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Table 1

Letter to the Editors

Genotype and allele distributions for the H204R polymarphism of the chimerin 2 gene between the patients with schizophrenia and conrols

Group N (Genotype distribution Mantel Haenszel Alele frequency adds ratio
N . v . UL
His/tis His/Arg Arg/arg P value P value His Arp P value (O3%CD

Male

Padents 162 95 (38.6%) 57 (35.29%%) 10(62%) 0047 0018 247 (76.2%) 7T (25.8%) 0.018  1.53(1.07-219)
Controls 222 152 (68.4%) 65 (29.3%) 5(2.3%) 369 (83.1%) 75 (16.9%)

Female

Patients 131 80 (61.2%) 44 (336%) 7(53%) 0703  0.678 204 (77.9%) 58 (22.1%) 0.681  1.08 (0.75-156)
Controls 228 141 (61.9%) 79 (34.6%) 8 (3.5%) 361 (23.8%) 95 (20.8%)
Total -

Patients 293 175 (39.796) 101 (34.5%) 17(5.8%) 0087  0.032 451 (77.0%) 135 {(73.0%) 0.05% 1.29{1.00-1.66)

Controls 450 203 (65.1%0) 144 {32.0%) 13 (2.99%)

730 {81.1%) 170 (18.99%)

more comimon in the cases than in the controls

95%CT 0.99-4.33). The observed frequency for the
minor allele (R204) in owr contrel group (19%) was
quite similar to that reported by Haga et al. (2002)
(18%) estimated from 48 Japanese chromosomes.
Thus, the observed significant difference in the allele
frequency between the cases and controls cannot be
ascribed to an unusually lower frequency of the
R204 allele in our control subjects.

As gender differences ocour in various aspects of the
disease, including earlier age of onset, poorer courss
and medication response i men, we examined males
and females separately, The R204 allele was excess in
our cases when compared to controls among males
(F*=35.57, df=1, p=0.018, odds ratio=1.53, 95%C1

= ¥
=2,

patients with schizophrenia ($=6.12, df
zal test), However, there was sighificant difference in
neither allele frequency nor genotype distribution be-
tween the schizophrenics and controls in females.
CHN?2 protein acts as a receptor of diacylglycerol/
phorbal esters and regulates the activity of the Rac
GTPase, one of fhe Rho GTPase family proteins
(Caloca et al., 2003). The CHNZ inhibits Rac-GTP
activation by the stimulation of epidermal growth
factor (EGF). BGF protein levels were decreased in
the prefrontal cortex of schizophrenic patients, and
conversely, BGF rzceptor expression was elevated in
the prefrontal cortex (Futamura et al. 2002). Seram
FOF levels were matkedly reduced in schizophrenic
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patients, even in young, drug-fiee patients (Futamura
et al,, 2002). Neonatal perfurbation of EGF in rats
resulted in abnorthal sensorimotor gating and social
interaction in adults (Futamura et al., 2003). In addi-
tion, neuregulii-1, one of the BGF family proteins,
was teported as a schizophrenia susceptibility gens
(Hatrison and Qwen, 2003} and the abnormal expres-
sion of neuregulin-1 has been observed i schizo-
phrenic brain (Hashimoto et al., 2003). Therefore, the
CHN2 H204R polymorphism ‘might lead to the ab-
normality of neursgulin signaling pathways. As the
location of H204R is close to diacylglycerol/phabol
ester binding domain (214264 amino acid), this
polymorphism could alter the protein structure of the
region, which may change the second messenger
signaling. H204R. polymorphism, next fo a cassin
kinase II phosphorylation site, might also play a
poteniial role in the CHNZ phosphorylation state,
although the physiological phosphorylation status is
unclear.

We demonstrated, for the first time, the possible
association betwesn a missense polymorphism
(F204R) of the CHFIN2 gene and schizophrenia in
a Japanese population. A false-positive association
due to population stratification could not be ex-
cluded in our case control designed study, despire
the precaution of ethnic motching of this study.
Thersfors, it is necessary to carry out further
investigations o confirm our findings in other
samaples, If our results are replicated, fmetional
analysis of the CHN2 H204R polymorphism might
contribute to understanding the molecular mecha-
nisms of schizophrenia,
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Abstract

Recent wtady of linkage disequilibrimm mapping showed one of the trace amine receptor (TRAR) genes, TRAR4, was
agsosiated with schizophrenia. We conducted a replication study of TRAR4 with schizophrenia in Japanese patients. We used

ex in a first-set analysis {cases =403, controls=401) and second-set analysis (cases
s, one Marker (Markers) showed  significant association, but this
 vesults indicaie that TRAR4 may not play a major role in Jépanese schizophrenia patients,
and that it is irportant to exanyine the possibility of false positives in genetic association analysis.

controls=440). In the fixs
seen in the second-set analysis. C

& 2008 Plsevier B.Y. All rights veserved.

503,
ificance was not

Keywords: Schizophrenia; Trace amine receptor: Linkage disequilibrinum; Haplotype-lagging SNP

1. Inty¥oduction

Trace amines (TAs) are endogenous amine com-
pounds that are chemically similar to classic biogenic
amines. TAs were thought to be ‘false transmitters’

which displace classic biogenic amines from their
storage and act on transporters in a fashion similar

# Corresponding author. Department of Bsychiary, Fujita Health
University School of Medieine, Toyoake, Aichi 470-1192, Japan.
Tol.: +81 562 93 92530, fax: +81 562 93 1831,

E-mail addvess: ikeda-ma@injita-hieacjp (M. Tkeda),

0920-9964/3

doi:10.1016/ 15.05.002

natter € 2005 Blsovier BV, All rights reserved.

to the amphetaimines, but the identitication of brain
receptors specific to TAs indicates that they also have
effects of their own effects, and TA receptors bind
several psychostimulants such as amphetamine and D-
lysergic acid diethylamide (LSD) (Parker mnd
Cubeddu, 1986).

A recent study of linkage disequilibrium (LD)
mapping showed significant association between
SNPs in one ftrace amine receptor (TRAR) gene
TRAR4 and schizophrenia (SCZ) (Duan et al,
2004), By genotyping 192 pedigress with 8CZ of
Furopean or African American ancesiry, from samples
that previously showed lokage evidence to 6ql3-

—461—
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4§26, an association of schizophrenia with 1 SNP
(r84307545: Marker16) within the TRAR4 gene
remained significant after correction for multiple test-
ing. The authors also showed that TRARA4 is preferen-
tially expressed in several brain regions including the
hippocampus that have been implicated i the patho-
physiology of 8CZ,

In this study, we conducted a replication study of

TRAR4 with SCZ in Japanese patients. However,
because SNP variations and LD pattesns differ
among populations, we-included a systematic muta-
tion search around TRAR4 and an LD evaluation.
After the selection of haplotype-tagging (ht) SNPs,
we performed a two-stage association analysis using
two independent sets of samples in a first-set analysis
(cases=405, controls=401) and second-set analysis
{cases =503, controls=440).

2. Materials and methods

2.1. Subjects

In the association analyses, two independent sets of

samples were examined: for the first-set screening
scan, 405 patients with SCZ (206 male and 199
fernale; mwan  age +standard  deviation  (S.D.)
42.6 1 14.9 years) and 401 controls (213 male and
188 female; 34.1 £ 13.1 vears), and for the second-set
confirmation analysis, 503 patients with SCZ (284
male and 219 female; 52.8: 13.8 years) and 440
controls (223 mmle and 217 female, 40.71+14.2
YEATs).

The subjects for mutation search and LD evalua-
tion were 37 patients with SCZ and 64 controls,
tespectively. These subjects were also included in
the first-set screening scan. Characterization details
and psychiatric assessment of these subjects were

identical to those published elsewhere (fkeda et al.,
2005). All subjects were umrelated to each other and
ethnically Japanese.

After the study had been described, written in-
formed consent was obiained from each subject.
This study was approved by the Ethics Commnittee
at Fujita Health University and Nagoya University
School of Medicine.

2.2. Mutaiion search

Primer paits wore designed using Information from
the GenBank sequence {(accession number: NT-
025741.13) and 5 amplified regions, which covered
the coding exon ad 5’ flanking region upstrsam 500
bp. A more detailed description can be deen in a
previous paper (Suzuki et al, 2003). Sequences of
primer pairs are available on request.

2.3. SNP selection and LD evaluation

For the evaluation of LD, we included the positive
SNPs shown in the original paper (Duan et al., 2004)
(Fig. 1) in addition to the SNPs we detected, First we
detertmined ‘LD blocks’ with criteria based on 95%
confidential bounds on ¥ using HAPLOVIEW ver
3.0 software (Barretl ot al., 2005). Next, htSNPs were
selected within each LD block for 90% haplotyps
coverage using SNPtagger software (Ke and Cardon,
2003).

2.4. SNP genotyping

We used TagMan assays (Marker3, 12, 16, 19 and
21), primer extension using denaturing high perfor-
mance liquid chromatography (Marker3, 4, 6, and [4)
and direct sequencing (MarkerA and B). Sequences of
primer pairs are available on request.

TRAR4

5 j 3
I

1214
A
B

Marker

—
o
—
(4]
jab
—_

Fig. 1. Genomie steucture of TRAR4. Numbers under arrows represent marker TDs, Vertical bar represents exon.
4 . P
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2.5, Statistical analysis

Genotype deviation from the Hardy-Weinberg
equilibrivm (HWE) was evaluated by ¥* tost (SAS/
Genetics, release 8.2, SAS Institute Japan Inc, Tokyo,
Japan).

Marker-trait association was evaluated allele/geno-
type-wise with ¥* test (SPSS 10.0J, SPSS Japan Inc).
In the first-sel screening scan, we used a recently
developed software program, SNPSpD, which could
reflect the correlation of markers (LD) on corrected P-
valies, in order to control inflation of the type I error
rate (Nyholt, 2004),

Power caleulation was performed using a statistical
program. prepared by Ohashi et al, (2001). We esti-
mated the power for ow sarnple size under a muylti-
plicative model of inheritance.

The significance fevel for all statistical tesis was
0.05.

3, Results

Searched varizmts in the coding exon and § flanking
region among this ethnie group, two SNPs were ideptified in
the 5’ upstream and 3 downstrearn of TRAR4 (Marker6 and
14). None of the other SNPs were discovered.

Table 1
hiSNPs and first-set screening scan

129

N BLOCK1
514131914
1116} 6 |10]17[16 % BLOCKZ
RENRAEREY

1014 011258 BLOCK3
411132817 90 19
3 118147382 24

Fig. 2. Linkage disequilibvium evaluation: Numbers in box repre-
sents D values after decimal point. [V vatoes of 1.0 are not shown.
Other information is provided at Haploview’s website.

Nine SNPs of thie Duan’s repost and two SNPs we detected
were genotyped for evaluation of LD, All genotype frequen-
cies of these SNPs were in HWE. Marker12 ways excluded
from the LI evaluation duoe to its low minor allele frequency
(0.8%). Three LD blocks were défined mmd six SNPs (five
hiSHPs and Marker12) were selected (Table [ and Fig. 2).

tn the association analysis, we fitst genotyped these
HSNPs and Marker12 for firstset samples (cases=405,

Marker SNP ID® Blocks® MAF® (%) Genotype distributiond
MM Mim mim Powvalue® Corrected Povalue!
SCZ CON SCZ CON SCZ CON  Genotype  Allele  Genotype  Allele
3 4473883 (G > A) 18.0
6 BRLOCKI 195
) 242 233 266 150 119 22 16 0.0354 80122 0204 00702
484 143 132 179 181 83 88 0.749 0.437
0.80 394 380 11 12 G 4 0.514 0.815
281 243 231 143 M43 19 23 0.372 0350
219 IS 162 181 186 73 83 0.165 0,102
BLOCR T 203
211
14.1 :
BLOCK L 133 298 292 %6 9% 11 13 0.901 0716

were defined by OVIEW.

=inor allele frequency of 64 controls.

) ajor allele, m=minor allele, ¢ izoprenta, CON=cogirol.
“Bold mmmbers represent significant P-values,

fCorrected P-valies were caloulated by SNPSpd.

e-tagging (W) SNPs' {or association amalysis.
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Table 2
Second-set confirmation analysis of Marker3
Phenotype® Genotype” Allele®  Povalue
A/A A/G G/G MAF (86 Genotype Allele
Markers 305 175 23 220 0.662 0.570
270 154 15 209
* SCZe=schizoprenia, CON=controls,
b

or allele, m=minor allele.

® MAF=minor allele frequency.

confrols=401). Markey-trait association showed an associa~
tion Marker5 to SCZ (P=00354; genotype, P=0.0122;
allele} (Table 1). However after correction for the type 1
error rate by using program SNPSpD, corrected P-value
became 0.204 for genotype and 0.0702 for allele, respec-
tively (Table 2: effective number of independent loci,
37719, experiment-wide significance threshold required to
keep type I error vate 4t 0.05, 0.008662).

To confirrm Marker3 association, we performed a second-
set analy
samples (cases =503, controls=440). In this analysis, there
was no association SCZ to Marker5 (Table 2).

We included a power calenlation, and obfained more than
§0% powaer to detect association when we set the gen 'vpu Te-

Intive risk at 1.36 vnder a multiplicative model of nheritince

4. Piscussion

Through two-stage association analysis, MSNPs in
TRAR4 were not found to be assoclated with 8CZ in
Japanese patients. Our results indicate the great im-
portance of examining the possibility of fulse posi-
tives in genelic association analysis, False positives
myy be produced by population stratification, How-
ever, this might not be the cage with our results, which
instead may have derived from inflation of the type I
error rate due to multiple testing, since the Japanese
population ¥s believed to be guite homogeneous,

We also ncluded a haplotypic analysis of Marker$
and 6, which were relatively strong LD, using first-set
samples (SAS/Genstics). Again, we could find o sig-
nificant association { £=0.0734). This result also sup-
poits the possibility of a false positive for Marker5.

The strategy adopted in this study was a powerful
ong owing to the method of MSNP selection and two-
stage association analysis. Moreover, by performing a
mufation search with enough power to detect rare
polymorphisms, we could avoid overlooking associa-

of MarkerS using an independent panel of

tions in accordance with the common disease-rare
variant frypothesis (Pritchard, 2001),

In conclusion, we could not replicate the associa-
tion of TRAR4 and SCZ using a Japaness population.
Further replication analysis using different population
samples will be required for conclusive results,
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Ahbstraet

On the basis of the ghaamatergic dysfunction hypoibesis of schizophrenia, we have been conducting a systematic stady of
the association of glutamate receptor genes with schizophrenia. Here we report associntion studies of schizophrenia with
polymorphisims in three kainsie receptor genes: GRIK3. GRIKY and GRIKS. We selected 16, 24 and 5 common single
nucleotide polymorphisis (SNPs) distributed in the entire gene regions of GRIKI (>240 kb), GRIK4 (>430 kb) and GRIKS
(>90 kb), respectively. We tested associations of the polymorphisms with schizophrenia using 100 Japanese case--confrol pairs
(the Xynshu set). We observed no significant “single marker” associations with the disease i any of the 45 SNPs tested except
for one (183767092 in GRIK3 showing a nominal level of significance. The significant association, however, dﬁ,‘xppoz\rud affer
the application of the Bonferroni correction. We also observed significant ]mploiypc associations i seven SNP pairs in GRIKS
and in fovr SNP puirs in GRIK4. None, however, remained significant after Bonferrond corvection. We also failed to replicate
the nominally significant haplotype associations in a second samnple set, the Aichi set (106 cases and 100 controls). We conclhude
that SNPs in the gene tegions of GRIK3, GRIKY or GRIKS do not play a major role in schizophrenin pathogenesis in the
Japanese populmmn.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Schizophrenia; Association study; Glutamate receptor; Kaiate receptor gene; SNP; Linkage disequilibvium; Haplotype analysis
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1. Introduction

Reports of psychotic symptoms induced by phen-
cyclidine (PCP) have stimulated interest in the possi-
ble role of a glutamatergic dysfunction in the
pathogenesis of schizophwenia (Snyder, 1980; Javiit
and Zukin, 1991). We have been conducting a sys-
tematic study of associations of the ghitamate receptor
{GluR) gene family with schizophrenia (Joo et al,
2001; Shibata et al., 2001, 2002; Tani et al., 2002;
Makino et al., 2003; Fujil et al., 2003; Takali et al.,
2004). We have selected a set of common single
nucleotide polymorphisms (SNPs) covering the entire
genomic region of the target gene. By examining their
allele frequencies and linkage disequilibria (LD), we
tested individual associations and haplotype associa-
reported the absence of a significant association of
schizophrenia with two genes encoding low-affinity
kainate receptor subunits, GluRS and GluR6 (Shibata
et al., 2001, 2002). Here we report association studies
of genes encoding the remaining three members of the
kainate receptor subfamily, ie., GIWR7, KAl and
KAZ, with schizophrenia.

The GluR7 receptor gene GRIK3 is located on
chromosome 1p34-33, where a significant linkage
with schizophrerda has been veported {(Delisi et
al., 2002). Significant changes of GluR7 expression
in schizophreriia have been reported in multiple
bram regions (Sokolov, 1998, Meador-Woodrufl
and Healy, 2000; Benes et al, 2001). The KAl
kainate receptor gene GRIK4 is located on chromo-
somme 11¢g22.3, where the fouwrth strongest linkage
has been observed in a meta-analysis compiling 20
genome scans (Lewis et al, 2003). A significant
decreass of KAl mRNAs as well as of NMDARI
and GluRl mRNAs has been reported in the frontal
cortex of neuroleptic-free patients with schizophrenia
{Sokolov, 1998). The KA2 kainate receptor gene
GRIKS is located on chromosome 19q13.2, where
no linkage with schizophrenia has been previously
reported. However, significant changes of KA2
expression in schizophrenia have been reported in
multiple brain vegions (Porter ¢f al,, 1997; Torahim et
al., 2000: Meador-Woodruff and Healy, 2000). These
lines of evidence suggest that GRIR3, GRIK4 and
GRIKS are strong candidates as susceptibility genes
for schizophrenia.

In this report, we tested associations of schizophre-
nia with 16, 24 and 3 cormmon SNPs selected from the
entire regions of GRIK3, GRIK4 and GRIKS, respec-
tively. To enhance the detection power of haplotype
association, the SNPs were placed depending on the
magnitude of linkage disequilibiium (D) in each
subregion. That is, the weaker the observed LD, the
more SNPs tested in the subregion. By testing haplo-
type associations in each subregion, we extensively
examined associations of the entire gene regions with
schizophrenia,

2. Methods
2.1, Subjects

Blood samples were obtained from unrelated Japa-
nese individuals who provided written informed con-
sent, We studied 100 schizophrenia patients recruited
from hospitals in the Fulkuoka and Qita areas {mean
age=49.5; 44% female) and 100 healthy controls
recruited from the Fukuoka area (mean age=51.2;
44% female) (the Kyushu set). To evaluate the sig-
nificance of findings in the Kyushu set, we used
another sample set, the Aichi set, which comprised
106 cases {mean age=39.4; 45.5% female) and 100
cases (mean age=34.4; 41.9% female) recruited. from
the Aichi area, about 600 km east of Fukuoka. All
patients fulfilled the Diagnostic and Statistical Manual
of Meuntal' Disorders (DSM-IV) criteria for schizo-
phrenia. This study was approved by the Ethics Com-
mittee of Kyushu University, Faculty of Medicine and

by the Fujita Health University Ethics Committee,

Gemomic DINA was purified from leukocytes as pre-
viously described (Lahiri and Nurpberger, 1991).

2.2. SNP selection in the GRIK3, GRIKY and GRIKS
regions

We retrieved all the primary information on SNPs
from the public database, dbSNP (hitp://wwwnchi.
nlm.pih.gow/SNP/) and a private database, Celera
Discovery Systemn (htip//www.celeradiscoverysysten.
com). We examined thelr allele frequencies in 16
healthey Japanese samples by the direct sequencing
method as previously described (Shibata e al.,
2002). When a tested SNP showed an insufficient
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poltymorphism {(<10%), we selected anotlier SNP
clogse by the rare SNP and examined its allele fre-
quency in the same way. Also we apalyzed LD
between the neighboring SNPs as described below.
As we intended to cover the entire region with
moderate-to-strong LD for haplotype  association
tests, we selected additional SNPs in the subregions
showing very weak LD (D' <0.3). For a direct test of
functional variants, we also examined the frequency
of all exonic SNPs available on the database and
included them in the association analyses if they
were common (>10%).

2.2.1. GRIK3

After the examination of 182 SNPs from the data-
base, we selected the following 16 common SNPs
distributed in the GRIK3 region spanning over
240 kb: SNPI1, rs551794; SNP 2, 15534131; SNP3,
15822856, SNP4, 153767100, SNPS, rs3753771; SNP6,
153767092, NP7, 13767086, SNP8, 15554445; SNP9Y,
s1160751; SNPIO, 11334804; SNPIL, 183767067,
SNP12, 13550250; SNP13, 13565537, SNP 14, 13767048;

a)

NP4y . SNPLL
3 e ih)

g SNPIE
SNPL SNPL SHP SHP1s SIPLE KHNIS

41

SNPLS, 183767045, SNP16, 152993076. All SNPs are
located it noncoding regions except for one synon-
ymous SNP, SNP12 in exon 3 (Fig. 1a).

Since we found a discrepancy ar the 5 ends in two
GenBank entries, XM_166179 and NM_014619 for
the GRIK4 cDNA sequences, we selected both exons
1A and 1B as potential alternative transcription initia-
tion sites, After the examination of §7 SNPs from the
database, we selected the following 24 common SNPs
distributed in the GRIK4 region spanning over 430
kb: SNPI, 152248404, SNP 2, rs1317176; SNP3,
1s1317514; SNP4, 151343789; SNP3, 151893906,
SNP6, - 1$2000870; SNP7, rs2000868; SNPS§,
151939664, SNP9, rs2852227, SNPLO, rs3133226;
SNP11, 13133845, SNPI12, 1s2852230; SNPI3,
152846092; SNP14, rs2846103; SNP15, 154359220,
SNP16, 154936552, SNP17, 152004676, SNPIS,
133824978; SNP19, rs3802911; SNP20, rs2156637;
SNP21, 1s2156635; SNP22, rs2156634; SNP23,
152298725, SNP24, rs611065. SNP19, SNPZ2Z and

SR8

i % BAS 6789310 F1-13
1446
b} RN S0
SEPA SNPS O SHPO.SNELL  SNPM4  SNPI6 SNPIS smp2t
BNPY HNR2 SHPZSNPS (3NPT SWPR (SHPI2 SWPIGSHPIS  (SNPLY BNRig ;SN?Q?‘ SNRZ3 fa2::224
e . = | L 10 L. -8 i
' ‘ T A
14 B 2% 0% ¥ 89 1w 12 1B-17 {519
¢ HNPLOSNPS  SNPS BNPA SIES
io- tifeid 1519
Fig. 1. Genomic organizations of GRIK3, GRIKY and GRIKS, and locations of the § - {a) GRIKS spags aver 233 kb and is composed of 16

X own as boxes with exon numbers. Circles t
of 19 exons shown as bexes with exon pumbe
composed of 19 exons shown as boxes with exon numbers. Circles indic:
and three in GRIKY) are indicated by filled circles.
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Table |
PCR primers for genotyping of SNPs in GRIK3, 4, §
Gena Pritoer sequence {5-3) Product size (bp} Anpealing terp (€)Y Cyele number Typing method®
GRIK3 SNF Forward (¢ ; 21 63 35 RFLP
’\SSI"‘)‘ R,eve.rse ( (Bsp HD
354 60 30 RFLP
{Pst 1)
2438 60 40 RFLP
Pue I
281 60 35 DS
330 &3 35 D8
w375377 chrs
SNP6 Forward CC TLTT{ CCCTC CTT(JCTT 201 - 60 40 RFLP
133767002 Reverse ACAAAGGCTC CATCAG (Al )
&;’\lf”7 Forward CATGCACCTCACAATCAACC 186 60 35 RFLP
Reverse AC CCTGGOTY ¢ (Hae D)
Forward GAGCTCCTGCATCCTCAAAG 196 60 . 35 RFLP

13334445 Reverse CCAAGUAAAGCOAGTTICAAQ {Pa }
SNPY Forward GATCTCCATGCTGCCTITTTIC 386 55 35 DS
w1160751  Reverse TCAAGTUGTCCCATCAATTCG

SNP1O Forward CCAG! ATCCAACGAAGT 325 38 35 DS

rsl_y’M‘o‘O’ Reverse ATCTCAGGCACAAAGGOTGY
Forward CCAGTTGGGATGOTGGTG 235 63 35 DS

Reverse ATTATGUACAGCCAGGAGGA
G

9’\(1’ 1 2 Forward GAGGGTICC
153530250 Reverse GUGTAGT(

TTGCTGTIT 288 60 35 DS
TAGAGGTT

SNP13 Forward AGAGATGCTGCCCTTCACAC 308 58 . RELP
5565537 Roverse AACTGOCTTTCAACCAGGAG (Hha T)
SNP14 Forward ATAGCCTCCCTCTCOTCCAA 210 60 35 DS

3767048 Revearse GCACCCATGCATACACTCAC ]

SNP15 Farward TCACTTCCTGACCCTIGTICTIC 196 55 40 DS
w3767045  Reverse CTCTGGGCTTITGGCTGTY

SNP16 Forward CTCCCTTGAG ;(1(,(:T(;TTTT 182 58 40 s
152993076 Reverse AAGGALCAGA

Forward CTGCAGTCTITTICTGC VT(J(,‘}\(, 253 38 40 BS
Reverse GOAAGCGUTAGATAGG f( GT

GRIK4 SN

P2 Forward TCAAAGAGGGTTCCAGGAT! 252 58 30 DS
11317176 Reverse AGCAGACATAGC )
SNP3 Forward AGCTCGACACACTCCCTCACC 184 55 35 DS
31317514 Reverse GCAAGCGTATAGAGGGGAAA
NP4 Forward GCCTCOTTCCTTGACTGTGT 231 38 30 DS
151343780 Revarse GGGUTCACCAAGGTCAGYTAT
SNPS Forwad ("AGA('?A(‘("{“ 393 58 kit] DS
131893906 Rwem ’\ ’\!‘(? N
< 381 38 30 DS
Revarse ( -
Forwied CCTC T(: 247 63 30 DS
Reverse CA
Forward ( GG 363 58 30 DS
268 40 A DS
I Orw. md ( 283 38 30 DS

‘i‘»”?@”f) Reverse TCCTCTTGGGAACTC lT(L\( 3()
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H, Shibata et o, 7 Psychintey Research 147 (2006; 3931 43

Table t (confinued)

Product size {(bp) Annealing temp ("C) Cycle number Typing wethod®

Gene Primer sequence (5-3')
: 338
473
253
352
267
1343\622{)
SNP16 345
154936552 Reverse A(,A( iACTT( 3 x(rTTT(s( AT( (
SNP17 Forward GATGOGGAATCGATCGCTGTITC 245
2004676 Reverse ATTC /\(:’E‘(x(x(yz&(*(rA(xA("\(‘(J
SNPIS Forward A"l( CACAAGGCTGTC s 317
133824978 : ACATGGCTTTT
SNP19 }mvmd T SAGGCCAAG 322
153802911 Reverse TTAC

Forward CCT( A
Reverse TTTCCTC xAz\C ACCH
Forwrd AGUCTGGCTOAGTC
Rcwrse (1(‘ ACAGGCAGACAA:

} orwmd TIGCC A( CCAGCTCTCTTAT 246

1:561 1063 Reverse COAGGGCCACAAATGAGTCT
GRIKS 8NP Forward GOAGGAGGGUAAGGATATGA 261

rs 1336995 Reverse €

TCAGAGACCA

SNPL3 Forward CAGAGCCAGAAGTGOOAGAC 233

hCVI854167 Reverse CAGTGTCTCCTC
SNP2 ~ Forward TGTACTCCGAGCTT!
4803523 ;
SNP4 Forward TGGTCTGAACA

CATCAC

1099939 Reverse CGAGTOCGAGTIGCTGTCAGA

SNPS “Forward CTTCTGCAG
34803520 Reverse GCCAAGOTGTCAAGAG

AAGGAGGTT 186

58 30 DS
58 30 BN
58 30 DS
7{53 a4 8
65 40 DS
6 30 s
69 30 DS
53 : 30 DS
58 30 DS
58 30 DS
38 0 DS
63 30 DS

65 .30 DS
58 30 DS
58 30 DS
58 30 DS
60 30 © DS
58 30 DS
60 30 Ds

* RFLP: restriction fragment length polvimorphism; DS: direct sequencing.

SNP23 are synonyimous SNPs located within exons 9,
11 and 13, respectively. The other 19 SNPs are located

in noncoding regions (Fig. 1b).

© 2.2.3. GRIKS

After the examination of 46 SNPs from the data-
base, we selected the following five common SNPs
distrilvuted in the GRIKS region spanning over 90 kb:
SNPIL, rs1056995;, SNP 2, h(CVI1854167; SNP3,
184803523; SNP4, 158099939; SNP3, 14803520, All

SNPs are located in noncoding regions (Fig.

fe).
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2.3. Genolyping of case~control pairs

All genotypes were detesmined either by divect
sequencing or by polymerase chain reaction/restriction
fragment length polymorphism (PCR-RFLP) as pre-
viously described (Shibata et al., 2001). Table 1 shows
the nucleotide sequences of each primer, PCR coudi-
tions and genotyping methods tor the 45 SNPs in the
threee gene regions. The raw data of direct sequencing
were compiled on PolyPhred (Nickerson et al.. 1997),
The overall exror rate was < 1%, estimated by compar-
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Table 2
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Genotype and allele frequencies of SNPs in GRIKS3, GRIK4, and GRIKS

Polymerphism Genotype count pe Allele frequency (% P

a. GRIK3

SNP AA AT r A T
Cases 3 21 76 0.3344 135 86.5 04420
Controls 0 21 79 10.5 89.5

SNP2 AA AG GG A G
Cases 37 44 19 0.8958 59 41 0.6828
Controls 39 45 16 615 385

SNP3 AA, AC (¢ A &
Cases 78 8 4 0.1116 87 i3 0.7606
Controls Vil A ] &8.5 115

SNP4 e T T [ T
Cases i 13 86 0.4108 7.5 92.5 03004
Controls i 20 79 11 89

SNPS C T 1Y [ T
Cases 1 i3 84 0.4940 8.5 91.5 0.3227
Caontrols i 22 17 12 88

SNP6 AA AG GG A G
Cases 12 45 43 0.0615 34.5 635 00319
Controls 19 53 28 455 345

SNP7 3G GT T G T
Cases 77 22 { 0.4408 88 2 =0.9999
Controls 30 17 3 88.5 11.5

SNPS cC Clx GG - G
Cages 9 45 44 0.1204 315 68.5 0.0610
Controls 18 46 36 41 59

SNPY AA AG GG A G
(Cases 7% 18 3 0.6886 88 12 0.8756
Controls 79 20 i 89 11

SNP10 CC T 1T C T
Cases 2 22 7 > (.9999 13 87 0.8500
Controls 1 22 77 2 88

SNP11 e (1) 1T [ T
Cases 84 13 i 0.8509 915 8.5 0.7304
Controls S1 18 1 00 10

SNPI2 ¢ CT T & T
Cases i 16 R3 »0.990% 9 91 »(.9900
Controls 1 7 82 9.5 90.5

SNPI3 AA AG G A G
Cases 4 19 i 0.4608 135 86.5 0.6305
Controls i 21 78 it3 885

SNPI4 AA AG GG A 3
Cases 66 30 4 0.3496 81 19 0.133%
Controls 76 22 2 87 13

SNP13 GG GT T G T
Cages 86 14 Q $.6522 93 7 (.5809
Controls 84 14 2 a1 G

SNPi6 CC oSy T ¢ T
Cages 39 49 12 0.1949 635 385 0.2439
Controls 51 37 2 69.3 30.5

b. GRIK4

SNPT AA AG GG A G
Cases 6 40 54 (4.9002 26 74 0.7356
Controls 7 42 31 28 72
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Table 2 (confinued)

Polymorphism Genotype count P Allele frequency (%) P*

b. GRIKA {continued)

SNP2 AA AG GG A G
Cases 5 31 64 (.9081 205 79.5 0.8018
Controls 4 30 66 19 81

SNP3 AA AG GG A G
Cases 34 51 15 (.8535 39.5 40.5 0.6822
Controls 37 50 13 62 38

SNP4 ' e Cr BNy C T
Cases 16 48 36 0.7434 40 60 0.8848

Controls 12 52 . 36 38 62
SNP3 AA AG GG A G
Cases 3 42 33 >(.9999 26 74 »(1,9999

Controls G 41 53 265 73.5

SNP6 [ CG GG ¢ G
Cases 16 43 41 0.3552 37.5 62.5 0.2220
Controls 19 30 31 44 36

SNP7 cC Y T ¢ T
Cases 15 43 42 0.6967 36.5 63.5 0.5371
Controls 16 48 36 40 60

i cC T Y C T

Cases 39 40 21 >{1.9999 39 4 »(.9999

Confrols 39 39 h22 i 41.5

SNP9 AA AC cC A C
(ases 61 32 7 (L9750 77 23 >{1.9999
Controls 61 31 & 765 238

SNP10 cC cr T C T
Cases 3 49 20 0.8091 55.5 44.5 0.9200
Controls 32 45 23 54.5 438

SNP11 AA AG GG A 3
Casges 37 52 21 0.6404 33 47 1.4839
Controls -25 48 27 V 49 31

SNP12 [ G GG C G
Cases 27 52 21 0.1749 53 47 0.1334
Controls 23 44 33 ’ 45 §5

SNPI3 AA AG GG A G
(Cases 16 49 5 0.3300 40.3 595 3.1559
Controls Q 31 40 343 65.5

SNP14 CC T 1T C T
Cases 4 35 61 0.4863 21.5 78.3 0.5321
Controls 3 27 68 18.5 813 '

SNPIS AA AG GG A G
Cases a5 37 2 0.2821 81.5 183 0.278"
Controls 72 28 0 86 14

SNP16 AA AT ) A T
Cases 3 49 20 0.6619 555 44.5 (14228

sk

Controls 26 50 24 31 49

SNP17 e T 1T C T
Cases 25 48 27 0.9326 49 31 04.9703
Controls 25 46 29 48 2

SNPIR AA AG GG A G
Clases 12 38 50 ) 0.2587 3t 69 TOR300
Contrals 8 49 43 3.3 67.5

SNP19 e T TT ¢ T
Cases 26 S8 16 0.1949 33 45 0.1094
Controls 17 59 24 46.5 534

jeoniinued o et page)
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Table 2 {continued)

Polymorphisin Genotype countd P Allele frequency (%) P

b. GRIKY {continmed}

SNP20 AA AG GG A G
Cases 23 50 27 0.7837 48 52 »(.9959
Controls 25 45 30 475 525

SNP2 e CG GG C G
(Cases $i 45 4 0.1180 735 26.5 0.6454
Controls 60 32 8 76 24

SN AA ALy Ga A G
Cases &2 16 2 0.8848 30 16 0.7304
Controls 84 15 1 91.5 8.5

SNP23 e > TT C T
Cases 57 33 8 0.1991 4.8 255 0.1237
Controls 44 46 10 67 33

SNP24 AA AC ce A C
Cases 45 36 19 (0.4286 63 37 0.6014
Controls 45 43 13 66 34

o GRIKS

SN o CT 7 C T
Cases 79 19 2 0.7110 88.5 115 0.5491
Controls 75 22 3 86 14 ‘

: cC CG GG ¢ G
Cases 10 37 53 0.7536 285 715 0.8233
Controls 7 40 53 27 73

SNP3 ce CT 1T ¢ T
Cases 61 31 & 0.3428 76.3 235 §.35943
Contols 64 33 3 845 19.5

NP4 GG ar 1Y G T
Cases 39 41 20 0.9652 59.5 40.5. >0.9999
Controls 38 43 197 ‘ 595 405

SNP3 AA ‘AG GG A G
Cases 0 15 85 0.6796 75 92.3 >1.9999

7 93

Controls i) 12 87
A sig

ificant P value is undelined:

? Figher's exact probability teéts; case v, canttol (2% 3, two-tailed),

b Fi

ing the same samples genotyped by-two different per-
sons using direct sequencing and RFLP, respectively
{data not shown).

2.4. Statistics

To control genotyping ertors, Hatdy-Weinberg
equilibrium was checked in controls by the two-tailed

¥ test (df=1). Statistical differences in genotype aund

allele frequencies between schizophrenic and control
subjects wore evaluated with Fisher’s exact probability
test (2X3 and 2X 2, respectively). The normalized
tinkage disequilibrivm statistic 1’ was caleulated
using haplotype frequencies estimated by the EH

ishér’s exact probability tésts, ease vs. control (2'X 2, two-tailed).

program, version L.14 (Xie and On, 1993). Statistical
‘analysis for the haplotype association was done by the

“two-tailed y? test (df=3) according to Sham (1998). We
‘excluded combinations of SNPs showing very weak

LD (I <0.3) from the haplotype analyses. The signif:
icance level for all statistical fests was (1,05, We appliad
the Bonferconi cortection for all multiple tests.

3. Results

3.1. Single marker association analvsis

We determined genotype and allele frequencies of
the total 45 common SNPs in the three gene regions,
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ie., GRIK3, GRIK4 and GRIKS (Table 2). The average
allele frequencies of the SNPs are 0.18, 0.35 and 0.22,
respectively. Given the equivalent frequency for the
susceptible allele, the expected detection powers for
GRIK3, GRIK4 and GRIKES are 0,70 to 0.84, 0.84 to
0.94, and 0.75 10 0.89, respectively, under the muylti-

{Ohashi and Tokun
any of the 45 SNPs in controls did not show significant
deviations from Hardy-Weinberg equilibrium (data not
shown), Only the allele frequency of SNP6 in GRIKA
showed a significant association with discase status

inal significance of the finding, however, did not sar~
vive the Bonferroni correction (n=16). We also failed

Fisher’s exact probability test, data not shown),
3.2, Pairwise LD analysis

LD around common alleles can be measured with a

modest sample size of 40--50 individuals to a precision
(b) GRIK4

(a) GRIK3 )

50 kb 125 Kb S kb

ety Research 141 (2000) 39-51

aga, 2001}, Genotype frequencies of

47

within 10%-20% of the asymptotic limit (Reich et al,,
2001). To evaluate the maguoitude of LD, we caleulated
D from the baplotype frequencies estimated by the EH
program for all possible pairs of the tested SNPs within
each gene region. Fig. 2 shows LD patterns within each
gene region visualized by the GOLD program (Abeca-
sis and Cookson, 2000). There was no essential differ-
ence in LD patterns in any of the genes between cases
and confrols. Since we selocted more SNPs in low-LD
subregions, we were able to localize several small
subregions where LD drops abruptly. In the GRIKS
region, we found one such LD gap between SNP14
and SNP1S (104 kb, DV =0.0166). In the GRIK4
region, we found three gaps: SNPO-SNPI0 (2.9 kb,
I =0.2023), SNP[4-SNP15 (6.7 kb, D' = 0.091), and
SNP20-SNP21 (0.9 kb, D'=0.1800), No clear LD
gaps were observed in the GRIKS region,

3.3. Haplotype association enalysis

We intended to test haplotype associations with
schizophrenia for all possible pairs of SNPs where

w
-3
B

ITLING

sguages in scale,
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LD was maintained. To avoid the inflation of the
number of statistical fests, we excluded 32, 141 and
1 SNP pairs from further analyses of GRIK3, GRIK4
and GRIKS, respectively, because of very weak LD
(D' <0.3) in both cases and controls. Out of a possible
120 pairs, we analyzed 88 pairs of SNPs showing
moderate to strong LD in GRIK3. The following
seven pairs showed significant haplotype associations
with the disease: SNP1-SNP14 ( P=0.0391, df=3, 1°
test), SNP2-SNP6 ( P=0.0402, df=3, y* test), SNP3-.

{Table 3a). However, nove of the significant associa-
tions survived Bonferroni comrections (n=88), We
also tested the most significant pair (SNP8-SNP14
of GRIK3} in the Aichi set, which failed to replicate
the significance (P=0.494, df=3, »* test; data not
shown). We analyzed 90 pairs of SNPs our of 231
possible pairs in GRIK4. The following four pairs
showed significant baplotype associations with the
disease: SNP1-SNP19 (P=0.0432, dr=3, y* test),

(P=0.0460, df=3, ;{2 test) {Table 3b). Again none of

the significant associations survived the Bonferroni
correction (n=90). We also tested the most significant

Table 3a

H. Skibata of al. / Payehiatry Research 141 (2006} 39-51

pair (SNP3-8NP4 of GRIK4) in the Aichi set, which
failed to replicate the significance (P=0.155, df=3,
x* test; data not shown). We analyzed nine pairs of
SNPs out of a possible 10 pairs in GRIKS. None of
them showed sigaificant haplotype associations with
the disease (Table 3¢).

4. Disenssion

Our general approach to the testing of haplotype
agsociations is based on haplotyping neighboring
SNPs that are in moderate LD, We first genotyped
both cases and confrols for the SNPs evenly spaced.
When insufficient LD was observed in the neighbor-
ing SNP pair (I <0.3), additional SNPs were selected
for genotyping within the LD gap. In other words, the
candidate gene region is divided into multiple subre-
gions where moderate LD is observed. Instead of
haplotyping the entire gene region with many SNPs
at once, we examined each subregion by haplotyping
SNPs within the subregion so that we extensively
tested the association of the entire gene with the
diseass (Shibaia et al,, 2002; Takaki et al., 2004),
Through the SNP validation and LD analysis process,
we selected 16, 24 and 5 comimon SNPs in the regions
of GRIK3, GRIK4 and GRIKS (Fig. 1). The average
intervals of the SNPs were 16.1, 18.8 and 22.8 kb,

Patrwise haplotype association of SNPs tn GRIK3 with schizoplrenia

SNPI SNP2 SNP3 SNP4 SNP5 SNPG6 SNP7 SNPS SNP9 SNPIO SNPIL SNPI2Z SNPI3  SNP14 SNPIS
SNP2  0.840
SNP3 0216 0339
SNP4 0451 - 0602 -
SNP5 0552 0486 - 0.687
SNP6 0721 0.040 0017 0034 0.020
0.632 0767 0849 - - 0.166
0192 0231 - 0071 0076 - 0200
0787 ~ 0948 - - 0061 0.598 0255
0641 - 0710 0227 0255 - 0973 0243 09%9
0792 - 0932 0306 0342 - 0964 0.084 0835 0753
0433 0.457 0581 0.619 0066 0.998 0104 0944 0914
0134 0404 0120 0457 0472 0070 0932 0239 -  02H4
0039 - - 0268 0277 - 0334 0006 0389 0385 027 0.562
0437 0854 0593 0407 0366 0.906 0006 - 0696 -
0.121 0.070 0216 0560 0423 0.606 0577

i
e

Significant P values are underlined.

y© test for two-way haplotype association {df =3},
¢ sied {denoted ag “"

-

(3

—474—



49

H. Shibata ¢t ol, / Psychiatey Research 141 (2006) 39--51

-, 82 PRIOUSp} PAY

01d

1105 25 (70> 7} (17] 160101,

{¢ = £} nonwroosse adLy

PRULFRPIN 88 SANEA F Tespindg
o Supaous siyedsg

Avm-DMI 107 1993 L pape-om: 91 £ anpea o
: T

L0 e P - - -
6800 - — - —

o670 - LD
1620 - SET0
[ 8:4H]
680°0

£91°0 -
10K -
9L
SLED SO0

[B3aY

2170 =

610 el
O¥e0
6870
2650

- 6610

-5

g6

o
T

-

- F9570 1TR0 !
— m .

Ay

G50

o

$10

¢

G 26170 8080

- GrOTee - - -+

- G010
- 980 -
000 €80 - 2890 ~ LZANS

1180 -
..... 5090 -
AR - - -

L LSER 00070
- OTE0 980
Q110
SEE0
€650

ANt

- Y20

STANS CTANS 1dNS 0td

v GIANS SLANS LTINS 91dNS SLINS vid

q¢ SIgBYL

—475—



50 H. Shibain ei ol / P

SNPL
0.896
0.739 0.619
{. —1"‘9 0.407

(donot ed as =,

respectively. Although we observed a nominal signifi-
cance in the allele frequencies of SNP6 in GRIK3
{P=0.0319, Fisher’s exact probability test), there
was no significant association observed in any of
the other SNPs tested (Table 2). The significance of
SNP6 in GRIK3 was lost when we applied the Bon-
ferront correction (n=16). We also failed to replicate
'ha s'igniﬁc'mce in mu— qecond fmmpie set, the A'ichi

I_cne, we w.nd.u&ed hm the-.xe i3 1o mmmmx fa.NP
showing a “single marker” association with schizo-
phrenia in the 45 common SNPs of the three gene
regions. We also examined an exonic SNP in GRIK3,
136691840, for which a significant association with
schizophrenia has been reported in the lialian popula-
tion (Begui et al,, 2002). Although we examined an
equivalent sample size (100 cases and 100 controls) as
in the study by Begni et al, {2002) (99 cases and 116
controls), the SNP was very rare (MAF=0.02) i1 our
controls and completely monomorphic in our cases,
indicating that there is no detectable association of the
SNP with schizophrenia in the Japaness population.
As we examined all of shb exonic SNPs available on
the database, there were no common exonic SNPs left
untested for the as wcmuon with the disease.

Seven pairs of SNPs in GRIK3 and four pabrs of
SNPs in GRIKY showed significant hapio{\r‘pu mom
ciations with schizophrenia {(P=0.0007, df=3, y*
test; soe Tabley 3¢

3a and b). However, none of them
remained significant after Bonferroni correction. In
addition, we failed to replicate the most significant
pairs of ‘\N s, SNPR-SNP14 of GRIKS (P=0.494,
df=3, 3 tebz) and SNP3-SNP4 of GRIK4 (P=0.155,
df=3, )_'2 test) m our secoud sample set, the Aichi set.
We conclude that there is no significant haplotype

X 1'1;1))/ Research 141 {/’ (3065 39

!

association in any of the three regions, GRIK3,
GRIKS and GRIKS.

We analyzed patrwise LD within sach gene region
{Fig. 2a-¢). We observed no essential difference in
LD patterns between cases and controls in any of the
gene regions, Although we sampled SNPs mors den-
sely i weak LD subregions, we siill observed four
LD gaps. In the GRIK3Z region, ons such subregion
Wi 15 ioum betwu;n ‘§'N"P14 and ?’NPB {104 kb,
8 and exon 9 as
w,H a8 tifxe- entire intron 8, are !ooated Although we
examined all other SNPs reported on the database
within this subregion, none showsd a high enough
frequency for statistical testing (> 10%), Thersfore, we
could not analyze this subregion any further. Tn the
GRIK4 region, we found three gaps: SNPY-SNP10
('2 9 kb, D '-0 7{)”3 ‘S'\'PH-«~-~‘§N“PIS (6 7 kb

Ihp imt two subuglom are iocat d mihm intron 1
The third subregion is located within intron 10,
Although we tested all SNPs within the subrepions
reported on the database, none showed sufficient
polymorphisms for statistical testing (> 10%). There-
fore, we could not study these potential hot spots for
recombination any further.

The remaining regions, which are the vast majority
of the thres genes, were successfully covered by LD
as we intended. Assuming that no common SNPs
were left notested in the LD gaps, those might have
escaped from our haplotype analyses, there is no
commaon variant of the three kainate recepior genes
that is significantly associated with schizophrenia, We
conclude that the three kainate receptor genes,
GRIK3, GRIK4 and GRIKS, do not play a major
role in schizophrenia pathogenesis in Japanese.

Acknowledgments

The avthors ave grateful to all the medical staff who
were involved in collecting specimens, They also
thank Nacko 8. Hashimoto for technical assistance
on data avalysis. This work was supported in part by
Cirant-in-Ald for Young Scientists (A), 14704036 and
by Grant-in-Aid for Scientific Research on Priority
Areas “Medical Genome Science”, 12204009 from the
Ainistry of Hducation, Science, Sporis and Cultore.
Japan.

—476—



H. Shibuta et al. / Psychiatry Research 141 (2006) 39-3 31

References

Abecasis, G.R., Cookson, W.0., 2000, GOLD-—graphical overview
of linkage disequilibium. Bioinformatics 16, 182-183.

Begui, 8., Popoli, M., Moraschi. S, Bignotti. S, Tura, G.B,
Gemarelli, M., 2002, Association bc,tw en the mnni;mpic g~
tamate receptor kainate 3 ((FRIK3) serd 10ala polymorphism and
schizophrenia. Molecular Psychiatey 7, 416418,

Benes, M., Todtenkopf, M.S., Kostoulakos, £, 2001, GluR3,6,7
subunit imowmoreactivity on apical pyramidal cell dendrites in
hippocampus of schizophrenics and manic depressives. Hippo-
capus 1, 482491,

Del.isi, L.E.. Mesen, A, Rodriguez, C.. Berthieay, A., LaPrade, B,
Llach, M., Riondet, 8., Razi, K., Relja, M., Byedey, W., Sher-
rington, R., 2002, Genome-wide scan for linkage to schizophre~
nia in a Spanisheorigin cohort from Costa Rica. Awmerican
Jourial of Medical Genetics 114, 497--508. ‘

Fujit, Y., Shibata, H., Kikuta, R., Makino, C., Tani, A., Hirata, N,
Shibata, A., Ninomiya, H., Tashiro, M., Fukumalki, Y., 2003.
Positive associations of polymorphisiss in the metabotropic
ghutanate recepfor type 3 gene (GRM3) with schizophrenia.
Psyehiatic Genetics 13, 71-76. :

Tbrahim, .M., Hogg Jr., AJ, Healy, D.1.. Heroutunian, V., Davis,
K.l., Meador-Woodruff, JH, 2000. Ionotopic glutamate
receplor binding and subunit mRNA expression in thalamic
nuelel in sehizophrema. American Journal of Psychiawy 157,
18111823

Tavig, LG, Zuokin, S.R., 1991, Recent advances in the phencycli-
dine niodel of schizophrenia. American Joumal of Psychiatry
148, 1301-1308. )

. Joo, A., Shibata, H., Ninomiya, H, Kowasaki, H., Tashiro, N.,
Fukumald, Y., 2001, Stuenwre and polymorphisms of the
human: metabotropic glutamate receptor type 2 gene {(GRAY:
analysis of association witl schizophrenia, Molecular Psychiany
6, 186192,

Lahir, DK, Nwnberger, 11 Jr, 1991, A rapid non-enzymatic
method for the pmpamnon m‘ HMW | from blood for
RFLP siudies, Nucleic Acids Research 19, 5444,

Lewis, C.M., Levinson, ILF, Wise, Lasi, LB, Shanh, RE.,
Hovaita, 1., Williams, NM., Schwab, 8.G,, Pulver, AE., Far-
aone 5V, ] 7, L. \'1' Kauﬁnann, ("A ('i-arve‘r, DI,

/., Byerley,

"‘sen, A Shoﬂmor(m R., (.) M:x.ll. FA.,

Wal:,n D., Kendler, K.S., Eketund, 1. Paunio, T. Lonugviss,

Pano‘}nn L, O Donovan, M.C., Owen, M.J., Wildenauer,

DB Aaier, stadt, G, B!oum ILL., Antonarakis, S.E.,

’\iomv BI. m }\1 Crowe, R. R Cloninger, (C.R.,

g, . ’wyul’ riedman, JM., Swrakic,

I,)..s 1.. Bassetl, 5., Holeomb, I., Kalsi, G, MeQuillin, A,

Brymjolfson, J T., Petursson, H., Jazin,

Zoega, T. Helgason, Tenome scan r*mw—anah-";

=

af

ibata, H., Fukumaki, Y., 20

H, T

Ninomiya,

—477—

Positive association of the AMPA receptor subuanit GluR4 gene
{GRIA4) haplotype with schizophrenia: tinkage disequilibrium.
mapping using SNPs ever

vlor, 8.1, 1997. Polyphred: auto~
mating the detection and genotyping 01 single nucleotide sub-
stitutions using fluorescence-based resequencing. Nucleic Acids
Research 25, 2745 -2751.

Ohashi, I, Tokunaga, K., 2001, The power of genome-wide asso-
ciation studies of complex disease genes: statistical Ttitafions
of indirect approaches using SNP markers. Journal of Human
CGenetics 46, 478482,

astwood, 8.1, Harrison, B.J., 1997, Distibution of

receptor subunit mRNA in human hippocampus, neo-
cortex and cereboflum, and bilateral reduction of bippocampat
GluR6 and KA2 wansexipts in schizophrenia. Brain Research
751, 217231,

Reich, DB, Cargill, M., Bolk, S, relaud, 1., Sabeti, D.C,, Richier,
D, Lavary, T., Ixﬁuyotlnzp(m, R., Farhadian, 8.F., Ward, R.,
Lander, E.S., 2001, Linkage disequifibrium i the human gen-
ome. Natue 411, 199--204.

Shaw, P, 1998 Smuuic& in Human Geneties. Oxgford University
Press, New York.

Shibata, H,, Joo, A, Fujii, Y, Tani, A., Makino, ., Hirata, N.,
Kikuta, R., Ninomiva, H., Tashiro, N., Fukumaki, Y., 2001.
Assogiation study of polymorphisms in the eoding region of
the GluRS katnate recepior gene (GRIXT) with schizophrenia,
Psychiatric Genetics 11, 139144,

Shibata, H., Shibata. A., Ninomiya, H., Tm-,hno N., Fukumaki, Y,

2002, Association stndy of polymorphisms in the GluR6 kainate

receptor gene (GRIKZY with schizoplwenia. Psycliairy Research

113, 59-67.

Snyder, S.H., 1980. Phencyclidine. Nature 285, 355356,

Sokolov, B.E, 1998, Expression of NMDAR1, GluR1, GluR7, and
KAl glatamate receptor mRNAS is decreased in .t. ontal corlex
of “pewroleptic-fred” schizophrenics: evidence on reversible up-
regulation by typical neuroleptics. Joumal of Neuorochemistry
71,2454 --2464.

Takaki, H., Kikuta, R., Shibata, H., Ninomiya, H., Tashiro, N.,
Pakumaki, Y., 2004, Posittve assoeiations of polymorphisms
in the metabotropic glhitamate receptor fype 8 gene (GRMS)
with schizophrenia. American Jowrnal of Medical Genetics
128B, 614,

Tani, A.. Kikuta, R, lioh, K, Joo, A, Shibata, H

iro, N., Fukamal, Y, OO’ Pulymou
upsirean regions of ihe buman &
subunit NR! gene
S "\é?npbl’ﬁﬁia Ri xe;ri'oh 58,4

Xm X, Ou, L, 1993 ng linkage disequilibrion between a
disease gene and wmarker focl. American Journal of Human
Genetics 53, 1107,

Ninonnya, H.,
m analysis of
spartate 1eceptor
ons for schizophrenia.




The Pharmacogenomics Jousnal {2005) §, 8995
% 2065 Nature Publishing Group All rights reserved 1470-269%/05 $30.00

waw.nature, comitpf

@

ORIGINAL ARTICLE

Haplotype association between GABA, receptor
v2 subunit gene (GABRG2) and
methamphetamine use disorder

T Nishiyama'2, M Ikeda'?,
N Iwata'4, T Suzuki’,

T Kitajirma', Y Yamanouchi',
Y Sekine®5, M Iyo**,

M Harano*?, T Komiyama*®,
M Yamada*?®, | Sora*"?,

H Ujike®"", T Inada™*,

T Furukawa?, N Ozaki®*

'Department of Psychiatry, Fujita Health
University School of Medicine, Aichi, fapan;
2Department of Psychiatry, Nagoya City
University Medical School, Nagoya, Japan;
3Department of Psychiatry, Nagoya University
Graduate School of Medicine, Nagoya, Japan;
YJapanese Genetics Initiative for Drug Abuse
(JGIDA), Japar; *Department of Psychiatry. and
Neurology, Humamatsu University School of
Medicine, Hamamatsu, Japarn; SDepartment of
Psychiatry, Graduate School of Medicine, Chiba
University, Chiba, japan; *Department of
Neuropsychiatry, Kurume University School of .
Medicine, Kurume, Japan; 8Division of Psychiatry,
National Center Hospital for Méntal, Nervous - -
and Musculor Disorderss, Nationual Center of
Neurology and Psychiatry, Tokyo, Japan;
?Division of Psychogeriatrics, National Institute of
Mental Health, Natienal Center of Neurology and
Psychiatry, Chiba, Japan; *®Department of
Neuroscience, Division of Psychobiology, Tohoku
Universit 3/ Graduate School of Medicine, Sendai,
Japan; V' Department of Neuropsychiatry,
Ckayama University Graduate School of
Medicine and Dentistry, Okayama, japan

Correspondence:

Dr N lwata, Department of Psychiatry, Fujita
Health University School of Medicine,
Toyoake, Aichi 470-1192, japan.

Tel: 481 562 93 9250

Fax: + 81 562 93 1831

E-mail: nakao@fujita-hu.acjp

Received 18 March 2004
Revised 12 Octaber 2004
Accepted 19 October 2004

ABSTRACT

Psychostimulant use disorder and schizophrenia have a substantial genetic
basis. Evidence from human and animal studies on the involvement of the y-
aminobutyric acid (GABA) system in methamphetamine (METH) use disorder
and schizophrenia is mounting. As we tested for the association of the human
GABA,, receptor gamma 2 subunit gene (GABRG2) with each diagnostic
group, we used a case—control design with a set of 178 subjects with METH
use disorder, 288 schizophrenics and 288 controls. First, we screened 96
controls and identified six SNPs in GABRG2, three of whom we newly
reported. Next, we selected two SNPs, 31 5C>T and 1128 +99C>A, as
representatives of the linkage disequilibrium blocks for further case-control
association analysis. Although no associations were found in either allelic or
genotypic frequencies, we detected a haplotypic association in GABRG2 with
METH use disorder, but not with schizophrenia. This finding partly replicates
@ recent case-control study of GABRG2 in METH use disorder, and thus
indicates that GABRG2 may be one of the susceptibility genes of METH use
disorder.

The Pharmacogenomics Journal (2005) 5, 89-95. doi:10.1038/s).tp].6500292

Keywords: GABA, 12 subunit gene; methamphetamine substance use disorder;

polymorphism; haplotype; schizophrenia

INTRODUCTION

In recent years there has been a pronounced increase in use of psychostimulants
involving methamphetamine (METH)." Lifetime prevalence of psychostimulant
use in some developed countries is found in 1-3% of the adult population,? and
psychostitnulant use in any form may lead to abuse or dependence with
physiological, psychological and behavioral component.® Findings from family
and twin studies suggest that the genetic contribution is important for the
development of psychostimulant use disorders. Heritability estimates from a
population-based twin study for METH use disorder are substantial,®»® fot
example, 66% for psychostimulant abuse.® '

The dopamine system is a prime candidate for genetic influence on drug abuse,
particularly METH abuse, because it is thought to be involved in the reward and
reinforcing mechanism in the meso-cortico-limbic system in the nucleus
accumbens.” Moreover, the primary site of biological activity of METH is the
dopamine transporter in this system.
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