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Abstract

AIM: To study the effect of inhibited E-cadherin expression
on invasion of cancer cells.

METHODS: We designed the nucleotide sequence of
siRNA corresponding to 5’ non-coding and coding
sequence of E-cadherin. 21-nucleotide dssiRNA was
synthesized by in vitro transcription with Ambion Silencer
TM siRNA Construction Kit. siRNA was transfected into
gastric cancer MKN45 using TransMessenger transfection
Kit. RT-PCR and immunofluorescent assay were used to
investigate the inhibition of the expression of mutated E-
cadherin. Invasive ability of cancer cells was determined
by Transwell assay.

RESULTS: The synthesis of E-cadherin mRNA rather than
protein expression was suppressed dramatically 7 d after
interference. Decreased protein expression was observed
on d 10 after interference. On d 11, invasion ability was
enhanced significantly.

CONCLUSION: siRNA targeted at non-coding and coding
sequence of E-cadherin showed significant inhibition
on mRNA and protein expression. Inhibited E-cadherin
expression results in increased invasion ability of cancer cells.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The development and metastasis of tumor are a multi-step

process and involve a lot of genetic alterations. Now, many
metastasis related genes were found. The recent studies
indicated the loss of E-cadherin in various kinds of progressive
and metastatic tumors[1]. Cell adhesion molecule, E-cadherin
is capable of maintaining the polarity of epithelial cells and
cell junction. It belongs to the glycoprotein family. Reduced
expression of E-cadherin has been regarded as one of
the main molecular events involved in dysfunction of the
cell-cell adhesion system, triggering cancer invasion and
metastasis[2-4]. In 1998, Guilford[5] observed three stomach
cancer pedigrees of  New Zealand with germline E-cadherin
mutation. Thereafter, association of E-cadherin with
stomach cancer received more and more attention. Recently,
Brooks-Wilson et al[6], reported 41 pedigrees with genetic
diffusive stomach and a pedigree with intestinal type gastric
cancer. E-cadherin mutation was detected in all the 42
pedigrees. Frequency of E-cadherin mutation was lower in
sporadic stomach cancer. The reduced expression of E-
cadherin may be related to methylation of promoter[7]. Loss
of  E-cadherin expression or function was observed in many
gastric cancer cell lines. Down-regulated expression of E-
cadherin by both methylation of promoter and gene mutation
suggested its involvement in metastasis of  tumor. To further
explore whether E-cadherin contributed to the metastasis
inhibition, RNAi was performed to investigate changes in
invasion ability of cancer cells by suppressing expression
of  E-cadherin in MKN45 cell line. We designed siRNA
according to 5’ non-coding and coding sequence of E-
cadherin and analyzed inhibition effect of siRNA. Our study
will shed light on the elucidation of molecular mechanism
of RNAi and its application in research of gene function
and gene therapy.

MATERIALS AND METHODS

Cell line
Gastric cancer cell line MKN45 (poorly-differentiated
adenocarcinoma) was a kind gift from Professor Yokoyama,
Japan Physical and Chemical Institute. The cell line was
maintained in RPMI 1640 medium supplied with 10% of
FBS, 100 U/mL of penicillin and 100 µg/mL of streptomycin
in a 37 ℃, 50 mL/L CO2 incubator. Cells of logarithm phase
were used in our study.

Preparation of siRNA
Primer was designed according to online tool for primer
design (Ambion company: www.ambion.com/techlib/misc/
siRNA_finder.html). Twenty-nine base pair primer containing
eight bases complimentary to T7 promoter and 21 to target
gene was used. The following were our primers. Primer I:



5’-AACTGCAAAGCACCTGTGAGC CCTGTCTC-3’
(antisense), 5’-AAGCTCACAGGTGCTTTG CAG
CCTGTCTC-3’ (sense), 12-32, NM 04360); II: 5’-AACGG-
GAATGCAGTTGAGGAT CCT GTCTC (antisense),
5’AAATCCTCAACTGCATTCCCG CCTGTCTC (sense),
(834-854, NM 04360). Ambion Silencer TM siRNA
Construction Kit was used to in vitro synthesize 21 bp sense
and antisense RNA and then dsRNA by annealing. Control
siRNA targeted at luciferase gene.

siRNA transfection
siRNA targeted at gene of interest was transfected according
to manufacturer’s instruction (Qiagen, Chatsworth, CA,
1 µg per well, 6 µg for six-well plate). siRNA was concentrated
through interaction with Enhanser R. siRNA was combined
with 4 µL TransMessenger and to form the complex. The
complex was diluted with 900 µL antibiotics-free medium
and added into cells washed with PBS in six-well plate. During
transfection, 24 h or longer after passage cells were used.
Cells were washed with PBS, 2 h after transfection and
grown in normal medium. mRNA inhibiting level was
analyzed with  RT-PCR on the seventh and the 10th d and
that of protein expression with immunofluorescent
cytochemistry on the 7th, 10th and the 12th d. Invasive ability
of  cells was analyzed with Transwell on the 11th d.

RNA extraction and RT-PCR
TRIzol (GIBCO BRL) was used to extract total RNA. RNA
was reverse-transcribed into cDNA with reverse-transcription
kit (Promega). Primers for E-cadherin were the following:
upstream 5’ -GGTTATTCCTCC CATCAGCT-3’ ,
downstream: 5’-CAGTGTCCGGATTAATCTCC-3’, PCR
product was 1.15 kb in length. -actin was selected as
control. Amplification fragment for -actin was 497 bp in
length. PCR conditions were the following: 95 ℃ for 5 min,
30 cycles of 94 ℃ for 30 s, 54 ℃ for 1 min, 72 ℃ 30 s,
and 72 ℃ for 7 min. PCR products were detected by agarose
electrophoresis.

Immunofluorescent cytochemistry
MNK45 cells grown in cover slip were fixed with methanol
six and 11 d after transfection and reserved in a -20 ℃-
refrigerator overnight. Then slips were washed with PBS
followed by fixation for 6 min with acetone. Slips were
washed with PBS and blocked for half an hour with non-
specific serum. The first antibody (mouse anti-E-cadherin
Monoclonal antibody purchased from Maixin company,
Fujian) incubation continued for 2 h followed by washing
with PBS. Fluorescent goat anti-mouse antibody (Zhongshan
Company) was used in detection. Slips were washed with
PBS. Nucleus was stained with PI for 5 min. Finally, slips
were washed with PBS. Mounting was performed by using
quenching-resistant reagent. The results were evaluated
under fluorescent microscope.

In vitro invasion assay
Invasion of  MKN-45 cells was assayed in Transwell cell
culture chambers with 6.5-mm-diameter polycarbonate
membrane filters containing 8-m-pore size. The top chamber
was prepared by coating the filter with 50 mg of diluted

matrigel and incubated for 30 min. Fibroblast-conditioned
medium, obtained from confluent NIH 3T3 cell cultures
in serum-free RPMI 1640, was used as the chemoattractant
and added to the lower wells of the chambers. The cells 10 d
after interference were plated in the upper layer of costar,
2×105 cells/well. Each assay was performed thrice in
triplicate. After 24 h of incubation at 37 ℃, the non-migrating
cells were removed from the upper surface of the membrane
with a cotton swab. The cells on the lower surface of the
membrane were fixed with ice-cold methanol and then
stained with hematoxylin and eosin. The number of migrated
cells was counted under a light microscope. Five random
microscopic fields (×400) were counted per well and the
mean was determined. Membrane was removed from the
Traswell by cutting with a scalpel and mounted with 50%
of glycerol. Five random visual fields (200×) were selected
to count cells penetrating the basal membrane. Invasive
ability was denoted as the average number of penetrating
cells. t test was used in statistical analysis.

RESULTS

The significant inhibition of mRNA expression of E-cadherin
by siRNA
RT-PCR results showed significant inhibition of  mRNA
expression of E-cadherin in RNAi group compared with
control group. siRNA targeted at upstream non-coding and
coding sequence markedly inhibited expression of mutated
mRNA (Figure 1).

Figure 1  A: The significant suppression of mRNA expression in
MKN45 before and after RNAi (lanes 1 and 2) compared with the
control cells (lane 3); B: -actin control; 1: IIsiRNA, 2: IsiRNA 3:
control, 4: DL2000.

Effect of RNAi on protein expression in siRNA
On the 7th d of interference, there was no difference in
expression of E-cadherin between interference and
control groups. On the 10th and 12th d of interference,
intereference groups showed reduced expression of about
90% proteins suggesting inhibited expression of  E-cadherin.
E-cadherin was localized in cell membrane and cytoplasm
and showed green fluorescence. Nucleus should show red
fluorescence after PI staining. In reality, nucleus showed
yellow fluorescence due to green fluorescence in cytoplasm
(Figure 2).
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Effect of reduced E-cadherin protein expression on invasive
ability
On the 11th d of interference, E-cadherin protein expression
was downregulated and invasive ability of cancer cells was
upregulated. Cells penetrating filter membrane were observed
before (51±6) and after interference (78±8).The difference
between two groups was significant (P<0.05).

DISCUSSION

Human E-cadherin contains 882 amino acids (120 ku) and
its gene maps on chromosome 16q22.1. E-cadherin protein
belongs to calcium-dependent transmembrane glycoprotein
mediating cell adhesion and is extensively distributed in
epithelium. It is essential for tight junction and gap junction.
Mutation study indicated the involvement of E-cadherin in
human gastric cancer[5,6]. Investigation of E-cadherin expression
in various types of gastric cancer indicated loss of E-cadherin
was closely related to invasion of tumor[8,9]. In our previous
study, we analyzed expression of E-cadherin in gastric cancer
of different stages and found it was dramatically downregulated
in progressive gastric cancer, which may be correlated with
methylation of promoter[10]. It was reported that loss of E-
cadherin correlated with metastasis in other tumors[11]. A
direct role for E-cadherin in the suppression of tumor invasion
has been demonstrated by the reversion of undifferentiated,
invasive tumors to a differentiated phenotype after the
transfection of E-cadherin cDNA in cell culture models[12,13].
To determine metastasis-inhibiting function of  E-cadherin,
we suppressed the expression of E-cadherin in MKN45
cell line by RNAi technique and found enhanced metastatic
ability. It suggests that E-cadherin can inhibit tumor
metastasis.

Mechanism of inhibition by E-cadherin remains unknown
now. The normal E-cadherin protein is of  135 ku and
processed into mature protein in golgi body, which was then
released into cell surface. The half-life of E-cadherin locating
in cell surface was 5 h. Newly synthesized E-cadherin binds
with -catenin and r-catenin before it is transported to cell
membrane. In cell membrane, -catenin forms complex
with E-cadherin, -catenin and r-catenin to maintain the
cellular polarity. Extracellular portion of E-cadherin is
necessary for calcium-dependent homotype cell adhesion,
hence denoted as contact inhibitor[14-16]. Alice[17] suggested
that inhibition of metastasis by E-cadherin was attributed

to the binding domain for -catenin rather than adhesion
by transfecting cells that express less E-cadherin and not
with E-cadherin expression vectors. Gastric cancer cell line
MKN45 had mutated E-cadherin gene[18] and increased
expression of mRNA and protein by two-fold compared
with normal cells. Eighteen bases deletion was observed in
the junction of the 6th exon and 6th intron (-10 to +8). Its
cDNA had 12 bases deleted and corresponding protein had
four amino acids deleted. The deleted amino acids were
located between the first and second repeat domain of
extracellular portion. It was also observed in our study, in
which we found that the invasive ability of cancer cells
were enhanced after expression of mutated E-cadherin was
inhibited.

RNAi (RNA interference) is the gene-silencing technique
and has emerged recently. In RNAi, dsRNA degrades
homologous mRNA and hence blocks the expression of
corresponding gene. Although the mechanism of RNAi
remains obscure, as the simple and effective gene knock-
out tool, RNAi shows great value in functional genomics
study and gene therapy. Now, RNAi had been used to knock
out genes in many embryo and animal cell lines such as
Hela, HEK293, and P19[19,20]. We effectively inhibit the
transcription of  abnormal E-cadherin mRNA by using RNAi
technique in gastric cancer cell line. Mutated E-cadherin
abnormally expressed copious protein with half-life of  5 d.
So, protein levels showed no alteration on the 7th d of RNAi.
On d 10, reduced protein expression was observed. Cell
transfer study suggested that invasive ability was increased
after protein expression was downregulated.

Site for siRNA design was the hot spot of RNAi research
and every laboratory had its own scheme. Tuschl et al[21],
indicated that 5’ and 3’ UTRs should be avoided in designing
siRNA considering the copious protein-binding regions.
These protein and translation initiation complexes will affect
the combination between siRNA endonuclease complex and
mRNA, hence no detectable interference. dsRNA targeted
intron and promoter sequence had no interference effect
in C. elegans[22]. In plant, dsRNA targeted promoter sequence
showed specific inhibition of gene expression and induction
of methylation of sequence of interest[23]. So, the effective
application of RNAi technique in gene function study needs
further study and practice. In the current study, siRNA
targeting upstream non-coding and coding sequence of E-
cadherin exhibited the satisfying interference effect. It
suggests that dsRNA targeting upstream non-coding sequence

Figure 2  Downregulated E-cadherin expression (C): On the 12th d of interference; B: On the 10th d of interference) in MKN45 cells undergoing
RNAi compared with that in control group (A).
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is capable of inhibiting gene expression. However, its effect
on DNA modification needs further study. With the
comprehension of mechanism of RNAi, it will promote
the development of functional genomics, developmental
biology and gene therapy.
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