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Abstract
Introduction: Gastric cancer is one of the most common malignant tumor, and gastric cancer is the second most common 

cause of cancer mortality worldwide. Although chemotherapy is one of the most important treatment options for gastric  
cancer, and could improve the overall survival rate and quality of live, one significant reason for its failure is multidrug resis-
tance (MDR).

Aim: To study the effect of tumour necrosis factor-related apoptosis-inducing ligand (TRAIL) combined with chemotherapeu-
tic drug cisplatin (DDP) on the expression of multidrug resistance gene 1 (MDR1) in the gastric cancer cell line SGC-7901/VCR. 

Material and methods: SGC-7901/VCR cells were cultured with DDP and TRAIL in various concentrations. The apoptosis rate 
was separately measured by a flow cytometer in DDP (sub-toxic dose) alone, TRAIL (200 μg/l) alone and in a combination of 
the two. Expression levels of MDR1 mRNA and P-glycoprotein (P-gp) were detected by RT-PCR and ELISA analysis, respectively.

Results: The apoptosis rate in the combination group was significantly higher than that in the other groups (p < 0.05). Ac-
cording to the results of RT-PCR and ELISA, the expressions of MDR1 mRNA and P-gp in the combination group were statistically 
significant different compared with other groups (p < 0.05).

Conclusions: The combination of TRAIL with DDP could reverse MDR phenotype in gastric cancer cell line SGC7901/VCR. The 
mechanism may be involved in the down-regulation of MDR1 mRNA and P-gp, which may play an essential role in overcoming 
the chemotherapeutic resistance of gastric cancer cells. This study indicates that a combination of chemotherapy and TRAIL may 
be an effective strategy to treat MDR gastric cancer.

Introductions
Gastric cancer is the fourth most common malig-

nant tumour and second major cause of cancer-asso-
ciated death worldwide [1, 2]. In China, gastric cancer 
cases account for almost 40% of all cancer cases [3]. 
Chemotherapy remains one of the major treatments 
for patients who suffer from gastric cancer. However, 
multidrug resistance (MDR) of tumour cells is the main 
obstacle to successful treatment, including intrinsic and 
acquired MDR. At present, the ABC transporter subfam-
ily B member 1 (MDR1/P-gp), subfamily C member 1/2 
(MRP-1/2), subfamily G member 2 (BCRP), and lung re-
sistance-related protein (LRP) have been recognised as 
the mechanisms mediating MDR to anti-cancer drugs. 
MDR1, a classic MDR gene, is one of the important caus-
es of tumour resistance. Numerous studies have con-
firmed that MDR1/P-gp overexpression correlates with 

MDR to chemotherapy [4–6]. Therefore, inhibition of 
P-glycoprotein (P-gp) expression may reverse the MDR 
phenotype of tumour cells. As a member of the TNF su-
perfamily, tumour necrosis factor-related apoptosis-in-
ducing ligand (TRAIL) could selectively induce apoptosis 
of tumour cells, without obvious toxicity to normal cells 
[7]. However, many tumour cells are relatively resistant 
to TRAIL. The study indicates that decreasing the ex-
pression of MDR/p-gp could effectively increase the 
sensitivity of tumour cells to chemotherapy drugs [8]. 
To the best of our knowledge, it is not well understood 
whether the combination of anti-tumour agents and 
TRAIL could be applied to MDR gastric cancer.

Aim
In the present study we will explore the effective-

ness of the combination use of TRAIL and anti-tumour 
agents on the gastric cancer SGC-7901/VCR cell line.
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Material and methods
Gastric cancer drug-resistant cell line SCG-7901/VCR 

was granted by Professor Fan Daiming from the Insti-
tute of Digestive Diseases, Xijing Hospital, the Fourth 
Military Medical University. RPMI 1640 culture fluid and 
foetal calf serum were purchased from the company 
Gibco. MDR1 and β-actin primers were designed and 
synthesised by Sangon Biotech (Shanghai) Co., Ltd. MTT 
and DMSO were purchased from the company Sigma; 
TRIzol and Annexin V-Alexa Fluor 488 test kits were 
purchased from the company Invitrogen; the AMV first 
strand cDNA compound reagent kit and PCR amplifica-
tion reagent kit were both sourced from MBI. ELISA test 
kits were purchased from the company R & D. TRAIL 
protein was purchased from the company Peprotech. 
Vincristine (VCR) was purchased from Shenzhen Main 
Luck Pharmaceuticals Inc. and cis-platinum injection 
(cis-diammineplatinum dichloride – DDP) was pur-
chased from Nanjing Pharmaceutical Factory Co., Ltd.

Cell culture
SGC7901/VCR cells were cultured in RPMI-

1640 medium containing 10% foetal bovine serum 
(FBS), and penicillin (100 U/ml) and streptomycin 
(100 mg/ml) at 37°C in an atmosphere of 95% air 
and 5% CO

2
. The cells were routinely maintained 

in a medium containing 1.0 mg/l VCR and incu-
bated in a drug-free medium for 2 weeks before 
use. The cells were routinely subcultured every  
2–3 days and were all from the logarithmic phase of 
growth.

MTT assay to determine the DDP
sensitivity of the cells and to calculate 
the IC10
Gastric cancer cells SGC-7901/VCR were plated in 

a 96-well plate at a density of 5 × 103 cells/well in RPMI 
1640 containing 10% FBS. After the cells had grown ad-
herent to the wall, various concentrations of DDP were 
added, respectively. Six duplicate wells were set up for 
each group. The culture medium and the drug were re-
placed at 24-hour intervals to maintain the drug con-
centration. Forty-eight hours later, 20 μl of 5 mg/ml MTT 
was added per well, and the culture was incubated for 
an additional 4 h. Then, the supernatant was discard-
ed and 150 μl/well of dimethyl sulfoxide (DMSO) was 
added. Spectrometric absorbance at a wavelength of  
490 nm (A490) was measured. Each assay was performed 
in triplicate. The inhibition rate (%) was calculated accord-
ing to the following formula: (1 – experiment absorbance/
control group absorbance) × 100%. And IC10 (concentra-
tion at 10% of inhibitory rate) of DDP was calculated and 
used as a sub-toxic dosage in the following experiment.

TRAIL preparation and concentration 
design
TRAIL was melted in 100 μl of double distilled wa-

ter according to the manufacturer’s manual, mixed to  
100 mg/ml, kept in –20°C and diluted to the desired con-
centration with the culture medium on the date of the 
experiment. Two hundred μg/l of TRAIL and 0.535 g/l of 
DDP (IC10) were adopted in the test. The IC10 value of 
DDP was calculated from the MTT assay in our study in 
accordance with previous studies. The experiment was 
conducted in four groups: 1) control group: cell + RPMI 
1640, 2) DDP group: DDP + cell + RPMI 1640, 3) TRAIL 
group: 200 μg/l TRAIL + cell + RPMI 1640, and 4) combi-
nation group: 200 μg/l TRAIL + DDP + cell + RPMI 1640.

 
Cell treatment 
Logarithmic phase SGC-7901/VCR cells were taken 

and inoculated in a culture flask at the rate of 1 × 105/ml 
per well. When the cells had grown adherent to the wall, 
the culture medium containing the various drug concen-
trations mentioned previously was replaced at 24-hour 
intervals to maintain the drug concentration. Cells from 
the four groups were collected for further experimenta-
tion after 48 h.

Flow cytometry analysis
After the cells were treated by TRAIL or the combi-

nation of TRAIL and DDP for 48 h, the cells were har-
vested and prepared in a cell suspension by adding  
100 μl of Binding Buffer. Then the samples were incu-
bated in a dark place at 4°C for 15 min after adding 5 μl 
of Annexin V and PI solutions. Finally, 400 μl of Binding 
Buffer was added to re-suspend the cells. The apoptotic 
cells were determined by flow cytometry, and the per-
centage of apoptotic cells was measured with Win MDI 
software.

Semi-quantitative RT PCR
RNA isolation 
Total RNA was isolated from cells using TRIzol re-

agent according to the manufacturer’s protocol. 
Measurement of the total RNA: The resulting 

A260/280 were both between 1.8 and 2.0, indicating 
that pure RNA samples were obtained. 

Measurement of the RNA integrity: After electropho-
resis, a 28S and an 18S rRNA strip were clearly seen 
in the gel under ultraviolet light, suggesting that RNA 
was completely isolated. The RNA was stored at –80°C. 
1 μg of the total RNA was reverse transcribed into cDNA 
using an AMV first strand cDNA compound reagent kit. 
Reaction conditions: reverse at 42°C for 1 h, 70°C for  
5 min and 4°C for 10 min, and the obtained cDNA was 
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stored at –80°C. 1 μl cDNA was taken for PCR reaction 
with β-actin as the internal reference. MDR1 primer: 
5’-TGACTACCAGGCTCGCCAATGAT-3’ (forward); 5’-TGT-
GCCACCAAGTAGGCTCCAAA-3’ (reverse); and β-actin 
primer: 5’-GCCGATCCACACGGAGTACTT-3’ (forward); 
5’-TTGCCGACAGGATGCAGAA-3’ (reverse) were used in 

PCR under the following conditions: pre-degeneration at 
95°C for 5 min, 94°C for 50 s, 57°C for 60 s and 72°C for 
30 s, amplified 35 cycles, extended 10 min at 72°C. The 
PCR product was analysed using 2% agarose gel electro-
phoresis and visualised with ethidium bromide staining.

Detecting expression of P-gp by ELISA
method
Fresh culture medium was replaced when the cells 

had grown to 50–60%, and the cells were incubated 
with various concentrations, as mentioned above. The 
cells of each group were collected after 48-hour in-
tervention, protein lysate was added and centrifuged 
15–20 min at a speed of 12,000 r/min to remove the 
cell fragments. Then 500 μl of supernatant was ab-
sorbed and added into the antibody-coated 96-well 
plate. Subsequently, the light absorbency (A) of each 
sample at 450 nm was read from the microplate reader 
and a standard curve was produced, and then the P-gp 
in each sample was calculated according to the stan-
dard protein provided in the reagent kit. Three duplicate 
wells were conducted for each concentration and the 
experiment was repeated three times.

Statistics analysis
The results obtained were expressed as the mean ± 

SD of at least three independent experiments. Statisti-
cal analysis was conducted using SPSS 19.0 software. 
Comparison between the means of the two groups was 
tested with the t-test. Comparison between the means 
of multiple groups was achieved by single-factor analy-
sis of variance. Value of p < 0.05 was considered statis-
tically significant in all experiments.

Results
Cell viability tested by MTT assay
The inhibitory rate of DDP on SGC7901/VCR cells 

increases in a dose-dependent manner, and the con-
centration at IC10 is 0.528 g/l. The inhibitory rate of 
TRAIL on the cells increases in a dose-dependent man-
ner within each degree of TRAIL concentration, and  
200 μg/l was used in this study. Among the various 
groups, the survival rate of the cells in the combination 
group (TRAIL + DDP) was significantly lower than that 
seen in the single drug groups, and the differences are 
statistically significant (p < 0.05) (Figure 1).

Detection of apoptosis rate by flow 
cytometry
Annexin V/PI double staining flow cytometry re-

sults show the apoptosis rate in the combination group 
was 31.13 ±1.87%, which was higher than that seen 

Figure 1. Inhibitory effect on SGC7901/VCR 
of various groups: A – control group, B – DDP  
(0.535 g/l), C – TRAIL (200 μg/l), and D – TRAIL 
+ DDP. Compared with the combination group: 
**p < 0.01
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Figure 2. SGC7901/VCR underwent apoptosis af-
ter TRAIL + DDP treatment. Cells were cultured 
for 48 h with 200 μg/l TRAIL and/or 0.535 g/l 
DDP. Cells were stained with FITC-anti-Annexin V 
antibody and PI, and subjected to flow cytometric 
analysis
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in the DDP group (8.26 ±0.98) and in the TRAIL group  
(9.71 ±0.53). The results suggest that the combination of 
TRAIL (200 μg/l) with DDP (0.535 g/l) could increase the 
apoptosis rate when compared with single drug groups, 
and it is statistically significant (p < 0.05) (Figure 2).

Effect of the combination of TRAIL 
and DDP on the expression of MDR1 
mRNA
The TRAIL group and the combination group both 

show an inhibitory effect on MDR1 expression, but the 
expression inhibitory effect in the combination group 
is more obvious. As compared with the control group 
and the DDP group, MDR1 in the combination group is 
significantly reduced, and the difference is statistically 
significant (p < 0.01). When compared with the TRAIL 
group, the difference is statistically significant (p < 0.05) 
(Figure 3).

The influence of single drug 
and combination use on SGC-7901/VCR 
cell P-gp expression
All groups have an inhibitory effect on P-gp expres-

sion, among which, the inhibitory effect of the combi-
nation group is the most obvious. As compared with the 
control group and the DDP group, P-gp in the combina-
tion group is significantly reduced (p < 0.01). When com-
pared with the TRAIL group, the difference is statistically 
significant (p < 0.05) (Figure 4). 

Discussion
Multidrug resistance (MDR) phenotype is the main 

obstacle in the chemotherapy of cancers, including gas-
tric cancer. One prototypical MDR to anticancer agents 
is mediated by overexpressed P-gp, which is a 170 kDa 
transmembrane glycoprotein encoded by the MDR1 
gene. Therefore, the role of MDR1/P-gp has been pro-
posed as an important goal in the research aiming to 
reverse MDR of cancer cells [9, 10]. The study finds that 
MDR1/P-gp overexpression is closely related to acquired 
MDR of cancer cells [11]. Cancer has become the second 
most common cause of death in China, and although 
mortality from gastric cancer has decreased substan-
tially over the last few decades, it is still higher than 
in most developed countries [12]. Chemotherapy is an 
essential constituent of the comprehensive treatment 
of gastric cancer, but resistance to anti-cancer agents 
is the greatest impediment to the chemotherapy of 
cancer. TRAIL and its agonistic anti-receptor antibod-
ies have gained much attention due to their specific 
anti-tumour action without toxic side effects, and they 
look to be promising anti-tumour agents [13]. Howev-

Figure 3. Expression of MDR1 mRNA of SGC7901/
VCR in each group: A – control group, B – DDP 
(0.535 g/l), C – TRAIL (200 μg/l), and D – TRAIL 
+ DDP. Compared with the combination group:  
*p < 0.05, **p < 0.01
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Figure 4. Expression of P-gp of SGC7901/VCR in 
each group: A – control group, B – DDP (0.535 g/l),  
C – TRAIL (200 μg/l), and D – TRAIL + DDP. Compared 
with the combination group: *p < 0.05, **p < 0.01
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er, a variety of tumour cells are relatively resistant to 
TRAIL. Numerous research projects have demonstrated 
that anti-tumour agents could sensitise tumour cells to 
TRAIL-induced apoptosis, indicating that a combination 
of anti-tumour agents and TRAIL may be an effective 
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strategy to kill TRAIL-resistant tumour cells. Additionally, 
this sensitisation is accompanied by up-regulation of 
death receptor 5 (DR5) expression and caspase activa-
tion [14, 15]. There is research showing that TRAIL can 
significantly potentiate the cytotoxicity of anti-tumour 
drugs, which are P-gp substrates in MDR cells, indicat-
ing that TRAIL has a reversal effect on MDR phenotypes 
[16]. However, no report has yet been published as to 
whether the combination strategy (TRAIL and anti-tu-
mour agents) reverses the MDR of gastric cancer cells 
by decreasing the expression of MDR1 and P-gp. The 
previous study by our research group found that TRAIL 
could inhibit the expression of MDR1, LRP and GST-π 
mRNA in a dosage-dependence manner within a certain 
level of TRAIL concentration [17]. In the present study, 
the results of MTT assay and flow cytometry show that 
TRAIL has little influence on the activity of SGC-7901/
VCR cells. DDP (sub-toxic dose) also has little influence 
on the activity of the cells. However, the combination of 
TRAIL and DDP could inhibit the survival rate and sig-
nificantly increase the apoptosis rate of SGC7901/VCR 
cells, and it shows a synergy effect, which is consistent 
with the conclusions of previous studies [18, 19]. In the 
present study, we found that either TRAIL or the combi-
nation of TRAIL and DDP could inhibit the expression of 
MDR1 and P-gp in SGC7901/VCR cells, and when com-
pared with the TRAIL group, the difference is significant. 
The mechanism of the synergy effect remains unclear, 
which may be related to the following factors: 1) The 
early studies reported that a combination of TRAIL and 
chemotherapy drugs could induce expression of TRAIL 
protein and TRAIL receptors, inducing TRAIL-induced 
apoptosis [20]. 2) TRAIL and DDP can induce apoptosis 
and can be intersected in their apoptosis chains, which 
can be expressed as cascade amplification of apoptosis.  
3) The study finds that TRAIL may increase the accu-
mulation of chemotherapy drugs in tumour cells by 
decreasing the expression of P-gp, and increase the 
sensitivity of tumour cells to chemotherapy drugs [21]. 

Conclusions
Our research shows the following: a combination of 

TRAIL and a small dose of (sub-toxic) DDP could signifi-
cantly decrease the survival rate and increase the apop-
tosis rate of SGC-7901/VCR cells. The mechanism may 
involve reversing the MDR phenotype by decreasing the 
expression of MDR1 mRNA and P-gp. In this study, DDP 
is at a sub-toxic dose, which also reduces the cell tox-
icity effects and improves the compliance of patients, 
and the combination strategy may become a promis-
ing method to overcome MDR encountered in gastric 
cancer treatment. However, the mechanism involved in 
decreasing the expression of MDR1 mRNA and P-gp by 

the combination strategy in this study is not well under-
stood, so further study is requried. 
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