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Abstract. Alterations of the retinoblastoma (Rb) gene have been described in several human neoplasms and recently, it has been
suggested that these alterations may play a role in the development of endometrial carcinomas. Paraffin sections from 31 cases
of normal endometrium (16 proliferative, 15 secretory), 35 hyperplastic lesions and 89 endometrial carcinomas were investigated
immunohistochemically for Rb protein (pRb) expression. The results were compared with p53 and c-erbB-2 protein expression,
estrogen (ER) and progesterone (PR) receptors’ status and with clinicopathological prognostic factors. pRb was expressed in
normal, hyperplastic and neoplastic epithelium. Proliferative endometrium showed more intense and extensive pRb staining
than secretory endometrium. pRb reactivity was heterogeneous in the hyperplastic endometrial cells. Lack or focal (< 10%
of endometrial cells) pRb immunostaining was noted in 56.2% and 27% of carcinomas, respectively. In the remaining cases
(16.8%) pRb staining was heterogeneous or diffuse. The absence or presence of pRb expression was independent of grade and
stage. In normal proliferative and secretory endometrium, pRb expression was correlated with PR (p = 0.006 andp = 0.001,
respectively), PCNA (p = 0.04 andp = 0.01, respectively) and MIB1 (p = 0.02 andp < 0.0001, respectively) expression.
In hyperplasias, pRb was related to PR (p = 0.016) and MIB1 (p < 0.0001) expression. In carcinomas, a relationship of pRb
expression with p53 (p = 0.0015), ER (p = 0.0002), PR (p = 0.0004) and PCNA (p = 0.013) status was detected. We suggest
that the absence or presence of pRb expression does not seem to be associated with the progression of endometrioid carcinoma.
In addition, pRb seems to be normally regulated in relation to the proliferative growth fraction of the tumours.
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1. Introduction

Endometrial carcinoma is the most common malig-
nant neoplasm of the female genital tract. Despite its
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relative frequency, the understanding of the molecular
events that contribute to the development and progres-
sion of this type of cancer remains poorly understood.

At the molecular genetic level, a series of changes
initiate and promote the progression towards the ma-
lignant phenotype. These changes can be subdivided
into discrete steps, involving activation of oncogenes
and inactivation of tumour suppressor genes, which in
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their totality contribute to the tumorigenic process. The
most common targets for genetic alteration across all
types of human cancer are the tumour suppressor genes
Rb and p53.

Understanding the role that Rb and p53 genes play
in human cancer, as well as their normal biochemical
function in growth control, has been the subject of re-
cent studies. Allelic losses or mutations of these genes
can occur either early or late in malignant progression,
depending on tumour type [6,8,40,42]. Whereas p53
gene mutations often result in the abnormal nuclear ac-
cumulation of the altered protein [13], the majority of
reported Rb mutations correspond to loss or reduced ex-
pression of the protein [15,16,26,37,42]; in a relatively
small percentage of the cases a nuclear reactivity may
be observed even in the presence of a mutation [33].
Moreover, it has been suggested that alteration in both
p53 and Rb genes may have cooperative tumorigenic
effects in mice [41] or may act in a synergistic or coop-
erative way to promote tumour progression in human
cancer [9].

Recently, abnormalities of the Rb gene have been re-
ported to contribute to the development of endometrial
cancer, but the existing studies are relatively few and
with conflicting results. Immunohistochemical pRb ex-
pression has been detected in the majority of endome-
trial cancer cases studied [30,31,33]. Analysis of the
Rb gene in endometrial carcinoma cell lines and en-
dometrial tumour tissue has shown that Rb mutation
or loss of heterozygosity are rare events in these tu-
mours [12,35,43].

Alterations of the p53 gene have been shown to be
among the most common molecular biologic changes
in endometrial cancer [1,23,34]. P53 protein over-
expression has been associated with high histological
grade, extensive myometrial invasion and lymph node
metastases [18,19,28].

Overexpression of c-erbB-2 protein is a frequent and
prognostically relevant event in a variety of human can-
cers. In tumours of hormonally sensitive tissues, such
as endometrial carcinoma, c-erbB-2 protein expression
has been correlated with advanced stage disease [4,20,
27] even though no correlation with stage or histologic
grade has also been reported [19].

In the present study we examined the immunohis-
tochemical expression of pRb in normal, hyperplastic,
and neoplastic epithelium in order to investigate its role
in endometrial cancer development and progression. In
addition, the correlation of pRb with traditional clini-
copathological prognostic factors as well as with mark-
ers of potential prognostic value such as p53, c-erbB-2,
hormone receptors (ER, PR) and proliferation associ-
ated indices (MIB-1, PCNA) has also been examined.

2. Materials and methods

We examined 60 surgical specimens from patients
with endometrial carcinoma. All women underwent
a total abdominal hysterectomy/bilateral salpingo-
oophorectomy and none received preoperative pelvic
radiation. In addition, samples of curetting adenocar-
cinoma (n = 29), hyperplasias (n = 35) and normal
endometrium (n = 31: 16 proliferative,15 secretory)
were also studied. Histologically, all carcinomas were
classified as endometrioid-type and in each case using
standard hematoxylin and eosin (H&E) morphologic
examination we evaluated the following parameters:
the nuclear and architectural grade, the mitotic activ-
ity expressed as the number of mitotic figures per 10
high-power fields (HPF), the presence of vessel inva-
sion and squamous differentiation. Histologic grading
and surgical staging was based on the revised FIGO
criteria [14].

2.1. Immunohistochemistry

Immunohistochemistry on one or two selected
blocks from each case was performed on 4µm tissue
sections using avidin-biotin complex immunoperoxi-
dase method. To unmask the epitopes of pRb, p53,
c-erbB-2 and MIB1, we microwaved the sections in
10 mM citrate buffer, pH= 6.0. ER, PR and PCNA
unmasking was achieved without using the heat medi-
ated antigen retrieval method. Subsequently, the sec-
tions were treated with 0.3 per cent hydrogen peroxide
(H2O2 in methanol) for 30 min to block endogenous
peroxidase and then incubated with primary antibod-
ies. The slides were counterstained in hematoxylin,
dehydrated and mounted.

To assess the specificity of the reaction positive and
negative control slides were used in each run. Positive
controls were consisted of breast cancer tissues known
to be positive for c-erbB-2, ER, PR and colon cancer
tissue known to be positive for p53. Tissue sections
subjected to the whole procedure expect for incuba-
tion with the primary antibody were used as “negative”
substitute. All controls gave satisfactory results.

The sources and dilution of the antibodies are shown
in Table 1.

2.2. Immunohistochemical evaluation

The immunoreactivity was interpreted by light-
microscopic examination and evaluated independently
by two observers. The staining was evaluated in the
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Table 1
Antibodies used

Antibodies Supplier Dilution Incubation time

Rb (AB-5) Oncogene 1: 80 Overnight∗
p53 (DO-7, IgG2b) Ylem 1: 200 One hour∗
C-erbB-2 (OM-11-925) ICI, Cambridge 1: 500 One hour∗
ER Dako 1: 50 One hour
PR Dako 1: 75 One hour
PC-10 Dako 1: 50 One hour
MIB1 (Ki-67 paraffin) Ylem 1: 10 Overnight∗

∗With microwave ovenantigen retrieval.

areas with well-preserved tissue morphology and away
from artifacts. Each sample was first scanned with a
low magnification, and at least 10 fields were assessed
with a high-power magnification.

We considered tissue samples as having a positive
pRb phenotype only when pure nuclear staining was
demonstrated. A weak concomitant cytoplasmic stain-
ing occasionally observed in some sections was prob-
ably nonspecific and therefore was not analysed. In
all cases there were normal cells such as stromal (fi-
broblasts), inflammatory (lymphocytes) and endothe-
lial cells that displayed pRb staining. These cells were
used as an internal positive control in order to interpret
pRb immunoreactivity.

Cases were scored as pRb negative if no nuclear
staining of endometrial cells or focal staining (< 10%
of cells) was observed and contiguous pRb positive
control cells were present. Cases were scored as pRb
positive if nuclear staining was heterogeneous (> 10%
of positive endometrial cells) or diffuse. Some pRb
positive cases with diffuse staining demonstrated strong
staining in more than> 70% of the epithelial cells but
because these cases were relatively few they were not
separated into a distinct group.

Based on other studies, only cases showing stain-
ing at least 10% of endometrial cell nuclei were con-
sidered to be p53 positive [39,45]. c-erbB-2 protein
immunoreactivity was scored as negative (< 25% of
positive endometrial cells) and positive (> 25% of pos-
itive endometrial cells). Only intense membrane im-
munostaining was accepted as positive for the protein,
since it has been shown to yield the best prognostic
associations [11]. Cases exhibited ER and PR nuclear
staining in more than 5% of endometrial cells were re-
gardedas positive [34]. Only nuclear epithelial staining
was considered positive for MIB-1 and PCNA expres-
sion and for statistical analysis the cases were divided
into groups using a semiquantitative approach; into two
groups for MIB1 (< 10%,> 10% of positive cells) and
into three groups for PCNA (< 10%, 10–50%,> 50%
of positive cells). These subcategories were chosen

after it was observed that the cases were divided into
nearly equal groups.

2.3. Statistical analysis

The data were entered into a microcomputer and
statistical analysis was performed using SPSS statisti-
cal package. The association of continuous variables
was confirmed using a nonparametric test for two in-
dependent samples (Mann-Whitney U test) or regres-
sion analysis. The level of significance was defined as
p < 0.05.

3. Results

The staining pattern of pRb expression in normal,
hyperplastic and malignant cases is shown in Figs 1
through 4.

In normal proliferative endometrium a strong pRb
staining in most of the endometrial cells was observed
in 6/16 (37.5%) of cases, while only 1/15 (6.75%) case
of secretory endometrium exhibited nuclear staining in
a few cells. In addition, 12/35 (34.3%) cases of the
hyperplastic lesions displayed pRb positivity in a more
heterogeneous pattern with various staining intensity
from cell to cell. Loss or focal pRb expression was
found in 50/89 (56.2%) and 24/89 (27%) cases of carci-
nomas respectively (total number of pRb negative cases
74/89; 83.2%). A heterogeneous or diffuse pRb im-
munostaining was detected in 15 /89 (16.8%) tumours.
In cases with diffuse pattern of pRb reactivity, the stain-
ing was more intense and was detected in the major-
ity of endometrial cells (> 70% of cells). The results
of pRb immunoreactivity in normal, hyperplastic and
malignant endometrium are shown in Fig. 5.

P53 protein expression was not detected in normal
and hyperplastic endometrium but high expression of
the protein was detected in 15/87 (17.2%) of carcino-
mas. Normal and hyperplastic endometrium showed
low or absent c-erbB-2 protein expression and 10/85
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Fig. 1. Normal proliferative endometrium showing strong and extensive pRb nuclear reactivity (ABC; original magnification, 200X).

Fig. 2. Normal secretory endometrium showing faint to absent nuclear immunostaining for pRb (ABC; original magnification, 100X).

(11.8%) cases of carcinomas demonstrated expression
of the protein in> 25% of neoplastic cells.

Positive ER and PR expression (> 10% of epithelial
cells) was detected in 94.1% and 76.5% of cases of
proliferative endometrium respectively, while in secre-
tory endometrium ER and PR expression was observed
in 7.1% and 6.7% of the cases respectively. In hyper-
plastic lesions, ER and PR expression was found in
32/35 (91.4%) and 25/35 (71.4%) of the cases respec-
tively. The endometrioid carcinomas displayed ER and
PR immunoreactivity in 22.2% and 20.9% of the cases
respectively. The statistical analysis revealed that in
proliferative and secretory endometrium, pRb expres-
sion was correlated with PR (p = 0.006 andp = 0.001,
respectively), MIB1 (p = 0.02 andp < 0.0001, re-
spectively) and PCNA (p = 0.04 andp = 0.01, respec-

tively) expression. In hyperplastic lesions, pRb expres-
sion was correlated with PR (p = 0.016) and MIB1
(p < 0.0001) expression. In the cases of carcinomas,
we found no correlation of pRb absence or presence
with tumour grade, stage and other conventional clini-
copathological parameters studied (Table 2). A positive
relationship of pRb expression with p53 (p = 0.0015),
ER (p = 0.0002), PR (p = 0.0004) and PCNA (p =
0.013) expression was observed (Table 3).

In the group of carcinomas, the statistical analysis
of the other studied markers showed that p53 protein
overexpression was related to histologic grade (p =
0.0001) and stage (p = 0.02), PCNA (p = 0.0005)
and MIB1 (p = 0.003) score and inversely to ER (p =
0.04) content. Additionally, the overexpression of c-
erbB-2 protein was correlated with tumour grade (p =
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Fig. 3. Endometrial hyperplasia. Heterogeneous immunoreactivity for pRb in epithelial cells (ABC; original magnification, 400X).

Fig. 4. A case of a well differentiated endometrial adenocarcinoma showing strong and diffuse pRb expression (ABC; original magnification,
200X).

0.01), PCNA (p = 0.002) and MIB-1 (p = 0.005) ex-
pression. MIB1 and PCNA expression was statistically
related to tumour grade (p = 0.0007 andp = 0.0004
respectively).

4. Discussion

The detection of abnormalities of the Rb gene has
been demonstrated in a significant proportion of hu-
man primary tumours and derived cell lines. While
the primary methods for detected alterations in Rb are
genetic, it has now been demonstrated that alterations
in the gene can also be detected by analysis of its gene
product. Immunohistochemical analysis studies have

used the loss or the greatly reduced levels of pRb pro-
tein expression as the criterion for scoring a tumour as
having Rb gene alterations [15,16,26,37,42]. However,
in other studies high levels of pRb expression has been
suggested to reflect a dysfunctional Rb pathway [9,17].

Molecular methods which are guided to the analysis
of Rb gene expression are more sensitive techniques
in detecting underlying Rb alterations. Immunohisto-
chemistry has been considered as an alternative tech-
nique but its utilization has some limitations. This
method allows identifying the degree of heterogene-
ity as well as the degree of staining intensity within a
tissue. However, a weak staining is sometimes diffi-
cult to evaluate and cases that are characterized as pRb
negative, in fact express the protein but in low levels.



148 E.E. Ioachim et al. / Immunohistochemical expression of Retinoblastoma gene product

 

secretoryproliferativehyperplasiasCa

%
  p

R
b 

 e
xp

re
ss

io
n

40

30

20

10

0

-10

Fig. 5. pRb immunoexpression in normal, hyperplastic and malignant endometrium.

In addition, a definite pRb staining is rarely observed
even in the presence of mutation [33]. A heteroge-
neous pattern must be estimated with caution. It may
be due to the presence of two distinct tumour clones,
one having the normal protein and another harboring
a mutation. It also may reflect cell cycle differences
in pRb expression or its degree of phosphorylation. It
may also be related to the differences in the level of
bound and unbound pRb. For this latter issue appropri-
ate antibodies that detect both hypophosphorylatedand
hyperphosphorylated protein need to be used. Finally,
as a general comment, the appropriate fixation of the
tissue as well as the utilization of positive and negative
controls are necessary for the accurate evaluation of
immunohistochemical procedure.

To our knowledge, there are relatively few studies
related with the examination of Rb alterations in en-
dometrial lesions. Using Southern blot hybridization,
Sassano et al. did not find any abnormalities of the Rb
gene in cases of endometrial hyperplasia and endome-
trial carcinomas, whereas a homozygousdeletion of the
gene was found in a case of endometrioid tumour of the
ovary [35]. By polymerase chain reaction-restriction
fragment length polymorphism analysis, Enomoto et
al reported loss of heterozygosity of the Rb gene in
some cases of endometrial carcinomas [12]. Similarly,
by polymerase chain reaction and sequencing analy-
sis, Rb gene abnormalities was observed in some cases

of human endometrial carcinoma tissues and endome-
trial carcinoma cell lines suggested that Rb gene abnor-
malities may be involved in endometrial carcinogene-
sis [43].

By immunohistochemical approach, pRb expres-
sion was identified in normal, hyperplastic and ma-
lignant endometrium [1,31,33,36] and in some studies
an altered expression of the protein especially in high
grade and advanced endometrial tumours have been
reported [33,36]. Niemann et al. [33] taking account
the staining intensity of pRb have reported a strong
nuclear staining in the majority of epithelial cells in
10/10 cases of proliferative endometrium and a weak
or absent expression in the epithelial cells of secretory
endometrium. The authors have also found a more
heterogeneous pattern of pRb reactivity with various
nuclear staining in all cases of hyperplasia and in the
majority of carcinomas. An altered expression of the
protein, determined by the presence of heterogeneous
staining and of large negative areas, has been observed
in a subset of high grade carcinomas. Milde-Langosch
et al. [31] have reported pRb reactivity in most normal,
hyperplastic and neoplastic endometrial cases studied
with the strongest staining intensity observed in pro-
liferative endometrium. In their neoplastic cases, pRb
expression was not correlated with histologic grade and
FIGO stage. Ambros et al. [1] using a computerized
image analysis system for pRb evaluation did not find
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Table 2
Correlation of pRb expression with clinicopathological features in
endometrial carcinomas

pRb expression p value
(−) < 10% > 10%

Age
< 45 3 2 NS
45–55 10 6 3
> 55 36 11 11

Grade
1 17 5 4 NS
2 23 12 5
3 12 4 6

Stage
I 28 9 5 NS
II 8 3
III 6 1 1
IV 2 1

Vessels invasion
(−) 27 11 4 NS
(+) 15 3 2

Squamous Metaplasia
(−) 42 18 15 NS
(+) 9 3

any difference of pRb expression in normal and neo-
plastic endometrium.

In the present study, the comparison of normal en-
dometria, hyperplasias and endometriod carcinomas
showed that pRb was expressed in all endometrial le-
sions. In normal endometria, immunoreactivity was
observed predominantly in proliferative endometrium
than in secretory endometrium and in the most of pro-
liferating epithelial cells. This observation is in accor-
dance with the findings of previous studies [31,33].

Negative pRb expression was observed in most of
carcinomas studied and in the remaining cases a pos-
itive pRb reactivity was observed. Neither the pRb
loss nor the expression of the protein showed any sig-
nificant correlation with tumour grade or FIGO stage,
suggesting that in our cases Rb status does not seem
to be associated with the progression of the malignant
processs.

However, a statistically significant correlation was
observed between pRb expression and p53 overexpres-
sion. Alterations to the human p53 gene either in the
form of gene loss or mutations have been observed to
be a common change in endometrial carcinomas re-
lated to tumour development and progression [1,23,
34]. Immunohistochemical overexpression of p53 has
also been reported to be correlated with high grade
and advanced tumours [18,19,28,44], as well as with
decreased patient survival [18,38,39]. In the current
study, the absence of p53 expression in either normal
or hyperplastic endometrium is comparable to the find-
ings of previous studies [29,30]. Of carcinomas, only

Table 3
Correlation of pRb expression with potential prognostic markers in
endometrial carcinomas

pRb expression p value
(−) < 10% > 10%

p53
< 10 46 20 10 p = 0.0015
> 10 5 1 6
c-erbB-2
< 25 47 17 11 NS
> 25 5 3 3
ER
< 5 39 10 8p = 0.0002
> 5 9 7 1
PR
< 5 46 14 8 p = 0.0004
< 5 6 7 5
MIB1
< 10 49 15 12 NS
> 10 4 6 3
PCNA
< 10 30 7 2 p = 0.013
10–50 15 8 6
> 50 8 6 7

17.2% cases were scored as positive for p53 and all
these tumours were of high grade, with high prolifera-
tive activity and with no or minimal reactivity for ER
or PR. Furthermore, tumours showing p53 overexpres-
sion exhibited pRb expression. In the extensive study
of Li et al. [30] endometriod carcinoma cells without or
with faint p53 staining were usually strongly positive
for pRb. In other studies no correlation between pRb
and p53 expression has been found [5,21,32]. It has
been reported that mutation of p53 gene in endometrial
carcinomas has been associated with p53 protein over-
expression [27]. Although anti-p53 antibodies, theo-
retically, bind to both the mutated and wild types of p53
protein, a positive expression often reflects a genetic
mutation [3]. This could be partly explained by the
relatively short half-life of the wild-type protein. In our
p53 positive cases probably the observed p53 expres-
sion does not reflect an alteration of the gene and there-
fore, under this aspect, the positive correlation of p53
and pRb can be explained. An alternative hypothesis
is that, the strong and diffuse staining pattern that was
observed in a subset of pRb positive carcinomas, which
we didn’t study separately, like in bladder cancer [9],
may reflect an abnormal Rb status. Thus, abnormal-
ities in p53 and Rb genes resulting in overexpression
of both p53 and Rb proteins may be observed in a por-
tion of tumours probably, with a more aggressive phe-
notype. However, this issue definitely requires further
investigation.

Overexpression of the c-erbB-2 oncogene product
has been found to occur in a proportion of endometrial
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carcinomas and according to some studies it has been
associated with a more aggressive tumour phenotype [4,
20,27]. In our study a relationship of c-erbB-2 expres-
sion with histologic grade and the proliferative growth
fraction of the tumours has been found. The correlation
between c-erbB-2 and pRb was insignificant.

The results of the present study showed that in en-
dometrial lesions pRb expression was correlated with
ER and /or PR expression. Endometrial tissue is con-
sidered to be a sex steroid-dependent tissue and im-
munohistochemical analysis studies have reported ex-
pression of hormone receptors in normal, hyperplas-
tic and neoplastic endometrium [10,30]. The negative
expression of ER and PR in endometrial carcinomas
has been found to be associated with tumour grade, ad-
vanced clinical stage and unfavorable patient progno-
sis [10,44]. According to the findings of other investi-
gators [30] we observed that the glandular cells of the
normal proliferative endometrium exhibited positive
expression of ER and PR in the majority of the cases,
whereas downexpression of the receptors was found
in the glandular cells of the secretory endometrium.
A high proportion of hyperplastic lesions and some
cases of carcinomas were also positive for ER and PR.
The relationship between positive expression of ER/PR
and positive pRb expression was a notable observation
which probably means, that a subset of endometrioid
carcinomas related to hormone stimulations is not as-
sociated with Rb gene loss or inactivation.

The endometrium is an actively proliferating tissue
and there is an overlap in cell proliferation fraction
between benign endometrium and endometrial carci-
noma [22]. Previous studies of proliferation markers in
endometrial carcinomas have obtained conflicting re-
sults regarding their usefulness in predicting progno-
sis. Determination of Ki-67 index in a series of nor-
mal, hyperplastic and malignant endometrial lesions
showed no evidence of correlation with progression to
malignancy [22]. High PCNA index has been associ-
ated with advanced cancer stage, myometrial invasion
and c-erbB-2 expression [19]. In our study, the in-
creased expression of proliferation markers was corre-
lated with tumour grade. In addition, the proliferative
activity as determined by Ki-67 and PCNA was par-
alleled with pRb expression in both malignant and no
malignant tissues. A relation between pRb expression
and proliferative activity has also been reported in lym-
phoid tissue, in lymphomas and breast carcinomas [5,
7,24]. This finding probably means that in some cases
of endometrioid carcinomas pRb behaves normally in
regulating the cell cycle.

In conclusion, we suggest that the absence or pres-
ence of pRb expression does not seem to be associated
with the progression of endometrioid carcinomas. In
addition, pRb is normally regulated in relation to the
proliferative activity of the tumours. On the other hand,
there is probably a subset of tumours, in which abnor-
malities of p53 and Rb may act in a synergistic way,
resulting in a more aggressive phenotype. This is an
important issue and the topic of future research.
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