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Introduction

Depression affects 264 million people globally according to World Health

Organization estimates and is a leading cause of disability ( GBD 2017

Disease and Injury Incidence and Prevalence Collaborators, 2018 ). Major

depressive disorder (MDD), the most common presentation of this illness,
has a prevalence in 12 months and throughout life of 10. 4 and 20. 6%,

respectively ( Hasin et al., 2018 ). Furthermore, antidepressants are the

most commonly used drugs, as ~13% of Americans 12 years or older are

prescribed these antidepressants ( U. S. Department of Health Human

Services, 2017 ). Most episodes of depression throughout life are classified

as moderate or severe and result in great loss of quality of life and

productive years ( Hasin et al., 2018 ). Of the total episodes, 12% are

hospitalized at some point ( Hasin et al., 2018 ). Nonetheless, the

pathophysiology of depression is multifactorial and not totally understood.
Several pathophysiological systems are implicated in MDD, such as the
immune system, autonomic nervous system, and hypothalamic-pituitary-
adrenal axis, as well as primary brain systems, including the monoaminergic

brain circuitries and the neurotrophic support pathway ( Krishnan and

Nestler, 2008 ). However, no biomarkers have been clearly identified as

being capable of improving diagnostic accuracy, guiding treatment selection

or response, or predicting prognosis consistently.

In the last 70 years, the “ monoamine hypothesis” has been a dominant
biochemical theory for depression. However, lack of response to
antidepressants restoring monoamines in several patients and the clinical
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latency of response of several weeks consisted of some of the arguments

questioning this theory ( Hindmarch, 2002 ). Almost two decades ago, the “

neurotrophin hypothesis of depression” was proposed by Duman et al.

(1997) as a putative biological mechanism for depression. This hypothesis
postulated that depression was due to dysfunctional neurogenesis in brain

regions responsible for emotion and cognition ( Duman and Monteggia, 2006

). According to this hypothesis, the expression of neuronal growth factors
(neurotrophins) is decreased when facing a stressor. Neurotrophins are
proteins that induce the survival, development, and differentiation of
neurons. This stress-related decrease in neurotrophic support reduces
hippocampal neurogenesis and results in neuronal atrophy and the loss of
glial cells, whereas antidepressant treatment could restore neurotrophic
support by upregulating neuronal growth factors. Among the many known
neurotrophins, including nerve growth factor, neurotrophin-3, and
neurotrophin-4, brain-derived neurotrophic factor (BDNF) is the most
abundant and widely neurotrophic growth factor in the central nervous
system. It regulates nervous system development and survival during the
entire life span through the activation of three signaling pathways, MAPK,
phospholipase C-y, and phosphoinositide 3-kinase, which bind to its receptor

tropomyosin receptor kinase B (TrkB) ( Saarelainen et al., 2003 ). In

particular, BDNF modulates cognitive functions through its capacity to
modulate neurite outgrowth, neuronal differentiation and survival, growth,
and guidance of axons and dendrites, synaptic plasticity, long-term

potentiation, and neurotransmitter release ( Huang and Reichardt, 2001 ;
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Patapoutian and Reichardt, 2001 ; Poo, 2001 ;: Chao, 2003 ; Tapia-Arancibia

et al., 2008 ).

The neurotrophic hypothesis of depression is heavily based on the
correlation between lower levels of BDNF and a higher frequency of
depression, depressive symptomatology, neuronal loss, and cortical atrophy,
and the restoration of the BDNF effect is linked to antidepressants (

Martinowich et al., 2007 ). This hypothesis has stimulated many studies,

which unfortunately revealed contradictory findings from experimental
studies to clinical trials and questioned further translational evidence for the
clinical application of quantification of BDNF in serum, whole blood, or
plasma for the diagnosis, monitoring, and prognosis of MDD. Important
questions remain fragmented across experimental and genotype studies,
clinical trials, and meta-analyses, and the correct interpretation of these
findings may avoid noise and misunderstanding surrounding peripheral BDNF
concentrations in MDD. Most previous integrative reviews on BDNF in MDD

date more than 10 years ago ( Groves, 2007 ; Martinowich et al., 2007 ). At

that time, BDNF was a potential target for antidepressant therapy, and the
BDNF molecular pathway (from pro-BDNF to mature protein) was under
debate. Since then, at least five important meta-analyses regarding the

serum BDNF response to antidepressants ( Brunoni et al., 2008 ; Sen et al.,

2008 : Bocchio-Chiavetto et al., 2010 : Molendijk et al., 2014 : Zhou et al.,

2017 ) have also been published aiming to identify peripheral biomarkers for
antidepressant therapy. More recent reviews have mainly focused on BDNF-
related antidepressant actions, specifically on rapid-acting antidepressants

or only experimental evidence, but do not approach several other treatment
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modalities in MDD or simultaneously integrate basic science and clinical

trials ( Duman et al., 2019 ; Yang et al., 2020 ). This review aims first to

summarize current evidence (see Box 1 for the search strategy assumed) of
BDNF function, genetics, epigenetics, and expression. Second, we review
clinical and therapeutic evidence, beyond antidepressants, regarding BDNF
concentration in MDD and the potential role of BDNF as a biomarker in

clinical practice.

Box 1. Search strategy for this review.

For this review, we have searched the PubMed primarily for narrative
reviews, systematic reviews, meta-analyses, and clinical trials published in
English between January 1, 1995, and September 1, 2020, using the search
terms “ depression” and “ depressive” cross-referenced with the terms “
neurotrophins”, “ brain-derived neurotrophic factor” and “ BDNF”. To
improve the strength of the evidence reviewed here, we assembled two
professionals with experience in experimental and genetic research and two
professionals with both clinical and research activities in mood disorders,
mainly focused on depressive disorders, to write this review. Also, we
primarily focused on systematic reviews and meta-analyses to reduce
publication and selection bias of the published evidence in this non-
systematic review. Reference lists from these publications were searched
and added in our review if judged relevant. All authors followed this strategy,
and any disagreement of selection criteria was solved through consensus

opinion among the authors.
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BDNF Function

BDNF is part of a family of structurally related peptides, named
neurotrophins, which are able to interact with two classes of receptors
expressed on cell membrane surfaces, namely, tropomyosin receptor kinase
(Trk) A-C, which binds to diverse neurotrophins, and the p75 neurotrophin

receptor (p75NTR) ( Chao, 2003 ). In general, both autocrine and paracrine

mechanisms are used for the synthesis and action of neurotrophins by
different cell types in the nervous, immune, and endocrine systems ( Vega et

al., 2003 ). The most important neurogenesis and neuroprotectant roles

come from the BDNF activity over TrkB receptors ( lbafez, 1995 ; Fossati et

al., 2004 ).

First, BDNF is synthesized as a pro-protein (pro-BDNF) in the brain, especially

in the hippocampus and hypothalamus ( Chao, 2003 ). Next, pro-BDNF is

cleaved to form mature BDNF and pro-peptide (the pro-BDNF N-terminal
fragment) with specific biological functions. BDNF is produced by mature

neurons and glial cells and released together with other neurotrophins after

neuron depolarization ( Aloe et al., 2002 ; Lessmann et al., 2003 ; Castrén,
2004 ). It is believed that an imbalance of pro-BDNF and mature BDNF can

cause neuronal degeneration and behavioral impairment ( Cuello et al., 2010

; Rosso et al., 2017 ).

Genetics of BDNF

The human BDNF gene is located on chromosome 11pl3 and consists of 11
exons and 9 functional promoters that are tissue-specific and brain region-

specific ( Pruunsild et al., 2007 ). This gene has many variants, and several
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single-nucleotide polymorphisms (SNPs) have been described so far ( Licinio

et al., 2009 ). The most studied BDNF SNP is a transition from G to A at

position 196 in the exon IX gene (rs6265 or G196A polymorphism), resulting
in an amino acid substitution at codon 66 (valine [Val] to methionine [Met])
in the precursor BDNF peptide, also known as Val66Met polymorphism (

Pruunsild et al., 2007 ; Tsai, 2018 ). The functional role of this SNP is to

modulate the secretion of BDNF by neurons ( Egan et al., 2003 ). Conflicting

results arise regarding the possible effects of this BODNF gene polymorphism
in depressive disorders. Common points of view assume that the BDNF
Val66Met polymorphism is not associated with depressive disorders per se (

Verhagen et al., 2010 ; Gyekis et al., 2013 ), but age, sex, environment,

ethnicity, and gene-gene interaction may influence its role in depression (

Figure 1).

FIGURE 1

Molecular biology of the brain-derived neurotrophic factor and its way toward

major depressive disorder.

Val66Met and Sex Environment and Ethnicity
Interestingly, in a large meta-analysis, the Met allele significantly increased

the risk of depression in men but not in women ( Verhagen et al., 2010 ). A

possible explanation derives from bioimaging studies showing that the
hippocampus is larger in women than in men when adjusted for total brain

size ( Goldstein et al., 2001 ) and that the hippocampi of women differ

significantly in neurochemical make-up ( Madeira and Lieberman, 1995 ), as
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well as reactivity to stressful situations ( Cahill, 2006 ). As demonstrated in

animal models, chronic stress causes damage to the hippocampus in males

but does so far less in females ( McEwen, 2000 ).

As stress leads to decreased levels of BDNF expression in the hippocampus,
and the BDNF gene plays a role in the survival of neuronal cells, connectivity,
and plasticity, a more efficiently expressed BDNF allele might protect the
brain against hippocampal damage after stress or at least might render an

individual less vulnerable to the effects of sustained stress ( Smith et al.,

1995).

Given these findings, the BDNF Val66Met polymorphism may play a larger

role in the neurobiology of depression in men than in women ( Verhagen et

al., 2010 ). Moreover, the different capacity to cope with stress in men

compared with women may be due to different interplay between genetic

and environmental factors in the two sexes ( Becker et al., 2007 ). For

example, the association between the BDNF gene profile and childhood

stressful life events is present only in men ( van Oostrom et al., 2012 ), as is

the effect of BDNF polymorphisms on the relationship between physical

activity and cognitive performance ( Watts et al., 2018 ).

Under these premises, we must consider that the interaction between the
BDNF Val66Met polymorphism and MDD also depends on the geographic
origin. Indeed, a meta-analysis showed a stronger association between this
polymorphism and MDD in a white population than in an Asian population (

Zhao et al., 2018 ). These findings suggest that the interaction between the

BDNF Val66Met polymorphism and life stress in depression may differ across
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cultural contexts and that BDNF gene variants may exert a different role in

different ancestries ( Yang et al., 2020 ).

Moreover, the methodologies used to measure stress are important factors
able to influence the results. For example, in children, the so-called early life
stress is measured differently in the various studies (e. g., the time of

occurrence) ( Kim et al., 2007 ; Chen et al., 2012 ). Finally, the association

between depression and BDNF gene profiles is much more evident in those
studies using in-person interviews or objective measures to assess stress (e.
g., trained investigators) than in studies using self-report methods (

Verhagen et al., 2010 ).

Val66Met and Gene by Gene Interaction
Gene-by-gene interactions have been hypothesized to contribute to the

etiology of depression ( Kaufman et al., 2006 ). The most significant BDNF

gene interaction was reported with the serotonin transporter-linked
polymorphic region ( 5-HTTLPR ) in the promoter of the SLC6A4 gene that

encodes 5-HTT ( Harkness et al., 2015 ; Bleys et al., 2018 ). 5-HTTLPR is a

43-base-pair insertion/deletion polymorphism that creates two allelic forms,
the long (L) allele and the short (S) allele associated with decreased 5-HTT

expression and serotonin reuptake ( Lesch et al., 1996 ). A cross-sectional

study demonstrated that the Met allele of the BDNF gene might interact with
two short alleles in the promoter region of the 5-HTTLPR increasing the risk

for depression in maltreated children ( Kaufman et al., 2006 ). Indeed, a

study has suggested that the serotonin ( 5-HT )- BDNF systems act
synergistically on synaptic plasticity and neurogenesis in brain areas
implicated in depression ( Martinowich and Lu, 2008 ).
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The BDNF gene is also required for dopamine D 3 receptor ( DRD3)

expression ( Guillin et al., 2001 ). The most frequently studied polymorphism

is DRD3 Ser9Gly (rs6280), which causes a serine (Ser)-to-glycine (Gly)

substitution increasing the affinity for binding to dopamine ( Lundstrom and

Turpin, 1996 ; Bombin et al., 2008 ). Interestingly, DRD3 Ser9Gly has been

described as interacting with BDNF Val66Met in the development of anxiety

disorder comorbidity in patients with bipolar disorder Il ( Chang et al., 2013 ).

BDNF Epigenetics
DNA methylation of the BDNF gene has been widely investigated, showing

increased BDNF methylation levels in patients with MDD ( Schroter et al.,

2020). In particular, high methylation of CpG sites in exon | and low serum

levels of BDNF were associated with MDD ( D'Addario et al., 2013 ; Carlberg

et al., 2014 ) and depression in patients characterized by bipolar Il disorders

( Dell'Osso et al., 2014 ). A significantly higher methylation level was also

observed at the 217 CpG site in BDNF exon IX in MDD patients than in

healthy controls ( Hsieh et al., 2019 ). In contrast, lower methylation levels at

the 327 CpG site and 362 CpG site were observed in the same patients (

Hsieh et al., 2019 ). Interestingly, late-life depression was also associated

with elevated BDNF methylation of specific CpG sites within BDNF promoters

| and IV ( Januar et al., 2015)).

Another important epigenetic effect is played by microRNAs, endogenous
small non-coding RNAs, which post-transcriptionally regulate the expression
of several genes targeting mRNAs for cleavage and/or translational

repression. Interestingly, in depressed patients, there is an inverse
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relationship between serum BDNF levels and miR-132/miR-182 levels ( Liu et

al., 2016 ). Moreover, the serum levels of miR-30e, miR-132, miR-185, and

miR-212 were significantly increased in MDD patients compared with healthy

controls ( Lin et al., 2017 ).

BDNF Expression and Blood BDNF in Neuropsychiatric
Diseases

Gene expression of BDNF has been found in the brain and other non-nervous
compartments including human lymphocytes and monocytes (

Kerschensteiner et al., 1999 ). Peripherally, BDNF can be identified in blood

and saliva samples ( Lipps, 2000 ; Mandel et al., 2009 ; Tirassa et al., 2012 ).

In humans, determinants of serum BDNF levels include sampling factors (e.
g., fasting vs. non-fasting, time of sampling, duration of sample storage),
sociodemographics (sex, age, urban, vs. rural), lifestyle (use of smoking or

alcohol), and even seasonality ( Bus et al., 2011 , 2012 ; Molendijk et al.,

2012 ). Unfortunately, most clinical studies have not been fully adjusted for
these potentially confounding characteristics. In addition, platelets can store

BDNF and act as a “ buffer system” regulating the peripheral concentration

of BDNF ( Serra-Millas, 2016 ). During aging, the central and peripheral levels

of BDNF are reduced ( Lommatzsch et al., 2005 ), particularly in older

persons affected by mood disorders and cognitive impairment ( Pal et al.

2014 ). Nonetheless, the manifestations and severity of several
neurodegenerative and psychiatric disorders are correlated with BDNF levels

( Bersani et al., 2000 ; Gelfo et al., 2011 ). However, BDNF levels can be

susceptible to stimuli-related alterations in healthy conditions ( Tirassa et al.,

2012 ).
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Animal studies proposed that BDNF could cross the blood-brain barrier in
both directions, as after BDNF was injected in the brain, it was removed to

the periphery ( Pan et al., 1998 ); however, this evidence is highly

questionable based on several studies showing a high concentration of brain

BDNF in mice, but without peripheral BDNF detection ( Radka et al., 1996 ;

Chacon-Fernandez et al., 2016 ). In humans, peripherally detectable BDNF is

mostly related to its presence in megakaryocytes and platelets, but these

cells do not have nuclei to synthetize BDNF ( Chacdn-Fernandez et al., 2016

). However, BDNF is mainly stored in platelets, which explains the ~200-fold
difference between serum and plasma BDNF, probably due to BDNF release

during the coagulation process ( Karege et al., 2002 , 2005 ). Whether

peripheral BDNF is only stored in platelets from brain production or is
derived from peripheral production remains to be better addressed. During

aging, the central and peripheral levels of BDNF are reduced ( Lommatzsch

et al., 2005 ), particularly in older persons affected by mood disorders and

cognitive impairment ( Pal et al., 2014 ). Reduced levels of BDNF have been

described as being involved in the pathogenesis of Alzheimer disease (

Huang and Reichardt, 2001 ). Indeed, the gene and protein expression of

BDNF is severely reduced in the hippocampus and temporal and frontal

cortex regions in Alzheimer disease brain ( Phillips et al., 1991 ; Hock et al.,

2000 : Patapoutian and Reichardt, 2001 : Fahnestock et al., 2002 ; Michalski

and Fahnestock, 2003 ). Interestingly, in these patients, the postmortem

cortex levels of BDNF were correlated with circulating serum BDNF levels,

and the protein levels were associated with cognitive decline evaluated by
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the Mini Mental State Examination score ( Poo, 2001 ; Michalski and

Fahnestock, 2003 ; L. Tapia-Arancibia et al., 2008 ).

Regarding MDD, there are several studies with inconsistent results (

Monteleone et al., 2008 ; Fernandes et al., 2009 ; Kreinin et al., 2015 ),

possibly because the majority of them have not investigated the BDNF
system across molecular levels. Moreover, longitudinal studies to determine
whether altered BDNF levels are state or trait markers of disease are sparse

( Karege et al., 2005 ; Monteleone et al., 2008 ; Piccinni et al., 2008 ; Kreinin

et al., 2015 ).

MDD patients presented lower mRNA (from blood mononuclear cells) and

serum concentrations of BDNF than healthy controls ( Karege et al., 2005 ;

Lee and Kim, 2010 ; Hsieh et al., 2019 ; Schroter et al., 2020 ). In particular,

the serum BDNF levels appear to be very low in patients who have

attempted suicide ( Lee and Kim, 2010 ; Ai et al., 2019 ). On the other hand,

other studies did not show different serum levels of BDNF in MDD patients

compared with controls ( Duman et al., 1997 ), and others also described an

improvement in BDNF levels in women but not in men after antidepressant

treatment ( Huang and Hung, 2009 ; Polyakova et al., 2015b ; Martinotti et

al., 2016 ; Lin et al., 2017 ). Several mechanisms could be hypothesized

regarding the impairment of DNA expression and decreased serum BDNF
production. As reported previously, the different promoter methylation

statuses in exon IX ( Hsieh et al., 2019 ) and in exon | may be one of the

mechanisms involved ( D'Addario et al., 2013 ; Schroter et al., 2020 ). The

biological effects of BDNF are mediated by the transmembrane tropomyosin-
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related kinase B (TrkB) receptor, and a downregulation of the TrkB signaling

pathway has been discovered in MDD ( Tsai, 2004 ). Finally, it has been

suggested that the decreased serum and plasma BDNF levels (but not in
whole-blood BDNF) in MDD patients are related to mechanisms of BDNF
release and secretion independent of platelet reactivity ( Karege et al., 2005

).

Clinical and Treatment Perspectives

The neurotrophin hypothesis of depression proposes that most of the
antidepressant effect comes from the increase in BDNF expression and

concentration, which improves neuronal plasticity ( Park and Poo, 2013 ).

This latter process is particularly important in sites of cell proliferation, such
as the subventricular and subgranular zones of the dentate gyrus, which is

involved in maintaining stable mood ( Gross, 2000 ). Experimental findings in

rats showed that a reduction in BDNF impaired neurogenesis and induced
depressive-like behavior, antidepressants increased brain BDNF, and finally,

intrahippocampal injections of the neurotrophin diminished depressive-like

symptoms ( Shirayama et al., 2002 ; Deltheil et al., 2009 ; Taliaz et al., 2010

: Kavalali and Montegagia, 2012 ). Translational evidence came from

postmortem studies showing low BDNF level and its receptor, TrkB, in region-

specific depressed brains ( Kozicz et al., 2008 ; Bernard et al., 2011 ; Ray et

al., 2011 ). Taken together, this evidence stimulated seminal clinical studies

showing low serum levels of BDNF in depressed individuals with a direct
proportional relation between BDNF concentration and depressive

symptomatology ( Karege et al., 2002 ), as well as an increase in serum

BDNF levels during antidepressant treatment ( Shimizu et al., 2003 ).
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Clinical studies showed heterogeneous results. Inconsistencies were seen
between BDNF levels and depressive symptom severity. Generally, patients
with suicide attempts and a high risk of suicide showed lower levels of serum

or plasma BDNF ( Dawood et al., 2007 ; Deveci et al., 2007 ; Kim et al., 2007

). Antidepressant treatment restored serum BDNF levels in several studies (

Brunoni et al., 2008 ), but a variety of times of response and types of drug

were observed. Two previous studies showed that selective serotonin
receptor inhibitor (SSRI) and serotonin and norepinephrine receptor inhibitor

(SNRI) treatment for 2 months increased serum BDNF ( Gonul et al., 2005 ;

Yoshimura et al., 2007 ). Notwithstanding, a study with sertraline and

escitalopram observed an increase in serum BDNF levels only after 6 months

( Matrisciano et al., 2009 ). In this study, no change in BDNF levels was

observed using venlafaxine. Another important issue is the medium in which
BDNF is evaluated, i. e., serum or plasma. Usually, clinical studies have
indicated an increase in plasma and serum BDNF levels in MDD

antidepressant-treated patients after 45-60 days ( Yoshimura et al., 2007 ;

Lee and Kim, 2008 ). However, a small sample size study with a follow-up of
12 months found a variation in serum and plasma BDNF response to
antidepressants, with the former persistently low and no changes regarding

the latter ( Piccinni et al., 2008 ).

To date, more than 50 studies have been performed aiming to investigate
whether BDNF could constitute a depressive episode biomarker and to what
magnitude it could signal an antidepressant response. Most of these studies'
findings are represented in a large meta-analysis aimed at systematically

reviewing the effect size of antidepressants on BDNF serum levels in 9, 484
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(in 55 studies) healthy controls, antidepressant-free MDD patients, and

antidepressant-treated MDD patients ( Molendijk et al., 2014 ). The random-

effects sizes showed that antidepressant-free depressed patients had lower
BDNF concentrations than those of healthy controls (effect size of —0. 71)
and those of antidepressant-treated depressed patients (effect size of —0.
56). The BDNF levels were not different between antidepressant-treated
patients and healthy controls (effect size of 0. 07, p = 0. 52). The BDNF
concentrations and depressive symptom severity were negatively correlated
in antidepressant-free depressed patients ( r= —0. 19; p < 0. 001) but not in

antidepressant-treated depressed patients or healthy controls.

This systematic review confirmed previous results from three other meta-
analyses ( n = 968; 11 studies with low to medium sample sizes), which
found an antidepressant restoration (effect size of —1) of low serum BDNF in

treatment-free depressed individuals (effect size of —1) ( Brunoni et al., 2008

: Sen et al., 2008 ; Bocchio-Chiavetto et al., 2010 ). However, the meta-

analysis performed by Molendijk et al. (2014) revealed a large amount of

heterogeneity (e. g., in severity of depression) and publication bias (e. g.,
larger samples and more recent publications with smaller differences
between groups). Nonetheless, correcting effect size estimates for
publication bias resulted in attenuated values for low levels of BDNF and its
resultant antidepressant effect, being almost half of the previous values
observed in the study. However, the association between BDNF
concentration and depressive symptom severity disappeared. Moreover,
most of the studies included were underpowered (median sample size of 36

patients).
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A more recent systematic review and network meta-analysis found a
significant effect of antidepressants on increasing BDNF levels [standardized
mean difference (SMD) = 0. 62; 95% confidence interval (Cl) = 0. 31-0. 94, Z

= 3.92, p<0.0001] ( Zhou et al., 2017 ). An increase in BDNF levels over

time was also associated with a significant decrease in the Hamilton
Depression Rating Scale score (SMD = 2. 78, 95% Cl = 2. 31-3. 26, Z = 11.
57, p < 0. 00001). SNRIs showed a higher effect size than SSRIs (0. 92 vs. 0.
68). Moreover, four antidepressants presented more than one study and
were analyzed individually regarding their role in increasing BDNF levels.
Only sertraline showed significantly increased BDNF levels after treatment
(SMD = 0. 53, 95% Cl = 0. 13-0. 93, Z= 2. 62, p = 0. 009), whereas
venlafaxine, paroxetine, and escitalopram did not. In general,
antidepressants had a significant effect on the increase in BDNF
concentration after 8 weeks. Only serum levels of BDNF were correlated with
antidepressant treatment, whereas plasma BDNF was not. A high degree of
heterogeneity was also found in this systematic review ranging from 83 to
85%. Although these meta-analyses carry some methodological limitations
inherent to this type of study, collectively, yielded evidence raises concern
about the utility of serum BDNF as a clinical biomarker for MDD or a
predictor for antidepressant efficacy, and further investigations are
necessary to recommend the usage of BDNF levels to monitor

antidepressant treatment.

Central and peripheral levels of BDNF are highly correlated ( Klein et al.

2011 ). As stated before, the most peripheral BDNF is stored in platelets

(almost 100%), resulting in very low levels of free BDNF in the plasma (

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 18

Fujimura et al., 2002 ). As platelets do not cross the blood-brain barrier,

plasma levels are more associated with brain levels of BDNF ( Radka et al.,

1996 ). Additionally, during the process of preparing blood samples to
measure serum BDNF, coagulation and centrifugation processes result in

platelet release of BDNF, increasing its level ( Fujimura et al., 2002 ). Several

technical issues influence serum or plasma BDNF levels such as clotting
time, bioassays, temperature, and a second centrifugation to correct plasma

levels, among others ( Maffioletti et al., 2014 ; Amadio et al., 2017 ; Gejl et

al., 2019 ). Most importantly, platelet alterations are observed in MDD, and

several drugs such as antidepressants and antiaggregating medications (e.

g., clopidogrel) influence BDNF platelet release ( Serra-Millas, 2016 ).

Although plasma and serum BDNF are used as equivalents in clinical MDD
research, they should not be viewed as such. In this sense, we believe that
serum BDNF is more reliable for clinical practice and clinical studies,
especially when evaluating the serum: whole blood concentration as

previously recommended ( Karege et al., 2002 , 2005).

Rapid-acting antidepressants are mainly represented by low-dose
intravenous infusion of ketamine, an N -methyl- D -aspartate receptor
(NMDA-R) antagonist, which produces a fast and significant reduction in

suicidal ideation and depressive symptoms in MDD patients ( Wilkinson et

al., 2018 ). An increase in synaptic BDNF levels in y-aminobutyric acid

interneurons appears to be a major mechanism of action of ketamine ( Zanos

and Gould, 2018 ). Interestingly, the BDNF levels increased after an average

time of 4 h after a low-dose infusion of ketamine, completely different from

the evidence with other antidepressants, which require a more prolonged
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time ( Autry et al., 2011 ; Kavalali and Monteggia, 2012 ; Haile et al., 2014 ).

Additionally, the presence of the BDNF Val66Met polymorphism may blunt

the antidepressant and antisuicidal effects of ketamine ( Laje et al., 2012 ).

The rapid and direct effect of BDNF linked to ketamine is reinforced by the
lack of the same benefit for other NMDA-R antagonists (memantine), a blunt
in antidepressant action of ketamine in deletion mutant mice, and a blocked
action after infusion of anti-BDNF in the medial prefrontal cortex ( Autry et

al., 2011 ; Gideons et al., 2014 ; Lepack et al., 2014 ). Robust clinical

evidence is needed to confirm these findings.

Notwithstanding, other treatment alternatives to MDD were also investigated
regarding a potential increase in peripheral BDNF concentration. This is the
case for electroconvulsive therapy (ECT), which is a potent catalyst for

neurogenesis in the hippocampus of animal models ( Pereira et al., 2007 ).

ECT is an effective treatment for MDD, but its mechanism is still debatable,
involving morphological brain modifications and modulation of

monoaminergic neurotransmission, especially 5-HT 1a and 5-HT 2a receptors (

Baldinger et al., 2014 ; Gryglewski et al., 2019 ). Previous experimental
evidence showed that electroconvulsive shocks (ECT in animal models)

resulted in higher levels of BDNF in rats ( Polyakova et al., 2015a ). Two

recent meta-analyses included studies with MDD patients treated with ECT,
in which pretreatment and posttreatment BDNFs were evaluated ( Rocha et

al., 2016 ; Luan et al., 2020 ). SMDs of 0. 56 (95% Cl = 0. 17-0. 96) and O.

695 (95% CI = 0. 402-0. 988) were observed between the studies pointing to
an increase in serum BDNF after the ECT. However, long-term (> 30 days)

ECT was not evaluated ( Luan et al., 2020 ), and a high heterogeneity was
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observed ( Rocha et al., 2016 ). Most importantly, more than half of the

studies with ECT used several combinations of antidepressants with ECT,

which potentially alters BDNF concentration ( Rocha et al., 2016 ). Moreover,

a recent study showed that serum levels of BDNF increased after 1 day, 1
week, and 1 month of an ECT session, but BDNF concentrations were not

associated with depressive symptomatology ( Vanicek et al., 2019 ). Another

ECT study found similar results, as the plasma BDNF levels and the Val66Met
polymorphism neither predicted the effect of ECT nor were related to

improvement in depression ( Ryan et al., 2018 ). These findings hamper a

potential mediating effect of BDNF by which ECT improves depression.
Moreover, evidence from other non-invasive brain stimulation treatments

was summarized in a 2015 meta-analysis ( Brunoni et al., 2015 ). A total of

259 patients were included, mostly with treatment-resistant MDD. However,
most patients received daily sessions of transcranial direct current
stimulation on the left dorsolateral prefrontal cortex. No alteration in BDNF
levels was found in any of the trials included, and a metaregression did not
find predictive variables for this outcome. More importantly, no sign of
heterogeneity or publication bias was found. A sensitivity analysis confirmed

these findings.

Psychological treatment was also investigated regarding BNDF concentration
and genetic profile. However, the results are less evident and less consistent.
The serum levels of BDNF did not change after 16 weekly sessions of
cognitive behavior therapy, and the plasma levels did not predict a response
to 12 or 16 sessions of twice-weekly interpersonal therapy for depression in

another study ( Koch et al., 2009 ; da Silva et al., 2018 ). Moreover, a
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genome-wide meta-analysis did not associate the presence of the Val66Met
polymorphism with psychological treatment outcomes for depression (

Rayner et al., 2019 ). Finally, a recent trial evaluating the presence of the

Val66Met polymorphism and pretreatment and posttreatment BDNF serum
levels for both cognitive behavior therapy and interpersonal therapy in
severe MDD patients did not find any significant association with outcomes

after 6 months ( Bruijniks et al., 2020 ). These results were not influenced by

treatment modality or frequency (once or twice per week) of therapy. In this
study, it was observed that high performance of working memory moderated
the relation between higher levels of BDNF and lower posttreatment
depression. This finding can shed some light on the mechanisms by which
BDNF may influence psychotherapy results. Cognitive abilities are required in
the psychotherapeutic process to reduce depressant stimulants and to cope

with negative feelings ( Bruijniks et al., 2020 ). Previously, cognitive domains

such as memory performance ( Azeredo et al., 2017 ) and attention (

Mikoteit et al., 2015 ) were associated with BDNF levels, which are mainly

expressed in the hippocampus, a region responsible for memory and inter-
related cognitive functions in addition to the regulation of stress ( Dranovsky

and Hen, 2006 ).

Physical exercise is an evidence-based treatment strategy to improve

depression with a moderate effect size ( Schuch et al., 2016 ). Several

mechanisms may explain the positive impact of physical exercise, including
an increase in neurotrophic support (generally combined with an enriched
environment). Animal studies have shown that physical exercise is

associated with increased expression of BDNF in the hippocampus, which
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may improve memory performance and reduce depressive symptoms by

promoting neurogenesis and neuronal differentiation ( Hotting and Roder,

2013 ). Similar to antidepressants, there are patients with MDD who do not

respond to physical activity practice at all ( Dunn et al., 2005 ). One

proposed theory is that the mechanism of action of exercise could involve
the neurotrophin pathway, especially the BDNF. In humans, acute exercise
increased serum BDNF, and chronic aerobic exercise produced higher

concentrations of resting BDNF ( Dinoff et al., 2016 , 2017 ). A 2015 meta-

analysis showed that BDNF was elevated after a single section of physical

activity and after a regular program ( Szuhany et al., 2015 ). Six studies were

evaluated in a recent meta-analysis with conflicting results regarding the
effect of physical exercise on resting concentrations of BDNF among MDD
patients, and the peripheral BDNF concentrations were not increased after

an exercise intervention ( Dinoff et al., 2018 ). The small sample size in all

studies, short-term follow-up, and a high level of heterogeneity were
potential limitations in this systematic review. More recently, a secondary
analysis of a pilot randomized controlled trial, which examined the combined
effects of exercise and psychosocial treatment on depression symptoms,

showed a non-significant mediating effect of BDNF ( Szuhany and Otto, 2020

). In this small trial, neither a moderate effect of exercise on changes in
BDNF levels nor predicted changes in depressive symptomatology were
sustained over time. Interestingly, the BDNF Val66Met polymorphism may
moderate the impact of physical exercise on BDNF expression. In mouse
depression models, exercises had no behavioral or neuroplastic effects in the

presence of the BDNF Val66Met polymorphism ( leraci et al., 2016 ). In an
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experiment with healthy people, the increase in serum BDNF levels after
exercise was significantly less among carriers of the BDNF Val66Met

polymorphism ( Lemos et al., 2016 ). Whether the BDNF Val66Met

polymorphism indeed moderates the effect of physical exercise on
depressive symptoms in humans needs further exploration as studies thus

far have produced inconsistent results ( Mata et al., 2010 ; Gujral et al., 2014

). Interestingly, a recent study showed that the positive impact of physical
exercise on cognitive performance was significantly less among depressed
patients with the BDNF Val66Met polymorphism than among those without

this polymorphism ( Pitts et al., 2020 ).

Aging, Depression, and BDNF

Few studies have investigated the relationship between BDNF and late-life
depression. Older adults with depression present more cognitive complaints,
reduced hippocampal volume, and subcortical vascular abnormalities than

younger individuals ( Beekman, 2011 ). These characteristics could be

associated with lower levels of BDNF or at least with the presence of the
Val66Met polymorphism in geriatric depression. BDNF Val66Met
polymorphism studies in MDD, especially in later life, are inconsistent.
However, the presence of the BDNF Val66Met polymorphism was associated
with geriatric depression in a previous meta-analysis of studies of late-life

depression with low level of heterogeneity and publication bias ( Pei et al.

2012 ). In late-onset depression, Met allele carriers were associated with
higher white matter hyperintensity volumes but without obvious clinical

relationships ( Taylor et al., 2008 ). Interestingly, compared with Val carriers,

healthy Met allele carriers showed worse episodic memory function, reduced
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hippocampal physiologic performance in functional magnetic resonance, and
reduced prefrontal and hippocampal gray matter volume in previous studies

( Egan et al., 2003 ; Pezawas et al., 2004 ; Szeszko et al., 2005 ; Bueller et

al., 2006 ; Yu et al., 2009 ). Moreover, Met allele carriers also showed

increased age-related impairment of hippocampal activation during encoding
and retrieval tasks compared with Val carriers independent of structural or

performance differences ( Sambataro et al., 2010 ). Furthermore, in a large

representative sample of older American veterans, the BDNF Val66Met
polymorphism moderated the association between depression and lower

cognitive performance ( Pitts et al., 2020 ).

Most studies involving older adults with depression observed lower plasma or

serum levels of BDNF ( Diniz et al., 2010 ; Laske et al., 2010 ; Shi et al., 2010

; Chu et al., 2012 ). However, in a Dutch cohort study of late-life MDD, no

association was found between BDNF serum levels and cognitive

performance ( Dols et al., 2015 ). In this study, BDNF concentrations were

not different between depressed older adults and controls. Most
interestingly, one recent study found that the impact of BDNF serum levels
on the course of late-life depression was conditional on the presence of both

the use of SSRIs and a history of childhood trauma ( Dimitriadis et al., 2019 ).

Based on these results, the authors hypothesized that childhood trauma may
permanently reduce (“ blunt”) the responsiveness of the neurotrophic
system to SSRI usage and that this responsiveness might be more important

for depression course than the actual BDNF serum levels ( Dimitriadis et al.,

2019 ).
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Conclusions

In summary, experimental and clinical evidence points to both blood BDNF
levels (serum or plasma) and the BDNF Val66Met polymorphism as being
linked to MDD pathophysiology and treatment response. Taken together,
several studies have indicated the blunt expression of BDNF in carriers of the
Val66Met gene, lower BDNF levels in depressed individuals, and increased
levels of BDNF after antidepressant therapy, especially involving SSRIs, ECT,
and rapid-acting antidepressants such as ketamine ( Figure 2 ). However, the
high levels of heterogeneity, publication biases, and lower sample sizes of
the studies in this area prevent an extrapolation of this compelling evidence
to clinical practice, resulting in a low level of translational evidence.
Moreover, technical issues still negatively influence our trust in peripheral
measures of BDNF and its real correlation to brain levels. Several concerns
remain to be answered regarding the association between BDNF levels and
its (1) relationship with MDD severity, remission, and relapse; (2) direct
effects vs. augmented expression of BDNF after antidepressants; (3) long-
term antidepressant therapy maintenance; (4) response to other treatment
options (e. g., physical activity and psychotherapy); (5) variation according
to age, sex, and ethnicity, among other important questions; and (6) ideal
measurement of BDNF. To address this latter issue, we recommend the
serum or serum: whole blood level of BDNF as a more consistent measure of

its peripheral concentration.

FIGURE 2
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Several antidepressant treatments aimed to increase brain-derived

neurotrophic factor with heterogeneous results.

Finally, especially considering antidepressant treatment, BDNF may only be
a part and a multilevel action of known antidepressants to date. A new
hypothesis for antidepressant action, namely, the undirected susceptibility to
change, presumes that antidepressant treatment does not directly improve
mood, but rather creates a favorable condition through increased brain
plasticity to the action of the environment, which is fundamental to ensure

recovery and is amplified by antidepressant action ( Branchi, 2011 ; Castrén,

2013 ). Preclinical and clinical evidence, especially that focused on SSRiIs,
has shown that the higher levels of serotonin and better interactions of
environmental effects, stress-related genes, or stressful environments can
blunt this favorable action; healthy environments (higher social networks,
employment) increase antidepressant responses; and psychotherapy that
deals with the environment enhances psychopharmacological treatment (

Branchi et al., 2013 ; Alboni et al., 2017 ).

In conclusion, future research must first better address laboratory
techniques for peripheral BDNF peripheral detection with a high correlation
with brain concentrations; second, it must minimize important heterogeneity
factors such as the inclusion of different MDD phenotypes, different quality of
patient's environment, the presence of child trauma, and genetic Val66Met
polymorphisms; and third, it must explore potential direct BDNF effects

depicted from rapid-acting antidepressants such as ketamine.

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 27

Author Contributions

All authors contributed equally to the writing of this review.

Conflict of Interest

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

Acknowledgments

IA received a national public grant level 2 from the National Council for
Scientific and Technological Development (Ministry of Science, Technology,
Innovation, and Communications, Brazil). FG received a grant from Ricerca

Corrente (Italian Ministry of Health).

References
Ai, M., Wang, J., Chen, J., Wang, W., Xu, X., Gan, Y., et al. (2019). Plasma

brain-derived neurotrophic factor (BDNF) concentration and the BDNF
Val66Met polymorphism in suicide: a prospective study in patients with
depressive disorder. Pharmacogenom. Personalized Med. 12, 97-106. doi:

10. 2147/PGPM. 5201187

Alboni, S., van Dijk, R. M., Poggini, S., Milior, G., Perrotta, M., Drenth, T., et al.
(2017). Fluoxetine effects on molecular, cellular and behavioral
endophenotypes of depression are driven by the living environment. Mol.

Psychiatr. 22, 552-561. doi: 10. 1038/mp. 2015. 142

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 28

Aloe, L., Alleva, E., and Fiore, M. (2002). Stress and nerve growth factor:
findings in animal models and humans. Pharmacol. Biochem. Behav. 73,

159-166. doi: 10. 1016/S0091-3057(02)00757-8

Amadio, P., Sandrini, L., leraci, A., Tremoli, E., and Barbieri, S. S. (2017).
Effect of clotting duration and temperature on BDNF measurement in human

serum. Int. J. Mol. Sci. 18: 1987. doi: 10. 3390/ijms18091987

Autry, A. E., Adachi, M., Nosyreva, E., Na, E. S., Los, M. F., Cheng, P. F., et al.
(2011). NMDA receptor blockade at rest triggers rapid behavioural

anatidepressant responses. Nature 475, 91-95. doi: 10. 1038/naturel10130

Azeredo, L. A., De Nardi, T., Levandowski, M. L., Tractenberg, S. G.,

Kommers-Molina, J., Wieck, A., et al. (2017). The brain-derived neurotrophic
factor (BDNF) gene Val66Met polymorphism affects memory performance in
older adults. Revista brasileira de Psiquiatria 39, 90-94. doi: 10. 1590/1516-

4446-2016-1980

Baldinger, P., Lotan, A., Frey, R., Kasper, S., Lerer, B., and Lanzenberger, R.
(2014). Neurotransmitters and electroconvulsive therapy. / ECT 30, 116-121.

doi: 10. 1097/YCT. 0000000000000138

Becker, J. B., Monteggia, L. M., Perrot-Sinal, T. S., Romeo, R. D., Taylor, J. R,,
Yehuda, R., et al. (2007). Stress and disease: is being female a predisposing
factor? J. Neurosci. 27, 11851-11855. doi: 10. 1523/JNEUROSCI. 3565-07.

2007

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 29

Beekman, A. T. (2011). Neuropathological correlates of late-life depression.

Exp. Rev. Neurotherapeut. 11, 947-949. doi: 10. 1586/ern. 11. 88

Bernard, R., Kerman, I. A., Thompson, R. C., Jones, E. G., Bunney, W. E.,
Barchas, J. D., et al. (2011). Altered expression of glutamate signaling,
growth factor, and glia genes in the locus coeruleus of patients with major

depression. Mol. Psychiatr. 16, 634-646. doi: 10. 1038/mp. 2010. 44

Bersani, G., lannitelli, A., Fiore, M., Angelucci, F., and Aloe, L. (2000). Data
and hypotheses on the role of nerve growth factor and other neurotrophins
in psychiatric disorders. Med. Hypotheses 55, 199-207. doi: 10. 1054/mehy.

1999. 1044

Bleys, D., Luyten, P., Soenens, B., and Claes, S. (2018). Gene-environment
interactions between stress and 5-HTTLPR in depression: a meta-analytic

update. /. Affect. Disord. 226, 339-345. doi: 10. 1016/j. jad. 2017. 09. 050

Bocchio-Chiavetto, L., Bagnardi, V., Zanardini, R., Molteni, R., Nielsen, M. G.,
Placentino, A., et al. (2010). Serum and plasma BDNF levels in major
depression: a replication study and meta-analyses. World J. Biol. Psychiatr.

11, 763-773. doi: 10. 3109/15622971003611319

Bombin, I., Arango, C., Mayoral, M., Castro-Fornieles, J., Gonzalez-Pinto, A.,
Gonzalez-Gomez, C., et al. (2008). DRD3, but not COMT or DRD2, genotype
affects executive functions in healthy and first-episode psychosis
adolescents. Am. J. Med. Genet. 147B, 873-879. doi: 10. 1002/ajmg. b.

30710

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 30

Branchi, I. (2011). The double edged sword of neural plasticity: increasing
serotonin levels leads to both greater vulnerability to depression and
improved capacity to recover. Psychoneuroendocrinology 36, 339-351. doi:

10. 1016/j. psyneuen. 2010. 08. 011

Branchi, I., Santarelli, S., Capoccia, S., Poggini, S., D'Andrea, I., Cirulli, F., et
al. (2013). Antidepressant treatment outcome depends on the quality of the
living environment: a pre-clinical investigation in mice. PLoS ONE 8: €62226.

doi: 10. 1371/journal. pone. 0062226

Bruijniks, S., van Grootheest, G., Cuijpers, P., de Kluiver, H., Vinkers, C. H.,
Peeters, F., et al. (2020). Working memory moderates the relation between
the brain-derived neurotropic factor (BDNF) and psychotherapy outcome for
depression. J. Psychiatr. Res. 130, 424-432. doi: 10. 1016/j. jpsychires. 2020.

07. 045

Brunoni, A. R., Baeken, C., Machado-Vieira, R., Gattaz, W. F., and
Vanderhasselt, M. A. (2015). BDNF blood levels after non-invasive brain
stimulation interventions in major depressive disorder: a systematic review
and meta-analysis. World J. Biol. Psychiatr. 16, 114-122. doi: 10.

3109/15622975. 2014. 958101

Brunoni, A. R., Lopes, M., and Fregni, F. (2008). A systematic review and
meta-analysis of clinical studies on major depression and BDNF levels:
implications for the role of neuroplasticity in depression. /Int. J.

Neuropsychopharmacol. 11, 1169-1180. doi: 10. 1017/51461145708009309

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 31

Bueller, J. A., Aftab, M., Sen, S., Gomez-Hassan, D., Burmeister, M., and
Zubieta, J. K. (2006). BDNF Val66Met allele is associated with reduced
hippocampal volume in healthy subjects. Biol. Psychiatr. 59, 812-815. doi:

10. 1016/j. biopsych. 2005. 09. 022

Bus, B. A., Molendijk, M. L., Penninx, B. ., Buitelaar, J. K., Kenis, G.,
Prickaerts, J., et al. (2011). Determinants of serum brain-derived
neurotrophic factor. Psychoneuroendocrinology 36, 228-239. doi: 10. 1016/j.

psyneuen. 2010. 07. 013

Bus, B. A., Tendolkar, I., Franke, B., de Graaf, J., den Heijer, M., Buitelaar, |.
K., et al. (2012). Serum brain-derived neurotrophic factor: determinants and
relationship with depressive symptoms in a community population of middle-
aged and elderly people. World J. Biol. Psychiatr. 13, 39-47. doi: 10.

3109/15622975. 2010. 545187

Canhill, L. (2006). Why sex matters for neuroscience. Nat. Rev. Neurosci. 7,

477-484. doi: 10. 1038/nrn1909

Carlberg, L., Scheibelreiter, J., Hassler, M. R., Schloegelhofer, M., Schmoeger,
M., Ludwig, B., et al. (2014). Brain-derived neurotrophic factor (BDNF)-
epigenetic regulation in unipolar and bipolar affective disorder. J. Affect.

Disord. 168, 399-406. doi: 10. 1016/j. jad. 2014. 07. 022

Castrén, E. (2004). Neurotrophins as mediators of drug effects on mood,
addiction, and neuroprotection. Mol. Neurobiol. 29, 289-302. doi: 10.

1385/MN: 29: 3: 289

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 32

Castrén, E. (2013). Neuronal network plasticity and recovery from
depression. JAMA Psychiatr. 70, 983-989. doi: 10. 1001/jamapsychiatry.

2013.1

Chacén-Ferndndez, P., Sauberli, K., Colzani, M., Moreau, T., Ghevaert, C., and
Barde, Y. A. (2016). Brain-derived neurotrophic factor in megakaryocytes. J.

Biol. Chem. 291, 9872-9881. doi: 10. 1074/jbc. M116. 720029

Chang, Y. H., Lee, S. Y., Chen, S. L., Tzeng, N. S., Wang, T. Y., Lee, I. H., et al.
(2013). Genetic variants of the BDNF and DRD3 genes in bipolar disorder
comorbid with anxiety disorder. J. Affect. Disord. 151, 967-972. doi: 10.

1016/j. jad. 2013. 08. 017

Chao, M. V. (2003). Neurotrophins and their receptors: a convergence point
for many signalling pathways. Nat. Rev. Neurosci. 4, 299-309. doi: 10.

1038/nrn1078

Chen, J., Li, X., and McGue, M. (2012). Interacting effect of BDNF Val66Met
polymorphism and stressful life events on adolescent depression. Genes

Brain Behav . 11, 958-965. doi: 10. 1111/j. 1601-183X. 2012. 00843. x

Chu, C. L., Liang, C. K., Chou, M. Y., Lin, Y. T., Pan, C. C,, Lu, T., et al. (2012).
Decreased plasma brain-derived neurotrophic factor levels in
institutionalized elderly with depressive disorder. /. Am. Med. Direct.

Association 13, 434-437. doi: 10. 1016/j. jamda. 2011. 08. 006

Cuello, A. C., Bruno, M. A., Allard, S., Leon, W., and lulita, M. F. (2010).

Cholinergic involvement in Alzheimer's disease. A link with NGF maturation

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 33

and degradation. J. Mol. Neurosci. 40, 230-235. doi: 10. 1007/s12031-009-

9238-z

da Silva, S. K., Wiener, C., Ghisleni, G., Oses, J. P., Jansen, K., Molina, M. L., et
al. (2018). Effects of cognitive-behavioral therapy on neurotrophic factors in
patients with major depressive disorder. Revista Brasileira de Psiquiatria 40,

361-366. doi: 10. 1590/1516-4446-2017-2357

D'Addario, C., Dell'Osso, B., Galimberti, D., Palazzo, M. C., Benatti, B., Di
Francesco, A., et al. (2013). Epigenetic modulation of BDNF gene in patients
with major depressive disorder. Biol. Psychiatr. 73: e6-7. doi: 10. 1016/j.

biopsych. 2012. 07. 009

Dawood, T., Anderson, J., Barton, D., Lambert, E., Esler, M., Hotchkin, E., et
al. (2007). Reduced overflow of BDNF from the brain is linked with suicide
risk in depressive illness. Mol. Psychiatr. 12, 981-983. doi: 10. 1038/sj. mp.

4002059

Dell'Osso, B., D'Addario, C., Carlotta Palazzo, M., Benatti, B., Camuri, G.,
Galimberti, D., et al. (2014). Epigenetic modulation of BDNF gene:
differences in DNA methylation between unipolar and bipolar patients. /.

Affect. Disord. 166, 330-333. doi: 10. 1016/j. jad. 2014. 05. 020

Deltheil, T., Tanaka, K., Reperant, C., Hen, R., David, D. J., and Gardier, A. M.
(2009). Synergistic neurochemical and behavioural effects of acute
intrahippocampal injection of brain-derived neurotrophic factor and
antidepressants in adult mice. Int. J. Neuropsychopharmacol. 12, 905-915.

doi: 10. 1017/51461145709000017

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 34

Deveci, A., Aydemir, O., Taskin, O., Taneli, F., and Esen-Danaci, A. (2007).
Serum BDNF levels in suicide attempters related to psychosocial stressors: a
comparative study with depression. Neuropsychobiology 56, 93-97. doi: 10.

1159/000111539

Dimitriadis, M., van den Brink, R., Comijs, H. C., and Oude Voshaar, R. C.
(2019). Prognostic effect of serum BDNF levels in late-life depression:
moderated by childhood trauma and SSRI usage?.
Psychoneuroendocrinology 103, 276-283. doi: 10. 1016/j. psyneuen. 2019.

02. 003

Diniz, B. S., Teixeira, A. L., Talib, L. L., Mendonca, V. A., Gattaz, W. F., and
Forlenza, O. V. (2010). Serum brain-derived neurotrophic factor level is
reduced in antidepressant-free patients with late-life depression. The world
Jjournal of biological psychiatry: the official journal of the World Federation of
Societies of Biological Psychiatry , 11, 550-555. doi: 10.

3109/15622970903544620

Dinoff, A., Herrmann, N., Swardfager, W., Gallagher, D., and Lanctét, K. L.
(2018). The effect of exercise on resting concentrations of peripheral brain-
derived neurotrophic factor (BDNF) in major depressive disorder: A meta-
analysis. J. Psychiatr. Res. 105, 123-131. doi: 10. 1016/j. jpsychires. 2018.

08. 021

Dinoff, A., Herrmann, N., Swardfager, W., and Lanctét, K. L. (2017). The

effect of acute exercise on blood concentrations of brain-derived

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 35

neurotrophic factor in healthy adults: a meta-analysis. Eur. J. Neurosci. 46,

1635-1646. doi: 10. 1111/ejn. 13603

Dinoff, A., Herrmann, N., Swardfager, W., Liu, C. S., Sherman, C., Chan, S., et
al. (2016). The effect of exercise training on resting concentrations of
peripheral brain-derived neurotrophic factor (BDNF): a meta-analysis. PLoS

ONE 11: e0163037. doi: 10. 1371/journal. pone. 0163037

Dols, A., Thesing, C. S., Bouckaert, F., Oude Voshaar, R. C., Comijs, H. C., and
Stek, M. L. (2015). BDNF serum levels are not related to cognitive functioning
in older depressed patients and controls. /Int. Psychogeriatr. 27, 649-656.

doi: 10. 1017/51041610214002622

Dranovsky, A., and Hen, R. (2006). Hippocampal neurogenesis: regulation by
stress and antidepressants. Biol. Psychiatr. 59, 1136-1143. doi: 10. 1016/j.

biopsych. 2006. 03. 082

Duman, R. S., Deyama, S., and Fogaca, M. V. (2019). Role of BDNF in the
pathophysiology and treatment of depression: activity-dependent effects
distinguish rapid-acting antidepressants. Eur. J. Neurosci. 53: 126-39. doi:

10. 1111/ejn. 14630

Duman, R. S., Heninger, G. R., and Nestler, E. J. (1997). A molecular and
cellular theory of depression. Arch. General Psychiatr. 54, 597-606. doi: 10.

1001/archpsyc. 1997. 01830190015002

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 36

Duman, R. S., and Monteggia, L. M. (2006). A neurotrophic model for stress-
related mood disorders. Biol. Psychiatr. 59, 1116-1127. doi: 10. 1016/j.

biopsych. 2006. 02. 013

Dunn, A. L., Trivedi, M. H., Kampert, J. B., Clark, C. G., and Chambliss, H. O.
(2005). Exercise treatment for depression: efficacy and dose response. Am.

J. Preventive Med. 28, 1-8. doi: 10. 1016/j. amepre. 2004. 09. 003

Egan, M. F., Kojima, M., Callicott, J. H., Goldberg, T. E., Kolachana, B. S.,
Bertolino, A., et al. (2003). The BDNF val66met polymorphism affects
activity-dependent secretion of BDNF and human memory and hippocampal

function. Cel/ 112, 257-269. doi: 10. 1016/S0092-8674(03)00035-7

Fahnestock, M., Garzon, D., Holsinger, R. M., and Michalski, B. (2002).
Neurotrophic factors and Alzheimer's disease: are we focusing on the wrong
molecule?. /. Neural Transmission 62, 241-252. doi: 10. 1007/978-3-7091-

6139-5 22

Fernandes, B. S., Gama, C. S., Kauer-Sant'Anna, M., Lobato, M. I., Belmonte-
de-Abreu, P., and Kapczinski, F. (2009). Serum brain-derived neurotrophic
factor in bipolar and unipolar depression: a potential adjunctive tool for
differential diagnosis. J. Psychiatr. Res. 43, 1200-1204. doi: 10. 1016/j.

jpsychires. 2009. 04. 010

Fossati, P., Radtchenko, A., and Boyer, P. (2004). Neuroplasticity: from MRI to
depressive symptoms. Eur. Neuropsychopharmacol. 14(Suppl 5), S503-S510.

doi: 10. 1016/j. euroneuro. 2004. 09. 001

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 37

Fujimura, H., Altar, C. A., Chen, R., Nakamura, T., Nakahashi, T., Kambayashi,
J., et al. (2002). Brain-derived neurotrophic factor is stored in human
platelets and released by agonist stimulation. Thromb. Haemost . 87, 728-

734. doi: 10. 1055/5-0037-1613072

GBD 2017, Disease and Injury Incidence and Prevalence Collaborators.
(2018). Global, regional, and national incidence, prevalence, and years lived
with disability for 354 diseases and injuries for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study

2017. Lancet 392, 1789-1858. doi: 10. 1016/50140-6736(18)32279-7

Gejl, A. K., Enevold, C., Bugge, A., Andersen, M. S., Nielsen, C. H., and
Andersen, L. B. (2019). Associations between serum and plasma brain-
derived neurotrophic factor and influence of storage time and centrifugation

strategy. Sci. Rep. 9: 9655. doi: 10. 1038/s41598-019-45976-5

Gelfo, F., Tirassa, P., De Bartolo, P., Caltagirone, C., Petrosini, L., and
Angelucci, F. (2011). Brain and serum levels of nerve growth factor in a rat
model of Alzheimer's disease. J. Alzheimer's Dis. 25, 213-217. doi: 10.

3233/JAD-2011-110047

Gideons, E. S., Kavalali, E. T., and Monteggia, L. M. (2014). Mechanisms
underlying differential effectiveness of memantine and ketamine in rapid
antidepressant responses. Proc. Natl. Acad. Sci. U. S. A. 111, 8649-8654. doi:

10. 1073/pnas. 1323920111

Goldstein, J. M., Seidman, L. J., Horton, N. J., Makris, N., Kennedy, D. N.,

Caviness, V. S., et al. (2001). Normal sexual dimorphism of the adult human

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 38

brain assessed by in vivo magnetic resonance imaging. Cereb. Cortex 11,

490-497. doi: 10. 1093/cercor/11. 6. 490

Gonul, A. S., Akdeniz, F., Taneli, F., Donat, O., Eker, C., and Vahip, S. (2005).
Effect of treatment on serum brain-derived neurotrophic factor levels in
depressed patients. Eur. Arch. Psychiatr. Clin. Neurosci . 255, 381-386. doi:

10. 1007/s00406-005-0578-6

Gross, C. G. (2000). Neurogenesis in the adult brain: death of a dogma. Nat.

Rev. 1, 67-73. doi: 10. 1038/35036235

Groves, J. O. (2007). Is it time to reassess the BDNF hypothesis of

depression? Mol. Psychiatr. 12, 1079-1088. doi: 10. 1038/sj. mp. 4002075

Gryglewski, G., Baldinger-Melich, P., Seiger, R., Godbersen, G. M.,
Michenthaler, P., Klobl, M., et al. (2019). Structural changes in amygdala
nuclei, hippocampal subfields and cortical thickness following
electroconvulsive therapy in treatment-resistant depression: longitudinal

analysis. Br. J. Psychiatr. 214, 159-167. doi: 10. 1192/bjp. 2018. 224

Guillin, O., Diaz, J., Carroll, P., Griffon, N., Schwartz, J. C., and Sokoloff, P.
(2001). BDNF controls dopamine D3 receptor expression and triggers

behavioural sensitization. Nature 411, 86-89. doi: 10. 1038/35075076

Gujral, S., Manuck, S. B., Ferrell, R. E., Flory, J. D., and Erickson, K. I. (2014).
The BDNF Val66Met polymorphism does not moderate the effect of self-
reported physical activity on depressive symptoms in midlife. Psychiatr. Res.

218, 93-97. doi: 10. 1016/j. psychres. 2014. 03. 028

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 39

Gyekis, J. P., Yu, W., Dong, S., Wang, H., Qian, J., Kota, P., et al. (2013). No
association of genetic variants in BDNF with major depression: a meta- and
gene-based analysis. Am. J. Med. Genet. 162B, 61-70. doi: 10. 1002/ajmg. b.

32122

Haile, C. N., Murrough, J. W., losifescu, D. V., Chang, L. C., Al Jurdi, R. K.,
Foulkes, A., et al. (2014). Plasma brain derived neurotrophic factor (BDNF)
and response to ketamine in treatment-resistant depression. Int. J.

Neuropsychopharmacol. 17, 331-336. doi: 10. 1017/S1461145713001119

Harkness, K. L., Strauss, J., Michael Bagby, R., Stewart, J. G., Larocque, C.,
Mazurka, R., et al. (2015). Interactions between childhood maltreatment and
brain-derived neurotrophic factor and serotonin transporter polymorphisms
on depression symptoms. Psychiatr. Res. 229, 609-612. doi: 10. 1016/j.

psychres. 2015. 04. 040

Hasin, D. S., Sarvet, A. L., Meyers, J. L., Saha, T. D., Ruan, W. J., Stohl, M., et
al. (2018). Epidemiology of adult DSM-5 major depressive disorder and its
specifiers in the United States. JAMA Psychiatr. 75, 336-346. doi: 10.

1001/jamapsychiatry. 2017. 4602

Hindmarch, I. (2002). Beyond the monoamine hypothesis: mechanisms,
molecules and methods. Eur. Psychiatr. 17(Suppl 3), 294-299. doi: 10.

1016/50924-9338(02)00653-3

Hock, C., Heese, K., Hulette, C., Rosenberg, C., and Otten, U. (2000). Region-
specific neurotrophin imbalances in Alzheimer disease: decreased levels of

brain-derived neurotrophic factor and increased levels of nerve growth factor

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 40

in hippocampus and cortical areas. Arch. Neurol. 57, 846-851. doi: 10.

1001/archneur. 57. 6. 846

Hotting, K., and Roder, B. (2013). Beneficial effects of physical exercise on
neuroplasticity and cognition. Neurosci. Biobehav. Rev. 37(9 Pt B), 2243-

2257. doi: 10. 1016/j. neubiorev. 2013. 04. 005

Hsieh, M. T., Lin, C. C., Lee, C. T., and Huang, T. L. (2019). Abnormal brain-
derived neurotrophic factor exon IX promoter methylation, protein, and
MRNA levels in patients with major depressive disorder. J. Clin. Med. 8: 568.

doi: 10. 3390/jcm8050568

Huang, E. J., and Reichardt, L. F. (2001). Neurotrophins: roles in neuronal
development and function. Annual Rev. Neurosci. 24, 677-736. doi: 10.

1146/annurev. neuro. 24. 1. 677

Huang, T. L., and Hung, Y. Y. (2009). Lorazepam reduces the serum brain-
derived neurotrophic factor level in schizophrenia patients with catatonia.
Progr. Neuro-Psychopharmacol. Biol. Psychiatr. 33, 158-159. doi: 10. 1016/j.

pnpbp. 2008. 10. 016

Ibafez, C. F. (1995). Neurotrophic factors: from structure-function studies to
designing effective therapeutics. Trends Biotechnol. 13, 217-227. doi: 10.

1016/S0167-7799(00)88949-0

leraci, A., Madaio, A. |., Mallei, A., Lee, F. S., and Popoli, M. (2016). Brain-

derived neurotrophic factor val6émet human polymorphism impairs the

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 41

beneficial exercise-induced neurobiological changes in mice.

Neuropsychopharmacology 41, 3070-3079. doi: 10. 1038/npp. 2016. 120

Januar, V., Ancelin, M. L., Ritchie, K., Saffery, R., and Ryan, J. (2015). BDNF
promoter methylation and genetic variation in late-life depression. Transl.

Psychiatr. 5: €619. doi: 10. 1038/tp. 2015. 114

Karege, F., Bondolfi, G., Gervasoni, N., Schwald, M., Aubry, J. M., and
Bertschy, G. (2005). Low brain-derived neurotrophic factor (BDNF) levels in
serum of depressed patients probably results from lowered platelet BDNF
release unrelated to platelet reactivity. Biol. Psychiatr. 57, 1068-1072. doi:

10. 1016/j. biopsych. 2005. 01. 008

Karege, F., Perret, G., Bondolfi, G., Schwald, M., Bertschy, G., and Aubry, J. M.
(2002). Decreased serum brain-derived neurotrophic factor levels in major
depressed patients. Psychiatr. Res. 109, 143-148. doi: 10. 1016/S0165-

1781(02)00005-7

Kaufman, J., Yang, B. Z., Douglas-Palumberi, H., Grasso, D., Lipschitz, D.,
Houshyar, S., et al. (2006). Brain-derived neurotrophic factor-5-HTTLPR gene
interactions and environmental modifiers of depression in children. Biol.

Psychiatr. 59, 673-680. doi: 10. 1016/j. biopsych. 2005. 10. 026

Kavalali, E. T., and Monteggia, L. M. (2012). Synaptic mechanisms underlying
rapid antidepressant action of ketamine. Am. J. Psychiatr. 169, 1150-1156.

doi: 10. 1176/appi. ajp. 2012. 12040531

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 42

Kerschensteiner, M., Gallmeier, E., Behrens, L., Leal, V. V., Misgeld, T.,
Klinkert, W. E., et al. (1999). Activated human T cells, B cells, and monocytes
produce brain-derived neurotrophic factor in vitro and in inflammatory brain
lesions: a neuroprotective role of inflammation? J. Exp. Med. 189, 865-870.

doi: 10. 1084/jem. 189. 5. 865

Kim, Y. K., Lee, H. P., Won, S. D., Park, E. Y., Lee, H. Y., Lee, B. H., et al.
(2007). Low plasma BDNF is associated with suicidal behavior in major
depression. Progr. Neuro-Psychopharmacol. Biol. Psychiatr. 31, 78-85. doi:

10. 1016/j. pnpbp. 2006. 06. 024

Klein, A. B., Williamson, R., Santini, M. A., Clemmensen, C., Ettrup, A., Rios,
M., et al. (2011). Blood BDNF concentrations reflect brain-tissue BDNF levels
across species. Int. /. Neuropsychopharmacol. 14, 347-353. doi: 10.

1017/S1461145710000738

Koch, J. M., Hinze-Selch, D., Stingele, K., Huchzermeier, C., Goder, R., Seeck-
Hirschner, M., et al. (2009). Changes in CREB phosphorylation and BDNF
plasma levels during psychotherapy of depression. Psychother.

Psychosomat. 78, 187-192. doi: 10. 1159/000209350

Kozicz, T., Tilourg-Ouwens, D., Faludi, G., Palkovits, M., and Roubos, E.
(2008). Gender-related urocortin 1 and brain-derived neurotrophic factor
expression in the adult human midbrain of suicide victims with major
depression. Neuroscience 152, 1015-1023. doi: 10. 1016/j. neuroscience.

2007. 12. 050

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 43

Kreinin, A., Lisson, S., Nesher, E., Schneider, J., Bergman, J., Farhat, K., et al.
(2015). Blood BDNF level is gender specific in severe depression. PLoS ONE

10: e0127643. doi: 10. 1371/journal. pone. 0127643

Krishnan, V., and Nestler, E. J. (2008). The molecular neurobiology of

depression. Nature 455, 894-902. doi: 10. 1038/nature07455

Laje, G., Lally, N., Mathews, D., Brutsche, N., Chemerinski, A., Akula, N., et al.
(2012). Brain-derived neurotrophic factor Val66Met polymorphism and
antidepressant efficacy of ketamine in depressed patients. Biol. Psychiatr.

72: e27-8. doi: 10. 1016/j. biopsych. 2012. 05. 031

Laske, C., Banschbach, S., Stransky, E., Bosch, S., Straten, G., Machann, |J., et
al. (2010). Exercise-induced normalization of decreased BDNF serum
concentration in elderly women with remitted major depression. Int. J.

Neuropsychopharmacol. 13, 595-602. doi: 10. 1017/S1461145709991234

Lee, B. H., and Kim, Y. K. (2010). The roles of BDNF in the pathophysiology of
major depression and in antidepressant treatment. Psychiatr. Invest. 7, 231-

235. doi: 10. 4306/pi. 2010. 7. 4. 231

Lee, H. Y., and Kim, Y. K. (2008). Plasma brain-derived neurotrophic factor as
a peripheral marker for the action mechanism of antidepressants.

Neuropsychobiology 57, 194-199. doi: 10. 1159/000149817

Lemos, J. R, Jr, Alves, C. R., de Souza, S. B., Marsiglia, J. D., Silva, M. S.,
Pereira, A. C., et al. (2016). Peripheral vascular reactivity and serum BDNF

responses to aerobic training are impaired by the BDNF Val66Met

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 44

polymorphism. Physiol. Genom. 48, 116-123. doi: 10. 1152/physiolgenomics.

00086. 2015

Lepack, A. E., Fuchikami, M., Dwyer, J. M., Banasr, M., and Duman, R. S.
(2014). BDNF release is required for the behavioral actions of ketamine. /nt.

J. Neuropsychopharmacol. 18: pyu033. doi: 10. 1093/ijnp/pyu033

Lesch, K. P., Bengel, D., Heils, A., Sabol, S. Z., Greenberg, B. D., Petri, S., et
al. (1996). Association of anxiety-related traits with a polymorphism in the
serotonin transporter gene regulatory region. Science 274, 1527-1531. doi:

10. 1126/science. 274. 5292. 1527

Lessmann, V., Gottmann, K., and Malcangio, M. (2003). Neurotrophin
secretion: current facts and future prospects. Progr. Neurobiol. 69, 341-374.

doi: 10. 1016/S0301-0082(03)00019-4

Licinio, J., Dong, C., and Wong, M. L. (2009). Novel sequence variations in the
brain-derived neurotrophic factor gene and association with major
depression and antidepressant treatment response. Arch. General Psychiatr.

66, 488-497. doi: 10. 1001/archgenpsychiatry. 2009. 38

Lin, C. C., Hung, Y. Y., Tsai, M. C., and Huang, T. L. (2017). Increased serum
brain-derived neurotrophic factor in male schizophrenic patients with
metabolic syndrome. Medicine 96: e7089. doi: 10. 1097/MD.

0000000000007089

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 45

Lipps, B. V. (2000). Isolation of nerve growth factor (NGF) from human body
fluids; saliva, serum and urine: comparison between cobra venom and cobra

serum NGF. J. Natural Toxins 9, 349-356.

Liu, Y., Yang, X., Zhao, L., Zhang, J., Li, T., and Ma, X. (2016). Increased miR-
132 level is associated with visual memory dysfunction in patients with
depression. Neuropsychiatr. Dis. Treatment 12, 2905-2911. doi: 10.

2147/NDT. S116287

Lommatzsch, M., Zingler, D., Schuhbaeck, K., Schloetcke, K., Zingler, C.,
Schuff-Werner, P., et al. (2005). The impact of age, weight and gender on
BDNF levels in human platelets and plasma. Neurobiol. Aging 26, 115-123.

doi: 10. 1016/j. neurobiolaging. 2004. 03. 002

Luan, S., Zhou, B., Wu, Q., Wan, H., and Li, H. (2020). Brain-derived
neurotrophic factor blood levels after electroconvulsive therapy in patients
with major depressive disorder: a systematic review and meta-analysis.

Asian J. Psychiatr. 51: 101983. doi: 10. 1016/j. ajp. 2020. 101983

Lundstrom, K., and Turpin, M. P. (1996). Proposed schizophrenia-related
gene polymorphism: expression of the Ser9Gly mutant human dopamine D3
receptor with the Semliki Forest virus system. Biochem. Biophys. Res.

Commun. 225, 1068-1072. doi: 10. 1006/bbrc. 1996. 1296

Madeira, M. D., and Lieberman, A. R. (1995). Sexual dimorphism in the
mammalian limbic system. Progr. Neurobiol. 45, 275-333. doi: 10.

1016/0301-0082(94)00052-]

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 46

Maffioletti, E., Zanardini, R., Gennarelli, M., and Bocchio-Chiavetto, L. (2014).
Influence of clotting duration on brain-derived neurotrophic factor (BDNF)

dosage in serum. BioTechniques 57, 111-114. doi: 10. 2144/000114204

Mandel, A. L., Ozdener, H., and Utermohlen, V. (2009). Identification of pro-
and mature brain-derived neurotrophic factor in human saliva. Arch. Oral

Biol. 54, 689-695. doi: 10. 1016/j. archoralbio. 2009. 04. 005

Martinotti, G., Pettorruso, M., De Berardis, D., Varasano, P. A., Lucidi
Pressanti, G., De Remigis, V., et al. (2016). Agomelatine increases BDNF
serum levels in depressed patients in correlation with the improvement of
depressive symptoms. Int. J. Neuropsychopharmacol. 19: pyw003. doi: 10.

1093/ijnp/pyw003

Martinowich, K., and Lu, B. (2008). Interaction between BDNF and serotonin:
role in mood disorders. Neuropsychopharmacology 33, 73-83. doi: 10.

1038/sj. npp. 1301571

Martinowich, K., Manji, H., and Lu, B. (2007). New insights into BDNF function
in depression and anxiety. Nat. Neurosci. 10, 1089-1093. doi: 10.

1038/nn1971

Mata, J., Thompson, R. J., and Gotlib, I. H. (2010). BDNF genotype moderates
the relation between physical activity and depressive symptoms. Health

Psychol. 29, 130-133. doi: 10. 1037/a0017261

Matrisciano, F., Bonaccorso, S., Ricciardi, A., Scaccianoce, S., Panaccione, I.,

Wang, L., et al. (2009). Changes in BDNF serum levels in patients with major

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 47

depression disorder (MDD) after 6 months treatment with sertraline,
escitalopram, or venlafaxine. J. Psychiatr. Res. 43, 247-254. doi: 10. 1016/j.

jpsychires. 2008. 03. 014

McEwen, B. S. (2000). The neurobiology of stress: from serendipity to clinical

relevance. Brain Res. 886, 172-189. doi: 10. 1016/S0006-8993(00)02950-4

Michalski, B., and Fahnestock, M. (2003). Pro-brain-derived neurotrophic
factor is decreased in parietal cortex in Alzheimer's disease. Brain Res. 111,

148-154. doi: 10. 1016/50169-328X(03)00003-2

Mikoteit, T., Hemmeter, U., Eckert, A., Brand, S., Bischof, R., Delini-Stula, A.,
et al. (2015). Improved alertness is associated with early increase in serum
brain-derived neurotrophic factor and antidepressant treatment outcome in

major depression. Neuropsychobiology 72, 16-28. doi: 10. 1159/000437439

Molendijk, M. L., Haffmans, J. P., Bus, B. A., Spinhoven, P., Penninx, B. W.,
Prickaerts, J., et al. (2012). Serum BDNF concentrations show strong seasonal
variation and correlations with the amount of ambient sunlight. PLoS ONE 7:

e48046. doi: 10. 1371/journal. pone. 0048046

Molendijk, M. L., Spinhoven, P., Polak, M., Bus, B. A., Penninx, B. W., and
Elzinga, B. M. (2014). Serum BDNF concentrations as peripheral
manifestations of depression: evidence from a systematic review and meta-
analyses on 179 associations (N= 9484). Mol. Psychiatr. 19, 791-800. doi:

10. 1038/mp. 2013. 105

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 48

Monteleone, P., Serritella, C., Martiadis, V., and Maj, M. (2008). Decreased
levels of serum brain-derived neurotrophic factor in both depressed and
euthymic patients with unipolar depression and in euthymic patients with
bipolar | and Il disorders. Bipolar Disord. 10, 95-100. doi: 10. 1111/j. 1399-

5618. 2008. 00459. x

Pal, R., Singh, S. N., Chatterjee, A., and Saha, M. (2014). Age-related changes
in cardiovascular system, autonomic functions, and levels of BDNF of healthy
active males: role of yogic practice. Age 36: 9683. doi: 10. 1007/s11357-014-

9683-7

Pan, W., Banks, W. A., Fasold, M. B., Bluth, J., and Kastin, A. J. (1998).
Transport of brain-derived neurotrophic factor across the blood-brain barrier.

Neuropharmacology 37, 1553-1561. doi: 10. 1016/S0028-3908(98)00141-5

Park, H., and Poo, M. M. (2013). Neurotrophin regulation of neural circuit
development and function. Nat. Rev. Neurosci. 14, 7-23. doi: 10.

1038/nrn3379

Patapoutian, A., and Reichardt, L. F. (2001). Trk receptors: mediators of
neurotrophin action. Curr. Opin. Neurobiol. 11, 272-280. doi: 10.

1016/50959-4388(00)00208-7

Pei, Y., Smith, A. K., Wang, Y., Pan, Y., Yang, J., Chen, Q., et al. (2012). The
brain-derived neurotrophic-factor (BDNF) val66met polymorphism is
associated with geriatric depression: a meta-analysis. Am. J. Med. Genet.

Part B Neuropsychiatr. Genet. 159B, 560-566. doi: 10. 1002/ajmg. b. 32062

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 49

Pereira, T. D., Coplan, J. D., Lisanby, S. H., Lipira, C. M., Arif, M., Carpio, C., et
al. (2007). Antidepressant-induced neurogenesis in the hippocampus of adult
nonhuman primates. J. Neurosci. 27, 4894-4901. doi: 10. 1523/JNEUROSCI.

0237-07. 2007

Pezawas, L., Verchinski, B. A., Mattay, V. S., Callicott, J. H., Kolachana, B. S.,
Straub, R. E., et al. (2004). The brain-derived neurotrophic factor val6émet
polymorphism and variation in human cortical morphology. J. Neurosci. 24,

10099-10102. doi: 10. 1523/JNEUROSCI. 2680-04. 2004

Phillips, H. S., Hains, J. M., Armanini, M., Laramee, G. R., Johnson, S. A., and
Winslow, J. W. (1991). BDNF mRNA is decreased in the hippocampus of
individuals with Alzheimer's disease. Neuron 7, 695-702. doi: 10. 1016/0896-

6273(91)90273-3

Piccinni, A., Marazziti, D., Catena, M., Domenici, L., Del Debbio, A., Bianchi,
C., et al. (2008). Plasma and serum brain-derived neurotrophic factor (BDNF)
in depressed patients during 1 year of antidepressant treatments. J. Affect.

Disord. 105, 279-283. doi: 10. 1016/j. jad. 2007. 05. 005

Pitts, B. L., Wen, V., Whealin, J. M., Fogle, B. M., Southwick, S. M., Esterlis, 1.,
et al. (2020). Depression and cognitive dysfunction in older U. S. military

veterans: moderating effects of BDNF Val66Met polymorphism and physical
exercise. Am. J. Geriatr. Psychiatr. 28, 959-967. doi: 10. 1016/j. jagp. 2020.

02. 001

Polyakova, M., Schroeter, M. L., Elzinga, B. M., Holiga, S., Schoenknecht, P.,

de Kloet, E. R., et al. (2015a). Brain-derived neurotrophic factor and

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 50

antidepressive effect of electroconvulsive therapy: systematic review and
meta-analyses of the preclinical and clinical literature. PLoS ONE 10:

e0141564. doi: 10. 1371/journal. pone. 0141564

Polyakova, M., Stuke, K., Schuemberg, K., Mueller, K., Schoenknecht, P., and
Schroeter, M. L. (2015b). BDNF as a biomarker for successful treatment of
mood disorders: a systematic and quantitative meta-analysis. J. Affect.

Disord. 174, 432-440. doi: 10. 1016/j. jad. 2014. 11. 044

Poo, M. M. (2001). Neurotrophins as synaptic modulators. Nat. Rev. Neurosci.

2, 24-32. doi: 10. 1038/35049004

Pruunsild, P., Kazantseva, A., Aid, T., Palm, K., and Timmusk, T. (2007).
Dissecting the human BDNF locus: bidirectional transcription, complex
splicing, and multiple promoters. Genomics 90, 397-406. doi: 10. 1016/j.

ygeno. 2007. 05. 004

Radka, S. F., Holst, P. A., Fritsche, M., and Altar, C. A. (1996). Presence of
brain-derived neurotrophic factor in brain and human and rat but not mouse
serum detected by a sensitive and specific immunoassay. Brain Res. 709,

122-301. doi: 10. 1016/0006-8993(95)01321-0

Ray, M. T., Weickert, C. S., Wyatt, E., and Webster, M. J. (2011). Decreased
BDNF, trkB-TK+ and GAD67 mRNA expression in the hippocampus of
individuals with schizophrenia and mood disorders. J. Psychiatr. Neurosci. 36,

195-203. doi: 10. 1503/jpn. 100048

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 51

Rayner, C., Coleman, J., Purves, K. L., Hodsoll, J., Goldsmith, K., Alpers, G. W.,
et al. (2019). A genome-wide association meta-analysis of prognostic
outcomes following cognitive behavioural therapy in individuals with anxiety
and depressive disorders. Translational Psychiatr. 9: 150. doi: 10.

1038/s41398-019-0481-y

Rocha, R. B., Dondossola, E. R., Grande, A. J., Colonetti, T., Ceretta, L. B.,
Passos, I. C., et al. (2016). Increased BDNF levels after electroconvulsive
therapy in patients with major depressive disorder: a meta-analysis study. /.

Psychiatr. Res. 83, 47-53. doi: 10. 1016/j. jpsychires. 2016. 08. 004

Rosso, P., De Nicol, 0, S., Carito, V., Fiore, M., lannitelli, A., Moreno, S., et al.
(2017). Ocular nerve growth factor administration modulates brain-derived
neurotrophic factor signaling in prefrontal cortex of healthy and diabetic rats.

CNS Neurosci. Therapeut. 23, 198-208. doi: 10. 1111/cns. 12661

Ryan, K. M., Dunne, R., and McLoughlin, D. M. (2018). BDNF plasma levels
and genotype in depression and the response to electroconvulsive therapy.

Brain Stimulat. 11, 1123-1131. doi: 10. 1016/j. brs. 2018. 05. 011

Saarelainen, T., Hendolin, P., Lucas, G., Koponen, E., Sairanen, M.,
MacDonald, E., et al. (2003). Activation of the TrkB neurotrophin receptor is
induced by antidepressant drugs and is required for antidepressant-induced
behavioral effects. /. Neurosci. 23, 349-357. doi: 10. 1523/[NEUROSCI. 23-01-

00349. 2003

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 52

Sambataro, F., Murty, V. P., Lemaitre, H. S., Reed, J. D., Das, S., Goldberg, T.
E., et al. (2010). BDNF modulates normal human hippocampal ageing

[corrected]. Mol. Psychiatr. 15, 116-118. doi: 10. 1038/mp. 2009. 64

Schroéter, K., Brum, M., Brunkhorst-Kanaan, N., Tole, F., Ziegler, C.,
Domschke, K., et al. (2020). Longitudinal multi-level biomarker analysis of
BDNF in major depression and bipolar disorder. Eur. Arch. Psychiatr. Clin.

Neurosci. 270, 169-181. doi: 10. 1007/s00406-019-01007-y

Schuch, F. B., Vancampfort, D., Richards, J., Rosenbaum, S., Ward, P. B., and
Stubbs, B. (2016). Exercise as a treatment for depression: a meta-analysis
adjusting for publication bias. J. Psychiatr. Res. 77, 42-51. doi: 10. 1016/j.

jpsychires. 2016. 02. 023

Sen, S., Duman, R., and Sanacora, G. (2008). Serum brain-derived
neurotrophic factor, depression, and antidepressant medications: meta-
analyses and implications. Biol. Psychiatr. 64, 527-532. doi: 10. 1016/j.

biopsych. 2008. 05. 005

Serra-Millas, M. (2016). Are the changes in the peripheral brain-derived
neurotrophic factor levels due to platelet activation?. World J. Psychiatr. 6,

84-101. doi: 10. 5498/wjp. v6. il1. 84

Shi, Y., You, J., Yuan, Y., Zhang, X., Li, H., and Hou, G. (2010). Plasma BDNF
and tPA are associated with late-onset geriatric depression. Psychiatr. Clin.

Neurosci. 64, 249-254. doi: 10. 1111/j. 1440-1819. 2010. 02074. x

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 53

Shimizu, E., Hashimoto, K., Okamura, N., Koike, K., Komatsu, N., Kumakiri, C.,
et al. (2003). Alterations of serum levels of brain-derived neurotrophic factor
(BDNF) in depressed patients with or without antidepressants. Biol.

Psychiatr. 54, 70-75. doi: 10. 1016/S0006-3223(03)00181-1

Shirayama, Y., Chen, A. C., Nakagawa, S., Russell, D. S., and Duman, R. S.
(2002). Brain-derived neurotrophic factor produces antidepressant effects in
behavioral models of depression. J. Neurosci. 22, 3251-3261. doi: 10.

1523/INEUROSCI. 22-08-03251. 2002

Smith, M. A., Makino, S., Kvetnansky, R., and Post, R. M. (1995). Stress and
glucocorticoids affect the expression of brain-derived neurotrophic factor and
neurotrophin-3 mMRNAs in the hippocampus. J. Neurosci. 15(3 Pt 1), 1768-

1777. doi: 10. 1523/JNEUROSCI. 15-03-01768. 1995

Szeszko, P. R., Lipsky, R., Mentschel, C., Robinson, D., Gunduz-Bruce, H.,
Sevy, S., et al. (2005). Brain-derived neurotrophic factor val6émet
polymorphism and volume of the hippocampal formation. Mol. Psychiatr. 10,

631-636. doi: 10. 1038/sj. mp. 4001656

Szuhany, K. L., Bugatti, M., and Otto, M. W. (2015). A meta-analytic review of
the effects of exercise on brain-derived neurotrophic factor. J. Psychiatric

Res. 60, 56-64. doi: 10. 1016/j. jpsychires. 2014. 10. 003

Szuhany, K. L., and Otto, M. W. (2020). Assessing BDNF as a mediator of the
effects of exercise on depression. J. Psychiatric Res. 123, 114-118. doi: 10.

1016/j. jpsychires. 2020. 02. 003

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 54

Taliaz, D., Stall, N., Dar, D. E., and Zangen, A. (2010). Knockdown of brain-
derived neurotrophic factor in specific brain sites precipitates behaviors
associated with depression and reduces neurogenesis. Mol. Psychiatr. 15,

80-92. doi: 10. 1038/mp. 2009. 67

Tapia-Arancibia, L., Aliaga, E., Silhol, M., and Arancibia, S. (2008). New
insights into brain BDNF function in normal aging and Alzheimer disease.

Brain Res. Rev. 59, 201-220. doi: 10. 1016/j. brainresrev. 2008. 07. 007

Taylor, W. D., Zuchner, S., McQuoid, D. R., Payne, M. E., MacFall, J. R.,
Steffens, D. C., et al. (2008). The brain-derived neurotrophic factor
VAL66MET polymorphism and cerebral white matter hyperintensities in late-
life depression. Am. J. Geriatr. Psychiatr. 16, 263-271. doi: 10. 1097/JGP.

0b013e3181591c30

Tirassa, P., lannitelli, A., Sornelli, F., Cirulli, F., Mazza, M., Calza, A., et al.
(2012). Daily serum and salivary BDNF levels correlate with morning-evening
personality type in women and are affected by light therapy. Rivista di

Psichiatr. 47, 527-534. doi: 10. 1708/1178. 13059

Tsai, S. ). (2004). Down-regulation of the Trk-B signal pathway: the possible
pathogenesis of major depression. Med. Hypotheses 62, 215-218. doi: 10.

1016/50306-9877(03)00299-8

Tsai, S. J. (2018). Critical issues in BDNF Val66Met genetic studies of
neuropsychiatric disorders. Front. Mol. Neurosci. 11: 156. doi: 10.

3389/fnmol. 2018. 00156

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 55

U. S. Department of Health and Human Services: Centers for Disease Control
and Prevention (2017). Antidepressant Use Among Persons Aged 12 and

Over: United States, 2011-2014.

van Oostrom, |., Franke, B., Rijpkema, M., Gerritsen, L., Arias-Vasquez, A.,
Fernandez, G., et al. (2012). Interaction between BDNF Val66Met and
childhood stressful life events is associated to affective memory bias in men
but not women. Biol. Psychol. 89, 214-219. doi: 10. 1016/j. biopsycho. 2011.

10. 012

Vanicek, T., Kranz, G. S., Vyssoki, B., Fugger, G., Komorowski, A., Hoflich, A.,
et al. (2019). Acute and subsequent continuation electroconvulsive therapy
elevates serum BDNF levels in patients with major depression. Brain

Stimulat. 12, 1041-1050. doi: 10. 1016/j. brs. 2019. 02. 015

Vega, J. A., Garcia-Suarez, O., Hannestad, J., Pérez-Pérez, M., and German, a,
A. (2003). Neurotrophins and the immune system. J. Anatomy 203, 1-19. doi:

10. 1046/j. 1469-7580. 2003. 00203. x

Verhagen, M., van der Meij, A., van Deurzen, P. A., Janzing, J. G., Arias-
Vasquez, A., Buitelaar, J. K., et al. (2010). Meta-analysis of the BDNF
Val66Met polymorphism in major depressive disorder: effects of gender and

ethnicity. Mol. Psychiatr. 15, 260-271. doi: 10. 1038/mp. 2008. 109

Watts, A., Andrews, S. J., and Anstey, K. J. (2018). Sex differences in the
impact of BDNF genotype on the longitudinal relationship between physical
activity and cognitive performance. Gerontology 64, 361-372. doi: 10.

1159/000486369

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 56

Wilkinson, S. T., Ballard, E. D., Bloch, M. H., Mathew, S. J., Murrough, J. W.,
Feder, A., et al. (2018). The effect of a single dose of intravenous ketamine
on suicidal ideation: a systematic review and individual participant data
meta-analysis. Am. J. Psychiatr. 175, 150-158. doi: 10. 1176/appi. ajp. 2017.

17040472

Yang, T., Nie, Z., Shu, H., Kuang, Y., Chen, X., Cheng, J., et al. (2020). The
role of BDNF on neural plasticity in depression. Front. Cell. Neurosci. 14: 82.

doi: 10. 3389/fncel. 2020. 00082

Yoshimura, R., Mitoma, M., Sugita, A., Hori, H., Okamoto, T., Umene, W., et
al. (2007). Effects of paroxetine or milnacipran on serum brain-derived
neurotrophic factor in depressed patients. Progr. Neuro-Psychopharmacol.

Biol. Psychiatr. 31, 1034-1037. doi: 10. 1016/j. pnpbp. 2007. 03. 001

Yu, H., Wang, Y., Pattwell, S., Jing, D., Liu, T., Zhang, Y., et al. (2009). Variant
BDNF Val66Met polymorphism affects extinction of conditioned aversive
memory. J. Neurosci. 29, 4056-4064. doi: 10. 1523/JNEUROSCI. 5539-08.

2009

Zanos, P., and Gould, T. D. (2018). Mechanisms of ketamine action as an

antidepressant. Mol. Psychiatr. 23, 801-811. doi: 10. 1038/mp. 2017. 255

Zhao, M., Chen, L., Yang, J., Han, D., Fang, D., Qiu, X., et al. (2018). BDNF
Vale6Met polymorphism, life stress and depression: a meta-analysis of gene-
environment interaction. J. Affect. Disord. 227, 226-235. doi: 10. 1016/j. jad.

2017. 10. 024

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



Blood brain-derived neurotrophic factor ... - Paper Example Page 57

Zhou, C., Zhong, J., Zou, B., Fang, L., Chen, J., Deng, X., et al. (2017). Meta-
analyses of comparative efficacy of antidepressant medications on

peripheral BDNF concentration in patients with depression. PLoS ONE 12

e0172270. doi: 10. 1371/journal. pone. 0172270

https://assignbuster.com/blood-brain-derived-neurotrophic-factor-bdnf-and-
major-depression-do-we-have-a-translational-perspective/



	Blood brain-derived neurotrophic factor (bdnf) and major depression: do we have a...
	Introduction
	BDNF Function
	Genetics of BDNF
	Val66Met and Sex Environment and Ethnicity
	Val66Met and Gene by Gene Interaction

	BDNF Epigenetics
	BDNF Expression and Blood BDNF in Neuropsychiatric Diseases
	Clinical and Treatment Perspectives
	Aging, Depression, and BDNF
	Conclusions
	Author Contributions
	Conflict of Interest
	Acknowledgments
	References


