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The word ‘epigenetic’ was first coined by Conrad Waddington in 1946. It deals with functionally relevant
modifications to the genome that do not include a change in the nucleotide sequence. Till date observation has
focused on the functions of genome sequences and how their regulation occurs. The emerging epigenetic
changes and the interactions between cis-acting elements with protein factors plays a central role in gene
regulation as well as give insight to various diseases. To evaluate the crosstalk of DNA and protein by taking
account of the whole genome, one new evolving technique which is called as ChIP-chip, works on the principle
of combining chromatin immunoprecipitation with microarray. ChlP-chip has been recently used in basic
biological studies and may be improved further and can be useful for other to aspects, like human diseases. Now
a days large amount of discoveries by ChIP-chip and other high-throughput techniques like this may be
connected with evolving bioinformatics to add to our knowledge of life and diseases.
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INTRODUCTION

The word ‘epigenetic’ was first coined by Conrad
Waddington in 1942. He described the term
epigenetics as ‘The interactions of genes with their
environment that bring the phenotype into being.
These Days it also includes cellular mechanisms
which control somatically heritable gene expression
states without changing the underlying DNA
sequence such as Examples of such modifications like
DNA methylation and histone modification, both are
regulating gene expression without modifying the
underlying DNA sequence ™. It can also be said like
this that it is the study of mitotically heritable
changes in gene expression that is not encoded by
the DNA sequence. Epigenetic modifications help in
normal development and the maintenance of gene
expression patterns in mammalian cells and failing to
which leads to diseases . Epigenetic modifications
are dependent upon some change in chromatin
structure that defines how genetic information is
organized within a cell. Chromatin is made up of
Nucleosomes, which consist of ~146 base pairs of
DNA enfolded around the octamer of four core

histone proteins (H3, H4, H2A and H2B) Bl The
epigenetic processes which modify chromatin
structure include: DNA methylation, covalent histone
modifications, non-covalent mechanisms
(nucleosome remodeling) and microRNAs. Co-
operation between these processes regulates the
accessibility and compactness of chromatin and in so
doing it modulates gene expression . Some of the
epigenetic changes have been experimentally proven
to be heritable. It deals with functionally relevant
modifications to the genome which not involve a
change in the sequence of nucleotide ©.

DNA METHYLATION

The epigenetic DNA Methylation is processed by
DNA methyltransferase (DNMTs) which uses S-
adenosyl-methionine (SAM) as the methyl donor.
Primarily Methylation occurs at the carbon-5
position of cytosine residues within CpG
dinucleotides. It is very specific and always favors the
region where a cytosine nucleotide is located just
next to a guanine nucleotide that is bonded by a
phosphate. That is called as a CpG site CpG
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dinucleotides are not evenly distributed over the
genome but are instead found clustered in CpG rich
DNA stretches called CpG islands and in repetitive
sequences such as  centromeric  repeats,
retrotransposon elements and rDNA. CpG islands are
the regions which have a length of around 500 bp
with G+C content greater than 55 % . DNA
methyltransferase the mammalian DNA
methyltransferase (DNMT) is the family which
consist of three types called as DNMT1, DNMT3A
and DNMT3B. They also contain an accessory protein
DNMT3L which is responsible for the regulation of

DNA methylation in all cell types .

DNMT1

DNMT1 is a protein that has weight of 183 Kd and is
responsible for the maintenance of methylation
during replication and repair. In vitro, it has been
reported to have a preference for hemi-methylated
DNA over Unmethylated substrates thus allowing it
to copy the methylation paradigm of the parental
strand to the just synthesized daughter strand. It is
known as maintenance enzyme, but it also involved
in the de novo methylation and essential for the

viability of abnormal cells like cancer !,

DNMT3 family

DNTM3A and DNMT3B are known as active de novo
methyltransferase responsible  for  cytosine
methylation at previously unmethylated CpG sites.
Both enzymes have a conserved PWWP domain
responsible for their methyltransferase activity.
DNMT3A and DNMT3B can act independently of one
another. The DNMT3A gene is situated on
chromosome 2p23 and the protein is found in both
the cytoplasm and nucleus where its expression is
developmentally regulated. The DNA binding domain
in DNMT3A is 50 residues long, the protein can
dimerizes, thus doubling the DNA binding surface
and allowing it to methylate in one binding event,
two CpGs separated by one helical turn. Knockdown
of DNMT3A inhibits melanoma growth and
metastasis in mouse melanoma models suggesting
that it may have a chief function in the pathogenesis
of this type of tumour @,

DNMT3B

The DNMT3B gene is located on chromosome
20g11.2. Its six alternatively spliced transcript
variants have been reported although the full-length
sequences of variants 4 and 5 have not been
determined. It is reported that there s
overexpression of DNMT3B in breast cancer and
colorectal cancer %,

DNMT3L

DNMT3L lacks those residues in the C-terminal
domain which are required for methyltransferase
activity and its contribution to DNA methylation is
dependent on its cooperation with the de novo
DNMTs. DNMT3L has been shown to co-localize and
co-immunoprecipitate with DNTM3A and DNMT3B
and to enhance the activity of both enzymes .

NUCLEOSOMES

Nucleosomes are the building blocks of the
chromatin, and they depict two coils of genomic DNA
(147 base pairs) swathe around an octamer of two
sub-units of each of the core histones H2A, H2B, H3,
H4 (Figure 1).The H1 histone holds DNA; it is not a
part of nucleosome. The histone octamer is
composed of H2A, H2B, H3 and H4 molecule. Each
nucleosome is separated by almost 54 bps of linker
DNA, and resulting nucleosomal array constitutes a
chromatin fibre of ~10nm in diameter. This simple
‘beads-on-string’ arrangement is folded in to more
condensed, ~30nm thick fibres that are stabilized by
binding of a linker histone to each nucleosome core.
It condenses to form loops averaging 300nm in
length, and that 300nm fibres are compressed and
folded to produce a 250nm wide fibre having
diameter of 700nm. Then further tight coiling of the
250nm fibre produces the chromatid of a
chromosome that has a diameter 0f1400. The
chromatin structure fulfills essential functions, not
by condensing and protecting DNA and by preserving

genetic information and controlling gene expression
[12]
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Fig 1. Complex Chromatin Condensation
Source: http://home.ccr.cancer.gov/connections

Histones contain a high percentage of arginine and
lysine, and several positively charged amino acid that
adds net positive charge. The positive charges which
attract the negative charges on the phosphate group
present on DNA and helps to hold the DNA in contact
with the histones "3 The amino-terminal portion of
the core histone proteins is subjected to various
post-  translational = modifications.  Chromatin
mitigation can occur through covalent additions to
histones ™. There are several different types of
Histone modifications, some of them are as follows:
methylation, acetylation, phosphorylation,
ubiquitination and sumoylation.

Chromatin Remodeling and Compaction
Nucleosomes are very densely spaced and packaged,
and they remodel it so that to allow access to
transcription factors. This is done by the help of
adenosine triphosphate (ATP)-dependent chromatin
remodelling complexes that alter nucleosome-DNA
contacts, help in nucleosome repositioning, or
regulate the incorporation of variant histone into the
nucleosome ™1,

Histone Methylation

Histone modification can be explained by addition of
one, two or three methyl groups. Cell nucleus
contains DNA is wound around the histones.
Methylation of histones is associated with
inactivation of the transcription and the

condensation of the chromatin to densely coiled
form. Demethylation is associated with de-
condensation of chromatin and increase in the
transcription activity 6] Histone methylation as a
mechanism can be associated with either
transcriptional activation or repression. Although,
dimethylation of histone H3 at lysine 9 (H3K9) is a
signal for transcriptional silencing (Figure 2).
Methylation process of some lysine and arginine
residues of some histones like H3 and H4 results in
the transcriptional activation ..
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Fig 2. Histone H3 Methylation
Source: Nature reviews/molecular cell biology

Addition of a methyl group to the histones by
histone methyl -transferases, can either activate or
further repress the transcription process; it depends
on the amino acid which has gone through
methylation and the presence of other methyl
groups in the vicinity.
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Fig 3. Methylation Mechanism
Source:http://www.methods.info/Methods/DNA_m
ethylation.

Histone  methyl-transferase:  Histone  methyl
transferases are the enzymes that transfer methyl
groups from S-adenosyl methionine (SAM)(Figure 3)
to the arginine and lysine residues of H3 and H4
histones also Regulate transcription, the nobility of
the genome and epigenetic inheritance (Figure 3) ™.
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Histone Acetylation

Acetylation can be described as a reaction that
introduces an acetyl functional group in to an
organic compound. Histone acetylation is the
transfer of an acetyl group from acetyl CoA or acetyl
anhydride to the lysine amino groups on the N-
terminal tail of histones. This enzyme activity is
catalyzed by enzymes called histone acetyl

transferases (HATs) and it reverse by
]
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Fig. 4. Effect of acetylation
Source: nature reviews/molecular cell biology 8,947-
956

the another enzyme called histone deacetylases
(HDAC). The histones are mainly acetylated and
deacetylated on lysine residues in the N-terminal tail
and also on the surface of the nucleosome core for
of gene regulation. It as an essential part of gene
regulation.

Histone Phosphorylation

Histone Phosphorylation is the modification in which
there is an addition of a phosphate group.
Phosphorylation is catalyzed by the various specific
protein kinases, whereas phosphatases mediate
removal of the phosphate group (Figure 5). The most
studied sites of histone phosphorylation are the
serine. Phosphorylation of histones can also be a
vital regulatory signal. H2A variant, H2AX that helps
in the DNA repair by the process of phosphorylation.
It has an important role in DNA damage response
and DNA repair.
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Fig 5. Phosphorylation of serine chain

source: pharmaceuticalintelligence.com

Histone H3 phosphorylation has been reported to
play important roles in both transcription and
chromatin condensation during mitosis.

Sumoylation

Sumoylation is the type of post translational
modification with small ubiquitin related proteins of
the SUMO family. Modification requires ATP, a
SUMO E1, a SUMO E2, and E3 ligases that work on
specific targets. Isopeptidases removal of SUMO is
done by Isopeptidases, and it helps in reversibility
and dynamics of this modification. SUMO
attachment leads to regulation of protein to protein
and protein to DNA interactions, subcellular
localization, enzymatic activity, and in some cases
protects protein from ubiquitin dependent
degradation. It was reported that H4 can be
sumoylated. Sumoylation has three general
outcomes for a modified protein ™® (Figure 6).
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Fig 6. Sumoylation

Source: Nature Reviews Molecular Cell Biology 8,
947-956.
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EPIGENETICS AND ENVIRONMENT

The epigenetic changes due to environment are
small, potentially cumulative, and they may develop
by passing time, epigenetic changes and diseases.
Several studies have established an association
between DNA methylation and environmental
metals like nickel, cadmium, lead, and mostly
arsenic. Cadmium is a well-known carcinogen that
has very low mutagenicity. The carcinogenetic
property is because it produces ROS as well as
alteration of DNA methylation that play a
predominant biological role. Arsenic is a well known
carcinogen that lacks carcinogenicity in animals yet.
Inorganic arsenic is enzymatically methylated for
detoxication that uses Adenosyl-methionine (SAM) in
the process. Nickel ion exposure has been reported
to increase global H3K9 mono- and dimethylation.
Also, it has been related with increased DNA
methylation and long-term gene silencing. Methyl
mercury is a well-known environmental contaminant
and a strong neurotoxic agent that may be present
at high levels in sea-food. Prenatal exposure to
methylmercury causes persistent changes in learning
and motivational behavior in mice. In benzene, DNA
methylation modifications are induced by low-
benzene exposure mainly affecting traffic police
officers. High-level exposure to benzene leads to

increased risk of acute myelogenous leukemia (AML)
[19]

EPIGENETICS AND HEPATOCELLULAR CARCINOMA

DNA Methylation and HCC

Epigenetic lesions typically in liver cancer consist of
genome-scale changes in the DNA methylation, loci-
specific DNA hyper methylation, dysfunction of
histone-modifying  enzymes, and abnormal
expression of ncRNAs. Cancer-related changes in
DNA methylation are can be effective biomarkers
because they can be readily detected and quantified
from fixed tissues. As a result, there are many
findings reporting DNA methylation patterns peculiar
to liver cancers of different etiologies, including
recent genome-wide studies. In the recent studies,
there were 230 genes were identified whose
promoters were hypomethylated in HCC DNA

methylation and in combination of transcriptome
mapping in human HCC (epigenetically induced), and
there are 322 genes that were hypomethylated and
under expressed in tumours (epigenetically
repressed). Genome-Wide DNA methylation, studies
have revealed that tumours have very high cellular
heterogeneity as such noticed differences in DNA
methylation patterns may simply point out
differences in numbers of tumor to normal cells
alternatively identifying epigenetic  signatures
relevant to cancer biology.

Viruses as Drivers of Epigenetic Changes Underlying
HCC

Cancers that originate from a virus can contribute
understanding into relationships between
epigenetics and tumor biology. The proteins like
Hbx which has oncogenic origin the induces the
expression of DNMT1 and recruits DNMT1, 3a, and
3b and which stimulate hyper- methylation of IGFBP-
3 andpl16. Overexpression of miR-152 and results
into global DNA hypo—methylation. Whereas its
inhibition of miR-152 leads to global hyper-
methylation and increased DNA methylation at the
GSTP1andCDH1 (fig. 7). Tumor suppressor genes
Studies in HBV- and HCV induced HCC have spotted
common active mutations in the SWI/SNF-like ATP-
dependent chromatin remodelling enzymes ARID1A
and ARID2.These enzymes are important for
remodelling chromatin into a transcriptionally active
state 12
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Fig.7 Viruses as Drivers of Epigenetic Changes
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The above figure which explain epigenetic crosstalk
and its impact on liver functioning and disease. The
histone methyltransferaseSUV39H is a central
regulator central regulator in liver physiology and
diseases. Also, it is down regulating the expression of
the microRNA miR-122, which affect the epigenetic
sway of gene networks involved in the metabolism of
lipid and HCC. Also, miR-122 is critical in the lifecycle
of HCV. SUV39H regulates histone alteration at
genes ciphering regulators of cell proliferation as
well as migration; its overexpression is associated
with  HCC. Expression of SUV39H is post-
transcriptionally regulated by miR-125, which in turn
is in Influence of t complex PRC2 and its H3K27
methyltransferase EZH2.

Epigenetics and Non-alcoholic Steatohepatitis
(NASH)

The association between nutrition, epigenetics, and
metabolic disease is firmly established. The
phenotype of the Agouti mouse, which has obesity
and susceptibility to cancer, is prevented by
supplementation of the maternal diet with methyl
donors. Diets Depleted of methyl donors promotes
DNA hypomethylation and the progression of
steatosis in rodents. Also, it was noted that
Supplementation of high-calorie food with methyl
donors halts NAFLD. It depicts that the epigenetic
modification that modify hepatic fat metabolism may
be due to dynamic alterations in DNA methylation.
Investigation was also carried out with samples of
paired liver biopsies obtained from mouse of 5-9
months of age following a bariatric surgery. Result
shows that gene encoding protein-tyrosine
phosphatase epsilon(PTPRE) is a negative regulator
of insulin signaling, became hypermethylated and
transcriptionally down regulated with weight loss.
This result shows that there is a link between loss of
weight and control of hepatic insulin sensitivity in
the mouse model %2,

Epigenetics and Liver Disease Imprinting

The concept that environmental cues may
indigestible adaptive traits sometimes favours so-
called “Lamarckian” inheritance. There is some proof

that supports it. Male inbred mice which were on a
low-protein diet gave offspring that inherited
elevated hepatic expression of genes regulating lipid
and cholesterol metabolism. Surprisingly, the above-
mentioned studies showed that DNA methylation
and gene expression for PPARa and PPARc were
altered. This may be because these nuclear hormone
receptors bear an epigenetic hub for integrating
ancestral environmental information. Evidence for
Lamarckian-like inheritance is rarely seen in
humans, but it was reported by Veenenda al et al.,
body mass index (BMI) as well weights are increased
in F2 generation i.e. grand children of males exposed
to in uterofamine. This suggests that an epigenetic
modification to dietary factors may be substantial
and transmissible across multiple generations.

CHIP-CHIP TECHNOLOGY A NEW APPROACH IN
EPIGENETICS

From the past years, the research is focused on the
functions of genome sequences and their regulation.
The upcoming epigenomic changes and the
interactions between cis-acting elements and protein
factor a big impact and play a central role in gene
regulation. For understanding the interaction
between DNA and protein on the whole genome
basis, the new emerging technique, called ChIP-chip
has been used. This technique uses a combination of
chromatin immunoprecipitation with microarray.
This type of combination will help in screening and
targeting of critical transcription factors and profiling
the genome-wide distribution of histone alterations,
which will help in conducting a large-scale study,
such as the Human Epigenome (fig 8 and fig 9).There
is two ways analysis of ChIP-chip is used in histone
modification studies. First is to detect the
distribution of histone modifications by employing
antibodies specially targeting these modifications the
second type is employing ChIP-chip to discover not
the altered histones, but the enzymes that catalyse
the histone modification reactions. This type of
technology helps in profiling the expression and
establishes the correlation of histone markers with
transcription activity in humans. Three different
types of arrays have been applied in studying histone
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modifications with ChIP-chip. One is CpG island array
which showed a strong association between CpG
methylation and histone modifications .the second
type is the cDNA array, which produced information
on the distribution of histone methylation motif
coding regions of human genes. By these studies,
ChIP-chip yielded a wider view than gene-by gene
studies and significantly in vivo, the genome-wide
binding data produced by ChIP-chip can be used for
bioinformatics analysis to identify binding elements.

One can further take the data from ChIP-chip, and
use it in expression profiling, comparative genomic
and published literature to build a global view of the
regulation  network. In  ChlIP-chip,  mostly
formaldehyde is used for cross link that not only
interacts protein-DNA but also interacts from protein
to protein. ChIP-chip containing antibodies in
opposition to methyl-CpG binding proteins can also
be used to identify the methylated targets ! .
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Fig 8. Chip on chip working diagram
Source: Cancer Res 2006; 66: (14).July 15, 2006
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Fig 9. Working flow of chip on chip technology
Source:http://en.wikipedia.org/wiki/ChIP-on-chip

DISCUSSION AND FUTURE PROSPECTIVE

Genetic and epigenetic modification combines to
influence detected variation in disease susceptibility
and variable disease progression. There are already
on-going clinical trials with HDAC inhibitors in cancer,
a miR-122 inhibitor miravirsen in chronic HCV, so
epigenetic therapies may playa big role in the future.
Particularly, very few HDAC inhibitors have
succeeded in phase Il testing due to unfavorable side
effects including fatigue, constipation, diarrhoea,
and dehydration. Histone modifications act in
orderly and coordinated fashion to control cellular
processes such as transcription, DNA replication and
DNA repair. Histone acetylation is associated with
transcriptional activation, but the effect of histone
methylation depends on the type of amino acid and
its position in the histone tail. Phosphorylation is
mainly related with the repair of DNA. An epigenetic
alteration has important implications for human
cancer treatment. Research on chromatin
modifications that is a newly evolving field is under
process. It holds the promise of further improving

our knowledge of tumorigenesis and facilitating the
development of novel strategies to prevent
diagnoses and treat cancer. Important aspect of
methylation is that it inactivates tumor suppressor
genes as it helps in silencing of genes in cancer cells.
New techniques like DNA sequencing, two-
dimensional gel electrophoresis, proteomic and
expression microarray, and other system tools are
required which help to understand the structure and
amount of cell components. The genome-wide, high-
throughput tools, like Chip-chip, are necessary
technique to study the activities of vital components,
like epigenetic alterations and DNA-protein binding
in cells. Now a days in basic biological studies we use
chip-chip assay frequently and it may be modified
further and then expanded to other aspects, such as
human diseases. Lastly, for future the large amount
of discoveries by ChIP-chip, and other high-
throughput techniques like this may be connected
with evolving bioinformatics to add to our
knowledge of life and diseases and understanding of
epigenomic changing pattern.
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