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Abstract

Aim The purpose of this study was to investigate the
co-expression of survivin, c-erbB2, and COX-2 in endo-
metrial cancer tissues and evaluate its prognostic signifi-
cance in endometrial cancer

Methods Tumor tissue biopsies from 110 patients with
primary untreated endometrial carcinomas were studied by
immunohistochemistry. Statistical analysis evaluated cor-
relation of antigen expression with tumor stage, grade,
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myometrial invasion, and histologic type. Association with
disease outcome was also investigated

Results  The results showed that expression of the three
antigens was independently associated with histological
grade, disease stage, and myometrial invasion. Clinico-
pathological parameters were also associated with the
number of antigens expressed by each tumor, the expres-
sion of more antigens correlating with advanced stage
disease and deep myometrial invasion. In a 10-year follow-
up, patients with tumors expressing more of these three
antigens had significantly lower survival rate that those
with smaller expression score

Conclusions Our results indicate that the co-expression
score has independent prognostic value for endometrial
cancer.

Keywords Endometrial cancer - Oncogene -
Co-expression - Immunohistochemistry - Prognostic factor

Introduction

Adenocarcinoma of the endometrium remains fourth in
incidence among invasive tumors in women (Hernandez
2001). Several surgical-pathologic characteristics such as
histological grade, depth of myometrial invasion, cervical
extension, and the presence of metastatic disease have
significant prognostic value, and have been traditionally
used to determine whether hysterectomy alone is likely to
be curative or additional postoperative therapy is needed to
prevent recurrence (Prat et al. 1994). Despite the generally
good outcome when compared to other gynecological
malignancies, a lot of effort is put today into defining better
prognostic indicators that would allow a more precise
strategy of treatment based upon the subgrouping of
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patients. Multiparametric methods using DNA array tech-
nologies and proteomics have been suggested to be applied
(Smid-Koopman et al. 2004), which, however, remain
expensive and technically demanding. However, it is well
understood that multiple marker investigation rather than a
single tumor marker would be of benefit towards this
direction (Pappa and Anagnou 2005).

In the present study, we examine the prognostic value of
the co-expressing pattern of three antigens that have been
previously shown to be independent prognostic indicators
of endometrial cancer outcome and survival. The c-erbB2
oncogene has been established to have close relation with
endometrial adenocarcinoma outcome, being regulated by
estrogens and glucocorticoids (Markogiannakis et al.
1997). Overexpression of this gene product has been rela-
ted to cancers leading to increased fatality (Berchuck et al.
1991) and is associated with the presence of intraperitoneal
metastatic disease (Bezwoda 2000; Cherchi et al. 2001).
We have recently shown that c-erbB2 is an independent
prognostic indicator of poor outcome, assessing separately
cytoplasmic and membrane immunohistochemical staining,
and confirming that cytoplasmic expression is as important
as membrane and a specific finding rather than an artifact in
endometrial adenocarcinomas (Lambropoulou et al. 2007).
Also, we and others have reported the prognostic signifi-
cance of cyclooxigenase-2 (COX-2), one of the two
enzyme isoforms of prostaglandin synthesis (Ferrandina
et al. 2002; Fujiwaki et al. 2002; Karahan et al. 2007,
Lambropoulou et al. 2005), which seems to be related with
tumor angiogenesis, growth and apoptosis, metastasis, and
local immunosupression (Ohno et al. 2005). However,
these findings were not supported by other studies showing
no prognostic significance for this tumor type (Erkanli
et al. 2007; Ferrandina et al. 2005; Fowler et al. 2005).
Finally, survivin, a member of the apoptosis inhibitor
protein family (IAP), is a defining diagnostic marker for
endometrial carcinomas that may also yield prognostic
information (Takai et al. 2002). The prognostic value of the
co-expression pattern of c-erbB2, COX-2, and survivin in
endometrial cancer tissues was examined by correlation to
other clinicopathological parameters and the survival rate
of endometrial cancer patients.

Materials and methods

One hundred and ten patients—cases of endometrial carci-
noma admitted at the Pathology Department, University
General Hospital of Alexandroupolis were studied. Patient
age ranged from 40 to 88 years. The presenting symptom of
patients was postmenopausal or intermenstrual bleeding.
Paraffin-embedded tissue samples from diagnostic curettage
and hysterectomy were available for all patients. Tissue
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sections were subjected to conventional hematoxylin and
eosin staining (H&E). Unstained slides were used to inves-
tigate expression of survivin, c-erbB2, and COX-2 by
immunohistochemistry. The clinical data were obtained
from the patient files, including follow-up information. The
clinicopathological parameters evaluated were age, FIGO
stage, type of carcinoma, depth of myometrial invasion
(tumor depth), and lymphovascular space invasion (LVSI).
A bias toward more aggressive cancers is represented in our
sample, because tissue collection for research was permitted
only from patients with a large enough tumor, while pre-
serving adequate tissue for standard pathologic examination.
As a result, small Stage IA lesions are underrepresented
relatively to their expected frequency. Survival was also
studied. The study had received approval by the local
Human Investigations Committee and it conforms to the
provisions of the Declaration of Helsinki. Written informed
consent was obtained from all patients and the procedures
were in accordance with the institutional guidelines.

Immunohistochemistry

Tissue specimens were fixed in formalin and embedded in
paraffin according to standard procedures. Four-micron
serial sections (4 pm) of representative blocks from each
case were deparaffinized, rehydrated, and immunostained
by the peroxidase method (Envision System, DAKO,
Carpinteria, Calif., USA). Slides were then incubated with
the primary antibody: 75 min with the survivin rabbit poly-
clonal antibody at a 1:50 dilution (Medical & Biological
Laboratories co, LTD, Japan), 30 min with the c-erbB2
rabbit polyclonal anti-human antibody (DAKO, Carpinteria,
Calif., USA) ata 1:250 dilution or 75 min with COX-2 rabbit
polyclonal antibody (Assay Designs, Inc.) at a 1:40 dilution.
Control slides were incubated for the same period with
nonimmunized rabbit serum (negative control). Finally,
bound antibody complexes were stained for 10 min with
0.05% diaminobenzidine. Sections then were briefly coun-
terstained with Mayer’s hematoxylin, mounted, and exam-
ined under a Nikon Eclipse 50 x microscope. Cell count was
performed in 10 high power fields (40x) for each section.
Sections with greater than 10% stained tumor cells were
considered as being positive. Samples with complete
absence of either membranous or cytoplasmic staining or
with weak/incomplete staining (<10%) would be classified
as a tumor negative for antigen expression. Staining intensity
was equal between different samples and areas of the tissue
sections, and therefore it was not included in the scoring.

Statistical analysis

Statistical analysis of the data was performed using the
Statistical Package for the Social Sciences (SPSS), version
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10.0 (SPSS, Inc., Chicago, IL, USA). Categorical variables
were expressed as frequencies (and percentages) and con-
tinuous variables were expressed as the mean + standard
deviation. The chi-square test was used to evaluate any
potential association between survivin, c-erbB2, and COX-
2 expression and the clinicopathological parameters, while
odds ratios and their 95% confidence interval (CI) were
calculated by means of simple logistic regression analysis.
As indicator of survival, the disease-specific survival
(including only death related to the disease as an event)
was investigated. Survival rates were calculated with the
Kaplan—-Meier method and the statistical difference
between survival curves was determined with the log-rank
test. Multivariate logistic and COX proportional hazards
regression analysis, using a backward selection approach,
were performed to explore the independent effect of vari-
ables on co-expression of survivin, c-erbB2, COX-2, and
survival, respectively. All tests were two tailed and statis-
tical significance was considered for P values <0.05.

Results
Patient and tumor characteristics

One hundred and ten primary untreated endometrial cancer
patients underwent total abdominal hysterectomy with
bilateral salpingo-oophorectomy at the Department of
Obstetrics and Gynecology, University General Hospital of
Alexandroupolis (Table 1). Patient’s age ranged from 40 to
88 years, with a mean age of 59.05 + 8.57 years and 47
(42.7%) patients exceeding the age of 60-years-old.

Table 1 Patient’s age and tumor clinicopathological characteristics
of the 110 investigated endometrial carcinomas

Characteristic No of patients Percentage %
Age

<60 years 63 57.3

>60 years 47 42.7
Stage

-1 89 80.9

I-1v 21 19.1
Histological type

Endometrioid 95 86.4

Non-endometrioid 15 13.6
Histological grade

Gl 78 70.9

G2-G3 32 29.1
Tumor depth-LVSI

<1/2—negative 63 57.3

>1/2—positive 47 42.7

Regarding to surgical stage, 89 (80.9%) carcinomas were
FIGO stage I-II and 21 (19.1%) FIGO stage III-1V, while
regarding to histological type, 95 (86.4%) were endome-
trioid adenocarcinomas and 15 (13.6%) non-endometrioid
carcinomas. In particular, 2 (2.1%) of 95 endometrioid
adenocarcinomas showed focal squamous metaplasia and 8
(8.4%) papillary configuration. Four (26.7%) of 15 non-
endometrioid carcinomas were adenosquamous, 4 (26.7%)
serous-papillary, 5 (33.4%) clear cell carcinomas, 1 (6.6%)
squamous, and 1 (6.6%) undifferentiated. Seventy-eight
(70.9%) were well differentiated (G1), 21 (19.1%) mod-
erately (G2) and 11 (10.0%) poorly differentiated. Myo-
metrial invasion did not exceed the inner half of the
myometrial wall in 63 (57.3%) cases, while cancer infil-
trated the outer half of the myometrium in 47 (42.7%)
cases.

Immunohistochemical detection of c-erbB2, survivin,
and COX-2 expression in endometrial cancer tissues

Antigen expression was analyzed by immunohistochemis-
try in all the above human endometrial tumors and the
results are presented in Table 2. Membrane (m) and cyto-
plasmic (c) immunoreactivity for c-erbB2 was detected in
the malignant cells and was assessed separately. Repre-
sentative tissues are shown in Fig. 1. C-erbB2 membrane
localization was found in 6 out of 110 cases (5.5%) that
were all also positive for cytoplasmic c-erbB2, while,
among cases with c-erbB2 membrane staining <10%, 70
cases (67.3%) showed cytoplasmic c-erbB2 (P = 0.092, 12
test; P < 0.001, McNemar test). Survivin and COX-2
immunoreactivity were observed mainly in the malignant
cell cytoplasm (Fig. 2). 47 (42.7%) and 28 (25.5%) of the
tissues were found to express survivin and COX-2,
respectively. With the exception of scattered lymphoid

Table 2 Distribution of patients according to immunohistochemical
staining results for all the antigens studied

No of patients Percentage (%)

c-erbB2 (membrane)

<10% 104 94.5

>10% 6 5.5
c-erbB2 (cytoplasmic)

<10% 34 30.9

>10% 76 69.1
Survivin

<10% 63 57.3

>10% 47 42.7
COX-2

<10% 82 74.5

>10% 28 25.5

@ Springer



430

J Cancer Res Clin Oncol (2010) 136:427-435

Fig. 1 Immunohistochemical staining of an endometrial cancer
tissue for c-erbB2. Localization of antigen expression in the
malignant cells can be observed in both the cell membrane (black
arrow) and the cytoplasm (white arrow) (a) or only in the cytoplasm

(b). The stroma is negative. Omission of the primary antibody
resulted in abolishment of all staining (¢, negative control). Original
magnification x200 (a), x100 (b and ¢)

Fig. 2 Immunohistochemical staining of an endometrial cancer
tissue for survivin (a) and COX-2 (b). Immunoreactivity can be
observed in the malignant cell cytoplasm. Scattered positive stromal

cells with variable intensities of COX-2 positivity, stromal
cells did not show any immunoreactivity for all the
antibodies.

Association of c-erbB2, survivin, and COX-2
expression with tumor clinicopathological parameters
and antigen co-expression

All tumor antigen expression was analyzed in relation to
the following parameters: patient’s age, surgical stage,
histological type, histological grade, and depth of myo-
metrial invasion as well as co-expression with the other
antigens studied (Table 3). Expression of all tumor anti-
gens showed statistically significant association with his-
tological grade; well-differentiated tumors were more
likely to express cytoplasmic c-erbB2 than moderately or
poorly differentiated tumors (P = 0.020), whereas mem-
brane c-erbB2, survivin, and COX-2 were more frequently
expressed in less differentiated tumors (P = 0.037,
P =0.024 and P = 0.019, respectively). Survivin and
COX-2 were also positively associated with advanced stage
disease (P = 0.048 and P = 0.010, respectively) and deep
myometrial invasion (P = 0.021 and P = 0.026, respec-
tively). No association was found with other clinicopath-
ological parameters. Between antigen expressing tissues,
no association was detected between antigen positive
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lymphoid cells are shown with arrows. Omission of the primary
antibody resulted in abolishment of all staining (¢, negative control).
Original magnification x200 (a and b), x100 (c)

tissues except between membrane c-erbB2 co-expressing
with COX-2 (P = 0.017).

The clinicopathological parameters were also associated
with the number of antigens expressed by each tumor
(Table 4). The expression of more antigens was positively
correlated with advanced stage disease (P = 0.049) and
with deep myometrial invasion (P = 0.037), when cyto-
plasmic c-erbB2 and membrane c-erbB2 expression was
estimated, respectively. In this regard, advanced surgical
stage was more than three times (OR = 3.4, 95%
CI = 1.2-9.5, P = 0.018) as likely to express two or more
of the survivin, COX-2 and cytoplasmic c-erbB2 as sur-
gical stages I or II, while tumors with deep myometrial
invasion were almost four times (OR = 3.9, 95%
CI = 1.3-12.2, P = 0.012) as likely to express two or
more of the survivin, COX-2 and membrane c-erbB2 as
tumors with low myometrial invasion.

Survival analysis in relation to tumor antigen
co-expression

Follow-up was available for 101 patients, since 9 patients
(8.2%) were lost during follow-up. Mean duration of follow-
up was 76.58 + 42.57 months (range 4-176 months, med-
ian 71 months). Twenty-five patients (24.8%) died during
follow-up. The mean survival time was 136 £ 7 months
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Table 3 Antigen expressing endometrial cancer tissues in relation to
clinicopathological parameters and co-expression with other antigens

Table 4 Number of tumor antigens expressed by endometrial cancer
tissues in relation to clinicopathological parameters

Number of positive tissues (percentage % of each
category see Tables 1 and 2)

c-erbB2 (¢) c-erbB2 (m) Survivin COX-2

Age

<60 years 46 (73.0) 4 (6.4) 26 (41.3) 16 (25.4)

>60 years 30 (63.8) 2 (4.3) 21 (44.7) 12 (25.5)
Histological type

Endometrioid 66 (69.5) 4 (4.2) 40 (42.11) 22 (23.2)

Non- 10 (66.7) 2 (13.3) 7 (46.67) 6 (40.0)

endometrioid
Histological grade

Gl 59 (75.6)* 2 (2.6) 28 (35.9) 15(19.2)

G2-G3 17 (583.1) 4 (12.5)* 19 (59.4)* 13 (40.6)*
Stage

I-1I 61 (68.5) 445 34 (38.2) 18 (20.2)

I-1v 15(71.4) 29.5) 13 (61.9)* 10 (47.6)*
Tumor depth-LVSI

<1/2—negative 42 (66.6) 3 (4.8) 21 (33.3) 11 (17.5)

>1/2—positive 34 (72.3) 3 (6.4) 26 (53.3)* 17 (36.2)*
c-erbB2 (m)

<10% 70 (67.3) 0 (0) 43 (41.3) 24 (23.1)

>10% 6 (100.0) 6 (100) 4(66.7) 4 (66.7)*
c-erbB2 (¢)

<10% 0 () 0 (0) 10 (29.4) 8 (23.5)

>10% 76 (100) 6 (7.9) 37 (48.7) 20 (26.3)
Survivin

<10% 39 (61.9) 2(3.2) 0 () 15 (23.8)

>10% 37 (78.7) 4 (8.5) 47 (100) 13 (27.7)
COX-2

<10% 56 (68.3) 2 (24) 34 (41.5) 00

>10% 20 (71.4) 4 (14.3)* 13 (48.7) 28 (0)

* Indicates statistically significant difference (P < 0.05, ;> test)

(95% CI = 123-150 months). Patients were divided into
three groups in relation to the number of tumor antigens
found to be expressed: group A had no tumor antigen
expression, in group B only one of the 3 antigens was found
and group C expressed 2 or 3 antigens. Survival analysis in
relation to survivin, COX-2, and cytoplasmic c-erbB2
co-expression (Kaplan—Meier) showed that the 1-, 5-, and
10-year survival of patients of group A (n = 19) was 100%,
whereas the respective percentages for group B (n = 33)
were 96.97 & 2.98%, 84.85 £ 6.24% and 77.78 £ 8.86%,
respectively, and for group C (n =49) were 89.80 £
4.32%, 70.24 + 6.75%, and 51.40 £ 8.97% (Table 5A).
Statistically significant differences were observed between
the survival rates of these three groups of patients over time
(P = 0.002, log-rank test), with group A having better

Expression of survivin, COX-2 & c-erbB2(c)
Number of tissues (percentage %)

3(-) 1 (+) 2or3(+) P value
Age 0.816
<60 years 11 (17.5) 20 (31.7) 32 (50.8)
>60 years 9 (19.1) 17 (36.2) 21 (44.7)
Histological type 0.473
Endometrioid 17 (17.9) 34 (35.8) 44 (46.3)
Non-endometrioid 3 (20.0) 3 (20.0) 9 (60.0)
Histological grade 0.445
G1 14 (17.9) 29 (37.2) 35 (44.9)
G2-G3 6 (18.8)  8(25.0) 18 (56.3)
Stage 0.049
I-11 17 (19.1) 34 (38.2) 38 (42.7)
I-1v 3(143) 3(14.3) 15 (71.4)
Tumor depth-LVSI 0.210
<1/2—negative 12 (19.0) 25(39.7) 26 (41.3)
>1/2—positive 8 (17.0) 12 (25.5) 27 (57.4)

Expression of survivin, COX-2 & c-erb-B2(m)
Number of tissues (percentage %)

3(-) 1(+) 2or3(+) P value
Age 0.866
<60 years 27 (42.9) 27 (42.9) 9 (14.3)
>60 years 21 (44.7) 18 (38.3) 8 (17.0)
Histological type 0.425
Endometrioid 42 (442) 40 (42.1) 13(13.7)
Non-endometrioid 6 (40.0) 5 (33.3) 4 (26.7)
Histological grade 0.451
Gl 36 (46.2) 32 (41.00 10 (12.8)
G2-G3 12 (37.5) 13 (40.6) 7 (21.9)
Stage 0.168
I-1I 41 (46.1) 37 (41.6) 11 (12.4)
I-1v 7 (33.3) 8(38.1) 6(28.6)
Tumor depth-LVSI 0.037
<1/2—negative 31 (49.2) 27 (429) 5(7.9)
>1/2—positive 17 (36.2) 18 (38.3) 12 (25.5)

Italicized P values signify statistically significance

prognosis (0.001) than group C and marginally better that
group B (P = 0.071). Also, group B had better prognosis
than group C (P = 0.038). During follow-up, mortality rate
was 18.2 and 38.8% for groups B and C, respectively,
whereas no death was recorded in group A. These differ-
ences were statistically significant (P = 0.002). COX
regression analysis revealed that patients of group C were
3.85 times more likely to die of cancer than the rest of the
patients (95% CI = 1.53-9.73, P = 0.004; Fig. 3a).
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Table 5 Disease-free survival of endometrial cancer patients during a 71-month follow-up in relation to the co-expression score

A. Co-expression of survivin, COX-2 and c-erbB2 (c)

3 (=) (group A)

1 (+) (group B) 2/3 (+) (group C)

Patient number 19 33 49

1-year survival 100.00 96.97 + 2.98 89.80 + 4.32
5-year survival 100.00 84.85 £+ 6.24 70.24 £ 6.75
10-year survival 100.00 77.78 £ 8.86 51.40 + 8.97
Mean survival £+ SE [95% Cl] - 134 £ 10 [115-154] 113 £ 11 [92-135]
Fatality (%) 0 (0%) 6 (18.2%) 19 (38.8%)

P value (log-rank test) 0.002

B. Co-expression of survivin, COX-2 and c-erbB2(m)

3 (=) (group A"

1 (+) (group B’) 2/3 (+) (group C’)

Patient number 45

1-year survival 97.78 £ 2.20
5-year survival 88.89 £ 4.68
10-year survival 85.33 £5.69
Mean survival &+ SE [95% CI] 142 £ 7 [128-156]
Fatality (%) 6 (13.3%)

P value (log-rank test)

39 17

89.74 + 4.86 94.12 £ 5.71
78.14 £+ 6.99 64.71 £ 11.59
66.60 £ 9.71 41.83 £+ 13.56

121 & 11 [100-142] 104 £ 17 [71-136]
10 (25.4%) 9 (52.9%)

0.014

Italicized P values signify statistically significance

Similar results were found when analysis was done using
the membrane c-erbB2 results (Table 5B). 1-, 5- and 10-year
survival of patients of group A’ (n = 45) was 97.78 +
2.20%, 88.89 £ 4.68%, and 85.33 £ 5.69%, whereas the
respective percentages for group B’ (n = 39) were
89.74 £+ 4.86%, 78.14 &£ 6.99%, and 66.60 £ 9.71%,
respectively, and for group C’ (n = 17) were 94.12 £
5.71%,64.71 £ 11.59%, and 41.83 £ 13.56%. Statistically
significant differences were observed between the survival
rates of these three groups of patients over time (P = 0.014,
log-rank test), with group A’ having better prognosis (0.003)
than group C’ and marginally better that group B’
(P = 0.054). Group B’ had marginally better prognosis than
group C’ (P = 0.085). During follow-up, mortality rate was
13.3,25.5, and 52.9% for groups A’, B’, and C’, respectively
(P = 0.014). COX regression analysis revealed that patients
of group C” were 4.28 times more likely to die of cancer than
those of group A’ (95% CI = 1.52-12.05, P = 0.006). In
this respect, no statistically significant differences were
found between groups B’ and C’* (RR = 2.06, 95%
CI = 0.81-5.20, P = 0.127), or between groups A’ and B’
(RR = 2.04,95% CI = 0.73-5.75, P = 0.176; Fig. 3b).

Investigation with multivariate Cox proportional hazards
regression analysis revealed that older age (Hazard ratio
(HR) = 6.10, 95% CI = 2.29-16.26, P < 0.001) non-
endometrioid carcinomas (HR = 4.13, 95% CI = 1.57-
10.84, P = 0.004), advanced stage (HR = 4.11, 95%
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CI = 1.80-9.40, P <0.001) and cytoplasmic c-erbB2
overexpression (HR = 3.57, 95% CI = 1.17-10.89, P =
0.026) remained independent prognostic factors of worse
overall survival. When the combination of cytoplasmic
c-erbB2, survivn, and COX-2 was entered in the regression
analysis, the simultaneous presence of the 2 or more antigens
remained an independent determinant for poor survival
(HR = 3.28,95% CI = 1.28-8.41, P = 0.013 compared to
0 or 1). Furthermore, when the combination of membrane
c-erbB2, survivin, and COX-2 was entered in the regression
analysis, the simultaneous presence of the 2 or more antigens
remained an independent determinant for poor survival
(HR = 3.10,95% CI = 1.08-8.92, P = 0.036 compared to
0 antigen). The independent impact of only one antigen (any
of the three) on overall survival was of borderline statistical
significance (HR = 2.52,95% CI = 0.89-7.17, P = 0.082,
compared to 0).

Discussion

In the present study, the prognostic value of the co-
expression pattern of c-erbB2, COX-2, and survivin in
endometrial cancer tissues was examined by correlation to
traditional surgical pathologic prognostic factors and the
survival rate of endometrial cancer patients. Our results
showed that: (A) Expression of all the three antigens was
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Log-rank, p=0.002
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Overall
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4 -

0 24 48 72 96 120 144 168 192
Time (months)

Fig. 3 Survival of endometrial cancer patients during a 71-month
follow-up in relation to the co-expression score of survivin, COX-2
and c-erbB2 (c) (A) or c-erbB2 (m) (B) (expression of none vs. one
and vs. 2 or 3 antigens)

independently associated with histological grade, whereas
some of them were also associated with disease stage and
myometrial invasion. Moreover, some of these clinico-
pathological parameters were also associated with the
number of antigens expressed by each tumor, the expres-
sion of more antigens correlating with advanced stage
disease and deep myometrial invasion. (B) Except in the
case of the membrane c-erbB2 co-expressing with COX-2,
no association was found between the expressions of tumor
antigens, probably indicating that their role in the carci-
nogenetic procedure may be involved in different molec-
ular events. (C) In a 10-year follow-up, patients with
tumors positive for more of these three antigens had sig-
nificantly lower survival rate that those with smaller
expression score. Our results indicate that the expression
score of these three antigens have independent prognostic
value for endometrial cancer patient outcome.

The independent prognostic value of c-erbB2, COX-2,
and survivin in endometrial cancer patients has been shown
in numerous studies by our group and others. However, this

is a first attempt to estimate the prognostic significance of
their co-expression score. Erkanli et al. (2007) has recently
shown that COX-2 and survivin are overexpressed in
endometrial carcinomas when compared to hyperplastic
and normal proliferative tissues, concluding that this seems
to be an early event in the carcinogenetic process and
suggesting that COX-2 and survivin may share a common
molecular pathway since a correlation was found between
their expression. In our study using a double in size tissue
collection, we could not confirm this association. This
difference in sample size may account for discrepancies
found between our study, showing a significant correlation
of COX-2 and survivin expression with myometrial inva-
sion, histological grade, disease stage, and survival of
endometrial cancer patients, to Erkanli et al., who showed
no such correlation. On the other hand, Ferrandina et al.
(2005), studied the expression of COX-2, steroid receptors,
p53, Ki67, and c-erbB2 in endometrial cancer. In this
study, COX-2 expression was not associated with c-erbB2,
or with any clinicopathological features or survival rate.
Reviewing this and other reports (Ferrandina et al. 2002;
Fowler et al. 2005; Lambropoulou et al. 2005) shows that
there is still controversy in the literature about the prog-
nostic significance of COX-2. In our analysis, considering
the three tumor markers in combination, c-erbB2, COX-2,
and survivin, enhanced the prognostic value of this test and
showed a clear correlation of antigen expression to the
survival rate. More aggressive tumors had a higher antigen
positive score and worst prognosis. These results indicate
that such an analysis could have strong prognostic value for
endometrial cancer patients.

In our data analysis, cytoplasmic and membrane c-erbB2
expression was considered separately. We have previously
shown that cytoplasmic staining is as important as mem-
branic and a specific finding in endometrial cancer tissues,
rather than an artifact, as suggested by investigators working
in other cancer types (Horvai et al. 2003). We have also
shown that although c-erbB2 cytoplasmic expression cor-
related with G1 grade tumors (of better prognosis) is an
indicator of a poorer prognosis sub-group (Horvai et al.
2003). Other reports have shown, however, that the c-erbB2
cytoplasmic staining in breast tumors correlates with
c-erbB2 amplification (Bhatavdekar et al. 2000; Kuesters
et al. 2006), in support to our findings. A small percentage of
tissues (5.5%) presented membrane antigen localization and
all of them showed cytoplasmic staining too. The percentage
of cytoplasmic positive tissues was a lot higher (69.1%).
However, survival analysis showed significant correlation to
the co-expression score when either cytoplasmic or mem-
brane staining were considered.

Studying 31 endometrial cancer cases, Takai et al.
(2002) reported that survivin expression was significantly
associated with proliferating cell nuclear antigen-labeling
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index, surgical stage, histological grade, the presence of
invasion to >1/2 myometrium, surgical outcome, and sur-
vival rate. In addition, survivin mRNA levels were
increased in correlation with ascending grade of endome-
trial adenocarcinoma (Lehner et al. 2002). However, other
studies found no association of this gene product with
classical prognostic factors (Erkanli et al. 2006, 2007,
Pallares et al. 2005) showing that this issue needs further
clarification. In our present study, we confirm the former
data in a large sample size, showing survivin expression in
42.7% of the tumors and association with higher histo-
logical grade, stage, tumor depth, and LVSI. These results
suggest that survivin may provide a defining diagnostic
tool for endometrial carcinomas with possible prognostic
information. Interestingly, survivin has been implicated to
the malignant transformation process in this tissue by
regulating apoptosis and cell proliferation (Ai et al. 2006;
Pallares et al. 2005).

In conclusion, we showed that the co-expression score
of c-erbB2, COX-2, and survivin in endometrial cancer
tissues correlates significantly to classical clinicopatho-
logical parameters and most importantly to the survival rate
of endometrial cancer patients, although there was not
significant association between their expressions. Our
results indicate that the expression score of these three
antigens have independent prognostic value for endome-
trial cancer patient outcome and could be of clinical use.
Finally, these data can contribute to the understanding of
the tumorigenic process in this malignancy and aid the
development of evidence-based therapeutic strategies such
as Cox-2 inhibition or silencing of survivin.
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