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Abstract

AIM: To investigate the mechanisms of how cyclooxy-
genase-2 (COX-2) regulates E-cadherin in gastric can-
cer cells.

METHODS: COX-2 expression in human gastric cancer
cell lines SGC-7901, BGC-823, MGC-803 and AGS were
measured at the mRNA and protein level. COX-2 rich
cell line SGC-7901 was chosen for subsequent experi-
ments. siRNA mediated gene knockdown was used to
investigate the impact of COX-2 on nuclear factor-xB
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(NF-xB), Snail, and E-cadherin in gastric cancer cells.
Gene expression was determined by Western blot and
real-time polymerase chain reaction. To analyze wheth-
er NF-«B inhibition could interrupt the modulatory ef-
fect of COX-2 or prostaglandin E2 (PGE2) on E-cadherin,
gastric cancer cells were treated with celecoxib or
PGE2, in the presence of NF-«xB specific siRNA.

RESULTS: Highest expression level of COX-2 was
found in SGC-7901 cells, both at mRNA and protein
levels. siRNA mediated down-regulation of COX-2 led
to a reduced expression of NF-xB and Snail, but an
increased expression of E-cadherin in SGC-7901 cells.
siRNA mediated down-regulation of NF-«B also led
to a reduced expression of E-cadherin and Snail in
SGC-7901 cells. However, COX-2 expression did not
alter after cells were treated with NF-«xB specific sSiRNA
in SGC-7901 cells. Treatment of SGC-7901 cells with
celecoxib led to a reduced expression of Snail but an
increased expression of E-cadherin. In contrast, treat-
ment of SGC-7901 cells with PGE2 led to an increased
Snail and a decreased E-cadherin. However, siRNA-
mediated knockdown of NF-xB partially abolished
the effect of celecoxib and PGE2 on the regulation of
E-cadherin and Snail in SGC-7901 cells.

CONCLUSION: COX-2 likely functions upstream of NF-
kB and regulates the expression of E-cadherin via NF-
«kB/Snail signaling pathway in gastric cancer cells.

© 2013 Baishideng. All rights reserved.
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Core tip: Cyclooxygenase-2 (COX-2) plays an important
role in transcriptional regulation of E-cadherin in gastric
cancer and other malignancies. On the contrary, pros-
taglandin E2 (PGE2) promotes invasion of tumor cells
through down-regulating the expression of E-cadherin.
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Our study has provided further evidence that COX-2
functions upstream of nuclear factor-«xB in the regula-
tion of Snail and E-cadherin in gastric cancer cells.
Blockade of COX-2 activity or inhibition of PGE2 pro-
duction may offer some benefit in the chemoprevention
and treatment of gastric cancer.

Liu XJ, Chen ZF, Li HL, Hu ZN, Liu M, Tian AP, Zhao D, Wu J,
Zhou YN, Qiao L. Interaction between cyclooxygenase-2, Snail,
and E-cadherin in gastric cancer cells. World J Gastroenterol
2013; 19(37): 6265-6271 Available from: URL: http://www.wjg-
net.com/1007-9327/full/v19/i137/6265.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i37.6265

INTRODUCTION

Cyclooxygenase-2 (COX-2) is an inducible isozyme of
cyclooxygenase and catalyzes prostaglandin E2 (PGE2)
formation in response to various inflammatory stimuli or
growth factors'. PGE2 plays an important role in regu-
lating diverse cellular functions under physiological and
pathological conditions”. Overexpression of COX-2 is
related to invasion and metastasis of tumor cells” . To
turther support the role of COX-2 in tumor promotion,
it was reported that PGE2 was able to facilitate the inva-
sion of tumor cells through down-regulation of E-cad-
herin'”. On the other hand, celecoxib, a selective inhibitor
of COX-2, could inhibit migration and metastasis of
tumor cells by up-regulating E-cadherin’. Many studies
have suggested that COX-2 is generally overexpressed in
gastric cancer tissues, and it was thought to play a crucial
role in the development and invasion of gastric cancers'”.
In contrast, the expression of E-cadherin, an important
cell adhesion molecule, is usually low, mutated, or even
lost in gastric cancer tissues”™". Thus, COX-2 and E-cad-
herin appeat to exhibit totally different expression pat-
terns. Our group had previously reported an inverse cot-
relation between COX-2 and E-cadherin and suggested
that Snail is likely to be responsible for the regulation of

COX-2 on the expression and function of E-cadherin in
[11,12]

gastric cancer tissues

Snail is a transcription factor and was reported to
down-regulate the expression of E-cadherin, causing
disruption to cell-to-cell adhesion and thereby facilitates
tumor progression and metastases' . Meanwhile, it was
reported that nuclear factor-kB (NF-kB) promotes tu-
mor cell migration and invasion in many human cancers
through up-regulating Snail and subsequent suppression
of E-cadherin"",

Therefore, it is very likely that the interaction between
COX-2, Snail, and E-cadherin may play a key regulatory
role in invasion and metastasis of gastric cancer. Our
group is interested in understanding the possible interac-
tion between COX-2, Snail, and E-cadherin during the
development, progression, invasion, and metastasis of
gastric cancer. Thus, the aim of this study is to investigate
if COX-2 modulates E-cadherin expression »ia Snail and
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NF-kB in gastric cancer cells.

MATERIALS AND METHODS

Reagents and cell lines

RPMI 1640 medium and PGE2 were purchased from
Sigma-Aldrich (St. Louis; MO, United States). Opti-
MEM 1 Reduced Serum Medium, Lipofectamine 2000,
BLOCK-T™ Fluorescent Oligo, and negative control
for RNAi were purchased from Invitrogen (Carlsbad,
CA, United States). Fetal calf serum was purchased from
Hyclone Laboratories (Logan, UT, United States). Re-
verse transcription kit and quantitative polymerase chain
reaction (qPCR) kit were purchased from Takara Bio-
technology Co. Ltd. (Dalian, China). celecoxib was pur-
chased from Cayman Chemical (Ann Arbor, MI, United
States). Polyclonal antibodies against COX-2, NF-kB
P65, E-cadherin, and B-actin were from BioWorld Cor-
poration (CA, United States). Polyclonal antibody against
human Snail was purchased from Abcam (Cambridge,
United Kingdom). All primers were synthesized by Taka-
ra Biotechnology Co. Ltd. (Dalian, China). Double strand
(ds) RNAI Stealth™ oligos, the specific siRNA against
COX-2 and NF-xB (p65) were designed and synthesized
by Invitrogen (Catlsbad, CA, United States).

Human gastric cancer cell lines SGC-7901, BGC-823,
MGC-803 and AGS were purchased from Shanghai In-
stitutes for Biological Sciences, Chinese Academy of Sci-
ences (Shanghai, China).

Cell culture

Gastric cancer cell lines (SGC-7901, BGC-823, MGC-803
and AGS) were cultured in RPMI 1640 supplemented
with 10% fetal bovine serum, 1% penicillin and strep-
tomycin, and maintained at 37 C in a humidified atmo-
sphere containing 50 mL/L COz. Before transfection, the
culture medium RPMI 1640 was replaced by Opti-MEM L.

Baseline expression of COX-2 in gastric cancer cells
SGC-7901, BGC-823, MGC-803 and AGS were plated
respectively at a concentration of 10° cells/ well in a 6-
well plate and incubated overnight. Total RNA and pro-
tein were exacted to determine the basal expression level
of COX-2 at the mRNA by PCR and protein level by
Western blot, respectively.

siRNAs design, transient transfection of SGC-7901 cells
with COX-2 and NF-«B siRNA oligonucleotides
As the SGC-7901 cells showed the highest expression
level of COX-2, we used siRNA knockdown approach
to investigate the impact of COX-2 on NF-kB, Snail, and
E-cadherin in this cell line. Three pairs of siRNA oligos
against COX-2 and NF-xB p65, and a control (scrambled)
siRNA were initially designed and commercially synthe-
sized. The sequences of these siRNAs were shown in
Table 1.

For transfection, cells were seeded into a 6-well plate
at a density of 3 X 10 cells per well and incubated over-
night. Cells were then transfected with siRNA oligos
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Table 1 Sequences of the specific siRNA against cyclooxy-
genase-2 and nuclear factor-<B pé5 used in the study

siRNA against Forward Reverse

COX-2 AAUAGGAGAG- GAAGSCUUCUCUAAC-
GUUAGAGAAGGCUUC CUCUCCUAUU

NF-kB p65 UCACUAGGC- CCUGAGGCUAUAA-
GAGUUAUAGSCUCAGG CUCGCCUAGUGA

COX-2: Cyclooxygenase-2; NF-kB: Nuclear factor-xB.

using Lipofectamine 2000 and incubated for 24 to 72
h before further analysis. Transfection efficiency was
determined by transfecting the cells with FITC labeled
Oligo and counting the number of positive cells under
the fluorescent microscopy. More than 80% of cells
were routinely successfully transfected. The expression
of COX-2, NF-«B, Snail and E-cadherin were analyzed
by qPCR and Western blot in successfully transfected
cells.

Co-treatment of SGC-7901 cells with NF-kB specific
SiRNA, celecoxib, and PGE2

To analyze whether NF-kB inhibition could interrupt the
modulation effect of COX-2 or PGE2 on E-Cadheirn,
SGC-7901 cells wete treated with 40 pmol/L celecoxib
for 24 h alone or with NF-kB specific siRNA. Cells were
also treated with 10 pmol/L PGE2 for 4 h alone or with
NF-kB specific siRNA. The optimal dosages for cele-
coxib and PGE2 were based on our preliminary study.
The expression of NF-kB, Snail and E-cadherin were
measured by qPCR and Western blot.

Western blotting for COX-2, NF-«xB, Snail and E-cadherin
expression

Whole-cell extracts were prepared from the treated cells
with 2 mL of RIPA buffer containing protease inhibitors.
Cell lysates were centrifuged at 8000 rpm for 10 min and
the supernatant was collected. Cell lysates were electro-
phoretically separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gels.
Proteins were transferred to nitrocellulose membrane and
the membrane was blocked with 5% fat-free milk in TBS
plus 0.1% Tween-20 (TBST). The membranes were then
incubated with respective primaty antibodies (rabbit poly-
clonal COX-2, NF-xB p65, Snail, E-cadherin, all at 1:1000
dilution) and the corresponding horseradish peroxidase-
conjugated secondary antibody for 1 h. The membranes
were incubated with enhanced chemiluminescence sys-
tem and exposed to X-ray film for signal detection. B-actin
was used as a control for equal loading of samples.

Real-time PCR for COX-2, NF-xB, Snail and E-cadherin
expression

Total RNA was extracted with Trizol reagent according to
the manufacturer’s instructions. Approximately 30 ng of
total RNA was transcribed into cDNA. The synthesized
cDNA samples were subjected to qPCR using SYBR"
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Table 2 The sequences of the primers used in this study

Primers Sense primer Antisense primer
COX-2 5'-GCCTGAATGTGCCATA 5-AAACCCACAGTGCTTG
AGACTGAC-3' ACACAGA-3'

E-cadherin 5'-TACACTGCCCAGGAGS 5-TGGCACCAGTGTCCGG
CAGA-3' ATTA-3

Snail 5'-GACCACTATGCCGCGC 5-TCGCTGTAGTTAGGCT
TCTT-3’ TCCGATT-3'

NF-xB p65 5-TCAGTCAGSGCATCCA 5-CAGAGSCGCACAGSAT
GACC-3’ TCA-3’

B-actin 5'-TGGCACCCAGSACAAT 5-CTAAGTCATAGTCCGC

GAA-3' CTAGAAGSA-3'

COX-2: Cyclooxygenase-2; NF-kB: Nuclear factor-«B.

Green Quantitative PCR kit. Amplification was carried
out in a total volume of 20 plL for 40 cycles of 15 s at
95 C, 20 s at 60 ‘C, and 30 s at 72 ‘C. Samples were run
in triplicate and their relative expression was determined
by normalizing expression of each target to B-actin. The
amplification was monitored on a Roter-Gene realtime
PCR apparatus (Roter-Gene, Australia). Primers used in
these experiments were shown in Table 2.

Statistical analysis

Data analysis was performed using SPS§11.0. All data
were expressed as mean = SD. Comparison of the differ-
ences between each group was performed by y” test. A P
value of < 0.05 was considered statistically significant.

RESULTS

COX-2 baseline expression in human gastric cancer cell
lines

We first examined the basal level of COX-2 expression
in several human gastric cancer cell lines using qPCR
and Western blot. The cell lines tested include SGC-7901
(moderately differentiated), BGC-823 (pootly differenti-
ated), MGC803 (undifferentiated), and AGS (well differ-
entiated). Highest expression level of COX-2 was found
in SGC-7901 cells, both at mRNA and protein levels
(Figure 1A and B) (P < 0.05). Thus, the subsequent ex-
periments were performed in SGC-7901 unless otherwise
stated.

Effect of COX-2 silencing on NF-xB, Snail, and
E-cadherin in SGC7901 cells

In order to test the effect of siRNA-mediated down-
regulation of COX-2 on NF-xB, Snail and E-cadherin,
SGC-7091 cells were incubated with COX-2 specific
siRNA (COX-2-siRNA) and the target gene expression
was examined by qPCR and Western blot. As shown in
Figure 1, knockdown of COX-2 (Figure 1C and D) led
to a 3-fold and 2.3-fold decrease but a 4.6-fold increase in
the mRNA expression of NF-kB, Snail, and E-cadherin,
respectively (Figure 1E) (P < 0.05, compared to their re-
spective controls). These changes were confirmed at the

protein level: COX-2-siRNA led to 2.3-fold and 2.8-fold
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Figure 1 Effect of cyclooxygenase-2 knockdown on the expression of nuclear factor-«<B, Snail, and E-cadherin in gastric cancer cells. Among the four hu-
man gastric cancer cell lines, SGC-7901 has the highest expression level of cyclooxygenase-2 (COX-2) at mRNA (A) and protein level (B). Thus, this cell line was
used to study the regulatory effect of COX-2 on nuclear factor-xB (NF-xB), Snail, and E-cadherin. Successful knockdown of COX-2 was confirmed at mRNA (C) and
protein (D) levels. Down-regulation of COX-2 led to a reduction of NF-xB subunit p65 and Snail but an increased E-Cadherin, both at the mRNA (E) and protein (F)
levels. mRNA expression was examined by quantitative polymerase chain reaction (qPCR) and expressed as a relative arbitrary unit against that of B-actin. Protein

expression was examined by Western blot (*P < 0.05 vs their respective controls).

decrease but a 2.5-fold increase in the expression of NF-
kB, Snail, and E-cadherin, respectively (Figure 1F) (P <
0.05, compared to their respective controls).

Effect of NF-«B silencing on COX-2, Snail and
E-cadherin in SGC7901 cells

As noted above, siRNA mediated down-regulation of
COX-2 led to a reduced expression of NF-kB and Snail
in SGC-7901 cells. In order to confirm if COX-2 func-
tions upstream of NF-xB, we examined if NF-kB was
able to modulate COX-2 expression in SGC-7901 cells.
As shown in Figure 2, knockdown of NF-kB subunit
P65 using its specific siRNA (p65-siRNA) (Figure 2A
and B) did not affect the expression of COX-2 at both
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mRNA and protein levels (Figure 2C and D) (P < 0.05,
compared to their respective controls).

We then proposed that NF-kB could regulate the ex-
pression of E-cadherin zia the transcription factor Snail.
Therefore, the effect of NF-xB silencing on Snail and
E-cadherin were further examined in SGC-7091 cells. As
shown in Figure 2, knockdown of NF-kB (Figure 2A
and B) was associated with a reduced expression of Snail
at both mRINA and protein levels (Figure 2C and D) (P
< 0.05, compared to their respective controls). On the
other hand, blockade of NF-kB with p65-siRNA ren-
dered an increase in the expression of E-cadherin at both
mRNA and protein levels (Figure 2C and D) (P < 0.05,
compared to their respective controls).
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Figure 2 Effect of nuclear factor-<B knockdown on the expression of cyclooxygenase-2, Snail, and E-cadherin in SGC-7901 cells. Cells transfected with
specific siRNA against nuclear factor-xB (NF-xB) subunit p65 (p65-siRNA) showed a marked down-regulation of p65 at mRNA (A) and protein (B) levels. p65-siRNA
led to a reduction of Snail but an increased E-cadherin, both at the mRNA (C) and protein (D) levels. However, p65-siRNA mediated down-regulation of NF-xB did not
significantly alter the expression of COX-2, both at the mRNA (C) and protein (D) levels. mMRNA expression was examined by polymerase chain reaction (qPCR) and
expressed as a relative arbitrary unit against that of -actin. Protein expression was examined by Western blot. (*P < 0.05 vs their respective controls).
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Figure 3 Down-regulation of nuclear factor-<B by p65-siRNA reversed the regulatory effect of celecoxib and prostaglandin E2 on Snail and E-cadherin in
SGC-7901 cells. Treatment of SGC-7901 cells with celecoxib led to a reduced expression of Snail but an increased expression of E-cadherin both at mRNA (A) and
protein (B) levels. In contrast, treatment of SGC-7901 cells with prostaglandin E2 (PGE2) led to an increased Snail and a decreased E-cadherin at mRNA (A) and pro-
tein (B) levels. However, when the cells were pre-treated with p65-siRNA, the observed effects of Celecoxib and PGE2 were reversed (A, B). mRNA expression was
examined by polymerase chain reaction (qPCR) and expressed as a relative arbitrary unit against that of B-actin. Protein expression was examined by Western blot (*P
< 0.05 vs their respective controls).

NF-«B inhibition interrupted the effects of celecoxib and ~ and PGE2, a principal COX-2 substrate with reported
PGE2 on E-cadherin and Snail in SGC-7901 cells role in promoting cell migration and invasion in tumors,
To further determine the regulatory role of NF-kB on to treat SGC-7901 cells in the presence or absence of
E-cadherin, we used celecoxib, a potent COX-2 inhibitor, p65-siRNA.
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As shown in Figure 3, treatment of SGC-7901 cells
with celecoxib led to a reduced expression of Snail but an
increased expression of E-cadherin both at mRNA (Fig-
ure 3A) and protein (Figure 3B) levels. In contrast, treat-
ment of SGC-7901 cells with PGE2 led to an increased
Snail and a decreased E-cadherin at mRNA (Figure 3A)
and protein levels (Figure 3B). However, when the cells
were pre-treated with p65-siRNA, the observed effects
of celecoxib and PGE2 were reversed (Figure 3A and B)
(P < 0.05, compared to their respective controls).

DISCUSSION

Abnormal down-regulation of E-cadherin is an impot-
tant event involved in epithelial-mesenchymal transition,
a critical process in the malignant transformation of epi-
thelial cancers including gastric cancer"""". Previous stud-
ies, including our own, have demonstrated that COX-2
has a modulatory effect on expression of E-cadherin in
gastric cancer and other malignanciesm]. The regulatory
role of COX-2 on the expression of E-cadherin is also
reflected by the observed chemopreventive effect of the
selective COX-2 inhibitor celecoxib which was shown
to inhibit the migration and metastasis of tumor cells by
up-regulating E-cadherin"”, and further supported by
the fact that PGE-2 was able to promote the tumor inva-
sion through down-regulating E-cadherin™. However,
the mechanisms responsible for the regulatory effect of
COX-2 on E-cadherin have not been well defined.

E-cadherin is usually lost in gastric cancer tissues and
this appeared to be mediated by COX-2""". In our previ-
ous study, we found that inhibition of COX-2 activity
by celecoxib was not only associated with a reduced ex-
pression of Snail, but also a marked reduction in NF-xB
subunit p65"”. In the current study, we explored the same
regulatory effect based on RNAI technique. The results
showed that COX-2 mediated down-regulation of E-cad-
herin appeatred to be dependent on a functional NF-xB
pathway, as blockade of COX-2 activity, either by COX-
2-siRNA or celecoxib, restored the expression of E-cad-
herin. This was associated with a marked down-regulation
of NF-kB and Snail expression. These findings are in
agreement with previous reports that NF-kB up-regulates
Snail and consequently represses E-cadherin in tumor
cells®"*. Snail has been firmly established as a repressor
of E-cadherin and it down-regulates E-cadherin tran-
scription through an interaction with proximal E-boxes
of the E-cadherin promotermj. In our current study, we
further revealed that blockade of NF-kB by p65-siRNA
did not alter the expression of COX-2 in SGC-7901 cells.
However, the effect of celecoxib and PGE2 on Snail and
E-cadherin was reversed by p65-siRNA, suggesting that
a functional COX-2 was necessary for regulating NF-xB
and Snail signaling in gastric cancer.

The regulatory role of NF-kB on COX-2 has been
reported in other human tumors™. For example, NF-
kB was found to enhance the expression of COX-2 and
promote cells proliferation in human colorectal carci-
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noma cells™. In our study, NF-kB p65 was not found
to regulate the expression of COX-2. This inconsistency
may reflect a cell type specific difference. Additionally,
the regulatory role of NF-kB on COX-2 in gastric can-
cer through other subunits could not be excluded. More
studies are needed to unveil the possible mechanisms of
how COX-2 and NF-kB interact during gastric cancer
formation.

In conclusion, this study has provided further evi-
dence that COX-2 functions upstream of NF-kB in the
regulation of Snail and E-cadherin in gastric cancer cells.
Blockade of COX-2 activity or inhibition of PGE2 pro-
duction may offer some benefit in the chemoprevention
and treatment of gastric cancer.
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Background

Cyclooxygenase-2 (COX-2) plays an important role in transcriptional regulation
of E-cadherin in gastric cancer and other malignancies. celecoxib, a selective
inhibitor of COX-2, inhibits migration and metastasis of tumor cells by up-regu-
lation of E-cadherin. On the contrary, prostaglandin E2 (PGE2) promotes inva-
sion of tumor cells through down regulating the expression of E-cadherin. This
study aims to explore how COX-2/PGE2 regulates E-cadherin expression and
further to determine whether COX-2/PGE2 reduces the expression of E-cadherin
via nuclear factor-kB (NF-«B)/ Snail signal pathway in gastric cancer cells.

Research frontiers
Although the correlation between COX-2 and E-cadherin is always inverse in
tumor cells, the mechanism of how COX-2 regulates E-cadherin is not clear yet.

Innovations and breakthroughs

The authors firstly found COX-2 baseline expression was significantly higher
in SGC-7901 cells in comparison to that in BGC-823, MGC-803 and AGS
cells. celecoxib or COX-2 specific RNAi both down-regulated NF-«B and Snail
expression, and up-regulated E-cadherin expression, in contrast to PGE2, in
SGC-7901 cells. Next, they found that NF-kB specific RNAi did not influence
the expression of COX-2 in SGC-7901 cells. Therefore, they can conclude
preliminarily that NF-xB and Snail are the downstream molecules in COX-2
modulated E-cadherin signaling pathway in SGC-7901 cells.

Applications

This study has provided further evidence that COX-2 functions upstream of NF-
«B in the regulation of Snail and E-cadherin in gastric cancer cells. Blockade of
COX-2 activity or inhibition of PGE2 production may offer some benefit in the
chemoprevention and treatment of gastric cancer.

Terminology

Epithelial-mesenchymal transition (EMT): The epithelial-mesenchymal transi-
tion is a process by which epithelial cells lose their cell polarity and cell-cell
adhesion, and gain migratory and invasive properties to become mesenchy-
mal cells. EMT is essential for numerous developmental processes including
mesoderm formation and neural tube formation. EMT has also been shown to
occur in wound healing, in organ fibrosis and in the initiation of metastasis for
cancer progression. COX-2: COX-2 is an inducible isozyme of cyclooxygenase
and catalyzes PGE2 formation in response to various inflammatory stimuli or
growth factors; E-cadherin: E-cadherin is an important cell adhesion molecule
and is usually low, mutated, or even lost in gastric cancer tissues. COX-2 and
E-cadherin appear to exhibit totally different expression patterns in tumor cells.
Peer review

This is a very interesting paper on the molecular biology of COX-2 and E-cad-
herin via the NF-xB and Snail pathways. The methodology and reasoning is
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sound along with the results and logical discussion at the end.
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