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Table 2 Haplotype-wise analysis of tagging SNPs in PROK2 and PROKR?2

Phenotype Individual haplotype Individual Phenotype Global P value
frequency P value
PROK?2 Common haplotypes
SNP1-SNP2-SNP3-SNP4
T-A-G-T Control 0.249
MDD 0.257 0.795
BP 0.288 0.323
T-A-G-G Control 0.237 MDD 0.838
MDD 0.240 0.933 BP 0.455
BP 0.201 0.337
T-G-G-G Control 0.168
MDD 0.192 0.395
BP 0212 0.206
A-A-G-T Control 0.168
MDD 0.144 0.387
BP 0.152 0.645
A-A-A-T Control 0.179
MDD 0.167 0.669
BP 0.147 0.345
PROKR?2 Common haplotypes
SNP1-SNP2-SNP3-SNP4-SNP35
G-G-G-G-G Control 0.0577
MDD 0.0688 0.466
BP 0.0779 0.350
G-G-G-C-G Control 0.433
MDD 0.344 0.00385 MDD 0.000685
BP 0.320 0.000697 BP 0.00204
G-G-A-G-G Control 0.148
MDD 0.107 0.0522
BP 0.131 0.349
G-A-A-G-A Control 0.252 '
MDD 0.300 0.0893
BP 0.369 0.00543

Bold numbers represent significant P value
MDD major depressive disorder, BP bipolar disorder

(Table 5). No association was detected between other SNPs
in PROKR2 and any subgroup or either sex (Tables 3 and
5). We did not detect any significant association of PROK2
with MDD or BP in allele/genotype-wise analysis or hap-
lotype-wise analysis (Tables 1, 2, and 3).

Moreover, to evaluate the interactions with each SNP in
PROK? and PROKR?2, we analyzed gene-gene interactions
with the Multifactor Dimensionality Reduction (MDR)
method (Hahn et al. 2003). In this analysis, however, no
interactions were seen with MDD and BP (data not shown).

In the power analysis, we obtained more than 80%
power for the detection of association when we set the
genotype relative risk at 1.41-1.48 and 1.67-1.76 in MDD
and BP, respectively, for PROK2, and at 1.45-1.88 and
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1.66-2.21 in MDD and BP, respectively, for PROKR2
under a multiplicative model of inheritance.

Discussion

We first preformed a genetic association analysis between
PROK2, PROKR?2, and mood disorders including BP and
MDD in the Japanese population: We detected significant
associations between PROKR?2 and both of mood disorders
in the Japanese population. These significant associations
remained after Bonferroni’s correction was. used to control
inflation of the type I error rate due to multiple testing.
Since we detected significant - associations. between
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Table 3 Tagging SNPs and association analysis of PROK2 and PROKR?2 in males

Gene SNP ID* Phenotype® MAF® N  Genotype distribution® P value®' Corrected P value™®
MM Mm m/m HWE Genotype Allele Genotype Allele
PROK2 SNPl 151316780 Controls 0380 187 72 88 27 0.989
T > A 5 Flanking region MDD 0382 157 57 80 20 0322 0.757 0.947
BP 0387 80 32 34 14 0349 0.730 0.865
SNP2 510865660 Controls 0356 187 77 87 23 0.836
A>G Intron2 MDD 0354 157 64 75 18 0.572  0.960 0.954
BP 0338 80 34 38 8 0578 0.865 0.688
SNP3 153796224 Controls 0.187 187 126 52 9 0.239
G > A Intron2 MDD 0207 157 100 49 8 0.536 0.768 0514
BP 0.169 80 55 23 2 0.825 0.684 0.613
SNP4 151374913 Controls 0401 187 67 90 30 0.981
T > G 3 Flanking region MDD 0389 157 64 67 26 0232 0.572 0.554
BP 0406 8 28 39 13 0925 0.992 0911
PROKR2 SNP1 517721321 Controls 0.0588 187 166 20 1 0.641
G > A 5/ Flanking region MDD 0.0701 157 136 20 I 0.779 0.833 0.548
BP 0.125 80 62 16 2 0.443 0.0416  0.00926 0.74 0.167
SNP2  rs6085086 Controls 0.259 187 107 63 17 0.0924
G > A Intronl MDD 0283 157 82 61 14 0.586 0.600 0.479
BP 0306 80 38 35 7 0.791 0.283 0.265
SNP3  rs3746684 Controls 0468 187 57 85 45 0.233
G > A Exon2 MDD 0411 157 55 75 27 0.869 0.277 0.133
Synonymous BP 0.456 80 24 39 17 0.876 0.849 0.804
SNP4  rs3746682 Controls 0385 187 74 82 31 0.311
G > C Exon2 MDD 0360 157 65 71 21 0817 0.710 0.500
Synonymous BP 0.325 80 38 32 10 0.430  0.440 0.187
SNP5 rs4815787 Controls 0329 187 85 81 21 0.798
G > A 3 Flanking region MDD 0401 157 58 72 72 0.568 0.150 0.0490 0.882
BP 0356 80 33 37 10 0940 0.814 0.540

* Major allele > minor allele

® MDD: major depressive disorder, BP: bipolar disorder

¢ MAF: minor allele frequency

4 M: major allele, m: minor allele

® Hardy-Weinberg equilibrium
f Bold numbers represent significant P value

& Calculated by Bonferroni’s correction

PROKR?2, which has been shown to be an essential mole-
cule in circadian rhythms in previous studies, and not only
MDD but also BP, our results may support the hypothesis
that abnormalities in circadian rhythms may be a-.common
pathophysiology in mood: disorders.

In the explorative analysis we. also found an associa-
tion between: PROKR2 and female BP and MDD. It is
known ' that- there are sex: differences in not. only the
pathophysiology of  mood: disorders (Currier et al.. 20006;
Faraone: et -al.. 1987) but: also. in. circadian - rhythms
(Lehnkering and Siegmund 2007). Szczepankiewicz: et al.
(2006) reported an association between a diagnosis of BP
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Il in females and the glycogen synthase kinase-3 f§ gene
(GSK3B). Several sex differences: are  observed in mood
disorders, with the prevalence of MDD being higher in
females. Hormonal variations in-females, such as during
the menstrual cycle, pregnancy and menopause, affect the
onset and course of mood disorders, and it is possible. that
the  etiology. of 'mood  disorders: differs somewhat in
females and males. Since: our- findings show significant
associations between PROKR2 and Japanese bipolar dis-
order patients in-female, our- results may: support- the
supposition: that the etiology of mood disorders differs
somewhat in females and males.
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Table 4 Tagging SNPs and association analysis of PROK2 and PROKR?2 in females

Gene SNP ID* Phenotype® MAE® N  Genotype distribution® P value®" Corrected P value™®
M/M M/m m/m HWE Genotype Allele Genotype Allele
PROK2 SNP1 151316780 Controls 0392 153 56 74 23 0.858
T > A 5 Flanking region MDD 0386 162 57 85 20 0.173  0.697 0.870
BP 0415 71 24 35 12 0.900 0.894 0.639
SNP2 1510865660 Controls 0317 153 71 67 15 0.889
A > G Intron2 MDD 0.299 162 8l 65 16 0.579 0.793 0.632
BP 0282 71 36 30 5 0.710 0.730 0.450
SNP3 153796224 Controls  0.216 153 97 46 10 0.168
G > A Intron2 MDD 0219 162 102 49 1t 0.139 0.995 0916
BP 0204 71 46 21 4 0.448 0.960 0.782
SNP4 151374913 Controls 0346 153 70 60 23 0.0975
T > G 3’ Flanking region MDD 0386 162 65 69 28 0.197 0592 0.305
BP 0366 71 31 28 12 0.205 0.925 0.683
PROKR2 SNP1 1s17721321 Controls  0.0850 153 128 24 1 0913
G > A 5 Flanking region MDD 0.127 162 122 39 1 0.257 0.177 0.0907
BP 0.134 71 55 13 3 0.0767 0.143 0.110
SNP2  rs6085086 Controls 0294 153 78 60 15 0.492
G > A Intronl MDD 0343 162 73 67 22 0.298 0.445 0.192
BP 0380 71 28 32 11 0712 0210 0.0692
SNP3  rs3746684 Controls 0425 153 53 70 30 0.430
G > A Exon2 MDD 0457 162 51 74 37 0311 0732 0.420
Synonymous BP 048 71 16 41 14 0.189 0.156 0.226
SNP4 153746682 Controls 0442 153 49 74 31 0.750
G > C Exon2 MDD 0355 162 72 65 25 0.115 00673  0.0261 0.470
Synonymous BP 0268 71 38 28 5 0.959 0.00258 0.000429 0.0464 0.00772
SNP5 rs4815787 Controls 0310 153 75 61 17 0.395
G > A 3 Flanking region MDD 0420 162 59 70 33 0.151 0.0248  0.00444 0.446 0.0799
BP 0451 71 22 34 15 0.782 0.0204  0.00389 0.367 0.0702

2 Major allele > minor allele

MDD: major depressive disorder, BP: bipolar disorder
MAF: minor allele frequency

M: major allele, m: minor allele

Hardy-Weinberg equilibrium

f Bold numbers represent significant P value

& Calculated by Bonferroni’s correction

O’Donovan et al. (2008) suggested a method of genetic
study in the future: First; several candidate genes would be
detected with Genome wide association' study (GWAS).
Second, these candidate genes would be tested with a gene-
based case control study: using large and differential ethic
samples, - and - then  be- included  in a meta-analysis
(O’Donovan et al: 2008). We also consider the simple case-
control approach is now: transitive.

A few: points of caution should' be mentioned with
respect to our results. Firstly, our sample sizes were small,
especially BP: In the power analysis, we obtained power of
more than 80% for the detection of association when we set
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the genotype relative risk at 1.67-1.76 in BP-for PROKR2,
and at 1.66-2.21 in BP for PROKR2; under a multiplicative
model - of inheritance. Secondly, we did not perform’ a
mutation scan of PROK2 and  PROKR2. Because we con-
sider it to be difficult to evaluate the association of such
extremely: rare variants from the viewpoint of statistical
power, a replication study using a larger sample is required
for conclusive results: Lastly, our subjects did not undergo
structured interviews. MDD patients who are not diagnosed
by structured interview may develop bipolar disorder in the
future (Bowden: 2001). However, in- this ‘study, patients
were carefully diagnosed according to” DSM-IV criteria
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Table 5 Explorative haplotype-wise analysis of subjects divided by sex in PROKR2

Common haplotypes Phenotype Individual Individual P value Phenotype Global P value
SNPI-SNP2-SNP3-SNP4-SNP5 in male haplotype
frequency
G-G-G-C-G Control 0.490
MDD 0.487 0.956
BP 0.421 0.279
G-G-A-G-G Control 0.204 MDD 0.441
MDD 0.158 0.270 BP 0.242
BP 0.171 0.507
G-A-A-G-A Control 0.306
MDD 0.355 0.333
BP 0.409 0.0898
Common haplotypes Phenotype Individual Individual Phenotype Global Corrected
SNP1-SNP2-SNP3-SNP4-SNPS in female haplotype P value P value P value®
frequency
G-G-G-C-G Control 0.645
MDD 0.500 0.0224 MDD 0.0224 0.0448
BP 0.406 0.00175 BP 0.00175 0.00350
G-A-A-G-A Control 0.355
MDD 0.500 0.0224
BP 0.594 0.00175

Bold numbers represent significant P value
MDD major depressive disorder, BP bipolar disorder

? Calculated by Bonferroni’s correction

with consensus of at least two experienced psychiatrists on
the basis of a review of medical records. In addition, when
we found a misdiagnosis in a patient, we promptly exclu-
ded the misdiagnosed case in consideration of the precision
of our sample. Detailed information on our samples was
provided in previous. papers (Kishi et al. 2008a, b; Kishi
et al. 2009a).

In conclusion, our results suggest that PROKR2 proba-
bly plays a role in mood disorders in the Japanese popu-
lation. However, because our samples are small, it will be
important to replicate and confirm these findings in other
independent studies using larger samples.
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Abstract The neuronal nitric oxide synthase gene (NOSI)
is located on 12q24, in a susceptibility region for schizo-
phrenia, and produces nitric oxide (NO) in the brain. NO
plays a role in neurotransmitter release and is the second
messenger of the N-methyl-p-aspartate (NMDA) receptor.
Furthermore, it is connected to the dopaminergic and sero-
tonergic neural transmission systems. Therefore, abnor-
malities in the NO pathway are thought to be involved in the
pathophysiology of schizophrenia. Several genetic studies
showed an association of NOSI with schizophrenia. How-
ever, results of replication studies have been inconsistent.
Therefore, we conducted a replication study of NOSI with
schizophrenia in a Japanese sample. We selected seven SNPs
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(rs41279104, rs3782221, 153782219, rs561712, rs3782206,
rs2682826, and rs6490121) in NOS! that were positively
associated with schizophrenia in previous studies. Two SNPs
showed an association with Japanese schizophrenic patients
(542 cases and 519 controls, rs3782219: P allele = 0.0291
and 1s3782206: P allele = 0.0124, P genotype = 0.0490),
and almost these significances remained with an increased

sample size (1154 cases and 1260 controls, rs3782219:

P allele = 0.0197 and rs3782206: P allele = 0.0480).
However, these associations also might have resulted from
type I error on account of multiple testing (rs3782219:
P allele = 0.133 and rs3782206: P allele = 0.168). In
conclusion, we could not replicate the association between
seven: SNPs in NOS!I and schizophrenia found in several
earlier studies, using larger Japanese schizophrenia and
control samples.

Keywords - Schizophrenia - Neuronal nitric oxide syntase
1 gene (NOSI) - Case-control association study

Introduction

Schizophrenia is a common psychiatric disease, seen in
approximately 1% of the world population. It is charac-
terized by - delusions, 'hallucinations, and cognitive  dys-
function. : Genetic- factors  play - an important role: in
susceptibility - to - schizophrenia  (Cardno and Gottesman
2000), and several genetic studies have identified suscep-
tibility genes (Ross et al. 2006).

The nitric oxide synthase 1:gene (NOSI) is located on
12924, and consists of 12 alternative untranslated ' first
exons, termed exon la_1l, and 28 exons in a genomic
region spanning 149.404 Kb. NOSI is considered to be a
likely candidate gene for schizophrenia owing to its
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chromosomal location, 12q24, which has been reported to
be a susceptibility locus from several linkage studies
(Bailer et al. 2000, 2002; DeLisi et al. 2002), and to pro-
duce nitric oxide (NO). NO is synthesized from L-arginine
by a family of isoformic enzymes known as nitric oxide
synthases (NOSs). Three isoforms of NOS have been
identified: neuronal (nNOS), endothelial (eNOS), and
inducible (iNOS) (McLeod et al. 2001). NO is involved in
a variety of mechanisms, such as neurotransmitter release,
N-methyl-p-aspartate (NMDA) receptor activation (Joca
et al. 2007; Snyder and Ferris 2000), and oxidative stress in
the brain (Yao and Reddy 2005). Abnormalities in these
mechanisms are thought to be involved in the pathophys-
iology of psychotic disorders (Bennett 2008). Moreover,
evidence from pharmacological studies in animal and
postmortem studies supports an association between NO
and psychotic disorders (Wass et al. 2009; Yao et al. 2004).

A number of genetic association studies showed that
single nucleotide polymorphisms (SNP) in NOS! were
associated with schizophrenia. Shinkai et al. (2002) exam-
ined the association between a synonymous SNP (rs2682
826) in exon 29 and schizophrenia in a Japanese population,
and showed that it was significant. Fallin et al. (2005) iden-
tified a haplotype (rs3782221-rs3782219-1s561712-rs3782
206) and reported it to be associated with schizophrenia and
schizoaffective disorder. NOSI has a complex promoter—
exonl region. Expression of the different mRNA from dis-
tinct promoters in NOS/ is controlled by the 5’ flanking
region (Bros et al. 2006). Reif et al. (2006) reported a poly-
morphism (rs41279104) in the promoter region of exon Ic
associated with schizophrenia and prefrontal brain function.
Recently, a whole: genome association study reported an
association between rs6490121 in intron 2 of NOSI and
schizophrenia (Moskvina et al. 2009).

In this study, we conducted a replication study of
association between significant seven. SNPs in NOS!I and
schizophrenia in a Japanese samples.

Materials and Methods
Subjects

A total of 542 patients with schizophrenia (276 males and
266 - females; ‘'mean - age + standard deviation; 43.8 =%
14.8 years) and 519 healthy controls (264- males and 255
females; 36.5 + 14.1 years) were recruited. For rs3782219
and rs3782206, which showed a significant association in the
allele ‘and/or genotype-wise analysis, additional samples
were included for this association: analysis, bringing the
totals: to 1154 schizophrenics (additional 612 cases)- and
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1260 controls (additional 741 controls). All subjects were
unrelated to each other and ethnically Japanese. The patients
were diagnosed according to DSM-IV criteria with the
consensus of at least two experienced psychiatrists on the
basis of unstructured interviews and a review of medical
records, and who were outpatients or inpatients of psychi-
atric hospitals. The patients were grouped according to the
following DSM-IV subtypes of schizophrenia: Paranoid
Type (n = 429), Disorganized Type (n = 441), Catatonic
Type (n = 39), Residual Type (n = 138), and Undifferen-
tiated Type (n = 107). All healthy control subjects were also
psychiatrically screened based on unstructured interviews.
None had severe medical complications such as cirrhosis,
renal failure, heart failure, or other Axis-I disorders
according to DSM-IV. No structured methods were used to
assess psychiatric symptoms in the controls (hospital staffs
and medical students). None of the subjects were known to be
related to each other, and all were ethnically Japanese.
Written informed consent was obtained from each subject.
This study was approved by the ethics committees at Fujita
Health University, Okayama University, and Nagoya Uni-
versity Graduate School of Medicine.

SNP Selection and Genotyping

We selected seven SNPs (rs41279104, rs3782221, rs3782
219, rs561712, rs3782206, rs2682826, and rs6490121) in
NOS|I shown by previous studies to have a positive associ-
ation with schizophrenia (Fallin et al. 2005; Moskvina et al.
2009; Reif et al. 20006; Shinkai et al. 2002). We used TagMan
assays (Applied Biosystems, Foster City, CA, USA) for all
SNPs. Detailed information is available on request.

Statistical Analysis

Genotype deviation from the Hardy—Weinberg equilibrium
(HWE) was evaluated by the chi-square test (SAS/Genetics,
release 8.2, SAS Japan Inc., Tokyo, Japan). Marker—trait
association was also evaluated by the chi-square test in
allele- and genotype-wise analyses. Haplotype frequencies
were estimated in a two- to four-marker sliding window
fashion and log likelihood ratio tests were performed for
global P values with COCAPHASE program version 3.0.6
(Dudbridge 2003). In these haplotype-wise analyses, rare
haplotypes: (less than 0.05) in: either of cases and controls
were excluded from the ‘association analysis. Power calcu-
lation was performed using a statistical program prepared by
Genetic . Power. Calculator. (http://pngu.mgh.harvard.edu/
~purecell//gpc/). - To: correct - for  problems ~of - multiple
comparisons, we applied the Benjamini-Hochberg (BH)
method, which is a procedure to control for false discovery
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rate (FDR) (Dudbridge 2003). The level of significance for
all statistical tests was 0.05.

Results

Genotype frequencies of subjects and controls did not
deviate significantly from HWE. In the first-set of analysis,
two SNPs (rs3782219 and rs3782206) showed a significant
association with schizophrenia in allele and/or genotype-
wise analysis (rs3782219: P allele = 0.0291 and rs3782206:
P allele = 0.0124, P genotype = 0.0490). Five other SNPs
did not show evidence of association with schizophrenia
(Table 1). There was no evidence of association with
schizophrenia in haplotype-wise analysis (Table 2).

To validate the significant association of rs3782219 and
1s3782206 found in the first-set samples, and even some
significances remained with an increased sample size (1154
cases and 1260 controls, rs3782219: P allele = 0.0197 and
rs3782206: P allele = 0.0480); however, these associa-
tions also might have resulted from type I error on account
of multiple testing (rs3782219: P allele = 0.133 and
rs3782206: P allele = 0.168) (Table 1).

We obtained power of more than 80% for the detection
of association when we set the genotype relative risk at
1.27-1.36 under a multiplicative model of inheritance in
the first-set samples.

Table 1 Association study between NOSI and schizophrenia

Discussion

We found marginal associations between two SNPs
(rs3782219 and 1s3782206) and schizophrenia in allele
and/or genotype-wise analysis, and almost these signifi-
cances remained with an increased sample size. However,
we suggested that it might have resulted from type I error
due to multiple testing. Fallin et al. (2005) reported that
significant associations of haplotypes were identified with
four SNPs in intron 2 (rs3782221, rs3782219, rs561712,
and rs3782206). However, no association was found in our
study. Shinkai et al. (2002) showed a strongly positive
association between rs2682826 and schizophrenia in a
Japanese population. However, although we examined
more large Japanese samples than original study (Shinkai
et al. 2002), we found no significant association with
schizophrenia. The result of this study was in concordance
with replication studies in other ethnic population samples
(Liou et al. 2003; Tang et al. 2008). Recently, a whole
genome association study reported a possible association
between 156490121 in NOS! and schizophrenia (O’Dono-
van et al. 2008). To avoid multiple testing problems, it is
important to conduct replication study. OQur samples were
provided for replication study and showed a significant
association and odds ratio that were opposite to UK sam-
ples (O’Donovan et al. 2008). However, although we per-
formed a replication study using larger different samples

SNP ID Position Phenotype® MAF® N Genotype distribution® P value® Corrected P value
M/M M/m m/m HWE® Genotype Allele Allele
rs41279104 114886493 SCZ 0.197 542 355 162 25 0243 0436 0.230
Promoter region of exon lc CON 0.175 519 354 148 17 ~0.751
153782221 114805000 SCZ 0448 542 173 252 117 - 0.161 0.488 0.275
Intron 1 CON 0424 519 175 247 97 0.550
153782219 - 114797355 SCzZ 0411 1154 409 540 205 0.248 ° 0.0655 0.0197 0.133
Intron | CON 0.444 1260 394 611 255 0518
1s561712 . 114761232 SCZ 0.176.. 542 374 145 23 0.0677 0.128 0.856
Intron 2 : CON 0.179 519 346 160 13 0274
1s3782206 114754240 SCZ 0279 1154 610 443 101 0.111 " 0.133 0.0480 0.168
Intron 3 CON 0.254 1260 706 467 87 0415
rs6490121 - 114717324 SCzZ 0390 542 203 255 84 0790 0.244 0.0952
Intron 10 CON 0425 519 175 246 98  0.484
rs2682826 - 114662005 SCZ 0.353 . " '542 223 255 64 0491 0469 0.228
Exon 29 CON 0328 519 230 237 52 0424

# SCZ schizophrenia, CON control

® MAF minor allele frequency

¢ M major allele, m minor allele

4 Hardy-Weinberg equilibrium

¢ Bold numbers represent significant P value )

" Calculated using Benjamini~Hochberg (BH) method
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Table 2 Haplotype-wise analysis between NOS!I and schizophrenia

SNP ID Global P value

2 Window 3 Window 4 Window
rs41279104

0.228
rs3782221 0.187

0.051 0.106
rs3782219 0.223

0.180 0.203*
rs561712 0.0770

0.0620 0.112
rs3782206 0.0780

0.0600 0.223
rs2682826 0211

0.131
rs6490121

 Fallin et al. reported

than original study, we could not replicate. In other recent
study, Tang et al. (2008) reported a significant association
with schizophrenia of rs3782206 in a Chinese population.
This discordance of results may reflect problems in the
replication study, such as population difference, in each
sample. Therefore, it is necessary to evaluate a polymor-
phism for this association with schizophrenia in various
ethnic populations.

A few points of caution should be noted in interpreting
our results. First, we did not apply a LD-based approach
and a mutation scan to detect rare variants with functional
effects. Moreover, we did not examine a VNTR in exon If
within the promoter region in NOSI. Reif et al. (2006)
reported a significant association of the haplotype con-
structed by rs41279106 and this. VNTR with schizophrenia.
These problems are future topics for study. Second, our
sample was not matched in terms of age. Moreover, our
samples were not assessed by a standard structured inter-
view, and thus there is a chance of false negatives due to
misdiagnosis or sampling bias (Kishi et al. 2009).

In conclusion, we suggest that these seven SNPs in
NOSI may not play a role in the susceptibility to schizo-
phrenia in the Japanese population. However, other func-
tional polymorphisms in NOSI may show important roles
in the pathophysiology of schizophrenia, and further
investigations will be necessary.
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Because several investigations, including genetic studies, have reported associations between serotonin
(5-HT) 2A receptor gene and mood disorders, 5-HT 2A receptor gene (HTR2A) is a good candidate gene for
the pathophysiology of mood disorders such as major depressive disorder (MDD) and bipolar disorder
(BP). Using two functional SNPs (T102C and -A1438G) and two SNPs (rs7997012 and rs1928040) in
HTR2A, which reported an association with therapeutic response to the SSRI, we conducted a genetic
association analysis of case-control samples (325 MDD patients, 155 BP patients and 802 controls) in the

geyw"' ds: A HIRZA Japanese population. We did not detect significant an association of HTR2A with MDD and BP in allele/
S;rlc))stonm receptor gene ( ) genotype-wise or haplotype-wise analysis. In this study, we could detect no evidence of genetic

association between 4 markers near HTR2A and mood disorders in the Japanese population, but sample
sizes, especially BP, were probably too small to allow a meaningful test.
Crown Copyright ® 2009 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.

Major depressive disorder
Bipolar disorder

1. Introduction

Altered serotonergic neural transmission is hypothesized to be
a susceptibility factor for mood disorders, such as major depressive
disorder (MDD) and bipolar disorder (BP). The evidence for such an
association is discussed in more detail in reviews (Levinson, 2006;
Murphy et al., 2004; Serretti and Mandelli, 2008).

Selective serotonin reuptake inhibitors (SSRIs), which are major
therapeutic agents for MDD, block serotonin transport on the
presynaptic neuron, increasing extracellular serotonin level and
stimulating serotonin 2A (5-HT2A) receptors on the postsynaptic
neuron. This mechanism is believed to relieve depressive
symptoms. Imipramine, an antidepressant, is an antagonist for
5-HT2A receptors. Also, valproic acid, one of the most well-known
mood stabilizers in the pharmacotherapy of BP, is reported to effect
a signaling cascade on 5-HT2A receptors (Sullivan et al,, 2004;
Yatham et al.,, 2005). Moreover, atypical antipsychotics such as
risperidone and olanzapine augment the clinical response in
treatment-resistant mood disorder patients (Philip et al.,, 2008).

* Corresponding author. Tel.: +81 562 93 9250; fax: +81 562 93 1831.
E-mail address: tarok@®fujita-hu.ac.jp (T. Kishi).

One of the major pharmacological therapeutic targets of atypical
antipsychotics is 5-HT2A receptors. Thus, 5-HT2A receptors are
suggested to be involved in the pathophysiology of mood disorders
(Serretti and Artioli, 2004a,b; Serretti et al., 2007).

Several genetic studies showed an association between the 5-
HT2A receptor gene (HTR2A) and MDD and BP; however, results
have been rather inconsistent. The evidence for such an association
is discussed in more detail in reviews (Kato, 2007; Serretti et al.,
2007). Moreover, to our knowledge, no association study of HTR2A
and MDD or BP in the Japanese population has been reported. Also,
the results of pharmacogenetic studies of HTR2A and the SSRI
response in MDD have also been rather inconsistent. Recently,
McMahon and colleagues reported an association between
rs7997012 and rs1928040 in HTR2A and outcome of citalopram
treatment in a very large sample of outpatients with MDD
(McMahon et al., 2006). Recent two studies reported that MDD and
SSRI response in MDD have common susceptibility genes. Lekman
and colleagues reported that the FKBP5 was associated with MDD
and citalopram therapeutic response in the White non-Hispanic
population (Lekman et al., 2008). Also, Tsai and colleagues reported
the significant associations between plasminogen activator
inhibitor type 1 gene (SERPINET) and Chinese MDD patients and
SSRI therapeutic response (Tsai et al., 2008).

0168-0102/$ - see front matter. Crown Copyright © 2009 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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Table 1
HTR2A and mood disorders.
SNPs? Phenotype® MAF® N Genotype distribution® P-value®
M/M M/m mjm HWE Genotype Allele
1s6313 Controls 0.485 802 220 386 196 0.301
(102T/C) Mood disorders 0.508 480 125 222 133 0.102 0430 0.254
Exoni MDD 0.495 325 87 154 84 0.346 0.883 0.656
BP 0.535 155 38 68 49 0.141 0.172 0.104
152070040 Controls 0.440. 802 262 374 166 0.128
(-1438A/G) Mood disorders 0.423 480 164 226 90 0438 0.675 0.394
Intront MDD 0.431 325 108 154 63 0.542 0.884 0.684
BP 0.406 155 56 72 27 0.643 0.559 0.273
rs1928040 Controls 0.300 802 400 322 80 0.203
T>C Mood disorders 0.303 480 235 199 46 0.682 0.894 0.888
Intron2 MDD 0.286 325 163 138 24 0478 0370 0.499
BP 0.339 155 72 61 22 0.130 0.287 0.182
rs7997012 Controls 0.181 802 535 243 24 0.568
G3A Mood disorders 0.192 480 311 154 15 0.438 0.781 0518
Intron2 MDD 0.208 325 202 111 12 0.496 0336 0.149
BP 0.158 155 109 43 3 0.598 0.591 0.325
2 Major allele > minor allele, SNP position.
b Mood disorders: mood disorders group, MDD: major depressive disorder, BP: bipolar disorder.
¢ MAF: minor allele frequency.
4 M: major allele m: minor allele.
e

Hardy-Weinberg equilibrium.

Therefore, using two functional SNPs (T102C and -A1438G) and
two SNPs (rs7997012 and rs1928040) in HTR2A, which reported an
association with therapeutic response to the SSRI, we conducted a
genetic association analysis of case-control samples (325 MDD
patients, 155 BP patients and 802 controls) in the Japanese
population.

2. Materials and methods
2.1. Subjects

The subjects in the association analysis were 325 MDD patients (159 males and
166 females; mean age =+ standard deviation 47.3 + 14.9 years), 155 BP patients (80
males and 75 females: 96 patients with bipolar I disorder and 59 patients with bipolar
1l disorder; 47.9 + 14.2 years) and 802 healthy controls (351 males and 451 females;
37.6 + 14.3 years). All subjects were unrelated to one another, 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
unstructured interviews and a review of medical records. All healthy controls were also
psychiatrically screened based on unstructured interviews. None had severe medical
complications such as cirrhosis, renal failure, heart failure or other Axis-1 disorders
according to DSM-IV, This study was approved by the Ethics Committee at Fujita
Health University and Nagoya University School of Medicine.

2.2. SNP selection and linkage disequilibrium (LD) evaluation

HTR2A has been reported to have two biologically functional SNPs (T102C:
rs6313 and -A1438G: rs2070040) (Myers et al,, 2007; Spurlock et al., 1998).
According to the HapMap database, LD: among these two SNPs in HTRZA was
r?=0,765. Therefore, we performed an association study for these two SNPs,
Moreover, because McMahon and' colleagues reported- an association between
157997012 and rs1928040 in HTR2A and outcome of citalopram treatment in a very
large sample of outpatients with MDD (McMahon et al., 2006), we included these
two SNPs. These four SNPs were selected for the following association analysis.

2.3. SNP genotyping

We used TagMan assays (Applied Biosystems, Inc., Foster City, CA,) for all SNPs.
Detailed information, including. primer sequences and reaction conditions, is
available on request.

2.4, 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
association with the chi-square test (SAS/Genetics, release 8.2, SAS Japan, Inc.,
Tokyo, Japan), and haplotype-wise association analysis was evaluated with a

likelihood ratio test using the COCAPHASE?2.403 program (Dudbridge, 2003). Power
calculation was performed using the Genetic Power Calculator (Purcell et al., 2003).
The significance level for all statistical tests was 0.05.

3. Results

Genotype frequencies of all SNPs were in HWE. We did not
detect any significant association of HTR2A with MDD or BP in
allele/genotype-wise analysis (Table 1) or haplotype-wise analysis
(BP: P=0.344 and MDD: P=0.198). It is known that there are sex
differences in the pathophysiology of mood disorders (Baron,
1981; Currier et al;, 2006; Faraone et al., 1987). Therefore, we
performed an explorative analysis of subjects divided by sex.
However, no association was detected between four SNPs in HTR2A
and either sex (Tables 2 and 3). Moreover, because the sample size
is not large enough to detect the possible small effect of this gene,
especially in bipolar disorder, we performed to combine the MDD
and BP to one “mood disorders group” as a case group for the
association analysis. However, we did not detect any significant
association of HTR2A with “mood disorders group” in allele/
genotype-wise analysis (Tables 1-3) or haplotype-wise analysis
(P=0.0810).

4. Discussion

We analyzed the genetic association between HTR2A and mood
disorders in the Japanese population. However, no association was
found between 4 markers near HTR2A and mood disorders by
allele/genotype-wise or haplotype-wise analysis. In addition, no
association was detected between four SNPs in HTR2A and either
sex.

McMahon and colleagues detected a significant association of
157997012 and rs1928040 in HTR2A with the outcome of
citalopram treatment in a very large sample of outpatients with
MDD (McMahon et al;; 2006). Also, Kato et al, (2006) reported an
association between -A1438G and the fluvoxamine therapeutic
response in Japanese MDD, but Sato et al. (2002) reported no such
association. Although there are two reported association analyses
of HTR2A with SSRI response in Japanese MDD patients, the results
were rather inconsistent and the problem of these studies was
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Table 2
HTR2A and mood disorders in male.
SNPs? Phenotype® MAF® N Genotype distribution® P-value®
M/M M/m mjm HWE Genotype Allele
156313 Controls 0.494 351 96 163 92 0.183
(102T/C) Mood disorders 0.529 239 54 117 68 0.786 0.424 0.240
Exonl MDD 0.525 159 37 77 45 0.715 0.616 0.361
BP 0.538 80 17 40 23 0.960 0.533 0324
rs2070040 Controls 0.447 351 112 164 75 0.303
(-1438A/G) Mood disorders 0.406 239 85 114 40 0.865 0.339 0.158
Intron1 MDD 0.406 159 57 75 27 0.784 0.456 0.214
BP 0.406 80 28 39 13 0.925 0.582 0.345
rs1928040 Controls 0.296 351 179 136 36 0.184
T>C Mood disorders 0.297 239 120 96 23 0.555 0.929 0.977
Intron2 MDD 0.277 159 83 64 12 0.944 0.623 0.524
BP 0.338 80 37 32 11 0.345 0.592 0.307
rs7997012 Controls 0.174 351 241 98 12 0.603
G>A Mood disorders 0.192 239 153 80 6 0.235 0.317 0414
Intron2 MDD 0.201 159 99 56, 4 0.229 0.236 0.293
BP 0.174 80 54 24 2 0.603 0.869 0.971

Major allele > minor allele, SNP position.

Mood disorders: mood disorders group, MDD: major depressive disorder, BP: bipolar disorder.

a

b

¢ MAF: minor allele frequency.

4 M: major allele m: minor allele.
¢ Hardy-Weinberg equilibrium.

small samples (Sato et al., 2002: 54 MDD patients, Kato et al., 2006:
49 MDD patients treated with fluvoxamine only). To overcome
these problems, replication study using larger samples will be
required for conclusive results. More recently, although Wilkie and
colleagues reported an association between rs6314 (C1354T) in
HTR2A and both response and remission to the paroxetine in MDD
(Wilkie et al., 2008), this SNP was shown to have “minor allele
frequencies: 0%" in the HapMap database (Japanese population).

HTR2A has been reported to have biologically functional SNPs
(T102C: 156313 and -A1438G: 152070040) (Myers et al, 2007;
Spurlock et al,, 1998). In genetic analysis of HTR2A, so far either
SNPs have been selected till now. However, according to the
HapMap database, LD among these two SNPs in HTRZA was
1% = 0.765, so we performed an association study for these SNPs. In
this study, we detected r* less than 0.85 for all phenotypes

(r? = Control 0.719, BP 0.840 and MDD 0.709). This result suggests
that association analyses for both SNPs should be performed in
future studies. Also, although we confirmed LD between the two
functional SNPs selected in this study and rs7997012 and
rs1928040 according to the HapMap database, this LD was not
found to be tight.

A few points of caution should be noted in interpreting our
results. Firstly, our sample sizes were small, especially BP. We
obtained power of more than 80% for the detection of association
when we set the genotype relative risk at 1.58-1.68 in BPand 1.32-
1.39 in MDD under a multiplicative model of inheritance (Purcell
et al,, 2003). The lack of association may be due to biased samples,
such as small sample sizes, especially BP. Because our BP samples
are small, there are possibilities of type II etrors in these results of
an association analysis for these phenotypes statistically. Secondly,

Table 3
HTR2A and mood disorders in female,
SNPs? Phenotype® MAES N Genotype distribution? P.value®
M/M M/m m/m HWE Genotype Allele
rs6313 Controls 0.478 451 124 223 104 0.846
(102T/C) Mood disorders 0.488 241 71 105 65 0.0629 0310 0.731
Exonl MDD 0.467 166 50 77 39 0.380 0.763 0.732
BP 0.533 75 21 28 26 0.0804 0.0643 0.208
rs2070040 Controls 0.435 451 150 210 91 0.265
(-1438A/G) Mood disorders 0.440 241 79 112 50 0377 0.982 0.851
Introni MDD 0.455 166 51 79 36 0.603 0.818 0.526
BP 0.407 75 28 33 14 0.445 0.786 0.522
r$1928040 Controls 0.304 451 221 186 44 0.596
T>C Mood disorders 0.309 : 241 115 103 23 0.993 0.930 0.837
Initron2 MDD 0.295 166 80 74 12 0.358 0.551 0771
BP 0.340 75 35 29 11 0.231 0.436 0374
rs7997012 Controls 0.187 451 294 145 12 0.236
G>A Mood disorders 0.191 241 158 74 9 0.927 0.703 0.874
Intron2 MDD 0.214 166 103 55 8 0.851 0.374 0297
BP 0.140 75 55 19 1 0.651 0.357 0.163

2. Major allele > minor allele, SNP position.

b Mood disorders: mood disorders group, MDD: major depressive disorder, BP: bipolar disorder.

€ MAF: minor allele frequency.
4 M: major allele' m: minor allele.
¢ Hardy-Weinberg equilibrium.
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because we did not perform association analysis based on LD and a
mutation scan of HTR2A, a replication study using a larger sample
and based on LD may be required for conclusive results, Lastly, our
subjects did not undergo structured interviews. MDD patients who
are not diagnosed by structured interview may develop bipolar
disorder in the future (Bowden, 2001; Kishi et al., 2008; Stensland
et al, 2008). However, in this study patients were carefully
diagnosed according to DSM-IV criteria with consensus of at least
two experienced psychiatrists on the basis of a review of medical
records. In addition, when we found a misdiagnosis of a patient, we
promptly excluded the misdiagnosed case in consideration of the
precision of our sample.

In this study, we could detect no evidence of genetic association
between 4 markers near HTR2A and MDD and BP, but sample sizes
(especially BP) were probably too small to allow a meaningful test.
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Postmortem studies reported alternations of estrogen
receptor alpha (ERalpha) mRNA in the dorsolateral
prefrontal cortex, amygdala, and hippocampus in patients
with schizophrenia, major depressive disorder (MDD),
and bipolar disorder (BP) compared with control participants
(Osterlund & af,, 2000; Perlman e af, 2005). A recent
study reported an agsociation between 12234693, which
influenced enhancer activity levels of ESR1 in ERalpha
gene (£SR1), and schizophrenia (Weickert e o/, 2008).
This study reported that the schizophrenia. patients
with CC genotype have significantly lower ESR1 mRNA
levels in the prefrontal cortex than the patients who are
with other - genotypes (Weickert e af, 2008). We
conducted a replication analysis 152234693 with Japanese
schizophrenia and mood disorders patients.

The study participants were 738 schizophrenia patients
(395 male, 343 female; mean age =+ standard deviation
36.3 + 18.4 years) (subtypes: paranoid 216, disorganized
221, catatonic 29, residual 142, undifferentiated 130),
155 BP patients (80 male, 75 female; 45.1 +13.6: BPI
98, BPII 57), 325 MDD patients (159 male, 166 femalc;
475+ 16.1), and 802 healthy controls (351 male,
451 female; 37.6 £ 14.3). All participants were unrelated,
cthnic Japanese. ‘The patients were diagnosed according
to The Diagnostic and Statistical Manual of Mental Disorders,
fourth edition criteria with consensus of at least
two experienced psychiatrists, based on unstructured
interviews and a review of medical records. When we
found a misdiagnosis of a patient, we excluded the
misdiagnosed case in consideration of the precision of
our sample. Dewiled information on our samples was
described in our previous paper (Kishi e af, 2008).
Written informed consent was obtained from each
participant. This study was approved by the Ethics
Committces at Fujita Health University and Nagoya
University Graduatc School of Medicine. Genotyping was
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carried out with TagMan assays (Applied Biosystems,
California, USA). Detailed information is available on
request. Genotype deviation from the Hardy-Weinberg
equilibrium and marker-trait association analysis used to
evaluate allele/genotype-wise association was evaluated
by x? test (SAS/Genetics, rclease 8.2, SAS Japan Inc.,
“Tokyo, Japan). Power calculation was performed using
a statistical program prepared by Ohashi ef a/. (2001). The
significance level for all statistical tests was 0.05.

Genotype [requencies were in Hardy-Weinberg equilibrium
for this single nucleotide polymorphism. We detected
no association berween 152234693 (genotype counts: TT/
TC/CC) and each disorder in the allele/genotype-wise
analysis (241/375/122 for schizophrenia, 51/77/27 for BP,
103/154/68 for MDD, and 273/392/137 for controls). In
the power analysis, we obtained more than 80% power
for the detection of association when we sét the geno-
type relative risk at 1.22, 1.42, and 1.29 in schizophrenia,
BP, and MDD, respectively, for £SR/ under a multi-
plicative model of inheritance.

Our results suggest that £SR! may not play a major role
in the pathophysiology of these disorders. However,
Weickert ¢z o/ (2008) reported associations of several
ERalpha mRNA splicing variants and a rare variant in
ESRI with schizophrenia, and further study such as
rescquencing in ESRI will be necessary. The lack of
association may be because of biased samples such as
unmatched age or sex samples. However, although we
included an explorative analysis of participants divided by
clinical diagnosis (except MDD) or sex, no association was
detected in any subgroup or in either sex (data not shown).
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The neuregulin 1 gene (NRG1) has been identified as a candidate gene for schizophrenia in a linkage study in
the Icelandic population. Recent evidence also suggested that it might be related to the neurodevelopmental
hypothesis and glutamate hypothesis for schizophrenia. Because the symptomatology of methamphetamine

- (METH) use disorder with accompanying psychosis is similar to that of patients with schizophrenia, NRG1 is
an appropriate candidate gene for METH-induced psychosis. We conducted a case-control association study
between NRG1 and METH-induced psychosis in a Japanese population (184 subjects with METH-induced
psychosis and 534 controls). Written informed consent was obtained from each subject. We selected four
SNPs (SNP8NRG221533, SNPSNRG241930, SNP8NRG243177, and 153924999) in NRG1 from previous reports.
No significant association was found between NRGI and METH-induced psychosis in the allele/genotype-
wise or haplotype-wise analyses. In conclusion, NRG1 might not contribute to the risk of METH-induced
psychosis in the Japanese population.
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Methamphetamine-induced psychosis
Neuregulin 1 gene (NRG1)

© 2009 Elsevier Inc. All rights reserved.

1. Introduction psychosis is similar to that of schizophrenia, it would be of interest to

examine the association between schizophrenia candidate genes and
METH-induced psychosis.

The neuregulin 1 gene (NRG1) was first reported as a candidate
gene for schizophrenia in the Icelandic population. NRGT' (OMIM
*142445) is located on chromosome 8p12-21, which is a susceptibility
region for schizophrenia identified by recent meta-analyses of
genome wide linkage studies (Badner and Gershon, 2002; Lewis
et al,, 2003). Recent reports suggest that NRG1 is a neuronal axial
filament growth factor that acts through receptors of the erbB family
and affects modulation of neuronal migration, expression and
plasticity of specific N-methyl D-aspartate (NMDA), gamma-amino-

Drug dependency is a major social problem in countries all over the
world, and there is a great need to understand the mechanisms of
dependency and study treatments. Because genetic factors strongly
influence drug dependency (Agrawal and Lynskey, 2006), it is
important to identify genes related to drug dependency. Metham-
phetamine (METH) is an illegal drug used widely in the world, and it is
known to cause psychiatric symptoms such as hallucination and
delusion. Since the symptomatologic character of METH-induced

Abbreviations; NRG1, The neuregulin 1 gene; METH, methamphetamine; NMDA,
N-methyl D-aspartate; GABA, gamma-aminobutyric acid; Ach, acetylcholine; JGIDA,
Japanese Genetics Initiative for Drug Abuse; HWE, Hardy-Weinberg equilibrium; SNP,
Single Nucleotide Polymorphism.

* Corfesponding author. Department of Psychiatry, Fujita Health University School of
Medicine, Toyoake, Aichi 470-1192, Japan. Tel.: +81 562 93 9250; fax: +81562 93 1831,
E-mail address: t-okochi@fujita-hu.acjp (T. Okochi).

0278-5846/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/].pnpbp.2009.04.016
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butyric acid (GABA) and acetylcholine (Ach) receptor subunits, and
myelination (Corfas et al., 2004). Therefore, NRG! may be related to
the neurodevelopmental hypothesis and Glutamate/GABA hypothesis
of schizophrenia. In this study, we conducted a case-control associa-
tion study between NRGT and METH-induced psychosis in a Japanese
population.
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2. Materials and methods
2.1. Subjects

The subjects in the association analysis were 184 patients (all
patients were diagnosed as having METH dependence; 152 males and
32 fernales: mean age 4 SD 36.7 + 11.6 years) and 534 healthy controls
(243 males and 291 fernales: mean age4-SD 37.54-14.4 years). All
subjects were unrelated to each other, ethnically Japanese, and lived in
Japan. Among the subjects with METH use disorder, all subjects had a
comorbid diagnosis of METH-induced psychosis. 149 subjects with
METH use disorder abused or had dependence on drugs other than
METH. Cannabinoids were the most frequently abused drugs (31.4%),
followed by cocaine (9.09%), LSD (9.09%), opioids (7.69%), and
hypnotics (7.69%). Subjects with METH use disorder were excluded if
they had a clinical diagnosis of psychotic disorder, mood disorder,
anxiety disorder, or eating disorder. The patients were diagnosed
according to DSM-IV or ICD-10 criteria with consensus of at least two
experienced psychiatrists on the basis of unstructured interviews and a
review of medical records. All healthy controls were also psychia-
trically screened through unstructured interviews, and those with past
individual or family history of drug dependence or axis 1 disorder such
as psychotic or miood disorders were excluded. More detailed
characterizations of these subjects have been published elsewhere
(Kishi et al., 2008). After description of the study, written informed
consent was obtained from each subject. This study was approved by
the Ethics Committee at Fujita Health University and each participating
institute of the Japanese Genetics Initiative for Drug Abuse (JGIDA).

2.2. SNP selection and genotyping

We selected four SNPs (SNP8NRG221533, SNP8NRG241930,
SNP8NRG243177, and rs3924999) in NRG1 from previous reports
(Stefansson et al,, 2002; Yang et al., 2003). We used TagMan dssays
(Applied Biosystems) for all SNPs. Detailed information on TagMan
assays, including primer sequences and reaction conditions, can be
seen in our previous paper (Ikeda et al., 2008).

2.3. Statistical analysis

Genotype deviation from the Hardy-Weinberg equilibrium (HWE)
was evaluated by the chi-square test (SAS/Genetics, release 8.2,
SAS Japan INC, Tokyo, Japan). Marker-trait association was also evalu-
ated by the chi-square test in allele- and genotype-wise analyses.
Haplotype frequencies were estimated in a two- to four-marker sliding
window: fashion and log likelihood: ratio tests wete performed for
global P-values with COCAPHASE program version 3.0.6 (Dudbridge,
2003). In these haplotype-wise analyses; rare haplotypes: (less than
0.05) either of cases and controls were excluded from the association
analysis. Power calculation was performed using a statistical program
prepared by a Genetic Power: Calculator (http://pngu.mgh.harvard.

Table 2
Results of haplotype analysis between NRG1 and METH-induced psychosis.
‘ Global P-value » '
SNP ID 2 SNP 3 SNP 4 SNP
SNP8NRG221533 0.0683 k 0213
SNP8NRG241930 0221 0.162*
SNP8NRG243177 0522 0235
153924999

? Stefansson et al. (2002) reported.

edu/~purecell//gpc/) (Purcell et al., 2003). The level of significance
for all statistical tests was 0.05.

3. Results

Genotype frequencies of subjects and controls did not deviate
significantly from HWE. No significant association was found between
NRG1 and METH-induced psychosis in the allele/genotype-wise
analysis (Table 1), or in the haplotype analysis (Table 2).

Our METH samples had the characteristic of being unmatched for
gender. Consequently, no common results between gender samples
were obtained. Therefore, we performed an explorative analysis of
gender effects, and no association was detected between any of the
SNPs and either sex in allele/genotype-wise analysis (Table 3), or in
the haplotype analysis (data not shown).

In a power analysis, we obtained more than 80% power for the
detection of association when we set the genotype relative risk at
1.43-1.87, under a multiplicative model of inheritance.

4. Discussion

The positive symptoms’ of schizophrenia, such as hallucinations,
delusions and METH-induced psychosis, show similar clinical back-
grounds, which is thought to be causally related to shared mechan-
isms. It was reported from recent animal pharmacological studies that
repeating METH-induced caused glutamate overflow in the brain and
decreased NMDA function (Simioes et al.; 2008). This mechanism
might contribute to behavioral problems, such as a clinical phenotype
of schizophrenia (Abekawa et al.,; 2008). Moreover, such abnormal
behavior improved with the use antipsychotics such as risperidone
(Abekawa et al,; 2008). On the other hand, a number of animal studies
suggested that NRGI affects glutamatergic: transmission” (Talmage,
2008). Based on these studies, we conducted the first genetic asso-
ciation study between polymorphisms in NRG1 and METH-induced
psychosis.

Significant associations between NRGI and schizophrenia have
been reported in two different populations. Stefansson et al. (2002)
found a significant association with ‘schizophrenia: of haplotypes
constructed by three SNPs (SNP8NRG221533, SNP8NRG241930, and
SNP8NRG243177) in the HAPice region, which is harbored by the
5‘-region of the GGF2 isoform in Caucasians. Yang et al. (2003) found

Table 1
Results of association study between NRG1 and METH-induced psychosis.
P herioty } : -+ Genotype distribution® = © - P-value Sl T

: M/m. m/m Allele - Genotype " HWES
04 30 0328 .. 0161 00508
» 262 118 A 0954
SNPBNRG241 43 1 0431 0475 0225
100 5 ) - 0.668
102 ’ 30 0.658 0530 0.052
L2800 107 o e il 0193
tU5g " 10 T 0363 0652 o 083t
71 24 ' T T 068

# MAF = minor allele frequency.
® N=number, METH == METH-induced with psychosis, CON = control. M= major allele, m= minor allele.
€ HWE == Hardy-Weinberg equilibrium.
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Table 3
Results of explorative analysis between NRG1 and METH-induced psychosis.
SNP ID Gender Phenotype N MAF Genotype distribution® P-value
: M/M M/m m/m, Allele Genotype HWE®
SNP8NRG221533 Male METH 152 0434 43 86 23 0379 0.0717 0.0617
. CON 275 0.465 83 128 64 0283
Female METH 32 0484 6 21 5 0.981 0447 0075
: CON 249 0.485 61 134 54 0.223
SNPENRG241930 Male METH 151 0.119 116 34 1 0.500 0.403 0374
CON 269 0.104 217 48 4 0477
Female METH 32 0.140 23 9 0 0.501 0.666 0354
CON 241 0112 188 52 1 0.189
SNP8NRG243177 Male METH 145 0.444 39 83 23 0.808 0209 0.0550
CON 280 0453 85 136 59 0.736
Female METH 31 0435 10 15 6 0.525 0.605 0.929
CON 252 0474 61 141 50 0.054
153924999 Male METH 140 0.242 82 48 10 0183 0364 0423
) -CON 281 0.202 179 90 12 0871
Female METH 31 0.161 21 10 0 0392 0458 0284
s CON 253 0.207 160 81 12 0.672

3 MAF = minor allele frequency.

b N = number, METH= METH-induced with psychotic, CON = control. M = major allele, m = minor allele.

¢ HWE = Hardy--Weinberg equilibrium.

a significant association with schizophrenia of rs392499 in the
Chinese population. However, in our allele/genotype-wise analysis
in the Japanese population, we did not find that either the haplo-
type (SNP8NRG221533-SNPBNRG241930-SNPSNRG243177) (global
P-value=0.162) or 15392499 was associated with METH-induced
psychosis. Moreover, our previous study reported no association
between NRGT and Japanese schizophrenia using large samples (lkeda
et al,, 2008). Therefore, our results suggest that it is unlikely that the
genetic factor of NRG? is involved in the pathogenesis of METH-
induced psychosis in the Japanese population.

The genetic contribution of substance-related disorder is differen-
tially heritable by gender (Jang et al,, 1997). In addition, our sampie
had an unmatched gender ratio of METH-induced psychosis (152
male, 32 female). Thereforé, the results in this study might have been
influenced by gender. We conducted an explorative analysis divide by
sex, and found no evidence of a gender effect.

Because the METH-induced psychosis sample in this study was
small, our result could be a type Il error due to inadequate sample size.
Therefore, an increased sample size will be required to rule out type Il
error, In a recent systematic review, Talmage (2008) showed that the
majority of genetic association studies of methamphetamine use dis-
orders had small sample sizes, and a proposed meta-analysis to solve
the limitation of sample correction. It will be necessary to replicate our
association with the same phenotype: and: other, larger population
samples.

A few points of caution must be mentioned with regard to our
findings. (1) It is important to evaluate associations between METH
use disorder with and without psychosis. However, there were a small
number of subjects without psychosis, so. we did not evaluate this
association to avoid type I error due to our small sample size. This was
due to the limitations of sample collection, since we collected cases of
METH use disorder in psychiatric hospitals. (2) We could not adopt an
LD-based strategy and perform a mutation scan, because NRGI has a
massive gene structure. Therefore; in future studies it will be neces-
sary to evaluate associations between other common variants or rare
variants with functional effects and NRG1 in METH-induced psychosis.

5. Conclusion

Our results suggest that NRG1 does not play a major role in METH-
induced psychosis in the Japanese population. However, the number
of METH samples used in this study was small, and even though it is
difficult to find samples of METH use disorder, it will be necessary
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to validate or replicate our association in other, larger population
samples.
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ARTICLE INFO ABSTRACT

Avariety of evidence suggests brain-dérived neurctrophic factor (BDNF) as a candidate gene for
schizophrenia, and several genetic“studi‘é“s have shdwn a significant association between the
disease and certain SNPs within BDNF (specifically;Val66Met and C270T). According to a recent
study, the functional microsatellite marker BDNF—LCPR (BDNF-linked complex polymorphic
region), which affects the expression level of BDNF, is associated with bipolar disorder. The
goals of our current study were to 1) evaluate the quality of HapMap-based linkage
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;(eﬁiwmf" . disequilibrium (LD) tagging of BONF-LCPR, 2) examine whether these tagging SNPs are
BBN;OP rema associated with schizophrenia in a Japanese population, and 3) conduct a meta-analysis of the

two most extensively studied polymm phisms: Val66Met and C270T. We genotyped eight
tagging SNPs, mcludmg Val66Met and C270T. Our LD evaluation showed that BDNF-LCPR could
be repxesen;ed by these tagging SNPs in controls (with 73.5% allelic coverage). However, the
furictional AT allele was not captured due to its low minor allele frequency (2.2%). In a case-
control study (1117 schlzophremcs and 1102 controls), no association was found in single-
marker or multlmarket analysis. MOIEOVEl in a meta-analysis, the Val66Met polymorphism
was not assocxated with schizophrenia, whereas C270T showed a trend for association in a fixed
model (p 0.036), but not in a random model (p=0.053). From these findings, we conclude
that i BDNF is indeed associated with schizophrenia, the A1 allele in BDNF-LCPR would be the
migst promising candidate, Further LD evaluation, as well as an association study in which
BDNF-LCPR is genotyped directly, would be required for' a more conclusive result,

o © 2009 Elsevier B.V. All rights reserved.

Linkage disequilibrium
Meta-analysis

1. Introduction survival ‘and plasticity of dopaminergic, cholinergic, and
serotonergic neurons (Angelucci et al, 2005). There is a
growing body of evidence supporting an association between
BDNF and schizophrenia: 1) postmortem studies show

reduced expression levels of BDNF in the anterior cingulate

Brain-derived neurotrophi¢ factor (BDNF) plays a key role
in the central nervous system ds a mediator of neuronal
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cortex (Iritani et al, 2003) and hippocampus of schizophrenia
patients (Durany et al;, 2001), 2} a reduced level of BDNF was
confirmed in the. blood serum: of schizophrenic patients
(Toyooka et al, 2002), and 3) mice in: which the BDNF
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