
Abstract. This study investigated the expression of TRAIL
and its receptors in human gastric cancer and normal gastric
tissues, the effects of rh-TRAIL with or without chemo-
therapeutic drugs in apoptosis of the gastric cancer cell line
SGC7901 and the expression changes of DR4 and DR5 in
SGC7901 cells influenced by chemotherapeutic drugs. The
expression of TRAIL, DR4 and DcR1 were studied in 34
cases of human gastric cancer tissues and 15 cases of
adjacent normal mucosa tissues, as well as 21 cases of distant
normal mucosa tissues by means of immunohistochemistry.
In addition, the expression of FasL were studied in gastric
cancer tissues by immunohistochemistry. The effects of
treatment with rh-TRAIL alone and/or chemotherapeutic
drugs on SGC7901 cell growth inhibition were measured by
MTT assay and the mRNA changes of DR4 and DR5 were
detected by RT-PCR technique. The expression of TRAIL,
DR4 and DcR1 in gastric cancer were lower than those of
normal tissues (P<0.05). There was significant relationship
between the expression of TRAIL and Borrmann type of
gastric cancer (P=0.039), and so was the expression of DcR1
and tumor location (P=0.01). The correlation coefficient
between the expression of TRAIL and FasL was 0.354
(P=0.04). Rh-TRAIL protein had inhibiting effect on the
growth of SGC7901 cells. DDP and 5-FU increased the
growth-inhibiting ability of rh-TRAIL to SGC7901 cells.
DDP facilitated the induction of expression of DR4 and DR5
significantly in cell line (P<0.05), but 5-FU influenced only
the expression of DR5 significantly. From the results, we
concluded that the expression of TRAIL and its receptors
were lower in gastric cancer than those of normal tissue, and

the apoptosis-inducing effect of rh-TRAIL was enhanced
when concomitant with chemotherapeutic drugs.

Introduction

Gastric cancer is a disease with high incidence. It is estimated
that ~21,500 new cases of gastric carcinomas and 10,880
deaths will occur in the United States in 2008 (1). Since
gastric cancer is often diagnosed at an advanced stage, posing
a major challenge for healthcare professionals (2). Therefore,
it is urgent to find new effective and comprehensive treatment
methods. Research on inducing apoptosis to treat tumor has
attracted great attention world-wide (3-6).

Tumor necrosis factor (TNF) and factor-associated
suicide ligand (FasL) are important cytokines which trigger
cell apoptosis, while TNF-related apoptosis-inducing ligand
(TRAIL) is a member of the TNF superfamily, possessing
potent anticancer activity without significant toxicity toward
normal tissues (7). After its cloning by Wiley et al in 1995,
TRAIL has been found to induce apoptosis in a wide variety
of transformed cell lines of diverse origin (8). So far, 5 kinds
of receptors have been found to bind with TRAIL
specifically: death receptor 4 (DR4), death receptor 5 (DR5)
conducting the signal of TRAIL-induced apoptosis, while
TRAIL decoy receptor 1 and 2 (DcR1 and DcR2) and
osteoprotegerin (OPG) can resist the TRAIL-induced
apoptosis through preventing the conduction of the apoptosis
signal (9,10). The combinations of some chemotherapeutic
drugs, such as cisplatin (DDP), adriamycin and paclitaxel,
and TRAIL significantly enhanced the cytotoxic effect
induced by TRAIL (11).

We investigated the expression of TRAIL, DR4 and
DcR1 in human gastric cancer and normal gastric tissues, as
well as the impact of TRAIL and/or chemotherapeutic drugs
on apoptosis and the change of receptors (DR4 and DR5) of a
gastric cancer cell line.

Materials and methods

Materials. Thirty-four primary gastric carcinoma tissues and
15 adjacent normal mucosa specimens (2 cm away from the
tumor) were obtained from patients who underwent
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gastrectomy for gastric cancer and the additional 21 distant
normal tissues (5 cm away from the tumor) were also
collected. Tissues were stored at -70˚C immediately after
collection and the frozen full-thickness tissue samples were
cut into 5-μm sections. Then the 5-μm sections were lined on
the glass slide with APES (Beijing Zhong Shan Biotechno-
logical Inc., Beijing, P.R. China) and stored at -20˚C.

The inclusion criteria were: gastric carcinoma confirmed
by endoscopy and biopsy; patients had not received
radiotherapy and chemotherapy preoperatively. The
exclusion criteria were: concurrent tumors of other locations;
history of previous malignancies; and adenocarcinoma
contaminated with other types of tumors (such as adeno-
squamous carcinoma and lymphoma).

Tissue sections (4-μm thick) were prepared from paraffin-
embedded blocks for pathological evaluation. The histological
grade was assessed by a pathologist. The primary tumors were
staged according to the second English edition of Japanese
Classification of Gastric Carcinoma (12).

The gastric cancer cell line (SGC7901) was kindly gifted
by Dr Xiao-Mei Wang, Department of Gastroenterology,
West China Hospital, Sichuan University, P.R. China.

Immunohistochemical staining. After placing at room
temperature for 40 min and fixed in cold acetone for 10 min,
the sections were stained with labelled streptavidin/
peroxidase method (Beijing Zhong Shan Biotechnological
Inc., Beijing, P.R. China) with the following primary
antibodies (Santa Cruz Inc., USA): mouse monoclonal
antibody TRAIL, goat polyclonal antibody DR4, goat
polyclonal antibody DcR1 and rabbit polyclonal antibody
FasL. After blocking endogenous peroxidase with H2O2 and
non-specific binding sites with normal serum, the TRAIL,
DR4, DcR1 and FasL antibody diluted at 1:100 was applied,
and then the sections were incubated at 37˚C for 40 min and
4˚C overnight. After being washed with phosphate-buffered
saline (PBS), biotinylated anti-IgG was applied onto the
tissue sections and incubated at 37˚C for 40 min. Then 50 μl
of streptavidin/horseradish peroxidase was added dropwise
and incubated at 37˚C for 40 min. The reaction product was
visualized using DAB coloration fluid (Zymed Inc., USA).
The sections were counterstained lightly with hematoxylin.
Negative controls included parallel sections treated with PBS
instead of the primary antibody, while the positive controls
employed normal tissues of lymph nodes.

To minimize subjectivity, stained sections were reviewed
and scored by two researchers, including a pathologist.
Consensus between the two researchers were achieved in all
cases. Patterns, cellular localization, staining intensity and
percentage of positively expressed cells were recorded. The
evaluation of expression was performed using a histo-
chemistry score (H) (13): H = (i+1) x Pi. According to the
staining intensity of tumor cells (i), the immunoreactions
were graded as negative (0), faint yellow staining (1), or dark
brown staining (2). Pi means the corresponding percentage of
the positive cells. The final intensity of staining was defined
as negative and positive, corresponding to H values of ≤70
and >70, respectively.

Cell culture. Gastric cancer SGC7901 cells were cultured in
RPMI-1640 supplemented with 10% calf serum at 37˚C with

a humidified atmosphere containing 5% CO2. The medium
were changed every 48-72 h. Cells in logarithmic phase were
used in all experiments.

MTT examination. The effects of TRAIL and chemo-
therapeutic drugs on the growth and survival of the human
gastric cancer cell line were measured using 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide
(MTT) (Sigma Inc., USA) assay. Using this method, we
investigated the following two aspects:

1) SGC7901 cells were obtained to be cultured with
recombinant human TRAIL (rh-TRAIL) (R&D Inc., USA) of
different concentrations in 2, 4, 8, 10, 15, 20, 25, 50 and
100 ng/ml. The absorbance OD values were measured at 24,
48, 72, 96 and 120 h. Then the growth curve of SGC-7901
cells was drawn according to the inhibitory rates.

2) Cells were divided into six groups: i) control group
with culture medium only, ii) cells plus rh-TRAIL alone,
with the concentration in 2 ng/ml being used, iii) cells plus
DDP (2.5 μg/ml) alone, iv) cells plus 5-fluorouracil (5-FU)
(50 μg/ml) alone, v) cells plus rh-TRAIL (2 ng/ml) and
DDP (2.5 μg/ml), vi) cells plus rh-TRAIL (2 ng/ml) and 5-FU.
The absorbance OD values were measured at 24, 48 and 72 h.
The comparison among rh-TRAIL alone, anti-neoplastic
drugs and rh-TRAIL plus antineoplastic drugs were
performed.

Cell suspensions (2.5x104/ml) were collected in 200 μl
medium in sterile 96-well flat-bottomed microtitre plates.
Each group had four wells and four blank control wells.
Plates would be incubated at 37˚C in humidified air
containing 5% CO2. Fifteen μl solution of 5 mg/ml MTT
was added to each well. After another incubation for 4 h at
37˚C, 150 μl of dimethylsulfoxide (DMSO) was added and
shaken for 10 min. The OD values were measured by
microplate spectrophotometer (Vector-1420) at 490 nm. The
inhibition rate of tumor cells for each drug with different
concentrations was calculated as follows: 
[1-(OD of drug-exposed well - OD of blank wells)/(OD of
control well - OD of blank wells)] x100%. The OD of both
control and drug-exposed wells was adjusted by the OD of
blank wells.

RT-PCR. To investigate the influence of different chemo-
therapeutic drugs on the expression of DR4 and DR5, RT-
PCR was performed to detect their expression. In this step,
four groups of cells were used: i) control group without drugs,
ii) cells plus DDP (2.5 μg/ml) alone, iii) cells plus 5-FU (50
μg/ml) alone, iv) cells plus adriamycin (0.5 μg/ml) alone.

Total RNA was isolated by using TRIzol reagent kit
(Hua Shun Bioengineering Inc., Shanghai, P.R. China). To
generate cDNA, 4 μl RNA was first denatured at 70˚C with
1 μl Primer Oligo dT18 for 5 min before quenching on ice;
then 2 μl of each of the four deoxynucleotide triphosphates,
1 μl ribonuclease inhibitor, and 5X reaction buffer (4 μl)
were added together for 5 min incubation. Then 1 μl of
Revertiaid™ M-MuLv reverse was added, and the reaction
mix was incubated for 60 min at 42˚C.

Specific primers and probes for DR4 and DR5 and
GAPDH were designed based on a previous report (14). For
DR4, the forward primer was 5'-CTGAGCAACGCAGAC
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TCGCTGTCCAC-3', and the reverse primer was 5'-TCC
AAGGACACGGCAGAGCCTGTGCCAT-3', while the
forward primer and reverse primer for DR5 were 5'-GCC
TCATGGACAATGAGATAAAGGTGGCT-3' and 5'-CCA

AATCTCAAAGTACGCACAAACGG-3' respectively. For
GAPDH, the forward primer and reverse primer were 5'-CGG
AGTCAACGGATTTGGTCGTAT-3' and 5'-AGCCTTCTC
CATGGTGGTGAAGAC-3', respectively.
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Table I. Characteristics of specimens and relationships between the expression of TRAIL, DR4, DcR1 and FasL and
clinicopathological factors in gastric cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

TRAIL DR4 DcR1 FasL
––––––– ––––––– ––––––– ––––––––

Variable Values (+) (-) P-values (+) (-) P-values (+) (-) P-values (+) (-) P-values
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gender 0.218 0.146 0.881 0.354

Female 5 0 5 1 4 1 4 3 2
Male 29 7 22 16 13 5 24 11 18

Age (yrs.) 56.71±12.82

Borrmann type 0.039 0.567 0.386 0.802
I 1 0 1 0 1 0 1 0 1
II 6 1 5 2 4 0 6 2 4
III 25 4 21 14 11 5 20 11 14
IV 2 2 0 1 1 1 1 1 1

Tumor location 0.437 0.383 0.01 0.876
Upper third 6 0 6 3 3 1 5 2 4
Middle third 9 2 7 3 6 0 9 3 6
Lower third 17 4 13 9 8 3 14 8 9
Whole stomach 2 1 1 2 0 2 0 1 1

Tumor size 0.301 1 0.57 0.615
≤5.0 cm 12 2 10 6 6 1 11 6 6
~8.0 cm 18 3 15 9 9 4 14 6 12
>8.0 cm 4 2 2 2 2 1 3 2 2

Differentiation 0.209 0.409 0.54 0.623
Signet cell 3 0 3 1 2 0 3 2 1
Poorly 24 4 20 11 13 4 20 9 15
Well-moderately 7 3 4 5 2 2 5 3 4

Depth of infiltration (T) 0.819 0.636 0.596 0.069
T1 3 1 2 2 1 0 3 3 0
T2 3 1 2 2 1 0 3 0 3
T3 27 5 22 13 14 6 21 11 16
T4 1 0 1 0 1 0 1 0 1

Nodal status (N) 0.429 0.08 0.737 0.206
N0 13 4 9 8 5 2 11 7 6
N1 7 2 5 5 2 2 5 4 3
N2 11 1 10 2 9 2 9 3 8
N3 3 0 3 2 1 0 3 0 3

Distal metastasis (M) 4 1 3 1b 3 1 0.601b 1 3 0.559b 1 3 0.627b

Peritoneal metastasis (P) 5 1 4 1b 3 2 1b 2 3 0.205b 3 2 0.627b

Stagea 0.848 0.135 0.718 0.122
Ia 3 1 2 2 1 0 3 3 0
Ib 3 1 2 2 1 0 3 0 3
II 6 2 4 3 3 2 4 3 3
IIIa 5 1 4 4 1 1 4 3 2
IIIb 9 1 8 1 8 1 8 2 7
IV 8 1 7 5 3 2 6 3 5

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aAccording to the 2nd English edition of Japanese Classification of Gastric Carcinoma; bFisher's exact test.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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A reaction system of the following components was
prepared as follows: 10X PCR buffer 2.5 μl, 25 mmol/l
MgCl2 2.5 μl, 10 mmol/l dNTP 0.5 μl, 20 μmol/l each
primer 0.5 μl, 2.5 U of Taq DNA polymerase, 16 μl ddH2O
and 1 μl of cDNA. The total reaction system volume was
25 μl. The protocol was: denaturation program (95˚C, 1 min),
amplification and quantification programs repeated 35 times
(95˚C for 30 sec, 60˚C for 45 sec and 72˚C for 1 min). The
final extension step was 7 min at 72 ˚C. The RT-PCR
products were visualized on 1.5% agarose gels stained with
ethidium bromide, and their size was determined by
comparison against DNA molecular weight markers. The
OD values of the PCR products were analyzed by the BLO-
RADFLUDR-STM imaging system to indicate the expression
levels of DR4 and DR5.

Statistical analysis. Quantitative variables were tested for
normality, if conforming to normal distribution, the data
were described as mean ± SD and the ANOVA test or
independent T-test was performed, and if not, the data were
described as median with range and Spearman test was
considered. For categorical data, the ¯2 test was used to
compare frequencies. The correlation between the expression
of TRAIL and expression of FasL was investigated by
linear regression. P<0.05 (two-side) was considered
statistically significant. SPSS 11.5 software was used for
statistical analysis.

Results

Characteristics of specimens. Twenty-nine males and 5 females
with gastric cancer were included. The average age was
56.71±12.82 years. Other characteristics are listed in Table I.

Immunohistochemical staining for TRAIL, DR4, DcR1 and
FasL in human gastric cancer, adjacent normal tissues and
distant normal tissues. In the positive tissues, the brown
particles of TRAIL were distributed in the cytosol, while
those of DR4 and DcR1 were deposited on the cell
membrane and nuclear membrane and those of FasL were
visualized in cell membrane and cytosol. The positive
expression rate of TRAIL, DR4, DcR1 and FasL for gastric
cancer tissues were 20.59, 64.71, 17.65 and 41.18%
respectively. In the adjacent normal tissues, TRAIL, DR4
and DcR1 positive expression rates were 80, 86.67 and
46.67%, respectively, while 100, 100 and 61.90% in distant
normal tissues, respectively (Table II, Fig. 1).

The relationships between the expression of TRAIL, DR4,
DcR1 and FasL and clinicopathological factors in gastric
cancer tissues. There was significant relationship between
the expression of TRAIL and Borrmann type of gastric
cancer (P=0.039), and of the expression of DcR1 and tumor
location (P=0.01). The relationships between the expression
of target proteins and other clinicopathological factors were
not statistically significant (Table I).
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Figure 1. Immunohistochemical staining for TRAIL, DR4 and FasL in human gastric cancer and normal tissues. The brown particles of TRAIL are distributed
in the cytosol, while those of DR4 were deposited on the cell membrane and nuclear membrane, and those of FasL are visualized on cell membrane and
cytosol. a, The expression of TRAIL in gastric cancer tissues. IHCx400; b, The expression of TRAIL in normal tissues. IHCx200; c, The expression of DR4
in gastric cancer tissues. IHCx200; d, The expression of FasL in gastric cancer tissues. IHCx200.
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The correlation between the expression of TRAIL and FasL.
We analyzed the linear correlation between the expression of
TRAIL and FasL by using the H scores. The results
demonstrated that the correlation coefficient between the
expression of TRAIL and FasL was 0.354 (P=0.04).

The impact of rh-TRAIL on the growth of the gastric cancer
cell line. The 24 h inhibitory rates of different concentrations
of rh-TRAIL mentioned above for SGC7901 were 4.73, 6.77,
7.3, 21.34, 23.78, 25.30 and 38.11%, whereas the 48 h
inhibitory rates were 17.61, 28.17, 36.62, 37.89, 41.90, 44.72
and 47.54%. The results of other time points are summarized
in Fig. 2. We established the highest concentration or longest
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Table II. The comparisons of TRAIL, DR4, DcR1 and FasL among gastric cancer tissues, adjacent and distant normal tissues.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gastric cancer Adjacent normal Distant normal Chi-square test
––––––––––––––––––––––––

(n=34) (n=15) tissues (n=21) ¯2-value P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
TRAIL

Positive cases (%) 7 (20.59%) 12 (80%) 21 (100%) 37.5 0.000
H scores (mean ± SD) 58.44±22.59 97.67±26.72 118.62±22.63

DR4
Positive cases (%) 22 (64.71%) 13 (86.67%) 21 (100%) 10.64 0.005
H scores (mean ± SD) 74.32±23.40 107.33±29.63 123.67±16.81

DcR1
Positive cases (%) 6 (17.65%) 7 (46.67%) 13 (61.90%) 11.63 0.003
H scores (mean ± SD) 56.68±17.55 83.00±18.69 91.90±36.83

FasL
Positive cases (%) 14 (41.18%) - - - -
H scores (mean ± SD) 65.85±24.11 - -

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. The impact of TRAIL with different concentrations on the growth of gastric cancer cell line and the impact of different chemotherapeutic drugs on
the expression of DR4 and DR5. (a) The growth curve of the gastric cancer cell line SGC7901 according to the inhibitory rates of TRAIL with different
concentrations; (b) The impact of different chemotherapeutic drugs on the expression of DR4. A single line of 506 bp for DR4; (c) The impact of different
chemotherapeutic drugs on the expression of DR5. A single line of 502 bp for DR5.
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reaction time with the higher inhibitory rates tested. The
inhibitory rates levelled off after culture of 72 h.

The impact of different combinations of chemotherapeutic
drugs and rh-TRAIL on the growth of the gastric cancer cell
line. At 24, 48 and 72 h, the OD values of different
combinations were measured (Table III). The longer the cells
were cultured, the higher the inhibitory rates of rh-TRAIL
were (P=0.000). Similar results were observed in other
groups except the group treated with DDP (P=0.147). At
each time point, the combinations of rh-TRAIL with chemo-
therapeutic drugs increased the inhibitory rates of rh-TRAIL
or chemotherapeutic drugs (P=0.000).

The impact of different chemotherapeutic drugs on the
expression of DR4 and DR5. Determining the specificity of
the amplified product with agrose electrophoresis showed
single lines of 506, 502 and 307 bp for DR4, DR5 and
GAPDH respectively, which suggested the results of
amplification had high specificity. With respect to the OD
value of the PCR product, we found that compared to the
control group, DDP facilitated the induction of the
expression of DR4 and DR5 significantly (P<0.05), but 5-FU
influenced only the expression of DR5 significantly
(P=0.036). Aadriamycin had no significant impacts on the
expression of DR4 and DR5 (P>0.05) (Table IV).

Discussion

TRAIL mRNA is expressed in many tissues, including
normal and tumor tissues. TRAIL can interact with DR4 and
DR5 to induce cell apoptosis (15), but also with DcR1, DcR2
and OPG which lack an intracellular signaling domain or
have a truncated death domain to inhibit the effect of DR4/
DR5 and inactivate apoptotic signal transduction upon

stimulation (9,10), which may be why TRAIL induces
apoptosis of normal cells. TRAIL induces cell apoptosis to
annihilate the tumor cells through combining with its receptors,
which inspired many researchers to utilize the specific
selectivity of TRAIL to induce tumor and virus-infected cell
death for new anti-tumor drugs (16,17).

In our study, the expression of TRAIL and its receptor
DR4 in gastric cancer tissues were lower than those in
normal tissues, which was in accordance with the fact that
apoptosis inhibition in cancers. DcR1 was also lower than
that in normal tissues, in contrast with others (18). This may
due to the influence of the complicated signal pathways.
With respecting to the clinicopathological factors, the
expression of TRAIL seems to correlate with Borrmann type
of gastric cancer (P=0.039) and the expression of DcR1 is
related to the tumor location. Relationships between the
expression of target proteins and other clinicopathological
factors were insignificant. However, the relatively small
number of the specimens may bias the outcome. Further large
scale research is needed.

Regarding the complex mechanism of TRAIL to induce
apoptosis, although many aspects remain unclear, many lines
of research have suggested the combinations of TRAIL with
DR4 and DR5 could activate the intracellular FAS-associated
death domain (FADD) to promote the caspase cascade,
inducing cell death (19,20). DcR1 and DcR2 could not
activate FADD to lead to apoptosis (21). Yang et al
demonstrated that the anticancer potency of TRAIL was
associated with the increased expression of caspase 3 in
gastric cancer cells (22). After the 5 Gy X-irradiation in
gastric cancer cell lines MKN45 and MKN28, the subsequent
treatments with TRAIL increased the formation of active
fragment p20 of caspase 3 followed by the induction of
apoptosis (23). Kanehara et al reported that caspase-8
correlated well with the anticancer effect of TRAIL in gastric
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Table III. The impact of different combinations of chemotherapeutic drugs and TRAIL on the growth of gastric cancer cell
line.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Inhibitory rates of SGC7901 (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Time TRAIL DDP (5-FU) TRAIL plus DDP (TRAIL plus 5-FU) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
24 h 25.32±0.81 45.34±1.40 (57.45±0.38) 56.04±0.45 (71.87±0.45) 0.000 (0.000)
48 h 44.73±0.70 46.47±0.64 (64.10±2.27) 73.95±0.47 (82.28±0.46) 0.000 (0.000)
72 h 62.60±1.05 46.68±0.52 (77.81±0.42) 78.51±0.70 (90.86±0.35) 0.000 (0.000)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. The impact of different chemotherapeutic drugs on the expression of DR4 and DR5.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

The expression of DR4 (DR5) in SGC7901
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Control DDP 5-FU Adriamycin
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
OD value 0.41±0.01 (0.43±0.01) 0.43±0.10 (0.76±0.00) 0.40±0.01 (0.46±0.03) 0.41±0.01 (0.45±0.02)
P valuea 0.006 (0.000) 0.144 (0.036) 0.937 (0.174)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
aThe comparison to the control group.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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cancer cells (24). Blocking the activation of caspase-8
completely inhibited TRAIL-induced apoptosis (25). In
addition, other signal pathways, such as JNK and NF-κB (26)
pathways may play a role in the apoptosis induction of
TRAIL. Interestingly, not only did TRAIL induce tumor cell
death, but also promoted further invasion and/or metastasis
of carcinoma. Koyama et al reported TRAIL+ and DcR2+

metastatic carcinoma from malignant ascites have resistance
to DR4/DR5-induced apoptosis, and also might take the
TRAIL-mediated counterattack against activated CD3+ T
cells, which would neutralize host immune responses at the
effector phase and escape from immune attack to accelerate
further invasion and/or metastasis of carcinoma (27).

FasL, which belongs to the tumor necrosis factor (TNF)
family, induces apoptotic death of cells expressing its cell
surface receptor (Fas) through transmitting the death signal
into cells (28). Fas/FasL system has a different signal
pathway from TRAIL pathway to induce apoptosis (29). In
our study, the positive expression rate of FasL was 41.18%
(14/34) with a correlation coefficient of 0.354 to the
expression of TRAIL. Although the correlation coefficient
could not indicate the correlation of the expression, it has a
trend suggesting there may be a functional connection, which
was supported by Martin et al (30). The exact relationship
between the two pathways and its clinical significance need
to be explored further.

The utilization of TRAIL could induce tumor cell deaths,
including gastric cancer (7,31,32). In our study, we applied
MTT method to detect the inhibitory rates of rh-TRAIL with
different concentration to the SGC7901. The results showed
that the concentration and culture time increased, the
inhibitory effect was also enhanced. The inhibitory rates
levelled off after culture of 72 h.

Chemotherapeutic drugs are important adjuvant treat-
ments for gastric cancer and could be used with TRAIL to
overcome TRAIL resistance (33). DDP and 5-FU have been
widely used in the treatment of gastric cancer. Conventional
chemotherapy can induce apoptosis as a secondary
consequence of inflicting cell damage (31). Pan et al (34)
found combination of TRAIL-carrying adenoviral vector
with cisplatin showed an apparent synergistic cytotoxicity in
cancer cells, and at the same time significantly abolished the
toxicity in normal cells by reducing the dosage. Concomitant
5-FU and TRAIL therapy enhanced apoptotic activity and
reduced the requirement for 5-FU that ultimately results in
minimizing risks for systemic side effects (35,36). Our
results confirmed the previous results. In our study, the
inhibitory rates of combinations of TRAIL plus chemo-
therapeutic drugs were higher than TRAIL alone and
chemotherapeutic drug alone (P=0.000), which suggested
that concomitant TRAIL and chemotherapeutic drugs could
shed light on the synergy effect in inducing tumor cell
apoptosis. Shamimi-Noori et al (37) demonstrated that DDP
interacted with TRAIL to mediate profound activation of
caspase cascade via recruitment of the mitochondria-
dependent death signaling pathway, whereas the increased
effectiveness of caspase-8 recruitment to and activation at the
death-inducing signaling complex (DISC) and the
consequent shift in the ratio of caspase-8 to cellular FLICE-
inhibitory protein (cFLIP) at the DISC may be a potential

mechanism for TRAIL sensitization by 5-FU (38). In
addition, some other drugs, such as phosphatidylinositol 3-
kinase inhibitor, and non-steroidal anti-inflammatory drugs
also enhanced the apoptotic effect of TRAIL (39,40).

Chemotherapeutic drugs sensitize cancer cells to
TRAIL-mediated apoptosis concomitant with up-regulation
of DR5 expression (41-43). In our study, we employed RT-
PCR to determine the expression of DR4 and DR5 after
dealing with chemotherapeutic drugs. DDP and 5-FU,
rather than adriamycin, were prone to increase the
expression of DR4 and/or DR5 significantly, which may
indicate that the enhanced apoptotic effect of TRAIL when
combined with chemotherapeutic drugs was due to the
increased expression of DR4 and DR5 induced by drugs.
Also the exception of adriamycin may be accounted for by
the different sensitivity of cancer cells to different
chemotherapeutic drugs, but discrepancy also exists. Dong
et al (44) reported that the high expression of DR4 and DR5
were associated with poor response to chemotherapy in
patients with ovarian carcinoma at disease recurrence.
Therefore, the contribution of death receptors when given
with chemotherapeutic drugs in the treatment of cancers
also waits further investigation.

In conclusion, the expression of TRAIL and its receptors
were lower in gastric cancer than normal tissue, and the
apoptosis-inducing effect of rh-TRAIL was enhanced when
concomitant with chemotherapeutic drugs. Our results need
to be determined in further large scale research.
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