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ABSTRACT

Recent experimental evidence has revealed that epigenetic mechanisms stabilise
gene expression and cellular states while also facilitating timely responses to
developmental or environmental cues. A number of stimuli induce restrictive or
plastic epigenetic landscapes that contribute to pathogenesis of cancer and other
diseases. Restrictive states prevent appropriate induction of tumour suppressor
programs or block differentiation. By contrast, plastic states allow stochastic
oncogene activation or unphysiologic cell fate transitions some of which will confer a
fitness advantage to a cell and be selected as drivers. Our aim is to formulate both
stochastic and mean-field models that allow us to gain insight into the mechanisms
underpinning the robustness of both physiologic and unphysiologic cell states. Our
models will involve the mutual interaction between epigenetic-regulatory
mechanisms and regulation by (networks of) transcription factors. Specifically, we
will develop stochastic models of the effect of unbalanced activity of epigenetic
enzymes on the expression of bivalent genes involved in regulating differentiation
such as cell-cycle inhibitors, differentiation-promoting genes, etc, where we will
model both chromatin and DNA methylation. We will analyse in detail the stochastic
dynamics of the activity of such genes due to epigenetic dysregulations, regarding
their potential to increase the robustness of certain gene states associated with
elevated oncogenic risk. This project is a collaboration with Javier Menendez
(Catalan Institute of Oncology, Girona), Josep Sardanyes (Centre de Recerca
Matematica, Barcelona), and Antoni Guillamon (Technical University of Catalonia)
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