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Abstract 
The alteration of epithelial stability, which includes changes in the expression of E-cadherin and CD44, is one of the complex biomolecular 
mechanisms involved in the tumoral epithelial–mesenchymal transition (EMT) process. We followed the E-cadherin/CD44 immunophenotype 
by single and double detections in 25 cases of bladder urothelial carcinomas. Our study investigated simultaneously the differences in 
expression of the two markers, in different tumoral compartments, according to the prognostic parameters of the lesions. The study indicated 
significant differences in the expression of E-cadherin in relation to tumor grade, depth of invasion, tumor stage and Ki-67 proliferation index 
(PI), both intratumoral and at the advancing edge. For CD44, expression differences were found between the tumor grades in intratumoral 
sites, while for both intratumoral and advancing edge compartments the differences occurred for the depth of tumor invasion, tumor stage 
and Ki-67 PI. The only differences in the expression of the two markers in relation with the presence of lymph node metastasis were for  
E-cadherin at the advancing edge. In this study, the intratumoral E-caderin-/CD44- immunophenotype, respectively E-caderin-/CD44+ at 
the advancing edge were associated with the tumor aggressiveness analyzed parameters. The maintenance of CD44 expression at the 
advancing edge represents a negative prognostic factor for bladder urothelial carcinoma and supports the implication of EMT process, 
through the existence at this level of a cell population with particular properties. 
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 Introduction 

Urothelial carcinoma is a common lesion of the urinary 
tract, representing over 90% of bladder malignancies [1, 
2]. It ranks on the 7th place in European males, accounting 
for over 35 000 of deaths each year [3]. Biomolecular 
mechanisms underlying urothelial carcinogenesis have 
been extensively studied aiming at identifying biomarkers 
predictive for tumors’ behavior. In this view, epithelial–
mesenchymal transition (EMT) is a process in which 
epithelial cells acquire a mesenchymal phenotype, playing 
a key role in tumor progression, respectively in invasion 
and metastasis [4–8]. In this context, the altered expression 
of E-cadherin and CD44 molecules involved in epithelial 
stability may represent targets for investigating the EMT 
process. 

The majority of published studies conducted on 
malignant tumors of different localizations, including 
urothelial localization, indicate that E-cadherin is the most 
important mediator of intercellular adhesion, and its altered 
expression associates with the risk of invasion and 
metastasis [9–12]. During the EMT process, an essential 
time point is the so-called “cadherin switch”, in which 
E-cadherin is replaced by N-cadherin [13]. 

On the other hand, epithelial integrity is maintained 
by cell surface proteins that are connected with the 
intercellular matrix and the underlying connective tissue. 
Among these, CD44 is the main receptor for hyaluronic 
acid, which mediates the interaction between epithelium 
and mesenchymal elements and can promote the EMT 
process [10, 14, 15]. 

The majority of the studies analyzing E-cadherin and 
CD44 were based on different groups of patients, and 
indicated an inverse correlation between the expression 
of the two proteins with the tumoral grade and stage of 
bladder urothelial carcinomas [16–19]. Other authors 
support the prognostic value of E-caderin just in T2/T3 
carcinomas [16]. Hong et al. [20], analyzing the expression 
of these proteins on a common group of patients with 
urothelial carcinomas, indicated a loss of E-cadherin 
expression and the conservation of CD44 expression in 
poorly differentiated carcinomas. Several recent studies 
on oral, esophagian, thyroidian and breast carcinomas 
indicated that the conservation of CD44 expression 
constitutes a negative prognostic factor [21–24]. 

In order to clarify these discordances and in the context 
of E-cadherin and CD44 involvement in the EMT process, 
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in the present study we have followed this markers’ 
immunophenotype in bladder urothelial carcinomas, at the 
level of different tumoral compartments and depending 
on some of the prognostic parameters. 

 Materials and Methods 

The study included a total of 25 patients hospitalized 
in the Clinic of Urology of Emergency County Hospital 
of Craiova, Romania, in the period 2013–2014. Biological 
material was represented by cystectomy specimens. The 
histopathological diagnosis was performed in the 
Laboratory of Pathology, where the specimens were 
fixed in 10% buffered neutral formalin, processed for 
paraffin embedding and Hematoxylin–Eosin staining. 
Clinico-morphological parameters investigated were: 
age, gender, degree of differentiation, tumor topography 
(intratumoral versus the advancing edge), the degree of 
proliferation (Ki-67 index), depth of invasion, lymph node 
status, pTNM stage. For the assessment of the lesions, 
we utilized the WHO 2004 staging system [25]. In this 
study were included only primary papillary urothelial 
carcinomas, which had no distant metastases. 

The study was approved by the local ethical 
committee, and a written informed consent was obtained 
from all the patients. It is of interest to mention that in 
Romania there is no National Register for cancers. 

In order to assess the aggressiveness of these tumors, 
we investigated E-cadherin/CD44 immunophenotype in 
relation to the morpho-clinical parameters mentioned 
above. For immunohistochemical analysis, we used a panel 
of antibodies, as shown in the table below (Table 1). 

Table 1 – The antibodies used in the study 

Antibody Clone Dilution Pretreatment
External 
positive 
control 

E-cadherin 
Mouse,  

NCH 38,  
Dako 

1:50 
Microwaving in 
citrate buffer, 

pH 6 

Mammary 
gland 

CD44 
Mouse,  

DF 1485,  
Dako 

1:30 
Microwaving in 
citrate buffer, 

pH 6 
Spleen 

Ki-67 

Rabbit, 
Polyclonal, 

Thermo 
Scientific 

1:100 
Microwaving in 
citrate buffer, 

pH 6 

Breast 
carcinoma

For immunohistochemistry on selected serial sections, 
after antigen retrieval, endogenous enzyme blocking, and 
unspecific sites’ blocking, the sections were incubated 
overnight at 40C with the E-cadherin and CD44 mono-
clonal antibodies. The next day, the sections were incu-
bated with biotinylated species-specific secondary anti-
bodies, which were later on amplified with the LSAB 2 
System–HRP (DAKO, Redox, Bucharest, Romania, code 
K0675) and visualized with 3,3’-diaminobenzidine tetra-
hydrochloride (DAB, Dako, code 3467). For double 
detections of E-cadherin/Ki-67 and respectively CD44/ 
Ki-67, the two protocols were performed sequentially, 
the amplifications being made with LSAB2 HRP and 
respectively LSAB 2 System–AP (Dako, Redox, code 
K0674), and the detections made with DAB and 
respectively Vulcan Fast Red (Biocare Medical, Redox, 
code FR805S). Between the procedures, a Biotin-blocking 

step was intercalated (Dako, Redox). Finally, the slides 
were counterstained with Hematoxylin and coversliped 
with DPX (Fluka, Redox) (for single DAB-based 
stainings), or with a glycerol-based mounting medium 
(Dako, Redox) (for double stainings). 

The quantification of the reactions was performed on 
double stainings by IOD (integrated optical density), 
which is the product of the area of a region of interest 
(ROI) and the average density of the pixels that compose 
the region. For each image, we summed the IOD values 
of all the regions of interest. Finally, we obtained an IOD 
value to obtain a specific indicator for each case. To 
quantify the Ki-67 immunoexpression, we calculated the 
proliferation index (PI), by dividing the number of positive 
tumor nuclei to the total number of tumor nuclei counted 
in the 40× microscopic field, and counting at least 2000 
nuclei per case [26]. Two observers (AS and DP) 
performed the evaluation of the staining. We used external 
positive controls (Table 1) and respectively negative 
controls, by omitting the primary antibodies. The acqui-
sition of the images was done on a Nikon Eclipse E600 
microscope and with the software package Lucia 5. The 
image analysis was done with Image ProPlus 7 AMS 
software (Media Cybernetics Inc., Buckinghamshire, UK). 

For the statistical analysis, it was created an electronic 
database and the results were compared using the 
Student’s t-test (SPSS, Inc., Chicago, IL, USA). Also, 
we used one-way ANOVA test to assess the differences 
between more than two independent groups. All central 
tendencies were reported as average ± standard deviation 
(SD). Results were considered significant for p-values 
<0.05. 

 Results 

From the total of 25 patients, the analysis of clinico-
morphological parameters indicated an average age at 
diagnosis of 62.5 years, with the predominance of male 
patients (19 cases) (Table 2). Most of the lesions presented 
a low tumoral grade (14 cases), invasion into the lamina 
propria (10 cases), without lymph node metastases (23 
cases), the majority being classified in the pTNM stage I 
of disease (10 cases) (Table 2). The average value of 
Ki-67 proliferation index in intratumoral and advancing 
edge areas was of 22.3±10.7, respectively of 30.3±15.1, 
a difference which was statistically significant (p=0.037, 
Student’s t-test) (Table 2). 

Table 2 – Cases distribution depending on the investi-
gated parameters 

Parameter Variable (No.) 

<50 = 2 

50–70 = 21 Age [years] 

>70 = 2 

Males = 19 
Gender 

Females = 6 

LG = 14 
Differentiation degree 

HG = 11 

T1 = 10 

T2 = 8 Depth of invasion 

T3 = 7 
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Parameter Variable (No.) 

N0 = 22 
Lymph node metastasis 

N1 = 3 

I = 10 

II = 8 

III = 4 
Stage 

IV = 3 

IT = 22.3±10.7 
Proliferation index (Ki-67) 

AE = 30.3±15.1 

LG: Low grade; HG: High grade; IT: Intratumoral; AE: Advancing edge. 

E-cadherin immunostaining 

E-cadherin immunostaining was identified on the 
cells’ membranes on intratumoral localizations in 88% 
of cases, and at the level of the advancing edge in 52% 
of cases, negative cases belonging mostly to high-grade 
carcinomas with invasion at least in muscularis propria 
and lymph node metastases. The reactions were observed 
mainly in the superficial layers of the tumor papillae 
and decreased towards the intermediate and basal layers 
(Figure 1, A–D). 

 
Figure 1 – Urothelial carcinoma, E-cadherin/Ki-67 immunostaining, 200×: Low-grade, intratumoral (A); High-grade, 
intratumoral (B); High-grade, advancing edge (C); Lymph node metastasis (D). 

The analysis of E-cadherin IOD indicated intra-
tumoral significantly higher values (247×105±177×105), 
compared to the advancing edge (25×105±28×105; 
p=0.000, Student’s t-test), a compartment where the 
marker’s expression decreased, regardless of the clinico-
pathological parameters analyzed. Statistical analysis 
also indicated significant differences in the expression 
of E-cadherin in relation to tumor grade, the IOD values 
being significantly higher in low-grade carcinomas 
compared to high-grade lesions, both intratumoral 
(p=0.006, Student’s t-test) and at the advancing edge 
(p=0.021, Student’s t-test) (Figure 2A). 

In relation to the depth of invasion, IOD values were 
significantly higher in pT1 carcinomas compared with 
pT2-T3 lesions in both intratumoral (p=0.000, ANOVA 
test) and at the advancing edge (p=0.000, ANOVA test) 
(Figure 2B). In the case of urothelial carcinomas with 

lymph node metastases, the IOD E-cadherin values 
presented significant lower differences at the advancing 
edge (p=0.000, Student’s t-test), compared to cases without 
metastases, the differences being insignificant at the 
intratumoral level (p=0.070, Student’s t-test) (Figure 2C). 
E-cadherin expression analysis in relation to the tumor 
stage indicated significantly higher values in case of 
stage I carcinomas compared to the stages II–IV lesions, 
both intratumoral (p=0.000, ANOVA test) and at 
advancing edge (p=0.000, ANOVA test) (Figure 2D). 

Pearson’s test indicated a negative linear correlation 
between the intratumoral E-cadherin IOD and Ki-67 PI 
values, [r(23)=-0.640, p=0.001]. 

The same statistical relation was found between the 
two parameters at the advancing edge, [r(23)=-0.584, 
p=0.002]. 
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Figure 2 – Distribution of the E-cadherin and CD44 mean IOD values, intratumoral and at advancing edge in relation to 
tumor grade (A), depth of invasion (B), presence of lymph node metastasis (C), tumor stage (D). 

CD44 immunoreaction 

CD44 immunoreaction was identified in the membrane, 
intratumorally in 92% of cases, the reaction being absent 
in two high-grade carcinomas. The staining was present 
mainly in the basal layer, diminishing towards the inter-
mediate and superficial ones. In the advancing edge, the 
CD44 reaction was observed in 64% of cases. Positive 
carcinomas were mostly of high grade, with at least 
muscularis propria invasion and lymph node metastases. 
In addition, the reaction was noticed in some stromal 
elements as lymphocytes, fibroblasts, macrophages 
(Figure 3, A–D). 

The analysis of CD44 IOD on the entire group indi-
cated significantly higher intratumoral values (245×105± 
203×105), compared to advancing edge (40×105±103×105; 
p=0.000, Student’s t-test), regardless of clinicopathological 
analyzed parameters. 

In relation to the tumor grade, the differences between 
CD44 IOD values were significant only at intratumoral 
level (p=0.003, Student’s t-test), these being higher in 
low-grade carcinomas compared with high-grade lesions 
(Figure 2A). In relation to the depth of invasion, IOD 
values were significantly higher in pT1 carcinomas 
compared with pT2-T3 lesions in both intratumoral 
(p=0.000, ANOVA test) and at the advancing edge 
(p=0.007, ANOVA test) (Figure 2B). We did not find 
significant differences in CD44 IOD values in relation 
to the presence of lymph node metastasis, regardless of 
tumor compartment being analyzed (intratumoral, advan-
cing edge) (p>0.05, ANOVA test) (Figure 2C). The 
analysis of intratumoral CD44 expression depending on 
tumor stage indicated significantly higher IOD values  
in stage I carcinomas compared to the stages II–IV 
(p=0.000, ANOVA test). At the advancing edge, IOD 
values were significantly higher in stage III–IV carcinomas 

compared with those in stage II (p=0.021, ANOVA test) 
(Figure 2D). 

Pearson’s test indicated a negative linear correlation 
between the intratumoral CD44 IOD and Ki-67 PI 
values, [r(23)=-0.693, p=0.000]. At the advancing edge, 
a direct correlation between the two parameters could be 
noted, [r(23)= 0.507, p=0.010]. 

In this study, we found no association of E-cadherin 
or CD44 expression with the ages or genders of patients. 
Regarding the expression of the two markers, Pearson’s 
test indicated an intratumoral positive linear correlation, 
[r(23)=0.762, p=0.000]. On the contrary, at the advancing 
edge, the relation was negative and statistically insigni-
ficant, [r(23)=-0.312, p=0.129], the decreasing of E-
cadherin expression, being accompanied by the mainte-
nance of CD44 expression for 62% of the analyzed cases. 

 Discussion 

Many studies in the literature place E-cadherin and 
CD44 in the center of the biomolecular systems that 
ensure the stability of epithelia, including urothelium 
[9–11, 17]. E-cadherin is a Ca2+-dependent transmembrane 
receptor that mediates intercellular adhesion, whereas 
CD44 is the active component of this system through 
which normal and tumor cells interact with adjacent matrix 
[27, 28]. Also, CD44 has been shown to be involved in 
many other biomolecular processes such as angiogenesis, 
tissue healing, lymphocytes extravasation and activation, 
cell migration, including EMT process [15, 28–31]. 

Recent studies investigating E-cadherin and CD44  
in malignant tumors with other sites, identified close 
functional connections between the two proteins, with a 
CD44-positive staining being an indicator of a negative 
prognostic [21–24]. The role of CD44 and its interaction 
with other adhesion molecules is not fully understood. 



E-cadherin/CD44 immunophenotype in the epithelial–mesenchymal transition of bladder urothelial carcinomas 

 

89

On cell cultures, Xu & Yu [32] proved the existence of 
a negative modulation induced by E-cadherin on the 
link between CD44 and hyaluronic acid. Another recent 
study indicated a CD44 inhibitory effect of E-cadherin 

expression and overexpression of N-cadherin, α-actin, 
vimentin, fibronectin and MT1-MMP, issues characteristic 
of the EMT process [15]. 
 

 
Figure 3 – Urothelial carcinoma, CD44/Ki-67 immunostaining, 200×: Low-grade, intratumoral (A); High-grade, intra-
tumoral (B); High-grade, advancing edge (C); Lymph node metastasis (D). 

Most studies have analyzed individually the immuno-
expression of E-cadherin and CD44, without looking at 
the combined expression patterns [9, 10, 16, 18, 19, 33–
35]. Our study investigated simultaneously the differences 
in expression for the two markers according to various 
morpho-clinical parameters of the bladder urothelial 
carcinomas. We also investigated the expression of the 
two markers both intratumoral and at the advancing edge, 
where, according to the literature data, the EMT process 
can be observed [8]. 

In this study, we found significant differences in the 
E-cadherin IOD values depending on tumor degree, depth 
of invasion, tumor stage and Ki-67 PI at both intra-
tumoral and advancing edge. In case of CD44, differences 
were significant at intratumoral level in relation with 
tumor degree, and in both compartments when the values 
were reported on the depth of tumor invasion, tumor stage 
and Ki-67 IP. 

Similar studies in the literature that have investigated 
the expression of E-cadherin and CD44 in urothelial 
carcinomas indicated a correlation between the expression 
of the two proteins with the main prognostic parameters 
in urothelial carcinomas, such as tumor stage, risk of 
metastasis and sometimes tumor grade [9, 10, 17, 36]. 

In some more recent studies, it is indicated that  

E-cadherin expression is associated with tumor stage and 
tumor grade, considering it useful for assessing disease 
prognosis [33–34]. In 2006, Koksal et al. [37] argued 
that the aberrant E-cadherin expression can be identified 
in over 85% of bladder urothelial carcinoma at an 
advanced stage of disease. In the present study, we 
found a significant decrease of E-cadherin expression  
in high-grade carcinomas, with increased proliferation 
index, deep invasion and metastasis. The expression of 
E-cadherin at the advancing edge diminished, being 
absent in high-grade carcinomas, regardless of other 
analyzed parameters. 

There are few studies regarding CD44 immuno-
expression in bladder urothelial carcinomas. The literature 
data designates the CD44 positivity as associated with 
T1 carcinomas, while the negative expression seems to be 
characteristic for T2/T3 carcinomas [10]. On the groups 
of urothelial carcinomas analyzed, Kong et al. [19], in 
2003, and Kuncová et al. [35], in 2007, indicated that 
CD44 immunoexpression decreases with the depth of 
invasion, respectively the heterogeneous appearance of 
the immunostaining in poorly differentiated tumors. In 
this study, CD44 expression decreased in high-grade 
carcinomas with deep invasion. For 64% of the cases, 
we found a conservation of the CD44 expression at the 
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advancing edge and these cases were high-grade carci-
nomas with variable invasion in bladder wall and meta-
stasizing. 

Regarding the role of the two proteins in the develop-
ment of metastases there are different opinions. In 2001, 
Byrne et al. [36] found that an abnormal expression of 
E-cadherin is associated with tumor invasion and the 
presence of lymph node metastasis. Based on the literature 
data and their own research, Gontero et al. [38] argues 
that in cases of urothelial carcinoma E-cadherin is useful 
for assessing the risk of metastasis, whereas the results are 
inconclusive for CD44. In our study, the only differences 
in the expression of the two markers in relation to the 
presence of lymph node metastasis were in the case of 
E-cadherin at the advancing edge. 

In this study, the intratumoral E-caderin-/CD44- 
immunophenotype, respectively E-caderin-/CD44+ profiles 
at the advancing edge were associated with the tumor 
aggressiveness analyzed parameters. It is considered that 
the existence of a strong CD44 expression in the tumor 
advancing edge may be an expression of the protein 
interaction with extracellular matrix in the sense of growth 
and modulation of tumor progression [22, 24]. Tumor 
development involves both CD44 connections with extra-
cellular hyalunorate, and signals to other stromal elements 
(fibroblasts, lymphocytes, angioblasts) [28, 39]. This may 
explain the multitude of CD44-positive stromal elements 
near the tumor invasion front. These considerations, 
coroborated with an increased Ki-67 PI, indicate the 
existence in the advancing edge of a selection of tumoral 
cells that became functionally independent from the rest 
of the tumor, a group of cells with fast multiplication rate 
and suited to exist in the peritumoral environment, issues 
identified by some studies that have analyzed the behavior 
of malignant tumors and EMT process [4, 5, 22, 28, 40]. 
Nevertheless, the emphasis of EMT process can be 
difficult because it is possible that only certain cell 
population in from the advancing edge and only in a 
limited time window to present such properties [41]. 

 Conclusions 

The study indicated the significant decrease of  
E-cadherin and CD44 expression in aggressive urothelial 
carcinomas. In addition, high-grade urothelial carcinomas 
in advanced stage of the disease, with an increased Ki-67 
PI, as well as metastasizing carcinomas were characterized 
by E-cadherin-/CD44+ immunophenotype at the advancing 
edge. The maintenance of CD44 expression at advancing 
edge is a negative prognostic factor for bladder urothelial 
carcinoma and supports the implication of EMT process, 
through the existence at this level of a cell population 
with particular properties. Future studies are needed to 
complete the analysis of cadherins system and their 
interaction with the intra- and extracellular environment, 
data that can provide useful information about EMT 
process, for assessing lesions’ prognosis and decide the 
therapeutic attitude. 
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