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ABSTRACT

Environmental factors can impose most of their harmful effects, including harmful substances and drugs, by modifying the usual
sequence of genes, advances to unusual expression or attempting to silence the major DNA sequences and their encoded
proteins. Epigenetic is the research of modifications of DNA sequences and subsequent proteins, with no modification of the
nucleotide sequences, Methylation of the DNA, alteration in Histone and RNA-mediated targeting control. Many biochemical
reactions influences in human cell function, a pattern of their modification occurs in alcoholics. This review is focused on the
regulation of gene expression by the epigenetic mechanism in alcoholics. Chronic consumption of alcohol in humans affects the
brain, bringing the modifications in the expression of genes. Chronic alcohol intake also creates the desire for alcohol, loss of
control, ultimately leading to liver damage. Such changes result in the expression of gene and cell cycle disturbance, facilitating
the development of cirrhosis and cancer of the liver. DNA methylation, histone modifications and miRNA are the important com-
mon epigenetic modifications used as biomarkers of alcoholic liver disorders. While we are in the early stages of understanding
the complex epigenetic regulatory system, the preliminary evidence provided here indicates that we could be at the dawn of the
advancement of epigenetic factors in the diagnosis of various disorders.
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INTRODUCTION alcohol-induced modifications of expression and behaviour
of genes for chronic alcoholism. e.g., chronic alcohol con-
sumption results towards the shift in methylation of histone,
DNA and Micro RNA transcription with different gene re-
sponse to various brain cells types (e.g. glia and neurons)
and proceeds to malfunction of cognitive function and plas-
ticity of the brain involving the abuse of alcohol and depend-
ence over it." Environmental conditions can impose most
of their harmful effects, including harmful substances and
drugs", by modifying the usual epigenetic patterns, advanc-
ing to unusual expression or attempt to silencing the impor-
tant sequences of DNA and their encoded proteins. Alcohol
is quickly evolving as one of the key elements for changing
the epigenome of cells and tissues from across organisms.'?

Features of Alcoholic disease (ALD) includes inflammation,
hepatic steatosis and deposition of fat that brings with it cir-
rhosis and hepatocellular carcinoma.! Cognitive and affec-
tive states influence the pathogenesis of alcoholism which
promotes the alcohol intake, might be due to different allo-
static variables in multiple areas of the brain.>* Different re-
searches have demonstrated the genetic and or environmental
factors have played a key role in the development of alcohol-
ism.>” It is proved that chronic consumption of Alcoholism is
a replacing the brain disorders, chronic consumption of alco-
hol is characterized by loss of control while limiting alcohol
intake, gets a negative emotional state while withdrawal and
making the desire to seek alcohol.*® In animal models and
humans, frequent alcohol consumption causes widespread

brain changes in gene regulation. WHAT IS EPIGENETICS?

Most of these contribute to cellular adaptations which at the
end lead to dependence on alcohol and psychological toler-
ance. It is appreciated for the role of epigenetic changes in

The term “epigenetic” simply means “in addition to changes
in the genome.” The concept has expanded to include all
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mechanism that involves the expression of a gene without
modifying the sequence of DNA and advances to alterations
which can be incorporated to new nucleoli (although studies
indicate that certain genetic mutations can be altered). Exact-
ly what the word will possibly continue to be discussed. Al-
terations in DNA which do not modify the sequence of DNA
might alter the expression of genes. Chemical substances ap-
plied to separate genes may control their functioning; these
changes are called epigenetic alterations. The epigenome
contains all the chemical blends applied to the whole of par-
ticular DNA (genome) as a form of controlling its function
(about expression) of entire genes in the genome. The epig-
enome’s chemical blends are not a part of the particular DNA
code, but are on or added to the DNA, epigenetic changes
occur as cells divide, and may often be inherited through the
gene.

Epigenetic modifications will boost to evaluate may be the
genes are switched on or off, and which can impact pro-
tein synthesis in certain cells, assure that only proteins are
synthesized that are required. For eg. The proteins are not
synthesized in muscle cells, which help the growth of bone.
Epigenetic change of pattern varies amongst individuals,
growing tissues of the individual and also various cells.

EPIGENETIC MODIFICATION

Histone modification

Post-translational modification of histone which involves
the incorporation of phosphorus, incorporation of ubiqui-
tin, methylation, Small Ubiquitin-like Modifier (SUMO)
proteins are attached to or detached from other proteins and
acetylene. The PTM formed for histones can vary gene ex-
pression by modifying the genetic makeup of chromatins or
by including histone modifiers. Histone proteins work for
inserting DNA into the chromosomes, DNA gets wrapped
around eight histones. Histone alterations work in different
biological procedures. Such as to the activation or deactiva-
tion the synthesis of mRNA, packing in the chromosome and
genes repair or damage. Generally for most of the animal’s
incorporation of acetic acid to histone H3 is done with lysine
9, 14, 18, 23 and 56, methylation with Arginine 2 and Lysine
4,9,36 and 79 and phosphorylation at Ser 10 and 28, Thr 3
and 11. Acetylation of Histone H4 occurs with residues of
Lysine at positions 16, 8, 5, 16, methylation of the Arginine
at position 3, and of the lysine at position 20 and Phospho-
rylation of the serine at position 1.

To quantify particular modification of histone may provide
good information for better understanding of the epigenetic
regulation, cellular mechanism and the production of en-
zyme-based drugs to modify Histones.

Acetylation and Deacetylation of Histone
Incorporation of acetic acid to histone is done by the addition
of acetyl groups from CoA. Incorporation of acetyl groups to
Histone (Figure 1) has importance in maintaining different
mechanisms inside the cell involving gene expression, repair
of DNA, chromatin mechanics and transcription, nuclear
import, repression of neurons, apoptosis, and progression of
the cell cycle, DNA replication and differentiation. Enzymes
Histone acetyltransferases (HATs) carry out the incorpora-
tion of the acetyl group to Histones and has an important
role to regulate the incorporation of acetyl groups to His-
tones H3 and H4. About 20 HATs are known and are catego-
rized as five families like GNAT 1, TAFII 250, P300/CBP
MYST and co-activators like ACTR for nuclear receptors.'
Histone deacetylases (HDACS) inhibition increases Histone
H3 Acetylation and inhibition of cap decreases the acetyla-
tion. Hydrolytic separation of acetyl groups from lysine resi-
due of histone is done by enzymes named Histone Deacety-
lases (HDACs). Cancer development and genesis of Tumor
is linked with an imbalance in Histone acetylation equilib-
rium. Histone H3 acetylation of the Lysine residue analysis
can confer important knowledge to identify sites or patterns
of acetylation, which provides deeper lights on epigenetic
regulation of activation of the genes and production of HAT
based drugs. Like that of HATs, HDACs also have key roles
in particular mechanisms involving Histone H3 and H4. So
far four groups of HDACs have been established. 1,2,3 and 8
are included in class I HDAC, Class I HDAC include 4, 5, 6,
7,9 and 10, Class III includes molecules like sirtuins which
requires a cofactor with NAD+ and comprises of SIRTs 1-7
and a class IV group of enzymes includes HDAC 11 and has
both classes I & II functionality. By inhibiting HDAC gets
impact on the cellular mechanisms, apoptosis and differen-
tiation of the cancer cells. HDAC inhibitors act like antican-
cer agents.'

—m Histone Acetylation
€ oW o

Histone Deacetylation ° l
Figure 1: Represent the reactions of acetylation and deacety-
lation. In the acetylation process relaxation of chromatin struc-

ture with which TF bind easily. Deacetylation leads to chroma-
tin inactivation."

Histone Methylation and Demethylation

Addition of methyl group to Histone is a phenomenon carried
out by histone methyltransferases (HMTs) comprising either
1,2 or 3 CH3 units derived from SAM to Lys or Arg residues
of Histones. Methylation of DNA is regulated by HMTs by the
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processes activation or repression of transcription in the chro-
matins. Methylation in the Histone occurring in the cell nu-
cleus, different genes of the DNA, which are complexed with
histone can be suppressed or activated'®. Arginine and Lysine
residues which are modified by histone methyl transferases
are of different types e.g. SET 1, SET 7/9, Histone H3, ALL-1,
Ash 1, ALR, MLL, SMYD3 and Trx are Histone methyltrans-
ferases which brings the transfer of methyl group to Histone
H3 in mammalian cells at Lys 4 (H3-K4).

Enzyme Histone methyltransferases like SUV 39- h1, SUV
39- h2, Dim -5, G9a and Eu- HMT brings the transfer of
CH3 group to Histone H3 in mammalian cells at Lys 9 (H3-
K9). Histone methyltransferase enzymes like EZH2 and G9a
brings the CH3 group transfer to Histone H3 in mammalian
cells at Lys 27 (H3-K27)"7. CH3 group transfer to H3-(K9
and K27) helps in the synthesis for heterochromatin and
also plays a role in signals for silencing of gene expression
over the euchromatic sites. Increase in H3-K27 methylation
amount globally is also found to be associated with a patho-
logical condition like the progression of cancer.

DNA Methylation

The commonest form of epigenetic alteration is one, i.e. DNA
methylation. There is the attachment of small molecules
in DNA methylation, comprising of one carbon atom three
hydrogen atoms, to DNA segments, called methyl groups.
When a specific gene is attached by methyl group that gene
is turned off or can say it is silenced, then no protein has
formed that gene. DNA methylation is the so far most stud-
ied epigenetic mechanism which occurs by cytosine modifi-
cation by covalent means of joining CH3 group to base at 5’
cytosine ring carbon located inside CpG dinucleotides. CpG
dinucleotides more than 85% in number, are spread across
the genome and are present in respective sequences are
highly hypermethylated/ transcription silenced in the normal
cells, the condition which is critical to the integrity of the
structure of genome chromatin.

A vital role is played by DNA methylation for recombining,
repairing and replication of DNA and also in controlling the
activity of genes. The addition of the H3 group to the se-
quence of DNA at the 5’ cytosine base is necessary for the
formation of CpG dinucleotide. A DNA methyltransferase
(DNMTs) family brings out this process. CpG rich areas
form the area generally called as the island with pieces of
200 bp and can form kilobases in length, and situated near
the promoter regions of strong expressing genes, and these
are the prone areas for methylation in human tumours, like
prostate tumours. Islands of CpG produce the complex subu-
nits and the processes occurring like methylation and dem-
ethylation ultimately produces activation or inactivation in
nearly 55% of the cases. That is why the methylations of
the CpG islands in gene promoter region can prevent or de-
regulate gene product synthesis.!32

Three major forms of DNMTs like (DNMT1, DNMT3A, and
DNMT3B) are identified. DNMT2 known as the fourth en-
zyme has previously been not a methyltransferase of DNA. A
clear sequence is present in DNMT3 or TRDMT 1 similarly
with 5- methylcytosine methyltransferases, but methyl group
position 38 in aspartic acid transfer RNA has been shown
as enzyme and doesn’t methylated DNA. There is the belief
that a small quantity of mammalian DNMT2 is referred to
in recombining DNA, recognizing DNA damage and repair-
ing mutations. DNA methylation patterns are preserved by
responsible enzyme DNMT1.

At the replication fork, DNMT 1 is situated. Newly formed
DNA gets methylated to DNMT3 A/B and cannot distinguish
among unmethylated and hemimethylated CpG sites and
they can’t copy a common trend of the CH3 group transfer
or help to sustain the trend of CH3 transfer.! When the DNA
gets methylated, condensation of chromatin occurs and then
the complex of transcriptions is not able to bind DNA and
thereby silences gene expression. This type of proteins, in
effect, involves the enzymes capable for further epigenetic
changes which lead to condensed chromatin state.>?*

DNA hypomethylation

Most studies have indicated different triggers for DNA hypo-
methylation, including lack of precursors of S-adenosylme-
thionine or vitamin-like folic acid in the food or defect in the
gene of the metabolic pathway for the CH3 group donor. A
deficit of enzyme methyltransferase can cause hypomethyla-
tion of DNA. Hypomethylation of the sites called promoter
regions of the genome may result in the decrease in the sta-
bility of the genome also by increasing the expression of
transposons, which remain dormant due to methylation un-
der normal physiological conditions. Low levels of methyla-
tions may result in lower stability of chromosome and lower
activation of proto-oncogene.!'s2

Eukaryotic genomes structural and functional organization is
reflected by Chromatin®*? and it is composed of RNA, DNA
and variety of protein components.?* Nucleosome compris-
ing146 bp is the main repeat unit of chromatin; it is placed
such that it wraps around core histones H2A, H2B, H3 and
H4 and then forms an octamer.’® Nuclear protein Histone
acyl transferases (HATs) can reverse Histone tails which
contain residues of amino acids, Histone lysine methyltrans-
ferases (KMTs), Histone deacetylases (HDACs) and Kinases
are examples.?’?

MECHANISM OF EPIGENETIC

During development, the prediction is that pattern of CpG
methylation changes. During the development of the em-
bryo, methylation is wiped out throughout the genome and
then it is restored to all but CpG bunches (genome sites with
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dense CpG residues). Until some of the CpG bunches are
methylated otherwise they remain hypomethylated later dur-
ing the development. 33! Transcriptional repression is associ-
ated with further transfer of CH3 group to cyt in CpG groups
and other similar CpG dinucleotides,*'** particularly when
such methylated sites include promoters or some different
sites of gene regulation.** Nonetheless, transfer of methyl
group to DNA could be activated if it inhibits transcriptional
repressors from being bound or restricts their expression.
Recent research in mammalian promoters that define the de-
gree of methylation indicates that methylation takes place at
over a small quantity in the proportion of CpG dinucleotides
and transcription inhibition occurs at only small regions of
genes in differentiated cells, some of the repressed lengths of
genes are particular to germline?, like the pluripotency genes,
indicating that methylation is a critical mechanism for the
suppression of main genes during their separation.*?

EPIGENETIC MODIFICATION IN ALCOHOLICS

Stress and alcoholism can contribute to changes in epigenetic
mechanism and that can be associated with behavioural phe-
notypes and synaptic remodellings like depression and anxi-
ety.** At the outset, we will outline the molecule that regu-
lates the synaptic plasticity, which is known to associate with
the addiction of alcohol and disorders of stress and then we
will overview their regulation by an epigenetic mechanism,
specifically the DNA methylation and Histone acetylation/
methylation, which underlies these disorders. However, epi-
demiological findings of the effects of associated drinking
and smoking, there is an indication that epigenetic processes
are doubtful about alcohol consumption rather than to smok-
ing. Heavy drinking (>80 g/d) and smoking one pack per day
together raises the risk of cancer of oesophagus by up to 44
times.* An epidemiological finding clearly indicates there
is a distinct toxicity process of drinking and smoking which
will confer the disease risk.

Likewise, it is shown that the risk of cancer and other smok-
ing-related disorders are not only due to cigarette smoking,
but other the associated effects of various toxic materials
found in smoke, alcohol-related risks are linked to dosage
and alcohol content, with the concentration of alcohol on the
higher side, confers increased risk.*® From the viewpoint of
the epigenetic mechanism, looking at observations, research-
ers carried out the specific evaluation of both candidate genes
and deeper investigations using advanced array-based analy-
sis platforms for the evaluation of fundamental processes at
hand. The utility of current alcohol biomarkers is limited to.*’
Measuring alcohol in the breath or serum will be the best
bio-indicator for alcohol. Present an analysis determines the
actual consumption of alcohol at present and do not differ-
entiate acute consumption and chronic violence. Alcoholism
has some biomarkers of adverse effects like specificity and

sensitivity, which are not used as screening tools. Biomark-
ers are required, looking at the magnitude of health problems
and community costs associated with drinking alcohol.

DNA METHYLATION IN ALCOHOLIC

For DNA methylation S adenosyl methionine acts as a pre-
dominant methyl donor, in alcoholics, it is deficient, which
leads to hyperhomocysteinemia which also occurs common-
ly in ALD patients.® DNA methylation in alcoholics is also
affected by reducing the amount of SAM. In the experiments
over Rats, it is found that IV ingestion of alcohol diet for
9 weeks showed a drastic reduction in glutathione, SAM,
Methionine and reduced methylation of DNA.* DNA hypo-
methylation can advance to structural change in chromatin
and expression of genes which may lead to strand breaks and
DNA damage.** which forms the environment for malig-
nancy.*! In hepatocellular carcinoma, there is a strong cor-
relation between alcohol consumption and reduced methyla-
tion of gene O6- methyl guanine DNA methyltransferase. It
is shown by researchers that it is the alcohol-metabolizing
enzyme, ADHI1.

ALCOHOLIC MODIFICATIONS OF HISTONE

Phosphorylation, acetylation and transfer of
CH3

In vivo and in vitro there is research evidence that alcohol
consumption brings the epigenetic changes in organs like
gastrointestinal system, liver and brain.** Alcohol consump-
tion brings out the effect of liver Histone acetylation/ meth-
ylation and phosphorylation. Specifically, transfer of acetyl
groups to Histone H3 at Lys 9 (H3AcK9) has been reported
in exposed Iry rat hepatocytes which were subjected to al-
cohol in vitro.® Other lys residues like H3 lys 14, lys 18
and lys 23 were not acetylated. It is observed that alcohol
consumption modulates H3 acetylation by increasing HAT
activity and inhibition of HDAC.* Acetylation of Histone
depends on the HAT and HDAC activities.* In some cas-
es, the HAT / HDAC balance controls the Histone residues
which are getting acetylated and regulation of gene expres-
sion.* Consumption of alcohol seems to alter the function of
HAT and HDAC in hepatocytes.”* Hepatic cell exposure to
in vitro alcohol affects the role of HDAC6 which directly af-
fects the dynamics of the microtubules.?” Liver cells exposed
to alcohol show lower levels of Class 11l HDAC and sirtuin
1 (SIRT1) mRNA expression.*

Acetylation of Histone and methylation of DNA are involved
in the transcription and/or silencing cycle of the genes in
disease states.* Generally, in target gene promoters, CpG
islands having higher methylation leads to deacetylation of
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local histones, on the other hand, small quantities of transfer
of acetyl groups to Histone appear to incite DNA for attach-
ment of CH3 group. There is close co-operation of these two
epigenetic pathways but is there any hierarchical order of
the incidence is still not clear. In chronic alcoholic disorders,
there is no connection between hyperacetylation of H3K9,
elevated methylation of H3K4 and loss of methylation along
with global DNA hypomethylation. Research carried out for
interaction between epigenetic events can provide the re-
quired information for ALD mechanism.

MicroRNA

The small non-coding RNAs Micro RNAs (miRNAs) con-
trols various physiologic and pathologic activities at the lev-
el of post- transcription by modulating gene expression. Dif-
ferent pieces of evidence provided the importance of miRNA
in further advancement and severity of the diseases of the
liver. Most of the studies analyzed the effect of miRNA on
Alcoholic liver disease (ALD) and Non-alcoholic Fatty liver
disease (NAFLD)*, which shares a similar underlying mech-
anism and pathological characteristics.

In reality, all the pathological and physiological processes
involve human miRNAs, including signal transduction, cell
proliferation and differentiation, viral host interaction, me-
tabolism, oncogenesis and inflammation and immune re-
sponse.’'"? The expressions of a wide range of miRNAs are
controlled by several factors, like cigarette smoking, alco-
hol and diet and some drugs.”® Now miRNA has gained im-
portance as one of the main factors for identifying the cause
of various diseases and as potential biomarker therapeutic
target and for diagnosis.’? Considering the fast investiga-
tions and analysis of the role of miRNAs over the last few
years, an updated overview of the subject will be looked
after first, followed by a note on miRNA changes common
to both Non-Alcoholic Fatty Liver Disease and Alcoholic
Liver Disease.

Role of micro-RNA in alcoholics

The occurrence of the various types of ALD like steatosis,
alcoholic hepatitis and cirrhosis comprise chronic alcoholics
and heavy drinkers along with the probability of disease. The
underlying pathophysiology for ALD is based on the direct
cytotoxic impact of alcohol intake and the change in inflam-
matory response influenced by ethanol.’* Enzymes like cy-
tochrome P4502E1 (CYP2E1) and alcohol dehydrogenase
(ADH) contributes for alcohol metabolism* which leads to
oxygen free radicals, acetaldehyde and nitric oxide, which
in the flow may cause cellular damage and inflammation of
the liver.’® Toxicity of acetaldehyde causes an increase in
bacterial lipopolysaccharide (LPS) permeability to the intes-
tine, which joins to receptors-4 (TLR-4) and incites stellate
cells and Kupfer cells via pro-inflammatory cytokines, like
tumour necrosis factor o - (TNF).”” The transmission of the

inflammatory signal is through the pathway of the nuclear
factor-KB (NF-KB), which proceeds to liver damage.*®

Ethanol

l
i

Epigeneticalteration

Histone methylation DNA methylation

Apoptosis

Hepatic and Gastrointestinal disorders

Flow Diagram 1: Overview of Epigenetic alteration in alco-
holic.

CONCLUSION

Epigenetics is the research of DNA alteration and accompa-
nying proteins, without any change in the sequence of the
gene. Many biochemical reactions are regulated by DNA
methylation, histone alteration, and RNA-mediated targeting
and they have the main role in cellular functioning, these
are modified in alcoholic subjects. Alcoholism brings the
changes in the expression of gene and cell cycle disturbance,
facilitating the development of liver cancer like cirrhosis
of the liver. DNA methylation, histone modifications and
miRNA are the important common epigenetic modifications
used as biomarkers of alcoholic liver disorders. While we are
in the early stages of understanding the complex epigenetic
regulatory system, the preliminary evidence provided here
indicates that we could be at the dawn of the advancement of
epigenetic factors in the diagnosis of various disorders.
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