
 530

Eur. J. Gynaec. Oncol. - ISSN: 0392-2936
XXXI, n. 5, 2010

Revised manuscript accepted for publication March 1, 2010

Immunohistochemical evaluation and lymph node metastasis
in surgically staged endometrial carcinoma

R. Pilka1, I. Marková2, M. Dušková3, M. Procházka1, M. Tozzi1, M. Kudela1

1Department of Gynecology and Obstetrics, 2Institute of Human Genetics,
3Department of Pathology, Palacky University, Olomouc (Czech Republic)

[1809/30]

Introduction

Adenocarcinoma of the endometrium is the most
common malignancy of the female genital tract in devel-
oped countries and represents the seventh leading cause
of death for cancer in women [1]. The prognostic impact
of traditional clinicopathological variables in endometrial
cancer patients, such as International Federation of Gyne-
cology and Obstetrics (FIGO) stage, histologic type,
depth of invasion, histologic grade and lymph node
metastasis, is well established [2-5]. Correlations
between steroid hormone receptor status (estrogen recep-
tor – ER, progesterone receptor – PR) of endometrial car-
cinoma and known prognostic parameters such as tumor
stage, tumor grade, and depth of myometrial infiltration
have been documented [6-9]. Endometrial cancers
expressing ER and PR seem to characterize clinically less
aggressive tumors with a better chance of response to
endocrine treatment [10, 11]. Recently, some other
factors have been proven to offer additional data about
the biologic behavior of the endometrial carcinoma. The
mutation of the p53 tumor suppressor gene has been doc-
umented in endometrial cancer, although the prognostic
significance of its overexpression is still conflicting [12-
14]. Likewise, the oncogene her-2/neu, the apoptosis
indicator bcl-2, and the cell proliferation indicator Ki-67
have also been shown to be prognostic factors of endome-
trial cancer [15-20]. However, the majority of patients in
these studies did not undergo surgical staging with lym-
phadenectomy. Increased expression of certain matrix
metalloproteinases (MMPs) in advanced tumors and the

ability of these enzymes to degrade extracellular matrix
barriers suggest a role for them not only in the initial
steps of tumor development, but also in tumor metastasis
[21]. MMP-7 and MMP-26 are two members of the
matrilysin subfamily, containing the minimal domain
organization. and belonging to the few MMPs with
epithelial expression. Both heve been reported to be
expressed in endometrial tumors [22-24]. However, the
prognostic value of MMP-7 and MMP-26 expression in
endometrial carcinoma is controversial [25, 26].

The aim of this study was to evaluate the prognostic
significance of p53, bcl-2, her-2/neu, Ki-67, MMP-7,
MMP-26, ER and PR antigens in patients with endome-
trial carcinoma who underwent surgical staging including
lymphadenectomy.

Materials and Methods

Tissue samples were collected from women ranging in age
from 34-88 years undergoing surgery for endometrial cancer
between September 2001 and March 2009 at the Department of
Gynecology and Obstetrics, Olomouc University Hospital,
Czech Republic. None of the patients received chemotherapy or
radiotherapy before surgery, which consisted of total hysterec-
tomy, bilateral salpingo-oophorectomy, peritoneal cytology, and
pelvic and paraaortic sampling as necessary. Two pathologists
reviewed all the tumors to confirm the diagnosis and to deter-
mine histologic characteristics.

The 107 formalin-fixed, paraffin-embedded tumor samples
were from patients with endometrioid carcinoma. The histo-
logic grade, the depth of myometrial invasion, and the clinical
stage were classified as recommended by the FIGO [27]. Epi-
demiologic and histologic features of the 107 patients are
shown in Table 1.
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Objective: To assess the expression of immunohistochemical markers in surgically staged endometrial cancer patients. Methods:
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Immunohistochemistry

The processed material included endometrial cancer samples
obtained from the abdominal hysterectomy after previous diag-
nosis confirmation from diagnostic curretage. The samples were
standardly processed after a 24-hour fixation in 10% formalde-
hyde and embedded into paraffin blocks followed by routine
staining with hematoxylin-eosin to establish histopathological
diagnosis. Samples with sufficient amounts of well preserved
tumor structures were then selected for subsequent immunohis-
tological examination and processed into tissue slices 5-8 μm
thick on Vectabond (Vector) coated slides. For detection of indi-
vidual markers, a standard indirect immunohistochemical tech-
nique was used with a set of rabbit or mouse antibodies (for
p53, c-erbB-2, Ki-67, ER and PR – DAKO, for bcl-2 –BIO-
GENEX, for MMP-7 and MMP-26 ABCAM). The activity of
peroxidase was visualized by diaminobenzidine. Positive
control, a sample of endometrial tissue with known immunore-
activity, was included in each set samples analyzed, as well as
negative control, i.e. slides incubated with Tris buffer instead
of the appropriate antibodies. The analysis of all tissue sections
was done by two pathologists without any prior knowledge of
the clinical and biological parameters. ER and PR staining was
scored in a minimum of 300 histologically identified neoplas-
tic cells showing nuclear reaction. According to Sivridis et al.
tumors with positive ER or PR nuclear staining in > 5% of
tumor cells were defined as ER or PR positive, respectively
[11].

Scoring of Ki-67, p53 and bcl-2 was expressed as the per-
centage of cells with positive nuclear staining. Tumors with
positive Ki-67 staining in > 40% (median value) tumor cells or
positive p53, and bcl-2 staining in > 20% (median value) tumor
cells were considered Ki-67, p53, and bcl-2 positive, respec-
tively.

Scoring of her-2/neu protein was expressed as membrane
positivity. Samples with positive her-2/neu staining in > 10%
tumor cells were considered as positive.

Scoring of MMP-7 and MMP-26 was expressed as the per-
centage of immunopositive tumor cells. Tumors with positive
MMP-7 staining in > 65% (median value) tumor cells or posi-
tive MMP-26 in > 40% (median value) tumor cells were con-
sidered MMP-7, and MMP-26 positive, respectively.

Statistical analysis

Fischer’s exact test of chi-square test was used to analyze the
distribution of cases considered positive for the biological
parameters examined according to several clinicopatological
features; p values below 0.05 were considered significant. Sta-
tistical analysis was carried out using SPSS version 15 statisti-
cal software (SPSS Inc., Chicago, USA).

Results

Correlation with clinicopathological parameters

In Table 2 we present the distribution of positive
immunohistochemical staining in relation to individual
clinicopathological parameters in 107 cases of endome-
trial cancer. MMP-7 and MMP-26 were evaluated in only
50 patients with endometrial cancer. A statistically signif-
icant dependence between p53, grading, and myometrial
invasion was observed. In the G3 group, there was signif-
icantly greater p53 positivity compared to groups G1-G2
(42.3% vs 22.2%, p = 0.045). Similarly, p53 expression
was higher when myoinvasion exceeded 50% compared
to myoinvasion less than 50% of myometrial thickness
(38.6% vs 19.0%), p = 0.025. In the group of ER and PR
positive tumors, correlation with grading was noted; in
group G3 a significantly lower ER and PR positivity was
seen compared with groups G1-G2 (53.8% vs 80.2% and
69.2% vs 88.9%, respectively, p = 0.008 and 0.028,
respectively). The only marker correlating with FIGO
stage was PR, where in the group of patients FIGO Stage
I-II a significantly higher positivity of this marker was
observed in comparison to patients FIGO Stage III-IV
(87.9% vs 62.5%, p = 0.02). Furthermore, PR positivity
correlated inversely with lymph node status: PR positiv-
ity was higher in patients with negative lymph nodes
(87.2% vs 61.5%, p = 0.032).

Although no statistically significant dependence
between bcl-2, c-erbB-2, Ki-67, MMP-7, MMP-26 and
any clinicopathological parameter was observed, we
noted a trend of increased c-erbB-2 and Ki-67 expression
when myoinvasion exceeded 50% of myometrial thick-
ness, as well as a trend of increased MMP-7 expression
in the group of patients aged less than 65 years. Contrar-
ily, with bcl-2 a trend of decreased expression was
observed in clinically advanced tumors (FIGO III-IV).

p53, bcl-2, c-erbB-2, Ki-67 and MMP in association
with hormonal receptor status 

As seen in Table 3, no significant difference in staining
positivity of p53, c-erb-2, Ki-67, MMP-7 and MMP-26
dependent on ER or PR positivity was observed. Contrar-
ily, the percentage of bcl-2 positive endometrial tumors
was significantly higher in the ER positive group than in
the ER negative group (77.2% vs 46.4%, p = 0.002).
Also, significantly greater bcl-2 positivity was seen in the
PR positive group than the PR negative group (75.6% vs
35.3%, p = 0.001). 

Table 1. — Clinicopathological characteristics.

Characteristics No. of patient (%)

All cases 107
Age (years)
≤ 65 63 (58.9)
> 65 44 (41.1)
FIGO stage
I 72 (67.3)
II 20 (18.7)
III-IV 15 (14.0)
Grade
G1-2 81 (75.7)
G3 26 (24.3)
Myometrial invasion
Absent < 50% 63 (58.9)
> 50% 44 (41.1)
Lymph node status
Negative 93 (86.9)
Positive 14 (13.1)
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Discussion

In endometrial carcinoma, conventional clinicopatho-
logical factors such as FIGO grade and stage, histologic
type, lymph-vascular invasion, or depth of myometrial
invasion are well-known predictors of prognosis.
However, identification of molecular genetic alterations
that could add relevant prognostic information to the tra-
ditional factors has become one of the goals of recent
research. Our results show a correlation between certain
biological markers and clinicopathological prognostic
factors in surgically staged primary endometrial cancer. 

Elevated p53 expression significantly correlated with
poor differentiation and deep myometrial invasion in
endometrial tumors. A number of works confirm associ-
ation between elevated p53 expression and unfavorable
prognostic factors in women with primary endometrial
cancer [28-31]. This is in accordance with our finding of
p53 overexpression in endometrial tumors with deep
endometrial invasion. Contrary to the present series

where p53 positivity was similar in lymph node positive
and lymph node negative tumors, Mariani et al. describe
p53 as the only molecular marker able to predict distant
metastases independent of other histopathological,
molecular and cytokinetic parameters [18]. Furthermore,
various authors confirm a much higher p53 expression in
serous tumors and clear cell tumors than in endometrial
cancer, which supports the hypothesis of mutation of
gene p53 as a late event in endometrial cancer and con-
trarily an early event during the development of rare
endometrial tumors [32-34]. The results of Halperin et al.
regarding p53 immunoreactivity in G3 tumors and papil-
lary serous tumors demonstrate the uniqueness of G3
tumors, which are histopathologically more similar to
papillary serous tumors than to endometrial cancer. G3
tumors probably follow a different path of carcinogenesis
than G1 and G2 tumors [32, 35]. Our results assume the
same conclusion.

The antiapoptotic gene bcl-2 regulates programmed
cell death and thus lengthens cell survival which aids in

Table 2. — Distribution of tumor positivity for several biological markers according to clinickopathological characteristics in
endometrial cancer.

Parameter No. of p53 positive bcl-2 positive neu positive Ki-67 positive ER positive PR positive No. of MMP-7 positive MMP-26 positive
cases no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) cases no. (%) no. (%)

All cases 107 29 (27.1) 74 (69.2) 32 (29.9) 50 (46.7) 79 (73.8) 90 (84.1) 50 25 (50.0) 29 (58.0)
Age (years)
≤ 65 58 16 (27.6) 39 (67.2) 21 (36.2) 26 (44.8) 43 (74.1) 48 (82.8) 32 19 (59.4) 16 (50.0)
> 65 49 13 (26.5) 35 (71.5) 11 (22.4) 24 (49.0) 36 (73.5) 42 (85.7) 18 6 (33.3) 13 (72.2)
Significance p = 0.903 p = 0.640 p = 0.121 p = 0.668 p = 0.938 p = 0.677 p = 0.077 p = 0.126
FIGO stage
I-II 91 25 (27.4) 66 (72.5) 27 (29.7) 40 (44.0) 69 (75.8) 80 (87.9) 42 21 (50.0) 26 (61.9)
III-IV 16 4 (25.0) 8 (50.0) 5 (31.3) 10 (62.5) 10 (62.5) 10 (62.5) 8 4 (50.0) 3 (37.5)
Significance p = 1.000 p = 0.084 p = 1.000 p = 0.170 p = 0.354 p = 0.020 p = 1.000 p = 0.255
Grade
G1-G2 81 18 (22.2) 56 (69.1) 24 (29.6) 35 (43.2) 65 (80.2) 72 (88.9) 37 19 (51.3) 23 (62.2)
G3 26 11 (42.3) 18 (69.2) 8 (30.8) 15 (57.7) 14 (53.8) 18 (69.2) 13 6 (46.2) 6 (46.2)
Significance p = 0.045 p = 0.993 p = 0.912 p = 0.198 p = 0.008 p = 0.028 p = 0.747 p = 0.314
Myometrial invasion
Absent < 50% 63 12 (19.0) 42 (66.7) 15 (23.8) 25 (39.7) 47 (74.6) 54 (85.7) 29 13 (44.8) 16 (55.2)
> 50% 44 17 (38.6) 32 (72.7) 17 (38.6) 25 (56.8) 32 (72.7) 36 (81.8) 21 12 (57.1) 13 (61.9)
Significance p = 0.025 p = 0.504 p = 0.099 p = 0.080 p = 0.828 p = 0.587 p = 0.390 p = 0.634
Lymph node status
Negative 94 26 (27.7) 66 (70.2) 29 (30.9) 42 (44.7) 71 (75.5) 82 (87.2) 43 22 (51.2) 26 (60.5)
Positive 13 3 (23.1) 8 (61.5) 3 (23.1) 8 (61.5) 8 (61.5) 8 (61.5) 7 3 (42.9) 3 (42.9)
Significance p = 1.000 p = 0.534 p = 0.751 p = 0.254 p = 0.318 p = 0.032 p = 1.000 p = 0.434

Statistically significant.

Table 3. — Distribution of tumor positivity for several biological parameters according to ER and PR status.

Parameter No. of p53 positive bcl-2 positive c-erb/neu positive Ki-67 positive No. of MMP-7 pos MMP-26 positive
cases no. (%) no. (%) no. (%) no. (%) cases no. (%) no. (%)

All cases 107 29 (27.1) 74 (69.2) 32 (29.9) 50 (46.7) 50 25 (50.0) 29 (58.0)
ER status
Negative 28 10 (35.7) 13 (46.4) 6 (21.4) 13 (46.4) 7 5 (71.4) 5 (71.4)
Positive 79 19 (24.1) 61 (77.2) 26 (32.9) 37 (46.8) 43 20 (46.5) 24 (55.8)
Significance p = 0.233 p = 0.002 p = 0.254 p = 0.970 p = 0.417 p = 0.684
PR status
Negative 17 7 (41.2) 6 (35.3) 3 (17.6) 8 (47.1) 6 3 (50.0) 3 (50.0)
Positive 90 22 (24.4) 8 (75.6) 29 (32.2) 42 (46.7) 44 22 (50.0) 26 (59.1)
Significance p = 0.232 p = 0.001 p = 0.229 p = 0.976 p = 1.000 p = 0.686

Statistically significant.
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the spreading of the tumor process. A number of studies
have confirmed that bcl-2 expression increases in
endometrial hyperplasia and is decreased in endometrial
cancer. This loss of expression correlates with worse
prognosis, worse clinical stage, depth of myometrial
invasion and lymph node involvement [16, 28, 29, 36,
37]. The relation between loss of bcl-2 expression and
biological aggressiveness of endometrial cancer seems
paradox; the mechanism is not yet fully understood. Sim-
ilarly to Appel et al., we did not observe a correlation
between bcl-2 expression and degree of tumor differenti-
ation, depth of myometrial invasion and lymph node
involvement [38]. In accordance with works by other
authors, we demonstrated a significant positive correla-
tion between bcl-2 expression and positivity of hormonal
representation of ER and PR [16, 32, 36], which could be
an important prognostic factor for a negative prognosis.  

Elevated expression of Ki-67 indicates increased cellu-
lar mitotic activity and proliferation. A number of studies
have shown that Ki-67 is an independent prognostic indi-
cator of survival [30, 39-41]. Contrarily, Pansare et al. did
not show any correlation between Ki-67, histological
type, grade or clinical stage of the disease [42]. We
observed a trend of elevated Ki-67 expression in tumors
with deep invasion. Our results are partly in accordance
with works by Laxe et al. and Salvesen et al., who
demonstrated correlations between elevated expression of
Ki-67 with grading, depth of myometrial invasion and
risk of recurrence [13, 43]. 

The fact that increased expression of oncogene c-erbB-
2 correlates with worse prognosis has already been con-
firmed in various malignant tumors. According to certain
authors, increased expression correlates with grading,
depth of myometrial invasion and advanced disease stage
[44-47]. Morrison et al. recently in their extensive study
(483 cases) demonstrated that increased expression of c-
erbB-2 as an independent prognostic factor correlated
with worse survival [48]. Contrarily, Coronado et al. and
Czerwenka et al. did not confirm a significant depend-
ence with traditional prognostic factors of endometrial
cancer [49, 50]. A trend of increased expression in
patients with deep invasion was observed in our series,
which correlates with the above-mentioned study results.
Due to often opposing study results, the utilization of this
factor remains ambiguous.  

ER and PR are present in both normal endometrial
tissue and endometrial cancer. Based on the results of
various authors, the presence and amount of steroid
receptors correlate with the clinical stage of the disease,
histological grade and survival. The absence of steroid
receptors is considered a negative prognostic factor of
aggressive growth and poor prognosis [51-54]. Expres-
sion of ER in our work reached statistical significance in
dependence on histopahological grading. PR expression
correlated inversely with clinical Stage III-IV, poor tumor
differentiation and extrauterine spread of tumor. This
result is in accordance with the above-mentioned works;
in addition, it seems that PR may be a stronger prognos-
tic factor than ER, as supported by other authors [54-56].

An important member of the family of metallopro-
teinases with epithelial expression is MMP-7 (matrilysin-
1), whose expression was captured in both normal and
malignant epithelial cells. There is a limited number of
published studies involving expression of MMP-7 in
endometrial cancer. Ueno et al. demonstrated that
increased MMP-7 expression correlated with a worse
clinical disease stage and with presence of lymphatic
metastases [24]. A similar trend was described by
Graesslin et al. and Wang et al. [24, 57]. Contrary to
these results, our work showed a trend of higher MMP-7
expression in patients under age 65. 

Another member of the subfamily of matrilysin
enzymes was described as MMP-26 (matrilysin-2).
MMP-26 is also expressed in various tissues, including
endometrial cancer. It has been established that MMP-26
expression specifically fluctuates during the menstrual
cycle. Findings of elevated mid-cycle levels and in hyper-
plastic endometrium and contrarily low levels in the late
phase of the cycle and in endometrial cancer point to an
association with estrogen receptors. Isaka et al. and Pilka
et al. demonstrated a significantly decreased MMP-26
expression in endometrial cancer, which is in discordance
with the results of Tunuguntla et al., who describe
increased immunohistochemical expression of MMP-26
in poorly differentiated endometrial cancer [22, 23, 26].
Our study did not show dependence on classical prognos-
tic factors of endometrial cancer.

Conclusion

In conclusion, our findings suggest that there is no
simple relationship between the determination of various
immunohistochemical parameters and the biological
aggressiveness of endometrial cancer. The results of our
work show that besides clinicopathological factors,
molecular biological prognostic factors may contribute to
better tumor characterization and thus more precisely
determine its clinical behavior. For the eventual practical
diagnostically therapeutic use of molecular biological
factors, additional studies are needed. 

Acknowledgement

This study was supported by IGA MZ CR grant NR 9098-
4/2006.

References
[1] Parker S.L., Tong T., Bolden S.,Wingo P.A.: “Cancer statistics,

1996”. CA Cancer J. Clin., 1996, 46, 5.
[2] Ayhan A., Tuncer R., Tuncer Z.S., Yuce K., Kucukali T.: “Corre-

lation between clinical and histopathologic risk factors and lymph
node metastases in early endometrial cancer (a multivariate analy-
sis of 183 cases)”. Int. J. Gynecol. Cancer, 1994, 4, 306.

[3] Mariani A., Sebo T.J., Katzmann J.A., Keeney G.L., Roche P.C.,
Lesnick T.G. et al.: “Pretreatment assessment of prognostic indi-
cators in endometrial cancer”. Am. J. Obstet. Gynecol., 2000, 182,
1535.

[4] Mariani A., Webb M.J., Keeney G.L., Aletti G., Podratz K.C.:
“Predictors of lymphatic failure in endometrial cancer”. Gynecol.
Oncol., 2002, 84, 437.



R. Pilka, I. Marková, M. Dušková, M. Procházka, M. Tozzi, M. Kudela 534

[5] Morrow C.P., Bundy B.N., Kurman R.J., Creasman W.T., Heller
P., Homesley H.D. et al.: “Relationship between surgical-patho-
logical risk factors and outcome in clinical Stage I and II carci-
noma of the endometrium: a Gynecologic Oncology Group
study”. Gynecol. Oncol., 1991, 40, 55.

[6] Ehrlich C.E., Young P.C., Cleary R.E.: “Cytoplasmic progesterone
and estradiol receptors in normal, hyperplastic, and carcinomatous
endometria: therapeutic implications”. Am. J. Obstet. Gynecol.,
1981, 141, 539.

[7] Kauppila A.: “Oestrogen and progestin receptors as prognostic
indicators in endometrial cancer. A review of the literature”. Acta
Oncol., 1989, 28, 561.

[8] Kohler M.F., Berkholz A., Risinger J.I., Elbendary A., Boyd J.,
Berchuck A.: “Mutational analysis of the estrogen-receptor gene
in endometrial carcinoma”. Obstet. Gynecol., 1995, 86, 33.

[9] Palmer D.C., Muir I.M., Alexander A.I., Cauchi M., Bennett R.C.,
Quinn M.A.: “The prognostic importance of steroid receptors in
endometrial carcinoma”. Obstet. Gynecol., 1988, 72, 388.

[10] Runowicz C.D., Nuchtern L.M., Braunstein J.D., Jones J.G.: “Het-
erogeneity in hormone receptor status in primary and metastatic
endometrial cancer”. Gynecol. Oncol., 1990, 38, 437.

[11] Sivridis E., Giatromanolaki A., Koukourakis M., Anastasiadis P.:
“Endometrial carcinoma: association of steroid hormone receptor
expression with low angiogenesis and bcl-2 expression”. Virchows
Arch., 2001, 438, 470.

[12] Kinzler K.W., Vogelstein B.: “Cancer therapy meets p53”. N. Engl.
J. Med., 1994, 331, 49.

[13] Lax S.F., Pizer E.S., Ronnett B.M., Kurman R.J.: “Clear cell car-
cinoma of the endometrium is characterized by a distinctive profile
of p53, Ki-67, estrogen, and progesterone receptor expression”.
Hum. Pathol., 1998, 29, 551.

[14] Risinger J.I., Maxwell G.L., Chandramouli G.V., Jazaeri A., Apre-
likova O., Patterson T. et al.: “Microarray analysis reveals distinct
gene expression profiles among different histologic types of
endometrial cancer”. Cancer Res., 2003, 63, 6.

[15] Bell J.G., Minnick A., Reid G.C., Judis J., Brownell M.: “Rela-
tionship of nonstaging pathological risk factors to lymph node
metastasis and recurrence in clinical Stage I endometrial carci-
noma”. Gynecol. Oncol., 1997, 66, 388.

[16] Geisler J.P., Geisler H.E., Wiemann M.C., Zhou Z., Miller G.A.,
Crabtree W.: “Lack of bcl-2 persistence: an independent prognos-
tic indicator of poor prognosis in endometrial carcinoma”.
Gynecol. Oncol., 1998, 71, 305.

[17] Ikawa S., Sano T., Furumoto H., Aono T.: “Multidirectional differ-
entiation of endometrial carcinoma with special reference to tumor
aggressiveness evaluated by Ki-67 expression”. Gynecol. Oncol.,
1999, 72, 323.

[18] Mariani A., Sebo T.J., Webb M.J., Riehle D., Katzmann J.A., Keeney
G.L. et al.: “Molecular and histopathologic predictors of distant
failure in endometrial cancer”. Cancer Detect. Prev., 2003, 27, 434.

[19] Oreskovic S., Babic D., Kalafatic D., Barisic D., Beketic-Oreskovic
L.: “A significance of immunohistochemical determination of
steroid receptors, cell proliferation factor Ki-67 and protein p53 in
endometrial carcinoma”. Gynecol. Oncol., 2004, 93, 34.

[20] Peiro G., Mayr D., Hillemanns P., Lohrs U., Diebold J.: “Analysis
of HER-2/neu amplification in endometrial carcinoma by chro-
mogenic in situ hybridization. Correlation with fluorescence in
situ hybridization, HER-2/neu, p53 and Ki-67 protein expression,
and outcome”. Mod. Pathol., 2004, 17, 227.

[21] Chambers A.F., Matrisian L.M.: “Changing views of the role of
matrix metalloproteinases in metastasis”. J. Natl. Cancer Inst.,
1997, 89, 1260.

[22] Isaka K., Nishi H., Nakai H., Nakada T., Feng Li Y., Ebihara Y., et al.:
“Matrix metalloproteinase-26 is expressed in human endometrium
but not in endometrial carcinoma”. Cancer, 2003, 97, 79.

[23] Pilka R., Norata G.D., Domanski H., Andersson C., Hansson S.,
Eriksson P. et al.: “Matrix metalloproteinase-26 (matrilysin-2)
expression is high in endometrial hyperplasia and decreases with
loss of histological differentiation in endometrial cancer”.
Gynecol. Oncol., 2004, 94, 661.

[24] Ueno H., Yamashita K., Azumano I., Inoue M.,Okada Y.:
“Enhanced production and activation of matrix metalloproteinase-
7 (matrilysin) in human endometrial carcinomas”. Int J Cancer,
1999, 84. 470.

[25] Graesslin O., Cortez A., Fauvet R., Lorenzato M., Birembaut P.,
Darai E.: “Metalloproteinase-2, -7 and -9 and tissue inhibitor of
metalloproteinase-1 and -2 expression in normal, hyperplastic and
neoplastic endometrium: a clinical-pathological correlation
study”. Ann. Oncol., 2006, 17, 637.

[26] Tunuguntla R., Ripley D., Sang Q.X., Chegini N.: “Expression of
matrix metalloproteinase-26 and tissue inhibitors of metallopro-
teinases TIMP-3 and -4 in benign endometrium and endometrial
cancer”. Gynecol. Oncol., 2003, 89, 453.

[27] Benedet J.L., Bender H., Jones H. 3rd, Ngan H.Y., Pecorelli S.:
“FIGO staging classifications and clinical practice guidelines in
the management of gynecologic cancers. FIGO Committee on
Gynecologic Oncology”. Int. J. Gynaecol. Obstet., 2000, 70, 209.

[28] Erdem O., Erdem M., Dursun A., Akyol G., Erdem A.: “Angiogen-
esis, p53, and bcl-2 expression as prognostic indicators in endome-
trial cancer: comparison with traditional clinicopathologic vari-
ables”. Int. J. Gynecol. Pathol., 2003, 22, 254.

[29] Ohkouchi T., Sakuragi N., Watari H., Nomura E., Todo Y., Yamada
H. et al.: “Prognostic significance of Bcl-2, p53 overexpression,
and lymph node metastasis in surgically staged endometrial carci-
noma”. Am. J. Obstet. Gynecol., 2002, 187, 353.

[30] Salvesen H.B., Iversen O.E., Akslen L.A.: “Prognostic significance of
angiogenesis and Ki-67, p53, and p21 expression: a population-based
endometrial carcinoma study”. J. Clin. Oncol., 1999, 17, 1382.

[31] Soong R., Knowles S., Williams K.E., Hammond I.G., Wysocki
S.J., Iacopetta B.J.: “Overexpression of p53 protein is an inde-
pendent prognostic indicator in human endometrial carcinoma”.
Br. J. Cancer, 1996, 74, 562.

[32] Halperin R., Zehavi S., Habler L., Hadas E., Bukovsky I., Schnei-
der D.: “Comparative immunohistochemical study of endometri-
oid and serous papillary carcinoma of endometrium”. Eur. J.
Gynaecol. Oncol., 2001, 22, 122.

[33] Tashiro H., Isacson C., Levine R., Kurman R.J., Cho K.R., Hedrick
L.: “p53 gene mutations are common in uterine serous carcinoma
and occur early in their pathogenesis”. Am. J. Pathol., 1997, 150, 177.

[34] Zheng W., Cao P., Zheng M., Kramer E.E., Godwin T.A.: “p53
overexpression and bcl-2 persistence in endometrial carcinoma:
comparison of papillary serous and endometrioid subtypes”.
Gynecol. Oncol., 1996, 61, 167.

[35] Inoue M.: “Current molecular aspects of the carcinogenesis of the
uterine endometrium”. Int. J. Gynecol. Cancer, 2001, 11, 339.

[36] Sakuragi N., Ohkouchi T., Hareyama H., Ikeda K., Watari H., Fuji-
moto T. et al.: “Bcl-2 expression and prognosis of patients with
endometrial carcinoma”. Int. J. Cancer, 1998, 79, 153.

[37] Yamauchi N., Sakamoto A., Uozaki H., Iihara K., Machinami R.:
“Immunohistochemical analysis of endometrial adenocarcinoma
for bcl-2 and p53 in relation to expression of sex steroid receptor
and proliferative activity”. Int. J. Gynecol. Pathol., 1996, 15, 202.

[38] Appel M.L., Edelweiss M.I., Fleck J., Rivero L.F., Rivoire W.A.,
Monego H.I. et al.: “P53 and BCL-2 as prognostic markers in
endometrial carcinoma”. Pathol. Oncol. Res., 2008, 14, 23.

[39] Geisler J.P., Geisler H.E., Miller G.A., Wiemann M.C., Zhou Z.,
Crabtree W.: “MIB-1 in endometrial carcinoma: prognostic signif-
icance with 5-year follow-up”. Gynecol. Oncol., 1999, 75, 432.

[40] Geisler J.P., Wiemann M.C., Zhou Z., Miller G.A., Geisler H.E.:
“p53 as a prognostic indicator in endometrial cancer”. Gynecol.
Oncol., 1996, 61, 245.

[41] Nordstrom B., Strang P., Bergstrom R., Nilsson S., Tribukait B.:
“A comparison of proliferation markers and their prognostic value
for women with endometrial carcinoma. Ki-67, proliferating cell
nuclear antigen, and flow cytometric S-phase fraction”. Cancer,
1996, 78, 1942.

[42] Pansare V., Munkarah A. R., Schimp V., Haitham Arabi M., Saed
G.M., Morris R.T. et al.: “Increased expression of hypoxia-
inducible factor 1alpha in type I and type II endometrial carcino-
mas”. Mod. Pathol., 2007, 20, 35.

[43] Salvesen H.B., Iversen O.E., Akslen L.A.: “Identification of high-
risk patients by assessment of nuclear Ki-67 expression in a
prospective study of endometrial carcinomas”. Clin. Cancer Res.,
1998, 4, 2779.

[44] Ioffe O.B., Papadimitriou J.C., Drachenberg C.B.: “Correlation of
proliferation indices, apoptosis, and related oncogene expression
(bcl-2 and c-erbB-2) and p53 in proliferative, hyperplastic, and
malignant endometrium”. Hum. Pathol., 1998, 29, 1150.



Immunohistochemical evaluation and lymph node metastasis in surgically staged endometrial carcinoma  535

[45] Khalifa M.A., Mannel R.S., Haraway S.D., Walker J., Min K.W.:
“Expression of EGFR, HER-2/neu, p53, and PCNA in endometri-
oid, serous papillary, and clear cell endometrial adenocarcino-
mas”. Gynecol. Oncol., 1994, 53, 84.

[46] Matias-Guiu X., Catasus L., Bussaglia E., Lagarda H., Garcia A.,
Pons C. et al.: “Molecular pathology of endometrial hyperplasia
and carcinoma”. Hum. Pathol., 2001, 32, 569.

[47] Williams J.A. Jr., Wang Z.R., Parrish R.S., Hazlett L.J., Smith
S.T., Young S.R.: “Fluorescence in situ hybridization analysis of
HER-2/neu, c-myc, and p53 in endometrial cancer”. Exp. Mol.
Pathol., 1999, 67, 135.

[48] Morrison C., Zanagnolo V., Ramirez N., Cohn D. E., Kelbick N.,
Copeland L., et al.: “HER-2 is an independent prognostic factor in
endometrial cancer: association with outcome in a large cohort of
surgically staged patients”. J Clin Oncol, 2006, 24. 2376.

[49] Coronado P.J., Vidart J.A., Lopez-asenjo J.A., Fasero M., Furio-
bacete V., Magrina J. et al.: “P53 overexpression predicts endome-
trial carcinoma recurrence better than HER-2/neu overexpres-
sion”. Eur. J. Obstet. Gynecol. Reprod. Biol., 2001, 98,103.

[50] Czerwenka K., Lu Y., Heuss F.: “Amplification and expression of
the c-erbB-2 oncogene in normal, hyperplastic, and malignant
endometria”. Int. J. Gynecol. Pathol., 1995, 14, 98.

[51] Ferrandina G., Ranelletti F.O., Gallotta V., Martinelli E., Zannoni
G.F., Gessi M. et al.: “Expression of cyclooxygenase-2 (COX-2),
receptors for estrogen (ER), and progesterone (PR), p53, ki67, and
neu protein in endometrial cancer”. Gynecol. Oncol., 2005, 98,
383.

[52] Jazaeri A.A., Nunes K.J., Dalton M.S., Xu M., Shupnik M.A.,
Rice L.W.: “Well-differentiated endometrial adenocarcinomas and
poorly differentiated mixed mullerian tumors have altered ER and
PR isoform expression”. Oncogene, 2001, 20, 6965.

[53] Kadar N., Malfetano J.H., Homesley H.D.: “Steroid receptor con-
centrations in endometrial carcinoma: effect on survival in surgi-
cally staged patients”. Gynecol. Oncol., 1993, 50, 281.

[54] Nyholm H.C., Christensen I.J., Nielsen A.L.: “Progesterone recep-
tor levels independently predict survival in endometrial adenocar-
cinoma”. Gynecol. Oncol., 1995, 59, 347.

[55] Fukuda K., Mori M., Uchiyama M., Iwai K., Iwasaka T., Sugimori H.:
“Prognostic significance of progesterone receptor immunohistochem-
istry in endometrial carcinoma”. Gynecol. Oncol., 1998, 69, 220.

[56] Morris P.C., Anderson J.R., Anderson B., Buller R.E.: “Steroid
hormone receptor content and lymph node status in endometrial
cancer”. Gynecol. Oncol., 1995, 56, 406.

[57] Wang F.Q., So J., Reierstad S., Fishman D.A.: “Matrilysin (MMP-
7) promotes invasion of ovarian cancer cells by activation of prog-
elatinase”. Int. J. Cancer, 2005, 114, 19.

Address reprint requests to:
R. PILKA, M.D.
Department of Obstetrics and Gynaecology
Medical Faculty of Palacky University
I.P. Pavlova 6
77520 Olomouc (Czech Republic)
e-mail: radovan.pilka@fnol.cz

International Gynecologic Cancer Society (IGCS)

IGCS Regional Meeting on Gynecologic Cancers
In collaboration with

Association of Gynecologic Oncologists of India (AGOI)
and will All India Institute of Medical Sciences (AIIMS)

April 2-3, 2011 - New Delhi, India

http://www2.kenes.com/IGCS/Pages/home.as

Fr
ee

 o
f 

ch
ar

ge


