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ABSTRACT. Reelin is an extracellular signaling protein that plays an
important role in the development of the central nervous system. Post-
mortem studies have shown lower reelin protein levels in the brains
of patients with schizophrenia and bipolar disorder compared with
controls. Genetic studies have also shown that mutations in the reelin
gene (RELN) increase the risk for schizophrenia and bipolar disorder.
We evaluated whether an RELN gene variant, 1s362719, which has
been associated with increased susceptibility to bipolar disorder, is
also associated with susceptibility to schizophrenia. We included 405
Chinese Han schizophrenia patients and 390 controls in our study. The
polymorphism was genotyped by PCR and RFLP methods. We found a
significant difference in allele frequency distribution (P < 0.05) between
schizophrenia patients and controls. The frequency of the A allele was
significantly higher in schizophrenia patients than in healthy controls.
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The effect of SNP rs362719 on allele distribution was significant in
female (P < 0.05) but not in male participants (P = 0.473). Besides the
gender factor, demographic and clinical characteristics of the rs362719
genotype groups were also analyzed using the chi-square test, but no
significant differences were found. We conclude that rs362719 of the
RELN gene is associated with susceptibility to schizophrenia in Chinese
Han, possibly through a gender-specific mechanism. Further studies will
be needed to confirm this genetic risk factor for schizophrenia.
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INTRODUCTION

Reelin (RELN) is an extracellular matrix protein coded by a gene located on chromo-
some 7g22. RELN is expressed in the brain, notably not only in the cerebral cortex and the
spinal cord, but also in other organs in the body. RELN plays a pivotal role in the regulation
of neuronal migration, cortical lamination and positioning in the developing brain. Reelin is
expressed primarily in the brain and the spinal cord and is also found in other organs and tis-
sues in the body, notably in the cerebral cortex. It has dual roles in mammalian brain. During
embryonic brain development, reelin is secreted by Cajal-Retzius cells of the marginal zone
and provides a signal for proper migration of new post-mitotic neurons to form distinct brain
areas (Quattrocchi et al., 2002). In the adult brain, reelin is very rich in GABAergic interneu-
rons of the hippocampus, where it has been found to play an important role in neuroplasti-
city and long-term potentiation by modulating NMDA receptor-mediated neurotransmission,
which is necessary for synaptic plasticity, learning and memory (Chen et al., 2005). Hence, an
altered reelin level may cause deficits in neuronal development and function. Indeed, reelin
binds directly to one of two receptors, a very low-density lipoprotein receptor (VLDLR) and
ApoE receptor type 2 (ApoER2), setting off a phosphorylation cascade of Dab1. This signal-
ing pathway controls cell positioning in the developing brain and adult neurogenesis (Herz and
Chen, 2006). Thus, abnormal reelin might play a pathogenic role in neuropsychiatric illnesses.

Reelin is implicated in pathogenesis of several brain disorders such as schizophrenia
and bipolar disorder. One study indicated that the 7q22 region has been implicated in schizo-
phrenia and bipolar disorder by a joint meta-analysis method (Badner and Gershon, 2002b).
A substantial amount of evidence has shown that reelin mRNA expression and protein levels
are decreased in GABAergic neurons in the brain, such as prefrontal cortex, cerebellar, hip-
pocampus, and basal ganglia in schizophrenia and bipolar disorder patients (Fatemi et al.,
2000; Guidotti et al., 2000; Veldic et al., 2007). These results suggest that reelin expression
may be associated with a susceptibility to both disorders. The hypothesis is that the reduced
reelin mRNA expression was due to hypermethylation of the CpG island, which is located
upstream from the RELN promoter sequence. Hypermethylation was observed in the post-
mortem prefrontal cortex of schizophrenia cases compared with controls (Abdolmaleky et
al., 2005; Grayson et al., 2005). In addition, some pharmacological agents used in the clinical
treatment of schizophrenia (Dong et al., 2008) and bipolar disorder (Dong et al., 2007) have
been shown to reverse this hypermethylation of the CpG island upstream from the RELN
promoter. However, this observation was not confirmed by some other studies (Mill et al.,
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2008; Tochigi et al., 2008). These contradictory findings in schizophrenia patients suggest
that hypermethylation of the RELN promoter was not the only cause that contributed to the
development of schizophrenia.

To our knowledge, schizophrenia and bipolar disorder have been considered to be
nosologically and etiologically distinct disorders in DSM-IV and ICD-10 classification, which
was based on the Kraepelinian dichotomy. However, diagnosis of these disorders is based
primarily on symptoms that overlap with each other and the above hypothesis has been chal-
lenged by recent progress in many psychiatric biological studies (van Os et al., 1999; Moller,
2003; Murray et al., 2004; Craddock and Owen, 2005). Genome-wide linkage screenings have
shown some overlap between schizophrenia and bipolar disorder (Berrettini, 2003; Tsuang et
al., 2004; Moskvina et al., 2009). Many family and twin studies as well as molecular-genetic
studies have proposed some etiological overlap, which was at least partially due to genetic
factors (Lander and Kruglyak, 1995; Cardno et al., 2002). Meta-analyses were performed for
schizophrenia as well as for bipolar disorder. The results showed the overlap of some candi-
date regions in the chromosomes, such as 13q and 22q (Badner and Gershon, 2002a; Berret-
tini, 2003). Schizophrenia and bipolar disorder have also demonstrated some similarities in
neurotransmitter dysfunction (Clinton and Meador-Woodruft, 2004).

Heritability has been estimated to be responsible for at least 80% of schizophrenia and bi-
polar disorders (Cardno and Gottesman, 2000; McGuffin et al., 2003). Therefore, genetic research
is a main topic in the study of both disorders. Direct evidence from a Swedish population study
showed a high degree of genetic overlap between these two disorders, according to a series of
76,472 people with bipolar disorder and/or schizophrenia taken from a Swedish medical registry.
It was found that the two disorders share 63.4% of their genetic determinants (Lichtenstein et al.,
2009). Some of the loci implicated in bipolar disorder may also be detectable in schizophrenia
patients, and vice versa. Based on the above hypothesis that the overlap genes share a common
background cause in schizophrenia and bipolar disorder, it is important to explore the genetic as-
sociations of the susceptibility locus in both bipolar disorder and schizophrenia patients.

In a genome-wide association study (GWAS), a single nucleotide polymorphism (SNP)
in RELN gene (rs7341475) was found to increase the risk of schizophrenia in women, but not
in men (Shifman et al., 2008). Allelic variations of RELN have also been found to be correlated
with working memory, memory and executive functioning in nuclear families where one of the
members suffered from schizophrenia (Wedenoja et al., 2008). Despite the efforts to identify the
cause of schizophrenia, it remains elusive as regards the definitive causes of the disorder. An-
other research has identified another variant (rs362719) of RELN gene, which has been found to
increase the susceptibility to bipolar disorder patients in women (Goes et al., 2010). Based on the
hypothesis that the overlap gene shares a similar background in both schizophrenia and bipolar
disorder, we conducted a case-control study of this SNP locus (rs362719) to test the possible as-
sociation with the schizophrenia in various Chinese populations.

MATERIAL AND METHODS

Subjects

All ethnic Han Chinese subjects were recruited from Shaanxi, a Midwest province in
China. A total of 405 unrelated patients were enrolled in this study (205 males: mean age + SD,
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42.9 + 11.7 years; 200 females: 42.1 + 12.6 years). To confirm the disease type, each patient
was diagnosed by at least two independent psychiatrists. The diagnosis was carried out strictly
on the basis of the criteria for schizophrenia outlined by Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (American Psychiatric Association, 2000). All patients had no
previous history of substance abuse or organic mental disorders. A final diagnosis was made
by two another experienced psychiatrists from the Department of Psychiatry, Xi’an Jiaotong
University on the basis of the interview reports and medical records. The control group con-
sisted of 390 unrelated healthy volunteers (194 males: mean age + SD, 41.6 + 14.0 years; 196
females: 42.0 £ 13.4 years). None of the controls had a family history (first-degree relatives)
of psychiatric illness or substance abuse. All control subjects were interviewed by one psy-
chiatrist and were psychiatrically screened on the basis of unstructured interviews. Informed
consent was obtained from all participants for the genetic study. This study was approved by
the Ethics Committee for Genetic Studies of Xi’an Jiaotong University.

Genotyping

Blood was drawn from peripheral veins with vacutainer tubes containing ethylenediami-
netetraacetic acid (EDTA). Genomic DNA was extracted from blood leukocytes by the Blood Ge-
nomic DNA Extraction System kit (TTANGEN Biotech, Foster City, Beijing, China). The sequences
of the rs362719 were retrieved from the National Center for Biotechnology Information (NCBI) da-
tabase and the primers for rs362719 polymorphisms were designed using the Primer 5.0 program
(http://www.premierbiosoft.com/primerdesign/index.html). The primers for rs362719 analysis
were: 5'-GGTGCTTATTTTACAGGTTGGA-3" and 5-CTGGAGATTGAGGAATGGAGTT-3".
Genotyping was performed for rs362719 by polymerase chain reaction (PCR)-restriction frag-
ment length polymorphism (RFLP) methods. PCR was performed using a DNA thermal cycler
(Bio-Rad, Hercules, CA, USA). The PCR amplification system had a total volume of 12 uL,
containing 50~200 ng genome DNA, 1X PCR buffer, 15 mM MgCl,, 5 uM primer, 0.5 U Tag
Enzyme (TIANGEN). The PCR products were digested using the HindlIIl restriction enzyme
(New English Biolabs, Beijing, China) at 37°C overnight. The PCR product (353 bp) with the A
allele could be digested into two fragments (272 and 81 bp), while the PCR product with the C
allele could not be separated by HindIIl. The digested DNA fragments were separated by electro-
phoresis on 2.5% agarose gel in a 0.5X TBE running buffer. After electrophoresis, the bands were
visualized by ethidium bromide staining. A gel imaging system (Quantity one; Bio-Rad) was used
to capture the images and analyze the results. For quality control, all genotypes were blinded to
the researcher in the genotyping process. Five percent of the samples were repeated for the geno-
typing assay and the corresponding results were 100% concordant.

Statistical analysis

The online SHESsis software (http://analysis.bio-x.cn) (Shi and He, 2005) was used to
test for Hardy-Weinberg equilibrium, allele and genotype frequencies. The odds ratios (OR) and
95% confidence intervals (CI) were estimated for the effects of high risk genotypes and alleles.
Differences in gender, allele frequency, and genotype distribution were evaluated using the chi-
square test. Demographic and clinical characteristics were analyzed using the chi-square test.
All tests were two-tailed and a P value less than 0.05 was set as the significance level.

Genetics and Molecular Research 10 (3): 1650-1658 (2011) ©FUNPEC-RP www.funpecrp.com.br



W.J. Kuang et al. 1654

RESULTS

The allele and genotype frequencies of rs362719 in the schizophrenia patients and
controls are summarized in Table 1. The allelic distribution frequencies and genotype among
both patients and controls were within the Hardy-Weinberg equilibrium. A significant differ-
ence was found in the allelic frequencies of rs362719 between schizophrenia patients and
healthy controls (y*>=4.725, d.f. = 1, P=0.0297, OR = 0.7842, 95%CI = 0.6297~0.9766). The
A allele was more frequent in schizophrenia patients than in healthy controls. As a GWAS on
schizophrenia reported robust association between RELN (SNP rs7341475) and schizophrenia
in females alone (Shifman et al., 2008), we performed another %> analysis of our SNP strati-
fied by gender. The SNP rs362719 was found to have a significant difference in females at the
allele level (y*> = 5.748, d.f. = 1, P=0.0165, OR = 0.6860, 95%CI = 0.5038~0.9342), and this
association was not observed in males (P > 0.05). To assess the possibility of genotype dif-
ferences in background variables, the genotypes of 1362719 in schizophrenia patients were
classified into three sub-groups: CC genotype, CA genotype and AA genotype. In addition, we
also compared the characteristics including age, age at onset, education, number of episodes,
patients with a first episode of schizophrenia, as well as patients by each genotype (see Table
2). No significance level was found in the clinical characteristics of schizophrenia patients
among the three genotypes (see Table 2).

Table 1. Genotypes and allele frequencies of the rs362719 of the RELN gene in schizophrenia cases and controls.

Groups (N) Genotype (N, %) I P Allele (N, %) v P
CcC CA AA C A

Patients (405) 191 (47.3) 180(44.3) 34(84)  4.958  0.0838 564 (69.5)  248(30.5) 4.725  0.0297*

Control subjects (390) 214 (54.9)  152(39.0) 24(6.2) 580 (74.4) 200 (25.6)

Male-cases (205) 100 (48.8) 94 (45.9) 11(5.4) 0.755  0.6855 294 (71.7) 116 (28.3) 0.515  0.4730

Male-controls (194) 103 (53.1) 81 (41.8) 10 (5.2) 287 (74.0) 101 (26.0)

Female-cases (200) 91 (45.5) 86(43.0)  23(11.5) 5.563  0.0620 268 (67) 132(33)  5.748  0.0165**

Female-controls (196) 111 (56.6) 71 (36.2) 14 (7.1) 293 (74.7) 99 (25.3)

*Significance level for differences in allele frequency between cases and controls (P < 0.05). **Significance level
for differences in allele frequency between female cases and controls (P < 0.05) but not between male cases and
controls (P> 0.05).

Table 2. Demographic and clinical characteristics of 1s362719 genotype groups within the schizophrenia patients.

Characteristics CC(N=191) CA (N =180) AA (N =34)
Age (years) 42.0+£6.7 41.7+£79 414+5.6
Age at onset 246+9.8 23.4+8.7 22.5+8.2
Years of education 11.8+7.4 11.0+6.1 102+£6.9
Patients with a first episode (in %) 57% 54% 51%
Number of episodes 1.8+1.1 19+12 20£13

Data are reported as means = SD, unless otherwise explained. No significance level was found in demographic and
clinical characteristics of schizophrenia patients among the three genotypes.

DISCUSSION

Given an overlap between bipolar disorder and schizophrenia in clinical symptoms,
we postulated that a gene variant involved in bipolar disorder susceptibility may also be ex-
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pressed in patients with schizophrenia. Therefore, we investigated the re362719 variant in the
Chinese Han population. We found a positive association between the presence of a C to A
substitution in 1s362719 and a risk of schizophrenia. The allele was over represented among
patients with schizophrenia (allele frequencies: 0.305 in cases vs 0.256 in controls) in the
present study, and demographic and clinical characteristics of schizophrenia patients showed
no significant difference among the different genotypes. Therefore, this study may provide
direct evidence for the association between the RELN SNP 15362719 and schizophrenia in
the Chinese Han population. The association observed in this study was unlikely to be due to
population stratification, since we collected data in a relatively narrow region in the Shaanxi
province in China, and our samples had adequate power to detect major differences in genetic
polymorphisms. Based on our results, rs362719 of the RELN gene may be one of the risk loci
in the development of schizophrenia.

Polymorphism of rs362719 has been investigated in several association studies of
some other diseases such as autism and childhood epilepsy in an Indian population; however,
no association was detected in these studies. In a recent report, rs362719 was found to be
associated with a susceptibility to bipolar disorder in women but still may not be replicated
(Goes et al., 2010). Since schizophrenia and bipolar disorder are closely related psychiatric
disorders, it is encouraging to see a similar effect of 1s362719 as regards the predisposition to
schizophrenia. To our knowledge, most of the GWAS on schizophrenia and bipolar disorder
used the Affymetrix platform, which does not have an assay available for the rs362719 SNP.
Only one published research has studied this SNP but no association was found (Need et al.,
2009). However, as mentioned by those authors, the sample size was not large enough to iden-
tify risk factors of small effects in a genome-wide context (Need et al., 2009).

Reelin-signaling pathway has been found to participate in neuronal migration processes
during early brain development and RELN may act as a potential candidate gene for schizophre-
nia. The Reelin protein is composed of a distinctive N-terminal domain followed by eight tandem
repeats comprising an extracellular growth factor (EGF)-like domain, which is surrounded by two
sub-repeats. Rs362719 is located at 86 bp upstream from exon 42 and contributes to the EGF-
like domain of the fifth reelin repeat (Royaux et al., 1997). In some in vitro studies, it has been
reported that three to six (R3-6) repeat fragments of the EGF-like domain can bind to ApoER2
and VLDLR, which are involved in neuron signal transduction (Jossin et al., 2004; Chameau et
al., 2009). Moreover, addition of the repeat 5-6 fragments is sufficient to induce phosphorylation
of Dabl1 (Yasui et al., 2007), which is an “adapter molecule” that transduces the signal to the next
molecule in the cytosol and is responsible for triggering of the reelin intracellular signaling path-
way. These studies indicate that this risk allele maybe within a regulatory element.

Interestingly, rs362719 allele distributions and genotype were analyzed separately for
men and women. As showed in Table 1, the A allele frequency of rs362719 in schizophrenia
female population was significantly higher in patients with schizophrenia (33%) than that in
controls (25.3%); however, the A allele frequency of rs362719 was similar in male schizophre-
nia populations (28.3%) and controls (26.0%). These results may suggest a gender-specific
mechanism in the development of schizophrenia. While gender difference in schizophrenia has
been found in previous studies, so far it is still unclear as to the underlying molecular mecha-
nisms. A previous meta-analysis also presented evidence for gender difference in schizophrenia
risk (Aleman et al., 2003). A GWAS on schizophrenia (Shifman et al., 2008) also reported that
a common DNA variant (rs7341475) was associated with an increased risk of schizophrenia in
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Ashkenazi Jewish females but not males. The effect of gender has also been reported in another
study, which showed that RELN expression was higher in women compared to men (in layer I
neurons), and a reduction of RELN expression was observed in men with schizophrenia alone
(in the superficial interstitial white matter neurons) (Eastwood and Harrison, 2003). However,
as mentioned by these authors, despite the small sample involved this has not been observed
in other brain regions. Rat studies have shown that progesterone, a female hormone, robustly
up-regulated the expression of Reelin in peripheral nerves (Roglio et al., 2008). In another
animal study, the heterozygous reeler mouse was also found to have diminished expression of
the oxytocin receptor (Liu et al., 2005). Since oxytocin receptor is key regulator of the most
well-characterized sexually dimorphic signaling pathways in the brain (de Vries, 2008), this
may serve as a molecular basis for gender differences observed in humans. In addition, it was
observed that the only one functional RELN gene resulted in loss of Purkinje cells in male mice
but not in reelin-deficient female mice (Hadj-Sahraoui et al., 1996). These results of female-
specific association of RELN with schizophrenia suggest a possible pathway where sex hor-
mones modulate gene expression in brain, thereby increasing the susceptibility to psychosis.

In summary, the results of the current investigation showed an association between
polymorphisms rs362719 in the RELN gene and risk of schizophrenia in the Chinese Han
female population. Moreover, our study also suggested a possible gender-specific mechanism
of schizophrenia development. Further investigations of genetic susceptibility among different
ethnic populations are also required to elucidate the role of the RELN polymorphisms on the
increase risk of schizophrenia in the future.
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