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Abstract

By empirically investigating the neural correlates of the basic experience one makes of oneself as
bodily self and of its alterations, new light can be shed on the relationship between self-disturbances
and social deficits in schizophrenia. We review recent neuroscientific evidence showing how a pre-
reflective, experiential understanding of others can be accomplished, so that others are conceived as
bodily selves by means of neural reuse of our own sensorimotor and visceromotor resources, and
how a clear distinction between self and other is normally preserved. By conjugating identity and
alterity, a putative neural mechanism is provided underpinning the blurring of such distinction in
schizophrenic patients. The reviewed empirical data suggest brain function anomalies at the levels
of multisensory integration, differential processing of self- and other-related bodily information,
and mediating self-experience at the basis of an imbalance in the pre-reflective relationship of the
embodied self to the world including the social environment.



Introduction

A new neuroscientific approach to the study of the human mind is gaining momentum. It capitalizes
upon the study of the bodily dimension of knowledge: the so-called “embodied cognition”
approach. Cognitive neuroscience can today provide new insights on two aspects of social
cognition: intersubjectivity and the human self. Such insights also benefit from a parallel
“phenomenologization” of cognitive neuroscience whose main goal is the naturalization of
intersubjectivity and the self (see Gallese 2007, 2009). This approach attempts at deconstructing the
concepts usually employed to describe these aspects of human social cognition by literally
investigating what they are made of at the level of description of the brain-body system. Starting
from the analysis of subjective experience and of the role that the living body plays in the
constitution of our experience of material objects and of other living individuals, the empirical
study of the causal determinants of subjectivity and intersubjectivity can be pursued on new bases if
compared to those so far adopted by classic cognitivism. The classic cognitivism approach inherited
the limitations intrinsic to the Cartesian solipsistic approach to the human mind, an approach that,
according to the psychiatrist and philosopher Erwin Straus, separated the mind from the body, the
self from the world and the I from the Thou (Straus 1960).

Intersubjectivity requires, on the one hand, shared neural networks grounding an implicit
understanding of others’ behaviors and mental states. On the other, it requires processes enabling
one to maintain a coherent and unique sense of self, allowing for self-other discrimination. Thus,
intersubjectivity rests on the possibility to conjugate identity and alterity. In the present paper we
focus on the nature of altered self-other relationships in schizophrenia by presenting and discussing
recent empirical evidence on the nature of the social self and contrasting it with that obtained from
schizophrenic patients. We show that a pre-reflective, experiential understanding of others can be
accomplished by means of neural reuse. In other words, we conceive others as bodily selves by
mapping others’ actions, emotions and sensations onto one’s own sensorimotor and visceromotor
representations in bodily format of the same actions, emotions and sensations. We show how, in
spite of shared representations generating vicarious experiences of others, a clear distinction
between self and other is normally preserved. We also show the putative neural mechanisms
underpinning the blurring of such distinction in schizophrenic patients. We conclude by discussing
these results on the social self within the theoretical perspective looking at schizophrenia as a self-
disturbance disorder.

Schizophrenia: self-experience and the social self

Schizophrenia is a pervasive as well as complex neuropsychiatric disorder with prominent social
cognition deficits among its key characteristics (Pinkham et al., 2003; Burns, 2006; Derntl et al.,
2009). It has been proposed that social impairments in schizophrenia may exist independently of
neurocognitive impairments, are related to functional outcome and community functioning, can be
detected during the prodromal phase of schizophrenia, and persist when patients are in remission
(Couture et al., 2006; Bellack et al., 2007; Addington et al., 2008; Horan et al., 2009; Fett et al.,
2011). Nevertheless, the exact nature and the dysfunctional neural mechanisms underlying social
deficits in schizophrenia remain a topic of speculation. Although various types of social
impairments may be identified in schizophrenia with an origin at different, more specific levels, the
present paper will specifically focus on how certain social impairments in schizophrenia can
possibly be grounded in self-experience disturbances. In particular, recent evidence from functional
neuroimaging studies will be explored explaining how disturbances at the level of experiences and
awareness of the bodily self could pervade self-other relationships and alter the experience of social
interaction in schizophrenia.

The idea of altered self-other relationships in schizophrenia is not a new one. Already in the
early 20" century psychopathology attributed a crucial role to the self and its pre-reflective
relationship with the external world in schizophrenia. Eugen Bleuler coined the term "autism" to
describe a detachment from the outside world coupled with a predominance of inner life as one of



the defining symptoms of schizophrenia (Bleuler, 1911). Subsequently, Eugéne Minkowski
elaborated Bleuler's view, proposing a lack of vital contact with reality ("perte du contact vital avec
la réalité"), like an inability to resonate with the world and to empathize with others, caused by a
subjective deficit in the pre-reflective attunement between individuals and their world, as the core
aspect of schizophrenia (i.e., its "trouble générateur"; Minkowski, 1927; see also Henriksen et al.,
2010).

More recently, it was suggested that social deficits in schizophrenia could have their primary
basis in anomalous self-experience and awareness (Haug et al., 2014; Nelson et al., 2009; Sass &
Parnas, 2003; Fisher et al., 2008). Finally, reconciling these notions, it was proposed that social
dysfunction in schizophrenia could result from a transformation of the structure of subjectivity in all
its intertwined dimensions including ipseity, intentionality and intersubjectivity (Parnas et al.,
2002). Of particular interest in the context of a subjectivity disorder, an explanation of certain
phenomena concerning the social self in schizophrenia in terms of brain function pathology was
proposed. Such proposal suggested a possible link between alterations in neural circuits vicariously
involved in processing (bodily) self-experience and intentional motor behavior and basic
intersubjective experiences, including the empathic sharing of others' actions, emotions and
sensations (Gallese, 2003). In other words, disturbances of ipseity, intentionality and
intersubjectivity could be directly linked within the embodied cognition approach as based on
“shared” neural systems modelling what we as well as others do and feel as intentional experiences
(e.g., Gallese, 2006). Before moving to the brain basis of the anomalous social self in
schizophrenia, it is useful to briefly discuss the social self in the healthy brain.

The social self in the healthy brain: vicarious neural circuits

Establishing an intersubjective experience when socially interacting with other individuals is a basic
aspect of vital social interaction, contributing to the understanding of others as intentional agents,
like ourselves. With respect to the vicarious functions of the brain underlying such social
phenomena, it has been suggested that multimodal brain regions underlying bodily self-experiences
facilitate a pre-reflective understanding of others' experiences and mental states (Gallese, 2003;
Gallese et al., 2004; Keysers and Gazzola, 2009).

A key empirical finding concretely subscribing this view is the discovery of mirror neurons
in macaque monkeys. Briefly, neurophysiological studies in the early 90's found neurons in
premotor area F5 (di Pellegrino et al. 1992; Gallese et al. 1996) and regions of the inferior parietal
lobe (Gallese et al. 2002; Fogassi et al., 2005; Bonini et al. 2010) to be activated both when the
monkey performed particular goal-related motor acts, like hand and mouth grasping, and when the
monkey observed someone else performing the same object-related actions. Mirror neuron
mechanisms have been interpreted as reflecting one out of several mechanisms that allow
understanding others’ behavior, like motor goals and motor intentions. In particular, they could
contribute to social understanding from “the inside” by unifying action perception and action
performance within a joint neural substrate (Gallese, 2001; Rizzolatti & Sinigaglia, 2010).
Subsequent studies using neuroimaging and neurophysiological techniques suggested the existence
of similar neural mechanisms in humans. For instance, they demonstrated that the same,
multimodal, neural circuits involved in our own bodily self-experiences are also involved with the
pre-reflective understanding of others' actions (Rizzolatti et al., 1996; Caspers et al., 2010) as well
as of some other mental states, like emotions and sensations (Keysers and Gazzola, 2009;
Molenberghs et al., 2012).

Thus, multimodality probably could apply to motor as well as somatosensory and emotion
circuits (Gallese, 2003). For example, when witnessing the affective or somatosensory experiences
of other individuals, neural activity is modulated in brain networks also involved in the first-person
experience of the same experiences (see for reviews Gallese at al., 2004; Lamm et al., 2011;
Decety, 2011; Keysers et al., 2010). Neurological as well as artificial reversible lesions of brain
circuits involved with sensory, motor or affective experiences interfere with the understanding of



these experiences in others (see for reviews Bastiaansen et al., 2009; Hillis, 2014). According to the
model of embodied simulation, such multimodal sharing mechanisms allow an individual to
establish a meaningful, intersubjective link with others by means of reusing one's own mental states
or processes in functionally attributing them to others (Gallese, 2001; Gallese & Sinigaglia, 2011;
Gallese, 2014).

The social self in the healthy brain: differentiating self from other

Neuroscientific literature largely subscribes the functional relevance as well as the neural feasibility
of a pre-reflective, experiential sharing of other individuals' feelings and behaviors. However, a
critical and complementary issue that received much less attention is the ability to discriminate to
whom "shared" experiences belong during social interaction (e.g., Banissy et al., 2009; Lamm et al.,
2011). In other words, functional intersubjective experiences respect a trenchant border between
self and other. This implies that empathically shared experiences of others nevertheless are
experienced as belonging to the other. Considering psychopathological accounts of schizophrenia, a
disorder of self-experience that transpires through its symptomatology (Parnas et al., 2002), like
confusion and blurring of self-other relationship, this aspect might be of crucial importance for the
study of social interaction in schizophrenia.

From a phenomenological point of view, self-other discrimination has been considered
constitutive for empathy. For instance, in her fundamental work "On the problem of empathy",
Edith Stein (1989) defined empathy as “the experience of foreign consciousness in general” (p. 11),
also clearly emphasizing the preservation of otherness in intersubjective experience: “the subject of
empathizing is not the subject empathizing, but another, a foreign mind” (p.10). According to Stein
(1989), unlike our own experiences, which are primordially given, empathy does not have this
primordiality. Indeed, as Edmund Husserl put it, “had one had the same access to the other’s
consciousness as to one’s own, the other would have ceased being another, and would instead have
become a part of oneself” (Husserl, 1973, p. 139, transl. Zahavi, 2010). As further described by
Zahavi (2010, 2001), it is because of this asymmetry that the minds we experience are experienced
as other minds. Other’s mental states are usually not experienced in the same way as the other does,
but as belonging to another individual that is not us. We experience the other as having experiences
similar to ours.

How can this self-other discrimination be reconciled with an empathic sharing of others’
states based on vicarious brain activity in sensory-motor and emotion systems and be translated into
brain function? Let’s examine this issue more in detail by focusing on the domain of touch playing
a peculiar role in our interactions with the environment. For example, being the first sense to
develop and present all over the body, touch is the most important sense to initially learn about and
create bonds with the environment. Furthermore, touch reflects a primary form of socio-emotional
interaction and communication, and it supports both external perceptions (e.g., tactile sensation) and
internal perceptions (e.g., proprioception) at the basis of the awareness of an elementary
relationship between our body and the external world (Gallese and Ebisch, 2013).

Firstly, although sensorimotor cortices activate for both the first-person perception of touch
and the observation of the same experiences in others, usually neural activity is much weaker under
the latter circumstances. Moreover, Blakemore and colleagues (2005) investigated by means of
fMRI brain activation for the observation of touch in a case of vision-touch synaesthesia, a woman
in which the observation of another person being touched is experienced as tactile stimulation on
the equivalent part of her own body. Her brain activity during the mere vision of touch was
compared with a group of healthy participants without this condition that watched the same touch
videos. The results showed stronger activation for the vision of touch in the case of vision-touch
synaesthesia in somatosensory, premotor and anterior insula cortices, brain regions also responsible
for first-person tactile experiences. Therefore, abnormal intensity of neural activity in sensorimotor
circuits might contribute to the phenomenon that the other's experience is perceived as ours even
though not primordially given.



Secondly, the extent to which neural activity is shared could contribute to the distinction
between self and other. Watching others being touched activated only a part of somatosensory
cortex that is activated when actually experiencing touch (Keysers et al., 2010). In particular,
vicarious activation is commonly detected in the second somatosensory area (SII) as well as in
Brodmann areas 1 and 2 of the primary somatosensory area (SI), while BA 3 seems to be confined
to the exclusive processing of one’s own tactile perceptions. This absence of vicarious activation in
certain regions of primary sensory cortex when witnessing others being touched could be co-
responsible for the absence of real first-person bodily feelings during social perception.

Thirdly, this issue was addressed more specifically in an fMRI study (Ebisch et al., 2011a).
In this study, healthy participants watched videos depicting other individuals being touched on their
hands in different ways and, at the end of the experiment, were touched on their hands themselves.
Consistent with other studies, overlapping activation for the experience and observation of touch
was found in several sensory-motor regions, including SII and premotor cortex. However, posterior
insular cortex exhibited differential activation for touch experience and observation. Whereas neural
activity in posterior insular cortex increased when participants were touched themselves, the same
part of posterior insular cortex behaved in the opposite way by deactivating when participants
observed touch in other individuals. This effect specifically occurred when the touch was
characterized by an affective valence, like a hit or a caress. In other words, neural activity of
posterior insular cortex was suppressed below baseline in the social perception condition. Note that
the experimental task required participants neither to actively simulate other’s experiences nor to
explicitly distinguish between self and other experiences. Thus, maintaining a sense of self that is
distinct from the other could concern a naturally occurring, active neural process. Indeed,
psychophysical interaction analysis suggested that posterior insular cortex deactivation could
depend on a wider functional neural network including right temperoparietal junction, right
posterior parietal cortex and left precentral gyrus, all brain regions related by previous studies to
multisensory integration used to maintain a coherent sense of one’s bodily self.

For a better understanding of the role of posterior insular cortex in this context, it also might
be useful to take a closer look at its functions and connections. Posterior insular cortex is a central
node in a network for interoception (Craig, 2002), and its interactions with limbic, somatosensory
and motor regions could be at the basis of a role in the processing of bodily feelings (Augustine,
1996; Craig, 2009). A series of studies also suggests that posterior insular cortex contributes to
bodily self-awareness. Tsakiris et al. (2007) found a relationship between neural activation in
posterior insular cortex and the subjective experience of the rubber hand illusion. This illusion
concerns a condition in which an observed rubber hand synchronously stroked with participants’
unseen hand is subjectively experienced as if it actually were one’s own hand. Furthermore,
posterior insular cortex has been related to the awareness of body parts in anosognosia patients with
hemiplegia/hemiparesis (Karnath et al., 2005), and to the sense of agency, i.e. the feeling of being
causally involved in an action (Farrer et al., 2003). Most recently, a lesion study (Heydrich and
Blanke, 2013) showed a link between lesions in left posterior insular cortex and heautoscopy, a
condition associated with the visual perception of a second own body, a strong self-identification
with that second own body, and the experience of existing at and perceiving the world from two
places at the same time. Importantly, autoscopic hallucinations where a second own body is seen
without any changes in bodily self-consciousness, were found to be related to lesions in right
occipital cortex, but not in posterior insular cortex.

Hence, taking into account the view of posterior insular cortex as a brain region crucially
involved with bodily feelings and bodily awareness, the opposite activation patterns reported for
touch experience and observation in posterior insular cortex (Ebisch et al., 2011a) could reflect its
role in a pre-reflective, embodied differentiation between self and other conditions during social
interaction.

Neuroimaging the social self in schizophrenia



Summarizing, the fMRI experiment by Ebisch et al. (2011a) allowed to investigate the contribution
of neural mechanisms involved with the processing of our first-person bodily experiences to the
simulation and sharing of others’ (sensorimotor) experiences on the one hand, and self-other
differentiation on the other hand. Notably, this offers an effective setting to extricate the nature of
certain social difficulties in schizophrenia taking into account the complex interaction between
sharing and differentiating self and other.

Consistent with psychopathology literature, empirical findings in schizophrenia demonstrate
deficits at the level of self-other differentiation, for example, revealing misattributions of agency of
action or body ownership. A reduced capacity in distinguishing between self-generated and
externally perceived information has been reported consistently in patients affected by
schizophrenia (Bentall et al., 1991; Blakemore et al., 2000; Franck et al., 2001; Vinogradov et al.,
2008; Voss et al., 2010). For example, schizophrenic patients may have the impression that their
actions or thoughts are controlled by external forces, or that they are in control of events that are not
caused by their own actions. Such deficits have been explained in terms of loss of a coherently
experienced sense of self, epitomized by aberrant integration of multisensory information, or
failures to predict one’s action effects, resulting in mismatches between predicted and actual
sensory consequences. In a study were patients with schizophrenia were required to execute simple
finger and wrist movements, while the image of either their own hand or a stranger’s hand
executing the same or a different movement was presented in real time on a screen, it was reported
that patients with hallucinations and delusions had an increased tendency to interpret the alien hand
as their own hand, compared to healthy controls and patients without hallucinations (Daprati et al.,
1997). Furthermore, under some circumstances also the incorporation of external bodies linked with
sensory experiences has been reported, like in the case of the rubber hand illusion. Interestingly this
illusion was found to be enhanced in schizophrenia (Peled et al., 2000) as well as when healthy
participants received infusions of ketamine, a noncompetitive N-methyl-D-aspartate antagonist
reproducing symptoms of schizophrenia (Morgan et al., 2011). These findings suggest that the
social self in schizophrenia could be impaired not only or necessarily in the ability to empathically
share others’ experiences, but also in attributing those experiences to their original source. Such
misattributions of one’s own or others’ bodily experiences and thoughts could significantly interfere
with social interaction in schizophrenia by blurring self-other relationship and distinction.

The same experiment as in Ebisch et al. (2011a) was employed to shed light on the question
whether in first-episode schizophrenia (FES) functional abnormalities during social perception
specifically concern the intersubjective domain or primarily have their roots in disturbances of self-
experience (Ebisch et al., 2013a). Strikingly, fMRI results showed that differential activation in
posterior insular cortex for first-person touch experiences and the observation of touch in another
individual was absent in the FES group; no deactivation was found in posterior insular cortex
during the observation of touch, though normal activation patterns were found in posterior insular
cortex for first-person touch experiences. Specifically, significant differences in posterior insular
cortex between the schizophrenia and the healthy control group were found for the observation of
affective social touch, either with a positive (a caress) or with a negative (a hit) valence. A reduced
BOLD suppression in posterior insular cortex in first-episode schizophrenia when witnessing
others’ tactile experiences could indicate a deficit in the pre-reflective suppression of self-oriented
affective arousal. This suppression likely normally contributes to the differentiation between self
and other conditions during social interaction. Corroborating the relevance of posterior insular
cortex for a disturbed relationship with the external world, including the social one, in
schizophrenia, aberrant posterior insular cortex activation has been related in previous studies to an
impaired sense of agency of action in schizophrenia (Farrer et al., 2004).

In addition to posterior insular cortex, the study by Ebisch et al. (2013a) also yielded
significant differences in neural activation in right ventral premotor cortex during touch observation
and experience. Whereas in healthy control participants ventral premotor cortex activated in
response to tactile bodily experiences as well as to videos depicting others’ touch experiences,



activation in this region was absent in FES both during touch experience and during touch
observation.

The functional and spatial properties of this ventral premotor cluster suggested that this
region may reflect the putative human homologue of monkey premotor area F4 (Bremmer et al.,
2001; Galati et al., 2001; Serino et al., 2011). For example, consistent with the multisensory
properties of F4 and of its putative human homologue (Rizzolatti et al., 1981a/b; Bremmer et al.,
2001), this region responded to visual as well as somatosensory stimuli in healthy participants. Of
particular relevance, ventral premotor area F4 in the agranular frontal cortex of the macaque
monkey (Matelli et al., 1985) is part of a circuit mapping sensory events in the space near the body
onto arm and head movements (Rizzolatti et al., 2002). A large proportion of F4 neurons responds
to both somatosensory and visual stimuli, whereas visual receptive fields of F4 neurons are mostly
located in the space near the monkey (peripersonal space) and typically extend in the space adjacent
to the tactile receptive fields of the same neurons (Fogassi et al., 1996). Generally, it has been
proposed that this region could be involved in the integration of multisensory information from
vision, audition, touch and proprioception onto the motor representations of different body-parts
(Fogassi et al., 1996; Graziano et al., 1994; Rizzolatti et al., 2002). A putative human homologue of
monkey area F4 has been identified by various studies in premotor cortex. For instance, Bremmer et
al. (2001) demonstrated by means of fMRI that the ventral aspect of human premotor cortex
responds to visual, auditory and tactile stimuli. Moreover, Serino et al. (2011) showed by using
repetitive TMS a specific disruption of audio-tactile interactions around the hand, i.e. the processing
of multisensory stimuli within peripersonal space.

On the basis of this evidence, aberrant ventral premotor cortex function — normally
supporting a coherent sense of the bodily self — might be interpreted as part of a neural mechanism
underlying the disruption of multisensory integration in schizophrenic pathology. Impaired
multisensory integration could be an under-estimated disturbance in schizophrenia (Stekelenburg et
al., 2013). An intriguing hypothesis that follows is that the integration of multisensory bodily
information also contributes to the capacity to tell apart one’s own bodily experiences from
someone else’s experiences during social interaction. Indeed, it would be plausible to presume that
the online experience (e.g., self or source monitoring; Nelson et al., 2014) of integrated
multisensory information, including visual, auditory, tactile, proprioceptive input, facilitates the
definition of the asymmetry between primordially given bodily self-experiences and empathically
shared experiences of others. As Edith Stein put it: “non-primordial experiences that announce a
primordial one” (Stein, 1989, p. 10). The lack of a coherent, primordial perception of bodily
experiences due to disrupted multisensory integration, as may be the case in schizophrenia, likely
disrupts such an asymmetry in self-other relationship, accompanied by a blurring of the relationship
and the distinction between self and other (e.g., Sass and Parnas, 2003).

Further support for these data comes from a recent fMRI study associating ventral premotor
cortex with disrupted self-monitoring and self-other distinction in schizophrenia (Backasch et al.,
2014). The results of this study showed that ventral premotor cortex activation and connectivity
patterns could be related to a deficient integration of time-characteristics of sensory feedback with
intentional movements in schizophrenia. In turn, such interrupted sensorimotor integration led to
disruptions in self-other distinction, i.e., sense of agency (Backasch et al., 2014).

Finally, the relationship between impaired multisensory representations in ventral premotor
cortex and anomalous self-experience was further corroborated by correlation analysis (Ebisch et
al., 2013a): activation in right ventral premotor cortex during the social perception task correlated
negatively and specifically with basic symptoms of the FES patients. Basic symptoms approximate
anomalous self-experiences, representing subjective, subclinical, experiential disturbances in the
domains of cognition, perception, bodily experience, action, and emotion (Huber, 1983;
Klosterkotter, 1992). To some extent, they overlap with self-disturbances conceived as trait-
phenomena captured by the EASE (Examination of Anomalous Self-Experience; Parnas et al.,
2005). Of additional interest, basic symptoms reflect the first changes in experience that set off the



development of schizophrenic psychotic symptoms, and have been reported in all stages of the
illness, i.e., in the prodrome to the first psychotic episode, in prodromes to relapse, in residual
states, and during psychotic episodes (Schultze-Lutter, 2009). Therefore, they might represent a
predisposition as well as a link between a more phenomenological approach to psychopathology,
and a more categorical approach based on positive and negative symptoms (Parnas, 1999;
Klosterkotter et al., 2001; Schultze-Lutter, 2009). From this perspective, correlations between
neural activity and basic symptom severity reported by Ebisch et al. (2013a) suggest a close link
between impaired multisensory representations in ventral premotor cortex and a disrupted sense of a
coherent self in everyday life (Parnas et al., 2002).

Functional connectivity in the schizophrenia brain

Whereas the findings described above started shedding some light on how anomalous self-
experience in schizophrenia connects with self-other relationship at the level of brain function, the
exact neural mechanisms explaining aberrant focal brain function in social contexts remain poorly
understood. Given that the brain-behavior relationship depends on neural activity organized in
dynamic functional networks rather than on the function of brain regions in isolation, the study of
functional connectivity could provide essential insights on how impairments in self-other
relationship in schizophrenia could be related to aberrant brain function. Indeed, altered neural
connectivity has been proposed as an elementary aspect in the pathophysiology of schizophrenia
(Friston and Frith 1995; Pettersson-Yeo et al., 2011; Fornito et al. 2012; Uhlhaas and Singer 2010).

It could be hypothesized that brain regions associated with disturbances of the self-other
relationship are characterized by anomalous functional connectivity patterns in schizophrenia,
framing focal brain dysfunction within a network perspective. Therefore, in a subsequent study, it
was investigated whether ventral premotor cortex and posterior insula could be characterized by
altered neuro-functional interactions (Ebisch et al., 2013b). One of the principle findings was that
both ventral premotor cortex and posterior insula were characterized by altered functional
connectivity with posterior cingulate cortex.

Posterior cingulate cortex is a crucial node of the Default Mode Network (Buckner et al.,
2008; Raichle et al., 2001) commonly implicated in schizophrenia (Skudlarski et al., 2010; Northoff
et al., 2005). Particularly relevant for self-other relationship is that previous studies linked posterior
cingulate cortex with self-referential processing (Northoff et al., 2006; Johnson et al., 2006), the
integration of self-experience (Northoff and Bermpohl, 2004), and the regulation of the balance
between internally and externally directed cognition (Leech et al., 2010; Wiebking et al., 2012).
Furthermore, the results in healthy participants, in accordance with previous studies (Fox et al.,
2009), showed that posterior cingulate cortex and ventral premotor cortex appeared to belong to
distinct, possibly antagonistic functional networks. This segregation was decreased in FES. Based
on the functions of posterior cingulate cortex indicated above and of ventral premotor cortex in
multisensory integration, peripersonal space representation and goal-directed behavior (Fogassi et
al., 1996; Serino et al., 2011), a decreased functional segregation between posterior cingulate cortex
and ventral premotor cortex in schizophrenic patients could explain a deranged interaction between
the intrinsic self (e.g. self-referential cognition mediated by posterior cingulate cortex) and the
extrinsic self (e.g. the self interacting with the environment mediated by ventral premotor cortex) in
FES. Highlighting the clinical relevance of this interaction in terms of anomalous self-experience,
not only BOLD-response to social stimuli, but also the strength of functional connectivity of ventral
premotor cortex with posterior cingulate cortex correlated significantly with basic symptoms
(Ebisch et al., 2013b). Finally, since cortical midline (like posterior cingulate cortex) and ventral
premotor cortices also have complementary functions for social cognition (Johnson et al., 2006;
Caggiano et al., 2009; Gallese 2003; Uddin et al., 2007), altered interactions between these
structures likely interfere with social cognition.

With respect to posterior insula interactions, a diminished functional connectivity was found
with posterior cingulate cortex and primary somatosensory cortex/postcentral gyrus (Ebisch et al.,



2013b). These regions usually function together as a unique functional network (Leech et al., 2012;
Taylor et al., 2009; Kurth et al., 2010). Such abnormal functional connectivity pattern resembles
what has been found in autism spectrum disorder (Ebisch et al., 2011b). Considering the sensory-
affective functions of posterior cingulate cortex and postcentral gyrus, and self-referential
processing in posterior cingulate cortex (Northoff et al., 2006; Johnson et al., 2006; Northoff et al.,
2004), reduced integrity within this network arguably can lead to deficient processing of bodily
sensory-affective information as belonging to the self. An additional noteworthy result was that
connectivity analysis yielded a disproportionally strong functional interaction between posterior and
anterior insula. By contrast, although these regions have anatomical connections (Augustine, 1996),
neuroimaging studies in the healthy brains show minimal functional connectivity between them
(Taylor et al., 2009; Kurth et al., 2010). It was proposed that anterior insula facilitates the
integration of cognitive and emotional responses, and underpins conscious evaluation of affective
experience, that is, the subjective awareness of bodily feeling states (Craig, 2009; Critchley et al.,
2004). Collectively, altered functional connectivity patterns of posterior insula demonstrate
abnormal functional organization of a neural network involved in the awareness of the sensory-
affective self. Posterior cingulate cortex could constitute a central node for the self interacting with
its social environment. While in the healthy brain it has strong connections within the sensory
network including posterior insula and somatosensory cortex (Leech et al., 2012) as well as an
antagonistic relationship with ventral premotor cortex (Fox et al., 2009), anomalies were found at
both levels in FES (Ebisch et al., 2013b). Therefore, the functional connectivity findings reported
by Ebisch et al. (2013b) could reflect a neural mechanism underlying a deregulated interaction
between an afflicted sensory-affective self and its (social) environment in FES.

Conclusions

In the present paper we proposed that the disruption of multisensory integration at the level of
ventral premotor cortex might contribute to the disrupted sense of self characterizing schizophrenic
patients. Studies in first-episode schizophrenia patients showed reduced activation in right ventral
premotor cortex during the social tactile perception task, while this activation also correlated
negatively and specifically with basic symptoms. Such self-disturbance, in turn, would contribute to
alter self-other distinctions. Indeed, differently from healthy controls, first-episode schizophrenia
patients were also characterized by the absence of differential processing of self- and other-related
bodily information in posterior insular cortex during the same task.

In addition, from a neural network perspective, abnormal functional connectivity was found
for both ventral premotor and posterior insular cortex with posterior cingulate cortex. Moreover,
aberrant functional connectivity between the ventral premotor cortex and posterior cingulate cortex
strongly correlated with the severity of basic symptoms in schizophrenic patients. Hence, the
reviewed empirical data in patients affected by schizophrenia open a new window on the functional
brain alterations at the basis of an imbalance in the pre-reflective relationship of the embodied self
to the world including other individuals, possibly mediated by cortical midline structures.

These results confirm the heuristic power of this new neuroscientific approach to
schizophrenia. Starting from a meticulous analysis of the phenomenal contents of the aberrant first-
person perspective of schizophrenic patients and correlating such contents with the study of brain
activity and connectivity during social tasks, one can shed new light on the neurobiological basis of
this psychiatric disease. By empirically investigating the neural correlates of the basic experience
one makes of oneself as bodily self and of its alterations, new light can be shed on the relationship
between self-disturbances and social deficits in schizophrenia.
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