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Does an Overlap Syndrome Really Exist Between Brugada
Syndrome and Progressive Cardiac Conduction Defect
(Lenegre Syndrome)?

WATARU SHIMIZU, M.D., PH.D.

From the Division of Cardiology, Department of Internal Medicine, National Cardiovascular Center, Suita, Japan

Editorial Comment

The Brugada syndrome is characterized by coved-type
ST-segment elevation in the right precordial electrocardio-
graphic leads (V1-V3) (a so-called Type 1 ECG) and a high
incidence of sudden death due to ventricular fibrillation (VF)
in patients without structural heart disease.!> The prevalence
of Brugada syndrome is estimated to be 5 per 10,000 inhabi-
tants in Thailand.® Type 1 Brugada ECG without symptoms,
i.e., asymptomatic Brugada syndrome, is commoner with a
prevalence of 12 per 10,000 inhabitants in Japan.*> More
than 80-90% of patients affected by Brugada syndrome are
males,*® although males and females are expected to inherit
the defective gene equally.

Experimental studies employing arterially perfused
canine right ventricular wedge preparations, which have been
mainly conducted by Antzelevitch and his group, have eluci-
dated the cellular and molecular basis for typical ST-segment
elevation and subsequent VE An accentuated transient out-
ward current (I,)-mediated action potential (AP) notch and
subsequent loss of the AP dome in the epicardial cells, but
not in the endocardial cells, of the right ventricle gives rise
to a transmural voltage gradient, producing coved-type ST-
segment elevation in the ECG. Heterogeneous loss of the AP
dome in the restricted epicardial area creates a marked epi-
cardial dispersion of repolarization, giving rise to premature
beats caused by phase 2 reentry which can precipitate non-
sustained polymorphic ventricular tachycardia (VT) or VE.8-?

Evidence of conduction abnormality has accumulated in
patients with Brugada syndrome. The original report by
Brugada and Brugada published in 1992 included right bun-
dle branch block (RBBB) pattern as one of the ECG charac-
teristics of this syndrome.! Although RBBB is now believed
not to be necessary for definitive diagnosis, Brugada patients
have a higher incidence of complete or incomplete RBBB
than the normal population. Widening of P wave and QRS

J Cardiovasc Electrophysiol, Vol. 17, pp. 276-278, March 2006.

Dr. W Shimizu was supported by the Hoansha Research Foundation, Japan
Research Foundation for Clinical Pharmacology, Ministry of Education,
Cuiture, Sports, Science and Technology Leading Project for Biosimulation,
and health sciences research grants (H17 - Research on Human Genome,
Tissue Engineering — 009) from the Ministry of Health, Labour and Welfare,
Japan.

Address for correspondence: Wataru Shimizu, M.D, Ph.D., Division of Car-
diology, Department of Internal Medicine, National Cardiovascular Center,
5-7-1 Fujishiro-dai, Suita, Osaka, 565-8565 Japan. Fax: 81-6-6872-7486;
E-mail: wshimizu@hsp.ncve.go.jp

doi: 10.1111/§.1540-8167.2006.00406.x

duration, and prolongation of the PQ interval and HV inter-
val, all of which represent conduction abnormality, are often
observed in patients with Brugada syndrome.!® Smits and
coworkers reported greater prolongation of PQ interval in
Brugada patients with SCN5A mutations than in those with-
out SCN5A mutations.!" Approximately 60~70% of patients
with Brugada syndrome show late potentials (LPs) detected
by a signal-averaged electrocardiogram.!?13

Several phenotypes other than Brugada syndrome have
been reported to result from SCN5SA mutations such as the
LQT3 form of the congenital long QT syndrome (LQTS),
cardiac conduction defect (Lenegre syndrome), atrial stand-
still, and atrioventricular block. Interestingly, patients with
a specific SCN5A mutation share multiple phenotypes, thus
creating a category of overlapping phenotype. Bezzina and
coworkers have reported a large family affected with a spe-
cific insertion mutation, 1795insD, in which family members
showed both LQT3 and the Brugada phenotype.'* Priori et
al. demonstrated that flecainide, a class IC sodium channel
blocker, unmasked Brugada phenotype in 6 of 13 patients
with the LQT3 syndrome.”® Kyndt et al. described a large
French family with a specific SCNSA missense mutation,
G1406R, in which phenotypes of both the Brugada syndrome
and the Lenegre syndrome were observed.!®

Probst et al. suggest a more common association of con-
duction abnormalities in the SCN5A-related Brugada patients
in this issue of Journal of Cardiovascular Electrophysiol-
o0gy."” They have identified intraventricular conduction de-
fects in 59 (76%) of 78 SCNSA mutation carriers recruited
from 16 Brugada families, while baseline spontaneous ST-
segment elevation was seen only in 28 (36%) mutation carri-
ers. They suggest that SCN5A Brugada syndrome-type muta-
tion carriers exhibit various degrees of progressive cardiac
conduction defects similar to the Lenegre syndrome, and
therefore need clinical and ECG follow-up. These data raise
the question as to whether an overlap syndrome really ex-
ists between the Brugada syndrome and progressive cardiac
conduction defect (Lenegre syndrome), especially in SCN5A
mutation carriers.

However, the relationship of the cardiac conduction de-
fects detected in the majority of Brugada patients to the
pathophysiological mechanism of VF and risk stratification
in patients with Brugada syndrome seems to be clinically
more important. Even though this syndrome is a monogenic
inherited disorder, the Brugada syndrome typically mani-
fests during adulthood, with a mean age of sudden death of
41 = 15 years.* Cardiac conduction defects in Brugada pa-
tients, which gradually progress with age, may contribute to
the pathogenesis of VF and to the late onset of first cardiac
events in patients with Brugada syndrome. In other words,
the mechanism of coved-type ST-segment elevation and the



first ventricular premature beat initiating VF can be explained
by the accentuated I;,-mediated AP notch and heterogeneous
loss of the AP dome in the epicardial cells as well as sub-
sequent phase 2 reentry between the epicardial cells.” How-
ever, some degree of ventricular conduction abnormalities
may be required to perpetuate polymorphic VT or to
maintain VE.

Aiba and coworkers recently conducted a high-resolution
optical mapping in an experimental Brugada model employ-
ing a canine right ventricular wedge preparation, which al-
lowed a detailed measurement of cellular repolarization and
depolarization in the epicardial and endocardial surfaces.’
Their data suggested that the initiating phase 2 reentry-
induced ventricular premature beats originated from the epi-
cardial area with a steep gradient of ventricular repolarization
time due to heterogeneous loss of the AP dome. In contrast,
wave break appeared at sites of delayed epicardial conduc-
tion during the first few reentrant waves, which was closely
associated with VF susceptibility, suggesting that conduc-
tion abnormalities contribute to the maintenance of VF in the
Brugada condition. Kanda et al. reported that the inducibility
of VF by ventricular programmed electrical stimulation was
related to the severity of conduction abnormalities, such as
longer QRS or HV intervals, and a higher incidence of RBBB
or LPs in patients with symptomatic Brugada syndrome,'®
also indicating the role of conduction abnormalities in the
maintenance of VF. Because most cardiac events occur dur-
ing sleep in patients with Brugada syndrome, sustained VF
or nonsustained polymorphic VT lasting more than 10 or 20
seconds is required to produce symptoms, i.e., sudden cardiac
death, syncope, or nocturnal agonal respiration. The useful-
ness of programmed electrical stimulation to stratify risk of
subsequent cardiac events is still controversial in patients with
symptomatic or asymptomatic Brugada syndrome.'®?! Bru-
gada et al. suggested that inducibility of VI/VF is a strong
indicator of subsequent cardiac events in both symg)tomatic
and asymptomatic patients.'® However, Priori et al.,’° Kanda
et al.,'® and Eckardt et al.Z! failed to find an association be-
tween VF inducibility and new cardiac events or recurrence
of VI/VE. If the progressive cardiac conduction defects of-
ten observed in patients with Brugada syndrome are really
linked to VF maintenance, progressive conduction parame-
ters such as QRS widening, LPs, or inducibility of VF by
programmed electrical stimulation may still have a potential
to predict new or subsequent cardiac events. A much larger
patient population with similar patient characteristics and
stimulation protocol, and a longer follow-up period are re-
quired to make a definitive conclusion regarding the predict-
ing value of conduction parameters for new or further cardiac
events.
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Common Sodium Channel Promoter Haplotype in Asian
Subjects Underlies Variability in Cardiac Conduction

Connie R. Bezzina, PhD*; Wataru Shimizu, MD, PhD*; Ping Yang, PhD*; Tamara T. Koopmann, BSc;
Michael W.T. Tanck, PhD; Yoshihiro Miyamoto, MD, PhD; Shiro Kamakura, MD, PhD;
Dan M. Roden, MD; Arthur A.M. Wilde, MD, PhD

Background—Reduced cardiac sodium current slows conduction and renders the heart susceptible to ventricular fibrillation.
Loss of function mutations in SCN5A, encoding the cardiac sodium channel, are one cause of the Brugada syndrome,
associated with slow conduction and a high incidence of ventricular fibrillation, especially in Asians. In this study, we tested
the hypothesis that an SCN3A promoter polymorphism common in Asians modulates variability in cardiac conduction.

Methods and Results—Resequencing 2.8 kb of SCN5A promoter identified a haplotype variant consisting of 6 polymorphisms
in near-complete linkage disequilibrium that occurred at an allele frequency of 22% in Asian subjects and was absent in whites
and blacks. Reporter activity of this variant haplotype, designated HapB, in cardiomyocytes was reduced 62% compared with
wild-type haplotype (P=0.006). The relationship between SCN5A promoter haplotype and PR and QRS durations. indexes
of conduction velocity, was then analyzed in a cohort of 71 Japanese Brugada syndrome subjects without SCN5A mutations
and in 102 Japanese control subjects. In both groups, PR and QRS durations were significantly longer in HapB individuals
(P=0.002) with a gene-dose effect. In addition, up to 28% and 48% of variability in PR and QRS durations, respectively, were
attributable to this haplotype. The extent of QRS widening during challenge with sodium channel blockers, known to be
arrthythmogenic in Brugada syndrome and other settings, was also genotype dependent (P=0.002).

Conclusions—These data demonstrate that genetically determined variable sodium channel transcription occurs in the
human heart and is associated with variable conduction velocity, an important contributor to arrhythmia susceptibility.
(Circulation. 28606;113:338-344.)

Key Words: arrhythmia @ conduction & death, sudden @ genetics 8 ion channels

udden cardiac death (SCD) accounts for 20% of all

mortality in Western countries.! One key determinant of
normal excitation and conduction of the cardiac impulse is
the cardiac sodium channel, responsible for rapid depolariza-
tion in most cardiomyocytes. Reduced sodium current pre-
disposes to SCD. For example, although sodium channel
blockers have been used for antiarrhythmic therapy, the
Cardiac Arrhythmia Suppression Trial (CAST) showed that
these agents increase the incidence of SCD.? Loss of function
mutations in SCN5A, the cardiac sodium channel gene, causes
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The overall hypothesis underlying the work presented here
is that variability in regulation of sodium channel expression
contributes to interindividual variability in cardiac conduc-
tion and consequently can be considered a candidate modu-
lator of arrhythmia susceptibility, especially in the presence
of other stressors such as drugs or acute myocardial ische-
mia.® As a first step in testing this hypothesis, we cloned and
characterized the proximal promoter region of SCN5A and

==20% of cases of the Brugada syndrome, which is associated
with a high risk of SCD.3? Furthermore, there is evidence that
such sodium channel mutations also may lead to enhanced
fibrosis in myocardial tissue.*>

identified multiple cis-acting elements regulating gene ex-
pression.” We report here identification of an ethnic-specific,
common SCNSA promoter variant that modulates PR and
QRS durations, indexes of cardiac conduction.
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Figure 1. Haplotypes identified in the cardiac sodium channel
gene (SCN5A) promoter. Nucleotide variations are indicated by
their position relative to the major transcription initiation site
(+1),7 with the most frequent nucleotide given below and the
least frequent nucleotide given above the position. *Frequency
in the Japanese (control} population.

Methods

Identification of Polymorphisms

Resequencing 2.8 kb of the SCN5A promoter region in a single
individual of Asian origin identified him as a homozygote for 6 DNA
polymorphisms in the region: T-1418C, T-1062C, T-847G, —835in-
sGC, G-354C, and C287T (Figure 1). The resequenced region
encompassed positions —2190 to 613, relative to the major transcrip-
tion initiation site” of the SCN5SA promoter, including 2.2 kb
upstream of exon 1, exon 1 (which is 173 bp and noncoding), and the
proximal 439 bp of intron 1. The fragment was amplified by long and
accurate polymerase chain reaction (PCR; TaKaRa kit) with primers
F1 and R1 (Data Supplement Table I; see http://circ.ahajournals.org/
cgi/content/full/CIRCULATIONAHA.105.580811/DCI1). Further
studies described below established that these polymorphisms were
common and in near-total linkage disequilibrium, thereby identifying
2 common haplotype blocks, designated HapA and HapB. We also
detected a third combination of polymorphisms. designated HapC, in
<1% of subjects. In addition to the study populations, 150 white and
100 black individuals were tested for these haplotypes.

Functional Analysis

Generation of Constructs

The 2.8-kb fragment described above was amplified from genomic
DNA of HapA- and HapB-homozygous individuals. These frag-
ments were cloned into the pGEM-T Easy vector (Promega). and
inserts were subsequently subcloned into the pGL3-basic vector
(Promega), which contains the firefly luciferase coding sequence, to
generate SCN3A promoter-luciferase fusion constructs for reporter
assays. These constructs were designated pGL3-Hap A and pGL3-
Hap B.

Reporter Activity

Reporter activity was assayed in neonatal mouse cardiomyocytes and
in Chinese hamster ovary cells as described in detail previously.” In
brief, | ug pGL3-Hap A or pGL3-Hap B was transfected into
neonatal mouse cardiomyocytes or Chinese hamster ovary cells. In
each experiment, 0.05 pg pRL-TK plasmid (Promega) encoding
Renilla luciferase was cotransfected to normalize for experimental
variability caused by differences in cell viability or transfection
efficiency. Luminescence was measured 48 hours after transfection
with the Dual-Luciferase Reporter Assay System (Promega). The
pGL3-basic (promoterless) plasmid was tested in each experiment;
its activity level served as the baseline.

Study Participants
Participants in the clinical study were ascertained at the National
Cardiovascular Center (Osaka, Japan). All protocols (including
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molecular screening) were reviewed and approved by the Ethical
Review Committee of the National Cardiovascular Center, and
informed consent was obtained from all individuals.

The control population consisted of 102 subjects drawn from
mutation-negative relatives in congenital long-QT syndrome fami-
lies in which the causative mutation had been identified. Only 1
person was drawn from each family. There were 67 male and 35
female subjects ranging from 9 to 69 years of age; mean age was
4014 years (mean*SD).

The Brugada syndrome population included 80 patients diagnosed
with Brugada syndrome, defined as type 1 “coved” ST-segment
elevation in V, through V, (spontaneous in 70 patients, induced by
sodium channel blocker in 10 patients).® In all patients, physical
examination, chest roentgenogram, laboratory values, echocardiog-
raphy with wall motion analysis, and Doppler screening excluded
structural heart disease. Aborted cardiac arrest or ventricular fibril-
lation (VF) was documented in 30 patients, syncope was identified in
20, and 30 were asymptomatic. All patients had previously been
screened for SCN5A coding region mutations, and a mutation had
been identified in 9 patients. The patient group included 76 male and
4 female subjects ranging from | to 76 years of age (mean=SD,
47+16 years).

ECG Phenotypes

ECGs were assessed by an investigator (W.S.) who was blinded to
age, gender, and genetic and clinical information. Phenotypes as-
sessed included RR interval, PR interval measured in lead II (PR,y),
QRS interval measured in leads V, (QRSy,) and Vg (QRSye), ST
amplitude at J point (ST), and ST amplitude at 80 ms after the end
of the QRS (STy).

The effects of intravenous administration of sodium channel
blockers on these ECG parameters were examined in 49 of 80
Brugada syndrome patients. Pilsicainide (maximum | mg/kg at a rate
of 0.1 mg - kg™ - min™") was used in 37 patients, flecainide
(maximum 2 mg/kg at a rate of 0.2 mg - kg™ - min™') was used in
9 patients, and disopyramide (maximum 2 mg/kg at a rate of 0.2 mg
- kg™ - min™') was used in 3 patients.

Genotyping

Genomic DNA was prepared from blood leukocytes. Genotyping for
the T-1418C and T-1062C single nucleotide polymorphisms (SNPs)
was performed by restriction fragment length polymorphism analysis
after PCR amplification with Earl and Haelll, respectively. PCR
primers used to amplify the 161-bp fragment encompassing the
T-1418C SNP were F2 and R2, and those used to amplify the 123-bp
fragment encompassing the T-1062C SNP were F3 and R3 (Data
Supplement Table II). Genotyping for the other 4 polymorphisms
(T-847G, 835insGC, G-354C, and C287T) was done by DNA
resequencing of both strands. PCR primers used to amplify the
638-bp fragment encompassing the T-847G, 835insGC, and G-354C
polymorphisms were F4 and R4; those used to amplify the 599-bp
fragment encompassing the C287T polymorphism were F5 and RS5.

Statistical Analysis

Using the individual genotypes for the 6 polymorphisms, we esti-
mated haplotype frequencies using an E-M algorithm.® The haplo-
type frequencies were used to calculate the probabilities of the
haplotype pairs compatible with the genotype combinations of the
multiple heterozygous patients using Bayes’ theorem. Observed
haplotype pair frequencies were compared with those expected under
Hardy-Weinberg equilibrium in the Brugada syndrome population
and control population separately with a x° test. To compare
haplotype pair frequencies among Brugada syndrome patients and
control subjects, Fisher’s exact test was used.

All quantitative phenotypes were normally distributed, and data
are expressed as mean*SD. Continuous ECG phenotypes were
compared between SCNSA mutation-negative Brugada syndrome
patients, SCN5A mutation—positive Brugada syndrome patients. and
control subjects by ANOVA adjusted for age and gender, followed
by a post hoc test for pairwise comparisons. Student ¢ tests were used





