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The goal of this investigation was to determine whether there are alterations in DNA
methylation patterns in children with autism spectrum disorder (ASD).

Material and Methods: Controlled prospective observational case-control study.
Within the ASD group, children were sub-classified based on the presence (AMR
subgroup) or absence (ANMR subgroup) of neurodevelopmental regression during the
first 2 years of life. We analyzed the global levels of DNA methylation, reflected in
LINE-1, and the local DNA methylation pattern in two candidate genes, Neural Cell
Adhesion Molecule (NCAM1) and Nerve Growth Factor (NGF) that, according to our
previous studies, might be associated to an increased risk for ASD. For this purpose, we
utilized blood samples from pediatric patients with ASD (n = 53) and their corresponding
controls (n = 45).

Results: We observed a slight decrease in methylation levels of LINE-T in the
ASD group, compared to the control group. One of the CpG in LINE-1 (GenBank
accession no.X58075, nucleotide position 329) was the main responsible for such
reduction, highly significant in the ASD subgroup of children with AMR (p <
0.05). Furthermore, we detected higher NCAM1 methylation levels in ASD children,
compared to healthy children (p < 0.001). The data, moreover, showed higher
NGF methylation levels in the AMR subgroup, compared to the control group and
the ANMR subgroup. These results are consistent with our prior study, in which
lower plasma levels of NCAM1 and higher levels of NGF were found in the ANMR
subgroup, compared to the subgroup that comprised neurotypically developing children.

Frontiers in Pediatrics | www.frontiersin.org

1 October 2021 | Volume 9 | Article 685310


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://doi.org/10.3389/fped.2021.685310
http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2021.685310&domain=pdf&date_stamp=2021-10-05
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles
https://creativecommons.org/licenses/by/4.0/
mailto:mercedes_gil_campos@yahoo.es
https://doi.org/10.3389/fped.2021.685310
https://www.frontiersin.org/articles/10.3389/fped.2021.685310/full

Garcia-Ortiz et al.

DNA Methylation Patterns in Autism

Conclusions: We have provided new clues about the epigenetic changes that occur in
ASD, and suggest two potential epigenetic biomarkers that would facilitate the diagnosis
of the disorder. We similarly present with evidence of a clear differentiation in DNA
methylation between the ASD subgroups, with or without mental regression.

Keywords: autism spectrum disorder, neurodevelopmental regression, DNA methylation patterns, NCAM, NGF

INTRODUCTION

Autism spectrum disorder (ASD) is a severe neurodevelopmental
disorder featuring variable but pronounced deficits in
communication and social interaction, and is associated to
multiple genetic risk factors (1, 2). Environmental (viral
infection, parental age, diet) and epigenetic factors (DNA
methylation, histone modification and microRNA) would
act on some predisposing genetic factors (3). However,
although epigenetic mechanisms, transcriptome profiles, and
environmental factors have been suggested to be implicated,
no clear pathogenesis mechanisms have been yet identified in
ASD (4-12).

One of the best-known epigenetic marks is the 5-
methylcytosine (5-mC), generated by the methylation at C5
of cytosine in symmetric CG contexts. A high proportion of
regulatory regions, such as promoters and enhancers, contains
areas with high density of CpG dinucleotides (called “CpG
islands”) that are usually unmethylated, and whose methylation
is generally associated to transcriptional silencing (13). Extensive
experimental evidence supports that DNA methylation is a
crucial step during brain development, and plays a key role in
processes including synaptic plasticity, learning, memory, or
cognitive decline (14).

Unlike mutations, epigenetic changes are potentially
reversible, which has opened new pathways in the study of
some diseases. Nowadays, it is accepted that ASD has a strong
epigenetic component (14-19). Several genome-wide studies
revealed multiple alterations in DNA methylation patterns
in the brains of ASD individuals (20, 21). The largest meta-
analysis study using peripheral blood samples from about 800
autistic individuals revealed that 55 of examined CpG sites
were associated to ASD (22). Nevertheless, the main regions
analyzed in these studies are the CpG islands of the protein
coding regions, whereas DNA methylation in the genomic
non-coding regions, which are often implicated in genetic
regulation pathways, has not yet been examined. On the
other hand, a significant fraction of the mutations associated
to an increased risk of ASD affects transcriptional factors
or chromatin-modifying proteins (23). Genetic mutations
of the MECP2 gene related to autism spectrum disorders
have been recently identified (4). MECP2 is a master
epigenetic regulator that exhibits high levels of expression
in the brain. However, a reduced expression of MECP2,
associated to hypermethylation of its promoter, has been
described in the frontal cortex of patients with ASD (8).
Understanding the epigenetic changes involved in ASD can
also help to identify subgroups of patients, allowing a better

stratification for the implementation of pharmacological and/or
behavioral therapies.

Long interspersed element-1 (LINE-1) is an autonomous
transposable element that makes up roughly 17% of the
human genome where it remains active (24). It is possible for
retrotransposition of LINE-1 into a new position of the genome
to cause duplication, deletion, or insertion at the target site,
triggering genomic instability and changes in gene expression
(25). Although the process by which LINE-I transcription and
retrotransposition is regulated remains indeterminate, mounting
evidence propose that epigenetic pathways, such as DNA
methylation and histone modifications, are implicated in the
retrotransposition of LINE-I and could have an impact on the
target genes expression (26). There have been reports of altered
DNA methylation levels and patterns of CpG residues in LINE-1I
promoter regions in many diseases, including ASD (22, 26).

Other authors have posited that both a proinflammatory
condition and an alteration in adhesion molecules in the
early stages of neurodevelopment may play a role in the
pathophysiology of ASD. Our group has recently published a
study on the plasma levels of particular adhesion molecules
and growth factors in patients with ASD compared to healthy
children. When sub-classifying according to the presence or
absence of neurodevelopmental regression in children with ASD,
lower plasma levels of the Neural Cell Adhesion Molecule
(NCAM1) and higher levels of Nerve Growth Factor (NGF)
were observed in the subgroup of autistic children without
mental regression, compared to the levels obtained in the mental
regression subgroup and the control group (27).

Based on evidence of close implication of loci-specific DNA
methylation in the pathophysiology of neurological disorders
including ASD (20, 21), and previous demonstration of an
association between the epigenetic regulation of LINE-1 and its
effects in ASD pathobiology (26), the present study aims to
compare global methylation levels in blood samples of pediatric
patients with ASD and healthy children, and to examine the DNA
methylation status of NCAMI and NGE, two genes that we have
previously shown to be deregulated in autistic spectrum disorder.
Here, we report the results of a global and local DNA methylation
analysis from a pediatric sample with ASD compared to normally
developing children.

MATERIALS AND METHODS
Subjects

This was a controlled prospective observational case-control
study. The patients with ASD were recruited from the
Department of Child and Adolescent Clinical Psychiatry and
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Psychology at the Reina Sofia University Hospital. Some of
the patients (those aged 2-3) were assimilated into the study
at the time of their ASD diagnosis, while the older patients
(those aged 3-6) were selected from among children who had
already been given diagnoses at the same unit. The diagnosis
of ASD was based on the clinical judgment of professionals
specializing in identifying the unique developmental profile
associated with subjects with ASD. The diagnoses were based
on the information obtained from semi-structured clinical
development interviews, and psychological and behavioral tests
that have been internationally acknowledged to be reliable and
valid for this purpose. Two clinical psychologists, a psychiatrist
and an occupational therapist with extensive clinical experience
and training in diagnostic tests for research in ASD performed
the diagnoses, employing the criteria established in DSM-5 (28).
In addition, two pediatricians reviewed the subjects’ medical
histories and conducted an examination of all the children.

Children with ASD presenting with other known neurological,
metabolic or genetic diagnoses were excluded from the study,
and the same applied to children undergoing medical treatments
for autism-related behavioral comorbidities that might interfere
with the results, such as sedatives, muscle relaxants or similar. In
addition, a control group of normally developing children was
recruited, matched to the ASD group in terms of gender and age.

Within the ASD group, children were sub-classified based
on the presence or absence of neurodevelopmental regression
occurring during the first 2 years of life. This was assessed
by means of a five-item questionnaire in accordance with the
guide used by the ADI-R clinical interview for the evaluation
of this process (29). Children with ASD who obtained a score
equal to or greater than three were included in the mental
regression subgroup (AMR: Autism Mental Regression), while
those with a score inferior to this cut-off value were included
in the non-mental regression subgroup (ANMR: Autism Non-
Mental Regression) (27).

The study was approved by the Clinical Research and
Bioethics Committee at the Reina Sofia University Hospital,
conforming to the fundamental principles established in the
Declaration of Helsinki (latest version 2013), supplemented by
the Declaration of Taipei (2016).

Standardized Diagnostic Measurements

and Assessment of ASD Severity

All the cases of ASD were selected after carrying out
the Checklist for Autism in Toddlers (M-CHAT).
Subsequently, a comprehensive clinical history of each
child was taken. The Autism Diagnostic Observation
Schedule, Second Edition (ADOS-2), was used in cases
of suspected ASD. Each of the following tests was also
administered: the Autism Diagnostic Interview-revised
(ADI-R), the Pervasive Developmental Disorders Behavior
Inventory™ (PDDBI), the Childhood Autism Rating Scale
test (CARS), the Battelle Developmental test, and the
Strengths and Difficulties Questionnaire (SDQ). These
tests enabled the clinical team to diagnose ASD with
more certainty.

None of the ASD cases selected for the present study exhibited
any other associated pathology (seizures, or other neurological,
metabolic or genetic diseases). Each patient was clinically
assessed with complementary explorations. The children also
underwent a genetic study (karyotype and microarrays) to detect
secondary or syndromic ASD. None of the patients required
medication to treat behavioral disorders or aggression.

Sample Collection, DNA Extraction and
Bisulfite Treatment of the DNA

After overnight fasting, peripheral whole blood samples were
collected from participants via antecubital vein into 6-ml blood
collection tubes containing EDTA. After centrifugation at 3,500 g
for 10min, plasma was divided into aliquots and processed
within 2h from sampling, and then frozen at —80°C until
analysis. Blood count and a general biochemical analysis were
performed to confirm the absence of other diseases.

Genomic DNA was extracted from 2mL of plasma with
the QIAamp DNA Blood kit (QIAGEN), following the
manufacture’s protocol, and quantified in a NanoDrop ND-
1,000 spectrophotometer (Nano-Drop Technologies). Bisulfite
conversion of isolated DNA (500 ng) was performed with the EZ
DNA Methylation Gold Kit (Zymo Research), according to the
manufacturer’s instructions.

PCR and Pyrosequencing

Utilizing the Immolase DNA Polymerase (Bioline) 50 ng of
bisulfite, converted DNA were added to the PCR reaction,
following the manufacturer’s recommendations. Table 1 shows
the forward and reverse primer sequences for each gene. The
PCR product was subjected to agarose gel electrophoresis to
test for the presence of a single PCR product. 15 pL of the
verified biotinylated PCR product was used for each sequencing
assay. DNA pyrosequencing was performed in a PyroMark Q24
instrument (Qiagen), following the manufacturers guidelines,
and subsequent methylation analysis was determined with the
PyroMark Q24 Software (Qiagen). Sequencing primers for each
gene are listed in Table 1. In the light of the literature (30-
33) and recent results from this group of children (27), two
loci previously linked to ASD (NCAM1I and NGF) were selected
for methylation analysis. Primers for NCAMI were designed
to amplify a 3'UTR region (UCSC region chr11:112,965,249—
112,965,403) that included CpG positions for which changes in
methylation levels have been previously described (34). Primers
for NGF were obtained from Qiagen to amplify a region at the
5'UTR, near the non-transcribed first exon of the gene (UCSC
region chr1:115,880,563-115,880,774) (Table 1).

Statistical Analysis

The sample size for this study was determined based on the
most relevant genome-wide and local DNA methylation studies
on ASD using published data results (18, 24, 26). GraphPad
Prism 6 Software was used to perform the statistical analyses.
The data are expressed as mean = SD (95% confidence intervals),
median (IQR) or absolute (relative frequencies). For data that
fit a normal distribution (Shapiro-Wilk normality test) f-tests
were used. For data not normally distributed, the non-parametric
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TABLE 1 | List of primers used for pyrosequencing.

Gene Primer Sequence (5'-3') Length (bp) Accession no. (Gene ID) Annealing T, (°C)
LINE-1 Forward TTTTGAGTTAGGTGTGGGATATA 146 NM_019079 (54596) 50
Reverse [BTN] AAAATCAAAAAATTCCCTTTC
Sequencing AGTTAGGTGTGGGATATAG
NCAM1 Forward TATTTTTGTGTTTTTTTGGGGGTTAGATTA 154 NM_181351 (4684) 55
Reverse [BTN] CCCAACTATACAATCTTCTCTACTTCAT
Sequencing GGGGTTAGATTATTTTTTGAT
NGF Forward Hs_NGF_01_PM PyroMark CpG assay (PM00002618) 211 NM_002506 (4803) 58
Reverse
Sequencing

LINE-1, Long interspersed element-1; NCAM1, Neural Cell Adhesion Molecule; NGF, Nerve Growth Factor.

Mann-Whitney test were applied. Categorical variables were
evaluated using the x*-test or the Fisher exact test. To assess the
methylation differences between healthy control group and ASD
subgroups, in CpG positions together or individually, unpaired
t-test and two-way ANOVA model with Tukey’s HSD post-hoc
tests were used Correlations between methylation levels and the
scores obtained from the various tests performed were carried out
using the Spearman’s p (rho). Receiver operating characteristics
(ROC) analysis was conducted to calculate the area under the
curve (AUC). All the tests were two-tailed, and a p < 0.05 was
considered statistically significant.

RESULTS

Global Methylation Analysis in Autism

Spectrum Disorder

Fifty-four children with ASD and 45 healthy children were
included in the study. The principal demographic and test results
for the diagnosis are shown in Table 2. Within the ASD group,
there were 20 children with AMR and 33 with ANMR; one child
could not be classified in these subgroups because he was adopted
and there was no previous clinical information.

Because LINE-1 retrotransposon represents a considerable
portion of the human genome, the methylation level of LINE-1
reflects the global DNA methylation status (24). To determine
whether global methylation levels were altered in ASD, 53 blood
samples from children with ASD and 45 from the control group
were drawn to isolate to gDNA. Bisulfite pyrosequencing was
performed analyzing 5 CpG positions of the repetitive element
LINE-1. Three samples from ASD patients gave inconclusive
results, so they were removed from the LINE-1 methylation
analysis. Methylation of LINE-1 was slightly reduced in the
group of children with ASD compared to the control group
(73.45 £ 0.43 vs. 74.56 £ 0.45) (Figures 1A,C). When each
studied CpG of the LINE-I fragment was analyzed separately,
position 2 (GenBank accession no.X58075, nucleotide position
329, complementary strand) was the main responsible for the
observed decrease in LINE-1 methylation levels in the ASD
group (Figure 1B and Table 3). Moreover, when analysis was
performed with patients with AMR and AMNR, methylation
levels of CpG 2 from LINE-I in the AMR subgroup was

TABLE 2 | Demographic and anthropometric data in children with autism
spectrum disorders compared to controls.

ASD Control P
(n:50) (n:45)
Age (months) 43.76 + 11,2 48.81 £ 18.33 0.117
Gender (male) 41 (82%) 38 (84%) 0.472
Weight (kg) 16.97 + 3.51 17.06 + 4.5 0.951
Battelle test AMR 47.05 +10.33 0.002
ANMR 60.96 + 13.29
CARS test AMR 359 +8.12 0.009
ANMR 30.6 +£6.11
PDBBI test AMR 53.93 + 10.39 0.023
ANMR 46.13 £ 10.47

ASD, autism spectrum disorders; AMR, autism mental regression; ANMR, autism non-
mental regression; PDDBI, Pervasive Developmental Disorders Behavior Inventory; CARS,
Childhood Autism Rating Scale.

significantly lower (71.16 £ 0.60), compared to the healthy
control group (72.98 =+ 0.52) (Figure 1D and Table 3). Although
methylation levels at position 2 of LINE-1 in the ANMR
subgroup were also lower than in the control group, this
difference was not statistically significant.

As expected from slight changes in LINE-1 methylation levels,
no clinical correlations were observed between the methylation
status of LINE-1 and any of the tests performed to evaluate the
diagnosis, severity, and the regressive aspects of the disorder
(Supplementary Table 4).

Methylation Status Analysis of NCAM1 and
NGF in ASD

DNA methylation status was analyzed for each gene
(Figures 2A, 3A), both in the ASD group and in the subgroups
ANMR and AMR separately. Pyrosequencing results showed
a significant increase in NCAMI methylation levels in the
ASD children and in each subgroup, ANMR and AMR,
compared to healthy children (Figures2B,D and Table 4).
Specifically, 70% of ASD individuals presented NCAMI
methylation levels above the mean, with no distinction
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FIGURE 1 | Scatter plot showing comparisons of methylation status of LINE-1 in children with autism spectrum disorders (ASD) compared to controls. (A,B)
Methylation levels and differentially methylated sites (CpG1-CpG5) in the LINE-1 sequence in ASD group and healthy control group. (C,D) Methylation levels and
differentially methylated sites in the LINE-1 sequence in ASD group subdivided as follows: ANMR (non-mental regression group), AMR (mental regression group), and
a healthy control group. The dark bars represent the mean values of each group. Asterisks indicate statistically significant differences (*P < 0.05) compared to
control group.

TABLE 3 | Pyrosequencing results of LINE-1 showing percent change in methylation in ASD group, ANMR and AMR subgroups compared to healthy control group.

LINE-1

Control vs. ASD Control vs. ANMR Control vs. AMR

Percent change p-value Percent change p-value Percent change p-value
in methylation in methylation in methylation
All CpG 1.1 0.078 1.06 0.16 0.95 0.15
CpG site 1 0.56 0.49 0.55 0.51 0.56 0.62
CpG site 2 1.49* 0.05 1.49 0.15 1.82* 0.03
CpG site 3 1.15 0.08 1.34 0.13 0.88 0.23
CpG site 4 0.81 0.06 0.84 0.10 0.42 0.15
CpG site 5 1.07 0.17 1.19 0.28 0.89 0.24

ASD, autism spectrum disorders; AMR, autism mental regression; ANMR, autism non-mental regression. *P < 0.05 with statistically significant changes highlighted in bold.

between AMR and ANMR. In the control group of healthy
had higher-than-mean
methylation levels. In addition, CpG 1 in NCAMI1 (UCSC

individuals,

only 42%

NCAMI

location chr11:112,965,292) was the position that suffered
this notable increase in methylation, especially in the AMR
subgroup (Figures 2C,E).
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FIGURE 2 | Scatter plot showing comparisons of methylation status of NCAM?1 in children with autism spectrum disorders (ASD) compared to controls. (A)
Schematic diagram of analyzed gene. Each circle represents a CpG dinucleotide. Position of ATG and TGA codon are indicated. Arrows show the location of
pyrosequencing primers. (B,C) Methylation levels and differentially methylated sites (CpG1 and CpG2) in the NCAM1 gene in ASD group and healthy control group.
(D,E) Methylation levels and differentially methylated sites in the NCAM17 gene in ASD group subdivided as follows: ANMR (non-mental regression group), AMR
(mental regression group), and a healthy control group. The dark bars represent the mean values of each group. Asterisks indicate statistically significant differences
(*P < 0.05; **P < 0.01; **P < 0.001) compared to control group.

TABLE 4 | Pyrosequencing results of NCAM1 showing percent change in methylation in ASD group, ANMR and AMR subgroups compared to healthy control group.

NCAM1
Control vs. ASD Control vs. ANMR Control vs. AMR
Percent change p-value Percent change p-value Percent change p-value
in methylation in methylation in methylation
All CpG —0.96*** 0.0009 —0.96** 0.005 -0.97* 0.016
CpG site 1 —1.41*** <0.0001 —1.31*** 0.0003 —1.57*** 0.0002
CpG site 2 —0.43 0.16 —0.46 0.19 -0.37 0.34

ASD, autism spectrum disorders; AMR, autism mental regression; ANMR, autism non-mental regression; NCAM1, Neural Cell Adhesion Molecule. *P < 0.05; **P < 0.01; ***P < 0.001
with statistically significant changes highlighted in bold.

On the other hand, no differences were observed in the levels ~ methylation were detected in 47% of children diagnosed with
of NGF methylation between the ASD group and the healthy =~ ASD and in 53% of neurotypically developing children. Within
group (Figure 3B). Concretely, lower-than-mean levels of NGF ~ the ASD group, the AMR subgroup had higher-than-mean
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FIGURE 3 | Scatter plot showing comparisons of methylation status of NGF in children with autism spectrum disorders (ASD) compared to controls. (A) Schematic
diagram of analyzed gene. Each circle represents a CpG dinucleotide. Position of ATG codon is indicated. Arrows show the location of pyrosequencing primers. (B,C)
Methylation levels and differentially methylated sites (CpG 1, 2, and 3) in the NGF gene in ASD group and healthy control group. (D,E) Methylation levels and
differentially methylated sites in the NGF gene in ASD group subdivided as follows: ANMR (non-mental regression group), AMR (mental regression group), and a
healthy control group. The dark bars represent the mean values of each group. Asterisks indicate statistically significant differences (P < 0.05; “P < 0.01; "'P <

NGF methylation levels than both the ANMR subgroup and
the normally developing children (Figure 3D). Methylation
analysis of each CpG revealed that the CpG at position 3
of the analyzed region (UCSC location chrl: 115,880,705)
showed a higher level of methylation in children diagnosed
with ASD, with or without mental regression (Figures3C,E

and Table 5).

In the ROC curve, the AUC was calculated
to explore differences in LINE-I, NCAMI and/or
NGF methylation between ASD and healthy status
(Figure4). The AUC for NCAMI1 was 067 (p =
0.02). However, for LINE-1 and NGF, the values

resulted not optimal to discriminate between ASD and
healthy conditions.

DISCUSSION

In the present work we report results from a global and
local DNA methylation analysis of a pediatric sample with
ASD compared to a normally developing children subgroup.
ASD is a neurodevelopmental disorder that presumably affects
multiple areas of the brain, including the frontal, temporal,
and occipital cortex, as well as the cerebellum. Since brain
tissue cannot be collected from live individuals, a more
accessible tissue sample has been suggested, such as peripheral
blood. High correlations have been found between methylation
levels of specific genes in the blood and brain regions in
children with neurodevelopmental disorders and controls (6, 35,
36).
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TABLE 5 | Pyrosequencing results of NGF showing percent change in methylation in ASD group, ANMR and AMR subgroups compared to healthy control group.

NGF
Control vs. ASD Control vs. ANMR Control vs. AMR
Percent change p-value Percent change p-value Percent change p-value
in methylation in methylation in methylation
All CpG —0.05 0.20 0.04 0.81 —0.28** 0.029
CpG site 1 -0.13 0.21 -0.07 0.61 —0.24 0.09
CpG site 2 0.04 0.83 0.11 0.35 —0.09 0.57
CpG site 3 —0.49*** 0.0004 —0.51 0.0008*** —0.67** 0.001

ASD, autism spectrum disorders; AMR, autism mental regression; ANMR, autism non-mental regression; NGF, Nerve Growth Factor. *P < 0.05; **P < 0.01; **P < 0.001 with statistically
significant changes highlighted bold.
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FIGURE 4 | Receiver operator characteristic curves (ROC) and area under the curve (AUC) values to differentiate ASD from healthy condition according to the
methylation status of each target.

DNA methylation in non-coding regions, including LINE-1  lymphoblastoid cell lines derived from peripheral mononuclear
retrotransposons, which constitutes a substantial portion of the  cells. Here, we report an analysis of LINE-1 methylation status
human genome, has been very little investigated in the context of =~ using blood samples from 50 ASD patients and 45 control
ASD. The first report of an increase in LINE-1 expression in the  individuals. Our results show a slight decrease in the levels of
autism cerebellum was published by Shpyleva et al. (34). These ~ LINE-I methylation in the ASD group, compared to the normal
authors carried out a methylated DNA immunoprecipitation  neurodevelopmental healthy group, with the following mean
(MeDIP) analysis of cytosine-5 methylation in LINE-1, obtaining  values: 73.5% in ASD and 74.2% in controls. Although these
a downward trend of LINE-1 methylation in ASD, although  differences in the pattern of LINE-1 methylation between the
this difference was not statistically significant, possibly due to ~ ASD group and the control group are not statistically significant,
heterogeneity within the ASD population. However, they also  they are higher than those observed in relevant studies also
observed significantly less binding of repressive MeCP2 and  carried out by pyrosequencing in other neurodegenerative
histone H3K9me3 to LINE-I sequences in the autistic cerebellum,  diseases. In this regard, Bollati et al. (38) evaluated methylation
suggesting that relaxation of epigenetic repression may have  of ALU, LINE-1 (same CpGs fragment than in the present
aided in increased expression. Moreover, since the results were  study), and SAT-« sequences in blood samples from 43 patients
obtained from postmortem brain samples, it could not be  with Alzheimer’s disease (AD) and 38 healthy donors. LINE-
determined whether these observations were functionally related 1 methylation increased in AD patients, compared to healthy

to the etiology or pathophysiology of autism. volunteers, obtaining the following mean methylation values: AD
A recent study with 36 ASD subjects and 20 unaffected  83.6% and volunteers 83.1% (p-value: 0.05).
individuals showed that the LINE-I methylation levels were Furthermore, our study focused on a LINE-I fragment

significantly reduced in ASD individuals with severe language  containing 5 CpG positions for analysis. Remarkably, we
impairment and were inversely correlated with the transcript  observed a statistically significant decrease in methylation levels
level (37). Nevertheless, this study was carried out using at position 2 of the LINE-I analyzed fragment, which is then
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reflected in the subgroup of children with mental regression.
Thus, while the mean CpG 2 methylation value of LINE-I in
healthy controls is 72.97%, it falls to 71.15% in the subgroup of
AMR children (p-value: 0.047). This result should be interpreted
as a strong indicator for expanding the LINE-1 study region.
Therefore, a more in-depth future study of LINE-1 methylation
patterns in patients with ASD and healthy controls with an
enlarged analyzed region is needed.

Quantification of DNA methylation in candidate gene
promoters using different samples (blood, specific regions in
post-mortem brain) from patients with ASD has identified
differentially methylated regions (DMR) in OXTR, SHANKS3,
UBE3A, and MECP2 at CpG sites of specific promoters (5-
9). Increasing evidence suggests that growth factors modulate
motor, emotional and cognitive functions, which may account
for the clinical manifestations of several disorders (39). NGF
belongs to the neurotrophin family and is considered a
key regulator of the development, differentiation, survival
and regeneration of nerve cells. NGF is present mainly in
highly functional brain regions. Previous studies from our
group of the same cohort of ASD children as this study,
as well as other groups of children with this disorder, have
shown increased levels of NGF in children with ASD (27).
Moreover, in this disorder, different subgroups considering the
presence or absence of neurodevelopmental regression have been
reported (40, 41). Our results seem to support these notions,
since we found different NGF methylation patterns in both
subgroups, AMR and ANMR. In this regard, approximately
half of both children diagnosed with ASD (47%) and typically
developing children (53%) have lower-than-mean levels of
NGF methylation.

These results are consistent with those previously observed
by our group, in which NGF was detected in <50% of the
children with ASD and typically developing children (27). More
specifically, while only 39% of the ANMR subgroup showed
increased levels of NGF methylation, this value rose to more
than 60% in the AMR subgroup, suggesting a possible higher
expression of NGF in the first subgroup. This is precisely
what we showed in our previously published results, using
samples from the same individuals, where the ANMR subgroup
exhibited higher NGF levels than the typically developing
children (27), making even more plausible the suggestion that
these observations might indicate a disturbance in neuronal
development, and pointing to NGF as a possible biomarker in
autism disorder.

NCAM1 is a glycoprotein mainly expressed on the surface
of nerve cells, in the central and peripheral nervous tissue
of vertebrates, and acts as an adhesion molecule between
cells and their extracellular environment (14, 41). It plays a
critical role in the developmental and plasticity pathways of the
nervous system (8). NCAMI may accumulate in presynaptic
and postsynaptic membranes and it has been associated with
behavioral phenotypes in ASD children (42). Changes in DNA
methylation have not yet been described at the NCAMI level.
In the present study, we reported that when compared to
the typically developing children subgroup, higher levels of

NCAM]I methylation were observed in children with ASD,
without differentiation between the AMR and the ANMR
subgroups. Interestingly, and in agreement with these data, our
previous studies found lower plasma levels of NCAMI in the
same subgroup of ASD children without neurodevelopmental
regression, compared to the levels in the subgroup of typically
developing children (27). NCAMI could be suggested as a
possible biomarker, capable of contributing to the diagnostic
process of the autistic disorder.

In conclusion, given the high heterogeneity in ASD, it
is essential to know the biological factors that trigger this
disorder to understand the behavioral variability of the patients.
Identification of epigenetic biomarkers based on changes in DNA
methylation could help to clarify the pathophysiology of autism,
facilitating its diagnosis and prognosis. To date, a consensus
has not yet been generated on the gene’s specific methylation
signature for autism. In this study, we provide new clues about
the epigenetic changes that occur in the autistic disorders as
well as a clear differentiation in DNA methylation between the
ASD subgroups, according to the presence or absence of mental
regression. Thus, we have reported a differentially methylated
CpG position in the LINE-I retrotransposon between healthy
children and children with ASD. In addition, we have pointed
two candidate genes, NGF and NCAMI, as potential epigenetic
biomarkers that would facilitate the diagnosis of the disorder.
Finally, the findings of this study are in line with previous
research and reinforce our understanding of this disorder.
However, we consider that further investigation is necessary in
this line of research.
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