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Regulatory effects of microRNA-184 on osteosarcoma
via the Wnt/p-catenin signaling pathway
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Abstract. The present study aimed to investigate the
role of microRNA (miRNA/miR)-184 in osteosarcoma
growth, development and metastasis, and the effects of
miRNA-184 on the proliferation, invasion and metastasis
of osteosarcoma cells and associated mechanisms. In vitro,
miR-184 was transfected into U-20S cells and 143B cells.
Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) was used to detect the expression of miR-184.
MTT was utilized to detect cell proliferation. A Transwell
assay was applied to detect cell invasiveness. In vivo, an
osteosarcoma tibial orthotopic metastatic tumor model was
established, and western blotting and RT-qPCR were used
to detect the expression of Wnt and [-catenin. Following the
overexpression of miR-184, the proliferation and cell invasion
ability were significantly increased in U-20S and 143B cells.
Following inhibition of miR-184, cell proliferation and cell
invasion ability were significantly decreased. In nude mice,
tumor volume significantly increased following overexpression
of miR-184, and Wnt and phosphorylated (-catenin levels
were significantly increased. Following miR-184 inhibition,
tumor volume was significantly decreased, and Wnt and
phosphorylated p-catenin levels were significantly decreased.
The results of the present study indicated that the Wnt/f3-catenin
signaling pathway serves a key function in the mechanism of
osteosarcoma. Inhibition of miRNA-184 may reduce tumor
volume of osteosarcoma via regulation of the Wnt/f3-catenin
signaling pathway and may provide a novel strategy for the
future diagnosis and treatment of osteosarcoma.

Introduction
Osteosarcoma is a common type of primary malignant bone

tumor in children and adolescents (1). Previously, the treat-
ment of osteosarcoma was primarily amputation; however,
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chemotherapeutic drugs containing Adriamycin, methotrexate,
ifosfamide and cisplatin (2,3), surgery and radiotherapy have
increased the 5-year survival rate of patients to ~70% (4).
However, high local recurrence rate, early distant metastasis
and poor chemotherapy sensitivity provide large mental and
economic burdens to patients and their families (5). Therefore,
it is important to investigate the molecular mechanism of
biological activity of osteosarcoma.

A number of genes associated with tumor invasion and
metastasis have been reported in the investigation into the
occurrence, development and metastasis of osteosarcoma (6,7).
In particular, the discovery of microRNA (miRNA) provides
a novel direction for the study of osteosarcoma gene regula-
tion. miRNA is a small non-coding RNA molecule (containing
~22 nucleotides), which inhibits the translation of target
mRNA and is involved in the regulation of protein biosyn-
thesis at the post-transcriptional level via the complete and
incomplete complementation of the terminal 3'untranslated
region of a downstream gene. A previous study demonstrated
that ~3% of human genes encode miRNAs and >30% human
genes may be regulated by miRNA (8). Abnormal miRNA
structure or expression can cause the occurrence of tumors.
Studies have revealed that a variety of miRNAs exert different
effects as oncogenes or tumor suppressor genes on osteo-
sarcoma; miR-32, miR-29b, miR-145 and miR-194 exhibit
an inhibitory effect (9-13), but miR-27a and miR-128 exert
promoting effects on tumor proliferation, metastasis and
invasion (14,15). MiR-184, as a novel miRNA in recent years,
exhibits abnormal expression in numerous tumors, including
hepatocellular carcinoma (miR-184 functions as an onco-
genic regulator in hepatocellular carcinoma) and renal cell
carcinoma (microRNA-184 functions as tumor suppressor in
renal cell carcinoma), and serves carcinogenic or anticancer
roles (16-20). A recent study verified the promoting effect of
miR-184 in proliferation and invasion of osteosarcoma, but the
precise mechanism remains unknown (21).

The Wnt signaling pathways are a group of signal transduc-
tion pathways that transfer extracellular signals to cells (22).
The Wnt/B-catenin signaling pathway is one of three Wnt
signaling pathways and can phosphorylate disheveled (Dvl)
protein in the cytoplasm by binding to Wnt proteins (23).
Thus, B-catenin is free from the Axin/adenomatous polypolis
coli/casein kinase la/glycogen synthase kinase 3 /p-catenin
complex, and enters into the nucleus, binds to transcription
factor lymphoid enhancer-binding factor/T-cell factor in the
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nucleus, and finally activates downstream target genes c-Myc
and cyclin D1 (24). Abnormal initiation of the Wnt/B-catenin
signaling pathway may lead to unlimited cell proliferation,
thereby leading to tumorigenesis (25). Activation of the Wnt
signaling pathway regulates osteosarcoma invasion and
metastasis (26), and interferes with Wnt/p-catenin signals and
inhibits growth and metastasis of osteosarcoma cells (27).
However, scholars have also reported opposing findings that
the activation of Wnt/B-catenin signaling pathway suppresses
osteosarcoma cell proliferation (28). MiRNA regulation of
the Wnt/B-catenin signaling pathway contains two categories:
Activation and inhibition, involving 29 miRNAs, including
miR-344 and miR-181, as well as 18 miRNAs that inhibit the
Wnat signaling pathway, including miR-148a and miR-496 (29).
However, its mechanism in the occurrence and development
of osteosarcoma remains unclear. The present study was
designed to investigate the effects of miR-184 on osteosarcoma
growth, development and metastasis, and to further explore the
effect of miR-184 on proliferation, invasion and metastasis of
osteosarcoma cells via regulation of the Wnt signaling pathway.

Materials and methods

Culture of human osteosarcoma U-20S cells and 143B
cells. Human osteosarcoma U-20S cells and 143B cells were
purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). U-20S cells were
incubated with RPMI-1640 (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), and 143B cells were incubated
with Dulbecco's modified Eagle's medium (DMEM; Gibco;
Thermo Fisher Scientific, Inc.) at 37°C in a 5% CO, incubator.
In addition, 0.25% EDTA-trypsin and PBS were purchased
from Gibco (Thermo Fisher Scientific, Inc.).

MiR-184 transfection into U-20S cells and 143B cells.
MiR-184 analogue sequence, 5'-GGCAUUCUGUAUACA
UCGGAG-3' and miR-184 inhibitor sequence, 5'-GAU
CGGAGGUGCAUUCUA-3' were synthesized by Shanghai
GenePharma Co., Ltd. (Shanghai, China) following the manu-
facturer's protocol. Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) was used for transfection. A
total of 1x10° infection units/ml lentivirus (miR-184) were
used for transfection. Cells were washed three times with
PBS and incubated with RPMI-1640 and DMEM at 37°C in a
5% CO, incubator for 6 h, and were then used for subsequent
analysis. U-20S and 143B cells transfected with empty vectors
(Shanghai GenePharma Co., Ltd.) were used as control groups.

MiR-184 expression levels detected by reverse
transcription-quantitative polymerase chain reaction
(RT-qPCR) prior to and post-transfection. RNA was
extracted from U-20S and 143B cells using TRIzol reagent
(Thermo Fisher Scientific, Inc.). To generate cDNA, RT was
performed using a Mir-X™ miRNA First-Strand Synthesis
kit (cat. no. 638313; Takara Biotechnology Co., Ltd., Dalian,
China), according to the manufacturer's protocol. An SYBR-
Green Master mix (RR820A; Takara Biotechnology Co., Ltd.,
Dalian, China) was used for gPCR. All primers were designed
and synthesized with Primer Premier 6.0 (Premier Biosoft
International, Palo Alto, CA, USA). Primer sequences were
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as follows: MiR-184 sense, 5"TACGACTATGTGACCTGC
CTG-3" and antisense, 5"-TGGTTCAACTCTCCTTTCCA-3";
U6 (sequence unavailable). The reaction conditions were: 95°C
for 30 sec, 95°C for 5 sec, 60°C for 30 sec, and the fluorescence
signal was detected from 40 cycles. MiR-184 expression
levels were calculated using the 2244 method (30). MiR-184
expression levels were detected in the control group, miR-184
analogue group and miR-184 inhibitor group.

Cell viability measured via an MTT assay. U-20S cells and
143B cells in the logarithmic phase were seeded on a 96-well
plate, 4,000 cells/well, at 37°C and 5% CO, for 24 h. Until stable
growth, cells were harvested at 12,24 and 36 h. A total of 20 ul
MTT (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
was added in each well for 4 h at 37°C. Following the removal
of the medium, 100 ul dimethyl sulfoxide was added to each
well (Sigma-Aldrich; Merck KGaA) and agitated at a low speed
for 10 min. The absorbance value of each well was measured at
570 nm with a microplate reader. The effect on cell proliferation
was determined in the control group, miR-184 analogue group
and miR-184 inhibitor group. Experiments were conducted in
triplicate and each group had six parallel wells.

Cell invasion detected by Transwell assay. A Transwell assay
(Hyclone; GE Healthcare, Chicago, IL, USA) was used to
detect cell invasion. The Transwell chamber polycarbonate film
was coated with 100 ul diluted Matrigel. A total of 100 pl cell
suspension and 200 ul serum-free RPMI-1640 (for U-20S cells)
and DMEM (for 143B cells) were added to the upper chamber.
A total of 500 p1 RPMI-1640 and DMEM containing 10% fetal
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) was added
to the lower chamber. Following incubation for 24 and 48 h
at 37°C, samples were fixed with anhydrous ethanol for 60 min
at 4°C, stained with 0.1% crystal violet for 30 min at room
temperature, and then analyzed with a microscope (NE950;
Leica Microsystems, Inc., Buffalo Grove, IL, USA). A total
of 5 fields of view were observed. The effect on cell invasion
was determined in the control group, miR-184 analogue group
and miR-184 inhibitor group. Experiments were performed in
triplicate and the average value was calculated.

Animals. A total of 36, 4-week-old female Balb/c nude mice
(23-25 g) were purchased from the Experimental Animal
Department of China Medical University (Shenyang, China).
Mice were provided with access to food and water ad libitum,
and the housing conditions were as follows: A temperature of
20-26°C, a 40-70% relative humidity and a 12/12 h light/dark
cycle. The present study was approved by the China Medical
University Institutional Animal Care and Use Committee
(IACUC no. 2016024).

Establishment of nude mouse models of tibial orthotopic
metastasis from osteosarcoma. Osteosarcoma U-20S cells
and 143B cells in the logarithmic phase were used to establish
nude mouse models of tibial orthotopic metastasis. A total of
36 nude mice were randomly assigned to six experimental
groups (six mice per group): i) U-20S cells transfected with
empty vectors (control), ii) 143B cells transfected with empty
vectors (control), iii) U-20S cells transfected with miR-184
analogues, iv) 143B cells transfected with miR-184 analogues,
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Figure 1. Reverse transcription-quantitative polymerase chain reaction analysis of miR-184 expression in U-20S cells and 143B cells. "P<0.05 vs. control

group; “P<0.05 vs. miR-184 analogue group. miR, microRNA.

v) U-20S8 cells transfected with miR-184 inhibitors and
vii) 143B cells transfected with miR-184 inhibitors. The cell
density was 2x10%/ml; 30 pl cell suspension was infused into
the bone marrow cavity of the right proximal tibia of nude
mice of each group. The growth of orthotopic metastatic tumor
was observed following injection every other day for 28 days.

Tumor growth rate and tumor volume. A total of 2 weeks
post-orthotopic transplantation, nude mice bearing tumors
were anesthetized with 1% pentobarbital via intraperitoneal
injection (45 mg/kg) and then euthanized by cervical dislo-
cation. Following dissection, tumor growth and volume
were grossly observed. The long and short diameters of
the transplanted tumor were calculated, and tumor volume
was calculated in each group according to Steel formula:
V=1/2a x b x b (“V’ represents the volume, ‘a’ represents the
length, and ‘b’ represents the width) (31). Tumor volume was
compared among different groups.

Analysis of expression levels of Wnt and [3-catenin protein in
tumor tissue via western blotting. Tumor tissue of nude mice
with metastatic tumors was collected from the control groups,
the miR-184 analogue group and the miR-184 inhibitor group.
Total protein was extracted from tumor tissues using radioim-
munoprecipitation assay lysate buffer (Thermo Fisher Scientific,
Inc.) and a bicinchoninic acid kit (BD Biosciences) was used
to quantify protein. Protein samples (20 ug) were subjected to
10% SDS-PAGE and then transferred onto polyvinylidene fluo-
ride membranes. The membranes were blocked with 5% non-fat
milk powder for 2 h at room temperature, and incubated with
primary antibodies at 4°C overnight. Primary antibodies were
as follows: Anti-Wnt (cat. no. ab15251; 1:1,000), anti-B-catenin
(cat. no. ab32572; 1:3,000), anti-phosphorylated-f3-catenin
(cat. no. ab27798; 1:500) and anti-GAPDH (cat. no. ab181602;
1:1,000; all Abcam, Cambridge, UK). Secondary antibodies (cat.
no. bs-0295G; 1:1,000; BIOSS, Beijing, China) were added and
incubated with membranes at room temperature for 2 h. Samples
were detected with enhanced chemiluminescence (Amersham;
GE Healthcare). The gray value was measured using Quantity
One software (version 4.62; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Expression levels of Wnt and [3-catenin mRNA in tumor
tissue of nude mice detected by RT-gqPCR. RT-qPCR was

employed to determine (-catenin mRNA expression levels
in control groups, miR-184 analogue groups and miR-184
inhibitor groups. RNA was extracted from the tumor tissues
using TRIzol reagent (Thermo Fisher Scientific, Inc.). cDNA
was synthesized using a High-Capacity RNA-to-cDNA™ kit
(Invitrogen; Thermo Fisher Scientific, Inc.). A SYBR® Premix
Ex Taq™ II (cat. no. RR820A; Takara Biotechnology Co. Ltd.)
gPCR kit was used for detection. All primers were designed
and synthesized with Primer Premier 6.0 (Premier Biosoft
International). Primer sequences were as follows: Wnt sense,
5'-CCCGACGCTTCGCTTGAAT-3!, and antisense, 5'-GAC
CGCTGGAGGTGCCATG-3"; p-catenin sense, 5'-GAGCTG
CCATGTTCCCTGAG-3' and antisense, 5'-CAGTTGTCA
ATTTGATTAAC-3"; and GAPDH sense, 5-ATCTGGAGT
TTACCGCTGG-3' and anti-sense, 5S"TACCGATGTCTGGTA
GACGAT-3". The thermocycling conditions were as follows:
Initial denaturation at 95°C for 30 sec; followed by 40 cycles
of annealing and elongation at 95°C for 5 sec and 60°C for
30 sec. Wnt and B-catenin mRNA expression levels were
quantitatively analyzed using the 2244 method (30).

Statistical analysis. Data were analyzed using SPSS 19.0
software (IBM Corp., Armonk, NY, USA). Measurement data
are expressed as the mean + standard deviation. Comparisons
between groups were made using a Student's t-test (two-tailed)
or analysis of variance with a Tukey's post hoc test or
Kruskal-Wallis test. P<0.05 was considered to indicate a
statistically significant difference.

Results

MiR-184 expression levels in U-20S and 143B cell lines.
MiR-184 analogue and inhibitor were transfected into U-20S
cells and 143B cells using Lipofectamine® 2000. RT-qPCR
was applied to detect miR-184 expression levels. Compared
with the control groups, miR-184 expression levels were
significantly higher in the miR-184 analogue groups (P<0.05),
but significantly lower in the miR-184 inhibitor groups (P<0.05;
Fig. 1). This result suggests that miR184 was successfully
transfected into both cell lines.

Effects of miR-184 on U-20S and 143B cell viability. An MTT
assay was used to determine cell proliferation. Compared with
the control groups, U-20S cell and /43B cell proliferation
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Figure 2. MTT assay for determining U-20S cells and 143B cell proliferation. “P<0.05 vs. control group; “P<0.05 vs. miR-184 analogue group. miR, microRNA.

were significantly increased in the miR-184 analogue groups
(P<0.05), but significantly reduced in the miR-184 inhibitor
groups (P<0.05; Fig. 2). This result demonstrated that transfec-
tion with miR-184 enhances the stability of both cell lines.

Effects of miR-184 on U-20S and 143B cell invasion. A
Transwell assay was used to determine cell invasion ability.
Compared with the control groups, cell invasion ability was
significantly increased in the miR-184 analogue groups
(P<0.05), but significantly reduced in the miR-184 inhibitor
groups (P<0.05; Fig. 3). This result suggested that miR-184
enhances the invasion ability of U-20S and 143B cells.

Effects of miR-184 on the growth of tibial orthotopic metas-
tasis from osteosarcoma in nude mouse models. In vivo
analysis demonstrated that compared with the control groups,
tumor volume significantly increased in the miR-184 analogue
groups in both cell lines (P<0.05), while tumor volume was
significantly decreased within the miR-184 inhibitor groups
(P<0.05; Fig. 4). These results suggested that miR-184
promotes tumor growth in nude mice.

Wnt and [3-catenin protein expression levels in nude mouse
models of tibial orthotopic metastasis from osteosarcoma
as detected by western blotting. Compared with the control
groups, Wnt, B-catenin and phosphorylated (3-catenin levels
were significantly increased in the miR-184 analogue groups
in both cell lines (P<0.05), but significantly decreased in
the miR-184 inhibitor groups (P<0.05; Fig. 5). These results
demonstrated that miR-184 may positively regulate Wnt
signaling pathway-associated protein expression levels.
Furthermore, the results suggest that miR184 regulates the
Wnt signaling pathway to promote tumor growth.

Wnt and B-catenin mRNA expression levels in nude mouse
models of tibial orthotopic metastasis from osteosarcoma as
measured by RT-qPCR. Wnt and B-catenin mRNA expres-
sion levels were determined in the metastatic tumors of nude
mice in the control, miR-184 analogue and miR-184 inhibitor
groups. Overexpressed miR-184 could significantly upregulate
Wnt and 3-catenin mRNA expression levels compared with the
control groups (P<0.05). Following the inhibition of miR-184
expression, Wnt and f-catenin mRNA expression levels were
significantly decreased compared with the control (P<0.05;
Fig. 6). These findings indicated that miR-184 may positively

regulate Wnt and f-catenin mRNA expression levels. These
results further suggest that miR-184 promotes tumor growth
via the regulation of the Wnt signaling pathway.

Discussion

Osteosarcoma is the most common type of malignant bone
tumor, which is characterized by a high degree of malignancy,
distant metastasis easily occurring in the early stage, and
poor prognosis in adults, adolescents and children (32). It was
recently reported that osteosarcoma accounts for 3-5% cases
of cancer in children and adolescents, and the pathogenesis
had significant heterogeneous genetic characteristics (33).
Therefore, investigating and identifying the pathogenesis of
osteosarcoma is of great significance and may provide a novel
target for treatment.

MiRNAs, as endogenous small molecule RNAs, are
widely involved in the development and progression of
numerous tumors. Numerous miRNAs are implicated in the
diagnosis, treatment and prognosis of osteosarcoma (34,35).
In highly aggressive osteosarcoma cell lines, miR-199b-5p
and miR-100-3p expression levels were downregulated, but
miR-155b-5p, miR-135-5p and miR-146a-5p expression levels
were upregulated; among them, miR-135-5p and miR-146a-5p
were strongly associated with tumor cell invasion and
metastasis (36). Further study on the role of miRNA in
osteosarcoma may clarify the mechanism of miRNA involved
in the proliferation and invasion of osteosarcoma cells and
provide a novel method for the treatment of osteosarcoma.

MiR-184, as a novel member of the miRNA family, is
involved in the development and metastasis of osteosarcoma.
Lin et al (37) suggested that upregulated miR-184 may induce
chemotherapy resistance by mediating B-cell lymphoma-1
like 1 protein expression. The present study reported that
in vitro proliferation and invasive ability of osteosarcoma
U-20S cells and 143B cells transfected with miR-184 analogue
sequence were markedly enhanced, which was consistent with
a previous study regarding the regulatory effect of miR-184 on
osteosarcoma cell lines (21). MiR-184 has been demonstrated
to promote the proliferation and invasion of glioblastoma (38).
Su et al (16) reported that miR-184 may function as a tumor
suppressor in renal cell carcinoma. MiR-184 has various
mechanisms of action in different tumors, indicating tissue
specificity. In the present study, an MTT assay demonstrated
that when miR-184 was overexpressed, the proliferation of
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Figure 5. Analysis of the expression of Wnt pathway-associated proteins by western blot analysis, following miR-184 inhibition and overexpression.
(A) Wnt pathway-associated protein expression in U-20S cells. (B) Wnt pathway-associated protein expression in 143B cells. “P<0.05 vs. control group;

"P<0.05 vs. miR-184 analogue group. miR, microRNA.

tumor cells was significantly higher compared with the control
group. By contrast, when miR-184 expression was suppressed,
the proliferation of tumor cells was inhibited. The present study
established nude mouse models of tibial orthotopic metastasis
from osteosarcoma and reported that compared with in the
miR-184 inhibitor and control groups, tumor volume were
markedly increased within the miR-184 analogue group.
The aforementioned results confirmed that overexpression
of miR-184 promoted osteosarcoma cell proliferation in vivo
and in vitro. Conversely, inhibition of miR-184 expression may
suppress the proliferation of tumor cells.

The Wnt/B-catenin signaling pathway is strongly
associated with tumor invasion and metastasis, and has been

reported to be activated or inhibited by miRNA so as to induce
tumor cell proliferation, apoptosis and invasion (39,40).
MiR-184 is abnormally expressed in a variety of tumor
tissues. In addition to osteosarcoma, miR-184 is also involved
in the proliferation and invasion of various malignant tumor
types, including glioblastoma, renal cell carcinoma and
central nervous system lymphoma (19). However, the existing
mechanism of action requires further investigation. In the
present study, RT-qPCR and western blot analysis revealed
that high miR-184 expression may upregulate the expression
levels of Wnt and B-catenin mRNA and protein. Conversely,
the expression levels of Wnt and -catenin mRNA and
protein were decreased in the miR-184 inhibitor group. These
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Figure 6. Analysis of mRNA expression of Wnt and f3-catenin by reverse transcription-quantitative polymerase chain reaction, following miR-184 inhibition
and overexpression. (A) Wnt and f-catenin mRNA expression in U-20S cells. (B) Wnt and f3-catenin mRNA expression in 143B cells. "P<0.05 vs. control

group; “P<0.05 vs. miR-184 analogue group. miR, microRNA.

results indicated that highly expressed miR-184 was involved
in the occurrence, development, invasion and metastasis
of osteosarcoma, possibly by upregulating Wnt/f-catenin
expression. Li ef al (41) confirmed that miR-184 promoted the
proliferation and invasion of pancreatic ductal adenocarcinoma
cells, and inhibited cell apoptosis by upregulating caspase-3
levels. In glioma and breast cancer cells, miR-184 blocked
cell cycle and cell adhesion by upregulating P53 and P21
protein expression levels, caspase-3/8 activity, suppressing
the protein kinase B/nuclear factor-kB signaling pathway,
and downregulating Staphylococcal nuclease and tudor
domain containing 1, matrix metalloproteinase-2/9 and
cluster of differentiation 44 expression levels (42). The results
of the present study indicated that miR-184 contributes to
osteosarcoma cell proliferation and invasion, and increases
tumor volume in nude mice bearing tumors by upregulating
Wnt/p-catenin signaling pathway-associated gene and protein
expression levels. This provides novel evidence for studying
the mechanism of miR-184 in osteosarcoma. However, Wnt
signaling pathway inhibitors were not employed to investigate
specific mechanisms by which miR-184 regulates Wnt
signaling, which was a limitation of the present study.
Numerous genes and molecules are involved in the genesis,
development, invasion and metastasis of osteosarcoma.
Certain miRNAs exhibit carcinogenic effects on osteosar-
coma, while others exhibit inhibitory effects. The results of the
present study suggested that miR-184 may be a precancerous
marker of osteosarcoma, which may provide a basis for novel
strategies for the diagnosis and treatment of osteosarcoma.
However, further investigation into the precise mechanism
and associated interactions with other gene regulatory factors

are required in the future. Analyzing the biological mecha-
nism of osteosarcoma and investigating potential targets of
molecular therapy may become the focus and direction of
future research.
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