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OZET
Norotrofik faktorler ve depresyon: Patofizyo-
loji ve Otesi

Depresyon toplumda yaygin bir psikiyatrik bozukluk olmasina
ragmen, patofizyolojisi hentiz aydinlatilamamistir. 1970'li yillar-
dan beri depresyon lizerine bircok hipotez tartisilmig; son yillarda
bu alanda bircok yeni goriis ortaya ¢ikmistir. Majoér depresyon
hipokampus ve prefrontal kortekste hacim azalmalariyla belir-
gindir ve antidepresan ilaglar hipokampusta nérojenez, sinapto-
jenez ve ndronal mattirasyon dahil néronal plastisitenin pek ¢ok
cesidini tetiklemektedir. Son yillarda elde edilen bazi bulgular,
norotrofik faktorlerin néronal plastisiteyi ¢ift yonll olarak diizen-
leyebildigini gostermektedir. Bu durum, noérotrofik faktorlerin
depresyonun hem patofizyolojisinde, hem de tedavisinde rol
oynuyor oldugu seklinde yorumlanabilir.

Anahtar sozciikler: Norotrofik faktorler, beyin-kaynakli nérotro-
fik faktor (BDNF), plastisite, depresyon

ABSTRACT
Neurotrophic factors and depression:
pathophysiology and beyond

Although depression is one of major psychiatric disorders in
society, its neurobiology remains still unclear. Since 1970's,
many hypotheses on depression have been discussed. In recent
years, many new points of view have emerged in this research
area. Major depression is associated with reduced volumes in
the hippocampus and prefrontal cortex, and antidepressant
drugs promote many forms of neuronal plasticity, including
neurogenesis, synaptogenesis and neuronal maturation in
hippocampus. Recent evidences indicate that neurotrophic
factors may regulate neuronal plasticity bidirectionally, meaning
they may play role in pathophysiology and treatment of
depression.

Key words: neurotrophic factors, brain-derived neurotrophic
factor (BDNF), plasticity, depression

INTRODUCTION

Depression is a highly prevalent and mostly recurrent
disorder associated with significant disabilities and
increased mortality, explaining the high ranking of the
disease in the Disability Adjusted Life Years (DALY) in
Europe and the United States (1). This common psychiatric
disorder affects 21% of the world population during their
lifetime (2). Thus, depression has been recognized as a
disorder with major epidemiological and economic
consequences (3). Since all hypotheses have come up short
on explaining some components of depressive disorder,
scientists are in quest of new theories to fill this gap in the
field.

Neurotrophic factors, such as brain-derived
neurotrophic factor (BDNF), are small proteins involved in
neuronal survival, development, function and plasticity (4).

Because these are also involved in hippocampal plasticity
and increase in synaptic strength, neurotrophic hypothesis
of depression has become very popular in the last decade
(5). It is claimed that reduced brain BDNF levels cause
depression, whereas increases in brain BDNF levels produce
an antidepressant action. However, recent investigations,
together with information gained on the basic role of
neurotrophinsinthe brain, suggesta modified neurotrophic
hypothesis, emphasising the role of BDNF as a tool of
experience-dependent modifications in neural networks
that regulate different aspects of mood (6). This unique
understanding brought the idea of “neuronal plasticity”,
through which neurotrophic factors show their effects in
depressive disorder.

In this editorial, neurotrophic hypothesis of depression
and the role of neurotrophins in management of disorder
are in short discussed.
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The role of neurotrophic factors and
neuroplasticity in pathophysiology of
depression

Since 1970's, different hypotheses on pathophysiology
of depression have gained recognition by scientists. The
first one was “Monoamine Hypothesis”, claiming
underactivity of monoamines, such as noradrenaline,
serotonin and dopamine, results in depression. Most of
drugs used in depression treatment are aiming to change
the levels of monoamines through different mechanisms. It
often takes two to three weeks for antidepressant drugs to
effectively treat depression. This is a difficult phenomenon
to explain within the context of the monoamine hypothesis,
because classical antidepressants provide a quick change
of neurotransmitter levels in synaptic cleft only in a couple
of hours. This phenomenon gaverise to another hypothesis,
called “Neurotransmitter Receptor Hypothesis”, claiming
the main arises from signaling pathways, which play critical
roleinthe signal transfer through receptors of monoamines.
This point of view provided a basis to “Monoamine
Hypothesis of Gene Expression”, supporting the genetic
basis of these signaling disturbances. The latter hypothesis
also attracted attention on neurotrophic factors, whose
shortage due to genetic expression causes atrophy and
apoptosis of hippocampus (7), which is a critical cerebral
area linked to major depressive disorder (MDD) (8).

The neurotrophic hypothesis of neuronal development
was formulated several decades ago, and has been largely
confirmed by genetic studies (9,10). It states that neurons,

which areinitially made in excess, compete for access to the
neurotrophic factors that are produced by target cells in
limited amounts (10,11). However, it is important to note
that the physiological role of neurotrophins is not directly
to keep neurons alive, but to select from competing
neurons those which have achieved best connections with
the target tissue, and thereby optimize the numbers of
neurons required for target innervation. Additionally, BDNF
has a critical role in selecting well-functioning synapses in
central nervous system (10).

The selection procedure explained above implicates
neuronal plasticity in the pathophysiology of mood
disorders and in the recovery from depression (6,12).
Depression is directly connected to neuronal degeneration
and volume reduction without an alteration in cell numbers
(13) of some important brain areas, such as hippocampus
and prefrontal cortex. The reversible nature of this
degeneration and clinical symptoms linked to impaired
information processing are the main markers for the possible
involvement of neuronal plasticity in depression (14).

There are too many recent evidences, suggesting that
neurotrophic factors play a critical role in the regulation of
neuronal plasticity in the brain (9, 15). This bidirectional
regulation occurs through binding of two different
receptor types. “Anabolic” plastic changes, such as
neuronal survival, axon branching and elongation,
dendritic sprouting, synaptogenesis and long-term
potentiation (LTP) are provided by activation of tyrosine
kinase receptors (Trk) (16). The binding results in
dimerization and autophosphorylation of the receptor,
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Figure 1: Neurotrophic factors, their receptors and fuctions. They show their effects by binding 3 types of tyrosine kinase receptors (TrkA,

TrkB, TrkC) and pan-neurotrophic receptor p75.
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which is followed by activation of different signaling
pathways. Signaling is promoted by phosphorylation of
additional thyrosine residues to create docking sites for
adapter proteins which couple the receptors tointracellular
signal transduction mechanisms. All of these
phosphorylation steps provide the activation of Ras/
mitogen activated protein kinase (Ras/MAPK),
phosphoinositide 3-kinases (P13K) and phospholipase C-c1
(PLC-c1)-mediated signaling pathways (17,18,19). As a
result, anabolic plastic changes occur. In contrast,
“catabolic” plastic responses, such as cell death, synaptic
loss and long-term depression (LTD), are mediated by
activation of pan-neurotrophic receptor 75 (p75) (Fig. 1).

Neurotrophic factors and antidepressant
activity

Many studies have suggested that regular BDNF
signaling is necessary and sufficient for antidepressant
drug action. Different groups of antidepressants have been
found to increase TrkB activation and signaling rapidly
within an hour after drug administration (20,21).
Antidepressant-induced tyrosine phosphorylation of TrkB
doesn't activate extracellular kinase pathways, but activates
Phospholipase Cy signaling, leading the phosphorylation
of cAMP-related element binding protein (CREB). CREB is a
transcription factor regulating gene expression of plasticity-
related protein, such as neurotrophic factors and Bcl-2, a
protein blocking apoptosis pathways in the cell. A chronic
antidepressant treatment increases hippocampal CREB
levels and the period needed for the induction of CREB
equals 10-21 days, which also refers to the length of the
period for clinical observation of the antidepressant drug
effect. The effects of CREB and BDNF have been observed
on the same type of hippocampal neurons. It is also
reported, that a decrease in levels of CREB may cause
decrease in levels of BDNF. These findings indicate that
CREB and BDNF may have synergistic effects on
hippocampus and that antidepressants show their effects
through the activation of CREB and BDNF. After a couple of
weeks of treatment, all antidepressant treatments,
including electroconvulsive shock treatment, increase
BDNF mRNA expression in hippocampus and prefrontal
cortex (12). It can be said, that every kind of antidepressant
therapy has the ability to rapidly activate TrkB signaling and

provide long-term increase in BDNF production. All of these
data guided scientists to accept “Neurotrophin Hypothesis
of Antidepressants”, which explains some questions about
antidepressant treatment.

Neurotrophic factors as antidepressant
drugs

Neurotrophic factors are thought as candidate
antidepressant agents, since antidepressant treatments
increase levels of them in brain. Different routes of
administration have been studied to make it clear, if
neurotrophic factors are valuable as drug candidates. A
study summarized that, intact BDNF in the peripheral
circulation after i.v. injection crosses the BBB by a high-
capacity, saturable transport
Intracerebroventricular injection has been found
effective, too (23).

A neurotrophic factor, insulin-like growth factor-I (IGF-I),
has been thought as a possible drug for depression therapy.
Its CNS delivery capacities following intranasal and
intravenous administrations have been compared and
intranasal administration was more favorable (24). Data
have shown that BDNF plus IGF-I is more effective than
either neurotrophin alone in activating neurotrophic
cascades and promoting survival of hippocampal neurons.
Up to now, intranasal IGF-I has been used only in animal
models of cerebral ischemia, in which it reduced infarct
volume by inhibiting apoptosis (25).

An obstacle in front of the safe use of neurotrophic
factors as drugs is their lately discovered involvement in
drug abuse. Studies demonstrate that, BDNF plays a role in
survival of midbrain dopaminergic neurons. Since midbrain
dopaminergic system is essential in mediating drug
addiction, increase in BDNF levels may have a significant
role in this process. It is found that, BDNF infusion into rat
midbrain enhances the rewarding effects of cocaine.
Furthermore, plasma BDNF concentrations of
methamphetamine users were significantly higher than
those of controls. Although the increased central BDNF
activity hypothesis of drug addiction may provide new
insights for improved therapeutic strategies for the
prevention and treatment of drug addiction, their possible
addictive nature may threathen their strong candidate
status in depression therapy.

system.
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CONCLUSION

Major depression is associated with reduced volumes in
hippocampus and prefrontal cortex, and negative
contagion of neurons in these areas triggers depression.
Stress-induced vulnerability decreases the expression of
genes that make neurotrophic factors such as BDNF, which
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