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MicroRNA-944 targets vascular endothelial growth factor
to inhibit cell proliferation and invasion in osteosarcoma
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Abstract. Emerging evidence has demonstrated that the
dysregulation of microRNA (miRNA/miR) serves a crucial role
in the tumorigenesis and tumor development of osteosarcoma
(OS), primarily by affecting various pathological behaviors.
Therefore, better knowledge of miRNA in OS may provide
novel insights into the pathogenesis of OS, and may facilitate
the development of promising therapeutics for patients with
this disease. MiRNA-944 is frequently dysregulated in human
cancers. However, the expression levels, functions and under-
lying mechanisms of miR-944 in OS remain largely elusive.
In the present study, reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) was performed to detect
miR-944 expression in OS tissues and cell lines. The regula-
tory influence of miR-944 in OS proliferation and invasion
was determined with MTT and Transwell invasion assays. In
addition, the mechanisms underlying the action of miR-944
in OS cells were elucidated through a series of experiments,
including bioinformatics analysis, luciferase reporter assay,
RT-qPCR and western blot analysis. Spearman's correlation
analysis was utilized to examine the relationship between
miR-944 and VEGF expression levels, and rescue experiments
were applied to further verify whether VEGF mediates the role
of miR-944 in OS. The results demonstrated that miR-944 was
downregulated in cancer tissues and cell lines. Furthermore,
exogenous miR-944 expression inhibited cell proliferation and
invasion in OS in vitro. Vascular endothelial growth factor
(VEGF) was identified as a direct target of miR-944 in OS
and was overexpressed in cancer tissues. VEGF expression
was inversely correlated with miR-944 expression in cancer
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tissues. Rescue experiments demonstrated that overexpression
of VEGEF partially prevented the miR-944-induced inhibition
of OS cell proliferation and invasion. These results suggested
that miR-944 may serve a tumor suppressive role in OS by
directly targeting VEGF. Therefore, miR-944 may be a prom-
ising target in the treatment of OS.

Introduction

Osteosarcoma (OS) arises from primitive bone-forming
mesenchymal cells and is the most common type of primary
bone neoplasm in children and adolescents (1). It is character-
ized by rapid progression and high metastatic potential and is
associated with high mortality rates among adolescents and
young adults (2,3). Despite recent developments in combined
treatment including surgery, chemotherapy, and radiotherapy,
the overall therapeutic outcomes remain unsatisfactory with
a median survival time of only 23 months (4). The unfavor-
able prognosis of patients with OS is largely due to the high
rates of recurrence and local or distant metastasis of this
malignancy (5). Genetic alterations, environmental ionizing
radiation, and lesions are closely associated with OS develop-
ment; nevertheless, the detailed mechanisms underlying OS
pathogenesis remain largely unknown (6). Therefore, fully
understanding the occurrence and development of OS is
necessary to develop alternative therapeutic strategies that can
improve the clinical management of this disease.

MicroRNA (miRNA/miR) are a group of noncoding RNA
molecules 22-25 nucleotides in length (7). MiRNA have been
identified as critical gene regulators (8). Given that ~30% of
human protein-coding genes may be regulated by miRNA (9),
they may modulate thousands of genes and serve key roles in
a wide range of biological processes, including cell prolifera-
tion, cycle, development, differentiation, and metabolism (10).
Numerous studies have demonstrated that miRNA expres-
sion levels are dysregulated in almost all types of human
malignancies, including OS (11), breast (12), lung (13), nasopha-
ryngeal (14), and cervical cancers (15). Dysregulated miRNA
have been implicated as oncogenes or tumor suppressors in
OS formation and progression. For example, the upregula-
tion of miR-93a promotes OS cell proliferation through the
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negative regulation of cyclin-dependent kinase inhibitor
1A (16). MiR-203 overexpression restricts cell proliferation
and invasion, inducing apoptosis in OS through blockage
of runt-related transcription factor 2 (17). Considering their
important role in OS, the in-depth investigation of the molec-
ular mechanisms underlying the roles of miRNA in cancer is
important to facilitate the identification of novel therapeutic
agents or targets for OS.

MiR-944 is frequently dysregulated in human cancers,
such as endometrial (18), cervical (19) and breast cancer (20).
However, the expression pattern, detailed functions and under-
lying mechanisms of miR-944 in OS remain largely elusive.
Hence, the present study aimed to detect the expression
pattern, role, and governing mechanisms of miR-944 in OS.

Materials and methods

Tissue collection. The present study was approved by the
Ethics Committee of Jining No. 1 People's Hospital, and was
performed according to the principles of the Declaration of
Helsinki. Written informed consent was also provided from all
patients enrolled in the present study. A total of 38 cancerous
and adjacent tissues were obtained from OS patients (22 males,
16 females; age range, 16-53 years) in Jining No. 1 People's
Hospital between March 2015 and February 2017. None of
the patients had received radiotherapy or chemotherapy prior
to surgical resection. All cancerous and adjacent tissues
(~0.5-1 cm thick) were snap-frozen and were kept in liquid
nitrogen until further use.

Cell culture. Four human OS cell lines (MG-63, SAOS-2,
HOS, and U20S) and the normal human osteoblast hFOB1.19
were acquired from American Type Culture Collection
(Manassas, VA, USA). All cells were cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), 100 U/ml penicillin and 100 U/ml
streptomycin (all from Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), and grown at 37°C in a humidified
atmosphere containing 5% CO,. Cells were harvested using
0.25% trypsin-0.02% EDTA solution (Gibco; Thermo Fisher
Scientific, Inc.) once cell density reached ~80-90% confluency.

Transfection of oligonucleotides and plasmids. For transfec-
tion, cells were seeded into 24-well plates at a density of
5x10° cells/well. MiR-944 mimics (Shanghai GenePharma
Co., Ltd., Shanghai, China) were introduced into cells to
increase miR-944 expression. MiRNA mimic negative control
(miR-NC) was used as an internal control. The miR-944
mimics sequence was 5-AAAUUAUUGUACAUCGGAUGA
G-3' and the miR-NC sequence was 5-UUCUCCGAACGU
GUCACGUTT-3" In order to increase VEGF expression,
cells were transfected with the VEGF-overexpressing plasmid
pcDNA3.1-VEGF (Integrated Biotech Solutions, Shanghai,
China). An empty pcDNA3.1 plasmid was used as control.
Cells were transfected with miR-944 mimics (100 pmol),
miR-NC (100 pmol), pcDNA3.1-VEGF (4.0 ug) or empty
pcDNA3.1 plasmid (4.0 ug) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) in accordance with
the manufacturer's protocol. Transfected cells were incubated
at 37°C in a humidified atmosphere containing 5% CO,.
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Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) was performed to detect miR-944 expression at
48 h post-transfection. At 72 h post-transfection, western blot
analysis was used to determine VEGF protein expression.
MTT and Transwell invasion assays were conducted at 24 and
48 h post-transfection.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from tissues or all
cultured cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's
protocol. For analysis of miR-944 expression levels, comple-
mentary DNA (cDNA) was synthesized from total RNA with
a TagMan MicroRNA Reverse Transcription kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The temperature
protocol for reverse transcription was as follows: 16°C for
30 min, 42°C for 30 min and 85°C for 5 min. qPCR was carried
out on an ABI 7900 thermocycler (Applied Biosystems;
Thermo Fisher Scientific, Inc.), using a TagMan MicroRNA
PCR Kit (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The thermocycling conditions were as follows: 50°C for 2 min,
95°C for 10 min; 40 cycles of denaturation at 95°C for 15 sec
and annealing/extension at 60°C for 60 sec. For determination
of VEGF mRNA expression levels, total RNA was converted
into cDNA with a PrimeScript RT Reagent Kit (Takara Bio,
Dalian, China), and then cDNA was subjected to qPCR using a
SYBR Premix Ex Taq™ Kit (Takara Bio, Dalian, China). The
temperature protocol for reverse transcription was as follows:
37°C for 15 min and 85°C for 5 sec. The cycling conditions for
gPCR were as follows: 5 min at 95°C, followed by 40 cycles of
95°C for 30 sec and 65°C for 45 sec. U6 small nuclear (sn)RNA
and B-actin were used as endogenous controls for miR-944 and
VEGF mRNA, respectively. These genes were all of human
origin and the primers designed were as follows: miR-944,
5'-GCGGCGGAAATTATTGTACATC-3' (forward) and
5'-ATCCAGTGCAGGGTCCGAGG-3' (reverse); U6 snRNA,
5'-CTCGCTTCGGCAGCACA-3' (forward) and 5-AACGCT
TCACGAATTTGCGT-3' (reverse); VEGF, 5-CGTGTACGT
TGGTGCCCGCT-3' (forward) and 5'-TCCTTCCTCCTG
CCCGGCTC-3' (reverse); and p-actin, 5'~ACAGAGCCTCGC
CTTTGCCGATC-3' (forward) and 5'-ATCCTTCTGACCCAT
GCCCACCA-3' (reverse). All data were analyzed by the 2724¢4
method (21).

MTT assay. Following 24 h of incubation at 37°C with 5%
CO,, transfected cells (~1x10° cells/well) were harvested
using 0.25% trypsin-0.02% EDTA solution and prepared into
single-cell suspensions. Subsequently, 3x10° cells were plated
into 96-well plates with six parallel replicates and incubated
at 37°C in a humidified atmosphere containing 5% CO,.
MTT assay was conducted at 24, 48 and 72 h following incu-
bation. At every time point, 20 ul of MTT solution (5 mg/ml;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was
added into each well. The supernatant was gently discarded
following 4 h of incubation at 37°C. Subsequently, cells were
lysed in 150 pl dimethyl sulfoxide (Sigma-Aldrich; Merck
KGaA) at 37°C for 10 min. At every time point, a microplate
reader was used to detect optical density values at a wave-
length of 490 nm (Bio-Rad Laboratories, Inc., Hercules, CA,
USA).
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Transwell invasion assay. At 48 h post-transfection, cells were
collected and suspended in FBS-free DMEM. A total of 1x10°
transfected cells (200 pl) in FBS-free DMEM were seeded into
the upper chamber of Transwell inserts that were precoated
with Matrigel (BD Biosciences, San Jose, CA, USA). The lower
chambers of Transwell inserts were filled with 500 ul of DMEM
supplemented with 10% FBS. Following 24 h of incubation,
noninvasive cells located on the upper surface of the chamber
were gently removed with a cotton swab. Invasive cells were
fixed in 100% methanol at room temperature for 20 min and then
stained with 0.5% crystal violet solution (Sigma-Aldrich; Merck
KGaA) at room temperature for 20 min. Following washing
three times with PBS (Gibco; Thermo Fisher Scientific, Inc.),
the number of invasive cells in five randomly selected fields per
insert was quantified under a Leica inverted microscope (Leica
Microsystems GmbH, Wetzlar, Germany).

Bioinformatics analysis. The putative targets of
miR-944 were predicted using TargetScan Human 7.1
(www.targetscan.org/vert_71/) and miRDB (mirdb.org/).

Luciferase reporter assay. Bioinformatics analysis predicted
that VEGEF is a potential target gene of miR-944. Luciferase
reporter assays were performed to determine whether miR-944
can interact with the 3'-untranslated region (UTR) of VEGF.
The wild-type (Wt) fragment of the VEGF 3'-UTR containing
miR-944 binding sites and the mutant (Mut) fragment of
VEGF 3'UTR lacking complementarity with miR-944 were
chemically synthesized by Shanghai GenePharma Co., Ltd,
and inserted into pMIR-GLOTM Luciferase vectors (Promega
Corporation, Madison, WI, USA). Constructs containing the
Wt or Mut fragments of VEGF 3'UTR were designated as
pMIR-VEGF-3-UTR Wt or pMIR-VEGF-3'-UTR Mut, respec-
tively. To conduct the luciferase reporter assay, cells were plated
into24-well plates atadensity of 1.0x10° cells/well.Lipofectamine
2000 was used to cotransfect MG-63 and U20S cells with
pMIR-VEGF-3-UTR Wt (0.2 ug) or pMIR-VEGF-3'-UTR Mut
(0.2 pg) and miR-944 mimics (50 pmol) or miR-NC (50 pmol).
At 48 h post-transfection, cells were harvested, and luciferase
activity was analyzed with a dual-Luciferase Reporter assay
system (Promega Corporation) in accordance with the manufac-
turer's protocol. The activity of firefly luciferase was normalized
to that of Renilla luciferase.

Western blot analysis. Proteins were isolated from tissues
or cultured cells using cold radioimmunoprecipitation lysis
buffer (Santa Cruz Biotechnology, Inc., Dallas, TX, USA),
and total protein concentrations were evaluated using bicin-
choninic assay kits (Beyotime Institute of Biotechnology,
Haimen, China) in accordance with the manufacturer's
protocol. Equal amounts of protein (30 pg/lane) were sepa-
rated through 10% SDS-PAGE and then transferred onto
polyvinylidene membranes (Sigma-Aldrich; Merck KGaA).
Following blocking at room temperature for 2 h in 5% fat-free
milk in Tris-buffered saline containing 0.1% Tween-20
(TBST), the membranes were incubated overnight at 4°C with
primary antibodies against VEGF (cat. no. ab1316; 1:1,000
dilution) or GAPDH (cat. no. ab125247; 1:1,000 dilution; both
from Abcam, Cambridge, UK). Following three washes with
TBST, the membranes were incubated with goat anti-mouse
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horseradish peroxidase-conjugated secondary antibodies (cat.
no. ab205719; 1:5,000 dilution; Abcam) at room temperature
for 2 h. Protein signals were visualized by enhanced chemi-
luminescence Protein Detection kit (Pierce; Thermo Fisher
Scientific, Inc.). The densities of protein signals were analyzed
with ImageJ software (version 1.48; National Institutes of
Health, Bethesda, MD, USA).

Statistical analysis. All results were expressed as the
mean + standard deviation from at least three independent
experiments. All statistical tests were conducted using
SPSS software (version 18.0; SPSS, Inc., Chicago, IL, USA).
Differences between two groups were analyzed with paired
Student's t-test, and one-way analysis of variance was
performed for multiple groups with Student Newman Keuls as
a post hoc test. The correlation between miR-944 and VEGF
mRNA expression levels was examined using Spearman's
correlation analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

MiR-944 expression is downregulated in cancer tissues and cell
lines. MiR-944 expression in 38 pairs of OS cancer and adjacent
tissues was investigated by RT-qPCR. As illustrated in Fig. 1A,
miR-944 expression in cancer tissues was decreased compared
with that in adjacent tissues (P<0.05). MiR-944 expression
levels were also investigated in four OS cell lines and the normal
human osteoblast cell line hFOB1.19. Results demonstrated that
miR-944 expression was downregulated in all four OS cell lines
compared with in hFOBI1.19 (P<0.05; Fig. 1B). These results
suggested that miR-944 is downregulated in OS, and this down-
regulation may be associated with the development of OS.

MiR-944 overexpression inhibits OS cell proliferation and
invasion. Given that miR-944 was decreased in OS, it was
hypothesized that miR-944 may have a tumor-suppressive role
in OS. To confirm this hypothesis, MG-63 and U20S cells
were selected, which exhibited lower miR-944 expression than
the other cell lines, for further experiments. MG-63 and U20S
cells were transfected with miR-944 mimics or miR-NC.
RT-qPCR analysis demonstrated that miR-944 expression
levels in MG-63 and U20S cells transfected with miR-944
mimics were increased compared with that in MG-63 and
U20S cells transfected with miR-NC (P<0.05; Fig. 2A). MTT
assay results revealed that the upregulation of miR-944 expres-
sion levels significantly reduced the proliferation of MG-63
and U20S cells (P<0.05; Fig. 2B). Furthermore, Transwell
invasion assays indicated that miR-944 overexpression
decreased the invasive capabilities of MG-63 and U20S cells
(P<0.05; Fig. 2C and D). These results suggested that miR-944
may act as a tumor suppressor in OS in vitro.

VEGF is a direct target of miR-944 in OS. Bioinformatics
analysis was performed to predict the putative targets of
miR-944 and to delineate the mechanism responsible for the
tumor-suppressing role of miR-944 in OS. As demonstrated
in Fig. 3A, the 3'-UTR of VEGF contains a highly conserved
binding site for miR-944. Thus, VEGF was selected for
investigation to further verify that it serves a crucial role in
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Figure 1. miR-944 expression is downregulated in cancer tissues and cell lines. (A) MiR-944 expression levels in 38 pairs of cancer and adjacent tissues were
detected by RT-gPCR. "P<0.05 vs. adjacent tissues. (B) Relative miR-944 expression levels in four OS cell lines (MG-63, SAOS-2, HOS, and U20S) and
the normal human osteoblast cell line hFOB1.19 were investigated through RT-qPCR analysis. "P<0.05 vs. hFOB1.19. miR, microRNA; OS, osteosarcoma;

RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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Figure 2. Overexpression of miR-944 suppresses the proliferation and invasion of MG-63 and U20S cells. (A) MG-63 and U20S cells were transfected with
miR-944 mimics or miR-NC. MiR-944 expression was quantified through reverse transcription-quantitative polymerase chain reaction. (B) Transfected
cells were inoculated into 96-well plates, and cell proliferation was evaluated through MTT assay. OD was measured at 490 nm. Transwell invasion assay
was applied to determine the invasive capacity of (C) MG-63 and (D) U20S cells transfected with miR-944 mimics or miR-NC. "P<0.05 vs. miR-NC. miR,

microRNA; NC, negative control; OS, osteosarcoma; OD, optical density.

OS onset and development (22-25). Subsequently, whether
the putative binding site has functional relevance was
investigated by luciferase reporter assays. As speculated, over-
expression of miR-944 decreased the luciferase activity of the
pMIR-VEGF-3'-UTR Wt group (P<0.05) but failed to affect
that of the pMIR-VEGF-3'-UTR Mut group (Fig. 3B). This
result demonstrated that miR-944 could directly interact with
the 3'-UTR of VEGF. In addition, RT-qPCR and western blot
analysis results indicated that the overexpression of miR-944
significantly suppressed VEGF mRNA (P<0.05; Fig. 3C) and

protein (P<0.05; Fig. 3D) expression levels in MG-63 and
U20S cells.

VEGTF is upregulated in cancer tissues, and its expression is
negatively correlated with miR-944 expression. To further
clarify the association between miR-944 and VEGF in OS,
VEGF mRNA expression was investigated in 38 pairs of
cancer tissues and adjacent tissues. RT-qPCR analysis revealed
that the mRNA level of VEGF was increased in cancerous
compared with adjacent tissues (P<0.05; Fig. 4A). In addition,
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the results of western blot analysis demonstrated that VEGF
protein was overexpressed in cancer tissues compared with
adjacent tissues (Fig. 4B). Furthermore, Spearman'’s correlation
analysis revealed that miR-944 and VEGF mRNA levels were
inversely correlated in cancer tissues (r=-0.5692, P=0.0002;
Fig. 4C).

Overexpression of VEGF expression levels abolishes the
inhibitory effects of miR-944 overexpression in OS cells. To
further verify whether VEGF mediates the role of miR-944 in
OS, MG-63 and U20S cells were cotransfected with miR-944
mimics and empty pcDNA3.1 plasmid or pcDNA3.1-VEGF.
The miR-944-mediated downregulation of VEGF protein

expression levels was almost reversed in MG-63 and U20S
cells cotransfected with pcDNA3.1-VEGF (P<0.05; Fig. 5A).
Additionally, overexpression of VEGF expression counteracted
the suppressive effects of miR-944 overexpression on prolifer-
ation (P<0.05; Fig. 5B) and invasion (P<0.05; Fig. 5C and D) of
MG-63 and U20S cells. These results suggested that miR-944
exhibits a tumor suppressive role in OS by inhibiting VEGF
expression in vitro.

Discussion

Emerging evidence has demonstrated that the dysregulation of
miRNA serves crucial roles in the tumorigenesis and tumor


https://www.spandidos-publications.com/10.3892/mmr.2018.9524

5226

2 *

@

Relative expression level of VEGF mRNA
n

Adjacent Cancer

C e-

Relative expression level of VEGF mRNA

0 T

YAN et al: TUMOR-SUPPRESSING ROLE OF miR-944 IN OS

B Adjacent  Cancer Adjacent Cancer
VEGF
GAPDH
Case 1 Case 2
Adjacent Cancer Adjacent Cancer
VEGF
GAPDH

Case 3

0.0 0.5
Relative expression level of miR-994

I I 1

I
1.0 1.5 2.0 25

Figure 4. VEGF is overexpressed in cancer tissues, and expression levels are inversely correlated with miR-944 expression levels. VEGF (A) mRNA and
(B) protein expression levels were detected in cancerous and adjacent tissues. (C) Spearman's correlation analysis was performed to assess the correlation
between VEGF and miR-944 expression levels in cancer tissues. "P<0.05 vs. adjacent tissues; correlation analysis, r=-0.5692, P=0.0002. miR, microRNA; OS,

osteosarcoma; VEGF, vascular endothelial growth factor.

development of OS, mainly by affecting various pathological
behaviors (26,27). Therefore, better knowledge of miRNAs in
OS may provide novel insights into the pathogenesis of OS, and
may help the development of promising therapeutic targets for
treating patients with this disease. The present study demon-
strated that miR-944 was significantly downregulated in cancer
tissues and cell lines. Further investigation indicated that over-
expression of miR-944 expression inhibited cell proliferation
and invasion in OS cell lines. Additionally, VEGF was validated
as a direct target of miR-944 in OS. VEGF was upregulated
in cancer tissues and this upregulation was inversely correlated
with miR-944 expression. Furthermore, overexpression of
VEGF reversed the tumour-suppressive effects of miR-944
on cell proliferation and invasion in OS in vitro. These results
demonstrated that miR-944 can exert tumor suppressive-like
behavior in OS by directly targeting VEGF. Hence, miR-944
may be identified as an effective target for the treatment of
patients with OS, but further investigation is required.

Previous studies have demonstrated that miR-944 is aber-
rantly expressed in several malignant phenotypes of human
cancer (18-20). For example, miR-944 is upregulated in
endometrial cancer tissues and cell lines. Its increased level
is significantly correlated with pathological classification by
the International Federation of Gynaecology and Obstetrics
Stages of Endometrial Cancer (18). He ef al (18) demonstrated
that the overexpression of miR-944 increases endometrial
cancer cell proliferation, cell cycle progression and reduces
apoptosis in vitro. Conversely, knockdown of miR-944
suppresses the tumour growth of endometrial cancer in vivo,
while Kaplan-Meier analysis indicates that high miR-944
expression levels are associated with poor overall survival of
patients with endometrial cancer (18). Furthermore, miR-944
has been demonstrated to be overexpressed in cervical
cancer, and Xie et al (19) demonstrated that downregulating
miR-944 attenuates cell proliferation and motility in cervical
cancer, and breast cancer. In addition, He et al (20) revealed
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that ectopic expression of miR-944 promotes cell growth
and metastasis in breast cancer. Additionally, the same study
demonstrated that downregulation of miR-944 increased
the cytotoxicity of cisplatin in cisplatin-resistant breast
cancer cells. However, miR-944 is notably downregulated in
colorectal cancer tissues and cell lines. Low expression level
of miR-944 is associated with malignant clinical parameters
and poor prognosis of patients with colorectal cancer (28).
In the same study, miR-944 was identified as a tumour
suppressor in colorectal cancer as it inhibits cell migration
and invasion. Downregulation of miR-944 has also been
observed in gastric cancer (29) where it has been reported
that resumed expression of miR-944 decreases metastasis and
epithelial-mesenchymal transition, and in non-small cell lung
cancer, where miR-944 overexpression inhibits cell prolifera-
tion (30). These findings suggest that the functional roles of
miR-944 in human malignancies have tissue specificity and
miR-944 should be investigated as a potential therapeutic
target for the aforementioned cancer types, but this needs to
be investigated further.

Identification of the direct targets of miR-944 may
provide a molecular basis for investigation of the regulatory
mechanisms of miR-944. Several targets of miR-944 have
been validated and include cell adhesion molecule 2 (18) in
endometrial cancer, C2 and WW domain containing E3 ubiq-
uitin protein ligase 2 (19) and S100P binding protein (19) in
cervical cancer, B cell lymphoma 2 interacting protein 3 (20)
in breast cancer, metastasis associated in colon cancer 1 (28) in
colorectal cancer, and Eph receptor A7 (30) in non-small cell
lung cancer. VEGF, also known as VEGFA, was demonstrated
to be a direct target gene of miR-944 in OS, in the present
study. It is aberrantly overexpressed in a variety of human

malignancies, such as gastric cancer (31), thyroid cancer (32),
bladder cancer (33), and colorectal cancer (34). Overexpression
of VEGF has also been reported in OS, and this upregula-
tion is strongly correlated with Enneking stage and distant
metastasis (22). OS patients with high VEGF expression levels
exhibit an unfavorable prognosis compared with patients with
low VEGF levels (23). VEGF serves an important role in OS
initiation and progression via regulating cell proliferation,
apoptosis, migration, invasion, metastasis, and angiogen-
esis (24,25). Hence, knocking down VEGF expression levels
may be an attractive therapeutic approach in the therapy of
patients with OS.

In conclusion, the present study demonstrated that
miR-944 was significantly downregulated in cancer tissues
and cell lines. Upregulating miR-944 inhibited cellular prolif-
eration and invasion in OS cells by directly targeting VEGF.
These results suggest a theoretical basis for the application of
miR-944 in treating patients with OS. However, several limita-
tions of the present study should be recognised. The number of
cases in the present study was small. In addition, normal bone
tissues were not used as a control. Furthermore, the effects of
miR-944 on an OS animal model were not studied. Therefore,
future in vitro and in vivo experiments need to be performed
in order to validate the present findings.
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