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Summary

Many scientists agree that the genes involved in the actiology and pathogenesis of psychi-
atric diseases could serve as biomarkers — biological indicators of the health status. Genetic
markers may inform about general predispositions of a person to develop certain diseases,
while other biochemical factors, such as concentrations of substances in body fluids, reflect
the actual condition of the organism. Researchers involved in studies on schizophrenia are
interested in the gene and protein of the brain-derived neurotrophic factor (BDNF) due to the
role of this neurotrophin in the process of neurogenesis, synaptogenesis and its influence on
the functioning of dopaminergic neurons.

Among patients diagnosed with schizophrenia, the BDNF gene polymorphisms and
methylation in the promoter sequences were studied. The neurotrophin was also assayed in
the blood of patients, also taking into account the effect of pharmacotherapy on the BDNF
concentration, and post-mortem in the brains of the patients. The results of current studies are
contradictory. The only systematically confirmed observation is the lowered concentration of
BDNF in the serum of patients with schizophrenia compared to healthy controls. It seems that
so far our knowledge about the BDNF gene expression and the functions of the protein is not
sufficient to include BDNF analysis in the clinical assessment of patients with schizophrenia.
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Introduction

Laboratory tests are used in current diagnostics of psychiatric disorders to a limited
extent. Diagnostic tools commonly used by psychiatrists and clinical psychologists are
prone to different types of bias. Clinical psychiatric examination and the observation
of the patient’s behaviour may turn out to be insufficient for the proper assessment of
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his/her personality or motivation. The patient and the diagnostician can be the source
of mistakes, as they are limited by their subjective perception of the world. Using
psychometric analyses can be biased as well, partly because they are constructed based
on introspection, and thus the patient’s insight into his mental state. Considering the
above difficulties, efforts are made to improve the diagnostic outcome by the analyses
of biomarkers. Many researchers share the thought that genes and proteins engaged
in the pathogenesis of mental disorders could play such a role. Genetic markers may
reflect the predispositions to develop mental illness, while other markers, such as
proteins, could provide information about the current state of the organism. Perhaps
in the future, with the development of psychiatry, genotyping and analysis of concen-
tration of certain proteins in the body fluids will become an essential part in planning
a personalised therapy.

Schizophrenia is a chronic disease of complex and not homogenous aetiology.
During the course of the illness, a significant social, family and professional decline is
observed and treatment rarely brings satisfactory results. Adequate pharmacotherapy,
despite current standards of treatment, is still challenging. The goal is the reduction of
psychopathologic symptoms as well as the side effects of drugs, as using neuroleptics is
related to a diminution in the quality of life for many patients. The researchers involved
in studies on the genetic background of schizophrenic psychoses have not yet found
unequivocal answers to their questions. Currently there is a list of candidate genes,
potentially related to the development of schizophrenia. The list is not closed yet, and
there is no consensus as to which polymorphisms are likely to cause a patient to be
predisposed to develop schizophrenia. One of the most examined genes is the BDNF,
coding for the brain-derived neurotrophic factor (BDNF). The concentration of BDNF
protein in the blood is considered a promising marker of the mental state of the patient.

BDNF: from gene to protein

The BDNF gene is located on the short arm of chromosome 11 (11p13) [1]. It con-
tains 11 exons and 9 promoter sequences which are activated depending on the type of
tissue and brain region [2], which results in the composition of several dozen transcripts.
Therefore the regulation of BDNF transcription is very complicated. The following
steps of gene expression, such as the polyadenylation of mRNA and modifications
of the BDNF precursor protein, affect the final result [3]. Thanks to the progress in
the techniques of molecular biology, more and more is known about these processes.

The BDNF protein was discovered over 30 years ago, and was the second neu-
rotrophic factor, after the nerve growth factor (NGF) to be identified. BDNF dimers
interact with the membrane receptor TrkB, which belongs to the group of receptors
with tyrosine kinase activity. Binding of the neurotrophin causes the dimerisation of
the receptor, followed by a cascade of protein phosphorylation inside the cell. This
leads to diverse effects, such as changes in gene expression, which depend on the type
of route activated [4, 5]. Recently it turned out that the role of proBDNF is not limited
to biologically inactive precursor, secreted outside the cell only after the signalling
sequence has been cut off. It was observed that the proneurotrophin affects the cells
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and binds more strongly to the receptor p75N™ than to TrkB. The signal transduction
via p75NR in certain conditions leads to apoptosis [6]. Sustaining a balance between
the two secreted forms: proBDNF and BDNF seems to be an important factor in the
regulation of processes in the brain [3]

BDNF in the Central Nervous System

BDNF plays an important role in the development of the central nervous system.
It has an impact on the serotonergic signalling, glial cells [ 7], hippocampus neurons and
the brain cortex [8]. The concentration of BDNF remains high in the hippocampus and
the cortex of a mature brain [2], which is related to the function of the neurotrophin.
It has been shown many times, that BDNF affects the activity of synapses — it plays
a key role in the mechanism of long-term potentiation (LTP) [9, 10] and allows proper
memory function. On the other hand, proBDNF is related to long-term depression (LTD)
phenomenon in the hippocampus [10, 11]. BDNF, in contrast to other neurotrophins,
is secreted in response to neuron excitation [9, 12] and affects the release of dopamine
and glutamate from the hippocampal cells [13]. BDNF expression in the frontal cortex,
in turn, can be regulated via dopaminergic receptors [14]. Many studies also suggest
the involvement of BDNF in the process of neurogenesis, although it is controversial
whether the protein is responsible for the proliferation of the cells, their differentiation
or promotion of their survival [10].

The involvement of BDNF in the development of the central nervous system
(CNS), the activity of dopaminergic neurons, synapses and the neurogenesis process,
suggests its role in the aetiology of schizophrenia — no matter to which of the popular
hypotheses we refer to. On the other hand, such a broad function in the regulation of
brain activity makes the changes in production and secretion of BDNF unspecific.
They can be observed in the course of many psychiatric disturbances and neurologi-
cal dysfunctions.

BDNF in the blood

The BDNF protein is present in many tissues outside of the nervous system, most
is found in the blood platelets, but also in the plasma and serum plasma. It has been
proven that BDNF particles cross the blood-brain barrier [15]. The degree of correla-
tion between the BDNF concentration in the cerebral cortex and the serum of rat is
about 0.8 [16], which suggests that the fluctuations of the neurotrophin in the blood
reflect the changes in the nervous system. However, one must take into consideration
that there are significant changes in the concentration of BDNF in different regions of
the brain and that BDNF is secreted into the blood from other sources that the CNS,
like the endothelium [17]. The processes of BDNF storage in the platelets and its se-
cretion in response to activation have not yet been explained. One of the hypotheses
suggests that in the case of vessel damage, BDNF serves as a regulator of the process
of nerve regeneration [18].
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BDNF: studies on patients with diagnosed schizophrenia
Genetic polymorphisms

The most commonly studied single nucleotide polymorphism (SNP) of the BDNF
gene is the presence of guanine or adenine in the 196™ position of the polynucleotide
chain, which results in the presence of valine or methionine in the 66™ position of the
polypeptide. This polymorphism is described in the publications as rs6265, G196 A and
most frequently — Val66Met. It does not affect the amino acid sequence in a mature
BNDF particle, as it is located in a part of the protein that is cut off from the propeptide.
It was observed however, that Val66Met affects the release of neurotrophin depend-
ing on the excitation of the cell, with no effect on the constitutive BDNF secretion
outside the cell [9].

Two of the studies showed that the Val allele is related to a higher risk of schizo-
phrenia [19, 20]. It has been posed that the genotype Val/Val correlates with a lower
volume of hippocampus and impaired memory [21]. A meta-analysis from 2007 that
included a total of 12 studies, suggests that the other allele — Met, is present more often
among people with schizophrenia than in the general population [22]. Many studies do
not confirm the association between the Val66Met polymorphism and schizophrenia
[23-30]. Some of the data suggests that the BDNF variability affects only the age at
which the first symptoms of schizophrenia occur [28, 31, 32].

The C270T polymorphism analysis also did not bring consistent results. In one
of the studies the rate of the genotype C/T and the allele T turned out to be higher
among patients with schizophrenia compared to a healthy control group [33]. In an-
other study, such correlation was not observed [34]. The cited data comes from studies
that included groups of different ethnic origin, which should also be considered in the
interpretation of the results.

Methylation of the BDNF promoter

It is currently stated that the underlying cause of mental diseases could be a faulty
mechanism of epigenetic changes, such as DNA methylation (post-replication addi-
tion of methyl groups to cytosine residues within so called CpG sites). High levels of
methylation of the promoter region cause a diminution in the gene expression, up to
a complete suppression. Latest studies on the methylation of BDNF in the DNA iso-
lated from peripheral blood cells of patients with schizophrenia brought inconsistent
results. In 2012 a paper was published, suggesting that BDNF methylation diminished
the risk of schizophrenia. A year later another study showed contrary results [35, 36].
Moreover, the authors of the latter publication observed that the level of methylation
was correlated with the gender.



BDNF as a biomarker in the course and treatment of schizophrenia 1153

BDNF protein — post-mortem studies

Current diagnostic techniques allow for the evaluation of BDNF concentrations
in the brain tissue only post-mortem. Such analyses are limited by a low group count.
Comparing BDNF concentrations in the prefrontal cortex of patients with schizophre-
nia with a control group revealed differences in two independent studies. However,
the observations were contrary. The first revealed an increased, and the second a de-
creased BDNF concentration in the tissue [37, 38]. Significantly, in the second study
an increased level of the neurotrophin was observed in the cortex of the patients, but
the BDNF level in the hippocampus was lower compared to the control group [38].
The diversified concentrations of BDNF in different parts of the brain suggest a cau-
tious interpretation of BDNF levels in the peripheral blood, as they do not reflect the
potential changes between certain regions of the CNS.

BDNF protein in the peripheral blood serum

Many studies have shown a lowered level of BDNF in the serum of people diag-
nosed with schizophrenia compared to control groups. This dependence was observed
both in patients not undergoing pharmacological treatment [26, 39—41] and those
treated with neuroleptics [39, 42—44]. One of the studies took into account the body
mass index (BMI) and the difference between the groups turned out to be statistically
insignificant [44]. According to the authors of the study, a low BDNF level could
predispose women treated with neuroleptics to gain weight. This hypothesis is worth
verification and seems probable considering the results of studies using animals.
A phenotype of obesity is a characteristic for BDNF +/ — mice, lacking one copy of
the gene, and thus producing less BDNF [45]. On the other hand, the latest studies
suggest that there is no correlation between BMI and the BDNF level of patients with
schizophrenia [46].

BDNF protein in the peripheral blood serum: isoforms

After using reagents specifically binding to mature BDNF, no differences in the
BDNF concentration in the serum of patient with schizophrenia and patients treated
with clozapine were observed [47]. In a publication from 2011, 3 isoforms of BDNF
were assayed in the serum: precursor protein (pro-BDNF), mature form (mat-BDNF)
and “short” form (truncated-BDNF — a result of splitting pro-BDNF within the signal-
ling sequence). It turned out that people diagnosed with schizophrenia had a lower
proportion of truncated-BDNF compared to other forms of the protein. Additionally,
a lower concentration of the “short” form was correlated with more severe cognitive
deficits and increased intensity of psychopathological symptoms [48]. The role of the
“short” form of BDNF has not been explained. It seems that the disturbances in the
CNS characteristic for schizophrenia can be related to impaired proteolytic processing
of BDNF or abnormal secretion of different isoforms of the protein.



1154 Matgorzata Libman-Sokotowska et al.

BDNF in the peripheral blood plasma

Results of the analyses of BDNF levels in the plasma of patients with schizo-
phrenia and healthy control groups are less consistent compared to serum assays.
In one of the studies a lower concentration of the neurotrophic factor was observed
in patients before the treatment compared to the control group, but it is unknown
whether the difference remained statistically significant after 11 weeks of treatment
[49]. Two other analyses showed contrary results [50, 51], and the studies included
patients undergoing pharmacological treatment. Interesting additions to these results
are BDNF assays of the whole blood. In this case, no differences were observed
between the patients and the control group [42]. Perhaps it is not the BDNF con-
centration in the blood that differentiates the ill from the healthy, but an impaired
mechanism of collecting and releasing the neurotrophin from the platelets due to
activation could take place in schizophrenia.

Pharmacological treatment and BDNF levels in the blood

Some researchers managed to observe the differences in BDNF concentrations
during antipsychotic treatment. An increase in the concentration of the protein was
observed after treatment with risperidone: after 11 weeks [49] and after 4 weeks (only
in the subgroup of men) [52]. In two other publications, including a meta-analysis from
2012, in patients taking risperidone no effect on the BDNF concentration was observed
[39, 53]. The same meta-analysis showed that the BDNF level increased after treatment
with olanzapine [53]. It was also observed that treatment with clozapine did not cause
changes in the concentration of the neurotrophin after 4 weeks [52]. The cited data do
not allow explicit conclusions to be formulated. One must consider that antipsychotic
medications, presenting different actions in the CNS, could also affect the production
and secretion of BDNF in various ways.

BDNF level in the blood and other factors

In the population of patients with schizophrenia, the correlation of the BDNF
levels with other factors was also studied. One obvious strategy is to look for as-
sociations between the concentration of the neurotrophin and the severity of symp-
toms. Some of the researchers confirmed a negative correlation between the BDNF
concentration and scores in the PANSS scale (in the subscale of positive [34, 40]
and negative symptoms [40, 54]). It was also observed that a higher level of the
neurotrophin was related to better verbal skills [50] and a lower level of the “short”
form was related to more severe cognitive deficits [48]. A positive correlation was
observed between the BDNF concentration and tobacco smoking [46, 54]. Results
of animal studies showed a stimulation of BDNF expression by nicotine, although
not all authors confirm these observations [41, 52]. One of the publications revealed
a positive correlation between the concentration of BDNF and the quality of life of
the patients [55].
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Recapitulation

Our knowledge about the BDNF gene, its products and processes in which they

are involved is still limited. It seems that only recently we have begun to notice the
complexity of the phenomena related to this neurotrophin.

Those who are searching for biomarkers useful in psychiatry are more and more

frequently reaching for specific analyses, based on which no general conclusions can
be stated. To this day psychiatric examination remains the most essential part of the
diagnostic process.
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