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Abstract

Primary objective and hypothesis: Oxytocin plays a key role as regulator of several prosocial behaviors, and its plasma and cerebrospinal fluid concentrations have been
found to be reduced in psychiatric conditions involving alterations in social phenotypes. Interestingly, single nucleotide polymorphisms (SNPs) in oxytocin receptor
(OXTR) gene sequence have been reported to be associated with autism, personality disorder, and depression. Recently, the SNP rs237887 has been reported to lie
in a functional region of OXTR gene, required for transcriptional regulation of OXTR, and, as consequence, likely playing a role in oxytocin pathway dysregulation.

We aimed to first investigate the potential role of OXTR rs237887 as genetic risk factor for mood disorders.

Research design: We carried out a case-control study by evaluating the distribution of OXTR 15237887 in 87 patients with major depressive disorder (MDD), 128
with bipolar disorder (BD), and 140 healthy subjects, matched for age and gender. Genotyping was performed by Real-time PCR allelic discrimination.

Outcomes and results: A higher frequency for OXTR rs237887 G mutated allele was found in MDD patients compared with BD patients and controls (0.48 vs 0.42
vs 0.42). Moreover, the frequency of GG mutated genotype was higher in MDD than in BD patients and controls (24% vs 17% vs 16%). Instead, similar genotype and
allele frequencies were observed between BD cases and controls. However, the differences found were not statistically significant, likely due to the small sample size.

Conclusions: These preliminary observations suggest to move the interest on OXTR rs237887 polymorphism towards MDD and, at the same time, replicate the

present results in a larger sample size.

Introduction

Oxytocin (OT) has long been known as the hormone responsible
for parturition and lactation. However, recent evidences have shown
that OT is a key regulator of various pro-social behaviors, such as social
bonding, attachment, love, trust, positive communication, empathy
and altruism, and likely plays a role in social reward systems [1,2].

OT is a nonapeptide mainly synthesized in the magnocellular
neurons of the paraventricular and supraoptic nuclei of the
hypothalamus, and released by the pituitary gland. The oxytocinergic
system is involved in the neuromodulation of amygdala, hypothalamus
and nucleus accumbens activities, and also crosstalks with monoamine
(serotonin, norepinephrine, and dopamine) pathways. These
observations suggest a role for OT in the regulation of ‘prosocial’
behaviors, especially those involving affective components [3,4].
Indeed, the OT system dysregulation has been suggested as a putative
mechanism contributing to disturbed social interactions and altered
social recognition skills [2,5]. Several evidences demonstrate that
abnormalities in social cognition in schizophrenia, major depressive
disorder (MDD), and bipolar disorder (BD), as well as the neurobiology
of social cognition involve a role for OT [6]. Notably, human biomarker
studies show that OT concentrations in plasma and cerebrospinal fluid
are negatively correlated with measures of aggression, suicidality, and
negative emotions after social exclusion [7-9].

Biomed Genet Genomics, 2016 doi: 10.15761/BGG.1000119

Interestingly, social cognitive performance may be strongly
influenced by the context, i.e. the quality of early environmental
experiences and inter-individual differences [10]. In this regard,
previous findings from behavioural studies also suggest that differences
in socio-emotional processing are associated with genetic variation
in the OXTR (chr. 3p25.3), the gene encoding for OT receptor, in
samples of young and older adults [11]. Indeed, polymorphic variants
of OXTR not only are associated with impaired social skills [12-15],
but also significantly affect the differential susceptibility to psychiatric
conditions, including anxiety disorder, autism, personality disorders,
and depression [16-19].

Recent evidences suggest a role for OT pathway dysregulation
in MDD [20-21]. An altered pattern of peripheral OT release was
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observed in depressed women, that showed lower OT plasma levels in
comparison with healthy ones [22-23]; moreover, salivary OT levels
were lower in mothers with chronic depression and their children
compared to non-depressed mothers [24].

Consistently with OT involvement in mood related disorders,
previous works have investigated the association between OXTR
single nucleotide polymorphisms (SNP) rs53576, rs2254298, rs237885
and depression [18,24-26]. To date, only the rs2254298 resulted to be
associated with MDD, since the rs2254298 GG homozygous mutated
genotype was over-represented in depressed mothers and their families,
and it correlated with lower salivary OT levels [24].

Recent reports described the association of a different OXTR SNP,
rs237887, with prosociality and social skills [14,27]. This polymorphism
lies in intron 3 of OXTR gene, a functional region containing an ETS
family target sequence (5'-GGA-3') required for the transcriptional
regulation of OXTR gene [14]. These features, suggesting that OXTR
rs237887 variant might play a role in OT pathway dysregulation,
prompted us to carry out a case-control study investigating, for the
first time, the association of OXTR SNP rs237887 with MDD and BD.

Materials and methods

Study cohort

This study was carried out on 215 patients with affective disorders
that were referring for evaluation to the Psychiatry Unit of the
University Hospital of Messina (Italy). Eighty-seven patients were
diagnosed with MDD and 128 patients with BD. Consensus life time
diagnosis was made for each patient by two experienced psychiatrists.
The phenotyping was based on clinical interviews, medical records
and family history method according to DSM-IV criteria using SCID
(Structured Clinical Interview for DSM Disorders) [28]. All relevant
clinical informations regarding the course of both disorders were
provided by SCID.

The control group consisted of 140 healthy subjects, matched
with patients for age, gender and ethnicity, that were recruited, on
a voluntary basis, among the general population as well as staff and
students of the University Hospital of Messina. All subjects in control
group were psychiatrically screened using the Italian version of Mini-
International Neuropsychiatric Interview - M.LN.I [29], for excluding
the presence of any serious mental health problems.

Written informed consent was individually obtained by each
recruited subject, and the study was performed according to the Code
of Ethics of the World Medical Association (Declaration of Helsinki).

Genotyping for OXTR rs237887 nucleotide

polymorphism

single

Genomic DNA was isolated from peripheral blood lymphocytes

Table 1. Socio-demographic and clinical features of study subjects.

MDD

Patients

(n=287)
Age (years) * 49.8+10.7
Gender (% female) 47.1
Educational level (years) * 10.6 £4.1
Age of onset (years) © 43+15.5
Duration of illness (years) © 8.1+8

by QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Then, genotyping for
OXTR 5237887 polymorphism (Allele 1= G; allele 2= A; genomic
coordinates 8772042, available from National Center for Biotechnology
Information dbSNP Build 123) was carried out by Real-time PCR allelic
discrimination using a commercially available TagMan Genotyping
Assay (C_3290323_10) (Applied Biosystems, Monza, Italy), and
Genotyping Master Mix (Applied Biosystems, Monza, Italy), according
to manufacturer’s instructions. Samples with OXTR rs237887 known
genotype, previously assessed by DNA direct sequencing, were also run
as controls for genotyping.

Thermal cycling conditions were set according to manufacturer
instructions. Real-time PCR instrument was a Fast 7900 HT Real-time
PCR (Applied Biosystems, Monza, Italy).

Statistical analysis

Data obtained from the study underwent descriptive and inferential
statistical analysis. Continuous data were expressed as mean + SD, and
comparison among the groups was performed using a one-way analysis
of variance (one-way ANOVA), followed by the Bonferroni’s post hoc
test, or Student’s t- test, when appropriated. Non-continuous data
were expressed as percentages, and the comparison among the groups
was performed by using the Chi-Square test. Compliance of genotype
distribution to the Hardy-Weinberg equilibrium was estimated by
Fisher’s exact test, based on a Web program (http://ihg.gsf.de/cgi-bin/
hw/hwal.pl). Statistical analysis wasperformed with GraphPad Prism 5
software (San Diego, CA, USA).

Results

Clinical and demographic features of study participants are shown
in table 1. At the time of recruitment, MDD and BD patients and
healthy subjects were well matched with regard to and educational
level.

Statistical analysis showed that MDD and BD patients were well
matched for age and gender, while significant differences were found
for educational level and duration of illness, that were higher in the
BD group, and also for age of onset, that was higher in MDD group
(Table 1).

The results from genotyping of cases and controls at OXTR locus
rs237887 are shown in table 2. Genotype distributions were in Hardy-
Weinberg equilibrium both in cases and controls (p=0.8 for MDD, p=1
for BD, p=0.6 for controls).

Our data show that the wild-type A allele was more represented
than the G mutated allele both in recruited patients and healthy
subjects. Interestingly, a lower frequency for A allele, and conversely
a higher frequency for G mutated allele, was found in MDD patients

BD Controls P
Patients (n =140)
(n=128)
46.9 + 10 48.2+9.9 0.120
39.1 38.6 0.389
11.9+3.5 11.6 £3.9 0.046
30.5+10.3 <0.0001
16 +9.6 <0.0001

Data are provided as means =£SD, and were analysed by * ANOVA,® Chi-Square test;  Student’s ¢-fesz.

Values were considered statistically significant when p<0.05.

Biomed Genet Genomics, 2016 doi: 10.15761/BGG.1000119

Volume 1(4)



Bruno A (2016) The rs237887 single nucleotide polymorphism in oxytocin receptor gene and the risk for mood disorders in Italian population: A case-control study

Table 2. Genotype and allele distributions of OXTR 15237887 polymorphism in patients affected by mood disorders and healthy subjects.

OXTR rs237887 SNP Controls MDD patients
(A>G) (n=140) (n=87)
A/A 32.1% (45) 27.6% (24)
A/G 51.4% (72) 48.3% (42)
G/G 16.4% (23) 24.1% (21)
A allele frequency 0.58 0.52
G allele frequency 0.42 0.48

BD patients p* p° p°
(n=128)
32.8% (42) 0.47 0.91 0.41
50% (64) 0.64 0.88 0.80
17.2% (22) 0.153 0.86 0.21
0.58 0.20 0.99 0.21
0.42 0.20 0.99 0.21

* p value obtained after comparison of MDD and Ctr; °p value obtained after comparison of BD and Ctr; °p value obtained after comparison of MDD and BD. Values were considered

statistically significant when p<0.05.

than in BD and controls (Table 2). However, these differences were not
significant.

The A/G heterozygous genotype was the most represented in all
groups, with similar frequencies, while the G/G mutated genotype
was more frequent in patients than in healthy subjects, with a higher
frequency in MDD group than in BD group. However, all these
differences did not reach statistically significant values. Conversely,
the frequency of A/A wild-type genotype was slightly lower in MDD
patients (Table 2).

Discussion

Interest in the role of OT in mood disorders has increased with
the demonstration that this hormone plays an important role in social
attraction, affiliative behavior and bonding, which might be important
in relation to the development of depression [10,30]. Since OT can
decrease anxiety levels and, more in general, the endocrine response to
environmental stressors, as well as modulate cognitive functions and
promote positive social relationships, some symptoms of depression,
including social withdrawal, cognitive impairment, appetite
modifications and stress reactivity may be influenced by dysregulation
of the OT system [21,31]. In this regard, intranasal OT administration
has been associated with reduced social stress reactivity, and attenuated
amygdala activity in response to emotional stimuli [32].

Notably, it has been shown that individual differences in OXTR
gene sequence may strongly influence individual differences in
social cognition [14]. Since these results have translational potential
in depression, social stress, and anxiety, they could increase the
understanding of the role of OT in aging, in which impairment of
socio-emotional function is often observed, and will have the potential
for generating new interventions to improve health and well-being
[11].

To date, most studies investigating the relationship between OXTR
and social phenotypes have focused primarily on SNPs rs1042778 [33],
rs53576 [34], and rs2254298 [35]. Israel and co-workers [33] testing
OXTR genetic polymorphisms for association with the Dictator Game
and a related paradigm, the Social Values Orientation task, confirmed
the relation between oxytocin system and human prosocial decision.
Moreover, Chen and co-workers [34] investigated the possible
interaction between the SNP rs53576 in OXTR gene with stress-
protective effects of social support. Given that individuals with one or
two copies of the G allele of rs53576 showed lower cortisol responses
to stress after social support in comparison with subjects with the same
genotype receiving no social support, their findings indicate that genetic
variation of the oxytocin system could modulate the effectiveness of
positive social interaction. Interestingly, Tost and co-workers [35]
demonstrated that the OXTR rs2254298 SNP has neurogenetic effects,
as it affects amygdala volume in healthy Caucasian subjects.
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Previous works have investigated the association between
depression and OXTR rs53576, rs2254298, rs237885 [18,24,26,36],
showing that only the rs2254298 is associated with MDD, and correlates
with lower salivary OT levels in depressed mothers and their families
[24].

Another polymorphism, rs237887, has been reported to lie in
a block located in intron 3 of the OXTR gene, that contains three
other SNPs (rs237885, rs11706648, rs2268490) in moderate linkage
disequilibrium (highest r* = 0.74, between rs237887 and rs237885).
This is a functionally relevant region of the OXTR gene, since it has
been shown that a specific motif of 10-15 nucleotides close to the
middle of intron 3 specifically binds nuclear proteins correlating with
the down-regulated state of the gene. The accumulated data suggest
that this intronic element may be involved in transcriptional regulation
of OXTR gene expression [4,37].

Interestingly, the rs237887 SNP has been associated with different
neurological conditions, such as empathy, schizophrenia, and
impairment of human social recognition skills [14,38,39]. Wu and co-
workers [39], in a Chinese population, correlated rs237887 genotypes
with four subscales of the Interpersonal Reactivity Index, in particular
with personal distress, empathy, perspective taking and fantasy. They
observed that in personal distress, individuals with GG genotype
scored higher than heterozygous AG subjects, while in fantasy, those
with GG genotype showed a higher score than people with AA and
AG genotype. Moreover, individuals with A allele had a higher level
of perspective taking than those with G allele. Concerning emotional
empathy, they observed that the G allele carriers displayed more
emotional empathy than Aallele ones.

Skuse and co-workers [14] found a strong association between
rs237887 SNP and recognition memory in combined probands,
parents, and siblings, suggesting a critical role for the oxytocin system
in social recognition.

OXTR 15237887 SNP has also been associated with emotional
and behavioral reactions to betrayal. The wild-type allele A-rs237887
was associated with higher levels of post-betrayal satisfaction, while
the mutated allele G-rs237887 resulted associated with lower levels
of post-betrayal satisfaction [40]. Recent investigations suggest the
involvement of several OXTR SNP, including rs237887, in autism
spectrum disorder [41], and in individual phenotypic differences in
pro-sociality, in association with the clock genes [27].

OXTR rs237887 has been reported to be associated with several
cognitive processes and prosocial behavior; however, to date, no data
are available concerning its potential link with mood related disorders.
Thus, we aimed to investigate the relationship between mood disorders
(MDD, BD) and this OXTR variant, by analyzing the differences in
allele and genotype frequencies between patients and healthy subjects.
Although we did not find any significant association of OXTR rs237887
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with mood disorders, interestingly we observed that the G minor allele,
as well as the GG mutated genotype, showed a higher frequency in
MDD patients compared with BD patients and controls. Even if these
differences did not reach the statistical significance, likely due to the
small size of affected populations recruited for this study, they suggest
a potential involvement of OXTR rs237887 SNP in the alteration of
OT system in MDD patients. Moreover, the similar allele and genotype
frequencies found between BD patients and controls, suggest that BD
patients, in this regard, are genetically more similar to healthy subjects
than MDD ones. Unfortunately, there are not available literature data
about the distribution of OXTR rs237887 SNP in either the Caucasian
general population or MDD and BD patients. Thus, we were not able
to compare our results with previously reported observations in people
of the same ethno-geographic area. However, genotype frequencies
observed in our control group were similar to those found by Tabak
and co-workers [40] in an American population composed by non-
Hispanic White individual. Interestingly, rs237887 minor allele and
genotype frequencies found in our BD patients and healthy subjects
were similar to those previously reported in an investigation carried
out in a Chinese population of 498 individuals by Kawamura and co-
workers [16]. These authors reported the lack of association between
rs237887 and affective temperaments (depressive, cyclothymic,
hyperthymic, irritable, anxious), even if they stated that their study had
some limitations, given that participants were from a corporation, not
from the general community, possibly having a different TEMPS-A
distribution.

Given that only MDD patients show different allelic and genotypic
differences compared to control subjects, our data highlight the
necessity to move the interest on OXTR rs237887 polymorphism
towards MDD and, at the same time, replicate the present results in
a larger population. In fact, our study was insufliciently powered to
detect the true association of this OXTR SNP with MDD due to the
sample size, that was small for a case-control study. Moreover, given
the observed differences in genotype frequencies between MDD and
BD patients, it would be worthy to elucidate whether OXTR rs237887
polymorphism might represent a diagnostic tool able to discriminate
between these two mood disorders.

It has been demonstrated a role for OT to influence neural plasticity
in response to environmental circumstances, and ‘for better or for
worse’, and a potential ability to affect later behavioral and psychological
outcomes [42]. Notably, even if OXTR rs237887 polymorphism has
been associated with many aspects of social cognition as well as several
prosocial behaviors, so far it has not been investigated in mood related
disorders. Moreover, since this polymorphism could affect OXTR
expression, further studies evaluating the relationships between OXTR
expression levels and the individual OXTR genetic background will be
helpful to elucidate the neuromodulator role of OT in brain regions
of MDD patients, in which disturbed social interactions are often
apparent.
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