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Schizophrenia and autism spectra disorders are currently conceptualized as distinct
clinical categories. However, the relationship between these two nosological entities has
been revisited in recent years due to the evidence that they share some important clinical
and neurobiological features, putting into question the nature and the extent of their
commonalities and differences. In this respect, some core symptoms that are present in
both disorders, such as social cognitive deficits, could be a primary target of investigation.
This review briefly summarizes the commonalities and overlapping features between
schizophrenia and autism spectra disorders in social cognitive functions, considering this
construct in a Research Domain Criteria perspective. The clinical manifestation of deficits
in social cognition are similar in schizophrenia spectrum disorders and autism spectrum
disorders, and brain areas that appear to be altered in relation to these impairments are
largely shared; however, the results of various studies suggest that, in some cases, the
qualitative nature of these alterations may be different in the two spectra. Moreover,
relevant differences could be present at the level of brain networks and connections. More
research is required in this field, regarding molecular and genetic aspects of both spectra,
to better define the neurobiological mechanisms involved in social cognition deficits, with
the objective of developing specific and targeted treatments.

Keywords: schizophrenia spectrum disorder, autism spectrum disorder, neurodevelopmental disorders, social
cognition, research domain criteria (RDoC) neuroimaging, genetic
INTRODUCTION

Social cognition (SC) can be broadly defined as a domain encompassing all the cognitive processes
related to interpersonal contacts and to the perception of oneself and others in the social environment
(1, 2). It includes a wide range of abilities, from basic ones such as recognition and processing of
emotions in facial expressions and tones of voice, to more complex skills involving the attribution of
g August 2020 | Volume 11 | Article 8061

https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00806/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00806/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00806/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00806/full
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles
http://creativecommons.org/licenses/by/4.0/
mailto:stefano.barlati@unibs.it
https://doi.org/10.3389/fpsyt.2020.00806
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2020.00806
https://www.frontiersin.org/journals/psychiatry
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2020.00806&domain=pdf&date_stamp=2020-08-28


Barlati et al. Social Cognition in Schizophrenia and Autism
mental states or the perception and understanding of social cues
and contexts. These processes regulate and determine social
behaviors and are closely linked to interpersonal relationships
and social functioning (3).

SC currently represents a prominent field of study in
Schizophrenia Spectrum Disorders (SSD), as deficits in socio-
cognitive performance are related to poorer functional capacity
and community-living skills, worse real-world functioning and
lower quality of life (4–9). The socio-cognitive processes that
appear to be most commonly impaired in patients diagnosed
with SSD are emotional processing, social perception,
attributional style, and Theory of Mind (ToM) (7, 10–12);
these deficits may predate the clinical onset of the disorder and
appear to be present since the early phases of illness, remaining
substantially stable afterward (13–16).

Autism Spectrum Disorders (ASD) also represent a category
of conditions characterized by significant impairments in
interpersonal understanding and behaviors, with atypical social
interactions and communication (17, 18). Social isolation and
community-living impairment resulting from these socio-
cognitive deficits are common features in individuals with ASD
(19–21), often leading to lower quality of life (22–24). These SC
deficits appear to have an impact on functional and social skills
in subjects with ASD also in the presence of a normal Intelligence
Quotient (IQ) (25).

The aim of the present narrative and critical review is to provide
an overview of clinical, neuroanatomical-neurofunctional and
molecular features involved in socio-cognitive deficits across the
SSD and ASD spectra, highlighting how implementing knowledge
in these fields in a Research Domain Criteria (RDoC) perspective
could represent a valid step in improving the management and the
treatment of these disorders. In fact, the issue of overlaps between
SSD and ASD has not yet been explored in a RDoC perspective:
filling this current gap could improve the understanding of
interactions between neurobiological and clinical observations
and further the integration of recent scientific knowledge into
daily clinical practice.
Schizophrenia and Autism Spectra
Disorders: Areas of Clinical Overlap
SSD and ASD are currently conceptualized as separate
nosological entities, emerging at different developmental
periods and characterized by specific and distinctive features
(26). However, this dichotomic separation has been recently
called into question, and the areas of overlap between the two
spectra have become the focus of a growing body of literature
(27–32).

ASD symptoms are more frequent in subjects diagnosed with
SSD than in healthy controls (33, 34), and appear to play a
relevant role in the clinical situation of patients with SSD, as
more severe ASD symptoms represent an individual predictor of
worse SC performance (35, 36) and poorer real-world social
functioning (37), and are correlated with greater impairments in
the ability to judge the quality of everyday functioning (38).
Individuals diagnosed with SSD and showing prominent ASD
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features could represent a particular sub-population with specific
clinical characteristics, including lower IQ and poorer cognitive
performance (39, 40) and worse response to antipsychotic
treatment (41).

On the other hand, psychotic features are frequent in subjects
diagnosed with ASD (42, 43). Childhood ASD features and ASD
diagnosis are associated with psychotic experiences (44) and with
substantially increased risk of SSD (45, 46). Moreover,
individuals with ASD and prominent psychotic features appear
to represent a peculiar sub-population, characterized by fewer
stereotyped interests and behaviors and lower IQ (47).

A recent meta-analysis comparing non-social cognitive
profiles of subjects diagnosed with SSD and ASD reported
important differences between the disorders regarding deficits
in visuospatial perception and reasoning and problem solving
domains; however, differences in working memory and language
performance were small, and a substantial overlap was observed
in processing speed and verbal comprehension domains (48).
Social Cognition: A Bridge Between
Schizophrenia and Autism Spectra
Disorders
Deficits in SC in particular represent a key feature of both spectra
(13, 49, 50). A systematic review and meta-analysis, including 19
different studies comparing socio-cognitive performance
between individuals diagnosed with SSD and those diagnosed
with ASD, reported that the level of SC impairment was similar
across the disorders: no significant differences emerged in ToM
tasks, emotional intelligence and social skills, and, although
patients with SSD had a better performance in emotion
perception, only a modest effect size was observed (51). These
results were however limited by a significant heterogeneity in the
tasks employed in the individual studies and by the small sample
sizes. A more recent study has therefore performed a
comprehensive evaluation of SC performance in large samples
of adult subjects with schizophrenia, ASD and typical
development, confirming that the level of impairment is very
similar between the two disorders, with small differences that
become non-significant when the analyses are controlled for
symptoms severity (52). These results could suggest that
interventions which have shown effectiveness in improving SC
performance in one condition could lead to positive results if
adopted in the other.

However, as much as the clinical observation andmeasurement
of this overlap between the spectra is important and interesting, a
deeper understanding of the neurobiological and molecular
mechanisms underlying SC deficits of both disorders, with
particular attention to which aspects are shared and which
are divergent in the two conditions, could represent a relevant
improvement in the perspective of developing and implementing
dedicated treatment strategies. In fact, deficits in social interactions
and in SC performance observed in SSD and ASD could result
either from similar, partially overlapping, independent or even
completely opposite neurobiological causes: the latter case has
been observed in different independent studies, leading to the
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hypothesis that SSD and ASD may represent diametrically
divergent disorders of the social brain (53, 54). Moreover, as
SSD and ASD share a number predisposing neurodevelopmental
features and risk factors, it has been theorized that the co-
occurrence of the two disorders, or of different neurobiological
alterations belonging to the two spectra, could be frequent,
explaining the association and similarities often observed on a
clinical level (43).

Social Cognition as a Research Domain
Criteria
The RDoC project represents a framework for research that
conceptualizes mental illnesses as brain disorders and assumes
that the dysfunctions in neural circuits can be identified with the
tools of clinical neuroscience and genetics. Data obtained in this
perspective could yield specific biosignatures, possibly leading to
an improvement in the clinical management of psychiatric
disorders (55).

Disassembling the traditional diagnostic categories established in
psychiatry on the basis of clinical observation does not represent the
aim of the RDoC approach; rather, among its primary goals features
a deeper understanding of neural circuits’ functioning that could
result in better knowledge of the causal relationships beyond
symptoms and behaviors occurring in different disorders (56).

This might also represent a step forward inmeeting the need of a
more personalized medicine in psychiatry by improving the
characterization of individual cases, an objective that is somehow
currently difficult with the information conveyed by the diagnosis
alone (57); this approach, including direct comparisons of clinical
disorders, is recently attracting more scientific attention (58).

In particular, the RDoC perspective could be interesting in the
study of neurodevelopmental disorders, as the developmental
trajectory of different conditions currently represents an
important object on neuroanatomical, neurobiological, molecular
and behavioral research (59).

SC has been proposed as a major RDoC domain on the basis
of the neurobiological evidences defining the brains systems
involved in socio-cognitive processes and for its relevance as a
transdiagnostic clinical construct (60).

Several studies have been performed to date to elucidate the
roles played in SC by specific neural structures, genes, and
neurotransmitter systems (61–64).

Neuroanatomical and Neurofunctional
Brain Markers of Social Cognition
SC involves a broad range of neural regions and networks in
stimulus processing in the central nervous system. Neuroimaging
studies represent an important tool for the comprehension of the
neural bases that explain the mechanisms of SC, since they can
provide not only an assessment of brain anatomy but also of
neural activity in specific regions as well as its relations (65–69).
In this sense, the use of structural Magnetic Resonance Imaging
(sMRI) and functional Magnetic Resonance Imaging (fMRI) has
become a fundamental strategy for understanding these neural
bases, as well as for studying psychiatric diseases that classically
present alterations in SC, such as ASD and SSD (70–73). Several
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neuroimaging studies have identified specific brain areas most
frequently involved in SC, but also networks formed by the
connections between these focal brain areas (70, 74). This group
of brain regions may also be collectively referred to as the “social
brain” (75, 76). It comprises the following areas, all relevant in
SC processes: the prefrontal cortex (PFC) and its subdivisions,
that are dorsomedial, dorsolateral, ventromedial, ventrolateral
and orbitofrontal, the amygdala, the thalamus, the anterior
cingulate cortex (ACC), the posterior cingulate cortex (PCC),
the temporal cortex more specifically the surroundings of the
superior temporal sulcus (STS) and temporo-parietal junction
(TPJ), and occipitotemporal regions, encompassing the fusiform
gyrus (70, 75). Other regions that are also involved in the SC
phenotype are the somatosensory areas and motor cortex (71,
72). Although many studies of SC impairments in ASD and SSD
show alterations in most of the aforementioned brain regions
(77–79), there is an increasing consensus that the abnormalities
are usually not focal, but are rather distributed in functional
brain networks important to support social functions (71, 74,
75, 80).

Prefrontal Cortex
Classically, research studies have focused in structural and
functional changes in specific brain areas related to the SC
process to describe the neural bases of ASD and SSD (77–79).
Indeed, focal alterations in the PFC are largely described in ASD
and SSD. Specifically, the medial PFC is recruited in tasks that
need conscious attribution or judgment of mental states, traits or
dispositional intentions of the individual or others. This region is
also involved in the interpretation of non-verbal social
information and in the contextual interpretation of complex
social information, such as inferring the beliefs of others (81).
Activation of the medial PFC is also involved in emotion
generation, especially when assessing self-relevant characteristics
or emotional awareness (82, 83). The ventrolateral PFC is
involved in adaptive responses to social situations, modulating
the influence of emotional stimuli on cognition in relation to
socially appropriate behaviors (84, 85). A meta-analysis of studies
using fMRI in SC tasks, directly comparing patients with SSD and
ASD, pointed to important results (79). In this study both groups
showed hypoactivation in the medial PFC during ToM related
tasks, more pronounced in ASD patients. On the other hand,
ventrolateral PFC disruption in facial emotion recognition (FER)
tasks was associated mostly with SSD. The finding of reduced
ventrolateral PFC, implying connection to social appropriateness
of behavior, may be more relevant to SSD patients, while in
both disorders, reduced medial PFC activation may contribute
to alterations in conscious awareness of others’ emotional
states (79). Further studies using fMRI in social tasks have
demonstrated heterogeneous results, with either hypoactivation
in the medial PFC in patients with ASD (86) and SSD (87) and a
hyperactivation of the PFC in patients with SSD (88) and ASD
(89). The involvement of the PFC in SC impairment has also been
demonstrated in morphometric studies, suggesting a reduction in
the PFC gray matter volume in patients with ASD (78, 89) and in
those with SSD (90).
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Amygdala
Besides frontal regions, the amygdala structure also contributes
to SC by mediating arousal or biological salience associated with
different stimuli (91). This structure is also involved in
recognizing facial emotional expressions and in evaluating
stimuli (72). Both SSD and ASD patients present amygdala
hypoactivation when processing social stimuli and this may
occur in a stimulus type dependent manner, with SSD patients
presenting alteration in tasks related to the attribution of affective
states (FER) and ASD individuals showing impairment in tasks
related to epistemic and intentional attributions (ToM) (79).
These findings seem to be particularly related to the known
deficits in emotion perception among persons with ASD (92).
Corroborating the involvement of the amygdala in the social
cognitive dysfunctions in these two disorders, other studies have
demonstrated that this structure present both volumetric
changes in ASD and SSD (78, 93, 94) as well as functional
alterations in ASD (76, 89). The amygdala of toddlers and
children with ASD was reported to be significantly enlarged
relative to controls and this increase in amygdala volume was
accompanied by more severe impairments in the social and
communication aspects (94). On the other hand, patients with
ASD showed smaller gray matter volume in the amygdala
compared to controls (78) and the amygdala volume was also
found to be smaller in SSD patients, compared to controls (93).
As for functional alterations, a meta-analysis revealed differences
in activation in the amygdala between ASD and typically
developing individuals,with ASD showing reduced activity in
amygdala in face processing tasks (89). Lower level of amygdala
activation has been also found to play a important role in social
and emotional processing in ASD (95, 96). Also, the amygdala
showed reduced activity in ASD group compared with the
typically developing group in the processing of emotional facial
expressions (76).

Thalamus
Another structure also involved in SC is the thalamus, which
plays a role in coordinating the information flow in various
cognitive and sensory processes (97). The thalamus is directly
involved in visual perception (directing attention towards salient
stimuli) and its dorsomedial portion is associated with executive
functions through its connections with the PFC. Atrophy and
impaired function were observed in the thalamus of ASD
subjects from late childhood to adulthood (98). In ASD
individuals, a decrease in the right thalamus volume after a
developmental period of two years was reported, and it was
correlated with social deficits, while typically developing controls
did not show volume change in this structure (99). Also,
abnormalities of verbal and nonverbal communication in ASD
individuals are probably due to thalamic hyperactivation and
subsequent dysfunction of other areas such as visual cortex and
frontal regions (98). In SSD patients, there exist consistent
evidence for structural changes (both reduced volume and cell
numbers) in the pulvinar located in the posterior thalamus and
also evidence that the thalamo-cortical dysfunction in this
disorder might be attributable to structural alterations in the
Frontiers in Psychiatry | www.frontiersin.org 4
thalamus (100). In SSD patients a decreased engagement of the
thalamus during SC tasks in comparison to controls was
observed (79). Another study suggested that changes in
thalamic activation appear to play a fundamental role in the
development of both ASD and SSD (98).

Cingulate Cortex
The regions surrounding the cingulate cortex are also referred to
as important areas in the evaluation of SC (76, 79, 93, 94). The
ACC is associated with processing positive and negative
judgments of social situations and integrating such judgments
with emotional information to motivate behavior patterns (72).
The PCC is associated with mentalizing or inferring others’
mental states (70). ASD subjects showed more engagement of
the ACC and PCC in comparison to SSD in FER tests. SSD
patients showed greater engagement in PCC in comparison to
ASD individuals in ToM tasks (79). Another previous meta-
analysis comparing grey matter deficits in ASD and SSD had
reported common deficits in right PCC (93). A meta-analysis
showed a positive relationship between ACC gray matter
thinning and high risk for SSD, which may be associated with
increasing social withdrawal (101), while for ASD individuals the
alterations in the regions of the cingulate cortex appears to be
more functional than structural (102). The findings of altered
recruitment of cingulate cortex in ASD was also reported by
other authors (76, 89, 94).

Somatosensory Cortices
Social interactions also involve the somatosensory cortices, as
these brain areas play a role in internal representations of
affective states. Engagement of somatosensory cortices is
related to invoking mirror bodily states associated with
relevant emotions or other internal states and facilitates their
recognition in oneself or in others (103). In ASD patients, there
was a hypoactivation in somatosensory cortices, in comparison
to controls and to SSD patients, during both FER and ToM tasks,
which corroborates the dysfunction in invoking mirroring
mechanisms when processing social stimuli observed in ASD.
On the other hand, the increased engagement of somatosensory
regions in SSD individuals may explain hyper-mentalization
states that can be found in these patients (79). Subsequent
findings also pointed to changes in the somatosensory cortex
of patients with SSD and ASD, with both groups presenting
weaker cortical responses to visual, somatosensory and auditory
stimuli in sensory fMRI, compared to controls. However, in ASD
individuals there were greater cortical variabilities, whereas in
SSD patients there were smaller response amplitudes (104). All
these findings might help differentiate between the two groups
and aid in the elucidation of neural diverse mechanisms
underlying each disorder.

Temporal Lobe Regions
Finally, temporal lobe regions, including the STS and TPJ, are
also key components of the social brain. The regions around STS
play a major role in social perception by analyzing biological
motion cues, including gaze direction, body movements and
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facial expressions. This is important in inferring or formulating
attributions about others’ intentional or affective states (105).
The involvement of the STS in the SC of patients with ASD and
SSD are demonstrated by numerous studies, often reporting
heterogeneous results (79, 87, 89, 106). For example, similar
hypoactivation in these regions during ToM tasks were found in
SSD and ASD. On the other hand, ASD patients showed
increased engagement in these regions in comparison to
controls and to SSD patients during FER tasks (79). Both ASD
and SSD showed hypoactivation in the STS, compared
to controls, for the contrast intentional versus physical
information processing. Relative increased activation for
physical information processing in SSD and relative decreased
activation for intentional information processing in ASD
patients were observed, endorsing differences between the
groups (87). The TPJ have been linked with SC tasks requiring
individuals to ‘‘think about other people’s thoughts’’ or to take
another perspective about affective or cognitive states of others
(107, 108). The TPJ was hypoactivated in ToM tasks in ASD
patients, in comparison to controls. The TPJ was more activated
in FER tasks in SSD patients, in comparison to ASD individuals
(79). The involvement of TPJ in the SC process has also been
demonstrated in more recent studies in patients with SSD (88,
109) and ASD (89).

Neural Networks
More recently, there has been a major interest in broadening the
study of structural alterations underlying the neural basis of
these two disorders to include the relationship between the
functionality of different brain regions, combined in more
complex and connected neural networks. In this sense, when
expanding the scope from changes in focal brain areas to include
broader alterations in neural functional networks, a new range of
possibilities is found, opening the door to wider explanations for
the common neural bases among ASD and SSD, as well as for
their differences (71, 74, 75, 80, 110).

The connection between areas belonging to the frontal lobe
and the temporal lobe are commonly described in studies
assessing SC in ASD and SSD. Changes in connectivity
patterns between the STS and frontal regions in SC processes
have been demonstrated in patients with ASD and SSD (87,
106, 111), as well as in patients diagnosed with early psychosis
(112). Still regarding frontotemporal connections, Eack
and collaborators found increased frontotemporal and orbito-
frontal connectivity in ASD patients and decreased connectivity
between the same areas in SSD patients (71). A recent study
also described connections between frontotemporal areas
through fMRI evaluation of the ToM network (which is
composed of connections between medial PFC, STS, TPJ and
precuneus) in patients with SSD, revealing a raise in these
connectivities during emotional peaks in comparison to
controls (113).

Networks involving connections in fronto-parietal areas also
seem to play an important role in the SC of patients with ASD
and SSD. A study using a connectivity approach (74) found that,
although both groups present significant enrichment in the
Frontiers in Psychiatry | www.frontiersin.org 5
frontoparietal and limbic networks regarding the cortical
thickness of structures involved in these networks, this occurs
in opposite directions, with SSD patients showing increased
cortical thickness and those with ASD presenting decreased
cortical thickness.

Regarding the surface area, patients with ASD present
increased surface values of structures involved in the ventral
attention network, while those with SSD present decreased values
(74). The ventral attention network involves the TPJ and the
ventral frontal cortex and is usually recruited when behaviorally
relevant stimuli occur unexpectedly (for instance, when they
appear outside the focus of spatial attention) (114).

Other neural networks described as possible protagonists in
the SC process in ASD and SSD are the Default Mode Network
(DMN) and the Salience Network (SN). The DMN is a major
network encompassing the medial PFC, PCC, precuneus and
bilateral inferior parietal lobules, which is activated when there is
no engagement in any specific task and deactivated in the context
of effortful cognitive tasks and SC tasks (115–118). The SN is a
task activated brain network and comprises the anterior insula,
dorsal ACC, the anterior PFC and the thalamus (119). This
network is related to redirecting attention to unexpected but
salient stimuli and is involved in SC, non-SC and emotional
processes (120). A recent study showed distinct atypical
connections in the DMN and SN in ASD and SSD patients,
with ASD individuals showing altered intra-SN connections and
SSD participants showing inter-DMN-SN atypical connections
(80). These findings may suggest that, although ASD and SSD
have common neural networks with regard to changes in SC,
these two conditions may differ in the way in which these
networks are involved.

All the aforementioned findings suggest that the assessment
of the neural bases involved in these psychiatric diseases should
also be analyzed through coordinated and diffuse changes in
networks responsible for the processing of complex human traits
and not just through focal structural changes.

Molecular Biomarkers of Social Cognition
To date, most studies carried out on molecular mechanisms of
SC have been focused on neuropeptides oxytocin and arginine
vasopressin receptors (OXTR and AVPR, respectively) genes,
since the OXT and AVP neuropeptides have been largely
involved in a wide range of social behaviors (121). OXT is a
key modulator of the most intuitive and yet most complex
socioemotional behaviors. OXT affects social cognition by
enhancing the salience of social cues and reward sensitivity to
these cues (122). OXT is associated to various forms of social
attachments and affects the activity and the connectivity of a
social brain network that includes the areas described above.

In humans, the OXTR gene is located on chromosome 3p25.3,
and one of the most studied single nucleotide polymorphism
(SNP) is the rs53576, which consists of a guanine (G) to adenine
(A) change within the third intron of OXTR. This SNP has been
associated with SC phenotypes, such as empathy (123–127),
prosocial behaviors (128, 129), and social abilities (130).
Although some contrasting results exist, evidence for the
August 2020 | Volume 11 | Article 806

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Barlati et al. Social Cognition in Schizophrenia and Autism
different phenotypes related to SC converge in demonstrating a
deficit of A allele carriers that showed less dispositional empathy
(124) and lower trust behavior (128). Moreover, several studies
have been shown that the rs53576 A allele represents a genetic risk
for SC, because social dysfunctions of A allele subjects was
reflected in morphometric alterations of the hypothalamus and
amygdala, as well as on the structural connectivity of the system
limbic structures involved in social behaviors (123, 129).
OXTR SNPs rs7632287 and rs2254298, are yet other interesting
polymorphisms whose associations with SC phenotypes were
reported (126, 131–134). Although all these studies indicate that
there is an association between OXTR gene and SC dysfunctions,
previous studies neither specify the nature of associations found in
an unequivocal way nor select genotypes that are the basis for this
association. Moreover, contrasting results have been published
about correlation of peripheral plasma concentrations of oxytocin
with OXTR SNPs as well as central nervous system level of this
peptide (135, 136).

Interestingly, variability in OXTR methylation has been
associated with differences in SC and brain response during
social tasks (137, 138). In particular, DNA methylation of OXTR
has been shown to negatively correlate with OXTR transcription
across tissues indicating that increased levels of methylation
correspond to greater deficits in social responsiveness (139,
140) in ASD subjects.

Finally, few studies with contrasting results are performed to
date concerning correlation between oxytocin plasma levels and
social cognition (141, 142). In the case of AVP, the genes
encoding the 3 receptors (AVPR1a, AVPR1b, and AVPR2) and
are located on chromosomes 12q14, 1q32, and Xq28,
respectively. Concerning the relationship with SC, the most
studied SNPs are SSRs, such as RS3 and RS1 located in the
AVPR1 gene, that along with others, were investigated in
association to SC phenotypes with sparse and contrasting
results (126, 130, 134, 143). In the same way, in literature few
studies with conflicting data are present regarding correlations
between blood AVP concentrations (141, 144) and SC
phenotypes. Indeed, literature on SNPs in the AVPR genes is
extremely poor, and therefore, further research is required to
confirm or reject the hypothesis of their association with SC
dysfunctions, in ASD as well as in SSD.

To date, in addition to OXTR and AVPR SNPs, sparse results
on other systems were reported in correlation with SC in
humans. Emotional behaviors are accompanied by biochemical
changes via dopamine catabolism. The catechol-O-
methyltransferase (COMT) is the major enzyme responsible for
degrading amines like dopamine, norepinephrine, and
epinephrine. The most studied polymorphism is the
Val158Met COMT functional SNP that has been associated
with differential response to affect in prefrontal brain areas and
limbic structures and for this reason widely investigated in
association with SC. In healthy volunteers, carriers of the Val
allele that have an enhanced COMT enzyme activity compared to
Met/Met-allele carriers, showed an increase in social cooperative
behavior and a stronger response to social interactions (145).
Moreover, Val homozygotes were more altruistic, empathetic,
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and cooperative than Met homozygotes (146). On the other
hand, regarding SC, it has been suggested that Met allele confers
more intensive emotional processing, with more anxiety and
sensitive behavior in response to aversive stimuli, as well as
habitually experienced more negative affect and negative
attentional bias (146–149). However, to date the effect of the
COMT gene on SC has not been sufficiently investigated in SSD
and in ASD. Indeed, to date few, spare and contrasting results are
available since COMT gene was investigated primarily in SSD
and negative associations often has been provided (150, 151).

Some other candidate genes as well as immune markers were
investigated in association to SC mainly in SSD, such as anti-
inflammatory cytokine IL-10 that was associated with ToM, but
no further strong replication occurred (152–155).

Finally, several studies reported associations between genetics
and SC also in subjects with the 22q11.2 Deletion Syndrome
(22q11.2 DS) that has a robust representation of genetic
proneness to SSD (156–161). There is a strong agreement in all
the results reported showing that compared to healthy controls,
22q11.2 CNV subjects showed significantly poorer SC such as
emotion differentiation, emotion recognition, lie detection,
sarcasm detection.
DISCUSSION

In a neuroanatomical and neurofunctional perspective, the
regions interested in SC have recently been the focus of a
growing body of evidence. The brain areas that appear to be
altered in relation to deficits of SC are largely shared in SSD and
ASD; however, the results of various studies suggest that, in some
cases, the qualitative nature of these alterations may be different
in the two spectra. In particular, some relevant differences could
be present at the level of brain networks and connections (71, 80)
(Table 1).

Although on a clinical level SC deficits in SSD and ASD
appear to largely superimposable, suggesting that interventions
that are effective in one spectrum could also be adopted in the
other (52), further exploring the commonalities and the potential
differences on a neurobiological level could provide additional
confirmations to this hypothesis, but also lead to the
development of specific and targeted treatments. Moreover,
investigating with neuroimaging tools subjects diagnosed with
SSD and showing prominent ASD features (39), and those
diagnosed with ASD with relevant psychotic symptoms (42,
43), and evaluating if the neuroanatomical and neurofunctional
profile of these individuals represents an intermediate phenotype
or not, could provide further insight and represent an interesting
perspective for future studies.

The neuroimaging findings related to SC in SSD and ASD, if
considered in an RDoC context, confirm the importance of
developing a framework based on neurobiological phenotypes
and malfunctions, as the diagnostic categories currently
employed in psychiatric practice do not appear to properly
represent distinct nosological entities. This could be especially
true when considering disorders as clinically heterogeneous and
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complex as SSD and ASD, which may present important areas of
overlap, but may also present relevant interindividual differences
even within each of the two spectra.

On the contrary, literature concerning molecular markers
related to SC is scarce and mainly focused on candidate gene
studies, and potential commonalities and divergences between
SSD and ASD on a molecular level still have to be further
investigated. SC is a highly complex process requiring a vast
regulatory network involving genetic, epigenetic, and
environmental factors, consequently the use of powerful tools,
such as genome-wide association studies (GWAS) is needed.
Moreover, functional and structural brain imaging studies could
also help in understanding the role of genetic variants in the
development of SC phenotypes (159, 162). This link between
genetics and neuroimaging changes can be explained, among
other factors, by the role that genes have in regulating both
synaptogenesis, synaptic function and the formation of neuronal
circuits (75). Indeed, the combination of genetics and
neuroimaging in a study of the association between variants of
genetic loci linked to SSD and SC in healthy individuals found
that those with an increased risk score (taking into account the
combined risk of such genetic loci) presented changes in the
ACC when evaluating episodic memory and changes in the PCC
when the ToM was evaluated (162).

Some inconsistencies across studies were observed both
in neuroimaging correlates and behavioral performance of
SC in SSD and ASD, which can partly be the results of
differences in task design: task characteristics have been shown
to have an influence on outcomes and interpretation of social
Frontiers in Psychiatry | www.frontiersin.org 7
cognition performance assessment, and the choice of appropriate
measures, balancing task sensitivity and ecological validity,
represents an important factor that should be consistently
taken account in the design of future studies (163). Moreover,
it is possible that isolating SC in different components, such as
emotion processing and ToM, might not be ideal, as in the real-
world context of interpersonal relationships all these separate
domains are likely to be involved in determining social
behaviors (164).

The selection of evidences presented and discussed in the
present review was not based on a systematic literature research,
therefore the possibility that some study of potential interest may
not have been included represents a limitation. However, the aim
of this work was to provide a narrative and critical overview of
current evidences highlighting the interest of implementing a
RDoC approach in the study of SC in SSD and ASD, and the
development of a systematic and comprehensive review
investigating this topic represents a valid perspective for
future research.

Research on neurobiological and molecular mechanisms
underlying socio-cognitive functioning is an expanding field of
notable scientific interest and is providing valuable insight
in understanding the overlaps between SSD and ASD.
However, more research is currently needed to define specific
endophenotypes that could benefit from targeted treatments and
interventions, concretely fulfilling the objectives that the RDoC
project proposes as essential goals (55, 60). Indeed, there is some
evidence of oxytocin’s modulation of SC brain functions with
intranasal oxytocin (165), however, contrasting results have been
published about this issue, and although intranasal oxytocin
seems to have potential therapeutic value, there are key questions
that remain unanswered as to decide the optimal target groups
and treatment course (166).
CONCLUSIONS

Current studies on neuroanatomical and neurofunctional bases of
SC deficits are providing valuable insights in the overlaps and
differences between SSD and ASD. However, more research is
required in this field, in particular regarding molecular and genetic
aspects. Applying the RDoC approach to further the study of SC in
SSD and ASD could lead to a considerable improvement in
the understanding of both spectra, with potential positive
repercussion in the perspective of implementing these findings
in clinical practice.
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TABLE 1 | Neurobiological features involving social cognition in SSD and ASD.

Neuroanatomical and
Neurofunctional

Features

Neural Connections
and Networks

Similar
Alterations

Amygdala:
hypoactivation when
processing social stimuli.
Thalamus: reduced
volume and dysfunctions
in SC tasks.

None

Different
Alterations

SSC: hypoactivation in
ASD and hyperactivation
in SSD in SC tasks.

OF connections: increased in ASD
and decreased in SSD.
FP connections: decreased CT in
the connected areas in ASD and
increased CT in SSD.
VAN: increased surface values in the
involved structures in ASD and
decreased surface values in SSD.
DMN-SN: altered intra SN
connections in ASD and altered inter
DMN-SN connections in SSD.

Inconclusive
or Conflicting
Literature

ACC; PCC; PFC; STS;
TPJ.

FT connections
ACC, anterior cingulate cortex; ASD, autism spectrum disorder; CT, cortical thickness; DMN,
Default Mode Network; FP, frontoparietal; FT, frontotemporal; OF, orbitofrontal; PCC,
posterior cingulate cortex; PFC, prefrontal cortex; SC, social cognition; SN, Salience
Network; SSC, somatosensory cortex; SSD, schizophrenia spectrum disorder; STS,
superior temporal sulcus; TPJ, Temporo-Parietal Junction; VAN, Ventral Attentive Networks.
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134. Wilczyński KM, Siwiec A, Janas-Kozik M. Systematic Review of Literature on
Single-Nucleotide Polymorphisms Within the Oxytocin and Vasopressin
Receptor Genes in the Development of Social Cognition Dysfunctions in
Individuals Suffering From Autism Spectrum Disorder. Front Psychiatry
(2019) 10:380. doi: 10.3389/fpsyt.2019.00380

135. Zhao W, Luo R, Sindermann C, Li J, Wei Z, Zhang Y, et al. Oxytocin
modulation of self-referential processing is partly replicable and sensitive to
oxytocin receptor genotype. Prog Neuropsychopharmacol Biol Psychiatry
(2020) 96:109734. doi: 10.1016/j.pnpbp.2019.109734

136. Quintana DS, Guastella AJ. An Allostatic Theory of Oxytocin. Trends Cognit
Sci (2020) 24:515–28. doi: 10.1016/j.tics.2020.03.008

137. Jack A, Connelly JJ, Morris JP. DNA methylation of the oxytocin receptor
gene predicts neural response to ambiguous social stimuli. Front Hum
Neurosci (2012) 6:280. doi: 10.3389/fnhum.2012.00280

138. Puglia MH, Connelly JJ, Morris JP. Epigenetic regulation of the oxytocin
receptor is associated with neural response during selective social attention.
Transl Psychiatry (2018) 8:116. doi: 10.1038/s41398-018-0159-x

139. Andari E, Nishitani S, Kaundinya G, Caceres GA, Morrier MJ, Ousley O, et al.
Epigenetic modification of the oxytocin receptor gene: implications for autism
symptom severity and brain functional connectivity. Neuropsychopharmacol
(2020) 45(7):1150–8. doi: 10.1038/s41386-020-0610-6
Frontiers in Psychiatry | www.frontiersin.org 11
140. Gregory SG, Connelly JJ, Towers AJ, Johnson J, Biscocho D, Markunas CA,
et al. Genomic and epigenetic evidence for oxytocin receptor deficiency in
autism. BMC Med (2009) 7:62. doi: 10.1186/1741-7015-7-62
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