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Up-regulated expression of lncRNA  
NEAT1 promotes progression of osteosarcoma  
by regulating the activity of Wnt/β-catenin pathway
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Abstract: Background: Accumulating evidence showed that lncRNA NEAT1 play an important role in various tumors. 
However, the expression and function of NEAT1 on osteosarcoma (OS) have not been studied extensively. Methods: 
The relative expression level of NEAT1 was determined by qRT-PCR in a total of 37 patients with OS. We inhibited 
NEAT1 expression by transfecting NEAT1 specific siRNA (si-NEAT1). Cell proliferation was determined by using both 
CCK-8 assay and EdU assay. Cell migration was determined by using Scratch assay. Cell invasion was determined 
by Transwell invasion assay. Western blot was used to investigate the activity of the Wnt/β-catenin pathway in si-
NEAT1 transfected OS cells. Results: We first reported that NEAT1 was consistently up-regulated in OS tissues, and 
the expression levels of NEAT1 were associated with clinical stage and distant metastasis. Kaplan-Meier analysis 
suggested that patients with high NEAT1 expression had poorer overall survival in OS patients. Silencing NEAT1 
significantly inhibited OS cell proliferation, migration and invasion. Moreover, we found that decreased expression 
of NEAT1 inhibited the Wnt/β-catenin signaling pathway activity. Conclusion: Our study suggested that NEAT1 could 
act as an oncogene in OS progression.
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Introduction

Osteosarcoma (OS), occurs most frequently in 
the second decade of life or after the age of 60, 
is the most common form of primary malignant 
bone tumor [1]. With a high tendency of local 
invasion and early lung metastasis, the 5-year 
overall survival rate of those diagnosed with 
metastatic OS is about 20-30% [2, 3]. In the 
past decades, multidisciplinary therapeutic 
strategy significantly improved the prognosis, 
the rate rises to 60-70% for patients with local-
ized disease [4]. However, many patients show 
no improvement in their condition due to resis-
tance to the treatment and some presenting 
severe side effects in other organs of the body 
[5]. Therefore, there is an urgent need to inves-
tigate a novel therapeutic target for OS patients.

Long non-coding RNAs (lncRNAs) are a class  
of RNA transcripts, with over 200 nucleotides 
in length and no protein-coding potential  
[6]. Various studies found vast dysregulated 

lncRNAs in many human diseases, especially in 
human cancers [7]. For example, Zhang et al 
showed that lncRNA MALAT1 was increased in 
clear cell renal cell carcinoma and correlated 
with tumor progression and poor prognosis [8]. 
Zhang et al suggested that lncRNA CASC11 
interacted with hnRNP-K and activated the 
Wnt/β-catenin pathway to promote growth and 
metastasis in colorectal cancer [9]. Wang et al 
showed that up-regulated lncRNA UCA1 contrib-
uted to progression of hepatocellular carcino-
ma through inhibition of miR-216b and activa-
tion of FGFR1/ERK signaling pathway [10]. 
However, the potential functions of lncRNAs are 
still poorly understood in OS.

Nuclear paraspeckle assembly transcript 1 
(NEAT1), a structural scaffold for the formation 
of paraspeckles, has been identified as a nucle-
ar-restricted lncRNA and is known to exist as 
two isoforms: 3.7 kb NEAT1-1 (MENε) and 23 kb 
NEAT1-2 (MENβ) [11]. Recent studies showed 
that lncRNA NEAT1 was up-regulated in many 
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human malignancies. For example, Ma et al 
showed that NEAT1 was significantly incre- 
ased in gastric cancer and associated with the 
tumor progression [12]. Sun et al suggested 
that NEAT1 promoted non-small cell lung can-
cer progression through regulation of miR-377-
3p-E2F3 pathway [13]. Gao et al found that 
overexpression of NEAT1 mitigated multidrug 
resistance by inhibiting ABCG2 in leukemia 
[14]. However, little is known about whether 
NEAT1 affects carcinogenesis and biological 
behavior of OS. 

In this study, we first reported that lncRNA 
NEAT1 was up-regulated in OS tissues com-
pared to matched adjacent non-tumor tissues. 
NEAT1 expression level in OS was correlated 
clinicopathologic features and prognosis. De- 
creased expression of NEAT1 inhibited OS  
cell proliferation, migration and invasion. Fur- 
thermore, suppressing NEAT1 expression aff- 
ected the Wnt/β-catenin signaling pathway. 
Those data suggested that NEAT1 acted as  
a potential oncogene in OS, and provided a 
novel approach for OS treatment.

Materials and methods

Patient and specimens

Matched OS tissues and adjacent non-tumor 
tissues were acquired from 37 patients at The 
First Affiliated Hospital of Xinxiang Medical 
University between January 2006 and Dece- 
mber 2010. None of the patients received  
chemotherapy or radiotherapy before surgery. 
All specimens were frozen in liquid nitrogen 
immediately after collection and stored at 
-80°C until use. All the human tissues were 
obtained with informed consent and this study 
was approved by the Clinical Research Ethics 
Committee of Xinxiang Medical University.

Cell lines and culture conditions

Human OS cell line Saos2 was purchased from 
American Type Culture Collection (ATCC). Cells 
were cultured at 37°C in a CO2 incubator in 
Dulbecco’s modified Eagle’s media (DMEM, 
Invitrogen) supplemented with 10% fetal bovine 
serum (FBS) and 1% penicillin-streptomycin. 

siRNA transfection

Cells were transfected with siRNA using Lipo- 
fectamine 2000 (Invitrogen) according to the 

manufacture’s protocol. The siRNAs se- 
quences targeting NEAT1 were as foll- 
ows: 5’-GUGAGAAGUUGCUUAGAAACUUUCC-3’ 
(si-NEAT1-1) and 5’-GATCCCTAAGCTGTAGAAC- 
AT-3’ (si-NEAT1-2). si-NEAT1 and negative  
control siRNA (si-NC) were purchased from 
GenePharma (Shanghai, China).

Quantitative real-time PCR 

Total RNA was extracted by using Trizol rea- 
gent (Invitrogen). 2 μg of total RNA were reve- 
rsely transcribed to cDNA by using High 
Capacity cDNA Reverse Transcription Kits 
(Applied Biosystems). Quantitative PCR was 
performed using Power SYBR Green RT-PCR 
Reagents (Applied Biosystems). Primers were 
as follows: NEAT1 forward, 5’-CTTCCTCCC- 
TTTAACTTATCCATTCAC-3’; reverse, 5’-CTCTT- 
CCTCCACCATTACCAACAATAC-3’; All reactions  
were carried out on the Applied Biosystems 
7000 Sequence Detection System (Applied 
Biosystems). Relative expression levels were 
normalized against GAPDH, and calculated 
using the 2-ΔΔCt method.

CCK-8 assay

To detect cell growth ability, 5×103 cells were 
seeded in a 96 well plate after transfection 
with siRNA for 48 h. A 10 μl CCK-8 (Beyotime 
Institute of Biotechnology) was added to  
each well and incubated at 37°C for 3 h. The 
proliferation of OS cells was assessed at 24, 
48 and 72 h. Absorbance values at 490 nm 
were detected by the microplate reader.

EdU assay

5-ethynyl-20-deoxyuridine (EdU) assay kit 
(Ribobio) was detected for cell proliferation 
according to the manufacturer’s instructions. 
Pictures were taken from each well quickly 
using a digital camera system.

Scratch assay

Cell migration was detected by scratch assay 
following the introduction. OS cells were seed-
ed in 6-well plates and cultured in incubator to 
get 100% gather before transfection. A sterile 
200 µl pipette tip was used to generate a clear 
line in the wells after cells were transfected 
with siRNAs. Pictures were taken from each 
well quickly using a digital camera system. 
Migration distance was counted at the time of 
0 h and 24 h. 



NEAT1 regulate OS progression by wnt/β-catenin

11468 Int J Clin Exp Pathol 2016;9(11):11466-11472

inside the upper chamber were obliterated with 
cottons swabs, while cells on the lower mem-
brane surface were fixed and then stained with 
0.5% crystal violet solution. Five fields were 
counted randomly in each well. 

Western blot

The transfected cells were washed with PBS 
twice and lysed in RIPA lysis buffer (Thermo 
Scientific) containing a protease inhibitor cock-
tail (Roche) for 30 min on ice. Then, an equal 
quantity of protein (50 μg) was separated by 
10% SDS-PAGE and transferred onto a PVDF 
membrane (Roche) by electroblotting. Mem- 
branes were blocked for 1 h in TBST buffer  
contaminated 5% nonfat milk in room tempera-
ture, incubated with primary antibodies over-
night at 4°C, and subsequently washed and 
incubated for 2 h with HRP Goat-anti-Rabbit 
antibody. Protein signals were detected with 
enhanced chemiluminescence reagent (ECL, 
Thermo Scientific) according to the manufac-
turer’s instructions.

Statistical analysis

Statistical analyses were conducted using 
SPSS software version 17.0. The data are 
expressed as the mean ± SD. An independent 
Student t test was used to determine statistical 
significance. The Kaplan-Meier method was 
performed for patients’ overall survival analy-
sis. P value less than 0.05 was considered sta-
tistically significant.

Transwell invasion assay

For cell invasion assay, 24 well Transwell cham-
bers with 8 μm pore size polycarbonate mem-
brane were used (Corning). Cells were planted 
on the top side of the membrane pre-coated 
with Matrigel (BD) and incubated for 24 h. Cells 

Figure 1. LncRNA NEAT1 expression in OS. A: Relative expression of NEAT1 in OS tissue (n=37) and adjacent non-
tumor tissue (n=37) was examined by qRT-PCR and normalized to GAPDH expression. B: The correlation between 
NEAT1 expression and prognosis. 5-year overall survival was analyzed by the Kaplan-Meier survival curve. *P<0.05.

Table 1. Correlation between NEAT1 expres-
sion and clinicopathological features of OS 
patients

Parameter Total
NEAT1

P
Low High

Age (years) 0.419
    <25 21 12 9
    ≥25 16 7 9
Gender 0.618
    Female 18 10 8
    Male 19 9 10
Tumor size 0.197
    <8 cm 12 8 4
    ≥8 cm 25 11 14
Location 0.582
    Tibia/Femur 23 11 12
    Elsewhere 14 8 6
Clinical stage 0.002
    I/II 20 15 5
    III 17 4 13
Distant metastasis 0.020
    Absent 27 17 10
    Present 10 2 8
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However, there is no correlation between  
NEAT1 expression level and other parameters, 
such as age, gender, tumor size and tumor  
location (P>0.05). 

Up-regulated NEAT1 expression predicts poor 
prognosis of OS

The Kaplan-Meier survival analysis and log-
rank test was performed to detect the correla-
tion between NEAT1 expression and OS 
patients’ outcome. As shown in Figure 1B, 
patients with high levels of NEAT1 expression 
have a shorter overall survival rate than low 
level groups (P<0.05). Those data suggested 
that NEAT1 play an important role in OS 
progression.

Inhibition of NEAT1 inhibits OS cell prolifera-
tion

Because NEAT1 was overexpressed in OS,  
we investigated the function of NEAT1 using 
siRNA-mediated disruption of NEAT1 expres-

Results

Up-regulation of NEAT1 in OS and its correla-
tion with clinicopathologic features

To explore the function of lncRNA NEAT1 in  
OS, we determined the expression level of 
NEAT1 in 37 OS tissues and adjacent non-
tumor tissues by qRT-PCR, and normalized  
to GAPDH. The results showed that NEAT1 
expression was significantly up-regulated com-
pared to adjacent non-tumor tissues (Figure 
1A, P<0.05). According to the median ratio of 
relative NEAT1 expression in OS tissues, the  
37 OS patients were classified into two groups: 
the relative low group (n=19, NEAT1 expres- 
sion ratio≤median ratio) and the relative high 
group (n=18, NEAT1 expression ratio>median 
ratio). The association between NEAT1 expres-
sion and clinicopathologic features was exam-
ined. As shown in Table 1, the NEAT1 expres-
sion level was significantly associated with 
clinical stage and distant metastasis (P<0.05). 

Figure 2. Inhibited NEAT1 expression suppressed OS cells proliferation in vitro. (A) Decreased NEAT1 efficiency was 
determined by qRT-PCR in Saos2 cells. (B, C) Down-regulated NEAT1 in Saos2 cells significantly reduced their prolif-
erative capacities, as determined by CCK-8 assay (B) and EDU assay (C). *P<0.05.
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cells (Figure 2C, P<0.05). Taken together, these 
results suggested that NEAT1 is associated 
with proliferative ability in OS cells.

Inhibition of NEAT1 suppresses OS cell migra-
tion and invasion

To investigate the roles of NEAT1 on the migra-
tion and invasion of OS cells, Scratch assay and 
Transwell invasion assay was performed to 
determine the migratory and invasive abilities 
of cells after transfection of siRNA. Scratch 
assay revealed that the migration capacity was 
significantly suppressed in Saos2 cells when si-
NEAT1 was transfected (Figure 3A, P<0.05). 
Transwell invasion assay indicated that the cell 
number of invading cells was obviously lower in 
the si-NEAT1 group than in the si-NC group 
(Figure 3B, P<0.05). These findings showed 
that NEAT1 plays an important role in the migra-
tion and invasion capacity in OS cells.

Mechanisms of NEAT1 exert its function

To determine the possible mechanism by  
which NEAT1 regulated proliferation and me- 
tastasis of OS cells, we performed western  
blot analysis to investigate the effects of  
NEAT1 knockdown on Wnt/β-catenin pathway, 
which is often aberrantly activated in human 

sion in Saos2 cells. qRT-PCR assay showed 
that NEAT1 was significantly decreased in si-
NEAT1 transfected Saos2 cells (Figure 2A, 
P<0.05). In order to examine the proliferative 
ability of NEAT1, CCK-8 assay and EdU assays 
were performed. As shown in Figure 2B, CCK-8 
assay showed inhibition of NEAT1 significantly 
inhibited cell proliferation in Saos2 cells com-
pared to the control group (si-NC) (Figure 2B, 
P<0.05). In addition, compared with si-NC 
group, the relative fold of EdU positive cell was 
significantly decreased by si-NEAT1 in Saos2 

Figure 3. Inhibited NEAT1 expression suppressed OS cells 
migration and invasion in vitro. A: Scratch assay showed that 
down-regulated NEAT1 in Saos2 cells significantly reduced their 
migration capacities. B: Transwell invasion assay showed that 
down-regulated NEAT1 in Saos2 cells significantly decreased 
their invasion capacities. *P<0.05.

Figure 4. Inhibited NEAT1 expression suppressed the 
Wnt/β-catenin signaling pathway.
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suppress cell proliferation, migration and inva-
sion. Thus, NEAT1 plays an oncogene role in OS 
and represents a potential target for OS 
treatment.

Wnt/β-catenin signaling pathway is a highly 
conserved signaling pathway that regulates 
multiple biological processes, such as cell pro-
liferation, invasion and other signaling path-
ways, through regulating the ability of the multi-
functional β-catenin protein, which is a crucial 
signaling molecule in the Wnt/β-catenin path-
way [20]. Recent studies showed that Wnt/β-
catenin pathway plays a critical role in the 
development and progression of OS [21]. Thus, 
we analyzed the activity of Wnt/β-catenin sig-
naling in si-NEAT1 transfected OS cells. In our 
study, we found that decreased expression of 
NEAT1 suppressed the expression levels of 
β-catenin. Additionally, cyclin D1 and c-myc 
(classic downstream genes of the Wnt/β-catenin 
signaling pathway) protein expression were 
also down-regulated in si-NEAT1 transfected 
OS cells. Those data indicated that NEAT1 
might regulate tumor progression through the 
Wnt/β-catenin pathway in OS. However, the 
exact mechanisms for NEAT1’s regulation of  
the Wnt/β-catenin pathways require further 
investigation.

In conclusion, the present study suggested for 
the first time that lncRNA NEAT1 acted as a 
functional oncogene in OS, and the up-regula-
tion of NEAT1 expression is closely associa- 
ted with OS progression. Thus, lncRNA NEAT1 
could potentially serve as a required thera- 
peutic method targeting for OS.
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