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A B S T R A C T

Background: Brain-derived neurotrophic factor (BDNF) influences neuron differentiation during
development as well as the synaptic plasticity and neuron survival in adulthood. BDNF has been
implicated in the pathogenesis of schizophrenia and depression. Val66Met polymorphism and BDNF
serum level are potential biomarkers in neuropsychiatric disorders. The aim of this study was to
determine the effect of BDNF gene Val66Met functional polymorphism on serum BDNF concentration in
patients with schizophrenia, during depression episode and in healthy control group.
Methods: 183 participants were recruited (61 patients with depressive episode, 56 females with
schizophrenia, 66 healthy controls) from Polish population. Serum BDNF levels were measured using
ELISA method. Val66Met polymorphism was genotyped using PCR- RFLP method.
Results: Serum BDNF levels were not associated with Val66Met polymorphism in either of the groups. A
significant increase of BDNF level in schizophrenia (p = 0.0005) and depression (p = 0.026) comparing to
the control group has been observed.
Conclusions: Our results suggest that the functional Val66Met BDNF polymorphism is not associated with
BDNF serum levels, which is in line with previous findings. Replication studies on larger groups are
needed.
© 2017 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier Sp. z o.o. All rights

reserved.

Introduction

Serious mental illnesses are major contributors to the global
burden and represent a significant problem for public health [1].
Psychiatric disorders are very heterogeneous diseases with genetic
and environmental components. Neurotrophic factors have been
implicated in neuropsychiatric disorders, including schizophrenia
and depression [2–4].

Brain-derived neurotrophic factor (BDNF) is a neurotrophin
widely expressed in human brain. It is essential in the regulation of
growth, differentiation, and survival of neurons in brain develop-
ment. BDNF controls the development of dopaminergic,

serotonergic, GABA-ergic and glutamatergic neurons [5,6] and
exerts a significant effect on neurogenesis and neuroplasticity [7].
BDNF is mostly found in the hippocampus and cerebral cortex [8] �
parts of the brain which control cognition, mood, and emotion.
Abnormalities of synaptic plasticity induced by impaired BDNF
expression may cause anatomical and functional disturbances [9–
11]. On this basis, BDNF has been implicated in the pathophysiol-
ogy of neurological and psychiatric disorders.

BDNF gene is located on chromosome 11p13 [12] and contains
multiple alternative exons and one exon coding the pro-BDNF
protein. Promoters of BDNF gene are regulated in a developmental,
tissue-specific and activity-dependent manner [13]. Previous
studies show that transport and local synthesis of BDNF in
dendrites could regulate BDNF function [14].

Functional single nucleotide polymorphism 196 G > A in the
5’pro-region of the BDNF gene results in a valine to methionine* Corresponding author.
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substitution at amino acid position 66. Polymorphism is located in
the pro-region of BDNF protein, which interacts with trafficking
protein sortilin. This interaction is necessary for the efficient
sorting of BDNF. Met allele decreases interaction between BDNF
and sortilin, causing deficits in trafficking and secretion of Met-
BDNF. Met allele may also influence intercellular trafficking and
secretion of BDNF by forming homo- and heterodimers that are
less efficiently sorted and secreted from neurons [14]. This causes
accumulation of BDNF protein in neurons and deficits in the
synapses [15]. A most recent meta-analysis, conducted in
neuropsychiatric disorders, comprising 1965 patients, suggests
that there is no association between the Val66Met polymorphism
and hippocampal volumes [16].

Association studies on functional Val66Met polymorphism of
BDNF gene are widely carried out in psychiatric disorders with
inconsistent results. Recent meta-analyses conducted on large
patients’ cohorts show a lack of association of Val66Met
polymorphism with schizophrenia and mood disorders [17–21].

Animal studies show that brain and serum BDNF levels are
positively correlated [22]. Based on the research findings indicat-
ing that Val66Met polymorphism may influence BDNF secretion in
neurons and that BDNF protein is transported across the blood-
brain barrier [23], it is reasonable to study BDNF protein levels in
serum and plasma and to seek for an association between the
functional polymorphism and circulating BDNF concentration. In
this study, we have analyzed the association between BDNF
Val66Met polymorphism and serum BDNF levels in patients with
schizophrenia, depression and control group. We have also
investigated the effect of the Val66Met polymorphism on serum
BDNF levels in the Polish population.

Material and methods

183 participants were enrolled in the study: 61 patients with
depression episode (42 females, mean age 39.6 years; SD 10.8 and
19 males, mean age 38.6 years, SD 15.3), 56 females diagnosed with
schizophrenia (mean age 32.5, SD 9.7) and 66 healthy controls (45
females, mean age 39.6, SD 14 and 21 males, mean age 39 years, SD
13.3). Long-term treated patients were recruited during the acute
episode on the admission to the psychiatry ward. A subgroup of 29
drug-naïve female outpatients with first depression episode was
recruited in the mental health clinic. The diagnosis was made
according to DSMIV and ICD10 criteria using Structured Clinical
Interview for DSM-IV (SCID) [24]. All patients were evaluated for
lifetime psychiatric symptomatology using the Operational Crite-
ria for Psychotic Illness (OPCRIT) [25]. Positive and Negative
Syndrome Scale (PANSS) [26] and 17-item Hamilton Depression
Rating Scale (HDRS) [27] were used to assess the severity of
schizophrenia and depression (respectively). The diagnosis was
confirmed by two experienced psychiatrists. The sex- and age-
matched control group consists of healthy volunteers recruited

from the same geographical region of Poland. Exclusion criteria
were: chronic or acute somatic or neurological diseases, increased
CRP level (C-reactive protein). All subjects were of Caucasian origin
and they were native Polish population. All participants gave
written informed consent before participating in the study and
their anonymity was preserved. The study was performed in
accordance with the ethical standards established in the Declara-
tion of Helsinki and was approved by the local medical ethics
committee. Demographical and clinical characteristics of the
groups are presented in Table 1.

10 ml of venous blood was withdrawn between 7.30 and 9.30 a.
m., after an overnight fast, into anticoagulant-free tubes. After 1 h
incubation, serum was separated by centrifugation, aliquoted and
stored at �70 �C until further analysis. Blood for DNA isolation was
withdrawn into EDTA tubes. Genomic DNA was extracted using the
salting out method [28].

The single nucleotide polymorphism Val66Met (rs6265) in the
BDNF gene was genotyped by the PCR-RFLP method. A 197-base
pairs fragment of the BDNF gene was amplified by polymerase
chain reaction (PCR) with a primer pair designed with Primer3
programme [27]. The primers had the following sequence: F: 5‘ACT
CTG GAG AGC GTG AAT GG 3‘; R: 5‘ AGA AGA GGA GGC TCC AAA GG
3‘. A 20 ml of amplification mixture contained: 150–300 ng of
genomic DNA, 0.3 mM of each primer, 0.17 mM of each dNTP,
1.5 mM MgCl2, 75 mM Tris-HCl, 20 mM (NH4)2SO4, 0.01% Tween
20 and 0.4 U of Taq DNA polymerase (MBI Fermentas). Cycling
conditions consisted of: an initial denaturation at 95 �C for 2 min;
35 cycles of 94 �C for 30 s, 60 �C for 30 s, 72 �C for 30 s; and final
elongation at 72 �C for 5 min. PCR reaction was performed in PTC-
200 (MJ Research) thermal cycler. A volume of 6.5 ml of each PCR
product was then digested overnight in a total volume of 10 ml at
37 �C with 0.7 U of Eco72I restriction endonuclease (MBI Fermen-
tas). Digestion products were then separated on 2.5% basica LE
agarose gel (Prona, Spain) with the voltage set at 90 V and
visualized by ethidium bromide staining. Band sizes were
compared with pUC19DNA/MspI DNA ladder (MBI Fermentas).
The uncut product size was 197 bp (allele A, Val). Allele G
comprised the cut bands of 124 and 73 bp. Visualization of the RFLP
analysis is presented in Fig. 1.

ELISA analyses were performed with DuoSet ELISA Develop-
ment Kit (R&D Systems kat. No DY248) according to manufac-
turer’s instructions with minor modifications: plates were blocked
for 3 h in reagent diluent (1% Bovine Serum Albumin (BSA)/
Phosphate Buffered Saline (PBS)). Plates were incubated with
100 ml of samples overnight at 4 �C with shaking. All samples and
standards were run in duplicates. All plates were run within one
week, on the same kit lot# by the same experienced operator.
Standard curves ranged from 1000 to 15.6 pg/ml. Intra-assay and
inter-assay variability was <5% coefficient of variation (CV) and
<10% CV (accordingly).

Table 1
Demograpical and clinical characteristic of the studied group.

schizophrenia depression control

females males females males females

n 56 19 42 21 45
age (mean � SD) 32.5 � 9.7 38.6 � 15.3 39.6 � 10.8 39 � 13.3 39.6 � 14
age of onset (mean � SD) 22.85 � 4.83 25.09 � 7.91 32.84 � 10.38
drug free (n) 19 29
PANSS (mean � SD) 89.58 � 12.58 na na
PANSS P (mean � SD) 21.02 � 3.73 na na
PANSS N (mean � SD) 26.34 � 5.83 na na
PANSS G (mean � SD) 42.2 � 6.45 na na
HDRS (mean � SD) na 25.04 � 6.93
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CRP was measured by an immunoturbidimetry method on
Beckmann Coulter AU 680 biochemistry analyzer.

Statistical analysis

The association study was performed using x2 test and Fisher’s
exact test. Normality of the BDNF serum level variables was tested
using Lillefors and Shapiro-Wilk tests. Association of genotypes
(Val/Val vs. Val/Met + Met/Met), sex and diagnosis with serum
BDNF protein levels, as the dependent variable, was performed
using analysis of variance (ANOVA), Kruskal-Wallis rank test or
Mann-Whitney U test. Post-hoc power calculation was accom-
plished in G*Power with the following settings: ANOVA or
Wilcoxon-Mann-Whitney test, two-tails, logistic distribution.
The significance level was set at 0.05.

Data were analyzed using STATISTICA v12 software, GraphPad
QuickCalcs, (https://www.graphpad.com/quickcalcs/contingen-
cy2/), G*Power [29], and Hardy-Weinberg equilibrium calculator
(http://www.oege.org/software/hwe-mr-calc.shtml).

Results

Val66Met polymorphism

Genotype distribution was in Hardy-Weinberg equilibrium for
each group. No association of BDNF Val66Met polymorphism was
observed for genotypes (sch vs. con p = 0.79; bp vs. con p = 0.74;
sch + bp vs. con p = 0.82) or alleles (sch vs. con p = 0.57; bp vs. con p
= 0.51; sch + bp vs. con p = 0.86). Results of the association analysis
are presented in Table 2.

BDNF serum concentration

Mean BDNF serum concentration was: 28.85 ng/ml (SD = 11.57)
in schizophrenia patients, 24.96 ng/ml in bipolar patients (SD 7.03)
and 22.03 ng/ml (SD 6.76) in healthy controls. There were no
statistical differences between subgroups with depression episode
(inpatients 24.97 ng/ml, SD 8.79; outpatients 24.89 ng/ml, SD 5.16).
Subgroups were combined for further analysis. BDNF serum
concentrations were normally distributed in studied groups
(p > 0.2).

An analysis of variance (ANOVA) has shown that the dependent
variable “BDNF concentration” was not significantly affected by the
factor “genotype” (Val/Val vs. Val/Met + Met/Met) (F = 0.4028;
d.f. = 1; p = 0.526) or “sex” (F = 0.0972, d.f. = 1; p = 0.755). Levene's
test for equality of variances has revealed that variance including
factor “diagnosis” was not homogenous. We have observed
significant differences in BDNF levels between schizophrenia
and control group (p = 0.0005) as well as depression and control
group (p = 0.026). Statistically significant results have also been
found when comparing healthy control group with combined
schizophrenia and depression group (p = 0.001) (Fig. 2). BDNF level
was higher in schizophrenia and depression than in healthy
controls. There were no statistically significant differences in BDNF
serum levels between schizophrenia and depression group (p
= 0.063). Post-hoc achieved power for ANOVA analyses was 8%. The
power of a Mann-Whitney U test ranged from 61 to 98% (Table 3).

Discussion

The lack of association of Val66Met polymorphism with
schizophrenia and depression in our group is in line with other
studies conducted among the Polish population [30,31]. In our
study, we have found no correlation between Val66Met functional
polymorphism and serum BDNF protein levels. Serum BDNF levels
of patients either with schizophrenia or depression were
significantly higher than in control subjects.

Studies on Val66Met polymorphism and serum BDNF level
conducted on healthy groups are inconsistent, possibly due to the
ethnical differences. Several studies show a lack of correlation
between Val66Met polymorphism and serum BDNF levels [32–34]
and decreased BDNF concentration in Val homozygote subjects of
Caucasian origin [35,36]. An investigation conducted on a
community-based sample from Sardinia (n = 2054) as well as a
meta-analysis of 13 studies report no association of Val66Met
polymorphism with serum BDNF levels [37]. Bus et al. found
interactions between sex, genotype and BDNF levels in a
population-based cohort of 548 healthy volunteers. Male Met
carriers had higher BDNF levels, while no effect of the Val66Met
polymorphism on BDNF level was found in females [38].

Most studies on Val66Met polymorphism and serum BDNF
levels are conducted in affective disorders, with inconsistent
results. In the study on large (n = 1435) group with Major
Depressive Disorder (MDD), BDNF Met allele was associated with
reduced serum BDNF levels and childhood abuse [39]. No
correlation between BDNF Val66Met polymorphism and BDNF
serum concentrations was observed in healthy group and bipolar
patients, also including the severity of disease [40]. Terracino et al.
found no significant differences between BDNF plasma levels and
functional polymorphism, also after controlling for age, sex,
education, ethnicity, BMI, smoking status and antidepressant
use [41]. Studies on Japanese patients also do not show a
correlation between Val66Met polymorphism and serum BDNF
levels as well as a response to selective serotonin reuptake
inhibitors [42]. In a study conducted by Ozan et al. on drug-free

Table 2
Brain-Derived Neurotrophic Factor (BDNF) Val66Met genotype and allele distribution in the studied groups: control (CON), schizophrenia (SCH), depression (DEP).

CON DEP + SCH DEP SCH

genotypes alleles genotypes alleles genotypes alleles genotypes alleles

VV VM MM V M VV VM MM V M VV VM MM V M VV VM MM V M
n
(%)

47
(71.2)

17
(25.75)

2
(3.3)

111
(84.1)

21
(15.9)

78
(66.7)

35
(29.9)

4
(3.4)

191
(81.6)

43
(18.4)

40
(65.6)

18
(29.5)

3
(4.9)

98
(80.3)

24
(19.7)

38
(67.8)

17
(30.4)

1
(1.8)

93
(83)

19
(17)

p p = 0.82 p = 0.57 p = 0.74 p = 0.51 p = 0.8 p = 0.86

p values – comparing to the control group.

Fig. 1. PCR-RFLP analysis of BDNF Val66Met (rs6265) polymorphism.
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patients with MDD and healthy controls, a significantly lower
serum BDNF level in Met-carriers subjects (patients and controls),
regardless of health status was reported [43]. Other studies also did
not find any correlations between Val66Met genotype and serum
[44–46] or plasma [47] BDNF levels.

In patients with chronic schizophrenia there was no association
of Val66Met polymorphism with serum BDNF levels, although
decreased BDNF concentration and the effect of genotype on
weight gain in males during antipsychotic treatment has been
observed [48]. The decrease of BDNF levels in Met-carriers has
been observed in Armenian [49] and Greek patients with
schizophrenia [50]. No effect of the Val66Met polymorphism on
serum BDNF levels has been found in other studies [47,51,52].

Met66 allele frequency varies in different populations, from
being absent in Sub-Saharan Africans, and reaching up to 72% in
Asian populations. [53]. Val66Met polymorphism is considered to
be connected with production and secretion of BDNF protein [15],
however, when comparing the studies on Caucasian and Asian
populations, most results show no differences in BDNF serum
levels as well as no impact of Val66Met polymorphism on BDNF
serum levels.

Research results on BDNF levels in schizophrenia are ambigu-
ous. Our finding of elevated serum BDNF levels in schizophrenia
patients is in line with several reports [54–57], whereas most
studies show decreased BDNF serum levels in schizophrenia and
depression. Meta-analyses conducted in schizophrenia confirm
reduced serum and plasma BDNF concentrations [58,59]. The
recently published paper includes a total of 41 studies and more

than 7000 participants. Lower BDNF levels, compared to controls,
are observed in first-episode schizophrenia and have been shown
to attenuate illness progression. Decreased BDNF does not
correlate with the severity of positive and negative symptoms.
BDNF concentrations increase in a time-dependent manner with
treatment (regardless of the presence or absence of treatment
response), irrespective of the antipsychotic dose. Such effect is
observed only in studies that measured BDNF in plasma; in serum,
such relation was not observed [59].

Serum and plasma BDNF levels are widely studied in affective
disorders. Recent meta-analyses show lower BDNF concentrations
in depression and manic state. BDNF levels increase in euthymia
after successful pharmacological treatment and are comparable to
that in healthy controls [60–62]. Interestingly, in the latest meta-
analysis comprising almost 4000 participants, longer duration of
the illness was correlated with higher BDNF levels in bipolar
disorder patients [62].

The lack of association between the Val66Met functional
polymorphism and serum BDNF levels in our study is in line with
most of the reported findings and could be related to relatively
small sample size or heterogeneity of the studied group. BDNF
expression may be regulated by many factors, including the
pharmacological treatment, thus the significant increase of serum
BDNF levels in chronically medicated schizophrenic patients could
be a consequence of long-term antipsychotic treatment, duration
of the illness or genetic background. Further studies on larger and
more homogenous groups in Polish population are warranted,
considering BDNF in the context of a potential biomarker in
psychiatric disorders.

Limitations

Relatively small sample size. Low power of the Val66Met
polymorphism association with serum protein levels. Heteroge-
neity of the studied groups.
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