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Autism spectrum disorder (ASD) is the term for a range of development disorders caused by
a combination of genetic and environmental factors (Kubota et al., 2012; Loke et al, 2015;
Constantino and Marrus, 2017). ASD includes a “spectrum” of effects, skill detriments, and
disability—including communication issues, limited interest in activities, and other aspects of
work and life functionality. The current occurrence of ASD in the United States is about 1 in
68 children—an astonishing increase of over a factor of 100 compared to 2,000 (https://www.
cdc.gov/ncbddd/autism/addm.html) (Zablotsky et al., 2015). Thus, it is imperative to develop
novel treatment modalities for which understanding the pathogenetic factors underlying ASD
is of utmost importance. Recently, the multigenic condition of ASD has been speculated to be
dependent on epigenetic effects (Loke et al., 2015), although such exact factors remain unclear.
Epigenetics refers to the heritable changes in gene expression without changing the underlying
DNA sequence (Schiele and Domschke, 2017). In this opinion article, we will briefly discuss the
recent advancements in understanding the contribution of epigenetic factors that can play a role in
determining the predisposition to autism (Table 1). We emphasize that there is a need to include
greater sample size and appropriate tissue type in order to better understand the role of epigenetics
in ASD.

DNA methylation is one of the most well-known example of epigenetic regulation that generally
correlates with close chromatin conformation and thus transcriptional silencing (Figure 1). DNA
methylation has been implicated in the pathophysiology of neurological disorders including
ASD (Ladd-Acosta et al., 2014; Ellis et al., 2017; Table 1). Though some recent studies reveal
inconclusive findings, like how Retinoic acid-related orphan receptor-alpha (ROR-«) transcripts
in blood lymphocytes have no observable differences between healthy and autistic children
(Salehi et al., 2017), others demonstrate the emergence of replicated methylation biomarkers for
ASD. Proline-rich transmembrane protein 1 (PRRTI) gene has exhibited lower methylation in
the temporal cortex and cerebellum in autistic brains (Ladd-Acosta et al., 2014). On the other
hand, human placental methylome analysis showed significantly higher methylation in ASD by
pyrosequencing (Schroeder et al., 2016). However, there was a high level of variability between
individuals in methylation status due to both sampling and individual variability. As placenta
contains a heterogeneous mixture of various cell types, different ratios of these mixed populations
of cell types between individual placental samples could be a source of the inter-individual
variation observed in this study. Future studies employing cell sorting and data normalization
approaches will help in confirming results of this study. A recent study showed that the mRNAs
encoding the epigenetic proteins Tet methylcytosine dioxygenases (TETs)-1, -2, and -3 were
increased, DNA methyltransferase 1 (DNMT1) was decreased, while methyl CpG binding protein-
2 (MECP2) was unchanged in the frontal cortex in the brains of ASD subjects (Zhubi et al., 2017).
Both MECP2 and DNMT1 protein binding to the RELN and GAD1 promoters was increased,
possibly accounting for the decreased expression of both genes in ASD (Zhubi et al., 2017).
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TABLE 1 | A summary of epigenetic changes associated with Autism Spectrum Disorder (ASD).

Epigenetic mechanism Observation Species Tissue type References

DNA methylation Lower methylation of Proline-rich transmembrane protein Human Brain Tissue Ladd-Acosta et al.,
1 (PRRTT) gene. 2014

DNA methylation Higher methylation in placenta from ASD subjects by Human Placenta Schroeder et al.,
placental methylome analysis. 2016

DNA methylation associated with Hypermethylation of FAM1871A, CHFR, and AURKA Human Blood Gunawardhana

maternal asthma genes. etal, 2014

DNA methylation associated with Hypomethylation in MAPSKIP3 and NALP1L5. Human Blood Gunawardhana

maternal asthma etal, 2014

Epigenetic proteins Increased expression of Tet methylcytosine Human Brain Zhubi et al., 2017
dioxygenases (TETs)-1,-2, and-3.

Epigenetic proteins Decreased expression of DNA methyltransferase 1 Human Brain Zhubi et al., 2017.
(DNMTT).

Transgenerational inheritance Valproic acid (VPA) exposure leading to autistic-like Rodent Live animals Choi et al., 2016
phenotypes in male offspring.

Gene polymorphisms associated Association of methylenetetrahydrofolate reductase Human Blood Puetal., 2013

with variation in diet (MTHFR) C677T polymorphism having ASD in children
from countries without folic acid food fortification.

Histone modifications A common acetylome signature at >5,000 cis-regulatory Human Brain Sun et al., 2016
elements observed in greater than 68% of syndromic
and idiopathic ASD cases.

microRNA (miRNA) dysregulation Upregulation of hsa-miR-21-3p miRNA that targets Human Brain Wu et al., 2016
neuronal genes downregulated in ASD.

microRNA (miRNA) dysregulation Downregulation of hsa_can_1002-m that regulates the Human Brain Wu et al., 2016

epidermal growth factor receptor (EGFR) and fibroblast
growth factor receptor (FGFR) signaling pathways
involved in neural development and immune function.

From the results of these studies, it appears that epigenetic
differences can potentially play a significant role in the
development of ASD. Further research should pinpoint how the
environmental factors contribute to alteration in gene expression
that leads to predisposition to ASD. The epigenetic studies can be
formulated through finding indicators of causative genetic as well
as environmental factors, bringing forth greater insight into the
physiological mechanisms that predispose children to ASD. The
newly discovered biomarkers of ASD severity and prognosis will
aid medical practitioners to more precisely fine-tune the plans of
treatment.

In the past few years, many studies have focused their
attention on transgenerational inheritance of ASD symptoms to
propose epigenetic marks as a factor in ASD etiology. Valproic
acid exposure in rodents has been shown to lead to autistic-
like phenotypes in male offspring that can be epigenetically
transmitted at least to the third generation (Choi et al., 2016). The
autism-like behavioral phenotypes found in F1 persisted to the
F2 and F3 generations. This study demonstrates that epigenetic
inheritance could potentially play a role in the heritable nature of
ASD. Environmental factors have also been shown to exert some
control in epigenetic determination.

Variation in diet potentially contributes to epigenetic factor of
ASD development. Polymorphism in methylenetetrahydrofolate
reductase (MTHFR), coded by gene MTHFR, is associated
with a significant increase in risk for developing ASD
(Pu et al, 2013). The enzyme is essential for generating

5-methyl-tetrahydrofolatein, which plays a major role in
DNA methylation during neural development. Among
MTHFR polymorphisms, the C677T polymorphism was
found to be specifically linked to increased risk of ASD in all
comparison groups. A meta-analysis involving comparison of
ASD prevalence in children from countries with folate acid
fortified diet vs. those who are without food fortification showed
a significant association of MTHFR C677T polymorphism in
children from the latter group (Pu et al, 2013). In addition,
through in vitro fertilization and embryo transfer in mice fed
with protein-restricted and folic acid-supplemented diets, there
appears to exist a significant degree of correlation between diet
and ASD-like symptoms in offspring and maternal-protein
restriction (Furuse et al., 2017). Indeed, epigenetic mechanisms
involving DNA methylation, post-translational modifications of
histone proteins, and transcriptional regulations (Figure 1) that
are key to neurodevelopmental processes in-utero can possibly
be affected by maternal lifestyle factors such as smoking, alcohol,
obesity, and malnutrition (Barua and Junaid, 2015; Banik et al.,
2017; Modabbernia et al., 2017).

Further, it has been demonstrated that epigenetics can
influence activation of immune responses that can also determine
susceptibility to ASD. Association between increased risk of
ASD and maternal immune activation (MIA) during pregnancy
has been suggested. A large self-report population study in
Denmark found twofold increased prevalence of infantile autism
in offspring of mothers that suffered influenza infection during
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FIGURE 1 | Schematic representation of Epigenetic mechanisms that can influence the genetic etiology. Histone modification can occur via either acylation or
methylation of histone tail. (1) Acylation of histone tail leads to uncoiling of nucleosome, activating the gene and revealing DNA content to be modified. (2) On the other
hand, methylation of histone tail coils nucleosomes tightly together, inactivating the gene and making DNA inaccessible for further modifications. (3) Methylation can
also occur via binding methyl group to cytosine, suppressing transcription of certain genes. (Adapted from https://commonfund.nih.gov/epigenomics/figure).

pregnancy, and a threefold increased prevalence of ASD in
children of mothers who experienced prolonged period of fever
(Atladottir et al., 2012). Aside from viral or bacterial infections,
chronic asthma is one of the most common causes of maternal
immune activation. Interestingly, epigenetic changes such as
hypermethylation of FAM181A, CHFR, and AURKA genes, and
hypomethylation in MAP8KIP3 and NALPIL5 immune genes in
fetal blood samples were found in subjects exposed to maternal
asthma (Gunawardhana et al, 2014). Furthermore, in a study
that used a mouse model of maternal allergic asthma (MAA)
to investigate alteration in microglia gene expression found
significant amount of differentially expressed genes in MAA
offspring which overlap the altered genes in human ASD cortex
(Vogel Ciernia et al., 2017). These studies suggest the potential
of epigenetic alterations by maternal immune responses that
contribute to ASD development.

A study conducted a histone acetylome-wide association
study (HAWAS) employing 257 postmortem samples from ASD
and matched control brains that were subjected to H3K27ac
chromatin immunoprecipitation sequencing (ChIP-seq) (Sun
et al,, 2016). A common acetylome signature at >5,000 cis-
regulatory elements were observed in greater than 68% of
syndromic and idiopathic ASD cases in prefrontal and temporal

cortex although there was etiological heterogeneity. There was
strong enrichment for genes related to ion channels, synaptic
function, and epilepsy/neuronal excitability, all of which have
previously been shown to be dysregulated during ASD. On the
other hand, loci with decreased acetylation in ASD converged
on pathways, such as digestive tract morphogenesis, chemokine
signaling, HDAC activity, and immune processes related to
microglia. As histone modifications are generally presumed to be
stable in postmortem samples, this study laid a strong foundation
to comprehend the role of epigenetics in ASD in the future
investigations.

MicroRNAs (miRNAs) that are small non-coding regulatory
RNAs which mediate mRNA destabilization and/or translational
repression (Hammond, 2015; Mohr and Mott, 2015) has also
been implicated in pathophysiology of ASD. miRNAs act
as important regulators of gene expression as part of the
epigenetic machinery (Soltanzadeh-Yamchi et al., 2018). A study
performed genome-wide miRNA expression profiling in post-
mortem brains from individuals with ASD and controls to
determine the role of miRNAs in ASD (Wu et al., 2016). A shared
pattern of miRNA dysregulation was observed in brains from
ASD patients. Specifically, it include hsa-miR-21-3p, a miRNA
of unknown CNS function that is upregulated in ASD and that
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targets neuronal genes downregulated in ASD. Another miRNA
identified was hsa_can_1002-m, a previously unknown, primate-
specific miRNA that is downregulated in ASD and that regulates
the epidermal growth factor receptor (EGFR) and fibroblast
growth factor receptor (FGFR) signaling pathways involved in
neural development and immune function. Other studies have
also implicated the role of miRNAs namely hsa-miR-29b, hsa-
miR-219-5p, miR-146a, miR-221, miR-654-5p, and miR-656 in
the pathophysiology of ASD (Sarachana et al., 2010; Nguyen et al.,
2016). However, these studies have utilized olfactory mucosal
stem cells (OMSCs) biopsied from ASD patients and control
subjects or lymphoblastoid cell lines that necessitates the need to
confirm the role of these miRNAs using brain samples.

Although the above-mentioned studies demonstrate the role
of epigenetics in predisposition to ASD, some investigations does
not support a role for epigenetics in autism. A study reported
no difference in the proportion of global methylation between
control and autistic brain (Ginsberg et al., 2012). This study
do not find any change in the methylation of candidate genes.
Therefore, it was concluded that changes in gene expression in
autism may result from regulatory mechanisms different from
gene methylation. These contradictory studies strongly make a
case that there is a need to understand the role of epigenetics in
autism.

There are a few considerations that should be taken into
account while evaluating the role of epigenetics in ASD. Efforts
to study genome-wide DNA methylation in relation to ASD
should likely include a greater sample size and samples from
same species in order to easily compare data from different
studies. There is also a need to keep vigilant on standardizing the
variability of phenotypes in test subjects to ensure a reduction in
epigenetic complexities. With a larger sample size, one can better
comprehend gene-gene and gene-environment interactions. The
heterogeneity of ASD warrants genetic testing in large cohort of
human patients that will help in establishing strong genotype-
phenotype correlation as well as the role of epigenetics in
ASD. With a collective systems-approach for future studies
where findings are integrated and conglomerated, researchers can
contemplate more accurate statistical tools and models for risk,
diagnoses, and prognoses calculations. There is also a need to
study the appropriate tissue when looking at epigenetic changes.
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