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MiR-96 plays an oncogenic role by targeting
FOXO1 in osteosarcoma
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Abstract: Objective: To explore the difference in miR-96 expression in human osteosarcoma tissue and cells, as well
as its molecular mechanisms in regulating the malignant phenotype of Osteosarcoma. Methods: MiR-96 expression
in human osteosarcoma tissue and cells was detected using quantitative reverse transcription polymerase chain
reaction (qRT-PCR), and the correlation of miR-96 expression with the clinicopathological features of patients was
analyzed. MiR-96 inhibitor was transfected in vitro into human osteosarcoma cells MG-63, and changes in miR-96
expression in the cells after transfection were detected using qRT-PCR. Meanwhile, changes in cell proliferation
and apoptosis after transfection were determined using CCK-8 assay and flow cytometry. Changes in PCDA and
caspase-3 protein expression after transfection were detected using Western blotting. Bioinformatics was used to
predict the targeting genes of miR-96. Double luciferase reporter gene assay combined with qRT-PCR and Western
blotting were used to validate the targeting regulation of miR-96 on FOXO1. In addition, the effect of miR-96 on
osteosarcoma xenograft in the nude mouse was detected through the nude mouse subcutaneous tumorigenicity
assay. Results: MiR-96 showed aberrantly high expression in human osteosarcoma cells MG-63, Saos-2 and U20S,
as well as osteosarcoma tissue. Further statistical analysis suggested that miR-96 expression in osteosarcoma
tissue was closely related to the Enneking stage and distant metastasis. FOXO1 is a direct target gene of miR-96.
Moreover, miR-96 expression level was remarkably reduced in MG-63 cells after transfection with miR-96 inhibitor,
while both FOXO1 mRNA and protein expression levels were notably increased, cell proliferation capacity and PCDA
protein expression level were markedly lowered, and cell apoptosis rate and caspase-3 protein expression level were
evidently enhanced. Furthermore, nude mouse osteosarcoma xenograft growth results revealed that xenograft in
MG-63 cells transfected with miR-96 inhibitor was outstandingly reduced in terms of volume and weight. Conclu-
sion: MiR-96 shows aberrantly high expression in osteosarcoma tissue and cells. Down-regulating miR-96 expres-
sion can apparently suppress osteosarcoma cell proliferation and tumorigenic ability, and enhance its apoptosis,
the mechanism of which may be related to the target regulation of FOXO1.
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Introduction

Osteosarcoma is a primary malignant bone
tumor frequently seen in adolescents, which
is associated with high malignant grade, high
possibilitie of recurrence and metastasis, and
poor prognosis [1]. The 5-year survival rate for
osteosarcoma patients is only 60%-75% even
though they have received the standard thera-
peutic scheme of surgery combined with neo-
adjuvant chemotherapy. Moreover, the progno-
sis for patients with lung metastasis is even
more dismal [2, 3]. The molecular mechanisms
for the pathogenesis and metastasis of osteo-
sarcoma remain incompletely clear. Treatment

for osteosarcoma is trapped in a bottleneck
period in recent years, and the 5-year survival
rate for patients has not been remarkably
improved.

MicroRNA (miRNA) is a class of single-strand
non-coding small RNA constituted by 20-25
nucleotides, which can bind with the 3’ untrans-
lated region (3’UTR) of a target gene, thus inhib-
iting its expression. Meanwhile, it is involved
in multiple important physiological processes,
such as cell differentiation, proliferation and pr-
ogrammed cell death [4]. MiR-96 is one of the
important members of the miR-183 family (miR-
183, miR-96 and miR-182). Research finds
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Table 1. Associations of miR-96 expression with

clinicopathological characteristics of patients (n =

60)
miR-96
Clinicopathological features expression x2value P value
Low High
Age (year) 0.805 0.370
> 20 9 7
<20 19 25
Gender 0.954 0.329
Male 20 19
Female 8 13
Tumor size (cm) 1.409 0.235
>5 18 25
<5 10 7
Tumor location 1.339 0.247
Limb 25 25
Other 3 7
Enneking stage 7.037 0.008
I~11A 12 4
11B~Ill 16 28
Distant metastasis 7999 0.005
Yes 5 17
No 23 15

that, miR-96 expression dysregulation can be
found in multiple malignant tumors, such as
breast cancer [5], bladder cancer [6] and es-
ophageal carcinoma [7], and this participates
in the genesis and development of malignant
tumors. However, research has not been re-
ported regarding its expression in osteosar-
coma, as well as its effect on the malignant
phenotype in osteosarcoma cells. The current
study aimed to observe the differences in miR-
96 expression in human osteosarcoma tissues
and cells and to further explore the molecular
mechanism, which could provide new referen-
ces for the pathogenesis and targeted therapy
of osteosarcoma.

Material and methods
Clinical specimens

Sixty osteosarcoma samples were collected
from surgical resection in Jining NO.1 people’s
Hospital from January 2012 to January 2017.
Additionally, 20 cases of surgically removed
para-tumor tissues (5 cm away from the tumor
edge) at the same period and were selected as
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controls. All specimens were placed in liquid
nitrogen within 30 min of being excised and
preserved in a freezer at -80°C degrees for
use. The clinical features of patients are
shown in Table 1. All patients did not under-
go chemotherapy, radiotherapy or other an-
titumor treatment preoperatively, and they
had no malignant tumors in other organs. All
specimens were re-checked by 2 patholo-
gists to confirm the diagnosis. This study was
approved by the Medical Ethical Committee
of the hospital. All patients signed the in-
formed consent.

Cells

Human osteosarcoma cell lines MG-63,
Saos-2 and U20S, as well as human osteo-
blasts hFOB1.19 were purchased from ATCC
(USA). MG-63, Saos-2 and U20S cells were
cultured in DMEM medium supplemented
with 10% fetal bovine serum (FBS), while the
hFOB1.19 cells were cultivated in DMEM/
F12 medium containing 10% FBS. All cells
were cultured in a constant temperature in-
cubator at 5% CO2, 37°C degrees and satu-
rated humidity. The medium was replaced
regularly, and conventional passaging was
conducted in the presence of 75%-80% cell
fusion.

Experimental animals

Twenty SPF grade BALB/c male nude mice at
the age of 4-6 weeks with a body weight of
15-20 g were purchased from Beijing Vital River
Animal Experiment Center. All animal experi-
mental procedures in this study conformed to
animal ethical standards.

qRT-PCR

Tissue or cell total RNA was extracted using
Trizol reagent (BD, USA), the purity and concen-
tration of the extracted RNA were detected,
and RNA was transcribed into cDNA using the
reverse transcription kit (TakaRa, Japan). All
primers were designed and synthesized by Gu-
angzhou Ruibo Biotechnology Company (China).
cDNA was used as the template, and quantita-
tive PCR detection was conducted using the
PRISM 7000 quantitative PCR machine in ac-
cordance with the gRT-PCR kit (TaKaRa, Japan)
instruction, with U6/GAPDH as the internal ref-
erence. The melting curve was plotted upon the
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completion of PCR amplification, and relative
quantitative analysis was performed for the tar-
get gene expression using the 222°t method to
calculate the mRNA expression levels of miR-
96 and FOX01.

Cell transfection

MG-63 cells at exponential phase were divid-
ed into miR-96 inhibitor group and inhibitor-NC
group, and were transfected with miR-96 in-
hibitor (GenePharma, China) and inhibitor-NC
(GenePharma, China), respectively, using Li-
pofectamine™2000 (Invitrogen, USA). The tran-
sfection efficiency was detected using qRT-
PCR, and fresh culture medium was replaced
6h after transfection.

CCK-8 assay

MG-63 cells 24 h after transfection were inocu-
lated into the 96-well culture plate at the den-
sity of 5 x 103 cells/well (100 pl/well). 10 pl
CCK-8 solution (Beyotime Biological Company,
China) was added at different time points after
cell adherence and incubated at 37°C degrees
and 5% CO, for 2 h, and the optical density (OD)
value was determined using the Microplate Re-
ader at the wavelength of 450 nm. Three dupli-
cates were set for each well, and the blank con-
trol group was also set.

Flow cytometry

MG-63 cells 24 h after transfection were di-
gested with trypsin, washed with PBS twice,
and collected into the centrifuge tube. Binding
buffer was added to prepare the cell suspen-
sion at the concentration of 1 x 10° cells/ml.
The cell suspension was placed into the flow
tube, and Annexin V-FITC (BD Biosciences,
USA) and PI (BD Biosciences, USA) were added
in succession, followed by staining in the dark
at room temperature for 15 min. Flow cytome-
try was then adopted to calculate the cell apop-
tosis rate.

Dual-luciferase reporter assay

The wild type and mutant reporter gene plas-
mids were synthesized by GeneCopoeia Com-
pany (Guangzhou, China). The PCR amplifica-
tion product of FOXO1 3'UTR was connected to
the Xba | enzymatic digestion site of pGL3 plas-
mid to construct the wide-type pGL3-FOXO1-
wtUTR reporter gene plasmid. Site-specific mu-
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tagenesis was conducted in the basic group of
FOX0O1 3'UTR, and the new plasmid obtained
after mutation was the mutant pGL3-FOXO1-
mutUTR reporter gene plasmid. The pGL3-FO-
XO1-wtUTR or pGL3-FOXO1-mutUTR plasmids
were transfected into MG-63 cells, using Lipo-
fectamine™ 2000 transfection reagent accord-
ing to the liposome transfection method, fol-
lowed by transfection with miR-96 inhibitor or
inhibitor-NC. The solution was replaced 6 h af-
ter transfection, cells in each group were ly-
sed 24 h later, and the luciferase activity values
(firefly luciferase and Ranilla luciferase) in each
group were detected according to the Dual-
luciferase activity detection kit (Promega). The
relative luciferase activity = firefly luciferase
activity value/ranilla luciferase activity value.

Western blotting

MG-63 cells were collected and rinsed with
PBS 3 times. The protein lysis buffer was add-
ed to extract the cell total protein, and the pro-
tein concentration was determined using Br-
adford method. Sixtypg total protein sample
was loaded, followed by sodium dodecyl sulfa-
te polyacrylamide gel electrophoresis (SDS-
PAGE), and transfered onto the PVDF mem-
brane. Blocking buffer containing 5% skim milk
powder was added at room temperature for
2 h. Subsequently, primary antibody FOXO1
(Santa Cruz, USA), PCNA (Cell Signal Technolo-
gy, USA) and caspase-3 (Cell Signal Technology,
USA) was added to incubate at 4°C degrees
overnight. The membrane was washed on the
following day, followed by addition of secondary
antibody (Santa Cruz, USA) to incubate at room
temperature for 2 h, followed by exposure, and
developing.

Nude mouse subcutaneous tumorigenesis
assay

MG-63 cells transfected with miR-96 inhibitor
or inhibitor-NC were collected, and the cell den-
sity was adjusted to 2 x 108 cells/ml. Twenty
nude mice were randomly divided into miR-96
inhibitor and inhibitor-NC groups, with 10 in
each group. 0.1 ml miR-96 inhibitor-transfect-
ed MG-63 cell suspension was injected sub-
cutaneously into the right hind leg of mice in
the miR-96 inhibitor group, while 0.1 ml inhibi-
tor-NC-transfected MG-63 cell suspension was
injected subcutaneously into the right hind leg
of mice in the inhibitor-NC group. Afterwards,
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Figure 1. Expression of miR-96 in osteosarcoma cells and tissues. A. miR-96

para-carcinoma

28). As shown in Table 1, miR-
96 expression level was clo-
sely correlated with Enneking
classification and distant me-
tastasis (P < 0.01), but not
with the age, sex, tumor size
nor tumor site of patients (P >
0.05).

osteosarcoma
FOXO01 is a direct target gene
of miR-96

expression levels in human osteosarcoma cells MG-63, Saos-2 and U20S
were remarkably higher than that in human osteoblast hFOB1.19 as mea-

sured by using gRT-PCR. **, P < 0.01 compared with hFOB1.19. B. miR-96
expression in osteosarcoma tissues was notably higher than that in para-
tumor tissues as measured by using gRT-PCR. **, P < 0.01 compared with

para-tumor tissues.

the growth of the subcutaneous tumors in nude
mice was observed daily, and tumor volumes in
the nude mice of each group were measured
every 5 days. All nude mice were sacrificed 20
days later to weigh the tumor weight. Tumor vol-
ume was calculated according to the formula
V (mm?3) = 1/2 x L x W2, where L stood for tu-
mor length and W represented tumor width.

Statistical methods

All data were analyzed using SPSS 19.0 soft-
ware. Measurement data were expressed as (X
+ s) and analyzed using one-way analysis of
variance or t test. Enumeration data were com-
pared using chi-square test. All experiments
were repeated 3 times. Difference of P < 0.05
was deemed as statistically significant.

Results

Increased expression of miR-96 in osteosar-
coma tissues and cells

As was shown in Figure 1A, miR-96 expression
levels in human osteosarcoma cells MG-63,
Saos-2 and U20S were remarkably higher than
that in human osteoblast hFOB1.19 (P < 0.05).
Figure 1B suggested that miR-96 expression in
osteosarcoma tissues was notably higher than
that in para-tumor tissues (P < 0.01).

miR-96 is closely related to Enneking classifi-
cation and distant metastasis of patients

The mean miR-96 expression level in osteosar-
coma tissues was used as the threshold, and
the patients were divided into high expression
group (n = 32) and low expression group (n =
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The results are shown in Fi-
gure 2A, where there were co-
mplementary binding sites to
the seed sequence of miR-96
in the 3’-UTR of FOXO1. Resul-
ts of dual-luciferase reporter gene assay are
shown in Figure 2B, the luciferase activities in
the wtUTR group co-transfected with miR-96
inhibitor and pGL3- FOXO1-wtUTR plasmids
were remarkably reduced (P < 0.05), while th-
ose in mutUTR group co-transfected with miR-
96 inhibitor and pGL3-FOXO1-mutUTR plasmi-
ds showed no obvious change (P > 0.05), sug-
gesting that miR-96 could specifically bind with
the FOXO1 3'UTR.

The expression of miR-96 decreases and the
expression of FOXO1 mRNA and protein in-
creases in MG-63 cells after transfection with
miR-96 inhibitor

Figure 3A suggested that, miR-96 expression
level in MG-63 cells of the miR-96 inhibitor gr-
oup was markedly lower than that in inhibitor-
NC group (P < 0.01), verifying successful trans-
fection and high transfection efficiency. As is
shown in Figure 3B-D, the mRNA and protein
expression levels of FOXO01 in MG-63 cells of
the miR-96 inhibitor group were apparently
higher than those in inhibitor-NC group (P <
0.01).

Down-regulating miR-96 inhibits the prolifera-
tion and promotes apoptosis of MG-63 cells

Results of the CCK assay are shown in Figure
4A, which indicated that the cell proliferation
capacity in the miR-96 inhibitor group was out-
standingly lower than that in the inhibitor-NC
group (P < 0.05). Results of flow cytometry are
presented in Figure 4B and 4C, which suggest-
ed that the cell apoptosis rate in the miR-96
inhibitor group was apparently higher than that
in the inhibitor-NC group (P < 0.01). Results of
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Figure 2. miR-96 directly targets FOXO1. A. Bioinformatics predicted interactions of miR-96 and their binding sites
at the 3’UTR of FOXO1. B. MG-63 cells were co-transfected with miR-96 inhibitor with pGL3- FOXO1-wtUTR or pGL3-
FOXO1-mutUTR. Luciferase activity was assayed. **, P < 0.01 compared with inhibitor-NC group.

own. Meanwhile, round or oval
off-white solid tumors could
be seen in autopsy, along wi-
th nodular projections on the
surface and fish-like section,
yielding the tumor formation
rate of 100%. Growth of nude
mouse tumors suggested th-
at tumors in nude mice in bo-
th the miR-96 inhibitor group
and the inhibitor-NC group
had gradually increased, but
the tumor volume in the miR-
96 inhibitor group was mark-
edly smaller than that in in-
hibitor-NC group (P < 0.01,
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Figure 3. miR-96, FOXO1 mRNA and protein expression in MG-63 cells af-
ter transfection with miR-96 inhibitor. A. miR-96 expression level in miR-96
inhibitor group was markedly lower than that in inhibitor-NC group as mea-
sured by using qRT-PCR. **, P < 0.01 compared with inhibitor-NC group. B-D.
FOXO1 mRNA and protein expression levels in miR-96 inhibitor group were
apparently higher than those in inhibitor-NC group as measured by using

gRT-PCR and Western blotting.

Western blotting are shown in Figure 4D-F,
compared with the inhibitor-NC group, the ex-
pression of PDNA protein related to prolifera-
tion in MG-63 cells of miR-96 inhibitor group
was significantly decreased (P < 0.05), while
the expression of Caspase-3 protein related
to apoptosis was significantly increased (P <
0.05).

Down-regulation of miR-96 inhibits the growth
of xenogeneic osteosarcoma in nude mice

Results of the subcutaneous tumorigenicity

assay in the nude mice suggested that all
tumors in the right hind leg of mice had gr-
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miR-96 inhibitor

Figure 5A). Moreover, the tu-
mor weight in the miR-96 in-
hibitor group was evidently lo-
wer than that in the inhibitor-
NC group (P < 0.01, Figure
5B).

Discussions

Osteosarcoma derives from the mesenchymal
tissue, which is characterized by the producti-
on of fusiform matrix cells of osteoid tissue.
Osteosarcoma is associated with extremely hi-
gh malignant grade and poor prognosis. In re-
cent years, chemotherapy technology and sur-
gical techniques have been greatly improved;
however, the therapeutic effect of osteosarco-
ma remains unsatisfactory. Moreover, the pro-
gnosis for osteosarcoma is dismal. Therefore, it
is of great significance to investigate the gene-
sis and development mechanisms of osteosar-
coma. Treatment at the gene level has beco-
me the hotspot of osteosarcoma research, and

Int J Clin Exp Med 2019;12(9):11351-11359



miR-96 in osteosarcoma

A 597 e innibitorNC
4 =d= miR-96 inhibitor
E 3-
o
<
a 21
(@]
1_ *k
Jek
0 ] l* ] T
0 24 48 72 96
time(h)
C 204
2 154
g
e
£ 104
0
o
-t
&
g 97 | |
<
0 T
inhibitor-NC miR-96 inhibitor
E
5 1.5+
5
5'; c |
o 9 1.0
g9
3 a
23
= O 0.5
© *k
T e
1.
o
'E 0.0 T
inhibitor-NC miR-96 inhibitor

FL3-H:PI

-n

The relative expression of

Caspase-3 protein

FL3H:P1

T -
107 10 10

FLI-H: AF488AV
miR-96 inhibitor

FL1-H: AF488AV
inhibitor-NC

1.5
ok
1.0
0.54 =
0.0 T
inhibitor-NC miR-96 inhibitor

Figure 4. Effect of down-regulating miR-96 on the proliferation and apoptosis of MG-63 cells. A. The cell proliferation
capacity in miR-96 inhibitor group was outstandingly lower than that in inhibitor-NC group as measured by using
CCK-8 assay. *, P < 0.05 and **, P < 0.01 compared with inhibitor-NC group. B and C. The cell apoptosis rate in
miR-96 inhibitor group was apparently higher than that in inhibitor-NC group as measured by using flow cytometry.
** P < 0.01 compared with inhibitor-NC group. D-F. PDNA protein expression levels in miR-96 inhibitor group were
apparently lower than those in inhibitor-NC group as measured by using Western blotting. Caspase-3 protein expres-
sion levels in miR-96 inhibitor group were obviously higher than those in inhibitor-NC group as measured by using

Western blotting.

effective gene therapy targets are urgently ne-
eded. Itis currently believed that the genesis of
malignant tumors is induced by the imbalance
between cell proliferation and apoptosis; mean-
while, blocked cell apoptosis and infinite cell
proliferation accounts for an important mech-
anism of tumor genesis and development [8].
The foundation of tumor biological targeted
therapy is to inhibit tumor cell proliferation and
induce its apoptosis. In recent years, the role of
miRNA in disease has attracted increasing at-
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tention with the development of epigenetics. A
growing number of studies suggest that miRNA
plays a vital regulatory role in osteosarcoma
proliferation and apoptosis [9, 10]. Scholars He
C et al. [11] discovered that miR-34 could sup-
press the expression of CDK4/6, cyclin E2,
E2F3/5, cMET and bcl-2 in a p53-dependent
manner. Moreover, it could also induce cell cy-
cle arrest at stage G1 and jointly regulate os-
teosarcoma cell proliferation and apoptosis.
Scholars Zhao D et al. [12] reported that down-
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To further investigate the ef-
fect of miR-96 on osteosarco-
ma cell proliferation and apop-
tosis, cells were transfected
with miR-96 inhibitor in our
experiment in vitro, so as to
reduce miR-96 expression in
osteosarcoma MG-63 cells. At
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Figure 5. Effect of down-regulating miR-96 on osteosarcoma xenograft
growth in nude mice. A. The tumor volume in miR-96 inhibitor group was
markedly smaller than that in inhibitor-NC group. *, P < 0.05 and **, P <
0.01 compared with inhibitor-NC group. B. The tumor weight in miR-96 in-
hibitor group was evidently lower than that in inhibitor-NC group. **, P <

0.01 compared with inhibitor-NC group.

regulating miR-34 expression in osteosarco-
ma cells could suppress tumor cell proliferation
and promote its apoptosis through up-regulat-
ing PTEN gene expression. Scholars Thayanithy
V et al. [13] verified that miRNAs on the 1432
site, such as miR-382, miR-134, miR-369-3p
and miR-544, were expressed in low quantities
in osteosarcoma, while up-regulating the ex-
pression of these miRNAs could promote os-
teosarcoma cell apoptosis.

MiR-96 is one of the miR-183 family members
discovered recently, which locates on human
chromosome 7932.2. Recent research indica-
tes that miR-96 plays different roles in different
tumors. In breast cancer cell, miR-96 can pro-
mote cell proliferation, migration and invasion;
moreover, miR-96 can specifically regulate the
expression of PTPN9 protein, thus playing a
role as oncogene [14]. On the contrary, in renal
carcinoma, miR-96 plays a role as tumor sup-
pressor gene. The invasion capacities of the
highly invasive cell line Caki-1 and a cell line
with low invasion potential 786-0 have incre-
ased after transfection with miR-96 inhibitor;
whereas transfection with miR-96 monologue
will decrease the invasion capacity [15], sug-
gesting that miR-96 plays distinct roles in dif-
ferent tumors. However, miR-96 expression as
well as its role in osteosarcoma remains un-
clear at present. In this research, we find that
miR-96 shows aberrantly high expression in
human osteosarcoma cells and tissues, and
miR-96 expression is closely related to Ennek-
ing classification and distant metastasis, re-
vealing that miR-96 plays a role as oncogene
in the genesis and development of osteosar-
coma.
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RS inhibites the same time, cell prolifera-

tion and apoptosis after down-
regulating miR-96 expression
are detected through CCK-8
assay and flow cytometry. The
results indicated that MG-63
cells with down-regulated miR-
96 expression had apparently
reduced cell proliferation ca-
pacity while markedly enhanced apoptosis ra-
te. Moreover, Western blot results showed that
down-regulated miR-96 expression could sig-
nificantly reduce the expression of PDNA pro-
tein related to proliferation and increase the
expression of Caspase-3 protein related to ap-
optosis. Such findings demonstrate that sup-
pressing miR-96 expression can suppress the
development of osteosarcoma. Subsequently,
we constructed the nude mouse subcutaneous
tumor model and discovered that down-regu-
lating miR-96 expression in MG-63 cells can
notably reduce the growth velocity of nude mo-
use xenograft.

The effect of miRNA mainly depends on the
biological effect of downstream target genes
that it regulates. Scholars Song HM et al. [16]
discovered that, in thyroid cancer cell, miR-96
could specifically regulate FOXO1 gene expres-
sion, thus regulating cell proliferation, apopto-
sis and clone formation ability. Furthermore, it
is also discovered in tumors such as prostate
cancer [17, 18], bladder cancer [19] and breast
cancer [20] that, miR-96 can regulate FOXO1
gene to exert its function. To investigate the
underlying mechanism by which miR-96 regu-
lates the downstream target genes in osteosar-
coma, we detect the changes in expression lev-
els of FOXO1 mRNA and protein in MG-63 cells
after down-regulating miR-96 expression th-
rough gRT-PCR and Western blotting. The re-
sults indicate that FOXO1 mRNA and protein
expression levels remarkably increased with
the decrease in miR-96 expression level. Mo-
reover, the results of double luciferase report
experiments showed that miR-96 could specifi-
cally bind with the FOXO1 3'UTR. The above
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results showed that the role of miR-96 in osteo-
sarcoma genesis and development is achieved
by targeting FOXO1.

FOXO1 is an important member of the fork
head transcription factor FOXO family, which
can regulate multiple key cellular functions, in-
cluding cell proliferation, differentiation, apop-
tosis and angiogenesis [21]. It has been cur-
rently verified that FOXO1 can regulate the ex-
pression of multiple downstream target genes,
thus inhibiting cell growth, regulating cell cycle,
promoting apoptosis and fighting against per-
oxidation damage. In addition, it is involved in
the formation process of multiple tumors as a
tumor suppressor gene [22]. Plenty of studies
have confirmed that FOXO1 is an osteosarco-
ma inhibiting factor, which plays a vital role in
the genesis and development of osteosarcoma
[23-25].

In conclusion, miR-96 shows aberrantly high
expression in osteosarcoma tissues and cells,
while down-regulating miR-96 expression can
remarkably suppress the proliferation and tu-
mor formation capacities of osteosarcoma ce-
lls and promote its apoptosis. Its mechanism
may be related to the specific regulation of
FOXO1 gene. Importantly, it is promising to be-
come a potential target of gene therapy for
osteosarcoma.
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