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Summary. Several studies have connected brain-derived neurotrophic factor
(BDNF) with treatment response to neuroleptics. In recent studies, the BDNF
expression was reduced by typical neuroleptics. We conducted a retrospective
study on 94 patients with schizophrenia and 98 controls. The BDNF G196A and
C270T polymorphisms are not associated with treatment response to typical
neuroleptics or with age at first hospitalization. Moreover, these polymorphisms
of the BDNF gene are not associated with the risk of schizophrenia.
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Introduction

Schizophrenia is a complex brain disorder, which presumably results from the
interplay of genetic, behavioral, developmental and some other factors. Some
studies have also suggested that distinguishing the genetic variation associated
with responders and non-responders may be particularly beneficial in finding
the genes associated with schizophrenia (Joober et al., 2002). In addition, dif-
ferences in the response to typical and atypical neuroleptics may have a genetic
base (Strange, 2001).

Several studies strongly suggest that the brain-derived neurotrophic factor
(BDNF) may have major role in schizophrenia. In patients with schizophrenia
BDNF levels may be reduced in prefrontal cortex (Weickert et al., 2003). BDNF



polymorphism may also be associated with changes in brain morphology in
schizophrenia (Wassink et al., 1999).

Two recent studies show an association between the C270T polymor-
phism of BDNF and schizophrenia (Kunugi et al., 2003; Szekeres et al., 2003).
In the study by Egan et al. (2003) the BDNF G196A (val66met) polymor-
phism was not associated with schizophrenia. However, Hong et al. (2003) re-
ported that the val=val genotype was slightly more common in schizophrenia
patients.

Several studies have suggested that typical antipsychotics may downregu-
late BDNF and atypical antipsychotics may have the opposite effect (Dawson
et al., 2001; Angelucci et al., 2000; Fumagalli et al., 2003).

The study by Krebs et al. (2000) suggested an association between BDNF
dinucleotide alleles (172–176 bp) and good response to neuroleptics. Hong
et al. (2003) reported that val=val genotype was more frequent in clozapine
responding patients.

The aim of the present study was to compare BDNF genotypes between two
different populations of schizophrenic patients (responding vs. not responding
to typical neuroleptics). Moreover, the frequencies of alleles in schizophrenic
patients were compared to those of healthy controls and to the age at first
hospitalization due to schizophrenia or schizophreniform disorder.

Material and methods

Patients and controls

The patients were 94 unrelated Finnish patients with schizophrenia. All patients met the criteria
for schizophrenia of the Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV. The
age at onset was defined as the beginning of the first hospitalization due to schizophrenia or
schizophreniform disorder.

Group 1 (responders) consisted of patients with schizophrenia who had experienced sufficient
and long-lasting response to treatment with typical antipsychotics.

The patients in group 2 (non-responders) had failed to respond to treatment with at least two
different typical antipsychotics. Because of a poor response to the conventional neuroleptics,
clozapine was initiated in all the patients in the non-responders’ group.

A control sample consisted of 98 blood donors.
The study was performed in compliance with the code of ethics of the World Medical

Association (Declaration of Helsinki) and the standards established by the local ethics committee.
The participants gave written informed consent. More detailed demographic data on patients and
study design can be seen in our earlier publication (Illi et al., 2003).

Genotyping of the BDNF gene

Purification of genomic DNA from whole blood and buffy-coats was performed using standard
methods. The genotyping of the G196A (val66met) polymorphism of the BDNF was carried out
as described by Ventriglia et al. (2002). A 171 bp sequence of the gene containing the poly-
morphism was amplified using the primers 50-ACT CTG GAG AGC GTG AAT GG-30 (forward)
and 50-ACT ACT GAG CAT CAC CCT GGA-30 (reverse). This was followed by digestion of the
PCR products with PmaCI restriction enzyme, separation of the fragments generated by agarose
gel electrophoresis and identification of the genotypes (G=G (99 bp, 72 bp); G=A (171 bp, 99 bp,
72 bp); A=A (171 bp)).

The C270T polymorphism of the BDNF was genotyped as reported by Kunugi et al. (2003).
The following pair of primers was used to amplify a 223 bp fragment of the BDNF: 50-CAG
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AGG AGC CAG CCC GGT GCG-30 (forward) and 50-CTC CTG CAC CAA GCC CCA TTC-30

(reverse). The PCR products were subsequently digested with the HinfI restriction enzyme, the
fragments generated separated by agarose gel electrophoresis and the genotypes established
(C=C (127 bp, 78 bp); C=T (127 bp, 78 bp, 63 bp); T=T (127 bp, 63 bp)).

Statistical analysis

The association of the distribution of the BDNF polymorphisms was studied using a Pearson Chi-
Square test and a Fisher exact test. The association between the age at onset and the BDNF
polymorphism was studied using the Kaplan-Meier method and the log rank test for the analysis
of survival. The statistical analysis was carried out using SPSS=Win (Version11.0, SPSS Inc.,
Chicago, IL), and the calculations of the haplotype analysis were made with the Arlequin version
2.000 software.

Results

There was no association between the distribution of the BDNF G196A
(val66met) and BDNF C270T polymorphisms and the response to typical neu-
roleptics (p>0.3). In addition, there was no difference between the patients and
the controls (p>0.6). The results we unchanged when the sample was studied
using different subgroups: heterozygous vs. homozygous, A allele carriers vs.
those not carrying A allele (G196A polymorphism), and T allele carriers vs.
those not carrying that allele (C270T polymorphism). In addition, the results
remained insignificant when the smallest subgroups (A=A genotype carriers of
G196A polymorphism and T=T genotype carriers of C270T polymorphism),
were removed from the analysis. The genotype frequencies of the polymorph-
isms of the BDNF gene are shown in Table 1.

The patients’ age at onset was not associated with the distribution of the
G196A and C270T polymorphisms (Kaplan-Meier log rank p¼ 0.1862 and
p¼ 0.5923, respectively).

There was no difference between responders and non-responders in the hap-
lotype analysis of the BDNF polymorphisms [OR¼ 0.842 (95% CI 0.43–1.64),
p¼ 0.612]. However, two patients had such haplotypes that controls did not
have (Table 2). One BDNF 196A=270T haplotype belonged to a patient con-
sidered a responder, the other to a non-responding patient. The haplotype anal-
ysis did not show any association between the patients and the controls (data
not shown).

Table 1. Distribution of genotypes of the BDNFa

G196A C270T

GG GA AA CC CT TT

Responders 30 (69.8) 12 (27.9) 1 (2.3) 36 (83.7) 7 (16.3) 0 (0)
Non-responders 35 (68.6) 14 (27.5) 2 (3.9) 43 (84.3) 6 (11.8) 2 (3.9)
Patients 65 (69.1) 26 (27.7) 3 (3.2) 79 (84.0) 13 (13.8) 2 (2.1)
Controls 73 (74.5) 20 (20.4) 5 (5.1) 85 (86.7) 12 (12.2) 1 (1.0)

a Numbers in the parentheses indicate percentages
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Discussion

The main aim of our study was to identify such different polymorphisms in the
BDNF gene which may predict treatment response to typical neuroleptics.
However, the BDNF G196A (val66met) and C270T polymorphisms were not
associated with treatment response. Neither were there any haplotypes of the
BDNF gene which could predict response to typical neuroleptics in schizophre-
nia. The result may be in conflict with the two recent studies by Krebs et al.
(2000) and Hong et al. (2003). However, Krebs et al. (2000) studied a different
polymorphism and Hong et al. (2003) studied the association between the
BDNF G196A polymorphism and response to clozapine.

We analyzed the effects of the BDNF polymorphisms on the risk of schizo-
phrenia. Consequently, the BDNF G196A (val66met) polymorphism is not
associated with schizophrenia, which is in line with the earlier results of Egan
et al. (2003) and Hong et al. (2003). The frequency of val=val genotype in the
controls is 74.5%, which is higher in the present study than reported in three
other populations (Japan: 33.8%, Italy: 48.7%, and USA: 68.4%) (Shimizu
et al., 2004). Interestingly, the authors suggest that BDNF G196A (val66met)
polymorphism may explain different ethnic mental traits (Shimizu et al., 2004).

Likewise, the BDNF C270T polymorphism is not associated with schizo-
phrenia. This result is in conflict with an earlier publication by Szekeres et al.
(2003) who found an excess of T alleles in Caucasian patients with schizo-
phrenia. Moreover, Kunugi et al. (2003) reported more frequent T alleles in
patients with schizophrenia than in controls in a Japanese sample. These con-
flicting results may be due to the different ethnic populations. In fact, the con-
trols in the samples of Szekeres et al. (2003) and Kunugi et al. (2003) have
considerably lower frequencies of C=T genotypes (5.9% and 4.5% respectively)
than in our sample (12.2%) (Table 1). Moreover, the patients in our sample
were either good or poor responders to typical neuroleptics. Thus, our dif-
ferent study design may have affected the results. Therefore, the results may
be different if the study did not focus in the treatment response to typical
neuroleptics.

In the haplotype analysis, there is no difference between responders vs. non-
responders and patients vs. controls. Interestingly, one haplotype was only seen
in two patients. However, the relatively small sample size of the present study
does not allow us to evaluate the importance of this result.

Table 2. Results of the haplotype analysis of BDNF G196A (val66met) and C270T
polymorphismsa

G196A C270T Responders Non-responders Patients Controls

G C 66 (76.4) 75 (73.5) 141 (74.9) 152 (77.6)
A C 13 (15.4) 17 (16.7) 30 (16.1) 30 (15.3)
G T 6 (7.3) 9 (8.9) 15 (8.1) 14 (7.1)
A T 1 (0.9) 1 (0.9) 2 (0.9) 0 (0)

a Numbers in parentheses indicate percentages

888 S. Anttila et al.



In the present study, the BDNF G196A and C270T polymorphisms are not
associated with the age of onset in schizophrenia. Krebs et al. (2000) reported
that the age at first contact with a practitioner for psychiatric reasons was
associated with the BDNF gene dinucleotide polymorphism. As the definition
of age at onset and the polymorphism studied were different from ours, one
cannot compare these results.

A relatively small sample size introduces the major limitation of the present
study. Moreover, the retrospective study model did not allow the use of stan-
dardized psychiatric rating scales in defining the treatment response.

In summary, the present study suggests that the BDNF G196A and C270T
polymorphisms are not associated with the treatment response to typical neu-
roleptics or with the age of first hospitalization. As there are no differences in
allele frequencies between the patients and controls, these polymorphisms and
haplotypes of the BDNF gene may not represent a risk for schizophrenia. How-
ever, these results should be considered preliminary because of the small
sample.
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