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Abstract: Recent advances in molecular genomic analysis showed the possibility
of resolving the unexplained mysteries and problems of various biological
phenomena. DNA methylation 1s one of three molecular epigenomic mechanisms
inveolved in controlling gene expression during the process of cellular
differentiation, development and aging. This genomic phenomenon has become of
great interest in applied research of molecular medicine for its participation in
development of various diseases. There is much evidence of possible connection
between genomic DNA methylation profiles and psychiatric disorders. Recent
studies have demonstrated possible role of DNA methylation in schizophrenia,
depression, suicide and bipolar disorder. Aberrations in DNA methylation of
several promoter regions of genes have been 1dentified in the genomes of patients
with psychiatric disorders. The aim of this effort is to review research work and
looking into possible link between abnommal DN A methylation in genomic DNA and
psychiatric disorders.
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INTRODUCTION

Early studies showed the role of genetic factors and mutations in mood and psychiatric
disorders, these were found associated with sexual and aggressive behavior, hysteria,
depression, schizophrema and others (Ibralum, 1978; Klopfer, 1974). Recent studies proved
that epigenetic mechanisms, which are influenced by environmental factors, are involved in
various biological phenomena including behavioral and psychiatric disorders. Epigenetics
refers to phenotypic changes not explained by coded information in DNA and describes
patterns of gene expression caused by mechanisms other than changes in the nucleotide
sequence; as a result of active research in this field it was possible to reveal three molecular
epigenetic mechanisms which control gene expression: genomic DNA methylation, histone
modification and RNAi (Guil and Esteller, 2009; Holliday, 2006; Kawasaki and Taira, 2005,
Sledz and Williams, 2005; Strahl and Allis, 2000).

Genomic DNA methylation occurs because of addition of a methyl group at position 5
of the cytosine pyrimidine ring next guanine in CpG dinuclectides; in consequence, DNA
methylation disrupts the binding of transcription factors and draws methyl-binding proteins,
which are linked with gene silencing and chromatin packaging (Strathdee and Brown, 2002,
Weissbach, 1993). It is apparent from foregomg published research results, the success of
the human genome sequencing project has created a wide-spread interest in exploring the
human genome DNA methylation profile (methylome) in order to elucidate how the genome
executes the information it holds (Beck and Rakyan, 2008; Eckhardt et al., 2006; Hocquette,
2005; Lister and Ecker, 2009; McKusick and Ruddle, 1987). One of interesting aspects
of methylomes is that although all human’s nucleated cells effectively contain the sanie
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genome, they contain very different methylomes (Guil and Esteller, 2009). Specific DNA
methylation has been shown to reflect stable, long term characteristics and persistent
commitment along a cell type and lineage (Baron et af., 2006). This epigenomic mechamsm
has been shown to lead to molecular changes which are known to have most important input
in development of various types of cancers (Thrahim, 2010; Jones and Baylin, 2002) and
associated with several other developmental phenomena and syndromes e.g., aging
(Brunet and Rando, 2007, Ibrahim et al., 2004; Richardson, 2003), fragile X syndrome (Oostra
and Willemsen, 2002), Beckwith-Weideman syndrome (Maher and Reik, 2000) and Angelman
syndrome (Nicholls et al, 1998). Moreover, research in molecular medicine has shown
epigenomic mechanisms are major contributor in the pathogenesis of psychiatric disorders
mcluding schizophrema and bipolar disorder (Tsankova et af., 2007). In this study states of
DNA methylations profiles of genes associated with psychiatric disorders are reviewed.

Schizophrenia

It had been reported that the estimated risk of developing schizophrenia over one's
lifetime range from 0.3-2.0% with an average of approximately 0.7% (Saha et al., 2005), other
studies showed that population wide morbidity is approaching 1% (Grayson et al., 2005;
Kohlrausch et al., 2010). Schizophrenia is the most genetically studied psychiatric disorder;
however the results of various studies on the genetics basis of schizophrema have not
provided a clarification of underlying etiological factors that define the symptomatology of
the disease (Petronis, 2001; Petronis et al., 2003). Another approach for investigating
schizophrenia recognized the role of epigenetic factors; this approach has shown possible
molecular explanation of this psychiatric disorder. The studies have been focused on
possible potential role of DN A methylation states of genes associated with the pathogenesis
of schizophrenia (Petronis, 2004; Taniminga and Holcomb, 2003; Tremolizzo et al., 2002).

Mood Disorders

In this study epigenomic states of two types of mood disorders will be reviewed, major
depressive disorder and bipolar disorder, these two psychiatric disorders are influenced by
both genetic and environmental factors. Bipolar disorder is a chronic illness characterized by
shifts between states of mama and depression, recent mvestigations showed that this
disorder affects approximately 2.8% of Americans population (Harvey et al, 2007,
Kessler et al., 2005). Mill et al. (2008) indicated that epigenetic misregulation is consistent
with various non-mendelian features of bipolar disorder. The other mood disorder, major
depressive disorder, is described by an intense sadness, depressed mood and
discowagement or loss of interest that persists for at least two weeks; this state impairs the
individual’s social functioning and it can also be accompanied by other symptoms, such as
irritability, changes in appetite, weight and sleep, decreased energy, feelings of
worthlessness or guilt and recurrent thoughts of death (Harvey et al., 2007). One study
showed that the mcidence of depression was observed in the range 0.9 to 2.0%, this range
was distributed aniong participants randomized to hypnotics (2%) as compared to 0.9%
among those randomized in parallel to placebo (Kripke, 2007). Other investigators
reported that the lifetime prevalence for mood disorders ranges between 6.6 and 11.9%
(Baumeister and Harter, 2007).

Suicide
Suicide 1s a leading cause of death particularly in males and 15 considered an act
deliberately imtiated and performed by a person with full knowledge that a fatal outcome 1s
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probable; suicidal behavior is responsible for considerable morbidity and mortality in
schizophrenia and bipolar disorder (De Luca et al., 2009; Mann, 2002; Turecki, 2001). Tt has
been reported that according to calculations based on data reported to World Health
Orgamzation by its Member States, in 1998 suicide represented 1.8% of the global burden of
disease and it is expected to increase to 2.4% by the year 2020 and considered is anmong the
10 leading causes of death for all ages and it is among the top three causes of death for
people aged 15-34 years (Bertolote and Fleischmann, 2002). The results reported in published
research showed that alterations in epigenetic markers m suicide victims, might suggest a link
between mechanisms that regulate gene expression and major depressive disorder
(Autry and Monteggia, 2009).

States of DNA Methylation of Genes Associated with Psychiatricc Disorders

The data presented in Table 1 summarized the results of the research work performed
during last decade to investigate the possible involvement of DNA methylation changes in
gene expression of several psychic disorders. In the following the involvement of DNA
methylation states of genes associated with psychiatric disorders will be reviewed.

It was noted that among greater than 100 different genes examined, reelin protein gene
(RELN ) and glutamic acid decarboxylase gene (GAD,,;) are the most abnormal in the context
of schizophrenia and bipolar illness (Torrey et al., 2005). RELN gene 1s still under extensive
mvestigation for its role in schizophrema and other psychiatric disorders; this gene 15 coding
for reelin protein, which is necessary for neuronal migration and synaptogenesis. Reelin is
a glycoprotein that 1s expressed during development and was found mnportant for
appropriate neural positioning during brain development (Grayson et al., 2005, 2006). An
investigation was carried out by Abdolmaleky et al. (2004, 2005) showed that protein
production of reelin 18 reduced in patients suffering schizophrema and bipolar disorder,
suggesting hypermethylation of the promoter region in these disorders. However, the
results of a study performed by Tochigi et al (2008) did not confirm the
hypermethylation of the RELN promoter region in the brams of schizophremc
patients, in their investigation they examined the DNA methylation status of the promoter
region of RELN by using the pyrosequencing method in the prefrontal cortices of 14 patients

Table 1: States of DNA methy lation associated with psvchiatric disorders

DNA Type af
Gene symbol _Gene expression methylation status psychiatric disorder  References
COMT Catechol-o- Aberrant DNA Schizophrenia Murplty ef al. (2005)
methyltransferase methylation profiles
DRD2 Dopamine receptor D2 Divisive Mood, Schizophrenia Petronis (2001), Zvara et al.
(2005), Zhang et al. (2007)
5-HT1A 5-HT1A receptor Significant Schizophrenia Czesaka et al. (2008)
5-HT24A Serotonin 24 receptor Mot significant Ruicide, bipolar De Luca et al. (2009)
Significant Schizophrenia Petronis (2001), De Luca et al.
(2009)
RELN Reelin protein Divisive Schizophrenia Tochigi et al. (2008),
Abdolmaleky et al. (2005);
Grayson et al. (2005, 2006)
rRNA genes  Ribosomal RNA Hypermetly lated Ruicide McGowan et al. (2008)
throughout the promoter
SOX10 Transcription factor ~ Aberrant DNA Schizophrenia Iwamoto et al. (2005)
responsible for methylation
terminal profiles

differentiation of
oligodendrocytes
sytll Synaptotagmin XI Aberrant DNA Schizophrenia Inoue and Oishi (2005)
methylation profiles
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with schizophrenia and 13 control subjects. However, Tochigi and his collaborators noted
that their results did not rule out a possibility that DNA methylation of the RELN promoter
region plays a role in the pathophysiology of schizophrenia. It 1s worth mentioned that
prefrontal cortex and cerebellar expression of RELN mRNA was sigmficantly decreased by
30to 50% m patients with schuzophrenia or bipolar disorder with psychosis, but not in those
with umpolar depression without psychosis when compared with non psychiatric subjects
(Guidotti et al., 2000).

Tt is worth noting the results of other research groups about DNA methylation status
of RELN gene. Chen et al. (2002) emphasized on the evidence that the RELN promoter
contains a large CpG island, this suggested of possible role of DNA methylation in regulating
its expression. Whereas, Grayson et al. (2005) analyzed the extent and pattern of methylation
within the CpG island of the reelin promoter in genomic DNA isolated from cortices of
schizophrenia patients and non psychiatric subjects. Specific regions in the promoter were
amplified after bisulphite treatment and sequenced Their results showed that within the
promoter region there were interesting regional variations. There was increased methylation
at positions -134 and -139; this promoter region binds a protein present in neuronal precursor
nuclear extracts that express very low levels of reelin mRNA; 1e., an oligonucleotide
corresponding to this region and that contains methylated cytosines binds more tightly to
extracts from non expressing cells than the non methylated counterpart. Collectively, their
data showed that this promoter region has positive and negative properties and that the
function of this complex cis element relates to its methylation status (Grayson et al., 2005).

Other investigators reported the effect of methionine administration on the methylation
status of promoter region of RELN gene, the results showed hypermethylation of the
promoter and this caused down regulation of reelin transcription in the mouse model of
schizophrenia (Dong et al, 2005, Tremolizzo et al, 2002). In this context the earliest
observation was made thirty years ago by group of clinical mvestigators who were able to
observe the effects of methiomne m schizophrema (Antun et al., 1971). By contrast,
treatment with the methylation whibitor 5-aza-2'-deoxycytidine upregulated reelin expression
in vitro (Chen et al., 2002).

Czesaka et al. (2008) inwvestigated DNA methylation profiles of the serotoruin (5-HT)
system which is strongly implicated in major depression and suicide and the 5-HT1A
receptor is considered a critical regulator of serotonergic activity. They hypothesized
increased DNA methylation of the 5-HT1A polymorphism may increase risk for depression
or suicide. In their experiment genomic DNA was isolated from cortical brain tissue and
analyzed for methylation aberration using modified bisulfite procedure. DNA methylation
was examined at two CpG sites: C(-1019) (POLY) and C(-1007) (HES) in the Deaf-1/ HESS
elements. Methylation of POLY was low (< 10%), detected in schizophrenia, alcoholism and
controls. Methylation of HES ranged from 0 tol5%, with three fold greater methylation in
schizophrenia vs. non schizophrenia or depressed patient samples.

HT2A gene 1s coding for serotorun 2A receptor, has been implicated in the pathogenesis
of suicidal behavior; De Luca and lis associates were able to develop an improved
quantitative assay for the measurement of allele-specific methylation of the 5-HT2A gene and
found that the methylation of the C allele m the pre-frontal cortex of heterozygous suicide
victims, was not significantly different in comparison with the non-suicide group, but
methylation analysis of the C allele in white blood cell DNA from bipolar and schizophrenic
attempters showed a significant difference in the schizophrenic attempters but not in the
bipolar attempters (De Luca et al., 2009).
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DRD2 gene which is coding for dopamine receptor D2 has been found to be over-
expressed in peripheral blood lymphocytes of schizophrenics (Zvara et al., 2005). In addition,
different methylation patterns m the partial promoter region of DRD2 have been detected in
the PBL of two pairs of schizophrenic moenozygotic twins (Petromus et al., 2003). In contrast
to this an investigation of the status of DNA methylation in a typical CpGs island in the 5'-
regulatory region of DRD2 was ascertained by bisulphite sequencing in schizophrenics of
48 discordant sib pairs with schizophrenia, did not support site-specific cytosine methylation
of DRD2 as playing a role m the psychopathology of schizophrenia (Zhang et al., 2007).

Twamoto et al. (2005) noticed that the cytosine-guanine dinuclectide (CpG) island of
sex-determining region Y-box containing gene SOX10, coding for an oligodendrocyte-
specific transcription factor, tended to be highly methylated in brains of patients with
schizophremia, this 1s correlated with reduced expression of SOX10. The authors concluded
DNA methylation status of the SOXI10 CpG island could be an epigenetic sign of
oligodendrocyte dysfunction in schizophremnia.

Murphy et al. (2005) investigated the methylation status of COMT gene which is
located on chromosome 22ql1, the gene 1s coding for catechol-o-methyltransferase. This
gene has been considered a strong candidate for schizophrenmia susceptibility. They
examined 31 brain regions and 51 individual blood samples to ascertain the cytosine DNA
methylation profile of the COMT promoter, their results ruled out COMT promoter
methylation as a common cause of schizophrenia. But they reported unique observation of
a completely methylated cytosine at one site in one patient, this may have the potential to
affect COMT mRNA transcription and gene activity, but they indicated that this cbservation
remains to be evaluated.

Inoue and Oishi (2005) studied the effects of methylation status of the promoter region
of sytl 1 gene on the expression of human synaptotagmin XI. This gene (sytl 1) is implicated
in the onset of schizophrenia, sequence analysis showed that cytosine residues not in the
CpG sequence but still within the promoter region of the gene, are partially methylated.

McGowan et al. (2008) studied the tRNA genes that encode ribosomal RNA m the
genome of suicide brain, these are the backbone of the protein synthesis machinery and
levels of TRNA gene promoter methylation determine rRNA transcription. They found that
coding region for IRNA was sigmficantly hypermethylated throughout the promoter and 5
regulatory region in the brain of suicide subjects, consistent with reduced TRNA expression
in the hippocampus. This difference in rRNA methylation was not evident in the cerebellun
and occurred in the absence of genome-wide changes in methylation, as assessed by nearest
neighbor. They suggested that their data implicated the epigenetic modulation of rfRNA in
the pathophysiology of suicide.

The involvement of DNA methyltransferases in psychiatric disorders has been
investigated, this is because addition of the methyl group at cytosine ring of 5-CpG-3
sequence 1s catalyzed by one of three DNA methyl transferases (DNMT1, DNMT3a and
DNMT3b) with S-adenosyl methiomne as the methyl donor (Bird,1992). The DNMT3 family
establishes the initial CpG methylation pattern de novo, whereas DNMT1 maintains this
pattern during chromosome replication (Chen and Li, 2006, Cheng and Blumenthal, 2008,
Hermann et al, 2004). Poulter et al. (2008) demonstrated that DNA methyltransferase
expression (DNMT3b) 1s increased m suicide completers compared with control subjects in
frontopolar cortex. Additionally the authors observed, this increase was more pronounced
in female versus male postmortem tissue and emphasized that such sexual dimorphism is of
note, since, Major Depression Disorder (MDD) 1s twice as prevalent in women. Their study
further revealed that DNMT3b upregulation may contribute to hypermethylation of the
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gamma-aminobutyric acid type A (GABAA) receptor promoter, thereby potentially explaining
the down regulation of GABA-A expression in suicide completers (Poulter et al., 2008). Tt is
worth noting that cortical dysfunction mn schizophremia is associated with changes in
GABAergic circuitry, mcluding altered expression of the 67 kDa soform of glutamic acid
decarboxylase (GAD;), an enzyme for GABA synthesis in cortical internewrons (Benes and
Beiretta, 2001) . Huang and Akbarian (2007) reported significant decrease in CpG methylation
at the proximal GAD1 promoter in contrast to what was expected that subjects with
schizophrenia should show mereased GAD]1 DNA methylation The authors suggested
further studies are necessary in order to determine if these changes are related to altered
GADI gene transcription, notably that the schizophrenia subjects in their study had lower
GAD] mRNA levels in comparison to the matched control (Huang and Akbarian, 2007). In
this respect 1t 13 worth noting that aberrant methylation of the CpGs in regulatory region n
genome of cancer patients affected gene expression by changing binding affinity by means
of transcription factors (Costello et al., 2000).

An extensive study carried out by Siegmund and his group, they were able to identify
DNA methylation status at 50 loci, encompassing primarily 59 CpG islands of genes related
to CNS growth and development, in temporal neocortex of 125 subjects ranging in age from
17 weeks of gestation to 104 years old. Two psychiatric diseases were included Alzheimer
and schizophrema. Disease-associated changes were lunited to 2/50 loct in the Alzheimer’s
cohort, which appeared to reflect an acceleration of the age-related change in normal brain.
The methylation of PAXSE, a gene encoding a paired box containing transcription factor
important for CNS and thyroid development, was higher in schizophrenics than in controls
but this was not considered statistically significant , thus they concluded that schizophrenia
1s not accompanied by consistent DNA methylation changes at the 50 gene loci included in
their study (Siegmund et al., 2007).

Epigenetic Therapy of Behavioral and Psychiatric Disorders

As mentioned earlier, the correlation between psychiatric disorders and the states of
genomic methylation is under extensive investigation. The reported results by Mill et al.
(2008) and other investigators are consistent with possible epigenetic role of DNA
methylation changes m schizophrenia, bipolar disorder and others psychiatric disorders.
Knowing that epigegnetic mechanisms are reversible, hence it 1s possible to suggest that
epigenetic defects might be repaired. Thus there is possibility to discover and to use suitable
drugs that can amend epigenomic defects; this area of research is called pharmacogenomic
or epigenomic therapy (Zhang et al., 2008). Tt is expected that epigenomic therapy can help
preventing progression of the disease caused by epigenetic defects. There are two groups
of drugs which have received the most attention, DNA methyltransferase inhibitors and
histone deacetylase inhibitors (Gavin and Sharma, 2010; Kirk ez al., 2008). In view of growing
mnterest in the epigenetic therapies, it 1s worth mentioned the success of epigenetic drugs in
cancer treatment, already there are applications of DNA methylation mhibitors in treatments
of cancers. Two types of DNA methylation inhibitors, azacitidine and decitabine, have
generated much interest in cancer therapies (Thrahim, 2010).

It 1s possible to suggest there 15 a possibility that DNA methylation mhibitors might
have applications in psychiatric therapy. In this respect it was suggested agents which can
reactivate gene expression, such as inhibitors of DNMT1 might therefore provide improved
pharmacological treatment for schizophrenia (Grayson et al., 2006). On the other hand there
are indications of possible use of other types of epigenetic drugs for treatment of psychiatric
disorders. Phiel et @l. (2001) reported that valproic acid which 1s one of epigenetic drugs 1is
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used widely to treat epilepsy and bipolar and showed that valproic acid action is through
inhibition of histone deacetylase (HDACI). The administration of valproate in conjunction
with antipsychotic medication had been shown to accelerate the onset of the antipsychotic
effects in patients with schizophremia (Casey et al., 2003). It 15 interesting to note that
valproic acid has shown promising antineoplastic effects when used concurrently and may
increase the antitumor efficacy of current cytotoxic agents (Chavez-Blanco et al., 2006).

There are reports which indicate that HDAC mhibitors reduce DNA methylation,
although the mechamsms by which HDAC mhibitors reduce DNA methylation are unknown,
it is thought that hyperacetylation can regulate the accessibility of DNMT1 to promoter
regions or that it might induce DNA demethylase activity (Cervoni and Szyf, 2001,
Cervom et ai., 2002).

Some nutritional components such as S-adenosyl-methionine (SAM) and sulfophrane
can mitigate changes in DNA methylation and chromatin structure akin to those observed
by classical drugs used to treat psychopathology, such as valproic acid and the monoamine
oxidase inhibitors. Several investigators speculated that nutritional components, especially
those to which humans are exposed developmentally or via sustained exposure, particularly
to those which act to modify chromatin, will have effects on mental health and risk for
psychopathology. The possible involvement of DNA methylation in schizophrenia implies
that pharmacological and nutritional agents, for example methionine treatment which
mcreases SAM levels in the brain, to aggravate sclhuzophrema (Brune and Himwich, 1962;
Tsraelstam et al, 1967). Other research focused on folate deficiency, this seems to be
associated with depression; however the evidence for an association between aberrant folate
status and schizophrema seems less convincing (Muntjewerff and Blom, 2005). Another
study showed the possible interactions between dietary components that modify the DNA
methylation machinery and their effects on mental health in humans, this may be found in the
effects of SAM in mood disorders (McGowan and Kato, 2008). Other investigators have
found SAM to have antidepressive effects (Papakostas et al., 2003). Interestingly, in one
study, nine of 11 patients with bipolar depression treated with SAM switched to mania,
suggesting a specific effect of SAM on bipolar depression (Carney et al, 1989). Other
investigators reported that methionine infusion reverses the effect of maternal behavior on
DNA methylation, nerve growth factor-inducible protemn-A binding to the exon 1(7) promoter,
glucocorticoid receptor (GR) expression and hypothalamic-pituitary-adrenal and behavioral
responses to stress, suggesting a causal relationship among epigenomic state, GR expression
and stress responses in the adult offspring. The investigators concluded that these results
demonstrated that, despite the inherent stability of the epigenomic marks established early
in life through behavioral programming, they are potentially reversible in the adult brain
(Weaver et al., 2005).

Impact of Environmental Factors on Psychiatric Disorders

Epigenetics provides the link between the environment and the development of diseases
(Sharma, 2005). Environmental factors are capable of causing epigenetic changes in DNA that
can potentially alter imprint gene expression and that can result in genetic diseases including
cancer and behavioral disorders (Tirtle et al., 2000). The influence of environmental factors
on epigenetic mechanisms in general and DNA methylation in particular, have been studied
and well documented in recent published literatures and there are indications which prove
that these changes in turn can be inherited by daughter cells during cell division and can
also be inherited through the germ line (Baccarelli and Bollat1,2009; Heindel et al., 2006;
Perera et al., 2009).
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Environmental factors affecting DNA methylation include lifestyles, stress, famine, diet,
proteins, drugs, hormones and others. Investigators have provided evidences on the affect
of various environmental factors on the development of psychiatric disorders. Twin, family
and adoption studies have demonstrated that schizophrenia 1s a multifactorial disorder in
which genetic and environmental elements contribute to overall risk (Corrigall and Murray,
1994; Ingraham and Kety, 2000, Sullivan et af., 2003). The influences of famine and nutrition
on prevalence of psychiatric disorders have been under mvestigation. One study
demonstrated that prenatal exposure to famine significantly increases risk of schizophrenia
in later life (St Clair et al., 2005). On the other hand several studies have supported the affect
of nutrition, notably pre-natal nutrition was found to exert a significant role in the etiology
and severity of schizophrenia (Abel, 2004; Davis and Bracha, 1996; Dubertret et al., 2004;
Glatt and Jonsson, 2006; McDonald and Murray, 2000).

There are indications that exposwe to an unfavorable prenatal environment
considerably increases the risk of psychiatric and behavioral disorders later in life, e.g.,
schizophrenia (Penner and Brown, 2007) and autism (Kinney ef al., 2008). Experiments
with laboratory amimals indicated that prenatal stress can disrupt bramn development
(Mulder et al., 2002), through several mechamsms e.g., alteration of gene expression in
newons (Meaney and Szyf, 2005).

A number of studies have demonstrated an effect of the pre-natal environment upon
susceptibility to eating disorders, with low birth weight repeatedly identified as a risk factor
(Cnattingius et al., 1999, Favaro et al., 2006, Lindberg and Hjern, 2003; Procopio and
Marriott, 2007). Similarly, the pre-natal environment has been linked to the risks of
developing Attention-Deficit Hyperactivity Disorder (ADHD), diagnosed among school
children. This disorder is characterized by deficient attention and problem solving, along with
hyperactivity and difficulty with holding incorrect responses; several biological and
environmental factors have also been proposed as risk factors for ADHD, including food
additives, diet, lead contamination, cigarette and alcohol exposure, maternal smoking during
pregnancy and low birth weight (Banerjee et al., 2007).

Future Research

Human’s methylome has an important feature that i1s its response to environmental
factors. There is increasing evidence which suggests that environmental exposures early in
development have a role in susceptibility to disease in later life, in addition, some of these
environmental effects seem to be passed on through subsequent generations (Baccarelli and
Bollati, 2009; Heindel et al., 2006; Jirtle and Skinner, 2007, Perera et af., 2009). In this respect
psychiatric disorders are affected by environmental factors and this might due to epigenomic
basis of these disorders and possibly DNA methylation is at the epicenter of epigenomic
mechanisms. It 15 expected epigenomic research can give explanation for the relationship
between an individual's epigenetic background, the environment and mental health. It can
do so because the epigenetic state is affected by various external environmental factors,
these will make the methylome varies among individuals and during a lifetime, whereas the
DNA sequence remains essentially the same. It 15 worth mentioned an epigenetic
contribution to disease was first realized three decades ago, when it was possible to
distinguish human cancer from normal tissues based on DNA methylation levels (Feinberg
and Vogelstein, 1983) . To date, it appears that malignancy represents most of the diseases
for which epigenetic defects have been shown to contribute to disease pathogenesis (Claus
and Lubbert, 2003; Thrahim, 2010). Thus, it is interesting to consider that epigenetic may play
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same role in human mental health. Epidemiological research suggested that both an
mndividual's genes and the environment underlie the pathophysiology of psychiatric
disorders. There are published results, although some are divisive, have shown possible role
of aberrant DNA methylation profiles in promoter regions of genes associated with
schizophremia and other psychiatric disorders. To clarify the role of DNA methylation of the
RELN promoter in schizophrema, further molecular studies are required. Disregulation of the
serotonin (5-HT) system 1s strongly mmplicated in major depression and suicide and the 5-
HTI1A receptor is a critical regulator of serotonergic activity, it is expected to develop
pharmmacogenomic drugs to reform this defect (Czesaka et al., 2008). Research in this field is
likely to lead to the development and discovery of epigenetic drugs especially from plant
origin (Kirk et al., 2008) for treatment of various psychiatric disorders. Further more future
studies might investigate the possible role of genomic repetitive sequences in psychiatric
disorders (Batzer and Deininger, 2002; Collier, 2002) and utilize molecular genomic markers
for early diagnosis and follow up therapy of psychiatric disorders; currently possible use of
specific DNA markers for diagnosis or prognosis s under active mvestigation in cancer
research (Ibrahim, 2010; Ibrahim et af., 2009, 2010a, b; Saleh et al., 2010).

CONCLUSIONS

Molecular studies gave evidence that epigenetic regulation is involved in psychiatric
disorders such as schizophrenia; bipolar disorder, depression and suicide. DNA methylation
profiles of promoter regions of a number of loci were found being altered in the genomes of
individuals with psychiatric disorders. Epigenomic studies revealed that environmental
conditions affect state of methylome and this has direct impact on gene expression of
acquired mental health problems and might cause genomic imprinting allowing environmental
effects to be passed through subsequent generations. Epigenomic therapy is promising and
might assist in treatment and curing of these disorders.
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