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Figure 1. Positions of CNVs according to the validation experiments. CNV v

alidation was undertaken using lllumina HumanHap 660W quad bead arrays (for

CNVs at 1g21.1 and NRXNT) or 610-quad bead arrays (for CNVs at 16p13.1). Figures are produced on the UCSC Genome Browser according to NCBI Build 36.1,

March 2006, hg18 (http://www.genome.ucsc.edu/) and indicate the positiol

ns of the CNVs: (A) 1q21.1; (B) NRXNT; and (C) 16p13.1: the last trace is that of the

affected sibling of “p1253.” CNV, copy number variation; NCBI, National Center for Biotechnology Information; UCSC, University of California, Santa Cruz.

implicated CNV risk factors for schizophrenia (4,8). Among large
duplications, the most notable is that on 16p13.1, which was
found in four cases and one control subject, while one more
control subject had the reciprocal deletion (Fisher exact test p =
.19, one-tailed). These CNVs in cases were confirmed using
Mlumina arrays (Figure S1 and Tables S1 and S2 in Supplement
2). One of the patients with 16p13.1 duplication had an affected
sibling and unaffected mother who had also provided DNA. The
duplication was found in the affected sibling but not the unaf-
fected mother (DNA from the father was not available and there
is no indication that he suffers with mental illness). The dupli-
cation in this family extends further on the centromeric side
compared with the region usually included in CNVs of this region
(Figure 1.

Of the remaining susceptibility loci reported in the recent
studies (4,7,8), we found no deletions at 22q11.2 or 15q13.3. We
also find no support for the 15q11.2 locus, where three deletions

were found in control subjects and only one in a case (Fisher
exact test p = .37, two-tailed, a trend in the opposite direction).

We also searched for CNVs that intersected genes and were
present only in cases, reasoning as have others (2,3) that such
CNVs are good candidates (Tables S3 and S4 in Supplement 2).
One of the singleton deletions was in NRXNI, a gene implicated
in previous studies (2,6,7,9,10) (Figure S1 and Table S2 in
Supplement 2). Several more contain intriguing candidate genes
(e.g., deletions in PARK2, GRIK2, MAGEL2, and ATXNZL and
duplications in CHRNA7 and NRG4), which have been impli-
cated in neurodegenerative disorders or have possible functional
relevance for neurodevelopment.

Discussion

In this study, we do not find a significant increase in the
burden of CNVs in schizophrenia, either overall or for any
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specific size range of CNVs, as proposed in previous studies
(2-4,7). We did, however, find several trends in the same
direction and of a similar magnitude as the largest global CNV
survey of schizophrenia (4). Not all research has found such an
increased burden, e.g., no evidence was obtained from a study in
the Chinese population (5). It is possible that genuine population
differences might drive this discrepancy between Caucasian and
Asian samples, as might our exclusion of subjects with mental
retardation or epilepsy. Sample size could also have played a
role. Our sample had a modest power of ~.65 to detect a single
CNV in a case for the following very strong candidate loci:
1q21.1, 15q13.3, and 22q11.2 and NRXN1, where approximately
2% of affected persons have deletions. In fact, we did find one
deletion each in two of these loci (1q21.1 and NRXND).

We found stronger support for association with duplications
at 16p13.1, which contain the candidate gene NDET. It is within
the interval duplicated in all patients (Figure 1). Deletions and
duplications of this region were implicated in autism (13) and
schizophrenia (7), while deletions have been implicated in
mental retardation (14). The most recent study surveying chil-
dren with unexplained intellectual disability also reported signif-
icant association for both deletions and duplications at this locus
(p = 4.7 X 107> (15), suggesting that this duplication is also
pathogenic for a broad range of neuropsychiatric disorders. Our
result for an excess of duplications in schizophrenic probands
does not reach statistical significance; however, the frequency of
the duplication is fourfold higher in cases than in control subjects
(.8% vs. .2%), which is very similar to the rate found in our
previous study from the United Kingdom (.6% vs. .2%) (7) and in
the ISC study (.4% vs. .2%) (4). We found an identical duplication
in an affected sibling. Larger CNVs in this locus, as in one of our
probands, were also found in three cases and two control
subjects in the ISC (4). The four probands in our study who carry
16p13.1 duplications do not appear to share any specific clinical
features (Table S2 in Supplement 2).

We also found one deletion in a case at 1g21.1 and NRXNT and
none in control subjects, which is close to the reported frequency of
2% in cases. Unlike those deletions of NRXNI that were associated
with schizophrenia in a previous study (10), the CNV reported here
does not intersect exons (10). However, it is large compared with
most exon-sparing deletions reported in control subjects (10), and a
new reanalysis of all NRXNVI deletions shows that large (=100 kb)
deletions in this gene might be almost as relevant as those affecting
exons (16). The relevance to schizophrenia of the other CNVs found
only in cases can only be assessed in future meta-analyses of such
studies, but we note here that the three deletions we found in
PARK?Z are of particular interest, as they have been implicated as a
susceptibility factor for autism (17).

In summary, we provide support for the role of CNVs at
16p13.1, 1q21.1, and NRXNI in the etiology of schizophrenia.
Although we find similar, but not significant, trends for an
increased overall burden of CNVs, as well as for the involvement
of duplications in the 100 kb to 200 kb range as proposed in the
ICS study (4), in this population we could not find an increased
burden of very large CNVs (>500 kb) in schizophrenia, which
has been the main finding in recent studies (4,7). The discrep-
ancy with previous studies could be due to our exclusion of
patients with neurodevelopmental disorders, epilepsy, or known
mental retardation, as such features are found in many of the
carriers of large CNVs, e.g., 15q13.3 (15). Given the rarity of the
CNVs that have been implicated so far in schizophrenia, there is
a need for more large studies, studies in non-European popula-
tions, and meta-analyses.
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A genetic variation in the dysbindin gene (DTNBPI) is associated with
memory performance in healthy controls
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Abstract

Schizophrenia is a common psychiatric disorder characterized by disturbances of cognition, emotion and social functioning.
There are few studies investigating a possible genetic basis for the underlying mechanism of cognitive dysfunctions.
A genetic variation in the dysbindin gene (DTNBPI1: dystrobrevin binding protein 1), a susceptibility gene for
schizophrenia, has been reported to be associated with general cognitive ability and cognitive decline in patients with
schizophrenia. Although profound disturbances of memory performance are observed in schizophrenia, only one study has
reported a relationship between this gene and spatial working memory in a Caucasian population. We examined a possible
association between a protective haplotype of DTNBP]! for developing schizophrenia and memory performance measured
by the Wechsler Memory Scale-Revised (WMS-R) and the Wechsler Adult Intelligence Scale-Revised (WAIS-R) in 165
healthy volunteers and 70 patients with schizophrenia in a Japanese population. Healthy controls that carry the protective
haplotype showed higher performance in several memory domains measured by the WMS-R than those who did not.
Genotype effect on memory performance was not observed in patients with schizophrenia. This haplotype did not affect IQ
and its sub-scores as measured by the Wechsler Adult Intelligence Scale-Revised in both groups. These data suggest that
DTNBPI may have impact on parts of memory functions.

Key words: Schizophrenia, dysbindin, DTNBP1, memory, polymorphism

Introduction dysbindin, Online Mendelian Inheritance in Man

Schizophrenia is a common psychiatric disorder
characterized by profound disturbances of cogni-
tion, emotion and social functioning. It affects
approximately 1% of the general population world-
wide. A recent study implicated a gene on chromo-
some 6p, DTNBP1 (dystrobrevin binding protein 1;

[OMIM] 607145; National Center for Biotechnol-
ogy Information [NCBI] Gene ID 84062), as a
susceptibility locus in Irish pedigrees (Straub et al.
2002). Since then, a significant association between
schizophrenia and genetic variations in DTNBP/ has
been reported in various populations from Ireland,
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Wales, Germany/Hungary/Israel, Sweden, Bulgaria,
United States, China, and Japan (Schwab et al.
2003; Tang et al. 2003; Van Den Bogaert et al.
2003; van den Oord et al. 2003; Funke et al. 2004;
Kirov et al. 2004; Numakawa et al. 2004; Williams
et al. 2004; Li et al. 2005; Tochigi et al. 2006) and
only a few studies did not support this association
(Holliday et al. 2006; Joo et al. 2006). Two
postmortem brain studies have indicated reduced
expression of DTNBPI in the brain of patients with
schizophrenia (Talbot et al. 2004; Weickert et al.
2004). Talbot et al. found that dysbindin-1 protein
levels were reduced in the hippocampal formation of
patients with schizophrenia (Talbot et al. 2004).
This presynaptic reduction was observed especially
in the inner molecular layer of the dentate gyrus.
The expression levels of DTNBPI mRNA were also
reduced in the prefrontal cortices of patients with
schizophrenia (Weickert et al. 2004). Long-term
treatment of mice with typical or atypical antipsy-
chotics did not alter the mRNA expression levels or
protein levels of dysbindin-1 in the frontal cortex
and hippocampus (Talbot et al. 2004; Chiba et al.
2006), suggesting that the prior evidence of
decreased expression of DTNBPI in the postmor-
tem brains of schizophrenia is not likely to be a
simple artifact of antemortem drug treatment.
DTNBPI was originally found as a binding
partner of alpha- and beta-dystrobrevins, which are
causative genes of Duchenne muscular dystrophy
(Benson et al. 2001). Dystrobrevins are parts of the
dystrophin-associated protein complex, which plays
important roles in the normal functions of muscle
(Blake et al. 2002). Cognitive impairments are
commonly found in patients with Duchenne mus-
cular dystrophy, and these are thought to be due to
an abnormality in the neuronal membrane caused
by a lack of dystrophin (Blake and Kroger 2000).
Recently, a genetic variation of DTNBP! was
reported to influence general cognitive ability and
to be associated with cognitive decline in schizo-
phrenia (Burdick et al. 2006; Burdick et al. 2007).
Moreover, some clinical features of schizophrenia,
such as its negative symptoms, are associated with a
risk haplotype of DTNBP! (Fanous et al. 2005;
DeRosse et al. 2006). Memory function is one of the
representative neurobiological traits related to the
risk for developing schizophrenia (Toulopoulouand
and Murray 2004; Boyer et al. 2007; Piskulic et al.
2007; Wobrock et al. 2008). However, there was
only one report investigating the relationship be-
tween a genetic variation in DTNBP! and memory
function, indicating the association with spatial
working memory performance in a Caucasian po-
pulation (Donohoe et al. 2007). Thus, we examined
a possible association between a genetic variation of
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DTNBPI and memory functions assessed by the
WMS-R in a Japanese population.

Materials and methods
Subjects

The subjects used to determine the haplotypes
associated with schizophrenia, whose frequency is
more than 10%, included 670 patients with schizo-
phrenia and 588 healthy comparison subjects; these
were the same subjects used in our previous study
(Numakawa et al. 2004). Consensus diagnosis
according to The Diagnostic and Statistical Manual
of Mental Disorders-IV (DSM-IV) criteria was
made by treating and research clinicians who were
all senior psychiatrists, based on clinical interviews,
observations and case notes. Healthy controls with
no history of mental diseases and contact with
psychiatric services were recruited from the hospital
staff and their associates, through fliers and by word
of mouth.

A subset of the subjects used in our previous study
(Numakawa et al. 2004), seventy patients with
schizophrenia and 165 healthy controls, was agreed
to receive neurocognitive tests and completed the full
versions of the Wechsler Adult Intelligence Scale-
Revised (WAIS-R) (Wechsler 1981; Shinagawa et al.
1990) and the Wechsler Memory Scale-Revised
(WMS-R) (Wechsler 1987; Sugishita 2001). They
were used to examine the association between
memory functions and a genetic variant of DTNBP].
Five indices of the WMS-R and total IQ (intelligence
quotient) of the WAIS-R were used for the ana-
lysis. The subset of the patients for neurocognitive
assessments were diagnosed as having chronic schi-
zophrenia and were prescribed a stable dose of
antipsychotic medication for at least 3 months prior
to neuropsychological test sessions. Individuals who
had a history of regular use of psychotropic agents
were not enrolled in the control group. Participants
were excluded from both patient and control groups
if they had prior medical histories of central nervous
system disease or severe head injury, or if they met the
criteria for alcohol/drug dependence or mental
retardation.

After a description of the study, written informed
consent was obtained from every subject. This study
has been approved by the local ethics committee and
has therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration
of Helsinki.

SNP genotyping

Venous blood was drawn from the subjects and
genomic DNA was extracted from whole blood



according to standard procedures. Six single nucleo-
tide polymorphisms (SNPs; P1655: rs2619539,
P1635: rs3213207, P1325: rs1011313, P1320:
rs760761, P1763: 1rs2619522, and SNPA:
rs2619538) adopted in Straub’s and Williams’s work
(Straub et al. 2002; Williams et al. 2004) were
genotyped using the TagMan 5’-exonuclease allelic
discrimination assay described in the previous study
(Numakawa et al. 2004).

Statistical analysis

Statistical analysis of an association study was
performed using SNPAlyse (DYNACOM, Yoko-
hama, Japan). Case—control haplotype analysis was
performed by the permutation method to obtain the
empirical significance (Good 2000). The global
P values represent the overall significance using
the y-test when the observed versus expected
frequencies of all of the haplotypes are considered
together. The individual haplotypes were tested for
association by grouping all others together and
applying the y>-test with 1 df. P values were
calculated based on 10,000 replications. Individual
diplotypes were estimated by the maximum like-
lihood method based on the expectation-maximiza-
tion algorithm using a haplotype inference function.
Statistical analyses of the association between
cognitive tests and a genotype were carried out
using SPSS for Windows version 11.0 (SPSS Japan,
Tokyo). Group comparisons of demographic data
were performed by using analysis of covariance
(ANOVA) or y?, as appropriate. The effects of a
genotype in DTNBPI on scales of the WMS-R or
the WAIS-R were assessed by multiple regression
under the hypothesis that the number of the minor
haplotype was parametrically related to the cogni-
tive performance. Gender and education years were
treated as covariates, as they were possible con-
founding factors. Age was also considered to be a
possible confounding factor; however, it was not
treated as a covariate, because the indices of the
WMS-R and the WAIS-R were already corrected
by age. Post hoc comparisons were performed
using Tukey’s HSD test. All P values reported are
two tailed. Statistical significance was defined
as P <0.05.

Results
Selection of a genetic variation of DTNBPI

To examine the association between a schizophrenia-
associated genetic variation in DTNBPI and neuro-
cognitive tests, it is necessary to find a genetic
variation of DTNBP! that is associated with schizo-
phrenia with high frequency. Our previous study

243

DTNBP! and memory performance 433

showed that four out of six SNPs associated
with schizophrenia (P1655: P=0.748, P1635:
P=0.0013, P1325: P=0.372, P1320: P=0.027,
P1763: P=0.022, SNPA: P=0.040) (Numakawa
et al. 2004). The minor allele frequencies of SNPs
associated with schizophrenia are less than 10%
(P1635: 0.011 and 0.030 (control and schizophre-
nia), P1320: 0.071 and 0.095, P1763: 0.070 and
0.095, SNPA: 0.024 and 0.040) and D’ values
ranged between 0.5 and 1.0 between SNPs indicated
strong to intermediate LD between the markers, as
shown by our previous study (Numakawa et al.
2004). Thus, we performed haplotype analysis of a
combination of six genotyped SNPs to find
a haplotype associated with schizophrenia with a
minor frequency of more than 10%.

We previously performed case-control haplotype
analysis and found that a three-marker haplotype
(rs3213207-rs1011313-rs760761) was associated
with schizophrenia (permutation: global P value
0.007) (Numakawa et al. 2004). Examination of the
contribution of individual haplotypes revealed that
the 1-1-1 haplotype (P1635-P1325-P1320) was less
frequent in patients with schizophrenia than controls
(estimated frequencies: patients 72.7% vs. controls
77.9%, P=0.038), suggesting that this haplotype
might be a protective haplotype (Table I). The 2-1-2
haplotype was enriched in patients with schizophre-
nia than in controls (estimated frequencies: patients
1.1% vs. controls 2.8%, P=0.017), suggesting that
this haplotype might be a risk haplotype (Table I).
Similar haplotype frequencies were observed in the
other two haplotypes in patients with schizophrenia
and controls (Table I). Only the 1-1-1 haplotype was
fulfilled the criteria for the analysis, more than 10%
haplotype frequency in the population and associa-
tion with schizophrenia. Thus, the 1-1-1 haplotype
was selected for further analysis and was named
haplotype A, while other haplotypes were combined
into haplotype O (others). The reason why we
combined all others was that the estimated frequen-
cies of the other haplotypes were too low to analyse
independently.

Table I. A protective haplotype for developing schizophrenia.

Frequency Permutation
P1635-P1325-P1320 Control Schizo P value
1-1-1 0.779 0.727 0.038
1-2-1 0.152 0.165 0.508
-1~ 0.051 0.072 0.153
-1- 0.011 0.028 0.017

Individual P values and estimated frequencies for the haplotypes
in controls and patients are indicated. All haplotypes with
a relative frequency not exceeding 1% were excluded from
this table.
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Association analysis berween a protective haplotype in
DTNBPI and memory performances

We examined the associations between a protective
haplotype in DTNBP1 and memory performance in
165 healthy controls and 70 patients with schizo-
phrenia in a Japanese population. As expected,
patients with schizophrenia performed significantly
worse than controls in all memory tests (all P values
<0.00001). There were huge differences in memory
performance between patients and controls (an
average difference of the means is around two SD;
for example, verbal memory: patients: 79.1+19.5,
controls: 111.1 +13.4). Thus, we analysed the effects
of genotype in patients and controls, separately.

The characteristics of subjects are presented in
Table II. The protective haplotype groups did not
differ significantly in age, gender, education years or
full-scale IQ among the controls. There was no
significant difference between the protective haplo-
type groups in any of the variables, including ill-
ness features in patients with schizophrenia, except
for education years of patients with the protective
haplotype (F=6.61, P=0.002, post hoc A/Avs. O/O,
P=0.015, A/O vs. O/O, P=0.002). The number of
subjects in O/O genotype in patients with schizo-
phrenia is only four and education years were sig-
nificantly different with other two genotype groups.
Furthermore, dosage of total antipsychotic drugs in
four patients was apparently high compared with
other two groups, although it did not reach statistical
significance. As this would not be appropriate to
examine the genotype effects on cognitive function in
this O/O genotype group, we focused to analyse
genotype effects on memory function between two
genotypes (A/A vs. A/O). There was no significant
difference between the two protective haplotype
groups (A/Avs. A/O) in any of the variables, including
illness features in patients with schizophrenia.

We firstly assessed the effects of the protective
haplotype on the WMS-R scores and WAIS-R scores
of control subjects (Table III). Significant effects
of the haplotype were found in four indices of the
WMS-R (verbal memory: F=5.87, P=0.0035,
visual memory: F=4.63, P=0.011, general mem-
ory: IF=4.88, P=0.0087 and delayed recall: F=
3.16, P=0.045). There was no significant genotype
effect on scores of 11 subscales of WAIS-R, verbal
IQ, performance IQ or full-scale IQ in control
subjects. No effect of the haplotype on the results
of memory tests or IQ tests was observed in patients
with schizophrenia (Table III). The genotype effects
in verbal memory in control subjects were statisti-
cally significant after Bonferroni correction (cor-
rected P =0.035).
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Table II. Demographic information.

Patients with schizophrenia

Controls

P value
(A/A vs.

P value

(A/A vs. AJO

A/O)

vs. O/0)

0/0
(n=4

A/O
=26)

(n

A/A
=40)

(n
43.7 (13.3)

P value

0/0

(n=13)

A/O
=62)

(n

A/A
=90)

(n

Variables

0.45
0.14
0.08
0.65
0.95
0.71
0.42
0.79

0.52

50.5 (10.6)

46.3 (13.5)

0.70
0.71

39.2 (12.2)
0.80
0.84

36.4 (11.8)

37.6 (12.5)

Age

0.30

2/2
8.8 (4.0)
73.8 (24.7)

19/7
14.2 (2.4)
86.5 (20.4)

22/18
13.0 (2.9)
84.3 (16.8)

5/8
16.4 (3.4)
109.2 (11.6)

18/44
16.3 (3.0)
110.3 (11.5)

31/59
16.0 (2.9)
109.2 (12.1)

Gender (M/F)
Education years
Full scale IQ

0.002
0.98
0.75
0.59

2/2
29.5 (10.6)
21.0 (17.6)
1480 (706)

8/16
25.2 (8.4)

21.6 (15.5)
736 (639)

13/27
24.4 (10.0)
18.7 (12.5)

780 (620)

Family history of psychiatric diseases (Yes/No)

Age at onset (years)

0.37

Duration of illness (years)

0.09

CPZeq of total antipsychotic drugs (mg/day)

Means (SD) are presented.
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Table III. WMS-R and WAIS-R results and a protective haplotype in DTNBPI.
Controls Patients with schizophrenia
A/A A/O 0/0 Pvalue A/A A/O 0/0 P value
WMS-R  Verbal memory 111.1(13.7) 113.4(11.3) 100.2(15.6) 0.0035 76.9(19.4) 83.9(19.2) 70.0(21.6) 0.16
Visual memory 109.4(9.2) 111.7(8.7) 103.2(9.5) 0.011 81.2(20.5) 79.3(23.2) 175.5(23.6) 0.74
General memory 111.9(12.6) 114.5(10.2) 103.8(10.9) 0.0087 75.3(18.6) 82.0(20.5) 68.5(23.6) 0.19
Attention/ 104.3(13.3) 105.3(15.2) 103.1(13.9) 0.71 88.6(15.5) 89.3(19.5) 84.5(19.3) 0.87
Concentration
Delayed recall 112.0(12.5) 113.9(9.5) 105.2(15.4) 0.045 76.3(20.2) 81.3(21.1) 68.8(25.9) 0.34
WAIS-R  Information 10.5(3.0) 10.6(2.7) 9.9(3.4) 0.69 8.1(3.3) 9.1(4.1) 6.0(5.0) 0.29
Digit span 10.8(2.6) 11.3(3.2) 10.9(2.9) 0.49 8.0(2.7) 8.8(3.5) 7.002.9) 0.29
Vocabulary 11.1(2.8) 11.3(3.2) 11.2(3.3) 0.94 8.2(3.1) 8.4(4.0) 6.0(4.1) 0.80
Arithmetic 11.4(3.2) 11.1(2.9) 11.2(3.5) 0.88 7.0(2.6) 8.6(3.6) 5.8(2.2) 0.06
Comprehension 10.7(2.7) 11.0(3.1) 10.9(2.7) 0.87 7.2(3.1) 6.8(4.2) 4.5(4.7) 0.67
Similarities 11.9(2.3) 12.4(2.3) 12.0(1.9) 0.43 9.1(3.6) 9.8(3.2) 6.8(3.3) 0.41
Picture completion 9.8(2.4) 10.2(2.3) 10.1(2.1) 0.59 8.2(3.2) 7.8(3.7) 7.5(4.8) 0.65
Picture arrangement  11.2(2.6) 11.6(2.0) 10.8(2.4) 0.40 7.2(3.2) 7.7(3.6) 5.8(3.6) 0.54
Block design 12.6(2.5) 12.6(2.8) 12.6(2.5) 0.98 8.8(3.6) 8.5(4.4) 6.5(4.2) 0.84
Object assembly 11.7(2.9) 11.7(2.8) 11.5(2.5) 0.92 7.9(3.5) 7.4(3.8) 8.3(5.4) 0.60
Digit symbol 13.0(2.9)  12.72.7) 12.92.8)  0.69 6.9(3.1) 6.7(2.8)  5.023) 0.79
Verbal IQ 106.9(12.7) 108.3(13.8) 106.8(15.4) 0.73 86.7(15.4) 91.2(20.0) 74.5(23.2) 0.34
Performance 1Q 110.6(12.1) 111.5(11.1) 110.3(9.8) 0.92 84.2(17.4) 82.9(19.4) 76.5(24.6) 0.79
Full scale IQ 109.2(12.1) 110.3(11.5) 109.2(11.6) 0.84 84.3(16.8) 86.5(20.4) 73.8(24.7) 0.65

Means (SD) are presented.

As the strongest effects of the genetic variation in
DTNBPI on the WMS-R scores were observed in
verbal memory, we focused on the association
analysis between this score and the protective
haplotype (Figure 1). Post hoc analysis of the verbal
memory scores of control subjects revealed signifi-
cantly poorer performance in subjects with the O/O
haplotype, who do not carry the protective haplo-
type of DTNBPI, compared with A/A subjects
(P=0.016) or A/O subjects (P=0.0032) (Figure
1). Similar effects of the haplotype on other indices
of the WMS-R were seen in control subjects (data
not shown). Similar performance has been observed
in the verbal memory scores between A/A patients
and A/O patients. The verbal memory scores in O/O
patients with schizophrenia were also lower than
those in A/A or A/O patients, however, we did not
examine the statistical comparison due to the small
number of the O/O patients. These data suggest that
the genetic risk associated with DTNBPI could be
related to memory performance, one of the neuro-
biological traits linked to the risk for developing
schizophrenia.

Discussion

In the present study, we evaluated the relationship
between a protective haplotype in DTNBPI and
several domains of memory performance measured
by the WMS-R in healthy volunteers and patients
with schizophrenia. This protective haplotype was
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selected due to high estimated haplotype frequency.
It is difficult to compare the present protective
haplotype and those in most previous studies,
because examined SNPs were different among
studies and haplotype analyses were not routinely
published for all analysed SNPs in each study.
However, four previous studies reported haplotype
analysis including our haplotype (P1635-P1325-
P1320). Oord et al. showed P1635-P1325-P1765—
P1757-P1320-P1763-P1578-P1792 haplotype was
associated with schizophrenia and identified risk
haplotype as 2-1-2-2-2-2-1-2 in an Irish population
(Van Den Bogaert et al. 2003). P1635-P1325—
P1765-P1320 haplotype was associated with
schizophrenia in a German sample (Schwab et al.
2003). Bogaert et al. reported the association bet-
ween P1635-P1325-P1757-P1320-P1578 haplo-
type and schizophrenia in a Swedish sample (Van
Den Bogaert et al. 2003). On the other hand,
P1635-P1635-1325-P1320 haplotype was not as-
sociated with schizophrenia in a Japanese population
(Tochigi et al. 2006). Three out of four studies
showed positive association between haplotypes and
schizophrenia. Only one study identified risk haplo-
type and this haplotype (2-1-2-2-2-2-1-2) was dif-
ferent from our protective haplotype (1-1-1) and the
risk haplotype in our study (2-1-2) was matched to
the previous report by Bogaert et al. (2003). Our
results are consistent to those in previous studies.
We found that healthy subjects who carried the
protective haplotype performed better on several
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Figure 1. The associaton between verbal memory and the
protective haplotype of DTNBPI. Control subjects without the
protective haplotype had poorer performance on verbal memory
tests. Haplotype A (protective haplotype) is defined as the 1-1-1
haplotype (P1635-P1325-P1320). A/A: protective/protective, A/O:
protective/others, O/O: others/others; defined in the text. Filled
squares: controls, open squares: patients with schizophrenia. Data
represent the means+SE. *P<0.05 compared with the A/A
haplotype. ##P <0.01 compared with the A/O haplotype.

scales of the WMS-R, including verbal memory,
visual memory, general memory and delayed recall,
all of which are impaired in patients with schizophre-
nia compared with healthy subjects. These results
suggest that DTNBPI may be a candidate gene for
human memory performance. These results could be
false-positive results due to small sample size of O/O
control group and large sample size of the A/O group.
We did not find a statistically significant effect for the
protective haplotype on WMS-R scores in patients
with schizophrenia. This might be due to several
reasons; for example, the effects of the genetic
variation might be masked by the illness, medication,
the smaller number of patients with schizophrenia
than controls in our study or a greater deviation in the
performance of patients with schizophrenia. Further,
all patients were under antipsychotic treatment which
might severely affect cognitive performance. The
number of patients is rather low and further, only
four patients are of the O/O genotype, thus only 66
patients entered the calculation. This means that no
conclusion can be made for patients.

Although one study reported an association bet-
ween a risk haplotype of DTNBPI and 1Q (Burdick
et al. 2006), we could not replicate this association in
our sample. This inconsistency could be due to
several reasons, such as the use of differential
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haplotypes in the two studies, allelic heterogeneity,
false-negative results of our study, ethnic difference,
and small sample size for patient group. There are
only four O/O carriers from a total of 70 patients
with schizophrenia. Thus, further examination such
as association analysis with the same haplotype
studied in the previous study and our own, and an
independent study with a new cohort, are needed to
draw any conclusions.

Several intermediate phenotypes such as neuro-
cognitive dysfunction, abnormal brain morphology,
and deficits in pre-pulse inhibition of the startle
response could contribute to the risk for developing
schizophrenia (Preston and Weinberger 2005; Braff
et al. 2007). Several susceptibility genes for schizo-
phrenia, including DTNBPI, could contribute to
the deficits of intermediate phenotype (Harrison
and Weinberger 2005; Hashimoto et al. 2006). Our
results support the notion that memory distur-
bance, an intermediate phenotype, could be related
to the increased risk for developing schizophrenia
possibly due to a genetic variation in DTNBPI. It is
thought that there are other susceptibility genes for
schizophrenia that are associated with memory
performance.

The mechanisms underlying the effect of a genetic
variation in DTNBPI on cognitive function are
unknown. No genetic variant in DTNBPI provided
direct evidence of functional effects. However,
DTNBP! is widely distributed in several brain
regions, including the frontal cortex, temporal cor-
tex, hippocampus, caudate, putamen, nucleus ac-
cumbens, amygdala, thalamus and midbrain
(Weickert et al. 2004). A reduction in the expression
of DTNBPI in the hippocampus and dorsolateral
prefrontal cortex, known to be important areas for
cognitive function, has been reported (Talbot et al.
2004; Weickert et al. 2004). The reduced expression
of DTNBP] could be related to the reduced release
of glutamate and increased release of dopamine
(Numakawa et al. 2004; Kumamoto et al. 2006).
Recent studies reported that reduced dysbindin-11
protein by DTNBP] siRNA transfection increased
surface expression of dopamine D2 receptor and
blocked dopamine-induced internalization of DRD2
in SH-SY5Y cells (Iizuka et al. 2007). Reductions of
dopamine content in sandy (sdy) mice, which lack
dysbindin-1 owing to a deletion in the DTNBPI
gene, have been reported (Murotani et al. 2007;
Hattori et al. 2008). Furthermore, we recently
reported deficits of long-term memory retention
and working memory in sdy mice (Takao et al.
2008). Impairments of glutamatergic and dopami-
nergic systems in these critical brain regions are
implicated in the neuropathology in schizophrenia.
Further studies are needed to elucidate an underlying



genetic vulnerability to neurobiological traits in
schizophrenia.
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Pituitary adenylate cyclase-activating polypeptide (PACAP, ADCYAP1: adenylate cyclase-activating
polypeptide 1) is a neuropeptide with neurotransmission modulating activity. The associations of the
PACAP gene with schizophrenia and hippocampal volume have been reported. We recently reported
depression-like behavior in the forced swimming test in PACAP deficient mice. Here we examined a
possible association between the PACAP gene and major depressive disorder (MDD) in 637 patients and
967 controls and found that a genetic variant in the gene was associated with MDD. The present results
suggest that PACAP signaling might contribute to the pathogenesis of MDD.

© 20009 Elsevier Ireland Ltd. All rights reserved.

The adenylate cyclase-activating polypeptide 1 (ADCYAP1)
gene encodes pituitary adenylate cyclase-activating polypeptide
(PACAP), a neuropeptide originally isolated from ovine hypotha-
lamus based on its ability to stimulate adenylate cyclase in rat
anterior pituitary cell cultures. PACAP is a member of the vasoac-
tive intestinal peptide (VIP)/secretin/glucagon family. PACAP
has been recognized as a pleiotropic neuropeptide that acts as a
neurotransmitter, neuromodulator or neurotrophic factor through
the activation of G-protein-linked receptors [5]. Mice lacking
the PACAP gene exhibited marked behavioral abnormalities such
as novelty-induced hyperactivity [6] and deficits in prepulse
inhibition [16]. Further, we recently observed depression-like
behavior in the forced swimming test in PACAP deficient mice
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[4], implying that PACAP is involved in fundamental mental
processes.

Major depressive disorder (MDD)is acommon and highly preva-
lent mental disorder with symptoms that include deficits in a range
of cognitive, psychomotor and emotional processes. MDD is caused
by a complex interaction of a large number of genetic (estimated
heritability: 31-42%) and non-genetic factors, each with arelatively
small contribution to the disorder [3]. The PACAP gene is located
on 18p11, in which linkage studies have suggested as a locus for
schizophrenia and bipolar disorder [13]. We recently reported the
evidence for a possible association between PACAP signaling and
schizophrenia [7]. In considering the emerging picture that major
psychiatric disorders might share, at least in part, common genetic
etiologies, it is plausible to assume that PACAP may be a risk factor
for major mental illnesses, beyond schizophrenia. In the present
study, we therefore pursued the possible association of the PACAP
gene with MDD.

There were 637 patients with MDD [40.9% male, with a mean
age of 51.3 years (SD 16.2) and mean age of onset of 46.2 years (SD
15.3)], and 967 healthy controls [47.7% male, with a mean age of
40.4 years (SD 16.1)]. All the subjects were biologically unrelated
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Table 1
Allele frequencies of seven SNPs in the PACAP gene (ADCYAP1) in patients with major depressive disorder and controls.
SNP-ID dbSNP Distance Major/minor Location Number of subjects Minorallele frequency  Pvalue 0dds ratio (95% CI)
from SNP1 polymorphism
Controls Patients Controls Patients
SNP1 152846584 - C/T 5'-Region 967 637 0.362 0.362 0.972
SNP2 52231181 712 GJC 5-UTR 960 626 0.336 0.334 0.904
SNP3 rs1893154 1071 GJA Intron 1 951 633 0.126 0.101 0.031 0.78(0.62-0.97)
SNP4 rs1893153 1149 T/IA Intron 1 953 621 0.174 0.159 0.279
SNP5 rs2856966 3656 AJG Exon 3 (D54G) 953 630 0.047 0.063 0.058 1.35(0.98-1.82)
SNP6 rs928978 4481 C/A Intron 4 958 624 0475 0.496 0.259
SNP7 rs1610037 6581 AlG 3-UTR 962 626 0.216 0.224 0.597

Minor allele frequencies in controls are shown. CI: confidence interval. Significant results (P<0.05) are italised.

Japanese. Patients were recruited at the National Center Hospital
of Neurology and Psychiatry, Department of Psychiatry, Nagoya
University Graduate School of Medicine, Department of Psychia-
try, Fujita Health University School of Medicine, or Department
of Psychiatry, Showa University School of Medicine. Healthy con-
trols were recruited from local advertisements in Tokyo and Aichi,
including hospital and institutional staffs. Consensus diagnosis was
made for each patient by at least two trained psychiatrists, accord-
ing to the Diagnostic and Statistical Manual of Mental Disorders,
fourth edition (DSM-1V), based on unstructured clinical interviews
and other available information including medical records and
other research assessments. No patient was diagnosed by med-
ical records alone. All patients were receiving treatment at the
time that blood drawings were performed. Subjects with comor-
bid schizophrenia, bipolar disorder, or patients who had a history
of substance abuse were excluded from the study. Controls were
healthy volunteers who had no current or past contact with psy-
chiatric services. After a description of the study, written informed
consent was obtained from every subject. The study protocol was
approved by institutional ethics committees and was performed
in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki.

Venous blood was drawn from subjects and genomic DNA was
extracted from whole blood according to standard procedures.
Seven single nucleotide polymorphisms (SNPs) in the PACAP gene
were genotyped using the TagMan 5’-exonuclease allelic discrimi-
nation assay, as described previously [7,9,10]. Primers and probes
for detection of the SNPs are available upon request. Statistical anal-
ysis of genetic association studies was performed using SNPAlyse
(DYNACOM, Yokohama, Japan). The presence of Hardy-Weinberg
equilibrium was examined by using the x2-test for goodness of fit.
Allele distributions between patients and controls were analyzed
by the x2-test forindependence. Statistical significance was defined
as P<0.05.

We have recently demonstrated an association between
schizophrenia and the SNP3 (rs1893154) of the PACAP gene [7].
Therefore, in this study, we examined the possible association
between this genetic variant and MDD. In total, 967 healthy con-
trols and 637 patients with MDD were studied. The major allele
of the SNP3 of the PACAP gene was in excess in patients with
MDD (%2 =4.7, P=0.031, odds ratio =0.78, 95% confidence interval
0.62-0.97; Table 1). We also tested six other SNPs in the PACAP
gene and found that SNP5 (rs2856966) tended to be associated
with MDD, with a marginal P value of 0.058 (Table 1). The geno-
type distributions of all examined SNPs in the PACAP gene were
in Hardy-Weinberg equilibrium for both the controls and patients
with MDD (P>0.4).

An association between MDD and the PACAP gene has been
demonstrated for the first time in our sample of 637 patients and
967 healthy controls. We selected SNPs according to our previous
association study between the PACAP gene and schizophrenia [7].
Our method of SNP selection was not a gene based method such
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as selection of Tagging SNPs. Five SNPs in the region of the PACAP
gene (approximately 7.3 kb) were selected as Tag SNPs using SNPs
consulted the HapMap database (www.hapmap.org, population:
Japanese Tokyo) and Tagger program of the HAPLOVIEW software.
Three out of five SNPs (SNP3, SNP5 and SNP7) was examined in our
study. However, there is a possibility of genotyping more tagSNPs
to fully understand the role of this gene in the etiology of MDD. The
G/A SNP (SNP3) of the PACAP gene associated with the disorder is
intronic, and so far, we could not detect whether this SNP influ-
ences the expression and/or function of the PACAP gene. However,
the SNP3 has also been shown to have a possible impact on brain
morphology. Homozygous carriers of the G allele showed smaller
bilateral hippocampal volumes compared with A-carriers [7]. This
is in line with a previous imaging study that has demonstrated that
patients with a history of MDD have reduced hippocampal volumes
[14]. The evidence for genetic associations with MDD (SNP3, odds
ratio=0.78; SNP5, odds ratio=1.35) in the present study and with
schizophrenia (SNP3, odds ratio=0.74; SNP5, odds ratio=1.38) in
the previous study [7] suggests that the effect size of the con-
tribution of the PACAP gene might be similar to both MDD and
schizophrenia.

There are several limitations in our results. Lack of structured
interview or standardized tests (e.g., Beck Depression Inventory)
in patients could influence the results. As the huge heterogeneity
was found in MDD, more detailed information for clinical variables
in MDD was required such as severity of symptoms, with or with-
out psychotic symptoms, pharmacoresistance, duration of illness,
duration of treatment, family history of MDD and/or other psychi-
atricdisorders, inpatient or outpatient, times of hospitalization, etc.
However, we do not have the detail clinical information in our sam-
ple. These specific variables such as depressive symptom severity
could be associated with the PACAP gene. As the PACAP SNP was
also associated with schizophrenia, it may be more strongly asso-
ciated with a subset of patients, for example, those with psychotic
symptoms and/or reactivity to atypical antipsychotic medications
[15]. Further studies differentiating MDD into various clinical sub-
groups are warranted in the future.

Altered HPA axis activity and cortisol secretion are commonly
associated with MDD [17]. In addition, altered glucocorticoid
receptor signaling has been implicated in this disorder [1]. Mice
with forebrain-specific disruption of glucocorticoid receptors show
increased depression-like behavior, such as increased immobil-
ity in the forced swim test. In mice lacking the PACAP gene, the
circadian plasma corticosterone level was flattened, although over-
all corticosterone secretion was lower, instead of higher, than
wild-type mice [4]. Glucocorticoid receptor mRNA levels were
reduced in the hippocampi of PACAP deficient mice, however, the
dexamethasone-induced suppression in corticosterone levels was
normally seen [4]. The flattened circadian corticosterone level in
these mutant mice might be consistent with studies demonstrating
that depressed individuals exhibit a relatively flat and unresponsive
pattern of cortisol secretion [2].
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The finding that the PACAP gene might be associated with
hippocampal volume [7] suggests that PACAP is involved in
endophenotypes, such as impairments of neurophysiology of men-
tal and cognitive processes, rather than being associated with
specific psychiatric disorders. The pathophysiology of mental dis-
orders can be a combination of subtle alterations of major signaling
pathways, which are influenced by products of risk genes. A good
example might be that the interaction between Disrupted-in-
schizophrenia 1 (DISC1) and its binding protein, DISC1-Binding
Zinc-finger protein, is involved in the PACAP signaling pathway
[11]. DISC1 is a gene disrupted by a translocation that segregates
with major psychiatric disorders including schizophrenia, bipolar
disorder and MDD [12]. Subsequent study revealed that the DISC1
gene was associated with MDD [8]. Therefore, PACAP could be a part
of a common genetic etiology shared by multiple mental disorders
including MDD.
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Abstract Several investigations have reported that
abnormalities in circadian rhythms might be related with
the pathophysiology of psychiatric disorders, since many
psychiatric patients have insomnia and sleep-awake dis-
turbance. A recent animal study reported that Magel2,
which encodes a member of the MAGE/necdin family of
proteins, might be associated in the pathophysiology of
psychiatric disorders. Magel2 gene knockout mice showed
altered concentrations of both dopamine and serotonin in
several parts of the brain compared with controls. In
addition, the authors of that study detected a bilateral
reduction in cortical volume in distinct regions of the
Magel2 gene knockout mice brain, including focused
regions in the parieto-temporal lobe of the cerebral cortex,
the amygdala, the hippocampus, and the nucleus accum-
bens. These mice were also found to have hypoactivity and
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abnormalities in circadian rhythms. From this evidence, we
considered Magel2 gene (MAGEL?2) to be a good candidate
gene for the pathophysiology of schizophrenia and mood
disorder, and we conducted a case—control study among
Japanese (731 schizophrenia patients, 465 MDD patients,
156 BP patients and 758 controls) using three tagging SNPs
in MAGEL2 (rs850815, rs8920 and rs4480754), selected
using the HapMap database. We did not find any associa-
tion between MAGEL?2 and schizophrenia, BP or MDD in
allele/genotype-wise analysis or haplotype-wise analysis.
Our results suggest that MAGELZ2 may not play a role in the
pathophysiology of schizophrenia and mood disorders in
the Japanese population. A replication study using larger
samples may be required for conclusive results, since our
sample size was small and our study analyzed only three
SNPs in MAGEL?2.

Keywords Major depressive disorder - Bipolar disorder -
Schizophrenia - MAGEL?2 - Linkage disequilibrium -
Tagging SNP

Introduction

Several investigations have reported that abnormalities in
circadian rhythms might be related with the pathophysiol-
ogy of psychiatric disorders (Barbini et al. 1998; McClung
20074, ¢, d), since many psychiatric patients have insomnia
and sleep-awake disturbance. Also because all psychotropic
drugs, such as dopamine and serotonin, act on neurotrans-
mitter systems in the brain, altered neural transmission is
hypothesized to be a susceptibility factor for several psy-
chiatric disorders (Maier et al. 2005; Muller and Schwarz
2008). Recently, these neurotransmitter systems have been

reported to have reciprocal interactions with circadian
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rhythms (Barnard and Nolan 2008; Voderholzer et al. 2007).
Clock genes were also suggested to regulate not only cir-
cadian rhythms but also dopamine neural transmission
(McClung 2007b). Abnormalities in dopamine neural
transmission are known to be involved in the pathophysi-
ology of schizophrenia (Lang et al. 2007), bipolar disorder
(BP) (Berk et al. 2007) and major depressive disorder
(MDD) (Nestler and Carlezon 2006). In addition, some
genetic studies have shown significant associations
between schizophrenia/schizo-affective disorder and time-
less homolog gene (TIMELESS) (Mansour et al. 2006),
neuronal PAS domain protein 2 gene (NPAS2) (Mansour
et al. 2009) and period homolog 3 gene (PER3) (Mansour
et al. 2006); and between BP and clock gene (CLOCK)
(Soria et al. 2010), NPAS2 (Mansour et al. 2009), early
growth response 3 (EGR3) (Mansour et al. 2009), RAR-
related orphan receptor alpha gene (RORB) (Mansour et al.
2009), vasoactive intestinal peptide gene (VIP) (Soria et al.
2010), rev-erb alpha gene (NRIDI) (Severino et al. 2009),
prokineticin 2 receptor gene (PROKR?2) (Kishi et al. 2009g),
Bmall gene (ARNTL) (Nievergelt et al. 2006), TIMELESS
(Mansour et al. 2006) and PER3 (Mansour et al. 2006; Ni-
evergelt et al. 2000). In addition, PROKR2 (Kishi et al.
2009g), cryptochrome 1 gene (CRY) (Soria et al. 2010), and
NPAS2 (Soria et al. 2010) were reported to have an associ-
ation with MDD. Genetic studies also showed that NPAS2
was associated with schizophrenia (Mansour et al. 2009), BP
(Mansour et al. 2009) and MDD (Soria et al. 2010). These
results suggest the possibility of only a partial overlap in
genetic predisposition between BP, schizophrenia and
MDD. Evidence supporting this hypothesis includes that the
neurotrophic tyrosine kinase receptor 3 (NTRK3), which is
located on 15q, was shown to be associated with schizo-
phrenia (Otnaess et al. 2009), BP (Feng et al. 2008) and
MDD (Feng et al. 2008; Verma et al. 2008). In a previous
study, we also reported that the clock gene (CLOCK) might
predict fluvoxamine response in Japanese MDD patients
(Kishi et al. 2009d). These facts suggest a crucial relation-
ship between circadian rhythms and psychiatric disorders,
and so genes associated with the molecular clock mecha-
nism are good candidates for the etiology of psychiatric
disorders. We thought these psychiatric disorders may have
some shared mechanisms related to circadian rhythms and
considered it reasonable to assess all these disorders.

A recent animal study reported that Magel2, which
encodes a member of the MAGE/necdin family of proteins,
might be associated in the pathophysiology of psychiatric
disorders. Magel2 null mice were found to have circadian
rhythm abnormalities (Kozlov et al. 2007; Mercer et al.
2009). Abnormalities in circadian rhythms have been
reported to be involved in the pathophysiology of major
mental illness, such as schizophrenia and mood disorders.
Magel2 null mice showed altered concentrations of both
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dopamine and serotonin compared with controls in several
parts of brain, including the hypothalamus (Mercer et al.
2009). The authors of the above study detected bilateral
reduction in cortical volume in distinct regions of the
Magel2-null adult mouse brain, including focused regions in
the parieto-temporal lobe of the cerebral cortex, the amyg-
dala, the hippocampus, and the nucleus accumbens (Mercer
et al. 2009). Several investigations reported that psychiatric
disorder patients showed reduced volumes in several parts of
the brain compared with healthy controls. Yang and col-
leagues reported reduced gray matter volume in the hippo-
campus and parahippocampal gyrus in schizophrenia
compared with normal controls (Yang et al. 2010). Savitz
and colleagues reported that BP patients showed smaller left
and right amygdala volumes than healthy controls (Savitz
et al. 2010). Abe and colleagues reported significant gray
matter volume reduction in MDD patients compared with
controls in several brain regions, such as hippocampus (Abe
et al. 2010). More detailed evidence can be seen in the fol-
lowing reviews (Bora et al. 2009; Brambilla et al. 2008;
Brunet-Gouet and Decety 2006; Konarski et al. 2008).
Several studies have suggested that Magel2 gene (MAGEL2)
might be a susceptibility gene for Pradar-Willie syndrome
(Bischof et al. 2007; Kanber et al. 2009). Pradar-Willie
syndrome is known to be comorbid with psychiatric symp-
toms including mood symptoms, insomnia and psychosis
(Soni et al. 2007, 2008). Prader-Willi syndrome is a hypo-
thalamic disorder in which psychotic symptoms may occur
that resemble schizophrenia (Soni et al. 2007, 2008).

The MAGEL?2 of humans (OMIM * 605283, 1 exon in
this genomic region spanning 3,280 bp) is located at
15q11-q12 (Mercer et al. 2009). The copy number varia-
tions (CNVs) on chromosome 15q11.2 were associated
with schizophrenia in a multisite European sample (Ste-
fansson et al. 2008). Several linkage studies also reported
that 15ql1 was significantly associated with autism
(Depienne et al. 2009; Hogart et al. 2008; Kim et al. 2008;
van der Zwaag et al. 2009).

Based on the above evidence, we selected MAGELZ as a
candidate gene for the pathophysiology of psychiatric dis-
orders, and conducted a case—control study among Japanese
(731 schizophrenia, 465 major depressive disorder (MDD),
156 BP and 758 healthy controls) using tagging SNPs in
MAGEL?2, selected using the HapMap database.

Materials and Methods
Subjects
The subjects in the association analysis were 731 schizo-

phrenia patients (393 males and 338 females; mean
age =+ standard deviation 36.3 % 18.4 years), 465 MDD
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patients (217 males and 248 females; mean age =+ standard
deviation 48.7 4 16.0 years), 156 BP patients (80 males
and 76 females; 99 patients with bipolar I disorder and 57
patients with bipolar II disorder; 47.2 £ 13.9 years) and
758 healthy controls (326 males and 432 females;
37.2 £ 15.9 years). A total of 589 schizophrenia patients
and 145 BP patients were diagnosed according to DSM-IV
criteria with the consensus of at least two experienced
psychiatrists on the basis of unstructured interviews and a
review of medical records, of which 142 schizophrenia
patients and 11 BP patients underwent the Structured
Clinical Interview for DSM-IV disorders (SCID-1). A total
of 256 MDD patients were diagnosed according to DSM-
IV criteria with the consensus of at least two experienced
psychiatrists on the basis of unstructured interviews and a
review of medical records, of which 209 of the patients
underwent the Mini-International Neuropsychiatric Inter-
view (MINI). Of the 465 MDD patients, 267 were treated
with fluvoxamine, sertraline or paroxetine. Although 189 of
267 patients treated with SSRIs were assessed with the
MINI and the Structured Interview Guide for Hamilton
Rating Scale for Depression (SIGH-D) (Williams 1988),
the other 78 of 267 patients were assessed with only the
SIGH-D. None had severe medical complications such as
liver cirrhosis, renal failure, heart failure or other Axis-I
disorders according to DSM-IV. No structured methods
were used to assess psychiatric symptoms in the controls,
which included hospital staff and medical students. Yam-
aguchi-Kabata and colleagues reported that different pro-
portions of individuals from different regions of Japan in
case and control groups can lead to statistical error
(Yamaguchi-Kabata et al. 2008); however, another recent
study confirmed that there is no population stratification in
our control samples (Ikeda et al. 2009). The study was
described to subjects and written informed consent was
obtained from each. This study was approved by the Ethics
Committees at Fujita Health University, Nagoya University
School of Medicine, and the University of Occupational
and Environmental Health.

SNP Selection and LD Evaluation

We first consulted the HapMap database (release#24/phase
II, Nov 2008, www.hapmap.org, population: Japanese
Tokyo, minor allele frequencies (MAFs) of more than 0.05)
and selected 6 SNPs (rs850815, rs850817, rs850818, rs8920,
rs850823 and rs4480754) covering MAGLE2 (5'-flanking
regions including about 2 kb from the exon 1 and about
2 kb bp downstream (3') from the exon 1: HapMap database
contig number chr 15q: 21438034. 21445838). Three
‘tagging SNPs’ (1s850815, 1s8920 and rs4480754) in
MAGLE2 were then selected with the criteria of r? threshold
greater than 0.8 in ‘pair-wise tagging only’ mode using the
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‘Tagger’ program (Paul de Bakker, http://www/broad.mit.
edu/mpg/tagger) in Haploview for the following association
analysis (Barrett et al. 2005).

SNP Genotyping

We used TagMan assays (ABI: Applied Biosystems, Inc.,
Foster City, CA,) for all SNPs. One allelic probe was
labeled with FAM dye and the other with fluorescent VIC
dye. The plates were heated for 2 min at 50°C and 95°C for
10 min, followed by 45 cycles of 95°C for 15 s and 58°C
for 1 min. Please refer to ABI for the primer sequence.
Detailed information is available on request.

Statistical Analysis

Genotype deviation from the Hardy—Weinberg equilibrium
(HWE) was evaluated by chi-square test (SAS/Genetics,
release 8.2, SAS Japan Inc, Tokyo, Japan). Marker-trait
association analysis was used to evaluate allele and geno-
type association with the chi-square test (SAS/Genetics,
release 8.2, SAS Japan Inc, Tokyo, Japan), and haplotype
association analysis was evaluated with a likelihood ratio
test using the COCAPHASE2.403 program (Dudbridge
2003). In the haplotype analysis, we determined that the
cutoff for testing haplotype frequency was 0.05. We used the
permutation test option as provided in the haplotype analysis
to avoid spurious results and correct for multiple testing.
Permutation test correction was performed using 1000 iter-
ations (random permutations). Power calculation was per-
formed using a genetic power calculator (Purcell et al.
2003). We also performed a multiple regression analysis of
the possible correlations between total SIGH-D score at the
baseline and each examined SNP genotype. In these analy-
ses, total SIGH-D score at the baseline was set as the
dependent variable, and age, gender and each examined SNP
genotype were set as the independent variables. Polymor-
phisms were categorized into three genotypes: homozygous
wild-type, heterozygous, and homozygous variant. Homo-
zygosity for the more common allele was treated as the
reference category. Tests for linear trend of odds ratio
(additive model) were calculated using an ordered categor-
ical variable by assigning scores to the genotypes: 0 (no
variant allele), 1 (carrying one variant allele) and 2 (carrying
two variant alleles). All statistical analyses were performed
using JIMP (JMP 5.0. I J, SAS Japan Inc, Tokyo, Japan). The
significance level for statistical tests was 0.05.

Results

Schizophrenia, BP and MDD group and healthy control
group were analyzed using a t-test or a chi-square test.
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There was some significant differences in gender distri-
bution among these groups (Age: Pgchizophrenia < 0.557,
Ppp < 0.00100 and Pypp < 0.00100, Gender: Pschizophrenia
< 0.00200, Pgp < 0.126 and Pypp < 0.336).

The LD structure as determined from our control sam-
ples can be seen in Fig. |. The LD from all tagging SNPs
was not tight, according to the HapMap database samples
(Fig. 1). Genotype frequencies of all SNPs were in HWE
(Table 1). As a measure of genotyping quality control, we
added twenty-five randomly selected samples that were
genotyped again, and the genotype consistency rates for all
four SNPs were 100%. The MAFs in our healthy control
samples were similar to those in the HapMap database.

We did not detect any associations between MAGEL?2
and schizophrenia or mood disorders in the allele/genotype
or haplotype analyses (schizophrenia: Phapiotype = 0.255,
MDD:  Pyapiotype = 0.555 and BP: Ppapioype = 0.840)
(Table 1).

In the logistic regression analysis, we detected a sig-
nificant correlation between SIGH-D total score at the
baseline and age at recruitment (P value: 0.0134).

ATG 3280bp TAA

Fig. 1 LD evaluation and tagging SNPs in MAGEL2. ATG is the
start codon and TAA is the stop codon. Vertical bar represents exon.
Color scheme is based on r* value. Other information can be seen at
the Haploview website
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However, SIGH-D total score at the baseline was not
associated with three tagging SNP genotypes.

In the power analysis, we obtained power of more than
80% for the detection of association when we set the
genotype relative risk at 1.24-1.27, 1.35-1.41 and 2.65-
3.31 in schizophrenia, MDD and BP, respectively, for
MAGEL?2 under a multiplicative model of inheritance.

Discussion

We first performed a gene-based association analysis
between MAGEL2 and schizophrenia and mood disorders
including BP and MDD in the Japanese population. How-
ever, we did not find an association between three tagging
SNPs in MAGEL? and schizophrenia or mood disorders in
the Japanese population.

Several limitations in the present study are worth noting.
First, the lack of association between MAGEL2 and
schizophrenia and mood disorder patients may have been
due to biased samples, such as small sample sizes or
unmatched age. In the power analysis, we obtained enough
power, of more than 80%, for the detection of association
in schizophrenia and MDD. However, for a small sample
of BP, it is difficult to conclude that there is a negative
association. On average, the controls were much younger
than the patients. This means that a number of young
controls may go onto develop one of these disorders, most
likely MDD, since the incidence of major depression is as
high as 5% or more. Most of our subjects did not undergo
structured interviews, and it is reported that MDD patients
who are not diagnosed by structured interview may
develop bipolar disorder in the future (Bowden 2001;
Stensland et al. 2008). However, in this study patients were
carefully diagnosed according to DSM-IV criteria with
consensus of at least two experienced psychiatrists on the
basis of a review of medical records. In addition, when we
found a patient who had been misdiagnosed, we promptly
excluded the misdiagnosed case to maintain the precision
of our sample (Kishi et al. 20094, b, ¢, e, f, g, h, 1; Kishi
et al. 2008, 2010). Second, we did not perform a mutation
scan of MAGEL?2. The rare copy number variations (CNVs)
on chromosome 15q11.2 were associated with schizo-
phrenia in a multisite European sample (Stefansson et al.
2008). However, because we consider it to be difficult to
evaluate the association of extremely rare variants from the
viewpoint of statistical power, a replication study using a
larger sample will be required for conclusive results. No
analysis of CNVs, acetylation and methylation rates in
MAGEL?2 was performed in our study.

In conclusion, our results suggest that MAGFEL2 may not
play a role in the pathophysiology of schizophrenia and
mood disorders in the Japanese population. A replication
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Table 1 Tagging SNPs and association analysis of MAGEL?2
SNP ID? Phenotype MAF* N Genotype distribution’ P-value
M/M M/m m/m HWE® Genotype Allele
18850815 Controls 0.252 758 426 282 50 0.718
5’ near gene Schizophrenia 0.280 731 373 306 52 0.314 0.132 0.0789
A>G MDD 0.251 465 254 189 22 0.0759 0.257 0.936
BP 0.266 156 88 53 15 0.104 0.363 0.604
rs8920 Controls 0.220 758 470 243 45 0.0741
Exon 1 3'UTR Schizophrenia 0.219 731 446 250 35 0.997 0.475 0.959
A>T MDD 0.199 465 295 155 15 0.322 0.102 0.223
BP 0.189 156 102 49 5 0.763 0.365 0.231
154480754 Controls 0.467 758 215 378 165 0.962
3’ near gene Schizophrenia 0.478 731 203 357 171 0.563 0.755 0.544
G>T MDD 0.451 465 137 237 91 0.526 0.652 0.427
BP 0.471 156 43 79 34 0.840 0.978 0.894

¢ Major allele > minor allele

® MDD major depressive disorder, BP bipolar disorder
¢ MAF minor allele frequency

M major allele, m minor allele

¢ Hardy—Weinberg equilibrium

study using larger samples may be required for conclusive
results, since our sample size was small.
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