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Abstract

Purpose of review

To review advances in structural and functional MRI studies regarding the neural
underpinnings of social atypicalities in autism spectrum disorder (ASD).

Recent findings

According to the hypothesis that the social brain network, which includes brain regions, such
as the amygdala and superior temporal sulcus, may be atypical in ASD, recent structural MRI
studies have identified regional gray matter volume abnormalities in the social brain regions
in ASD groups compared with the typically developing groups. Studies evaluating gray
matter volume covariance and white matter volume/integrity suggested network-level
abnormalities associated with the social brain regions. Recent functional MRI studies
assessing resting-state neural activity showed reduced functional connectivity among the
social brain regions in individuals with ASD compared with typically developing groups.
Similarly, taskbased functional MRI studies recently revealed a reduction in regional activity
and intraregional functional coupling in the social brain regions during the processing of
social stimuli in individuals with ASD.

Summary

These structural and functional MRI studies provide supportive evidence for the hypothesis
that an atypical social brain network underlies behavioral social problems in ASD.

Keywords
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Key points

- Structural MRI studies have indicated atypical structures of gray and white matter in the
social brain network in individuals with ASD.

- Resting-state functional MRI studies have revealed abnormalities in intrinsic activity and
connectivity in the social brain regions in individuals with ASD.
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- Task-based functional MRI studies have also reported atypical activity and connectivity in
the social brain regions while processing social stimuli in individuals with ASD.

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
atypicalities in social interaction [1]. Evident features of social atypicalities in ASD include
difficulties in perceiving and/or recognizing the faces, emotional facial expressions [2], eyes
[3], actions [4], and mental states [5] of other individuals.

Although the neural mechanisms of behavioral social problems in ASD remain elusive,
one influential hypothesis is that atypicalities in the structures and/or functions of the social
brain network underlie social malfunctioning in individuals with ASD. The idea of social
brain regions was proposed to classify brain regions that are specifically associated with the
processing of social stimuli [6]. Substantial neuroimaging and neuropsychological evidence in
typically developing (TD) individuals supports the existence of such social brain regions, and
suggests that they constitute networks. For example, the inferior occipital gyrus (10G),
fusiform gyrus (FG), and superior temporal sulcus (STS; the functional STS region including
adjacent middle and superior temporal sulci) are involved in the processing of basic
components, invariant aspects, and changeable aspects of faces, respectively [7,8]. The
amygdala and ventromedial prefrontal cortex (vmPFC) are involved in processing the
emotional significance of social stimuli [9]. The inferior frontal gyrus (IFG) is associated with
the understanding of, and/or resonance with, the actions of others, and constitutes a functional
network together with the STS and inferior parietal lobule (IPL) [10]. Some brain regions,
such as the dorsomedial prefrontal cortex (dmPFC) and posterior cingulate cortex
(PCC)/precuneus, collectively termed the default mode network, are typically active during
resting states, but also during social cognition, such as mentalizing (i.e., inferring others’
mental states) [11]. Based on these findings, together with fragmentary evidence showing
structural and/or functional atypicalities in these regions in individuals with ASD, researchers
have hypothesized such atypicalities in the social brain network may underlie behavioral
social problems in ASD [12-15]. A number of previous structural and functional magnetic
resonance imaging (MRI) studies provided support for this proposition, although the findings
are not entirely consistent (for reviews, see [16-18]).

Recent structural and functional MRI studies have accumulated supportive evidence for
the atypical social brain network hypothesis of ASD, and have also extended this idea. In this

article, we briefly review these advances.
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Structural MRI studies

Structural MRI studies have long been employed in efforts to identify a structural biomarker
of ASD, and several of those studies have reported atypical gray matter volume in social brain
regions among individuals with ASD (for a review, see [17]). As an example of recent studies,
a multi-site MRI study with a large number of participants (> 1,500 each in ASD and TD
groups) ranging from toddlers to older adults found decreased gray matter volume in the
amygdala in individuals with ASD [19].

Some recent studies have revealed that gray matter volume abnormalities in social brain
regions are associated with social malfunctioning in ASD. For example, Sato et al. [20]
reported that the gray matter volume of the STS was positively associated with the ability to
mentalize based on others’ eyes in TD individuals but not in ASD individuals. Pereira et al.
[21] showed that gray matter volume and cortical thickness in individuals with ASD were
reduced in distributed brain regions, including the FG, STS, and amygdala, and that reduced
cortical thickness in the IFG was associated with the severity of social impairment.

Recent studies have further suggested network-level atypicalities in the gray matter
volume of social brain regions in individuals with ASD. For example, Sato et al. [22] applied
a multivariate analysis (i.e., partial least squares analysis) to evaluated correlated gray matter
voxels to discriminate ASD from TD individuals; The widespread sets of correlated voxels
covering certain social brain regions, such as the 10G, FG, STS, amygdala, vmPFC, IFG, and
dmPFC, showed reduced gray matter volume in the ASD group (Figure 1). Pappaianni et al.
[23] performed a different multivariate analysis (i.e., independent component analysis) and
revealed that a widespread network, including the FG, STS, and IPL, differentiated ASD from
TD groups.

Consistent with the idea of network-level problems underlying ASD, several recent
structural MRI studies have analyzed white matter volume or integrity and have reported that
individuals with ASD have atypical white matter structure around the social brain regions.
Some studies have also showed a correspondence between these structural atypicalities and
behavioral social problems. For example, Lo et al. [24] found that tract integrity in the
superior longitudinal fasciculus, which connects the STS and IFG, was reduced in individuals
with ASD compared with TD controls; moreover, the decreased values in the ASD group were
associated with impairments in social interaction, as measured by a self-reported
questionnaire. d'Albis et al. [25] revealed that individuals with ASD showed reduced
connectivity in widespread white matter in the frontal, parietal, and temporal regions,
including around the STS and vmPFC, which was associated with difficulties related to social

awareness and empathy. Gibbard et al. [26] reported that decreased integrity of white matter
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tracts between the amygdala and neocortical regions in individuals with ASD was associated
with difficulty in the ability to metalize based on others’ eyes.

In summary, the findings of these structural MRI studies indicate that atypical structures
of gray and white matter in the social brain network are associated with behavioral social
malfunctioning in individuals with ASD.

Functional MRI studies: resting-state

Numerous functional MRI studies have measured resting-state neural activity in individuals
with ASD. Previous studies provided rather convergent findings, indicating that resting-state
functional connectivity between the dmPFC and PCC/precuneus within the default mode
network is reduced in individuals (specifically, adults) with ASD (e.g., [27]; for a review, see
[28]). Several recent studies investigating resting-state functional connectivity confirmed this
finding (e.g., [21]).

Recent studies have further revealed that social brain regions outside the default mode
network also show reduced activity and functional connectivity during resting states in
individuals with ASD. For example, Odriozola et al. [29] selected the amygdala as the region
of interest and found that individuals with ASD, compared with TD individuals, showed
weaker functional connectivity between the amygdala and vmPFC during resting state, which
was further associated with the severity of social affective impairment. Fishman et al. [30]
also analyzed resting-state amygdala functional connectivity and found reduced functional
connectivity between the amygdala and 10G in an ASD group compared with a TD group.
Jung et al. [31] revealed that resting-state activity of the 10G was reduced in an ASD group
compared with a TD group; moreover, the degree of reduction was associated with symptom
severity.

In summary, consistent with structural MRI studies, these resting-state functional MRI
studies suggest that abnormalities in intrinsic activity and connectivity in the social brain
regions are implicated in the social difficulties observed in individuals with ASD.

Functional MRI studies: task

A number of previous task-based functional MRI studies have reported atypical (usually
reduced) activity in social brain regions in individuals with ASD during the processing of
social stimuli, such as emotional facial expressions and eyes (e.g., [32]; for a review, see [18]).
Recent studies further investigated detailed computational profiles of social brain activity in
ASD. For example, Ciaramidaro et al. [33] measured brain activity during implicit and

explicit processing of facial expressions (i.e., gender and emotion recognition, respectively) in
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ASD and TD groups. Implicit, but not explicit, processing of emotional facial expressions was
associated with reduced activity in several social brain regions, including the amygdala, FG,
and STS, in the ASD group compared with the TD group. Sato et al. [34] measured brain
activity and assessed behavioral performance in a cueing paradigm in response to
subliminally and supraliminally presented averted eye gaze stimuli in ASD and TD groups.
Behaviorally, the subliminally presented averted eyes elicited attentional shift in the TD, but
not in the ASD, group; neurally, these stimuli evoked reduced activation in the amygdala in
the ASD group compared with the TD group. These studies extend previous findings of
atypical activity of the social brain regions in ASD by indicating that atypical activation can
occur at automatic and unconscious stages during the processing of social stimuli in
individuals with ASD.

In addition, a few recent studies have shown both weak activity in social brain regions
in individuals with ASD and the possibility of improvement through training. Specifically,
Yang et al. [35] asked individuals with ASD to participate in a 5-week social skills training
course using virtual reality, and measured brain activity in response to biological motion
stimuli before and after training using functional MRI. The activity changes in the STS
showed a positive correlation with improved mentalizing scores after training. Datko et al.
[36] tested the effect of at least 20hours of training on the control of electroencephalographic
activity associated with the observation and execution of actions in ASD and TD groups. After
the training, individuals with ASD and TD individuals showed comparable activity in several
social brain regions, including the IFG, during the observation and imitation of others’ hand
actions, although before training, the activity was weaker in the ASD than in the TD group.

Several previous task-based functional MRI studies have also showed that the atypical
activity of some social brain regions represents functional networks during the processing of
social stimuli in individuals with ASD (e.g., STS—-IFG connectivity during emotional
expression processing [37]). Recent studies further revealed that the widespread social brain
regions constitute functional networks and are associated with social atypicalities in ASD. For
example, Cole et al. [38] analyzed functional connectivity during mentalizing or
non-mentalizing tasks in response to others’ actions in ASD and TD groups. Functional
coupling between dmPFC activity and the average activity of the IFG and IPL was stronger
during metalizing versus non-mentalizing tasks in the TD group, but not in the ASD group.
Moreover, the degree of this functional connectivity was negatively associated with the
severity of ASD symptoms. Lynn et al. [39] analyzed functional connectivity while ASD and
TD groups encoded and decoded images of faces and cars. Functional connections between
the FG and several other regions, including the dmPFC and IPL, were reduced during the



Curr Opin Neurol 6

processing of faces in the ASD group compared with the TD group.

In summary, findings from task-based functional MRI studies also suggest that atypical
activity and connectivity in the social brain regions while processing social stimuli are
associated with behavioral social problems in individuals with ASD.

Conclusion

These recent structural and functional MRI studies have accumulated supportive evidence for
the hypothesis that atypical social brain networks underlie behavioral social problems seen in
ASD. Specifically, findings from these studies confirmed that gray matter volume and
activation in the social brain regions are atypical, usually reduced, in individuals with ASD.
Furthermore, the findings revealed the structural and functional networking patterns among
the social brain regions associated with behavioral social problems in ASD.

However, it must be noted that other studies have suggested that regions other than
those mentioned above may also be involved in atypical social functioning in individuals with
ASD. For example, a recent functional MRI study has revealed atypical activity in the basal
ganglia during the processing of social rewards in individuals with ASD [40]. The concept of
the social brain network may be spatially extended in future research.

In addition, it should be noted that some studies have reported inconsistent findings
regarding structural or functional atypicalities in the social brain network in individuals with
ASD (for a review, see [16, 18]). This may be at least partially explained by the heterogeneity
of the behavioral social problems associated with ASD. Decomposing the behavioral social
problems of ASD (e.g., examining specific stages in the processing of emotional facial
expressions) partialing out the effects of comorbidities (e.g., language impairments and
heightened anxiety) may be useful for further exploration of the neural underpinnings of
behavioral social problems in ASD.
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Figure 1. Correlated gray matter voxels (blue—cyan color) that significantly discriminated the
autism spectrum disorder and typically developing groups and covered social brain regions
(revised from Sato et al. [22]). Numbers below the slices indicate the z-axis of the Montreal
Neurological Institute system coordinates. R = right hemisphere; vmPFC = ventromedial
prefrontal cortex; STS = superior temporal sulcus; FG = fusiform gyrus; 10G = inferior
occipital gyrus; IFG = inferior frontal gyrus; dmPFC = dorsomedial prefrontal cortex.



