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The SELENBP1 gene previously was found to be up-regulated in microarray analysis of both
peripheral blood cell and brain tissue samples from schizophrenia patients. Quantitative PCR
analysis subsequently corroborated the altered expression of SELENBP1 in schizophrenia brain
tissue samples from the Stanley Array Correction. The aim of this study was to extend those
findings by employing family-based association methods to a sample of over 2400 individuals
(including 1214 individuals affected by schizophrenia) of Han Chinese descent living in Taiwan.
One of four haplotype-tagging SNPs and two different two-marker haplotypes showed nominally
significant evidence for association with schizophrenia under an additive model, suggesting that
genetic variation in SELENBP1 may influence risk for the disorder, while this significance did not
remain when other inheritance models were considered. Further comprehensive analysis with
other SNPs and haplotypes is needed and warranted.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Schizophrenia is one of the most-often studied psychia-
tric illnesses, although we have not yet obtained clear
insight into the etiology of the disorder. As technology
develops in genetic research, a wide variety of methods have
been employed in order to identify positional or functional
candidate genes for this disorder (Faraone et al., 1999;
Tsuang et al., 2005). We previously reported selenium
binding protein 1 (SELENBP1) as a strong candidate gene
based on data obtained through the use of cDNA microarray
omics, Department o
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technology (Glatt et al., 2005). By comparing gene expres-
sion profiles of peripheral blood cells (PBCs) and post-
mortem brain tissue from two sets of schizophrenia patients
and control subjects, we found that SELENBP1 was reliably
up-regulated in both tissues in schizophrenia. In addition,
immunohistochemical (IHC) and reverse transcriptase poly-
merase chain reaction (RTPCR) methods supported an up-
regulated expression of SELENBP1 in schizophrenic brains.
The gene of interest is located on 1q21-22, which is strongly
suggested as a linked region by Brzustowicz et al. (Brzusto-
wicz et al., 2000); in addition, this region has been positively
indicated by genome-scan meta-analysis in schizophrenia
(Lewis et al., 2003). In our initial comparative study, SE-
LENBP1 was one of just two genes (along with HLA-DRB1)
that was significantly dysregulated in the same direction in
both blood and brain in schizophrenia. SELENBP1 was up-
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regulated in both tissues while HLA-DRB1 was down-
regulated. Considering that up-regulation of a transcript, it
would be easier to verify than down-regulation, we selected
first SELENBP1 for follow-up analyses, which included
replication by QRT-PCR in a separate sample. Recently our
group replicated significant up-regulation of SELENBP1 gene
expression in brain tissue from schizophrenia patients in the
Stanley Array Collection. Of note, the up-regulation of SE-
LENBP1 was even stronger in a combined sample of brain
tissue from schizophrenia patients and bipolar disorder
patients with psychosis (Kanazawa et al., 2008). These
findings have driven us to further analyze the relationship
between this gene and schizophrenia.

The family-based association study method is somewhat
classical compared to recent advancedmethods such as genome-
wide case-control association analysis; however, family-based
methods do have the advantage that they can avoid the possi-
bility of type-I inferential errors due to population stratification
(Gauderman et al., 1999). Presently, we have attempted to clarify
the potential role of SELENBP1 in schizophrenia by determining
if it shows patterns of association with the disorder in a large
family-based association study. Briefly, our large sample (1214
affected individuals; total of 2408 samples; all of Taiwanese
ancestry) had adequate power to detect an effect of each
investigated single nucleotide polymorphism (SNP) with an
odds ratio (OR) as low as 1.3 under conditions of optimal minor
allele frequency (MAF between 0.15 and 0.25) and an OR as low
as 1.5 under all MAFs greater than 0.05. To comprehensively
survey the gene, we interrogated all four haplotype-tagging (ht)
SNPs in SELENBP1. Overall, the aim of this study was to extend
the previous gene expression findings for this gene in order to
more clearly delineate the role of its protein in the etiology of the
disorder.
2. Methods

2.1. Sample recruitment

All of the samples were obtained from the Taiwan Schizo-
phrenia Linkage Study (TSLS). The TSLS programwas designed
to collect a large family sample from one ethnicity (Taiwan
Table 1
Descriptive statistics of the sample.

Statistic N (% of Sample)

Individuals 2408 (100)
Affection Status
Affected 1214 (50.4)
Unaffected 932 (38.7)
Unknown 262 (10.9)

Sex
Male 1324 (55.0)
Female 1084 (45.0)

Families 616 (100)
Affected per Family
0 36 (5.8)
1 43 (7.0)
2 445 (72.2)
3 88 (14.3)
4 3 (0.5)
5 1 (0.2)
Han Chinese) in order to decrease the effects of complex
ethnic composition. The analyzed participants in this study
were comprised of 616 families with at least two siblings
meeting DSM-IV criteria for schizophrenia or schizoaffective
disorder (depressed type), including a total of 2408 members
and 1214 schizophrenia patients (Table 1). All cases have a
positive family history, as probandswere ascertained as part of
an affected sibling pair; however, some affected siblings did
not contribute viable DNA samples and thus such families are
listed as having only one affected offspring for the present
analyses (although such families had at least two affected
individuals in existence). The genotype data in 36 families
without affected members were not utilized for determining
the association analysis, but for constructing the LD block and
for determining allele and haplotypes frequencies. More
detailed information of clinical assessments are described in
the previous paper (Hwu et al., 2005); briefly, the participants
were screened using the Diagnostic Interview for Genetic
Studies (DIGS) and Family Interview for Genetic Studies
(FIGS), and diagnosed by two or more research psychiatrists.
Clinical assessments were obtained by a research psychiatrist
using medical records and a semi-structured interview that
was based onDSM-IV. Informed consentwas obtained fromall
participants, and all procedures involving human subjects
were approved by the Institutional Review Boards of all
project sites.

2.2. Selection of SNPs

Based on the data provided by the International Hapmap
Project (http://www.hapmap.org), we selected tagging SNPs
lying across the SELENBP1 gene, on the condition that the minor
allele frequency was greater than 0.25 in the Han Chinese pop-
ulation. The selected four SNPs were rs2800953, rs10788804,
rs744459, and rs2769264, all of which are located in intronic
regions of the gene.

2.3. Genotyping, data cleaning, and quality control

Aliquots of 2408 high-quality DNA samples were sent from
UCSD to the Harvard Partners Genotyping Facility at the Harvard
Medical School-Partners Healthcare Center for Genetics and
Genomics (HPCGG) for genotyping. Sequenom iPLEX technology
was used for SNP genotyping at HPCGG using primers shown in
Table 2. All genotyping procedures were executed per protocol
(Oeth et al., 2005). Excluding the discordant genotypes (n=41,
0.017%), individual DNA samples were analyzed for Hardy-
Weinberg equilibrium (HWE) as a final quality control. No
individual marker out of the four SNPs showed significant
deviation from expected frequencies.

2.4. Data analysis

Family-based association data were conducted using the
PBAT algorithm (Lange et al., 2004) as implemented in the
HelixTree Genetic Analysis Software suite, version 5.20 (Gold-
enHelix, Inc.; Bozeman, MT). The additive and dominant
models were considered as the hereditary mode for all two-
marker haplotypes comprised of adjacent markers, in which p-
values were determined empirically through simulation using
1000 permutations of the data. For each individual SNP,

http://www.hapmap.org


Table 2
Details of primers.

SNP_ID Reverse PCR a Forward PCR a Extension primer

rs2800953 ACTTCTGCCTGAACCCTAAC TGCCTAGCACAGACATTCAC CCTAACTGGCCGTATTTAT
rs10788804 CTTAACAATGCTGCCTCCG CTCTTCCTGCAATGTTTGCG tGTGCAGAGTATAAGGAGG
rs744459 AGGCTGCTGGTTTAGGTCTG TAGACCATAAGACACCTGCC cTAGGTCTGGCTTCCTGCCC
rs2769264 TACCTCGCTGGAGTACAAAG AAAACACCACTAGGTCCCTG gTGGAGTACAAAGTTGGCCCA

a Both PCR primers contain a 10-base tail (ACGTTGGATG) for stability and to increase the mass of the PCR primers so that they do not show in the extension
product mass window.
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recessive and heterozygous advantagemodels were also tested.
To correct for multiple testing, the Bonferroni correction was
applied to exclude the possibility of type-I error rate at 5%.

3. Results

Out of the four SNPs described previously, one SNP
(rs2800953, allele A) in the 7th intron met a nominal
significance level (p=0.034, uncorrected) under the additive
model. Moreover a two-marker haplotype including this SNP
showed stronger significance in combinationwith the marker
in the 9th intron (rs10788804, allele A). The p-value for
haplotypes of rs10788804 (allele A) with rs2800953 was
0.004 (uncorrected) for allele A and 0.012 (uncorrected) for
allele G. The genomic organization and results under the
additive model are shown in Fig. 1. Under the dominant
model, the allele A for rs10788804 combined with the A allele
(p=0.023, uncorrected) and the G allele (p=0.045, uncor-
rected) of rs2800953 to form significantly risk-associated
haplotypes. The statistical significance for two-marker hap-
lotype combinations was basically independently calculated
from a result of one marker. None of these results remained
significant after correcting for multiple testing by the
Bonferroni method. The critical p-value needed for signifi-
Fig. 1. Genomic organization and evidence for association with schizophrenia
cance was 0.05/16=0.003125 for SNPs, whereas a value of
0.05/6=0.0083 was required for haplotypes. Relative to the
additive and dominant models, recessive and heterozygous
models were not optimally powered in our sample, and so the
results of these analyses were not considered further;
however, the data are available upon request.

4. Discussion

The primary conclusion of this study is that our large family-
based sample provides evidence for a considerable association
between SELENBP1 polymorphisms and risk for schizophrenia;
however, this conclusionmust be tempered by the fact that none
of the detected associations withstood correction for multiple
testing. Yet, if some earlier indication of preference for a
particular inheritance model were recognized, the two-marker
haplotypes consisting of allele A for rs10788804 and allele A of
rs2800953 may have remained significantly associated with the
disorder even after correction for multiple testing. Power of our
analyses was determined as follows: we set alpha=0.05, we
modeled the specific family structures occurring in our sample,
we tested additive and dominant models, we set the disease
prevalence at 0.008 based on epidemiologic data from Taiwan,
we set the evaluated marker as the disease marker, and we
for SNPs and two-marker haplotypes of SELENBP1 (additive models).
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varied allele frequency from 0.05 to 0.45 in increments of 0.10.
At all minor allele frequencies at or above 0.05, our sample
provided 80% power or greater to detect a polymorphism or
haplotypes with an associated odds ratio of 1.4 or greater under
an additivemodel, while an allelic odds ratio of 1.2 or greaterwas
detectable with the same level of power under a dominant
model.

Our prior linkage analysis of this sample (Faraone et al. 2006)
did not find substantial evidence for linkage in this particular
region of chromosome 1q21–22; however, as the effect sizes of
SELENBP1 variants we have detected presently are quite small,
it is not expected that these would give rise to a significant
linkage signal, nor is linkage in the region a prerequisite for
association.

Overall, this study does identify clearly this is a gene wor-
thy of further study. Future work on this gene should restrict
the number of markers and models evaluated to increase the
power to detect significant association, or select functional
(rather than haplotype-tagging) polymorphisms which may
be expected to have a larger effect size and smaller corre-
sponding p-value.

Evidence has suggested that schizophrenia is a neuro-
developmental disorder (Harrison and Weinberger, 2005). In
that scenario, the possible etiology of the disorder underlying
the altered expression level of SELENBP1 is consistent because
selenium plays a neuroprotective role against excitatory brain
damage (Brauer and Savaskan, 2004). While the functional
role of SELENBP1 has not yet been well established in the
brain, selenium binding proteins (SBPs) have been shown to
co-localize with g-actin at the growing tips of SY5Y
neuroblastoma cells (Miyaguchi, 2004), which indicates the
potential for SELENBP1 to be associated with the growth and
remodeling of neurites. It is well-known that the trace
mineral selenium is involved in a variety of metabolic
processes, especially in antioxidant defenses (Schweizer et al.,
2004). Selenium is incorporated into proteins to be transported
by selenoproteins, which chaperone it to the brain through the
blood-brain barrier (Richardson, 2005). On the other hand,
seleniumdeficiencyhas been found to increase susceptibility to
glutamate-induced neurotoxicity in rat hippocampus and even
loss of hippocampal neurons (Savaskan et al., 2003). In addition
to these in vitro studies, there is a report that schizophrenia
patients treated with clozapine had significantly lower plasma
selenium levels than patients treated with other medications
(Vaddadi et al., 2003).

Thus, the increasing evidence provided by our group and
others has suggested a potential role of SELENBP1 gene/
protein in the etiology of this disorder. To investigate this
issue further, future work should focus on a certain genetic
model and try to replicate the specific effects of our
implicated SNPs and haplotypes, rather than taking the
wide-ranging first-pass approach that we have taken which
prevented us from declaring significance. At the same time it
is warranted to explore the biological function of SELENBP1
gene in the human brain. To conclude, the aim of this study
was to investigate whether a large family-based sample from
one ethnicity provided clear evidence of association with
SELENBP1 variants and schizophrenia, and we accomplished
this goal in part by identifying several markers worthy of
further analysis in large case-control and other family-based
samples. In addition to replication of these specific markers,
additional analyses of polymorphic sites in SELENBP1, includ-
ing functional non-synonymous SNPs, seems warranted.
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