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ABSTRACT 
 

Aims: Claudins are major transmembrane proteins of tight junctions. As the disruption of their 
function have important impact on tumorogenesis, invasion and metastasis. Claudins became a 
focus of interest for targeting therapies. Although their expression profiles have been studied in 
many organs, researches on Claudin expression in bladder are in limited number. The aim of this 
study is to present the differential expression of Claudin-1, Claudin-3 and Claudin-4 in invasive and 
noninvasive urothelial lesions. 
Study of Design: Several groups of noninvasive and invasive urothelial lesions were stained 
immunohistochemically by Claudin-1, Claudin-3 and Claudin-4 and their expressions were 
evaluated.   
Place and Duration of Study: Department of Pathology of Diskapi Research and Training 
Hospital, Ankara, between 2011-2013. 
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Methodology: 83 cases (31 invasive urothelial carcinomas (IUCC) –further divided into: 15 muscle 
invasive UCCs, 16 UCCs with lamina propria invasion-, 17 noninvasive papillary urothelial 
carcinomas (NPUC), 13 papillary urothelial neoplasms of low malignant potential (PUNLMP), 7 
carcinoma in situ (CIS) and 15 normal independent samples (CG). Sections from formalin-fixed 
paraffin embedded tissues were immunohistochemically stained with Claudin 1, Claudin 3 and 
Claudin 4. 
Results: Claudin-1 expression is significantly lower in low grade noninvasive urotelial carcinomas 
compared to invasive carcinomas. Claudin-3 is highly expressed in normal urothelium and invasive 
lesions; but its expression is decreased significantly in all non-invasive lesions. Claudin-4 
expression appeared to decrease in muscle invasive UCC and CIS vs. others. 
Conclusion: Although higher expression of Claudin-4 in low-grade and non-invasive lesions may 
be used as a diagnostic tool, decreased expression of Claudin-4 can indicate more invasive 
capacity of the tumour. In terms of Claudin-1 and -3, their decreased expression in non-invasive 
lesions when compared to control group and their trend to show more increased expression in 
IUCC needs to be studied further in larger studies. 
 

 
Keywords: Bladder cancer; claudin-1; claudin-3; claudin-4; urothelial carcinoma. 
 

1. INTRODUCTION  

 
Bladder cancer, accounting for 4.1% of all tumors 
[1], is one of the most common tumors 
worldwide. According to recent researches, the 
new cases of bladder cancer are expected to 
account for 6% of all cancers [2]. Males are 
affected more than females at a ratio of 3 to 4:1. 
Exposure to chemicals such as aromatic amines, 
dyes, smoking, drugs, infections are included in 
predisposing factors [3]. 

        

Approximately 90% of primary malignant tumors 
of bladder are urothelial carcinomas. Although 
70-80% of patients are diagnosed at early 
invasive or noninvasive stages and have a good 
prognosis [3], urothelial carcinoma in these 
stages has a clinical importance because of high 
recurrence rates after transurethral resection [4]. 
On the other hand, high grade and invasive 
tumors have high mortality rates and their 
treatment and prognosis are very different from 
noninvasive tumors [4]. Mainly, histological 
morphology is crucial both in differential 
diagnosis of noninvasive papillary urothelial 
neoplasms and also in recognition of the 
presence and extent of invasion in malignant 
lesions. Therefore sampling errors and 
orientation problems may lead to difficulties in 
interpretation of specimen and correct diagnosis 
might be highly challenging. Tumor progression 
is primarily based on histological grade and 
tumor stage, but there are several prognostic 
features including morphologic, molecular and 
clinical characteristics [5] In addition to that, other 
new possible markers are being investigated to 
predict tumor progression [6].  

Tight junctions, to which also claudins belong, 
act as a regulator barrier in paracellular ion and 
protein transport in epithelium [7]. They are 
dynamic elements which can change their 
structure and composition according to 
environmental factors [8]. Recent studies 
indicated that tight junctions have a critical role in 
tumor initiation, dedifferentiation, invasion, 
progression and metastasis. As an important 
transmembrane protein, claudins form the 
backbone of tight junctions. They have an 
essential role in paracellular permeability [9].  
The claudin family has 24 members which share 
a wide range of similar sequences. Different 
claudin subtypes are expressed from most cell 
types.  Because of their critical functions in cells, 
since their discovery, studies investigating their 
roles in tumorigenesis are expanding. Their 
expressions seem to change in a tissue specific 
manner [10].  
 
In course of time, better understanding of 
underlying pathogenetic mechanisms of tumors 
leads to identification of certain surface 
molecules that can be used as a therapeutic 
target for novel drugs produced from genetically 
modified bacteria or bacterial toxins in some 
malignancies [11]. Clostridium perfringes 
enterotoxin is one of most used toxin for this 
purpose. Claudins take a major role in this 
promising new treatment strategy because they 
have identical receptor with Clostridium 
perfringes enterotoxin (CPE). The usage of these 
receptors is topic of most recent studies in 
cancer treatment [12,13]. 
 
Up to today, since claudins have these several 
specific features, their expressions in different 



 
 
 
 

Kokenek-Unal et al.; JCTI, 2(3): 117-127, 2015; Article no.JCTI.2015.013 
 
 

 
119 

 

malignancies are investigated. Despite the fact 
that bladder cancer is one of the most common 
cancers, studies dealing with expressions of 
claudins in urothelial lesions and  its relationship 
with stage and grade of disease in invasive 
cases are in limited number. 
 
2. MATERIALS AND METHODS  
 
With approval by the local ethics committee, a 
total of 83 transurethal resection and cystectomy 
materials, which were diagnosed in our institute, 
were analyzed. Our study comprises 31 invasive 
urothelial carcinomas (IUCC) –further divided 
into: 15 muscle invasive UCCs, 16 UCCs with 
lamina propria invasion-, 17 noninvasive papillary 
urothelial carcinomas (NPUC), 13 papillary 
urothelial neoplasms of low malignant potential 
(PUNLMP), 7 carcinoma in situ (CIS) and 15 
normal independent samples (CG). The mean 
age of the patients was 62.9 (20-89 years), and 
male/female ratio was 7.3/1. Hematoxylen & 
eosin stained sections were histopathologically 
evaluated according to the tumor classification of 
WHO (2004) [5].  
 

2.1 Immunohistochemical Analysis 
 
Sections from formalin-fixed paraffin embedded 
tissues were immunohistochemically stained with 
Claudin 1, Claudin 3 and Claudin 4. Staining 
procedures were carried out in BenchMark XT 
automatic immunostainer using multimer 
technology and diaminobenzidine as chromogen 
according to manifacturer’s protocol. (Ventana 
Medical Systems). Immunohistochemically 
stained samples were evaluated by light 
microscope with ×4, ×10, ×40 objectives. Only 
membranous staining was accepted as positive 
for Claudin-1 and Claudin-4, but for Claudin-3 
both cytoplasmic and membranous staining was 
evaluated as positive. Parenchyma didn’t show 
any staining. As positive controls, skin, small 
intestine and colon carcinoma were used 
respectively for Claudin-1, Claudin-3 and 
Claudin-4. For the analysis of immunoreactivity, 
semiquantitative methods were used. Staining 
intensity was evaluated as: 0 = absent; 1 = mild; 
2 = moderate; 3 = high; and the percentage of 
positive staining cells was evaluated as 0 = 0-
5%; 1 = 6-25%; 2 = 26-50%; 3 = 51-100%. The 
final score was calculated by multiplying the 
intensity and percentage of positive staining 
scores. According to final score it is evaluated as 
followings: 0 = negative; 1-2 = weak; 3-4 = 
moderate and 6-9 = strong. Staining results were 
evaluated statistically. 

2.2 Statistical Analysis 
 
Statistical analysis was performed by using 
SPSS for Windows Version 15.0 software 
package. Quantitative variables, mean±standard 
deviation, median and minimum-maximum 
values and categorical variables were 
summarized by number and percentage. 
Differences between the groups in terms of 
staining scores were assessed by the Kruskal-
Wallis test. Pairwise comparisons were analyzed 
by Connover test. The relationship between 
advancing pathologic stage and staining scores 
was evaluated by Spearman's rank correlation 
coefficient. The differences between degree of 
nuclear grade and staining scores were analyzed 
by Mann Whitney U test. The correlation 
between staining scores and diagnosis of nuclear 
grade was evaluated in terms of correct 
classification rate, sensitivity and specificity 
values. p values <0.05 were considered 
significant. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Claudin-1 
 
In normal urothelial cells, Claudin-1 showed 
strong and diffuse membranous staining 
especially in basal cells (Fig. 1). All CIS cases 
were stained weakly (Fig. 2). In contrast, most of 
the cases of PUC with muscular invasion (80%) 
showed strong staining (Fig. 3). Final staining 
scores of Claudin-1 are as in Fig. 4. 
 
In comparison to control group, we found a 
statistically significant difference in Claudin-1 
expressions of all groups, except PUC cases 
with muscular invasion. Comparatively, there 
was a significant difference in staining of 
Claudin-1 in between NPUCs and PUNLMPs; 
NPUCs and PUCs with lamina propria invasion; 
PUCs with lamina propria invasion and PUCs 
with muscular invasion. The statistical results of 
Claudin-1 expressions in these groups were 
shown in Table 1.  
 

3.2 Claudin 3 
 
Claudin-3 showed both membranous and 
cytoplasmic staining in epithelial cells. Normal 
urothelial epithelium of the most cases was 
stained strongly (80%, 12/15). Although most of 
the CIS cases showed weak staining (58%), 
Claudin-3 staining was stronger in invasive 
papillary urothelial lesions than noninvasive 
lesions in our study  (Fig. 5). 
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When we compared staining of Claudin-3 of 
study groups with each other, we found a 
statistically significant difference between 
controls and CISs; controls and NPUCs; CISs 
and PUCs with muscular invasion; PUNLMPs 

and PUCs with lamina propria invasion; 
PUNLMPs and PUCs with muscular invasion; 
NPUCs and invasive PUCs; PUCs with lamina 
propria invasion and PUCs with muscular 
invasion. Staining scores were given in Fig. 6. 

 

 
 

Fig. 1. Diffuse and strong Claudin-1 staining in normal bladder epithelium. (×20) 
 

 
 

Fig. 2. Weak Claudin-1 staining in carcinoma in situ lesion. (×40) 
 

Table 1. The sensitivity and specifity of Claudin 1 in histologically similar lesions 
 

Compared groups Sensitivity Spesifity Positive predictive 
value 

p value 

CISs and PUCs with muscular invasion 80% 100% 86,4% 0,001 
PUNLMPs and NPUCs 5.9% 53.8% 26.7% 0.025 
NPUCs and PUCs with lamina propria 
invasion 

43.8% 94.1% 70% 0.017 
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Fig. 3. Strong and diffuse staining of Claudin-1 in papillary urothelial carcinoma with  
muscular invasion. (×20) 

 

 
 

Fig. 4. Staining scores of Claudin-1. 1: CG; 2: CIS; 3: PUNLMP; 4: NPUC; 5: PUC, LP; PUC, MP 
 

 
 

Fig. 5. Strong staining in normal epithelium and loss of expression (*) of claudin-3 in adjacent 
to noninvasive papillary urothelial carcinoma component. (×20) 
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3.3 Claudin 4  
 

Normal urothelium expressed diffuse and strong 
membranous staining with Claudin-4. It is 
observed a ’dot-like’ staining in tumoral cells in 
CIS cases (Fig. 7). We observed strong staining 
only in 3/7 cases of CIS group. In PUNLMPs, 
NPUCs and PUCs with lamina propria invasion, 
majority of cases showed strong staining, 77%, 
82%, and 62.5% respectively (Fig. 8). In PUCs 
with muscular invasion, most of the cases (60%) 
showed loss of expression (Fig. 9). All staining 
scores of Claudin-4 were given in Fig. 10. 
 

When we compared Claudin-4 expressions in 
different study groups, we found a statistically 
significant difference between controls and CISs; 
controls and PUCs with muscular invasion; 
PUNLMPs and PUCS with muscular invasion; 
and NPUCs and PUCs with muscular invasion. It 
is observed that Claudin-4 expression decreases 
with increasing histological grade and 
pathological stage. (Correlation coefficient p < 
0,001). It is found that positive predictive value of 
Claudin-4 for high nuclear grade was  statistically 
significant (p < 0,001).  
 

 
 

Fig. 6. Staining scores of Claudin-3. 1: CG; 2: CIS; 3: PUNLMP; 4: NPUC; 5: PUC, LP; PUC, MP 

 

 
 

Fig. 7. ‘Dot-like’ staining with Claudin-4 in carcinoma in situ lesion. (×40) 
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Fig. 8. Strong staining with Claudin-4 in noninvasive papillary urothelial carcinoma. (×20) 
 

 
 

Fig. 9. Loss of expression of Claudin-4 in muscular invasive papillary urothelial  
carcinoma. (×40) 

 

 
 

Fig. 10. Staining scores of Claudin-4. 1: CG; 2: CIS; 3: PUNLMP; 4: NPUC; 5: PUC, LP; PUC, MP 
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There weren’t any significant association 
between Claudin-1,-3 and -4 expressions and 
sex and age (over or under 70 years).  

 

3.4 Discussion 

 
Claudins, which are important elements of 
cellular barrier, are relevant not only to benign 
diseases such as neonatal ichthyosis and 
sclerosing cholangitis syndrome [14] but also 
malignant diseases in terms of tumorigenesis, 
invasion and metastasis [9]. It is indicated that 
Claudin-1 is usually overexpressed in neoplastic 
tissue but in poorly differentiated tumors there is 
a loss of expression of Claudin-1 [15]. It is 
overexpressed in cervical dysplasia and 
neoplasia [16], advanced stage oral squamous 
cell carcinomas [17], papillary thyroid carcinoma 
with lymph node invasion [18], colorectal cancer 
[19]. In contrast, it undergoes loss of expression 
in prostatic cancer [20] and breast tumors [21]. 
Especially in breast tumors, claudin-1 is thought 
to have an important and more complicated role 
than formerly suggested [21]. There are only few 
studies regarding Claudin-1 expression in 
urothelial carcinoma. It was reported that 
Claudin-1 is found mainly basal and intermediate 
layers of urothelium and with Claudin-3 and -4 
show positive correlations with advanced stage 
and have a significant impact on survival [22]. In 
a different study, it was stated that Claudin-1 has 
lower expression comparatively in low grade 
urothelial carcinomas than urothelial papilloma, 
inverted urothelial papilloma and PUNLMPs [23]. 
Similarly, in our study we found that Claudin-1 
expression in NPUCs was lower than in 
PUNLMPs and the difference was statistically 
significant. As former studies said, Claudin-1 
staining in basal and intermediate layers is 
helpful to orient specimen and tumor islands and 
to differentiate neoplasia from epithelial 
hyperplasia [22,23].

  
A similar study reported that 

Claudin-1 has loss of expression in high grade 
tumors in comparison to low grade tumors [24]. 
However, our study showed that Claudin-1 had 
significantly lower expression in low grade 
NPUCs compared to high grade and invasive 
PUCs. In addition to that difference between 
Claudin-1 expressions in PUNLMPs and NPUCs; 
and PUCs with lamina propria invasion and 
PUCs with muscular invasion was statistically 
significant. For that reason, we thought that 
Claudin-1 staining can be helpful in differentiation 
of these lesions. However, because of diverse 
results of Claudin-1 staining results in several 
studies, it should be investigated in larger series. 

Claudin-3 and -4  including many philogenetically 
similar sequences with each other are found 
mainly in intestine, liver, kidney, lung, colon, 
prostate, breast and testicular tissue [10,25]. 
These proteins are overexpressed in pancreatic 
ductal carcinoma, prostate, uterus, breast and 
ovarian cancers [26-29]; but their expressions 
diminish in hepatocellular and renal carcinomas 
[30,31]. There are a few studies concerning 
Claudin-3 and Claudin-4 immunoexpressions in 
bladder carcinomas. Claudin-3 is mainly found 
on apicolateral and basolateral surface of 
superficial urothelial cells; and Claudin-4 is found 
in not only plasma membrane of cells in 
superficial and intermediate layers but also in 
cells of basal layers [22,32,33]. Soini et al. [15] 
publicated a study concerning expressions of 
Claudins in different organ tumors. In this study 
they indicated that Claudin-3 staining was 
negative in 4 of total 8 urothelial carcinoma 
cases. Nakashi et al. [22] reported that 
overexpression of Claudin-3 and Claudin-4 was 
correlated to advanced stage in urothelial 
carcinomas of upper urinary tract and Claudin-3 
was related to poor survival. In contrast to that, 
Wang et al. indicated that Claudin-3 staining in 
urothelial carcinoma of bladder was  lower than 
normal tissue; and diminished expressions of 
Claudin-3 was correlated with clinical stage, 
pathological grade and recurrence [34]. We 
thought that this difference could be originated 
from different features of urothelium of upper 
urinary tract and bladder. Szekely et al. [23] 
didn’t evaluate Claudin-3 staining because of 
weak or no marked staining in any of the groups. 
However, in our study, we found that Claudin-3 
had such an expression in invasive and high 
grade urothelial carcinomas similar to the normal 
tissue; and loss of expression of Claudin-3 in 
noninvasive and low grade lesions was 
statistically significant. In the light of all these 
data, we can say that it is needed to be 
performed more detailed and comprehensive 
studies. 
 
Claudin-4 is generally overexpressed in most 
carcinomas [15]. However when we look at 
limited studies which are concerning Claudin-4 
expressions in urothelial carcinomas, we 
encounter different and discordant results. 
Southgate et al. reported that Claudin-4 
increased distinctively in response to variable 
situation [32]. Boireau et al. [35] indicated that 
Claudin-4 was overexpressed superficial and low 
grade tumors; and its expression decreased in 
invasive and high grade tumors compared to the 
normal mucosa. In this study, it is said that 
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Claudin-4 staining was closely related to tumor 
stage and grade, but it didn’t correlate to tumor 
recurrence and metastasis [35]. In contrast, 
Nakanishi et al. [22] reported that increased 
expression of Claudin-4, together with Claudin-3, 
was correlated to advanced stage. Szekely et al. 
[23] argued that increased Claudin-4 expression 
in low grade urothelial carcinomas was 
correlated to poor prognosis and short survival 
without recurrence and for that reason Claudin-4 
can be used to estimate clinical prognosis of 
urothelial carcinomas. In addition to that, Törzsök 
et al. [24] reported that Claudin-4 expression was 
higher in high grade tumors than in low grade 
tumors. Szekely and Törzsök criticized Boierau 
et al., who reported quite opposite results to their 
study, for evaluating urothelial tumors without 
subclassification and using normal urothelium 
adjacent to the neoplastic epithelium as a control 
group [22,23,34]. They also reminded the study 
of Jones et al. concerning urothelial 
carcinogenesis which reported that nontumoral 
epithelium adjacent to tumor might have been 
already genetically changed [23,24]. In fact, we 
used an independent control group and also 
subclassified all lesions; and we found that 
Claudin-4 expression decreased in high grade 
lesions; carcinoma in situ and muscular invasive 
urothelial carcinomas like Boierau et al. [35]. In 
contrast to Claudin-4 overexpression in 
PUNLMPs and noninvasive papillary urothelial 
carcinomas, we found statistically significant loss 
of expression in invasive and high grade 
carcinomas. In addition to that, Claudin-4 was 
inversely correlated to histological grade and 
pathological stage in statistical analysis. We 
obtained marked and strong staining not only in 
independent nonneoplastic samples but also in 
nontumoral epithelium adjacent to high grade 
and invasive tumor samples in comparison to 
tumoral epithelium. Moreover, we compared 
nuclear grade and staining scores in our study 
and found that sensitivity and specificity of 
Claudin-4 was 50% and 12.8% respectively for 
high grade lesions. Although Claudin-4 staining 
was statistically meaningful to differentiate high 
grade lesions from low grade lesions, high 
negative predictive value of this marker could 
limit its reliability. As we mentioned before, there 
are a few study concerning claudin expressions 
in urothelial lesions of bladder; and different 
results are reported too. For that reason, we 
believe that this subject needs to be studied 
further in larger and more comprehensive 
studies. 
 

Recent molecular studies indicated that two 
major subtypes of urothelial carcinoma of bladder 
(papillary/superficial and nonpapillary/invasive) 
are two different molecular entities. It was also 
said that muscle-invasive tumors develop 
thorough “epithelial-mesenchymal transition” 
process and for that reason they express some 
characteristic markers of this process

 
[36]. In our 

study, we found that Claudin-4 expression was 
decreased markedly and specifically in 
carcinoma in situ and muscle-invasive tumors. 
And we believe that this result could be 
explained by loss of structural integrity of 
claudins during epithelial-mesenchymal transition 
causing in loss of expression. 
  

4. CONCLUSION 
 
In conclusion, claudins will acquire more 
attention in following years because of their 
correlation to clinical prognosis, recurrence and 
survival. In addition to that Claudin-3 and 
Claudin-4 are new therapeutic targets for CPE 
toxin which can be used in treatment of not only 
urothelial cancers but also all neoplastic 
processes. Moreover, we believe that especially 
Claudin-4 is helpful marker in patient follow up 
because loss of Claudin-4 expression points to 
the invasion capacity of tumor and gives us clue 
in clinical prognosis. 
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