
The long QT syndrome (LQTS) is an inherited

cardiac arrhythmia that may lead to sudden car-

diac death (SCD) in the absence of structural heart

disease. Although the syndrome’s characteristic

electrocardiographic (ECG) manifestation is a

prolongation of the QT interval, the clinical diag-

nosis is posed by taking into account more param-

eters than just QT interval duration (Schwartz

et al. 1993). Nevertheless, it is often hindered be-

cause the disease exhibits incomplete penetrance

and variable expressivity (Priori et al. 1999).

Molecular genetic studies have identified mu-

tations of genes encoding subunits of major car-

diac ion channels in the classic and most frequent

forms of LQTS: KCNQ1 in LQT1, KCNH2 in

LQT2, SCN5A in LQT3, KCNE1 in LQT5, and

KCNE2 in LQT6 (Splawski et al. 2000; Tester

et al. 2005; Napolitano et al. 2005). Despite the

syndrome’s genetic heterogeneity and the large

number of private mutations, the yield of genetic

testing by genetic analysis of the major LQTS

genes among patients with a highly probable clini-

cal diagnosis has been demonstrated to be as high

as 72% (Tester et al. 2005).

We have previously reported on the genotype

status of a single LQTS family (Anastasakis et al.

2006). Here, we extend our observations and re-

port on the genetic status of 17 consecutive index
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of 8 patients with a highly probable clinical diagnosis of LQTS and negative for all the other patients. Two pa-

tients carried KCNQ1 mutations (c.580G>C, c.1022C>T), while 4 patients carried KCNH2 mutations

(c.202T>C, c.1714G>A, c.3103delC, c.3136C>T). To the best of our knowledge, the last mentioned mutation

(c.3136C>T) is novel. Moreover, 27 single-nucleotide polymorphisms (SNPs) were detected, 5 of which are

novel. Our preliminary data indicate a low genetic diversity of the Greek LQTS genetic pool, and are in accor-

dance with international data that genetic testing of the major LQTS genes is efficient in genotyping the majority

of patients with a strong clinical diagnosis. Therefore, the transition of an LQTS genetic screening program from

research to the diagnostic setting within our ethnic background is feasible.
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patients of Greek origin with definite or suspected

LQTS, and on the yield of genetic testing within

this patient population.

These 17 consecutive patients with ECG ab-

normalities, syncope, and/or family history of

SCD were clinically evaluated with suspicion of

LQTS. According to the diagnostic criteria and the

accompanying scoring system (Schwartz et al.

1993), the patients were grouped as having a high

(8/17), intermediate (4/17), and low probability of

LQTS (5/17) (Table 1). All patients gave written

informed consent to undergo genetic testing, and

the study conformed to the requirements outlined

in the 1975 Declaration of Helsinki that was ap-

proved a priori by the ethics committee of the Uni-

versity of Athens.

DNA was extracted from peripheral blood with

a QIAmp DNA blood midi kit (QIAGEN) and the

coding sequences and intron-exon boundaries of

the KCNQ1, KCNH2, SCN5A, KCNE1, and

KCNE2 genes were analyzed by PCR-SSCP and

DNA sequencing. For the amplification of the

KCNQ1, KCNH2, SCN5A, KCNE1, and KCNE2

coding sequences, the oligonucleotide primers

used were as previously described (Splawski et al.

1998; Itoh et al. 1998; Neyroud et al. 1999), while

some were redesigned. PCR samples presenting

with aberrant conformations in SSCP analysis

were purified with the NucleoSpin Extract II kit

(Macherey-Nagel) and were directly sequenced on

an ABI 3730xl DNA analyzer (Macrogen Inc.).

Any identified mutation in a patient was verified

by PCR and DNA sequencing from an independ-

ent second blood sample. For patients with a

highly probable diagnosis and a negative

PCR-SSCP screen, direct sequencing of the

KCNQ1, KCNH2, and SCN5A coding sequences

was employed to verify the negative result.

Genetic testing for mutations in the major car-

diac ion channel genes was positive in 6 out of the

8 patients with a highly probable clinical diagnosis

of LQTS, while negative for all the other patients.

Besides mutations, 27 single-nucleotide

polymorphisms (SNPs) were detected during the

genetic screening of our Greek patients. Among

the SNPs, 22 have been previously reported in

other populations and 5 are novel (Table 2).

Two patients (L31, L42) carried KCNQ1 muta-

tions and 4 patients (L2, L9, L29 and L58) carried

KCNH2 mutations (Tables 1–2, Figure 1). No mu-

tations were found in the SCN5A, KCNE1, and

KCNE2 genes. Three out of the 4 patients harbor-

ing KCNH2 mutations came from families that

had suffered SCD (L9, L29 and L58). The KCNQ1

missense mutations were c.580G>C

(p.Ala194Pro) and c.1022C>T (p.Ala341Val),
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Table 1. Clinical features of Greek patients with definite or suspected long QT syndrome (LQTS)

Patient Sex Age
(years)

ECG Syncope Family history Score** Genetic
testingQTc (ms) low heart

rate
with stress without

stress
LQTS* SCD

<30 years

High probability of LQTS (diagnostic score ≥ 4)

L2 F 43 527 – + – – – 5 +

L7 M 15 640 + – – – + 4 –

L9 M 50 490 – + – – + 6.5 +

L10 F 37 505 – + – – + 5.5 –

L29 M 7 490 – – – – + 4.5 +

L31 F 13 524 – + – – – 5 +

L42 M infant 480 – – – – – 4 +

L58 M 34 470 – – – + + 4.5 +

Intermediate probability of LQTS (diagnostic score < 4 and ≥ 2)

L35 F 17 535 – – – – + 3.5 –

L43 M 9 470 – – + – – 3 –

L49 M 15 496 – – – – – 3 –

L52 F 42 440 – – + – – 2 –

Low probability of LQTS (diagnostic score < 2)

L23 F 10 450 + – + – – 1.5 –

L33† F 69 440 – – – – – 0 –

L36‡ F 14 400 – – + – – 1 –

L40 F 17 430 – – + – – 1 –

L41 M 9 420 – – + – – 1 –

+ = presence of a finding; - = absence of a finding; M = male; F = female; * relatives with independently diagnosed definite LQTS (≥4 points);

** diagnostic score according to Schwartz et al. (1993); † the patient had a QTc of 600 ms after drug administration; ‡ the patient had a QTc of

500 ms under drug treatment. ECG = Electrocardiogram; SCD = sudden cardiac death.



while the KCNH2 mutations were c.202T>C

(p.Phe68Leu), c.1714G>A (p.Gly572Ser),

c.3136C>T (p.Gln1046X) and c.3103delC

(p.Arg1035fsX1057). They were not found in 200

chromosomes of unrelated control subjects of

Greek origin. Most of these mutations have been

reported previously as causative for the LQTS

phenotype in other populations (see the Gene Con-

nection for the Heart database), with the exception

of the KCNH2 c.3136C>T (p.Gln1046X) muta-

tion. The C-to-T transition in codon 1046 is ex-

pected to result in the substitution of glutamine

with a premature stop codon, resulting in a trunca-

tion of the C terminus, which has been implicated

in protein trafficking (Kupershmidt et al. 2002).

To the best of our knowledge this mutation is

novel. Mutation nomenclature has been assigned

as dictated by the Human Genome Variation Soci-

ety (den Dunnen and Antonarakis 2000).

By standard genetic methods we identified 6

individual mutations in the Greek patient popula-

tion, 5 previously reported and 1 novel. Moreover,

6 out of 8 LQTS patients with a strong clinical di-

agnosis were successfully genotyped, and thus the

yield of genetic testing was 75%. Although our

study group is small, our preliminary data indicate

that the Greek LQTS genetic pool shows low ge-

netic diversity in terms of novel disease-causing

mutations. Our findings are also consistent with

international data on large patient cohorts, which

show that 70% (Napolitano et al. 2005) to 72%

(Tester et al. 2005) of LQTS patients with a highly

probable clinical diagnosis can be successfully

genotyped by standard methods.
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Table 2. Genetic findings in cardiac ion channel genes of Greek patients with

definite or suspected LQTS. Novel mutations and single-nucleotide

polymorphisms (SNPs) are highlighted in bold

KCNQ1 KCNH2 SCN5A KCNE1 KCNE2

Mutations

c.580G>C c.202T>C – – –

c.1022C>T c.1714G>A

c.3103delC

c.3136C>T

SNPs

c.477+85delGG c.473-53C>T c.87G>A c.112A>G –

c.780+77A>G c.473-34A>G c.744G>A

c.1514+46A>G c.972C>T c.1673A>G

c.1638G>A c.1467C>T c.3183A>G

c.1685+36G>A c.1593C>T c.4299+53T>C

c.1732+43T>C c.1692A>G c.4299+116G>A

c.1986C>T c.1956T>C c.5457T>C

c.2690A>C c.6010T>C

c.3140G>T c.*123A>G

c.1731+22A>G

Figure 1. KCNQ1 and KCNH2 mutations identified in DNA sequencing chromatograms of Greek long QT syndrome

patients. Affected codons are indicated by braces. Mutant nucleotides are circled.



Since genetic testing for LQTS has been esti-
mated as cost-effective (Priori and Napolitano,
2006; Phillips et al. 2005), it has recently started to
be transferred from research to the diagnostic set-
ting, offered mainly by a growing number of uni-
versity-affiliated laboratories worldwide
(Goldenberg and Moss 2008). In cascade family
screening, genetic testing may be crucial in identi-
fying subclinical carriers that may be at risk of car-
diac events, who are likely to escape clinical
diagnosis (Priori and Napolitano, 2006; Priori et
al. 2003). Our preliminary data on the genetic sta-
tus and yield of LQTS genetic testing provide a fa-
vorable basis for an LQTS genetic screening
program within the Greek ethnic background.
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