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Abstract

The interaction between environmental factors and genetic vulnerability plays a major role in the development of
mood disorders. Episodes of bipolar disorder could be considered as the outcome of the battle between stress and
the individual’s ability to cope with; a fact that proposes a role of epigenetics in its pathogenesis and
pathophysiology. Although the molecular studies on methylation of DNA and histone modification in cases of bipolar
disorder are still inadequate but the role of stress in developing the disorder and the therapeutic efficacy of mood
stabilizers in controlling its episodes highlight the potential influence of epigenetic variation on its occurrence.
Limited availability of human brain tissue for conducting researches represents a great obstacle in replicating the
findings on animal models of mood disorders in humans as humans do differ from animals in their response to
environmental factors whether on the subcellular, cellular, organ, or individualistic levels; nevertheless some on-
going research on DNA methylation seems to be very promising in settling the impact of epigenetics on the
development of bipolar disorder with a potential role in empowering psychiatrists in helping their patients and
controlling its episodes.
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Introduction
Bipolar disorder is a disease with an intermittent course in which

periods of depression alternate with periods of euphoria (elated
mood). There are solid evidences which show that stress is a major
trigger in firing its episodes; a fact that proposes an epigenetic link
with its pathogenesis and pathophysiology. On the other hand, parent
of origin specific inheritance researches as well as linkage analysis
indicate a potential role of genomic imprinting in the development of
bipolar disorder. Up to date; molecular studies on methylation of DNA
and histone modification in cases of bipolar disorder are still
inadequate but the role of stress in developing the disorder and the
therapeutic efficacy of mood stabilizers in controlling its episodes
highlight the influence of epigenetic variation on the occurrence of
such disorder [1-4].

What is Epigenetics?
Epigenetics with the Greek prefix epi; meaning over, outside of, or

around, is concerned with studying the genetic effects which are not
encoded in the DNA sequence of an organism but may result from
external factors that switch genes on and off and hence affecting the
cellular gene expression. Such effects may or may not be inherited but
using the terminology “epigenetics” to describe heritable processes is a
matter of debate [4-8].

Historically, epigenetics has started to be known in 1942 when
Conrad Waddington used it to describe how the interaction between
hereditary susceptibility and environmental factors can affect the
outcome phenotype; biologically and or clinically [9,10]. In the pure

context of biology, epigenesis means the differentiation of cells from
the totipotent state into the different pluripotent embryonic cell lines.
Nowadays, epigenetics is an experimental science that tries to explain
how environment (nurture) influences biological markers (nature).
With the advances in molecular genetics, the term “epigenetics” has
been used to clearly identify the cellular heritable information that is
not related to gene sequence but rather to gene expression and how
such information is affected by the surrounding ecological factors
[2-4,11].

In the field of studying human behavior and mental disorders,
epigenetics aims at providing a scientific background for recognizing
in what way the expression of genes is affected by the individual
experience and other surrounding environmental factors like dietary
constituents and toxins exposure to lead to a specific behavior
phenotype, cognitive abilities, personality, and mental health status
[12,13].

Epigenetic Mechanisms
Mechanisms that produce epigenetic effects include DNA

methylation and histone modification; both mechanisms affect the way
of gene expression without alteration of the DNA sequence. Alteration
of gene expression can also occur via the action of repressor proteins
which can bind to silencing regions of the DNA [14,15].

Several reports have linked schizophrenia and mood disorders with
DNA rearrangements which include the DNMT genes. DNMT1 is
specifically overexpressed in gamma aminobutyric acid (GABA)-ergic
interneurons of schizophrenic brains while hypermethylation has been
shown to reduce expression of Reelin; a protein which is needed for
normal neurotransmission, formation of memory, and synaptic
plasticity, in brain tissues of schizophrenia sufferers and patients with
bipolar disorder and psychosis [16,17].
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On the other hand, epigenetic inheritance of depression associated
phenotypes has been shown in an animal study in which paternal
stress induced traits were transmitted across generations with
involvement of small noncoding RNA signals which were passed
through the male germline [18].

CHARM is Here
A microarray (Chip) has been used by a group of researchers at

John Hopkins Epigenetic Center as one of the tools in investigating the
influence of epigenetic markers on bipolar disorder as well as
depression and stress. Feinberg; the pioneer in developing that tool,
called it CHARM after Baltimore that is named “the Charm city”; the
place at which John Hopkins Epigenetic Center exists. When such
microarray was used in studying human or animal DNA, it has been
found that it can detect methylation in any of its genes at the same
time. Consequently, such tool has paved the way in front of promising
researches studying the percussions of epigenetics on mood disorders;
its etiology, pathogenesis, and treatment [3].

Stress
Poor care during infancy whether in human or animal studies was

associated with epigenetic changes which resulted in long term
impairments of neglect [19-21]. Interestingly; frequent liking in rats
resulted in a long term decrease in stress response assessed both
behaviorally and biochemically by measuring elements of the
Hypothalamic Pituitary Adrenal Axis (HPA). In addition, reduced
DNA methylation of the glucocorticoid receptor gene was found in
offspring which experienced frequent liking; such finding was striking
as glucocorticoid receptor plays a crucial role in regulating the HPA. It
is worthy to mention that the opposite was reported in offspring which
experienced infrequent liking and the reported epigenetic changes
were reversible when pups were switched [19]. These results were
supported by other studies which used drugs to increase or decrease
methylation [20].

In humans, it has been shown that prenatal exposure to depressed/
anxious mood was associated with elevated levels of DNA methylation
of the glucocorticoid receptor gene with increased HPA axis response
to stress and these findings were independent of the use of medications
to treat maternal depression [19]. Recently, an association between
maternal glucocorticoid receptor and maternal neural activity in
response to mother infant interactions has been proven on video [22].

Bipolar Disorder
The link between epigenetic changes and bipolar disorder is

controversial [23]. In one study, decreased methylation of a gene
promotor of the prefrontal lobe membrane bound catechol-O-methyl
transferase (COMT) was discovered in post mortem brain tissues of
patients with bipolar disorder. COMT is the enzyme which is
responsible for synaptic dopamine metabolism; this means that the
reported promotor hypomethylation might be the cause of increased
expression of the enzyme with enhanced breakdown of dopamine in
the brain which represents a risk factor for the development of bipolar
disorder [16]. However, such results were not replicated in another
study with similar setting [24].

Major Depressive Disorder
Neuro-scientifically, the etiology of major depressive disorder

(MDD) is not clearly defined. However, epigenetic alteration that
results in changes of the level of expression of the glucocorticoid
receptor gene and its impact on the HPA stress system may be helpful
in trying to understand what is behind the occurrence of MDD [25].

Interestingly, over activation of the HPA stress axis has been shown
to be associated with down regulation of brain derived neurotrophic
factor (BDNF) in animal models [26,27]. Animal studies on models of
depression with induction of stress have also shown direct epigenetic
alteration of BDNF [28].

Antidepressant Therapeutic Modalities and Epigenetics
The effects of antidepressant therapeutic modalities as

antidepressant medications and electroconvulsive therapy are thought
to be mediated by histone modification on promotor of BDNF gene
[23].

Limitations and Future Scope; A Charm or A
Propaganda!!!

Limited availability of human brain tissue for conducting researches
represents a great obstacle in replicating the findings on animal models
of mood disorders in humans; humans do differ from animals in their
response to environmental factors whether on the subcellular, cellular,
organ, or individualistic levels. Also, it is not known yet if the
epigenetic alterations in blood or non-brain tissues simulate brain
changes which necessitate the conduction of more researches on brain
tissues [4,29]. Furthermore, most of the epigenetic research depends
on establishment of correlations and associations; a fact that mandates
directing more research aiming at establishing causation [30]. Also, it
is wise to carry more research on drugs as many drugs are known to
alter the activity of many genes and accordingly can lead to serious side
effects [4].

On the other hand, studies of DNA methylation from the same
patients suffering from bipolar disorder during the different stages of
the disease, from sufferers before and after treating them with mood
stabilizers like sodium valproate, from cases before and after exposure
to significant stressors, and from animal models of mood disorders
induced by stress seem to be very promising in settling the impact of
epigenetics on the development of bipolar disorder with a potential
role in empowering psychiatrists in helping their patients and
controlling its episodes [1-3].
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