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Background

Increasing evidence has shown that epigenetic modification of the genome 

may play a critical role in regulating gene expression.  Prior research 
suggests that DNA hypermethylation functions to down regulate the 

expression of associated genes.  Specific DNA sequences rich in cytosine-
guanine dinucleotides, termed CpG islands, are frequently the targets of 

such methylation.  It is thought that hypermethylation of CpG islands, 

specifically those found within the promoter of a gene, have a silencing 
effect on its expression.  The pathogenesis of cancer at the cellular level 

may involve the hypermethylation (and thus the silencing) of specific genes 
that normally function to protect the cell against cancer.  Therefore, the use 

of demethylating agents to restore previous gene activity could prove a 

valuable resource in the development of novel anti-cancer drugs. 
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Summary

1) MHH-CALL-4 acute lymphoblastic leukemia cell line. (Figure 1)

Materials and Methods

Sample CpG Island and Gene Methylation Profiles

Figure 7. Data generated through UCSC Genome Browser. A) Candidate up regulated gene profile. B) Pre-treatment 

methylation status of CpG island-containing genes.

A) B)

Figure 4. Representative gene: FOSB.  Shown 

here is the lack of pre-treatment methylation in the 

CpG island found in the promoter region of the 

gene.  Also noted is the presence of multiple CpG

islands throughout the gene.  This gene encodes a 

leucine zipper protein that can dimerize with other 

proteins in order to form a transcription factor 

complex.  This and related genes are noted to 

regulate cell differentiation, transformation, and 

proliferation.  (http://genome.ucsc.edu)
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1) 361 genes were found to be up regulated following treatment with 5-
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1) MHH-CALL-4 acute lymphoblastic leukemia cell line. (Figure 1)
2) Treatment of cell culture with demethylating agent, 5-aza. (Figure 3)

3) Gene expression sequencing using Illumina WG-6 microarray and 
GenomeStudios software. (Figure 2)

4) ID CpG island profile and pre-treatment methylation status of genes 

with increased expression post-treatment.
(http://genome.ucsc.edu)

Figure 5. Representative gene: 

ARHGEF10. Shown here is the 

presence of pre-treatment methylation

found in the CpG island located within 

the promoter region of the gene. This 

gene encodes a Rho GTPase involved 

in several cellular processes mediated 

by G-protein coupled receptors. Rho 

proteins are molecular switches that 

are involved in gene expression, cell 

proliferation, apoptosis, and several 

other cellular functions. 

(http://genome.ucsc.edu)Figure 1.  Sample microscope slide view 

of ALL.  (blass.com.au)

Conclusions

aza, a demethylating agent.

2) Of these genes, 240 genes showing the most differential expression 
following treatment were selected as candidate genes, and gene 

profiles were constructed using UCSC Genome Browser.

3) Of these genes, those that were found to be of low statistical 
significance and those that were not found or had no data on the 

UCSC Genome Browser were omitted, leaving 147 genes.
4) 126 of 147 genes, or 85.7%, were demonstrated to contain at least 

one CpG island in the promoter or gene body.

5) 21 of 101 genes, or 20.8%, with CpG islands within the promoter 
region showed pre-treatment methylation.

6) 56 of 115 genes, or 48.7%, with CpG islands within the gene body 
showed pre-treatment methylation.

1) DNA methylation of CpG islands, within the promoter and gene 
body, plays a role in regulating gene expression.

2) Gene expression is not controlled by DNA methylation alone.
3) Mechanisms including other epigenetic modifications, regulatory 

genetic sequences, inter and intra-cellular signaling, as well as 

environmental factors function together to differentially express 
specific genes.

4) Demethylating agents, such as 5-aza, do not specifically target 
CpG island methylation, but affect the genome in a global and 

variable capacity.

Figure 3 (left).  Chemical structure of 5-

Azacytidine.  (www.biochemsoctrans.org)

Figure 2.  Gene expression assay 

workflow.  (www.illumina.com)
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Figure 6.  Pre-treatment 

methylation location of 15 

candidate genes.  These 

genes have various 

physiological functions, some 

with expected (cancer 

preventing) roles, some with 

unexpected (cancer 

unrelated) activity, and others 

with surprising (oncogenic) 

properties.


