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Abstract
The mechanism behind the aberrant expression of S100A6 in osteosarcoma is seldom reported so far. This study
sought to explore the regulatory axis targeting S100A6 involved in osteosarcoma progression. Clinical samples
collected from osteosarcoma patients were used to detect the expressions of SNHG1, miR-493-5p, and S100A6 by
western bolt analysis and reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The effects of
S100A6 on proliferation and osteogenic differentiation were investigated by the CCK-8 assay, colony formation
assay, Ethynyl deoxyuridine staining, matrix mineralization assay, and alkaline phosphatase assay. The potential of
lncRNAs/miRNAs targeting S100A6 was identified by the bioinformatics approach, and the results were verified by
the dual luciferase assay and RNA immunoprecipitation assay. Both in vitro and in vivo rescue experiments were
performed to investigate the regulatory relationship between the identified lncRNAs and S100A6. The results
showed that S100A6 is highly expressed in osteosarcoma. S100A6 overexpression not only increases the pro-
liferation but also reduces the osteogenic differentiation of osteosarcoma cells, while S1006A silence exerts the
opposite effects. Then, SNHG1 is identified to directly interact with miR-493-5p to attenuate miR-493-5p binding to
the 3′-untranslated region of S100A6. Notably, S100A6 silence partially rescues the effect of SNHG1 overexpression
on proliferation and osteogenic differentiation of osteosarcoma cells. Furthermore, the suppressive role of SNHG1
silence in the growth of osteosarcoma xenograft tumors is countered by S100A6 overexpression. Collectively, this
study reveals that S100A6 plays an important role in osteosarcoma progression, and SNHG1 promotes S100A6
expression by competitively sponging miR-493-5p.
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Introduction
As the predominant form of bone neoplasms, osteosarcoma is
characterized by rapid progression, early metastasis, and poor
prognosis. In the past several decades, although great efforts have
been made in therapeutic strategies of osteosarcoma, the overall
survival of patients has shown mild improvement due to drug re-
sistance and lung metastasis [1,2]. To develop effective targeted
therapies for osteosarcoma, extensive basic studies on the mole-
cular mechanisms regulating tumorigenesis and progression of os-
teosarcoma are still quite necessary.
S100A6 is a calcium-binding protein that has been reported as an

oncogene in several cancers, including gastric cancer [3] and he-

patocellular carcinoma [4]. Previous studies documented that the
expression of S100A6 was increased in osteosarcoma and closely
related to osteosarcoma metastasis [5,6]. However, few studies re-
ported the regulatory mechanisms behind the aberrant expression
of S100A6 in osteosarcoma.
With the technological advance in whole-genome sequencing,

the biological functions of non-coding RNAs have attracted much
attention in studies on different diseases, including osteosarcoma
[7]. Simply defined as RNAs that do not encode proteins, non-
coding RNAs (ncRNAs) have been proven critically important in
many biological processes [8]. Multiple studies have indicated that
long non-coding RNAs (lncRNAs), a type of ncRNAs with more than
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200 nucleotides in length, are often dysregulated in many types of
cancers [9,10]. It is widely accepted that lncRNAs play their roles in
modulating gene expression at transcriptional [11], post-transcrip-
tional [12], and even translational [13] levels. The most remarkable
form of regulation in gene expression is available between lncRNAs
and microRNAs (miRNAs) [14]. A previous study reported that
lncRNA SNHG20 up-regulated RUNX2 and promoted the malignant
phenotypes of osteosarcoma cells by sponging miR-139 [15]. In
addition, using in vitro and in vivo studies, Gu et al. [16] demon-
strated that lncRNA DICER1-AS1 mediated the miR-30b/ATG5 axis
to participate in osteosarcoma development.
Based on the above literature, we speculate that there is also an

lncRNA/miRNA pair in the regulation of S100A6 in osteosarcoma.
Here, potential lncRNAs and miRNAs that target S100A6 were
identified by the bioinformatics analysis, and the regulatory me-
chanism was validated through in vitro and in vivo experiments.

Materials and Methods
Clinical sample collection
Ethical approval for this research was obtained from Shengjing Hos-
pital of China Medical University (Shenyang, China). Cancerous and
adjacent non-cancerous osteosarcoma samples were collected from
12 osteosarcoma patients undergoing osteosarcoma resection surgery.
All clinical samples were stored in liquid nitrogen before analysis.
Written informed consent was obtained from all enrolled patients.

Cell culture
Two human osteosarcoma cell lines (MG63 and 134B), a normal
human osteoblast cell line (hFOB1.19), and a human embryonic
kidney cell line (293T) were obtained from ATCC (Manassas, USA).
All cells were cultured in regular growth medium comprised of
DMEM and 10% FBS (Gibco, Carlsbad, USA), at 37°C in an in-
cubator containing 5% CO2.

Western blot analysis
Total protein of tissues and cells was extracted using the RIPA
buffer (Abcam, Cambridge, UK) and subsequently quantified using
a BCA Kit (Beyotime, Shanghai, China). Western blot analysis was
performed as described by Mahmood and Yang [17]. In brief, the
proteins were separated by SDS-PAGE before being transferred onto
PVDF membrane. Then, the membrane was blocked with skimmed
milk for 1.5 h, followed by overnight incubation with primary an-
tibodies and subsequent 2-h incubation with secondary antibodies.
Finally, protein bands were visualized using the ECL Substrate Kit
(Abcam) and quantified using Image J software. The antibodies
used in this study were all purchased from Abcam and used at the
following dilutions: anti-S100A6 (#ab181975; 1:10,000), anti-
GAPDH (#ab8245; 1:8000), anti-osteocalcin (OCN) (#ab93876;
1:1000), anti-osteopontin (OPN) (#ab166709; 1:500), and Goat
Anti-Rabbit IgG H&L (HRP) (#ab6721; 1:3000).

Reverse transcription-quantitative polymerase chain reaction
Total RNA isolation and subsequent reverse transcription were
conducted according to standard protocols. Reverse transcription-
quantitative polymerase chain reaction (RT-qPCR) analysis was
performed on the 7500 Real-Time PCR System (Applied Biosystems,
Foster City, USA) to detect the expression levels of S100A6, miR-
493-5p, SNHG1, OCN, and OPN, while GAPDH and U6 were utilized
for normalization. The expression levels were further analyzed

based on the 2–ΔΔCt method [18]. The primer sequences are de-
scribed in Table 1.

Cell transfection
Cells were cultured in plates to an approximately confluence of 80%
and subsequently transfected with different plasmids using Lipo-
fectamine® 2000 reagent (Invitrogen, Carlsbad, USA). Forty-eight
hours after transfection, the transfection efficiencies were de-
termined by western blot analysis and RT-qPCR. The plasmids used
in this study were as follows: the short hairpin RNA (shRNA) of
SNHG1 (sh-SNHG1) and the corresponding negative control (sh-
NC), the small interfering RNAs targeting S100A6 (si-S100A6-1 and
si-S100A6-2) and SNHG1 (si-SNHG1-1 and si-SNHG1-2), the over-
expression plasmids of S100A6 (S100A6) and SNHG1 (SNHG1), and
the blank plasmid (vector). The siRNA and shRNA sequences are
described in Table 2.

CCK-8 assay
The transfected cells were seeded into 96-well plates (Corning,
Steuben County, USA) and incubated for 24, 48, and 72 h. At in-
dicated time points, 10 μL of CCK-8 solution (Dojindo, Kumamoto,
Japan) was added to each well and subsequently incubated for 2 h.
Finally, the absorbance values at 450 nm were examined with a
Microplate reader (Bio-Rad, Hercules, USA).

Colony formation assay
The transfected cells were seeded into 6-well plates (Corning) at a
density of 2.5×102 cells/well and cultured for two weeks. Cell co-
lonies were fixed with 4% paraformaldehyde (PFA) and subse-
quently stained with 1% crystal violet. The dishes were gently
rinsed with distilled water, photographed, and counted under a
BX51 microscope (Olympus, Tokyo, Japan).

Ethynyl deoxyuridine assay
In accordance with protocols provided by the manufacturer, the

Table 1. Sequences of PCR primers used in this study

Gene Primer (5′→3′)

S100A6 Forward GGGAGGGTGACAAGCACAC

Reverse AGCTTCGAGCCAATGGTGAG

SNHG1 Forward ACGTTGGAACCGAAGAGAGC

Reverse GCAGCTGAATTCCCCAGGAT

OPN Forward CTCCATTGACTCGAACGACTC

Reverse CAGGTCTGCGAAACTTCTTAGAT

OCN Forward CACTCCTCGCCCTATTGGC

Reverse CCCTCCTGCTTGGACACAAAG

miR-493-5p Forward GCAGTTGTACATGGTAGGCT

Reverse GGTCCAGTTTTTTTTTTTTTTTAAT

GAAAG

Table 2. Sequences of siRNA

siRNA Target sequence (5′→3′)

si-S100A6-1 GTGGGTAATTGTACAATAAATTT

si-S100A6-2 TGGGTAATTGTACAATAAATTTT

si-SNHG1-1 CTGAGCAAATAAGGTGTATAAAA

si-SNHG1-2 GAGCAAATAAGGTGTATAAAAAA
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Ethynyl deoxyuridine (EdU) Staining Proliferation Kit (Abcam) was
utilized to evaluate the proliferation of transfected cells in different
groups. Briefly, transfected cells were incubated with EdU over-
night, fixed and stained. Cell nuclei were stained with DAPI (In-
vitrogen) for 15 min prior to observation, and EdU positive cells
were counted under a BX51 microscope (Olympus, Tokyo, Japan).

Matrix mineralization assay
To stimulate osteogenic differentiation, transfected cells were cul-
tivated in an osteogenic induction medium (regular growth medium
supplemented with 0.1 μM dexamethasone, 10mM sodium β-gly-
cerophosphate, and 0.05mM ascorbic acid-2-phosphate) for two
weeks. Afterward, the matrix mineralization of cells was assessed
by calcium deposits stained with the Alizarin-Red Staining Solution
(Sigma-Aldrich, St Louis, USA).

Alkaline phosphatase assay
A colorimetric Alkaline Phosphatase (ALP) Assay Kit (Abcam) was
utilized to determine ALP activity based on the color of p-ni-
trophenyl phosphate, which turned yellow after being depho-
sphorylated by ALP. The absorbance was measured at 405 nm on a
Microplate reader to assess ALP activity.

Bioinformatics analysis
The starBase (http://starbase.sysu.edu.cn/) [19] was utilized to
predict miRNAs that target S100A6, as well as lncRNAs that may
potentially interact with the miRNAs of interest. A GSE28423 da-
taset provided by Namløs et al. [20] was downloaded from Gene
Expression Omnibus (GEO) and used to identify the miRNAs down-
regulated in osteosarcoma. The lncRNAs differentially expressed in
osteosarcoma were obtained from Lnc2Cancer 3.0 (http://www.
bio-bigdata.net/lnc2cancer) [21].

Dual-luciferase assay
To construct luciferase reporter vectors, the 3′UTRs (wild-type, WT
or mutant control, MUT) of SNHG1 and S100A6 cDNA fragments
carrying the putative miR-493-5p binding site were amplified and
inserted into the pmirGlo dual-luciferase vector (Addgene, Water-
town, USA) upstream of the reporter gene. For luciferase assay,
293T cells cultured in a 24-well plate were co-transfected with the
constructed vectors (SNHG1 3′UTR WT/MUT; S100A6 3′UTR WT/
MUT) and miR-493-5p mimic (#miR10002813-1-5; Guangzhou Ri-
bobio Co., Ltd, Guangzhou, China) or the miRNA control (NC mi-
mic; #miR1N0000001-1-5; Guangzhou Ribobio Co., Ltd). After
transfection, the firefly fluorescence was normalized to the renilla
fluorescence to calculate the luciferase activity. The sequence in-
formation of SNHG1, miR-493-5p, and S100A6 is listed in Supple-
mentary Table S1.

RNA immunoprecipitation
The RNA immunoprecipitation (RIP) assay was conducted follow-
ing the guidelines by using a Magna RIP Kit (Millipore, Billerica,
USA). In brief, cells were lysed in the complete RIP lysis buffer
containing protease and RNase inhibitors. Then, the cell extract was
immunoprecipitated with magnetic beads pre-coated with the an-
tibody against Ago2 (#ab32381; Abcam) or control anti-IgG anti-
body (#AB5711; Millipore) for 6 h at 4°C. After discarding the
supernatant, the RNA-protein complex was treated with proteinase
K (Millipore) at 55°C for half an hour to obtain immunoprecipitated

RNA. Finally, the immunoprecipitated RNA was subjected to qRT-
PCR to detect the levels of miR-493-5p and S100A6. IgG was used as
a negative control.

In vivo experiments
A total of twenty nude mice (SPF grade, male, 4–6 weeks old,
15–20 g) purchased from Guangdong Medical Laboratory Center
(Guangzhou, China) were divided into four groups (n=5 per
group), and housed under constant temperature (22–24°C) and
humidity (50%–60%). After acclimatizing to the new environment
for seven days, the four groups of mice were subjected to sub-
cutaneous injection with different transfected cells (5×106/0.2 mL
PBS) as follows: (1) NC group: 143B cells transfected with sh-NC;
(2) sh-SNHG1 group: 143B cells transfected with sh-SNHG1; (3) sh-
SNHG1+vector group: 143B cells co-transfected with sh-SNHG1
and blank plasmids; and (4) sh-SNHG1+S100A6 group: 143B cells
co-transfected with sh-SNHG1 and S100A6-overexpressing plas-
mids. The volumes of xenografts were recorded every 4 days with
digital calipers and calculated as length × width2/2 (mm3). Thirty-
two days later, the mice were sacrificed, and osteosarcoma xeno-
graft tumors were collected and weighted, followed by storage in
liquid nitrogen for the subsequent detection of SNHG1, miR-493-
5p, and S1006A. All experiments involving animals were reviewed
and approved by the Academy Animal Experimental Ethical Com-
mittee.

Statistical analysis
All experiments were performed with at least three replicates. Prism
8.0.1 was used to conduct the statistical analysis of all data. The
comparisons among groups and the determination of significant
differences (P<0.05) were conducted by using Student′s t-test or
one-way ANOVA followed by Bonferroni’s post hoc test.

Results

S100A6 is up-regulated in osteosarcoma to promote the
proliferation of osteosarcoma cells
Initially, the expression pattern of S100A6 was investigated in
clinical tissue samples. As shown in Figure 1A,B, both the protein
and mRNA expression levels of S100A6 were significantly increased
in cancerous osteosarcoma tissues as compared with adjacent non-
cancerous tissues. Then, the differential expression of S100A6 be-
tween normal human osteoblasts (hFOB1.19) and osteosarcoma
cells (MG63 and 143B) was also observed. As shown in Figure 1C,
compared with that in hFOB1.19 cells, the expression of S100A6 in
both MG63 and 143B cells was significantly increased. To explore
the functions of S100A6 in osteosarcoma cells, S100A6 was over-
expressed and silenced in MG63 and 143B cells, respectively.
Western blot analysis and RT-qPCR verified that S100A6-over-
expressing and si-S100A6 plasmids were successfully transfected
(Figure 1D,E). CCK-8, colony formation, and EdU assays all showed
that the overexpression of S100A6 remarkably enhanced the pro-
liferation of osteosarcoma cells (Figure 1F,H,J), while silencing of
S100A6 exerted an opposite effect (Figure 1G,I,K). These findings
demonstrated that S100A6 is highly expressed and positively related
to cell proliferation in osteosarcoma.

S100A6 plays a suppression role in osteogenic
differentiation in osteosarcoma cells
The effect of S100A6 on the osteogenic differentiation of osteo-
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sarcoma cells was investigated by detecting OCN and OPN ex-
pression, matrix mineralization, as well as ALP activity in MG63
and 143B cells. As depicted in Figure 2A, the expression levels of
OCN and OPN were both noticeably reduced in MG63 cells after
overexpressing S100A6. Simultaneously, silencing of S100A6 sig-
nificantly elevated the expression levels of OCN and OPN in com-
parison with those in the NC group (Figure 2B), further supporting

that S100A6 could down-regulate the expressions of OCN and OPN.
The results of matrix mineralization assay showed that the over-
expression of S100A6 remarkably reduced the calcium deposit for-
mation in osteosarcoma cells induced by the osteogenic induction
medium, while silencing of S100A6 significantly increased the level
of calcium deposits (Figure 2C,D). The results of the ALP assay are
depicted in Figure 2E,F, which indicated that the overexpression of

Figure 1. S100A6 is highly expressed in osteosarcoma and promotes the proliferation of osteosarcoma cells (A) The protein and (B) mRNA
expression levels of S100A6 in cancerous and adjacent tissues in osteosarcoma patients. (C) The expression pattern of S100A6 in human
osteosarcoma cell lines (MG63 and 143B) and osteoblasts (hFOB1.19). (D) The expression of S100A6 in MG63 cells after transfection with blank
vectors and S100A6-overexpressing vectors; left: protein level, right: mRNA level. (E) The expression of S100A6 in 143B cells after transfection with
siRNAs targeting S100A6 (si-S100A6-1 and si-S100A6-2) or the corresponding negative control (si-NC); left: protein level, right: mRNA level. CCK-8
assay was used to detect the viability of (F) MG63 and (G) 143B cells after different transfection. The colonies formed by (H) MG63 and (I) 143B cells
after different transfection. Edu staining of (J) MG63 and (K) 143B cells after different transfection. Scale bar=100 μm. *P<0.05 and **P<0.01.
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S100A6 significantly inhibited the ALP activity, whereas the
knocking down of S100A6 induced the opposite effect. All these
data indicated that S100A6 could probably modulate the osteogenic
differentiation of osteosarcoma cells.

miR-493-5p directly targets S100A6
To understand the potential regulatory mechanism of S100A6 in os-
teosarcoma, a bioinformatics analysis approach was applied to pre-
dict miRNAs that potentially targeted S100A6. First, a total of 112
down-regulated miRNAs were identified in osteosarcoma based on
the GSE28423 dataset. In addition, six miRNAs that may biologically
target S100A6 were predicted by a bioinformatics online platform
(Starbase). After pooling the results of these analyses, we found that
miR-493-5pmay be a regulator of S100A6 in osteosarcoma (Figure 3A).
The expression profile of miR-493-5p from the GSE28423 dataset

was described in Figure 3B. Then, a significantly inverse correlation
between the expressions of S100A6 and miR-493-5p was observed
in the osteosarcoma samples of this study (Figure 3C). As shown in
Figure 3D, the dual-luciferase assay verified that S100A6 is a direct
target of miR-493-5p. Moreover, western blot and RT-qPCR analyses
indicated that miR-493-5p could negatively regulate the expression
level of S100A6 at both mRNA and protein levels (Figure 3E).

SNHG1 directly interacts with miR-493-5p to regulate
S100A6
Given that lncRNAs may act as competing endogenous RNAs
(ceRNAs) of miRNAs to regulate the target genes of miRNAs,
lncRNAs that potentially target miR-493-5p in osteosarcoma were
further identified using bioinformatics tools. As shown in Figure 4A,
a total of 11 lncRNAs were obtained, which included SNHG3,

Figure 2. S100A6 negatively regulates the osteogenic differentiation of osteosarcoma cells Osteosarcoma cells were cultured in the osteogenic
induction medium for 14 days after transfection with different plasmids. The expressions of S100A6, OPN, and OCN in (A) MG63 and (B) 143B cells;
left: protein level, right: mRNA level. The matrix mineralization of (C) MG63 and (D) 143B cells was detected by Alizarin Red Staining. ALP staining
and ALP activity of (E) MG63 and (F) 143B cells; left: ALP staining, right: ALP activity. *P<0.05 and **P<0.01.
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KCNQ1OT1, GAS6-AS2, LUCAT1, ILF3-AS1, NEAT1, MIR17HG,
SNHG1, MALAT1, FTX, and LINC00324. SNHG1 was selected as a
target for further analysis. The Pearson’s correlation analysis of the
clinical tissue samples showed that SNHG1 was inversely correlated
with miR-493-5p in osteosarcoma (Figure 4B). Then, the dual-lu-
ciferase assay confirmed the direct interaction between miR-493-5p
and SNHG1 (Figure 4C). Moreover, the results of the RIP assay in
MG63 cells showed that both miR-493-5p and SNHG1 were ob-
viously enriched in immunoprecipitation complexes, further con-
firming that SNHG1 could spatially interact with miR-493-5p via
Ago2 protein (Figure 4D).
Based on the above results, we speculated that SNHG1 may be in-

volved in the regulation of S100A6 in osteosarcoma via miR-493-5p. In
order to prove this speculation, the expression of S100A6 in osteo-
sarcoma cells was investigated after knocking down or overexpressing
SNHG1. The transfection efficiency of the SNHG1 overexpression
vector and si-SNHG1 was verified by RT-qPCR (Figure 4E). It was
found that the expression of miR-493-5p could be down-regulated
by overexpressing SNHG1, and up-regulated by knocking down
SNHG1 (Figure 4E). As expected, the expression of S100A6 in os-
teosarcoma cells was significantly increased by the overexpression
of SNHG1, and obviously suppressed by the silencing of SNHG1
(Figure 4F). This result suggested that SNHG1 is able to regulate the
expression of S100A6 in osteosarcoma cells via miR-493-5p.

SNHG1 aggravates the malignant phenotypes of
osteosarcoma cells through S100A6
Since the previous results revealed a regulatory role of SNHG1 in
S100A6 expression in osteosarcoma cells, whether S100A6mediates

SNHG1-induced changes of cell biological functions was in-
vestigated. As depicted in Figure 5A,B, overexpression of SNHG1
significantly enhanced the proliferation of MG63 cells, but this effect
could be blocked by silencing S100A6. In terms of osteogenic dif-
ferentiation ability, SNHG1 overexpression led to reduced expres-
sion levels of osteogenic markers, and decreased calcium deposits
and ALP activity (Figure 5C–F), suggesting that SNHG1 over-
expression could impaire the capacity of osteogenic differentiation
in AGS cells. Simultaneously, the reduced osteogenic differentiation
induced by SNHG1 overexpression was counteracted by S100A6
silencing (Figure 5C–F). These results suggested that SNHG1 reg-
ulates the expression of S100A6 to promote osteosarcoma progres-
sion.

SNHG1 silencing suppresses osteosarcoma
development by regulating S100A6 via miR-493-5p
Finally, in vivo experiments were carried out to further confirm the
role of SNHG1/S100A6 in osteosarcoma. The xenograft tumors in
nude mice of different groups are depicted in Figure 6A, which
indicated that the xenograft tumors of the sh-SNHG1 group and the
sh-SNHG1+vector group were obviously smaller than those of the
NC group and the sh-SNHG1+S100A6 group. Similar results could
be found in Figure 6B–D, which revealed that the silencing of
SNHG1 inhibited the growth of osteosarcoma, while S100A6 over-
expression could rescue the change induced by SNHG1 silencing.
These data corroborated previous findings, indicating that SNHG1
promotes the progression of osteosarcoma by up-regulating
S100A6. Furthermore, the expression levels of SNHG1, miR-493-5p,
and S1006A were detected in xenograft tumors of mice from each

Figure 3. S100A6 is a target of miR-493-5p (A) S100A6-targeting miRNAs obtained by intersecting the miRNAs predicted by Starbase and the
down-regulated miRNAs identified based on GSE28423. (B) The expression profile of miR-493-5p based on the GSE28423 dataset. (C) The
correlation between S100A6 and miR-493-5p in osteosarcoma tissues. (D) Relationship between S100A6 and miR-493-5p expression was con-
firmed by the dual-luciferase assay. (E) The protein and mRNA expression levels of S100A6 in osteosarcoma cells after transfection with miR-493-
5p mimics or inhibitors. *P<0.05 and **P<0.01.
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group. As shown in Figure 6E, RT-qPCR indicated that SNHG1
knockdown could significantly enhance the expression of miR-493-
5p and reduce the expression of S1006A. Notably, it was found that
S100A6 overexpression had no effect on the changes induced by
SNHG1 silencing in the expression of SNHG1 and miR-493-5p.
Furthermore, the expression of S100A6 protein in the xenograft
tumors was detected. The result of western blot analysis was similar
to that of RT-qPCR, indicating that SNHG1 knockdown significantly
reduced the expression of S1006A (Figure 6F). Collectively, these
data supported the speculation that the up-regulation of S100A6 in
osteosarcoma is regulated by SNHG1 via miR-493-5p.

Discussion
Given that the prognosis of osteosarcoma is not optimal, research
on its pathogenesis is still of great significance to the development of
novel strategies in osteosarcoma therapy. S100A6 has been docu-
mented to be associated with aggressive biological behavior in
many human malignancies, including osteosarcoma [22]. Li et al.
[23] demonstrated based on an in vivo study that S100A6 serves as
an oncogene to promote osteosarcoma growth. Nevertheless, the
molecular mechanism underlying the up-regulation of S100A6 in
osteosarcoma remains ill-defined. Herein, we uncovered that

SNHG1 is involved in regulating S100A6 expression in osteosarco-
ma by directly binding to miR-493-5p, an miRNA directly targeting
S100A6, thereby exerting tumorigenic effects.
Consistent with a previous report [5], the results of this study

exhibited that the expression of S100A6 was obviously up-regulated
in cancerous osteosarcoma tissues compared with that in adjacent
non-cancerous tissues. Functional studies revealed that S100A6
overexpression not only markedly reinforced the proliferation of
osteosarcoma cells, but also impeded their osteogenic differentia-
tion, suggesting a role of S100A6 in promoting osteosarcoma de-
velopment. This finding was confirmed by the studies on S100A6
silencing. Since defective osteogenic differentiation is one of the
important features in osteosarcoma tumorigenesis and contributes
to the high malignant potential of osteosarcoma [24], osteosarco-
mas can maintain their proliferative phenotypes and overall ag-
gressiveness by preventing terminal differentiation.
In the past several years, many studies have reported that the

dysregulation of some lncRNAs is closely related to osteosarcoma
development and progression. ANRIL has been proven to be a
lncRNA related to the prognosis of osteosarcoma, and ANRIL up-
regulation can promote proliferation, invasion, as well as phos-
phorylated PI3K and AKT level of osteosarcoma cells [25]. Fur-

Figure 4. SNHG1 acts as a competing ceRNA of miR-493-5p to regulate the expression of S100A6 (A) miR-493-5p-regulating lncRNAs predicted by
Starbase and lnc2cancer. (B) The correlation between SNHG1 and miR-493-5p in osteosarcoma tissues. (C) Relationship between SNHG1 and miR-
493-5p expression was confirmed by the dual-luciferase assay. (D) Correlation of SNHG1 and miR-493-5p with Ago2 was predicted by the RIP
assay. The expressions of SNHG1, miR-493-5p (E), and S100A6 (F) in MG63 cells after transfection with blank vectors or SNHG1-overexpressing
vectors, and in 143B cells after transfection of si- SNHG1 (si-SNHG1-1 and si-SNHG1-2) or si-NC. *P<0.05 and **P<0.01.
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Figure 5. Silencing of S100A6 reverses the effect of SNHG1 overexpression on cell proliferation and osteogenic differentiation in osteosarcoma
cells MG63 cells were respectively transfected with blank vectors, SNHG1-overexpressing vectors, and the combination of SNHG1-overexpressing
vectors with si-NC or si-S100A6-1. (A) The colonies formed by MG63 cells after different transfection. (B) EdU staining of MG63 cells after different
transfection. (C,D) S100A6, OPN and OCN expressions, (E) matrix mineralization, (F) ALP staining and ALP activity of transfected MG63 cells after
being cultured in the osteogenic induction medium for 14 days. *P<0.05.
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thermore, several lncRNAs have been demonstrated to be correlated
with chemoresistance in osteosarcoma [26,27]. For example, a
previous study revealed that FOXC2-AS1 can promote doxorubicin
resistance in osteosarcoma cells, which is closely associated with
poor prognosis in osteosarcoma patients [27]. In the context of os-
teosarcoma, several lncRNA/miRNA pairs have been investigated.
Recently, He et al. [28] revealed that lncRNA LMCD1-AS1 plays an
important role in osteosarcoma progression by sponging miR-106b-
5p, and its overexpression is closely related to poor clinical out-
comes of osteosarcoma patients. Therefore, it was speculated that
there may be a lncRNA/miRNA axis involved in regulating the ab-
normal expression of S100A6 in osteosarcoma. By integrated
bioinformatics analysis, SNHG1/miR-493-5p was identified for
further analyses. This study proved that miR-493-5p directly down-
regulated the expression of S100A6 in osteosarcoma cells. In addi-
tion, it was found that SNHG1 exhibited a negative correlation with
miR-493-5p in osteosarcoma tissues, and could competitively bind
to miR-493-5p in osteosarcoma cells. It has been widely reported
that lncRNAs serve as ceRNAs of miRNAs to reduce the interaction
of miRNAs with their target genes, thereby enhancing the expres-
sion of the target genes. Inspired by this view, we speculated that
SNHG1 may work as an important regulator in the expression of
S100A6 in osteosarcoma progression.
Mounting evidence implicated SNHG1 as a well-characterized

oncogenic lncRNA that regulates tumor initiation and progression in
multiple cancers [29], including esophageal cancer [30], neuro-
blastoma [31], and osteosarcoma [32]. Wang et al. [33] found that

SNHG1 was highly expressed in osteosarcoma tissues and cell lines,
and revealed a role of SNHG1 in promoting the cell growth and
metastasis of osteosarcoma in vitro and in vivo. Another study
conducted by Jiang et al. [32] also demonstrated the oncogenic role
of SNHG1 in the progression of osteosarcoma. In line with the
aforementioned literature, the data of this study showed that
overexpression of SNHG1 significantly potentiated the proliferation
of osteosarcoma cells. It was found that the overexpression of
SNHG1 could effectively suppress the differentiation of osteo-
sarcoma cells into osteoblasts. Notably, these changes induced by
SNHG1 overexpression were rescued by co-transfection with
S100A6 siRNA. Moreover, in vivo experiments showed that the
suppressive effect of SNHG1 silencing on tumor growth was partly
blocked by overexpressing S100A6, suggesting that the effect of
SNHG1 on osteosarcoma was partly exerted by regulating the ex-
pression of S100A6. Previous studies have demonstrated that
SNHG1 participates in the tumorigenesis and development of os-
teosarcoma via miR-326/NOB1 [33] and miR-577/WNT2B/Wnt/β-
catenin axis [32]. In this study, our data uncovered an miR-493-5p/
S100A6 axis that contributes to the oncogenic role of SNHG1 in
osteosarcoma. RT-qPCR analysis on the expressions of SNHG1,
miR-493-5p, and S1006A further implied that the expression of
S100A6 is regulated by SNHG1 via suppressing miR-493-5p in os-
teosarcoma.
Taken together, this study identified the involvement of SNHG1,

an oncogenic lncRNA, in the abnormal expression of S100A6 in
osteosarcoma by regulating miR-493-5p, thereby promoting the

Figure 6. S100A6 overexpression counteracts the suppressive role of SNHG1 silencing in tumor growth in nude mice (A) Representative images
of xenograft tumors from each group. (B) The growth curve of tumor volume. (C) The volume and (D) weight of xenograft tumors recorded on the
last day. (E) RT-qPCR was used to detect the expressions of SNHG1, miR-493-5p, and S1006A in xenograft tumors of mice from each group. (F)
Western blot analysis was used to detect the expression of S1006A protein in xenograft tumors of mice from each group. *P<0.05.
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progression of osteosarcoma. Nevertheless, this study is preliminary
in nature, and more details on the functions of S100A6/SNHG1/
miR-493-5p axis in osteosarcoma are still required to further explore
its role in the future. Given that different subtypes of osteosarcoma,
such as conventional osteosarcoma (COS) and telangiectatic os-
teosarcoma (TOS), have completely different prognosis, the func-
tions of SNHG1 in the progression of COS and TOS may also be
different. Therefore, in future studies, elucidating the role of SNHG1
in different subtypes of osteosarcoma is also required.
The present study revealed that S100A6, a highly expressed gene

in osteosarcoma, promotes the progression of osteosarcoma in vitro
and in vivo, and its expression is regulated by the SNHG1/miR-493-
5p axis. The findings of this study provide new insights into the
pathogenesis of osteosarcoma, and lay the foundation for in-
novative RNA-based anticancer strategies targeting S100A6.
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