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inhibit the proliferation, induce apopto-
sis in human ESCC cells by COX-2
dependant and COX-2 independent
pathways. NS-398, a selective inhibitor
of COX-2, may be a new method of
chemoprevention and chemotherapy for
ESCC.

INTRODUCTION
COXs are the key enzymes that medi-
ate the production of prostaglandins
(PGs) from arachidonic acid. Several
reports indicated that levels of PGs in
human tumors is higher than that of
surrounding normal tissue and that the
major PG is prostaglandin E2 (PGE2).1,2

Two isoforms of COX have been identi-
fied, COX-1 and COX-2. COX-1 is
expressed constitutively in most tissues,
leading to relatively low levels of PG
production; primarily, they perform a
“housekeeping” function, such as gastric
cytoprotection, maintenance of renal
blood supply, and platelet aggregation.
In contrast, COX-2 mRNA and protein
are almost undetectable in most tissues,
but can be induced by a number of
agents including cytokines, growth fac-
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ABSTRACT
The human esophageal squamous cell
carcinoma (ESCC) cell line (EC9706),
which expresses Cyclooxygenase-2
(COX-2), was used to investigate the
mechanism by which a new nonsteroidal
anti-inflammatory drug (NSAID), NS-
398, inhibited proliferation and induced
apoptosis in ESCC. The EC9706 cells
were treated with various concentrations
of selective COX-2 inhibitor, NS-398.
Treatment with cox-2 selective inhibitor
NS-398, significantly inhibited cell
growth, induced apoptosis, and reduced
the PGE2 production in a dose-depend-
ent manner in human esophageal squa-
mous cell carcinoma cells. Further
investigation showed that NS-398 could
significantly increase caspase-3 activity,
and the caspase specific inhibitor Ac-
DEVD-CHO could inhibit the increase
of caspase-3 activity induced by NS-398.
Our results indicated that NS-398 could
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tors, and tumor promoters. Increased
COX-2 expression was observed in car-
cinomas of colon, stomach, breast,
esophagus, lung, liver, pancreas, and
bladder.3-9 Increasing numbers of epi-
demiological and experimental studies
have demonstrated that COX-2 play an
important role in carcinogenesis of
human cancers, and that non-steroidal
anti-inflammatory drugs (NSAIDS)
have an effect on the prevention of
human cancers, especially those in the
gastroenterological tract.10,11 For exam-
ple, individuals, who took NSAIDs regu-
larly, had a 40% to 50% reduction in
mortality from esophageal and colon
cancers compared with those who did
not use them.12,13 Several NSAIDs, such
as sulindac, celecoxib, were found to
reduce the size and number of adenoma
with familial adenomatous polyposis
(FAP).14-16 Furthermore, overexpression
of COX-2 has been detected in human
esophageal squamous dysplasia,
esophageal squamous cell carcinomas
and adenocarcinomas, and nonmalig-
nant, metaplastic epithelium of Barrett’s
esophagus.17-19 In addition, NSAIDs can
reduce the frequency and number of
pre-malignant and malignant lesions in
animal models of esophageal carcino-
genesis.20 Experimental animal studies
have shown that these drugs induce can-
cer cells to undergo apoptosis and inhib-
it carcinogenesis.21,22 NSAIDs have also
been shown to exert anti-proliferative
and pro-apoptotic effects on a variety of
cell lines, such as colon cancer cell lines,
esophageal cancer cell lines, melanoma
cell lines.23,24 The mechanism by which
COX inhibitors suppress carcinogenesis
is partly attributed to its modulation of
prostanoid production, which affects cell
proliferation, tumor growth, and
immune responsiveness. Recently, PGE2,
a major product of COX-2, has been
reported to induce bcl-2 expression and
inhibit apoptosis and, conversely, that
COX-2 inhibitors induce apoptosis,25

suggesting the possible mechanisms,
COX-2- dependent and COX-2-inde-
pendent in the action of anti-neoplasm.
However, the molecular mechanisms by
which NSAIDs prevent cancer in neo-
plastic cells, inhibit cell proliferation,
and induce apoptosis remain unclear.
NS-398, a selective COX-2 inhibitor, has
been reported to inhibit proliferation
and to induce apoptosis in colorectal
and lung carcinoma cell lines.26,27 In this
study, the human ESCC cell line EC9706
was used as a model to explore the pos-
sible mechanisms of action of NS-398.

MATERIALS AND METHODS 
Cell Culture
The human esophageal squamous cell
carcinoma cell line EC9706 was supplied
by Professor Ming-Rong Huang (Cancer
Institute, Chinese Academy of Medical
Sciences and Peking Union Medical
University, Peking, China). EC9706 cells
were plated in culture bottle and grown
in PRMI-1640 medium (Gibco) supple-
mented with 10% (v/v) fetal bovine
serum, 100 U/mL penicillin, and
100µg/mL streptomycin at 37˚C in a
humidified atmosphere of 95% air and
5% CO2.

Reverse Transcription-PCR (RT-PCR)
Total cellular RNA was prepared from
cell line EC9706 using a TRizol (Gibco)
extraction technique. COX-2 transcript
level was evaluated using a reverse tran-
scription-PCR assay; b-actin transcript
served as internal control. 1 µg of RNA
samples was reversely transcribed in a
25 µL volume using Access RT-PCR
Introduction System (Promega, San Luis
Obispo, Calif), according to the manu-
facturer’s instruction. 1 µL reverse tran-
scription product was used for
amplification with the following primers:
1) human cox-2 sense (5’-CAG CAC
TTC ACG CAT CAG TT-3’) and anti-
sense (5’-TCT GGT CAA TGG AAG
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CCT GT -3’), 756 bp; 2) b-actin sense
(5’-CAC CCC CAC TGA AAA AGA
TGA -3’) and antisense (5’-CAT CTT
CAA ACC TCC ATG ACG-3’), 326 bp.
b-actin transcript served as internal con-
trol. PCR conditions consisted of 35
cycles of 94˚C for 1 minute, 59˚C for 1
minute and 72˚C for 1.5 minutes, and a
final extension at 72˚C for 10 minutes.
PCR products were visualized by 1.5%
agarose gel electrophoresis.

Western Blot  
EC9706 cells were lysed in solubilization
buffer containing 150 mM NaCl, 50
mMTris (pH 8.0), 0.02% NaN3, 0.01%
PMSF, 0.2% aprotinin, 1% TritonX-100.
Protein concentrations were determined,
and 20 µg of protein per lane were elec-
trophoresed on 10% SDS polyacry-
lamide gels after boiling for 5 minutes in
2¥ loading buffer, and transferred to
nitrocellulose membranes. Native COX-
2 protein was used as a positive control
for COX-2 protein. The membrane was
exposed to the anti-cox-2 antibody
(1:500) overnight at 4˚C, followed by
incubation with the secondary antibody
(1:1000) (Santa Cruz Biotechnology,
Santa Cruz, Calif). Blotted protein was
stained with BCIP-DAB (SABC,
Luoyan City, Henan, China).

Cell Proliferation Assay in Monolayer
Cell Culture
The effect of NS-398 (Sigma) on cell
growth was determined using a MTT
cell proliferation assay. NS-398 was dis-
solved in 100% DMSO as 1000 ¥ stock
solution and then diluted further in
PRMI-1640 for cell culture experiments.
The final concentration of DMSO for all
experiments was maintained at 0.1%.
All drugs solutions were prepared on
the day of testing. EC9706 cells were
seeded at a density of 5 ¥ 103 per well in
96-well plates in PRMI-1640 containing
10% FBS. After 24 hours, the medium
was then replaced with either a control

medium containing 0.01% or a medium
containing 25 µM NS-398, 50 µM NS-
398, 100 µM NS-398, or 150 µM NS-398.
After a 3-day preincubation, the cell
proliferation assay, MTT, was per-
formed. Absorbance was measured at
490 nm using a micro-ELISA reader.

DNA Fragmentation Analysis
DNA gel fragmentation assay was per-
formed to detect EC9706 cell apoptosis.
EC9706 cells were incubated in PRMI-
1640 containing 10% FBS with 10 µM
NS-398, 50 µM NS-398, or 100 µM NS-
398, or without NS-398 for 2 days. DNA
was extracted from 106 floating and
attached cells. Briefly, cells were collect-
ed with cell scraper and washed with
cold PBS. Cells were resuspended in
TES solution (150 mM NaCl; 10 mM
Tris, pH 7.5; 1 mM EDTA, PH 8.0; 1%
SDS) for 5 minutes at room tempera-
ture. DNA was extracted with an equal
volume of phenol, chloroform, isoamyl
alcohol, and with phenol and isoamyl
alcohol again, and then the aqueous
phase was transferred to a fresh
Eppendorf tube. Then, 1/10 volume of 3
M NaAc (PH5.2) and 2 volumes of
100% ethanol were added in the
Eppendorf tube. After mixing well,
DNA from the supernatant was precipi-
tated by ethanol and resuspended in 100
µL of TE buffer (10 mM Tris, PH 8.0; 1
mM EDTA). The supernatant was treat-
ed with 50 µg/mL RNase A at 37˚C for 1
hour. Equal amounts of DNA samples
(20 µg) were electrophoresed on a 1.5%
agarose gel and visualized by ethidium
bromide staining.

Assay of Caspase-3 Activity 
Cells were plated onto 24-well plates 1
day before treatment. After cells were
exposed to 25 µM NS-398, 50 µM NS-
398, 100 µM NS-398 for 2 days, both
floating and attached cells were harvest-
ed and counted. Cells (1 ¥ 106) were
analyzed for caspase-3 activity using a
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commercial kit (Roche). Experiments
were performed in triplicate, and results
were calculated as means ± SD.

Assay of PGE2 Production  
EC9706 cells were seeded at a density of
5 ¥ 104 per well in 24-well plates in
PRMI-1640 containing 10% FBS. After
24 hours, the medium was then replaced
with medium containing 25 µM NS-398,
50 µM NS-398, 100 µM NS-398, or 150
µM NS-398. After a 24 hours preincuba-
tion, the supernatants were collected,
and the PGE2 level in the supernatants
was measured using a commercial
radioimmunoassay kit (Medical College,
Suzhou University, China) according to
instructions.

Statistical Analysis 
All statistical analyses were performed
by t test.

RESULTS
COX-2 Protein and mRNA Expression
by EC9706 Cells  
Figure 1A illustrates the expression of
COX-2 protein (70 kDa), as determined
by western blot analysis in human
esophageal squamous cell carcinoma cell
line (EC9706) under normal culture

conditions. Figure 1B depicts the RT-
PCR for detection of COX-2 mRNA
(756 bp). A strong expression of COX-2
gene is apparent in EC9706 cells.

Effect of NS-398 on the Proliferation of
EC9706 Cells 
The effect of selective COX-2 inhibitor
NS-398 on proliferation of EC9706 cells
was studied by using the MTT cell pro-
liferation assay. EC9706 cells were treat-
ed with increasing concentrations of
NS-398 (25 µM, 50µM, 100 µM, 150 µM,
and 200 µM), and the effect on prolifera-
tion was determined after 3 days of
treatment. In cultures treated with NS-
398, there was no increase in the number
of non-adherent cells relative to control
cultures. NS-398 suppressed the prolifer-
ation of the EC9706 cell examined in a
dose-dependent manner (Figure 2).

Effect of NS-398 on Apoptosis of
EC9706 Cells 
To determine whether suppression of
EC9706 cell proliferation by COX-2
inhibitors was due to the induction of
apoptosis, the appearance of DNA frag-
mentation after incubation with NS-398
was detected by DNA gel fragmentation
assay. As shown in Figure 3, NS-398-
treated EC9706 cells produced a smear
of different sizes of DNA fragments and
a distinct oligosomal ladder, a character-
istic of cells undergoing apoptosis. In
contrast, control EC9706 cells showed
no evidence of detectable DNA frag-
ments.

Effect of NS-398 on PGE2 Production
by EC9706 Cells  
Because PGE2 is a major COX-2 prod-
uct, the levels of PGE2 produced by
EC9706 cells were measured. PGE2, pro-
duced by cells treated with NS-398, was
significantly less than that without NS-
398 treatment. As shown in Figure 4,
NS-398 suppressed PGE2 production in
a concentration-dependent manner.

Figure 1. Expression of COX-2 in EC9706 cells
cultured under normal conditions in vitro. (A)
Western blot of cox-2 protein (70 kDa). (B)
COX-2 mRNA expression in EC9706 cells (756
bp).
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Effect of NS-398 on Caspase-3
Activation in EC9706 Cells  
Caspases are responsible for many of
the biochemical and morphological

changes that occur during apoptosis, so
we investigated whether selective COX-
2 inhibitor NS-398 induced the activa-
tion of caspase-3 in EC9706 cells.
Caspase-3 activity was significantly ele-
vated after 24 hours of treatment with
different concentrations of NS-398.
Furthermore, Caspase-3 activation was
completely blocked by incubation with
the caspase inhibitor Ac-DEVD-CHO
(Figure 5).

DISCUSSION 
To date, most studies concerning
NSAIDs as chemopreventive agents for
carcinogenesis have utilized NSAIDs,
such as aspirin and sulindac, which
inhibit both COX-1 and COX-2.
Currently, there is also considerable
interest in NSAIDs, which selectively
inhibit COX-2, as they appear to be rel-
atively non-toxic. Although only a few
studies have been done, these newly
developed NSAIDs appear, like celecox-
ib and NS-398, to be effective chemopre-
ventives in animal models of
neoplasia.28,29 In fact, when evaluated
using similar protocols, they are more
effective than the following NSAIDs,

Figure 3. DNA-fragmentation assay. EC97-06
cells were treated with vehicle as control
(Lane 3), 100 µM NS398 (Lane 2), 150 µM
NS398 (Lane 1) for 2 days.  Cellular DNA was
extracted and analyzed by agarose gel
(1.5%) electrophoresis. Lane M is DL-2000
marker.

Figure 2. NS-398 inhibited EC9706 cell proliferation. EC9706 cells were treated with increasing con-
centrations NS-398 for 3 days. Data shown are means from 5 replicate wells.
*Significant difference at P < 0.01 vs control.  
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aspirin, sulindac, and ibuprofen.
Substantial progress has been made in
understanding the means by which
NSAIDs, that are either non-selective
for either COX isoform or selective for
COX-1, are anti-neoplastic.

Considerably less is known for highly
selective COX-2 inhibitors.

Here, the effect of the highly selec-
tive COX-2 inhibitor NS-398 on human
esophageal squamous cell carcinoma cell
line EC9706 was tested. We have shown

Figure 4. Effect of NS-398 on PGE2 production by EC9706 cells. The cells were cultured without NS-
398 (control), or else were incubated with 25 µM, 50 µM, 100 µM, 150 µM NS-398. The data shown
are means ± SD of 5 determinations. 
*Significant difference at P < 0.01 vs the control group.

Figure 5. Effect of NS-398 on caspase-3 activation in EC9706 cells. The cells were cultured with-
out NS-398 (control), or else were incubated with 50 µM, 100 µM, 150 µM NS-398. The data
shown are means ± SD of 5 determinations. 
*Significant difference at P < 0.01 vs the NS-398 group. 
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that EC9706 cells express COX-2. NS-
398 could strongly inhibit cell prolifera-
tion, and induce the characteristic
features of apoptosis, including DNA
fragmentation and caspase-3 activity. In
our study, we found that NS-398 treat-
ment of EC9706 cells for 24 hours
resulted in elevation of caspase-3 activi-
ty in a dose-dependent manner, while
caspase-3 activation was completely
blocked by the caspase inhibitor, Ac-
DEVD-CHO. Ming Li et al23 also
reported that induction of apoptosis by
NS-398 is associated with caspase-3 acti-
vation, and the effect of NS-398 was
inhibited by another caspase inhibitor
Z-DEVD-FMK. These results imply that
NS-398 could activate caspase-3 activity,
which leads to apoptosis.

In addition, NS-398 could inhibit
PGE2 production that in turn may inhib-
it proliferation, and induce apoptosis in
ESCC cells. A similar COX-2-dependent
effect has been reported in colon,
prostate, glioma, and pancreatic carcino-
ma cell lines,8,22,28-31 where a selective
COX-2 inhibitor was shown to inhibit
proliferation and to induce apoptosis.
Increased levels of prostaglandins
(PGs), a consequence of COX-2 overex-
pression, play a role in tumor develop-
ment by increasing cell proliferation,
inhibiting cell apoptosis, promoting
angiogenesis, and inhibiting immune sur-
veillance.32-34 Several other studies, how-
ever, have shown that there is no
correlation between COX -2 expression
and apoptosis induced by NSAIDs,
including NS-398.10,24 Elder et al10

reported no correlation between the
sensitivity of colon-cancer cell lines to
NS-398 and COX-2 expression or the
addition PGE2 and the induction of
apoptosis. This discrepancy may repre-
sent differences between the cells ana-
lyzed by different investigators and
types of the NSAIDs used, and suggest
more studies on the role of selective

COX-2 inhibitor in cancer prevention
and treatment should be progressed.

Because of non-selective COX -2
inhibitor’s high frequency of side effects,
long-term use is limited in the clinic.35

Therefore, new and potent NSAIDs with
fewer side effects, such as NS-398, cele-
coxib, rofecoxib, have been tested, and
some of them have been used in the
clinic. Our results found that NS-398
could inhibit human ESCC cells prolif-
eration and induce esophageal cancer
cells to undergo apoptosis, which sup-
ports the use of COX -2 inhibitors in
esophageal cancer prevention and thera-
py. Our data provides a rational for the
use of currently available selective
inhibitors of COX –2, and these drugs
may be effective preventive and thera-
peutic options for esophageal 
carcinoma.
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