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Understanding of arrhythmias has been substantially advanced by gene mutation anal
ysis in familiar arrhythmia syndromes and studies of ionic channels with the patch-clamp technique in cell
-level. The remaining major problem in arrhythmia research is the understanding and therapeutic strategy T
or atrial and ventricular fibrillation. On the other hand, genome-wide-association study (GWAS) is a compr
ehensive, un-biased approach and could reveal novel pathways leading to diseases. Thus, we performed biolo
gical functional analysis for genes that had been newly identified in GWAS of atrial and ventricular fibri
Ilation. In atrial fibrillation, we found one strong genetic risk related to trigger mechanism, and multip
le weak genetic risks related to maintenance mechanism. In ventricular fibrillation, we found that a defec

tive transcription factor expressed in the His-Purkinje system causes exercise-induced idiopathic ventricu
lar fibrillation.



»

(Genome-Wide Association Study
[GWAS])
GWAS
GWAS
4 ( AF
1-4
(1) (AF1 2)
2) (AF3 4)
(3) (AF5 _6)
3
®__
LPS “
(danger signals)”” Toll
(TLRs)
DAMPs(damage-associated
molecular patterns)
SiRNA
pannexin-2(Px-2)
(
)
ATP
ATP
(Ref.6, 7) TLR4
Px-2 TLR4
(9] -

(gene-environment interaction)

—

Dnmtl
- NOS1AP

MEKD., B RERFEEIFRADHDA
A) (B)

GWAS
NOS1 NOS1AP
HDAC NOT3
4
3
1) 4
(24
(3)=* - Px-2
TLR4 -
2
3
(A) GWAS
(B)
©) -
Px-2 TLR4
2
(A)
/ 2
NOS1AP NOT3 KO

(B)

1) GWAS

Genome-Wide Association Study
(GWAS) 2 GWAS
61 1 single nucleotide

polymorphism (SNP) 843



3350

6 SNP
2
842 61 SNP
2 SNP 6
SNP
sub-threshold
7530 17190
2 SNP
discovery GWAS 8 SNP
(2)Replication study
8 SNP
( 1941
657 ) replication study
6 SNP
discovery
GWAS replication study
6 SNP
(B)AFH#L( )
SNP
AF#1 4925
RNA 94 kb
PITX2 ENPEP
SNP 150 kb
myocardiacl sleeve
PITX2
ENPEP
-lI(ANg-Il)
PITX2 ENPEP
4925
PITX2
ENPEP
SNP discovery 94 kb
154
119
SNPs 1 Indel
dbSNP database
31 SNPs 3 Indel
GWAS 154
SNPs
SNP
SNP( SNP)
r square >0.9 LD
22

23
SNPs
23 SNPs
SNP( SNP)
4925
23 SNPs
2 SNPs 1
PITX2
in vitro
5-AZA LiCl
5-AZA
LiCl
5-AZA PITX2
LiCl
LITX2
1 SNP 5-AZA
H3K27me3 LiCl
H3K27me3 SNP
PITX2
SNP
(4)AFH#2( )
2 SNP
AF#H2
HL-1 SiRNA
RT-PCR
Cdknla(p21)
AF#2
(5)AFH#3( )
AF#3
AF#11
2 IP-Western
LC-MS/MS
HL-1 AF#3

AF#3



myolysis

(6)GWAS

GWAS GWAS

1
25%
(1)
GWAS NOS1AP
CLCNKB
GWAS

His-Purkinje

His-Purkinje
His-Purkinje
X(
X )

His-Purkinje

His-Purkinje

His-Purkinje

(2
His-Purkinje
Cx40
SCN5A
His-Purkinje

His-Purkinje

His-Purkinje

ex vivo

His-Purkinje

3)

SCNSA
130

QT )

13

X 350

X SNP 3
SNP

modifier
3
SCN5A
X
1 SCN5A 3

SCNSA X

HL-1
Cx40 SCNSA
2
SNP X
Cx40 SCN5A

X
SNP modifier



Okata S, Yuasa S, Yamane T,
Furukawa T, Fukuda K. (2013).
The generation of induced
pluripotent stem cells from a
patient with KCNHZ2 G603D,
without LQT2 disease associated
symptom. J Med. Dent Sci
60:17-22( )

Kurokawa J, Furukawa T. (2013).
Non-genomic action of sex steroid

hormones and cardiac
repolarization. Biol. Pharm. Bull,
36:8-12( )

Asayama M, Kurokawa J,
Shirakawa K, Okuyama H,
Kagawa T, Okada J, Sugiura S,
Hisada T, Furukawa T. (2013).
Effects of an hERG activator,
ICA-105574, on
electrophysilogical properties of
canine hearts. J. Pharmacol. Sci.

121:1-8( )
Kurokawa J, Furukawa T. (2013).
Region- and

condition-dependence of the
membrane and Ca?* clocks in the
sinus node. Circ. J. 76,
293-294 ( )

Egashira T, Yuasa S, Suzuki T,
Aizawa Y, Yamanaka H,
Matsuhashi T, Ohno Y, Tohyama
S, Okata S, Seki T, Kuroda Y, Yae
K, Hashimoto H, Tanaka T, Hattori
F, Sato T, Miyoshi S, Takatsuki S,
Murata M, Kurokawa J, Furukawa
T, Makita N, Aiba T, Shimizu W,
Horie M, Kamiya K, Kodama |,
Ogawa S, Fukuda K. (2012).
Disease characterization using
LQTS-specific induced
pluripotent stem cells. Cardiovasc.
Res. 95, 419-429 ( )

Ellinor PT, Lunetta KL, Albert CM,
Glazer NL, Ritchie MD, Smith AV,
Arking DE, MUller M, Krijthe BP,
Lubitz SA, Bis JC, Chung MK,

! M,
Ozaki K, Roberts JD, Smith JG,
Pfeufer A, Sinner MF, Lohman K,
Ding J, Smith NL, Smith JD,
Rienstra M, Rice KM, Van
Wagoner DR, Magnani JW, Wakili
R, Clauss S, Rotter J, Steinbeck G,
Launer LJ, Davies RW, Borkovich
M, Harris TB, Lin H, Volker U,
Volzke H, Milan DJ, Hofman A,
Boerwinkle E, Chen LY, Soliman
EZ, Voight BF, Li G, Chakravarti A,
Kubo M, Tedrow U, Rose LM,
Ridker PM, Conen D, Tsunoda T,
Furukawa T, Sotoodehnia N, Xu S,
Kamatani N, Levy D, Nakamura Y,
Parvez B, Mahida S, Furie KL,
Rosand J, Muhammad R, Psaty
BM, Meitinger T, Perz S,
Wichmann HE, Witteman JCM,
Kao WHL, Kathiresan S, Roden
DM, Uitterlinden AG, Rivadeneira F,
McKnight B, Sjo gren M, Newman
AB, Liu Y, Gollob MH, Melander O,
Tanaka T, Stricker BHC, Felix SB,
Alonso A, Darbar D, Barnard J,
Chasman D, Heckbert SR,
Benjamin EJ, Gudnason V,K & ab
S. (2012). Meta analysis in the
AFGen consortium identifies six
novel loci for atrial fibrillation. Nat.
Genet. 44, 670-675, 2012 (

Sugiyama H, Nakamura K, Morita
H, Akagi S, Tani Y, Katayama Y,
Nishii N, Miyoshi T, Nagase S,
Kohno K, Kusano FK, Ohe T,
Kurokawa J, Furukawa T, Ito H.
(2011). Circulating KCNH2
current-activating factor in
patients with heart failure and
ventricular tachyarrhythmia. PLoS
ONE 6, e19897 ( )

Furukawa T, Oishi S, Sasano T.
(2011). Atrial fibrillation and
inflammation. Nihon Yakurigaku

Zasshi 138, 192-195( )
814 ® & 7
134 2014
3 29

Sasano T, Koizumi A, Kimura W,

Nogami A, Fukamizu S,



6.

Sakurada H, Hirao K, Isobe M,
Kimura A, Miyamoto Y, Shimizu
W, Miura N, Furukawa T.
Genetic defects in a
His-Purkinje system-specific
transcription factor as a cause
of J wave syndrome. In
Symposium 3 ““J-wave
syndrome and related electrical
disorders”> The 78" Annual
Scientific  Meeting of the
Japanese Circulation Society,
March 23, 2014,

Sekigawa M, Satoh A, Nitta J,
Sato Y, Honda Y, Kuroda S,
Kanoh M, Suzuki M, Inaba O,
Muramatsu K, Yamato T,
Matsumura Y, Asakawa K,
Ebana Y, Furukawa T, Hirao K,
Isobe M. Effect of SNP on 922
(rs6479562) on the
progression from paroxysmal
atrial fibrillation to persistent
atrial fibrillation. The 78"
Annual Scientific Meeting of the
Japanese Circulation Society,
March 23, 2014, Tokyo.

Okata S, Yuasa S, Suzuki T,
Egashira T, Kuroda Y, Tanaka A,
Makita N, Kurokawa J,
Furukawa T, Fukuda K. Na+
channel beta-subunit affects
the phenotype in long QT
syndrome type 3 and Brugada
syndrome induced pluripotent
stem cell-derived
cardiomyocytes. The 78™
Annual Scientific Meeting of the
Japanese Circulation Society,
March 22, 2014, Tokyo.

Sato A, Honda Y, Sato Y,
Kuroda S, Kanoh M, Sekigawa
M, Suzuki M, Inaba O,
Muramatsu K, Yamato T,
Matsumura Y, Nitta J, Asakawa
K, Ebana Y, Furukawa T. The
relationship between the single
nucleotide polymorphism
rs2634073 and
arrhythmogenic superior vena
cava in the patients with atrial
fibrillation. The 78" Annual
Scientific  Meeting of the
Japanese Circulation Society,
March 22, 2014, Tokyo.
Takahashi Y, Ebana Y, Hayashi
T, Miwa N, Masumura M, Goto K,
Sakakibara A, [toh J, Ohmi T,
Ohno M, Katoh R, Nozato T,
Satoh Y, Furukawa T, Hirao K,

Isobe M. Arrhythmogenicity of
the superior vena cava and
common single nucleotide
polymorphisms in patients with
paroxysmal atrial fibrillation. The
78™ Annual Scientific Meeting
of the Japanese Circulation

Society, March 22, 2014,
Tokyo.
61
2013
2013

3 Tetsushi Furukawa. lon Channel

(1)

)

(3)

and Function of
iPSC-derived Cardiomyocytes.
In:.Cardiac Regeneration using
Stem Cells. (eds.) Keiichi Fukuda,

Expression

Shinsuke Yuasa. CRC Press,
2013

2012

2011

FURUKAWA Tetsushi

80251552

SASANO Tetsuo

00466898



