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Abstract

DNA methylation is one of several epigenetic marks capable of modulating genome
function. Alterations to the temporal or spatial patterns of DNA methylation give rise to
differentially methylated regions (DMRs). DMRs can arise during normal development
and can be associated with specific tissues (tissue-specific DMRs, tDMRs) as well as
during the development of aberrant phenotypes (phenotype specific DMRs, pDMRs) and
in many cases can be implicated in the aetiology of complex diseases.

This dissertation describes an array-based assay for the unbiased identification and
characterisation of DMRs (both tDMRs and pDMRs) within the human Major
Histocompatibility Complex (MHC). The MHC, a 4Mb region on chromosome 6, is an
ideal model system for studying DMRs as it is gene dense and associated with many
complex diseases including immune-linked diseases as well as cancer.

| identified and characterised 55 MHC loci as tDMRs of which about 27% could be
correlated with tissue specific gene expression. This implicates DNA methylation as an
additional regulatory layer in the control of MHC loci. DNA methylation was also found to
be associated with the regulation of genes involved in the MHC class | antigen
processing and presentation pathway. Cell lines that displayed the MHC class I’
phenotype, which is a common disease phenotype, were tested for the presence of
pDMRs. | identified two pDMRs that were correlated with the down-regulation of the
HLA-A, HLA-B, TAP1 and PSMB8 genes and 14 pDMRs associated with PSMB9 up-
regulation. Three DMRs were identified within the TNF gene cluster which may
contribute to the development of the MHC class I phenotype. Finally, two DMRs within
the promoter regions of the PSMBS8 and B2M genes showed strong correlation with low
expression levels. These findings are consistent with previous studies supporting the
notion that transcriptional gene silencing promotes DNA hypermethylation or vice versa.
The former implies that, in some cases, DNA hypermethylation may be the consequence
rather than the cause of gene silencing.

The genomic features and functional aspects of some of the identified DMRs were
tested and it was shown that DNA methylation inhibitors can restore parts of the MHC
class | pathway that were silenced by hypermethylation.

The results presented in this thesis support the role of DNA methylation in phenotypic
plasticity. They complement the extensive amount of genetic data available for the MHC
and open the way for the development of integrated (epi)genetic approaches to complex

phenotypes and common diseases.
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