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Introduction
Autism is a neurodevelopmental disorder characterized by social 

deficits, impaired language, communication and repetitive behaviors. It 
has a wide clinical heterogeneity, therefore, the term autism spectrum 
disorders (ASD) is used. Deficits in social interaction represent a core 
symptom of ASD. The etiology of ASD is not clear. It is a complex disease, 
involving both genetic and environmental factors. High heritability 
suggests that genes play a major role in autism etiology [1]. A number of 
candidate genes have been identified by whole genome scans using both 
population and family-based approaches [2]. Candidate genes involve 
genes encoding neurotransmitters and neuromodulators in the central 
nervous system. Of particular importance is a gene encoding oxytocin 
(OT) and oxytocin receptor (OXTR). The oxytocin system seems to 
play a specific role in autism pathogenesis, since deficits in oxytocin 
plasma levels have been identified in autism patients [3-6]. Oxytocin is 
a prosocial hormone acting as a facilitator of social interactions, both 
in rodents, as well as in humans. Animal studies show that oxytocin 
plays a role in social interactions, attachment, pair bonding, sexual 
behavior and social memory [7]. Moreover, oxytocin increases trust 
among humans, improves eye contact and empathy and other aspects 
of human social behavior [8-10]. 

The involvement of oxytocin in autism etiology is strengthened by 
the still growing evidence that intranasal administration of the hormone 
is capable of restoring some aspects of social deficits in children with 
ASD [6,11-13]. 

Several genetic studies focused their attention on searching for 
the connections between gene variants of OXTR and ASD diagnosis. 
The OXTR gene is located on chromosome 3p25.3 and has 17kb. The 
gene contains 3 introns and 4 exons. The OXTR protein (389 amino 
acids) belongs to class 1 G protein coupled receptor proteins including 
7 transmembrane domains [14]. After ligand binding, it triggers 

intracellular cell signaling leading to increased intracellular calcium. In 
neuronal cells, this process leads to increased neuronal excitability and 
neurotransmitter release [15]. 

Approximately, 30 single nucleotide polymorphisms (SNPs) in 
OXTR have been identified and connections of some of them to ASD 
diagnosis was confirmed by family or population based association 
studies. Wu et al. [16] analyzed 4 SNPs in 195 Chinese Han trios and 
found a positive association of rs2254298 and rs53576 with autism. 
Jacob et al. [17] examined 2 SNPs in 57 Caucasian autism trios and 
found a positive association for rs2255298. Another study on 177 
Caucasian autism patients revealed an association of rs2268493 and 
rs2740204 and autism [18]. Lerer et al. [19] examined 18 SNPs in 152 
autism patients and found an association of a haplotype containing 
5 SNPs and a diagnosis of autism. Japanese autism populations also 
showed a positive association between 4 SNPs in OXTR gene and 
autism [20]. Wermter et al. [21] examined 22 SNPs in 100 families with 
high functioning autism patients and found an association of one SNP 
(rs2270465) and one haplotype (combination of alleles of more than 
two SNPs that are inherited together) with the condition. 

Although one would predict that these SNPs may have functional 
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Abstract
Study background: Autism is a complex neurodevelopmental disorder involving genetic components in its 

etiology. Oxytocin is a neuropeptide affecting social behavior acting in the CNS via binding its only type of receptor 
(OXTR). A number of studies have shown an association of polymorphisms in the OXTR gene and the diagnosis of 
autism in different ethnic populations. The aim of this study is to find an association of polymorphisms in the OXTR 
gene and the diagnosis of autism in Slovakia. 

Methods: After acquiring informed consent, 108 autism patients were recruited into the study (83 males, 25 
females), in addition to 131 healthy children as a control group (106 males, 25 females). DNA was extracted from 
whole blood and four single nucleotide polymorphisms (rs223785, rs2270465, rs2268498, rs53576) were assessed 
using the PCR-RFLP method. 

Results: We found two positive associations of polymorphisms in OXTR with autism in boys, namely markers 
rs2270465 and rs237851 (p<0.0001 and p=0.0016). Both markers survived multiple comparison testing (p<0.0005, 
p<0.001, respectively). There were no significant differences in the genotype and allelic distribution among groups 
in girls. 

Conclusion: Polymorphisms in oxytocin receptor are associated with autism. The addition of psychological 
profiling may reveal possible correlations of gentoypes/alleles within OXTR with symptom severities.
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roles influencing OXTR expression or binding patterns, leading to 
alterations in oxytocin signaling in the brain, the function of a majority 
of the SNPs remains unknown. Some of the SNPs have been linked to 
a certain domains of ADI-R, ADOS or CARS autism diagnostic tools. 
For instance, Wermter et al. [21] found an association of a haplotype 
rs237851, rs6791619, rs53576, rs237884 and four domains in social 
interactions and communication measured by ADI-R questionnaire. 
Aforementioned study by Yrigollen et al. [18] revealed positive 
connection among rs2268493 and rs2740204 and communication 
skills and repetitive behaviors. Egawa et al. [22] found an association 
of rs237887 and imitation score measured by CARS. Campbell et al. 
[23] found an association of rs2268493, rs1042778 and rs7632287 with 
social domain dysfunction measured by ADI-R and ADOS. 

In non-clinical populations, several SNPs in OXTR have been 
shown to be associated with different aspects of social cognition and 
empathy. For instance, rs53576 has been associated with empathy, stress 
reactivity and parental sensitivity [24,25]. In a different study, rs53576 
was associated with socio-emotional sensitivity [26]. Rs53576 is a SNP 
with possible functional relevance, since it has been shown to influence 
transcriptional repression of OXTR [27]. Other polymorphisms in 
OXTR have been identified to influence attachment-related behavior 
and social cognition [28,29]. However, precise mechanisms of these 
actions remain to be clarified.

We have previously investigated rs2228485 lying in OXTR gene 
in Slovak autism population, however, we have not found positive 
association with the diagnosis [30].

Since there is growing evidence that OXTR may modulate genetic 
vulnerability to autism, we aimed to reveal possible associations among 
other four polymorphisms in OXTR gene and autism diagnosis in 
Slovakia. Importance of studying gene variants in OXTR in different 
populations is given by the fact that genetic differences in OXTR between 
populations have been found [16,17]. These authors investigated two 
SNPs in Chinese and Caucasian populations and they found opposite 
alleles of rs2254298 to be associated with autism. In addition, Liu et al. 
[20] found the same association in Japanese autism population as Wu 
found in Chinese population [16]. 

Selection of SNPs for our study was based on previous studies by 
Wermter et al. [21] and Jacob et al. [17], who found a positive association 
of these SNPs (rs2270465 and rs237851) in Caucasian populations of 
ASD patients, and/or functional connections among these SNPs and 
different aspects of social behavior. Other two selected SNPs seem to be 
functional polymorphisms, since rs2268498 is located in the promoter 
region of OXTR gene and rs53576 lies in the third intron of OXTR 
gene, a region found to be responsible for transcriptional suppression 
of OXTR [27,31]. 

Materials and Methods
The study was approved by the Ethical Committee at the Faculty of 

Medicine, Comenius University in Bratislava.

After acquiring informed consent, 108 autism patients were 
recruited into the study (83 males, 25 females). Boys were between 2 
years to 22 years of age (mean age 7 ± 5 years) and girls ranged from 2 to 
22 years of age (mean age 7 ± 6 years). Recruited as control groups were 
131 healthy children (106 males, 25 females). Control boys were in the 
age range of 2 to 20 years (mean age 11 ± 6 years) and control girls were 
in the age range of 2-25 years (mean age 10 ± 8 years). 

Children with autism were recruited from the local Autism Centers 
for children in Bratislava, Trnava and Presov, Slovakia. All autistic boys 

were diagnosed as meeting criteria for ICD-10 childhood autism by a 
clinical child psychologist in the cooperation of a child psychiatrist, 
who confirmed all diagnoses. All subjects were medication-free. 
Control subjects were recruited through local pediatrician clinic after 
regular pediatric examination or mild physical condition due to which 
they attended pediatrician. All subjects were at the time of blood 
sample intake healthy and without any known physical condition that 
was confirmed by pediatrician. All control subjects were without any 
psychiatric condition confirmed by child psychiatrist, according to 
their examinations and parent interview. All subjects were of Caucasian 
race and Slovak ethnicity. 

Venous blood samples were obtained from all children and 
DNA was extracted from whole blood using standard protocols 
(QIAamp DNA Blood Mini kit, Qiagen, Hilden, Germany). Four 
polymorphisms in OXTR gene (rs237851, rs2270465, rs2268498, 
rs53576) were assessed using standard PCR, followed by the RFLP 
(restriction fragment length polymorphism) method. Primer 
sequences for rs237851 were Fw. CACGGTGATTCAGAGTCCA, Rev. 
GCCATCACTGTTGGAAGGAT. Length of PCR product was 451 bp, 
after digestion by BpiI restriction enzyme (Thermofisher Scientific), 
RFLP profiles were recognized by 2% agarose gel electrophoresis (TT 
451 bp, GG 314 bp and 137 bp, GT 451 bp, 314 bp, 137 bp). Primer 
sequences for rs2270465 were Fw. ACACGGAGAATGCAATGGTT 
and Rev. TACCTTTCAGGGAGGCCTTT. Length of PCR product 
was 499 bp, after digestion by HinfI restriction enzyme (Thermofisher 
Scientific), RFLP profiles were recognized by 2% agarose gel 
electrophoresis (CC 265 bp, 225 bp, 9 bp, GG 265 bp, 204 bp, 21 
bp, 9 bp, CG 265 bp, 225 bp, 204 bp, 21 bp, 9 bp). Primer sequences 
for rs2268498 were Fw. TAGGCTGTCTCACGGGCTAC and Rev. 
TCGGCCTCGAAAATTACAGA. Length of PCR product was 448 bp, 
after digestion by BslI restriction enzyme (Thermofisher Scientific), 
RFLP profiles were recognized by 2% agarose gel electrophoresis 
(AA 262 bp, 131 bp, 54 bp, 1 bp, GG 226 bp, 131 bp, 54 bp, 36 bp, 1 
bp, AG 262 bp, 226 bp, 131 bp, 54 bp, 36 bp, 1 bp). Primer sequences 
for rs53576 were GCTGGACTCAGGAGGAATAGGGAC and Rev. 
GCCCACCATGCTCTCCACATC. Length of PCR product was 340 bp, 
after digestion by Sau96I restriction enzyme (Thermofisher Scientific), 
RFLP profiles were recognized by 2% agarose gel electrophoresis (TT 
277 bp, 57 bp, 6 bp, CC 216 bp, 61 bp, 57 bp, 6 bp, CT 277 bp, 216 bp, 
61 bp, 57 bp, 6 bp).

Differences in genotype distribution and allelic distributions were 
determined using χ2 test and Fisher’s exact test. Bonferroni correction 
method was used to counteract the problem of multiple comparisons.

Results
We found two positive associations of polymorphisms in OXTR 

and autism in boys, namely markers rs2270465 and rs237851 (p<0.0001 
and p=0.0016) (Figure 1). Both markers survived multiple comparison 
testing (p<0.0005, p<0.001, respectively). However, allelic frequencies 
differed significantly between the groups only in the case of rs2270465 
(Figure 1). The C allele of this polymorphism was significantly more 
prevalent in the autism sample (p<0.0001), supposedly due to a higher 
prevalence of CC homozygotes in autistic boys (67.9%), in comparison 
to controls (16.1%). In the control group, there was a higher prevalence 
of CG heterozygotes. No GG homozygotes were found in either of the 
examined groups. In the case of rs237851, the distributions of genotypes 
differed significantly among groups, showing lower prevalence of GT 
heterozygotes and higher prevalence of GG homozygotes in the autism 
group. However, allelic frequencies were not significantly different 
among groups.
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Genotype and allelic distributions for all four examined 
polymorphisms are displayed in Table 1A. No significant differences in 
genotype/allelic distributions were observed in girls (Table 1B).

Discussion
In the present study, we examined four single nucleotide 

polymorphisms in the OXTR gene in patients with autism in Slovakia 

in comparison to healthy controls.

Marker rs2270465 in the OXTR gene showed significantly different 
distributions of genotypes, as well as allelic frequencies among boys 
with autism and healthy controls. C allele was more frequent in boys 
with autism (84%), which is in contrast to Wermter et al. [21], who 
found minor G allele more frequently transmitted by parents to the 
affected children on a high functioning level in the German population. 
This finding, however, did not correlate with correction for multiple 
testing. These different findings may have arisen due to differences in 
Slovak and German populations, as well as due to the different parts 
of the autism spectrum involved in the two studies. Marker rs2270465 
was not investigated in any other population, neither was the function 
of this polymorphic site determined. Studies investigating correlation 
of the genotypes in this polymorphism with different aspects of human 

 

 

Figure 1: Genotype and allelic distributions for rs2270465 and rs237851 in 
a population of autistic and control boys in Slovakia. P values in the graphs 
represent nominal P values.

rs237581 Genotype χ2=12.88  P=0.0016 Allele  P=0.077
GG       GT               TT G  T

ASD 29 (35.8%)          24 (29.6%)       28 (34.6%) 82 (50.6%)            80 (49.4%)
CTRL 12 (14.3%) 44 (52.4%)       28 (33.3%) 68 (40.5%)            100 (59.5%)

rs2268498 Genotype χ2=0.34  P=0.819 Allele  P=0.819
TT       CT CC A G

ASD 23 (28.4%)            41 (50.6%)     17 (21%) 75 (47.5%)         87 (53.7%)
CTRL 34 (32.1%)             49 (46.2%)     23 (21.7%) 85 (44.8%) 117 (55.2%)

rs2270465 Genotype P<0.0001 Allele  P<0.0001
CC  CG                 GG C    G

ASD 53 (67.9%)            25 (32.1%)         0 (0%) 131 (84%)                25 (16%)
CTRL 14 (16.1%)             73 (83.9%)        0 (0%) 101 (58%)                73 (42%)

rs53576 Genotype χ2=0.908   P=0.635 Allele  P=1
AA AG GG A G

ASD 7 (8.9%)             61 (77.2%)     11 (13.9%) 75 (47.5%)        83 (52.5%)
CTRL 12 (12%)          71 (71%)    17 (17%) 95 (47.5%)         105 (52.5%)

A

B
rs237851 Genotype χ2=0.6920   P=0.7075 Allele     P=0.6595

GG   GT                 TT G     T
ASD 4 (21.1%)      8 (42.1%)   7 (36.8%) 16 (42.1%)      22 (57.9%)
CTRL 5 (21.8%) 7 (30.4%) 11 (47.8%) 17 (37%) 29 (63%)

rs2270465 Genotype P=0.0716 Allele     P=0.1752                    
CC CG GG C G

ASD 13 (52%)       12 (48%)           0 (0%) 38 (76%)       12 (24%)
CTRL 5 (23.8%) 16 (76.2%)   0 (0%) 26 (61.9%) 16 (38.1%)

rs2268498 Genotype χ2=1.556    P=0.4594 Allele     P=0.5406
TT CT CC C T

ASD 7 (28%)         14 (56%)      4 (16%) 22 (44%)          28 (56%)
CTRL 11 (44%)       10 (40%)      4 (16%) 18 (36%)          32 (64%)

rs53576 Genotype   χ2=0.2984    P=0.8614 Allele     P=0.8395
AA AG GG A G

ASD 3 (13%) 14 (60.9%) 6 (26.1%) 20 (43.5%) 26 (56.5%)
CTRL 3 (12%)         17 (68%)      5 (20%) 23 (46%)        27 (54%)

Table 1: Genotype and allelic distributions for rs237851, rs2270465, rs2268498, 
rs53576 in Slovak autistic and control populations; A: boys; B: girls. The number of 
participants and their percentages are displayed for each genotype. The number of 
alleles and percentages are displayed for each allele. P values are nominal values 
prior to multiple comparison testing.
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behavior are also lacking. However, marker rs2270465 lies 5.7kb 
upstream of the transcription start site of OXTR gene in the flanking 
region may affect binding of transcription factors, and thus, alter OXTR 
gene expression in patients with autism [21]. 

Marker rs237851 showed different distributions among the two 
populations, however, allelic distributions did not reach a statistically 
significant level. Significant difference in genotype distribution was 
due to excess of GT heterozygotes in the control group. Since allelic 
frequencies did not differ significantly among groups, we cannot 
clearly conclude positive association with autism diagnosis in Slovak 
population. This marker was shown in a study by Wermter et al. [21], 
to be associated with an ASD diagnosis as a part of 4 marker haplotype. 
Moreover, this haplotype was associated with four subdomains of 
ADI-R involving socio-emotional aspects of interpersonal relationships 
[21]. 

Markers rs2268498 and rs53576 have not shown significant 
differences in genotype or allelic distributions among autistic 
and control groups in Slovakia. Marker rs2268498 is a functional 
polymorphism lying in the promoter region of the OXTR gene, 
previously shown to affect moral judgments [31], and was associated 
with negative emotionality [32]. Marker rs53576 lies in the third intron 
of OXTR gene, a region found to be responsible for transcriptional 
suppression of OXTR [27]. It was broadly studied in clinical and non-
clinical populations. Wu et al. [16] found an association of this marker 
with autism in Chinese populations. However, we have not confirmed 
this finding in autistic children in Slovakia. In addition, this marker 
was found to be associated with a number of socio-emotional aspects 
of human behavior, such as empathy, negative affects and social and 
emotional loneliness, coping with psychological distress and stress-
protective effects of social support [24,26,33-35]. 

In girls with autism, we did not find any significant results probably 
due to low sample size. The addition of psychological profiling may 
reveal possible correlations of genetic variants in the OXTR gene, with 
manifestation of symptoms and symptom severities in children with 
autism in Slovakia. 

Since ASD displays a broad genetic heterogeneity, more homogenous 
samples are needed to find the connections of gene variants and the 
diagnosis, as well as traits or symptoms. Homogeneity of the samples 
must be kept in mind from an ethnicity point of view, since the same 
markers show different patterns in different ethnic groups of autism 
populations [16,17]. The main limitation of the present study is the 
absence of behavioral parameters in the sample of patients that could 
be found in association with the genetic markers examined in this study 
of Slovak autism patients. Addition of these data would bring more 
clinical relevance to the study. 

Autism is a complex disease, possibly including both genetic and 
environmental factors in its etiology. Several studies suggest that 
behavior expression of certain genotypes in OXTR may be sensitive 
to input from social environments [26]. For instance, environmental 
adversity may trigger the development of the disease (or trait) in 
individuals carrying responsible risk alleles. This phenomenon makes 
the study of autism etiology even more challenging.
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