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Abstract. A new oxidative stress marker in patients with nasal polyposis: advanced oxidation protein products (AOPP).
Objectives: The aim of this study was to determine whether levels of advanced oxidation protein products (AOPP) can
be used a marker of oxidative stress in the etiology of nasal polyposis.

Materials and methods: Twenty-four patients diagnosed with nasal polyposis in Haseki Education and Research Hospital
ENT Department between March and June 2008 were included in the study. The AOPP serum levels in NP patients and

24 healthy controls were measured with spectrophotometry and the results were compared statistically.

Results: AOPP levels were significantly higher in the study group compared with the control group.

Conclusion: Our findings suggest that AOPP levels can be used as a marker of oxidative stress in patients with nasal
polyposis. Future studies are neccessary to evaluate the efficacy of antioxidant therapy.

Introduction

Nasal polyposis (NP) is a chronic
inflammatory disease of the upper
airways with unknown etiology.
One of the most important factors
in the development of NP is
inflammation,! and clinical and
experimental studies have shown
that polyp formation and growth
is initiated with infectious or
noninfectious inflammation. Ad-
ditionally, studies have found
higher numbers of inflammatory
cells, including eosinophils,
macrophages, neutrophils, and
lypmhocytes, in tissues affected
with NP compared to normal
tissues."> The presence of
histopathologic ~ abnormalities
such as edema and inflammation
in NP points to a close connection
with inflammatory cell infiltra-
tion.*

During phagocytosis, free radi-
cals are produced in inflammatory
cells by nicotinamide adenin dinu-
cleotide phosphate oxidase.* The

release of these toxic molecules
into the extracellular space is
directly responsible for inflamma-
tion,* and excessive production of
free radicals and/or a deficiency in
the antioxidant system results in
oxidative stress and tissue
damage.* Free radicals are
believed to play important roles in
the development of arthritis,
atherosclerosis, cataracts, asthma,
and NP> and previous reports
have documented a role for
oxidative stress in the develop-
ment of NP

Peroxidation of cell membrane
lipids results in the formation of
reactive oxygen species that trig-
ger cell death and tissue necrosis.*
Four groups of factors can cause
free radical injury: lipid peroxi-
dases, isoproteinases, DNA
hydroxilation products, and pro-
tein carbonyl products. Although
there are various methods for
evaluating oxidative stress, most
of these approaches cannot be
utilized in routine clinical labora-

tories due to lack of automation
and complicated methods. The
measurement of isoproteinases,
for example, is highly accurate
and reliable in the evaluation of
lipid peroxidation in body fluids;
however, clinical use of this tech-
nique is limited due to compli-
cated methods of measurement.’

In 1996, a new oxidative stress
marker, advanced oxidation
protein products (AOPP), was
detected in the plasma of uremic
patients.®* AOPP is thought to acti-
vate mononuclear phagocytes and
act as a cytokine-like mediator
between neutrophils and mono-
cytes.®

The oxidative modification
products of proteins are more
stable than lipids, making these
better oxidative stress markers.’
AOPP is defined as dityrosine
containing cross linked protein
products,'” a definition that is
important as it excludes protein
aggregates that are formed by
disulphide bonds as a result of
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oxidative stress. Therefore, AOPP
is a good oxidative stress marker."
Previous studies of patients with
nasal polyposis used lipid peroxi-
dation products as oxidative stress
markers. In this study, our aim
was to investigate the feasibility of
using protein oxidation products
as oxidative stress markers in
patients with NP.

Materials and methods

The study was approved by the
hospital  ethics  committee.
Twenty-four patients diagnosed
with NP in Haseki Education and
Research Hospital ENT Depart-
ment and 24 healthy volunteers
serving as the control group were
included in the study. The patients
signed a consent form after
detailed information was provid-
ed. All subjects underwent nasal
endoscopy and paranasal sinus
tomography. Routine blood sam-
pling, blood biochemistry, prick
test, total IgE measurement and
urinanalysis were performed to
verify the presence of any illness
that would be an exclusion
criteria. Patients with allergic
rhinitis, atherosclerosis, hyper-
cholesterolemia, systemic sclero-
sis and other rheumatoid diseases,
cardiovascular diseases and sus-
pected renal failure were not
included in the study. Patients in
the NP group were selected from
individuals who had not received
medical treatment longer than
4 weeks prior to the study and
who had not undergone previous
operations.

Patients in the control group
were selected from hospital work-
ers who had not received medical
treatment longer than 4 weeks
prior to the study and who had not
undergone previous operations.
All control patients examined

nasal endoscopy were exclusion
of NP.

Blood samples were drawn
after a fasting period of 12 hours,
given to the laboratory within
30 minutes, and centrifuged at
1300 g for 10 minutes; the sera
were stored at -20°C until
analysis. Serum samples with
hemolysis were excluded. The
measurements were made by
spectrophotometric methods as
described by Witko-Sarsat et al.®

Comparison between the
patient and control groups were
performed with independent
Student t test when the groups
showed homogenous distribution
and Mann Whitney-U test when
they did not show homogeneous
distribution. Correlation between
parameters were evaluated with
Pearson correlation analysis. All
statistical analyses were per-
formed with SPSS for Windows
version 16.0 software.

Results
We measured AOPP serum levels

in 24 patients and 24 healthy
controls. The NP group contained

11 females and 13 males, and
the control group contained
12 females and 12 males. The

mean age of the patient and
control groups was 41.1 (range
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13-73) and 39.4 (range 25-55),
respectively. Data on patient age
and AOPP values are shown in
Table 1. No statistically signifi-
cant difference in the mean age
and standard deviation of the NP
group and healthy controls was
found (p<0.7).

The mean AOPP level in the
NP patient group was 748 +
389 micromoles/L, compared to
213 + 57 micromoles/L in the
control group (Table 1). The
difference between the two
groups was statistically significant
(p<0.001).

Discussion

Nasal polyposis is an inflammato-
ry disorder of the nasal mucosa
and paranasal sinuses. Although it
is known for over 3000 years, and
is a frequently observed disease
in clinics, its etiology remains
unclear.

Numerous theories have been
suggested to explain the etiology
of nasal polyposis, including ade-
noma and fibroadenoma, mucosal
exudate, glandular cyst, blockage,
new gland formation, ion trans-
port, periphlebitis and perilym-
phangitis, excretory channel cys-
tic dilation and vessel obstruction,
necrotizing ethmoid theory, as
well as others.""> Although a

Table 1
Patient age and AOPP levels in the NP patient and control groups
Nasal polyp patient group Control group
(n=24) (n=24) P
Mean + SD Mean + SD

Age (years) 41 +12 40+9 0.7
AOPP (micromoles/L) 748 + 389 213 £ 57 0,001
Min-Max AOPP levels 111-1497 46-501




AOPP levels of nasal polyps

significant number of studies in
the literature have investigated the
inflammatory events that occur in
the nasal polyp lamina propria,
studies on free radical injury and
epithelial change are limited.

Oxidative stress plays a role in
the pathogenesis of many dis-
eases.  Antioxidant  therapy
decreases oxidative stress, and
therefore is a potential treatment
for a number of illnesses. If oxida-
tive stress indeed plays a role in
the pathogenesis of NP, new treat-
ment options may be available.
Whether oxidative stress is the
cause or the effect of many ill-
nesses is not clear.

In vivo measurement of
oxidative stress is complicated,
and practical and easy methods of
measurement are still being
investigated. AOPP are produced
during oxidative stress as a result
of myeloperoxidase activity in
activated neutrophils acting on
hypochloric acid and chloramines;
these are a reliable marker to
measure the oxidative modifica-
tion of proteins."

Free radicals, molecules that
include one or more unpaired
electrons,' can accumulate to high
levels in living systems. These
molecules are highly reactive and,
in particular, react with lipids,
proteins, nucleotides, and carbo-
hydrates, resulting in tissue
injury.” Under normal conditions,
the potential noxious effects of
free radicals are prevented by
antioxidants,'® which include
enzymes such as catalase, super-
oxide dismutase, glutatihone per-
oxidase, and glucose—6-phosphate
dehyrogenase, or nonenzymatic
factors such as a-tocopherol, f3-
carotene, ascorbic acid, retinol,
etc.''® Antioxidants within cells,
cell membranes and extracellular
fluids prevent excessive free

radical formation and maintain
equilibrium.’ Blood plays a sig-
nificant role in the maintenance of
the balance between antioxidants
and oxidants, as it facilitates
the distribution of antioxidants
throughout the body.">'®

The oxidative modifications of
proteins are more stable than
lipids, making proteins good
oxidative stress markers."” Protein
oxidation can result from the
formation of protein carbonyls,
formation of cross linked
molecules by sulphydryl group
oxidation, and formation of
advanced oxidation  protein
products (AOPP)."* AOPP can be
defined as dityrosine that includes
cross linked proteins. This defini-
tion is important because it
excludes protein aggregates that
are formed as a result of disul-
phide bonding. Therefore, AOPP
can function as a marker for
oxidative stress.'

Direct measurement of free
radicals in biological systems is
difficult due to the instability of
reactive oxygen species; therefore,
indirect methods are often used.*®
Dagli et al.® reported significantly
higher levels of free radicals in the
tissues of patients with NP;
however, they did not detect a
significant difference between the
levels of free radicals in the blood
of patient compared to control
groups. Eloy et al.” supported the
hypothesis that NP is a specific
local tissue inflammation patholo-
gy. However, in contrast to their
findings, here we found a statisti-
cally  significant difference
between the blood AOPP levels of
patient and control groups.

Under physiological condi-
tions, free radicals are in a state of
equilibrium with antioxidant
defense mechanisms, a condition
known as redox homeostasis.
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Reactive oxygen species are under
the control of antioxidant defense
mechanisms. Oxidative stress
results from loss of this balance,
either due to excessive production
of reactive oxygen species or to
depletion of antioxidants.*

Malondialdehyde (MDA) is a
free radical metabolite formed as a
result of lipid peroxidation that
can be used as a measure of free
radical levels.”® Dogru et al’
compared MDA levels in the
samples from the nasal polyps of
19 NP patients with those from
lateral lamella mucosa of the
middle turbinate of 9 control
subjects. They have found MDA
levels in NP were significantly
higher compared with control.
Dagli et al. investigated the role
of free radicals and antioxidants in
nasal polyps of 31 patients and
19 controls and found higher
levels of MDA and lower levels of
antioxidants (glutathione and
alpha tocopherol) in polypoid
tissues compared to samples from
the control group.

Lipid peroxidation can disrupt
barrier function of membranes and
affect fluid permeability, which in
turn leads to inhibition of
enzymatic activity and protein
synthesis, blockage of macro-
phage function and chemotactic
activity.”?' High levels of reactive
oxygen species are reported to
induce nasal tissue damage.”
Increased nasal reactive oxygen
species stem from epithelial or
inflammatory cells; these products
are released to the extracellular
zone and are directly responsible
for the inflammation.

Structural abnormalities, such
as epithelial cell injury, in nasal
polyps is reportedly due to the
high concentration of inflammato-
ry cells, including eosinophils.
Nasal polyps are contain high
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concentrations of eosinophils,
macrophages, lymphocytes and
myofibroblasts, all of which
may cause excessive production
of reactive oxygen species.
Norlander et al.*® showed that
disruption in the epithelial lining
is mandatory for the formation of
polyps in the sinus mucosa.

Even under physiologic condi-
tions, high amounts of oxidants
are generated. The principal
source of oxidants and free radi-
cals in the human body are
endogenous enzyme systems,
including NADPH oxidase,
monoamine oxidase and peroxy-
somal cytochrome p-450 oxidase,
as well as the mitochondrial and
microsomal electron transport
chain and electrons from phago-
cytic cells. Exogenous factors that
produce free radicals include
radiation, air pollution, smoking,
sun exposure, ozone, nitrogen
mustard, bleomycine, and aceta-
minophen.* Physiologic levels of
reactive oxygen species are neces-
sary for intracellular communica-
tion, transcript activation, cellular
proliferation, inflammation and
apoptosis,” while exposure to
endogenous  or  exogenous
oxidants can initiate free radical
reactions and cause oxidative
stress. Antioxidant systems help in
the defense against oxidative
stress and free radicals.

Conclusion

This study demonstrates the
presence of protein oxidation
abnormalities in patients with
nasal polyps. Higher concentra-
tions of AOPP were detected in
the NP patient group compared to
the control group. Together our
findings indicate that AOPP levels
can be used as an oxidative stress
marker in patients with nasal poly-

posis, and can be helpful in new
studies evaluating the efficacy of
antioxidant treatment in patients
with nasal polyps.
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