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ABSTRACT 

Intercellular adhesion of the epithelial tissue is mainly regulated by the 
E-cadherin (E-cad) molecule, a-Catenin (a-cat) is one of the E-cad-asso- 
ciated cytoplasmic proteins that forms a linkage to the cytoskeleton and 
regulates E-cad function. To investigate the mechanism of dysfunction in 
cell-cell adhesion in cancerous tissues, we examined E-cad and a-cat 
expression by immunohistochemicai staining on 46 human esophageal 
cancers using our specific monoclonai antibodies. 

By grading of E-cad and a-cat expression as uniformly positive (+), 
heterogeneous (_+), or uniformly negative (-), the 46 tumors could be 
classified into 9 (20%) E-cad(+)/a-cat(+), 15 (33%) E-cad(_+)/a-cat(_+), 21 
(46%) E-cad(_+)/a.cat(-), and 1 (2%) E-cad(-)/a-cat(-).  Twenty-five 
(54%) of the 46 tumors showed a similar expression of both molecules, 
while the other 21 tumors (46%) showed E-cad(_+)/a-cat(-). Thus, al- 
though the expression of a-cat was significantly correlated with that of 
E-cad, in some tumors the reduction of a-cat was greater. 

Regarding the clinicopathological features, the reduction of a-cat ex- 
pression, as well as that of E-cad, was significantly associated with tumor 
dedifferentiation, infiltrative growth, and lymph node metastasis (P < 
0.01). Furthermore, the frequency of lymph node metastasis in E-cad(+)/ 
a-cat(-) tumors was significantly higher (90%) than in E-cad(+)/a-cat(+) 
tumors (22%) (P < 0.01) or in E-cad(~)/a-cat(_+) tumors (47%) (P < 0.05). 

These results suggest that not only E-cad but also a-cat are important 
regulators of intercellular adhesion and that a-cat is also involved in 
invasion and metastasis. In particular, reduction of a-cat expression is 
more correlated with invasive phenotype and lymph node metastasis than 
E-cad expression in human esophageal cancer. 

INTRODUCTION 

Although the invasion and metastasis of cancers are complex pro- 
cesses, the initial step is escape from the primary tumor (1, 2). This 
step involves disruption of normal cell-cell adhesion in the epithelial 
tissue. Since cell dissociation and acquisition of cell motility occur in 
cancer invasion and metastasis, it is important to study the possible 
involvement of mutual cell adhesion of cancer cells. 

Cadherins are a family of transmembrane glycoproteins involved in 
homotypic calcium-dependent intercellular adhesion and are crucial 
for the mutual association of vertebrate cells (3). More than ten 
subclasses of cadherins, including E-cad, 3 have been identified (4-7). 
E-cad molecules are distributed in the epithelial tissues, and they are 
important regulators in organogenesis and morphogenesis of these 
tissues (8). Several reports have indicated that E-cad is a key molecule 
for the maintenance of epithelial integrity and polarized function (9) 
and that the reduction of E-cad expression or function might trigger 
the dispersion of cancer cells (10-13). 

We have previously reported that impaired E-cad expression is 
found in human cancers (14) and that this disorder is associated with 
tumor dedifferentiation, increased invasiveness, and high incidence of 
lymph node metastasis of human gastric and breast cancers (15, 16). 
These observations have been confirmed by other investigators in 
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other organs (17, 18). Thus, in most carcinomas, the degree of E-cad 
expression is correlated with their intercellular adhesiveness. How- 
ever, we have found that some carcinomas express E-cad but on the 
contrary fail to form close contacts and are sparsely invasive. Addi- 
tionally, some E-cad-expressing tumors often cause metastasis (15, 
19). These observations suggest that these cancer cells might have 
some mechanism which suppressed E-cad function, even in the pres- 
ence of E-cad. 

The linkage between transmembranous cadherins and actin filament 
in the cytoskeleton is necessary for the formation of strong cell-cell 
adhesion. This linkage is localized at the cell-cell adherens junction 
and is mediated by many undercoat proteins of the junction. Catenins 
are a series of undercoat proteins which are coprecipitated with 
cadherin by non-ionic detergents, including a- (Mr 102,000), /3- 
(Mr 88,000), and T" (Mr 80,000) catenin (20-22). c~-cat is directly 
bound to the cytoplasmic domain of cadherin and this connection is 
the first step in the complicated linkage between cadherin and actin 
filament. Even if cadherin exists, cell-cell adhesion is impaired when 
this connection is disturbed. In fact, the importance of this connection 
was illustrated in the finding that fibroblasts expressing mutant E-cad 
lacking the catenin-binding sites could not form tight cell-cell adhe- 
sion (23, 24). Furthermore, a-cat is considered to bind to vinculin, 
which shares a high homology with a-cat (25, 26). Because vinculin 
binds directly to a-actinin (27), which can cross-link with actin fila- 
ments (28), the function of cadherin would be regulated by a group of 
cytoplasmic proteins (20, 21). Its role in mediating cell-cell adhesion, 
therefore, cannot be understood simply by examining the expression 
of cadherin molecules. 

In this respect, it is important to examine the pattern of both E-cad 
and a-cat expression in cancer tissues. Even so, the role of a-cat 
molecules in human cancer tissues has not been examined. In this 
paper, we describe the expression of E-cad and a-cat in surgically 
resected esophageal carcinomas by immunohistochemical staining us- 
ing our specific mAb and discuss the possible role of E-cad and a-cat 
in cancer invasion and metastasis. 

MATERIALS AND METHODS 

Source of Tissue Samples. The specimens were surgically obtained from 
46 consecutive patients (40 men and 6 women) with esophageal squamous cell 
carcinoma from December 1989 to October 1992. The mean age was 61.3 
years (range, 40-82 years). None of them received irradiation or chemotherapy 
preoperatively. Samples were taken from the representative cancerous lesions 
including adjacent noncancerous mucosa. 

Antibodies. Two mAbs, HECD-1 (mouse IgG against human E-cad) (29) 
and a-18 (rat IgG against a-cat), were used in the present study. The manu- 
script which describes the establishment of mAb a-18 has been prepared. 4 

Immunohistological Staining Procedures. Immunostaining for E-cad and 
a-cat was performed as described previously (14). In brief, consecutive frozen 
sections (4/xm) of cryopreserved tissues were fixed with 3.6% paraformalde- 
hyde in 0.1 ~ phosphate buffer (pH 7.4) for 30 min, followed by binding of the 
primary mAb HECD-1 or a-18 overnight at 4~ After rinsing with Tris- 
buffered saline (pH 7.5) supplemented with 1 mM CaCla, the sections were 
incubated with biotinylated anti-mouse IgG or biotinylated anti-rat IgG and 
incubated with avidin-biotin-peroxidase complex (Vectastain ABC kit; Vector 
Laboratories Inc., Burlingame, CA). The color was developed with diamino- 

4 A. Nagafuchi and S. Tsukita, manuscript in preparation. 
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E - C A D H E R I N  A N D  a - C A T E N I N  EXPRESSION IN E S O P H A G E A L  C A N C E R  

Fig. 1. Immunohistochemical reactivity of E-cadherin (A, C, 
E, G, I) and a-catenin (B, D, F, H, J) in human esophageal 
carcinoma. A, B, normal esophageal epithelium; all of the epi- 
thelial cells express E-cad and a-cat strongly on the cell-cell 
boundaries. C, D, well differentiated squamous cell carcinoma; 
all of  the cancerous cells strongly express E-cad and a-cat. This 
tumor is E-cad(+)/a-cat(+).  E, F,, moderately differentiated 
squamous cell carcinoma; E-cad and a-cat expression differ 
from cell to cell. Arrow, E-cad- and a-cat-positive ceils. Arrow- 
head, E-cad- and a-cat- negative cells�9 This tumor is E-cad(_+)/ 
a-cat(+--). G, H, moderately differentiated squamous cell carci- 
noma; this tumor expresses E-cad heterogenously, but not a-cat. 
Arrow, E-cad-positive cells. Arrowhead, E-cad-negative cells. 
This tumor is E-cad(_+)/a-cat(-). Bar, 50 p~m (•  100). /, J, 
poorly differentiated squamous cell carcinoma; E-cad and a-cat 
expression of all tumor cells is negative. This tumor is E-cad- 
(-)/a-cat(-) .  Bar, 50/xm ( •  66). 
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E-CADHER1N AND a-CATENIN EXPRESSION IN ESOPHAGEAL CANCER 

Table 1 Relationship between E-cadherin and a-catenin expression 

Expression of a-catenin 
Expression of 

E-cadherin (+) (-) (-) Total 

(+) 9 0 0 9 
(___) 0 15 21 36 
(-) 0 0 1 1 

Total 9 15 22 P < 0.01" 
'~ Significant. 

benzidine tetrahydrochloride supplemented with 0.02% hydrogen peroxide for 
4 min. The sections were counterstained with hematoxylin, dehydrated, and 
mounted. Negative control reactions were carried out by incubation of the 
sections with 3% normal horse serumfrris-buffered saline (pH 7.5) supple- 
mented with 1 mM CaCI2. 

Evaluation of E-cad and a-eat Expression. The expression of E-cad and 
a-cat in cancer cells was compared with that of normal epithelial cells in the 
same sample. Cancer cells which immunostained as strong as the normal 
epithelial cells were defined as positive. E-cad and a-cat expression in the 
tumors was graded according to the proportion of positive cells. When more 
than 90%, between 10 and 90%, and less than 10% of cancer cells were 
positively stained, the tumors were evaluated as uniformly positive (+), het- 
erogeneous (+), and uniformly negative (-), respectively, as described previ- 
ously (15, 18). 

Immunobiot Analysis. In order to confirm our evaluation of immunohis- 
tochemical staining, we performed immunoblot analysis on the representative 
samples in each staining type as described previously (30). In brief, tissue 
fragments were dissolved in a buffer containing 2% sodium dodecyl sulfate. 
After boiling for 5 min in the presence of 5% 2-mercaptoethanol, the resulting 
lystates were fractionated by polyacrylamide gradient gels sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis plate 4/20 (Daiichi Pure Chemical, 
Tokyo, Japan). After electrophoresis, the proteins were transferred to nitrocel- 
lulose sheets and incubated with mAb HECD-1 or a-18. For antibody detec- 
tion, the blotting detection kit (Bio-Rad, Hercules, CA) was used. Total cellular 
proteins applied to each lane were adjusted to equal concentrations using the 
Bio-Rad protein assay kit. 

Evaluation of Clinicopathological Parameters. A consecutive section 
from each specimen was stained with hematoxylin and eosin for histological 
evaluation. The clinicopathological classification was based on the Interna- 
tional Union Against Cancer classification (31). 

Statistical Analysis. The strength of correlation between the expression of 
E-cad or a-cat and clinicopathological parameters was calculated by the Spear- 
man rank correlation coefficient. The frequency of lymph node metastasis was 
compared by the Mann-Whitney U nonparametric test. P < 0.05 was accepted 
as statistically significant. 

RESULTS 

I m m u n o h i s t o c h e m i c a l  Reactivity of  E-cad and a-cat .  Normal 
esophageal epithelium strongly expressed E-cad at the cell-cell bound- 
aries without exception (Fig. 1A). The 46 primary tumors could be 
evaluated as 9 (+),  36 (•  and 1 ( - )  for E-cad expression (Fig. 1, C, 

E, G, I). a-cat was also strongly expressed in the normal esophageal 

epithelium (Fig. 1B) as was E-cad but was weakly detected in fibro- 
blasts and muscle cells. The 46 primary tumors were classified into 9 
(+) ,  15 (•  and 22 (-)  for a-cat expression (Fig. 1, D, F, H, J).  

As summarized in Table 1, the expression of both E-cad and a-cat 

were evaluated in consecutive sections. All the E-cad(+) tumors also 
showed a-cat(+)  expression and both molecules were expressed at the 
cell-cell boundaries as in the normal epithelium (Fig. 1, C, D). Of the 
36 E-cad(•  tumors, 15 (42%) were also a-cat(--). In these tumors, 
some cells expressed both E-cad and a-cat, while others expressed 
neither (Fig. 1, E, F). The remaining 21 (58%) did not show a-cat 
expression at all (Fig. 1, G, H), and we found 1 E-cad(-)  tumor which 

was also negative for a-cat expression (Fig. 1, I, J) .  
Thus, there were four patterns of E-cad and a-cat co-expression: 

E-cad(+)/a-cat(+);  E-cad(--)/a-cat(-+); E-cad(-+)/a-cat(-); and 
E-cad(-)/a-cat(-) ,  as listed in Table 1. Except for E-cad(__)/a-cat(-), 
the expression of these two molecules were at the equivalent level, 
based on our classification. The correlation between E-cad expression 
and a-cat expression was statistically significant (P < 0.01). 

I m m u n o b l o t  Analysis. Fig. 2 shows the results of immunoblot 
analysis in normal esophageal epithelium and representative cases of 
the four expression patterns in cancer. Immunoblotting of normal 
esophageal epithelium revealed the darkest band at the Mr 124,000 or 
Mr 102,000 position, which corresponded to the complete form of the 
E-cad or a-cat molecule, respectively. Strong bands appeared in the 
E-cad(+)/a-cat(+)  sample, while the bands of the ( •  or ( - )  samples 
were faint or totally absent on immunoblotting. Thus, the intensities of 
the bands in the tumor samples were correlated with the immunohis- 

tochemical evaluation of both E-cad and a-cat expression. 
Express ion  of  E-cad and Correlat ion with Cl inicopathological  

Features.  The relationship between E-cad expression and clinico- 
pathological features is shown in Table 2. The frequency of E-cad(+) 
was higher in well differentiated tumors (33%, 6 of 18) than in 
moderately differentiated tumors (25%, 3 of 12) or in poorly differ- 
entiated tumors (0%, 0 of 16). Thus, there was a statistically signifi- 
cant correlation between the decreased expression of E-cad and loss of 

tumor differentiation (P < 0.01). 

A 
I 

B 
3 4 5 1 2 3 4 5 

Fig. 2. Immunoblot analysis of E-cadherin (A) and 
a-catenin (B) protein. Lane 1, normal esophageal epithe- 
lium; Lanes 2, 3, 4, and 5, tumors classified as E-cad- 
(+)/a-cat(+), E-cad(-+)/a-cat(-+), E-cad(-+)/a-cat(-), 
and E-cad(-)/a-cat(-), respectively. Arrows, full sized 
E-cad (Mr 124,000) and a-cat (M~ 102,000) molecules. 
Some additional bands were detected reproducibly but 
were not identified. 
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E-CADHERIN AND a-CATENIN EXPRESSION IN ESOPHAGEAL CANCER 

Table 2 Relationship between clinicopathological findings and E-cadherin expression 

Expression of E-cadherin 
p and 

No (+) (_+) (-) r s 

Total 46 9 (20) a 36 (78) 1 (2) 

Differentiation grade 
Well 18 6 (33) 12 (67) 0 (0) <0.01b 
Moderately 12 3 (25) 9 (75) 0 (0) 0.385 
Poorly 16 0 (13) 15 (94) 1 (6) 

Growth pattern 
Expansive 13 7 (54) 6 (46) 0 (0) <0.01b 
Intermediate 25 2 (8) 22 (88) 1 (4) 0.484 
Infiltrative 8 0 (0) 8 (100) 0 (0) 

T categories b 
T1 9 4 (44) 5 (56) 0 (0) 
T2 10 1 (10) 9 (90) 0 (0) 
T3 25 4 (16) 20 (80) 1 (4) 
T4 2 0 (0) 2 (100) 0 (0) 

N categories 
No 17 7 (41) 10 (59) 0 (0) <0.01 b 
N1 29 2 (7) 26 (90) 1 (3) 0.424 

M categories 
Mo 43 9 (21) 33 (72) 1 (2) 
M 1 3 0 (0) 3 (100) 0 (0) 

a Numbers in parentheses, percentage. 
b Significant. 
c T1, tumor invades lamina propria or submucosa; T2, tumor invades muscularis 

propria; T3, tumor invades adventitia; T4, tumor invades adjacent structures; No, no 
regional lymph node metastasis; N1, regional lymph node metastasis; Mo, no distant 
metastasis; M1, distant metastasis. 

Table 2 also shows the relationship between E-cad expression and 
the invasive pattern of cancer cells. Seven (54%) of 13 tumors with 
expansive growth were E-cad(+),  whereas all (100%) of 8 tumors 
with infiltrative growth were E-cad(___). Thus, the reduction of E-cad 
expression was significantly correlated with invasiveness (P < 0.01). 

In the case of lymph node metastasis, the frequency of E-cad(___) 
and ( - )  was 93% (27 of 29), significantly higher than in those without 
metastasis (59%, 10 of 17) (P < 0.01). 

Expression of a-cat and Correlation with Clinicopathological 
Features.  Table 3 shows the relationship between a-cat expression 
and clinicopathological features. The frequency of a-cat(+)  in well 
differentiated tumors was 33% (6 of 18), whereas the majority of 
moderately (75%, 9 of 12) or poorly (100%, 16 of 16) differentiated 
tumors were evaluated as a-cat(-).  

Concerning the growth pattern, the frequency of a-cat(-)  was 
higher in infiltrative growth (63%, 5 of 8) and in intermediate growth 
(56%, 14 of 25) than in expansive growth (23%, 3 of 13). 

In relation to lymph node metastasis, a-cat(-)  was more frequent 
(69%, 20 of 29) in patients with metastasis than in those without 
(12%, 2 of 17). Thus, by Spearman rank correlation coefficient, the 
decreasing expression of a-cat was significantly correlated with tumor 
dedifferentiation, infiltrative growth, and high incidence of lymph 
node metastasis (P < 0.01). In the comparison between the statistical 
value of a-cat and that of E-cad, correlation coefficients (rs) between 
the decreasing expression of a-cat and lymph node metastasis (rs, 
0.580) or dedifferentiation (rs, 0.405) was higher than those of E-cad 
(r~, 0.424 or 0.385). 

Finally, Fig. 3 shows the relationship between the E-cad/a-cat 
expression pattern and the frequency of lymph node metastasis. We 
found only one E-cad(-) /a-cat(-)  tumor which caused lymph node 
metastasis. The frequency of lymph node metastasis in E-cad(+__)/a - 
cat(-) tumors was 90% (19 of 21), and this value was signifi- 
cantly higher than in E-cad(+)/a-cat (+)  tumors (22%, 2 of 9) 
(P < 0.01) or in E-cad(___)/a-cat(_) tumors (47%, 7 of 15) (P < 0.05). 
Thus, in all of E-cad(+_) tumors, lymph node metastasis was more 

frequent in a-cat(-)  tumors than in a-cat(__) tumors. There was 

also a strong relationship between lymph node metastasis and a-cat 

reduction. 

DISCUSSION 

We examined the expression of E-cad and a-cat in 46 esophageal 
squamous cell carcinomas by immunohistochemistry. The reduction 
of E-cad expression and its association with clinicopathological fea- 
tures in various organs have been studied by us (14-16) and other 
investigators (17, 18). However, a-cat expression in human cancer 
tissues has not been reported. Since a-cat is one of the E-cad-associ- 
ated proteins, which directly binds the cytoplasmic domain of E-cad, 
forms a linkage to the cytoskeleton, and regulates E-cad function, it 
would be more reasonable to investigate the expression of a-cat in 
cancers as well as that of E-cad. 

Fifty-four % of tumors expressed E-cad and a-cat at an equivalent 
level based on the present study. This result suggests that the regula- 
tion of E-cad and a-cat expression is mutually related. The significant 
correlation between the two expressions is conceivable from findings 
that L-cells in vitro, which did not have endogenous cadherin, ex- 
pressed the mRNA of a-cat but had only a trace amount of a-cat 
protein (25). When transfected with normal cadherin gene, not only 
cadherin but also high amounts of a-cat were induced without affect- 
ing the amount of a-cat mRNA. However, when the carboxyl termi- 
nus-truncated E-cad, which could not bind a-cat, was introduced, 
expression of a-cat protein was not observed. These results indicated 
that the stability of the a-cat protein was obtained via its binding with 
cadherin, possibly through prevention from digestion. Thus, there can 
be no a-cat expression without the presence of cadherins. 

On the other hand, 46% of our tumors were E-cad(_)/a-cat(-) ,  and 
the frequency of a-cat(-)  tumors (48%) was higher than that of the 
E-cad(-) (2%). From this, we suggest that expression of a-cat is more 
easily or earlier down-regulated with malignant transformation than 
that of E-cad. Two reasons can be considered. The first is the abnor- 

Table 3 Relationship between clinicopathological findings and a-catenin expression 

Expression of a-catenin 
p and 

No (+) (__) (-) rs 

Total 46 9 (20) a 15 (33) 22 (48) 

Differentiation grade 
Well 18 6 (33) 7 (39) 5 (28)  <0.01b 
Moderately 12 3 (25) 3 (25) 6 (50) 0.405 
Poorly 16 0 (0) 5(31) 11 (69) 

Growth pattern 
Expansive 13 7 (54) 3 (23) 3 (23)  <0.01b 
Intermediate 25 2 (8) 9(36) 14 (56) 
Infiltrative 8 0 (0) 3(38) 5 (63) 0.483 

T categories c 
T1 9 4 (44) 3 (33) 2 (22) 
T 2 10 1 (10) 2 (20) 7 (70) 
T3 25 4 (16) 10 (40) 11 (44) 
T4 2 0 (0) 0 (0) 2(100) 

N categories 
N O 17 7 (41) 8 (47) 2 (12)  <0.01b 
N1 29 2 (7) 7(24) 20 (69) 0.580 

M categories 
Mo 43 9 (21) 13 (30) 21 (49) 
M 1 3 0 (0) 2 (67) 1 (33) 

a Numbers in parentheses, percentage. 
b Significant. 
c T1, tumor invades lamina propria or submucosa; T2, tumor invades muscularis 

propria; T3, tumor invades adventitia; T4, tumor invades adjacent structures; No, no 
regional lymph node metastasis; N1, regional lymph node metastasis; Mo, no distant 
metastasis; M1, distant metastasis. 
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E-CADHERIN AND ot-CATENIN EXPRESSION IN ESOPttAGEAL CANCER 

no. of  cases 
30 

20 

10 

I 

[] n(-) 
[] n(+) 

I 
90% "~ p<o.ol 

~/O.O5  

47% 

22% 

E-cad(+) E-cad( • ) 
c~-cat (+) c~-cat ( • ) 

E-cad( • ) E-cad(-) 
a-cat ( - )  a-cat ( - )  

Fig. 3. Relationship between E-cadherin/~t-catenin expression pattern and frequency of 
lymph node metastasis. I-I, patient without lymph node metastasis. [], patient with lymph 
node metastasis. 

mality of a-cat itself. Shimoyama et  al. (32) found that human lung 
cell line PC9 cells expressed normal E-cad but no a-cat protein and 
exhibited reduced E-cad-mediated intercellular adhesion. By Southern 
blot analysis, these cells showed homozygous deletion in part of the 
a-cat gene. The second is the molecular abnormality of E-cad. As 
mentioned above, the truncated E-cad, which cannot bind a-cat, 
would induce negative expression of a-cat. Since HECD-1 recognizes 
the extracellular domain of E-cad, this type of disorder cannot be 
detected by immnohistochemical staining. However, our immunoblot 
analysis revealed that the molecular weight of E-cad in the tumors 
with reduced a-cat expression was identical to that in normal epithe- 
lium. These results suggest that such possible abnormality of E-cad 
can be caused by the genetic disturbance of relatively small part 
including point mutation. In order to clarify the mechanism of reduced 
a-cat expression of tumor cells, further detailed studies are required. 

Our findings showed that the reduction of a-cat, as well as that of 
E-cad, was associated with the degree of tumor dedifferentiation, 
infiltrative growth, and lymph node metastasis (P < 0.01). Moreover, 
the Spearman rank correlation coefficient (rs) of a-cat with differen- 
tiation or lymph node metastasis was higher than that of E-cad, and in 
E-cad(__+)/a-cat(-) tumors, lymph node metastasis was more fre- 
quently than in those with a-cat(_). These results suggest that reduc- 
tion of a-cat is more correlated with cancer invasion and metastasis 
than is E-cad. Since, as mentioned above, the reduction of a-cat 
expression was induced by not only deletion of the a-cat gene but also 
truncation of the E-cad molecule, it might serve as a more sensitive 
indicator of disorder in E-cad mediated intercellular adhesion. 

Although it is useful in evaluating cell-cell adhesive interaction to 
analyze E-cad and a-cat expression in cancer tissues, we must take 
care that E-cad-mediated intercellular adhesion involves many under- 
coat proteins at the adherens junction. Besides a-, /3-, or 3,-catenin 
(20-22), other cytoplasmic components including Mr 220,000 protein 
(33, 34) could be involved in the adhesion system. In addition, the 
adherens junction has been identified as a major site of tyrosine 
phosphorylation (35, 36). Additionally, Matsuyoshi e t  al. (37) and 
Behrens et  al. (38) showed in recent experiments that the tyrosine 
phosphorylation of/3-catenin suppressed cadherin function in vitro. 

The whole adherent mechanism has not been fully elucidated, and 
the association with cancer is still unclear. While further studies are 
necessary to confirm the implications with regard to E-cad and a-cat 

295 

involvement in cancer metastasis, our results suggest that the reduc- 
tion of a-cat plays an important role in the invasion and metastasis of 

human esophageal cancer. 
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