
Abstract
Introduction The expression of E-cadherin, β-catenin and 
topoisomerase II has been associated with clinical outcome 
of several cancers including sarcomas. We aimed to evalu-
ate the expression of these markers in leiomyosarcomas 
(LMS).
Materials and methods Paraffi n blocks of 19 primary, non-
metastatic LMS were analysed immunohistochemically for 
the expression of the above-mentioned markers with a cut-
off level for positivity of 20% of cell staining.
Results Expression of E-cadherin was negative in all LMS. 
Nuclear expression of β-catenin was also negative in all 
cases, while positive cytoplasmic β-catenin expression was 
observed in approximately half of the patients. The major-
ity of LMS had expression of topoisomerase IIα, although 
only in 10 patients was this expression in more than 20% 

of tumour cells. From the analysed factors, tumour size 
was statistically signifi cantly correlated with relapse-free 
survival. 
Conclusions Further evidence with larger series is required 
in order to determine the implication of these markers in LMS.

Keywords Leiomyosarcomas · E-cadherin · β-Catenin · 
Topoisomerase IIα

Introduction

Cadherins are multifamily transmembranous glycoproteins 
that mediate homophilic, calcium-dependent adhesion. 
They are specifi cally associated with the junction region 
[1] and they are implicated in processes such as tissue mor-
phogenesis in complex organisms and tumorigenesis [2]. 
E-cadherin is expressed by epithelial cells and is thought 
to be a tumour suppressor gene and a morphogenic factor 
in epithelial tumours. It has been subjected to extensive 
investigation, and reduced or absent E-cadherin has been 
associated with decreased differentiation, invasion and/or 
metastases in several malignancies [3, 4], including certain 
sarcomas [5]. 

β-Catenin is a member of the armadillo family of 
proteins that is involved in tumorigenesis through two 
distinct pathways [6]. Firstly, β-catenin functions in the 
adherens junction where it interacts with E-cadherin at the 
cell surface, forming a cadherin–catenin unit and through 
β-catenin links to the actin cytoskeleton [7]. Secondly, 
β-catenin is a key effector of the Wnt signalling cascade, 
which regulates cell proliferation and differentiation [8]. 

Finally, topoisomerase IIα is a cell cycle related intra-
nuclear protein, which separates chromosomes at the end 
of mitosis [9, 10]. Topoisomerase IIα has been noted as 
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a novel proliferation marker, with nuclear expression ob-
served mainly in the S, G2 and M phases of the cell cycle 
[9, 10]. Overexpression of topoisomerase IIα is reported 
to correlate with drug resistance. Multidrug resistance is 
closely correlated to an unfavourable prognosis in various 
human cancers [11–13].  

Based on the implication of the above-mentioned mark-
ers in clinical outcome of several cancers, we aimed to 
evaluate the expression of E-cadherin, β-catenin and topoi-
somerase IIα in leiomyosarcomas (LMS) by immuno-
histochemistry, to determine the potential relationship 
between them and to explore possible correlations with 
clinical outcome in LMS patients.

Materials and methods

Patients

Paraffi n blocks of 19 primary, non-metastatic LMS that 
were treated surgically with radical tumour excision be-
tween 1990 and 2000 were retrieved from the archives of 
the Ioannina University Hospital, Ioannina, Greece and 
the St Savvas Hospital, Athens, Greece. The location of 
LMS was the retroperitoneum in 3 cases, the pelvis in 11 
cases and the extremities in 5 patients. The median age of 
patients was 67 years with a range from 19 to 86 years. Fif-
teen of the patients were females. All patients had negative 
surgical margins according to the histopathology report. 
Two LMS were of low grade, 6 of intermediate grade and 
11 of high grade. The median maximum tumour size was 
75 mm (range from 15 to 230 mm). No patient received 
any treatment preoperatively, while adjuvant treatment was 
given postoperatively in 11 patients: two patients received 
chemotherapy and 9 patients received radiotherapy. Clini-
cal data regarding the development of local recurrences, 
distal metastases and death were recorded for each patient.  

Immunohistochemistry

Immunostaining was performed on formalin-fi xed, paraf-
fi n-embedded tissue sections using the EnVision System 
(DAKO Corp, the Netherlands), and the monoclonal anti-
bodies: E-cadherin (CM170B, Biocare Medical, Califor-
nia), β-catenin (DBS, Menarini, Greece) and topoisomerase 
Iα (Ki-S1, DAKO). Briefly, 4-µm-thick tissue sections 
were deparaffi nised in xylene, rehydrated through graded 
concentrations of alcohol and heated in a microwave oven 
for 2 cycles of 15 min each at 300 W, in citrate buffer, 
for antigen retrieval. Endogenous peroxidase activity was 
blocked with H

2
O

2
 solution in methanol (0.01 M) for 30 

min. After washing with PBS for 5 min, the primary anti-
bodies CM170B (dilution 1:50), β-catenin (dilution 1:50) 
and topoisomerase Iα (dilution 1:50) were applied for 
incubation (30 min at room temperature). Then the slides 

were washed for 10 min with PBS and were visualised with 
the EnVision system (DAKO) using diaminobenzidine tet-
rahydrochloride as a chromogen (Sigma Fast DAB tablets, 
St. Louis, MO). Finally, all sections were counterstained 
with haematoxylin. As a negative control, the fi rst antibody 
was substituted with normal mouse immunoglobulin of the 
same class. 

The evaluation of E-cadherin, β-catenin and topoi-
somerase IIα was performed with a semiquantitative meth-
od. The expression was recorded as “absent” when no cell 
expressed the above markers, “slight” when the expression 
ranged from 1% to 20% of tumour cells, “moderate” for 
21% to 50% expression and “strong” when the expression 
was over 50% of tumour cells. For β-catenin we examined 
both nuclear and cytoplasmic staining. A level of over 20% 
cell staining was regarded as the cut-off level of a tumour 
expressing the above markers. 

The association of E-cadherin, β-catenin, topoisomerase 
IIα and various clinical factors with disease progression 
(development of local recurrence or metastasis) and with 
survival was examined using proportional hazards models. 
All statistical analyses were performed using the Statistical 
Package for Social Sciences (SPSS 14.0, Chicago, IL, USA).

Results

E-cadherin, β-catenin and topoisomerase IIα
expression in LMS

None of the examined LMS exhibited E-cadherin expres-
sion. Similarly, none of the LMS showed positive nuclear 
β-catenin expression. Cytoplasmic β-catenin expression 
was seen in 11 cases (57.9%). One patient had slight ex-
pression of only 1% of tumour cells and was considered 
β-catenin negative. Ten patients had positive cytoplasmic 
β-catenin expression ranging from 80% to 100% of tumour 

Fig. 1 Cytoplasmic high β-catenin expression (DAB ×400)
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cells (Fig. 1). Topoisomerase IIα was expressed in all but 2 
LMS. In seven this expression was slight (ranging from 1% 
to 20%), while in 10 patients there was moderate to strong 
expression ranging from 30% to 100%, considered positive 
(Fig. 2). 

Clinical outcome

All 19 LMS included in our study had available clinical 
data during the follow-up period. The mean follow-up pe-
riod for these patients was 36 months (range from 3 to 204 
months). Nine out of the nineteen patients (47%) devel-
oped local recurrences within a mean time of 8.6 months 
of diagnosis (range 1–18 months). Five patients (26.3%) 
developed distal metastases within a mean time of 13.8 
months (range from 1 to 42 months) and 17 patients died 
during the follow-up period (3–85 months). 

Among the examined clinical parameters, only tumour 
size was a statistically signifi cant factor associated with 
recurrence-free survival. The hazard ratio was 1.15 (95% 
confi dence intervals: 1.03–1.28] (p=0.01). No other fac-
tors were correlated with the development of local recur-
rence or metastasis or death. Positive β-catenin expression 
was not associated with recurrence-free survival (p=0.82), 
metastasis-free survival (p=0.70) or overall survival (0.69). 
Similarly, positive topoisomerase IIα expression was not 
associated with the above metrics (p values of 0.89, 0.81, 
0.64 respectively). Similar, results were obtained when 
different cut-off levels of β-catenin and topoisomerase IIα 
expression were used. 

Discussion

The absence of E-cadherin expression in all our cases of 
LMS suggests that E-cadherin protein may not be corre-
lated with the establishment and maintenance of cellular 
architecture in LMS. Until now there has been only limited 
data regarding E-cadherin expression in LMS. Yoo et al. 
found that all ten LMS were negative for E-cadherin, but it 
was of interest that two out of ten unexpectedly expressed 
E-cadherin at the cell-to-cell boundaries [14]. It is uncer-
tain whether the presence of E-cadherin in these samples 
actually refl ects epithelioid differentiation. E-cadherin is 
expressed by certain types of soft tissue sarcomas, espe-
cially those with epithelioid features such as rhabdomyo-
sarcomas and synovial sarcomas [15]. In accordance with 
our fi ndings, Sato et al. found that all LMS were negative 
for E-cadherin expression [15]. 

The level of β-catenin is continuously reduced under 
normal conditions in the cytoplasm. Increased β-catenin cel-
lular accumulation is the effect of either wnt-signals or mu-
tations of the APC protein or mutations of the β-catenin it-
self. The fi rst two pathways result in cytoplasmic β-catenin 
accumulation and fi nally to its aberrant accumulation to the 
nucleus [16]. The nuclear accumulation is the sequence of 
β-catenin mutations [17] that accumulate in the nucleus re-
sulting in increased proliferation and/or inhibition of apop-
tosis representing the pivotal mechanisms of tumorigenesis 
and progression. Similarly to the present study, no nuclear 
accumulation of β-catenin in LMS was reported by other 
studies [6]. Nuclear accumulation has been demonstrated 

Fig. 2 Nuclear topoisomerase IΙα expression, in the corresponding 
cases. a Low expression; b moderate expression; c high expression 
(DAB ×400)
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in synovial sarcomas, osteosarcomas, liposarcomas and 
malignant fi brous histiocytomas [6, 18].

Finally, the current study demonstrated that the vast 
majority of LMS expressed topoisomerase IIα, probably 
implying the aggressive behaviour of this type of tumour. 
Our results are in accordance with the study of Gaumann et 
al., where all cells of LMS were positive for topoisomerase 
IIα [19]. Topoisomerase IIα is involved in cell growth 
and division and is related to DNA repair and therefore 
upregulation of this molecule provides neoplastic cells hav-
ing high topoisomerase IIα expression with a survival ad-
vantage. It has been reported that a high labelling index of 

topoisomerase IIα in malignant tumours generally predicts 
aggressive behaviour [20]. 

Inevitably, the present study has a limited sample size 
and therefore possible associations of β-catenin and topoi-
somerase IIα with the development of recurrences, metas-
tases or death could have been missed. Larger population 
studies should be the future goal in order to delineate the 
expression of these markers in LMS and to explore pos-
sible associations with clinical outcome.
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