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Brain derived neurotrophic factor gene and schizophrenia:

polymorphism screening and association analysis
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Abstract
In view of both the neurodevelopmental hypothesis and the dopamine theory of
schizophrenia, brain derived neurotrophic factor (BDNF) is a strong candidate gene for the
illness. We searched for polymorphisms in the coding region of the BDNF gene with
polymerase chain reaction and single strand conformational polymorphism (PCR-SSCP)
analysis. Furthermore, we performed an association study between the BDNF gene and
schizophrenia in a Japanese sample of 178 patients with schizophrenia (DSM-IV) and 332
control subjects. A single nucleotide substitution (A758G) in the coding region which
leads to an amino acid change (Val/Met) was detected. Concerning this polymorphism,
there was no significant difference in the genotype or aliele distribution between patients
and controls.  With respect to the C270T polymorphism in the 5' noncoding region,
however, a significantly increased frequency of carrying the 270T allele was observed in
the patients than in the controls (p<0.05, odds ratio 2.2, 95% CI: 1.1 ~ 4.6). These results
suggest that the missense polymorphism (A758G) has no major role in the pathogenesis of
schizophrenia. However, the C270T polymorphism in the noncoding region of the BDNF

gene may give susceptibility to the schizophrenia.




1. Introduction

Brain-derived neurotrophic factor
(BDNF) belongs to the neurotrophic factor
family and promotes the development,
regeneration, survival and maintenance of
function of neurons (Maisonpierre et al.,
1990). A recent study has suggested that
BDNEF elicits long-term neuronal
adaptations by controlling the
responsiveness of its target neurons to the
important neurotransmitter, dopamine
(Guillin et al., 2001). BDNF from
dopamine neurons was shown to be
responsible for inducing normal expression
of the dopamine D3 receptor in nucleus
accumbens both during development and in
adulthood. In view of both the
neurodevelopmental hypothesis
{Weinberger,1987; Jones and Murray,
1991; Murray, 1994) and the dopamine
theory (Kahn and Davis, 1995) of
schizophrenia, the BDNF gene is therefore
a strong candidate gene for the illness.
Indeed, an elevated BDNF level was
observed in the postmortem brains of
schizophrenic patients specifically in the

anterior cingulate cortex and hippocampus

(Takahashi et al., 2000). Altered

expression of BDNF mRNA in response to
stress was observed in mice with neonatal
lesion of the ventral hippocampus, a
possible animal model of schizophrenia
(Molteni et al., 2001).

The BDNF gene maps to
chromosome 11p13 (Maisonpierre et al.,
1991). A microsatellite (GT repeat)
located 1 kb upstream from the
transcription site of the BDNF gene has
been extensively examined for allelic
association with schizophrenia, although
effects of this polymorphism on gene
function are unclear. The majority of the
studies failed to find evidence that the
microsatellite marker is associated with the
development of schizophrenia (Sasaki T et
al., 1997; Hawt et al., 1998; Wassink et al.,
1999; Krebs et al., 2000; Virgos et al.,
2001).

Recently we have performed
polymorphism screening in the 5' upstream
and noncoding regions of the BDNF gene.
We found a single nucleotide substitution
(C270T) in the 5’ noncoding region and
detected a significant association vﬁth
late-onset al.zheimer's disease (Kunugi et
al., 2001). To our knowledge, this

polymorphism has not yet been examined



for the possible association with
schizophrenia. Furthermore, there is no
study that performed systematic
polymorphism screening on  the coding
region of the BDNF gene in any patient
group.

The aim of the present study is to
search for polymorphisms in the coding
region of the BDNF gene. Then we
examined polymorphisms of the BDNF
gene for allelic association with

schizophrenia.

2. Materials and methods

2.1. Subjects

To search for polymorphisms, we
screened genomic DNA from 20 patients
with schizophrenia and 20 with
Alzheimer's disease. Consensus diagnosis
of schizophrenia was made for each patient
by at least two psychiatrists according to
the Diagnostic and Statistical Manual of
Mental Disorders, 4th ed. (DSM-1V;
American Psychiatric Association, 1994),
based on unstructured interviews and
medical records.  Diagnosis of
Alzheimer's disease was made according to

the NINCDS-ADRDA criteria for

"probable AD" (McKhann et al., 1984).

Association analyses between
schizophrenia and the BDNF
polymorphisms were performed in a
sample of 178 patients with schizophrenia
(90 men and 88 women; mean age 39.7
years [SD 12.7]) and two control groups.
The patients were recruited from the
psychiatric clinic at the Teikyo University
Hospital.

To ensure any conclusion, we
employed two control groups. One group
(control A; 87 men and 83 women; mean
age 31.6 years [SD 12.7]) was recruited
from hospital staffs who were not assessed
for psychiatric symptoms, although they
showed good social functioning. The
other control group (control B; 64 men and
98 women; mean age 57.0 [SD 7.9])
consisted of medical patients. When the
two control groups were combined, there
were 332 controls (151 men and 181
women) with mean age of 44.0 years (SD
16.6). All the patients and controls were
Japanese and biologically unrelated to each
other. Written informed consent for the
participation of the study was obtained
from all the subjects. The study protocol

was approved by the institutional cthical



committees.

2.2 Polymorphism screening and
genotyping

Venous blood was drawn and
genomic DNA was extracted according to
standard procedures. We searched for
polymorphisms for the coding region of the
BDNF gene referring to DNA sequence
(GenBank accession M61181) reported by
Maisonpierre et al. (1991). Polymerase
chain reaction (PCR) amplifications and
single strand conformational polymorphism
(SSCP) analyses were performed for
approximately 1kb DNA sequence which
encompasses the coding region of the
BDNF gene by using 6 sets of
oligonucteotide primers (Table 1). Gel
electrophoresis in the SSCP analysis was
performed on at least two differential
conditions for each target sequence: 10%
polyacrylamide SSCP gel with 5% glycerin
for 3 hours on 200V at room temperature
and 20% gel with 5% glycerin overnight on
200V at 4°C. Band patters were
visualized with silver staining.
Differential band patterns were subject to
direct sequencing with an autosequencer

(ABI prism 310 Genetic Analyzer, Perkin

Elmer, Chiba, Japan).

Genotyping for the C270T
polymorphism in the 5'-noncoding region
was performed according to the method
that we described previously (Kunugi et al.,
2001). Genotyping for the A758G
polymorphism was done by PCR with
primers of BDSS2F and BDSS2R (Table 1)
and digestion by the restriction enzyme
PmaCl, followed by 5% polyacrylamide
gel electrophoresis with ethidium bromide
staining. The thermal cycling for this
PCR was initial one cycle of 95 °C for 5
min, 30 cycles of three stages of 95 °C for
30 sec, 60°C for 30 sec and 72 °C for 60
sec, and the final extension at 72 °C for 10

min.

2.3 Statistical analysis

The presence of Hardy-Weinberg
equilibrium for the genotype distributions
in the patients and controls was examined
by using the % test for goodness of fit.
The differences in the genotype and allele
distributions between patients and controls
were examined by using the % test for
independence or the Fischer's exact test.
All p-values réported are two-tailed and the

critical p-value was set at 0.05.
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3. Results

3.1 Polymorphism screening

We detected differential band
patterns in one DNA fragment.
Subsequent direct sequencing revealed a
single nucleotide substitution (A758G)
which results in an amino acid change
(Val/Met} of the BDNF precursor protein.
This polymorphism had already been
described by Maisonpierre et al. (1991)
(GenBank accession M61176). This
polymorphism was detectable by PCR
amplification with primers BDSS2F and
BDSS2R (Table 1) and digestion by a
restriction enzyme of BbrPl, Eco72],
PmaCl, or Hsp9211. Although we
performed the PCR-SSCP analyses on two
differential conditions, we found no other
polymorphism in the coding region of the
BDNF gene.

3.2 Association analyses

Then we examined the two
polymorphisms (the A758G missense
polymorphism and C270T polymorphism
in the 5'-noncoding region) for an

association with schizophrenia. The

genotype and allele distributions of the
A758G polymorphism in the patients and
controls are shown in Table 2.  The
genotype distributions in the patients and
control groups were not significantly
deviated from the Hardy-Weinberg
equilibrium (for the patients: ¥°= 0.2603,
df=1, p=0.61; for the control A: x*=0.1,
df=1, p=0.77; for the control B: X2=] b,
df=1, p=0.20). The genotype and allele
distributions for the patients were quite
similar to those for the two control groups.
There was no statistically significant
difference in genotype or allele distribution
between the patients and control groups
(for statistics, see Table 2).

The genotype and allele
distributions with respect to the C270T
polymorphism in the patients and controls
are shown in Table 3. The genotype
distributions in the patients and control
groups were not significantly deviated from
the Hardy-Weinberg equilibrium (for the
patients: = 0.45, df=1, p=0.50; for the
control A: %*=0.1, df=1, p=0.75; for the
control B: ¢*=0.1, df=1, p=0.78). There
was no individual who was hombzygous
for the 270T allele. The frequency of

heterozygous individuals in the patients
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(9.6%) was approximately twice as high as
those observed in the control A (4.7%) and
control B (4.3%). There was a trend
(p<0.10) towards an increased frequency of
carrying the mutated type (270T) in the
patients compared with each control group.
When the two control groups were
combined, there was a significant
difference in the frequency of carrying the
270T allele between the patients and the
total control subjects (p=0.034, odds ratio
2.2,95% CI: 1.1 ~4.6). An allelewise
comparison also yielded a significant
difference between the patients and the

total controls (p=0.037).

3.3 Linkage disequilibrium

When the possible linkage
disequilibrium was examined between the
A758G and C270T polymorphisms (Table
4), these polymorphisms were significantly
linked (x°=11.7, df=2, p=0.003). There
was no individual who carried the 270T
allele among those who were homozygous
for the 758A allele, suggesting that the
270T allele in the 5'-noncoding region is
tightly linked to the 758G allele.

4, Discussion

In our polymorphism screening,
we confirmed the A758G polymorphism in
our Japanese subjects which was described
previously in a Caucasian population
(Maisonpierre et al., 1991). However, we
did not find any other polymorphism in the
coding region. A potential limitation is
that the SSCP analysis cannot detect all
polymorphisms even in the examined DNA
sequences, although we performed the
SSCP analysis on two different conditions
for each target sequence. Furthermore,
we examined genomic DNA from 20
patients with schizophrenia and 20 with
Alzheimer's disease; it is possible that we
have missed rare mutations.

The A758G polymorphism results
in an amino acid change of Val/Met at
position -63 of the BDNF precursor protein
which may affect processing from
precursor protein to mature peptide. Thus
we examined this polymorphism for allelic
association with schizophrenia; however,
we found no significant difference in the
genotype or allele distribution between the

patients and controls, suggesting that the

A758G polymorphism has no major role in



giving susceptibility to the illness.

With respect to the C270T
polymorphism in the 5' noncoding region,
on the other hand, there were significant
differences in the genotype and allele
distributions between the patients and the
total controls. The frequency of
individuals who carried the mutated type
(270T) was significantly elevated in the
patients compared with the total controls,
suggesting that the 270T allele may confer
susceptibility to schizophrenia. Since the
270T allele was tightly linked to the 758G
allele, the haplotype 758G/270T may play
arole. However, the obtained significant
level of the association was weak (p<0.05)
and further studies in other samples are
required to draw any conclusion.

We previously examined the
neurotrophin-3 (NT-3) gene for the
possible association with schizophrenia.
We found that a dinucleotide repeat
polymorphism of the NT-3 gene was
associated with the development of
schizophrenia (Nanko et al., 1994).
Subsequently some studies supported the
association between the NT-3 gene and
schizophrenia (Dawson et al., 1995;

Jonsson et al., 1997; Virgos et al., 2001),

although others did not (Nimgaonkar et al.,
1995; Arinami et al., 1996; Gill et al.,
1996). This polymorphism was also
suggested to be related to smaller
hippocampal volume in patients with
schizophrenia (Kunugi et al., 1999).

These previous findings and present results
warrant further studies to examine the
possible role of neurotrophins (BDNF and
NT-3) in the development and brain

abnormalities of schizophrenia.
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Table 1 Oligonucleotide primer sequences for the PCR-SSCP analysis of the coding region
of the BDNF gene

cDNA No* Name Sequence Bp

1 487 -509 BDSS1F CGGTGAAAGAAAGCCCTAACCAG 232
728 — 709 BDSS1R  AGCCTCTTGAACCTGCCTTG

2 689-708 BDSS2F CTGGAGAGCGTGAATGGGCC 206
894 —- 871 BDSS2R  TCCAGCAGAAAGAGAAGAGGAGG

C

3 844 -864 BDSS3F GATGCTCAGTAGTCAAGTGCC 184
1027 -1006 BDSS3R  AGTCTITTTGTCTGCCGCCGTT

4 984 -1004 BDSS4F GTGACAGTATTAGTGAGTGGG 187
1170-1149 BDSS4R  TGCCTTTTGTCTATGCCCCTGC

5 1126-1147 BDSS5F CATGGGTTACACAAAAGAAGGC 135
1260 - 1239 BDSS5R ATCCTTATGAATCGCCAGCCAA

6 1152-1171  BDSSs6F GGGGCATAGACAAAAGGCAT 342

1493 - 1474 BDSS6R TGTTTCCCTTCTGGTCATGG

'DNA numbering is according to Maisonpierre et al. (1991)(GenBank accession M61181).
The BDNF precursor protein is encoded by nucleotides between 663 and 1406, and mature
peptide between 1047 and 1403.



Table 2 Genotype distributions and allele frequencies for the A758G
polymorphism of the BDNF gene in the patients with schizophrenia and controls

Genotype distributions (%) Allele frequencies (%)
n A/A AG G/G n A G
Patients 178 32 83 63 356 147 209
(18.0%) (46.6%) (35.4%) (41.3%) (58.7%)
Controls
Total 332 55 172 105 664 282 382
(16.6%) (51.8%) (31.6%) (42.5%) (57.5%)
Control 170 30 85 55 340 145 195
A (17.6%) (50.0%) (32.4%) C (426%) (57.4%)
Control 162 25 87 50 324 137 187
B (15.4%) (63.7%) (30.9%) (42.3%) (57.7%)

Genotypewise comparisons: patierits v. total controls: x’=1.3, df=2, p=0.53; patients v.
control A: x*=0.4, df=2, p=0.80; patlentsv control B: x’=1.7, df=2, p=0.43

Allelewise comparisons: patients v. total controls: ¥°=0.1, df=1, p-0 72; patients v, control
Ay 2=0.1, df=1, p=0.72; patients v. control B: 2=0.1, df=1, p=0.79



Table 3

Genotype

distributions  and

allele

frequencies

for the C270T

polymorphism in the 5-noncoding region of the BDNF gene in the patients with

schizophrenia and controls

Genotype distributions (%)

Allele frequencies (%)

n C/C C/T T/T n C T
Patients 178 161 17 (9.6%) 0 356 339 17 (4.8%)
(90.4%) (0.0%) (95.2%})
Controls
Total 332 317 15 (4.5%) 0 664 649 15 (2.3%)
(95.5%) (0.0%}) (97.7%)
Control 170 162 8 0 340 332 8
A (95.3%) (4.7%) (0.0%) (97.6%) (2.4%)
Control 162 155 7 0 324 317 7
B (95.7%)  (4.3%) (0.0%) (97.8%) (2.2%)

Genotypewise comparisons in the frequency of heterozygotes (C/T): patients v. total

controls: p=0.034 (Fisher's exact probability); patiens v. control A: p=0.097; patients v.
control B: p=0.088

Allelewise comparisons: patients v. total controls: p=0.037 (Fisher's e¢xact probability);

patients v. control A: p=0.10; patients v. control B: p=0.094
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Table 4 Linkage disequilibrium between the A758G polymorphism in the coding
region and the C270T in the 5'-noncoding region of the BDNF gene among the total 510
subjects ‘

A758G (%)

C270T AA AIG G/G Total
C/C 87 241 150 478
(18.2%) (50.4%) (31.4%) (100%)
C/T 0 14 118 32
(0.0%) (43.8%) (56.2%) (100%)
Total 87 255 168 - 510

(17.1%) (50.0%) (32.9%) (100%)




