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Abstract

Magnetic resonance imaging was used o investigate the relation between the brain-derived neurotrophie factor (BDNF) Val66Met polymorphism
and volumetric measurements for the medial temporal lobe structures (amygdala, hippocampus, and parshippocampal gyrus) and prefrontal sub-
regions (the superior frontal gyrus, middle frontal gyrus, inferior frontal gyrus, ventral medial prefrontal cortex, orbitofrontal cortex, and straight
gyrus) in a Japanese ple of 33 schi patients and 29 healthy subjects, For the controls, the Met carriers had significantly smaller
parahippocampal and left superior frontal gyn than the Val homozygotes. The schizophrenia patients carrying the Met allele had a significantly
smaller right parahippocampal gyrus than those with the Val/Val genotype, but the genotype did not affect the prefrontal regions in schizophrenia
patients. These findings might reflect different genotypic effects of BDNF on brain morphology in schizophrenia paticnts and healthy controls,

implicating the possible role of the brain morphology as an endophenotype for future genetic studies in schizophrenia.

@ 2008 Elsevier Ireland Ltd. All nghts reserved.
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Brain-derived neurotrophic factor (BDNF), a member of the
neurotrophin family of growth factors, mediates differentiation
and survival of neurons during development as well as synap-
tic plasticity in the mature nervous system [17,18,25]. A single
nucleotide polymorphism (SNP) in the BDNF gene that pro-
duces an amino acid substitution (valine to methionine) at codon
66 (Val66Met) has been reported to affect the activity-dependent
secretion of BDNF in cultured hippocampal neurons [4] and
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also human cognitive functioning [4,9,37]. Moreover, recent
magnetic resonance imaging (MRI) studies in healthy subjects
reported the effect of this functional SNP on brain morphology,
with BDNF Met carriers having a reduced volume of the hip-
pocampus [3,24,33], parahippocampal gyrus [20], or prefrontal
cortex [24].

Several lines of evidence suggest a role for BDNF in the
pathogenesis of schizophrenia. Recent postmortem studies in
schizophrenia demonstrated decreased BDNF levels in the pre-
frontal cortex [10,40), and changes in the plasma BDNF levels
were also reported in schizophrenia patients [8]. The associa-
tion between the BDNF Val66Met polymorphism and treatment
responses or clinical symptoms in schizophrenia [13,16,22
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implies that the BDNF gene would be a plausible candidate for
a schizophrenia-susceptibility gene.

Although previous genetic studies have not supported a sig-
nificant role of the BDNF gene variants in the development
of schizophrenia [15,19], several MRI studies have suggested
different genotypic effects of BDNF on brain morphology in
schizophrenia patients and healthy controls [1,11,12,33]. These
studies have suggested that the effect of BDNF Val66Met poly-
morphism on medial temporal lobe [12,33] or frontal gray
matter [1 1] volume is pronounced among schizophrenia patients
as compared to healthy individuals, although the data are not
entirely consistent [1]. These findings suggest a potential role
for the investigation of the brain morphology as a neurobiolog-
ical endophenotype in future genetic studies of schizophrenia
(7], but first require further replication.

In this study, we used MRI to investigate the association
between the BDNF Val66Met polymorphism and brain mor-
phology in schizophrenia patients and healthy subjects, Based
on previous MRI observations [3,20,24,33], regions of inter-
est (ROIs) for the volumetric measurements were placed in the
medial temporal and frontal lobe structures. We predicted from
previous reports [11.12,33] that variation in the BDNF gene
(Val66Met), a candidate locus for schizophrenia, would affect
brain morphology differently in schizophrenia patients versus
healthy subjects.

Thirty-three schizophrenia patients [20 males and 13 females,
mean age=25.6+4.5 (S.D.) years (range, 19-36)] who met
the 1CD- 10 diagnostic criteria for research [41] were recruiled
from the inpatient and outpatient clinics of the Department of
Neuropsychiatry, Toyama University Hospital. All patients were
receiving neuroleptic medication at the time of scanning [mean
haloperidol equivalent dose = 12.2 + 8.6 (5.D.) mg/day], with a
mean duration of medication of 2.7 years (S.D.=2.8). Fifteen
patients were being treated with typical neuroleptics and 18
patients were receiving atypical neuroleptics. At the time of the
MRI study, their mean scores on the scale for the assessment
of negative symptoms (SANS) and the scale for the assessment
of positive symptoms (SAPS) [2] were 49.7 (S.D.=22.9) and
26.1 (5.D.=24.7), respectively. The control subjects consisted
of 29 healthy volunteers (17 males and 12 females) recruited
from members of the community, hospital staff, and university
students. Their mean age was 24.2 £ 6.1 (S.D.) years (range,
18-38). They were given a questionnaire consisting of 15 items
concerning their family and past histories, and present illness.
They did not have any personal or family history of psychiatric
illness in their first-degree relatives. The minnesota multiphasic
personality inventory (MMPI) was administered to all the con-
trol candidates, and they were excluded if any T-score for the
validity scales or the clinical scales exceeded 70. This cohort
is largely included in our previous MRI studies, which investi-
gated the morphology in the temporal and frontal lobe structures
in schizophrenia [21,32,35]. All subjects were right-handed
Japanese and physically healthy at the time of the study, and
none had a lifetime history of serious head trauma, neurological
illness, serious medical or surgical illness, or substance abuse.
The two diagnostic groups were matched for age, gender, height,
and parental education. This study was approved by the ethi-
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cal committees of Toyama University and Nagoya University.
Written informed consent was obtained from all subjects.

Magnetic resonance images were obtained by utilizing
a 1.5-T magnetom vision (Siemens Medical System, Inc.,
Erlangen, Germany) with a three-dimensional gradient-echo
sequence fast low-angle shots (FLASH) yielding 160-180 con-
tiguous T1-weighted slices of 1.0-mm thickness in the sagittal
plane. The imaging parameters were: repetition time =24 ms;
echo time=5ms; flip angle=40°, field of view=256 mm;
and matrix size=256 x 256 pixels. The voxel size wus
1.0mm x 1.0 mm x 1.O0Omm. Image processing for volumetric
analysis has been described in detail elsewhere [34]. Briefly,
on a Unix workstation (Silicon Graphics, Inc., Mountain View,
CA), the image data were processed using the software puckage
Dr. View 5.3 (Asahi Kasei Joho System Co., Ltd., Tokyo, Japan).
Brain images were realigned in three dimensions to standardize
for differences in head tilt during image acquisition and were
then reconsiructed into entire contiguous coronal images, with
a |-mm thickness, perpendicular to the anterior commissure-
posterior commissure line. The whole cerebrum was manually
separated from the brainstem uand cerebellum. The signal-
intensity histogram distributions from the T1-weighted images
across the whole cerebrum were then used to semi-automatically
segment the voxels into gray matter, white matter, and cere-
brospinal fluid. The intracranial volume (1CV) was measured to
correct for differences in head size as previously described [42];
the groups did not significantly differ in their ICV volumes.

The medial temporal structures (amygdala, hippocampus,
and parahippocampal gyrus) and prefrontal sub-regions (the
superior frontal gyrus, middle frontal gyrus, inferior frontal
gyrus, ventral medial prefrontal cortex, orbitofrontal cortex,
and straight gyrus) were manually traced on consecutive |-
mm coronal slices with the corresponding sagittal and axial
planes simultaneously presented for reference. The procedures
for delineation of these structures were described in detail pre-
viously [21,32). The gray matter volumes of the prefrontal
sub-regions were obtained by using the above-mentioned seg-
mentation procedure. For the medial temporal lobe structures,
volumes of gray and white matter were measured together. Three
trained raters (S.Z., H.H., and L.N) measured the volumes of
each ROI without knowledge of the subjects’ identity, gender,
and diagnosis. Intra- and inter-rater intraclass correlation coef-
ficients in a subsel of five randomly selected brains were over
0.92 for all ROIs.

Genomic DNA was extracted from EDTA-containing venous
blood samples according to standard procedures. The geno-
typing of the Val66Met SNP (rs6265) of the BDNF gene
was carried out using the polymerase chain reaction-restriction
fragment length polymorphism assay. Sequences of primer
pairs are Fw: 5-ACTCTGGAGAGCGTGAATGG-3' and Rv:
5-CCGAACTTTCTGGTCCTCAT-3". Nilalll was used for
digestion.

Genotypic distribution and allelic frequencies were compared
between schizophrenia patients and healthy subjects using the
chi-square test. For the genotypic effects on brain morphology,
each diagnostic group was examined separately based on the
hypothesis that variation in the BDNF gene would affect brain
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morphology differently in schizophrenia patients and healthy
subjects. The relative volume [(absolute volume/ICV) x 100]
for each region was analyzed using the repeated measures anal-
ysisof covariance (ANCOVA) with age and gender as covariates,
genotype [ Val homozygotes versus Met carriers (heterozygotes
and Met homozygotes combined)] as a belween-subject fac-
tor, and side (left versus right) as a within-subject variable.
Heterozygotes and Met homozygotes were combined and cat-
egorized as Met carriers following the strategy used by Ho et
al. [12]. The volumetric measurements for all ROIs in this study
were normally distributed ( Kolmogorov-Smirnov test). Post hoc
Spjotvoll and Stoline tests, modified Tukey's tests for unequal
sample size, were carried out to follow up the significant main
effects or interactions yielded by ANCOVAs. Statistical signif-
icance was defined as p <0.05.

The observed genotypic frequency of SNP was within the dis-
tribution expected according to Hardy—Weinberg equilibrium,
As for the genotypic distribution, 12/33 schizophrenia patients
(36.4%)and 13/29 controls (44.8%) were Val homozygotes, 6/33
patients (18.2%) and 5/29 controls (17.2%) were Met homozy-
gotes, and 15/33 patients (45.5%) and 11/29 controls (37.9%)
were heterozygotes, with no significant group difference (chi-
square =0.49, p=0.783). No significant difference was observed
in allelic frequencies between the patients and controls either
(chi-square = 0.29, p =0.592). For schizophrenia patients, no dif-
ferences between the genotype groups were observed in age,
education, parental education, numbers of hospitalization, onset
age, illness duration, total score for SANS and SAPS, or medica-
tion status (dose, duration, and typical versus atypical). Although
an association between smoking behavior and BDNF Val66Met
polymorphism has been previously reported in schizophrenia
[38], assessment of cigarette smoking behavior was not com-
prehensively undertaken in this sumple.

Table 1 shows a comparison of the relative ROI volumes
between the subjects with the Val/Val genotype and Met
carriers. For the healthy controls, ANCOVA showed a sig-
nificant main effect of genotype for the parahippocampal
gyrus and a significant genotype-by-side interaction for the
superior frontal gyrus, with the Met carriers having a smaller
parahippocampal gyrus (post hoc test, p=0.014) and smaller
left superior frontal gyrus (post hoc test, p=0.010) than the Val
homozygotes (Fig. 1). For the schizophrenia patients, ANCOVA
demonstrated a significant genotype-by-side interaction for the
parahippocampal gyrus, showing that the Met carriers had a
smaller right parahippocampal gyrus than the Val homozygotes
(post hoc test, p=0.022) (Fig. 1).

This volumetric MRI study investigated the effect of
the BDNF Val66Met polymorphism on the prefrontal and
medial temporal lobe structures in schizophrenia patients and
healthy controls. We demonstrated that the Met carriers had
a significantly smaller left superior frontal gyrus than the Val
homozygotes among the controls but not the patients. For the
parahippocampal gyrus, our results demonstrated that the Met
allele is related to a reduction in volume bilaterally for controls,
but only in the right hemisphere for the schizophrenia patients.

The present finding is consistent with the result of a previous
MRI study using voxel-based morphometry that showed a simi-
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Fig. 1. Scatter plots of relative volumes (100 x ab 1

volume) for the lefl superior frontal gyrus gray matter and the parahippocampal
gyrus in healthy controls and schizophrenia patients. Horizontal lines indicate
means. Post hoc comparisons: *p <005, **p <0.01.

lar association between the BDNF Val66Met polymorphism and
the left superior frontal gyrus only for healthy controls [ 12]. The
prefrontal cortex is an area that has received much attentionin the
search for the neural substrate of schizophrenia. In addition to «
significant volume reduction [29,30,32], prefrontal abnormali-
ties in schizophrenia have been implicated in negative symploms
and several cognitive impairments [6]. Although we did not find
a specific genotypic effect of the BDNF on brain morphology
in schizophrenia, a recent longitudinal MRI study demonstrated
that BDNF Met allele contributed to frontal gray matter reduc-
tion over time in schizophrenia patients [11]. BDNF is known
to support the survival and differentiation of dopaminergic neu-
rons, and regulates the structural and functional maturation of
the prefrontal cortex during young adulthood in the human brain
[8,39]. Impairment of BDNF and related dopaminergic func-
tions at this critical period in neurodevelopment, which could
be influenced by variation in the BDNF gene, has important
implications for the prefrontal pathology of schizophrenia. In
addition, the findings of Ho et al. [11] support ongoing neuro-
plastic effects of BDNF beyond neurodevelopment. Our failure
to find genotypic effects of BDNF on prefrontal gray matter
volume in schizophrenia can possibly be explained by the fact
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that the present cross-sectional study did not examine progres-
sive brain morphologic changes. The possibility also exists that
brain morphology in schizophrenia is more liable to be influ-
enced by non-genetic factors such as antipsychotic medication
[11,27]. This medication issue will be further discussed below.
For the parahippocampal gyrus, which is another structure
that has been implicated in the pathophysiology of schizophre-
nia [5,26], we found a significant relationship between the
BDNF genotype and the volume of this region only in the
right hemisphere in schizophrenia patients. Our findings may
be partly consistent with a previous MRI study showing that
schizophrenia patients and nonpsychotic relatives from fami-
lies with multiply affected ill members had significantly smaller
right parahippocampal gyrus than controls [28]. However, our
results did not accord with the previous MRI study [12], which
showed a genotypic effect of BDNF only on the left parahip-
pocampal gyrus in schizophrenia. The timing and course of brain
morphologic changes in schizophrenia are not well understood
[23] and brain changes related to genetic vulnerability of the
illness are not necessarily static over time [ 11]. Thus, further lon-
gitudinal studies are needed to clarify the contribution of genetic
and non-genetic factors to the neurobiology of schizophrenia.
As discussed above, the role of the BDNF Val66Met poly-
morphism in the prefrontal and medial temporal lobe structures
in schizophrenia remains unclear, Additionally, we investigated
only a single polymorphism in this study, though schizophrenia
is thought to have a multifactorial etiology in which multiple
susceptibility genes interact with environmental insults. Never-
theless, the present findings support the possibility that BDNF
affects brain morphology differently in schizophrenia patients
and healthy subjects, implicating brain morphology as a poten-
tial endophenotype for future genetic studies in schizophrenia.
In this study, we did not find a significant association between
the BDNF Val66Met polymorphism and hippocampal volume
in schizophrenia patients or healthy controls, In contrast, sev-
eral MRI studies reported a smaller hippocampal volume in
Met carriers [3,24,33], supporting the notion that the BDNF
expressed abundantly in the hippocampus plays an important
role in human memory formation [17,18,25]. This discrepancy
might be partly explained by ethnic differences. In a recent MRI
study, Inoue et al. | 14] showed a lack of association between the
BDNF Val66Met genotype and manually measured volumes of
the amygdala and hippocampus in 116 healthy Japanese individ-
uals. Another MRIstudy in healthy Japanese found no genotypic
effect of the BDNF Val66Met polymorphism on hippocampal
volume either, but demonstrated an association between this
polymorphism and the volume of the parahippocampal gyrus
as in the present study [20]. Furthermore, there seem to be
ethnic differences in brain morphology [43] and also in the fre-
quency of the BDNF Val66Met polymorphism, with healthy
Japanese individuals carrying Met significantly more often than
healthy Caucasians [31,36]. Thus. both present and previous
findings suggest possible interethnic differences in the variation
of the BDNF gene as well as in its genotypic effects on brain
morphology especially for the medial temporul lobe structures.
A few possible confounding factors in the present study need
lo be addressed. First, all the schizophrenia patients were on

antipsychotic medication, which might directly atfect brain mor-
phology [27]. Although duration of antipsycholic exposure in
our sample was relatively short and there was no difference
in medicution status belween the genotype groups, pharma-
cotherapy, particularly with typical antipsychotics, may cause
gray matter reduction in cortical regions even over short peri-
ods [11,27]. Thus, medication effects may have influenced our
findings, with particular regard to comparisons between healthy
subjects and schizophrenia patients. Secondly, the relatively
small number ol subjects limited our ability to generalize the
findings of the study. Failure to replicate previous findings of
genotypic effect of the BDNF on hippocampal volume may be
a result of the limited sample size of this swdy. Additionally,
the weak association between the BDNF genotypes and brain
morphology did not allow for statistical correction for multiple
comparisons, representing a further limitation of the study. Thus,
the results of the present study should be confirmed by an addi-
tional study with a large number of subjects without sustained
antipsychotic treatment.

In conclusion, our preliminary findings suggest that a vari-
ation of the BDNF Val66Met polymorphism may affect brain
morphology differently in schizophrenia patients and healthy
controls in the left superior frontal and parahippocampal gyri.
Although we did not observe a genotypic effect of this poly-
morphism on brain morphology specific to schizophrenia, our
findings imply the possible role of brain morphology as an
endophenotype for future genetic studies in schizophrenia.
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Abnormal neurodevelopment in midline structures such as the adhesio interthalamica (Al), as well as in the
medial temporal lobe structures has been implicated in schizophrenia, while its genetic mechanism is unknown,
This magnetic re ce fmaging study i igated the effect of the genotypic combinatinn of the dopamine D3
receplor (DRD3) Ser9Gly and brain-derived neurotrophic lactor { BDNF) Val66Met polymorphisms on the Al length
and volumetric measures of the medial temporal lobe structures (amygdala, hippocampus, and parahippocampal
gyrus) in 33 schizophrenia patients and 29 healthy controls. The subjects with a combination of the Ser/Ser
genotype of DRD3 and Met-containing genotypes of BONF (high-risk combination) had a shorter Al than those
without it in the healthy controls, but not in the schizophrenia patients. The subjects camrying the high-risk
combination had a smaller posterior hippacampus than those without it for both diagnostic groups. These
genotypic combination effects on brain morphology were not d by the independent effect of each
polymorphism. These findings suggest the effect of gene-gene interaction between the DRD3 and BDNF variations
on brain morphology in midline and medial temporal lobe structures, but do not support its specific role in the
pathogenesis of schizophrenia.
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1. Introduction and Muller, 1990; Rosales et al.. 1968) and is likely to be involved in

dopaminergic regulation (Cheramy et al, 1984; Romo etal., 1984). While
not consistently replicated (Erringer et al,, 2007; de Souza Crippa et al,,
2006; Melsenzahl et al,, 2000), the Al was found to be more often absent
and shorter in schizophrenia compared with healthy subjects (Erbagri
et al., 2002; Nopoulos et al. 2001; Snyder et al., 1998; Shimizu et al. in
press; Takahashi et al., 2008). In addition, several magnetic resonance
imaging (MRI) studies reported an association between the midline
brain structures and the medial remporal morphology in schizophrenia

The adhesio interthalamica (Al), a narrow bridge of glial cells con-
necting the medial surfaces of the thalamus on each side, is variable in
size among individuals and missing in about 20-30% of human brains
(Kretschmann and Weinrich, 1992; Percheron, 2004). Although its role
in humans is unclear, the Al develops during early gestation (O'Rahilly

Abbreviations: Al, adhesio interthalamica; ANOVA, Analysis of vaniance; ANCOVA,

Analysis of covariance; BDNF, Brain-derived neurotrophic factor: CASH, Comprehensive
Assessment of Symptoms and History: DRD3, Dopamine D3 receptor; ICC, Intraclass
carrelation coefficient: ICD-10, Inrernarional Classification of Thseases, 10th edition; ICV,
Intracranial volume; MRI, Magnetic resonance imaging: SANS, Scale for the Assessment
af Negative Symptoms: SAPS, Scale for the A of Positive Symy SNP.
single nucleotide polymorphism.
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(Kasai et al, 2004; Kwor et al, 1994: Takahashi et al., 2007, 2008). Thus,
the Al findings in schizophrenia could be a marker of early develop-
mental and dopaminergic abnormalities in the midline and associated
medial temporal lobe structures, However, the genetic mechanism
underlying this neurodevelopmental process is largely unknown,

The dopamine D3 receptor (DRD3) gene could be a strong candi-
date gene for schizophrenia-susceptibility considering the dopamine
hypothesis of the iliness (Meltzer and Stahl, 1976), Increased DRD3
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expression in the brain of drug-free schizophrenia patients also impli-
cates its role in the pathophysiology of the illness (Gurevich et al.,
1997). The DRD3 Ser%Cly single nucleotide polymorphism (SNP),
which causes higher dopamine binding affinity (Lundstrom and
‘Turpin, 1986), has been shown to affect the response to antipsychotics
(Scharfetter et al., 1999; Szekeres et al., 2004) or susceptibility to
tardive dyskinesia (Bakker et al.. 2006) in schizophrenia, although it is
not consistently replicated (Liou et al.,, 2004; Malhotra et al.. 1998),
Several {Dubertret et al., 1998; Jonsson et al,, 2003; Shaikh et al,, 1996},
but not all (Jonsson et al. 2004), meta-analyses have demonstrated
the association between the Ser allele or Ser/Ser genotype and
schizophrenia. Given the complex genetic background of schizophre-
nia (Sawa and Snyder, 2002), these inconsistencies might reflect in-
teractions with other genes that regulate the expression of DRD3.

The genotypic interaction effect of DRD3 and brain-derived neuro-
trophic factor (BDNF) may be of interest in the search for the patho-
genesis of schizophrenia because the BONF supports the survival and
differentiation of dopaminergic neurons by regulating DRD3 expres-
sion (Guillin er al., 2004, 2007). Although previous genetic studies
testing associations berween BDNF gene variants and schizophrenia
have produced contradictory results (Jonsson er al., 2006), BDNF
Val66Met SNI’ may weakly impact on clinical variables such as clinical
symptoms or treatment response (Hong et al, 2003; Krebs et al.,
2000; Numata et al., 2006) as well as on brain morphology (Ho et al.,
2006; Szeszko et al., 2005) in schizophrenia. Interestingly, Gourion
et al. (2005) demonstrated a significant interaction effect of the DRD3
Ser9Gly and BDNF ValG6Met SNPs on the onset age of schizophrenia.
To our knowledge, however, no studies in schizophrenia have exam-
ined the gene-gene interaction effect of these SNPs on quantitative
neurobiological endophenotypes.

In summary, the cuirent evidence suggests that 1) the genotypic
combination of DRD3 and BDNF may play a role in the dopaminergic
pathology of schizophrenia and that 2) the morphology of the Al and
related medial temporal lobe structures may be a marker of early
neurodevelopmental and dopaminergic deficits in schizophrenia. Based
on these notions, we hypothesized that the interaction of DRD3 and
BDNF would affect these brain structures specifically in schizophrenia,
The current MRI study sought to test this hypothesis by examining the
genotypic interaction effect of the DRD3 Ser9Gly and BDNF Val66Met
SNPs on the length of the Al and volumetric measures of the medial
temporal lobe structures (amygdala, hippocampus, and parahippocam-
pal gyrus) in schizophrenia patients and healthy controls,

2. Methods
2.1, Subjects

Demographic and clinical data of the subjects in this study are
shown in Table 1. This cohort was largely included in that in our
previous MRI study, which investigated the morphology of the Al and
medial temporal lobe structures in schizophrenia (Takahashi et al.,
2008). All subjects were right-handed Japanese and physically healthy
at the time of the study, and none had a lifetime history of serious
head trauma, neurological illness, serious medical or surgical illness,
or substance abuse. The two diagnostic groups were matched for age,
gender, height, and parental education (Table 1).

Thirty-three schizophrenia patients who met the ICD-10 diagnos-
tic criteria for research (World Health Organization, 19493) were re-
cruited from the inpatient and outpatient clinics of the Department of
Neuropsychiatry, Toyama University Hospital. Diagnoses were made
following structured clinical interviews by psychiatrists with the
Comprehensive Assessment of Symptoms and History (CASH;
Andreasen et al., 1992), Clinical symptoms were rated at the time of
scanning using the Scale for the Assessment of Negative Symptoms
(SANS) and the Scale for the Assessment of Positive Symptoms (SAPS)
(Andreasen, 1984), All patients were receiving neuroleptic medication
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Table 1

Clinical and generic descriptions of healthy comparisans and patients with
schizophrema

of negative

SAPS, scale for the of positive symp
4 p=0.01: compared to schizophrenia patients (Scheffé's rast).
* DRDA gene was not detected for one patient.

at the time of scanning; 15 patients were treated with typical neuro-
leptics and 18 patients were receiving atypical neuroleptics. Patients
were also receiving anticolinergic drugs (N=28), benzodiazepines
(N=25), antidepressant (N=1), and/or carbamazepine (N=2).

The control subjects consisted of 29 healthy volunteers recruited
from members of the community, hospital staff, and university students,
They were given a questionnaire consisting of 15 items concerning their
personal (13 items; e.g., a history of abstetric complications, substantial
head injury, seizures, newrological or psychiatric diseases, impaired
thyroid function, hypertension, diabetes, and substance use) and family
(2 items) histories of iliness. They did not have any personal or family
history of psychiatric illness in their first-degree relatives. The Min-
nesota Multiphasic Personality Inventory (New Japanese MMPI Com-
mirter, 1997) was administered to all the control candidates, and they
were excluded if any T-score for the validity scales or the clinical scales
exceeded 70. This study was approved by the ethical committees of
Toyama University and Nagoya University. Written informed consent
was obtained from all subjects,

2.2, Magnetic resanance imaging procedures

Magnetic resonance images were obtained by utilizing a 1.5-T
Magnetom Vision (Siemens Medical System, Inc, Erlangen, Germany)
with a three-dimensional gradient-echo sequence FLASH (fast low-
angle shots) yielding 160-180 contiguous T1-weighted slices of 1.0-mm
thickness in the sagittal plane. The number of slices acquired varied
between subjects according to the head size of each case. The imaging
parameters were: repetition time=24 ms; echo time=5 ms; flip
angle=40"; field of view=256 mm; and matrix size=256x%256 pixels.
The voxel size was 1.0 mm?. Image processing for volumetric analysis
has been described in detail elsewhere (Takahashi et al, 2002). Briefly,
on a Unix workstation (Silicon Graphics, Inc, Mountain View, CA, USA),
the image data were processed using the sofrware package Dr View 5.3
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(Asahi Kasei Joho System Co, Ltd, Tokyo, Japan). Brain images were
realigned in three dimensions to standardize for differences in head tilt
during image acquisition and were then reconstructed into entire
contiguous coronal images of 1-mm thickness, perpendicular to the
anterior commissure-posterior commissure 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 then used to semi-automatically segment the
voxels into gray matter, white matter, and cerebrospinal fluid. The
intracranial volume (ICV) was measured to correct for differences in
head size as previously described (Zhou et al, 2003).

2.3. Assessment of regions of inrerest

To assess the length of the Al, the number of slices where an Al was
clearly seen was counted on consecutive 1-mm coronal slices {Takahashi
et al., 2008). Both intra- and inter (TT and KN}-rater intra-class cor-
relation coefficients (ICCs) for the length of the Al in a subset of 30
randomly selected brains were over 0.97.

The medial temporal lobe structures (amygdala, hippocampus, and
parahippocampal gyrus) were manually traced on consecutive 1-mm
coronal slices with the corresponding sagittal and axial planes simul-
taneously presented for reference. Detailed delineation methods for
these structures have been described elsewhere (Niu et al., 2004;
Suzuki et al., 2005a,b). The volumes of gray and white matter in each
of these structures including the parahippocampal gyrus were
measured together. The inferior border of the amygdala in contact
with the hippocampus head was determined by reference to the
sagittal plane; the alveus was used to differentiate these structures.
The hippocampus and the parahippocampal gyrus were subdivided
into anterior and posterior parts at the level of the posterior edge of
the mammillary body. Two trained raters (HH and LN) measured the
volumes of the medial temporal lobe structures without knowledge of
the subjects’ identity, gender, or diagnosis. Inter- and intra-rater 1CCs
in five randomly selected brains were over 0.93.

2.4. DNA procedures

Genomic DNA was extracted from EDTA-containing venous blood
samples according to standard procedures. The genotyping of the
Val66Met SNP (rs6265 ) of the BDNF gene and the Ser9Gly SNP (rs6280)
of the DRD3 gene were carried out using polymerase chain reaction-
restriction fragment length polymorphism assays. Sequences of primer
pairs and restriction enzymes were as follows: Fw: 5'-ACTCTCGCA-
GAGCGICGAATGG-3. Rv: 5'-CCCAACTTTCTCCTCCTCAT-3Y, Nla 1l
(rs6265); Fw: 5'-CICTGCCCCACAGGTGIAGT=3, Rv: 5'-CAAGCCCCAAA-
GAGTCIGAT-3", Hae Il (rs6280).

2.5. Statistical analysis

Statistical analysis was carried out using the software package
STATISTICA for Macintosh (StatSoft, Tulsa, OK, USA). Genotype fre-
quencies between schizophrenia patients and healthy comparisons
were compared using chi-square test to test for Hardy-Weinberg
equilibrium, Based on the previous observation (Gourion et al.,
2005), the genotypic combination of the Ser/Ser genotype of the
DRD3 gene and Met-containing genotypes of the BDNF gene was
categorized as a "high-risk genotypic combination”. The other com-
binations (i.e, Gly-containing genotypes of the DRD3 gene and/or
Val/Val genotype of the BDNF gene) were categorized as "non-high-
risk genotypic combinations”.

In order to examine these genotype effects on Al, the absolute
length of Al was analyzed by analysis of covariance (ANCOVA) with
age, gender, and ICV as covariates, with diagnosis (schizophrenia
patients versus controls) and genotypic combination (high-risk versus
non-high-risk) as between-subject factors.

For the medial temporal lobe structures, the relative volumes
[(absolute volume [1CV) = 100] for each ROl were analyzed using the
repeated measures ANCOVA with age and gender as covariates, with
diagnosis and genotypic combination as between-subject factors, and
hemisphere (left versus right) as a within-subject variable, We used
relative volumes for these ANCOVAs, but we considered main effects
or interactions to be significant if the results did not change when the
absolute volumes were used with age, gender. and ICV as covariates.
The Al length and volumetric measures for all ROIs in this study were
normally distributed (tested by the Kolmogorov-Smirnov test). The
post hoc Scheffé's test was employed to follow up the significant main
effects or interactions yielded by ANCOVAs. Statistical significance was
defined as p<0.05.

3. Results

The observed genotype frequency of the SNPs was within the
distribution as expected according to the Hardy-Weinberg equili-
brium. No significant difference was observed in the genotypic dis-
tribution of the BDNF Val66Met SNP or the DRD3 Ser9Gly SNP
between the healthy controls and schizophrenia patients (Table 1).
The DRD3 gene was not detected for one schizophrenia patient, and
this case was removed from subsequent analyses. As for the genotypic
combination, 10/32 schizophrenia patients (31.3%) and 7/29 controls
{24.1%) were categorized as having the high-risk combination,
showing no significant group difference (chi-square=0.38, p=0.536).

For schizophrenia patients, no differences between the genotypic
combination groups (high-risk versus non-high-risk) were observed
for age, onset age, illness duration, total SANS or SAPS score, or
medication status (dose, duration, and typical versus atypical).

Table 2 shows a comparison of the Al length and relative ROI
volumes between the subjects with and without the high-risk
genotypic combination, ANCOVA of the Al length showed a significant
diagnosis-by-genotypic combination interaction, with subjects with
the high-risk genotypic combination having a shorter Al than those
without it for the healthy controls (post hoc test, p=0.048), but not for
the schizophrenia patients (post hoc test, p=0.981) (Fig. 1).

For the medial temporal lobe structures, we found significant main
effects of genotypic combination for the posterior hippocampus and
posterior parahippocampal gyrus, showing that the subjects with
high-risk genotypic combination had a smaller posterior hippocam-
pus (post hoc test, p=0.010) and posterior parahippocampal gyrus
(post hoc test, p=0.013) than those without it. When the absalute
volumes were used for the statistical analyses, however, the genotypic
combination effect was significant for the posterior hippocampus
(F=5.38, p=0.024) but not for the posterior parahippocampal gyrus
(Table 2). Thus, we considered only the effect on the posterior
hippocampus to be significant.

We further tested whether these genotypic combination effects on
the Al or posterior hippocampus could be explained by the inde-
pendent effect of each SNP. No genotype effect was seen on these
structures when the effect of DRD3 Ser9Gly SNP alone (Ser homo-
zygotes versus Gly carriers) or BDNF Val66Met SNP alone (Met carriers
versus Val homozygotes) was tested.

4. Discussion

To our knowledge, this is the first volumetric MRI study to report
the gene-gene interaction effect of the DRD3 Ser9Gly and BDNF
Val66Met SNPs on the brain morphology in schizophrenia patients
and healthy controls. The subjects carrying the combination of the Ser/
Ser genotype of DRD3 and Met-containing genotypes of BDNF had a
shorter Al than those withourt it in the healthy controls, but not in the
schizophrenia patients. On the other hand, the subjects with the same
genotypic combination had a significantly smaller posterior hippo-
campus than those without it in both diagnostic groups. Of note, these
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genotypic interaction effects were not explained by the independent
effect of the DRD3 or BDNF. Thus, our findings suggest the effect of
gene-gene interaction between the DRD3 and BDNF variations on
brain morphology in midline and medial temporal lobe structures.
Contrary to our prediction, however, we did not find a specific inter-
action effect of these genes on brain morphology in schizophrenia.

With regard to the association between these genotypic variations
and schizophrenia or its clinical characteristics such as age at onset of
psychosis, large-scale meta-analyses of the BDNF and DRD3 suggested
each genotype effect was of small magnitude (e.g. Jonsson et al., 2003,
2006; Xu et al., 2007). Nevertheless, Courion et al. (2005) reported a
significant association between the combination of the Ser/Ser genotype
of DRD3 and Met-containing genotypes of BONF and earlier onset of
schizophrenia. Although we did not find a significant genotypic in-
teraction effect on the clinical variables in schizophrenia possibly due to
the small sample size, these previous findings support the notion that
schizophrenia is multifactorial in origin and cannot be easily explained
Iy a single genetic component (Harvison and Weinberger, 2005; Sawa
and Sryder, 2002).

The reported malformation of the Al in schizophrenia is likely to
reflect early neurodevelopment and consequent dopaminergic ab-
normalities in the neural network including the thalamic region
(Takahashi et al,, 2008). The functional significance of the Al in human
brain is obscure, but animal studies have shown that the Al is involved
in regulating the release of dopamine in the basal ganglia (Cheramy
et al, 1984; Romo et al., 1984). It is interesting to note that DRD3
mRNA is preferentially expressed in limbic-related and basal ganglia
regions, as well as in the thalamus in the human brain (Suzuki et al.,
1998), Low thalamic D2{D3 receptor binding in drug-naive patients
with schizophrenia demonstrated by positron emission tomography
studies (Talvik et al, 2003 Buchsbaum et al., 2006) implied deficits in
the thalamic dopaminergic system (Sanchez-Gonzalez et al, 2005;
Garcia-Cabezas et al., 2007) in schizophrenia. Given the role of BDNF
as a modulator of dopaminergic function during development by
regulating DRD3 expression (Guillin et al, 2004, 2007), it can be
hypothesized that the genotypic interaction effect of these genes is at
least partly related ro the thalamic dopaminergic pathology of schizo-
phrenia. which could result in the differences in the prevalence or
length of the Al in schizophrenia patients. In this study, however, we
did not provide direct evidence for the genotypic combination effect of
the DRD3 and BDNF SNPs on the Al in schizophrenia, A recent MRI
study in monozygotic twins concordant or discordant for schizo-
phrenia also failed to ind genetic contribution to the Al abnormalities
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(Ettinger et al., 2007). Thus, the possible interaction effect of these
genes on brain morphelogy, including the midline structures, should
be further examined in schizophrenia.

Regarding the medial temporal lobe structures, our findings
demonstrated that the combination of the Ser/Ser genotype of DRD3
and Met-containing genotypes of BDNF may contribute to the volume
reduction of the hippocampus in both schizophrenia patients and
healthy comparisons, This finding is largely in line with previous MRI
studies that demonstrated the association between the Met allele of
the BDNF gene and a reduced volume of the hippocampus in schizo-
phrenia (Szeszko et al., 2005) or healthy subjects (Bueller et al., 2006;
Pezawas et al,, 2004; Szeszko et al, 2005), and further supports the
role of BDNF as a regulating factor of DRD3. The medial temporal lobe
has already decreased in volume by the onset of schizophrenia
(Shenton et al,, 2001; Vita et al., 2006) and several (Boos et al., 2007;
Lawrie et al,, 2001; Seidman et al., 2003) but not all {Goldman et al.,
2008; Honea et al,, 2008) MRI studies have demonstrated a similar
reduction in subjects at genetic high-risk for developing schizophre-
nia. These findings suggest the heritability of the medial temporal lobe
changes in schizaphrenia, but these changes might represent only a
weak intermediate phenotype for schizophrenia (Coldman et al,
2008; Honea et al., 2008). In fact, the previous MRI study (5zeszko
et al., 2005) as well as the present study did not reveal statistically
significant genotype-by-diagnosis interaction regarding the effect of
the BDNF Val66Met SNP on the medial temporal morphelogy in
schizophrenia and healthy controls. As for the DRD3 Ser9Gly SNP, to
our knowledge, no volumetric MRI studies have investigated its geno-
type effect on the brain morphology in schizophrenia patients or in
healthy subjects, but the SerjSer genotype was reported to contribute
to the quality of eye tracking performance, another potential pheno-
typic marlker of schizophrenia, in both schizophrenia patients and
healthy subjects (Rybakowski et al., 2001). Taken together, the genetic
effect of DRD3, BDNF, or a combination of these genes could contribute
to the neurobiological phenotypic markers observed in schizophrenia
such as the medial temporal abnormalities, but it seems likely that
each effect on the pathogenesis of schizophrenia is weak and cannot
explain all the differences in these phenotypic expressions between
schizophrenia patients and healthy controls.

A few possible confounding factors in the present study need to be
addressed. First, all schizophrenia patients in this study were on
neuroleptic medication, which could have affected the brain morphol-
ogy. Although there was no difference in medication status between
the genotype groups (Ser[Ser versus Gly carrier for the DRD3 gene, Val/
Val versus Met carrier for the BDNF gene, and high-risk versus non-
high-risk genotypic combinations), the effects of medication may have
biased our results, with particular regard to comparisons between
healthy subjects and schizophrenia patients. In fact, our preliminary
data showed a negative correlation between the Al length and daily
medication dosage in a different sample of psychotic disorder patients
(unpublished data). Secondly, this cross-sectional study did not
examine progressive brain morphologic changes, The Al has been
implicated in early neurodevelopment, but it also undergoes atrophy
with age (Rosales et al,, 1968), which we found to be accelerated in
schizophrenia (unpublished data). Although the present study failed to
find a specificinteraction effect of the BDNF and DRD3 polymorphisms
on brain morphology in schizophrenia, the possibility exists that these
genetic variations contribute to brain changes over time in the illness
(Ha et al, 2007). In addition to these potential confounding factors, this
study was limited by the relatively small number of subjects carrying
the combination of the Ser/Ser genotype of DRD3 and Met-containing
genotypes of BDNF. Our unexpected finding of the interaction effect of
these genes on the Al only in healthy comparisons may be partly
related to the lower statistical power due to the small sample size,
Thus, the present findings require replication in a larger sample
without sustained neuroleptic medication in a longitudinal design.
Furthermore, other genes for schizophrenia-susceptibility should be
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included in future studies for gene-gene interaction effects on the
pathogenesis of schizophrenia.

5. Conclusion

Our preliminary results demonstrated a significant genotypic
interaction effect between the DRD3 Ser9Gly and BDNF Val66Met
polymorphisms on the midline and associated medial temporal mor-
phology. However, the present study did not find a specific genotypic
effect on brain morphology in schizophrenia, implicating that the
independent or interaction effects of these genetic variations are
unlikely to play a major role in the pathogenesis of schizophrenia.

Acknowledgements

This study was supported in part by Grant-in-Aid for Scientific
Research (Mo, 18591277, 19591346, 19390304, 18053011, 1702501)
from the Japanese Society for the Promotion of Science, and a Research
Grant (17-2, 19230101) for Nervous and Mental Disorders from the
Ministry of Health and Welfare, Japan. The authors are grateful to Prof,
Hideki Origasa, PhD, for helpful suggestions on statistical analyses.

ology & Biok

| Psychiamy 32 (2008) 1236-1242 1241

Honea RA. Meyer-Lindenberg A, Hobbs KB, Pezawas L Mattay VS, Egan MF. et al. Is gray

matrer volume an intermediate ph ror sch ia? A voxel-based
y study of pati with sch nia and their healthy siblings. Biol
Psyd‘u.lrry 2008 63:465-14.
Hong CJ. Yu 'M' Lin (H Tsai SJ An assnclation nudv ofa bram-dermd mmohnpm
factor phism a P of s P

Newrnsci Lett 2003:348:206-8.

Jonsson EC, Flyckr I, Burgent E, Crocq MA, Forsiund K, Martila-Evenden M, e al
Dopamine D3 receptor gene SerSGly variant and schizophrenia: association study
and meta-analysis. Psychiatr Genet 2003:13:1-12

Jonsson EG, Kaiser R, Brockmoller |, Nimgaonkar VL, Crocq MA. Meta-analysis of the
dopamine D3 receptor gene (DRD3) Ser9Cly variant and schizophrenia. Psychiatr
Cenet 2004:14:9-12.

Jonsson EC, Edman-Ahlbomn B, Sillen A, Cunnar A, Kulle B, Frigessi A, et al. Brain-derived
neurotrophic factor gene {BDONF) variants and schizophrenia: an association study.
Prog Neuro-Psychopharmacol Biol Psychiatry 2006;30:924-33.

Kasai K, McCarley RW., Salisbury DF, Onitsuka T, Demeo 5, Yurgelun-Todd D, et al. Cavum
sepi pellucidi in first-episode schi and first-episode affective psychosis:
an MRI study. Schizophr Res 2004;71:65-76,

Krebs MO. Guillin 0, Bourdell MC. Schwartz JC. Olie |, Poiner MF, et al. Brain derived
neurvrruuh:c factor {IIDNF} gene variants association with age al onset and

in schiZophrenia. Mol Psychiatry 2000;5:558-62.

Kretschmann HJ. Weinrich W. Clinical neuroi and clinical
New Yorl: Thieme Medical Publishers; 1992

Kwon S, Shenton ME, Hirayasu \{S.ll!shury DF, Fischer IA, Dickey CC. et al. MRI study of
cavum septi pellucidi in schizophrenia, affective disorder. and schizotypal
personality disorder. Am | l'qthlal:ry 1998;155:509~ 15

Lawrie SM, y HC, 55, B iman JN. D y L. Miller P. et al. firain
structure, mh« liability, and psychotic symptoms in subjms at high risk of

v. 2nd ed.

References developing schizophrenia. Biol Psychiatry 2001:49:811-23.
Liou ). Liao DL Chen J¥, Wang YC Lin CC. Bai YM. et al. Astocution analysis of the ds
Andreasen NC Scale for the of negative Iscale for the D3 receptor gene sei9gly and brain-derived neurotrophic factor gene valbbmet
of positive symptoms [manual |. lowa Ciry: Unhrersltv of lowa Press; 1984, polymorphisms with antipsychotic-induced persistent tardive dyskinesia and dinical
Andreasen NC, Flaum M, Arndt 5. The C of § and jon in Chinese schizophrenic patients. Ni lecular Med 2004:5:243-51.
History {CASH): an for st & diagnosis and psychopathology. Arch Lundstrom K, Turpin MP. T i schizophrenia-related gene polymorphism:
Cen Peychiatry 1992:49:615-21, expression of the Ser9Gly mutant human dopamine D3 receptor with the Semliki
Bakker PR, van Harten PN, van Os | Antipsychotic-induced rardive dyskinesia and the SerSGly Forest virus system. Biochem Biophys Res Commun 1996;225:1068-72.

polymorphism in the DRD3 gene: a meta analysic Schizophr Res 2006;83:185-92.
Boos HB, Aleman A, Cahn W, Pol HH, Kahn RS. Brain volumes in relatives of patients

with schizophrenia: a meta-analysis. Arch Gen Psychiatry 2007:64:297-304
Buchstaum MS, Christian BT, Lehrer DS, Narayanan TK, Shi B, Maneil ). et al. D2/D3

dopamine recepror binding with | F-18|fal lypride in thalamus and cortex of pati

Malhotra AX. Coldman D. Buchanan RW. Rooney W, Clifton A. Kosmidis MH, et al. The
doparmine D3 receptor (DRD3) SerSGly palymorphism and schizophrenia: a haplotype
mhnwmlmndymdmﬂmnwﬂhchupmmmm\dulmlmsn -5,

\-!!lunuhl EM, Frod) T, Zetzsche, T, Leinsinger G, Heiss D, Maag K. et al. Adhesio

with schizophrenia, Schizophr Res 2006:85:232-44,

Bueller JA, Aftab M, Sen §, Gomez-Hassan D, Burmeister M, Zubieta K. BONF Val66Met
allele is associated with reduced hippocampal volume in healthy subjects. Biol
Psychiatry 2006;59:812-5,

Cheramy A, Ramo R, Godeheu G, Glowinski ). Effects of elecirical stimulation of various
midline thalamic nucled on the bilateral release of dopamine from dendrites and
nerve inals of in the nigro-striatal dop Ric pathways. Neurosa
Letr 1984;44:193-8

de Souza Crippa JA. Zuardi AW, Busarto CF.Sanl:hts RE. Sanrom(. Aratjo D, et al. Cavum
septum pellucidurmn and adhesio a in s ia: an MRI study, Eur
Psychiatry 2006:21:291-299,

Dubertret C. Gorwood P. Ades J. Feingold J, khmm JC. Sakolofi P. Mera-analysis of

DRD3 gene and schizop ethnic b y and significant association in
Caucasians. Am | Med Genet 1998:81:318-22.

Erbagei H. Yildirim H, Herken H, G b EA imaging study of
the adhesio halamica in sch ! i S:hlm‘phr Res 2002:55:89-52

Ettinger UL Piechioni M, Landau 5, Matsumoto K. van Haren NE Marshall N, et al.
Magnetic resonance imaging of the thal and adhesio interth 2 in twins
with schizophrenia. Arch Gen Psychiatry 2007,64:401-9

Carria-Cabezas MA. Rico B Sanchez-Conzalez MA. Cavada C Distribution of the dopamine

ion in the and hurnan thal deurol 2007:34:965-84.

Goldman AL Pezawas L, Mattay VS, Fischl B, Verchinsia BA, Inlnd Betal I-krllalxhrynl

lamica in male patients with schizophrenia. Am | Psychiatry 2000:157:

R23-825.
Melrzer HY, Srah! SM. The dopamine hypothesis of schizoph a review. Schizophr
Bull 1976:2:19-76.
New } \&MPI = ittee, Study of ization for the new Japanese MMPL
- San-Ky 997 |in
Niu L Malml M. fhnu W Illgmo H. Tlhhnh: T \'rumm F er al, Volume reduction of
with sc phren 5! imaging study.

inp
mhummm 132:41-51

Nopaules PC, Rideout D, Crespo-Facorro B, Andreasen NC. Sex differences in the absence of
massa intermedia in patients with schizophrenia versus healthy controls. Schizophr
Res 2001:48:177-85.

Numata §, Ueno §, Iga ), Yamauchi K, mngwels.ohmc.eul Hrain-derived neurotrophic
factor (BDINF) Val66Met paol in sc ta is associated with age at
onset and symptoms. Neumsd Lert 2006:401:1- s,

O'Rahilly R, Muller F. Ventricular system and choroid plexuses of the human brain
during the embryonic period proper. Am | Anat 1990;189:285-302.

Percheron G. Thalamus. In: Paxines G, Mai K. editors. The human nervous system, 2nd
ed. California: Elsevier Academic Press; 2004, p. 592-675.

Pezawas L Verchinsii BA. Martay VS, Callicott JH. Knlachana BS, Straub RE. et al The
brain-derived neurotrophic factor valbimet polymorphism and variafion in human
cortical morphology. | Neurosci 2004:24:10099-102.

Romo R Cheramy A, C.odehou G, Glowinski ). Distinet commissural pathways are

brain rrmpholom related to schizophrenia: a large-scale
jon study. Biol Psychiatry 2008:63:475-83,
Cﬂurm n, Gnldherper C, leroy S, Bourdel MC, Olié JP. Krehs MO. Age at onset of
h interaction b n brain-derived neurotrophic factor and dopamine
m receptor gene varfants. NeuroReport 2005, 16:1407=10.

in the ent lease of d induced in the contralateral caudate

nucheus and ia rusra by unil | appli
motor nuclei. Brain Res 1984:308:43-52

Rosales RK. lemay M), Yakoviev Pl. The development and involution of massa

intermedia with regard to age and sex. | Neuropathol Exp Neurol 1968.27:166.

of GARA in the cat thalamic

Guillin O, Griffon N, Diaz |, Le Foll B, Bezard E. Cross C et al Brain-derived ph

Ryhakowska K. Bork L mershmI!auurj anam:mmmepmr[nnm‘:em

factor and the plasticity of the I P y. Int Rev
2004;59:425-44,

Guillin O, Demily C, Thibaur F. Brain-d d factor in schizophrenia and
its relation with dopamine. Int Rev Neurobiol 2007;78:377-95.

Gurevich EV, Bordelan Y, Shapiro RM, Arnold SE Gur RE. Joyce JN. Mesolimbic dopamine
D3 receptors and use of antipsychotics in patients with schizophrenia. A
postmortem study, Arch Gen Psychiatry 1997,54:225-32

Harrison P, Weinberger DR Schizophrenia genes. gene expression. and neurmpathol-
ogy: on the matter of their convergence. Mol Psychiatry 2005;10:40-68,

Ho BC, Milev P, O'Leary DS, Librant A. And NC. & k TH. Cognitive and

d with the i of eye es in

Mwophrtmc p.mtm and healthy subjecrs. Mol I'ryrh:.\lry 2001:6:718-24

Sanchez-Gonzalez MA, Garcia-Cabezas MA, Rico B. Cavada C The primare thalamus isa
key target for brain dopamine. | Neurosci 2005,25:6076-83

Sawa A Snyder SH. Schizophrenia: diverse approaches ro a complex disease. Science
2002:256:6592-5,

Scharfetter | Chaudhry HR, Hornik K, Fuchs K. S:eglun w LlsperS_ 3 aJ anam ine D3
recepior gene polymarphism and resp to clozapine in schizophrenic P
parients. Eur Neuropsychopharmacol 1999:10:17-20,

magnetic resonance imaging brain mor [ of brain-derived
neurotrophic factor ValéEMet gene polymorphism in patients with schizop

1), Pantelis C. Kesk MS, Faraone SV, Goldstein M. Horton NJ, et al. A review
and new report of medial temparal lobe dysfunction as a vulnerahility indicaror for

and healthy volunteers. Arch Cen Psychiamry 2006;63:731-40.

Ho BC. Andreasen NC, Dawson JD, Wassink TH. Association berween. brain-derived
neurotrophic factor ValbMet gene polymorphism and progressive brain volume
changes in schizophrenia. Am | Psychiatry 2007;164:1890-9.

3 magnetic imaging morphametnc family study of the
pauhlppoump.u gyrus. Schizophr Bull 2003;29:803-30.
Shaikh S, Collier DA, Sham I'C Ball D, Astchison K. Vallada H er al. Allelic association
hetween a Ser-9-Cly p ! in the d ine D3 receptor gene and
sthizophrenia. Hum Cenet 1996;67:714-9.

175




1242

Shenton ME Dickey CC. Frumin M. McCarley RW. A review of MRI findings in
schizophrenia. Schizophr Res 20071:48:1-52

Shimizu M. Fujiwara H. Hiraol K. Namiki C Fukuyama H. Hayashi T. et al. Structural
abnormalities of the adhesio inrerthalamica and mediodorsal nuclei of the
thalamus in schizophrenia, Schizophr Res in press.

Sniyder PJ. Bogerts B, Wu H. Bilder RM, Deoras KS. Lieberman JA. Absence of the adhesio
interthalamica as a marker of early developmental mumparmlngy in schizo-
phrenia: an MRI and postmortem histol studv. | 1558:8:159-63.

Suruki M, Hurd YL Sokoloff . Schwartz JC Sedvall C. D3 dopamine receptor mRNA is
widely expressed in the human brain. Brain Res 1998, 775:58-74

Suzuki M, Hagino H. Nohara 5. Zhou SY. Kawasaki Y. Takahashi T. et al. Male-specific
volume expansion of the human hippocampus during adolescence. Cereb Cortex
20052:15:187-93.

Suzuki M. Zhou 5Y, Takahashi T. Hagino H. Kawasaki Y, Niu L et al Differential contri-
butions of prefrontal and temparolimbic pathology to mechanisms of psychasis. Brain
2005b;128:2109-22

Szekeres G. Kéri 5, Juhdsz A, Rimandczy A Szendi |, Czimmer C, et al. Role of dopamine
D3 receptor (DRD3] and dop ter (DAT) poly hism in cogr
dysfunctions and therapeuric response to arypical antipsychotics in patients with
schizophrenia. Am ) Med Genet B Neuropsychiatr Genet 2004;124:1-5.

Szeszko PR, Lipsky R. Mentschel C Robinson D, Gunduz-Bruce H, Sevy 5, et al. Brain-
derived neurotrophic factor valéEmet polymorphism and volume of the hippo-
campal formation. Mol Psychiatry 2005;10:631-6.

Takahashi T, Kawasaki ¥, Kurokawa K, Hagino H, Nohara 5, Yamashita 1, et al, Lack of
normal structural asymmertry of the anterior cingulate gyrus in female patients

176

T Takahashi et al / Progress in Neuro-Psychopharinacology b Biologice] Psychiatry 32 (2008) 12361242

with schi 1at avol Tic
2002;55:65-81.

Takahashi T, Suzuki M. Hagino H. Niu L, Zhou SY, Nakamura K, et al. Prevalence of large
cavum septi pellucidi and its relation to the medial temporal lobe structures in
schizophrenia spectrum. Prog Neurn-Psychopharmacol Biol Psychiatry 2007;31:
1235-4L

Takahashi T. Suzuki M. Nakamura K. Tanino R, Zhou S-Y. Hagino H. et al. Association
between absence of the adhesio interthalamica and amvgdala volume in
schizophrenia. Psychiatry Res Neurnimaging 2008;162:101-11,

Talvik M, Nordstrdm AL Olsson H. Halldin C. Farde L. Decreased thalamic D2/D3
receptor binding in drug-naive patients with schizophrenia: a PET study with [11C]
FLB 457. Int | Neuropsychopharmacol 2003:6:361-70.

Vita A, De Peri L. Silenzi €, Dkd M. Brain morphology in first-episode schizophrenia: a
meta-analysis of i e imaging studies. Schizophr Res
2006;82:75-88.

‘World Health Organization. The ICD-10 classification of mental and behavioural disorders:
diagnostic criteria for research. Geneva: World Health Organization: 1993

Xu MQ, St Clalr D, Orr ), Feng GY, He L Brain-derived neurotrophic factor gene C-270 T
and Val66Met functional polymorphisms and risk of schizophrenta: a moderate-
scale population-based study and meta-analysis. Schizophr Res 2007:91:6-13

Zhou Y, Suzuld M, Hagino H, Takahashi T, Kawasaki Y. Nohara §, et al. Decreased volume
and increased asymmetry of the anterior limb of the internal capsule in patients
with schizophrenia. Biol Psychiatry 2003:54:427-36.

e imaging study, Schizophr Res




- -

Available online al www.sciencedirect.com
*.” ScienceDirect

Psychiatry Research: Neuroimaging 164 (2008) 90-94

PSYCHIATRY
RESEARCH
NEUROIMAGING

www.elsevier.com/locate/psychresns

Brief report

Prevalence and length of the adhesio interthalamica in schizophrenia
spectrum disorders

Tsutomu Takahashi®®, Michio Suzuki®**, Shi-Yu Zhou*"Y, Kazuec Nakamura®,
Ryoichiro Tanino®, Yasuhiro Kawasaki®“, Marc L. Scal®,
Hikaru Seto®, Masayoshi Kurachi®

* Depariment of Newopsyehiatry, University of Toyama, 2630 Sugitani, Toyama 930-0194. Japan
® Department of Radiology, Universiry of Toyama, 2630 Sugitani, Toyama 930-0194, Japan
“ Core Research for Evolutional Science and Technology. Japan Science and Technology Corporation, Tokye, Japan
 Deparmient of Psychiatry and Medical Psychology, Dalian Medical Universiry, Dalian, China
" Melhourne Newropsyehiatry Centre, Department of Psychiany, The University of Melbowrne and Melbourne Health, Melbourne, Australia

Received 13 September 2007; received in revised form 4 February 2008; nccepted 5 March 2008

Abstract

We used magnetic resonance imaging to investigate the prevalence and length of the adhesio interthalamica (Al) in 72
schizophrenia patients, 47 schizotypal disorder patients, and §1 healthy controls. The Al was more often absent and shorter in both
disorders than in controls, possibly reflecting common neurodevelopmental abnormalities in the schizophrenia spectrum.,

@ 2008 Elsevier Ireland Lid. All rights reserved,

Keywords: Schizotypal disorder; Magnetic resonance unaging; Thalamus

1. Introduction

Pathological deviations genetically and phenomeno-
logically related to schizophrenia are grouped under the
schizophrenia spectrum. This concept reflects the as-
sumption that schizophrenia has a multifactorial etiology
in which multple susceptibility genes interact with envi-
ronmental insults to yield a range of phenotypes (Siever

* Corresponding author. Department of Newropsychiatry, University
of Toyama, 2630 Sugitani, Toyama 930-0194, Japan. Tel: +81 76 434
2281; fax: +81 76 434 5030,

E-mail address: surukim@med u-toyama.ac_jp (M. Suzuki).

and Davis, 2004). Subjects with schizophrenia spectrum
disorders are thought to share neurodevelopmental abnor-
malities with schizophrenia as a common neurobiological
basis for vulnerability factors (Siever and Davis, 2004).
The adhesio interthalamica (Al), a narrow bridge
connecting the medial surfaces of the thalamus on each
side, is vanable in size among individuals and missing in
about 20% of human brains (Carpenter and Sutin, 1983).
While the finding has not been consistently replicated (e.g.,
Ettinger et al,, 2007), the Al was reported to be more often
absent in schizophrenia compared with healthy subjects
(Suyderetal., 1998; Nopoulos etal., 2001; Takahashi etal.,
2008), possibly reflecting its neurodevelopmental pathol-
ogy. To our knowledge, however, 1t 1s unknown whether
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other subjects m the schizophrenia spectrum such as
schizotypal (personality) disorder (SPD) share the Al
abnormalities with schizophrenia.

This study used magnetic resonance imaging (MRI)
to investigate the prevalence and length of the Al in
schizophrenia patients, schizotypal disorder patients,
and healthy controls.

2. Methods
2.1. Subjects

The cohort in this study is shown in Table 1. Among
them, 62 schizophrenia patients and 63 controls were
also included in our previous Al study (Takahashi etal.,

2008). All subjects were right-handed and physically
healthy, and none had a lifetime history of serious head

Table |

Demographic characteristics and adhesio
schizophrenia

hal (AD)

trauma, neurological illness, serious medical or surgical
illness, or substance abuse. They were screened by
neuroradiologists for gross brain abnormalities, though
subjects with a large cavum septi pellucidi were not
excluded from this study.

Forty-seven schizotypal disorder patients were recruited
among patients who visited our university hospital with
schizotypal features accompanied by distress or associated
problems in their lives; their sample characteristics have
been described in detail previously (Takahashi et al., 2006).
Based on data from the Comprehensive Assessment of
Symptoms and History (CASH: Andreasen et al,, 1992)
and the Structured Clinical Interview for DSM-TV Axis I1
Disorders (First et al., 1997), subjects were diagnosed by
the consensus of at least two psychiatrists; they all met the
criteria for schizotypal disorder in ICD-10 as well as for
SPD in DSM-IV. At the time of MRI scanning, 40 patients

of healthy controls, patients with schizotypal disorder, and patients with

Variable Healthy controls Schizotypal disorder pati Schizoph I
All subjects Male Female All subjects Male Female All subjects Male Female
(N=81) (N=46) (N=335) (N=47) (N=29) (N=18) (N=72) (N=38)  (N=34)
Age (years) 24.5+5.7 250458 23,8257 250454 25.2+5.8 246249 26256 25.6x4,7 27.0=6.5
Height (cm) 166.5£7.7 17204 1593445 1659487 171456 157.7x6.1 1649276 1708+ 1583

447 47" 4.0

Education (years) 16.0£2.5 |6.‘:'§-. 1482 13,1220 133£1.9 128222 13.521.9 [3.521.8 13419
2.8 1.6¢
Parental education (years) 129423 13.1% 12.5223 12.3%1.7 124%1.6 122219 12.0x2.1 12219 1NH£24
24
Age at onset (vears) = - - = - 21.7443 217144 217242
Duration of illness (years) - - - - - - 4.6=5.0 39440 55259
Duration of medication (years) - - - 1530 1835 1.121R 352434 294332 43+501
Drug (mg/day, haloperidol - - - 4.8=57 5.0£55 4563 11,5294 11,7287 113+
equivalent) 10.2
Total SAPS score - - - 16.049.2 155488 169+ 26,7+ 2494 287=
101 21.0¢ 222 19.6
Total SANS score - =] 4184217 4054 44,0+ 4744229 5094 435+
Z13 128 22) 236
Al absent *; N (%) 7 (8.6) 6(13.0) 129  11(234)" 9310) 2(1L1)  17(23.6)" 14 (368)* 3 (8.8)
Al length (mm) 95:33" 84235 108226 67+34  6.1£32 7.7#37' 66233 53432 128
Al length [effect size (Cohen's )] - - - 0.84 0.69 0.97 0.88 0.92 1.00

Values represent means£8.D.x.
SANS, Scale for the Assessmem of Negative Symploms ( Andreasen, 19%4); SAPS, Scale [or the Assessment of Positive Symploms (Andreasen, 1984).
ANOVA followed by Scheffe's test was used excepl [or the prevalence of the AL
* P<0.01: compared with females.
b p<0.01: compared with male and female schizophrenin patients, male and female schizotypal patients, and female controls.
¢ P<0.05: compared with female schizotypal patients.
* P<0.01: compared with schizotypal patients.
*® Chi-square test or Fisher's exact test was used
 P<0.01: compared with controls.
# P<(.01: compared with female schizophrenia patienis.
" p<0.01: compared with schizophrenia and schizotypal patients.
! P<0.01: compared with males,
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were treated with low-dose antipsychotics, of which 14
were treated with typical neuroleptics and 26 received
atypical neuroleptics. The remaining seven patients were
neuroleptic-naive.

The schizophrenia comparison group comprised 72
ICD-10 schizophrenia patients diagnosed by psychia-
trists following structured clinical interviews with the
CASH. Seventy-one patients were receiving neuroleptic
medication; 38 were being treated with typical neuro-
leptics and 33 were receiving atypical neuroleptics.

The healthy comparisons consisted of 81 healthy
volunteers recruited from members of the community
(N=29), hospital staff (N=20), and university students
(N=32). They were given a questionnaire consisting of
15 items concemning their family and past histories, as
well as present illness. They did not have any personal or
family history of psychiatric illness in their first-degree
relatives. All control candidates were also screened using
the Minnesota Multiphasic Personality Inventory. This
study was approved by the regional ethics commiitee,
Written informed consent was obtained from all subjects.

2.2, Magnetic resonance imaging procedures

MR scans were acquired with a 1.5-T Magnetom
Vision (Siemens, Erlangen, Germany) with a 3D
gradient-echo sequence FLASH vyielding 160-180
contiguous 1-mm slices in the sagittal plane (TR=24 ms,
TE=5 ms, Flip=40°, FOV=256 mm, Matrix=256 x 256,
and Voxel size=1.0 mm?). The image data were processed
using the software package Dr. View (AIS, Tokyo, Japan)
as descnbed in detail elsewhere (Takahashi et al., 2006).
Briefly, on a Unix workstation (Silicon Graphics, CA,
USA), brain images were realigned in three dimensions
and then reconstructed into entire configuous coronal
images, with a 1-mm thickness. perpendicular to the
anterior commissure-posterior commissure line. The
intracranial volume (ICV) was measured on 5-mm-thick
sagittal shices as previously described (Zhou et al., 2003).

The number of slices where an Al was clearly seen
was counted on reconstructed consecutive |-mm coronal
slices. Presence or absence of the Al was determined by
viewing both coronal and axial 1-mm slices without a
gap; when the Al could be identified on three or more
slices in both views, we considered it as present
(Takahashi et al., 2008). Intra- and inter-rater intraclass
correlation coeflicients for the Al length in a subset of 30
randomly selected brains (25 controls, 3 schizophrenia
patients, and 2 schizotypal patients) were over 0.97. For
the prevalence ofthe Al intra- and inter-rater reliabilities
were 100% (30/30 agreement, Kappa=1.00) and 97%
(29730 agreement, Kappa=0.79), respectively.
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2.3. Statistical analysis

Chi-square tests, or Fisher’s exact tests when expected
cell sizes were less than five, were used for assessing the
frequency of the Al The AI length was analvzed using
analysis of covariance (ANCOVA) with ICV and age as
covariates, and with diagnosis and gender as between-
subject factors. Post hoc Schefié’s test was employed. We
used age as a covariate because there was a negative
correlation between Al length and age for the controls
(Spearman’s rho=-0.395, P<0.001) and schizophrenia
patients (rho=-0.331, P=0.005) but not for the schizo-
typal patients (rho=—0.183, P=0.218). The relationships
between the length of the Al and clinical sympioms in
schizophrenia and schizotypal disorder patients were
examined by Pearson’s partial correlation coefficients
controlling for age, ICV, and duration and dosage of
neuroleptic medication. Statistical significance was

defined as P<0.05.
3. Results

The Al was absent in 8.6% (7/81) of the controls,
23.6% (17/72) of the schizophrenia patients, and 23.4%
{11/47) of the schizotypal patients (Table 1), indicating
a significant group difference between the controls and
schizophrenia (chi-square=6.46, P=0.011) or schizo-
typal (chi-square=5.36, P=0.021) patients.

ANCOVA of the Al length revealed significant main
effects for diagnosis (F=17.82, df=2, 192, P<0.001)
and gender (F=5.61, df=1, 192, P=0.019); the
schizophrema (P<0.001) and schizotypal (P<0.001)
patients had a shorter Al than controls, and males had a
shorter Al than females (P<0.001). There was no
gender-by-diagnosis interaction (F=1.04, df=2, 192,
P=02357).

The length of the Al was not correlated with total
SANS and SAPS scores in the two patient groups.

4. Discussion

To our knowledge, this is the first MRI study to
report the Al abnormalities in schizotypal subjects. We
found that the Al was more often absent and shorter in
both schizoplrenia and schizotypal disorder patients as
compared with control subjects, but there was no
difference in its prevalence or length between these
disorders. These findings suggest that the schizotypal
subjects share Al abnormalities with patients with
established schizophrenia.

Our finding of the Al malformation in the schizo-
phrenia spectrum is thought to reflect neurodevelopmental
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abnormmalities because the Al develops during the early
gestation period (Rosales et al, 1968). Although its
functional significance in humans is unclear, animal
studies have shown that the Al is involved in the
regulation of the dopamine release of the basal ganglia
(Romo et al,, 1984). Low thalamic D2/D3 receptor
binding (Buchsbaum et al., 2006), as well as thalamic
volume reduction (Andreasen el al,, 1994; Ettinger et al,,
2001), in schizophrenia implicates deficits of the thalamic
dopaminergic system (Sanchez-Gonzalez et al., 2005).
Interestingly, first-degree relatives of schizophrenia
patients (Seidman et al., 1999) or SPD subjects (Byne et
al., 2001) share, at least partly, the thalamic volume
reduction with schizophrenia patients. Together with these
previous observations, our findings suggest that the Al
abnormalities could be a marker of a disturbed neural
network including the thalamic and related regions during
neurodevelopment, which might be core components of
the vulnerability to schizophrenia.

Regarding the gender effects, our results support a
sexual dimorphism of the Al previously reported in
healthy subjects (Allen and Gorski, 1991). Although there
was no gender-by-diagnosis interaction in the Al length,
our findings also support that absence of the Al in
schizophrenia might be more evident in males (de Souza
Crippa et al., 2006) because its absence was significantly
more common in males than in females only for
schizophrenia patients in this study (Table 1).

As discussed elsewhere (Takahashi et al., 2008),
differences between this study and other studies in
imaging techniques and criteria used to define the Al as
absent/present (e.g., de Souza Crippa et al., 2006) limit
our ability to generalize the findings of the present study.
In addition, because neuroleptic medication might
have affected our results and we could not measure
the thalamic volume for technical reason, our findings
require further replication.
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Abnormal neurodevelopment in midline structures such as the adhesio interthalamica (Al) has been reported
in psychotic disorders, but it is unknown whether individuals at risk for the disorder share the Al findings
observed in patients with florid psychosis. Magnetic resonance imaging of 162 patients with firsi-episode
psychosis (FEP), 89 patients with chronic schizophrenia, 135 individuals at ultra high-risk (UHR) of psychosis
(of whom 39 later developed psychosis), and 87 healthy controls were used (o investigate the length and
prevalence of the Al The relation of the Al length to lateral ventricular enlargement was also explored. The
patients with FEP and chronic schizophrenia as well as UHR individuals had a shorter Al than the controls,
but there was no difference in the Al findings between the UHR individuals who did and did not
subsequently develop psychosis. There was a negative correlation between the Al length and lateral
ventricular volume in all the diagnostic groups. The absence of the Al was more common in the chronic
schizophrenia patients when compared with all ather groups. These results support the notion that the Al
absence or shorter length could be a neurodevelopmental marker related to vulnerability to psychopathol-
ogy. but also suggest that schizophrenia patients may manifest progressive hrain changes related to ongaing
atrophy of the Al after the onset.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

The adhesio interthalamica (Al), a narrow bridge of glial cells
connecting the medial surfaces of the thalami, is variable in size
among individuals and absent in about 20% of human brains
(Kretschmann and Weinrich, 1992; Percheron, 2004), Although its

Abbreviarions: Al, adhesio interthalamica; ANCOVA, analysis of covariance; ANOVA,
analysis of voriance; BPRS. Brief Psychiatric Rating Scale; CAARMS, Comprehensive
Assessment of At Risk Mental Stares: DSM-II-R. Diagnostic and Statistical Manual of
Mental Disorders Revised Third Edition; EPPIC. Early Psychosis Prevention and
Intervention Centre; FEF, first-episode psychosis; ICC, intraclass eorrelation coefficent:
ICV, intracranial velume; MRI, magnetic resonance imaging; PACE. Personal Assessment
and Crisis Evaluation; SANS, Scale for the Assessment of Negative Symptoms; SCID-P,
Structured Clinical Interview for DSM-II-R Parient Edition: UHR. ultra high-risk: UHR-
NP, ultra high-risk individuals who did not develop psychosis; UMR-P, ultra high-risk
individuals who developed psychasis

* Correspanding author, Melt Ni yehiatry Centre. cfo National New-
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role in humans is obscure, absence of the Al could represent early
neurodevelopmental insult because the Al develops during early
gestation (O'Rahilly and Miiller, 1990; Rosales et al., 1968). The Al has
been found to be smaller and more often absent in schizophrenia
spectrum disorders compared with healthy subjects (Erbagei et al,
2002; Nopoulos et al., 2001; Shimizu et al,, 2008; Snyder et al, 1998;
Takahashi et al, 2008, in press), though the results were not
consistently replicated (de Souza Crippa et al, 2006: Ertinger et al,
2007; Meisenzahl et al,, 2000, 2002), In addition, several magnetic
resonance imaging (MRI1) studies indicated an association between the
midline brain structures and ventricular enlargement in schizophre-
nia (Meisenzahl et al,, 2002; Snyder et al., 1998; Takahashieral., 2008).
These observations suggest that the Al findings in psychotic disorders
could be a marker of early developrental abnormalities in the midline
and related brain regions.

These Al findings may not be fully explained by a neurodevelop-
mental anomaly, as the Al undergoes increasing atrophy especially
after the third decade and even disappears in older individuals
{Rosales et al,, 1968), Our previous study found a negative correlation
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between the length of the Al and age for both schizophrenia patients
and healthy controls (Takahashi et al., 2008), A direct comparison of
the Al in large numbers of patients across different illness stages (ie.,
prodromal subjects, first-episode and chronic schizophrenia) together
with detailed examination of the association berween the Al findings
and age, illness duration, or neuroleptic medication is required to
further elucidate neurodevelopmental and potential degenerative
aspects of Al changes in psychotic disorders. Especially. brain changes
in individuals at high-risk for developing psychosis, such as
abnormalities in sulcus/gyral folding in the cingulate cortex (Yiicel
et al., 2003) or a higher prevalence of radiological findings (Borgwardt
et al, 2006), could be related to pre-existing vulnerability to
psychopathology as a consequence of early neurodevelopmental
insult (Pantelis et al, 2005). To our knowledge, however, no MRI
studies have examined the Al in clinical high-risk subjects of psychosis
or examined whether patients with chronic schizophrenia exhibit
more prominent Al changes compared with patients in the early
stages of illness,

In this study, we used MRI to investigate the anterior-posterior
length and prevalence of the Al and its relation to lateral ventricular
volume in a large sample of patients with first-episode psychosis, chronic
schizophrenia patients, and individuals at ultra high-risk for psychosis
(UHR: Yung et al., 2003) compared with healthy comparison subjects.
Based on previous studies, we predicted thar patients with psychotic
disorders, especially chronic schizophrenia, would have shorter Al or
higher prevalence of its absence and that UHR subjects would exhibit
similar Al changes to patients with established psychotic disorders.

2. Methods
2.1, Subjects

Inclusion criteria and demographic characteristics of 162 first-
episode psychosis (FEP), 89 chronic schizophrenia, 135 ultra high-risk
(UHRY), and 87 control subjects, recruited from 1994 to 2001, have been
described in detail elsewhere (Garner et al,, 2005; Velakoulis et al.,
1999. 2006). Briefly, the inpatients with FEP patients were recruited
from the Early Psychosis Prevention and Intervention Centre (EPPIC;
McGorry et al., 1996), were aged between 16 and 30 years, and were
currently psychotic as reflected by the presence of at least one
symptom (delusions, hallucinations, disorder of thinking or speech
other than simple acceleration or retardation, or disarganized, bizarre,
or markedly inappropriate behavior). Patients with chronic schizo-
phrenia, who had more than 18 months of continuous illness, were
recruited from the Adult Mental Health Rehabilitation services of the
North Western Mental Health Program, Melbourne, The FEP and
chronic schizophrenia patients received DSM-1II-R diagnoses (Amer-
ican Psychiatric Association, 1994) based on medical record review
and either the Royal Park Multidiagnostic Instrument for Psychosis
(McGorry et al,, 1989) or the Structured Clinical Interview for DSM-I1I-
R, Patient Edition (SCID-P; Spitzer et al., 1990).

Based on these assessments administered during the initial treat-
ment episode (median illness duration=27.0 days), the FEP patients
were further divided into 4 subgroups: (1) schizophrenia (N=46), (2)
schizophreniform psychosis (N=57), (3) affective psychosis (N=34), and
(4) other psychoses (N=25) (Velakoulis et al,, 2006), All FEP patients
were neuroleptic-naive prior to admission but 150 had received
antipsychotic medication for a short period prior to scanning Accurate
values for duration of medication were not available, but mean duration
of such a period in our centre is about 30 days (Velakoulis et al,, 1999),
The control subjects were recruited by approaching ancillary hospital
staff and through advertisements. These controls were recruited from
similar socio-demographic areas as the patients and did not have any
personal or family history of psychiatric illness,

The UHR subjects were recruited from admissions to the Personal
Assessment and Crisis Evaluation {PACE) Clinic. Criteria for identification
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of the UHR cohort and the rationale for these criteria have been fully
described elsewhere (Yung et al., 2003, 2004a), 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 (CAARMS; Yung et al, 2004b). All UHR subjects were aged
14 to 30 years and had not experienced a previous psychotic episode.
After baseline scanning, they were monitored regularly for at least
12 months (maximum length of follow-up was 44 months) for the onset
of full threshold psychosis based on operationalized criteria (Yung et al,
2003, 2004a) and were then divided into subgroups according to the
outcome at 12 months; 39 UHR subjects (28.9%) developed psychosis
(UHR-P) and 96 (71.1%) did not {UHR-NP). The predominant diagnosis in
the psychosis group was schizophrenia spectrum (N=21), but there
were also diagnoses of affective psychosis (N=13), and other psychoses
(N=5) After the brain scan, 21 subjects started low-dose risperidone
therapy and cognitive behavior therapy as part of a double-blind
randomized study examining a 6-month therapeutic intervention to
reduce the risk of progression to psychosis (McGorry et al,, 2002). Most
of the remaining UHR participants received case management and
supportive therapy for at least six months.

All subjects were physically healthy, and none had a lifetime history
of serious head trauma, neurological iliness, serious medical or surgical
illness, or DSM-III-R criteria of alcohol or substance abuse or dependence.
The medial temporal lobe structures (Velakoulis et al., 2006) and lateral
ventricular volume (Berger et al., 2007b; Pantelis et al., 2008) of the
participants in this study have been examined previously. The regional
ethics committee approved this study. After a complete description of
the study, written informed consent was obtained from all subjects.

22 ic resanance imaging procedures

MR scans were acquired with a 1.5-T GE Signa scanner (General
Electric Medical Systems, Milwaukee, Wisconsin), A 3D volumetric
spoiled gradient recalled echo in the steady state sequence generated
124 contiguous 1.5 mm coronal slices (TR=14.3 ms, TE=33 ms,
Flip=30", FOV=24x24 cm. Matrix=256=256, voxel dimension=
0.9375%09375=1.5 mm). The intracranial volume (ICV) was mea-
sured to correct for differences in head size as previously described
(Velakoulis et al,, 2006); the five groups (healthy controls, UHR-NP,
UHR-P, FEP, and chronic schizophrenia) did not significantly differ in
their ICV volumes (Table 1).

2.3. Assessment of adhesio interthalamica (Al)

The image data were processed using the software package Dr.
View (AJS. Tokyo, Japan). Brain images were realigned in three
dimensions and reconstructed into contiguous coronal images, with a
0.9375-mm thickness, perpendicular to the AC<PC line. Then, the
number of slices where an Al was clearly seen was counted on the
reconstructed coronal slices. The length of the Al (mm) reported here
was determined by the multiplication of the number of these slices by
0.9375. Presence or absence of the Al was determined by viewing both
coronal and axial 0.9375-mm slices without gap; when the Al could be
identified on three or more slices in both views, we considered it as
present (Takahashi etal,, 2008) (Fig.1). Intra- and inter-rater intraclass
correlation coefficients (ICCs) for the Al length in a subset of randomly
selected 30 brains were over 0.97, For the presence of the Al, both
intra- and inter-rater reliabilities were 100% (30/30 agreement).

2.4. Volumetric analysis of lateral ventricular volume

The wvolumes of lateral ventricles in both hemispheres were
estimated as a whole using a semi-automated thresholding imple-
mented by the MRIcro program (hetp:{/www sph.scedujcomd/ror-
den/mricro.html). A seed was first placed at one spot within the
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