
171

Abstract. – OBJECTIVE: Mitogen activating 
protein kinase 3 (MAPK3) is critical in extracel-
lular signal-regulated kinase (ERK)/MAPK path-
way. Gastric cancer tissues have microRNA-206 
(miR-206) down-regulation. This study aimed 
to investigate the role of miR-206 in MAPK3 ex-
pression, gastric cancer cell proliferation, apop-
tosis, and cisplatin (DDP) resistance. 

MATERIALS AND METHODS: Dual-Lucifer-
ase reporter gene assay confirmed targeted 
regulation between miR-206 and MAPK3. DDP 
resistant cell line BGC823/DDP and SGC7901/
DDP were generated for comparing miR-206 and 
MAPK3 expression against parental cells using 
quantitative Real Time-Polymerase Chain Reac-
tion (qRT-PCR) and Western blot, followed by 
flow cytometry measuring apoptosis. Drug-re-
sistant cells were transfected with miR-206 mim-
ic for measuring MAPK3 and phosphorylated 
MAPK3 (p-MAPK3) expression. Flow cytome-
try and EdU were employed for measuring cell 
apoptosis and proliferation. 

RESULTS: Targeted regulation existed be-
tween miR-206 and MAPK3 mRNA. BGC823/DDP 
and SGC7901/DDP cell presented lower miR-206 
than parental cells, plus higher MAPK3 mRNA or 
protein. Under DDP treatment equivalent to IC50 
of parental cells, drug-resistant cells presented 
lower apoptosis compared to parental drug-sen-
sitive cells. Compared to miR-normal control 
(miR-NC) group, miR-206 mimic transfection 
significantly decreased MAPK3 and p-MAPK3 
protein expression (p < 0.05), enhanced cell 
apoptosis and weakened proliferation potency 
(p < 0.05). 

CONCLUSIONS: The down-regulation of miR-
206 is associated with DDP resistance of gastric 
cancer cells. Up-regulating miR-2016 expres-
sion can weaken the proliferation of drug-resis-
tant gastric cancer cells, facilitate cell apoptosis 
and decrease DDP resistance via targeted inhi-
bition of MAPK3 expression.
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Introduction

Gastric cancer (GC) is a commonly occurred 
malignant tumor in the digestive tract in clinics. 
It is the fourth common malignant tumor and 
second deadly cancer, only lower than the most 
deadly lung cancer1,2. Chemotherapy is crucial 
for GC treatment, but drug resistance largely 
restricts efficiency, and affects patient survival or 
prognosis3,4.

Mitogen-activated protein kinase 3 (MAPK3), 
or extracellular signal-regulated kinase 1 (ERK1) 
is an important signal transduction molecule in 
the ERK/MAPK pathway, and plays crucial roles 
in activating the ERK/MAPK pathway for trans-
ducing downstream signals5,6. Previous studies7-9 
showed the role of functional enhancement of 
MAPK3 in the onset and progression of GC. 
MicroRNA (miR) is one type of endogenous 
non-coding small RNA molecules in eukary-
otes, and can mediate the target gene expression 
via complementary binding to 3’-untranslated 
region (3’-UTR) of target gene mRNA to degrade 
mRNA or inhibit mRNA translation. Therefore, 
miR could modulate the biological processes, 
including cell survival, proliferation, apoptosis 
and migration. The role of abnormal expression 
or function of miR in tumor drug resistance is 
drawing lots of research interests10,11. MiR-206 
is a miR molecule with relatively more studies, 
and can mediate drug resistance of lung cancer 
and colon cancer cells12,13. Researchers14-16 showed 
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the relationship between abnormal expression of 
miR-206 and occurrence, metastasis and progno-
sis of GC, but with fewer studies regarding GC 
drug resistance. Bioinformatics analysis showed 
the existence of targeted complementary binding 
sites between miR-206 and 3’-UTR of MAPK3 
mRNA, suggesting potentially targeted regula-
tion. This study thus investigated if miR-206 
played a role in modulating MAPK3 expression, 
affecting the ERK/MAPK pathway activity and 
DDP resistance of GC cells.

Materials and Methods

Major Reagent and Materials
Normal gastric mucosal epithelial cell RGM-1 

and GC cell lines BGC823 and SGC7901 were 
purchased from Junrui Biotechnology (Shang-
hai, China). HEK293T cells were purchased 
from Shanghai Cell Bank, Chinese Academy of 
Sciences (Shanghai, China). Roswell Park Me-
morial Institute-1640 (RPMI-1640), option min-
imal essential medium (Opti-MEM) and fetal 
bovine serum (FBS) were purchased from Gib-
co Co. Ltd. (Grand Island, NY, USA). TRIzol 
and Lipofectamine 2000 transfection reagent 
were purchased from Invitrogen (Carlsbad, CA, 
USA). QuantiTect SYBR Green RT-PCR kit 
was purchased from Qiagen (Hilden, Germany). 
MiR-206 mimic and miR-NC were purchased 
from RioBio Ltd. (Guangzhou, China). Rabbit 
anti-human MAPK3 and p-MAPK3 polyclonal 
antibody were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). Rabbit an-
ti-human β-actin was purchased from Cell Sig-
naling Technology (Danvers, MA, USA). Goat 
anti-rabbit horseradish peroxidase (HRP) conju-
gated secondary antibody was purchased from 
Jackson ImmunoResearch (West Grove, PA, 
USA). Annexin V-FITC/PI Apoptosis Detection 
Kit was purchased from Yusheng Biotechnology 
(Shanghai, China). BeyoECL Plus chemilumi-
nescent reagent and bicinchoninic acid (BCA) 
protein quantification kit were purchased from 
Beyotime Biotechnology (Shanghai, China). 
EdU Flow Cytometry Kit and cisplatin (DDP) 
were purchased from Sigma-Aldrich (St. Louis, 
MO, USA). Cell Counting Kit-8 (CCK-8) was 
purchased from Dojindo Molecular Technol-
ogies (Kumamoto, Japan). Luciferase activity 
assay kit Dual-Glo Luciferase Assay System and 
pMIR plasmid were purchased from Promega 
(Madison, WI, USA).

Cell Culture
BGC823 and SGC7901 cells were kept in RP-

MI-1640 medium containing 10% FBS, and were 
incubated in a 37°C chamber (Model: HERAcell 
240i, Thermo Fisher Scientific, Waltham, MA, 
USA) with 5% CO2. RGM-1 cells were kept in 
Dulbecco’s Modified Eagle Medium (DMEM)/
F12 medium containing 10% FBS, in a 37°C 
chamber with 5% CO2. Cells were passed at 1:4 
ratio. Those cells at log-growth phase were used 
for experiments. This study was approved by the 
Ethics Committee of the First Hospital of Jilin 
University, Changchun, Jilin, China.

Generation of DDP Resistant Cell Model
For generating DDP resistant cell model, 

BGC823 and SGC7901 cells at log-growth phase 
were supplemented with DDP at 0.1 μg/ml final 
concentration. After stable growth for 2 weeks, 
DDP concentration was gradually elevated to 0.2 
μg/ml for 2 weeks incubation. Following similar 
procedures, DDP treatment concentration was 
gradually increased to 0.4 μg/ml and 0.8 μg/ml 
until BGC823 and SGC7901 cells can maintain 
stable growth and repeated passage within 0.8 μg/
ml, thus generating DDP resistant GC cell lines 
BGC823/DDP and SGC7901/DDP.

BGC823, SGC7901, BGC823/DDP and 
SGC7901/DDP cells were seeded into 96-well 
plate at 10000 cells per well density. After 24 h 
attached growth, cells were treated with 0, 0.1, 1, 
10, 100 and 1000 μg/ml DDP, with 6 replicated 
samples were set for each concentration. After 48 
h of incubation, 10 μl CCK-8 solution was added 
into each well. Absorbance (A) values at 450 nm 
wavelength (A450) of each well were measured 
after 4 h reaction. Inhibition rate = (1-A450 of 
drug treatment group)/A450 of control group × 
100%. SPSS software was used to calculate the 
drug concentration for achieving half-inhibition 
rate for cell growth (IC50). Resistance index (RI) 
= IC50 of drug-resistant cells/IC50 of parental cells.

Flow Cytometry for Cell Proliferation
EdU Flow Cytometry Kit was used to measure 

cell proliferation. In brief, cultured cells were 
re-suspended in RPMI-1640 medium containing 
10% FBS and were incubated in 10 μM EdU at 
37°C for 2 h. Cells were then seeded into culture 
plate for 48 h incubation and were digested by 
trypsin for collection. After centrifugation and 
rinsing in Phosphate-Buffered Saline (PBS), cells 
were fixed in paraformaldehyde and permeabi-
lized in 100 μl buffer. 500 μl reaction buffer was 
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added for 30 min dark incubation at room tem-
perature. Total of 3 ml permeabilization buffer 
was then added one time for centrifugation and 
rinsing. Total of 500 μl wash buffer was added 
for re-suspending cells, and cell proliferation 
was measured using FC500MCL flow cytometry 
(Beckman Coulter Inc., Fullerton, CA, USA).

Dual-Luciferase Activity Assay
PCR products for full length or mutant form 

of 3’-UTR of MAPK3 gene were digested by 
dual restriction enzymes for connecting to pMIR 
plasmid. After bacterial transfection, sequencing 
was performed to screen plasmids with correct 
sequence and was named as pMIR-MAPK3-WT 
and pMIR-MAPK3-MUT. Lipofectamine 2000 
was used to co-transfect pMIR-MAPK3-WT (or 
pMKIR-MAPK3-MUT) and miR-206 (or miR-
NC) into HEK293T cells. Cells were kept in a 
37°C chamber with 5% CO2 for 48 h of incu-
bation. Dual-Glo Luciferase Assay System was 
used to measure the activity of Dual-Luciferase.

Cell Transfection and Grouping
Cultured BGC823/DDP and SGC7901/DDP 

cells were divided into two groups: miR-NC 
transfection group and miR-206 mimic transfec-
tion group. In brief, 100 μl serum-free Opti-MEM 
was used to dilute 10 μl Lipofectamine 2000, 50 
nmol miR-NC, 50 nmol miR-206 mimics. After 5 
min room temperature incubation, Lipofectamine 
2000 was gently mixed with miR-NC and miR-
206 mimic for 20 min room temperature incu-
bation. The transfection mixture was added into 
RPMI-1640 medium containing 10% FBS. After 
72 h of gentle incubation, cells were collected. 

Cells from all treatment groups were seeded 
into 6-well plate. When reaching 50% confluenc-
es, 0.8 μg/ml DDP was added for 48 h continuous 
incubation. Apoptosis was measured by flow cy-
tometry as described in the following methods.

Cells from all treatment groups were digested 
by trypsin and collected. After 2 h of incubation 
in 10 μM EdU, cells were continuously incubated 
for 48 h as described in previous sections. EdU 
positive rate was measured by EdU Flow Cytom-
etry Kit to reflect cell proliferation potency.

Quantitative Real Time-PCR (qRT-PCR) 
for Gene Expression

TRIzol was used to extract cellular RNA. One-
step qRT-PCR was used to measure gene expres-
sion using QuantiTect SYBR Green RT-PCR kit 
(Cat. No. 204243, Qiagen, Hilden, Germany). In 

a 20 μl qRT-PCR reaction system, one added 10.0 
μl 2× QuantiTect SYBR Green RT-PCR Master 
Mix, 1.0 μl forward and reverse primer (0.5 μm/l), 
2 μg template RNA, 0.5 μl QuantiTech RT Mix, 
and ddH2O. qRT-PCR conditions were: 45°C 5 
min and 94°C 30 s, followed by 40 cycles each 
consisting of 95°C 5 s and 60°C 30 s. The gene 
expression was measured on Bio-Rad CFX96 
Real Time-fluorescent quantitative PCR cycler 
(Bio-Rad Laboratories, Hercules, CA, USA).

Western Blot
100 μl radioimmunoprecipitation assay lysis 

buffer (RIPA) was added into each 1×106 cells 
to extract proteins, whose concentration was de-
termined by the BCA approach. 40 μg protein 
samples was loaded onto sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-
PAGE) (10% separating gel and 4% condensing 
gel) for separation (45 V, 150 min), and was 
transferred to polyvinylidene difluoride (PVDF) 
membrane (250 mA, 100 min). The membrane 
was blocked in 5% defatted milk powder and 
was incubated in primary antibody (MAPK3 at 
1:2000, p-MAPK3 at 1:1000, β-actin at 1:10000) 
at 4°C overnight. On the next day, the mem-
brane was rinsed in PBS-Tween-20 (PBST) three 
times, and HRP conjugated secondary antibody 
(1:15000 dilution) was used for 60 min incuba-
tion. After three times of PBST rinsing, an equal 
volume of BeyoECL Plus working solution A 
and B were mixed and applied onto the protein 
blotting membrane. After dark incubation for 2-3 
min, the membrane was exposed and the X-ray 
film was scanned for data storage.

Cell Apoptosis Assay
The cells were digested in trypsin and collect-

ed, followed by centrifugation for washing. Cells 
were resuspended in 100 μl Annexin V Binding 
Buffer, 10 μl Annexin V- fluorescein isothiocya-
nate (FITC) and 5 μl propidium iodide (PI) were 
sequentially added for 15 min room temperature 
incubation. 400 μl Annexin V Binding Buffer 
was added for measuring cell apoptosis on FC500 
MCL flow cytometry (Beckman Coulter Inc., 
Fullerton, CA, USA).

Statistical Analysis
SPSS 18.0 software was used for data analysis 

(SPSS Inc., Chicago, IL, USA). Measurement data 
were presented as mean ± standard deviation (SD). 
The Student’s t-test was used for comparing mea-
surement data between the two groups. The com-
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parison among multiple groups was performed 
by one-way analysis variance (ANOVA) first, fol-
lowed by Bonferroni post-hoc comparison. A sta-
tistical significance was identified when p < 0.05.

Results

Targeted Regulation Between MiR-206 
and MAPK3 mRNA

Bioinformatics analysis showed the existence 
of complementary binding sites between miR-
206 and 3’-UTR of MAPK3 mRNA (Figure 1A). 
Dual-Luciferase activity reporter assay showed 
that transfection of miR-206 mimic remarkably 
depressed the relative Luciferase activity in 
HEK293T cells transfected with pMIR-MAPK3-
WT, but did not affect the relative Luciferase 
activity in HEK293T cells transfected with a 
pMIR-MAPK3-MUT plasmid (Figure 1B). These 
results suggest that miR-206 could target on 
3’-UTR of MAPK3 mRNA for suppressing its 
expression.

Drug-Resistant Tumor Cells Presented 
Strong Apoptotic Resistance

BGC823 cells had IC50 value of 0.57 ± 0.06 
μg/ml, whilst drug-resistant cell BGC823/DDP 

had IC50 at 5.26 ± 0.72 μg/ml. As a result, 
BGC823/DDP cells had RI of 9.23 (Figure 
2A). In similar, SGC7901 cells had IC50 value 
at 1.17 ± 0.14 μg/ml, and SGC7901/DDP cells 
had IC50 value as high as 14.73 ± 1.56 μg/mL, 
making the RI of SGC7901/DDP cells at 12.59 
(Figure 2B).

Under the treatment of 0.57 μg/ml DDP, 
BGC823 cells had relatively higher apoptotic rate, 
reaching 31.6% ± 3.2%, and BGC823/DDP cells 
had apoptotic rate at only 4.2% ± 0.7% (Figure 
2C). Under 1.17 μg/ml DDP treatment, SGC7901 
cells had apoptotic rate as high as 22.6% ± 2.5%, 
whilst SGC7901/DDP cells had apoptotic rate at 
only 3.3% ± 0.6% (Figure 2D).

Downregulation of MiR-206 and 
Upregulation of MAPK3 in 
Drug-Resistant Cells

The qRT-PCR results showed that, compared 
to RGM-1 cells, BGC823 and BGC823/DDP 
cells had remarkably decreased miR-206 ex-
pression, with a lower level in drug-resistant 
cells. In similar patterns, SGC7901/DDP cells 
had remarkably lower miR-206 expression than 
SGC7901 cells, which showed lower miR-206 
level than RGM-1 cells (Figure 3A). Compared 
to RGM-1 cells, BGC823 cells had remarkably 
elevated MAPK3 mRNA, and BGC823/DDP 
cells had further higher MAPK3 mRNA expres-
sion than BGC823 cells. SGC7901/DDP cells al-
so showed significantly higher MAPK3 mRNA 
level than SGC7901 cells, which showed sig-
nificantly higher MAPK3 mRNA than RGM-1 
cells (Figure 3B). Western blot analysis showed 
that, compared to RGM-1 cells, BGC823 cells 
had markedly elevated MAPK3 protein expres-
sion, and BGC823/DDP cells had further high-
er MAPK3 protein level than BGC823 cells. 
For SGC7901/DDP cells, they also had high-
er MAPK3 protein level than SGC7901 cells, 
which had higher MAPK3 protein level than 
RGM-1 cells (Figure 3C).

Overexpression of MiR-206 Decreased 
DDP Resistance of GC Cells

The qRT-PCR results showed that, compared 
to miR-NC transfection, miR-206 mimic remark-
ably down-regulated MAPK3 mRNA expression 
in BGC823/DDP and SGC7901/DDP cells (Fig-
ure 4A). Western blot results further showed that, 
compared to miR-NC group, the miR-195 mimic 
transfection remarkably suppressed MAPK3 and 
p-MAPK3 protein expression in BGC823/DDP 

Figure 1. Targeted regulation between miR-206 and 
MAPK3 mRNA. A, Schematic diagram for functional site 
between miR-206 and 3’-UTR of MAPK3 mRNA. B, Dual-
Luciferase gene reporter assay. *p < 0.05 compared to the 
miR-NC group.
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and SGC7901/DDP cells (Figure 4B). Flow cy-
tometry results showed that transfection of miR-
195 mimic significantly elevated apoptosis of 
BGC823/DDP and SGC7901/DDP cells (Figure 
4C, p < 0.05), whilst cell proliferation potency 
was markedly inhibited (Figure 4D).

Discussion

Both incidence and mortality of GC are among 
the top rolls of systemic malignant tumors. It is 
estimated that more than 1.3 million people are 
newly diagnosed as GC17. Having the highest GC 

Figure 2. Drug-resistant cells present strong apoptotic resistance. A, CCK-8 assay for proliferation activity of BGC823 and 
BGC823/DDP cells. B, CCK-8 assay for proliferation activity of SGC7901 and SGC7901/DDP cells. C, Flow cytometry for 
apoptosis of BGC823 and BGC823/DDP cells. D, Flow cytometry for apoptosis of SGC7901 and SGC7901/DDP cells. *p < 
0.05 comparing the two groups.
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incidence, almost one half of GC occurred in 
China18. Chemotherapy is a critical measure for 
GC treatment. However, the individual patient 
had large variations of chemotherapy sensitivity, 
making drug resistance an important factor re-
stricting GC chemotherapy efficiency and affect-
ing patient survival or prognosis3,4.

Four major signal transduction pathways ex-
ist in the MAPK signaling pathways, includ-
ing ERK, c-Jun N-terminal kinase (JNK), p38 
MAPK and ERK5/big MAP kinase 1 (BMK1). 
Among those ERK-induced MAPK transduction 
is the classical MAPK signaling pathway, and the 
major transduction route by which the MAPK 
signaling pathway exerts its major effects19-21. 
The ERK/MAPK signal transduction pathway is 
widely distributed in various tissues and cells, and 
can regulate various biological processes includ-
ing cell proliferation, apoptosis and invasion22-25, 
and is closely correlated with tumor pathogene-
sis, progression and drug resistance26-28. MAPK 

is a serine/threonine kinase, and can modulate 
nuclear translocation of cytosolic proteins by 
phosphorylation after receiving upstream cascade 
reaction, thus modulating functions of nuclear 
transcription factors such as C-fos or C-Jun by 
phosphorylation, mediating cell proliferation and 
apoptosis29-30. Enhanced expression and function-
al activity play important roles in the onset, pro-
gression, metastasis and drug resistance of var-
ious tumors including ovarian cancer, lung can-
cer and breast cancer31-34. Scholars7-9 have shown 
the critical role of enhanced MAPK3 functional 
activity in the onset and progression of GC. 
Moreover, abnormal expression of miR-206 is 
correlated with GC pathogenesis, metastasis and 
prognosis14-16. However, few studies have been 
performed regarding the relationship between 
miR-206 and GC drug resistance. Bioinformatics 
analysis found the existence of complementary 
binding sites between miR-206 and 3’-UTR of 
MAPK3 mRNA, indicating possibly regulatory 

Figure 3. Down-regulation of miR-206 and up-regulation of MAPK3 in drug-resistant cells. A, qRT-PCR for measuring 
miR-206 expression. B, qRT-PCR for mearuing MAPK3 mRNA expression. C, Western blot for MAPK3 protein expression 
quantification. *p < 0.05 comparing the two groups.
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functions. This work investigated if miR-206 
played a role in modulating MAPK3 expression, 
affecting pathway activity of ERK/MAPK and 
DDP resistance of GC cells.

Dual-Luciferase gene reporter assay showed 
that transfection of miR-206 mimic significant-
ly depressed the relative Luciferase activity in 
HEK293T cells transfection with pMIR-MAPK3-

Figure 4. Over-expression of miR-206 suppressed DDP resistance of GC cells. A, qRT-PCR for MAPK3 mRNA expression. 
B, Western blot for protein expression. C, Flow cytometry for cell apoptosis. D, Flow cytometry for cell proliferation. *p < 
0.05 comparing the two groups.
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WT, but did not affect the relative Luciferase ac-
tivity in HEK293T cells transfecting with pMIR-
MAPK3-MUT, indicating targeted regulation 
between miR-206 and MAPK3 mRNA. Based 
on the CCK-8 assay, we calculated IC50 against 
DDP of both parental and drug-resistant cells. 
The results showed that IC50 of drug-resistant 
cells BGC823/DDP and SGC7901/DDP were all 
significantly higher than parental BGC823 and 
SG7901 cells, obtaining RI of BGC823/DDP and 
SGC7901/DDP at 9.23 and 12.59, respective-
ly. Flow cytometry for apoptotic assay showed 
prominent apoptotic resistance of BGC823/DDP 
and SGC7901/DDP cells, suggesting a successful 
generation of DDP resistant GC cells satisfying 
further experiments. Both gene and protein as-
says showed that, compared to normal gastric 
musical cells, GC cells presented significantly 
decreased miR-206 expression, whilst DDP resis-
tant GC cells had even lower miR-206 expression. 
GC cells showed markedly higher MAPK3 mR-
NA and protein expression than normal gastric 
mucosal epithelium, whilst drug-resistant cell 
line had even higher MAPK3 mRNA and pro-
tein expression. The results suggested the role of 
miR-206 down-regulation in enhancing MAPK3 
expression, as it is not only related to GC patho-
genesis, but also participates in the regulation 
of GC drug resistance. Ren et al15 found that, 
compared to normal tissues, GC tissues presented 
remarkably lower miR-206 expression by 75%, 
and miR-206 expression was related to primary 
infiltration, distal metastasis and TNM stage of 
GC. Compared to normal gastric mucosal cell 
line GES-1, GC cell lines SGC-7901, BGC-823 
and AGS all presented remarkably lower miR-
206 expression. Shi et al14 found that, compared 
to tumor-adjacent tissues, GC patients presented 
remarkably decreased miR-206 expression, and 
its expression level was correlated with tumor 
infiltration depth, lymph node metastasis and 
TNM stage. Moreover, miR-206 expression was 
related to patient survival and prognosis, as those 
patients with relatively lower miR-206 expression 
had a significantly lower survival rate compared 
to those with miR-206 over-expression. Yang 
et al16 also found that miR-206 expression level 
in GC tumor tissues was related to lymph node 
metastasis, venous metastasis, disease stage and 
recurrence, plus the value of miR-206 expression 
as an independent predictive factor for patient 
survival and prognosis. Zhang et al35 showed 
significant decreased of miR-206 in GC tumor 
tissues and cell lines. Zhang et al36 further found 

remarkably decreased miR-206 expression in GC 
cell lines, and those cells with high metastasis 
potency including SGC7901-M and MKN29-M 
had even lower miR-206 expression compared to 
low-metastatic cell lines such as SGC7901-NM 
and MKN28-NM. Zheng et al37 also found that, 
compared to tumor-adjacent tissues, GC tissues 
had markedly decreased miR-206 expression. All 
these results demonstrated the tumor suppressor 
role of miR-206 in GC and the correlation be-
tween miR-206 down-regulation with GC, simi-
lar to our observations.

However, the relationship between miR-206 
and GC drug resistance is not clear yet. This 
study further investigated if miR-206 played a 
role in modulating GC cell drug resistance. The 
results showed that transfection of miR-206 mim-
ic can markedly depressed MAPK3 protein ex-
pression in BGC823/DDP and SGC7901/DDP 
cells, enhancing the apoptosis of BGC823/DDP 
and SGC7901/DDP cells that can maintain sta-
ble growth in DDP, plus remarkable inhibition 
of cell proliferation, and decreased drug resis-
tance. Zhang et al36 found that miR-206 could 
inhibit migration or invasion of cultured GC cell 
MKN28-M and weaken its growth and metastatic 
ability in BALB/c nude mice via targeted inhibi-
tion on PAX3 expression. Ren et al15 found that 
the over-expression of miR-206 can inhibit the 
proliferation of GC cell line SGC7901, induce 
cell cycle arrest, weaken in vitro migration or 
invasion potency of SGC7901 cells and inhibit its 
distal metastasis in the animal model by modu-
lating the expression of tumor metastasis-related 
genes STC2, HDAC4 and KLF4. Zhang et al35 
showed the targeted regulation between miR-206 
and CCND2, and the over-expression of miR-206 
can weaken proliferation and clonal formation 
potency of GC cells by suppressing CCND2 
expression, and inducing cell cycle arrest at the 
G0/G1 phase. Zheng et al37 found that the up-reg-
ulation of miR-206 remarkably suppressed c-Met 
expression in GC cells AGS, inhibit its migration 
or invasion, induce cell cycle arrest at G1 phase 
and decrease its tumorigenesis potency in nude 
mice. All these findings demonstrated the role 
of miR-206 in alleviating malignant biological 
properties of GC cells, as similar with our obser-
vations. In contrast to these studies, our results 
revealed the role of miR-206 in suppressing DDP 
drug resistance of GC cells via targeted inhibition 
on MAPK3 expression, which has not been previ-
ously described. However, whether the regulation 
of MAPK3 expression by miR-206 is related to 
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drug resistance of GC patients is still unclear. 
Further investigations are required to detect the 
differential expression of miR-206 and MAPK3 
in tumor tissues between chemotherapy sensitive 
and resistant patients, to satisfy the weakness of 
this study.

Conclusions

We found that miR-206 down-regulation is 
correlated with DDP resistance of GC cells. The 
up-regulation of miR-206 can weaken prolifer-
ation potency of GC via targeted inhibition on 
MAPK3 expression, thus facilitating cell apopto-
sis and decreasing its DDP resistance.
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