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  Purpose: E-cadherin, a calcium-dependent cell to cell 
adhesion molecule, plays a key role in the maintenance
of tissue integrity. Reduction or loss of E-cadherin has 
been reported to have a role in the development of human
malignancies. The expression of E-cadherin was analyzed 
in human non-small cell lung carcinoma (NSCLC) to 
elucidate the role in pulmonary carcinogenesis and deter-
mine the relationship with several clinicopathological 
factors and the prognosis. 
  Materials and Methods: Sixty five human cases of 
NSCLC were evaluated by immunohistochemical analysis 
for the expression of E-cadherin. The immunostaining
results for E-cadherin were semiquantitatively inter-
preted, as preserved and reduced, in the tumor tissues. 
The E-cadherin expression was analyzed in relation to 
several clinicopathological data and the survival. The cell 
proliferation index of the tumors was evaluated by im-
munostaining with the Ki-67 antigen.  

 Results: Reduced E-cadherin expression was found in 
51 cases of NSCLC tissues (78.4% ) compared to that in 
the normal controls. Reduced E-cadherin expression was 
significantly correlated with male smokers and squamous 
cell type of the cancer, but not with histological grade, 
TNM stage and survival. The E-cadherin expression 
showed a weak inverse relationship with the proliferative 
activity of tumor cells, which was measured using the  
Ki-67 antigen. 
  Conclusion: Our data support the hypothesis that red-
uced E-cadherin expression may play a role in the patho-
genesis of human NSCLC, which might be associated with 
the control for cell proliferation. (C ancer R esearch and 
Treatment 2004;36:56-61)
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INTRODUCTION

  The loss of cell-cell adhesion and invasion of carcinoma cells 
into the surrounding mesenchymal tissue have been associated 
with the malignant phenotype for more than 50 years (1). One 
important area of research has been the characterization of cell- 
cell and cell-substratum adhesion molecules. E-cadherins are a 
class of calcium-dependent transmembrane cell adhesion mole-
cules (CAM) that mediate cell-cell interactions via homophilic 
interactions (2). E-cadherin is expressed on the cell surface in 
most epithelial tissues, and is important in the maintenance of 
epithelial integrity and cellular differentiation. It has also been 
implicated in carcinogenesis because its expression is frequently 
lost in human epithelial cancers (3). 

  Recently, many studies have shown that E-cadherin is 
reduced in various human tumors, such as esophagus, stomach, 
colon, liver, pancreas and urinary bladder, and is related to 
tumor progression, metastasis and prognosis (4～9). In 
non-small cell lung carcinomas (NSCLC), several studies have 
suggested that reduction and/or loss of E-cadherin expression 
is responsible for the development of a malignant phenotype 
(1,10). Moreover, recent clinical studies have shown that 
reduced E-cadherin is associated with tumor dedifferentiation 
(11～15) and lymph node metastasis (12～16) as well as 
unfavorable prognosis in patients with NSCLC (11,12,14,15). 
  To find out whether E-cadherin expression is involved in the 
pathogenesis of NSCLC and associated with any significant 
clinicopathological parameters, immunohistochemical analysis 
of E-cadherin in the 65 resection specimens of NSCLC and 
corresponding paracarcinoma controls were performed. 

MATERIALS AND METHODS

    1) Subjects and specimens 

  65 tumor specimens were obtained from patients undergoing 
pulmonary resections for NSCLC, between 1996 and 2001, at 
the Dankook University Hospital. All specimens used in this 
study were 4μm-thick sections of paraffin-embedded tissue 
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Fig. 1. Normal bronchial and alveolar epithelia as the paracar-

cinoma controls show distinct membranous expression for 

E-cadherin proteins (×400). 

Fig. 2. A squamous cell carcinoma of the lung reveals higher E- 

cadherin expression in the better differentiated than the 

poorly differentiated areas within the same tumor cell 

cluster (×400). 

Fig. 3. A pulmonary adenocarcinoma reveals preserved E-cadherin 

expression, regardless of differentiation (×400). 

obtained at the resection of NSCLC. Formal pathology reports 
were obtained for each specimen to document the tumor cell 
types, according to the WHO diagnostic criteria for lung carci-
nomas (1999) and differentiation (well, moderately well, and 
poor). The hospital records of all 65 patients were reviewed to 
obtain the clinicopathological variables, such as age, gender, 
smoking history and TNM stage. The pathological staging of 
NSCLC was assessed according to the TNM classification of 
the AJCC staging system (1997). Death from lung cancer was 
the terminal event for survival calculations. All patients were 
followed up for at maximum 76 months. 

    2) Performance and evaluation of immunohistoche-
mical staining 

  The standard avidin-biotin-peroxidase complex method was 
used for immunohistochemical examination, using the monoclo-
nal antibody against E-cadherin (4A2C7, Zymed, CA) and the 
polyclonal antibody for Ki-67 (A047, DAKO, Carpinteria, CA). 
  Deparaffinization of all sections was performed through a 
series of xylene baths, and rehydration was performed through 
graded alcohols. The sections were microwaved in 10mM 
citrate buffer at 90

oC for 10 min, and then treated with 3% 
H2O2-PBS solution to reduce the endogenous peroxidase 
activity. They were then incubated with normal bovine serum 
to reduce nonspecific antibody binding, and subsequently 
subjected to the primary antibody reactions. The antibodies for 
E-cadherin and Ki-67 proteins were reacted with the sections 
at room temperature for one hour, at the dilutions of 1：50 and 
1：100, respectively. Detection of the immunoreactive staining 
was carried out by the avidin-biotin-peroxidase complex 
method, using the LSAB kit (DAKO). The sections were 
subjected to a color reaction with 3, 3-diaminobenzidine 
tetrahydrochloride, containing 3% H2O2 in Tris buffer, and 
lightly counterstained with Mayer's hematoxylin. 
  For evaluation of the expressions of E-cadherin and Ki-67 
proteins, the immunostained cells were considered positive only 
when distinct membranous and nuclear stainings, respectively, 
were identified. Normal bronchial epithelium adjacent to the 
tumor was used as a positive control for the evaluation of 
E-cadherin expression in the tumor cells. 

  According to the criteria used by Bohm et al. (17), the level 
of E-cadherin expression was classified as ‘preserved' when 
more than 90% of the tumor cells were stained, as ‘reduced' 
when less than 90% of the tumor cells were stained and as 
‘negative' when the tumor cells completely lacked membranous 
staining. In our study, however, only one case showed ‘nega-
tive' staining. Thus, the negative case was included in the 
‘reduced' group. 
  Cases were considered ‘high labeling' for Ki-67 expression 
when more than 10% of tumor cells were reactive, as the 
median value of Ki-67 proliferative fraction in all cases was 
about 10%.

    3) Statistics 

  The comparison of reduced expression between several two- 
categorical clinicopathological variables and the relationship of 
E-cadherin expression with proliferative activity, as measured 
by the Ki-67 reactivity, were analysed by chi-squared tests 
(SPSS 10.1). The survival period was calculated as the time 
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Table 1. Correlations between E-cadherin expression and clinicopathologic features in non-small cell lung carcinomas


            E-cadherin expression

Clinicopathologic features No. of cases  p value*
Preserved (%) Reduced (%)


Age 

Age≤59 yrs 29  6 (21) 23 (79) 1.000

Age＞59 yrs 36  8 (22) 28 (78)

Sex

Male 49  7 (14) 42 (86) 0.031

Female 16  7 (44)  9 (56)

Smoking history

 Smokers 48  6 (12) 42 (88) 0.002

 Non-smokers 17  8 (47)  9 (53)

Stage

1 25  6 (24) 19 (76) 1.000

2～3 40  8 (20) 32 (80)

pT

1～2 45 11 (24) 34 (76) 0.521

3～4 20  3 (15) 17 (85)

pN

  ≤N1 41  9 (22) 32 (78) 1.000

  ≥N2 24  5 (21) 19 (79)

Grade

1～2 42 10 (24) 32 (76) 0.188

3 13  2 (16) 11 (84)

Histologic type

  SCC‡ 30  2 (7) 28 (93) 0.007†

  ADC§ 25 10 (40) 15 (60)

  ASC∥  3  0 (0)  3 (100)

  BAC¶  2  1 (50)  1 (50)

  LCC**  3  0 (0)  3 (100)

  PLC††  2  1 (50)  1 (50)

*chi-square test, †p value between SCC and ADC;  ‡squamous cell carcinoma, §adenocarcinoma, ∥adenosquamous carcinoma, ¶bron-

chioloalveolar carcinoma, **large cell carcinoma, ††pleomorphic carcinoma.

from the date of surgery to the date of death or the last follow- 
up. Postoperative survival curves were constructed using the 
Kaplan-Meier method, and then compared by log-rank tests. A 
p value less than 0.05 was defined as statistically significant. 

RESULTS

    1) E-cadherin expression in normal lung and tumor 
specimens 

  The non-neoplastic lung, alveolar and bronchial epithelial 
cells showed distinct membranous staining (Fig. 1). No 
substantial differences were observed between the non-neo-
plastic and malignant cells in the staining patterns with the 
antibody to E-cadherin, but the tumor cells generally showed 

weaker and heterogeneous expression of E-cadherin. 
  Overall, of the 65 NSCLC cases, 51 (78.4%) showed reduced 
or negative immunoreactivity for E-cadherin. Reduced E- cad-
herin expression was found in 28 of the 30 squamous cell car-
cinomas (93%), 15 of the 25 adenocarcinomas (60%), 3 out of 
3 adenosquamous carcinomas (100%), 1 of the 2 bronchiolo-
alveolar carcinomas (50%), 3 out of 3 large cell carcinomas 
(100%) and 1 of the 2 pleomorphic carcinomas (50%). The 
squamous cell carcinomas revealed more distinct membranous 
staining in the central areas of tumor cell nests, where better 
differentiation was shown than in the peripheral portions (Fig. 
2). However, the adenocarcinomas showed no difference in the 
staining intensities according to the areas with variable differen-
tiation (Fig. 3).
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Table 2. Correlation between E-cadherin expression and Ki-67 proliferative activity


           Ki-67 immunoreactivity
E-cadherin 

 No. of cases       p value*
expression

High labeling (%) Low labeling (%)


Preserved 14  6 (43)   8 (57)  0.066

Reduced 51 36 (71)  15 (29)

*chi-square test.

Fig. 4. A squamous cell carcinoma, with reduced E-cadherin ex-

pression (A), shows high Ki-67 proliferative activity (B) 

in the tumor cells (×400). 

    2) Clinicopathological data and its correlation with the 
E-cadherin expression 

  The patient profiles are shown in Table 1. The NSCLC 
patients consisted of 49 men and 16 women, with median ages 
of 58.0 and 61.8 years, respectively. Overall, the median age 
at diagnosis was 59.9, ranging from 31 to 83 years. The pathol-
ogical staging of the 65 cases revealed 25 cases of stage 1, 10 
of stage 2 and 30 of stage 3. The pathologic T stages were 
pT1 in 14 cases, pT2 in 31, pT3 in 16 and pT4 in 4. The 
pathologic N stages were pN1 in 41 cases, pN2 in 23 and pN3 
in 1. The histological types included 30 squamous cell carcino-
mas, 25 adenocarcinomas, 3 adenosquamous, 2 bronchioloal-
veolar carcinomas, 3 large cell carcinomas and 2 pleomorphic 
carcinomas, based on the WHO classification (1999). The ade-
nocarcinomas and squamous cell carcinomas were graded as 1 
(well differentiated) in 6 cases, 2 (moderately well differen-
tiated) in 36 and 3 (poorly differentiated) in 13. 
  The E-cadherin expression was overall reduced in 51 of the 
65 cases (78.4%), and not correlated with most of the clinicopa-
thological variables, including age, TNM stage, nodal metas-
tasis, tumor size and histological differentiation. However, the 
E-cadherin expression was significantly reduced in males and 
smokers. Also, the histological type of SCC showed signi-
ficantly reduced E-cadherin expression than the adenocarcino-
mas (p=0.007). 

    3) Association of E-cadherin expression with Ki-67 
proliferative activity in the tumor cells 

  The statistical analysis for the relationship is shown in Table 
2. There was a marginally significant correlation between E- 
cadherin expression and the Ki-67 proliferative activity (p= 
0.066). The reduced group for E-cadherin expression tended to 
reveal higher proliferative activity than the preserved group 
(Fig. 4). 

    4) Survival data and its comparison between the 
preserved and reduced groups for the E-cadherin 
expression 

  Complete follow-up information was available on 36 of the 
65 NSCLC cases, with a median follow-up duration of 37.7 
months for those living (range, 12～76 months). When all 65 
of the NSCLC patients analyzed for postsurgical survival were 
examined for differences in the survival times between the 
preserved and reduced E-cadherin expression groups, by the 
Kaplan-Meier method and log-rank tests, no significant 
difference in their survival times were found. 

DISCUSSION

  Several recent studies have proposed that abnormality in the 
expression of E-cadherin plays an important role in NSCLC 
carcinogenesis (1,11). In this study, the immunohistochemical 
expression for E-cadherin was evaluated in the 65 NSCLC 
cases and paracarcinoma controls to elucidate the role of E- 
cadherin in pulmonary carcinogenesis. Our results showed that 
the E-cadherin expression was reduced or absent in the vast 
majority of the 65 NSCLC cases (78.4%). Of the 65 carcino-
mas, 51 (78.4%) showed absent or reduced expression, and 14 
(21.6%) showed preserved expression, of E-cadherin proteins. 
Previous studies reported that the rate of impaired expression 
in non-small cell lung carcinomas ranged from 42 to 81% (10, 
12,13,15～19). According to Bohm et al. the E-cadherin 
expression level was classified as reduced when florescence 
intensity was markedly less than that of the adjacent normal 
epithelium and/or 90～95% of the tumor cells were stained, and 
as absent when the staining was not distinguishable from 
background or ＜5% of the tumor cells were stained, with the 
result showing 53% were the reduced or absent types (19). The 
same criteria to those of Bohm et al. were used, as malignant 
tumors generally show less and more heterogeneous expressions 
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of the E-cadherin adhesion complex, compared with normal 
tissues. When 90% was used as the criterion, 78.4% were 
shown to be the reduced or absent types, which was higher than 
other investigations for NSCLC (10,12,13,15～19).  However, 
it is difficult to directly compare the present result with each 
of the previous studies because of the inherent semi-quantitative 
nature of immunohistochemical analyses. The specific antibo-
dies used, and their concentrations, techniques in tissue pro-
curement and types of tumors analyzed will affect the results. 
Most importantly, each group analyzed and interpreted their 
immunohistochemical data in slightly different fashions. Des-
pite the fact that the results of each of these studies were 
generally lower than ours, the finding of E-cadherin down- 
regulation in the vast majority of lung carcinomas was 
consistent with the hypothesis that this molecule plays an 
important role in the development of a malignant phenotype. 
  Previous clinical studies on cancer have revealed that 
reduced E-cadherin expression is associated with tumor dedif-
ferentiation and lymph node metastasis (5,6,20). In patients 
with NSCLC, reduced E-cadherin expression has been reported 
to be associated with tumor dedifferentiation, lymph node meta-
stasis and a poor prognosis (11～16). However, our study reve-
aled no significant relationships between the reduced E- 
cadherin expression and most of the clinicopathological par-
ameters, such as histological grade and TNM stage, and also 
the survival, which may be generally useful as prognostic para-
meters. Similar negative results were also found in some other 
studies, which showed that the lack of the cadherin- catenin 
complex expression could not be correlated to any histopa-
thological criteria of epithelial carcinomas (21). Nawrocki et al. 
explained this by their findings that a correlation between nega-
tive regulation of adhesion molecule expression and tumor pro-
gression is not always found in vivo, depending on the type 
of cancer studied and the detection methods used (22). Also, 
this negative correlation might emphasize the complexity of the 
cell-adhesion system and the importance of examining more 
than just the E-cadherin expression. For example, it has been 
documented that abnormal cell-cell adhesion can exist in tumor 
cell lines deficient in α-catenin, despite these cells having nor-
mal amounts of E-cadherin on their surfaces (23). 
  This study showed a significant correlation between E- 
cadherin expression and the NSCLC histological type. The 
squamous cell carcinomas revealed a significant decrease of E- 
cadherin expression compared to the adenocarcinomas (p= 
0.032). This result was consistent with those of the studies by 
Lee et al. and Choi et al. (11,18). According to other studies, 
the authors suggested that squamous cell carcinomas had a 
different pattern of E-cadherin expression from that of adeno-
carcinomas (19). Therefore, our result might suggest that the 
examination of E-cadherin expression in the NSCLC could be 
helpful in the differential diagnosis between squamous cell car-
cinomas and adenocarcinomas. 
  The mechanism of correlation between E-cadherin expression 
and smoking habit or men is unclear. It might be explained by 
the fact that the main histological type of lung cancer in male 
smokers is a squamous cell carcinoma, which has relatively 
lower E-cadherin expression. 
  It was found that reduced or absent E-cadherin expression 
was weakly associated with high cell proliferation activity, as 

measured by Ki-67 staining. It has been postulated that as a 
result of decreased E-cadherin expression, there is a loss of 
negative feedback control, which is determined by a cell-cell 
interaction that results in increased proliferation of cells (24). 
Also, it has recently become clear that E-cadherin also has a 
growth suppressor function, inducing cell cycle arrest via upre-
gulation of the cyclin-dependent kinase inhibitor, p27 (25). 
  In summary, the E-cadherin expression was reduced in the 
vast majority of NSCLC (78.4%) and particularly in the 
squamous cell carcinoma histological type, which is known to 
be the most common type of lung cancer in male smokers. 
Although the expression was not associated with any other 
significant clinicopathological factors or the survival, the 
tumors with reduced E-cadherin expression showed a weak 
relationship with high proliferative activity, as measured by 
Ki-67 labeling. 

CONCLUSIONS

  Reduced or absent expression of E-cadherin may play a role 
in the carcinogenesis of NSCLC, which might be associated 
with the control for cell proliferation. However, our results also 
point out the complexity of the cell-adhesion system. 
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