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microRNA-425-5p is upregulated in human gastric cancer and
contributes to invasion and metastasis in vitro and in vivo
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Abstract. Emerging evidence indicates that microRNAs are
involved in the development and progression of gastric cancer
(GCO), functioning as tumor suppressors or oncogenes. The aim
of the current study was to explore the potential mechanism of
microRNA-425-5p (miR-425-5p) in GC. Using reverse tran-
scription quantitative polymerase chain reaction, miR-425-5p
expression was detected in GC cell lines (SGC-7901, MKN-28,
MKN-45, BGC-823 and AGS) and the GES-1 cell line. Cell
proliferation, soft agar colony formation, flow cytometry,
haptotactic migration and matrigel chemoinvasion assays were
used to test the proliferation, apoptosis, invasion and migra-
tion of BGC-823 cells transfected with miR-425-5p mimics
or an inhibitor. Female BALB/c mice were randomly divided
into three groups. Each experimental group contained five
mice. BGC 823 cells were stably transfected with miR-425-5p
inhibitor, wild type or negative control and were injected into
the mice through the tail vein. It was found that miR-425-5p
expression was significantly upregulated in all the GC cell lines
when compared with the GES-1 cell line. Downregulation of
miR-425-5p expression inhibited GC cell proliferation, inva-
sion and migration.In the in vivo studies, downregulation of
miR-425-5p expression suppressed pulmonary metastasis in
the nude mice. Thus, miR-425-5p was demonstrated to have
the potential to become a novel metastasis-associated gene;
however, the mechanisms associated with these effects require
further study. In the future, the development of miR-425-5p as
a novel therapeutic strategy for the treatment of GC may be
possible.
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Introduction

Gastric cancer (GC) has the fourth highest incidence
rate of human malignant diseases, and causes the second
highest number of cancer-related mortalities worldwide (1).
Approximately one million new cases are diagnosed each
year (2,3), yet early diagnosis of GC in clinical practice
remains a challenge. Although gastrectomy remains the
mainstay treatment for GC, the prognosis for patients at an
advanced stage remains very poor (4,5). With a more complete
understanding of the functions of oncogenesis, development
and prognosis associated with GC, significant improvements
in diagnosis and treatment are possible.

microRNAs (miRNAs) are a category of small,
single-stranded endogenous RNA molecules that function as
post-transcriptional regulators of gene expression, regulating
>30% of the protein-coding genes in the human genome (6-8).
Increasing evidence indicates that miRNAs are involved in
important biological processes associated with apoptosis,
proliferation, differentiation, metastasis, angiogenesis and
immune responses, the disruption of which may be crucial to
cancer initiation, progression and treatment outcomes. miRNA
has been demonstrated to be associated with a number of
cancer types, including GC, and plays an important role in the
disease (9-15).

miRNA-425-5p (miR-425-5p), which is mapped to human
chromosome 3, has been confirmed to have an abnormally high
expression in GC (16). In the present study, the expression of
miR-425-5p was analyzed in human GC cell lines, and in vitro
and in vivo experiments were performed to investigate the
associations with local tumor invasion and distant spreading.
The aim of the current study was to explore the potential
mechanism of miR-425-5p in GC.

Materials and methods

Cell lines and reagents. Human gastric adenocarcinoma cell
lines, SGC-7901, MKN-28, MKN-45 and BGC-823, and a
human immortal gastric mucosal epithelial cell line, GES-1,
were cultured at the Fourth Affiliated Hospital of Hebei
Medical University (Shijiazhuang, China). A human gastric
adenocarcinoma cell line, AGS, was obtained from Shanghai
Institute of Biochemistry and Cell Biology (Shanghai,
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China). The cell lines, with the exception of the AGS cells,
were grown in Dulbecco's modified Eagle's medium (Gibco
Life Technologies, Carlsbad, CA, USA) supplemented with
10% (vol/vol) fetal bovine serum (FBS), 50 U/ml penicillin and
50 pug/ml streptomycin. The AGS cells were grown in F-12K
medium (Sigma-Aldrich, St. Louis, MO, USA) supplemented
with 10% (vol/vol) FBS, 50 U/ml penicillin and 50 ug/ml strep-
tomycin. The cell lines were incubated at 37°C in a humidified
5% (vol/vol) CO, atmosphere. The present study was approved
by the Ethics Committee of the Fourth Affiliated Hospital of
Hebei Medical University.

Analysis of miRNA expression using TagMan reverse tran-
scription-quantitative polymerase chain reaction (RT-gPCR).
Total RNA was extracted from the cells using TRIzol® reagent
(Invitrogen Life Technologies, Carlsbad, CA, USA), according
to the manufacturer's instructions. The expression of mature
miRNA was assayed using a TagMan miRNA assay (Applied
Biosystems Life Technologies, Foster City, CA, USA) specific
for hsa-miR-425-5p. Briefly, 10 ng total RNA was reverse
transcribed to cDNA with specific stem-loop reverse tran-
scription primers (Applied Biosystems Life Technologies).
RT-qPCR was performed using an Applied Biosystems 7900
Real-time PCR system and a TagMan Universal PCR Master
Mix (Applied Biosystems Life Technologies). The predesigned
TagMan® MicroRNA assays included the primer sets and
TagMan® probe that were used. The thermal cycling condi-
tions used for PCR were as follows: 95°C for 10 min, followed
by 40 cycles at 95°C for 15 sec and 60°C for 60 sec (17,18).
Small nuclear U6 single nucleotide RNA (Applied Biosystems
Life Technologies) was used as an internal control, and the
relative expression was calculated using the comparative
threshold cycle method.

Transient transfection and RNA extraction. Oligonucleotides
of hsa-miR-425-5p mimics, miR-425-5p inhibitor and a nega-
tive control were purchased from Ambion Life Technologies
(Carlsbad, CA, USA). Transfection of BGC-823 cells (which
were selected due to their moderate expression level of
miR-425-5p and superior growth ability comparing with other
cell lines) with the oligonucleotides was performed using
Lipofectamine® 2000 (Invitrogen Life Technologies) at a final
concentration of 100 nM. Small molecule RNAs (<200 nucle-
otides) were extracted from the cell lines using a mirVanaTM
miRNA kit (Ambion Life Technologies), according to the
manufacturer's instructions.

Flow cytometry assay. At48 h post-transfection with miR-425-5p
mimics and the negative control, BGC-823 cells were collected
by trypsinization and washed with phosphate-buffered saline
(PBS). For cell-cycle analysis, the cells were fixed with 70%
ethanol and stored overnight at 4°C. On the following day, the
fixed cells were washed with PBS, treated with 50 p#g/ml RNase
A (Sangon Biotech Co., Ltd., Shanghai, China) and stained
with 50 pg/ml propidium iodide for 30 min in the darkness.
The stained cells were analyzed using flow cytometry (FACS
Calibur™; Becton Dickinson, Franklin Lakes, NJ, USA).

Cell proliferation assay. At 24 h post-transfection with
miR-425-5p mimics, miR-425-5p inhibitor and the negative
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control, BGC-823 cells (3x10° cells/well) were seeded into
96-well plates and incubated at 37°C for 24 h. Cell prolifera-
tion was assessed by a water-soluble tetrazolium salt (WST)
assay using Cell Counting Kit-8 (CCK-8; Dojindo Molecular
Technologies, Inc., Kumamoto, Japan). After incubation for
24 h, 20 pul CCK-8 reagent were added to each well and incu-
bated at 37°C for 2 h. Spectrometric absorbance at 450 nm was
measured using a multilabel counter microplate reader (Safire;
Tecan Austria GmbH, Grodig, Austria). Experiments were
performed in triplicate.

Soft agar colony formation assay. At 24 h post-transfec-
tion, BGC-823 cells were resuspended in 0.5% soft agar
in RPMI 1640 medium (Invitrogen Life Technologies,
Gaithersburg, MD, USA) containing 10% FBS, and layered
onto 0.6% solidified agar in RPMI 1640 medium containing
10% FBS in six-well plates (1x10° cells/well). The plates were
incubated for three weeks. Following staining with 0.2%
p-iodonitrotetrazolium violet (Sangon Biotech Co., Ltd.), the
colonies containing =50 cells were counted.

Haptotactic migration and Matrigel chemoinvasion assays.
A Transwell insert (24-well; pore size, 8 um; Corning, Inc.,
Corning, NY, USA) was used to determine the effects of
miR-425-5p on GC cell migration and invasion in vitro.
Briefly, transfected cells were starved overnight in serum-free
medium. A total of 3x10* cells in serum-free medium were
added to the upper chamber. The lower chamber was filled
with 10% FBS, which functioned as the chemoattractant. The
reaction system was incubated for 48 h for the migration assay
and 72 h for the invasion assay. For the invasion assay, the
inserts had been previously coated with extracellular matrix
gel (BD Biosciences, Bedford, MA, USA). On completion of
the experiments, cells on the upper surface of the membrane
were removed and cells on the lower surface were fixed and
stained with 0.1% crystal violet (Sangon Biotech Co., Ltd.).
Five visual fields were randomly selected from each insert and
counted under a BX51 Olympus light microscope (Olympus
Corporation, Tokyo, Japan).

Metastasis assay in vivo. Female BALB/c mice weighing
15-16 g (Shanghai Laboratory Animal Center of China,
Shanghai, China) were randomly divided into three groups.
BGC-823 cells (1x10° cells/mouse) were stably transfected
with miR-425-5p inhibitor, wild type or the negative control
and were injected into 4-5-week-old female BALB/C nude
mice through the tail vein. The mice were housed for six
weeks following the injection and were then euthanized by
cervical dislocation. The lungs were dissected and examined
histologically. Briefly, formalin-fixed, paraffin-embedded
tissues were stained with hematoxylin and eosin. Following
staining, the tissues were observed under a light microscope
and the number of metastases was counted.

Statistical analysis. Results are expressed as the
mean + standard deviation from three separate experiments.
The statistical significance of the data was analyzed using
the Student's t-test for independent samples, and statistical
analyses were performed using SPSS software (version 15.0;
SPSS, Inc., Chicago, IL, USA). A two-tailed value of P<0.05
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Figure 1. Relative expression levels of miR-425-5p in the five gastric cancer
cell lines and the one immortalized normal gastric mucosal epithelial cell
line (GES-1) were analyzed using reverse transcription-quantitative poly-
merase chain reaction. miR, microRNA. “P<0.05, ““P<0.01 vs. GES-1 cells.
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Figure 2. Transfection efficiency of microRNA-425-5p (A) inhibitor and
(B) mimics (high expression) in BGC-823 cells. WT, wild type; CO, negative
control; IN, inhibitor.

was considered to indicate a statistically significant differ-
ence.

Results

Expression of miR-425-5p is upregulated in GC cell lines.
Expression levels of miR-425-5p were evaluated using
RT-gPCR in five GC cell lines and a GES-1 cell line. As shown
in Fig. 1, miR-425-5p expression was significantly upregulated
in all the GC cell lines when compared with the GES-1 cell
line. Based on these results and those of a previous study (16),
BGC-823 cells were selected for further study.

Assessment of the transient transfection efficiency for
miR-425-5p mimics and inhibitor. Transfection efficiency
was monitored using RT-qPCR analysis. As shown in Fig. 2,
BGC-823 cells transfected with the miR-425-5p inhibitor
exhibited significantly lower miR-425-5p expression levels
when compared with the wild-type (WT) cells or those trans-
fected with a negative control, while cells transfected with
miR-425-5p mimics exhibited significantly higher miRNA
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expression levels when compared with the negative control
cells. In addition, transfection with miR-425-5p mimics did
not affect the cell-cycle profile, as demonstrated by flow
cytometry (Fig. 3).

Downregulation of miR-425-5p expression inhibits GC cell
proliferation. Since miR-425-5p expression was shown to
be significantly upregulated in GC tissues and cell lines, the
miRNA may function as a tumor promoter. Thus, the effect
that low expression levels of miR-425-5p has on cell growth
was examined in BGC-823 cells. Synthetic miR-425-5p
mimics, miR-425-5p inhibitor and a negative control were
transfected into BGC-823 cells, and miR-425-5p expression
was confirmed using RT-qPCR analysis.

A WST cell-growth assay revealed significant inhibition
of cell growth in the miR-425-5p inhibitor transfectants, as
compared with the cells transfected with the negative control
and the WT cells (P<0.01; Fig. 4A). Significant promotion of
cell growth in the miR-425-5p mimic transfectants was shown,
as compared with the control (P<0.05; Fig. 4B). In order to
further characterize the effects of miR-425-5p on cell growth,
a colony formation assay was performed in the transfected
cells. The number of colonies formed from BGC-823 cells
transfected with the miR-425-5p inhibitor was less than half
of that formed from the negative control and WT cells (P<0.01;
Fig. 4C). BGC-823 cells transfected with the miR-425-5p
mimics (high expression) displayed more colonies than the
negative control (P<0.05; Fig. 4D). These results demonstrated
that miR-425-5p promoted tumorigenicity in GC cells in vitro.

Downregulation of miR-425-5p expression inhibits GC
cell invasion and migration. Migration and invasion assays
were performed to investigate the mechanisms underlying
the effects of miR-425-5p on GC cell migration and inva-
sion. When compared with the control groups, the results
demonstrated that downregulation of miR-425-5p expression
significantly inhibited the migration and invasion of BGC-823
cells (Fig. 5).

Downregulation of miR-425-5p expression suppresses pulmo-
nary metastasis in nude mice. Mice were euthanized six weeks
after receiving an injection of transfected cells. The number of
lung metastatic nodes per mouse was markedly lower and the
nodes were smaller in the mice injected with BGC-823 cells
that had been transfected with the miR-425-5p inhibitor, as
compared with those in the control and WT groups (P<0.05;
Fig. 6).

Discussion

In recent years, numerous studies have shown that miRNAs
may serve as functional ‘oncogenes’ or ‘tumor suppressor
genes’ by regulating multiple cellular processes associated
with tumorigenesis and cancer progression (19-23). Although
intensive research effort has been conducted in this area,
only a limited number of case studies have identified specific
miRNASs that are involved in human tumor formation (24,25).
In the current study, miR-425-5p expression was shown to be
upregulated in GC cell lines. Furthermore, to the best of our
knowledge, the present study demonstrated for the first time
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Figure 3. Flow cytometric analysis of the cells transfected with (A) negative control and (B) microRNA-425-5p mimics. The results reveal that transfection

with miR-425-5p mimics did not affect the cell cycle profile.
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Figure 4. (A) Growth curve of BGC-823 cells following transfection with microRNA-425-5p (miR-425-5p) inhibitor, as compared with CO and WT cells;
P<0.01. (B) Growth curve of BGC-823 cells following transfection with miR-425-5p mimics (high expression), as compared with control cells; P<0.05.
(C and D) Colonies containing =50 cells were counted; P<0.01. Values are presented as the mean + standard deviation from three separate experiments. WT,

wild type; CO, negative control; IN, inhibitor.

that miR-425-5p regulates invasion and migration in vitro and
in vivo.

In the present study, the results demonstrated that
miR-425-5p enhanced GC cell proliferation; however, flow
cytometric analysis revealed no effects on the cell cycle and
apoptosis. This is inconsistent with the findings of a recently

published study (26) that outlined the critical role of nuclear
factor-kB-dependent upregulation of miR-425-5p, which
represents a new pathway for the suppression of phosphatase
and tensin activation and the promotion of cell survival upon
interleukin-1f induction. However, different cell lines and
detection methods may cause identical or inconsistent results.
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Figure 5. (A) Migration assay of BGC-823 cells following microRNA-425-5p (miR-425-5p) inhibitor transfection, as compared with the CO and WT cells; P<0.01.
(B) Migration assay of BGC-823 cells following transfection with miR-425-5p mimics (high expression), as compared with the control cells; P<0.05; (C) Invasion
assay of BGC-823 cells following transfection with miR-425-5p inhibitor, as compared with the CO and WT cells; P<0.01. (D) Invasion assay of BGC-823 cells
following transfection with miR-425-5p mimics (high expression), as compared with the control cells; P<0.05. IN, inhibitor; CO, negative control; WT, wild type.

A e ";y' £,
&"Qj:ﬁf rT;:.'-r X

Number of metastases

WT co IN

Figure 6. (A) Pathological examination using hematoxylin and eosin staining. (B) Number of tumor metastases. WT, wild type; CO, control, IN, inhibitor.



1622

Di Leva et al (17) demonstrated a duality in the biological
role of miR-191/425 clusters in breast cancer. High levels
of estrogen-dependent miR-191/425 were demonstrated to
induce proliferation in estrogen receptor-a-positive cells
by suppressing strong tumor-suppressor genes, such as
early growth response protein 1. However, low levels of
miR-191/425 clusters were shown to be essential for the
high expression of important modulators, such as special
AT-rich sequence binding protein 1, cyclin D2 and fascin
actin-bundling protein 1 (FSCN1), which confer a prolifera-
tive advantage to aggressive breast cancer cells.

Upon recourse to bioinformatics technology, the target
gene of miR-425-5p can be detected. To increase the accu-
racy of this prediction, genes that were predicted by at least
three out of four databases [DIANA LAB (Athens, Greece),
Microcosm Targets (Hinxton, UK), TargetScan (Whitehead
Institute for Biomedical Research, Cambridge, MA, USA),
miRDB (Washington University School of Medicine,
St. Louis, MO, USA)] were selected as putative targets.
Possible target genes, including SSX2IP, MAP3KS5, CLCN4
and FSCNI, and their mechanisms are being further studied
by the authors of the present study. In addition, investigation
into the existence of two-way adjustment mechanisms and
therapeutic targets should be performed in future.

In conclusion, the present study demonstrated that
miR-425-5p expression levels are upregulated in GC cell lines.
In addition, miR-425-5p was shown to regulate invasion and
migration in vitro and in vivo. Therefore, the results indicate
that miR-425-5p is an important regulator in the metastasis of
GC, demonstrating the potential application of miR-425-5p in
GC therapy.
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