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MicroRNA-20b Downregulates HIF-1o and Inhibits the Proliferation
and Invasion of Osteosarcoma Cells

Ming Liu, Dan Wang, and Ning Li

Department of Orthopaedics, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan, China

Osteosarcoma (OS) is the most common malignant primary bone tumor disease. HIF-1o. was predicted to be
the target gene of microRNA-20b (miR-20b). The present study was designed to illustrate the effect of miR-
20b in regulating osteosarcoma via targeting HIF-1c.. In this study, we found that the expression of HIF-1o
was significantly increased, while miR-20b obviously decreased in OS patients and OS cell lines compared
with healthy controls. Moreover, the luciferase report confirmed the targeting reaction between miR-20b and
HIF-10. Additionally, the overexpression of miR-20b suppressed the invasion and growth of both MG63 and
U20S cells, and inhibited the expressions of HIF-1o. and VEGF pathway proteins, while the inhibition of
miR-20b led to the reverse results. Furthermore, the overexpression of HIF-1o affected the suppression effect
of miR-20b in MG63 cells, indicating that miR-20b suppresses the tumor cell process via inhibiting the expres-
sion of HIF-1o. Taken together, our results suggest that the upregulation of miR-20b affects the expression of
HIF-10, downregulates the VEGF pathway proteins, and suppresses cell invasion and proliferation rate. These
results provide a potential therapeutic strategy for osteosarcoma.

Key words: Osteosarcoma (OS); Hypoxia-inducible transcription factor-1o. (HIF-10);
microRNA-20b (miR-20b); Vascular endothelial growth factor (VEGF) pathway

INTRODUCTION

Osteosarcoma (OS) is the most frequent primary malig-
nant bone tumor, which is commonly found in children and
young adolescents with a male predominance (1). OS is
highly aggressive and primarily metastasizes to lung (2).
Considerable progress has been made by combination che-
motherapy and aggressive surgical resection in the treat-
ment of OS. However, the survival rate of OS patients has
not increased in recent decades (3). Thus, it is important
to develop novel therapeutic strategies against OS that are
more effective by understanding the molecular mecha-
nisms underlying its development and progression.

Previous studies have indicated that hypoxia-inducible
transcription factor-1 (HIF-1) mediates chemotherapy
and radiation resistance (4). Thus, the HIF-1 pathway has
become an important area for OS therapy research. HIF-1
is an important element in the cellular response to hypoxia;
it is a heterodimer that consists of o and 3 subunits (5).
Under normoxic conditions, HIF-1ow is degraded by the
proteasome, preventing it from forming a complex with
the HIF-1f subunit (6,7). However, HIF-10. is stabilized
and activated under physiologic hypoxia (8). It has been
reported that HIF-10: plays a critical role in normal skeletal

development and bone repair (9). The expression and sta-
bility of HIF-1o. was enhanced in OS cells compared to
normal, nontransformed osteoblast (OB) bone cells (10).
These studies suggested that HIF-1o. was a promising
molecular target for the prevention and treatment of OS.

The activation of HIF-la regulates various hypoxia
response genes, which include vascular endothelial growth
factor (VEGF). VEGEF specifically binds to two transmem-
brane VEGF receptor tyrosine kinases in endothelial cells
to initiate intracellular signal transduction pathways that
mediate angiogenesis and vascular permeability. VEGF is
one of the most prominent angiogenic factors in promot-
ing tumor progression (11,12). It has been reported that
the VEGF promoter contains a potential HIF-1a binding
site (13,14). Increased VEGF expression is associated with
tumor growth and metastasis in osteosarcoma cell lines
and other primary tumor samples (15). A previous study
demonstrated that hypoxia is associated with increased
HIF-1o protein expression and subsequent upregulation
of VEGF expression, which affected the angiogenesis in
osteosarcoma (16). These reports suggested that HIF-1c
may affect the expression of VEGF and regulate the prolif-
eration and metastasis of OS cells.
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MicroRNAs (miRNAs) are a group of noncoding
regulatory RNAs, 20-25 nucleotides in length, which
are known to regulate different cellular processes such
as proliferation, differentiation, apoptosis, cell metabo-
lism, and angiogenesis (17,18). miRNA-20b (miR-20b)
belongs to the miRNA 106a-363 cluster, which, together
with miR 17-92 and miR 106b-25 clusters, form a large
family of highly similar miRNAs called the miR-17
family (19). HIF-1o. was reported as a target of the
miR-17-92 microRNA cluster in lung cancer cells (20).
It has been reported that miR-20b reduced VEGF pro-
tein expression, and the VEGF expression in breast can-
cer cells is mediated by HIF-1 in a miR-20b-dependent
manner (21).

In this study, we identified the function for miR-20b in
the context of OS. We found that the expression of miR-
20b was significantly decreased in OS cell lines and OS
patients compared with healthy controls, leading to over-
expression of the target gene HIF-1a, and regulating the
VEGF pathway. Taken together, our results suggest that
miR-20b downregulates HIF-1ow and may provide novel
insight into the metastasis of OS.

MATERIALS AND METHODS
Patients

Forty patients (14 males and 26 females) with osteosar-
coma and 35 healthy volunteers (15 males and 20 females)
were consecutively included in this study. Fasting venous
peripheral blood samples were drawn from each patient
and healthy controls and were preserved with heparin.
Patients with OS were recruited from the Department
of Orthopedics, First Affiliated Hospital of Zhengzhou
University. Healthy volunteers were recruited from stu-
dents at Zhengzhou University. The study was approved
by the Ethics Committee of our institution. Informed con-
sent was signed by the participants.

Cell Culture

Human osteoblast (OB) cells lines were obtained from
American Type Culture Collection (ATCC, Manassas,
VA, USA) and were grown in modified Eagle’s medium
(MEM,; Invitrogen, Carlsbad, CA, USA) supplemented
with 20% fetal bovine serum (FBS; Invitrogen) and 1%
antibiotic—antimycotic (Invitrogen), while the osteosar-
coma cell lines MG63 and U20S (ATCC) were grown in
MEM supplemented with 10% FBS and 1% antibiotic—
antimycotic. All cells were incubated at 37°C in a humid-
ified 21% 0,, 5% CO, atmosphere.

Quantitative RT-PCR (qRT-PCR)

Total cellular RNA was isolated using the miRNeasy
Mini Kit (Qiagen Inc., Valencia, CA, USA) and quanti-
fied through 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA). Ten nanograms of total RNA
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were reverse transcribed using the TagMan MicroRNA
Reverse Transcription Kit (Applied Biosystems, Foster
City, CA, USA). The obtained cDNA was amplified
using the TagMan miR-20b MicroRNA assay (Applied
Biosystems). A 67-bp cDNA product was amplified by
PCR with the primers: miR-20b, 5-CCCAAAGTGCT
CATAGTG-3’ (sense); common antisense primer, 5’-GA
CTGTTCCTCTCTTCCTC-3’ (22). For real-time PCR,
the above primers and the TagMan probe [6-FAM]TTGC
GACTACACACACACACACA [BHQla-6FAM] were
mixed with TagManH Universal PCR Master Mix
(Applied Biosystems). The reaction mixtures were incu-
bated at 95°C for 10 min, followed by 40 cycles of 95°C
for 15 s and 60°C for 1 min, according to the Stratagene
gRT-PCR instrument. miR-20b expression was normal-
ized to U6 RNA. Gene mRNA expression was normal-
ized to B-actin. Relative gene expression was quantified
by the ACt method.

Western Blot Analyses

Cell lysates (30 mg of total protein) and prestained
molecular weight markers were separated by SDS-PAGE
followed by transfer onto nitrocellulose membranes. The
membranes were blocked in TBST (Tris-buffered saline
with 0.5% of Triton X-100) containing 5% nonfat milk,
and probed with the primary antibodies against HIF-1o,
VEGF, Cdc42, P38, HSP27, and PB-actin (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). After incubation
with the secondary antibody, membranes were exten-
sively washed. A fluorescent Western blotting detection
system was used, and the band density of each gene was
normalized to the corresponding density of B-actin.

Transfection Assay

The transfection assay was performed as described in
a previous study (23). miRNA mimics and inhibitors spe-
cific for miR-20b (Invitrogen) were used to increase and
silence the expression of miR-20b, respectively, in OS
cell lines. The inhibitors or mimics (30 nM) were trans-
fected into indicated cells using Lipofectamine™ 2000
(Invitrogen), together with the corresponding control
molecules (30 nM), 48 h prior to subsequent experiments.
For HIF-10 overexpression experiments, the overexpres-
sion of HIF-10a. was achieved by PCR amplification using
HIF-1a. cDNA as a template, and the HIF-10-expressing
vector was constructed by inserting HIF-1o cDNA into
the pcDNA3.1 vector. Then 2 mg of recombinant plasmid
and 200 pmol of miR-20b mimics, miR-20b mimic con-
trol, miR-20b inhibitor, and inhibitor control (Ambion,
Austin, TX, USA) were transfected into 3x10° MG63
cells for 48 h by electroporation using a Nucleofector
instrument. After transfection, the cells were allowed to
recover by incubating for 4 h at 37°C. The experiment
was replicated three times for data calculations.
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Cell Proliferation Assay

Cell viability was assessed using 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. In brief, cells were seeded in 96-well plates
infected with AAV vectors and subjected to OGD treat-
ments for the indicated times. Thereafter, the old media
were discarded, and fresh medium containing MTT
(5 mg/ml MTT in PBS; Sangon, Shanghai, China) was
added and incubated for additional 4 h. Dimethyl sul-
foxide was used to dissolve the formazan, and the absor-
bance at 490 nm was measured using an ELISA reader
once every 24 h (BioTek, Winooski, VT, USA).

Invasion Assay

The Transwell invasion chamber was washed with
serum-free medium, and 20 ul Matrigel (1 mg/ml) was
added to evenly cover the surface of the polycarbonate
membrane (8 um pore size) to create the Matrigel mem-
brane. The chamber was divided into upper and lower
chambers. For invasion assays, MG63 and U20S cells
(4% 10°) were serum starved overnight and seeded in star-
vation medium on the top chamber. The bottom cham-
ber contained 10% FBS in RPMI-1640 medium, which
acted as a chemoattractant. After 48 h of incubation, cells
from the top chamber were removed by cotton swab, and
invading cells were fixed with 4% formaldehyde M for
15 min and then stained with a crystal violet solution for
10 min. Images of the invading cells were photographed
using an inverted microscope, and total cell numbers were
counted and quantified by ImagelJ software. The results
are presented as the mean=SD, and the experiment was
repeated three times for each group.

Dual-Luciferase Reporter Assay

The target gene was predicted by TargetScan (http:/
www.targetscan.org/). A 450-bp fragment of the 3’-untrans-
lated region (3’-UTR) of HIF-1oo mRNA containing the
target sequence (GCACTTT) of miR-20b was amplified
by RT-PCR (HIF-1a., sense 5'-CTCTGAGCTCTATCTG
GAAGGTATGTG-3’, antisense 5-CCTCAAGCTTCAG
TTAGTGTTAGACCC-3’). The fragment was designated
HIF-10. 3’-UTR and inserted into the pMIR-REPORT™
luciferase reporter vector (Sacl and HindIIl restriction
enzyme sites; Ambion). Another expressing vector was
also constructed by the insertion of a mutated HIF-1o
3’-UTR in which the target sequence of miR-20b was
mutated into GCAATTT using the QuikChangeH Site-
Directed Mutagenesis Kit (Stratagene, Santa Clara, CA,
USA) (22). The recombinant reporter vectors with nor-
mal and or mutated HIF-1o 3’-UTR were cotransfected
with miR-20b mimic, miR-20b mimic control, miR-
20b inhibitor, or miR-20b inhibitor control into MG63
using TransMessenger™ Transfection Reagent (Qiagen,
Germany). The luciferase assay was performed according
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to the manufacturer’s instructions. The relative luciferase
activities were normalized to that of the control cells.

Statistical Analysis

The quantitative data were expressed as mean=SD.
Statistical analysis was carried out using one-way analy-
sis of variance (ANOVA) followed by Bonferroni test.
Differences with a value of p <0.05 were regarded as sta-
tistically significant.

RESULTS

Inverse Level of miR-20b and HIF-1o
in OB and OS Cells

The expression levels of miR-20b and HIF-1ow were
detected in OS patients by qPCR; the results indicated
that the expression level of miR-20b was significantly
lower in OS patients compared with healthy controls
(p<0.05) (Fig. 1A). The HIF-1oo mRNA expression level
was increased in OS patients compared with healthy con-
trols (p<0.05) (Fig. 1B), and there was a strong nega-
tive correlation between the expression level of miR-20b
and the mRNA expression level of HIF-1o in OS patients
(Fig. 1C). The expression level of miR-20b and HIF-1o
was also detected in OB, MG63, and U20S cell lines by
gPCR. The results indicated that the level of miR-20b
was significantly lower in OS cells (MG63 and U20S)
compared with OB cells (p<0.05) (Fig. 1D). In addi-
tion, the mRNA and protein expression levels of HIF-1o
were examined by qRT-PCR and Western blot analysis,
respectively (Fig. 1E, F). The results showed that both the
mRNA and protein levels of HIF-1o. were significantly
elevated in OS cells compared with OB cells.

miR-20b Suppresses the Invasion and
Proliferation of OS Cells

Given that the level of miR-20b was decreased in OS
cell lines (MG63 and U20S), it was of interest to inves-
tigate its role in the biology of OS cells. miR-20b mimic
was taken to amplify the expression of miR-20b, whereas
a synthetic inhibitor specific for miR-20b was employed
to suppress the expression of endogenous miR-20b in OS
cell lines. The efficiency of this miR-20b mimic or inhibi-
tor was confirmed by qPCR assay (Fig. 2A). Treatment
of the miR-20b mimic significantly decreased the inva-
sive cells of MG63 and U20S compared with the mimic
control group (p<0.05), while treatment of the miR-20b
inhibitor strongly increased the cell invasion ability of
MG63 and U20S compared with the inhibitor control
group (p<0.05) (Fig. 2B). In addition, overexpression of
miR-20b decreased the proliferation rate of MG63 cells
compared with the mimic control group, and the inhibi-
tion of miR-20b strongly promoted the growth of MG63
cells compared with the inhibitor control group (Fig. 2C).
Similar MTT results were obtained in U20S cells; the
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cell growth was restrained by the overexpression of miR-
20b. Moreover, the U20S cells were multiply increased
after the treatment of miR-20b inhibitor (Fig. 2D). These
findings suggested that miR-20b suppressed the invasion
and proliferation of OS cells.

HIF-1aIs Targeted by miR-20b

The bioinformatics software program TargetScan was
used to predict the HIF-1a targeted miRNA. According
to the results, the potential binding target sites of miR-
20b were found in the 3’-UTR of HIF-1c gene (Fig. 3A).
To experimentally confirm HIF-1o as an authentic target
of miR-20b in MG63 cells, the plasmid pMIR-REPORT-
HIF-1o0 wt or pMIR-REPORT- HIF-10. mut was trans-
fected into MG63 cells together with miR-20b mimics
or mimic control. After 48 h of transfection, the results
showed that the luciferase activity in the HIF-1o-wt with
miR-20b mimics group was significantly reduced com-
pared with the other three groups (Fig. 3B). Consistently,
the luciferase reporter vectors of HIF-lo-wt and HIF-
lo-mut were cotransfected with miR-20b inhibitors or
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inhibitor controls into MG63 cells. The results showed
that miR-20b inhibitor reversed the reduction in the
expression level of luciferase with wild-type HIF-lo
3’-UTR in MG®63 cells (Fig. 3C). The above data demon-
strated that HIF-1o was a genuine target of miR-20b.

miR-20b Inhibits VEGF Pathway by
Downregulating HIF-1o

VEGEF is highly correlated with metastatic progres-
sion and survival of osteosarcoma patients (24). HIF-1a
has been reported to activate VEGF pathway genes (25).
Thus, we detected the effect of miR-20b overexpression
and suppression on expression of the HIF-1ow and VEGF
pathways. The expression levels of HIF-10/VEGF path-
way-related genes, including HIF-10, VEGF, Cdc42, P38,
and HSP27, were detected using Western blotting analy-
sis. The results revealed that miR-20b mimic effectively
decreased the expression of the five above proteins com-
pared with cells transfected with mimic control, while
the miR-20b inhibitor was able to increase the protein
expression in MG63 cells compared with inhibitor control
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Figure 1. Inverse level of miR-20b and HIF-1c. in OS patients and healthy controls. (A) The expression levels of miR-20b in OS
patients and healthy controls were measured by quantitative real-time PCR (qQRT-PCR). (B) The mRNA expression of HIF-1a in OS
patients and healthy controls was assessed by qRT-PCR assays. (C) The correlation between miR-20b expression levels and HIF-1o
mRNA expression levels in OS patients. (D) The expression levels of miR-20b in OB cell lines and OS cell lines were measured by
quantitative real-time PCR (qRT-PCR). (E) The mRNA expression of HIF-1o. in OB cell line and OS cell lines was assessed by qRT-
PCR assay. (F) Western blotting assay was used to detect the expression profile of HIF-10. in OB and OS cell lines. Relative protein
expression was quantified using Image-Pro Plus 6.0 software and normalized to B-actin. Data are represented as the mean+SD of three
experiments. *p <0.05 versus healthy controls group, #p <0.05 versus OB group.
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(»p<0.05) (Fig. 4A, C). The Western blotting assay was
also performed in U20S cells, and low expression levels
were detected among the VEGF pathway-related proteins
under miR-20b mimic-treated samples compared with the
mimic control. Subsequently, the miR-20b inhibitor inten-
sively promotes expression of the five proteins compared
to the inhibitor control (p<0.05) (Fig. 4B, D). The above
data suggested that the activation of VEGF pathway was
suppressed by miR-20b overexpression in OS cells.

Overexpression of HIF-1o. Restores the Inhibition Effect
of miR-20b in MG63 Cells

To determine whether overexpression of HIF-10. coun-
teracts the effect of miR-20b in OS cells, we cotransfected
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miR-20b mimic or mimic control with or without the
HIF-10a overexpression vector into MG63 cells. Western
blotting was taken to measure the expression level of
HIF-1a,, VEGF, Cdc42, P38, and HSP27 (Fig. 5A, B).
In the miR-20b inhibitor plus overexp HIF-la. group,
the protein expressions of HIF-1a,, VEGF, Cdc42, P38,
and HSP27 were increased compared with the miR-20b
mimic group (p<0.05) and were strongly decreased com-
pared with the overexp HIF-1a group (p <0.05) (Fig. 5B).
The results illustrated that the overexpression of HIF-1a.
restored the miR-20b inhibition on the protein expression
of VEGF pathway in MG63 cells. To further confirm the
offset on miR-20b inhibition by HIF-1a overexpression,
we examined the invading number of MG63 cells treated
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Figure 2. Effect of miR-20b on the invasion and proliferation of MG63 and U20S cells. MG63 and U20S cells were transfected
with miR-20b mimic, mimic control, miR-20b inhibitor, or inhibitor control, respectively. (A) The relative miR-20b levels in MG63
and U20S cells were measured by gqRT-PCR. (B) The number of invading MG63 and U20S cells. The proliferation of MG63 (C) and
U20S (D) cells was determined at the indicated time points by MTT assays. All experiments were repeated three times with three
replicates. *p<0.05 compared to mimic control group; #p <0.05 compared to inhibitor control group.
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with miR-20b mimic or mimic control with or without
HIF-1o. overexpression vector. The overexpression of
HIF-1o reversed the inhibition effect of miR-20b on cell
invasion ability in MG63 cells (Fig. 5C). The MTT assay
was employed to examine the proliferation rate of MG63
cells under similar treatments. The proliferation rate was
strongly promoted when MG63 cells were cotransfected
with overexpression of HIF-1o and the miR-20b mimic
compared with the miR-20b mimic transfection group
(Fig. 5D). These findings confirmed that the overexpres-
sion of HIF-1a restored the miR-20b inhibition effect in
MG63 cells.

DISCUSSION

OS is the most common malignant bone tumor.
Accumulated evidences show that HIF-10 is a susceptibil-
ity gene for OS (26,27). Consistently, we found that the
expression of HIF-1ow was significantly increased in OS
patients and OS cell lines compared with healthy control
cells in the present study. To investigate the role of HIF-1a
in OS, the noncoding region, the 3’-UTR, of HIF-10, was
studied in this research. miRNAs are noncoding RNAs that
can suppress the expression of protein-coding genes by
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binding to the target sequence at the 3’-UTR of the target
gene (28). In this study, we predicted miR-20b to be the
target miRNA for HIF-1o., which may be involved in the
pathogenesis of OS.

The strikingly decreased expression level of miR-
20b has been reported in many cancer cell lines, includ-
ing liver cancer H22, breast cancer 4T1, prostate cancer
RMI1, and melanoma B16 (22,29). miR-20b has also
been reported to regulate VEGF expression by targeting
HIF-1a and STAT3 in the breast cancer cell line MCF-7
(21). The target connection between HIF-10 and miR-20b
was predicted by the bioinformatics software program
TargetScan. Thus, we chose miR-20b to be the target
miRNA for HIF-1c. In our study, the results showed that
miR-20b was decreased significantly in OS patients com-
pared with healthy controls, which was consistent with
a former study in breast cancer cells (21). Furthermore,
we detected a strong negative correlation between the
expression level of miR-20b and the protein expression
level of HIF-1a in OS patients. To verify the targeting
reaction between miR-20b and HIF-1a, the luciferase
reporter vectors of wild-type and mutant HIF-1ow were
constructed. The results showed that the overexpression of
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experiments. *p <0.05 versus other three groups.
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miR-20b inhibited luciferase expression when cells were
transfected with HIF-1o-wt luciferase reporter vector,
but not in HIF-1a-mut groups. Moreover, the inhibition
of miR-20b increased luciferase activity in HIF-1o-wt
transfection group compared with HIF-1o-mut groups.
These results demonstrated that HIF-1o is a target gene
for miR-20b.

HIF-1o. was previously shown to be overexpressed
in the OS cell lines U20S and MG63 (30). Also, it was
overexpressed in metastatic OS tumors (31). El Naggar
et al. confirmed that OS cells displayed enhanced expres-
sion and stability of HIF-1o. compared to normal, non-
transformed OB bone cells, which rendered OS cells
more resistant to hypoxia, leading to the survival of OS
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cells (10). From the above aspect, targeting HIF-1a with
certain small RNAs provides a novel strategy to prevent
the abnormal growth of OS cells. It has been reported that
the inhibition of HIF-1o transcripts using small hairpin
RNAs in the SaOS-2 human OS cell line efficiently inhib-
its cell growth (32). Another report has suggested that
the silencing of HIF-1a together with B-elemene could
induce the apoptosis of OS cells (26). Thus, to investi-
gate the role of miR-20b in OS cell growth and invasion
via targeting HIF-1o., we detected the effect of miR-20b
inhibition and miR-20b overexpression on the prolifera-
tion and invasion ability of MG63 and U20S cells. The
results showed that the miR-20b mimic strongly inhib-
ited the expression of HIF-1a and the cell proliferation
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Figure 4. miR-20b regulates VEGF pathway via targeting HIF-1o.. The MG63 and U20S cells were transfected with the miR-20b
mimic, mimic control, miR-20b inhibitor, or inhibitor control, separately. (A) The protein expression levels of HIF-1o. and VEGF
pathway genes in MG63 cells were measured by Western blotting. (B) A similar Western blotting assay was performed in U20S cells.
(C) Relative protein expression levels in MG63 cells were quantified using Image-Pro Plus 6.0 software and normalized to B-actin.
(D) Relative protein expression in U20S cells. Data are represented as the mean=+SD of three experiments. *p<0.05 versus mimic
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Figure 5. Overexpression of HIF-1o offsets the suppression effect of miR-20b in MG63 cells. Cells were treated with miR-20b mimic
or mimic control with or without HIF-1o. overexpression vector. (A) HIF-1o, VEGF, Cdc42, P38, and HSP27 expressions were detected
by Western blotting. (B) Relative protein expressions in MG63 cells were quantified using Image-Pro Plus 6.0 software and normalized to
[-actin. (C) The number of invading MG63 cells. (D) MTT assay was employed to examine proliferation rates of MG63 cells under similar
treatments. The data are shown as mean+SD of three independent experiments. *p<0.05, **p<0.01 indicates significantly different.

and invasion. However, under the inhibition of miR-20b,
HIF-1o0 was significantly increased, which was similar
to the physiological feature in OS, and the cell growth
and invasion were strongly promoted in both MG63 and
U20S cells. These results confirmed that miR-20b acted
as a negative control in the expression of HIF-1o and the
cell proliferation and invasion in OS cells.

VEGEF is a key regulatory factor related to angiopoi-
esis, carcinogenesis, and metastasis. It has been reported
that mesenchymal stem cells (MSCs) promote chemo-
kines and chemokine receptor 4 (CXCR4) to mediate OS
growth and pulmonary metastasis (33). Predicted by the

KEGG pathway database, the VEGF pathway is located
downstream of HIF-1o.. Through VEGF, the HIF/VEGF/
VEGEF receptor pathway was upregulated by approxi-
mately 40% in multiple myeloma (MM) cases, leading
to increased angiogenesis (34). Our study revealed that
the inhibition of VEGF and its pathway proteins (Cdc42,
P38, HSP27, and [B-actin) was detected with miR-20b
mimic transfection compared with mimic control group.
The results indicated that the overexpression of miR-20b
inhibits the expressions of VEGF pathway proteins by
decreasing HIF-1lo expression, which may reduce the
proliferation and invasion of OS cells. In order to further
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confirm the inhibition effect of miR-20b on the expres-
sion of VEGF pathway proteins and on the proliferation
and invasion of OS cells, HIF-1ow was overexpressed
in MG63 and U20S cells. The results showed that the
overexpression of HIF-1a. restored the miR-20b inhibi-
tion effect on the protein expression of VEGF pathway
in MG63 cells, and the overexpression of HIF-10. exhib-
ited the most invasive cell numbers and faster growth rate
compared to the other three groups. These results suggest
that miR-20b is a newly identified miRNA that suppresses
the expression of HIF-1o in OS cells. These findings can
contribute to our understanding of the regulatory network
of VEGF pathway in human cancers. HIF-1o is shown as
a new OS-associated tumor-promoting gene in this study.
It is interesting to develop a therapeutic strategy targeting
HIF-1a for OS treatment in further studies.

In conclusion, our results demonstrate that the over-
expression of miR-20b affects the expression of HIF-10,
downregulates the VEGF pathway proteins, and sup-
presses invasion and proliferation rates of OS cells. This
study provides an important clue to help to elucidate the
pathogenesis of OS and implicates miR-20b as a potential
therapeutic target for OS.
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