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SUMMARY: The E-cadherin/catenin complex plays a major role in epithelial cell–cell adhesion. Both �-catenin and �-catenin
bind directly to the cytoplasmic domain of E-cadherin whereas �-catenin links the bound �-catenin or �-catenin to the actin
microfilament network of the cellular cytoskeleton. Significant changes in the expression and/or structure of members of the
complex can occur in neoplasia. Several studies have reported on the nuclear localization of �- and �-catenin and on their role
in influencing the transcriptional activity of several proto-oncogenes. The cellular localization of �-catenin has not been studied
in detail. The aim of this study was to investigate the cellular localization of �-catenin in colorectal carcinoma both in vitro and
in vivo and to assess whether it might be relevant to tumor behavior. The expression of �-catenin was examined in a panel of
colorectal carcinoma cell lines (SW480, SW620, HCT116, HT29, and Caco-2) using a combination of immunohistochemistry,
confocal fluorescence microscopy, andWestern blotting. The expression of �-catenin was also studied by immunohistochemistry
in 15 sporadic colorectal adenomas, 30 sporadic colorectal adenocarcinomas, and their 13 lymph node metastases. From familial
adenomatous polyposis patients, 20 adenomas and 5 adenocarcinomas were studied. Nuclear localization of �-catenin was
detected in the colorectal carcinoma cell lines when the cells were dispersed rather than confluent. �-catenin was not detected
in the nuclei in any of the sporadic or familial adenomas. However, it was detected in one sporadic and one familial
adenocarcinoma but not in any of the lymph node deposits. �-catenin can localize to the nuclei of colorectal tumor cells, and this
may be related to lack of perception of connection to adjacent cells. (Lab Invest 2002, 82:1167–1174).

A dhesion between epithelial cells is mediated
mainly by E-cadherin, localized largely in the

adherens junctions. The extracellular domain of an
E-cadherin molecule interacts with that of another
E-cadherin molecule of the neighboring cell in the
presence of calcium ions to form strong cell–cell
adhesion (Duband et al, 1987; Takeichi, 1990). The
cytoplasmic domain of E-cadherin is associated with a
group of closely related but distinct proteins termed
catenins (Gumbiner and McCrea, 1993; Takeichi,
1991). E-cadherin binds to �-catenin or �-catenin.
�-catenin also binds either to �-catenin or �-catenin
with the result that complexes of either E-cadherin/�-
catenin/�-catenin or E-cadherin/�-catenin/�-catenin
are formed (Hinck et al, 1994). �-catenin and �-catenin
compete for the same region of �-catenin: �-catenin
binds to �-catenin with higher affinity than does
�-catenin (Obama and Ozawa, 1997). �-catenin forms
a particularly important link in cell–cell adhesion be-
cause it mediates the interaction between the cad-
herin/catenin complex and the actin cytoskeleton
through its associations with �-actinin and actin fila-

ments (Knudsen et al, 1995; Nieset et al, 1997). This
binding is essential for the adhesive function of
E-cadherin and for establishment of tight physical
cell–cell adhesion (Nagafuchi and Takeichi, 1988;
Nathke et al, 1994; Ozawa et al, 1990; Tsukita et al,
1992; Wachsstock et al, 1987). Any significant change
in expression, structure, or function of any one of the
components of the E-cadherin/catenin complex can
lead to adherens junction disassembly: such changes
are implicated in loss of tumor differentiation and in
the development of an invasive tumor phenotype
(Smith and Pignatelli, 1997).
The expression of �-catenin is often reduced during

tumor progression (Hirohashi, 1998). Mutations in the
�-catenin gene or lack of its expression have been
reported in several cancer cell lines. A human ovarian
carcinoma-derived cell line (Ov2008) expresses a mu-
tant form of the �-catenin protein lacking the extreme
N terminus of the wild-type protein. The altered form
of �-catenin expressed in Ov2008 cells fails to bind
efficiently to �-catenin and is localized in the cyto-
plasm. The lung carcinoma cell line PC9 does not
express �-catenin (Bullions et al, 1997; Watabe et al,
1994). Reintroduction of �-catenin into such cell lines
reduces cell growth and attenuates tumor formation.
Cells of the lung carcinoma line PC9 do not express

�-catenin but do express E-cadherin and �-catenin;
they grow singly in suspension and cannot aggregate
(Hirano et al, 1992; Shimoyama et al, 1992). Transfec-
tion of PC9 cells with �-catenin cDNA activates
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cadherin-mediated cell–cell associations (Hirano et al,
1992). Stable expression of �-catenin cDNA in a
poorly differentiated colorectal carcinoma cell line
lacking �-catenin resulted in a 5-fold increase in the
level of Ca2�-dependent cell–cell aggregation (Breen
et al, 1993). Thus, �-catenin is indispensable for
cadherin function.

Until now, consideration of �-catenin has focused
on its overall level of expression and its redistribution
to the cytoplasm as shown by immunocytochemistry.
In this study, we investigated the expression of
�-catenin both in vivo and in vitro and have shown that
there is up-regulation of �-catenin in colorectal neo-
plasms. We report that �-catenin, like �-catenin, shut-
tles between the cytoplasm and the nucleus with
changes in cell shape and cell–cell contact. We also
report for the first time the nuclear localization of
�-catenin in a small percentage of colorectal adeno-
carcinomas as well as in various transformed cell
lines.

Results

Immunocytochemical Detection of �-Catenin in Cell
Lines

In the cell line SW480, which grows mostly as nonco-
hesive cell clusters, there was no membranous local-
ization of �-catenin, but there was cytoplasmic ex-
pression and evident nuclear localization (Fig. 1). This
pattern was also observed in SW620, a cell line
derived from a lymph node metastasis, from the same
patient as SW480. However, the level of �-catenin
expression was generally weaker in SW620 as com-
pared with SW480. In confluent monolayers of HCT
116, HT29, and Caco-2, there was very evident mem-
branous staining at sites of cell–cell contact, weak
cytoplasmic staining, and no nuclear localization.
However, when dispersed cells were examined in the
preconfluent state, cytoplasmic expression was evi-
dently increased with perinuclear accentuation and
nuclear immunoreactivity (Fig. 1, insets).

Confocal Immunofluorescence Microscopy

In all cell lines, cells grown at very low density and
without cell–cell contacts showed cytoplasmic stain-
ing and punctate nuclear staining for �-catenin (Fig.
2A). In the confluent monolayers of HCT116, HT29,
and Caco-2, there was strong membranous localiza-
tion but no nuclear staining (Fig. 2A). To confirm the
nuclear localization of �-catenin, cells were examined
at different levels and from different angles (Fig. 2B
and C).

Immunohistochemical Detection of �-Catenin in Human
Tumors

All the adenomas from patients with familial adenoma-
tous polyposis (FAP) showed preservation of membra-
nous localization and increased cytoplasmic expres-
sion compared with the adjacent non-neoplastic
mucosa. In the sporadic adenomas, membranous

localization was preserved in all but one severely
dysplastic tubular adenoma, which showed de-
creased membranous staining for �-catenin. In-
creased cytoplasmic expression was observed in 13
of 15 adenomas.

All carcinomas from patients with FAP showed
increased cytoplasmic accumulation of �-catenin in
comparison with the adjacent non-neoplastic mucosa.
Membranous localization of the proteins was pre-
served in four of the adenocarcinomas, whereas in
one (a poorly differentiated adenocarcinoma), there
was heterogeneity in the membranous staining of
�-catenin, being weak to normal in some areas and
absent in other areas where there was obvious nuclear
localization of �-catenin in almost all tumor cells (Fig.
3A).

In sporadic adenocarcinomas, compared with the
non-neoplastic adjacent mucosa, there was de-
creased membranous localization in 12 of 30 (40%)
carcinomas and increased cytoplasmic expression of
�-catenin in all but 3 carcinomas (27/30, 90%). One
moderately differentiated adenocarcinoma showed
nuclear localization of �-catenin in some areas of the
tumor (Fig. 3B–D). In nearly all the cells showing
nuclear �-catenin, there was complete loss of mem-
branous expression. In other areas where the cells
showed strong membranous staining, no nuclear lo-
calization was observed. At the margins of the tumor,
the cells at the invasive front showed complete loss of
membranous staining and strong nuclear �-catenin
localization (Fig. 3D). Table 1 summarizes the results
of �-catenin expression in the tumors. All lymph node
deposits showed membranous and cytoplasmic local-
ization, but no nuclear localization was observed in
any of the metastatic deposits (data not shown).

Discussion

An essential role for �-catenin in cadherin-dependent
adhesion has been demonstrated in cell culture
(Hirano et al, 1992; Nagafuchi et al, 1994). For several
human cancer cell lines, such as the human lung
cancer cell line (PC9) (Shimoyama et al, 1992), the
prostate adenocarcinoma cell line (PC3) (Ewing et al,
1995; Morton et al, 1993), and several human esoph-
ageal tumors (Kadowaki et al, 1994), it was shown that
�-catenin suppresses an invasive phenotype by re-
storing E-cadherin dependent adhesion (Ewing et al,
1995).

�-catenin may influence invasion and metastasis.
Immunohistochemical analysis showed that many
colorectal carcinomas have reduced expression of
either E-cadherin (29%) or �-catenin (56%), but in-
creased tumor cell invasion and metastasis correlated
with reduced expression of �-catenin (Gofuku et al,
1999).

In our present study, none of the adenomas or
carcinomas (sporadic and familial) showed down-
regulation of �-catenin. On the contrary, there was an
actual increase in cytoplasmic expression of the pro-
tein, with no correlation with the type, size, degree of
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dysplasia in adenomas, or the grade or stage of
carcinomas.

We also report the nuclear localization of �-catenin
in a panel of colorectal carcinoma cell lines, which was

evident only when the cells were dispersed rather than
confluent. Although we were concerned initially that
the nuclear localization of �-catenin observed by
immunohistochemical analysis might be an artifact of

Figure 1.
Immunocytochemical detection of �-catenin in a panel of colorectal carcinoma cell lines.

Nuclear Localization of �-Catenin
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the fixation procedures or that the protein is only
perinuclear, examination of the cells by the confocal
microscope confirmed the nuclear localization of
�-catenin.

We performed Western blot analysis of protein
extracts from the five cell lines, using the same anti-
�-catenin monoclonal antibody used for the immuno-
histochemical studies, to confirm the specificity of the
antibody and to ensure that it was not cross-reacting
with a homologous nuclear protein. A single band of
approximately 103 kd, corresponding to intact
�-catenin was seen (data not shown).

There did not seem to be a correlation between
the presence of mutations in the adenomatous
polyposis coli (APC) protein and/or �-catenin and
the nuclear localization of �-catenin. APC and
�-catenin status of the cell lines we used are well
characterized. SW480, SW620, and HT29 have APC

gene mutations, HCT116 has a �-catenin gene
mutation, and Caco-2 has APC and �-catenin gene
mutations (Ilyas et al, 1997). However, our study
shows that it is actually cell–cell contact that influ-
ences the cellular distribution of �-catenin, contact
being seemingly crucial for the recruitment of the
protein to the cell membrane. One possibility is that
�-catenin responds to changes in the actin cy-
toskeleton. �-catenin associates with a number of
cytoskeletal proteins including �-actinin, vinculin,
and actin (Provost and Rimm, 1999). Such interac-
tions may regulate the ability of endogenous
�-catenin to enter the nucleus and control transcrip-
tion. �-catenin was only evident in the nucleus when
cells were dispersed and not when they formed
confluent monolayers, which may explain why nu-
clear localization of �-catenin is not readily detect-
able in tumors where the cells usually grow as

Figure 2.
Immunocytochemical detection of �-catenin in colorectal adenocarcinoma cell lines studied by confocal fluorescence microscopy. The nuclei appear red, being
stained by propidium iodide, whereas �-catenin immunoexpression appears green, being stained by FITC (fluorescein isothiocyanate)-labeled antibody. A,
Dispersed cells of the cell lines SW480, SW620, HCT116, HT29, and Caco-2 show cytoplasmic expression of �-catenin and punctate nuclear staining with
larger puncta focally. In confluent monolayers of HCT116, HT29, and Caco-2, �-catenin is mainly localized in the cell membranes, and no nuclear staining
is seen. B, A gallery of images taken at different levels of a cell from the cell line SW480 shows diffuse �-catenin localization in the cytoplasm and the
nucleoplasm. There are focal areas of concentration of �-catenin in the nucleus. C, Side views show the level in the nucleus at which the image is taken,
confirming that it is through the nucleus.
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epithelial sheets. It is likely that, in such a state,
nuclear �-catenin is below the level detectable by
immunohistochemistry.

In our present study, we found obvious nuclear
localization of �-catenin in two colorectal adenocarci-
nomas. Consistent with our in vitro observations, in
the cells showing nuclear localization of �-catenin,
there was more or less complete loss of membranous

staining. The nuclear localization of �-catenin in these
tumors may be caused by failure of nuclear export due
to an �-catenin mutation or a failure in a nuclear-
cytoplasmic shuttling system for �-catenin. There
does not seem to be a correlation between nuclear
localization of �-catenin and that of �-catenin, as
�-catenin nuclear localization was seen in the majority
of the studied tumors, which did not show �-catenin

Figure 3.
Immunohistochemical detection of �-catenin in two colorectal adenocarcinomas. A, In a poorly differentiated colorectal adenocarcinoma from a patient with familial
adenomatous polyposis (FAP), all cells in this field show nuclear localization of �-catenin with loss of membranous staining. B, In a moderately differentiated sporadic
colorectal adenocarcinoma, there were large areas where cells showed cytoplasmic and nuclear immunostaining for �-catenin with loss of membranous localization
(N). Other areas showed preserved membranous staining and no nuclear localization (M). C, In the same case, the two patterns were observed within individual
projections with areas exhibiting nuclear localization sharply demarcated (N). D, At the margin, the cells at the invasive front (*) showed loss of membranous staining
but strong nuclear expression of �-catenin.
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nuclear staining (data not shown). This argues against
the possibility of �-catenin localizing in the nucleus as
a passive partner of nuclear �-catenin. It is possible
that �-catenin, when present in the nucleus, also has
consequences for gene expression different from
those affected by �-catenin.

Giannini et al (2000) examined �-catenin signaling in
colon cancer cell lines and found that loss of �-catenin
expression correlated with increased �-catenin-T cell
factor (TCF)-dependent transcription. The mechanism
by which �-catenin inhibits �-catenin-TCF-dependent
transcription has been proposed to be sequestration
of �-catenin in the cytoplasm and is generally believed
to result from its promotion of cell–cell adhesion
(Simcha et al, 1998). Ectopic expression of �-catenin
in the nucleus inhibited �-catenin-TCF signaling.
Transfection with �-catenin targeted to the nucleus
inhibits transcription activity to the same extent as
nontargeted �-catenin. Because �-catenin associated
stably with the �-catenin-TCF complex, it was pro-
posed that �-catenin may inhibit �-catenin-TCF tran-
scription either by preventing DNA binding or by
altering the �-catenin-TCF interactions with other pro-
teins that regulate transcription in vivo (Giannini et al,
2000). Factors that regulate nuclear entry of �-catenin
would link signaling events in the cytoplasm to
�-catenin-dependent transcription in the nucleus.

Giannini et al (2000), using immunofluorescence
and confocal microscopy, reported nuclear localiza-
tion of �-catenin in the cell line SW480 but not in HCT
116. However, in that study, confluent monolayers of
HCT116 were examined, whereas the present study
found �-catenin nuclear localization only in dispersed
cells. Moreover, they transfected the cells with green
fluorescent protein-tagged �-catenin, which was de-
tected both in the cytoplasm and the nuclei of the
cells, confirming the ability of �-catenin to translocate
to the nucleus. The present study is the first report of
the nuclear localization of �-catenin in a panel of
colorectal carcinoma cell lines as well as in a small
proportion of colorectal adenocarcinomas. Our study
shows that a relative lack of cell–cell contacts appears
instrumental in this nuclear localization.

Materials and Methods

Cell Lines

Five human colorectal adenocarcinoma cell lines were
investigated. The cell lines SW480, SW620, HT29,

HCT116, and Caco-2 were obtained from the Ameri-
can Type Culture Collection (ATCC).

Human Tissue

Formalin fixed paraffin embedded material from co-
lonic resection specimens and polypectomy speci-
mens were obtained from the archived material of the
Department of Histopathology, Hammersmith Hospi-
tal, London, United Kingdom. The samples comprised
30 cases with sporadic colorectal adenocarcinomas
(13 with lymph node metastases) and 15 cases with
sporadic adenomas. Formalin fixed paraffin embed-
ded material from colonic resection specimens of five
FAP patients who had developed colorectal adenocar-
cinomas were obtained from the archived material of
the Academic Department of Pathology, St. Mark’s
Hospital, London, United Kingdom. The samples com-
prised 20 adenomas and 5 adenocarcinomas.

Adenomas were graded and classified according to
histological type and degree of dysplasia (Jass and
Sobin, 1989), and carcinomas were graded as either
well, moderate, or poorly differentiated (Jass and
Sobin, 1989) and staged according to Dukes’ staging
system (Dukes, 1932).

The sporadic adenomas comprised 7 tubular ade-
nomas (4 moderately dysplastic and 3 severely dys-
plastic), and 8 tubulovillous adenomas (7 moderately
dysplastic and 1 severely dysplastic). The sporadic
carcinomas comprised 1 well differentiated adenocar-
cinoma (Dukes’ A), 24 moderately differentiated ade-
nocarcinomas (2 Dukes’ A, 12 Dukes’ B, 10 Dukes’ C),
and 5 poorly differentiated adenocarcinomas (2
Dukes’ B, 3 Dukes’ C).

The neoplasms from five FAP patients comprised 20
adenomas, 15 tubular adenomas (moderately dys-
plastic), 5 tubulovillous adenomas (2 mildly dysplastic,
3 moderately dysplastic), and 2 villous adenomas
(moderately dysplastic). The carcinomas comprised 1
well differentiated (Dukes’ A), 2 moderately differenti-
ated (Dukes’ A and Dukes’ B), and 2 poorly differen-
tiated adenocarcinomas (Dukes’ B, and Dukes’ C).

Antibodies

Anti-�-catenin antibody (Transduction Laboratories,
Lexington, Kentucky, catalogue number: C21620) was
used for immunohistochemistry. Biotinylated goat an-
timouse immunoglobulin (Ig), fluorescein isothiocya-
nate (FITC) conjugated rabbit antimouse Ig (Dako Ltd.,

Table 1. Expression of �-Catenin in Familial and Sporadic Colorectal Neoplams as Compared with the Adjacent
Non-Neoplastic Mucosa

Tumors

Membrane Cytoplasm Nucleus

Preserved Decreased Normal Increased Absent Present

Adenomas from FAP patients 20/20 0/20 0/20 20/20 20/20 0/20
Sporadic adenomas 14/15 1/15 2/15 13/15 15/15 0/15
Carcinomas from FAP patients 4/5 1/5 0/5 5/5 4/5 1/5
Sporadic carcinomas 18/30 12/30 3/30 27/30 29/30 1/30

FAP, familial adenomatous polyposis.
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Cambridge, United Kingdom) were used as secondary
antibodies for immunohistochemistry and immunoflu-
orescence, respectively.

Immunohistochemical Analysis of Tissue Sections

Immunohistochemistry was performed using the
streptavidin-biotin complex indirect immunoperoxi-
dase method. Sections were dewaxed, rehydrated,
and incubated with 0.3% hydrogen peroxide (H2O2)
for 30 minutes to block endogenous peroxidase ac-
tivity. Antigen retrieval was performed by microwaving
for 20 minutes in 0.01 M citrate buffer (pH 6.0) at 750
W. After rinsing in PBS, background staining was
blocked using normal goat serum (1:20; Dako Ltd.) for
10 minutes. The sections were incubated with the
primary antibody overnight at 4° C. The anti-�-catenin
was used at a concentration of 4 �g/ml. After washing
with PBS, the sections were then incubated with
biotinylated goat antimouse Ig (Dako Ltd.) for 30
minutes, washed with PBS, then incubated with a
streptavidin-peroxidase complex (1: 500; Amersham
Pharmacia Biotech, Bucks, United Kingdom) for 30
minutes. The sections were developed with activated
3,3'-diaminobenzidine-tetrahydrochloride solution
(Sigma-Aldrich, Dorset, United Kingdom) and 0.1%
H2O2 and counterstained with hematoxylin.

For negative controls, duplicate sections were used
in which the primary antibodies were omitted and
replaced with PBS. Non-neoplastic colonic mucosa
present in the histological sections was used as an
internal control.

Sections were examined by light microscopy, and
staining was assessed with respect to localization of
staining (membranous, cytoplasmic, and nuclear) and
intensity of staining relative to the adjacent mucosa.
Distinct membranous and weak cytoplasmic staining
were considered normal. Weak or absent membra-
nous staining, intense cytoplasmic, and nuclear stain-
ing were considered abnormal.

Immunocytochemical Study of Cell Lines

Cells were grown on tissue culture multispot glass
microscope slides (Hendley, Loughton, Essex, United
Kingdom), in a 37° C and 10% CO2 incubator. Cells
were grown to different levels of subconfluence and
confluence. The slides were washed for 5 minutes in
cold PBS. The cells were fixed in acetone/methanol
(1:1) for 10 minutes at �20° C. The slides were al-
lowed to air dry completely. Endogenous peroxidase
was blocked by incubating the slides in 0.3% H2O2 in
PBS for 15 minutes. The slides were incubated in
normal goat serum (1/20; Dako Ltd.) for 15 minutes to
block nonspecific binding. Primary antibody was then
added to the cells (�-catenin: 1:250), and the slides
were incubated overnight at 4° C. Primary antibody
was added to 3 wells and, for the fourth well—used as
a negative control—only PBS was added. The cells
were washed in PBS and then sequentially incubated
with secondary antibody, streptavidin-peroxidase
complex, developed and mounted as above.

The slides were examined using a conventional light
microscope and the level of expression and cellular
distribution of the proteins between membrane, cyto-
plasm, and nucleus assessed.

Immunofluorescence and Confocal Microscopy

Cells were grown and fixed as above. The slides were
incubated in normal rabbit serum (1: 20; Dako Ltd.) for
1 hour to block nonspecific binding. Primary antibody
was then added to the cells (�-catenin: 1: 250).
RNAase (Boehringer Mannheim, Mannheim, Germany)
was added to the primary antibody to a final concen-
tration of 100 �g/ml to lyse cellular ribonucleic acids
present in the cytoplasm and in the nucleus (the
largest amount of nuclear RNA is in the nucleolus). The
slides were incubated overnight at 4° C, washed in
PBS, and then secondary antibody (FITC conjugated
rabbit antimouse Ig, 1:250; Dako Ltd.) was added to
each well. The slides were incubated in the dark for 45
minutes at room temperature, then washed in PBS,
and mounted using mounting medium containing pro-
pidium iodide (Vectashield mounting medium; Vector
Laboratories, Inc., Burlingame, California). The slides
were examined using the confocal microscope. The
cells were examined on a Zeiss Axioplan 2 micro-
scope, using a �63 oil immersion lens (Numerical
aperture 1.4), 488 nm argon laser, and 543 nm helium
neon laser. The software Zeiss LSM 510 system was
used for acquisition and analysis of data. A series of
optical sectioning images were taken through the cells
at 0.2 to 0.4 �m intervals. The images were examined
to assess the localization of the staining.
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