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Abstract

AIM: To investigate the role of the mitochondrial
pathway in JTE-522-induced apoptosis and to
investigate the relationship between cytochrome C
release, caspase activity and loss of mitochondrial
membrane potential ( ΨΨΨΨΨm).

METHODS: Cell culture, cell counting, ELISA assay,
TUNEL, flow cymetry, Western blot and fluorometric
assay were employed to investigate the effect of JTE-
522 on cell proliferation and apoptosis in AGS cells
and related molecular mechanism.

RESULTS: JTE-522 inhibited the growth of AGS cells and
induced the apoptosis. Caspases 8 and 9 were activated
during apoptosis as judged by the appearance of
cleavage products from procaspase and the caspase
activities to cleave specific fluorogenic substrates. To
elucidate whether the activation of caspases 8 and 9
was required for the apoptosis induction, we examined
the effect of caspase-specific inhibitors on apoptosis.
The results showed that caspase inhibitors significantly
inhibited the apoptosis induced by JTE-522. In addition,
the membrane translocation of Bax and cytosolic release
of cytochrome C accompanying with the decrease of
the uptake of Rhodamin 123, were detected at an early
stage of apoptosis. Furthermore, Bax translocation,
cytochrome C release, and caspase 9 activation were
blocked by Z-VAD.fmk and Z-IETD-CHO.

CONCLUSION: The present data indicate a crucial
association between activation of caspases 8, 9,
cytochrome C release, membrane translocation of Bax, loss
of ΨΨΨΨΨm and JTE-522-induced apoptosis in AGS cells.
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INTRODUCTION
Previous studies have showed that non-steroidal anti-inflammatory
drugs (NSAIDs) can induce apoptosis in several cell type, including
human colorectal tumor cell lines[1,2], human breast cancer cells[3], human
lung cancer cells[4], B cell chronic lymphocytic leukemia cells[5] and
myeloid leukemia cell line[6]. JTE-522 is a novel NSAIDs, which is a
specific inhibitior of cyclooxygenase-2 with significant anti-
inflammatory and analgestic properties[7]. In a previous study, we
have demonstrated that JTE-522 induced apoptosis in human gastric
adenocarcinoma AGS cells, but the detail mechanism is not clear.
       Caspase, a family of cysteine protease, is the common executor
of apoptosis induced by various stimuli[8,9]. Caspase 8 and caspase 9
are recognized as upstream apoptosis initiators, which activate
downstream caspases 3, 6 and 7[10]. The apoptotic action of NSAIDs
was inhibited by the caspase inhibitor Z-VAD.fmk, demonstrating
the involvement of caspases[5]. However, the pathway leading to
caspase activation remains unknown. Caspases play a central role in
the execution of apoptosis. The two most well-studied pathways of
caspase activation include the surface death receptor pathway and the
mitochondrion-initiated pathway. In the mitochondrion pathway,
cytochrome C and other apoptogenic proteins (e.g apoptosis-inducing
factor) are released from the intermembrane space to the cytosol[12]. Once
released, cytochrome C binds to apoptotic protease-activating factor-1
(Apaf-1) and induces activation of caspase 9[12]. Recently, it was shown
that bax, a proapoptotic member of bcl-2 family, promoted apoptosis
by triggering the release of cytochrome C from mitochondria[13-18]. In
the present study, our aims are to investigate the role of the
mitochondrial pathway in JTE-522-induced apoptosis and to
investigate the relationship between cytochrome C release, caspase
activity and loss of mitochondrial membrane potential ( Ψm).

MATERIALS AND METHODS
Cell line and reagents
AGS, a gastric adenocarcinoma cell line, was provided by Cancer
Institute, Sun-Yet Sen University of Medical Sciences (China). The
cells were grown in RPMI-1640 medium and supplemented with
10% fetal calf serum, penicillin G (100kU/L) and kanamycin(0.1g·L-1)
at 37  in a 5% CO2. Antibodies used in this study were obtained
from Santa Cruz. All other chemicals were purchased from Sigma
Chemical Co (St. Louis, MO, USA). 
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Determination of cell proliferation rate
AGS cells (1×105) were seeded in 12-well plates and cultured for 24h.
The cultures were divided into two groups: the girst group (control)
was cultured in the RPMI1640 medium, and the second was cultured
in the continuous presence of 1mmol/L JTE-522. The cells were then
harvested every 24h by trypsinization and cell numbers counted with
a hemocytometer. Three cultures were used for experiments at each
time point.

Detection of apoptotic DNA fragmentation
AGS cells were grown in 96-well culture plates. The cells were
incubated with various doses of JTE-522 for 6h. Apoptotic DNA
fragmentation was determined using a commercially obtained enzyme-
linked immunosorbent assay (ELISA) kit from Sigma. This assay was
based on a quantitative sandwich enzyme-immunoassay directed
against cytoplasmic histone-associated DNA fragments. Briefly, the
cells were incubated in 200µL of lysis buffer provided in the kit, the
lysates were centrifuged, and 20µL of the supernatant containing
cytoplasmic histone-associated DNA fragments were reacted overnight
at 4  in streptavidin-coated microtitrator wells with 80µL of the
immunoreagent mixture containing biotinylated anti-histone antibody
and peroxidase-conjugated anti-DNA antibody. After washing, the
immunocomplex-bound peroxidase was probed with 2,2’-azino-di[3-
ethylbenzthiazoline sulfonate] for spectrophotometric detection at
405nm.

TUENL
TUNEL assay was performed using the apoptosis detection system.
Cells were fixed by 4% paraformaldehyde in PBS overnight at 4 .
The samples were washed three times with PBS and were
permeabilized by 0.2% Triton X-100 in PBS for 15min on ice. After
washing twice, cells were equilibrated at room temperature for 15 to
30min in equilibration buffer (200mmol/L potassium cacodylate,
0.2mmol/L dithiothreitol, 0.25g·L-1 bovine serum albumin, and
2.5mmol/L cobalt chloride in 25mmol/L Tris-HCL, PH 6.6) and then
incubated in the presence of 5µmol/L pluorescein-12-dUTP, 10µmol/L
dATP, 100µmol/L ethylenediaminetetraacetic acid (EDTA), and
terminal deoxynucleotidyl transferase at 37  for 1.5h in dark. The
tailing reaction was terminated by 2×standard saline citrate (SSC).
The samples were washed three times with PBS and were analyzed
by fluorescence microscopy. At least 1000 cells were counted, and
the percentage of TUNEL-positive cells was determined.

Ladder detection assay
After induction of apoptosis, cells (5×106/sample, both attached and
detached cells) were lyzed with 150µL hypotonic lysis buffer (10mmol/L
EDTA, 0.5% Triton X-100 in 1mmol/L Tris-HCL, Ph7.4) for 15min on
ice and were precipitated with 2.5% polyethylene glycol and 1mol/L
NaCl for 15min at 4%. After centrifugation at 16000g for 10min at
room temperature, the supernatant was incubated in the presence of
proteinase K (0.3g·L-1) at 37  for one hour and precipetated with
isopropanol at -20 . After centrifugation, each pellet was dissolved
in 10µL of Tris-EDTA (pH 7.6) and electrophoresed on a 1.5% agarose
gel containing ethidium bromide. Ladder formation of oligonucleosomal
DNA was detected under ultraviolet light.

Cytosolic release of cytochrome C and membrane translocation
of Bax
The analysis was performed according to the method of Euguchi et
al[19], with minor modifications. Briefly, cells were collected and
suspended in mitochondria isolation buffer [20mmol/L Hepes-KOH,
PH 7.5; 210mmol/L sucrose; 70mmol/L mannitol; 1mmol/L

EDTA; 1mmol/L dithiothreitol (DTT); 1.5mmol/L MgCl2, 10
mmol/L KCl2; and protease inhibitor cocktail supplemented with
10µmol/L digitonin]. The suspensions were incubated at 37  for
5min and centrifuged at 15000g for 15min. The supernatants and
pellets were collected for Western blotting according to the method
described by Tsuchida et al[20].

Caspase activity assay
Activities of caspase 8 and caspase 9 were determined by using a
fluorometric assay kit according to the method described by Gao et al[20].
Briefly, 5×105 cells were collected and lysed in 50µL lysis buffer and
incubated with fluorochromic caspase substrate, Ile-Glu-Thr-Asp-7-
amino-4-trifluoromethylcoumarin (IETD-AFC) and Leu-Glu-His-
Asp-7-amino-4-trifluoromethylcoumarin (LEHD-AFC) for caspase
8 and caspase 9, respectively. After incubation at 37.5  for 1h, the
fluorescence was measured by a spectrofluorphotometer with
excitation at 400nm and emission at 550nm.

Mitochondrial membrane potential analysis
Rhodamine 123, a cationic fluorescent dye whose mitochordrial
fluorescence intensity decreased quantitatively in response to
dissipation of Ψm, was used to evaluate perturbations in Ψm.
Cells were incubated with 5µmol/L rhodamin 123 for 30min, and then
were collected, washed, and stained with 10µmol/L PI. The uptake of
rhodamin 123 was measured by flow cytometry.

Statistics analysis
The data shown were mean value of at least three different experiments
and expressed as mean±SD. Student’s test was used to compare data.
A P value of less than 0.05 was considered as statistically significant.

RESULTS
Effect of JTE-522 on cell proliferation and apoptosis in AGS cells
In order to understand the potential role of JTE-522 in the induction
of apoptosis and its possible contribution to AGS cell loss in human
gastric adenocarcinoma, the inhibitory effect of JTE-522 on cell
proliferation was studied in AGS cells. As shown in Figure 1.

Figure 1  Effect of JTE-522 on AGS cell proliferation. Cells were incubated
in the absence or presence of 1mmol/LJTE-522 and cell numbers deter-
mined at the time replicates at each time point (cP<0.01).

The cells were cultured in the presence or absence of JTE-522 and cell
numbers determined over three days. AGS cell proliferation was
markedly inhibited by 1 mmol/L JTE-522. In the absence of JTE-522,
the number of control cells doubled approximately every 24h in
RPMI1640 medium supplemented with 10% fetal calf serum. The
effect of JTE-522 at concentrations from 0.1mmol/L to 1mmol/L on
DNA fragmentation in AGS cells was shown in Figure 2.
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Figure 2  Effect of JTE-522 on DNA fragmentation in AGS cells. Cytoplasmic
histone-associated DNA fragments were determined using a commercial
ELISA kit. Results were representative of four independent determinations.

JTE-522 was found to significantly induce DNA fragmentation after
the onset of incubation and this effect was in a dose-dependent manner.
The same results were obtained by TUNEL assay. The number of
TUNEL-positive cells was dramatically increased after treatment with
JTE-522 for 48h, that is, the percentage of TUNEL-positive cells
increased from 19.3±1.7% to 59.8±2.6% (Figure 3).

Figure 3  TUNEL assay demonstrating marked morphological changes in
AGS cells after treatment with different concentrations of JTE-522. A: control;
B: 0.1mmol/L JTE-522;  C: 1mmol/L JTE-522

Effect of JTE-522 on caspases 8, 9 in AGS cells
In order to demonstrate the role of caspase 8 and caspase 9 in JTE-
522-induced apoptosis, we examined the activities of caspase 8 and
caspase 9 after treatment with JTE-522 for indicated time. The results
showed that caspase 8 activity increased at 9h after JTE-522 treatment
in AGS cells (Figure 4A), and the activity of caspase 9 also
increased. To further confirm the activation of these two caspases, we

conducted Western blot analysis (Figure 4B). The results showed that
both caspases were activated, as judged by the decrease of the
procaspases and the increase of their cleavage products. These
experiments clearly showed that caspase 8 and caspase 9 played an
important role during apoptosis induced by JTE-522. To investigate
whether the activation of caspases 8 and 9 was required for the
apoptosis induction, we examined the effect of caspase-specific
inhibitors on apoptosis. The results showed extensive DNA
fragmentation after treatment with JTE-522, while the treatment of
Z-VAD.fmk, Ac-IETD-CHO or Ac-LEHD-CHO significantly blocked
it (Figure 4C). These results suggested that both caspase 8 and
caspase 9-like activity was required for JTE-522 apoptosis during the
apoptotic process.

Figure 4  The role of procaspase 8 and procaspase 9 in JTE-522 induced
apoptosis for indicated time. 4A: Effect of JTE-522 on caspase activities for
indicated time. Data presented are the mean value of three separate
experiments. 4B: Western blot shows the cleavage of procaspase 8 (Casp 8)
and procaspase 9 (Casp 9). AGS cells were treated with JTE-522 for the
indicated times. 4C: Effect of caspase inhibitor on JTE-522 induced DNA
fragmentation. AGS cells were treated with: 1:control; 2: 1mmol/L
JTE-522; 3: 0.5mmol/L JTE-522; 4: 50µmol/L Z-VAD.fmk+1mmol/L JTE-
522; 5: 50µmol/L Ac-IETD-CHO +1mmol/L JTE-522; 6: 50µmol/L Ac-
LEHD-CHO+1mmol/L JTE-522 for 24h.
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Effect of JTE-522 on cytosolic release of cytochrome C and
membrane translocation of bax
Cytochrome C, which is released from mitochondria, has recently
been identified as a key factor that could activate caspase in a cell-free
system[19]. In fact, it has been reported that levels of cytosolic
cytochrome C were increased in response to various apoptotic stimuli
such as staurosporine, P53, etoposide, and ultraviolet-B irradiation[20-22].
We therefore performed Western blotting to examine the distribution
of cytochrome C in cytosol and membrane fractions before and after
apoptosis induction. AGS cells were treated with JTE-522 for 24h,
and the cells treated with 0.1µmol/L staurosporine for 24h were used
as a positive control. After treatment, the cells were collected and
suspended in the mitochondrial isolation buffer containing digitonin.
Treatment with digitonin made small pores on cell membranes that
allow the releases of cytosolic cytochrome C to the buffer fraction[19].
The supernatant and the pellet that represented cytosol and membrane
fractions, respectively, were collected separately and subjected to
Western blot analysis (Figure 5A). The result showed that
cytochrome C in membrane fractions decreased significantly in both
staurosporine and JTE-522 treated cells, while in cytosol fractions,
high levels of cytochrome C were detected in both treated cells but
not in control cells. On the contrary, bax protein increased in
membrane fractions and decreased in cytosol fractions after treatment
with staurosporine or JTE-522. Bcl-2 protein, as well as cytochrome
C oxidase subunit IV (cyto oxi, as a control for mitochondrial protein
loading), which were located in mitochondria and not released to
cytosol. This result indicated that the cytosolic release of cytochrome
C was specially triggered by apoptotic stimuli, but not due to the
experimental manipulation.
       There was a growing evidence for two pathways of cytochrome
C release from mitochondria during apoptosis: rupture of the outer
membrane following swelling, or through a specific pore in the outer
membrane[23]. In liposomes and yeast Bax and Bak interacted with
voltage-dependent anion channel (VDAC) to cause selective
cytochrome C release[21]. Addition of recombinant Bax to isolated
mitochondria induced cytochrome C loss without swelling. However,
others had shown that Bax did induce the permeability transition in
isolated mitochondria and within cells[24]. Therefore, we questioned
whether the cytosolic release of cytochrome C and membrane
translocation of Bax in JTE-522-induced apoptosis were caspase-
dependent or not. The cells were pretreated with Z-VAD.fmk at
50µmol/L for 1h before treatment with staurosporine or JTE-522.
Levels of cytochrome C and Bax in cytosol were examined by Western
blotting (Figure 5C). The results showed that the increase of
cytochrome C and the decrease of Bax in cytosol induced by
staurosporine or JTE-522 were blocked by Z-VAD.fmk. The cleavage
of procaspase 3 and 8 was also blocked. These results indicated that
the Bax translocation and cytochrome C release were dependent on
the activation of caspases.
      Since it has been well documented that caspase-8 was the first
caspase activated in Fas-, P53-, TRAIL- and TNF-induced
apoptosis[20, 25, 26], we sought to determine whether caspase-8
activation occurs prior to, as in Fas-, P53- and TNF-induced apoptosis
or after caspase-9, caspase 3 activation and cytochrome C release, and
examined the effects of Ac-IETD-CHO on cytochrome C release and
caspase 9 activation. The results showed that Ac-IETD-CHO
effectively blocked cytochrome C release and the processing of
caspase 8. The caspase 9-like activity was also blocked by both
Z-VAD.fmk and Ac-IETD-CHO (Figure 5D). This result suggested
that caspase 8-like caspase might work as an initiation caspase that
triggered the release of cytochrome C and caspase 9 activation in this
system.

Figure 5  Effect of JTE522 on the activation of caspase, cytochrome C release
and membrane translocation of Bax. Figure 5A: AGS cells were treated
with: RPMI 1640 medium for control (a) or 0.1µmol/L staurosporine (b) or
1mmol/L JTE-522(c). After 24h, the cells were collected and suspended in
mitochondria isolation buffer. Cytosol (C) and pellet (P) fractions were
separated and subjected to Western blotting as described in Materials and
Methods. Cytochrome C (cyto c), cytochrome C oxidase subunit IV (Cyt
oxi); Figure 5B: Effect of JTE522 on the changes of cytosolic cytochrome C
release and procaspase 3 (casp-3); Figure 5C: Effect of caspase inhibitors on
cytochrome C release and translocation of Bax. AGS cells were treated with 50
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µmol/L Z-VAD.fmk (a) for 1h or 0.1µmol/L staurosporine(b) or 1mmol/L
JTE-522(c) or without any treatment. The cytosol was prepared as in (A) and
analyzed by Western blotting with indicated antibodies, Casp 3 (procaspase 3),
Casp 8 (procaspase 8); Figure 5D: AGS cells were cultured at RPMI 1640
medium or treated with caspase inhibitors: Figure 5D1: Effect of caspase
inhibitor on the activity of caspase 9: 1: control; 2: Z-VAD.fmk+1mmol/L
JTE-522; 3: Ac-IETD-CHO+1 mmol/L JTE-522; 4: 1mmol/L JTE-522 for
24h; Figure 5D2: Effect of caspase inhibitor on caspase 8 cleavage,
cytochrome c release: 1: control(a); 2: Z-VAD.fmk+1mmol/L JTE-522
(b); 3: Ac-IETD-CHO+1mmol/L JTE-522(c); 4: Ac-LEHD-CHO +1
mmol/L JTE-522(d). Cells were collected and analyzed for caspase 8
cleavage, cytochrome C release, or caspase-like acitivity as described in
Materials and Methods.

Effect of JTE-522 and Z-VAD.fmk on mitochondria
membrane potential
It had been described that cytochrome C release could be induced by
mitochordrial permeability transition (PT) characterized by loss of

Ψm[27]. As salicylates induced mitochondrial PT and loss of Ψm
in isolated mitochondria and hepatocytes, we analyzed the effect of
JTE-522 on Ψm in AGS cells using rhodamin 123 dye. As shown in
Figure 6, JTE-522 had no significant effect on Ψm at 3h and
decrease the uptake of rhodamin 123 at 6h, 9h and 12h, earlier than
mitochondrial cytochrome C release and caspases 8 and 9 processing.
In addition, Z-VAD.fmk blocked loss of Ψm induced by JTE-522
at 9h and had a marked inhibitory effect at 12h, indicating that loss
of Ψm was caspase-dependent and this loss was in a time-dependent
manner.

Figure 6  Time-lapsed changes of mitochondrial Ψm in AGS cells under
the treatment of JTE-522. The data were the means of three experiment±SD 

DISCUSSION
NSAIDs have another interesting effect which is seemly unrelated to
their anti-inflammatory action. Administration of some NSAIDs to
patients and animals suffering from colonic polyps and colon cancer
causes regression of the aberrant growth, while epidemilolgical studies
have shown that long-term consumption of NSAIDs, greatly reduces
the risk of developing colon cancer and gastric adenocarcinoma[28-33].
However, the mechanism remains unclear. Many studies showed
that apoptosis was likely to play an extremely important part in the
pathogenesis of NSAIDs-induced ulcerogenesis, and also likely to
be involved in regression of colon cancer and other neoplasms[34].
The mechanism underlying the inducting of apoptosis by JTE-522
and other NSAIDs is unknown and currently under research. So far,
several pathways have been implicated inducing cyclooxygenase
inhibition[32-35], arrest of cell cycle[36]and nuclear factor-kB
inhibition[37,38]. Although several groups have demonstrated the
involvement of caspases[5], the pathways leading to caspase activation
remain unknown. In this study, we observed for the first time the
caspase-dependent membrane translocation of Bax and cytosolic
release of cytochrome C and the loss of Ψm in JTE-522-induced
apoptosis. These results indicate that mitochondria play an important
role in JTE-522-induced apoptosis.

      A number of pro- and anti-apoptotic members of the Bcl-2
protein family regulate the release of cytochrome C and apoptosis
inducing factor (AIF) from the mitochrondrial intermembrane space
into the cytosol[39-43]. Cytochrome C then interacts with pro-caspase
9 and Apaf-1 to activate caspase 9 and thus switch on caspase 3, 6 and
7, leading to apoptosis. The cytosolic release of cytochrome C has
been reported in apoptosis induced by various stimuli, including
NSAIDs[43]. In this study, we observed the cytosolic release of
cytochrome C, as well as the activation of caspase 9. In contrast to the
caspase-independent release of cytochrome C in Raji cells induced by
aspirin[44] the release of cytochrome C was almost completely blocked
by caspase inhibitor in our system, suggesting that different
mechanisms are involved in cytochrome C release in these two systems.
      Disruption of mitochondrial function is a critical event in the
apoptotic process leading to the elimination of cells treated with
chemptherapeutic agents. Opening of the mitochondrial megachannel
has been implicated as a key event in the disruption of mitochondrial
membrane integrity during apoptosis. Many intrinsic factors can
induce opening if the megachannel including members if the Bcl-2/Bax
family, cellular redox status, and cytosolic Ca2+ levels[45]. Disruption
of mitochondrial membrane integrity involves the loss of metabolic
functions and release of proteins from the mitochondrial intermembrane
space into the cytosol. Cytochrome C and AIF represent two such
proteins, which are released into the cytosol, and promote caspase
and/or nuclease activation. However, there are considerable
uncertainties about how cytochrome C and AIF are released from
mitochondria and about the events leading up to their appearance in
the cytosol. One of them is that the pro-apoptotic proteins Bax and
Bak that accelerate opening of the voltage-dependent anion channel
(VDAC) in the outer membrane and thereby specifically release
cytochrome C[46,47]. Bax is a proapoptotic member of Bcl-2 family
proteins, which can form channels in synthetic membrane[48-50] and
induce cytochrome C release from isolated mitochondria[51]. However,
the mechanism by which Bax stimulates cytochrome C release is
unclear. Bax contains the hydrophobic membrane-anchoring domain
at its C-terminus, but the membrane-anchoring potential is repressed
by its N-terminal domain, allowing Bax to distribute typically in
cytosol[52]. Upon apoptotic stimulation, Bax inserts into mitochondria
membrane, where it exerts its function[53,54]. The overexpression[55],
enforced dimerization[56], and Bid-induced conformation change[57]

trigger the redistribution of Bax. In this study, we observed JTE-522-
induced membrane translocation of Bax and this translocation was not
associated with the increase of Bax protein level, but dependent on
caspase activity. Caspase 8 has been shown to cleave Bid and the
cleaved Bid is reported to be more efficient for triggering the
oligomerization and insertion of Bax into mitochondria membrane. In
agreement with these observations, we detected caspase 8 activation
by cleavage activity of a caspase 8-specific fluorogenic substrate, as
well as cleavage of caspase 8 in our system. In addition, the caspase 8-
preferential inhibitor effectively blocked cytochrome C release and
caspase 9 activation, suggesting caspase 8 to be an upstream caspase.
      The most informative measure of the changes associated with
cytochrome C release is the mitochondrial membrane potential.
However, such measurement in apoptotic cells has produced conflicting
results, with reports of no decrease in potential until after cytochrome
C release, a decrease in membrane protential associated with
cytochrome C release[50], and an initial increase in potential followed
by cytochrome C release without loss of membrane potential[58].
These measurements rely on the uptake of fluorescent dyes, which
gives a qualitative indication of the membrane potential. In
this study, our results indicate that JTE-522-induced decrease in

Ψm precedes the release cytochrome C at an early phase of
apoptosis. This result is different from the report that aspirin induced
cytochrom c release precedes the decrease of Ψm in Raji cells. This
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discrepancy might reflect that multiple pathways mediated NSAIDs-
induced apoptosis depending on experimental systems.
       In summary, The present data indicate a crucial association between
activation of caspases 8 and 9, cytochrome C release, membrane
translocation of Bax, loss of mitochondrial membrane potential and
JTE-522-induced apoptosis in AGS cells.
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