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receptor and chicken ovalbumin upstream promoter-
transcription factor I in ovarian epithelial
cancers and normal ovaries
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Abstract. Sex hormones are involved in the carcinogenesis
of some gynecologic cancers, and the status of their receptors
represents an indicator of prognosis and of the therapeutic
response in breast and endometrial cancers. In the ovary, this
role is not clearly defined, with epithelial cancers being
poorly responsive to hormone therapy. COUP-TFI (chicken
ovalbumin upstream promoter-transcription factor I) is an
orphan nuclear receptor, which is expressed in various tissues
and regulates the estrogen receptor (ER) by competition for
DNA binding. To investigate the role of these receptors in
ovarian carcinogenesis and their implications for cancer
prognosis, we evaluated the immunohistochemical expression
of ER, progesterone receptor (PR) and COUP-TFI in benign
and malignant ovarian epithelial neoplasms and in normal
ovaries. A total of 113 ovarian specimens, including 40
diagnosed as malignant epithelial neoplasms (group A), 45 as
benign epithelial tumors (group B), and 28 from normal
ovaries (group C) were analyzed. Immunoexpression of ER
was observed in 70% of patients of group A, 57.8% of group
B and 57.1% of group C, with no significant difference
between groups (p=0.426). Immunoexpression of PR was
significantly lower in group A (12.5%) compared to group B
(42.2%) and group C (32.1%) (p=0.010). Similarly, COUP-
TFI was expressed in only 10% of group A patients, a rate
significantly lower than that observed for group B (31.1%) and
group C (39.3%) (p=0.014). No association was observed
between the expression of these markers and increased
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survival or clinical prognostic variables. Multivariate analysis
revealed a residual tumor <1 cm as the most significant
clinical prognostic factor in group A (p=0.010, OR=4.14).
These data support the importance of cytoreduction in the
treatment of ovarian cancer, the role of steroid receptors in the
mechanism of carcinogenesis, and the need for selection of
subgroups that may respond to hormone therapy.

Introduction

Ovarian cancer is the fourth most frequent cause of cancer
death in Western countries (1). It is characterized by typical
aggressiveness and peritoneal invasion (2), with 90% of these
tumors arising from epithelial cells of the ovarian surface (3).
Most patients present advanced disease at the time of diagnosis
because of poor symptomatology and the lack of screening
methods (4).

Estrogen and progesterone and their receptors have been
suggested to be involved in the carcinogenesis of various
gynecologic cancers. Steroid receptor status has been
implicated as an indicator of prognosis and therapeutic
response in breast (5), endometrial and prostate cancers (6,7).
However, the etiological factors involved in ovarian carcino-
genesis have not been clearly established (8).

Recent epidemiological studies indicate estrogen as a
possible promoter of ovarian cancer in postmenopausal
women (8). Estrogen acts through two classical nuclear
receptors, estrogen receptors a and B (ERa and ERB), which
are highly expressed in normal human ovaries and in benign,
borderline and malignant ovarian tumors (9). Estrogen plays
an important role in the proliferative stimulation of ovarian
surface epithelial cells (10), promoting growth and inhibiting
apoptosis (11). Prospective studies have demonstrated an
increased risk for ovarian cancer in women receiving long-
term hormone replacement therapy (12,13-15).

Ovarian cancer is considered to be non-hormone dependent
due to its poor clinical response to hormone therapy. About
5-18% of cases are sensitive to treatment with tamoxifen,
although 60% of patients are positive for ER expression
(12,16). In contrast to breast cancer, in the ovary the prognostic
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value of hormone receptor status and its role as a marker of
antiestrogen treatment response are not clearly defined (17).

The progesterone receptor (PR) is regulated by estrogen
in a small portion of neoplastic cells (18). In ovarian tumors,
PR is preferentially expressed in the stromal fraction and
positivity is observed in 30% of cases (19). However, its
correlation as a prognostic marker has not been convincing
(16).

Both ERa and ERB mediate the transcriptional activity of
estrogen under the influence of regulatory molecules known
as co-activators and co-repressors that activate or repress gene
transcription (20).

COUP-TFs (chicken ovalbumin upstream promoter-
transcription factors) are orphan nuclear receptors that are
highly expressed during development of the nervous system
(21) and in a wide variety of tissues such as liver, uterus,
breast and ovary. These receptors regulate vital biological
functions and organogenesis (22). The first member of this
group of receptors, human COUP-TFI, was characterized as
a transcription factor that binds to the COUP element which,
in turn, regulates the transcription of the ovalbumin gene
(23-25). Cloned as protein 3 related to v-ErbA, COUP-TFI is
also known as EAR-3 (26). Its ability to specifically bind to
the estrogen response element (ERE) and its half-sites
suggests that COUP-TFI regulates the action of ER by direct
DNA-binding competition and interaction with regulatory
proteins (27). COUP-TFI might be implicated in ER inhibition
by interacting with a DNA-binding region that overlaps with
the ERE (28). The heterodimeric form of COUP-TFI bound
to DNA with retinoic X receptor represents a universal pattern
for many nuclear receptors (29) which modulate the hormonal
response of a large number of genes (30,31). COUP-TFI has
also been shown to serve as an accessory factor in the binding
of some nuclear receptors to their ligands, suggesting that it
may modulate these receptors both positively and negatively
in a wide range of hormonal responses (32). The integration
of multiple signaling pathways by the nuclear COUP-TFI
receptor has repercussions on a large number of biological
processes including cellular growth, differentiation and
apoptosis (21,22,33,34).

The estrogen-ER complex activates transcription by
binding to the ERE in the promoter of the target gene
(35,36). Similarly, orphan nuclear receptors may modulate
transcription by sharing target genes, co-regulatory proteins
and DNA binding sites with the ER (36,37).

To investigate the role of these receptors in ovarian
carcinogenesis and their relationship to cancer prognosis, we
evaluated the immunohistochemical expression of ER, PR
and COUP-TFI in benign and malignant ovarian neoplasms
and in normal ovaries.

Patients and methods

A prospective study was conducted on patients seen at the
Discipline of Gynecologic Oncology, Federal University of
Sao Paulo, between January 1994 and December 2004, who
underwent exploratory laparotomy for adnexal tumors or
prophylactic oophorectomy during surgery for a benign
tumor of the uterine body. Patients with nonepithelial ovarian
cancer or patients with a history of some type of malignant

tumor were excluded. The clinical data were obtained during
preoperative and postoperative visits. All surgeries were
performed by the same team of researchers who collected 113
ovarian specimens over the study period, including 40
diagnosed as malignant epithelial neoplasms (group A), 45 as
benign epithelial tumors (group B), and 28 from normal
ovaries (group C). The study was approved by the Institutional
Ethics Committee and all patients signed an informed
consent form.

The following data were recorded upon anamnesis: age,
race, age at menarche and menopause, postmenopausal
duration, number of pregnancies, deliveries and abortions,
and previous use of oral contraceptives. Weight, height and
body mass index were recorded upon physical examination
(38). Tumor-related data included histological type, degree of
differentiation, size of the residual tumor after the first surgery,
staging, and time of survival.

The histopathological diagnosis of the specimens obtained
during surgery was made according to the criteria of the
World Health Organization regarding degree of differentiation
and to the criteria of the Gynecologic Oncology Group, and
staging was performed according to the criteria of the
International Federation of Gynecology and Obstetrics
(FIGO) (39,40). The specimens were fixed in 10% formalin
and embedded in paraffin. The slides were examined by two
pathologists and selected based on the most representative
areas.

Group A patients were staged and treated according to the
FIGO criteria (39). In 12 (30%) patients the tumor was
restricted to the ovaries (stages IA and IB) and the patients
were submitted to hysterectomy, bilateral salpingo-oophor-
ectomy, omentectomy and lymphadenectomy. The other 28
(70%) patients presented stages above stage IC and were
submitted to cytoreductive surgery and adjuvant chemotherapy
consisting of six cycles of cisplatin and paclitaxel. The extent
of cytoreduction was classified as optimal when the residual
tumor measured <1 cm or as suboptimal when the residual
tumor was >1 cm (41.,42).

Anatomopathological analysis. The surgical specimens were
immediately placed in flasks containing 10% formalin,
dehydrated in increasing ethanol concentrations, cleared in
xylene, and embedded in paraffin. The blocks were cut into
~3-um thick sections and the sections were mounted on
slides. The slides were stained with hematoxylin and eosin
and the histological type, degree of differentiation and the
most representative areas were determined. For each case,
triplicate 3-ym thick sections of the selected area were
obtained and mounted on silanized slides for immunohisto-
chemical analysis.

Immunohistochemistry. The sections (3-pm) were
deparaffinized and endogenous peroxidase activity was
blocked with 0.3% hydrogen peroxide. Antigen retrieval was
performed by microwave treatment in 10 mM citrate buffer,
pH 6.0. The slides were then incubated at room temperature
for 1 h with a monoclonal antibody against ER (1:50;
Novocastra Laboratories, Newcastle upon Tyne, UK) and PR
(1:30; Lab Vision, Fremont, CA, USA) and polyclonal anti-
body against COUP-TFI (1:100; Santa Cruz Biotechnology,
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Figure 1. Positive immunostaining for the estrogen receptor (A), progesterone receptor (B), COUP-TFI (C), and negative control (D).

Santa Cruz, CA, USA). Next, the slides were incubated with
the secondary biotinylated antibody for 20 min, followed by
incubation with streptavidin-peroxidase solution for 20 min.
The reaction was developed with 0.05% 3',3-diamino-
benzidine tetrahydrochloride for 5 min, followed by washing
in 0.05 M Tris buffer, pH 7.6, containing 0.024% hydrogen
peroxide. The specimens were then counterstained with
hematoxylin, dehydrated and mounted on slides. The bio-
tinylated secondary antibodies and the streptavidin-peroxidase
complex were diluted in phosphate-buffered saline, pH 7.4,
containing 1% bovine serum albumin.

Breast carcinoma tissue was used as a positive control.
The negative control consisted of omitting the primary
antibody in phosphate-buffered saline.

Two observers independently evaluated the immuno-
staining intensity, with each of them counting at least 1000
tumor cells in about 10 random fields at high magnification.
The results were expressed as percentage of tumor cells
exhibiting a brown nuclear staining characteristic for the
receptor and were scored as follows: negative (0), weak
(<9%), moderate (10-50%), and strong (>50%). Samples with
>10% of tumor cells showing the characteristic brown staining
of the receptor were considered to be positive. The mean
results of the two observers were considered in each case and
immunostaining intensity was not considered (Fig. 1).

Statistical analysis. Qualitative variables are reported as
absolute (n) and relative frequency (%), and quantitative
variables are reported as mean, standard deviation, median,
and range. The Kolmogorov-Smirnov test was applied to
determine whether quantitative parameters presented a
normal distribution. Quantitative variables were compared
between groups by analysis of variance (ANOVA) when they
presented a normal distribution; otherwise, the nonparametric
Kruskal-Wallis test was used. The association between
qualitative variables was evaluated by the Chi-square test or
the Fisher's exact test. Agreement between expression levels
was studied by the McNemar test. The Kaplan-Meier method
was used to determine the effect of each factor on patient
survival. Survival curves obtained for the categories of each
factor were compared by the log-rank test. Cox regression
analysis was used to determine the effect of the factors as a
whole on patient survival. The odds ratio (OR) was calculated
to evaluate the extent of the effect of significant factors on
the occurrence of death. The level of significance was set at
p<0.05 for all tests.

Results

The mean age of the patients was 55.8 years (range, 20-87) in
group A (malignant), 48.5 years (13-77) in group B (benign),
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Figure 2. Association between estrogen receptor (A), progesterone receptor (B), COUP-TFI (EAR3) (C), residual tumor size (D) and survival of patients with

ovarian epithelial carcinoma (Kaplan-Meier method).

and 53.1 years (25-80) in group C (normal), with no
significant difference between groups (p=0.104). The groups
were considered to be homogenous in terms of the distribution
of the following variables: race (p=0.609), age at menarche
(p=0.398), number of pregnancies (p=0.313), number of
deliveries (p=0.418), number of abortions (p=0.154), previous
use of oral contraceptives (p=0.847), age at menopause
(p=0.728), menopausal status (p=0.692), and body mass
index (p=0.752).

No significant association was observed between ER
expression and patient group (p=0.426), with ER positivity
being observed in 70% of group A, 57.8% of group B, and
57.1% of group C. There was a significant association between
PR expression and patient group (p=0.010), with the
proportion of PR-positive women being significantly lower
in group A (12.5%) compared to groups B (42.2%) and C
(32.1%) which did not differ from one another. A significant
association was also observed between the expression of
EAR3 and patient group (p=0.014), with the proportion of
EAR3-positive women being significantly lower in group A

(10%) compared to groups B (31.1%) and C (39.3%) which
did not differ from one another.

Analysis of the relationship between ER and EAR3
expression showed an inverse expression in 80% of group A
patients, 75.6% of group B and 67.9% of group C, with no
significant difference between proportions (p=0.520). An
inverse relationship between PR and EAR3 expression was
observed in 17.5% of patients of group A, 42.2% of group B
and 57.1% of group C, with a significant difference (p=0.003)
between group A and groups B and C, which did not differ
from one another. Analysis of the relationship between ER
and PR expression showed an inverse expression in 62.5% of
patients of group A, 37.8% of group B and 39.2% of group C.
Comparison of these proportions demonstrated a significant
difference (p=0.048) between group A and groups B and C,
with the last two groups not differing from one another.

In group A, analysis of the association between receptor
expression and classical prognostic variables showed no
association between ER, PR or EAR3 expression and stage
(p=0.477, p=0.633, p=1.000), residual tumor size (p=0.494,



ONCOLOGY REPORTS 18: 25-32, 2007 29

Table I. Multivariate analysis (Cox regression) of survival in patients with ovarian epithelial carcinoma.

Variable Regression coefficient SEM p OR 95% CI
Estrogen receptor 0.338 0.467 0.470 1.402 (0.561,3.504)
expression

Progesterone receptor 0.064 0.544 0.906 1.067 (0.367,3.100)
expression

EARS3 expression 0011 0.697 0.988 1.011 (0.258,3.961)
Stage 0.220 0.598 0.713 1.246 (0.386,4.020)
Residual tumor size 1.423 0.552 0.010" 4.148 (1.405,12.243)
Degree of differentiation 0.063 0.449 0.889 1.065 (0.442,2.568)

SEM, standard error of the mean; p, level of significance; OR, odds ratio; and 95% CI, 95% confidence interval.

p=1.000, p=0.331) or degree of differentiation (p=0.720,
p=1.000, p=1.000), respectively. Also in group A, no
association was observed between ER, PR or EAR3
expression and longer survival time (p=0.218, p=0.450,
p=0.448, respectively) (Fig. 2). Comparison of the survival
curves in group A according to tumor stage showed increased
survival in patients with stages I/II compared to those with
stages III/IV (p=0.004). Comparison of survival curves
according to residual tumor size showed an increased
survival of patients with a residual tumor <1 cm compared to
those with a residual tumor >1 cm (p<0.001) (Fig. 2), whereas
no significant differences between these curves were
observed when analyzed according to the degree of differ-
entiation (p=0.150).

Multivariate analysis by Cox regression comparing
positive expression of ER, PR and EAR3, classical prognostic
variables and survival time indicated the size of the primary
postoperative residual tumor to be the most significant
variable (p=0.010), with the chance of death being four times
higher for patients with a residual tumor >1 cm (OR=4.148)
(Table I).

Discussion

Most ovarian epithelial carcinomas arise from the ovarian
surface epithelium (12,43). There are numerous situations in
which this epithelium presents a proliferative response to
estrogen stimulation (10,11). In this respect, recent reports
have suggested a role of estrogen in ovarian carcinogenesis
(44) mainly based on the results of three large prospective
studies which demonstrated an increased risk for ovarian
cancer in women receiving long-term hormone replacement
therapy (13-15). Some investigators believe that incessant
ovulation may lead to chromosome instability and represents
a potential risk for malignant transformation (45), with the
epithelium being exposed to high concentrations of estrogen
in the stroma and follicular fluid (46,47). The estrogen
response depends, among other factors, on the expression of
nuclear receptors and represents the central question in
ovarian carcinogenesis whose underlying cellular mechanism
has not been clearly established (9,48.,49).

We observed no significant difference in ER expression
between groups. Similar to other studies (16,50,51), we found
high ER expression rates in normal ovaries (57.1%), benign
epithelial tumors (57.8%) and malignant epithelial neoplasms
(70%), and we understand this fact to be one of the multiple
factors necessary for the action of estrogen in carcinogenesis.
One may speculate that ER overexpression might imply a
poorer prognosis of ovarian cancer; however, in agreement
with other investigators (50,52) this was not observed in the
present study, with no significant differences between the
survival curves of ER-positive and ER-negative patients
(p=0.218).

At the same time, epidemiological studies have shown
that progesterone and its receptors protect against ovarian
cancer since pregnant women and patients using contraceptives
present a lower risk for this cancer (10,46). This fact can be
attributed to the reduced exposure of the ovarian surface
epithelium to estrogen as a consequence of ovulation
suppression and of the effect of progesterone on cellular
growth and apoptosis (46,53). The protective role of the PR
was emphasized by the observation that patients showing a
reduced expression of this receptor due to loss of hetero-
zygosity at chromosome 11q23.3-24.3 present a higher risk
of ovarian cancer and a poorer prognosis (54). Progesterone
inhibits cell proliferation, stimulates the expression of p53
and induces apoptosis in breast cancer and ovarian cells,
suggesting a protective role in carcinogenesis (55,56). In the
present study, PR expression was significantly lower in the
malignant group (12.5%) compared to the benign and normal
groups, a fact that might be related to the loss of the protective
capacity of this receptor during carcinogenesis. The cause of
the loss of PR expression in ovarian epithelial carcinoma is
unknown (57), but might be related to a reduced response of
ovarian cancer cells to estrogen (58) or, secondarily, to loss
of heterozygosis (59,60); however, somatic mutations in the
PR sequence are rare (10).

The antineoplastic effect of the PR is represented by a
better survival of PR-positive patients with ovarian cancer
(70). This fact was not confirmed in the present study since
no significant differences were observed in the survival curves
of patients with positive and negative receptor expression
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(p=0.450). Some studies demonstrated an association between
PR expression and a longer disease-free interval (19,51,61-63),
whereas others did not (64-66). These conflicting data seem
to be due to various factors such as the method used for
receptor detection, criteria for histological quantification,
selection of cases, and sample size.

Both ERa and ERB mediate the transcriptional activity of
estrogen by influencing regulatory molecules such as co-
activators and co-repressors that activate or repress the
transcriptional activity of genes responsive to estrogen (20).
The mechanism of resistance to hormone therapy remains
unknown but it is believed that these co-factors may influence
the hormone response by regulating the interaction of the
receptor-steroid hormone complex and the transcriptional
regulatory element in DNA, inhibiting or activating tran-
scriptional activity (51). One possible explanation for the loss
of ER responsiveness is inactivation due to mutations.
However, analysis of the ER in ovarian carcinomas suggests
the occurrence of variants but no inactivation has been
detected (67).

The observation of COUP-TFI expression in 10% of
malignant cases, a rate significantly lower than that observed
for the other groups (p=0.014), suggests that the loss of
expression of this factor might be related to carcinogenesis,
especially when considering its inhibitory activity on the ER.
COUP-TFI has been highly conserved during evolution and
is involved in different biological functions such as the
repression of gene expression (30) through interaction with
co-repressors (68). Some investigators demonstrated that the
direct interaction between ER and COUP-TFI is influenced
by the ER ligand and becomes more intense when ER is
liganded with antiestrogens such as tamoxifen (69). COUP-
TFI and ER form a complex that interacts with co-repressors,
recruiting them and stabilizing the binding, with the
consequent transcriptional repression of estrogen-responsive
genes (69). The expression of these genes is not only
modulated by the ER-ERE interaction but also by the
interaction with transcription factors and orphan receptors
including COUP-TFI (27), whose ligands are unknown
(69).

The different possibilities of COUP-TFI binding to DNA
and its ability to compete with other nuclear receptors for the
same hormone response element confer on this marker a
negative regulatory function for a large number of genes
(22,29,30). COUP-TFI has been implicated in ER inhibition
based on the binding to the lactoferrin and ocytocin promoters
which overlap the ERE (28). The ability of COUP-TFI to
bind to ERE half-sites, inhibiting estradiol-induced gene
expression, suggests that this factor regulates the action of
the ER by competing for direct DNA binding and by inter-
action with regulatory proteins (27). The integration of
multiple signaling pathways by COUP-TFI has repercussions
on a large number of biological processes related to cellular
growth, differentiation, embryogenesis and apoptosis
(21,22,33,34). Thus, we suggest that one of the mechanisms
explaining the variety in the response to estrogen is the
transcriptional relationship between ER and nuclear receptors
such as COUP-TFI as demonstrated in part by the co-
existence of these receptors on epithelial cells of the uterus,
ovary, kidney, prostate and liver (21,22,70). Furthermore, no

differences in survival curves related to COUP-TFI expression
were observed in the present study.

The significantly higher proportion of an inverse
expression of ER and PR in the malignant group (p=0.048)
supports the hypothesis of an antagonistic role of these
receptors in the process of carcinogenesis, a fact not observed
for ER and EAR3 (p=0.520). In contrast, the significantly
lower proportion of an inverse expression of PR and EAR3
in the malignant group (p=0.003) supports the hypothesis of
a protective role of these receptors in the process of carcino-
genesis.

No association between the expression of these receptors,
classical prognostic variables and survival time was observed
in the malignant group. However, multivariate analysis
indicated residual tumor size as the most significant clinical
predictor of survival (p=0.010), with the chance of death being
four times higher for patients with a residual tumor >1 cm
(OR=4.148) (Table I).

These data support the importance of cytoreduction in the
treatment of ovarian cancer, the role of steroid receptors in
the mechanism of carcinogenesis, and the need for selection
of subgroups which might respond to hormone therapy. The
understanding of the molecular mechanisms underlying the
resistance of ovarian cancer to antiestrogen therapy will
certainly be of help in the establishment of a strategy to
overcome this dilemma. New selective modulators that
specifically block the activity of ERa and its regulators
should be explored in an attempt to guarantee the success of
antiestrogen therapy in ovarian cancer.
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