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Abstract. Valdecoxib is a second generation selective COX-2
inhibitor that can induce cell apoptosis in a variety of cell
types, but its precise regulatory mechanism is unknown.
Apoptosis of Ecal09 cells and p38 mRNA expression were
investigted. The expression of p-p38MAPK, Fas and FasL
proteins were detected by immunohistochemical staining
and FCM. Valdecoxib increased the apoptosis rate of
Ecal09 cells. Fas and FasL protein expression was up-
regulated in the valdecoxib groups, while SB203580 partly
inhibited the valdecoxib-induced overexpression. Valdecoxib
increased p38MAPK expression, while SB203580 inhibited
the overexpression of this protein and the apoptosis rate
decreased. The expression of Fas, FasL and p38MAPK
protein were positively correlated with the apoptotic rate. In
conclusion, valdecoxib activates the pP3SMAPK pathway,
thus up-regulating expression of the Fas and FasL proteins,
which may be one of the mechanisms through which
valdecoxib induces apoptosis.

Introduction

Esophageal carcinoma (EC) is one of the major malignant
tumors that has a high incidence in China and is chara-
cterized by a unique geographical distribution. Therefore, it
is necessary to search for chemopreventive tools or drugs to
decrease the risk of carcinogenesis of esophageal epithelial
cells.

Many studies have shown that COX-2 overexpression can
induce the occurrence of tumors such as esophageal,
colorectal and pancreatic carcinoma tumors. COX-2-selective
inhibitors have been used to treat malignant tumors via COX-2
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targeting. Valdecoxib is a second generation selective COX-2
inhibitor. Our previous studies showed that valdecoxib
induces apoptosis in Ecal09 cells and that the mechanism
may be correlated with the overexpression of apoptosis-
related genes; however, the precise regulatory mechanism
of valdecoxib is unknown. The P38MAPK signal pathway
plays an important role in inducing cell apoptosis.

In the present study, we investigated the effect of
valdecoxib on apoptosis and the potential role of p38SMAPK
in its induction of apoptosis by valdecoxib on Ecal09 cells.

Materials and methods

Reagents. The antibodies used for the immunofluorescent
and immunohistochemical detection of the p-p38, Fas and
FasL proteins were: i) monoclonal antibody (MoAb) p-
p38, a mouse antibody against human p-p38 (Clone D-8,
Santa Cruz Biotechnology, USA; working concentration,
1:50); ii) rabbit polyclonal antibodies against Fas and FasL
(Clones C-20 and N-20, respectively, Santa Cruz Biotech-
nology; working concentration, 1:50); iii) the secondary
antibodies include FITC-conjugated goat anti-mouse and
anti-rabbit IgGs (Jackson Immunoresearch Laboratories Inc.,
Code Number 115-095-003/115095; working concentration,
1:100). TRIzol was purchased from Sigma; AMV, dNTP,
RNasin, AMV Oligo(dT)15 and Taq DNA Polymerase were
obtained from Promega. Valdecoxib was synthesized by
the School of Pharmacy of Hebei Bedical University
(Shijiazhuang, China) with a purity of 99% and was dissolved

in DMSO at 2.50x10% gmol.I"!,

Cell culture. Human esophageal cancer cells (Ecal09) were
obtained from the Laboratory Animal Center, Fourth Military
Medical University, Xi'an, China. Cells were grown under
humidified air with 5% CO, in an incubator at 37°C in RPMI-
1640 supplemented with 10% fetal bovine serum, 100 pg/ml
streptomycin and 100 units/ml penicillin. The cells were
inoculated at 1x10* cells/ml in culture flask or plate. After
6 h, the cells were divided into groups, including control,
solution, 400, 200, 100, 50 and 25 pgmol.I'' valdecoxib, and
various concentrations of valdecoxib + SB203580, and
cultured for 72 h.
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Detection of valdecoxib-induced apoptosis

Flow cytometry. After treating cells with valdecoxib, attached
and floating cells were pooled and centrifuged in the same
tube. The cell pellets were washed with PBS containing
1% fetal bovine serum, fixed in 70% ethanol, and stained
with 500 ug/ml of propidium iodide (Sigma) containing 3
Kunitz RNase and 1% fetal bovine serum in PBS. Then, the
stained cells were analyzed in an Epics-XLII flow cytometer
(Beckman Coulter, Miami, FL).

Transmission electron microscopy. The cells were treated as
described above, followed by fixation, washing, desiccation,
alcoholic dehydration, embedment, and double-staining with
uranyl acetate and lead citrate. In the end, apoptosis was
observed with an H-7500 type transmission electron micro-
scope.

DNA ladder assessment. Cells under different treatments
were collected, washed twice with PBS, lysed in 80 ml of
lysis buffer [50 mM Tris (pH 8.0), 10 mM ethylenedi-
aminetetraacetic acid (EDTA), 0.5% sodium sarkosinate, and
1 mg/ml proteinase K] for 3 h at 56°C, and then treated with
0.5 mg/ml RNase A for an additional 1 h at 56°C. DNA was
extracted with phenol/chloroform/isoamyl alcohol (25/24/1,
v/v) before loading. Samples were mixed with loading buffer
[50 mM Tris, 10 mM EDTA, 1% (w/w) low-melting point
agarose, and 0.025% (w/w) bromophenol blue] and loaded
onto a pre-solidified 2% agarose gel containing 0.1 mg/ml
ethidium bromide. The agarose gels were run at 50 V for
90 min in TBE buffer, after which they were observed and
photographed under UV light.

Detection of p38 mRNA by semiquantitative RT-PCR. Total
RNA was isolated from the cells using TRIzol following
standard protocols. cDNA was synthesized using reverse tran-
scriptase according to the instruction. Reverse transcription
was performed using 2 ug RNA and 0.5 pg oligo(dT) primer.
The ¢cDNA was amplified in a buffer containing 1.5 mM
MgCl,, 0.2 mM of each dNTP, 0.5% DNA polymerase, and
0.2 mM of each primer pair. The PCR conditions were as
follows: the 346-bp p38 PCR fragment was primed using
5'-CGG AGT GGC ATG AAG CTG TAG-3" and 5'-CCC
TAG GAA ACC AAC ACA GCA-3'. The 451-bp GAPDH
fragment was primed by a 5-CCA CAG GCC AGG CCA
GCA CT-3' and 5-TCC ACC ACC CTG TTG CTG TAG-3'.
PCR was conducted for 35 cycles at 94°C, 60 sec (dena-
turation), 61.8°C, 60 sec (annealing), and 72°C, 60 sec
(extension). The PCR products were examined by 1.5%
agarose gel electrophoresis with ethidium bromide staining.
To determine the relative levels of gene expression, semi-
quantitative analysis was performed by the method reported
by Nakayama et al (1) and Yokoi et al (2). The optical density
of each band was measured, and the background intensity
was subtracted from the band density using image-analysis
software (GDS-8000, UVP, USA). The ratio of the initial
amount of each gene to GAPDH was compared for each
group. These experiments were repeated at least twice.

Detection of p-p38, Fas and FasL protein expression by
flow cytometry. Fluorescence staining was performed using
indirect immunofluorescence labeling methods. For each

LIU et al: p38 SIGNALING PATHWAY INCREASES APOPTOSIS

group (control, valdecoxib and valdecoxib+SB203580), 10°
cells/ml were washed twice with PBS and incubated in a
water bath for 30 min with 100 gl of primary antibodies
against p-p38, Fas and FasL. Then, the cells were washed
twice with PBS and incubated in a water bath for 30 min at
37°C with 100 ul of FITC-conjugated goat anti-mouse or
rabbit IgGs. The cell suspension was washed and resuspended
in 1.0 ml PBS, filtered through a 47-ym nylon mesh, and
analyzed by flow cytometry. Three control samples were used:
two negative control with PBS replacing the first or second
antibody, a positive isotype control with the first antibody
incubated, and a positive isotype control with only the second
fluorescence antibody. Fluorescence index (FI) represents
the relative protein expression content. FI = (fluorescence
intensity in experimental group-fluorescence intensity in
control group)/fluorescence intensity in normal control.

Detection of p-p38 by Western blot analysis. For Western
blotting, the cells were washed twice with ice-cold PBS and
lysed on ice for 40 min in a solution containing 50 mM
Tris, 1% Triton X-100, 0.1% SDS, 150 mM NaCl, 2 mM
Na;VO,, 2 mM EGTA, 12 mM B-glycerolphosphate, 10 mM
NaF, 16 pg/ml benzamidine hydrochloride, 10 pg/ml phenan-
throline, 10 pg/ml aprotinin, 10 xg/ml leupeptin, 10 pg/ml
pepstatin, and 1 mM phenylmethylsulfonyl fluoride. The
cell lysate was centrifuged at 14,000 x g for 15 min, and the
supernatant fraction was collected for Western blotting. The
protein content in the supernatant fraction was determined
using the Bradford method (3). Supernatant fraction proteins
were separated by SDS-PAGE according to the method of
Laemmli (4). The proteins were transferred onto polyvinyli-
dene fluoride membrane. After blocking for 1 h in 10%
non-fat dry milk in Tris-buffered saline, blots were probed
overnight at 4°C with a 1:200 dilution of mouse anti-human
p-p38, and a 1:1000 dilution of goat anti-human actin (Santa
Cruz Biotechnology). Anti-mouse or anti-goat horseradish
peroxidase-conjugated secondary antibodies (Amersham
Pharmacia, Uppsala, Sweden) were used at a dilution of 1:5000
for chemiluminescence detection, and blots were quantified
using ImageQuant software (GDS-8000, UVP, USA).

Immunocytochemistry. The cells were plated in 6-well plates
on glass coverslips. After reaching confluence, the mono-
layer cells were cultured in serum-free medium for 12 h.
Then the coverslides with the cells were divided into the
control group, the solution group, and the valdecoxib group
with concentrations of 400, 200, 100, 50 and 25 pmol.l"".
The cells were washed twice in PBS and fixed in 4% parafor-
maldehyde solution for 20 min at 4°C. After blocking with
3% H,0,, coverslides were incubated with goat serum for
30 min. Following incubation with anti-p-p38, anti-Fas or
anti-FasL antibody conjugated with horseradish peroxidase,
the monolayer cells were developed with diaminobenzidine
substrate.

Statistical analysis. Results were expressed as mean =+
SD. Statistical significance between different groups was
determined by analysis of variance (ANOVA) followed by
two-tailed Mann-Whitney U test. A P-value of <0.05 was
considered statistically significant. Pearson's correlation
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Figure 1. Effect of valdecoxib on apoptosis of the Ecal09 cell line in 72 h. By flow cytometry, the spike in front of diploid is called deuto-diploid,
representing apoptosis; from A, B, C and D we can conclude that valdecoxib increased the apoptosis rate of Ecal09 cells in a concentration-dependent
fashion, and E showed that SB203580 decreased the valdecoxib-induced apoptosis. By transmission electron microscopy, concentrated chromatin (G)
and nuclear fragmentation (H) could be seen in valdecoxib group compared to solution group (F). (I) DNA fragmentation assay.

coefficient between the expression of p38MAPK, Fas or
FasL protein and apoptotic rate or between the expression
of p38 and Fas or FasLL were analyzed.

Results

Effect of valdecoxib on the apoptosis of human Ecal09 cells.
FCM showed that valdecoxib increased the apoptosis rate
of Ecal09 cells in a concentration-dependent fashion. The
rate of apoptosis was increased from 2.38+0.42% to between
2.95+0.83% and 48.46+0.73% (Fig. 1A-D). Electron
microscopy showed more apoptotic cells with concentrated
chromatin in the valdecoxib-treated group than in the control
group (Fig. 1F, G and H). Data from the DNA fragmentation
assay showed that valdecoxib induced DNA ladders in
Ecal09 cells in a dose-dependent manner. Cells treated with
400 pmol.I'" and 200 gmol.l'" valdecoxib for 72 h exhibited
the formation of DNA fragments in Ecal09 cells (Fig. 11).
These results are consistent with valdecoxib inducing
apoptosis in these cell lines.

Effect of valdecoxib on the expression of Fas and FasL
proteins. Immunocytochemical staining showed Fas
(Fig. 2A and B) and FasL (Fig. 2C and D) protein expression
in the cell membrane and cytoplasm. By FCM, valdecoxib
did not have a significant effect on the expression of Fas and
FasL proteins at a dose of 25 ymol.l'!, but the Fas and FasL
proteins were up-regulated in the valdecoxib group compared
to the solution group with a dose of 50~400 gmol.l"! in a
dose-dependent manner (Fig. 2E and F).

Effect of valdecoxib on p3SMAPK expression and activation.
RT-PCR showed that the relative expression of p38MAPK
was 0.67+0.07 after treatment with 25 ymol.l"' valdecoxib.
There was no significant difference compared to the solution
control group (0.64+0.05). However, expression increased
as the concentration of valdecoxib increased, especially in
the 400 ymol.I'! valdecoxib group (Fig. 3A).

MAPKSs participate in diverse cellular functions, such as
cell proliferation, apoptosis, cell death and differentiation (5).
In the present study, Ecal09 cells were treated with various
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Figure 2. Effect of valdecoxib on the expression of Fas and FasL protein. The positive expression of Fas and FasL protein was in cytomembrane and
cytoplasm, there was negative expression in the solvent group (A), while Fas protein expression increased with valdecoxib (B); there was little positive
expression in the solvent group (C), while FasL protein expression increased with valdecoxib (ICC, x400). By FCM, blue indicates that valdecoxib up-
regulated the expression of Fas (E) or FasL (F), while pink shows that treatment with SB203580 decreased the valdecoxib-induced overexpression of

Fas and FasL.

B-actin

concentrations of valdecoxib for 72 h and then analyzed for
the p38 phosphorylation using phospho-specific antibodies.
Fig. 3B showed that valdecoxib induced p38 phosphorylation
in Ecal09 cells in a concentration-dependent manner. The
results suggest that p38 may be involved in the induction of
apoptosis by valdecoxib on Ecal09 cells.
Immunocytochemical staining showed that p-p38MAPK
protein was observed mostly in cell nuclei and that the

Figure 3. Effect of valdecoxib on expression of p38 mRNA and protein. (A)
p38 mRNA from human Ecal09 cells treated with valdecoxib at different
concentrations was analyzed by RT-PCR (A), lanes M, DNA marker; lanes
1, 400 gmol/l; lanes 2, 200 gmol/l; lanes 3, 100 gmol/l; lanes 4, 50 pmol/l;
lanes 5, 25 pmol/l; lanes 6, solvent, valdecoxib increased p38 mRNA
expression in human Ecal09 cells. (B) Cells were treated with various
concentrations of valdecoxib for 72 h; p38 phosphorylation was determined
by Western blot analysis using phospho-p38 and total-p38 kinase antibodies.
Each blot represents one of three independent experiments.
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Figure 4. The expression of p-p38MAPK protein in human Ecal(09 cells treated with valdecoxib (ICC, x400). (A) Control group; (B) valdecoxib group;
immunocytochemical staining showed that the positive expressions of p-p38MAPK protein were observed mostly in the cell nucleus, and the expression of p-
p38 protein was lower in control and solution group,compared to valdecoxib treated group.
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Figure 5. Expression of p38 in different groups by FCM. (A) Solution group; (B) valdecoxib group (400 xmol/l); (C) valdecoxib+SB203580.

expression of the p-p38 protein was lower in the control and
solution control groups but was increased in the
valdecoxib-treated group in a dose-dependent fashion
(Fig. 4). FCM showed that the expression of p-p38 protein
significantly increased as the concentration of valdecoxib
increased after a 72-h treatment (Fig. 5).

GAPDH
p38

Effect of MAPK inhibitors on valdecoxib-induced apoptosis.
To further elucidate the role of p38 in valdecoxib-induced
apoptosis, we observed the effects of SB203580, a specific
p38 inhibitor, on valdecoxib-induced cell apoptosis via FCM.
As shown in Fig. 1E, SB203580 significantly augmented
the effect of valdecoxib.

M 1

2 3 4 5 6

Figure 6. The effect of SB203580 on the p38 mRNA levels in Ecal09 cells,
using RT-PCR. Lanes M, DNA marker; lanes 1: 400 ymol.l'!; lanes 2,

200 gmol.I''; lanes 3, 100 pgmol.I''; lanes 4, 400 gmol.l"'+SB203580; lanes
5, 200 pmol.I"'+SB203580; lanes 6, 100 xmol.l"'+SB203580; SB203580
inhibited the p38 mRNA overexpression partly induced by valdecoxib.

Figs. 5 and 6 showed that SB203580 inhibited the
p38 mRNA and protein overexpression partly induced by
valdecoxib. These results indicate that p38 activation may
be involved in inducing apoptosis in Ecal09 cells treated
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with valdecoxib. Fig. 2E and F showed that SB203580
inhibited the Fas and FasL protein overexpression partly
induced by valdecoxib.

Correlative analysis. The expression of Fas and FasL proteins
were positively correlated with the apoptotic rate (r=0.876
and 0.880, respectively; P=0.000). There was also a significant
positive correlation between p38MAPK protein and the ratio
of apoptosis (r=0.822, P=0.000). In addition, the expression
of p38MAPK protein significantly correlated with Fas and
FasL protein expression (r=0.951 and 0.924, respectively,
P=0.000).

Discussion

Recently, inducing cell apoptosis has become a new target
for anti-cancer medicine (6). Non-steroid anti-inflammatory
drugs (NSAIDs) are widely used chemotherapeutic agents
and are known to induce programmed cell death (apoptosis)
in a variety of cell types (7). Valdecoxib is a second generation
selective COX-2 inhibitor, and our previous experiments
have shown that valdecoxib can inhibit the growth of Ecal09
cells in a dose- and time-dependent manner, but the precise
mechanisms are poorly understood. However, in the present
study, we found that valdecoxib up-regulated the expression
of Fas and FasL proteins. The DNA ladder assay also
confirmed that valdecoxib induced Ecal09 cell apoptosis.
As shown in Fig. 1D, when 400 gmol.l'' valdecoxib was
incubated with Ecal09 cells for 72 h, the cell apoptotic rate
was 48.46%. These results indicate that valdecoxib can
inhibit cancer cell growth in a dose-dependent manner by
inducing cell apoptosis.

Considerable data have shown that the COX-2 level is
increased in tissues of esophageal cancer, colorectal cancer
and pancreas cancer. COX-2 overexpression can induce the
incidence of tumors by regulating cellular apoptosis and
angiogenesis of capillaries. COX-2-selective inhibitors have
been used to treat malignant tumors via COX-2 targeting.
Many epidemiological studies have indicated that regular
intake of aspirin or other NSAIDs can reduce the risk of
suffering from gastrointestinal tract carcinomas, such as
colorectal, esophageal and pancreatic carcinomas (8-11).
Valdecoxib effectively inhibited COX-2 expression, which
correlated with apoptosis of Ecal09 cells, but this was most
likely not the complete mechanism underlying the induction
of apoptosis.

There are many reports on the involvement of p38,
ERK1/2 and JNK kinases in cell proliferation and cell death
(12-15). We found that valdecoxib significantly induced p38
and sustained its phosphorylation in Ecal09 cells (Fig. 3B),
which indicates that the p38 phosphorylation may be related
to the induction of apoptosis by valdecoxib in Ecal(09 cells.
SB203580 is a specific p38 inhibitor, and our results showed
that treatment with SB203580 decreased the apoptotic rate
of Ecal09 cell lines (Fig. 1E). Our results indicate that p38
activation may be involved in inducing valdecoxib-related
apoptosis in Ecal09 cells.

p38MAPK may regulate cell apoptosis through the
following mechanisms: i) up-regulating c-myc expression
(16); ii) participating in Fas/FasL-mediated apoptosis (17);
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iii) inducing p53 phosphorylation (18); iv) activating c-jun
and c-fos (19); and v) enhancing TNF expression (20). Fas and
FasL protein expression was up-regulated in the valdecoxib
group compared with the solution group in a dose-dependent
manner. Treatment with SB203580 decreased the over-
expression of Fas and FasL. At the same time, the expression
of p38MAPK protein significantly correlated with expression
of the Fas and FasL proteins. Thus, it appears that valdecoxib
could activate the p38MAPK pathway, thus up-regulating
Fas and FasL protein expression, which may be one of the
mechanisms through which valdecoxib induces apoptosis.

Taken together, our results demonstrate that the inhibitory
effect of valdecoxib is due to the induction of apoptosis.
Activated p38 may play some role in counteracting the
apoptosis-inducing effect of valdecoxib on Ecal(09 cells. Our
results also remind us of the potential toxicity of valdecoxib
on normal tissue.
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