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transcription factor 4 (SOX4)
(CCK-8) assay, cell colony formation and

osteosarcoma. The protein levels
were detected by Western Blot.

were increased in osteosarcoma tissues and cell lines
acxpression levels of miR-214-5p. FTX could modulate the

ation and growth in mice. Furthermore, FTX regulated the expression of
acting as a sponge of miR-214-5p in osteosarcoma.
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Introduction
Osteosarcoma (OS) is the most common primary malignant tumor in children and
adolescents.'* The age of onset of osteosarcoma is 15-25 years, and the incidence rate
is 4.5/1 million. The annual new osteosarcoma patients in the United States are about
900 cases, the degree of malignancy is high.® At present, the principle of treatment of
osteosarcoma is surgery combined with neoadjuvant radiotherapy and chemotherapy.*
The overall prognosis is still relatively poor.” The important reason for its poor
prognosis is that the development of osteosarcoma is a very complicated biological
process. Therefore, in order to improve the therapeutic effect of osteosarcoma, it is
necessary to research the molecular mechanism to provide more effective clinical.
The long-chain non-coding RNA (IncRNA) is defined as a transcript that does
not encode a protein of more than 200 nucleotides in length.®” LncRNA can affect
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the transcription and translation of the encoded gene
through various mechanisms, such as chromosomal remo-
deling, transcription, and protein inhibition.® LncRNA is
abnormally expressed in human cancers and can be used
as biomarkers for the diagnosis and prognosis of different
tumors, including gastric cancer, liver cancer and colon
cancer.”'® It is confirmed that various IncRNAs are abnor-
mally expressed in osteosarcoma.'' These oncogenic or
tumor suppressor IncRNA regulates OS pathogenesis and
serves as an independent prognostic biomarker or multi-
drug resistance in osteosarcoma cells (MDR)."? LncRNA-
FTX is a recently discovered IncRNA, which has been
found to be abnormally expressed in a variety of
malignancies.'”> However, the mechanism of IncRNA-
FTX in OS has not been studied.

LncRNA can act not only on proteins or mRNA but
also on mi RNA."* miRNAs are approximately 22 nt in
length. miRNA plays a part in the regulation of physiolo-
gical processes, such as cell biological development, lipid
metabolism and hormone secretion, as well as the occur-
rence and development of diabetes, viral infection and
tumor.'>'® Studies have found that miRNAs are involved
in the progression of tumors as oncogenes or tumor s
pressor genes.!” The miRNAs not only enriches the und
standing of gene regulatory networks in theory, but als
has great potential in clinical applications. 1
a critical role in the development
cells.'®!” MiR-214-5p has been con

plays a part in tumorigenesis,
coma is still unclear.”®
The SOX (Sry-like
family subcomponen
important transcripti

nic developmg O
SOX4 belg @
its encoded PigicaTs loca

important memb

21,22

e SOX gene family, and

in the nucleus. SOX4 is an
of the SOX transcription factor family,
and interference its expression inhibits tumor cell
proliferation and promotes apoptosis.”> SOX4 plays
a critical role in the development of colorectal cancer.
The high expression of SOX4 can inhibit the proliferation
and invasion of colorectal cancer cells.”* Therefore, it was
speculated that IncRNA-FTX regulated the progression of
osteosarcoma by modulating the miR-214-5p/SOX4 axis.
The main purpose of this study was to explore the mechan-

ism of IncRNA-FTX regulation of osteosarcoma.

Materials and Methods

Tissue Sample

From 2010 to 2012, osteosarcoma and adjacent normal
tissues were collected at the Affiliated Hospital of
Guangdong Medical University for surgical resection.
The information of patients (including gender, ages,
stages, etc.) was provided in Supplementary data.
Exclusion criteria: patients with primary malignant tumor
in other parts, deformity of bone and important organs,
dysfunction of heart, lung, liver and kidney, diseases of

bral vessels;

blood system, and stroke of carg

patient’s clinical |
was approved

leoblasts HFOB1.19 cells and osteosar-
OS, MG63, U20S, HOS and Saos-2
btained from the Central Culture Collection of the
cademy of Sciences (Shanghai, China). HFOB
.19 cells were cultured in F12 medium containing 10%
S. The HOS cell line was maintained in Eagle’s MEM
medium, and the remaining cell lines were cultured in
RPMI-1640 medium containing 10% FBS.

HE Staining

The osteosarcoma tissue removed during the operation
was dissected along the largest section of the tumor. It
was fixed by 10% formaldehyde, dehydrated by routine
method, embedded by paraffin, and sectioned continuously
with a thickness of 3 p M. After HE staining, gradient
ethanol dehydration and xylene transparent post sealing
were carried out.

Vector Construction and Transfection

For shRNA-mediated FTX silencing, miR-214-5p mimics (5'-
GGCCTGGCTGGACAGAGTTG-3') miR-214-5p inhibitor
(5'-ACAGCAGGCACAGACAGGCAG-3') and negative
control (5'-CCCCCCCCCCCCCCC-3") were synthesized by
Shanghai Gene Pharmaceutical Co., Ltd. (Shanghai, China).
Lentivirus or plasmid transfection was performed using
Lipofectamine 3000.
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Quantitative Reverse Transcription
Polymerase Chain Reaction (qRT-PCR)

Total RNA in cells was extracted using TRIzol reagent
(Boyao, Shanghai, China). After the reverse transcription
reaction, qRT-PCR was performed using a ViiATM 7 real-
time PCR system (Life Technologies, Grand Island, NY). The
expression levels of Inc-FTX and miR-214-5p were calcu-
lated by the 2 **“T method. The expression level of Inc-FTX
was normalized to GADPH, while the level of miR-214-5p
was normalized to U6. qRT-PCR methods were performed
with the literature.?® The primer sequences were as follows:
FTX forward: 5'-CAAAGCTGGTCCTGTGCCTG-3’,
reverse 5-ATTGAGTGTGGCATCACCTCC-3'.
miR-214-5p forward: 5'-GGCCTGGCTGGACAGA-3',
reverse: 5'-GTCACATGACAACCCAGCCT-3".
U6 forward: 5'-CTCGCTTCGGCAGCACATATATT-3',
reverse: 5-ACGCTTCACGAATTTGCGTGGC-3'.
GAPDH: forward: 5'-GGGCTGCTTTTAACTCTGGT-3',
reverse: 5'-GCAGGTTTTTCTAGACGG-3'.

Luciferase Reporter Gene Assay
The miR-214-5p mimic containing the wild-type or mutant
FTX or SOX4 fragment-specific sequence or thegsai

Cell Viability Assay

Cells were seeded in 96-
cells per well; 100 pL

RPMI-1640 medium, 50 uL was
spread to th&@ttom of the Transwell chamber. Then the
Transwell cha was placed in a 24-well plate, and it
was incubated overnight to form a gel. After that, cell

migration experiments were performed.

Colony Formation

Cells were plated in 6-well plates and incubated in dmem
containing 10% fetal bovine serum. Two weeks later, the
cells were fixed in methanol for 30 mins and stained with
1% crystal violet dye.

Western Blot

The protein concentration was quantified using the BCA
Protein As-say Kit. It was incubated with anti-SOX4 anti-
body (1:1000, Shifeng, Shanghai, China) and anti-GAPDH
antibody (1:1000, Shifeng, Shanghai, China) overnight.
Then, it was incubated for 1 h with anti-rabbit secondary
antibody (1:1000, Avivi, Beijing, China). Western blot
analysis was performed with reference.?

Apoptosis Assay

The cells were plated in a 6-wel

cells/well, and cells were harvg
were grown to logarithmi

sly injected into 8-week-old nude mice (n = 5).
or volume was measured weekly. After 4 weeks, the mice
were euthanized. All animal experiments were conducted at
the Affiliated Hospital of Guangdong Medical University
Animal Experiment Center and followed the Guide to
Nursing and Use of Laboratory Animals (Bethesda National
Institute of Health, Maryland, USA). All animal protocols
were approved by the Affiliated Hospital of Guangdong
Medical University Animal Protection and Use Committee.

Immunostaining

Immunohistochemical staining was performed by the
mouse anti-human Ki-67 monoclonal antibody and immu-
nohistochemistry kit instructions. The color was developed
with diaminobenzidine (DAB) coloring solution, counter-
stained with hematoxylin, and sealed with neutral resin.
The cell staining was observed under a light microscope.
Ki-67 criteria in 2 fields were counted under an optical
microscope. The positive was brownish yellow.

RNA Immunoprecipitation (RIP)
RNA immunoprecipitation experiments were performed
using Magna RIP RNA binding protein IPKit (Xiheng,

Shanghai, China) and Ago2 antibody (2897; Cell
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Signaling, Danvers, MA, USA). Finally, purified RNA in
the pellet was used to analyze FTX expression.

Statistical Methods

The monitoring data were analyzed by SPSS19.0 statistical
software. The results of data analysis were shown as mean +
standard deviation (mean +SD). Multigroup data analysis was
founded on one-way ANOVA. LSD test was used for subse-
quent analysis. P < 0.05 meant the difference was significant.

Results
FTX Was Upregulated in Osteosarcoma
Tissues and Cell Lines and Promoted OS

Cell Proliferation
The expression of FTX in paracancerous with osteosar-
coma was first detected by qPCR. As a result, as shown in
Figure 1A, compared with normal tissues, the expression
level of FTX in cancer tissues was significantly increased
(P <0.001). The level of FTX expression in osteosarcoma
cell lines was also significantly increased compared with
that in HFOB 1.19 cells (P < 0.05) (Figure 1B). The best-
performing MG63 and Saos2 cells were selected for the
next experiment. As shown in Figure 1C, HE staini
showed that there were irregular tumor cells and osteobla!
like matrix in osteosarcoma. And immunohistoche

ificantly induce apoptosis
(P<0.05) (Figur8
with sh-NC group,

). As shown in Figure 11, compared
protein expression level of ki67 was
significantly reduced, and the protein expression level of
c-casp3 and c-PARP was significantly increased.

miR-214-5p Was Regulated by FTX in

Osteosarcoma Cells

As shown in Figure 2A, the expression levels of miR-214-5p
were significantly reduced in osteosarcoma cell lines com-
pared with HFOB 1.19 cells (P<0.05). Furthermore, FTX was

significantly negatively correlated with miR-214-5p in osteo-
sarcoma tissues (Figure 2B). We predicted by the online
prediction tool Starbase v2.0 and miR-214-5p was identified
as a potential target for FTX (Figure 2C). And the expression
level of miR-214-5p was significantly increased in the miR-
214-5p mimic group compared with the control group
(P<0.05), indicating successful transfection (Figure 2D).
The luciferase reporter gene assay showed that luciferase
activity was significantly decreased in MG63 and Saos2
cells co-transfected with miR-214-5p mimic and FTX-WT

(P < 0.05). There was no significant ¢ in the luciferase

d the growth of osteosarcoma
was analyzed. As shown in Figure 3A,
of miR-214-5p in the miR-214-5p inhibi-

was successful. The results showed that the sh-
TX was significantly inhibited cell proliferation
mpared with the Ctrl group (P<0.05), while the shFTX
+miR-214-5p inhibitor reversed the effect of sh-FTX on cell
proliferation (P < 0.05,Figure 3B and C). In addition, the sh-
FTX was significantly inhibited cell invasion (P < 0.05), while
the shFTX+miR-214-5p inhibitor reversed the effect of sh-
FTX on cell invasion (P < 0.05) (Figure 3D). Moreover, sh-
FTX was significantly induced apoptosis (P <0.05), and
shFTX+miR-214-5p inhibitor reversed the effect of sh-FTX
on apoptosis (P <0.05, Figure 3E). And as shown in Figure 3F,
compared with the Ctrl group, the sh-FTX was significantly
inhibited the protein expression level of ki67, and increased the
protein expression level of c-casp3 and c-PARP (P < 0.05),
while the shFTX+miR-214-5p inhibitor reversed the effect of
sh-FTX on the protein expression level of ki67, c-casp3 and
c-PARP.

SOX4 was a Direct miR-214-5p Target

Based on these results, it was aimed to analyze the major
target genes of miR-214-5p. We predicted by the online
prediction tool Starbase v2.0 and SOX4 was identified as
a potential target for miR-214-5p (Figure 4A). Luciferase
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activity was significantly decreased in MG63 and Saos2 cells
co-transfected with miR-214-5p mimic and SOX4-WT
(P < 0.05). There was no significant change in luciferase
activity of SOX4-MUT (Figure 4B). As shown in Figure
4C, compared with the control group, the expression level
of SOX4 in the miR-214-5p mimic group was significantly
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xpression level. (E) CCK8 assay. (F) Transwell experiment. (G) Colony formation experiments. (H) Flow cytometry measured apoptosis. (I) The

<0.05, n = 3.

reduced (P < 0.05), while the expression level of SOX4 was
significantly increased in the miR-214-5p inhibitor group (P
<0.05). And the expression level of SOX4 after sh-FTX
treatment was significantly reduced (P < 0.05) than that of
the shNC group (Figure 4D). These results demonstrated that
SOX4 was a direct target of miR-214-5p.
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SOX4 Atte

5p Mimic InhiB®or in Osteosarcoma Cells
Next, whether SOX4 involved in FTX/miR-214-5p-
mediated osteosarcoma cell proliferation and invasion
was analyzed. As shown in Figure 5A, compared with
the vector group, the expression level of SOX4 in the
pcDNA-SOX4 group was significantly increased
(P < 0.01). In addition, as shown in Figure 5B-E, miR-
214-5p mimic was inhibited cell proliferation, invasion
and induced apoptosis (P < 0.05), while miR-214-5p

MG63

Saos-2

mimictpcDNASOX4 co-transfection partially reversed
miR-214-5p mimic-induced cell proliferation, invasion
and apoptosis (P < 0.01).

Downregulation of FTX Restrained
Tumor Growth Through Targeting
miR-214-5p in vivo

Finally, whether FTX regulated the development of osteosar-

coma through regulating miR-214-5p in vivo was investi-
gated. As shown in Figure 6A—C, compared with the Ctrl
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group, the volume and weight of the sh-FTX group
educed (P < 0.01). The shFTX+miR-214-
5p inhibitor co-transfection could reverse the effect of sh-
FTX on tumor weight and volume (P < 0.01). And as shown

in Figure 6D, Ki-67 staining results showed that the number

were significant[y

of positive cells in shFTX group was decreased, while co-
transfection of shFTX with miR-214-5p inhibitor signifi-
cantly reversed the effect of shFTX on the number of positive
cells. Compared with the Ctrl group, the Ki-67. In addition,
as shown in Figure 6E, the expression level of SOX4 protein

in sh-FTX group was significantly decreased (P <0.01), and
the co-transfection of shFTX+miR-214-5p inhibitor reversed
the effect of sh-FTX on SOX4 protein expression (P <0.01).

Discussion

Osteosarcoma (OS) is a malignant primary tumor with
early distant metastasis and high local recurrence.”’ The
incidence of OS in men is relatively high.”® With the
development of medical level, the treatment of osteosar-
coma is also further diversified, such as chemotherapy,
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surgery, bone reconstruction and other treatment options.
At present, the treatment of osteosarcoma is mainly based
on neoadjuvant chemotherapy combined with surgical
treatment, but the current clinical prognosis rate of treat-
ment has not improved.*® The postoperative survival status
of patients with osteosarcoma still faces enormous chal-
lenges. The main reason for the poor clinical prognosis is

-
o
I

MG63
- Il miR-NC
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3 . O shFIX
£
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0.2 .
o
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2
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‘ect miR-214-5p target. (A) The putative target sequence of miR-214-5p on the SOX4 3'-UTR. (B) Detection of luciferase activity by luciferase
-5p mimic and miR-214-5p inhibitors transfected with SOX4 protein expression levels in MG63 and Saos2 cells. (D) SOX4 protein expression

that the current treatment methods cannot inhibit the dis-
tant metastasis and drug recurrence of osteosarcoma.*’
The main reason of osteosarcoma is still unclear. The
rapid development of molecular biology provides new
techniques for further investigation of the pathogenesis
to the pathogenesis of

of osteosarcoma explore

osteosarcoma.
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experi

In the study of these new
role of long-chain non-cq

role in the development of
It has also been found that TUGI plays
osteosarcoma as an important carcino-

osteosarcoma
a pivotal role 1
genic IncRNA. Up-regulation of TUGI may indicate
a poor prognosis, which can promote metastasis.** FTX
is a recently discovered IncRNA that has been found to be
abnormally expressed in a variety of cancers. In a previous
study, the expression levels of Inc-FTX were increased in
female livers than in male livers and were significantly
reduced in HCC tissues compared with normal liver tis-
sues. Lnc-FTX inhibits HCC cell growth and metastasis

expression levels in MG63 and Saos2 cells transfected with pcDNASOX4.

both in vitro and in vivo. Mechanistically, Inc-FTX
represses Wnt/B-catenin signaling activity by competi-
tively sponging miR-374a and inhibits HCC cell epithe-
lial-mesenchymal transition and invasion.>> There is
currently no research on FTX in osteosarcoma. Studies
have found that FTX levels are significantly elevated in
osteosarcoma. And FTX knockdown can inhibit cell pro-
liferation and invasion, and induce apoptosis. The tumor
volume, weight and SOX4 protein expression levels of the
mice in the sh-FTX group are significantly reduced.
Therefore, FTX can achieve the development of osteosar-
coma by inhibiting its expression.

LncRNA regulates protein translation and cellular
activity by modulating mi RNA.*® miRNAs are closely
related to human tumors, some can promote tumor differ-
inhibit
tumorigenesis.’’ Therefore, studying the mechanism and

entiation and occurrence, and some can

function of miRNA has become a hot spot. Studies have
confirmed that the biological behavior of miRNA affecting
tumor cells, mainly affecting its proliferation, migration,
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miR-29a can
apoptosis by tz
expressed in osteos
the proliferation and migration of osteosarcoma by regu-
lating TAG, resulting in tumor formation in vivo.*' MiR-
214-5p is a miRNA with tumor growth inhibition found in
recent years. For example, it has been found that miR-214-
5p exerts a tumor suppressor effect in breast cancer.*
MiR-214-5p was screened as a target gene for FTX.
MiR-214-5p was expressed at a lower level in osteosar-
coma cell lines. MiR-214-5p mimic was inhibited cell

Ctrl

shFTX+
shFTX miR214-5p inhibitor

e £

shFTX+
miR214-SRinhibitor

B
A ENAZD
~

proliferation, invasion and induced apoptosis. In addition,
FTX was negatively correlated with miR-214-5p, and
miR-214-5p expression was up-regulated after sh-FTX
transfection. shFTX+miR-214-5p inhibitors could reverse
the effects of sh-FTX on cell proliferation, invasion and
apoptosis. In vivo experiments showed that co-transfection
of shFTX+miR-214-5p inhibitor could n reverse the effect
of sh-FTX on tumor weight and volume in mice. These
results indicated that FTX may promote osteosarcoma
growth by miR-214-5p.

miRNA participates in the process of tumor formation
and progression during tumor formation as a regulatory
factor.'” Recent studies have shown that the SOX4 gene is
involved in the development of many tumors as
a transcription factor in vivo.*> Overexpression of SOX4 is

found in tumor tissues such as prostate cancer, melanoma,
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liver cancer, and acute leukemia.** Overexpressed SOX4 5.

may enhance the invasion and migration of tumor cells.
This transformation process has been shown to be associated 6
with tumor invasion and metastasis. Studies have found that
SOX4 can redirect TGF-B-mediated SMAD3-transcriptional
output in a context-dependent manner to promote 7
tumorigenesis.*’ In this study, it was found that SOX4 was

a target gene of miR-214-5p. The expression level of SOX4

was decreased in the miR-214-5p mimic group. The expres- 8.

sion level of SOX4 was decreased after sh-FTX treatment.
The co-transfection of miR-214-5p mimic+pcDNASOX4
could reverse miR-214-5p mimic-induced cell proliferation,
invasion and apoptosis. In vivo experiments showed that the
protein expression level of SOX4 in sh-FTX group was
significantly reduced, and the co-transfection of shFTX
+miR-214-5p inhibitor could reverse the effect of sh-FTX
on the protein expression of SOX4. FTX could promote
proliferation and invasion by modulating the miR-214-5p/
SOX4 axis in osteosarcoma.

Conclusion
FTX promoted proliferation and invasion by regulating

miR-214-5p/SOX4 axis in osteosarcoma, suggesting that

FTX might be a potential oncogene of osteosarco
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