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The primary goal of this thesis is to deepen our knowledge on the interaction 
between the transcriptome and epigenome. Although both layers have been well 
studied individually, their combined effect is not completely understood. In this 
thesis, we showed that the integration of the transcriptome and epigenome 
increased our understanding of mechanisms related to disease mechanisms and 
exposure-related effects. 
 
Omics technologies provide exciting data to study cellular mechanisms in much 
more detail. The abundance of biological data made data integration approaches 
increasingly popular and provided us with many computation methods [1]. 
However, biological interpretation remains a challenge, and improved 
computational tools are needed. One way to increase our understanding of a 
system is to use a data-driven approach and extract the relevant biomolecules. 
However, these approaches do not make us of valuable pre-existing knowledge 
available in many databases. Finally, since a biological system is not static, we 
should explore the options to visualize dynamic changes. In this thesis, we combine 
a data-driven technique with a knowledge-driven approach to create genomic 
interaction networks. The existing knowledge can help us answer important 
questions: what is the role of a biomolecule, is it associated with a disease, and in 
which pathway is it involved? This information, in combination with network analysis 
methods, helps us to identify important genes and their epigenetic status. To study 
a dynamic system, we developed DynOVis [2] to highlight gene expression 
changes on a network, to highlight the most affected genes over time or dose. To 
integrate the two omics layers, we have developed the tool GINBuilder to study the 
relationship between the epigenome and transcriptome. Both tools have been 
made freely available to the scientific community.  
 
The integration of the transcriptome and epigenome is not only important to study 
a disease mechanism but also, as our work shows, cellular characteristics. Cancer 
cell lines are important models for drug discovery and development. However, 
those studies are not always successful when translated to the clinic and failure 
rates in drug development are high [3]. Cancer cell lines can carry specific 
alterations that make them different from the type of cancer they try to mimic. 
Current research acknowledged the necessity to further look into the molecular 
characteristics of cancer cell lines [4]. In our research, we showed for two cancer 
cell line data sets that cell lines derived from the same tissue can show different 
transcriptomic and epigenomic profiles. We identified a potentially interesting event 
leading to a drug-resistant state of melanoma cells and proposed a marker for 
melanoma inhibition. In a subset of lymphoid neoplasms, we were able to identify 
epigenetic and transcriptomic changes that might contribute to drug resistance [5]. 
Moreover, we showed there is a potential dysregulation of an important signaling 
axis. These findings increase our understanding of those cancer cells and 
contribute to cancer research in general. Furthermore, they highlight the 
importance of understanding the characteristics of your cell model.  
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As previously mentioned, omics integration can help us to unravel exposure-related 
effects. This can increase our understanding of mechanisms leading to disease 
development but also provide us with potential biomarkers as early indicators of 
disease progression due to environmental exposure. Chronic exposure to 
persistent organic pollutants (POPs) and heavy metals have a major adverse health 
effect on humans [6, 7]. It is therefore vital to understand the relationship between 
exposure levels and transcriptomic and/or epigenetic changes. Identifying those 
exposure-related changes associated with disease-related processes could help 
us understand the underlying mechanisms and define possible biomarkers for early 
diagnosis. Our work emphasized important biological processes, including 
immune-related, signaling, and DNA repair processes affected by POPs and heavy 
metals. Furthermore, we identified a sex-specific effect, showing that it is vital to 
consider the relation between sex, exposure, and disease development. The 
biological signatures associated with exposure can be of interest to use as a 
potential marker or as a target to understand disease-related exposure.  
 
To further improve our understanding of the relationship between toxic exposure 
on either the transcriptome or epigenome, we performed an exploratory study to 
identify the effect of Single Nucleotide Polymorphisms (SNPs) on this relationship. 
One of the challenges we faced was the small population size of this study. We 
solved this problem by expressing DNA methylation as M-values instead of the 
golden standard β-values. This increased the overall signals in the data and is a 
worthwhile consideration for researchers working with small sample sizes. Although 
we could not identify a strong correlation between exposure-related effects and 
SNPs, our results indicated that exposure levels might not be the only driver of the 
adverse health effects. Different processes could be linked to arsenic exposure and 
cardiovascular diseases and diabetes. Those processes do not correlate to 
exposure and might be driven by susceptibility to arsenic exposure. Therefore, we 
believe it is worthwhile to further investigate the role of SNPs. Our work indicates it 
is vital to consider the sample size needed to detect variations in SNPs during the 
design phase of a study. 
 
Overall, we demonstrated that the integration of omics data with a combination of 
data-driven and knowledge-driven network integration can help us to further 
unravel the adverse health effects of a chemical compound as well as an 
understanding of important mechanisms in cancer cell lines. The framework can 
help to further elucidate disease and exposure-related effects on the transcriptome 
and epigenome in future studies. It can lead to the discovery of key components in 
disease development or early biomarker discovery.  
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