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SneZana B. Pajovi¢, Zorica S. Saici¢, SneZana Peji¢, Jelena Kasapovic,
Vesna Stojiljkovi¢, Dusan T. Kanazir

Laboratory of Molecular Biology and Endocrinology,
Vinca Institute of Nuclear Sciences, Belgrade, Serbia

Summary: Cancer development includes three major steps, initiation, promotion and progression, in
which oxidative stress is involved. Oxidative stress is defined as an imbalance between the levels of prooxidants
and antioxidants in favour of the former and resulting in irreversible cell damage. We examined the lipid pero-
xidation levels and antioxidant enzyme activities in women diagnosed with different forms of uterine cell trans-
formations in order to evaluate the extent of oxidative stress in the blood of such patients. Blood samples of
healthy subjects and gynecological patients were collected and subjected to assays for superoxide dismutase,
catalase, glutathione peroxidase, glutathione reductase and lipid hydroperoxides. The results show that alter-
ations of the measured parameters vary with the enzyme type and diagnosis. However, both reduction in anti-
oxidants and elevation of lipid peroxidation were observed in general. In addition, lipid hydroperoxide levels were
negatively correlated with superoxide dismutase and glutathione peroxidase activities, as well as positively cor-
related with catalase activity. The obtained results also show that perturbation of the antioxidant status is more
pronounced in blood of patients with premalignant (hyperplastic) and malignant (adenocarcinoma) lesions,
compared to those with benign uterine changes such as polypus and myoma.
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Introduction

Carcinogenesis is a complex multisequential
process leading a cell from a healthy to a precancer-
ous state, and finally to an early cancerous stage.
Cancer development includes three major steps, ini-
tiation, promotion and progression, in which oxida-
tive stress is involved. Generally speaking, oxidative
stress is defined as an imbalance between the level of
prooxidants and the antioxidant defence system, in
favour of the former, and resulting in irreversible cell
damage (1-3).

When produced in excess, reactive oxygen spe-
cies (ROS) can seriously alter the structure of bio-
molecules, such as proteins, lipids, lipoproteins, and
deoxyribonucleic acid (DNA). Oxidative DNA damage
may participate in ROS-induced carcinogenesis (4). A
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common form of damage is the formation of hy-
droxylated bases of DNA, which are considered an
important event in chemical carcinogenesis (4). This
adduct formation interferes with normal cell growth
by causing genetic mutations and altering normal
gene transcription. Several different pathways by
which oxidative DNA damage leads to mutations
have been proposed, including chemical modifica-
tion of nucleotide moieties in DNA causing alteration
in their hydrogen bonding, exacerbation of poly-
merase-specific hot spots, conformational change in
the DNA templates, and the induction of a DNA poly-
merase conformation that is error prone (5). Forma-
tion of 8-hydroxy-2’-deoxyguanosine (8-OhdG), an
oxidative modification of DNA produced by hydroxy-
lation in the C-8 position of deoxyguanosine residues
by the hydroxyl radical (6), has been used as a mea-
surement of oxidative DNA damage.

Cellular fatty acids are readily oxidized by ROS
to produce lipid peroxyl radicals and lipid hydroper-
oxides (7). Lipid peroxyl radicals can subsequently
propagate into malondialdehyde (MDA). The forma-
tion of lipid damage may result in several possible
sequelae, including protein oxidation (7). These lipid



398 Pajovi¢ et al: Antioxidative biomarkers and cancerogenesis

radicals can diffuse through membranes, thus modi-
fying the structure and function of the membrane and
resulting in a loss of cell homeostasis. In addition,
lipid peroxides may bring about an interaction with
cellular DNA and cause the formation of DNA-MDA
adducts.

Proteins are also easily attacked by ROS direct-
ly or indirectly through lipid peroxidation. Protein ra-
dicals can be rapidly transferred to other sites within
the protein infrastructure. This can result in further
modification of enzyme activity, stimulation or inhibi-
tion (8, 9). In addition to enzymes, damage to the
membrane transport proteins may produce cellular
ionic homeostasis and lead to alterations in intracel-
lular calcium and potassium that will trigger a series
of changes in the cell (10). Changes to receptor pro-
teins and gap junction proteins may also modify sig-
nal transfer in cells. In selective cases, alterations of
protein structure may allow the target protein to be
further attacked by proteinases (11). Thus protein
oxidative damage can result in modifications in the
structure, enzyme activity, and signaling pathways.

Signal transduction or cell signaling is a process
enabling information to be transmitted from the out-
side of a cell to various functional elements inside the
cell. Signals sent to the transcription machinery res-
ponsible for expression of certain genes are normally
transmitted to the cell nucleus by a class of proteins
called transcription factors. Many recent studies have
shown that numerous oxidation-reduction reactions
in the cell are involved in regulating several cell func-
tions. According to their nature, quantity, source, and
production kinetics in the cell, ROS affect cell regula-
tion differently. The boundary between positive and
negative ROS effects is hard to define according to
the cell type studied (12). The same concentration
may or may not trigger deregulation of signal trans-
mission, with desirable or undesirable effects. For
example, activation of factor NF B is positive when it
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Figure 1 Control role of activated oxygen species (AOS)
and glutathione (GSH) in the redox regulation
of gene transcription

triggers apoptosis, but negative when it causes expre-
ssion of genes coding for proinflammatory agents
(cytokines).

This duality depends on the cell type and also on
the cell's antioxidant status. In this perspective, glu-
tathione plays a prime role in maintaining a redox sta-
tus that is optimal for the cell and in regulating tran-
scription genes. In terms of cancer prevention, antioxi-
dant strategies enabling the cell to maintain this opti-
mal state as long as possible can be envisaged.

Antioxidant status in blood of patients
with transformed endometrial cells

Deleterious effects of reactive oxygen species
(ROS) and lipid peroxidation (LPO) products are
counteracted by the antioxidative defense system
(AOS), which consists of nonenzymatic antioxidant
molecules such as tocopherol, carotenoids, ascorba-
te, glutathione (13) and antioxidant enzymes: super-
oxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), glutathione reductase (GR) and
glutathione transferase (GST). SOD, the first line of
defense against oxygen free radicals, catalyzes the
dismutation of superoxide anion radical into hydro-
gen peroxide (H,O,), which can be transformed into
water and oxygen by CAT or GPx. Besides hydrogen
peroxide, GPx also reduces lipid or nonlipid hydro-
peroxides while oxidizing glutathione (GSH). The oxi-
dized GSH is then reduced by GR (14). Antioxidants
show different patterns during neoplastic transforma-
tion and tumor cells exhibit high variability of anti-
oxidant enzymes (AOE) activities, when compared to
their appropriate normal cell counterparts (15).

Endometrial carcinoma is the most frequently
diagnosed malignancy of the female genital tract. It is
often preceded by histopathologic lesions known as
endometrial hyperplasia (16), which denotes a set of
mixed epithelial and stromal proliferations (17), and is
generally considered a precursor of endometrial can-
cer. According to the current World Health Orga-
nization (WHO) nomenclature, four categories of
endometrial hyperplasia exist: simple (SH), complex
(CH), simple atypical (SAH), and complex atypical
(CAH). Recently, a new concept of classification (EIN
nomenclature) has been proposed by Mutter et al
(18), based on integrated morphological, genetic,
molecular, cell biological, and morphometrical stu-
dies, according to which three disease categories are
discerned: benign hyperplasia, endometrial intra-
epithelial neoplasia (EIN) and cancer (19).

Although endometrial hyperplasia is regarded
as a preliminary stage of endometrioid carcinomas
(20), there is a lack of data on the relationship bet-
ween oxidative stress and antioxidant enzymes in
such patients. Some investigations have so far revea-
led elevated levels of lipid peroxidation and perturbed
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AOE activities in peripheral circulation and tissues of
women with benign and malign diagnosis. Chiou and
Hou (21) reported lowered plasma and erythrocytes
SOD activity of both uterine cervicitis and myoma
patients, while the activities of CAT and GPx were ele-
vated in cervicitis patients and lowered in myoma
patients. Similar observations on erythrocytes SOD,
CAT and GPx activities of cervicitis patients were
made by Manoharan et al (22), whereas activities of
examined enzymes decreased in cervical cancer
patients. Previous results of Kolanjiappan et al (23)
and Manoharan et al (24) also demonstrated elevated
levels of lipid peroxidation, lowered concentrations of
GSH, vitamin E and CAT, disturbed antioxidant sta-
tus as well as altered Nat*K+-ATPase activity in ery-
throcytes of cervical cancer patients.

In the current study, we examined the level of
lipid peroxidation in plasma and AOE activities in the
blood cells of patients diagnosed with following di-
seases: uterine myoma (a hard benign growth that
forms on the muscle layer), endometrial polypus
(localized overgrowths of the endometrium that pro-
ject into the uterine cavity), hyperplasia simplex, hy-
perplasia complex and adenocarcinoma in order to
evaluate the extent of oxidative stress in the blood of
such patients.

Results

Comparing data for the level of lipid hydroper-
oxides and antioxidant enzyme activities among six
diagnosis groups, all parameters showed significant
variations of the obtained values (Kruskal-Wallis,
LOOH: H=28.38, df=5, p<0.001; SOD: H=46.83,
df=5, p<0.001; CAT: H=16.58, df=5, p<0.01; GPx:
H=48.77, df=5, p<0.001, GR: H=37.92, df=5,
p<0.001).

Compared to controls, moderate elevation of
lipid hydroperoxides concentration was observed in
patients diagnosed with polypus endometrii or ute-
rine myoma (4% and 27%, respectively, p>0.05),
whereas it was significantly higher in both types of
hyperplasia (SH: 41%, CH: 52%, p<0.001) and ade-
nocarcinoma (57%, p<0.01). Also, patients with sim-
ple hyperplasia had more increased levels of LOOH
than patients with polypus (p<0.05).

Superoxide dismutase activity was 26% (p<0.05)
and 20% (p>0.05) lower in polypus and myoma
patients respectively than in controls; and it was also
significantly decreased in patients with hyperplasia
simplex (42%, p<0.001), hyperplasia complex (45%,
p<0.001) and adenocarcinoma (53%, p<0.01). Sig-
nificant difference (p<0.05) between patients with hy-
perplasia or adenocarcinoma and the patients with
myoma was also observed.

Compared with controls, it was found to be
slightly elevated in the blood of subjects with polypus,

myoma, hyperplasia simplex and adenocarcinoma
(3%, 9%, 12% and 10%, respectively, p>0.05), and
significantly elevated (24%, p<0.01) in subjects with
hyperplasia complex. Among the groups, CAT activi-
ty differed between patients diagnosed with hyperpla-
sia complex and polypus endometrii (p<0.05).

Patients with endometrial polyp had 26% higher
GPx activity (p<0.05) than controls, while in other
patient groups the activity was 7% lower (p>0.05) in
uterine myoma; 27% and 35% (p<0.001) in hyper-
plasia simplex and complex respectively, and 37%
(p<0.01) in adenocarcinoma subjects. Also, patients
with either form of hyperplasia or adenocarcinoma
had significantly decreased GPx activity (p<0.05)
when compared to patients with polypus.

Compared to control values, significant reduction
of GR activity was recorded in all examined groups:
polypus endometrii: 65%, uterine myoma: 44%, hyper-
plasia simplex: 52%, hyperplasia complex: 51%,
(p<0.001), and adenocarcinoma 51% (p<0.01). No
significant difference (p>0.05) was found among
patients with either form of diagnosis.

Plasma level of lipid hydroperoxides negatively
correlated with SOD (r=-0.33, p<0.001) and GPx
activity (r=-0.42, p<0.001), and positively correlated
with CAT activity (r=0.28, p<0.01). Also, no correla-
tion was found between lipid hydroperoxides and GR
activity.

Discussion

In neoplastic transformation, antioxidant enzy-
me activities have shown different patterns and they
are highly variable in tissues and blood of patients
with different types of cancer (25-27).

This study indicates that antioxidant defense
mechanisms are impaired in human uterine diseases,
and it also points to elevated levels of lipid peroxida-
tion products, as markers of oxidative stress, in the
plasma of such patients. Namely, in all examined
groups higher levels of LOOH were recorded than in
controls, though the elevation was not significant
only in patients with polypus endometrii. The ob-
served changes are in accordance with other findings
where elevated lipid peroxidation was reported for
patients with uterine cervicitis or myoma (21) or can-
cer patients (28, 23). We also observed that circula-
ting levels of lipid hydroperoxides are generally high-
er in subjects with either form of hyperplasia or ade-
nocarcinoma than those found in polypus or myoma
patients. Since oxygen radical production, which ele-
vates lipid peroxidation, increases with the clinical
progression of diseases (29, 30), this observation
might indicate that patients with hyperplasia or ade-
nocarcinoma potentially have a wider extent of cellu-
lar membrane degeneration (31) or DNA damage
(32) than patients with myoma or polypus endome-
trii. The increase in LOOH may also be due to the
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impaired antioxidant system as observed in the previ-
ous studies (26, 22).

Superoxide dismutase, a scavenger of superoxi-
de anions, along with catalase and glutathione peroxi-
dase, the preventive antioxidants, plays a very impor-
tant role in protection against lipid peroxidation. In this
study, SOD activities were lowered in blood of all exa-
mined patient groups than in healthy subjects. Besi-
des, the decrease of SOD activity was much more
pronounced in hyperplasia or adenocarcinoma pati-
ents than in subjects with polypus or myoma, thus
making those individuals more vulnerable to oxidative
stress. Decreased SOD activity in plasma of gynecolo-
gical patients was also reported by Bhuvaraharamurt-
hy et al (33), Chiou and Hou (21), Manoharan et al
(22). Reduction of SOD activity may be due to an in-
creased endogenous production of ROS as evidenced
by increased lipid hydroperoxides. Also, it may be re-
lated to the consumption of activated enzymes during
prolonged oxidative stress. In support of this observa-
tion, plasma LOOH were found to be negatively cor-
related with SOD activities in the examined patients.

Compared with controls, significant elevation of
CAT activity was recorded only in patients with hyper-
plasia complex, while mild elevation was observed in
the other groups. However, GPx activity was signifi-
cantly increased only in patients with polypus endo-
metrii. Other groups had lowered GPx activity, which
was significant for the subjects diagnosed with either
form of hyperplasia or adenocarcinoma. The obser-
ved changes also point to different antioxidant de-
fense properties in various gynecological pathologies.
Previous studies have reported elevated CAT and GPx
activities in cervicitis patients (21, 22) and lowered
activities of these enzymes in myoma patients (21). In
cancer patients, both lowered (21, 22) and increased
(34) CAT activity in blood was observed.

Catalase is considered to play a predominant
role in protecting erythrocytes against oxidative stress
in relation to GPx (35, 36), although their significance
in H,O, decomposition is still not clear (37). Also, it
is well known that reactive oxygen metabolites such
as hydrogen peroxide and superoxide anion increase
in various pathological conditions, and superoxide
anion radical inactivates CAT (38) and GPx (39). De-
creased SOD activity, observed in this study, would
be expected to further elevate superoxide anion le-
vels. Also, it was proposed that superoxide anion
channel allows the transport of superoxide and other
free radicals into the red cell, where they are deactiva-
ted by the erythrocyte antioxidant system (40). Accor-
ding to our results, in the blood of examined gyne-
cological patients, CAT activity seems to be unimpai-
red and GPx enzyme seems to be more sensitive to
elevated levels of superoxide. In addition, lipid hydro-
peroxides were found to be positively correlated with
CAT and negatively correlated with GPx activities in
the examined patients.

Besides, decreased GPx activity recorded in all
groups except in polypus patients might also be due
to depletion of glutathione. Namely, oxidative stress
was shown to induce the efflux of oxidized glutathi-
one, consequently decreasing its content in erythro-
cytes and leading to their shortened life span (41-
43). Similar observation was made by Manoharan et
al (22) for cervical cancer patients and it was further
supported with the finding of lowered glucose 6-
-phosphate dehydrogenase activity and NADPH pro-
duction. Remarkably reduced glutathione reductase
activity recorded in our study is in accordance with
these observations. Also, reduction of erythrocyte
GPx and GR activities, besides GSH depletion, is con-
sidered responsible for increased heme degradation
as shown by Nagababu et al (37). Similar findings on
GPx and GR activities in our study could also point to
further deterioration of oxidative stress condition ba-
sed on heme degradation in gynecological patients.

In summary, this study shows that patients with
polypus or myoma, or either form of hyperplasia or
adenocarcinoma, have enhanced lipid peroxidation
and altered activities of antioxidant enzymes in
peripheral blood circulation. Although alterations vary
with the enzyme type and diagnosis, both reduction
in antioxidants and elevation of lipid peroxidation
were observed in general. The lowered activity of
antioxidant enzymes in gynecological patients could
be a result of disturbed redox status, while elevated
lipid peroxidation seems to be a consequence of the
disease rather than its cause.

It is known that, in response to acute oxidative
stress, antioxidants may be consumed to prevent
oxidative damage, and then may be supplied through
the antioxidant network. However, in the cases of the
observed gynecological pathologies, it seems that
prolonged oxidative stress elevates free radical pro-
duction and induces consumption of antioxidants,
which in turn further aggravate the free radical dam-
age and increase the chance of developing uterine
cancer. Indeed, the results obtained in this study
show that observed changes of AO status in periphe-
ral circulation of gynecological patients are more pro-
nounced in premalignant (hyperplastic) and malig-
nant (ACE) lesions, compared with benign uterine
changes (polypus and myoma). Further investigation
should determine whether lipid hydroperoxide levels
and AOE activities in blood of such patients might be
used as additional parameters in the clinical evalua-
tion of gynecological disorders.

Generally speaking, monitoring the levels of
antioxidants as important markers in individuals may
be useful in the diagnosis of disease and in research-
ing therapies and disease processes.
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Kratak sadrZaj: Nastanak kancera odvija se u tri glavne faze (inicijacija, promocija i progresija) koje
ukljucuju oksidativni stres. Oksidativni stres definiSe se kao narusavanje ravnoteze izmedu nivoa prooksidanata
i antioksidanata, u pravcu povedanja nivoa prooksidanata, sto za posledicu ima nastanak ireverzibilnih ostec¢enja
¢elija. Da bismo procenili nivo oksidativnog stresa u krvi pacijentkinja sa dijagnozom razlicitih formi transfor-
macije uterusa, ispitivali smo nivo lipidne peroksidacije i aktivnost antioksidativnih enzima. Prikupljeni su uzor-
ci krvi zdravih Zena i pacijentkinja i u njima je odredivana aktivnost enzima: superoksid dismutaze, katalaze, glu-
tation peroksidaze, glutation reduktaze, kao i nivo lipidnih hidroperoksida. Rezultati pokazuju da promene ispi-
tivanih parametara variraju u zavisnosti od vrste enzima i dijagnoze. Medutim, moze se uopsteno reéi da je
zapaZeno sniZenje antioksidativne aktivnosti i pove¢anje nivoa lipidne peroksidacije. Pored toga, nivo lipidnih
hidroperoksida je negativno korelisan sa aktivno$¢u superoksid dismutaze i glutation peroksidaze i pozitivho
korelisan sa aktivnosc¢u katalaze. Dobijeni rezultati takode pokazuju da je narusavanje antioksidativnog statusa
u krvi izraZenije kod pacijentkinja sa premalignim (hiperplazija) i malignim (adenokarcinom) lezijama, u pore-
denju sa pacijentkinjama kod kojih su benigne promene uterusa dijagnostikovane kao polip ili miom.

Kljucne reci: antioksidativni enzimi, biomarkeri, kancer
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