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Abstract. Gastric cancer is one of the most common types of
cancer worldwide, with a high incidence and mortality rate.
MicroRNAs (miRs) play an important role in tumorigenesis,
cell proliferation, migration, apoptosis and metastasis of
cancer. The present study aimed to investigate the role and
potential mechanism of miR‑204‑5p in gastric cancer. The
mRNA expression levels of miR‑204‑5p in gastric cancer
were determined by reverse transcription‑quantitative PCR.
Cell proliferation was determined using Cell Counting Kit‑8
and colony formation assays. Flow cytometry analysis was
performed to detect the cell apoptosis rate. Wound healing and
Transwell assays were carried out to determine the cell migration and invasion rates, respectively. A putative binding site of
miR‑204‑5p in the 3' untranslated region of human epidermal
growth factor receptor 2 (HER‑2) was predicted using a bioinformatics algorithm and confirmed using a dual‑luciferase
reporter assay. miR‑204‑5p levels were downregulated in
gastric cancer cells. Overexpression of miR‑204‑5p significantly inhibited cell proliferation and decreased cell colony
formation. Additionally, miR‑204‑5p decreased the migration
and invasion rates of gastric cancer cells. Furthermore, an
increased apoptotic rate was detected following overexpression of miR‑204‑5p, along with increased expression levels of
Bax and decreased expression levels of Bcl‑2. HER‑2 was a
direct target of miR‑204‑5p, and inhibition of HER‑2 acted as
a tumor suppressor by inhibiting cell proliferation, migration
and invasion, and promoting cell apoptosis, which was reversed
by the inhibition of miR‑204‑5p expression. These results
suggested that miR‑204‑5p could exert its anti‑tumor function
by inhibiting cell proliferation, migration and invasion, and
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promoting cell apoptosis via regulation of HER‑2, which may
be a potential therapeutic target for gastric cancer.
Introduction
Gastric cancer, one of the most common types of human
gastrointestinal cancer, is the second most common cause of
cancer‑associated death worldwide, with ~720,000 gastric
cancer‑related deaths annually (1,2). A national survey assessment reported that the mortality rate of gastric cancer in
India is ≤12.5% (3). In East Asia, the burden of gastric cancer
is especially high, accounting for >50% of gastric cancer
incidence (4,5). In China, the 5‑year overall survival rate of
patients with gastric cancer is ~30% (6). Furthermore, the
overall survival of patients with gastric cancer globally has
been continuing to decline since the beginning of the 2000s,
with the proportion of gastric cancer patients with metastasis
at ~40% (3,7‑9). Currently, the most common treatment
methods for gastric cancer are surgical resection, radiotherapy
and chemotherapy (10). Most patients with gastric cancer are
diagnosed at an advanced stage accompanied by cancer metastasis, and the current therapeutic strategies are limited and
have a range of adverse effects, including kidney damage and
hair and hearing loss (11,12). Human epidermal growth factor
receptor 2 (HER‑2), a member of the HER‑2 family, is associated with an increased risk of recurrence and poor outcomes of
certain malignancies, including breast and gastric cancer (13).
HER‑2 has been identified to be involved in cancer initiation
and progression, and the dysregulation of HER‑2 serves as
an independent prognostic factor in gastric cancer (14). Thus,
HER‑2 is a common therapeutic target for gastric cancer.
MicroRNAs (miRNAs/miRs) are a class of non‑coding
small RNA that consist of 17‑25 nucleotides. miRNAs
negatively regulate the expression levels of a range of genes
by binding to the 3' untranslated regions (3'UTR) of the
mRNA of target genes. miRNAs have been demonstrated
to be involved in various physiological and pathological
processes, including cancer (15). miRNAs play an important
role in tumorigenesis, cell proliferation, migration, apoptosis
and metastasis (16,17). miR‑204‑5p has been identified to be
downregulated in several types of cancers, and is a potential
regulator in human tumorigenesis (1,18). Based on expression
profiling data of gastrointestinal tumor tissues and adjacent
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noncancerous tissues, miR‑204‑5p is one of the most significantly downregulated miRNAs, and further study suggests
that miR‑204‑5p inhibits gastric cancer cell proliferation,
while inhibition of miR‑204‑5p promotes cell proliferation
in gastric cancer (1,19). It has been reported that miRNA‑495
interacts with HER‑2 to exert its function in gastric cancer;
however, whether miR‑204‑5p also interacts with HER‑2 to
exert its function remains unclear.
The present study aimed to investigate the function of
miR‑204‑5p and to explore the interaction between miR‑204‑5p
and HER‑2, in order to clarify the underlying mechanisms of
miR‑204‑5p and HER‑2 in gastric cancer and to provide a
valuable therapeutic strategy for gastric cancer treatment.
Materials and methods
Cell culture. The human normal gastric epithelial HEGC cell
and two gastric cancer cell lines, MKN‑45 (metastatic gastric
cancer cell line derived from a poorly differentiated gastric
adenocarcinoma) and AGS (a non‑metastatic gastric cancer
cell line derived from poorly differentiated gastric adenocarcinoma) were obtained from American Type Culture Collection
and cultured in RPMI‑1640 medium supplemented with 10%
FBS (Gibco; Thermo Fisher Scientific, Inc.) in a humidified
incubator containing 5% CO2.
Cell transfection. For transfection, MK N‑ 45 cells
(5x104 cells/well) were plated into 6‑well plates and cultured to
90% confluence. Subsequently, miR‑204‑5p mimics (5'‑UUC
CCUU UGUCAUCCUAUG CCU‑3'; 50 nM), miR‑204‑5p
inhibitor (5'‑AGGCAUAGGAUGACAAAGGGAA‑3'; 50 nM),
the negative control (5'‑UUCUCCGAACGUGUCACGUTT‑3';
50 nM) and siRNA targeting HER‑2 (si‑HER‑2; 5'‑GGUGAA
GGUGCUUGGAUCUUU‑3'; 500 ng/µl) were transfected into
cells using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
After 48 h transfection, transfection efficiency was detected
by reverse transcription‑quantitative (RT‑q) PCR. Subsequent
experiments were conducted 48 h post‑transfection.
Cell Counting Kit‑8 (CCK‑8) assay. Cell viability was
measured using a CCK‑8 reagent (Dojindo Molecular
Technologies, Inc.) according to the manufacturer's instructions. Briefly, MKN‑45 cells (5x103 cells/well) were cultured
in 96‑well plates and incubated for 24 h at 37˚C. Subsequently,
CCK‑8 reagent (10 µl/well) was added, and the cells were incubated for another 4 h. Finally, the absorbance of each group
at 450 nm was measured using a microplate reader (Molecular
Devices, LLC).
Colony formation assay. After transfection for 24 h, MKN‑45
cells (1,000‑1,500 cells/well) were seeded into 6‑well plates
and incubated for 7 days at 37˚C. During this period, the
medium was refreshed every 3 days. Subsequently, cells were
fixed with 4% paraformaldehyde for 15 min and stained with
Giemsa reagent for 10‑30 min at room temperature. Finally,
colonies were imaged under light microscopy (magnification, x100) and the number of colonies (≥50 cells/colony) was
counted. Three independent experiments were performed for
each assay.

Flow cytometry analysis. The rate of cell apoptosis (at early
and late phase) was determined using the Apoptosis Detection
kit (BD Biosciences) according to the manufacturer's protocol.
MKN‑45 cells were collected 48 h post‑transfection and
resuspended in 500 µl binding buffer. Subsequently, MKN‑45
cells were incubated with Annexin V‑FITC and propidium
iodide at room temperature for 15 min in the dark, and
then analyzed using a BD FACSCalibur™ flow cytometer
(BD Biosciences) and BD FACSDiva 6.1.3 software (BD
Biosciences).
RT‑qPCR. Total RNA was extracted from MKN‑45 cells using
TRIzol® reagent (Thermo Fisher, Scientific, Inc.) according
to the manufacturer's instructions. Total RNA was reverse
transcribed into cDNA using the PrimeScript RT Master
Mix kit (Takara, Bio, Inc.) at 37˚C for 15 min, followed by an
incubation at 85˚C for 5 sec. Determination of gene expression was performed using FastStart Universal SYBR Master
Mix (Roche Diagnostics GmbH) and analyzed using the
2‑ΔΔCq method (20). The primer sequences were as follows:
miR‑204‑5p forward, 5'‑ACACTCCAGCTGG GTTCCCTT
TGTCATCCTAT‑3' and reverse, 5'‑CTCAACTGGTGTCGT
GGA‑3'; HER‑2 forward, 5'‑CTGA ACTGGTGTATGCAG
ATTG C‑3' and reverse, 5'‑TTCCGAG CGG CCA AGTC‑3';
GAPDH forward, 5'‑CCATCTTCCAGGAGCGAGAT‑3' and
reverse, 5'‑TGCTGATGATCTTGAG GCTG‑3'; U6 forward,
5'‑GCTTCGG CAGCACATATACTAAAAT‑3' and reverse,
5'‑CGCTTCACGAATT TGCGTGTCAT‑3'. The thermocycling conditions consisted of an initial denaturation at 95˚C
for 5 min followed by 40 cycles at 95˚C for 30 sec, 60˚C for
30 sec and 72˚C for 30 sec. GAPDH and U6 served as internal
controls for the detection of HER‑2 and miRNA, respectively.
Western blotting. Proteins were extracted from MKN‑45 cells
using radio immunoprecipitation assay protein extraction
reagent (Beyotime Institute of Biotechnology) containing
0.5 mM phenylmethanesulfonyl fluoride, and quantified by
the Bradford assay. Equal masses of protein sample (30 µg)
were resolved by SDS‑PAGE on a 10% gel, and subsequently
transferred to PVDF membranes. Following blocking in
10% skimmed milk for 1 h at room temperature, membranes
were incubated at 4˚C overnight with primary antibodies
against Bax (1:1,000; cat. no. ab182733), Bcl‑2 (1:1,000;
cat. no. ab196495), HER‑2 (1:1,000; cat. no. ab16901) and
GAPDH (1:1,000; cat. no. ab181603; all purchased from
Abcam). Then, membranes were washed and incubated
with the corresponding horseradish peroxidase‑conjugated
anti‑rabbit (1:2,000; cat. no. sc‑2004) or anti‑mouse IgG
secondary antibodies (1:2,000; cat. no. sc‑2005) (both Santa
Cruz Biotechnology, Inc.) for 60 min at room temperature.
Protein bands were visualized with ECL Super Signal
reagent (Pierce; Thermo Fisher Scientific, Inc.). The relative
intensity of the bands was determined using ImageJ software
version 1.46 (National Institutes of Health).
Wound healing assay. To determine the migratory ability
of cells, cells were grown to 100% confluence and a scratch
was created using a pipette tip. Subsequently, the culture
medium was changed to serum‑free RPMI‑1640 medium
and the detached cells were removed. After 24 h, cells were
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Figure 1. miR‑204‑5p is downregulated in gastric cancer and inhibits cell proliferation. (A) The Cancer Genome Atlas database was used to identify the
association between miR‑204‑5p and gastric cancer. (B) The mRNA expression levels of miR‑204‑5p in normal gastric epithelial cell line (HEGC) and
gastric cancer cell lines (MKN‑45 and AGS) were determined using reverse transcription‑quantitative PCR. ***P<0.001 vs. HEGC cell. (C) MKN‑45 cells
were transfected with miR‑204‑5p mimic or mimic control. Cell proliferation was determined using (D) Cell Counting Kit‑8 and (E) colony formation assays.
**
P<0.01 and ***P<0.001 vs. mimic control. miR, microRNA.

visualized under a light microscope (magnification, x100). The
cell migration rate was calculated using the following formula:
(0 h scratch width‑24 h scratch width)/0 h scratch width.

Wilcoxon‑Mann‑Whitney test. A putative binding site of
miR‑204‑5p in the 3'UTR of HER‑2 was predicted using
StarBase (http://starbase.sysu.edu.cn/).

Transwell assay. To determine the invasive ability of cells,
5x104 MKN‑45 cells were resuspended in 100 µl serum‑free
medium and seeded into the upper Transwell chamber (EMD
Millipore), which was pre‑coated with Matrigel™ at room
temperature for 25 min. Complete medium supplemented with
10% FBS was added to the lower chamber. After 24 h, the
upper surface of the membrane was wiped with a cotton swab,
and the cells attached to the lower surface were fixed with 4%
formaldehyde for 10 min at room temperature and stained with
0.1% crystal violet for 10 min at room temperature. The invasive cells were observed and counted under a light microscope
(magnification, x100) from at least five fields. The relative
cell invasion rate was calculated using the following formula:
Invasive cell count/invasive cell count of control group.

Luciferase reporter assay. HER‑2, which contains a putative
miR‑204‑5p binding site, was cloned and inserted into the
pmirGLO vector (Promega Corporation). For the luciferase assay,
MKN‑45 cells were co‑transfected with pmirGLO‑HER‑2‑WT
or pmirGLO‑HER‑2‑MUT, and miR‑204‑5p or negative control
using Lipofectamine® (Invitrogen; Thermo Fisher Scientific,
Inc.). After 24 h, luciferase activity was measured using the
dual luciferase reporter assay system (Promega Corporation).
The data were standardized to Renilla luciferase activity.

Bioinformatics analysis. The Cancer Genome Atlas (TCGA)
database (cancer.gov/tcga) was used to identify the association
of miR‑204‑5p with gastric cancer by collecting the profiles
of miR‑204‑5p in gastric cancer tissues and normal tissues
(project no.; TCGA‑STAD). The expression of miR‑204‑5p
between normal and tumor tissues or between primary
tumor and metastasis tumor tissues was analyzed using the

Statistical analysis. Data are presented as the mean ± SD of
three independent experiments. Data analysis was performed
using SPSS software version 17.0 (SPSS, Inc.). Differences
between 2 groups were analyzed using the unpaired Student's
t‑test. Differences among >2 groups were analyzed by one‑way
ANOVA followed by Tukey's post hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
miR‑204‑5p is downregulated in gastric cancer and inhibits
cell proliferation. The result from the TCGA analysis
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Figure 2. miR‑204‑5p induces cell apoptosis in gastric cancer. (A) Following transfection, cell apoptosis was determined using flow cytometry. (B) Expression
of apoptosis‑related proteins (Bax and Bcl‑2) was detected using western blotting, and the protein bands were quantified using ImageJ software. ***P<0.001
vs. mimic control.

revealed a significant lower miR‑204‑5p expression in gastric
cancer tissues than that in normal tissues. Besides, there was
no significant difference between the expression level of
miR‑204‑5p in primary and metastatic tumors of patients with
gastric cancer (Fig. 1A). To understand the biological function
of miR‑204‑5p in gastric cancer progression, the present study
detected miR‑204‑5p mRNA expression in a normal gastric
epithelial cell line (HEGC) and two gastric cancer cell lines
(Fig. 1B). The RT‑qPCR assay revealed that the expression
levels of miR‑204‑5p were lower in the gastric cancer cell
lines, particularly in MKN‑45 cells. Therefore, MKN‑45 cells
were used in subsequent experiments.
First, MKN‑45 cells were transfected with miR‑204‑5p
mimics to overexpress miR‑204‑5p (Fig. 1C). The effect of
miR‑204‑5p on cell proliferation was determined using CCK‑8
and colony formation assays. As shown in Fig. 1D and E, the
optical density value in the miR‑204‑5p group was significantly decreased compared with that in the other groups, and
the colony numbers in the miR‑204‑5p mimic group were
also decreased, suggesting that overexpression of miR‑204‑5p
could inhibit cell proliferation.
miR‑204‑5p induces cell apoptosis in gastric cancer.
Subsequently, to determine the effect of miR‑204‑5p on cell
apoptosis, flow cytometry analysis was performed and expression levels of apoptosis‑related proteins were detected. The
flow cytometry results revealed that the apoptotic cell rate was
significantly increased when miR‑204‑5p was overexpressed
(Fig. 2A). Bax is a pro‑apoptotic protein, whereas Bcl‑2 is
an anti‑apoptotic protein. Increased Bax protein expression and decreased Bcl‑2 protein expression were observed

in the miR‑204‑5p mimic group (Fig. 2B), suggesting that
overexpression of miR‑204‑5p could promote MKN‑45 cell
apoptosis.
miR‑204‑5p inhibits cell migration and invasion in gastric
cancer. To determine the effect of miR‑204‑5p on cell migration and invasion, wound healing and Transwell assay were
performed. As shown in Fig. 3A and B, the size of the wound
was decreased after incubation for 24 h, but the wound size
in the miR‑204‑5p mimic group was markedly larger than
that in the other groups, suggesting that cells overexpressing
miR‑204‑5p have a decreased migratory ability. Meanwhile,
the staining results in Fig. 3C and D demonstrated that the
number of cells that were attached to the lower surface
of the chamber was decreased in the miR‑204‑5p mimic
group, suggesting that the invasive ability was decreased in
the miR‑204‑5p mimic group. Therefore, overexpression of
miR‑204‑5p could suppress cell migration and invasion in
gastric cancer.
miR‑204‑5p directly targets HER‑2. Furthermore, the present
study examined whether miR‑204‑5p could directly bind to
the 3' UTR of HER‑2. miR‑204‑5p was predicted to target
HER‑2 using StarBase (Fig. 4A), and the dual‑luciferase
activity indicated that miR‑204‑5p could bind to the 3'UTR
of HER‑2 in MKN‑45 cells, thus inhibiting the translation of
HER‑2 mRNA (Fig. 4B). To further determine the association between miR‑204‑5p and HER‑2, HER‑2 expression was
detected when miR‑204‑5p was overexpressed or inhibited.
RT‑qPCR and western blotting revealed that overexpression
of miR‑204‑5p inhibited the expression of HER‑2, whereas
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Figure 3. miR‑204‑5p inhibits cell migration and invasion in gastric cancer. (A) Following transfection, cell migration was detected using a wound healing
assay; magnification x100. (B) The rate of cell migration was quantified. Cell invasion ability was determined using a (C) Transwell assay; magnification x100.
(D) The rate of cell invasion was quantified. ***P<0.001 vs. mimic control. miR, microRNA.

downregulation of miR‑204‑5p increased HER‑2 expression
in MKN‑45 cells (Fig. 4C‑E).
miR‑204‑5p regulates tumorigenesis of gastric cancer by
targeting HER‑2. To further investigate the interaction
between miR‑204‑5p and HER‑2, cells were transfected with
si‑HER‑2 with or without miR‑204‑5p inhibitor. As shown in
Fig. 5A and B, the expression level of HER‑2 was significantly
decreased when cells were transfected with si‑HER‑2. In the
si‑HER‑2 group, cell proliferation was significantly inhibited,
which was reversed by inhibition of miR‑204‑5p. The results
of the colony formation assay in Fig. 5C and D were consistent with those of the CCK‑8 assay. Furthermore, si‑HER‑2
transfection significantly induced cell apoptosis, which was

also reversed by inhibition of miR‑204‑5p (Fig. 5E). Increased
Bax expression and decreased Bcl‑2 expression were observed
in the si‑HER‑2 group, which was also reversed by inhibition
of miR‑204‑5p (Fig. 5F), indicating that inhibition of HER‑2
induces cell apoptosis via the regulation of Bax and Bcl‑2, and
inhibition of miR‑204‑5p reverses this change by regulating
Bax and Bcl‑2.
Furthermore, the present study explored the migratory
and invasive abilities of gastric cancer cells following
the regulation of miR‑204‑5p and HER‑2 expression. The
results in Fig. 6A and B showed that inhibition of HER‑2
significantly decreased cell migration rate, which was
reversed following treatment with miR‑204‑5p inhibitor.
Similarly, results in Fig. 6C and D demonstrated that
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Figure 4. miR‑204‑5p directly targets HER‑2. (A) Data from StarBase showed that miR‑204‑5p could target HER‑2 in MKN‑45 cells. (B) Luciferase reporter
assay in MKN‑45 cells transfected with HER‑2 WT or MUT luciferase reporter plasmids, with miR‑204‑5p mimic or negative control. (C) The transfection
efficacy of miR‑204‑5p in MKN‑45 cells was determined using RT‑qPCR. (D) RT‑qPCR was used to measure the mRNA expression of HER‑2 in MKN‑45
cells transfected with miR‑204‑5p mimic or miR‑204‑5p inhibitor. (E) Western blotting was used to measure the protein expression of HER‑2 in MKN‑45
cells transfected with miR‑204‑5p mimic or miR‑204‑5p inhibitor. *P<0.05, **P<0.01 and ***P<0.001 vs. the control group. miR, microRNA; HER‑2, human
epidermal growth factor receptor 2; WT, wild‑type; MUT, mutant; RT‑qPCR, reverse transcription‑quantitative PCR.

inhibition of HER‑2 significantly suppressed the cell invasion rate, which was reversed following treatment with
miR‑204‑5p inhibitor. The results suggested that inhibition
of miR‑204‑5p could regulate cell migration and invasion
by targeting HER‑2.
Discussion
Gastric cancer is one of the most common types of cancer
worldwide, with a high incidence rate of ≤70% in developing
contrries, particularly in Asia, including China and Korea, as
well as parts of South America. At diagnosis, approximately
two‑thirds of patients with gastric cancer present with local
invasion or tumor metastasis (21,22). Therefore, early diagnosis of gastric cancer is critical for effective therapy and
prolonging the survival of patients. It has been reported that
miRNAs serve an important role during the tumorigenesis
and development of gastric cancer (22). Furthermore, an
increased number of miRNAs have been demonstrated to

have diagnostic and prognostic values in gastric cancer (23).
For example, the expression of miR‑1246 can be used to
differentiate patients with gastric cancer at TNM stage I from
healthy controls, indicating that is a potential biomarker for
the early diagnosis of gastric cancer (24). miR‑381 has a higher
sensitivity and specificity in the diagnosis of gastric cancer
compared with other miRNAs. Furthermore, downregulated
miR‑381 has been identified to be positively associated with
lymph node metastasis and development of gastric cancer,
suggesting the use of miR‑381 as a biomarker for early diagnosis in gastric cancer (25). miR‑204‑5p has been reported
to be downregulated and to act as a tumor suppressor in a
range of cancer types, such as colorectal cancer, papillary
thyroid cancer, malignant melanoma and hepatocellular
cancer (18,26‑28). It has been demonstrated that miR‑204‑5p
expression is downregulated in gastric cancer tissues, and
inhibition of miR‑204‑5p could suppress cell proliferation
by regulating ubiquitin‑specific protease 47 and Ras‑related
protein Rab‑22A in gastric cancer cells (1). Based on the
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Figure 5. miR‑204‑5p regulates cell proliferation and apoptosis by targeting HER‑2. MKN‑45 cells were transfected with si‑HER‑2 with or without miR‑204‑5p
inhibitor. (A) The transfection efficacy of si‑HER‑2 in MKN‑45 cells was determined using reverse transcription‑quantitative PCR. ***P<0.001 vs. si‑NC.
Proliferative ability of MKN‑45 cells was determined using (B) Cell Counting Kit‑8 and (C and D) colony formation assays. (E) Flow cytometry was used to
measure cell apoptosis in each group. (F) Western blotting was used to determine protein expression of Bax and Bcl‑2, and the protein bands were quantified.
**
P<0.01 and ***P<0.001 vs. control; #P<0.05, ##P<0.01 and ###P<0.001 vs. si‑HER‑2 + inhibitor‑NC. si, small interfering RNA; HER‑2, human epidermal growth
factor receptor 2; miR, microRNA; NC, negative control.
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Figure 6. miR‑204‑5p regulates cell migration and invasion by targeting HER‑2. (A) Cell migratory ability was detected using a wound healing assay;
magnification x100. (B) The rate of migration was quantified. (C) Cell invasion ability was determined using Transwell assay; magnification x100. (D) The
rate of invasion was quantified. ***P<0.001 vs. control; #P<0.05 vs. si‑HER‑2 + inhibitor NC. si, small interfering RNA; HER‑2, human epidermal growth factor
receptor 2; miR, microRNA; NC, negative control.

current study that investigated miR‑204‑5p in gastric cancer,
the various functions of miR‑204‑5p and its underlying
mechanism of action remain to be explored in further detail
to help us understand the role of miR‑204‑5p in the tumorigenesis and development of gastric cancer, and to provide a
more precise diagnostic value for clinical application.
To evaluate the effect of miR‑204‑5p on the biological
characteristics of gastric cancer, the present study overexpressed miR‑204‑5p in gastric cancer cells. The present study
explored the potential mechanism underlying the suppressive
effect of miR‑204‑5p in gastric cancer. Following overexpression of miR‑204‑5p, the proliferation, migration, invasion

and apoptosis rates of cells were detected, and the molecular
mechanism was analyzed. In addition to the suppressive effect
on cell proliferation in gastric cancer, which was reported in a
previous study (19), miR‑204‑5p also significantly suppressed
cell migration and invasion, and promoted cell apoptosis in
gastric cancer. The rapid proliferation, migration and invasion of gastric cancer cells is an important reason for tumor
metastasis, thus contributing to the development of cancer.
The inhibitory effect of miR‑204‑5p on proliferation, migration and invasion of gastric cancer cells could be an effective
strategy for cancer treatment. Apoptosis is an important
target for therapeutic intervention in cancer. The Bcl‑2 family
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proteins, such as pro‑apoptotic protein Bax and anti‑apoptotic
protein Bcl‑2, play critical roles in the regulation of apoptosis
of gastric cancer cells (29,30). In the present study, miR‑204‑5p
could promote cell apoptosis of gastric cancer cells by regulating the expression levels of Bax and Bcl‑2, indicating that
miR‑204‑5p is a promising target for inhibiting gastric cancer
metastasis.
Recently, studies have focused on the molecular mechanism
of miR‑204‑5p in the regulation of gastric cancer progression,
it was demonstrated that miR‑204‑5p could bind to the 3'UTR
of its target genes, such as epidermal growth factor receptor,
CXC‑C‑X‑C motif chemokine receptor 4 and its ligand C‑X‑C
motif chemokine ligand 12 to influence the expression of these
genes, thus regulating the progression of gastric cancer (31,32).
In the present study, HER‑2 was demonstrated to be a direct
target of miR‑204‑5p, and miR‑204‑5p exhibited suppressive
effects on the progression of gastric cancer by inhibiting
cell proliferation, migration and invasion, and promoted
cell apoptosis by regulating HER‑2. HER‑2 (also known as
ERBB‑2), is a proto‑oncogene that encodes a 185 kDa plasma
membrane‑bound tyrosine kinase receptor, located on chromosome 17 at q21 (33,34). mRNA and protein expression
levels of HER‑2 are upregulated in several types of cancers,
therefore it is considered to be a factor associated with poor
prognosis (35,36). Currently, anti‑HER‑2 therapy is usually
administered after surgery or in the neoadjuvant setting in
breast cancer and gastric cancer (37,38). Inhibition of HER‑2 is
an effective and promising target in cancer research. Increasing
evidence has demonstrated that HER‑2 is a direct target of
several miRNAs, and miRNAs can regulate cancer progression by inhibiting HER‑2 expression. For example, miR‑9
targets HER‑2 to increase responsiveness of breast cancer cells
to cyclophosphamide or docetaxel treatment (39). miR‑4319
suppresses growth and increases apoptosis of prostate cancer
cells via inhibition of HER‑2 (40). In the present study, it was
demonstrated that HER‑2 was a direct target of miR‑204‑5p,
and miR‑204‑5p inhibited the protein expression of HER‑2.
Further experiments revealed that miR‑204‑5p or inhibition
of HER‑2 inhibited proliferation, migration and invasion, and
promoted apoptosis in gastric cancer cells. Furthermore, the
suppressive effect of miR‑204‑5p on gastric cancer cells was
associated with the inhibition of HER‑2 expression.
However, the present study still had some limitations. First,
the experiments in this study were conducted at the cellular
level, therefore it would be useful to study mouse models
and patients with gastric cancer to corroborate these in vitro
findings. For example, whether miR‑204‑5p is an effective
biomarker to indicate prognosis in patients with gastric cancer
needs to be investigated in clinical settings. Additionally, the
therapeutic effect of miR‑204‑5p in gastric cancer needs to
be verified in a mouse model. Secondly, the gastric cancer
cell lines used in the present study were limited, the role of
miR‑204‑5p expression was only investigated in MKN‑45
cells, and further data concerning the role of miR‑204‑5p
in gastric cancer should be obtained from multiple gastric
cancer cell lines. Thirdly, the bioinformatics analysis in the
present study is also limited. It would be useful to perform
analysis using multiple online databases to learn more about
the role and effect of miR‑204‑5p in gastric cancer, and other
types of cancer. Our future work will focus on resolving these
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limitations to gain an increased understanding of the role of
miR‑204‑5p in gastric cancer.
In conclusion, the present study revealed a direct interaction between miR‑204‑5p and HER‑2 in gastric cancer.
miR‑204‑5p exhibited suppressive effects on the progression
of gastric cancer via the inhibition of cell proliferation, migration and invasion, and promoted cell apoptosis by regulating
HER‑2. The data presented in the current study suggest that
miR‑204‑5p and HER‑2 could be potential targets for the
development of treatments for gastric cancer.
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