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Abstract: Long noncoding RNA activated by transforming growth factor-β (lncRNA-ATB) is a novel lncRNA, which is 
recently reported to have critical roles in carcinogenesis and progression of several cancers. However, the expres-
sion, clinical values, biological roles, and underlying molecular mechanisms of lncRNA-ATB in osteosarcoma are still 
known. In this study, we measured lncRNA-ATB expression in serum and osteosarcoma tissues of osteosarcoma 
patients, analyzed its diagnostic and prognostic values. Serum lncRNA-ATB is increased in osteosarcoma patients 
and could accurately discriminate osteosarcoma patients from healthy controls. LncRNA-ATB is also upregulated 
in osteosarcoma tissues and cell lines, and positively associated with Enneking stage, metastasis and recurrence. 
Increased lncRNA-ATB level indicates poor recurrence-free survival and overall survival. Functional experiments 
demonstrated that overexpression of lncRNA-ATB enhances osteosarcoma cells proliferation, migration, and inva-
sion, and while depletion of lncRNA-ATB inhibits osteosarcoma cells proliferation, migration, and invasion. Mecha-
nistically, we found that lncRNA-ATB inhibits miR-200s, and upregulates miR-200s target genes ZEB1 and ZEB2. 
Additionally, the roles of lncRNA-ATB on osteosarcoma cells proliferation, migration, and invasion in vitro, and os-
teosarcoma tumor growth in vivo are dependent on the regulation of miR-200s. Taken together, this study suggests 
that lncRNA-ATB may be a potential diagnostic and prognostic biomarker and a therapeutic target for osteosarcoma.
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Introduction

Osteosarcoma is one of the most common 
aggressive malignant bone tumor mainly affect-
ing children and adolescents [1, 2]. Although 
great improvements have been made in the 
treatment strategies, including surgical resec-
tion, neoadjuvant chemotherapy, and radio-
therapy, the overall survival of osteosarcoma 
patients remains dismal, especially for those 
with advanced clinical stages at diagnosis [3, 
4]. Therefore, it is urgent to uncover the molec-
ular mechanisms underlying osteosarcoma 
tumorigenesis and progression, identify new 
molecular biomarkers for early diagnosis, and 
develop novel therapeutic strategies for osteo-
sarcoma [5-7].

With great progressions of genome and tran-
scriptome sequencing technologies, many no- 
vel non-protein-coding transcripts were identi-

fied. About 80% of the genome is transcribed 
into transcripts, but only 2% of the genome 
codes for protein [8, 9]. Among these numerous 
non-protein-coding transcripts, long noncoding 
RNA (lncRNA) is a novel class of non-protein-
coding transcript greater than 200 nucleotides 
in length, with important regulatory roles in vari-
ety of pathophysiological processes [10-13]. 
Accumulating evidences revealed that many 
lncRNAs are dysregulated in multiple cancers, 
associated with patients’ prognosis, and can 
regulate tumor cells proliferation, cell cycle, 
apoptosis, drug resistance, migration, invasion, 
stem-like properties, et al [14-19]. The molecu-
lar mechanisms of lncRNAs in exerting their  
biological roles are complex and various, includ-
ing binding to protein, RNA, or DNA, transcrip-
tionally or post-transcriptionally regulating the 
expression of critical oncogenes or tumor sup-
pressors [20-23]. Furthermore, several lncRNAs 
are detectable in peripheral blood and could be 
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recognized as diagnostic biomarker for several 
cancers, such as PVT1 for cervical cancer, 
HIF1A-AS1 for non-small cell lung cancer [24, 
25]. However, the clinical values and biological 
roles of lncRNAs in osteosarcoma are still 
largely unknown.

LncRNA activated by transforming growth 
factor-β (lncRNA-ATB) has recently been report-
ed to be upregulated, associated with poor 
prognosis, and promote tumor progression of 
hepatocellular carcinoma, colon cancer, and 
prostate carcinoma [14, 26, 27]. However, the 
roles and clinical significances of lncRNA-ATB in 
osteosarcoma are still unclear.

In this study, we measured serum lncRNA-ATB 
levels in osteosarcoma patients and healthy 
controls, analyzed its diagnostic values for 
osteosarcoma. Furthermore, lncRNA-ATB ex- 
pression levels in osteosarcoma tissues and  
its association with clinicopathological features 
and prognosis were analyzed. Gain-of-function 
and loss-of-function experiments were per-
formed to investigate the biological roles of 
lncRNA-ATB in osteosarcoma. The molecular 
mechanisms through which lncRNA-ATB exerts 
its biological roles were also explored.

Materials and methods

Serum and tissues samples

A total of 60 osteosarcoma patients and 60 
age and sex matched healthy controls were 
recruited into this study. Peripheral blood was 
collected from these fasting participants before 
they received any treatment. Then the blood 
was centrifuged at 3000 rpm for 15 min at 4°C, 
and the supernatant was collected and stored 
at -80°C until use. Fresh osteosarcoma tissues 
and paired adjacent normal tissues were 
obtained from these 60 osteosarcoma patients 
at Zhumadian Central Hospital (Zhumadian, 
Henan, China). All the tissues were confirmed 
by pathological examination. This study was 
reviewed and approved by the Ethics Committee 
of Zhumadian Central Hospital. All participants 
signed written informed consent before inclu-
sion into this study.

Cell culture

The human normal osteoblast cell line hFOB 
1.19 and osteosarcoma cell lines MG63, U2OS, 
SAOS2, and HOS were obtained from American 

Type Culture Collection (ATCC) and maintain- 
ed in Dulbecco’s Modified Eagle’s Medium 
(DMEM) supplemented with 10% fetal bovine 
serum (FBS) (Invitrogen, Carlsbad, CA, USA) in a 
humidified 5% CO2 incubator at 37°C.

RNA isolation and quantitative real-time poly-
merase chain reaction (qRT-PCR)

Total RNA was isolated from serum, tissues, 
and culturing cells using the TRIzol reagent 
(Invitrogen) following the manufacturer’s 
instructions. Complementary DNA (cDNA) was 
synthesized using the M-MLV Reverse 
Transcriptase (Invitrogen) following the manu-
facturer’s instructions. QRT-PCR was carried 
out using SYBR® Premix Ex TaqTM II (Takara, 
Dalian, China) on ABI Prism 7500 Real-Time 
PCR System (Applied Biosystems, Foster City, 
CA, USA) following the manufacturer’s instruc-
tions. Β-actin was used as an endogenous  
control for lncRNA-ATB and mRNAs. The genes 
specific primers are as follows: For lncRNA-ATB, 
5’-ACACAGAATAAAATAACAC-3’ (reverse transc- 
ription), 5’-TCTGGCTGAGGCTGGTTGAC-3’ (sen- 
se) and 5’-ATCTCTGGGTGCTGGTGAAGG-3’ (anti-
sense); For ZEB1, 5’-ACTCTGATTCTACACCGC-3’ 
(sense) and 5’-TGTCACATTGATAGGGCTT-3’ (an- 
ti-sense); For ZEB2, 5’-TGAGGATGACGGTATT- 
GC-3’ (sense) and 5’-ATCTCGTTGTTGTGCCAG-3’ 
(anti-sense); And for β-actin, 5’-GGGAAATCGTG- 
CGTGACATTAAG-3’ (sense) and 5’-TGTGTTG- 
GCGTACAGGTCTTTG-3’ (anti-sense). For miR-
NAs analysis, qRT-PCR was performed as 
above, using TaqMan microRNA assays (Appli- 
ed Biosystems) following the manufacturer’s 
instructions. U6 was used as an endogenous 
control for miRNAs. The relative expression of 
RNAs was calculated using the comparative Ct 
method.

Vectors construction and transfection

LncRNA-ATB overexpression plasmid (pcDNA- 
3.1-ATB), miR-200s targeting sites mutated 
lncRNA-ATB overexpression plasmid (pcDNA- 
3.1-ATB-Mut), luciferase reporter containing 
ZEB1 3’UTR (pmirGLO-ZEB1), and luciferase 
reporter containing ZEB2 3’UTR (pmirGLO-
ZEB2) were constructed as previously described 
[14]. Two independent shRNAs specifically tar-
geting lncRNA-ATB were designed, synthesized, 
and inserted into the SuperSilencingTM shRNA 
expression vector pGPH1/Neo (GenePharma, 
Shanghai, China). The sh-ATB-1 target sequence 
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was: 5’-CCTTATGGCCTAGATTACCTTTCCA-3’ and 
sh-ATB-2 target sequence was: 5’-CCTGTCT- 
GTATTTGCGAATACCTTT-3’. Scrambled shRNA 
was used as negative control. MiR-200s mim-
ics (the mixtures of the five members of the 
miR-200 family, including miR-200a mimics, 
miR-200b mimics, miR-200c mimics, miR-141 
mimics, and miR-429 mimics), miR-200s inhibi-
tors (the mixtures of the five members of the 
miR-200 family, including miR-200a inhibitors, 
miR-200b inhibitors, miR-200c inhibitors, miR-
141 inhibitors, and miR-429 inhibitors), and 
their respective negative control were obtained 
from GenePharma. Transfection was carried 
out using Lipofectamine 3000 (Invitrogen) 
according to the manufacturer’s instructions.

Stable cell lines construction

To construct lncRNA-ATB and lncRNA-ATB-Mut 
stably overexpressed osteosarcoma cells, pc- 
DNA3.1-ATB, pcDNA3.1-ATB-Mut and pcDNA3.1 
was transfected into MG63 cells, and selected 
with neomycin (800 µg/ml) for four weeks. To 
construct lncRNA-ATB stably depleted osteo-
sarcoma cells, the lncRNA-ATB specific shRNAs 
sh-ATB-1 and sh-ATB-2, and control shRNAs 
were transfected into U2OS cells and selected 
with neomycin (800 µg/ml) for four weeks.

Cell proliferation assays

Cell proliferations were assessed by Cell Co- 
unting Kit-8 (CCK-8) assays and Ethynyl deoxy-
uridine (EdU) incorporation assays. For CCK-8 

with 1 μg/ml Mitomycin C were plated in the 
upper well of a 24-well poly-carbonate transwell 
insert (Millipore, Bedford, MA, USA). DMEM 
supplemented with 10% FBS was added to the 
lower well. After incubation for 48 hours, cells 
on the upper surface of inserts were scraped 
off, and cells on the lower surface were fixed, 
stained and counted. Cell invasion assays were 
performed using the Cell Invasion Assay Kit 
(ECM550, Millipore) following the manufactur-
er’s protocols.

Luciferase reporter assays

pmirGLO, pmirGLO-ZEB1 or pmirGLO-ZEB2 was 
cotransfected with miR-200s mimics into 
lncRNA-ATB stably overexpressed and control 
MG63 cells. PmirGLO, pmirGLO-ZEB1 or pmir-
GLO-ZEB2 was cotransfected with miR-200s 
inhibitors into lncRNA-ATB stably depleted and 
control U2OS cells. The co-transfection was 
performed using Lipofectamine 3000. The rela-
tive Firefly luciferase activity was normalized  
to Renilla luciferase activity 48 hours after 
transfection.

Western blotting

Proteins were retrieved from indicated osteo-
sarcoma cells and equal amounts of proteins 
were separated by 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis, trans-
ferred to 0.22 μm nitrocellulose membrane 
(Millipore), and blocked with 5% bovine serum 
albumin. Then the membrane was incubated 
with ZEB1 (Abcam, Hong Kong, China), ZEB2 

Figure 1. Serum lncRNA-ATB expression levels and its diagnostic values for 
osteosarcoma. A. Serum lncRNA-ATB expression levels in 60 osteosarcoma 
patients and 60 healthy controls. P<0.0001 by Mann-Whitney U test. B. ROC 
curve analysis for serum lncRNA-ATB in discriminating osteosarcoma pa-
tients from healthy controls. P<0.0001.

assays, equal number of indi-
cated osteosarcoma cells 
was plated in 96-well plate. 
The absorbance at 450 nm 
was measured using Cell 
Counting Kit-8 (Dojindo Labo- 
ratories, Kumamoto, Japan) 
every 24 hours according to 
the manufacturer’s protocols. 
EdU incorporation assays 
were performed using an EdU 
Kit (Roche, Mannheim, Ger- 
many) according to the manu-
facturer’s instructions.

Cell migration and invasion 
assays

For migration assays, indicat-
ed osteosarcoma cells sus-
pended in FBS free medium 



LncRNA-ATB exerts oncogenic functions in osteosarcoma

773 Am J Cancer Res 2017;7(4):770-783

(Abcam), or β-actin (Abcam) specific primary 
antibodies. After being washed by TBST for 
three times, the membrane was incubated with 
IRdye 800-conjugated goat anti-rabbit IgG or 
IRdye 700-conjugated goat anti-mouse IgG, 
and detected using an Odyssey infrared scan-
ner (Li-Cor Biosciences, Lincoln, NE, USA).

Animal experiments

2×106 lncRNA-ATB or lncRNA-ATB-Mut stably 
overexpressed or control MG63 cells were sub-
cutaneously injected into athymic BALB/c nude 
mice. Subcutaneously tumors growth was mea-
sured weekly with a caliper for 28 days, and 
tumor volume was calculated as 1/2 a×b2 (a, 
long axes; b, short axes). The animal studies 
were approved by the Ethics Committee of 
Zhumadian Central Hospital.

Statistical analysis

Statistical analyses were performed using the 
GraphPad Prism Software. For comparison, 
Mann-Whitney U test, ROC curve analysis, 
Wilcoxon signed-rank test, Student’s t test, 
Pearson chi-square test, Log-rank test, or 
Pearson correlation analysis were performed 
as indicated. P<0.05 was considered as statis-
tically significant.

Results

Serum lncRNA-ATB is increased in osteosarco-
ma patients and may be a potential diagnostic 
biomarker for osteosarcoma

To investigate the clinical values of lncRNA-ATB 
in osteosarcoma, we measured lncRNA-ATB 

Figure 2. LncRNA-ATB expression levels in osteosarcoma and its association with osteosarcoma patients’ progno-
sis. (A) lncRNA-ATB expression levels in 60 pairs of osteosarcoma tissues and adjacent normal tissues. P<0.0001 
by Wilcoxon signed-rank test. (B) lncRNA-ATB expression levels in human normal osteoblast cell line hFOB 1.19 
and osteosarcoma cell lines MG63, U2OS, SAOS2, and HOS. Results are present as mean ± SD. **P<0.01 by 
Student’s t test. (C) lncRNA-ATB expression levels in osteosarcoma tissues with or without metastasis. P=0.0012 
by Mann-Whitney U test. (D, E) Kaplan-Meier analyses of the association between lncRNA-ATB expression level and 
recurrence-free survival (P=0.0142, log-rank test) (D) or overall survival (P=0.0230, log-rank test) (E).
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expression in the serum of 60 osteosarcoma 
patients and 60 age and sex matched healthy 
controls using qRT-PCR. The result showed that 
serum lncRNA-ATB expression is significantly 
increased in osteosarcoma patients compared 
with that in healthy controls (Figure 1A). To 
investigate the diagnostic power of serum 
lncRNA-ATB for osteosarcoma, Receiver Ope- 
rating Characteristic (ROC) curve analysis was 
carried out. Compared with healthy controls, 
the area under the curve (AUC) was 0.9236 
(95% CI: 0.8756-0.9716), with 83.33% sensi-
tivity and 90% specificity for osteosarcoma 
(Figure 1B). This result demonstrated that 
serum lncRNA-ATB can accurately discriminate 
osteosarcoma patients from healthy controls 
and may be a potential novel non-invasive bio-
marker for osteosarcoma.

LncRNA-ATB is upregulated in osteosarcoma 
tissues and associated with poor prognosis of 
osteosarcoma patients

To further investigate the clinical values of 
lncRNA-ATB in osteosarcoma, we measured 

lncRNA-ATB expression in 60 pairs of osteosar-
coma tissues and adjacent normal tissues 
using qRT-PCR. The result showed that lncRNA-
ATB is significantly upregulated in osteosarco-
ma tissues compared with adjacent normal tis-
sues (Figure 2A). LncRNA-ATB expression level 
was also measured in human normal osteo-
blast cell line hFOB 1.19 and osteosarcoma 
cell lines MG63, U2OS, SAOS2, and HOS. The 
result showed that lncRNA-ATB expression level 
is much higher in osteosarcoma cells than that 
in normal osteoblast cell (Figure 2B). Next, we 
analyzed the correlation between lncRNA-ATB 
expression level and clinicopathological fea-
tures in these osteosarcoma patients. As 
shown in Table 1, increased expression of 
lncRNA-ATB is correlated with advanced 
Enneking stage, metastasis and recurrence. 
LncRNA-ATB expression level is significantly 
higher in osteosarcoma tissues with metasta-
sis than that without metastasis (Figure 2C). 
Kaplan-Meier survival analysis was performed 
to evaluate the prognostic values of lncRNA-
ATB for osteosarcoma patients. As shown in 
Figure 2D and 2E, osteosarcoma patients with 
higher lncRNA-ATB levels had a worse recur-
rence-free survival and overall survival. These 
data indicated that lncRNA-ATB is upregulated 
in osteosarcoma, correlated with the progres-
sion of osteosarcoma, and may be a potential 
prognostic biomarker for osteosarcoma.

Overexpression of lncRNA-ATB enhances 
osteosarcoma cell proliferation, migration, and 
invasion

To investigate the biological roles of lncRNA-
ATB in osteosarcoma, we stably overexpress- 
ed lncRNA-ATB in MG63 cells by transfecting 
lncRNA-ATB overexpression plasmid (Figure 
3A). CCK-8 assays revealed that ectopic expr- 
ession of lncRNA-ATB significantly enhanced 
MG63 cell proliferation (Figure 3B). EdU incor-
poration assays further verified the prolifera-
tion promoting roles of lncRNA-ATB (Figure 3C). 
Transwell migration assays revealed that ecto-
pic expression of lncRNA-ATB drastically 
enhanced MG63 cellmigration (Figure 3D). The 
same results were found in invasion assays 
(Figure 3E). Collectively, these data indicated 
that overexpression of lncRNA-ATB enhances 
osteosarcoma cells proliferation, migration, 
and invasion.

Table 1. Correlation between lncRNA-ATB 
expression level and clinicopathological fea-
tures in osteosarcoma patients (P-value was 
acquired by Pearson chi-square test)

Parameters
lncRNA-ATB expression

P-value
Low (n=30) High (n=30)

Sex 0.605
    Male 13 15
    Female 17 15
Age 0.795
    <18 17 16
    ≥18 13 14
Tumor Site 0.542
    Femur/Tibia 22 24
    Elsewhere 8 6
Enneking stage 0.017
    I 16 6
    II 10 13
    III 4 11
Metastasis 0.037
    Yes 4 11
    No 26 19
Recurrence 0.020
    Yes 9 18
    No 21 12
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Silencing of lncRNA-ATB drastically inhibits 
osteosarcoma cell proliferation, migration, and 
invasion

To further characterize the biological roles of 
lncRNA-ATB in osteosarcoma, we stably 
silenced lncRNA-ATB expression in U2OS cells 
through transfecting two independent lncRNA-
ATB specific shRNAs (Figure 4A). CCK-8 assays 
and EdU incorporation assays revealed that 
silencing of lncRNA-ATB drastically attenuated 
U2OS cell proliferation for both shRNAs (Figure 
4B and 4C). Transwell migration assays and 
invasion assays revealed that silencing of 
lncRNA-ATB drastically attenuated U2OS cell 

migration and invasion for both shRNAs (Figure 
4D and 4E). These data further confirmed the 
critical roles of lncRNA-ATB in osteosarcoma.

LncRNA-ATB upregulates ZEB1 and ZEB2 
expression through inhibiting miR-200s

As lncRNA-ATB has been reported to bind and 
inhibit miR-200s expression, and further up- 
regulate the miR-200s targets ZEB1 and ZEB2 
expression in hepatocellular carcinoma and 
glioma [14, 28], we next investigate whether 
lncRNA-ATB also regulate miR-200s, ZEB1,  
and ZEB2 expression in osteosarcoma. miR-
200s expressions in lncRNA-ATB stably overex-

Figure 3. The effects of lncRNA-ATB overexpression on osteosarcoma cell proliferation, migration, and invasion. A. 
lncRNA-ATB expression levels in lncRNA-ATB stably overexpressed and control MG63 cells. B. Cell proliferation of 
lncRNA-ATB stably overexpressed and control MG63 cells were assessed by CCK-8 assays, and the relative numbers 
of cells to 0 h are shown. C. Cell proliferation of lncRNA-ATB stably overexpressed and control MG63 cells were as-
sessed by EdU incorporation assays. Scale bars, 100 μm. D. The migrated cell numbers of lncRNA-ATB stably over-
expressed and control MG63 cells per field were counted 48 h after seeding. Scale bars, 100 μm. E. The invaded 
cell numbers of lncRNA-ATB stably overexpressed and control MG63 cells per field were counted 48 h after seeding. 
Scale bars, 100 μm. For all panels, results are present as mean ± SD. **P<0.01, ***P<0.001 by Student’s t-test.



LncRNA-ATB exerts oncogenic functions in osteosarcoma

776 Am J Cancer Res 2017;7(4):770-783

Figure 4. The effects of lncRNA-ATB depletion on osteosarcoma cell proliferation, migration, and invasion. A. lncRNA-ATB expression levels in lncRNA-ATB stably de-
pleted and control U2OS cells. B. Cell proliferation of lncRNA-ATB stably depleted and control U2OS cells were assessed by CCK-8 assays, and the relative numbers 
of cells to 0 h are shown. C. Cell proliferation of lncRNA-ATB stably depleted and control U2OS cells were assessed by EdU incorporation assays. Scale bars, 100 μm. 
D. The migrated cell numbers of lncRNA-ATB stably depleted and control U2OS cells per field were counted 48 h after seeding. Scale bars, 100 μm. E. The invaded 
cell numbers of lncRNA-ATB stably depleted and control U2OS cells per field were counted 48 h after seeding. Scale bars, 100 μm. For all panels, results are present 
as mean ± SD. **P<0.01, ***P<0.001 by Student’s t-test.
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pressed and control MG63 cells, and lncRNA-
ATB stably depleted and control U2OS cells 
were measured by qRT-PCR. The results 
showed that ectopic expression of lncRNA-ATB 
decreased miR-200s expression in MG63 cells 
(Figure 5A). Whereas, silencing of lncRNA-ATB 
increased miR-200s expression (Figure 5B). As 
the effects of miR-200s on ZEB1 and ZEB2 are 
dependent on the regulation of 3’UTR, we con-
structed luciferase reporter containing ZEB1 or 
ZEB2 3’UTR. Then the luciferase reporter plas-
mids were transfected into lncRNA-ATB stably 

overexpressed or control MG63 cells, and 
lncRNA-ATB stably depleted or control U2OS 
cells. The results showed that ectopic expres-
sion of lncRNA-ATB significantly upregulated 
the luciferase activities of the reporter contain-
ing ZEB1 or ZEB2 3’UTR, which were completely 
abolished by concurrent overexpression of miR-
200s (Figure 5C). Reciprocally, silencing of 
lncRNA-ATB significantly inhibited the lucifer-
ase activities of the reporter containing ZEB1 
or ZEB2 3’UTR, which were also completely res-
cued by concurrent depletion of miR-200s 

Figure 5. The effects of lncRNA-ATB on miR-200s, ZEB1, and ZEB2. A. MiR-200s expression levels in lncRNA-ATB 
stably overexpressed and control MG63 cells. B. MiR-200s expression levels in lncRNA-ATB stably depleted and 
control U2OS cells. C. Luciferase activity in lncRNA-ATB stably overexpressed and control MG63 cells co-transfected 
with miR-200s mimics and luciferase reporters containing ZEB1 3’UTR, ZEB2 3’UTR, or nothing. D. Luciferase 
activity in lncRNA-ATB stably depleted and control U2OS cells co-transfected with miR-200s inhibitors and lucif-
erase reporters containing ZEB1 3’UTR, ZEB2 3’UTR, or nothing. E. ZEB1 and ZEB2 mRNA levels in lncRNA-ATB 
stably overexpressed and control MG63 cells transfected with miR-200s mimics. F. ZEB1 and ZEB2 protein levels 
in lncRNA-ATB stably overexpressed and control MG63 cells transfected with miR-200s mimics. G. ZEB1 and ZEB2 
mRNA levels in lncRNA-ATB stably depleted and control U2OS cells transfected with miR-200s inhibitors. H. ZEB1 
and ZEB2 protein levels in lncRNA-ATB stably depleted and control U2OS cells transfected with miR-200s inhibitors. 
Results are present as mean ± SD. *P<0.05, **P<0.01, ***P<0.001 by Student’s t-test.
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(Figure 5D). To further confirm the effects of 
lncRNA-ATB on ZEB1 and ZEB2, we measured 
ZEB1 and ZEB2 mRNA and protein levels in 
lncRNA-ATB stably overexpressed or control 
MG63 cells, and lncRNA-ATB stably depleted or 
control U2OS cells. The results showed that 
ectopic expression of lncRNA-ATB significantly 
increased ZEB1 and ZEB2 mRNA and protein 
levels, which were abolished by concurrent 
overexpression of miR-200s (Figure 5E and 
5F). Whereas, silencing of lncRNA-ATB signifi-
cantly decreased ZEB1 and ZEB2 mRNA and 
protein levels, which were abolished by concur-
rent depletion of miR-200s (Figure 5G and 5H). 
These data demonstrated that lncRNA-ATB 
upregulates ZEB1 and ZEB2 expression through 
inhibiting miR-200s.

The correlation between lncRNA-ATB and 
miR-200s, ZEB1, or ZEB2 expression levels in 
osteosarcoma

To investigate whether the regulation of miR-
200s, ZEB1, and ZEB2 by lncRNA-ATB also exit 
in vivo, we measured miR-200b, ZEB1, and 
ZEB2 expression in the same 60 osteosarcoma 
tissues as shown in Figure 2A. The results 
showed that the expression level of lncRNA-ATB 
was significantly negatively correlated with 
miR-200b expression level in osteosarcoma 
(Figure 6A). Whereas, lncRNA-ATB expression 
level was significantly positively correlated with 
ZEB1 and ZEB2 expression level in osteosar-
coma (Figure 6B and 6C). These data support 
the regulation of miR-200s, ZEB1, and ZEB2 by 
lncRNA-ATB in osteosarcoma.

The effects of lncRNA-ATB on osteosarcoma 
cells proliferation, migration, and invasion are 
dependent on the inhibition of miR-200s

To investigate whether the effects of lncRNA-
ATB on osteosarcoma cells proliferation, migra-
tion, and invasion are dependent on the regula-
tion of miR-200s, we transiently overexpressed 
miR-200s in lncRNA-ATB stably overexpressed 
MG63 cells. CCK-8 assays and EdU incorpora-
tion assays demonstrated that overexpression 
of miR-200s completely abolished the pro-pro-
liferativeroles of lncRNA-ATB on MG63 cells 
(Figure 7A and 7B). Transwell migration assays 
and invasion assays demonstrated that overex-
pression of miR-200s completely abolished the 
pro-migratory and pro-invasive roles of lncRNA-
ATB on MG63 cells (Figure 7C and 7D). These 
data demonstrated that the biological roles of 
lncRNA-ATB on osteosarcoma cell proliferation, 
migration, and invasion are dependent on the 
inhibition of miR-200s.

Overexpression of lncRNA-ATB promotes 
osteosarcoma tumor growth in vivo in an miR-
200s dependent manner

To further investigate the effects of lncRNA-ATB 
on osteosarcoma in vivo and the underlying 
molecular mechanisms, we stably overexpre- 
ssed miR-200s targeting sites mutated lncRNA-
ATB (lncRNA-ATB-Mut) in MG63 cells. Then 
lncRNA-ATB, lncRNA-ATB-Mut stably overex-
pressed or control MG63 cells were subcutane-
ously injected into nude mice. Subcutaneously 
tumors growth was measured weekly, and the 
tumors were excised and weighed at 28 days 

Figure 6. The correlation between lncRNA-ATB and miR-200s, ZEB1, or ZEB2 expression levels in osteosarcoma. A. 
The correlation between lncRNA-ATB and miR-200b expression levels in 60 osteosarcoma tissues was measured by 
qRT-PCR and subjected to Pearson correlation analysis. B. The correlation between lncRNA-ATB and ZEB1 expres-
sion levels in 60 osteosarcoma tissues was measured by qRT-PCR and subjected to Pearson correlation analysis. 
C. The correlation between lncRNA-ATB and ZEB2 expression levels in 60 osteosarcoma tissues was measured by 
qRT-PCR and subjected to Pearson correlation analysis.
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Figure 7. Overexpression of miR-200s reversed the effects of lncRNA-ATB on osteosarcoma cell proliferation, migration, and invasion. A. Cell proliferation of lncRNA-
ATB stably overexpressed and control MG63 cells transfected with miR-200s mimics were assessed by CCK-8 assays, and the relative numbers of cells to 0 h are 
shown. B. Cell proliferation of lncRNA-ATB stably overexpressed and control MG63 cells transfected with miR-200s mimics were assessed by EdU incorporation 
assays. Scale bars, 100 μm. C. The migrated cell numbers of lncRNA-ATB stably overexpressed and control MG63 cells transfected with miR-200s mimics per field 
were counted 48 h after seeding. Scale bars, 100 μm. D. The invaded cell numbers of lncRNA-ATB stably overexpressed and control MG63 cells transfected with 
miR-200s mimics per field were counted 48 h after seeding. Scale bars, 100 μm. For all panels, results are present as mean ± SD. **P<0.01, ***P<0.001 by 
Student’s t-test.
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after injection. As shown in Figure 8A and 8B, 
overexpression of lncRNA-ATB, but not lncRNA-
ATB-Mut significantly promoted tumor growth in 
vivo. LncRNA-ATB, ZEB1, and ZEB2 expressions 
in subcutaneous tumors were also measured. 
The results showed that overexpression of 
lncRNA-ATB upregulated ZEB1 and ZEB2 
expression in vivo (Figure 8C). Although lncRNA-
ATB-Mutstably overexpressed MG63 cells has 
similar overexpression efficiency with lncRNA-
ATB stably overexpressed MG63 cells, 
enhanced expression of lncRNA-ATB-Mut had 
no effects on ZEB1 and ZEB2 expression 
(Figure 8C). These results suggested that 
lncRNA-ATB upregulates ZEB1 and ZEB2 
expression and promotes osteosarcoma 
growth in vivo in an miR-200s dependent 
manner.

Discussion

With the great progression of neoadjuvant che-
motherapy for osteosarcoma, the 5-year sur-
vival rate of osteosarcoma patients has been 
improved to 60%-70% for localized diseases 
[29, 30]. But, the 5-year survival rate of osteo-
sarcoma patients with metastases at diagnosis 
remains very poor [31, 32]. Hence, the early 
diagnosis of osteosarcoma is necessary for 
efficiently improving the outcome of osteosar-
coma patients. Searching for sensitive and spe-
cific non-invasive serum biomarkers for early 
diagnosis of osteosarcoma would great benefit 
the routine screening and early diagnosis of 
osteosarcoma. In this study, we identified 

lncRNA-ATB as a new serum diagnostic bio-
marker for osteosarcoma. Although several 
miRNAs, such as miR-221, miR-191, and miR-
421 have been reported to be potential serum 
biomarkers for osteosarcoma [33-35], to our 
knowledge this is the first report that lncRNA 
could also be non-invasive serum biomarker for 
osteosarcoma. The combination of these 
reported non-coding RNAs would improve the 
diagnostic efficiency for osteosarcoma, and 
this needs further investigation.

The main causes of osteosarcoma patient’s 
death are recurrence and metastases [36]. 
Accurately predicting the patients in high risk 
for recurrences would give proper monitoring 
and treatment for osteosarcoma patients. In 
this study, in addition to measuring serum 
lncRNA-ATB levels in osteosarcoma patients, 
we also measured the expression of lncRNA-
ATB in osteosarcoma tissues and analyzed its 
association with clinicopathological features 
and prognosis. Our results revealed that 
increased expression of lncRNA-ATB is associ-
ated with advanced Enneking stage, metasta-
sis, recurrence, and poor prognosis, and sug-
gested that lncRNA-ATB would be a novel 
prognostic biomarker for osteosarcoma. These 
data also implied that lncRNA-ATB may have 
critical roles in the progression of osteosar- 
coma.

To investigate the biological role of lncRNA-ATB 
in osteosarcoma, gain-of-function and loss-of-
function experiments were performed. All these 

Figure 8. The effects of lncRNA-ATB on osteosarcoma tumor growth in vivo are dependent on miR-200s. (A) After 
subcutaneously injecting lncRNA-ATB, lncRNA-ATB-Mut stably overexpressed or control MG63 cells into nude mice, 
tumors growth curves were measured weekly. (B) Tumors weight was measured 28 days after injection. (C) LncRNA-
ATB, ZEB1, and ZEB2 expression levels in tumors derived from (B). **P<0.01, ***P<0.001 by Mann-Whitney U test.
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results revealed that lncRNA-ATB promotes 
osteosarcoma cell proliferation, migration, and 
invasion in vitro, and osteosarcoma tumor 
growth in vivo. In addition to lncRNA-ATB, other 
lncRNAs have been reported to function as 
oncogene or tumor suppressor in osteosarco-
ma, such as MALAT1, HOTTIP, HULC, 
LINC00161, and HOTAIR [37-41]. Combination 
with these reports, our study further demon-
strates the critical roles of lncRNAs in osteo- 
sarcoma. Furthermore, we found lncRNA-ATB 
inhibits miR-200s and upregulates miR-200s 
target genes ZEB1 and ZEB2. Functional experi-
ments showed that the roles of lncRNA-ATB on 
osteosarcoma cell proliferation, migration, and 
invasion in vitro, and osteosarcoma tumor 
growth in vivo are dependent on miR-200s.

Collectively, our study demonstrated that 
lncRNA-ATB is upregulated in osteosarcoma 
patient’s serum and tissues, promotes osteo-
sarcoma cell proliferation, migration, and inva-
sion in vitro, and osteosarcoma tumor growth 
in vivo through inhibiting miR-200s pathway. 
Our results implied that lncRNA-ATB may be a 
novel diagnostic and prognostic biomarker, and 
a potential therapeutic target for osteo- 
sarcoma.
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