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miR-483-5Sp promotes growth, invasion and self-renewal
of gastric cancer stem cells by Wnt/f3-catenin signaling
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Abstract. Gastric carcinoma (GC) ranks as the second most
common cause of cancer-associated mortality worldwide.
Emerging evidence has suggested a potential novel therapeutic
strategy based on the ability of cancer stem cells (CSCs) to
trigger tumorigenesis. MicroRNAs (miRNAs) have previ-
ously been implicated in CSC formation and regulation
of their functional characteristics. In the current study, a
significant upregulation of miR-483-5p levels was demon-
strated in spheroid body-forming cells (P<0.01) by reverse
transcription-quantitative polymerase chain reaction, which
were isolated from the MKN-45 gastric cancer cell line
and possessed gastric CSC (GCSC) properties. An MTT
assay demonstrated that overexpression of miR-483-5p by
transfection with miR-483-5p mimics significantly increased
cell proliferation and Annexin V-propidium iodide staining
indicated the suppression of cell apoptosis, suggesting that
miR-483-5p has an important function in GCSC growth.
Notably, Transwell and sphere formation assays demonstrated
that miR-483-5p elevation promoted GCSC invasion and cell
self-renewal ability, respectively. Further western blotting
assays demonstrated that miR-483-5p upregulation induced
an increase in the protein expression levels of -catenin and
its downstream target molecules, including cyclin D1, Bcl-2
and matrix metalloproteinase 2, indicating that miR-483-5p
activates Wnt/p-catenin signaling. Inhibition of this pathway
by B-catenin small interfering RNA transfection attenuated
the miR-483-5p-induced effects on cell growth, invasion
and self-renewal. These results demonstrate that miR-483-5p
may act as an oncogene to promote the development of GC
by regulating GCSC growth, invasion and self-renewal via
the Wnt/p-catenin signaling pathway. Thus, the present study
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suggests that miR-483-5p may be a promising therapeutic
target against GC.

Introduction

Gastric carcinoma (GC) is considered to be the fourth most
common type of malignancy worldwide and ranks as the
second leading cause of cancer-associated mortality, following
lung cancer (1,2). Despite advances made in the treatment of
GC, including surgical resection, chemotherapy and radia-
tion therapy, the results are often disappointing, with a high
recurrence rate of 70% following successful resection (3).
Furthermore, the survival of patients is poor with a 28% 5-year
overall survival rate. Thus, a deeper understanding of the
molecular mechanisms involved in controlling the initiation
and progression of GC is imperative.

Previous studies have increasingly focused on the cancer
stem cell (CSC) theory and its crucial function in the devel-
opment and progression of cancer (4-6). A growing body of
evidence has confirmed that CSCs comprise a small proportion
of cancer cells with the ability to initiate tumor development
and are recognized as the ‘heartbeat’ of cancer. The existence
of CSCs has been identified in several types of cancer, including
breast cancer, stomach cancer and glioma (7-9). Accumulating
evidence has demonstrated that CSCs are involved in tumor
aggressiveness, chemoresistance and metastasis, which may
explain the high frequency of carcinoma relapse (4). However,
a greater understanding of the underlying mechanisms asso-
ciated with CSCs may provide potential novel therapeutic
strategies for cancer.

MicroRNAs (miRNAs) are a family of endogenous small
non-coding RNA molecules 21-24 nucleotides in length,
which can interact with the 3'-untranslated region (3'-UTR)
of target-mRNAs to induce translational repression and gene
silencing. The dysregulation of miRNAs has been shown to
interfere with various biological functions, including cell
proliferation, invasion, metastasis and differentiation (10,11).
Emerging evidence has demonstrated the abnormal expression
of miRNAs in several types of cancer, and has indicated that
miRNAs can function as oncogenes or tumor suppressors to
participate in carcinogenesis and progression (12-14). Previous
studies reported that miRNAs can regulate the function of
CSCs (15,16). One such miRNA, miR-483-5p was demon-
strated to be dysregulated in several cancers and identified as
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a potential carcinoma biomarker in certain types of cancer,
including hepatocellular carcinoma, multiple myeloma and
adrenocortical tumors (17,18). In lung adenocarcinoma,
miR-483-5p can promote epithelial-mesenchymal transition
and enhance invasive and metastatic properties (19). However,
the function and the underlying molecular mechanisms of
miR-483-5p in the development of GC remains unclear.

The present study analyzed the expression of miR-483-5p
in gastric CSCs (GCSCs) derived from the MKN-45 human
gastric cancer cell line. The effects of miR-483-5p on cell
growth, invasion and self-renewal of GCSCs, and the under-
lying molecular mechanisms were investigated.

Materials and methods

Reagents. Unless otherwise stated, all reagents were obtained
from Sigma-Aldrich (St. Louis, MO, USA). The primary
rabbit monoclonal antibodies against human (3-catenin (cat.
no. ab32572), Bcl-2 (cat. no. ab32124) and cyclin DI (cat.
no. abl34175) were purchased from Abcam (Cambridge,
MA, USA). The mouse monoclonal antibody against matrix
metalloproteinase 2 (MMP-2; cat. no. sc-13594) and the rabbit
polyclonal antibody Ki67 (cat. no. sc-15402) were purchased
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

Culture of parental and spheroid body-forming cells.
MKN-45 human gastric cancer cells were obtained from the
American Type Culture Collection (Manassas, VA, USA).
Cells were maintained in RPMI-1640 medium supplemented
with 10% fetal bovine serum (FBS; Sigma-Aldrich) and 1%
penicillin-streptomycin sulfate (Sigma-Aldrich). All cells were
cultured in a humidified atmosphere at 37°C with 5% CO,.
Following the attachment of cells, they were subsequently
passaged upon reaching 70-80% confluence. To obtain the
spheroid bodies, the parental cells (100 cells/well) were plated
in a 96-well plate and incubated with serum-free RPMI-1640
medium containing 100 ng/ml epidermal growth factor (EGF;
Amyjet Scientific, Wuhan, China), 20 ng/ml human fibroblast
growth factor-2 (FGF-2; Amyjet Scientific), 2% B-27 supple-
ment (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and 1% N-2 supplement (Gibco; Thermo Fisher Scientific,
Inc.). After ~2 weeks, the primary spheroid body formation was
evaluated and quantified using an inverted microscope (IX70;
Olympus Corporation, Tokyo, Japan). When reaching a size of
200-500 cells per spheroid body, they were then collected and
dissociated by trypsinization for passaging, and further amplifi-
cation was performed as previously described (20).

Identification of parental-derived GCSCs by flow cytometric
analysis. For flow cytometry, 80% confluent cells were
detached from culture plates using 0.25% trypsin. Following
centrifugation at 800 x g for 5 min, cells were resuspended
in Hanks' balanced salt solution (HBSS) containing 1 mM
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (Gibco;
Thermo Fisher Scientific, Inc.) and 2% FBS. Cells were then
filtered using a 40-ym mesh filter (BD Biosciences, San Jose,
CA, USA). To identify the induced GCSCs, cells were plated
onto glass coverslips and fixed with 4% paraformaldehyde
(Sigma-Aldrich). After rinsing with phosphate-buffered
saline (PBS; Sigma-Aldrich), cells were permeabilized with
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0.1% Triton X-100 (Sigma-Aldrich) in PBS for 10 min.
Following incubation with 1% (w/v) solution of bovine serum
albumin (BSA; Sigma-Aldrich) in PBS for 30 min to block
the non-specific binding. Subsequently, a mouse anti-human
CD44-allophycocyanin monoclonal antibody (BD Biosci-
ences; cat. no. 559942), a common specific marker for GCSCs,
was added at a dilution of 1:400 at 37°C with 5% CO,. All
samples were stained with 2 ng/ml of 4',6-diamidino-2-phe-
nylindole (Sigma-Aldrich) to label DNA. After 30 mins, cells
were rinsed with HBSS, then the collected samples were
analyzed by flow cytometry using a FACSAria flow cytometer
(BD Biosciences). The results were analyzed using software
FlowlJo version 7.2.4 (Tree Star Inc., Ashland, OR).

Oligonucleotide transfection. To specifically induce
miR-483-5p expression in GCSCs derived from MKN-45
cells, miR-483-5p mimics and scrambled control oligo-
nucleotides were synthesized and obtained from Shanghai
GenePharma Co., Ltd. (Shanghai, China). For transfection,
cells were seeded into 96-well plates and transfected with
the above oligonucleotides using Lipofectamine 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. After 48 h transfection, cells were
collected and reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) was performed to evaluate the
transfection effectiveness.

Transfection of synthetic 3-catenin small interfering (si)RNA.
Scrambled siRNA and siRNA targeting human f-catenin
fragments were purchased from Shanghai GenePharma Co.,
Ltd. For siRNA transfection, cells with elevated miR-483-5p
and control cells were cultured in 24-well plates and then
transfected with 2 pg/ml B-catenin siRNA mixed with 5 ul
Lipofectamine RNAi MAX (Invitrogen; Thermo Fisher
Scientific, Inc.). Following incubation at room temperature for
24 h, cells were collected and the efficiency of the p-catenin
siRNA transfection was confirmed by western blot analysis.

RT-gPCR analysis. Total RNA was extracted from cultured
cells using TRIzol reagent (Invitrogen; Thermo Fisher Scien-
tific, Inc.). Then, first-strand cDNA was obtained by RT using
ImProm II Reverse Transcriptase (Promega Corporation,
Madison, WI, USA) with oligo-dT primers from 2 ug RNA.
The obtained cDNA was subsequently subjected to gPCR
using an SYBR Premix Ex Taq II kit (Takara Biotechnology
Co., Ltd., Dalian, China) in a 20 ul reaction mixture following
the manufacturer's instructions. The thermocycling condi-
tions were as follows: Initiation at 95°C for 3 min; 40 cycles
of 95°C for 15 sec and 60°C for 35 sec. The reaction was
conducted in an ABI 7900 system (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and the results were analyzed
using SDS 2.3 software (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The specific primers for CD44, Oct4, Nanog,
Sox2, CK14, CK18 and miR-483-5p were used as previously
described (20,21). The quantity of PCR product was normal-
ized with respect to U6 or B-actin as the endogenous controls.
The results were quantified using the 2224 method (22).

Proliferation assays. Cell proliferation was measured using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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Figure 1. Isolation and identification of spheroid bodies derived from
MKN-45 cells. (A) The FACS-sorted CD44* MKN-45 cells were cultured
in a low-attachment plate with serum-free media. After 2 weeks, the ratio
of sphere formation was detected and compared with parental cells. (B) The
mRNA levels of (B) CD44, Oct4, Nanog and Sox2, and (C) CK14 and
CK18 were determined in spheroid-body cells and parental cells by reverse
transcription-quantitative polymerase chain reaction. Values are presented as
the mean + standard deviation. "P<0.05 vs. the parental group. CD, cluster of
differentiation; CK, cytokeratin.

(MTT) assays. Briefly, cells were plated in 96-well plates and
treated as described. Following washing with PBS, 20 ul of
5 mg/ml MTT (Sigma-Aldrich) was added into each corre-
sponding test well and incubated for 5 h. Following removal of
the supernatant, 200 ul dimethyl sulfoxide was introduced to
dissolve the formazan. The absorbance at 570 nm was detected
to analyze cell viability using a micro-ELISA reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Apoptosis analysis. The rate of apoptosis was assessed
by Annexin V-propidium iodide (PI) staining using the
Annexin V-fluorescein isothiocyanate (FITC) Apoptosis
Detection kit (Beyotime Institute of Biotechnology, Haimen,

MOLECULAR MEDICINE REPORTS 14: 3421-3428, 2016

3423

China). Following preconditioning as described, cells were
lysed with lysis buffer (containing 10 mM Tris, 10 mM EDTA
and 0.5% Triton X-100, pH 7.5). Then, cells were resus-
pended in binding buffer containing Annexin V-FITC and PI
according to the manufacturer's instructions. All specimens
were analyzed using a FACScan flow cytometer (BD Biosci-
ences) and BD FACSDiva 6.1.3 software (BD Biosciences).

Sphere formation assays. To determine the self-renewal
ability of GCSCs, sphere formation assays were performed.
Briefly, cells were cultured in ultra-low attachment 24-well
plates (Corning Life Sciences, Corning, NY, USA). Following
transfection under the indicated conditions, cells were incu-
bated with serum-free RPMI 1640 medium (Biosera, Nuaille,
France) containing 20 ng/ml EGF and 10 ng/ml bFGF. After
3 weeks, the number of spheroid colonies were counted under
a light microscope (CKX31; Olympus Corporation).

Cell invasion assays. Cell invasion assays were performed
using 24-well Transwell chambers (8-ym pore polycarbonate
membrane; BD Bioscience). Briefly, cells transfected with
miR-483-5p mimics or miR-con were cultured in serum-free
RPMI 1640 medium. Subsequently, the treated cells were
seeded on the upper side of the membrane pre-coated with
diluted Matrigel (BD Biosciences) in PBS. Then, medium
containing 10% FBS was added into the lower chambers as
a chemoattractant. After 48 h incubation, the non-invading
cells inside the upper chamber were removed with a cotton
swab. Cells that had migrated through the membrane to the
lower surface were fixed with 4% paraformaldehyde, and then
stained with 0.1% crystal violet (Shanghai Shenggong Biology
Engineering Technology Service, Ltd., Shanghai, China).
Quantification was performed by counting the number of cells
in six high-powered fields in the center of each well under the
CKX3l1 light microscope.

Western blotting. Cells were lysed with radioimmuno-
precipitation assay lysis buffer (Beyotime Institute of
Biotechnology) and the protein concentration was detected
using a bicinchoninic acid protein assay kit (Beyotime Institute
of Biotechnology). Following electrophoresis using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis with 12%
polyacrylamide gel, the targeted proteins were electroblotted
onto a polyvinylidene difluoride membrane (Merck Millipore,
Darmstadt, Germany). Following incubation with 5% non-fat
milk to block the nonspecific binding, the membranes were
immunoblotted with primary antibodies against [3-catenin
(1:5,000), cyclin D1 (1:10,000), Bel-2 (1:1,000), Ki67 (1:1,000)
and MMP-2 (1:1,000). After three washes with Tris-buffered
saline with 0.05% Tween 20 (Sigma-Aldrich) at room tempera-
ture, each blot was incubated with goat anti-rabbit (1:1,000; cat.
no. ab6789) and goat anti-mouse (1:5,000; cat. no. ab97051)
horseradish peroxidase-conjugated secondary antibodies
(Abcam) for 1 h. Signals were detected with enhanced
chemiluminescent detection reagent (Beyotime Institute of
Biotechnology). f-actin served as loading control. The band
intensity was scanned with the Gel Imaging System (UVP
Company, Upland, CA, USA) and quantified using ImageJ 1.32
software (National Institutes of Health, Bethesda, MD, USA).
All experiments were performed at least three times.
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Figure 2. Overexpression of miR-483-5p promotes the growth of GCSCs. (A) The expression levels of miR-483-5p in the isolated GCSCs and gastric
cancer cells (MKN-45) “P<0.01 vs. GC. (B) Following transfection with miR-483-5p mimics, the expression level of miR-483-5p was evaluated by reverse
transcription-quantitative polymerase chain reaction. (C) The effect of miR-483-5p overexpression on cell proliferation was assessed by 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide analysis. (D) The corresponding expression of marker molecule Ki67 was analyzed by western blotting. (E) The
apoptotic rate of GCSCs was evaluated by staining with Annexin V/PI following miR-483-5p upregulation. "P<0.05 vs. miR-con. Values are presented as the
mean + standard deviation. miR, microRNA; GC, gastric cancer; GCSCs, gastric cancer stem cells; PI, propidium iodide.
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Figure 3. miR-483-5p promotes the invasion and self-renewal ability of GCSCs. (A) Cells were transfected with miR-483-5p mimics or miR-con, the cor-
responding cell invasive ability was evaluated by Transwell analysis. (B) The self-renewal ability of GCSCs was further confirmed by sphere formation assays.
“P<0.05 vs. miR-con. Values are presented as the mean + standard deviation. GCSCs, gastric cancer stem cells; miR, microRNA.

Statistical analysis. All results are representative of at least
three experiments. Analysis was conducted using SPSS soft-
ware (version 16.0; SPSS, Inc., Chicago, IL, USA). All data are
presented as the mean + standard deviation. Significant differ-
ences between groups was analyzed using Student's t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Identification of patient-derived GCSCs. FACS-sorted
CD44* MKN-45 cells cultured in serum-free medium formed
non-adherent, three-dimensional spheroid clusters, termed
spheroid bodies. Notably, compared with parental cells, the
spheroid bodies exhibited significantly increased self-renewal
potential (P<0.05) detected by tumorspheric generation

(Fig. 1A). Additionally, the mRNA levels of CD44, Oct4,
Nanog and Sox2, specific markers of GCSCs, were signifi-
cantly increased in isolated spheroid body cells compared
with parental cells (P<0.05; Fig. 1B). Furthermore, following
further attachment and incubation in serum-containing
medium, the spheroid body cells developed into elongated
cells, and the mRNA levels of cytokeratin 14 (CK14) and CK18,
markers of cell differentiation, were significantly upregulated
compared with parental cells (P<0.05; Fig. 1C). Thus, these
results confirmed that isolated spheroid body cells exhibited
increased self-renewal and differentiation potential, indicating
the successful isolation of GCSCs from MKN-45 cells.

Level of miR-483-5p is elevated in GCSCs. Numerous
previous studies have suggested that miR-483-5p expression
is increased in several carcinomas and exerts an important
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Figure 4. Effect of miR-483-5p on the activation of Wnt/p-catenin signaling. Following overexpression of miR-483-5p in GCSCs, the expression levels of
(A) B-catenin and (B) downstream targets (cyclin D1, Bcl-2 and MMP-2) were analyzed by western blotting. The corresponding quantitative analysis was
performed using by Image J software. The corresponding effect on the expression of downstream targets were also evaluated. "P<0.05 vs. miR-con. Values are

presented as the mean + standard deviation. GCSCs, gastric cancer stem cells; miR, microRNA; MMP-2; matrix metalloproteinase-2.

function in the development of cancer (19,23). However, the
importance of miR-483-5p in GC remains unclear. The present
study explored the expression of miR-483-5p in GCSCs. As
demonstrated in Fig. 2A, the expression levels of miR-483-5p
were significantly upregulated in GCSCs compared with GC
cells (P<0.01), indicating that miR-483-5p is important in the
development of GC.

miR-483-5p overexpression promotes GCSC growth. To
investigate the function of miR-483-5p in the tumorigenesis of
GC, the effect of miR-483-5p on GCSC growth was analyzed.
The current study overexpressed miR-483-5p in GCSCs by
transfection with miR-483-5p mimics and measured the
level with RT-qPCR (Fig. 2B). Functional analysis indicated
that compared with control miR, miR-483-5p upregulation
induced a 1.77-fold increase in cell viability (P<0.05; Fig. 2C)
and increased the expression of Ki67 (Fig. 2D), a common
marker of cell proliferation. Apoptosis analysis demonstrated
that the apoptotic rate was significantly reduced from 16.4
to 7.86% in control miR and miR-483-5p transfected cells,
respectively (P<0.05; Fig. 2E). Together, these data indicated
that miR-483-5p upregulation enhances GCSC growth by
promoting cell proliferation and attenuating cell apoptosis.

Overexpression of miR-483-5p induces GCSC invasion and
self-renewal. Based on the results of the current study, the

effects of miR-283-5p on GCSC invasion and self-renewal
were further investigated. As demonstrated in Fig. 3A,
ectopic transfection of miR-483-5p significantly increased
the invasiveness of GCSCs (P<0.05). The number of GCSCs
that invaded the membrane was increased from 62 to 94. The
self-renewal ability of GCSCs, one of the most important char-
acteristics of CSCs, was analyzed by sphere formation assays.
Consistently, miR-483-5p overexpression induced a 1.98-fold
increase in the number of spheres formed (P<0.05; Fig. 3B).
These results corroborated that upregulation of miR-483-5p
promotes the invasion and self-renewal of GCSCs.

miR-483-5p induces the activation of Wnt/f3-catenin pathway.
Numerous studies have demonstrated that the abnormally high
activation of the Wnt/f3-catenin pathway is pivotal for the initi-
ation and development of various types of carcinoma (24,25).
To understand the underlying mechanism involved in the effect
of miR-483-5p on GCSC growth, invasion and self-renewal,
the Wnt/B-catenin pathway was investigated. Western blotting
demonstrated that transfection with miR-483-5p mimics signif-
icantly upregulated the f3-catenin protein expression levels
compared with control miR transfection (~1.97-fold increase;
P<0.05; Fig. 4A). Furthermore, the significant upregulation
of cyclin D1 and Bcl-2 protein levels was demonstrated in
miR-483-5p-overexpressing cells compared with miR control
cells (P<0.05; Fig. 4B), which are key targeted molecules in the
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Figure 5. Wnt/B-catenin pathway mediates miR-483-5p-induced GCSC growth, invasion and self-renewal. GCSCs were pretreated with f-catenin siRNA
prior to miR-483-5p mimic transfection. (A) The silencing effect on B-catenin expression was determined by western blotting. (B) The effect of f-catenin
silencing on miR-483-5p-induced activation of the Wnt/B-catenin pathway was validated by detecting the expression of its downstream targets. (C) MTT assay
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on (D) cell apoptosis, (E) invasion and (F) self-renewal were also measured. "P<0.05. GCSC, gastric cancer stem cell; siRNA, small interfering RNA; miR,

microRNA; MMP-2 matrix metalloproteinase-2.

Wnt/p-catenin pathway and are involved in cell growth (25).
Additionally, compared with miR control cells, the protein
expression levels of MMP-2 were significantly increased
following miR-483-5p overexpression. Taken together, the
results of the present study suggested that miR-483-5p induces
activation of the Wnt/B-catenin pathway.

Wntl(-catenin signaling is involved in miR-483-5p-induced
tumorigenesis. To elucidate the molecular mechanisms via
which miR-483-5p affects the biological function of GCSCs,
a specific f-catenin siRNA was synthesized. Following
transfection with -catenin siRNA, the expression levels
of B-catenin were markedly reduced in GCSCs compared
with control siRNA transfection (Fig. 5A). Additionally, the
miR-483-5p-induced increase in the downstream targets of
cyclin D1, Bcel-2 and MMP-2 were also markedly decreased
compared with miR-483-5p and control siRNA transfected
cells (Fig. 5B). Functional assays demonstrated that (3-catenin
silencing significantly reduced cell viability compared with

miR-483-5p transfection (P<0.05; Fig. 5C). Additionally,
compared with miR-483-5p and control siRNA transfected
cells, the inhibitory effect of miR-483-5p on cell apoptosis was
ameliorated by [-catenin siRNA (P<0.05; Fig. 5D). Further-
more, the increased cell invasion (Fig. SE) and self-renewal
(Fig. 5F) induced by miR-483-5p upregulation were
significantly ablated following B-catenin siRNA transfection
compared with miR-483-5p and control siRNA transfected
cells (P<0.05). Therefore, the data of the current study indi-
cated that miR-483-5p may promote GCSC growth, invasion
and self-renewal via the Wnt/B-catenin pathway.

Discussion

GC ranks as the leading cause of tumor-related mortality
worldwide with a 5-year survival rate of only ~28% (1).
Despite the advances made in modern medicine, the incidence
of GC remains high and constitutes a major health problem
in developing countries with ~700,000 fatalities due to GC in
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2012. CSCs have become an important field in cancer research
as their characteristic stemness properties may provide novel
strategies for the treatment of patients with cancer (4,6).
The current study demonstrates the important finding that
miR-483-5p levels were significantly upregulated in GCSCs.
Notably, increased miR-483-5p promoted GCSC growth,
invasion and self-renewal via the Wnt-f3-catenin pathway.
Therefore, the present study may clarify the importance of
miR-483-5p in the development of GC.

miRNA dysregulation has previously been demonstrated
to be involved in the development and progression of prac-
tically all types of cancer (12). Emerging evidence has
confirmed an association between miRNAs and the patho-
logical process of CSCs (13,26). CSCs have been identified in
various tumors, including GC, and exhibit mesenchymal and
progenitor cell properties, including self-renewal and prolif-
erative capacity (27,28). Thus, CSCs may be associated with
causing tumor initiation, metastasis and recurrence, and may
be a potential target for the treatment of cancer. In the present
study, the non-adherent spheroid body-forming MKN-45 cells
cultured in stem cell conditioned medium exhibited increased
self-renewal, levels of GCSC-associated markers (CD44, Oct4,
Nanog and Sox2) and cell differentiation, indicating that the
isolated cells possessed GCSC properties. Further analysis
demonstrated increased expression of miR-483-5p in isolated
GCSCs compared with GC cells, suggesting that miR483-5p is
important for the development of GCSCs.

miR-483-5p was previously demonstrated to be overex-
pressed in several types of cancer, including multiple myeloma,
hepatocellular carcinoma and adrenocortical cancer (17,19).
Furthermore, circulating miR-483-5p has previously been
confirmed as a novel biomarker for the diagnosis and survival
prediction of patients with cancer, indicating a pivotal func-
tion of miR-483-5p in the progression of carcinoma (18,29).
However, the underlying mechanism remains undefined in GC.
To investigate the function of miR-483-5p in the development of
GC, its effects on GCSC function were analyzed. Upregulation
of miR-483-5p expression in GCSCs resulted in increased cell
viability and reduced cell apoptosis, suggesting that miR-483-5p
promotes GCSC growth. Further analysis demonstrated that
miR-483-5p overexpression enhanced GCSC invasion. Notably,
miR-483-5p overexpression increased the number of spheroid
bodies formed, indicating that miR-483-5p is a positive regu-
lator of GCSC self-renewal ability, which is one of the most
important characteristics of CSCs. Thus, the data of the present
study suggest that miR-483-5p may act as an oncogene during
GC carcinogenesis by regulating GCSC function.

The canonical Wnt/B-catenin signaling pathway has previ-
ously been demonstrated to be a major tumorigenesis pathway
in various types of carcinoma (23,30). Convincing evidence
indicates that Wnt/f-catenin signaling mediates tumor initia-
tion and progression by regulating cell proliferation, invasion
and metastasis. Emerging research has demonstrated the impor-
tance of Wnt/B-catenin signaling in tumor stem and progenitor
cells (31). The abnormal activation of the Wnt/f-catenin
pathway has previously been detected in CSCs from various
types of carcinoma, including GC (32,33). When Wnt/p-catenin
signaling was suppressed by chromobox 7, CSC proliferation,
self-renewal and tumor initiating ability was shown to be
inhibited in breast cancer (34). To further clarify the underlying
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mechanism associated with the effects of miR-483-5p on GCSC
growth, invasion and self-renewal, the Wnt/B-catenin signaling
was investigated. In accordance with the hypothesis of the
present study, miR-483-5p upregulation increased the protein
expression levels of 3-catenin, and upregulated cyclin D1, Bcl-2
and MMP-2 protein expression, which are common downstream
molecules of Wnt/p-catenin signaling involved in cell prolif-
eration and invasion. Further functional assays demonstrated
that inhibiting the pathway by (3-catenin siRNA transfection
attenuated the increases in miR-483-5p-induced cell growth,
invasion and self-renewal ability. Thus, the data of the current
study suggest that miR-483-5p may enhance GCSC function via
activation of the Wnt/B-catenin pathway, inducing cell growth,
invasion and self-renewal.

In conclusion, the present study confirmed that miR-483-5p
is increased in GCSCs derived from MKN-45 cells. Notably,
miR-483-5p may be associated with GC maintenance by regu-
lating growth, invasion and self-renewal via Wnt/B-catenin
signaling. Accordingly, the results of the current study may
contribute to the understanding of how miR-483-5p regulates
the development and pathological progression of GC, and
provide a promising target for the treatment of GC.
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