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Abstract
AIM: To investigate the role of c-Jun N-terminal kinase 
(JNK) in thermotherapy-induced apoptosis in human 
gastric cancer SGC-7901 cells.

METHODS: Human gastric cancer SGC-7901 cells were 
cultured in vitro . Following thermotherapy at 43 ℃ for 0, 
0.5, 1, 2 or 3 h, the cells were cultured for a further 24 
h with or without the JNK specific inhibitor, SP600125 
for 2 h. Apoptosis was evaluated by immunohistochem-
istry [terminal deoxynucleotidyl transferase dUTP nick 
end labeling (TUNEL)] and flow cytometry (Annexin vs  
propidium iodide). Cell proliferation was determined 
by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide. The production of p-JNK, Bcl-2, Bax and cas-
pase-3 proteins was evaluated by Western blotting. The 
expression of JNK at mRNA level was determined by 
reverse transcription polymerase chain reaction.

RESULTS: The proliferation of gastric carcinoma SGC-7901 
cells was significantly inhibited following thermotherapy, 

and was 32.7%, 30.6%, 43.8% and 52.9% at 0.5, 1, 2 
and 3 h post-thermotherapy, respectively. Flow cytom-
etry analysis revealed an increased population of SGC-
790l cells in G0/G1 phase, but a reduced population in S 
phase following thermotherapy for 1 or 2 h, compared 
to untreated cells (P  < 0.05). The increased number 
of SGC-790l cells in G0/G1 phase was consistent with 
induced apoptosis (flow cytometry) following thermo-
therapy for 0.5, 1, 2 or 3 h, compared to the untreated 
group (46.5% ± 0.23%, 39.9% ± 0.53%, 56.6% ± 
0.35% and 50.4% ± 0.29% vs 7.3% ± 0.10%, P < 0.01), 
respectively. This was supported by the TUNEL assay 
(48.2% ± 0.4%, 40.1% ± 0.2%, 61.2% ± 0.29% and 
52.0% ± 0.42% vs 12.2% ± 0.22%, P < 0.01) respec-
tively. More importantly, the expression of p-JNK protein 
and JNK mRNA levels were significantly higher at 0.5 h 
than at 0 h post-treatment (P < 0.01), and peaked at 2 
h. A similar pattern was detected for Bax and caspase-3 
proteins. Bcl-2 increased at 0.5 h, peaked at 1 h, and 
then decreased. Furthermore, the JNK specific inhibitor, 
SP600125, suppressed p-JNK, Bax and caspase-3 at the 
protein level in SGC790l cells following thermotherapy, 
compared to mock-inhibitor treatment, which was in line 
with the decreased rate of apoptosis. The expression of 
Bcl-2 was consistent with thermotherapy alone.

CONCLUSION: Thermotherapy induced apoptosis in 
gastric cancer cells by promoting p-JNK at the mRNA 
and protein levels, and up-regulated the expression of 
Bax and caspase-3 proteins. Bcl-2 may play a protec-
tive role during thermotherapy. Activation of JNK via  the 
Bax-caspase-3 pathway may be important in thermo-
therapy-induced apoptosis in gastric cancer cells.
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INTRODUCTION
Gastric cancer is the second leading cause of  cancer death 
worldwide and may remain one of  the leading causes of  
all deaths in the near future[1-3]. At present, the majority 
(about 80%) of  patients diagnosed with gastric cancer are 
in an advanced stage with limited surgical options[4]. Che-
motherapy is an alternative treatment for advanced gastric 
cancer, however, patient outcome following chemotherapy 
is still very poor, with a median overall survival time of  
less than 1 year[5]. Chemotherapy with cytotoxic drugs 
usually leads to severe toxicity which lowers the quality of  
life of  patients. Thermotherapy is a new cancer treatment 
which is used following surgical, radiotherapy, chemo-
therapy and biological treatments. Thermotherapy induces 
malignant cell apoptosis and has a synergistic effect with 
chemotherapy resulting in improved outcomes and re-
duced side effects of  chemotherapy, particularly in the 
later stages of  malignancy or in tumors resistant to other 
treatments[6,7]. A few studies have reported that induction 
of  cellular apoptosis is important in thermotherapy, but 
the underlying mechanism remains to be explored.

c-Jun N-terminal kinase (JNK) is a member of  the 
mitogen-activated protein kinase family. Activation of  
JNK by phosphorylation has been implicated in a variety 
of  processes, including embryonic development, cellular 
transformation and initiation of  apoptosis following var-
ious stresses[8-11]. It has been reported that overexpres-
sion of  JNK may cause cellular apoptosis in transfected 
cells[12-14]. However, the function of  JNK is complicated 
during cell stress, because JNK also has anti-apoptotic 
action[15]. Thus, it is believed that JNK has either anti- or 
pro-apoptotic activity depending on cell type, apoptotic 
stimuli and other signalling pathways[16]. JNK can be 
activated by thermotherapy, and ultimately leads to cel-
lular apoptosis[17]. It is unclear whether JNK involves or 
regulates apoptosis of  gastric cancer cells in response to 
thermotherapy. In the current study, the human gastric 
cancer cell line, SGC-7901, was chosen as a model for 
thermotherapy-induced apoptosis in vitro. The role of  
JNK was determined to further investigate the underly-
ing mechanism of  thermotherapy-induced apoptosis in 
human gastric cancer. This may provide useful informa-
tion for both clinical therapy and basic scientific research 
in gastric cancer.

MATERIALS AND METHODS
Reagents and equipment
Annexin V-fluoresceine isothiocyanate (V-FITC), propid-
ium iodine (PI), 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphen-

yltetrazolium bromide (MTT) were obtained from Sigma 
(St. Louis, MO, United States). Mouse monoclonal anti-
bodies against human p-SAPK/JNK (Thr183/Tyr185), 
Caspase-3, Bcl-2, Bax and the JNK-specific inhibitor, 
SP600125, were also purchased from Sigma (St. Louis, 
MO, United States). The M-MLV reverse transcription 
polymerase chain reaction (RT-PCR) kit was purchased 
from Promega (Beijing, China). Taq DNA polymerase 
was purchased from Takara (Dalian, China). Fetal bo-
vine serum was purchased from Sijichun Bioengineering 
Materials, Inc. (Hangzhou, Zhejiang, China). Dulbecco's 
Modified Eagle Media (DMEM) culture media and 
0.25% trypsin were purchased from Invitrogen-GIBCO 
(Carlsbad, CA, United States). dNTP and TRIzol were 
purchased from Invitrogen (Invitrogen, United States). 
Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) staining kits was purchased from 
KGI (Nanjing, China). The gastric cancer cell line, 
SGC-7901[18], was obtained from the Jiangxi Province Di-
gestive Institute (Jiangxi, Nanchang, China).

Gastric cancer cell thermotherapy and JNK blockage
Gastric cancer SGC-7901 cells were cultured in DMEM 
media (high glucose) supplemented with 10% fetal bo-
vine serum, 100 U/mL penicillin, and 100 μg/mL strep-
tomycin. The cells were maintained at 37 ℃ and 5% CO2 
in an incubator, and the culture medium was changed ev-
ery 2-3 d. After thermotherapy (43 ℃) treatment for 0, 0.5, 
1, 2 or 3 h, SGC-7901 cells were cultured for a further 
24 h. In addition, the JNK-specific inhibitor, SP600125, 
was added to SGC-7901 cells 2 h before thermotherapy 
treatment to determine whether the JNK pathway was 
involved in thermotherapy-induced apoptosis.

Proliferation of SGC-7901 cells determined by MTT 
assay
The cells (2 × 105 cell/mL) were seeded onto 96-well 
plates with 200 μL in six wells for each thermotherapy 
treatment for 0, 0.5, 1, 2 and 3 h. Twenty μL of  MTT 
solution (5 mg/mL) was added to each well and incu-
bated at 37 ℃ for 4 h, and the reaction was terminated 
with a detergent solution to lyse the cells and solubilize 
the colored formazan crystals. The supernatant was 
centrifuged at 3000 g for 10 min to obtain a formazan 
pellet. The supernatant was removed, and the pellet was 
dissolved completely with 150 μL dimethyl sulfoxide and 
observed at a wavelength of  570 nm using an enzyme-
linked immunosorbent assay plate reader.

The relative inhibition rate was calculated as a per-
centage, as follows: (1-Aexperiment/Acontrol) × 100%. Three 
independent experiments were performed.

Cell cycle analysis and apoptosis assays
The effect of  thermotherapy on the cell cycle and apop-
tosis in SGC-7901 cells was analyzed by flow cytometry. 
Cells floating in medium combined with the adherent 
layer were collected by trypsinization and fixation with 2 
mL citrate buffer for 1 h. For detection of  the cell cycle, 
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the cells were stained with propidium iodide (1500 μL) 
after RNase A (1500 μL) treatment. The labeled cells 
were immediately analyzed by flow cytometry to evalu-
ate the cell cycle and apoptosis. TUNEL assay, in which 
the residue of  digoxigenin-labeled dUTP was catalytically 
incorporated into the DNA by terminal deoxynucleotidyl 
transferase Ⅱ, was performed according to the manufac-
turer’s instructions. The positive particles of  diaminoben-
zidine staining were viewed under an optical microscope. 
The number of  apoptotic cells was counted under a mi-
croscope (400×) and expressed as the apoptotic index (the 
number of  apoptotic bodies/1000 cells).

Western blotting
Protein concentrations from isolated SGC-7901 cells were 
determined. The proteins were separated using sodium 
dodecyl sulfate polyacrylamide gel electrophoresis gels 
(polyacrylamide concentration 100 g/L) and electropho-
retically transferred to polyvinylidene difluoride (PVDF) 
membranes. The PVDF membranes were blocked with 
5% skimmed milk at 37 ℃ for 1 h and probed with the 
primary antibody: mouse anti-human JNK (1:2000), cas-
pase-3, Bcl-2, Bax (1:1000), or β-actin (1:1000) mono-
clonal antibody overnight at 4 ℃. The labeled antibody 
was visualized by horseradish peroxidase-conjugated 
goat anti-mouse immunoglobulin G (1:5000) and en-
hanced chemiluminescence. The blots were washed with 
1 × Tris-buffered saline and Tween buffer for 10 min, 
3 times between each step. The density of  the targeted 
bands was quantified using the Quantity One 4.6.2 Im-
aging Analysis System. 

RT-PCR analysis
Total RNA was extracted from the SGC-7901 cells with 
TRIzol following the manufacturer’s instructions. cDNA 
was synthesized from 2 μg total RNA using the M-MLV 
RT-PCR kit in a 20 μL volume, according to the manu-
facturer’s instructions. Two μL of  cDNA, 2 μL each 
primer (50 pmol/L), 1 μL dNTP mix (10 mmol/L) and 1 
μL Taq DNA polymerase were used for the PCR analysis. 
The PCR amplification cycles consisted of  denaturation 
at 94 ℃ for 5 min, 35 cycles of  denaturation at 94 ℃ for 
60 s, annealing for 60 s, extension at 72 ℃ for 60 s, and 
final elongation at 72 ℃ for 10 min. The PCR products 
were separated on a 1.5% agarose gel, stained with 0.5 
mg/mL ethidium bromide, and visualized by ultraviolet 

light. Gene expression was normalized to glyceraldehyde-
3-phosphate dehydrogenase and shown as the ratio of  
absorbance values. The primer sequences and annealing 
temperature are listed in Table 1.

Statistical analysis
Statistical analysis was performed using statistical software 
(SPSS version 13.0). Data are expressed as the mean ± 
SD. The means of  2 groups were compared using the t 
test. The means of  more than 2 groups were compared 
using one-way analysis of  variance, and P < 0.05 was re-
garded as statistically significant.

RESULTS
Inhibitory effect of thermotherapy on gastric cancer 
cells
To evaluate the effects of  thermotherapy on cell viabil-
ity, cultured gastric cancer SGC-7901 cells underwent 
thermotherapy for different time periods. Viability in-
hibitory rates of  gastric carcinoma SGC-7901 cells were 
about 30%, 30%, 43% and 53% after 0.5, 1, 2 and 3 h 
of  thermotherapy, respectively. These data suggest that 
proliferation of  gastric carcinoma SGC-7901 cells was 
significantly inhibited in a time-dependent manner. 

Effect of thermotherapy on cell cycle distribution in 
gastric cancer cells
The effects of  thermotherapy on the cell cycle of  SGC-
790l cells were determined using flow cytometry. Our re-
sults showed that thermotherapy increased the number of  
SGC-790l cells in G0/G1 phase, but reduced the number 
in S phase (P < 0.05) at 1 h and 2 h, compared with that 
at 0 h. These results suggest that thermotherapy arrested 
gastric cancer cells in G0/G1 phase, inhibiting mitosis, 
and subsequent proliferation (Figure 1 and Table 2).
              
Induction of apoptosis by thermotherapy in gastric 
cancer cells 
As arrest of  cell cycle progression in tumor cells is usually 
associated with concomitant activation of  cell apoptosis 
pathways, we investigated the effect of  thermotherapy on 
induction of  apoptosis in SGC-7901 cells by flow cytom-
etry and TUNEL assay. Flow cytometry showed that the 
proportion of  apoptotic cells was significantly increased 
after thermotherapy for 0.5, 1, 2 and 3 h, compared to 
untreated SGC-7901 cells, which was further confirmed 
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  Gene Primer sequence Size (bp) Annealing 
temperature

  β -actin F: TCAGGTCATCACTATCGGCAAT 432 57 ℃
R: AAAGAAAGGGTGTAAAAGGCA 

  JNK F: CACAGTCCTAAAACGATACC 354 57 ℃
R: CCACACAGCATTTGATAGAG

Table 1  Primers for reverse transcription polymerase chain 
reaction

JNK: c-Jun N-terminal kinase; F: Forward primer; R: Reverse primer.

  Group
         SGC-7901 cells

G0-G1 S  G2-M
  0 h           27.22           62.47            10.31
  1 h           71.15a           22.52a              6.33
  2 h           70.89a           17.11a            12

Table 2  Cell cycle of SGC-7901 cells following thermother-
apy for various time periods  (%)

aP < 0.05 vs without thermotherapy treatment.
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by TUNEL assay (Table 3). To further address the role of  
JNK in thermotherapy-induced apoptosis, pretreatment 
of  cells with the JNK-specific inhibitor, SP600125, sig-
nificantly inhibited cellular apoptosis induced by thermo-

therapy at 0.5, 1, 2 and 3 h (P < 0.01), compared to that 
at the same time points in the control groups. The apop-
totic rates at 0 h (P > 0.05) in the experimental group and 
the control group were similar (Figures 2 and 3, Table 3). 
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0 h (SGC7901) 1 h (SGC7901) 2 h (SGC7901)

Figure 1  Cell cycle change in SGC-7901 cells following thermotherapy for various time periods. A-C: Cell cycle distribution in SGC-7901 cells following ther-
motherapy for 0 h, 1 h, 2 h respectively. Thermotherapy increased the number of SGC-790l cells in G0/G1 phase, but reduced the number in S phase (P < 0.05) at 1 h 
and 2 h, compared with that at 0 h.
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Figure 2  Apoptotic rate of SGC7901 cells with or without SP600125 treatment following thermotherapy for various time periods. A1, B1, C1, D1, E1: Apop-
totic rate of SGC-7901 cells without SP600125 treatment, significantly increased after thermotherapy for 0.5, 1, 2 and 3 h, compared to that at 0 h (P < 0.01); A2, B2, 
C2, D2, E2: Apoptotic rate of SGC-7901 cells with SP600125 treatment, significantly inhibited cellular apoptosis induced by thermotherapy at 0.5, 1, 2 and 3 h (P < 0.01), 
compared to that at the same time points in the control groups. PI: Propidium iodine; FITC: Fluoresceine isothiocyanate.
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These results suggested that the JNK-specific inhibitor, 
SP600125, significantly inhibited thermotherapy-induced 
apoptosis in gastric cancer cells.

Stimulation of p-JNK protein expression by 
thermotherapy 
To determine whether thermotherapy activates p-JNK 
expression in gastric cancer cells, the expression level of  
p-JNK protein was determined in SGC-7901 cells fol-
lowing thermotherapy for 0.5, 1, 2 and 3 h using West-
ern blotting analysis. The protein production of  p-JNK 
was significantly higher at 0.5 h than that at 0 h post-
treatment (Figure 4) (P < 0.01), peaked at 2 h, and then 
decreased. Interestingly, p-JNK protein was slightly lower 
at 1 h than that at 0.5 h post-treatment. Thus, these re-
sults clearly indicate that JNK in gastric cancer cells was 
activated by thermotherapy.

Effect of thermotherapy on JNK mRNA expression  
Since activation of  JNK is known to induce JNK mRNA 
expression in several cell systems, we examined whether 
the expression of  JNK mRNA was also induced by ther-
motherapy in gastric cancer cells. The expression of  JNK 
mRNA in SGC-7901 cells was determined by RT-PCR 
analysis, which showed that the induction patterns of  the 
expression of  p-JNK protein and JNK mRNA were very 
similar in thermotherapy-induced apoptosis. Namely, the 

expression of  JNK mRNA was significantly higher at 0.5 
h than that at 0 h post-treatment (P < 0.01), reached a 
maximum at 2 h, followed by a decrease, and was slightly 
lower at 1 h than at 0.5 h post-treatment. Taken together, 
the datas in Figure 5 demonstrate that JNK plays a role in 
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Apoptotic rate(%)

  Group (h) Control group SP600125 group

  Flow cytometry
     0            7.3 ± 0.10            3.2 ± 0.08
     0.5          46.5 ± 0.23b          21.8 ± 0.15b,d

     1         39.9 ± 0.53b           17.9 ± 0.26b,d

     2          56.6 ± 0.35b            22.4 ± 0.36b,d

     3         50.4 ± 0.29b           24.5 ± 0.72b,d

  TUNEL assay
     0           12.2 ± 0.22          11.3 ± 0.13
     0.5         48.2 ± 0.40b          25.8 ± 0.19a,d 

     1         40.1 ± 0.20b          19.2 ± 0.09a,d

     2          61.2 ± 0.29b          26.3 ± 0.23a,d

     3         52.0 ± 0.42b          23.4 ± 0.36a,d

Table 3  Apoptotic rate of SGC-7901 cells with or without 
SP600125 treatment following thermotherapy for various 
time periods as determined by flow cytometry and terminal 
deoxynucleotidyl transferase dUTP nick end labeling assay

aP < 0.05, bP < 0.01 vs without thermotherapy; dP < 0.01 vs without SP600125 
treatment. TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end 
labeling.

0 h (cells untreated)                             0.5 h (cells untreated)                        1 h (cells untreated)                              2 h (cells untreated)A1 B1 C1 D1

3 h (cells untreated)                             0 h (cells with SP600125)                0.5 h (cells with SP600125)                   1 h (cells with SP600125)E1 A2 B2 C2

D2 E22 h (cells with SP600125)                   3 h (cells with SP600125)

Figure 3  Apoptosis of SGC-7901 cells with or without SP600125 treatment following thermotherapy for various time periods (×400). Apoptotic cells showing 
yellow fluorescence. A1, B1, C1, D1, E1: Apoptosis of SGC-7901 cells without SP600125 treatment, significantly increased after thermotherapy for 0.5, 1, 2 and 3 h, 
compared to that at 0 h (P < 0.01); A2, B2, C2, D2, E2: Apoptosis with SP600125 treatment, significantly inhibited cellular apoptosis induced by thermotherapy at 0.5, 1, 
2 and 3 h (P < 0.01), compared to that at the same time points in the control groups.
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the effect of  thermotherapy on gastric cancer cells.

Effect of JNK on Bax, Bcl-2 and caspase-3 proteins 
expression in thermotherapy-induced apoptosis
Apoptosis-related proteins, such as Bax, Bcl-2 and cas-
pase-3 are known to cause cell apoptosis. Thus, the activa-
tion of  JNK may affect the expression of  Bax, Bcl-2 and 
caspase-3 proteins in thermotherapy-induced apoptosis. 
To determine whether the expression of  Bax, Bcl-2 and 
caspase-3 proteins was regulated by activation of  JNK 
protein, we measured the expression of  Bax, Bcl-2 and 

caspase-3 proteins in SGC-7901 cells treated with ther-
motherapy at various time points using Western blot 
analysis. As shown in Figure 4, the expression of  Bax and 
caspase-3 proteins was significantly higher at 0.5 h than 
at 0 h post-treatment (P < 0.01), reached a maximum at 
2 h, followed by a decrease, and was slightly lower at 1 h 
than at 0.5 h post-treatment. Bcl-2 was increased at 0.5 h, 
peaked at 1 h, and decreased thereafter. 

To further understand how the activation of  JNK reg-
ulates the expression of  Bax, Bcl-2 and Caspase-3 proteins 
in thermotherapy-induced apoptosis in SGC-7901 cells we 
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SGC-7901 cells with or without SP600125 treatment (P > 0.05). JNK: c-Jun N-terminal kinase.
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used the JNK-specific inhibitor, SP600125, which exhibits 
significant selectivity for JNKs leading to inhibition of  
phosphorylation of  both c-Jun and JNKs[19]. Therefore, 
we treated SGC-7901 cells with thermotherapy in the ab-
sence or presence of  SP600125 and analyzed the expres-
sion of  p-JNK, Bax, Bcl-2 and caspase-3 proteins (Figure 
4). We found that the presence of  SP600125 significantly 
reduced the p-JNK level at various time points (P < 0.01), 
while the p-JNK level did not change markedly at 0 h (P 
> 0.05), compared to cells in the absence of  SP600125. 
Concurrently, the expression of  Bax and caspase-3 protein 
was also inhibited in the presence of  SP600125, as well as 
that of  p-JNK. However, there was no significant differ-
ence in the expression of  Bcl-2 in SGC-7901 cells at any 
of  the time points (P > 0.05) between the SP600125 treat-
ment and mock treatment (Figure 4). These results collec-
tively indicate that thermotherapy induced-apoptosis may 
be mediated by activation of  JNK and the up-regulated 
expression of  Bax and caspase-3 proteins, causing cellular 
apoptosis in gastric carcinoma cells. Bcl-2 protein did not 
seem to be involved and played a protective role in this 
process. These datas suggest that JNK plays an important 
role in thermotherapy-induced apoptosis in gastric carci-
noma cells.

DISCUSSION
Thermotherapy is a new cancer therapy which has re
emerged in the last 20 years, and plays an important role 
in comprehensive tumor treatment. Combined thermo- 
and chemo-therapy (green therapy) has become one 
of  the important auxiliary therapies, as it improves the 
efficacy of  cancer treatment [20,21]. Heatinduced cell apop-
tosis was reported in the 1990s.  More recently, JNK was 
activated in apoptotic U937 cells by radiotherapy[22], and 
similar results were obtained using thermotherapy in hu-
man colon cancer[16]. Thus, the expression of  phospho-
JNK at the protein level and JNK at the mRNA level 
were determined in SGC-7901 cells treated with ther-
motherapy. Thermotherapy increased the expression of  
p-JNK at different time points, and the protein produc-

tion of  p-JNK was significantly higher at 0.5 h than that 
at 0 h post-treatment (P < 0.01), peaked at 2 h, and then 
decreased. The reason for this decline may be that some 
SGC-7901 cells were killed directly, not by induced apop-
tosis at 3 h, and a few SGC-7901 cells restarted prolifera-
tion after a long period of  thermotherapy. It is interesting 
that p-JNK protein was slightly lower at 1 h than that 
at 0.5 h post-treatment, this indicates that SGC-7901 
cells may have the ability to respond to thermotherapy. 
Similarly, the RT-PCR data showed that the induction 
patterns of  the expression of  p-JNK protein and JNK 
mRNA level were very similar in thermotherapy-induced 
apoptosis (Figures 4 and 5). Namely, the expression of  
JNK mRNA was significantly higher at 0.5 h than that 
at 0 h post-treatment (P < 0.01), reached a maximum 
at 2 h, followed by a decrease, and was slightly lower at 
1 h than at 0.5 h post-treatment. Taken together, these 
results demonstrate that JNK plays a role in the effects 
of  thermotherapy in gastric cancer cells. However, the 
mechanism of  JNK activation in thermotherapy-induced 
apoptosis is still largely unknown in gastric cancer cells. 

JNK is thought to induce mitochondria-dependent 
apoptosis mainly through direct or indirect activation of  
Bax and down-regulation of  Bcl-2[23-27], a pro-apoptotic 
Bcl-2 family member, which plays an essential role in 
inducing apoptosis[28]. It is well known that most cell 
apoptosisinducing factors eventually cause cell apoptosis 
through the caspase-mediated signal transduction path-
way[29,30], and caspase3 is a main effector in cell apopto-
sis. Therefore, to investigate the roles of  Bax, Bcl-2 and 
caspase3 proteins during thermotherapy-induced apoptosis 
in human gastric cancer cells, we determined the expres-
sion of  Bax, Bcl-2 and caspase3 proteins in thermother-
apy-stimulated SGC-7901 cells. The data showed that 
thermotherapy increased the expression of  Bax protein 
at different time points, which peaked at 2 h, and then 
decreased. These findings were similar to those obtained 
for the expression of  p-JNK and caspase-3 proteins after 
thermotherapy in SGC-7901 cells. Bcl-2 was increased at 
0.5 h and peaked at 1 h. These results suggest that thermo-
therapy-induced apoptosis was associated with activation 
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Figure 5  Expression of c-Jun N-terminal kinase at the mRNA level in SGC-7901 cells with or without SP600125 treatment following thermotherapy for various 
time periods. A: Expression of c-Jun N-terminal kinase (JNK) at the mRNA level in SGC-7901 cells without SP600125 treatment; B: Expression of JNK at the mRNA level 
in SGC-7901 cells with SP600125 treatment; C: Comparison of JNK at the mRNA level in SGC-7901 cells with or without SP600125 treatment; Expression of JNK at the 
mRNA level in SGC-7901 cells with SP600125 treatment was significantly inhibited compared with that in SGC7-901 cells without SP600125 treatment (bP < 0.01). 
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In summary, our study demonstrates that thermo-
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