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Hypermethylation-modulated down-regulation of CDH1
expression contributes to the progression of esophageal cancer
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Abstract. CDH], a cell adhesion molecule, which plays a key
role in maintaining the epithelial phenotype, is regarded as an
invasion-suppressor gene in light of accumulating evidence
from in vitro experiments and clinical observations. In an
attempt to clarify the mechanism responsible for inactivation
of this gene in carcinomas, we investigated the methylation
status of the CDHI gene 5'-CpG islands and its regulatory
mechanism in the progression of esophageal squamous cell
carcinoma. Real-time methylation-specific polymerase chain
reaction (QMSP) and treatment with the demethylating agent
5-aza-2'-deoxycytidine (5-Aza-CdR) were conducted to
analyze the methylation status at the CDHI promoter region
in the human esophageal carcinoma cell lines, EC1 and
EC9706. A total of 235 invasive esophageal squamous cell
carcinomas (ESCC) at stages I-IV and their corresponding
normal tissue samples, were included in an immunohisto-
chemistry study and methylation analysis of CDHI. The
results demonstrate that in EC1 and EC9706 cells, the CDH1
promoter is methylated and treatment with 5-Aza-CdR
restored CDH1I expression. Enhanced CDHI expression
decreased cell migration, invasion ability and increased
adhesion ability. Decreased CDHI expression was detected
in 59.6% of ESCC tissues, compared with their adjacent
non-neoplastic epithelia, which had a close correlation with
the primary tumor status, lymph node status, distant metatasis
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and clinicopathologic stage. Hypermethylation at the CDHI
promoter was detected in 97.9% of 140 cases of ESCC with
low CDHI expression. The methylation of CDHI promoters
(P=0.929) was closely correlated with the lack of expression
of their corresponding proteins. The Cox regression model for
survival analysis showed that increases in CDHI methylation
had a greater impact on the prognosis than tumor clinical
stage. These findings suggest that CDHI gene silencing by
promoter hypermethylation and the resultant reduction of
CDH1 expression may play an important role in the progres-
sion of ESCC. CDHI methylation was a significant predictor
of survival in ESCC patients after surgery.

Introduction

Esophageal carcinoma (EC) is a frequently occurring carci-
noma in humans that is characterized by a high degree of
malignancy, fast metastasis, poor post-operative quality of
life, and significant regional differences in incidence (1-3).
It ranks eighth in order of occurrence worldwide and sixth
as the leading cause of death (4,5). China has the highest EC
incidence and mortality rates in the world (1,2,5). Among new
cases of EC in the world, China accounts for 52.8% (3,6). The
mortality rate of EC in China ranks first in the world (3,6,7).
In China, it ranks as the fourth and third cause of death in
urban and rural areas, respectively (1,2,6,7). Areas of high
incidence for EC in China include the regions of the Taihang
Mountains in northern China, the Dabie Mountains, northern
Sichuan, northern Jiangsu, the southeast coastal areas of
the border of Fujian and Guangdong, the inhabited areas of
Xinjiang Kazaks, including the Ci and She counties of Hebei
Province, Lin county of Henan Province, and Yangcheng
county in Shanxi Province, which exhibit 5 times the national
average incidence and 10 times the world average incidence
(1,2,6,7). EC development shows similarities to other tumors,
which implies the involvement of multiple factors, multiple
genetic changes, and a multistage development process (8,9).
Recent studies on the mechanisms of gene expression loss
and progress in the understanding of the effect of promoter
hypermethylation on tumor suppressor genes have promoted
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the emergence of DNA methylation as an important mecha-
nism of tumor suppressor gene inactivation (10-13). In-depth
studies of the relationship between DNA methylation and gene
expression and its mechanism will facilitate tumor patho-
genesis research (10-13), and guide therapeutic approaches
(14-16). CDH1, a tumor metastasis suppressor gene, is located
on chromosome 16¢22.1. Its product is a Ca**-dependent cell
adhesion molecule, and mutations in this gene have been asso-
ciated with the origin, development, invasion, metastasis, and
prognosis of carcinomas derived from a variety of epithelial
tissues (17,18). The product of CDH]I expression, E-cadherin,
mediates the adhesion reaction between the same types of cells
and plays a role in the cytoskeleton, implying that the degree of
its expression and function directly impact the detachment and
re-attachment of tumor cells. When the activity of CDH]I is
normal, tumor cells are not easily detached from the primary
tumor. On the contrary, CDH] inactivation results in decreased
cell adhesion and abnormal polarity, which promotes tumor
metastasis (18-21). CDHI methylation-modulated loss of
gene expression has been shown to be important in the origin
and development of many tumors (22-27). Various degrees
of methylation in the CDHI promoter CpG islands and the
consequent loss of E-cadherin expression were reported in
many tumor issues, such as cervical carcinoma (22), prostate
carcinoma (23), malignant melanoma (24), non-small cell lung
carcinoma (25), liver carcinoma (26) and gastric carcinoma
(27). E-cadherin expression was also shown to be associ-
ated with the level of methylation of promoter CpG islands,
implying that this mechanism may be an early event in the
malignant process, and that it is an important event in tumor
occurrence and development (22-28).

In the present study, the demethylating agent 5-aza-
deoxycytidine (5-Aza-CdR) was used in the treatment of EC
exhibiting CDHI promoter methylation, and its effect on the
biological behavior of carcinoma cells after CDHI promoter
demethylation was observed. We also analyzed the CDH]
methylation status in EC tissues and its relationship with
clinicopathological parameters and prognosis.

Materials and methods

Patients and tissue samples. The Institutional Review Board on
Medical Ethics, Zhejiang Province Cancer Hospital approved
the method of tissue collection including informed consent.
The present study analyzed the esophageal squamous carci-
noma (ESCC) tissue and the corresponding para-carcinoma
normal tissue of 235 cases. All the specimens were obtained
surgically from ESCC patients between December 2002 and
July 2009 in the Zhejiang Province Cancer Hospital. Para-
carcinoma normal tissue was obtained from a region 5-cm
from the tumor edge and was assessed microscopically for the
presence of normal cells. A total of 211 patients were men and
24 were women, aged 39-85 years. Tumor-node-metastasis
(TNM) staging was performed according to the criteria of
the World Health Organization (WHO) and the International
Union against Cancer (UICC) (29). A total of 48 patients had
upper segment lesions, 70 had middle segment lesions, and
117 had lower segment lesions; 55 tumors of patients were
well differentiated, 127 were moderately differentiated, and
53 were poorly differentiated; 16 patients were in stage I, 62

LING et al: DOWN-REGULATION OF CDHI CONTRIBUTES TO THE PROGRESSION OF ESCC

were in stage II; 113 were in stage I1I; and 44 were in stage I'V.
The follow-up ended on April 25, 2010.

Cell culture and drug treatment. The human ESCC cell lines,
EC1 and EC9706, were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum, 100 U/ml peni-
cillin, and 100 U/ml streptomycin at 37°C and 5% CO,.
5-Aza-CdR (Sigma-Aldrich, USA) was dissolved in dimethyl
sulfoxide (DMSO). Cultured cells were seeded at a density of
5x10° cells/flask. The cells were in the logarithmic phase and
the number of viable cells was 95-100% before the addition
of 5-Aza-CdR to the culture medium at a final concentration
of 1 umol/l. The medium was changed daily and the drug
concentration was maintained. The cells were collected after
72 h of drug treatment. Cells in the untreated group were
cultured in normal complete culture medium for 72 h.

MTT assay. EC1 and EC9706 cells in the logarithmic growth
phase were seeded in 96-well plates at a density of 5x10° cells
per well, with 5 replications in each group. After 24 h, the
supernatant was discarded and 5-Aza-CdR was added to
the culture medium at a final concentration of 1 gmol/l
and different plates were cultured for additional periods of
24,48, and 72 h. A total of 20 ul MTT solution (5 g/1) was
added to each well and incubated for an additional 4 h. The
reaction was stopped by aspiration of the media and the
product was dissolved by the addition of 200 1 DMSO per
well, followed by mixing on an oscillating plate for 10 min.
Absorbance values were determined by a microplate reader at
a wavelength of 570 nm and cell viability rates in the different
groups were calculated.

Flow cytometry. EC1 and EC9706 cells were cultured in
RPMI-1640 medium containing 5-Aza-CdR at a final concen-
tration of 1 ymol/l. Cells were harvested after 72 h, washed
twice in cold PBS, fixed in cold 70% ethanol at -20°C and
incubated with RNase A at a final concentration of 0.1 g/l
for 30 min at 37°C before the addition of 250 ul propidium
iodide (0.05 g/1). After 30 min of staining in the dark at room
temperature, FACS flow cytometry was used for determining
cell cycle and apoptosis. Results were analyzed using ModFit
software.

Tumor cell-matrix adhesion analysis. Serum-free RPMI-1640
culture medium was used for diluting Matrigel (Becton-
Dickinson Labware) to 100 ug/ml and 50 ul Matrigel were
added to each well of 96-well culture plates and placed in a
laminar flow hood for drying overnight. Before use, 100 ul
of serum-free RPMI-1640 medium was added to each well.
After 90 min of standing at room temperature, the liquid was
absorbed to remove unbound Matrigel; EC1 and EC9706 cells
that were treated for 3 days with 1 gmol/l 5-Aza-CdR were
prepared as a 4.0x10° cell/ml cell suspension. A volume of
100 1 cell suspension was added to each well of the adhesion
system and cultured for 2 h at 37°C and 5% CO,; phosphate-
buffered saline (PBS) was used for washing non-attached
cells and 0.5% crystal violet dye was added at a volume of
100 ul/well for 10 min for staining. Wells were washed with
PBS and dried at 37°C, before the addition of 100 pl of 1%
acetic acid ethanol to each well, mixing and incubation for
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10 min. The OD was measured at 570 nm in a microplate
reader. The cell-matrix adhesion ability was calculated
according to the OD.

Cell in vitro invasion assay. Serum-free RPMI-1640 culture
medium pre-cooled to 0°C was used to dilute Matrigel to
200 mg/1, and 50 ul Matrigel per well were added into the
upper chamber of Transwell cell culture plates (Corning) and
dried on a clean bench overnight. Before use, 100 ul of serum-
free RPMI-1640 medium was added to each well. After 90 min
of incubation at room temperature, the liquid was aspirated
to remove unbound Matrigel. Esophageal carcinoma cells
treated with 1 gmol/l 5-Aza-CdR for 3 days were prepared as
a 5.0x10® cell/l suspension and 100 ul of the cell suspension
per well was added into the upper chamber of a Transwell
cell culture plate. A volume of 600 pl of RPMI-1640 medium
supplemented with 10% serum and 10 mg/I fiber binding
protein was added into the lower chamber. The Transwell cell
culture plate was placed in an incubator at 37°C and 5% CO,
for 24 h before fixing with methanol/acetone (1:1) for 10 min.
Routine hematoxylin staining was performed. A moist cotton
swab was used to wipe off the cells on the membrane facing
the upper chamber. Neutral balsam was used for mounting the
glass slides. Cells invading into the membrane of the lower
chamber were counted under the microscope (magnification,
x400). Cells in 5 different fields (up, down, left, right, and
middle) of each membrane were counted and the average
value was calculated. Three parallel membranes were set in
each group.

In vitro cell migration experiment. In the cell migration
experiment, all steps were the same as in the invasion assay
described above, except that the Matrigel was not coated on
the upper chamber of the Transwell cell culture plates. In the
in vitro Transwell invasion and migration experiments, cell
invasion and movement ability was shown as the number of
cells crossing the recombinant basement membrane to reach
the back of the polycarbonate membrane (PVPF membrane).

RT-PCR analysis. Cells treated for 3 days with 1.0 gmol/l
5-Aza-CdR were used for extraction of total cellular RNA
using the Trizol (Gibco) one-step method. A total of 3 pg total
RNA was subjected to reverse transcription using M-MLV
reverse transcriptase (Promega). CDHI was amplified by PCR
and glyceraldehyde phosphate dehydrogenase (GAPDH) was
selected as the internal reference. The CDHI primer sequences
were as follows: (F) 5'-GCTGGCTTCAGACCGTGAT-3',
(R) 5-GCAGCCCAAATACTCCTGG-3', and the amplicon
size was 89 bp (GeneBank No. BC0512 87). The GAPDH
primer sequences were as follows: (F) 5'-CATGAGAGATGA
CAACAGCCT-3", (R) 5“TAATTTTAGGTTAGAGGGTTAT
TGT-3', and the amplicon size was 116 bp. The 24 method
was used to calculate relative changes in gene expression
determined from real-time RT-PCR experiments. The PCR
product (5 pl) was used for 2.0% agarose gel electrophoresis.

DNA extraction, bisulfite treatment and real-time methyl-
ation-specific PCR (gMSP). Serial 5-um sections that
contained carcinoma and non-neoplastic tissues were mounted
on non-coated glass slides and dried at 37°C overnight. After
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deparaffinization and staining with hematoxylin and eosin
(H&E), we collected 5000 nuclei from 5 to 10 serial sections
using a 27G needle. The collected nuclei were treated with
40 pl of 200 pg/ml proteinase K (Sigma-Aldrich) at 42°C, for
72 h. A Universal Genomic DNA Extraction kit Ver.3.0
(Takara Co., Japan) was used to extract the DNA from the
cultured cells. DNAs were modified by sodium bisulfite and
purified and recycled according to the EpiTect Bisulfite kit
(Qiagen Inc.) instructions. The CDHI methylation (M) and
non-methylation (U) specific primer sequences were as
follows: CDHI(M): (F) 5-TTAGGTTAGAGGGTATCGC
GT-3, (R) 5S-TAATTTTAGGTTAGAGGGTTATTGT-3', and
the amplification length was 116 bp; CDHI(U): (F) 5-TAA
CTAAAAATTCACCTACCGAC-3', (R) 5'-CACAACCAA
TCAACAACACA-3', and the amplification length was 97 bp
(GeneBank No. L.34545). The primers were synthesized by
Invitrogen. Modified DNAs with sodium bisulfite were
analyzed by qMSP on the ABI 7500 PCR (Applied Biosystems)
instrument. The procedure was performed following the
instructions for the SYBR Premix Taq ExTaq kit (Takara).
The quantitative methylation analysis of samples was carried
out using methylation and non-methylation specific primers,
respectively. The percentage of methylated DNAs in the
samples were calculated according to the CT value and a
standard curve. The methylation percentage was calculated
according to a previous report (30). Human genomic DNA
(NEB) treated by SssI methyltransferase in vitro was used as a
positive control. Peripheral blood DNA of healthy untreated
subjects was used as a negative control.

Immunohistochemical analysis. The expression of E-cadherin
protein in cultured cells was detected by immuno-
histochemistry. Cells were seeded in 24-well plates with
a coverslip placed at the bottom of each well. After treat-
ment with 5-Aza-CdR for 72 h, the cells were fixed with
40 g/1 paraformaldehyde and the coverslip was removed.
E-cadherin monoclonal antibody (dilution 1:30, Santa Cruz
Biotechnology) were used for staining according to the manu-
facturer's instructions. The results were determined based on
the percentage of positive cells and the staining intensity.
The scoring according to the percentage of positive cells was
as follows: <5%, 0 points; 5-25%, 1 point; 26-50%, 2 points;
51-75%, 3 points; and >76%, 4 points. The cell staining
intensity was scored as follows: no staining, 0 points; yellow,
1 point; deep yellow, 2 points; and brown, 3 points. The sum
of the score of the 2 items was considered for the total score,
0 to 1 point; negative (-); 2-3 points, weakly positive (+); and
=4 points, positive (++).

Immunohistochemical staining for E-cadherin was carried
out using representative paraffin-embedded specimens
from 235 patients. Sections (4 ym) were cut from resected
specimens fixed in 10% buffered formalin and embedded in
paraffin. After deparaffinization, antigen retrieval in 0.01 M
citrate buffer, and inactivation of endogenous peroxidase
activity in 3% H,O,/methanol, we incubated the slides
with an antibody against E-cadherin at 4°C overnight, and
immunohistochemical staining, following a standard avidin-
biotin-peroxidase complex technique, was carried out using
the Histofine SAB-PO (M) kit (Nichirei, Tokyo, Japan) and
3,3'-diaminobenzidine (DAB) as the chromogen. Nuclei were
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counterstained with hematoxylin. The scores of staining
results were given as follows: score 1, negative; score 2,
reduction (weaker than the internal standard); score 3, positive
(comparable to the internal standard).

Western blot analysis. After treatment of cells with 1.0 gmol/l
5-Aza-CdR for 3 days, the plates were treated with 0.25%
trypsin for 5 min and the cells were collected, washed in 1%
PBS (pH 7.0), and centrifuged. Cell lysis buffer was added
at a volume equal to six times that of the cell pellet. Total
protein was extracted and then quantified using the Lowry
method (31). The protein supernatant was stored at -20°C for
further use. Heated and denatured samples were analyzed
using 10% sodium dodecyl sulfate (SDS) polyacrylamide gels.
Samples consisting of 80 ug protein each were separated by
electrophoresis, transferred to a nitrocellulose membrane,
which was subsequently blocked in non-fat dry milk at 4°C
overnight. Then the membrane was incubated with anti-E-
cadherin (1:500) and anti-f-actin monoclonal antibodies
(1:500, Santa Cruz, CA) at room temperature for 2 h. After
TBST washing, a secondary goat anti-mouse IgG antibody
(1:5000) was added and incubated at room temperature for
2 h. Alkaline phosphatase staining (Sigma) was performed for
5 min. Imaging was done using an automatic electrophoresis gel
imaging analysis system (Chemi Imager 5500, AlPha InnCh).
The data were collected with a Fluor Chen V.2.0 system. Bands
were subjected to a density scan for quantitative analysis. The
experiments were repeated three times and the mean value was
calculated for statistical analysis.

Statistical analysis. The SPSS 14.0 statistical software was
used for data analysis. Data comparisons between the groups
were conducted with the y*-test and data not in accord with
the y*-test conditions were analyzed using the Fisher's exact
test. Data comparisons between the groups were performed
using one-way ANOVA, and the results of the measured
data were expressed as the mean + SEM. A p-value <0.05
indicated a statistically significant difference. The survival
analysis was computed by means of the Kaplan-Meier method
and significant levels were assessed by means of the log-rank
test. A univariate analysis with the Cox regression model
was used to determine the identified prognostic factors, and
multivariate analysis with the Cox regression model was used
to explore the combined effects. p<0.05 was considered to
indicate statistical significance.

Results

Effect of 5-Aza-CdR on the biological characteristics of
ECI and EC9706 cells. Treatment of cells with 5-Aza-CdR
resulted in a reduction in cell size, rounding of cells, and a
decrease in cell density. Prolonged exposure and increased
concentration of the inhibitor caused the cells to become
irregular, showing cell debris and small bubbles, followed
by early apoptotic changes, including nuclear condensation,
chromatin margination, membrane rupture, or even the forma-
tion of apoptotic bodies (Fig. 1). The changes in cell viability
of EC1 and EC9706 cells treated with 1.0 gmol/L 5-Aza-CdR
are shown in Fig. 2. Cell viability of EC1 and EC9706 cells
decreased gradually with prolonged exposure to the inhibitor.
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Figure 1. Changes in morphology of (A) ECI and (B) EC9706 cells treated
with 1.0 ymol/l 5-Aza-CdR for 24 h Original magnification x200.
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Figure 2. Changes in cell viability of (A) EC1 and (B) EC9706 cells treated
with 1.0 gmol/l 5-Aza-CdR for 4 days.

Table I. Flow cytometry analysis.

Group G0/G1 S G2/M
EC-1
5-Aza-CdR +)  70.45+3.2 20.21+£2.8* 9.34+1.8*
5-Aza-CdR (-) 5744421 30.31+£2.7 13.25+2.9
EC9706
5-Aza-CdR (+)  70.23+3.4* 29.62+2.8" 0.90+0.6*
5-Aza-CdR (-)  59.22+29 37.48+1.3 3.30+0.9

‘P<0.05 when compared with the 5-Aza-CdR (-) group. Flow
cytometry results results revealed that the number of cells in the S
phase increased and the number of cells in GO/G1 and G2/M phase
decreased, in the 5-Aza-CdR experimental group, in comparison with
the control group (mean + SD, %).

After EC1 and EC9706 cells were treated by 5-Aza-CdR for
72 h, flow cytometry results revealed that in comparison with
the control group, the number of cells in GO/G1 and G2/M
phase decreased, the number of cells in S phase increased and
the apoptosis rate increased in the 5-Aza-CdR experimental
group (Table I and Fig. 3).

Effect of 5-Aza-CdR on the promoter methylation, mRNA and
protein expression of CDHI in ECI and EC9706 cells. The
gMSP results revealed that the methylation rate of CDHI was
100% in ECI1 cells and 60% in EC9706 cells; after treatment
with 1.0 umol/l 5-Aza-CdR, the percentage of non-methylated
DNA increased significantly, reaching 95% and 98%, respec-
tively. Analysis by 2.0% agarose gel electrophoresis showed
that EC1 cells contained only methylated bands (116 bp), and
EC9706 cells had methylated bands (116 bp) and unmethyl-
ated bands (97 bp) before treatment with 5-Aza-CdR; after
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Figure 3. Changes in the cell cycle of EC1 and EC9706 cells treated with
1.0 ymol/1 5-Aza-CdR for 72 h (A) EC1 cells without 5-Aza-CdR treatment,
(B) ECI cells treated with 5-Aza-CdR, (C) EC9706 cells without 5-Aza-CdR
treatment, (D) EC9706 cells with 5-Aza-CdR treatment.
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Figure 4. The CDH ! promotor region methylation status in EC1 and EC9706
cells demonstrated by 2% agarose gel electrophoresis. DNAs extracted from
each EC cell line were treated with sodium bisulfate. U, unmethylated; M,
methylated.

5-Aza-CdR treatment, only unmethylated bands (97 bp) were
detected in EC1 and EC9706 cells (Fig. 4), suggesting that
the CDH]I promoter in EC1 and EC9706 cells had abnormal
methylation and after demethylation treatment with 5-Aza-
CdR, CDHI methylation was reversed to a certain degree.

Real-time RT-PCR revealed the absence of CDHI expression
in ECI cells (T/R: 0.07) and showed low expression levels
in EC9706 cells (T/R: 0.63). After demethylation treatment
with 5-Aza-CdR, ECI1 and EC9706 cells showed high CDHI
mRNA expression (T/R values were 3.2 and 2.9, respectively).
At the protein level, immunocytochemistry showed a strong
positive expression of the E-cadherin protein in EC1 and
EC9706 cells after treatment with 5-Aza-CdR (Fig. 5).
Western blot analysis further confirmed the immunohisto-
chemistry results. Before 5-Aza-CdR treatment, E-cadherin
protein expression was not detected in EC1 cells, while
EC9706 cells showed weak expression. After treatment with
1.0 pmol/l 5-Aza-CdR, a band representing 24 kDa relative
molecular weight was found in both groups of cells. EC9706
cells showed bands with different density before and after
drug treatment (Fig. 6). Computer scanning and analysis of
OD in the different groups showed that the expression of
E-cadherin protein increased after 5-Aza-CdR treatment and
the protein expression in the 1.0 gmol/l treatment group was
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Figure 5. Immunohistochemical analysis of E-cadherin expression in EC1
and EC9706 cells treated with 1.0 gmol/l 5-Aza-CdR for 72 h, as well as
in ESCC tissues (A) ECI cells without 5-Aza-CdR treatment, (B) EC1 cells
treated with 5-Aza-CdR, (C) EC9706 cells without 5-Aza-CdR treatment,
(D) EC9706 cells with 5-Aza-CdR treatment, (E) absence of E-cadherin
expression in ESCC tissues, (F and G) partial and (H) positive expression
of E-cadherin in ESCC tissues. (A,B,C and D) Original magnification x200,
(E,F,G and H) Original magnification x100.

5-Aza-CdR(+) 5-Aza-CdR(-)

Figure 6. Western blot analysis of E-cadherin expression in EC1 and EC9706
cells treated with 1.0 gmol/1 5-Aza-CdR for 72 h.

3.5-fold higher than in the untreated group; statistical analysis
indicated that these differences were statistically significant
(P<0.05).

Effect of 5-Aza-CdR on the adhesion between tumor cell and
matrix. In the experiment of attachment, the average OD of
EC1 and EC9706 cells treated with 1.0 gmol/l 5-Aza-CdR
for 72 h were 0.55+0.03 and 0.61+0.04 respectively, which
were significantly lower than that of the control group (those
without 5-Aza-CdR treatment) (0.87+0.07,0.90+0.08, P<0.05).
However, there was no significant difference between the EC1
and EC9706 cells whether treated or not with 5-Aza-CdR.
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Table II. Effect of 5-Aza-CdR on the invasion and migration of
EC1 and EC9706 cells (cells/HPF).

Group Invasion Migration
EC-1
5-Aza-CdR (+) 19.23+£2.12* 39.68+4.72*
5-Aza-CdR (-) 77.39+4.72 127.73+5.84
EC9706
5-Aza-CdR (+) 20.37+3.71* 41.28+4 .85
5-Aza-CdR (-) 79.38+4.19 137.32+5.36

“P<0.05 when compared with 5-Aza-CdR (-) group.
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Effect of 5-Aza-CdR on tumor cell invasion and migration.
The Transwell in vitro invasion and migration experiments
showed cell invasion and movement ability as the number of
cells crossing the recombinant basement membrane to reach
the back of the polycarbonate membrane (PVPF membrane).
After treatment with 5-Aza-CdR, the cell invasion and migra-
tion of EC1 and EC9706 cells were significantly lower than in
the control group (P<0.01) (Table II).

Expression of E-cadherin protein in ESCC tissues. Of
the 235 cases in this series, E-cadherin protein expres-
sion was preserved in cancer specimens from 95 patients
(40.4%). In the other 140 cases, E-cadherin expression was
completely absent (50.2%) or partially absent (9.4%) (Fig. 5

Table III. Clinicopathological correlations of E-cadherin expression in primary ESCC tissues.

E-cadherin expression

Positive Absent
+ to +++ + - Correlative
Variables (n=95) (n=22) (n=118) p-value® analysis
Age
>60 46 8 53 0.896 v=0.054
<60 49 14 65
Gender
Male 83 19 109 0.204 v=-0.281
Female 12 3 9
Tumor location®
Upper 21 0 27 U vs.M: 0.851 v=-0.129
Mid 26 7 37 M vs.L: 0.454
Lower 45 17 55 U vs.L:0.307
Grade
Gl 22 6 27 G1 vs. G2: 1.000 v=0.000
G2 46 17 64 G2 vs. G3: 1.000
G3 22 5 26 G1 vs. G3: 1.000
Tumor status
T1 22 1 3 T1 vs. T2: 0.003 v=0471
T2 25 23 T2 vs. T3:0.247
T3 43 17 79 T3 vs. T4:0.149
T4 4 1 15 T1/T2 vs. T3/T4: 0.000
Lymph node status
NO 46 2 26 0.001 v=0.443
N1 44 23 94
Metastasis
MO 93 12 86 0.000 v=0.652
Ml 0 9 35
Staging
1 14 0 2 Ivs.1I: 0.501 v=0.785
11 46 2 14 II vs. III: 0.000
111 33 8 72 III vs. IV: 0.060
v 1 8 35 I /1T vs. III/TV: 0.000

Fisher's exact test was used when cases <40. "U, upper segment lesion; M, mid segment lesion; L, lower segment lesion.
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Table IV. Clinicopathological correlations of CDH1 hypermethylation in primary ESCC tissues.

Methylation status

Absent Present
_ Correlative
Variables U (n=95)* U/M (n=25)* M (n=115)* p-value® analysis
Age
>60 47 9 51 0.274 v=0.145
<60 48 16 64
Gender
Male 83 22 106 0.381 v=-0.213
Female 12 3 9
Tumor location?
Upper 22 1 25 Uvs.M: 0.15 v=-0.092
Mid 26 8 36 M vs.L:0.768
Lower 47 16 54 U vs.L:0.084
Grade
Gl 25 4 26 G1 vs.G2:0.302 v=0.005
G2 46 18 63 G2vs.G3:0.211
G3 24 3 26 G1 vs.G3:0.939
Tumor status
T1 22 2 2 0.000 v=0.634
T2 27 2 21
T3 42 19 78
T4 4 2 14
Lymph node status
NO 47 3 24 0.000 v=0.608
N1 48 22 91
Metastasis
MO 94 14 83 0.000 v=0.953
M1 1 11 32
Staging
I 13 1 2 0.000° v=0.842
11 47 3 12
111 34 10 69
v 1 11 32

U, unmethylated; M, methylated. *Fisher's exact test. “There was a signifficant difference between any group and the other group by analysis

of variance (P<0.000). ‘U, upper segment lesion; M, mid segment lesion; L, lower segment lesion.

and Table IIT). E-cadherin protein expression was preserved
in the corresponding adjacent normal esophageal tissues
from all 235 patients (100.0%). There was a significant
difference between the cancer tissues and the corresponding
adjacent normal esophageal tissues (P<0.001). Esophageal
cancers exhibiting deleted E-cadherin expression tended
to invade more aggressively. The depth of tumor invasion
(T1/T2 vs. T3/T4), lymph node metastasis (NO vs. N1),
metastasis status (MO vs.. M1) and staging ( I/II vs. III/IV)
were significantly correlated with the deletion of E-cadherin
expression (P<0.001). Correlation analysis showed that the
absence of E-cadherin protein expression was positively
correlated to lymph node metastasis, depth of invasion,
metastasis, and staging (y-values were 0.443, 0.471, 0.652

and 0.785, respectively). In contrast, E-cadherin expression
status was not associated with the other clinicopathologic
parameters, including age, gender, tumor location as well as
grade (P>0.05).

Methylation of the CDHI promoter region in ESCC tissues.
Among 235 ESCC specimens, 140 (59.6%) cases had 5'-CpG
island abnormal methylation in the CDHI promoter region,
including 115 (48.9%) cases of M and 25 (10.6 %) cases
of U/M; in the corresponding adjacent normal esophageal
tissues, only 22 (9.4%, 22/235) cases of U/M were found. The
difference between ESCC specimens and normal esophageal
tissues was statistically significant (P<0.05) (Table IV). CDHI
methylation correlated significantly to lymph node metastasis,
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Table V. Correlative analysis between E-cadherin expression and CDHI hypermethylation in primary ESCC tissues.

Methylation status

Absent Present
_ Correlative

Variables U (n=95) U/M (n=25) M (n=115) p-value® analysis
E-cadherin expression

+ to +++ (n=95) 92 3 0 0.000 0.929

+ (n=22) 0 22 0

- (n=118) 3 0 115
“Fisher's exact test. U, unmethylated; M, methylated

Stage
depth of invasion, metastasis and staging (P=0.001), and 100 :‘:;
not related to gender, age, tumor location and degree of 1[ T +j;_:l 1
differentiation (P>0.05). Correlation analysis showed that = 08 K 11 csneored
CDH]I methylation was positively correlated to lymph node % 06l ‘ ~ 13cenaarec
metastasis, depth of invasion, metastasis, and staging (y-values a
were 0.608, 0.634, 0.953, and 0.842, respectively), suggesting £ 0.4
that an increase in CDHI methylation is an important factor o L[LL
in the development of ESCC. 0.2 1
1 |
Correlation of CDHI promoter methylation and the loss of 0.0 . . T y : T
. . o . 0 10 20 30 40 50 60

corresponding protein expression in tumor tissues. The result Time

showed that the loss rate of E-cadherin protein expression in
tumor tissues was 59.6% (140/235). Hypermethylation at the
CDH|1 promoter was detected in 97.9% of 140 cases of ESCC
with low E-cadherin expression. The methylation of CDHI
promoters (P=0.929) was closely correlated with the lack of
expression of their corresponding proteins (Table V).

Prognostic analysis

Relationship between esophageal carcinoma staging and
survival. Three deaths were recorded among 16 stage I cases
with an average survival time of 38.6 months; 13 deaths
occurred among 62 stage II cases with an average survival
time of 34.6 months; 71 deaths occurred among 113 stage III
cases with an average survival time of 19.4 months; 35 deaths
were recorded among 44 stage IV cases with an average
survival time of 17.6 months. Patients in stages III/IV and
I/II showed significant differences in average survival time
(P<0.05) (Fig. 7).

Relationship between CDHI methylation and survival. Two
patients died among 95 cases of ESCC with unmethylated
CDH1, showing a median survival time of 45.4 months; 6
patients died among 25 cases of ESCC with partly-methylated
CDHI, revealing a median survival time of 41.1 months; 114
patients died among 115 cases of ESCC with completely
methylated CDHI, with a median survival time of 14.1
months. The comparison between the three groups showed
significant differences (P<0.05) (Fig. 8).

Cox regression model for survival analysis. The Cox regres-
sion model was used for survival analysis and a comparison
of the effect of double factors (CDHI methylation and

Figure 7. The relationship between esophageal carcinoma staging and
survival.
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Figure 8. The relationship between the methylated status of CDHI and
survival.

tumor clinical stage) on patient survival was performed.
The results showed that compared to tumor clinical stage
increases in CDHI methylation had a greater impact on the
prognosis (Fig. 9).

Discussion

Gene expression and DNA function can be regulated at
the transcriptional level by DNA chemical modifications
(32). This effect of DNA modifications on tumor formation
has recently received increased attention. One of these
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Figure 9. Cox regression model of survival analysis based on double factors
(CDH1 methylation and tumor clinical stage).

significant DNA modification mechanisms is CpG island
methylation (33). CpG islands are C and G rich sequences
and hypermethylation of CpG islands can inhibit or silence
gene transcription, leading to a reduction or loss of func-
tional protein and promote tumor development (33-36).
Methylation is the most common DNA modification and
in some cases it is the only mechanism of inactivation of
tumor suppressor genes (37). Genes with transcriptional
inactivation due to methylation are very sensitive to DNA
methylation inhibitors and can easily be re-activated (36). The
methylation inhibitor 5-Aza-CdR has been extensively studied.
As a deoxycytidine analog, 5-Aza-CdR can be incorporated
during DNA synthesis, which reduces the capacity for DNA
methylation by methyltransferase enzymes. At the same time,
it can covalently bind to DNA methyltransferases (DNMTs)
and inhibit their biological activity, reversing the methylation
status of tumor suppressor gene promoters. Gene silencing
caused by methylation, particularly in tumor suppressor genes,
can therefore be reactivated, resulting in gene expression and
effectively suppressing tumor development (36-39).

CDHI] encodes a transmembrane protein subtype in the
cadherin family, composed of 723-748 amino acid residues
with extracellular, transmembrane, and intracellular regions.
The extracellular region contains a ligand binding site or
adhesion region. CDH1 binds to itself to mediate the adhesion
of the same cell types. CDHI is found mainly in human
and animal epithelial cells and it plays an important role
in the maintenance of normal epithelial cell morphology,
structural integrity and polarity. CDHI gene expression can
inhibit tumor metastasis (17-21,40). The protein product of
the CDHI gene is reduced or absent in many tumor tissues
through several possible mechanisms such as gene mutation
(40), promoter hypermethylation (22-27) and transcriptional
repression (18). When CDH1 expression is decreased or lost,
cell adhesion ability decreases, resulting in cell dispersion
and outward infiltrating growth (17-21). Once the metastasis
conditions are met, the cells can detach from the primary
lesion and cause invasion and metastasis (19-21). Many
epithelial malignant tumors show a loss of CDHI expression;
pathological grading, invasive growth, lymph node metastasis,
and distant metastasis are related to this decreased CDHI
expression (41,42).
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Matrigel is a matrix component extracted from mouse
EHS (Engelbreth-Holm-Swarm) sarcoma. Matrigel coated
on a PVPF membrane can form a structure very similar
to the natural basement membrane after recombination in
culture medium. Cells with an invasive ability can cross the
membrane by induction of chemotactic agents, which makes
Matrigel a useful tool to study cell invasion and movement
ability (43). In the present study, EC1 and EC9706 esophageal
carcinoma cells with CDHI promoter methylation were
treated with 5-Aza-CdR. After the demethylation treatment,
adhesion, migration, and the invasion ability of esophageal
carcinoma cells significantly changed. To verify whether the
inhibitory effect of 5-Aza-CdR on the malignant behavior of
ECI1 and EC9706 esophageal carcinoma cells was associated
with CDH]I up-regulation, qMSP, RT-PCR and Western blot
analysis were used to assess the methylation status of the
CDHI1 promoter in EC1 and EC9706 esophageal carcinoma
cells. The results showed that 5-Aza-CdR can successfully
reverse CDHI promoter methylation. CDHI mRNA was
not expressed in EC1 cells and showed reduced expression
in EC9706 cells. Treatment of EC1 and EC9706 cells with
5-Aza-CdR caused the up-regulation of CDHI expression,
suggesting that the loss of CDHI mRNA expression was
related to methylation. Analysis of E-cadherin protein expres-
sion in EC1 and EC9706 cells before and after 5-Aza-CdR
treatment revealed a correlation between E-cadherin protein
and mRNA expression, indicating that CDHI methylation
may lead to loss of protein expression. The results showed
that 5-Aza-CdR can restore the methylation-inhibited tran-
scriptional activity of the CDHI gene in EC1 and EC9706
esophageal carcinoma cells, resulting in the restoration of
the expression of CDHI mRNA and protein and of its tumor
inhibiting activity. Assessment of cell viability and cell cycle
progression showed that treatment of cells with 5-Aza-CdR
for 72 h caused an increase in the cell growth inhibition
rate and changes in the cell cycle, with GO/G1 phase arrest.
In addition, treatment with the inhibitor decreased the cell
migration and invasion ability and increased the adhesion
ability in association with an increase in E-cadherin protein
levels, suggesting that 5-Aza-CdR inhibited the malignant
behavior of EC1 and EC9706 esophageal carcinoma cells by
increasing the expression of the E-cadherin protein. Increased
E-cadherin protein levels enhanced carcinoma cell adhesion
and promoted the survival of these cells, protecting them
from apoptosis and preventing a loose carcinoma structure
(17-21,44).

CDH] is an important cell adhesion molecule and it can
inhibit the detachment of cells from primary tumors, which is
considered an important factor in tumor metastasis suppres-
sion (17-21,44.,45). Alterations in CDH1 structure and function
often cause a reduction in the adhesion between tumor cells,
which may cause the detachment of cells from primary
tumors and the acquisition of invasion and metastatic proper-
ties (18-21,44,45). However, few reports have addressed the
role and mechanism of CDHI methylation in the progression
of ESCC. Our immunohistochemical analysis demonstrated
reduced E-cadherin expression in more than half of the ESCC
cases in the present series (59.6%). Furthermore, our study
found that reduced E-cadherin expression correlated with
primary tumor status, pT, lymph node status, pN, and distant
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metastasis, pM. E-cadherin is a cell adhesion molecule that
is reported to have an important role in cancer metastasis,
these results suggest that reduced E-cadherin induces cancer
metastasis via tumor invasion by suppressing cell-to-cell
attachment, and activates cancer growth and invasion by
loss-of-function as a tumor suppressor gene (46,47). It is
very important to conduct further investigations to clarify
the mechanisms regulating E-cadherin expression in ESCC,
because the control of epigenetic silencing of CDHI might
be critical for suppressing cancer invasion or metastasis and
might be a potential target of gene therapy. In the present
study, the positive rate of CDHI methylation in ESCC was
59.6% (140/235), in which M was 48.9% (115/235) and U/M
was 10.6% (25/235), which was significantly higher than the
rates in the adjacent normal esophageal tissue (8.1%, 19/235,
both U/M). Moreover, hypermethylation was associated
significantly with the loss or reduction in E-cadherin expres-
sion (P=0.929). This result suggests that hypermethylation
might be an important mechanism in CDH/ silencing in
ESCC. When invasive growth of esophageal carcinoma and
lymph node involvement occurred, CDHI expression was
often lost through hypermethylation. The results in this study
showed that CDHI methylation was significantly correlated
to lymph node metastasis, depth of invasion, metastasis and
staging (P=0.001, respectively), but not related to gender,
age, tumor location and degree of differentiation (P>0.05).
Correlation analysis showed that CDHI methylation was
positively correlated with lymph node metastasis, depth of
invasion, metastasis, and staging (y=0.608, 0.634, 0.953, and
0.842, respectively), suggesting that an increase in CDHI
methylation is an important factor in ESCC development. The
present results demonstrated that CDHI loss was associated
with the development of tumors, causing a decrease in adhe-
sion between epithelial cells, which easily detached from the
tumor leading to the development of metastases (17-21,44,45).
Normal CDH] expression levels can inhibit the invasion and
metastasis of esophageal carcinoma. Decreased expression
of CDHI caused the development of invasive and metastatic
tumors and was associated with a poor prognosis, which is
consistent with other reports (17-21,40-45). CDHI hyper-
methylation in esophageal carcinoma patients was associated
with more metastatic lymph nodes, reflecting the presence of
malignant invasiveness and poor prognosis. CDHI methyla-
tion may serve as a significant poor prognostic indicator in
patients with ESCC in this study. The Cox regression model
was used for survival analysis and for a comparison of the
effect of double factors (CDHI methylation and tumor clinical
stage) on patient survival. The results showed that compared
to tumor clinical stage increases in CDHI methylation had a
greater impact on the prognosis. In conclusion, CDHI methy-
lation is a useful marker to predict invasion, metastasis, and
the prognosis of esophageal carcinoma due to its association
with tumor development and tumor cell migration, and the
restoration of CDH1 expression could provide a new approach
for the development of cancer therapeutics.

Acknowledgements

This research was partly supported by two grants from the
Natural Science Foundation of Zhejiang Province, China

LING et al: DOWN-REGULATION OF CDHI CONTRIBUTES TO THE PROGRESSION OF ESCC

(No. Y2080749 and No. Y2091110), a grant from the Zhejiang
Province Science and Technology Fund for excellent returnee
(N0.2008004), a grant from the Science and Technology
General Project of Zhejiang Province (No. 2009C33143) and a
grant from the Ministry of Education Science and Technology
Fund for Excellent Returnee, China (No. 2010609), a grant
from the Scientific and Technological Innovations Fund of
Henan Province Higher Education (No. 2009HASTI1TO001)
and a grant from the Science and Technology Key Project of
the Ministry of Education, China (No. 210130).

References

1. Naidoo R, Ramburan A, Reddi A and Chetty R: Aberrations in
the mismatch repair genes and the clinical impact on oesopha-
geal squamous carcinomas from a high incidence area in South
Africa. J Clin Pathol 58: 281-284, 2005.

2. Enzinger PC and Mayer RJ: Esophageal cancer. N Engl J] Med
349: 2241-2252,2003.

3. Qiao YL, Wang GQ and Dawsey SM: Esophageal cancer in
North Central China. World Gastroenterol News 10: 27-28,
2005.

4. Takeshita H, Ichikawa D, Komatsu S, et al: Prediction of
CCNDI1 amplification using plasma DNA as a prognostic marker
in oesophageal squamous cell carcinoma. Br J Cancer 102:
1378-1383, 2010.

5. Guo W and Jiang YG: Current gene expression studies in
esophageal carcinoma. Curr Genomics 10: 534-539, 20009.

6. Huang H, Su M, Li X, Li H, Tian D, Gao Y and Guo Y:
Y-chromosome evidence for common ancestry of three Chinese
populations with a high risk of esophageal cancer. PLoS One 5:
el1118,2010.

7. Guohong Z, Min S, Duenmei W, et al: Genetic heterogeneity
of oesophageal cancer in high-incidence areas of southern and
northern China. PLoS One 5: €9668, 2010.

8. AnJY, Fan ZM, Gao SS, et al: Loss of heterozygosity in multi-
stage carcinogenesis of esophageal carcinoma at high-incidence
area in Henan Province, China. World J Gastroenterol 11:
2055-2060, 2005.

9. Guo XQ, Wang SJ, Zhang LW, Wang XL, Zhang JH and Guo W:
DNA methylation and loss of protein expression in esophageal
squamous cell carcinogenesis of high-risk area. J Exp Clin
Cancer Res 26: 587-594, 2007.

10. Ross SA and Milner JA: Epigenetic modulation and cancer:
effect of metabolic syndrome? Am J Clin Nutr 86: s872-s877,
2007.

11. Levenson VV: DNA methylation as a universal biomarker.
Expert Rev Mol Diagn 10: 481-488, 2010.

12. Shivapurkar N and Gazdar AF: DNA methylation based
biomarkers in non-invasive cancer screening. Curr Mol Med 10:
123-132, 2010.

13. Qureshi SA, Bashir MU and Yaqinuddin A: Utility of DNA
methylation markers for diagnosing cancer. Int J Surg 8: 194-198,
2010.

14. Toyota M, Suzuki H, Yamashita T, Hirata K, Imai K, Tokino T
and Shinomura Y: Cancer epigenomics: implications of DNA
methylation in personalized cancer therapy. Cancer Sci 100:
787-791, 2000.

15. Yoo CB and Jones PA: Epigenetic therapy of cancer: past,
present and future. Nat Rev Drug Discov 5: 37-50, 2006.

16. Herranz M and Esteller M: New therapeutic targets in cancer:
the epigenetic connection. Clin Transl Oncol 8: 242-249, 2006.

17. Li M and Zhang P: The function of APC/CCDHI] in cell cycle
and beyond. Cell Div 4: 2,2009.

18. Masterson J and O'Dea S: Posttranslational truncation of
E-cadherin and significance for tumour progression. Cells Tissues
Organs 185: 175-179, 2007.

19. Czyzewska J, Guzinska-Ustymowicz K, Ustymowicz M,
Pryczynicz A and Kemona A: The expression of E-cadherin-
catenin complex in patients with advanced gastric cancer: role
in formation of metastasis. Folia Histochem Cytobiol 48: 37-45,
2010.

20. Kim J, Hong SJ, Park JY, et al: Epithelial-mesenchymal transi-
tion gene signature to predict clinical outcome of hepatocellular
carcinoma. Cancer Sci 101: 1521-1528, 2010.



21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.
32.

33.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 27: 625-635, 2011

Celebiler Cavusoglu A, Kilic Y, Saydam S, Canda T, Baskan Z,
Sevinc Al and Sakizli M: Predicting invasive phenotype with
CDHI1, CDH13, CD44, and TIMP3 gene expression in primary
breast cancer. Cancer Sci 100: 2341-2345, 2009.

Jeong DH, Youm MY, Kim YN, Lee KB, Sung MS, Yoon HK
and Kim KT: Promoter methylation of pl6, DAPK, CDHI,
and TIMP-3 genes in cervical cancer: correlation with clinico-
pathologic characteristics. Int J Gynecol Cancer 16: 1234-1240,
2006.

Florl AR, Steinhoff C, Muller M, et al: Coordinate hypermeth-
ylation at specific genes in prostate carcinoma precedes LINE-1
hypomethylation. Br J Cancer 91: 985-994,2004.

Harbst K, Staaf J, Masback A, et al: Multiple metastases from
cutaneous malignant melanoma patients may display hetero-
geneous genomic and epigenomic patterns. Melanoma Res 20:
381-391, 2010.

Kim DS, Kim MJ, Lee JY, Kim YZ, Kim EJ and Park JY:
Aberrant methylation of E-cadherin and H-cadherin genes in
nonsmall cell lung cancer and its relation to clinicopathologic
features. Cancer 110: 2785-2792, 2007.

Matsumura T, Makino R and Mitamura K: Frequent down-
regulation of E-cadherin by genetic and epigenetic changes in
the malignant progression of hepatocellular carcinomas. Clin
Cancer Res 7: 594-599, 2001.

Barber M, Murrell A, Ito Y, et al: Mechanisms and sequelae
of E-cadherin silencing in hereditary diffuse gastric cancer. J
Pathol 216: 295-306, 2008.

Berx G and van Roy F: Involvement of members of the cadherin
superfamily in cancer. Cold Spring Harb Perspect Biol 1:
a003129, 2009.

International Union Against Cancer (UICC): TNM Classification
of Malignant Tumours. Wiley-Liss, New York, 2002.

Ling ZQ, Tanaka A, Li P, Nakayama T, Fujiyama Y, Hattori T
and Sugihara H: Microsatellite instability with promoter
methylation and silencing of hMLH1 can regionally occur
during progression of gastric carcinoma. Cancer Lett 297:
244-251, 2010.

Noble JE and Bailey MJ: Quantitation of protein. Methods
Enzymol 463: 73-95,20009.

Bronner C, Chataigneau T, Schini-Kerth VB and Landry Y: The
‘Epigenetic Code Replication Machinery’, ECREM: a promising
drugable target of the epigenetic cell memory. Curr Med Chem
14: 2629-2641, 2007.

Lechner M, Boshoff C and Beck S: Cancer epigenome. Adv
Genet 70: 247-276, 2010.

34.
35.

36.

37.
38.

39.

40.

41.

42.

43.

44,
45.

46.

47.

635

De Carvalho DD, You JS and Jones PA: DNA methylation and
cellular reprogramming. Trends Cell Biol 20: 609-617, 2010.
Jurkowska RZ and Jeltsch A: Silencing of gene expression by
targeted DNA methylation: concepts and approaches. Methods
Mol Biol 649: 149-161, 2010.

Ling ZQ, Sugihara H, Tatsuta T, Mukaisho K and Hattori T:
Optimization of comparative expressed sequence hybridization
for genome-wide expression profiling at chromosome level.
Cancer Genet Cytogenet 175: 144-153,2007.

Esteller M: Aberrant DNA methylation as a cancer-inducing
mechanism. Annu Rev Pharmacol Toxicol 45: 629-656, 2005.
Deng T and Zhang Y: 5-Aza-2'-deoxycytidine reactivates
expression of RUNX3 by deletion of DNA methyltransferases
leading to caspase independent apoptosis in colorectal cancer
Lovo cells. Biomed Pharmacother 63: 492-500, 2009.

Murgo AJ: Innovative approaches to the clinical development
of DNA methylation inhibitors as epigenetic remodeling drugs.
Semin Oncol 32: 458-464,2005.

Matsukuma KE, Mullins FM, Dietz L, Zehnder JL, Ford JM,
Chun NM and Schrijver I: Hereditary diffuse gastric cancer due
to a previously undescribed CDH]I splice site mutation. Hum
Pathol 41: 1200-1203, 2010.

Margineanu E, Cotrutz CE and Cotrutz C: Correlation between
E-cadherin abnormal expressions in different types of cancer
and the process of metastasis. Rev Med Chir Soc Med Nat Iasi
112: 432-436, 2008.

Facina G, Lopes-Costa PV, Dos Santos AR, et al: Immuno-
histochemical expression of E-cadherin in sclerosing adenosis,
ductal carcinoma in situ and invasive ductal carcinoma of the
breast. Diagn Cytopathol 38: 235-238,

Kleinman HK and Martin GR: Matrigel: basement membrane
matrix with biological activity. Semin Cancer Biol 15: 378-386,
2005.

Bryan RT and Tselepis C: Cadherin switching and bladder
cancer. J Urol 184: 423-431, 2010

Berx G, Becker KF, Hofler H and van Roy F: Mutations of the
human E-cadherin (CDH1) gene. Hum Mutat 12: 226-237,
1998.

Vleminckx K, Vakaet L Jr, Mareel M, Fiers W and van Roy F:
Genetic manipulation of E-cadherin expression by epithelial
tumor cells reveals an invasion suppressor role. Cell 66: 107-119,
1991.

Perl AK, Wilgenbus P, Dahl U, Semb H and Christofori G: A
causal role for E-cadherin in the transition from adenoma to
carcinoma. Nature 392: 190-193, 1998.



