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The E-cadherin-catenin complex, by mediating inter-
cellular adhesion, regulates the architectural integrity
of epithelia. Down-regulation of its expression is
thought to contribute to invasion of carcinoma cells.
To investigate the involvement of the E-cadherin-cate-
nin adhesion system in the progression of human
bronchopulmonary carcinomas, we compared the
immunohistochemical distribution of E-cadherin,
a-catenin, and b-catenin in four human bronchial
cancer cell lines with different invasive abilities and
in 44 primary bronchopulmonary tumors. Although
invasive bronchial cell lines did not express E-cad-
herin and a-catenin, complete down-regulation of
cadherin-catenin complex expression was a rare
event in vivo in bronchopulmonary carcinomas.
Nevertheless, a spotty and cytoplasmic pattern of E-
cadherin and catenins was observed in 32 primary
tumors, only in invasive tumor clusters. Immunopre-
cipitation experiments showed that this redistribu-
tion was not related to a disruption of cadherin-cate-
nin interaction but to down-regulated tyrosine
phosphorylation of E-cadherin. We conclude that loss
of E-cadherin and/or catenins is not a prominent
early event in the invasive progression of human
bronchopulmonary carcinomas in vivo. The de-
creased tyrosine phosphorylation of E-cadherin may
reflect a loss of functionality of the complex and
implicates a major role in tumor invasion. (Am J
Pathol 1998, 153:1521–1530)

Tissue homeostasis and morphogenesis are regulated by
cell adhesion molecules expressed on the cell surface
and comprising four large groups: the integrin family,
cadherins, the immunoglobulin superfamily, and selec-
tins.1,2 Among these molecules, transmembrane glyco-

protein cadherins play a major role in intercellular con-
nection.2–4 E-cadherin is a member of the cadherin family
that mediates homotypic calcium-dependent cell-cell ad-
hesion to ensure the maintenance of a normal phenotype
of epithelial cells.5,6 The specific cytoplasmic domain of
E-cadherin interacts with catenin molecules, which es-
tablish an intracellular linkage with the actin cytoskeleton.
Catenins comprise at least three molecules, a-, b-, and
g-catenin, and are able to form at least two different
trimeric adhesion complexes that include both E-cad-
herin and a-catenin and either b-catenin or g-catenin
(plakoglobin) in a mutually exclusive manner.6–8 The full
adhesive function of E-cadherin depends on the integrity
of the entire cadherin-catenin-actin network. Indeed, de-
crease of adhesive properties of cadherin-catenin com-
plex has been shown to be related to the loss of differ-
entiation and the subsequent acquisition of a higher
motility and invasiveness of epithelial cells.9 The dysfunc-
tion in E-cadherin-mediated adhesion can be generated
by several mechanisms, including decrease or lack of
E-cadherin or catenin expression, mutations and dele-
tions in the genes encoding E-cadherin or catenins, and
posttranslational alterations such as aberrant tyrosine
phosphorylation of the E-cadherin-catenin complex.6,7

Consequently, it has been suggested that the cad-
herin-catenin complex function plays a critical role in the
pathogenesis of human carcinomas.2,7,9 Several in vitro
studies have demonstrated an invasion-suppressor role
for E-cadherin and catenins by showing a strong corre-
lation between the defect of cadherin-catenin complex
expression and both loss of the epithelial phenotype and
increase of the invasive phenotype.10–13 Moreover, res-
toration of E-cadherin or catenins levels by cDNA trans-
fection experiments leads to the recovery of the epithelial
phenotype, decrease of invasiveness, and tumorigenic
and metastatic capability of cultured tumor cells.14–18 In
vivo results are not so clear-cut. Indeed, the bulk of
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morphological studies have suggested an inverse corre-
lation between E-cadherin or catenin expression and
dedifferentiation, malignancy, tumor aggressivity, metas-
tasis, or a poor survival rate in several tumor types in-
cluding breast,19,20 gastric,21,22 liver,23 bladder,24 pros-
tate,25 lung,26 and colon27 carcinomas. However, in
some other cases, the lack of cadherin-catenin complex
expression could not be correlated to any histopatholog-
ical criteria of epithelial carcinomas.9,28

To investigate the involvement of E-caherin-catenin
complex in the pathophysiology of human bronchopul-
monary carcinomas, we performed immunolocalization
studies of E-cadherin, a-catenin, and b-catenin on sev-
eral primary tumors and compared their in vivo pattern to
in vitro results on four human bronchial cell lines with
different invasive capacities. This study was completed
by an E-cadherin immunoprecipitation experiment to
check the integrity and the tyrosine phosphorylation state
of the E-cadherin-catenin complex in tumors as com-
pared to nontumoral control lung parenchyma.

Materials and Methods

Clinical Samples

Fresh tissue samples were obtained from 44 lungs re-
sected for primary tumors including 26 squamous cell
carcinomas (9 stage I, 6 stage II, 11 stage IIIa), 6 ade-
nocarcinomas (3 stage I, 3 stage IIIa), 4 bronchioloalveo-
lar carcinomas (4 stage I), 4 neuroendocrine tumors (1
stage I, 2 stage II, 1 stage IIIa), 2 large cell carcinomas (2
stage IIIa), and 1 carcinoid (stage II) and 1 metastasis
from mammary carcinoma. Tumors were histologically
classified according to the World Health Organization
classification and staged according to the TNM classifi-
cation. Nonneoplastic pulmonary parenchyma counter-
parts taken from sites adjacent to the tumor were also
used for immunoprecipitation study.

Bronchial Cell Lines

The human bronchial cell lines used in this study,
16HBE14o, Beas2B, BZR, and BZR-T33, display different
invasive potential in vitro and tumorigenicity and meta-
static ability in athymic nude mice.29–31 16HBE14o and
Beas2B were derived from normal human bronchial cells
immortalized after transfection with SV40 large T-antigen
gene. BZR cell line was established from Beas2B cells by
transfection with v-Ha-ras oncogene, while the BZR-T33
cell line derived from a tumor formed by BZR cells in-
jected subcutaneously into an athymic nude mouse.29,30

The cells were cultured at 37°C and 5% CO2 in Dulbecco
modified Eagle’s medium (DMEM) supplemented with
penicillin, streptomycin, ascorbic acid (50 ng/ml), and
10% fetal calf serum (Gibco BRL, Grand Island, NY).

Antibodies

The antibodies used were mouse monoclonal anti-human
E-cadherin-1 (dilutions of 1/200 and 1/250 for immuno-

histochemistry and Western blotting, respectively) (R&D
Systems, Abingdon, UK), anti-human a-catenin (dilution
of 1/200 for immunohistochemistry and Western blotting)
(Camfolio/Becton Dickinson, San Jose, CA), anti-human
b-catenin (dilutions of 1/500 and 1/1000 for immunohis-
tochemistry and Western blotting, respectively) (Trans-
duction Laboratories, Lexington, KY) and anti-phospho-
tyrosine (PY20) (dilution of 1/250 for Western blotting)
(Transduction Laboratories).

Immunohistochemistry

Tissue cryosections 5 mm thick were rehydrated in phos-
phate-buffered saline (PBS) and nonspecific binding was
blocked with 3% bovine serum albumin-PBS for 30 min-
utes. Slides were incubated for 1 hour with anti-E-cad-
herin, anti-a-catenin, or anti-b-catenin antibodies. Nega-
tive controls were carried out by replacing the primary
antibody with nonimmune IgG. After three 5-minute
washes in PBS, tissue sections were treated with a bio-
tinylated secondary antibody for 1 hour (1/50) (goat anti-
mouse antibody) (Amersham, Aylesbury, UK), followed
by streptavidin fluorescein complex (30 minutes, 1/50)
(Amersham). All slides were counterstained with Mayer’s
hematoxylin, mounted in Citifluor (UKC Chemistry Lab,
Canterbury, UK) and examined under a Zeiss Axiophot
microscope.

Human bronchial cells grown on four-well chamber
slides (Lab-Tek, Nunc, Naperville, IL) were fixed for 10
minutes with 220°C methanol before they were sub-
jected to immunostaining as described above.

Staining was recorded as strong (111) when all tu-
mor cells showed reactivity, as moderate (11) and faint
(1) when reactivity was lacking in a fraction of tumor cells
(50 to 90% and 10 to 49%, respectively), and as negative
(2) when there was no reactivity. Localization of the
staining (membranous and cytoplasmic pattern) was also
evaluated.

Immunolocalizations of E-cadherin and catenins were
also observed using an MRC 600 Biorad confocal laser
scanning microscope, which allows the observation of
0.2-mm-thick optical sections.

Immunoprecipitation

Proteins in lung samples were extracted in 1 ml of lysis
buffer (1% Triton X-100, 1% Nonidet P-40, 0.2 mmol/L
leupeptin, 10 mmol/L Pefablock, 2.77 nmol/L aprotinin, 10
mmol/L NaF and 1 mmol/L NaVO3 in PBS) per 20 mg of
tissue. Lysates were cleared by spinning at 12,500 3 g
for 10 minutes. Protein concentrations were determined
with the BCA protein assay reagent (Pierce, Rockford,
IL). Five hundred mg of each protein sample were prein-
cubated with protein G-Sepharose CL-4B beads (Phar-
macia Biotech AB, Uppsala, Sweden), by rocking 1 hour
at 4°C. These beads were discarded and the superna-
tants were incubated with either 1 mg of human E-cad-
herin-1 or 4 mg of PY20 antibody for 3 hours on a rotating
wheel at 4°C. Protein G-Sepharose beads were then
added and the samples incubated for 1 hour at 4°C.
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Immunoprecipitates were washed six times in lysis buffer
and boiled in 30 ml of Laemmli sample buffer before they
were analyzed by sodium dodecyl sulfate-polyacrylam-
ide gel electrophoresis under reducing conditions.

Western Blotting

Proteins from human bronchial cell lines were solubilized
in Laemmli sample buffer, separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (7.5% phast-
gels), and subsequently transferred to a polyvinylidene
difluoride membrane (Millipore, Bedford, MA) using the
Phast system (Pharmacia Biotech AB).

For tissue samples, immunoprecipitates were sepa-
rated on 8% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis gels under reducing conditions and
transferred to immobilon polyvinylidene difluoride mem-
brane (Millipore) using the Biorad miniprotean II electro-
phoresis and the mini-trans-blot electrophoretic systems,
respectively (Biorad, Hercules, CA). To visualize protein
transfer, blots were reversibly stained with 0.2% Pon-
ceau-S in 3% trichloroacetic acid. All subsequent incu-
bations were done on a rotary platform. Blots were
treated for 1 hour in blocking buffer (5% low-fat milk
powder, 0.1% Tween-20 in PBS), then incubated with
primary antibodies in blocking buffer overnight at 4°C.
Next, biotin-conjugated second antibodies were applied,
followed by streptavidin-horseradish peroxidase in block-
ing buffer and in PBT (0.1% Tween-20 in PBS), respec-
tively. After each incubation, blots were washed three
times with blocking buffer and also twice in PBT before
the ECL detection (Amersham, Buckinghamshire, UK).

Statistical Analyses

Statistical analyses of E-cadherin and catenins expres-
sion patterns were made using the x2 test (with Yates’
correction for adjustment of the continuity of the x2 dis-
tribution when necessary). Differences between two pop-
ulations were considered significant when confidence
intervals were .95% (P , 0.05).

Results

Study of Bronchial Cell Lines

Immunohistochemistry

By immunohistochemistry, adhesion molecule expres-
sion correlated with the cell morphology. Indeed,
whereas noninfiltrating 16HBE cells, which displayed a
polygonal epithelial phenotype, expressed E-cadherin,
a-catenin and b-catenin, the moderately infiltrating
Beas2B cell line and the highly infiltrating BZR and BZR-
T33 cell lines, all displaying an elongated fibroblastoid
shape, did not express E-cadherin or a-catenin (data not
shown). Only b-catenin was always detected in all cell
lines. The spatial distribution study by confocal micros-
copy revealed a strong membranous E-cadherin, a-cate-
nin, and b-catenin expression pattern in 16HBE cells

(Figure 1A2C). On the contrary, b-catenin was distrib-
uted in a spotty cytoplasmic pattern in Beas2B, BZR, and
BZR-T33 invasive cell lines (Figure 1D).

Western Blot Analysis

The immunohistochemical results were confirmed by a
Western blot study. Only the noninvasive 16HBE cell line
expressed E-cadherin, a-catenin, and b-catenin. In inva-
sive cell lines, only b-catenin expression persisted in
invasive cell lines (Figure 2).

In Vivo Study

Immunolocalization

These results are summarized in Table 1.
Immunohistochemistry of E-cadherin and catenins on

human bronchopulmonary carcinomas revealed a very
good persistence of E-cadherin and catenin expression
in tumor clusters; only 2 cases were completely negative
for all components of the cadherin-catenin complex. The
other 42 cases were positive for E-cadherin, a-catenin,
and b-catenin in nearly all tumor cells (Figure 3A and 3B),
except at the periphery of some poorly differentiated
tumor clusters where positivities were heterogeneous.
Moreover, E-cadherin and a-catenin were totally missing
in numerous infiltrating isolated tumor cells detached
from the primary tumor (Figure 3C and 3D), whereas
b-catenin expression was globally more maintained (Fig-
ure 3E and 3F). However, the positive samples showed
different intensities and distribution patterns of the adhe-
sion complex even though labeling levels and patterns
were similar for the 3 antigens in each case. Indeed, 8
cases displayed strong labeling, 28 cases moderate la-
beling, and 6 cases faint labeling. As for the cellular
distribution investigated by confocal microscopy, 10
samples displayed a thin continuous localization of ad-
hesion molecules along the tumor cell plasma mem-
brane, a pattern similar to that of normal bronchial
epithelium which showed a strong membranous cad-
herin-catenin labeling at the lateral cell borders (Figure 4,
A, C, and E). On the other hand, 32 samples had a spotty
and diffuse pattern corresponding to a clear intracyto-
plasmic distribution of E-cadherin and catenins. This pat-
tern was observed in most invasive tumor nests infiltrating
the stroma and never found in preinvasive lesions in situ
(Figure 4, B, D, and F). Statistically, the labeling intensity
was not correlated to the labeling pattern; a tumor with an
internalized pattern did not necessarily have faint label-
ing. On the other hand, labeling intensity was not related
to tumor histological type nor to tumor TNM stage,
whereas it was significantly correlated to the differentia-
tion state. Indeed, only 4% of moderately or poorly differ-
entiated tumors displayed a strong labeling versus 60%
of well-differentiated tumors (P 5 0.0006). Moreover, the
cellular distribution pattern was correlated to the histo-
logical type; 80% of adenocarcinomas including bronchi-
oloalveolar carcinomas showed a normal membranous
E-cadherin and catenin distribution at the cell membrane
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versus 8% of squamous cell carcinomas (P 5 0.0001).
However, the cellular distribution pattern was not related
to the differentiation state of squamous cell carcinomas
or to the tumor TNM stage.

Immunoprecipitation of Cadherin-Catenin
Complex Study

Because in vivo invasion of bronchopulmonary tumor
cells was not related to a real loss of cadherin and cate-
nin expression, but rather to a redistribution of the com-
ponents of this complex, we performed an E-cadherin
immunoprecipitation study to investigate the integrity of
the cadherin-catenin complexes. This study was per-
formed on 8 nontumoral lung parenchyma samples, 2
carcinomas with a membranous pattern (1 adenocarci-
noma and 1 squamous cell carcinoma) and 5 carcinomas
with a spotty cytoplasmic pattern (2 adenocarcinomas
and 3 squamous cell carcinomas).

E-cadherin immunoprecipitation followed by Western
blot analysis indicated that E-cadherin was complexed to
b- and a-catenins in all samples tested (nontumoral pa-
renchyma, carcinomas with a membranous pattern, and
carcinomas with a spotty cytoplasmic distribution) (Fig-
ure 5A). Then the tyrosine phosphorylation state of the
cadherin-catenin complex was analyzed. Whereas
E-cadherin was tyrosine-phosphorylated in the 2 nontu-
moral samples and in the 2 carcinomas showing a mem-
branous pattern, its tyrosine phosphorylation was down-
regulated in the 5 carcinomas displaying a spotty
cytoplasmic pattern (Figure 5B). No a- and b-catenin

Figure 1. Spatial distribution of E-cadherin and catenins in human bronchial cell lines by confocal microscopy. Ephithelioid noninvasive 16HBE cells displayed
a strong membranous E-cadherin (A), a-catenin (B), and b-catenin (C) expression pattern. However, only b-catenin was expressed in highly invasive BZR cells,
where it was distributed in a spotty cytoplasmic pattern (D). Scale bar 5 11 mm.

Figure 2. Detection of E-cadherin and catenins expression in human bron-
chial cell lines by Western blot analysis. 16HBE cells expressed E-cadherin,
a-catenin and b-catenin (lane 1), whereas Beas2B (lane 2), BZR (lane 3),
and BZR-T33 (lane 4) cells expressed only b-catenin.

1524 Nawrocki et al
AJP November 1998, Vol. 153, No. 5



tyrosine phosphorylation was observed in either the car-
cinomas or the nontumoral samples. Immunoprecipita-
tion with antiphosphotyrosine PY20 antibody confirmed
that the tyrosine-phosphorylated band was E-cadherin in
nontumoral samples (Figure 5C).

Discussion

The tumor suppressor function of E-cadherin has been
well documented in many in vitro studies showing down-
regulation of E-cadherin and/or a-catenin in invasive can-
cer cell lines.31–34 This is in agreement with our results
showing a total lack of E-cadherin and a-catenin expres-
sion in the invasive bronchial cell lines studied. In the

same way, the loss of adhesion molecules was confirmed
in vivo in most isolated infiltrating tumor cells detached
from the primary tumor clusters, underlining tumor heter-
ogeneity. These E-cadherin and a-catenin negative cells
in vivo may represent the most aggressive and potentially
metastatic tumor cell contingent that has been selected in
vitro in our cell lines. Thus, the total loss of E-cadherin
and/or a-catenin may be a late event in bronchopulmo-
nary carcinomas. Concerning the tumor clusters, partic-
ularly those which were well differentiated, E-cadherin,
a-catenin, and b-catenin remained globally highly ex-
pressed. In agreement with observations of Böhm et al,26

we found a significant correlation between decreased
labeling intensity of adhesion molecules and the loss of
differentiation in tumor nests of bronchopulmonary carci-

Table 1. Immunolocalization Results for 44 Tumor Tissue Samples

Histological
type*

Differentiation
state† TNM stage

Labeling
intensity‡

Distribution
pattern§

A W I 11 mb
A W I 11 cy
A M I 11 mb
A W III 111 mb
A M III 11 mb
A P III 11 mb
S W I 111 cy
S W I 111 cy
S M I 11 cy
S M I 11 cy
S P I 11 mb
S P I 1 cy
S P I 11 cy
S P I 11 cy
S P I 1 cy
S M II 11 mb
S M II 1 cy
S M II 11 cy
S M II 11 cy
S M II 11 cy
S P II 2
S M III 1 cy
S M III 11 cy
S M III 11 cy
S M III 11 cy
S P III 11 cy
S P III 11 cy
S P III 11 cy
S P III 11 cy
S P III 11 cy
S P III 11 cy
S P III 111 cy
BA W I 11 mb
BA W I 111 mb
BA W I 111 mb
BA W I 111 cy
NE I 1 cy
NE II 11 cy
NE M II 11 cy
NE III 111 cy
LC III 2
LC III 1 cy
C W II 11 cy
ME 11 cy

A, adenocarcinoma; S, squamous cell carcinoma; C, carcinoid mammary tumor; NE, neuroendocrine tumor; BA, bronchioalveolar carcinoma; LC,
large cell carcinoma; ME, metastasis.

†P, poorly, M, moderately, W, well differentiated.
‡Reactivity staining grader: 111, strong; 11, moderate; 1, faint; 2, negative.
§mb, membrane; cy, intracytoplasmic.
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nomas. E-cadherin has already been considered as a
cellular marker of tumor dedifferentiation confirmed for
gastric,21,22 hepatocellular,23 bladder,24 prostate,25 and
esophageal carcinomas.35 However, we did not find any
correlation between decreased E-cadherin and catenin
immunoreactivity and tumor TNM stage. Depending on
the type of cancers studied and the detection methods
used, such a correlation between negative regulation of
adhesion molecule expression and tumor progression is
not always found in vivo.9,20,36 Numerous immunohisto-
chemical studies have been performed on formalin-fixed
paraffin-embedded tissue sections with a less sensitive

detection than frozen sections.8,22,24,25,35,37 In some tu-
mor cells located in clusters, we observed a redistribution
of the E-cadherin complex molecules from the cell sur-
face to the cytoplasm. Similar results for E-cadherin ex-
pression in lung carcinomas were also obtained in two
other studies.26,28 This redistribution appears to be re-
lated to the histological type of carcinomas because
adenocarcinomas generally preserved a membranous
pattern of expression, whereas a spotty cytoplasmic pat-
tern was observed in squamous cell carcinomas. We
could not establish any significant correlation between
cytoplasmic redistribution of the E-cadherin complex

Figure 3. Localization by immunofluorescence of E-cadherin-catenin complex molecules on cryosections of bronchopulmonary carcinomas. E-cadherin was
strongly expressed in tumor cells of a squamous cell carcinoma (A); hematoxylin counterstaining (B). Magnification, 3160. Some infiltrating isolated tumor cells
(arrowheads) that were detached from the primary tumor were E-cadherin-negative (C); heamatoxylin counterstaining (D). Magnification, 3160. Isolated invasive
tumor cells (arrowhead) preserved a cytoplasmic b-catenin expression (E); hematoxylin counterstaining (F). Magnification, 3320.
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molecules and tumor grade. Nevertheless, the cytoplas-
mic redistribution was observed particularly in restricted
invasive nests and never in in situ lesions, suggesting that
such a redistribution, altering cell-cell contacts, could
cause specific tumor cells to become invasive. Consid-
ering that total loss of E-cadherin and catenins expres-
sion contributes to the invasive behavior of isolated inva-
sive tumor cells, the present data suggest that another
mechanism would be used by tumor cells which have

conserved the expression of these molecules and which
are located in cohesive tumor clusters. The three different
patterns of E-cadherin complex molecule expression (ie,
membranous, spotty patterns, and loss of expression)
could represent sequential stages toward the invasive
phenotype.

The mechanisms by which the molecules of the E-
cadherin complex are redistributed remain elusive. We
performed immunoprecipitation experiments to address

Figure 4. Spatial distribution of E-cadherin and catenins in bronchopulmonary carcinomas by confocal microscopy. E-cadherin (A), a-catenin (C), and b-catenin
(E) were expressed in a thin pericellular pattern in an adenocarcinoma. A focal area of invasive tumor cluster of a squamous cell carcinoma displayed a clear
intracytoplasmic distribution of E-cadherin (B), a-catenin (D), and b-catenin (F). Scale bar 5 6 mm.
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this point and to reveal possible modifications in the
interactions between E-cadherin and the catenins in the
diverse patterns of expression described above. We
found no difference between nontumoral and tumoral
tissues as regards the link between catenins and E-
cadherin. Indeed, we observed the preservation of ad-
hesion complex integrity in all of the primary tumors
tested. However, regarding phosphorylation state, we
found a difference of phosphorylation on tyrosine resi-
dues of E-cadherin between nontumoral samples and
tumors with different expression patterns. Whereas E-
cadherin tyrosine phosphorylation was detected in non-
tumoral lung parenchyma and in carcinomas showing a
well preserved membranous pattern, a down-regulated
tyrosine phosphorylation was observed in primary tumors
displaying a spotty cytoplasmic pattern. Thus, the adhe-
sion complex redistribution may be related to E-cadherin
dephosphorylation. A previous study performed on thy-
roid carcinomas also pointed to the absence of E-cad-
herin tyrosine phosphorylation in carcinomas as com-
pared to nonmalignant tissues and this state was related
to a pericellular redistribution of the complex with no
synthesis variations for E-cadherin or catenins.38 The
authors suggested that the cadherin-catenin complex
was disconnected from the cytoskeleton.38 Other studies
have also shown involvement of phosphorylation/dephos-
phorylation of the cadherin-catenin complex with respect
to the regulation of its cellular adhesion function. The role
of tyrosine phosphorylation of cadherin-catenin complex
and in particular of b-catenin is not clear because cate-
nin-E-cadherin interaction is generally not affected. In-
stead of a disruption of the complex, modifications in
tyrosine phosphorylation of adhesion molecules may in-
duce the dissociation of E-cadherin and catenins from
the cytoskeleton and thus dispersion of the complexes in
the cell.6,12,13,36,39 Therefore we could speculate that, in
the case of bronchopulmonary carcinomas, redistribution
of the cadherin-catenin complex in association with a
decreased tyrosine phosphorylation of E-cadherin may
reflect a loss of adhesion functionality leading to the
acquisition of an invasive phenotype.

In this study we have also observed that, in contrast
with the other members of the complex, b-catenin ex-
pression persisted in invasive bronchial cell lines and in
most infiltrating tumor cells of bronchopulmonary carci-

nomas; its distribution pattern was, however, dramatically
modified. The membranous pattern was replaced by a
spotty and cytoplasmic pattern in invasive cancer cells.
This observation emphasizes the multiple roles of this
protein. Indeed, b-catenin has been shown to possess a
cellular signaling capacity as a participant in the devel-
opmental Wnt-signal transduction pathway. Indeed, cy-
toplasmic b-catenin is involved in cell migration process
via interaction with the product of adenomatous polypo-
sis coli tumor suppressor gene and cytoskeleton.40–46

On the other hand, free cytoplasmic b-catenin plays a
role in activation of some genes, in particular cell prolif-
eration-stimulating genes, or apoptosis-antagonizing
genes and mesenchymal genes, by complexation with
DNA-binding transcription factors such as lymphoid en-
hancer-binding factor (LEF)-1.40,42,47–49 Moreover, it has
been shown that the LEF-1-b-catenin complex binds in
vitro to the E-cadherin promoter to regulate the transcrip-
tion of this gene, suggesting that although adhesion func-
tion and intracellular signaling activity of b-catenin are
independent, they could be interrelated via negative reg-
ulation by E-cadherin.1,40,45,50 This is in agreement with
our results showing that bronchial invasive cell lines and
most in vivo isolated tumor cells displaying a spotty and
cytoplasmic b-catenin labeling were E-cadherin-nega-
tive. Globally, this observation suggests that the cyto-
plasmic distribution of b-catenin may also reflect the
invasive potential of cells.

In conclusion, our results show that the total loss of
cadherin-catenin complex expression is a rare event in
human bronchopulmonary carcinomas, restricted to
highly infiltrative tumor cells. The most prominent obser-
vation is a cytoplasmic redistribution of the E-cadherin
complex molecules associated with a decreased tyrosine
phosphorylation of E-cadherin, suggesting that, at least in
vivo, this characteristic may be a prerequisite for tumor
cells to acquire an invasive pattern in lung tissue.
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