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Abstract
AIM: To investigate the expression of E-cadherin and alpha-
catenin and beta-catenin in pancreatic carcinoma and its
relationship with the clinicopathologic characteristics, and
clarify the mechanism of invasion and metastasis of
pancreatic cancer.

METHODS: The expression of E-cadherin and alpha-, beta-
catenin was examined in 47 cases of infiltrative ductal
adenocarcinoma of pancreas and 12 adult normal pancreatic
tissues by immunohistochemical technique.

RESULTS: The immunoreactivity of E-cadherin and alpha-,
beta-catenin was expressed by normal ductal and acinar
cells with strong membranous staining at the intercellular
border in 12 cases of adult normal pancreatic tissues. Abnormal
expression of E-cadherin and alpha-, beta-catenin in 47
pancreatic carcinoma tissues was demonstrated in 53.2 %,
61.7 % and 68.1 %, respectively. Both abnormal expression
of E-cadherin and alpha-catenin significantly correlated with
differentiation, lymph node and liver metastases (P<0.05,
respectively), whereas aberrant beta-catenin expression only
correlated with lymph node and liver metastases (P<0.001).
Abnormal E-cadherin and alpha-, beta-catenin expression
was not associated with tumor size, invasion and survival
time of patients (P>0.05, all).

CONCLUSION: Pancreatic cancer likely occurs in case of
E-cadherin-catenin complex genes mutations or deletions
and abnormal expression of proteins, which significantly
correlate with the biologic character of the tumor and lymph
node and liver metastases. It is suggested that the abnormal
E-cadherin-catenin complex expression plays an important
role in the development and progression of tumor, and thus
may become a new marker in pancreatic cancer metastasis.
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INTRODUCTION
Pancreatic cancer is a highly malignant tumor, and is the fifth
leading cause of death among the malignant diseases in Western
societies, and its incidence has been increasing year by year.
However, there is no valid diagnosis and treatment for this

disease. Only 15 % of patients can undergo resection, and the
overall 5-year survival rate is about 10 %. One reason why the
prognosis of pancreatic cancer is so poor is that many tumors
remain silent until a late stage in the disease, and at the time of
diagnosis 80-90 % of patients will have extensive invasion
and metastasis[1-5]. So studying the mechanism of invasion and
metastasis of pancreatic cancer is double valued. A recent study
demonstrated that the invasion and metastasis of tumors as a
continuous process, include three steps: a reduced cell-cell
adhesion, alterations in the interaction of the tumor cell with
the extracellular matrix, and invasion into surrounding tissues
including blood vessels and lymphduct; thus the first and
critical step is that the tumor cells detach from the primary
focus and re-adhere to metastatic position[6-8]. E-cadherin is a
transmembrane gloycoprotein which maintains normal
epithelial polarity and intercellular adhesion[9]. It is almost present
in all normal epithelial cell surface, and has been recognized as
an important suppression gene[10,11]. Catenins serve not only as
associated cytoplasmic proteins of E-cadherin, but also as
molecules of intracellular signal transduction[12-15]. They link E-
cadherin to the intracellular peptide segment to form E-cadherin-
catenin complex, mediating homotypic cell-cell adhesion and
playing an essential role in the control of epithelial cell
architecture and differentiation[10,11,16]. The abnormal structure
and dysfunction of one or several molecules in E-cadherin-
catenin complex correlate with tumorigenesis, differentiation,
invasion, metastasis and prognosis[17-20]. We detected the
expression of E-cadherin and alpha-, beta-catenin in normal
pancreas and pancreatic cancer by immunohistochemical
technique, and investigated the action of abnormal expression
of E-cadherin and alpha-, beta-catenin on invasion and metastasis
of pancreatic cancer.

MATERIALS AND METHODS

Patients and specimens
Specimens of 47 pancreatic carcinoma collected between 1995
to 1999 were selected from the Department of Pathology,
Affiliated Hospital of Medical College, Qingdao University.
These included 29 male and 18 female patients with a mean
age of 56.7 years (range 27-75 years). No patient received
radiotherapy or chemotherapy before surgery. The tumor size
was assessed by CT scan: smaller than 3 cm in 9 patients,
3-5 cm in 15 patients and larger than 5 cm in 23. Histologically,
all cases were infiltrative ductal adenocarcinoma. According
to the Modified Kloppel Histological Grading System[21], there
were 10 in grade I (well differentiated), 16 in grade II
(moderately differentiated) and 21 in grade III (poorly
differentiated). Based on the tumor being resected successfully
or not, we divided 47 pancreatic carcinomas into two groups:
non-invasion (17 cases) and invasion (30 cases). There were 19
cases with local lymph node metastasis, 12 cases with liver
metastasis and 22 without metastasis. All patients were followed
for more than 1 year; 9 patients survived more than 12 months
and 38 patients died within 12 months. The 1-year survival rate
was 19.1 %. 12 normal adult pancreatic tissues were obtained
from healthy young men who died of traffic accident.



Immunohistochemistry
All specimens were fixed in 100 mL·L-1 neutral buffered
formalin for 24-48 h, paraffin-embedded, and cut into 4 um
thick sections for immunohistochemical staining. PicTureTM

two-step method was used (Zmed, USA). Each step was
practised according to the manual. The primary antibodies were
E-cadherin monoclonal antibody (ready for use, Zmed, USA)
and alpha-, beta-catenin monoclonal antibodies (diluted 1:100,
Santa Cruz, USA), respectively. Before staining, the sections were
pretreated with microwave(4 min×4 at 900W) in 0.1 mol·L-1 citrate
buffer for antigen retrieval. DAB was used for chromogen.
PBS was substituted for primary antibodies as negative control.

Evaluation of immunohistochemical staining
The slides were reviewed by two independent observers who
had no knowledge of patients’ outcome. The positive stainings
of E-cadherin and alpha-, beta-catenin appeared in pale brown,
and located in the cell membrance. Staining grade standard
based on the method described by Jawhari et al[22]. 0 score: no
expression; 1 score: expression in cytoplasm; 2 score: decreased
expression; 3 score: expression at cell membrance, namely
normal expression. A score of 0 to 2 was abnormal expression.

Statistical analysis
Statistical analysis was performed using the χ2 test or Fisher’s
exact test. P<0.05 was considered significant.

RESULTS

The expression of E-cadherin-catenin complex in normal
pancreas and pancreatic carcinoma tissues
The immunoreactivity of E-cadherin and alpha-, beta-catenin
was expressed by normal ductal and acinar cells with strong
membranous staining at the intercellular border in 12 cases of
adult normal pancreases (Figures 1). The rates of abnormal
expression of E-cadherin and alpha-,beta-catenin in 47 pancreatic
carcinoma tissue specimens were 53.2 % (25/47), 61.7  % (29/
47) and 68.1 % (32/47), respectively. The expression of E-
cadherin-catenin complex in most cases was in cytoplasm, whereas
membranous staining reduced or disappeared (Figures 2).

Figure 1  Immunohistochemical staining. A, B and C: The im-
munoreactivity of E-cadherin and alpha-, beta-catenin was ex-
pressed by normal ductal and acinar cells with strong mem-
branous staining on the intercellular border in the same
specimen. ×100.

Figure 2  Immunohistochemical staining. A, B and C: E-
cadherin and alpha-,beta-catenin expression mainly were in
cytoplasm, whereas membranous staining reduced or disap-
peared in pancreatic cancer tissue. ×200.
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The relationship between abnormal expression of E-cadherin-
catenin complex and clinicopathologic characteristics of
pancreatic cancer
The abnormal expression of E-cadherin and alpha-, beta-
catenin was not associated with tumor size, invasion and
survival time of patients (P=0.12-0.926, P>0.05, all). The
significant difference of abnormal E-cadherin and alpha-
catenin expression was seen between histological grade I, II
and II (χ2=12.02, 7.74; P=0.002, 0.021;  P<0.01, 0.05). The
tumors with lymph node (χ2=4.19, 4.45, 6.60; P=0.0406, 0.035,
0.0102; P<0.05) and liver metastases (P=0.0105, 0.0005,
0.0025; P<0.05, 0.01) showed a relatively higher frequency
of abnormal expression of E-cadherin and alpha-, beta-catenin
than those without metastasis (Table 1).

Table 1  The relationship between expression of E-cadherin-
catenin complex and clinicopathologic characteristics of pan-
creatic cancer

    E-cadherin (%)       α-catenin(%)            β-catenin(%)
Parameter        n

                 Normal  Abnormal   Normal  Abnormal   Normal  Abnormal

Mass size (cm)

  <3                     9     5(55.6)      4(44.4)     4(44.4)      5(55.6)       3(33.3)      6(66.7)

  3-5                  15     7(46.7)      8(53.3)     5(33.3)    10(66.7)       4(26.7)    11(73.3)

  >5                   23   10(43.5)    13(56.5)     9(39.1)    14(60.9)       8(34.8)    15(65.2)

Histologic grade

   I                     10     9(90.0)      1(10.0)     7(70.0)      3(30.0)       5(50.0)      5(50.0)

   II                    16     8(50.0)      8(50.0)     7(43.8)      9(56.2)       6(37.5)    10(62.5)

  III                    21     5(23.8)    16(76.2)     4(19.0)    17(81.0)      4(19.0)    17(81.0)

Invasive state

  Invasion        30   12(40.0)    18(60.0)      9(30.0)    21(70.0)      8(26.7)    22(73.3)

  No invasion  17   10(58.8)       7(41.2)     9(52.9)      8(47.1)      7(41.2)     10(58.8)

  Metastases    19     6(31.6)    13(68.4)a     5(26.3)    14(73.7)a     3(15.8)    16(84.2)a

  Lymph node

  Liver             12     2(16.7)     10(83.3)a        0        12(100.0)b          0       12(100.0)b

  No                  22   14(63.6)      8(36.4)    13(59.1)     9(40.9)     12(54.5)    10(45.5)

Survival time
(month)

  12                 9    6(66.7)        3(33.3)     5(55.6)      4(44.4)      4(44.4)      5(55.6)

12                38 16(42.1)      22(57.9)   13(34.2)    25(65.8)    11(28.9)     27(71.1)

aP<0.05, vs no metastasis; bP<0.01, vs no metastasis.

DISCUSSION
E-cadherin-catenin complex is a major mediator of maintaining
intercellular adhesion and epithelial integration[16,19], and its
down regulation may occur in several ways amongst which
are gene mutations or deletions, transcriptional or
posttranscriptional alterations, methylation of 5’CpG
dinucleotides within the promoter region of E-cadherin,
tyrosine phosphorylation of beta-catenin[14, 23-26]. The abnormal
structure and dysfunction of one or several molecules in E-
cadherin-catenin complex correlate with the tumorigenesis,
differentiation, invasion, metastasis and prognosis[17-20]. Now
the E-cadherin-catenin complex has been regarded as a
suppressor of tumor invasion and metastasis, and its reduced
expression has been observed in diverse types of human cancer
and plays an important role in the process of tumor invasion
and metastasis[27-30]. Dai et al[31] found that the positive rates of
E-cadherin and alpha-catenin expression were 38.6 % and
28.6 % respectively and they were significantly reduced in
gastric cancer with more prominent malignant phenotype, such

as tumor in stage III/IV with poor cell differentiation, invasion
through serosa, lymph node and liver metastases, and
peritoneal implantation of cancer cells. So they considered
that down regulation of E-cadherin and/or alpha-catenin
correlates with the degree of malignancy of gastric cancer
and that examination of E-cadherin and alpha-catenin
expression in gastric cancer helps evaluate the intensity of
lymph node metastasis, TNM staging and prognosis. Joo et
al[32] reported that the immunoreactivity of E-cadherin and
alpha-, beta-, and gamma-catenin was expressed by normal
gastric epithelial cells with strong membranous staining at the
intercellular border, and reduced expression of them occurred
in a considerable proportion of both early and advanced cancer
groups and correlated with the diffuse type of cancer with poor
differentiation, but it was not related with depth of invasion or
lymph node metastases.
      Till now, there have been only a few articles about the
relationship between expression of E-cadherin-catenin
complex and biological behavior of pancreatic cancer, and the
results were not consistent. Karayiannakis et al[33,34] observed
that in non-cancerous pancreatic cells E-cadherin, alpha-, beta-
and gamma-catenin immunoreactivity was localized on the cell
membrane, particularly at the intercellular junctions, but in 43
pancreatic carcinomas abnormal E-cadherin, alpha-, beta- and
gamma-catenin expressions were found in 42 %, 37 %, 44 %
and 40 %, respectively; moreover, E-cadherin, alpha-catenin
and gamma-catenin expressions correlated with poor
differentiation, disease stage and with lymph node and distant
metastases, whereas aberrant beta-catenin expression only
correlated with the presence of lymph node metastases. Some
authors[35-37] also reported that loss of E-cadherin played a
causative role in peritoneal dissemination, invasion and
metastasis of pancreatic carcinoma, and altered expression of
adhesion molecules correlated with dedifferentiating change and
aggressive biological behavior of  pancreatic cancer. But Gunji
et al[38] concluded that reduced E-cadherin and alpha-catenin
expression in primary pancreatic cancer had no significant
predictive value regarding the presence of liver metastasis.
      In this study, we found that the immunoreactivity of E-
cadherin and alpha-, beta-catenin was expressed by normal
ductal and acinar cells with strong membranous staining at the
intercellular border in 12 cases of adult normal pancreases,
but over 50 % pancreatic carcinomas showed abnormal
expression of E-cadherin (53.2 %) and alpha-, beta-catenin
(61.7 %, 68.1 %), and the three adhesion molecules in most
cases were present in cytoplasm, whereas membranous staining
was reduced or disappeared. The results pointed out that there
was significant difference in protein level of E-cadherin-catenin
complex expression between normal pancreas and pancreatic
carcinoma tissues, and E-cadherin and alpha-, beta-catenin
genes mutations or deletions likely were related with
tumorigenesis of pancreas. Our data also demonstrated that
both abnormal expression of E-cadherin and alpha-catenin
significantly correlated with differentiation, lymph node and
liver metastases (P<0.05, 0.01, respectively), whereas aberrant
beta-catenin expression only correlated with lymph node and
liver metastases (P<0.01), and all 12 cases with liver metastasis
showed abnormal expression of alpha-catenin and beta-catenin.
It can be inferred from our findings that the changes of E-
cadherin-catenin complex genes happen in early pancreatic
carcinoma, and become more serious with the progression of
tumor. Moreover, because of the gene inactivation and
dysfunction of E-cadherin-catenin complex, carcinoma cells
are “set free” for invasion and metastases. Therefore, these
results suggest that abnormal change of E-cadherin and alpha-,
beta-catenin plays a conjoint role in the development and
progression of tumor, and combined examination of E-
cadherin-catenin complex expression has very important
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clinical value for evaluating the dedifferentiation, lymph node
and liver metastases of pancreatic cancer.
      Some authors reported[39-42] that the level of E-cadherin-
catenin complex expression could be regarded as a prognostic
marker of tumors. Karayiannakis et al[33] also regarded that all
three catenins and E-cadherin were associated with a poor
prognosis of pancreatic cancer, but only E-cadherin and alpha-
catenin were independent prognostic factors for cancer-specific
survival. However, in this study our data showed the expression
of E-cadherin and alpha-, beta-catenin had no significant
relationship with survival time of patients (P>0.05), and was
not associated with invasion and size of pancreatic cancer as
well (P>0.05, all). Perhaps this was related to the criteria of
invasion adopted in our research and different operative method
and different postoperative therapy. All these factors can bring
about influence on our results. A similar conclusion was
reported in non-small cell lung cancer by Pirinen et al[43].
      In summary, our findings suggested that the change of E-
catenin complex genes and down regulation and abnormal
distribution of their encoding proteins happened in the early
phase of pancreatic carcinoma and finally the tumor completely
lost E-cadherin and alpha-, beta-catenin, resulting in a loss of
adhesive mechanism in maintaining intercellular attachment,
a dedifferentiated state and an increased metastatic ability. This
is a key link of metastatic mechanism of the late pancreatic cancer.
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