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Abstract

Oxidative stress, generated by chronic ethanol consump-
tion, is a major cause of hepatotoxicity and liver injury.
Increased production of oxygen-derived free radicals due
to ethanol metabolism by CYP2E1 is principally located in
the cytoplasm and in the mitochondria, which does not
only injure liver cells, but also other vital organs, such as
the heart and the brain. Therefore, there is a need for
better treatment to enhance the antioxidant response
elements. To date, there is no established treatment to
attenuate high levels of oxidative stress in the liver of
alcoholic patients. To block this oxidative stress, protea-
some inhibitor treatment has been found to significantly
enhance the antioxidant response elements of hepato-
cytes exposed to ethanol. Recent studies have shown
in an experimental model of alcoholic liver disease that
proteasome inhibitor treatment at low dose has cytopro-
tective effects against ethanol-induced oxidative stress
and liver steatosis. The beneficial effects of proteasome
inhibitor treatment against oxidative stress occurred
because antioxidant response elements (glutathione
peroxidase 2, superoxide dismutase 2, glutathione syn-
thetase, glutathione reductase, and GCLC) were up-
regulated when rats fed alcohol were treated with a
low dose of PS-341 (Bortezomib, Velcade®). This is an
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important finding because proteasome inhibitor treat-
ment up-regulated reactive oxygen species removal and
glutathione recycling enzymes, while ethanol feeding
alone down-regulated these antioxidant elements. For
the first time, it was shown that proteasome inhibition
by a highly specific and reversible inhibitor is different
from the chronic ethanol feeding-induced proteasome
inhibition. As previously shown by our group, chronic
ethanol feeding causes a complex dysfunction in the
ubiquitin proteasome pathway, which affects the protea-
some system, as well as the ubiquitination system. The
beneficial effects of proteasome inhibitor treatment in
alcoholic liver disease are related to proteasome inhibitor
reversibility and the rebound of proteasome activity 72 h
post PS-341 administration.
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INTRODUCTION

Excessive alcohol consumption is recognized worldwide
as a leading cause of disease, disability, and death™. Al-
coholic liver disease (ALD) is a collective term for the
pathophysiological changes caused by chronic alcohol
consumption. These changes include oxidative stress
generation, liver steatosis and inflammatory response fi-
brosis, and cirrhosis.
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The marked generation of oxidative stress associated
with ethanol metabolism is one of the main liver injuries
caused by chronic alcohol consumption. Oxidative stress
causes dysfunctions in several cellular mechanisms, such
as DNA repair and antioxidant systems. CYP2E1, which
is up-regulated to metabolize ethanol™; in mitochon-
dria”, and activated Kupffer cells™ generates free radicals
through the oxidation of NADPH to NADP+, which
induces hepatocyte necrosis and apoptosism. In addition,
high levels of reactive oxygen species (ROS) promote
lipid peroxidation and end-products formation, such as
malondialdehyde and 4-hydroxynonenal. These aldehydes
are highly interactive and form adducts by binding cova-
lently to cellular proteins, thus forming antigenic adducts,
which cause inflammation®”.

Oxidant stress can be counterbalanced by the hepato-
cyte antioxidant defense, which induces both enzymatic
and non-enzymatic mechanisms. One of the major mech-
anisms by which cells protect themselves against oxidative
stress is the up-regulation of a wide range of antioxidant
genes. Among the intracellular antioxidant molecules,
reduced glutathione (GSH) is the most abundant intra-
cellular non-protein thiol in cells. Glutathione is the first
level of cellular antioxidative response, and is important
for a variety of biological functions, including protection
of cells from oxidative damage by free radicals, detoxi-
fication of xenobiotics, and membrane transport. By
keeping the cellular environment in a reduced state, GSH
is responsible for the removal of potentially toxic elec-
trophiles and metals, thereby protecting cells from toxic
oxygen products[s]. Furthermore, GSH exhibits a large
panel of actions in controlling gene expression, apopto-
sis mechanisms, and membrane transportm. Therefore,
cells tightly regulate the synthesis, utilization, and export
of GSH. L-S,R-buthionine sulfoximine (BSO), a potent
specific inhibitor of y-glutamylcysteine synthetase, the
rate-limiting enzyme in GSH biosynthesis, has been used
to deplete intracellular GSH and reverse drug resistance
in tumor cells"”, showing that GSH is a chemoresistance
factor in cancer cells. The second level of cellular antioxi-
dative response is the gene expression up-regulation of
antioxidative enzymes. Among the enzymatic antioxidant
defenses are: (1) glutathione synthetase (GSS) and super-
oxide dismutases (SOD), which dismutates Oz into H202
and Og; (2) catalase, which removes H20z2, generating
H20 and Oz; and (3) glutathione peroxidase (GPX) and
glutathione reductase (GSR), which, using the cofactor
NADPH, decompose H20:, while reducing glutathi-
one'". Alcohol has been shown to deplete GSH levels,
particularly in the mitochondria. Mitochondria are usually
characterized by high levels of GSH needed to eliminate
the ROS generated during respiratory chain activity“zj,
and can not synthesize GSH, but import it from the cy-
tosol using a carrier protein embedded in the membrane
surrounding the mitochondria. Alcohol has been re-
ported to interfere with the function of this carrier pro-
tein, thereby leading to the depletion of mitochondrial
GSH".
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CURRENT TREATMENT FOR ALD

Several pharmaco-therapeutic studies have been under-
taken to cure alcoholic hepatitis. The best known are the
treatments that block tumor necrosis factor o and reduce
inflammation (pentoxifylline, infliximab, etanercept)’*’.
However, these treatments are associated with an increase
of infections and death.

The antioxidant therapy included Vitamin E supple-
mentation. However, the outcome of clinical trials did
not show any improvement in patients with alcoholic
hepatitis' . Tn addition, it has been shown that alcohol
not only increases the production of ROS, but it also
inhibits the antioxidants defense. It has also been shown
that antioxidant therapy alone, or in combination with
corticosteroids, did not improve 6-mo survival in severe
alcoholic hepatitis'”. The drug most widely used for al-
coholism today is Disulfiram. Disulfiram, an inhibitor of
aldehyde dehydrogenase, prevents acetaldehyde metabo-
lism, and causes immediate and severe negative reactions
to alcohol intake!”. Recently, it has been used as an anti-
tumor drug because it has the characteristic of a protea-
some inhibitor™*", New drugs and new treatments are
thus needed since currently available treatments are not
adequate. The latest studies using Disulfiram point to the
potential of proteasome inhibitor treatment for ALD.

PROTEASOME INHIBITOR TREATMENT
FOR ALD

Proteasome controls the degradation of cellular proteins
and is closely implicated in signal transduction, develop-
ment and cell cycle progression™
immune response™, and inflammation'™. Proteasome
inhibition has already proved to be a novel and promis-
ing strategy for the treatment of cancer™ ", Specifically,
PS-341 (Bortezomib, Velcade®), a boronic acid dipep-
tide with selective activity as a proteasome inhibitor, has
demonstrated clinical efficacy in patients with multiple
myeloma'™, and has been approved by the U.S. Food and
Drug Administration””. It is now under evaluation for its
activity in a variety of other hematologic and solid malig-
nancies™ . Proteasome is considered an antioxidant de-
fense in the cell due to its activity of removing damaged
and oxidized proteins. Numerous reports have demon-
strated that proteasome inhibitors cause an accumulation
of oxidatively damaged proteins, indicating that a large
majority of oxidatively damaged proteins, both in the
cytosol and the nucleus of mammalian cells, ate removed
by the 20S proteasome"™, However, it is also important
to mention that proteasome inhibition is also an antioxi-
dative defense, as it leads to an up-regulation in the gene
expression of antioxidative enzymes. Although it is now
well established that impairment of the ubiquitin protea-
some pathway is implicated in the pathogenesis of ALD,
a growing body of evidence shows that proteasome in-
hibitors provide protection against oxidative stress in the
brain and in the heart™*™,

, antigen processing and
[24
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Ethanol ingestion appears to have diverse effects on
26S proteasome activity, and no significant effects on the
208 proteasome”. The 26S proteasome activities are sig-
nificantly decreased in the liver of rats fed ethanol™"*.
This ethanol-induced proteasome pathway dysfunction
is different from the proteasome inhibition obtained by
using the proteasome inhibitor PS-34114, Microarray
analysis studies have shown that the gene expression of
antioxidative enzymes was not increased in the liver of
rats fed ethanol chronically, when compated to that of
rats given proteasome inhibitor PS-341 il

Moteovert, chronic ethanol exposure has been shown
to deplete GSH levels, particulatly in the mitochondria,
which are usually characterized by high levels of GSH
needed to eliminate the ROS generated during respira-
tory chain activity>***" while proteasome inhibition by
PS-341 activates the gene expression of GSH recycling
enzymes™. These authors showed a significant increase
in the gene expression of antioxidative enzymes, such
as glutathione reductase (GSR), glutathione synthetase
(GSS), glutathione peroxidase 2 (GPX2), and superoxide
dismutase 2 (SOD2), when rats were treated with the
proteasome inhibitor PS-341. Exposure to a non-toxic
low dose of proteasome inhibitor induced an increase in
the antioxidative defense, thus suppressing ROS produc-
tion, and therefore protecting against oxidative stress-
induced hepatotoxicity due to chronic ethanol feeding,
The beneficial effects of proteasome inhibition are not
only related to the up-regulation of antioxidative enzyme
gene expression[49], but also to the up-regulation of heat
shock proteinslSUJ, which is believed to prevent protein
misfolding and the formation of protein aggregates.
Thus, it is now postulated that these cytoprotective quali-
ties obtained by the inhibition of proteasome at non-
toxic doses might be beneficial in the treatment of hepa-
tocyte injury associated with ALD. In addition, PS-341 is
a highly specific and reversible proteasome inhibitor that
produces a recovery and even a rebound of proteasome
activity to higher levels 48 to 72 h post-treatment™. At
the same time that proteasome inhibitor treatment up-
regulated the antioxidant response elements, it down-
regulated SREBP1-c"" and the lipogenic enzymes gene
expression, thus significantly decreasing steatosis in the
liver of rats fed ethanol Chronically[sﬂ. It has also been
found that IxB was significantly stabilized by proteasome
inhibitor treatment in the liver of rats fed ethanol for 1 mo,
which reflected a significant decrease in nNuclear factor
(NF)-kB activation and a dectrease in the expression of
inflammatory genes regulated by NF-xkB™,

Chronic ethanol exposure increases the production
of pro-inflammatory cytokines and disrupts immune
defenses, increasing susceptibility to and the severity of
infections. Proteasome inhibitor treatment can modulate
the chronic ethanol-induced impairment of immune
response and its consequences on host defense against
microbial pathogens and tissue injury. These discoveries
strongly indicate that proteasome inhibitor treatment has
great potential in alcoholic liver disease therapy.

(49

Boishidengs  WIG | www.wjgnet.com

CONCLUSION

PS-341 is currently used in humans as an antitumor
drug”, and numerous studies have shown that it also
represents a potential drug treatment for alcoholic liver
disease. Proteasome inhibitors are a promising treatment
to reduce ROS production, to reduce liver steatosis, and
to reduce the production of pro-inflammatory cytokines
caused by chronic ethanol feeding;
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