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It is now appreciated that both genetic alteration, e.g. mutations, and aberrant epigenetic changes,
e.g. DNA methylation, cause cancer. Epigenetic dysregulation is potentially reversible which makes
it attractive as targets for cancer prevention. Synthetic drugs targeting enzymes, e.g. DNA methyl-
transferase and histone deacetylase, that regulate epigenetic patterns are active in clinical settings.

In addition, dietary factors have been suggested to have potential to reverse aberrant epigenetic
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patterns. Uncovering the human epigenome can lead us to better understand the dynamics of

DNA methylation in disease progression which can further assist in cancer prevention.
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1. Introduction

Epigenetics is defined as the study of heritable modifications on
chromatin, without changing the nucleotide sequence of DNA, that
regulates gene expression [1]. Gene silencing caused by epigenetic
alternations has been associated with all stages of tumor develop-
ment including initiation, progression, invasion, and metastasis.
In comparison to genetic DNA coding which provides the blueprint
for the manufacture of proteins to be made for a living cell,
epigenetic information provides instructions on how, where, and
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when the genetic information should be used [1]. Although it is
clear that genetic alternations, e.g. mutations, either germ line or
somatic, cause cancer, aberrant epigenetic alternations are now
appreciated as crucial processes in cancer development [2,3].
However, unlike genetic alternations which are almost impossible
to reverse, the potential reversibility of epigenetic patterns suggests
that it is a viable target for the prevention and/or treatment of can-
cers [2-4]. This review presents recent findings on the mechanisms
causing epigenetic dysregulation and the clinical implications of
epigenetic changes in cancer prevention and risk assessment.

2. Epigenetic alternations in carcinogenesis
2.1. Epigenetic patterns in normal and cancerous cells

Epigenetic mediated gene silencing can be generally divided
into three related processes: DNA methylation, chromatin remod-
eling, and histone modification [5]. The best characterized and
studied epigenetic modification is DNA methylation especially in
the promoter regions of genes that regulate important cellular
functions. A critical step in DNA methylation involves DNA meth-
yltransferases (DNMTs). These enzymes transfer methyl group
from S-adenosylmethionine (SAM) to the 5 position of the cytosine
ring. As shown in Fig. 1, in general, CpG islands in promoter regions
of genes in normal cells are protected against methylation. Only
small portion of genes with promoter CpG islands are methylated
in cancer cells. Importantly, these genes are involved in regulation
of crucial cellular functions and encoding for cell cycle regulation
(e.g. p16™K42 p15 p14"RF) DNA repair (e.g. MLH1, GST3), tumor
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Fig. 1. Simplified diagram shows the epigenetic patterns in promoters of active and inactive genes, and epigenetic patterns of inactive genes affected by epigenetic therapy
and/or dietary factors. (A) Promoters of active genes are often associated with unmethylated CpG sites (white circle), acetylation of histone (green cross), and methylation of
lysine 4 on histone H3 (H3K4) (yellow hexagon), and are absence of a nucleosome (blue sphere). This configuration favors the access of proteins that activate transcription. (B)
During carcinogenesis, CpG sites on the promoters of genes, frequently tumor suppressor genes, are methylated (red circle). MBD mediates transcriptional repression through
binding to methylated CpG sites and interacting with HDAC and DNMT. In addition, promoters of inactive genes are associated with methylation of lysine 9 or 27 on histone
H3 (H3K9 or H3K27) (red hexagon) and a nucleosome. This pattern renders the chromatin inaccessibility [3,11]. (C) Epigenetic therapy and/or dietary factors decrease DNMT,
HDAC, and MBD, and increase acetylation of histones and methyl mark on H3K4 in the promoters of inactive genes. The chromatin might become more accessible to the

transcription factors which then activate transcription.

suppression (e.g. BRCA1, VHL), tissue remodeling (e.g. TIMP3,
E-cadherin), and hormone receptor (e.g. ESR1, ESR2) [6]. Summa-
rizing results from studies on the correlation between the position
of the methylation within a given gene and gene expression indi-
cates that methylation degree within and/or around the promoter
region is negatively associated with gene expression level [7,8].
Dose hypermethylation alone cause gene silencing? Studies have
shown that DNA methylation may not initiate gene silencing and
itself alone does not directly repress transcription. The constitution
of chromatin surrounding a hypermethylated gene promoter con-
tributes to the functional state of a gene [8,9]. Chromatins are com-
posed of nucleosomes which contain histone proteins and are
winded by DNA. Nucleosomes associated with active and non-
methylated gene promoters are normally widely and irregularly

spaced with acetylated core histone which favors the access of pro-
teins that activate transcription. In contrast, nucleosomes are
tightly and regularly spaced around heavily methylated gene pro-
moters and contain de-acetylated histones [8,9]. This indicates that
histone acetylases (HATs) and histone deacetylases (HDACs) are
associated with active and silent state of genes, respectively
[8,9]. In addition to acetylation, active genes are often associated
with methylation of lysine 4 on the core histone H3. The promoters
of silenced genes are often marked by methylation of lysine 9 or 27
on histone H3 [8,9]. Although only discovered relatively recently,
methyl-CpG-binding domain (MBD) family has been shown to
possess a significant role in controlling gene expression. The study
on the profile of MBD occupancy of hypermethylated promoter
CpG islands of tumor suppressor genes in human cancers indicates



Download English Version:

https://daneshyari.com/en/article/2048151

Download Persian Version:

https://daneshyari.com/article/2048151

Daneshyari.com


https://daneshyari.com/en/article/2048151
https://daneshyari.com/article/2048151
https://daneshyari.com

