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the metastatic tumors compared to non-metastatic tumors. 
In  vitro gain and loss of function approaches demon-
strated that SATB2-AS1 regulates cell cycle, cell prolifera-
tion, and cell growth. In addition, SATB2-AS1 affects the 
translational expression of SATB2 gene. Our data dem-
onstrate that an antisense non-coding RNA regulates the 
expression of its sense gene, and increases the cell growth, 
therefore pointing the pivotal functions of SATB2-AS1 in 
osteosarcoma.
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proliferation · Metastasis · Cell Cycle

Introduction

Osteosarcoma (OS) is the most common type of primary 
bone cancer [1, 2]. The American cancer statistics (2016) 
report bone and joint tumors as the common cancer in chil-
dren and adolescents under the age of 20 [3]. The major-
ity of osteosarcomas originate in the long bones, such as 
the distal femur and proximal tibia. This cancer is highly 
aggressive with a metastatic rate of ~20%, with the most 
common targets being the lung and other bones [2, 4]. 
Despite recent advancements in multimodal treatments 
(e.g., wide tumor excision, adjuvant chemotherapy, and 
radiotherapy), survival expectancies have not improved 
much over the past 25 years, especially for the patients 
with metastasis and recurrent osteosarcoma [5]. The exact 
mechanisms underlying the pathogenesis and progression 
remain still enigmatic. Therefore, identification of new can-
didate molecules participating during the pathophysiology 
becomes pertinent to improve the diagnosis, prevention, 
and treatment.

Abstract The knowledge regarding the importance of 
long non-coding RNAs (lncRNAs), a new class of genes, 
is very sparse in osteosarcoma. In the present study, we 
describe the expression profile of lncRNAs in osteosarco-
mas compared with paired adjacent non-cancerous tissue 
(n = 7) using microarray analysis. A total of 25,733 lncR-
NAs were identified in osteosarcoma; 1995 lncRNAs were 
consistently upregulated and 2226 lncRNAs were consist-
ently under-regulated in all samples analyzed (≥2.0-fold, 
p < 0.05). We have validated three over-regulated and 
three under-regulated lncRNAs in patient samples (n = 7). 
The antisense transcript of SATB2 protein (SATB2-AS1) 
was identified as one of the upregulated lncRNAs. The 
SATB2-AS1 is a 3197-bp lncRNA on chromosome 2. This 
is the first report, where we have documented the increased 
expression of SATB2-AS1 in osteosarcoma patients and 
in human osteosarcoma cancer cell lines (U2OS, HOS, 
MG63). SATB2-AS1 expression was significantly higher in 
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Long non-coding RNAs (lncRNAs), members of the 
non-coding RNA family are a class of RNA over 200 
nucleotides in length with no protein-coding potential [6]. 
It is clear now that this class of RNAs plays crucial roles in 
the regulation of a wide array of biological processes such 
as development, growth, apoptosis, and tumorigenesis by 
regulating gene expression at the transcriptional or post-
transcriptional level. Dysregulated expression of lncRNAs 
has been established in various cancers; therefore, they 
have recently been of interest to many researchers world-
wide [6, 7].

In the present study, microarray analysis revealed a 
significant dysregulation of lncRNAs in osteosarcoma 
samples when compared to their paired adjacent non-can-
cerous tissues. We have validated the expression of three 
over-regulated (AC017096.1, AL589743.1, AC092484.(1) 
and three under-regulated (TRHDE-AS1, LOC100505633, 
AC116614.1) lncRNAs. Looking closely at the lncRNAs 
which we have validated using qPCR, we observed that 
lncRNA AC017096.1 is oriented in antisense direction 
with respect to the SATB2 gene. SATB2 (special AT-rich 
sequence binding protein (2)) is a multifunctional transcrip-
tional regulator, which promotes osteoblast differentiation, 
maturation and bone formation, regulates osteosarcoma 
invasion, and promotes osteosarcoma formation [8, 9].

We found that AC017096.1 is a natural antisense 
lncRNA to SATB2, and this lncRNA was named as 
SATB2-AS1. Here, we report that SATB2-AS1, an onco-
genic lncRNA, increases cell proliferation, cell growth, and 
regulates the cell cycle of osteosarcoma cells in vitro. Here, 
we demonstrated that SATB2-AS1 effects the translational 
expression of sense gene SATB2. Our findings suggest 
the altered expression levels of lncRNAs contribute to the 
occurrence and molecular processes of osteosarcoma.

Materials and method

Patient samples

Subjects were recruited in the present study at the Guang-
zhou First People’s Hospital, China after obtaining a writ-
ten informed consent from all the patients. Cancerous tis-
sue and pair-matched non-cancerous tissue were obtained 
by biopsy. None of the patients underwent chemotherapy 
or radiotherapy before surgery. This study was performed 
with the approval from the Ethics Committee of the Guang-
zhou First People’s Hospital.

Microarray and data analysis

mRNA (mRNA-ONLY™ Eukaryotic mRNA Isolation Kit, 
Epicentre) was extracted from the samples and submitted to 

KangChen Bio-tech Company, China for microarray analy-
sis. For microarray analysis, Agilent Array platform was 
employed. The sample preparation and microarray hybridi-
zation were performed based on the manufacturer’s stand-
ard protocols. Each sample was amplified and transcribed 
into fluorescent cRNA along the entire length of the tran-
scripts without 3′ bias utilizing a random priming method. 
The labeled cRNAs were hybridized onto the Human 
LncRNA Array v3.0 (8 × 60 K, Arraystar) and the Agilent 
Scanner G2505C scanned the arrays.

Agilent Feature Extraction software (version 11.0.1.1) 
was used to analyze acquired array images. Quantile nor-
malization and subsequent data processing were per-
formed using the GeneSpring GX v11.5.1 software pack-
age (Agilent Technologies). After quantile normalization 
of the raw data, lncRNAs that has at least seven out of 14 
samples have flags in Present or Marginal (“All Targets 
Value”) were chosen for further data analysis. Differentially 
expressed lncRNAs with statistical significance between 
the two groups were identified through Volcano Plot fil-
tering. Hierarchical Clustering was performed to show the 
distinguishable lncRNAs expression pattern among sam-
ples. Pathway analysis and GO analysis were applied to 
determine the roles of these differentially expressed RNA.

Cell cultures

The cell lines U2OS, HOS, MG63, and HLF (human fibro-
blast like) were obtained from ATCC, and were maintained 
as per ATCC guidelines. Cells were incubated in a humidi-
fied 37 °C incubator with a 5%  CO2 atmosphere. All cells 
used in the experiments were at the exponential growth 
phase.

RNA isolation and qRT-PCR

Total RNA was extracted from tissues and cultured cells 
using the Trizol reagent (Invitrogen). First-strand cDNA 
was synthesized using SuperScript™ III Reverse Tran-
scriptase (Invitrogen). qPCR was performed using the 
SYBR Green PCR Kit (Takara) in the ABI7500 real-time 
PCR detection system (Applied Biosystems). For each 
sample, gene expression was normalized to the levels of 
GAPDH. The primer sequences used are listed in Table 1.

Plasmid constructs, virus production, and infections

SATB2-AS1 overexpression and knockdown of stable 
cells were established and purchased from Shanghai Gene 
Chem Co Ltd, China. For loss of function studies, the 
SATB2-AS1 was knocked down using siRNA in lentivirus 
system. Briefly, commercially synthesized three different 
SATB2-AS1 targeting siRNAs were used in the present 
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study: siRNA1-5′-CCU AAU ACC UUC UCA CUG UTT-3′; 
siRNA-2 5′-GUA UUG CAC UUG CAU CAA ATT-3′, and 
siRNA-3 5′-GCA GAU ACC GGC AGG GAA TT-3′ (Invitro-
gen). For gain of function studies, SATB2-AS1 was cloned 
and overexpressed in cells using lentivirus vector (Vector 
name: GV303, Component order: Ubi-MCS-SV40-EGFP, 
Enzyme cutting site: AgeI/NheI). Osteosarcoma cells were 
transfected with lentivirus (MOI = 10) harboring RNAi 
sequence and overexpression sequence targeting lncRNA 
(AC017096.1). Stable cells were selected, and the knock-
down and overexpression of lncRNA (AC017096.1) were 
confirmed using real-time PCR.

Cell proliferation assay

Cells were seeded in triplicate on six-well plates, and cell 
proliferation over time was measured by counting the num-
ber of cells by trypan blue exclusion at the indicated time 
points.

Measurement of apoptosis

Infected cells were collected by trypsinization, washed 
twice with PBS, and suspended in staining buffer (5  μl 
Annexin V-APC/100  μl) (KGA1023, KeyGen BioTECH) 
for 15 min. Apoptotic cells were sorted by FCM (BD FAC-
SCalibur, USA).

Cell cycle analysis

Cell cycle distribution was analyzed by flow cytometry 
using Cycle test plus kit (KGA512, KeyGen BioTECH) as 
per the manufacturer’s instructions.

Cytosolic and nuclear fractionation

Nuclear protein separation kit (P0027, Beyotime) was used 
to isolate the cytosolic and nuclear fractions from cells as 
per manufacturer’s protocol.

Wound healing assay

A wound healing assay was used to determine the migra-
tory potential of the cells. Cell motility and migration char-
acteristics were analyzed by wound healing assay. Briefly, 
the cells were grown to a confluent monolayer on a six-well 
tissue culture plate. The cell monolayers were “wounded” 
using a P200 micropipette tip. The wounded monolayers 
were washed twice with Dulbecco’s phosphate buffered 
saline (Boster, Wuhan, China) to remove the cell debris, 
and incubated in culture medium supplemented with 0.1% 
FBS for 24 h. The migrating cells in the denuded zone were 
monitored using an inverted microscope equipped with a 
camera (Leica, Wetzlar, Germany). The cell migration dis-
tance was evaluated by measuring the width of the wound.

Protein extraction and western blot analysis

Cell lysates were prepared in lysis buffer (Beyotime) with 
protease and phosphatase cocktail inhibitor (ThermoFisher 
Scientific). Cellular debris was cleared from lysates by 
centrifugation, and protein concentration was determined 
using the Bio-Rad protein assay kit (Bio-Rad). Samples 
were separated on precast 4–15% TGX-PAGE (Bio-Rad), 
transferred to a PVDF membrane (Bio-Rad), blotted with 
the indicated antibodies [SATB2 (Abcam-EPNCIR130A) 
and GAPDH (Proteintech-10494-1-AP)], and visualized 
with enhanced chemiluminescence substrate (Tiangen Bio-
tech, Beijing, China).

Statistical analysis

The results are reported as the means ± SDs. Quantification 
of Western blots was performed using ImageJ (NIH Soft-
ware). Statistical analysis (two-tailed t test or ANOVA) was 
based on a minimum of three replicates using Prism 5 (ver-
sion 5, Graphpad Software). The differences were consid-
ered significant if p ≤ 0.05.

Results

Differentially expressed lncRNAs in osteosarcomas

A significant and differential expression of lncRNAs was 
observed in normal bone tissue and osteosarcoma (Fig. 1a, 
b). Microarray analysis revealed the presence of a total of 

Table 1  List of primers used

Genes Sequence of primers

AC017096.1 F:5′ TGA GAG CCC CAT AAC GGA A3′
R:5′ CTG ACC CAA GCA GAA ACC CT3′

AL589743.1 F:5′ ATG GTG GAG TAG GAG GCA GGT3′
R:5′ TGG AGG CAG TCT CAG AAG GAAT3′

AC092484.1 F:5′ GGT CCA AGA ACC AGA TAA ACA TAG G3′
R:5′ TCA GAG TTA CAG GGA TAG TGC ACA C3′

TRHDE-AS1 F:5′ CCA GTT TCC TAT GGA TTC GGTA3′
R:5′ TGT GTG TGC ATG TTT TGT TTTG3′

LOC100505633 F:5′ GAA TGG TTG GGA GGA GGT AAA3′
R:5′ TGG GCT CAA GGA ATC TGA ATAG3′

AC116614.1 F:5′ ATG CCC GTT TTA TTC CCT CTC3′
R:5′ AAT GCG TCA CAT TCT GCT CCTA3′

GAPDH F:5′GGG AAA CTG TGG CGT GAT 3′
R:5′GAG TGG GTG TCG CTG TTG A3′

SATB2 F:5′ CCA CAG TCC GCA ATG CCT TA 3′
R:5′ TGG TTG CTG ACA CAT TGG CATA 3
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25,733 lncRNAs in osteosarcoma. We identified 1995 over-
regulated lncRNAs and 2226 under-regulated lncRNAs that 
were significantly differentially expressed in these human 
primary osteosarcomas (≥2.0-folds) (Data not shown).

Following this data, we compared the lncRNA expres-
sion levels between seven human primary osteosarcomas 

and their paired adjacent non-cancerous tissues. We 
have validated the expression of three over-regulated 
(AC017096.1, AL589743.1, AC092484.1) and three 
under-regulated (TRHDE-AS1, LOC100505633, 
AC116614.1) lncRNAs in these samples (Fig. 1c).

Fig. 1  a, b The profiles of differentially expressed lncRNAs in osteo-
sarcoma when compared to the paired non-cancerous tissues. a Heat 
map and Hierarchical Clustering for “Differentially Expressed LncR-
NAs in T vs. C”. “Red” indicates high relative expression, and “blue” 
indicates low relative expression. b The scatter plot demonstrating the 
variations of the lncRNAs. The values of X and Y axes in the Scat-
ter Plot are the normalized signal values of the samples (log2 scaled) 
or the averaged normalized signal values of groups of samples (log2 
scaled). The green lines are Fold Change Lines (The default fold 
change value given is 2.0). The LncRNAs above the top green line 

and below the bottom green line indicated more than 2.0-fold change 
of LncRNAs between the two compared samples or the two compared 
groups of samples. c Six of the differential expression of lncRNAs 
were validated by qRT-PCR (three over-regulated and three under-
regulated) in osteosarcoma and their paired non-tumor tissues (n = 7). 
d GO pathway analysis. e. Schematic outlining the genomic organi-
zation of SATB2-AS1 and SATB2. f SATB2-AS1 expression signifi-
cantly upregulated in the metastatic osteosarcoma (n = 15) samples. 
***p ≤ 0.001. (Color figure online)
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Construction of the coding-non-coding gene 
co-expression network

Cytoscape (http://www.cytoscape.org/) was used to draw 
coding and non-coding expression network of the six vali-
dated lncRNAs and observed that 246 coding genes have 
a relationship with these six validated lncRNAs (Data not 
shown). GO analysis showed that 180 of these genes relate 
to protein binding, and continue to subdivide these 180 
genes, and found one-third of these genes relate to binding 
and catalytic activity, respectively (Fig.  1d). These analy-
ses suggested that these lncRNAs play an important role in 
protein binding and catalytic activities. Future studies are 
needed to explore this aspect of the osteosarcoma-related 
lncRNAs in the pathophysiology of disease.

The high expression of SATB2-AS1 related 
to osteosarcomas metastasis

In the present study, we chose to characterize and 
study the functional role of an overregulated lncRNA 
AC017096.1. Our analysis reveled that this lncRNA is 
located at chromosome 2, and is oriented in antisense 
direction with respect to the SATB2 gene and is compli-
mentary for about 3197 nucleotides (Fig. 1e). Finding it 
as a natural antisense transcript further in text lncRNA 
AC017096.1 will be addressed as SATB2-AS1. As shown 
in Fig.  1c, SATB2-AS1 (AC017096.1) is increased in 

the osteosarcoma compared to paired non-tumor tissues. 
Further, we observed that SATB2-AS1 expression is sig-
nificantly high in the metastatic tumors compared to non-
metastatic tumors (n = 15) (Fig. 1f).

SATB2-AS1 promotes cell proliferation and cell 
migration of osteosarcoma cells in vitro

To further investigate whether SATB2-AS1 could modu-
late the proliferation and migration of osteosarcoma cells, 
we tested three different human osteosarcoma cell lines 
(MG63, HOS, and U2OS) which express the SATB2-AS1 
(Fig.  2a), and chose the two cell lines which had high-
est expression of SATB2-AS1 in our hands (U2OS and 
HOS). Silencing and overexpression of SATB2 were 
confirmed by qPCR (Fig.  2b–d). In the present study, 
we used three different siRNA constructs. SiRNA-2 was 
found to be more efficient, compared to siRNA1 and 
siRNA3; therefore, all experiments were done using 
siRNA2. Silencing of SATB2-AS1 demonstrated a sig-
nificant decrease in the cell proliferation as determined 
by cell counting assay in both the cell line (Fig.  3a, b). 
Also, overexpression of SATB2-AS1 leads to hyper-
proliferation of the cells (Fig.  3c, d). In corroboration, 
silencing of SATB2-AS1 inhibited the wound closure sig-
nificantly (Fig. 3e–h). These in vitro results demonstrated 
significance of SATB2-AS1 in cell proliferation and cell 
growth.

Fig. 2  a Expression of SATB2-
AS1 in different cells lines as 
determined by qPCR. GAPDH 
was used as a reference control. 
b, c Confirmation of silencing 
of SATB2-AS1 in osteosarcoma 
cell lines (U2OS and HOS) as 
determined by qPCR. Three 
different siRNA viral constructs 
were used, and scrambled RNA 
(scrRNA) was used as a control. 
Expression was calculated com-
pared to mock cells. d SATB2-
AS1 was overexpressed and the 
overexpression was determined 
by qPCR in osteosarcoma cells. 
For all panels, data are shown 
as mean ± SD based on at least 
three independent experiments

http://www.cytoscape.org/
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Fig. 3  SATB2-AS1 promotes 
cell proliferation cell migration 
of osteosarcoma cells in vitro. a, 
b Knock down of SATB2-AS1 
downregulates the cell prolifera-
tion of osteosarcoma cells as 
determined by cell counting 
assay. c, d Overexpression of 
SATB2-AS1 upregulates the 
cell proliferation as determined 
by cell counting assay. Knock 
down of SATB2-AS1 decreases 
migration of osteosarcoma cells 
as determined by wound heal-
ing assay. e, f Representative 
pictures of the wound healing 
migration assay. g, h Quantita-
tive measurements of the wound 
closure in the different cells. 
Panels A, C, E, and G repre-
sent results for the U2OS, and 
panels B, D, F, and H represent 
the results for HOS cells. For 
all panels, data are shown as 
mean ± SD based on at least 
three independent experi-
ments. *p ≤ 0.05; **p ≤ 0.01; 
***p ≤ 0.001
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Silencing of SATB2-AS1 promotes G1 arrest and causes 
apoptosis

To determine the potential mechanism of SATB2-AS1 in 
the osteosarcoma cells proliferation, we measured the dis-
tribution of cell cycle phases of U2OS and HOS cells in 
the absence of SATB2-AS1. As shown in Fig.  4a, b, the 
percentage of cells in G0/G1 phase increased signifi-
cantly, while that of cells at S phase decreased markedly 
after SATB2-AS1 knockdown. In addition, the percent-
age of early apoptotic cells is significantly increased with 
the silencing of the SATB2-AS1 (Fig.  4c, d, Supplemen-
tal Figs.  1, 2). Together, these results suggest silencing 
of SATB2-AS1 inhibits osteosarcoma cells proliferation 
through inhibiting cell cycle progression and promoting the 
cell apoptosis.

Cellular localization of SATB2-AS1

We examined the localization of SATB2-AS1 lncRNA in 
two osteosarcoma cell lines and found that SATB2-AS1 is 
present in both the cytoplasmic and nuclear fractions. How-
ever, the higher abundance of SATB2-AS1 was found to be 
in the cytoplasmic fractions in both the cells (Fig. 5).

SATB2-AS1 affects the translation expression of SATB2 
gene not the transcriptional expression

Long non-coding RNAs with an antisense orientation 
toward known protein-coding genes are demonstrated 
to significantly contribute to the repertoire of regulatory 
mechanisms that are used by mammalian cells to modulate 

Fig. 4  Silencing of SATB2-
AS1 promotes G1 arrest 
and causes apoptosis. a, b A 
significant increase in the G0/
G1 phase of the cells in osteo-
sarcoma cells. c, d Significant 
increase in the early apoptotic 
cells with the silencing of 
the SATB2-AS1. Results are 
compared to the mock cells. 
For all panels, data are shown 
as mean ± SD based on at least 
three independent experiments. 
*p ≤ 0.05

Fig. 5  Cellular localization of SATB2-AS1. SATB2-AS1 is present 
both in the cytosolic and nuclear fractions. SATB2-AS1 is signifi-
cantly higher in cytosolic fraction of the U2OS and HOS cells. For 
all panels, data are shown as mean ± SD based on at least three inde-
pendent experiments. *p ≤ 0.05
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gene expression [6]. As stated earlier that SATB2-AS1 
is an antisense lncRNA to the gene SATB2, in literature, 
many reports have shown that antisense transcripts regulate 
the expression of sense genes, especially for non-coding 
RNAs as antisense transcripts [6]. Therefore, as a natural 
antisense transcript, we were interested to know the asso-
ciation of these two at the transcriptional and translational 
level. We hypothesize that SATB2-AS1 can regulate the 
SATB2 expression and then contribute to osteosarcoma 
development. To verify this hypothesis, firstly we analyzed 
the correlations of the expression levels of SATB2-AS1 and 
SATB2 in osteosarcoma biopsies and their paired adjacent 
peri-tumoral samples. Surprisingly, the levels of mRNA 
expression of SATB2 in osteosarcoma did not differ when 
compared to their paired non-cancerous tissues (Fig. 6). To 
confirm this, we checked the expression SATB2 in SATB2-
AS1 knockdown and overexpressed cells. We observed that 
the silencing of SATB2-AS1 in both the cellular models 
(U2OS and HOS), mRNA expression of SATB2, remains 
unaffected (Fig.  7a, b, d, e); however, the protein expres-
sion of SATB2 was found to be directly correlated to the 
SATB2-AS1 expression (Fig. 7c, f).

Discussion

Newer technologies have led to the identification of thou-
sands of lncRNAs across wide array of cells and is now 
well accepted that lncRNAs play critical role as epige-
netic regulators, as scaffolds for protein binding partners 

or modulate the activity of other coding and non-coding 
RNAs [6]. Despite these advancements, the involvement of 
lncRNAs in osteosarcoma pathophysiology is not widely 
studied.

In the present study, using microarray analysis, we 
found that lncRNA expression profiles were altered in the 
osteosarcoma compared to adjacent non-cancerous tissues. 
Previously, Li et  al. have also described the dysregulated 
profile of lncRNAs in the osteosarcoma [10]. Using the 
similar statistical parameters, we have found almost five 
times over-regulated (1995 vs. 403) and three times under-
regulated (2226 vs. 798) lncRNAs compared to the previ-
ous report by Li et al. [10]. These results suggest that there 
is sample-to-sample variation, and more studies are needed 
to reach the point where we can draw a firm conclusion. 
Therefore, caution must be exercised in extrapolating data 
based on small study samples. Comparing and thoroughly 
analyzing the results from various studies reported world-
wide are needed to provide a direction for future research. 
Many lncRNAs including MALAT-1 [11], the lncRNA 
SNHG12 (Small Nucleolar RNA Host Gene 12) [12], and 
HULC (Highly Upregulated in Liver Cancer) [13], are 
upregulated in osteosarcoma patients, and lncRNA TUSC7 
(Tumor Suppressor Candidate 7) [14] was downregulated 
in osteosarcoma, and in  vitro studies show that they play 
important roles in the disease.

Mechanistically, lncRNAs regulate expression of 
neighboring protein-coding genes and also regulate gene 
expression via a trans-acting mechanism by associat-
ing with protein complexes at the levels of transcription, 
post-transcriptional modification, and even translation [6]. 
The results of the gain and loss of function experiments 
revealed that SATB2-AS1 did not affect the transcriptional 
expression of the SATB2 gene; however, the translational 
expression is affected. We do not know the exact reason 
and mechanism for this, and more studies in future can be 
carried out in this direction. Biologically, the discrepan-
cies between mRNA and protein expression can be caused 
by post-transcriptional regulation, as well as differences 
in mRNA and protein turnover rates [15, 16]. However, 
the degree of validity of this key assumption has seldom 
been answered with certainty. Further insights into the 
other functional aspects and clinical implications of this 
lncRNA may facilitate the identification of novel diagnos-
tic or prognostic biomarkers and various drug targets for 
osteosarcoma.

It is suggested that lncRNAs may exert their functions 
through interactions with coding transcripts and proteins 
in osteosarcoma. An investigation into the connections 
between signal pathways and lncRNAs is critical for devel-
oping novel strategies for the early diagnosis and treat-
ment of osteosarcoma. Since, SATB2 plays a crucial role 
in the regulation of bone development and differentiation 

Fig. 6  Transcriptional expression of SATB2 gene in osteosarcoma 
and paired non-cancerous tissues (n = 15)
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Fig. 7  SATB2-AS1 effects the 
translation expression of SATB2 
gene, not the transcriptional 
expression. a, b Knockdown 
and d, e overexpression of the 
SATB2-AS1 do not affect the 
transcriptional expression of 
the SATB2 gene in osteosar-
coma cells as measured by the 
qRT-PCR. c Knockdown and f 
overexpression of the SATB2-
AS1, respectively, downregulate 
and upregulate the translational 
expression of the SATB2 as 
determined by the western blot 
(representative blots are shown). 
For all panels, data are shown 
as mean ± SD based on at least 
three independent experiments. 
***p ≤ 0.001
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of osteoblasts [8], future studies to explore the mechanistic 
association of SATB2 and SATB2-AS1 is needed to under-
stand the molecular mechanisms and biological functions 
of lncRNAs in osteosarcoma.

With respect to osteosarcoma, research area on func-
tional aspects of non-coding RNAs is still in its infancy and 
we predict that outcome will significantly increase over the 
coming years, which will provide us important knowledge. 
In conclusion, we for the first time established that SATB2-
AS1 is an oncogenic non-coding RNA which increases cell 
proliferation and cell growth of osteosarcoma cells.
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