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Introduction

he existence of pronounced interindividual dif-
ferences in behavior and cognitive function is abun-
dantly clear, even when observing those individuals
around us on a daily basis. Many of these differences
in behavior are based on personal experiences, result-

This review concerns epigenetic mechanisms and their roles in conferring interindividual differences, especially
as related to experientially acquired and genetically driven changes in central nervous system (CNS) function. In
addition, the review contains commentary regarding the possible ways in which epigenomic changes may contrib-
ute to neuropsychiatric conditions and disorders and ways in which epigenotyping might be cross-correlated with
clinical phenotyping in the context of precision medicine. The review begins with a basic description of epigenetic
marking in the CNS and how these changes are powerful requlators of gene readout. Means for characterizing
the individual epigenotype are briefly described, with a focus on DNA cytosine methylation as a readily measur-
able, stable epigenetic mark. This background enables a discussion of how “epigenotyping” might be integrated
along with genotyping and deep phenotyping as a means of implementing advanced precision medicine. Finally,
the commentary addresses two exemplars when considering how epigenotype may correlate with and modulate
cognitive and behavioral phenotype: schizophrenia and Rett syndrome. These two disorders provide an interesting
compare-and-contrast example regarding possible epigenotypic requlation of behavior: whereas Rett syndrome
is clearly established as being caused by disruption of the function of an epigenetic “reader” of the DNA cytosine
methylome—methyl-CoG-binding protein 2 (MeCP2)—the case for a role for epigenetic mechanisms in schizophre-
nia is still quite speculative.
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ing in individual human uniqueness via acquired be-
havioral change through either conscious learning or
unconscious conditioning. The extreme range of inter-
individual differences in human behavior and cognitive
function is further illustrated by considering neuropsy-
chiatric conditions that span a broad range—schizo-
phrenia, affective disorders, intellectual disabilities, au-
tism. This review and commentary considers the broad
hypothesis that the individual’s epigenetic state, which
we will refer to as their “epigenotype,” is a molecular
mechanism contributing to interindividual variation in
behavior and cognition. Indeed, we propose that the
epigenome is a driver of both normal individual varia-
tion and neuropsychiatric dysfunction. This is not a new
concept; it has been discussed extensively in prior lit-
erature, not only in biomedicine but also in that for gen-
eral readership."'® Nevertheless, in this review we will
endeavor to provide a succinct overview of epigenetic
molecular mechanisms, their role in experience-driven
interindividual behavior, and their probable role in
neuropsychiatric disorders.

Epigenetics: the interface of genes and
experience

The relative contributions of “nature” versus “nurture”
to an individual’s behavior has been debated for millen-
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Figure 1. The epigenome as an interface between genes and environ-
ment/experience, and its role as a driver of individuality. See
text for discussion.

nia, as exemplified in Western literature by the writings
of both Greek and Roman philosophers. Modern ter-
minology and understanding has recast the discussion
more along the lines of genes versus environment/ex-
perience/learning. However, recent discoveries over the
last 2 decades or so, based on studies in a wide range of
biological and medical disciplines, have clearly indicated
that there is a third component to the broad conceptual
organizing scheme regarding “nature” versus “nurture.”
That third component is epigenetic molecular mecha-
nisms (Figure 1, see ref 2). Epigenetic mechanisms op-
erate at the interface of genes and environment/experi-
ence, as has been illustrated by studies from a diverse
set of fields including environmental toxicology, cancer
biology, developmental biology, genetics, evolutionary
biology, molecular biology, and neuroscience.

Epigenetic molecular mechanisms confer plasticity
on biological systems as broadly defined, as well as on
individual cells within an organism. Developmentally,
they determine and drive cell fate of individual cells. In
an interesting parallel, they also help to generate vari-
ance at the organismal level. Thus, it is now becoming
clear that at the organismal level epigenetic mecha-
nisms confer variation and uniqueness on single indi-
viduals.

Nowhere is this more striking than when consider-
ing mammalian central nervous system (CNS) function.
Learning and memory clearly utilize epigenetic mecha-
nisms in order for experience to drive lasting behavioral
change in an animal.'*!® Epigenetically driven imprint-
ing and modulation of genes influences behavior across
generations, as perhaps best illustrated by considering
Angelman syndrome and Fragile X mental retarda-
tion.!! Environmental influences including neonatal
nurturing shape the CNS epigenome, with attendant
changes in behavior.” Drug abuse is closely linked to al-
tered epigenetic marking in the CNS." Finally, and most
relevant to this commentary, a wide variety of neuro-
psychiatric disorders are associated with alterations in
the CNS epigenome, in both animal models and human
studies (see refs 19-62, Tuble I).

Against this backdrop, it is important to have some
basic understanding of molecular epigenetic mecha-
nisms that operate in the CNS, especially since these
mechanisms are powerful regulators of CNS gene
transcription and regulation. CNS epigenetic marking
can not only regulate the particular splice variants that
are “read out” of the genome within a neuron, but can
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also completely silence the readout of an entire gene
(or thousands of genes) within a cell. For this reason, in
the next section we will review the basic categories of
epigenetic molecular marks that have been best estab-
lished as operating in the CNS.

What is the epigenome?

There are four major categories of epigenetic marks
that have been found to operate in the mammalian
CNS (thus far, Figure 2):

Neurodevelopmental disorders including autism spectrum
disorders

Rubinstein-Taybi syndrome

Angelman syndrome

Rett syndrome

Pitt-Hopkins syndrome

Fragile X mental retardation

ATR-X syndrome

Coffin-Lowry syndrome

Kleefstra syndrome

Aging-related and neurodegenerative disorders
Cognitive aging and mild cognitive impairment
Alzheimer disease

Parkinson disease

Hereditary sensory-autonomic neuropathy type 1 (HSAN1)
Huntington disease

Psychosis and affective disorders
Schizophrenia

Depression

Bipolar disorder

Stress/hyperactivity

PTSD

Drug abuse and addiction

Cocaine

Alcohol

Nicotine

Amphetamine/methamphetamine

Opiates

Table 1. Neuropsychiatric disorders associated with epigenetic mecha-
nisms or epigenetic disruption. This list is not exhaustive, but
rather is representative. ATR-X, alpha-thalassemia X-linked
mental retardation; PTSD, posttraumatic stress disorder.

1. First, it is important to realize that genes are physi-
cally condensed in cells and have a specific three-
dimensional structure that is shaped by not only
the conformation of the DNA double helix but also
the interaction of DNA with histone proteins. The
DNA-histone complex is referred to as chromatin,
and chromatin structure broadly defined is a power-
ful regulator of gene readout in the CNS. The nu-
cleosome is the fundamental subunit of chromatin.
A nucleosome comprises about two turns of DNA
wrapped around a core set of eight histones. Each
histone octamer contains two copies each of the
histone subunits H2A, H2B, H3, and H4. Chroma-
tin structure can be regulated by processes such as
adenosine triphosphate (ATP)-dependent remodel-
ing and by broadly acting, but not well understood,
processes of distal interactions between chromatin
particles operating across large stretches of the ge-
nome.

2. The amino-terminal tails of individual histones in

the histone octamer comprising the core of the chro-
matin particle are subject to a multitude of post-
translational modifications, including phosphoryla-
tion, acetylation, methylation, and ubiquitination.
Furthermore, individual subunits within the octamer
can be swapped in and out, a process known as his-
tone subunit exchange. All of these modifications
can be read out in a combinatorial fashion, either
activating or inhibiting transcription.

3. DNA itself is also subject to direct covalent chemi-

cal modification, including having a methyl group
added to cytosines within the DNA polymer. Cy-
tosine methylation can occur on either one or both
strands of the DNA. DNA methylation is typically
suppressive for transcription of the associated gene,
but in some instances gene-activating DNA meth-
ylation has been observed.

4. Noncoding RNA transcribed from the genome can

also be powerful regulators of gene readout, in most
cases through noncoding transcripts interacting di-
rectly with messenger RNAs (mRNAs), altering
their capacity to be translated into protein products.
Types of noncoding RNAs include long noncoding
RNAs (IncRNAs), microRNAs (miRNAs), small
noncoding RNAs (snRNAs), silencing RNAs (siR-
NAs), and RNA interference (RNAi) mechanisms
involving double-stranded RNA adducts.

The fact that these mechanisms are in play in the
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CNS may explain some of the failures in genetic screen-
ing in trying to understand genotypes related to neu-
ropsychiatric disorders. There is a major hidden layer
of mechanisms, the epigenetic mechanisms, that are op-
erating to control gene function in the CNS, and these
mechanisms are not detected by traditional genetic
screening processes, genome-wide association study
(GWAS) analysis, etc. This is particularly notable to
consider for high-incidence and complex neuropsycho-
logical disorders such as schizophrenia and autism(s).
For this reason, we (and others) propose that epig-
enotyping must begin to be implemented as part of
large-scale screens to identify “genetic” bases of neu-
ropsychiatric disorders.'**% However, with currently
available equipment and infrastructure, many aspects
of this approach are technically and technologically
daunting. Five limitations are worth highlighting as an
introduction to these issues. First is the lack of conve-
nient access to DNA-containing cells other than blood
lymphocytes and buccal epithelial cells in patient sam-
ples, clearly a limitation when peripheral DNA does not
have the same epigenotype as the relevant pathology-
associated cells in the CNS. To what extent peripheral
DNA will accurately report the CNS epigenotype is an
open question at this point. Second, whereas DNA cy-
tosine methylation is highly stable chemically and thus
quite amenable to patient sampling, histone and other
chromatin modifications are fairly labile and subject to
rapid reversal. Third, added to this is the immense het-
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erogeneity of DNA chemical marks, which may each
have their own effects on transcription. Two examples
to illustrate this point are cytosine methylation versus
cytosine hydroxymethylation and the vast number of
histone epigenetic marks that an individual cell may ac-
cumulate. The high combinatorial variability of histone
modifications is particularly relevant in this regard.®!®
Moreover, two or more copies (alleles) of each gene
are typically present in a cell, and each allele may not
be epigenetically identical. Fourth, at present, there
is uncertainty concerning whether any specific DNA
methylation change(s) affects gene transcription, and
whether they are activating or inactivating depending
on genomic context. In other words, no Rosetta Stone
algorithm exists concerning how a specific DNA meth-
ylation event is going to be read out in terms of gene
transcription. Finally, as a practical matter, the expense
of epigenotyping is a rate-limiting factor in terms of
broad implementation. Methylomic analysis, which re-
quires extensive whole-genome-level DNA sequencing,
is the most practical target for epigenotyping at present.
Epigenotyping of chromatin-associated proteins will
probably be limited to small human population studies
and characterization of relatively homogeneous animal
models in the near future.

Despite these challenges, technological advances
are beginning to make epigenotyping practicable, espe-
cially true of DNA cytosine methylation. Anticipated
near-future technical and instrumentation advances
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Figure 2. Schematic representation of epigenetic marks. (A) DNA is condensed within the nucleus through interactions with histones. The
DNA-protein complex is referred to as chromatin. (B) The N-terminal tail of a histone has several sites for epigenetic marking that can
promote or repress gene transcription. (C) Methylation of DNA in which a methyl group (red diamonds) is transferred to cytosines in
genomic regions in and around gene promoters rich in cytosine-guanine nucleotides (CpG islands). (D) A variety of noncoding RNA
gene products also confer epigenetic regulation on neural systems.
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will make this option increasingly affordable. For these
reasons, the exciting prospect exists of applying broad-
scale epigenotyping to clinical and basic science stud-
ies (see refs 1,53,63 for examples). In the next section,
we will address—as a hypothetical—how such an effort
might be undertaken.

Integrating epigenetics into
personalized medicine

How would our new understanding of the epigenome
be integrated into initiatives to realize a personalized
medicine approach and implement precision medicine?
As illustrated in the bottom portion of Figure I, indi-
viduality encompasses a specific clinical phenotype of
a patient or subject. Thus, a comprehensive approach
is necessary, involving genotyping, epigenotyping, and
deep phenotyping in order to implement advanced pre-
cision medicine.

When considering the implementation of this ap-
proach for clinical studies, it is highly desirable to or-
ganize health care providers involved in assessing and
treating the disorder under study into one clinical ser-
vice in order to provide a single portal of contact/entry
for families and subjects to enter the clinical system un-
dertaking the study. Evaluations of all patients should
be consistently applied and with high reproducibility,
and they should be multidisciplinary, with neurologists,
psychiatrists, psychologists, speech and hearing experts,
and so forth, on site for evaluating and treating patients
in a coordinated fashion. Aspects of this idealized ap-
proach may sound like a statement of the obvious, but
in many “real-world” cases it is difficult to achieve con-
sistency and multidisciplinarity because of departmen-
tal and clinical service boundaries.

The attribute of having a single entry point to the pa-
tient care pathway provides an exceptional opportunity
for broad-scope clinical characterization and neurobe-
havioral phenotyping (ie, “deep phenotyping”). Partic-
ularly powerful is the opportunity to leverage clinical
expertise and infrastructure by combining it with cut-
ting-edge genomic and epigenomic characterization of
patients entering the clinical study. Coupling the prin-
ciples of precision genomic/epigenomic medicine with
the broad phenotypic and clinical characterization of
study subjects positions the study to clearly define and
characterize the neuropsychiatric disorder of interest.
Genotypes await discovery for most neuropsychiatric

disorders, and in this fashion the genetic and epigenetic
mechanisms underlying rare and idiosyncratic disorders
can be ascertained in a scope and depth not attainable
otherwise. These considerations also set the stage for
identifying and exploiting novel therapeutic targets. As
well, these discoveries allow development of new ge-
netically engineered vertebrate (rat/mouse/zebrafish)
model systems for further in-depth mechanistic, phe-
notypic, and drug discovery/development endeavors.
Needless to say, such a milieu could provide an unparal-
leled training environment for enabling and shaping the
next generation of clinical and scientific leaders in the
field of research into neuropsychiatric disorders.

Epigenotyping studies will require technical infra-
structure around the molecular genetics components
and would probably include collaborations with top-
notch genomics facilities. These leveraging technical
resources would enable truly cutting-edge and high-
throughput next-generation sequencing (NGS) and
bioinformatics platforms to be applied to both basic sci-
ence and clinical research in these endeavors. However,
an additional consideration is the need for expert sup-
port related to bioinformatics as specifically targeted
to the neuropsychiatric disorder under study. Generic
bioinformatics resources and platforms are enabling
but not sufficient, due to highly specialized types of bio-
informatics analysis that are project-specific for neuro-
psychiatric research.

Patient studies and animal model studies of this sort
will enable a new, more detailed understanding of tran-
scriptional and epigenetic disruption in neuropsychiat-
ric disorders and their relationship to human cognitive
function, broadly speaking. The scope of the problem
of understanding transcriptional and epigenetic dys-
regulation in neuropsychiatric disorders is immense,
and realistically speaking, reduction to simple hypoth-
eses is difficult. For this reason, bioinformatic and com-
putational/mathematical modeling approaches will
be required for comprehensive and comprehendible
development of theoretical models of transcriptional
regulation in neuropsychiatric disorders. Innovative
studies combining cutting-edge genomics, epigenomics,
and transcriptomics with computational biology will be
transformative not only for neuropsychiatric research
specifically but also for neuroscience as a discipline.

Also, additional resources will be required in sup-
port of developing new approaches to precision behav-
ioral diagnostics and clinical phenotyping of neuropsy-

293



Translational research

chiatric disorders in this context.** Clinical phenotyping
involving research to develop and validate objective
measures for use in clinical trials, targeting core symp-
toms of neuropsychiatric disorders, is critical for suc-
cess. The Research Domain Criteria (RDoC) approach
that was initiated by the National Institute of Mental
Health (NIMH) has begun to make an impact in these
areas, and building on this foundation would enable
national-level progress in this domain, especially when
coupled with molecular/genetic diagnostics as described
above.566

There also are additional technological aspects to
implementing the approach with regard to the epigeno-
typing per se. When considering implementation of this
approach, and on the basis of currently available crite-
ria, we see that in general there are three categories of
molecules related to epigenotyping that can be consid-
ered as a complement to now-traditional DNA nucleo-
tide sequence genotyping and whole-exome/transcrip-
tome sequencing: (i) measurements of DNA cytosine
methylation; (ii) miRNAs; and (iii) IncRNAs. DNA
cytosine methylation can be quantitated genome-wide
using bisulfite sequencing approaches or, alternatively,
more affordable NGS-based approaches such as methyl
binding domain-targeted DNA pull-down plus high-
throughput sequencing (MBD-seq). For investigating
miRNAs, it is reasonably affordable to use whole-tran-
scriptome small RNA-targeted high-throughput nucle-
otide sequencing (small RNA-seq) to comprehensively
identify and quantitate the small regulatory noncoding
RNAs (siRNAs, miRNAs, snRNAs, and Piwi-interact-
ing RNAs [piRNAs]) whose levels are altered in as-
sociation with the disorder under study. Quantitating
these several categories is a nice complement to whole-
transcriptome mRNA-targeted high-throughput nu-
cleotide sequencing (mRNA-Seq) to comprehensively
identify and quantitate the genes whose transcription
are altered (increased or decreased) in response to a
neuropsychiatric condition because they potentially
provide insight into specific mechanisms that might
underlie alterations in gene transcription. Finally, NGS-
based sequencing of non-polyA-tailed RNAs to selec-
tively identify IncRNAs can quantitate this important
category of epigenetic regulator.

It is important to note that a major limitation to
this overall epigenotyping approach is that these stud-
ies will not determine in a comprehensive fashion show
DNA demethylation and other epigenetic changes at

the cellular level gets translated into altered neural and
behavioral function. A comprehensive and unbiased
genomic and epigenomic approach can identify specific
sites of methylation changes, genome-wide and specifi-
cally at disease-associated genes. However, these data
only allow one to assess correlative changes in DNA
methylation and associated transcriptional changes,
even though one is using a genome-wide approach. Try-
ing to mechanistically tie these specific changes at sin-
gle gene exons to complex multicellular, multicompo-
nent processes like neuropsychiatric disorders is quite
difficult at this point because of the current limitations
in our understanding of the means by which alteration
of even a single gene transcript is transduced into func-
tional synaptic changes. This means that the approach
is a phenomenological approach to demonstrate that
DNA methylation and other epigenetic changes occur
and are capable of contributing to the disorder under
study. A full understanding of how any change in DNA
methylation gets transformed into functional changes
in the cell and synapse will require further investiga-
tion. In addition, the biological material that is readily
accessible in human studies, eg, blood samples and lym-
phocytes, may not fully or even partially reflect molecu-
lar changes in the CNS. Resolution of this issue awaits
further detailed study. Finally, there is a plethora of po-
tentially relevant epigenetic changes in a wide variety
of cell types in the central nervous system and periph-
erally.? This large number of different epigenetic marks
will complicate defining specific epigenetic changes that
are correlated with, or diagnostic for, specific neuropsy-
chiatric disorders.

However, the proposed approach can yield substan-
tive mechanistic insights allowing the generation of new
hypotheses. The studies thereby serve as a foundation
for formulating future specific hypotheses concerning
how DNA methylation and other epigenetic mecha-
nisms might control persisting changes in synaptic and
neural circuit function at the molecular level, and for
ultimately understanding how transient or persisting
changes in epigenetic marks manifest themselves in al-
tered neural and cognitive function.

Two case studies: schizophrenia and
Rett syndrome

In this final section, we will comment on two interesting
“case studies” of neuropsychiatric disorders that have
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been proposed to be (at least partially) mediated by an
epigenetic mechanism, namely DNA methylation-relat-
ed neuroregulation. The two case studies are at oppo-
site ends of the spectrum as related to the quantity and
quality of the data available regarding their genetic and
epigenetic basis. Schizophrenia is one example; here
the genetic basis has been elusive and the epigenetic
basis remains quite speculative. The autism spectrum
disorder Rett syndrome is the other example; here the
genetic basis and epigenetic relevance is clearly and un-
ambiguously defined. In this respect, these two neuro-
psychiatric disorders serve as a compare-and-contrast
example.

Schizophrenia is a case where large-scale human
genetic screening has by and large failed to nail down
a clear cause based on genetics, genomics, and GWAS
studies. Around a decade or more ago there was pal-
pable excitement that a genetic basis for schizophrenia
would be quickly revealed in the new genomics era.
However, this view has given way to a more realistic
understanding that genotyping alone is not sufficient
to define schizophrenia or probably even subtypes of
schizophrenia. Thus, lately it has been proposed that
DNA methylation and other epigenetic marks may be
the missing piece of the puzzle and that epigenotyping
studies may enable a more complete understanding of
genotype/epigenotype/clinical phenotype correlations
in schizophrenia.!5261.64

This line of thinking regarding an epigenetic hy-
pothesis of psychosis is compellingly motivated by sev-
eral arguments. As already described, the epigenome,
broadly speaking, represents a hitherto unknown mo-
lecular interface between experience and the genome.
As a potent controller of gene transcription, enabling
in many instances the complete silencing of a methyl-
ated gene, epigenetic mechanisms represent a very ap-
pealing potential mechanism for driving the transcrip-
tional changes documented to occur in schizophrenia.
Epigenetic approaches have previously been applied in
schizophrenia, scientists having recognized the unique
potential of an epigenetic approach in this area.’*
Many investigators also recognize the critical role of
epigenetic mechanisms in modifying genetic expression
by environmental events.**>” A number of human stud-
ies have already tried to develop peripheral markers
of CNS epigenetic remodeling in psychosis and related
disorders.’®¢! Thus, given its unknown molecular genet-
ic pathology, schizophrenia is appealing as a candidate

neuropsychiatric disorder influenced or driven by epi-
genetic mechanisms.

This hypothetical scenario with schizophrenia stands
in contrast to Rett syndrome, an autism spectrum dis-
order and neurodevelopmental intellectual disability
syndrome for which epigenetic mechanisms are clearly
implicated. Rett syndrome has an identified genetic ba-
sis, which is mutation of the methyl-CpG binding pro-
tein MeCP2, a “reader” of the cytosine methylome. Al-
though the precise mechanisms through which MeCP2
implements the cytosine methylation signal in the ge-
nome are not understood, MeCP2 is clearly a mechanis-
tic link between DNA cytosine methylation and neural
function in the CNS. Although we will not describe Rett
syndrome in detail here because it has been extensively
reviewed in the literature,” Rett syndrome is illustra-
tive of two important take-home messages in the con-
text of this commentary. First, the very existence of the
syndrome clearly demonstrates a crucial role for the
methylome in regulating behavioral and cognitive func-
tion. Second, Rett syndrome is a compelling case illus-
trating that the epigenome and its read-out can mediate
human variation and individuality.

Finally, Rett studies serve as proof of concept that
sufficiently deep phenotyping can enable discovery of
underlying mechanistic causes of neuropsychiatric dis-
orders. The “syndromic” autism spectrum disorders, by
definition, can be delineated from each other and from
nonsyndromic autism by sufficiently precise clinical
phenotyping. This parsing of, for example, Rett syn-
drome from Angelman syndrome from Pitt-Hopkins
syndrome from Fragile X mental retardation through
clinical phenotyping allowed individuating these disor-
ders one from another. This in turn allowed relatively
rapid identification of genetic subtypes diagnostic for
these disorders, correlated with great precision to spe-
cific genetic alterations, within the broad categories of
“autism spectrum disorders” or “pervasive develop-
mental delay not otherwise specified.” Similar deep
phenotyping at the clinical level of other types of au-
tistic disorders, or indeed even broad categories such as
psychotic illnesses or affective disorders, might conceiv-
ably enable similar advances.

Summary and closing comments

This review describes the emerging idea that epigenetic
mechanisms, especially histone modifications and DNA
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cytosine methylation, contribute to individual varia-
tion in human cognition and CNS function. This idea
is fascinating because the same mechanisms are used
for triggering and storing long-term “individuality” at
the cellular and developmental level, for example, when
cells differentiate. We have also emphasized that DNA
methylation is a dynamic process in the adult CNS, in-
volved in controlling long-lasting changes in synaptic
function and behavior and driving acquired behavioral
uniqueness. In addition, these types of findings strongly
indicate that we can no longer think of DNA methyla-
tion and other epigenetic marks as being static: set up
during development as a permanent change. Instead,
DNA methylation is subject to active and ongoing regu-
lation in the developing and adult nervous system, con-
trolled by behavioral and environmental experience.
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Una aproximacion epigendmica a las diferencias
individuales y su traslacion a las condiciones
neuropsiquiatricas

Este comentario describe los mecanismos epigenéticos
y sus funciones para adjudicar diferencias interindivi-
duales especialmente en lo relativo a los cambios en la
funcion del sistema nervioso central (SNC) tanto adqui-
ridos por la experiencia, como producidos genéticamen-
te. Ademads, la revision especula acerca de las posibles
formas en que los cambios epigendmicos pueden con-
tribuir a las condiciones y trastornos neuropsiquidtricos
y formas en las cuales el epigenotipado pudiera estar
transversalmente correlacionado con el fenotipado clini-
co en el contexto de la medicina de precision. La revision
comienza con una descripcion bdsica del marcaje epige-
nético en el SNC y como estos cambios son poderosos re-
guladores de la lectura génica. Se describen brevemente
los medios para la caracterizacion del epigenotipo indi-
vidual, enfocandose en la metilacion de la citosina del
DNA, como un marcador epigenético estable y facil de
medir. Estos antecedentes permiten una discusion acer-
ca de como el “epigenotipado” podria estar integrado
junto con el genotipado y el fenotipado precisos y com-
pletos como un medio para implementar una medicina
de precision avanzada. Por ultimo, el comentario revisa
dos ejemplos que consideran cdmo el epigenotipo pue-
de correlacionarse con y modular el fenotipo cognitivo y
conductual: la esquizofrenia y el sindrome de Rett. Estos
dos trastornos proporcionan una interesante compara-
cidn y contraste en relacion con la posible regulacion
epigenotipica de la conducta. En el sindrome de Rett
se ha establecido que esta regulacion estd causada por
una disrupcion de la funcién de un “lector” epigenético
del metiloma de citosina del ADN, el MeCP2; en cambio,
para la esquizofrenia el papel de los mecanismos epige-
néticos a la fecha todavia es bastante especulativo.

Approche épigénomique des différences
individuelles et transposition en neuropsychiatrie

Cet article s’intéresse aux mécanismes épigénétiques
et a leur implication dans les différences interindivi-
duelles, plus particuliérement lors de modifications de
la fonction du systéme nerveux central (SNC) innées et
acquises. On y trouvera également des commentaires
sur les différentes facons dont les changements €pigé-
nomiques peuvent influer sur les maladies et états neu-
ropsychiatriques et sur les facons dont I'épigénotypage
peut étre croisé avec le phénotypage clinique en méde-
cine de précision. L'article décrit tout d’abord de facon
élémentaire le marquage épigénétique dans le SNC et
comment ces modifications sont des régulateurs puis-
sants de la lecture des genes. Les méthodes de carac-
térisation d’un épigénotype individuel sont brievement
décrites, notamment la méthylation de I’ADN, qui est
un marqueur épigénétique stable et facilement mesu-
rable. Dans ce contexte, il est discuté de la facon dont
« |'épigénotypage » pourrait participer avec un gé-
notypage et un phénotypage précis et complet a
I'amélioration de la médecine de précision avancée. En-
fin, le commentaire aborde la schizophrénie et le syn-
drome de Rett comme deux exemples de la facon dont
I’épigénotypage peut correspondre au et moduler le
phénotype comportemental et cognitif. Ces deux trou-
bles représentent un exemple intéressant de comparai-
son des régulations épigénotypiques possibles du com-
portement : une mutation d’un « lecteur » épigénétique
du méthylome cytosine de I’ADN - géne MeCP2 (methyl-
CpG-binding protein 2) - est connue pour entrainer le
syndrome de Rett alors que le réle de mécanismes épi-
génétiques dans la schizophrénie est encore purement
théorique.
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