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In this study, we investigated the disease causing mechanisms of inherited
arrhythmias using human iPS cell derived cardiomyocytes; 1. We assessed the
ultrastructural changes of hiPS-CMs during a one-year culture and demonstrated the
ultrastructural sarcomeric maturation process. 2. We generated disease-specific iPS
cells from a patient associated with catecholaminergic polymorphic ventricular
tachycardia. The differentiated cardiomyocytes had an increased susceptibility to
catecholamine-induced calcium waves indicating that the cells recapiturated the CPVT
phenotype. 3. We generated iPS cells and conducted whole exome sequencing in a
large family with an inherited arrhythmia (under analysis).

SEATIRTEHA
(BREHAT - 1)
[ERESET RIS o @t
SATIRERA 2,900, 000 870, 000 3,770, 000

WFIESTEY © R
PR D3R - ME © ARSRERIRES: - R &AM
F—U—F: REIR, 0 F Ol ie s

WHFEBH LA 4 W) D 5 PRI % Brugada JEMBRE, ST 2T
AL\H@%@WE%%‘I Sl BB B RR I RS ML D ES . RERIRIEMEA =
BL LT, DENEDOE LV QT MRIEE & »E\ﬁ%ﬁﬁ\ QT FEfffEfRAE, SIS ABE i
I LB & D St - 2R A R & HFBRHY ., ZNHORBITTNETRETH
L BUntE QT ERAEMRE, AT PEA B[] DT FHAEN RIS D7D Hh2AIR RN



FEFEITRE N, RIS AVEE (BFErE R
IR %t~ % A A AT BRI EY &5 ICD)IRH#) O
I CARAR BRI TN S LTV R, 01
BIRFOMERICLY , Fx OODEA AT v
FIVEBAR 5D E RN Z & EAER
BWHROFKRE LTREASNTE, L,
ROLENEAL TS QT IEEJEBERE T
50%. Brugada JEMERETIX. 15% 2 DB
TLoEE T RENEECTE T, BIEMKFIC
B U CRIEAH RSN Z W,

A FE T, BEE OO Z V2 iFZE
IIZIERTRETH o722, 2007 £, U5
(B, IR KS: iPS MM ICaT) ABIF L7
bt FiPSHEZ WS Z LIk, BEDRK
ERMmEN s, BEBE LR UERE R

FFoLMiilaz R L, fifT32 2 L3 FTHE
Lo, KRS ES Ml S 1TiEE%E D
Lot b OB EIEY T Z LR T

OB FIETH Y | THAERBE~OIEH ],

R RIS IERE Fr DR . TAIZE~DISH ] 12
- 7o wREME 2 AT, BITE, ESfEEIC B
TREFEH SN TS, TEERIEDIFICEWNT
H %A 1PS R & AW =i (DA -
FEHERFIE, BARPEDIR B DIIE A 7 = X L fiE
) BMrbhTnod,

2. Mo
ABFZETIE, b b iPS A A, (1) B
k iPS b BIROfRET. (2) EitER
By Bk iPS AR O, (3) FAAR
B O BRMEAREAREE 1S3 T 2 Frsl R K&
R OFRE - WM, ZHE/E Lz,

3. WDk

(1) W AR & 0 INL U 7 e F M L

(L 4 K7 (0CT3/4, SOX2, KLF4, c-MYC i&
BF) L hauA LR CTHEALER SR
7o iPS ffERE (201B7) & 7=, ISERIAE
%E (Yang et al. Nature 2008) Z T
D5k L, 14, 30, 60, 90, 180, 360 H®
IS DT 24T~ 7=, (BE5ERE%) BT
TEMEE, o deta s W - MR iR, ©
B RNA AT 2 N T2 58 s - R BT 21T -
776

(2) BT 237 I UFEML ML EER
(CPVT) & LV iPS Ml A fERL D51k
. Fluo—-8 & vy, H— DL iHa o Ca
transient ZFHHI L 7=

(3) Wi OBIETMATIC TRIZ T B 258

D IR WBIBTEARTENRE RF R (affected 944) .

IZBUT deep sequencing #47V>, iPS fifn
TE AT 5 7=,

4. HWFFERLE

AEFFETIL. b bk iPS MM AE W= EBmiER
AR B O JRREMEIH &2 B8 L7192 217 -
776

Beating Rate (bpm)

(1) & b iPS MR ko Oz B4
BRI L B RAL O MG

bt MPSHIfIX, O b4, day 8
X0 BB Z B L. day 360 F CTIEEAR
T HCMENZ BT 72, FEiE O 2 7R
Wi, (day 30, 73.2+34.9 bpm, n=41 vs.
day 360, 32.2 = 14.2 bpm, n=42, p <
0.0001) BEHEAFLIC TIES LIz B — DLl
oM A XML Cuv/=, (day 30,
3277.4 = 1679.5 uni vs. day 360, 4067.9
+ 1814.6 pnt, p=0.01) (X 1)

M1 b MPSHIEH RO
RHIERICRT 5. ik, REsoZ/k

A B
120 7000 .

100 %‘ 6000
80 § so00
4000

60 . 3
+ 3000

40 <
= 2000

7]
20 © 1000
0 0

30 day 360 day 30 day 360 day

B CAAB O & 2 IRERIRIC 31T 2 DA
DOEE #HEtd 5 728 microdissectionf% .
FERAER ATV, SE 2T o 7o, Ol
e R= IO LHMEEZ, day 30,
61% (n=213), day 360, 64%(n=191) &AW,
fth (2. B I -tubulin B % @ #7 K 2F 4 A
a-SMARGH: DO 2 78 7=, £7-. day
360 Clx. MLC2vi5E, MLC2afatEflfus
36%7> 5 60% T L, D =EH~D L
2R LTz, B BMEE 2 O 7 kR
PIMEAT TlX, dayld TiL, o 27 A3
Th DD, day30LUEEIZ/2 0 | A THOH
a2 7=, day 602 5Hday 90(2 T, H#H
B L. day 36012 T &L 92 —#BD L
I TMHZRBDTZ, (X2)



X2 b 0BG

HMeb i OB
A: Day 14, B: Day 30, C: Day 360

Z:Z band, A: A band, I: | band,
M: M band, MF: myofibrils

BAG TR OMNT Cix, MrBEERA
(LRRC39, MYOM1, MYOM2) %, il A5
WZHARTIR T L, REFEIM G 72 <, &
FEARREEIC X BV v 3 AT ORREL DR IE
BB R THoT, (K3)

X3 b b iPS i Sk b O DR
R ICBIT HEin 38

cTnT MYH? MYL2

n
0 2
8 )
L 15
10
2 s
0 k

MYL7 LRRC39 MYOM1 MYOM2

&.ﬂn@hﬁ.ﬁmﬂ.

GJAT
s s [day3o  [lladult left ventricle
. R [day90o [ Jadultleft atrium
[Mday 180 [itetal heart
2 2
N . Wday 360
o

ARFFEIE, & b iPS MR b O R
HIHEA BR80T D AR 2 B 5 26T
L7-., day 30 & day 360 DH#EIZ T, #
el v A D BN AR B A DA T % 38 00 Bl
{bO#EITEE 2 BTz, B FRETH,
MLC2v Fth, MLC2a Fat:fmiaginss#ain
L. BB %7/~ L7, day 860 (2TX
< M %@%é'bﬁ’“ﬁ‘ﬂiﬂ’ﬂ%wh&btz:

FNETH % E D7 (X4), BRI
ﬁ&f%ék%z%ntoglkbf

Re\atweg neexpreosio

B &8 8 B o B B 8 8

b MR & DHRMER T B A - L
A T2 EORERMNER L HELZ ST,

R B F R Ak Ol D AR B S TR BRI L
RSN TV D23, RUFFE T, BHIEE
WZTHIDT M # A TEAL LT 1PS Hifa >k
MR RS, (AL, BEAMEITRERT
RERTHY . L0 2RI iR LIE DB
HRMETHDH EEZZ BN,

B4 b MPSHIfLH R OLIIIZET 55

)b AR T DR TE
(B FEAMEEC K 28150

® M-bands
8 H-bands
ol-bands
ono I-, H-, M-bands
100% —— —
= B II

0% L L L L L

dayl4 day30 day90 day180 day360

(2) FEHEERME b iPS HlA A=K A
FEAE A T3 = A L DA

AT a7 I VRSO EMR (CPVT)
X, EECBE R S DONT 2T 2 RIS &
ST, DEHE - BN X B2 A g & i
I EBEEAEIRERTH D, Fxld, VT
) VU REREEBEFRENFEESINLTND
CPVT JBE L 0 | iPS HifE &2 /ERL L oAb i
fEMT 21T > 72, BRI — 7 FIC
transient WIEZ{T o7~ & Z A, CPVT BEH
KD TIE. BT 2T 2 CARTRICHLE
RGN Ca BN A2 A4 U 2 MR AE10% <.
CPVT OJFREE ML~ LT BT,
Ltk AR FORBET L E LTOA
AR En s,

(3) FrBEBIRREER T ORISR

A B S T FRAT I TR R B T A O F
PEARFEIRIE ERE D F R (BIEMRE 6 f51]) 128\
T, 3HIEY iPS MR A ER L, S b0l o
ERAIFHMENT. whole exome sequencing

EATVIRITH TH 5,



5.

S BE

(WFFEEA . IHIE5 R M ORI IE# 12
ES )

[

)

aEmm ) (FF 6 1)

Kamakura T, Makiyvama T, Sasaki K,
Yoshida Y, Wuriyanghai Y, Chen J,
Hattori T, Ohno S, Kita T, Horie M,
Yamanaka S, Kimura T.
Ultrastructural Maturation of
Human-Induced Pluripotent Stem
Cell-Derived Cardiomyocytes in a
Long-Term Culture. Cirec J. 2013 Feb
9.

Villafafie J, Atallah J, Gollob MH,
Maury P, Wolpert C, Gebauer R,
Watanabe H, Horie M, Anttonen O,
Kannankeril P, Faulknier B, Bleiz J,
Makiyama T, Shimizu W, Hamilton R,
Young ML. Long-Term Follow-Up of a
Pediatric Cohort With Short QT
Syndrome. J Am Coll Cardiol. 2013
Jan 25.

Ishikawa T, Takahashi N, Ohno S,
Sakurada H, Nakamura K, On YK,
Park JE, Makiyvama T, Horie M,
Arimura T, Makita N, Kimura A.
Novel SCN3B Mutation Associated
With Brugada Syndrome Affects
Intracellular Trafficking and Function
of Nav1l.5. Circ J. 2012 Dec 21.
Hattori T, Makiyama T, Akao M,
Ehara E, Ohno S, Iguchi M, Nishio Y,
Sasaki K, Itoh H, Yokode M, Kita T,
Horie M, Kimura T. A novel
gain-of-function @ KCNJ2 mutation
associated with short QT syndrome
impairs inward rectification of Kir2.1
currents. Cardiovasc Res. 2012 Mar
15;93(4):666-73.

Kimura H, Zhou J, Kawamura M, Itoh
H, Mizusawa Y, Ding WG, Wu J, Ohno
S, Makiyama T, Miyamoto A, Naiki N,
Wang Q, Xie Y, Suzuki T, Tateno S,
Nakamura Y, Zang WJ, Ito M,
Matsuura H, Horie M. Phenotype
variability in patients carrying
KCNJ2 mutations. Circ Cardiovasc
Genet, 2012 Jun;5(3):344-53.
Watanabe H, Nogami A, Ohkubo K,
Kawata H, Hayashi Y, Ishikawa T,
Makivama T, Nagao S, Yagihara N,
Takehara N, Kawamura Y, Sato A,
Okamura K, Hosaka Y, Sato M, Fukae
S, Chinushi M, Oda H, Okabe M,
Kimura A, Maemura K, Watanabe 1,
Kamakura S, Horie M, Aizawa Y,

Shimizu W, Makita N. Clinical
characteristics and risk of arrhythmia
recurrences in patients with idiopathic
ventricular fibrillation associated with
early repolarization. Int J Cardiol
2012 Sep 6;159(3):238-40.

(FFE] G 8fh)

)

el # © Phenotypic characteristics
between SCNbBA and [LMNA mutation
carriers in familial bradyarrhythmic
disorders. The 5% Asia-Pacific Heart
Rhythm Society (APHRS) Scientific
Session, Taipei, Taiwan, 10.3-6, 2012

el i : Disease Modeling in Human
Induced Pluripotent Stem Cells
—Catecholaminergic Polymorphic

Ventricular Tachycardia—, & 77 [B] H A
TR TR IR S, Bk, 3.15-17,
2013.

A 4 One-year assessment of the
ultrastructural changes of human
induced pluripotent stem cell-derived
cardiomyocytes, European Society of
Cardiology (ESC) Congress, Munich,
Germany, 8.25-29, 2012

kA 4 . Genetic Backgrounds in
Patients with Early-Onset and Familial
Atrial Fibrillation, The 5th
Asia—Pacific Heart Rhythm Society
(APHRS) Scientific Session, Taipei,
Taiwan, 10.3-6, 2012.

e 2 AR fdE—: One Year Assessment of
Ion Channel Gene Expression in
Cardiomyocytes derived from Human
Induced Pluripotent Stem Cells, The 5%
Asia—Pacific Heart Rhythm Society

(APHRS) Scientific Session, Taipei,
Taiwan, 10.3-6, 2012.

e # A f#—: 0 Ca2+ Imaging of
Cardiomyocytes Differentiated from

Human Induced Pluripotent Stem Cells
in Catecholaminergic  Polymorphic
Ventricular Tachycardia, #5 77 [A]H A

BRI F R FMES, Bk, 3.15-17,
2013.
e 2 R ff—: One Year Assessment of

Ton Channel Gene Expression

in Cardiomyocytes derived from

Human Induced Pluripotent Stem Cells,
9517 Bl A AR R TN S, Mk,
3.15-17, 2013

Yimin Wuriyanghai: Identification of
Cardiomyocytes Derived from Human
Induced Pluripotent Stem Cells using a
Cardiac Specific Lentiviral Vector,

%77 B BRI RIS, B,



3.16-17, 2013.

6. AFFERERR

(D) WFgEfFRs

AKF I (KIMURA TAKESHI)
TR « EERFIER - B
WFgeE 5« 80359786

Q@)W /1

Pl #® (MAKIYAMA TAKERU)
AR - EFAFSERL - Bh#
W73 5 30528302



