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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia. Showing increasing prevalence with age and being a
major contributor to complications such as stroke, this disease represents a significant socio-economic burden.
Although co-morbidities have been shown to contribute to AF risk, the study of patient families left no doubt of the
heritable component of AF.2* Moreover, recent genome-wide association studies that were able to include
increasing numbers of patients, have identified over 100 genetic loci in the general population that are associated
with AF.> A number of these AF-associated loci were found close to important cardiac transcription factors, hinting
at the possibility of the involvement of transcription factor (TF) regulatory networks.

TFs regulate the spatiotemporal expression patterns of target genes underlying structure and function. A TF
recognizes motifs in regulatory genomic elements and binds them with a certain affinity depending on availability of
the motif, the TF dose and interacting partners.® The chromatin containing the bound regulatory element (enhancer
or repressor) folds in three-dimensional space to interact with target gene(s) to facilitate or hamper transcription.’
Thus, TFs, in collaboration with other TFs and other co-factors, regulate transcriptional networks that underlie the
correct development and homeostasis of tissues and organs such as the heart. Abnormal dosage during development
of such TFs caused by for instance pathogenic DNA variations can lead to congenital heart defects or conduction
abnormalities. Similarly, common genetic variation has also been associated with conduction anomalies such as AF,’
leading to the hypothesis that dosage variation of key cardiac TFs can significantly contribute to AF susceptibility.

The majority of variants or single nucleotide polymorphisms (SNPs) associated with AF are found in intergenic or
intronic (i.e. non-coding) regions.® Moreover, to complicate matters, each locus contains a lead SNPs with the highest
statistical association that is co-inherited due to genetic linkage (i.e. are in linkage disequilibrium) with large numbers
of other common SNPs that display statistically significant associations as well.>*** This leads to the following
question that dominates current research in the field of the genomics of AF; which SNP(s) is the causal variant, and
how does it add to AF-susceptibility? Disease-associated variants have revealed themselves to be enriched in
genomic regions with increased presence of epigenetic signatures including chromatin accessibility, histone
modifications and DNA methylation, suggesting that the variants lie in regulatory elements.**' This leads to the
current hypothesis that disease-associated variants alter regulatory element function and consequentially variation
in target gene expression predisposing to disease. Therefore, a goal that has arisen from this hypothesis is to find the
target gene(s) of variant regulatory regions.

In this thesis, we investigate the genomics and epigenetics of atrial fibrillation in the general population and in a
patient family. We prioritize variant regulatory elements and the candidate target genes of atrial fibrillation-
associated loci. We describe the TF networks that result in altered target gene expression, and investigate in as far
as possible how these changes can contribute to AF susceptibility. We dissect in vivo models of AF-associated
regulatory element deletion and the transcriptional and ultimate electrophysiological effects that arise from the
disrupted function of key TFs and their target genes. Finally, we make an in-depth study of an AF-mouse model that
describes the role of a human pathogenic missense variant G125R in the TF TBX5 in increased AF susceptibility in a
patient family.

The work we present here demonstrates the necessity of combining different molecular approaches to probe spatial
and temporal cardiac gene expression if one is trying to understand the complexities of diseases such as AF. We
envisage that identifying and linking regulatory variants to target gene expression will bring the field one step closer
to the goal of providing effective therapies for complex diseases.



Scope

In Chapter 1, we describe the current state of research on epigenetics and transcriptional networks underlying the
most common cardiac arrhythmia, AF. Genome-wide association studies have found over 100 loci associated with
AF, many of which lie in loci harboring important cardiac transcription factors such as PITX2, ZFHX3, PRRX1 and TBX5.
We discuss how transcriptional networks involving these TFs may influence cardiomyocyte function resulting in
increased AF susceptibility.

In Chapter 2, the AF-associated loci are examined in detail. The majority of the associated loci lie in non-coding
regions of the genome, regions thought to compose or be part of transcription regulatory elements responsible for
target gene expression. Using human transcriptomic, epigenomic and chromatin conformation datasets, we prioritize
the candidate target genes as well as sub-threshold variants co-localizing with regulatory elements, for each locus,
thus linking genetic variation and target gene regulation. Moreover, we describe the in vivo removal of the
homologous mouse region of a prioritized distal regulatory elements involved in the regulation of Gjal (Cx43), Kcnn3
and Zfhx3 target gene expression.

In Chapter 3, we investigate 12 highly associated atrial fibrillation loci using self-transcribing active regulator region
sequencing (STARRseq), identifying hundreds of potential regulatory elements of which 24 displayed allele-specific
regulatory activity. Additionally, we describe the in vivo deletion of a mouse orthologue of a regulatory element
containing non-coding atrial fibrillation-associated variants close to Hcn4, causing sinus node dysfunction and
reduced gene expression.

In Chapter 4, we describe the in vivo modeling of missense pathogenic variant p.G125R of transcription factor TBX5
that was found in an extended pedigree of patients with atypical Holt-Oram syndrome. Using a variety of epigenetic
and transcription profiling methods, we show that TBX5-p.G125R has altered DNA binding and interaction properties
causing shifts in H3K27 acetylation, chromatin accessibility and transcription. We show evidence that these changes
underlie the electrophysiological characteristics such as variable RR interval, atrial extra systoles and susceptibility to
atrial fibrillation observed in mice and patients.
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