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ARTICLE INFO ABSTRACT

Article history: Morphologic abnormalities of the insular cortex have been described in psychatic disorders
Received 15 January 2009 such as schizophrenia, but it remains unclear whether these changes predate the onset of
Received in revised form 11 March 2009 psychosis or develop progressively over the course of illness. In this study, we used magnetic

Accepted 18 March 2009

resonance imaging to investigate the gray matter volume of the long and short i I cortices
Available online 5 April 2009 ging to & gray g t insula e

in 97 neuroleptic-naive individuals at ultra-high-risk (UHR) for developing psychosis [of whom
31 (32%) later developed psychosis (UHR-P) and 66 (68%) did not (UHR-NP)] and 55 age- and
Keywords: gender-matched healthy comparisons. We also conducted a longitudinal comparison of the
I&Z;Eem resonance imaging insular cortex gray matter changes in 31 UHR individuals (20 UHR-NP and 11 UHR-P) and 20

) controls for whom follow-up MRI data between 1 and 4 years later were available. In the cross-

Schizophrenia . : i o .
Prodromal sectional comparison, the UHR-P subjects had a significantly smaller insular cortex compared
Longitudinal with the UHR-NP subjects bilaterally and with the controls on the right hemisphere, especially
Progressive changes for the short insular region. More severe negative symptoms in UHR-P subjects at baseline were
associated with smaller volumes of the right long insular cortex. In the longitudinal
comparison, the UHR-P subjects showed greater gray matter reduction of insular cortex
bilaterally (~5.0%/year) compared with controls (— 0.4%/year) or UHR-NP subjects (— 0.6%/
year). Our findings suggest that insular cortex gray matter abnormalities in psychotic disorders
may reflect pre-existing vulnerability, but that there are also active progressive changes of the
insular cortex during the transition period into psychosis. Whether these longitudinal changes
are features of the disorder or related to treatment with antipsychotic medication remains to be

determined.

© 2009 Elsevier B.V. All rights reserved.
1. Introduction morphologic brain changes, predominantly in the fronto-
temporolimbic-paralimbic regions (Shenton et al, 2001).
Convergent evidence suggests that schizophrenia and These changes are already present in first-episode psychosis
related psychoses are associated with subtle but widespread patients (Vita et al., 2006), but several longitudinal magnetic

resonance imaging (IMR1) studies in first-episode schizophrenia
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psychotic disorders might reflect a combination of pre-existing
vulnerability and changes associated with the first expression of
psychotic symptoms (Pantelis et al., 2005, 2007).

Recent MRI studies of high-risk populations around the
period of transition to psychosis (Borgwardt et al, 2007,
2008; Job et al., 2003, 2005; Meisenzahl et al., 2008; Pantelis
et al., 2003) have further supported this multiple-hit model of
psychosis. The few cross-sectional voxel-based morphometric
(VBM) findings in these patients demonstrated that some of
the brain morphologic changes associated with psychosis,
such as gray matter reduction in right superior temporal
gyrus and right insular cortex, predate the onset of frank
symptoms {(Borgwardt et al, 2007; Pantelis et al, 2003).
Longitudinal VBM studies in genetic (Job et al, 2005) or
clinical (Borgwardt et al., 2008; Pantelis et al., 2003) high-risk
subjects reported progressive gray matter reductions in
several brain regions including orbitofrontal and fronto-
temporal areas as well as bilateral cingulate cortex over the
transition phase, although these studies have potential
methodological problems of brain registration (Crum et al,
2003; Giuliani et al., 2005). Our recent study based on cortical
pattern matching (Sun et al, 2009), which allows more
sensitive analysis of the lateral cortical surface than does
VBM, demonstrated increased brain surface contraction in
prefrontal regions during illness transition. However, this
approach cannot examine the cortical regions in deep sulci
such as the insular cortex.

Morphologic abnormalities of the insular cortex, which
plays. crucial roles in emotional and various. cognitive
functions as a component of the limbic integration. cortex
(Augustine, 1996), have been repeatedly described in schizo-
phrenia (Crespo-Facorro et al,, 2000; Kasai et al;, 2003¢; Kim
et al., 2003; Makris et al., 2006; Saze et al., 2007; Takahashi
et al,, 2004, 2005). Although the short and long subregions of
the insular cortex are functionally distinct (Augustine, 1996;
Tiire et al., 1999), it is unclear whether they are differentially
affected in the disorder. Gray matter reduction or dysfunction
of the insular cortex has been implicated in manifesting
psychotic symptoms. (Crespo-Facorro et al,, 2000; Shapleske
et al, 2002; Shergill et al, 2000}, cognitive impairmerits
(Crespo-Facorro et al,, 2001a,b,c; Curtis et al,, 1998}, and as a

Table 1

potential marker of later transition to psychosis (Borgwardt
et al., 2007; Pantelis et al., 2003). Furthermore, while it is
unclear whether there is progressive atrophy of the insular
cortex around the time of onset of psychosis, the inverse
correlation between the insular cortex gray matter volume
and duration of prodromal phase in first-episode psychosis is
suggestive (Lappin et al, 2007). Current evidence thus
suggests that insular cortex abnormalities in psychotic
disorders may reflect both vulnerability to psychosis and
ongoing progressive pathology related to emerging florid
symptoms.

In this study, we conducted volumetric ROI analysis of the
insular cortex subregions in both cross-sectional and long-
itudinal MRI data from individuals at ultra-high risk (UHR) for
psychosis (Yung et al, 2003, 2004b). Based on previous
studies, we predicted that UHR individuals who later
developed psychosis (UHR-P) would have smaller right
insular cortex compared with those did not develop psychosis
{UHR-NP) or control subjects at baseline, A further prediction
was that there would also be progressive gray matter
reduction of the insular cortex in UHR-P individuals during
the transition to psychosis.

2. Methods
2.1. Subjects

We enrolled 97 neuroleptic-naive UHR individuals and 55
healthy comparisons for. the cross-sectional comparison
(Table 1). All participants. were. screened. for co-morbid
medical and psychiatric conditions by. clinical assessment,
physical. and neurological examination. Exclusion criteria
were a history of significant head. injury, seizures, neurologi-
cal diseases, impaired thyroid function, diabetes, corticoster-
oid use, or DSM-IV criteria of alcohol or substance abuse or
dependerice (American Psychiatric Association, 1994).

The UHR subjects were recruited from admissions to the
Personal: Assessment and Crisis Evaluation (PACE) Clinic,
which was established to identify young people at clinical risk
for developing a first psychotic episode within a short follow-
up period (McGorry ef al.; 2002; Yung et al,, 2004b). The UHR

Demographic and clinical data of healthy controls and ultra-high risk (UHR) individuals.

Cross-sectional analysis

Longitudinal analysis

Controls UHR-NP
(n=55) (=066}
Male/female 36/19 39/27
Handedness (right/mixed/left) 51/1/2 54/2/9
Premorbid 10 ¢ 1016 (102) 959 (144)
Age at baseline scan (years) 20.8 (36) 202 (3.3)
Age at second scan [years) - ‘ -
Days between scans - -
Age of onset (year) - ~ -
Days between baseline scan and onset - -
Days between onset and second scan. - - ‘
BPRS score at intake = 1791071}
SANS score at intake - 197 (142)
Intracranial volume {(cm’)! 14543 (152.6) 14163 (1459)

UHR-P 1 Controls UHR-NP UHR-P p
(n=31) (n=20) (n=20) (n=11)
20/11 075 12/8 11/9 6/5 094
28/0/3 032 20/0/0 15/1/4 9/0/2 0.19
940 (12.0) 002 1027 (96) 934 (149) 921 (11.3) 0.04
191 (3.6) 008 216(47) 203 (43) 19.5 (5.3} 0.45
- = 2372 (50) 217 (43) 20.7 (54) 0.22
- - 774 (291) 531 (306) 462 (183) =0.01
196 (3.6) - - - 201 (52) =
199 (199} - - - 216 (147) =
- - - - 246 (142) =
189 (7.2 055 - 177 (84) 19.5 (9.4} 0.59
29.0 (15.7) <001 - 182 (10.9) 29.0.(168) <0.01
14701 (128.6) 016 14168 (1485) 14284 (160.7) 14775(1394) 047

Data are presented as mean {SD) otherwise stated.

BPRS, Brief Psychiatric Rating Scale; SANS,; Scale for the Assessment of Negative Symptoms; UHR-NP, ultra-high risk nonpsychotic; UHR-P, ultra-high risk psychotic.
¢ National Adult Reading Test (NART) data were not available for 19 subjects.

¥ Age was used as a covariate for ANCOVA analysis.
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identification criteria and the rationale for these criteria have
been fully described elsewhere (Yung et al, 2003, 2004b,
2005). All UHR subjects were aged 14-30 years, had not
experienced a previous psychotic episode, had never received
neuroleptic medication (incl. antipsychotics, antidepressants,
mood stabilizers, or benzodiazepines), and were not intellec-
tually disabled [IQ >70, assessed by the National Adult
Reading Test (Nelson and O'Connell, 1978)]. At intake, the
UHR subjects were assessed with the Brief Psychiatric Rating
Scale (BPRS) (Rhoades and Overall, 1988), the Scale for the
Assessment of Negative Symptoms (SANS) (Andreasen,
1983), and the Comprehensive Assessment of At Risk Mental
States (Yung et al, 2004a). After baseline MRI, they were
monitored regularly for the onset of full threshold psychosis
and were then divided into subgroups based on operationa-
lized criteria for psychosis onset (Yung et al., 2004b) and
Structural Clinical Interview for DSM-1V diagnoses (First et al.,
1997). Individuals were included in the study if they had been
followed up for at least one year, unless onset of psychosis
occurred earlier (mean= 1.1 years, maximum= 3.7 years).
Thirty-one of the UHR subjects developed a psychotic illness
(UHR-P) during follow-up; 19 developed schizophrenia
spectrum (17 schizophrenia and 2 schizoaffective disorder),
10 an affective psychosis (5 major depressive disorder with
psychotic features and 5 bipolar disorder with psychotic
features), and 2 other psychoses {1 psychosis not otherwise
specified and 1 brief psychosis). Of the 66 UHR subjects who
did not develop psychosis (UHR-NP), 25 presented with a
nonpsychotic Axis I disorder at follow-up; 12 had a depressive
disorder (4 with major depressive disorder, 8 with dysthy-
mia), 9 had an anxiety disorder, 1 had an adjustment disorder,
1 had an eating disorder, and 2" had a substance-induced
mood-disorder. After the baseline scan, 16 subjects (5 with

and 11 without later transition) started low-dose risperidone
therapy (mean dose=13 mg/day) and cognitive behavior
therapy as part of an intervention trial (McGorry et al., 2002).
Most of the remaining UHR participants received case
management and supportive therapy. Most UHR-P subjects
received atypical antipsychotics after onset, but complete
information on medications was not available, The healthy
volunteers were recruited from similar socio-demographic
areas as the patients by approaching ancillary hospital staff
and through advertisements. Comparison subjects with a
personal or family history of psychiatric illness were
excluded.

Follow-up MRI data were available for 31 (32%, 20 UHR-NP
and 11 UHR-P) of 97 UHR subjects and 20 (36%) of 55 controls.
The characteristics of this sub-sample are largely comparable
with those of the whole sample in this study (Table 1). Thirty-
one and 16 UHR subjects overlapped with our previous
cortical pattern matching (Sunet al,, 2009) and VBM (Pantelis
et al,, 2003) studies, respectively. This study was approved by
local research and ethics committees, and written informed
consent was obtained from the participants or their parents/
guardians where appropriate.

2.2. MRI procedures

All subjects were scanned on a Signa 1.5-T scanner
(General Electric Medical Systems, Milwaukee, Wisconsin).
A three-dimensional volumetric spoiled gradient recalled
echo in the steady state sequence generated 124 contiguous
1.5-mm coronal slices. Parameters were: echo time, 3.3 nis;
repetition tine, 14.3 mis; flip-angle, 30°; matrix size, 256 % 256;
field of view, 24x24-cm matrix; and voxel dimensions,
0.938x0.938x 1.5 mm. For longitudinal comparison, we

Right hemisphere

Fig. 1. Axial (A), sagittal (B), and coronal {C} views of the short (blue) and long (red} insular cortices manually traced in this study. Sample coronal images D
through R move progressively in a rostral to caudal direction. Abbreviations: CIS = central insular sulcus; ICIS = inferior circular insular sulcus; OIS = orbitoinsular
sulcus; SCIS = superior circular insular sulcus. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)
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rescanned a subset of individuals for whom follow-up
scanning was possible on the same scanner with the same
protocol. The scanner was calibrated fortnightly with the sarmne
phantom to ensure stability of measurements.

The image data were coded randomly and analyzed with
the Dr View software (AJS, Tokyo, Japan). Brain images were
realigned in three dimensions and reconstructed into con-
tiguous coronal images, with a 0.938-mm thickness, perpen-
dicular to the AC-PC line. The whole cerebrum was manually
separated from the brainstem and cerebellum, The signal-
intensity histogram distributions from the T1-weighted
images across the whole cerebrum were used to semi-
automatically segment the voxels into gray matter, white
matter, and cerebrospinal fluid. The intracranial volume (1CV)
was measured to correct for differences in head size as
previously described (Eritaia et al., 2000); the groups did not
differ significantly in their ICVs (Table 1).

2.3. Insular cortex measurements

Based on the segmented gray matter images, the insular
cortex was traced on 0.938-mm consecutive coronal slices as
described elsewhere (Takahashi et al,, 2005). Briefly, the most
rostral coronal slice containing the insular cortex and the
coronal plane containing the fusion of the superior and
inferior circular insular sulci were chosen as anterior and
posterior boundaries, respectively, On each coronal slice, the
insular cortex was bounded superiorly by the: superior
circular insular sulcus and inferiorly by the inferior circular
insular sulcus or the orbitoinsular sulcus. The insular cortex
was then divided into the short and long insular cortices by
the central insular sulcus, which was readily identified using
both coronal and sagittal views (Fig. 1).

All volumetric data reported here were measured by one
rater (TT), who was blinded to subjects’ identities or time of
scan. The volumes of the short and long insular cortices in a
subset of 10 randomly selected brains: were measured
independently by two raters (TT and RT), and each volume
was then remeasured after at least 4 weeks by the first-rater;
intra-/inter-rater intraclass correlation coefficients of the
short and long insular cortex measurements were 0.96/0.98
and 0.98/0.95, respectively.

Table 2
Absolute volume and volume change over time of the insular cortex.

2.4. Statistical analysis

Clinical and demographic differences between groups
were examined with one-way analysis of variance (ANOVA)
or chi-square test.

The absolute insular cortex volume at baseline was
assessed using a repeated measures analysis of covariance
(ANCOVA) with age, gender, and ICV as covariates, with group
(controls, UHR-NP, and UHR-P) as a between-subject factor,
and side and subregion (short, long) as within-subject
variables. Based on a prominent subregional effect in this
analysis [F (1, 149)=1580.57, p<0.001] and possible sub-
regional specificity of the insular cortex abnormality in the
neurobiclogy of psychosis (Makris et al., 2006), the short and
long insular cortices were also separately analyzed.

The longitudinal volume change of the insular cortex was

analyzed using the percent volume change [100x (absolute
volume at second scan —absolute volume at baseline)/
absolute volume at baseline] as the dependent variable, A
repeated measure ANCOVA with inter-scan interval (year),
age at first scan, gender, and ICV as covariates, diagnosis as a
between-subject factor, and side and subregion as within-
subject variables was performed. The percent volume changes
for insular cortex subregions were normally distributed
(Kolmogorov-Smirnov test). Post-hoc Scheffé’s tests were
used to follow up the significant main effects or interactions
yielded by these analyses. The statistical conclusions reported
here remained the same when we investigated the gray
matter loss over time by using ANCOVA with side, subregion,
and time of scan (baseline, second scan) as within-subject
variables or when we used annual percent volume change
|percent volume change/inter-scan interval (year)] (Table 2)
as the dependent variable.
* The association between the volumes of the long and short
insular cortex at baseline and the SANS and BPRS intake
scores as well as premorbid IQ was examined using Pearson's
partial correlation coefficients controlling for ICV. The SANS/
BPRS scores and premorbid [Q were normally: distributed
(Kolmogorov-Smiirnov test). The association of premorbid IQ
to percent volume changes for insular cortex subregions was
also examined using ICV, age, and inter-scan interval as
controlling factors. Statistical significance was defined as
p<0.05 (two-tailed).

Brain region Baseline volume (mm?) Analysis of covariance® % change per year”
Controls UHR-NP UHR-P Group Side Groupxside.  Controls UHR-NP UHR-P
(n=55) (n=66) (n=31) F b e b F » (n:?O) (n=20) (n=11)
Short insular cortex 858 <0001 3641 <0001 405 0019
Left 5449 (898) 5546 (812) 5269 (884) ~01(31) -07(30) =55(33)
Right 5326 {711) 5277 (706) 4782 (684)° —08(41) —06(40) =45(34)
tong insular cortex? ; 436 1017 0002 083 043
Left 3208 (629) 3195 (568) 3137 (442) 00(39) -—-06(34) -—57(37)
Right 311.(465) - 3117.(573) 2931 (437) —04(29) —03(39) =469

Data are presented as mean (SD): UHR-NP,.ultra-high risk nonpsychotic; UHR-P, ultra-high risk psychotic.

“Short and long insular cortices were separately analyzed with age, gender, and intracranial volume as covariates, group as between-subject factor, and side as a
within-subject variable. df =2, 146 for the effect of group, 1, 149 for the effect of side, and 2, 149 for group-by-side interaction.

“Calculated as follows: (100 x [absolute volume at second scan — absolute volume at baseline} / absolute volume at baseline) / inter-scan interval (year).

The statistical analyses for longitudinal volume changes were based on the percent volume changes covarying for inter-scan interval {see text).

Post-hoc tests showed: ‘p<0.001, smaller than in controls and UHR-NP; “no group differences; and “p = 0,001, larger than on right side.
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3. Results
3.1. Sample characteristics

Groups were matched for age, gender, handedness, but the
control subjects had a higher premorbid 1Q than UHR-P
individuals (Table 1). Baseline SANS score, but not BPRS score,
was higher in UHR-P subjects. In the longitudinal comparison,
the interval between scans was significantly longer for the
controls compared with both UHR groups [F (2, 48)=5.83,
p=0.005].

3.2. Cross-sectional comparison at baseline

Table 2 summarizes the insular cortex measurements.
ANCOVA revealed significant main effects for group [F (2,
146) = 10.27, p<0.001], side [F (1, 149)=65.87, p<0.001],
and subregion [F (1, 149) = 1580.57, p<0.001], and group-
by-side [F (2, 149) = 6.12, p=0.003} and side-by-subregion
[F (1, 149) =5.30, p=0.023] interactions. Post-hoc analyses
showed that the UHR-P subjects had a smaller insular cortex
compared with the UHR-NP subjects bilaterally (left,
p=0.032; right, p<0.001) and with the controls on the
right ‘hemisphere (p<0.001), but there was no difference
between the UHR-NP and control subjects. The short insular
cortex had a leftward asymmetry for all diagnostic groups
(p<0.001). There was no significant group-by-subregion
interaction in- the ANCOVA analysis [F (2, 149)=1.97,
p=0.143], implying that the group difference in the insular
cortex volume was not highly specific for one subregion.
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When the short and long insular cortices were analyzed
separately, however, a significant volume reduction in the
UHR-P subjects was demonstrated only for the short insular
cortex on the right hemisphere (Table 2). These results did
not change even when we excluded subjects with records for
significant quantities of cannabis use (3 UHR-P, 6 UHR-NP,
and 2 control subjects) [group-by-side interaction for short
insula, F (2,138)=3.97, p = 0.021, UHR-P <UHR-NP, controls
(post-hoc test, p<0.001); group effect for long insula, F (2,
135)=6.37, p=0.002, no group differences (post-hoc
test)].

3.3. Longitudinal comparison

ANCOVA of the percent volume change revealed a
significant main effect for group [F (2, 44)=6.93,
p=0.002], but there was no significant effect of subregion
or side. Post-hoc analyses demonstrated that the UHR-P
subjects [mean= —5.6%; effect size relative to controls,
Cohen's d=1.3 (left), 0.7 (right)] had a greater gray matter
reduction of the insular cortex compared with controls
(mean=—04%) (p=0.008) or UHR-NP subjects [mean=
—0.5%; effect size relative to controls, Cohen's d =0.1 (left),
—0.1 (right)] (p=0.010), while there was no difference
between the controls -and UHR-NP subjects (p=0.995)
(Fig. 2). Exclusion of cannabis users (1 UHR-P and 2 UHR-
NP subjects) did not change the findings [effect of group, F (2,
41)=5.78, p=0.006, UHR-P greater gray matter loss than
UHR-NP (p=0.015) and control subjects (p = 0.022)].
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Fig. 2. Scatterplots of absolute volumes of short and long insular cortices in healthy controls, ultra-high-risk nonpsychotic (UHR-NP) subjects, and ultra-high-risk
psychotic (UHR-P) subjects. Values of baseline (T1) and follow-up scan (T2} in each subject are connected with a straight line. Horizontal bars indicate means of

each group,

- 198 -



T. Takahashi et al. / Schizophrenia Research 111 (2009} 94-102 99

3.4. Correlational analysis

There was a negative correlation between the right long
insular cortex volume at baseline and the intake SANS score
for the UHR-P (r= —0.483, p=0.007) but not for UHR-NP
(r=—0.166, p=0.189) subjects, although these correlations
were not significantly different (p = 0.114, Fisher's Z transfor-
mation). The BPRS score did not significantly correlate with
insular cortex volume for either UHR group (r=—0.321 to
0.098, p=0.084 to 0.733). Premorbid IQ did not correlate
with baseline volume (r=-0.123 to 0306, p=0.137 to
0.987) or volume reduction over time (r= —0.477 to 0.347,
p="0.117 to 0.833) of the insular cortex in either group.

4, Discussion

To our knowledge, this is the first ROI-based MRI study to
report gray matter changes of the insular subregions in UHR
individuals in both cross-sectional and longitudinal designs.
In the cross-sectional baseline comparison, the neuroleptic-
naive UHR subjects who later developed psychosis (UHR-P)
had a smaller insular cortex volume compared with those
who did not (UHR-NP) or healthy controls. This was
particularly prominent for the right hemisphere. This baseline
group difference did not show prominent subregional effect,
but tended to be more evident for the short insula. In the
longitudinal comparison, the UHR-P"subjects. showed sig-
nificantly greater gray. matter loss in bilateral insular cortex
than UHR-NP subjects or healthy comparisons. These findings
indicate that there are insular cortex abnormalities prior to
the onset of psychotic disorders which are not due to
medication, and that these progress. across the transition to
illness.

Qur cross-sectional findings are consistent with previous
VBM studies {(Borgwardt et al., 2007, Pantelis.et al., 2003),
which demonstrated - that UHR-P: subjects: had -less right
insular gray matter at baseline than UHR-NP. Recent cross-
sectional VBM analysis by Meisenzahl et al. (2008) also found
right-sided gray matter reduction of the insular cortex in their
high-risk cohort; recruited by means of a combination of
‘basic symptoms’ (Klosterkotter et al,; 2001) and our UHR
criteria, compared-to healthy contiols, although this analysis
did ‘not. differentiate the subjects with and: without later
transition. Genetically predisposed subjects do not seem to
show these abnormalities (Job et al,:2003); but it is possible
that this is due to the low transition rate (10-15%) (Johnstone
et al., 2000). The current findings of the UHR-NP subjects are
generally in line with our: previous ROI-based MRI study
(Takahashi et al,, 2005) that reported preserved insular cortex
volume in subjects . with: schizotypal personality disorder
(SPD); these SPD subjects, who did not develop psychosis
during follow-up period (mean= 2.0 years), are considered
to- be comparable: with our UHR-NP subjects, as the SPD
subjects with decreased functioning also. fulfill' the: UHR
criteria. Thus,; the present and these previous observations
suggest that the ‘insular cortex  volume ‘ine the prodromal
phase, especially on the right, could be one of the neurobio-
logical predictors of future transition to psychosis; which-may
contribute to specific and targeted preventive “strategies
(Johnstone et al., 2005; McGorry et al., 2006).

The anterior (short) and posterior (long) subregions of the
insular cortex have been reported to be different both
functionally and in terms of their anatomical connections
(Augustine, 1996). The short insula has extensive connections
with the frontal lobe and is involved in emotional and
language-related functions, whereas the long insula, which
includes somatosensory and auditory processing areas, con-
nects with the parietal and temporal lobes. Regarding the
topographical specificity of the insular cortex, as in our cross-
sectional finding of UHR-P subjects, previous MRI studies in
schizophrenia indicated a global volume reduction (Kasai
et al.,, 2003c; Saze et al., 2007; Takahashi et al., 2005) or a
reduction predominantly in anterior portion (Makris et al.,
2006), supporting the notion that neurocanatomical altera-
tions associated with an increased vulnerability to psychosis
are qualitatively similar to those in schizophrenia (Borgwardt
et al,, 2007).

The current longitudinal comparison indicated further
progressive gray matter reduction of the insular cortex
bilaterally during the transition psychosis. The nature of
active brain changes in the course of psychotic disorders has
been largely unknown, whereas the naturalistic observations
of schizophrenia have suggested that the neurobiolo-
gical deterioration commences 2 to 3 .years before onset
(McGlashan, 1999). The findings of the present study provide
evidence that the rate of insular cortex reduction in the UHR-P
subjects (—5.0%/year) is greater than that seen in patients
with first-episode psychosis (— 2.2%/year) or chronic schizo-
phrenia (—0.7%/year) (Takahashi et al., 2009). The fact that
we didn't find these changes in our previous VBM study
(Pantelis et al., 2003) may be partly explained by the different
resolutions of the images, as well as the obvious methado-
logical differences (i.e., VBM versus ROI approach; Giuliani
et al,; 2005). The present and our earlier studies thus suggest
that a regional progressive pathological pracess in the insular
cortex precedes the first expression of florid psychosis, and
may be particularly severe during the transition period.

The intake SANS. score: of the UHR-P. subjects. was
negatively correlated. with right long insular cortex volume,
partly consistent with the role of the insular cortex abnorm-
alities - in. negative. symptomatology  (Sigmundsson. et al,,
2001; Takahashi et al,,.2004) or emotional deficit (Crespo-
Facorro et al,, 2001a) in schizophrenia; As for the topogra-
phical specificity (Augustine, 1996; Tire et al.; 1999), this
correlation was contrary to prior prediction, as the short
insular cortex, but not the long insular cortex, is’ critically
involved. in.-emotion. and - has: close connections: with: the
prefrontal brain areas; which are likely to be relevant to both
negative and positive symptoms in clinical high-risk subjects
(Meisenzahl et al,; 2008). Nevertheless, our findings suggest
the association between the prodromal symptomatology and
brain morphology especially for high-risk subjects with later
transition.

The ‘exact neurobiological basis: for insular cortex gray
matter: changes: in.psychotic. disorders is unknown. A
neuronal migration disturbance during early neurodevelop-
ment, as suggested by poorly developed layers ILand Il of the
dorsal: insular cortex: in' schizophrenic: brains. (Jakob and
Beckmiann; 1986), might be related to smaller insular cortex
gray matter volume in the prodromal phase. However, these
cytoarchitectonic abnormalities cannot explain the ongoing

- 199 -



100 T. Takahashi et al. / Schizophrenia Research 111 (2009) 94-102

gray matter reduction over the transition. This MRI study
cannot determine the underlying pathological mechanism,
but anomalies of synaptic plasticity and abnormal brain
maturation, as well as stress or other environmental factors
may be relevant (Pantelis et al., 2005).

A few possible confounding factors in the present study
should be taken into account. First, some participants with-
drew from their medication or failed to make outpatient
consultations during the follow-up so that the samptle size for
longitudinal comparison was small and their entire clinical
data (e.g., cumulative dose of antipsychotics} were not
available. It is possible that the longitudinal gray matter
changes evident in UHR-P individuals were related to
antipsychotic treatment after onset. However, we have
previously shown no correlation between insular cortex
reduction and antipsychotic dose in a first-episode group
(Takahashi et al,, 2008), and comparison of UHR-NP subjects
in the current study who did (n=6) or did not (n=14)
receive risperidone reveals no significant difference in long-
itudinal insular changes [F (1, 15) = 2.37, p=0.144]. Further-
more, the effects of medication alone cannot explain the
marked volume changes in UHR-P subjects who were treated
with low-doses of atypical antipsychotics (Dazzan et al., 2005;
Lieberman et al., 2005; Moliria et al;, 2005), and progressive
gray matter reductions are also seen in neuroleptic-naive
genetically high-risk cohorts (Gogtay et al.,, 2007; Job et al.,
2005). Secondly, 11 subjects in this study (3 UHR-P, 6 UHR-NP,
and 2 control subjects) used significant quantities of cannabis,
which could potentially affect brain morphology (Yiicel et al,,
2008). However, the level of use reported to result in gray
matter changes is far greater and for a'much longer duration
than that found in these 11 participants. In any case, exclusion
of these subjects did not change the findings. The UHR-P
subjects had a lower IQ than controls, but premorbid 1Q did not
significantly correlate with baseline volume or volume
reduction over time of the insular cortex in either group.
Finally, “although ‘most psychotic patients met- diagnostic
criteria for schizophrenia spectrum disorders, our cohort
included a rather diverse population with' psychotic symp-
toms and the findings of the present study could be relevant to
psychoses in general. Neurobiological similarities and differ-
ences between established schizophrenia and other psychoses
such as bipolar disorder remain controversial’ (Maier et al,
2006; Murray et al., 2004). Although we found no group
difference in the insular cortex volume at baseline between
the UHR-P subjects who developed: schizophrenia spectrum
(n=19)and who developed affective psychosis (n=10) [F (1,
25)=0.05, p=0.826], further work will be required to clarify
the diagnostic specificity of our findings in a larger sample.

I summary, the present study indicates that the insular
cortex abnormalities, especially on the right, predate first
expression of frank psychosis, possibly reflecting pre-existing
vulnerability to psychosis. This finding raises the possibility
that. the ‘morphology of the insula-during the prodromal
phase could be a candidate neurobiological: predictor of
future “transition.. Our findings also- suggest -a regional
progressive pathological process of bilateral insular cortex
during the transition period, providing an impetus for further
studies to prevent or ameliorate the active brain changes by
early intervention  during or’ before the  first' episode of
psychosis.
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The Disrupted-in-Schizophrenia-1 (DISC1) polymorphism is a strong candidate for a schizophrenia-
susceptibility. gene ‘as it is widely expressed in cortical and Hmbic regions, but the effect of its genotype
variation: on brain: morphology in schizophrenia is ‘not well known, This study examined the association
between the DISC1: Ser704Cys polymorphism and volumetric measurements for a broad range of fronto-
parietal; temporal; and limbic-paralimbic regions using magnetic resonance imaging in a Japanese sample of 33
schizophrenia patients and 29 healthy comparison subjects. The Cys carriers had significantly larger volumes of
the: medial superior frontal gyrus and short insular cortex than the Ser homozygotes only for healthy
cornparison subjects, The Cys carriers tended to have a smaller supramarginal gyrus than the Ser homozygotes
in’ schizophrenia patients, but not in healthy comparison subjects. The right medial superior frontal gyrus
volume was significantly correlated: with. daily . dosage of antipsychotic: medication in Ser’ homozygote
schizophrenia patients. These different genotype effects of the DISCT.Ser704Cys polymorphism on: the brain
morphology it schizophrenia patients and healthy comparison subjects suggest that variation in the DISC1 gene
might be, at least partly, involved in the neurobiology of schizophrenia; Our findings also suggest that the DISC1
genotype variation might have some relevance to the medication effect on brain morphology in schizophirenia.

© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Schizophrenia is a heterogeneous psychiatric disorder with a multi-
factorial etiology in which multiple susceptibility genes interact with
environnental insults (Sawa and Snyder; 2002; Harrison and: Weinber-
ger, 2005). Besides subtle; but widespread, morphologic brain changes
and a broad range of cognitive impairments, convergent evidence from
neuroimaging studies suggests that a pathological process in. schizo-
phrenia  predominantly - affects: the' fronto-temporolimbic-paralimbic
regions: (Shenton et al, 2001; Suzuki et al;, 2002). Recent observations
further revealed:the importance: of the parietal regions:in: the
pathophysiology of schizophrenia (Kim et al,;-2003; Danckert et al,
2004: Zhou et al,, 2007). In addition to gray matter reduction (Kubicki
et al,; 2002; Buchanan et al,, 2004; Zhou et al., 2007), the parietal cortex
has been implicated in manifesting psychotic symptoms and cognitive
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deficits {(Kim et al.; 2003; Danckert et al.; 2004) as-a component of an
impaired fronto~parietal network (Barash, 2003; Simon et al.; 2004) in
schizophrenia.

The Disrupted-in-Schizophrenia-1 {DISC1) gene was_first identi-
fied at the breakpoint of a balanced (1;11){q42.1;q14.3) translocation
segregating with schizophrenia and related psychotic disorders ina
large Scottish family (St Clair et al,, 1990; Millar et al, 2000). The
DISCT has been a strong candidate for a schizophrenia-susceptibility
gene based on subsequent linkage and association  studies. in
independent populations (Harrison:and Weinberger, 2005; Ishizuka
et-al.; 2006; Roberts; 2007). The DISC1 is thought to be involved in
mechanisms: of neurodevelopment and synaptic plasticity (Kamiya
et al,,2005; Kirkpatrick et al, 2006; Ozeki et al, 2003; Taya et al,,
2007).and is expressed in human brain regions known to be abnormal
in schizophrenia such as the frontal and parietal cortices (Kirkpatrick
etal, 2006) or hippocampus (James et al., 2004). Reduced expression
of the DISCT binding partners in the postmortem brain of schizo-
phrenia might suggest a role in the neurodevelopmental pathology of
the iliness (Lipska et al., 2006). Cannon (2005) hypothesized from
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