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Outline of the thesis
Inherited arrhythmia syndromes are associated with an increased risk for arrhythmias 
and sudden cardiac death. They are linked to mutations in genes encoding for cardiac 
ion channels or their accessory proteins. However, carriership of a mutation often 
fails to predict clinical outcome, since many carriers never develop clinically relevant 
disease while others are severely affected at a young age. It is largely elusive what 
determines this large variability in phenotype. Consequently, it remains difficult to 
identify individuals at the highest risk, and this hampers critical decisions on most 
appropriate therapy. The research described in this thesis aims to elucidate the role 
of potential genetic and non-genetic factors that may, in conjunction with a disease-
causing mutation, modify the phenotype in inherited arrhythmia syndromes, and 
thereby determine, at least partially, the large variability in disease severity.

Part I of this thesis introduces cardiac ion channels and their accessory proteins 
that contribute to electrical activity in healthy hearts and their role in inherited and 
acquired diseases. Chapter 1 reviews the genetic, molecular, gating, and pharmacologic 
properties of major cardiac ion channels. Chapters 2 describes in more detail the 
structure and function of the cardiac sodium (Na+) channel and its various accessory 
subunits, and summarizes major cardiac sodium channel diseases. 

Part II focuses on the role of SCN5A mutations and the non-genetic factors fever 
and exercise in Brugada syndrome (BrS). In Chapter 3, we report a novel SCN5A 
mutation in a male patient with BrS. Since the mutation is located in a segment of 
the ion-conducting pore of the cardiac Na+ channel, which putatively determines ion 
selectivity, we study whether the mutation results in BrS by affecting ion selectivity 
properties of the Na+ channel. In Chapter 4, we systematically assess the association 
between fever and arrhythmic episodes and typical electrocardiographic (ECG) changes 
in BrS. In chapter 5, we assess ECG responses to exercise in BrS and determine whether 
these responses are affected by the presence of an SCN5A mutation. In chapter 6, we 
systematically examine the relation between SCN5A mutations and atrial fibrillation 
in BrS. 

Part III focuses on long QT syndrome type 1 (LQT1) and type 2 (LQT2), which are 
linked to mutations in KCNQ1 and HERG, respectively. In Chapter 7, we investigate 
the repeated occurrence of fever-induced polymorphic ventricular tachycardia and 
ventricular fibrillation in two LQT2 patients with the same mutation in HERG. In 
chapter 8, we describe the phenomenon of “nonsense-mediated decay” (NMD) as 
a disease-modifying mechanism in LQT2. NMD is a surveillance mechanism that 
selectively degrades mRNA transcripts with a premature termination codon resulting 
from nonsense or frameshift mutations. In chapter 9, we describe the effects of a 
homozygous novel splice acceptor site mutation in intron-1 of the KCNQ1 gene (c.387 
-5 T > A) on the phenotype in two consanguineous families with history of sudden 
death of several children. Homozygous carriers of a KCNQ1 mutation suffer from Jervell 
and Lange-Nielsen syndrome (JLNS), characterized by QT interval prolongation, 
severe arrhythmias and congenital deafness; the latter since KCNQ1 is also expressed 
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in the inner ear where it enables endolymph secretion required for normal hearing. 
However, although homozygously affected members in our two consanguineous 
families experienced severe cardiac events, none of them had any hearing impairment. 
In chapter 10, we study the effects of single nucleotide polymorphisms (SNPs) in 
KCNQ1’s 3'untranslated region (3'UTR) on the disease severity in LQT1. The 3'UTR 
is known to play an important regulatory role in gene expression. We hypothesize 
that SNPs in KCNQ1’s 3'UTR affect 3'UTR function, and thereby modify the disease 
phenotype in an allele-specific fashion. 

Chapter 11 summarizes the major novel findings reported in this thesis, and suggests 
future studies to increase our understandings of the mechanisms of arrhythmogenesis 
in inherited arrhythmia syndromes and genetic and non-genetic factors modifying the 
phenotype in these disorders.
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