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MiRNA-15a inhibits proliferation, migration and invasion
by targeting TNFAIP1 in human osteosarcoma cells
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Abstract: Recent data strongly suggest the important role of miRNAs in various cancer-related processes.
Osteosarcoma is the most common type of primary malignant bone tumor and is characterized by complex genetic
changes and resistance to conventional treatments. In this study, the role of miRNA-15a (miR-15a) in the progres-
sion and metastasis of osteosarcoma was investigated. The result demonstrated that the expression of miR-15a
was down-regulated in osteosarcoma tissues and cell lines as compared with that in adjacent non-neoplastic bone
tissues and the osteoblastic cell line. In functional assays, miR-15a inhibited cell proliferation, migration and inva-
sion in U20S and MG-63 cells. Meanwhile, bioinformatic analysis combined with experimental confirmation dem-
onstrated that tumor necrosis factor; a-induced protein 1 (TNFAIP1) gene is a potential target of miR-15a and can
be directly regulated by miR-15a. Down-regulation of TNFAIP1 induced effects on osteosarcoma cell lines similar to
those induced by miR-15a. Taken together, these data suggest that miR-15a may act as a tumor suppressor, which
is commonly down-regulated in both osteosarcoma tissues and cells. TNFAIP1 plays an important role in mediating
miR-15a dependent biological functions in osteosarcoma. Reintroduction of miR-15a may be a novel therapeutic
strategy by down-regulating TNFAIP1 expression.

Keywords: miRNA-15a (miR-15a), osteosarcoma, proliferation, invasion, migration, tumor necrosis factor,
a-induced protein 1 (TNFAIP1)

Introduction several diseases including cancers, where they

play important roles by regulating the expres-

Osteosarcoma is the most common type of
human primary sarcoma of the bone and a
leading cause of cancer death in adolescents
due to its rapid proliferation [1]. It is an aggres-
sive malignant neoplasm arising from primitive
transformed cells of mesenchymal origin that
exhibit osteoblastic differentiation and produce
malignant osteoid. The mechanisms of forma-
tion and development of osteosarcoma have
been studied for a long time. Recently, more
and more evidence showed that miRNAs play
important roles in regulating tumor growth.

MicroRNAs (miRNAs) are a class endogenous
small non-coding RNAs that regulate gene
expression by the inhibition of the translation
and/or decreasing of the stability of target
mRNAs [2]. MiRNAs are differentially expressed
in various tissues and cells, suggesting their
potential applications as biomarkers and thera-
peutic targets [3]. MiRNAs are deregulated in

sion of various tumor oncogenes and suppres-
sors [4, 5]. MiRNAs also can act as oncogenes
or tumor suppressors and involve in numerous
cellular processes, playing roles in tumorigene-
si by regulating cell differentiation, cell prolifer-
ation and cell cycle [6-9]. To date, down-regulat-
ed miRNAs and their roles in osteosarcoma
development have attracted much attention.
Some of them, including miR-21, miR-31, miR-
34a, miR-20a, miR-125b and miR-143, have
been reported to participate in the initiation
and progression of osteosarcoma and modu-
late the biological properties of cancer cells
[10-14]. However, the role of miR-15a in osteo-
sarcoma tumor development and metastasis
has only recently been investigated and remains
largely unknown.

In the present study, we investigated the role of
miR-15a in osteosarcoma. Our results showed
that the expression of miR-15a was down-regu-
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Figure 1. miR-15a is down-regulated in osteosarcoma. A. The relative expression levels were determined by gRT-PCR
in human osteoblast cell line (hFOB) and osteosarcoma cells (MG-63 and U20S). *P < 0.05 vs. hFOB. B. gRT-PCR
analysis of miR-15a expression in 45 pairs osteosarcoma tissues and their corresponding adjacent normal bone
tissues. The expression of miR-15a was normalized to U6. *P < 0.05 vs. normal tissues.

lated in osteosarcoma cells and tissues com-
pared to paired adjacent non-tumor bone tis-
sues. Moreover, in vitro experiments proved
that miR-15a inhibited cell proliferation, migra-
tion and invasion in the osteosarcoma cells. In
addition, TNFAIP1 was identified as a novel
direct target gene of miR-15a. Our findings sug-
gested that miR-15a has a tumor suppressive
effect in osteosarcoma by inhibiting cell prolif-
eration and invasion.

Materials and methods
Cell culture

Human osteosarcoma cell lines (MG63 and
U20S cells) were purchased from American
Type Culture Collection (ATCC, Manassas, VA,
USA). Cells were maintained in RPMI-1640
medium (HyClone, Logan, UT, USA) supple-
mented with 10% fetal bovine serum (FBS)
(GIBCO, NY, USA) and streptomycin (100 mg/
ml), penicillin (100 U/ml). Cultures were incu-
bated at 37°C with 5% CO, in a humidified
incubator.

Cell transfection
Cells were grown in the appointed medium

12-16 h before transfection. The cells were
transfected with 20 nmol/L of miR-15a mimics,
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inhibitor and the scramble mimics using lipo-
fectamine 2000 (Invitrogen) according to the
protocol of the manufacturer. The miRNA mim-
ics, inhibitors, and the scramble, which are
non-homologous to the human genome, were
from GenePharma (Shanghai, China). TNFAIP1
siRNAs were purchased from Ribobo (Guang-
zhou, China).

RNA extraction and quantitative real-time RT-
PCR analysis

Total RNA was extracted by TRIzol reagent
(Invitrogen Life Technologies, Carlsbad, CA,
USA) according to the manufacturer’s protocol.
For miRNA detection, 2 pg of small RNA was
reverse transcribed to cDNA using miRNA First-
Strand cDNA Synthesis kit (Invitrogen) accord-
ing to the manufacturer's instructions.
Quantitative real-time PCR (qRT-PCR) analysis
for miR-15a was performed in triplicate with
the SYBR Green PCR Master Mix (Perkin-Elmer,
Applied Biosystems) according to the manufac-
turer’s instructions. U6 was used to normalize
expression. To detect the target genes, 2 pg of
total RNA was reverse transcribed to cDNA
using oligo (dT) primers and Moloney murine
leukemia virus reverse transcriptase (Promega).
B-actin levels were used to normalize expres-
sion. Data analysis was performed using the
288Ct method.
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Figure 2. miR-15a inhibits osteosarcoma cell proliferation. (A) qRT-PCR analysis of miR-15a expression after the
transfection of miR-15a mimics or scramble or no transfection. (B) gRT-PCR analysis of miR-15a expression after
the transfection of miR-15a inhibitors or scramble or no transfection. Proliferation curves of MG-63 (C) and U20S
(D) cells, respectively. The effect of miR-15a on cell proliferation was evaluated by CCK-8 assay after miR-15a trans-
fection of MG-63 and U20S. *P < 0.05 vs. untreated or scramble.

Cell proliferation assay ten areas were selected randomly from each
well, and the cells in three wells from each
Cell proliferation was analyzed by using cell group were quantified.
counting assay Kit-8 (CCK-8) (DOJINDO,
Kumamoto, Japan) according to the manufac- For the invasion assays, 24 h after transfec-
ture’s protocol. Cells were cultured in 96-well tion, 1x10° cells in serum-free media were
flat bottomed microplate and were incubated in seeded in transwell migration chambers (8 mm
10% CCK-8 (Dojindo; Kumamoto, Japan) dilut- pore size; Millipore, Zurich, Switzerland). The
ed in normal cultured medium and then were upper chamber of these transwell inserts was
incubated for 1 h at 37°C. Proliferation rates coated with Matrigel (Sigma-Aldrich, St. Louis,
were determined at 1, 2, 3, 4 and 5 days after MO, USA). Medium containing 20% FBS was
transfection. The absorbance of each well was added to the lower chamber. After 24 h, the
measured with a microplate reader set at 450 cells that did not invade through the pores were
nm. The experiment was repeated three times. carefully wiped out with cotton wool. Then cells
located on the lower surface of the chamber
Cell migration and invasion assay were stained with 0.1% crystal violet (Sigma)

and counted using a microscope (Olympus,
Tokyo, Japan). These experiments were repeat-
ed three times.

MG-63 cells were grown to confluence in
12-well plastic dishes and were treated with
miR-15a mimics, inhibitors or scrambled. Then,

24 h after transfection, linear scratch wounds Western blotting analysis

(intriplicate) were created on the confluent cell

monolayers using a 200 mL pipette tip. To Proteins were separated on 10% SDS-PAGE gel,
remove cells from the cell cycle prior to wound- and then transferred to a PVDF membrane
ing, cells were maintained in serum-free media. (Amersham, Buckinghamshire, UK). After
To visualize migrated cells and wound healing, blocked with 5% non-fat dried milk, the mem-
images were taken at 0, 24 and 48 h. A total of brane was incubated with anti-tumor necrosis
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Figure 3. miR-15a inhibits osteosarcoma cell migration and invasion. A. Migration assays of the MG-63 and U20S
cells after treatment with miR-15a mimics, inhibitors or scramble or no transfection. B. Invasion analysis of the
MG-63 and U20S cells after treatment with miR-15a mimics, inhibitors or scramble or no transfection. Each bar
represents the mean + SD. The results were reproduced in three independent experiments. *P < 0.05 vs. untreated
or scramble, #P < 0.05 vs. untreated or scramble.

factor, a-induced protein 1 (TNFAIP1) antibody using PCR from human cDNA using primers,
(Abcam, England) at 1:1000 dilution; anti-GAP- and inserted into the pMIR-REPORT luciferase
DH antibody (Proteintech, Chicago, USA) at reporter vectors (Ambion, Austin, TX, USA) to
1:50,000 dilution. After washing with TBST (10 get the constructs containing the wild-type
mM Tris, pH 8.0, 150 mM NaCl, and 0.1% TNFAIPL 3’-UTR (TNFAIP1-WT). TNFAIP1-Mut
Tween 20), the membranes were incubated for contained the sequences with mutations in the
2 h with goat anti-rabbit antibody at 1:5000 first putative binding site of TNFAIP1 3'-UTR.
dilution and 1:50000 dilution. Proteins bands Mutations of these predicted seed regions in
were visualized using ECL reagents (Pierce, these mRNA sequences were created using the
Rockford, IL, USA). primers including the mutated sequences. The

recombination constructs, pRLTK (Promega,
WI, USA) and miR-15a or control mimic were co-
transfected into cells using lipofectamine 2000

Luciferase reporter assay

Primers were designed in accordance with the

Genbank TNFAIP1 gene mRNA sequence. A (Invitrogen, Carlsbad, CA, USA). The plasmid of
fragment of the 3-UTR of TNFAIP1 was ampli- pRL-TK containing Renilla luciferase was used
fied from cells by PCR using the forward primer as the internal control. Firefly and Renilla lucif-
5-CGAGCTCGTGCTGCCTGGGTCTCTGC-3' and erase activity were measured using Dual
the reverse primer 5-GCTCTAGAGCAGCTGC- Luciferase Assay (Promega, WI, USA) according
TCTGTCGGATGTTT-3". Following digestion of the to the manufacturer’s instructions at 24 h after
PCR product by Sacl and Xbal, the FASN 3™-UTR transfection.

was cloned into pmirGLO (Promega, Madison,
WI, USA) at the Sacl and Xbal sites. All PCR
products were verified by DNA sequencing.
U20S cells were co-transfected with the pmir-
GLO vectors containing the 3'-UTR variants and
miR-15a or the negative control miRNA. Twenty-
four hours after transfection, cells were ana-
lyzed for luciferase activity using the Dual-
Luciferase Reporter Assay System (Promega).
Normalized firefly luciferase activity (firefly lucif-

Statistical analysis

Data were presented as the means + standard
deviation of at least three experiments.
Statistical analysis was performed using SPSS
15.0. A one-way analysis of variance (ANOVA)
test, least significant difference (LSD) test,
Chisquare test and Student’s t test were used
for statistical analysis.

erase activity/Renilla luciferase activity) for Results

each construct was compared with that of the

pmirGLO Vector no insert (NO) control. For each Expression of miR-15a is down-regulated in
transfection, luciferase activity was averaged osteosarcoma tissues and cell lines

from three replicates.
We examined the expression of miR-15a in two

The 3-UTRs of TNFAIP1 containing these pre- human osteosarcoma cells lines (MG-63 and
dicted binding sites of miR-15a were amplified U20S) and in hFOB using real-time RT-PCR. As
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Figure 4. miR-15a directly targets TNFAIP1 by binding to its 3'-UTR. A. The predicted miR-15a binding site within the
TNFAIP1 3’-UTR and a mutated version generated by site directed mutagenesis are shown. B. Luciferase reporter
assay illustrating direct binding of miR-15a to the WT, but not Mut sequences within the 3’-UTR of TNFAIP1. C.
mMRNA levels of TNFAIP1 were determined by real-time PCR in transfected MG-63 cells. D. Western blots were used
to confirm the expression of TNFAIP1 in MG-63 cells after transfection; GAPDH was used as a control. The statistical
analysis was based on three independent experiments. Error bars represent mean + SD. *P < 0.05 vs. untreated or
scramble, #P < 0.05 vs. untreated or scramble.

shown in Figure 1A, expression of miR-15a was These results indicated that the miR-15a sig-
much lower in two osteosarcoma cell lines than nificantly suppressed the cell proliferation of
that in human osteoblast cell line hFOB. To con- the osteosarcoma cells.

firm miR-15a expression was different between

tumor and nontumor tissues, we examined 45 miR-15a suppress osteosarcoma cell migra-
pairs of human osteosarcoma samples. The tion and invasion

result showed that the miR-15a expression was
down-regulated in osteosarcoma tissues com-
pared with the corresponding adjacent normal

To further investigate the effect of miR-15a on
MG-63 and U20S cells migration and invasion,

tissues (Figure 1B). we transfected the cells with miR-15a mimics,

inhibitors or negative control and then evaluat-
miR-15a inhibits osteosarcoma cell prolifera- ed migration and invasion ability of osteosar-
tion coma cells. As the Figure 3A shown, the cells

that were treated with the miR-15a mimic were
Cells were firstly transfected with miR-15a mim- distinctively less migratory than the scrambled
ics, inhibitors or negative control, which showed control or untreated cells. By contrast, the miR-
high transfection efficiency (Figure 2A and 2B). 15a inhibitor significantly increased the cell
The results of CCK-8 proliferation assay showed migration of the osteosarcoma cells. Further-
that cell proliferation capacity was reduced in more, we conducted cell invasion Matrigel
miR-15a mimics-transfected the MG-63 and assays and then stained the invaded cells to
U20S cells compared with either the scrambled measure the directional invasion ability of the
miRNA-transfected cells or the untreated cells cells after ectopically expressing miR-15a in
(Figure 2C, 2D). Conversely, miR-15a inhibitor cells. The invasiveness of the cells that were
significantly promoted the cell proliferation of transfected with the miR-15a mimic was dra-
the MG-63 and U20S cells (Figure 2C, 2D). matically decreased compared with the scram-
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Figure 5. TNFAIP1 is involved in
miR-15a-inhibited growth, migra-
tion and invasion in MG-63 cells.
A. qRT-PCR and western blotting
analysis of TNFAIP1 expression in
MG-63 cells transfected with TN-
FAIP1 siRNA or negative control
(NC). B and C. Down-regulation of
TNFAIP1 suppressed cell prolifera-
tion, migration and invasion of MG-
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bled control and untreated cells. Conversely,
the miR-15a inhibitor significantly increased
the invasiveness of the osteosarcoma cells
(Figure 3B). These observations suggest that
miR-15a had an important role in reducing the
migration and invasion of osteosarcoma in
vitro.

TNFAIP1 is a direct target of miR-15a

As is well known, miRNAs exert their function
through suppressing the expression of their tar-
get genes. To better understand the molecular
mechanisms of miR-15a, we performed bioin-
formatics analyses the using the miRNA target
analysis tools PicTar, TargetScan, and microR-
NA.org in order to predict putative miRNAs
binding to the TNFAIP1 3’-UTR. According to the
analysis, all three programs predicted that a
binding sequence in the 3’-UTR of TNFAIP1 was
a very good match for the miR-15a seed (Figure
4A). The bioinformatics analysis thus indicated
a potential functional link between TNFAIP1
and miR-15a.

Furthermore, we performed a luciferase report-
er assay to further confirm whether miR-15a
can directly target the 3'-UTR region of TNFAIP1
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in osteosarcoma cells. Both the TNFAIP1 wild-
type 3-UTR containing the miR-15a-binding
site and a mutated TNFAIP1 3’-UTR sequence
were cloned into modified pGL-3 luciferase
reporter vectors, which were co-transfected
into MG-63 cells together with NC, the miR-15a
mimic, or miR-15a inhibitor. As shown in Figure
4B, miR-15a over-expression significantly
reduced the luciferase reporter activity by the
TNFAIP1 3-UTR in a consistent manner, and
inhibition of miR-15a had the opposite effect.
However, TNFAIP1 3’-UTR luciferase reporter
activity was unaffected by point mutations in
the miR-15a-binding seed region. Collectively,
these data suggest that miR-15a may inhibit
TNFAIP1 expression by targeting its 3’-UTR. As
predicted, a western blot showed that, at 48 h
after transfection, the enhanced miR-15a in
MG-63 cells significantly repressed TNFAIP1
protein expression compared to cells transfect-
ed with a scrambled control. By comparison,
down-regulation of miR-15a by inhibitors in
MG-63 cells led to a moderate increase in the
TNFAIPL mRNA level (Figure 4C). Meanwhile,
apparent alterations in TNFAIP1 protein expres-
sion were also observed (Figure 4D). Together,
these data provide strong evidence that

Int J Clin Exp Pathol 2015;8(6):6442-6449
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TNFAIP1 is a specific target of miR-15a in osteo-
sarcoma cells.

TNFAIP1 is involved in miR-15a-inhibited prolif-
eration, migration and invasion in MG-63 cells

Based on the findings above, we hypothesized
that miR-15a might inhibit osteosarcoma cell
proliferation, migration and invasion by repress-
ing TNFAIP1 expression. First we transiently
transfected TNFAIP1 siRNA into MG-63 cells,
and gRT-PCR and western blotting confirmed
the down-regulation of TNFAIP1 (Figure 5A). As
shown in Figure 5B and 5C, TNFAIP1 silencing
significantly suppressed cell proliferation,
migration and invasion of MG-63 cells, which
was similar to the phenotype induced by
miR-15a.

Discussion

Accumulating evidence has shown that com-
bined miRNA and mRNA profiling may be
involved in multiple processes in cancer devel-
opment and progression. Recent years, a series
of studies have report that miRNA remarked in
osteosarcoma development [15, 16]. However,
the expression and function of miR-15a in
osteosarcoma has not been reported. In the
current study, we found miR-15a was down-
regulated in osteosarcoma cells. In addition,
we analyzed the expression of miR-15a in 45
osteosarcoma patients and found that the
expression of miR-15a was much lower in
osteosarcoma tissues in comparison with
paired adjacent non-tumor bone tissues. All of
these evidences indicated that miR-15a might
play a significant part in the development of
osteosarcoma.

MiR-15a regulates the apoptosis and prolifera-
tion of cells by functioning in the regulation of
multiple intracellular signaling pathways. It has
been reported that over-expression of miR-15a
inhibited cellular growth, suppressed migration
and arrested cells at the G1 phase, but did not
promote cellular apoptosis [16]. It has specifi-
cally been shown that miR-15a down-regulated
CCND1 and induced apoptosis and cell cycle
arrest in osteosarcoma [17]. To determine the
biological relevance of miR-15a in osteosarco-
ma, we performed functional assays. Ectopic
expression of miR-15a significantly inhibited
osteosarcoma cell proliferation, migration and
invasion. These findings suggested that miR-
15a might act as a tumor suppressor gene
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whose down-regulation may contribute to the
progression and metastasis of osteosarcoma.

Identification of cancer-specific miRNAs and
their targets is pivotal for understanding their
roles in tumorigenesis [18, 19]. TNFAIP1 is an
immediate-early response gene of endothelium
induced by TNFa and IL-6 [20]. It may play roles
in DNA synthesis, DNA repair, cell apoptosis
and human diseases including cancer, and may
be involved in tumor progression and metasta-
ses [21, 22]. In this study, we identified TNFAIP1
as a direct target of miR-15a in the MG-63
cells. Complementary sequence of miR-15a
was identified in the 3-UTR of TNFAIP1 mRNA.

Recent study has demonstrated that TNFAIP1
was highly expressed in normal cell lines while
it was lowly expressed in cancer cell lines [23].
Moreover, the over-expression of TNFAIP1
could accelerate the apoptosis of HelLa cells
[24]. It has been report that silencing of TNFAIP1
was able to inhibit the growth and invasion, and
induces apoptosis in osteosarcoma cells [25].
In the current study, further investigation was
conducted to explore the molecular mecha-
nism by which miR-15a suppressed osteosar-
coma cell growth, migration and invasion. We
identified TNFAIP1 as a functional target of miR-
15a, and verified the positive effects of TNFAIP1
on osteosarcoma cell proliferation, migration
and invasion using RNA interference. These
results indicated that miR-15a might function
as a tumor suppressor partly mediated by
repressing TNFAIP1 expression in osteosar-
coma.

In conclusion, the present study provided an
novel evidence that miR-15a function as a
tumor suppressor miRNA in osteosarcoma
through repressing TNFAIP1 expression.
Consequently, our findings provided a molecu-
lar basis for the role of miR-15a/TNFAIP1 in the
progression of human osteosarcoma and sug-
gested that this miRNA could be a potential tar-
get for the treatment of osteosarcoma in future.
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