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Abstract

globulin, selectin, and cadherin families), several lines of evidence
indicate that the Ca2+-dependent, E-cadherin-mediated adhesiveness

E-cadherin, an intercellular adhesion molecule, has been shown to be

is critically important for epithelial integrity (for review see Ref. 2).
Indeed, anti-E-cadherin antibodies (also called anti-uvomorulin) pro
foundly disturb the epithelial junctional complex (3-5) and prevent

have like an invasion suppressor gene in vitro. This may explain the
inverse relation between expression of E-cadherin and tumor grade that
was found in certain cancers. We therefore examined E-cadherin expres
sion in bladder cancer samples from patients with known clinical followup. Forty-nine snap-frozen specimens (24 superficial and 25 invasive tu

mouse mÃ³rulacompaction (6). Conversely, inactivation of other sys
tems (N-cell adhesion molecule or ÃŸ,-integrin) has little effect on
cell-cell cohesion when cadherin adhesiveness is not impaired (7, 8).
The causal relationship between decreased E-cadherin expression and
acquisition of invasive capacity has recently received strong support;
modulation of E-cadherin function of several tumor cell lines either by

mors) and 4 samples of normal urothelium were retrospectively analyzed
with anti-E-cadherin monoclonal antibodies. In normal urothelium E-cad
herin is expressed homogeneously with a typical membranous staining at
cell-cell borders. Decreased expression is found in 5 of 24 superficial
tumors and in 19 of 25 invasive cancers. Completely negative tumors are
infrequent (4 cases). Most of the time a heterogeneous staining, which may
correspond to an unstable E-cadherin expression during tumor develop
ment, is seen. Decreased E-cadherin expression correlates with both in
creased grade and stage (x2 = 9.5, P < 0.01, and x2 = 14.9, P < 0.005,

blocking antibodies or by transfection experiments revealed an inva
sion suppressor role in vitro for E-cadherin-mediated cell-cell adhe
sion (9-11).
As far as bladder cancers are concerned, 3 cell lines have been
tested for both E-cadherin expression and in vitro invasiveness. The
RT4 and RT112 cell lines express E-cadherin and are not invasive,
whereas the EJ24 cell line does not express E-cadherin and is invasive

respectively). More importantly, abnormal E-cadherin expression corre
lates with shorter survival (log rank test: x2 = 16.5, P < 0.001). In keeping
with its in vitro invasion suppressor

function, decreased E-cadherin ex

pression correlates with the clinical aggressiveness of bladder tumors. This
is the first report of E-cadherin as a marker with prognostic value. This
parameter must now be tested in a large prospective
precise clinical relevance.

(10). However, data on tumor specimens are almost completely miss
ing [Edelman et al. (12) found a normal staining pattern in 2 transi
tional cell carcinomas]. In a search for more accurate prognostic
factors, we investigated E-cadherin expression in bladder tumors. We
report here results of E-cadherin immunostaining and compare them

study to assess its

Introduction

with histopathological

Bladder cancer is characterized by a diverse biological behavior, in
which acquisition of the metastatic capacity is clinically most rele
vant. Despite intra- and interobserver inconsistencies, tumor grade and
stage are to date the best prognostic factors. Several molecular pa
rameters (e.g., blood group antigen expression, DNA content) have
been tested for prognostic value but none of these proved to be
superior to classical pathological parameters. Thus there is still a
paucity of markers for bladder tumor aggressiveness (1). Clearly,
identification of the molecular steps associated with the acquisition of
metastatic ability is important and should enable the design of diag
nostic methods with predictive value.
To metastasize, cancer cells must be released in the blood or lym
phatic stream. Decreased intercellular adhesiveness favors detachment
of tumor cells and may play a role in the early steps of the metastatic
process. Although cell-cell adhesion is a complex mechanism involv
ing at least four families of adhesion molecules (integrin, immuno-
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and survival data.

Materials and Methods
Twenty-four snap-frozen superficial carcinomas (pTa-pTl) and 25 invasive
carcinomas (pT > 2) have been analyzed. Superficial tumors comprised 2
recurrences of previously analyzed tumors. Among the invasive tumors, 2 were
squamous cell carcinomas. All the other tumors were transitional cell carci
nomas. Pathological and clinical data for the patients are summarized in Table
1. As normal control 2 cystectomy specimens from patients with nonurothelial
tumors and 2 ureters from renal cell carcinoma patients were used.
Sections were fixed with 3% paraformaldehyde and permeabilized with
0.2% Triton X-100. E-cadherin immunohistological detection was performed
using the HECD-1 monoclonal antibody (British Biotech Products, Ltd., Abindon. United Kingdom) at the concentration of lOfig/ml. Furthermore, 43
tumors were also stained with the L-CAM monoclonal antibody (Eurodiagnostic, Apeldoorn, the Netherlands) used at 1/10 dilution. As described previ
ously (13), a classical immunoperoxidase technique was used to reveal E-cad
herin immunoreactivity.
Evaluation of E-cadherin expression used a classification

derived from the

work of Shiozaki et al. (14), in which tumors were classified as normal if the
staining was similar to that of normal urothelium. Abnormal tumors were
negative (i.e., complete absence of immunoreactivity) or heterogeneous (i.e..
when the tumor is composed of positive and negative areas). We also noticed
cytoplasmic immunoreactivity in some cases. When it was associated with
negative areas the tumor was classified as heterogeneous. E-cadherin expres

Hospital Nijmegen, P. O. Box 9101, 6500HB Nijmegen, the

sion has been scored in blind by 3 persons.
For statistical analysis, a \2 test was used for the correlations
logical data. The log rank test has been used for survival analysis.
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Table 1 E-cadherin staining, clinical, and pathological
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Ct, cystectomy; R, radiotherapy; TURT, transureteral resection of the tumor; SCC, squamous cell carcinoma; ree., recurrence.

expression is correlated with both grade and stage (x2 = 9.5, P < 0.01
and x2 = 14.9, P < 0.005, respectively). The mean age of patients,

Results
In normal urothelium, only the cell-cell borders are stained as
described for other epithelial tissues (i.e., the luminal membrane (Fig.
1, arrowheads) and the part of the cells in contact with the basement
membrane (Fig. 2a, arrows) do not react with the anti-E-cadherin
antibody). The arrows in Fig. 1 indicate a focal stronger reactivity at
the apical part of the lateral membrane, probably reflecting the E-cad
herin enrichment at the junctional complex (zonula adherens). Twen
ty-six tumors show a similar staining pattern referred as normal stain
ing (Fig. 2a) whereas 23 specimens present an abnormal E-cadherin
expression (Table 1). Only 4 tumors are completely negative (Fig. 2c).
The prevailing abnormal pattern is heterogeneous, certain parts of the
tumor being positive and others negative. In most of those cases,
multiple foci of negative carcinomatous cells are found (Fig. 2b). In
certain tumors with heterogeneous immunoreactivity, a capping of
E-cadherin can be seen in some cells (Fig. 2b, arrows). In two cases,
immunoreactivity is found rather in the cytoplasm than at the mem
brane. One of these tumors (tumor 47) showed also negative areas and
was therefore classified as heterogeneous.
Confrontation of the E-cadherin expression results with the classi
cal histopathological data (Table 2) reveals that abnormal E-cadherin

65.3 Â±2.6 for patients with a normal staining versus 68 Â±2.6 for
those with an abnormal one, is not significantly different. Analysis of

Fig. 1. Normal urothelium showing a staining at the cell-cell borders. The luminal
membranes of the superficial (24) cells (arrowheads) are devoid of staining. Arrows,
reinforced stainings probably corresponding to junctional complexes. Due to folding two
luminal surfaces are facing each other. X 400.
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Fig. 2. a, transitional cell carcinoma with a conserved staining at the cell-cell border. As in normal urothelium, a lack of immunoreactivity is seen along the cell surface in contact
with the basement membrane (arrows), d, negative control. X 200. b, heterogeneous staining. Some cells show a clear staining at the cell-cell border whereas other areas are negative.
Arrows, capping observed in some cells, e, negative control. X 200. c and/ negative staining. All the cells are completely negative, c, X 200;/ X 400.

ihe survival during 3 years after tumor resection shows that abnormal
immunoreactivity is strongly correlated with poor prognosis [x2 =

Discussion

16.5, P < 0.001 (Fig. 3a)]. This correlation seems to persist when
only invasive tumors are analyzed [x2 â€”¿
3.7, P < 0.06 (Fig. 3b)]. For

In this study, we have investigated E-cadherin expression in normal
and transformed urothelium. Normal urothelial cells express E-cad
herin homogeneously at all cell-cell borders. Reasoning that, accord
ing to the theory of the clonal evolution of tumors, the more aggres
sive clone within a cancer will determine the tumor behavior (15), we
based our grading system on the presence of a negative subpopulation.
Since E-cadherin is thought to function as an invasion suppressor

superficial tumors, too few events (3 deceases and 1 progressive
disease) have been observed to enable any analysis of this subgroup.
Table 2 E-cadherin staining according to histopathological dala.
The frequency of abnormal staining increase with both grade and stage (x2 = 9.5, P <
0.01 and JÂ¿*
= 14.9, P < 0.005, respectively).
E-cadherin staining

gene, tumors with only a minor fraction of negative cells should be
able to invade and thus must be regarded as abnormal with respect to
E-cadherin expression. We show that abnormal staining pattern (neg

Grade123StageSuperficialInvasiveNormal9115196Abnormal3615519

ative, cytoplasmic or heterogeneous) are found in 21 % (5 of 24) of the
superficial tumors, and in 76% (19 of 23) of the invasive tumors.
Taken together with the experimental demonstration of a causal rela
tionship between impaired E-cadherin function and invasiveness (911), this strong correlation with tumor stage seems to indicate that
3243
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nude mice are heterogeneous; this E-cadherin down-modulation is
completely reversible within 8 in vitro passages of cells derived from
heterogeneous metastasis.
However, other mechanisms may also lead to impaired E-cadherin
function. It has been shown that the cytoplasmic tail of E-cadherin
interacts with 3 molecules (a-, ÃŸ-,and -y-catenins) which bridge
E-cadherin to the cytoskeleton and that E-cadherin function is depen
dent on its proper anchorage to the cytoskeleton (19-21). Interest
ingly, Shimoyama recently reported that a-catenin is lacking in 45.8%

100

of gastric carcinoma of the scatter type (22) with an apparently con
served normal E-cadherin staining (23). The cytoplasmic immunoreactivity found in two bladder tumors might be caused by disturbance
of E-cadherin-cytoskeleton interaction. Conversely, those cases can be

18

24
30
months after

a mere artifact due to cell retraction during freezing. However, cyto
plasmic immunoreactivity has also been noticed by Shiozaki et al.
(14) in their study on esophageal, stomach, and breast cancer and by
Inoue et al. (24) in gynecological tumors. Another evidence for the
possible involvement of the cytoskeleton is the clear capping of Ecadherin seen in some bladder tumors (Fig. 2b).
Based on the correlation between 16q deletion and abnormal stain
ing patterns, inactivating mutations of the E-cadherin gene have been
proposed (13, 16, 25). E-cadherin would thus behave as a classical

36
resection

100

suppressor gene. As far as we know, 16q deletions have not been
documented in bladder tumors.
Up to now, the correlation found in certain cancers, between de
creased E-cadherin immunoreactivity and classical prognostic param
eters was the only indication for a potential use of E-cadherin as
prognostic factor (13, 14, 16). Besides showing such a correlation in
bladder tumors, our study reveals a strong correlation between abnor
mal E-cadherin staining and survival, showing that immunohistochemical determination of E-cadherin expression can be a useful

18
months after
Fig. 3. Kaplan-Meyer survival curves. Bars, censured data, a, 3-year survival accord
ing to E-cadherin staining: x2 = 16.5, P < 0.001. b, 2-year survival of patients with
infiltrative tumors according to E-cadherin staining: x2 = 3.7, P < 0.06.

indeed disturbance of E-cadherin expression plays a role in bladder
tumors invasiveness.
It is striking to see that in most cases (19 of 23), tumors are not
completely negative but are composed of positive and negative areas.
Similar findings are reported by Shiozaki for esophagus, stomach, and
breast cancers. The proportion of heterogeneous tumors is less in the
study of Schipper et al. ( 16) on squamous cell carcinomas of the head
and neck, possibly due to the use of immunofluorescence which does
not allow simultaneous assessment of both morphology and staining.
Heterogeneous E-cadherin expression has also been found in the
metastatic variant of a murine ovarian cell line. Since this heteroge
neity persists upon subcloning it is thought to reflect unstable E-cad
herin expression (17). Thus, this staining pattern may indicate that
unstable E-cadherin expression occurs during tumor development.
Using H-rai transformed Madin-Darby canine kidney cells, Marcel et
al. (18) have obtained evidence that host factors play a role in this
unstable E-cadherin expression. Indeed, these cells homogeneously
express E-cadherin in vitro whereas tumors obtained after injection in

prognostic factor for bladder tumors. Furthermore, the fact that de
creased E-cadherin expression correlates with shorter survival within
the group of patients with invasive disease seems to indicate that the
prognostic value of E-cadherin staining does not merely reflect the
correlation with stage. However, this retrospective study, on a limited
number of cases, does not allow definite assessment of the clinical
usefulness of this assay. Particularly, no conclusion can be drawn for
patients with superficial tumors while early detection of aggressive
tumors in those patients would improve disease management. For
patients with invasive tumors, our results seem to indicate that con
servation of normal E-cadherin staining is of relatively good prognosis
even if the tumor is at an advanced stage as in case 46. Given the rate
of progression of superficial bladder tumors (about 4% in our series),
the accurate evaluation of the clinical usefulness of E-cadherin immunostaining will require a large scale prospective study.
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