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Widespread Decrease of
Nicotinic Acetylcholine
Receptors in Parkinson’s

Disease
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Objective: Nicotinic acetylcholine receptors have close in-
teractions with the dopaminergic system and play critical
roles in cognitive function. The purpose of this study was
to compare these receptors between living PD patients
and healthy subjects. Methods: Nicotinic acetylcholine re-
ceptors were imaged in 10 nondemented Parkinson’s dis-
ease patients and 15 age-matched healthy subjects using a
single-photon  emission computed tomography ligand
[1*31]5-iodo-3-[2(8)-2-azetidinylmethoxy] pyridine. Using
an arterial input function, we measured the total distri-
bution volume (V; specific plus nondisplaceable), as well
as the delivery (K,). Results: Parkinson’s disease showed a
widespread significant decrease (approximately 10%) of
V in both cortical and subcortical regions without a sig-
nificant change in K,. Interpretation: These results indi-
cate the importance of extending the study to demented
patients,

Ann Neurol 2006;59:174-177

In addition to the well-documented loss of dopaminer-
gic neurons, a number of animal and clinical studies
have shown that nicotinic acetylcholine receptors
(nAChRs) play critical roles in Parkinson’s disease
(PD). nAChR activation stimulates dopamine release
in the striatum,' and an agonist at nAChRs showed
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synergistic therapeutic effects with 1-dopa in a monkey
model of PD.”> Epidemiological studies showed that
cigarette smoking protects against PD.? Both animal
and human studies have shown that nAChR is one of
the central components in cognitive funcrion,* and a
substantial number of PD patients become demented.
Finally, most postmortem studies showed widespread
decrease of nAChRs both in striatum and cerebral cor-
tices of PD pa\tients.5~8 However, as in most other
postmortem studies, many of these lacked critical clin-
ical information such as the presence of dementia and
a history of cigarette smoking. Therefore, it is critical
to image nAChRs in living PD patients whose clinical
information is available to study changes and to ex-
plore possible therapeutic intervention at these recep-
tors. However, to our knowledge, such a study has not
been published.

Recently, 3-[2(S)-2-azetidinylmethoxy]pyridine (A-
85380) has been developed,9 which has high affinity to
the predominant type of nAChRs in the brain com-
posed of o, and B, subunits.'® A few analogs of
A-85380, including ['**1]5-t0do-3-{2(8)-2-azetidinyl-
methoxylpyridine (5-1-A-85380), have been radiola-
beled and used successfully in humans.'""'* An ex vivo
study in nonhuman primate has shown that radiola-
beled metabolites of ['*I] 5-1-A-85380 do not cross
the blood-brain barrier.'® 5-1-A-85380 labels several
B,-containing nAChRs, including c,B,- (the most
predominant nicotinic receptor in human brain),
o58,-, and a6P2-containing subtypes.'*

The purpose of this study was to perform a pilot
study of nAChR imaging using [123115-1-A-85380 in
early to moderate stage PD patients.

Subjects and Methods

Subjects

The study was approved by National Institute of Neurolog-
ical Disorders and Stroke and National Institute of Mental
Health institutional review boards. Patients were recruited
from National Institure of Neurological Disorders and
Stroke clinics. Control subjects were healthy volunteers re-
cruited from community via advertisement who did not have
a history or signs of neurological disorders. After complete
description of the study to the subjects, written informed
consent was obrained. Sample demographics and clinical
characteristics are shown in Table 1. For all participants, the
absence of axial focal lesions was confirmed by a neuroradi-
ologist using noncontrast magnetic resonance imaging. All
patients and healthy subjects had not smoked cigarettes for at
least 5 years. None of the patients had used cholinergic or
anticholinergic medications within 60 days of the single-
photon emission computed tomography (SPECT) scan, On
the day of the SPECT scans, all patients continued dopami-
nergic medications including carbidopa/L-dopa. There was
no significant difference in age between PD patients and
healthy subjects.
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Table 1. Sample Demographics and Clinical Characteristics

Characteristics Healthy PD

N 15 10

Mean age (£SD), yr 59 +5 56+ 3

Sex, FIM 10/5 4/6

Cigarette smoking No No

Cholinergic medication No No

Dopaminergic medication No Yes

Mean [*?%I]5-1-A-85380 dose 486 £ 79 506 + 75
(=SD), MBq

Mean Hoehn and Yahr staging 2504
(£SD)

Mean total Unified Parkinson’s 46 * 5°
Disease Rating Scale score
(+SD)

Mean Mini-Mental Status Ex- =27
amination score

Mean Mattis Dementia Rating 135 £ 4°

Scale score (£SD)

N =9 "N = 8.

PD = Parkinson's disease; SD = standard deviation.

Clinical Ratings

Motor function was evaluated by Unified Parkinson’s Dis-
ease Rating Scale and Hoehn and Yahr staging. Cognitive
function was measured with Mini-Mental Status Examina-
tion and Marttis Dementia Rating Scale.

Single-Photon Emission Computed Tomography
("*’1]5-1-A-85380 was prepared as described previously.'
SPECT data were acquired using a triple-headed camera
with low-energy, high-resolution, parallel hole collimators
(Trionix XLT-20; Triad, Twinsburg, OH). Inirially, a trans-
mission scan was obtained using a 1>3Gd line source. Subse-
quently, ['**1]5-1-A-85380 was administered intravenously as
a bolus (injection dose: healthy, 486 = 79MBgq; PD, 506 *
75MBg; no significant difference, with these and subsequent
data expressed as mean * standard deviation). SPECT data
wete acquited at 0 to 40, 115 to 135, and 210 to 230 min-
utes. Arterial samples were obrained every 15 seconds for the
first 2 minutes and at 3, 4, 5, 10, 30, 80, 120, and 180
minutes. ’

Plasma Analysis
Plasma ['*%1]5-1-A-85380 concentration and the free fraction
{f) were determined as described previously.'?

Image Analysis

SPECT projection data were reconstructed on a 64 X 64
matrix with pixel size of 4.48 X 4.48 X 4.48mm in the x-,
y-» and z-axis, respectively, with correction for attenuation
and scattered radiation.'® Parametric images of the delivery
of the radioligand (X)) and total distribution volume (V)
were created using a multilinear algotithm'®'” implemented
in PMOD 2.55 (http://www.pmod.com/technologies/index.
himl). Plasma free [*221]5-1-A-85380 levels were used to cal-
culate V instead of using plasma total (free plus protein
bound) ['#1]5-1-A-85380 because patients were taking med-

ication and concomitant medication might change plasma
protein binding of ['#*1]5-1-A-85380. Parametric images
were spatially normalized to a standard anatomic orientation
(Montreal Neurological Institute space) based on K, images
and using Statistical Parametric Mapping version ‘02 (SPM2;
hep://www.filion.uclac.uk/spm). Sparially normalized X,
and V images were smoothed with 10mm full-widch at half-
maximum. To confirm the magnitude of changes in V, we
obtained volume of interest data from brain regions in Mon-
treal Neurological Institute space listed on Table 2.

Statistical Analysis
SPM2'® was used for statistical analysis. Two-sample ¢ test
was applied to compare K; and V between patients and
healthy subjects, and simple regression analysis was applied
to study the relationship between Vand clinical ratings. Gray
matter threshold was set at 20% for V and 80% for X, im-
ages, respectively. Because each pixel had a measured value of
K, or V, global normalization was not applied. No sphericity
correction was applied by assuming replication over groups.
False-discovery rate of p less than 0.05 and cluster-level cor-
rected p less than 0.05 were considered significant.

A two-sample £ test was applied to compare plasma free
fraction of ['**1]5-1-A-85380 berween groups.

Results

Patients were in the early to moderate stages of PD and
were not demented (see Table 1). Patients tended to
show lower f; values than healthy subjects (p = 0.09;
see Table 2).

An SPM ¢ test showed a significant decrease of Vin
many brain regions with the greatest 7 value of 4.96
(Fig). The decrease measured by the volume of interest
was 15% in thalamus, whereas occipital and frontal
cortices showed only 3 and 5% decreases, respectively,
where many voxels did not reach significance. De-
creases in parietal and temporal cortices were 8 to 9%
(see Table 2). SPM did not detect a significant increase
of Vin any brain region in patients. There was neither
a significant increase nor a decrease of X, in any re-

Table 2. Plasma-Free Fraction and Total Distribution
Volume of [ 123115-1-A-85380

Measurements Healthy PD
Plasma-free fraction, % 48.1 = 4.4 453 = 3.1
Total distribution volume,
ml/em®
Thalamus 71.9 + 135 61.2 +10.7
Caudate 419+ 6.2 369+ 4.3
Putamen 44.4 * 6.7 40.2 5.6
Pons 433 + 8.1 39.0 *+ 8.1
Frontal cortex 249 * 3.1 23.7 £ 3.1
Parietal cortex 269 + 35 244 +30
Temporal cortex 307 £39 28.1 £ 4.0
Occipital cortex 271+ 3.6 263 = 4.2
Cerebellum 33.8 6.2 29.2 = 5.9

*One patient was excluded whose cerebellum was pardally out of
field of view.
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Fig. Brain areas with a significant decrease of ['*1)5-1-A-85380 distribution volume (V) in Parkinson’s disease patients detected
with a two-sample ¢ test in Statistical Parametric Mapping version 02. Areas with a significant decrease are displayed in the glass

brain (left) and on transverse and coronal slices through thalamus of

a magnetic resonance (MR) image of a control subject (mid-

dle). Corresponding MR images without superimposition are shown on the right. Highlighted areas showed p less than 0.05 fabse-
discovery rate, which was corvected for multiple comparisons. The avea also showed cluster-level corrected p less than 0.001. Color
bar shows T values with the maximum value of 4.96. Note that the glass brain view displays decreases in the entive brain superini-
posed to anteroposterior (top lefi) or top-bottom (bottom left) views, whereas the MR images with the superinposition display de-

credses 01 Sillg[c’ ,\'/ia',\‘.

gion. There was no significant regression between any
clinical rating scores and V.

Discussion

In this scudy, we detected a significant and widespread
decrease of nAChRs in early to moderately affected,
nondemented PD patients by applying accurate quan-
tification with the measurement of arterial input func-
tion and the plasma free fraction (f;) of [*#*1)5-1-A-
85380 in each subject. Such measurements made the
outcome of imaging studies free from intersubject and
between-group differences in the metabolism and the
protein binding of the imaging agent. Because patients
tended to show lower f; values, if total plasma parent
had been used instead of free ['?°1]5-1-A-85380, the
decrease in V would have been overestimated. Further-
more, for accurate measurement, scatter correction'’
and a pixel-based modeling that minimizes noise-
induced biases'®'” were applied.

There are three possible reasons thac the decreases in
V detected in this study were smaller than those re-
ported at postmortem (>30% in most studies). First,
because there is no large region devoid of nAChRs, it
was not possible to measure nondisplaceable radioactiv-
ity, which then could have been used to calculate spe-
cific binding of ['**1]5-1-A-85380. Because V'is a sum-
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mation of specific and nondisplaceable distribution
volumes, a decrease of specific binding was underesti-
mated. Second, in this pilot study, only nondemented
PD patients were enrolled, whereas postmortem scudies
found larger decreases in nAChRs in demented pa-
tients.”” Therefore, postmortem studies including de-
mented patients showed greater decreases in nAChR
than in this study. The lack of significant regression
between clinical ratings and V may also be explained
by a fairly uniform population of nondemented pa-
tients. Third, whereas B, is measured in postmortem
scudies, B,,./K, plus nondisplaceable activity is mea-
sured by in vivo imaging studies including this one. If -
there were a decrease in K measured /n vivo in addi-
tion to a decrease in B, a decrease in B, /Ky would
not be as great as that ir B, In fact, a postmortem
study reported a nonsignificant but substantial 10 to
40% decrease in K, in both cortical and subcortical
regions.6

There are a couple of factors that may confound in-
terpretation of the results of this study. All patients were
taking 1-dopa—containing medications. 1-Dopa treat-
ment significantly decreased in vitro ['*°1]5-1-A-85380
binding in the striatum, but not in cerebral cortex in
normal squirrel monkeys.'” However, in the same study,
t-dopa treatment did not decrease ['*51]5-1-A-85380



binding in the same regions in 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine—treated animals whose dopa-
minergic terminals were almost completely destroyed.
Therefore, the widespread decreases in nAChRs found
in this study are more likely to be the result of PD pa-
thology than L-dopa treatment. Brain atrophy can cause
widespread decrease in nAChRs detected in SPECT.
However, a voxel-based morphometric study on nonde-
mented patients did not detect a widespread decrease in
gray matter volume.”® By taking together the factors de-
scribed earlier, nondemented patients with PD did show
a widespread decrease of B, /K, in [,-containing
nAChRs both in cortices and subcortical regions. Be-
cause postmortem studies have shown greater decreases
in nAChRs in demented patients, it would be interesting
to extend the study to include such patients.

This study was supported by the NIH (Intramural Program,
2D1MH002796-04, R.B.L).
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The catechol-O-methyl transferase (COMT) gene is considered to be a promising schizophrenia susceptibility
gene. A common functional polymorphism (Vall58Met) in the COMT gene affects dopamine regulation in
the prefrontal cortex (PFC). Recent studies suggest that this polymorphism contributes to poor prefrontal
functions, particularly working memory, in both normal individuals and patients with schizophrenia. However,
possible morphological changes underlying such functional impairments remain to be clarified. The aim of
this study was to examine whether the Vall58Met polymorphism of the COMT gene has an impact on brain
morphology in normal individuals and patients with schizophrenia. The Vall58Met COMT genotype was
obtained for 76 healthy controls and 47 schizophrenics. The diagnostic effects, the effects of COMT genotype
and the genotype-diagnosis interaction on brain morphology were evaluated by using a voxel-by-voxel stat-
istical analysis for high-resolution MRI, a tensor-based morphometry. Patients with schizophrenia demon-
strated a significant reduction of volumes in the limbic and paralimbic systems, neocortical areas and the
subcortical regions. Individuals homozygous for the Val-COMT allele demonstrated significant reduction of
volumes in the left anterior cingulate cortex (ACC) and the right middle temporal gyrus (MTG) compared.
to Met-COMT carriers. Significant genotype-diagnosis interaction effects on brain morphology were noted
in the left ACC, the left parahippocampal gyrus and the left amygdala-uncus. No significant genotype effects
or genotype-diagnosis interaction effects on morphology in the dorsolateral PFC (DLPFC) were found. In
the control group, no significant genotype effects on brain morphology were found. Schizophrenics
homozygous for the Val-COMT showed a significant reduction of volumes in the bilateral ACC, left
amygdala-uncus, right MTG and left thalamus compared to Met-COMT schizophrenics. Our findings suggest
that the Vall58Met polymorphism of the COMT gene might contribute to morphological abnormalities in
schizophrenia.

Keywords: schizophrenia; polymorphism; COMT; ACC; DLPFC
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Introduction

Schizophrenia is a severe neuropsychiatric disorder with defi-
cits of multiple domains of cognitive functions, volition and
emotion. Family and twin studies have provided cumulative
evidence for a genetic basis of schizophrenia (Kendler, 1983;
McGue ef al., 1983; Sullivan et al., 2003); however, identifica-
tion of the underlying susceptibility loci has been limited.
Collective data have suggested that the actiology of schizo-
phrenia involves the interplay of complex polygenic influ-
ences and environmental risk factors operating on brain
maturational processes (Harrison et al., 2005).

In vivo neuroimaging studies have demonstrated that brain
abnormalities should play an important role in the patho-
physiology of schizophrenia. Structural MRI studies have
demonstrated relatively consistent brain abnormalities in
patients with schizophrenia, such as enlargement of the vent-
ricular system and regional volume decrease in the temporal
lobe structures (Gaser ef al., 2001; Okubo et al., 2001; Shenton
et al., 2001; Davidson and Heinrichs, 2003). Studies with
schizophrenics and their healthy siblings demonstrate that
even healthy siblings share some of morphological abnormal-
ities observed in schizophrenia (Steel ef al., 2002; Gogtay et al.,
2003). A recent morphological MR study revealed that a com-
mon polymorphism of the brain-derived neurotrophic factor,
one of the well-known schizophrenia susceptibility genes,
affected the anatomy of the hippocampus and prefrontal
cortex (PFC) in healthy individuals (Pezawas et al., 2004).
Furthermore, some studies have suggested that environ-
mental factors interact with genetic factors (Cannon et al.,
1993; Nelson et al,, 2004). For example, obstetric complica-
tions are well known non-genetic risk factors of schizophre-
nia. However, a previous study suggested that obstetric
complications might induce brain morphological abnormal-
ities in schizophrenics and their siblings, but not in compar-
ison with subjects at low genetic risk for schizophrenia
(Cannon et al., 1993). These facts suggest that genetic factors
should have considerable impact on brain morphology in
patients with schizophrenia.

Catechol-O-methyl transferase (COMT) is a promising
schizophrenia susceptibility gene because of its role in
monoamine metabolism (Goldberg ef al., 2003; Stefanis
et al., 2004; Harrison et al., 2005). A common single nucle-
otide polymorphism (SNP) of the COMT gene producing an
amino acid substitution of methionine (met) to valine (val) at
position 108/158 (Val158Met) aftects dopamine regulation in
the PFC (Palmatier et al., 1999). This polymorphism impacts
on the stability of the enzyme, such that the Val-COMT allele
has significantly lower enzyme activity than the Met-COMT
allele (Weinberger et al.,, 2001; Chen et al., 2004). Several

studies have revealed that the Val-COMT allele is associated
with poorer performances, compared to the Met-COMT
allele, in cognitive tasks of frontal function such as the
Wisconsin Card Sorting Test (WCST) and N-back task
(Egan et al., 2001; Weinberger et al., 2001; Goldberg ef al.,
2003). The underlying mechanism of such behavioural dif-
ferences may be related to lower prefrontal dopamine levels
arising from higher dopamine catabolism mediated by the
Val-COMT allele (Chen et al., 2004; Tunbridge et al., 2004).

The results of studies on the association between the
Val158Met polymorphism and schizophrenia have, however,
been controversial (Daniels et al., 1996; Kunugi ef al., 1997;
Ohmori et al., 1998; Norton ef al., 2002; Galderisi et al., 2005;
Ho et al,, 2005). The result of a meta-analysis was even more
inconclusive (Fan et al., 2005). Such inconsistency was also
found in associations between frontal functions and the
Vall58Met polymorphism (Egan er al, 2001; Weinberger
etal., 2001; Goldberg et al., 2003; Ho ef al., 2005). The possible
morphological changes due to the COMT gene might be
present and play a role in susceptibility to schizophrenia
and in giving rise to impaired frontal functions. However,
morphological changes underlying functional impairments
remain to be clarified.

A recent advancement of methods for MR volumetry, such
as  voxel-based morphometry and deformation-based
morphometry [or tensor-based morphometry (TBM)], allows
us to explore and analyse brain structures of schizophrenics
(Wright et al.,, 1995; Gaser et al, 2001). Using TBM tech-
niques, we investigated the association between the Val158-
Met polymorphism of the COMT gene and brain morphology
in normal individuals and patients with schizophrenia. The
aim of this study was to clarify whether there are significant
genotype and/or genotype-disease interaction effects on brain
morphology. '

Methods

Subjects

Seventy-six healthy subjects and forty-seven patients with schizo-
phrenia participated in the study. All the subjects were biologically
unrelated Japanese. Written informed consent was obtained from all
the subjects in accordance with ethical guidelines set by a local ethical
committee. All normal subjects were screened using a questionnaire
on medical history and excluded if they had neurological, psychiatric
or medical conditions that could potentially affect the CNS, such as
substance abuse or dependence, atypical headache, head trauma
with loss of consciousness, asymptomatic or symptomatic cerebral
infarctions detected by T>-weighted MRI, hypertension, chronic lung
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disease, kidney discase, chronic hepatic disease, cancer, or diabetes
mellitus. The patients were diagnosed on the basis of DSM-1V
criteria, information from medical records and a clinical interview.
All patients were stable and/or partially remitted at the time of
MR measurement and neuropsychological tests.

According to genotypes, each group (control and schizophrenia)
was categorized into three groups; the homozygous Val-COMT
group (control: 1 = 38, two were left-handed, schizophrenia:
=19, one was left-handed), the Val/Met-COMT group (control:
1= 25, three were left-handed, schizophrenia: 1 = 22, all were right-
handed) and the remaining homozygous Met-COMT group
(control: nn = 13, all were right-handed, schizophrenia: 7 = 6, all
were right-handed). Because of the small number of subjects with
homozygous Met-COMT, the Val/Met-COMT and homozygous
Met-COMT groups were combined and treated as one group, the
Met-COMT carriers. Table 1 shows the characteristics of each group.
All groups were of comparable age, gender (X test, df= 3, P=0.38)
and handedness (x*-test, df = 3, P = 0.53). No genotype effects and
genotype-diagnosis interaction effects were found in years of educa-
tion, scores of full scale Intelligence Quotient (IQ) and scores of
premorbid 1Q [Japanese version of National Adult Reading Test
(JART) score], however, patients who had fewer years of education
(P < 0.0001), had lower scores of both full scale 1Q and JART (P <
0.001). The duration of illness, medication and hospitalization, the
age at disease onset and drug dose (chlorpromazine equivalent) of
those homozygous for the Val-COMT did not differ from the Met-
COMT carriers.

SNP genotyping

Venous blood was drawn from subjects and genomic DNA was
extracted from whole blood according to the standard procedures.
The Vall58Met polymorphism of the COMT gene (dbSNP acces-
sion: 1s4680) was genotyped using the TagMan 5’-exonuclease allelic
discrimination assay, described previously (Hashimoto et al., 2004,
2005). Briefly, primers and probes for detection of the SNP are:
forward primer 5-GACTGTGCCGCCATCAC-3, reverse primer
5'-CAGGCATGCACAC GTC-3', probe 1 5-VIC-TTTCGCTG-
GCGTGAAG-MGB-3" and probe 2 5-FAM-CGCTGGCATGAAG-
MGB-3'. PCR cycling conditions were: at 95°C for 10 min, 50 cycles
of 92°C for 15 s and 60°C for 1 min.

MRI procedures

All MR studies were performed on a 1.
Vision plus system. A three dimensional (3D) volumetric acquisition
of a T -weighted gradient echo sequence produced a gapless series of
thin sagittal sections using an MPRage sequence (TE/TR, 4.4/11.4 ms;
flip angle, 15°; acquisition matrix, 256 X 256; 1 NEX, field of view,
31.5 cmy; slice thickness, 1.23 mm).

tesla Siemens Magnetom

Image analysis (TBM)

The basic principle of TBM is to analyse the local deformations of an
image and to infer local differences in brain structure. In TBM, MRI
scans of individual subjects are mapped to a template image with
three-dimensional (3D) non-linear normalization routines. Local
deformations were estimated by a univariate Jacobian approach.
The basic principle of TBM is the same as a method used ina previous
report described as deformation-based morphometry (Gaser et al.,
2001). Firstly, inhomogeneities in MR images were corrected using a
bias correction function in statistical parametric mapping (SPM2),
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then the corrected image was scalp-edited by masking with a prob-
ability image of brain tissue obtained from each image using a seg-
mentation function in SPM2. Using a linear normalization algorithm
in SPM2, all brains were resized to a voxel size of 1.5 mm and adjusted
for orientation and overall width, length and height (Fig. 1A). There-
fore, brains were transformed to the anatomical space of a template
brain whose space is based on Talairach space (Talairach and
Tournoux, 1988). Subsequent non-linear normalization introduced
local deformations to each brain to match it to the same scalp-edited
template brain (Fig. 1C). The non-linear transformation was done
using the high-dimension-warping algorithm (Ashburner and
Friston, 2004). After the high dimensional warping, cach image
(Fig. 1B) looks similar to the template (Fig. 1C). Figure 2 demon-
strated a mean MR image of 76 controls (left) and a mean MR image
of 47 schizophrenics after high dimensional warping (Fig. 2). We
obtained 3D deformation fields for every brain (Fig. 1D). Each of
these 3D deformation fields consists of displacement vectors for every
voxel, which describe the 3D displacement needed to locally deform
the brain to match it to the template. We calculated the Jacobian
determinants to obtain voxel by voxel parametric maps of local vol-
ume change relative to the template brain (Fig. 1E). The local Jacobian
determinant is a parameter commonly used in continuum mechanics
(Gurtin, 1987), which characterizes volume changes, such as local
shrinkage or enlargement caused by warping. The parametric maps of
Jacobian determinants were analysed using SPM2, which implements
a ‘general linear model’. To test hypotheses about regional population
effectsand interaction, data were analysed by an analysis of covariance
(ANCOVA) without global normalization. There was no significant
difference in age among the four groups, however, patients with
schizophrenia, particularly those homozygous for the Val-COMT
allele, were older than controls. Therefore, we treated age and
years of education and scores of JART as nuisance variables. Since
TBM explores the entire brain (grey matter, CSF space and white
matter) at once, the search volume of TBM has a large number of
voxels and since our interest was in morphological changes in the grey
matter and CSF space, we excluded white matter tissue from analyses
by using an explicit mask (Fig. 1F). We used P <0.001, corrected for
multiple comparisons with false discovery rate (FDR) <0.05 as a
statistical threshold. The resulting sets of ¢ values constituted the
statistical parametric maps {SPM (n}. Firstly, we estimated the
main effects, the genotype effect in total subjects (the Val/Val-
COMT versus the Met-COMT carriers) and the diagnostic effect
(schizophrenia versus controls) and then the genotype-diagnosis
interaction effect was estimated. Furthermore, the effects of genotypes
in each group (controls carrying the Val/Val-COMT gene versus
controls carrying the Met-COMT gene and schizophrenics carrying
the Val/Val-COMT gene versus schizophrenics carrying the Met-
COMT gene) were estimated within the ANCOVA design matrix.
Anatomical localization accorded both to MNI coordinates and
Talairach coordinates obtained from M. Brett's transformations
(www.mrc-cbu.cam.ac.uk/Imaging/mnispace.html) and are presen-
ted as Talairach coordinates (Talairach and Tournoux, 1988). Since
previous studies have demonstrated the association between the
Val158Met polymorphism and the dorsolateral PEC (DLPFC), we
applied an additional hypothesis-driven region of interest (ROI)
method to test regional population effects in the DLPFC. For this
ROI analysis, we used the Wake Forest University PickAtlas
(Maldjian et al., 2003) within the ANCOVA design matrix for SPM
analysis. We set P<0.05 (uncorrected) with a small volume correction
(P < 0.05 within the ROI) to assess grey matter volume changes in
the DLPFC (Brodmann area 46, 9 and 8).
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