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Microarray based analysis of regulatory networks of methylation sensitive genes in T cells
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Introduction
Eukaryotic gene expression requires not only
transcription factor activation but also regional
modification of chromatin structure into a
transcriptionally permissive configuration through
epigenetic mechanisms, including DNA methylation
and histone modifications. The methylation of dC
bases in CpG islands promotes a repressive
chromatin structure inaccessible to transcription
factors, suppressing gene expression.
Hypomethylation of regulatory sequences correlates
with active transcription (Figure 1).
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RNA samples were analyzed on Affymetrix (Santa
Clara, CA) GeneChip Human Genome Plus 2.0
(HG-133 Plus 2.0) microarrays by the University of
Michigan Comprehensive Cancer Center (UMCCC)
Affymetrix and Microarray Core Facility. Microarray
data analysis was performed using Genomatix
program (http:/www.genomatix.de/) with a FDR below
4%.

We identified 165 significantly regulated genes for
unrestimulated and 215 genes for PMA+
ionomycin restimulated T cells.

Gene Ontology (GO) representation

DNA methyltransferase inhibitors such as the cytosine
analogs 5-azacytidine and 5-aza-2'-deoxycytidine can
induce DNA hypomethylation.

Recent evidence indicates that environmentally-
induced epigenetic changes, and in particular altered
patterns of DNA methylation, contribute to the
environment-host interaction in some forms of
autoimmunity. T cell DNA hypomethylation has been
implicated in the pathogenesis of idiopathic and drug-
induced human lupus. However, the genes and the
regulatory pathways affected by DNA hypomethylation
are largely unknown.

Here we report an elucidation of the regulatory
networks orchestrating the transcriptional changes
observed by microarray experiments on methylation
sensitive genes as a meaningful approach in
identification of the effect of epigenetic changes on
disease mechanism.
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Table 1. Gene Ontology (GO) categories of differentially
expressed methylation sensitive genes for PMA+lonomycin
stimulated T cells. GO-rankings with Z score >5 with minimum
number of observed genes 4 are shown. Immune system genes
formed the highest scoring group.
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Figure 3. Regulatory network of differentially expressed immune genes upon 5-Aza treatment
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5Aza responsive Transcription Factors

ss;':;l Gene ID TF Name
ATFS 22809 activating transcription factor 5
CREG1 8804 | cellular repressor of E1A-stimulated genes 1
CREM 1390 | CAMP responsive element modulator
CTCFL 1E+05| CCCTC-binding factor (zinc finger protein)-like
ETS2 2077| ETS2 repressor factor
HMX2 3167 H6 family homeobox 2
HOXB6 3216 | homeobox B6
INSM1 3642 insulinoma-associated 1
KLFS 688 | Kruppel-ike factor 5
MYB 10043 human MYB binding protein
NR4A2 4929| nuclear receptor subfamily 4

human polymerase (RNA) Il (DNA directed) polypeptide K,

POLR2K 5440| 7.0kDa
POUAF1 5450| POU class 2 associating factor 1

Transcription factors upregulated by 5-Aza treatment
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Regulatory network of the methylation sensitive
transcription factors.

< DNA hypomethylation perturbs the
functions of several cellular processes.

< GO analysis of the 5-Aza responsive
genes reveal that immune response genes
are preferentially affected by demethylation
inT cells.

<»Some methylation sensitive immune
genes appear to be co-regulated by the
Transcription Factors common to the
promoters of these genes.

Conclusions

Immune response genes are preferentially expressed
and at higher levels in hypomethylated T cells. These
data suggest that epigenetic changes associated with
environmental factors may lead to stronger autoimmune
T cell responses under conditions of repeated
stimulation. Underlying regulatory networks enables us
to gain new insights into molecular basis in autoimmune
diseases.
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