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A Japanese Family with Long QT Syndrome: Distinct Genetic
and Phenotypic Features in Children of Asymptomatic Parents
with SCN5A and KCNQI Mutations
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Concomitant with advances in genetic diagnosis of congenital long QT syndrome (LQTS), results of genetic
analysis in patients with LQTS are becoming increasingly important in clinical practice to design appropriate
treatment strategies. The present study reports an LQTS family. The proband was a female patient who exhibited
repetitive exercise-induced syncope since the age of six, and her QT interval in ECG was markedly prolonged
(0.67 s using Bazett’s formula). Except for her maternal great-grandfather who died suddenly in his 30s, she had
no family history of syncope or sudden death. She was diagnosed with LQTS and was treated with a -blocker.
However, the syncope recurred at the age of ten. We performed genetic analysis of the proband and identified
the heterozygous compound mutations, KCNQI p.K358_Q359del and SCN5A p.A1330T. Her father and elder
sister carried heterozygous SCN5A p.A1330T, and her mother and younger sister carried heterozygous KCNQI
p-K358_Q359del. Although the proband had not exhibited syncope for over 8 months with a 3-blocker and a Na
channel blocker, we considered placement of an implantable cardioverter-defibrillator as secondary prevention
because of the severe phenotype and the compound mutations. Her elder sister who had a normal QT inter-
val was followed without medication. In contrast, we started f3-blocker therapy as primary prevention in her
younger sister because she exhibited a prolonged QT interval after exercise. Detailed consideration of the gene
mutations and evaluation of the phenotype were both important in determining treatment strategies.
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1otz FiEE KCNQI p.K358_Q359del & SCN5A p.A1330T DEAERAT OHAATHD, RE
fifilcld SCN5A p.A1330T, RFEBKICIE KCNQI pK358_Q359del DN\T A A2 FE L. ZD%
FEbn (S PUEMEE, Na 7 v 3 )VEWTEET 8 0 HRIAA R SROE L T2 A, FHARRIBRME &2 e U
TW%. SCN5A DZEF72 A9 5 hfild OFEXT R SRERBIE & LTzh, —J5 T KCNQI DZE5E7% & DIk
SHEFAMOERX T QT ERZHD /e, —RTHiL U THUENEE L EBHIR 2R LT, L AR
DHEDT, FRMERS R ORIERE G 2N A MG 2 EMNERTEHREICEE Th > Tz
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QT ZEEJEMEE (long QT syndrome: LQTS) (&,
DEK EDOQTEE % 7k L, Torsades de pointes
(TdP) &I N 2 ZIEIELEHHID 5 I DZEIRIE
ZERLIZEETHD. SR LQTS IFH Rk
EEIEIEAZ L5 EDNH D, TEEREFEEDOH Tl
LR T ZMOH-EA TV BIREBD—DTH 5. FIFEL
ROHEEe, VAZERE, HBREROBERNG L, B
TREEEW DI %5 FIHHIC B IFRICHE DD,
LQTS OBEALEAZ TR IIAFB TR S SN T
W5, 22U, BInTARITNT ZEERITAE N T
WEWEDBLE L, B FRERRZ Y A7 SHle
IERIBFCAE O DT 5 DODWNEZHIE H 5. Ko Tl
RAREE ORI 575 E DRI 2 E g U IR B RaT
ffiAER T EHVEICITEETH 5.
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Pedigree of the proband’s family at the time of genetic screening

Note that her maternal great-grandfather had died suddenly (I-1), and two maternal relatives had prolonged QTc without
symptoms (II-3, IV-5). Blank symbols indicate individuals with no genotyping data. The arrow indicates the proband (IV-2).
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Fig. 2 Resting electrocardiogram of the proband at diagnosis revealed prolonged QT interval

0.67s using Bazett's formula, 0.66s using Fridericia’s formula.
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e T (Fig. 2), flllE QT W] (Bazett) (corrected
QT interval: QTcB) =0.67s, fifill: QT K[ (Fridericia)
(QTcF) =0.66s £ FH7x QT L EZRSH Tz, QT iLE
DIREMNZE L2 s, iR S &l E R T T
Lizh o7z, RV Z—DEXTIE, TSR R
ik"® T wave alternans, TdP (37289, RHEDIRIRAY
(QTcB=0.64s, QTcF=0.65 M4 50/min) IC &, 1%
s (QTcB=0.68s, QTcF=0.64 D)1 88/min) &
FARICEN7Z QT EEZ#R D 7. QT RO S M
IFIEE (QTcB>0.48s) &, A L RITHES KT
Schwartz score (& 5 5 P TH Y, L LEOKRERRL S
LQTS gz & Uiz, s FRREIC DWW TIE O
FEMESNTHE T LR > Tz,
BESLURRG : FHE g 216 & LT, atenolol
25mg/day (1.3mg/kg/day) WHRZ Bl L 7z, SEAIGH
BIRICHEBI TR O EX 2 i T L 72 Ay, LR QT 4
E (QTcB=0.65s, QTcF=0.62) &Ltigl, EHEK 1
% 457 DI TE QTcB=0.69s, QTcF=0.66s (DM
#90/min) &ARIREIHE QT KL E 2R Tz,
IR G KK « T VR, L T (EEE
X7 D, #Ejr S 7R ) LUk,

NARBAUATE 2 RIS ZRRD =AY, WINERKIC X
550D LEZ LN ORERLE 2TV, DIESEAIN
RFPDIHIIIHI Uiz, Uh USEHIBASE 4 14D 10

ke, IR Fe 7 I VAR TH-Tzics b b
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7z

%9 atenolol Z{AFEHNE L HICHELTEDHT,
B RDHIC IR & 75> T ez, 25mg/day
(0.9mg/kg/day) 7 5 50mg/day (1.7mg/kg/day) I
WE U EEEHIRZ S EOE $ ¢ EHKX
D) hSBREOMESE T (EHIXS) C) sk L
T DEXIEIETE T O HMBE A IEIET % LQT3 D
Mzt ->Twizc e (Fig.2) £Hb, NaFv b
JHEWTHE mexiletine 300 mg/day (10.3mg/kg/day) 7z
HUTz.

T HICENE QT IEES X TIBHHERHIEN 5 8 G
ZYYERITH ZATREN BB Z DN, SHROIGEI TR
EICIFRICHEETH 5 C L Z2KRICHEHRAL, FE
AFTHEIE - W - Wik OB (R IR 2 T L7z,
BLEFREBREZOBDRE M5 TWV3
LQTS Az ¥ O T 7V VO R 7 1) — =
YT EATo Tz T A, FEUi &I KCNQI ¢.1073_
1078delAGC AGA, p.K358_Q359del (Fig. 3A) &,
SCN5A ¢.3988G>A, p.A1330T (Fig. 3B) DHAE
HEATugEahzRE L. FRFICRBIT 13K
Dl SCN5A 25 (Fig. 3B) 7z, RE& 7 bkIC X
KCNQI % (Fig. 3A) %2, \WInEAT7To#Es%ED
ZHEE UTRDT.
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Fig. 3 Electropherogram showing mutations in target genes of the proband

A. KCNQT mutation (c.1073-1078delAGCAGA, p.K358_Q359del) found in the proband, her mother, and her younger sis-

ter. B. SCN5A mutation (c.3988G>A, p.A1330T) found in the proband, her father, and her elder sister.
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Fig. 4 Electrocardiograms of affected family members (V5 lead)

Although the proband was under medication with a 8 blocker and a Na channel blocker, her corrected QT interval was
still enormously prolonged compared with others. Electrocardiogram of her younger sister showed prolongation of QT
interval after exercise test. QTcB: corrected QT interval using Bazett's formula. QTcF: corrected QT interval using Frideri-
cia’s formula. The arrow indicates the proband.
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Defibrillators: ICD) D@L EEZTWABH, AUy
FEeTF AV w hERANBIUmHICHAL T, HHIA
BITERRHERE L TOL 8t TH 3. BifE, Pl
Wik & Na F v 3 )VEEESE O 5 F 38 & O3S S HI IR %2 ik
L, 8MHMEMAERC S FHBLTVS. 2L
Na F v 3 )VERERBG% S QTcB=0.63s, QTcF=0.63s
& QTc DEMHIREIC L EE o7 (Fig. 41V-2).
REGNCHESD 12 LQT3 DI FERIE, T—X&
N— 2 & EH &S N7z (reference SNP ID number
199473224) JRIEMERTH 5. Uh LA ZEHRED
EX T QTcB=0.40s, QTcF=0.38s & QT &L E%Z %%
9 (Fig. 4 IV-1), H72HRVZ2—D0ERTERBOR
IRk IKf I QTcB=0.45s, QTcF=0.47s COMHZEL 42/min)
CIRED QT MIEREZBHBIC L EE oz, T HIC
IR TH D, RDFERICIEIIERRMOBI N RN
TEBEEL, THHIARIEEIICOER CHEEICR
HEHZmT s LTz

—77, BEO LQTI DA RICIZE ALk
WEDD, coding DNA DRKZTH 2% T HFhe s
WrhRElIaEREENEVEBbniz. HEREREED
BRI Fig. 4 IV-31SRd@D, FLw F )V
(Bruce 1) #%DOVEXT QTcB=0.54s, QTcF=0.51s
& QT MEE UTzTz8, JEERIZ & A TWARTO
RIEESLER L —XTIZiifTd 52 & & Lz, BifE
B 35 K OEEHIBR GRVES) ], E LX) E,
HE) 7 5 TVER) A, Kk - TV Y- aEilES L)
TROBBIEHTH 5.

z ¥

WD 5 ZNZFNHIO LQTS Bl EE T EHE =5
EHRNTEE GBI T H 2 s O Wi 22288,
B EFROBETRENHL N &2 > Te — KRR
Uiz, ZHikiZZNZNRIOE TERZ5 | ZHRNTH
D, BT RBERZHRGHNTHIL T, HHloE
B ERET B ENEETH - T,

FIRIHHE TR 5D LQT3 D SCN5A ZER L, £}
M5O LQTL O KCNQI ¥ 722 kW A 28 5
JEFITH o7z, TOXIBEEAERE, BinrERE
[AE &Nz LQTSIERID 7~8.4% L EINTED,
QTEEMNFIT, RIEFERNE <, DFHDZENR
RRETHRIEGVESbN TS 2, RHL
QT IEENEINTH 55, FORK O IMpZHOIKRL
e RIEEGERBIORMEZE LT\ WR 5.

RN EBRFICA SN, EHEARTO QT IEER
RHTT x>, BENEEMRRBH YA E B A

5Nz & TLQTL L2 L TWehy, (LEXIKIE
RBHEWIENDIRRARTUED 5 AL RO REMENE
Z, S THE R ED TR, HAZEAH
bhhkizolz.

BEZTFERPASHICES T LT, ETHRNEED
ZB DM T E 2. LQTLICHTT 2 BlWT D A4
M EHEHRE SN TVS T Eicinz, LQT3 ¢t
ICBVTRENEFEORARENTEY ¥, MRLK
BUEWTHE 2 kRS BARM & o T2, F - IARTEBR B8
BOHARIA4 Y TR, BEFRERNZARE L
THIEIRD LQT3 IX9 % Na F ¥ VB fdi
W75 A EENTED, HHEEZRET 2HD
FJZRWEE EIFEETH- /2.

X DX HEAZIIEHNC TV T ICD ldiaH
DFRILD—D L 7D 5 %. The Cardiac Society of
Australia and New Zealand /5 ® guideline update®
T QT EENEI (QTcB>0.555) THHHEEAR
BlicIHBNT, —RTFEOMHNNRES & RS> TV 5.
FIEOEFIEN D EMSHh DD 5T, LD H A
RS> ® & HRS/EHRA/APHRS I &% /1 RS A
27, BEUARBOHA RTA 2 wEng, Bk
SO I G REIRD LQTS DIERIC IV T ICD A
7T A Ma DHERL I > T3, SREIOFRGE K
U 7z BRI 3 W S E D I 5- 8 N D75 I o T AT REME D
& OIEFHEPUE L SNV & H 50, EE
QTR L HEAERKTH ST L EEEL, ICD A
BEHTHREEZT:.

LA U—ATICDBEBIEEIHEN D E L B, R
WYIEE) S, ZNDRRERTHE LB NEL - Bk L DK
WA EERERINRTEREETNTVWS Y. £/
INRTIE Y — REE U — FAR2OHENH 10~
20% EMALD BWVIERTREZ %2 &HETN TV
% 810 ICD U — REEEOBIIE, A O A
RMFHOEEN S TR E N2 HERDGREE (L5 E
LTirbnah, RERCTOFBENNHET, KR
IMREZEVDAMVEY — R RE 5 21550 — X%
1T %. VU — FA2#EY % ICD OfE#Z Wi %
72Tk, V- FEHEICKSREEDHD, /NELD
ICD BAIIEKREMEE R 5.

FaRo XS/ ICD B AICIZEEREL LD
BV, ICDEAEZAY Y~ FAV Y hE
ANCIRELED TR L TS5 REDND B
ASEH] T3 LUEWTEE & Na 7 v 3V E TR
LEENTWSZ EEHD, HFHTRANBI UMW
3 ICD B2 L L T,

REICHITHRDOMN 572 LQT3 D SCN5A ¢.3988G>
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A, p.Alal1330Thr DZ54IE, Na F v )LD SCN5A D
B30FEHDOT /BN TS=0hE M LA VICE
WEIN2Z I AL AALRTHS (Reference SNP 1D
number 199473224). TOZEFIZ/ Sy F 75 2T
X0 T, Ly F ¥ XIVTOH 4 HONIH & BIFRH IS
INTAER, FHOMANENS &0 S BERER N S NT
WAT LKA, AEREET ZHERT QT LRI E
SRR EENTHEY Y, F—2R—Z L&iF
FHEEBRENTNS. L LEND, AZBREET
B - il & BICLEIPLERO QT REIIFZEE LT
72> 7. HRS/EHRA/APHRS DA A RS54 V7 %
LQT3 DL HERMR Y Tld, DIMEA Y FDY R
713 QTIEEORE LT 2 ENTEBD, £/
DFRRITITFEIRFERIABIIN TN T &5, ARNITHEIR
WianT eh s, HESE T —XFPRZ2 83 IR
e Ul oL E ik U AN A Y
FDURIHEL BB EVSMELHD Y S ET
BEHEBBRL TV T HIRETH B.

B, Ric R DOh -7 LQT1 d KCNQI ¢.1073_1078
delAGCAGA, p.K358_Q359del D% 5 i3 i {r 1 DX
JAT KD 358 359 /DY >, TIVE I UIHREK
TEAVTL—LYT NVERTHS. HEREMT OIS
372, F—=2X—=Z L& IFFEIEIC DOV T OB
U (Reference SNP ID number 397508074). & - T
ZFIT DWW T DELRE X CHRRAEIRO M # VG /7 #
PUEICEEL 5.

LQT1 Tl (n A SR E R 2 A T IR D
BRI MIET BN ENTED 2, —lmicid
BB G Y > A — I, 36 KU pore fElE D £ H
TLHEEFEDNZ O EREEN TS 2, SE0%
FONMNBEIIADROEN Tld7a <, CARIFENTH -
(Fig. 5KHD. UL LEBRONEX, AMEE x>
A ORI ALERRIERHTRE 5D, 73/
F& Bl 51 C & pore FfL (285-355 %) ICiifE L7727
S BBOBETHY, TOEROKRNERIIETETE
TV, ERERZALTEEETHD, TDXH%%IEY
Y— MDA > 7 L— L7 bld American College
of Medical Genetics and Genomics DH A RS 1> ¥
K&B e, WEEOIL TV RIIHHFELINTNS
FhBE, TOEROFHEENEDSFENS.

& 5IC KCNQI ONT O AR EKTIE, BRI
ZAENREMTH -T2 & LTEF v RIVIBEEDMEH H D
12 FER%, RIF2 32T« 7RG ZH %
TENBVI2Y KCNQI (Fig. 5) FMUREKEHT
Ho, ZBEFYT 2=y MHA—DLL EEEN S HHER
WreET5F v, 2RO 15/16 KI5 &
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Fig. 5 Predicted topology of the KCNQ7

The red arrow indicates the location of the muta-
tion found in the proband, her mother, and her
younger sister.
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ZRMWRIF Y b2 AT 0 T2 L 52 e EA
BRI PEDN SO L HIWT U7z, Rk E B i
IZ QT LEEZGRSD, R OFRGREICIRIENH S T &
(Fig. 1 I-1) &&®, #sA - RBVIUT XD EEL
WEMEREEZ, p7 0y h—B X CEIFIRIC X
% —RVBiZE LTz, SEEREMNTANED IEARR
THEORNEZENLDIHEMCES L BbN5S.

SEOBEFREIC K DR T N UTHIDZSEDN
oMb, EREHEHL TH-oT. FRE TIIEEE
FINEDM S 72T EDNIROIERR L2 D Z AL E 73
v, ICD &ETd 5T & &7z fliTld LQT3 DfFlH
MEREMEEN TV REZRD . L QT &R
IS CRBVCIRBYE L 5 2 DN - OREBISOD
FHe Ul HhOEDLQTI DERIIKRNEENAHT
EH T, BIRFERENINARL R A T OMGE &
EFEENRIF Y F AT« TR &R DT
&, BEROEHAMOEXTO QT ML ERRIEHED
IRIVZEBURE FHERL, —RTHiZMifTUT.

ERID & S Stk BV G T EE SO R B
ZHZRRTH O, BInTRFEL LARRIEMES S
DA TOIEHESTFREIRETH > 7o BURFHER
ARNREHRESR TR RS R B T N TEBIEE
ICHMBEMETH 2D, BIETFREOREIECNT 2
EREZITO, HRMESKERE 2 GRS 571
FRE LTz D A TOBRBEHENEER EHE Z b,
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WZLQTS Otk Z#5 L7c. T TEHEZER
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