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Abstract

The 22g11.2 deletion syndrome (22¢11.2DS) is associated with very high rates of schizophrenia-
like psychosis and cognitive deficits. Here we report the results of the first longitudinal study
assessing brain development in individuals with 22q11.2DS. Twenty-nine children with 22g11.2DS
and 29 age and gender matched controls were first assessed during childhood or early adolescence;
Nineteen subjects with 22g11.2DS and 18 controls underwent follow-up during late adolescence-
early adulthood. The 22q11.2DS subjects showed greater longitudinal increase in cranial and
cerebellar white matter, superior temporal gyrus, and caudate nucleus volumes. They also had a more
robust decrease in amygdala volume. Verbal 1Q (V1Q) scores of the 22q11.2DS group that developed
psychatic disorders declined significantly between assessments. Decline in VIQ in 22q11.2DS was
associated with more robust reduction of left cortical grey matter volume. No volumetric differences
were detected between psychotic and nonpsychotic subjects with 22g11.2DS. Brain maturation
associated with verbal cognitive development in 22g11.2DS varies from that observed in healthy
controls. Further longitudinal studies are likely to elucidate brain developmental trajectories in
22011.2DS and their association to psychotic disorders and cognitive deficits in this population.

1. Introduction

The 22g11.2 deletion syndrome (22¢11.2DS), also known as velocardiofacial and DiGeorge
syndromes, is caused by a microdeletion in the long arm of chromosome 22 (Carlson et al.,
1997). The exact incidence of the syndrome is not yet certain but is estimated to be at least 1
in 5,000 live births (Botto et al., 2003). Thus, 22g11.2DS is the most common microdeletion
syndrome known in humans. The phenotypic expression of 22q11.2DS is extremely broad and
includes physical anomalies, cognitive deficits, and psychiatric manifestations (Shprintzen,
2000).
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Most subjects with 22g11.2DS have learning disabilities with full-scale 1Q (FSIQ) scores
ranging from normal range to moderate mental retardation with a mean FSIQ in the borderline
range (mid-seventies) (Swillen et al., 1997). In addition to physical and cognitive deficits,
individuals with 22g11.2DS have high rates of psychiatric disorders (Feinstein et al., 2002;
Murphy et al., 1999). Most striking, up to one third of subjects with 22q11.2DS develop
schizophrenia-like psychotic disorders by early adulthood. This makes 22gq11.2DS the most
common identifiable genetic risk factor for schizophrenia (Gothelf et al., 2005; Murphy et al.,
1999).

Cross-sectional quantitative imaging studies indicate diffuse alterations in the brain structure
of children with 22g11.2DS. Total brain volume is decreased by 8.5%-11% and there are
extensive regional abnormalities in both gray matter (GM) and white matter (WM) volumes
(Eliez et al., 2000; Kates et al., 2001; Simon et al., 2005). Frontal lobe grey and white matter
volumes are relatively increased while posterior cortical regions including parietal and occipital
grey and white matter volumes are reduced (Campbell et al., 2006; Eliez et al., 2000; Kates et
al., 2001). In addition, there are aberrations of posterior fossa anatomy, most notably cerebellar
grey and white matter volume reductions (Bish et al., 2006; Eliez et al., 2001). Abnormal
volumes have also been reported for other brain regions, including enlarged volumes of
ventricular cerebrospinal fluid (CSF), caudate nucleus, and amygdala (Campbell et al., 2006;
Eliez et al., 2002; Eliez et al., 2001; Kates et al., 2006; Simon et al., 2005).

There are relatively fewer imaging studies of adults with 22q11.2DS (Chow et al., 2002; van
Amelsvoort et al., 2004). These studies have compared brain anatomy of psychotic versus
nonpsychotic 22g11.2DS individuals. In general, subjects with 22q11.2DS and psychosis
demonstrate morphological abnormalities similar to those detected in schizophrenia. These
abnormalities include reduced whole brain volume - particularly WM, smaller GM volume in
frontal and temporal lobes, and increase in ventricular volume (Chow et al., 2002; van
Amelsvoort et al., 2004).

The goal of the present study was to assess longitudinal neurodevelopment in individuals with
22011.2DS during the critical period of adolescence. However, since this is the first
comparative longitudinal study of brain development in 22g11.2DS, we could not test
hypotheses based on prior information about neurodevelopmental trajectories in this disorder.
Accordingly, we chose to focus on the development of candidate brain regions that were
previously reported to be abnormal in cross-sectional studies of both 22q11.2DS (Campbell et
al., 2006; Chow et al., 2002; Eliez et al., 2002; Eliez et al., 2001; Kates et al., 2006; Simon et
al., 2005; van Amelsvoort et al., 2004) and schizophrenia (reviewed in (DeLisi et al., 2006;
Shenton et al., 2001). Thus we analyzed change in volume of the cerebral lobes, superior
temporal gyrus (STG), ventricular CSF, cerebellum, amygdala, hippocampus, and caudate
nucleus.

In addition, we focused on identifying neuroanatomical markers for the evolution of psychotic
disorders and for the decline in VIQ scores that were identified in a previous study of this
cohort (Gothelf et al., 2005). We hypothesized that changes in the above mentioned candidate
brain regions would be more robust in those 22q11.2DS individuals who developed psychotic
disorders compared to those who remained nonpsychotic. Since language functions are
predominantly related to the left hemisphere (Capozzoli, 1999; Gernsbacher and Kaschak,
2003), we also hypothesized that the decline in VIQ scores in subjects with 22g11.2DS would
be associated with a more robust decline in left cerebral GM volume.
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2. Methods

2.1 Participants

The time 1 (T1) sample, collected between 1998 and 2000, included 29 children with
22011.2DS and 29 typically developing (TD) controls [nineteen 22q11.2DS subjects and no
controls participated in a previous study by our group that reported on prefrontal imaging data
(Gothelf etal., 2005)]. Prospective recruitment was performed through the Northern California
Velocardiofacial Association and by advertising on our web site (cibsr.stanford.edu). The
presence of the 22¢q11.2 microdeletion was confirmed in all subjects with 22g11.2DS by
fluorescence in situ hybridization (FISH). Typically developing controls were recruited
through advertisement within the local community. All controls were screened and were not
included in the study if they had a history of major psychiatric disorder or neurological or
cognitive impairment. At follow-up, time 2 (T2) evaluation of the initial sample was conducted
between 2003 and 2005. Nineteen subjects with 22g11.2DS and 18 TD controls participated
at T2 evaluation. The follow-up interval was 4.9 £ 0.7 for the 22g11.2DS group and 4.9 + 0.9
years for the controls. The omissions from T2 evaluations in the 22q11.2DS group were due
to inability to locate a participant after the family moved from Northern California (3 subjects),
medical contraindications for scanning that emerged after the T1 study period (dental braces,
2 subjects, implantation of metal valve, 1 subject), and when participants and/or their parents
choose not to participate in the T2 evaluation (4 subjects). The demographic and clinical
characteristics of the T1 sample and the longitudinal subsample are presented in Table 1. All
subjects were screened for substance abuse, at both time points, and none of them reported
history of substance abuse of any kind.

The T1 sample and the longitudinal subsample were well matched across diagnostic groups in
mean age, parents' years of education, male to female ratio, ethnicity, and handedness (Table
1). The 22911.2DS group had a significant (P <.001) lower FSIQ than the TD control group.

By the time of the T2 scan, 10 participants with 22g11.2DS had received atypical antipsychotics
(6 subjects, risperidone 3, quetiapine 2, olanzapine 1) or mood stabilizers (10 subjects,
valproate 4, oxacarbazepine 3, gabapentin 3, lithium 1) for more than six months. All six
subjects receiving antipsychotics had a psychotic disorder.

After providing a complete description of the study to the subjects and their parents, written
informed consent was obtained at both time point assessments, according to protocols approved
by the institutional review board of Stanford University, Stanford, California.

2.2 Cognitive and Psychiatric Measures

Cognitive and psychiatric assessments were conducted at both time points. For the cognitive
assessment, the Wechsler Intelligence Scale for Children, 3" edition (WISC I11) (Wechsler,
1991) was used for subjects 17 years and younger and the Wechsler Adult Intelligence Scale,
3"d edition (WAIS 111) was used for subjects older than 17 years (Wechsler, 1997).

For screening of psychotic disorders, the Screening Question portion of the Schedule for
Affective Disorders and Schizophrenia for School Age Children-Present and Lifetime Version
(K-SAD-PL) Parent version (Kaufman et al., 1997) was used. In addition, subjects above the
age of 18 years were also evaluated with the Structured Clinical Interview for DSM-IV
Diagnoses (SCID) (First et al., 1996).

2.3 MRI Protocol

Magnetic resonance images were acquired with the same GE 1.5 Tesla scanner (General
Electric, Milwaukee, WI). Coronal images were acquired with a three-dimensional volumetric
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radiofrequency spoiled gradient echo pulse sequence using the following scan parameters: TR
=35ms, TE = 6 ms, flip angle = 45°, NEX = 1, matrix size = 256 x 192, field of view = 24
cm?, slice thickness = 1.5 mm, 124 contiguous slices. MRI scans were imported into
Brainlmage (Stanford University, Stanford, CA) for semi-automated whole brain segmentation
and quantification using previously described and validated methods that result in grey, white,
CSF, and total tissue volume measurements for the whole brain, four cerebral lobes,
cerebellum, and ventricles (Reiss et al., 1998).

Trained research assistants following detailed protocols delineated additional ROl volumes
manually. The ROI variables included the volumes of the caudate nucleus (Eliez et al., 2002)
hippocampus and amygdala (Kates et al., 1997), and the grey matter volume of the STG (Kesler
et al., 2003). Raters were blind to subjects' diagnoses and achieved reliability of above 0.95
(intraclass correlation coefficient) for all ROls.

2.4 Statistical Analyses

3. Results

Data were first examined for normality to confirm the assumptions of the parametric statistics
employed. Analyses of variance (ANOVA) and analyses of covariance (ANCOVA), adjusting
for the effect of differences in total cranial tissue volume, were conducted to compare baseline
(T1) brain volume differences between 22g11.2DS subjects and controls. For longitudinal
analyses of brain development, we employed repeated measures ANOVAs with group
(22911.2DS vs. controls) as the between-subject factor and brain structure volumes at T1 and
T2 as the within-subject factor. For each brain structure volume percent change per year was
calculated using the following formula- (T2 volume-T1 volume)x100/(T1 volume x interval
between scans in years). Repeated measures ANOVAs were used to evaluate symmetry of
tissue volumes at T1 and the symmetry of tissue volume change. Within group (22q11.2DS
subjects receiving or not receiving antipsycotics/mood stablizers) were compared using
student's t tests. A two-tailed significance threshold of P < 0.05 was used. Associations between
changes in VIQ scores and changes in cortical brain volumes were evaluated with spearman
correlations.

The summary of baseline (T1) and follow-up (T2) brain tissue volumes in 22q11.2DS and
typically developing controls are presented in Table 2.

3.1 Brain Tissue Volumes at Baseline

At T1, brain volume differences between 22q11.2DS and controls were similar to differences
previously reported with subsets of patients from the current cohort (Eliez et al., 2002; Eliez
etal., 2001; Eliez et al., 2000; Eliez et al., 2001). Total cranial tissue was decreased in
22011.2DS compared to controls with a more robust reduction in WM (15.3%) than GM
(7.0%). Also, in line with our previous reports, we found an increase in adjusted frontal lobe
GM and WM and ventricular CSF volumes in the 22q11.2DS group and decreased adjusted
parietal lobe GM volumes. There were no significant differences for STG, amygdala,
hippocampus, and caudate nucleus adjusted volumes at T1. Differences between the
22011.2DS cohort studied here that were not detected in our previous analyses with smaller
number of subjects included decreased occipital lobe and cerebellar GM and WM volumes.
Decrease in volumes in the occipital lobe and cerebellum were reported in other studies of
children with 22q11.2DS (Campbell et al., 2006; Simon et al., 2005).

3.2 Brain Developmental Trajectories (Change From Time 1 to time 2)

There was a significant group difference in the developmental trajectory of cranial and
cerebellar WM volumes as shown by significant time x group interaction on repeated-measures
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ANOVA for this variable in the 22q11.2 DS group relative to controls (Table 3 and Fig. 1A).
At T1 cranial WM was reduced by 15.3% in 22g911.2DS compared to controls (P<0.001).
Cranial WM volume at T2 remained significantly reduced by 10.1% in the 22q11.2S group
compared to the control group (P=0.01).

There was also a significant group difference in the developmental trajectories of STG GM
and caudate nucleus volume (Table 3 and Fig. 1B and 1C). Post hoc pairwise t tests indicated
that STG volume nonsignificantly decreased in 22g11.2DS and significantly decreased in
controls (t=5.7, P<0.0001) and caudate volume significantly increased in 22g11.2DS (t=-3.4,
P=0.003) and nonsignificantly decreased in controls. The STG difference remained robust after
excluding the lowest control outlier (t=4.6, p<0.0001).

Amygdala developmental trajectories were also different between groups, with 22q11.2DS
showing an average significant decrease (t=3.6, p=0.002) and controls showing no change over
time (Fig. 1D). No significant time x group interaction differences were detected between
22g11.2DS and controls for any of the cortical volumes. There was no significant gender or
gender by group interaction effects in any of the time x group analyses. There was no time x
group interaction on hippocampus volume. Repeated measures ANOVA indicated aR > L
increase in hippocampal volume from T1 to T2 across both groups of subjects (F = 5.2, P <
0.05) but no side by group interaction was observed. No group differences in symmetry were
observed for any of other analyses.

To examine the validity and specificity of our findings, we analyzed changes in overall cerebral
GM and WM from T1 to T2 in our two groups. The cerebrum was chosen for analysis as tissue-
specific developmental trajectories from childhood to young adulthood, are relatively well
established for this region. Specifically, longitudinal neuroimaging studies have found an
increase in WM and decrease in GM from mid-childhood to adulthood (Giedd et al., 1999;
Giedd et al., 1999a; Rapoport et al., 1999; Sowell et al., 2003). Therefore, we expected to
observe an increase in cerebral WM/GM ratio from T1 to T2 in the whole sample and in each
of the groups separately (22q11.2DS and controls). As expected, the paired t-test cerebral WM/
GM ratio significantly increased from T1 to T2 in the whole sample (t =-5.3, df=36, P < 0.001),
in 22q11.2DS (t = -4.9, df=18, P < 0.001), and in controls (t = -2.8, df=17, P = 0.01).

3.3 Association between Development of Brain and Cognition in 22q11.2DS

In line with our previous publication (Gothelf et al., 2005), repeated measures ANOVA
indicated a significant time by diagnosis interaction effect on VIQ (F = 12.44, P = 0.001). The
interaction was driven by a significant decline in VIQ scores in the 22q11.2DS group from
80.1 + 14.3to 75.5 + 15.4 and by an increase in VIQ scores in the controls (from 114.9 + 8.8
to 118.5 £ 10.4).

To test the hypothesis that reduction in VIQ scores in 22g11.2DS is associated with decrease
in left cerebral GM volume, we conducted correlation analyses. Within the 22q11.2DS group,
there was a significant positive correlation between change in VIQ from T1to T2 (AVIQ) and
Aleft cerebral GM in the 22911.2DS group (r = 0.59, P = 0.01, Fig. 2). Conversely, within the
control group there was a nonsignificant negative correlation between AVIQ and Aleft cerebral
GM (r =-0.39, P = 0.14). Fisher r-to-z transformation showed that the difference between
groups' correlations was significant (z = 3.0, P < 0.005, Fig. 2). There was no significant
correlation between AVIQ and Aright cerebral GM in the 22911.2DS group (r =-0.12, P =
0.67). However, within the 22g11.2DS group the correlation between Aleft cerebral GM and
AVIQ compared to the correlation of Aright cerebral GM with AVIQ differed significantly (z
=2.3,P=0.02).
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3.4 Association Between Psychosis and Brain Development and Cognition in 22q11.2DS

Consistent with our previous publication (Gothelf et al., 2005), at T1, none of the 229q11.2DS
subjects had a psychotic disorder; at T2, seven of the 19 participants (36.8%) met DSM-I1V
criteria for a psychotic disorder including schizophrenia (3 subjects), schizoaffective disorder
(2 subjects), psychotic depression (1 subject) or schizophreniform disorder (1 subject). None
of the control subjects had a psychotic disorder at either time point. There were no significant
differences between the seven psychotic and 12 nonpsychotic 22q11.2DS subjects in the
developmental trajectories of cortical lobes, cerebellar GM and WM, amygdala, hippocampus,
and caudate nucleus volumes.

Repeated measures ANOVA revealed that within the 229g11.2DS group, decline in VIQ was
more significant in the 22q11.2DS subjects who developed psychosis than in the 22q11.2DS
subjects who did not develop psychosis (from 80.3+ 15.1 at T1 to 78.6 £ 16.1 at T2 vs. and
from 79.7 £ 14.1 t0 69.3 + 13.1, respectively, F = 8.8, P < 0.01).

3.5 Effect of antipsychotics and mood stabilizers on brain development

Though not unequivocally established, mood stabilizers and atypical antipsychotics may affect
neurodevelopment, especially in the cerebral cortex and caudate nucleus (Gray et al., 2003;
Lieberman et al., 2005; Massana et al., 2005). However, no significant differences in
longitudinal development of cortical GM, cortical WM, caudate nucleus, amygdala or
hippocampal volumes were found when the 10 22q11.2DS subjects who were exposed to mood
stabilizers and/or atypical antipsychotics were compared with the other nine 22¢q11.2DS
subjects (P's > 0.38).

4. Discussion

This is the first longitudinal study to investigate brain development trajectories in children with
22011.2DS as compared to a matched age and gender control group. Compared to controls,
subjects with 22g11.2DS showed abnormal developmental trajectories in several brain regions
during transition into late adolescence-young adulthood. Compared to controls, children with
22011.2DS demonstrated a greater increase in total cranial and cerebellar WM, STG GM, and
caudate nucleus volumes. They also exhibited a more robust decrease in amygdala volume. As
hypothesized, the decline in VIQ inthe 22q11.2DS group was associated with greater reduction
in left cortical GM volume. No differences were found in the brain development trajectories
of 22911.2DS subjects with psychotic disorders compared to those without.

The results of our longitudinal analysis of brain development in 22q11.2DS should be
interpreted in light of what is known about normal brain development. The changes observed
in the study controls are in line with findings of longitudinal studies of typically developing
children. Similar to longitudinal findings in healthy children and adolescents (Castellanos et
al., 2002; Giedd et al., 1999; Lenroot and Giedd, 2006; Rapoport et al., 1999; Sowell et al.,
2003), our control group showed an increase in cerebral WM/GM ratio, decrease in caudate
volume, and no change in amygdala and hippocampus volumes.

It is of interest to compare the longitudinal brain changes detected in our sample of 22q11.2DS
participants to results from other studies focusing on non-22q11.2DS subjects at high risk for
schizophrenia or in the prodromal stage of the disease. Contrary to results obtained from high-
risk or prodromal non-22q11.2DS subjects (Keshavan et al., 2005; Lawrie et al., 2002; Pantelis
et al., 2003), we did not find accelerated decrease in cortical GM in adolescents with
22011.2DS. The only cortical GM ROI that showed a longitudinal change significantly
different from controls was STG GM, which in 22g11.2DS, in contrast to controls, did not
show the normal significant decrease in volume. This is contrary to the accelerated decrease
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in STG volumes observed in schizophrenia (Kasai et al., 2003). Rather than reflecting a disease
process related to schizophrenia, increased STG GM in 22g11.2DS may reflect, like increased
caudate nucleus and cranial WM volumes, delayed or aberrant brain maturation in affected
adolescents. Supporting this view, the STG GM reaches it maximal volume later than all other
cortical regions after the age of 16 years (Lenroot and Giedd, 2006). The typical caudate
development has been observed to increase in childhood and then begins to decrease in size
during adolescence (Castellanos et al., 2002). Thus it seems that in 22g11.2DS adolescents
pruning of the STG GM and caudate nucleus lags behind that of typically developing
adolescents.

Several previous studies have demonstrated that WM abnormalities are a common feature of
22011.2DS (Barnea-Goraly et al., 2003; Campbell et al., 2006; Eliez et al., 2000; Kates et al.,
2001; Simon et al., 2005; van Amelsvoort et al., 2004) and also in children with idiopathic
developmental delay (Fayed et al., 2006; Pujol et al., 2004). The present study shows that there
is abnormal longitudinal development of WM in 22q11.2DS children. At baseline, children
with 22¢q11.2DS showed significantly reduced total WM volume in comparison to controls.
During adolescence, 22g11.2DS white matter growth was accelerated compared to that of
controls. It is yet to be determined whether the accelerated growth of WM in adolescents with
22011.2DS represents a functional “catch-up’ or whether it reflects aberrant brain maturation.

In the present study, amygdala volumes significantly decreased between T1 and T2 in
22011.2DS, but remained constant in controls. The biological significance of more rapidly
declining amygdala volumes in 22q11.2DS is presently unclear due to a paucity of longitudinal
data on normal amygdala development during adolescence. A recent cross-sectional study of
children with 22g11.2DS found proportionally larger amygdala volumes in 22q11.2DS (Kates
et al., 2006). Similar to the Kates et al (2006) study, the adjusted mean T1 amygdala volume
in our 22g11.2DS sample was 8% larger than controls. Although this difference was not
significant (P = .13) this may be related to smaller sample size than the Kates study. Taken
together, cross-sectional and longitudinal findings in 22q11.2DS indicate that aberrant
amygdala development may be a dynamic process that begins with enlarged volume during
childhood followed by accelerated decline in volume during adolescence.

The trajectory of change in the candidate brain regions selected for study did not distinguish
between psychotic and nonpsychotic adolescents with 22q11.2DS. This could be related to the
small number of psychotic patients (n=7) and does not rule out the possibility that more subtle
anatomical differences exist between these subgroups. Itis also possible that structural changes
are associated with more specific endophenotypes of the schizophrenia-like disorder of
22011.2DS, such as the decline in VIQ. Interestingly, there was a robust mean decline (10.3
points) in VIQ in the 22q11.2DS subgroup that developed psychotic disorder. The decline in
VI1Q observed in 22q11.2DS psychotic adolescents is in line with longitudinal studies of
subjects with schizophrenia that demonstrated a decline in 1Q, particularly in the language
domain, appearing several years before disease onset (Cannon M 2002; Fuller R and others
2002).

As hypothesized, decline in verbal abilities of 22g11.2DS children significantly correlated with
reduction in left cerebral GM volumes. In contrast, a negative correlation between change in
VIQ and left cerebral GM volume was observed in controls. In a separate study, development
of verbal skills in younger healthy children was found to be associated with left hemisphere
cortical thinning (Sowell et al., 2004). Similarly, another study found that cortical thinning in
early adolescence was associated with more robust cognitive development (Shaw et al.,
2006). Cortical thinning likely represents normal pruning of GM neuropil associated with
increased cognitive efficiency (Johnson and Munakata, 2005). Thus, our results suggest that
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in 22911.2DS, loss of GM during adolescence is associated with a negative trajectory of VIQ,
providing further evidence of abnormal brain maturational processes in this population.

4.1 Limitations

To the best of our knowledge, the study presented here represents the first longitudinal
evaluation of overall brain development in 22q11.2DS. However, several limitations should
be noted. A second control group consisting of individuals matched for 1Q to the 22q11.2DS
group would have allowed greater precision in determining the specificity of abnormal
neurodevelopmental trajectories in 22q11.2DS. Our study focused on a relatively small group
of children and adolescents with 22q11.2DS. Yet, the age range of the study subjects at baseline
and follow-up varied. Therefore our study is underpowered to delineate age specific
developmental trajectories. Another limitation of the study is the use of multiple statistical
tests. To reduce the number of statistical tests and the chance findings, we focused in this work
on developmental trajectories of key brain regions which were reported to be abnormal in
22011.2DS and in schizophrenia.

All data collected from longitudinal imaging studies are subject to increased variance
associated with software or hardware upgrades and this is an inherent methodological limitation
of MRI studies in particular. Yet, we took special care that our T1 and T2 scans would be as
consistent as possible by utilizing the same 1.5T GE scanner and pulse sequence throughout
the duration of the study. Though software version upgrades did take place, we also routinely
monitor for potential affects on data by performing pre- and post- upgrade scans.

It is also possible that the dynamic trajectory of cortical change of the two groups studied here
are not linear. To address this question a third time point of evaluation is required. The relatively
small sample size, and especially the low number of psychotic patients in our sample, was
probably underpowered to detect more subtle abnormal neuroanatomical developmental
trajectories in 22q11.2DS and in the 22911.2DS psychotic subgroup. Future longitudinal
studies with larger sample size will further elucidate brain development in 22g11.2DS and its
relation to genes, cognitive development and psychopathology.
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Figure 1.

Brain volume changes from time 1 to time 2 in 22q11.2DS and controls.

Amygdala (cm’)

Page 12

40
* \
ﬁ
1 S N
.:h.
25 .__\-\__-
201 -% .___.EE
154
10 T T T T T T
T2 T2 T T2 T1 T2
Psychotic Nonpsychotic Controls
22g11.2DS 22q11.2DS
6
1 —— \
4
2
T1 T2 T T2 ™ T2
Psychotic MNonpsychotic Controls
22911.2DS 22q11.2DS

Schizophr Res. Author manuscript; available in PMC 2009 February 13.




1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Gothelf et al.

Page 13

20

15 @
c 0
- 10
©
Q
= 5
) * 22q11.2DS
> 4 0 Controls
£ 22q11.2DS
& i - = = Controls
(=2}
5 -10
£
O s

-20

50 40 -30 -20 -10 0 10 20
Change in Left Cerebral GM (cc)
Figure 2.

Correlation between change in left cerebral grey matter volume and change in verbal 1Q scores

in 22q11.2DS and controls.
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