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miR-497 inhibits tumor growth and migration of osteosarcoma by targeting 
plexinA4 and CDK6 
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MicroRNAs are small non-coding RNAs that regulate gene expression at the post-transcriptional level which have been 
reported to be involved in the pathogenesis of various cancers. In the present study, we found that miR-497 was downregu-
lated in osteosarcoma tissues. Gain and loss of function studies were carried out to investigate the effect of miR-497 on the 
growth of osteosarcoma cells. The results indicated that miR-497 inhibited the growth of osteosarcoma cells. Furthermore, 
bioinformatics analysis predicted plexinA4 and CDK6 as targets of miR-497, which was afterward confirmed by luciferase 
activity assay and rescue experiments. These findings suggested that miR-497, plexinA4, and CDK6 may serve as novel 
potential makers for osteosarcoma diagnostics and therapy. 
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Osteosarcoma ranks the most common site of bone 
tumors, and the incidence of osteosarcoma has shown an 
increased tendency in recent years [1, 2]. The treatments for 
osteosarcoma include surgery, radiotherapy, chemotherapy, 
or a combination of modalities. Despite improvements in 
diagnostic and therapeutic techniques, the 5-year survival 
rates for patients with osteosarcoma have not increased over 
the last 20 years [3, 4]. The potentially high incidence of 
morbidity and low cure rate urgently require novel methods 
for diagnosing and treatments which rely on biomedical 
research.

miRNAs are small endogenous (19–24 bp) non-coding 
RNAs that bind to the partially complementary sites of mRNA 
and recruit the RNA-induced silencing complex, leading to 
either inhibition of protein translation or messenger RNA 
(mRNA) degradation [5, 6]. A variety of studies have reported 
that miRNAs play critical roles in cell growth, differentiation, 
apoptosis, and tumorigenesis and they can potentially act as 
both oncogenes and tumor-suppressor genes in a variety of 
tumors including osteosarcoma [7–11].

Alteration of the miR-497 level has been consistently found 
in a variety of other tumor types, including gastric cancer, 
colorectal cancer, hepatocellular carcinoma, non-small cell 
lung cancer (NSCLC), melanoma, ovarian cancer (OC), and 
cervical cancer (CC) [12–16]. For example, miR-497 has 
been reported to inhibit the growth of gastric cancer cells by 

regulating the expression of PDK3 [13]. Moreover, miR-497 
was decreased in tumor tissues of patients with lung cancer, 
and the overexpression of miR-497 could inhibit the growth 
and invasion of lung cancer cells [14, 15]; furthermore, it has 
been reported that miR-497 can regulate the expression of 
CD274 and function as a tumor suppressor in breast cancer 
[16]. These results suggest that miR-497 has a tumor-suppres-
sive role. miR-497 participates in various tumor processes, 
thus it could be potentially used as a diagnostic biomarker. 
However, further investigation is urgently required, such as 
the specificity for tumors as a diagnostic biomarker, adverse 
off-target effects, targeting infusion pathway, and so on. There 
is a long way for application. Only a better understanding of 
miR-497 and its target genes will allow the successful transla-
tion of current research into clinical applications. Therefore, 
in the present work, we explored the roles of miR-497 in 
osteosarcoma. We found that miR-497 was downregulated 
in osteosarcoma and the overexpression of miR-497 could 
inhibit the growth as well as the migration of osteosarcoma 
cells via targeting plexinA4 and CDK6.

Patients and methods

Patient specimens. Twelve pairs of osteosarcoma tissues 
and adjacent normal tissues were obtained from osteosar-
coma patients who underwent radical laryngectomy at the 
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No.2 Hospital of Tianjin Medical University. All samples 
were snap-frozen with liquid nitrogen and stored at –80 °C 
until processed. All procedures were performed in accor-
dance with the Declaration of Helsinki of the World Medical 
Association. This study has been approved by the ethics 
committee of China-Japan Union Hospital of Jilin University.

Cell culture. Human osteosarcoma cell line MG-63 
and SAOS-2 cells were purchased from the Cell Bank of 
the Chinese Academy of Sciences (Shanghai, China), and 
cultured in DMEM (Hyclone, USA) supplemented with 10% 
fetal bovine serum (Hyclone, USA) at 37 °C in a humidified 
atmosphere containing 5% CO2.

Quantitative real-time PCR. Total RNA was extracted 
from MG-63 and SAOS-2 cells with Trizol and subsequent 
ethanol purification for analysis of relative mRNA levels. 
They were reversely transcribed into cDNA following the 
manufacturer’s instructions (Takara, China). Then qRT-PCR 
was conducted to detect miR-497 and plexinA4 and CDK6 
mRNA using SYBR-green and standard amplification proto-
cols. U6 small nuclear RNA (U6-snRNA) was used as a 
standard normalization to evaluate the relative expression 
levels of miR-497. GAPDH mRNA was calculated with the 
2–ΔΔCt method, respectively.

Cell viability and clonability assays. Cell viability was 
assessed using a Cell Counting Kit-8 (CCK-8, Beyotime, 
Nantong, China). MG-63 and SAOS-2 cells were seeded in 
96-well plates at 3×103 cells/ml and incubated for 5 days. 
After treatment, 10 μl CCK-8 solution was added to each well 
for 1 h at 37 °C. Results were measured at 450 nm on a micro-
plate reader (Bio-Rad Laboratories, CA, USA).

For colony formation assay, cells were resuspended in 
DMEM supplemented with 10% FBS and seeded in 6-well 
plates at a density of 200 cells/ml. After cultured for 10 days, 
cells were washed with PBS and fixed in methanol for 15 min. 
Then the cells were stained with 0.1% crystal violet. Colonies 
with at least 50 cells were counted and imaged under a micro-
scope (Nikon, Japan).

Flow cytometry. Twenty-four hours after transfec-
tion, cells (1×106) were harvested and fixed in 75% ice-cold 
ethanol. Fixed cells were treated with bovine pancreatic 
containing 2 µg/ml RNase (Sigma, CA, USA) for 25 min, and 
followed by incubating in 20 μg/ml propidium iodide (Sigma, 
CA, USA) for 20 min. Cell cycle analysis was performed on 
a FACS-Calibur System (BD Biosciences, NJ, USA). The data 
were analyzed with the Flowjo software and the cell cycle 
distribution was shown as the percentage of cells in the G0/
G1, S, and G2/M populations. Each experiment was carried 
out in triplicate.

Western blotting. For western blot analysis, cells were 
lysed in a lysed buffer (Beyotime, China). The protein 
extracts were separated by sodium dodecyl sulfate (SDS) 
polyacrylamide gels and transferred to PVDF membranes 
by voltage gradient transfer. Membranes were blocked with 
5% skimmed milk for 60 min and incubated with primary 
anti-plexinA4 (#3816, 1:500) and anti-CDK6 (#13331, 1:500) 

antibodies (Cell Signaling Technology, USA) overnight at 4℃ 
with agitation. Specific secondary antibodies conjugated to 
horseradish peroxidase (Cell Signaling Technology, USA) 
were used to incubate the PVDF membranes for 120 min. 
Then proteins were revealed by chemiluminescence using 
the ECL kit (Beyotime, Nanjing, China) and imaged with a 
digital chemiscope (Qinxiang, Shanghai, China).

Oligonucleotides transfection. miR-497 inhibitor and 
inhibitor control were synthesized by Genechem (Shanghai, 
China). The overexpression vectors of plexinA4, CDK6, and 
miR-497 were constructed through cloning the CDS region 
of plexinA4 as well as CDK6 and the pre-miR-497 sequence 
into the pcDNA3.1 vector (Promega, WI, USA). All construct 
sequences were directly confirmed by DNA sequencing. 
miRNA oligonucleotides were transfected at a concentra-
tion of 60 nmol/l using Lipofectamine 2000 (Invitrogen, CA, 
USA) according to the manufacturer’s instructions.

Xenograft model. MG-63 cells were harvested and resus-
pended in DMED medium. A total number of 3×106/100 μl 
MG-63 cells transfected with miR-497 mimics or mimic 
control were subcutaneously injected into the posterior flank 
of the nude mice. Tumor size was measured every 2 days and 
calculated by the formula: tumor volume = 0.5 × length × 
width2. On day 17, the mice were sacrificed and the tumors 
were excised and weighed.

Luciferase activity assay. The wild-type or mutant 
seed sequence at the predicted 3’UTR of plexinA4 and 
CDK6 were synthesized and cloned into the pGL3 Lucif-
erase Reporter Vectors (Promega, WI, USA) at the BamHI 
and NotI sites. The cells were co-transfected with miR-497 
mimics or negative control, and vectors carrying the WT or 
MT 3’UTR. TRL-SV40 plasmid (Promega, WI, USA) was 
used as a normalizing control. The cells were harvested to 
detect the activity of luciferase using the Dual-Luciferase 
Assay (Promega, WI, USA) at 48 h after transfection.

Statistical analysis. Statistical analysis was performed by 
GraphPad prism (version 7.0, GraphPad Software, Inc., CA, 
USA). The data were expressed as the mean ± standard devia-
tion. Differences between the two groups have been analyzed 
by Student’s t-test. Differences for more than 2 groups have 
been compared by analysis of variance. A p-value <0.05 was 
set as a significant difference.

Results

Downregulation of miR-497 in osteosarcoma tissues. 
qRT-PCR was performed to detect the expression levels of 
miR-497 in osteosarcoma tissues and normal tissues. The 
results showed that miR-497 was downregulated significantly 
in the osteosarcoma tissues in comparison with the normal 
tissues (Figure 1A, p<0.01).

miR-497 overexpression inhibited proliferation and 
colony formation, meanwhile induced cell cycle arrest in 
osteosarcoma cell lines. Function studies including prolif-
eration, colony formation, and cell cycle were carried out 
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Figure 1. miR-497 inhibited proliferation, colony formation, and induced the G0/G1 cell cycle arrest of osteosarcoma cell lines. A) Quantitative real-
time PCR was used to evaluate the expression level of miR-497 in osteosarcoma tissues and adjacent normal tissues. B) MG-63 and SAOS-2 cell viability 
was examined by MTT assay. C) Cell cycle in each group was detected by flow cytometry. D) Migration abilities of MG-63 and SAOS-2 cells were de-
tected by the transwell experiment. E) Clonability of MG-63 and SAOS-2 cells was detected by colony formation assay. *p<0.05, **p<0.01
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levels of plexinA4 and CDK6 in osteosarcoma tissues and 
normal tissues. The results showed that plexinA4 and CDK6 
were upregulated remarkably in the osteosarcoma tissues 
in comparison with the normal tissues (Figures 3A, 3B, 
p<0.01). In addition, we observed that the expression level 
of plexinA4 and CDK6 mRNA expression levels inversely 
correlated with the expression level of miR-497 in osteosar-
coma tissues (Figures 3C, 3D).

The knockdown of plexinA4 and CDK6 attenuated the 
proliferation and colony formation, meanwhile induced 
cell cycle arrest in osteosarcoma cell lines. As miR-497 
exerted an inhibition effect in the proliferation of MG-63 
and SAOS-2 cells, and plexinA4 as well as CDK6 were 
confirmed to be the targets of miR-497, we next investi-
gated the role of plexinA4 and CDK6 in the regulation of 
proliferation and cell cycle of MG-63 and SAOS-2 cells. 
PlexinA4 and CDK6 were knocked down by transfecting 
with plexinA4-siRNA and CDK6-siRNA respectively. 
We observed that the knockdown of plexinA4 or CDK6 
notably suppressed the proliferation and colony formation 
meanwhile induced cell cycle arrest of MG-63 and SAOS-2 
cells (Figures 4A–D).

The restoration of plexinA4 or CDK6 significantly 
rescued the miR-497 mediated suppressive effect on cell 
proliferation. In order to further confirm whether miR-497 
inhibits osteosarcoma cell proliferation by directly targeting 
plexinA4 and CDK6, we carried out a rescue experiment. 
MG-63 and SAOS-2 cells were co-transfected with the 

to investigate the effect of miR-497 in osteosarcoma cells. 
Stable cell lines expressing miR-497 and negative control 
were established by transfecting with miR-497 mimic and 
miR-NC. The results revealed that miR-497 overexpression 
dramatically suppressed the proliferation and colony forma-
tion meanwhile induced cell cycle arrest of MG-63 and 
SAOS-2 cells. On the contrary, miR-497 inhibitor promoted 
proliferation and colony formation of both MG-63 and 
SAOS-26 cells, moreover, accelerated the cell cycle progres-
sion (Figures 1B–E). 

miR-497 directly targeted plexinA4 and CDK6 in osteo-
sarcoma cells. Based on the bioinformatics analysis, a highly-
conserved miR-497 targeting sequence was found in the 
3’-untranslated regions of the plexinA4 and CDK6 mRNA 
(Figure 2A). To verify whether miR-497 directly targets 
plexinA4 or CDK6 in osteosarcoma cell, luciferase activity 
assays were carried out. As illustrated (Figures  2B, 2C), 
miR-497 significantly downregulated the luciferase activity 
in MG-63 and SAOS-2 cells co-transfected with pGL3-3’UTR 
of both plexinA4 and CDK6 but not with pGL3-3’UTR-mut. 
Additionally, western blot results indicated that miR-497 
significantly decreased the plexinA4 and CDK6 expres-
sion at the protein level (Figures 2D–F). On the contrary, 
the miR-497 inhibitor elevated the expression level of both 
plexinA4 and CDK6.

PlexinA4 and CDK6 were upregulated in osteosarcoma 
tissues and were inversely correlated with miR-497 expres-
sion. qRT-PCR was performed to detect the expression 

Figure 2. miR-497 directly targeted plexinA4 and CDK6. A) The seed sequences of miR-497 in the WT and MT 3’-UTR of plexinA4 and CDK6 are indi-
cated. B and C) Luciferase activities of reporter vectors in MG-63 and SAOS-2 cells co-transfected with plexinA4-3’UTR-WT as well as CDK6-3’UTR-
WT or plexinA4-3’UTR-mut as well as CDK6-3’UTR-mut, along with NC miRNA or miR-497 mimic. D–F) Western blot was used to detect the protein 
expression level of plexinA4 and CDK6 in MG-63 and SAOS-2 treated with miR-497 mimic or miR-497 inhibitor as well as control. *p<0.05, **p<0.01
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miR-497 mimics and plexinA4 as well as CDK6 overex-
pression vectors without 3’-UTR. We found that the inhibi-
tory effects of miR-497 on osteosarcoma cell proliferation, 
invasion, and cell cycle were markedly reversed by plexinA4 
and CDK6 overexpression respectively (Figures 5A–D).

miR-497 suppresses xenograft tumor growth in vivo. 
To investigate whether miR-497 affects tumor growth in 
vivo, xenograft tumor model was established by subcutane-
ously injecting MG-63 cells stably overexpressing miR-497 
or a blank in the dorsal flank area of nude mice. As expected, 
compared with the control and blank group, miR-497 overex-
pression plasmid transfected cells significantly suppressed 
the tumor growth in nude mice as determined by tumor 
retarded tumor growth rate (Figure 5E).

Discussion

Increasing evidence has demonstrated that miRNAs 
regulate the expression of tumor progression related genes, 
suggesting a new mechanism involved in the initiation and 
development of various carcinomas. In the present study, we 
initially demonstrated that the level of miR‐497 in osteosar-
coma tissues was decreased compared to that in the adjacent 
normal tissues. Furthermore, gain and loss function experi-

ments revealed that miR‐497 inhibited cell proliferation and 
induced cell cycle arrest in both MG-63 and SAOS-2 cells 
which suggested that miR‐497 indeed plays a critical role in 
tumorigenesis of osteosarcoma both in vitro and in vivo.

miRNAs bind primarily to 3’-untranslated regions 
(3’-UTRs) of target mRNAs leading to repression of trans-
lational or mRNA cleavage [10]. More than 1,000 human 
miRNAs have been identified that regulate approximately 
1/3 of the coding genes in the human genome [7, 17, 18]. 
VEGFA, KSR1, AMOT, ANLN, and HSPA4L have been 
reported as miR-497 targets in different kinds of tumors. In 
this work, we used algorithms analysis and plexinA4 as well 
as CDK6 were selected as the potential target of miR-497.

CDK6 is a member of the CDK family which plays impor-
tant roles in the major cell-cycle transitions [19, 20]. It 
governs the cell cycle transitions by initiating the phosphory-
lation of the RB which leads to the release of E2F transcrip-
tion factors and subsequently activates the transcription of 
genes required for S-phase entry. Several studies showed that 
specific inhibitors of CDK6 have anti-tumor effects in various 
malignancies making it a widespread attractive molecular 
biomarker [21, 22].

The plexin family of receptors includes 9 members 
divided into 4 subfamilies. They are single transmembrane 

Figure 3. Expression levels of plexinA4 and CDK6 were negatively correlated with the level of miR-497 in osteosarcoma tissue. A and B) qRT-PCR was 
used to evaluate the expression level of plexinA4 and CDK6 in osteosarcoma tissues and adjacent normal tissues. C) Pearson’s correlation scatter plot 
analysis of the expression levels between miR-497 and plexinA4 protein in osteosarcoma tissues. D) Pearson’s correlation scatter plot analysis of the 
expression levels between miR-497 and CDK6 protein in osteosarcoma tissues. *p<0.05, **p<0.01
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Figure 4. Knockdown of plexinA4 as well as CDK6 inhibited proliferation, colony formation, and induced the G0/G1 cell cycle arrest of osteosarcoma 
cell lines. A) MG-63 and SAOS-2 cell viability was examined by MTT assay. B) Cell cycle in each group was detected by flow cytometry. C) Migration 
abilities of MG-63 and SAOS-2 cells were detected by the transwell experiment. D) Clonability of MG-63 and SAOS-2 cells was detected by colony 
formation assay. *p<0.05, **p<0.01
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receptors characterized by an intracellular GTPase activating 
(GAP) domain. The 4 type-A plexins function as direct 
receptors for class-6 semaphorins that are required simul-
taneously for the transduction of inhibitory sema3A signals. 
Kigel et al. found that plexin-A4 combined with FGFR1 

and VEGFR-2 tyrosine-kinase receptors and ultimately 
formed stable compounds that enhanced VEGF-induced 
VEGFR-2 phosphorylation in endothelial cells as well as 
bFGF-induced cell proliferation. In addition, they demon-
strated that silencing sema6B expression in endothelial 

Figure 5. PlexinA4 and CDK6 both reversed the effect of miR-497 on osteosarcoma cell proliferation, clonability, and cell cycle. A) MG-63 and SAOS-2 
cell viability was examined by MTT assay. B) Cell cycle in each group was detected by flow cytometry. C) Migration abilities of MG-63 and SAOS-2 cells 
were detected by the transwell experiment. D) Clonability of MG-63 and SAOS-2 cells was detected by colony formation assay. E) Representative image 
of tumors formed and the growth curves of tumor volumes. *p<0.05, **p<0.01
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cells and in U87MG cells mimicked the effects of plexinA4 
silencing and also inhibited tumor formation from the 
U87MG cells, suggesting transduction of autocrine sema6B-
induced pro-proliferative signals contributed to some of the 
pro-proliferative effects of plexin-A4 [23].

Interestingly, CDK6 has been confirmed as a target of 
miR-497 in anaplastic large-cell lymphoma [24], and on 
the other hand, it has been reported that the levels of CDK6 
and miR-497 were negatively correlated in hepatocellular 
carcinoma [25]; moreover, plexinA4 has been reported as 
a target of miR-497 in laryngeal squamous cell carcinoma 
[26]. Therefore, we hypothesized that miR-497 may exert its 
anti-tumor function in osteosarcoma via targeting plexinA4 
and CDK6. In our study, the function study results showed 
that the knockdown of plexinA4 and CDK6 both inhibited 
cell proliferation and induced cell cycle arrest, respectively. 
Moreover, restoration of plexinA4 and CDK6 inhibited 
miR-497 mediated MG-63 and SAOS-2 cells proliferation 
inhibition cell cycle arrest. Finally, luciferase assay validated 
plexinA4 and CDK6 both as direct miR-497 targets.

Our rescue experiments showed that the overexpression 
of either plexinA4 or CDK6 could only partially blocked 
the anti-tumor behavior of miR-497. We proposed that this 
might be because miR-497 has other targets, for example, 
HMGA2 [27] and Rictor [28], which are oncogenes and 
which have been proved as the targets of miR-497 in other 
cancers in previous works. Therefore, in future works, we 
should also investigate the relationship between miR-497 and 
those targets in osteosarcoma.

Plexin-A4 is a newly found biomarker representing a 
target for the development of novel potential anti-angiogenic 
and anti-tumorigenic drugs. CDK6 has been indicated to 
be a promising biomarker. We for the first time illuminated 
the effects of miR-497 in osteosarcoma and the relation-
ship between miR-497 and plexinA4 as well as CDK6. Our 
findings provide new insight that presents tentative methods 
for diagnosis, prognosis, and therapy for osteosarcoma.
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