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Aging of the population and better treatment of acute heart disease resulted in an increase 
of the prevalence of AF during the past decades. To cope with the increasing disease burden 
there is a need for mechanism-based decision models in prevention, diagnosis and therapy 
of AF. Currently, our ability to recognize and differentiate between mechanisms maintaining 
the AF substrate in an individual patient is limited. The road towards an informed, 
mechanism-based decision model for AF therapy relies on accurate characterization of 
individual disease mechanisms in AF patients and the translation of these mechanisms into 
functional parameters that can be measured non-invasively in the clinic. This thesis provides 
a contribution to better understand the molecular processes ongoing in the myocardium 
of the left and right atria, by applying next generation RNA sequencing, and by careful 
assessment of extent and distribution of atrial fibrosis.

We applied next generation RNA sequencing to explore the transcriptome in AF patients. 
We replicated differential expression between atria for 62 known transcripts, while reporting 
653 novel observations, and thus extended the existing knowledge regarding left-right 
differences in the atrial transcriptome (Chapter 2). Moreover, using directional paired-end 
RNA sequencing and we identified lateral differences in exon usage for 55 transcripts, which 
could result in different gene products encoded by these 55 transcripts in the LAA and RAA. 
We were able to report 33 previously unknown transcripts that are differentially expressed 
in persistent AF patients, independent from heart failure, one of the most frequent 
comorbidities associated with AF. We observed similar changes in the transcriptome of 
persistent AF patients with and without heart failure and learned that heart failure has a 
much stronger impact on the atrial transcriptome than AF. Furthermore, we detected 
differential exon usage for certain genes differentially expressed in persistent AF patients, 
including the top hit EAF1 (Chapter 3). Interestingly, we did not find unique transcriptional 
patterns in paroxysmal AF patients, suggesting that the differential gene expression found in 
persistent AF patients is likely the consequence of the prolonged arrhythmia rather than the 
cause. Finally, co-expression analysis suggested cross-talk or co-regulation of genes residing 
in the same genomic area. Our data indicated that non-coding RNA could have an important 
role in AF pathophysiology, and should be investigated in depth. In the future, sequencing 
depth may be enhanced and more non-coding variants should be included to address these 
questions.

In the second part of the thesis, we described the development of a set of algorithms that was 
used to characterize several histological changes in the atrial biopsies, including endomysial 
fibrosis. Our tests indicate that these algorithms are capable of accurate, unbiased and 
automated analysis of total extracellular matrix content, (clustering of) endomysial fibrosis, 
myocyte hypertrophy, capillary density and fibroblast density (Chapter 4). We confirm that 
endomysial fibrosis is present and clusters in the atria of AF patients, heart failure patients 
and female patients (Chapter 5). To our surprise, the effect of female sex was as strong as 
the effect of persistent AF or heart failure. This is an interesting observation that needs to 
be explored further. To what extend conduction is impacted by the presence of endomysial 
fibrosis in different locations in the atria can not be answered with the data we collected 
here, but should certainly be explored further. Earlier reports from our group suggest that 
endomysial fibrosis is associated with local conduction heterogeneities and higher degree 
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of AF complexity.

Furthermore, we were the first to explore transcriptomic changes associated with 
endomysial fibrosis applying RNA sequencing. Although we did not find any individual genes 
independently associated with endomysial fibrosis, we identified multiple enriched gene 
sets associated with endomysial fibrosis (Chapter 6). This hypothesis generating approach 
suggests inflammatory pathways, extracellular matrix regulation, and protein trafficking as 
regulators of endomysial fibrosis. It should be stressed, however, that causal relationships 
cannot be deducted from our results and mechanistic validation of the identified pathways 
is required to appreciate their role in AF pathophysiology. 




