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Williams Syndrome (WS) is a rare genetic multisystem disorder that occurs because of a deletion of 
approximately 25 genes in the 7q11.23 chromosome region. This causes dysmorphic facial appearances, 
multiple congenital cardiovascular defects, delayed motor skills, and abnormalities in connective tissues 
and the endocrine system. The patients are mostly diagnosed with mild to moderate mental retardation, 
however, they have a hyper sociable, socially dis-inhibited, and outgoing personality, empathetic behavior, 
and are highly talkative. Oxytocin (OT), a neuropeptide synthesized at the hypothalamus, plays an important 
role in cognition and behavior, and is thought to be affecting WS patients’ attitudes at its different amounts. 
Oxytocin receptor gene (OXTR), on chromosome 3p25.3, is considered regulating oxytocin receptors, 
via which OT exerts its effect. WS is a crucial disorder to understand gene, hormone, brain, and behavior 
associations in terms of sociality and neuropsychiatric conditions. Alterations to the WS gene region 
offer an opportunity to deepen our understandings of autism spectrum disorder, schizophrenia, anxiety, or 
depression. We aim to systematically present the data available of OT/OXTR regulation and expression, and 
the evidence for whether these mechanisms are dysregulated in WS. These results are important, as they 
predict strong epigenetic control over social behavior by methylation, single nucleotide polymorphisms, 
and other alterations. The comparison and collaboration of these studies may help to establish a better 
treatment or management approach for patients with WS if backed up with future research.
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INTRODUCTION

Williams syndrome (WS) or Williams-Beuren syn-
drome (WBS) is a rare genetic multisystem disorder with 
an estimated prevalence of 1 in 7500 to 20000 live births 

[1,2]. A deletion of approximately 25 genes causes this 
neuro-developmental condition in one copy of chromo-
some 7q11.23 [3]; which potentially causes dysmorphic 
facial appearances, multiple congenital cardiovascular 
defects, delayed motor skills, and abnormalities in con-
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nective tissues and endocrine system [1,4]. People with 
WS usually have a borderline intelligence quotient (IQ) 
between 70-79 or low intelligence IQ < 70 scores, who 
mostly are diagnosed with mild to moderate mental 
retardation and intellectual disability [5]. They also are 
severely weak at visuospatial construction [6].

However, WS patients present a hyper sociable, so-
cially dis-inhibited, and outgoing personality, a befriend-
ing highly empathetic behavior, and are highly talkative 
[7,8]. They are abnormally expressive, insensitive to 
negative emotional signals, lack shyness, and are socially 
fearless [7,9]. The patients’ interest in unfamiliar people 
is clear from infancy as they do not express stranger anx-
iety [10]. They are driven to strangers and prefer, and bet-
ter process, social over non-social stimuli [11,12]. They 
are relatively strong in language, grammar, nonverbal 
reasoning, and verbal short-term memory compared to 
patients with similar IQ levels [8,13]. However, patients 
often exhibit inappropriate social behavior, are deficient 
in social skills, and have a hard time sustaining relation-
ships [14]. Their personality exposes them to risks, such 
as abuse and social isolation [15].

WS usually has a sporadic occurrence, however, in 
some cases autosomal inheritance was reported, mostly 
without the confirmation of a cytogenetic test [16]. Fami-
ly haplotype analysis showed that 2/3 of cases arose from 
a mis-intrachromosomal shuffling between homologous 
chromosomes 7, and 1/3 from a disarrangement between 
sister chromatids [17]. Copy number variants (CNV), 
which are deletion or duplication of genes, account for 
approximately 5% of human genome and are closely re-
lated to disease and disease susceptibility [18-20].

WS is caused by a 1.55 mb microdeletion in 7q11.23 
which is due to a misalignment of the gametes during 
meiosis, resulting in non-allelic homologous recombina-
tion (NAHR), flanked by three low copy repeats (LCRs) 
A, B, and C [21,22]. Close distance and high similarity 
of the LCR blocks facilitate NAHR at the region [23]. 
The most common deletion in WBS locus is thought to 
be between a point at the centromeric and medial LCR B, 
one A-B-C complex being 320 mb and 1.2 mb being the 
single copy gene region in-between [24].

The paradoxical WS social phenotype, unlike typical 
extraversion, may imply dysregulation of multiple path-
ways in the brain. These socio-behavioral outcomes are 
guided by the neural system, and the deleted genes are 
thought to be regulating this pathway. To this date, studies 
identified genes CYLN2, FZD9, LIMK1, STX1A, GTF2I, 
GTF2IRD1, and collectively TFII-I being responsible for 
cognitive and behavioral attitudes of WS patients [25,26]. 
A study with mice of GTF2I deletion reported hyper-so-
cial behaviors compared to duplicated GTF2I mice or 
wild-type mice [27]. This solidifies that social motivation 
has some roots in GTF2I.

NAHR can also generate microduplications in the 
same area of 7q11.23 [28]. This CNV identifies a neuro-
developmental disorder and is common amongst children 
who are diagnosed with autism spectrum disorder (ASD) 
and thus, is a risk factor for disease progression.

Even though ASD symptoms vary from patient to 
patient, they have two features in common: restricted 
social communication and repetitive sensory-motor be-
haviors [29]. They present with intellectual disability, pay 
reduced attention to faces, have a hard time understand-
ing people’s actions, have limited expressive vocabulary, 
and are hyposociable [30-33]. Patients have a heightened 
sense of threat in processing emotions. It can therefore 
be concluded that ASD is the social opposite of WS, 
however, they have commonalities if closer attention is 
paid. They both exhibit irregular social skills and have 
difficulties in maintaining relationships [34].

The physiological, neurobiological, and genetic fac-
tors which control normal human behavior and how they 
work are not exactly clear, but some mechanisms shed 
light on the issue. Animal studies showed metabolism 
and locomotion are parts of the physiological aspect of 
socio-behavioral function as they predict the capability 
of cohesion to a group by providing energy and capacity 
for movement. Translating environmental information 
into motor responses and therefore following particular 
rules of interaction in a group depends on individual’s 
neurophysiological characteristics [35,36]. Genetics and 
epigenetics are crucial aspects of human behavior. Genes 
encode molecular products, neuropeptides, through 
which behavior is expressed in the brain. Brain plasticity 
and social behavior are both inherited and environmen-
tally impacted. There is a strong assumption that social 
information can in turn affect gene regulation, by chang-
ing its epigenetic functioning.

Oxytocin (OT), a neuropeptide synthesized at the 
hypothalamus, form the hypothalamo-neuro-hypophysial 
system alongside with arginine vasopressin and play an 
important role in cognition and behavior. Studies impli-
cated that the neuro-behavioral axis influenced human 
emotions in a neuro-endocrine way, by using neuropep-
tides such as OT as a behavioral and emotional modulator 
[37].

To support this, a trial showed OT administration 
increased sociality, outgoing and friendly behavior, and 
lessened social anxiety in subjects [38]. Another 4-week 
trial found that intranasal OT administration to patients 
with ASD between the ages 6-12, 24 international units 
total, twice a day enhanced their social skills [39].

Rodent mice studies of fragile X syndrome, Prad-
er-Willi syndrome, cortical dysplasia, and focal epilepsy 
syndrome reported lower amounts of OT producing cells 
in hypothalamus and therefore social impairments. Their 
symptoms have ameliorated with OT treatment [40-43]. 
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However, it is still unknown if endogenous OT would 
produce a similar or as powerful effect as exogenously 
administered OT. WS models may lead the way to iden-
tify this situation by tracking the patients’ bodily OT lev-
els, and if elevated, whether endogenously upregulated 
OT levels provoke social behavior similar to exogenous 
administration and contribute to social functioning.

The oxytocin receptor is a 7-transmembrane G-pro-
tein coupled receptor which can bind to Gq or Go/Gi sub-
units, which activate cascades MAPK, PKC, PLC, EGFR, 
or CaMK or inward rectifying potassium channels which 
assemble transcription factors such as CREB or MEF-
2. These factors regulate neurite growth, viability and 
survival. Oxytocin enhances excitatory connections and 
promotes a disinhibitory effect in hippocampus which 
consolidates long-term-potentiation (LTP) and lead to 
behavioral changes [44,45].

Oxytocin receptor gene (OXTR), on chromosome 
3p25.3, is considered to regulate oxytocin receptors, via 
which OT exerts its prosocial effects (Figure 1).

Single nucleotide polymorphisms (SNPs) in OXTR 
have been linked to socio-behavioral outcomes of ASD, 
schizophrenia, or depression, indicating the role of an 
epigenetic modification [46,47]. These preliminary stud-
ies have led the way to inquire if OT or OXTR is related 
to social outcomes in WS.

Comparing the deletion and duplication syndromes 
as well as mood disorders, in means of OT regulation and 
OXTR expression, may help us find common altered epi-

genetic mechanisms, methylations, SNPs, or microRNAs 
underlying such disorders. The findings of multi-disease 
trials may offer an opportunity to treat the psychosocial 
adversities in a gene-based, epigenetic manner.

We aim to systematically present the data available 
of OT/OXTR regulation and expression, and the evidence 
for whether these mechanisms are dysregulated in WS 
with different cohorts of human and animal subjects. 
Four different subject trial studies had been run, to the 
best of our knowledge, to further investigate the levels 
in blood or brain OT and its implications, or to correlate 
social behaviors with OT and/or OXTR up/downregula-
tion. However, the outcomes of these studies have been 
contra-indicatory. The comparison and collaboration of 
these studies may help to establish a better treatment or 
management approach for patients with WS if backed up 
with future research.

MATERIALS AND METHODS

We used Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines while 
running this study [48] (Figure 2).

Data Sources and Searching
Systematic research was conducted. MEDLINE 

(PubMed), Web of Science Core Collection, and EBSCO 
Academic Search Ultimate were searched from inception, 
until 12 May 2021 for articles focusing on oxytocin regu-

Figure 1. Oxytocin signaling cascades [44]. From the article “Oxytocin and Sensory Network Plasticity” by Pekarek 
et al. in Front Neurosci, 2020
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Figure 3. Search strategies

Figure 2. PRISMA study flow diagram
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used for this study. No date, document type, category, or 
language filter was administered.

Screening
After a thorough search, results were exported to 

Endnote X9 citation software in RIS format. The abstracts 

lating mechanisms and related hyper-sociability response 
in subjects with William’s syndrome. All databases were 
automatically searched using the advanced search tool 
with terms “Williams syndrome” and “oxytocin.” The 
search strategies were determined: (Williams syndrome) 
AND (oxytocin). Figure 3 formulates all search strategies 

Table 1. Quality Analysis of Studies Using NIH Quality Assessment Tool for Case-Control Studies
Dai et al. Kimura et al. Haas et al. Nygaard et al.

Research question or aim clearly stated and 
appropriate

Yes Yes Yes Yes

Study population specified and defined Yes Yes Yes Yes

Includes sample size justification Not reported Not reported Not reported Not reported
Control selected from the same or similar 
population

Yes Yes Yes Yes

Definitions, inclusion and exclusion criteria, 
algorithms, or processes to identify or select cases 
and controls are valid, reliable, and implemented 
consistently

Yes Yes Not reported Yes

Cases clearly defined and differentiated from 
controls

Yes Yes Yes Yes

If less than 100 percent of eligible cases and/or 
controls were selected for the study, cases and/or 
controls randomly selected from those eligible

Not reported Not reported Not reported Not reported

Use of concurrent controls Yes Yes Yes Yes
Investigators can confirm that the exposure/risk 
occurred before the development of the condition 
or event that defined a participant as a case

Yes Yes Yes Yes

The measures of exposure clearly defined are 
valid, reliable, and implemented consistently 
across all study participants

Yes Yes Yes Yes

The assessors of exposure/risk are blinded to the 
case or control status of participants

Not reported Not reported Not reported Not reported

Statistical analysis accurate Yes Yes Yes Yes
Quality rating (Good, Fair, and Poor) Good Good Good Good

Table 2. Risk of bias analysis using Clarity Group Risk of Bias Tool for Case-Control Studies by 
McMaster University

Dai et al. Kimura et al. Haas et al. Nygaard et al.
Can we be confident in the assessment of 
exposure?

Definitely yes Definitely yes Definitely yes Definitely yes

Can we be confident that cases had developed 
the outcome of interest and controls had not?

Definitely yes Definitely yes Definitely yes Definitely yes

Were the cases properly selected? Definitely yes Definitely yes Probably yes Definitely yes
Were the controls properly selected? Definitely yes Definitely yes Probably yes Probably yes
Were cases and controls matched according to 
important prognostic variables or was statistical 
adjustment carried out for those variables?

Definitely yes Definitely yes Definitely yes Definitely yes

Overall Low risk Low risk Low risk Low risk
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RESULTS

The title and the type of study, the properties of sub-
ject groups, the experiential paradigm, data analysis, and 
results were investigated. However, given the heteroge-
neity of the included studies, different key concepts were 
addressed in the results for each study when significant. 
The purpose was to present data relevant to OT, OXTR, 
and gene regulation in WS in the selected studies. This 
meant, at times, we had to exclude irrelevant study struc-
tures, subject groups, and findings of the listed studies not 
concerning OT/OXTR mechanisms.

Search Results
The initial library search identified potentially 

relevant citations from PubMed, Web of Science, and 
EBSCO. We also checked gray literature and addressed 
39 articles in total. We excluded two newspaper articles. 
Subsequently, 12 duplicates were removed. A full-text ar-
ticle was not available for one study. Out of 27 remaining 
articles, eight manuscripts were excluded because of the 
author’s surname being Williams and not concentrating 
on OT effects on WS. Six articles focused on ASD and 
other syndromes, two other articles were not related to 
OT or OXTR. Four articles did not report new or substan-
tive data. Out of the remaining four articles, none failed 
to comply with the quality criteria, all being case-control 
studies however, one was an animal case-control study 
(Table 3).

All case-control studies were included in the quali-
tative synthesis. Due to a variety of data and the limited 
number of studies, the overall findings were not suitable 
for further quantitative synthesis.

Study Characteristics and Subjects
Included research was all conducted on two dif-

ferent populations. One WS cohort was compared with 
a healthy, age-sex-ethnicity matched cohort. A total of 
90 WS patients and 27 WS mice were monitored, to 82 
typical human controls and 33 typical control (TC) mice.

Dai et al. [50] conducted their searches on an adult 
population, recruited 13 individuals for the WS cohort, 
females aged between 22-42 and males between 19-40, 
and nine individuals for TC cohort, four females aged 20-
45, four males aged 19-40. While Haas et al. [51] aimed 
their research to a pediatric group with a mean age of 4.87 
for eight WS individuals and nine TC, Kimura et al. [52] 
concentrated on both adult and pediatric patients and con-
ducted their search with both Japanese subjects and sub-
jects of European ancestry. They utilized three different 
datasets, a WS cohort with 15 patients and age-sex-eth-
nicity matched TC for gene expression analysis. For gene 
methylation analysis, their WS cohort comprised 34 WS 

and bibliometrics of the studies were screened by authors. 
The following inclusion criteria were determined:

1. Subjects of study being affected by William’s 
syndrome.
2. Study published in a peer-reviewed journal or 
available as a preprint or is gray literature.
3. Study reporting substantive data.
4. Study published in English.
5. Full-length article available for the study.
6. Study complying with a certain quality standard.
The data were tabulated using Microsoft Excel and 

were reviewed by all three authors to check for accuracy. 
Editorials, commentaries, and manuscripts not reporting 
new data were eliminated. Duplicated studies were con-
sidered only once. Figure 3 shows a flowchart depicting 
the article selection process, from identification to inclu-
sion. We decided four manuscripts were eligible for the 
synthesis.

We addressed two literature reviews mentioning 
WS, with a very light touch, on the potential effect of OT 
or OXTR regulation in Williams syndrome [1,2]. Those 
studies were mostly focused on the socio-behavioral pro-
file of WBS, not the predicted underlying mechanisms or 
OT/OXTR release. Thus, they were not overlapping with 
this study’s purposes and were excluded from the analy-
ses. We could not find a review with the primary concern 
on OT/OXTR study in WS or a study that contrasts the 
previous findings extensively. This study is the very first 
review of WS treatment.

Data Extraction and Quality Assessment and Risk 
of Bias

The data extracted was publicly available; Ethics 
Committee approval was unnecessary. Once the stud-
ies met our first five inclusion criteria, each study was 
reviewed by two author-investigators, EÇ and MNŞ, 
for compliance with the outlines of study quality inde-
pendently. We assessed study quality using the evaluating 
tool by the National Institutes of Health (NIH), Quality 
Assessment Tool for Case-Control Studies with criteria 
including but not limited to: study’s method and prop-
erties, research topic, study type, aims and implications, 
method, and sampling, data analysis, results and findings, 
ethics and bias, and usefulness (Table 1).

Two authors, EÇ and MNŞ independently assessed 
the risk of bias in included studies. Disagreements were 
discussed with all authors and the decision was made 
via a consensus. Clarity Group Risk of Bias Tool for 
Case-Control Studies by McMaster University was used 
[49] (Table 2). We did not set a different evaluation ap-
proach towards animal studies, as there is no available 
paradigm for case-control quality assessment in animals.
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tissue samples, Kimura et al. used The Blood-Brain DNA 
Methylation Comparison Tool (https://epigenetics.essex.
ac.uk/bloodbrain/) which includes four different regions 
of the brain.

Haas et al. utilized the gene expression data from a 
previous study about WS by using GEO. They analyzed 
the results using the GEO2R online tool. They extracted 
and analyzed data for two transcripts accordingly with 
their WS and TC cohorts.

Nygaard et al. experimented with mice with hemi-
zygous complete deletion for Williams syndrome gene 
region and wild-type TC mice. They maintained the mice 
on a 12-hour dark and 12-hour light basis. They used four 
different WS cohorts for their experiments, however, two 
of them were used for a fear-associated behavior response 
study that is out of this study’s scope. For blood oxytocin 
level analysis, blood was drawn from anesthetized mice’s 
retro-orbital sinuses, and an ELISA test was run with 
those samples. For OXTR receptor research, they eutha-
nized mice with cervical dislocation. They retrieved brain 
pieces and stored them at -80°C, sliced into sections with 
a cryostat at -16°C and -18°C. To assess OXTR availabili-
ty in the brain, they injected iodinated ornithine vasotocin 
analog ([125I] OVT). After preparation procedures, OVT 
binding was measured at the anterior olfactory nucleus, 
lateral septal nucleus, anterior cingulate cortex, striatum, 
hippocampal CA2, and CA3 regions, para-ventricular 
hypothalamic region, piriform cortex, and the combined 
basolateral and lateral amygdala.

Key Findings
Dai et al. reported that basal OT level in the WS 

cohort was 3 times higher compared to TC (WS median 
= 538 pg/mL, TC median = 181 pg/mL, P < 0.001). At all-
time points, OT levels of the WS population were higher 
than TC (p = < 0.007). They did not report a significant 
difference between ages or genders for OT (t-test, p = 
0.11). They noted the small number of controls reduced 
their statistical power without compromising the validity 
of inferences whatsoever. They found out that basal OT 
was correlated with Adolph’s Approachability test (r = 
0.85; P = 0.0008). In contrast, they reported decreased 
adaptive social behaviors to increased basal OT levels (r 
= -0.62, P = 0.04). They did not find any relations between 
FSIQ and basal OT levels (Spearman’s rho, p = 0.36). 
The WS population showed a greater response to stimuli 
compared to TC (38% versus 24% median increase, P = 
0.21, with music; 26% versus 4% increase, P = 0.01), and 
a greater variability (P = 0.025 with music; P = 0.007 with 
cold pressor, using permutation test). They found positive 
correlations in WS for OT responses to music and cold 
administration both (R = 20.25, P = 0.59 for the TC, and 
R = 0.77, P = 0.004 for WS patients). They could not 
identify a correlation between The Salk-McGill Music 

individuals and 34 controls as in their generated dataset. 
Their pediatric WS cohort consisted of 20 WS patients to 
15 TC from a publicly available dataset Gene Expression 
Omnibus. Nygaard et al. [53] focused on 13 male WS 
mice and 11 male wild-type mice for blood OT level 
analysis and 14 WS (5 females, 9 males) to 22 TC mice 
(12 female, 10 male) for OXTR expression analysis, at the 
mice’s second postnatal week of life.

Studies of Kimura et al. and Haas et al. also used an 
existing gene dataset on WS to combine the findings re-
lated to OT modulation and contrasted it with a recruited 
control group from publicly available gene data. The gene 
data proposed by Henrichsen et al. [54] was used for the 
study of Haas et al. Except for Haas et al., all three studies 
investigated blood OT levels in subjects, and except Dai 
et al. all three studies aimed to determine the OXTR gene 
expressions’ epigenetic modifications in subjects.

Dai et al. and Kimura et al. looked for a relationship 
between social function and OT levels amongst the WS 
population by using the Social Responsiveness Scale 
(SRS-2), Adolph’s Approachability Test, Salk Institute 
Sociability Questionnaire (SISQ), and the Scales of 
Independent Behavior Revised (SIB-R). Dai et al. also 
used The Salk-McGill Music Inventory Questionnaire of 
Music Ability and Interest test as they looked into OT 
production concerning music. Nonetheless, OT releases 
of negative and positive emotional stimuli were ques-
tioned by the same group of researchers.

Experimental Paradigms
Dai et al. confirmed WS diagnosis by fluorescent in 

situ hybridization, the WS group had typical WS range 
IQ. Socio-behavioral tests were run prior to investigation 
which are SISQ, SIB-R. They instructed the subjects to 
bring their favorite piece of music, as this is a method 
thought to produce the greatest amount of positive emo-
tional stimulus. They drew samples in a socially prohibit-
ed room, only allowing the same nurse to enter the room 
for a blood draw at -5, 0, 1, 5, 10, 15, 20, 25, 30, 45 mins. 
Samples collected at -5 and 0 mins, 0 min being the initia-
tion point of music, were averaged, and determined as the 
baseline points. The music stopped at 5-8 mins, and the 
subjects dipped their hands in cold water (15°C) at min 
19 for less than 45 seconds.

Kimura et al. confirmed WS diagnosis by fluorescent 
in situ hybridization and determined the social severity 
using SRS-2. For gene expression analysis, they extracted 
total RNA samples from peripheral blood, performed re-
verse transcription. They measured the OXTR expression 
level and normalized it relative to GAPDH expression. 
For DNA methylation analysis, they analyzed their gen-
erated dataset with publicly available datasets using the 
GEO2R online tool (https://www.ncbi.nlm.nih.gov/geo/
geo2r/). To compare blood methylation levels with brain 
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neurodevelopmental conditions, such as autism, as this 
condition is also thought to be linked with a high OXTR 
methylation [58,59].

Currently, a few genes at the single copy gene region 
are known to be related to cognitive phenotype of WS. 
In a study, deletion of FZD9 caused developmental prob-
lems in hippocampus and defects in visuospatial learning 
in knockout mice [60]. STX1A contributes to exocytosis 
in neural and neuroendocrine cells [61]. LIMK1 is a 
protein kinase responsible for brain development, visu-
ospatial cognition, synapse maintenance, and formation 
[62]. CLIP2 protein is highly expressed in hippocampus, 
piriform cortex, and inferior olive [63]. Recent ad-
vancements concentrating on deleted genes individually 
pointed out what WS patients’ sociability and cognition 
may depend on are GTF2I, GTF2IRD1, and GTF2IRD2. 
As an example, GTF2IRD1 knockout mice has shown to 
display craniofacial dysmorphisms and issues in brain 
development [63].

The molecular communicants in the brain, the neuro-
peptides, are neuromodulators of neural signals in means 
of timing and strength. They, for example, coordinate 
behavioral response to stress as corticotropin releasing 
factor (CRF) does by regulating the activity of hypo-
thalamo-pituitary-adrenal (HPA) axis which controls 
the body’s fight-or-flight response. Arginine-vasopressin 
peptide (AVP) facilitates the activity of CRF in HPA [64].

Inappropriate activation of HPA axis is harmful to 
physiological and psychological well-being, as a study 
reveals the elevated CRF levels and other points a re-
duced release of AVP to cerebrospinal fluid in depressed 
patients [64]. An animal trial observed, after an hour 
of immobilization stress to female prairie voles, they 
recovered better if they were returned to their partner, a 
process which is facilitated by OT [65]. As this species 
have an abundant amount of OT and AVP receptors in the 
brain and are pair-bonded, they showed depressed-like 
behaviors during the loss of their partners during labora-
tory tests [66]. These trials demonstrate the evidence of 
an association between CRF, AVP, and OT in regulating 
social and emotional behavior [64].

OT, a neuropeptide synthesized in the hypothalamus 
at the paraventricular nucleus and supraoptic nucleus, 
is released to stressors and a variety of stimuli which 
includes suckling, lactation, parturition-related events, 
birth, mating and sexual stimulation, physical and emo-
tional stress, and exercise [42,45,67]. OT activities can 
be blocked by OXTR agonists, such as atosiban, dnalovt 
or carbetocin. OT is believed to be a hormone, regulating 
maternal behavior, and a neuromodulator, responsible for 
approach behavior, cognition, reading emotions, engag-
ing with peers, social processing, social anxiety, and fear 
[68-70]. Historically considered as a pro-social hormone, 
today we know OT promotes both positive and negative 

Inventory Questionnaire of Music Ability and Interest 
and OT levels, increased OT changes were found to be 
related to prior music-related activities (r = 0.57, P = 
0.06, Spearman’s rho, not corrected).

Kimura et al. reported that OXTR expression was 
lower in the WS cohort compared to TCs (p < 0.05). How-
ever, they did not find any correlations between SRS-T 
scores or social function and OXTR expression. They 
indicated that both set A and set B WS cohorts showed 
higher methylation at three CpG sites (cg25140571, 
cg00247334, and cg17036624) at the transcriptional start 
site (FDR < 0.05), regardless of age or ethnicity. Utiliz-
ing the Blood-Brain DNA Methylation Comparison Tool, 
they noted that the mentioned CpG sites were strongly 
related to the superior temporal gyrus in the brain. They 
especially noted cg25140571’s association to the prefron-
tal cortex.

Haas et al. reported that WS subjects express OXTR 
greater (M = 10.22, SD = 0.68) compared to TCs (M = 
7.86, SD = 1.79) (t = 3.51, p = 0.003, 95% CI = 0.93-
3.81). They found a significant variance between the two 
groups expression (Levine’s test for Equality of Varianc-
es: F = 7.87, p = 0.013), the two-sample t-test was run 
and the variance remained statistically notable (t = 3.68, 
p = 0.004).

Nygaard et al. reported that they did not find a re-
markable difference in OT amounts between WS mice 
and wild-type mice (t=0.003, df=21.664, p=0.9976). 
The autoradiography study with labeled OVT ligands 
revealed no significant difference in OXTR binding be-
tween WS and wild-type mice brains at regions concern-
ing hyper-sociability and cognitive impairments.

DISCUSSION

A hemizygous deletion in approximately 25 gene 
areas on 7q11.23 results in a neuro-socio-behaviorally 
complex disorder, WS, which manifests as atypical social 
and behavioral responses in patients [24,55].

Duplication of this area is thought to provoke au-
tistic-like behaviors or possible autism, which deserve 
future research [56,57]. The exploratory research by 
Sanders et al. found that ASD subjects with duplication 
in chromosome 7 scored markedly better on ADOS So-
cial and Communication Total and worse on the Child 
Behavior Checklist scale compared to ASD subjects with 
no duplication at the same region [29,30]. Mervis et al. 
run the ASD Social Communication Questionnaire with 
duplication 7 patients’ parents, and found the score were 
below the cutoff for 66.7% of the patients. Thirty-three-
point-three % scored well above, indicating the need for 
a diagnostic evaluation for ASD [31,32]. Thus, studying 
regions that are key to disrupted social behavior may 
guide us to understand the pathophysiology of other 
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Kimura et al. did not. While Kimura et al. marked a lower 
expression of OXTR and greater methylation at the tran-
scriptional sites, Haas et al. proposed an overexpression. 
And Nygaard et al. noted no difference in OXTR binding 
regions of WS in the brain. Reasons for these inconsistent 
findings could be limited sample sizes, sex bias, RNA 
quality, ethnicity differences, age ranges, different exper-
imental paradigms, or properties of populations coupled 
with scarce literature on the topic. Preferred social cue 
determining tools may be inappropriate to use directly to 
WS if they are not standardized for the disorder. Some 
studies lacked RNA quality data or preferred samples of 
same sex only. And for some studies, we cannot under-
stand if the samples were drawn at the peak time or not, 
from blood.

These preliminary studies have led the way to inquire 
if OT or OXTR is related to social outcomes in WS. These 
results are important, as they predict strong epigenetic 
control over social behavior by methylation, SNPs, and 
other alterations. Which potentially have a regulating 
effect on OT metabolism and therefore a pathway for 
social outcomes to occur. These studies shed light on the 
gene-behavior axis and might lead the way to define a 
solid regulating system of the effect of genes on behavior 
changes using modulatory peptides. Combined human 
and animal model studies may give us clues about the 
importance of OT on development.

However, there may possibly be some limitations to 
this study. The studies, if any, that do not take place on 
search databases MEDLINE (PubMed), Web of Science 
Core Collection, and EBSCO Academic Search Ultimate, 
and search engines Google©, Yahoo!, and Bing may not 
have been accessed.

Future studies are needed to confirm the findings of 
previous studies and to resolve this controversy. Origins, 
predictors, and precursors of WS social phenotype are to 
be explored. Studies should recruit people with a diver-
sity of ages and investigate multiple levels of function. 
The gained data should establish specific interventions to 
better manage and treat patients. Specific patterns should 
be linked with different neurodevelopmental conditions, 
considering genetic and environmental variations, and 
find out what differs these populations from normal hu-
man behavior.
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