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Abstract. Gastric cancer (GC) is one of the most prevalent 
types of cancer worldwide. Cisplatin based chemotherapy is the 
primary strategy implemented for the treatment of G; however, 
chemoresistance is a major problem. Previous studies have 
indicated that microRNAs (miRs) are associated with chemore-
sistance in various types of cancer and that miR‑218 specifically, 
serves important roles in the growth of GC cells. The present 
study assessed the potential biological roles of miR‑218 in GC 
cell cisplatin (DDP) resistance. The results obtained from a 
polymerase chain reaction assay indicated that the expression 
of miR‑218 was decreased in cisplatin resistant SGC7901/DDP 
cells compared with SGC7901 cells. Furthermore, MTT results 
indicated that the upregulation of miR‑218 expression signifi-
cantly enhanced SGC7901/DDP cell sensitivity to DDP. The 
results of a dual‑luciferase assay indicated that survivin was a 
direct target gene of miR‑218. Results also demonstrated that 
miR‑218 was overexpressed in SGC7901/DDP cells and that the 
downregulation of survivin expression enhanced SGC7901/DDP 
cell sensitivity to DDP. Further study demonstrated that the 
upregulation of miR‑218 decreased the expression of survivin in 
SGC7901/DDP cells and induced apoptosis. The findings of the 
present study indicated that the induction of miR‑218 enhanced 
GC cell DDP resistance via the regulation of survivin, which 
may potentially benefit the clinical treatment of GC in the future.

Introduction

Gastric cancer (GC) has one of the highest mortality rates 
of all types of cancer, as most patients are diagnosed at an 
advanced stage  (1,2). The highest mortality rate of males 
and females was 28.3% in Korea and 10.8% in Ecuador, 

respectively (3). Cisplatin (DDP)‑based chemotherapy remains 
the primary strategy for the treatment of GC; however, DDP 
resistance is a major problem (4‑6). Several factors contribute 
to chemotherapeutic resistance, including genetic or epigenetic 
changes in cancer cells (7). Previous studies have indicated 
that the primary cause of resistance is the overexpression of 
energy dependent transporters, including P‑glycoprotein and 
multidrug resistance‑associated protein, which eject antitumor 
drugs out of cancer cells  (8,9). Further studies have also 
demonstrated that a defect in drug‑induced cancer cell apop-
tosis was another cause (8,9). The clinical use of DDP‑based 
chemotherapy is thus limited by resistance, meaning that 
continuous and multiple DDP treatments may lead to various 
side effects, including renal impairment, neurotoxicity and 
ototoxicity (10). Therefore, improving the sensitivity of GC 
cells to DDP may increase the effectiveness of GC treatment.

It is well‑established that microRNAs (miRNAs miRs) 
are a class of small non‑coding RNAs, comprised of 18‑24 
nucleotides, which regulate gene expression by binding to target 
mRNAs (11). It has been previously demonstrated that miRNAs 
are abnormally expressed in various types of cancer (12‑14): 
Aberrant miRNAs regulate cancer cell differentiation, 
proliferation, survival and apoptosis  (15). Previous studies 
have also demonstrated that miRNAs regulate anti‑cancer drug 
resistance (16). Therefore, the present study hypothesized that 
the combination of miRNA regulation and chemotherapy may 
serve important roles in the treatment of certain types of cancer. 
A number of previous studies have indicated that miR‑218 is 
downregulated in many types of cancer, including lung cancer, 
prostate cancer, cervical carcinoma and GC (17‑20). However 
the association between miR‑218 and DDP resistance in GC is 
yet to be fully elucidated.

The present study demonstrated that the expression of 
miR‑218 decreased significantly in DDP‑resistant human GC 
SGC7901/DDP cells and the induction of miR‑218 regulated 
DDP sensitivity in SGC7901/DDP cells by targeting survivin. 
The results of the current study may help to resolve the issue 
of DDP resistance in the clinical treatment of GC in the future.

Materials and methods

Cell culture. The human gastric adeno‑carcinoma cell line 
SGC7901 was purchased from the Shanghai Yansheng 
Industrial Co., Ltd. (Shanghai, China) and DDP‑resistant 
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SGC7901/DDP cells were purchased from Nanjing KeyGen 
Biotech Co., Ltd. (Nanjing, China). GC cells were cultured 
in RPMI‑1640 medium supplemented with 10% fetal bovine 
serum (FBS), 100 IU/ml penicillin and 100 IU/ml streptomycin 
(Gibco; Thermo Fisher Scientific, Inc.). In order to maintain the 
DDP resistant phenotype, SGC7901/DDP cells were cultured 
for 1 week at 37˚C in medium supplemented with 1 µg/ml DDP 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) and then 
cultured in medium without DDP for 1 week prior to the study.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis of miR‑218. Following SGC7901 and 
SGC7901/DDP cell culture and harvesting, total RNA was 
extracted from the cells using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Extracted RNA was then reverse transcribed into 
cDNA using a TaqMan™ MicroRNA Reverse Transcription kit 
(cat. no. 4366596; Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The temperature protocol of reverse transcription was 
16˚C for 30 min, followed by 42˚C for 30 min and 85˚C for 
5 min. miR‑218 qPCR was performed using a TaqMan miRNA 
assay kit (cat. no. 4426961; Applied Biosystems; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol and as 
previously described (21). U6 RNA was used as an internal control 
(cat. no. 4351372; Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The 2‑ΔΔCq method was used to evaluate the relative expres-
sion of miR‑218 in GC cells (22).

Transfection. SGC7901 and SGC7901/DDP cells were seeded 
into 6‑well plates (2,000,000 cells/well) in RPMI‑1640 medium 
supplemented with 10% FBS for 24 h at 37˚C. The miR‑218 
inhibitor (100 nM; cat. no. 4464084; Thermo Fisher Scientific, 
Inc.) or the miRNA inhibitor control (100 nM; cat. no. 4464076; 
Thermo Fisher Scientific, Inc.) were transfected into SGC7901 
cells using Lipofectamine 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
Additionally, 100  nM miR‑218 mimic (cat.  no.  4464066; 
Thermo Fisher Scientific, Inc.) or the miRNA mimic control 
(cat.  no.  4464058; Thermo Fisher Scientific, Inc.) were 
transfected into SGC7901/DDP cells using Lipofectamine 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. Survivin small interfering (si)RNA 
was purchased from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA; cat. no. sc‑29499) and the survivin gene knockout 
assay was performed according to the manufacturer's protocol, 
untreated cells were used as the control. Following 48 h, samples 
were used for further experimentation.

Cell viability assay. SGC7901 and SGC7901/DDP cells trans-
fected with miRNA mimics or inhibitors were seeded into 
96‑well plates (10,000 cells/well). Following cellular adhesion, 
DDP was added into the cultured cells at concentrations of 
0.00, 0.03, 0.10, 0.30, 1.00, 3.00, 10.00, 30.00 and 100.00 µg/ml 
and incubated for 48 h at 37˚C. At 48 h following cell culture, 
cell viability was evaluated via an MTT assay. MTT solution 
was added to each well at a concentration of 0.5 mg/ml. DMSO 
was utilized to dissolve the purple formazan. At 4 h following 
MTT incubation at  37˚C, the absorbance at 570  nm was 
measured using a microplate reader. A relative survival curve 
was generated and the half maximal inhibitor concentration 

(IC50) was defined as the concentration at which DDP inhibited 
the 50% cell viability.

MiRNA target predictions. To determine the potential 
target of miR‑218, potential genes were identified using 
computer‑aided algorithms from targetscan (http://www.
targetscan.org) and mirbase targets (http://microrna.sanger.
ac.uk/cgi‑bin/targets/v5/search.pl).

Luciferase assay. The wild type (WT) 3'‑untranslated region 
(UTR) of survivin mRNA (NM_001168, https://www.ncbi.
nlm.nih.gov/gene/?term=NM_001168; 5'‑CUA​CAA​UUA​AAA​
CUA​AGC​ACA​A‑3') containing predicted binding sites of 
miR‑218 was amplified from Human Genome DNA by Genewiz 
(Genewiz, South Plainfield, NJ, USA) and cloned into the down-
stream region of the firefly luciferase gene in the pMIR‑Report 
reporter vector (Ambion; Thermo Fisher Scientific, Inc.). 
Mutant (Mut; 5'‑CUA​CAA​UUA​AAA​CUU​GAG​CAG​G 3') 
survivin was used as a control. pGL3‑Survivin‑3'‑UTR and 
miR‑218 mimic or miRNA mimic controls were co‑transfected 
into SGC7901/DDP cells using Lipofectamine 3000 according 
to the manufacture's protocol. Following transfected cell 
culture for 48 h at 37˚C, cells were harvested and submitted 
to the luciferase assay. The Dual‑Luciferase Reporter Assay 
System was performed according to the manufacture's protocol 
(cat. no. E1910, Promega Corporation, Madison, WI, USA) and 
the relative activity was normalized to the expression of Renilla 
luciferase.

Flow‑cytometric analysis of apoptosis. Transfected 
SGC7901/DDP cells were seeded into 6 well plates 
(600,000 cells/well). Following cellular adhesion, DDP was 
added to the cultured cells at a concentration of 10 µg/ml. Cells 
were then cultured at 37˚C for a further 48 h and submitted to 
flow cytometry to determine the relative quantity of apoptotic 
cells using the Annexin V‑FITC Apoptosis Detection kit 
(cat. no. CA1020; Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China). CellQuest Pro software was used for 
the analysis of results (Version 5.1; BD Biosciences, Franklin 
Lakes, NJ, USA)

Western blot analysis. Transfected SGC7901/DDP and 
SGC7901 cells were seeded in 6 well plates (600,000 cells/well) 
and cultured at 37˚C for 48 h, after which they were harvested. 
Protein was extracted using lysis buffer (cat. no. P0013K; 
Beyotime Institute of Biotechnology, Haimen, China) and 
protein concentration was measured using a bicinchoninic 
acid assay. Total protein (50  µg) was the separated using 
10% SDS‑PAGE gel electrophoresis. Western blotting was 
performed as previously described (23). The primary antibodies 
for survivin (1:1,000; cat. no. 2808) and GAPDH (1:2,000; 
cat. no. 2118) were purchased from Cell Signaling Technology, 
Inc. (Danvers, MA, USA). GAPDH was used as the internal 
control. The second antibodies used were horseradish peroxi-
dase labeled‑Goat Anti‑Rabbit Immunoglobulin G (1:1,000; 
cat. no. A0208; Beyotime Institute of Biotechnology).

RT‑qPCR to detect survivin mRNA. Total RNA was isolated 
from transfected SGC7901/DDP or SGC7901 cells using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
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in accordance with the manufacturer's protocol. Total RNA 
(2 µg) was reverse transcribed into cDNA using an iScript 
cDNA synthesis kit (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA). The temperature protocol for RT was as follows: 
5 min at 25˚C, followed by 30 min at 42˚C and 5 min at 
85˚C. qPCR was performed using an LC480 machine (Roche 
Diagnostics, Basel, Switzerland) using a FastStart Universal 
SYBR Green Master (cat.  no.  04913914001; Roche) and 
gene‑specific primers. The thermocycling conditions were as 
follows: 95˚C for 10 min; 95˚C for 10 sec; 57kC for 20 sec 
and 72˚C for 10 sec (40 cycles). The primer sequences utilized 
were as follows: GAPDH forward, 5'‑TCG​ACA​GTC​AGC​CGC​
ATC​TTC​TTT‑3' and reverse,  5'‑ACC​AAA​TCC​GTT​GAC​
TCC​GAC​CTT‑3'; and Survivin forward, 5'‑GGA​CCA​CCG​
CAT​CTC​TAC​AT‑3' and reverse, 5'‑GAC​AGA​AAG​GAA​AGC​
GCA​AC‑3'. Relative transcript expression of survivin relative 
to GAPDH was determined using the 2‑ΔΔCq method (22).

Statistical analysis. Each experiment was performed in tripli-
cate. The data was expressed as the mean + standard deviation. 
Statistical analysis was performed using a two‑tailed Student's 

t‑test with SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate a statistically significant 
result.

Results

miR‑218 is downregulated in DDP‑resistant SGC7901/DDP 
cells. A previous study has demonstrated that miR‑218 
is downregulated in gastric cancer cells (24). The present 
study therefore assessed the expression of miR‑218 in the 
DDP‑resistant gastric cancer cell line (SGC7901/DDP) and 
its mock cell line (SGC7901). RT‑qPCR results indicated 
that the expression of miR‑218 was downregulated in 
DDP‑resistant gastric cancer SGC7901/DDP cells compared 
with SGC7901 cells, with a decreased fold change of 
~3.1 (Fig. 1).

miR‑218 modulates DDP resistance in SGC7901/DDP cells. 
To evaluate the effect of miR‑218 on DDP resistance in GC 
cells, an MTT assay was performed. As presented in Fig. 2, 
the transfection of miR‑218 mimics into SGC7901/DDP cells 
induced a significant decrease in the IC50 of DDP compared 
with those cells transfected with the miRNA mimic control 
(P<0.05). However, transfection of the miR‑218 inhibitor 
into SGC7901 cells significantly increased the IC50 of DDP 
compared with those cells transfected with the miRNA 
inhibitor control (P<0.05). Therefore, the results demonstrated 
that miR‑218 modulates the DDP resistance of GC cells.

Survivin is the target gene of miR‑218. To identify the target 
gene of miR‑218, a search was performed using the microRNA.
org database (www.microrna.org). The results indicated that 
survivin was a potential target gene of miR‑218 (Fig. 3A). 
To confirm this, a dual luciferase assay was performed on 
SGC7901/DDP cells. WT and Mut survivin 3'‑UTR was fused 
directly downstream of the firefly luciferase gene (Fig. 3A) 
and then co‑transfected with the miR‑218 mimic and various 
luciferase 3'‑UTR constructs (WT or Mut) into SGC7901/DDP 
cells. Transfected cells were then cultured and luciferase 
activity was measured. The dual luciferase assay results 
indicated that the enhanced expression of miR‑218 signifi-
cantly decreased luciferase activity in the WT pLuc‑Survivin 
3'‑UTR reporter (P<0.05). However, no significant difference 
was observed between cells treated with the miR‑218 mimic 
and cells that received the miRNA mimic control in the 
Mut pLuc‑Survivin 3'‑UTR reporter group (Fig. 3B). These 
results demonstrated that survivin is a direct target gene of 
miR‑218.

Survivin is overexpressed in resistant GC cell lines and is 
associated with DDP resistance. To assess whether survivin 
gene expression was associated with DDP resistance, survivin 
protein and mRNA expression in SGC7901/DDP cells 
and SGC7901 cells was determined. Western blotting and 
RT‑qPCR results indicated that survivin protein and mRNA 
expression was increased in SGC7901/DDP cells compared 
with SGC7901 cells (P<0.05; Fig. 4A and B). It was further 
demonstrated that the transfection of survivin siRNA resulted 
in a significant decrease in DDP IC50 in SGC7901/DDP cells 
compared with the untreated cells (P<0.05; Fig.  4B). The 

Figure 1. Expression of miR‑128 in human GC cell lines. Relative miR‑128 
levels were measured using a reverse transcription quantitative polymerase 
chain reaction assay. Data are expressed as the mean + standard deviation. 
*P<0.05 vs. SGC7901 cells. miR, microRNA; GC, gastric cancer; DDP, 
cisplatin.

Figure 2. miR‑218 regulated GC cell sensitivity to DDP. In SGC7901/DDP 
cells, an MTT assay revealed that the upregulation of miR‑128 significantly 
decreased resistance to DDP; while in SGC7901 cells, the downregulation 
of miR‑128 significantly enhanced resistance to DDP. Data are expressed 
as the mean + standard deviation. *P<0.05 vs. respective controls. miR, 
microRNA; DDP, cisplatin; GC, gastric cancer; IC50, half maximal inhibitor 
concentration.
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results indicated that the survivin gene was closely associated 
with DDP resistance in GC cells.

miR‑218 modulates DDP resistance by repressing survivin. 
In the present study it was demonstrated that miR‑218 and 
survivin expression was decreased and overexpressed, 
respectively in SGC7901/DDP cells when compared with 
SGC7901 cells (Figs. 1 and 4A). It was also revealed that 
survivin was a direct target gene of miR‑218 and that it was 
associated with DDP resistance in GC cells. Therefore, it was 
hypothesized that miR‑218 may regulate DDP resistance in 
GC cells by modulating the expression of survivin. To confirm 
this, the expression of survivin in GC cells transfected with 
miR‑218 mimic or inhibitor were assessed. The results indi-
cated that transfection of the miR‑218 mimic significantly 
decreased the expression of survivin in SGC7901/DDP cells 
compared with those transfected with the miRNA mimic 
control. Transfection of the miR‑218 inhibitor increased the 
expression of survivin protein and mRNA in SGC7901 cells 
compared with those transfected with the miRNA inhibitor 
control (Fig. 5). The results indicated that miR‑218 modulates 
DDP resistance in GC cells through the regulation of survivin 
expression.

Transfected miR‑218 sensitizes SGC7901/DDP cells to DDP by 
inducing apoptosis. A previous study has indicated that drug 
resistance in various types of cancer is closely associated with 
the overexpression of anti‑apoptotic proteins, including BCL2, 
MCL1 and XIAP (25). Since survivin has been demonstrated to 
be a direct target of miR‑218 that is associated with DDP resis-
tance (26), the present study hypothesized that miR‑218 may 
modulate DDP resistance in SGC7901/DDP cells by enhancing 
the DDP‑induced apoptosis of SGC7901/DDP cells. To confirm 

this, flow cytometry was performed. The miR‑218 mimic or 
miRNA mimic control was transfected into SGC7901/DDP 
cells, which were subsequently treated with DDP and cultured. 
Cells were then harvested and the apoptosis rate was deter-
mined. The results indicated that there was a significant 
induction of apoptosis in SGC7901/DDP cells transfected with 
the miR‑218 mimic compared with those transfected with the 
miRNA mimic control (P<0.05; Fig. 6). Therefore miR‑218 
enhanced the sensitivity of DDP resistance in GC cells by 
inducing apoptosis, at least in part, by targeting survivin.

Discussion

Surgery is the primary treatment for early stage gastric cancer; 
however, the majority of patients are diagnosed at an advanced 
stage and receive chemotherapy as a primary treatment 
option (27). Furthermore, DDP‑based chemotherapy is the 
major strategy for the clinical treatment of GC (16). However 
DDP resistance is an obstacle for effective GC therapy (27). 
A previous study has demonstrated that miRNA dysregula-
tion is present in many different types of human cancer (28). 

Figure 4. Expression of survivin in resistant GC cell lines and the effect 
of survivin in GC cell DDP resistance. (A) Survivin levels were measured 
using western blotting and a reverse transcription‑quantitative polymerase 
chain reaction assay. *P<0.05 vs. SGC‑7901. (B)  In human GC cells, an 
MTT assay revealed that the knock out of survivin significantly decreased 
resistance to DDP. Data were expressed as the mean + standard deviation. 
*P<0.05 vs. control. GC, gastric cancer; DDP, cisplatin; IC50, half maximal 
inhibitor concentration; siRNA, small interfering RNA.

Figure 3. Survivin was a direct target of Hsa‑miR‑218. (A) Prediction of 
miR‑218 binding sites in the 3'UTRs of the human survivin gene. (B) Survivin 
was confirmed to be a direct target of Hsa‑miR‑218 by performing a 
dual‑luciferase assay. Data were expressed as the mean + standard deviation. 
*P<0.05. miR, microRNA; UTR, untranslated region; WT, wild type; Mut, 
mutant; CMV, cytomegalovirus.
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Other studies have also indicated that certain miRNAs, 
including miR‑128, miR‑497 and miR‑200, may contribute 
to chemotherapeutic drug resistance  (29‑31). A number of 
previous studies have revealed that miR‑218 was downregu-
lated in various malignancies, including colon cancer, cervical 
cancer and GC. Furthermore, these studies also indicated that 
miR‑218 serves an important biological role in cancer prolif-
eration and metastasis (32‑35). However, the functional and 
biological roles of miR‑218 in GC cell chemosensitivity are 
yet to be fully elucidated.

To investigate the role of miR‑218 in GC cell chemosen-
sitivity, the present study assessed the expression of miR‑218 
in DDP resistant GC SGC7901/DDP cells. The results of 
RT‑qPCR demonstrated that the expression of miR‑218 was 
significantly downregulated in SGC7901/DDP cells compared 
with SGC7901 cells. Further assessment revealed that the 
upregulation of miR‑218 sensitized SGC7901/DDP cells to 
DDP via the inhibition of cell viability and the induction of 
cell apoptosis.

Survivin is encoded by Baculoviral inhibitor of apoptosis 
repeat containing 5 and is a member of the apoptosis inhibitor 
family (31). Survivin may therefore serve anti‑apoptotic roles 
in cells due to its regulation of caspase activity (36). It has also 
been demonstrated that survivin exhibits an anti‑apoptotic 
role via the inhibition of caspase‑9 activity, which is associ-
ated with the hepatitis B X‑interacting protein (37). These 
studies have also indicated that survivin serves an important 
role in antitumor drug resistance and may therefore be a 
promising biomarker of antitumor drug resistance (37,38). 

A previous study has indicated that dysregulated survivin 
is associated with many types of human cancer, including 
breast and lung cancer, as well as prostate, gastric, colon, 
bladder and esophageal carcinoma, osteosarcoma, and 
lymphoma  (39). A previous study has also indicated that 
certain survivin‑targeting miRNAs have been identified in 
many types of cancer (40). The present study demonstrated 
that survivin is a direct target gene of miR‑218. It was also 
revealed that survivin protein and mRNA expression was 
increased in DDP resistant GC SGC7901/DDP cells and that 
decreased survivin expression sensitized GC cells to DDP. 
Further experiments demonstrated that the transfection of the 
miR‑218 mimic inhibited the expression of survivin in GC 
cells, whereas the transfection of the miR‑218 inhibitor led 
to the increase of survivin expression in GC cells, which was 
associated with the induction of cell apoptosis.

Taken together, the present findings demonstrated that 
miR‑218 may be associated with the development of DDP 
resistance in human GC cells, at least in part, by targeting 
survivin. The results indicated that the regulation of miR‑218 
in combination with DDP chemotherapy may provide a novel 
treatment for human GC in the future.
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