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Genetic background of sudden cardiac death in forensic autopsy cases.
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The adequate assessment of the causes of sudden cardiac death (SCD) is
importance. An arrhythmia-related gene analysis may potentially provide a pathogenic basis for SCD and
establish cause and manner of death.

In this molecular analysis for SCD cases, over one-third of subjects had arrhythmia-related gene
variant. This suggests that arrhythmia mutations and/or susceptibility polymorphisms identified in the
present study might represent risk factors for arrhythmias in subjects and involved in part of the
pathogenesis of SCD. Furthermore, we identified a novel hERG frameshift mutation in a patient who died
from SCD. The mutation decreased the number of functional channels presumably by impairing the
post-transcriptional processing of the mutant product. This decrease may explain, at least in part, the
cause of SCD.

Our findings provide deeper insight into the current understanding of the contribution of variants of
the arrhythmia-related genes among subjects with SCD.
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Gene Locus™ Coding protein™
MYH7 14q1  Cardiac B-myosin heavy chain
TNNT2 1q3  Cardiac troponin T
TPM1 15q2  a-tropomyosin
MYBPC3 11pl  Cardiac myosin binding protein C
MYL3 3p2  Ventricular essential light chain
MYL2 12q2  Ventricular regulatory light chain
TNNI3 19q1  Cardiac troponin I
ACTC1 15q1  Cardiac a-actin
TTN 2q3  Titin
unkonown 793 unknown

*1: loci identified by linkage study or by candidate gene approach
*2: components of thick filament, thin filament or Z-disc

(4) K& REMRAT
T ¥ RVBE T OFRERKIZOWNTIZ
DL R f#AT 24T 9 .
75 R [ O A R RO
OFLZHa 2 DNA D FEE AW T, Ein AR
EHLORBNRT X — 2 EROE REH Y
— % HEK293T B Miflc R 7 v A7 = 7 &
ayvl, TxRAZ Ty NefT\WHE %0
DRFOFELEFROFID localization
% confocal TAME: CHER
BRA I F ¢ 3V OREREMEHT
OFFRL L 7= 2 Ry BT Z—K)
1B & Ry 3BT & — % HEK293T HfE i
oV NN T RT 2T g
(OHEK293T #Hfa O 5 it & whole—cell 7N v F
7T TEERWCTHIE

4. WFICRLSE

LMEZESRFE 38 JEFIZ DT, T v RV
W JE M OV R E B I AR 12D\ C direct
sequence E& AW TCEIB THAT 21T o712, &

DFEF, T ¥ VI EMEBRE FI2ONT,
2 SEBNC RIEREZ OB R, 3 JEBNZ BT
7R BRER, 11 EMEAREIRESZED S
T2, EHOR LE 1/3 IR RS M
ERHDVIEBBEELTWVDH I EET
BEOBEFEROE G RBI N (M 1).

KCNQ1 hERG KCNE1 KCNE2
M579fs+75X

NH,—_S38G

P448R
K897T

NH:  Ged3s NH,

G626_P631del
COOH

COOH

SCN4B

© FERBRIEOER
FRIREZEDOSH

© RADER

LRSS £2.4

—F, DAEAMAEM K channel @ hERG
W3 O 5 7= B Bl deletion mutation
(M579fs+75x hetero) DIHSREMEMT 21T - 7=.
FOFER, dominant negative R EZ R X4

B, DRRATES TRESN A AL Fr XBEFOER

(K 2), BRAKOEABRIEITBHERIIEAN
T, MERE BITIE L A SR

ThHhotz(H ) s Friur A%
FAKTEMRNA 4> % (NMD) HERE 12 2 0 28 FLR A

l\cooH 1coon
j. NH,
R1193Q COOH
CcooH

T&E 7V haploinsufficiency (272> TW 5
T ERHERR S, AFRRGITE & 272 R E
RERERVWEIERESX Y Y 7 Tho72 2
EERLIZY.

A +60 mV. !

-80 ~40 1s
XGFP owr ATAIWT 30M1WT P9

10 pARF] 4 ¢

o

teady-state amplitud
8

O+ i
[ 8
O —HOH H
e HDH g
O SO IS
oeOH— £
SOOI El

Peak amplitude (pA/pF)

-40 0 40 -40 0 40 -40 0 40
First step voltage (mV) First step voltage (mV) First step voltage (mV)

Quasi-steady-state amplitude

+60mV F +60 mV/ 500 ms G
_4g 500ms p

-80.
50-1000 ms

Tail current
1 —
‘g rA Wt
2
3
@

= 50 pA/pF

150 pA/pF

°

30A1WT

0 _
1000 — |50 PA/PF

% Firststo pd ration (ms)

Normalized peak amplitude

—_— Second step vonage ™)
500 ms

B2 HERGF ¥ > R IND/Ny F U 5 ¥ TEIZ & HHERERRHT

B3 HERGF v o RILBFAR TR D
RIMEER SRFAR. WUNEERKEK

BT I WSS hERG_GA8TR (Z-OUWNVT N
v F U5 FIEI ié%A%ﬁ&Uﬁ£§
VXY E DA RIRIT AT DS EMEIC
WTRLT D, # 3 ISR D DR %%
E{ﬂ 238D 5“7’:_2{5%14:&‘0\%@1'5:. %ﬁ:
DWNWTE LT,

Z D L D ITMERZLSRIEIEF| D —ERIZIE, A
U F v XNVBLFERNPEEL TV DR,
FERE B OFEE T WEIN S, Z AU ERT
DEZHIHRBEL RS AKRBETH-T22 &
WCHBEET S EEZ NS, BIEN R T v %
IVEEREREIC X BB TR /X kb

TWBZ LR, S 00FHIK 2 2R8I B 5em:
IR 2 FAE L RN N -T2 B XD
ni-.

FloY AT AT BRI OWTI, MYHT7 K
N MYBPC3 B -85 (BEF) % 2 BlICER
7o BURE AU CTILDIRZE R FEIEB] DF% 0 2/3 1,
FRARATH D, BELTWRNTF ¥ x5
HIEL D IE DS (direct sequence 1)
TILBE TR CH oo K& X v
2T DG T (RYR2, ANK2 72 &) R0t /L 2 A
FUNDF AT — L, 78, KT3I, |



M7 47 XA M EHEX O RXIHEDERR
1) OBRE L RIFRFICEE OB RO ALER
DIDNRZESRIEFRIE % B 72 & T Al REE SRR
hi-.

®3 DERAREF TRESNI-AF U F ¥ RLEBGEFERDGEENE
DFEED (REEBIAHE THAERITET o)

8k | EEHONT
BRI DA ERBEZEDER
KCNQ1 LQTSIZBEE
G626_P631del (Zhonghua Er Ke Za Zhi 2003;41:724-727.)
SCN5A LQTSIZEEE
G289S (Heart Rhythm 2009;6:1297-303.)
REMDER
hERG ZEKEMERNICE EFY, MAREICKERLEN
M579fs+75X (Int J Legal Med 2014;128:105-15.)
hERG HEEREERHLL
G487R (J Cardiovasc Electrophysiol 2012;23:1246-53.)
SCN5A AVEL— 4 —BICEBFRTIE, BEEDAE
1723V HH
AlignGVGD:C25 (GV:0.00-GD28.68), SIFT ;
Deleterious, MutationTaster ; disease causing
BRI DR ERBEZHED ST
KCNQ1 F v RIBEEICENGREERITT SR
G643S (J Cardiovasc Electrophysiol 2001;12:1223-9.)
SCN5A INAFEFERICEART 588
R1193Q (Can J Cardiol 2006;22:309-13)
KCNE1 38SSTI& hERG F v RILDBEZMEZEZEH D EE
G38S (Circ J 2014;78:610-8)

F 2, EEFIREI D5 ST O RZEIRE
JE BT 35U T e R B IR 835 0 F v 7p i
MR R A2 b o TWIIERNIZ D W T DR
LR ENC B4 B BESUEBIRE 1T - 72 Y.

<H| H3CHR >

1) Itoh et al. Latent genetic backgrounds
and molecular pathogenesis in
drug—induced long—QT syndrome Circ
Arrhythm Electrophysiol 2009;2:511-23.

2) Ichida et al. Novel gene mutations in
patients with left ventricular
noncompaction or Barth syndrome.
Circulation 2001;103:1256-63

3) Klaassen et al. Mutations in sarcomere
protein genes in left ventricular
noncompaction. Circulation
2008;117:2893-901.

4) Chang B et al. Identification of a novel
TPM1 mutation in a family with left
ventricular noncompaction and sudden
death. Mol Genet Metab 2011;102:200-6.

5) Burke A et al. Left ventricular
noncompaction: a pathological study of
14 cases. Hum Pathol 2005;36:403-11.

6) Hata Y et al. Identification and
characterization of a novel genetic
mutation with prolonged QT syndrome in
an unexplained postoperative death. Int
J Legal Med 2014;128:105-15

7) Kinoshita K et al. A novel missense
mutation causing a G487R substitution
in the S2-S3 loop of human
ether-a—go—-go-related gene channel. J
Cardiovasc Electrophysiol
2012;23:1246-53

8) Nishida N et al. High takeoff of the left
main coronary artery at autopsy after
sudden unexpected death in a male
Pathology 2014;46:361-4.

5. FpFEEFmLE
(WFFERFFE, BFEEoo P M ONEEERF ST I
1T TR

Cdessamse) (BH1 O 1)

1) Nishida N, Hata Y, Kinoshita K. High
takeoff of the left main coronary
artery at autopsy after sudden
unexpected death in a male. Pathology
2014;46:361-4. (&7 A) doi:

10. 1097/PAT. 0000000000000099.

2) Tabata T, Yamaguchi Y, Hata Y, Ichida
F, Mori H. Modification of
KCNH2-encoded cardiac potassium
channels by KCNE1 polymorphism. Circ J
2014;78:2331. (# FideE
http://doi. org/10. 1253/circj. CJ-14-0
654.

3) Kinoshita K, Komatsu T, Nishide K, Hata
Y, Hisajima N, Takahashi H, Kimoto K,
Aonuma K, Tsushima E, Tabata T, Yoshida
T, Mori H, Nishida K, Yamagichi Y,
Ichida F, Fukurotani K, Inoue H,
Nishida N. A590T mutation in KCNQ1
C-terminal helix D decreases IKs
channel trafficking and function but
not Yotiao interaction. J Mol Cell
Cardiol 2014;72:273-80. (&F#HiA) doi:
10. 1016/ j. yjmcc. 2014. 03. 019

4) Yamaguchi Y, Nishide K, Kato M, Hata,
Y, Mizumaki K, Kinoshita K, Nonobe Y,
Tabata T, Sakamoto T, Kataoka N,
Nakatani Y, Ichida F, Mori H,
Fukurotani K, Inoue H, Nishida N.
Glycine/serine polymorphism at
position 38 influences KCNE1
subunit’ s modulatory actions on rapid
and slow delayed rectifier K currents
Circ J 2014;78:610-8. (&7t H)
http://doi. org/10. 1253/circj. CJ-13-1
126.

5) Hata Y, Mori H, Tanaka A, Fujita Y,
Shimomura T, Tabata T, Kinoshita K,
Yamaguchi Y, Ichida F, Kominato Y,
Ikeda N, Nishida N. Identification and
characterization of a novel genetic
mutation with prolonged QT syndrome in
an unexplained postoperative death.
Int J Legal Med 2014;128:105-15. (& &t
A) doi: 10.1007/s00414-013-0853—4.

6) VHH S, MBS JEERE &R
JREL L RR, 2014, 32 : 735-42. (i)

7) Chang B, Gorbea C, Lezin G, Li L, Shan
L, Sakai N, Kogaki S, Otomo T, Okinaga
T, Hamaoka A, Yu X, Hata Y, Nishida N,




Yost HJ, Bowles NE, Brunelli L, Ichida
F. 14-3-3 ¢ gene variants in a Japanese
patient with left ventricular
noncompaction and hypoplasia of the
corpus callosum. Gene 2013;515:173-80
(EFA) doi:
10. 1016/ j. gene. 2012. 12. 049

8) Kimoto K, Kinoshita K, Yokoyama T, Hata
Y, Komatsu T, Tsushima E, Nishide K,
Yamaguchi Y, Mizumaki K, Tabata T,
Inoue H, Nishida N, Fukurotani K.
Characterization of a novel mutant
KCNQ1 channel subunit lacking a large
part of the C—terminal domain. Biochem
Biophys Res Commun 2013;440:283-8. (%
HtA)doi: 10. 1016/ j. bbre. 2013. 09. 075.

9) Uchiyama T, Yoshimura K, Kaneko K,
Nemoto S, Ichida F, Hata Y, Nishida N.
Surgical repair of left ventricular
noncompaction in a patient with a novel
mutation of the myosin heavy chain 7
gene. Tohoku J Exp Med 2012;228:301-4.
(E#HA)
http://doi. org/10. 1620/t jem. 228. 301.

10) Kinoshita K, Yamaguchi Y, Nishide K,
Kimoto K, Nonobe Y, Fujita A, Asano K,
Tabata T, Mori H, Inoue H, Hata Y,
Fukurotani K, Nishida N. A novel
missense mutation causing a G487R
substitution in the S2-S3 loop of human
ether—a—go—-go—related gene channel.
J Cardiovasc Electrophysiol
2012;23:1246-53. (&FHH) doi:
10.1111/j. 1540-8167. 2012. 02383. x

(Fas&R] G o)
1) Hata Y, Kinoshita K, Yamaguchi Y,
Hirono K, Ichida F, Nishida N.
Postmortem molecular analysis of long

QT syndrome—associated genes for
sudden cardiac death in 2 to 50 year
olds. 9th International Symposium on
Advances in Legal Medcine;
2014, 6, 16—20;Fukuoka

2) Kinoshita K, Nishide K, Kimoto K,
Tabata T, Hata Y, Nishida N. A case of
sudden cardiac death with a G487R
mutation in the hERG channel. 9th
International Symposium on Advances in
Legal Medcine; 2014, 6, 16-20;Fukuoka.

3) Takasaki A, Hata Y, Hirono K, Nakaoka
H, Ibuki K, Ozawa S, Yoshimura N,
Nishida N, Ichida F. Sarcomere gene
mutations in left ventricular
noncompaction. The 87" Scientific
sessions of AHA 2014;
2014, 11, 15-19;Chicago

4) Komatsu T, Kinoshita K, Kimoto K, Hata
Y, Aonuma K, Tsushima E, Nishide K,
Hisajima N, Takahashi H, Fukurotani K,

Nishida N, and Tabata T. C-terminal
helix D of KCNQ1 contributes to normal
Ixs channel trafficking and current
density independently of Yotiao. 5 91
0] B AEBSE SRS 2014, 3, 16-18;
5.

5) BEEFE—, fhRASEsE, PRE RS, N
fEfE, BT, MEAL, PE R,
ARG, R AR AR O
ICCHRIE LY L3 AT B D EER
FLH B3R T e L AL B o — 3.
55 311 [a] H AN B b et 5 2%
2014, 6, 8; & .

6) RBEEPE—, SPAARA, MHAL, R
5, ORI TRR, N, PROEE,
VEH S, T, RN, R
(AR % BRI F8 L S AL 72 MYHT S8R 1
ERAZGT D IEEODBEACRESE O 4.
% 50 [a] B ARG R AR 7235
2014, 7, 3-5; [ L.

7) R, BRI, NEEHESE:, B,
INBRBE -, BT E S, ARREETD, AR
WG, BRBE—, THEE, Mk, 8
H . FREIC X5 Rk &8s 1
fEMT 24T 72 2 72 Bar th JEEMERE O FLIE 6.
5 23 [\ B AV NRD A PR 2014, 10,
115 3R

8) MHHAL -, ATRESE, PHH A AR
V=7 Y —% T DR 2R AR
B DB T-fEHT. 55 36 0] H AJEE P
b 2 2014, 10, 18550

9) Kinoshita K, Komatsu T, Kimoto K,
Nishide K, Tabata T, Ichida F,
Yamaguchi Y, Nishida K, Inoue H, Hata
Y, Nishida N. Functional
Characterization of KCNQl Channel
Subunit with an A590T Mutation. Basic
Cardiovascular Sciences 2013;
2013, 7, 22-25;Las Vegas

10) Kinoshita K, Tabata T, Ichida F,
Yamaguchi Y, Nishida K, Inoue H, Hata
Y, Nishida N. Characterization of KCNQ1
(K,7.1, I;) Channel Subunit with an
A590T Mutation. 5 77 [B] H AfEER e F
PSS 2013, 5, 15-17; REIE.

11) ke, ARTFHEE, PHEFE. 2E0R5E
L7ZfFREMEY A b a7 ¢ —ED 1
Bl 2597 R A AIEE PR EES;
2013, 6, 26-28; FL1E.

12) Ve A, JEEAL, AR THEE. AR
Bk 0 D very high take—off T XK 288K
HrEZ N 1. BAERBFRE
142 [RS8V « 25 127 [REkE G R G 2
2013, 11, 9; 4R,

13) Yamaguchi Y, Mizumaki K, Nishida K,
Iwamoto J, Nakatani Y, Kataoka N, Hata
Y, Ichida F, Nishida N, Inoue H.
Abnormal repolarization dynamics in
Patients with G38S single nucleotide
polymorphism of KCNE1 Gene. Heart




Rhythm Society 2012;
2012, 5, 9-12;Boston.

14) Yamaguchi Y, Mizumaki K, Nishida K,
Iwamoto J, Nakatani Y, Kataoka N, Hata
Y, Ichida F, Nishida N, Inoue H.
Difference in rate—dependent
Repolarization dynamics during daily
life between LQT1 and LQT2 forms of
congenital long QT syndrome. The 76th
Annual Scientific Meeting of the
Japanese Circulation Society;

2012, 3, 16-18;Fukuoka

15) Yamaguchi Y, Mizumaki K, Nishida K,
Iwamoto J, Nakatani Y, Kataoka N, Hata
Y, Ichida F, Nishida N, Inoue H.
Abnormal repolarization dynamics in
patients with G38S single nucleotide
polymorphism of KCNE1 Gene. The 76th
Annual Scientific Meeting of the
Japanese Circulation Society;

2012, 3, 16—-18;Fukuoka

16) ATRFSE, VHHIEEE, ARATTER, 2P0
HERS, R B, FREPEER, MR,
& FF, WoHEE, RO O Hfd
-, V5 54 G487TR ; hERG F v /L D H
IS 5 89 [0 H AR PR K4 2012,
3, 29-31; FAA.

17) PEH M. JEETD D T OIS IREE.
5 60 [B] H RO igp P Pl s 4 2012, 9,
145 4R (FAF R THD .

18) ke, & FF, HPHME, HimE
9E, THERE], FEEEES, ATHEE, L
A, K% —, H & 1, PEE A
DB ZZIRFETERN I B W TR D BivT=
HERG &5+ D M579fs +75M 7 L — A
7 NEROBEREMAT. 5 60 [B] B AL
R TFIESS 2012,9, 14-16; 4R,

19) (LA B, KRB —, FEHEEE, AR A,
AT B, ARTRESE, MEAef, T HEE
+, PEEmE, B GBS THRAET
KCNE1 {1 DS5N SNP & A9~ 5 QT JEf
JEBREBNZ 31T 5 QT/RR B34%, T-Wave
peak—to—end/RR BEfR DFEAT. 5 29 [8] H A<
DEYFRINES; 2012, 10, 12-13; T2

(KE) G214

1) FEHEEE. TRERR 2013, ZAEEE
HE ERE KK AT L Ea—
152013, ERR 1, JEEFD D HI2O s
SRFE ; p. 58-67.

2) VEH WM. 5 15 B ph & LIRZEIRE DTy
B QOUIRZSRIEDO R, [ RIEENRS: ) H
O RIS R, 571-577, FILEL,
I, 2012.

(Z D)
R b= U5
http://www. med. u—toyama. ac. jp/legal/ind
ex. html

6. WFFTHEAR

(D) MR FRE

M At (HATA Yukiko)
B ILRT: « REFPLEF I (B -
Bh#

&S 30311674

(2) WFge oy

VG 4 (NISHIDA Naoki)
B ILRY: « REFPPLEF I (B -
Hr%

HEHEE 10315088

AT kst (KINOSHITA Koshi)
IR « REFEBEE I (E) -
Bh#

MeE&eS: 10585920

% 7 (MORI Hisashi)
B ILKRT: « REFPLE F I (B -
e

WaEHEE: 00239617



