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Abstract To assess the immuno-histochemical expression
of various markers in, endometrial biopsies of patients with
endometrial cancer, and to correlate their expression with
the final pathologic findings. Sixty-two patients with prima-
ry endometrial cancer who underwent surgical treatment
were included in this study. Immuno-histochemical expres-
sion of estrogen receptor (ER), progesterone receptor (PR),
p53, bcl-2, Her-2/neu and Ki-67 were assessed in curettage
specimens, and review of the final pathology report
from hysterectomy specimens was carried out. The ex-
pression of these markers in curettage was correlated
with the final tumor characteristics obtained on hyster-
ectomy specimens. Both ER and PR were significantly
more expressed in endometrioid type (EC) than non-
endometrioid type (NEC) (P value of 0.004 and 0.012).
On the contrary, P53, Her-2 and Ki-67 showed higher
positivity in NEC than EC (P value of 0.005, 0.025 and
0.002). Positive expression of ER and PR was significantly
associated with low grade tumors and superficial myometrial
invasion, whereas positive expression of Her-2 and Ki-67
was significantly associated with higher grade lesions,
and deep myometrial invasion. Moreover, a statistically

significant inverse relationship was observed between the
positivity of P53, Her-2 and Ki-67 and the positivity of ER,
PR. We found that determination of immuno-histochemical
markers in curettage specimens might be helpful in predicting
the final pathologic findings in patients with endometrial
cancer. This might be helpful in planning the extensivity of
the surgery.
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Introduction

Endometrial cancer is the most common gynecological
cancer in the developed world [1]. Traditionally, endome-
trial cancer is divided into two groups: type 1(endome-
trioid) and type 2 (non endometrioid) according to their
etiologic and pathologic features [2]. The majority of
endometrial cancers is low grade, early stage and carries
an excellent prognosis.

The initial diagnosis and subsequent management of
endometrial cancer is usually based on the results of curet-
tage specimens. The International Federation of Gynecology
and Obstetrics implemented a surgical staging system for
endometrial cancer [3]. The surgical procedure typically
consists of hysterectomy, bilateral salpingo-oophorectomy,
and retroperitoneal lymphadenectomy, including para-aortic
nodes. However, lymphadenectomy, including para-aortic
nodes in the surgical management of all Patients with endo-
metrial cancer, remains controversial [4, 5].

The depth of myometrial invasion and tumor grade are the
most important prognostic factors in endometrial carcinoma.
They are usually used to determine the initial surgery and the
need for lymphadenectomy. Different methods have been
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used preoperatively and intraoperatively to assess the tumor
grade and myometrial invasion. Computed tomography,
ultrasonography, and magnetic resonance imaging (MRI)
have all been used, with contrast enhanced MRI exhibiting
the greatest efficacy [6]. Also, intraoperative gross exami-
nation of myometrial invasion [7], as well as frozen section
to evaluate the tumor grade [8, 9] has been used, with
controversial results [10].

Correlations between estrogen and progesterone recep-
tors status in endometrial cancer and known prognostic
parameters such as tumor grade, tumor stage and depth
of myometrial invasion have been well documented
[11–13]. The expression of these receptors is associated
with well-differentiated tumors and correlates with dis-
ease stage and survival [14–17]. On the other hand,
overexpression of P53, HER2/neu correlates with more
aggressive tumors, advanced disease stage and decreased
survival [18–23].

The Ki-67 nuclear antigen expression has been evaluated
as a prognostic marker in endometrial cancer. Most endo-
metrial carcinomas express low Ki-67 proliferation index
and have a good prognosis. Correlation with tumor grade,
disease stage and histologic types has been confirmed in
several studies [24, 25].

The oncogene bcl-2 is another marker studied in endo-
metrial cancer. Loss of expression of bcl-2 is associated with
worse prognosis, deep myometrial invasion and more ad-
vanced disease stage [26, 27].

The expression of these markers has been commonly
performed on hysterectomy specimens. Currently, there is
an effort to use the expression of these biomarkers to iden-
tify high risk groups which would benefit from more radical
treatment, and allowing more conservative therapy for
patients with good prognosis, thus avoiding both overtreat-
ment and under treatment. Therefore, the aim of this study
was to evaluate the immunohistochemical expression of
various markers (ER, PR, Her-2, P53, bcl-2 and Ki-67) in
endometrial cancer and to correlate their expression in cu-
rettage specimens with final pathological findings at hyster-
ectomy specimens. If we were able to preoperatively
estimate the biologic behavior of endometrial cancer using
the expression of these markers, this will help to decide on
the extensivity of the surgical procedure required.

Materials and Methods

Between January 2003 and December 2010, all cases of
primary endometrial cancers treated at King Abdullah Uni-
versity Hospital were identified. Cases were included in the
study if both curettage and hysterectomy specimens were
available for review. All patients diagnosed with endometrial
cancer on curettage specimens underwent surgical staging

including abdominal hysterectomy, bilateral salpingoopherec-
tomy. Lymphadenectomy was performed selectively accord-
ing to the surgeon’s decision.

Both curettage and final surgical specimens were reviewed
by two pathologists. According to the final hysterectomy
specimens, tumors were classified into two histologic types:
endometrioid carcinoma (EC) and non-endometrioid carcino-
ma (NEC). The clinical stage and tumor grade were assessed
according to the International Federation of Gynecology and
Obstetrics system of classification (FIGO 1988). Data collect-
ed included patient’s age, depth of myometrial invasion, grade
and stage of the tumor and the histologic type of the tumor.

Immunohistochemical staining was performed on curet-
tage specimens according to standard protocol. Selected
paraffin blocks were cut at 4 μm thickness and mounted
on coated and charged slides (Super frost plus-Diapath).
Sections were then dried in oven for one hour and then
treated with two changes of xylene for dewaxing and finally
hydrated through serial descending grades of ethyl alcohol.
Antigen retrieval was performed using Nuve OT012 auto-
clave (Thermolabs industries). Slides were placed in citrate
buffer and heated for 5 min at 121 C. After cooling slides
were washed with PBS buffer and then covered by 3 %
H2O2 for 10 min to block endogenous peroxidase activity.
Slides are then washed again with PBS and covered by the
selected primary antibodies for 45 min. The primary anti-
bodies used in this study were: anti-ER mouse antihuman
monoclonal antibodies 1D5, anti-PR mouse antihuman
monoclonal antibodies clone pgR636, rabbit antihuman
Ki-67 antigen monoclonal antibodies clone M1B-1, mouse
antihuman p53 protein monoclonal antibodies DO-7, poly-
clonal rabbit anti-C-erbB-2 oncoprotein (Dako A0485)
monoclonal mouse anti-bcl2 oncoprotein (clone 124), using
original DAKO kit (DAKO Corporation, Denmark). After
washing with PBS twice, the second layer (Dako dual link
envision, Dako K4061) was placed for 30 min. Slides were
then washed twice with PBS and signal detection was per-
formed using liquid DAB substrate system. (Dako-K3468).
Slides were finally counter stained with Mayers hematoxy-
lin and mounted with DPX.

The analysis was performed with positive controls.
Patients with normal or premalignant endometrium were
excluded from the study.

Immunohistochemical analysis of tissue sections was
done by one pathologist to reduce the amount of error in
interpretation. The pathologist was blinded to the clinico-
pathologic features of the specimens. For estrogen receptors
(ER) and progesterone receptors (PR), immunohistochemi-
cal results were evaluated for percentage of nuclear staining
and intensity of staining. The results were recorded as 3+ for
strong or weak nuclear staining in >50 % of cells, 2+ for
strong or weak nuclear staining in >10 % to 50 % of cells,
and 1+ for strong or weak nuclear staining in 10 % or less.
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Cases with no evidence of nuclear staining were recorded as
0. HER2 expression was recorded as 3+ for complete mem-
branous staining in greater than 10 % of tumor cells of
strong intensity, 2+ for complete membranous staining in
greater than 10 % of tumor cells with moderate intensity, 1+
for incomplete membranous staining or complete membra-
nous staining in less than 10 % of tumor cells, and 0 for no
staining or staining without membranous pattern. Expression
for ER, PR and HER2 was designated as positive for 3+
and 2+, and negative for 1+ and 0.

Specimens were considered immunopositive for P53 and
bcl-2 when 10 % or more of tumor cells showed clear evi-
dence of nuclear or cytoplasmic staining respectively. For Ki-
67, the actual percentage of cells stained was recorded. Speci-
mens with nuclear staining of 50 % or higher of tumors cells
were considered Ki-67 positive. Figure 1 shows examples of
immuno-histochemical staining of curettage specimens.

Statistical analysis was performed using The Statistical
Package for Social Sciences (SPSS) 17.0 for Microsoft
Windows. Chi-square test and Fisher exact test were used
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Fig. 1 Immunohistochemistry
in curettage specimens of
endometrial cancer, showing
positive ER (a), positive PR
(b), positive p53 (c), positive
Bcl2 (d), positive HER/2 (e),
positive ki67 (f)

Table 1 Characteristics
of endometrial cancer
patients

Characteristic No. (%)

All cases 62

Histologic type

Endometrioid 53(85.5 %)

Non-endometrioid 9(14.5 %)

Stage

Early 49(79 %)

Advanced 13(21 %)

Grade

G1 29(46.8 %)

G2 21(33.9 %)

G3 12(19.4 %)

Myometrial invasion

<50 % 40(64.5 %)

>50 % 22(35.5 %)
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to evaluate the relation between clinicopathological parame-
ters and immunohistochemical markers, as well as the relation
between immunohistochemical markers and steroid hormone
receptor status. A P-value of <0.05 was considered signifi-
cant. The study was approved by the local ethical committee.

Results

During the period of study, a total of sixty-two cases were
identified. The curettage diagnoses were compared to those
from the hysterectomy. Diagnostic agreement regarding his-
tologic type and grade was observed in 92.5 % and 68 %
respectively.

The mean age of the patients was 57.8 (range 30–
80 years). The final hysterectomy specimens consisted of
53 cases (85.5 %) of endometrioid carcinoma (EC) and 9
cases (14.5 %) of non-endometrioid carcinoma (NEC).
Clinico-pathological details of the patients are shown in
Table 1. Non-endometrioid type of endometrial cancer was
found to be significantly associated with more advanced
stage, higher grade and deeper myometrial invasion com-
pared with endometrioid type.

Immuno-Histochemical Analysis

Among all patients, positive expression of ER, PR, P53, bcl-
2, Her2/neu and Ki-67 was observed in 52(83.9 %), 54

(87.1 %), 21(33.9 %), 29(46.8 %), 20(32.3 %) and 31
(50 %) of endometrial cancer specimens respectively. Both
ER and PR were significantly more expressed in EC than
NEC types (P value of 0.004 and 0.012). On the contrary,
P53, Her-2/neu and Ki-67 showed higher positivity in NEC
than EC (P value of 0.005, 0.025 and 0.002 respectively).
There was no significant difference in the positivity of bcl2
between the two types, Table 2.

Positive expression of ER and PR was significantly as-
sociated with low grade tumors (P value of 0.000 and 0.000
respectively), whereas positive expression of P53, Her-2/
neu and Ki-67 was significantly associated with higher
grade lesions (P value of 0.015, 0.003 and 0.000 respective-
ly). Bcl-2 was more expressed in low grade lesions, but the
difference was not statistically significant, Table 3.

The expression of the markers in curettage specimens did
not show any significant relation to the final disease stage as
evaluated in the hysterectomy specimens.We observed a slight
increase in Her-2 positivity in advanced stages (Table 4).

The relation between markers positivity and depth of myo-
metrial invasion is shown in Table 5. Positive ER, and PR, bcl-
2 expression was significantly associated with myometrial
invasion of less than 50 %. However, high Ki-67 proliferative
index was significantly associated with deep myometrial in-
vasion. We also observed a significant increased Her-2 ex-
pression when myometrial invasion exceeded 50 %.
Expression of P53 was not related to the depth of invasion.

Table 3 Markers positivity and grades of endometrial cancer

Marker Grade 1–2 Grade 3 P value
(n050) (n012)

ER 47(94 %) 5(41.7 %) 0.000

PR 48(96 %) 6(50.0 %) 0.000

P53 13(26 %) 8(66.7 %) 0.015

BCL2 25(50 %) 4(33.3 %) 0.473

Her2 12(24 %) 8(66.7 %) 0.013

Ki 67 19(38 %) 12(100 %) 0.000

Table 4 Markers positivity and endometrial stages

Marker Early stagea Advanced stageb P value
(n049) (n013)

ER 43(87.9%) 9(69.2 %) 0.196

PR 44(89.8 %) 10(76.9 %) 0.347

P53 16(32.7 %) 5(38.5 %) 0.748

Bcl-2 22(44.9 %) 7(53.8 %) 0.756

Her2/neu 13(26.5 %) 7(53.8 %) 0.094

Ki-67 22(44.9 %) 9(69.2 %) 0.211

a stage1-II
b stage III-IV

Table 5 Markers positivity and depth of myometrial invasion

Marker <50 % thickness >50 % thickness P value
(n040) (n022)

ER 38(95.0 %) 14(63.6 %) 0.003

PR 38(95.0 %) 16(72.7 %) 0.019

P53 13(32.5 %) 8(36.4 %) 0.785

BCL2 23(57.5 %) 6(27.3 %) 0.033

Her2 9(22.5 %) 11(50.0 %) 0.046

Ki 67 14(35.0 %) 17(77.3 %) 0.003

Table 2 Markers positivity and histological types of endometrial
cancer specimens

Marker Endometrioid Non-Endometrioid Total P value
(n053) (n09) (n062)

ER 48(90.6 %) 4(44.4 %) 52(83.9 %) 0.004

PR 49(92.5 %) 5(55.6 %) 54(87.1 %) 0.012

P53 14(26.4 %) 7(77.8 %) 21(33.9 %) 0.005

Bcl-2 27(50.9 %) 2(22.2 %) 29(46.8 %) 0.155

Her2/neu 14(26.4 %) 6(66.7 %) 20(32.3 %) 0.025

Ki-67 22(41.5 %) 9(100 %) 31(50 %) 0.002
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P53, bcl-2, Her-2 and Ki-67 in Association with Steroid
Hormone Receptor Status

As shown in Table 6, a statistically significant inverse rela-
tionship was observed between the positivity of P53, Her-2
and Ki-67 and the positivity of ER, PR. The percentage of
P53-positive group, Her-2 positive group and Ki-67 positive
group were significantly higher in the ER-negative group
than in the ER-positive group (P value of 0.024, 0.009 and
0.012 respectively). The same finding was observed in
relation to the PR status.

On the contrary, no significant relation was observed
between bcl-2 positivity and ER, PR positivity. However,
a trend of higher bcl-2 positivity among ER, PR positive
groups was observed.

Discussion and Conclusion

The expression of various immunohistochemical markers in
different types of endometrial cancer has been addressed in
several studies. Our study showed that both ER and PR were
significantly more expressed in endometrioid (EC) than
non-endometrioid types (NEC). On the contrary, P53, Her-
2 and Ki-67 showed higher positivity in NEC than EC. Our
results are in concordance with the work of Halperin et al.
[15] who showed increased immunoreactivity for ER, PR
and bcl-2 and low expression of Her-2/neu in grade 1 and 2
endometrioid carcinoma, whereas serous papillary endome-
trial cancers were characterized by immunonegativity for
ER, PR and bcl-2 and high immunoreactivity for Her-2/
neu. However, in his work, Halperin et al. demonstrated
that the expression of Ki-67 did not differ significantly
comparing the different types of endometrial cancer. Various
authors confirmed a much higher P53 expression in serous
and clear cell tumors than in endometrioid tumors [15, 28].
Our data showed similar higher P53 expression in non-
endometrioid cancers compared to endometrioid type. Bcl-
2 expression in our study was not statistically different

between the two histologic types, which is in agreement
with other reports [28].

Several studies have shown a correlation between estro-
gen and progesterone receptors status in endometrial cancer
and known prognostic parameters such as tumor grade,
tumor stage and depth of myometrial invasion [11–13].
The expression of these receptors is associated with well-
differentiated tumors and correlates with disease stage and
survival [14–17]. Our work showed that the expression of
ER and PR was significantly associated with well- dif-
ferentiated tumors and tumors with superficial myome-
trial invasion. This is in agreement with the above
mentioned reports. Although, no significant relation to
clinical stage was observed in our study, this can be
explained by the predominance of low grade and early
stage tumors in our study.

Overexpression of P53 in patients with endometrial can-
cer has been shown to be associated with unfavourable
prognostic factors including poor differentiation, non endo-
metrioid histologic type and advanced stage [15, 21, 25, 26,
28]. Moreover, P53 overexpression has been reported as the
only marker able to predict distant metastases independent
of other parameters [23]. Our results are in agreement with
these reports. Moreover, positive P53 expression was found
in our study to be inversely related to the ER, PR status of
endometrial cancer.

Expression of the oncogene bcl-2 has been described to
be increased in endometrial hyperplasia and decreased in
endometrial cancer. Loss of expression of bcl-2 is associated
with worse prognosis, deep myometrial invasion and more
advanced disease stage [26, 27]. In our work, positive bcl-2
expression was significantly associated with myometrial
invasion of less than 50 %. However, no significant relation
was observed between bcl-2 expression and grade of tumor
and stage of the disease. This is in agreement with the work
done by other authors [29].

Increased expression of the oncogene Her-2/neu has
been described to be associated with high grade, deep
myometrial invasion and advanced disease stage [14].
Our results confirmed a significant relation between the
expression of Her-2 and high grade lesions and deep myo-
metrial invasion. We also observed a trend of increased
expression with advanced stage disease. This is in agree-
ment with the above report. Moreover, we confirmed a
statistically significant inverse relationship between the
positivity of Her-2 and the positivity of ER, PR. However,
this is contrary to the results of other authors [14, 30] who
confirmed no or positive relation between Her-2 expres-
sion and ER, PR positivity.

Ki-67 is a marker of cell proliferation. A number of
studies have shown a correlation between elevated expres-
sions of Ki-67 with grading, depth of myometrial invasion,
disease stage and histologic type [20, 24, 30]. In our work,

Table 6 Markers positivity in relation to ER,PR status

Total no. P53 Bcl-2 Her-2/neu Ki-67
(N062) n (%) n (%) n (%) n (%)

ER status

Negative 10 7(70) 4(40) 7(70) 9(90)

Positive 52 14(26.9) 25(48.1) 13(25) 22(42.3)

P value 0.024 0.738 0.009 0.012

PR status

Negative 8 7(87.5) 3(37.5) 6(75) 8(100)

Positive 54 14(25.9) 26(48.1) 14(25.9) 23(42.6)

P value 0.001 0.713 0.011 0.005
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we showed similar results. We confirmed that elevated
expression of Ki-67 was significantly associated with
higher grade lesion, deeper myometrial invasion and non-
endometrioid histologic types. Moreover, an inverse relation
between the expression of Ki-67 and ER, PR positivity was
observed in our study.

Other potential markers in endometrial carcinoma have
been described in recent reports. The tight junction (TJ)
proteins claudin-3 and claudin-4 expression was found to
be significantly higher in uterine serous papillary carcinoma
(USPC) and clear cell endometrial cancer compared to
endometrioid endometrial cancer. Moreover, expression of
both tight junction proteins was also found to be significant-
ly associated with poor clinical outcome [31]. The two types
of endometrial adenocarcinomas were well distinguished by
claudins 1 and 2 by immunohistochemistry [32]. Wilms
tumour gene 1(WT1) over expression was found to be
associated with advanced FIGO stage, myometrial invasion
and high-grade histological differentiation [33, 34].

Despite The limitation of our study (small sample size
and the relatively small proportion of high grade and ad-
vanced stage lesions), we have shown that, beside tradition-
al pathologic features, immunohistochemical markers in
curettage specimens might be beneficial in predicting final
tumor characteristics. Therefore, endometrial cancers diag-
nosed on curettage specimens might be classified on molec-
ular basis according to their immunohistochemical profile.
Tumors positive for ER, PR and negative for P53, Her2/neu
and Ki-67 could be regarded as low risk group which can be
treated by less radical surgery. To achieve this purpose, large
prospective comparative studies are needed.
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