
180 Experimental Oncology 25, 180-185, 2003 (September)

Received: May 28, 2003.
*Correspondence: Fax: +30 26510 97850;

E-mail: kcharala@cc.uoi.gr
Abbreviations used: CAMs — cell-cell adhesion molecules; E-cad — epithelial cadherin; TCC — transitional cell carcinoma.

CORRELATION OF E-CADHERIN EXPRESSION WITH
CLINICOPATHOLOGICAL DATA IN PATIENTS SUFFERING

FROM TRANSITIONAL CELL CARCINOMA OF THE BLADDER
K. Charalabopoulos1,*, S. Tsambalas2, K. Syrigos3, X. Giannakopoulos2, V. Kalfakakou1,

D. Kiortsis1, J. Alamanos4, A. Charalabopoulos1, A. Evangelou1, N. Sofikitis2, N.J. Agnantis5

Departments of 1Physiology, Clinical Unit, 2Urology, 4Epidemiology-Statistics and 5Pathology,
Medical Faculty, University of Ioannina, Ioannina, Greece

3Oncology-Immunology Unit, Third Department of Medicine, Medical Faculty,
University of Athens, Athens, Greece

ÊÎÐÐÅËßÖÈß ÝÊÑÏÐÅÑÑÈÈ E-ÊÀÄÃÅÐÈÍÀ Ñ ÊËÈÍÈÊÎ-
ÏÀÒÎÌÎÐÔÎËÎÃÈ×ÅÑÊÈÌÈ ÕÀÐÀÊÒÅÐÈÑÒÈÊÀÌÈ

ÏÅÐÅÕÎÄÍÎ-ÊËÅÒÎ×ÍÎÉ ÊÀÐÖÈÍÎÌÛ ÌÎ×ÅÂÎÃÎ ÏÓÇÛÐß
K. ×àðàëàáîïóëîñ1,*, Ñ. Öàìáàëàñ2, Ê. Ñèðèãîñ3, Ê. ×èííàêîïóëîñ2, Â. Êàëôàêàêó1,
Ä. Êüîðòèñ1, Æ. Àëàìàíîñ4, À. ×àðàëàáîïóëîñ1, À. Ýâàíãåëó1, Í. Ñîôèêèòèñ2, Í.Æ. Àãíàíòèñ5

Îòäåëû 1ôèçèîëîãèè, êëèíè÷åñêîå ïîäðàçäåëåíèå, 2óðîëîãèè, 4ýïèäåìèîëîãèè è ñòàòèñòèêè,
5ïàòîëîãèè, ìåäèöèíñêèé ôàêóëüòåò, óíèâåðñèòåò ßíèíû, ßíèíà, Ãðåöèÿ

3Ïîäðàçäåëåíèå îíêîëîãèè è èììóíîëîãèè, òðåòüå îòäåëåíèå ìåäèöèíû,
ìåäèöèíñêèé ôàêóëüòåò, óíèâåðñèòåò Àôèí, Àôèíû, Ãðåöèÿ

Epithelial cadherin (E-cadherin, E-cad) is a calcium-dependent cell-cell adhesion molecule that binds cells through
homotypic fashion interactions. Its role is crucial in the induction and maintenance of cell polarity and differentiation.
Downregulation or loss of its function is associated with an invasive and aggressive phenotype in many types of
human cancers. 45 male patients (mean age 63 years, age range from 29 years to 87 years) with transitional cell
carcinoma (TCC) of the bladder were included in the study. E-cad expression was estimated immunohistochemically
in a semiquantitative fashion using light microscopy. An avidin-biotin immunoperoxidase technique was employed
using anti E-cad murine monoclonal antibodies. Loss of the E-cad normal surface expression by the bladder cells was
found in 32/45 (71%) of patients compared to normal bladder epithelia observed at the intercellular borders (p <
0.001). A statistically significant difference between abnormal expression of E-cad and tumor grade and disease stage
was also observed (p < 0.001). Loss of the surface E-cadherin expression was most frequently detected in grade 3
bladder cancer patients (17/21, 80.95%) than in well differentiated tumors (grade 1) (3/7, 43.86%) (p < 0.001).
Surface E-cadherin expression was also most frequently lost in bladder cancer patients with lymph node and distant
organs metastases (stage 4) (1/1,100%) compared to 13/25 (52%) of patients with lymph node-negative tumors
(stage 1) (p < 0.001). We conclude that E-cad adhesion molecule is a useful marker and the loss of its expression is
associated with high grade and advanced stage in patients suffering from TCC of the bladder.
Key Words: bladder cancer, transitional cell carcinoma, E-cadherin, adhesion molecules, invasion, metastasis, differentiation.

Ýïèòåëèàëüíûé êàäãåðèí (E-êàäãåðèí, E-cad) ÿâëÿåòñÿ êàëüöèé-çàâèñèìîé ìîëåêóëîé àäãåçèè, ñâÿçûâàþùåé êëåòêè
ïóòåì ãîìîòèïè÷åñêèõ âçàèìîäåéñòâèé. Îí âûïîëíÿåò êðèòè÷åñêóþ ðîëü â èíäóêöèè è ïîääåðæàíèè ïîëÿðíîñòè è
äèôôåðåíöèðîâêè êëåòîê. Ïîäàâëåíèå èëè óòðàòà åãî ôóíêöèè àññîöèèðîâàíà ñ èíâàçèâíûì è àããðåññèâíûì
ôåíîòèïîì ðàçëè÷íûõ òèïîâ îïóõîëåé ÷åëîâåêà. Â èññëåäîâàíèè ïðèíèìàëè ó÷àñòèå 45 ìóæ÷èí â âîçðàñòå îò 29
äî 87 ëåò (ñðåäíèé âîçðàñò — 63 ãîäà) ñ ïåðåõîäíî-êëåòî÷íîé êàðöèíîìîé ìî÷åâîãî ïóçûðÿ (TCC). Ýêñïðåññèþ
E-cad îöåíèâàëè â ïîëóêîëè÷åñòâåííîé èììóíîãèñòîõèìèè ñ èñïîëüçîâàíèåì ñâåòîâîé ìèêðîñêîïèè, àâèäèí-áèîòèí
èììóíîïåðîêñèäàçíîãî ìåòîäà è ìûøèíûõ àíòè-E-cad ìîíîêëîíàëüíûõ àíòèòåë. Óòðàòà íîðìàëüíîé ýêñïðåññèè
E-cad íà ïîâåðõíîñòè îïóõîëåâûõ êëåòîê ìî÷åâîãî ïóçûðÿ áûëà âûÿâëåíà ó 32/45 (71%) ïàöèåíòîâ â ñðàâíåíèè ñ
íîðìàëüíûì ýïèòåëèåì (p < 0,001). Îáíàðóæåíû ñòàòèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ ìåæäó óðîâíåì ýêñïðåññèè
E-cad è ñòàäèåé îïóõîëåâîãî ïðîöåññà (p < 0,001). ×àùå óòðàòó ïîâåðõíîñòíîé ýêñïðåññèè E-cad âûÿâëÿëè ó
áîëüíûõ ðàêîì ìî÷åâîãî ïóçûðÿ III ñòàäèè (17/21, 80,95%), ÷åì â âûñîêîäèôôåðåíöèðîâàííûõ îïóõîëÿõ (I ñòàäèÿ)
(3/7, 43,86%) (p < 0,001). Óòðàòó ïîâåðõíîñòíîé ýêñïðåññèè E-cad òàêæå ÷àùå îáíàðóæèâàëè ó áîëüíûõ ðàêîì
ìî÷åâîãî ïóçûðÿ ñ ìåòàñòàçàìè (ñòàäèÿ IV) (1/1, 100%) â ñðàâíåíèè ñ 13/25 (52%) ïàöèåíòàìè áåç ìåòàñòàçîâ â
ëèìôàòè÷åñêèõ óçëàõ (ñòàäèÿ I) (p < 0,001). Ñäåëàí âûâîä î òîì, ÷òî E-cad ìîæåò ÿâëÿòüñÿ íàäåæíûì ìàðêåðîì,
óòðàòà ýêñïðåññèè êîòîðîãî àññîöèèðîâàíà ñ ïðîãðåññèåé TCC ìî÷åâîãî ïóçûðÿ.
Êëþ÷åâûå ñëîâà : ðàê ìî÷åâîãî ïóçûðÿ, òðàíçèòîðíî-êëåòî÷íàÿ êàðöèíîìà, E-êàäãåðèí, ìîëåêóëû àäãåçèè, èíâàçèÿ,
ìåòàñòàçèðîâàíèå, äèôôåðåíöèðîâêà.
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Bladder cancinoma accounts for approximately
51.600 new cases of bladder cancer diagnosed annu-
ally, with 9.500 deaths in the United States [1]. Men are
affected three times as frequently as women, and the
disease usually occurs in patients between fifty and six-
ty years of age. Bladder cancer is the fifth most common
cancer in men and the ninth in women, and the second
most frequent urological malignancy in Western society
with an incidence rate of 29.8/100.000 males per year.
Epidemiologic studies have demonstrated an increased
incidence of transitional cell carcinoma (TCC) following
exposure to aromatic amines, particularly 2-naphthyl-
amine which probably accounts for the high incidence
of urothelial cancers among cigarette smokers and work-
ers in the dye, chemical, and certain rubber industries.
Some atmosphere pollutants (e.g. benzo(a)pyrene,
found also in cigarette smoke) have also been implicat-
ed [2]. In addition, the multiple role of some endogenous
substances has been under investigation [3].

Adhesion molecules intermediate cell-cell (cell-to-
cell adhesion molecules, CAMs) interactions partici-
pating, thus, in normal processes such as embryogene-
sis, cellular communication and recognition, tissue dif-
ferentiation, blood coagulation, inflammation, immune
response, wound healing and apoptosis, as in various
pathologies in which cancer invasion and metastasis
are included [4–8]. Signal transduction is also triggered
by E-cad. In addition to cadherins involvement in cel-
lular adhesion, the regulated expression of cadherins
also appears to control cell polarity, cell sorting and
tissue morphology [6]. Adhesion molecules embrace
five categories: integrins, cadherins, immunoglobulin
gene superfamily (IgSF), selectins, and CD44 [8–12].
Epithelial cadherin (E-cad) is the most important mole-
cule since when it is expressed and functioning, then
even the inactivation of all the rest of the adhesion
molecules has no significant negative effect on the ad-
hesion reactions. E-cad intermediates in calcium de-
pendent cell-cell adhesion interactions acting in a ho-
motypic, homophilic fashion. E-cad is the main com-
ponent in desmosomes and adherence junctions [13].
Its role is, therefore, crucial for the epithelial integrity.
Loss of the E-cad function leads to a more aggressive
and invasive phenotype in many human cancer types.
E-cad interacts with a group of undercoated cytoplas-
mic proteins, named catenins, which link the intercel-
lular portion of the cadherins to the cytoskeleton (al-
pha, beta and gamma-cat) [14–16]. Plakoglobin, p120,
is also regarded to be a new catenin molecule [16, 17].
The loss of E-cad function can also be due to defects
in its linkage to the cytoskeleton, which is mediated
through catenins [18]. Thus, the E-cad/catenin com-
plex is bound to the actin filaments forming an anchor-
age to the cytoskeleton. Studies in the last decade have
shown that E-cad/catenin complex expression abnor-
malities have been found in a variety of solid tumors
including colorectal cancer [19], head and neck carci-
nomas [20], breast cancer [21], gastric cancer [22],
esophageal cancer [23, 24], pancreatic adenocarcino-
mas [25], hepatocellular carcinomas [26], lung carci-

nomas [27]), cervical intraepithelial neoplasia (CIN) [28]
as well as prostate and bladder cancer [29–31].

E-cad gene has been identified, mapped on chro-
mosome 16q; it presents a tumor suppressor role. Loss
of heterozygocity (LOH) in this region is associated with
the development of several tumors [32]. Mutation of
the gene, alteration of transcription, post translation
modifications or changes in the interaction of the E-cad
with the cytoskeleton anchoring proteins, the catenins,
(e.g. via phosphorylation) consist possible mechanisms
implicated in the cancer development. Thus, an inva-
sion-suppressor role for this gene in neoplastic pro-
gression has been demonstrated [33, 34]. Most tumors
of the bladder are carcinomas and are associated with
dedifferentiation of the epithelial cells and high meta-
static capability.

In the present study we investigated the E-cad par-
ticipation in the carcinogenetic process and its corre-
lation with the disease progression.

MATERIALS AND METHODS
Patients and tumor specimens. In this study,

45 male patients (mean age 63 years, age range 29 to
87 years) with diagnosed bladder cancer recruited from
March 1998 to March 2003 were included. Pathologi-
cal and clinical data are summarized in Table. Tumor
volume and size was estimated during endoscopy
(mean size of tumors was 3.5 cm, range 2.0–8.0 cm).
None of the patients received radiation or chemothe-
rapy preoperatively. 10 patients with acute cystitis were
used as control group. Formalin fixed, paraffin embed-
ded samples of normal bladder and TCC of the blad-
der were graded accordingly to the WHO classification
[35]. The disease stage was characterized accordingly
to the UICC TNM classification [36].

Immunohistochemistry. In present study, the avi-
din-biotin indirect immunoperoxidase method was em-
ployed using the anti E-cadherin (MAb, HECD-1 hu-
man epithelial cadherin-1) murine monoclonal antibody
as an undiluted culture supernatant. HECD-1 has been

Table. Clinicopathological data and correlation to E-cad expression in patients 
with TCC included in the study 

Type of tumor Number 
of  patients 

Normal E-cad 
expression, % (n) 

Abnormal E-cad 
expression, % (n) 

TCC 45   
Tumor category 
Ta 8 62.5 (5) 37.5 (3) 
T1 17 41.16 (7) 58.84 (10) 
Ta + T1 25 48 (12) 52 (13) 
T2 15 33.33 (5) 66.66 (10) 
T3 4 25 (1) 75 (3) 
T4 1 — 100 (1) 
Grade category 
G1 7 57.14 (4) 42.86 (3) 
G2 17 35.29 (6) 64.71 (11) 
G3 21 19.05 (4) 80.95 (17) 
Metastasis category 
M0 36 30.55 (11) 69.44 (25) 
M1 9 11.11 (1) 88.88 (8) 
Notes: Grading and characterizat ion accordingly to WHO and UICC TNM 
classification, respectively. T1: tumor invasion in subepithelial connective 
tissue; T2: tumor invasion of superficial muscle; T3: tumor invasion in 
deep muscle and perivesical f at; T4: tumor invasion of any of the following 
tissues: prostate, pelvic wall, abdominal wall as well as uterus and vagina 
in females; G1, G2, G3: the 3-grade histological typing system; M0: no 
distant metastasis; M1: distant  metastasis (details in the text ). 
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previously characterized and its specificity has been re-
ported in the literature [23]. To enhance E-cadherin im-
munohistochemistry in formalin-fixed, paraffin-embed-
ded tissues, sections were treated with antigen retrieval
solution in a microwave oven, according to Pignatelli’s
described methods [25, 37]. The slides were submerged
in 0.01 M citrate buffer at pH 6.0 and heated in a 700 W
microwave on full power for 5 × 2 min cycles, pausing to
ensure that there was no fluid loss due to evaporation.
The slides were then rinsed in phosphate-buffered sa-
line (PBS, x 3) after each stage. 50 µl of anti-E-cad-
herin primary antibody was then added to the section
and incubated overnight at 4 °C. An avidin-biotin com-
plex immunoperoxidase technique was utilized to am-
plify epitope recognition (ABC kit, Dako Ltd, High Wy-
combe, UK) and subsequent colorific visualization was
achieved by 50 µl of DAB solution at a concentration of
0.3 µg/ml (Dako Ltd., High Wycombe, UK). The slides
were then washed and mounted for microscopic exami-
nation. Positive control tissue sections known to be of a
homogeneous phenotype were used to ensure accu-
rate and reproducible staining; normal transitional blad-
der epithelial cells present in the tumor slides were used
as internal positive controls. Negative controls were du-
plicate sections similarly stained in which the primary
antibody was omitted and replaced by normal mouse
immunoglobulins.

Evaluation and statistical analysis. The appor-
tionment of cellular staining of E-cad was classified
according to its localization in the cell membrane or
cytoplasm by two independent investigators on two
separate occasions and scored as follows: if the stai-
ning was identical to that of normal bladder epithelium,
then tumors were classified as normal (i.e. membra-
nous immunoreactivity, means surface expression of
E-cad in > 90% of the urothelial cells stained positively
with high density) and score 3 was given; heteroge-
neous staining (i.e. < 90% positive tumor cells) and
score 2 was given; cytoplasmic only and score 1 was
given , and negative (absence of staining, excessively
considerable fraction of E-cad negative cells) and
score 0 was given. For statistical analysis purposes,
tumors were divided in two groups: one with the score
3 (normal group, membranous expression of E-cad)
and a second one including patients’ tumor specimens
with scores 0, 1, and 2 (heterogeneous, cytoplasmic,
and negative staining). Tumors were regarded by an-
other observer who had no knowledge of the staining
results. Fisher’s test was used for the correlations.
P-values less than 0.05 (p < 0.05), were regarded to
be statistically significant.

RESULTS
Table, except the clinicopathological data of patients

studied, additionally summarizes the E-cad immunore-
activity (normal or abnormal) according to tumor stage,
grade and metastases.

Fig. 1 and 2 show the expression pattern of E-cad
in heterogeneous and cytoplasmic types of staining in
bladder cancer cases. In normal bladder epithelium only

the cell-cell borders are attained, thus, a membranous
expression is observed. In Fig. 3 a normal expression
of E-cad in normal urothelium is observed simulta-
neously to cancer epithelium which presents absolute
absence of E-cad expression. The part of the cells in
contact with the basement mebrane does not react with
the anti-E-cad antibody. Tumors of 13 out of 45 pa-
tients (13/45, 28.88%) showed membranous E-cad im-
munoreactivity regarded as normal staining. Loss of the
normal membranous staining pattern was observed in
32 (32/45,71.1%) of the 45 patients and the abnormal
(heterogeneous, cytoplasmic, downregulation/absence)
of E-cad expression was associated with both high
grade and advanced stage in bladder cancer as was
shown by the statistical analysis (p < 0.001). Further-
more, a statistically significant difference between ab-
normal expression of E-cad and tumor grade and di-
sease stage was also observed (p < 0.001). Loss of
membranous E-cad expression was most frequently

Fig. 1. Abnormal (heterogeneous) expression of E-cadherin in
bladder carcinoma

Fig. 2.  Abnormal (cytoplasmic) expression of E-cadherin in blad-
der carcinoma

Fig. 3.  Normal E-cad expression in normal urothelium adjacent
to cancer epithelium without E-cad expression
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detected in grade 3 bladder cancer patients (17/21,
80.95%) than in well differentiated tumors (grade 1) (3/7,
43.86%), (p < 0.001). 4 of 7 G1 tumors appeared mem-
branous E-cad expression (p < 0.001), whilst 28 of 38
G2 +G3 tumors appeared abnormal staining pattern
(p < 0.001). Correlation with tumor stage category
showed that 17 of 40 Ta + T1 + T2 stages (17/40,
42.5%) showed normal E-cad expression comparing
to only 1/5 (20%) patients with T3 + T4 stages (p <
0.001). Membranous E-cad expression was also most
frequently lost in bladder cancer patients of T4 tumor
category (1/1, 100%) compared to 13/25 (52%) of Ta +
T1 stage tumor category (p < 0.001).

DISCUSSION
Up to 95% of bladder tumors are transitional carci-

nomas with adenocarcinomas and small cell tumors
consisting the rest of the cases. Overall, 75% of pri-
mary bladder tumors are present as superficial lesions.
Hematuria is the first sign in the majority of patients,
followed by urinary frequency or irritative symptoms.
Until now, histologically determined depth of infiltration
and differentiation grade has been the most important
prognostic variables for tumor progression. Unfortu-
nately, they can not predict accurately the behavior of
most bladder tumors. A significant degree of tumor
heterogeneity remains even within various prognostic
subgroups. The abovementioned parameters fail in up
to 36% of bladder cancer patients, even those with su-
perficial carcinoma [38]. The major problem in clinical
praxis is the selection of those patients who are at high
risk from cancer recurrence and progression and who
may benefit from adjuvant treatment modalities. Thus,
grade I lesions (highly differentiated tumors) rarely
progress to a higher stage. Controversely, a Ta grade III
tumor presents a higher risk of progression to more
advanced stage. The development of reliable prognostic
markers for TCC of the bladder will accurately predict
not only the course of the disease but also the response
of a tumor to therapy dictating thus treatment strate-
gies. Though, accurate and reliable prediction of tumor
aggressiveness (invasiveness and metastatic poten-
tial) is difficult to be determined.

E-cad is a transmembrane calcium dependent pro-
tein involved in cell-cell adhesion at the level of ad-
herent junctions in the epithelium [39]. Continued ex-
pression and functional activity of E-cad are required
for cells to remain tightly associated in the epithelium,
and in its absence many other proteins involved in this
process become incapable of supporting intercellular
adhesion. Owing to its capacity to maintain the state of
adhesion between epithelial cells, this molecule is im-
portant in tissue differentiation and maintenance, and
it is regarded to act as an important suppressor, of epi-
thelial tumor cell invasion and metastatic spread [33,
40]. Furthermore, E-cad triggers signal transduction.
Loss of E-cad is an important step in the progression
of many carcinomas and is believed to lead to a de-
creased cell adhesiveness in tumors [41]. Cell detach-
ment from the epithelial sheet is the initial step in this

process. Cellular adhesion molecules may be associ-
ated with invasion and metastasis in a wide variety of
human malignancies including TCC of the bladder.

The use of molecular markers may guide the deci-
sion making process in the treatment of superficial blad-
der cancer [42, 43]. The ability to stratify superficial tu-
mors with invasive or metastatic capabilities and those
unlikely to become invasive or clinically treating would
be of great clinical benefit. Superficial bladder tumors
that maintain a more malignant phenotype may be bet-
ter treated with early aggressive intravesical therapy or
cystectomy. On the other hand, muscle invasive blad-
der cancer is notorious for its potential clinical virulence
and is ideally treated with surgical extirpation. Despite
this aggressive form of therapy, a significant incidence
of recurrence and disease progression remains in some
patients who may ultimately benefit from some adju-
vant form of therapy. The desire to predict which su-
perficial tumors will recur or progress and which inva-
sive tumors will metastasize has led to the develop-
ment of a variety of bladder cancer prognostic markers.
In this study, we demonstrated a significant associa-
tion between E-cad expression and bladder cancer
grade, stage and metastases. Thus, the normal mem-
branous E-cad expression was lost in 32/45 (71%) of
patients (p < 0.001), whilst an association between
aberrant expression of E-cad with tumor grade, ad-
vanced stage, and metastases was observed. Loss of
the membranous E-cad expression was most frequent-
ly detected in grade 3 bladder cancer patients (17/21,
80.95%), than in well differentiated tumors, grade 1,
(3/7, 43.86%) with a p value less than 0.001. p-value
less than 0.001 was found when the E-cad expression
was correlated between stage 4 and stage 1 patients.
These findings are similar and in accordance with those
previous reported by some members of our research
group [31]. In a study by Bringuier et al [30] reported in
1993 it was shown that the decreased E-cad immu-
noreactivity correlates with poor survival in 49 patients
suffering from bladder cancer. This finding was con-
firmed in several additional studies [38].

 In conclusion, our data suggests that E-cad is a
reliable diagnostic and prognostic marker in TCC of the
bladder. The ability of taking bladder biopsy specimen
during cysteoscopy, which is a routine examination to
urologists, makes the hole procedure of approaching
as was described above, very useful in the daily clini-
cal praxis. Treatment modalities may also dictated. In
addition, since a substantial amount of knowledge on
molecular alterations observed in TCC cases is nowa-
days available, we hopefully believe that this will lead
to even better ways to prevent, diagnose, treat, and
follow-up bladder cancer.
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