SUPPRESSED MESOPREFRONTAL BH, BY PAROXETINE

by novelty stress. Further in vivo study using GTP-
CH1 inhibitors will help to clarify the mechanisms of
these BH, stress responses. Although 5-HT turnover
was enhanced by novelty stress in the midbrain of the
mice exposed to the group-housing condition, novelty
stress did not change 5-HT turnover in the same
region of the brain in the mice exposed to the isola-
tion-housing condition. Thus, social isolation sup-
pressed the increase in 5-HT turnover elicited by
acute environmental stress in the midbrain.

Although the results indicating the influence of
social isolation on changes in BH, levels elicited by
novelty stress were somewhat different from those of
our recent studies (Miura et al., 2005a), the discrep-
ancy may have been because of differences in animal
age and the stress protocol of the two studies. In the
present study, mice were isolated at 9 weeks of age
and reared for 28 days, whereas they were isolated at
7 weeks and reared for 35 days in our recent study
(Miura et al., 2005a). Neurobiological development
may therefore have been differed in the two studies.
The novelty stress session consisted of one 20-min ex-
posure in the present study, whereas two 10-min
habituation sessions, followed by one 20-min true
stress session, were used in our recent study. Thus,
the present study utilized a more “acute” and “novel”
stress procedure. We assume that the influence of
“novelty” stress was more precisely detectable in the
present study because of this revision of the protocol.

As mentioned above, social isolation altered the
response to acute environmental stress, as deter-
mined by changes in BH, levels and 5-HT turnover.
The BH, response to stress was enhanced in both
regions of the brain examined, i.e., in the prefrontal
cortex and midbrain, whereas the increased 5-HT
turnover response to stress was suppressed in the
midbrain. These results suggest that social isolation
strengthens the BH, biosynthetic response to novelty
stress, suppressing 5-HT release and reuptake in
response to the stress. In other words, social isolation
modified neuronal activity in response to the stress.
Furthermore, social isolation altered the effects of
paroxetine on BH, levels, as well as DA and 5-HT
turnover. Social isolation shifted the main effects of
paroxetine, which were to attenuate DA and 5-HT
turnover, to a suppression of BH, elevation, which
had been elicited by novelty stress. The underlying
mechanism responsible for this shift remains
unknown. However, the effects of paroxetine changed
in such a manner that the expected changes (i.e., ele-
vated BH, levels elicited by social isolation and nov-
elty stress) were suppressed. These findings suggest
that two environmental factors, namely, social isola-
tion and novelty stress, which are known to be closely
related to the etiology and pathophysiology of major
depression, elicited modifications in neurochemical
activity and shifted the effects of paroxetine, thus
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countering the neurochemical changes elicited by
these factors. Investigation of the underlying mecha-
nisms responsible for the modification of BH, levels
by environmental factors will help clarify the neuro-
pharmacological regulation of major depression by
SSRIs.
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Objective: Protein interacting with C-ki-
nase-1 (PICK1) plays a role in the targeting
and clustering of dopamine transporter,
which is the primary target site for the
abused drug methamphetamine. Based on
the interaction of PICK1 with dopamine
transporter, it is of particular interest to in-
vestigate the association between the PICK1
gene and methamphetamine abusers.

Method: The authors studied the associ-
ation between PICK1 gene polymor-
phisms and methamphetamine abusers
in a Japanese group. Two hundred and
eight methamphetamine abusers and
218 healthy comparison subjects were

enrolled in the study. Furthermore, the
authors also examined the effects of sin-
gle nucleotide polymorphisms (SNPs) in
the promoter and 5-untranslated region
on transcription levels of PICK1.

Results: The authors identified four
highly frequent SNPs, rs737622 (-332 (/G)
and rs3026682 (-205 G/A) in the promoter
region and rs713729 (T/A) in intron3 and
rs2076369 (T/G) in intron4. Of these SNPs,
rs713729 was significantly associated with
methamphetamine abusers in general,
and rs713729 and rs2076369 were signifi-
cantly associated with those with sponta-

_neous relapse of psychosis. Furthermore,

haplotype analysis revealed that specific
haplotypes of these SNPs were associated
with methamphetamine abusers. A gene
reporter assay revealed that the two SNPs
in the promoter region significantly al-
tered transcriptional activity.

Conclusions: Our findings suggest that
the PICK1 gene may be implicated in the
susceptibility to spontaneous relapse of
methamphetamine psychosis and that, as
an intracellular adapter protein, PICK1
may play a role in the pathophysiology of
methamphetamine psychosis.

{Am ] Psychiatry 2007; 164:1105-1114)

Methamphetarnine is one of the most widely used
illicit drugs, and its abuse continues to be a growing prob-
lem worldwide. Accumulating evidence has suggested
that genetic factors play a role in vulnerability to meth-
amphetamine abuse and the psychiatric symptoms re-
lated to methamphetamine abuse (1-5). The principal
target for the action of methamphetamine is the dopa-
mine transporter, which removes dopamine from the ex-
tracellular space at the synapse and thereby controls
dopamine signals (6, 7). Both the activity and the surface
availability of the dopamine transporter are believed to
be tightly regulated by different cellular mechanisms, the
best characterized being modulation by protein kinase C
activation (8, 9). Recent positron emission tomography

(PET) studies of methamphetamine abusers have dem-
onstrated that the density of dopamine transporter is sig-
nificantly low in the caudate/putamen of methamphet-
amine abusers (10, 11), suggesting that the long-term use
of methamphetamine leads to damage of dopaminergic
neurons in the human brain. Of interest, the variable
number of tandem repeats polymorphism of the human
dopamine transporter gene has been shown to be a risk
factor for a prognosis of prolonged-type methamphet-
amine psychosis (12).

A protein interacting with C kinase (PICK1), one of the
PSD95/disk-large/Z0-1 (PDZ) domain-containing synap-
tic proteins, was originally identified by a yeast two-hy-
brid system on the basis of its interaction with protein ki-

Am J Psychiatry 164:7, july 2007
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TABLE 1. Demographic and Clinical Characteristics of Comparison Subjects and Methamphetamine Abusers

Variable

Comparison Subjects

Methamphetamine Abusers p

Sex (men/women)
Prognosis of psychosis
Transition type
Prolonged type
Spontaneous relapse
Positive
Negative
Polysubstance abuse
No
Yes

178
100
78

Age (years)

a Chi-square test.
Dt test.

nase C alpha (13, 14). PICK1 plays a role in the targeting
and, when serving as a scaffold, in the localization of syn-
aptic membrane proteins such as the dopamine trans-
porter (15). PICK1 interacts with dopamine transporter
through the PDZ domain of PICK1 and the last three resi-
dues of the carboxyl terminal of dopamine transporter
(16). Thus, it is likely that the interaction of PICK1 with
dopamine transporter results in a clustering of dopamine
transporter on the cell surface and a subsequent en-
hancement of dopamine transporter uptake activity due
to an increase in plasma membrane dopamine trans-
porter density in mammalian cells and dopamine neu-
rons in culture.

The PICK1 gene has been mapped to chromosome
22q13.1, a region thought to contain a gene for schizo-
phrenia (17). It is well known that methamphetamine psy-
chosis is similar to the psychosis associated with schizo-
phrenia (18). In a case-control study, Hong et al. (19)
reported that the PICK1 gene was associated with schizo-
phrenia in the Taiwanese population. Furthermore, in a
case-control association study with well-characterized
Japanese subjects, Fujii et al. (20) reported an association
of the PICK1 gene with schizophrenia, which is more
prominent in people with the disorganized type of schizo-
phrenia. Taken together, these findings point to the possi-
bility of an association between the PICK1 gene and meth-
amphetamine psychosis. A

The present study was undertaken to examine the asso-
ciation between PICK1 gene polymorphisms and meth-
amphetamine abuse. Using a gene reporter assay, we also
investigated the effects of the single nucleotide poly-
morphisms (SNPs) in the promoter and 5-untranslated
regions on the levels of PICK]1 transcription.

Materials and Methods
. Subjects

The subjects were 208 patients (169 men and 39 women, ages:
mean=36.9 years, SD=11.3, age range=18-69) with methamphet-
amine dependence and a psychotic disorder meeting the ICD-
10-DCR criteria (F15.2 and F15.5) who were outpatients or inpa-
tients of psychiatric hospitals affiliated with the Japanese Genet-

1106 ajp.psychiatryonline.org

ics Initiative for Drug Abuse and 218 age-, gender-, and geo-
graphical origin-matched normal comparison subjects (175 men
and 43 women, age: mean=39.0 years, SD=12.3, age range=19-
73) with no past history and no family history of drug depen-
dence or psychotic disorders (Table 1). The age of the normal
subjects did not differ from that of the methamphetamine abus-
ers (Table 1). The research was performed after approval was ob-
tained from the ethics committees of each institute of the Japa-
nese Genetics Initiative for Drug Abuse, and all subjects provided
written informed consent for the use of their DNA samples as
part of this study.

Background of Methamphetamine Abusers

Diagnoses were made by two trained psychiatrists based on in-
terviews and available information, including hospital records.
Subjects were excluded if they had a clinical diagnosis of schizo-
phrenia, another psychotic disorder, or an organic mental syn-
drome. All subjects were Japanese and were born and living in re-
stricted areas of Japan, including northern Kyushu, Setouchi,
Chukyo, Tokai, and Kanto. The patients were divided into sub-
groups by characteristic clinical features (Table 1).

Prognosis of Psychosis

The prognosis of methamphetamine psychosis varied among
patients, some of whom showed continued psychotic symp-
toms, even after methamphetamine discontinuance, as previ-
ously reported (21, 22). Accordingly, the patients were catego-
rized by prognosis into two groups, a transient type and a
prolonged type, based on the duration of the psychotic state af-
ter methamphetamine discontinuance. The transient type is de-
fined as those whose symptoms improved within 1 month, and
the prolonged type is those whose psychosis continued for more
than 1 month after methamphetamine discontinuance and the
start of treatment with neuroleptics. In this study, there were 100
transient type and 78 prolonged type patients with metham-
phetamine psychosis (Table 1). One of the issues in categorizing
was the difficulty in distinguishing patients who coincidently
developed schizophrenia. Therefore, we excluded cases in
which the predominant symptoms were of the negative and/or
disorganized type in order to maintain the homogeneity of the
subgroup. :

Spontaneous Relapse

It has been well documented that once methamphetamine
psychosis has developed, patients in a state of remission are
susceptible to spontaneous relapse without reconsumption of
methamphetamine (21, 22). It has thus been postulated that a
sensitization phenomenon induced by the repeated consump-
tion of methamphetamine develops in the brain of patients

Am J Psychiatry 164:7, july 2007
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TABLE 2. Polymerase Chain Reaction Primers Used to Search for Single Nucleotide Polymorphisms (SNPs) in 5’ Upstream
Region and Exons of the PICK1 Gene and for Genotyping of SNP1-6

Region Primer Sequences Forward (5"-3%) Reverse {5"-3") Product size (bp)
5’-upstream-1 CACAATGTGGCTGGCAAGA CCCCCCATCCTTCCTTAGT 498
5’-upstream-2 CTCTGGGGAGCACTGATAGC AGACACATGCCCTTTCACC 478
5-upstream-3 GGGCCATTCTAGTAGGGGAGT CAATCCCTGCAGACAATCCT 368
5'-upstream-4 GGGAAGGGAAGGATTATTGTCTGC CAAGTGCCTAAATGCCAACGCC 395
Exon 2 GAGGGGTGGCGTTGGCATTTA CACTGCTCCATCTGCTTTGCT 441
Exon 3 CAGTGGAGCCCCTCAGGAGTTTTAG CAGGTGGTCAGAAAGCCCCTCTG 341
Exon 4 GAGCAGAGGGTAGAGTGGAAGAGG ACAAGGAAGGGGGCGGTGAG 358
Exon 5 AGGAGTCTCAGTCCAGAACAGTCTTG TTGGTCAGAGGTCAGAGCCCAC 301
Exon 6 CTCCCTGTGCATGGAGGTAAGG TGGTGACTTCTCAGTTCCACGG 317
Exon 7 TGACCTCCCCTCTTCTTTGA ATTTTGTAGGCTGGCATTCC 189
Exon 8 GGTTGGGTCGGACTGAGCTTTTAC AGCTTTGGGGGATGCCATTACC 256
Exon 9 GCTTCTCCCCAACAAACCCCTG CTCCAGCATACGACCTTCTCTGC 295
Exon 10 AGTCCACCAACAAGGGTGACGC AGCATGGCTGACTGAAGTGGGG 263
Exon 11 GCCAGCCTCTCCTGCTGCGT CCAGGAACGAGAGTCCAGCC 204
Exon 12 AGGTCTCAGGAATGAAGAACAGCC TTTCCCACCTCTGAAATGGAGAG 288
Exon 13-1 GAGAGTCTCCTCCCTGAGGC CTCCTTCCTAAGGCAGGTCC 729
Exon 13-2 AGAGGGAGAGCTTGGTCTCTGGACC AAGGAGGGTCTGAAGCCACTGCGAC 358
SNP? Primer or probe sequences forwa (S'-3’) or Reverse primer (5’ 3’) or be:

- probe 1(5-3)-.

. Product size (bp):

GCCATGGAAGAAAGATACAGAAGG . probe 2: v 98

SNP1 (rs737622) TCCGGACTCAAT TAGCCACCTA, probe 1: VIC-CATATC-
CCACGGCCGGT-MGB FAM-CATATCCCACCGCCGGT- MGB

SNP2 (rs3026682) CTGCCGGATGAGGTGGAT; probe 1: VIC-CTGGCTGTG- GCTGCCACTGCTATTGTGTAAAG; probe 2: FAM- 86
GCTCT-MGB CCTGGCTATGGCTCT-MGB :

SNP3 (rs11089858) GGCTCAGGGATGCTTTCGTT; probe 1: VIC-CGCGGGC- GGGTTTGTCCCAGCTTCCT; probe 2: FAM-CGCG- 83
CCCTGA-MGB GACCCCTGA-MGB

SNP4 (rs713729) CCAGTACT GTCCCTGCCTCT TAAGTGCCGAGAAGGAAAAA 235

SNP5 (rs3952) GGTCTTGCTTCTGCTCACAGT; probe 1: VIC-CCTCCT- GGTCACAGGAGGCCGAAT; probe 2: FAM-CCTCCT- 58
TCATGAGCC-MGB TCGTGAGCC-MGB

SNP6 (rs2076369)  CCAAATTGTTGGGATTACAGGT GCTCTGACCAGCTTACCAATGT 220

a TagMan 5’-exonuclease allelic discrimination assay was used for the genotyping of SNP1-3 and 5, and direct sequencing was used for the

genotyping of SNP4 and 6.

with methamphetamine psychosis, which provides a neural ba-
sis for an enhanced susceptibility to relapse. Therefore, the pa-
tients in this study were divided into two groups according to
the presence or absence of spontaneous relapse. In this study,
77 patients underwent a spontaneous relapse, and 118 did not
(Table 1).

Polysubstance Abuse

The patients were divided according to polysubstance abuse
status; 55 patients had abused only the drug methamphetamine
in their lifetime, and 140 patients had abused both methamphet-
amine and other drugs in the present or past. After methamphet-
amine abuse, organic solvents and marijuana were the most fre-
quently used substances. Cocaine and heroin were rarely abused
in this group of subjects.

Identification of SNPs

The association between the SNPs of the PICK1 gene and
schizophrenia has been reported by two groups. Hong et al.
(19) reported a case-control study of the PICK1 gene polymor-
phism (rs3952) and schizophrenia patients in a Chinese sam-
ple. In a Japanese sample, Fujii et al. (20) demonstrated an as-
sociation between two SNPs (rs713729 and rs2076369) of the
PICK1 gene and schizophrenia. However, it remained unclear
whether highly common SNPs exist in the 5-upstream region
and the exons of the PICK1 gene in the Japanese population.
Therefore, we searched for SNPs in the 5’-upstream region and
in all 13 exons with the flanking intronic region of the PICK1
gene using a direct sequencing method. We designed a total of
34 primers for polymerase chain reactions (Table 2) based on
information about the PICK1 gene obtained from a public data-
base (the PICK1 gene sequence was assigned as a portion of
AL031587, May 18, 2005, i.e., as protein kinase C alpha binding
protein; http://www.ncbi.nlm.nih.gov/). Amplification was
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carried out with an initial denaturation at 95°C for 1 minute,
followed by 40 cycles at 95°C for 1 minute, 60°C for 1 minute,
and 72°C for 40 seconds, with a final extension at 72°C for 5
minutes. The sequencing reaction was performed on an ABI
310 genetic analyzer (PE Biosystems, Foster City, Calif.) follow-
ing the manufacturer’s protocol.

For the screening of the 5’-upstream region, pairs of poly-
merase chain reaction primers were designed to amplify 368-498-
bp fragments in approximately 1000 bp of the 5’-upstream region
(Table 2). To determine the transcription start position, we used
a large-insert cDNA library made from human fetal brain (Clon-
tech Laboratories, Inc., Mountain View, Calif.). Based on SMART
technology (Clontech), the cDNA library contains high-fidelity
full-length transcripts. We performed polymerase chain reactions
with 5’-sequencing primer supplied by the manufacturer and the
5’-3R primer we designed in our laboratory (Table 2). By using a
TOPO TA cloning kit (Invitrogen, Carlsbad, Calif.), the polymerase
chain reaction product was cloned into TA plasmids according to
the manufacturer’s instructions. Then the inserted 5 -upstream
region was direct-sequenced with sequencing primers provided
with the TA cloning kit.

For all polymerase chain reaction products, we first analyzed
the sequences of the 32 comparison subjects, and we identified
three SNPs in the 5’-upstream region and 11 SNPs in the exons
and their flanking intronic regions (Figure 1). Of these 14 SNPs,
minor allele frequencies of two SNPs in the 5’-upstream region
and two SNPs in introns 3 and 4 were more than 10%. By refer-
ring to the dbSNP database (http://www.ncbi.nlm.nih.gov/
SNP/), we confirmed that two of these SNPs in the 5’-upstream
region were rs737622 (SNP1) and rs3026682 (SNP2) (Figure 1).
Although none of the SNPs was described as highly frequent in
all exons observed, we found that rs713729 (SNP4) in intron 3
and rs2076369 (SNP6) in intron 4 were highly frequent; these re-

ajp.psychiatryonline.org 1107
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FIGURE 1. Genomic Structure and Logation of Polymorphic Sites of the PICK1 Gene?
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sults are in good agreement with those of a previous study (20)
(Figure 1). -

Genotyping of Identified SNPs

To investigate the putative association between PICK1 gene
polymorphisms and methamphetamine abuse, we selected the
following SNPs for genotyping: rs737622 (C/G: SNP1), rs3026682
(G/A: SNP2), rs110898858 (G/A: SNP3), rs713729 (T/A: SNP4),
and rs2076369 (T/G: SNP6). To compare the present results with
those of previous reports (19, 20), we also selected rs3952 (A/G:
SNP5) for genotyping. For four of these SNPs, i.e.,, SNP1, 2, 3, and
4, genotyping was performed by TagMan 5’-exonuclease allelic
discrimination assay in accordance with the manufacturer’s pro-
tocol. The primers and probes used for these SNPs are shown in
Table 2.

For SNP4 (rs713729) and SNP6 (rs2076369), genotyping was
performed by direct sequencing, and the primers used for poly-
merase chain reactions are shown in Table 2.

Dual-Luciferase Gene Reporter Assays

Reporter plasmids containing the rs737622 (-332C/G: SNP1),
rs3026682 (-205G/A: SNP2), and rs11089858 (449G/A: SNP3)
polymorphic sites were constructed, and 1039-bp fragments
(from -373 to +666, Figure 2) were amplified from the genomic
DNAs with the identified genotypes as templates. The polymerase
chain reaction primers were as follows: forward, 5'-CGACGCGTC-
CGGACTCAATTAGCCACCT-3’ (including a Mlul site) and reverse,
5’-CGCTCGAGTCGGAACCAAGAACGAGAAC-3’ (including an
Xhol site). The polymerase chain reaction products of four haplo-
types (C-332/G-205/G+449: Pr1, C-332/G-205/A+449: Pr2, G-332/
A-205/A+449: Pr3, and G-332/A-205/A+449: Pr4) were cloned into
the pGL-3 Basic Plasmid (Promega Corporation, Madison, Wis.).
The inserted sequences were confirmed with direct sequencing
by using an ABI 310 genetic analyzer (PE Biosystems, Foster City,
Calif.) according to the manufacturer’s protocol.

Two cell lines, human neuroblastoma SK-N-SH and human
glioblastoma U-87, were cultured in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum. Luciferase re-
porter plasmids containing the four haplotypes were transiently
transfected into these cells by using the TransFast lipofection re-
agent (Promega Corporation, Madison, Wis.). The renilla lu-
ciferase expression plasmid phRL-TK was cotransfected as an in-
ternal standard. After 48 hours, the cells were harvested, and the
luciferase reporter activity was measured by using a TD-20/20 lu-
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minometer and a Dual-Luciferase Assay Kit (Promega Corpora-
tion, Madison, Wis.). All experiments were repeated at least three
times.

Statistical Analysis

Allele and genotype frequencies were calculated, and the dif-
ferences between groups were evaluated with Fisher’s exact test.
Case-control haplotype analysis was performed by the maxi-
mum-likelihood method by using SNPAlyse (DYNACOM, Yoko-
hama, Japan, http://www.dynacom.co.jp/); p values of haplo-
types were obtained by 1000-fold permutation to correct for bias
due to multiple tests. For the luciferase assay, one-way analysis of
variance (ANOVA) followed by post hoc Bonferroni tests were per-
formed for comparison of relative luciferase activity among four
types of inserted vectors. The analysis was performed with SPSS
software (SPSS version 12.0], Tokyo). All statistically significant p
values were set at <0.05.

Results

Identification of SNPs and Association Studies

In searching the transcription start position, we found
that exon 1 turned out to stretch beyond the position re-
ported in the public database (Figure 2). Namely, we found
that the transcription start position was at 113958, which
is 513 bp before the start position (114471) reported in
AL031587 (http://www.ncbi.nlm.nih.gov/).

We searched for the SNPs in the PICK1 gene, including
the promoter region approximately 500 bp ahead of the
transcription start position, the entire 5’-untranslated se-
quence from the translation start position in exon 2, and
all 13 exons and their neighboring sequences. In this
study, we found 14 SNPs in the PICK1 gene (Figure 1). Of
these SNPs, rs737662 (-332C/G: SNP1), rs3026682 (-205G/
A: SNP2), rs11089858 (449 G/A: SNP3), rs713729
(IVS3+117T/A: SNP4), and rs2076369 (IVS4-59T/G: SNP6)
were found to be highly frequent (the minor allele >10%)
(Figure 1). Subsequent genotyping was performed for
these five SNPs (SNP1, 2, 3, 4, and 6) and rs3952
(IVS3+1246A/G: SNP5). Both the genotype and the allele
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FIGURE 2. Schematic Diagram of 5-Upstream Region of the PICK1 Gene?

JU— S or

i
fTTBSSI?ctgtccggactcaattagccacc:aaggagagagtagggcggggcttccaccggccgtgg

gatatgtggataatcatccttctgtatctticttccatggecticciggggcageiggggaa |
gcaagctggatgggcctggceccatgeotgeccggatgaggiggatgectggecigtggese
gggagagccaacctcccccagggaacccacttiacacaatagcagtggcagecagaggetg
gcgaggagacaagaticggactctggggagcactigatagcatitcccgagectcaggtac
atgcggaccgtgaccctecctgggacceccaggggggctgctectcaggactaaggaagga
ggagggggtgtgagaaacetttecaccatataccatagaaageatttacetcaatggectt
ggtttacatatggggaaactgaggeacataaagggaagggagecatgtecagtetgtectt
aatagcocaagacceactgaatacacctetectggetetetgtttagtgtttggacgtticaa
agétccctagactaggcggcgggagtttcagggcgacgatccagatcttacaccaactgt
qtééggccccgcacaaaatcactcccggctctgﬁggcacttaaéttggcgaaactggéat
ggg;tgggacctcaaagggccattctagtaggggagtcacaggcccaggtggtgaagggg
tgaaagggcatgatgtcttggggtttatagtccactgagcctcgccggaggtaaccccgg
tcagggatgctttcgttgccatggcaaccgccgggccggcgcgggcccctgagtgcagc
tgaggaagctgggacaaaccectgeooettoceaagatggeggeggeggcagggecaaaggygce
gagttagacgetgtecagect..(exonl).. |
ggcctggagcccccctttgtacctagtaagaatéacctacuﬁnvon1)“

ccgéatccagttccccattcccctaccgagctgggcégttagccaécccactccaactct

cggaécgatgtttgcagaCttggattatgaqétégéagaggataaactgtm@xonEQ

3 The numbers indicate the nucleotide positions cited from the NCBI database AL031587. A bold black arrow indicates the transcription start
position we identified, which was 513 bp before the start position (114471) reported in the database. Blue characters indicate exons of PICK1,
and the translation start codon, ATG, is orange. The positions of the three SNPs we identified are indicated in red.

distributions of SNP1, SNP2, and SNP5 were completely
the same (Table 3). The allele frequencies and genotype
distributions of SNP1, 3, 4, and 6 in methamphetamine
abusers and comparison subjects are shown in Table 3.
The genotype distributions were within the Hardy-Wein-
berg equilibrium.

We found significantly different frequencies between
comparison subjects and methamphetamine abusers in
SNP4 (Table 3). The frequency (88.7%) of carrying the T al-
lele among the methamphetamine abusers was signifi-
cantly higher (odds ratio=1.58, 95% confidence interval
[CI]=1.06-2.34, p<0.03) than that of the comparison sub-
jects (83.3%), and we also detected a different distribution
of genotype (p<0.03). Positive associations were detected
in the subgroup of those who experienced psychosis
(alleles, p=0.007, odds ratio=1.79, 95% CI=1.17-2.74, gen-
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otype, p<0.02), transient-type psychosis (alleles, p=0.01,
odds ratio=2.03, 95% CI=1.17-3.51, genotype, p<0.03),
and psychosis with spontaneous relapse (alleles, p=0.003,
odds ratio=2.61, 95% CI=1.35-5.07, genotype, p=0.004)
and in abusers without polysubstance abuse (alleles,
p<0.03, odds ratio=2.26, 95% CI=1.09-4.67, genotype,
p<0.04) (Table 3). For SNP6, the frequency (48.7%) of the T
allele among methamphetamine abusers who experi-
enced psychosis with spontaneous relapse was signifi-
cantly higher (odds ratio=1.62, 95% CI=1.19-2.35, p<0.02)
than that of the comparison subjects (36.9%), and we also"
detected a different distribution of genotype (p<0.02) (Ta-
ble 3). In contrast, no differences for SNP1, 2, 3, and 5
were detected between methamphetamine abusers and
comparison subjects (Table 3).
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TABLE 3. Genotypic and Allelic Distributions of the PICK1 Gene Polymorphisms in Comparison Subjects and Methamphet-

amine Abusers

Variable Genotype Allele
St R O o/ ¥
SNP1% (rs737622) N %
Comparison
subjects 218 89 40.8 107 49.1 22 10.1 285 65.4 151 346
Methamphet-
amine abusers 208 85 409 93 447 30 14.4 0.35 263 63.2 153 36.8 0.52
Psychosis 178 66 371 87 48.9 25 14.0 0.45 219 61.5 137 385 0.27
Transient 100 38 38.0 48 48.0 14 14.0 0.56 124 62.0 76 38.0 0.42
Prolonged 78 28 35.9 39 50.0 1 14.1 0.53 95 60.9 61 39.1 0.33
Spontaneous :
relapse
Positive 77 32 41.6 33 429 12 15.6 0.37 97 63.0 57 370 0.62
Negative 118 48 40.7 55 46.6 15 12.7 0.73 151 64.0 85 36.0 0.74
Polysubstance
abuse
No 23 41.8 9 16.4 0.35 69 62.7
Yes 63 45.0 179 63.9
S 2 e s b T
SNP3 (rs11089858) N % "N %
“Comparison ’
subjects 218 180 82.5 37 17.0 1 0.5 397 91.1 39 89
Methamphet- :
amine abusers 208 167 80.3 39 18.8 2 - 1.0 0.71 373 89.7 43 10.3 0.56
Psychosis 178 143 80.3 34 19.1 1 0.6 0.80 320 89.9 36 10.1 0.63
Transient 100 81 81.0 19 19.0 0 0.0 0.83 181 90.5 19 9.5 0.88
Prolonged 78 62 79.5 15 19.2 1 1.3 0.47 139 89.1 17 109 0.52
Spontaneous
relapse
Positive 77 64 83.1 13 16.9 0 0.0 1.00 141 91.6 13 8.4 1.00
Negative 118 94 79.7 23 19.5 1 0.8 0.65 211 89.4 25 10.5 0.49
Polysubstance
abuse
No 0.75 99 90.0 1 10.0 0.71

SNP4(rs713729

Comparison
subjects
Methamphet-
amine abusers
Psychosis
Transient
Prolonged
Spontaneous
relapse
Positive
Negative
Polysubstance
abuse

“Comparison
subjects
Methamphet-
amine abusers
Psychosis
Transient
Prolonged
Spontaneous
relapse
Positive
Negative
Polysubstance
abuse
No
Yes

218

208
178
100

77
118

55

218

208
178
100

78

77
118

55
140

150

166
145

62

67
88

82

73
64
34
30

21
46

15
53

68.8

79.8
815
83.0
79.5

87.0
74.6

85.5

6T

289

17.8
16.9
16.0
17.9

1.7
22.0

127
200

376

35.1
36.0
34.0
38.5

273
379

273
379

37
56

30
62

I i %,.;

509

47.6
46.6
48.0
449

48.1
47.5

54.5
44.3

19
16

10
25

17.3
17.4
18.0
16.7

24.7
13.6

18.2
179

<0.03
<0.02
<0.03

0.14

0.004
0.36

<0.04
0.16

0.23
0.25
0.30
041

<0.02
0.77

0.23
0.19

363

369
320
182
138

143
202

101

246

83.3

88.7
89.9
91.0
88.5

929
85.6

91.8

879

16.7

1.3
101

9.0
11.5

7.1
14.4

8.2
12.1

275

245
211
116

95

79
148

60
168

63.1

58.9
59.3
58.0
60.9

51.3
62.7

54.5
60.0

161

171
145
84
61

75
88

50
112

36.9

41.1
40.7
42.0
39.1

48.7
37.3

45.5
40.0

<0.03
0.007
0.01
0.15

0.003
0.51

<0.03
0.1

- 023

0.30
0.25
0.63

<0.02
0.93

0.13
0.43

2 The distributions of SNP2 (rs3026682) and 5 (rs3952) are the same as SNP1 (rs737622).

b versus comparison subjects.
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TABLE 4. Haplotype Analysis of Six Single Nucleotide Polymorphisms

Variable Haplotype Analysis
Overall
Haplotype ““Comparison-Subjects (N=218).
C-G-G-T-A-T T T 38% T
G-A-G-T-G-G 32.3%
C-G-G-A-A-G- 14.5%
C-G-A-T-A-G 8.3%
C-G-G-T-A-G 5.5%
G-A-G-T-G-T 0.7%
C-G-G-A-A-T 1.2%
G-A-G-A-G-G 1.0%
Methamphetamine abusers
Haplotype
C-G-G-T-A-T ' T 423%
G-A-G-T-G-G 32.1%
C-G-G-A-A-G 4.5%
C-G-A-T-A-G 6.8%
C-G-G-T-A-G 6.3%
G-A-G-T-G-T 2.5%
C-G-G-A-AT 2.5%

As shown in Figure 1, a strong linkage disequilibrium
was observed in five of these six SNPs. Two haplotypes,
C(SNP1)-G(SNP2)-G(SNP3)-A(SNP4)-A(SNP5)-G(SNP6)
and G(SNP1)-A(SNP2)-G(SNP3)-T(SNP4)-G(SNP5)-
T(SNP6), were significantly different between comparison
subjects and methamphetamine abusers (Table 4). The
frequency (9.2%) of the CGGAAG haplotype in the meth-
amphetamine abusers was significantly lower (odds ratio=
0.60, 95% CI=0.45-0.79, p<0.02) than that of the compari-
son subjects (14.5%), and the frequency (3.5%) of the
GAGTGT haplotype in the methamphetamine abusers
was significantly higher (odds ratio=5.2, 95% CI=2.27-
11.6, p=0.01) than that (0.7%) of the comparison subjects
(Table 4). Of interest, a haplotype analysis between meth-
amphetamine abusers with and without spontaneous re-
lapse of psychosis showed the significant difference in the
most major haplotype (CGGTAT) as well as the CGGAAG
type. The frequency (42.3%) of CGGTAT type in the meth-
amphetamine abusers with spontaneous relapse was sig-
nificantly higher (odds ratio=2.2, 95% CI=1.80-2.61, p=
0.001) than that in those without spontaneous relapse
(27.8%) (Table 4). As to the frequency of the CGGAGG type,
the frequency (4.5%) in methamphetamine abusers with
spontaneous relapse was significantly lower (odds ratio=
0.33, 95% CI=0.23-0.47, p<0.02) than that in those without
spontaneous relapse (Table 4).

Transcriptional Effects of SNPs in the Promoter
Region

The transcriptional effects of four promoter haplotypes
on SK-N-SH cells and U-87 cells were also examined. As
shown in Figure 3, the results for these two cell lines dif-
fered. For SK-N-SH cells, a substitution variant, Pr3 (G-
332/A-205/A+449), showed significantly increased relative
luciferase activity (1.54 for Pr3/Prl, p<0.001, 2.03 for Pr3/
Pr2, p<0.001, 1.74 for Pr3/Pr4, p<0.001). In contrast, for U-
87 cells, every substitution showed significantly lower rel-
ative luciferase activity than that of the major type, Prl (C-
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FIGURE 3. Relative Luciferase Activity of the Four Haplo-
types in SK-N-SH Celis (top) and U-87 Cells (bottom)?

tuciferase Activity/Internal Standard

3 The phRL-TK vector used was a negative control. The pGL3 Basic
vector, which does not contain any promoter sequences, was used
as a negative control. Each value is shown as the mean for three in-
dependent experiments.

b p<0.001.

332/G-205/G+449) (0.51 for Pr2/Pr1, p<0.001, 0.51 for Pr3/
Prl, p<0.001, 0.59 for Pr4/Prl, p<0.001).

Discussion

The major findings of the present study were the discov-
ery of an association between PICK1 gene polymorphisms
and methamphetamine abusers and the identification of
functional SNPs (SNP1 and SNP2) in the promoter region
of the PICK1 gene. It was of great interest to find that SNP4
and SNP6 were significantly associated with methamphet-
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amine abusers who experienced spontaneous relapse of
psychosis. In addition, the haplotype analysis demon-
strated that specific haplotypes, C(SNP1)G(SNP2)G(SNP3)
A(SNP4)A(SNP5)G(SNP6) and GAGTGT, were significantly
associated with methamphetamine abusers in general.
Furthermore, we also found that the frequencies of major
haplotypes CGGTAT and CGGAAG were significantly dif-
ferent between methamphetamine abusers with and
without spontaneous relapse of psychosis. Spontaneous
relapse of psychosis among methamphetamine abusers is
known as “flashbacks,” which are known to follow nonspe-
cific stress, even after the consumption of methamphet-
amine has ceased and drug treatment has begun, and it
appears that a psychotic state might be induced by excess
dopaminergic activity (21, 22). Given the role of dopamine
systems in the pathogenesis of methamphetamine psy-
chosis, it is possible that a functional alteration of dopa-
mine transporter may be caused by genetic variations in
PICK1 and can lead to dysfunction of the dopamine sys-
tem. Taken together, these results suggest that the CGG-
TAT and CGGAAG haplotypes in the PICK1 gene are likely
to be associated with the psychosis of methamphetamine
abusers who experience spontaneous relapse. The differ-
ent distributions of those two haplotypes between meth-

amphetamine abusers with and without spontaneous re- -

lapse of psychosis also suggest the difference in genetic
backgrounds between the two groups. In the present
study, the group of subgroups was small. Because of the
small size of subcategories, type I error cannot be ruled
out. Therefore, further studies with a large group with sub-
categories would reveal the associations between the
PICK1 gene and methamphetamine-induced psychosis.

In the 5’-upstream region of the PICK1 gene, we identi-
fied three SNPs (SNP1:-332 C/G, 1s737622, SNP2: -205
G/A, rs3026682, and SNP3: 449G/A, rs11089858). A lu-
ciferase assay revealed the functional effects of these SNPs
on transcriptional activities. Although the threshold
scores were low, the TFSEARCH program (http://
mbs.cbrc.jp/research/db/TFSEARCH.html) predicted
that the major transcription factors, including GATA1 (for
SNPI, score 78.3) and AML-1a (for SNP2, score 83.7), bind
to either position of SNPs in the PICK1 promoter position.
Of course, itis likely that unidentified transcription factors
may also be involved in the transcriptional process be-
cause we found that the levels of PICK1 expression could
be altered by nucleotide substitutions of these SNPs in the
promoter region. After consideration of the role of PICK1
in the proper targeting and surface clustering of dopamine
transporter (16), it is possible that altered PICK1 expres-
sion might lead to altered dopamine transporter function
in synaptic dopamine signal transmission, which would in
turn influence the pathogenesis of methamphetamine
abuse and related psychotic symptoms.

In this study, we found that transcriptional effects of
SNPs in the promoter region of the PICK1 gene differed in
SK-N-SH and U-87 cells. The nucleotide substitutions
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{C—G at -332 and G—A at -205) showed significantly in-
creased luciferase activity in SK-N-SH cells (neuronal
cells), whereas the substitutions (C—G at -332 and G—A
at ~205) showed significantly decreased luciferase activity
in U-87 cells (glial cells). Although the mechanisms under-
lying the discrepancy in these two cell lines are currently
unknown, these findings suggest that PICK1 expression
could be affected in different ways by these SNPs in neu-
ronal and glial cells. Fujii et al. (20) reported that a haplo-
type, T(rs713729)-A(rs3952)-T(rs2076369), revealed a sta-
tistically significant association with disorganized
schizophrenia in methamphetamine abusers in relation to
comparison subjects (p<0.02). The TAT haplotype, dis-
cussed by Fujii and coworkers, was found to correspond to
C(rs737622: SNP1)-G(rs3026682: SNP2)-G(rs11089858:
SNP3)-T(rs713729: SNP4)-A(rs3952: SNP5)-T(rs2076329:
SNP6) in our study, and it was the most frequent haplo-
type in both comparison subjects and methamphetamine
abusers. As discussed, the frequency (42.3%) of the CGG-
TAT haplotype in methamphetamine abusers with spon-
taneous relapse was significantly higher (p=0.001) than
that of those without spontaneous relapse (27.8%). These
findings also suggest that methamphetamine abusers who
experience a spontaneous relapse of methamphetamine
psychosis might share a similar genetic susceptibility to
schizophrenia.

It has been demonstrated that PICK1 interacts with
other proteins, including AMPA receptors (14, 23) and
metabotropic glutamate receptor 7 (mGluR7) (24, 25),
which have been implicated in the pathophysiology of
drug abuse as well as in schizophrenia (26-29). Thus, it
seems that interactions of PICK1 with AMPA receptors and
metabotropic glutamate receptors are likely to be involved
in the pathogenesis of methamphetamine psychosis. Fur-
thermore, Fujii et al. (20) identified PICK1 as a protein in-
teractor with the D-serine synthesizing enzyme serine
racemase in glial cells (30). After consideration of the role
of D-serine in the pathophysiology of schizophrenia (31-
35), it is likely that the interaction of PICK1 with serine
racemase in glial cells may play a role in the pathophysiol-
ogy of methamphetamine psychosis, although further
studies will still be necessary.

In conclusion, the present findings revealed that PICK1
gene polymorphisms are associated with methamphet-
amine abusers, suggesting that the PICK1 gene plays a ma-
jor role in a genetic susceptibility to methamphetamine
psychosis.

Received july 28, 2006; revision received Dec. 1, 2006; accepted
Dec. 21, 2006. From the Department of Psychiatry and the Depart-
ment of Public Health, Chiba University Graduate School of Medicine,
Chiba, japan; the Division of Clinical Neuroscience, Chiba University
Center for Forensic Mental Health; the Department of Psychiatry,
Johns Hopkins University School of Medicine, Baltimore; the Depart-
ment of Psychiatry and Neurology, Hamamatsu University School of
Medicine, Hamamatsu, Japan; the Department of Psychiatry, Teikyo
University Chiba Medical Center, Ichihara Hospital, Ichihara, Japan;
the Department of Psychiatry, Nagoya University Graduate School of

Am | Psychiatry 164:7, july 2007

268



Medicine, Nagoya, Japan; the Department of Psychiatry, Fujita
Health University School of Medicine, Toyoake, japan; the Depart-
ment of Neuropsychiatry, Kurume University School of Medicine, Ku-
rume, Japan; the National Center Hospital for Mental, Nervous and
Muscular Disorders, NIMH, National Center of Neurology and Psychi-
atry, Kodaira, Japan; the Department of Psychobiology, Tohoku Uni-
versity Graduate School of Medicine, Sendai, Japan; the Department
of Neuropsychiatry, Okayama University Graduate School of Medi-
cine and Dentistry, Okayama, jJapan; and the jJapanese Genetics Ini-
tiative for Drug Abuse, Okayama, Japan. Address correspondence
and reprint requests to Dr. Hashimoto, Division of Clinical Neuro-
science, Chiba University Center for Forensic Mental Health, 1-8-1
Inohana, Chiba 260-8670, Japan; hashimoto@faculty.chiba-u.jp
(e-mail).

All authors report no competing interests.

Supported in part by a grant for psychiatric and neurological dis-
eases and mental health from the Ministry of Health, Labor and Wel-
fare (Dr. Hashimoto) and the Program for Promotion of Fundamental
Studies in Health Sciences of the National Institute of Biomedical In-
novation (Dr. Hashimoto).

References

1. Merikangas KR, Stolar M, Stevens DE, Goulet |, Preisig MA, Fen-
ton B, Zhang H, O’Malley SS, Rounsaville Bf: Famitial transmis-
sion of substance use disorders. Arch Gen Psychiatry 1998; 55:
973-979

2. Kosten TR, Markou A, Koob GF: Depression and stimulant de-
pendence: neurobiology and pharmacotherapy. | Nerv Ment
Dis 1998; 186:737-745

3. Kendler KS, Karkowski LM, Neale MC, Prescott CA: Illicit psycho-
active substance use, heavy use, abuse, and dependence in a
US population-based sample of male twins. Arch Gen Psychia-
try 2000; 57:261-269

4. Uhl GR, Liu QR, Naiman D: Substance abuse vulnerability loci:
converging genome scanning data. Trends Genet 2002; 18:
420-425

5. Goldman D, Oroszi G, Ducci F: The genetics of addictions: un-
covering the genes. Nat Rev Genet 2005; 6:521-532

6. Fumagalli F, Gainetdinov RR, Valenzano KJ, Caron MG: Role of
dopamine transporter in methamphetamine-induced neuro-
toxicity: evidence from mice lacking the transporter. | Neurosci
1998; 18:4861-4869

7. Frey K, Kilbourn M, Robinson T: Reduced striatal vesicular
monoamine transporters after neurotoxic but not after behav-
iorally-sensitizing doses of methamphetamine. Eur | Pharma-
col 1997; 334:273-279

8. Blakely RD, Bauman AL: Biogenic amine transporters: regula-
tion in flux. Curr Opin Neurobiol 2000; 10:28-36

9. Robinson MB: Regulated trafficking of neurotransmitter trans-
porters: common notes but different melodies. } Neurochem
2002; 80:1-11

10. Volkow ND, Chang L, Wang G], Fowler iS, Leonido-Yee M,
Franceschi D, Sedler M), Gatley S|, Hitzemann R, Ding YS, Logan
J, wong C, Miller EN: Association of dopamine transporter re-
duction with psychomotor impairment in methamphetamine
abusers. Am ) Psychiatry 2001; 158:377-382

11. Sekine Y, lyo M, Ouchi Y, Matsunaga T, Tsukada H, Okada H,
Yoshikawa E, Futatsubashi M, Takei N, Mori N: Methamphet-
amine-related psychiatric symptoms and reduced brain
dopamine transporters studied with PET. Am | Psychiatry 2001;
158:1206-1214

12. Ujike H, Harano M, Inada T, Yamada M, Komiyama T, Sekine
Y, Sora |, lyo M, Katsu T, Nomura A, Nakata K, Ozaki N: Nine-
or fewer repeat alleles in VNTR polymorphism of the dopa-
mine transporter gene is a strong risk factor for prolonged
methamphetamine psychosis. Pharmacogenomics | 2003; 3:
242-247

Am | Psychiatry 164:7, july 2007

269

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

MATSUZAWA, HASHIMOTO, MIYATAKE, ET AL.

Staudinger }, Zhou J, Burgess R, Elledge S), Olson EN: PICK1: a
perinuclear binding protein and substrate for protein kinase C
isolated by the yeast two-hybrid system. ] Cell Biol 1995; 128:
263-271

Xia §, Zhang X, Staudinger |, Huganir RL: Clustering of AMPA re-
ceptors by the synaptic PDZ domain-containing protein PICK1.
Neuron 1999; 22:179-187

Deken SL, Beckman ML, Quick MW: Picking on transporters.
Trends Neurosci 2001; 24:623-625

Torres GE, Yao WD, Mohn AR, Quan H, Kim KM, Levey Al,
Staudinger ], Caron MG: Functional interaction between
monoamine plasma membrane transporters and the synaptic
PDZ domain-containing protein PICK1. Neuron 2001; 30:121—
134 )

Stober G, Mevyer |, Nanda |, Wienker TF, Saar K, Knapp M, Jatzke
S, Schmid M, Lesch KP, Beckmann H: Linkage and family-based
association study of schizophrenia and the synapsin Il locus
that maps to chromosome 22q13. Am | Med Genet 2000; 96:
392-397

Snyder SH: Catecholamines in the brain as mediators of am-
phetamine psychosis. Arch Gen Psychiatry 1972; 27:169~
179 .

Hong (J, Liao DL, Shih HL, Tsai S): Association study of PICK1
rs3952 polymorphism and schizophrenia. Neuroreport 2004;
15:1965-1967

Fujii K, Maeda K, Hikida T, Mustafa AK, Balkissoon R, Xia J, Ya-
mada T, Ozeki Y, Kawahara R, Okawa M, Huganir RL, Ujike H,
Snyder SH, Sawa A: Serine racemase binds to PIC1: potential
relevance to schizophrenia. Mol Psychiatry 2006; 11:150-
157 .

Sato M, Chen CC, Akiyama K, Otsuki S: Acute exacerbation of
paranoid psychotic state after long-term abstinence in patients
with previous methamphetamine psychosis. Biol Psychiatry
1983; 18:429-440

Sato M, Numachi Y, Hamamura T: Relapse of paranoid psy-
chotic state in methamphetamine model of schizophrenia.
Schizophr Bull 1992; 18:115-122

Hanley JG, Henley JM: PICK1 is a calcium-sensor for NMDA-in-
duced AMPA receptor trafficking. EMBO ] 2005; 24:3266-3278
Dev KK, Nakajima Y, Kitano |, Braithwaite SP, Henley JM, Na-
kanishi S: PICK1 interacts with and regulates PKC phosphoryla-
tion of mMGLUR?. ] Neurosci 2000; 20:7252-7257

Perroy ), El Far O, Bertaso F, Pin |P, Betz H, Bockaert |, Fagni L:
PICK1 is required for the control of synaptic transmission by
the metabotropic glutamate receptor 7. EMBO } 2002; 21:
2990-2999

Bellone C, Luscher C: Cocaine triggered AMPA receptor redistri-
bution is reversed in vivo by mGLUR-dependent long-term de-
pression. Nat Neurosci 2006; 9:636-641

Kenny PJ, Markou A: The ups and downs of addiction: role of
metabotropic glutamate receptors. Trends Pharmacol Sci
2004; 25:265-272

Sutton MA, Schmidt EF, Choi KH, Schad CA, Whisler K, Simmons
D, Karanian DA, Monteggia LM, Neve RL, Self DW: Extinction-in-
duced upregulation in AMPA receptors reduces cocaine-seek-
ing behaviour. Nature 2003; 421:70-75

javitt DC: Glutamate as a therapeutic target in psychiatric dis-
orders. Mol Psychiatry 2004; 9:984-997

Wolosker H, Blackshaw S, Snyder SH: Serine racemase: a glial
enzyme synthesizing D-serine to regulate glutamate-N-methyl-
D-aspartate neurotransmission. Proc Natl Acad Sci USA 1999;
96:13409-13414

Hashimoto K, Fukushima T, Shimizu E, Komatsu N, Watanabe
H, Shinoda N, Nakazato M, Kumakiri C, Okada S, Hasegawa H,
Imai K, lyo M: Decreased serum levels of D-serine in patients
with schizophrenia: evidence in support of the N-methyl-D-as-

ajp.psychiatryonline.org 1113



POLYMORPHISMS AND METHAMPHETAMINE PSYCHOSIS

32.

33.

1114

partate receptor hypofunction hypothesis of schizophrenia.
Arch Gen Psychiatry 2003; 60:572-576

Hashimoto K, Shimizu E, lyo M: Dysfunction of glia-neuron
communication in pathophysiology of schizophrenia. Curr Psy-
chiatry Rev 2005; 1:151-163

Yamada K, Ohnishi T, Hashimoto K, Ohba H, lwayama-Shigeno
Y, Toyoshima M, Okuno A, Takao H, Toyota T, Minabe Y, Naka-
mura K, Shimizu E, Itokawa M, Mori N, lyo M, Yoshikawa T:

ajp.psychiatryonline.org

34.

35.

270

Identification of multiple serine racemase (SRR) mRNA iso-
forms and genetic analyses of SRR and DAO in schizophrenia
and D-serine levels. Biol Psychiatry 2005; 57:1493-1503
Boehning D, Snyder SH: Novel neural modulators. Annu Rev
Neurosci 2003; 26:105-131

Mustafa AK, Kim PM, Snyder SH: D-serine as a putative glial
neurotransmitter. Neuron Glia Bio! 2004; 1:275-281

Am | Psychiatry 164.7, July 2007



Original article 227
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Background Microarray studies of schizophrenic brains
revealed decreases in the expression of myelin and
oligodendrocyte-related genes. Of these genes,
sex-determining region Y-box 10 (SOX10) is a major
transcription factor modulating the expression of proteins
involved in neurogenesis and myelination. The SOX10 gene
is located on chromosome 22q13.1, a region repeatedly
reported to show positive signals in linkage studies on
schizophrenia.

Objective This study was conducted to clarify the exact
role of SOX10 in the pathophysiology of schizophrenia.

Methods We performed an association analysis of
SO0X10 in a Japanese population of 915 schizophrenic
patients and 927 controls. Genotyping was carried out
using polymerase chain reaction restriction fragment
length polymorphism.

Main results One single nucleotide polymorphism of the
SOX10 gene (rs139887) was selected as a haplotype tag
single nucleotide polymorphism using 96 controls.

A significant association was observed in the genotype and
allelic frequency of this single nucleotide polymorphism
between schizophrenic patients and controls (P = 0.025
and P = 0.009, respectively). Especially, a significant

introduction

Functional abnormalities of neuronal connectivity have
been reported in patients with schizophrenia (Liddle,
1996; McClure ¢z a/., 1998). Histolbgical, anatomical, and
neuroimaging studies have led to the hypothesis that
dysfunctional myelination during nerve fiber formation
may contribute to the pathophysiology of schizophrenia
(Davis er a/., 2003). Diffusion tensor imaging, which is
considered to be a useful technique to estimate
myelination  wviwo (Klingberg ¢s af, 1999) showed
decreased anisotropy in the prefrontal cortex, tempor-
oparietal and parietooccipital regions, splenium, cingu-
lum, and the posterior capsule and adjacent occipital
white matter in schizophrenic patients compared with
normal controls (Buchsbaum ¢z @/, 1998; Lim & 4/., 1999;
_Agartz et al, 2001). In addition, several postmortem
studies have demonstrated reductions in glial cell density

0955-8829 © 2007 Lippincott Williams & Wiikins

association was found in male patients, but not female
patients. We also performed a mutational search of the
whole coding region, branch site, and promoter region of
SOX10 in 96 schizophrenic patients, but no potential
functional polymorphisms were detected.

Conclusion This study suggests that the SOX10 gene

is related to the development of schizophrenia in the
Japanese population. Psychiatr Genet 17:227-231 © 2007
Lippincott Williams & Wilkins.
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(Rajkowska ez /., 1999) and neuronal size in the cerebral
cortex of affected patients (Rajkowska ez @/, 1999; Pierri
et al., 2001; Chana ¢ al., 2003). Thus, schizophrenic brain
changes may occur not only in gray but also in white
matter.

Recently, several groups identified decreased expression of
myelin and oligodendrocyte-related genes in patients with
schizophrenia or bipolar disorder using gene microarrays
(Hakak e @/, 2001; Tkachev ¢ 4/, 2003; Dracheva & 4/,
2006). Of these genes, the expression of sex-determining
region Y-box 10 (SOX10), a major transcription-modulating
factor involved in neurogenesis and myelination in the
central and peripheral nervous systems (Kuhlbrodt ef o,
1998; Paratore e« afl, 2001; Potterf e« 2/, 2001) was
significantly decreased. In addition, dysfunction of
SOX10 causes central dysmyelinating leukodystrophy
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(Pingault e af, 1998), and up to 53% of patients with
leukodystrophy concomitantly were reported to develop
psychotic symptoms in adolescence and young adulthood
(Hyde et al, 1992).

The gene-encoding SOX10 is located on chromosome
22q13.1; this locus includes a susceptibility gene locus
linked to schizophrenia (Mowry e al, 2004), which
contains several candidate genes such as apolipoprotein
L1 (A4POLI) (Mimmack er a/, 2002), cytochrome P450
family 2 subfamily D polypeptide 6 (CYP2D6) (Fu et al.,
2006), phospholipase A2, group VI (PLA2G6) (Yu et af.,
2005), and protein interacting with PRKCA1 (PICKT)
(Hong er al., 2004).

Taken together, these data suggest that SOX10 is a
plausible candidate gene playing a role in the pathophy-
siology of schizophrenia, but the exact role of SOX10 in
the development of schizophrenia remains to be clarified.
In this study, we performed a linkage disequilibrium
(LD) analysis of SOX10, followed by case—control studies
examining the association between SOX10 polymorphism
and schizophrenia using a large population.

Patients and methods

Patients

The participants consisted of 915 patients with
schizophrenia (398 females: mean age * standard devia-
tion 50.1 £ 16.2; 517 males: 47.4 + 14.8) and 927 controls
(472 females: 38.5 *+ 14.7; 455 males: 38.0 = 14.3 years).

LD was evaluated using 96 control participants, whereas
mutation screening was performed using 96 schizophre-
nic patients. Both of these subsets were randomly
selected from the present participants. All participants
were unrelated to each other and ethnically Japanese.
A consensus diagnosis based on unstructured interviews

Fig. 1

was made for each patient by experienced psychiatrists’
according to the Diagnostic and statistical manual of mental
disorders, 4th ed. (DSM-IV; American Psychiatric Associa-
tion, 1994). All available medical records and information
from family members were also taken into consideration.
Mentally healthy controls had no current or past contact
with psychiatric services based on unstructured inter-
views. This study was approved by the Ethics Committee
of Nagoya University Graduate School of Medicine and
Fujita Health University.

Genotyping

The SOX10 gene is composed of four exons, spanning a
total length of 13.02kb. According to the information on
S0OX10 genetic single nucleotide polymorphisms (SNPs)
provided by the dbSNP database (421p://wwew.nchi.nim.nik.
gov/SNP/) we selected three SNPs, of which the minor
allele frequencies are higher than 20%, for LD mapping
analysis: SNPA (rs1398891 is 7375-bp upstream of
S§0X10), SNP1 (1s139887), and SNP2 (rs139883)
(Fig. 1). Genomic DNA was extracted from the peripheral
blood of all participants. Genotyping was performed by
PCR restriction fragment length polymorphism (PCR-
RFLP). Each primer and restriction enzyme used for the
genotyping of SNPA, SNP1, and SNP2 by PCR-RFLP is
described in Table 1.

Mutation search

Primer pairs were designed using information from
GenBank sequence (accession number: NT 011520.10).
Mutation search was performed in the whole coding
regions, the promoter regions, the branch site, and
5'-flanking regions (500-bp upstream from the initial
exons of the gene). Direct sequencing was performed
using an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems Tokyo, Japan Ltd).

Exont

p 13.02 kbp N
Exon?2 Exon3 Exon4
193bp 511bp 268 bp 1885 bp

5 w ¥

< >4+—> < >
7375 bp Intron1 Intron2 Intron3
471 bp 5222 bp 3669 bp
rs139891 rs139887 rs139883

(SNPA; 0.363)

(SNP1; 0.364) (SNP2; 0.361)

Genomic structure of SOX10 with single nucleotide polymorphisms (SNPs) in linkage disequilibrium mapping. Numbers under the arrows represent
SNP IDs. Parenthetic numbers represent the three SNPs that we selected and the minor allele frequencies (MAFs) of 96 controls.
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Statistical analysis

Genotype deviation from the Hardy—Weinberg equilibrium
(HWE) expectation was evaluated using the y* test. The
association between patients with schizophrenia and
controls for genotype and allele distributions were also
evaluated by x° test. To evaluate pairwise LD matrices
among SNPs (by D’ and %), we used HAPLOVIEW
version 3.0 software (developed by Mark Daly; A2p:/fwww.
broad,.mit.edufpersonalfjcbarretihaplovien/index.php). Haplo-
type tag SNPs (htSNPs) were then selected using the
same program, as described by Johnson ¢ 2/ (2001). The
significance level for all statistical tests was set at 0.05.

Resuits

The genotype frequencies for all SNPs examined were in
HWE, and all the D' values between the possible
combinations of SNPs were 1.0. The 72 values for
SNPA-SNP1, SNPA-SNP2, and SNP1-SNP2 were
0.93, 0.96, and 0.95, respectively. As the SOX10 genes
are considered a single strong LD block, SNP1 was
selected as an htSNP for this block.

The genotype distributions and allele frequencies of
SNP1 in schizophrenic patients and controls are summar-
ized in Table 2. The genotype frequency of SNP1 was not
significantly different from the distribution expected
from the HWE in 915 Japanese schizophrenic patients
and 927 Japanese controls. The minor allele frequency
decreased significantly in schizophrenic patients from
that seen in normal controls. Association analysis revealed

Association of SOX10 with Japanese schizophrenia Maeno et al. 229

a significant difference in SNP1 genotype and allele
distribution between controls and patients with schizo-
phrenia (P =0.025 and P =0.009, respectively). More-
over, in view of the sex difference in gene effects, we
included analyses of samples divided accordingly. As a
result, significant association was found in SNP1 geno-
type and allele distribution between controls and male
schizophrenic patients (P =0.010 and P = 0.006, respec-
tively), whereas no association was found in female
patients.

No polymorphisms gave rise to nonsynonymous changes
in the mutation search of 96 schizophrenic patients.

Discussion

In this study, we observed a significant difference in the
minor allele frequency of SNP1 between schizophrenic
patients and healthy controls. Our results suggest that
the SOX10 gene is related to the development of
schizophrenia in the Japanese population, which may
support the findings of microarray studies (Hakak ez 4/,
2001; Tkachev ez /., 2003) showing a significant decrease
in the expression of the SOX10 gene in the prefrontal
cortex of postmortem brains in patients with schizo-
phrenia.

Genetic variations in SOX10 may influence the formation
and maintenance of myelin sheath and may give rise to
dysfunctional synaptic connectivity. These variations may
be responsible for an individual patient’s vulnerability for

Table 1 Primer and restriction enzymes used for genotyping
SNP PCR primer sequence (5'-3) Product size (bp) Annealing temperature  Restriction enzyme Variants
rs139891 (SNPA)
Forward TTCCCATGCCTTCAGAGTTC 64 Styl T/IC
Reverse TGCCTGCACACATTCTCTTC
rs139887 (SNP1)
Forward GGGAGACCAGAGGAGGAGTC 64 Hinfl C/G
Reverse CAGGGACACACACACACACA
rs139883 (SNP2)
Forward TCCACTAAGTCCCTCGAACC 64 Mspl T/IC
Reverse GGAGGCCTTACCACTCCTATG
Table 2 Genotypic analysis of SNP1 in SOX10 gene
Genotype
Number C/IC G/C G/IG | Pvalue (genotype) MAF  Pvalue (allele) OR 95% CI
Total
Schizophrenia 915 456 (50%) 385 (42%) 74 (8%) 0.025 0.29 0.009 0.83 0.72-0.95
Control 927 405 (44%) 430 (46%) 92 (10%) 0.33
Female
Schizophrenia 398 192 (48%) 174 (44%) 32 (8%) 0.621 0.30 0.377 0.91 0.74-1.12
Control 472 217 (46%) 209 (44%) 46 (10%) 0.32
Male .
Schizophrenia 517 264 (51%) 211 (41%) 42 (8%) 0.010 0.29 0.006 0.76 0.63-0.92
Control 455 188 (41%) 221 (49%) 46 (10%) 0.34

Cl, confidence interval; MAP, minor allele frequency; OR, odds ratio.
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the development of schizophrenia. Oligodendrocytes
function in the formation of myelin, express neurotrans-
mitter receptors and facilitate interactions between
neurons and glia during synaptic transmission (Haydon,
2001), and changes in SOX10 activity may cause
alterations in neurotransmirter-triggered signal transduc-
tion and subsequent neuronal activity. Moreover, strati-
fied by sex, only male patients showed significant
association. This result could stem from different
mechanism of myelination between sexes (Chambers
and Perrone-Bizzozero, 2004). This speculation, however,
needs further confirmation.

The SNP significantly associated with schizophrenia in
this study is located within intron three of SOX10. As it is
located outside the region affecting mRNA splicing, it
seems unlikely to influence SOX10 function directly.
An alternative possible interpretation is that the func-
tional variant in LD with the minor allele of this SNP may
work protectively against schizophrenia in controls.
Considering that an actual susceptible polymorphism
to schizophrenia may be located within the LD of this
SNP, we examined a total of 96 patients with schizo-
phrenia in this murtational search to detect a variant
present at more than 5% with 95% power (Collins and
Schwartz, 2002). No potentially functional polymorphism
with a significant frequency was, however, found in this
population.

The LD pattern observed in our sample was almost the
same as that provided by the HapMap Project (HapMap
data Release Number 16c.1: fz2p:/fwww.kapmap.org/). The
block examined here covers the entirety of the SOX10
gene; however, the gene is included in a larger LD block
according to the SNP browser data (SNP browser
software version 3.0: /Jup:/fwww.allsnps.comfsnpbrowser).
Therefore, SNP1 may be in LD with an actual schizo-
phrenia-susceptibility SNP located within another gene
or noncoding DNA that can regulate gene transcription
(Carninci e al., 2005). To examine this possibility further,
a complete mutational search of the genes surrounding
S0X10 is needed. For example, polymerase (RNA) II
(DNA-directed) polypeptide F (POLRZF), which is
approximately 4kbp downstream of SOX10, or protein
interacting with PRKCA1 (PICKI), which is approxi-
mately 70 kbp upstream of SOX10, could be appropriate
for these studies.

Several limitations could be considered in this study.
First, there was a substantial demographic difference
between the two groups and this may affect the present
results. Second, the Japanese population is considered to
be ethnically homogeneous; however, unidentified sam-
ple stratification could exist in this cohort, and we did not
test for such stratification. Therefore, the undetectable
results in our mutational search may reflect such latent
sample stratification.

Recently, patients with schizophrenia were reported to
exhibit increased SOX10 methylation, leading to reduced
expression compared with control participants (Iwamoto
et al., 2005). Additionally, a striking contrast to our results,
Iwamoto ¢z @/, (2006) reported that the genetic variations
in the SOX10 gene do not contribute to susceptibility to
Japanese schizophrenia. Further research is needed to
elucidate the exact relationship between functional
changes in the effects of SOX10 gene owing to the
genetic variations and the pathophysiology of schizo-
phrenia. Although our sample size is relatively large,
replication of this study using independent sample sets
will be required to confirm our findings. '
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Several lines of evidence, including diffusion tensor imaging and mi-
croarray studies, indicate that abnormalities in myelination play an
important role in the pathophysiology of schizophrenia. Of myelin
and oligodendrocyte-related genes, a significant decrease in the
mRNA levels of transferrin in schizophrenics has been reported
by both microarray and quantitative polymerase chain reaction
studies. We performed an association analysis of the transferrin
gene in a Japanese population of 384 schizophrenic patients and
384 controls. Six single nucleotide polymorphisms were genotyped

Keywaords: association study, myelin, oligodendrocyte, schizophrenia, single nucleotide polymorphism, transferrin gene

by polymerase chain reaction-restriction fragment length
polymorphism and a TagMan assay. No significant differences in
genotype, allele, or haplotype frequencies of the six single nucleo-
tide polymorphisms were observed between schizophrenic
patients and controls. The present results suggest that the
transferrin gene is not related to the development of schizophrenia
in the Japanese population. NeuroReport 18:517-520 © 2007
Lippincott Williams & Wilkins.

Introduction

Numerous lines of evidence have suggested that distur-
bances in myelination contribute to the pathophysiology of
schizophrenia. Several postmortem brain studies have
demonstrated a reduction in glial cell density in affected
patients {1,2]. In addition, diffusion tensor imaging (DTI),
which is a useful technique for estimating myelination in
vivo [3], showed decreased anisotropy in various regions of
white matter in schizophrenic patients relative to normal
controls. These regions included the prefrontal cortex,
splenium, and cingulum, all of which are considered related
to the pathophysiology of schizophrenia [4,5]. More recently,
several groups reported decreased expression of myelin and
oligodendrocyte-related genes in patients with schizophre-
nia using gene microarrays and quantitative polymerase
chain reaction analysis [6,7]. In these studies, a highly
significant decrease in transferrin expression was reported.

Transferrin is an iron transport glycoprotein synthesized
primarily by hepatocytes; it is also synthesized by oligoden-
drocytes. Several lines of evidence indicate that brain
transferrin could be involved in myelinogenesis [8]. For
example, a selective culture that is essential for cultivation
of neural stem cells (called the neurosphere method)
contains transferrin and actually favors the outgrowth of
the neurosphere [9].

Moreover, increased mRNA levels of myelin and oligo-
dendrocyte-related genes, including PLP, MBP, CNP, MAG,
OLIG2, and S50X10, have been reported in a study of
transgenic mice overexpressing the complete human trans-

ferrin gene (TF) in oligodendrocytes [10]. These results
suggest that transferrin can influence the maturation and
differentiation of oligodendrocyte in the central nervous
system [10].

The gene encoding transferrin is located on chromosome
3q22.1; linkage analyses using a genome-wide map of
microsatellite DNA markers showed that the region of
chromosomal 3q is implicated in the susceptibility loci for
schizophrenia [11-13].

Additionally, the concentration of transferrin changes
during the acute phase of schizophrenia [14,15]. Further-
more, Wong et al. reported that transferrin levels are
reduced in schizophrenic patients relative to normal
controls and can be affected by medications and disease
stages [15].

Taken together, TF is considered a plausible candidate
gene for a role in the pathophysiology of schizophrenia,
although its exact role in the development of schizophrenia
remains to be clarified.

Thus, in this study, we performed linkage disequilibrium
(LD) analysis of TF followed by case—control studies
examining the possible association between transferrin gene
polymorphisms and schizophrenia in a Japanese population.

Participants and methods

Participants

The participants were 384 patients with schizophrenia [165
women, mean age +standard deviation (SD) 56.4+14.3; 219

0959-4965 © Lippincott Williams & Wilkins

Vol 18 No 5 26 March 2007 517

276



NEUROREPORT

MAENOETAL.

men, 52.6+12.8] and 384 controls (162 women, 46.0+18.0;
222 men, 44.2+15.2 years).

All participants were unrelated and ethnically Japanese.
A consensus diagnosis was made for each patient by
experienced psychiatrists according to the Diagnostic and
Statistical Manual of Mental Disorders, 4th ed. (American
Psychiatric Association, 1994), and all available medical
records and information from family members were also
taken into consideration. Mentally healthy controls had no
current or past contact with psychiatric services, according
to unstructured interviews. This study was approved by the
Ethics Committee of the Nagoya University School of
Medicine, and written informed consent was obtained from
all participants.

Single nucleotide polymorphism selection

TF is composed of 17 exons spanning a total length of

32.4kb. Only one isoform of TF has been registered in NCBI

GenBank (NM_001063_2). According to the information

regarding single nucleotide polymorphisms (SNPs) of TF .
found in the dbSNP database (http://www.ncbi.nlm.nih.gov/

SNP/) and the HapMap database (http:/fwww.hapmap.org/

index.html.ja: Release #19/ phase II October, 2005), the LD

block was determined on the basis of the criterion D' >0.80
using HAPLOVIEW software ver. 3.2 (developed by Mark
Daly, URL: http:/fwww.broad.mit.edufpersonalfjcbarret/haplo-
viewfindex.php; [16]). Haplotype tag SNPs (htSNPs) were
defined as those capturing 90% of the haplotype diversity
within each of the LD blocks using the same program. TF
was constructed from a single LD block, and five SNPs
(SNP1: rs8177191, SNP4: r1s1799852, SNP9: 153811647,
SNP10: rs1358024, and SNP12: rs8649) were selected as
htSNPs. A nonsynonymous variant SNP (SNP14: rs1049296)
of TF was included in the analyses (Figs 1 and 2).

Single nucleotide polymorphism genotyping

Genomic DNA was extracted from the peripheral blood of
all participants. rs817791 was genotyped by polymerase
chain reaction-restriction fragment length polymorphism
using primers (left: 5-CCTTCTTTGGCAGCTTTTGA-3,
right: 5-CCCTGAGGGTAAGGACCAAT-3) and the restric-
tion enzyme Pvull. Genotyping of the other SNPs was
carried out using TagMan assays (Applied Biosystems,
Foster City, Calfornia, USA). TagMan probes and Universal
PCR Master Mix were obtained from Applied Biosystems.
A 5yl total reaction volume was used and allelic-specific

324 kbp

r' N

v

Exon! Exonl7
E—
SNPI SNP4 SNP9 SNPIO SNPi2 SNP14
rs8177191 rs1799852 rs3811647 rsi358024 rs8649 rs1049296
(0.206) (0.213) (0.428) (0.389) (0.081) (0.261)

Fig. |

Genomic structure of TF with single nucleotide polymorphisms (SNPs) in linkage disequilibrium mapping. Numbers under the arrows represent

the six SNPs that we selected and SNPs IDs. Parenthetic numbers represent the minor allele frequencies of 384 controls.

Fig. 2 (a) Linkage disequilibrium of TF provided by Hapmap database (release #19/ phase il October, 2005). Numbers in the box represent D’ values
(D' values of .0 are not shown). Parenthetic numbers represent the r? vaiue. (b) Figure represents a pair of haplotype frequencies inTF.
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fluorescence was measured using an ABI PRISM 7900
Sequence Detector System (Applied Biosystems).

Statistical analysis

Genotype deviation from Hardy-Weinberg equilibrium was
evaluated using a x? test. The associations between patients
or controls with genotyFe and allele distributions were also
evaluated using a x~ test. Haplotype analyses were
performed using COCAPHASE version 2.403 (http://portal.-
litbio.org/Registered/Option/unphased; Dudbridge, 2003). The
significance level for all statistical tests was set to 0.05.
Power calculations were performed using the Genetic
Power Calculator genetic statistics package (hitp://
pngu.mgh.harvard.edu/ ~ purcell/gpc/; Purcell 2001-2005).

Results

The observed genotype frequencies of the six SNPs were
within the distributions expected by Hardy-Weinberg
equilibrium. The LD patterns observed in our patients and
controls were nearly identical to those provided by the
HapMap Project.

The genotype distributions and allele frequencies of the
six SNPs in the Japanese schizophrenic patients and controls
are summarized in Table 1. No significant differences in
genotype and allele frequencies of five htSNPs and the
nonsynonymous variant SNP were observed between
schizophrenic patients and controls. The distribution of
haplotypic frequencies of SNPI-SNP4 (G-C) differed
between the schizophrenic patients and controls (individual
haplotypes, P=0.03918), but this association disappeared
after correcting for multiple testing by a 10000-iteration
permutation test (P=0.1703) (Table 1).

Discussion

This study suggests that TF does not play an important role
in the development of schizophrenia in the Japanese
population, as our association analysis failed to reveal a
significant association between polymorphisms of the gene
and schizophrenia. As it is, however, expected that genetic
risk factors for schizophrenia may differ between races or
ethnicities, a replication study wusing different ethnic
populations would be required to confirm our results.

Although highly significant decreases in the expression of
TF in postmortem brains of schizophrenic patients have
been reported, a recent study revealed that mRNA levels of
brain TF are strongly regulated by the mRNA levels of
quaking homolog, KH domain RNA binding (QKD) in the
brains of schizophrenic patients [17]. QKI is an RNA-
binding protein that regulates splicing processes subsequent
to transcription [18], and is thought to regulate oligoden-
drocyte differentiation and maturation in the human brain
[191. It would therefore be of value to further investigate
the gene-gene interactions between TF and QKI during the
development of schizophrenia.

Although the levels of transferrin receptor (TfR) in the
central nervous system have not been clarified, the elevation
of plasma TR in schizophrenia has been reported [20,21],
and it could be hypothesized that the decrease in TF mRNA
levels in postmortem brains observed in previous studies
might reflect changes in TfR rather than sequence variations
in TF. Therefore, it would be useful to investigate the genetic
association of the TfR gene (TFRC) with schizophrenia.

Association analyses of six SNPs in transferrin gene

Table |

Allelic distribution

Genotypic distribution®

Multi-haplotype systems®

MAF (%)

m/m
SCZ

M/m
Nevd

MM
scz

GRR sCz CON ISNP 2SNP 3SNP 4SNP SSNP 6SNP

P values
(genotype)

CON CON

CON

SNPID

191 206 048925

243 122 12 12 18 0.534 14

248

SNP 1(G/A) (rs8I77191)

00363

0.19535

235 105 131 16 16 0.109 1.4 178 213 0.08449

263 .
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Bold numbers represent significant P values.
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