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Abstract: Objective: Long non-coding RNA Ftx (IncCRNA Ftx) is involved in a variety of cancers. However, the associa-
tion between IncRNA Ftx and osteosarcoma is still unclear. In this study, we investigated the correlation between In-
cRNA Ftx and osteosarcoma, and the regulative effect of Ftx on the migration and invasion of osteosarcoma cells, as
well as its molecular mechanism. Methods: Expression levels of IncRNA Ftx in osteosarcoma tissues and adjacent
non-tumor corresponding tissues (ANCTs) were detected using quantitative real-time PCR (qRT-PCR). Differences in
patient survival were determined by the Kaplan-Meier method and a log-rank test. The Cox regression analysis was
used for univariate and multivariate analyses of prognostic values. Human osteosarcoma cell lines Saos2 and HOS
were transfected with the pcDNA-Ftx constructs. The scratch wound healing assay and Transwell assay were used
to assess cell migration and invasion capability, respectively. Western blot analysis was conducted to investigate
the expression of mesenchymal and epithelial markers. Results: The results showed that the IncRNA Ftx group was
higher in osteosarcoma tissues compared with the ANCTs group. Expression of INCRNA Ftx was correlated with the
clinical stage and distant metastasis (P<0.05). The overall survival rate was lower in the high IncRNA Ftx group than
in the low IncRNA Ftx group (log-rank test, P<0.05). Multivariate analysis revealed that in osteosarcoma patients,
higher IncRNA MEG3, advanced clinical stage, and distant metastasis were all independent predictors of overall
survival. Cell research showed that transfection of INcCRNA Ftx significantly promoted the migration and invasion
ability of osteosarcoma cells. In addition, E-cadherin was decreased, while N-cadherin and Snail-1 were increased,
at both the protein and mRNA levels. Pre-treatment with Snail-1 siRNA abrogated the promotion effect of Ftx on the
migration and invasion of osteosarcoma cells. Conclusions: Increased expression of IncRNA Ftx could not only be
a biomarker for progression and prognosis of osteosarcoma, but also could regulate the development of osteosar-
coma via the epithelial to mesenchymal transition (EMT) mechanism.
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Introduction thought to be the most prominent reason for
0S-caused deaths [3]. Although the 5-year sur-
vival rate of OS patients has significantly im-

proved to approximately 60-70% [4], only 11%-

Osteosarcoma (0OS), which is characterized by
the direct formation of immature bone or oste-

oid tissue, is one of the most common tumors
in children and adolescents. OS accounts for
only about 0.5% of all types of cancer [1] and
20% of all primary bone cancers, but it is the
second highest cause of cancer-related deaths
in children [2]. OS predominantly occurs in the
long tubular bones with highly aggressive and
early distant metastasis. Approximately 10%-
25% of patients have lung metastasis, which is

30% of patients with metastatic OS can survive
[5]. Moreover, for a proportion of OS patients,
even though they have accepted curative resec-
tion of the primary tumor, they still respond
poorly to chemotherapy and have a high risk of
local relapse [6]. Therefore, it is urgent for us to
uncover the key molecules and underlying
mechanism which could predict and regulate
metastasis and prognosis of 0S.
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Table 1. The correlations between long non-coding
RNA Ftx expression and clinicopathological factors of

osteosarcoma patients

the correlation between Ftx and osteosar-
coma, as well as the effects and molecular
mechanisms on tumorigenesis and the

Relative Ftx expression

progression of osteosarcoma, have not
been extensively explored. In the present
study, we first elucidated expression of

Factors Cases High. Low . value
expression expression

Age (years) 0.625
<25 54 24 30
>25 30 15 15

Sex 0.739
Male 49 22 27
Female 35 17 18

Tumor diameter 0.161
<8cm 37 14 23
>8 cm 47 25 22

Anatomic location 0.403
Tibia/femur 52 26 26
Elsewhere 32 13 19

Clinical stage 0.010
/1 47 16 31
I 37 23 14

Distant metastasis 0.020
Absent 58 22 36
Present 26 17 9

Ftx in the serum of osteosarcoma patients
and evaluated the prognostic values of
Ftx on osteosarcoma. Then, we investigat-
ed the biological function of Ftx on osteo-
sarcoma cells in vitro, as well as the possi-
ble mechanism involved in this process.

Patients and methods

Patient samples

The present study was approved by the
Research Ethics Committee of Qilu Hos-
pital. Written informed consent was ob-
tained from all of the patients. Eighty-four
patients (49 males and 35 females aged
5 to 63 years) with osteosarcoma who re-
ceived surgical resection in the Depart-
ment of Orthopedics, Qilu Hospital were
recruited between August 2007 and July

Long non-coding RNAs (IncRNAs) are evolution-
arily conserved, non-protein-coding RNAs that
are longer than 200 nucleotides in length.
Studies have indicated that IncRNAs are inv-
olved in diverse physiological processes includ-
ing cell growth and apoptosis, as well as cancer
progression and metastasis via transcriptional
regulatory mechanisms [7, 8]. Previous studies
have demonstrated that Ftx is an independent
prognostic factor for colorectal cancer and sig-
nificantly promotes the growth, migration, and
invasion of colorectal cancer cells [9]. Ftx is
also seen as a critical factor in the proliferation
and invasion of glioma cells by regulating miR-
342-3p and AEG-1 [10]. Knockdown of IncFtx
inhibits renal cell carcinoma cells’ proliferation,
migration, and invasion [11]. Ftx-derived miR-
545 promotes cell proliferation by targeting
RIG-I and activating PI3K/Akt signaling in hepa-
tocellular carcinoma [12]. However, in another
study, Ftx was reported to inhibit hepatocellular
carcinoma proliferation and metastasis by
binding MCM2 and miR-374a [13].

Thus, according to the above investigations, Ftx
is a newly identified gene that is associated
with cancer growth and metastasis. However,
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2010. Eighty-four osteosarcoma tissues

and paired adjacent non-tumor corre-
sponding tissues (ANCTs) were collected and
freshly frozen in liquid nitrogen. Part of the sur-
gically resected specimens, as well as ANCTs,
were fixed with formalin, embedded in paraffin,
cut into 5-uM sections and stained with hema-
toxylin and eosin for the determination of tumor
grade and stage by two pathologists. The rem-
nant specimens were still stored in liquid nitro-
gen until the extraction of RNA. No patients had
received radiotherapy or chemotherapy before
surgery. The clinicopathological information of
the patients is summarized in Table 1.

Cell culture and transfection

Human osteosarcoma cell lines Saos2 and HOS
were obtained from the American Type Cell
Culture Collection (ATCC) and were grown in
DMEM supplemented with 10% heat-inactivat-
ed fetal bovine serum (FBS), 100 pg/ml strepto-
mycin and 100 U/ml penicillin. The Ftx sequenc-
es were synthesized into the pcDNA3.1 vector
by Invitrogen (Shanghai, China). Saos2 and HOS
osteosarcoma cells were cultured in six-well
plates and transfected with the pcDNA-Ftx con-
structs (Cell-Ftx group), as well as the pcDNA
3.1 empty vector (Cell-EP group) and normal
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Figure 1. Expression of InNCRNA Ftx was up-regulat-
ed in osteosarcoma and was correlated with the
prognosis of osteosarcoma patients. A. The rela-
tive expression of IncRNA Ftx was detected by real
time-PCR in 84 osteosarcoma tissues and paired
ANCTs. The changes of Ftx were shown as the rela-
tive folds of 18S in the clinical data. B. Kaplan-Meier
plots showed overall survival according to the level of
InNcRNA Ftx in osteosarcoma patients. The data rep-
resent the mean + SD of three independent experi-
ments. P<0.001.

saline of the same volume (Cell-Con group) as
control groups. For transfection, complexes of
the vectors and Lipofectamine 2000 (Invitro-
gen, Shanghai, China) were directly mixed with
cells in six-well cell culture plates for 6 h at a
density of 2 x 105 cells per well.

RNA isolation and quantitative real-time PCR

Total RNA was extracted from tissues and cell
lines using TranZol Up (Trans, China) according
to the manufacturer’'s instrutions. One ug
MRNA was reversely transcribed using a First
Strand cDNA Synthesis kit (Fermentas, Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Then,
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the total cDNA was amplified using the FastStart
Universal SYBR Green Master (ROX) mix (Roche
Diagnostics, Basel, Switzerland) in the Light
Cycler real-time PCR detection system (Roche
Diagnostics) for 40 cycles at 95°C for 5 sec,
60°C for 30 sec, and 70°C for 10 sec, with 18S
as the internal control. The primer sequences
for qPCR analyses were as follows: 18S, for-
ward primer: 5-CTTAGTTGGTGGAGCGATTTG-3,
reverse primer: 5-GCTGAACGCCACTTGTCC-3’
[14]; Ftx, forward primer 5-TAT GCC ACC TAG
CCTTTC TAC A-3’ and reverse primer 5-ATC TCT
TCA AAA GCG GCATAAT-3' [12]. The changes of
the relative expression of Ftx were calculated
and normalized to 18S using the 2-AACt meth-
od in the cell research, while the changes of Ftx
were shown as the relative folds of 18S in the
clinical data.

Migration assay

Cell migration was studied using a scratch
wound healing assay. The Saos2 and HOS cells
were cultured in 12-well plates (1 x 10%/well,
Corning, NY, USA). After the cells were trans-
fected with the plasmid for 48 h straight
scratches of the same width were made in
monolayers of the cultured cells with a pipette
tip. After incubation with the reagents for vari-
ous times, the wound healings were observed
along the scrape line [15].

Invasion assay

The invasive ability of the Saos2 and HOS cells
was detected with modified Boyden chambers
with 8-um pore filter inserts (Corning Inc.) coat-
ed with Matrigel (50 ug/well; BD Biosciences,
San Jose, CA, USA). Briefly, the upper chamber
contained cells in DMED plus 1% FBS, while the
lower chamber contained DMEM plus 10% FBS.
After the cells were transfected with the plas-
mid for 48 h, cells (1 x 10%/well) were re-sus-
pended in the upper chamber. After 24 h incu-
bation at 37°Cin 5% COZ, the cells on the lower
surface were fixed with methanol for 30 min
and stained with hexamethyl pararosaniline
[16]. Five randomly captured fields of each
sample were selected to evaluate the average
number of invasive cells.

Statistical analysis

SPSS 18.0 software was used for statistical
analysis. In the comparison of the 84 pairs of
clinical samples of osteosarcoma and ANCTs,
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Table 2. Univariate and multivariate Cox regression of prognostic factors for overall survival in osteo-

sarcoma

Univariate analysis

Multivariate analysis

Parameter

HR 95% Cl P HR 95% ClI P

Age (years)

<25 vs. 225 0.746 0.399-1.394 0.358
Sex

Male vs. Female 1.304 0.736-2.313 0.363
Tumor diameter

<8 cmyvs. =8 cm 0.765 0.427-1.371 0.368
Anatomic location

Tibia/femur vs. Elsewhere 1.347 0.755-2.405 0.313
Clinical stage

I/l vs. 1l 2.964 1.647-5.333 <0.001 2.506 1.356-4.630 0.003
Distant metastasis

Absent vs. Present 3.715 2.078-6.643 <0.001 2.428 1.297-4.546 0.006
Ftx

Low vs. High 2.636 1.458-4.767 0.001 2.162 1.158-4.037 0.016

the paired t-test was used. Differences of the
clinicopathological features between the high-
Ftx group and the low-Ftx group were evaluated
using the Student’s t-test and x? test. Survival
analysis was done by using the Kaplan-Meier
method and log-rank test. The Cox regression
was performed to evaluate the prognostic val-
ues of clinicopathological features and IncRNA
Ftx. The cell data were presented as means *
standard deviation (SD) based at least three
repeats of three independent experiments. P<
0.05 indicated a significant difference.

Results

LncRNA Ftx is up-regulated in osteosarcoma
patients

In order to assess the role of IncCRNA Ftx in
osteosarcoma, a qRT-PCR was first used to
detect the expression of INcRNA Ftx in the 84
pairs of clinical samples of osteosarcoma and
ANCTs. The results showed that IncRNA Ftx ex-
pression was significantly increased in osteo-
sarcoma tissues compared with ANCTs (t=
10.881, P<0.001, Figure 1A).

LncRNA Ftx correlated with clinicopathological
features

The median value of IncRNA Ftx in all osteosar-
coma tissues was 2.1, which was used as a cut-
off value. The patients were divided into two
groups, the high IncRNA Ftx expression group
(22.2; n=39) and low IncRNA Ftx expression
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group (<2.2; n=45). The correlations between
clinicopathological features and IncRNA Ftx
expression in patients with osteosarcoma were
summarized in Table 1. A high expression of
IncRNA Ftx was observed to be closely corre-
lated with clinical stage (I/1l vs. Ill, P=0.010)
and distant metastasis (absence vs. presence,
P=0.020). We did not find a significant correla-
tion of IncRNA Ftx with other clinicopathological
features, such as age (<25 vs. 225, P=0.625),
gender (male vs. female, P=0.739), tumor diam-
eter (<8 vs. 28 cm, P=0.161), or anatomic loca-
tion (tibia/femur vs. elsewhere, P=0.403).

Correlation between IncRNA Ftx expression
and prognosis of osteosarcoma patients

The clinical follow-up time of patients ranged
from 3 to 60 months. Overall survival was
defined as the interval from the date of diagno-
sis to pancreatic cancer-related death. Overall
survival curves were plotted according to the
expression level of InNcRNA Ftx by the Kaplan-
Meier method. As shown in Figure 1B, the
Kaplan-Meier survival analysis indicated that
the overall survival rate of the high IncCRNA Ftx
group was significantly lower than that of the
low IncRNA Ftx group (log-rank test, P=0.001).

Prognostic values of IncCRNA Ftx expression in
0S

Univariate and multivariate analysis were used
to identify the impact of IncRNA Ftx expression
and other clinicopathological features on the

Int J Clin Exp Pathol 2018;11(9):4503-4511



LncRNA Ftx promotes osteosarcoma via EMT

A Saos2
100+
* -+ Saos2-Con
£ 80- - Saos2-EP
2 =+ Saos2-Ftx
3 *
T
o 401
=
3 20
2
0 T T T T T
x> AS i > <
5 © N o w
Time
C 5004
*% -+ Saos2-Con
E 400 - Saos2-EP
) -+ Saos2-Ftx
o =
g g 3004
g9
£ & 200-
o >
e
& 1004
0 T T T
o o S
¥ Lis ®

Percentage of Cell

HOS
*
100+
-+ HOS-Con
§ 80 -+ HOS-EP
o * -+ HOS-Fix
= 604
[
T
o 404
c
g 20
2
o s \,‘;o .‘y‘\ b?"‘{\
Time
500+
*% -+ HOS-Con
400 -+ HOS-EP
9 - HOS-Fix
= 300-
o
£ /
>
£
1001
0

2,
%
6’4_

Figure 2. LncRNA Ftx induced the migration and invasion of Saos2 and HOS cells. The effects of INCRNA Ftx on the
migration invasion of Saos2 and HOS cells were assessed by the wound healing assay and Transwell assay respec-
tively. Saos2 and HOS cells were transfected with pcDNA-Ftx, pcDNA-empty vectors and normal saline respectively.
A, B. The healing over the scratch of the IncRNA Ftx group was dramatically increased compared with the empty
vectors and control groups, respectively in the Saos2 and HOS cells. C, D. Cells invading to the underside surface of
the Transwell filter were stained with hexamethyl pararosaniline, and the invasive cells dramatically increased com-
pared with empty vectors and control groups, respectively in Saos2 and HOS cells. *P<0.05, and **P<0.01 com-
pared with the control group. The data shown are means + SD from three independent experiments in duplicate.

prognosis of osteosarcoma patients. As shown
in Table 2, univariate analysis showed that
IncRNA Ftx expression (HR, 2.636; 95% ClI,
1.458-4.767; P=0.001), clinical stage (HR,
2.964;95% Cl, 1.647-5.333; P<0.001) and dis-
tant metastasis (HR, 3.715; 95% CI, 2.078-
6.643; P<0.001) were significantly correlated
with overall survival of osteosarcoma patients.
Furthermore, a multivariate Cox regression
analysis also showed that IncRNA Ftx expres-
sion (HR, 2.162; 95% Cl, 1.158-4.037; P=
0.016) was an independent predictor for os-
teosarcoma, as well as the clinical stage (HR,
2.506; 95% Cl, 1.356-4.630; P=0.003) and
distant metastasis (HR, 2.428; 95% ClI, 1.297-
4.546; P=0.006).

Over-expression of IncRNA Ftx promotes migra-
tion and invasion of osteosarcoma cells

To investigate the biological function of INcCRNA
Ftx in the development and progression of o0s-
teosarcoma, Saos2 and HOS cells were trans-

4507

fected with pcDNA-Ftx, pcDNA-empty vectors
and normal saline. The wound healing assay
and Transwell assay were used to evaluate the
migration and invasion of osteosarcoma cells
respectively. Osteosarcoma cells were cultured
for another 3 h, 6 h, 12 h, 24 h and 48 h after
transfection with pcDNA. As shown in Figure
2A and 2B, the results of the wound healing
assay demonstrated that healings over the
scratches were gradually increased with ex-
tended culture time in all of the three groups.
But the Ftx over-expression groups had the
greatest increase and exhibited significant dif-
ferences from 24 h after transfection of pcD-
NAs both in Saos2 and HOS cells. Also, as
shown in Figure 2C and 2D, the invading cells
that transferred from the upper surfaces to the
lower surfaces in the Transwell assay also
exhibited a similar tendency after transfection
of Ftx in the Saos2 and HOS cells. The results
strongly suggested that over-expression of
IncRNA Ftx promoted migration and invasion of
osteosarcoma cells.

Int J Clin Exp Pathol 2018;11(9):4503-4511
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as that at the protein level

(Figure 3C and 3D). The above
results suggest that Ftx over-
expression could change the
expressions of EMT markers

and might promote the metas-
tasis of the tumors through
this mechanism.

Ftx affected migration and in-
vasion of osteosarcoma cells
via the Snail pathway
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Figure 3. LncRNA Ftx decreased the expression of E-cadherin and increased
the expression of N-cadherin. Saos2 and HOS osteosarcoma cells were
transfected with pcDNA-Ftx, pcDNA-empty vectors and normal saline re-
spectively. A, B. A Western blot assay was used to determine the changes
of E-cadherin and N-cadherin protein expressions. C, D. Real time-PCR was
also used to detect the mRNA expressions of E-cadherin and N-cadherin.
*P<0.05, and **P<0.01 compared with the control group. Data shown are
means + SD from three independent experiments in duplicate.

Effects of over-expression of InNcRNA Ftx on
EMT marker expression in osteosarcoma cells

The Epithelial to mesenchymal transition is
widely seen as one of the most important
mechanisms that mediates the acquisition of
the invasiveness of cancer cells and the metas-
tasis of the tumors. The characteristic of EMT is
the loss of the epithelial marker E-cadherin and
gain of the mesenchymal marker N-cadherin
[17]. As a result, we examined the expressions
of EMT markers in osteosarcoma cells with
Western blot and real-time PCR after transfec-
tion with pcDNA for 24 h. As shown in Figure
3A and 3B, Ftx over-expression significantly
decreased the expression of the epithelial
marker E-cadherin and enhanced the expres-
sion of the mesenchymal marker N-cadherin
both in Saos2 and HOS cells. Then, a real-time
PCR was performed and Ftx over-expression
also significantly exhibited the same tendency
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mesenchymal transition [18].
Therefore, it is crucial to deter-
mine the effects of INcRNA Ftx
on the expression of Snail and
whether it plays a role in the
migration and invasion of os-

pression of INcCRNA Ftx signi-
ficantly promoted the expres-
sion of Snail-1 both in Saos2
and HOS cells. Then, a real-
time PCR was also done, and
the results again demonstrat-
ed that the over-expression of
IncRNA Ftx significantly pro-
moted the expression of Snail-
1 RNA in Saos2 and HOS cells (Figure 4C and
4D). Finally, in order to ascertain whether Snail-
1 mediated Ftx-induced migration and inva-
sion, the cells were pre-treated with siRNA of
Snail-1 for 2 h before the transfection of the
pcDNAs. As shown in Figure 4F and 4G, pre-
treatment with the siRNA of Snail-1 significantly
abrogated the promotion effect of Ftx over-
expression on the migration and invasion of the
2 cells. The above results strongly indicate that
Snail-1 is the key regulator by which Ftx pro-
motes osteosarcoma cells’ migration and inva-
sion, as well as the irreplaceable position of
EMT in the procedure.

Discussion

Due to a defect in the encoding protein, long
non-coding RNAs (IncRNAs) were long consid-
ered to have no function. However, increasing
evidence has shown their various roles in bio-

Int J Clin Exp Pathol 2018;11(9):4503-4511
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Figure 4. LncRNA Ftx increased the expression of Snail-1, and Snail-1 medi-
ated the regulation of EMT markers. Saos2 and HOS osteosarcoma cells
were transfected with pcDNA-Ftx, pcDNA-empty vectors and normal saline
respectively. A, B. A Western blot assay was used to determine the changes
of Snaill protein expression. C, D. A real time-PCR assay was used to deter-
mine the changes of Snail-1 mMRNA expression. E. Healing over the scratch
showed that Snail-1 siRNA significantly reversed the effects of INCRNA Ftx on
the migration ability, respectively in Saos2 and HOS cells. F. A Transwell assay
also showed that Snail-1 siRNA significantly reversed the effects of INCRNA
Ftx on the invasion ability, respectively in Saos2 and HOS cells. *P<0.05
versus control group; #P<0.05 versus the Ftx over-expression group. Data
shown are means + SD from three independent experiments in duplicate.

logical processes, such as the regulation of
gene transcription, as well as the posttranscrip-
tional regulation of RNA splicing [19]. Recently,
multiple IncRNAs were found to correlate with
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the progression of osteosar-
coma and the regulation of
tumor genesis, development
and prognosis [5, 20]. There-
fore, identifying specific Inc-
RNAs and discovering the un-
derlying mechanism involved
in tumor genesis may provide
promising therapeutic targets
for osteosarcoma.

The Ftx transcript is a con-
served functional IncRNA lo-
cated in the X-inactivation
center (Xic), which is thought
to positively regulate the ex-
pression of Xist. In colorectal
cancer, Ftx was reported to
be significantly up-regulated
compared with adjacent nor-
mal tissues and was corre-
lated with the differentiation
grade, lymph vascular inva-
sion, and clinical stage [9].
LncRNA Ftx harbors 2 clusters
of microRNAs in its introns,
the miR-374b/421 cluster
and the miR-545/374a clus-
ter. Zhao's study revealed
that miR-545/374a was up-
regulated in hepatocellular
carcinoma (HCC) tissue and
correlated with the histologi-
cal grade and metastasis
[21]. Liu's study also con-
firmed that IncRNA Ftx and
Ftx-derived miR-545 were up-
regulated in both HCC and
associated with the poor pro-
gnosis of HCC patients. They
further discovered the novel
pathway by which IncRNA
Ftx/miR-545/RIG-I promotes
HCC development by activat-
ing PI3K/Akt signaling. In glio-
ma and renal cell carcinoma,
Ftx was also seen as a criti-
cal factor for proliferation
and invasion [10, 11]. Alth-
ough there’s still an opposing
view of the effect of Ftx in
HCC, for example, Liu’s study

demonstrated that Ftx inhibited HCC prolifera-
tion and metastasis by binding MCM2 and miR-
374a [13], most of the present studies showed
its ability to promote tumor growth and metas-

Int J Clin Exp Pathol 2018;11(9):4503-4511
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tasis. So far, however, there is still no report of
IncRNA Ftx on osteosarcoma.

In this study, we identified IncRNA Ftx as a pro-
moter of osteosarcoma. We first proved that Ftx
expression was significantly increased in osteo-
sarcoma tissues compared with ANCTs in the
84 pairs of clinical samples. Further study indi-
cated that the high expression of Ftx is corre-
lated with the clinical stage and distant metas-
tasis, with no significant correlations with other
clinicopathological features, such as age, gen-
der, tumor diameter, or anatomic location, indi-
cating that Ftx may be a prognostic biomarker
for osteosarcoma. After 60 months follow-up,
overall survival curves indicated that the high
Ftx group had a remarkably lower overall sur-
vival rate than the low Ftx group. Multivariate
regression analysis indicated that IncRNA Ftx
expression could be seen as an independent
prognostic factor for overall survival of osteo-
sarcoma patients and increased expression of
IncRNA Ftx might play a key role in the progres-
sion of osteosarcoma.

EMT is characterized by loss of epithelial mark-
ers, such as E-cadherin, and in turn, the acqui-
sition of mesenchymal markers, such as N-cad-
herin. Tumor-associated EMT has been widely
acknowledged as an important mechanism
that promotes osteosarcoma progression and
metastasis [22]. As previously reported, EMT
was associated with higher tumor recurrence,
poorer prognosis and decreased survival rates
[23]. Many IncRNAs were reported to be invol-
ved in the regulation of EMT, and thereby affe-
cting tumor development and metastasis. Up-
regulation of IncRNA PIncRNA-1 promotes pro-
liferation and induces the epithelial-mesenchy-
mal transition in prostate cancer [24]. LncRNA
CCAT2 is associated with tumor metastasis by
regulating the Snail-2-mediated epithelial-mes-
enchymal transition [25]. Furthermore, IncRNA
Ftx was also reported to inhibit HCC cell epithe-
lial-mesenchymal transition and invasion [13].
The data in the present study showed the role
of IncRNA Ftx which significantly decreased
and increased expression of E-cadherin and
N-cadherin respectively, which strongly sug-
gested to us that visfatin is an inducer of EMT
in osteosarcoma cells.

Snail-1 has been considered one of the most
important EMT process regulators, which medi-
ates the loss of E-cadherin and the acquisition
of N-cadherin. It was reported that Snail-1 was
over-expressed in osteosarcoma [26], and its
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overexpression promoted the proliferation, mi-
gration and invasion of cancers [27, 28]. The
present study also confirmed the promoting
effect of Snaill on the migration and invasion
of osteosarcoma. Also, the results in this re-
search strongly verified that Snail-1 was the
key regulator by which Ftx promoted osteosar-
coma cells’ migration and invasion.

Taken together, the present study first demon-
strated that IncRNA Ftx is markedly up-regulat-
ed in osteosarcoma, and its expression is sig-
nificantly correlated with the development of
tumors as well as the prognosis of the patients.
Up-regulation of IncRNA Ftx could significantly
enhance the migration and invasion of osteo-
sarcoma cells. Additionally, our study also ex-
plored the underlying mechanism, and demon-
strated that IncRNA Ftx plays its role via pro-
moting the epithelial-mesenchymal transition.
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