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ARTICLE INFO ABSTRACT

Background: Social cognitive deficits contribute to functional disability in schizophrenia. Social cognitive tasks
in healthy persons consistently evoke activation of medial prefrontal cortex, inferior frontal gyrus, temporo-
parietal gyrus, and posterior cingulate cortex/precuneus. We tested the hypothesis that patients with schizo-
phrenia and their unaffected siblings share dysfunction of the same neural networks.

Methods: Neural activation during emotion processing (EP), theory of mind (ToM), and control tasks was
measured using functional magnetic resonance imaging (fMRI) in 14 patients with schizophrenia, 14 nonpsy-
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é(ggglrﬁiema chotic siblings of patients with schizophrenia, and 14 matched healthy subjects.

Siblings Results: Compared with healthy controls, patients with schizophrenia showed reduced activation of right hemi-
Social cognition sphere structures involved in EP and ToM including inferior frontal gyrus, middle frontal gyrus, and right tem-
Theory of mind poroparietal junction. These deficits were shared, in part, by unaffected siblings. The latter group demonstrated

fMRI deficits in bilateral precuneus activation during ToM, not present in patients.
Lateralization Conclusions: Schizophrenia appears to be associated with a deficit in activation of right hemisphere components
of a ToM network. Such deficits are shared in part by those at high genetic risk but unaffected by schizophrenia.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Social functioning disturbances have long been recognized as an
essential feature of schizophrenia, usually present before the onset
of other symptoms, and persisting after the latter have abated
(Kraepelin, 1899). The syndrome has a strong heritability, but it is
highly unlikely that a single genetic alteration will account for the
whole range of clinical manifestations (Weinberger, 2002). This has
led to an effort to dissect the many behavioral abnormalities of the dis-
ease into discrete pathophysiological mechanisms, with the hope that
each will have a simpler heritability than the syndrome as a whole
(Weinberger, 2002). This might, in turn, facilitate the search for spe-
cific genes involved in the etiology of the disease. Such discrete path-
ophysiological features, termed endophenotypes or intermediate
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phenotypes, are quantifiable psychophysiological, neurocognitive,
and motor variables, shown to be altered not only in schizophrenia,
but also in at-risk subjects — notably, the patients' close relatives,
who share with them a significant proportion of genes (Radant et al.,
2010; Stone et al., 2011). These are shown to contribute to deficits of
social cognition and disability seen in schizophrenia (Sergi et al.,
2007). There is a paucity of studies seeking to define social cognitive
intermediate phenotypes of social cognition, and to the extent of
our knowledge, available studies exploring brain activity during so-
cial cognitive tasks in patients and at-risk subjects have involved
emotion processing (EP) paradigms only (Habel et al., 2004; Rasetti
et al., 2009). This might reflect the fact that brain networks subser-
ving theory of mind (ToM) in normal conditions have only recently
been outlined, and its components are still surrounded by controver-
sy (Mar, 2011). Moreover, some data indicate that EP and ToM are
closely interrelated phenomena, as judging other persons' intentions
in facial expression does involve the evaluation of their emotional
status as well as one's own response to it (Ochsner, 2008). This is
most evident in tests involving recognition of facial expressions,
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Table 1
Demographic and clinical data, MATRICS consensus cognitive battery scores, and re-
sponse latency and accuracy.

which are often used in the measurement of either variable (Ochsner,
2008).

The aim of this study was to determine whether EP and ToM net-

works in patients with schizophrenia and their unaffected siblings differ Patients Siblings Controls Statistic  p
from those in healthy controls. We hypothesized that brain activation (n=14) (=14  (n=14)
patterns underlie performance during social cognition tasks (Benedetti Age (years) 30.6+7 304+48 284+83 F=0475 0.062
et al,, 2009), and on the basis of previous results on task performance Education (years) 142 151+24 152+18 F=1508 0.234
(Anselmetti et al., 2009; de Achaval et al., 2010) expected brain activa- P a(‘e:;:;) education 112£36 128433 144+36 F=2834 0071
tion during EP and ToM tasks to be similar in patients and their nonpsy- Wosinen, 0% 17 6 (43 6 (43 X2=557 0357
Y . . o (%) (7) (43) (43)
chotic siblings. More specifically, we predicted that abnormalities in Age at onset 235448
relatives would include deficits that are less severe than those seen in (vears)
patients, and perhaps with additional abnormalities as a consequence Dlsease C)'“ra“o“ 78+45
. years
of untreated deficits (de Achaval etal, 2010). MMSE score 288415 289414 295409 F=1329 0276
Tasks 1nygly1ng the face and eyes have trad.ltlona.lly been used to WAT score 324443 331456 346479 F=0454 0638
measure abilities of EP and ToM, i.e., the capacity to infer the mental FRT score 227426  246+19 23.1+49 F=1262 0294
states and intentions of others (Baron-Cohen et al., 1997). In this )
study, we used the same stimuli in both control and experimental MCCB (percentile)
. . . Speed of 4+0° 29426° 47418  F=17.98 <0.001
tasks by asking the participant to state the gender or the emotion/ processing
mental state respectively (Baron-Cohen et al., 1999a, 1999b; Russell Attention/Vigilance 17+ 21 27430 534222 F=7.815 0.001
et al, 2000; Habel et al., 2004). Given the nature of the stimuli Working memory 17 419° 38+33 58 +26 F=8.501 0.001
(human expressions) and responses (choosing the correct word), x.efballllea”{‘“g ;ziggb ﬁii? Zgig‘; E:Z‘;gi 8.3(1]421
. . isual learning + + + =4. .
we expegted to observe 1r1volvement. of mirror nguron systerqs and Reasoning/Problem 24422 29429 49431° F—7071 0002
mentalizing or ToM systems on functional magnetic resonance imag- solving
ing (fMRI) scanning (Pelphrey et al., 2004; Amodio and Frith, 2006; Social cognition 21427 32432 6326 F=8.228 0.001
Van Overwalle and Baetens, 2009). In addition, stimuli used in the .
present study would be expected to evoke significant activation of fﬁ;’;‘;tso’;’ js(el‘;s/réty 134465
language areas in the left hemisphere in all groups (Baron-Cohen et PANSS, negative 216476
al.,, 1997; Lee et al., 2006). However, language aspects probed in our PANSS, total 36.6+11.2
study are less concerned with phonology, syntax, and morphology Hamilton 64+43*° 30+36 09+14  F=9527 <0.001
(i.e., functions typically associated with the dominant hemisphere), Depression score R
and more with motor nonverbal expressions conveying actual mean- Hircrgiteon Anxiety  89£6.37  47£45  15£21  F=8986 0001
ing (associated with right-hemisphere processing; Mitchell and
Crow, 2005). Since it has been argued that language is in general Medications
less lateralized in patients with schizophrenia (Crow, 1997), we pre- Valproic acid, n (%) 1 (7.1)
dicted similar bilateral activation in schizophrenia patients and rela- ‘é‘lsl’e“df’“e' n(%) g 8?2
. . . anzapine, n (no K
tives, compared with healthy persons, expected to show preeminent Clozapil;e n (%) 107.1)
activation of left language areas (Baron-Cohen et al., 1997). Quetiapine, n (%) 2 (14.3)
Paliperidone, n (%) 4 (28.6)
2. Methods and materials C'\?Z » e‘)lu“’ale“t 146.4
mg/day
L. SSRI, n (%) 4 (28.6)
2.1. Participants Promethazine (%) 1(7.1)
Biperidene 1(7.1)
Two psychiatrists (SMG, EYC) and a psychologist (DDA) assessed Clomipramine 1(7.1)
all participants, who were seen at the Cognitive Neurology Section Benz(;‘;‘azel’me' 8 (57.1)
. . . n
and the Psychiatry Department at FLENI Hospital, Buenos Aires. All
participants were right-handed and provided written informed con- Response latency (ms)
sent as approved by the local bioethics committee, and have therefore BET
been performed in accordance with the ethical standards set by the EXPngf“e“tal 241+48° 21846  188+£44  F=4757 0014
- : : condition
1964 Declaration of Helsinki. Control condition 189+53° 160440 135434  F=5396 0.009
FToM
2.1.1. Patients Experimental 293 4 54 273+41  215453'  F=9331 <0.001
Psychiatry outpatients were invited to participate in the study if they condition
(a) had a DSM-IV-TR diagnosis of schizophrenia, any subtype, confirmed ETC?V’[‘”OI condition 182427  153+21 127121 F=1201 <0.001
W1th.a Fiomp051te International Dlagn_ostl.c Interview (Robins et al., 1988) Experimental 280454 280434 248442  F—2388 0105
administered by a consultant psychiatrist (EYC), (b) were aged 18 to condition
50 years, and (c) had been on the same medications for at least two Control condition 183451  158+34 142432  F=3.795 0.031
weeks. Patients reported having been on antipsychotic medications dur-
. : . . Response accuracy (%)
ing the whole disease process, i.e., eight years on average (Table 1), but BET
this could not be cgnﬁrmed W}'th char.t review, nor were data a\{ailable Experimental 95 1 4P 9745 9942 F—3418 0.043
on exposure to typical vs. atypical antipsychotics during that period.Ex- condition
clusion criteria were (a) misuse or addiction to illegal substances in the Control condition 98+3 98+5 99+2 F=0254 0777
previous 6 months, (b) active symptoms having recently (<2 weeks) FloM b
. . . .. . Experimental 91+6 93+7 9743 F=3.309 0.047
warranted antipsychotic dose adjustment or admission to the hospital, condition
day hospital, or intensive outpatient treatment, or (c) a history of mental Control condition 95+ 3 9545 9742 F=0254 0.777

retardation. Current symptom severity was assessed with the Positive
and Negative Syndrome Scale (Kay et al,, 1987). A total of 14 patients

EToM
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Table 1 (continued)

Patients Siblings Controls Statistic p
(n=14) (n=14) (n=14)
Experimental 8845 88+6 91+5 F=1.903 0.163
condition
Control condition 8443 85+3 85+4 F=0.549 0.582

MMSE: Mini-Mental State Exam; WAT: Word Accentuation Test; FRT: Facial Recognition
Test; MCCB: MATRICS consensus cognitive battery; SSRI: Specific serotonin reuptake in-
hibitor; CMZ: chlorpromazine; PANSS: Positive and negative symptom scale; BET: Basic
Emotions task; FToM: Theory of Mind task, faces; EToM: Theory of Mind task, eyes;
shown are mean + standard deviation or number (%) of cases. a: significantly different
from healthy controls; b: significantly different from the other groups, Tukey's HSD post
hoc test. See the text for details.

with schizophrenia (1 female, age 30.6 + 7 years) were recruited for this
study.

2.1.2. Siblings

Siblings were recruited from patients participating in this study
(n=28), and from families where patients did not fulfill the symptom
stability criteria (n=6). Exclusion criteria included (a) the lifetime
presence of any DSM-IV-TR Axis I psychotic disorder diagnosis as
detected by a psychiatric interview with consultant psychiatrist (EYC)
and (b) a medication history of antipsychotics, antidepressants, or
mood stabilizers. Given the reported increased prevalence of nonpsy-
chotic psychiatric disorders in first-degree relatives of schizophrenia
patients, we planned to exclude siblings with syndromes warranting
psychopharmacological treatment, so as to avoid that significant de-
pressive or anxiety symptoms interfere with the results. No potential
participants were excluded per this criterion, and anxiety and depressive
symptoms were not higher in siblings of schizophrenia patients as com-
pared to control participants (Table 1). A total of 14 siblings (6 females,
age 30.4 4-4.8 years) were recruited to the study.

2.1.3. Controls

Healthy comparison individuals were recruited from the local com-
munity. Exclusion criteria included (a) the lifetime presence of any
DSM-IV-TR Axis I anxiety, mood, or psychotic disorder diagnosis as
detected by a psychiatric interview with a psychiatrist (EYC) and (b) a
medication history of antidepressants, antipsychotics, or mood stabi-
lizers. A total of 14 healthy subjects (6 females, age 28.4 4- 8.3 years)
were recruited to the study.

2.2. Neurocognitive screening measures

2.2.1. Cognitive measures

Previous to fMRI studies, all participants were screened for general
cognitive impairments with the MATRICS Consensus Cognitive Battery
(MCCB; Kern et al., 2008; Nuechterlein et al., 2008) and Mini Mental
State Examination (MMSE; Folstein et al, 1975). They were also
screened for premorbid intelligence with the Word Accentuation Test
(WAT; Del Ser et al., 1997), and for possible impairments in face percep-
tion, which could interfere with expression recognition, with the Facial
Recognition Test (FRT; Benton and Van Allen, 1968).

2.2.2. Mood status measures

Subjects were also assessed for depression symptom severity with
the Hamilton Depression Rating Scale (Hamilton, 1960) and for anxiety
symptom severity with the Hamilton Anxiety Rating Scale (Hamilton,
1969) prior to the fMRI scanning.

2.3. fMRI stimuli

2.3.1. Basic emotion task (BET)

We used photos from the Picture of Facial Affect (Ekman and
Friesen, 1976). The task requires the subject to select from two emo-
tions, which best describes how the person in the photo is thinking or

feeling. The stimulus portrays the whole face in a close-up, black and
white photograph (Fig. 1, top panel).

2.3.2. Faces theory of mind task (FToM)

We used a modified version of the Cambridge Mindreading Face-
Voice Battery Test (Golan et al.,, 2006). This entails judging which of
two complex mental states such us proud, nostalgic, or enthusiastic,
best describes what the person in the photo is feeling (Fig. 1, middle
panel).

2.3.3. Eyes theory of mind task (EToM)

We used a modified version of the ‘Reading the Mind in the Eyes’
Test (Baron-Cohen et al, 1999a, 1999b). This also entails judging
which of two complex mental states such us jealous, enthusiastic or
threatened, best describe what the person in the photo is thinking or
feeling. In this task, the stimulus portrays only the eyes in a close-up,
black and white photograph (Fig. 1, bottom panel).

2.4. fMRI paradigm

We used a block design paradigm ABAB...for the three tasks (BET,
FToM, EToM). Each task consisted in 14 blocks of 25 s; half of them
were an experimental condition and the other half a control condition.

In the experimental condition, a series of 4 photographs of faces or
eyes were presented to the subjects, and they were asked to press a but-
ton to indicate which of the two simultaneously presented words best
described the mental state of the photographed person. In the control
condition, subjects were presented the same stimuli as in the target
condition but were asked to indicate which of the two simultaneously

Masculino Femenino Enojo

Femenino Masculino Entusiasmado/a  Mortificado/a
b ‘ ; 1
A “ 1
Femenino Masculino Irritado/a Pensativo/a

Fig. 1. Examples of stimuli used for assessment of basic emotion processing (top
panel), theory of mind in faces (middle panel) and theory of mind in eyes (bottom
panel). During control tasks, the same stimuli were used but the participant was
asked to decide the gender of the depicted person. Please see the text for details.
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presented words best described the gender of the photographed per-
son. Thus, the key difference between the two conditions was the type
of judgment the subject had to make.

Each photograph was presented for 5s and was followed by a
0.75-s interval in which the screen was white. Correct words were
counterbalanced to left and right side of the screen. All the stimuli
were presented via Presentation ®. Subjects were trained with an ex-
ample of each task before scanning.

The three tasks were presented in a counterbalanced order, half of
the subjects starting with the BET task and the other half taking the
ETOM first. There was a short break between tasks but the subject
did not leave the scanner or move between tasks.

2.5. fMRI data acquisition

MRI data were acquired on a 3 T GE HDx scanner with an 8 channel
head coil. Change in blood-oxygenation-level-dependent (BOLD) T2*
signal was measured using a gradient echo-planar imaging (EPI) se-
quence. Thirty contiguous slices were obtained in the AC-PC plane
(TR: 2.37 s, TE: 30 ms, flip angle: 90°, FOV: 24 cm, 64 x 64 pixels per
inch matrix, voxel size = 3.75 x 3.75 x 4). A structural MRI was acquired
with the fast SPGR-IR sequence (120 slices, 1.6-mm thick slices, TR
12.956 ms, TE 6.1 ms, flip angle 15°, FOV 24 cm, 512512 matrix).
Three sessions of 155 volumes were taken per subject.

2.6. Statistical analysis

2.6.1. Analysis of behavioral data

Discrete variables in patients, siblings and controls were compared
using a chi-square test, and continuous variables were compared using
a one-way ANOVA followed by a Tukey HSD test. Significance was
assumed at «<0.05, and all reported results were two-tailed. All tests
were performed with the SPSS version 13.0 software (SPSS Inc.).

2.6.2. fMRI analysis

2.6.2.1. Image processing. Image processing was carried out using
SPM2 (Wellcome Department of Cognitive Neurology, London, UK)
implemented in MATLAB 7 (Mathworks Inc., Sherborn, MA, USA).
Slice-timing correction was applied to each volume. The imaging
time series was realigned to the first volume and spatially normalized
to the stereotactic space of Talairach and Tournoux (Talairach and
Tournoux, 1988) using Montreal Neurological Institute reference
brain (Ashburner and Friston, 1999). The normalized volumes of
2x2x2 mm? were spatially smoothed by an isotropic Gaussian kernel
of 8 mm at full width half-maximum (Friston et al., 2000).

2.6.2.2. Statistical analysis. Individual analysis was computed using the
general linear model including the control (GENDER) and experimen-
tal (EMOTION) conditions. The design matrix also included correction
for head movements. The effects were modeled using a canonical he-
modynamic response function to create regressors of interest. A linear
contrast EMOTION-GENDER was applied to the design for each subject
and these individual contrast images were subjected to a random effect
analysis to see effects at a group level. For this operation we used a sta-
tistical threshold (uncorrected) of p<0.001 combined with an extended
cluster size threshold of 10 voxels.

A two-sample t test was also performed using the individual con-
trast images (EMOTION-GENDER) in each task for: PATIENTS vs.
CONTROLS, SIBLINGS vs. CONTROLS, and PATIENTS vs. SIBLINGS.

We also performed a 2x3 ANOVA of repeated measures within
each group to evaluate hemisphere vs. task effects in three different
pairs of region of interest (ROIs): 1) in the left inferior frontal gyrus
(IFG) defined as a sphere centered at (—45, 18, 2), and the right IFG
centered at (40, 24, 2); 2) in the left middle frontal gyrus (MFG) at
(—48, 15, 26) and the right MFG at (48, 15, 26) and 3) in the left

superior temporal gyrus (STG) at (—51, —45, 3) and the right STG
at (51, —45, 3). All ROIs were spheres of 10 mm radius built using
MarsBar algorithm. The selection of the MNI coordinates was based
in the overlapping of active clusters for the three groups within Brod-
man's areas 44-45, 9 and 22 respectively. Signal percent was calculat-
ed for each subject and entered to the SPSS 13.00 for the statistical
analysis. Post hoc calculations were performed using the Bonferroni
correction with a significant threshold of p<0.05. We explored the rela-
tionship between activation in each ROI and reaction time or perfor-
mance in all groups, whereas in patients we quantified the
relationship between activation in each ROI and chlorpromazine equiv-
alent, neurocognitive performance (MCCB score) and psychotic symp-
toms (PANSS score), by means of a linear regression analysis.

3. Results
3.1. Demographic data

Patients, unaffected siblings, and healthy subjects were similar in
age, gender, years of education, years of parental education, basic cog-
nitive screening (as assessed by the MMSE), premorbid intelligence
(as assessed by the WAT), and ability to recognize facial features (as
assessed by the FRT). They were also similar from an ethnic and cultural
point of view (native Argentine Caucasian) and spoke Spanish as a na-
tive language. Patients performed poorly as compared to healthy indi-
viduals in all seven domains of the MCCB (Table 1). Nonpsychotic
siblings of schizophrenia patients showed decreased performance in
five domains of the battery, but their performance was better than
that of the patients in speed of processing, working memory, and visual
learning (Table 1). Patients had more symptoms of depression and
anxiety than participants in the other two groups, and their siblings
did not differ from controls in this regard (Table 1).

3.2. Task performance and reaction time

Performance in all groups was between 80% and 100% accurate
during the three tasks. Patients showed less accuracy of responses
than healthy controls in the BET task (p=0.033) and in the FToM
task (p=0.047). During the EToM task, groups did not differ regarding
accuracy of performance. Siblings did not show significant performance
differences with either healthy persons or patients (Table 1).

Compared to controls, patients with schizophrenia took longer to
decide which emotion or mental state the person was displaying in
both tests that involve faces (BET p=0.01; FToM p=0.001) and to
choose the gender of the person in all tests (BET p=0.006; FToM
p<0.001, EToM p=0.025). Siblings took more time than comparable
healthy subjects to discern the mental state of the person only in the
FToM task (p = 0.009). Patients had a significant longer reaction time
than siblings when they had to decide the gender during the FToM
task (p=0.039) (Table 1).

3.3. Subtraction analysis per groups

3.3.1. Task effects in BET (Fig. 2A, supplementary Table 1A)

Patients (red) exhibited significant active clusters in the MFG and
IFG (Brodmann's areas [BA| 44/45 bilaterally, corresponding to Broca's
area in the left hemisphere), and precentral gyrus and fusiform gyrus
in both hemispheres, though activation was more significant on the
left side. They also showed significant activation of the left STG, in the
caudal part of BA 22 (Wernicke's area).

Areas activated by nonpsychotic siblings (yellow) included the left
superior frontal gyrus (SFG), somatosensory area (SMA), left inferior
occipital gyrus (I0G), and both cerebellar hemispheres. The task also in-
duced activity in voxels in the left [FG and the anterior part of the STG, as
well as the left and right MFG, in all cases significant at voxel level only,
and somewhat higher in the left side.
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Fig. 2. Group analysis for schizophrenia patients (red), siblings of patients (yellow), and healthy subjects (blue) for the Emotion vs. Gender contrast in the Basic Emotion (A), Theory
of Mind (Faces, B) and Theory of Mind (Eyes, C) tasks. MFG: middle frontal gyrus; IFG: inferior frontal gyrus; SFG: superior frontal gyrus; MTG: middle temporal gyrus; aSTG: an-
terior superior temporal gyrus; 10G: inferior occipital gyrus; FUS: fusiform gyrus; SPL: superior parietal lobule. Please see the text for details.

Healthy individuals (blue) activated the MFG, precentral gyrus
and occipital regions in both hemispheres, as well as the IFG and
the dorsal portion of left Brodmann's areas 44/45. Activation in this
group was greater on the right side.

3.3.2. Task effects in FToM (Fig. 2B, supplementary Table 1B)

Patients with schizophrenia (red) showed bilateral active clusters
in the caudal and ventral part of the middle, medial, and inferior fron-
tal gyri in BA 45, with greater activation on the left side. Activity was
also present in the parietal lobule and precuneus in both hemi-
spheres, and the fusiform and middle occipital gyri. Left STG (Wer-
nicke's area) also showed activation by this task in patients.

Unaffected siblings (yellow) activated superior, middle, and infe-
rior frontal gyri bilaterally, including BA 44. Activity was also found
in the left superior parietal lobule (SPL), left middle temporal gyrus
(MTG), STG, and in the midbrain (red nucleus). Wernicke's area was
also activated in this group. Similarly to the patients, unaffected sib-
lings were found to have bigger activation clusters and higher z scores
in the left side overall.

Healthy participants (blue) activated IFG (BA 44) bilaterally, right
MFG, left STG near Wernicke's area and left fusiform gyrus extended
to the middle occipital gyrus (MOG). Overall, brain activity in healthy
individuals was similar in both hemispheres, showing similar z-
scores with the exception of a greater activity in the left IFG.

3.3.3. Task effects in EToM (Fig. 2C and supplementary Table 1C)

In patients with schizophrenia (red), EToM induced an enhanced
BOLD signal in the MFG, IFG, and insula bilaterally, although the clus-
ters on the left side were considerably larger. Activity in the cingulate
gyrus extending into the MFG was also observed predominantly on
the left hemisphere, with some voxels extended over the right hemi-
sphere. Activation in the MTG and STG were present on the left side,
near BA 22, whereas on the right side activation was less intense and
located more posteriorly. Superior parietal lobule (SPL) and precunei
were activated bilaterally during this task, but the activation cluster
on the left side was larger.

Siblings of patients (yellow) showed a large cluster of activation
including the SFG, MFG and IFG; activation on the right side involved
a relatively small cluster in the MFG. Additional areas of activation in-
cluded MOG and fusiform region, as well as voxels in the left SPL. The
task also induced activation in a posterior region of the left temporal
lobe near Wernicke's area.

Healthy subjects (blue) activated the left IFG (BA 45/47), right
MFG (BA 9/46), 10G, and a small group of voxels in the MTG.

3.4. Comparison analysis between groups

3.4.1. BET (Fig. 3A)

During emotion processing, healthy subjects activated right pre-
frontal structures to a greater extent than patients with schizophrenia
(a) and their nonpsychotic siblings (b). Compared with the latter,
control individuals also activated portions of the left cingulum and
precentral gyrus (b). Activation of the left postcentral gyrus (a) and
left STG (c) was greater in patients than in healthy controls or unaffect-
ed siblings, respectively.

3.4.2. FToM (Fig. 3B)

Individuals with schizophrenia presented greater overall brain activi-
ty in response to this task than comparable healthy subjects (a) and their
nonpsychotic siblings (c). Differences with healthy individuals were most
evident in the posterior sector of the left STG and MTG (Wernicke's
areas), left parietal lobe, left medial frontal gyrus and right insula (a).
Compared to their siblings, patients with schizophrenia showed more ac-
tivation in the left parietal lobe, left anterior cingulate gyrus, and right
cingulate cortex, but less activation in the thalamus (c). Compared with
healthy persons, nonpsychotic siblings showed activation in the left pre-
cuneus and lentiform thalamic nucleus, and in the right MFG (b).

3.4.3. EToM (Fig. 3C)

Overall BOLD signal enhancement brought about by the perfor-
mance of EToM task was greater in individuals with schizophrenia
than in comparable control persons (a) and in their unaffected sib-
lings (c). Compared to healthy controls, patients with schizophrenia
activated more intensely areas in the left medial prefrontal cortex,
SFG, and SPL (a). Compared with their nonpsychotic siblings, patients
showed greater activation in left SFG, MFG, and IFG, left precuneus,
bilateral cingulum, and bilateral insula (c). Healthy persons showed
more activation than nonpsychotic siblings in the right precuneus
and left posterior cingulate cortex (b).

3.5. Region of interest (ROI) analyses within groups

Within-group ANOVA revealed a significant effect of task on BOLD
signal for three ROIs in both cerebral hemispheres (Fig. 4). Significant
differences were observed between the BET task and the two probed
ToM tasks (which did not differ significantly regarding activation in
the ROIs). In all groups, greater activation was seen in left than right
hemisphere ROIs (Fig. 4).

Among patients the BOLD signal was lower during BET than ToM
tasks in both hemispheres for IFG (coinciding with Broca's area and
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Fig. 3. Two sample t-tests between: (a) Patients (red) vs. Controls (blue), (b) Siblings (red) vs Controls (blue), and (c) Patients (red) vs. Siblings (blue), in the Basic Emotion (A), Theory of
Mind (Faces, B), and Theory of Mind (Eyes, C) tasks. Abbreviations are the same as in Fig. 2. Please see the text for details.

contralateral area, Fig. 4A) and MFG (Fig. 4B). Differences were signifi-
cant between tests in the left STG only (Wernicke's area) in this group
(Fig. 4C).

In healthy subjects, activation was greater during the FToM than
BET in the left MFG only (Fig. 4B). For the remaining combination of
ROIs and hemispheres the signal percent changes for normal subjects
were uniform across all three paradigms.

Siblings of patients presented intermediate results between the
two other groups. FToM brought about higher activation than BET in
left but not right IFG and STG. EToM resulted in greater BOLD signal
than BET in the left MFG only (Fig. 4B).

3.6. Relationship between ROI activation and behavioral performance, anti-
psychotic dose, neurocognitive functioning, and psychotic symptomatology

Longer reaction times in BET were associated with lower activa-
tion in left (r*=0.587, p=0.001) and right (r?=0.393, p=0.016)
IFG, left (r>=0.302, p=0.42) and right (r>=0.331, p=0.031) MFG,

and left (r>=0.354, p=0.025) and right (r?=0.363, p=0.23) STG
in nonpsychotic siblings of patients, but not in patients or healthy
controls, nor in any group in FToM and EToM tests. Accuracy of re-
sponses was not related to brain activation in any group (not shown).

In patients with schizophrenia, chlorpromazine equivalent dose
showed an inverse relationship with brain activation in left STG dur-
ing BET (r?=0.464, p=0.007) and EToM (r?>=0.528, p=0.003). No
significant relationships were found between brain activation and
neurocognitive performance (as measured by MCCB total score) or
psychotic symptom severity (as estimated by PANSS) in this group
(not shown).

4. Discussion

The main findings of this study were 1) during tasks of EP and ToM
healthy individuals activate bilateral areas usually considered to sub-
serve mirror, mentalizing, and language functions, 2) patients with
schizophrenia and their nonpsychotic siblings fail to activate associated
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Fig. 4. Enhanced BOLD signal in IFG (in the vicinity of Broca's area and the contralateral
right area, panel A), STG (coincident with Wernicke's area and the contralateral right
area, panel B) and MFG (panel C). Ctr: healthy controls; Sib: unaffected siblings of
schizophrenia patients; Sch: patients with schizophrenia; L: left hemisphere; R: right
hemisphere. BET: Basic Emotion Test; FToM: Theory of Mind Task, Faces; EToM: Theory
of Mind Task, Eyes. Please see the text for details.

right hemisphere areas to the same extent as healthy individuals, 3)
there is a significant increase in brain activation overall, especially in
left hemisphere structures, with increasing complexity of the social
cognitive task at hand (as indicated by longer latencies of response
and decreased performance) both in schizophrenia patients and their
unaffected siblings, not apparent in healthy persons, 4) with increasing
difficulty in social cognitive discrimination, patients and their siblings
appear to recruit areas of the brain not directly involved in mirroring,
mentalizing, and language processing in most previous studies, such
as bilateral insula, and specific thalamic and mesencephalic areas, and
5) unaffected siblings fail to activate the precuneus bilaterally in EToM
task (with reduced right sided activation in the FToM task), as com-
pared to healthy individuals. Other areas active in the different para-
digms, in all three groups, involve brain regions previously described

to be involved in higher visual processing and face recognition, includ-
ing occipital areas, fusiform gyrus, precuneus/posterior cingulate cor-
tex, precentral gyrus, and cerebellum.

As predicted, healthy subjects activated areas traditionally associated
with the “ToM network”, mirror neurons, and language processing (Mar,
2011). However, one of our initial hypotheses (that patients would show
less asymmetry than healthy persons in brain activation during tasks of
EP and ToM) was not confirmed by the results of this study. In contrast,
patients with schizophrenia (and to a lesser extent their unaffected sib-
lings) showed a failure to activate right brain structures during EP and
ToM tasks, as compared to healthy participants. One possible interpreta-
tion is that patients and their siblings owe their social cognitive deficits,
at least in part, to a failure to recruit such structures, which underlie ToM
abilities and the processing of emotional aspects of language (Mitchell
and Crow, 2005; Saxe, 2006; Mar, 2011).

Left-sided structures activated by participants in this study during
the EToM task are practically identical to those described in a prelimi-
nary study by Russell and colleagues with the same stimuli and control
situation, and in a similar paradigm (Russell et al., 2000). In contrast
with their study, however, not only did patients show a more robust
activation of left hemisphere zones, but also the pattern of activation
was asymmetrical, with less right hemisphere activation. A number of
reasons could account for this difference, including a longer testing ses-
sion influencing participant's performance, attention, and habituation
to the MRI setting. Also, whereas the experimental and control condi-
tion were identical, the language was different and we used more stim-
uli during testing. Sociodemographic and cultural variables could also
have accounted, in part, for the observed differences.

The present results should also be interpreted in light of the find-
ings of Benedetti et al. (2009) on functional and structural abnormal-
ities in schizophrenia patients challenged with ToM and empathy
tasks. The authors explored ToM and empathy in a paradigm using
cartoons depicting one (ToM) or two (Empathy) human characters
respectively, and used cartoons with physical causation (also with
one or two human characters) as control tasks (Vollm et al., 2006).
They found increased brain activation on right temporal structures
in patients with schizophrenia, who also had a decreased gray matter
volume as a structural correlate in the same areas. The finding of de-
creased right-hemisphere gray matter in areas involved in EP and
ToM, further adds to indications of right sided abnormalities in
schizophrenia patients, as found in the present study. On the other
hand, the finding of increased activation in the same structures is pro-
posed by the authors to originate in a phenomenon of “physiological
inefficiency,” whereby less brain tissue allocated to a function results
in less efficient processing and, ultimately, increased activation in the
affected area (Benedetti et al., 2009). This phenomenon is not ob-
served in the present study, which differs from that of Benedetti et
al. (2009) in two important respects. First, our study involved actual
human faces instead of cartoons, thereby potentially involving mirror
neuron areas involved with motor phenomena. Second, participants
had to choose an appropriate word with emotional connotation,
thus likely eliciting activity in language-related (i.e., predominantly
dominant hemisphere) areas. However, Benedetti et al.'s original obser-
vation of thinner gray matter in temporal areas shown, in our study, to
have lower activation in patients and their nonpsychotic siblings, de-
serves further investigation as a potential explanation for the present
findings.

Schizophrenia has long been considered a “left hemisphere disorder”
in some theories, with left hemisphere being considered particularly vul-
nerable to insults giving rise to the hypothesis that schizophrenia is due
to a failure of normal, left-dominant lateralization (Crow, 1997). Differ-
ent studies have observed diminished anatomical and functional asym-
metry, with excess non-right-hand preference as an easily measurable
proxy of abnormal brain asymmetry (Peters et al., 2006). Several dis-
cordant reports have appeared, contradicting these results, including
the largest study to date on handedness and brain asymmetry in
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schizophrenia, which failed to observe an association between
schizophrenia and non-right-handedness, gray matter asymmetry,
and neurocognitive abnormalities (Deep-Soboslay et al., 2010). The
present results are in agreement with the burgeoning evidence on
the role of right hemispheric abnormalities in schizophrenia. Available
studies involve not only structural alterations, but also functional dis-
turbances in response to a variety of cognitive demands, including
ToM tasks (Andreasen et al., 2008; Rowland et al.,, 2009).

The present results suggest that failure to activate a series of fron-
tal, temporal and parietal structures in the right hemisphere when
challenged with a social cognitive task, might represent an intermedi-
ate phenotype of schizophrenia, because patients display greater def-
icits, while unaffected siblings have similar, albeit less intense fMRI
abnormalities. The specific failure of unaffected siblings to activate
the precuneus bilaterally in the EToM task in spite of similar perfor-
mance and latency of response compared to healthy subjects, could
represent a neural correlate of the specific deficit described previously
by our group in a similar cohort, involving performance in the Reading
the Mind in the Eyes task (Boly et al., 2008; de Achaval et al., 2010).

With the exception of precuneus activation in siblings in one of
the tasks, not present in the other groups, we could not detect clearly
distinct brain activation patterns for the paradigms usually consid-
ered to test EP and ToM, because we mainly observed quantitative
differences in regional activation between tasks. The fact that, in the
present study, all paradigms involving emotion or mental status recog-
nition in faces elicited brain activity in similar areas, which overlap with
regions usually considered to subserve ToM functioning, supports the
opinion that the distinction between EP and ToM is to a significant ex-
tent arbitrary (Ochsner, 2008). Thus, all tests employed in the present
study might be exploring different aspects, or different degrees of diffi-
culty, of the same social cognitive construct.

Several limitations of this study should be noted. Patients were re-
ceiving antipsychotic medications, their neurocognitive performance
was lower than that of healthy controls in all tested MCCB domains,
and they displayed more symptoms of depression and anxiety,
known to decrease attention and performance in a variety of cognitive
paradigms. This resulted in greater response latencies and lower accu-
racy in some of the tests. Thus, greater brain activation might simply
reflect more difficulty carrying out the proposed tasks. However, this
does not explain lower activation of right structures in the different
paradigms. Moreover, we observed that higher doses of antipsychotic
medications resulted in lower activation of left hemisphere structures,
where patients exhibited maximal activation compared with the other
groups. This suggests that antipsychotic agents might have attenuated
differences between the groups. Also, we did not observe in patients a
significant effect of psychotic symptoms or neurocognitive abilities on
brain activation, therefore making it unlikely that these factors
accounted for the observed differences with nonpsychotic siblings and
healthy control subjects. Last, among the former, longer response laten-
cies were associated with lower brain activation, which argues against a
relationship between greater task difficulty and more intense brain ac-
tivity in this group.

We propose that difficulties patients exhibit in social cognition ul-
timately reflect a failure of right-hemisphere language functions,
probably preceded by alterations in mirror and mentalizing systems,
which have a significant anatomical overlap with each other (anterior
prosencephalon including IFG, STG and temporoparietal junction;
Saxe, 2006; Van Overwalle and Baetens, 2009; Mar, 2011). This failure
is shared in part by their siblings, especially during basic emotion pro-
cessing. Whereas difficulties seem to reflect semantic abnormalities,
we propose that the latter are preceded by more widespread deficits
in brain activation of areas concerned with mirroring of motor action
(i.e., facial expressions and gaze direction) which then inform areas con-
cerned with ToM. In this view, the choice of a semantically appropriate
term to describe another person's emotion, mental state, or intention
would normally depend upon relevant and accurate interpretation of

facial/gaze motor features (thanks to an intact mirror system) and
then the ability to interpret such information on the basis of inner expe-
rience and memory (using an intact ToM neural system). Present results
suggest that abnormalities exhibited by patients with schizophrenia -
and, to a lesser extent, their nonpsychotic siblings - seem to be more
prominent in the right hemisphere. We believe this schema lends sup-
port to theories that conceptualize schizophrenia as a failure in develop-
ment of right hemisphere functions (Crow, 1997). Originally, this theory
posited that aberrant right-hemisphere language functioning was re-
sponsible for positive symptoms related to speech and logical thinking,
such as auditory hallucinations, thought insertion and broadcasting, i.e.
“core” or Schneiderian symptoms of schizophrenia. Our results are com-
patible with the view that abnormal right hemisphere ToM and lan-
guage function can be the basis for social cognitive deficits as well.
Future research should determine if abnormal patterns of brain activa-
tion during social cognitive tasks as described herein are related to
performance-based measures of functional skills in patients and their
nonpsychotic siblings.

Role of funding source

Funding sources listed in the Acknowledgment section had no role in the study de-
sign, in the collection, analysis and interpretation of data, in the writing of the report,
and in the decision to submit the paper for publication.

Contributors

dDA, MFV, ECC, CBN and SMG designed the research protocol. dDA, MFV, JD, MNC,
MCM, and SMG collected the data. dDA, MFV and SMG analyzed the data and wrote the
first version of this manuscript. All authors contributed to and approved the final ver-
sion of this manuscript.

Conflict of interest

CBN is a consultant to Xhale and Takeda, is a stockholder of CeNeRx BioPharma,
NovaDel Pharma, Inc., PharmaNeuroBoost, Revaax Pharma, and Xhale, he is the
owner of patents for method and devices for transdermal delivery of lithium (US
6,375,990B1) and method of assessing antidepressant drug therapy via transport inhi-
bition of monoamine neurotransmitters by ex vivo assay (US 7,148,027B2), he is in the
board of directors of AFSP, NovaDel Pharma, Inc., and is in the scientific advisory board
of American Foundation for Suicide Prevention (AFSP), CeNeRx BioPharma, National
Alliance for Research on Schizophrenia and Depression (NARSAD), NovaDel Pharma,
Inc., PharmaNeuroBoost, Anxiety Disorders Association of America (ADAA). All other
authors report no conflict of interest.

Acknowledgments

Funding was provided by the Agencia de Promocién (Ministry of Science and Tech-
nology, Argentina, grant PICT-2007-1643, to SMG) and the University of Buenos Aires
(UBACYT code 20020100101025, to SMG, MFV and DEV). DdA and MNC are doctoral
fellows from CONICET. SDG. MCM is a doctoral fellow from Agencia. We are grateful
for the technical assistance of Ms. Karina Buglioni.

Appendix A. Supplementary data

Supplementary data to this article can be found online at doi:10.
1016/j.schres.2011.11.010.

References

Amodio, D.M., Frith, C.D., 2006. Meetings of minds: the medial frontal cortex and social
cognition. Nat. Rev. Neurosci. 7, 268-277.

Andreasen, N.C,, Calarge, C.A., O'Leary, D.S., 2008. Theory of mind and schizophrenia: a
positron emission tomography study of medication-free patients. Schizophr. Bull.
34, 708-719.
Anselmetti, S., Bechi, A., Bosia, M,, et al., 2009. Theory of mind impairment in patients
affected by schizophrenia and in their parents. Schizophr. Res. 115, 278-285.
Ashburner, J., Friston, K.J., 1999. Nonlinear spatial normalization using basis functions.
Hum. Brain Mapp. 7, 254-266.

Baron-Cohen, S., Jolliffe, T., Mortimer, C,, et al., 1997. Another advanced test of theory of
mind: evidence from very high functioning adults with autism or asperger syndrome.
J. Child Psychol. Psychiatry 38, 813-822.

Baron-Cohen, S., Ring, H.A., Wheelwright, S., et al., 1999a. Social intelligence in the normal
and autistic brain: an fMRI study. Eur. J. Neurosci. 11, 1891-1989.

Baron-Cohen, S., Ring, H.A., Wheelwright, S., et al., 1999b. Social intelligence in the normal
and autistic brain: an fMRI study. Eur. ]. Neurosci. 11, 1891-1898.

Benedetti, F., Bernasconi, A., Bosia, M., et al., 2009. Functional and structural brain cor-
relates of theory of mind and empathy deficits in schizophrenia. Schizophr. Res.
114, 154-160.



D. de Achdval et al. / Schizophrenia Research 134 (2012) 171-179 179

Benton, A.L, Van Allen, M.W., 1968. Impairment in facial recognition in patients with
cerebral disease. Trans. Am. Neurol. Assoc. 93, 38-42.

Boly, M., Phillips, C., Tshibanda, L., et al., 2008. Intrinsic brain activity in altered states of
consciousness. How conscious is the default mode of brain function? Ann. N.Y.
Acad. Sci. 1129, 119-129.

Crow, T.J., 1997. Schizophrenia as a failure of hemispheric dominance for language.
Trends Neurosci. 29, 339-343.

de Achaval, D., Costanzo, E.Y., Villarreal, M.F,, et al., 2010. Emotion processing and the-
ory of mind in schizophrenia patients and their unaffected first-degree relatives.
Neuropsychologia 48, 1209-1215.

Deep-Soboslay, A., Hyde, T.M.,, Callicott, ].P., et al., 2010. Handedness, heritability, neu-
rocognition and brain asymmetry in schizophrenia. Brain 133, 3113-3122.

Del Ser, T., Gonzalez-Montalvo, J.I, Martinez-Espinosa, S., et al., 1997. Estimation of
premorbid intelligence in Spanish people with the Word Accentuation Test and
its application to the diagnosis of dementia. Brain Cogn. 33, 343-356.

Ekman, P., Friesen, W., 1976. Consulting Psychologists Press, Palo Alto.

Folstein, M.F., Folstein, S.E., McHugh, P.R., 1975. Mini-mental state. A practical method for
grading the cognitive state of patients for the clinician. J. Psychiatr. Res. 12, 189-198.

Friston, K., Josephs, O., Zarahn, E., et al., 2000. To smooth or not to smooth? Bias and
efficiency in fMRI time-series analysis. Neurolmage 12, 196-208.

Golan, 0., Baron-Cohen, S., Hill, J., 2006. The Cambridge Mindreading (CAM) Face-Voice
Battery: testing complex emotion recognition in adults with and without Asperger
syndrome. ]. Autism Dev. Disord. 36, 169-183.

Habel, U,, Klein, M., Shah, NJ,, et al., 2004. Genetic load on amygdala hypofunction during
sadness in nonaffected brothers of schizophrenia patients. Am. J. Psychiatry 161,
1806-1813.

Hamilton, M., 1960. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 23,
56-62.

Hamilton, M., 1969. Standardised assessment and recording of depressive symptoms.
Psychiatr. Neurol. Neurochir. 72, 201-205.

Kay, S.R., Fiszbein, A., Opler, L.A.,, 1987. The positive and negative symptom scale
(PANSS) for schizophrenia. Schizophr. Bull. 13, 261-276.

Kern, R.S., Nuechterlein, K.H., Green, M.F,, et al., 2008. The MATRICS Consensus Cognitive
Battery, part 2: co-norming and standardization. Am. J. Psychiatry 165, 214-220.
Kraepelin, E., 1899. Psychiatrie. Ein Lehrbuch fiir Studirende und Aerzte. Leipzig: Verlag
von Johann Ambrosius Barth. Psychiatry. : A Textbook for Students and Physicians-

Watson Publishing International, Canton, MA.

Lee, KH., Brown, W.H., Egleston, P.N,, et al., 2006. A functional magnetic resonance imaging
study of social cognition in schizophrenia during an acute episode and after recovery.
Am. J. Psychiatry 163, 1926-1933.

Mar, R.A., 2011. The neural bases of social cognition and story comprehension. Annu.
Rev. Psychol. 62, 103-134.

Mitchell, R.L.C., Crow, TJ., 2005. Right hemisphere language functions and schizophrenia:
the forgotten hemisphere? Brain 128, 963-978.

Nuechterlein, K.H., Green, M.F,, Kern, R.S., et al., 2008. The MATRICS Consensus Cognitive
Battery, part 1: test selection, reliability, and validity. Am. J. Psychiatry 165, 203-213.

Ochsner, K.N., 2008. The social-emotional processing stream: five constructs and their
translational potential for schizophrenia and beyond. Psychiatry 64, 48-61.

Pelphrey, K.A., Viola, RJ., McCarthy, G., 2004. When strangers pass. Psychol. Sci. 15,
598-603.

Peters, M., Reimers, S., Manning, ].T., 2006. Hand preference for writing and associa-
tions with selected demographic and behavioral variables in 255100 subjects:
the BBC internet study. Brain Cogn. 62, 177-189.

Radant, A.D., Dobie, D.J., Calkins, M.E., et al., 2010. Antisaccade performance in schizo-
phrenia patients, their first-degree biological relatives, and community compari-
son subjects: data from the COGS study. Psychophysiology 47, 846-856.

Rasetti, R., Mattay, V.S., Wiedholz, LM, et al., 2009. Evidence that altered amygdala activity
in schizophrenia is related to clinical state and not genetic risk. Am. J. Psychiatry 166,
216-225.

Robins, L.N., Wing, J., Wittchen, H.U., et al., 1988. The composite international diagnos-
tic interview. An epidemiologic instrument suitable for use in conjunction with dif-
ferent diagnostic systems and in different cultures. Arch. Gen. Psychiatry 45,
1069-1077.

Rowland, L.M., Spieker, E.A., Francis, A, et al., 2009. White matter alterations in deficit
schizophrenia. Neuropsychopharmacology 34, 1514-1522.

Russell, T.A., Rubia, K., Bullmore, E.T., et al., 2000. Exploring the social brain in schizo-
phrenia: left prefrontal underactivation during mental state attribution. Am. J. Psy-
chiatry 157, 2040-2042.

Saxe, R., 2006. Uniquely human social cognition. Curr. Opin. Neurobiol. 16, 235-239.

Sergi, MJ., Rassovsky, Y., Widmark, C,, et al., 2007. Social cognition in schizophrenia: rela-
tionships with neurocognition and negative symptoms. Schizophr. Res. 90, 316-324.

Stone, W.S,, Giuliano, AJ., Tsuang, M.T., et al., 2011. Group and site differences on the
California Verbal Learning Test in persons with schizophrenia and their first-
degree relatives: findings from the Consortium on the Genetics of Schizophrenia
(COGS). Schizophr. Res. 128 (1-3), 102-110.

Talairach, J., Tournoux, P., 1988. Co-Planar Stereotaxic Atlas of the Human Brain.
Thieme Medical Publishers, New York, NY.

Van Overwalle, F., Baetens, K., 2009. Understanding others' actions and goals by mirror
and mentalizing systems: a meta-analysis. Neurolmage 48, 564-584.

Vollm, B.A,, Taylor, AN, Richardson, P., et al., 2006. Neuronal correlates of theory of
mind and empathy: a functional magnetic resonance imaging study in a nonverbal
task. Neurolmage 29, 90-98.

Weinberger, D.R., 2002. Biological phenotypes and genetic research on schizophrenia.
World Psychiatry 1, 2-6.



