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Introduction

Apoptosis is the major cause of death of neurons in various
pathologic neurological conditions and in physiologic developmental
death. The most common human neurodegenerative disease is
Alzheimer’s disease (AD) which is also a major form of dementia.
AD is characterized by senile plaques comprising Amyloid-p (Ap),
neurofibrillary tangles comprising hyper phosphorylated tau proteins
and Neurodegeneration [1]. AP is aberrantly produced in AD patient’s
brain and soluble oligomeric Ap is the prime pathological species since
it induces synapse pathology [2,3] and apoptosis of both neurons [4,5]
and astrocytes [6]. Lack of neurotrophins such as Nerve Growth Factor
(NGF) play a major role in the development of various neurological
conditions. In fact, it has been reported that lack of NGF signaling
leads to sporadic AD [7,8]. Neuron death is a physiologic process
which occurs during brain development and it is noted that half of the
neurons die due to lack of trophic support such as limited NGF supplies
[9]. However, the molecules which mediate neuron death under the
disease condition or during the embryonic development have not been
examined in much detail till now.

BH-3 only proteins: surveillants of apoptosis

BH3-only proteins (BCL-2 homology domain 3) of the BCL-2
family are the surveillants of cellular stress, orchestrating cell death
via apoptosis in neurons. Both, extrinsic as well as intrinsic cell death
signals are initiated by the BH3-only proteins of the BCL-2 family.
The members of the BCL-2 family of proteins contain either one or
up to four of the BCL-2 Homology (BH) domains. The members can
be classified as pro-survival e.g. BCL-XL, BCL-W, MCL-1 and pro-
apoptotic e.g. BAX, BAK (comprising of three BH domains) and BIM,
PUMA, NOXA, BME HRK, BNIP (comprising of only BH3 domain,
or the BH-3 only proteins). It is through these domains that a complex
interplay of interactions of these proteins ultimately determines the
fate of cells. The pro-survival proteins inhibit apoptosis by sequestering
the pro-apoptotic proteins in healthy cells. The most crucial step in the
propagation of the process of apoptosis is the interaction of the BH3-
only proteins with the other Bcl-2 family members. In response to
apoptotic stimuli such as DNA damage or growth factors deficiency,
the BH3-only proteins are upregulated/activated which in turn bind to
the pro-survival proteins thus relieving the death proteins, BAX and
BAK [10]. BH3-only proteins promote apoptosis by two mechanisms;
by direct activation of the pro-apoptotic proteins and by repressing the
anti-apoptotic proteins. Some BH3-only proteins such as BAD, BMF,
NOXA are selective to a subset of their pro-survival relatives, whereas
other BH3-only proteins, BIM and PUMA can neutralize all the pro-
survival proteins and can directly activate pro-apoptotic proteins such
as BAX [11]. Our previous investigations reveal that pro-apoptotic
BH3-only proteins BIM and PUMA play an essential role in mediating
neuron death and axonal degeneration induced by NGF deprivation
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as well as AP insults [12-14]. However, other BH3-only proteins such
as BMF may be required for displacement of BIM from pro-survival
proteins for its full activity. It has been shown that displacement of BIM
by BMF and PUMA from anti-apoptotic proteins mediates paclitaxel-
induced apoptotic death of breast cancer cells [15].

BMEF co-operates with BIM and PUMA in neuron death

Very recently we reported that BMF plays an essential role in
neuron death evoked by neurotoxic Ap oligomers or NGF deprivation
[16]. We have shown for the first time, a co-operative role of BMF
with BIM and PUMA in inducing neuron death in response to NGF
deprivation or AP treatment. We investigated the mechanism in
detail and our study revealed that upon exposure to Ap or after NGF
deprivation, there is a rapid increase in the expression of BMF in both
transcript and protein levels in primary cultures of cortical neurons as
well as neuronal PC12 cells. Examination of over-expression of BMF in
neurons reveals that it causes increase in levels of (i) pH2AX, (ii) BAX,
and (iii) cleaved caspase [3]. There are also decrease in mitochondrial
membrane potential and number of neuronal cells. All these suggest
that over-expression of BMF leads to apoptotic death of neuronal cells.
Moreover, the loss of cortical and hippocampal neurons evoked by Af
or sympathetic neurons after NGF withdrawal are abrogated by the
down-regulation of BME. Interestingly, our study reveals that death of
neurons due to over-expression of BMF is blocked by knockdown of
BIM and PUMA. These findings suggest that BMF induces apoptosis
at least partially by activating BIM or PUMA or both. Lastly, down-
regulation of these three BH3-only molecules (BIM, PUMA and BMF)
by specific shRNAs provided enhanced protection to neurons against
death evoked by AP neurotoxicity and NGF deprivation. Collectively,
our study brings to light the crucial role of BMF in triggering neuronal
death induced by AP toxicity and NGF deprivation at the molecular
level. This highlights the novel finding of our study which includes the
co-operative action of the three BH3-only proteins, (BIM, PUMA and
BMF) in orchestrating the neuron death mechanism.

Our findings are corroborated by other recent investigations which
further augment our conclusions. These recent reports also identify
BMF as the major mediator of neuronal injury in response to glucose/
oxygen deprivation [17]. Further, displacement studies have also been
performed which propose the interaction of BMF with BIM, by way of
which it sequesters the latter from other anti-apoptotic proteins, hence
leading to the apoptotic cascade to function [15]. Our findings suggest
a model (Figure 1) in which A toxicity or NGF deprivation leads to
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Figure 1. A schematic model of the cooperation of BH3-only proteins in neuron death cascade evoked by A toxicity or NGF deprivation

expression/activation of BH-3 only proteins such as BIM, PUMA
and BME BMF displaces BIM/PUMA from pro-survival proteins
such as BCL-2, BCL-XL or MCL-1; subsequently BAX is activated
by multimerization and leads to mitochondrial outer membrane
permeabilization, caspase activation and cell death. Further studies on
the interaction of BH-3 only proteins with other members of the family
and cooperation among them in various death paradigms may reveal
several undefined events in the molecular cascade of cell death.
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