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The role of oxidative stress in COPD:
current concepts and perspectives®

O papel do estresse oxidativo na DPOC: conceitos atuais e perspectivas

Antonio George de Matos Cavalcante, Pedro Felipe Carvalhedo de Bruin

Abstract

Worldwide, COPD is a major cause of morbidity and mortality. The clinical and functional manifestations of
COPD result from lung injury occurring through various mechanisms, including oxidative stress, inflammation,
protease-antiprotease imbalance and apoptosis. Oxidative stress is central to the pathogenesis of COPD, since it can
directly damage lung structures and exacerbate the other mechanisms involved. The cellular and molecular events
involved in such lung injury are believed to occur long before the clinical and functional expression of COPD.
Although the use of bronchodilators is currently the principal treatment for COPD, bronchodilators have little or
no effect on disease progression. A better understanding of the pathogenesis of COPD, together with renewed
efforts in basic and clinical research, will allow the diagnosis of COPD at a pre-clinical stage and provide more
appropriate monitoring of disease activity, as well as leading to the development of novel therapeutic agents that
will effectively prevent the progression of the disease.
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Resumo

A DPOC ¢ uma causa importante de morbidade e mortalidade em escala global. As manifestacdes clinicas e
funcionais da DPOC resultam de danos pulmonares provocados por um conjunto de mecanismos, incluindo o
estresse oxidativo, a inflamagéo, o desequilibrio do sistema protease-antiprotease e a apoptose. O estresse oxida-
tivo ¢ central na génese da DPOC, pois além de provocar dano direto as estruturas pulmonares, amplifica os
demais mecanismos. Os eventos celulares e moleculares responséveis pelo dano pulmonar antecedem em muito a
expressdo clinica e funcional da DPOC. Os broncodilatadores, principais drogas empregadas atualmente no trata-
mento da DPOC, ndo sdo eficazes em reduzir a progressdo da doenca. Avancos na compreensio da patogénese da
DPOC aliados a esforcos renovados na pesquisa basica e clinica deverdo permitir sua deteccdo na fase pré-clinica
e possibilitar um monitoramento mais adequado de sua atividade, além de permitir a introducéo de novas moda-
lidades de agentes terapéuticos capazes de impedir eficazmente sua progressao.

Descritores: Doenca pulmonar obstrutiva cronica; Estresse oxidativo; Oxidantes; Antioxidantes; Inflamacéo.

Introduction

Worldwide, COPD is a health problem with
severe economic and social repercussions; at the
personal level, COPD constitutes a major cause
of patient disability and of low quality of life
for patients and their caregivers.!"? According
to the World Health Organization, 80 million
people suffer from moderate or severe COPD."
In Brazil, the prevalence of COPD in large urban

centers such as the city of Sdo Paulo ranges
from 6% to over 15%, depending on the diag-
nostic criteria adopted.” The fifth leading cause
of death worldwide, COPD will have reached,
according to recent estimates, the third position
by 2030.” The increase in the mortality rate for
COPD contrasts with the marked reduction in
the mortality rate for diseases such as cancer,
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coronary disease, cerebrovascular accident and
AIDS. This reduction is largely attributed to a
greater efficacy in the diagnosis and treatment
of these diseases, which in turn results, at least
in part, from a better understanding of the etio-
pathogenic mechanisms of these diseases.

The classical definition of COPD is a chronic
and progressive reduction in airflow, secondary
to an abnormal inflammatory response of the
lungs to the inhalation of noxious particles or
toxic gases. This inflammation produces altera-
tions of varying severity in the bronchi (chronic
bronchitis), bronchioles (obstructive bronchi-
olitis), lung parenchyma (emphysema), or any
combination of the three.>® In addition to
affecting the lungs, COPD is also accompanied
by systemic manifestations that have a serious
impact on the quality of life and survival of
patients, including nutritional depletion and
skeletal muscle dysfunction, which contribute to
exercise intolerance.”

The terms inflammation and airflow reduc-
tion are central to the definition of COPD, as
well as to that of asthma, although there are
marked differences between these two diseases,
and those differences should be recognized. The
inflammatory cells and mediators observed in the
inflammation in COPD are different from those
observed in the inflammation in asthma; in
addition, the inflammation in COPD does not, in
most cases, significantly respond to steroids.®?
Furthermore, the reduction in airflow in COPD
has a significant and irreversible component,
secondary to structural changes in the airways,
such as peribronchiolar fibrosis and increased
collapsibility, resulting from the destruction
of the elastic fibers of the lung tissue. These
changes are triggered by a complex mechanism
that initiates well before the first clinical and
functional manifestations.'” Therefore, a better
understanding of the mechanisms involved in
the apparently complex etiopathogenesis of
COPD will allow not only an earlier diagnosis
but also the development of therapeutic agents
that can favorably alter the course of the disease
before the development of permanent structural
changes.

In general, four principal mechanisms are
responsible for the alterations observed in
COPD: oxidative stress; inflammation; protease-
antiprotease imbalance; and apoptosis."” The
relative contribution of each of these mechanisms
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varies and possibly explains the different forms
of presentation of the disease. Oxidative stress
has been attributed a central role in the patho-
genesis of COPD because, in addition to causing
direct injury to the respiratory tract, oxidative
stress triggers and exacerbates the three other
mechanisms mentioned previously.(-'¥

Free radicals and reactive species

Free radicals are atoms, groups of atoms or
molecules that have unpaired electrons on the
outer orbital, which explains their instability and
high reactivity.'® However, the term free radical
is not ideal to describe the group of reactive
pathogenic species, because some of them do
not have unpaired electrons on the outer orbital,
although they participate in redox reactions.
Therefore, the terms reactive oxygen species
(ROS) and reactive nitrogen species (RNS) are
considered to be more appropriate because they
better describe these chemical agents.

The ROS are found in all biological systems
and originate from the metabolism of molecular
oxygen (0,). Under physiological conditions, O,
undergoes reduction by accepting four elec-
trons, which results in the formation of water.('®
During this process, reactive intermediates such
as the superoxide (0,7) radical, the hydrogen
peroxide (H,0,) radical and the hydroxyl (OH)
radical are formed (Figure 1). Most of the RNS
are formed from the synthesis of nitric oxide
(NO) through the conversion of L-arginine into
L-citrulline by nitric oxide synthases.('”

The production of reactive species is an inte-
gral part of metabolism and is present under
normal conditions, notably in the physiological
processes involved in the production of energy,
regulation of cell growth, phagocytosis, intra-
cellular signaling and synthesis of important
substances, such as hormones and enzymes.!'?
In order to offset this production and its poten-
tial negative effects, the body has an antioxidant
system. In situations in which there is an imbal-
ance between the pro-oxidant system and the
antioxidant system (and oxidants predominate),
oxidative stress occurs.!'®

Endogenous and exogenous
sources of reactive species

Due to the fact that the respiratory tract is
in direct contact with the external environment
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Figure 1 - The complete reduction of molecular oxygen (0,), incorporating four electrons in the terminal
part of the respiratory chain, results in the formation of water (upper arrow). Approximately 2-3% of the
0, undergoes incomplete reduction, generating intermediate compounds. The enzyme superoxide dismutase
(SOD) converts the superoxide anion (0,¢7) into hydrogen peroxide (H,0,), which, under the effect of the
enzymes catalase or glutathione peroxidase (GPx), is converted into H,0.

and exposed to high concentrations of oxygen,
it is a major target of injury caused by oxidants
of endogenous or exogenous origin.('®19)

The reactive species of endogenous origin are
generally produced through enzymatic and non-
enzymatic reactions of electron transfer. The
principal cellular sites and processes that generate
oxidants are the mitochondria, the microsomes,
the xanthine/xanthine oxidase system and, on a
larger scale, NADPH oxidase.!"”?? In the respi-
ratory tract, the principal endogenous sources
of oxidants are alveolar macrophages, epithelial
cells, endothelial cells and recruited inflam-
matory cells such as neutrophils, eosinophils,
monocytes and lymphocytes.'"® The activa-
tion of these cells results in the formation of
0,7, which is rapidly converted into H,0, by the
enzyme superoxide dismutase (SOD). Through a
non-enzymatic secondary reaction, H,0, forms,
in the presence of iron, OH- (Fenton reaction).™
The reactive species produced by phagocytes are
the principal cause of the tissue injury associated
with chronic inflammatory lung diseases.'® The
exogenous oxidants originate from air pollutants
such as ozone, nitric dioxide, sulfur dioxide and,
in particular, cigarette smoke. Cigarette smoke
contains approximately five thousand toxic
compounds, including potent oxidants (approxi-

mately 10" free radicals per inhalation) such as
acrolein, H,0,, OH- and organic free radicals."®

Antioxidants

According to their structure, antioxidants
can be classified as enzymatic or non-enzymatic.
The principal components of the enzymatic
antioxidant system are SOD, catalase and
glutathione peroxidase (GPx), which are active
at the beginning of the reaction through which
reactive species are formed, and this avoids the
accumulation of O, radicals and H, 0, radicals.
Non-enzymatic antioxidants include compounds
produced in vivo, such as reduced glutathione
(GSH), ubiquinone, uric acid and the proteins
that transport transition metals (transferrin
and ceruloplasmin), and compounds obtained
directly from the diet, such as beta-carotene,
vitamin C and vitamin E.?'??

The principal antioxidants in respiratory
tract lining fluid include mucin, GSH, uric
acid, proteins (especially albumin) and ascorbic
acid.®? Information regarding the antioxidant
defense system in the respiratory epithelium
of smokers and COPD patients remains scarce.
Chronic smokers present elevated levels of GSH
in the bronchoalveolar lavage fluid. However,
this increase in GSH levels might not be enough
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to neutralize the excessive load of oxidants
during the acute phase of smoking, since a
reduction in GSH levels is observed during ciga-
rette smoke exposure, in a time-dependent and
dose-dependent manner.!¥

Melatonin, the principal product of the pineal
gland, also has significant antioxidant activity
and is noteworthy due to some of its charac-
teristics.?? 1t is known that melatonin removes
reactive species, including singlet 0,, 0,*7, H,0,,
OH* and lipid hydroperoxide,”” and, in some
cases, melatonin has proved more effective than
GSH and vitamin E.”” The antioxidant effect of
melatonin seems to be particularly relevant due
to the ability of melatonin to cross all morpho-
physiological barriers and spread throughout
tissues, cells and subcellular compartments. The
subcellular distribution of melatonin allows it to
interact with toxic molecules in the entire cell,
reducing the oxidative damage in the lipid and
aqueous media.?? Melatonin also acts as an
indirect antioxidant, through an increase in the
activity of the principal antioxidant enzymes,
including SOD, catalase and GPx.”? Unlike other
antioxidants, melatonin does not participate
in the redox cycle, which allows a molecule to
undergo oxidation and reduction repeatedly.
The redox cycle allows an antioxidant, such as
vitamin C, to act as a pro-oxidant and there-
fore promote the formation of free radicals.
Once oxidized, melatonin cannot be reduced
to its former state because it forms stable end

products. Due to this characteristic, melatonin
is sometimes referred to as a terminal or suicidal
antioxidant.

Oxidative stress and etiopathogenic
mechanisms of COPD

Cigarette smoke is the principal environ-
mental factor for the development of COPD.
However, the rate of decline in pulmonary func-
tion in smokers varies,*” and only approximately
25% will develop a clinical expression of the
disease,”® suggesting that the pathogenesis of
COPD depends on the interaction between envi-
ronmental and genetic factors.

Emphysema due to alpha-1 antitrypsin defi-
ciency is the only form of expression of COPD
that is associated with alterations in a single
gene and that does not require interaction with
environmental factors. All the other cases of the
disease seem to result from molecular alterations
that are due to a complex interaction between
multiple genes and environmental factors. The
genes associated with the alterations observed
in COPD include those related to the protease-
antiprotease system, antioxidants, inflammation
and apoptosis.

Oxidative stress plays an important role in
the pathogenesis of COPD through direct injury
to the respiratory tract, as well as through exac-
erbation of the other mechanisms involved
(Figure 2).

e Infections

( Oxidant/antioxidant balance j

® Smoking in individuals
without a genetic
predisposition

_|>l

Temporary imbalance
Transitory oxidative stress
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Chronic oxidative stress

Direct injuryl

Oxidation of lipids,
proteins and DNA

__ ® Protease activation
® Antiprotease inactivation
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e Transcription of
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Figure 2 - The oxidative stress in COPD causes direct injury to lung components and triggers and exacerbates

the other etiopathogenic mechanisms.
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Oxidative stress and lipid peroxidation

Lipid peroxidation basically consists of
the incorporation of molecular oxygen into a
polyunsaturated fatty acid, resulting in oxida-
tive degradation of the latter. Cell membrane
phospholipids are particularly susceptible to
peroxidation. This leads to alterations in the
structure and permeability of the membrane,
resulting in loss of ion-exchange selectivity,
release of the contents of organelles, such
as the hydrolytic enzymes of the lysosomes,
and formation of cytotoxic products, such as
malondialdehyde (MDA).*”

In biological systems, cell membrane phos-
pholipids can be hydrolyzed by the phospholipase
enzyme, producing nonesterified arachidonic
acid, which can undergo peroxidation through
two pathways: the enzymatic pathway, involving
cyclooxygenases and lipoxygenases, and the
non-enzymatic pathway, through the participa-
tion of ROS, RNS, transition metals and other
free radicals (Figure 3).?” The end products
of the lipid peroxidation mediated by reactive
species include 4-hydroxynonenal (4-HNE), MDA
and isoprostanes. One isoprostane that has been
extensively studied as a marker of pulmonary
and systemic oxidative stress is 8-iso-prostag-
landin F2a (8-isoprostane).?

In addition to their importance as markers
of oxidative stress, isoprostanes, particularly
8-isoprostane, have various biological effects
and are considered to be mediators of oxidative
damage.®® Among the various biological activi-
ties of 8-isoprostane is the contraction of the

Phospholipids

Phospholipase

Y

Nonesterified
arachidonic acid

Enzymatic

Cyclooxygenases

® Prostaglandins
e Thromboxanes
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smooth muscles of the bronchi, which is why
8-isoprostane has been reported as being one
of the mediators of the reversible component of
the obstruction observed in most patients with
COPD.®

Modification of proteins and DNA

In eukaryotic cells, a protein seldom performs
its functions in the form in which it was origi-
nally transcribed. After leaving the ribosomes,
proteins often undergo modifications, known
as post-translational modifications, considered
essential to their activity. In addition to these
physiological modifications, proteins are subject
to a range of modifications produced by reac-
tive species under pathological conditions.
These oxidative modifications can inactivate the
enzymatic functions and cause structural degen-
eration of the proteins or activate transcription
factors and proteolytic systems.

Markers of oxidative stress and of DNA
damage are significantly higher in patients with
COPD, especially in those whose causative factor
is smoking.®% Patients with COPD present a high
incidence of lung neoplasia, and DNA modifica-
tions induced by the reactive species might be
the link between these two conditions.

Oxidative stress and inflammation

Smokers without COPD present a mild
inflammatory response that probably represents
a defense reaction of the mucosa against the
chronic inhalation of irritants. In individuals who
develop COPD, there is a marked exacerbation of

oxidants e Isoprostanes
' Malondialdehyde

® Hydroxynonenal

Lipoxygenases

e Leukotrienes

Figure 3 - Arachidonic acid can be metabolized via the enzymatic pathway, through cyclooxygenases and
lipoxygenases, or via the non-enzymatic pathway, through redox processes.
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the inflammatory response, which increases with
the progression of the disease.®"*? The molec-
ular mechanism of this exacerbation remains
unknown; however, genetic factors, latent viral
infections and prolonged oxidative stress have
been reported as being potentially responsible
for the exacerbation.'®*” Chronic inflamma-
tion in COPD is associated with an increase in
the production of various mediators and proin-
flammatory proteins, including cytokines,
chemokines, inflammatory enzymes, receptors
and adhesion molecules, which are regulated
by gene transcription factors.'*» Among the
mediators, those that are chemotactic for inflam-
matory cells, in particular leukotriene B4 and
1L-8, as well as proinflammatory cytokines,
such as TNF-q, 1L-1pB and 1L-6, are noteworthy.
63 Growth factors, including TGF-f, which
induces fibrosis in the small airways, are also
considered important.®® The most important
cellular elements in the inflammation in COPD
are epithelial cells, neutrophils, alveolar macro-
phages, CD8 lymphocytes and, during periods of
exacerbation, eosinophils.(103?)

Cell response to stimuli depends on a complex
signaling process. The stimuli of the extracel-
lular medium are transmitted to the intracellular
medium through an organized sequence of
reactions, part of which are dependent on
redox reactions, generally referred to as redox-
sensitive  signaling.'>*¥ Under physiological
conditions, the control of redox-sensitive sign-
aling involves a temporary deviation from the
redox state toward an increase in the concentra-
tion of oxidants. These small oxidative episodes
generate low cellular concentrations of ROS
when stimulated by substances such as cytokines
(IL-1, 1L-6, TL-3 and TNF-q), angiotensin 11 and
growth factors."” The signals for the elements
responsible for the expression of certain genes
are normally transmitted to the nucleus by a
class of proteins known as transcription factors.
This process of signaling transduction results in
biological functions such as muscle contraction,
gene expression, cell growth and nervous trans-
mission. Therefore, the initiation and correct
functioning of various transduction pathways
depend on ROS as signaling molecules, which
act as a second messenger.'” Under patho-
logical conditions, however, abnormally high
concentrations of ROS in the cells might lead
to permanent changes in signaling transduc-
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tion and gene expression, as observed in chronic
inflammatory diseases, including COPD.

Gene expression might be influenced by the
enzymes histone acetyltransferases (HATs) and
histone deacetylases (HDACs). The acetylation
of lysine residues at the N-terminus of these
proteins, catalyzed by HATS, removes positive
charges and therefore reduces the DNA affinity
of these proteins, making chromatin less compact
and more accessible to transcription factors and
RNA polymerase. Conversely, deacetylation, cata-
lyzed by HDACs, makes chromatin more compact
and less accessible (Figure 4). Consequently, in
most cases, HATs intensify transcription, whereas
HDACs repress it. Intracellular oxidative stress
promotes the activation of the encoding genes
of various proinflammatory proteins through
two mechanisms: first, by activating the enzyme
1 kappa B kinase, which degrades the inhibitor
protein complex known as inhibitor of kappa
B, promoting the release of the nuclear factor
NF-kappa B; and second, by inactivating the
enzyme histone deacetylase 2 (HDAC2), allowing
a greater degree of acetylation of the protein
by the HAT enzyme, resulting in chromatin
decompaction and allowing transcription factors
greater access to genes.!'*33%)

The suppression of proinflammatory genes
by glucocorticoids is due, in part, to the recruit-
ment of the enzyme HDAC2, which promotes
the compaction of chromatin, thus preventing
the transcription of proinflammatory proteins.
As mentioned previously, the inflammation
in COPD is relatively insensitive to treatment
with corticosteroids. One of the mechanisms
proposed to explain this relative resistance is the
reduction in the levels of the enzyme HDAC2
through oxidative degradation induced by
reactive species such as peroxynitrite (ONOO"),
acrolein and 4-HNE.®2% The alveolar macro-
phages of patients with COPD present reduced
concentrations of HDAC2 when compared with
the macrophages of individuals with normal
lung function, and this reduction is correlated
with insensitivity to corticosteroids. The restora-
tion of the expression of HDAC2 reverses this
resistance.?

Oxidative stress and
protease-antiprotease imbalance

There is strong evidence that an imbal-
ance between proteases and endogenous
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Figure 4 - In chronic inflammatory diseases, including COPD, histone acetylation by histone acetyltransferases
(HATs) makes chromatin loose, thus facilitating the access of transcription factors and RNA polymerase to DNA,
resulting in an increase in the production of proinflammatory proteins (interleukins, chemokines and adhesion
molecules). Conversely, histone deacetylation by histone deacetylases (HDACs) makes chromatin compact,
making the access of transcription factors and RNA polymerase to DNA difficult, resulting in a reduction in the

production of proinflammatory proteins. Modified.®"

antiproteases plays an important role in the
pathogenesis of COPD. Among the factors that
contribute to this imbalance are oxidative stress,
genetic polymorphism and an abnormal inflam-
matory response to the respiratory tract injury
caused by smoking.®337:39)

Three classes of proteases are considered
relevant to the etiopathogenesis of COPD: serine
proteases, which can degrade elastin and certain
forms of collagen; cysteine proteases, which
degrade matrix components; and matrix metal-
loproteinases, which act on collagen, gelatin and
laminin. Each of these classes of enzymes can be
inhibited by one or more antiproteases.

Oxidants can potentiate the effects of
proteases on COPD through the activation
of these enzymes. Reactive species increase
the activity of matrix metalloproteinases by
activating metalloproteinase precursors. The
oxidation of methionine residues at active sites of
alpha-1 antitrypsin results in a dramatic reduc-
tion in their in vitro inhibitory ability; therefore,
this pathway has been reported as being one of

the possible causes of the imbalance in favor of
proteases.(1:3337:38)

Oxidative stress and apoptosis

Recent studies have highlighted the impor-
tance of apoptosis in the pathogenesis of COPD.
6839 1t is believed that an increase in the apop-
tosis of the epithelial and endothelial cells of the
lungs, not offset by an increase in the prolifera-
tion of these cells, results in tissue destruction
and in the development of emphysema.

There is evidence that VEGF is necessary for
the maintenance of the cellular structure of the
lungs.“? In fact, VEGF represents a subfamily
of growth factors derived from the platelets
that bind to three sets of receptors: VEGFR-1,
VEGFR-2 and VEGFR-3. The binding of VEGF
to VEGFR-2 receptors stimulates endothelial
cells and type 11 pneumocytes, promoting their
development and increasing their survival. The
interruption of the VEGF signaling to VEGFR-2
receptors results in arrested lung development,
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which manifests clinically as bronchopulmo-
nary dysplasia in children and as emphysema in
adults.®)

Human emphysema might be associated
with a reduced expression of the encoding gene
of VEGF. A rat model of emphysema induced
by VEGF blockade demonstrated that apoptosis
predominates in lung areas under oxidative
stress and that the experimental blockade of
apoptosis markedly reduced the expression
of oxidative stress markers. The administra-
tion of compounds with antioxidant activity
can prevent the development of alveolar cell
apoptosis, suggesting an interaction, through
positive feedback, between oxidative stress and
apoptosis.“" 1t has recently been reported that
oxidative stress is associated with a reduction in
the levels of VEGF in the sputum of patients
with COPD. 1t has been suggested that oxidative
stress can lead to epithelial cell damage, thus
reducing the levels of VEGF and, consequently,
favoring the development of emphysema.t?
Another mechanism that has been reported as
inducing apoptosis through oxidative stress is
the activation of certain mitochondrial enzymes,
including caspase-3.2?

Evaluation of the oxidative
stress in COPD

Oxidative stress can be measured through
direct quantification of the production of
oxidants or, indirectly, through quantification of
the products resulting from lipid peroxidation,
such as 8-isoprostane, 4-HNE and MDA, in the
alveolar space, in the exhaled air, in the sputum
and in the blood.®”

The collection of exhaled breath condensate
(EBC) is a noninvasive method for obtaining
samples of material from the lower respiratory
tract.”? This method has been used to determine
the concentration of various oxidative stress
markers, such as H 0, NO derivatives (nitrite,
nitrate and S-nitrosothiols) and 8-isoprostane,
in patients with COPD.!"#24)

Various studies showed an increase in oxida-
tive stress markers in the lungs of patients with
COPD when compared with normal individuals
and with individuals with the same smoking
history without COPD.®%3? Smokers and patients
with COPD present higher levels of H,0, in the
EBC (a direct measure of the oxidative load of
the air space) than do former smokers with COPD
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and nonsmokers.?” Patients with COPD related
to the inhalation of smoke from biomass burning
present MDA levels similar to those observed in
patients with COPD associated with smoking
and significantly higher than those in normal
controls.*” During acute exacerbations of COPD,
the concentrations of H 0, are higher than they
are during the stable phase of the disease.””
It is believed that high concentrations of H,0,
in the EBC originate, in part, from a greater
production of superoxide anions by the alveolar
macrophage.®” The alveolar macrophages of
smokers present greater iron content than do
those of nonsmokers, resulting in an increase of
free iron in the air space, which might stimulate
the generation of ROS through the Fenton reac-
tion."” An additional source of 0,° and H,0,
is the xanthine/xanthine oxidase reaction, which
presents increased activity in the cells of the
bronchoalveolar lavage fluid and in the plasma
of smokers and of patients with COPD when
compared with healthy nonsmokers.("

The concentration of NO in the gaseous
phase of exhaled air has been used as a direct
marker of inflammation and, indirectly, of
oxidative stress. Patients with COPD present
lower levels of NO than do patients with asthma.
@ The rapid reaction between NO and 0,*,
forming ONOO-, or between NO and thiols,
forming nitrosothiols, can change the levels of
NO in exhaled air and explain, at least in part,
the difference in concentrations between asthma
patients and COPD patients. The levels of NO in
exhaled air are high in smokers with or without
COPD, which limits the validity of this marker in
the diagnosis of COPD.

Products of lipid peroxidation, such as thio-
barbituric acid reactive substances, are increased
in the sputum of patients with COPD and have
a negative correlation with FEV.!"V Through
a mnon-enzymatic reaction, arachidonic acid,
undergoing peroxidation mediated by ROS,
produces isoprostanes (Figure 3). Patients with
COPD present elevated levels of 8-isoprostane in
the EBC when compared with normal controls
or with smokers without COPD.“” The levels
of 8-isoprostane have a positive correlation
with the percentage of neutrophils in induced
sputum, which constitutes additional evidence
that oxidative stress has a positive modulatory
effect on the inflammation in COPD.*)
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Systemic markers of oxidative stress and
elevated plasma levels of inflammatory mediators
have been reported in smokers and in patients
with COPD.#*#9) The peripheral neutrophils of
patients with COPD release more ROS than do
those of normal nonsmokers.®® Lipid peroxida-
tion products are also increased in the plasma of
smokers with COPD, particularly during periods
of exacerbation.” Oxidative stress and chronic
inflammation are some of the factors involved
in the mechanism that generates the systemic
manifestations (e.g., weight loss and skeletal
muscle dysfunction) observed in some patients
with COPD. Patients with COPD are also at
increased risk of cardiovascular disease.” One of
the probable mechanisms for this increase is the
endothelial damage caused by systemic inflam-
mation and systemic oxidative stress in these
patients.”

Treatment and novel
diagnostic methods

The principal therapeutic agents available for
the maintenance treatment of COPD are long-
acting bronchodilators, including B,-agonists
(formoterol and salmeterol) and anticholinergics
(tiotropium), which have no significant impact
on the progression of COPD or on COPD-related
mortality.

Some factors explain the difficulty in devel-
oping more effective drugs for the treatment of
COPD. First, animal models of COPD are consid-
ered inappropriate for drug trials. Models of
emphysema are currently used instead of models
of small airway disease; the latter, however, are
more appropriate to evaluate potential drugs
that can have an early effect on the progression
of the disease. Second, studies investigating the
effects of drugs on patient-centered outcomes,
such as the reduction in loss of pulmonary func-
tion and in mortality, are expensive and take
longer to be carried out. In addition, various
patients with COPD present with comorbidities
such as diabetes mellitus and coronary disease,
which are commonly among the exclusion
criteria for participation in clinical trials of new
drugs. Finally, oxidative markers that monitor
short-term efficacy, such as those in the blood,
sputum and exhaled breath, are still in the vali-
dation phase.®?

More recently, there have been promising
reports of mnovel diagnostic techniques and
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methods, as well as of potential therapeutic
targets that can actually change the clinical
course and the prognosis of the disease. Among
the novel diagnostic methods, the collection of
EBC is noteworthy. 1t is a simple and noninvasive
method that allows us to obtain material from
lung tissue in order to detect markers of inflam-
mation and of oxidative stress.*? In the near
future, the determination of the level of oxida-
tive stress in the lungs will probably be used
routinely as an indicator of the pathological
changes that precede the clinical and functional
expression of COPD.

Drugs that act directly or indirectly on the
pathogenic mechanisms of COPD, including
antagonists to proinflammatory mediators,
drugs that inhibit antiproteases and agents that
modify the inflammatory response, as well as
drugs that can change the resistance of COPD-
related inflammation to steroids, are alternatives
that can potentially influence the evolution and
the prognosis of the disease.®"* The therapeutic
agents that constitute this last group—modifiers
of the effect of corticosteroids on the inflam-
mation in COPD—are considered to be the most
promising. As previously mentioned, it is believed
that the resistance of COPD-related inflamma-
tion to corticosteroids is due to a reduction in
the expression and activity of HDAC2 caused
by oxidative stress.t">>¥ It is known that drugs
such as xanthines and certain macrolides can
increase the expression of HDAC2.66>%

In addition to reducing the expression
and activity of HDAC2, oxidative stress has
been reported to exacerbate other pathogenic
mechanisms of COPD.("33 Therefore, the use of
antioxidant agents potentially reduces the direct
damage to lung tissue caused by oxidative stress
and the exacerbating effect of oxidative stress
on the other mechanisms involved in COPD, as
well as reversing the resistance of inflammation
to steroids. To date, few antioxidant agents have
been tested in the treatment of patients with
COPD. 1t has been shown that N-acetylcysteine,
a glutathione precursor, is able to reduce the
concentration of H,0, in the EBC of patients
with COPD®¢57: however, it was not able to
prevent the deterioration of pulmonary function
or to reduce the frequency of exacerbations.®?
N-acetylcysteine is a relatively weak antioxidant,
susceptible to inactivation by oxidative stress. 1t
is likely that substances that have a more potent
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antioxidant effect and are more stable, that is,
substances that do not participate in the redox
cycle, can lead to a significant decrease in oxida-
tive stress, thus preventing the progression of
the disease.

Final considerations

Oxidative stress plays an important role in
the pathogenesis of COPD, since it can directly
damage the components of the respiratory tract
and exacerbate the other mechanisms involved.
A better understanding of the cellular and
molecular events involved in the pathogenesis of
COPD will create the basis for new approaches
that will allow the diagnosis of COPD at early
stages and provide appropriate monitoring of
disease activity, as well as leading to the devel-
opment of novel therapeutic agents to prevent
the progression of the disease.
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