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Background: It was recently reported that lncRNA FBXL19 antisense RNA 1 (FBXL19-AS1) is a 

novel tumor-promoting RNA that contributes to tumor progression by sponging miRNAs. However, 

the expression and function of FBXL19-AS1 in osteosarcoma (OS) have not been investigated.

Methods: Cell proliferation was assessed by the CCK-8 and colony formation assays, while 

cell migration and invasion were assessed using wound healing and transwell invasion assays, 

respectively. Quantitative reverse transcriptase PCR and immunofluorescence were used to 

detect the level and subcellular localization of FBXL19-AS1 expression. Interactions between 

miRNAs and FBXL19-AS1 were determined using luciferase reporter assays. Finally, in vivo 

experiments were performed to assess tumor formation.

Results: We first showed that lncRNA FBXL19-AS1 was upregulated in OS tissues and cell 

lines. In vitro experiments showed that FBXL19-AS1 promoted OS cell proliferation, migration, 

and invasion. Inhibiting miR-346 led to a significant upregulation of FBXL19-AS1, suggesting 

FBXL19-AS1 was negatively regulated by miR-346, which was further confirmed by the inverse 

correlation between FBXL19-AS1 and miR-346 expression in OS patient specimens. Further-

more, we proved that miR-346 could directly target FBXL19-AS1 through luciferase assays, 

suggesting FBXL19-AS1 could sponge miR-346. Additionally, inhibiting miR-346 blocked the 

effects of silencing FBXL19-AS1 on proliferation, migration, and invasion. Moreover, inhibiting 

FBXL19-AS1 significantly promoted the malignancy of MG63 and 143B cells in vivo.

Conclusion: We validated FBXL19-AS1 as a novel oncogenic lncRNA and demonstrated 

the molecular mechanism through which it promotes OS progression. This work advances our 

understanding of the clinical significance of this RNA species.

Keywords: FBXL19-AS1, miR-346, proliferation, competing endogenous RNA, osteosarcoma, 

lncRNA, miRNA, ceRNA, cancer

Introduction
Osteosarcoma (OS) is the most common primary malignant bone cancer in children 

and adolescents. Although great improvements in therapeutic strategies including 

radiotherapy, adjuvant chemotherapy, and surgery (wider tumor excision areas) have 

been achieved, the overall prognosis remains poor for most patients with recurrent 

or metastatic OS. Thus, there is a need to identify the molecular mechanisms under-

lying OS tumorigenesis and progression, to discover new specific biomarkers and 

therapeutic targets.

lncRNAs are a novel class of RNA transcripts of .200 nucleotides that lack 

protein coding potential.1 In recent years, accumulating evidence has demonstrated 

that lncRNAs are dysregulated in many disease states, particularly in tumors. In these 
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diseases, lncRNAs are thought to play critical roles in the 

regulation of various pathophysiological processes, such 

as cell proliferation, apoptosis, necrosis, and autophagy.2 

Recently, several lncRNAs have been reported to be involved 

in OS progression.3 Some classical lncRNAs previously 

found in various cancers were also shown to be upregulated 

in OS, where they promote OS progression and correlate with 

poor prognoses.4 However, the specific lncRNAs involved 

in OS pathogenesis and progression have not been clearly 

identified. miRNAs and lncRNAs constitute the majority of 

all ncRNAs.5 miRNAs are evolutionarily conserved single-

stranded RNAs of 21–24 nucleotides that are involved in 

numerous biological processes. miRNAs play critical roles 

in mRNA post-transcriptional regulation by targeting the 

3′ untranslated regions (UTRs) of mRNAs with their seed 

sequences (2–7 nucleotides in the 5′ end), resulting in mRNA 

degradation or translation inhibition.6

In this study, we focused on the function and regulatory 

mechanism of a novel lncRNA in OS. In the previous study, 

we showed that lncRNA FBXL19 antisense RNA 1 (FBXL19-

AS1) was overexpressed in OS tumor tissues relative to 

adjacent normal tissues by PCR; thus, lncRNA FBXL19-AS1 

might be an important molecule in OS. However, the roles of 

lncRNA FBXL19-AS1 in OS progression remain undefined. 

Based on our previous results, we further determined the role 

of lncRNA FBXL19-AS1 in the proliferation, migration, and 

invasion of OS cells in vitro and in vivo. We also found that 

lncRNA FBXL19-AS1 could act as a ceRNA sponge for 

miR-346 to further promote OS progression. Thus, lncRNA 

FBXL19-AS1 could be a therapeutic target for OS.

Materials and methods
Patients and cell lines
OS samples were obtained from the Department of Orthopedic 

Surgery, Guizhou Provincial People’s Hospital (Guiyang, 

China). All samples were snap frozen in liquid nitrogen 

immediately after resection and stored at −80°C until use. The 

human OS cell lines MG63, U2OS, SAOS2, HOS, 143B, and 

the normal osteoblast cell line hFOB1.19 were obtained from 

ATCC (American Type Culture Collection; Manassas, VA, 

USA). All cell lines were cultured at 37°C in a humidified 5% 

CO
2
 environment in DMEM or RPMI-1640 (Thermo Fisher 

Scientific, Waltham, MA, USA) supplemented with 10% fetal 

bovine serum (FBS, Thermo Fisher Scientific).

Cell fractionation
NE-PER Nuclear and Cytoplasmic Extraction Reagents 

(Thermo Fisher Scientific) were used to prepare cytoplasmic 

and nuclear extracts from OS cells. RNAs extracted from each 

fraction were subjected to quantitative reverse transcriptase 

PCR (qRT-PCR) analysis to demonstrate the levels of nuclear 

control transcript (MALAT1), cytoplasmic control transcript 

(GAPDH), lncRNA FBXL19-AS1, and miR-346.

qRT-PCR analysis
Total RNA was extracted from tissues or cultured cells with 

TRIzol reagent (Thermo Fisher Scientific), according to the 

manufacturer’s instructions. Reverse transcription was per-

formed with PrimeScript RT Reagent Kit (Takara, Dalian, 

China). qRT-PCR was performed with the SYBR Prime 

Script RT-PCR Kit (Takara) according to the manufacturer’s 

instructions. Target gene expression was calculated with the 

2−ΔΔCt method, which was normalized to GAPDH. All assays 

were performed in triplicate.

Colony formation assay
The osteosarcoma cells were plated into 6 cm plates (1×103 

cells/plate) and incubated in DMEM or RPMI 1640 supple-

mented with 10% FBS at 37°C. After 2 weeks, cells were 

washed with PBS, fixed in methanol for 30 minutes, stained 

with 1% crystal violet dye, and the number of colonies were 

counted. All assays were performed in triplicate.

Xenograft transplantation
Female nude (BALB/c) mice (4-week-old) were purchased 

from Beijing Huayi Kang Company (Beijing, China) and 

divided into 2 groups according to a randomization method. 

MG63 cells (1×106) stably expressing sh-FBXL19-AS1 or a 

non-coding hairpin (sh-NC) were subcutaneously inoculated 

into the right side of the posterior flank of the mice. Tumor 

growth was examined at the indicated time points, and tumor 

volumes were measured. After 5 weeks, the mice were sac-

rificed, and tumors were removed and weighed.

Cell migration and invasion assay
Cellular invasion was measured using transwell chambers 

(8 µm pores; Corning Inc., Corning, NY, USA). Cells growing 

in the log phase were trypsinized, resuspended in serum-free 

medium, and seeded into chambers. The chambers were 

then inserted into transwell apparatus. The chambers were 

coated with Matrigel (BD Biosciences, San Jose, CA, USA) 

when cell invasion assays were performed. Cells were placed 

into the upper chamber in serum-free media 48 hours after 

transfection. Media containing 10% FBS were added into the 

lower chamber. Following a 36-hour incubation, cells in the 

upper chamber were wiped off, while cells that migrated to 

the lower membrane were fixed in methanol, stained with 
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0.1% crystal violet, and counted under a microscope. Three 

independent experiments were performed.

Wound healing assays
Cell migration was measured by wound healing assays. 

Briefly, 2×105 cells with or without transfection were plated 

into 12-well plates and incubated in DMEM or RPMI 1640 

with 10% FBS at 37°C. After reaching 100% confluence, the 

monolayers were wounded by scraping with a 200 µL tip, fol-

lowed by 3 washes with serum-free medium and incubation in 

serum-containing medium. Wounds were observed at 0 and 48 

hours. The distance of cell migration was calculated by sub-

tracting the wound width at each time point from the wound 

width at 0 hour. Three independent assays were performed.

Western blot
Cells were lysed in RIPA lysis buffer (Beyotime, Haimen, 

China) and nuclear proteins were extracted using lysis buffer 

(Beyotime); all procedures were performed according to 

the manufacturer’s protocols. Subsequently, lysates were 

boiled in 5× SDS-PAGE loading buffer for 10 minutes, 

resolved by 8% SDS-PAGE, and transferred to nitrocellu-

lose membranes. After blocking, membranes were probed 

with appropriate antibodies and detected with the ECL™ 

Western blotting system (Merck, Darmstadt,  Germany). 

Densitometric quantifications were performed using ImageJ 

image analysis software.

RNA fluorescence in situ hybridization 
(FISH)
Oligonucleotide primers (F:5′-CTACAAGCAAGATGG 

CGGAAGAGG-3 ′ ,  R: 5 ′-GTAGTCTCCTCGTCC 

TCCTGGTTC-3′) were used for lncRNA FBXL19-AS1 

FISH probe amplification. Briefly, cells were fixed in 4% 

formaldehyde for 30 minutes and then washed with PBST. 

The fixed cells were treated with pepsin and dehydrated 

through ethanol. The cells were incubated for 1 hour with 

100 nM of the FISH probe in hybridization buffer. After 

hybridization, the slide was washed, dehydrated, and 

mounted with ProLong® Gold Antifade Reagent with DAPI 

(Cell Signaling Technology, Danvers, MA, USA; #8961) 

with DAPI for detection. The slides were visualized for 

immunofluorescence with an Olympus microscope; FV1200 

(Olympus, Tokyo, Japan).

Dual luciferase reporter assay
MG63 and 143B cells were seeded at 3×105 cells/well in 

6-well plates and allowed to settle overnight. The next day, 

the cells were co-transfected with pmirGLO-FBXL19-

AS1-WT or -MUT reporter plasmids and miR-346 mimic. 

Relative luciferase activity was measured using the Dual-

Luciferase Reporter Assay System (Promega, Madison, 

WI, USA) and normalized against Renilla luciferase activity 

24 hours after transfection.

Statistical analysis
Statistical analyses were performed using SPSS 17.0 software 

(SPSS Inc., Chicago, IL, USA). Differences between 

2 groups were assessed using two-tailed Student’s t-tests. 

Each experiment was performed at least 3 times. Results are 

displayed as mean ± SD. A P-value ,0.05 was considered 

statistically significant.

Ethics approval and informed 
consent
Clinical protocols were approved by local regulatory authori-

ties and the study was approved by the ethics committee of  

Guizhou Provincial People’s Hospital. All patients signed writ-

ten informed consent before randomization, giving permission 

to the study team to use biological material for research pur-

poses. The clinical investigations have been conducted relying 

on the Department of Orthopedics, Guizhou Provincial People’s 

Hospital’s direction. All animal experiments were approved 

by the ethics committee of Guizhou Medical University and 

were performed according to the Guide for the Care and Use 

of Laboratory Animals of the National Institutes of Health and 

followed the guidelines of the China Animal Welfare Act.

Results
lncRNA FBXL19-AS1 was upregulated 
in OS tissues and cell lines
To test whether FBXL19-AS1 plays an important role in OS 

carcinogenesis, we first measured the level of FBXL19-AS1 

expression in 5 human OS cell lines and a normal osteoblast cell 

line hFOB1.19 by qRT-PCR. The results showed that FBXL19-

AS1 was significantly upregulated in OS cells compared with 

hFOB1.19 cells (Figure 1A, P,0.05). Among the investigated 

cell lines, MG63 and 143B cells had higher FBXL19-AS1 

expression and were chosen for further experiments. Then, 

FBXL19-AS1 expression was investigated in 12-paired OS 

and paracancerous tissues; these results showed that FBXL19-

AS1 was significantly upregulated in OS compared with 

normal tissues (Figure 1B, P,0.05). Stable FBXL19-AS1 

knockdown was established in MG63 and 143B cells using 

a lentiviral delivery system, and we confirmed FBXL19-AS1 

downregulation in these lines (Figure 1C, P,0.05).

R
E
T
R
A
C
T
E
D

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

8412

Pan et al

lncRNA FBXL19-AS1 promoted 
OS cell proliferation in vitro
FBXL19-AS1 knockdown suppressed OS cell proliferation, 

as measured by the CCK-8 assay. The result showed lower 

proliferation ability in both cell lines following FBXL19-AS1 

knockdown (Figure 2A, P,0.05). We then performed colony 

formation assays using MG63 and 143B cells to explore the 

effect of FBXL19-AS1 on colony formation. These assays 

showed lower colony formation rates in both cell lines fol-

lowing FBXL19-AS1 knockdown (Figure 2B–C, P,0.05). 

Flow cytometry was used to explore whether FBXL19-AS1 

promoted OS cell proliferation by regulating the cell cycle. 

FBXL19-AS1 knockdown induced a dramatic alteration in 

the cell cycle distribution of both MG63 and 143B cells: 

the fraction of cells in G1 phase increased, while the frac-

tion of cells in S phase decreased compared with controls 

(Figure 2D–E, P,0.05). Western blot analysis showed 

that FBXL19-AS1 knockdown downregulated cyclin D1, 

CDK2, and CDK4, which promote cell cycle progression 

(Figure 2F–G).

lncRNA FBXL19-AS1 promoted 
OS tumor growth in vivo
To further explore whether FBXL19-AS1 played a role in 

OS proliferation in vivo, subcutaneous xenograft models 

of human OS cells in BALB/c nude mice were established. 

MG63 cells transfected with sh-FBXL19-AS1 or sh-NC 

were subcutaneously injected into BALB/c nude mice. The 

FBXL19-AS1 knockdown group showed a slower increase in 

tumor diameter and volume and less weight loss in the mice 

compared with controls (Figure 3A–C, P,0.05).

lncRNA FBXL19-AS1 promoted 
OS cell migration and invasion in vitro
We next performed wound healing and transwell invasion 

assays using MG63 and 143B cells to explore the effect of 

FBXL19-AS1 on cell migration and invasion. A scratch 

wound healing experiment determined the extent of cell 

migration by measuring wound narrowing and closure at 

one time points of 48 hours. The wound area was larger 

in the sh-FBXL19-AS1 group compared to the sh-NC 

Figure 1 lncRNA FBXL19-AS1 was upregulated in OS tissues and cell lines.
Notes: (A) FBXL19-AS1 was significantly upregulated in OS tissues compared with normal tissues. (B) FBXL19-AS1 was significantly upregulated in OS cell lines compared 
with hFOB1.19 cells. Stable FBXL19-AS1 knockdown in (C) MG63 and (D) 143B cells was confirmed by RT-PCR. *P,0.05.
Abbreviations: FBXL19-AS1, FBXL19 antisense RNA 1; OS, osteosarcoma; RT-PCR, reverse transcriptase PCR.
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Figure 2 lncRNA FBXL19-AS1 promoted OS cell proliferation in vitro.
Notes: (A) FBXL19-AS1 knockdown suppressed OS cell proliferation, as measured by the CCK-8 assay. (B–C) Colony formation assays showed a significantly lower 
proliferative rate in both cell lines following FBXL19-AS1 knockdown. (D–E) Flow cytometry was used to explore whether FBXL19-AS1 promoted OS cell proliferation 
by regulating cell cycle progression. (F–G) Western blot analysis showing FBXL19-AS1 knockdown downregulated cyclin D1, CDK2, and CDK4, which promote cell cycle 
progression. *P,0.05.
Abbreviations: FBXL19-AS1, FBXL19 antisense RNA 1; OS, osteosarcoma.
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group (Figure 4A–D, P,0.05). Inconsistently, transwell 

migration assays showed that FBXL19-AS1 knockdown 

greatly inhibited the migration of MG63 and 143B cells 

(Figure 4E–F, P,0.05). We further employed the matrigel 

invasion assay and found that FBXL19-AS1 knockdown led 

to a .2-fold reduction in the invasive properties of MG63 

and 143B cells (Figure 4G–H, P,0.05). These assays sug-

gested that FBXL19-AS1 knockdown significantly lowered 

the migratory and invasive ability of both cell lines. 

miR-346 was a FBXL19-AS1 target
Many lncRNAs have been found to function as ceRNAs that 

regulate target genes by competitively binding miRNAs. 

Thus, we next determined whether FBXL19-AS1 operates 

as a ceRNA. Using starBASE 2.0, we found that miR-346 

could potentially bind FBXL19-AS1 (Figure 5A, P,0.05). 

FISH staining showed the localization of FBXL19-AS1 

in MG63 and 143B cells (Figure 5B, P,0.05). RT-PCR 

results indicated that FBXL19-AS1 was primarily localized 

within the cytosol (Figure 5C–D, P,0.05). Furthermore, 

FBXL19-AS1 knockdown upregulated miR-346 expression 

in MG63 and 143B cells (Figure 5E, P,0.05). The miR-346 

expression levels in OS cell lines and clinical sample tissues 

were determined by the qRT-PCR assay. The results show 

that the expression level of miR-346 in the OS cell lines 

and tissues was lower than the normal esophageal epithelial 

cell line and the adjacent tissues (Figure 5F–G, P,0.05). 

Pearson’s correlation analysis revealed a negative associa-

tion between miR-346 and FBXL19-AS1 expression in OS 

cell lines and OS tissues (Figure 5H–I, P,0.05). We next 

constructed luciferase reporters containing the miRNA 

binding sites from FBXL19-AS1. After co-transfecting 

cells with pmirGLO-FBXL19-AS1-WT or -MUT reporter 

plasmids, we found that miR-346 overexpression reduced 

the relative luciferase activity from pmirGLO-FBXL19-

AS1-WT, while there was no significant reduction in the 

luciferase activity from pmirGLO-FBXL19-AS1-MUT 

(Figure 5J, P,0.05).

Figure 3 lncRNA FBXL19-AS1 promoted OS cell tumor growth in vivo.
Notes: (A) The FBXL19-AS1 knockdown group showed a reduced tumor growth rate. (B–C) The FBXL19-AS1 knockdown group showed reduced tumor diameters and 
volumes compared with controls, and the tumor-bearing mice lost less weight. *P,0.05; **P,0.01.
Abbreviations: FBXL19-AS1, FBXL19 antisense RNA 1; OS, osteosarcoma.
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Figure 4 lncRNA FBXL19-AS1 promoted OS cell migration and invasion in vitro.
Notes: (A–D) Wound healing assays showed significantly decreased migratory abilities in both cell lines following FBXL19-AS1 knockdown. (E–F) Transwell assays showed 
significantly decreased migration abilities in both cell lines following FBXL19-AS1 knockdown. (G–H) Transwell assays showed significantly decreased invasive abilities in both 
cell lines following FBXL19-AS1 knockdown. *P,0.05.
Abbreviations: FBXL19-AS1, FBXL19 antisense RNA 1; h, hours; OS, osteosarcoma.

A B

C D

E F

G H

Control-FBXL19-AS1

0 
h

48
 h

sh-FBXL19-AS1

143b cells

Control-FBXL19-AS1

0 
h

48
 h

sh-FBXL19-AS1

MG63 cells

sh-FBXL19-AS1Control-FBXL19-AS1

M
G

63
14

3B

M
ig

ra
tio

n

sh-FBXL19-AS1Control-FBXL19-AS1

M
G

63
14

3B

In
va

si
on

500

*

*

400

300

In
va

si
on

 c
el

ls

200

100

0

Con
tro

l-F
BXL1

9-A
S1

Con
tro

l-F
BXL1

9-A
S1

sh
-F

BXL1
9-A

S1

sh
-F

BXL1
9-A

S1

500 *

*400

300

M
ig

ra
tio

n 
ce

lls

200

100

0

Con
tro

l-F
BXL1

9-A
S1

Con
tro

l-F
BXL1

9-A
S1

sh
-F

BXL1
9-A

S1

sh
-F

BXL1
9-A

S1

120

*

100

80

O
pe

n 
im

ag
e 

ar
ea

 (%
)

60

40

20

0

Con
tro

l-F
BXL1

9-A
S1

Con
tro

l-F
BXL1

9-A
S1

sh
-F

BXL1
9-A

S1

sh
-F

BXL1
9-A

S1

120

*
100

80

O
pe

n 
im

ag
e 

ar
ea

 (%
)

60

40

20

0

Con
tro

l-F
BXL1

9-A
S1

Con
tro

l-F
BXL1

9-A
S1

sh
-F

BXL1
9-A

S1

sh
-F

BXL1
9-A

S1

0 h 48 h

MG63 143B

R
E
T
R
A
C
T
E
D

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

8416

Pan et al

miR-346 mediates the pro-proliferation 
roles of FBXL19-AS1 in OS cells
The previous study showed that FBXL19-AS1 was upregu-

lated in OS tissues and cell lines, and our data showed that 

miR-346 was downregulated. Additionally, FBXL19-AS1 

knockdown inhibited the growth of OS cells. Subsequently, 

we verified the pro- and anti-tumor effects of FBXL19-AS1 

and miR-346, respectively, on OS cell lines by co-transfecting 

anti-miR-346, sh-NC, and sh-FBXL19-AS1. Co-transfecting 

cells with anti-miR-346 rescued the inhibitory effect of 

Figure 5 (Continued)
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sh-FBXL19-AS1 on cell proliferation (Figure 6A, P,0.05) 

and colony formation (Figure 6B and C, P,0.05;). These 

results indicated that reducing miR-346 expression could 

recover the tumor-suppressive effects of FBXL19-AS1 

knockdown in OS cell lines.

miR-346 mediates the pro-migration and 
-invasion roles of FBXL19-AS1 in OS 
cells
Next, we investigated whether FBXL19-AS1 promoted 

migration and invasion in OS cells through miR-346. Func-

tionally, wound healing assays showed a lower migratory 

ability in both cell lines following co-transfection of anti-

miR-346 and sh-FBXL19-AS1 (P,0.05; Figure 7A–D). Fur-

thermore, transwell assays indicated that inhibiting miR-346 

promoted the invasion and migration of sh-FBXL19-AS 

MG63 and 143B cells (P,0.05; Figure 7E–H).

Discussion
Recent studies have revealed that lncRNAs participate in 

the initiation and progression of various cancers, includ-

ing breast,7 gastric,8 pancreatic,9 and OS.10 In fact, several 

lncRNAs have been reported to be involved in OS progres-

sion. For example, Zhao et al found that a novel antisense 

lncRNA HNF1A-AS1 was overexpressed in OS and 

increased cell proliferation through the Wnt/β-catenin 

signaling pathway.11 Overexpression of lncRNA MFI2 

promotes cell growth and suppresses apoptosis in human 

OS. Sun et al found that lncRNA FGFR3-AS1 promotes 

OS progression through FGFR3 activation.12 In the previous 

study, we detected that a novel lncRNA, FBXL19-AS1, was 

overexpressed in OS tissues and cell lines. The function of 

FBXL19-AS1 in OS was subsequently investigated in this 

study. Our data indicated that FBXL19-AS1 knockdown 

inhibited OS cell proliferation, migration, and invasion in 

vitro, as well as tumor growth in vivo.

As to the post-transcriptional regulatory mechanism of 

FBXL19-AS1, lncRNAs have miRNA responsive elements 

that act as miRNA sponges to control the endogenous 

miRNAs that are available to bind target mRNAs, thus reduc-

ing the repression of these mRNAs.5 Many lncRNAs have 

been shown to play roles in tumorigenesis and malignant 

progression by interfering with miRNA pathways as ceRNAs. 

lncRNAs have been shown to widely regulate gene expres-

sion through different mechanisms, such as pre-transcription, 

transcription and post-transcription, which mainly depend on 

their cellular location. Nuclear lncRNAs always regulate pre-

transcription or transcription, while cytoplasmic lncRNAs 

often function as a ceRNAs that sponge miRNAs, thus 

indirectly regulating target mRNA expression at the post-

transcriptional level. In this study, we found that FBXL19-

AS1 was mainly cytosolic through RNA FISH and cell 

fractionation assays, which were qualitative and quantitative 

tests, respectively, and suggested FBXL19-AS1 regulated 

Figure 5 miR-346 is a FBXL19-AS1 target.
Notes: (A) We found that miR-346 could potentially bind FBXL19-AS1 using starBASE 2.0. (B) FISH staining showed the localization of FBXL19-AS1 in MG63 and 143B cells. 
(C, D) RT-PCR results indicated FBXL19-AS1 was primarily expressed in the cytosol; GAPDH and U6 served as cytoplasmic and nuclear controls, respectively. (E) qPCR 
showed that FBXL19-AS1 knockdown upregulated miR-346 expression in MG63 and 143B cells. (F) RT-PCR showed that miR-346 expression was markedly reduced in OS 
cell lines. (G) RT-PCR showed that expression miR-346 was markedly reduced in OS tissues (P,0.01). (H) The correlation between FBXL19-AS1 and miR-346 expression 
in OS cell lines. (I) The correlation between FBXL19-AS1 and miR-346 expression in OS tissues. (J) miR-346 overexpression reduced the relative luciferase activity of 
pmirGLO-FBXL19-AS1-WT, while there was no significant reduction in the luciferase activity of pmirGLO-FBXL19-AS1-MUT. *P,0.05.
Abbreviations: FBXL19-AS1, FBXL19 antisense RNA 1; FISH, fluorescence in situ hybridization; MUT, mutation; NC, negative control; NS, not significant; OS, osteosarcoma; 
RT-PCR, reverse transcriptase PCR.

R
E
T
R
A
C
T
E
D

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

8418

Pan et al

Figure 6 miR-346 mediates the pro-proliferation roles of FBXL19-AS1 in OS.
Notes: (A) Cells co-transfected with anti-miR-346 rescued the inhibitory effect of sh-FBXL19-AS1 in the CCK-8 assay. (B, C) Cells co-transfected with anti-miR-346 
rescued the inhibitory effect of sh-FBXL19-AS1 on colony formation. *P,0.05.
Abbreviations: FBXL19-AS1, FBXL19 antisense RNA 1; OS, osteosarcoma.

mRNAs at the post-transcriptional level. Thus, we suspect 

it works through the ceRNA mechanism. For example, Xiao 

et al found that lncRNA-UCA1 regulated miR-16 in chronic 

myeloid leukemia cells by acting as a ceRNA.13 Liu et al 

reported that lncRNA SPRY4-IT1 sponges miR-101-3p to 

promote bladder cancer cell proliferation and metastasis 

by upregulating EZH2.14 Gao et al reported that lncRNA 

PVT1 promotes cervical cancer progression by regulating of 
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Figure 7 miR-346 mediates the pro-proliferative roles of FBXL19-AS1 in OS.
Notes: (A–D) Wound healing assays showed a reduced migratory ability in both cell lines following co-transfection of anti-miR-346 and sh-FBXL19-AS1. (E–H) Transwell 
assays indicated that miR-346 inhibition promoted the migration and invasion of sh-FBXL19-AS MG63 and 143B cells. Magnification 400×. *P,0.05; **P,0.01.
Abbreviations: FBXL19-AS1, FBXL19 antisense RNA 1; OS, osteosarcoma.

miR-424.15 Finally, Cai et al reported that lncRNA SNHG16 

promotes breast cancer development by acting as a molecular 

sponge to regulate miR-98/E2F5.16

In this study, we first found that lncRNA FBXL19-AS1 

could promote OS cell proliferation, migration, and inva-

sion. An analysis of bioinformatics databases was then 

conducted to search for miRNAs that have potential binding 

sites for FBXL19-AS1 in their 3′UTR. This analysis sug-

gested a potential binding partner in miR-346, which was 

subsequently demonstrated to directly target FBXL19-AS1 

in MG63 and 143B cells. However, there were few reports 

regarding miR-346 in OS. This study showed that miR-346 

expression was significantly decreased in OS tissues and 

cell lines, and negatively correlated with FBXL19-AS1 

expression. Furthermore, inhibiting miR-346 rescued the 

effect of sh-FBXL19-AS1 on OS cell proliferation, migra-

tion, and invasion, which suggested an antagonistic role 

between FBXL19-AS1 and miR-346 in OS. Additionally, 
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direct binding between FBXL19-AS1 and the 3′UTR of 

miR-346 was validated by the dual luciferase reporter assay. 

Taken together, these data revealed that lncRNA FBXL19-

AS1 could effectively sponge miR-346 to promote OS 

progression.

Conclusion
We identified the highly expressed oncogenic lncRNA 

FBXL19-AS1, which plays a crucial role in OS progression. 

Furthermore, our study sheds light on the role of lncRNA 

FBXL19-AS1/miR-346 in OS, for the first time, and reveals 

that FBXL19-AS1 could sponge miR-FBXL19-AS1 to 

promote OS progression. Thus, this molecule is a novel 

therapeutic target for OS.
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