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Abstract
AIM
To explore the anti-tumor effects of esophageal cancer-
related gene 2 (ECRG2) in combination with cisplatin 
(DDP) in DDP-resistant esophageal cancer cells 
(EC9706/DDP).

METHODS
A drug-resistant cell model was established, with 
EC9706/DDP cells being treated with ECRG2 and/
or DDP. Cell viability was examined by MTT assay. 
The rate of cell apoptosis was determined by flow 
cytometry. The mRNA expression levels of proliferating 
cell nuclear antigen (PCNA), metallothionein (MT), and 
p53 were determined by RT-PCR and PCNA, while MT 
and p53 protein expression levels were determined by 
western blotting.

RESULTS
The anti-proliferative effect of ECRG2 in combination 
with DDP was superior when compared to ECRG2 or 
DDP alone. The inhibition rate for the combination 
reached its peak (51.33%) at 96 h. The early apoptotic 
rates of the control, ECRG2 alone, DDP alone, and 
ECRG2 plus DDP groups were 5.71% ± 0.27%, 
12.68% ± 0.61%, 14.15% ± 0.87%, and 27.96% ± 
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0.36%, respectively. Although all treatment groups 
were significantly different from the control group (P  < 
0.05), the combination treatment of ECRG2 plus DDP 
performed significantly better when compared to either 
ECRG2 or DDP alone (P  < 0.05). The combination of 
ECRG2 and DDP significantly upregulated p53 mRNA 
and protein levels and downregulated PCNA mRNA 
and protein levels compared to ECRG2 or DDP alone 
(P  < 0.05). However, no changes were seen in the 
expression of MT mRNA or protein.

CONCLUSION
ECRG2 in combination with DDP can inhibit viability and 
induce apoptosis in esophageal cancer DDP-resistant 
cells, possibly via  upregulation of p53  expression and 
downregulation of PCNA  expression. These findings 
suggest that the combination of ECRG2 and DDP may 
be a promising strategy for the clinical treatment of 
esophageal cancers that are resistant to DDP.

Key words: Esophageal cancer related-gene 2; Cisplatin; 
Resistance; p53; Proliferating cell nuclear antigen
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Core tip: Cisplatin (DDP) is one of the most effective 
agents in treating esophageal cancer, but drug 
resistance poses a major impediment. Combination 
therapy has become an important method for 
overcoming drug resistance. This study showed 
that esophageal cancer-related gene 2 (ECRG2) 
in combination with DDP can inhibit viability and 
induce apoptosis in DDP-resistant esophageal cancer 
cells, possibly via  upregulation of p53 expression 
and downregulation of proliferating cell nuclear 
antigen expression. These findings suggest that the 
combination of ECRG2 and DDP may be a promising 
strategy for the clinical treatment of esophageal 
cancers that are resistant to DDP.
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INTRODUCTION 
Esophageal cancer is a severe global health problem 
with an incidence that ranks eighth among all of the 
malignant cancers[1]. In spite of improvements in early-
stage detection, most tumors are already at an advanced 
stage upon initial diagnosis[2]. Cisplatin (DDP)-based 
doublets have been the most commonly used treatment 
regimen for most patients with locally advanced or 

metastatic esophageal cancer[3-6]. Unfortunately, DDP 
resistance and dose-limiting side effects have been a 
challenge to any further improvement of this treatment’
s efficacy. These obstacles call for a novel combination 
of therapeutic approaches in order to achieve high 
therapeutic efficacy at a lower drug dose[7].

Esophageal cancer related gene 2 (ECRG2) 
was first separated and identified, using the mRNA 
technique of differential display, in normal esophageal 
tissues and esophageal cancer tissues in 1998[8]. It 
has been reported that ECRG2 inhibits tumor cell 
growth and promotes cell apoptosis in vivo and in 
vitro[9,10]. In our previous study, we found that ECRG2 
combined with DDP had an enhanced inhibitory effect 
on EC9706 cell proliferation and an increased inductive 
effect on EC9706 cell apoptosis when compared to 
ECRG2 alone[11]. This suggests that ECRG2 may be 
involved in the drug resistance of esophageal cancer. 
There are currently no known studies in the literature 
examining the effects of ECRG2 on the drug resistance 
of esophageal cancer. In the present study, we 
established a drug-resistant cell model to explore the 
effects of ECRG2 on drug resistant cells.

MATERIALS AND METHODS
Cell culture and reagents 
PCNA, p53, and MT primers and ECRG2 protein were 
manufactured by Sangon Biological Engineering 
Co., Ltd. (Shanghai, China). DDP was bought from 
Qilu Pharmaceutical Co., Ltd. (Jinan, China). RPMI 
1640 medium and fetal bovine serum (FBS) were 
purchased from HyClone (Logan, UT, United States). 
3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium 
bromide (MTT), TRIzol, and annexin V-FITC apoptosis 
detection kits were purchased from Sigma Co. (St. 
Louis, MO, United States). The reverse transcription 
and amplification kits were purchased from Promega 
Co. (Madison, WI, United States). The rabbit anti-
human PCNA and p53 antibodies were purchased from 
Santa Cruz Biotechnology (Santa Cruz, CA, United 
States). The rabbit anti-human MT and goat anti-
rabbit IgG antibodies were purchased from Abcam 
(Cambridge, United Kingdom). The human esophageal 
cancer cell line EC9706 was provided by the tumor cell 
library of the Academy of Medical Sciences in China.

Establishment of a drug-resistant cell line
We shocked EC9706 cells in the logarithmic phase with 
a final concentration of 2 mg/L of DDP. We discarded 
the culture solution after 48 h, washing 3 times with 
PBS. The cells were cultured in a fresh nutrient solution 
and washed every 2 d to remove dead cells. When 
the cells reached stable growth, we increased the DDP 
concentration, and repeated until the cells maintained 
growth in a medium with a concentration of 0.5 mg/L of 
DDP. The cells were cultured in a RPMI-1640 medium 
containing 10% fetal bovine serum, 100 U/m penicillin, 
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PCR. The primers for PCNA were 5’-ACCGCTGCGACC 
GCAATTTG-3’(forward) and 5’-ACGTGCAAATTCACC 
AGAAGGCATC-3’(reverse). The primers for MT were 
5’-CGGATCCAGACTCAAACAGGCTTTTAT-3’ (forward) 
and 5’-CGGATCCCGGAATGGACCCCAACTGCT-3’ 
(reverse). The primers for p53 were 5’-ATTTGCGTGTG 
GAGTATTTGG-3’ (forward) and 5’-GCTGTTCCGTCCCAGT 
AGATTA-3’ (reverse). The primers for GAPDH were 
5’-TCATGGGTGTGAACCATGAGAA-3’ (forward) and 
5’-GGCATGGACTGTGGTCATGAG-3’ (reverse). PCR 
amplification was performed using a kit under the 
following conditions: 95 ℃ for 5 min, followed by 30 
cycles at 95 ℃ for 40 s, 55 ℃ for 40 s, and 72 ℃ for 1 
min. The expression level of mRNA encoding the p53, 
PCNA, and MT genes were evaluated and normalized 
relative to that of GAPDH.

Western blot
The cells were collected from each group and lysed 
in 200 μL of 1% Tween 20 in PBS by five cycles of 
freezing and thawing. The insoluble proteins were 
removed by centrifugation. After quantification of 
the total protein, the protein was separated on 8% 
polyacrylamide gel (PAGE), and transferred to a 
PVDF membrane (Millipore). The membranes were 
then blocked with 5% non-fat dry milk in PBS-Tween 
20 for 1 h at room temperature. After incubation 
with polyclonal rabbit anti-human MT, PCNA, or p53 
antibody overnight at 4 ℃ at a 1:500 dilution, the 
membranes were incubated with a secondary HRP-
conjugated anti-rabbit antibody at a 1:1000 dilution 
and then washed again three times with PBST buffer. 
The transferred proteins were visualized using an ECL 
detection kit according to the manufacturer’s protocol.

Statistical analysis
The SPSS 13.0 software system (SPSS, Inc., Chicago, 
IL, United States) was used for statistical evaluation. 
The data are expressed as the mean ± SD for at least 
3 independent experiments. Statistical significance was 
evaluated by analysis of variance (ANOVA) with Tukey’s 
post hoc test. A P value of < 0.05 was considered to indi-
cate a statistically significant result.

RESULTS
Establishment of drug-resistant, EC9706/DDP cells
The EC9706/DDP cell line was established after several 
months of intermittent exposure by the parental cells 
to a gradually increasing concentration of drugs. After 
the EC9706 and EC9706/DDP cells were treated with 
DDP at various concentrations (1, 2, 4, 8, 16, 32 
μg/mL) for 48 h, the cell viability rate was examined 
by MTT assay. As shown in Figure 1, the IC50 for 48 
h of DDP in the EC9706/DDP cells was 16.83 ± 1.46 
μg/mL and the IC50 for 48 h of DDP in the parental 
EC9706 cells was 3.34 ± 0.27 μg/mL. Therefore, the 
EC9706/DDP cells were five times more resistant to 
DDP compared to the parental cells.

1798 March 14, 2017|Volume 23|Issue 10|WJG|www.wjgnet.com

EC9706
EC9706/DDP

100

90

80

70

60

50

40

30

20

10

0
0         1         2         4          8         16       32

100 U/mL streptomycin, and 0.5 mL/L DDP in a 
humidified incubator at 37 ℃ with 5% CO2.

Cell viability
Drug sensitivity was analyzed by MTT assay. The 
cells were plated at 1 × 103 cells/mL in 96-well plates 
in a volume of 100 μL and incubated for 24 h. The 
media were discarded and cells were treated with 
various concentrations of DDP or ECRG2 for 72 h. 
A total of 20 μL of 5 g/L MTT solution was added to 
each well, with cells then being incubated for 4 h 
at 37 ℃. The medium was discarded and 150 μL of 
dimethyl sulfoxide was added to each well, which was 
then shaken to completely dissolve the blue-purple 
precipitate from the MTT. A microplate reader was 
used to test the absorbance (OD) of each well at 490 
nm and average values were obtained. Cell viability 
was calculated using the formula: (OD treated well-OD 
blank)/(OD control well-OD blank) × 100.

Cell apoptosis assay using annexin-V FITC/PI
The cells were seeded in a 6-well plate at a density of 
4 × 105 cells per well. After overnight attachment, cells 
were treated with ECRG2 and/or DDP for 24 h. The 
cells were then harvested by trypsinization, washed 
with cold PBS, centrifuged at 1 × 103 rpm for 5 min, 
and resuspended in 1 × binding buffer. 500 μL of 
each sample solution was then added to 5 μL of FITC-
conjugated annexin-V and 10 μL of PI, followed by 
incubation for 15 min in the dark at room temperature. 
The samples were then measured by flow cytometry.

RNA isolation and RT-PCR
Each group of cells was collected after 24 h of drug 
treatment. The total RNA was extracted from each 
group of cells using TRIzol reagent according to the 
manufacturer’s protocol. The cDNA was made via the 
protocol for the Reverse Transcription System for RT-

Figure 1  Survival rate of EC9706 and EC9706/cisplatin (DDP) cells treated 
with various concentrations of DDP. A dose-dependent association between 
the survival rate of EC9706 and EC9706/DDP cells and the concentration of 
DDP can be observed. The survival of EC9706 cells was significantly lower 
compared to EC9706/DDP cells following treatment with various concentrations 
of DDP. The IC50 of DDP in EC9706 cells is 3.34 ± 0.27 μg/mL, while the IC50 
of DDP in EC9706/DDP cells is 16.83 ±1.46 μg/mL.
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Effects of ECRG2 and DDP on apoptosis of the EC9706/
DDP cells
We next examined the effect of ECRG2 and DDP on 
cell apoptosis by performing annexin V/PI staining. 
The early apoptotic rates of the control, ECRG2 alone, 
DDP alone, and ECRG2 plus DDP groups were 5.71% 
± 0.27%, 12.68% ± 0.61%, 14.15% ± 0.87%, and 
27.96% ± 0.36%, respectively. Although all treatment 
groups were significantly different from the control 
group (P < 0.05), the combination treatment of ECRG2 
plus DDP performed significantly better when compared 
to either ECRG2 or DDP alone (P < 0.05) (Figure 4).

Effects of ECRG2 and DDP on the expression of PCNA, 
p53, and MT mRNA 
To further elucidate the mechanisms involved in ECRG2 

Effects of ECRG2 on the EC9706/DDP cells
To evaluate the effects of ECRG2 on the growth and 
viability of the cells, the EC9706/DDP cells were 
treated with various concentrations of ECRG2 (5.5, 
6.5, 7.5, 8.5 μg/mL). The growth rate of the cells was 
found to be inhibited in a dose- and time- dependent 
manner by the ECRG2 protein (Figure 2).

Effects of combination treatment of ECRG2 and DDP on 
the EC9706/DDP cells 
Based on the results above, we used 3 μg/mL of DDP 
and 6.5 μg/mL of ECRG2 for 48 h in EC9706/DDP cells 
for further experiments. As shown in Figure 3, the 
anti-proliferative effect of ECRG2 in combination with 
DDP was better compared to ECRG2 or DDP alone. 
These results suggest that a combination treatment of 
ECRG2 and DDP resulted in a synergistic decrease in 
cell viability compared to each treatment alone. The 
inhibition rate for the combination reached its peak 
(51.33%) at 96 h (Figure 3).
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Figure 2  Survival rate at various concentrations of esophageal cancer-
related gene 2. A dose- and time- dependent association between the survival 
rate of the EC9706/cisplatin (DDP) cells and the concentration of ECRG2. 
A longer incubation time with ECRG2 significantly decreased the survival 
rate of EC9706/DDP cells. The same was found for treatments with a higher 
concentration of ECRG2.
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Figure 3  Effects of esophageal cancer-related gene 2 combined with 
cisplatin (DDP) on cell viability in EC9706/DDP cells. Cells were treated 
with dimethyl sulfoxide, ECRG2 (6.5 μg/mL) alone, DDP (3 μg/mL) alone, or 
a combination of ECRG2 (6.5 μg/mL) and DDP (3 μg/mL) for 24 h, 48 h, 72 h, 
and 96 h. Cell viability was detected via MTT assay.
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Figure 4  Effects of esophageal cancer-related gene 2 combined with 
cisplatin (DDP) on cell apoptosis in EC9706/DDP cells. Cells were treated 
with esophageal cancer-related gene 2 (ECRG2) (6.5 μg/mL) alone, DDP (3 
μg/mL) alone, or a combination of ECRG2 and DDP for 24 h. Early apoptosis 
was determined by flow cytometry using annexin V/PI staining. Annexin V was 
set as the horizontal axis and PI was set as the vertical axis. Mechanically-
damaged cells are located in the upper left quadrant, apoptotic or necrotic 
cells in the upper right quadrant, dual negative and normal cells in the lower 
left quadrant, and early apoptotic cells in the lower right quadrant of the flow 
cytometry dot plot. Data are shown as the mean ± SD. aP < 0.05 vs control 
group; cP < 0.05 ECRG2  +DDP vs DDP; eP < 0.05 ECRG2 + DDP vs ECRG2.
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in combination with DDP on the anti-proliferative 
effects in drug-resistant cells, the expression of p53, 
PCNA, and MT mRNA were evaluated in cells using RT-
PCR analysis. As shown in Figure 5, 3 μg/mL of DDP 
upregulated the expression of p53 and downregulated 
the expression of PCNA (P < 0.05). When ECRG2 
protein was combined with DDP, p53 mRNA expression 
significantly increased and PCNA mRNA expression 
decreased compared to DDP alone (P < 0.05). 

However, changes in the expression of MT mRNA were 
not observed (Figure 5).

Effects of ECRG2 and DDP on the expression of the 
PCNA, p53, and MT proteins
As shown in Figure 6, the results of the western 
blot were consistent with RT-PCR; 3 μg/mL of DDP 
upregulated the expression of p53 protein and 
downregulated the expression of PCNA protein. When 

Figure 5  Effects of esophageal cancer-related gene 2 and cisplatin (DDP) on the expression of proliferating cell nuclear antigen, p53, and metallothionein 
mRNA. Ⅰ: Drug-resistant cell group; Ⅱ: DDP group; Ⅲ: DDP + esophageal cancer-related gene 2 (ECRG2) group. Data were expressed as the mean ± SD, n = 3. 
aP < 0.05 vs control; cP < 0.05 vs control; eP < 0.05 vs DDP groups.
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ECRG2 protein was combined with DDP, expression of 
p53 protein was significantly increased and expression 
of PCNA protein was decreased compared to DDP 
alone (P < 0.05). However, no changes were seen in 
the expression of MT protein (Figure 6).

DISCUSSION
DDP is one of the most effective anti-cancer agents 
widely used in the treatment of solid tumors, in-
cluding esophageal cancer. Despite a consistent rate 
of initial response, DDP treatment often results in 
the development of chemoresistance, leading to 
therapeutic failure. Combination therapy has become 
an important method of overcoming drug resistance. 
There have been many attempts to overcome DDP 
resistance in esophageal cancer cells. Lee et al[12] 
reported that the novel oxygen carrier YQ23 enhanced 
the DDP response of chemoresistant esophageal tumor 
xenografts, as well as reducing tumor size and the 
number of animals with invasive tumors. Lai et al[13] 
provided evidence that 14-3-3σ, or its related DNA 
repair molecule, is a promising therapeutic target for 
counteracting DDP resistance in esophageal squamous 
cell carcinoma. Furthermore, Yu et al[14] suggested 

autophagy is a novel target to improve the efficiency 
of DDP in human esophageal cancers with acquired 
resistance.

In this study, we first established an EC9706/DDP 
cell line derived from in vitro treatment of sensitive 
cells as a model to examine the effect of ECRG2 
on DDP resistance. The results demonstrated that 
a combination of ECRG2 and DDP had synergistic 
inhibitory effects on the proliferation of EC9706/DDP 
cells. The inhibition rate was significantly higher in 
EC9706/DDP cells treated with ECRG2 and DDP 
compared to cells treated with ECRG2 or DDP alone. 
This suggests ECRG2 may reduce or inhibit DDP 
resistance. 

The mechanism through which cancer cells 
develop resistance to chemotherapy is associated 
with increased resistance to apoptosis. Agents that 
induce apoptosis have been reported to sensitize 
tumor cells to DDP

[15]
. Cui et al

[9,10]
 reported that 

ECRG2 promoted cell apoptosis in vivo and in vitro. 
Here, we provided experimental evidence showing 
the combination of ECRG2 and DDP promoted the 
apoptosis of esophageal DDP-resistant cancer cells. A 
study by Li et al

[16]
 showed that ECRG2-overexpressing 

cells had a higher expression of p53. We therefore 
compared the p53 expression levels of the control, 
DDP alone, and ECRG2 plus DDP groups. Our results 
proved that p53 was involved in this process. The 
pivotal role of p53 pro-apoptotic function in sensitivity 
to DDP has also recently been reported

[17,18]
. The 

tumor suppressor protein p53 has been shown to 
mediate the cellular stress response, as well as initiate 
DNA repair, cell-cycle arrest, senescence, and, most 
notably, apoptosis. However, p53 can also induce 
DNA-damage, thereby further promoting cell death. 
Therefore, we believe the combination of ECRG2 and 
DDP induced overexpression of p53 and then increased 
the response to DDP by the p53 pro-apoptotic function 
in esophageal DDP-resistant cancer cells. 

In addition to p53, there are other molecules 
involved in DDP resistance. Dillehay et al[19] reported 
a novel small molecule targeting PCNA-induced DNA 
damage and apoptosis in prostate cancer cells, as well 
as enhancing DNA damage and apoptosis triggered 
by DDP in a p53-independent manner. Expression 
of PCNA genes in all organisms is traditionally 
associated with cell proliferation and thus with DNA 
synthesis during genome replication in the S phase 
of the cell cycle[20]. However, recent developments 
in PCNA protein interactions, trimer formation, and 
signaling regulation allow for the potential of possible 
therapeutic targeting of PCNA[21]. Both peptides and 
small molecules targeting PCNA signaling have been 
reported to sensitize cancer cells to chemotherapeutic 
agents[22,23]. A PCNA inhibitor can increase DNA 
double-strand breaks and cause the accumulation of 
DNA damage, which will eventually lead to cell death 
in cells that lack the ability to repair this damage[19]. 
In the present study, we demonstrated that the small 

Figure 6  Effects of esophageal cancer-related gene 2 and cisplatin 
(DDP) on the expression of proliferating cell nuclear antigen, p53, and 
metallothionein proteins. Ⅰ: Drug-resistant cell group; Ⅱ: DDP group; 
Ⅲ: DDP + esophageal cancer-related gene 2 (ECRG2) group. Data were 
expressed as the mean ± SD, n = 3. aP < 0. 05 vs control; cP < 0.05 vs control; 
eP < 0.05 vs DDP groups.
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molecule ECRG2 combined with DDP reversed DDP 
resistance by downregulating PCNA expression in 
esophageal DDP-resistant cancer cells. However, the 
underlying molecular mechanisms of this phenomenon 
require further future exploration.

MT is a low molecular weight protein that is rich in 
cysteine[24]. In recent years, the relationship between 
MT and tumors has received increasing attention, 
including the role of MT in tumor formation and the 
differentiation, proliferation, and apoptosis of tumor 
cells and tumor tissue in ammonia chloride DDP 
chemotherapy drug resistance[25,26]. In vitro and in 
vivo studies show that overexpression of MT involved 
in DDP resistance, MT expression level, and DDP 
resistance level are related, with MT increasing DDP 
resistance[27,28]. However, another study demonstrated 
that the expression of MT was not related to resistance 
in DDP treatment[29-31]. In this present study, we found 
no significant change in the expression of MT after 
increasing DDP and ECRG2. ECRG2 in combination 
with DDP promotes cell apoptosis and inhibits cell 
proliferation, but not by reducing the expression of MT.

In conclusion, we showed in the present study 
that ECRG2 in combination with DDP reduces or 
inhibits DDP resistance and induces cell apoptosis 
by upregulating p53 expression and downregulating 
PCNA expression, but not MT expression. Our results 
suggest that the combination of ECRG2 and DDP may 
be a promising strategy for the clinical treatment 
of esophageal cancers that are resistant to DDP. 
The effects of combined ECRG2 and DDP treatment 
on DDP-resistant cancer cells should be further 
investigated and confirmed in other human cancer cell 
lines, as well as animal models of cancers.
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