Pediatric Cardiology and Cardiac Surgery 36(4): 334-343 (2020)

ERIERE

ALY URITC E D CACNAIC BZ TN 7 Y b
[mE E NN EFHED 7RV (GE Timothy )
QT ZEEJEfwAE (LQTS)

EA BEE Y, $hhE Y, O EEY, hEF @V, Sk BEY, HE KA
N AN
2 itk 2 BRI R
BRI 2 — DRI PR - IR
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Long QT syndrome (LQTS) type 8 is known as Timothy syndrome. It is a multi-systemic disorder involving QT
prolongation on electrocardiogram, syndactyly, congenital heart disease, and mental retardation. Herein, we
report a case of LQTS type 8 without multi-systemic disorders with a CACNA1C variant identified on whole-ex-
ome analysis. An 18-year-old male patient presented with LQTS (QTc=500 msc) at the age of 6 years based on a
school health examination. He had been asymptomatic but underwent genetic testing at the age of 9 years. How-
ever, via a conventional Sanger screening, no mutations were identified in the following genes: KCNQI (LQT1),
KCNH2 (LQT2), and SCN5A (LQT3). During follow-up at the age of 18 years, an exercise stress test induced
functional 2: 1 atrioventricular (AV) block with a significant QT prolongation. Whole-exome analysis identified
Pro857Arg, a pathogenic variant of the CACNAIC gene, in this patient (proband) and his father. We further per-
formed a drug-provocation study using propranolol, mexiletine, and verapamil, and only mexiletine infusion
(2mg/kg) reduced the QTc interval. In conclusion, when a patient with an unidentified genotype in the major
three LQTS genes present with a functional 2:1 AV block or T-wave alternans, further genetic screening for
the CACNAIC gene might be required. There are no established guidelines on the medical treatment of LQTS.
However, our findings showed that propranolol and mexiletine can be effective for the management of LQTS.

Keywords: long QT syndrome, CACNA1C, gene, Timothy syndrome

Long QT syndrome type 8 (LQT8) (3.0l Ca 7+ )V Da 7 1= b 2L d— R4 % CACNAIC
AL FREDEKT, OEXE QT ERICIA T, &5, JoRMORE, RSN &2
72788 % Timothy JEBEREDNHIS N TV S, S A G OANEIHEDZZ W IE Timothy JEMEFFR LQTS
DBFBI 2R L 72D THE ST . FEBN 18 F BN, /AR 1 LD RS T QT IR 7% f5fii
TN, 9RRHOEIE TREZIEH LD, LQT1~3 OEIE TARIIRD D > Tz, 18 iRED#HE) £ 1if
DENTHREN2:1 FE7 0y V2R EZERICRD TRy Y Vidn itz FEiiLTz & C

2020 42 H 6 H%2AF, 2020 427 H 10 HZ#E
FHEAEE © T236-0004 FZR) IR TTEIR XK 3-9  BHEm KM EWREUNIIEERE SRS
doi: 10.9794/jspccs.36.334

© 2020 Japanese Society of Pediatric Cardiology and Cardiac Surgery



335

%, AREH LT LQTS & L THERD CACNAICEIZ TN 7 ¥ A FEE Nz, REBFITHLT
IasT /a—), AFTLFr, XTI VOHEEARRBRZITL, AFTLFURE5%ZICQT
IEEOWEZFED T, LQT8ICHTT 2 IRt faEHI R WD, NERITIE A F T LF > OEIEL R
X N7z, LQT1~3 OBs FERMNFAE SN > EfITE, QT ERICIMAKREN 2:1 FET 1y
7% T wave alternans Z iR 725513 LQTS ORJREMZRE 5 HENDH 5.

lFCoIc

Fe KM QT EESEMRE (LQTS) .04 > F v
IV e LY aA— RIS FREICKD, LEXEQT
UER® torsade de pointes (TdP) &FHIN B ZIEIEL
IR EL, DIRSESEDEINE 55 ETHS V.
LQTS 3 T N&E T 17 MDIRKEIE F AT SN TV
20, FAEENZEETFHOEEAENLQTI~3 T
H5 "

Long QT syndrome type 8 (LQT8) &, QT iLE
KA T, &8, e RMORE, Wil
Z A T R 72 388 % Timothy JEMRREAHI S LTV
% 2. Timothy JiE B BE (3, Ytk 12p13.31CH % L
My L (Ca) F¥ FIVEAZI— R 5#IR
¥ (CACNAIC) DNV T ¥ M2 &> TR T % fiEfR
T T, Splawski 5%, CACNAICD I A&V A% R
(p.Gly406Arg) T4 U 2 EMERE%Z Timothy AERHE &
LTHIDTHE LY. ZO%ATEZRDE LQTS
(Timothy JEMREE 2) MG I N Y, & HITLAAHE
JEZRDENLQTS b I NB K Iz o 7Y,

B AL OHE HHEZ RE 8 75 LQT8 DL
ZRERL, REFICHLTTBTT /a—)b, AFy
LT, NIRI)VOFHIE AR 2 1T U QT K
DZALZRHEi L7z D TS T 5.

E A

fEG - 18 5%, Tk

BRAERE | Frad$EA L

RIEHE | ROMEZ T QT IEEZH5H. RTEHRDH
M 21 < T BRI SIRIE.

B VAR LR DRI T QT EREZIEHE 1
WiEZ2%Z2 Uk (Fig. 1. 9% s 7R % i
ENJeAY, Sanger {EIC K B LQT1~3 DEIL AR
RO o Tz, 13 RIFICHRE 2 ISR 232
Uiz, DUNSRIC 1HEC L OEBRZ 22T TV .
BE, JAhORBHER R,

HERE R 1A

BH&FR 5 E170.0cm, A 51.4kg, ki 82 01/
43, IfiJE 139/82mmHg, Sp0O, 99% (EHN%)

PSR (N EZDER L, HMENiAL, ek
L, O EEAL, AAVETE L), MERERE, O
R, MRS L, JERCEE, W, BfESL
BMEMRR © R0 BN (Fig. 2A) 1 0% 58 bpm,
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Fig. 1 12-lead electrocardiogram (ECG) of proband when he was in the first grade of elementary school,
QTc (B: Bazett): 505 msec, QTc (F: Fridericia) 482 msec (measured at V5 lead)

&5 Lz, RERTRZARMBOLOEXE L. &K
#RIREFIE HR 32bpm, QT 496 msec, QTc(B) 364 msec,
QTc(F)404msec & QT IER RO Eh -7z, T/
Z /0= )WREKT 5 0%hE, TEXTY VAR
MRz [T T e Gk MY, ZT¥xTVU v
EHT 177121 HR 47bpm, QT 510 msec, QTc(B)
447 msec, QTc(F)467 msec & SIS F Tl E
37V VEMIC K S QT ERFHRH E iz (Fig. 6).

AF T LF UAMRERIE, 1258 0ENZIRRL
W5 AF T LF Y 2mg/kg & 10 [ THRG Lz,
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QTc KO KifEZ#l8 7z (Fig. 7A). —71, NT/83
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BiGHT L EL LM > Tz (Fig. 7B).
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lead ECG with resumption of 1:1 conduction after exercise stress test showing longer QT inter-

val; QT: 360msec, RR: 480msec, QTc(B): 520 msec, QTc(F): 460 msec
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Fig. 4 Pedigree of the CACNATC

Arrow denotes the proband. ‘+’ indicates fam-
ily members with the variant. " indicates family
members without the variant. ‘N’ indicates when
no genomic DNA was available. The number in the
square denotes QTc(F).

TNV T YR HREEN TS Y. Splawski 5 A
2005 FFITHRE Lz 2 ERIE VI N BiEERRD T,
B2 DI WERE Timothy JEMERE 2 & SNz,
E BITOAEBHE 2 2% 750 LQT8 A Boczek 5 I
Ko T 2013 FFICHEEN, DBEZHHE SN TS
(Table 2).

AFEHNCFR& 72231 7~ b p.Pro857Arg (c.2570C
>G) & Boczek HIC K D 2013 FFICHID THE ST N
HERTH - 72 Y. BHOETREIKE 5 H 25 S
D LQT8 Z#ME L, 9 BN E X Ok E%TH
20 16 FlEIEIRTH D, Pro857Arg /NU 7~ ki
1 BIF8 5 NIEER TH - 72 17,

A [El, A E ] O 22 # R QTe & 450~480 msec Hif
BTH-o T, HBARMBEPZERT Y VERREIC
QTIEEDIE R YD, BN EIROZHICEHT
BHARSAY W TEY AY L ENS 500msec LL
Fictd®EL TV, F 7, Giudicessi 5 &5t KM
LQTS OEfn 1M & RERICHE D U X7 k%=
LEa—LTHED, 40X TICOFIDFEETSY
A 7 7%, Extremely High Risk (=80%), High Risk
(=50%), Intermediate Risk (30~49%), Low Risk
(<30%) WKERAkLTVWaE ™., cOLEa—T
Timothy JEEREI Extremely High Risk BElC B E N
TW3 7, Timothy JiE B HE R LQTS 13 Gly406Arg &
Gly402Ser IR SN TH D, AJEHIF CACNAIC i#
mTICNY 7 > b B & DO Timothy JEMER Tl
i<, LEE QTc<500 msec D7z Low Risk BEIC /)
FENd., FERRBITERBMNENDY T > M
HLTW2EDD, ZFh - AfLERE BICHS D
QTR TZVWT NS E, ANYT 2 FHEMT
DIRINEFRICTIIRERINIRS. FRKFLOMRETD
Pro857Arg (30X D T I JEHED 5 LUK U A &
ROTREMEA R E NS 7.

— 73 C Mellor 5 & JFAEMMED LQTS 34 23 A
5 9FH D CACNAICEZE T DIRINY 7V &
LW EEbha N7y r2RAELY, C
DIFBDNY T > FD S5 E 6FEEH (p.Pro857Arg,

Table 1 Results of loading test
i=tEkn) =Pkt
HR (bpm) QT (msec) QTc(B) (msec) QTc(F) (msec) HR (bpm) QT (msec) QTc(B) (msec) QTc(F) (msec)
IEX7U> 72 440 483 468 81 440 511 486
EEmERK 58 475 468 470 52 490 454 466
Jo73/0-1b 71 470 513 498 60 470 470 470
AFILFY 61 446 451 449 62 370 376 374
NZINZ Y 62 420 429 426 81 360 418 398
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Table 2 CACNATC variants without any other extra-cardiac manifestations

SEF QTc (msec) DNA protein LOT UANDIDEHIE RIRFE
AIER 18% = 437 c.2570C>G p.Pro857Arg =L ZERTET RER'
Colson et al, 2019 2%k & 640 c.1220A>C p.Glu407Ala 1 AVB RTRE RZER
Landstorm et al, 2016 6% %« 530 c.2284C>T p.Leu762Phe L BT EZREY
Boczek et al, 2015 BE & 500 c.1552C>T p.Argb18Cys VSD, 1E AVB, EEHDEEE, ZERET EERY
10m% B 480 RLE RL HCM RftEitseER S =R EEET
25% & 500 c.1553G>A p.Arg518His Cleft mitral valve, ASD, PAC =R EAERT
Hiippala et al, 2015 13 & 460 c.1204G>A p.Gly402Ser L &L
Wembhoner et al, 2015 12®% Z& 450 c.82G>A p.Ala28Thr xL RAZEE"
30m B 498 c.2578C>G p.Arg860Gly =L =L
15 X 452 c.3496 A>G p.lle1166Val =L RZEE"
14®% & 473 c.4425C>G p.lle1475Met =L RZEE*
26/ X 480 c.4486G>A p.Glu1496Lys =L =L
Fukuyama et al, 2014 8#&% %« 480 c.1141C>T p.Pro381Ser =L =R RERY
12/ & 464 c.1368G>A p.Metd56lle =L ZERIE
12/ & 597 c.1745C>A p.Alab82Asp AR ZERGE RZERT
548 & 435 €.2339G>A p.Arg858His L =R AEERT
7% B 476 AL [N =L ZE5R5E
15k B 420 [LE i iR ZRIRTE
58 & 449 c.5347G>T p.Gly1783Cys =L ZesRE "
Boczek et al, 2013 27m% & 498 €.2570C>G p.Pro857Arg L BT EERY
15 X 475 ¢c.2500A>G p.Lys834Glu =L zL
15% 2 514 ¢.2570C>T p.Pro857Leu =L =R RERT

ASD, atrial septal defect; HCM, hypertrophic cardiomyopathy; PAC, premature atrial contraction; VSD, ventricular septal defect

R860G/Q/P
R858H

" P857R/L

Intracellular

Fig. 9 Topology of CACNATC and the localization of the LQT8 variants

OFERFFRRETH o7 (53% vs. 48%, p=0.41).
K7z, ZERIEDORKEZ II-TIT cytosolic loop MIT/N
U7 YV ® - T BERORIERO BNz (60% vs.
0%, p=0.03). DL LA 5 AJERHE Pro8s57Arg T b
D, i QTe A 500msec KiliCH->TCEHITLLE
PENRA N BRZEIIED Y A7 MRV & IE N Z R0
EEZBNS.

Timothy JEMEHE & XN 5 LQTS8 1& Gly406Arg &
%\ & Gly402Ser MK T TdP .= /Mll#) 7% £ 2
Kied PHRARBERLEEINT VS, BFEL LT
ICD DAMMENIEE N TS D A, HiEN - 1L4h
Y7z EDRIED/NENEER, AAERID X 5 ICHIEN
DAENRA N> b DIRWEFICH L Td, ICD Z 4

R 1358 4R Lic < V. LQT8 I X9 B Hi A E kD
TRINRICE U CIEBHENEE, AF2 LTy, TR
IV EDWENHRENED, HERIY TV A,
NEY,-Ciera N AN A

LQT8 OZERIETIHICHE —#EIRE L THWONS T
LD OHEHLIEWTIETH B 22, ik
HHNC X 2 BEEEAEIRO TG0, 1RfAkic X 2 #EE
21 EZE70y 7 OUERIRMA/TE NS D, pill
WIS YA T OERIMEOE 3V TH B 2. LQTS8
xt U ORENRIE, HAITR R AFYLFU%E
B9 % C & C QT BERIAVERE L THRITE - 7z & O
HEHBH B Y AF T LF VIFHAITOEREDOR
EEHs 1.
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LQTS & L & Ca F v )V OIEREIEISHIZE BN A
THHTehb, NTF)RI)Vix L CatEfigEoshmin
XN T, Jacob HlE, DEMEEOMEILD
BT ICD (HEDAARIBRAMEIR) MIAAZD 21 1%
B (p.Gly402Ser) 1T 782V BAlE L ICD {E#)
BRWLERBZENTERERELTVS Y. L
L, LQT8ICXd % Ca fEHIKDOM R T E N S
LR ENS 02 KIEFANDNT I UEE T
QT IEEDHHL M ixdEEFiBd sl b E,
LQT8 ISR T 2T /2 )% & D Ca FEHiSEDRIHKIX
HEICTNRELEZLNS.

KEFITIE, Ta75 /0= RS FOTZE X T
VEMT, TEXTY UREKT 19%TRA QI
(B)447 msec, QTc(F)467msec & QT i E 13 H % &
BRI E Nz, FleAFLF U5 TE QTe(B)
376 msec, QTc(F)374msec & QTc W[ D ki 7 28
7o, AJEGNE TN X THIEIRIZA, protocol A man-
ual (1 DRI CEBIC OB Z LT3 Xy > 2 O
HEEALLEN THRENERE 7 0y 7 258 iz, i)
BADERIE 1~2 IS 1 RIOHE THfTLTHD,
LQT8 Di2With & FE X v > 11k & Bruce {EZHifT L
e b, BRENE= 7 oy 71333 HEM KL -
. L LW SRREDORKEND S LxihE
Z, WUCESE)ER, AR RFOES)IEHIR 9 2
FHTEHINTWS. SBTHNRZMETT 255
Zoa s/ a—)VEAF U LF VO, LR
AF LF VHBIOEIMEMR I NS,

&

AR IFHER D LQT1~3 DG T A D & TR
AR TH - 7=hY, 4 Exome D HEHENE (5 T-f#HTIC
KD CACNAIC 5 FITHRINNY 7 REE S 1
LQT8 DI & - Tl 2485k L7z, LQTS & D
EHT, REBRETRIR Bl 2:1 EE7ay 7,
T wave alternans, TdP SF DRI R 27880 5 551
LQT8 %25t 5 BN H 5. & SISAIERN T 2 EH
BEMRBOM RN SR LQT8ICH LTI u T T/ a—
WEZEAFVLF v OEEIRB I NI,

-

B

A, ST - RN vl E R L
7o, HAERRANEWIEERGENRE wkiBieL,
KECEL 7V =y RISz L
E3E

ARNRBERSBSFRIME £36F F45

FEHER
AT B THRT NEFEEME (COD 13dH D FEA.

EEDRE

FARWER 7 — 2R, T 2R, SRR K
PRI RERD ¢ T — 2N, BRSEIE

JEUER] 7= 24N, T 2R, FBIE
PR 1 RSB IE

AARER L ERSEIE

MIERA] @ 7 — 2 fRIR, GBI
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