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Abstract

Data suggested that cancer appears to be a process that is fuelled both
by genetic alterations and by epigenetic mechanisms. Epigenetics refer to
the study of changes in gene expression that can be mitotically inherited,
but is not associated with the changes in the coding sequence of the
affected genes. The DNA methylation in the promoter regions is a
powerful epigenetic mechanism for the suppression of gene activity.
Hypomethylation and hypermethylation are the two kinds of methylation
defect that is observed in a wide variety of malignancies.
Hypomethylation is common in solid tumors such as metastatic
hepatocellular cancer, in cervical cancer, prostate tumors, and also in
hematological malignancies such as B-cell chronic lymphocytic leukemia.
A large number of genes involving fundamental cellular pathways may be
affected by aberrant CpG island methylation in association with

transcriptional silencing in virtually all tumor types.
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Normal cell biology — An overview

(1) Normal DNA

Historical view

The modern era of molecular biology began in 1953, when James
Watson and Francis Crick described the double-helical structure of DNA
based on the analysis of X-ray diffraction patterns coupled with careful
model building. A closer look at the “thread of life”, as the DNA
molecule is sometimes called shows why the discovery of its basic

structure suggests its function (Lodish et al., 1997).

The native state of DNA

DNA as described by Harvey et al (1997) and Micklos et al (2003)
consists of two associated polynucleotide strands that wind together
through space in a helical fashion which is often described as a double
helix. The two sugar-phosphate backbones are on the outside of the
double helix. And the bases project into the interior. The adjoining bases

in each strand stack on top of each other in parallel planes (Fig. 1).
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DMNA Strands are Complementary and Antiparallel

Fig. 1: Normal structure of DNA. (Harvey et al., 1997)

The orientation of the two strands is antiparallel (their 5° ---- 3’
directions are opposite); they are held together by the cooperative energy
of many hydrogen bonds in addition to hydrophobic interactions. The
opposite strands are held in precise register by a regular base pairing
between the two strands: A is paired with T by two hydrogen bonds; G is
paired with C by three hydrogen bonds. This base-pair complementarity
is a consequences of the size, shape and chemical composition of the
bases. Hydrophobic and Van der-Waals interactions between the stacked
adjacent base pair also contribute significantly to the overall stability of
the double helix. To maintain the geometry of the double helix, a larger
purin (A or G) must pair with a smaller pyrimidine (C or T) in natural

DNA it is almost always A with T and G with C. However, in theory and
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in synthetic DNAs other interactions can occur. For example, a guanine
(a purine) could theoretically form hydrogen bonds with a thymine (a
pyrimidine), causing only a minor distortion in the helix. Harvey et al
(1997) mentioned that the space available in the helix also would allow
pairing between the two pyrimidines cytosines and thymine. While
neither G-T nor C-T base are normally found in DNA, G-U base pairs in
helical regions of RNA are quite common. Two polynucleotide strands
can, in principle, form either a right-handed or a left-handed helix, but the
geometry of the sugar-phosphate backbone is more compatible with the

former, and therefore natural DNA is right-handed.

Gene Structure

Historically, a gene is a heritable unit of phenotypic variation.
However, from a molecular stand point, a gene is the linear collection of
DNA sequences required to produce a functional RNA molecule, or a
single transcriptional unit (Emery and Riomin, 1992).

Each gene (Fig. 2) is composed of:
a. Exons are the functional portions of gene sequences that code for

portions.

b. Introns that are non-coding DNA sequences of unknown function
that interrupt most mammalian genes. The number and size of intron

vary in different genes.

c. The boundaries between exons and interons are not random base
sequences. In most instances the first two bases at the 5 end of each

interon are GT and the last two bases of each interon are AG.
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d. The open reading frame is the sequence binding with the triplet
ATG-the universal translation initiation codon, which specifiy the

intiation of protein synthesis. ATG resides at the 5 ends of genes.

e. Promotos, a promotor is the region of DNA, immediately upstream
from the transcription intiation site. It binds RNA polymerase. The
presence of promotor is an absolute requirement for initiation of
transcription. In general strong promotors (associated with a high
level of transcription) are those that bind RNA polymerase with a
high affinity. Two regions defined as promotors on a functional basis
(i.e. their presence is required for normal initiation of transcription)
are found at the consensus sequences 5-TATA-3 and 5'-CCAT-3.
(Friedman et al., 1992).

f. Termination codon is the end of transcription and signified by a

TAA,TAGor TGA (Emery and Riomin, 1992).
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Fig. 2: Simplified structure of the gene. (Emery and Riomin, 1992)

(2) RNA structure

Micklos et al (2003) stated that RNA is a structural component of the
cell and an intermediate between DNA and protein. There are a variety of
RNAs present in the eukaryotic cell:

1- Messenger RNA (mRNA).

2- Transfer RNA (tRNA).
3- Ribosomal RNA (rRNA).



