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Abstract: Long noncoding RNAs (lncRNAs) have been demonstrated to be dysregulated in many disease states and 
have pivotal roles in various pathophysiological processes. However, the expression, roles and potential mechanism 
of lncRNA ZEB1-AS1 in osteosarcoma are still unknown. In this study, we measured ZEB1-AS1 expression and the 
results showed that ZEB1-AS1 was upregulated in osteosarcoma tissues and cells. Increased expression of ZEB1-
AS1 is correlated with larger tumor size, progressed Enneking stage, tumor metastasis, worse recurrence-free and 
overall survival of osteosarcoma patients. Functional experiments showed that enhanced expression of ZEB1-AS1 
promotes osteosarcoma cells proliferation and migration. By contrast, ZEB1-AS1 knockdown inhibits osteosarcoma 
cells proliferation and migration. Mechanistically, ZEB1-AS1 directly binds and recruits p300 to the ZEB1 promoter 
region, induces an open chromatin structure, and activates ZEB1 transcription. There is a significant correlation 
between the expression of ZEB1-AS1 and ZEB1 in osteosarcoma tissues. ZEB1 depletion abrogates the roles of 
ZEB1-AS1 on the proliferation and migration of osteosarcoma cells. Collectively, these findings demonstrated that 
ZEB1-AS1 functions as an oncogene in osteosarcoma via epigenetically activating ZEB1 and could be a potential 
target for osteosarcoma treatment.
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Introduction

Osteosarcoma is the most frequent type of 
malignant primary bone tumor deriving from 
bone-forming mesenchymal cells [1]. At pres-
ent, the standard therapy for primary osteosar-
coma is neoadjuvant and adjuvant chemother-
apy combined with surgery [2, 3]. Although the 
standard therapy advances have improved the 
clinical outcome of some osteosarcoma pa- 
tients, the overall prognosis remains dissatisfy-
ing owing to tumor recurrence and metastases 
[4, 5]. Thus it is urgent to understand the 
molecular mechanisms underlying osteosarco-
ma tumorigenesis and progression, and to dis-
cover novel prognostic and therapeutic targets 
for osteosarcoma [6].

To date, the study on molecular mechanisms of 
osteosarcoma has mainly focused on the 
deregulation and function of protein-coding 
genes [7, 8]. However, recent studies have indi-
cated that many non-protein-coding genes also 
have critical roles in various pathophysiological 

processes [9, 10]. Among these non-protein-
coding transcripts transcribed from non-pro-
tein-coding genes, long noncoding RNA (lncRNA) 
is a class of endogenous RNA with more than 
200 nucleotides in length [11, 14]. lncRNAs 
have been reported to be dysregulated in many 
disease states, particularly in tumors, and play 
critical roles in the control of a wide array of 
pathophysiological processes [15, 22].

LncRNA ZEB1 Antisense 1 (ZEB1-AS1) is first 
reported to be upregulated in hepatocellular 
carcinoma, promote hepatocellular carcinoma 
metastasis and predict poor prognosis of hepa-
tocellular carcinoma patients [23]. ZEB1-AS1 
orients in antisense direction with respect to 
ZEB1, a critical transcription factor functioning 
in many tumors [24]. Previous studies have that 
shown that antisense transcripts could regulate 
the transcription and/or translation of their 
sense strand genes [25, 28]. However, whether 
and how ZEB1-AS1 regulates ZEB1 expression 
remains largely unknown. Moreover, the func-
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tions and clinical significances of ZEB1-AS1 in 
osteosarcoma are also unknown.

In this study, we measured the expression of 
ZEB1-AS1 in osteosarcoma and analyzed its 
association with clinicopathologic characteris-
tics and patients’ outcome. We further studied 
the biological function of ZEB1-AS1 in osteosar-
coma using gain-of-function and loss-of-func-
tion methods. Furthermore, we investigated 
the molecular mechanisms through which 
ZEB1-AS1 promotes osteosarcoma progres- 
sion.

Materials and methods

Human tissue samples

Fifty pairs of osteosarcoma tissues and corre-
sponding adjacent normal tissues were biopsy 

Total RNA was extracted by the Trizol Reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s protocols. Reverse transcrip-
tion was performed to generate the first-strand 
cDNA using M-MLV Reverse Transcriptase 
(Invitrogen). qRT-PCR was performed using 
SYBR® Premix Ex Taq™ II (Takara, Dalian, China) 
in the StepOne Plus system (Applied Bio- 
systems, Foster City, CA, USA) according to the 
manufacturer’s protocols. The expression of 
target gene was normalized against GAPDH. 
The primers used are as follows: ZEB1-AS1: 
5’-CCGTGGGCACTGCTGAAT-3’ (forward) and 5’-CT- 
GCTGGCAAGCGGAACT-3’ (reverse); ZEB1: 5’-A- 
CTCTGATTCTACACCGC-3’ (forward) and 5’-TGTC- 
ACATTGATAGGGCTT-3’ (reverse); and GAPDH: 
5’-GGTCTCCTCTGACTTCAACA-3’ (forward) and 
5’-GTGAGGGTCTCTCTCTTCCT-3’ (reverse). The 
gene expression was calculated using the com-
parative Ct method.

Figure 1. Overexpression of ZEB1-AS1 in osteosarcoma and its association 
with poor prognosis of osteosarcoma patients. A. ZEB1-AS1 Expression lev-
el in 50 pairs of osteosarcoma tissues and adjacent normal tissues. The 
expression of ZEB1-AS1 was quantified by qRT-PCR. The horizontal lines in 
the box plots represent the medians, the boxes represent the interquartile 
range, and the whiskers represent the minimum and maximum values. P < 
0.001 by Wilcoxon signed-rank test. B. ZEB1-AS1 expression level in osteo-
sarcoma cell lines and human normal osteoblast cell line. Data are shown 
as mean ± SD based on at least three independent experiments. **P < 
0.01, ***P < 0.001 by Student’s t test. C, D. Kaplan-Meier analyses of cor-
relations between ZEB1-AS1 expression level and recurrence-free or overall 
survival of osteosarcoma patients. The median expression level of ZEB1-AS1 
was used as the cutoff. P values were calculated by Log-rank test.

obtained with informed con-
sent from patients prior to  
any treatment at Taizhou 
Municipal Hospital (Taizhou, 
China). The tissue specimens 
were confirmed by histological 
diagnosis. This study was 
approved by the Review Board 
of Taizhou Municipal Hospital.

Cell cultures

The human normal osteoblast 
cell line hFOB 1.19 and osteo-
sarcoma cell lines HOS, U-2 
OS, MG-63, and Saos-2 were 
acquired from Cell Bank of 
Chinese Academy of Sciences 
(Shanghai, China). hFOB 1.19, 
HOS, MG-63, and Saos-2 cells 
were maintained in DMEM, 
and U-2 OS cells were main-
tained in RPMI 1640 medium. 
All mediums were supple-
mented with 10% fetal bovine 
serum (Gibco BRL, Gaither- 
sburg, MD, USA) and the cells 
were cultured at 37°C in 5% 
CO2 atmosphere.

RNA extraction and quantita-
tive reverse transcription-
polymerase chain reaction 
(qRT-PCR)
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Vectors construction

The full-length ZEB1-AS1 cDNA was PCR ampli-
fied using the Takara Ex Taq® Hot Start Version 
DNA Polymerase (Takara) and subcloned into 
the Kpn I and Xba I sites of pcDNA3.1 vector 
(Invitrogen). The primers used are as follows:  
5’-GGGGTACCTCTCGCTTGTGTCTAAATGC-3’ (for- 
ward) and 5’-GCTCTAGACATGTTTAAAGCAGT 
AATTTATTCTG-3’ (reverse). pcDNA3.1 empty 
vector was used as negative control for ZEB1-
AS1 overexpression vector (pcDNA3.1-ZEB1-
AS1). The oligonucleotides for shRNA inhibiting 
ZEB1-AS1 expression were synthesized and 
inserted to the shRNA expression vector 
pGPH1/Neo (GenePharma, Shanghai, China). 
The shRNA sequences are: 5’-GACAGATGTGATC 
TCTGAACCTGAT-3’. A scrambled shRNA was 
used as negative control for shRNA-ZEB1-AS1.

Small interfering RNA (siRNA) synthesis and 
transfection

siRNA specifically targeting ZEB1 was synthe-
sized by Invitrogen. The siRNA sequences for 
ZEB1 are: 5’-CCTGTGTGCTGTAAGTGCCATTTC 
T-3’. A scrambled siRNA was used as negative 
control for siRNA-ZEB1. Transfection was per-
formed using Lipofectamine 3000 (Invitrogen) 
according to the manufacturer’s protocols.

Generation of cells stably overexpressing or 
depleting ZEB1-AS1

To obtain cell lines stably overexpressing ZEB1-
AS1 or control, HOS cells were transfected with 
the pcDNA3.1-ZEB1-AS1 plasmid or pcDNA3.1 
empty plasmid, and selected with neomycin for 
four weeks. To obtain cell lines stably depleting 
ZEB1-AS1 or control, Saos-2 cells were trans-
fected with the shRNA-ZEB1-AS1 plasmid or 
scrambled shRNA plasmid, and selected with 
neomycin for four weeks. The stably overex-
pressing or depleting cell lines were confirmed 
by qRT-PCR.

Cell proliferation assays

Cell proliferation was analyzed using Cell 
Counting Kit-8 (CCK-8) assays and Ethynyl 
deoxyuridine (EdU) incorporation assays. For 
CCK-8 assays, a total of approximately 2.0 × 
103 cells/well was plated in 96-well plate. After 
culture for 24, 48, 72, and 96 hours, cell prolif-
eration was assessed using the cell counting 
kit 8 (Dojindo, Kumamoto, Japan). The absor-
bance value at 450 nm of each well was mea-
sured. The cell growth curves were plotted 
using the absorbance value at each time point. 
EdU incorporation assays were performed with 
an EdU kit (Roche, Mannheim, Germany) 
according to the manufacturer’s protocol.

Cell migration assays

The migration potential of osteosarcoma cells 
was assessed using a transwell assay, which 
was performed in 24-well plates using poly-car-
bonate transwell filters (Corning, 8 μm). A sam-
ple of 1 × 105 cells were seeded into the upper 
well. After incubation for 48 hours, cells on the 
upper surface of the well were scraped off with 

Table 1. Associations between ZEB1-AS1 ex-
pression and clinicopathologic characteristics 
of osteosarcoma

Features
ZEB1-AS1

χ2 P value*

Low High#

Age 0.347 0.556
    > 20 10 8
    ≤ 20 15 17
Gender 0.082 0.774
    Male 14 15
    Female 11 10
Location 0.439 0.508
    Femur/Tibia 20 18
    Elsewhere 5 7
Tumor size (cm) 4.367 0.037
    > 8 5 12
    ≤ 8 20 13
Enneking stage 7.265 0.026
    I 10 5
    II 14 12
    III 1 8
Tumor metastasis 4.153 0.042
    Present 1 6
    Absent 24 19
#Median expression level was used as the cutoff. Low 
expression of ZEB1-AS1 in 50 patients was defined as 
a value below the 50th percentile. High expression of 
ZEB1-AS1 in 50 patients was defined as a value above 
the 50th percentile. *P value was acquired by Pearson 
chi-square test.
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a cotton swab, and cells on the lower surface 
were fixed, stained and counted.

Western blot

Cell lysates were prepared in a 1 × sodium 
dodecyl sulfate loading buffer. Total proteins 
were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and elec-
troblotted onto polyvinylidene fluoride mem-
branes. After incubation with primary antibodies 
specific for ZEB1 or GAPDH (Abcam, Hong 
Kong, China), the blots were incubated with 
goat anti-rabbit or anti-mouse secondary anti-
body (Abcam) and visualized with enhanced 
chemiluminescence.

Chromatin immunoprecipitation (ChIP)

ChIP experiments were performed with the 
EZ-Magna ChIP™ A/G Chromatin Immunoprec- 

ipitation Kit (Millipore, Bedford, MA, USA) ac- 
cording to the manufacturer’s instructions. The 
antibodies used were as follows: H3K9ac anti-
body (Millipore), H3K27ac antibody (Mil- 
lipore), H4ac antibody (Millipore), and p300 
antibody (Millipore). The retrieved DNA was 
quantified with SYBR® Premix Ex Taq™ II 
(Takara) in the StepOne Plus system (Applied 
Biosystems). The primers specific for the ZEB1 
gene promoter were as follows: 5’-GCC- 
GAGCCTCCAACTTTAC-3’ (forward) and 5’-ACC- 
GTGGGCACTGCTGAAT-3’ (reverse).

RNA immunoprecipitation (RIP)

RIP assays were performed with the Magna 
RIP™ RNA-Binding Protein Immunoprecipitation 
Kit (Millipore) and p300 antibody (Millipore) 
according to the manufacturer’s protocols. The 
retrieved RNA was quantified by qRT-PCR.

Figure 2. Overexpression of ZEB1-AS1 
promotes osteosarcoma cell proliferation 
and migration. A. ZEB1-AS1 expression 
level in ZEB1-AS1 stably overexpressed 
and control HOS cells. B. ZEB1-AS1 over-
expression promotes HOS cells prolifera-
tion. Cell growth curves were determined 
by CCK-8 assays. C. The effects of ZEB1-
AS1 on HOS cells proliferation were as-
sessed using EdU incorporation assays. 
The red color indicates EdU-positive nu-
clei. Scale bars = 100 µm. D. Transwell 
assays showed that ZEB1-AS1 overex-
pression promotes HOS cells migration. 
Data are shown as mean ± SD based on 
at least three independent experiments. 
*P < 0.05, **P < 0.01 by Student’s t test.
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Chromatin isolation by RNA purification 
(ChIRP)

ChIRP experiments were performed using the 
Magna ChIRPTM RNA Interactome Kits (Millipore) 
according to the manufacturer’s instructions. 
Antisense DNA probes against ZEB1-AS1 were 
designed by Biosearch Probe Designer (1, 
5’-AAAGCCGGGAGTGTCGTAAA-3’; 2, 5’-ATCTCA- 
TTGAAGTCACTTCC-3’; 3, 5’-GATGACCGCTCATTT- 
AGGAA-3’; 4, 5’-TTTCCTTATTC   GAAGGAGGT-3’; 
5, 5’-ATCATCAGACTTCAGCTGTA-3’; 6, 5’-AAGCA- 
AAGCAAGGACACCGT-3’; 7, 5’-TGAAGGAAGCTTA- 
GCAGGGA-3’; 8, 5’-CCTTACTGTCAAGAACAGG- 
G-3’). The retrieved DNA was quantified with SY- 
BR® Premix Ex Taq™ II (Takara) in the StepOne 

Plus system (Applied Biosystems). The primers 
specific for the ZEB1 gene promoter were as 
follows: 5’-GCCGAGCCTCCAACTTTAC-3’ (for-
ward) and 5’-ACCGTGGGCACTGCTGAAT-3’ (re- 
verse).

Statistical analysis

All statistical analyses were performed using 
SPSS 18.0 software package (Chicago, IL, 
USA). For comparisons, Wilcoxon signed-rank 
test, Mann-Whitney test, Student’s t test, 
Pearson chi-square test, Log-rank test, and 
Pearson correlation analysis were performed 
as indicated. A P value < 0.05 was defined as 
statistically significant.

Figure 3. Knockdown of ZEB1-AS1 in-
hibits osteosarcoma cell proliferation 
and migration. A. ZEB1-AS1 expression 
level in ZEB1-AS1 stably depleted and 
control Saos-2 cells. B. Knockdown of 
ZEB1-AS1 inhibits Saos-2 cells prolif-
eration. Cell growth curves were deter-
mined by CCK-8 assays. C. The effects 
of ZEB1-AS1 knockdown on Saos-2 
cells proliferation were assessed using 
EdU incorporation assays. The red color 
indicates EdU-positive nuclei. Scale 
bars = 100 µm. D. Transwell assays 
showed that knockdown of ZEB1-AS1 
inhibits Saos-2 cells migration. Data are 
shown as mean ± SD based on at least 
three independent experiments. *P < 
0.05, **P < 0.01 by Student’s t test.
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Results

ZEB1-AS1 is overexpressed in osteosarcoma 
and indicates poor prognosis of osteosarcoma 
patients

ZEB1-AS1 expression was measured using qRT-
PCR in 50 pairs of osteosarcoma tissues and 
adjacent normal tissues. The results showed 
that ZEB1-AS1 expression level was significant-
ly higher in osteosarcoma tissues than that in 
adjacent normal tissues (P < 0.001 by Wilcoxon 
signed-rank test) (Figure 1A). In addition, we 
measured ZEB1-AS1 expression in human nor-
mal osteoblast cell line hFOB 1.19 and human 
osteosarcoma cell lines HOS, U-2 OS, MG-63, 
and Saos-2 by qRT-PCR. The results showed 
that ZEB1-AS1 expression level was significant-
ly higher in osteosarcoma cell lines than that in 
normal osteoblast cell line (Figure 1B).

We further analyzed the association between 
ZEB1-AS1 expression level and clinicopatho-
logic characteristics of the 50 osteosarcoma 
patients. As shown in Table 1, higher ZEB1-AS1 
expression level was significantly associated 
with larger tumor size (P = 0.037), advanced 

Enneking stage (P = 0.026), and tumor metas-
tasis (P = 0.042). Furthermore, Kaplan-Meier 
survival estimates showed that higher ZEB1-
AS1 expression in osteosarcoma tissues is sig-
nificantly associated with shorter recurrence-
free and overall survival time (Figure 1C and 
1D). These results demonstrate that ZEB1-AS1 
is overexpressed in osteosarcoma and its over-
expression predicts poor prognosis of osteo-
sarcoma patients. These data imply that ZEB1-
AS1 may have critical roles in the pathogenesis 
of osteosarcoma.

Overexpression of ZEB1-AS1 promotes osteo-
sarcoma cells proliferation and migration

To investigate the biological functions of ZEB1-
AS1 in osteosarcoma, we stably overexpressed 
ZEB1-AS1 in osteosarcoma cell line HOS (Figure 
2A). CCK-8 assays and EdU incorporation 
assays were performed to measure cell prolif-
eration. The growth curves determined by 
CCK-8 assays showed that ZEB1-AS1 overex-
pression promoted HOS cells proliferation 
(Figure 2B). Consistently, EdU incorporation 
assays showed that ZEB1-AS1-overexpressing 
HOS cells had increased number of EdU posi-
tive nuclei than control cells (Figure 2C). 

Figure 4. ZEB1-AS1 upregulates ZEB1 expression. A. Schematic of the human ZEB1-AS1 locus. Arrows mark tran-
scription start sites. B. ZEB1 mRNA levels in ZEB1-AS1 stably overexpressed and control HOS cells. C. ZEB1 protein 
levels in ZEB1-AS1 stably overexpressed and control HOS cells. D. ZEB1 mRNA levels in ZEB1-AS1 stably depleted 
and control Saos-2 cells. E. ZEB1 protein levels in ZEB1-AS1 stably depleted and control Saos-2 cells. Data are 
shown as mean ± SD based on at least three independent experiments. **P < 0.01 by Student’s t test.
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Furthermore, transwell assays were performed 
to measure the effects of ZEB1-AS1 on cell 
migration. The results showed that ZEB1-AS1 
overexpression significantly promoted HOS 
cells migration (Figure 2D). These data suggest 
that ZEB1-AS1 could promote osteosarcoma 
cells proliferation and migration.

Knockdown of ZEB1-AS1 inhibits osteosar-
coma cells proliferation and migration

To further confirm the biological functions of 
ZEB1-AS1, we stably inhibited ZEB1-AS1 
expression in osteosarcoma cell line Saos-2 
(Figure 3A). The growth curves determined by 

OS cells and ZEB1-AS1 stably depleted Saos-2 
cells. The results showed that ZEB1-AS1 over-
expression significantly increased the mRNA 
and protein levels of ZEB1 in HOS cells (Figure 
4B and 4C). Conversely, knockdown of ZEB1-
AS1 significantly decreased the mRNA and pro-
tein levels of ZEB1 in Saos-2 cells (Figure 4D 
and 4E).

ZEB1-AS1 mediates epigenetic changes at the 
ZEB1 promoter

To further understand the underlying molecular 
mechanism by which ZEB1-AS1 upregulates 
ZEB1 expression, we examined the euchromat-

Figure 5. ZEB1-AS1 induces epigenetic changes at the ZEB1 promoter. A. 
ChIP shows the euchromatic histone marks at the ZEB1promoter in ZEB1-
AS1 stably overexpressed and control HOS cells. Data were normalized to 
input values and are shown in reference to control HOS cells. B. ChIP shows 
the euchromatic histone marks at the ZEB1promoter in ZEB1-AS1 stably de-
pleted and control Saos-2 cells. Data were normalized to input values and 
are shown in reference to control Saos-2 cells. C. RIP experiments were per-
formed in HOS cells using an p300 antibody or nonspecific IgG, and the re-
trieved RNA was measured by qRT-PCR to detect ZEB1-AS1. Data are shown 
as percent of input. D. ChIRP experiments in HOS cells were performed with 
antisense probe sets against ZEB1-AS1 or LacZ (negative control), and the 
retrieved DNA was measured by qPCR to detect ZEB1 promoter region. Data 
are shown as percent of input. E. ChIP shows the occupancy of p300 on 
the ZEB1promoter in ZEB1-AS1 stably overexpressed and control HOS cells. 
Data were normalized to input values and are shown in reference to control 
HOS cells. F. ChIP shows the occupancy of p300 on the ZEB1promoter in 
ZEB1-AS1 stably depleted and control Saos-2 cells. Data were normalized 
to input values and are shown in reference to control Saos-2 cells. Data are 
shown as mean ± SD based on at least three independent experiments. *P 
< 0.05, **P < 0.01 by Student’s t test.

CCK-8 assays showed that 
knockdown of ZEB1-AS1 inhi- 
bited Saos-2 cells prolifera-
tion (Figure 3B). EdU incorpo-
ration assays showed that 
ZEB1-AS1-depleting Saos-2 c- 
ells had decreased number of 
EdU positive nuclei than con-
trol cells (Figure 3C). Tran- 
swell assays showed that 
knockdown of ZEB1-AS1 sig-
nificantly inhibited Saos-2 
cells migration (Figure 3D). 
These data further confirm 
the pro-proliferation and pro-
migration functions of ZEB1-
AS1 in osteosarcoma.

ZEB1-AS1 upregulates ZEB1 
expression

ZEB1-AS1 is an antisense 
transcript along the ZEB1 lo- 
cus, comprising promoter and 
part of the first exon of ZEB1, 
and extending further up- 
stream (Figure 4A). Many anti- 
sense transcripts have been 
reported to regulate the 
expression of their sense st- 
rand genes transcriptionally 
or post-transcriptionally, such 
as Ube3a-ATS and Antisense 
Uchl1 [25, 29]. To identify 
whether and how ZEB1-AS1 
regulate ZEB1 expression, we 
first measured the mRNA and 
protein levels of ZEB1 in ZEB1-
AS1 stably overexpressed H- 



ZEB1-AS1 acts as an oncogene in osteosarcoma

4102 Am J Transl Res 2016;8(10):4095-4105

ic histone markers at the ZEB1 promoter in 
ZEB1-AS1 stably overexpressed HOS cells and 
ZEB1-AS1 stably depleted Saos-2 cells. As 
shown in Figure 5A, the euchromatic histone 
markers at the ZEB1 promoter were significant-
ly increased in ZEB1-AS1 overexpressed HOS 
cells compared with that in control HOS cells. 
The knockdown of ZEB1-AS1 significantly decr-
eased the euchromatic histone markers at the 
ZEB1 promoter in Saos-2 cells (Figure 5B).

To identify the chromatin regulators that are 
recruited by ZEB1-AS1 and responsible to the 
changes of euchromatic histone markers at the 
ZEB1 promoter, we monitored the association 
of ZEB1-AS1 with histone acetyltransferase 
p300, PCAF, CBP, and Tip60 by RIP. The results 
showed that p300 was specifically associated 
with ZEB1-AS1 (Figure 5C). In support of ZEB1-
AS1 recruiting p300 to the ZEB1 promoter, 
ChIRP assays showed that ZEB1-AS1 had a sig-
nificant genomic occupancy on the ZEB1 pro-
moter (Figure 5D). Moreover, the occupancy of 
p300 on the ZEB1 promoter was strongly 
enriched in ZEB1-AS1 overexpressed HOS cells 
(Figure 5E). Conversely, the occupancy of p300 
on the ZEB1 promoter was strongly decreased 
in ZEB1-AS1 depleted Soas-2 cells (Figure 5F). 
These results suggest that ZEB1-AS1 associat-
ed with and recruited p300 to ZEB1 promoter, 
upregulated euchromatic histone markers at 
the ZEB1 promoter, and activated ZEB1 tran- 
scription.

ZEB1 expression level is associated with that 
of ZEB1-AS1 in osteosarcoma

Because ZEB1-AS1 activates the transcription 
of ZEB1, we investigated whether a correlation 
exists between ZEB1-AS1 expression level and 
ZEB1 mRNA level in osteosarcoma tissues. We 
measured ZEB1 mRNA level in the same tis-
sues shown in Figure 1A. The results showed 
that ZEB1 mRNA level was significantly higher 
in osteosarcoma tissues than that in adjacent 
normal tissues (P < 0.001 by Wilcoxon signed-
rank test) (Figure 6A). In addition, a statistically 
significant correlation was found between ZEB1 
mRNA level and ZEB1-AS1 transcript level (r = 
0.651, P < 0.001, Pearson’s correlation) (Figure 
6B), supporting the role of ZEB1-AS1 in ZEB1 
transcription.

ZEB1 is critical for ZEB1-AS1 induced prolif-
eration and migration

As ZEB1 has been reported to promote osteo-
sarcoma proliferation and metastasis [30, 31], 
and ZEB1-AS1 activates ZEB1 transcription, we 
next investigated whether ZEB1 is needed for 
ZEB1-AS1 induced proliferation and migration. 
We inhibited ZEB1 expression in ZEB1-AS1 sta-
bly overexpressed HOS cells by transfecting 
ZEB1 specific siRNAs (Figure 7A). CCK-8 assays 
showed that the depletion of ZEB1 abolished 
the pro-proliferation role of ZEB1-AS1 (Figure 
7B). In accord with this result, EdU incorpora-
tion assays also showed that the depletion of 
ZEB1 abolished the increasing of EdU positive 
nuclei number in ZEB1-AS1-overexpressing 
HOS cells (Figure 7C). Transwell assays showed 
that the depletion of ZEB1 abolished the pro-
migration role of ZEB1-AS1 (Figure 7D). These 
data suggest that ZEB1 is critical for ZEB1-AS1 
induced proliferation and migration.

Discussion

In this study, we found that ZEB1-AS1 is upregu-
lated in osteosarcoma tissues and cell lines in 
comparison with adjacent normal tissues and 
normal osteoblast cell line. Increased expres-
sion of ZEB1-AS1 is associated with larger 
tumor size, advanced Enneking stage, and 
tumor metastasis. High ZEB1-AS1 expression 
in osteosarcoma tissues predicts worse recur-
rence-free and overall survival of osteosarco-
ma patients. Functional experiments showed 
that ZEB1-AS1 overexpression promotes osteo-

Figure 6. ZEB1-AS1 and ZEB1 expression levels are 
significantly correlated in osteosarcoma. A. ZEB1 
Expression level in 50 pairs of osteosarcoma tis-
sues and adjacent normal tissues. The expression 
of ZEB1 was quantified by qRT-PCR. The horizontal 
lines in the box plots represent the medians, the box-
es represent the interquartile range, and the whis-
kers represent the minimum and maximum values. 
P < 0.001 by Wilcoxon signed-rank test. B. ZEB1-AS1 
and ZEB1 expression levels are significantly corre-
lated in these osteosarcoma tissues. r = 0.651, P < 
0.001 by Pearson correlation analysis.
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sarcoma cells proliferation and migration, while 
ZEB1-AS1 knockdown inhibits osteosarcoma 
cells proliferation and migration. These data 
indicate that ZEB1-AS1 functions as an onco-
gene in osteosarcoma. These results were con-
sistent with previous reports about the expres-
sion, function and clinical significance of 
ZEB1-AS1 in hepatocellular carcinoma and 
esophageal squamous cell carcinoma [32, 33]. 
Combining with these reports, our results fur-
ther confirm that ZEB1-AS1 is an important 
oncogene in tumors.

Recent evidences suggest that antisense lnc- 
RNAs usually acts as regulator of the opposite 
strand genes through changing the chromatin 
state and transcription, or interacting with the 
opposite strand mRNA and changing its stabili-
ty and/or translation [25, 26, 28, 34]. ZEB1-
AS1 gene locus mainly overlaps the promoter of 

ZEB1. Consistent with this, our results showed 
that ZEB1-AS1 activates ZEB1 transcription. 
ChIRP assays showed the specific binding of 
ZEB1-AS1 to the ZEB1 promoter region. RIP 
assays showed the specific association bet- 
ween ZEB1-AS1 and histone acetyltransferase 
p300. ChIP assays further indicated that ZEB1-
AS1 recruited p300 to the ZEB1 promoter 
region and increased the euchromatic histone 
markers at this region. p300 is a critical his-
tone acetyltransferase, which induces histone 
acetylation and open chromatin structure to 
activate gene transcription [35, 37]. Our results 
showed that through associating with ZEB1 
promoter region and p300, ZEB1-AS1 could 
recruit p300 to the ZEB1 promoter region, 
induce an open chromatin structure, and acti-
vate ZEB1 transcription. A correlation between 
ZEB1 mRNA level and ZEB1-AS1 transcript level 
in osteosarcoma tissues further supports the 

Figure 7. ZEB1-AS1-induced proliferation 
and migration are dependent on ZEB1. 
A. After the transfection of ZEB1specific 
siRNAs or control siRNAs into ZEB1-AS1 
stably overexpressed HOS cells, ZEB1-
AS1 expression level was measured by 
qRT-PCR. B. Cell growth curves deter-
mined by CCK-8 assays showed that the 
depletion of ZEB1 abrogated the pro-
proliferation effect of ZEB1-AS1. C. EdU 
incorporation assays showed that the de-
pletion of ZEB1 abrogated the pro-prolif-
eration effect of ZEB1-AS1. The red color 
indicates EdU-positive nuclei. Scale bars 
= 100 µm. D. Transwell assays showed 
that the depletion of ZEB1 abrogated the 
pro-migration effect of ZEB1-AS1. Data 
are shown as mean ± SD based on at 
least three independent experiments. *P 
< 0.05, **P < 0.01 by Student’s t test.
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regulation of ZEB1 by ZEB1-AS1. Furthermore, 
functional experiments showed that the pro-
proliferation and pro-migration roles of ZEB1-
AS1 on osteosarcoma are dependent on the 
activation of ZEB1, indicating that the upregula-
tion of ZEB1 is critical for the effects of ZEB1-
AS1 on osteosarcoma.

Taken together, our studies showed that ZEB1-
AS1 is upregulated in osteosarcoma, predicts 
poor prognosis of osteosarcoma patients, and 
promotes osteosarcoma cells proliferation and 
migration. Mechanistically, ZEB1-AS1 associ-
ates with and recruits p300 to the ZEB1 pro-
moter region, induces an open chromatin struc-
ture, and activates ZEB1 transcription. Our 
results indicate that ZEB1-AS1 may be a poten-
tial prognostic biomarker and therapeutic tar-
get for osteosarcoma.
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