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Introduction
DNA methylation involves covalent addition of methyl groups 

to the cytosine pyrimidine ring or to the adenine purine ring. More 
commonly the addition occurs in cytosine within CpG dinucleotides 
which are concentrated in large clusters called CpG islands within 
the regulatory regions of genes, where transcription is initiated. In 
bulk of genomic DNA the CpG sites within the promoter regions are 
heavily methylated allowing a strict regulation of gene transcription 
process. The methyl groups project into the major grooves of DNA and 
causes steric hindrance for the RNA polymerase thereby inhibiting the 
initiation of gene transcription. This is identified as one of the major 
epigenetic changes involved in the transcriptional inactivation of 
certain tumor-suppressor genes leading to sudden occurrence or silent 
recurrence of tumors [1-3]. 

DNA methylation is an enzymatic process occurring during the 
normal organismal development and cellular differentiation in higher 
organisms. It is also one of the major epigenetic mechanisms involved 
in regulating the chromatin structure and gene expression. The 
methylation pattern is different in cells where certain genes are to be 
constitutively expressed. Normally such cells belong to the germ line cells 
and their CpG islands remain unmethylated, allowing constitutive gene 
expression to occur [3-5]. In normal somatic cells, DNA methylation 
helps to maintain transcriptional silence in the noncoding regions of 
the genome. Considering the pericentromeric heterochromatin that 
is transcriptionally inactive and hyper-methylated, the role of DNA 
methylation may be to ensure that such junk DNA is to replicate at 
a later stage diverting the energy for the transcription of the house 
keeping genes. There is also a chance that such mechanism involves a 
defensive role in suppressing the expression of any potentially harmful 
viral sequences or transposons that may have integrated into such sites 
[2,6,7]. 

Abnormal DNA methylation in cancer occurrence and 
recurrence

Tumorigenesis arises as a consequence of two related events, one 

is the increased activity of agents or factors that promote uncontrolled 
cell differentiation and the other is the decreased activity of factors that 
suppress the uncontrolled cell differentiation. Additional abnormalities 
like regulation of cell-cell and cell matrix attachment, growth factor 
signalling, apoptosis and recombination must accompany the change 
in differentiative capacity to cause tumorigenesis [8,9]. 

DNA methylation is one of the widely studied epigenetic 
modifications due to its significant role in gene expression and silencing. 
Changes from the normal DNA methylation patterns are observed in 
cancer occurrence and recurrence. One is an overall genome-wide 
reduction in DNA methylation (global hypomethylation) and the other 
is regional hypermethylation within the CpG islands of specific gene 
promoters. Global hypomethylation results in the induction of proto-
oncogene activation and chromosomal instability, whereas regional 
hypermethylation especially within the regulatory sequences is strongly 
associated with transcriptional silencing of tumor suppressor genes 
[8,10].

Even though there are many number of pathways altered during 
the process of tumorigenesis, the processes linked to DNA methylation 
provide potential mechanisms leading to heritable genomic changes 
that promote cancer. In such cells, methylation within promoters serves 
to turn off critical genes that could otherwise suppress tumorigenesis. 
This is demonstrated by the hypermethylation of tumor suppressor 
genes, those encoding cell adhesion molecules and growth-regulatory 
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Abstract
The sudden occurrence or silent recurrence of tumor has been found to result from long term molecular 

changes at DNA level, that eventually lead to the abnormal expansion of cancer cells. One such molecular change 
is accounted by a distinct promoter DNA hyper-methylation pattern in certain tumor suppressing genes that are 
usually the check points for the regulation of gene expression in normal and progenitor cells. The hyper methylated 
promoter regions may account for the transcriptional inactiveness of the tumor suppressor genes. This possibility, 
coupled with the reversible nature of epigenetics such as demethylation has enormous significance for the prevention 
and control of cancer. In such circumstances, the use of demethylating drugs may re-express those genes that 
were silenced by aberrant DNA methylation. Understanding these epigenetic changes may help in developing 
specific markers to identify the molecular pathways of tumorigenesis and for deriving sensitive molecular detection 
strategies for a variety of tumor type.
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proteins that are often silenced in hematopoietic malignancies. Many of 
these genes play a role in regulating cell growth, differentiation, signal 
transduction, and DNA repair, while others are implicated in tumor 
metastasis and angiogenesis. Almost half of the tumor suppressor 
genes carrying germ line mutations in familial cancer are due to the 
inactivation in association with CpG island hypermethylation [4,8,9]. 

Reversal of epigenetic changes and arrest of cancer 
progression by pharmacologic agents

It has been said that at the molecular level, genetic and epigenetic 
modifications contribute to cancer development and progression. 
While the genetic changes are not reversible, epigenetic changes can 
return to their normal state. Such reversible changes have been the 
focus of treatments offered by epigenetic drugs for the inhibition of 
formation and growth of cancer progenitor cells, thus reducing the 
recurrence of cancer. As methylation of CpG islands occurs infrequently 
in normal cells, it provides a selective tumor-specific therapeutic target. 
Pharmacologic inhibition of methylation-mediated suppression could 
therefore derepress inappropriately silenced genes and restore normal 
gene function [11-15].

Re-expression of hypermethylated genes in cancer cells is conducted 
by demethylating drugs. Many epigenetic drugs have been discovered 
in the recent past that can effectively reverse DNA methylation that 
occurs in cancer. DNA methylation inhibitors such as 5-azacytidine 
(5-aza-CR) and 5-aza2’-deoxycytidine (5-aza-CdR) were among 
the first epigenetic drugs proposed for use as cancer therapeutics. 
The DNA demethylating drugs azacitidine and its deoxy derivative, 
decitabine, are powerful inhibitors of DNA methylation. After cellular 
uptake and phosphorylation, azacitidine is incorporated into RNA, 
where it suppresses RNA synthesis and has cytotoxic effects. After 
conversion to 5-aza-2’-deoxycytidine diphosphate by ribonucleotide 
reductase and subsequent phosphorylation, the triphosphate form is 
incorporated into DNA in place of the natural base cytosine. Because 
of the substitution of the 5’ nitrogen atom in place of the carbon, the 
DNMTs are trapped on the substituted DNA strand and methylation 
is inhibited. Thus, a significant proportion of the DNA becomes 
hemimethylated. A second round of DNA synthesis in the presence of 
these drugs results in full double-stranded DNA demethylation [2,14]. 

Inhibitors of DNA methylation can reverse epigenetic changes in 
a number of target genes that have a role in the development and/or 
progression of leukemia’s. Clinical studies clearly demonstrated that 
such agents used alone or in combination, have clinical benefit in many 
patients with hematologic malignancies. These results strongly suggest 
that the clinical activity of agents such as azacitidine and decitabine 
is mediated by targeting reversal of gene silencing. However a formal 
proof of this causal relationship and identification of the critical gene 
targets are still lacking. Future research will undoubtedly provide 
this evidence and suggest additional therapeutic targets regulating 
methylation and histone acetylation pathways in cancer [2,15]. 

DNA methylation status as diagnostic and prognostic index 
for tumor development

DNA methylation is one of the major aberrant epigenetic 
mechanisms that influence the transcription of genes important to the 
cancer process. This in turn suggests that DNA methylation may hold 
a key to understanding the origins of cancer epigenetic changes. With 
the overwhelming importance of aberrant DNA methylation especially 
in CpG islands of genes involved in tumorigenesis coupled with the 

reversible nature of epigenetics, such molecular changes can be used as 
indicative markers for early cancer detection, disease progression, and 
prediction of the response to cancer treatment [16,17]. 

14-3-3sigma is an epithelial marker whose expression is induced 
by DNA damage through a p53-dependent pathway. 14-3-3sigma 
function sequesters cyclin B1-CDC2 complexes outside the nucleus 
and thereby contributes to a G2 arrest. Hypermethylation of the 14-
3-3 sigma promoter is an early and frequent event in breast neoplastic 
transformation, leading to the suggestion that silencing of 14-3-3 sigma 
may be an important event in tumor progression and particularly in 
breast carcinogenesis [18,19].

The over activation of HGF/cMET pathway has been implicated 
in several human malignancies. Genome-wide epigenetic screens on 
human medulloblastoma cell lines and primary tumor specimens have 
identified SPINT2/HAI-2, an HGF/cMET signalling inhibitor, as a 
novel tumor suppressor gene that is frequently silenced by promoter 
hypermethylation in medulloblastoma. The underlying clinical 
significance is that detection of CpG methylation of 14-3-3sigma or 
SPINT2/HAI-2 may be used for diagnostic and prognostic purposes 
[20,21].

Methylation-sensitive restriction landmark genomic scanning 
involves digestion of genomic DNA with methylation-sensitive 
enzymes, followed by resolution of differentially digested fragments 
by two-dimensional gel electrophoresis. Comparison of gel migration 
profiles obtained from normal and tumor samples allows identification 
of aberrantly methylated loci. This technique was used to analyze the 
methylation status of 1184 CpG islands in 98 primary human tumors. 
As suggested by studies of substantially smaller sets of CpG island loci, 
the results uncovered global non-random patterns of methylation in 
tumors, with specific methylation events associated with particular 
tumor types. There are many more techniques such as Microarray 
based approaches, PCR, Differential methylation hybridisation (DMH) 
to produce promising results towards the goals of cancer diagnostics, 
prognostics and therapeutics [22-24]. 

Conclusion
The biological significance of DNA methylation in the regulation 

of gene expression and its role in cancer is increasingly recognized. It 
is now clear that these epigenetic changes affect chromatin structure 
and thus regulate processes such as transcription, X-chromosome 
inactivation, allele-specific expression of imprinted genes, and 
inactivation of tumor suppressor genes. Further studies are needed to 
better characterize the interactions of the DNA methylation and histone 
deacetylation pathways, pinpoint the alterations in methylation that 
occur in normal development and cancer, and improve approaches 
to reverse inappropriate transcriptional silencing in tumor suppressor 
and other regulatory genes in cancer.

Treatment with inhibitors of DNA methylation and histone 
deacetylation can reactivate epigenetically silenced genes and has been 
shown to restore normal gene function. In cancer cells, this results in re-
expression of tumor suppressor genes and other regulatory functions, 
inducing growth arrest and apoptosis. Azacitidine and decitabine 
are clinically active in leukemia and other hematologic malignancies 
and may have therapeutic potential in other malignant disorders. 
Continued clinical trials with hypomethylating agents and HDAC 
inhibitors, alone or in combination, may provide further advances in 
the treatment of hematopoietic malignancies and solid tumors.
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