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Approximately 30% of individuals with 22q11.2 Deletion Syndrome (22q11DS) develop schizophrenia during ad-
olescence/early adulthood, making this syndrome a model for the disorder. Furthermore, negative symptoms
exist in up to 80% of patients diagnosed with 22q11DS. The present study aims to uncover morphological brain
alterations associated with negative symptoms in a cohort of patients with 22q11DS who are at-risk for develop-
ing schizophrenia. A total of 71 patients with 22q11DS aged 12 to 35 (54% females) with no past or present
diagnosis of a schizophrenia were included in the study. Psychotic symptom scores were used to divide patients
into subgroups by means of a cluster analysis. Three major subgroups were evident: patients with low negative
and positive symptoms; patients with high negative symptoms and low positive symptoms; and patients with
high negative and positive symptoms. Cortical volume, thickness and gyrification were compared between sub-
groups using FreeSurfer software. Results showed that patients with high negative symptoms, compared to those
with low negative symptoms, have decreased gyrification in the medial occipito-temporal (MOT) and lateral
temporo-parietal (LTP) cortices of the left hemisphere, and in the medial temporal (MT)/posterior cingulate
(PCC) cortices of the right hemisphere. These findings suggest that high negative symptoms are associated
with gyrification reductions predominantly in medial occipital and temporal regions, which are areas implicated
in social cognition and early visual processing. Furthermore, as cortical folding develops in utero and during the
first years of life, reduced gyrification may represent an early biomarker predicting the development of negative
symptoms.
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1. Introduction

22q11.2 Deletion Syndrome (22q11DS) is a neurogenetic condition
with an occurrence rate of 1 in 1000-4000 live births (Grati et al.,
2015; Oskarsdéttir et al., 2004). An estimated 30-40% of individuals
with 22q11DS will develop schizophrenia (Murphy et al., 1999;
Schneider et al., 2014a), making it an attractive model for studying the
developmental patterns of schizophrenia and other psychotic disorders
(Bassett and Chow, 1999; Gothelf et al., 2005; Murphy and Owen,
2001). Up to 50% of adolescents with 22q11DS report positive symp-
toms, while up to 80% present attenuated negative symptoms
(Schneider et al., 2012; Stoddard et al., 2010). Thus, negative symptoms
appear to be one of the clinical characteristic of 22q11DS since they are

* Corresponding author at: Developmental Imaging and Psychopathology Laboratory,
Department of Psychiatry, University of Geneva, Rue David-Dufour, 1, Case Postal 50,
1211 Genéve 8, Switzerland.

E-mail address: Maria.Padula@unige.ch (M.C. Padula).

! These authors contributed equally to this work.

http://dx.doi.org/10.1016/j.schres.2017.01.031
0920-9964/© 2017 Elsevier B.V. All rights reserved.

present in roughly a third of patients in the absence of positive symp-
toms (Schneider et al., 2014b). Additionally, negative symptoms are
more severe in patients with 22q11DS at risk for developing psychosis
compared to at-risk subjects without the microdeletion (Armando et
al,, 2012; Tang et al,, 2015).

We therefore argue that the study of negative symptoms is critical as
they have a higher prevalence than positive symptoms in the prodromal
psychotic phase (Cornblatt et al., 2003; McGlashan et al., 2001; Phillips
et al,, 2005; Schultze-Lutter et al., 2010). Negative symptoms are often
accompanied by cognitive deficits (Addington et al., 1991; Basso et al.,
1998), worse psychosis outcome (Milev et al., 2005), social impairments
(Lincoln et al., 2011; Milev et al., 2005), and poorer occupational and
daily functioning (Milev et al., 2005; Rabinowitz et al., 2012). Further-
more, negative symptoms are more persistent and difficult to treat
than positive symptoms, as they are not remedied by current antipsy-
chotics (Boonstra et al,, 2012; Chang et al., 2011).

Different symptomatic profiles in patients with 22q11DS may be as-
sociated to differences in brain morphology. Indeed, studies conducted
in non-syndromic schizophrenic patients have shown that alterations
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in connectivity (Oertel-Knochel et al., 2014), cortical thickness
(Oertel-Knochel et al., 2013; Padmanabhan et al., 2015), and cortical
volume (Padmanabhan et al., 2015) in temporal brain regions are relat-
ed to high positive symptoms, while alterations in white matter volume
(Sanfilipo et al., 2000), surface area (Padmanabhan et al., 2015), and
cortical volume (Benoit et al, 2012; Koutsouleris et al., 2008;
Sigmundsson et al., 2001) in frontal and temporal brain regions are re-
lated to high negative symptoms. A decrease in gyrification throughout
the entire brain has also been reported when comparing non-syndromic
patients with schizophrenia to healthy participants (Sallet et al., 2003).
Moreover, non-syndromic subjects at risk for developing schizophrenia
also present morphological alterations, specifically changes in cortical
volume in the temporal (Job et al., 2006, 2005) and prefrontal regions
(Job et al., 2005, 2002) when compared to healthy controls. Most of
the mentioned findings, however, did not investigate differences be-
tween subgroups of patients with distinct symptomatic profiles, but in-
stead conducted post-hoc correlation analyses that may have only
detected linear correlations between symptom scores and morphologi-
cal measures. Nevertheless, recent studies have begun using more spe-
cific approaches involving the separation of patients with schizophrenia
into subgroups based on their symptomatic profile. For example, exten-
sive deficits in prefrontal cortical regions of schizophrenic patients with
predominantly negative symptoms have been reported in comparison
to those with mainly positive or disorganized symptoms (Nenadic et
al., 2010; Zhang et al., 2015).

Brain alterations related to psychotic symptoms have also been re-
ported in 22q11DS. For instance, altered cortical thickness in the
orbitofrontal cortex (Jalbrzikowski et al.,, 2013), volumetric reductions
in the temporal lobe (Kates et al., 2011), and reductions in overall
gyrification (Kunwar et al., 2012) have been related to positive symp-
toms in these patients. Cortical thickness reductions in left superior
frontal gyrus and in the fusiform and lingual gyri have also been ob-
served in patients with 22q11DS who have been diagnosed with schizo-
phrenia compared to those who have not (Schaer et al., 2009). However,
most of these findings refer mainly to positive symptoms.

In the present study, we aimed to gain insight into morphological
brain differences associated with the manifestation of negative symp-
toms in patients with 22q11DS. At first, we conducted a cluster analysis
on the psychotic symptom scores of 71 patients with 22q11DS in order
to obtain subgroups of patients differing in symptomatic profiles. Then,
we compared gray matter morphological measures (volume, thickness,
and gyrification) between these subgroups. We hypothesize that nega-
tive symptoms would be more prevalent than positive symptoms in our
22q11DS cohort as previously shown by other studies (Schneider et al.,
2014b, 2012; Stoddard et al., 2010). We also expect to observe differ-
ences in cortical thickness, volume, and gyrification between groups of
patients with different symptomatic profiles.

2. Methods
2.1. Participants

The cross-sectional sample of patients with 22q11DS included in the
analysis was collected in the context of a longitudinal study started in
2002 (Maeder et al., 2016; Schaer et al., 2009). Information regarding
the selection of patients for this study, along with their demographic de-
tails, is reported in the Supplementary material. Patients were recruited
through announcements and advertisements in the patient association
newsletters and through word of mouth. Written informed consent
was obtained from all participants or their parents, according to proto-
cols approved by the Institutional Review Board of the Department of
Psychiatry at the University of Geneva Medical School. The presence of
the 22q11.2 microdeletion was confirmed using quantitative fluores-
cent polymerase chain reaction (QF-PCR).

The presence of a psychiatric diagnosis was assessed in these
patients by an experienced psychiatrist (SE) using the Diagnostic

Interview for Children and Adolescents Revised (DICA-R), the psychosis
supplement from the Kiddie-Schedule for Affective Disorders and
Schizophrenia Present and Lifetime version (K-SADS-PL) and the Struc-
tured Clinical Interview for DSM-IV Axis I Disorders (SCID-I). Based on
these assessments, we included in the study only patients with no
past or present diagnosis of schizophrenia. Our final group included
71 patients with 22q11DS between the ages of 12 and 35 (mean
age = 19.9y.0., SD = 4.9, 33 (46%) males and 38 (54%) females). Pa-
tients below 12 years of age were excluded to minimize the number
of false negatives (i.e. patients who are currently not symptomatic but
who will develop symptoms later on) in accordance with previous stud-
ies (Gothelf et al., 2013). The mean IQ, as measured with the Wechsler
Adult Intelligence Scale (WAIS-III) or the Wechsler Intelligence Scale
for Children (WISC-III), was 70.6 (SD = 11.3).

2.2. Psychotic symptoms

The presence of positive and negative psychotic symptoms was
assessed in each participant using the Structured Interview for Prodro-
mal Syndromes (SIPS) (Miller et al., 2003), and the Positive and Nega-
tive Syndrome Scale (PANSS) (Kay et al., 1987). Based on the results
of a previously conducted factorial analysis, the SIPS and PANSS items
were grouped into one positive categorical variable and two negative
categorical variables (Decreased Motivation And Pleasure and De-
creased Expression) (Schneider et al., 2014b, 2012). The three categor-
ical variables were calculated as the mean of select PANSS and/or SIPS
items as can be seen in Table 1.

2.2.1. Cluster analysis

A cluster analysis was conducted using the categorical variables
mentioned in the previous paragraph with the aim of reproducing the
results reported in Schneider et al., 2014b on an overlapping sample
of patients (there are 23 patients in common between the actual and
previous study). Briefly, hierarchical clustering was performed, follow-
ed by a K-means clustering method to confirm the outcome.

The mean age, IQ, and symptom severities were compared between
the resulting subgroups using nonparametric Mann-Whitney U tests.
Gender differences between the subgroups were assessed using a chi-
square test. All analyses were conducted using the SPSS software ver-
sion 22.

Table 1
PANSS and SIPS items used to calculate each of the three categorical variables, based on a
previously conducted factorial analysis by Schneider et al. (2012).

Positive variable Negative variable
(Decreased Motivation

and Pleasure)

Negative variable
(Decreased Expression)

SIPS P1 Unusual Thought
Content/Delusional Idea
SIPS P2 Suspiciousness

SIPS N1 Social
Anhedonia
SIPS N2 Avolition

SIPS N3 Expression of
Emotion

SIPS N4 Experience of
Emotion and Self

SIPS P3 Grandiosity SIPS D4 Personal PANSS N1 Blunted
Hygiene Effect
SIPS P4 Perceptual PANSS N3 Poor Rapport PANSS N2 Emotional
Abnormalities/Hallucinations Withdrawal
SIPS P5 Disorganized PANSS N4 Passive PANSS N5 Difficulty in
Communication Social Withdrawal Abstract thinking
SIPS D4 Personal Hygiene PANSS G16 Active PANSS N6 Lack of

Social Avoidance Spontaneity/Flow of
Conversation

PANSS N7 Stereotyped
Thinking

PANSS G7 Motor

Retardation




54 A. Mihailov et al. / Schizophrenia Research 188 (2017) 52-58

2.3. Imaging

2.3.1. Magnetic resonance images (MRIs) acquisition and processing

The T1-weighted MRIs were obtained for each patient at a maximum
1 day interval from the clinical assessment using a Siemens Trio 3 scan-
ner at the Center for Biomedical Imaging (CIBM) in Geneva using a 3D
volumetric pulse sequence with the following parameters: TR =
2500 ms, TE = 3 ms, flip angle = 8°, acquisition matrix = 256 x 256,
field of view = 22 cm, slice thickness = 1.1 mm, 192 slices.

Images were then processed using a semi-automated procedure
with the FreeSurfer software version 5.1 (https://surfer.nmr.mgh.
harvard.edu/). For more information on precise methods of image anal-
ysis done by this software, refer to Fischl et al. (2001). Briefly, the pro-
cessing pipeline included intensity normalization, segmentation of
gray and white matter, and removal of non-brain tissue (Dale et al.,
1999; Fischl et al., 1999). Three-dimensional reconstructions of cortical
surfaces were then obtained at the boundary between the white and
gray matter (white surface), and at the boundary between the gray mat-
ter and cephalo-spinal fluid (pial surface). All reconstructed surfaces
were manually inspected and corrected.

Starting from the reconstructed surfaces, 3 morphological measures
were computed using FreeSurfer: local cortical volume, cortical thick-
ness, and the local gyrification index (1GI). Cortical thickness is defined
as the distance between the pial and the white surface and is calculated
by finding the shortest direct path between them (Fischl and Dale,
2000). The local gyrification index (IGI) is a vertex-wise measure eluci-
dating gyral complexity and is computed according to the method de-
scribed in (Schaer et al., 2008).

2.3.2. Statistical analyses

Vertex-wise statistical analyses were computed using a general lin-
ear model with the Query Design Estimate Contrast (QDEC) in
FreeSurfer. First, cortical surfaces from each participant were registered
to a study-specific average template. Thickness and volume values
were then smoothed using a full width at a half maximum (FWHM) of
10 mm. As the IGI values are already smoothed because of the way
they are computed (Schaer et al., 2008), a smoothing at a FWHM of
5 mm was used. Gender and age were added as covariates in the
model. A Montecarlo multiple comparisons correction was performed
at a significance threshold of 0.05.

3. Results
3.1. Cluster analysis

The hierarchical cluster analysis produced 3 distinct subgroups of
patients based on their psychotic symptom expression (Fig. 1). The
same results were further confirmed by the k-means cluster analysis.

As shown in Table 2, the numbers of patients in each of the three
subgroups were divided as follows: 31 patients in cluster 1, 6 in cluster
2,and 34 in cluster 3. Patients belonging to cluster 1 exhibited high neg-
ative symptom scores and low positive symptom scores and were la-
beled as ‘HL - high negative/low positive’. Patients in cluster 2
exhibited high negative and positive symptom scores and were labeled
as ‘HH-high positive/high negative symptoms’. Finally, patients in clus-
ter 3 presented low mean severities in all scores and were labeled as ‘LL-
low positive/low negative symptoms.

As expected, the severity of positive symptoms was significantly
higher in the HH group compared to both the HL (p < 0.0001) and the
LL (p < 0.0001) groups, while it was not significantly different between
the HL and the LL group (p = 0.11). The severity of negative symptoms
for the dimension “decreased motivation and pleasure” was significant-
ly higher in the HH group compared to the other two groups
(p <0.0002) and also in the HL group compared with the LL group
(p <0.0001). Finally, the severity of negative symptoms for the dimen-
sion “decreased expression” was significantly higher in the HH group
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Fig. 1. The plot shows the 3 resulting subgroups from the hierarchical cluster analysis: low
levels of symptoms (LL), high negative/low positive symptoms (HL), and high levels of
symptoms (HH).

compared to the LL group and in the HL group compared to the LL
group (p < 0.0001), but did not differ between the HH and HL groups
(p = 0.14).

There were no significant differences in age (HH vs. HLp = 0.56, HH
vs.LLp = 0.59 and HLvs LLp = 0.98) or gender (HH vs. HLp = 0.19, HH
vs. LL p = 0.073 and HL vs LL p = 0.46) between the three subgroups.
However, 1Q significantly differed in the HL vs. LL (p = 0.007) and HH
vs. LL (p = 0.015) comparisons, but not in HL vs. HH (p = 0.385).

3.2. Morphological analysis

Cortical thickness, volume, and gyrification were compared between
the HL and LL subgroups. The HH subgroup was not included in the mor-
phological analysis, as it comprised only 6 patients.

There were no significant group differences in cortical volume and
thickness between the HL and LL subgroup. The local gyrification
index (1GI), however, was decreased in patients within the HL subgroup
compared to the LL subgroup in the following brain regions: the medial
occipito-temporal (MOT) and the lateral temporo-parietal (LTP) corti-
ces of the left hemisphere, and the medial temporal/posterior cingulate
cortex (MT/PCC) of the right hemisphere (Fig. 2 and Table 3).

Since significant differences in IQ were observed between the HL
and LL subgroups, we repeated the analysis using IQ as a covariate.
The same results were evident after accounting for the effect of IQ.

3.3. Post-hoc correlation analyses

Post-hoc correlation analyses were conducted to determine if there
were any correlations between negative subscale items and average
IGI values in each affected brain regions. As can be seen in Fig. 3, signif-
icant correlations were found between the SIPS N1 subscale item, social
anhedonia, and the MOT (RHO = —0.5; p <0.01) and MT/PCC regions
(RHO = —0.4; p <0.05). These correlations indicate that decreased
gyrification is associated to an increased severity of social anhedonia.

4. Discussion

This study represents the first attempt to better characterize brain
morphological correlates of negative symptoms in patients with
22q11DS. Our results confirmed previous findings showing that nega-
tive symptoms are highly prevalent in patients with 22q11DS. Further-
more, we showed that patients with high negative symptoms have
reduced cortical folding compared to patients with low symptom sever-
ities, in regions that encompass the medial occipital and temporal


https://surfer.nmr.mgh.harvard.edu
https://surfer.nmr.mgh.harvard.edu

A. Mihailov et al. / Schizophrenia Research 188 (2017) 52-58 55

Table 2
Demographic information.
Cluster ~ Group characteristic N Variable Mean variable score o Mean Age  Gender ratio  Mean IQ
1 High Negative, Low Positive (HL) 31  Positive 2.09 071 189 48% male 67.7
Negative (Decreased Motivation and Pleasure)  3.43 0.64 52% female
Negative (Decreased Expression) 339 0.67
2 High Negative, High Positive (HH) 6 Positive 4.44 0.60 21.6 83% male 63.2
Negative (Decreased Motivation and Pleasure)  4.92 0.98 17% female
Negative (Decreased Expression) 4,08 1.13
3 Low negative, Low positive (LL) 34  Positive 1.80 072 193 38% male 74.7
Negative (Decreased Motivation and Pleasure)  1.98 0.39 62% female
Negative (Decreased Expression) 1.90 0.35
Total 71  Positive 2.15 1.00 193 46% male 70.6
Negative (Decreased Motivation and Pleasure)  2.86 1.10 54% female
Negative (Decreased Expression) 2.73 1.01

cortices. We further showed that altered gyrification in the above-men-
tioned brain regions was related to the severity of social anhedonia. In
the following paragraphs, we will discuss our hypotheses and compare
our results with the existing literature in patients with schizophrenia.

4.1. Patients with 22q11DS manifest pronounced negative symptoms

According to our first hypothesis, we found that negative symptoms
are more prevalent than positive symptoms in 22q11DS, thus replicat-
ing previous results (Schneider et al., 2014b). Indeed, only a small per-
centage of patients with 22q11DS manifest high positive and negative
symptoms (~10%), while around half of patients have minimal or absent
symptoms. However, more interestingly, 30-40% of patients experience
high negative symptoms only. Despite their high prevalence, negative
symptoms are not yet well characterized in patients with 22q11DS,
and the studies investigating the relationship between symptoms se-
verities and psychotic symptoms often referred to positive symptoms
only (Jalbrzikowski et al.,, 2013, Kates et al., 2011, Kunwar et al., 2012).

4.2. Morphological brain changes associated with negative symptoms in
patients with 22q11DS

With the aim of better characterizing the morphological brain alter-
ations associated to negative symptoms in 22q11DS we compared

cortical thickness, volume, and gyrification between patients with low
levels of symptoms and patients with prevalent negative symptoms.
We did not find a relationship between cortical thickness or volume
and psychotic symptoms. However, we found that reduced gyrification
in the medial occipito-temporal (MOT) and lateral temporo-parietal
(LTP) regions of the left hemisphere, and in the medial temporal/poste-
rior cingulate cortices (MT/PCC) in the right hemisphere was specifical-
ly related to negative symptoms.

Contrary to our results, previous studies conducted in non-
syndromic schizophrenic patients have found associations between
negative symptoms and altered cortical volume and thickness. For in-
stance, decreased cortical volume has been observed in the medial
and lateral temporal lobe (including the superior temporal gyrus), in
the medial and lateral frontal lobe (including the anterior cingulate cor-
tex, insula, and inferior frontal gyrus), and in limbic regions in schizo-
phrenic patients with prevalent negative symptoms when compared
to healthy controls (Benoit et al., 2012; Koutsouleris et al., 2008;
Sigmundsson et al., 2001). Moreover, when comparing patients with
schizophrenia with different types of psychotic symptoms, Nenadic et
al., 2010 reported extensive prefrontal cortical deficits in those with
higher negative symptoms compared to the ones with greater positive
and disorganized symptoms. Similarly, Zhang et al. (2015) reported cor-
tical volume alterations in the ventromedial prefrontal cortex and cere-
bellum in schizophrenic patients with predominantly negative

Fig. 2. Brain maps showing the regions of reduced gyrification in the HL subgroup compared to the LL subgroup. Gyrification was decreased in the medial occipito-temporal (MOT) and
lateral temporo-parietal (LTP) cortices of the left hemisphere, and in the medial temporal/posterior cingulate (MT/PCC) cortices in the right hemisphere.
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Table 3
Substructures included within each significant region along with peak co-ordinates and region size information.
Hemisphere Peak region Areas included in region Peak co-ordinates (X, y, z Size of p-Value
Thalairach coordinates in mm) region
(mm?)
Left Medial occipito-temporal Fusiform, parahippocampal, (anterior) isthmus cingulate, TalX = —19.7 6024 0.00010
(MOT) lingual, lateral occipital, (anterior) pericalcarine. TalY = —54.2
TalZ = —29
Left Lateral temporo-parietal (LTP)  Superior temporal, (inferior) supramarginal, insula, (anterior) TalX = —44.0 3347 0.00060
transverse temporal. Taly = —31.6
TalZz = 5.1
Right Medial temporal/posterior Fusiform, parahippocampal, lingual, isthmus cingulate, (medial) TalX = 20.0 5486 0.00010
cingulate cortex (MT/PCC) cuneus, posterior cingulate. Taly = —324
TalZ = —8.0

symptoms compared to those with mainly positive and disorganized
symptoms.

The fact that we observed changes in gyrification but not in cortical
thickness in our group of patients with 22q11DS may be explained by
the varying neurodevelopmental spatiotemporal dynamics, such as dif-
fering initiation periods and growth rates, between these two measures
(Boardman et al., 2006; Rajagopalan et al,, 2011). In particular, postnatal
cortical thickness growth rates considerably exceed those of gyrification
during the first year of life (Li et al., 2015, 2014), while the gyrification
process is typically completed in-utero and shortly after birth
(Armstrong et al., 1995; Garel et al., 2003). Given the protracted devel-
opment of cortical thickness, this measure is heavily related to age.
Thus, the age range of the patients included in this study may have
been too large to detect changes associated with negative symptoms.
Also, as gyrification is established early in life, it may represent a strong
biomarker that is already present from birth. However, further longitu-
dinal studies will be required in order to confirm the presence of these
alterations in gyrification before the development of negative
symptoms.

4.3. Association between altered gyrification and social anhedonia in pa-
tients with 22q11DS with prevalent negative symptoms

We further found that decreased gyrification in the left MOT and
right MT/PCC regions was associated with the inability to experience
pleasure from social interactions (i.e. social anhedonia). The fusiform
gyrus, which is included in the MOT and MT/PCC regions, is strongly im-
plicated in face processing which is a crucial aspect of social cognition
(Kanwisher et al., 1997; Kanwisher and Yovel, 2006; Tsao et al., 2008).
This result is in line with studies showing that adolescents with
22q11DS who have higher levels of negative symptoms typically per-
form worse on facial recognition tasks (Schneider et al., 2015). General-
ly speaking, reduced gyrification in these areas may suggest that
neurodevelopmental deficits in social processing, as well as in learning
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and visual processing, are linked to the expression of negative
symptoms.

44. Limitations and conclusion

This study comes with some limitations. First, though we were able
to study negative symptoms independently, studying the effects of high
negative symptoms in combination with high positive symptoms would
also be of great importance. In this study, such analyses were not possi-
ble given the low number of patients expressing high positive and neg-
ative symptoms. Since the distribution of high levels of symptoms in a
population of 22q11DS patients is expected to be around 11%
(Schneider et al., 2014b), in order to gain a number of participants
large enough to be included in the morphological analyses, a larger sam-
ple of patients will be required. Secondly, longitudinal analyses are
needed in order to reveal cortical trajectories during development and
how they relate to psychotic symptoms, thus allowing us to observe
morphological differences before and after psychotic symptom devel-
opment. This can potentially provide biomarkers indicating a possible
development of psychosis, which could prove extremely useful for ear-
lier interventions.

In conclusion, high negative symptom severity appears to be associ-
ated with reduced gyrification in patients with 22q11DS in regions re-
lated to social cognition, as well as in visual and language processing.
Gyrification makes for a good neural biomarker candidate since it is
established early in life. Gaining a better understanding of phenotypes
associated with negative symptoms will be highly useful in the future
understanding of the pathophysiology underlying negative symptom-
atology. The present study was the first step taken towards characteriz-
ing how differences in brain morphology relate to types and severities
of psychotic symptoms in individuals with 22q11DS. Developing a
clear understanding into the phenotypes associated with psychotic
symptoms can unveil neural biomarkers predating the development of
schizophrenia in patients both with, and potentially without, 22q11DS.

=
<
8
c
S
e
(]
L
[
<
=
B
o
%)
0 L L] L
0 10 20 30 40

MT/PCC IGI Values

Fig. 3. Spearman's rank correlations between cortical gyrification and psychotic symptoms. A significant negative correlation was observed in the HL subgroup between the social
anhedonia N1 SIPS subscale item and the IGI values in the left MOT and right MT/PCC regions. The plotted data are the ranks of the residuals after regression of age and gender.



A. Mihailov et al. / Schizophrenia Research 188 (2017) 52-58 57

Conflict of interest
The authors have no conflict of interest to declare.

Contributors

Mihailov A., Padula M.C., and Scariati E. designed the study; Padula M.C,, Scariati E.
Schaer M. and Schneider M. acquired the magnetic resonance imaging and clinical data;
Mihailov A. and Padula M.C. analyzed the data and conducted the statistical analysis;
Eliez S., Scariati E. and Schaer M. supervised the technical aspects of the data analysis;
Mihailov A. and Padula M.C. wrote the first draft of the manuscript; all authors contributed
to the interpretation of the results and the writing of the manuscript. All authors have ap-
proved the final manuscript.

Role of the funding source
This work was funded by the Swiss National Science Foundation, grant number
FNS 324730_144260 to Professor Stephan Eliez.

Acknowledgments

We acknowledge the families that participated to the study, Frangois Lazeyras and
the group of the CIBM for their help in the scanning acquisitions. We further thank
Léa Chambaz for her involvement with the families and Frédérique Bena Sloan for the
genetic analyses.

References

Addington, J., Addington, D., Maticka-Tyndale, E., 1991. Cognitive functioning and positive
and negative symptoms in schizophrenia. Schizophr. Res. 5:123-134. http://dx.doi.
org/10.1016/0920-9964(91)90039-T.

Armando, M., Girardi, P., Vicari, S., Menghini, D., Digilio, M.C., Pontillo, M., Saba, R.,
Mazzone, L., Lin, A., Klier, C.M., Schéfer, M.R., Amminger, G.P., 2012. Adolescents at
ultra-high risk for psychosis with and without 22q11 deletion syndrome: a compar-
ison of prodromal psychotic symptoms and general functioning. Schizophr. Res. 139:
151-156. http://dx.doi.org/10.1016/j.schres.2012.04.020.

Armstrong, E., Schleicher, A., Omran, H., Curtis, M., Zilles, K., 1995. The ontogeny of human
gyrification. Cereb. Cortex 1991 (5), 56-63 N. Y. N.

Bassett, A.S., Chow, EW., 1999. 22q11 deletion syndrome: a genetic subtype of schizo-
phrenia. Biol. Psychiatry 46, 882-891.

Basso, M.R., Nasrallah, H.A,, Olson, S.C., Bornstein, R.A., 1998. Neuropsychological corre-
lates of negative, disorganized and psychotic symptoms in schizophrenia. Schizophr.
Res. 31,99-111.

Benoit, A., Bodnar, M., Malla, AK, Joober, R., Lepage, M., 2012. The structural neural substrates
of persistent negative symptoms in first-episode of non-affective psychosis: a voxel-
based morphometry study. Front. Psych.:3 http://dx.doi.org/10.3389/fpsyt.2012.00042.

Boardman, J.P., Counsell, SJ., Rueckert, D., Kapellou, O., Bhatia, KK, Aljabar, P., Hajnal, J.,
Allsop, .M., Rutherford, M.A,, Edwards, A.D., 2006. Abnormal deep grey matter devel-
opment following preterm birth detected using deformation-based morphometry.
Neuroimage 32:70-78. http://dx.doi.org/10.1016/j.neuroimage.2006.03.029.

Boonstra, N, Klaassen, R., Sytema, S., Marshall, M., De Haan, L., Wunderink, L., Wiersma,
D., 2012. Duration of untreated psychosis and negative symptoms-a systematic re-
view and meta-analysis of individual patient data. Schizophr. Res. 142:12-19.
http://dx.doi.org/10.1016/j.schres.2012.08.017.

Chang, W.C,, Hui, C.L.M,, Tang, J.Y.M., Wong, G.H.Y., Lam, M.M.L,, Chan, S.K.W., Chen,
E.Y.H, 2011. Persistent negative symptoms in first-episode schizophrenia: a prospec-
tive three-year follow-up study. Schizophr. Res. 133:22-28. http://dx.doi.org/10.
1016/j.schres.2011.09.006.

Cornblatt, B.A,, Lencz, T., Smith, CW., Correll, C.U., Auther, A.M., Nakayama, E., 2003. The
schizophrenia prodrome revisited: a neurodevelopmental perspective. Schizophr.
Bull. 29, 633-651.

Dale, A.M., Fischl, B., Sereno, M.L,, 1999. Cortical surface-based analysis. I. Segmentation
and surface reconstruction. Neuroimage 9:179-194. http://dx.doi.org/10.1006/nimg.
1998.0395.

Fischl, B., Dale, A.M., 2000. Measuring the thickness of the human cerebral cortex from
magnetic resonance images. Proc. Natl. Acad. Sci. U. S. A. 97:11050-11055. http://
dx.doi.org/10.1073/pnas.200033797.

Fischl, B., Sereno, M.L, Tootell, R.B., Dale, A.M., 1999. High-resolution intersubject averag-
ing and a coordinate system for the cortical surface. Hum. Brain Mapp. 8, 272-284.

Fischl, B,, Liu, A, Dale, AM., 2001. Automated manifold surgery: constructing geometrical-
ly accurate and topologically correct models of the human cerebral cortex. IEEE Trans.
Med. Imaging 20, 70-80.

Garel, C,, Chantrel, E., Elmaleh, M., Brisse, H., Sebag, G., 2003. Fetal MRI: normal gestational
landmarks for cerebral biometry, gyration and myelination. Childs Nerv. Syst. ChNS
Off. J. Int. Soc. Pediatr. Neurosurg. 19:422-425. http://dx.doi.org/10.1007/s00381-
003-0767-4.

Gothelf, D., Eliez, S., Thompson, T., Hinard, C., Penniman, L., Feinstein, C., Kwon, H., Jin, S.,
Jo, B, Antonarakis, S.E., Morris, M.A,, Reiss, A.L., 2005. COMT genotype predicts longi-
tudinal cognitive decline and psychosis in 22q11.2 deletion syndrome. Nat. Neurosci.
8:1500-1502. http://dx.doi.org/10.1038/nn1572.

Gothelf, D., Schneider, M., Green, T., Debbané, M., Frisch, A., Glaser, B., Zilkha, H., Schaer,
M., Weizman, A., Eliez, S., 2013. Risk factors and the evolution of psychosis in
22q11.2 deletion syndrome: a longitudinal 2-site study. J. Am. Acad. Child Adolesc.
Psychiatry 52:1192-1203.e3. http://dx.doi.org/10.1016/j.jaac.2013.08.008.

Grati, F.R., Molina Gomes, D., Ferreira, J.C.P.B., Dupont, C., Alesi, V., Gouas, L., Horelli-
Kuitunen, N., Choy, K.W., Garcia-Herrero, S., de la Vega, A.G., Piotrowski, K.,
Genesio, R., Queipo, G., Malvestiti, B., Hervé, B., Benzacken, B., Novelli, A., Vago, P.,

Piippo, K., Leung, T.Y., Maggi, F., Quibel, T., Tabet, A.C., Simoni, G., Vialard, F., 2015.
Prevalence of recurrent pathogenic microdeletions and microduplications in over
9500 pregnancies. Prenat. Diagn. 35:801-809. http://dx.doi.org/10.1002/pd.4613.

Jalbrzikowski, M., Jonas, R., Senturk, D., Patel, A., Chow, C., Green, M.F,, Bearden, C.E., 2013.
Structural abnormalities in cortical volume, thickness, and surface area in 22q11.2
microdeletion syndrome: relationship with psychotic symptoms. Neurolmage Clin.
3:405-415. http://dx.doi.org/10.1016/j.nicl.2013.09.013.

Job, D.E., Whalley, H.C., McConnell, S., Glabus, M., Johnstone, E.C., Lawrie, S.M., 2002.
Structural gray matter differences between first-episode schizophrenics and normal
controls using voxel-based morphometry. Neuroimage 17:880-889. http://dx.doi.
org/10.1006/nimg.2002.1180.

Job, D.E., Whalley, H.C,, Johnstone, E.C., Lawrie, S.M., 2005. Grey matter changes over time
in high risk subjects developing schizophrenia. Neuroimage 25:1023-1030. http://dx.
doi.org/10.1016/j.neuroimage.2005.01.006.

Job, D.E., Whalley, H.C., McIntosh, A.M., Owens, D.G.C., Johnstone, E.C., Lawrie, S.M., 2006.
Grey matter changes can improve the prediction of schizophrenia in subjects at high
risk. BMC Med. 4:29. http://dx.doi.org/10.1186/1741-7015-4-29.

Kanwisher, N., Yovel, G., 2006. The fusiform face area: a cortical region specialized for the
perception of faces. Philos. Trans. R. Soc. Lond. B Biol. Sci. 361:2109-2128. http://dx.
doi.org/10.1098/rstb.2006.1934.

Kanwisher, N., McDermott, J., Chun, M.M., 1997. The fusiform face area: a module in
human extrastriate cortex specialized for face perception. J. Neurosci. 17, 4302-4311.

Kates, W.R,, Antshel, K.M., Faraone, S.V., Fremont, W.P., Higgins, A.M., Shprintzen, R].,
Botti, J.-A., Kelchner, L., McCarthy, C., 2011. Neuroanatomic predictors to prodromal
psychosis in Velocardiofacial syndrome (22q11.2 deletion syndrome): a longitudinal
study. Biol. Psychiatry 69:945-952. http://dx.doi.org/10.1016/j.biopsych.2010.10.027.

Kay, S.R., Flszbein, A., Opfer, L.A,, 1987. The positive and negative syndrome scale (PANSS)
for schizophrenia. Schizophr. Bull. 13, 261.

Koutsouleris, N., Gaser, C., Jager, M., Bottlender, R., Frodl, T., Holzinger, S., Schmitt, GJ.E.,
Zetzsche, T., Burgermeister, B., Scheuerecker, J., Born, C., Reiser, M., Méller, H.-].,
Meisenzahl, E.M., 2008. Structural correlates of psychopathological symptom dimen-
sions in schizophrenia: a voxel-based morphometric study. Neuroimage 39:
1600-1612. http://dx.doi.org/10.1016/j.neuroimage.2007.10.029.

Kunwar, A., Ramanathan, S., Nelson, ]., Antshel, K.M., Fremont, W., Higgins, A.M.,
Shprintzen, RJ., Kates, W.R.,, 2012. Cortical gyrification in velo-cardio-facial
(22q11.2 deletion) syndrome: a longitudinal study. Schizophr. Res. 137:20-25.
http://dx.doi.org/10.1016/j.schres.2012.01.032.

Li, G., Wang, L., Shi, F., Lyall, A.E., Lin, W., Gilmore, ].H., Shen, D., 2014. Mapping longitudi-
nal development of local cortical gyrification in infants from birth to 2 years of age.
J. Neurosci. 34:4228-4238. http://dx.doi.org/10.1523/JNEUROSCL.3976-13.2014.

Li, G,, Lin, W., Gilmore, ].H., Shen, D., 2015. Spatial patterns, longitudinal development, and
hemispheric asymmetries of cortical thickness in infants from birth to 2 years of age.
J. Neurosci. 35:9150-9162. http://dx.doi.org/10.1523/JNEUROSCL.4107-14.2015.

Lincoln, T.M., Mehl, S., Kesting, M.-L., Rief, W., 2011. Negative symptoms and social cogni-
tion: identifying targets for psychological interventions. Schizophr. Bull. 37:523-S32.
http://dx.doi.org/10.1093/schbul/sbrO66.

Maeder, J., Schneider, M., Bostelmann, M., Debbané, M., Glaser, B., Menghetti, S., Schaer,
M., Eliez, S., 2016. Developmental trajectories of executive functions in 22q11.2 dele-
tion syndrome. J. Neurodev. Disord. 8. http://dx.doi.org/10.1186/s11689-016-9141-1.

McGlashan, T.H., Miller, T.J., Woods, S.W., 2001. Pre-onset detection and intervention re-
search in schizophrenia psychoses: current estimates of benefit and risk. Schizophr.
Bull. 27, 563-570.

Milev, P., Ho, B.-C,, Arndyt, S., Andreasen, N.C., 2005. Predictive Values of Neurocognition
and Negative Symptoms on Functional Outcome in Schizophrenia: a Longitudinal
First-episode Study with 7-year Follow-up. Am. ], Psychiatry.

Miller, T.J., McGlashan, T.H., Rosen, J.L., Cadenhead, K., Ventura, ., McFarlane, W.,
Perkins, D.O., Pearlson, G.D., Woods, S.W., 2003. Prodromal assessment with
the Structured Interview for Prodromal Syndromes and the Scale of Prodromal
Symptoms: predictive validity, interrater reliability, and training to reliability.
Schizophr. Bull. 29, 703.

Murphy, K.C., Owen, M., 2001. Velo-cardio-facial syndrome: a model for understanding
the genetics and pathogenesis of schizophrenia. Br. J. Psychiatry ]. Ment. Sci. 179,
397-402.

Murphy, K.C, Jones, LA., Owen, M.J., 1999. High rates of schizophrenia in adults with velo-
cardio-facial syndrome. Arch. Gen. Psychiatry 56, 940-945.

Nenadic, 1., Sauer, H., Gaser, C., 2010. Distinct pattern of brain structural deficits in
subsyndromes of schizophrenia delineated by psychopathology. Neuroimage 49:
1153-1160. http://dx.doi.org/10.1016/j.neuroimage.2009.10.014.

Oertel-Kndchel, V., Knochel, C., Rotarska-Jagiela, A., Reinke, B., Prvulovic, D., Haenschel, C,,
Hampel, H., Linden, D.E}J., 2013. Association between psychotic symptoms and corti-
cal thickness reduction across the schizophrenia spectrum. Cereb. Cortex 23:61-70.
http://dx.doi.org/10.1093/cercor/bhr380.

Oertel-Knochel, V., Knochel, C,, Matura, S., Stablein, M., Prvulovic, D., Maurer, K., Linden,
D.EJ., van de Ven, V., 2014. Association between symptoms of psychosis and reduced
functional connectivity of auditory cortex. Schizophr. Res. 160:35-42. http://dx.doi.
org/10.1016/j.schres.2014.10.036.

Oskarsdattir, S., Vujic, M., Fasth, A., 2004. Incidence and prevalence of the 22q11 deletion
syndrome: a population-based study in western Sweden. Arch. Dis. Child. 89,
148-151.

Padmanabhan, J.L., Tandon, N., Haller, C.S., Mathew, LT., Eack, S.M., Clementz, B.A.,
Pearlson, G.D., Sweeney, J.A., Tamminga, C.A., Keshavan, M.S., 2015. Correlations be-
tween brain structure and symptom dimensions of psychosis in schizophrenia,
schizoaffective, and psychotic bipolar I disorders. Schizophr. Bull. 41:154-162.
http://dx.doi.org/10.1093/schbul/sbu075.

Phillips, LJ., McGorry, P.D., Yung, A.R,, McGlashan, T.H., Cornblatt, B., Klosterkétter, J.,
2005. Prepsychotic phase of schizophrenia and related disorders: recent progress


http://dx.doi.org/10.1016/0920-9964(91)90039-T
http://dx.doi.org/10.1016/j.schres.2012.04.020
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0015
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0015
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0020
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0020
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0025
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0025
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0025
http://dx.doi.org/10.3389/fpsyt.2012.00042
http://dx.doi.org/10.1016/j.neuroimage.2006.03.029
http://dx.doi.org/10.1016/j.schres.2012.08.017
http://dx.doi.org/10.1016/j.schres.2011.09.006
http://dx.doi.org/10.1016/j.schres.2011.09.006
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0050
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0050
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0050
http://dx.doi.org/10.1006/nimg.1998.0395
http://dx.doi.org/10.1006/nimg.1998.0395
http://dx.doi.org/10.1073/pnas.200033797
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0065
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0065
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf9000
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf9000
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf9000
http://dx.doi.org/10.1007/s00381-003-0767-4
http://dx.doi.org/10.1007/s00381-003-0767-4
http://dx.doi.org/10.1038/nn1572
http://dx.doi.org/10.1016/j.jaac.2013.08.008
http://dx.doi.org/10.1002/pd.4613
http://dx.doi.org/10.1016/j.nicl.2013.09.013
http://dx.doi.org/10.1006/nimg.2002.1180
http://dx.doi.org/10.1016/j.neuroimage.2005.01.006
http://dx.doi.org/10.1186/1741-7015-4-29
http://dx.doi.org/10.1098/rstb.2006.1934
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0115
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0115
http://dx.doi.org/10.1016/j.biopsych.2010.10.027
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0125
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0125
http://dx.doi.org/10.1016/j.neuroimage.2007.10.029
http://dx.doi.org/10.1016/j.schres.2012.01.032
http://dx.doi.org/10.1523/JNEUROSCI.3976-13.2014
http://dx.doi.org/10.1523/JNEUROSCI.4107-14.2015
http://dx.doi.org/10.1093/schbul/sbr066
http://dx.doi.org/10.1186/s11689-016-9141-1
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0160
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0160
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0160
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0165
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0165
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0165
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0170
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0170
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0170
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0170
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0175
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0175
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0175
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0180
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0180
http://dx.doi.org/10.1016/j.neuroimage.2009.10.014
http://dx.doi.org/10.1093/cercor/bhr380
http://dx.doi.org/10.1016/j.schres.2014.10.036
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0200
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0200
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0200
http://dx.doi.org/10.1093/schbul/sbu075

58 A. Mihailov et al. / Schizophrenia Research 188 (2017) 52-58

and future opportunities. Br. J. Psychiatry Suppl. 48:533-s44. http://dx.doi.org/10.
1192/bjp.187.48.533.

Rabinowitz, J., Levine, S.Z., Garibaldi, G., Bugarski-Kirola, D., Berardo, C.G., Kapur, S., 2012.
Negative symptoms have greater impact on functioning than positive symptoms in
schizophrenia: analysis of CATIE data. Schizophr. Res. 137:147-150. http://dx.doi.
org/10.1016/j.schres.2012.01.015.

Rajagopalan, V., Scott, J., Habas, P.A., Kim, K., Corbett-Detig, ]., Rousseau, F., Barkovich, A]J.,
Glenn, O.A, Studholme, C., 2011. Local tissue growth patterns underlying normal fetal
human brain gyrification quantified in utero. ]. Neurosci. 31:2878-2887. http://dx.
doi.org/10.1523/JNEUROSCI.5458-10.2011.

Sallet, P.C, Elkis, H., Alves, T.M., Oliveira, J.R., Sassi, E., de Castro, C.C,, Busatto, G.F., Gattaz,
W.E,, 2003. Reduced cortical folding in schizophrenia: an MRI morphometric study.
Am. J. Psychiatry 160, 1606-1613.

Sanfilipo, M., Lafargue, T., Rusinek, H., et al., 2000. Volumetric measure of the frontal and
temporal lobe regions in schizophrenia: relationship to negative symptoms. Arch.
Gen. Psychiatry 57:471-480. http://dx.doi.org/10.1001/archpsyc.57.5.471.

Schaer, M., Cuadra, M.B., Tamarit, L., Lazeyras, F., Eliez, S., Thiran, ].P., 2008. A surface-
based approach to quantify local cortical gyrification. IEEE Trans. Med. Imaging 27:
161-170. http://dx.doi.org/10.1109/TMI.2007.903576.

Schaer, M., Debbané, M., Bach Cuadra, M., Ottet, M.-C,, Glaser, B., Thiran, J.-P., Eliez, S.,
2009. Deviant trajectories of cortical maturation in 22q11.2 deletion syndrome
(22q11DS): a cross-sectional and longitudinal study. Schizophr. Res. 115:182-190.
http://dx.doi.org/10.1016/j.schres.2009.09.016.

Schneider, M., Van der Linden, M., Glaser, B., Rizzi, E., Dahoun, S.P., Hinard, C., Bartoloni, L.,
Antonarakis, S.E., Debbané, M., Eliez, S., 2012. Preliminary structure and predictive
value of attenuated negative symptoms in 22q11.2 deletion syndrome. Psychiatry
Res. 196:277-284. http://dx.doi.org/10.1016/j.psychres.2011.08.017.

Schneider, M., Debbané, M., Bassett, A.S., Chow, EW.C,, Fung, W.LA., van den Bree, M.B.M.,
Owen, M., Murphy, K.C., Niarchou, M., Kates, W.R., Antshel, K.M., Fremont, W.,
McDonald-McGinn, D.M., Gur, R.E., Zackai, E.H., Vorstman, J., Duijff, S.N., Klaassen,
P.WJ]., Swillen, A., Gothelf, D., Green, T., Weizman, A., Van Amelsvoort, T., Evers, L.,
Boot, E., Shashi, V., Hooper, S.R., Bearden, C.E., Jalbrzikowski, M., Armando, M.,
Vicari, S., Murphy, D.G., Ousley, O., Campbell, L.E., Simon, T.J., Eliez, S., for the

International Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome,
2014a. Psychiatric Disorders From Childhood to Adulthood in 22q11.2 Deletion
Syndrome: Results From the International Consortium on Brain and Behavior in
22q11.2 Deletion Syndrome. Am. ]. Psychiatry 171:627-639. http://dx.doi.org/10.
1176/appi.ajp.2013.13070864.

Schneider, M., Van der Linden, M., Menghetti, S., Glaser, B., Debbané, M., Eliez, S., 2014b.
Predominant negative symptoms in 22q11.2 deletion syndrome and their associa-
tions with cognitive functioning and functional outcome. ]. Psychiatr. Res. 48:
86-93. http://dx.doi.org/10.1016/j.jpsychires.2013.10.010.

Schneider, M., Van der Linden, M., Menghetti, S., Debbané, M., Eliez, S., 2015. Negative and
paranoid symptoms are associated with negative performance beliefs and social
cognition in 22q11.2 deletion syndrome: negative symptoms in 22q11.2DS. Early
Interv. Psychiatry:n/a http://dx.doi.org/10.1111/eip.12224.

Schultze-Lutter, F., Ruhrmann, S., Berning, J., Maier, W., Klosterkotter, ., 2010. Basic symp-
toms and ultrahigh risk criteria: symptom development in the initial prodromal state.
Schizophr. Bull. 36:182-191. http://dx.doi.org/10.1093/schbul/sbn072.

Sigmundsson, T., Suckling, ., Maier, M., Williams, S.C., Bullmore, E.T., Greenwood, K.E.,
Fukuda, R., Ron, M.A,, Toone, B.K., 2001. Structural abnormalities in frontal, temporal,
and limbic regions and interconnecting white matter tracts in schizophrenic patients
with prominent negative symptoms. Am. ]. Psychiatry.

Stoddard, J., Niendam, T., Hendren, R., Carter, C., Simon, T.J., 2010. Attenuated positive
symptoms of psychosis in adolescents with chromosome 22q11.2 deletion syndrome.
Schizophr. Res. 118:118-121. http://dx.doi.org/10.1016/j.schres.2009.12.011.

Tang, K.L., Antshel, K.M., Fremont, W.P., Kates, W.R., 2015. Behavioral and psychiatric
phenotypes in 22q11.2 deletion syndrome. ]. Dev. Behav. Pediatr. 36:639-650 JDBP.
10.1097/DBP.0000000000000210.

Tsao, D.Y., Moeller, S., Freiwald, W.A., 2008. Comparing face patch systems in macaques
and humans. Proc. Natl. Acad. Sci. U. S. A. 105:19514-19519. http://dx.doi.org/10.
1073/pnas.0809662105.

Zhang, T., Koutsouleris, N., Meisenzahl, E., Davatzikos, C., 2015. Heterogeneity of structur-
al brain changes in subtypes of schizophrenia revealed using magnetic resonance im-
aging pattern analysis. Schizophr. Bull. 41:74-84. http://dx.doi.org/10.1093/schbul/
sbu136.


http://dx.doi.org/10.1192/bjp.187.48.s33
http://dx.doi.org/10.1192/bjp.187.48.s33
http://dx.doi.org/10.1016/j.schres.2012.01.015
http://dx.doi.org/10.1523/JNEUROSCI.5458-10.2011
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0225
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0225
http://dx.doi.org/10.1001/archpsyc.57.5.471
http://dx.doi.org/10.1109/TMI.2007.903576
http://dx.doi.org/10.1016/j.schres.2009.09.016
http://dx.doi.org/10.1016/j.psychres.2011.08.017
http://dx.doi.org/10.1176/appi.ajp.2013.13070864
http://dx.doi.org/10.1176/appi.ajp.2013.13070864
http://dx.doi.org/10.1016/j.jpsychires.2013.10.010
http://dx.doi.org/10.1111/eip.12224
http://dx.doi.org/10.1093/schbul/sbn072
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0270
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0270
http://refhub.elsevier.com/S0920-9964(17)30045-2/rf0270
http://dx.doi.org/10.1016/j.schres.2009.12.011
http://dx.doi.org/10.1073/pnas.0809662105
http://dx.doi.org/10.1073/pnas.0809662105
http://dx.doi.org/10.1093/schbul/sbu136
http://dx.doi.org/10.1093/schbul/sbu136

	Morphological brain changes associated with negative symptoms in patients with 22q11.2 Deletion Syndrome
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Psychotic symptoms
	2.2.1. Cluster analysis

	2.3. Imaging
	2.3.1. Magnetic resonance images (MRIs) acquisition and processing
	2.3.2. Statistical analyses


	3. Results
	3.1. Cluster analysis
	3.2. Morphological analysis
	3.3. Post-hoc correlation analyses

	4. Discussion
	4.1. Patients with 22q11DS manifest pronounced negative symptoms
	4.2. Morphological brain changes associated with negative symptoms in patients with 22q11DS
	4.3. Association between altered gyrification and social anhedonia in patients with 22q11DS with prevalent negative symptoms
	4.4. Limitations and conclusion

	Conflict of interest
	Contributors
	Role of the funding source
	Acknowledgments
	References


