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Abstract. Gastric cancer (GC) is the fifth most commonly 
diagnosed malignant disease and the third leading cause 
of cancer‑related deaths worldwide. Recently, numerous 
microRNAs (miRNAs) have been determined to contribute to 
GC initiation and progression, suggesting that miRNAs may 
be developed as effective diagnostic and prognostic molecular 
biomarkers and can be investigated as therapeutic targets for 
patients with this disease. Therefore, further investigation of 
the miRNAs involved in GC development represents an oppor-
tunity to improve the prognosis of GC patients. miRNA‑454 
(miR‑454) is abnormally expressed in multiple types of human 
cancer. However, the expression pattern, biological roles and 
underlying mechanism of miR‑454 in GC remain unclear 
and require further investigation. In the present study, we 
assessed miR‑454 expression in GC tissues and cell lines. 
We also explored the effects of miR‑454 on the biological 
behaviours of tumour cells and the underlying molecular 
mechanisms of miR‑454. The results revealed that miR‑454 
was significantly downregulated in GC tissues and cell lines. 
Low miR‑454 expression was positively associated with lymph 
node metastasis, invasive depth and TNM stage. Additionally, 
upregulation of miR‑454 inhibited cell proliferation and inva-
sion and induced the apoptosis of the GC cells. Subsequently, 
mitogen‑activated protein kinase 1 (MAPK1) was identified 
as a direct target of miR‑454. MAPK1 was upregulated in 
GC tissues and was found to be negatively correlated with the 
miR‑454 expression level. Downregulation of MAPK1 also 
suppressed GC cell proliferation and invasion and increased 
apoptosis, thereby resembling the suppressive effects of 

miR‑454 overexpression in GC. Moreover, upregulation of 
MAPK1 reversed the tumour‑suppressive effects of miR‑454 
in GC. Collectively, our data demonstrated that miR‑454 may 
play tumour‑suppressing roles in GC through the regulation of 
MAPK1, suggesting that miR‑454 may be a novel biomarker 
and therapeutic target for patients with this disease.

Introduction

Gastric cancer (GC) is the fifth most commonly diagnosed 
malignant disease and the third leading cause of cancer‑related 
deaths worldwide (1). In China, GC is the most common type of 
cancer, and an estimated 679,100 new cases and 498,000 deaths 
occur each year (2). Helicobacter pylori infection, Epstein‑Barr 
virus infection, poor diet, tobacco use and obesity are some 
of the identified risk factors that contribute to GC initiation 
and progression (3‑5). Currently, the predominant treatments 
for patients with GC are surgery, chemotherapy, radiotherapy, 
immunotherapy and targeted therapy (6). Despite tremendous 
advances in the treatment strategies for patients with GC in 
recent years, the prognosis for advanced GC patients remains 
poor, and the 5‑year survival rate for GC patients remains at 
approximately 4‑5% (7). The poor prognosis of GC patients 
is mainly attributed to invasion and metastasis, which are 
the major causes of GC‑related recurrence and death (8,9). 
Therefore, the molecular mechanisms underlying GC devel-
opment and progression must be elucidated to develop novel 
biomarkers for the diagnosis and effective treatments for 
patients with this disease.

MicroRNAs (miRNAs) are a novel group of endogenous, 
single‑strand, noncoding and short RNA molecules that are 
20‑25 nucleotides in length  (10). miRNAs exert negative 
genetic regulation by directly binding to the 3'‑untranslated 
regions (3'‑UTRs) of their target genes in a base‑pairing 
manner and subsequently inducing translational silencing or 
degradation of mRNAs (11). Substantial evidence indicates 
that miRNAs play important roles in most biological processes 
in both normal development and in various diseases, including 
cancer (12,13). In recent years, miRNA dysregulation has been 
reported in various types of human cancers, such as GC (14), 
bladder cancer (15), colorectal cancer (16), glioma (17) and 
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lung cancer (18). Furthermore, aberrantly expressed miRNAs 
are associated with tumourigenesis and tumour development 
and affect cell proliferation, cell cycle distribution, apoptosis, 
migration, invasion, angiogenesis and epithelial-mesenchymal 
transition (19‑21). Cancer‑associated miRNAs may function as 
oncogenes or tumour‑suppressor genes depending on the roles 
of their target genes and tumour types (22). Thus, miRNAs 
can serve as diagnostic markers or therapeutic targets for 
anticancer therapy.

miR‑454 is abnormally upregulated in multiple types of 
human cancer including uveal melanoma (23) and colorectal 
cancer (24), whereas it is weakly expressed in glioblastoma (25) 
and osteosarcoma  (26). However, the expression pattern, 
biological roles and underlying mechanism of miR‑454 in 
GC remain unclear and require further investigation. In the 
present study, we examined miR‑454 expression in GC tissues 
and cell lines. We also explored the effects of miR‑454 on 
the biological behaviours of tumour cells and the underlying 
molecular mechanisms of miR‑454.

Materials and methods

Human tissue samples. This study was approved by the 
Ethics Committee of The Second Hospital of Jilin University. 
Written informed consent was obtained from each patient who 
participated in this research. A total of 45 paired GC tissues 
(adenocarcinoma) and matched adjacent non-tumourous 
tissues were obtained from patients who were treated with 
surgical resection at The Second Hospital of Jilin University 
between June 2014 and March 2016. The matched adjacent 
non-tumourous tissues were obtained 5 cm away from the 
tumour tissues. In addition, histological examination was also 
performed to confirm the non-tumourous tissues. No patient 
had undergone any pre‑operative treatment, such as radio-
therapy, chemotherapy, immunotherapy or targeted therapy. 
All these tissues were immediately frozen in liquid nitrogen 
and stored in a refrigerator at ‑80˚C until further use. Clinical 
features of the GC patients were collected and are summarised 
in Table I.

Cell lines, culture conditions and transfection. Human GC 
cell lines (MGC‑803, MKN‑1, SGC‑7901, BGC‑823 and 
AGS) and the normal gastric epithelium GES‑1 cell line 
were acquired from the Shanghai Institute of Biochemistry 
and Cell Biology (Shanghai, China). All the cell lines were 
cultured in Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% foetal bovine serum (FBS), 
100  U/ml of penicillin and 100  mg/ml of streptomycin 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
at 37˚C with 5% CO2.

miR‑454 mimics, miRNA mimic negative control 
(miR‑NC), small interfering RNA targeting MAPK1 (MAPK1 
siRNA) and its negative control (NC siRNA) were purchased 
from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). 
MAPK1-overexpressing plasmid (pcDNA3.1‑MAPK1) and 
blank plasmid (pcDNA3.1) were synthesised by the Chinese 
Academy of Sciences (Changchun, China). For transfection, 
the cells were seeded into 6‑well plates at 60‑70% confluence. 
Before transfection, the culture medium was replaced with 
antibiotic‑free DMEM. Cell transfection was performed using 

Invitrogen Lipofectamine® 2000 (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) in accordance with the manufac-
turer's protocol.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was isolated 
from tissue samples or cells using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. The total RNA concentration was examined 
using a NanoDrop ND‑100 Spectrophotometer (NanoDrop 
Technologies, Wilmington, DE, USA). For the detection of 
miR‑454 expression, total RNA was reverse‑transcribed into 
cDNA using a TaqMan® MicroRNA Reverse Transcription 
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
Quantitative polymerase chain reaction (qPCR) was performed 
with TaqMan MicroRNA Assay kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.), and endogenous U6 snRNA 
was used as a control. For the quantification of MAPK1 
expression, cDNA was synthesised using PrimeScript™ RT 
reagent kit (Takara Biotechnology Co., Ltd., Dalian China), 
followed by qPCR with SYBR Premix Ex Taq Master Mix 
(Takara Biotechnology Co., Ltd.). GAPDH was used as an 
internal control for MAPK1 mRNA expression. All experi-
ments were performed in triplicate, and data were analysed 
with the 2‑∆∆Cq method (27).

Table I. Association between miR‑454 expression and clini-
copathological features of the gastric cancer patients (n=45).

	 miR‑454 
	 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Total	 Low	 High	 P‑value

Age (years)				    0.626
  <60	 18	 10	   8	
  ≥60	 27	 13	 14	
Sex				    0.524
  Male	 35	 17	 18	
  Female	 12	   6	   4	
Tumor size (cm)				    0.873
  <5	 24	 12	 12	
  ≥5	 21	 11	 10	
Differentiation				    0.463
  Well and moderate	 20	   9	 11	
  Poor and signet	 25	 14	 11	
Lymph node metastasis				    0.026
  No	 21	   7	 14	
  Yes	 24	 16	   8	
Invasive depth 				    0.001
  T1+T2	 19	   4	 15	
  T3+T4	 26	 19	   7	
TNM stage				    0.025
  I‑II	 19	   6	 13	
  III‑IV	 26	 17	   9	
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Cell Counting Kit-8 (CCK-8) assay. Transfected cells were 
collected at 24 h post-transfection and seeded into 96‑well 
plates at a density of 3x103 cells per well. After culturing for 
0, 24, 48 and 72 h, CCK-8 assay was performed according 
to the manufacturer's instructions. In brief, 10 µl of CCK-8 
reagent (Beyotime, Shanghai, China) was added to each 
well. The cells were incubated at 37˚C with 5% CO2 for 2 h. 
Absorbance was determined at a wavelength of 450 nm using 
an ELx808 absorbance reader (BioTek Instruments, Inc., 
Winooski, VT, USA). Each assay was performed in triplicate 
and repeated three times.

Transwell invasion assay. Transwell invasion assay was 
performed using Transwell plates (8 µm pores; Corning Inc., 
Corning, NY, USA) coated with Matrigel (BD Biosciences, 
Franklin Lakes, NJ, USA). Briefly, 5x104 transfected cells in 
FBS‑free DMEM were added into the upper compartment 
of the chamber. The lower chamber was filled with DMEM 
containing 20% FBS to serve as a chemoattractant. After 
being incubated at 37˚C with 5% CO2 for 24 h, the cells, which 
remained on the upper surface of the membrane, were care-
fully removed with cotton swabs. The invasive cells were fixed 
in methanol for 10 min, stained with 0.5% crystal violet solu-
tion for 10 min, washed in PBS and air‑dried. Finally, images 
of five randomly selected fields of the invasive cells were 
obtained and counted under an inverted microscope (IX83; 
Olympus Corporation, Tokyo, Japan) at the magnification of 
x200.

Flow cytometric assay. An Annexin V‑f luorescein 
isothiocyanate (FITC)/propidium iodide (PI) staining kit 
(BD Biosciences) was utilised to determine the cell apop-
totic rate. Cells were collected and washed in ice‑cold PBS 
after 48 h of transfection. The cells were stained with 5 µl of 
Annexin V‑FITC and 5 µl of PI for 15 min at room temperature 
in the dark after their resuspension in 1X binding buffer. Flow 
cytometry (Beckman Coulter, Inc., Brea, CA, USA) was then 
performed to determine the apoptosis rate. CellQuest® soft-
ware (version 3.3; Becton Dickinson, Heidelberg, Germany) 
was used to analyse the data. The tests were performed in 
triplicate and repeated three times.

Target prediction. The potential targets of miR‑454 were 
predicted using Targetscan (www.targetscan.org) and 
microRNA (www.microrna.org).

Luciferase reporter assay. Bioinformatic analysis predicted 
that MAPK1 is a candidate target of miR‑454. Luciferase 
reporter assays were performed to determine whether 
MAPK1 is a direct target of miR‑454. Luciferase reporter 
plasmids, psiCHECK2‑MAPK1‑3'‑UTR wild-type (Wt) 
and psiCHECK2‑MAPK1‑3'‑UTR mutant (Mut), were 
synthesised and confirmed by Shanghai GenePharma 
Co., Ltd. (Shanghai, China). The cells were seeded into 
24‑well plates at 50‑60% confluence. After incubation 
overnight, the plasmid (psiCHECK2‑MAPK1‑3'‑UTR 
Wt or psiCHECK2‑MAPK1‑3'‑UTR Mut) together with 
miR‑454 mimics or miR‑NC were transfected into cells using 
Lipofectamine 2000 according to the manufacturer's protocol. 
After 48 h of incubation at 37˚C with 5% CO2, the transfected 

cells were collected and analysed for luciferase activity 
using the Dual‑Luciferase Reporter Assay System (Promega 
Corporation, Manheim, Germany). The firefly luciferase 
activity was normalised to Renilla luciferase activity.

Western blot analysis. Total protein was extracted from the 
tissue samples or cells using radioimmunoprecipitation assay 
lysis buffer (Beyotime Institute of Biotechnology, Haimen, 
China). Subsequent to the quantification of total protein 
concentration with a BCA assay kit (Beyotime Institute of 
Biotechnology), equal quantities of protein were separated 
by 10% SDS‑PAGE and transferred to polyvinylidene fluo-
ride membranes (EMD Millipore, Billerica, MA, USA). The 
membranes were blocked with 5% skimmed dry milk in TBST 
at room temperature for 2 h and incubated overnight at 4˚C with 
primary antibodies: mouse anti‑human monoclonal MAPK1 
(sc‑136288; 1:1,000 dilution; Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA) and mouse anti‑human mono-
clonal GAPDH (sc‑32233; 1:1,000 dilution; Santa Cruz 
Biotechnology, Inc.). The membranes were washed three times 
with TBST before they were incubated with goat anti‑mouse 
horseradish‑peroxidase‑conjugated secondary antibody 
(sc‑2005; 1:5,000 dilution; Santa Cruz Biotechnology, Inc.) at 

Figure 1. miR‑454 is downregulated in GC tissues and cell lines. 
(A) RT‑qPCR analysis of miR‑454 expression in 45 paired GC tissues and 
matched adjacent non-tumourous tissues. *P<0.05 compared with adjacent 
non-tumourous tissues. (B) The expression level of miR‑454 was examined 
in five GC cell lines (MGC‑803, MKN‑1, SGC‑7901, BGC‑823 and AGS) and 
in normal gastric epithelium GES‑1 cell line. *P<0.05 compared with GES‑1 
cell line. GC, gastric cancer; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction.
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Figure 2. miR‑454 inhibits GC cell proliferation, invasion and increases apoptosis in vitro. (A) The expression of miR‑454 was determined by RT‑qPCR in 
MGC‑803 and AGS cells 48 h after transfection with miR‑454 mimics or miR‑NC. *P<0.05 compared with miR‑NC. (B) CCK-8 assay was performed in 
MGC‑803 and AGS cells after transfection with miR‑454 mimics or miR‑NC. *P<0.05 compared with miR‑NC. (C) Transwell invasion assay was utilised 
to evaluate the effect of miR‑454 overexpression on the invasion ability in the MGC‑803 and AGS cells. *P<0.05 compared with miR‑NC. (D) The effect of 
miR‑454 on the apoptosis of MGC‑803 and AGS cells was examined with flow cytometry analysis. *P<0.05 compared with miR‑NC. GC, gastric cancer; 
RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; CCK-8, Cell Counting Kit-8.
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room temperature for 1 h. Protein bands were visualised using 
an enhanced chemiluminescence solution (Pierce, Rockford, 
IL, USA). Densitometry was quantified using Image J software 
version 1.41 (National Institutes of Health, Bethesda, MD, 
USA). GAPDH served as an internal control.

Statistical analysis. Data are presented as mean  ±  stan-
dard errors. All statistical analyses were performed with 
Student's t‑tests or one‑way analysis of variance plus multiple 
comparisons on SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). 
Student‑Newman‑Keuls test was used as a post‑hoc test 
following ANOVA. Spearman's correlation analysis was 
used to analyze the association between miR‑454 and 
MAPK1 mRNA levels in GC tissues. The categorical data 
in this research were miR‑454 group vs. miR‑NC group; 
MAPK1 siRNA vs. NC siRNA group; miR‑NC, miR‑454 
mimics+pcDNA3.1, miR‑454 mimics+pcDNA3.1‑MAPK1 
groups. P<0.05 was considered to be statistically significant.

Results

miR‑454 is downregulated in both GC tissues and cell lines. 
In order to evaluate the role of miR‑454 in GC development, 
miR‑454 expression was determined in 45 paired GC tissues 
and matched adjacent non-tumourous tissues by RT‑qPCR. 

The results showed that the GC tissues had a significantly 
lower expression level of miR‑454 compared with adjacent 
non-tumourous tissues (Fig.  1A; P<0.05). To clarify the 
clinical significance of miR‑454 in GC, all patients were 
divided into an miR‑454 low expression group (n=23) and 
miR‑454 high expression group (n=22) on the basis of the 
median miR‑454 expression. Table I shows that a low miR‑454 
expression level was positively associated with lymph node 
metastasis (P=0.026), invasive depth (P=0.001) and TNM stage 
(P=0.025). However, miR‑454 expression was not significantly 
associated with age (P=0.626), sex (P=0.524), differentiation 
(P=0.463) and tumour size (P=0.873).

We detected miR‑454 expression in five GC cell lines 
(MGC‑803, MKN‑1, SGC‑7901, BGC‑823 and AGS) and in 
normal gastric epithelium GES‑1 cell line to validate whether 
aberrant downregulation of miR‑454 also occurs in GC cell 
lines. RT‑qPCR analysis data revealed that miR‑454 was aber-
rantly downregulated in all GC cell lines compared with its 
expression in normal GES‑1 cell line (Fig. 1B, P<0.05). These 
results suggest that miR‑454 plays important roles in GC 
occurrence and development.

miR‑454 inhibits GC cell proliferation and invasion and 
promotes apoptosis in vitro. MGC‑803 and AGS cell lines, 
which expressed the lowest levels of miR‑454 among the five 

Figure 3. MAPK1 is a direct target of miR‑454 in GC. (A) The wild‑type and mutant‑type complementary sequences of MAPK1 mRNA 3'‑UTR are shown 
with the miR‑454 binding sequence. (B) Luciferase reporter assays were used to detect the luciferase activities in MGC‑803 and AGS cells transfected with 
psiCHECK2‑MAPK1‑3'‑UTR Wt or psiCHECK2‑MAPK1‑3'‑UTR Mut in the presence of miR‑454 mimics or miR‑NC. *P<0.05 compared with miR‑NC. 
(C) MAPK1 mRNA levels were detected by RT‑qPCR in MGC‑803 and AGS cells transfected with miR‑454 mimics or miR‑NC. *P<0.05 compared with 
miR‑NC. (D) Western blot analysis of MAPK1 expression in MGC‑803 and AGS cells transfected with miR‑454 mimics or miR‑NC. *P<0.05 compared with 
miR‑NC. 3'‑UTR, 3'‑untranslated region; GC, gastric cancer; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.
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GC cell lines tested, were selected for further experiments. 
Both cell lines were transfected with miR‑454 mimics or 
miR‑NC to investigate the biological functions of miR‑454 
in GC. We examined the expression levels of miR‑454 in 
the MGC‑803 and AGS cells by RT‑qPCR 48 h after trans-
fection to assess the efficiency of the miR‑454 transfection. 
Fig. 2A shows that miR‑454 was markedly upregulated in 
the MGC‑803 and AGS cells after transfection with miR‑454 
mimics (Fig. 2A; P<0.05). CCK-8 assays were then performed 
on the MGC‑803 and AGS cells, which were transfected with 
miR‑454 mimics or miR‑NC, to evaluate the effect of miR‑454 
in GC cell proliferation. The results indicated that the upregu-
lation of miR‑454 decreased the proliferation of MGC‑803 and 
AGS cells when compared with the miR‑NC group (Fig. 2B; 
P<0.05). Transwell invasion assays were performed to explore 
the effect of miR‑454 on GC cell metastasis. Fig. 2C shows 
that restoration expression of miR‑454 decreased the cell 
invasion abilities of the MGC‑803 and AGS cells (P<0.05). 
Moreover, we studied whether miR‑454 has any effect on GC 
cell apoptosis. The results of flow cytometry assay indicated 
that miR‑454 overexpression promoted MGC‑803 and AGS 
cell apoptosis (Fig. 2D; P<0.05). These results suggested that 
miR‑454 may play tumour‑suppressing roles in GC progres-
sion.

MAPK1 is a direct target of miR‑454 in GC. To determine 
the molecular mechanisms underlying the biological roles 
of miR‑454 in GC, bioinformatics analysis was conducted 
to identify the potential targets of miR‑454. MAPK1 was 
predicted as a candidate of miR‑454 and thus selected for 
further confirmation because it was overexpressed in GC (28) 
and acted as an oncogene in GC formation and progres-
sion (29‑33). Fig. 3A shows putative target sites of miR‑454 in 
3'‑UTR of MAPK1. For the confirmation of this hypothesis, 
luciferase reporter assays were carried out on the MGC‑803 
and AGS cells transfected with luciferase plasmid harbouring a 
wild‑type or mutant‑type seed region in the 3'‑UTR of MAPK1 
and miR‑454 mimics or miR‑NC. As shown in Fig. 3B, the 
cotransfection of miR‑454 mimics and wild‑type MAPK1 
3'‑UTR significantly reduced luciferase activities (P<0.05). 
However, the cotransfection of the mutant MAPK1 3'‑UTR 
and miR‑454 mimics did not affect the luciferase activi-
ties in both MGC‑803 and AGS cells. To further investigate 
whether miR‑454 is capable of regulating MAPK1 expression 
in GC, RT‑qPCR and western blot analysis were utilized to 
detect MAPK1 expression in MGC‑803 and AGS cells after 
transfection with miR‑454 mimics or miR‑NC. The present 
results demonstrated that enforced expression of miR‑454 
significantly decreased MAPK1 expression in MGC‑803 and 
AGS cells at mRNA level (Fig. 3C; P<0.05) and protein level 
(Fig. 3D; P<0.05). Therefore, MAPK1 is a direct target of 
miR‑454 in GC.

MAPK1 is upregulated in GC tissues and negatively corre‑
lated with miR‑454 expression levels. To elucidate the clinical 
relevance of miR‑454 and MAPK1 in GC, we detected MAPK1 
mRNA expression in 45 paired GC tissues and matched 
adjacent non-tumourous tissues by RT‑qPCR. The results 
showed that the MAPK1 mRNA was significantly higher in 
GC tissues than in matched adjacent non-tumourous tissues 

(Fig. 4A; P<0.05). Western blot analysis results also indi-
cated that the protein expression level of MAPK1 was highly 
expressed in GC tissues (Fig. 4B). Furthermore, Spearman's 
correlation analysis indicated an inverse association between 
miR‑454 and MAPK1 mRNA levels in GC tissues (Fig. 4C; 
r=‑0.6191, P<0.0001). These results further confirmed that 
MAPK1 expression was negatively regulated by miR‑454 in 
GC, suggesting that the inhibitory effect of miR‑454 on the 
MAPK1 is clinically relevant in GC.

MAPK1 knockdown exhibits similar effects to that of 
miR‑454 overexpression in GC cells. MAPK1‑specific 
siRNA was used to knockdown MAPK1 expression in the 

Figure 4. MAPK1 is upregulated and inversely correlated with miR‑454 
expression in GC tissues. (A) Relative expression of MAPK1 in 45 paired 
GC tissues and matched adjacent non-tumourous tissues was tested 
through RT‑qPCR. *P<0.05 compared with adjacent non-tumourous tissues. 
(B)  Western blot analysis was performed to measure MAPK1 protein 
expression in GC tissues and matched adjacent non-tumourous tissues. 
(C) Association between MAPK1 mRNA and miR‑454 expression levels 
in GC tissues was explored by Spearman's correlation analysis. r=‑0.6191, 
P<0.0001. GC, gastric cancer; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction.
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Figure 5. Downregulation of MAPK1 inhibits GC cell proliferation, invasion and promotes apoptosis in vitro. (A) MGC‑803 and AGS cells were transfected 
with MAPK1 siRNA or NC siRNA. After transfection, western blot analysis was performed to detect MAPK1 protein expression. *P<0.05 compared with NC 
siRNA. (B‑D) The effects of MAPK1 underexpression on MGC‑803 and AGS cell proliferation, invasion and apoptosis were explored using CCK-8 assay, 
Transwell invasion assay and flow cytometry analysis, respectively. *P<0.05 compared with NC siRNA. GC, gastric cancer; CCK-8, Cell Counting Kit-8.

RETRACTED



WANG et al:  miR-454 IN GASTRIC CANCER 1501

Figure 6. MAPK1 upregulation reverses the tumour‑suppressive effects of miR‑454 overexpression on GC cells. (A) MAPK1 protein level was determined 
in MGC‑803 and AGS cells transfected with miR‑454 mimics with or without pcDNA3.1‑MAPK1. *P<0.05 compared with miR‑NC. #P<0.05 compared with 
miR‑454 mimics+pcDNA3.1‑MAPK1. (B‑D) Cell proliferation, invasion and apoptosis were assessed in MGC‑803 and AGS cells transfected with miR‑454 
mimics with or without pcDNA3.1‑MAPK1 by CCK8 assay, Transwell invasion assay and flow cytometry analysis. *P<0.05 compared with miR‑NC. #P<0.05 
compared with miR‑454 mimics+pcDNA3.1‑MAPK1. GC, gastric cancer; CCK-8, Cell Counting Kit-8.
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MGC‑803 and AGS cells to evaluate the effects of MAPK1 
underexpression in GC cells after transfecton with MAPK1 
siRNA. Following transfection with MAPK1 siRNA, western 
blot analysis confirmed that MAPK1 was significantly down-
regulated in both MGC‑803 and AGS cells (Fig. 5A; P<0.05). 
Functional experiments revealed that MAPK1 knockdown 
inhibited cell proliferation (Fig. 5B; P<0.05) and invasion 
(Fig. 5C; P<0.05) and induced apoptosis (Fig. 5D; P<0.05) 
of MGC‑803 and AGS cells, which resembled the suppres-
sive effects of miR‑454 overexpression in GC. These results 
further demonstrated that MAPK1 is a direct downstream 
target of miR‑454 in GC.

Upregulation of MAPK1 reverses the tumour‑suppressing 
effects of miR‑454 in GC. Rescue experiments were performed 
to further determine whether MAPK1 is responsible for the 
functional effects of miR‑454 in GC cells. First, we transduced 
miR‑454 mimics in MGC‑803 and AGS cells, with or without 
MAPK1 overexpression plasmid. Western blot analysis 
revealed that ectopic expression of miR‑454 suppressed 
MAPK1 protein expression, whereas co‑transfection of 
pcDNA3.1‑MAPK1 can recover the MAPK1 expression in 
MGC‑803 and AGS cells (Fig. 6A; P<0.05). In addition, the 
co‑transfection of MAPK1 overexpression rescued the effects 
of miR‑454 overexpression on the proliferation (Fig.  6B; 
P<0.05), invasion (Fig. 6C; P<0.05) and apoptosis (Fig. 6D; 
P<0.05) in MGC‑803 and AGS cells. These results clearly 
demonstrated that miR‑454 inhibited cell proliferation and 
invasion and promoted apoptosis in GC cells, at least in part 
by the downregulation of MAPK1.

Discussion

Recently, numerous miRNAs have been determined to 
contribute to gastric cancer (GC) initiation and progression, 
suggesting that miRNAs may be developed as effective 
diagnostic and prognostic molecular biomarkers and can be 
investigated as therapeutic targets for the patients with this 
disease (34‑36). Therefore, further investigation of the miRNAs 
involved in GC development represents an opportunity to 
improve the prognosis of GC patients. In the present study, 
miR‑454 was observed to be downregulated in GC tissues and 
cell lines. To clarify the clinical significance of miR‑454 in 
GC, the median value (37,38) was used as the reference value 
to define the low/high expression of miR‑454 expression in 
tumour tissues. The analysis showed that low miR‑454 expres-
sion level in GC was correlated with lymph node metastasis, 
invasive depth and TNM stage. To explore the functions of 
miR‑454 in GC, MGC‑803 and AGS cell lines expressed the 
lowest levels of miR‑454 among the five GC cell lines tested 
and were selected for further experiments. The functional 
experiments indicated that upregulation of miR‑454 inhibited 
GC cell proliferation and invasion and induced apoptosis 
in vitro. Notably, MAPK1 was identified as a direct target gene 
of miR‑454 in GC. MAPK1 was highly expressed in the GC 
tissues and was inversely associated with miR‑454 expression 
level. Moreover, MAPK1 knockdown exhibited similar effects 
to that of miR‑454 overexpression in GC cells. MAPK1 over-
expression rescued the tumour‑suppressing effects of miR‑454 
in GC.

Dysregulation of miR‑454 has been reported in multiple 
types of human cancer. For example, miR‑454 was upregulated 
in breast cancer. High expression level of miR‑454 indicated 
worse disease‑free survival. miR‑454 expression was positively 
correlated with worse clinical outcome for triple‑negative 
breast cancer subtype  (39). miR‑454 was also found to be 
highly expressed in non‑small cell lung cancer tissues and cell 
lines. High miR‑454 expression is strongly associated with 
lymph node metastasis, advanced TNM stage and short overall 
survival. Multivariate regression analysis identified miR‑454 
overexpression as an independent unfavourable prognostic 
factor for patients with non‑small cell lung cancer tissues (40). 
In hepatocellular carcinoma, miR‑454 expression level was 
increased in the tumour tissues. Patients with hepatocellular 
carcinoma and high expression miR‑454 level have lower 
5‑year overall survival and decreased disease‑free survival 
than patients with low miR‑454 levels (41). High expression 
level of miR‑454 was also observed in uveal melanoma (23) and 
colorectal cancer (24). However, miR‑454 was demonstrated 
to be downregulated in glioblastoma (25), osteosarcoma (26) 
and pancreatic ductal adenocarcinoma (42,43). These findings 
suggest that miR‑454 expression exhibits tissue specificity 
and may be a diagnostic and prognostic biomarker for various 
types of cancer.

Abnormally expressed miR‑454 plays oncogenic roles in 
the occurrence and development of several types of human 
cancers. For instance, Zhu et al reported that miR‑454 under-
expression inhibited cell proliferation, migration and invasion 
and promotes apoptosis in non‑small cell lung cancer (40). 
Yu et al found that the downregulation of miR‑454 suppressed 
hepatocellular carcinoma cell metastasis and epithelial-mesen-
chymal transition (44). Sun et al revealed that the upregulation 
of miR‑454 promoted cell proliferation, colony formation 
and invasion in uveal melanoma (23). Liang et al showed that 
restoration of miR‑454 expression increased the prolifera-
tion and anchorage‑independent growth of colorectal cancer 
cells (24). Nevertheless, miR‑454 was validated as a tumour 
suppressor in glioblastoma. Ectopic expression of miR‑454 
reduced glioblastoma cell proliferation and induced cell cycle 
arrest at G0/G1 phase (25). Niu et al indicated that resumption 
of miR‑454 expression attenuated cell growth and invasion of 
osteosarcoma (26). Fan et al showed that restored miR‑454 
expression decreased cell growth, metastasis and angiogenesis 
in pancreatic ductal adenocarcinoma (42,43). These conflicting 
findings demonstrated that the biological functions of miR‑454 
have tissue specificity, and may be explained by the ʻimperfect 
complementarityʼ of the interactions between miRNAs and 
their target genes  (45). These findings also suggested that 
miR‑454 may be a novel therapeutic target for the development 
of antineoplastic agents.

Several targets of miR‑454 were identified, including 
PTEN  (40) in non‑small cell lung cancer, CHD5  (44) in 
hepatocellular carcinoma, CYLD (24) in colorectal cancer, 
PDK1  (25) in glioblastoma, c‑Met  (26) in osteosarcoma, 
LRP6 (42) and SDF‑1 (43) in pancreatic ductal adenocarci-
noma. In this study, MAPK1 was validated as a direct and 
functional downstream target of miR‑454. MAPK1, which was 
known as ERK2, is a critical component of the MAPK signal-
ling pathway  (46). Previous studies reported that MAPK1 
is upregulated in several types of human cancer, such as 
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cervical cancer (47), ovarian cancer (48), non‑small cell lung 
cancer (49), glioblastoma multiforme (50) and myeloma (51). 
Liang et al reported that MAPK1 is highly expressed in GC 
tissues and is correlated with TNM stage, serosa invasion 
and lymph node involvement (28). Functional assays revealed 
that MAPK1 participates in regulating GC cell proliferation, 
apoptosis, migration, invasion and metastasis  (29‑33). In 
combination with the present findings, the miR‑454/MAPK1 
pathway shows a potential to be investigated as a therapeutic 
method for patients with GC.

In conclusion, miR‑454 is significantly downregulated in 
GC, and low expression level of this miRNA is associated with 
lymph node metastasis, invasive depth and TNM stage. In vitro 
studies demonstrated that miR‑454 inhibited GC cell prolif-
eration and invasion and increased apoptosis. Mechanistically, 
MAPK1 was identified as a direct target gene of miR‑454 in 
GC. miR‑454 may provide novel therapeutic targets for the 
treatment of GC. However, more experiments should be made 
in order to confirm that cell apoptosis is indeed affected. In 
addition, we will investigate the expression level of miR‑454 
in the serum of GC patients, and evaluate whether it can it be 
used as a biomarker of GC prognosis.
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