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Abstract: DNA methylation 1s one of three epigenetic mechanisms which has seen
increasing interest among cancer researchers, as changes in DNA methylation have
emerged as one of the most consistent molecular aberrations in various neoplasms.
Aberration of DNA methylation have been identified in the global genomic DNA
(hyper or hypo methylation) or within CpG islands in promoter regions of tumor
suppressor genes. Several types of bacteria which cause chronic infections are
associated with cancer development and chronic infection of Helicobacter pylori
might give rise to changes in pattern of DNA methylation. Recent discoveries are
giving evidence in the involvement of aberration in DNA methylation in conferring
resistance to antitumor agents and efforts of molecular biologists are directed to
overcome this problem by introducing new epigenomic drugs which reform DNA
methylation and help in tumor therapy. Another interesting prospective of current
research in DNA methylation 1s the possibility of development molecular markers
for early detection of tumors. The objectives of this study are to review various
recent progress of DNA methylation in cancer research.
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INTRODUCTION

The term epigenetics was introduced m 1940s by Waddington to show the way genes
and their products bring the phenotype into being, nowadays the term is used to clarify the
mechanisms through which cells become dedicated and committed to a particular form,
structure, phenotype or function and to explamn how genetic changes in gene expression
whether activation or inactivation, are caused by mechanisms other than changes in the
DNA sequence (Holliday, 1990, Jablonka and Lamb, 2002). Scientists consider the epigenetic
inactivation of genes as an important a driving force of gene malfunction as the inactivation
of genes by mutation (Esteller and Herman, 2002).

Currently, scientific commumnity engaged in molecular genomic research comned other
related term epigenomics from epigenetics and genome, which deals with molecular elements
and mechanisms influencing gene expression. This new discipline gives new potentials and
novel insights mto the genomic research, because of its capability to detect quantitative
alterations, multiplex modifications and regulatory sequences outside of genes (Callinan and
Feinberg, 2006). Nowadays epigenomics is at the epicenter of modern molecular medical
biotechnology and it can help to explain the relationship between an mdividual's genetic
background, environment, development, aging and disease. It can do so because the
epigenetic state varies among tissues, during lifetime and progression of disease, whereas
the DNA sequence remains essentially the same (Hemdel ef al., 2006). Moreover, unlike
genomic DNA sequence, epigenomic programs are more susceptible to environmental effects
on the cells; these can modify the functions of genes leading to deleterious phenotypic
expression (Guil and Esteller, 2009).
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Molecular biologists have identified three main epigenomic mechanisms which are
mvolved in the gene expression that are not caused by DNA sequence alterations. These
mechamsms are DNA methylation, histone modifications and RNA interference (Shilatifard,
2006; Suzuki and Yoshino, 2008; Waterland and Michels, 2007). Taking mto account DNA
methylation 15 one of unique epigenomic mechamsms associated with neoplasia and the
rapid progress in research work m this area, the focus of this study is to review the
perspective of DNA methylation in cancer research.

Discovery of DNA Methylation

DNA methylation is the addition of a methyl group to the carbon-5 position of cytosine
residues and is considered the only common covalent modification of human DNA and
occurs almost exclusively at cytosine that is followed immediately by a guanine, so-called
CpG dinucleotide (Strathdee and Brown, 2002). However, there are other two types of
methylated bases are known to occur: N6-methyladenine, which is found in bacteria and
eukaryotes (Dunn and Smith, 1958) and N4-methylcytosine, a minor component of bacterial
DNA (Ehrlich ef al., 1987). But C5-methyleytosine 1s the most prevalent of the known DNA
modifications m the genomic DNA of mammals and plants and is considered the fifth
nucleotide (Adams, 1990); there are indications in the literature that fifth base was first
described m DNA 1solated from the tubercle bacillus (Tohnson and Coghill, 1925) and in calf
thymus DNA (Hotchkiss, 1948).

In human beings, the main epigenetic modification is methylation of the cytosine and
thus formation of 5-methylcytosine. Published results showed 3-4% of all cytosine molecules
are methylated and the resulting 5-methylcytosine makes up 0.75-1% of all nucleotide bases
in the DNA of normal human tissue (Esteller et al, 2001, Fraga et al., 2002). Stretches of
CpG dinucleotides are concentrated in regions called CpG islands, which are generally
unmethylated. These motifs span the 5' end of many genes mcluding the promoter,
untranslated region and exon 1, which makes them excellent mdicators of where a gene
begms (Bird, 1986).

Addition of the methyl group at cytosine ring of 57-CpG-3~ sequernce 1s catalyzed by
one of three DNA methyl transferases (Dnmtl, Dmmt3a and Dnmt3b) with S-adenosyl
methionine as the methyl donor (Bird, 1992). The Drmmnt3 family establishes the mitial CpG
methylation pattern de novo, whereas Dnmt]l maintains this pattern during chromosome
replication (Chen and Li, 2006; Cheng and Blumenthal, 2008; Hermann et al., 2004).

Functions of DNA Methylation

DNA methylation in prokaryotes is not an essential system for viability since nul
mutants in bacteria are viable; however bacteria had established possible regulatory function
of DNA methylation and it was possible to 1solate an enzyme from E. coli which could
methylate unmodified DNA at specific sites and confer resistance to the homologous
restriction endonuclease (Kuehnlein and Arber, 1972; Jost and Saluz, 1993).

Recognition of C5-methylcytosine possible physiological role in eukaryotes was first
suggested in 1964 (Srinivasan and Borek, 1964). Since then several functions were reported
for DN A methylation in human genome, 1t 1s essential for the maintenance of X chromosome
inactivation and imprinting (Tucker et al., 1996). Outside of these two unique situations,
however, the role of CpG methylation (which affects up to 70% of CpG sites) remains under
extensive investigation by researchers. Tt has been noted that most CpG sites in the human
genome are actually present within parasitic DNA sequences (sequences that have high
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rates of recombination), including Alu and Line elements and it was proposed that DNA
methylation evolved as a defense mechamsm against harmful consequences of these
sequences, such as recombination events (Baccarell et af., 2010; Yang et al., 2004). This
suggestion was reinforced and supported by demonstrating that most Alu sequences are
greatly methylated in the human genome and that such methylation mhibits Alu transeription
(Kidwell and Lisch, 2001). Interestingly, other data suggested that Alu transcription could
be activated by cellular stress and that Alu RNA might mnbit apoptosis through inlibition
of the double-stranded RN A-activated kinase PKR (Schmid, 1991, 1998).

Several studies suggested some beneficial effects of DNA methylation, it had been
proposed that Alu demethylation in cancer might lead to a swrvival advantage through
inhibited apoptosis (Schmid, 1998), while DNA methylation in the Epstein-Barr Virus (EBV)
genome contributes to maintaining latency of the virus and that EBV might use this
methylation to prevent the expression of viral antigens and thus escape immune surveillance
(Elliott et al., 2004). However, malfunction in DNA methylation mechanisms can lead to
various deleterious outcomes n development, aging and diseases and direct association
between DNA methylation aberration and cancer has been reported.

DNA Methylation and Cancer

In the past three decades, there has been an enormous amount of research work on
the possible association of DNA methylation with various malagnancies. Thus, DNA
methylation has seen a stream of interest among cancer researchers as it has become known
as one of the most consistent molecular aberrations in neoplasms. Molecular studies have
shown strong evidence which has correlated changes in normal pattern of DNA methylation
with various types of cancers. Tt is increasingly clear and accepted nowadays, that aberrant
DNA methylation is the most common molecular lesion of cancer cell, for example, global
hypomethylation leads to oncogene activation and chromosomal rearrangement; in addition,
hypermethylation 15 observed in genomes of various types of cancers (Liu et al., 2003,
Nguyen ef al., 2001).

Leukaemia has traditionally been viewed as a genetic disease; however other studies
showed DNA methylation defects also play an important role. A recent study illustrated that
digestion of genomic DNA of normal individuals with Hpall (which cleaves the sequence
CCGG only if the internal cytosine residue is unmethylated) and Mspl (which cleaves
the same sequence regardless of methylation) showed lower degree of differences in
RAPD-DNA patterns, indicating normal methylation patterns. However, different picture was
shown when studying RAPD-DNA bands profile of CML genomic DNA following digestion
with restriction Hpall and MspI (Fig. 1), clear variations in bands patterns were observed
when using selected RAPD primers to amplify digested genomic DNA by two enzymes
(MsplI and Hpall) for normal individuals and CML patients (Ibrahim et @f., 201 0a).

An mteresting investigation was carried out on the breast cancer cell lines by Roll ef al.
(2008) to mvestigate the relationship between promoter methylation (assessed by
methylation-specific PCR, bisulfite sequencing and 5-aza-2'deoxycytidine treatment) and the
DNA methyltransferase machinery (total DNMT activity and expression of DNMTI,
DNMT3a and DNMT3b proteins). The study revealed two groups of cell lines that
possessed distinct methylation signatures:

+  Hypermethylator cell lines
¢+ Low-frequency methylator cell lines
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Fig. 1: RAPD-PCR patterns of genomic DNA normal and CML patients obtamed with
decamer RAPD primers (OPW-17) before and after digestion with Hpall and Mspl.
Electrophoresis was performed on (1.5%) agarose gel and run with 3 volt cm™' for
2 h. IN and 2N: Amplified products of undigested genomic DNA extracted from
normal mdividuals, 1P and 2P: Amplified products of undigested genomic DNA
extracted from CML patients, H: Amplified products of digested genomic DNA with
Hpall, M: Amplified products of digested genomic DNA with Mspl, L: Lambda DNA
(100-1031 bp). Arrows indicate addition and missing DNA fragments

The hypermethylator cell lines were characterized by high rates of concurrent
methylation of six genes (CDHI, CEACAMS6, CST6, ESRI, LCN2, SCNNI1A), whereas the
low-frequency methylator cell lines did not methylate these genes. Hypermethylator cell lines
coordinately over express total DNMT activity and DNMT3b protein levels compared to
normal breast epithelial cells. In contrast, most low-frequency methylator cell lines possess
DNMT activity and protein levels that are indistinguishable from normal (Roll et al., 2008).

Bisulphite sequencing of genomic DNA methylation revealed, in the majority colon
rectal tumors, that the methylation was unequally distributed within the MAL promoter; on
the other hand MSP analysis of a region close to the transcription start point was shown to
be hypermethylated; in contrast, only a minority of the normal mucosa samples displayed
hypermethylation (Lind et af., 2008). Other investigators used RAPD-PCR analysis to study
aberration of DNA methylation of colon cancers, Luo ef af. (2003) were able to get
reproducible RAPD-PCR fingerprints from colon cancers patients generated by PCR
amplification of genomic DNA with each RAPD primer or random primer pair, their results
showed multiple changes that occurred in both the ACF (aberrant crypt foct) and tumor and
additional alterations (gain of bands) that occurred only in the tumor when the RAPD bands
are compared with those from normal crypts (Luo et al., 2003).

A study carried by Pfeifer and Rauch (2009) showed different pattern of DNA
methylation m Lung cancer. In their study a genome-scale mapping technique for CpG
methylation (MIR A-chip) was used, it was possible to characterize CpG 1sland methylation
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Table 1: Aberration of DNA methylation detected in various types of cancers

Type of cancer References

Breast cancer Roll et al. (2008), Radpour et al. (2009) and Szyfet al. (2004)
Cervical cancer 8zalmas and Konya (2009)

Colon rectal tumors Lind et al. (2008) and Luo et ai. (2003)

Hepatoma Chiba et al. (2005)

Leukaernia Ibrahim et ai. (2010a), Melki ef ad. (1999) and Melki and Clark (2002)
Lung carcinomas Pteiter and Rauch (2009) and Schimiemann et . (20035)

Oral cancer Shaw (2006)

and methylation patterns of entire chromosome arms at a level of resolution of 100 bp. In
individual stage T lung carcinomas, several hundred and probably up to a thousand CpG
1slands become methylated. Interestingly, a large fraction (almost 80%) of the tumor-
specifically methylated sequences 1s target of the Polycomb complex in embryonic stem
cells. Homeobox genes are particularly overrepresented and all four HOX gene loci on
chromosomes 2, 7, 12 and 17 are hotspots for tumor-associated methylation because of the
presence of multiple methylated CpG islands within these loci. DNA hypomethylation at
CpGs n squamous cell tumors preferentially affects repetitive sequence classes mcluding
SINEs, LINEs, subtelomeric repeats and segmental duplications. The investigators
emphasized that since these epigenetic changes are found in early stage tumors, their
contribution to tumor etiology as well as their potential usefulness as diagnostic or
prognostic biomarkers of the disease should be considered.

The information shown in Table 1 gives a summary of the research work on the
association of changes in DNA methylation in various types of cancers.

Methylation of Tumor Suppressor Genes

Tumor suppressor genes are genes that reduce the probability that human cell will turn
into tumor cell and are known to play a critical role in regulating physiological processes
when cells are allowed to divide and increase in number (Sherr, 2004; Yeo, 1999). When DNA
damage 18 detected in a cell, some tumor suppressor genes can stop the cell from multiplying
until the damage is repaired, however, once tumor suppressor genes do not function
correctly, the cells with DNA damage continue to divide and can accumulate further DNA
damage that can eventually lead to the formation of a cancer cell (Hussamn et al., 2001,
Macleod, 2000).

The first tumor-suppressor gene discovered was the Rb gene which is associated with
retinoblastoma, a serious cancer of the retina that occurs in early childhood. Tn addition to
retinoblastomas, mutations in the R® gene have been detected in osteosarcomas, bladder
carcinomas, small-cell lung carcinomas, prostate carcinomas, breast carcinomas, some types
of leukemias and cervical carcinomas (Krug et al., 2002). Another tumor suppressor gene is
P53, a gene found to be mutated in a large proportion of human cancers such as, in lung,
colon, esophageal, ovarian, pancreatic, skin, stomach, head and neck, bladder, sarcoma,
prostate, hepatocellular, bram, breast, renal, thyroid, hematological malignancies, melanoma
and cervical cancers; an increased amounts of cellular p33 protein after DNA damage have
been associated with cell-cycle arrest and programmed cell death (apoptosis) and mutations
or losses of p53 have been result in development of cancer (Velculescu and El-deiry, 1996;
Foulkes, 2007). Hypermethylation within the promoter-associated CpG 1slands of suppressor
genes could be particularly important, especially when this methylation affects tumor
suppressor genes. Evidence for this came from the study of two such genes, VHL (the gene
mutated in Von Hippel-Lindau disease) and CDKN2A (which encodes pl 6INK4A, a gene
commonly mutated in many types of cancer) where, mn a subset of tumors, dense promoter
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Table 2: Some tumor suppressor genes atfected by DNA methylation in promoter region

Suppressor gene Cancer type References
BRCAI1 Breast, ovarian, prostatic and colonic neoplasms Sherr (200:0)
ERA Acute leukemia Agrawal et al. (2007)
hMLH1 Colorectal cancer Herman et . (1996)
p15INK4B Acute leukernia Agrawal et al. (2007)
P16 BRladder and four types of leukemia Auerkari (2006)
P53 Lung, colon, esophageal, ovarian, pancreatic, skin, stomach, Velculescu and El-Deiry
head and neck, bladder, sarcoma, prostate, hepatocellular, (1996)
breast, renal, thyroid, hematological malignancies, melanorma Foulkes (2007)
and cervical cancers
Rb Retinoblastoma; osteosarcomas, bladder carcinomas, Krug et af. (2002),
small-cell lung carcinomas, prostate carcinomas, breast Sakai et ad. (1991) and
carcinomas, some types of leukemnias and cervical carcinomas Stirzaker et al. (1997)
SFRP2 Breast cancer Veeck et af. (2008)

methylation was described, in association with (1) loss of gene expression (which could be
partially restored using methylation inhibitors), (2) absence of coding region mutations and
(3) tumor-specific patterns of methylation (Kuerbitz et al., 1999). Others showed additional
examples of this process of promoter methylation (including the hMLH] gene, which is
commonly mutated in colorectal cancer) and proposed that such hypermethylation should
now be considered as equivalent to mutations and deletions in Knudson's two-step model
of inactivation of tumor-suppressor genes (Herman et al., 1996).

Table 2 presents some of the known reported tumor suppressor genes which their
expression are affected by DNA methylation of promoter regions.

DNA Methylation in Antitumor Drug Resistance

Chemotherapy resistance, either innate or acquired, requires expression changes in a
large number of genes for its development; thus, it has been hypothesized that epigenetic-
mediated changes could be the driving force responsible for chemotherapy resistance
(Glasspool ef al., 2006). Research group led by Candelaria had suggested that epigenetic
changes are not solely a consequence of cancer cell-resistant phenotype, but that mndeed
these contribute to its development (Candelaria et al., 2007). It had been demonstrated that
chemotherapeutic drugs nduced DNA hypermethylation in cultured cells (Nyce et al., 1986,
Nyce, 1989). Likewise, MCF-7 cells develop DNA hypermethylation when they acquire the
multidrug-resistant phenotype and both hypermethylation and doxorubicin resistance are
reversed by hydralazine or by antisense treatment against DNA methyltransferases
(Segura-Pacheco et al., 2006). Kastl et al. (2010) were able to demonstrate that changes in the
DNA methylation machinery are associated with resistance to docetaxel m breast
cancer cells. Resistance to cisplatin is also accompanied by over-expression of
DNA methyltransferases (Wang et al, 2001) and the resistance itself 1s induced by
over-expression of DNA methyltransferase genes (Quu ef af, 2005). Recent study by
Chang et al. (2010) provided further evidence that epigenetic promoter methylation 1s a
frequent event during chronic cisplatin exposure and that secondary cahages in gene
regulation can play an important role in generating drug resistant phenotypes, they
suggested that differentially methylated genes, mcluding those identified in their study
(SAT, Cgartd, LAMB3, TUBB, GOS2 and MCAM) may provide informative diug resistance
markers as well as therapeutic targets, potentially leading to improved therapies for cancer
patients with better and more durable clinical responses (Chang et al., 2010).

The use of epigenetic therapies, as a strategy to overcome drug resistance, needs to be
investigated more fully to determine their effectiveness in different cancers and for different
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chemotherapy drugs, hence, it could be expected that agents targeting DNA methylation,
would by reverting the epigenetic marker and overcome chemotherapy resistance
(Perez-Plasencia and Duenas-Gonzalez, 2006).

DNA Methylation Inhibitors in the Treatment of Cancer

In view of the growing interest epigenetic therapies, DNA methylation inhibitors have
found applications in treatments of cancers and few other diseases. In the following the
perspectives of two epigenomic antimumor drugs of azanucleosides family will be reviewed.
First drug is 2-deoxy-5-azacytidine (decitabine), a cytosine nucleoside analog, was
synthesized in 1964 and is considered DNA precursor, it was reported that the drug once
incorporated into DNA, mbibits further DNA methylation (De Vos and Van Overveld, 2005).
As a consequence, aberrantly silenced genes, including tumor suppressor genes, can be
reactivated and expressed Decitabine has demonstrated activity in a broad range of
hematologic disorders, mcluding: Acute Myelogenous Leukemia (AML), Chronic
Myelogenous Leukemia (CML) (Kantarjian et al, 2003, 2006) and sickle cell anemia
(Saunthararajah et al., 2003). Results of two studies suggested that repeated courses of
low-dose decitabine induces cytogenetic remissions in a substantial number of patients with
MDS and pre-existing chromosomal abnormalities; response being associated with improved
survival compared with patients in whom the cytogenetically abnormal clone persists.
Patients with high-risk chromosomal abnormalities may particularly benefit from this
treatment (Christman, 2002; Mesa et al., 2009).

Second drug is 3-azacytosine (azacitidine), also an inhibitor of DNA methylation, the
drug 1s a ribonucleic acid (RINA) precursor; chemically azacitidine differs from decitabine in
structure only slightly by having a hydroxyl group that is lacking in decitabine; it is the first
drug to be approved by the FDA in May 2004 for treating rare family of bone-marrow
disorders and has been given orphan-drug status, a group of pharmaceutical agents which
has been developed specifically to treat rare medical conditions known as orphan diseases
(Kaminskas ef al., 2005a, b). It s also a pioneering example of an agent that targets epigenetic
gene silencing, a mechanism that is exploited by cancer cells to inhibit the expression of
genes that counteract the malignant phenotype (Issa e al., 2005; Kaminskas et af., 2005a, b;
Komashke and Farnham, 2010; Kantarjian et al., 2006, Komblith et al., 2002).

The molecular mechamsms for incorporation of two drugs mto DNA had been
investigated. Azacitidine is phosphorylated by the enzyme uridine-cytidine kinase and is
then incorporated into RNA. Tt is incorporated into DNA by conversion to a deoxyribose
form by the enzyme ribonuclectide reductase, which converts ribose to deoxyribose.
Decitabine is phosphorylated by deoxycytidine kinase and then incorporated into DNA.
Both drugs are pro-drugs to 5-azadeoxycytidine triphosphate; however, their biochemical
differences may allow one to work in a patient when the other does not (Christman, 2002;
Mesa ef al., 2009).

It 13 worth mentioned other studies described climical trials with these agents in
myelodysplasia and lung cancer and reported on a few responses that justify further research
in this field (Santini ez al., 2001), however recent reports give promising results for the
epigenomic drugs in cancer therapy (Komashko and Farnham, 2010; Peedicayil, 2008).

Bacterial Infections, Cancers and DNA Methylation

Infections involving viruses, bacteria and schistosomes have been linked to higher risks
of malignancy. As early as 1772, Mycobacterium tuberculosis was thought to cause
malignancy (Parsommet, 1995). It had been reported a substantial mumber of bacteral
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Table 3: Bacterial infections associated with various types of cancer

Bacteria Cancer References
Helicobacter pylori  Gastric cancer and Mucosa Associated Lymphoid Crowe (2005), Montalban et . (2001)
Tissue (MALT) lymphoma and Persing and Prendergast (1999)
Mycoplasma Gastric carcinoma, esophageal cancer, lung cancer, Huang et al. (2001)
breast cancer and glioma
Salmonelia typhi Gallbladder cancer Vaishnavi et al. (2005), Lax and Thomas

(2002), Dutta et af. (2000) and
Shukla et al (2000)

Streptococcus bovis Colon cancer Biarc et af. (2004) Ellmerich et ad. (2000),
Gold et al. (2004) and Zarkin et ai. (1990)

pathogens have been linked to cancer, it is estimated that over 15% of malignancies
worldwide can be attributed to infections (Pisani et al., 1997). The data presented in
Table 3 showed various types bacteria associated with cancer. The most specific example of
the inflammatory mechanism of carcinogenesis is Helicobacter pyloriinfection (Crowe, 2005,
Parsormet, 1995). Other studies reported high correlation between mycoplasma mfection and
different cancers, which suggested the possibility of an association between the two
(Huang et al., 2001). Recent studies suggested bacteria have been linked to cancer by two
mechanmisms: induction of chronic mflammation and production of carcinogenic bacterial
metabolites (Vakevainen et al., 2002), thus it was noted the effect of bacterial infections on
promotion of cancer and DNA hypermethylation (Bobetsis et al., 2007, Salaspuro, 2003) and
aberration of DNA methylation (Shin ef af., 2010). These results support the correlation
between aberration of DNA methylation caused by bacterial infections and cancer.

Methylated Genes as New Cancer Biomarkers

Various studies have suggested that measurement of the methylation status of the
promoter regions of specific genes can aid early detection of cancer, determine prognosis
and predict therapy responses (Zhu and Yao, 2009).

An interesting investigation led by Sanchez-Cespedes showed that aberrant DNA
methylation at four genes mn primary tumors from head and neck cancer patients might be
utilized for identification of biomarkers and then possible use of the presence of this
methylation as a marker for cancer cell detection in serum DNA. These four genes were
tested by methylation-specific PCR and included: pl & (CDKN2A), O6-methylguanine-DNA-
methyltransferase, glutathione S-transferase P1 and deathassociateprotein kinase (DAP-
kinase). Fifty-five percent (52 of 95) of the primary tumors displayed promoter
hypermethylation in at least one of the genes studied: 27% (26/95) at pl 6, 33% (31 of 85) at
O6-methylguanine-DNA-methy ltransferase; and 18% (17 of 92) at DAP-kinase. No promoter
hypermethylation was observed at the glutathione S-transferase P1 gene promoter. The
study detected a statistically sigmficant correlation between the presence of DAP-kinase
gene promoter hypermethylation and lymph node involvement and advanced disease stage.
In 50 patients with paired serum available for epigenetic analysis, the same methylation
pattern was detected m the corresponding serum DNA of 21{42%) cases. Among the patients
with methylated serum DNA, 5 developed distant metastasis compared with the occurrence
of metastasis in only 1 patient negative for serum promoter hypermethylation. The
researchers concluded, promoter hypermethylation of key genes in critical pathways is
commeon in head and neck cancer and represents a promising serum marker for monitoring
affected patients (Sanchez-Cespedes et al., 2000).

Other possible DNA methylation biomarkers include the use of methylated GSTP1 for
aiding the early diagnosis of prostate cancer, methylated PITX2 for predicting outcome in
lymph node-negative breast cancer patients and methylated MGMT 1n predicting benefit
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from alkylating agents in patients with glioblastomas (Duffy et al, 2009). However, prior to
clinical utilization, these findings require validation in prospective clinical studies.

Promoter hypermethylation of MAL gene as was shown as an early epigenetic
diagnostic marker for colorectal tumors, hypermethylation was present in the vast majority
of benign and malignant colorectal tumors and only rarely in normal mucosa, which makes
it suitable as a diagnostic marker for early colorectal tumorigenesis (Lind et al., 2008).

It 1s worth mentioned, in this context, the recent results obtained by Ibralum et al.
(2009, 2010a, b) and Saleh ef el. (2010) on possible use of specific DNA fragments detected
by RAPD primers for detection of certain types of leukemia, their results showed that specific
amplified DNA fragments could be identified in genome of cancer patients but are absent in
normal genome.

CONCLUSION

Epigenomic mechanisms have important function in gene expression and any change
has an impact on various biological phenomena, for example development, aging and
diseases. DNA methylation is one of three important epigenomic mechanisms associated
with various types of cancers. Genomic methylation changes associated with oncogenic
transformation are detected and studying molecular basis of DNA methylation 1s considered
vital and decisive m understanding how DNA methylation may contribute to tumorigenesis.
Silencing of tumor suppressor genes is usually associated with hypermethylation in the
promoter regions of cells, which results in loss of expression and subsequent tumorigenesis.
Other factors have been reported to cause aberration of DNA methylation m the genomic
DNA of cancer patients; these include chronmic bacterial mfections and resistance to
antitumor drugs. Two types of DNA methylation inhibitors, azacitidine and decitabine, have
generated much interest in cancer therapies.
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