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Abstract

Brain-derived neurotrophic factor (BDNF) is the most widely distributed neurotrophin in the central nervous system (CNS), and per-
forms many biological functions such as neural survival, differentiation, and plasticity. Previous studies have suggested that variants in
the BDNF gene increase the risk of schizophrenia. In this study, we genotyped one (GT)n dinucleotide repeat and three SNPs (rs6265,
rs2030324, and rs2883187) in a Chinese sample (617 cases and 672 controls). In addition, we performed an updated meta-analysis based
on 16 population-based case-control studies examining association between rs6265 and schizophrenia. In single-locus analysis, no sig-
nificant association was found between BDNF polymorphisms and schizophrenia in our subjects. The meta-analysis based on Asian
and Caucasian subjects did not give positive result that rs6265 is associated with schizophrenia. However, haplotype analysis found a
common four-locus haplotype is protective against schizophrenia (Case 3.1% vs Control 7%, p = 0.0011). Our data provides evidence
that BDNF is a susceptibility gene for schizophrenia in Chinese subjects.
� 2006 Elsevier Inc. All rights reserved.
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Schizophrenia is a common severe psychiatric disorder
which affects approximately 1% of the world population
but the pathogenesis of schizophrenia remains unclear.
BDNF (a gene located on 11p13) is the most widely distrib-
uted neurotrophin in the central nervous system (CNS),
and performs many biological functions such as neural sur-
vival, differentiation, and plasticity [1,2]. BDNF has also
been demonstrated to modulate synthesis, metabolism
and release of neurotransmitters, postsynaptic ion channel
fluxes, neuronal activity, and long term potentiation [3].
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Studies on post-mortem brain tissue from schizophrenic
patients have shown that BDNF mRNA and protein levels
exhibit significant changes in the cerebral cortex, anterior
cingulated cortex, and hippocampus of patients compared
with healthy controls [4–8]. It has also been reported that
BDNF levels are significantly reduced in the serum of
schizophrenic patients but not in their whole blood and
that they are correlated with clozapine dose levels [9,10].
However, several other studies have shown contrasting
results [11–13]. In addition, experiments have demonstrat-
ed that animals with neonatal ibotenic acid lesions of the
ventral hippocampus have reduced basal levels of BDNF

mRNA [14,15].
Evidence from clinical, pharmacologic and animal stud-

ies, have led to neurodevelopment, neurodegeneration and
dopamine hypotheses [3], and to the investigation of BDNF
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as a potential candidate molecule in the pathophysiology of
schizophrenia.

Genetic epidemiological studies have shown that genetic
factors are linked to the risk of schizophrenia and appear
to be inherited in a polygenic, non-Mendelian mode. A
number of association studies have been carried out to test
correlation between BDNF gene variants and schizophre-
nia. The most extensively studied SNP is rs6265, which
determines a Val to Met variation at codon 66 of the
BDNF coding sequence and has been reported to affect
activity-dependent secretion of BDNF as well as human
memory and hippocampal function [16]. Association stud-
ies between this functional SNP and schizophrenia have
generated conflicting results. Hong et al. [17] found a mod-
est association between rs6265 and schizophrenia among
Chinese subjects, especially for those with good response
to clozapine treatment. It has also been reported that there
is a significant excess of G (val) allele present in schizo-
phrenics compared to controls in Caucasian subjects [18].
The majority of the reports, however, have found no signif-
icant association [16,19–27]. Proschel et al. [28] identified a
(GT)n dinucleotide repeat located 1 kb upstream from the
transcription start site in BDNF. This variant was reported
to be associated with schizophrenia in Caucasian subjects
[29]. However, most of the studies have given negative
results [30–32]. Nanko et al. [33] first found SNP C270T
in the 5 0 non-conding region and detected a significant
association with schizophrenia in Japanese subjects, but
some subsequent studies have failed to replicate this finding
[27,34]. A recent meta-analysis indicated that the T allele of
C270T and the rs6265 homozygous state were associated
with the disorder [21].

It is not unusual to find inconsistency in the results of
association studies. Many factors can contribute to variabil-
ity in such as small sample size and population differences
[34–35]. Further study is required to establish whether or
not BDNF is a schizophrenia susceptibility gene.

In order to compare the results of our study with previ-
ous reports, the three polymorphisms mentioned above
were selected. Because both rs6265 and the (GT)n repeat
are located upstream of BDNF, we chose two additional
SNPs (rs2030324 and rs2883187) from the dbSNP database
to obtain markers covering the entire gene. We analyzed
SNPs and the (GT)n repeat in a Chinese sample and found
Fig. 1. Genomic structure of the BDNF gene and loc
SNP C270T was not polymorphic. In addition, to incorpo-
rate the results of six association studies published in 2006,
we performed an updated meta-analysis to further investi-
gate SNP rs6265.
Materials and methods

Subjects. For the case-control study, 617 unrelated schizophrenic
patients (369 males and 248 females) with a mean age of 45.9 (SD = 12.02)
were recruited. Of these, 425 were from Shanghai and 192 from Jilin
province. The healthy control group consisted of 672 individuals (315
males and 357 females) with a mean age of 34.7 (SD = 9.06). Of these, 480
were from Shanghai and 192 from Jilin province. All subjects were Han
Chinese in origin. Clinical diagnoses were made according to DSM-IV by
two independent clinicians. A standard informed consent, was given by the
participants, after the nature of study had been fully explained. Genomic
DNA was extracted from venous blood using the standard phenol–chlo-
roform protocol.

Genotyping. Allele frequencies of SNPs were examined by direct
sequencing of 32 individuals. SNP C270T were discarded because of low
frequency (<5%). The genomic structure of BDNF and the position of the
polymorphisms genotyped in this study are shown in Fig. 1. The SNPs
rs6265 were genotyped by direct DNA sequencing on a 3100 genetic
analyzer (Applied Biosystems, Foster City, California). To increase
throughput, the SNPs rs2030324 and rs2883187 were genotyped by ligase
detection reaction. Fluorescence-labeled primer was employed to detect
the genotype of the (GT)n repeat using Megabase 1000 capillary electro-
phoresis (Amersham Biosciences, Piscataway, New Jersey).

Statistical analysis

Case-control study. The presence of Hardy-Weinberg equilibrium was
tested using the chi-square test for goodness of fit. Differences in the allele
and genotype frequencies between schizophrenic patients and the healthy
controls were estimated using the Monte Carlo simulation test. Each
computation was performed with 100,000 simulations. The D 0 value was
used to represent linkage disequilibrium between markers. Analysis used
two-tailed estimation of significance. The statistical significance was
defined as p < 0.05. All statistical analysis was conducted using SHEsis
software (http://analysis.bio-x.cn) [36].

Meta-analysis. To identify all relevant association studies, we searched
PubMed using keywords ‘‘BDNF’’, ‘‘brain-derived neurotrophic factor’’,
and ‘‘schizophrenia’’. All the case-control studies between rs6265 and
schizophrenia, up to August 2006, were included in the analysis. A v2-
based Q statistic test was performed to assess heterogeneity. If the result of
the heterogeneity test was p > 0.05, odds ratios were pooled according to
the fixed-effects model (Mantel-Haenszel methods), otherwise, the
random-effects model was used. The significance of the pooled odds ratios
was determined by the Z-test. The analysis was conducted on Computer
program Review Manager (Version 4.2 for Windows. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2003).
ations of polymorphisms analyzed in this study.
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Table 3
Linkage disequilibrium between polymorphisms

D0 (GT)n rs2030324 rs2883187

rs6265 0.84 0.76 0.77
(GT)n — 0.54 0.57
rs2030324 — — 0.99
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Results

Case-control study

We detected three SNPs and a (GT)n repeat in a Chinese
sample (617 cases and 672 controls). For each polymor-
phism analyzed, the genotypic distribution accorded with
Hardy-Weinberg equilibrium. In the single-locus analysis,
none of the SNPs showed significant difference in either
genotype or allele frequencies between the schizophrenic
patients and healthy controls (Table 1). We also failed to
detect association between alleles of the (GT)n repeat and
schizophrenia (Table 2).

The BDNF gene is large, and thus the analysis of the
linkage disequilibrium (LD) is necessary. Strong LD
(D 0 > 0.5) was observed among the four polymorphisms
across the entire gene (Table 3).

Subsequently, we constructed haplotypes and evaluated
their difference in the frequency distributions between
schizophrenic patients and healthy controls. Five four-lo-
cus common haplotypes (rs6265–(GT)n–rs2030324–
rs2883187) with frequency more than 3% were observed.
The haplotype A-274-C-T was significantly less frequent
in the schizophrenic patients (3.1%) than in controls
(7.0%). After Bonferroni correction (factor = 10), the asso-
ciation result still remained significant (p = 0.0011). The
haplotype analysis for the BDNF is summarized in Table 4.
Meta-analysis

For the rs6265 allelic analysis, a total of 16 association
studies (2991 cases and 3962 controls) met our criteria
for the meta-analysis, including seven Asian-based studies
Table 1
Genotype and allele distribution of SNP

SNP Genotype (freq) HWE

rs6265 A/A A/G G/G
Schizophrenia 140 (0.232) 312 (0.517) 152 (0.252) 0.41
Control 167 (0.257) 309 (0.475) 174 (0.268) 0.21

rs2030324 C/C C/T T/T
Schizophrenia 128 (0.238) 250 (0.465) 160 (0.297) 0.12
Control 128 (0.220) 279 (0.479) 175 (0.301) 0.40

rs2883187 C/C C/T T/T
Schizophrenia 172 (0.285) 283 (0.469) 148 (0.245) 0.14
Control 184 (0.292) 304 (0.482) 143 (0.227) 0.41

Table 2
Allele distribution of the (GT)n repeat

(GT)n-repeat Allele (freq)

268 bp 270 bp 272 bp

Schizophrenia 37 (0.032) 371 (0.317) 81 (0.069)
Control 59 (0.046) 375 (0.295) 74 (0.058)

Rare alleles (frequency less than 0.5%) were abandoned. Because of the d
AGAGCAACCCTCTGGCAAAC), the PCR product is 100 bp longer than t
now 270 bp.
and nine Caucasian-based studies. These studies used
DSM-IV or DSM-III-R criteria for assessing schizophre-
nia. To estimate the heterogeneity of the odds ratio in each
group, the v2-based Q test was performed (p = 0.42) and
fixed-effects model meta-analyses were performed within
groups of odds ratios. The overall pooled odds ratio from
the studies showed no significant association. In addition
we divided the studies by ethnicity and neither the Asian
nor the Caucasian sub-group showed significant results.

For the rs6265 genotypic analysis, the AA and AG
genotypes were combined. No significant heterogeneity
was observed. No significant association result was detect-
ed overall or in the sub-group studies when the fixed effect
model was adopted. Odds ratio and 95% confidence inter-
vals for the 16 studies are shown in Table 5.

Discussion

We investigated three SNPs and one (GT)n repeat within
the BDNF for their genetic association with schizophrenia.
In line with the majority of previous reports, we found that
none of the polymorphisms associated with the disease in
single-locus analysis.

Actually, most association studies on BDNF did not
recruit big samples and lacked haplotype analysis, which
limited the power to detect association with disease. In a
p p Allele (freq) p OR (95% CI)

A G
0.34 592 (0.490) 616 (0.510) 0.84 0.98 [0.84–1.15]

643 (0.495) 657 (0.505)

C T
0.77 506 (0.470) 570 (0.530) 0.64 1.04 [0.88–1.23]

535 (0.460) 629 (0.540)

C T
0.74 627 (0.520) 579 (0.480) 0.55 0.95 [0.81–1.11]

672 (0.532) 590 (0.468)

HWE p Global p

274 bp 276 bp

648 (0.554) 33 (0.028) 0.24 0.21
725 (0.571) 37 (0.029) 0.39

ifference of PCR primer (5 0-AAAACCCTTCACTCCTTGGC; 5 0FAM-
hat in previous reports [18,37]. For example, 170 bp in previous reports is



Table 4
Four-locus haplotype analysis

Haplotype Case (freq) Control (freq) v2 p p after Bonferroni correction Odds Ratio [95% CI]

rs6265-(GT)n–rs2030324–rs2883187
A 274 C T 0.031 0.070 14.299 0.00011 0.0011 0.427 [0.271–0.671]
A 274 T C 0.441 0.424 0.554 0.48 1.073 [0.892–1.291]
G 270 C T 0.284 0.242 4.299 0.038 1.247 [1.012–1.536]
G 270 T C 0.041 0.043 0.044 0.82 0.952 [0.602–1.506]
G 274 C T 0.125 0.111 0.815 0.34 1.140 [0.858–1.515]
Global result 17.27 0.014

Low frequent haplotypes (<0.03) were dropped.

Table 5
Schizophrenia and rs6265: meta-analysis of case-control studies

Author Origin Category Frequency (%) Genotype N OR (fixed) 95% CI

A/A A/G G/G A/G AA + AG/GG

Chen, QY China Patients 560 48.8 144 259 157 1.06 [0.90,1.25] 0.97 [0.75,1.26]
2006 Controls 576 47.3 127 291 158
Hong, CJ China Patients 93 54.3 30 41 22 1.08 [0.76,1.54] 0.72 [0.39,1.31]
2003 Controls 198 52.3 45 117 36
Nanko, S Japan Patients 178 58.7 32 83 63 1.05 [0.81,1.36] 0.84 [0.57,1.24]
2003 Controls 332 57.5 55 172 105
Present study China Patients 604 49.0 140 312 152 0.98 [0.84,1.15] 1.09 [0.84,1.40]
2006 Controls 650 49.5 167 309 174
Tan, LY China Patients 108 45.8 19 61 28 1.12 [0.78,1.59] 1.24 [0.71,2.17]
2005 Controls 145 43.1 24 77 44
Tochigi, M Japan Patients 401 39.3 65 185 151 0.94 [0.78,1.13] 0.90 [0.69,1.18]
2006 Controls 569 40.7 95 273 201
Watanabe,Y Japan Patients 349 41.7 64 163 122 0.99 [0.81,1.21] 0.94 [0.70,1.27]
2005 Controls 423 42.0 74 207 142
Antilla, S Finland Patients 94 17.0 3 26 65 1.14 [0.66,1.96] 1.30 [0.69,2.45]
2005 Controls 98 15.3 5 20 73
de Krom, M Netherland Patients 273 20.3 13 85 175 1.04 [0.80,1.34] 1.02 [0.76,1.38]
2005 Controls 580 19.7 23 182 375
Egan, MF USA Patients 203 18.2 9 56 138 1.01 [0.68,1.51] 1.02 [0.64,1.63]
2003 Controls 133 18.0 6 36 91
Gourion, D France Patients 210 16.4 9 51 150 0.83 [0.53,1.28] 0.84 [0.50,1.40]
2005 Controls 99 19.2 6 26 67
Jonsson, EG Sweden Patients 186 16.1 5 50 131 0.89 [0.62,1.26] 0.85 [0.57,1.27]
2006 Controls 275 17.8 7 84 184
Neves-Pereira, M Scotland Patients 321 15.8 9 83 229 0.67 [0.51,0.88] 0.59 [0.43,0.81]
2005 Controls 350 21.8 11 131 208
Schumacher, J Germany Patients 533 22.0 30 169 334 1.21 [1.01,1.44] 1.11 [0.89,1.37]
2005 Controls 1097 19.0 33 351 713
Skibinska, M Poland Patients 336 15.9 11 85 240 1.01 [0.77,1.32] 0.78 [0.57,1.07]
2004 Controls 375 18.3 10 117 248
Zhang, H USA Patients 84 19.6 3 27 54 1.06 [0.68,1.64] 1.10 [0.65,1.84]
2006 Controls 250 18.8 10 74 166

Total Asian Patients 2154 1.01 [0.93,1.09]a 0.96 [0.85,1.09]d

Controls 2720
Caucasian Patients 837 1.00 [0.90,1.10]b 0.92 [0.82,1.04]e

Controls 1242
All Patients 2991 1.01 [0.95,1.07]c 0.94 [0.87,1.03]f

Controls 3962

Test for heterogeneity: av2 = 1.62, df = 6, p = 0.95; bv2 = 13.78, df = 8, p = 0.09; cv2 = 15.43, df = 15, p = 0.42; dv2 = 3.32, df = 6, p = 0.77; ev2 = 13.78,
df = 8, p = 0.09; fv2 = 17.30, df = 15, p = 0.30.
Test for overall effect: a Z = 0.27, p = 0.78; b Z = 0.02, p = 0.98; c Z = 0.20, p = 0.84; d Z = 0.61, p = 0.54; e Z = 1.32, p = 0.19; f Z = 1.37, p = 0.17.
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recent study, Schumacher et al. [37] found a common three-
locus haplotype of BDNF more frequent in schizophrenic
patients than in controls, although they failed to detect
association in the single-locus analysis. Thus, we performed
four-locus haplotype analysis. An overrepresentation of
the A-274-C-T haplotype in controls was observed. (Case
3.1% vs Control 7%, OR = 0.427 [0.271–0.671],
p = 0.0011 after Bonferroni correction). This suggested a
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protective association between the A-274-C-T haplotype
and schizophrenia.

So far, the positive reports about BDNF haplotype dis-
tribution difference are contradictory. Schumacher et al.
[37] found A-174-G haplotype (rs6265–(GT)n–rs988748)
was more frequent in schizophrenic patients in German
samples. Neves-Pereira et al. [18] showed that the A-174
haplotype (rs6265–(GT)n) was protective against schizo-
phrenia in Scottish population. In our Chinese sample,
we could not detect positive result in rs6265–(GT)n two-lo-
cus haplotype analysis. One possible explanation for the
inconsistency is difference in ethnic background. We found
the allele frequency distribution of rs6265 and the (GT)n

repeat varied significantly between Asian and Caucasian
subjects. For example, rs6265 A allele frequency is 47.9%
in Asian but 18.3% Caucasian subjects. It has been shown
that plausible variations across populations in allele fre-
quencies among interacting loci can markedly affect the
power to detect their marginal effects, which may account
in part for the well-known difficulties in replicating associ-
ation results [35].

In this study, we concentrated on SNP rs6265 because it
is known to be the only functional variant up to now and
has been reported as having positive association with
several kinds of psychiatric disorder. To date, a total of
17 association studies have investigated it as a marker for
schizophrenia. Among these, only three case-control stud-
ies [17,18,37] and a family-based study showed significant
results [38]. Our data did not provide significant results.
Similarly, the meta-analysis demonstrated no significant
association between rs6265 and schizophrenia, whether
based on overall or sub-group studies. Although this Val
to Met variation is attractive, we cannot exclude the possi-
bility that there are still unidentified causal variants in or
near BDNF gene. Therefore, systematic searching for func-
tional variation of BDNF gene is worthwhile.

In summary, our single-locus analysis and meta-analysis
found no significant evidence for association between
BDNF with schizophrenia. Haplotype analysis increased
the power to detect association with disease, and a protec-
tive haplotype was detected. Our data provide the evidence
that BDNF was a susceptibility gene for schizophrenia in
Chinese subjects. Further studies, particularly big family-
based association studies are needed to confirm the associ-
ation result.
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