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ABSTRACT

Mental illnesses are complex and multifactorial.
Nature (genetic factors) is important in their etiology
but nurture (environmental factors) via epigenetic
mechanisms is being found to be an additional
etiological player. Indeed, studies among identical
twins show high rates of discordance, especially

for stress syndromes and depression. Specifically,
aberrant epigenetic regulation is being found to
underlie psychiatric disorders. While epigenetic
studies of mental illnesses are relatively still in their
infancy, further translational research will surely reveal
new insights into their pathophysiology, which in
turn will help with the discovery of new targets for
treatments, biomarkers, patient stratifications and
more ‘personalized’ treatment.
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INTRODUCTION

Historically, the word ‘epigenetic’ was used to
describe the phenomenon of cell identity.! Our bodies
exhibit a great diversity in cell identity, with over 200
different cell types all depending on one genome.
This variation is regulated by a system of biochemical
alterations of DNA and histone proteins, which give
DNA its structure. Together, these modifications are
termed the epigenome.

Amongst the most studied epigenetic modifications
are DNA methylation, histone modifications and RNA
epigenetics. Epigenetic modifications have importance
in gene transcription, but they do not actually modify
the coding sequence of the gene itself. While these
alterations are heritable, there is also the possibility of
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reversing them, with DNA methylation being the most
stable and histone modifications being more plastic.
This fact has enabled the prospect of epigenetic therapy.
Indeed, epimutations have been targeted for new drug
innovations, and “turning back on” silenced genes
represents a prospective advancement in treatment.

Genetic factors (nature) underlie the etiology of most
mental disorders. But studying identical twins is showing
that there are high rates of discordance, especially when
it comes to depression and stress-related syndromes.?
This implies other etiological mechanisms possibly
involving nurture. And since epigenetics is a layer
between nature and nurture, this has spurred research
into epigenetics of mental illness.

Indeed, early studies of epigenetics in mental
diseases are aiming to discover how environmental
factors affect the epigenetic processes in brain regions.
These will hopefully shed light on the pathophysiology
of mental diseases, which when integrated into the
clinical setting, will in turn guide new targets for
treatment, stratify patients for specific personalized
treatment, and diagnosis.

INVESTIGATIONS
The pathophysiological mechanisms of mental illnesses
remain relatively limited as several barriers still exist.
Specifically, mental illness is the result of aberrations
in the functions of the brain, which is the organ in the
human body that is least understood. Moreover, the
genetic studies, which in themselves are also limited,
imply that mental iliness is complex and polygenic
with many genetic variants. Many of these variants are
associated with the non-coding regions of the genome.?
Model systems are scarce, as is diseased tissue and cell
types that can be studied, as will be discussed below.
Nevertheless, in order to gain molecular mechanistic
insights, researches are using the following.
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Peripheral Blood

Peripheral blood samples are utilised to study epigenetic
signatures in neuropsychiatric disorders. For example,
Numata et al.* used peripheral blood samples to

study the DNA methylation state of the NR3C1 gene.
They found a hypomethylation signature in depressed
patients. The gene encodes for a glucocorticoid
receptor. From post-mortem studies, under expression
of this receptor in the hippocampus is linked to
depression and suicide.

In another study using peripheral blood samples,
Maffioletti et al.® found aberrant expressions of five
microRNAs in the 20 subjects in the depressed arm of
the analysis. They suggested that these microRNAs form
part of the pathophysiological mechanism in depression.
Similarly, another study on microRNA from mononuclear
cells using peripheral blood by Fan et al.® found five
other microRNAs which were up-regulated in patients
with depression.

Enatescu et al.” analysed changes in plasma
microRNA profiles of patients with major depression.
They found that after 12 weeks of treatment, some were
over-expressed while others were under-expressed. They
propose that such studies have the potential to identify
and validate microRNAs as biomarkers in depression;
also, they can offer new targets for treatment by using
anti-microRNAs or microRNAs mimics.

Brain Tissue

Biopsies of patient’s brain tissue are invasive and
provide little material to work with. Moreover, neurons
that are post-mitotic cannot be expanded in vitro. Post-
mortem brain samples have their own disadvantages
as well. For example, they represent late stages of the
mental illness and so do not provide insight of the
epigenetic aberrations present in early life. Besides
end-stage brain samples will not show the true natural
picture of disease progression as patients would have
receivedpharmacological treatments, which definitely
leave their ‘noise’ marks. On top of these are effects from
fixation methods and storage of the samples.

Despite the above, post-mortem human brain
samples have been used in several studies. One such
study is that done by Lopez et al.2 which showed that
miR-1202 is expressed differentially in patients with
major depressive disorder. This micro-RNA regulates the
gene that codes for glutamate metabotropic receptor-4
(GRM4). From their results, they propose that this micro-
RNA forms part of the pathophysiology of depression,
can predict response to anti-depressant treatment, and is
a potential therapeutic target.

Animal Models

Peripheral blood or post-mortem brain tissues have
many variables when they are used to study the
pathophysiological mechanisms of mental disorders.
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Amongst them are sex, race, age, living conditions,
medication, and time of collection after death. These can
greatly impact the results. Using animal models provide
a more controlled approach.? Other advantages of using
animal models are that one can study the effects of
pharmacological agents and gene editing, which are not
possible when using human patients.

Using mice models, Baubry et al.” and O'Connor et
al."" showed that micro-RNAs can be potential markers
of response to anti-depressant treatments. Also, Grayson
et al."?studied the DNA methylation profiles in adult
offsprings of two mouse models of schizophrenia, i)
the ‘prenatal restraint stress model’ and ii) the ‘chronic
methionine mouse model’. The adult offsprings showed
behavioural and epigenetic and other biochemical
deficits. These and similar studies on animal models
are providing solid evidence that early-life adversity
and other environmental factors can mediate long-
lasting epigenetic modifications in the brain, which are
conducive to mental ill-health.

Cellular Models
Cellular reprogramming is offering another platform to
study neuropsychiatric disorders. In their review, Seshadri
et al.”3 state that induced pluripotent stem cells (iPSCs)
and their neural derivatives are being used to understand
schizophrenia. Indeed, the results, namely relating to
abnormalities in neurotransmission, neurodevelopment,
and oxidative phosphorylation, support those arising
from other study designs. Viswanath et al."* similarly
reviewed cellular models to study bipolar disorders.
One great advantage of the above traditional iPSC
technology, when used to model human diseases, is that
the induced cells have the whole genome of the donor
and this makes them fit to dissect diseases caused by
genetic errors. This platform is becoming more valuable
when combined with CRISPR/Cas9 gene editing and
genome-wide association studies. However, when
it comes to studying epigenetics it faces a problem,
namely that during the process of reprogramming, the
epigenetic memory is erased (epigenetic erasure).”
Thus, mental ilinesses that are epigenetically modified
by environmental factors need to be studied by
a sister technology called ‘transdifferentiation’
to generate functional-induced neurons (iNs)."
Transdifferentiated cells seem to maintain the original
epigenetic landscape.'”"® However, such studies are still
in their infancy.

SCHIZOPHRENIA

Studies are revealing that epigenetic modifications are
important in the pathophysiological mechanisms of
schizophrenia. Here, the main epigenetic mechanisms
mostly studied on post-mortem brain tissue and bio-
fluids are DNA methylation, histone modifications, and
non-coding miRNAs. Amongst the gnes that are being
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found to be affected by epigenetic aberrations include
those that regulate immune function, neurotransmission
and neurodevelopment.” It is proposed that some

of these epigenetic aberrations are induced through
environmental factors which affect brain functions

in a patient’s life but may also be transmitted across
generations (the trans-generational epigenetic
inheritance effect).

In the study done by Murata et al.? betaine levels in
peripheral blood samples were found to be low especially
in first-episode schizophrenia patients but also in some
cases of chronic schizophrenia. Betaine is a methyl-donor
and its under-expression was associated with genome
wide hypomethylation. The authors propose that the
genome-wide hypomethylation from decreased betaine
expression might be a puzzle part of the pathophysiology
of schizophrenia.

Another puzzle part might be the role of NR3C1 gene
which is a glucocorticoid receptor gene. The gene is a
key contributor in the regulation of the hypothalamic-
pituitary-adrenal axis. Liu et al.* found epigenetic
aberrations, specifically DNA hypermethylation of the
promoter of this gene. This correlates with other similar
findings mentioned below associated with depression,
implicating that these mental illnesses might have
common biological networks.

There are many other research studies on altered
DNA methylation, but also on histone modifications of
schizophrenic risk genes. Such studies are in hyperdrive
especially those involving the common two histone
modifications linked with the active promoters and
enhancers of schizophrenic risk genes, specifically H3-
trimethyl-Lys4 (H3K4me3) and H3-acetyl-Lys27 (H3K27ac).
Amongst the schizophrenic risk genes one finds - RELN,
GAD1 and CACNA1C.

MicroRNAs are emerging as important regulators
in post-transcriptional gene expression in various
human diseases. MicroRNAs have been established
as important players in the development of the brain
and its neuroplasticity and their aberration are involved
in neuropsychiatric diseases including schizophrenia.
The study by Santarelli et al.?? supports the fact that
miRNA aberrations are important players in the complex
pathophysiological mechanisms of schizophrenia. The
authors analysed gene expression in the post-mortem
prefrontal dorsolateral cortex. They integrated this gene
expression analysis with miRNA expression profiles and
found an important gene-miRNA interaction biological
network. Specifically they identified aberrations in
miR-92a, miR-495, and miR-134, which are important
in neurodevelopment and oligodendrocyte functions.
The dysregulation of miRNAs have also been detected
in peripheral blood mononuclear cells (PBMCs) in
schizophrenia. Further research will surely exploit this
as a potential of miRNA biomarkers in schizophrenia.
Translational research will also exploit and harness
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miRNA aberrations and their biological networks as new
therapeutic targets.

DEPRESSION
Only about 40% of depression is heritable and this points
to factors which are not genetic in nature, like stressful
life events, especially those that occur in early life.
Research on animal models have shown that early-life
adversity affects gene expression involving epigenetic
mechanisms. %

Prenatal stress has epigenetic repercussions on
the brain. Jensen Pefia et al.?¢ and O’Donnell et al.?
showed that maternal stress is associated with decreased
expression of 11B-hydroxysteroid dehydrogenase type
2 (11p-HSD2) from the placenta. Normally 11p-HSD2
shields the foetus from glucocorticoids coming from the
mother. The suppression of 11B-HSD2 is associated with
DNA hypermethylation in the promoter of its gene and
thus the protection is absent, rendering the offspring
more vulnerable - to stress and depression.

In another animal study, Mueller and Bale®identified
DNA hypermethylation of the NGF1-A binding
region of the glucocorticoid receptor (GR; Nr3c1)in
the hypothalamus of offspring of females that were
stressed early in the prenatal period. A similar finding
of increased DNA methylation at this site was shown in
cord blood taken from infants born to human mothers
who, during their pregnancy, were depressed or
physically abused.??%!

In keeping with the above, research has shown
that maternal separation and maternal maltreatment
also induce epigenetic changes in the brain of animal
offspring.®>33 Some of these epigenetic changes
are lasting but others can be partially reversed
pharmacologically.®*3> Epigenetic aberration signatures
have also been shown in suicide completers. For
example, Labontéet al.**”found aberrant promoter DNA
methylation in several genes in the hippocampus of
suicide completers; however, other aberrant epigenetic
mechanisms, like miRNA and histone modifications, are
also involved in suicidal behaviour.®®

Epigenetic studies have also been carried out
to investigate epigenetic signatures following
antidepressant treatment. Melas et al.*? used a genetic
rodent model of depression, specifically the ‘Flinders
Sensitive Line (FSL) one’. They looked into epigenetic
changes with regards to the P11 gene in the frontal
cortex of the brain. P11 has been implicated in the
pathophysiological mechanisms of depression in humans
and rodents alike. They found DNA hypermethylation
in the promoter of P11 gene, leading to its under-
expression. Importantly they also found that giving
escitalopram reversed this hypermethylated profile
into a hypomethylated one with re-expression of the
P11 gene. Treatment with escitalopram also leads to
decreased Dnmt1 and Dnmt3a. The latter are two
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DNA methyltransferases that, when over-expressed, are
responsible for the hypermethylation pattern of the P11
gene in the adult forebrain neurons.

Despite the availability of various anti-depressant
treatments, depressed patients may not show good
response, even after several different medications
have been tried. This is why specific research in
epigenomics® (together with other -omic studies) is
focusing on identifying epigenetic biomarkers that could
predict the optimal treatment for particular subtypes of
depressed patients.

CONCLUSION

Harnessing the knowledge that is forthcoming from the
study of epigenetics in mental illnesses will definitely aid
in their theranostics. Prevention-wise, epidrugs and other
conventional therapies (like psychotherapy) have the
potential to reverse the epigenetic alterations associated
with environmentally-induced mental ilinesses and help in
preventing their transmission to future generations.
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