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ABSTRACT

S-phase kinase-associated protein 2 (Skp2) performs oncogenic functions in cancers; however, how Skp2 is
regulated post-transcriptionally is elusive in osteosarcoma. Therefore, we determined whether miR-506 could
directly target Skp2 in osteosarcoma to perform its tumor suppressive functions. Here, we found that miR-506
mimics suppressed cell viability, induced apoptosis, and attenuated migration and invasion in osteosarcoma
cells. Moreover, upregulation of Skp2 accelerated cell viability and motility and rescued the tumor suppressive
effect of miR-506 in osteosarcoma cells. Moreover, downregulation of Skp2 inhibited cell viability and
decreased cell motility, which enhanced the antitumor activity induced by miR-506 mimic transfection in
osteosarcoma cells. Our western blotting results implied that miR-506 inhibited Skp2 expression and
subsequently upregulated Foxol and p57 in OS cells. In summary, miR-506 performs an anticancer activity via
directly targeting Skp2 in osteosarcoma cells, indicating that inactivation of Skp2 by miR-506 might be an
alternative strategy for treating osteosarcoma.

INTRODUCTION tumors often have worse outcomes [5, 6]. Hence, the
identification of new therapeutic markers is necessary to
improve patient care and obtain a favorable outcome in

osteosarcoma.

Osteosarcoma is a malignant bone pleomorphic tumor
in children and adolescents [1]. The chemotherapeutic
agents for osteosarcoma often include methotrexate,

doxorubicin, cisplatin and ifosfamide [2]. With It is known that a family of noncoding RNA molecules,

advances in several therapeutic approaches, the 5-year
survival rate of osteosarcoma patients is about 70% [3,
4]. Patients with metastatic osteosarcoma or recurrent

known as microRNAs (miRNAS), is critically involved in
carcinogenesis and tumor progression [7, 8]. For
example, miR-506 (also known as miR-506-3p) has been
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found to regulate oncogenesis in human cancers,
including osteosarcoma [9]. One study showed that miR-
506-3p suppressed proliferation and stimulated apoptosis
via regulation of the Sirtuin 1 (SIRT1)/Akt/FOXO03a
pathway in ovarian cancer cells [10]. Moreover, miR-506
was reported to control proliferation and apoptosis via
regulation of the RhoA/Rho-associated protein kinase
(ROCK) pathway in hepatocellular carcinoma cells [11].
Overexpression of miR-506 suppressed metastasis of
gastric carcinoma cells by targeting zinc finger E-box-
binding homeobox 2 (ZEB2) [12]. Similarly, miR-506
attenuated tumor growth and metastasis via inactivation
of the Wnt/B-catenin pathway by inhibiting LIM
homeobox 2 (LHX2) in nasopharyngeal carcinoma [13].
It has been reported that miR-506 expression levels are
decreased in osteosarcoma specimens compared with
paired normal bone tissues [14-16]. Upregulation of
miR-506 suppressed cell growth and invasiveness by
targeting Snail2 in osteosarcoma cells [14]. Similarly,
promotion of miR-506 inhibited proliferation and
enhanced apoptosis by targeting AEG-1 in osteosarcoma
cells [15]. These reports indicate that miR-506 plays an
essential role in osteosarcoma.

Skp2 is identified as an oncoprotein that exhibits tumor-
promoting functions in malignancies [17]. It has been
shown that Skp2 has a critical role in the regulation of
cellular processes such as differentiation, proliferation,
apoptotic death, motility and the cell cycle via the
ubiquitination and degradation of Skp2 substrates [18,
19]. The substrates of Skp2 often are tumor suppressors
including p21, E-cadherin, p27, p57, FOXO1 and p130
in human cancer cells [19]. Upregulation of Skp2 has
been reported in a broad spectrum of human cancers,
including breast, prostate, pancreatic cancer, and
osteosarcoma [20-22]. For example, saurolactam, a
natural agent from Saururus chinensis, suppressed
proliferation and motility in osteosarcoma cells in part
by targeting Skp2, indicating that Skp2 is involved in
osteosarcoma progression [23]. In addition, 15,16-
dihydrotanshinone inhibited proliferation and migration
and induced apoptosis partly by targeting Skp2 in
osteosarcoma cells [24].

Our previous studies showed that inhibition of Skp2
suppressed cell viability, stimulated apoptosis and led to
cell cycle arrest, and attenuated cell migrative ability in
osteosarcoma cells, whereas overexpression of Skp2
exerted the opposite effects on osteosarcoma cells [25,
26]. Similarly, one group showed that suppression of
Skp2 attenuated cell invasion and lung metastasis in
osteosarcoma [27]. Moreover, we reported that Skp2 is
involved in methotrexate-mediated resistance of
osteosarcoma cells due to the induction of epithelial-
mesenchymal transition [28]. Although Skp2 has a
critical role in osteosarcoma, the regulatory mechanism

of Skp2 is unclear. In the current study, we present a
new regulatory mechanism of Skp2 in osteosarcoma
cells. We reported that miR-506 reduced cell viability
and motility and induced apoptosis by targeting Skp2 in
osteosarcoma cells.

RESULTS
Overexpression of miR-506 reduces cell viability

To dissect the function of miR-506 in osteosarcoma
cells, we transfected miR-506 mimics into osteosarcoma
cells. The data showed that miR-506 is highly expressed
after miR-506 mimic treatments in both MG63 and
U20S cells (Figure 1A). To determine the effects of
miR-506 mimics on cell viability, an MTT assay was
conducted in osteosarcoma cells after transfection with
miR-506 mimics for different days. We observed that
miR-506 upregulation alleviated the viability of MG63
and U20S cells (Figure 1B). Moreover, our MTT data
indicated that miR-506 overexpression attenuated cell
viability in a time-dependent manner in osteosarcoma
cells (Figure 1B).

Overexpression of miR-506 stimulates cell apoptosis

We further explored whether miR-506 affected apoptosis
in osteosarcoma cells. Transfection of miR-506 mimics
induced apoptosis in MG63 and U20S cells (Figure 1C).
The percentage of apoptotic cell death was elevated from
6% to 20% after the miR-506 mimic transfection in
MG63 cells (Figure 1C). Similarly, apoptosis in U20S
cells was increased from 2.2% to 9.3% after the miR-
506 mimic- treatment (Figure 1C). This finding
indicated that miR-506 overexpression induced cell
apoptosis, leading to cell viability inhibition.

Overexpression of miR-506 retards cell motility

Next, we unraveled the effect of miR-506 on migrative
ability and invasive activity of osteosarcoma cells. Our
wound healing assay denoted that increased miR-506
retarded the migratory activity of osteosarcoma cells
(Figure 2A). Moreover, miR-506 mimic transfection in
osteosarcoma cells led to suppression of cell penetration
through the Matrigel-covered membrane (Figure 2B).
Overall, miR-506 participates in the regulation of
migratory and invasive activities of osteosarcoma cells.

Skp2 is a target of miR-506

To identify a miR-506 target, we used several miRNA
prediction tools, including miRTar, TargetScan,
miRDB, and miRanda, to predict the downstream target
of miR-506. Skp2 was predicted as a potential target of
miR-506. We identified one binding site between the
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Figure 1. Upregulation of miR-506 suppresses cell viability. (A) The miR-506 level was evaluated by RT-PCR in osteosarcoma cells
transfected with miR-506 mimics. *p < 0.05, compared to control. (B) Cell viability was detected by MTT method in MG63 and U20S cells
after miR-506 overexpression. (C) Left panel: Apoptosis was evaluated by flow cytometry in osteosarcoma cells after miR-506 mimic
transfection. Right panel: Quantification of apoptosis results.
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Skp2 3’-UTR sequence and the miR-506 sequence
(Figure 3A). To confirm the interaction between miR-506
and the Skp2 3’-UTR, we conducted a dual luciferase
reporter assay in U20S cells. Our results demonstrated

A

that miR-506 mimics reduced the luciferase activity of the
wild-type Skp2 3’UTR, but not the mutant-type Skp2
3’UTR reporter (Figure 3B). Furthermore, our data
illustrated that miR-506 upregulation diminished the Skp2
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Figure 2. Overexpression of miR-506 inhibited cell motility. (A) Left: Migrative ability was evaluated by wound healing approach in
osteosarcoma cells after miR-506 mimic treatment. Right: Quantitative results of migration. *p< 0.05, compared to control. (B) Left: Invasion
was evaluated by Transwell assay in osteosarcoma cells treated with miR-506 mimics. Right: Quantitative results of invasion.
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expression in MG63 and U20S cells (Figure 3C, 3D).
Accordingly, miR-506 mimics reduced Skp2 expression
and subsequently promoted the expression of downstream
targets, FOXO1 and p57, in osteosarcoma cells (Figure
3C, 3D). These results suggest that Skp2 might be a
potential target of miR-506.

C

Skp2 overexpression abrogates miR-506-induced
viability reduction and apoptosis

To ascertain whether miR-506 utilizes its antineoplastic
activity via inhibition of Skp2 in osteosarcoma cells, we
transfected Skp2 plasmid into cells and then added
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Figure 3. Skp2 is a target of miR-506. (A) The interaction between miR-506 and the Skp2 3’UTR is shown. Mutation of the putative miR-
506-binding site on the Skp2 3’UTR is presented. (B) A luciferase reporter assay was carried out to test the binding of miR-506 to the Skp2 3’-
UTR. CTR: Control. WT: wild type; Mt: mutation. (C) Western blotting detection of the protein level of Skp2 and its targets in osteosarcoma
cells transfected with miR-506 mimics. (D) Quantitative results of (C). *p < 0.05, compared to control.
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miR-506 mimics. The viability of osteosarcoma cells
after Skp2 plasmid and miR-506 mimic transfections
was evaluated by MTT assay. The MTT data showed
that upregulation of Skp2 promoted cell viability, while

miR-506 mimics diminished viability of osteosarcoma

A

2.0

cells (Figure 4A). Skp2 overexpression rescued the
miR-506-induced viability suppression in MG63 and
U20S cells (Figure 4A). Apoptosis was measured in
osteosarcoma cells after Skp2 plasmid and miR-506

mimic transfections.
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Figure 4. Skp2 overexpression abrogates miR-506-mediated cell viability inhibition and apoptosis induction. (A) Viability was
detected by MTT in osteosarcoma cells after miR-506 overexpression and Skp2 upregulation. *p < 0.05 vs control, #P<0.05 vs miR-506 mimics
or Skp2 cDNA transfection. (B) Apoptosis was examined by flow cytometry in osteosarcoma cells after miR-506 mimic transfection and Skp2
upregulation. (C) Quantification of apoptosis results.
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apoptosis, while miR-506 mimics triggered apoptosis
in osteosarcoma cells (Figure 4B, 4C). Strikingly,
upregulation of Skp2 abrogated the miR-506-mediated
apoptosis induction (Figure 4B, 4C).

Skp2 overexpression rescues miR-506-induced
inhibition of motility

To define whether miR-506 performed anti-motility
effects via regulation of Skp2 in osteosarcoma cells, we
measured the migratory activity of osteosarcoma cells
after miR-506 mimic transfection in combination with
Skp2 plasmid transfection. We found that Skp2
upregulation increased cell migration, while miR-506
overexpression retarded the migratory activity in
osteosarcoma cells (Figure 5A). Overexpression of Skp2
attenuated miR-506-triggered inhibition of migration in
MG63 and U20S cells (Figure 5A). Moreover, Transwell
chamber invasion assay data showed that Skp2 plasmid
transfection increased cell invasiveness and that miR-506
upregulation retarded cell invasion in osteosarcoma
cells (Figure 5B). In addition, high expression of Skp2
blocked miR-506-mediated suppression of invasion of
osteosarcoma cells (Figure 5B).

Skp2 overexpression attenuates miR-506-induced
upregulation of FOXO1 and p57

Skp2 expression level in osteosarcoma cells after miR-
506 mimics plus Skp2 plasmid cotransfection was
determined by immunoblotting. We observed that Skp2
cDNA plasmid transfection promoted the expression of
Skp2 in osteosarcoma cells (Figure 6A, 6B). Moreover,
miR-506 overexpression inhibited Skp2 expression in
osteosarcoma cells, which was rescued by Skp2
overexpression (Figure 6A, 6B). FOXO1l and p57
expression was inhibited by Skp2 upregulation (Figure
6A, 6B). Overexpression of miR-506 upregulated the
expression of p57 and FOXO1, which was abrogated by
miR-506 mimic transfection in osteosarcoma cells
(Figure 6A, 6B).

Skp2 downregulation enhances miR-506-mediated
antitumor activity

To dissect whether miR-506 performs antitumor activity
by targeting Skp2 in osteosarcoma cells, we transfected
Skp2 siRNA and miR-506 mimics into MG63 and
U20S cells. Our MTT assay results demonstrated that
Skp2 downregulation attenuated the viability of
osteosarcoma cells and enhanced miR-506-induced
inhibition of cell viability (Figure 7A). Moreover, Skp2
siRNA transfection led to increased apoptosis and
promoted miR-506-induced apoptosis in osteosarcoma
cells (Figure 7B, 7C). Furthermore, downregulation
of Skp2 moderated motility of osteosarcoma cells

(Figure 8A, 8B). Notably, Skp2 reduction by siRNA
transfection facilitated the retardation of motility by
miR-506 mimic transfection (Figure 8A, 8B). Skp2
expression was reduced at a lower level in osteosarcoma
cells treated with both Skp2 siRNA and miR-506
mimics compared with Skp2 siRNA transfection alone
or miR-506 mimic transfection alone (Figure 9A, 9B). In
line with this result, FOXO1 and p57 expressions were
increased at a larger level in the Skp2 SiRNA
transfection plus miR-506 mimic cotransfection group
compared with Skp2 downregulation or miR-506
overexpression alone (Figure 9A, 9B).

DISCUSSION

In this study, miR-506 overexpression suppressed cell
viability, triggered apoptosis, and reduced migration
and invasion of osteosarcoma cells. Moreover,
upregulation of Skp2 abrogated the antitumor function
of miR-506 in osteosarcoma cells. Similarly, down-
regulation of Skp2 enhanced the antitumor activity
induced by miR-506 overexpression in osteosarcoma
cells. This study demonstrated that suppression of
Skp2 via upregulation of miR-506 might be a potential
approach for osteosarcoma therapy.

Skp2 can be regulated by multiple miRNAs in human
tumors. For instance, that miR-7 induced G1 to S phase
transition through reduction of Skp2 and Psme3 in CHO
cells [29]. The miR-30 family targeted Skp2 in the
premetastatic phase in the lungs of B16 tumor-bearing
mice, leading to inhibition of pulmonary vascular
hyperpermeability [30]. Another study determined that
miR-200b/c targeted RECK and subsequently up-
regulated Skp2 expression and inhibited p27 levels in
colorectal cancer cells, resulting in enhanced cell
proliferation [31]. Moreover, miR-3163 inhibited the
expression of Skp2 in non-small cell lung cancer
(NSCLC) cells and suppressed the growth of NSCLC
cells [32]. In addition, miR-186 suppressed proliferation
and stimulated apoptosis by targeting Skp2 in esophageal
squamous cell carcinoma [33]. One group reported that
miR-508-5p retarded metastasis by inhibition of Skp2 in
gastric cancer cells [34]. Another group showed that
miR-1297 increased cell proliferation by directly
targeting PTEN and subsequently upregulating Skp2 in
NSCLC cells [35]. In addition, miR-340 displayed
antineoplastic functions via suppressing Skp2 in liver
carcinoma [36]. Here, we reported that miR-506 targeted
Skp2 and led to antitumor activity in osteosarcoma cells.

Accumulated evidence has indicated that miR-506 has
a potential role in osteosarcoma cells [14, 15]. IL-1P
activated nuclear factor kappa B (NF-xB) and
subsequently decreased expression of miR-506,
promoting growth of osteosarcoma cells by targeting
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Jagged-1 [37]. Another group reported that miR-506-3p
attenuated proliferation and metastasis via inhibition of
Ras-related protein Rab-3D expression in osteosarcoma
cells [16]. Moreover, miR-506-3p induced mesenchymal-
to-epithelial transition and inhibited autophagy by

regulation of SPHK1 (sphingosine kinase 1) in
osteosarcoma cells [38]. The long noncoding RNA
RHPN1-AS1 was demonstrated to facilitate osteosarcoma
progression by sponging miR-506 and activating
Snail2 expression [39]. CircRNA UBAP2 increased the
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the protein level of Skp2 and its targets in osteosarcoma cells after miR-506 mimic transfection and Skp2 upregulation. (B) Quantitative
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#P<0.05 vs miR-506 mimics or Skp2 siRNA transfection. (B) Left: Invasion ability was examined by Transwell assay in osteosarcoma cells after
miR-506 mimic transfection and Skp2 downregulation. Right: Quantitative results of invasion.
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expression of Sema6D in osteosarcoma cells and led
to cisplatin resistance via sponging miR-506-3p [40].
We clarified that miR-506 performed anticancer
activity via suppression of Skp2 in osteosarcoma
cells.

Our work presents the anticancer effect of miR-506 in
osteosarcoma, and demonstrates that minimization of

A

Skp2 by miR-506 might be a novel tactics for treating
osteosarcoma. Further exploration is needed to
ascertain whether miR-506 softens osteosarcoma
tumor growth in mice. It is also necessary to measure
whether miR-506 has a negative association with Skp2
expression in osteosarcoma tissues. Last, it is
important to discover the safe miR-506 mimics for
clinical trials in osteosarcoma patients in the future.
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Figure 9. Skp2 downregulation enhances miR-506-induced upregulation of FOXO1 and p57. (A) Immunoblotting was done to
evaluate the protein level of Skp2 and its targets in osteosarcoma cells after miR-506 mimic transfection and Skp2 downregulation. (B)
Quantitative results of (A). *p < 0.05 vs control, #p < 0.05 vs miR-506 mimics or Skp2 siRNA transfection.

Www.aging-us.com 6735

AGING



MATERIALS AND METHODS
Cell culture

The human osteosarcoma MG63 and U20S cell lines
were used to detect the effects of miR-506. These
cells were grown in DMEM at 37° C in a 5% CO;
atmosphere.

Transfection

Cells were seeded onto 96-well or six-well plates and
incubated overnight. Then, osteosarcoma cells were
transfected with miR-506 mimics, Skp2 cDNA, Skp2
SiRNA or a combination of these reagents via
Lipofectamine 2000.

Cell viability

After MG63 cells and U20S cells were transfected with
miR-506 mimics by Lipofectamine 2000, the cells were
incubated onto 96-well plates for different times. Then,
MTT was added to the wells and the cells were cultured
for 4 hours. Then, OD values were measured by the
microplate reader.

Cell apoptosis

Cells were incubated in six-well plates overnight and
transfected with miR-506 mimics, Skp2 cDNA, Skp2
siRNA or a combination for 72 hours. Then the cells
were collected and apoptosis was analyzed [41].

Scratch wound healing

The treated cells were seeded onto 6-well plates and
incubated with complete DMEM until confluence.
After the cells were serum starved overnight, scratch
wounds were generated by a yellow pipette tip. Cell
debris was removed by washing twice. After 20
hours, images were captured by microscopy to
illustrate wound areas.

Cell invasion assay

The transfected cells were seeded into the Transwell
upper chamber containing serum-free medium with the
Matrigel-covered membrane. After twenty hours, the
invaded cells were incubated with calcein AM. Invaded
cells were imaged using a microscope.

Real-time PCR
Total RNA was harvested using the Trizol reagent from

transfected osteosarcoma cells. The cDNA was
synthesized by reverse transcription using miRNA

primers. All primers were purchased from GenePharma.
PCR was carried out to examine the expression of miR-
506 as described previously [42].

Western blotting analysis

Treated cells were centrifuged and lysed by RIPA
lysis buffer, and proteins in cell lysates were
subjected to SDS-PAGE and further transferred to
PVDF membrane. The western blotting was done as
described before [41].

Luciferase reporter activity assay

The target sequence of the Skp2 miRNA 3°-UTR clone
was illustrated and cloned. Moreover, U20S cells
transfected with miR-506 mimics were seeded onto 24-
well plates for 24 hours. Then, cells were transfected
with 1 pg of luciferase reporter plasmids in each well.
The dual-luciferase reporter assay kit was applied
for measuring luciferase activities following the
manufacturer’s protocol [43].

Statistical analysis

The unpaired two-tailed Student’s t test was applied for
comparing the differences between two data sets. One-
way ANOVA was selected to evaluate multiple data
sets. P < 0.05 was considered significant.
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