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Abstract

neurodegenerative diseases.

Neurite outgrowth is primarily necessary step to construct a neuronal network. If this step is collapsed, neurons
are died and neurodegenerative diseases, such as Alzheimer’s and Parkinson’s diseases, which are known to induce
endoplasmic reticulum (ER) stress-mediated apoptosis, are occurred.

It has been elucidating that histone deacetylase (HDAC) plays a crucial role in the silencing of gene expression
by the specific mechanisms. Thus, HDAC inhibitors have been shown to induce specific genes. We reported the up-
regulation of the nur77 gene, followed by histone modification via the protein kinase A signaling pathway or HDAC
inhibitor-mediated molecular mechanisms. Then, we also focused on neurite outgrowth as a functional neuronal marker,
and then described molecular targets and progressive pharmaceutical care for neurodegenerative disorders by using
K-350. We propose that this kind of the candidate compound might contribute to build the therapeutic strategy for
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Introduction

Neurons in the brain possess a number of dendrites and one
axon that form neuronal networks. Recent research has shown
that a specific network may be important for vertebrates to express
physiological effects on phenotypes (including emotions, behavior,
and memory) [1-3]. Thus, studies on the maintenance of homeostasis
in the brain including neuronal networks, basically involving
neuronal survival and neurite outgrowth are necessary for elucidation
of the physiological maintenance mechanisms based on molecular
neuronal functions. Since neurite outgrowth occurs only from viable
neurons, appropriate interventions for maintaining neuron survival
may be important in the treatment of neurodegenerative diseases,
such as Alzheimer’s and Parkinson’s diseases, which are known to
occur due to endoplasmic reticulum (ER) stress-mediated apoptosis.
Thus, cell survival mechanisms have been investigated and include
the Akt-mediated signaling pathway, which is activated by certain
growth factors that may also promote cancer, and this pathway leads
to an increase in the viability of neurons [4,5]. This evidence indicates
that other mechanisms can be elucidated in order to develop new and
effective medicines if we focus on neurodegenerative diseases.

Histone deacetylase (HDAC) plays a crucial role in the silencing
of gene expression. Thus, HDAC inhibitors have been shown to
induce specific genes. Previously, we reported the up-regulation
of the nur77 gene, followed by histone modification via the protein
kinase A signaling pathway or HDAC inhibitor-mediated molecular
mechanisms, which in turn extended the neurites of PC12 cells [6,7].
These results emphasized the importance of a control mechanism
for neurite outgrowth because this step is involved in the molecular
mechanism following cell survival via the transduction of an action
potential and release of a neurotransmitter if severe cell damage
does not occur [8]. Thus, we also focused on neurite outgrowth as a
functional neuronal marker, and then described molecular targets
and progressive pharmaceutical care for neurodegenerative disorders.
These foundational findings should contribute to the development of

therapeutic strategy for neurodegenerative diseases.

Neuronal Networks Transducing Centripetal or
Centrifugal Stimulation via a Synaptic Connection

We are all sensitive to feel some stimuli in the brain when
physical or chemical inputs are integrated into our body. The
detailed mechanisms of this remain unclear; however, a specific
neuronal network in the brain has been reported to be important
for these sensing mechanisms [1-3]. Thus, neurite outgrowth, which
forms the synapse, plays a crucial role in individual phenotypes
including behavior, learning, memory, and emotion in humans. If
the connection collapses and a sufficient amount of neurotransmitter
cannot be released to post-synaptic neurons, our bodies may be at
risk of disease [9,10]. It has also been suggested that action potentials
that release neurotransmitters keep neurons alive [11]. Therefore, cell
survival leading to precise and static neurite formation, induced by
neuronal plasticity, is important for the maintenance of homeostasis.

ER Stress-mediated Apoptosis in the Neuronal

Networks

Apoptosis is an important process in vertebrate development.
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Twice as many neurons are produced during the development of the
central nervous system (CNS) as that during the post-natal stage;
however, more than 50% of these die before birth via apoptosis [12].
This process is considered to be a fundamental mechanism during
the formation of correct synaptic connections. On the other hand,
apoptosis is also closely associated with neurodegenerative diseases,
and it is known to affect specific neurons in patients with such
disorders [13,14]. Thus, neuronal networks are destroyed and severe
dysfunction may occur if neuron death is caused by apoptosis. During
major apoptotic pathways in most cells, a cascade of several caspases,
which are cysteine proteases, is activated following mitochondrial
dysfunction [15]. This involves the release of cytochrome ¢ from
injured mitochondria and the formation of a complex known as
an apoptosome, which is comprised of pro-caspase-9, dATP, and
Apaf-1. Subsequently, apoptosomes activate caspase-9 (initiator
caspase), which in turn activates caspase-3 (effector caspase).
This pro-apoptotic cascade eventually activates caspase-activated
DNase (CAD) through the degradation of an inhibitor protein
(ICAD), followed by the fragmentation of chromosomal DNA and
condensation of the nucleus, which result in apoptotic cell death [16].
Pro-apoptotic Bcl-2 family proteins have been shown to be involved in
these mainstream apoptotic pathways [17]. It was initially postulated
that the neurons of patients with neurodegenerative diseases died as
a result of conventional apoptosis; however, subsequent analysis has
now revealed that other apoptotic pathways exist that are responsible
for this loss of neurons.

Neuronal apoptosis has been shown to differ from the normal
programmed cell death (ordinary apoptosis) mechanisms described
above and is caused by both genetic and environmental factors.
Unfolded proteins were shown to accumulate in the endoplasmic
reticulum (ER) of neurons following certain stimuli. This is known
as ER stress and also causes the apoptosis of neurons, which we
have referred to as ER stress-mediated apoptosis. In cultured cells,
ER stress is readily induced by the addition of inhibitors of protein
glycosylation in the ER [18,19], inhibitors of the Ca**-ATPase in the
ER [20], or by inhibitors of glucose metabolism [21]. During ER stress-
mediated apoptosis in rat or mouse neurons, caspase-12 was shown to
be specifically activated in the ER with condensed chromatin [19,22].
Similarly, caspase-4, also located in the ER, was also activated during
ER stress-induced apoptosis in human neurons [23]. However, it is still
unclear whatkinds of caspases or substrates are involved in the cascade
downstream of this protease in ER stress-mediated apoptosis. In
addition, the types of pro-apoptotic Bcl-2 family proteins responsible
for ER stress-mediated apoptosis and their mechanisms of action
have been analyzed [24,25]. We observed similar apoptotic signaling
mechanisms during ER stress-induced apoptosis in previous analyses
from our laboratory in cultured cerebral cortical neurons and PC12
cells. Hence, two apoptotic pathways, ordinary and ER stress-induced
apoptotic signaling, exist and both involve caspases and pro-apoptotic
Bcl-2 family proteins, leading to destruction of the neuronal networks.

We have reported that fragments of caspase-12 were translocated
to the nucleus due to thromboembolic infarction in the rat, suggesting
that caspase-12 fragments may have a pro-apoptotic role via their
transcriptional activity to induce ER stress-mediated apoptosis [26].

Taken together, these findings question the importance of
truncated caspase-12; however, these fragments may play an important
role in the progression of neurodegenerative diseases caused by ER
stress-mediated apoptosis and neuronal networks are collapsed by its
mechanism of action.

ER Stress-mediated Apoptosis and Neurodegenerative
Diseases

The initial causes of neurodegenerative diseases are known to be
genetic and environmental factors, and the intracellular signaling
mechanismsby which specific neurons die through ER stress-mediated
apoptosis have gradually been elucidated. Along with these findings,
specific genes responsible for neurodegenerative diseases have also
been identified. In the case of Alzheimer’s disease, hippocampal
neurons die and basal forebrain cholinergic neurons projecting to
the hippocampus subsequently die, which leads to dysfunctions
in learning, memory, and behavior. The genes responsible include
amyloid precursor protein (APP) [27,28], presenilin-1 (PS1) [29], and
presenilin-2 (PS2) [30]. It has been postulated that senile plaques are
formed by the unnatural cleavage of APP via PSI and PS2, which
induce ER stress-mediated apoptosis. In addition, the apolipoprotein
E (apoE) gene has been identified as a risk factor for Alzheimer’s
disease [31]. In the case of Parkinson’s disease, dopaminergic neurons
of the substantia nigra undergo ER stress-mediated apoptosis,
resulting in a loss of motion control because these neurons project
to the striatum. Parkin, which has been recognized as an anti-
cell death protein, and Chip have also been identified as the genes
responsible for this disease [32]. In Huntington’s disease, neurons
of the striatum undergo ER stress-mediated apoptosis, resulting in
the loss of both motion and behavioral control, with the Huntingtin
gene being the causative factor [33]. Therefore, ER stress-mediated
apoptosis has been recognized as the central mechanism in almost
all neurodegenerative diseases. Through the above specific apoptosis-
inducing step, the somas bearing neurites in the brain are destroyed
during neurodegenerative diseases.

Epigenetic Gene Expression in Neurodegenerative
Disease

Gene expression is controlled by DNA methylation or histone
modification, which is also referred to as epigenetics. When we
focus on DNA methylation, gene silencing occurs if GpC islets are
involved in the upstream sequence of the gene. In addition to DNA
methylation, histone modifications, including methylation (mono-,
di-, or tri-), phosphorylation, and acetylation, occur to control gene
expression in the histone tail on a specific amino acid residue. These
two mechanisms, which can be in the modified or unmodified form
in genomic DNA or the histone tail, lead to epigenetic gene regulation.
However, the mechanisms by which DNA and histone modifications
occur have not been clearly understood. Specific gene expression
has been reported to be controlled by a multiple mechanisms in
patients with neurodegenerative disorders. For example, PS1 or
APP for Alzheimer’s disease [34,35], Parkin for autosomal recessive
Parkinson’s disease [35], and Huntingtin for Huntington’s disease
[36], have been discovered and the mechanisms of epigenetic gene
expression have been reported. In addition, the ubiquitin-proteasome
system may be involved in epigenetic gene regulation [37].

Induced Expression of the Nur77 gene by a HDAC
Inhibitor, K-350, for Medical Purposes

GGene expression can be achieved by histone deacetylation
(HDAC) inhibitors. They consist of eleven subtypes and are divided
into at least three groups: type I, type II, and type IV. The well-
known medical compound, valproic acid (val), has been used to treat
epilepsy, even though its HDAC activity was not initially expected.
The specificity of the effect of val on HDAC groups is quite broad.
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Figure 1: Three general HDAC inhibitors and the novel HDAC inhibitor,
K-350. The chemical structures of the three well-known HDAC inhibitors are
shown. K-350, a novel HDAC inhibitor is also presented [38].
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MS-275 has been developed as an anti-cancer drug and it generally
shows specificity to type II. The ED, of val is known to be very high
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