
Introduction
Schizophrenia is a serious psychotic disorder

affecting 1% of general population. Family,
twin and adoption studies have shown that
schizophrenia has a predominant genetic basis
with a high heritability [1,2]. The DTNBP1
gene, encoding dysbindin (dystrobrevin-bind-
ing protein 1), is widely expressed in the human
brain and appears to play an important role in
cognitive function and memory [3]. This gene
is located at 6p22.3, a chromosomal region
where positive linkage for schizophrenia has

been reported [4]. Dysbindin is 40 kD coiled
coil-containing protein that binds to ?-dystro-
brevin, a component of the dystrophin glyco-
protein complex [5]. The dystrophin complexes
are found in postsynaptic terminals in a number
of brain areas [5,6]. Although dysbindin func-
tion is largely unknown, its localization has
suggested that genetic variations in DTNBP1
might confer higher risk of schizophrenia via
changes in postsynaptic structure and function
[7].

Dysbindin functions in a soluble 200 kDa
protein complex and is involved in protein traf-
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ficking and in the biogenesis of lysosome-relat-
ed organelles complex-1(BLOC-1) [8]. Distur-
bances of BLOC-1 function affect intracellular
glutamate vesicle trafficking and reduce gluta-
mate release [9-11] 

The DTNBP1 gene is considered as one of
the best validated candidate genes affecting
schizophrenic diseases, and variation in this
gene affects mRNA processing or expression
[12]. Further studies have indentified reduced
dysbindin levels in the brain of individuals with
schizophrenia [13]. Numerous polymorphisms
have been identified in the DTNBP1 gene, and
remarkably, most variations lie within introns
[14]. Some investigations involving different
populations have found a positive association
between DTNBP1 and developing schizophre-
nia [7,9,15-21].

Another important gene in the etiology of
schizophrenia is GRIN1, which encodes the
NR1 subunit of the N-methyl-D-aspartate
(NMDA) receptor. The NMDA receptor, a
member of the family of ionotropic glutamate
receptors, functions as a glutamate-gated cation
channel [22]. Several lines of evidence have
implicated NMDA receptors, especially the
NR1 gene (GRIN1), as being involved with
susceptibility for schizophrenia [23- 27].

Recently, we reported a significant associa-
tion between the GRIN1 G1001C polymor-
phism and the development of schizophrenia in
an Iranian ethnic group[28]. In the present
study, we investigated the effect of the P1635
polymorphism in DTNBP1 with risk for schiz-
ophrenia only and in combination with the
GRIN1 G1001C polymorphism in a case-con-
trol study.

Methods
Subject: For this case-control study, 200 un-

related patients with a mean age of 43.34 years
(SD= 11.353) were recruited from hospitals in
south and southwestern Iran. Of these, 117 were
men (63 and 54 from the south and southwest,
respectively) and 83 women (48 and 35 from

the south and southwest, respectively). The di-
agnosis of schizophrenia was based on DSM IV
criteria. The control group consisted of 200
healthy blood donors with a mean age of 39.43
years (SD= 11.103), which were matched for
gender and ethnicity to the patient cohort. In-
formed consent was obtained from all partici-
pants.

Genotyping assay: Genomic DNA was ex-
tracted from whole blood using the standard
salting out method. The P1635 polymorphism
in the DTNBP1 gene was screened using the
PCR-RFLPmethod. Primer sequences were de-
signed to amplify a 240 bp fragment using the
publicly available Gene Fisher software (www.
GeneFisher.com) and the ENSG00 000047579
gene sequence (www.Ensembel.org). The PCR
reactions were carried out in 25 l, containing
10ng genomic DNA, 10mM Tris-HCl (pH:8.3),
50mM KCl, 2mM MgCl2, 200 M dNTPs,
0.5pmol each primer (for: 5-GCAGACCATG-
TATTTGAAAAGC-3, rev: 5-GC CAGTTTC-
CTCAAAATTCC-3) and 0.25 units Taq DNA
polymerase. Amplification conditions were as
follows: denaturation at 94oC for 5 min, fol-
lowed by 35 cycles at 95oC for 30 sec, 56oC for
30 sec, 72oC for 30 sec, and a final extension at
72°C for 5 min. PCR products were digested
overnight at 65°C with 1unit of BsrI restriction
endonuclease (Biolabs), which cuts only the G
allele, and final fragments subsequently sepa-
rated on 12% polyacrylamide gel electrophore-
sis. Digestion specificity confirmed by retest-
ing 20% of the samples, and no discrepancies
were detected upon the testing replicate. The
genotyping of the G1001C polymorphism has
been previously described in detail [28]        .

Statistical analysis: The chi-square test was
used to compare genotypes between the gender
groups and determine genotypic frequencies.
The association between P1635 genotypes and
development of schizophrenia was examined
using odd ratios (ORs) and 95% confidence in-
tervals (CIs). The chi-square tests, ORs and
their CIs were calculated using the SPSS 13 sta-
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tistical package. Because the genotypic fre-
quencies were different in the two provinces,
Mantel-Haenszel weighted-odd ratios and chi-
square tests were performed to analyse the en-
tire sample cohort. EpiInfo 6 statistical soft-
ware was used to carry out Mantel-Haenszel
tests. Odd ratios and 95% CIs were calculated
to compare possible pairs of genotype combi-
nation with additive effects of the GRIN1
G1001C and the DTNBP1 P1635 polymor-
phisms. Probabilities <0.05 were considered
statistically significant, and all P values had
two-tailed.

Results and Discussion
Study of socio-demographic features in this

cohort identified that levels of marital status
and education were significantly lower for the
case group than the control group (P < 0.05). 

Control and patient groups were initially
classified according to gender and geographical
region. Gender groups were pooled, since sta-
tistical difference between their genotypic fre-
quencies (P> 0.05) did not exist. We analyzed
samples from the south and southwest of Iran
separately due to variation in the allelic and
genotypic frequencies (P<0.05). The genotyp-
ing assay for the P1635 polymorphism did not
identify the GG genotype in any of our samples
(detailed results in table 1). Heterozygosity for
the A allele was associated with decreased risk
of schizophrenia (OR= 0.270, 95% CI= 0.48-
0.52, P<0.001) in patients from the south. This
was not the case for individuals from southwest
Iran, for which we identified no association be-
tween heterozygosity of the Aallele and schizo-
phrenia (P > 0.05). To increase statistical pow-
er, we analyzed the entire cohort from both re-
gions using Mantel-Haenszel testing methods
which have indicated that heterozygosity for
the A allele was associated with decreased risk
of schizophrenia (OR= 0.39, 95% CI= 0.24-
0.62, P<0.001). These analyses also identified a
significant linear trend in risk associated with
one and two Aalleles (P< 0.001).

Since GRIN1 has also been shown in the pre-
vious report (Galehdari , 2009) to play a role in
the development of schizophrenia in the Iranian
population, but in only a small subgroup, we
were interested to test if the combination of
polymorphisms in the DTNPB1 and GRIN1
genes had a larger impact on our study
cohort.The distribution of compound geno-
types indicated a significant difference between
controls and patients ( 2= 41.064, df =5, P<
0.001). Table 2 shows the frequencies of the
compound genotypes within the groups of con-
trols and patients. Very few patients were iden-
tified in our cohort who had the CC genotype of
the G1001C polymorphism. In order to in-
crease stastical robustness for analysis of poly-
morphisms in the GRIN1 gene, we combined
patient having the CC and the GC genotypes in-
to one group. We also observed a significant
trend for increasing risk with increasing num-
ber of one, two and three risk alleles (P< 0.001).
Our results indicated that coexistence of the A
and C alleles from the P1635 and G1001C poly-
morphisms increased the risk of developing
schizophrenia.

Conclusion
The molecular mechanisms by which

DTNBP1 acts in the brain, and their functional
consequences in subjects with variants in the
DTNBP1 gene are not completely understood.
Nevertheless, studies on the brains of schizo-
phrenic patients, post-mortem have shown low
dysbidin expression at both the protein and mR-
NA levels in some areas of the schizophrenic
patient's brains [10,13]. Decreased dysbidin
protein and glutamate transmission have been
reported in rats stably inducible expressing an
shRNA for the DTNBP1 gene [9]. Taken to-
gether, these pieces of evidence support that
this gene may play an important role in devel-
oping schizophrenia through the glutamatergic
pathway. Our results provided statistical sup-
port for DTNBP1 as a susceptibility gene for
schizophrenia, and indicated the A allele in the
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P1635 polymorphism is significantly associat-
ed with increased risk of developing schizo-
phrenia (P<0.001). Consequently, the G allele
might possess a protective role against schizo-
phrenia development. Because P1635 is locat-
ed in intron 4 of the DTNBP1 gene, it might in-
fluence DTNBP1 expression in a cis-acting
manner [29]. Other reports have demonstrated
this SNP is associated with the outcome of
schizophrenia patients. Several studies have
considered the Aallele as a risk factor for schiz-
ophrenia [16,17,19], while other researchers
have postulated the G allele to be linked with in-
creasing risk for the disorder [7,9, 18]. More-
over, some independent studies have shown no
association between this variant and schizo-
phrenia [15,20,21,30]. These discrepancies in
the reported results may be due to the genetic
heterogeneity and different allelic frequencies
in various ethnic populations. Additionally, in-
teractions of the DTNBP1 gene with other

genes or even with environmental factors may
influence the role it plays in regard to the devel-
opment on schizophrenia [19]. The frequencies
of DTNBP1 genotypes observed in our study
deviate from those expected under Hardy-
Weinberg equilibrium for controls and schizo-
phrenia patients. As has been reported in previ-
ous works [9,15,20,30,31], the frequency of the
GG genotype for p1635 polymorphic site is rare
in different populations. Hence, the absence of
the GG genotype, as we showed here for both
controls and schizophrenic patients, is not sur-
prising. The case-control study presented here
is the first to be conducted in an Iranian popula-
tion, and supports an association between the
p1635 polymorphism and schizophrenia. The
different results for individuals from the south
and southwest regions may be due to popula-
tion admixture [31]

In addition to investigating the association of
the P1635 polymorphism in the DTNBP1 gene

Combined effect of polymorphic sites in...
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Table 1. Allelic frequencies and genotypic distribution of the P1635 polymorphism in DTNBP1 gene.

Table 2. Distribution of the combined G1001C and P1635 genotypes within the case and control groups.
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and schizophrenia, we analyzed the combined
effect of P1635 and the recently published data
for the influence of the G1001C polymor-
phisms on the risk of schizophrenia develop-
ment [28]. In fact, the GRIN1 and DTNBP1
genes both appear to exert their influences
through the glutamatergic pathway [10,12].
Dysbindin affects intracellular trafficking of
glutamate vesicles and glutamate release in
presynaptic terminals. NR1 is the main subunit
in NMDAreceptor which works as a glutamate-
gated cation channel and plays crucial role in
excitatory synaptic transmission [10,22]. Fur-
thermore, dysbindin binds the dystrophin-asso-
ciated protein complex (DPC) in the brain.
Since DPC is concentrated at the post-synaptic
density (PSD), dysbindin is thought to be in-
volved in one or more PSD functions, which in-
clude trafficking and tethering of NMDA re-
ceptors [9,12]. In summary, we suggest that the
coexistence of risk alleles in the two polymor-
phisms may affect signal transduction in an ad-
ditive manner. The results we present here pro-
vide evidence that these two genes may be im-
portant in the etiology of schizophrenia, at least
in the Iranian population.
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