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Differentiation of hippocampal stem cells into functional neurons:
evolving our understanding of monoamine oxidase-A inhibition
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Depression affects many millions of people worldwide and much is still unknown with respect to the
mode of action of antidepressant drugs. The hippocampus has been associated with many psychiatric
disorders, including clinical depression. Recently, stem cells have also been shown to reside within
discrete regions of the hippocampus and can differentiate under a variety of conditions into neural
cells. In this issue, Chiou ez al. have elegantly demonstrated that cells isolated from the rat
hippocampus, and treated with the antidepressant moclobemide, may be differentiated in vitro into
neural cells exhibiting features to those of serotoninergic neurons. They have also suggested that this
process was mediated, in part, through the expression of specific antiapoptotic genes (Bcl-2 and
Bcl-XL) and via activation of extracellular-regulated kinase. This work raises the attractive possibility
that the use of antidepressants, such as moclobemide, may exert neuroprotective and potentially
neurogenerative effects not just in vitro, but also in vivo, through the selected differentiation of stem
cells into functional neurons. The exact mechanisms by which such antidepressants differentiate neural

stem cells still remains to be fully elucidated.
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Neurological and psychiatric disorders such as Parkinson’s
disease, Alzheimer disease and depression may be treated
with drugs to alleviate pain and symptoms; however,
no current therapy is available yet which may actually repair
or replace damaged tissues. The mammalian hippocampus is
recognized to be at least one region of the brain that possesses
the capability to form new neurons during adult life. This
process of neurogenesis occurs in the subgranular zone within
the dentate gyrus (Taupin & Gage, 2002). The rat hippocam-
pus is richly innervated with serotoninergic fibers (5-HT), and
the observation that antidepressant drugs (such as moclobe-
mide) promote neurogenesis has led to the thinking that the
serotoninergic neurotransmitter system plays an important
role in the initiation of neurogenesis in the hippocampus.
Therefore, with this in mind, Chiou et al. (2006) examined the
effect of the antidepressant moclobemide (MB), upon neural
stem cells isolated from the rat hippocampus, and its role in
neurogenesis, neuroprotection and neural differentiation.

MB is an antidepressant drug, which affects the mono-
aminergic cerebral neurotransmitter system through the
reversal inhibition of monoamine oxidase (MAO), preferen-
tially type A. This decreases the metabolism of the neuro-
transmitters noradrenaline, dopamine and 5-HT and increases
their extracellular concentrations. Chiou et al. have used MB
at a dose which is within the ICs, range and similar to that
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which has been previously used to inhibit MAO in cultured
cells (Li et al., 2004). In order to examine the viability of NSCs
in the presence of MB, they cultured cells with the addition of
50 and 200 uM MB compared to control. A biphasic effect was
observed, where at the high dose (200 uM), cells did not
survive, whereas at 50 uM, cell viability was in fact increased
over that of control levels. Interestingly, within the clinic, MB
does not precipitate 5-HT toxicity in overdose by itself, nor
does it produce serotoninergic side effects (Isbister et al., 2003).
It is likely that MB upregulates other neurotransmitter systems
in addition to that of the serotoninergic, especially at high
doses, which may also contribute to cell toxicity. In fact, Chiou
et al. detected other neurotransmitters in addition to 5-HT,
including dopamine by HPLC analysis, supporting this idea.
More interesting perhaps, by Chiou et al., was the finding
that treatment of cells with MB at the lower concentration of
50 uM increased cell survival, pointing towards the possibility
that MB may be in fact exerting neurogenic effects. In
addition, these findings corroborate with a report by Li et al.
(2004), who have shown that MB upregulated proliferation of
hippocampal progenitor cells in chronically stressed mice.
Furthermore, Chiou et al. have demonstrated that NSCs
cultured in the presence of MB also increased the expression of
the antiapoptotic genes, Bcl-2 and Bcl-X,, in a time-dependent
manner. In fact, transplantation of embryonic stem cells
overexpressing Bcl-2 has been previously reported to promote
functional recovery of cerebral ischemia in the rat (Wei et al.,
2005). Thus, the role of Bcl-2 in neurogenesis exists in both



564 C.G. Egan

Commentary

embryonic and adult life and does not appear to be restricted
to developmental changes.

The signaling mechanisms underlying Bcl-2 expression are
not completely understood. However, it is known that
activation of the mitogen-activated protein kinase pathway
(MAPK) increases Bcl-2 expression (Tao et al., 1998).
Consistent with these findings, Chiou et al. (2006) reported
that MB increased Bcl-2 in NSCs in an MAPK-dependent
manner, as they prevented the expression of Bcl-2 and
activation of ERK1/2 with PD98059. Moreover, Chiou et al.
further demonstrate that neurite development of MB-treated
differentiated NSCs was upregulated by the phosphorylation
of ERK1/2. This pathway may also involve the transcription
factor CREB (cAMP response element binding protein) as
reported by Riccio et al. (1999). Interestingly, in other non-
neural tissue types, such as vascular smooth muscle, there is
differential regulation of CREB (Egan & Nixon, 2004), in
proliferative and differentiative phenotypes, thus highlighting
the potential importance of this transcription factor in the
regulation of NSC to a differentiated functional neuron.

In addition to specific kinases and transcription factors, a
myriad of growth factors have been documented to regulate
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