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一、中文摘要 

 

先天性 QT間距延長症候群，雖然是罕
見之疾病，但其基因學之變化自西元 1991
年首度報告以來，已有相當多在鈉離子通

道及鉀離子通道的基因突變被篩檢出，不

同基因突變的先天性 QT 間距延長症候
群，有可能必須有不同的治療途徑。在台

灣，相關之基因突變資料相當有限，由我

們之臨床經驗分析，我們有數位罕見之胎

兒期發病的先天性 QT 間距延長症候群之
病兒，其病程複雜，且不易治療。至於兒

童期後發病之病兒其臨床症狀與國外之報

告則較為相近。 
本研究檢定了先天性 QT 間距延長症
候群病兒之基因學變化。我們發現一種從

未報告過在 SCN5A的突變，此種突變雖是
heterogygous 突變，但仍會造成胎兒期發
病，病程複雜且不易治療之先天性 QT 間
距延長症候群。其功能之研究亦顯示此基

因突變之鈉離子電流，有不活化功能之障

礙，因此有相當大之 residual current。而於
兒童期發病之病兒，目前我們所檢出的為

鉀離子通道之突變，例如 KVLQT1之突變
等。具這種突變之病兒，常於游泳時被誘

發出心室頻脈及休克。此種臨床表現與過

去之報告相似。 
關鍵詞：先天性 QT間距延長症候群、心
室不整脈、胎兒、兒童 

 

Abstract 

 Congenital long QT syndrome (LQTS) 
with in utero onset of the rhythm 
disturbances is associated with a poor 
prognosis. The underlying ionic channel 
abnormalities remained largely unknown.  
In the present study, we report a novel 

LQTS-3 mutation in the early C-terminal 
domain of SCN5A, VXXXXX, from a 
newborn with fetal bradycardia and 2:1 
atrioventricular block and ventricular 
tachycardia soon after birth. The 2:1 
atrioventricular block improved to 1:1 
conduction only after intravenous lidocaine 
infusion or high dose mexiletine that also 
controlled the ventricular tachycardia. The 
mutation occurred in a highly conserved 
domain within the C-terminus of the cardiac 
sodium channel, with a X->X substitution at 
codon xxxx which resulted in an amino acid 
substitution. The proband was heterogygous 
but the mutation was absent in both parents 
and the sister, thus suggesting a de novo 
origin.  Expression of the mutant channels 
in tsA201 mammalian cells revealed a big 
residual current that was blocked by TTX and 
lidocaine. These findings suggest that this 
novel SCN5A channel dysfunction may 
contribute to a persistent inward current of 
the cardiac myocytes and clinically 
congenital LQTS with perinatal onset of the 
arrhythmias and probably a poor prognosis. 
As to those with tachycardia (syncope) onset 
during childhood, a mutation of the KVLQT1 
gene (a C T transversion at the second 
poison of codon 341, with a subsequent 
substitution of alanine for valine (A341V) in 
the S6 region of the potassium channel 
protein) was found. The mutation had been 
described in the previous studies. 
   
Keywords: Congenital long QT syndrome, 

SCN5 mutation, fetus, 
atrioventricular block, torsades 
de pointes 

 

二、緣由與目的 
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The idiopathic or congenital long QT 
syndrome (LQTS) is an inherited disease 
characterized by prolonged ventricular 
repolarization and a high risk for sudden 
cardiac death due to torsade de pointes. 1-2 
Most of the life-threatening arrhythmias in 
LQTS occur during physical or emotional 
stress, although in some families, sudden 
death occurs during sleep. Thus, LQTS has 
been regarded as an important example of 
neurally mediated sudden cardiac death. In 
the infants, the LQTS has been suggested as a 
major underlying mechanism for sudden 
infant death syndrome.  The prevalence of 
LQTS is estimated as 1/10,000 to 15,000 live 
births in the Western countries with a female 
to male ratio of 2.  In Taiwan, we have 
approximately 250,000 to 300,000 live births 
each year.  However, the reported LQTS 
patients are few.  This may be due to 
under-diagnosis of the disease or a racial 
difference.  However, we have identified 4 
fetuses in recent 3 years with LQTS with 
unusual early onset and malignant course.  
The disease pattern is only rarely described.  
Therefore, the relative low number of the 
reported cases is more likely related to 
under-diagnosis of the disease.     

The inheritance of LQTS can be 
autosomal dominant (mostly common), 
called as Romano-Ward syndrome，or 
autosomal recessive (less common, around 
7% only), called as Jervell-Lange-Nielsen 
syndrome. The patients with 
Jervell-Lange-Nielsen syndrome are 
associated with hearing disturbance.  
However, about 10% of the patients are due 
to fresh mutation. To date, more than 200 
mutations have been identified in 6 separate 
ion channels genes that encode the Na or K 
(IKr or IKs) channels.1-2 According to a 
recent report based on the mutational analysis 
from a pool of 262 untreated LQTS 
individuals, the distribution of the mutations 
are: KVLQT1, 42%, HERG, 45%, SCN5A, 
8%, KCNE1, 3% and KCNE2, 2%.  In 
Taiwan, the related data are very limited. 
Only an adult patient with possible mutation 
of the HERG had been described.  

Previous studies have documented the 

benefits of chronic β-blocker therapy, left 
stellate ganglionectomy, pacemaker 
implantation and implantable 
cardioverter-defibrillator therapy. 2 However, 
the prognosis of those with prenatal or 
neonatal onset remains poor. 3-4 The optimal 
therapy may be achieved by tailoring to the 
specific ion channel defects.5-6  The SCN5 
gene encodes for the α subunit of the 
human cardiac voltage dependent sodium 
channel.  Mutations in SCN5A may cause a 
persistent cardiac Na current and subsequent 
delayed repolarization that is responsible for 
a particular type of congenital LQTS, 
designated LQT 3. 7 This form has been 
associated with a lower rate of cardiac events 
but a higher rate of lethal events. 1  We 
described here the first case of LQTS with 
perinatal onset of fetal bradycardia as well as 
the neonatal AV block and ventricular 
tachycardia due to a de novo heterogygous 
mutation in C-terminal domain of SCN5A. 
Our previous studies have shown the 
presence of racial differences in the types of 
congenital heart disease.  We have more 
cardiac children with subpulmonary 
ventricular septal defect, double inlet 
ventricle with right ventricular morphology 
and right isomerism, as compared to those 
found in Western countries.  Therefore, it is 
highly possible that the mutations of the ion 
channels in Taiwanese LQTS may also vary 
from those reported from the Western 
countries.  Although the efficacy of 
conventional therapy, including chronic 
β-blocker therapy, left stellate 
ganglionectomy, pacemaker implantation and 
implantable cardioverter-defibrillator therapy, 
has been validated.  The annual mortality 
remains high, especially for those with 
prenatal or neonatal onset.  The optimal 
therapy should be tailored to the specific ion 
channel defects, especially for those with 
high risks.  For example, patients with 
mutation of the SCN5A and a subsequent 
continued depolarizing Na current can be 
improved by Na channel blocker instead of 
β-blockers.  Potassium channel opener may 
be helpful in patients with mutation over the 
HERG. Therefore, the genetic analysis will 
be extremely helpful for the treatment 
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strategy.  
 
三、結果與討論 

 

Definition of Phenotype  
Patients and the family members received 
clinical evaluation and 12-lead 
electrocardiogram. QT interval was measured 
on the surface electrocardiogram in lead II 
and corrected for the heart rate using Bazett’s 
formula. Genetic studies were performed in 
concordance with the recommendations of 
the ethics committee of the institution. The 
investigation conforms to the principles 
outlined in the Declaration of Helsinki. 
Mutational Analysis 
Genomic DNA was isolated from venous 
EDTA blood of the infant and the family 
members by means of standard procedures. 
Previously published primer pairs were used 
to amplify all exons of KVLQT1, HERG, and 
SCN5A from genomic DNA. Selected exons 
were screened for the presence of nucleotide 
sequence polymorphisms by single-strand 
conformation polymorphism. Amplification 
reactions were carried out using 40ng of 
template DNA, 8 pmol of primers, 2µl 
dNTPs (2.5 mM), 0.8µl Mg2+ (25 mM) and 
Taq polymerase. Single-strand conformation 
polymorphism analysis was performed 
according to the recommendations of the 
manufacturer (Pharmacia Biotech). Then 
PCR products were analyzed by single-strand 
conformation polymorphism on 12.5% 

nondenaturating polyacrylamide gels run at 
5°C and 15°C, as described in GeneExcel 
protocols (Pharmacia Biotech). Mutations 
were detected by differences in migration 
patterns compared with the wild type. When 
abnormal patterns were observed, PCR 
products were reamplified and sequenced by 
the dideoxynucleotidechain termination 
method (DNA Sequenincing Kit – BigDye 
Terminator Cycle Sequencing v 2.0, PE 
Biosystems ) with fluorescent 
dideoxynucleotides on an ABI-Prism 373 
DNA sequencer (Applied Biosystems), and 
the result was analyzed with the Genotyper 
program (PE Biosystems). 
 
RESULTS  

Phenotype characterization 
Patients with perinatal onset: 
Five newborns from three families were 
evaluated for prenatal bradycardia and 
postnatal 2:1 atrioventricular (AV) block. 
Ventricular tachycardia (torsade de pointes 
ventricular tachycardia) was noted in 4. 
There were 2 pairs of siblings among these 
patients.  All revealed prolonged QT 
intervals and functional AV block or 
alternating bundle branch block.  Positive 
family history, including aborted sudden 
death, sudden death or prolonged QT interval 
was noted in 2 families.  Lidocaine had 
been given as a therapeutic approach in 2 
patients. One restored the functional AV 
block and the other developed ventricular 
tachycardia. Four patients received 
beta-blockers and two also received pacing 
therapy. In the patient who responded to 
ldiocaine, mexiletine was also given. One 
additional patient received propranolol and 
mexiletine. Audio and visual evoked 
potential test, screening for anti-Ro and 
anti-La antibodies and anti-nuclear antibodies 
were all negative.  Two patients died 
suddenly during the infancy and one died at 
the age of 14 months.  
Patients with onset during childhood 
Five children from three families were found 
to have syncope and prolonged QT interval. 
Among a family, the 3 children (one elder 
sister and a pair of twins) were found to have 
syncope during swimming. The father was 
also found to have syncope that had been less 
after some medications for hypertension. In 
another two patients from two families, 
syncope occurred mainly during exercise and 
emotional stress.    
Genotype analysis 
Patients with perinatal onset 
In one patient with equivocal family history, 
the SSCP analysis of KVLQT1, HERG, did 
not reveal any abnormal conformer. Aberrant 
band was found in an exon of SCN5A only in 
the proband. This abnormality was absent in 
the other 10 family members including his 
parents.  Bidirectional sequencing of the 
subsequent aberrant DNA fragments revealed 
a single base transition, which was expected 
to cause a nonconservative change at the 
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codon xxxx within the C-terminal domain of 
the sodium channel. The patient was 
heterozygous for this substitution. 
The electrophysiological properties of the 
mutation by expression in the mammalian 
cell line showed a big residual current that 
could be blocked by lidocaine.   
In one patient with positive family history 
and who developed ventricular tachycardia 
after lidocaine infusion, the SSCP analysis of 
KVLQT1, HERG, and SCN5 did not reveal 
any abnormal conformer. 
Patients with onset during childhood 
In the family with syncope that was closely 
associated with swimming, the DNA 
sequencing of KVLQT1 gene for the twin 
probands revealed a C T transversion at the 
second poison of codon 341, which predicted 
a substitution of alanine for valine (A341V) 
in the S6 region of the potassium channel 
protein. The same heterozygous mutation 
was also found in the father and the 
9-year-old elder sister.  
 
DISCUSSION 
We have identified a novel mutation of the 
SCN5A that may result in a type of 
congenital long QT syndrome. This mutation 
although only being heterozygous was 
associated a malignant clinical course. The 
patient may have ventricular tachycardia and 
functional AV block during the fetal stage.  
In those with tachycardia onset during the 
childhood, none experienced functional AV 
block. The mutation may be quite similar to 
those identified in the previous reports.  
    
五、參考文獻 
1. Wei J, Wang DW, Alings M, Fish F, 
Wathen M, Roden DM, George AL Jr. 
Congenital long-QT syndrome caused by a 
novel mutation in a conserved acidic domain 
of the cardiac Na+ channel. Circulation. 
1999;99:3165-71  
2. Wang DW, Yazawa K, Makita N, George 
AL Jr, Bennett PB. Pharmacological 
targeting of long QT mutant sodium channels. 
J Clin Invest1997; 99:1714-2  
3. Garson A Jr, Dick M, Fournier A, 
Gillette PC, Hamilton R, Kugler JD, vanHare 
GF, Vetter V, Vick GW. The long QT 

syndrome in children. An international study 
of 287 patients. Circulation. 
1993;87:1866-72 
4. Splawski I, Shen J, Timothy KW, 
Lehmann MH, Priori S, Robinson JL, Moss 
AJ, Schwartz PJ, Towbin JA, Vincent GM, 
Keating MT. Spectrum of mutations in 
long-QT syndrome genes. KVLQT1, HERG, 
SCN5A, KCNE1, and KCNE2. Circulation 
2000;102:1178-85 
5. Abriel H, Wehrens XH, Benhorin J, 
Kerem B, Kass RS. Molecular pharmacology 
of the sodium channel mutation D1790G 
linked to the long-QT syndrome. Circulation. 
2000;102:921-5 
6. Wehrens XH, Abriel H, Cabo C, 
Benhorin J, Kass RS. Arrhythmogenic 
mechanism of an LQT-3 mutation of the 
human heart Na(+) channel alpha-subunit: A 
computational analysis. Circulation 
2000;102:584-90 
7. Schwartz PJ, Priori SG, Dumaine R, 
Napolitano C, Antzelevitch C, 
Stramba-Badiale M, Richard TA, Berti MR, 
Bloise R. A molecular link between the 
sudden infant death syndrome and the 
long-QT syndrome. 
8. Kambouris NG, Nuss HB, Johns DC, 
Marban E, Tomaselli GF, Balser JR. A 
revised view of cardiac sodium channel 
"blockade" in the long-QT syndrome. J Clil 
Inves 2000;105:1133-40 
9. Schwartz PJ, Priori SG, Locati EH, 
Napolitano C, Cantu F, Towbin JA, Keating 
MT, Hammoude H, Brown AM, Chen LSK, 
Colatsky TJ. Long QT syndrome patients 
with mutations of the SCN5A and HERG 
genes have differential responses to Na+ 
channel blockade and to increases in heart 
rate: implications for gene-specific therapy. 
Circulation. 1995;92:3381-6. 
10.  Wang Q, Shen J, Li Z, Timothy K, 
Vincent GM, Priori SG, Schwartz PJ, 
Keating MT. Cardiac sodium channel 
mutations in patients with long QT syndrome, 
an inherited cardiac arrhythmia. Hum Mol 
Genet. 1995;4:1603-7.  
11. Makita N, Shirai N, Nagashima M, 
Matsuoka R, Yamada Y, Tohse N, 
Kitabatake A. A de novo missense mutation 
of human cardiac Na+ channel exhibiting 



 5

novel molecular mechanisms of long QT 
syndrome. FEBS Lett. 1998;423:5-9.  
12.  An RH, Wang XL, Kerem B, Benhorin J, 
Medina A, Goldmit M, Kass RS. Novel 
LQT-3 mutation affects Na+ channel activity 
through interactions between alpha and 
beta1-subunits. Circ Res. 1998;83:141-6.  
13. Sambrook J, Fritsch E, Maniatis T. 
Molecular Cloning: A Laboratory Manual. 
New York, NY: Cold Spring Harbor; 
1989:9.17-9.18.  
14. Wang Q, Li ZZ, Shen JX, Keating MT. 
Genomic organization of the human SCN5A 
gene encoding the cardiac sodium channel. 
Genomics. 1996;34:9-16.  
15. Gellens ME, George AL., Chen L, 
Chahine M, Horn R, Barchi RL, Kallen RG. 
Primary structure and functional expression 
of the human cardiac tetrodotoxin-insensitive 
voltage-dependent sodium channel. Proc Natl 
Acad Sci U S A. 1992;89:554-8.  
16. Makita N, Bennett PB, George AL Jr. 
Molecular determinants of beta (1) 
subunit-induced gating modulation in 
voltage-dependent Na+ channels. J Neurosci 
1996;16:7117-27.  
17. Bennett PB, Makita N, George AL Jr. A 
molecular basis for gating mode transitions in 
human skeletal muscle sodium channels. 
FEBS Lett. 1993;326:21-4.  
18. Makita N, Bennett PB Jr, George AL Jr. 
Voltage-gated Na+ channel beta1 subunit 
mRNA expressed in adult human skeletal 
muscle, heart, and brain is encoded by a 
single gene. J Biol Chem. 1994;269:7571-8.  
19. Makita N, Bennett PB, George AL Jr. 
Multiple domains contribute to the distinct 
inactivation properties of human heart and 
skeletal muscle Na+ channels. Circ Res. 
1996;78:244-52.  
20. Wang DW, George AL Jr, Bennett PB. 
Comparison of heterologously expressed 
human cardiac and skeletal muscle sodium 
channels. Biophys J. 1996;70:238-45.  
21. Tufty RM, Kretsinger RH. Troponin and 
parvalbumin calcium binding regions 
predicted in myosin light chain and T4 
lysozyme. Science. 1975;187:167-9.  
22. Babitch J. Channel hands. Nature. 
1990;346:321-2.  
23. Bennett PB, Yazawa K, Makita N, 

George AL Jr. Molecular mechanism for an 
inherited cardiac arrhythmia. Nature. 
1995;376:683-5.  
24. Dumaine R, Wang Q, Keating MT, 
Hartmann HA, Schwartz PJ, Brown AM, 
Kirsch GE. Multiple mechanisms of Na+ 
channel-linked long-QT syndrome. Circ Res. 
1996;78:916-24.  
25. Wang DW, Yazawa K, George AL Jr, 
Bennett PB. Characterization of human 
cardiac Na+ channel mutations in the 
congenital long QT syndrome. Proc Natl 
Acad Sci U S A. 1996;93:13200-5.  
26. Wang J, Zhou J, Todorovic SM, Feero 
WG, Barany F, Conwit R, 
Hausmanowa-Petrusewica I, Fidzianska A, 
Arahata K, Wessel HB, Sillen A, Marks HG, 
Hartlage P, Galloway G, Ricker K, 
Lehmann-Horn F, Hayakawa H, Hoffman EP. 
Molecular genetic and genetic correlations in 
sodium channelopathies: lack of founder 
effect and evidence for a second gene. Am J 
Hum Genet. 1993;52:1074-84.  
27. Chen C, Cannon SC. Modulation of Na+ 
channel inactivation by the beta1 subunit: a 
deletion analysis. Pflugers Arch. 
1995;431:186-195.  
28. McCormick KA, Isom LL, Ragsdale D, 
Smith D, Scheuer T, Catterall WA. 
Molecular determinants of Na+ channel 
function in the extracellular domain of the 
beta 1 subunit. J Biol Chem. 
1998;273:3954-62.  
29. Pomeranz B, Macaulay R, Caudill M, et 
al: Assessment of autonomic function in 
humans by heart rate spectral analysis. Am J 
Physiol 1985;248:H151–3.  
 



 6

 

行政院國家科學委員會補助專題研究計畫 □ 成 果 報 告   
□期中進度報告 

 
台灣兒童 QT延長症候群之盛行率與分子生物學之診斷 

 

 

計畫類別：□ 個別型計畫  □ 整合型計畫 

計畫編號：NSC 91－2314 －B －002－209 
執行期間： 91年8月1日至 92年7月31日 

 
主持人：吳美環  教授 台大醫學院小兒科 

共同主持人：蘇銘嘉 教授 台大醫學院藥理所 

 

 

成果報告類型(依經費核定清單規定繳交)：□精簡報告  □完整報告 

 

本成果報告包括以下應繳交之附件： 

□赴國外出差或研習心得報告一份 

□赴大陸地區出差或研習心得報告一份 

□出席國際學術會議心得報告及發表之論文各一份 

□國際合作研究計畫國外研究報告書一份 

 

 

處理方式：除產學合作研究計畫、提升產業技術及人才培育研究計畫、列

管計畫及下列情形者外，得立即公開查詢 

          □涉及專利或其他智慧財產權，□一年□二年後可公開查詢 

          

執行單位： 

 

中   華   民   國     年     月      日 

附件一 


