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Although several classes of antidepressants are used to treat major depression,
there is an unmet need in real clinical practice because not all patients treated
with an antidepressant fully recover from their functional impairment. Hence,
the development of new antidepressants based on a novel therapeutic mechanism
may help in the development of more effective and ideal antidepressive agents.
There is emerging evidence suggesting that the etiopathogenesis of depression
involves transmitters other than the major neurotransmitters such as serotonin,
norepinephrine, and dopamine. Therefore, it has consistently been suggested that
an alteration in neuroprotection and synaptic plasticity is associated with the
pathogenesis and therapeutic mechanism of depression. Neurotropin-3 (NT3) is
an interesting protein that regulates neuronal survival, synaptic plasticity, and
neurotransmission. It is widely expressed in the hippocampus and facilitates
hippocampal plasticity by regulating neurogenesis. It has been also reported that an
infusion of NT3 increases the level of brain-derived neurotrophic factor (BDNF)
mRNA expression in the cerebral cortex and produces BDNF-like effects that induce
cortical tyrosine kinase B phosphorylation. BDNF has been consistently implicated
in the pathogenesis of depression and the therapeutic mechanism of antidepressants.
It has also been implicated in the treatment effect of mood stabilizers such as lithium.
NT3 has demonstrated its possible antidepressant effect in a learned helpless animal
model. Animal studies have shown that it also modulates the neurotransmitters,
serotonin and noradrenaline, which are essential in the development and treatment
of depression. Therefore, further studies on the therapeutic implications of NT3 for
depression are warranted and are expected for the development of newer, effective
antidepressants.
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INTRODUCTION

Despite antidepressants being the gold standard for the treatment of depression,
only one third of patients treated with an antidepressant completely recover
from their functional impairment (Crown et al., 2002). The mechanism
for the action of antidepressants is not completely understood. However, a
number of behavioral, electrophysiological, and microdialysis studies have
shown that serotonin (5-HT) receptors play an important role in modulating
the antidepressant activity (Bourin, David, Jolliet, & Gardier 2002). The
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indirect activation of neurotransmitter receptors by antidepressants can also
lead to the activation of various G proteins coupled with a receptor, a
transduction signal, transcription factors, and neurotrophic factors through
increases in the endogenous levels of serotonin in the synapses of specific
brain regions (Bourin et al., 2002; Tardito et al., 2006). Therefore, a further
examination of the mechanism for the action of antidepressants will help
facilitate the development of new action mechanism—based antidepressant that
will overcome the limitation of contemporary antidepressants. Indeed the novel
pathogenetic theories for depression include a change in the neuronal plasticity
(Duman, 2002) and disturbances in neurogenesis (Kempermann & Kronenberg,
2003), which suggests a putative role of neurotrophic factors in depression.

As a new approach to the mechanism of antidepressants, neuroptophin-
3 (NT3), an authentic neurotrophic factor with an important role in the
development and maintenance of the nervous system, may be an interesting
molecule. This is because it stimulates and controls neurogenesis by activating
tyrosine kinase neurotrophin receptors (TrkC and TrkB), is associated
with the regulation of monoamine neurotransmitters such as serotonin and
noradrenaline, enhances other neurotrophic factors such as nerve growth factors
(NGFs) and brain-derived neurotrophic factor (BDNF), and is also involved in
the treatment effects of mood stabilizers. This paper discusses the potential
role of NT3 in the treatment of depression based on the currently available
evidences.

EVIDENCE FROM CURRENTLY AVAILABLE DATA

It should be noted that the cerebral cortex and hippocampus are essential for
the modulation of emotion and anxiety along with being important targets in
the therapeutic mechanism of contemporary antidepressants (Fumagalli et al.,
2005). NT3 is widely expressed in the dentate gyrus of the hippocampus
and facilitates hippocampal plasticity by regulating neurogenesis through the
activation of tyrosine kinase neurotrophin receptors such as TrkC and TrkB. It
has been reported that NT3 has a direct role in the proliferation, survival, or
differentiation of hippocampal progenitor cells in vivo (Shimazu et al., 2006).
Indeed, hippocampal atrophy as well as atrophic changes in the frontal cortex
have been consistently demonstrated as one of the eminent pathophysiological
findings in depression, which have also been correlated with clinical variables
such as duration of depression (Sheline, Wang, Gado, Csernansky, & Vannier,
1996). Therefore, the currently available findings suggest that NT3 is involved
in the mechanism of antidepressants at least as a critical modulator in certain
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phases of synaptic plasticity and neurogenesis in the critical neuronal structures
such as the hippocampus.

It has been also shown that an infusion of NT3 increases the level of BDNF
mRNA expression (Schutte, Yan, Mestres, & Giehl, 2000) and produces BDNF-
like effects, inducing cortical tyrosine kinase B phosphorylation (Bothwell,
1995). In addition, NT-3 has been reported to modulate BDNF signaling in
differentiating hippocampal neurons (Paul, Gottmann, & Lessmann, 2001).
BDNF has been implicated in the pathogenesis of depression and the therapeutic
mechanism of antidepressants, as evidenced by the number of preclinical
and clinical studies (Sandi & Bisaz, 2007; Gratacos et al., 2007). For
example, BDNF significantly increases the level of 5-hydroxyindoleacetic
acid (5-HIAA) and/or the 5-HIAA/5-hydroxytryptamine (5-HT) ratio in the
hippocampus, cortex, striatum, nucleus accumbens, substantia nigra, and
hypothalamus. It also alters the dopaminergic activity, primarily within the
striatum and cortex (Siuciak, Boylan, Fritsche, Altar, & Lindsay, 1996). In
preclinical studies, antidepressants, including selective serotonin reuptake
inhibitors (SSRIs), selective norepinephrine reuptake inhibitors (SNRI), and
monoamine oxidase inhibitors (MAOIs), elevate the BDNF mRNA levels in the
hippocampus (Huang, Lee, & Liu, 2007). In addition, BDNF has demonstrated
antidepressant-like behavioral effects in the modified rat forced swimming test,
by showing reduced immobility and increased swimming (Hoshaw, Malberg, &
Lucki, 2005). Therefore, NT3 might be involved in the fundamental molecular
events in the treatment of depression by regulating or boosting the important
neurotrophic factors such as BDNF.

NT3 increases the turnover of 5-HT and the levels of noradrenaline
in the neocortex, basal ganglia, and hippocampus (Celada, Siuciak, Tran,
Altar, & Tepper, 1996; Martin-Iverson, Todd, & Altar, 1994). In addition,
NT3 promotes the noradrenergic neuronal cells of the locus ceruleus (LC)
(Sieber-Blum & Ren, 2000). These findings are particularly intriguing in that
the monoamine hypothesis is the prevailing pathogenesis of depression as
well as the main therapeutic mechanism of contemporary antidepressants such
as tricyclic antidepressants (TCAs), SSRIs, and SNRIs. Preclinical studies
have shown that the simultaneous targeting of a subset of 5-HT receptors and
a-adrenergic receptors may play a key role in modulating the antidepressant
activity. Indirect activation of the neurotransmitter receptors by antidepressants
might lead to increases in the endogenous levels of available monoamines in
the synapses of specific depression-related brain regions. Furthermore, NT3
is capable of accelerating the regrowth and sparing of 5-HT innervation from
various neurotoxic insults (Mamounas, Blue, Siuciak, & Altar, 1995).
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NT3 markedly enhances the level of extracellular signal-related kinase
(ERK) phosphorylation that is associated with a variety of growth factors,
hormones, and neurotransmitters (Cavanaugh et al., 2001). This strongly
supports the existence of a specific receptor for NT3 (e.g., G-protein—coupled
receptor) and suggests that multiple signal transduction mechanisms might
be activated by NT3, which may be involved in the action mechanism of
antidepressants. Preclinical studies have shown that antidepressant-induced
neurotrophin signaling may trigger the formation and stabilization of the
synaptic connectivity, which gradually leads to the clinical antidepressive
effects and mood recovery (Saarelainen et al., 2003).

NT3 mRNA has also been found in the ventral tegmental area (VTA),
which is important in the reward process. Recent preliminary evidence
suggests that NT3 may participate in a certain step in the regulation of the
mesoaccumbens dopamine system on the initiation of behavioral sensitization
through the activation of the mitogen-activated protein (MAP) kinase signal
transduction cascade (Freeman & Pierce, 2002; Pierce, Pierce-Bancroft, &
Prasad, 1999). This indicates that NT3 has potential psychostimulant activity.
This is interesting when considering the findings that psychostimulants may be
effective in augmenting the treatment response in patients who have failed to
respond adequately to antidepressants (Fava, Thase, & DeBattista, 2005).

Dysregulation of the hypothalamic—pituitary—adrenal (HPA) axis after
multiple stressors is consistent with the results from previous preclinical and
clinical studies in depression (Faure, Uys, Marais, Stein, & Daniels, 2006).
In this regard, the compensatory elevation of NT3 after an aberration of the
HPA axis may support the potential role of NT3 in the treatment of depression
(Faure et al., 2006), which is in line with the antidepressant effect involving
the normalization of the HPA feedback loop (Nielsen, 2006).

NT3 is also expressed in the noradrenergic neurons of the LC, and recurrent
immobilization stress increases the NT3 mRNA levels in the LC (Smith et al.,
1995). It was also reported that high levels of endogenous glucocorticoids are
involved in the increase in NT-3 mRNA levels in the LC (Smith et al., 1995).
Given that NT3 is stress responsive and neurotrophic to LC, NT3 may play a
role in the effects of stress and antidepressants on mood.

The effect of NT3 on the vegetative functions such as sleep has been
also demonstrated in preclinical studies (Kushikata, Kubota, Fang, & Krueger,
2003). The duration of nonrapid eye movement sleep (NREMS) was increased
by an intracerebroventricular injection of two doses of NT3 (50 ng and 500
ng), although only the higher dose produced a statistically significant result
(Kushikata et al., 2003).
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In a recent animal study, NT3 was found to be involved in the effects of
mood stabilizers such as lithium and valproate (Walz et al., in press). Lithium
increases the serum and hippocampal NT-3 levels in the reversal and prevention
animal model of mania, whereas valproate increases the hippocampal NT-3
level in a prevention model only (Walz et al., in press). This indicates that lithium
and valproate have different effects on the intracellular signaling systems that
regulate the expression of neurotrophic factors or the differential response of
NT3 (Walz et al., in press). Overall, NT3 has a broader mode of action that can
be used beyond unipolar depression.

SUMMARY AND CONCLUSION

The currently available findings suggest possible therapeutic implications of
NT3 in the treatment of depression, even though the data might not translate
directly into clinical applications. It should be noted that NT3 plays an important
role in the treatment of depression through several major mechanisms: (1)
regulation of synaptic plasticity and neurogenesis; (2) modulation of other
neurotrophic factors, such as BDNF, eventually leading to increased neuronal
survival and a change in the synaptic neurotransmission positive to the treatment
of depression; (3) direct effect on monoamine neurotransmitters such as 5-
HT and noradrenaline; (4) neuroprotection from neurotoxic insults; and (5)
enhancement of the vegetative function such as sleep.
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