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Abstract. MicroRNAs (miRNAs) are a group of small 
non‑coding RNA molecules, which serve an important func-
tion in the development of multidrug resistance in cancer 
through the post‑transcriptional regulation of gene expression 
and RNA silencing. In the present study, the functional effects 
of miR‑197 were analyzed in chemo‑resistant gastric cancer 
cells. Low expression levels of miR‑197 were observed in the 
fluorouracil (5‑FU)‑resistant gastric cell line SGC7901/5‑FU 
when compared with those in the parental gastric cell line 
SGC7901. Overexpression of miR‑197 in SGC7901/5‑FU cells 
was identified to partially restore 5‑FU sensitivity. miRNA 
target prediction algorithms suggested that mitogen‑activated 
protein kinase  1 (MAPK1) is a candidate target gene for 
miR‑197. A luciferase reporter assay confirmed that miR‑197 
led to silencing of the MAPK1 gene by recognizing and then 
specifically binding to the predicted site of the MAPK1 mRNA 
3'‑untranslated region. When miR‑197 was overexpressed in 
SGC7901 cells, the protein levels of MAPK1 were down-
regulated. Furthermore, MAPK1 knockdown significantly 
increased the growth inhibition rate of the SGC7901/5‑FU 
cells compared with those in the control group. These results 
indicated that miR‑197 may influence the sensitivity of 5‑FU 
treatment in a gastric cancer cell line by targeting MAPK1.

Introduction

Gastric cancer is prevalent worldwide and although the 
incidence and mortality have markedly fallen, it remains the 
fourth most common cancer and the second leading cause 
of cancer‑associated mortality  (1). In spite of early use of 

adjuvant chemotherapy after surgery, poor outcomes following 
surgical resection and high recurrence rates remain, making 
gastric cancer challenging to treat. Compared with no adjuvant 
treatment, combination‑chemotherapy has been reported to 
significantly prolong the disease‑free period and the patients' 
survival rate five years subsequent to surgery (2,3). The occur-
rence of resistance is commonly observed during the course 
of chemotherapy treatment. The efficacy of chemotherapy 
is limited by simultaneous resistance to multiple drugs that 
are neither mechanistically nor structurally linked. In the 
resistance of cancer cells to chemotherapeutic agents, DNA 
methylation, gene mutation and histone modification serve 
important roles (2,3). In 2007, Climent et al (4) observed that 
the deletion of chromosome 11q, which carries the region 
containing the microRNA (miR)‑125b gene, may contribute 
to the sensitivity of patients with breast cancer to anthracy-
cline‑based chemotherapy. This suggested a possible link 
between miRNA dysregulation and chemotherapy resistance.

miRNAs regulate gene expression in multicellular organ-
isms by post‑transcriptionally affecting the stability and 
translation of mRNAs (5), which are transcribed by RNA 
polymerase II or III in the nucleus (6). The primary capped 
and polyadenylated transcripts (pri‑miRNA) are cleaved by 
the Drosha ribonuclease III enzyme to produce a ~70‑nucleo-
tide stem‑loop precursor miRNA (pre‑miRNA)  (7‑9). 
Pre‑miRNA is transported to the cytoplasm by exportin 5 
and is then processed into mature miRNAs by the RNase III 
enzyme Dicer (10,11). Mature miRNA is incorporated into an 
RNA‑induced silencing complex (RISC), which imperfectly 
pairs with the 3'‑untranslated region (3'UTR) of the target gene 
mRNA. As a result, the translation of the target gene mRNAs 
is inhibited or destabilized (12‑14). Previous studies indicated 
critical functions of miRNAs in diverse biological processes, 
including tumor angiogenesis, proliferation, cell differentia-
tion, apoptosis, adhesion and metastasis of tumor cells (15‑19) 
and cancer chemotherapy multidrug resistance (MDR) (20). 
Therefore, elucidation of the regulatory role of miRNAs 
may provide a novel understanding of the molecular events 
in various biological processes, and suggest that abnormally 
expressed miRNAs in various types of human cancer serve as 
oncogenes or tumor suppressor genes by targeting transcripts 
of essential protein coding genes in tumorigenesis.
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Previous studies (21,22) have suggested that, in addition 
to oncogenesis, the different expression levels of certain 
miRNAs are associated with the response to chemothera-
peutic agents. Chemotherapy is frequently unsuccessful due 
to either intrinsic or acquired MDR of cancer cells following 
an initial round of treatment (23). Zhu et al (24) demonstrated 
that the MDR cancer cell lines A2780DX5 and KB‑V1 exhib-
ited higher expression levels of miR‑27a and miR‑451 than 
their parental lines A2780 and KB‑3‑1. Downregulation of 
miR‑27a or miR‑451 expression has been reported to reduce 
the expression levels of P‑glycoprotein (P-gp) and MDR1 
mRNA. The intracellular accumulation of cytotoxic drugs due 
to being transported by P‑gp was enhanced by the treatment 
with the anti‑miR‑27a or anti-miR‑451 (24). Xia et al  (22) 
analyzed the possible role of miRNAs in the development of 
MDR in gastric cancer cells. They identified that miR‑15b and 
miR‑16 were downregulated in the MDR gastric cancer cell 
line SGC7901/VCR compared with that in the control group. 
In addition, overexpression of miR‑15b or miR‑16 has been 
reported to sensitize SGC7901/VCR cells to vincristine, doxo-
rubicin, etoposide and cisplatin in an in vitro drug sensitivity 
assay. By contrast, inhibition of miR‑15b or miR‑16 expression 
may contribute to MDR in SGC7901 cells. Meng et al (25) 
also indicated that miR‑21, miR‑141 and miR‑200b were 
dysregulated in malignant cholangiocytes. Downregulation 
of miR‑21 and miR‑200b increased sensitivity to gemcitabine, 
whereas inhibition of miR‑141 reduced cell growth.

As described above, miRNAs serve as regulators of gene 
expression and may influence the response of cancer cells to 
chemotherapy. Thus, in the present study, the expression levels of 
miR‑197 were investigated in the fluorouracil (5‑FU)‑resistant 
human gastric cancer cell line SGC7901/5‑FU and its parental 
cell line SGC7901. The present study focused on the effects 
of miR‑197 on 5‑FU drug resistance in SGC7901 gastric 
cancer cells in addition to the identification of its direct target 
gene. It was hypothesized that miR‑197 may present a novel 
therapeutic for preventing resistance against 5‑FU by targeting 
the expression of resistance-associated genes in patients with 
gastric carcinoma.

Materials and methods

Cell culture and transfection. Cells of the human gastric 
cancer cell line SGC‑7901 (American Type Culture Collection, 
Manassas, VA, USA) were cultured in RPMI‑1640 medium 
(Gibco-BRL, Invitrogen Life Technologies, Carlsbad, CA, 
USA), which was supplemented with 10% heat‑inactivated 
fetal bovine serum, 100 IU penicillin/ml and 100 µg/ml strep-
tomycin (Invitrogen Life Technologies). All of the cells were 
maintained in a humidified 5% (v/v) atmosphere of CO2 
at 37˚C. The 5‑FU‑resistant variant SGC7901/5‑FU was 
obtained from the parent cell line (SGC‑7901) by step by 
step exposure to increasing concentrations of 5‑FU (5, 10, 
20 and 40 mg/ml in three-day intervals; Sigma‑Aldrich, 
St. Louis, MO, USA). To maintain the 5‑FU‑resistant pheno-
type, 5‑FU was added to the culture media with a final drug 
concentration of 1 mg/ml 5‑FU for SGC7901/5‑FU cells. 
Lipofectamine 2000 reagent (Invitrogen Life Technologies) 
was used for the cell transfection in accordance with the 
manufacturer's instructions.

Luciferase reporter assay. The gastric cancer cells were 
co‑transfected with miR‑197 and MAPK1 3'UTR or MAPK1 
3'UTR‑mutant (Zhiyou Bio Company, Guangzhou, China) in 
48‑well plates. The vector pDsRed2‑N1 (Clontech Laboratories, 
Inc., Mountain View, CA, USA) expressing red fluorescent 
protein (RFP) was transfected and used for normalization. The 
intensities of enhanced green fluorescent protein (EGFP) and 
RFP fluorescence were measured using a F‑4500 Fluorescence 
Spectrophotometer (Hitachi, Ltd., Tokyo, Japan).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). RT‑qPCR was performed in order to detect 
the relative levels of the transcripts. The large RNA and small 
RNA of tissue samples were isolated using an mirVana™ 
miRNA Isolation kit (Ambion Life Technologies, Carlsbad, 
CA, USA) according to the manufacturer's instructions. The 
transcripts were generated from 2 µg RNA extracted from 
the cells through reverse transcription using Moloney murine 
leukemia virus reverse transcriptase (Promega Corporation, 
Madison, WI, USA). The β‑actin gene was used as an internal 
control standard for the PCR reaction. PCR was performed 
under the following conditions: 94˚C for 4 min, followed by 
40 cycles of 94˚C for 1 min, 56˚C for 1 min and 72˚C for 
1 min. PCR was performed in a total volume of 50 µl with 
AmpliTaq Gold 360 DNA Polymerase (Applied Biosystems, 
Foster City, CA, USA). After CE on an ABI 3130 Genetic 
Analyzer (Applied Biosystems), data were collected using 
GeneMapper v4.0 software for fragment analysis (Applied 
Biosystems).

MTT assay. SGC‑7901 and SGC‑7901/5‑FU cells were respec-
tively seeded into a 96‑well plate at a denstiy of 8,000 cells/well 
one day prior to transfection. The cells were transfected with 
anti‑miR‑197, miR‑197 or the control vector (0.15 µg/well; 
Shanghai GenePharma Co., Ltd., Shanghai, China). 5‑FU 
was then added so that the final concentrations were 0.5, 1, 2, 
4 and 8 µmol/l. Following 48 h of incubation, the MTT assay 
was used to evaluate the cell viability. MTT solution (20 µl; 
Sigma‑Aldrich) was added to 100 µl culture media and cells 
were incubated for a further 4 h at 37˚C The growth inhibition 
rate was calculated as: Growth inhibition (%) = (1‑A of experi-
mental group/A of control group) x100, where A represents the 
absorbance at 570 nm, which was measured using a µQuant 
Universal Microplate Spectrophotometer (BioTek Instruments, 
Inc., Winooski, VT, USA).

Western blot analysis. Cultured cells were lysed using 
radioimmunoprecipitation assay buffer (0.1%  SDS, 
1% Triton X‑100, 1 mM MgCl2 and 10 mM Tris‑HCl; pH 7.4; 
all from Sigma‑Aldrich) in 4˚C for 30  min. The protein 
extracts (50  µg) were fractionated by 10%  SDS‑PAGE 
and then transferred onto nitrocellulose membranes. The 
following antibodies were used: Anti‑MAPK1 (sc-136288; 
species, mouse; 1:500) and anti‑GAPDH (sc-365062; species, 
mouse; 1:1,000) (Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA). The bound antibodies were detected using the ECL 
Plus Western Blotting Detection system (GE Healthcare, 
Little Chalfont, UK) and the chemiluminescent signals were 
detected with the using high‑performance chemilumines-
cence film (GE Healthcare).
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Small interfering (si)RNA transfection. According to the 
manufacturer's instructions, the SignalSilence MAPK1 siRNA 
kit (Cell Signaling Technology, Inc., Danvers, MA, USA) 
was used to silence MAPK1 protein expression. Subsequent 
to transfection for 48 h, siRNA transfection efficiency was 
measured using western blot analysis.

Flow cytometric analysis. In order to synchronize the cell 
growth, the transfected cells were maintained in serum-free 
culture medium for starvation. After 24 h, one group of cells 
was harvested and the other was cultured in complete medium 
for 24 h. The harvested cells were fixed in 95% ethanol and 
stored at ‑60˚C. The fixed cells were washed with phos-
phate‑buffered saline, re‑suspended in propidium iodine (PI) 
staining buffer (Bio‑Light, Shanghai, China), which contained 
50 mg/ml PI, 50 mg/ml Annexin V, and 50mg/ml RNaseA, 
and were then incubated at 4˚C for 30 min in the dark. The 
samples were analyzed using a FACScan flow cytometer and 
Cell Quest 2.0 analysis software (BD Biosciences, San Jose, 
CA, USA).

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. A two‑tailed Student's t‑test was used for 
comparison and P<0.05 was considered to indicate a statisti-
cally significant difference. GraphPad 5.0 (GraphPad, Inc., La 
Jolla, CA, USA) was used for all statistical analyses.

Results

miR‑197 is downregulated in 5‑FU‑resistant SGC7901/5‑FU 
cells. To detect the cell growth inhibition rate of the 
SGC7901/5‑FU cell line and the parental SGC7901 cell line, an 
MTT assay was performed (Fig.1A). The results demonstrated 
that compared with the SGC7901 cell line, the SGC7901/5‑FU 
cells exhibited clear resistance to 5‑FU. In order to determine 
the role of miR‑197 in the 5‑FU‑resistant gastric cancer cell 
line SGC7901/5‑FU, RT‑qPCR analysis was conducted. 
The results indicated that miR‑197 was downregulated in 
SGC7901/5‑FU cells (Fig.1B), which suggested that miR‑197 
may contribute to 5‑FU drug resistance in gastric cancer cells.

Knockdown of miR‑197 leads to resistance to 5‑FU in the 
SGC7901 cells. To investigate the association between 

miR‑197 and 5‑FU resistance in SGC7901 cells, the effect of 
downregulation of miR‑197 in 5‑FU-sensitive SGC7901 cells 
was assessed. A commercially synthesized miR‑197 inhibitor 
(anti‑miR‑197) was used to alter the miR‑197 expression 
levels in SGC7901 cells. The validity of miR‑197 ectopic 
expression was confirmed by RT‑qPCR following transfec-
tion with anti‑miR‑197 or the control vector into SGC7901 
cells. The results indicated that the commercially synthe-
sized anti‑miR‑197 was able to reduce miR‑197 expression 
in SGC7901 cells compared with that in the control group 
(P<0.05; Fig. 2A). The group transfected with anti‑miR‑197 
was observed to have a significantly higher survival rate than 
the control group (Fig. 2B). These results suggested that down-
regulation of miR‑197 led to 5‑FU resistance of SGC7901 
cells.

Overexpression of miR‑197 may partially enhance 5‑FU 
sensitivity in SGC7901/5‑FU cells. To further determine the 
effects of miR‑197 overexpression in SGC7901/5‑FU cells, 
miR‑197 mimics or the control vector were transfected into 
SGC7901/5‑FU cells. RT‑qPCR analysis confirmed that the 
miR‑197 mimics were able to increase miR‑197 expression 
in SGC7901/5‑FU cells compared with that in the control 
group (P<0.05; Fig. 2C). The SGC7901/5‑FU cells which were 
transfected with the miR‑197 mimics exhibited a significantly 
lower survival rate than the cells in the negative control 
group following 5‑FU exposure  (Fig.  2D). These results 
suggested that the overexpression of miR‑197 may sensitize 
the SGC7901/5‑FU cells to 5‑FU.

miR‑197 directly targets the MAPK1 3'UTR in SGC7901 
gastric cancer cells. To determine the candidate target gene of 
miR‑197, a bioinformatics analysis using Targetscan 6.2 (http://
www.targetscan.org/) was conducted to predict potential 
target genes. It was observed that the miR‑197 complementary 
binding sites were contained in the 3'UTR of MAPK1 mRNA 
(Fig. 3A). A luciferase reporter assay was performed to vali-
date that MAPK1 can be directly targeted by miR‑197 using 
engineered EGFP reporter vectors that had either the wild‑type 
3'UTR of MAPK1 or the mutant UTR with a 5‑base mutation 
in the complementary seed sequence (Fig. 3A). pDsRed2‑NI 
was also co‑transfected for normalization. SGC7901 cells 
were co‑transfected with MAPK1 3'UTR and miR‑197 or 

Figure 1. (A) Cell growth inhibition rate of SGC7901 and SGC7901/5‑FU cells. (B) Expression levels of miR‑197 in SGC7901 and SGC7901/5‑FU cells. The 
cells were treated with various doses of 5‑FU (0.5, 1.0, 2.0, 4.0 and 8.0 µmol/l). After 48 h of transfection, an MTT assay was performed to assess the growth 
inhibition rate of the cells.*P<0.05 vs. control. 5‑FU, fluorouracil; miR‑197, microRNA‑197; SGC7901/5‑FU, SGC7901 cell line resistant to 5-FU.
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Figure 2. Expression levels of miR‑197 affect the sensitivity of SGC7901 cells to 5‑FU. (A) Following transfection with anti‑miR‑197, the expression levels 
of miR‑197 were significantly reduced in SGC7901 cells. (B) Following transfection with anti‑miR‑197 or control, SGC7901 cells were treated with various 
doses of 5‑FU (0.5, 1.0, 2.0, 4.0 or 8.0 µmol/l) for 48 h. An MTT assay was performed to determine the cell growth inhibition. (C) Following transfection 
of the miR‑197 mimics, the expression levels of miR‑197 were significantly increased in SGC7901/5‑FU cells. (D) Following transfection with the miR‑197 
mimics or control, the SGC7901/5‑FU cells were treated with various doses of 5‑FU (0.5, 1.0, 2.0, 4.0 and 8.0 µmol/l) for 48 h. The MTT assay was performed 
to determine the cell growth inhibition. Values are expressed as the mean ± standard deviation (n=3). *P<0.05 vs. control. miR‑197, microRNA‑197; 5‑FU, 
fluorouracil; SGC7901/5‑FU, SGC7901 cell line resistant to 5-FU.

Figure 3. MAPK1 is a direct target of miR‑197. (A) Predicted binding sites of miR‑197 on MAPK1 mRNA. The mutant UTR contains 5 bases in the comple-
mentary seed sequences. (B) miR‑197 mimics transfected together with luciferase reporter vector pGL3-MAPK1 3'UTR or the mutant vector pGL3-MAPK1 
3'UTR mut into SGC7901 cells. The relative luciferase intensity was significantly different between the miR-197 and miR-control group. Values are expressed as 
the mean ± standard deviation (n=3). *P<0.05. (C) Reverse transcription‑quantitative polymerase chain reaction was conducted to detect the expression levels of 
MAPK1 mRNA in SGC7901 and SGC7901/5‑FU cells which were transfected with the miR‑197 mimics or control. Values are expressed as the mean ± standard 
deviation (n=3). (D) MAPK1 and p‑MAPK1 protein levels in the SGC7901 cells transfected with the miR‑197 inhibitor or control, and SGC7901/5‑FU cells 
transfected with the miR‑197 mimics or control. p-MAPK1, phosphorylated mitogen‑activated protein kinase 1; miR‑197, microRNA‑197; UTR, untranslated 
region; 5‑FU, fluorouracil; WT, wild-type; mut, mutated; SGC7901/5‑FU, SGC7901 cells resistant to 5-FU.
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the control vector. Compared with the control vector, over-
expression of miR‑197 was able to significantly inhibit EGFP 
expression (P<0.05) (Fig. 3B). By contrast, EGFP expression 
levels of cells transfected with a mutant of the MAPK1 3'UTR 
binding site were not influenced by overexpression of miR‑197 
(Fig. 3B), indicating that miR‑197 was able to complementa-
rily bind to the specific sites of the MAPK1 mRNA 3'UTR and 
negatively regulate the expression of the MAPK1 gene.

miR‑197 negatively regulates MAPK1 at the post‑transcrip‑
tional level. Downregulation of gene expression is the main 
function of miRNAs, which occurs through translational 
repression, cleavage of mRNA or in a variety of other 
processes by binding to 3'UTRs of target genes. To examine 
whether miR‑197 suppresses endogenous MAPK1 expres-
sion, SGC7901 and SGC791/5‑FU cells were transfected 
with anti‑miR‑197 and miR‑197 mimics, and MAPK1 protein 
expression was assessed via western blot analysis.

The results demonstrated that overexpression of miR‑197 
reduced the expression levels of MAPK1 and the phos-
phorylation of MAPK1 protein by 80 and 50%, respectively, 
in SGC7901/5‑FU cells  (Fig.  3D). However, upregulation 
of miR‑197 in SGC7901/5‑FU cells was not able to reduce 
endogenous MAPK1 mRNA according to RT‑qPCR anal-
ysis  (Fig.  3C). In addition, following transfection with 

anti‑miR‑197, significant increases were observed in the 
endogenous MAPK1 protein expression levels and the phos-
phorylation of MAPK1 in SGC7901 cells (Fig. 3D); however, 
MAPK1 mRNA levels remained unchanged (Fig. 3C). These 
results suggested an inverse correlation between miR‑197 and 
MAPK1 protein expression levels.

MAPK1 is a crucial signaling factor in 5‑FU resistance in 
SGC7901/5‑FU cells. To validate whether MAPK1 serves a 
role in miR‑197‑induced 5‑FU resistance, the MAPK1 gene 
was silenced to a certain degree in the SGC7901/5‑FU cells. 
Western blot analysis demonstrated that MAPK1 siRNA 
effectively reduced the MAPK1 protein levels  (Fig.  4A). 
Following MAPK1 siRNA transfection, the cell growth 
inhibition rate by was then detected following exposure to 
various concentrations of 5‑FU (0.5-8 µM). Knockdown 
of MAPK1 significantly increased the growth inhibition 
rate of the SGC7901/5‑FU cells compared with that in the 
control group (Fig. 4B). The SGC7901/5‑FU cells transfected 
with miR‑197 mimics in addition to those transfected with 
siR‑MAPK1 demonstrated a significantly increased apop-
totic rate compared with that in the negative control group 
(P<0.05). These results suggested that miR‑197 may improve 
the 5‑FU sensitivity of the SGC7901/5‑FU cells by down-
regulating MAPK1.

Figure 4. MAPK1 is important in 5‑FU resistance in SGC7901/5‑FU cells. (A) MAPK1 protein levels in the SGC7901/5‑FU cells following treatment with 
MAPK1 siRNA or a scrambled siRNA. (B) SGC7901/5‑FU cells were treated with various doses of 5‑FU (0.5, 1.0 and 2.0 µmol/l) following 48 h of transfec-
tion. The cell growth inhibition rate was determined using an MTT assay. (C) Apoptosis detected by flow cytometry. SGC‑7901/5‑FU cells were untreated, 
transfected with miR‑197 mimics or transfected with siRNA MAPK1 for 48 h, and apoptotic cells were detected by flow cytometry. Values are expressed as the 
mean ± standard deviation (n=3). *P<0.05 vs. control. MAPK1, mitogen‑activated protein kinase 1; 5‑FU, fluorouracil; SGC7901/5‑FU, SGC7901 cells resistant 
to 5-FU; siR/siRNA, small interfering RNA; PI, propidium iodide.
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Discussion

MDR is a multifactorial process, which is responsible for the 
lack of chemosensitivity in primary and secondary tumors (20). 
5‑FU is the most commonly used chemotherapeutic drug in 
patients with gastric cancer, and one of the main causes of 
chemotherapeutic treatment failure in advanced gastric cancer 
is 5‑FU resistance (2,26). Therefore, the development of novel 
strategies enhancing the efficacy of 5‑FU is essential for 
effective therapy. It is widely accepted that abnormal genetic 
expression and the alteration of the dynamic balance between 
oncogenes and tumor suppressor genes commonly leads to 
the formation of tumors (27). miRNAs, in addition to other 
genes, participate in the regulation of oncogenes and tumor 
suppressor genes (5). Increasing numbers of studies have iden-
tified that abnormal miRNA expression is also responsible for 
the absence of a chemotherapeutic response. However, the role 
of miRNAs in drug‑resistance of gastric cancer remains to be 
fully elucidated.

The present study aimed to investigate a novel miRNA, 
which was able to regulate MAPK1 protein expression levels 
through binding to specific sites of the MAPK1 3'UTR, and to 
validate its effects on 5‑FU resistance using SGC7901 cells. 
The results showed that the suppression of MAPK1 in addition 
to miR‑197 upregulation acted together to achieve sensitivity 
to the chemotherapeutic 5‑FU. It was therefore suggested that 
altering miR‑197 expression may improve the sensitivity of 
SGC7901 cells to 5‑FU treatment.

Using RT‑qPCR, it was identified that miR‑197 exhib-
ited lower expression levels in human 5‑FU‑resistant 
SGC7901/5‑FU gastric cancer cells than that in the parental 
cell line SGC7901. The results suggested that miR‑197 may 
be critical in the development of gastric cancer chemotherapy 
resistance. Therefore, it was hypothesized that miR‑197 is an 
inhibitory factor of 5‑FU resistance in gastric cancer cells due 
to the low expression levels of miR‑197 in SGC7901/5‑FU. 
The cell growth inhibition rate was assessed using the MTT 
assay in order to investigate the association between miR‑197 
and the growth inhibition capacity of gastric cancer cell lines 
with or without 5‑FU resistance. Following transfection with 
anti‑miR‑197, the SGC‑7901 cell growth inhibition rate was 
significantly reduced. In addition, compared with the control 
group, upregulation of miR‑197 enhanced cell growth inhibi-
tion following 5-FU treatment. miR‑197 is therefore closely 
associated with 5‑FU resistance. Bioinformatics analysis was 
conducted to predict MAPK1 as one of the candidate target 
genes of miR‑197, which was then confirmed by experimental 
evidence in the present study. Through complementarily binding 
to the 3'UTR of MAPK1 seed region, miR‑197 was able to 
regulate MAPK1 protein expression directly. Overexpression 
of miR‑197 resulted in a reduction in the fluorescence inten-
sity of MAPK1‑3'UTR reporter vector‑transfected cells in the 
luciferase reporter assay (Fig. 3B). However, the 5‑base muta-
tion of the miR‑197 binding sites in MAPK1‑3'UTR abolished 
the effect of miR‑197 on the regulation of EGFP fluorescence 
intensity (Fig. 3B). In addition, endogenous MAPK1 expression 
levels and the phosphorylation of MAPK1 protein were reduced 
in SGC7901/5‑FU cells with the overexpression of miR‑197 
and in SGC7901 cells transfected with anti‑miR‑197 (Fig. 3D). 
The alteration of miR‑197 expression levels was observed to 

not effect the MAPK1 mRNA levels. These results suggested 
that miR‑197 regulated MAPK1 protein expression.

The MAPK cascade is one of the intracellular signal trans-
duction pathways specific to the amino acids serine, threonine 
and tyrosine. MAPKs are present exclusively in eukaryotic 
cells, which are involved in direct cellular responses to various 
stimuli, including mitogens, hormones, cytokines and osmotic 
stress  (28). Extracellular signal‑regulated kinases (ERKs), 
c‑Jun‑N‑terminal protein kinases and p38 are all involved in the 
MAPK pathway (29). MAPKs participate in gene expression, 
cell proliferation, differentiation, cell mitosis and apop-
tosis (28). Due to the integral role in the regulation of cancer 
cell proliferation, invasion and survival, the MAPK pathway 
is considered to be a potential target for therapeutic interven-
tion in cancer. MAPK1 is also known as ERK2; ERK was the 
first MAPK family member to be identified, and it also serves 
as the key molecule in the MAPK signaling pathway. ERKs 
are responsible for transporting extracellular stimuli from the 
cell surface to the nucleus (30). In 2007, Katayama et al (31) 
demonstrated that the ERK pathway was able to positively 
regulate P‑gp expression in the MDA‑MB‑231/MDR cell 
line, and that inhibition of the MAPK pathway can suppress 
cell surface P‑gp expression by promoting its degradation. 
Furthermore, various studies have demonstrated that modula-
tion of ERK activation may reverse MDR in prostatic, gastric 
and hematopoietic cancer (32‑35).

Previous studies have suggested that modulation of ERK 
activation may provide a novel method to reverse MDR in 
cancer cells (36). In the present study, the association between 
miR‑197 and MAPK1 in gastric cancer cells was investigated, 
and it was confirmed that miR‑197 reduced cell survival and 
5‑FU resistance in human gastric cancer by directly targeting 
MAPK1. It was also identified that knockdown of MAPK1 
improved the 5‑FU sensitivity of SGC7901/5‑FU cells, which 
is consistent with the results of miR‑197 overexpression. These 
results indicated that miR‑197 mimics may be used as a thera-
peutic approach in 5‑FU‑resistant gastric cancer.
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