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Abstract

Alteration of the intercellular adhesion system plays an essential role in the initiation and progression of bladder carcinomas. We followed
the immunoexpression of adhesion molecules, E-cadherin, β-catenin and Claudin-1, in relation to the histopathological grade and the pT
category in a number of 50 urothelial carcinomas of the bladder, based on a final staining score (FSS), calculated on the basis of reaction intensity
and labeled cells number. E-cadherin immunoexpression was identified in the membrane of tumor cells, low FSS being associated with invasive
high-grade carcinomas. β-catenin reactions were membranous in the case of low-grade noninvasive carcinomas and predominantly cytoplasmic
and nuclear in the case of high-grade invasive ones, for which high FSS were associated. Claudin-1 was identified at the membrane level, the
high FSS values being more frequent in the case of high-grade invasive carcinomas, although there were no significant statistical associations.
Loss of E-cadherin expression and the associated positive linear relation of β-catenin and Claudin-1 indicate the usefulness of the analyzed
markers in identifying the invasive aggressive phenotype of urothelial bladder carcinomas.
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 Introduction
There are a growing number of studies that suggest
that disruption of the intercellular adhesion system may
be involved in the initiation and progression of bladder
cancer.
Currently, certain studies indicated that decreasing of
E-cadherin immunoexpression is related with poor outcome
in distinct carcinomas [1–4]. Nevertheless, the E-cadherin
contribution in the bladder carcinomas evolution remains
questionable. In this context, some studies support a poor
evolution for patients with underexpression of E-cadherin
[5, 6], while other indicated no relation among E-cadherin
and final outcome [7–10].
During tumor progression, when E-cadherin expression
decreases or when cytosolic β-catenin degradation is inhibited,
cytoplasmic β-catenin accumulates and migrates to the
nucleus, the interaction between nuclear β-catenin downstream
transcriptional factors causing abnormal gene activations
[11]. Mutations and β-catenin overexpression are associated
with adverse prognosis in many cancers, including bladder
cancer [12].
Proteins that form tight junctions (claudins) could play
a central role in neoplastic progression by coupling the
extracellular environment to intracellular signaling and
cytoskeleton pathways [13]. For urothelial carcinomas
(UCs), the expression of Claudin-1, -3, -4 and -7 was

reported in over 80% of cases, which were associated with
advanced stage and higher tumor grade [14].
Aim
The present study concerned the evaluation of the
immunoexpression of E-cadherin, β-catenin and Claudin-1
in relation to the tumor grade and the pT category of UCs
of the bladder.
 Materials and Methods
We investigated 50 UCs of the bladder from the Clinic
of Urology, Emergency County Hospital, Craiova, Romania.
Surgical excision specimens (cystectomy or transurethral
tumor resection) were introduced in 10% neutral buffered
formalin, followed by paraffin inclusion and then
Hematoxylin–Eosin (HE) stained. The classification of
lesions was performed according to the recommendations
of the World Health Organization (WHO) [15], revealed
in 11 cases low-grade noninvasive urothelial carcinoma
(LGNUC), in 14 cases high-grade noninvasive urothelial
carcinoma (HGNUC), in nine cases low-grade invasive
urothelial carcinoma (LGIUC) and in 16 cases high-grade
invasive urothelial carcinoma (HGIUC).
From the paraffin blocks, we made serial sections that
were processed by immunohistochemistry using the Labeled
Streptavidin–Biotin (LSAB) 2 detection system (Dako, code
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K0675). The detection of reactions was done by using 3,3’Diaminobenzidine (DAB) tetrahydrochloride chromogen

(Dako, code 3467), and to validate the reactions we included
external positive/negative controls (Table 1).

Table 1 – Used antibodies: clone, dilution, antigen retrieval and external control
Antibodies

Clone / Producer

Dilution

Antigen retrieval

E-cadherin

Monoclonal mouse anti-human NCH-38 / Dako

1:50

Microwaving in citrate buffer, pH 6

β-catenin
Claudin-1

Monoclonal mouse anti-human β-catenin-1 / Dako
Polyclonal rabbit anti-human / Thermo Fisher Scientific

1:100
1:200

Microwaving in citrate buffer, pH 6
Microwaving in citrate buffer, pH 6

The semi-quantitative quantification of the immunoexpression of adhesion molecules investigated was performed
by an adapted system, by two specialists, who appreciated
the intensity of staining and the positive cells percentage
[16]. The score for intensity was considered mild (score 1),
moderate (score 2) or strong (score 3), while the positive
cells percentage range was considered 6–25% (score 1),
26–50% (score 2), 51–75% (score 3) and >75% (score 4).
Multiplying the two scores (intensity/percentage), let us the
calculation of the final staining score (FSS). The FSS values
of 1–4 were considered low, while the values of 6–12 were
high. The cutoff value for positivity was 5% positive cells
regardless of the intensity of the reaction, below this value
the FSS being considered negative. For the analyzed proteins,
the immunostaining was considered for quantification
regardless of cell location.
In the case of transurethral tumor resection fragments,
the inclusion criterion in the study was the presence of
smooth muscle fiber bundles, and the exclusion criterion was
the presence of electrocoagulation or processing artifacts
that could interfere with the immunoexpression of the
analyzed proteins.
The analysis of the results by statistical processing used

Positive
external
control
Mammary
gland
Liver
Skin

mean values, standard deviations, and tests of comparison
[χ2 (chi-squared) test, Pearson’s test], within Statistical
Package for the Social Sciences (SPSS) 10 software, the
values for p less than 0.05 being considered significant.
We use for the image capture the Motic Panthera DL
microscope provided with Motic Images Plus 3.0 ML
software.
The study was approved by the local Ethics Committee,
for the investigated group being obtained the informed
consent.
 Results
Histopathological analysis for the 50 UCs of the
bladder, invasive or noninvasive, with varying degrees of
differentiation, classified into different pT categories
(Table 2), indicated: 25 cases corresponding to the pTa
category (noninvasive – 11 LGNUC cases, 14 HGNUC
cases), 18 cases to the pT1 category (invasion of the
lamina propria – nine LGIUC cases, nine HGIUC cases),
five cases of the pT2 category (invasion of muscularis
propria) and respectively two cases in the pT3 category
(perivesical invasion) (seven HGIUC cases).

Table 2 – Distribution of urothelial carcinomas in relation to tumor grade and pT category according to FSS values
Immunomarker

E-cadherin

β-catenin

Claudin-1

Stage / n
pTa / 25
pT1 / 14
pT2 / 2
pT3 / 0
pTa / 19
pT1 / 14
pT2 / 4
pT3 / 2
pTa / 21
pT1 / 14
pT2 / 5
pT3 / 2

n

LGNUC
FSS

n

HGNUC
FSS

n

LGIUC
FSS

n

HGIUC
FSS

11
–
–
–
9
–
–
–
10
–
–
–

11.1
–
–
–
5.1
–
–
–
5.8
–
–
–

14
–
–
–
10
–
–
–
11
–
–
–

7.3
–
–
–
5.3
–
–
–
6.2
–
–
–

–
9
–
–
–
7
–
–
–
7
–
–

–
4.6
–
–
–
6.8
–
–
–
6
–
–

–
5
2
–
–
7
4
2
–
7
5
2

–
4.4
4
–
–
9.2
9.5
10
–
10.7
10.8
12

FSS: Final staining score; HGIUC: High-grade invasive urothelial carcinoma; HGNUC: High-grade noninvasive urothelial carcinoma; LGNUC:
Low-grade noninvasive urothelial carcinoma; LGIUC: Low-grade invasive urothelial carcinoma; n: No. of cases.

E-cadherin expression
E-cadherin expression analysis was identified in 41
(82%) cases, with membranous pattern, variable intensity
of reaction and an average number of 58.7±21.5 labeled
cells, for the whole positive group the mean FSS value
being 7.2.
For noninvasive UCs (pTa), E-cadherin reactions
indicated strong intensity in the case of LGNUC, a number
of 76±10.4 labeled cells and a mean FSS value of 11.1. By
comparison, in HGNUC, the intensity of the reactions was

moderate or strong, the number of labeled cells was 66.4
±18.7 and the mean FSS value was 7.3 (Figure 1, A and B).
In LGIUC and HGIUC of the pT1 category, the positive
reactions had predominantly moderate intensity, an average
number of labeled cells of 38.8±13.6 and 40±16.9, respectively,
and mean FSS values of 4.6 and 4.4, respectively (Figure 1C).
In the case of HGIUC from the pT2 category, we observed
membrane positivity with moderate or mild intensity, an
average number of 45% labeled cells and a mean FSS
value of 4. For tumors of pT3 category, the cases were
negative for this immunomarker (Figure 1D).
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Figure 1 – E-cadherin immunostaining (×400): (A) LGNUC – pTa; (B) HGNUC – pTa; (C) LGIUC – pT1; (D) HGIUC
– pT2. HGIUC: High-grade invasive urothelial carcinoma; HGNUC: High-grade noninvasive urothelial carcinoma;
LGIUC: Low-grade invasive urothelial carcinoma; LGNUC: Low-grade noninvasive urothelial carcinoma.

β-catenin expression
Analysis of β-catenin expression was observed in 39
(78%) cases, with variable intensity and pattern, with an
average number of 68.2±12.8 labeled cells and a mean FSS
value of 6.9. In LGNUC and HGNUC, the immunostaining
had a membranous pattern, with mild or moderate intensity,
with an average number of labeled cells of 62.7±15 and
60±24, respectively, and a mean FSS value of 5.1 for LGNUC
and 5.3 for HGNUC (Figure 2, A and B).
In the case of LGIUC, the immunostaining was also
membranous and cytoplasmic, with moderate or strong
intensity, a number of 70.7±10.9 labeled cells and a mean
FSS value of 6.8 (Figure 2C).
For HGIUC, the staining pattern was varied according
to the pT stage. The pT1 tumors indicated membranous
and cytoplasmic staining, strong intensity and sometimes
moderate, a number of 74.2±3.1 labeled cells and a mean
FSS value of 9.2. In the case of pT2 and pT3 tumors, the
staining had a cytoplasmic and nuclear pattern, with strong
or moderate intensity, an average number of labeled cells
of 75±5.7 and 75%, respectively, and the highest mean FSS
values of 9.5 and 10, respectively (Figure 2D).
Claudin-1 expression
Claudin-1 expression was identified in 42 (84%) cases,
with cytoplasmic and membranous pattern and variable
intensity, for the whole group the average number of positive
cells was 70±12.3, with a mean FSS value of 7.7. In the
LGNUC classified in the pTa category, the intensity of
the reactions was moderate, the mean number of positive

cells was 64.5±12.1, and the mean FSS value was 5.8
(Figure 3A).
In contrast, for HGNUC, the membrane pattern revealed
moderate or strong intensity, a mean value of 63.6±15.3
labeled cells and a mean FSS value of 6.2 (Figure 3B).
In LGIUC, we observed reactions with moderate intensity
membrane pattern, the average number of positive cells
being 70.7±9.4 and the mean FSS value of 6 (Figure 3C).
In HGIUC from the categories pT1, pT2 and pT3, the
membrane immunostaining indicated increased intensity,
with a number of labeled cells of 77.1±5.6, 79±4.1 and
82.5%, respectively, and a mean FSS values of 10.7, 10.8
and 12, respectively (Figure 3D).
Statistical analysis indicated significantly lower differences
in E-cadherin immunoexpression in high-grade (p<0.001, χ2
test) and deep invasive (p<0.001, χ2 test) tumors (Figure 4,
A and B). In the case of β-catenin, the reaction scores were
significantly higher in the high-grade lesions (p=0.031,
χ2 test) and in the invasive pT2–pT3 ones (p=0.034, χ2 test)
(Figure 4, C and D).
In the case of Claudin-1, the differences were statistically
non-significant, although the high scores were more frequently
associated with high-grade UCs (p=0.394, χ2 test) and
invasive pT1–pT3 tumors (p=0.369, χ2 test).
The analysis of the percentage values distribution for the
investigated markers indicated a non-significant borderline
linear positive correlation between E-cadherin/β-catenin
(p=0.685, Pearson’s test), a negative linear non-significant
correlation of E-cadherin/Claudin-1 (p=0.792, Pearson’s test)
and a significant positive linear correlation in the case of
β-catenin/Claudin-1 (p<0.001, Pearson’s test) (Figure 5).
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Figure 2 – β-catenin immunostaining (×400): (A) LGNUC – pTa; (B) HGNUC – pTa; (C) LGIUC – pT1; (D) HGIUC
– pT3. HGIUC: High-grade invasive urothelial carcinoma; HGNUC: High-grade noninvasive urothelial carcinoma;
LGIUC: Low-grade invasive urothelial carcinoma; LGNUC: Low-grade noninvasive urothelial carcinoma.

Figure 3 – Claudin-1 immunostaining (×400): (A) LGNUC – pTa; (B) HGNUC – pTa; (C) LGIUC – pT1; (D) HGIUC
– pT2. HGIUC: High-grade invasive urothelial carcinoma; HGNUC: High-grade noninvasive urothelial carcinoma;
LGIUC: Low-grade invasive urothelial carcinoma; LGNUC: Low-grade noninvasive urothelial carcinoma.
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Figure 4 – Distribution of cases depending on tumor grade (A and C), the depth of the invasion (B and D) and FSS of
E-cadherin (A and B) and β-catenin (C and D). FSS: Final staining score; HGIUC: High-grade invasive urothelial carcinoma;
HGNUC: High-grade noninvasive urothelial carcinoma; LGIUC: Low-grade invasive urothelial carcinoma; LGNUC:
Low-grade noninvasive urothelial carcinoma.

Figure 5 – Distribution of E-cadherin, β-catenin and
Claudin-1 percentage values.

 Discussions
Dysfunction of cell adhesion molecules was correlated
with the early stages of tumor invasion, but also with the
development of metastases in UC of the bladder [17].
There are many types of carcinomas, including of the
bladder, for which the decrease of cadherin expression is
associated with the reserved prognosis [1–4]. The E-cadherin
impact of in the final outcome of bladder carcinomas remains
under question, given that the results of different studies
indicate low expression as being associated [5, 6] or not
associated [7–10] with an unfavorable prognosis.
The immunoreaction for E-cadherin was identified
in 82% of cases, with membranous pattern and variable

intensity. FSS values were significantly lower in the case
of high-grade and invasive carcinomas, with pT3 HGIUC
being completely negative for this immunomarker.
Tumor invasion in UC is often associated with impaired
E-cadherin expression, concomitant with suppression of
cellular junctions, while decreased E-cadherin expression
has been reported in high-grade UC [18]. The reduced
expression of E-cadherin or its absence requires clinical
monitoring of patients even if the initial diagnosis is noninvasive UC, due to the high rate of transformation into
invasive carcinoma, compared with recurrent cases [19].
Disruption of cadherin control over intercellular adhesion
and activation of β-catenin/Wnt induced signals are essential
stages in initiation and development of several tumors
[20]. The β-catenin/Wnt signaling system is involved in
the urogenital system growth and, therefore, its abnormal
activation is significantly involved in the pathogenesis of
bladder cancer [21].
We observed β-catenin expression in 78% of cases,
with varied membrane, cytoplasmic and nuclear pattern. If
in LGNUC and HGNUC the staining had a membranous
pattern, for LGIUC the staining pattern was membranous
and cytoplasmic, and in the case of HGIUC the pattern was
variable depending on the pT category, cytoplasmic and
nuclear reactions predominating in the case of pT2–pT3
tumors. In this study, high β-catenin scores were associated
with invasive and invasive carcinomas.
During tumorigenesis, with decreased E-cadherin
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expression, proteasomal degradation of cytoplasmic βcatenin is inhibited, leading to accumulation and migration
of catenin into the nucleus. Some studies have indicated
that β-catenin nuclear expression was statistically higher
in urinary bladder carcinoma, and associated with poor
outcome [22, 23]. Mutations and overexpression of βcatenin have been associated with the prognosis reserved
for many types of carcinomas, including bladder cancer [12].
Claudin-1 has been shown to exert its oncogenic function
via the β-catenin signaling pathway [24]. Claudin-1 is
essential for maintaining epithelial integrity, its aberrant
expression and correlation with β-catenin has been identified
in several malignancies [25–27]. While a relation between
the reduced immunoexpression of Claudin-1 and poorer
outcome was indicated, the involvement of Claudin-1 in
different malignancies remain unclear [28, 29].
Immunoreaction for Claudin-1 was identified in 84% of
the investigated cases, with cytoplasmic and membranous
pattern. In this study, the high scores of Claudin-1 were
more frequent in the case of HGIUCs, the aspects being
statistically non-significant. We also found a significant
positive linear relation between β-catenin and Claudin-1,
aspects that support the cooperation of the two proteins
in stimulating the progression of UCs.
Kokenek-Unal et al. reported that most UCs with muscle
invasion (80%) presented intense staining, and generally
Claudin-1 had significantly lower expression in low-grade
UCs compared with high-grade ones [30]. Nakanishi et al.
observed increases in Claudin-1, -3 and -4 expression in
advanced stages of UCs in the upper urinary tract, associated
with reduced survival, and in addition, the expression of
Claudin-1 and -4 was significantly associated with tumor
stage [14].
 Conclusions
The study indicated decreased E-cadherin expression and
increased β-catenin and Claudin-1 expression in HGIUCs.
The translocation of β-catenin from the membrane level into
the cytoplasm and nucleus support the involvement in the
acquisition of the invasive behavior of these lesions. The
positive linear relation of β-catenin and Claudin-1 supports
the presence of synergistic dependent mechanisms with
role in the progression of bladder carcinomas. The results
obtained can be used to identify the aggressive invasive
phenotype of UCs of the bladder.
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