
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ineg20

Journal of Neurogenetics

ISSN: 0167-7063 (Print) 1563-5260 (Online) Journal homepage: https://www.tandfonline.com/loi/ineg20

The altered promoter methylation of oxytocin
receptor gene in autism

Mine Elagoz Yuksel, Betul Yuceturk, Omer Faruk Karatas, Mustafa Ozen &
Burak Dogangun

To cite this article: Mine Elagoz Yuksel, Betul Yuceturk, Omer Faruk Karatas, Mustafa Ozen &
Burak Dogangun (2016) The altered promoter methylation of oxytocin receptor gene in autism,
Journal of Neurogenetics, 30:3-4, 280-284, DOI: 10.1080/01677063.2016.1202951

To link to this article:  https://doi.org/10.1080/01677063.2016.1202951

Accepted author version posted online: 16
Jun 2016.
Published online: 05 Aug 2016.

Submit your article to this journal 

Article views: 360

View related articles 

View Crossmark data

Citing articles: 16 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=ineg20
https://www.tandfonline.com/loi/ineg20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01677063.2016.1202951
https://doi.org/10.1080/01677063.2016.1202951
https://www.tandfonline.com/action/authorSubmission?journalCode=ineg20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ineg20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01677063.2016.1202951
https://www.tandfonline.com/doi/mlt/10.1080/01677063.2016.1202951
http://crossmark.crossref.org/dialog/?doi=10.1080/01677063.2016.1202951&domain=pdf&date_stamp=2016-06-16
http://crossmark.crossref.org/dialog/?doi=10.1080/01677063.2016.1202951&domain=pdf&date_stamp=2016-06-16
https://www.tandfonline.com/doi/citedby/10.1080/01677063.2016.1202951#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/01677063.2016.1202951#tabModule


SHORT COMMUNICATION

The altered promoter methylation of oxytocin receptor gene in autism
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ABSTRACT
Autism spectrum disorder (ASD) is one of the lifelong existing disorders. Abnormal methylation status of
gene promoters of oxytonergic system has been implicated as among the etiologic factors of ASDs. We,
therefore, investigated the methylation frequency of oxytocin receptor gene (OXTR) promoter from per-
ipheral blood samples of children with autistic features. Our sample includes 66 children in total (22–94
months); 27 children with ASDs according to the DSM-IV-TR and the Childhood Autism Rating Scale
(CARS) and 39 children who do not have any autistic like symptoms as the healthy control group. We
investigated the DNA methylation status of OXTR promoter by methylation specific enzymatic digestion
of genomic DNA and polymerase chain reaction. A significant relationship has been found between
ASDs and healthy controls for the reduction of methylation frequency of the regions MT1 and MT3 of
OXTR. We could not find any association in the methylation frequency of MT2 and MT4 regions of OXTR.
Although our findings indicate high frequency of OXTR promoter hypomethylation in ASDs, there is need
for independent replication of the results for a bigger sample set. We expect that future studies with
the inclusion of larger, more homogeneous samples will attempt to disentangle the causes of ASDs.
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Introduction

Autism spectrum disorders (ASDs) are amongst the most fre-
quently diagnosed disorders in child and adolescent mental
health clinics and the number of children diagnosed with
those has been increasing in recent years (Fombonne, 2009).
According to the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition, text revision (DSM-IV-TR), ASDs
are characterized by persistent deficits in social communica-
tion and social interaction across contexts as well as existence
of restricted, repetitive patterns of behavior, interests or activ-
ities (American Psychiatric Association, 2000). Some behav-
ioral, environmental, dietary, viral/immunologic, autoimmune
or genetic factors are thought to be involved in its etiology,
although a single explanation for the symptoms of ASDs has
failed due to its complexity and clinical heterogeneity
(Volkmar, Westphal, Gupta, & Wiesner, 2008). Today ASDs
are considered as heritable neurodevelopmental disorders,
mainly because of the relative risk for siblings (2–8%), which
is higher than that of the general population and due to the
large differences in concordance rates between monozygotic
(60–92%) and dizygotic twins (0–10%) (Muhle, Trentacoste,
& Rapin, 2004). To date, genetic syndromes, metabolic dis-
eases, several mutations and de novo copy number variants
have been ascribed to almost 25% of ASDs cases (Benvenuto,
Moavero, Alessandrelli, Manzi, & Curatolo, 2009).

Numerous genetic studies had been designed to characterize
the contribution of genetic factors to the development of
ASDs, however, heterogeneous nature of ASDs limited their
success.

ASDs are typically evident before the age of three and last
throughout a person’s life. Therefore, ASDs appear to have
their roots in very early brain development (Volkmar et al.,
2008). Recent data suggest that epigenetic alterations during
the fetal and neonatal periods of life provide life-long lasting
effects on gene expression and play a central role in diseases
like ASDs. There have been only few studies on epigenetic
mechanisms involved in ASDs. MECP2, encoding a methyl-
CpG-binding protein, is itself a mediator of epigenetic modu-
lation, which is associated with autism. Nagarajan et al. dem-
onstrated that 79% of boy autistic patients have a reduction in
MECP2 expression in the frontal cortex in correlation with an
increase in DNA promoter methylation. Performing a global
methylation analysis in discordant monozygotic twins and
their siblings, Nguyen et al. found an overlapping set of genes
that exhibited increased methylation and reduced expression.
Gregory et al. demonstrated aberrant methylation in the oxy-
tocin receptor gene (OXTR) and reduced expression of the
oxytocin receptor in postmortem temporal cortex in ASDs.

OXTR polymorphisms have been associated with
social behaviors in humans such as empathy, prosocial
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decision-making, attachment and parenting (Savaskan,
Ehrhardt, Schulz, Walter, & Sch€achinger, 2008). Its effects on
animal social behavior and on social cognition in the human
studies have prompted the investigation of the oxytocinergic
system in patients with ASDs. Plasma oxytocin has been
reported as decreased in children with ASDs compared to
healthy control subjects (Modahl et al., 1998; Green et al.,
2001). OXTR has also been implicated in ASDs by family-
based linkage and association studies. 3p24–26 chromosomal
region, harboring the OTXR, was identified as a susceptibility
region for autism in a Finnish sample (Ylisaukko-oja et al.,
2006). Despite a non-supporting study with autism sample
from Ireland (Tansey et al., 2010), several studies implicated
the OXTR polymorphisms as a possible etiological mechanism
for ASDs (Wu et al., 2005; Jacob et al., 2007; Lerer et al., 2008;
Yrigollen et al., 2008). Observations from the animal and
human studies have led to the hypothesis that oxytocin may
be a viable pharmacotherapy to enhance core autistic features
in children with ASDs (Modi & Young, 2012). Pivotal clinical
trials have shown that intranasal or intravenous administra-
tion of oxytocin improves the autistic symptoms (Hollander
et al., 2003, 2007; Guastella et al., 2010; Kosaka et al., 2012).
Hollander et al. (2003) found that oxytocin infusion resulted
in a significant reduction in repetitive behaviors of 15 adults
with ASDs. Hollander et al. (2007) showed improvements in
affective speech comprehension in 15 patients with ASDs.
Guastella et al. (2010) administered oxytocin nasal spray to 16
adolescent males with ASDs and found that oxytocin improves
emotion recognition. Kosaka et al. (2012) showed improve-
ment of social impairments in an autistic female with long-
term administration of oxytocin nasal spray.

Epigenetic control of autism susceptibility is a recent con-
cept and most certainly a topic of great interest in the field.
In the present report, as to highlight the etiology of ASDs,
we investigated the methylation frequency of OXTR of autis-
tic patients in comparison to the non-autistic children in a
Turkish population.

Methods

Participants

Our case-control study includes totally 66 subjects. The case
group includes 27 children diagnosed with ASDs and the
healthy control group includes 39 children who don’t have
any autistic like symptoms. The case group involved the chil-
dren who were brought to the Children and Adolescent
Mental Health clinic of Istanbul University Cerrahpasa
Medical School by their parents between September 2011 and
September 2012 or the ones who were previously diagnosed
and followed up on a regular basis. They underwent psychi-
atric examination and diagnosed as autistic disorder or perva-
sive developmental disorder-not otherwise specified according
to the standard criteria of the DSM-IV-TR (American
Psychiatric Association, 2000). The clinical diagnosis was
established on the basis of CARS. Each CARS item is scored
on a 4-point scale (score range, 1–4) and total CARS scores
range from 15 to 60, with a minimum score of 30 serving as
the cutoff for autism (Incekas, 2009). Patients diagnosed with

other autistic conditions such as childhood disintegrative dis-
order, Asperger syndrome, Rett syndrome or with comorbid
psychiatric disorders according to DSM-IV-TR or with mod-
erate to severe developmental delay according to standardized
tests or clinical examination, were not included in the study.
Children, who were brought to The Children and Adolescent
Health Clinic of Istanbul University, Cerrahpasa Medical
School, and who do not have any autistic symptoms accord-
ing to the clinical examination and had no medical history of
behavioral or neurologic abnormalities confirmed by parent
reports, involved as the healthy control group in the study.
Existence of chronic medical disorders, history of any medi-
cation usage, and vitamin or mineral supplements were deter-
mined as exclusion criteria from the study. Parents were
informed of the purposes, risks, and benefits of participation
in this project and all of the families gave their written
informed consents before participating in the study. The
study was approved by the Institutional Review Board at the
Istanbul University, Cerrahpasa Medical School.

Peripheral blood collection and genomic DNA isolation

Peripheral blood samples were obtained from the patient and
healthy control groups, and then collected into ethylene
diamine tetraacetic acid (EDTA) tubes. Immediately after col-
lection, whole blood samples were stored as aliquots at
�20 �C until use. DNA was extracted from peripheral blood
samples by using the PureLinkTM Genomic DNA Isolation
Kit (Invitrogen, Carlsbad, CA) according to the manufac-
turer’s standard protocols. The purities and concentrations of
DNA samples were measured spectrophotometrically using
NanoDrop ND-2000c (Thermo Fisher Scientific, Inc.,
Wilmington, DE).

Methylation specific enzymatic digestion of genomic
DNA

Hap II (Hpa II) restriction endonuclease (Invitrogen,
Carlsbad, CA) was used for enzymatic digestion of DNA.
Methylation specific Hpa II enzyme recognizes unmethylated
CCGG sequences and digests these regions in the genome.
One microgram of gDNA from each sample was digested
using 10 units of Hpa II restriction endonuclease at 37 �C for
24 h. Digested gDNA were separated using 1% agarose gel
electrophoresis and visualized by INFINITY UV transillumi-
nator (Vilber, Eberhardzell, Germany) to confirm the enzym-
atic digestion.

Purification of digested genomic DNA and PCR

DNA digested with methylation specific restriction enzyme
was purified using ChargeSwitchVR -Pro PCR Cleanup Kit
(Thermo Fisher Scientific, Inc., Wilmington, DE) according
to the manufacturer’s protocol. We investigated the DNA
methylation status of four regions (MT1, MT2, MT3, MT4)
of OXTR promoter (Figure 1), which were previously shown
to be methylated and associated with differential expression
of the gene in liver and myometrium (Kusui et al., 2001).
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This four consecutive regions in the promoter of OXTR con-
taining Hpa II specific sequences, were amplified using the
following primer pairs: MT1-forward:
50-AGTTCCCTCCCTCTCGCAGTT-30, MT1-reverse: 50-TCT
CACTGGAGCCTCGGTTG-30; MT2-forward: 50-TCCTGTA
CCCATCCAGCGAC-30, MT2-reverse: 50-GAACCCCTGAC
TTGCGCTTT-30; MT3-forward: 50-TATCTGGGTCCAAAGC
GCAA-30, MT3-reverse: 50-GGAGGGTCAAAATCAGC
AACG-30; MT4-forward: 50-GCTATTTGGGGATTTCCGGA-
30, MT4-reverse: 50-AGTCCACCCTGAAACAAACCG-30.
PCR was performed using 2� Dream Taq Master Mix
(Fermentas, Invitrogen, Carlsbad, CA) in a 25 ll of total reac-
tion volume containing 50 ng of digested and purified DNA.
Initial denaturation was performed for 5 min at 94 �C, and
then for amplification of OTXR, 30 cycles of 94 �C for 30 s,
60 �C for 30 s and 72 �C for 30 s were performed. Undigested
genomic DNA and digested CpGenome Universal Methylated
DNA (Millipore, Darmstadt, Germany) were used as positive
controls and digested Universal Unmethylated DNA
(Millipore, Darmstadt, Germany) was used as negative con-
trol. The PCR products were separated by electrophoresis on
2% agarose gel and visualized INFINITY UV transilluminator
(Vilber, Eberhardzell, Germany).

Statistical analysis

Statistical analysis was performed using SPSS 15.0 (IBM,
Armonk, NY). Age distribution of the case and healthy con-
trol groups was compared with two-sided Student’s t-test.
Gender distribution of the case and healthy control groups
were compared with fisher’s exact test. Pearson’s chi-square
test was used to analyze the statistical significance of differ-
ence in the methylation status of distinct OXTR promoter
regions. A p-value <0.05 was considered as statistically
significant.

Results

Patients

The ASDs group consisted of four girls (14.8%) and 23 boys
(85.2%), whereas the healthy control group consisted of six
girls (15.4%) and 33 boys (84.6%). There was no statistically
significant difference between the groups in terms of gender

distribution (Fisher’s exact test, p¼ 1). The mean age of the
ASDs group was 39.27 months with a standard deviation
(SD) of 16.95 (range 22–94 months). The average age of the
healthy control group was 43.69 months with an SD of 20.51
(range 21–92 months). There were no statistical differences
between the groups regarding age (t-test, p¼ 0.366).

Methylation analysis of the OXTR promoter region

To investigate the DNA methylation status of four consecu-
tive regions (MT1, MT2, MT3, MT4) of OXTR, we utilized
the existence of methylation-sensitive Hpa II enzyme target
sites, where they are cut if unmethylated and not amplified
by PCR. Specificity and validity of our approach were con-
firmed by utilization of CpGenome Universal Methylated
DNA (Millipore, Darmstadt, Germany) and Universal
Unmethylated DNA (Millipore, Darmstadt, Germany). PCR
amplification after digestion of the universally methylated
DNA resulted in amplification of all MT regions; however,
none of the MT regions could be amplified when the digested
universally unmethylated DNA was used as a template. As to
the samples included into the study, 12 of 27 autistic children
and 28 of 39 non-autistic children had methylation at MT1
region of OXTR. There is a single methylation-sensitive
HpaII target site within the MT1 region. Analysis of this
region showed a significant decrease in the methylation fre-
quency of this single methylation site between the autistic
and non-autistic children (44.4% methylated versus 71.8%
methylated, respectively) (p¼ 0.039). Furthermore, 8 of 27
autistic children and 24 of 39 non-autistic children had
methylation at MT3 region of OXTR, which includes four
methylation-sensitive HpaII target sites. CpG sites of MT3
showed a significant decrease in methylation frequency
between the autistic and the non-autistic children (29.6%
methylated versus 61.5% methylated, respectively)
(p¼ 0.013). On the other hand, 5 of 27 autistic children and
8 of 39 non-autistic children had methylation at MT2 region
of OXTR, where four methylation-sensitive HpaII target sites
reside. Methylation frequency of the CpG sites of MT2 was
not significantly different between the autistic and the non-
autistic children (18.5% methylated versus 20.5% methylated,
respectively) (p¼ 1). Two of 27 autistic children and five of
39 non-autistic children had methylation at MT4 region of
OXTR with five methylation-sensitive HpaII target sites.

Figure 1. Schematic representation of the oxytocin receptor gene. The CpG island of the OXTR is subdivided into four fragments as MT1, MT2, MT3 and MT4 with pri-
mer pairs that were used in Kusui et al. (2001). Methylation-sensitive HpaII sites are represented as vertical bars.
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MT4 region was highly unmethylated in both autistic and
non-autistic children and methylation frequency of the CpG
sites of MT4 was not significantly different between the autis-
tic and the non-autistic children (7.4% methylated versus
12.8% methylated) (p¼ 0.691) (Figure 2).

Discussion

In this study, we compared the methylation status in the pro-
moter of OXTR of 27 ASDs and 39 healthy controls with no
autistic phenotype. We found that the reduced methylation
frequencies of MT1 and MT3 regions of OXTR promoter were
significantly associated with ASDs in our samples. This data
implicate epigenetic dysregulation as a mechanism for the
development of autism and might suggest the examination of
DNA methylation patterns of autism candidate genes.

OXTR methylation analysis in ASDs initially was carried
out previously by Gregory et al. (2009). They demonstrated
hypermethylation in MT2 of the OXTR promoter region of
peripheral blood DNA of 10 autism cases and 10 matched
healthy controls, however, they didn’t assess MT1 and MT3
regions (Gregory et al., 2009). In our study, methylation status
of MT2 region was not significantly different in both groups.
The fact that our findings with MT2 are not consistent with
the findings of Gregory et al. (2009) could be explained by the
difference in populations and the number of participants.
Although both populations are Caucasians, Turkish popula-
tion is ethnically, especially genetically and environmentally
different from the American population. Different SNP alleles
of OXTR in the same residue have been found to be associated
with ASDs in different populations previously (Wu et al.,
2005; Jacob et al., 2007). Therefore, genetic and clinic hetero-
geneity in autism etiology and populations may result in lack
of statistically significant replication.

Hypermethylation of some gene promoters has been
reported (Gregory et al., 2009; Nguyen, Rauch, Pfeifer, & Hu,
2010), however, this is the first report of hypomethylation of
a gene promoter in ASDs. Also, whole genome methylation
analysis of ASDs was carried out, which reported significantly
reduced cellular methylation capacity, abnormal plasma levels
of folate-dependent methionine and glutathione pathway
metabolites in ASDs. They compared 68 autistic, 40

unaffected siblings and 54 healthy control children and
reported for the first time a reduction of genome-wide DNA
methylation in many autistic children possibly due to
decreased plasma concentrations of methylation precursors
and decreased SAM/SAH methylation potential. They sug-
gested that such an epigenetic dysregulation could result in
aberrant gene expressions (Melnyk et al., 2012; Rose et al.,
2012). However, it is likely that DNA methylation mecha-
nisms and OXTR expression are far more complex than what
we know today. For example, DNA methylation is associated
not only with gene silencing but also with abnormal chroma-
tin structure. Results of DNA methylation studies with cancer
and immunodeficiency showed that DNA hypomethylation
effects on chromosome structure and integrity, which results
in instability (Chen, Pettersson, Beard, Jackson-Grusby, &
Jaenisch, 1998). Interestingly, genomic instability has been
observed in ASDs (Smith, Bolton, & Nguyen, 2010).

OXTR expression is regulated by a complex combination
of sex hormones, inflammatory cytokines, OT feedback and
epigenetic mechanisms (Neumann, 2008). It is also possible
that regulation of OXTR expression differs between tissue
types. OXTR promoter methylation regions could differ in
liver, myometrium or brain. That means the regions termed
by Kusui et al. (2001) may not be involved in brain develop-
ment. There might be other regions at the promoter of
OXTR, which regulate gene function in the brain. Therefore,
if there is limited change to brain, the studies with peripheral
blood cells like ours cannot exactly reflect the etiology (Szyf,
2011). Also, we didn’t investigate the parents of the children
with ASDs, therefore, we cannot know if the hypomethyla-
tion occurred de novo or was inherited.

Inspite of the growing data of researches, many of the
genetic studies fail to replicate and reproducibility does not
always happen (Ioannidis, Ntzani, Trikalinos, &
Contopoulos-Ioannidis, 2001). Also, biological consequences
of DNA methylation cannot be explained by one simple the-
ory (Bird, 2002). One should not discourage further research
in this promising field because of these challenges; the role of
DNA methylation in mental diseases remains to be a mystery
in the field. We acknowledge that future studies with larger
sample sizes may shed light on the methylation status and
ASDs. Better understanding of the etiology of ASDs will serve
to better medication options.
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