2L DY in vitro THEIEEN TV 3.

FXRMECRBEDRERKF

WA, DR TS B G A TR 2 AR E &
N, ZOREBBEHSMCENDDH 2 . Dk
RS T D2 B0 B EH A (R R oD B R Ve R M
DERZIERILS B EEHATNTNS .
UL LGEMS, BGTEAREENRSSSKIEM D FHED A 5
WEHBRTERZEIE LS 2DICHL, ODF
DIERERH 215 e R RRIE, KB SN T
H 0BG ERDB AR T AL, EBIRII, D
EFEANC B B IR LTI Y 227 1 v 7l
HWMAMEHENTWS., TV 2270w ZHlIEEE 1,
DNA OIFFECH 2L 72 I B R R B SO la %
BROZ ezt -5 MO L THH, TOR
HHEREE BbNZ0ABLREEN TS 7,
CTOEXIIT, FRMEOEEIZZE ORI D EHE IR
BoTEREINTVSAEEENSHZ L EZ BNS.

BERFHORE EAXMOKRE

DEFEAE B RRIC 38U 2 70 T il TR RS L R LS R e
TN, ZORFICEBIEFET T LIEDIEK
BELMEETNTVE P, DEREICEZHOES
WP REDERBEMNICHF L TIEH L TWa., £HED
E LT, "ALXRY 7 A ERTH % NKX2-5,
Zn 7 4 ¥ =R E K F- 0 GAT A4, T-Rv 7 A%
LG HF O TBXs EHRF5N%. chbRERK
ZIERR L, T OEE IR & i U OO ez i
W 5. FELEERICEE R —XROMEEK T
NKX2-5, HAND1 A%, £D0%E « iR OEF & 75 %
TRODMEEI O TE I 1 ISL1, HAND2 WEZE & X
NTV5. TNH.ORIESRTFHOBIE AR SHE
DIEDFEER N #5 [ T EAMREINTED,
FERMOERLEN S BTN T2 (Table 2).

Table 2 Cardiac transcription factors from the patients with congenital heart diseases

Transcription factor Congenital heart disease References
NKX2-5 ASD, VSD, Ebstein’s anomaly, TOF, atrioventricular block 30, 31)
GATA4 ASD, TOF, pulmonary valve stenosis 32, 33)
TBX1 TOF, IAA, truncus arteriosus 34, 35)
TBX5 ASD, VSD, conduction disorder, Holt-Oram syndrome 29)
TBX20 ASD, VSD 36)
NOTCH1 VSD, TOF, MA, DORYV, bicuspid aortic valve, HLHS 37)
HAND1 VSD, TOF 38, 39)

ASD, atrial septal defect; VSD, ventricular septal defect; TOF, tetralogy of fallot; IAA, interruption of aortic arch; MA, mitral atre-
sia; DORV, double-outlet right ventricle; HLHS, hypoplastic left heart syndrome.

BRNRBRSBFEME £31E F45



141

TBX5 (& Holt-Oram Ji R B O R KEE T & L TH
EEINTHD, LEPRXRE (ASD), DEHEX
fH (VSD), {ZEpEES k79 ¥, NKX2-5 D%
B ASD, VSD, T/ A& A VAT 7 0 —Puiy
JE (TOF), BEI 1y 7 HHEE, £ DO RMO0E
BTRHOLNTVS Y, GATA4 13 NKX2-5 & it
FLUTIEHAT 2EEINT7THD, GATAAdDERE
ASD, TOF, [#IfRFAIEASE D EED KM DESR
LOEEERENTVS %, TBXI 13 TOF, #
BIIREE, KBRS EEWTIES 2 % 72 9 DiGeorge i (%
BECARZRD TS 3 TBX20 DZFIE ASD,
VSD, DLERADIEKIEE DG ERME N TV
% . NOTCHI i3 KBk O KEE & & h
THD, 7= NOTCH1 DA (X VSD, TOF, f#iH
FREASEAE, WiKIME S BkiGAE, HLHS RE%TH
HHHNTVS Y. HAND1 DZHEiZ VSD, TOF %%
SRBD TS B Zofuct, EED DIRE T

G DR R RERE D SEE SN T
%. UL, EBIIKRE OEHMFENETH D E
EFRHELEDTEST, DBOREREZMH 5 TR
TEOREDFIRNBRIEICHEE TN TOERDODBLIRT
H%.

TEI T 1 v 7RIS S EXEOERSR

EREDHREERICENT, BbFEHENTWS
IEIxxT v ZHlEE, FICDNA AF UL, &
A b EffEE, FLCraxRF Y - UETY VIH
BIRIC KB EMICOEEI NG, N5 ORI,
HO S FEHR G K 1 & 1gall L C DNA OESIZ b7z £
95 T e EIETORMEZHFT L, BEERICE TS
HMIfOXRBFROPES, SHMIOMFHCTF G LT
. LIz 3T 4w 7S OEESICEKRE
HLTWAZEDNHLMIENDDHD, 7 RAKIC
KBEBRTIE, TN EY T 0w ZHHOR

Table 3 Heart anomaly caused by histone modifying enzymes

Type Enzyme Modification Anomaly References
Class | HDAC Hdac1, 2 Both Hdac1 and Hdac2 deletion Dilated cardiomyopathy, atthythmia 40)
in the myocardium
Class Il HDAC Hdacbh, 9 Both Hdach and Hdac9 deletion VSD 41)
in germline
Hdac7 Deletion in germline in mice Vascular abnormality 42)
Silenced in the endothelium Altered endothelial morphology, mi- 43)
gration and structure
Class Il HDAC Sirt1 Germline deletion ASD, VSD, abnormal atrioventricular 44)
valves
HAT p300 Mutation which erases HAT activ- ASD, VSD 45)
ity
Histone demethylase  Jumoniji Germline deletion DORYV, hypertrabeculation 46)
HMT Smyd1 Germline deletion Ventricular hypoplasia 47)
Whsc1 Germline deletion ASD, VSD 48)
Table 4 Heart anomaly related to The ATP-dependent chromatin-remodeling complexes
Type Enzyme Modification Anomaly References
SWI/SNF Brg1 Deletion in the endocardium Loss of cardiac jelly leading hypotra- 52)
beculation
Deletion in the myocardium VSD 53)
Deletion in the secondary heart Hypoplastic outflow tract and right 53)
field ventricle
Mutaion in endothelium in mice Abnormal vascular remodeling in yolk 50)
sac
Deletion in smooth muscle cells Persistent ductus arteriosus (PDA) 51)
in mice
Baf60c Knockdown in mouse embryo Impaired secondary heart field forma- 54)
tion
Baf180 Germline deletion Hypoplastic ventricle, VSD, coronary 55, 56)

vessel defects
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WK B OFEDOFREDEREIN TS (Table 3, 4).

1. EXMVEHBERORE

LA L UiE, AFUE, TeFIUE, U Uk, o
CFF Mz 2T5 T hH6NTED, ZNH0(k
EMNC X D BIRFREOZB(EEN L 53N S. C
NoDOEEGIEHTIT v A b EMFEE LT,
LARNYAFIVERT VAT 2 T5—¥ (HMT), bR
FUBRAFIALEEZE, CA R TRFIVET AT o
Z—+¥ (HAD), b X U7 T )ULEEE (HDAC)
HENHENTVDS., IUARRFEO-ELILIE, T
DOEFEHF L OFTERELDOEEGIHRETNATY
% (Table 3). Class I HDAC IC %7 8 & 1 % Hdacl
& Hdac2 VDN TIRIFFIC R I09 2% & R EE R4
SERLODAEZ 5 [ ZHE 2 9 Y. Class 11 HDAC T %
Hdac5 & Hdac9 WEIRFCRIT % &, VSD 0D
JEfL R =T 3 Y. F 7 Hdac7 O RUNZ M
PRE 2R L, NEGIIE T O Hdac7 FEBIHE A,
I D T AE R EME LIRS 2 59 % %Y. Class
III HDAC T& % Sirtl h/k4:9 % &, ASD, VSD,
FRORESE KIS Y, 7RI I ULBEESRET
B9 % p300 EAin FMWZAR U HAT 2L S &,
ASD, VSD, wMEHmARERKT ™. LAk
VIR FIULEEZEZTERLS S Jarid2/Jumonji VRS
%L, WRIMEA S RGO OERAMIE K Z G | &
FT 9. HMT 2 DWW T3, Smydl HRET S &,
DEEEKZTEHE T LY, Wolf-Hirschhorn syn-
drome candidate (WHSC1) &1z T D %5 & Wolf-
Hirschhorn JiE &t & B L CTH O, ASD, VSD %
Ko 4P, ASD, VSD, KENRHHEAS S 0.0 K AL 5
WaGHT 5T & H % Kabuki FEMREEEH D 51,
HMT ICB 53 % MLL2 DZ R HERE N TS ¥
(Table 3).

2. vOFV - UETIVIEGHDRE
ravFy - VETY VY TEEKRE, ik ED
ATPase %" 7' L. = v b 7% {5 21 SWI/SNF, ISWI,
CHD, INOS80 E&1hD 4 DDV T 7 7 ) —IZ/
ENb. SWI/SNF EEIKRD a7 K+ Th 5 Brgl I3,
WM T RIS B & yolk sac DML %2 K
U, PN O Brgl HRKT B L, BIIRE
BfEEG &R I ENHB Y. Fi, Brgl FHHED
DNETHAT % &, Adamtsl #E {5 T DOHIEN T
FOIEE Y — Dk L WRBRARZ KL 2, DL
CRET S E VSD KT . & 5IC DIEGHE
oL EE RN TRET 2 L, GE A=
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OB ASZET25T %Y. BAF HEKA 2V R—D
Baf60c # 01— R 9§ %8 {nTTdb % Smarcd3 D/ v 7
R <7 AT, outflow tract DELH &£ 5 BLLE
mHRIZTE, DGR 2% Y, 7 U< BAF
EEKRA D IN—0 Baf180 R~ T A TlE, i
DIERALE ™, DEEFHS VSD # 5| & g
(Table 4).

3. IEYVIRTav I EHEORFRENGEERTF
i)

Ak L7c e A b VEfigEE> /7 uxF > - UET
U JEEROHICIE, GOl RAVEE G T & E
MHEEHT 28D H%. Brgl (& Serum response
factor (SRF) O co-activator T % Myocardin-relat-
ed transcription factor A (MRTFA) EHHEAMERT %
C & TG T ORBZHIEL >, 7z Nkx2-
5, Tbx5, Tbx20 & A RMKIFIEICHIEIEM T 2 Y.
Hdac2 i& Hop &1#[F L T Gatad OFRE G2 4] 4
ZOITx L%, p300 1 Gatad D7 X F UL Z{EES
% T & T Gatad O DNA 5 & 1 & 2G5 1% m &
% 0. Jarid2 i3 OMETO Notchl & Z D FfOEES
K7 TH% Nrgl OFBEZMHIT 2 V. KU a—L40
T A1k 1 D—HTH% Rae28 1&, Nkx2.5 DFEBUC
RATHD P, F7- Whsel & F 7 Nkx2.5 & ffildl L
DIEFEZFIET 2 Y. cNSFITT T RARBROM
RS, DEFEABRICET 2T 227 1 v il
HOMEGND LT DHLMCENDDH D, KIEHE
BILEY 22T 4w ZHIENOEFREREICBS LT
WA ATREHEAVREE N TV .

HLHS ek BT iPS MRS DR

TOEIIC, HRMRERIIY 22T v 7T
VI RT 4 7 OBERDEHEICHE ARG o TR AR
FrRLS>TWAAREENDS. TN A, BICH—
WETE /v 77U RT3 ETERT 27 VE)
TRERMEMVEROEREET IVE LTERAT 2R T
EMZ L, e RMDR B OREMIAHE X RV E K
RO TS, FEEREEMPS fifZicDOVWTE, H—
I FZERDER L IZWV AR, D OOE ORISR
WaRLES e RMEEN SIS SN T Ao .
LA L, iPSHIFUI/MEAE X ¥ 5 C & THRAMEZY
in vitro THINT % C EMNTE, JRERILBHTOY
THITEERE 2 1223 % T L DS ATRE & 75 %, PRERREE
iPS Ml D/ LiAEL B 2 Z NI fRiTd %5 T & T,
MR REF E RS 2 H ORISR LT, ZODkHE
fRIAICIEZ T M TEZHEEND S (Fig. 1.
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@
‘ I
' Differentiation
|l

Disease-specific recapitulate cardiogenesis Cardiomyocytes
iPS cells

Reprogramming .
I Investigation of

molecular mechanism

Reset to
undifferentiated state

|5 Dissecting pathogenesis
New therapy

0 Epigenetic memory
o (may disappear by repeated passages)

Somatic cells

(Reduced gene expression: )
NKX2-5, HAND1/2,
NOTCH1, HEY1/2, TBX2

NKX2-5 histone:
H3K4me2 | ,acH3 |,

\_ H3K4me3 1 Y,

No differences of
gene expression and
histone modification

compared with BV-derived
iPS cells

' )
‘ Differentiation

HLHS-derived iPS cells HLHS-derived
cardiomyocytes

Reprogramming

HLHS-derived CPCs

Fig. 1 Disease-specific iPS cells as /in vitro models of congenital heart diseases

(A) Somatic cells from patients were initially reprogrammed to undifferentiated cells that have not yet acquired the full
disease phenotype. Generated disease-specific iPS cells could give rise to cardiomyocytes to recapitulate the disease
phenotype. Investigation of the molecular insights during differentiation might dissect the developmental pathogene-
sis of congenital heart diseases. (B) Gene expression and histone modification were comparable between HLHS- and
biventricle (BV) heart-derived iPS cells. Upon differentiation, HLHS-iPS-derived cardiomyocytes exhibited combinatorial
transcriptional repression and altered histone modification of NKX2-5 compared with those from BV-iPS-derived cardio-
myocytes.
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413 HLHS (B A 5 5 R EL Y 1PS Al i 722 6f 37
Ui 729 % T & 7Zzik 7z, HLHS 35 O i gk
RFEFHFED 5, ONEATEHIE (CPCs) Z K58 HE L
TR R iPS M Z 02 U, O (b af g i
ICBT BT EMF L ?. £, EERT-
PCR T UM RF 22 A i 5. R THE D FE B 72 R IRE AN L A
L7z, 9% &, HLHS-iPS Ml H kO ffbeix, —
D (BV) DHskay bo— Ui kgL, —=X
SO i TR D T BRAC 67 C 3 % NKX2-5, HANDI,
HAND2, 2 AR & MIMERIEK, 7HEERR
Z L CHIBRICE H# % NOTCH1, HEY1, HEY2,
TBX2 D8 EAMNEZEHICHITI ENT VS T LA
EMCiE>Tz. TNHOBERFDS B, NKX2-5,
HANDI1, NOTCH1IZ DWW TEHlICHET LIz & T A,
BEMEOVTNICE B AT AL, 72 HLHS
Hi€ iPS #ifla & CPCs OO RN 7 1 £ — 2 — 5
DOFEF T, HLHS R NE T & BV fHRMIEIC
2 L, Serum response element, TNNT2, NPPA ®
TOE—Z—1EEAEFHICEK L TE D, NKX2-5,
HANDI1, NOTCH1 Q¥ AN 7 10— &2 —{FHEDk
FICHEG LTV, 51T, Z7ax T Uik
72 W T iPS fllAd, CPCs, iPS A B R OVl fg i
DWT, HLHS i3k & BV ik a > s a— Lifild o
NKX2-5 70t —2—fHD b X b A&zt Uiz
& T A, iPSHIlEE CPCs Tldb A b EfiIC A =%
D EN > T2E DD, iPS HIMHROFHHIIIC B
TiZ, BV HkIC i U HLHS HkOMid T NKX2-5
7'H1E— X —7HIK0D dimethylated histone H3-lysine 4
(H3K4me2) & acetylated histone H3 (acH3) D1
T & trimethylated histone H3-lysine 27 (H3K27me3)
D ERZEREDI-. DX, FEEEEM iPS MlEoD
LA EEFE 2 ET L 7e kS R 5, HLHS O JRRETE
A1 1d NKX2-5, HAND1, NOTCHI & 2 E D5
R ThHo, £l R b UEHIORTEICK S NKX2-5
OEEIEMEK FHB S LTV 2 aTREED R E Nz,
Jiang 5 &, HLHS £ K O R FLAY iPS Al o 72 £t
ST UMK L72 ©. s L Cis S = Bt o ifkE
i, HLHS HikD & DO Tcld b MRtk (ES) Hifg
oy hbua—)biPS Ml kD & DI LR LAMLT
HEEE DI NE ONEh o fo. DLk EE R
IZ 51 % % & RT-PCR Tl&, HLHS H % iPS #ifd 1
vk ESHl@E a2 ba—)biPS MIfaIc i L, Ol
FEEMHR G 1~ Td % MESP1 LDk & > 787 D
TNNT2 O _EARWNEHICHIfIE N, X7z GAT A4 W2
NTERTZT xR LUK %7 HLHS-PS H3%.0
A CIE A 7 = V8 R TV LRE O B

BRNRBRSBFEME £31E F45

TR, VTV LT E—OEELRBEE NI

FXRECRBHARICETS
REREN iPS MRDEE

TN TIRERAR T O B AF SR iPS ML, H—
BIGTEEDEIA & 75 2 B R EEAROFAE I DA
BERENOHENIENTEE. TIN50 IPS Hillh 5
MEFE L TR S NI, BRUEEA R
Ul ORISR B 2 R9 T LICRIN L, KIERET
FICIED 5B EZ 5N, UL UAERMIDREIC
DNTIE, ZORERDPHS M TR L, iPSHIfgIC X
BIREBETIVOERIEREETH 2 EEZONTE .
112, iPSHIfaZIZ U & LIS HerSE T, 2
LiFE T % C & TRAEMEZ in vitro THIRT 5T &
MTED128, MRS THIEESZ eI 5 &
MJREL 72 % . Ko THEREEAY iPS Ml Tld, ke
FEARIC 35T 2 771 HITEREAS 72 AR A DAY IC
fRITS 2T e TE B0, LEONTHEHEICES
LTW5 T ENFIIE NS SR DIREORIEFE LR
FFOMRINCIX, HGHATHZHEMNHS. L LD
5, iPSHllflaz e R MO EEOBEEBET IV E U THH
TBIKE, WONEEIANEELHS. £9, K
PR RIS AN IR OISR ME OISR E TH D,
H—filefEORE Tl s & Ths. iPS
HIRaZ2 O o EaAE U T 5 M A I OFiAiie T &
O, DIMEAE L TE D NI ORI 2 3 OETHT
&, DRI OREIE 2R D B I DW T D IERER R
BEMRIIEHE L WEE X BND. 7272, EEFEsN
FAE & o TR O M ERAE S OFFH L TR
TP DV THERFHNIC RIS 2 2 & T, KO K
DEWHFENTE SN D 5. KiC, T =%
TAVTAEY—ICEETZ0ENDHD. TEI 2 x
T4 w7 AEY —LiF, DNA HRES LS OAHITE
DOYEEM, K% O iPS Ml &2 AN s LD
iPSHIRUICHFE DMHETH D, FIC DNA X F)U{kb%x
FLOELZEDTHB. Chuck b, 7Lz iPSHI
Rl B8 L7zBNIC, & & ORIfafic b L9
< Z OO ML L DSV WS R E R -
TV, Ko T, BEIEFERDNOEL FHRERDOZ
kLYY 22T 1 v ZHIEREHEOZ L ZHK E L S
LIEBOLHICIE, ZTOMAICEEZET . Ly
L, I LxT 07 AEY—FiPS Mz R
LT B L THAT B LI WIEE S &,
W7 A D TRICK D WRT X 2 AHEND D 5.
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iPS HIfEI M FER I NTLUR, HLWEERETIVEL
TIRBFFRM iPS HfETEHE NS X9 Ick>7. L
WU, TEBRARTHIE T OB R AT iPS M3 T IE R
PEAEENR & SR ORE & W o Tz B85 A B D E
WEEBEENSBIEN, FEREFVEENTE
D, DIEORBE L 218 2 Je R DERED S ITHTE
NTT ol BE, OISR FRDRE SN

Dl FEAE D 7 FHIEBERE D 2B ICHH S e T DD
H3P. ThICED, FRMOLFEBICHE LB
TEERPOABEEANONE ES5ICE-72%. L
MUEND, RIEREDZ S BIFETHD, Z
DIFERIFHIRRIIRE DAL, & IO DS
RNTFORBFEEERPIEY 2 27 ¢ v 7 HlHEAEO B
RE, BRMEMITIEAE > TREDMEREN TN S
AEEMEN S 2. COX S BEAICE, AR in
vitro THIHT % T L DT X %R EFFEMN iPS Mg
HHTH AN DS, 72721, PR iPS Hl
falcid, EEOMIAREDTEIC 59 2 28 B 2 H O
BEFRIAICIZSRAD S B T &, F 7z iPS HIFG DT Y
VIxT A v I RAEY)—DRENH B LN D, KR
PR DIREBET IV E T BIIEE 5D Ma D
TH%. LhL, BETIVOIERDREETH > 7
KM CIREOFRREMIAC, FEEREEM iPS MlEH 7z
Kl £ - D TATHEMED D D, SHROFFFEH RIS
TN 5.

5| RSk

1) Takahashi K, Yamanaka S: Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast cultures
by defined factors. Cell 2006; 126: 663-676

2) Takahashi K, Tanabe K, Ohnuki M, et al: Induction of
pluripotent stem cells from adult human fibroblasts by
defined factors. Cell 2007; 131: 861-872

3) Yu]J, Vodyanik MA, Smuga-Otto K, et al: Induced plurip-
otent stem cell lines derived from human somatic cells.
Science 2007; 318: 1917-1920

4) Sallam K, Kodo K, Wu JC: Modeling inherited cardiac
disorders. Circ ] 2014; 78: 784-794

5) Zanella F Lyon RC, Sheikh F: Modeling heart disease in
a dish: From somatic cells to disease-relevant cardiomyo-
cytes. Trends Cardiovasc Med 2014; 24: 32-44

6) Jiang Y, Habibollah S, Tilgner K, et al: An induced plurip-
otent stem cell model of hypoplastic left heart syndrome
(HLHS) reveals multiple expression and functional dif-
ferences in HLHS-derived cardiac myocytes. Stem Cells
Transl Med 2014; 3: 416-423

7) Kobayashi J, Yoshida M, Tarui S, et al: Directed differen-
tiation of patient-specific induced pluripotent stem cells

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

identifies the transcriptional repression and epigenetic
modification of NKX2-5, HANDI1, and NOTCHI1 in
hypoplastic left heart syndrome. PLoS ONE 2014; 9:
€102796

Itzhaki I, Maizels L, Huber I, et al: Modelling the long QT
syndrome with induced pluripotent stem cells. Nature
2011; 471: 225-229

Matsa E, Rajamohan D, Dick E, et al: Drug evaluation in
cardiomyocytes derived from human induced pluripotent
stem cells carrying a long QT syndrome type 2 mutation.
Eur Heart ] 2011; 32: 952-962

Moretti A, Bellin M, Welling A, et al: Patient-specific
induced pluripotent stem-cell models for long-QT syn-
drome. N Engl ] Med 2010; 363: 1397-1409

Terrenoire C, Wang K, Tung KW, et al: Induced pluripo-
tent stem cells used to reveal drug actions in a long QT
syndrome family with complex genetics. ] Gen Physiol
2013; 141: 61-72

Yazawa M, Hsueh B, Jia X, et al: Using induced pluripo-
tent stem cells to investigate cardiac phenotypes in Timo-
thy syndrome. Nature 2011; 471: 230-234

Fatima A, Xu G, Shao K, et al: In vitro modeling of ryano-
dine receptor 2 dysfunction using human induced plurip-
otent stem cells. Cell Physiol Biochem 2011; 28: 579-592
Itzhaki I, Maizels L, Huber I, et al: Modeling of catechol-
aminergic polymorphic ventricular tachycardia with
patient-specific human-induced pluripotent stem cells. |
Am Coll Cardiol 2012; 60: 990-1000

Novak A, Barad L, Zeevi-Levin N, et al: Cardiomyocytes
generated from CPVTD307H patients are arrhythmogen-
ic in response to beta-adrenergic stimulation. ] Cell Mol
Med 2012; 16: 468-482

Siu CW, Lee YK, Ho JC, et al: Modeling of lamin A/C mu-
tation premature cardiac aging using patient-specific in-
duced pluripotent stem cells. Aging (Albany, NY Online)
2012; 4: 803-822

Sun N, Yazawa M, Liu J, et al: Patient-specific induced
pluripotent stem cells as a model for familial dilated car-
diomyopathy. Sci Transl Med 2012; 4: 130ra147

Tse HE, Ho JC, Choi SW, et al: Patient-specific in-
duced-pluripotent stem cells-derived cardiomyocytes re-
capitulate the pathogenic phenotypes of dilated cardiomy-
opathy due to a novel DES mutation identified by whole
exome sequencing. Hum Mol Genet 2013; 22: 1395-1403
Lan F, Lee AS, Liang P, et al: Abnormal calcium handling
properties underlie familial hypertrophic cardiomyopathy
pathology in patient-specific induced pluripotent stem
cells. Cell Stem Cell 2013; 12: 101-113

Kim C, Wong J, Wen J, et al: Studying arrhythmogenic
right ventricular dysplasia with patient-specific iPSCs.
Nature 2013; 494: 105-110

Ma D, Wei H, Lu J, et al: Generation of patient-specific
induced pluripotent stem cell-derived cardiomyocytes as
a cellular model of arrhythmogenic right ventricular car-
diomyopathy. Eur Heart J 2013; 34: 1122-1133
Carvajal-Vergara X, Sevilla A, D’Souza SL, et al:
Patient-specific induced pluripotent stem-cell-derived
models of LEOPARD syndrome. Nature 2010; 465: 808
812

Hick A, Wattenhofer-Donze M, Chintawar S, et al: Neu-
rons and cardiomyocytes derived from induced plurip-
otent stem cells as a model for mitochondrial defects in

© 2015 Japanese Society of Pediatric Cardiology and Cardiac Surgery


http://dx.doi.org/10.1016/j.cell.2006.07.024
http://dx.doi.org/10.1016/j.cell.2006.07.024
http://dx.doi.org/10.1016/j.cell.2006.07.024
http://dx.doi.org/10.1016/j.cell.2007.11.019
http://dx.doi.org/10.1016/j.cell.2007.11.019
http://dx.doi.org/10.1016/j.cell.2007.11.019
http://dx.doi.org/10.1126/science.1151526
http://dx.doi.org/10.1126/science.1151526
http://dx.doi.org/10.1126/science.1151526
http://dx.doi.org/10.1253/circj.CJ-14-0182
http://dx.doi.org/10.1253/circj.CJ-14-0182
http://dx.doi.org/10.1016/j.tcm.2013.06.002
http://dx.doi.org/10.1016/j.tcm.2013.06.002
http://dx.doi.org/10.1016/j.tcm.2013.06.002
http://dx.doi.org/10.5966/sctm.2013-0105
http://dx.doi.org/10.5966/sctm.2013-0105
http://dx.doi.org/10.5966/sctm.2013-0105
http://dx.doi.org/10.5966/sctm.2013-0105
http://dx.doi.org/10.5966/sctm.2013-0105
http://dx.doi.org/10.1371/journal.pone.0102796
http://dx.doi.org/10.1371/journal.pone.0102796
http://dx.doi.org/10.1371/journal.pone.0102796
http://dx.doi.org/10.1371/journal.pone.0102796
http://dx.doi.org/10.1371/journal.pone.0102796
http://dx.doi.org/10.1371/journal.pone.0102796
http://dx.doi.org/10.1038/nature09747
http://dx.doi.org/10.1038/nature09747
http://dx.doi.org/10.1038/nature09747
http://dx.doi.org/10.1093/eurheartj/ehr073
http://dx.doi.org/10.1093/eurheartj/ehr073
http://dx.doi.org/10.1093/eurheartj/ehr073
http://dx.doi.org/10.1093/eurheartj/ehr073
http://dx.doi.org/10.1056/NEJMoa0908679
http://dx.doi.org/10.1056/NEJMoa0908679
http://dx.doi.org/10.1056/NEJMoa0908679
http://dx.doi.org/10.1085/jgp.201210899
http://dx.doi.org/10.1085/jgp.201210899
http://dx.doi.org/10.1085/jgp.201210899
http://dx.doi.org/10.1085/jgp.201210899
http://dx.doi.org/10.1038/nature09855
http://dx.doi.org/10.1038/nature09855
http://dx.doi.org/10.1038/nature09855
http://dx.doi.org/10.1159/000335753
http://dx.doi.org/10.1159/000335753
http://dx.doi.org/10.1159/000335753
http://dx.doi.org/10.1016/j.jacc.2012.02.066
http://dx.doi.org/10.1016/j.jacc.2012.02.066
http://dx.doi.org/10.1016/j.jacc.2012.02.066
http://dx.doi.org/10.1016/j.jacc.2012.02.066
http://dx.doi.org/10.1111/j.1582-4934.2011.01476.x
http://dx.doi.org/10.1111/j.1582-4934.2011.01476.x
http://dx.doi.org/10.1111/j.1582-4934.2011.01476.x
http://dx.doi.org/10.1111/j.1582-4934.2011.01476.x
http://dx.doi.org/10.1126/scitranslmed.3003552
http://dx.doi.org/10.1126/scitranslmed.3003552
http://dx.doi.org/10.1126/scitranslmed.3003552
http://dx.doi.org/10.1093/hmg/dds556
http://dx.doi.org/10.1093/hmg/dds556
http://dx.doi.org/10.1093/hmg/dds556
http://dx.doi.org/10.1093/hmg/dds556
http://dx.doi.org/10.1093/hmg/dds556
http://dx.doi.org/10.1016/j.stem.2012.10.010
http://dx.doi.org/10.1016/j.stem.2012.10.010
http://dx.doi.org/10.1016/j.stem.2012.10.010
http://dx.doi.org/10.1016/j.stem.2012.10.010
http://dx.doi.org/10.1038/nature11799
http://dx.doi.org/10.1038/nature11799
http://dx.doi.org/10.1038/nature11799
http://dx.doi.org/10.1093/eurheartj/ehs226
http://dx.doi.org/10.1093/eurheartj/ehs226
http://dx.doi.org/10.1093/eurheartj/ehs226
http://dx.doi.org/10.1093/eurheartj/ehs226
http://dx.doi.org/10.1038/nature09005
http://dx.doi.org/10.1038/nature09005
http://dx.doi.org/10.1038/nature09005
http://dx.doi.org/10.1038/nature09005
http://dx.doi.org/10.1242/dmm.010900
http://dx.doi.org/10.1242/dmm.010900
http://dx.doi.org/10.1242/dmm.010900

146

24)

25)
26)
27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

BRNRBERSBF M

Friedreich’s ataxia. Dis Model Mech 2013; 6: 608-621
Huang HP, Chen PH, Hwu WL, et al: Human Pompe
disease-induced pluripotent stem cells for pathogenesis
modeling, drug testing and disease marker identification.
Hum Mol Genet 2011; 20: 4851-4864

Olson EN: Gene regulatory networks in the evolution and
development of the heart. Science 2006; 313: 1922-1927
Bruneau BG: The developmental genetics of congenital
heart disease. Nature 2008; 451: 943-948

Chang CP, Bruneau BG: Epigenetics and cardiovascular
development. Annu Rev Physiol 2012; 74: 41-68

Han P, Hang CT, Yang J, et al: Chromatin remodeling in
cardiovascular development and physiology. Circ Res
2011; 108: 378-396

Basson CT, Bachinsky DR, Lin RC, et al: Mutations in hu-
man TBX5 [corrected] cause limb and cardiac malforma-
tion in Holt-Oram syndrome. Nat Genet 1997; 15: 30-35
Benson DW, Silberbach GM, Kavanaugh-McHugh A, et
al: Mutations in the cardiac transcription factor NKX2.5
affect diverse cardiac developmental pathways. J Clin In-
vest 1999; 104: 1567-1573

Schott JJ, Benson DW, Basson CT, et al: Congenital heart
disease caused by mutations in the transcription factor
NKX2-5. Science 1998; 281: 108-111

Yang YQ, Gharibeh L, Li RG, et al: GATA4 loss-of-
function mutations underlie familial tetralogy of fallot.
Hum Mutat 2013; 34: 1662-1671

Xiang R, Fan LL, Huang H, et al: A novel mutation of
GATA4 (K319E) is responsible for familial atrial septal
defect and pulmonary valve stenosis. Gene 2014; 534:
320-323

Lindsay EA, Vitelli E Su H, et al: Tbx1 haploinsufficieny
in the DiGeorge syndrome region causes aortic arch de-
fects in mice. Nature 2001; 410: 97-101

Merscher S, Funke B, Epstein JA, et al: TBX1 is respon-
sible for cardiovascular defects in velo-cardio-facial/
DiGeorge syndrome. Cell 2001; 104: 619-629

Kirk EP, Sunde M, Costa MW, et al: Mutations in cardiac
T-box factor gene TBX20 are associated with diverse car-
diac pathologies, including defects of septation and val-
vulogenesis and cardiomyopathy. Am ] Hum Genet 2007;
81:280-291

Garg V, Muth AN, Ransom JF, et al: Mutations in
NOTCHI cause aortic valve disease. Nature 2005; 437:
270-274

Cheng Z, Lib L, Li Z, et al: Two novel HAND1 mutations
in Chinese patients with ventricular septal defect. Clin
Chim Acta 2012; 413: 675-677

Wang J, Lu Y, Chen H, et al: Investigation of somatic
NKX2-5, GATA4 and HAND1 mutations in patients with
tetralogy of Fallot. Pathology 2011; 43: 322-326
Montgomery RL, Davis CA, Potthoff M]J, et al: Histone
deacetylases 1 and 2 redundantly regulate cardiac mor-
phogenesis, growth, and contractility. Genes Dev 2007;
21:1790-1802

Chang S, McKinsey TA, Zhang CL, et al: Histone deacety-
lases 5 and 9 govern responsiveness of the heart to a
subset of stress signals and play redundant roles in heart
development. Mol Cell Biol 2004; 24: 8467-8476

Chang S, Young BD, Li S, et al: Histone deacetylase 7
maintains vascular integrity by repressing matrix metallo-
proteinase 10. Cell 2006; 126: 321-334

E31E 45

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

Mottet D, Bellahcene A, Pirotte S, et al: Histone deacetyl-
ase 7 silencing alters endothelial cell migration, a key step
in angiogenesis. Circ Res 2007; 101: 1237-1246

Cheng HL, Mostoslavsky R, Saito S, et al: Developmen-
tal defects and p53 hyperacetylation in Sir2 homolog
(SIRT1)-deficient mice. Proc Natl Acad Sci USA 2003;
100: 10794-10799

Shikama N, Lutz W, Kretzschmar R, et al: Essential func-
tion of p300 acetyltransferase activity in heart, lung and
small intestine formation. EMBO ] 2003; 22: 5175-5185
Takeuchi T, Kojima M, Nakajima K, et al: Jumonji gene is
essential for the neurulation and cardiac development of
mouse embryos with a C3H/He background. Mech Dev
1999; 86: 29-38

Park CY, Pierce SA, von Drehle M, et al: skNAC, a
Smyd1-interacting transcription factor, is involved in car-
diac development and skeletal muscle growth and regen-
eration. Proc Natl Acad Sci USA 2010; 107: 20750-20755
Nimura K, Ura K, Shiratori H, et al: A histone H3 lysine
36 trimethyltransferase links Nkx2-5 to Wolf-Hirschhorn
syndrome. Nature 2009; 460: 287-291

Ng SB, Bigham AW, Buckingham KJ, et al: Exome se-
quencing identifies MLL2 mutations as a cause of Kabuki
syndrome. Nat Genet 2010; 42: 790-793

Griffin CT, Brennan J, Magnuson T: The chromatin-
remodeling enzyme BRGI plays an essential role in
primitive erythropoiesis and vascular development.
Development 2008; 135: 493-500

Zhang M, Chen M, Kim JR, et al: SWI/SNF complexes
containing Brahma or Brahma-related gene 1 play dis-
tinct roles in smooth muscle development. Mol Cell Biol
2011; 31: 2618-2631

Stankunas K, Hang CT, Tsun ZY, et al: Endocardial Brgl
represses ADAMTSI to maintain the microenvironment
for myocardial morphogenesis. Dev Cell 2008; 14: 298-
311

Hang CT, Yang J, Han P, et al: Chromatin regulation by
Brgl underlies heart muscle development and disease.
Nature 2010; 466: 62-67

Lickert H, Takeuchi JK, Von Both I, et al: Baf60c is essen-
tial for function of BAF chromatin remodelling complex-
es in heart development. Nature 2004; 432: 107-112
Huang X, Gao X, Diaz-Trelles R, et al: Coronary develop-
ment is regulated by ATP-dependent SWI/SNF chroma-
tin remodeling component BAF180. Dev Biol 2008; 319:
258-266

Wang Z, Zhai W, Richardson JA, et al: Polybromo protein
BAF180 functions in mammalian cardiac chamber matu-
ration. Genes Dev 2004; 18: 3106-3116

Zhang M, Fang H, Zhou J, et al: A novel role of Brgl
in the regulation of SRF/MRTFA-dependent smooth
muscle-specific gene expression. ] Biol Chem 2007; 282:
25708-25716

Takeuchi JK, Lou X, Alexander JM, et al: Chromatin re-
modelling complex dosage modulates transcription factor
function in heart development. Nat Commun 2011; 2:
187

Trivedi CM, Zhu W, Wang Q, et al: Hopx and Hdac2 in-
teract to modulate Gata4 acetylation and embryonic car-
diac myocyte proliferation. Dev Cell 2010; 19: 450-459
Yanazume T, Hasegawa K, Morimoto T, et al: Cardiac
p300 is involved in myocyte growth with decompensated


http://dx.doi.org/10.1242/dmm.010900
http://dx.doi.org/10.1093/hmg/ddr424
http://dx.doi.org/10.1093/hmg/ddr424
http://dx.doi.org/10.1093/hmg/ddr424
http://dx.doi.org/10.1093/hmg/ddr424
http://dx.doi.org/10.1126/science.1132292
http://dx.doi.org/10.1126/science.1132292
http://dx.doi.org/10.1038/nature06801
http://dx.doi.org/10.1038/nature06801
http://dx.doi.org/10.1146/annurev-physiol-020911-153242
http://dx.doi.org/10.1146/annurev-physiol-020911-153242
http://dx.doi.org/10.1161/CIRCRESAHA.110.224287
http://dx.doi.org/10.1161/CIRCRESAHA.110.224287
http://dx.doi.org/10.1161/CIRCRESAHA.110.224287
http://dx.doi.org/10.1038/ng0197-30
http://dx.doi.org/10.1038/ng0197-30
http://dx.doi.org/10.1038/ng0197-30
http://dx.doi.org/10.1172/JCI8154
http://dx.doi.org/10.1172/JCI8154
http://dx.doi.org/10.1172/JCI8154
http://dx.doi.org/10.1172/JCI8154
http://dx.doi.org/10.1126/science.281.5373.108
http://dx.doi.org/10.1126/science.281.5373.108
http://dx.doi.org/10.1126/science.281.5373.108
http://dx.doi.org/10.1002/humu.22434
http://dx.doi.org/10.1002/humu.22434
http://dx.doi.org/10.1002/humu.22434
http://dx.doi.org/10.1016/j.gene.2013.10.028
http://dx.doi.org/10.1016/j.gene.2013.10.028
http://dx.doi.org/10.1016/j.gene.2013.10.028
http://dx.doi.org/10.1016/j.gene.2013.10.028
http://dx.doi.org/10.1038/35065105
http://dx.doi.org/10.1038/35065105
http://dx.doi.org/10.1038/35065105
http://dx.doi.org/10.1016/S0092-8674(01)00247-1
http://dx.doi.org/10.1016/S0092-8674(01)00247-1
http://dx.doi.org/10.1016/S0092-8674(01)00247-1
http://dx.doi.org/10.1086/519530
http://dx.doi.org/10.1086/519530
http://dx.doi.org/10.1086/519530
http://dx.doi.org/10.1086/519530
http://dx.doi.org/10.1086/519530
http://dx.doi.org/10.1038/nature03940
http://dx.doi.org/10.1038/nature03940
http://dx.doi.org/10.1038/nature03940
http://dx.doi.org/10.1016/j.cca.2011.10.014
http://dx.doi.org/10.1016/j.cca.2011.10.014
http://dx.doi.org/10.1016/j.cca.2011.10.014
http://dx.doi.org/10.1097/PAT.0b013e32834635a9
http://dx.doi.org/10.1097/PAT.0b013e32834635a9
http://dx.doi.org/10.1097/PAT.0b013e32834635a9
http://dx.doi.org/10.1101/gad.1563807
http://dx.doi.org/10.1101/gad.1563807
http://dx.doi.org/10.1101/gad.1563807
http://dx.doi.org/10.1101/gad.1563807
http://dx.doi.org/10.1128/MCB.24.19.8467-8476.2004
http://dx.doi.org/10.1128/MCB.24.19.8467-8476.2004
http://dx.doi.org/10.1128/MCB.24.19.8467-8476.2004
http://dx.doi.org/10.1128/MCB.24.19.8467-8476.2004
http://dx.doi.org/10.1016/j.cell.2006.05.040
http://dx.doi.org/10.1016/j.cell.2006.05.040
http://dx.doi.org/10.1016/j.cell.2006.05.040
http://dx.doi.org/10.1161/CIRCRESAHA.107.149377
http://dx.doi.org/10.1161/CIRCRESAHA.107.149377
http://dx.doi.org/10.1161/CIRCRESAHA.107.149377
http://dx.doi.org/10.1073/pnas.1934713100
http://dx.doi.org/10.1073/pnas.1934713100
http://dx.doi.org/10.1073/pnas.1934713100
http://dx.doi.org/10.1073/pnas.1934713100
http://dx.doi.org/10.1093/emboj/cdg502
http://dx.doi.org/10.1093/emboj/cdg502
http://dx.doi.org/10.1093/emboj/cdg502
http://dx.doi.org/10.1016/S0925-4773(99)00100-8
http://dx.doi.org/10.1016/S0925-4773(99)00100-8
http://dx.doi.org/10.1016/S0925-4773(99)00100-8
http://dx.doi.org/10.1016/S0925-4773(99)00100-8
http://dx.doi.org/10.1073/pnas.1013493107
http://dx.doi.org/10.1073/pnas.1013493107
http://dx.doi.org/10.1073/pnas.1013493107
http://dx.doi.org/10.1073/pnas.1013493107
http://dx.doi.org/10.1038/nature08086
http://dx.doi.org/10.1038/nature08086
http://dx.doi.org/10.1038/nature08086
http://dx.doi.org/10.1038/ng.646
http://dx.doi.org/10.1038/ng.646
http://dx.doi.org/10.1038/ng.646
http://dx.doi.org/10.1242/dev.010090
http://dx.doi.org/10.1242/dev.010090
http://dx.doi.org/10.1242/dev.010090
http://dx.doi.org/10.1242/dev.010090
http://dx.doi.org/10.1128/MCB.01338-10
http://dx.doi.org/10.1128/MCB.01338-10
http://dx.doi.org/10.1128/MCB.01338-10
http://dx.doi.org/10.1128/MCB.01338-10
http://dx.doi.org/10.1016/j.devcel.2007.11.018
http://dx.doi.org/10.1016/j.devcel.2007.11.018
http://dx.doi.org/10.1016/j.devcel.2007.11.018
http://dx.doi.org/10.1016/j.devcel.2007.11.018
http://dx.doi.org/10.1038/nature09130
http://dx.doi.org/10.1038/nature09130
http://dx.doi.org/10.1038/nature09130
http://dx.doi.org/10.1038/nature03071
http://dx.doi.org/10.1038/nature03071
http://dx.doi.org/10.1038/nature03071
http://dx.doi.org/10.1016/j.ydbio.2008.04.020
http://dx.doi.org/10.1016/j.ydbio.2008.04.020
http://dx.doi.org/10.1016/j.ydbio.2008.04.020
http://dx.doi.org/10.1016/j.ydbio.2008.04.020
http://dx.doi.org/10.1101/gad.1238104
http://dx.doi.org/10.1101/gad.1238104
http://dx.doi.org/10.1101/gad.1238104
http://dx.doi.org/10.1074/jbc.M701925200
http://dx.doi.org/10.1074/jbc.M701925200
http://dx.doi.org/10.1074/jbc.M701925200
http://dx.doi.org/10.1074/jbc.M701925200
http://dx.doi.org/10.1038/ncomms1187
http://dx.doi.org/10.1038/ncomms1187
http://dx.doi.org/10.1038/ncomms1187
http://dx.doi.org/10.1038/ncomms1187
http://dx.doi.org/10.1016/j.devcel.2010.08.012
http://dx.doi.org/10.1016/j.devcel.2010.08.012
http://dx.doi.org/10.1016/j.devcel.2010.08.012
http://dx.doi.org/10.1128/MCB.23.10.3593-3606.2003
http://dx.doi.org/10.1128/MCB.23.10.3593-3606.2003

147

heart failure. Mol Cell Biol 2003; 23: 3593-3606 63) Polo JM, Liu S, Figueroa ME, et al: Cell type of origin
61) Mysliwiec MR, Bresnick EH, Lee Y: Endothelial Jarid2/ influences the molecular and functional properties of

Jumonji is required for normal cardiac development and mouse induced pluripotent stem cells. Nat Biotechnol

proper Notchl expression. ] Biol Chem 2011; 286: 17193~ 2010; 28: 848-855

17204 64) Sanchez-Freire V, Lee AS, Hu S, et al: Effect of human do-
62) Shirai M, Osugi T, Koga H, et al: The Polycomb-group nor cell source on differentiation and function of cardiac

gene Rae28 sustains Nkx2.5/Csx expression and is essen- induced pluripotent stem cells. ] Am Coll Cardiol 2014;

tial for cardiac morphogenesis. J Clin Invest 2002; 110: 64: 436-448

177-184

© 2015 Japanese Society of Pediatric Cardiology and Cardiac Surgery


http://dx.doi.org/10.1128/MCB.23.10.3593-3606.2003
http://dx.doi.org/10.1074/jbc.M110.205146
http://dx.doi.org/10.1074/jbc.M110.205146
http://dx.doi.org/10.1074/jbc.M110.205146
http://dx.doi.org/10.1074/jbc.M110.205146
http://dx.doi.org/10.1172/JCI0214839
http://dx.doi.org/10.1172/JCI0214839
http://dx.doi.org/10.1172/JCI0214839
http://dx.doi.org/10.1172/JCI0214839
http://dx.doi.org/10.1038/nbt.1667
http://dx.doi.org/10.1038/nbt.1667
http://dx.doi.org/10.1038/nbt.1667
http://dx.doi.org/10.1038/nbt.1667
http://dx.doi.org/10.1016/j.jacc.2014.04.056
http://dx.doi.org/10.1016/j.jacc.2014.04.056
http://dx.doi.org/10.1016/j.jacc.2014.04.056
http://dx.doi.org/10.1016/j.jacc.2014.04.056

