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Redox Regulation of Cellular Stress Response in Aging
and Neurodegenerative Disorders: Role of Vitagenes
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Abstract Reduced expression and/or activity of anti-
oxidant proteins lead to oxidative stress, accelerated
aging and neurodegeneration. However, while excess
reactive oxygen species (ROS) are toxic, regulated
ROS play an important role in cell signaling. Pertur-
bation of redox status, mutations favoring protein
misfolding, altered glyc(osyl)ation, overloading of the
product of polyunsaturated fatty acid peroxidation
(hydroxynonenals, HNE) or cholesterol oxidation, can
disrupt redox homeostasis. Collectively or individually
these effects may impose stress and lead to accumu-
lation of unfolded or misfolded proteins in brain cells.
Alzheimer’s (AD), Parkinson’s and Huntington’s
disease, amyotrophic lateral sclerosis and Friedreich’s
ataxia are major neurological disorders associated with
production of abnormally aggregated proteins and, as
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such, belong to the so-called “protein conformational
diseases”. The pathogenic aggregation of proteins in
non-native conformation is generally associated with
metabolic derangements and excessive production of
ROS. The ‘““unfolded protein response’ has evolved to
prevent accumulation of unfolded or misfolded
proteins. Recent discoveries of the mechanisms of
cellular stress signaling have led to new insights into
the diverse processes that are regulated by cellular
stress responses. The brain detects and overcomes
oxidative stress by a complex network of ‘“longevity
assurance processes’’ integrated to the expression of
genes termed vitagenes. Heat-shock proteins are highly
conserved and facilitate correct protein folding. Heme
oxygenase-1, an inducible and redox-regulated en-
zyme, has having an important role in cellular antiox-
idant defense. An emerging concept is neuroprotection
afforded by heme oxygenase by its heme degrading
activity and tissue-specific antioxidant effects, due to
its products carbon monoxide and biliverdin, which is
then reduced by biliverdin reductase in bilirubin. There
is increasing interest in dietary compounds that can
inhibit, retard or reverse the steps leading to neurode-
generation in AD. Specifically any dietary components
that inhibit inappropriate inflammation, AP oligo-
merization and consequent increased apoptosis are of
particular interest, with respect to a chronic inflamma-
tory response, brain injury and f-amyloid associated
pathology. Curcumin and ferulic acid, the first from the
curry spice turmeric and the second a major constit-
uent of fruit and vegetables, are candidates in this
regard. Not only do these compounds serve as antiox-
idants but, in addition, they are strong inducers of the
heat-shock response. Food supplementation with curc-
umin and ferulic acid are therefore being considered as
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a novel nutritional approach to reduce oxidative
damage and amyloid pathology in AD. We review
here some of the emerging concepts of pathways to
neurodegeneration and how these may be overcome by
a nutritional approach.
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balance - Stress response - Heme oxygenase -
Alzheimer’s disease

Introduction

In the resting state, 2% of oxygen uptake by cells is
converted into reactive oxygen species (ROS) [1].
McCord and Fridovich first described superoxide
dismutase implying a potential physiological role of
superoxide [2], subsequently confirmed in numerous
studies [3]. In contrast to this physiological role,
pathological actions of ROS occur at an order of
magnitude higher concentrations. In defense against
this, the cell has developed a number of antioxidant
defense systems including superoxide dismutase, the
peroxidases, the glutathione redox cycle with its
associated constitutive enzymes as well as glutathione
itself. Therefore, in health the cell has become well
equipped to cope with the normal production of
reactive species. Indeed continuous low concentrations
of ROS induce expression of antioxidant enzymes and
related defense mechanisms. Alzheimer’s (AD),
Parkinson’s (PD), and Huntington’s diseases (HD),
but also amyotrophic lateral scelrosis (ALS) and
Friedreich’s ataxia (FRDA) belong to the so-called
“protein conformational diseases’ [4]. In health, cells
employ mechanisms such as the unfolded protein
response, which generally balances protein delivery
to the endoplasmic reticulum (ER) to the capacity of
protein folding [5]. Furthermore, if proteins are mis-
folded, the unfolded protein response either breaks up
abnormal protein aggregates and facilitates protein
refolding, or if proteins cannot be rescued by refolding,
delivers them to the proteasome to be recycled [5].
Protein conformational diseases are conditions that
arise from the dysfunctional aggregation of proteins in
non-native conformations. One consequence of these
intracellular aggregates is ER dysfunction (ER stress)
which leads to mitochondrial dysfunction and excessive
production of ROS, thus inducing oxidative stress. The
ability of a cell to deal with excessive ROS as well as
excessive reactive nitrogen species (RNS) requires the
activation of pro-survival pathways as well as the
production of molecules endowed with anti-oxidant
and anti-apoptotic activities. Heme oxygenase-1
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(HO-1), also referred to as Hsp32, belongs to the Hsps
family and protects brain cells from oxidative stress by
degrading toxic heme into free iron, carbon monoxide
(CO) and biliverdin. This latter is then reduced by
biliverdin reductase (BVR) into bilirubin (BR), a
linear tetrapyrrole with antioxidant properties [6—10]
(Fig. 1A). Very recently, BR has been shown to also
effectively counteract nitrosative stress, through its
properties to bind and inactivate NO and RNS [11-14].

This review will emphasize the role of free radicals in
the pathogenesis of neurodegenerative disorders. In
addition, the key role played by members of the vitagene
system, such as HO-1 and Thioredoxin (Fig. 1A) in
modulating the onset and progression of major neuro-
degenerative diseases such as AD and PD are discussed.

Redox regulation of gene expression

In contrast to conventional thinking that oxidants serve
only as mediators of oxidative damage, we now know
that they can act to increase cellular defense systems
against stress. The hormetic properties of free radicals,
i.e. the fact that controlled rates of production of these
radicals may increase the expression and activity of
vitagenes (Table 1), indicate that radicals may be
“good” for the cells and thus have a clear physiological
benefit for the maintenance of cellular homeostasis,
particularly when the cells are challenged by normal
insults which occur in cellular physiology (Figs. 1 and 2).

Signaling mechanisms adopted by regulatory pro-
teins to control gene expression in response to alter-
ations in the intracellular redox status are very
common in prokaryotes. Gene activation by oxidative
stress was first descibed in bacteria where regulatory
proteins such as OxyR were discovered to serve as an
activator of antioxidant and stress responsive genes
[15]. OxyR is a homotetramer that is activated by
hydrogen peroxide and S-nitrosothiols [16, 17]. In
eukaryotes, typical examples are genes such as heme
oxygenase, thioredoxin and detoxificant enzymes
(Mn-SOD, glutathione S-transferase, NADPH: qui-
none reductase), cytokine immunoreceptors and
growth factors. That the antioxidant protein heme
oxygenase could “‘sense” NO and, thus, protect against
ROS and RNS insults, is supported by the following
findings: (a) NO and NO-related species induce HO-1
expression and increase heme oxygenase activity in
human glioblastoma cells, hepatocytes and aortic
vascular cells; (b) cells pre-treated with various
NO-releasing molecules acquire increased resistance
to H,O,-mediate cytotoxicity at the time heme
oxygenase is maximally activated; and (c) bilirubin,
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