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SCOPE OF THIS THESIS

This thesis focuses on understanding the regulation of cardiac ion channel genes,
which form the basis for normal cardiac electrophysiology and provide a substrate 
for cardiac arrhythmias when misregulated. We use a multitude of current state-of-
the-art techniques, such as ChIP-seq, 4C-seq and TALEN genome editing, to identify
and characterize novel regulatory elements necessary for correct spatiotemporal 
expression of various ion channel genes. Insight into the molecular mechanisms 
underlying cardiac electrophysiology increases our understanding of the patho-
physiological processes that cause arrhythmogenesis and might provide new targets
to treat heritable cardiac arrhythmias.

The first chapter introduces the different genes involved in normal cardiac 
electrophysiology and describes the mechanisms by which misregulation of these
genes can result in cardiac arrhythmias. In chapter 2 we describe the use of chromatin 
immunoprecipitation sequencing (ChIP-seq) as a tool for genome-wide identification
of regulatory elements, which we deploy in the following chapters to identify novel
regulators of cardiac electrophysiology. In chapter 3 we report a novel noncoding
RNA that regulates the cardiac expression of the potassium channel encoding gene
Kcnh2. Chapters 4-7 discuss the effect of genetic variation in regulatory elements in
the Scn5a-Scn10a locus. In chapter 4 we show that a QRS-duration associated variant,
located in an Scn10a intron, attenuates a Tbx3/5 binding site, thereby reducing the 
activity of a local regulatory element. In chapter 5 we discuss these findings, as we
review recent insights into the regulation of localized expression of ion channel genes.
In chapter 6, we show that the regulatory elements we introduced in chapter 4 are
necessary for correct expression of Scn5a and that the genetic variant located 
in SCN10A is associated with reduced SCN5A expression in humans. In chapter 7 we
investigate the effects of targeted deletion of several of these regulatory elements
from the mouse genome and show that this region is crucial for correct SCN5A
expression. 


