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p33, pRb and proliferation associated indices (PCNA, MIB1)

N. Zagorianakou', E. Ioachim', A. Mitselou', E. Kitsou’, P. Zagorianakou', G. Makrydimas’,
M. Salmas’, N. J. Agnantis'

Department of Pathology' and Obstetrics and Gynecology’, Medical School, University of loannina,
Department of Pathology’, General Hospital of “G. Hatzikosta”, loannina, Department of Anatomy®, University of Athens (Greece)

Summary

Heat shock protein 27 (HSP27) is a relatively small protein produced in response to pathophysiological stress. In the current pro-
spective study the presence and localization of HSP27 was associated with other potential prognostic factors such as: estrogen and
progesterone receptors, p53 and proliferative associated indices (MIB1, PCNA). One hundred and twenty-two samples of endome-
trial tissues (65 endometrial carcinomas, 28 adenomatous hyperplasias, 31 normal endometrium) were studied. Patient records were
examined for FIGO stage, grade, and depth of myometrial invasion, histology and lympho-vascular space invasion.

HSPp27 expression was lower in the group of carcinomas when compared with the cases of adenomatous hyperplasias (p <
0.0001), normal proliferative (p < 0.0001) and secretory endometrium (p = 0.02). HSP27 expression was higher in carcinomas from
premenopausal women in comparison with women in menopausal status and postmenopausal status. Multivariate tests showed no
statistical significance of HSP27 expression according to tumor grade and stage. A positive relationship between the expression of
HSP27 expression and estrogen receptors (p = 0.0018) as well as with progesterone receptor (p = 0.0012) was found with linear
regression analysis of variance.

Our data showed that the lower HSP27 expression in endometrial carcinomas in comparison with hyperplastic and normal endo-
metrium may indicate a decreased endogenous protection mechanism against the various stressful stimuli. This expression could be

under hormonal control and does not seem to be correlated with other conventional or possible prognostic parameters.
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Introduction

Self-protection and survival characterize the cells of all
organisms, which respond with an intrinsic mechanism to
Heat shock by activating genes coding for the heat shock
proteins (HSPs). Besides heat shock, other environmen-
tal stresses like exposure to heavy metals or oxidants and
physiologic stresses, ischemia, viral and microbial infec-
tions, as well as inflammation, have been mentioned to be
responsible for the synthesis of HSPs. The different levels
of HSP induction depend on the organism, cell type, cel-
lular conditions, type and intensity of the stimulation [1].

HSP27 is a member of the heat shock protein family,
with low molecular weight. Initially it was named 24-kDa
protein, and was found in human MCEF-7 cells and human
breast cancer cell lines [2]. It was characterized as an
estrogen regulated protein, because of its expression in
several hormone sensitive organs [3, 4]. In adults, HSP27
is found particularly in several cell types, such as breast,
uterus, cervix, skin and placenta [1].

This protein, besides its putative role in thermotole-
rance, is of special clinic interest. Recent reports suggest
that elevated expression in cells has been correlated with
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increased cellular resistance to a variety of cytotoxic
agents, including chemotherapeutic drugs, which concern
one of the main reasons for treatment failure in cancer
chemotherapy [5-7].

HSP27 in epithelial ovarian carcinoma has been identi-
fied as an independent prognostic indicator of survival
and in the cervix as a marker for cell differentiation [8-
10]. The results are conflicting in breast cancer. Several
studies demonstrate that it could be correlated with poor
prognosis [1, 11, 12]; other studies indicate a good pro-
gnosis [13], while others showed no prognostic signifi-
cance [14]. HSP27 appears to be a favorable prognostic
factor in malignant fibrous histiocytoma [15] and in
esophageal carcinoma [16], while in gastric carcinoma it
has been correlated with poor prognosis [17]. No pro-
gnostic value has been attributed in prostate and bladder
cancer [18].

In endometrial carcinoma, which is the most common
malignancy of the female genital tract and the third most
common cancer in women, a limited number of studies
have been performed aiming to explore the biological
significance of HSP27 [19-25]. Their results have shown
that increased levels of HSP27 are correlated with increa-
sed tumor cell differentiation [20-22]. In addition, HSP27
expression was found to be higher in endometrioid lesions,
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non- or minimally invasive lesions, and early-stage cancers
[23]. Lower levels of HSP27 were found in patients who
had tumor recurrences and in patients who died from the
disease [23, 24]. Furthermore, its expression was characte-
rized as an independent prognostic indicator in patients
with endometrial carcinoma [23].

The aim of this study was to examine HSP27 expression
in a series of endometrial carcinomas, hyperplasia and
normal endometrium, in an attempt to clarify its role in the
development and progression in endometrial tumors. We
also searched for a possible correlation between HSP27
expression and estrogen expression (ER) and progesterone
receptor (PR) status, as well as, with p53 and proliferation-
associated indices, PCNA and MIB1.

Materials and Methods

A total of 65 surgical specimens, from patients with a dia-
gnosis of primary endometrial cancer of endometrioid type
were selected. All patients underwent a total abdominal hyste-
rectomy/bilateral salpingo-oophorectomy and none received
preoperative pelvic radiation. All the specimens were surgically
resected at the Department of Gynecology, University Hospital
of loannina. In addition, curetted samples from 28 cases of
endometrial hyperplasia, 16 cases of proliferative phase and 15
cases of secretory phase of normal endometrium were also
studied.

Neoplastic tissue including adjacent hyperplastic or non-neo-
plastic tissue were fixed routinely in 10% buffered formalin and
embedded in paraffin. Each specimen was examined histologi-
cally on H&E-stained slides. All the cases were analyzed for
age, FIGO stage, grade, histological type, depth of myometrial
invasion, and lympho-vascular space invasion. Histological
grading and surgical staging were based on the revised FIGO
criteria [26].

Immunohistochemistry:

Out of one or two selected paraffin blocks from each case, 4
um tissue sections were placed on poly-L-lysine-coated glass
slides. Consequently the sections were deparafinised in xylene
and dehydrated.

All sections were treated for 30 min with 0.3% hydrogen
peroxide (in methanol) to quench endogenous peroxidase acti-
vity and then were incubated with primary antibodies. We used
the method of the avidin-biotin-peroxidase complex and deve-
loped the chromogen with immersion of the slides in a diamino-
benzidine-H202 substrate for five min. The slides were coun-
terstained in Harris' haematoxylin, dehydrated and mounted. To
assess the specificity of the reaction, positive and negative
control slides were used in each run. Tissue sections subjected
to the procedure expected for incubation with the primary anti-
body were used as a “negative” substitute. The sources of the
antibodies and dilutions are shown in Table 1.

Table 1. — Antibodies used.

Antibodies Supplier Dilution Incubation time
HSP27 (2B4) Novocastra 1:40 1 hour
ER (M7047) Dako 1:50 1 hour
PR (M3569) Dako 1:75 1 hour
p53 (DO7, IgG2b) Ylem 1:200 1 hour*
MIB1 (Ki-67 paraffin) Dako 1:50 1 hour
PCNA (PC-10) Dako 1:50 1 hour

* with microwave oven antigen retrieval.

Immunohistochemical evaluation:

HSP27 immunostaining was determined based on the percen-
tage of carcinoma cells stained in each section (0, < 10; 1, 10-
25%; 2, 26-50; 3, > 50%), the intensity (1, weak; 2, moderate; 3,
strong), and the heterogeneity (-1, marked; 0, moderate; +1 mild).
Only cytoplasmic staining was noted. Heterogeneity was defined
as no uniform immunostaining in a tumor section. Multiplying
the percentage of cells stained by the intensity and then adding
the heterogeneity score calculated the final score. The highest
score possible was 10 and the lowest 0. The scoring system was
the same as previously published by Geisler et al. [10].

Estrogen receptor (ER) and progesterone receptor (PR)
immunostaining: ER and PR expression were evaluated by exa-
mination of the positive epithelial cell nuclei (0, no positive
cells; 1, < 10%:; 2, 11-50%; 3, 51-80%; 4, > 80% positive cells).
An immunoreactivity score of 2 and higher was considered to
be positive [27].

p53 immunoreactivity: Based on other studies, only cases
showing staining at least 10% of endometrial cell nuclei were
considered to be p53 positive [28].

MIBI and PCNA immunostaining: Only nuclear epithelial stai-
ning was considered positive for MIB1 and PCNA expression
and for statistical analysis the cases were divided into groups
using a semi quantitative approach; into two groups for MIB1 (<
10%, > 10% of positive cells) and into three groups for PCNA (<
10%, 10-50%, > 50% of positive cells). The subcategories were
chosen after it was observed that the cases were divided into
nearly equal groups. The staining was evaluated in the areas with
well-preserved tissue and away from artifacts. All slides were
reviewed and scored in a blind test by two pathologists. Diffe-
rences in the interpretation were reconciled by re-review of slides
separately or jointly with a double-headed microscope.

Statistical analysis:

All data were entered into a microcomputer and statistical
analysis was performed using the SPSS for Windows (version
6) statistical package. The association of continuous variables
was confirmed using the Student’s r-test, one-way analysis of
variance (one-way ANOVA), logistic regression, and ? test.

Results

HSP27 expression in carcinomas

Localization of HSP27 was detectable only in the cyto-
plasm of the benign and malignant epithelial cells of all
cases in variant amounts (Figure 1-4).

The mean value of the HSP27-positive-staining group
was 29.74%. A statistically significant lower HSP27
expression in endometrial carcinomas was compared
with the cases of adenomatous hyperplasias (p < 0.0001)
as well as with the normal proliferative (p < 0.0001) and
secretory phase of endometrium (p = 0.02) (Figure 5).

HSP27 expression was higher in carcinomas from pre-
menopausal women in comparison with women in meno-
pausal status and postmenopausal status.

Multivariate tests showed no statistical significance of
HSP27 expression according to tumor grade and stage. A
positive relationship between the expression of HSP27
expression and estrogen receptors (p = 0.0018) as well as
with progesterone receptors (p = 0.0012) was found
(Figures 6, 7) with linear regression analysis of variance.
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Figure 1. — HSP27 expression in the end of the proliferative phase of normal endometrium (ABC method; original magnification
x 200).
Figure 2. — Normal secretory endometrium showing high epithelial reactivity for HSP27 protein expression (ABC method; origi-
nal magnification x 100).
Figure 3. — High HSP27 expression in a epithelial cells in a hyperplastic lesion (ABC method; original magnification x 400)
Figure 4. — Tumor cell HSP27 expression in a case of endometrial carcinoma (ABC method; original magnification x 400).

No statistical correlation between HSP27 expression
and p53 and the associated proliferative indices was
detected (Table 2).

HSP27 expression in adenomatous hyperplasias

The mean value of HSP27 expression in hyperplastic
cases was 73.11%. This expression did not show any
important statistical correlation with ER or PR status. A
positive, statistically significant correlation between
HSP27 expression and p53 (p = 0.042) was detected. No

statistically significant correlation between HSP27
expression and MIB1 or PCNA was found.

HSP27 expression in normal endometrium

In the proliferative phase of normal endometrium the
mean value of HSP27 expression was 73.13%. No corre-
lation between its expression with ER, PR status or with
the other examined biological markers was found.

In the secretory phase of normal endometrium the
mean value of HSP27 expression was 53.33%. A positive,



302 N. Zagorianakou, E. loachim, A. Mitselou, E. Kitsou, P. Zagorianakou, G. Makrydimas, M. Salmas, N. J. Agnantis

Table 2. — HSP27 expression with clinicopathological para-
meters and other potential biological prognostic markers.

hsp27 expression

negative positive p value

Menopausal status
<45 4 1
45-55 4 13 p = 0.003
> 55 meta 10 28 p = 0.0065
Grade
1 8 13
2 6 20 NS
3 4 11
FIGO
1 12 21
2 3 7 NS
3 2 7
4 1 1
ER
<10 17 33 p =0.0018
> 10 1 10
PR
<10 16 34 p =0.0012
> 10 3 10
pS3
<10 14 34 NS
> 10 5 10
MIB1
<10 16 38 NS
> 10 3 7
PCNA
<10 6 17
10-50 3 11 NS
> 50 10 17
* with microwave oven antigen retrieval.
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Figure 5. — Epithelial HSP27 expression in normal, hyperpla-
stic and malignant endometrium (mean value).
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statistically significant correlation between its expression
and ER status (p = 0.034) was detected.

Discussion

The proposed role of heat shock protein 27 is to
increase the thermal tolerance of a cell after exposure to
heat shock or another stressor. In addition, HSP27 may
act as a chaperone protein, binding complexes and affec-
ting proteolysis. Furthermore, this protein could create a
resistance to chemotherapy after no lethal heat shock or
other non-lethal stress [1, 2, 5-7, 29]. In human tumors
the role of HSP27 is unknown and there are controversial
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results about the prognostic contribution. The results of
the present study showed that lower HSP27 expression in
carcinomas is comparable with hyperplastic and normal
endometrium according to other investigators [25]. Thus,
we can hypothesize that in endometrial carcinomas the
absence or lower expression of HSP27 may creat a defec-
tive mechanism against stressful conditions. In addition,
this event could take place in the late stage of endome-
trial carcinogenesis.

HSP27 has been shown to be directly related to estrogen
receptor status in endometrial carcinomas according to
other studies [23, 24]. It has been shown that HSP27 is
estrogen-inducible in estrogen-dependent cell lines [30,
31]. In addition, endometriod tumors showed significantly
higher HSP27 immunostaining than non-endometriod
[23]. Paradoxically, HSP27 expression did not correlate
with ER status in hyperplastic and normal proliferative
endometrium, while a positive relationship of its expres-
sion with ER status was found in normal secretory endo-
metrium and in the group of carcinomas. In hyperplastic
and normal proliferative endometrium, where the estrogen
receptor status is in high levels, HSP27 expression is unre-
lated to these receptors. In normal secretory endometrium
and in endometrial carcinomas the level of estrogen recep-
tors decreased in addition to lower HSP27 expression, pro-
bably because of the stressful conditions. The results of the
present study also showed a positive relationship of HSP27
expression with PR status in endometrial carcinomas in
contrast to the findings of other investigators [24], sugge-
sting that HSP27 maybe regulated by the synergistic
action of estrogen and progesterone.

A statistically important correlation was noticed
between HSP27 expression and premenopausal status.
The expression decreased with age, which can be explai-
ned by estrogen status, as it is more activated in preme-
nopausal women and becomes less activated in meno-
pausal women.

In this study we failed to demonstrate a correlation of
HSP27 expression with tumor grade or stage. However,
other investigators have shown increased HSP27 expres-
sion to be correlated with increased tumor cell differen-
tiation [20-22].

Furthermore, it has been shown that HSP27 is also invol-
ved in cell proliferation and several studies correlated its
expression with proliferative associated-indices. Khalid et
al. [32] showed a positive relationship of HSP27 expres-
sion with Ki-67 labeling index in human astrocytomas, in
contrast to the findings of other studies [33,34]. Moreover,
no correlation of HSP27 expression with p53 was found
[33, 34] which is in accordance with our results. Vargas-
Roig et al. [35] found an inverse relationship of HSP27
expression with PCNA proliferating index in breast carci-
nomas, and this finding added evidence to the concept that
HSP27 maybe involved in cell growth arrest. In our study
we did not find such a correlation, suggesting probable dif-
ferent pathways of cell proliferation.

Therefore, we may hypothesize that in hyperplastic and
normal proliferative endometrium a high level of HSP27
occurs as a result of the activated estrogen status, which

stimulates cells to grow and to induce HSP27. In contrast,
in normal secretory endometrium and in carcinomas the
expression of HSP27 decreases, due to the loss of func-
tion of ER, but in these cases probably a synergetic action
with hormonal status takes place, which may protect cells
from various stressful conditions. In addition, the results
of the current study showed no specific prognostic eva-
luation of HSP27 expression in endometrial carcinomas.
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