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The assessment of pathological grade and stage is still the 
basic diagnostic method of urothelial cell cancer (UCC) to 
determine prognosis and treatment (Babjuk et al. 2008; 
Stenzl et al. 2009). Updated histological classification of 
UCCs (Damjanov and Mikuz 2007) separates papillary uri-
nary neoplasms of low malignant potential (PUNLMP) into 
low-grade (LG) and high-grade (HG) carcinoma groups. HG 
tumors more often become muscle invasive than do LG ones 
(Heney 1992), and patients have shorter progression-free 
period and decreased overall survival (Kaufman et al. 2009). 
Despite the well-defined histologic criteria, there is high 
interobserver variability in the interpretation of the 2004 
WHO classification: almost 30% of UCCs are overgraded. 
The major variances and difficulties are in the separation of 
the previous grade 2 group into low- and high-grade groups, 

whereby pathologists often have a tendency to overgrade and 
interobserver variability is significant (Chen et al. 2008).

The data on new molecular markers in prognostication 
and in grading of UCCs are controversial. It is unlikely that a 
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Summary

Updated classification of urothelial cell cancer differentiates low-grade and high-grade cancers, which determines potential 
clinical outcome. Substantial interobserver variability necessitates new biomarkers to ensure classification. Claudins’ 
specific expression pattern characterizes normal tissues, different tumor types, and defined grades of tumor differentiation. 
The aim of this study was to examine the expression pattern of claudins and proliferation marker Ki-67 in low-grade and 
high-grade urothelial cell cancers compared with independent control samples of non-tumorous urothelium, as well as to 
reveal the predictive usefulness of claudins. The expression of claudins-1, -2, -3, -4, -5, -7, and -10 and Ki-67 was studied 
with quantitative immunohistochemistry and real-time RT-PCR with relative quantification in 103 samples: 86 urothelial cell 
cancers (27 low grade, 59 high grade) and 17 non-tumorous urothelia. Results were analyzed regarding overall survival and 
recurrence-free period as well. High-grade tumors overall showed significantly higher claudin-4 and Ki-67 and significantly 
lower claudin-7 expression when compared with low-grade ones. High-grade tumors revealed significantly shorter overall 
survival in Kaplan-Meier analysis. Claudin-4, claudin-7, and Ki-67 might be used as potential markers to differentiate low-
grade and high-grade urothelial cell cancers, thereby possibly enhancing accuracy of pathological diagnosis and adding 
further information to clinical outcome. (J Histochem Cytochem 59:1022–1030, 2011)
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single marker would be able to overcome the predictive 
strength of grade and stage, but combined independent bio-
markers might ensure the accuracy of classification. 
Consequently, prediction value will be increased as well 
(Bryan et al. 2010). There is an ongoing effort to unravel new 
sets of markers enabling safe identification of high-risk 
patients, such as cytokeratin profiling on squamous cell dif-
ferentiation in bladder cancer (Gaisa et al. 2010). Claudins 
(CLDNs) are the major transmembrane components of tight 
junctions (Lal-Nag and Morin 2009). These dynamic struc-
tures have a role in the regulation of paracellular diffusion 
and maintainance of cellular polarity (Steed et al. 2010). 
Furthermore, CLDNs are essential for the separation of extra-
cellular compartments, especially in the uroepithelium, 
where separation of urine is essential to prevent tissue dam-
age (Morita et al. 1999). Moreover, they might influence sig-
naling pathways (Balda and Matter 2009; Lal-Nag and Morin 
2009). The expression pattern of 24 different types of 
CLDNs—both qualitatively and quantitatively—character-
izes and usually differentiates normal and tumorous epithelia. 
Organ-specific changes of CLDN expression pattern cannot 
be predicted based on the presumption that malignant tumors 
tend to lose their intercellular connections during tumor pro-
gression (Martin and Jiang 2009). Certain CLDNs show 
decreased expression (Miyamoto et al. 2008; Chao et al. 
2009), whereas others are overexpressed (Lodi et al. 2006; 
Sobel et al. 2006; Lanigan et al. 2009). Data on the CLDN 
expression profile in different premalignant and malignant 
alterations suggest that CLDNs might serve as diagnostic and 
prognostic markers (Paschoud et al. 2007; Lechpammer et al. 
2008; Szabo et al. 2009). Furthermore, they might be targets 
or dockers for future therapy (Saeki et al. 2010).

There are only limited data on CLDN expression in human 
urothelial carcinoma: CLDN-1, -3, and -4 protein expressions 
positively correlated with advanced stage in upper urinary 
tract urothelial carcinoma (Nakanishi et al. 2008). However, 
CLDN-4 expression was found significantly elevated in well-
differentiated UCCs while being decreased in poorly differen-
tiated ones (Boireau et al. 2007). Our recent work established 
that high claudin-1 protein expression might help to differen-
tiate inverted urothelial papilloma (IUP) from urothelial papil-
lomas (UPs), PUNLMPs, and LG-UCCs. Furthermore, high 
claudin-4 expression may determine an unfavorable clinical 
course of LG-UCCs, whereas high claudin-1 expression in 
PUNLMPs has been associated with markedly better clinical 
outcome (Szekely et al. 2011).

Our goal was to study the mRNA and protein expressions 
of CLDNs together with proliferation marker kinase inhibitor 
67 (Ki-67) protein expression in non-tumorous uroepithelium 
as compared with different stages and grades of urothelial car-
cinoma, with special emphasis on comparison of LG and HG 
lesions to reveal diagnostic help. Furthermore, our aim was to 
explore a possible correlation between specific CLDN expres-
sion and survival and recurrence-free period.

Material and Methods
Subjects and Samples of Study

A total of 103 human surgically resected, formalin-fixed, 
paraffin-embedded tissue blocks (86 UCCs; 17 non-tumorous 
urothelia) were studied with the permission of the Regional 
Ethical Committee of the Semmelweis University. None  
of the control cases had any neoplastic urinary bladder 
lesions earlier. Non-tumorous cases were divided into non-
inflammatory (CT, 7 cases) and inflammatory groups (ICT, 
10 cases) (Table 1).

The tumor samples were classified according to the lat-
est tumor classification of WHO (2004) (Damjanov and 
Mikuz 2007). The mean age of the patients was 66.5 years 
(range, 43-91 years), and the male/female ratio was 2.9:1. 
Overall survival (OS) intervals were determined as the time 
period from initial diagnosis to the time of death; recur-
rence-free survival (RFS) intervals were determined from 
initial diagnosis to the time of recurrence proved by histol-
ogy. The mean follow-up period was 45.96 months (range, 
2-120 months) (Table 2).

Early postoperative intravesical chemotherapy (early 
IVI; within 6 hours after surgery) was administered if there 
was no suspicion of bladder perforation or postoperative 
bleeding (five cases: two LG and three HG). If there was 
any contraindication of early IVI and no contraindication of 
late IVI and the patient accepted the therapy, late-adminis-
trated IVI was performed. Bacillus Calmette-Guérin (BCG) 
therapy according to guidelines of the European Association 
of Urology (EAU) was administrated to patients with 
pT1G3, pTaG3, CIS, or recurrent/therapy-resistant pT1G1-2 
according to the following protocol: BCG therapy for 5 
weeks (one dose per week) followed by maintenance ther-
apy for at least 1 year (Babjuk et al. 2008).

Radical cystectomy was performed if the patient agreed 
and there was no contraindication (7/22 T2 cases; Table 2). 
Five of the 22 T2 patients received systemic chemotherapy, 
whereas the remaining 10 patients denied any of the avail-
able therapeutic options. Contrary to the above, none of the 
low-grade tumors was operated radically.

Table 1. Non-Tumorous Samples (n=17)

Histological Diagnosis

Cause of the Resection CT (7) ICT (10)

Recurrent infection 0 2
Hematuria 0 6
BPH 7 0
Bladder stone 0 1
Vesicocutaneuos fistule 0 1

BPH, benign prostatic hyperplasia; CT, control samples without inflamma-
tion; ICT, control samples with inflammation.
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Histology and Immunohistochemistry

Tissues were fixed in 10% neutral buffered formalin for 24 
hr, followed by paraffin embedding, and then were cut and 
stained with hematoxylin-eosin to establish the diagnosis.

Paraffin-embedded, 3- to 4-µm-thick sections were used 
for immunohistochemistry. After deparaffination, slides were 
washed in PBS (pH 7.4), then microwave oven treated for 3 
min with 850 W followed by 170 W for 30 min with antigen 
retrieval solution (Target Retrieval Solution; DAKO, 
Glostrup, Denmark). Reactions were carried out in Ventana 
ES automatic immunostainer (Ventana Medical Systems, 
Inc.; Tucson, AZ) using avidin-biotin peroxidase technique 
and diaminobenzidine as chromogen according to the manu-
facturer’s protocol (iView DAB Detection Kit; Ventana 
Medical Systems).

Antibodies, dilutions, and positive controls recom-
mended by the manufacturer are listed in Table 3. For nega-
tive controls, the specific antibody was omitted and antibody 
diluent was used alone. The reactions were processed and 
revealed no signal.

Quantitative Real-Time PCR Analysis 
(Primers and PCR Reaction)
RNA Isolation. Total RNA from formalin-fixed, paraffin-
embedded tissues (70 UCCs, 4 CTs, and 4 ICTs) were iso-
lated with the High Pure RNA Paraffin Kit (Roche; 
Indianapolis, IN) according to the manufacturer’s protocol. 

Samples were macrodissected to select non-tumorous epi-
thelium or tumor tissue. Proteinase-K digestion time was 16 
hr for each sample at 55C.

Reverse Transcription of RNA. In total, 2 µg of total RNA 
was reverse transcribed in 20 µl mix of High Capacity 
RNA-to-cDNA Kit (Applied Biosystems [ABI]; Foster 
City, CA) according to the manufacturer’s protocol.

Real-Time Quantitative RT-PCR. Real-time PCR reac-
tions were carried out in duplicates for CLDNs-1, -2, -3, -4, 
-5, -7, and -10 and β-actin (reference gene) applying 100 ng 
of cDNA template in 25 µl total reaction volume of SYBR 
Green PCR Master Mix (ABI; AB4309155). The primer 
sequences are listed in Table 4. Real-time PCR conditions 
were as follows: 2 min at 95C for initial denaturing and then 
40 cycles at 95C for 20 sec, 60C for 30 sec, and 72C for 1 
min, using the ABI Prism 7000 sequence detection system 
(Applied Biosystems). Data analysis was performed by E = 
2ΔCT (ΔCT = CT-ReferenceGene – CT-TargetGene), using 
the average value of the β-actin reaction as the reference 
gene for relative quantification.

Morphometry and Statistical Analysis
Immunhistochemical Analysis: Morphometry. Ten non-
overlapping photographs were taken from each slide (60× 
objective, Olympus BX50 microscope; Olympus Corpora-
tion, Tokyo, Japan), then evaluated quantitatively with 

Table 2. UCC Samples

Pathological and Clinical Data of Patients
UCCs without  

T2 (TaT1) T2 LG HG HG (without T2)

Total no. (%) of 86 64 (74.0) 22 (26.0) 27 (31.0) 59 (69.0) 37 (43.0)
Low grade, No. (%) 27/64 (42.0) 0 0 0 0
High grade, No. (%) 37/64 (58.0) 22/22 (100.0) 0 0 0
Smoker, No. (%) 29/64 (45.0) 12/22 (55.0) 14/27 (52.0) 27/59 (46.0) 15/59 (25.0)
Sex, men: women (ratio) 50:14 (3.57:1) 14:8 (1.75:1) 20:7 (2.85:1) 44:15 (2.93:1) 30:7 (4.3:1)
Age, y (range) 65.38 (46-91) 67.59 (43-91) 62.89 (47-81) 67.34 (43-91) 67.18 (46-91)
Multifocality, No. (%) 28/64 (44.0) 6/22 (27.3) 11/27 (41.0) 23/59 (39.0) 17/59 (29.0)
Solid growth pattern, No. (%) 8/64 (12.5) 9/22 (41.0) 2/27 (7.4) 15/59 (25.0) 4/59 (7.0)
Intravesical chemotherapy, No. (%) 14/64 (22.0) 2/22 (9.0) 7/27 (26.0) 9/59 (15.0) 7/59 (12.0)
Intravesical BCG, No. (%) 21/64 (33.0) 0 1/27 (4.0) 20/59 (34.0) 20/59 (34.0)
Systemic chemotherapy, No. (%) 0 5/22 (22.7) 0 5/59 (8.0) 0
Cystectomy, No. (%) 2/64 (3) 7/22 (32.0) 0 9/59 (15.0) 7/59 (12.0)
Tumor recurrence, No. (%) 20/64 (31.0) 3/22 (14.0) 13/27 (48.0) 10/59 (17.0) 7/59 (12.0)
Progression, No. (%) 3/64 (5.0) 0 0 3/59 (5.0) 0
Recurrence-free survival, mo (range) 43.98 (4-110) 29.75 (4-55) 38.04 (4-79) 47.03 (4-110) 45.39 (4-110)
Overall survival, mo (range) 54.62 (10-120) 28.27 (4-54) 57.75 (10-120) 45.5 (4-110) 49.15 (4-110)
Death, No. 12 (10a) 19 (2a) 2 (2a) 29 (10a) 10 (8a)

BCG, bacillus Calmette-Guérin; LG, low grade; HG, high grade; UCC, urothelial cell cancer. Tumor recurrence: tumor relapse diagnosed after surgery (in 
case there was a second transurethral resection after the primary operation and the histological diagnosis differing from the reviewed diagnosis was 
accepted as final). Progression: if a TaT1 tumor progressed into T2. Multifocality: if the tumor was localized to more than one locus. Solid growth pattern: 
the surface of the tumor was solid (not papillary).
aDeath not due to UCC.
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Leica QWin V3 morphometrical software (Leica Microsys-
tems Imaging Solutions Ltd., Cambridge, UK).

Ki-67 Evaluation. Positive cells/total cells were calculated 
in 10 non-overlapping fields (60× objective, Olympus 
BX50 microscope) from each slide.

Statistical Analysis. Variables were compared with the Mann-
Whitney U test if the sample showed non-Gaussian distribu-
tion. Categorical data were compared using χ2 or Fisher’s exact 
tests. OS and RFS analyses were done using the Kaplan-Meier 
method. Comparison between survival functions for different 
strata was assessed with the log-rank statistic. For χ2 or Fish-
er’s exact test and Kaplan-Meier analysis of Ki-67 and CLDN 
expressions, UCCs were divided into low (under the median) 
and high (over the median) expression groups. Differences 
were considered significant when p<0.05. All statistical analy-
ses were done using Statistica 8.0 (StatSoft, Inc.; Tulsa, OK) 
software program.

Results
Immunohistochemistry and qRT-PCR Analysis 
in Non-tumorous Epithelium

CLDN-1 membrane positivity was mainly found in basal 
layers of the non-tumorous urothelium. CLDN-4 and -7 

membrane positivity was detected in the upper layers, declin-
ing toward basal layers of the epithelium, but in some cases, 
CLDN-7 membrane positivity was found in the whole thick-
ness of the epithelium (Fig. 1g,j). CLDN-3 and -5 were weakly 
detected in the upper layers in a few cases, mainly at the 
plasma membrane of umbrella cells. Perimembranous-
cytoplasmic granular CLDN-2 expression was detected in the 
basal and parabasal epithelium. CLDN-10 was not detected. 
Scattered nuclear Ki-67 positivity was observed (Fig. 1d).

Inflamed control samples (ICT) revealed significantly 
higher CLDN-2 (p=0.007) and CLDN-4 (p=0.039) protein 
levels and CLDN-7 (p=0.047) mRNA expression in com-
parison to non-inflamed control samples (Table 5). In ICTs 
CLDN-2 positivity appeared in the umbrella cells as well.

Immunohistochemistry and Real-Time qRT-
PCR Analysis in UCCs
CLDN-1, -2, -4, and -7 proteins were detectable in most cases. 
CLDNs-3 and -5 were found only in few, mostly well-differ-
entiated UCCs. CLDN-10 was not detected. The vertical dis-
tribution of CLND-1, -2, and -7 proteins within UCCs was 
similar to the control epithelium, whereas CLDN-4 positivity 
was mainly detected in the entire width of tumors.

UCCs versus Non-inflamed Control Samples (CT). 
Tumorous samples showed decreased CLDN-1 (p=0.01) 

Table 3. Positive Controls and Antibody Dilutions of CLDNs and Ki-67 for Immunohistochemistry

Antibody Dilution Positive Control Manufacturer Antibody Type

CLDN-1 1:80 Skin Zymed Rabbit polyclonal
CLDN-2 1:80 Colon Zymed Mouse monoclonal
CLDN-3 1:80 Colon Zymed Rabbit polyclonal
CLDN-4 1:100 Colon Zymed Mouse monoclonal
CLDN-5 1:120 Endothelium Zymed Mouse monoclonal
CLDN-7 1:100 Breast Zymed Rabbit polyclonal
CLDN-10 1:60 Kidney Zymed Rabbit polyclonal
Ki-67 1:100 Tonsil DAKO Mouse monoclonal

Zymed, South San Francisco, CA; DAKO, Glostrup, Denmark.

Table 4. Primer Sequences of Claudins and β-Actin

Gene Forward Reverse

Claudin-1 gtg cga tat ttc ttc ttg cag gtc ttc gta cct ggc att gac tgg
Claudin-2 ctc cc tgg cct gca tta tct c acc tgc tac cgc cac tct gt
Claudin-3 ctg ctc tgc tgc tcg tgt cc tta gac gta gtc ctt gcg gtc gta g
Claudin-4 ggc tgc ttt gct gca act gtc gag ccg tgg cac ctt ac acg
Claudin-5 ttc ctg aag tgg tgt cac ctg aac tgg cag ctc tca atc ttc aca g
Claudin-7 cat cgt gg cag gtc ttg cc gat ggc agg gcc aaa ctc ata c
Claudin-10 tgg atg ttc cct ata tgc aaa caa aaa cag agc ggc tcc taa ttc a
β-actin cct ggc acc cag cac aat ggg ccg gac tcg tca tac
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and increased CLDN-2, -4, and -7 and Ki-67 protein expres-
sions, whereas CLDN-1, -2, -4, and -7 mRNA levels were 
found increased in comparison to CT (Table 5).

Low-Grade versus High-Grade UCCs. LG and HG com-
parisons resulted in similar significant changes, both includ-
ing T2 UCCs into the HG group (*) or excluding T2 UCCs 
from the comparison (**) (Table 5).

HG tumors revealed significantly higher protein expression 
of CLDN-4 (*p=0.037; **p=0.011; Fig. 1h,i) and Ki-67 

(*p<0.001; **p<0.001; Fig. 1e,f) in parallel with significantly 
lower protein expression of CLDN-1 (**p<0.035) and 
CLDN-7 (*p<0.001; **p=0.001; Fig. 1k,l) in comparison to 
LG UCCs. Decreased CLDN-1 (*p=0.025; **p=0.017) and 
elevated CLDN-2 (*p=0.002; **p=0.009) and CLDN-4 
(*p<0.001; **p<0.001) mRNA levels were detected in HG in 
comparison to LG tumors (Table 5). CLDN-4 protein expres-
sion characterized HG cases in the entire width of the tumors 
contrary to LG cases showing vertical distribution similar to 
the normal pattern (χ2, *p<0.001; **p<0.001).

Figure 1. Claudin-4, -7, and Ki-67 expression in normal urothelium, low- and high-grade urothelial cell cancer (UCC). (a, d, g, j) H&E, 
Ki-67, CLDN-4, and CLDN-7 in normal urothelium, respectively. (b, e, h, k) H&E, Ki-67, CLDN-4, and CLDN-7 in low-grade UCC, 
respectively. (c, f, i, l) H&E, Ki-67, CLDN-4, and CLDN-7 in high-grade UCC Ki-67 expression in low-grade UCC, respectively. Photographs 
were taken with the same magnification; scale bar: 50 µm. High-grade tumors revealed significantly increased (f) Ki-67 (p<0.0001) and 
(i) CLDN-4 (p=0.037) and significantly decreased (l) CLDN-7 (p<0.0001) protein expression levels in comparison to low-grade tumors, 
respectively (e, h, k). Only linear adjustments of brightness/contrast and color balance were applied for whole images to create uniform-
looking pictures for the composite image.
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Patient Follow-ups

None of the LG patients (0/27) whereas 19 of the HG blad-
der cancer patients (19/59) died of UCC (p<0.01; Fisher’s 
exact test). Seventeen of these HG patients had T2 stage 
disease, whereas 2 patients had T1 disease.

Recurrence appeared in 13 (48%) LG and 10 (17%) HG 
cases. There was no significant difference in the mean RFS 
time between LG and HG UCCs (38 months and 45 months, 
respectively). There was no significant association between 
RFS and Ki-67 expressions. However, non-muscle invasive 
UCCs expressing CLDN-7 over the median revealed shorter 
RFS in comparison to UCCs expressing CLDN-7 under the 
median (Kaplan-Meier analysis, p=0.029; Fig. 2a).

Three patients from the HG TaT1 group (two died of 
UCC) whereas none from the LG TaT1 group progressed 
into the muscle-invasive stage.

HG tumors (including T2 UCCs) were associated with 
significantly shorter OS when compared to LG ones 
(Kaplan-Meier analysis, p<0.001; Fig. 2b). In concordance 
with international data, T2 tumors (all of them were HG) of 
our study were associated with shorter OS in comparison to 
Ta/T1 tumors (Kaplan-Meier analysis, p<0.001; Fig. 2c). 
Similarly, T2 patients treated with cystectomy had longer 
OS compared with those T2 patients not treated with radical 
surgical resection (14 vs 48 months; Kaplan-Meier analysis, 
p=0.0155; Fig. 2d).

Multivariate analysis, including LG-HG classification, was 
not done because none of the patients died in the LG group, 
whereas 19 died from the HG group (17 of 19 were T2).

Discussion
A high rate of interobserver variability underscores  
the importance of finding new markers, which can help in 

differentiating LG from HG urothelial carcinomas. Fifty 
percent of newly diagnosed UCC cases will recur, and 10% 
to 20% will progress to a higher grade and stage, which 
highlights the ultimate need for new markers of recurrence 
prediction and the necessity of more or less agressive ther-
apy. Altered expression of CLDNs proved to have value in 
differential diagnostics and also in the prognostic/predic-
tive assessment of many human tumors.

Our data showed significantly elevated CLDN-4 and 
decreased CLDN-7 protein expressions in HG UCCs in com-
parison to LG ones. mRNA expression of CLDN-4 proved to 
be significantly higher in high-grade UCCs in comparison to 
low-grade ones as well. Although the lower CLDN-7 mRNA 
expression in high-grade UCCs was detected, the difference 
did not prove to be significant. Even though we did use macro-
dissection of tumor tissue for RNA isolation, the possible and 
probable explanation for the discrepancy in the significance 
between mRNA and IHC expressional data is not only hidden 
in the posttranscriptional modification but rather related to the 
tissue homogenization required for RNA isolation. It means 
that the ratio between normal and tumor tissue might change 
from one sample to the other.

These features were independent from the presence of 
muscle invasion because LG and HG comparisons resulted in 
similar significant changes, both including or excluding T2 
UCCs into the HG group. Furthermore, high protein expres-
sion of CLDN-7 but not Ki-67 expression was associated 
with shorter recurrence-free survival in TaT1 UCCs. 
Interestingly, claudin-7 high and low expressor groups did 
not reveal any statistical difference regarding postoperative 
treatment such as BCG or intravesical chemotherapy (χ2 
test). Therefore, claudin-7 expression was the only variable 
related to altered recurrence-free survival in non-muscle 
invasive bladder cancer. Peculiarly, RFS proved to be longer 
in the high-grade group compared with the low-grade group. 

Table 5. Comparison of Claudin Protein, mRNA, and Ki-67 Protein Expression in Control Samples and UCCs

CT vs ICT CT vs UCC ICT vs UCC LG vs HGa LG vs HGb

CLDN-1 IHC ↑(0.386) ↓(0.014) ↓(0.001) ↓(0.078) ↓(0.035)
CLDN-2 IHC ↑(0.007) ↑(0.489) ↓(0.001) ↑(0.913) ↑(0.337)
CLDN-4 IHC ↑(0.039) ↑(0.125) ↓(0.082) ↑(0.037) ↑(0.011)
CLDN-7 IHC ↑(0.791) ↑(0.115) ↓(0.062) ↓(<0.001) ↓(0.001)
CLDN-1 mRNA ↓(0.624) ↑(0.101) ↑(0.117) ↓(0.025) ↓(0.017)
CLDN-2 mRNA ↑(0.624) ↑(0.037) ↑(0.727) ↑(0.002) ↑(0.009)
CLDN-4 mRNA ↓(0.624) ↑(0.092) ↑(0.034) ↑(<0.001) ↑(<0.001)
CLDN-7 mRNA ↑(0.047) ↑(0.001) ↑(0.043) ↓(0.720) ↓(0.819)
Ki-67 ↓(0.245) ↑(0.076) ↑(0.196) ↑(<0.001) ↑(<0.001)

IHC, immunohistochemistry; CT, non-inflamed control samples; ICT, inflamed control samples; LG, low grade; HG, high grade; UCC, urothelial cell cancer. 
Significant changes are marked in bold; p-values are in parentheses. The Mann-Whitney U test was used to calculate statistics between two independent 
groups (TaT1 vs T2; LG vs HG). The non-underlined group is compared to the underlined one (reference). ↑ groups not underlined show higher expres-
sion compared with the reference group. ↓ groups not underlined show decreased expression compared with the reference group.
aIncluding T2.
bWithout T2.
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Recent studies also observed similar trends. The recurrence 
rate of low-grade bladder cancer was more than 50% 
(Miyamoto et al. 2010) but only 35% in T1 high-grade blad-
der cancer after intravesical BCG treatment in a long-term 
follow-up study (Kakiashvili et al. 2011). On the contrary, 
May et al. (2010) detected a shorter RFS and higher recur-
rence rate of HG papillary tumors in comparison to LG ones. 
In our set of data, the low-grade tumors revealed recurrence 
in 48%, whereas high-grade tumors had a 17% recurrence. 
The higher recurrence rate might have influence on RFS. 
Furthermore, the longer RFS in the high-grade group is prob-
ably related to the applied BCG therapy (20 treatments in the 
high-grade cases and only 1 in the low-grade tumor cases), 
and it is well known that BCG treatment delays recurrence 
(Jacobs et al. 2010; Kakiashvili et al. 2011).

Boireau et al. (2007) found overexpressed CLDN-4 in well-
differentiated superficial UCCs (Ta) when compared with 
neighboring non-tumorous epithelium, whereas 60% of poorly 
differentiated T1/T2 tumors revealed decreased CLDN-4 
expression compared with the surrounding epithelium. This set 
of data did not concern CLDN expression of different UCC 
subgroups (grade) and used only the surrounding non-tumorous 

epithelium as control. The field cancerization theory in urothe-
lium thereby questions the comparative normal value of nearby 
situated non-tumorous epithelium because this might already 
contain genetic changes possibly playing role in urothelial car-
cinogenesis (Jones et al. 2005).

Dysregulated CLDN-7 expression—higher or lower as 
compared to overlying normal epithelium—of squamous 
cell carcinoma of the tongue tended to be associated with 
lower survival (Bello et al. 2008). Lost or decreased expres-
sion of CLDN-7 is frequently found in the invasive squa-
mous cell carcinoma (SCC) of the esophagus, and 
knockdown expression of CLDN-7 in SCC cell lines led to 
enhanced invasion (Lioni et al. 2007). On the contrary, 
strong CLDN-7 expression is associated with poor progno-
sis in ovarian carcinomas (Kleinberg et al. 2008). CLDN-4 
may be useful as a potential marker and therapeutic target 
for prostate cancer metastases as well as cholangiocellular 
and pancreatic carcinomas (Nichols et al. 2004; Lodi et al. 
2006; Szasz et al. 2010). CLDN-1 acts as a metastasis sup-
pressor in lung carcinomas (Chao et al. 2009).

We found CLDN-1, -3, -4, -5, and -7 expressions similar 
to the upper urinary tract tight-junction protein expression 

Figure 2. Survival analysis of urothelial cell cancers (UCCs) regarding grade, stage, and claudin-7 expression. (a) Low expression (under 
the median) of claudin-7 was associated with significantly longer recurrence-free survival (RFS) in comparison to high (over the median) 
expression. (b) High-grade (HG) tumors revealed significantly shorter overall survival (OS) when compared to low-grade (LG) ones. (c) 
T2 tumors were associated with significantly shorter OS in comparison to Ta/T1 tumors. (d) T2 patients treated with cystectomy showed 
significantly longer OS compared with those T2 patients not treated with radical surgical resection. Complete: death/recurrence occured. 
Censored: follow-up was terminated.
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profile (Nakanishi et al. 2008) as well as that of the normal 
bladder epithelium (Varley et al. 2006). Control cases fea-
turing inflammatory changes in the urothelium showed 
altered CLDN expression; CLDN-2 and -4 protein expres-
sions were significantly elevated in these samples in com-
parison to control samples, revealing no inflammatory 
changes, which raises their possible association with uri-
nary inflammation. Our working group found that high 
claudin-4 expression in the case of low-grade papillary uro-
thelial cancer but low claudin-1 expression in the case of 
PUNLMPs might determine poor clinical outcome, whereas 
these expressional changes are associated with shorter 
recurrence-free survival. On the contrary, low claudin-1 
expression of PUNLMPs and high claudin-4 expression of 
LG-UCCs are associated with a markedly better clinical 
outcome. The claudin-1 expression analysis might help to 
differentiate IUP from UPs, PUNLMPs, and LG-UCCs 
because IUP reveals higher claudin-1 protein expression in 
comparison to the other entities (Szekely et al. 2011).

Many markers, such as Ki-67 (Santos et al. 2003) and 
p53 (Esrig et al. 1994), have been intensively investigated 
in recent years. However, none of the molecular markers 
showed superior diagnostic or predictive value in compari-
son to histology. Nevertheless, in agreement with our study, 
Ki-67 may serve as an adjacent marker in the separation of 
LG and HG UCCs (Chen et al. 2008). Ki-67 expression was 
found as an independent prognostic factor for time of 
relapse in patients treated with radical cystectomy, and 
expression of this marker may perfectuate the prognostica-
tion of non-invasive bladder cancers, according to our find-
ings (Margulis et al. 2006). Santos et al. (2003) suggested 
that a high Ki-67 index together with grade, stage, and mul-
tifocality should be included as independent prognostic 
marker into the multivariate prognostic analysis for low-
grade urothelial superficial papillary carcinomas. These 
authors detected a significant association between high 
Ki-67 expression and shorter clinical OS and RFS (Santos 
et al. 2003). In our study, Ki-67 was not independent from 
grade and stage. On the other hand, LG-HG classification 
was found to be an important factor in the prediction of 
clinical outcome because none of the LG patients but 19 
from the HG cases (2 of them were TaT1) died of UCC.

Overall, pathological diagnosis and grading is the gold 
standard to estimate the outcome and planning of appropriate 
therapy. There is no absolute decisive single marker to differ-
entiate LG and HG lesions. New markers are needed to ensure 
the classification (May et al. 2010). This is the first report of 
CLDN expression separating LG versus HG UCCs and pro-
viding further information on the clinical outcome of UCCs.

Conclusion
CLDN-4, CLDN-7, and Ki-67 might be used as potential 
markers to differentiate LG and HG UCCs. Although 

CLDN-4 and Ki-67 show significantly higher expression, 
that of CLDN-7 is significantly lower in HG UCCs in con-
trast to LG ones. On the whole, CLDNs might enhance the 
accuracy of pathological diagnosis and add further infor-
mation to clinical outcome.
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