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Abstract

Brain-derived neurotrophic factor (BDNF) has been pro-
posed as a biomarker of schizophrenia and, more spe-
cifically, as a biomarker of cognitive recovery. Evidence
collected in this review indicates that BDNF is relevant
in the pathophysiology of schizophrenia and could play
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a role as a marker of clinical response. BDNF has been
shown to play a positive role as a marker in antipsy-
chotic treatment, and it has been demonstrated that
typical antipsychotics decrease BDNF levels while atyp-
ical antipsychotics maintain or increase serum BDNF
levels. Furthermore, BDNF levels have been associated
with severe cognitive impairments in patients with
schizophrenia. Consequently, BDNF has been proposed
as a candidate target of strategies to aid the cognitive
recovery process. There is some evidence suggesting
that BDNF could be mediating neurobiological process-
es underlying cognitive recovery. Thus, serum BDNF
levels seem to be involved in some synaptic plasticity
and neurotransmission processes. Additionally, serum
BDNF levels significantly increased in schizophrenia
subjects after neuroplasticity-based cognitive training.
If positive replications of those findings are published
in the future then serum BDNF levels could be definite-
ly postulated as a peripheral biomarker for the effects
of intensive cognitive training or any sort of cognitive
recovery in schizophrenia. All in all, the current consid-
eration of BDNF as a biomarker of cognitive recovery
in schizophrenia is promising but still premature.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The lack of diagnostic and treatment mark-
ers is one of the most important problems in clinical
practice. Brain-derived neurotrophic factor (BDNF) has
been proposed as a biomarker of schizophrenia and,
more specifically, as a biomarker of cognitive recov-
ery. Evidence collected in this review indicates that
there is evidence suggesting that serum BDNF levels
are involved in some synaptic plasticity processes. Ad-
ditionally, serum BDNF levels significantly increased in
schizophrenia subjects after neuroplasticity-based cog-
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nitive training. All in all, the current consideration of
BDNF as a biomarker of cognitive recovery in schizo-
phrenia is promising but still premature.
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INTRODUCTION

The lack of diagnostic and treatment markers is one
of the most important problems in clinical practice.
Researchers are deeply involved in the identification of
validated markers, particularly biomarkers that could
be useful in predicting treatment responses to different
therapeutics. One of the most important challenges of
schizophrenia research is to establish biological mark-
ers that can predict clinical outcome and identify clinical
stages in these patients. Molecular genetics, analysis of
serum and cerebrospinal fluid (CSF), and structural and
functional neuroimaging have provided an attractive field
of research for biomarkers'. For many reasons, such as
small effect sizes and individual rarity, gene studies have
traditionally shown that genetic markers are not suitable
as diagnostic markers™. In this line, the study of CSF pa-
rameters has yielded a number of interesting candidate
biomarkers, but this research has only recent begunm.
In contrast, despite particularly promising research on
neuroimaging, available techniques for evaluating struc-
tural and functional brain changes make them unsuitable
as biomarkers in schizophrenia®. Further biomarker
research is needed in schizophrenia. However, evidence
suggests both that BDNF is relevant in the pathophysi-
ology of schizophrenia and that BDNF is potentially
more useful as a biomarker for diagnostic and prognos-
tic purposes than are other potential biomarkers'”.

A biomarker has been defined by the United States
Food and Drug Administration (FDA) as “A charac-
teristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic
processes, or pharmacological responses to a therapeutic
intervention”. Biomarkers have been suggested to have
the potential to augment the chances of successful drug
and therapeutic development through better target vali-
dation, provision of surrogate end-points and patient
stratification'. Recently, cognitive recovery has been
considered among the most important targets in the
treatment of patients with schizophrenia. Consequently,
the identification of biomarkers of cognitive recovery is
relevant not only for diagnostic purposes but also for the
development of new approaches to treat cognitive im-
pairment in schizophrenia'’. Brain-derived neurotrophic
factor (BDNF) has been proposed as one of the stron-
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BRAIN-DERIVED NEUROTROPHIC FAC-
TOR

Neurotrophins are growth factors that play an impor-
tant role in the survival, development, and functional-
ism of neurons. They prevent neurons from triggering
programmed cell-death, which prolongs their survival.
They are also involved in the formation of new neurons
in certain areas of the brain. BDNF is one of the most
studied neurotrophins. The properties of BDNF vary
according to the brain region studied. BDNF has been
described as a modulator of neuronal survival and differ-
entiation, synaptic plasticity, and higher order cognitive
functions such as learning and memoryl&mj. Moreover,
there is also evidence that indicates a role for BDNF in
the development of the cardiovascular system[“’12J and
in the growth, survival, and chemoresistance of tumour
cells in various types of cancer, including Hodgkin lym-
phoma, myeloma, and neuroblastoma!”"".

BDNF is mainly synthesised in the brain and spinal
cord by glial cells"”, but is also produced by Schwann
cells associated with peripheral motor neurons”. BDNF
is synthesised as a precursor (proBDNF) that is cleaved
afterwards to generate the mature protein. Although it
was believed that proBDNF had no function, work by
Hempstead and collaborators reported that, by interact-
ing with the p75 neurotrophin receptor, proBDNF could
induce the opposite effect to that of mature BDNE,
leading to cell death™. This work has opened a new
line in the study of the mechanisms underlying BDNF
because mature BDNF mainly acts through a different
receptor, the tyrosine kinase receptor B (TrkB)*". In ad-
dition, it is known that BDNF can pass the blood-brain
barrier, reaching non-neuronal tissues, such as the heart,
lungs and platelets™ . However, little is known about
the function of non-neuronal BDNE Moteover, BDNF
mRNA has been found in several peripheral locations,
such as activated human T cells, B cells, monocyteleSJ,
the heart”, the retina, smooth muscle!'?, the lungsmzs],
endothelial cells™ and plateletle4’29].

Given the difficulty of studying BDNF in situ in the
brain, there has been growing interest in the accurate as-
sessment of BDNF activity in the periphery. Studies in
murine models have shown a good correlation between
BDNEF levels in the brain and circulating levels of the
protein™. The amount of BDNF in serum, plasma and
whole blood samples is commonly determined by using
ELISA techniques with relatively high specificity and
sensitivity. In spite of all the different sources of BDNE,
it is believed that BDNF released from platelets is the
major contributor to serum samples. BDNF stored in
platelets 1s most likely derived from both the circulating
plasma pool and from resident cells in the brain® and
other organs[22’29’31’32].
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Measured BDNF levels are highly dependent on the
methodology used”™. Karege et a/™ demonstrated that
the stability of BDNF assessed in whole blood, serum,
and plasma samples varied among different laboratories.
Nonetheless, the accuracy and reproducibility of BDNF
determination in serum has been validated”™. However,
there is still little consensus regarding standardised pro-
tocols for plasma collection and BDNF dosage. Interest-
ingly, there have been reported changes in serum and
blood BDNF levels in patie%t? with neuropsychiatric

4 schizophreniam, Al-
[39] [40]

disorders such as depression
. Sy 1 38
zheimer’s disease

I multiple sclerosis™, and anorexia

when compared to healthy individuals.

GENETIC POLYMORPHISM OF BDNF

The BDNF gene (chromosome 11p13-14) encodes a
precursor peptide (proBDNF) that is proteolytically
cleaved to form the mature BDNF protein. This gene
contains a functional polymorphism that has been wide-

ly studied in genetic association and gene-environment
studies in psychiatry research™*. This single nucleotide
polymorphism (SNP) consists of a guanine substitution
for an adenine in the position 196 of the gene (156265),
provoking a change of a Valine (Val) to a Methionine
(Met) in amino acid 66 of the protein. As a functional
polymorphism, it has been claimed that the Val variant is
associated with higher neuronal BDNF secretory activ-
ity than is the Mez allele. Additionally, the co-expression
of 1Val and Mer alleles in heterozygotes results in less ef-
ficient intracellular trafficking and processing, leading to
decreased BDNF secretion!™*.

Genetic studies have revealed that the association
between BDNF and schizophrenia has not been defini-
tively established. The single nucleotide polymorphisms
C270T (in the 5’ non-coding region) and Val66Met are
two common functional genetic polymorphisms of the
BDNF gene. A meta-analysis of case-control studies™™”
stressed the association of this polymorphism with the
risk of schizophrenia and other mental disorders, such
as substance-related disorders and eating disorders. This
study also showed that individuals with the Mez/Mer
homozygous allele had 19% higher risk of developing
schizophrenia and other psychotic disorders than did
those with the 1/a//Met heterozygous alleles. However,
another meta-analytic study of two of the most exten-
sively studied BDNF polymorphisms, [Va/66Met and
C270T, did not find an association of the 1a/66Met
polymorphism with schizophrenia™. Nonetheless, sev-
eral studies have shown positive associations between
the BDNF a/66Mer genetic variant and several aspects
of the phenomenology of schizophrenia, such as age of
onset, clinical symptoms, aggressive behaviour, suicide

attempt, brain morphology, and cognitive function™".

BDNF LEVELS AND SCHIZOPHRENIA

Schizophrenia has been conceptualised as being es-
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sentially a neurodevelopmental disorder™ ", Tt is well
known that BDNF plays a key role in a number of
processes that are thought to be impaired in schizophre-
nia, ranging from neuronal differentiation to neurite
outgrowth and neuronal survival™. In addition, BDNF
seems to be crucial to synaptic transmission and vari-
ous cognitive processes that are severely impaired in
schizophrenia. Currently, a considerable amount of data
are available that highlight the role of BDNF in the
pathophysiology of schizophreniam] in both chronic pa-
tients and first episodes. Commonly, it has been assumed
that determination of BDNF levels in peripheral se-
rum might be a useful measure. On one hand, levels of
BDNF in peripheral serum seem to be correlated with
BDNF concentrations in the central nervous system””
On the other hand, BDNF is able to cross the blood-
brain barrier™”. Unfortunately, the studies that measure
serum BDNF concentrations in patients with schizo-
phrenia are not conclusive and have even produced
some conflicting results.

The majority of relevant studies report lower serum
BDNPF levels in schizophrenia patients compared to
healthy controls” . However, other studies could
not find any differences between schizophrenia patients
and healthy controls”". Further, some studies have
even found higher serum BDNF levels in patients with
schizophrenia[57’58]. To clarify these controversial results,
Green ef al™” assessed the published data in a meta-anal-
ysis. After a rigorous selection of the works with bet-
ter methodology, the authors were able to demonstrate
reduced serum BDNF levels in schizophrenia patients,
not only for medicated patients but also for drug-naive
patients; no differences were shown between males and
females. In addition, using meta-regression techniques
Green ¢f a/”” showed a significant association between
reduced BDNF and increased age, but no association
was found for medication dosage. In conclusion, after
controlling for heterogeneity of samples and method-
ological aspects, these authors suggested that blood
levels of BDNF are actually reduced in medicated and
drug-naive patients with schizophrenia.

Although many studies about BDNF levels have been
conducted in chronic schizophrenia patients, a few recent
studies have examined BDNF profiles in first-episode
patients. The earliest study to be conducted with first
episodes and drug-naive patients reported a significant de-
crease in plasma BDNF levels compared with controls™.
The authors found a significant association between
plasma BDNF levels and positive and negative syndrome
scale scores. Since this study, a number of studies have
replicated those findings suggesting differences in BDNF
levels in first-episode patients. Jindal ez al®" showed a sig-
nificant decrease in serum BDNF levels in patients with
first episode schizophrenic psychosis but not in patients
with non-schizophrenic psychosis. Unfortunately, they
could not find significant correlations between BDNF
levels and the severity of positive and negative symp-
toms or overall functioning. A different study tested
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BDNF and neurotransmitters
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Figure 1 Role of brain-derived neurotrophic factor in synaptic transmission. BDNF: Brain-derived neurotrophic factor.

the presence of cerebrospinal fluid (CSF) BDNF levels
in drug-naive first-episode patients'®”. Compared with
controls, a significant decrease in CSF BDNF levels was
found and they were significantly related with plasma
levels. In addition, CSF and plasma BDNF levels also
showed a significant negative correlation with baseline
positive symptoms. Finally, a study conducted by the
research team of Rizos™ tried to determine the asso-
ciation between serum BDNF levels and hippocampal
volumes in a sample of first psychotic episode drug-
naive schizophrenia patients. The authors found serum
BDNF levels significantly reduced in the sample of first-
episode patients when compared to levels of healthy
subjects. Consequently, hippocampal volume was already
decreased at the onset of schizophtenia in first-episode
patients. Interestingly, BDNF levels and hippocam-
pal volume reduction were significantly related, which
suggests a putative relationship between lower serum
BDNEF levels and a reduction of hippocampal volume.

BDNF AND NEUROTRANSMITTERS

BDNF plays an important role as a regulator of syn-
aptic transmission and has been associated with the
pathophysiology of schizophrenia'®, Furthermore, its
relationship with dysfunctions in the dopaminergic, glu-
tamatergic, and serotonergic neurotransmitter systems
has been widely studied.

BDNF is a neurotrophic protein that is synthesised by
dopamine cells and has been closely linked to the func-
tion of the dopaminergic system. It has been shown
to be expressed throughout the cerebral cortex, hip-
pocampus, basal forebrain, striatum, hypothalamus,
and cerebellum neurons'®. With regards to synaptic
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transmission, BDNF has also been shown to control
the expression of D2-like receptors, Dopamine 1 and
Dopamine 3 (D1, D3), in adults through the control of
specific dopamine genes'® ™. For this reason, BDNF is
an important modulator of the dopaminergic system,
and its changes can be observed in the brain and in the
plasma of patients with schizophrenia®

Exposure to BDNF or a lack of this neurotrophin
results in alterations to both excitatory and inhibitory
synaptic systems'”. The role of BDNF in the glutama-
tergic system has been well studied (Figure 1). BDNF
promotes the development of GABA neurons and the
expression of GABA-related proteins, such as GADG67
and GAT, in the cortex and other brain regions[(’sl. In
rodents, BDNF regulates the GABAergic system in the
hippocampus. In subjects with schizophrenia, altered
GABA neurotransmission may contribute to prefrontal
cortex dysfunction!™,

Some evidence suggests that BDNF has an influ-
ence on the development of the serotonergic system
by promoting the survival and differentiation of 5-hy-
droxytryptamine (5-HT) neurons both 7z vive and in
vitrd”", Furthermore, BDNF stimulates the expression
of S100 beta in astrocytes and the production of myelin
basic protein oligodendrocytes'”. In mice, alterations in
BDNF expression result in physiological disturbances in
5-HT neurons that have been shown to be deteriorated
in advanced agem. In humans, high levels of central se-
rotonergic activity are associated with high BDNF serum

. 72]
COl’lCCfltI’athﬁS[ ]

BDNF AND SYNAPTIC PLASTICITY

Although the actiology of schizophrenia is still un-
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known, neuroimaging studies have consistently dem-
onstrated brain abnormalities in patients with schizo-
phrenia. These studies revealed significant reductions in
gray matter volume in the cortex and hippocampus and
decreases in neurons of the dorsal thalamus'”. Within
first-episode psychosis patients, a systematic review and
meta-analysis has shown volumetric deficits in the hip-
pocampus and in cortical grey matter, specifically in tem-
poral grey matter”. Furthermore, histological studies
have shown a significant reduction in synaptic and den-
dritic markers in the brains of schizophrenia patientsm.

Recent evidence suggests that BDNF has an impor-
tant role in the growth and development of the central
and peripheral nervous system and is associated with dis-
ruptions in the brain structure of patients with schizo-
phrenia[75]. In previous studies, BDNF has been reported
to regulate axonal and dendritic development and the
differentiation and sutrvival of new neurons by increas-
ing the number and length of axons and their branch-
es™” In mice, BDNF has demonstrated a specific role
by promoting survival of embryonic retina ganglion cells
and mesencephalic dopaminergic neurons iz vitro. After
administration of high BDNF concentrations in rodents,
an extensive neuronal growth was observed.

BDNF AND COGNITION

BDNF has been shown to mediate some processes of
cognition. It has demonstrated its role as a regulator of
axonal and dendritic branching"". Thus, the process of
hippocampal long-term potentiation implies a process
of synaptic strengthening associated with learning and
memory through its functional TrkB receptorm‘m]. In
relation to schizophrenia, a study detected a significant
positive correlation between serum BDNF levels and
decreased cognitive functioning in 250 Chinese inpa-
tients with schizophrenia[gﬂ. In another study, serum
truncated-BDNF abundance predicted a high presence
of cognitive impairments, showing 67.5% of sensitivity
and 97.5% of specificity™ in the prediction. This result
suggests that deficiency in pro-BDNF processing may
be involved in the mechanism underlying the cognitive
impairments observed in schizophrenia. In addition,
impairment in spatial learning and memory has been
found in BDNF-knockout mice™. Conversely, single
intrahippocampal BDNF administration seems to af-
fect the behavioural flexibility of rats in a Morris water-
maze task™. Studies have also found impairments in
long-term potentiation in BDNF gene-deleted mice™,
These data support the role of BDNF in cognitive im-
pairments observed in schizophrenia and suggest that
BDNF could be a potential marker of cognition, as it is

. . . 5
involved in learning and memory processes'”.

BDNF AS A POTENTIAL BIOMARKER

Currently, pharmacological response is mainly a process
determined by a trial and error strategy. Identification of
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biomarkers in the near future could allow us to identify
patients who are more likely to respond to a particular
treatment and even determine their sensitivity to side ef-
fects. However, not only would this allow us to stratify
patients according to their likely treatment response but
it could also help clinicians and patients to partially avoid
the uncertainty of the trial and error process. BDNF has
been strongly proposed as a biomarker in schizophre-
nia and more specifically as a biomarker of cognitive
recovery. But, is there now enough evidence to consider
DBNEF as a biomarker? As previously mentioned, a bio-
marker needs to have three cote characteristics: (1) To
be an indicator of normal biological processes; (2) To
be an indicator of pathogenic processes; and (3) To be a
marker of response to therapeutic interventions.

Indicator of normal biological processes

BDNF seems to play a crucial role in normal cogni-
tive functions such as learning and memory. Its role
as a regulator of axonal and dendritic branching has
been shown in various studies””’®. Thus, the process
of hippocampal long-term potentiation, which implies
a process of synaptic strengthening associated with
learning and memory through its functional TrkB recep-
tor has also been found””. In addition to this, BDNF
signalling has been implicated in the regulation of adult
neurogenesis, suggesting its prominent role in synaptic
plasticity and cognition[sm. On the other hand, the genet-
ics of BDNF show that polymorphisms are relevant to
understanding normal neurotrophic processes. Variation
of BDNF polymorphisms includes a single-nucleotide
polymorphism (SNP), 156265, in the conserved, 5-pro-
protein-coding region; this entails a valine-to-methionine
substitution (Val66Met). This last polymorphism has
been suggested to cause inefficient BDNF trafficking
and a reduced activity-dependent BDNF secretion.

Indicator of pathogenic processes

Some studies have suggested that BDNF is strongly
implicated in the pathophysiology of schizophrenia in
both first-episode patients and chronic schizophrenia
patients. Within first-episode schizophrenia patients, a
number of studies have shown a significant decrease in
plasma BDNF levels®™. In addition, serum BDNF levels
are lower in chronic schizophrenia patients compared
to healthy controls”". In relation to reduced brain vol-
umes in first-episode and chronic schizophrenia patients,
recent studies have found a correlation to lower serum
BDNF levels'®, specifically in reduced hippocampal
volume™., BDNF levels in serum or CSF have been as-
sociated with the presence of schizophrenia in general
and to other impairments in cognition. BDNF polymoz-
phism is involved in less efficient intracellular trafficking
and processing. This leads to decreased BDNF secretion
and possibly to disturbances in neurotransmission pro-
cesses, which may contribute to prefrontal cortex dys-
function. Neuroimaging studies have shown that reduced
brain volumes in first-episode and chronic schizophrenia
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patients are related to lower serum BDNF levels® and,
specifically, to reduced hippocampal volume™, Finally,
using functional neuroimaging, Fisenberg and collabora-
tors"” have suggested that Val66Met polymorphism is
significantly associated with hippocampal dysfunction.

Marker of response to therapeutic interventions

Studies that aim to measure the effects of antipsychot-
ics on BDNF have produced varying results depending
on the type of antipsychotic used in the study'®. Thus,
some studies suggested that typical antipsychotics seem
to reduce BDNF expression while atypical antipsychot-
ics could increase BDNF expression, but these studies
were carried out as animal experiments. Unfortunately,
studies with clinical samples in humans are still scarce”™.
In the particular case of treatments that target cogni-
tion, studies are even scarcer. Nonetheless, BDNF has
been shown to mediate some processes of cognitive
change. There is some evidence about BDNF’s role as
a regulator of axonal and dendritic branching[77’78]. The
process of hippocampal long-term potentiation, which
implies a process of synaptic strengthening, has been
associated with learning and memory through its func-
tional TrkB receptor”™. Furthermore, a recent study
conducted by Vinogradov ez al’" has directly tested
whether neuroplasticity-based cognitive training is able
to modify serum BDNF levels in schizophrenia patients.
Samples consisted of 56 schizophrenia outpatients and
16 matched healthy comparison subjects. Both groups
were assessed on baseline cognitive performance and
serum BDNF levels. Schizophrenia subjects were ran-
domly assigned to either 50 h of computerised auditory
training or a computer-game control condition; this
was followed by reassessment of cognition and serum
BDNPF levels. At baseline, schizophrenia participants
had significantly lower serum BDNF levels than did
healthy controls. Subjects who engaged in computerised
cognitive training designed to improve auditory process-
ing showed significant cognitive gains and a significant
increase in serum BDNF when compared with subjects
who played computer games (control condition). In
sum, in a repeated-measures analyses of variance ap-
proach, subjects following cognitive training showed
a statistically significant gain in global cognition (ap-
proximately 0.36 SD) from baseline to endpoint; sub-
jects in the control group showed no change in global
cognition (0.01 SD). After 10 wk, subjects following
the neurocognitive training were able to increase their
mean serum BDNF levels (mean £ SD, 25.27 + 10.34)
to the same level as healthy controls (mean * SD, 31.30
1 8.95); the control group showed no change. After the
treatment, authors calculated the standardised mean dif-
ference (Cohen’s d) in BDNF levels between the control
group and the therapeutic group and found a medium
effect size of 0.67. Although this study has not been
replicated, it opens a pathway in clinical research. It is
probable that serum BDNF levels would be significantly
increased after neuroplasticity-based cognitive training
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in schizophrenia subjects. If positive replications are
published, then serum BDNF levels could be postulated
as a peripheral biomarker for the effects of intensive
cognitive training or any sort of cognitive recovery in
schizophrenia.

Furthermore, pharmacogenetic studies have shown
that the BDNF Val66 Met polymorphism could be
helpful as an outcome predictor not only for cognitive
recovery but also for drug response and adverse side ef-
fects. It has been suggested that BDNF polymorphism
may be associated with antipsychotic therapeutic ef-
fects"”>” treatment resistance!”
including weigh gain[gs], tardive dyskinesis”” and extra-
pyramidal syndrome®”., Interestingly, Zhang e# al” have
indicated that BDNF genetic variants could be associ-
ated with antipsychotic treatment resistance.

and adverse effects
o

CONCLUSION

Evidence collected in this review indicates that BDNF
is relevant in the pathophysiology of schizophrenia and
could play a role as a marker of clinical response. It has
been confirmed that BDNF plays a crucial role as a reg-
ulator of synaptic transmission and seems to be related
to dysfunctions in principal neurotransmitter systems,
such as the dopaminergic, glutamatergic and serotonergic
neurotransmitter systems. Particularly, BDNF has been
associated with disruptions in brain structure and neu-
rodevelopmental processes. Some studies suggest that
BDNEF levels are altered in schizophrenia patients. Con-
sequently, the relationship between psychotic symptoms
and alterations in the expression of BDNF has been
well established. More specifically, BDNF might be play-
ing a role as a marker of antipsychotic treatment because
studies show that typical antipsychotics seem to decrease
BDNEF levels while atypical antipsychotics maintain or
increase serum BDNF levels.

Regarding cognitive recovery, the evidence gathered in
this review confirms the role of BDNF in brain plasticity
and cognition. There is some evidence suggesting the role
of BDNF as a regulator of axonal and dendritic branch-
ing. BDNF might also be involved in the process of hip-
pocampal long-term potentiation through the process of
synaptic strengthening. In patients with schizophrenia,
BDNEF levels have been related to more severe impair-
ment in cognition. Consequently, BDNF might be pro-
posed as a biomarker of the cognitive recovery process. It
has been suggested that BDNF mediates some processes
of cognitive change. Thus, serum BDNF levels seem
to be significantly increased after neuroplasticity-based
cognitive training in schizophrenia subjects. If positive
replications are published then serum BDNF levels could
be postulated as a petipheral biomarker for the effects of
intensive cognitive training or any sort of cognitive recov-
ery in schizophrenia.

Unfortunately, the effect of neuromodulation on
BDNPF is still far from being completely understood.
Moteover, the specificity of BDNF as a biomarker for
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schizophrenia cannot be stated because reduction in
BDNF has also been observed in patients with neuro-
degenerative disorders and other neuropsychiatric ill-
nesses. Consequently, more studies are needed in order
to establish BDNF as a marker of cognitive recovery in
schizophrenia. Cognitive enhancing drugs have not been
shown to be completely successful, and consequently,
new therapeutic paradigms to improve cognition in
schizophrenia need to be tested. The optimal approach
may require a combination of specific drug treatment
with cognitive training intervention. Finally, examining
the prognostic correlation of baseline BDNF levels and
the final outcome would be useful in establishing the
status of BDNF as a marker of cognitive recovery in
schizophrenia. For all these reasons, considering BDNF
a biomarker of cognitive recovery in schizophrenia may
be promising but still premature.
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