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Abstract: Background: Bladder cancer is the most common malignancy in the urothelial tract. Invasive cancer has a 
poor prognosis compared to non-invasive cancer, and identifying the cancer type is useful in determining the most 
appropriate treatment. In this study, the expression ratios of E-cadherin in non-invasive urothelial carcinoma of the 
bladder were investigated. The goal of the study was to predict possible invasion in the recurrence of these cases. 
Material and methods: Seventy-two recurrent non-invasive cases of urothelial carcinoma of the bladder were retro-
spectively analyzed. An immunohistochemical study of E-cadherin was performed of the baseline tissue sections. 
An evaluation was carried out of the intensity of membranous staining of E-cadherin and the percentage of cells 
that stained positive. Results: Invasive cancer was identified in the recurrence material of 14 of the 72 urothelial 
carcinomas of the bladder that were originally non-invasive based on the baseline samples. The rate of invasion in 
the recurrence material was significantly higher in cases in which the loss of E-cadherin expression was observed. 
Conclusion: If E-cadherin expression is negative or weak, close clinical follow-up of patients is necessary, even if 
the initial diagnosis is non-invasive urothelial carcinoma of the bladder. This is because the rate of invasion in these 
cases is higher in recurrent cases.
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Introduction

Bladder cancer is the most common malignan-
cy in the urothelial tract. It is the ninth most fre-
quently diagnosed cancer worldwide. Incidence 
rates are consistently lower in women than in 
men, although sex differences vary greatly 
among countries. It is most common in older 
people but can occur at any age. The observed 
patterns and trends of bladder cancer inci-
dence worldwide appear to reflect the preva-
lence of tobacco smoking, although infection 
with Schistosoma haematobium and other risk 
factors are also major causes in selected popu-
lations [1]. 

Approximately 70-80% of cases of urothelial 
carcinoma of the bladder are limited to the 
mucosa or submucosa. Patients are diagnosed 
with muscle-invasive bladder cancer when the 
cancer cells invade the bladder detrusor mus-
cle [1, 2]. Moreover, 20% of initially diagnosed 
non-invasive bladder tumors develop into mus-
cle-invasive cancer within five years following 

organ-preserving treatment [3]. Bladder cancer 
has become common globally, with an inci-
dence ≥ 400000 annually. Approximately 
165000 people die from this cancer annually 
[1, 4]. It is important to try to predict recurrence 
and progression in patients with non-invasive 
bladder cancer as this informs the selection of 
treatment strategies after transurethral resec-
tion of bladder tumor. Therefore, the European 
Organization for Research and Treatment of 
Cancer (EORTC) developed a risk table that pro-
vides a scoring system based on the risk of 
recurrence and progression. According to the 
EORTC risk table, the six most significant clini-
cal and pathologic factors in bladder cancer 
that are predictive of poor prognosis are multi-
ple tumor focus, large tumor size (> 3 cm), prior 
recurrence, T category, concomitant carcinoma 
in situ (CIS), and a high-grade histopathologic 
diagnosis [5]. As per the institutional standard-
ized postoperative protocol, the patients are 
followed-up every 3-4 months for the first two 
years after transurethral resection, and there-
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after every six months for the next three years, 
and then annually [6].

E-cadherin is an important molecule in cell-cell 
adhesion in epithelial tissue. It is localized on 
the surface of the epithelial cells in regions of 
cell-cell contact known as adherence junctions 
[7, 8]. E-cadherin is essential for the formation 
and maintenance of epithelia [9]. The loss of 
epithelial cell polarity and decreased E-cadherin 
expression are the main features of epithelial-
mesenchymal transition [10]. The latter plays a 
role in tumor invasion and metastasis [11]. The 
disappearance of tight junctions between the 
cells can cause morphological change and 
increase the extent of invasion and metastatic 
capacity of the epithelial cells [12]. 

In addition to the role of E-cadherin in normal 
cells, this highly conserved gene in also highly 
influential in malignant cell transformation. 
Most tumors have abnormal cellular architec-

ture and loss of tissue integrity can lead to local 
invasion. The loss of E-cadherin is an most 
important risk factor for the metastasis of sev-
eral carcinomas and correlates with increased 
tumor invasiveness [13, 14].

Material and methods

Data from the archives at the Pathology Dep- 
artment, Erzincan University Mengücek Gazi 
Education and Research Hospital, Erzincan, 
Turkey, were analyzed in this research. The 
study subjects were aged 31-88 years (a mean 
age of 64.7 years). The majority were aged 
60-70 years. Fifty-six of them were men and 16 
were women.

An immunohistochemical study of E-cadherin, 
using primary antibodies of E-cadherin (MU390-
UC®, Biogenex, 1/20 ER1 20), was performed 
on the paraffin-embedded tissue sections of 
72 recurrent cases of non-invasive bladder uro-
thelial carcinoma. The sections were stained 
using a fully automated immunohistochemistry 
device (Leica BOND-MAX®; Leica Biosystems, 
Melbourne, Australia). After immunohistochem-
istry tissue processing, the sections were dehy-
drated using a graded series of ethanol and 
xylene and then covered with a mounting medi-
um (Entellan®; Merck Millipore, Darmstadt, 
Germany). The samples stained for E-cadherin 
were evaluated under an Olympus® pX53 micro-
scope (200 ×) (Olympus Optical Co., Tokyo, 
Japan). Photographs were taken with an Olym- 
pus®Camera adaptor U-TVO.5XG-3 (Olympus 
Optical Co., Tokyo, Japan). 

The membranous staining intensity of E-ca- 
dherin was classified using four groups: no 
staining (a score of 0), weak staining (a score of 
1), moderate staining (a score of 2), and strong 
staining (a score of 3). The percentage of posi-
tively stained cells with E-cadherin was classi-
fied using five groups: 0-9% (a score of 0), 
10-24% (a score of 1), 25-49% (a score of 2), 
50-74% (a score of 3), and ≥ 75% (a score of 4). 
The staining positivity of E-cadherin was calcu-
lated using the formula of total score = intensi-
ty score × percentage score [15]. Dependent 
on the degree of staining with E-cadherin, the 
cases were classified using three groups:

●Group 1: Negative staining (a total score of 
1-2) (Figure 1).

Figure 1. Group 1 (negative staining with E-cad-
herin): E-cadherin staining score 2 (× 200).

Figure 2. Group 2 (weakly positive E-cadherin stai��n-
ing): E-cadherin staining score 6 (× 200). 
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●Group 2: Weakly positive staining (a total 
score of 3-6) (Figure 2).

●Group 3: Strongly positive (a total score of ≥ 7) 
(Figure 3). 

The rate of invasion in recurrent cases with and 
without the loss of E-cadherin expression was 

also investigated. A pathological evaluation 
was performed according to the 2004 World 
Health Organization/International Society of 
Urologic Pathologists classification. Non-inva- 
sive urothelial neoplasm was defined as malig-
nancy limited to the mucosa (pTa) and invasive 
urothelial neoplasm was defined as lamina pro-
pria (pT1) or muscularis propria (detrusor mus-
cle) invasion (pT2).

Statistical analysis

The data were encoded, then transmitted to a 
computer and analyzed using SPSS® version 
20.0. The descriptive data characteristics are 
expressed as mean ± standard deviation. The 
Kruskal-Wallis H test was used to compare the 
groups. Statistical significance was determined 
to be a P-value ≤ 0.050.

Results

Initially, 344 bladder transurethral resections 
and bladder biopsy materials were reviewed 
between 2007 and 2017. Of these, non-inva-
sive urothelial carcinoma of the bladder was 
identified in 192 patients and invasion of the 
lamina propria or muscularis propria was found 
in 152.

Recurrence was detected in 72 of the 192 non-
invasive cases. In these patients, the earliest 
recurrence occurred in the fourth month post 
treatment and average time to recurrence was 
16 months. Invasion was present in the follow-
up samples of 14 (19%) of the 72 originally non-
invasive cases (based on baseline tissue sam-
pling). Invasion of the lamina propria and 
muscularis propria was demonstrated in the 
follow-up sample of a patient identified with 
non-invasive urothelial carcinoma based on the 
initial assessment (Figures 4-6).

Invasion was identified in 11 (20%) of the 56 
men (78%) and in 3 (19%) of the 16 women 
(22%). A statistically significant difference was 
not found between sex and the rate of invasion 
in the follow-up samples (P ≥ 0.050). 

The tumors were high and low grade in 47 (65%) 
and 25 cases (35%), respectively. Invasion was 
present in 10 (21%) of the high-grade and in 4 
(16%) of the low-grade cases. A statistically sig-
nificant difference was not observed between 
the follow-up samples showing recurrence in 
terms of differentiation in severity of tumor and 
rate of invasion (P ≥ 0.050).

Figure 3. Group 3 (strongly positive E-cadherin stai��n-
ing): E-cadherin staining score 12 (× 200). 

Figure 4. Non-invasive urothelial carcinoma (arrow) 
(HE × 200).  

Figure 5. The invasion of lamina propria in the recur-
rent material (arrow) (HE × 200).
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The E-cadherin staining results (intensity score 
× percentage score) were as follows: 

●Group 1 (negative staining with E-cadherin): 
Invasive cancer was observed in the follow-up 
samples of 3 (38%) of the 8 patients initially 
diagnosed with non-invasive urothelial carcino-
ma of the bladder.

●Group 2 (weakly positive E-cadherin staining): 
Invasive cancer was observed in the follow-up 
samples of 6 (29%) of the 21 patients initially 
diagnosed with non-invasive urothelial carcino-
ma of the bladder.

●Group 3 (strongly positive E-cadherin stain-
ing): Invasive cancer was observed in the fol-
low-up samples of 5 (12%) of the 43 patients 
initially diagnosed with non-invasive urothelial 
carcinoma of the bladder.

A statistically significant difference was found 
between groups 1 and 3 (P ≤ 0.050) and 
between groups 2 and 3 (P ≤ 0.050) for the rate 
of invasion in the follow-up samples showing 
recurrence, but was not found between groups 
1 and 2 (P ≥ 0.050). 

Discussion

Bladder cancer is the most common urinary 
system malignancy. It is the fifth most common 
cancer in Western countries and the ninth most 
frequently diagnosed cancer worldwide. Its inci-
dence is over 400000 annually, with an esti-
mated prevalence of 2.7 million [16-18]. Over 
90% of bladder cancer in western countries 
comprises urothelial carcinoma and 70-80% of 
these tumors are non-invasive [19, 20]. High 
rates of recurrence and invasion are reported 

in patients with non-invasive bladder cancer 
owing to the aggressive nature of these tumors 
[21-23]. 

Tumor invasion is often associated with the 
down regulation of E-cadherin expression con-
comitant with a suppression of the cell junc-
tions, while decreased levels of E-cadherin 
expression have been reported in higher-grade 
urothelial cancer [24].

Cadherin in the epithelial tissue is a calcium-
dependent adhesion protein that promotes 
tight cell-cell junction. E-cadherin adjusts the 
connections of nearby epithelial cells, thereby 
maintaining cell polarity [25, 26]. These cell 
adhesion molecules are important in prevent-
ing the progression of cancer, including that of 
the bladder [27].

The loss of E-cadherin expression affects the 
invasion and metastasis of various neoplasms, 
including bladder cancer, hepatocellular carci-
noma, and breast cancer [28]. 

He et al. demonstrated that the loss of E-cad- 
herin expression played an important role in 
the development of various tumors, such as 
pancreatic cancer, non-small cell lung cancer, 
and colorectal cancer [29]. Gao et al. also 
showed that decreased E-cadherin expression 
was critical in ovarian tumorigenesis [30]. 

Conclusion

If E-cadherin expression is found to be negative 
or weak, close clinical follow-up of patients is 
necessary, even if the initial diagnosis non-
invasive urothelial carcinoma of the bladder. 
This is because the rate of invasion in these 
cases is higher in recurrent cases.

A routine pathologic assessment of E-cadherin 
expression in urothelial carcinoma of the blad-
der may be useful in expediting an early diagno-
sis of invasive cancer and thus would be benefi-
cial to the follow-up and treatment of such 
patients.
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Figure 6. The invasion of muscularis propria in the 
recurrent material (arrow) (HE × 200).
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