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Abstract

Background: Sleep-wake disturbance, frequently observed
in_ major depressive disorder (MDD), negatively influences
clinical status. Treatment with antidepressants also report-
edly affects ¢ircadian rhythms. In a recent in vitro study, the
nuclear receptor Rev-erba was reported to be related to cir-
cadian rhythms, and was shown to be involved in the bio-
logical action of lithium therapy. Therefore, we examined
the association between the orphan nuclear receptor Rev-
erba gene (NRID1) and the efficacy of fluvoxamine treat-
ment in-118 Japanese patients with major depressive disor-
der. Methods: The scores of the MDD patients in this study
on the 17 items of the Structured Interview Guide for the
Hamilton Rating Scale for Depression (SIGH-D) were 12 or
higher. We defined a clinical response as a decrease of more
than 50% in baseline SIGH-D within 8 weeks and clinical re-
mission as a SIGH-D:score of less than 7 at 8 weeks. We se-
lected 3 'tagging SNPs' in NRI1D1 for the following associa-

tion: analysis.. Results: We did not detect a significant
association between NR1D1 and the fluvoxamine therapeu-
ticresponse in MDD in allele/genotype-wise analysis or hap-
lotype-wise analysis. Conclusion: Our results suggest that
NR1D1 does not play a major role in the therapeutic response
to.fluvoxamine. in Japanese MDD patients. However, be-
cause our sample was small,; a replication study. using an-
other population and a larger sample will be required for
conclusive results: Copyright © 2009 S. Karger AG, Basel

Introduction

Sleep-wake disturbance, frequently observed in major
depressive disorder (MDD), negatively affects the clinical
status of patients. It has been suggested that abnormali-
tiesin circadian rhythms are related to the pathophysiol-
ogy of MDD [1, 2]. The evidence for this relation has been
discussed in more detail in our previous paper [3] and a
review by Barnard and Nolan [4].

Selective serotonin reuptake inhibitors (SSRIs), which
are major therapeutic agents for MDD; act on the presyn-
aptic neurons to increase the extracellular serotonin lev-
el; and this mechanism is believed to relieve depressive
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symptoms. However, serotonin affects circadian rhythms
[5], and SSRIs have also been reported to have circadian
properties: SSRIs have a phase-shifting effect in rat su-
prachiasmatic nucleus neural firing [6] and change the
expression of clock genes in the striatum and hippocam-
pus of mice [7], suggesting that the SSRIs” antidepressive
action also may be attributable to circadian mechanisms.
In addition, the clock gene was reported to be associated
with greater severity of insomnia during antidepressant
treatment, a higher recurrence rate and reduced need for
sleep in bipolar disorder patients [8-10]. Therefore, we
considered that clock genes might be therapeutic targets
of SSR1Is.

Inthe mammalian circadian feedbackloop, itisknown
that the CLOCK/Bmall heterodimer drives the tran-
scription of multiple clock genes including Cry, Per and
Rev-erba gene (NRIDI) through E-box elements (de-
tailed evidence for the molecular clock mechanism in
mammals has been discussed in several reviews [4, 11-
13]). Recently, orphan nuclear receptor Rev-erba and gly-
cogen synthase kinase-38 (GSK-3p) were shown to be im-
portant circadian components [14]. Orphan nuclear re-
ceptor Rev-erba, which belongs to the rev-erb family of
transcription factors called ‘orphan nuclear receptors’, is
a key negative-feedback regulator of the circadian clock,
and is itself expressed in a circadian manner that is fine-
ly controlled both transcriptionally and post-transcrip-
tionally [14, 15]. For example, orphan nuclear receptor
Rev-erba represses Bmall gene transcription [15]. Yin et
al. [14] showed that orphan nuclear receptor Rev-erba is
atarget of GSK-3p kinase activity, which is needed to me-
diate the regulation of circadian rhythms. These authors
also found that in cultured mammalian cells, lithium
treatment leads to rapid proteasomal degradation of Rev-
erba and subsequent activation of the Bmall gene, a clock
gene [14]. Therefore, we thought that NRI1DI was a good
candidate gene for the pathophysiology of mood disor-
ders, and performed an association analysis of NRIDI
and mood disorders in the Japanese population [3]. No
association was found [3], suggesting the possibility that
MDD and theantidepressant treatmentresponse in MDD
do not have common susceptibility genes. Evidence in
support of this hypothesis has been reported (e.g. DTN-
BPI and NGFR) [16, 17]. Therefore, although NRIDI was
not found to play a major key role in the pathophysiology
of mood disorders. [3}], we considered that NRIDI might
be a susceptibility gene for SSRI treatment response.

In the present study, we examined the association be-
tween NRIDI and the efficacy of fluvoxamine treatment
in Japanese MDD patients.

NRIDI and Fluvoxamine Response in
Japanese MDD Patients

Materials and Methods

Subjects

The subjects were 118 MDD patients (59 males and 59 females:
mean age * SD 44.5 * 16.5 years). All subjects were unrelated to
each other, ethnically Japanese and lived in the central area of Ja-
pan. The patients were diagnosed according to DSM-1V criteria
with consensus of at least 2 experienced psychiatrists on the basis
of a review of medical records. Although these subjects were part
of the MDD subject group in our previous study [3], all MDD pa-
tients in this study have specific characteristics: being treated
with fluvoxamine and undergone a semi-structured interview for
assessment of treatment response. Detailed information can be
seen in ‘Data collection’.

Fluvoxamine was taken 2 or 3 times a day for 8 weeks. The
initial total dose in 1 day was 50-100 mg. Fluvoxamine was in-
creased gradually to a maximum of 150 mg, depending on the
patient’s condition. Patients with insomnia and severe anxiety
were prescribed benzodiazepine drugs, but no other psychotropic
drugs were permitted during the study. The study was described
to subjects and written informed consent was obtained from each
participant. This study was approved by the Ethics Committee at
Fujita Health University.

Data Collection

The scores of the MDD patients in this study on the 17 items
of the Structured Interview Guide for the Hamilton Rating Scale
for Depression (SIGH-D) were 12 or higher [18]. We defined a
clinical response as a decrease of more than 50% in baseline
SIGH-D within 8 weeks and clinical remission as a SIGH-D score
of less than 7 at 8 weeks. Detailed information on data collection
was described ina previous paper [19]: The clinical characteristics
of patients in this study, classified according to these definitions,
can be seen in table 1.

SNP Selection and Linkage Disequilibrium Evaluation

We first consulted the HapMap database (release 20/phase II,
Jan 2006, www.hapmap.org; population: Japan Tokyo, minor al-
lele frequencies of >0.05) and included 5 SNPs covering NRIDI
[5'-flanking regions including about 750 bp from the initial exon
and about I kb downstreami (37) from the last exon: HapMap da-
tabase contig number chr17:35501880-35510616]. Theri 3 tagging
SNPs were selected with the criteria of r* threshold greater than
0.8 in ‘pair-wise tagging only’ mode using the Tagger program
(Paul de Bakker; www.broad.mit.edu/mpg/tagger) in Haploview
[20]. These 3 tagging SNPs (rs939347, rs2071427 and rs3744805)
were used for the following association analysis. Detailed infor-
mation can be seen in our previous paper [3].

SNP.Genotypirig

We used TagMan assays (Applied Biosystems, Foster City, Cal-
if., USA) for all SNPs. Detailed information can be seen in our
previous paper [3].

Statistical Analysis
Genotype deviation from the Hardy-Weinberg equilibrium

- was evaluated by the x? test (SAS/Genetics, version 8.2, SAS Japan,

Tokyo, Japan).
Marker-trait association analysis was used to evaluate allele-
and genotype-wise association with the x* test or Fisher’s exact
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Table 1. Clinical characteristics of the patients in both groups

Total Males Females  Age Baseline Fluvoxamine Number of
: years SIGH-D dose at 8 weeks - previous
mg/day episodes
Overall 118 59 59 44,51 16.5 20.2%5.88 122409 1.39£0.658
Clinical response group!
Responders 59 31 28 44.4+16.3 21.5%6.19 118%41.1 1.36 £0.574
Nonresponders 59 28 31 44.3%£173 18.8+5.28 125+40.7 143+0.774
p value 0.644 0.801 0.0145 0.391 0.480
Clinical remission group?
Remitters 45 22 23 43.7%159 19.6 £5.06 113£43.9 1.37 £0.598
Nonremitters 73 37 36 45.1+17.1 20.5+6.34 127 £38.2 1.41+0.715
p value 0.757 0.750 0.750 0.101 0.856

Average values presented with SD. ! A decrease of 250% in baseline SIGH-D score. ? Final SIGH-D score <7.

test (SAS/Genetics), and haplotype-wise association analysis was
conducted with a likelihood ratio test using the Cocaphase 2.403
program [21]. The power calculation was performed using the
Genetic Power Calculator [22]. In addition, we included another
test for the association between percentage decrease from base-
line to the end of the period of observation at the SIGH-D score
and each tagging SNP genotype data, with analysis of covariance
(ANCOVAY using the least-squares method. Gender, age at the
time of recruitment, fluvoxamine dose at 8 weeks'and SIGH-D
total score at the baseline were covariates used in the analysis to
better model the effect of genotype on percentage decrease from
baseline to the end of the period of observation at the SIGH-D
score. The statistical package JMP for Windows was used for
ANCOVA (JMP 5.0. 1], SAS). Bonferroni’s correction was used
to control inflation of the type I error rate. The significance lev-
el for all statistical tests was 0.05:

Results

Among the clinical characteristics of patients in this
study, only 1 difference with total SIGH-D score at the
baseline was detected (p = 0.0145; table 1). Genotype fre-
quencies of all SNPs were in Hardy-Weinberg equilibri-
um. We did not detect an association between NRIDI
and the fluvoxamine therapeutic response in MDD in the
allele/genotype-wise analysis (table 2) or the haplotype
analysis (response: p = 0.695, and remission: p = 0.384).
Also, ANCOVA was performed to test the effect of the
tagging SNP genotype at percentage decrease from base-
line to the end of the period of observation with' the
SIGH-D score when MDD patients were treated with flu-
voxamine. There were no statistically significant differ-
ences in the change in percentage decrease from baseline

236 Neuropsychobiology 2009;59:234-238

to the end of the period of observation with the SIGH-D
score in which there was a fluvoxamine response to
NRIDI genotype (rs939347: p = 0.434, rs2071427: p =
0.891, and rs3744805: p = 0.450).

Discussion

We first performed an association analysis of clock
genes with fluvoxamine response in MDD patients. How-
ever, we did not detect a significant association between
NRIDI and the fluvoxamine therapeutic response in
MDD in allele/genotype-wise analysis or haplotype-wise
analysis. In addition, we performed another test for the
differences in percentage decrease from baseline to the
end of the period of observation. In this test, we used the
SIGH-D score among the data for each tagging SNP ge-
notype that was evaluated by ANCOVA after adjustment
for sex, age at the time of recruitment; fluvoxamine dose
at 8 weeks and SIGH-D total score at the baseline. No as-
sociation was found. Therefore, our results suggest that
NRI1DI does not play a major role in the therapeutic re-
sponse to fluvoxamine in Japanese MDD patients.

We recently reported that NRI1DI does not play a ma-
jorrolein the pathophysiology of Japanese MDD patients
[3]. We consider that the present study strongly supports
our previous study. However, because 1 of the biological
actions of lithium treatment has been reported to affect
the expression of clock genes mediated by Rev:erbec in
vitro [14], the pharmacogenomics of bipolar disorder
(lithium response) and gene-gene interactions among
clock genes will also need to be investigated in the future.

Kishi etal.
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Table 2. Genotype and allele distributions of NRID! in both groups

Clinical groups Minor allele n Genotype distribution HWE p value (HWE)
frequency M/M M/m m/m genotype allele
SNP ID (major allele— minor allele)
1s939347 responders 0.551 59 14 25 20 0.270
G—A nonresponders 0.475 59 16 30 13 0.880 0.355 0.241
remission 0.522 45 12 19 14 0.302
nonremission 0.507 73 18 36 19 0.908 0.740 0.818
rs2071427  responders 0.542 59 11 32 16 0.477
A—G nonresponders 0.483 59 15 31 13 0.689 0.625 0.362
remission 0.500 45 12 21 12 0.655
nonremission 0.521 73 14 42 17 0.192 0.483 0.759
rs3744805 responders 0.424 59 20 28 11 0.828
A—G nonresponders 0.483 59 15 31 13 0.689 0.596 0.360
remission 0.478 45 14 19 12 0.302
nonresponders 0.438 73 21 40 12 0.335 0.307 0.555

M = Major allele; m = minor allele; HWE = Hardy-Weinberg equilibrium.

It will also be important to investigate the association be-
tween other clock genes and SSRIs response in MDD us-
ing larger samples.

A few points of caution should be noted in interpreting
our results. Firstly, our sample sizes were small. We ob-
tained power of more than 80% for the detection of as-
sociation when we set the genotype relative risk at 1.55~
1.85 in all 118 samples, under a multiplicative model of
inheritance [22]. Therefore, a replication study using a
larger sample may be required for conclusive results. Sec-
ondly, we did not include a mutation scan to detect rare
variants with functional effects. However, it is difficult to
evaluate the association of such extremely rare variants
(e.g. minor allele frequencies of less than 0.01) from the
viewpoint of power. Furthermore, the analysis of copy
number variation, acetylation and methylation rates in
NRIDI were not analyzed in our study.
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Abstract Recent studies have shown that selective sero-
tonin reuptake inhibitors (SSRIs) have circadian properties,
suggesting that the antidepressive action of SSRIs may also
be. attributable to circadian mechanisms. Another study
reported an association between clock gene (CLOCK) and
improvements in insomnia symptoms from SSRIs treatment.
Therefore, we examined the association between CLOCK
and the efficacy of fluvoxamine treatment in 121 patients
with Japanese major depressive disorder (MDD). The MDD
patients in this study had scores of 12 or higher on the 17
items of the Structured Interview Guide for Hamilton Rating
Scale for Depression (SIGH-D). We defined a therapeutic
response as a decrease of more than a 50% in baseline SIGH-
D within 8 weeks, and clinical remission as a SIGH-D score
of less than seven at 8 weeks. We selected three tagging
SNPs in CLOCK for the subsequent statistical association
analysis. We detected a significant association between
r$3736544, a synonymous polymorphism in exon 20, and the
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fluvoxamine therapeutic response in MDD in the allele/
genotype-wise analyses. In addition, remission with flu-
voxamine was also significantly associated with rs3736544.
These associations remained significant after Bonferroni
correction. Moreover, haplotype analysis findings supported
these significant associations, which appeared to be due
mainly to rs3736544, in the fluvoxamine therapeutic
remission. Our results indicate that CLOCK genotype may
be a predictor of fluvoxamine treatment response in Japa-
nese MDD. However, our sample size was small, and a
replication study using larger samples may be required for
conclusive results.

Keywords Major depressive disorder - CLOCK -
Tagging SNPs - Fluvoxamine - SSRIs

Introduction

Major depressive disorder (MDD) patients commonly
present not only abnormalities in sleep-wake rhythms but
also disruptions in biological circadian rhythms. Therefore,
disruptions in circadian rhythms have been suggested to be
involved in the pathogenesis of MDD (Barnard and Nolan
2008; Kishi et al. 20082, 2008b)." All psychotropic drugs
act on the systems of neurotransmitters such as dopamine
and serotonin in the brain (Bamard and Nolan 2008), and
recently these neurotransmitter systems have been reported
to have reciprocal interactions with circadian rhythms
(Monteleone and Maj 2008).

Selective serotonin reuptake inhibitors (SSRIs) such as
fluvoxamine; which are major therapeutic agents for MDD,
inhibit serotonin transport in the presynaptic neuron, and
increase the extracellular serotonin level. This mechanism
is believed to relieve depressive symptoms (Peveler and
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Kendrick 2005). On the other hand, many animal and in
vitro studies have shown that serotonin directly affects
circadian rhythms (Monteleone and Maj 2008), and SSR1s
have also been reported to have circadian properties. SSRIs
have a phase shifting effect in neural firing in the rat
suprachiasmatic nucleus (Sprouse et al. 2006), and change
the expression of clock genes in the striatum and hippo-
campus of mice (Uz et al. 2005), suggesting that the
antidepressive action of SSRIs may also be attributable to
circadian mechanisms. Therefore, we considered that clock
genes might be therapeutic targets for SSRIs.

The clock gene (CLOCK, OMIM *601851, 25 exons in
this genomic region spanning 115.138 kb), located on
4q12, is one of the major components of the cellular clock
gene mechanism. It is known to be associated with human
circadian preference (morningness/eveningness) (Katzen-
berg et al. 1998; Mishima et al. 2005). Several clinical
subgroup analyses have shown a significant association
between an SNP (rs1801260: T3111C) in CLOCK and
sleep disregulation in mood disorders including MDD and
bipolar disorder (BP) (Serretti et al. 2003) and a higher
recurrence rate in BP (Benedetti et al. 2003). In addition,
Serretti and colleagues reported an association between
T3111C and improved insomnia from fluvoxamine or
paroxetine treatment (Serretti et al. 2005). However, three
genetic studies, including our previous study, reported no
association between CLOCK and MDD (Bailer et al. 2005,
Desan et al. 2000; Kishi et al. 2008a). Thus, there is dis-
agreement in the results of these studies as to treatment
response and the pathophysiology of MDD (Gratacos et al.
2008).

In this study, we examined the association between
CLOCK and the efficacy of fluvoxamine treatment in
Japanese MDD patients. To do this, we applied the recently
recommended’ strategy of “gene-based” association anal-
ysis (Neale and Sham 2004).

Materials and Methods
Subjects

The subjects were 121 MDD patients (60 males and 61
females: mean age =X standard deviation (SD) 44.5 &
16.5 years). All subjects were unrelated to each other,
ethnically Japanese, and lived in the central area of Japan.
The patients were diagnosed according to DSM-IV criteria
with consensus of at least two experienced psychiatrists on
the basis of a review of medical records. Fluvoxamine was
taken two or three times a day for 8 weeks. The initial total
dose was 50-100 mg per day, and the dosage was then
increased gradually to a maximum of 150 mg, depending
on the patients’ condition. Patients with insomnia and
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severe anxiety were prescribed benzodiazepine drugs, but
no other psychotropic drugs were permitted during the
study. The study was described to subjects and written
informed consent was obtained from each. This study was
approved by the Ethics Committee at Fujita Health
University.

Data Collection

The MDD patients in this study had scores of 12 or higher
on the 17 items of the Structured Interview Guide for
Hamilton Rating Scale for Depression (SIGH-D). Patients
with this moderate range of severity tend to respond to
antidepressants (Saito et al. 2006). We defined a thera-
peutic response as a decrease of more than 50% in baseline
SIGH-D within 8 weeks, and a clinical remission as a
SIGH-D score of less than 7 at 8 weeks. Detailed infor-
mation on data collection was described in a previous paper
(Saito et al. 2006). The clinical characteristics of the
patients in this study, classified according to these defini-
tions, can be seen in Table [.

SNPs Selection and Linkage Disequilibrium (LD)
Evaluation

We selected three “tagging SNPs” (rs3736544: synony-
mous polymorphism in exon 20, rs1801260: 3’ untranslated
region (UTR) in exon 23, rs3749474: 3' UTR in exon 23) in
CLOCK. Detailed information can be seen in our previous
paper (Kishi et al. 2008a).

SNPs Genotyping

We used TagMan assays (Applied Biosystems, Inc., Foster
City, CA,) for all SNPs. Detailed information can be seen
in our previous paper (Kishi et al. 2008a).

Statistical Analysis

Genotype deviation from the Hardy—-Weinberg equilibrium
(HWE) was evaluated by chi-square test (SAS/Genetics,
release 8.2, SAS Japan Inc, Tokyo, Japan).

Marker-trait association analysis was used to evaluate
allele- and genotype-wise associations with the chi-square
test (SAS/Genetics, release 8.2, SAS"Japan Inc, Tokyo,
Japan), and haplotype-wise association analysis was done
with a likelihood ratio test using the COCAPHASE 2.403
program (Dudbridge 2003). Bonferroni's: correction. was
used to control inflation of the type I error rate. Power
calculation was performed using the: Genetic Power Cal-
culator (Purcell et al. 2003).

The significance level for all statistical tests was 0.05.

— 297 —



Neuromol Med (2009) 11:53-57

55

Table 1 Clinical characteristics of the patients in both definition groups

N Age Baseline SIGH-D  Fluvoxamine dose at 8 weeks  Number of previous
(mean & SD) {(avg = SD) (mg/day) (avg £ SD) episode (avg + SD)
Total Male Female
Overall 121 60 61 445 £ 16.5 20.2 £ 5.88 122 + 40.9 1.39 £ 0.658
Clinical response group®
Responders 60 31 29 44,4 + 163 21.5 £6.19 118 + 41.1 1.36 + 0.574
Nonresponders 61 29 32 443 £ 17.3 18.8 4+ 5.28 125 + 40.7 1.43 & 0.774
P-value 0.645 0.819 0.0145 0.391 0.480
Clinical remission group”
Remitters 45 22 23 437 £ 159 19.6 £ 5.06 113 £ 439 1.37 4+ 0.598
Nonremitters 76 38 38 451 £ 17.1 20.5 + 6.34 127 + 38.2 141 £ 0.715
P-value 0.722 0.750 0.750 0.101 0.856

“ Clinical response was defined as a 50% or greater decrease in the baseline SIGH-D score

b Clinical remission was defined as a final SIGH-D score of less than seven

Results

The LD structures of CLOCK from the HapMap database
were described in our previous paper (Kishi et al. 2008a).
Among the clinical characteristics of the patients in this
study, only one significant difference with total SIGH-D
score was detected at the baseline in relation to fluvox-
amine therapeutic response (P-value = 0.0145) (Table 1).
Genotype frequencies of all SNPs were in HWE. We
detected a significant association between rs3736544 and
the fluvoxamine therapeutic résponse in MDD in the allele/
genotype-wise analysis (Table 2). In addition, remission

Table 2 Association analysis of tagging SNPs in CLOCK

with fluvoxamine was significantly associated with
1s3736544 (Table 2). Moreover, the significance of these
associations remained after Bonferroni correction
(Table 2). We also found an association between
rs3749474 and the fluvoxamine therapeutic response in
MDD in the genotype-wise analysis (P-value: 0.0251)
(Table 2). However, this might have resulted from type 1
error due to multiple testing (P-value: 0.0752 after Bon-
ferroni’s correction). (Table 2). The haplotype-wise
analysis provided evidence for a significant association that
appears to be due mainly to rs3736544 in fluvoxamine
therapeutic remission (Table 3).

SNP* Phenotype MAF N Genotype distribution” P-value? Corrected P-value®®
MM M/m m/m HWES" .. Genotype. - Allele Genotype Allele
1s3736544  Responders 0.267.. 60 30 28 2 0.135
G>T Nonresponders -~ 0.115 - 61 48 12 1 0.804 0.00434 0.00261  0.00130 0.00738
Remission 0.289 45 21 22 2 0.203
Nonremission 0.132 76 57 18 I 0.751 0.00651 0.00257 0.0195 0.00771
rs1801260  Responders 0.133 60 . 46 12 2 0.297
T>C Nonresponders. - 0.189 - 61 39 21 i 0.328 0.187 0.243
Remission 0.156 . 4533 10 2 0.301
Nonremission 0.164.. 76" 52 23 1 0.378 0.390 0.855
rs3749474 . Responders 0417 ..:60. .19 32 9 0452
T>C Nonresponders 0336 61 27 27 7 0949 0358 0.196
Remission 0467 .. 45 12 24 9 0.632
Nonremission 0322 .76.. 34 35 7 0.637 0.0734 0.0251 0.0752

a

major allele > minor allele

Y"M: major allele, m: minor allele

¢ 'HWE: Hardy-Weinberg equilibrium

¢ Bold numbers represent significant P-value
¢ Caluculated by Bonferroni’s correction
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Table 3 Haplotype-wise

iy o g NP oLt Phewbpe - obidl - ndvdud P Gl
in CLOCK rs3749474 frequency
GTT Responders 0.600 0.173
Nonresponders 0.686 Responders 0.436
Remission 0.548 0.0191 Nonresponders
Nonremission 0.703 Remission 0.015
GCC Responders 0.146 0.401 Nonremission
Nonresponders 0.188
Remission 0.167 1.00
Nonremission 0.167
TTC Responders 0.255 0.0137
Nonresponders 0.125
Remission 0.286 0.00417
* Bold numbers represent Nonremission 0.130

significant P-value

Discussion

In this study, we detected a significant association between
rs3736544 in CLOCK, which is a synonymous polymor-
phism in exon 20, and the fluvoxamine therapeutic
response and remission in the allele/genotype-wise analy-
sis. This significance remained after Bonferroni correction.
Haplotype  analysis indicated three common -haplotypes
(rs3736544-rs1801260-rs3749474: GTT, GCC and TTC).
Among them, the TTC haplotype was less prevalent in
subjects  with-a ~ fluvoxamine  therapeutic ' response
(P = 0.0137) and was associated with remission on flu-
voxamine (P = 0.00417). The GTT haplotype was also
significantly - associated - with remission - on fluvoxamine
(P'=0.0191)." In a recent study, we selected six tagging
SNPs among 106 SNPs covering all of CLOCK, including
5'-flanking regions about 2 kb upstream (5') from the initial
exon and about 5 kb downstream (3') from the last exon
(HapMap database - contignumber chrd: = 55990340..
56108588), with the criteria of an 7° threshold greater than
0.8 in. “pair-wise: tagging only” mode using the Tagger
program.. LD :structures. of -CLOCK  from the HapMap
database were described in our previous paper (Kishi et al.
2008a).. However, the LD structure of CLOCK in our
sample was very tight except for rs1801260 and rs3749474
(Kishi: et al::2008a). Also, the LD structures. of MDD
samples treated with' fluvoxamine and control samples
were almost the same (Kishi et al. 2008a). As these results
show, 33736544 covers a wide and important region
including the exons and the promoter region in CLOCK.
Therefore, it is possible that rs3736544 influences biolog-
ical function in the brain. In previous genetic analyses of
CLOCK, only T3111C (1s1801260) was selected. T3111C
(rs1801260) has been detected at position 3111 in the
CLOCK mRNA 3’ untranslated region, and was reported to
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be associated with a substantial delay in preferred timing
for activity and sleep in a human study (Katzenberg et al.
1998). As for function, T3111C (rs1801260) has been
speculated to affect mRNA (Katzenberg et al. 1998);
however, one study with luciferase reported no significant
effect on mRNA translatability from T3111C (Robilliard
et al. 2002). We found an association of rs3736544 but not
T3111C (rs1801260) with treatment outcome in this study.
These findings suggest that functional analyses for other
regions of the CLOCK should be performed in future
studies.

A subgroup analysis has shown a significant association
between an' SNP (rs1801260: T3111C) in CLOCK and
sleep disregulation in mood disorders (Serretti et al. 2003).
Because benzodiazepine - drugs are. surely effective. for
insomnia and severe anxiety in MDD patients, which might
mask the sleep disruption” in. MDD due to circadian
abnormality; the analysis which takes the usage of benzo-
diazepines into account may also need to be carried out in
the future. Because we had only a few MDD: fluvoxamine
treatment samples: without benzodiazepine drugs, and we
wanted o avoid statistical error, we did not perform such
an analysis among these samples. Another subgroup anal-
ysis has shown a higher recurrence rate in BP in relation to
T3111C (Benedetti et al.- 2003); but:we lacked data on
recurrence in. our sample, so we could not perform such
analysis.

Our recent study found no association between CLOCK
and MDD in the Japanese population (Kishi et al. 2008a).
Thus, there is disagreement in the results among studies as
to the treatment response and the pathophysiology of MDD
(Gratacos et al. 2008).

A few points of caution should be noted in interpreting
our results. First, it will be necessary to investigate the
possibility that rs3736544 reflects biological function,
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which we did not do in the present study. Second, we did
not include a mutation scan to detect rare variants with
functional effects. However, it is difficult to evaluate the
association of such extremely rare variants (e.g., minor
allele frequencies less than 0.01) from the viewpoint of
power. Third, our sample sizes were small. A replication
study using larger samples may be required for conclusive
results.

In conclusion, our results indicate that CLOCK may be
associated with fluvoxamine treatment outcome in Japa-
nese MDD.

Acknowledgments We thank Ms. M. Miyata and Ms. S. Ishihara
for their technical support. This work was supported in part by
research grants from the Japan Ministry of Education, Culture, Sports,
Science and Technology, the Ministry of Health, Labor and Welfare,
and the Health Sciences Foundation (Research on Health Sciences
focusing on Drug Innovation).

References

Bailer, U., Wiesegger, G., Leisch, F., Fuchs, K., Leitner, I, Letmaier,
M., et al. (2005). No association of clock  gene T3111C
polymorphism- and affective disorders.. European Neuropsy-
chopharmacology, 15(1), 51-55. doi:10.1016/j.curoncuro.2004.
05.004.

Barnard; A. R., & Nolan, P. M. (2008). When clocks go bad: Neuro-
behavioural consequences of distupted circadian timing. PLoS
Genetics, 4(5), 1000040, doi: 10.137 ljournal.pgen.1000040.

Benedetti; F., Serretti, A., Colombo, C., Barbini, B., Lorenzi, C.,
Campori, E., et al. (2003). Influence of CLOCK' gene polymior-
phism on circadian mood fluctuation and illness recurrence in
bipolar depression. American Journal of Medical Genetics. Part
B, Neuropsychiatric ' Genetics,’ 123B(1), 23-26..:doi:10.1002/
ajmg.b.20038.

Desan; P; H,, Oren, D. A., Malison, R.; Price; L. H.; Rosenbaum; J.,
Smoller, J.; et al. (2000). Genetic polymorphism at the CLOCK
gene Tocus' and major depression. American Journal of Medical
Genetics, - 96(3).  418-421. - doi: 10.1002/1096-8628(20000612)
96:3<418::AID-AIMG34>3.0.C0O;2-S.

Dudbridge,: F. (2003).. Pedigree disequilibrium tests for multilocus
haplotypes. Genetic Epidemiology, 25(2). 115-121. doi:10.1002/
aepi. 10252,

Gratacos, M., Soria, V.; Urretavizcayu. M., Gonzalez, J.R.. Crespo, J.
M., Bayes; M., et al: (2008).: A brain-derived neurotrophic factor
(BDNF): haplotype is associated with: antidepressant: treatment
outcome. in mood disorders. The Pharmacogenomics: Journal,
8(2).101-112. doi:10.1038/sj.tp}.6500460.

Katzenberg, D Young, T., Finn, L., Lin, L, King, D. P.; Takahashi.
J..S.; et al: (1998)..A CLOCK polymorphism. associated: with
human diurnal preference. Sleep. 21(6), 569-576.

Kishi, T.. Kitajima, T., lkeda, M., Yamanouchi, Y., Kinoshita. Y.,
Kawashima, K.. et al. (2008a). Association study of clock gene
(CLOCK) and schizophrenia and mood disorders in the Japanese

population. European archives of psychiatry and clinical neu-
roscience (in press).

Kishi, T., Kitajima, T., Ikeda, M., Yamanouchi, Y., Kinoshita, Y.,
Kawashima, K., et al. (2008b). Association analysis of nuclear
receptor Rev-erb alpha gene (NR1D1) with mood disorders in the
Japanese population, Neuroscience Research, 62(4), 211-215.
doi; 10.1016/j.neures.2008.08.008.

Mishima, K., Tozawa. T., Satoh, K., Saitoh, H., & Mishima, Y.
(2005). The 3111T/C polymorphism of hClock is associated with
evening preference and delayed sleep timing in a Japanese
population sample. American Journal of Medical Genetics. Part
B, Neuropsychiatric genetics, 133B(1). 101-104, doi:10.1002/
ajmg.b.30110.

Monteleone, P., & Maj, M. (2008). The circadian basis of mood
disorders: Recent developments and treatment implications.
European Neuropsychopharmacology, 18(10), 701-711. doi:
10.1016/j.curoncuro.2008.06.007.

Neale, B. M., & Sham, P. C. (2004). The future of association studies:
Gene-based analysis and replication. American Journal of
Human Genetics, 75(3), 353-362.

Peveler, R., & Kendrick, T. (2005). Selective serotonin reuptake
inhibitors: THREAD trial may show way forward. BMJ,
330(7488), 420-421. doi:10.1136/bm;j.330.7488.420-b.

Purcell, S., Chemy, S. S., & Sham, P. C. (2003). Genetic Power
Calculator; Design of linkage and association genetic mapping
studies of complex traits. Bioinformatics, 19(1), 149-150. doi:
10.1093/bioinformatics/19.1.149.

Robilliard, D. L., Archer, S. N., Arendt, J..Lockley, S. W., Hack, L. M.,
English, J.; et al. (2002). The 3111 Clock gene polymorphism is
niot associated with sleep and circadian rhythmicity in phenotyp-
ically characterized human subjects. Journal of Sleep Research,
11(4), 305-312. doi: 10.1046/j.1365-2869.2002.00320.x.

Saito, S., Takahashi, N., Ishihara, R.; Tkeda, M., Suzuki, T., Kitajima,
T.. et al. (2006). Association study between vesicle-associated
membrane protein- 2 gene: polymorphisins and: fluvoxamine
response. in Japanese major depressive patients. Neuropsychobi-
ology; 54(4), 226-230. doi:10.1159/000100777.

Serretti, A.. Benedetti, F., Mandelli, L., Lorenzi, C., Pirovano, A.,
Colombo, C., et al. (2003). Genetic dissection of psychopatho-
logical' symptoms: Insomnia in mood  disorders: and' CLOCK
gene-polymorphism.-American Journal : of ‘Medical Genetics.
Part. B, Neuropsychiatric genetics, 121B(1), 35-38. doi:10.1002/
ajmg.b.20053.

Serretti. 'A., Cusin, C.; Benedetti, F., Mandelli, L., Pirovano, A.,
Zanardi, R.. et al.  (2005).  Insomnia improvement during
antidepressant - treatmeént - and CLOCK gene. 'polymorphism.
American-Journal of Medical Genetics. Part B; Neuropsychiatric
Genetics. 137B(1); 36-39. doi: 10:1002/4jmg b.30130.

Sprouse, ). Braselton,  J, * & Reynolds,- L. (2006). Fluoxetine
modulates the circadian biological clock via phase advances of
suprachiasmatic. nucleus neuronal firing. Biological Psychiatry,
60(8), 896-899. doi: 10.1016/j.biopsych.2006.03.003.

Uz. T., Ahmed, R.. Akhisaroglu, M., Kurtuncu, M., Imbesi. M., Dirim
Arslan, A.; et al. (2005). Effect of fluoxetine and cocaine on the
expression: of " clock “genes: in. the: mousc * hippocampus: and
striatum. - Neuroscience,: 134(4).: - 1309-1316. - doi: 10.1016/
j-neuroscience.2005.05.003.

1,
3’8 Humana Press

—300—




Psychiatry Research: Neurcimaging 173 (2009) 206-211

Contents lists available at ScienceDirect

Psychiatry Research: Neuroimaging

journal homepage: www.elsevier.com/locate/psychresns

Gender difference in relationship between anxiety-related personality traits and
cerebral brain glucose metabolism

Yuko Hakamata®', Mikio Iwase”?, Hiroshi Iwata®, Toshiki Kobayashi®, Tsuneo Tamaki®, Masami Nishio®,
Hiroshi Matsuda®, Norio Ozaki, Toshiya Inada®*

*Department of Clinical Psychology, The University of Tokyo, Graduate School of Education, Tokyo, Japan
YNagoya Kyoritsu Hospital and Nagoya PET Imaging Center, Nagoya, Japan

“Department of Nuclear Medicine, Saitama Medical School, Iruma, Japan

9Department of Psychiatry, Nagoya University, Graduate School of Medicine, Nagoya, japan

“Seiwa Hospital, Institute of Neuropsychiatry, Tokyo, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 8 October 2007

Received in revised form 23 July 2008
Accepted 2 October 2008

Recent functional neuroimaging studies have suggested that specific brain regions might be associated with
the formation of anxiety-related personality traits, which are well known to be influenced by gender. Such
anxiety-related personality traits are one of the representative predisposing factors for mood and anxiety
disorders, whose incidence is also known to be much influenced by gender. However, little is known about
Keywords: the gender differences in brain function related to anxiety-related personality traits. The aim of the present
TCH ’ study was to examine gender-related differences in the pattern of the relationships between an anxiety-
related personality trait and cerebral brain glucose metabolism. Regional brain glucose metabolism was

Temperament g : e :

Anxiety measured using ['®F]fluorodeoxyglucose positron emission tomography in 102 healthy subjects (65 males
FDG-PET and 37 females). An anxiety-related trait was assessed using the Temperament and Character Inventory
Healthy subjects dimension Harm Avoidance (HA). HA was negatively correlated with glucose metabolism in the anterior

Sex specificity portion of the ventromedial prefrontal cortex (vmPFC) in females but not in males. The anterior vimPFC may

be a possible neural target for the prevention or therapy of emotional disorders, especially in females.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

It is well known that, in addition to individual differences, there is
also a:gender-related ‘difference in’ the  formation of personality.
Previous studies of gender-related differences in' personality have
focused “especially on anxiety-related personality traits suchas
Neuroticism in the NEO. Personality Inventory-Revised (Costa and
McCrae,  1992) "and” Harm' Avoidance ' in the Temperament and
Character Inventory (TCl; Cloninger: et al., 1993). "Anxiety-related
personality traits are closely associated with depression and anxiety,
and are thought to be one of the representative predisposing factors
for mood and anxiety disorders (Clark et al, 1994).

On the other hand, a- gender difference in the structure and
function of the brain has also been pointed out. For example, among
structural differences, a higher relative volume of gray matter and. a
lower volume ‘of white ‘matter and: cerebrospinal fluid' have been
reported in females in comparison with males (Filipek et al,, 1994; Gur

* Corresponding author. Seiwa Hospital; Institute of Netiropsychiatry, 91 Benten-cho,
Shinjuku=-ku, Tokyo 162-0851, Japan. Tel: -+81 3 3260 9171; fax: +81 3 3235 0961,
E-mail address: han91010@rio.odn.ne jp (T, Inada).
! Department of Adult Mental Health; National Institute of Mental Health, National
Center for Neurology and Psychiatry, Japan,
2 Diagnostic Imaging Center, Koseikai Hospital, Toyohashi, Japan.

0925-4927/% - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.pscychresns,2008.10.002

et al, 1999). As to functional differences; regionally, lower glucose
metabolism in the ventromedial aspects of the temporolimbic regions
and higher glucose metabolism in the cingulate cortex have been
demonstrated in females relative to males, although global glucose
metabolism is roughly equivalent (Gur et al, 1995). However, any
gender difference in the neurobiological basis of anxiety-related
personality traits still remains unclear.

Several functional neuroimaging: studies have examined the
relationship between. the: brain - and’ anxiety-related personality
traits  in healthy subjects: in_a’ resting: state (Haier, 2004). For
example, in a study using single photon emission computed
tomography (SPECT), regional cerebral blood flow (rCBF) in the
prefrontal “gyrus  close to the anterior cingulate gyrus .(ACC),
orbitoinsular- junction, parahippocampal: gyrus, fusiform gyrus,
and inferior. temporal gyrus was observed to be negatively
correlated with Harm Avoidance (Sugiura et al., 2000). Moreover,
several studies: using. positron emission tomography (PET) have
found. that "anxiety-related’ personality. traits have significant
negative: relationships with the binding potentials of dopamine
D2 receptors in the amygdala (Yasuno et al;; 2001) and serotonin 2A
receptors in’the ACC, in addition to' the lateral temporal cortex
including the fusiform gyrus (Moresco et al,;2002), the glucose
metabolic rate in the insula (Deckersbach et al.; 2006), and the
glucose metabolic rate in the ACC and lateral temporal cortex (Youn
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Table 1
Sex differences in personality traits of the Harm Avoidance and its subscales.

Males (n=65) Females (n==37) ' T dF P
Harm Avoidanice A8 74 80(34-68) 563+981(33-79) =450 100 <0001
AnticipatoryWorry. 11.7£25(6-18)  136426(8-19)  —366 100 <0001
Fear of Uncertainty. 135226 (8-19) . 157+26(10-20) '~ 418 100 <0001
Shyness TLO£2.7(5-17) 13.2435(7-20) © —353 100 0.001
Fatigability 121827 (6=19). 13,7433 (7=20): =270 100

Mean + standard deviation (range).
? Two-tailed, independent t test for continuous variables.

et al., 2002). Furthermore, in our previous study, which examined
the relationship between the TCl and cerebral glucose metabolism
(Hakamata et al., 2006), significant negative associations with
Harm Avoidance were observed in the ventromedial prefrontal
cortex (vmPFC), very close to the orbitofrontal cortex (OFC), middle
temporal gyrus, parahippocampal gyrus, and fusiform gyrus
(Hakamata et al.,, 2006). Unfortunately, gender difference was not
taken into consideration in these previous studies. Considering that
fernales are known to show higher scores than males for anxiety-
related personality traits (Jorm, 1987), it is also likely that females
show a more obvious negative association with Harm Avoidance in
the vmPFC encompassing the ACC and OFC, the limbic and adjoining
regions such as the amygdala, parahippocampal gyrus, and insula,
and the lateral temporal cortex.

In the present study, to clarify any gender-related neurobiological
difference in the formation of anxiety-related personality, the
relationship between Harm Avoidance and brain glucose metabolic
rates, focusing especially on those in the vmPFC, limbic system and its
adjoining regions, and the lateral temporal cortex, were examined by
taking gender effects into consideration using a new large cohort
sample,

2. Methods
2.1, Ethical considerations

This study was conducted after obtaining approval from the Ethics
Committee of the Nagoya PET Imaging Center. Written informed
consent to participate was obtained from all subjects.

2.2 Subjects

The subjects were recruited from a healthy cohiort who had been
attending Nagoya PET Imaging Center to undergo PET screening for
cancer. Those who had been receiving psychiatric or neurological
treatments, had “abnormal findings in~ brain magnetic: resonance
imaging (MRI), or had significant medical illnesses or. psychiatric
disorders, i.e. past or present history of medical or psychiatric

Table 2

treatment, were excluded from the present study. A total of 102
healthy subjects participated (65 males and 37 females).

2.3. Measurement of anxiety-related personality traits

To measure anxiety-related personality traits, the components of
temperament dimensions extracted from the Japanese version of the
Temperament and Character Inventory (TCl) (Cloninger et al., 1993),
for which the reliability and validity have been established by Kijima
et al. (1996), were used. In the TCl, an anxiety-oriented temperament
is described as Harm Avoidance. Harm Avoidance is a temperament
characterized by behavioral inhibition such as pessimistic worry in
anticipation of future problems, passive avoidance behaviors such as
fear of uncertainty and shyness of strangers, and rapid fatigability
(Cloninger et al,, 1993).

2.4, PET/CT procedures

All PET/CT studies were performed using a Discovery LS (GE
Healthcare, Ltd., USA). Patients fasted for 6 h before receiving 200 MBq
of ['®F}fluorodeoxyglucose ("*F-FDG, and the uptake period was
40 min. All studies were performed in a dimly lit room with no photic
or auditory stimulation. During both the injection and PET scanning,
subjects were asked to lie supine with their eyes closed. At the
beginning of PET scanning, the subjects were instructed not to engage
in any activities. Spiral CT acquisition of the head was performed
(0.8 s/rotation; 140 kV; 40 mAs), and immediately after the CT study
and without moving the patient, the PET emission scan was started.

2.5. Data analysis

Spatial pre-processing and statistical analysis were performed
using Statistical Parametric Mapping (SPM) 2 (Institute of Neurology,
University College of London, UK) implemented in Matlab (Math-
works Inc., USA; Friston et al,, 1994, 1995a,b, 1996). All reconstructed
images were spatially normalized into the Montreal Neurological
Institute {(MNI,” McGill University, CA, USA) standard template to
remove any intersubject anatomical variability (Talairach and Tour-
noux, 1988; Friston et al.,, 1995a). The MNI coordinates obtained from
the results of SPM 2 were converted into the Talairach coordinates
using software that was downloaded from the following URL: http://
www.mrc-cbu.cam.ac.uk/Imaging/Common/mnispace.shtml. Affine
transformation was performed to determine 12 optimal parameters
to register the brain on our original FDG template. Subtle differences
between the transformed image and the template were removed by a
nonlinear registration: method using the weighted sum of the
predefined smooth basis functions used in discrete cosine transforma-
tion. Spatially normalized images were smoothed by convolution with
an isotropic Gaussian kernel with: a: 12-mm FWHM. The effects of
global metabolism were removed by normalizing the count of each

Cortical regions showing significant correlations among glucose metabolism and Harm Avoidance in females and males.

e e i e e e e et et b

Males (n—65) ‘ .
 Talairach -k Z

 Females (n=37)

Cortical regions Laterality _ Cortical regions :  laterality Talkairkacb - : k z
(Brodmann's area)? - coordinates _ (Brodmann's area)’ - coordinates - '
i - : ‘ ‘ % y s ‘ ; X ‘ v Z :
Positive correlotion with HA. - - - Posifive correlation with HA '
None . ~ Nome
Negative correlation with HA  Negative correlation with HA. . - ; -
None ‘ Superior frontal gyrus L -34 58 1 1866 410
. Medial frontal gyrus (BA11) L -6 46 11 ' ~
Medial frontal gyrus (BA11) L —10 58 13

B L B S s SO SR S st EEEEE S e e S S e

Abbreviation: BA, Brodmann's area.

2 Age and other temperament dimension scores were incorporated as nuisance variables.
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Fig. 1. Significant negative correlation between brain cerebral glucose metabolism and Harm Avoidance in 37 females.

voxel to the total count for the brain {proportional scaling in SPM).
After the appropriate design matrix had been specified, the condition
of each voxel in each subject was assessed according to the theory of
Gaussian fields. The exact level of significance of differences between
conditions was characterized by peal amplitude, In the present study
we focused on a cluster level to detect significantly different regions,
because our sample size was not sufficiently large for random field
theory and would therefore lead to type If errors (pseudonegative). To
reveal the regions that were significantly correlated with' Harm
Avoidance, correlation analysis was performed for each voxel on the
general linear approach between Harm' Avoidance or its subscale
scores and glucose metabolism in males, females, and all the subjects
individually. In the individual analysis of females or males, age and the
scores- of three other individual' temperament dimensions were
incorporated as nuisance variables. In the analysis of the subjects as
a whole, gender, age, and the scores of other three individual
temperament dimensions were also incorporated as nuisance vari-
ables. The resulting SPM {t} value was converted to an:SPM {z} value
for Harm' Avoidance. The height threshold (u) used to interpret the
correlation in terms of probability level was set at z=3.18 (P<0.001),
with each cluster requiring a peak voxel of z= 3.18 without correction

Table 3
Cortical regions showing significant correlations among glucose metabolismyand Harm
Avoidance in the total sample of 102 subjects (females and males):

Cortical tegions®  laterality ~kTa1§ik1"aych - k7

(Brodmannsaresy _ coordinates -

Positive correlation -

None .

Negbﬁve,co'tfrélakﬁqn‘ ' ~ ~ - -

Medial fiontalgyrus(BAIO) R 6 0 -9 754 458
. .. r 5 s g . 3%

R 6 2 -6 318

Abbreviation: BA, Brodmann's area.
* Age, sex, and other temperament dimension scores were incorporated as nuisance
variables.

for multiple comparison. The extent threshold (k) was set at 100
voxels, this being sufficient to remove any small noisy clusters that
might have reached significance by chance,

3. Results

The mean age of the total 102 subjects was 52.7 (:9.2SD) years
(range: 34-73 years). The mean age in the 37 females was 52.6
(49.4SD) years (range: 34-69 years), and that in the 65 males was
52.8 (9.2SD) years (range; 36-73 years). There was no significant
difference in age between females and males. The sex difference in
Harm' Avoidance and its subscales is shown in Table 1. Females had
significantly higher scores for Harm Avoidance and all of its subscales.
Anatomical areas where Harm Avoidance was correlated significantly
with glucose metabolism in females and males are shown in Table 2.
Harm Avoidance was found to have a significant negative relationship
with the anterior portion of the vmPFC encompassing the OFC only in
females (Fig..1). Moreover, when a gender effect was excluded; Harm
Avoidance was also found to be negatively correlated with the anterior
portion: of the viPFC in the 102 subjects as'a. whole (Table 3 and
Fig. 2). As to the sub-scales of Harin Avoidance, Fatigability: was
positively correlated: with' the lentiform nucleus. and- Anticipatory
Worry: was negatively correlated with ‘the: medial portion of the
parietal cortex including the paracentral lobule and precuneus: in
males, while Fear of Uncertainty was negatively correlated with the
parahippocampal gyrus in females (Table 4). In the 102 subjects as a
whole, Anticipatory Worry and Shyness were negatively correlated
with the medial parietal cortex including the paracentral lobule and/
or pecuneus. Fear of Uncertainty was negatively correlated with the
lateral temporal cortex, Fatigability was negatively correlated with
the lateral occipital cortex, which corresponds to the visual cortex
(Table 5). No positive correlation was observed.

4. Discussion

This is the first functional neuroimaging study to have examined
the-relationship -between’ Harm ‘Avoidance “and brain- glucose
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Fig. 2. Significant negative correlation between brain cerebral glucose metabolism and Harm Avoidance in the total sample of 102 subjects (when a gender effect was excluded).

metabolic rates using a large new cohort sample taking gender effect
into consideration.

There was a clear gender difference in the results obtained for the
37 females and 65 males; Harm Avoidance was observed to have a
significant negative relationship with the anterior portion of the
vmPFC encompassing the OFC only in females, and not in males. No
other brain regions except for the anterior vmPFC were significantly
correlated with Harm Avoidance. A significant negative association
between Harm Avoidance and the anterior vmPFC was also observed in
our previous study (Hakamata et al., 2006). In other earlier studies, as
mentioned above, Harm Avoidance was reported to be negatively
correlated with the ACC, the limbic system and its adjoining regions,
and the lateral temporal cortex (Deckersbach et al., 2006; Sugiura et al,,
2000; Moresco et al;, 2002; Youn et al., 2002; Yasuno et al., 2001 ). As to

Table 4

- kMélesf(n‘——'QS} "

Positive correlation \ -
Anticipatory Wo
Fear of Uncertaint
Shyness
Fatigabil

Negative correlation
Anticipatory Worry  Precuneus (BA7)
. Paracentral obule (BAS) -
. Paraceniral lobule (BA31) .
Fear of Uncertainty  None -
Shyness _None =
Fatigability  Inferioroceipitalgyrus (BA19) L

Abbreviation: BA, Brodmann's area,

* Age and other temperament dimension scores were incorporated as nuisance variables,

Cortical regions showing significant correlations among glucose metabolism and subscales of Harm Avoidance in females and males.

_ laterality Talairach
 coordinates

6 129 369 Non

the ACC and the lateral temporal cortex, we found in the present
sample that the glucose metabolic rates in these brain regions had a
significant negative relationship with Harm Avoidance when the
height threshold was set at P=0.005, although no significant cluster
remained at P=0.001." As to the limbic system and its adjoining
regions, however, we did not find any significant differences despite
the larger sample size. Given that any brain regions other than the
anterior vimPFC disappeared at P=0.001, only the anterior vmPFC may
be substantially. involved in the formation of Harm Avoidance. In
addition, interestingly, the anterior portion of the vmPFC, whose
cluster corresporids fo that found in females, was also found to be
negatively correlated with Harm: Avoidance in the result for the
subjects as a whole; whete a gender effect was controlled for. The
complete lack of significant association with the anterior vmPFC and

? Cortical regions Laterality  Talairach
_ [Brodmann's area _coordinates.

0]
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Table 5

Cortical regions showing significant correlations among glucose metabolism and subscales of Harm Avoidance in 102 subjects (females and males).

Cortical regions®
(Brodmann’s area}

Positive correlation

 Laterality

Taiairachcoordinates » . k . -z
x ¥ .z

Anticipatory Worry . None

Fear of Uncertainty  None

Shyness ~ None
Fatigability ‘ None

Negative correlation -
Anticipatory Worry Pecuneus (BA7)

Paracentral lobule (BA5)
Paracentral lobule (BA31)

PR g e

Fear of Uncertainty Inferior temporal gyrus (BAZ0)
Superior temporal gyrus (BA3E)

Shyness Pecuneus (BA7) ;

Fatigability Middle occipital gyrus (BA18)

=6 —49 60 384 415

6 4 - 54 365
5 o 41 116 381
16 ~ -8 38 226 410
32 s 3
26 e 27 132 398
40 7 —8 181 390

Abbreviation. BA, Brodmann's area,

* Age, sex, and other temperament dimension scores were incorporated as nuisance variables,
p

Harm Avoidance in males, despite the larger sample size, suggests that
the anterior vmPFC may be commonly involved in Harm Avoidance in
both genders, although its involvement tends to be more predominant
in females than in males.

As an additional analysis, the relationships between specific
aspects of Harm Avoidance and brain glucose metabolism were
examined. However, the anterior vimPFC was not observed to be
significantly correlated with sub-scores on Harm Avoidance. This
implies that the function of the anterior vmPFC is associated not with
specific aspects, but with whole aspects of Harm Avoidance. Recent
functional neuroimaging studies have revealed that the anterior
vmPFC plays an important role in recollection of emotional auto-
biographical memory mediating integration of sensory information
with self-specific information (Levine, 2004; Svodoba et al,, 2006).
Recollection of autobiographical memory, together with complicated
mental processes including self-reflection, emotion, visual imagery,
attention, executive functions, and semantic processes, is known to be
reflected in the default mode which is active when individuals are not
focused on the external environment (Buckner et al., 2008). In the
present study as well as previous functional studies, participants'
brain activities in a resting state (i.e. lying with the eyes closed but not
sleeping) are considered to be a representative state of personality,
because such activities are considered to occur from a specific pattern
of thoughts or feelings experienced frequently in one’'s daily life when
a subject is not focused on the external environment. Given that a
resting state reflects a default mode of the brain (Raichle and Snyder,
2007) and the anterior vinPFC is involved in recollection of emotional
autobiographical memory (Levine; 2004; Svodoba et al., 2006),
individuals with high Harm Avoidance who have low baseline activity
in the anterior vmPFC may show characteristics of a function
associated with the default mode, ie., emotional autobiographical
memory recollection. In fact, healthy subjects with a high anxiety-
related personality trait have been reported to: show reduced
autobiographical memory specificity (i.e. overgenerality) (Chan
et al, 2007). Overgenerality, and not only Harm Avoidance (Gil and
Caspi, 2006), was also shown to be a risk factor for anxiety disorder
in-a prospective study (Bryant et al,, 2007). Moreover; in.patients
with mood and anxiety disorders, the risk of which is known to be
higher in females than in males, the furiction of the anterior vmPFC
has been reported to be altered (Rauch et al.; 2006; Steele et al., 2007),
and autobiographical memory specificity: has been shown to be
reduced (Williams and Moulds; 2008; Kleim and' Ehlers, 2008).
Therefore, hypoactivity of the anterior vimPFC in a resting state may be
arisk factor for emotional disorders in individuals with a high anxiety-
related personality trait, possibly because it is associated with the
specific recollective form of autobiographical memories,

Several limitations should be considered when interpreting the
present results. First, the regional glucose metabolism measured in
the present study was not an absolute but a relative value because no
arterial or venous blood sampling was conducted. Absolute values are
also likely to be important when examining the neurobiological basis
of personality traits. Second, the concrete function of the anterior
vmPFC was not identified because measurement was conducted in a
resting state. Third, any dynamic functional relationship between the
anterior vmPFC and other regions possibly engaged in Harm
Avoidance was not identified in the present study using PET, which
has relatively low time resolution. To identify the specific function of
the anterior vimPFC and its dynamic functional relationship with other
possible brain regions regarding Harm Avoidance, an imaging
technique with a higher time resolution should be used, such as
functional resonance magnetic imaging (fMRI).

The present study has revealed that individuals who exhibit a
higher score for Harm Avoidance have lower glucose metabolic
activity in the anterior vmPFC, which has been shown to be involved
in the recollection of emotional autobiographical memory, mediating
the integration of sensory information with self-specific information,
this tendency being evident more clearly in females than in males. The
anterior vmPFC may have potential as a neural target for the
prevention or therapy of emotional disorders, especially in females.
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