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Abstract 

Osteosarcoma (OS) is the most common primary malignant bone cancer in children and adolescents. 
Long non-coding RNAs (lncRNAs) have been shown to play significant role in various cancers, including 
OS. In a previous study, we have reported that a novel antisense lncRNA FOXF1-AS1, also known as 
FENDRR, could sensitize doxorubicin-resistance of OS cells through down-regulating ABCB1 and 
ABCC1. Here in, the critical role of FOXF1-AS1 in regulating OS progression was further investigated. 
Firstly, we found that FOXF1-AS1 and its antisense transcript FOXF1 expression were positively 
up-regulated in OS tissues and cell lines and correlated with poor prognosis of OS patients. Besides, 
FOXF1-AS1 as well as FOXF1 silencing significantly inhibited cell proliferation, migration, invasion of OS 
cells and tumor growth both in vitro and vivo through decreasing the expression of MMP2 and MMP9, 
whereas enhanced expression of FOXF1-AS1 had the opposite effects. In addition, mechanistically, both 
of FOXF1-AS1 and FOXF1 could regulate the expression of MMP2 and MMP9 at mRNA and protein 
levels, whereas FOXF1-AS1 could influence the FOXF1expression but FOXF1 did not have the same 
effect on FOXF1-AS1. Rescue assay further showed that FOXF1-AS1 overexpression efficiently 
reversed the knockdown of MMP2 and MMP9 expression induced by si-FOXF1. Thus, we concluded 
that FOXF1-AS1 may promote migration and invasion of OS cells through the FOXF1/MMP-2/-9 
pathway. Taken together, these findings demonstrated the underlying mechanism of FOXF1-AS1 in the 
regulation of OS progression and provide a novel potential target in the OS therapy. 

Key words: Osteosarcoma, LncRNA FOXF1-AS1, FOXF1, MMP, Progression. 

Introduction 
Osteosarcoma (OS) is the most common primary 

malignant bone cancer and the second leading cause 
of cancer-related death in children and adolescents 
[1]. The current treatment strategies include wide 
tumor excision combined with adjuvant 
chemotherapy and radiotherapy, which have greatly 
increased the 5-year survival rate to 70%-80% [2]. 
However, the prognosis of patients with tumor 
recurrence or lung metastases still remains poor [3, 4]. 
Thus, it is necessary to further identify the molecular 
mechanisms underlying osteosarcoma tumorigenesis 
and progression to find a new applicable treatment 

target.  
Long noncoding RNA (lncRNA) is a novel class 

of non-protein coding transcripts longer than 200 
nucleotides [5]. Recently, lncRNAs have been 
reported to play important regulatory roles in a 
variety of physiological and pathological processes, 
including carcinogenesis [6]. In cancer, these 
dysregulated lncRNAs always function through 
interacting with and further regulating the expression 
of the oncogenic or tumor suppressive genes [7-9]. 
Actually, many lncRNAs including the “star 
molecules” like GAS5, PVT1 and HOTAIR have been 

 
Ivyspring  

International Publisher 



Int. J. Biol. Sci. 2017, Vol. 13 
 

 
http://www.ijbs.com 

1181 

identified to be tumor-associated in osteosarcoma 
progression, metastasis and chemoresistance [10]. For 
example, Ye et al. reported that lncRNA GAS5 
suppresses cell growth and EMT in osteosarcoma by 
regulating the miR-221/ARHI pathway [11]. Song et 
al. found that lncRNA PVT1 promotes tumor 
progression by regulating miR-497/HK2 axis in 
osteosarcoma [12]. Wang et al. showed that 
overexpression of lncRNA HOTAIR promotes tumor 
growth and metastasis in osteosarcoma [13]. 
However, the specific lncRNAs involved in the OS 
progression and its related regulatory mechanism still 
needed to be fully elucidated. 

In the current study, we focused on the function 
and regulatory mechanism of a novel lncRNA, 
FOXF1-AS1, also known as FENDRR (FOXF1 adjacent 
non-coding developmental regulatory RNA), in 
osteosarcoma progression. In a previous study, we 
screened the lncRNA and mRNA expression profiles 
of the doxorubicin-resistant human OS cell line 
MG63/DXR and its parental cell line MG63 
ascertained by microarray analysis and further found 
the most down-regulated lncRNA FOXF1-AS1 with 
20-fold change in the MG63/DXR cell could sensitize 
doxorubicin-resistance of osteosarcoma cells through 
down-regulating ABCB1 and ABCC1 [14, 15]. 
However, the roles of lncRNA FOXF1-AS1 in OS 
progression remain unclearly defined. Based on the 
previous result, we further determined the vital role 
of lncRNA FOXF1-AS1 in the cell proliferation, 
migration, and invasion of OS in vitro and vivo. And 
we identified that lncRNA FOXF1-AS1 was a single 
antisense oligonucleotide RNA transcribed from the 
negative strand of Forkhead box protein F1 (FOXF1) 
and concordantly up-regulated with FOXF1 in 
osteosarcoma cell lines and tissues. Besides, our data 
showed that FOXF1-AS1 can serve as a biomarker to 
predict the prognosis of OS patients. In addition, we 

found that lncRNA FOXF1-AS1 promotes OS 
progression through the FOXF1/MMP-2/-9 pathway 
and FOXF1-AS1 may be a potential target of OS 
treatment. 

Method and Materials 
Cell lines and culture conditions 

Six human osteosarcoma cell lines (SaoS2, HOS, 
KH-OS, MG63, 143B and U2-OS) were purchased 
from American Type Culture Collection and cultured 
in DMEM supplemented with 10% FBS (Gibco, Gran 
Island, NY, USA), 100 U/mL of penicillin and 100 
mg/mL of streptomycin (Invitrogen). Normal 
osteoblast cells (hFOB1.19) obtained from the Chinese 
Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China) were cultured in Ham’s F12/ 
DMEM supplemented with 10% FBS, 100 U/mL 
penicillin and 100 mg/mL streptomycin. Cultures 
were maintained at 37°C in a humidified CO2 (5%) 
atmosphere. 

Clinical samples  
A total of 82 primary osteosarcoma patients who 

underwent surgery at Department of Orthopedics, 
Shanghai Tenth People’s Hospital between July 2006 
and December 2016 were included in this study. The 
study was approved by the Ethics Committee of 
Shanghai Tenth People’s Hospital and written 
informed consent was obtained from all the study 
participants. All the resected specimens were 
immediately frozen in liquid nitrogen and stored 
at–80°C until RNA extraction. All the cases had a 
definite pathological diagnosis and the clinical stages 
of these patients were determined according to the 
Enneking Stage. The clinical parameters of 
osteosarcoma patients in this study are presented in 
Table 1. 

 

Table 1. Clinical parameters of osteosarcoma patients enrolled in this study 

Pathological characteristics Cases (n) 
  

FOXF1-AS1 expression  FOXF1 expression   P value 
High(45) Low(37) P value High(43) Low(39) P value 

Gender         
Male 52 28 24 0.82 27 25 0.84 0.15 
Female 30 17 13  16 14   
Age         
≥25 24 14 10 0.73 13 11 0.78 0.22 
<25 58 31 27  30 28   
Location    0.07   0.68 0.09 
Distal of Femur 38 22 16  24 14   
Proximal of Tibia 28 16 12  15 13   
Other 16 7 9  4 12   
Lung Metastasis    0.012   0.009  
Yes 26 21 5  20 6  <0.05 
No 56 24 32  23 33   
Clinical stage    0.025   0.032  
I+IIA 28 11 17  8 20   
IIB/III 54 34 20  35 19   
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Quantitative real-time polymerase chain 
reaction  

Total RNA was extracted from tissues and cells 
with Trizol reagent (TAKARA) according to the 
product description. All mRNAs were reverse 
transcribed according to the protocol of the 
PrimeScript® RT Master Mix Perfect Real Time 
(TAKARA). qPCR was performed using SYBR Geen 
Master Mix (Applied Biosystems) on an Applied 
Biosystems 7900HT Real-Time System. The primers 
were shown in Table 2. 

 

Table 2. Primers used for PCR validation 

Gene Forward and Reverse primer 
FOXF1-AS1 F:5’ TTCATCGGCTGCGTATTCG 3’ 

R:5’ TTGCCTTCTAGTCGCCTCC 3’ 
FOXF1 F:5’ AAGCCGCCCTATTCCTACATC 3’ 

R:5’ GCGCTTGGTGGGTGAACT 3’ 
MMP2 F:5’ CTGCGGTTTTCTCGAATCCATG 3’ 

R:5’ GTCCTTACCGTCAAAGGGGTATCC 3’ 
MMP9 F:5’ GAGGCGCTCATGTACCCTATGTAC 3’ 

R:5’ GTTCAGGGCGAGGACCATAGAG 3’ 
GAPDH F:5’ CATGAGAAGTATGACAACAGCCT 3' 

R:5’ AGTCCTTCCACGATACCAAAGT 3’ 

 

Western blotting analysis 
Cells were collected and lysed using RIPA 

protein extraction reagent (Beyotime, Beijing, China) 
supplemented with a protease inhibitor cocktail 
(Roche, Pleasanton, USA). Proteins were loaded onto 
the SDS-PAGE gels for electrophoresis, transferred to 
PVDF membranes and blocked in 5% milk prior to 
incubation with the indicated primary antibodies and 
the secondary antibodies. Autoradiograms were 
quantified by densitometry using GAPDH as a 
control. Antibodies against FOXF1, MMP2 and MMP9 
were purchased from Cell Signaling Technology 
(Danvers, MA, USA). 

Immunochemistry (IHC) 
Paraffin-embedded tissue sections from 

osteosarcoma specimens were given a heat 
pretreatment of 60°C for one hour, then dewaxed in 
xylene, re-hydrated in an ethanol series (100–50%) 
and treated in 0.01 mol/L citrate buffer (pH 6.0) for 
antigen retrieval. The antibody used in the 
experiment included goat anti-FOXF1 polyclonal 
antibody (Danvers, MA, USA), rabbit-anti-goat IgG 
(Danvers, MA, USA). The following experimental 
procedure was according to the manufacturer’s 
instructions. 

Plasmid construction and cell transfection 
MG63 and 143B cells were transiently 

transfected with siRNAs after being sowed into the 

6-well plates overnight. A scrambled negative control, 
a plasmid overexpressing FOXF1-AS1, and an empty 
vector, were cultured as well using the Lipofectamine 
2000 transfection reagent (Invitrogen, Carlsbad, CA) 
and FuGENE® HD Transfection Reagent (Roche, 
Germany) according to the manufacturer’s 
instructions, respectively. 48h after transfection, the 
cells were harvested to detect the overexpression or 
knockout efficiency via qRT-PCR. Two different 
siRNAs against FOXF1-AS1 were designed and 
synthesized by GenePharma (Shanghai, China). The 
target sequences for the si-FOXF1-AS1 and the 
synthetic FOXF1-AS1 sequence (3099bp) were 
described in the previous study (15). The siRNA 
sequence against FOXF1 (si-FOXF1) was 5’- 
GCTCAACGAGTGCTTCATCAAGCTACCCA -3’.  

Cell proliferation assay 
Cell viability was determined with CCK-8 assay. 

1×103 cells were seeded into a 96-well plate with 
quadruplicate repeat for each condition. Cells were 
incubated in 10 % CCK-8 (DOJINDO, Japan) diluted 
in normal culture medium at 37 °C until visual color 
conversion occurred. Proliferation rates were 
determined at 24, 48, 72h after transfection. The 
absorbance of each well was measured with a 
microplate reader set at 570nm.  

Wound healing assay and cell invasion assay  
A total of 1×105 stable transfected cells were 

seeded onto six-well plates and cultured overnight. 
Wounds were created by scratching cell layer with a 
sterile plastic pipette tips and washed with culture 
medium. Cells were further cultured with medium 
containing 1% FBS in 48h. 

For the invasion assays, a 24-well transwell 
chamber (corning, 8 mm) with the upper chamber 
coated with Matrigel (BD Bioscience) was used. 1.0×
105 cells in 100uL serum free DMEM medium were 
seeded in the top chamber, 500uL medium containing 
10% FBS was placed to the lower chamber. After 
incubation for 48 h, cells on the upper membrane 
surface were wiped off using a cotton swab and the 
cells that had traversed the membrane were staining 
by crystal violet and counted. 

Xenograft transplantation 
Female nude (BALB/c) mice (4 weeks old) were 

purchased. Mice were divided into several groups 
according to the completely randomized method. 
MG63 cells stably expressing si-FOXF1-AS1 or 
negative control were propagated and 1×107 cells 
were inoculated subcutaneously into the right side of 
the posterior flank of mice. Tumor growth was 
examined at the indicated time points and tumor 



Int. J. Biol. Sci. 2017, Vol. 13 
 

 
http://www.ijbs.com 

1183 

volumes were measured. After 7 weeks, the mice 
were killed and tumors were removed and weighed. 
All animal procedures were performed in accordance 
with the protocols approved by the Institutional 
Animal Care and Use Committee at the Shanghai 
Tenth People’s Hospital. The detailed procedure has 
been described in the previous study [15, 16]. 

Statistical analysis 
All statistical analyses were performed using 

SPSS 22.0 software (IBM) and Graph pad Prism 5.0. 
Differences between groups were analyzed using the 
Student’s t test or one-way ANOVA. Overall survival 
and free-recurrence survival were calculated by 
Kaplan-Meier survival analysis and compared using 
the log-rank test. p values＜0.05 were considered 
statistically significant. 

Results 
lncRNA FOXF1-AS1 was up-regulated in the 
osteosarcoma tissues and cell lines, correlated 
with lung metastasis and worse prognosis 

First, we measured the expression level of 
FOXF1-AS1 in six human OS cell lines and the normal 
osteoblast cell line hFOB1.19 by qRT-PCR. The results 

showed that FOXF1-AS1 level was much higher in 
SaoS2, HOS, KH-OS, U2-OS, MG63, and 143B cells, 
compared with hFOB1.19 cells (Fig. 1A). Of them, 
MG63 and 143B cells with a higher expression of 
FOXF1-AS1 were selected as research represents in 
the following studies. 

qRT-PCR analysis was then used to test the 
FOXF1-AS1 expression levels in 82 pairs of OS and 
paracancerous tissues to further study the 
relationship of FOXF1-AS1 with clinical progression 
and outcome of OS patients. FOXF1-AS1 expression 
was conspicuously up-regulated in OS tissues 
compared with normal tissues (Fig. 1B). 
Subsequently, we classified our patients into lung 
metastasis and lung non-metastasis groups and found 
that the expression of FOXF1-AS1 in the lung 
metastasis group at early stage was obviously higher 
than that in the lung non-metastasis group (Fig. 1C). 
In addition, the median expression level was used as 
the cut-off. Kaplan-Maier analysis showed that 
patients with higher expression of FOXF1-AS1 had 
shorter relapse-free and overall survival time than 
those with lower FOXF1-AS1 expression (Fig. 1D and 
E). Collectively, these results outlined FOXF1-AS1 as 
possible markers of clinical outcome in OS patients. 

 

 
Figure 1. LncRNA FOXF1-AS1 was up-regulated in the osteosarcoma tissues and cell lines, correlated with lung metastasis and worse 
prognosis. (A) Expression level of FOXF1-AS1 in six human OS cell lines and normal osteoblast cell line hFOB1.19. (B) Expression level of FOXF1-AS1 in 82 pairs 
of OS and paracancerous tissues. (C) Expression level of FOXF1-AS1 in OS tissues of lung metastasis and lung non-metastasis group at early stage. (D-E) Patients 
with high FOXF1-AS1expression had a shorter free-relapse and overall survival time than those with low FOXF1-AS1 expression. *P < 0.05, **P < 0.01. 
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Figure 2. FOXF1-AS1 promoted OS cell proliferation, migration, invasion and tumor growth in vitro and vivo. (A) FOXF1-AS1 expression in MG63 and 143B 
cells after si-RNA or vector transfection. (B) CCK-8 assays were performed to detect the function of FOXF1-AS1 on OS cell proliferation ability. (C) Transwell assays were 
performed to measure the invasion ability of OS cells after transfection. (D) Wound healing assays were performed to examine the migration capacity of OS cells after 
transfection. (E) General imaging of nude mice and resected tumors in the four groups when exposed to the same treatment. (F) The nude mice were sacrificed in the 7th week. 
Tumors formed in the FOXF1-AS1 group grew much faster compared with the FOXF1-AS1-NC group and the volumes of transplanted tumors and weights of nude mice were 
smaller in the si-FOXF1-AS1 group when compared with the si-NC group. *P < 0.05, **P < 0.01. 

 

FOXF1-AS1 promoted OS cell proliferation, 
migration, invasion and tumor growth in vitro 
and vivo 

We further analyzed the biological functions of 
FOXF1-AS1 in OS cells. The stably transfected cell 
lines with overexpression or knockdown of 
FOXF1-AS1 were established in MG63 and 143B cells 

and the transfected efficiency of FOXF1-AS1 was 
subsequently confirmed by qPCR analysis (Fig. 2A). 
Cell proliferation was measured by using CCK-8 in 
the 24, 48 and 72 hours after transfection. Results 
showed that cell proliferation rate in the FOXF1-AS1 
group were significantly higher compared with the 
FOXF1-AS1-NC group, whereas obviously lower in 
the si-FOXF1-AS1 group than the si-NC group (Fig. 
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2B). Meanwhile, transwell assay and wound healing 
assay were performed to investigate the role of 
FOXF1-AS1 in the regulation of cell migration and 
invasion in OS cells and the results demonstrated that 
forced FOXF1-AS1 expression significantly increased 
the invasion ability, while FOXF1-AS1 knockdown 
showed a conspicuously reduced cell invasion 
compared with the control cells (Fig. 2D).  

To further determine the effects of FOXF1-AS1 
on tumorigenesis in vivo, we analyzed the effects of 
FOXF1-AS1 on the OS growth in nude mice. MG63 
cells transfected with FOXF1-AS1, FOXF1-AS1 -NC, 
si-FOXF1-AS1, or si-NC were subcutaneously injected 
into athymic mice and were allowed to develop 
measurable tumors, respectively. As was shown in the 
figure 2E, from 2th to 7th week, it is obvious that 
tumors formed in the FOXF1-AS1 group grew much 
faster compared with the FOXF1-AS1 -NC group and 
the volumes of transplanted tumors and weights of 
nude mice were smaller in the si-FOXF1-AS1 group 
when compared with the si-NC group (Fig. 2F). Taken 
together, these results demonstrated that FOXF1-AS1 
may have oncogenic properties to promote OS growth 
and progression in vitro and vivo.  

FOXF1 expression was positively correlated 
with FOXF1-AS1 and poor prognosis of OS 
patients 

To investigate the role of FOXF1, the cognate 
sense transcript of FOXF1-AS1, in OS carcinogenesis, 
we first examined the expression level of FOXF1 in OS 
cell lines and tissues previously described by 
qRT-PCR, WB and IHC. The results showed that 
FOXF1 was significantly up-regulated OS cell lines 
and tumor tissues (Fig. 3A-D). Subsequently, we also 
found that the expression of FOXF1 in the lung 
metastasis group at early stage was obviously higher 
than that in the lung non-metastasis group (Fig.3E). 
Besides, according to the correlation analysis, we 
found that FOXF1 expression was positively 
correlated with FOXF1-AS1 in OS tissues (R2=0.92, 
P<0.001), which may suggest the possible regulating 
relationship between them (Fig. 3F). In addition, 
Kaplan-Maier analysis also showed that patients with 
high FOXF1 expression had lower overall survival 
time than those with low FOXF1 expression (Fig.3G). 
These results indicated a potential oncogenic role of 
FOXF1 in the OS development, consistent with the 
role of lncRNA FOXF1-AS1 in OS. 

siRNA-mediated knockdown of FOXF1 
suppressed OS cell proliferation, migration, 
invasion and tumor growth in vitro and vivo  

We then tested whether FOXF1 was functionally 
involved in OS progression. MG63 and 143B cells 

stably transfected with si-FOXF1 or si-NC were 
established (Fig. 4A). CCK-8 assay showed that cell 
proliferation rate was significantly decreased in the 
si-FOXF1 group, when compared to the si-NC group 
(Fig. 4B).Meanwhile, transwell and wound healing 
assay demonstrated that the numbers of migrating 
and invading cells in the si-FOXF1 group were 
significantly decreased compared with the si-NC 
group (Fig. 4C and D).Consistent with the results in 
vitro, the tumor volumes and nude mice weights of 
the si-FOXF1 group of MG63 cells were significantly 
smaller than that of the control group (Fig.4E and F). 
These results indicated that the down-regulation of 
FOXF1 expression was sufficient in inhibiting tumor 
growth and progression of OS cells in vitro and vivo. 

FOXF1-AS1 positively regulated the 
FOXF1/MMP-2/-9 pathway 

To identify whether FOXF1 was the target gene 
of lncRNA FOXF1-AS1, we first investigated 
FOXF1-AS1 and FOXF1 mRNA expression levels in 
the si-FOXF1-AS1 and si-FOXF1 transfected MG63 
(143B) cells by qRT-PCR. Results demonstrated that 
FOXF1-AS1 knockdown significantly reduced, 
whereas FOXF1-AS1 overexpression significantly 
increased the FOXF1 mRNA levels. Western blotting 
also demonstrated the same changing trend of FOXF1 
protein levels with the FOXF1-AS1 knockdown or 
overexpression. In contrast, FOXF1 knockdown did 
not affect the mRNA expression of lncRNA 
FOXF1-AS1 (Fig. 5A and B). 

Since MMPs are well known to be involved in 
the breakdown of the extracellular matrix during OS 
cells invasion, we then asked whether lncRNA 
FOXF1-AS1 could promote OS cell migration and 
invasion through regulating the expression of MMPs. 
We then assessed the MMP2 and MMP expression by 
qPCR and WB in the MG63 and 143B cells with 
knockdown or overexpression of FOXF1-AS1. 
Interestingly, we found that the mRNA and protein 
expression level of MMP2 and MMP9 decreased when 
FOXF1-AS1 was knockdown and increased when 
FOXF1-AS1 was overexpressed in the two cells. 
Besides, we found that the mRNA and protein 
expression level of MMP2 and MMP9 also decreased 
when FOXF1 was knockdown by si-RNA. However, 
MMP2 and MMP9 expression did not change in the 
MG63 and 143B cells when overexpressing the 
FOXF1-AS1 with down-regulating the FOXF1 by 
siRNA at the same time (Fig.5C). These data 
suggested that lncRNA FOXF1-AS1 may contribute to 
OS progression through the FOXF1/MMP-2/-9 
pathway. 
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Figure 3. FOXF1 expression was positively correlated with FOXF1-AS1 and poor prognosis of OS patients. (A) Expression level of FOXF1 in six 
human OS cell lines and normal osteoblast cell line hFOB1.19 examined by PCR. (B) Expression level of FOXF1 in MG63, 143B cells and normal osteoblast cell line 
hFOB1.19 examined by WB. (C) Expression level of FOXF1 in 82 pairs of OS and paracancerous tissues examined by PCR. (D) Immunohistochemical staining of 
FOXF1 protein level in OS and paracancerous tissues. (E) Expression level of FOXF1 in OS tissues of lung metastasis and lung non-metastasis group at early stage. (F) 
A positive correlation was found between FOXF1-AS1 and FOXF1 expression in OS tissues. (G) OS patients with lower expression of FOXF1 had longer overall 
survival time than those with higher expression. *P < 0.05, **P < 0.01. 

 

Discussion 
Accumulating evidence has revealed that 

dysregulated lncRNAs may pinpoint the spectrum of 
disease progression and independently predict 
patient outcome in various cancers, including lung 
cancer [17], breast cancer [18], glioma [19], 
osteosarcoma [20], and so on. It is an urgent need to 

understand the molecular mechanism of lncRNAs to 
explore effective therapeutic target for the treatment 
of osteosarcoma. Actually, recent studies have 
reported that several lncRNAs were involved in the 
progression of OS by regulating cell development, 
differentiation, proliferation, invasion, and apoptosis. 
For example, Zhao et al. found that lncRNA 
CCAT1/miR-148a axis promotes osteosarcoma 
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proliferation and migration through regulating 
PIK3IP1 [21]. Liu et al. reported that lncRNA MALAT1 
promotes osteosarcoma development by regulation of 
HMGB1 via miR-142–3p and miR-129–5p [22]. Han et 

al. showed that lncRNA ATB promotes osteosarcoma 
cell proliferation, migration and invasion by 
suppressing miR-200s [23].  

 

 
Figure 4. siRNA-mediated knockdown of FOXF1 suppressed OS cell proliferation, migration, invasion and tumor growth in vitro and vivo. (A) 
FOXF1expression in MG63 and 143B cells after si-RNA or si-NC transfection. (B) CCK-8 assays were performed to examine cell proliferation rate of OS cells 
transfected with si-FOXF1. (C) Transwell assays were performed to identify the invasion capacity of OS cells transfected with si-FOXF1. (D) Wound healing assays 
were performed to examine the migration capacity of OS cells transfected with si-FOXF1. (E) General imaging of nude mice and resected tumors in the si-FOXF1 
and si-NC transfected groups when exposed to the same treatment. (F) The nude mice were sacrificed in the 7th week. Tumors formed in the si-FOXF1 group grew 
slower compared with the si-NC group and the volumes of transplanted tumors were smaller in the si-FOXF1 group when compared with the si-NC group. *P < 0.05, 
**P < 0.01. 
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Figure 5. FOXF1-AS1 positively regulated the FOXF1/MMP-2/-9 pathway. (A) qRT-PCR was performed to study the interaction between the FOXF1、
MMP2 and MMP9 expression levels in MG63 and 143B cells with FOXF1-AS1 overexpression or knockdown. FOXF1-AS1 positively regulated the mRNA level of 
FOXF1、MMP2 and MMP9 expression. (B) FOXF1 positively regulated the mRNA level of MMP2 and MMP9 expression other than FOXF1-AS1 expression in MG63 
and 143B cells. Overexpression of FOXF1-AS1 could rescue the knockdown effect on MMP2 and MMP9 mRNA expression by si-FOXF1. (C) FOXF1-AS1 positively 
regulated the protein level of FOXF1、MMP2 and MMP9 expression in MG63 and 143B cells. FOXF1 positively regulated the protein level of MMP2 and MMP9 
expression and overexpression of FOXF1-AS1 could rescue the knockdown effect on MMP2 and MMP9 protein expression by si-FOXF1.*P < 0.05, **P < 0.01. 

 
FOXF1-AS1, also known as FENDRR, is a 

3099-bp lncRNA, located on chromosome 3q13.31, 
divergently transcribed from the FOXF1 promoter 
and co-expressed with FOXF1 [24]. Fendrr, 
homologous to FENDRR in human, was first 
identified by Grote et al. He found that fendrr plays 

important roles in the progress of heart and body wall 
development in mouse and it could bind to PRC2 as 
well as TrxG/MLL to regulate chromatin structure 
and gene activity [25]. Then, Szafranski reported that 
FENDRR was related to ACD/MPV, a lethal lung 
developmental disorder [26]. Besides, several reports 
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have identified the involvement of FOXF1-AS1 in the 
carcinogenesis. Xu et al. found that low FOXF1-AS1 
expression in gastric cancer tissues predicted poor 
prognosis and FOXF1-AS1 overexpression inhibited 
the cell invasion and migration by decreasing the 
expression of FN1 and MMP-2/MMP-9 [27]. Miao et 
al. demonstrated that loss of lncRNA FOXF1-AS1 
regulated EMT, stemness and metastasis of non-small 
cell lung cancer cells via EZH2 and down-regulation 
of FOXF1, which may show the tumor-suppressor 
role of FOXF1-AS1 in cancer [28].  

Nevertheless, the expression and underlying 
mechanism of FOXF1-AS1 involved in OS is still 
unclear. Just in a previous study, we identified that 
lncRNA FOXF1-AS1 (FENDRR) was the most 
down-regulated of 20-fold change in the 
doxorubicin-resistant OS cell lines and promoted 
doxorubicin resistance in OS by inducing the 
expression of classical multi-drug resistance related 
genes ABCB1 and ABCC3[14, 15]. In this study, we 
first identified that FOXF1-AS1 was overexpressed in 
osteosarcoma tissues and cell lines, correlated with 
poor prognosis. The biological function of FOXF1-AS1 
was subsequently investigated in our study. Our data 
indicated that knockdown of FOXF1-AS1 inhibited 
and overexpression of it promoted OS cell 
proliferation, migration and invasion, tumor growth 
both in vitro and vivo. Furthermore, we found that 
FOXF1-AS1 regulated migration and invasion of OS 
cells through up-regulating the expression of FOXF1 
as well as matrix metalloproteinase II and IX (MMP2 
and MMP9), key proteinases during cancer 
invasion[29, 30]. These results suggested that lncRNA 
FOXF1-AS1 functions as an oncogene and plays a 
critical role in OS progression, which is different from 
its tumor-suppressor function in the gastric and lung 
cancer.  

LncRNA FOXF1-AS1 is one of antisense long 
noncoding RNAs and its conjugate gene FOXF1 
(forkhead transcription factor 1) belongs to the 43 
members of transcription factor FOX gene family [31]. 
A large number of studies have shown that FOXF1 
protein regulates cellular proliferation, 
differentiation, metabolic homeostasis and plays an 
important role in tumorigenesis [32], but its functional 
role as an oncogene or tumor-suppressor gene was 
still controversial. Several reports have identified the 
oncogenic role of FOXF1 gene in various cancers. For 
instance, Nilsson G et al. showed that FOXF1 
promotes breast cancer cell migration by 
up-regulating lysyl oxidase and suppressing 
Smad2/3 signaling [33]. Fulford L et al. found that 
FOXF1 promotes prostate cancer by stimulating the 
mitogen-activated protein kinase ERK5 [34]. Milewski 
D et al. reported that FoxF1 and FoxF2 transcription 

factors synergistically promote rhabdomyosarcoma 
carcinogenesis by repressing transcription of p21Cip1 
CDK inhibitor [35]. In contrast, other published also 
showed the converse role of FOXF1 as a 
tumor-suppressor gene. For example, Tamura M et al. 
showed that FOXF1 is a novel target gene of the p53 
family and suppresses cancer cell migration and 
invasiveness [36]. Lo PK et al. identified the epigenetic 
inactivation of the potential tumor suppressor gene 
FOXF1 in breast cancer [37]. Zhao et al. reported that 
decreased FOXF1 promotes hepatocellular carcinoma 
tumorigenesis, invasion, and stemness and is 
associated with poor clinical outcome [38]. All these 
studies suggest that FOXF1 may act as an oncogene or 
tumor suppressor depending on the tissue and 
specific type of cancer. 

However, there is seldom report about FOXF1 in 
osteosarcoma. In the present study, we first identified 
that FOXF1 was increased in OS cell lines and tissues 
and positively correlated with the expression of 
FOXF1-AS1 in the same tissues. FOXF1 also could act 
as an independent prognostic factor of OS patients, 
with a longer survival time of lower expression. 
Furthermore, functional analysis found that FOXF1 
also promotes proliferation, migration and invasion of 
OS cells and tumor growth both in vitro and vivo 
through up-regulating MMP2 and MMP9. Besides, we 
found that FOXF1-AS1 could influence the 
FOXF1expression but FOXF1 did not have the same 
effect on FOXF1-AS1 and FOXF1-AS1 overexpression 
efficiently reversed the knockdown of MMP2 and 
MMP9 mRNA and protein expression induced by 
si-FOXF1, which suggested the oncogenic role of 
lncFOXF1-AS1/FOXF1/MMP-2/-9 pathway in OS 
progression.  

However, the specific mechanism of lncRNA 
FOXF1-AS1 regulating the FOXF1 expression still 
needed to be further identified. Considering the 
characteristic of antisense lncRNA, we firstly 
analyzed the gene sequence of the antisense lncRNA 
FOXF1-AS1 and its conjugate gene FOXF1, but we did 
not find an overlapping region to possibly form a 
RNA-RNA double–strand structure between them, 
which is different from the antisense-lncRNA 
KRT7-AS [39], BACE1-AS [40], FOXC2-AS1 [16] and 
so on. Whereas, on basis of the subcellular location of 
FOXF1-AS1 by RNA FISH and nuclear and 
cytoplasmic fractions described in our previous study 
[15], we speculated the cytoplasmic lncRNA 
FOXF1-AS1 may regulate the expression of FOXF1 
and MMPs at the posttranscriptional level as an 
endogenous competing RNA to sponge the related 
miRNAs. However, the hypothesis needed to be 
verified by the bioinformatics analysis and dual 
luciferase reporter assay. 
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In summary, we reported that highly expressed 
FOXF1-AS1 is an oncogenic lncRNA that exerts a 
crucial role in the OS progression. Besides, our study 
revealed that antisense lncRNA FOXF1-AS1 promotes 
proliferation, migration and invasion of OS through 
the FOXF1/MMP-2/-9 pathway, thus probably 
providing a novel therapeutic target for the treatment 
of OS. 
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