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Oxytocin and its target receptor (oxytocin receptor, OXTR) exert important roles

in the regulation of complex social behaviors and cognition. The oxytocin/OXTR

system in the brain could activate and transduce several intracellular signaling

pathways to a�ect neuronal functions or responses and then mediate

physiological activities. The persistence and outcomeof the oxytocin activity in the

brain are closely linked to the regulation, state, and expression of OXTR. Increasing

evidence has shown that genetic variations, epigeneticmodification states, and the

expression of OXTR have been implicated in psychiatric disorders characterized

by social deficits, especially in autism. Among these variations and modifications,

OXTR gene methylation and polymorphism have been found in many patients

with psychiatric disorders and have been considered to be associated with

those psychiatric disorders, behavioral abnormalities, and individual di�erences in

response to social stimuli or others. Given the significance of these new findings, in

this review, we focus on the progress of OXTR’s functions, intrinsic mechanisms,

and its correlations with psychiatric disorders or deficits in behaviors. We hope

that this review can provide a deep insight into the study of OXTR-involved

psychiatric disorders.

KEYWORDS

oxytocin/OXTR system, oxytocin receptor deficiency, psychiatric disorders, social deficits,

genetic variations

1. Introduction

Oxytocin (OXT), a neuropeptide produced by the paraventricular nucleus (PVN) and

the supraoptic nucleus (SON) of the hypothalamus in the brain, mainly acts as a hormone

in the peripheral system, which can promote milk secretion during breastfeeding, regulate

uterine contraction during childbirth, relieve pain and facilitate the birth process, and

promote wound healing (Carter, 2014; Kendrick et al., 2018; Sue Carter, 2018). Moreover,

the OXT system in the central nervous system (CNS) plays important roles in social

recognition, social behaviors, anxiety-related behaviors, and autonomic functions, such as

maternal behavior, aggression, mating, attachment, and sexual behavior (Ferguson et al.,

2001; Yoshida et al., 2009; Neumann and Slattery, 2016; Jones et al., 2017). In addition to the
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pro-social effects, OXT has been identified as a significant anti-

stress and anxiolytic factor in the brain with the activation of

intracellular MEK/ERK signaling via its target receptor (oxytocin

receptor, OXTR), (Zhong et al., 2003; Aoki et al., 2014; Neumann

and Slattery, 2016). Due to the promising therapeutic outcomes and

applications in improving social recognition, intranasal oxytocin

administration has been proposed to treat neuropsychiatric

disorders characterized by deficits in social recognition, especially

for autism spectrum disorder (ASD) (Anagnostou et al., 2012;

Penagarikano, 2015; Rae et al., 2022).

As a G-protein-coupled receptor (GPCR), OXTR is widely

expressed in multiple functional brain regions including the

prefrontal cortex, amygdala, hippocampus, hypothalamus, and

other regions (Kimura et al., 2003; Lin et al., 2003; Jones et al., 2017).

OXTR in the central nervous system is involved in the regulation

of social cognition, anxiety, depression, and other psychological

behaviors or emotions, with the activation of intracellular signaling

pathways, such as the mitogen-activated protein kinase (MAPK),

protein kinase C (PKC), and phospholipase C (PLC) signaling

(Fitts et al., 2003; Zingg and Laporte, 2003; Yoshida et al.,

2009; Carter, 2014; Kendrick et al., 2018). Recent studies have

found that rodents bearing deficits of either OXTR or OXT by

gene knockout displayed autism-related behaviors and significant

impairments in social cognition, besides increased aggressive

behavior (Winslow and Insel, 2002; Takayanagi et al., 2005;

Pobbe et al., 2012; Sala et al., 2013), indicating that OXTR

functions as a crucially functional gene in the regulation of

social cognition and behaviors. Furthermore, epigenetic down-

modulation of OXTR was related to high levels of separation

anxiety and arousal in response to social separation in rhesus

macaques experiencing maternal deprivation stress during the

neonatal period (Baker et al., 2017). In humans, individuals with

neurodevelopmental disorders including obsessive-compulsive

disorders (OCDs) and ASD exhibited abnormal DNA methylation

modification in the OXTR gene (Wu et al., 2005; Siu et al.,

2021; Bey et al., 2022). Reduced OXTR gene expression in the

temporal cortex and binding sites in the vermis were found

in schizophrenia patients compared to healthy controls (Uhrig

et al., 2016). Moreover, patients with ASD, post-traumatic stress

disorder (PTSD), attention-deficit hyperactivity disorder (ADHD),

or other psychiatric disorders showed conspicuous variations in

the OXTR gene (Gregory et al., 2009; Kalyoncu et al., 2019;

Cao et al., 2020; Kimura et al., 2020). These studies suggested

that deficits or variations of OXTR may be involved in many

psychiatric disorders.

Consequently, individual differences in the gene expression,

variability, or epigenetic modification of OXTR that lead to

a dysfunction of OXT signaling may imply or contribute

to different behavioral expressions and phenotypes of mental

health in humans (Uhrig et al., 2016; Bos, 2017; Cataldo

et al., 2018; Kimura et al., 2020; Ji et al., 2021). This review

aimed to discuss the roles of OXTR in social behavior and

cognition, the signaling pathway network of OXTR regulation,

the involvement of genetic variation, epigenetic modification,

and expression of OXTR in psychiatric disorders, as well as the

therapeutic applications of the OXT value in the treatment of

psychiatric disorders.

2. The gene structure and expression
of OXTR in humans and mice

The oxytocin receptor is encoded by a single gene (human

OXTR gene, gene ID: 5021), which is localized to chromosome 3

p25–p26 in humans and structurally spans∼17 kilobases (kb), and

contains four exons and three introns (Inoue et al., 1994; Simmons

et al., 1995; Wu et al., 2005) (Figure 1A). Within the gene sequence,

the OXTR gene contains many CpG islands that are thought to

be important regions of the epigenetic regulation of OXTR DNA

hypermethylation (Gregory et al., 2009). Moreover, OXTR DNA

hypermethylation is closely linked to the downregulation of OXTR

in humans (Kusui et al., 2001). As shown in Figure 1B, there are

10 CpG sites within the 217-bp fragment of the human OXTR

gene (starting from +385 to +602 bp at the transcription start

site) (Cho et al., 2019). It was found that adults who suffered from

low maternal care in childhood bore greater DNA methylation in

peripheral whole blood compared with those who experienced high

maternal care in childhood, suggesting that early life events were

associated withOXTRDNAmethylation (Unternaehrer et al., 2015;

Danoff et al., 2021; Ramo-Fernandez et al., 2021).

Oxytocin receptor is a 388-amino-acid polypeptide and is

a very highly conservative rhodopsin-type (class I) G-protein-

coupled receptor (GPCR) with typical seven transmembrane

domains across species (Figure 1C) (Kimura et al., 1992). In

humans, OXTR is extensively expressed in a great variety of

tissues, ranging from peripheral tissues, such as the ovary,

adrenal, endometrium, prostate, and lung to the brain (Figure 2A).

OXTR was found to be highly expressed in the important brain

regions of humans and mice, including the PFC, hippocampus,

hypothalamus, amygdala, and others (Figures 2B, C) (Busnelli

and Chini, 2018). As a typical GPCR, OXTR in the brain is

expressed on the cytomembrane of neuronal cells and astrocytes

(Tan et al., 2019) and transmits extracellular signaling via the

activation of intracellular phospholipase C (PLC), the mitogen-

activated protein kinase (MAPK), protein kinase D1 (PKD1), or

other pathways (Fitts et al., 2003; Zingg and Laporte, 2003; Carter,

2014;Wang et al., 2022). By coupling the ligand OXT to OXTR, this

OXT/OXTR system plays critical roles in the regulation of social

recognition and other behaviors or emotions in the brain. Widely

expressed OXTR in the brain is significant to determine the various

responses in different brain regions and neuronal cells.

3. The regulatory e�ects of the
OXT/OXTR system in the CNS of
humans and animals

In addition to the support of growth during development or

uterine contraction in the peripheral system, OXT acting by its

single receptor subtype, the OXTR serves as a unique hypothalamic

neuropeptide/neurotransmitter with a powerfully broad profile of

behavioral and neurological effects in the CNS and mediates a

diverse range of behaviors and CNS functions (Figure 3) (Jurek and

Neumann, 2018). Among them, the most studied effects of OXT

in the CNS are involved in social behaviors. In humans, OXT was
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FIGURE 1

OXTR gene structure and tissue expression in humans. (A) The location of the OXTR gene on the human chromosome 3 (The information was

obtained from the NCBI: OXTR gene 5021) is labeled with a red arrow. (B) Gene schematic of OXTR in humans. Exons are indicated by boxes (coding,

black; untranslated, gray). Introns are shown with solid lines. The black box below the OXTR gene denotes CpG islands which function as DNA

hypermethylation sites. The figure was generated using information obtained from Cho et al. (2019). (C) X-ray crystal structure of OXTR protein (PDB

database: 6TPK).

found to improve social deficits, such as face recognition and social

responsiveness, in ASD or other neurodevelopmental disorders

(Anagnostou et al., 2012; Guastella et al., 2015b; Penagarikano,

2015; Yatawara et al., 2016). Parker et al. found that the intranasal

oxytocin treatment enhanced social abilities in children with ASD,

especially in the ASD individuals with the lowest pretreatment OXT

concentrations (Parker et al., 2017). A posttreatment increase in

the blood OXT concentrations was detected, which might underlie

the improvement of OXT in ASD. However, several randomized

controlled trials showed that there was no benefit for the youth

with ASD who received intranasal OXT in comparison to the

placebo controls, indicating that OXT could not ameliorate the

social behavioral deficits in ASD (Dadds et al., 2014; Guastella et al.,

2015a; Yamasue et al., 2020). Additionally, a recent study published

in the N Engl J Med journal found that intranasal OXT in children

and adolescents with ASD showed no significant difference in the

improvements of social or cognitive functions compared with the

placebo group (Sikich et al., 2021). Thus, these studies have given

rise to a contrary result about the OXT therapeutic outcomes in

social behaviors.

Despite the dispute about its clinical effectiveness in ASD,

an OXT administration in mouse models of ASD, Cntnap2−/−,

Chd8+/1S, and POGZWT/Q1038R could reverse the social behavioral

deficits (Cherepanov et al., 2021; Kitagawa et al., 2021; Choe et al.,

2022). Other studies showed that OXT restored abnormal neuronal

morphology and synaptic plasticity deficits in the medial prefrontal

cortex and hippocampus; rescued attention, social recognition,

and social memory deficits in Shank3-deficient rats, which were

commonly used as animal models of ASD (Harony-Nicolas et al.,

2017; Reichova et al., 2020); and improved or regulated social

preference, social bond, social approach, and sexual behavior,

as well as decreased stress response, anxiety, and aggression

behavior in animals (Braida et al., 2012; Chang and Platt, 2014;

Wei et al., 2020). In addition to the pro-social and anti-stress

effects, OXT reduced anxiety behaviors in animals, acting as an

anxiolytic nonapeptide in vivo (Ring et al., 2006). In humans,

intranasal oxytocin treatment in PTSD patients decreases provoked

total symptoms in a randomized controlled trial, especially in

avoidance, showing positive effects on the intensity of provoked

PTSD symptoms (Sack et al., 2017). In addition, other studies in

humans indicated that OXT could increase social memory, social

recognition, gaze-to-eye regions, perceptions of trustworthiness

and attractiveness, empathy, and cooperation within one’s own

group (Kosfeld et al., 2005; Baumgartner et al., 2008; Guastella

et al., 2008a,b; Unkelbach et al., 2008; Di Simplicio et al., 2009;

Ditzen et al., 2009; Keri and Benedek, 2009; Theodoridou et al.,

2009; De Dreu et al., 2010; Domes et al., 2010; Fischer-Shofty et al.,

2013; Bartz et al., 2019) and improve emotion recognition, social

communication, and interaction in youth with ASD (Guastella

et al., 2010). Hence, due to the inconsistency between humans and

animals findings, further adequate studies are necessary to elucidate

whether OXT has therapeutic potential for social deficits or others

involved in neurodevelopmental disorders.

4. The intracellular signaling of
OXT/OXTR

As a GPCR membrane protein, OXTR can sense and

receive extracellular signals and then regulate intracellular

effects. OXT bonding to OXTR facilitates the transduction of

OXTR-coupled signaling pathways into the cells and even the
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FIGURE 2

Tissue distribution of OXTR expression in humans and mice. (A) The OXTR expression in human tissues or organs. (B, C) The relative quantitative RNA

expression of OXTR was shown by nTPM (normalized expression) in human and mouse brains. Data were obtained from The Human Protein Atlas,

HPA Human brain dataset, and HPA Mouse brain dataset: https://www.proteinatlas.org/.
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FIGURE 3

The main regulatory e�ects of the OXT/OXTR system on social behaviors, emotionality, and other functions are found in humans and animals.

nucleus, thereby mediating a variety of physiological effects

and behaviors in response to stressors. Many recent studies

have shown that the intracellular effectors or downstream

signaling of OXT/OXTR mainly include extracellular regulated

kinase/microtubule-associated protein kinase (ERK/MAPK)

cascade, eEF2 phosphorylation, NO production, PLCβ/PKC

cascade, KCC2 phosphorylation and expression, and the

excitatory-to-inhibitory GABA switch (Figure 4).

4.1. ERK/MAPK

The mitogen-activated protein kinase pathway is one of the

most important intracellular signaling pathways activated by

OXT/OXTR (Busnelli and Chini, 2018). MAPK-related proteins

are highly conserved and ubiquitous in eukaryotic cells. There

are four well-characterized MAPK sub-families in mammalian

cells: p38 MAPK; c-Jun N-terminal kinase (JNK, also known as

stress-activated protein kinase-1, SAPK1); ERK1/2, also known as

p42/44 MAPK; and ERK5 (also known as big mitogen-activated

protein kinase) (Sun and Nan, 2016). These signaling pathways

can be activated by kinases recruited by various extracellular

and intracellular stimuli including hormones, cytokines, peptide

growth factors, neurotransmitters, and cellular stressors such as

endoplasmic reticulum stress and oxidative stress (Kim and Choi,

2010). Serving as a critical transduction signaling pathway, the

ERK/MAPK cascade plays important roles in gene expression,

cellular proliferation and differentiation, migration, senescence,

apoptosis, and neurodevelopment in the CNS, which could

influence the cellular responses and behavioral consequences

(Sun et al., 2015; Iroegbu et al., 2021). Due to the pivotal

functions of the ERK/MAPK cascade in neurodevelopment, its

dysfunction has been involved in various psychiatric disorders,

especially in neurodevelopmental disorders (Iroegbu et al.,

2021).

It has been demonstrated that conditional knockout of ERK2

in the CNS resulted in increased aggressive behavior, decreased

nesting ability, inadequate maternal care, and lower levels of social

interaction and sociability in mice, suggesting that the ERK/MAPK

pathway was implied in regulating social behavior (Satoh et al.,

2011). Furthermore, activation of OXTR could lead to the

phosphorylation of ERK and cAMP-responsive element binding

(CREB) protein, induce long-term potentiation (LTP), and then

lead to durable improvements in spatial memory function in the

mouse hippocampus (Tomizawa et al., 2003). Studies have shown

that OXT in the hypothalamus exerted anxiolytic effects via the

activation of OXTR/ERK/MAPK, activated the phosphorylation

of the nuclear transcription factor CREB, and then regulated

the gene transcription of corticotropin hormone-releasing factor

(Crf) together with CREB-regulated transcription coactivator 3

(CRTC3). ERK1/2 blocker could inhibit OXT-induced neuronal
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FIGURE 4

Relevant signaling pathways of OXT/OXTR in the central nervous system regulate gene transcription and expression and induce LTP, E/I balance, and

behavioral responses (Busnelli and Chini, 2018). E/I excitation/inhibition, PKC protein kinase C, LTP long-term potentiation, eEF2 eukaryotic

elongation factor 2, KCC2 K+-Cl− co-transporter 2, PLCβ phospholipase Cβ, ERK1/2 extracellular signal-regulated kinase1/2, MEK1/2

mitogen-activated protein kinase kinase1/2, CREB cAMP response element binding protein, PI3K phosphoinositide (PI)3-kinase, EGFR epidermal

growth factor receptor, DAG diacylglycerol, and IP3 inositol triphosphate.

action potentials (Jurek et al., 2015), which indicated that

ERK/MAPK was a key downstream of OXT/OXTR in regulating

intracellular signaling.

4.2. Gq/PLC/PI3K/NO signaling

Nitric oxide (NO) is an important signaling molecule that acts

as an endogenous gasotransmitter in the human body. Due to the

existence of neuronal nitric oxide synthase (nNOS), NO is widely

pervasive in the nervous system, regulating activity-dependent

control of intrinsic neuronal excitability, synaptic plasticity (long-

term depression, LTD; long-term potentiation, LTP), and other

various biological functions and processes in the brain (Steinert

et al., 2010). Previous research showed that OXT induced the

release of NO in the PVN of the hypothalamus in rats and that

it led to yawning and penile erection behaviors (Melis et al.,

1997). Moreover, Melis MR et al. also found that a specific OXTR

antagonist could prevent the OXT-induced yawning and penile

erection behaviors and inhibited the OXT-induced increase of NO−

2

(Melis et al., 1997). A recent study by Gong et al. showed that

the peripheral anti-nociceptive effects of OXT were mediated by

Ca2+/nNOS/NO/KATP signaling (Gong et al., 2015). In vascular

endothelial cells, it was found that OXTR activation led to the

calcium mobilization and phosphorylation of endothelial nitric

oxide synthase (eNOS) by Gq/PLC/PI3K/AKT signaling (Cattaneo

et al., 2008; Busnelli and Chini, 2018). These studies provided a clue

that NO served as a downstream effector molecule of OXT.

4.3. eEF2 phosphorylation

In OXT-induced changes in protein phosphorylation,

eukaryotic elongation factor 2 (eEF2), which functions as

an important regulator of ubiquitous protein synthesis,

is a new downstream target of OXTR in the human body
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(Devost et al., 2008). It has been suggested that OXT-induced

intracellular effectors can be regulated by the Gq/PKC-mediated

phosphorylation of eEF2 and that OXTR was involved in the

regulation of the neuronal balance of excitatory/inhibitory

(E/I) through eEF2 signaling (Devost et al., 2008; Heise et al.,

2017). OXTR deficiency or a decrease in the eEF2 activity could

significantly reduce GABAergic synaptic transmission in neurons

(Sala et al., 2011; Leonzino et al., 2016; Heise et al., 2017). Thus,

the effect of OXTR on GABAergic synaptic transmission might be

partly mediated by the eEF2 phosphorylation signaling (Busnelli

and Chini, 2018).

4.4. KCC2

Postnatal brain development requires a coordinated balance

of excitation and inhibition to shape the correct neuroregulatory

network (Leonzino et al., 2016; Busnelli and Chini, 2018).

GABA produces membrane excitatory depolarization through the

activation of GABAA receptors (GABAARs). The intracellular

chloride concentration is regulated by the expression of the two Cl−

transporters, namely NKCC1 (a Cl− importer) and KCC2 (a Cl−

exporter). During the early period of development, intracellular

chloride concentration (Cl−i ) in the neurons is higher than the

extracellular concentration (Cl−O). With the subsequent expression

of KCC2, the intracellular chloride concentration decreases, and

then the excitatory-to-inhibitory GABA transition (GABA switch)

is completed. This GABA switch occurs within 1 week in rodents

(Valeeva et al., 2013). The normal development of the brain

depends on the timing of the GABA switch from depolarization to

hyperpolarization (Tang et al., 2021).

Abnormal KCC2 function was associated with a variety

of psychiatric disorders, including social impairment and

schizophrenia (Kahle et al., 2015). Marianna Leonzino et al.

found that the knockout of the OXTR gene could induce the

inhibition of KCC2 expression and phosphorylation, and OXTR-

null delayed excitatory-to-inhibitory GABA switch and altered

E/I balance in hippocampal neurons from OXTR-null mice, and

OXT could increase KCC2 phosphorylation and KCC2 insertion

in the membrane through Gq/PKC signaling (Leonzino et al.,

2016). Furthermore, a study from Ben Ari group suggested

that OXT or a selective NKCC1 inhibitor (bumetanide) at birth

rescued the behavioral dysfunctions in two animal models of

autism that showed deficits in the GABA switch (Eftekhari

et al., 2014; Tyzio et al., 2014). These findings indicated that

OXT/OXTR might regulate the GABA switch and E/I balance via

the Gq/PKC/KCC2 pathway.

5. Behavioral deficits during
development due to dysregulated
OXTR

The OXT/OXTR signaling is implicated in a variety of normal

behaviors, including social interaction, anxiety-related behavior,

depression, maternal behavior, aggression, mating, attachment,

and sexual behavior (Ferguson et al., 2001; Yoshida et al., 2009;

Neumann and Slattery, 2016; Jones et al., 2017). As a result,

dysfunctions or perturbations of OXT/OXTR signaling have been

shown to contribute to behavioral deficits during development.

In Table 1, we summarized the related behavioral deficits due to

aberrant OXT/OXTR signals.

5.1. Social interaction

The oxytocin receptor is an essential GPCR that regulates

various behaviors in mammals, especially the social behavior,

dysregulation, or deficiency of OXTR, which is involved in

impaired social interaction in animal models (Liu et al., 2021).

To investigate the functions of OXTR in mammals, researchers

have established multiple OXTR gene-edited models. It was

reported that the mice carrying a null mutation in the OXTR

gene (OXTR−/−) displayed normal parturition and fertility or

reproductive behavior but exhibited pervasive social deficits and

elevated aggressive behavior, as well as in lactation and maternal

nurturing, showing that OXTR plays a developmental role in

shaping social abilities and aggression (Takayanagi et al., 2005).

A similar study found that the OXTR gene knockout could

induce autistic-like behaviors, including deficits in sociability

and cognitive flexibility and impairment of preference for social

novelty in OXTR−/− mice, which were also found in heterozygous

mice (OXTR+/−) having an approximate 50% decrease of OXTR

expression in all of the detected brain regions (Sala et al., 2013).

Moreover, the impaired behaviors in OXTR+/− mice, including the

preference for social novelty and sociability, could be rescued by

the intracerebral administration of OXT or its analog Thr4Gly7OT

(TGOT), and the effects could be blocked by OXTR antagonist

(Sala et al., 2011, 2013). Blockade of OXTR by local infusion

(icv) of an OXTR antagonist in the lateral septum and the medial

amygdala significantly impaired the maintenance of social memory

and social discrimination abilities in both rats and mice during the

social tests, demonstrating that OXTR is implicated in mediating

social behavior (Lukas et al., 2013). These findings suggest that

OXTR acts as a critical gene in mediating social interaction and

that partial inactivation or reduction of expression in OXTR

could induce deficits in social behaviors that may be involved

in neurodevelopmental psychiatric disorders characterized by the

impairment of various social behaviors.

5.2. Aggressive behavior

Aggressive behavior is a flexible and hostile response for

mammals, especially for males, during social interactions (Kelly

and Wilson, 2020). Increased aggressive behavior or violence is

implicated in some psychiatric disorders, such as schizophrenia

and bipolar disorder (Volavka, 2013). Although the mechanisms

underlying the aggression involved in psychiatric disorders remain

unclear, emerging evidence showed the involvement of the

OXT/OXTR signal in aggression (Takayanagi et al., 2005; Sala et al.,

2011, 2013). Knockout of OXTR could induce significantly elevated

aggressive behavior and deficits in social behavior in OXTR−/−

mice (Takayanagi et al., 2005; Sala et al., 2013). Unlike the null
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TABLE 1 Summary of behavioral implications of OXT/OXTR deficiency.

Functions Model E�ects OXTR deficiencies References

Social interaction

(sociability and social novelty)

Mice

(male and female)

Pervasive social deficits Null mutation in the OXTR gene

(OXTR−/−)

Takayanagi et al., 2005

Mice

(male)

Impaired sociability and preference

for social novelty

Heterozygous mutation in the OXTR

gene (OXTR+/−)

Sala et al., 2011, 2013

Aggressive behavior Mice

(male)

Increased aggressive behavior Null mutation in the OXTR

(OXTR−/−) or OXT (OXT−/−) gene

Takayanagi et al., 2005; Sala

et al., 2013

Mice

(male and female)

Increased aggression in male mice,

but not in females

Specific OXTR deletion in raphe

serotonin neurons

Pagani et al., 2015

Long-term social recognition

memory

Mice (male) Impaired long-term social

recognition memory but normal

sociability and preference for social

novelty

Conditional deletion of forebrain or

hippocampal CA2/CA3a - excitatory

neurons

Lin et al., 2018

Maternal behavior Mice

(females)

Impairments in the initiation of

maternal behavior

Total body OXTR gene knockout

(OXTR−/−)

Rich et al., 2014

genotype, the OXTR+/− mice displayed normal cognitive flexibility

and aggression, which indicated that the haploinsufficiency of

OXTR was sufficient to impair social behavior and that whereas,

the deficits in cognitive flexibility and aggression required the entire

deficiency of the OXTR gene (Sala et al., 2011, 2013). Interestingly,

a high level of aggression was also found in OXT−/− mice who

were offspring of OXT−/− dams, but not those of OXT+/− dams

(Takayanagi et al., 2005). Moreover, specific OXTR deletion in

raphe serotonin neurons could induce aggressive behavior in male

mice only, but not in female mice (Pagani et al., 2015). These

results prove that the OXT/OXTR system acts as a key regulator

of aggressive behavior.

5.3. Long-term social recognition memory

Social recognition memory is a basic survival ability for

mammals to correctly recognize conspecifics, mates, and potential

enemies, the impairment of which is associated with social

neurobehavioral and developmental disorders (Chiang et al., 2018;

Wang et al., 2022). The hippocampus in humans is considered to

be a crucial brain region that is responsible for social recognition

and memory. Evidence showed that the conditional deletion of

hippocampal CA2/CA3a or forebrain-excitatory neurons led to the

impairment of long-term social recognition memory in adult male

mice without affecting the sociability, preference for social novelty,

and anxiety-like behavior assessed by the novelty-suppressed

feeding, elevated plus maze, and open-field tests (Lin et al.,

2018). Additionally, OXTR deletion in the CA2/CA3a neurons

resulted in a decreased complexity of basal dendritic arbors of

CA2 pyramidal neurons and a deficit in the induction of long-

term potentiation at the synapses between the CA2 and entorhinal

cortex pyramidal neurons, without affecting long-term depression

(Lin et al., 2018). Those findings may underlie the defect of

long-term social recognition memory induced by the OXTR

deficiency in the hippocampal CA2/CA3a excitatory neurons of

mice. Thus, OXTR in the CA2/CA3a may serve as a target for the

treatment of social recognition deficits identified in patients with

neuropsychiatric disorders.

5.4. Maternal behavior

It has been reported that sufficient maternal care in early life

is particularly crucial for brain development, social recognition,

and subsequent behaviors in the adult (Cater and Majdic, 2022).

Maternal behavior in mammals is an instinct that is regulated

by endocrine and neural systems, especially by the OXT/OXTR

system. In addition to its roles in parturition and lactation, OXT

acting through its receptor subtype, OXTR, serves as a hormone

of love during social interaction and promotes and strengthens the

relationship between the mother and baby. Hence, it is predictable

that the deficiency of OXTRmay be involved in the perturbation of

maternal behavior. To prove this hypothesis, Rich et al. generated

a total knockout of OXTR mice (OXTR−/−) and found that

OXTR−/− dams showed significantly increased pup abandonment

behavior in comparison to the controls (Rich et al., 2014; Lin et al.,

2018).

5.5. Anxiety and depression

The OXT/OXTR system mediated anxiety-like behavior and

response to stress in mammals (Neumann and Slattery, 2016).

OXT also functioned as an anxiolytic and anti-stress factor in the

brain, and OXT treatment in adolescent rats could promote social

behaviors in adulthood and contribute to increasing OXT levels in

plasma (Suraev et al., 2014). It is easy to infer that the dysfunction

of OXTR may be implicated in anxiety-like or depression-like

behaviors. However, it was proved that total OXTR knockout

(OXTR−/−) or local knockout in the forebrain (OXTRFB/FB) did

not affect the anxiety-like behavior and sucrose intake that was used

to test the depression-like behavior. Additionally, the OXTR−/−

dams in the postpartum period had no predominant anxiety- and

depression-like behaviors (Rich et al., 2014; Lin et al., 2018). Specific
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local OXTR knockout in the raphe serotonin neurons was not

sufficient to induce anxiety-like behavior in male mice (Pagani

et al., 2015), which was consistent with others’ studies (Rich et al.,

2014; Lin et al., 2018). These findings show that the deficiency

of OXTR is inadequate to induce anxiety-like and depression-

like behaviors.

6. The involvement of genomic,
epigenetic modification, and gene
expression of OXTR in psychiatric
disorders

Increasing evidence warranted that aberrant OXT/OXTR

signaling is an essential factor in the neuropathology of some

neurodevelopmental disorders (Siu et al., 2021). Dysregulation

of the OXTR gene in a variety of psychiatric disorders has

enabled researchers to investigate the epigenetic state of OXTR in

psychiatric patients (Gregory et al., 2009; Almeida et al., 2022).

Variations in the OXTR gene (e.g., OXTR gene polymorphisms)

have been proven to be associated with a variety of psychiatric

disorders or alterations in brain function in humans. However, the

mechanisms underlying the dysregulation of OXT/OXTR signaling

in neurodevelopmental disorders remain unclear. Nonetheless,

here, we summarized the aberrant OXT/OXTR signaling in the

pathogenesis of the following psychiatric disorders or alterations in

brain function (see Table 2).

6.1. ASD

Autism spectrum disorder (ASD) is an early-onset pervasive

neurodevelopmental disorder that comprises a spectrum of

cognitive and behavioral dysfunctions of childhood psychiatric

disorder, with a population prevalence of about 1% and an

estimated heritability of 80% worldwide (Ronald and Hoekstra,

2011; Lai et al., 2014). ASD is characterized by repetitive

and stereotypical behavior, restricted interests, and impaired

social interaction and communication, which has shown

higher morbidity in male than female individuals (Ronald

and Hoekstra, 2011; Lai et al., 2014). These profiles significantly

affect neurodevelopment and maturity in childhood and even have

lifelong consequences. Understanding the specific mechanisms

underlying the neuropathogenesis of ASD remains difficult.

Nevertheless, genetic and epigenetic evidence has been found to

play pivotal roles in the etiology of ASD (Gregory et al., 2009;

Wang et al., 2021).

Oxytocin receptor has been identified as a risk gene for ASD

due to converging evidence from genetic and epigenetic analyses

in ASD individuals (Gregory et al., 2009; LoParo and Waldman,

2015). Statistically significant hypermethylation of OXTR was

found in the peripheral blood and temporal cortex tissue of

autistic individuals compared to controls, as well as decreased

OXTR mRNA expression in the temporal cortex tissue (Gregory

et al., 2009). The correlation analysis showed that the decreased

expression of the OXTR gene was related to the increased

methylation in the temporal cortex (Gregory et al., 2009). In

addition, Elissar Andari et al. found that ASD subjects showed

higher hypermethylation in the intron 1 area of OXTR compared

with neurotypical controls and that the hypermethylation in

OXTR was correlated with the clinical severity of ASD, such as

social responsiveness deficits and brain functional connectivity

(Andari et al., 2020). Taken together, those findings provided

substantial evidence for OXTR hypermethylation as a considerable

risk biomarker of ASD.

Single-nucleotide polymorphisms (SNPs) are key genetic

variations relevant to the development of a variety of

neurodevelopmental disorders (Byrne et al., 2021). A study by

Suping Wu et al. showed that two SNPs (rs2254298 and rs53576)

located within the OXTR gene of 195 Chinese Han autism were

significantly associated with ASD, suggesting an implication of

OXTR in the susceptibility to ASD (Wu et al., 2005). Furthermore,

a meta-analysis of 16 OXTR SNPs including 3,941 ASD patients

from 11 independent samples was conducted to study whether

variations in the OXTR gene were associated with ASD and to find

out which particular SNPs showed a significant association with

ASD (LoParo and Waldman, 2015). This study showed that there

was a significant association between OXTR variations and ASD

in a gene-based test and that several SNPs including rs2268491,

rs7632287, rs237887, and rs2254298 were found to be significantly

associated with ASD (LoParo and Waldman, 2015). Furthermore,

a study by E Lerer et al. found that a five-locus haplotype block

(rs237897-rs13316193-rs237889-rs2254298-rs2268494) showed a

significant association with ASD (Lerer et al., 2008). These findings

suggested that many different OXTR variations in SNPs were

important and potential biomarkers of ASD.

Additionally, it was found that OXT had modulatory effects

on social behaviors, including attachment, maternal behavior,

mating, sexual behavior, and aggression, and showed significant

improvements toward social deficits involved in psychiatric

disorders, especially in ASD (Ferguson et al., 2001; Hoge et al., 2019;

Froemke and Young, 2021). Hence, due to its pro-social effects,

intranasal administration of OXT has been used for the treatment

of adults and juveniles with ASD in clinical studies and has been

considered a new therapeutic option for ASD (Anagnostou et al.,

2012; Penagarikano, 2015; Parker et al., 2017), despite the dispute

of benefit from OXT (Yamasue et al., 2020). Takamitsu Watanabe

et al., found that themajor allelotypes in twoOXTR SNPs, including

rs2254298 and rs53576, were correlated with the behavioral and

neural responses to OXT treatment in ASD individuals, which

suggested that the OXTR SNP variants had biological functions

on autistic OXT efficacies (Watanabe et al., 2017). These findings

implied that the OXTR SNP variants not only correlate with the

development of ASD but also may function as predicted genetic

biomarkers in clinical OXT responses before its actual treatment.

6.2. Borderline personality disorder

Borderline personality disorder (BPD) is a common psychiatric

disorder characterized by a central feature of interpersonal

dysfunction, which may be caused by a variety of biological,

genetic, epigenetic, environmental factors, or gene–environment

interactions. Accumulating evidence suggests that variation in gene
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TABLE 2 Summary of aberrant OXTR in psychiatric disorders and alterations of brain volumes.

Psychiatric
disorders

Samples Genetic features and
Behavioral phenotypes

Variations of OXTR References

Autism Spectrum Disorder Human saliva, peripheral

blood, and temporal

cortex tissue

ASD individuals displaying high DNA

methylation values in OXTR exhibited

more social problems and lower IQ,

correlated with symptom severity and

brain functional connectivity

DNA methylation in OXTR

gene

(Gregory et al., 2009; Andari

et al., 2020; Danoff et al., 2021;

Siu et al., 2021)

Human temporal cortex

tissue

ASD individuals showed a decrease in

OXTR expression

Decreased OXTR mRNA

expression

(Gregory et al., 2009)

Human peripheral blood ASD individuals exhibited many SNPs

in OXTR gene

OXTR SNPs including

rs2268491, rs7632287,

rs237897, rs13316193,

rs237889, rs2268494,

rs237887, rs53576 and

rs2254298

(Wu et al., 2005; Lerer et al.,

2008; LoParo and Waldman,

2015)

Borderline Personality

Disorder

Human peripheral blood BPD patients had higher frequencies in

rs53576 AA and rs237987 AA genotype

OXTR genetic

polymorphisms in rs53576

and rs237987

(Hammen et al., 2015; Zhang

et al., 2020)

Attention

Deficit/Hyperactivity

Disorder

Human ADHD children with CT/TT genotype

performed lower on the facial emotion

recognition task

OXTR genetic polymorphism

in rs4686302

(Kalyoncu et al., 2019)

Human ADHD individuals exhibiting high

DNAm values in OXTR showed more

social problems and lower IQ

DNAmethylation of OXTR (Siu et al., 2021)

Human rs53576 AA genotype was correlated

with better social cognitive ability

OXTR genetic polymorphism

in rs53576

(Park et al., 2010)

Schizophrenia Human temporal cortex,

vermis

Schizophrenia patients showed

downregulation of OXTR mRNA in the

temporal cortex and a decrease in

receptor binding in the vermis

OXTR gene expression and

binding sites in different brain

regions

(Uhrig et al., 2016)

Human peripheral blood Significant associations of OXTR SNPs

rs53576 with general psychopathology

and rs237902 with negative symptom

scores in schizophrenic patients;

significant associations of OXTR SNPs

rs53576(A > G) and rs237885(T > G)

with a diagnosis of schizophrenia

OXTR genetic

polymorphisms in rs237885,

rs53576 and rs237902

(Montag et al., 2013)

Post-traumatic stress

disorder

Human peripheral blood G allele in OXTR rs53576 was related

with PTSD symptoms

OXTR genetic polymorphism

in rs53576

(Cao et al., 2020)

Human peripheral blood Higher DNA methylation was found at

the two CpG-sites of OXTR (CpGs

Chr3:8809437, Chr3:8809413) in female

PTSD

DNAmethylation in OXTR

gene

(Nawijn et al., 2019)

Alterations of brain

volumes

Human umbilical cord

blood, saliva, peripheral

blood

Smaller hippocampal volumes were

associated with rs53576 AA and

rs2254298 AA; rs2254298 AA was

relevant to reduced bilateral amygdalar

volumes

OXTR genetic

polymorphisms in rs53576

and rs2254298

(Malhi et al., 2020; Womersley

et al., 2020; Acosta et al., 2021)

Human saliva Negative association between brain

volumes in maltreated children and

OXTR DNAmethylation

DNA methylation in OXTR

gene

(Fujisawa et al., 2019)

Anxiety and depression Human saliva Higher DNA methylation was found in

subjects with anxiety/depression

DNA methylation in OXTR

gene

(Chagnon et al., 2015)

Others (social interactions,

aggression, and,

obsessive-compulsive

disorder)

Human buccal mucosa

cells

OXTR rs2254298 GG carriers showed

fewer social interactions; rs53576 AA

was associated with aggression

OXTR genetic

polymorphisms in rs53576

and rs2254298

(Bonassi et al., 2020;

Butovskaya et al., 2020)

Human blood Significant hypermethylation at CpG

site cg04523291 in OCD patients

DNA methylation in

cg04523291

(Bey et al., 2022)
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polymorphism is a risk factor that may contribute to the disease

phenotypes (Albert and Kruglyak, 2015). The sequencing of the

human genome has made it possible to study the cause-and-effect

relationship between genetic architecture and most of the common

diseases. Common diseases are polygenic-related, with many loci

contributing to the phenotype. The number of genomic variants or

gene polymorphismsmay contribute to the risk of disease (Visscher

et al., 2021).

Genetic variations of the OXTR gene, including the most

common SNPs, have been found in human psychiatric disorders.

Recently, a clinical study among male inmates in China revealed

that, compared with the non-BPD controls, BPD patients had

higher frequencies in rs53576 AA and rs237987 AA genotypes,

despite showing no statistical significance after Bonferroni

correction (Zhang et al., 2020). The rs53576 GG genotype

individuals with BPD showed higher BPD scores at higher levels

of childhood maltreatment, including sexual abuse and physical

abuse. These results indicate that the interaction between childhood

maltreatment and genetic variations of OXTR makes a difference

in the development of BPD. OXTR variations may be evidence

for gene plasticity, functioning as important risk factors for BPD

(Zhang et al., 2020). It was also reported that the AA-allelotype in

OXTR rs53576 was linked to high levels of later BPD symptoms

in youth with BPD (Hammen et al., 2015). Consequently, OXTR

polymorphisms in rs53576 and rs237987 may serve as genetic

markers and predictors of later symptoms in BPD.

6.3. ADHD

With an estimated world prevalence of about 5%, attention-

deficit/hyperactivity disorder (ADHD) is one of the most frequent

neurodevelopmental disorders in school-aged children who show

substantial impairments in inattention, hyperactivity, impulsivity,

and deficits in social cognitive abilities (Polanczyk et al., 2007;

Cortese and Coghill, 2018). Although ADHD is considered

a children’s disease, impairing ADHD symptoms appear in

adulthood in a considerable portion of cases (∼65%) (Faraone

et al., 2006; Cortese and Coghill, 2018). Recently, Tugba Kalyoncu

et al. showed that the TT genotype in OXTR rs4686302 appeared

to be more frequent in the children with ADHD, compared with

that in the healthy controls, and that the ADHD children with

the CT/TT genotype in OXTR rs4686302 displayed noticeably

worse performance on a facial emotion recognition task than

those with the CC genotype (Kalyoncu et al., 2019). These results

might account for proof that different variations of the OXTR

gene were correlated with different subtypes of children with

ADHD. Additionally, similar research by J. Park et al. found that

there was a significant association between SNP rs53576 of OXTR

and social cognitive deficits in a subset of the ADHD probands,

indicating that the AA genotype in OXTR rs53576 was correlated

with better social cognitive ability compared to the AG genotype

(Park et al., 2010). Although no significant association between the

OXTR genotype and mRNA expression was found in this study, it

confirmed previous findings that the OXTR gene was involved in

social cognition (Park et al., 2010).

As one of the most common and important epigenetic

modifications, DNA methylation status in specific sites, including

exon and enhancer, regulates gene transcription and controls

gene expression, directly or indirectly (Ehrlich and Lacey, 2013).

Recently, it was reported that DNA methylation in the MT2 region

of the OXTR gene, both in prairie voles and humans, was associated

with an OXTR expression, suggesting that DNA methylation in

specific sites of OXTR served as an indicator of the OXTR gene

expression (Danoff et al., 2021). Michelle T. Siu et al. found that

individuals with ADHD who exhibited extreme DNA methylation

(DNAm) values in the OXTR gene displayed more social deficits

and lower intelligence quotient (IQ), respectively, than those with

normal DNAm levels. The abnormal DNAm status of OXTR was

also uncovered in other neurodevelopmental disorders, especially

in ASD (Siu et al., 2021), showing that OXTR DNAm patterns were

altered in many psychiatric disorders.

6.4. Schizophrenia

Schizophrenia, a severe and heterogeneous psychiatric disorder,

is characterized by impairments in social cognition, residual

symptoms, and a chronic course in >50% of patients (Lambert

et al., 2010). Under the fact that there are poor treatments for

schizophrenia and limited research progress related to psychiatric

disorders (DeLisi, 2005; Maric et al., 2016), the pathomechanism

of schizophrenia is still unclear so far (Stepnicki et al., 2018).

Recent studies have found that genetic polymorphisms in the

OXTR and OXT genes in humans have been significantly

related to schizophrenia and that OXTR and OXT gene variants

have been involved in schizophrenia vulnerability and warrant

independent replication (Souza et al., 2010; Teltsh et al., 2012;

Montag et al., 2013). A case-control study showed that the

OXTR SNPs rs53576 (A > G) and rs237885 (T > G) were

significantly associated with a diagnosis indicator of schizophrenia

and that OXTR SNPs rs53576 and rs237902 were significantly

correlated with general psychopathology and negative symptom

scores in schizophrenic patients, respectively (Montag et al., 2013).

Furthermore, compared with healthy controls, schizophrenia

patients showed downregulated expression of OXTR in the

temporal cortex and decreased receptor binding in the vermis

(Uhrig et al., 2016). The findings suggested that dysfunctions of

OXTR including downregulation expression and genetic variants

correlated with schizophrenia, which might contribute to the

impairments of social cognition.

6.5. PTSD

Post-traumatic stress disorder (PTSD) is a severe mental

disorder found in individuals who have directly experienced

a traumatic event, such as traumatic re-experience symptoms,

avoidance, numbness-like behaviors, and increased vigilance

(Kirkpatrick andHeller, 2014). It has been reported that the lifelong

prevalence of PTSD in adults is about 7.8% and that despite

suffering fewer traumas, women show higher risk prevalence than

men (Kessler et al., 2005; Ditlevsen and Elklit, 2012; Herringa,

2017). PTSD is characterized by aberrant function and structure

in neural circuitry controlling emotion regulation and stress

processing (Herringa, 2017). Although the cause that induces
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PTSD may be identifiable, the specific mechanism implicated in

the structural and functional dysfunctions in the brain remains

unclear. A recent study showed that the PTSD individuals

who carried G allele in OXTR rs53576 had both noticeable

PTSD-related symptoms and depressive symptoms (Cao et al.,

2020). This study confirmed that the OXTR rs53576 genotype

which was also found in other psychiatric disorders, such as

ASD, BPD, ADHD, and Schizophrenia, was in connection with

PTSD/depression comorbidity. Furthermore, it was found that

female PTSD patients showed higher DNA methylation levels at

two specific CpG islands (CpGs Chr3:8809437, Chr3:8809413) that

were located at exon 3 of the OXTR, compared to PTSD males and

female trauma-exposed controls (Nawijn et al., 2019). Moreover,

within PTSD females, DNA methylation in the two CpG sites of

OXTR showed a positive correlation with PTSD-related symptoms,

including left amygdala responses to negative emotional faces and

anhedonia symptoms. Accordingly, the above studies related to

the interactions between the phenotypes and genetic variants or

epigenetic modifications indicate that OXTR is a susceptibility risk

gene to PTSD.

6.6. Alterations of brain volumes

With regard to its important roles in psychiatric disorders,

OXTR has been investigated in other aspects related to abnormal

behaviors and aberrant brain structure and function. In

adolescents, OXTR SNP rs53576 might be related to hippocampal

volumes, providing structural and functional support for social

behaviors (Malhi et al., 2020). In the study, smaller left hippocampal

volumes were found in the rs53576 AA carriers who experienced

a higher emotional trauma, compared with those who suffered

a minimal emotional trauma, but no differences in GG carriers,

which suggested that the interactions between OXTR rs53576

and adversity were associated with the hippocampal volumes

(Malhi et al., 2020). Similarly, rs2254298A risk allele in OXTR

was found to be associated with reduced left hippocampal

volume, which was also shown to be independently relevant to

reduce bilateral amygdalar volumes (Womersley et al., 2020).

Furthermore, larger left hippocampal volumes were found in

boys with the GG genotype of OXTR rs53576 (Acosta et al.,

2021). A high level of OXTR methylation was negatively

associated with gray matter volume in the left orbitofrontal

cortex in children with maltreatment (Fujisawa et al., 2019).

Those studies indicate that rs53576 AA and rs2254298 AA

genotypes in OXTR are risk SNPs that may increase the

susceptibilities to the effects of environmental factors on the

brain structure, such as emotional trauma and childhood

emotional neglect.

6.7. Others (social interactions, aggression,
anxiety, and depression)

The individuals with the OXTR rs2254298 GG genotype and a

history of low paternal care showed fewer social interactions than

those with the AA genotype (Bonassi et al., 2020). These results

showed that environmental factors interacted with gene variations

to affect the phenotypes of psychiatric disorders and that OXTR

was a susceptible risk gene to environmental factors. Additionally,

a study on the association between OXTR polymorphisms and

aggression found that the AA genotype in OXTR rs53576 in men

served as a risk factor for aggression that was characterized by

anger and hostility, suggesting that OXTR genetic polymorphism

might affect emotional (anger) and cognitive (hostility) aggression

in humans (Butovskaya et al., 2020). Epigenetic non-structural

changes in the OXTR gene, such as DNA methylation that may

mediate gene expression, are commonly found in psychiatric

disorders (Siu et al., 2021). Obsessive-compulsive disorder (OCD)

patients showed higher DNA methylation at the CpG site of

cg04523291 of OXTR compared to controls (Schiele et al., 2021; Bey

et al., 2022). A greater DNA methylation level in the OXTR gene

was shown in subjects with anxiety and depression who carried

the rs53576 AA genotype in the OXTR gene, in comparison with

controls (Chagnon et al., 2015). Ludwig et al. found that OXTR

promoter methylation level was positively but not significantly

associated with the severity of depression symptoms in affective

disorder individuals (Ludwig et al., 2022). Altogether, the evidence

may support the roles of epigenetic and genetic changes in the

OXTR gene in the development of many psychiatric disorders and

the structural and functional abnormalities in the brain (Figure 5).

7. Summary and outlook

Overall, while some research questions involved in OXT/OXTR

deficiency-related psychiatric disorders have been answered, many

others remain to be addressed. The mechanisms underlying the

dysregulation of OXT/OXTR signaling in neurodevelopmental

disorders are not fully understood. Here we summarize the

expression of OXTR and the involvement of OXT/OXTR signaling

in the regulation of intracellular effects, behavioral responses,

functional alterations, and the outcomes of OXTR dysregulation

or deficiencies in behavioral deficits and psychiatric disorders.

As reviewed above, the OXT/OXTR system regulates social

cognition, social behaviors, emotions, and autonomic functions,

including social memory, maternal behavior, attachment, mating,

sexual behavior, depression, anxiety, aggression, and others.

Due to the promising therapeutic outcomes in improving social

recognition and behaviors, an intranasal OXT administration

has been proposed to treat autism spectrum disorder. Whereas,

recent studies have given rise to a contrary result that OXT

shows no benefit for the youth with ASD. Thus, the clinical

effectiveness of an intranasal OXT administration in patients

with neurodevelopmental disorders remains to be investigated.

Moreover, the intracellular effectors or downstream signaling of

OXT/OXTR mainly include ERK/MAPK, eEF2 phosphorylation,

NO production, PLCβ/PKC, KCC2 phosphorylation and

expression, and the excitatory-to-inhibitory GABA switch, which

may elucidate the intrinsic molecular mechanisms underlying the

regulation of OXT/OXTR in social cognition and behaviors.

Due to the implications of OXTR in psychiatric disorders,

more and more clinical studies have focused on the correlations
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FIGURE 5

Involvement of OXTR variation, epigenetic modification, and gene expression in typical psychiatric disorders or alteration in brain development,

including ASD, ADHD, BPD, PTSD, anxiety, depression, brain volume alteration, schizophrenia, and social deficit.

between OXTR DNA sequence variations and phenotypes, and

even the causality between individual polymorphisms and changes

in gene expression, which in turn lead to physiological outcomes

and, finally, disease risk. OXTR variations were implicated in

ASD, ADHD, BPD, aggression, anxiety and depression, PTSD,

schizophrenia, alterations of brain volumes, and other psychiatric

disorders. The current studies, however, incompletely or partially

accounted for the possibility that the variations, epigenetic

modifications, or gene expressions in the OXTR gene might

influence the development of diseases, and were limited to the

clinical correlational investigation between abnormal OXT/OXTR

signaling and psychiatric disorders. Taking into account the

complexities and challenges in the field of psychiatric disorders

that we are facing, additional studies need to be conducted

for a better understanding of how the OXTR gene variations

happen and how those variations affect the psychiatric phenotypes.

The review summarizes the aberrant OXT/OXTR signaling in

behavioral deficits and psychiatric disorders, contributing to

the understanding of the neurobiology of psychiatric disorders

and providing insights into the progress of OXTR-related

neurodevelopmental disorders.
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