
Abstract. Catenins are cytoplasmic proteins that play a
pivotal role in cell adhesion. Conflicting results regarding the
significance of their expression in esophageal squamous cell
carcinoma (ESCC) have been reported. The expression of ·-,
ß- and Á-catenin was examined using immunohistochemical
methods in 69 samples collected from patients with ESCC who
were surgically treated without any preoperative induction
therapy. Reduced ·-, ß- and Á-catenin expression was observed
in 48 (69.7%), 36 (52.2%) and 44 (63.8%) ESCC samples,
respectively. According to univariate analysis, ESCC patients
exhibiting the reduced expression of ß-catenin (P=0.028),
Á-catenin (P=0.010), ·- and Á-catenin combined (P=0.047) or ß-
and Á-catenin combined (P=0.046) had a significantly more
unfavorable rate of survival. Multivariate analysis demonstra-
ted that the reduced expression of Á-catenin (P=0.015) as
well as lymph node metastasis (P=0.015) could serve as inde-
pendent prognostic indicators of unfavorable prognosis in
ESCC patients. Reduced immunohistochemical expression
of Á-catenin may thus prove to be a powerfull and useful
predictor of prognosis in patients with ESCC.

Introduction

The migration of cancer cells from the cancer nest is an initial
event in the formation of tumor metastasis (1). Previous inves-
tigations have demonstrated that the expression of adhesion
molecules, which prevent cancer cells from detaching, is a
potential indicator of favorable prognosis in patients and/or
of less invasive behavior in gastrointestinal cancer types,
including esophageal squamous cell carcinoma (ESCC) (2-4).

Among the various adhesion molecules, the expression of
E-cadherin has primarily been investigated, and a significant

correlation between its expression and a favorable prognosis
in cancer patients, including those with ESCC, has been
reported (5-7).

Catenins (·-, ß- and Á-) are cytoplasmic proteins that bind
to the conserved tail of the epithelial E-cadherin molecule and
play a crucial role in E-cadherin-mediated intracellular signal
transduction and cell adhesion. The cytoplasmic domain of
E-cadherin binds to ß- or Á-catenin, while ·-catenin binds to
the E-cadherin - ß- and - Á-catenin complexes to maintain the
cellular cytoskeleton (8).

While the immunohistochemical expression of ·-, ß- and
Á-catenin in ESCC has been examined, the results reported
regarding their clinicopathological significance for patient
prognosis have been inconsistent (5,6,9-13). The present study
used surgically dissected samples of ESCC to investigate the
immunohistochemical expression of ·-, ß- and Á-catenin in
order to determine their combined effect on the prognosis of
patients with ESCC.

Patients and methods

Patients and samples. Sixty-nine consecutive specimens of
ESCC from patients surgically treated in our department
between 1992 and 2003 were obtained. The study population
consisted of 63 men and 6 women with a median age of
64 years (range 42-83). Preoperative induction therapy was
not performed in any of the cases. Continuous follow-up of
the patients was carried out following surgery for periods
ranging from 1 month to 11 years and 3 months (mean 3 years).
Patients who succumbed to ESCC were described as having
succumbed to tumor-related death. Pathological features
were described according to the Guidelines for Clinical and
Pathologic Studies on Carcinoma of the Esophagus proposed
by the Japanese Society for Esophageal Diseases (14,15).
Tumor stage was determined by the TNM Classification of
Malignant Tumors prescribed by the International Union
Against Cancer (16).

Immunohistochemical expression of ·-, ß- and Á-catenin.
Sections (4 μm) sliced from paraffin-embedded specimens
were prepared on glass slides pre-coated with silane. After
deparaffinization with xylene and washing in a graded series
of ethanol, the sections were placed in Tris-buffered saline
(TBS) for 10 min. Endogenous peroxidase activity was blocked
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for 10 min in TBS containing 0.3% of hydrogen dioxide, then
the slides were placed in TBS. The sections were incubated
with TBS containing 1% bovine serum albumin for 10 min to
block the non-specific binding of the immunoreagents. After
washing in TBS, the sections were incubated with 1:100
diluted mouse anti-human monoclonal ·-, ß- or Á-catenin
antibodies (Invitrogen, Ltd.). All incubations were processed
overnight at 4˚C. After washing in TBS, immunoperoxidase
staining was performed using an EnVision antibody complex
method (17) with an EnVision Kit (Dako Ltd., Tokyo, Japan).
Finally, the localization of the proteins was visualized with
diaminobenzidine tetrahydrochloride.

The expression of ·-, ß- and Á-catenin in ESCC was
evaluated by criteria presented by Lin et al (5). Briefly, tumors
in which ≥50% of the carcinoma cells expressed each catenin
were classified into the preserved expression group, while
tumors in which <50% of the carcinoma cells expressed each
catenin were classified into the reduced expression group.
Representative staining patterns are shown in Fig. 1.

Statistical analysis. The ¯2 test and Student's t-test were used
to compare the clinicopathological data. Cumulative survival
rates were calculated using the Kaplan-Meier method and
survival curves were verified by the Mantel-Cox log-rank test.
Multivariate survival analysis was calculated according to
Cox's proportional hazards model in a forward stepwise
manner. P<0.05 was considered significant.

Results

Twenty-one ESCCs (30.4%) displayed preserved expression
of ·-catenin and 48 (69.6%) exhibited reduced expression.
No significant difference was observed between ·-catenin
expression and the clinicopathological characteristics of the
patients (Table I).

Thirty-three ESCCs (47.8%) exhibited preserved expres-
sion of ß-catenin and 36 (52.2%) had reduced expression.
No significant difference was observed between ß-catenin
expression and the clinicopathological characteristics of the
patients (Table II).

Twenty-five ESCCs (36.2%) had preserved expression
of Á-catenin and 44 (63.8%) exhibited reduced expression.
No significant difference was observed between Á-catenin
expression and the clinicopathological characteristics of the
patients (Table III).

The correlation between the expression patterns of the
catenin subtypes and patient prognosis was investigated by
means of univariate analysis. The findings indicate that an
unfavorable impact was had on survival by the reduced expres-
sion of ß-catenin (P=0.028), Á-catenin (P=0.010), ·- and Á-
catenin combined (P=0.047) and ß- and Á-catenin combined
(P=0.046) (Table IV).

Multivariate analysis revealed that reduced expression of
Á-catenin (P=0.015) and lymph node metastasis (P=0.015)
serve as independent prognostic indicators (Table V).
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Figure 1. Representative sections showing catenin expression by immunohistochemistry. Preserved expression of (A) ·-catenin, (B) ß-catenin and (C)
Á-catenin. Reduced expression of (D) ·-catenin, (E) ß-catenin and (F) Á-catenin.
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Discussion

Tumor metastasis occurs due to the migration of tumor cells
from the locoregional nest of the tumor. This migration is
caused by reduced cell-to-cell adhesion and the proteolysis of
the extracellular matrix by the tumor cells, lymphatic or
vascular permeation of the cells, lodgment of the cells in
distant organs, and by the proliferation of the tumor to form
clinical metastatic foci (18).

The adhesion molecule E-cadherin is known to play a
crucial role in preventing the migration of tumor cells from
the primary lesion (19). High expression of  E-cadherin has
been reported to be significantly correlated with a favorable
patient prognosis and/or less invasive tumor potential (5-7).

The function of epithelial E-cadherin at the adhesion
junction is dependent on the catenins for efficient cell-to-cell
adhesion. Moreover, E-cadherin - catenin complexes have
been known to play a pivotal role in maintaining cell-to-cell
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Table I. Relationship between ·-catenin expression and the
clinicopathological characteristics of the esophageal squamous
cell carcinoma patients.
–––––––––––––––––––––––––––––––––––––––––––––––––

Preserved Reduced P-value
(n=21) (n=48)

–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 18 (85.7) 45 (93.8) 0.294

Female 3 (14.3) 3 (6.2)

Age (years) 65.0±7.4 63.3±7.8 0.390

Tumor location

Upper 5 (23.8) 9 (18.8) 0.687

Middle 13 (61.9) 28 (58.3)

Lower 3 (14.3) 11 (22.9)

Histologic classification

Well 2 (9.5) 8 (16.7) 0.291

Moderately 17 (81.0) 30 (62.5)

Poorly 2 (9.5) 10 (20.8)

Tumor depth

Tis, T1 8 (38.1) 16 (33.3) 0.695

T2 1 (4.8) 8 (16.7)

T3 8 (38.1) 15 (31.3)

T4 4 (19.0) 9 (18.7)

Lymph node metastasis

Positive 11 (52.4) 29 (60.4) 0.534

Negative 10 (47.6) 19 (39.6)

Lymphatic permeation

Positive 17 (81.0) 37 (77.1) 0.718

Negative 4 (19.0) 11 (22.9)

Venous invasion

Positive 9 (42.9) 26 (54.2) 0.387

Negative 12 (57.1) 22 (45.8)

Tumor stage

0, I 5 (23.8) 13 (27.0) 0.882

II 7 (33.3) 15 (31.3)

III 9 (42.9) 20 (41.7)
–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Relationship between ß-catenin expression and the
clinicopathological characteristics of the esophageal squamous
cell carcinoma patients.
–––––––––––––––––––––––––––––––––––––––––––––––––

Preserved Reduced P-value
(n=33) (n=36)

–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 28 (84.8) 35 (97.2) 0.097

Female 5 (15.2) 1 (2.8)

Age (years) 62.8±8.8 64.7±6.6 0.294

Tumor location

Upper 7 (21.2) 7 (19.4) 0.682

Middle 18 (54.5) 23 (63.9)

Lower 8 (24.3) 6 (16.7)

Histologic classification

Well 4 (12.1) 6 (16.7) 0.149

Moderately 26 (78.8) 21 (58.3)

Poorly 3 (9.1) 9 (25.0)

Tumor depth

Tis, T1 15 (45.5) 9 (25.0) 0.368

T2 4 (12.1) 5 (13.9)

T3 9 (27.3) 14 (38.9)

T4 5 (15.1) 8 (22.2)

Lymph node metastasis

Positive 17 (51.5) 23 (63.9) 0.298

Negative 16 (48.5) 13 (36.1)

Lymphatic permeation

Positive 26 (78.8) 28 (77.8) 0.919

Negative 7 (21.2) 8 (22.2)

Venous invasion

Positive 13 (39.4) 22 (61.1) 0.070

Negative 20 (60.6) 14 (38.9)

Tumor stage

0, I 11 (33.3) 7 (19.4) 0.484

II 11 (33.3) 11 (30.6)

III 11 (33.3) 18 (50.0)
–––––––––––––––––––––––––––––––––––––––––––––––––
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adhesion and controlling tumor metastasis (20). Therefore, the
reduced expression of catenin subtypes is a potential marker of
unfavorable prognosis in patients with ESCC. 

Reports have been published regarding the relationship
between the expression of the catenin subtypes and the
clinicopathological characteristics of patients with ESCC
(5,6,9-13). These reports commonly emphasize the signifi-
cance of the preserved expression of the catenin subtypes,
in particular ·-catenin (9,12,13) or ß-catenin (6,10,11), as an
indicator of a more favorable prognosis for patients or of the
reduced progressive potential of the ESCC tumor despite its
aggressive potential.

While ·-catenin binds to the E-cadherin - ß-catenin or - Á-
catenin complex to maintain the cellular cytoskeleton (8), the
expression of ·- and ß-catenin or ·- and Á-catenin potentially
exerts a synergistic function correlated with less invasive cellu-
lar behavior and/or a more favorable prognosis for patients
with ESCC. However, in the present study, these parameters
did not correlate with such clinicopathological factors.

Nevertheless, a reduction in the immunohistochemical
expression of ß- or Á-catenin was an indicator of poor prog-
nosis, according to univariate analysis. Moreover, multivariate
analysis demonstrated that the reduced expression of Á-catenin
as well as lymph node metastasis could serve as independent
indicators of unfavorable prognosis in ESCC patients. As
shown in Table IV, although the expression of plural catenin
subtypes promoted the E-cadherin function of preventing the
migration of tumor cells from the primary tumor nest of ESCC,
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Table III. Relationship between Á-catenin expression and the
clinicopathological characteristics of the esophageal squamous
cell carcinoma patients.
–––––––––––––––––––––––––––––––––––––––––––––––––

Positive Negative P-value
(n=25) (n=44)

–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 22 (88.0) 41 (91.1) 0.471

Female 3 (12.0) 3 (8.9)

Age (years) 65.3±8.2 62.9±7.4 0.215

Tumor location

Upper 5 (20.0) 9 (20.5) 0.997

Middle 15 (60.0) 26 (59.0)

Lower 5 (20.0) 9 (20.5)

Histologic classification

Well 4 (16.0) 6 (13.6) 0.052

Moderately 20 (80.0) 27 (61.4)

Poorly 1 (4.0) 11 (25.0)

Tumor depth

Tis, T1 12 (48.0) 12 (27.3) 0.311

T2 2 (8.0) 7 (15.9)

T3 6 (24.0) 17 (38.6)

T4 5 (20.0) 8 (18.2)

Lymph node metastasis

Positive 14 (54.8) 26 (59.1) 0.806

Negative 11 (45.2) 18 (40.9)

Lymphatic permeation

Positive 19 (76.0) 35 (79.5) 0.733

Negative 6 (24.0) 9 (20.5)

Venous invasion

Positive 11 (44.0) 24 (54.5) 0.399

Negative 14 (56.0) 20 (45.5)

Tumor stage

0, I 9 (36.0) 9 (20.4) 0.375

II 7 (28.0) 15 (34.1)

III 9 (36.0) 20 (45.5)
–––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Correlation of the expression patterns of the catenin
subtypes with patient prognosis.
–––––––––––––––––––––––––––––––––––––––––––––––––

Preserved Reduced
––––––––––––––– –––––––––––––––
No. of 5-year No. of 5-year Impact on 

patients survival patients survival survival
rate (%) rate (%) (P-value)

–––––––––––––––––––––––––––––––––––––––––––––––––
· 21 59.6 48 36.7 0.119

ß 33 58.4 36 29.5 0.028

Á 25 69.2 44 31.0 0.010

·+ß 12 64.6 57 39.0 0.089

·+Á 14 68.8 55 37.8 0.047

ß+Á 18 64.5 51 36.6 0.046

·+ß+Á 11 59.1 58 40.2 0.161
–––––––––––––––––––––––––––––––––––––––––––––––––

Table V. Factors independently associated with patient prognosis by multivariate analysis.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Regression Standard Odds ratio (95%
Variables coefficient error confidence interval) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Lymph node metastasis 1.118 0.458 3.058 (1.246-7.504) 0.015

Reduced expression of Á-catenin 1.251 0.513 3.497 (1.279-9.524) 0.015
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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it was not significantly correlated with a favorable prognosis
in ESCC, according to multivariate analysis.

ß-catenin is also known to be involved in the Wnt signaling
pathway that regulates cellular differentiation (21,22), while
a decrease in the expression of ß- and Á-catenin was found to
be closely correlated with poor differentiation in oral squa-
mous cell carcinoma (23). In the present study, the preserved
expression of Á-catenin proved to be significantly correlated
with cellular differentiation, demonstrating that Á-catenin has a
biological function in the regulation of cellular differentiation
in ESCC.

Regarding this biological function, the significance of
Á-catenin expression has been demonstrated by the correlation
between the reduced expression of Á-catenin and the increase
in lymph node metastasis observed in ESCC (5). Similar
results regarding the significance of Á-catenin as a potential
tumor suppressor protein in oral squamous cell carcinoma
(24), non-small lung cancer (25) and bladder cancer (26) have
been reported.

In conclusion, Á-catenin plays a significant role in sus-
taining the cytoskeleton of ESCC, which can be correlated
with the metastasizing activity of ESCC. Reduced immuno-
histochemical expression of Á-catenin may thus prove to be a
powerfull and useful predictor of prognosis in patients with
ESCC.
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