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(Yang et al., 2003), while no evidence of such an association was obtained
in our results (Chinese: global p-value <0.000001, GAT haplotype p value <
0.000001; vs our results: global p-value=0.31, GAT haplotype p-value=

0.97). Rcccntly the posmvc association between schizophrenia and the FZD3
gene has been reported in case-control study in a Chinese population (Zhang
et al.,, 2004). This study presented that a new marker, rs880481, created the
most positive results. Further analysis using this new marker should bc exam-
ined in other ethnic populations.

A pomblu explanation for the discrepancy between the previous results
and ours is a type I error in our sample. The odds ratio of the T allele of
rs960914 was 1.54 in Japanese study (Katsu et al., 2003). However, power
analysis revealed that our sample size could detect a significant association
between the examined risk alleles (frequency of 0.4—0.6) and schizophrenia
with a power of 90% when odds ratio was assumed to be 1.4 or more and the
critical p-value was set at 0.05. There is only a small chance that a clinically
meaningful difference would have been missed with the data. Secondly, it is
posslblc that LD with other unknown polymorphisms, that is truly responsible
for giving susceptibility to schizophrenia, may explain the discrepancy. Alter-
natively, the significant association observed by the previous two groups may
have arisen by chance. The case-control association study is subject to the
effect of population stratification, although the patients and controls were
ethnically matched.

More recently, an extensive family-transmission and case-control analysis in
a Japanese population with additional post-mortem mRNA expression data and
family trio analysis in a British population yielded negative results for associa-
tion between the FZD3 gene and schizophrenia (Ide et al., 2004; Wei and
Hemmings, 2004), which is consistent with our results.

In conclusion, we obtained no evidence for an association between the
FZD3 gene and schizophrenia or mood disorders, suggesting that this gene
has no major role in conferring susceptibility to major psychoses in our sample.
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Summary. Calcineurin, one of the serine/threonine protcin phosphatase, com-
prises more than 1% of the total protein content in brain. This evidence points
towards important roles of calcineurin in neural function. Miyakawa et al.
reported that forebrain-specific calcineurin knockout mice showed the behav-
ioral abnormalities that are often observed in schizophrenia patients. Based on
this evidence, they suggested that calcineurin dysfunction could be involved in
schizophrenia pathogenesis. Thereafter this report, Gerber et al. performed
transmission disequilibrium test (TDT) studies and showed an evidence for a
nominally significant over-transmission of a common haplotype of the human
calcineurin A y subunit gene (PPP3CC). We performed association analysis of
PPP3CC in Japanese sample of 457 schizophrenia cases and 429 controls. To
our regret, we could not confirm the association with Japanese schizophrenia to
PPP3CC including core at-risk haplotype. Our result suggests that PPP3CC
may not play a major role in Japanese schizophrenia.

Keywords: Single nucleotide polymorphism, calcineurin, haplotype.

Introduction

Phenotype of schizophrenia is characterized by positive and negative symp-

toms such as poor social function and coguitive dysfunction including atten-

tion deficit measured by pre-pulse inhibition test. Schizophrenia is also

characterized by its fairly high heritability and abnormalitics of glutamate

(Moghaddam, 2003), y-aminobutyric acid (GABA) (Wassef et al., 2003) and

qynaptlc connectivity (Weinberger, 1999; Glantz and Lewis, 2001; Keshavan,
1999).
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Recently, Miyakawa et al. reported that forebrain-specific calcineurin B
subunit (CNB) knockout mice showed increased locomotor activity, decreased
social interaction and impairments in pre-pulse inhibition similar to schizophre-
nic patients (Miyakawa et al., 2003). Calcineurin, one of the serine/threonine
protein phosphatase, is highly enriched in neural tissue, as its concentration in
brain is 10-20 times that found in other tissues and it comprises more than 1%
of total protein content in the brain (Shibasaki et al., 2002; Klee et al., 1998;
Wallace et al., 1980; Yakel, 1997; Guerini et al., 1990). Calcineurin also has
been shown to have important roles in neural function. For example, activation
of calcineurin inhibits the release of neurotransmitters, glutamate and GABA
(Nichols et al., 1994; Greengard, 2001) and desensitization of the postsynaptic
NMDA receptor (Tong, 1995; Lieberman, 1994). In addition, mice deficient in
calcineurin-nuclear factor of activated T cells (NFAT) signaling had dramatic
defects in axonal outgrowth (Graef et al., 2003). Considering the role of calci-
neurin in the glutamate and GABA system, in plasticity of neuron, and in social
interaction and cognition, calcineurin would be a probable candidate gene for
schizophrenia.

Thereafter Miyakawa’s report, Gerber et al. performed transmission dis-
equilibrium test (TDT) studies to examine the association of calcineurin-related
candidate genes (calcineurin subunits, calcineurin binding proteins and proteins
functionally coupled to calcineurin) with schizophrenia in 410 affected families
collected from the United States (US) and South Africa (SA). They found an
evidence for a nominally significant over-transmission of a common haplotype
of the human calcineurin A v subunit gene (PPP3CC) (Gerber et al., 2003) which
is located within chromosome 8p21.3, a region that has been identified as
schizophrenia susceptibility locus by linkage studies. Here, we performed a
replication of their study with Japanese schizophrenia patients and controls.

Material and methods

Subjects

Subject consisted of 457 patients with schizophrenia (inale: 242, female: 215) and 429 controls
(male: 201, female: 228). All subjects were unrelated Japanese. All patients fulfilled the DSM-IV
criteria for schizophrenia. The general characterization of these subjects and description of their
psychiatric assessment were identical criteria published elsewhere (Suzuki et al., 2003). After
description of the study, written informed consent was obtained from each subject. This study was
approved by the Fujita Health University Ethics Committees.

Genotyping

Six single nucleotide polymorphisms (SNPs), five of which were the identical SNPs used in
original study; SNP1 (CC-la): rs1049437, SNP2 (CC-20). hCV1341797, SNP3 (CC-21):
hCV1341817, SNP4 (CC-33): hCV 3004214, SNPS (CC-S3): 15246149 were genotyped. Another
SNP (SNP6: 157430 from dbSNP database (hitp://www.ncbinlm.nib.gov/SNP/) which is
located in 3 UTR was added as following reason. Denser SNP setting would be required
especially in latter half of PPP3CC, because original positive results showed that SNPs located
in latter half of PPP3CC were associated with schizophrenia.

Genomic DNA was extracted from peripheral blood of all subjects. For rapid genotyping of
SNPs, polymerase chain reaction (PCR) restriction fragment length polymorphism (RFLP) assays
and TagMan assays were developed.
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Table 1. Primers and restriction enzymes used for genotyping

SNP PCR Primer sequences Product  Annealing  Restriction Vagiants Location
size (bp) temperature enzymes

CC-20  5-GGGCACAGAAAGATATACTGG- 3’ 278 61 Xba I T/C Intron |
¥ -GTAGAAAGTCCCACAAACTGG-3

CC-21  5-GAAGAAGCTTCTGGCATCTGG-¥ 312 56 Hinf 1 G/A Intron 1
§-TAGTCCCATGATCCACAGGTG-3’ :

CC-33  ¥-GACAGAGTGAGACCCTGTCC-3 197 56 Hpyl881  C/T Intron 4
5'-TGACCTGCATTGACCTACATC-3 :

CC-83  5-GATGGAACAATAGGTCCTGG-3' 266 61 ‘Pl I A/G Intron 4
5'-CATGCAGAGCAACACACATG-3/ .

18 7430 5-AAGGGAAGAAAGCCCATTCA-Y 238 56 BstNI C/G Untranslated

5-AAGGGAAAAACAAAACAGATGC-Y

Five pairs of primers were used for typing SNP2, SNP3, SNP4, SNP5 and SNP6 for
PCR-RFLP, as described in Table 1.

PCR amplification was carried out as follows. The reaction mixture was in a 61 volutne
containing a 10 ng sample DNA, 10pmol of each primer, 2.5 mM MgCl,, each dNTP at 0.21nM
and 0.3 U of AmpliTaq Gold™ (Applied Biosystems Japan Ltd.). An initial denaturation step at
95°C 9 min was followed by 40 cycles of denatozation at 95°C for 15 sec, primer annealing at
each suitable temperature for 20 sec, ]mmex extension at 72°C for 30sec and a final extension
reaction was performed at 72°C for 7 min. The PCR products were digested with each appropriate
restriction enzyme (Table 1). DNA fragments were resolved by clectrophoresis in a 6% acryl-
amide gel stained with ethidium bromide.

Conceming SNP1, the primer that was used in original study for typing SNP1 was so long
that we could not type it exactly. Then we typed SNP1 with TagMan assays (Applied Biosystems
Japan Ltd.).

Statistical analysis

The presence of Hardy- Wt.inbcrg equilibrivin (HWE) was examined by exact test. TY and r® were
caleulated to evaluate pairwise linkage disequilibrium (LD). Genotype, allele and haplotype dis-
tributions between cases and controls were analyzed by COCAPHASE 2.403 (Dudbridge, 2003).

In conventional haplotypic analyses, we estitated the haplotype frequencies by expectation—
maximization (EM) algorithm. We set cutoff line of haplotype frequencies less than 5% as
original study defined.

An effect size was cstimated by power, which was calculated using a statistical program
prepared by Ohashi (Ohashi et al., 2001). The significance level for all statistical tests was 0.05.

Results

Genotype distributions in schizophrenic patients and controls are shown in
Table 2. In each SNP, the genotype distributions for the two groups were in
Hardy-Weinberg equilibrium. No significant differences in genotype of all SNP
were observed between Japanese schizophrenic patients and controls.
Pairwise disequilibrium values of Japanese scm/ophmma sample were
shown in Table 3. Almost all pairwise LD and r® results showed the strong
LD, however, CC-20 is not in strong LD with CC-33 and CC-S3 in combined
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Table 2. Genotypic analysis of PPP3CC

SNP ID  Japanese sample (Frequencies in %)
M/M M/m m/m P-valoe
Patients Controls Patients Controls Patients Controls
CC-1a 131 (287) 123 (26.9) 214 (46.8) 204 (47.6) 112 (24.5) 102 (23.8) 0.88
CC-20 323 (70.7) 312(727) 123269 121 (282) 11 (24) 6 @37 027
CC21 222 (48.6) 220 (S1.3) 195 (42.7) 179 (4L.7) 40 (8.8) 30 7.0y 029
CC-33 156 (34.1) 144 (33.6) 211 (462) 210 49.0) 90 (19.7) 75 (17.5) 0.73
CC-83 160 35.0) 147 (343) 218 (477 211 (492 79173 71 (16.6) 0.99
13 7430 146 (31.9) 135 (31.5) 219 47.9) 222 (5L7) 92(20.1) 72 (16.8) 0.51

M major allele; m minor allele

Table 3. Pairwise disequilibrium values for PPP3CC

Japanese sample

US sample™

Distances (bp)

CC-1a CC-20 CC-21 CC-33

CC-SS rs 7430

CC-1a CC-20 CC-21 CC-33

CC-1a
CC-20
CC-21
CC-33
CC-53

0.58
0.89
0.85
0.85

s 7430 0.55

0.08

0.87
0.04
0.05
0.72

0.36
0.06

0.91
0.92
0.84

0.58
0.0004
0.46

0.94
0.6

0.55 025
0.0003 0.08
049 038
0.84 034

0.39
0.65

0.72
0.98
0.89
0.97

0.78
0.39
051

6843

15305

0.67 38764
0.9 0.91 1683
3762

For each pair of markers, the standardized D' is shown below the dia

* Gerber et al. (2003)

gonal, and r* is shown above the diagonal.

Table 4. Global haplotype association analysis of PPP3CC in Japanese Case-Control Samples

Global haplotype analysis (p-vdl‘ue“)

SNP ID
1SNP* 28NP 3SNP 4SNP 5SNP 6SNP
CC-la 0.87
0.72
CC-20 0.26 0.75
0.39 0.97
CC-21 0.29 0.74 0.9
0.79 0.77 0.87
CC-33 0.72 0.75 0.63 '
0.92 0.68
CC-S3 0.99 0.67
0.66
rs 7430 0.51

“p-value was calculated by COCAPHASE. * allele wise associate
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Table 5. Individual haplotype analysis (SSNPs CC-la~ CC-83)

3SNPs haplotype  Japanese sample US sample®** South Africa (SA) US - GAF**
(CC-la~ CC-S3) S'mek o
Frequencies (%) P-valuc® Frequencics P-value® Frequencies P-value® P-value”
(%) (%) (410 triads)
SCZ CON (210 triads) (200 triads)
(n=457) (h=429)
CTGCA 26.4 26.4 0.98 38 0.002%* 43 0.07 0.0012%*
CTACA 5.7 5.8 (.88 8 0.48 9 0.32
CTATG 1.2 0.9 0.28 11 0.15 8 0.32
ATATG 3.9 45.8 047 25 0.7 26 0.35
CCACA } 4.6 5.7 0.32
CCATG 64 7.2 0.49

SCZ schizophrenic. CON control. * Caleulated by COCAPHASE. b Calculated by TRANSMITED. * In TDT results
of the US samples showed a risk haplotype. ** In TDT results of the US + SA samples also showed a risk haplotype.
% Gerber et al. (2003)

sample of schizophrenics and controls. Also same trends were obtained from
separated samples of schizophrenics and controls (data not shown).

Results of allele and haplotypic analysis are shown in Tables 4, 5 and 6. No
significant differences in allele frequencies for all SNP were observed between
Japanese schizophrenic patients and controls, including CC-21 (P=0.75) and
CC-53 (P=10.44) that were observed significant over-transmission in US and
SA samples (P=0.038 and 0.041, respectively).

For the conventional haplotypic analysis, like original study, we evalu-
ated associations by two forms, global haplotypic analysis, and individual
haplotypic analysis. In both analyses we constructed from two to six SNPs
haplotypes from adjacent SNPs in sliding-window fashion (Table 4). In glo-
bal haplotypic analysis, none of the five SNPs showed association with

Table 6. Individual haplotype analysis (6SNPs CC-1a/rs 7430)

G6SNPs Haplotypes Japanese sample
(CC-la~rs 7430)
Frequencies (%) P-value®
SCH CON
(n==457) (n =429)
ATATGC 35.5 38.3 0.24
CTGCAG 24.8 254 0.79
ATATGG 8.5 7.5 0.39
CCATGC 5.5 6.4 0.48
CTACAG 5.6 5.7 0.94

* Calculated by COCAPHASE
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schizophrenia. In individual haplotypic analysis of 5 SNPs for the confirma-
tion of the contribution of individual haplotypes to global haplotypic anal-
ysis, we could not find association of major haplotypes including at-risk
haplotypes (Table 3). Concerning individual haplotypic analysis of 6 SNPs
(Table 6), we could not reveal association of major haplotypes to schizo-
phrenia either.

Discussion

We have performed the first replication of association study of PPP3CC using
relatively large Japanese case-control samples. For denser SNP setting, we
added another SNP that is located in 3’ UTR. Although the original study
showed significant associations with 2 SNPs (CC-21, CC-S3) in PPP3CC to
schizophrenia, in our Japanese sample, all SNPs in PPP3CC did not show
significant association with schizophrenia (Tables 2 and 4). In haplotypic anal-
ysis, we could not find significant association of major haplotypes including
at-risk haplotype, either (Tables 4, 5 and 6). Our results did not confirm the
previous association of PPP3CC.

This discrepancy between our study and original study might be derived
from differences of the population. Japanese samples differ from US and SA
samples in LD patterns (Table 3). Also, haplotypes were present in different
frequencies in Japanese sample and US/SA sample (Table 5).

In addition, the magnitude of susceptibility loci from linkage analyses

may be different among populations. Genome-wide linkage studies, primar-
ily of Buropean-Caucasian, African-American and Palauan populations, have
been performed and some studies have suggested that 8p.21-22 (Pulver
et al., 1995; Kendler et al., 1996; Blouin et al., 1998; Gurling et al., 2001;
Straub et al., 2002), where PPP3CC is located on, is associated with sus-
ceptibility to schizophrenia. However, in genome-wide scan for linkage with
Japanese schizophrenia, 8p.21-22 did not fulfill the criteria for signifi-
cant or suggestive evidence for linkage (JSSLG, 2003) (Yamada et al,
2004). :
To verify that our negative results might not be due to type II error, tradi-
tional power calculation based on genotype relative risk (GRR) was performed.
The power was quite high and showed more than 80% power for susceptibility
gene when GRR set 1.31-1.45 (Ohashi et al., 2001).

In conclusion, our results suggested that PPP3CC might not play a major
role in pathophysiology of Japanese schizophrenia. However, as calcineurin is
still a probable candidate gene for schizophrenia, further association analyses is
required to be carried out considering locus heterogeneity among calcineurin
and calcineurin-interacting molecules.
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Summary. Serotonin transporter gene
(SLC6A4) is one of the most promising
candidate genes for psychiatric disorders
such as schizophrenia (SCZ) and bipolar dis-
order (BP). Two functional polymorphisms,
SHTTLPR and SHTTVNTR, have been a
focus for genetic association analyses; how-

ever, no conclusive results have been ob-

tained. We conducted, 1) a mutation search
of SLC6A4, 2y LD mapping to select ‘tag-
ging’ markers (10 SNPs and SHTTVNTR,
while SHTTLPR was treated as an indepen-
dent marker because of its allelic form), and
3) association analysis of these ‘tagging’
markers and independent markers (SHTTLPR
and Asn605Lys) with SCZ and BP in
Japanese patients. In this mutation search, a
nonsynonymous SNP, Asn605Lys, was de-
tected. No associations of ‘tagging’ markers
and independent markers with such condi-
tions were found. These results indicate that
SLC6A4 might not play a major role in SCZ
and BP in Japanese patients, a finding that
agrees with both the common disease-
common variant hypothesis and common
disease-rare variant hypothesis.

August 5, 2005; © Springer-Verlag 20035

Keywords: SHTTLPR, SHTTVNTR, linkage
disequilibrium, single nucleotide polymor-
phism.

Introduction

Serotonin transporter gene (SHTT, SLC6A4) is
one of the most promising candidate genes for
psychiatric disorders, such as schizophrenia
(SCZ) and bipolar disorder (BP), based on its
import roles in serotonin transmission and the
pharmacological mechanism of various antide-
pressants (OMIM: *182138). Several genetic
association analyses of SLC6A4 have been
performed in different population samples.
These association analyses have focused on
two functional polymorphisms, SHTTLPR
(SHTT “Long/Short”, a 44-bp insertion/
deletion, Polymor: phmn) and SHTTVNTR
(SHTT a 17-base-pair (bp) variable-number
tandem-repeat (VNTR) in intron 2). For SCZ,
results from several association studies have
been inconsistent (e.g. Serretti et al., 2002;
Tsai et al., 2002). On the contrary, for BP,

two recent meta-analyses of SHTTLPR
and/or SHTTVNTR showed significant
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association with affective disorder (Anguelova
et al., 2003; Lasky-Su et al., 2005). However,
while meta-analysis is unquestionably a
powerful tool for genetic association anal-
ysis, it has several limitations based on pub-
lication bias, ethnic diversity and other
factors.

A popular hypothesis about allelic archi-
tecture proposes that most genetic risk for
common, complex diseases including SCZ
and BP is due to disease loci where there is
one common variant (Chakravarii, 1999). If
true, this common disease-common variant
(CD-CV) hypothesis implies that linkage dis-
equilibrivm (LD) mapping is an important
concept in order to narrow the predisposing
polymorphisms for complex diseases in as-
sociation analysis, rather than focusing on
specific polymorphisms. To represent LD
properties, single nucleotide polymorphisms
(SNPs) are often used as haplotype tagging
markers, because SNPs are abundant and
amenable to genotyping. Applying these con-
cepts, LD-based analysis could provide dif-
ferent insights from previous analyses using
only independent markers such as SHTTLPR
and SHTTVNTR.

To date, only one association study based
on LD, which examined the association of
SLC6A4 with BP (not with SCZ), has been
reported (Sun et al., 2004).

Alternatively, a common disease-rare var-
iant (CD-RV) hypothesis (Pritchard and Cox,
2002) was proposed recently, stemming from
criticisms of the CD-CV hypothesis from the
viewpoints of allelic heterogeneity and dis-
ease heterogeneity. According to the CD-
RV hypothesis, it is important to search for
rare and functional variants as possible
disease-related variants.

In the present study, we conducted 1) a
mutation search of all exons and possible pro-
moter regions (2064bp around SHTTLPR),
2) LD mapping (10SNPs and SHTTVNTR)
and selection of ‘tagging’ markers, and 3) a
case-control association analysis of SCZ and
BP using these ‘tagging’ markers, SHTTLPR

and a rare variant detected in our mutation
search.

Material and methods

Subjects

The subjects for the mutation search were 37 and 27
patients with SCZ and bipolar 1 disorder, respec-
tively. LD mapping was performed in 96 controls.
In the following association analysis, 287 patients
with SCZ (148 male and 139 female; mean age £
standard deviation (SD) 42.3 £ 14.7 years), 109 pa-
tients with BP (S| male and 58 female; 61 patients
with Bipolar I disorder and 48 patients with bipolar I1
disorder; mean age = SD 48.3 £ 13.2 years) and 288
controls (150 male and 138 female; mean age 4 SD
33.6 £ 12.9 years) were genotyped. They were diag-
nosed according to DSM-IV criteria with the consen-
sos of at least two experienced psychiatrists on the
basis of unstructured interviews and review of the
medical records. All healthy controls were also psy-
chiatrically screened based on unstructured inter-
views. All subjects were unrelated -ecach other and
ethnically Japanese. More detailed characterization
of these subjects and description of their psychiatric
assessment are identical to those published elsewhere
(Suzuki et al,, 2003). After explanation of the study,
written informed consent was obtained from ecach
subject. This study was approved by the Ethics Com-
mittee at Fujita Health University and Nagoya Uni-
versity Graduate School of Medicine.

SNP identification

Genomic DNA was extracted from peripheral blood of
all subjects. For mutation search, primer pairs were
designed using information from the GenBank
sequence (accession noamber: NT-01799.13) and 22
amplified regions, which covered all of the coding re-
gions and introns including the branch sites and
2064 bp around SHITLPR. We also developed a dena-
turing  high-performance  liquid  chromatography
(dHPLC) analysis. A wmore detailed description can
be seen in a previous paper (Suzuki et al, 2003).
Sequences of primer pairs are available on request.

LD mapping and SNP genotyping

For LD mapping, we included SNPs from
databases (dbSNP; http: //wwwnebinlm.nibh.gov/
SNP/ and Celera Discovery Systems; http://www.
celeradiscoverysystem.com/) and other papers
(Battersby ct al., 1999), so that the SNPs were cvenly
distributed (Table 1). First we determined “LD blocks®
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Table 1. SNPs in LD mapping

ID Distance to Method of MAF of
next marker genotyping controls' (%)
Private IDs Database [Ds
Mi 11050365 - TagMan : 15.1
- SHTTLPR® 11563 PCR -
2 182020934 3053 PCR-RFLP 15.1
3 152066713 9795 direct sequencing 6.25
4 182020936 851 PCR-RFLP 13.0
5 152020937 57 direct sequencing 6.78
6 152020938 7 direct sequencing 14.3
7 182020939 18 direct sequencing 14.6
8 SHTTVNTR 2104 PCR 5.73
9 r§140701 10096 direct sequencing 16.7
10 183794808 6739 PCR-RFLP 15.1
- Asn605Lys (156352)° 1600 PCR-RFLP -
11 183813034 5389 PCR-RFLP 16.1

'MAF = minor allele frequency of 96 controls used in LD mapping. *These variants were not included in LD

mapping (sce text)

with reasonable criteria based on 95% confidential
bounds on D’ valoes using the Haploview ver. 2.05
software (Bawrett et al., 2005). Next, ‘tagging’ markers
were selected within each ‘LD block’ for 90% hap-
lotype coverage using SNPtagger software (Ke and
Cardon, 2003). In this case, we preferred to select pos-
sible markers with functional relevance rather than just
intronic markers.

Genotyping of SHTTLPR, M8 (SHTTVNTR), and
MT11 (153813034, 3’ UTR G>T) was as described in
other papers (Battersby et al., 1999; Lesch et al., 1996;
Ogilvie et al., 1996). For rapid genotyping of the other
markers used in our LD mapping, we used TagMan
assays, restriction fragment length polymorphism
(RFLP) assays, primer extension methods using
dHPLC, and a direct sequencing method (Table 1).
TagMan probes and Universal PCR Master Mix were
obtained from Applied Biosystems. A S-pl total reac-
tion volume was used and, after PCR, the allelic spe-
cific fluorescence was measured on ABI PRISM 7900
Sequence Detector Systems (Applied Biosystems).
REFLP assays and primer extension methods were de-
scribed int greater detail previously (Suzuki et al., 2003).
Detailed information including primer sequences is
also available on request.

Statistical analysis
Genotype deviation from the Hardy-Weinberg equilib-

rium (HWE) was evaluated by > test (SAS/genetics,
release 8.2, SAS Institute Japan Inc, Japan).

Marker-trait association was evaluated allele/
genotype-wise with conventional % test or Fisher's
exact test (SPSS 10.01, SPSS Japan Inc, Japan) and
haplotype-wise with the program COCAPHASE
2403 (Dudbridge, 2003). The COCAPHASE program
performs log-likelihood ratio tests under a log-linear
model for global P-value. To estimate haplotype fre-
quencies of ‘tagging’ markers, the expectation-maximi-
zation (EM) algorithm was used. Rare haplotypes
found in less than 3% of both cascs and controls were
excluded from association analyses to provide greater
sensitivity and accuracy when the effect is seen in com-
mon haplotypes. And for haplotype-wise analyses, we
calculated global P-values in sliding-window fashion.

Power calculation was performed using a statistical -
program prepared by Ohashi et al. (2001). We esti-
mated the power for our sample size under a multi-
plicative mode] of inheritance assuning a population
susceptibility allele frequency of each value in our
screened control samples (type T error rate = (.03),

The significance level for all statistical tests was
0.05.

Results

In vur mutation search, only a nonsynonymous
single nucleotide polymorphism  (SNP),
Asn605Lys (1$6352), was detected in one
SCZ; no mutation was found in BP. Due to its
low minor allele frequency (MAF), we did not
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Fig. 1. Linkage disequilibriom mapping. Numbers in
box represents IY values after decimal point. I’ values
of 1.0 are not shown. Color schemes represent the evi-
dence of LD or recombination (strong evidence of LI:
dark gray, uninformative: light gray, strong evidence
of recombination: white). The other information is
described at Haploview’s website

include this SNP in the following LD map-
ping. Next, LD mapping of controls showed
one LD block covering all of the coding exons
(Fig. 1), and M11 and M8 (SHTTVNTR) were
selected as ‘tagging’ markers from this block.
Consequently, four markers (M1, M2, M8 and
M11) were selected as those of SLC6A4
(Table1). In this case-control association anal-
ysis, we treated SHTTLPR and Asn605Lys as
independent markers, because SHTTLPR is a
complex multi-allelic variant (Nakamura et al.,
2000) and MAF of Asn605Lys was too low, as
described above.

We first evaluated the deviations from
HWE for all markers, and found that geno-
type frequencies were consistent with HWE
{for M8, SHTTVNTR, 9 repeat allele was not
found in either our case and control samples).
No associations of ‘tagging’ markers and
SHTTLPR with SCZ and BP were found
(Table 2). However, because Asn605Lys

Table 2. Allele/genotype-wise association analysis of ‘tagging’ markers with SCZ and BP

Phenotypcl D Number (}enotype2 P-values Power
calculation®
M/M  M/m m/m  Genotype Allele GRR
SCZ Ml 287 196 79 12 0.139 0.343 1.47
2 287 208 68 11 0.161 0.594 1.51
g* 287 237 49 1 0.350 0.583 1.78
11 287 196 83 8 0.781 0.557 1.49
SHTTLPR 287 189 82 16 0.214 0.441 146
~ Asn605Lys 381 353 28 2 0.911 0.541 1.93
BP Mi 109 75 30 4 0.377 0.389 1.67
2 109 76 30 3 0.867 0.912 [.71
g* 109 93 15 1 0.993 0.930 1.99
11 109 70 33 6 0.420 0.509 1.68
SHTTLPR 109 73 30 6 0.339 0.452 1.63
Asn605Lys 109 100 8 1 0.5315 0.489 2.55
Controls M1 288 180 100 8
2 288 197 85 6
g 288 245 40 3
11 288 189 o1 8
SHTTLPR 288 175 101 12
Asn605Lys 351 327 23 1

LsC7 schizophrenia, BP bipolar disorder. ) major allele, i minor allele. *GRR genotype relative risk to
obtain 80% power. *SHTTVNTR: M (major allele) = 12 repeat, m (minor allele) = 10 repeat
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Table 3. Haplotype-wise association analyses

Phenotype' D Global P-values in sliding-

window fasion

2SNP  3SNPs  4SNPg
sCz Ml
’ 0.651
2 o010 936 4945
8 0.545 .
0.151
1
BP ML 4675 ,
5 : 0.847
> oot 0BT 9y
I

tscz schizophrenia, BP b.ipblar disorder

showed weak association with SCZ (P=
0.0338), we expanded the search in a further
96 schizophrenics and 64 control samples
(total schizophrenia = 383, control =351) for
conclusive results. In this additional analysis,
we could not confirm the positive association
of Asn605Lys with SCZ (P = 0.541: Table 2).
In addition, we performed a haplotype-wise
association analysis of sliding-window fash-
ion using these four ‘tagging’ markers. Again,
we found no association with SCZ and BP
(Table 3). _

The Power calculations are shown in
Table 2. We obtained more than 80% power
to detect association when we set the geno-
type relative risk (GRR) at each value as
shown in Table 2.

Discussion -

In this study, no associations of SLCG6A4
with SCZ and BP in Japanese patients were
found in accordance with either the common
disease-common variant (CD-CV) hypothesis
or common discase-rare variant (CD-RV)
hypothesis (Pritchard and Cox, 2002). ’

The association analysis strategy we have
adopted is reasonable for genetic association
study of SLC6A4 for the following reasons.
1) Mutation search with relatively high

power can detect SNPs that are rare but have
functional effect (Collins and Schwartz,
2002), and avoid overlooking associations
in accordance with the CD-RV hypothesis.
In fact, one of us reported that a rare but
functional SNP of SLC6A4 (Ile425Val) was

compulsive disorder, and suggested that such
a rare variant of SLC6A4 is also important in
terms of susceptibility genes for complex dis-
orders {Ozaki et al., 2003). We included the
mutation scan of this SNP using 500 schizo-
phrenics, however, no mutation was found in
our samples. And another nonsynonymous
SNP from database, Ala56Gly (rs6355), was
also searched for 96 schizophrenics, again no
mutation was found (data not shown). 2) Our
association analyses using ‘tagging’ markers

- were more sensitive and useful than those

using randomly selected markers. Moreover,
our ‘tagging’ markers could reflect the
haplotype background of SLCGA4 in the
Japanese population, especially in coding re-
gions. And it is reasonable to treat SHTTLPR
as an independent marker, because SHTTLPR
is a multi-allelic variant and the arbitrary di-
vision (‘I or ‘S’ allele) cannot estimate the
exact LD structure of SLC6A4.

A recent association study based on LD of
Taiwanese BP found an association with the
fifth commonest haplotype (Sun et al., 2004).
However, our haplotypic analysis did not
show significance either in global haplotypic
analysis or even in individual haplotypic anal-
yses (data not shown). This discrepancy be-
tween our results and Sun’s might be due to
a difference in the study populations.

We also included an explorative analysis of
SHTTLPR and SHTTVNTR, because a recent
expression study reported that allelic combina-
tion of SHTTLPR and SHTTVNTR showed
weak but significant differences in serotonin
transporter mRNA levels (Hranilovic et al.,
2004). They reported that genotypes were sep-
arated into three groups, no ‘low-expressing’
at either of the loci (L/L, 12/12), ‘low-
expressing” at one Jocus (L/L, 10" allele and
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‘S’ allele, 12/12), and ‘low-expressing’ at both
loci (°S’ allele, ‘10 allele), since the low-
expressing alleles (‘S’ allele of SHTTLPR
and ‘10° allele of SHTTVNTR) appeared to
act dominantly. To detect this combined effect,
we divided samples the same those authors.
Consequently, we were also unable to find an
association of the allelic combination of these
polymorphisms with SCZ or BP (?CZ‘ x>
value = 1.097, durrcc of freedom=2, P=
0.578, BP: ¥* valup— 1.949, degree of
freedom =2, P=0.377).

Although several findings have been
obtained in transfection, binding, and expres-
sion studies, those regarding the functional
consequences of SHTTLPR and SHTTVNTR
have been inconsistent (see introduction of
Hranilovic et al., 2004). Taken together with
our results, the possibility is suggested that
only specific alleles of SHTTLPR have func-
tional effect and are associated with SCZ or
BP, because even the alleles of SHTTVNTR,
for which the LD pattern is easy to evaluate
on SLC6A4, can reflect most of the haplo-
type background around the coding regions.

A few points of caution should be
stressed. First, the lack of association may
be due to biased samples, such as unmatched
aged samples. Second, it is difficult to eval-
uate the association of an extremely rare var-
jant (e.g. MAF<0.01) from viewpoint of
power. Only a larger sample size will be
required in mutation search and association
analysis for conclusive results. Third, we
could not detect the boundaries of haplotype
blocks in 5'-flanking regions. Further LD
evaluation will be required.

The powers of our analysis were quite
high, cspccmlly for SCZ. Thus, we concluded
that SLC6A4 is unlikely to be a SCZ and BP
susceptibility gene, considering both the CD-
CV hypothesis and CD-RV hypothesis. The
strategy we have adopted for association
analysis is suitable; however, further investi-
gations, especially detection of complete
SHTTLPR alleles, will be necessary for con-
clusive results.
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Abstract

Recent evidence suggests that the AKT1-GSK3f signalling cascade partially mediates dopamine-
dependent behaviours. In relation to the pathophysiology of schizophrenia or methamphetamine (Meth)
use disorder, AKT1 is a good candidate gene for such conditions. For schizophrenia, positive associations
of 5NPs and AKT1 haplotypes were teported in US and Japanese samples. To evaluate the association
between AKTL and Meth-use disorder, we conducted a case-control study of Japanese samples (182
patients and 437 controls). A positive association between a SNP and haplotypes was found, and the
‘signal” SNP was the same SNP found to be associated with US schizophrenia, but not with Japanese
schizophrenia. Our results indicate that AKT1 may play a possible role in the development of Meth-use

1HOd3Y 43149

disorder. Purther investigation of these associations, together with evidence from previous animal studies,
may open the way to elucidation of the pathophysiology of this condition. :
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Infroduction

The pathophysiology of metharmphetamine (Meth) use
disorder has not been well established, however, one
of the most likely mechanisms is abnormality of the
dopamine (DA) neurotransmission system. The phar-
macological profile of Meth shows that the target
site of Meth is the DA transporter (DAT). Also the
mesolimbic DA system has an important function in
reinforcement and reward mechanisms (Spanagel and
Weiss, 1999).
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Psychiatry, Fujita Health University School of Medicine,

Toyoake, Aichi 470-1192, Japan.

Tel.: +81-562-93-9250 Fax: +81-562-93-1831

E-mail: nakao@fujita-hu.acip

Family and twin studies suggested that the genetic
contribution is important in that it may predispose
certain people to this disorder (Tsuang et al,, 1996,
1998). Recent studies have suggested that V-akt
murine thymoma viral oncogene homologue 1 (AKT1)

"is a good candidate for a Meth-use disorder suscep-

tibility gene, for the following reasons. (1) An animal
study of DAT knock-out (KO) mice and wild-type
mice, treated with lithium salts and a.mphetami.n.e,
showed that the AKT1-glycogen synthase kinase 38
(GEK3B)  signalling cascade partially  mediated
DA-dependent behaviours (Beaulieu et al., 2004). (2)
AKT1 KO mice treated with amphetamine showed a
reduction in prepulse inhibition (PPI) (Emamian et al.,
2004). PPl disturbances are known to be present
in schizophrenia, which might also be related to
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abnormalities in the DA system. AKT1 haplotypes were
shown to have a significant association with schizo-
phrenia in a transmission disequilibrium test (TDT)
study (Emamian et al, 2004) and in a previous
Japanese case-control replication study by the authors
(Tkeda et al., 2004), although no association was found
in another Japanese replication study (Ohtsuki et al,,
2004). :

Here we conducted a case-control study of Japanese
Meth-use disorder samples using the single nucleotide
polymorphisms (SNPs) of our previous study to evalu-
ate the association of AKT1 with Meth-use disorder.

Methods

A total of 182 patients with Japanese Meth-use
disorder [146 male, 36 female; mean age tstandard
deviation (sp.), 36.7+12.0yr] and 437 controls (209
male, 228 female; 34.3+13.6 yr) were analysed. The
number of patients with Meth-use disorder comprised
of 168 Meth-dependent subjects, and 14 Meth-abuse
subjects. Among the subjects with Meth-use disorder,
153 subjects (127 males, 26 females) have a comarbid
diagnosis of Meth-induced psychosis, three of anog-
exia nervosa, one of obsessive-couipulsive disorder,
and one of major depressive disorder. And 120
subjects with Meth-use disorder have abuse -or
dependence on drugs other than Meth. Subjects
with Meth-use disorder were excluded if they had
a comorbid diagnosis of any psychotic disorder other
than Meth-induced psychosis. They were diagnosed
according to DSM-IV criteria by the consensus of at
least two experienced psychiatrists on the basis of
unstructured interviews and review of the medical
records. All healthy controls were also psychiatrically
screened based .on unstructured interviews. More
details about the characterization of these subjects
have been published elsewhere (Suzuki et al.,, 2003;
Ujike et al., 2003). After description of the study,
written informed consent was obtained from each
subject. This study was approved by the Ethics
Committee at each participating institute of the
]'apanesé Genetics Initiative for Drug Abuse (JGIDA).

For SNF genotyping, polymerase chain reaction
(PCR) amplification, restriction fragment length
polymorphism (RFLP) assays were developed; Bsal
for SNPL (rs3803300), Xeml for SNP2 (rs1130214),
Haelll for SNP3 (rs3730358), HpyCH4LV for SNP4
(rs2498799), Psil for SNP5 (rs2494732), and BsitIKAI
for SNPA (rs2498804). A detailed description may be
found in a previous report (Ikeda et al., 2004) and
information about primer sequences and PCR-RFLP
conditions are available on request.

Hardy-Weinberg equilibrium (FHIWE) was eval-
uated by conventional ¥* test (SPSS 10.0], SPSS Japan
Inc, Tokyo, Japan). For marker-trait association
analyses, we constructed NP haplotype
systems (Emamian et al., 2004) to evaluate the associ-
ation through permutation p values in sliding window

multi-

“fashion and global p values respectively. fn total

sample association analysis (not in explorative associ-
ationanalysis), we emphasize the permutationp values
over the respective global p values because the
permutation procedure gives a significance corrected
for the multiple haplotypes and markers tested.
Furthermore, we corrected these permutation p values
by Bonferroni correction to obtain more robust results.
A more detailed description is given in our previous
paper (Ikeda et al., 2004).

We also include an explorative analysis for gender
effects, because of the following reasons. (1)
Aetjological study suggests that the genetic contri-
bution of substance-related disorder is differentially
heritable by gender (Jang et al., 1997). (2) Our samples
were unmatched gender ratios of Meth-use disorder
(36 female, 146 male).

Results

Genotype frequencies of all SNPs were in HWE.
Positive permutation p values of 4- and 5-marker
sliding window fashion (p=0.0083 and 0.023 respect-
ively) and global p value of 6-marker combinations
(p=0.017) were obtained. One of the 4-marker sliding
window fashion p values remained significant
(p =0.0498) even after Bonferroni correction was per-
formed six times (once for single marker permutation
and five times for haplotype combinations). In the
single marker association analysis (i.e. a conventional
allele-wise association analysis), only SNP3 was associ-
ated with Meth-use disorder (p=0.019) (Table 1).

Individual haplotypic analyses from the positive
global 4-marker p values are shown in Table 2. The
haplotype with the most significant association was
more frequent in confrols than in cases (SNP1-2-3-4,
G-G-C-G, p=0.0032).

Explorative analysis of gender effects is shown in
Table 3. In female samples, eight of 21 global p values
showed significance. In these significant p values,
SNP3, which was associated with total Meth-use
disorder, showed strong association (p=0.0011). On
the other hand, the positive global p values in male
samples tended to be similar to those in total samples
(positive global p values: SNP1-2-3-4=0.036, SNP1-2-
3-4-5-A =0.042), however, SNP3 was not associated
with male Meth-use disorder (p=0.11).
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Table 1. Association analyses of the AKT1 gene

Association of AKTT to Meth-use disorder 3

Genotypic distribution

Multi-SNP haplotype systems M/M M/m m/m
SNP I 1GNP 25NP 3SNFP 4SNP 5SNP  6SNP Meth Control Meth Control Meth Control
SNP1 0.15 63 124 91 234 28 79
(rs3803300G>A)
0.22
SNP2 0.97 0.096 128 315 51 108 3 14
(rs1130214G>T)
0.27 0.0023
SNP3 0.019 043 0.0082 136 364 43 65 3 5
(¢s3730358C >T)
0.12 0.23 0.017 (0.10)
SN 0.81 0.11 0.16 40 121 98 211 44 105
(rs2498799G > A)
0.53 0.063
SNT5 (.59 0.19 86 212 79 192 17 33
(rs2494732A>G)
0.16
SNPA 0.20 63 142 92 206 27 89
(rs2498804T > G)
Permutation 0.097 040 0.28 0.0083  0.023
p value (0.0498) (0.14)

p values were calculated by log likelihood ratio test (SNP1, allele-wise association; SNP2-6, global haplotypic association).
M, major allele; m, minor allele; Meth, methamphetamine-use disorder.

Bold values tepresent significant p values.

Values within parentheses represent p values after Bonferroni correction.

Table 2. Haplotype frequencies from positive pecmutation
analysis

Frequency
Combination. ~ Marker e
of SNPs haplotype  Meth  Control  p values
SNP1-2-3-4 A-G-C-G 0.28 0.20 0.023
A-G-T-A 0074 0.048 0.049
G-G-CG 0.12 0.21 0.0032

Meth, Methamphetamine-use disorder.

Discussion

A positive assoclation between a SN and AKT1 haplo-
types was found in our Japanese Meth-use disorder
samples. In assessing the components of these associ-
ations, we considered SNP3 to be a main component
associated with Meth-use disorder, because the single
marker association of SNP3 was significant in total

samples (p=0.019). Interestingly, this SNI” was associ-
ated with US schizophrenia in an original TDT
analysis (Emamian et al., 2004). On the contrary, we
found no association SNP3 to Japanese schizophrenia
in a previous study (SNP5 was associated with
Japanese schizophrenia) (Ikeda et al, 2004). This
difference in predisposing SNPs between Japanese
Meth-use disorder and Japanese
might be explained by their respective linkage dis-
equilibrium (L) patterns. We have shown that the LD
pattern in schizophrenia was slightly different from
thatin controls, while the pattern in Meth-use disorder

schizophrenia

tended fo be similar to that in control samples (data
not shown). These findings indicate that different
predisposing  polymorphisms may exist indepen-
dently in schizophrenia and Meth-use disorder, and
may be located in LD with SNP5 or SNP3 respectively.

The result of explorative analysis might support the
‘gender effects’ of Meth-use disorder, reported in a
previous genetic association study of Meth-use dis-
order (Lin et al., 2003). Especially, female samples of
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