
variant gastric carcinoma. Methylation of CDH1 gene in 
the absence of E-cadherin is an early event in gastric 
carcinogenesis.
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Introduction
Gastric carcinoma is highly malignant and usually results in 
a poor outcome. Until now there is no satisfactory tumor 
marker for predicting its evolution. E-cadherin, a trans-
membrane glycoprotein of  120 KD which is expressed in 
normal epithelium, may play an important role both in cell-
cell adhesion and in tumor invasion and metastasis. The 
low expression of  E-cadherin may favor the dissociation 
of  carcinoma cells from one another for their invading 
out of  basal membrane. Though mutation and allelic loss 
have been confirmed as major mechanisms for E-cadherin 
(CDH1) gene inactivation in many malignancies[1], it has 
been recently reported that CDH1 promoter methylation 
could be frequently detected in gastric carcinoma[2]. Still 
it is controversial whether DNA methylation is the main 
cause for E-cadherin/CDH1 gene silence. As a copartner 
of  E-cadherin, beta-catenin is critical for intercellular 
adhesion in membrane and cytoplasm of  cells, it also plays 
a role as a transcription activating protein in nuclei[3]. The 
nuclear accumulation of  beta-catenin may stimulate gastric 
epithelium proliferation[4], nevertheless the effect of  beta-
catenin on tumor infiltration in gastric carcinoma is waiting 
to be more precisely studied by quantitative analysis. The 
aim of  the present study was to investigate the relationship 
between E-cadherin gene methylation and its expression, 
the distribution of  beta-catenin in nuclei and cytoplasm in 
gastric carcinoma, and the role of  beta-catenin and E-cad-
herin as potential molecular markers in predicting tumor 
infiltration.
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Abstract
AIM: To investigate the distribution of beta-catenin in 
nuclei or membrane/cytoplasm of gastric carcinoma cells, 
the relationship between E-cadherin gene methylation 
and its expression, and the role of beta-catenin and 
E-cadherin as potential molecular markers in predicting 
tumor infiltration.

METHODS: Twenty-nine cases of gastric carcinoma, 
classified as diffuse and intestinal variants, were 
selected for study. Nuclear and cytoplasmic proteins 
were purified and beta-catenin content was detected 
by ELISA. DNA methylation of E-cadherin/CDH1 gene 
promoter was studied by methylation-specific PCR and 
compaired with E-cadherin expression detected by 
immunohistochemistry. 

RESULTS: In 27 cases of gastric carcinoma, the ratio 
of beta-catenin content between nuclei and membrane/
cytoplasm was correlated with the T-classification (r  = 
0.392, P  = 0.043). The significance was present between 
T2 and T3 groups. No correlation was detected between 
diffuse and intestinal variants in terms of their beta-
catenin distribution. In 21 cases of diffuse variants of 
gastric carcinoma, there was a difference in E-cadherin 
expression between CDH1 gene-methylated group and 
non-methylated group (29 % vs  71 %, P  = 0.027). 
No correlation between CDH1 gene methylation and 
T-classification was found, neither was the significance 
between E-cadherin expression and tumor infiltration 
grade. 

CONCLUSION: Comparative analysis of nuclear and 
membrane/cytoplasmic beta-catenin can predict local 
tumor infiltration. E-cadherin/CDH1 gene methylation 
is an important cause for its gene silence in diffuse 
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Materials and Methods
Patients and tumor samples
Tissue blocks were obtained from the Department of  
Digestive Disease, Shanghai Ruijing Hospital and the 
Department of  Pathology, Shanghai No.2 Hospital, 
involving 29 cases of  gastric carcinoma operated from 
2002 to 2003, of  which 21 were diffuse variants and 8 were 
intestinal variants, together with 5 paraneoplastic non-tumor 
gastric tissues. The samples were freshly frozen at -70℃ for 
DNA and protein extraction. Also the samples were fixed in 
40 g/L formalin buffer then paraffin-embedded routinely 
for immunohistochemistry. T-classification revealed that 3 
cases were T1, 5 T2, 18 T3 and 3 T4. 

ELISA for nuclear/cytoplasmic beta-catenin
Nuclear and cytoplasmic protein was isolated for beta-
catenin analysis. Frozen tumor tissue (1.0 cm × 1.0 cm 
× 1.0 cm) from each case was cut into minimal sections 
and homogenized manually for 5 min at 4℃ with 700 µL 
cytoplasmic lysis buffer (0.15 mol/L NaCl, 10 mmol/L 
HEPES, 1mmol/L EDTA, 6 mL/L NP-40). Membrane 
and cytoplasmic lysis were checked by microscopic 
examination. The nuclei were collected by centrifuging for 
5 min at 1 300 r/min at 4℃, then vigorously homogenized 
for 30 min at 4℃ with 500 µL nuclear lysis buffer (0.4 
mol/L NaCl, 20 mmol/L HEPES, 0.2 mmol/L EDTA, 
0.5 mmol/L PMSF, 250 mL/L glycerol, 1.2 mmol/L 
MgCl2, 0.5 mmol/L DTT, 0.5 mg/L leupeptin, 0.5 mg/L 
aprotinin, 0.5 mg/L pepstatin). The protein in nuclear or 
cytoplasmic solution was tested by Coomassie reagents 
following the manufacturer's instructions (Coomassie 
Plus-200 protein assay reagent, No-23238, Hyclone-
PIERCE, USA).

Nuclear or cytoplasmic content of  beta-catenin was 
analyzed by ELISA. The proteins were immobilized onto 
96-well microtiter plates at 4℃, and washed with PBS-0.5 
mL/L Tween 20. Monoclonal mouse antibody (anti-beta-
catenin, M-0545, Antibody Diagnostica Company, USA) 
was applied in 1:25 dilution of  PBS-0.5 mL/L Tween 20 at 
37℃ for 1h. After being washed, the wells were incubated 
with AKP-conjugated secondary antibody and then 
washed again and 1mg/mL pNPP was added. Absorbance 
of  eluted dye was measured at A312nm. Negative controls 
were performed by replacing primary antibody with 
PBS-0.5 mL/L Tween 20.

Methylation-specific PCR (MSP) for E-cadherin/CDH1 gene
For each sample, the frozen gastric tissue (0.5 cm × 0.5 
cm × 0.5 cm) was cut into minimal sections and incubated 
with proteinase K (20 g/L) at 55℃ for 24 h. The DNA 
was extracted by standard phenol/chloroform technique.

DNA samples (100 µL) were incubated in 0 .2 
mol/L NaOH at 37℃ for 10 min, then modified with 
sodium bisulfite solution following the manufacturer's 
instructions (CpGenome DNA modification kit, S7820, 
Ingergen Company). The modified DNA was amplified 
with E-cadherin/CDH1 gene-specific primers as follow: 
methylated-specific primer set: sense 5'-GGTGAAT
TTTTAGTTAATTAGCCGGTAC-3' and antisense 
5'-CATAACTAACCG AAAACGCCG-3', yielding a 

product of  204 bp; unmethylated-specific primer set: sense 
5'-GGTAGGTGAATTTTTAGTTAATTAGTGGTA-3' 
and antisense 5'-ACCCATAACTAACCAAAAACACCA-3', 
yielding a product of  211 bp[5]. The PCR mixture (50 µL 
in total) contained 1 × buffer (SABC Biochemical) with 
1.5 mmol/L MgCl2, 0.2 mmol dNTPs, 0.2 µmol of  each 
primer, and 4 µL of  DNA sample. PCR conditions were 
10 min at 94℃, after which 3U of  Taq DNA polymerase 
(SABC Biochemical) was added, and 35 cycles at 94℃ 
for 50 s, at 57℃ for 40 s, at 72℃ for 90 s, and a final 
extension at 72℃ for 5 min. The positive control was 
performed on DNA from normal gastric tissue by using 
unmethylated-specific primers, and the negative control 
was prepared on PCR mixture without primers. The PCR 
products were migrated by electrophoresis on 20 g/L 
agarose gel, with 100 bp DNA ladder as a DNA marker.

Immunohistochemistry (IHC) for E-cadherin expression
Formalin-fixed paraffin-embedded tissue sections (4 µm 
thick) were deparaffinized in xylene for 10 min, and rehy-
drated through graded alcohols to water. Antigen retrieval 
was performed by microwave of  tissue sections in 10 
mmol/L sodium citrate buffer (pH 6.0) for 15 min at 750 W. 
Endogenous peroxidase activity was blocked with 3 mL/L 
hydrogen peroxide. Primary antibody (anti-E-cadherin, 
mouse monoclonal antibody, Antibody Diagnostic Com-
pany, USA) was applied at 1:25 dilution and incubated for 
1 h at room temperature. The slides were washed in PBS 
for 15 min, and secondary incubations were carried out 
by using anti-mouse antibody-polymerized dextran-HRP 
complex (ADI Two-Step System, Antibody Diagnostica 
Company, USA) for 30 min. Immunoreactivity was visual-
ized with 3,3'-diaminobenzidine tetrahydrochloride (DAB), 
and counterstained with hematoxylin. The brown-stained 
color in cell membrane by DAB was defined as positive 
reactivity. Negative controls were performed by replacing 
primary antibody with PBS. The DAB staining in nuclei or 
cytoplasm was considered as negative.

The expression of  E-cadherin was considered as posi-
tive when at least 10% of  tumor cells were colored by 
DAB[6]. In quantitative evaluation, 5 microscopic fields 
were analyzed on each tissue slide. The percentage of  posi-
tive cells (300 to 900 tumor cells counted for each sample) 
was classified as grade 1 (11%-25%), grade 2 (26%-50%), 
grade 3 (51%-75%) and grade 4 (more than 75%). 

Statistical analysis
Fisher’s exact probability test was used to evaluate the re-
lation between E-cadherin/CDH1 gene methylation and 
its expression. Correlations among the E-cadherin pro-
tein, the ratio of  beta-catenin content between nuclei and 
membrane/cytoplasm, the tumor infiltration grading and 
the Lauren's typing were evaluated by method of  Spear-
man (statistical software: SAS 6.12).

RESULTS
ELISA for nuclear/cytoplasmic beta-catenin
Twenty-seven cases of  gastric carcinoma were successfully 
analyzed for beta-catenin distribution. The ratio of  beta-
catenin content between nuclei and membrane/cytoplasm 



was correlated with the T-classification (r = 0.392, P = 
0.043). The significance was present between T2 and T3 
groups (Figure 1). There was no relation between diffuse 
variant and intestinal variant in terms of  their beta-catenin 
distribution in tumor cells.

Methylation-specific PCR for E-cadherin/CDH1 gene
In 29 cases of  gastric carcinoma, CDH1 gene promoter 
methylation was identified in 13 cases (45%) (Figure 2), of  
which 7 cases were histologically diffuse variants (33%), 6 
cases intestinal variants (75%). All 3 T1 cases were found 
to be positive for CDH1 gene methylation, so did 1 of  
5 T2 cases, 7 of  18 T3 cases and 2 of  3 T4 cases. There 
was no difference in diffuse and intestinal variants for 
their CDH1 gene methylation, and no correlation between 
CDH1 gene methylation and T-classification was found. 
The CDH1 gene methylation was also identified in 3 
specimens of  paraneoplastic non-tumor gastric tissues.

Immunohistochemistry for E-cadherin expression
E-cadherin expression was detected in 18 of  29 gastric 
carcinoma cases (62%) (Figure 3), of  them 12 cases were 
diffuse variants (57%) and 6 cases intestinal variants (75%). 
Two of  3 T1 cases, 2 of  5 T2 cases, 11 of  18 T3 cases and 
all 3 T4 cases were found to be positive for E-cadherin ex-
pression.

Of  the 13 gastric carcinoma cases which were identi-
fied for CDH1 gene methylation, E-cadherin expression 
was found in 2 of  7 diffuse variants and 5 of  6 intestinal 
variants. In 21 cases of  diffuse variants, there was a dif-
ference in E-cadherin expression between CDH1 gene-
methylated group and non-methylated group (29% vs 71%, 
P = 0.027). No significance between E-cadherin expres-
sion and T-classification was found, neither was the rela-
tion between diffuse variant and intestinal variant for their 
E-cadherin expression.

DISCUSSION
Our previous study demonstrated that E-cadherin and 
beta-catenin are co-expressed in gastric carcinoma[7]. The 
regulation at their transcriptional levels seems to be in-
dependently controlled by different mechanisms[8]. Beta-
catenin is a bifunctional protein, location in nuclear or cy-
toplasm/membrane is critical for its activity as an adhesive 
factor or proto-oncoprotein. In nuclei, beta-catenin plays 
a role as a target of  the wnt signaling pathway in stimulat-

ing cell proliferation through activation of  cyclin D1[9] and 
c-myc gene[10]. The nuclear translocation of  beta-catenin 
depends on its stabilization and the P13K signaling path-
way. The latter may be activated by EB virus infection[11], 
which is also thought to be an important cause for E-cad-
herin/CDH1 gene methylation[12].

The nuclear accumulation of  beta-catenin seems to 
be helpful, regarding tumor infiltration in gastric[13] and 
colorectal carcinoma[14], but this accumulation could also 
be found in early neoplasia or even in non-tumor meta-
plasia[4], and beta-catenin expression at cell level does not 
appear to change from normal to carcinoma epithelium[15]. 
Our results indicated that the evaluation of  both nuclear 
and membrane/cytoplasmic beta-catenin expression might 
have a prognostic implication and a potential diagnostic 
value for gastric carcinoma. In the present study, we found 
a significant variation of  beta-catenin distribution from 
T2 to T3 grade, suggesting that beta-catenin plays an im-
portant role in tumor infiltration in gastric smooth muscle. 
The possible mechanism may be that beta-catenin could 
regulate the matrix metalloproteinase activity in degrada-
tion of  extracellular matrix components[16], and this regu-
lation is mainly focused on local infiltration rather than 
metastasis[17].

E-cadherin is an indispensable protein for cell adhesion 
in normal epithelium. Loss of  its function is propitious 
to tumor invasion. For silence of  the E-cadherin/CDH1 
gene in gastric carcinoma, recent studies showed that not 
only the changes of  DNA sequence but also the epigenetic 

Figure 3  Immunohistochemical analysis of E-cadherin expression in gastric 
carcinoma (DAB × 400). Positive reaction was assessed as membrane reactivity.

Figure 2  Methylation-specific PCR (MSP) analysis of E-cadherin/CDH1 gene in 
gastric carcinoma. Sodium bisulfite-modified DNA samples were subjected to PCR 
with specific primers. Existence of methylation was demonstrated by the presence 
of PCR product (204 bp) rendered by methylated specific primers. M: methylated-
specific primer sets; U: unmethylated-specific primer sets.
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Figure 1  Ratio of beta-catenin content between nuclei and membrane/cytoplasm 
in different groups of gastric carcinoma according to the T-classification levels.
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modification[18,19] such as DNA methylation, may play an 
important role in the loss of  E-cadherin expression.

DNA methylation has attracted great attention recently, 
as many tumor suppresser genes contain CpG-rich pro-
moters called CpG islands, which are normally unmethyl-
ated. Silence of  these genes may occur in association with 
the aberrant hypermethylation of  their promoter regions. 
It has been reported that E-cadherin/CDH1 gene is fre-
quently methylated in colorectal and gastric carcinoma, 
but its endogenetic changes such as mutation are rare[12,20]. 
An in vitro study demonstrated that the E-cadherin expres-
sion, associated with the cell metamorphosis, could be 
induced by demethylation drugs[21]. These studies indicate 
that DNA methylation may be a possible mechanism for 
E-cadherin/CDH1 gene silence in human gastric carci-
noma.

In the present study, 45% of  gastric carcinomas were 
positive for E-cadherin/CDH1 gene methylation, which 
corresponds to the result of  previous study[22]. We showed 
that E-cadherin expression was negatively correlated with 
its gene methylation in diffuse variants, indicating that 
DNA methylation may diminish E-cadherin expression 
and thus favor the devastating activity of  the tumor. The 
data reported here do not provide evidence of  correlation 
between CDH1 gene methylation and tumor infiltration, 
but are in agreement with the hypothesis that methylation 
status of  CDH1 promoter may be an early event in gastric 
carcinogenesis[15].

In conclusion, comparative analysis of  nuclear and 
membrane/cytoplasmic beta-catenin can predict tumor 
infiltration in gastric wall, and the E-cadherin/CDH1 gene 
methylation is an important cause for its gene silence in 
diffuse variant gastric carcinomas. Analysis for detecting 
distribution of  beta-catenin protein and methylation state 
of  E-cadherin/CDH1 gene helps to understand the dy-
namic process of  oncogenesis.
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