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ABSTRACT: The involvement of claudins in urothelial carcinogenesis is controversial. In this study, we analyzed 
Claudin-4 immunoexpression in 50 cases of bladder urothelial carcinomas depending on the main prognostic 
parameters of the lesions represented by the tumor grade and tumor extension. Claudin-4 immunoexpression scores 
were significantly higher in high-grade urothelial carcinomas and in tumors with invasion in muscularis propria. The 
results obtained indicate the involvement of Claudin-4 in the progression of urothelial bladder carcinomas. 
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Introduction 
Recent studies indicate a 6% incidence of 

bladder cancer, reported in all cases of cancer, 
over 90% being urothelial carcinomas [1]. 

Histopathological evaluation of urothelial 
carcinomas (UC) is based on the assessment of 
the tumor grade and stage, which determines the 
prognosis and has therapeutic implications [2,3]. 

The heterogeneity of histopathological 
features is an additional complexity in the 
context of bladder cancer diversity. 

Data on molecular markers involved in UC 
prognosis are still controversial. 

Although the diagnostic and/or prognostic 
value of claudins is well known in many human 
tumors, there are few data available on the 
profile of claudin expression in different 
varieties of urothelial bladder neoplasms [4,5]. 

In this study we followed the 
immunoexpression of Claudin-4 in the bladder 
UC, depending on the tumor grade and tumor 
extension pT. 

Material and Methods 
We studied a number of 50 UCs from the 

Urology Clinic of the County Emergency 
Clinical Hospital of Craiova. 

The fragments of surgical excision 
(cystectomy or transurethral tumor resection) 
were fixed in 10% buffered formalin, processed 
by routine paraffin inclusion technique and then 
stained hematoxylin-eosin. 

The classification of the lesions according to 
the WHO (World Health Organization) 

recommendations indicated in 11 cases 
low-grade noninvasive urothelial carcinomas 
(LGNUC), in 14 cases high-grade noninvasive 
urothelial carcinomas (HGNUC), in 9 cases low-
grade invasive urothelial carcinomas (LGIUC) 
and in 16 cases cases of high-grade invasive 
urothelial carcinomas (HGIUC) [6]. 

From the paraffin blocks we performed  
serial sections that were processed 
immunohistochemically using the detection 
system Labeled Streptavidin-Biotin (LSAB) 2 
(Dako, Redox, Romania, code K0675). 

Visualization of the reactions was  
done using 3,3’-diaminobenzidine (DAB) 
tetrahydrochloride (Dako, code 3467), and to 
validate the reactions we used positive (ovarian 
carcinoma) and negative external controls (by 
omitting the primary antibody). 

The antibody was used in this study was 
policlonal rabbit anti-human Claudin-4 (Thermo 
Fisher Scientific), diluted as 1:400 and with 
antigen retrieval in citrate buffer pH6. 

The analysis of the semi-quantitative 
expression of Claudin-4 was performed by two 
specialists using an adapted system [7]. 

For grading the reactions intensity the score 
was considered 1 (mild), 2 (moderate) or 
3 (strong) while the percentage of positive cells 
was noted with score 1 (6-25% cells), 2 (26-50% 
cells), 3 (51-75% cells) and 4 (>75% cells). 

The final staining scores (FSS) result by 
multiplying the intensity and percentage scores 
and were considered low for values between  
1-4 and high for values of 6-12. 
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The cutoff value for positivity was 5% 
positive below this value the FSS being 
considered negative. 

The statistical analysis used the chi-square-χ2 
test within SPSS10 (Statistical Package for the 
Social Sciences) software, the p<0.05 values 
being considered significant. 

The study was approved by Ethical 
Committee of the University of Medicine and 
Pharmacy of Craiova, and all patients gave a 
written informed consent. 

Results 
The study included a number of 50 CUs, 

which corresponded to the categories pTa in 
25 cases, pT1 in 18 cases, pT2 in 5 cases and 
pT3 in 2 cases. 

The immunoreactivity for Claudin-4 was 
identified in 34 of the investigated cases (68%), 
with a membranous pattern, respectively in 
10 LGNUC cases, 10 HGNUC cases, 6 LGIUC 
cases and 8 HGIUC cases. 

Analysis of Claudin-4 immunoexpression in 
terms of percentage and labeling intensity for 
the selected tumors indicated different staining 
patterns and different FSS values depending on 
tumor grade and pT category (Table 1). 

In the LGNUC included in the pTa category, 
we found positivity with membranous pattern 

and disposition in the basal layers, adjacent to 
the connective axes. 

The percentage of positive cells varied 
between 25-50%, the intensity was moderate, 
with FSS values varying between 2-4 and an 
average value of 3.8 (Figure 1A). 

In HGNUC also included in the pTa 
category, the staining pattern was also 
membranous and available in the basal layers, 
but also randomly in the rest of the tumor layers. 

The percentage of positive cells varied 
between 40-65%, but the staining intensity was 
strong, with FSS values varying between 
6-9 and an average of 8.4 (Figure 1B). 

Table 1. FSS values  
of Claudin-4 in urothelial carcinomas. 

Stage/ 
No. cases 

Tumor grade/ 
No. of positive 

cases 

Low 
FSS 

High 
FSS 

pTa/25 LGNUC/10 3.8 - 
HGNUC/10 - 8.4 

pT1/18 LGIUC/6 4.6 - 
HGIUC/5 - 8 

pT2/5 HGIUC/3 - 8 
pT3/2 HGIUC/0 - - 

**FSS: final staining score; LGNUC: low grade noninvasive 
urothelial carcinoma; HGNUC: high grade noninvasive urothelial 

carcinoma; LGIUC: low grade invasive urothelial carcinoma; 
HGIUC: high grade invasive urothelial carcinoma. 

 

 

Figure 1. Immunoexpression of Claudin-4 in urothelial carcinomas. 
A. LGNUC, pTa, x400; B. HGNUC, pTa, x400; C. LGIUC, pTa, x400; D. HGIUC, pTa, x400. 
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In LGIUC corresponding to the pT1 stage we 
observed positivity also with membranous 
pattern, predominantly in the basal layers. 

The percentage of positive cells varied 
between 50-75%, the intensity was moderate, 
with FSS values varying between 4-6 and an 
average value of 4.6 (Figure 1C). 

In HGIUC from the pT1, and pT2 categories, 
the immunostaining had a membranous pattern 
with a random disposition. 

The percentage of positive cells ranged from 
80-85% for pT1/T2 tumors, with mean FSS 
values of 8 for both tumor categories 
(Figure 1D). 

In HGIUC from the pT3 stage we found the 
absence of staining. 

The statistical analysis indicated the 
association of the high grade of UC with the 
high values of FSS, aspects that were significant 
(p=0.000, χ2 test) (Figure 2A). 

In relation to the tumor stage, high values of 
Claudin-4 FSS predominated only in carcinomas 
in the pT2 category, and low FSS values were 
present only in the pTa/T1 categories, aspects 
that were at the limit of statistical significance 
(p=0.063, χ2 test) (Figure 2B). 

 

 

Figure 2. A. Distribution of cases depending on tumor type and Claudin-4 FSS; 
B. Distribution of cases depending on tumor extension and Claudin-4 FSS. 

 

Discussions 
The possible role of claudins in human 

tumorigenesis is mentioned, several studies 
proving the modification of the molecular 
structure of tight junctions in different 
pathological conditions [8], the loss of claudin 
expression being reported in several malignant 
diseases [9]. 

Moreover, the immunohistochemical 
detection of some claudins has proved useful as 
a diagnostic tool that can differentiate some 
types of malignancies, and some claudins can be 
used as prognostic markers because the loss of 
their expression is related in some cases to 
metastatic potential [9]. 

Claudin-4 is one of the claudins 
predominantly expressed in the kidneys and 
urinary tract, including selective segments of the 
renal nephrons and the entire urothelium from 
the pelvis to the bladder [10]. 

Thus, in the normal urothelium, Claudin-4 
expression is intense at the membrane level, in 
the upper layers, progressively decreasing 
towards the basal layers [1,8,11,12]. 

However, there are limited studies on 
Claudin-4 expression in UC, the results of 
various studies being discordant. 

Kökenek Unal TD et al. reported for invasive 
urothelial carcinomas, loss of expression in 60% 
of cases analyzed [11]. 

The authors observed that Claudin-4 
expression decreases with increasing 
histological grade and tumor stage, the positive 
predictive value of Claudin-4 being statistically 
significant for high nuclear grade [11]. 

In our study, Claudin-4 expression was 
identified in 68% of cases with a membranous 
pattern. We observed the higher FSS values in 
high-grade UC and in carcinomas invasive in 
muscularis propria. We also observed the loss of 
Claudin-4 expression in pT3 carcinomas. 

Boireau S et al. reported decreased Claudin-4 
expression in HGIUC, while LGNUC did not 
present this aspect [4]. 

On the contrary, Székely E et al. reported an 
increase in Claudin-4 expression in LGNUC 
associated with reduced relapse-free survival, 
supporting the idea of the association between 
high expression of Claudin-4 and advanced 
urinary carcinogenesis, suggesting that Claudin-
4 expression profile could be used to predict 
behavior clinic at UC [8]. 

Another study reports that increased 
expression of Claudin-3 and Claudin-4 was 
significantly correlated with advanced disease 
[12]. 
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Similarly, another study concludes that 
decreased Claudin-4 expression may indicate 
increased invasiveness in UC, noting that 
Claudin-4 expression decreases with increasing 
histological grade and pathological status [11]. 

In other studies, Claudin-4 expression was 
closely related to tumor stage and grade, but did 
not correlate with tumor recurrence and 
metastasis [1,4,12]. 

Moreover, experimental data suggest that 
tumor cells expressing Claudin-4 could be a 
therapeutic target for cytotoxic fusion proteins, 
recognizing Claudin-4 as a docker molecule 
[13]. 

Seiler E et al. proposed four molecular 
subtypes (basal, Claudin-low, luminal and 
luminal-infiltrated subtypes) that can predict the 
response to cisplatin-based neoadjuvant 
chemotherapy and confirmed that the  
Claudin-low subtype, defined as a subset of 
tumors with low Claudin-3 and Claudin-4 had 
the lowest overall survival and did not benefit 
from this therapy [14]. 

Conclusions 
In this study, Claudin-4 overexpression was 

associated with high-grade urothelial carcinomas 
with invasion into the muscularis propria, and 
negative reactions were associated with 
deep-invasive throughout the bladder wall 
carcinomas. 

The results support the involvement of 
Claudin-4 in the progression of urothelial 
carcinomas, both in the noninvasive and tumor 
invasion phases. 
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