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  Purpose: Gallbladder cancer is a malignancy with poor 
prognosis, predominantly resulting from invasion and 
metastasis. Our previous studies have demonstrated that 
prostaglandin E2 (PGE2), generated by cyclooxygenase 
2 (Cox-2), transactivates epidermal growth factor receptor
(EGFR), c-Met and β-catenin; thus, enhancing colon 
cancer cell growth and invasiveness in vitro. To deter-
mine whether these findings are applicable to clinical 
conditions, we examined the expression and cellular 
localization/co-localization of Cox-2, c-Met, β-catenin, 
EGFR and c-erbB2 in gallbladder cancer. 
  Materials and Methods: Thirty-five specimens of inva-
sive gallbladder cancer, 8 in situ carcinoma and 7  
adenoma specimens were immunostained with specific 
antibodies against Cox-2, c-Met, β-catenin, EGFR and 
c-erbB2. The cellular distribution, localization and co- 
localization were examined, and the signal intensities 
quantified in: a) the central area of gallbladder cancer 
and b) cancer cells forming the invasive front. 
  Results: Cox-2, c-Met, β-catenin, c-erbB2 and EGFR  
were over-expressed in 80, 74, 71, 62 and 11% of invasive

gallbladder cancers, respectively. β-catenin was expres-
sed in 80% of non-malignant specimens, exclusively in 
the cell membrane, while the cancer specimens showed 
cytoplasmic and/or nuclear staining. Significantly higher 
Cox-2, c-Met and β-catenin expressions were present in 
cancer cells of the invasive front than in the tumor central 
areas (p＜0.001), and these expressions were signif-
icantly (p=0.01) associated with the invasion depth. Co- 
expressions of Cox-2, c-Met, β-catenin and c-erbB2 were 
present in 42% of the specimens in cancer cells forming 
the invasive front. 
  Conclusion: The overexpressions, and often co-locali-
zations, of Cox-2, c-Met and β-catenin in cancer cells 
forming the invasive front indicate their local interactions 
and important roles in invasion. (Cancer Res Treat. 2005; 
37:171-176)
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INTRODUCTION

  Gallbladder cancer is an aggressive and lethal disease. The 
5-year survival rate after surgery has been reported to be 
between 5 and 13% (1,2). This is mainly due to the fact the 
majority of gallbladder carcinomas are in an advanced stage at 
the time of diagnosis, and metastases to the liver and regional 
lymph nodes are common (2). To improve the prognosis of 
patients with gallbladder carcinomas, more effective techniques 

for their early diagnosis, and a better understanding of the 
mechanisms involved in the invasion and metastasis, are essen-
tial.
  Accumulating evidence suggests the overexpression of Cox-2, 
a key inducible enzyme involved in the production of pros-
taglandins and other eicosanoids, may play a significant role 
in carcinogenesis (3). The expression of Cox-2 is elevated in 
a variety of human malignancies and premalignant lesions (3,4), 
including gallbladder cancer (5). Cox-2 expression correlates 
closely with the depth of invasion in some cancers, such as 
gastric and urinary bladder (6,7). Inhibition of tumor cell growth, 
invasiveness and angiogenesis due to Cox-2 inhibitors further 
suggests an involvement of Cox-2 in tumor progression (8). 
  Protein tyrosine kinases play a crucial role in a variety of 
cell regulatory processes, such as proliferation, migration, 
adhesion and potential cellular transformation. Members of the 
type-1 ErbB family of protein kinase receptors include: epider-
mal growth factor receptor (EGFR), ErbB2, ErbB3 and ErbB4 
(9). The overexpression of EGFR, with increased tyrosine kinase 
activity, has been associated with the extent of invasion and 
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metastasis in a variety of gastrointestinal malignancies (10), 
including gallbladder cancer (11), and that of ErbB2 has also 
been reported in gallbladder adenocarcinomas (12). 
  In normal cells, membrane localized β-catenin links 
E-cadherin and α-catenin and; thus, regulates the functions of 
E-cadherin. β-catenin is also involved in the Wingless/Wnt 
signaling cascade, as a transcriptional activator, impacting on 
cell proliferation, polarity and migration in relation to develop-
mental biology (13). Nuclear translocation of β-catenin was 
found in dedifferentiated tumor cells at the invasive front of 
colorectal cancer, while in central areas of the primary tumor, 
it was localized in the membrane and cytoplasm of tumor cells 
(14). Association of nuclear β-catenin with the T cell factor 
(TCF)/lymphoid enhancer factor (LEF) family of transcription 
factors promotes the expression of several proteins that plays 
important role in the development and progression of colorectal 
carcinoma (15).
  The c-Met protooncogene was discovered by the ability of 
oncogenic Met to mediate chemically induced transformation of 
a human osteogenic sarcoma cell line (16). The binding of 
hepatocyte growth factor (HGF) to the c-Met receptor results 
in receptor autophosphorylation and upregulation of the c-Met 
kinase activity, which in turn stimulates a number of intracel-
lular pathways involved in cell growth, migration and survival 
(17). In normal cells, c-Met activation is a ligand-dependent 
transient event, whereas in tumor cells c-Met is often cons-
titutively active (17). Up-regulation and amplification of the 
c-Met receptor activation has been reported to promote invasion 
and metastasis of various cancers, including gallbladder cancer 
(17).
  Recently, we reported that PGE2, generated by the Cox-2 
enzyme, transactivates the EGFR and c-Met receptors, and 
increases tyrosine phosphorylation and the nuclear accumula-
tion of β-catenin; events which promote colon cancer cell 
invasion (18,19). Moreover, HGF triggers the activation of the 
Cox-2 gene in some cells, e.g. gastric epithelial cells, through 
phosphorylation of the c-Met/HGF receptor and activation of 
the extracellular signal-regulated kinase 2 (ERK2) signaling 
pathway (20). These data strongly implicate local interactions 
between Cox-2, c-met, β-catenin, EGFR and c-erbB2 proteins, 
indicating their positive roles in tumor invasiveness. However, 
the expressions, co-localizations and possible local interactions 
of Cox-2, c-met, β-catenin, EGFR and c-erbB2 in cancer cells 
forming the margin of invasive gallbladder cancer remain 
unknown. We examined the expressions and cellular localiza-
tions of Cox-2, c-Met, β-catenin, EGFR and c-erbB2 in 43 
gallbladder cancer and 7 adenomas specimens using immunohis-
tochemistry. The expressions of Cox-2, c-met, β-catenin, 
EGFR and c-erbB2 in cancer cells at the invasive front; at the 
cancer-stromal interface, were compared with those in cancer 
cells of the central area.

MATERIALS AND METHODS

    1) Materials

  The study was approved by both the Human Ethics Com-
mittee of Chonbuk National University Medical School and the 
Human Studies Subcommittee of the VA Medical Center, Long 
Beach. Forty-three formalin-fixed, paraffin-embedded gallbladder 

carcinoma tissue specimens, with adjacent non-malignant mucosa, 
and 7 adenoma surgical resection specimens were obtained 
from the Chonbuk National University Hospital Surgical Pathol-
ogy Archives. The specimens were from 21 male and 29 female 
patients, with a mean age of 66.6 years, ranging from 45 to 
88 years. The histological type of gallbladder cancer was deter-
mined according to the World Health Organization criteria (21), 
and the T classification based on the criteria of classification of 
the American Joint Committee on Cancer (AJCC) (22).

    2) Immunohistochemistry

  For immunohistochemical staining, an immunoperoxidase 
method, with the Streptavidin-biotinylated horseradish peroxidase 
complex (DAKO, Carpinteria, CA) was employed. Four μm 
thick sections were cut from the formalin-fixed, paraffin-emb-
edded tissue blocks. After deparaffinization, they were subjected 
to a microwave antigen retrieval procedure in 0.01 M sodium 
citrate buffer for 10 min. They were then incubated in metha-
nol, containing 0.3% hydrogen peroxide, at room temperature 
for 20 minutes, to block the endogenous peroxidase. After 
blocking of the endogenous biotin (DAKO, Carpinteria, CA), 
sections were incubated with Protein Block Serum-Free 
(DAKO, Carpinteria, CA) at room temperature for 10 minutes, 
to block nonspecific staining, and then incubated for 2 hours 
at room temperature with either anti-Cox-2 (Santa Cruz Biotech-
nology, Santa Cruz, CA), c-Met (Santa Cruz Biotechnology, 
Santa Cruz, CA), β-catenin (BD Transduction, San Diego, 
CA), EGFR (DAKO, Carpinteria, CA) or c-erbB2 (DAKO, 
Carpinteria, CA) antibodies. After washing, the sections were 
incubated with a biotin-conjugated secondary antibody, at room 
temperature for 30 minutes, and finally with peroxidase conju-
gated streptavidin at room temperature for 30 minutes. The 
peroxidase activity was detected using the enzyme substrate 3 
amino-9-ethyl carbazole. Sections treated as described above, 
with the exception of being incubated with Tris-buffered saline 
instead of the primary antibody, served as the negative controls. 
Sections taken from known positive colon carcinoma cases 
were used as positive controls. Samples with staining of at least 
10% of the tumor cells were defined as positive, and the 
intensity of cell staining was graded according to the following 
scale; 0, no staining; 1+, weak staining; 2+, moderate 
staining; 3+ strong staining. The expressions of Cox-2, c-Met, 
β-catenin, EGFR and c-erbB2 in cancer cells at the invasive 
front, or at the cancer-stromal interface, were compared with 
their respective expressions in cells at the central parts of the 
tumor. 

    3) Statistical analysis

  Values are expressed as mean±SE. The Mann-Whitney 
Rank Sum test was used to determine the differences in the 
protein expression levels (staining intensity) in the cells of the 
central area of gallbladder cancer compared to the cancer cells 
forming the invasive front. An association between the T 
classification and Cox-2, c-Met, β-catenin, EGFR and c-erbB2 
expressions was tested using the chi-squared test.

RESULTS

  The forty-three gallbladder cancer specimens were classified
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as follows: 8 carcinoma in situ, 29 invasive adenocarcinomas, 
2 clear cell adenocarcinomas, 2 adenosquamous carcinomas, 1 
mucinous adenocarcinoma and 1 signet ring cell carcinoma. 
According to the AJCC classification, 8, 13, 17, 3 and 2 
specimens were TIS (carcinoma in situ), T1 (tumor has invaded 
the lamina propria or muscle layer), T2 (tumor has invaded the 
perimuscular connective tissue; no extension beyond the serosa 
or into the liver), T3 (tumor has perforated the serosa or has 
directly invaded one adjacent organ or both) T4 (tumor extends 
more than 2 cm into the liver, and/or into two or more adjacent 
organs), respectively. The overexpressions of Cox-2, c-Met, β- 
catenin, EGFR and c-erbB2 was detected in 28 (80%), 26 
(74%), 25 (71%), 4 (11%) and 22 (62%) of the 35 invasive 
gallbladder cancers specimens and in 3 (37%), 5 (62%), 6 
(75%), 1 (12%) and 2 (25%) of the 8 in situ carcinomas speci-
mens, respectively. The data on the Cox-2, c-Met, β-catenin, 
EGFR and c-erbB2 co-expressions are summarized in Table 1. 
In non-malignant gallbladder mucosal epithelial cells, signals 
for Cox-2, c-Met, EGFR and c-erbB2 were minimal or nega-
tive, while that for β-catenin was expressed in 80% of non- 
malignant specimens exclusively in the cell membrane. Some 
of the metaplastic cells showed positive staining for both 
c-erbB2 and Cox-2. 
  The data on the Cox-2, c-Met, β-catenin, EGFR and c-erbB2 
expressions in the adenomas are summarized in Table 1. 
c-erbB2 and c-Met were expressed in 2 of the 7 (28%) ade-
noma specimens, while β-catenin was expressed in all seven 
adenoma specimens. Five adenomas had both nuclear and 
cytoplasmic staining for β-catenin, with the remaining two 
exhibiting predominant cytoplasmic staining. Cox-2 and c-Met 
were predominantly expressed in cytoplasmic and membrane 
localizations, while those of EGFR and c-erbB2 were present 
in the cancer cell membranes. Cox-2 was also present in 
infiltrating inflammatory and stromal cells. Twenty-two invasive 
cancer specimens exhibited weak membrane and moderate 
cytoplasmic staining for β-catenin. Nuclear localization of β- 
catenin was demonstrated in three invasive cancer specimens 
(Fig. 1). The co-expressions of Cox-2, c-Met, β-catenin and 
c-erbB2 were the most frequent combination in the cancer 
forming the invasive margin, especially in the cells invading 
matrix (43%). Increased immunoreactivities of Cox-2, c-Met 
and β-catenin in cancer cells forming invasive front were 
present in 61, 76 and 65% of positive specimens, respectively, 
compared to the central area. Significantly higher Cox-2, c-Met 
and β-catenin expressions were present in the cancer cells of 
the invasive front or of the cancer-stromal interface compared 
to those of the central area (Fig. 2) (Table 2). The co-expres-
sions of Cox-2, c-Met, β-catenin, EGFR and c-erbB2 in cancer 
cells were present exclusively in the T2- T4 classified specimens 
(Table 3).

DISCUSSION

  In this study, the overexpressions of Cox-2, c-Met, β-catenin 
and c-erbB2 in gallbladder cancer were greater than those in 
the normal mucosa or adenoma, with a spatial difference in β- 
catenin expression found between cancer cells and normal 
mucosal cells. We also found the co-expressions of Cox-2, 
c-Met, β-catenin and c-erbB2 were the most frequent combi-
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nation in cancer forming the invasive margin, especially in 
those cells directly invading the matrix. In addition, we demon-
strated that Cox-2, c-Met and β-catenin expressions were 
significantly higher in the cells forming the invasive front of 
the cancer than those of the cancer central area; their overexpre-
ssion was also associated with the depth of invasion. There is 
increasing evidence that Cox-2, c-Met, β-catenin, EGFR and 
c-erbB2 are co-expressed in cancer cells. Adenocarcinomas of 
the lung that overexpress EGFR and c-erbB2 have higher levels 
of Cox-2 than those without concomitant overexpressions of 
these proteins (23). Our previous study demonstrated that PGE2, 
produced by Cox-2, rapidly causes transactivation of EGFR, 
which triggered the ERK2-mitogenic signaling pathway in a 
colon cancer cell line (19). Furthermore, PGE2 increases the 
invasiveness of colon cancer cells by trans-activating c-Met and 
increasing the tyrosine phosphorylation of β-catenin (18). Our 
previous study also demonstrated that HGF triggered the 
activation of the Cox-2 gene in gastric epithelial cells, via the 
phosphorylation of c-Met (20). Pennacchietti et al. demonstrated 
that the expression of the Met receptor encoded by the Met 
protooncogene is induced by low oxygen tension, which acti-
vates a program of invasive growth (24). Low oxygen tension 

is usually found in the cancer invasive front interfacing the 
matrix. Taken together, these data support the contention that 
the coordinated expressions of Cox-2, c-Met and β-catenin, 
and their local interactions, play an important role in the growth 
and invasion and of human gallbladder cancer. 
  It has also been suggested that Cox-2 over-expression plays 
a critical role in the invasion and metastasis of colon (3,4), 
gastric (6), lung (23) and urinary bladder cancers (7). In our 
present study, Cox-2 was the most frequently over-expressed 
protein of those studied, which also showed the most frequent 
association with the expressions of c-Met, β-catenin and 
c-erbB2 in invasive gallbladder cancer. Our findings are in 
agreement with previous studies, which have demonstrated a 
close relationship between Cox-2 expression and tumor growth 
in gallbladder cancer (5). Taken together, our data suggest that 
Cox-2 is a critical factor, which interacts with c-Met, β-catenin 
and c-erbB2 proteins and enhances cancer invasiveness. However, 
our study showed no frequent overexpression of EGFR in 
invasive cancer compared to that of in situ carcinomas. This 
finding can partly be explained by previous reports that the 
activation of EGFR has been shown to stimulate the invasiveness 
only transiently, while c-Met activation causes prolonged stim-

Fig. 1. Representative immunostaining for EGFR, c-erbB2, Cox-2, c-Met and β-catenin 

in gallbladder cancer. A-B) Cancer cells showed selective membrane staining for 

EGFR (A, ×200, scale bar 100μm) and c-erbB2 (B, ×400, scale bar 100μm). 

Note the absence of immunoreactivity in normal mucosal cells. Immunohisto-

chemistry for c-Met (C, ×400, scale bar 100μm) and Cox-2 (D, ×400, scale bar 

100μm) displayed cytoplasmic and membrane positivity. E-G) β-catenin staining 

showed normal mucosal cells, with membrane staining (E, ×200, scale bar 100μm), 

cytoplasmic immunoreactivity in cancer cells (F, ×100, scale bar 100μm), and 

nuclear localization in cancer cells at the invasive front (G, ×400, scale bar 100μm).
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Fig. 2. Comparison of the signal intensities in cancer cells between the central area and invasive front. A-B) β-catenin (A, ×100, scale 

bar 100μm) (B, ×100, scale bar 100μm), C-D) Cox-2 (C, ×40, scale bar 1 mm) (D, ×100, scale bar 100μm) and E-F) c-Met 

(E, ×40, scale bar 1 mm) (F, ×100, scale bar 100μm). Note the increased immunoreactivities of Cox-2, c-Met and β-catenin 

in cancer cells forming the invasive front (arrows) compared to those of cells in the central area.

Table 2. Differences in the Cox-2, c-Met, β-catenin and c-erbB2 
expressions (signal intensity) in gallbladder cancer cells 
of the invasive cancer between the central area and 
invasive front


Number Intensity (Mean±SE) p value


Cox-2

 Central area 28 1.17±0.07 ＜0.001

 Invasion front 2.03±0.15

c-Met

 Central area 26 1.30±0.10 ＜0.001

 Invasion front 2.50±0.13

β-Catenin

 Central area 25 1.32±0.12 ＜0.001

 Invasion front 2.32±0.15

c-erbB2

 Central area 22 1.63±0.14 0.208

 Invasion front 1.95±0.16

Mann-Whitney Rank Sum test.

Signal intensity was scored on scale 0～3.

Table 3. Correlation between the Cox-2, c-Met, β-catenin, EGFR 
and c-erbB2 co-expressions and T classification in gall-
bladder cancer


＜Three factors Three factors ＞Three factors 
  co-expression co-expression co-expression


TIS and T1 13 (30%) 3 (8%) 5 (11%)
T2～T4 4 (9%) 4 (9%) 14 (32%)

Chi-square test, p=0.01.

ulation of the invasiveness (25). 
  Localization of β-catenin, primarily to the apical-lateral cell 
membrane, signifies its role in cell adhesion, whereas cytopla-

smic and nuclear accumulations suggest enhanced transcription 
and activation of the target genes (15). In this study, we have 
demonstrated that in normal mucosal cell linings of the 
gallbladder, β-catenin was localized to the membrane, while 
in invasive cancer cells it has increased cytoplasmic and nuclear 
localizations. This is in agreement with a previous study, which 
demonstrated loss of membrane expression and increased 
cytoplasmic or nuclear β-catenin expression in colorectal cancer 
cells (14,15). 

CONCLUSIONS

  Our data have demonstrated that coordinated over-expres-
sions, and often co-localizations, of Cox-2, c-Met and β- 
catenin in cancer cells forming the invasive front may play an 
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important role in the invasion of human gallbladder cancer. 
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