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Expression of human peroxiredoxin isoforms
in response to cervical carcinogenesis
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Abstract. Despite considerable progress in understanding the
function of peroxiredoxin (Prx) in cancer, its expression
patterns have not been extensively studied in response to
cervical carcinogenesis. We evaluated the expression of Prx
isoforms in normal tissue, cervical intraepithelial neoplasia
(CIN1, CIN2, and CIN3), and cervical cancer. We found
strong pattern of increased Prx II and III immunostaining with
increasing severity of the lesion. No difference in staining
intensity by grade of lesion was observed for Prx I, and IV.
Therefore, we conclude that Prx II and III are upregulated
in response to the development of cervical cancer.

Introduction

Cervical cancer (Cx ca) is the second most common cancer
among women worldwide, with a half-million new cases and
over 270,000 deaths annually. Cx ca is mainly said to be
mediated by Human Papilloma Virus (HPV), and recently
published data also revealed a role of oxidative stress in Cx
ca (1). Since the invasive disease is preceded by pre-malignant
cervical intraepithelial neoplasia (CIN), it will be important
to detect the pre-malignnant stage and treat it suitably to
prevent Cx ca. Oxidative stress affects cells as a result of one
of three factors: an increase in oxidant generation, a decrease
in antioxidant protection, or a failure to correct oxidative
damage. Oxidative stress causes cellular damage and many
diseases including aging by impairing cellular functions. It is
well-known that anti-oxidative enzymes, such as superoxide
dismutase (SOD), catalase, and glutathione peroxidase
(GPX), scavenge reactive oxygen species (ROS) and, conse-
quently, protect cells against oxidative stress.
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One of the family proteins with an antioxidative function,
peroxiredoxin (Prx), so far has revealed six members in
mammals (2-4). These enzymes share a common reactive Cys
residue in the N-terminal region, and are capable of breaking
down H,0, as a peroxidase and involve thioredoxin and/or
glutathione as the electron donor. Since the sulfhydryl group
is the most sensitive to the oxidizing effects of ROS among
the amino acid side chains in protein, it is often involved in
the intracellular transduction machinery of redox signals in
response to physiological and oxidative stimuli (5,6).

Prx isoforms I-IV have an additional Cys residue in the
conserved C-terminal region, and are highly homologous
(60-80%) as judged by the amino acid sequence similarity.
Prx V also contains an additional Cys in its C-terminal region,
which is less conserved (less than 20%). Prx VI has only one
unique Cys. Prx isoforms I-IV belong to the thioredoxin
peroxidase subfamily, since they require the small redox
protein thioredoxin (Trx). Prx V or Prx VI use other cellular
reductants, such as glutathione, for its peroxidase activity.
These Prx family members are distributed in the cytosol,
mitochondria, peroxisome and plasma, all of which are
potential sites of ROS production. However, a lot of biological
functions, not directly related to peroxidase activity, have also
been reported for the Prx family. It would be expected that
these functions might not necessarily depend on peroxidase
activity and, therefore, it seems likely that the divergence is
due to the unique molecular characteristics intrinsic to each
member. There are a few reports that even in cancer cells,
Prx also would perform function to protect from oxidative
stress, and therefore cancer therapy might be enhanced by
inhibiting Prx in cancer cells. Many researchers have reported
Prx over-expression in various types of malignant cancer
cells (7,8). So far, the pathophysiological significance of
Prx proteins, especially in cervical neoplasia, has not been
defined. Therefore, we investigated expression of the Prx
isoforms (Prx I-IV) to determine whether it is associated with
cancer progression in cervical neoplasia.

Materials and methods

Patient follow-up, tissue array material. Patient materials
for tissue array blocks were retrieved from the files of the
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Table I. Information on cases analyzed by immunohisto-
chemistry.

Histopathological diagnosis

Normal 42
CIN® 92
1 31
11 18
111 29
CISP 14
Cx ca® 68
Total 202

Cervical intraepithelial neoplasia; Pcervical carcinoma in situ;
cervical cancer.
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Department of Gynecologic Oncology at Kyung-Hee
Medical Center. Two hundred and two patients diagnosed by
immunohistochemistry and 9 patients by immunoblotting,
who had cervical cancer and underwent surgery at Kyung-
Hee Medical Center for preinvasive and invasive cervical
cancer, were enrolled in this study. Each sample was
classified into 3 groups: normal, cervical intraepithelial
neoplasia (CIN) and Cx ca.

CIN is the abnormal growth of potentially precancerous
cells in the cervix. To tell the difference of developing cancer
stage, it was categorized histologically as CIN 1, CIN2, and
CIN3, depending on the severity of the lesions (1). CIN1
(grade 1), the least risky type, represents only mild dysplasia
(9,10). It is confined to the basal 1/3 of the epithelium. CIN2
(grade II) is moderate dysplasia confined to the basal 2/3
of the epithelium, and CIN3 (grade III) is severe dysplasia
that spans >2/3 of the epithelium, and may involve the full
thickness. Carcinoma in situ (CIS) is non-invasive cancer
which has not grown into deeper tissues of the cervix.

Figure 1. Immunohistochemical staining of Prx isoforms in human cervical tissues. (A) Prx I, (B) Prx II, (C) Prx III, (D) Prx IV. Each Prx families (A, B, C
and D) were immunostained in normal (N), low-grade CIN (L), high-grade CIN (H), Cx ca (C). Low-grade CIN means CIN I and II stage, high-CIN means

CIN III and CIS stage.
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Prx isoform Cervical specimen - + ++ +++
I Normal 6/12 (50.0) 0/12 (0.0) 6/12 (50.0) 0/12 (0.0)
Low-grade CINs? 1/9 (11.1) 6/9 (66.7) 1/9 (11.1) 1/9 (11.1)
High-grade CINs® 5/8 (62.5) 3/8 (37.5) 0/8 (0.0) 0/8 (0.0)
Cx ca‘ 6/20 (33.3) 12/20 (60.0) 2/20 (16.6) 0/20 (0.0)
II Normal 8/10 (80.0) 1/10 (10.0) 1/10 (10.0) 0/10 (0.0)
Low-grade CINs 0/10 (0.0) 5/10 (50.0) 3/10 (30.0) 2/10 (20.0)
High-grade CINs 2/9 (22.2) 2/9 (22.2) 4/9 (44.4) 1/9 (11.1)
Cx ca 3/16 (18.8) 3/16 (18.8) 4/16 (25.0) 6/16 (37.5)
111 Normal 5/10 (50.0) 1/10 (10.0) 4/10 (40.0) 0/10 (0.0)
Low-grade CINs 1/15 (6.7) 1/15 (6.7) 10/15 (66.7) 3/15 (20.0)
High-grade CINs 0/14 (0.0) 4/14 (28.6) 8/14 (57.1) 2/14 (14.3)
Cx ca 1/20 (5.0) 4/20 (20.0) 8/20 (40.0) 7/20 (35.0)
v Normal 8/10 (80.0) 2/10 (20.0) 0/10 (0.0) 0/10 (0.0)
Low-grade CINs 7/15 (46.7) 5/15 (33.3) 3/15 (20.0) 0/15 (0.0)
High-grade CINs 2/12 (16.7) 6/12 (50.0) 4/12 (33.3) 0/12 (0.0)
Cx ca 4/12 (33.3) 6/12 (50.0) 2/12 (16.7) 0/12 (0.0)

Cervical intraepithelial neoplasia (CIN) grades I and II; "cervical intraepithelial neoplasia (CIN) grades III and CIS; “cervical cancer. Bold
text, the strong patterns of increased Prx II and Prx III immunostaining correspond with increasing severity of the cervical cancer.

Immunohistochemistry. The expression levels of peroxiredoxin
isoforms were determined by immunohistochemistry. Paraffin-
embedded specimens were fixed in 4% buffed formalin.
Tissues were sectioned, and attached on a glass slide
(thickness, 4 ym). Then, they were deparaffinized in xylene
and rehy-drated through ethanol and distilled water.
Endogenous peroxidase was blocked with 0.3% hydrogen
peroxide for 10 min. Then they were immersed in 10 mM
citric acid monohydrate (pH 6.0) for 8 min, and boiled in a
microwave oven at 850 W. Specimens were chilled in ice for
20 min. Samples were blocked by protein block serum-free
media for 20 min. The specimens were incubated overnight
at 4°C with a monoclonal antibody against Prx I, II, III, or
IV (Ab frontier, Korea) in a dilution of 1:500. The
immunostained section was visualized by the Dako EnVision
Detection Kit (Dako, Denmark).

Immunoblotting. Tissues from 9 patients were homogenized
with 300-500 p1 RIPA buffer (1% NP-40, 1% sodium deoxy-
cholate, 0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate).
Whole lysates were electrophoresed for 2 h in 14% SDS-gel.
After separating, proteins were transfered to a nitrocellulose
membrane. Each membrane was overnight incubated with a
monoclonal antibody against Prx I, II, III, or IV (dilutions
1:1000). Following 45-min incubation with secondary anti-
bodies, proteins were visualized by enhanced Western Blotting
Luminol Reagent (Santa Cruz Biotechnology, Inc., CA, USA).
Protein expression levels were quantified by densitometry.

Statistical analysis. Statistical analysis was performed with
SPSS for Windows 11.5. Associations were determined
using a 2-tailed t-test, Fisher's exact probability test and

Pearson's correlation. Agreement of the double evaluation
was calculated by Cohen's k-correlation analysis. p<0.05
was considered statistically significant.

Results

Prx I. We examined expression of Prx I by immunohisto-
chemistry and immunoblotting. For this assay, we used 49
tissue samples from patients (normal sample, 12; low-grade
CIN, 9; high-grade CIN, 8; Cx ca, 20). As shown in Fig. 1
and Table II, the normal tissues were negative or moderately
positive for Prx I. In both low-grade CINs and high-grade
CINs, Prx I expression levels were negative or weakly positive.
In Cx ca samples, 60% were only weakly positive. Immuno-
blot analysis with patient tissue samples did not show any
noteable difference between normal and cancer samples
(Figs. 2 and 3).

Prx II. We performed immunohistochemisty with Prx II anti-
body (normal sample, 10; low-grade CIN, 10; high-grade
CIN, 9; Cx ca, 16). As shown in Fig. 1 and Table II, in the
normal tissues 80.0% were negative or undetectable for
Prx II. In low-grade CINs, 50.0% were weakly positive
(P=0.0047). In high-grade CINs and Cx ca samples, 44.4%
(P=0.0047) and 37.5% (P=0.0005) were moderately and
strongly positive for Prx II, respectively. These results suggest
the strong pattern of increased Prx II immunostaining with
increasing severity of the lesion during cervical cancer
development. Moreover, immunoblotting with patient tissue
samples with PrxII antibody showed overexpressed Prx II
in most cervical cancer tissues compared with normal tissue
(Figs. 2 and 3).
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Figure 2. Immunoblot analysis of Prx I, Prx II, Prx III and Prx IV in
cervical tissues. A 30 kDa protein band corresponding to the Prx I, Prx II,
Prx IIT or Prx IV was observed using each antibody. ‘N’ represents normal
tissue homogenates from patient and ‘C’ represents the tissue homogenates
from cervical carcinoma patients. Actin and a-actinin were used as a loading
control.
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Prx III. To determine whether expression level of Prx III is
associated with cervical cancer development or not, we also
performed immunohistochemistry in patient tissue samples
with Prx III antibody. As shown in Table II and Fig. I, in
50.0% normal tissue, Prx III expression was undectable. Most
of low-grade CIN group tissues were positive for Prx III
(P=0.0022). In high-grade CINs and Cx ca, 57.1% (P=0.004)
and 40.0% (P=0.001) were positive for Prx III, respectively.
Also our immunoblotting results with Prx III antibody showed
that, Prx III was about four times more highly expressed in
most of patients' cervical cancer tissues compared with
normal tissues, although it was easily detected even in
normal tissues (Figs. 2 and 3), suggesting that Prx III is
upregulated during the cervical cancer development.

Prx IV. We performed immunohistochemisty with Prx IV
antibody. In normal group and low-grade CIN group, 80%
and 46.7% (P=0.032) were undetected for Prx IV, respectively.
In high-grade CINs, 50.0 and 33.3% were weakly positive
and positive, respectively (P=0.0006). However, in Cx ca,
only 50% were weakly positive (P=0.011). Also in immuno-
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Figure 3. Densitometric analysis of the immunoblotting for expression of Prx isoforms. Intensities of the immunoblotting results were quantitated by
densitometry. The expression levels of Prx isoforms were determined relative to that of actin and a-actinin. A solid line represents each Prx expression level,
and a dotted line represents a standard protein level. Similar data were obtained in several independently performed experiments (mean + SD; n=5).
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including cancer tissue. Altogether, these results
suggest that Prx IV is not directly involved in cervical cancer
development (Figs. 2 and 3).

Discussion

Many studies have been conducted on peroxiredoxin I (Prx I)
in various kinds of human carcinoma tissues. Peroxiredoxin I
(Prx I) was overexpressed in several cancer types, including
carcinomas of the thyroid gland, breast, and non-small cell
lung cancer (NSCLC) tissue (7,11-13). Furthermore, it was
reported that expression of peroxiredoxins, especially III, IV
and V, is increased in breast malignancy, suggesting the
induction of Prxs in response to increased production of
reactive oxygen species in carcinomatous tissue (8). These
reports suggest that Prx family has a close relationship with
cancer development. However, scarce data are available on
the Prx family in cervical cancer. Therefore, we evaluated
the expression patterns of the Prx family in 202 tissue
samples by immunohistochemistry. In order to monitor the
expression levels of the Prx family in cervical cancer,
immunoblotting with Prx antibodies were performed with the
cervical cancer tissue samples. In this study, we focused on
the four mammalian 2-Cys members (Prx I-IV), one of two
major Prx subfamilies that utilize thioredoxin as the
electron donor for antioxidation. We monitored the expression
levels of the Prx Family in conjunction with the cervical
cancer development stages.

Previous studies have suggested that Prx I can be used
as a tumor marker in many type of cancer cells (11). In the
present study, Prx I expression was negative or moderately
positive in normal tissues. High-grade CINs and Cx ca
also showed weak Prx I expressions, suggesting that Prx I
may not be a tumor marker at least in cervical cancer. This
discrepancy is probably related to the nature of cervical
cancer. In line with this observation, Prx I isoform was
expressed not only in the cancer cells, but also in numerous
non-cancer cells, such as alveolar macrophages (14).

Our data showed that Prx II and Prx III were clearly
elevated in most cervical cancer cells as assessed by immuno-
blotting. Interestingly, Prx II and Prx III were highly
expressed in high-grade CINs and Cx ca, while undetectable
or weakly expressed in normal and low-grade CINs, suggesting
that they can be used as a tumor marker to predict progression
of cervical cancer. There are several lines of evidence in
other types of cancer in support of this proposal. It has been
reported that Prx II can be used a novel marker of vascular
tumors (15) and that the enhanced expression of Prx III
might be associated with the formation and development
of hepatocellular carcinomas (16).

Karihtala et al showed that all of the Prx isoforms were
found in the majority of breast cancer species, with the most
intense staining being of Prx IV (8). However, in the present
study, immunohistochemistry and immunoblotting experi-
ments did not show any noticeable difference among cervical
specimens. As described previously, this discrepancy may
be due to the difference between breast cancer and cervical
cancer.
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For the first time, we showed by immunohistochemistry
that Prx II and Prx III are upregulated in reponse to cervical
cancer development. We tried to confirm these results by
immunoblotting. However, the results of immunoblotting
and immunohistochemisty rarely exactly matched each other,
since cell-specific expression can be more easily and precisely
assessed by immunohistochemistry, while immunoblotting
analysis is less sensitive for cell-specific changes from homo-
genates. We reason that cervical cancer tissue specimens
might be contaminated with surrounding normal tissue.

Our results suggest Prx II and Prx III are the key molecules
associated with cervical cancer. Understanding the function
and biological role of these Prx isoforms may lead to important
discoveries on the cellular dysfunction of malignant epi-
thelial cervical cancer, and furthermore may be applied in the
development of therapeutic agents for patients who have
resistance to cancer therapy.
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