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Abstract
Stress and anxiety are some of the leading cause various psychiatric illness
which shows depression like symptoms. It has been postulated that both genetic
components as well as environmental factors are responsible for the etiology
of these diseases. With the advancement in the field of epigenetic it has been
suggested that epigenetic regulation can act as linkage between gene and
environment. Epigenetics is the study of cellular and physiological phenotypic
trait differences which regulates various gene expressions during particular
condition without altering the nucleotide sequences. Epigenetic regulation
includes DNA methylation, histone modification and chromatin modeling, each
of which directs gene expression without altering the underlying DNA sequence.
In this review, we explore the role of epigenetic regulation in understanding
the susceptibility of an individual to stress and anxiety which will help us in
developing therapeutic targets for disease related to anxiety and depression.
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Introduction
Stress and anxiety are primary reason for number of
neuropsychiatric disorders. Exposure to early like trauma both
during pre and postnatal life as well as during adulthood has a
profound effect on various psychiatric illness. With the knowledge
of GWAS study number of genes have come up which has shown its
relevance in various psychiatric disorder. Role of external factors has
shown to affect the pathophysiology of conditions including anxiety
and depression. The study showing the relevance of interaction of
gene and environment was also established in various psychiatric
diseases [1,2]. Epigenetics mechanism, such as DNA methylation
and histone protein modifications, and microRNAs function are
thought to provide a linkage between the environmental stimuli and
gene expression. Epigenetic regulation monitors the transcriptional
potential of a cell without altering its DNA sequence. In a complex
condition like stress and anxiety there are several genes which has
been found to be associated and these genes alter in differential
pattern. To further understand the role of various genes, epigenetic
regulation associated with genes during early development and
in adulthood in stress and anxiety related disorder will provide an
insight.

which explains that stress, anxiety and depression during pregnancy
can influence DNA methylation levels of the glucocorticoid receptor
gene in the neonate [10]. Prenatal stress has the capability to alter
the expression and DNA methylation status of the corticosteroid
metabolic enzyme 11betahydroxysteroid dehydrogenase-2, which
results in increased DNA Methyl Transferase (DNMT) 3a expression
in placenta and increased DNMT1 expression in the fetal cortex [11].
It is also suggested that the levels of Dnmt3a in medial prefrontal
cortex mediates anxiety-like behavior and this may be the primary
molecular link between chronic stress and the development of anxiety
disorders, including post-traumatic stress disorder [12]. Research
suggest that heterochromatin protein 1 binding protein 3 which is
epigenetic repressor is important in regulating maternal and anxietyrelated behavior along with offspring survival in mice [13]. Maternal
anxiety in pregnancy is associated with decreased DNA methylation
associated with imprinted genes, insulin-like growth factor 2 and
H19 in progeny at birth, particularly in female with low birth weight
neonates [14]. Prenatal alcohol exposure resulting in fetal alcohol
syndrome was show to have a distinct DNA methylation patterns in
children and adolescents [15]. All these studies suggest that epigenetic
regulation has an important role to play in manifestation of anxiety
and depression during pre and postnatal development. However
the alteration in these epigenetic regulations is not universal and act
differentially with different genes. Thus, future studies are required
to understand the detail phenomenon/pathway associated with DNA

Epigenetic modifications during development
The alteration in epigenetic marks is very important during
neurodevelopment and any disruption could lead to significant
impacts on neurodevelopment and cognitive function [3,4].
Induction in prenatal stress shows display several abnormalities such
as and global changes in DNA methylation including gene promoters
in newborn and adult rodents [5]. Adverse fetal and early-life
experience with emergent epigenetic changes [6,7] determining lifelong susceptibility to chronic disease states [8,9]. There is evidence
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Figure 1: Epigenetic regulation could modulate both environmental factor as
well as genetic component to trigger stress during early developmental stage
or adulthood which may cause psychiatric illness.
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methylation, histone modification and chromatin remodeling in
regulating various genes to develop therapeutic targets.
Epigenetic regulation in adults
In the stress literature, histone modifications and DNA methylation
have been the most thoroughly examined [16]. Human post-mortem
studies have reveal a potential role for Reelin in the etiopathology of
diseases such as bipolar, schizophrenic and depressive patients. These
patients display low levels of Reelin [17-19]. In stressed adult rats and
in schizophrenic patients there is a down-regulation of Reelin through
DNA methylation at its promoter sequence [20,21]. Research suggests
that histone 3 phospho acetylation have been responsive to stress and
anxiety [22-24]. Acute stress using forced swimming has resulted
in increased dual phospho-acetyl mark at serine10 and lysine 14 of
histone H3 in the rat dentate gyrus [25]. Also histone methylation in
the hippocampus is been shown to be associated with stress [26]. It is
demonstrated that differences in early life environment which results
in long lasting, trans-generational changes in behavior and part of
it is mediated by changes in epigenetic histone marks and DNA
methylation of the 1-7 promoter of the Glucocorticoid Receptor
(GR) in the hippocampus [27]. Further studies have demonstrated
that, epigenetic changes in the DNA methylation status of both the
GR and Brain derived neurotrophic factor genes could be related
with a history of childhood abuse in humans [28,29]. Research haves
shown that “junk” DNA, Transposable Elements (TEs) are actively
transcribed in brain and environmental stress might modify TEs
by via histone modification by both DNA and histone methylation
[30]. Social defeat stress, which is one of the better rodent models of
human depression [31], also been shown to be modified by epigenetic
regulation [32]. It was observed that there is a significant increased
the levels of the repressive histone H3K27me3 at the BDNF promoter
following chronic social defeat in adult mice, while activated
transcription marks, such as H3 acetylation and H3K4 methylation
increases after antidepressant drugs treatment [33,34]. Later studies
by the same group identified similar changes with alteration in Histone
Deacetylase (HDAC) function in the nucleus accumbens following
stress or cocaine treatment. Most important, HDAC2 was found
to have an antidepressant effect in their same social defeat model
[35,36]. Adolescent alcohol exposure in rats alters lysine demethylase
1 expression and repressive Histone Methylation (H3K9me2) in the
amygdala during adulthood which show that epigenetic regulation
have a role to play in pathophysiology of stress [37]. Several ATPdependent chromatin remodeling factors and Histone Deacetylases
(HDACs) was found to be altered in mice with high anxiety trait [38].
Studies on bred lines of high responder and low responder rats which
shows characteristics of anxiety- and depression-like behavior shows
an epigenetic regulation of genes vulnerable to stress and anxiety [39].
All the above mentioned studies explain that epigenetic regulations
are critical not only during development, but also during adulthood.
Even in adult individual epigenetic modifications are capable of
manipulating stress and anxiety.

Conclusion
Thus, epigenetic modification has a role to play in regulating
the conditions related to anxiety and depression. There are number
of genes so far have been identified in different brain regions to be
associated with stress and anxiety. Further, environmental factors
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including drugs, alcohol, harmful chemicals and stressful conditions
are also have a crucial role to play in the etiology of these disease
states. So, it is possible that epigenetic regulation could act as a link
between expression of genes and external stimulation (Figure 1).
Therefore, future studies should focus on epigenetic factors like DNA
methylation, histone modification as well chromatin remodeling to
have a better understanding of these psychiatric illnesses. Enzymes
associated with various histone modifications are coming up as more
promising targets. All this will help us in building more effective
drugs which could be further used as coherent therapeutic targets in
cure of psychiatric disorder including anxiety and depression.
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