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Osteosarcoma (OS) is the common bone tumor in children and adolescents. Because of
chemotherapy resistance, the OS patients have a poor prognosis. The one reason of
chemotherapeutic resistance is the development of cancer stem cells (CSCs). CSCs
represent a small portion of tumor cells with the capacity of self-renewal and multipotency,
which are associated with tumor initiation, metastasis, recurrence and drug resistance.
Recently, noncoding RNAs (ncRNAs) have been reported to critically regulate CSCs.
Therefore, in this review article, we described the role of ncRNAs, especially miRNAs,
lncRNAs and circRNAs, in regulating CSCs development and potential mechanisms.
Specifically, we discussed the role of multiple miRNAs in targeting CSCs, including miR-
26a, miR-29b, miR-34a, miR-133a, miR-143, miR-335, miR-382, miR-499a, miR-1247,
and let-7days. Moreover, we highlighted the functions of lncRNAs in regulating CSCs in
OS, such as B4GALT1-AS1, DANCR, DLX6-AS1, FER1L4, HIF2PUT, LINK-A, MALAT1,
SOX2-OT, and THOR. Due to the critical roles of ncRNAs in regulation of OS CSCs,
targeting ncRNAs might be a novel strategy for eliminating CSCs for OS therapy.
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INTRODUCTION

Osteosarcoma (OS) is the common bone tumor in children and adolescents, which causes a
huge healthy problem in childhood (Siegel et al., 2021; Sung et al., 2021). Because a majority of
OS patients at diagnosis have micro-metastasis, chemotherapy is often the first strategy for OS
treatment (Gill and Gorlick, 2021). However, the drug resistance causes poor outcomes of OS
therapy and leads to lower survival rate (Hattinger et al., 2021; Yan and Xiang, 2021). Drug
resistance could be due to the development of cancer stem cells (CSCs) in tumorigenesis and
progression (Akbar Samadani et al., 2020). CSCs represent a small group of tumor cells with the
capacity of self-renewal and multipotency (Izadpanah et al., 2020). It has been documented that
CSCs are involved in tumor initiation, metastasis, recurrence and drug resistance. CSCs were
identified in a variety of human cancers including OS (Brown et al., 2017; Schiavone et al.,
2019). One study identified that CD-117 and Stro-1 might be CSC biomarkers for mouse and
human OS, which is involved in tumor metastasis and doxorubicin resistance (Adhikari et al.,
2010). Aldehyde dehydrogenase (ALDH) has been considered as a CSC biomarker in OS
(Belayneh and Weiss, 2020; Izadpanah et al., 2020). In addition, CD44, CD105, CD199, CD133,
CD271, ABCG2, and Sca-1 were repowered as biomarkers for OS CSCs (Yan et al., 2016). Three
important pluripotent proteins Sox2, Nanog and Oct3/4 were also correlated with OS CSCs
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(Yan et al., 2016). Targeting CSCs could be useful for blockade
of tumor metastasis and overcoming drug resistance in OS.

NONCODING RNAS IN OS

A number of studies have demonstrated that noncoding RNAs
(ncRNAs) are involved in the development, diagnosis, prognosis
and treatment of OS (Yang et al., 2021). It has been documented
that ncRNAs cannot encode proteins but can regulate gene
expression, which include microRNAs (miRNAs), long ncRNAs
(lncRNAs) and circRNAs (Slack and Chinnaiyan, 2019). MiRNAs
often have 18–25 nucleotides in length and target specific mRNAs
via completely or partially complementary binding with 3′UTR of
mRNAs (Gebert and Macrae, 2019). LncRNAs with >200
nucleotides exert their functions mainly via sponging miRNAs
and targeting specific substrates. Emerging evidence has dissected
that ncRNAs participate in OS tumorigenesis and progression
(Ghafouri-Fard et al., 2021). For example, ncRNAs are involved in
chemotherapeutic drug resistance in osteosarcoma (Ferretti and
Leon, 2021; Lin et al., 2021). In recent years, ncRNAswere reported
to critically participate in CSCs in a variety of cancers, includingOS
(Lei et al., 2020; Humphries et al., 2021; Melendez-Zajgla and
Maldonado, 2021). Therefore, in the following paragraphs, we will
discuss the role of ncRNAs, especiallymiRNAs, includingmiR-26a,
miR-29b, miR-34a, miR-133a, miR-143, miR-335, miR-382, miR-
499a, miR-1247, and let-7days, and lncRNAs, such as B4GALT1-
AS1, DANCR, DLX6-AS1, FER1L4, HIF2PUT, LINK-A,
MALAT1, SOX2-OT, and THOR, and circRNAs including
circ_0001658, circ_0002052 and circPIP5K1A, in regulating
CSCs development and potential mechanisms.

MIRNAS REGULATE OSTEOSARCOMA
CSCS

It is clear that miRNAs participate in regulation of OS CSCs in
various types of human cancers, including OS (Table 1). One
study determined the genetic characterizations of 3AB-OS CSC

line that was established from MG63 cells, and found that 189
differentially expressed miRNAs were existed in 3AB-OS CSCs
compared with their parental MG63 cells (Di Fiore et al., 2013).
Among these miRNAs, let-7, miR-98 and miR-29a, b, c were
downregulated in 3AB-OS CSCs (Di Fiore et al., 2013). One
group used DNAmicroarray and detected the miRNA expression
profile in OS cells with CD117 and Stro-1 positive compared with
CD117 and Stro-1 negative OS cells (Zhao et al., 2015). This study
identified five downregulated miRNAs, including miR-15a, miR-
212, miR-302a, miR-423-5p and miR-1247, and three
upregulated miRNAs, such as miR-890, miR-518b and miR-
1243 (Zhao et al., 2015), suggesting that miRNAs could
participate in CSC regulation.

MIRNAS REGULATE PROLIFERATION OF
OSTEOSARCOMA CSC CELLS

miR-26a
Evidence has revealed that miR-26a is critically involved in
osteosarcoma progression via regulating several downstream
targets (Song et al., 2014; Liu et al., 2018). Downregulation of
miR-26a was observed and associated with poor prognosis in
osteosarcoma patients (Song et al., 2014). For example, miR-26a
blocked the migration and invasion of osteosarcoma cells via
directly inhibiting HMGA1 (Liu et al., 2018). Similarly, miR-26a
retarded the migratory and invasive capacity of osteosarcoma
cells via repressing EZH2 expression (Song et al., 2014). Tan et al.
reported that miR-26a attenuated cell proliferation via inhibiting
IGF-1 expression in osteosarcoma cells (Tan et al., 2015). Li et al.
found that miR-26a could reverse doxorubicin resistance via
inhibiting MCL1 in osteosarcoma cells (Li and Ma, 2021).
Surprisingly, one study reported that miR-26a might be an
oncogene in osteosarcoma. Qu et al. found that miR-26a
enhanced cell growth and tumor metastasis via regulating the
Wnt/β-catenin pathway by inhibiting GSK-3β in osteosarcoma
(Qu et al., 2016). Another study showed that miR-26a repressed
stem cell-like properties via inhibition of Jagged-1 in
osteosarcoma (Lu et al., 2017). Notably, decreased expression

TABLE 1 | miRNAs regulate CSCs in OS.

miRNAs Expression Genes and pathways References

miR-26a Down Jagged-1 Lu et al. (2017)
miR-29b Down PI3K/Akt, STAT3 (Di Fiore et al., 2013; Di Fiore et al., 2014; Li et al.,

2020b)
miR-34a Down DNMT1, Bcl-2 (Liang et al., 2019a; Liang et al., 2019b)
miR-
133a

Up SGMS2, UBA2, SNX30, ANXA2 Fujiwara et al. (2014)

miR-143 Down KIAA1429, Notch-1 Han et al. (2020)
miR-335 Down POU5F1 Guo et al. (2017)
miR-382 Down YB-1 Xu et al. (2015)
miR-
499a

Down SHKBP1 Di Fiore et al. (2016)

miR-
1247

Down MAP3K9 Zhao et al. (2015)

let-7d Down CXCR4, MMP-9, VersicanV1, caspase-3, Bcl-2, E-cadherin, N-cadherin, Vimentin, E2F,
CCND2, Lin28B, HMGA2

Di Fiore et al. (2016)
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of miR-26a was linked to lung metastasis and poor survival in
patients with osteosarcoma (Lu et al., 2017). Moreover, lower
expression of miR-26a existed in osteosarcoma CSCs, and
lentivirus-mediated upregulation of miR-26a reduced the
expression of stem cell biomarkers, including SOX2, CD133,
OCT3/4, Nanog, and nucleostemin in osteosarcoma cells (Lu
et al., 2017). ZOS and 143B cells formed smaller and fewer
sarcosphere and had a reduction of the ALDH activity after
infection with lentiviruses carrying miR-26a. Moreover, miR-26a
suppressed the expression of Jagged-1, and led to inhibition of
tumor cell growth in vitro and in vivo (Lu et al., 2017).

miR-34a
Zou et al. revealed that miR-34a expression was lower in
osteosarcoma stem-like cells, and overexpression of miR-34a
reduced the expression of the stem cell markers and retarded
the osteosphere formation (Zou et al., 2017). Zhang et al.
discovered that miR-34a worked as a suppressor in regulation
of osteosarcoma dedifferentiation into CSCs via inhibition of
Sox2 (Zhang et al., 2018). Liang et al. reported that miR-34a was
increased after DNMT1 downregulation, leading to suppression
of stemness markers expression, including CD133, CD44, Oct4,
Sox2, Bmi1 and ABCG2 in osteosarcoma stem-like cells (Liang
et al., 2019b). Consistently, overexpression of DNMT1 reduced
the expression of miR-34a and promoted the expression of
stemness markers in osteosarcoma stem-like cells (Liang et al.,
2019b). Moreover, Liang et al. found that isovitexin, a natural
flavonoid, reduced the expression of CD133, CD44, ALDH1 and
ABCG2 at mRNA levels in osteosarcoma sphere cells, leading to
suppression of tumor growth and induction of apoptosis.
Mechanistic study showed that isovitexin reduced DNMT1
expression and activity, upregulated miR-34a and attenuated
the expression of Bcl-2 in osteosarcoma sphere cells (Liang
et al., 2019a).

miR-143
Evidence demonstrated that miR-143 is linked to the survival of
OS cells with ALDH1+CD133+ and participated in drug
resistance (Zhou et al., 2015). Loss of miR-143 expression was
associated with poor survival of OS patients. Overexpression of
miR-143 overcame drug resistance via inhibition of ATG2B, LC3-
1 and Bcl-2 in U2OS- and SaOS-2-resistant cells (Zhou et al.,
2015). In addition, miR-143-3p is involved in osteosarcoma
development and progression. MiR-143-3p was identified as a
potential marker for diagnosis and prognosis in osteosarcoma
patients, because low expression of miR-143-3p was correlated
with tumor size, stage and metastasis (Yang et al., 2020). Sun et al.
showed that miR-143-3p repressed cell proliferation and invasion
via suppression of FOSL2 in osteosarcoma (Sun et al., 2018). Hou
et al. observed that miR-143-3p reduced cell growth, migratory
and invasive capacity via attenuation of MAPK7 expression in
osteosarcoma (Hou et al., 2019). Han et al. uncovered that ectopic
expression of miR-143-3p blocked stemness features in
osteosarcoma cells, including CD44, Oct4, Nanog and Notch1
(Han et al., 2020). Moreover, miR-143-3p inhibited KIAA1429
expression via binding with its 3′-UTR in U2OS and 143B cells
(Han et al., 2020). Furthermore, miR-143-3p suppressed

proliferation and invasiveness in a KIAA1429-dependent
manner in osteosarcoma cells (Han et al., 2020).

miR-1247
Wei et al. reported that miR-1247 repressed cell viability and
blocked tumor metastasis via inhibiting NRP1 expression and
mediating Wnt/β-catenin pathway in OS (Wei et al., 2019).
Evidence showed that miR-1247 was downregulated in OS
cells with CD117+Stro-1+ (Zhao et al., 2015). Moreover, miR-
1247 bound to MAP3K9 and inhibited its expression in OS cells.
MAP3K9 facilitated proliferation of OS cells and stem cell sphere
formation in CD117+Stro-1+ cells (Zhao et al., 2015). Restoration
of miR-1247 reduced the clonogenic growth and suppressed
tumor spheres in OS cells (Zhao et al., 2015). This study
implied that miR-1247 could be involved in regulation of the
self-renewal of OS CSCs.

MIRNAS REGULATE METASTASIS OF
OSTEOSARCOMA CSC CELLS

miR-133a
One investigation revealed the association between miR-133a
expression and osteosarcoma-initiating cells (Fujiwara et al.,
2014). This study found that 20 miRNAs were upregulated in
CD133 (high) OS cells, including miR-133a (Fujiwara et al.,
2014). Moreover, miR-133a promoted cell invasion in CD133
(high) OS cells. Moreover, OS patients with poor prognosis have a
high expression of miR-133a (Fujiwara et al., 2014).
Chemotherapeutic treatment increased the expression of miR-
133a in OS cells. Furthermore, miR-133a exerted its functions in
part via inhibition of SGMS2, UBA2, SNX30 and ANXA2 in OS
cells (Fujiwara et al., 2014). Therefore, miR-133a could be
involved in development and metastasis of OS CSCs.

miR-382
miR-382 has been reported to regulate tumor growth and
metastasis in osteosarcoma cells (Xu et al., 2014).
Osteosarcoma patients with lower expression of miR-382 had
a poor chemoresponse and poor survival (Xu et al., 2014). Ectopic
expression of miR-382 reduced growth and chemoresistance of
osteosarcoma cells via attenuating KLF12 and HIPK3 (Xu et al.,
2014). miR-382-5p, a miRNA species of miR-382, was reported to
govern hematopoietic stem cell differentiation via the inhibition
of MXD1 (Zini et al., 2016). One study revealed that miR-382 was
involved in regulation of CSC populations in colorectal cancer
spheroid cells (Rengganaten et al., 2020). miR-382 reduced
metastasis and relapse via suppression of YB-1 in
osteosarcoma cells (Xu et al., 2015). The upregulation of miR-
382 repressed EMT and lung metastasis as well as reduced the
population of CSCs (CD133 high) in LM-5 and M132
osteosarcoma cells (Xu et al., 2015). In keeping with this
result, knockdown of miR-382 induced EMT and metastasis
and elevated the percentage of CSCs in SaOs-2 and HuO9
osteosarcoma cells (Xu et al., 2015). Consistently, the numbers
of ALDH1-positive cells were changed after miR-382modulation.
Notably, miR-382 retarded the capacity of osteosarcoma cells to
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form osteospheres (Xu et al., 2015). The clinical data
demonstrated that lower expression of miR-382 was existed in
highly metastatic osteosarcoma cells and relapsed osteosarcoma
specimens. Moreover, miR-382 expression level was linked to
relapse and survival in patients with osteosarcoma. Furthermore,
ectopic expression of miR-382 blocked CSC-mediated tumor
formation in mice (Xu et al., 2015). Notably, miR-382 in
combination with doxorubicin blocked disease relapse in
osteosarcoma in nude mice. Mechanistically, miR-382
controlled EMT, stemness and tumor metastasis and relapse
via inhibiting YB-1 (Xu et al., 2015).

MIRNAS REGULATE DRUG RESISTANCE
OF OSTEOSARCOMA CSC CELLS

miR-29b-1
Zhang et al. observed that miR-29b-1 decreased proliferation and
migration of OS cells via blocking the expression of VEGF (Zhang
et al., 2014). Zhu et al. found that miR-29b exerted antitumor
activity in OS via modulation of CDK6 (Zhu et al., 2016). Xu and
others reported that miR-29 family targeted COL3A1 and Mcl-1
and increased methotrexate sensitivity in OS cells (Xu et al.,
2018). Moreover, miR-29b was reported to sensitize OS cells to
doxorubicin via suppressing MMP-9 (Luo et al., 2019).
Overexpression of miR-29b increased the radiosensitivity of
OS cells via targeting PTEN/Akt/Sp1 pathway (Kim et al.,
2020). One research dissected that miR-29b-1 repressed
proliferation, self-renewal and overcame chemoresistance in
3AB-OS CSCs (Di Fiore et al., 2014). miR-29b expression was
downregulated in 3AB-OS CSCs (Di Fiore et al., 2013), and
overexpression of miR-29b-1 impaired proliferation,
sarcosphere ability and colony formation ability (Di Fiore
et al., 2014). Upregulation of miR-29b-1 sensitized
chemotherapeutic drug efficacy in 3AB-OS cells. Moreover,
miR-29b-1 reduced stemness properties via suppression of
Oct3/4, Sox2 and Nanog in 3AB-OS CSCs (Di Fiore et al.,
2014). Recently, soft substrate inhibited miR-29b expression
and upregulated Spin one expression, leading to activation of
PI3K/Akt and STAT3 pathways, which resulted in self-renewal,
differentiation and drug resistance in OS cells (Li S. et al., 2020).

miR-335
Emerging evidence has revealed that miR-335 overexpression
retarded invasion and migration of osteosarcoma cells via
repressing ROCK1 and SNIP1 expression (Wang et al.,
2013; Xie et al., 2019). LncRNA TUG1 enhanced invasion
and migration of OS cells via sponging miR-335-5p and
upregulating ROCK1 (Wang et al., 2017b). LncRNA
DANCR enhanced ROCK-1-induced proliferation and
motility of OS cells via sponging miR-335-5p and miR-1972
(Wang et al., 2018). LncRNA LOC100129620 increased
proliferation and migration via interacting with miR-335-3p
and regulating CDK6 in OS cells (Chen et al., 2021). LncRNA
CRNDE elevated OS progression by suppression of miR-335-
3p (Yu et al., 2021). Upregulation of miR-335 induced
apoptosis and attenuated cell viability via inhibition of

survivin expression in OS cells (Liu et al., 2016). Clinically,
the expression of miR-335 was lower in OS tissues compared
with normal control tissues (Wang et al., 2013; Liu et al., 2016).
Notably, lower expression of miR-335 was positively
correlated with advanced clinical stage and distant
metastasis (Wang et al., 2017a). Guo et al. reported that the
downregulation of miR-335 was reported in osteosarcoma
stem cells (Guo et al., 2017). Furthermore, miR-335
inhibited stem cell-like properties via suppression of
POU5F1 in osteosarcoma (Guo et al., 2017). miR-335
upregulation inhibited the expression of CD117, Stro-1, and
Sox2 in osteosarcoma cells. Inhibition of miR-335 enhanced
stem cell-like properties and increased invasion of
osteosarcoma cells. Moreover, miR-335 overexpression
increased sensitivity of cisplatin in osteosarcoma cells (Guo
et al., 2017).

miR-499a
Wang et al. reported that TGF-β-triggered EMT reduced the
expression of miR-499a because Snail1 and Zeb1 bound with
miR-499a promoter (Wang et al., 2019). Upregulation of miR-
499a reduced TGF-β-mediated erlotinib resistance via inhibition
of SHKBP1 in CD166 + OS CSCs (Di Fiore et al., 2016). The high
ratio of the SHKBP1 and miR-499a were associated with EMT
and erlotinib resistance in OS samples (Di Fiore et al., 2016). This
study indicated that miR-499a might be involved in drug
resistance in OS CSCs.

Let-7d
One research showed that the expression of let-7days miRNA
was decreased in the 3AB-OS CSCs (Di Fiore et al., 2013).
Upregulation of let-7d inhibited cell proliferation via
suppressing the expression of CCND2 and E2F2 and
upregulating p21 and p27 expression in 3AB-OS CSCs (Di
Fiore et al., 2016). Moreover, overexpression of let-7d reduced
sarcosphere capacity and attenuated the expression of several
stem markers, including Sox2, Lin28B, Oct3/4, Nanog, and
HMGA2, in 3AB-OS CSCs (Di Fiore et al., 2016). Furthermore,
overexpression of let-7d reduced vimentin expression and
N-cadherin expression, but increased E-cadherin expression,
leading to mesenchymal to epithelial transition (Di Fiore et al.,
2016). Interestingly, overexpression of let-7days elevated the
expression of CXCR4, MMP-9 and VersicanV1, resulting in
promotion of migration and invasion in 3AB-OS CSCs (Di
Fiore et al., 2016). Moreover, upregulation of let-7d increased
resistance to chemotherapy drugs, which was associated with
downregulation of caspase-3 and upregulation of Bcl-2
expression in 3AB-OS CSCs (Di Fiore et al., 2016).

LNCRNAS REGULATE OSTEOSARCOMA
CSCS

Recently, multiple studies have suggested that lncRNAs could
regulate properties of osteosarcoma. For example, lncRNA
GClnc1 enhanced tumorigenesis via suppression of p53
signaling pathway in osteosarcoma (Sui et al., 2018).
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Knockdown of lncRNA 91H blocked the tumorigenesis via
induction of methylation of CDK4 promoter in osteosarcoma
(Cheng et al., 2021). Overexpression of lncRNA FGFR3-AS1
facilitated osteosarcoma growth via governing the antisense
transcript FGFR3 (Sun et al., 2016). Several studies have
revealed that lncRNA HOTTIP increased cell proliferation,
migration, invasion, EMT, chemoresistance, in osteosarcoma
(Li Z. et al., 2016; Tang and Ji, 2019; Liu et al., 2020; Yao
et al., 2021). LncRNA HULC promoted the progression of
osteosarcoma via targeting the miR-372-3p/HMGB1 (Li Y.
et al., 2020). In addition, inhibition of lncRNA UCA1 reduced
tumorigenesis and metastasis via targeting miR-513b-5p/E2F5
axis and CREB1-mediated EMT and PI3K/AKT/mTOR axis in
osteosarcoma (Ma H. et al., 2019; Zhang et al., 2021). Here, we
will briefly describe the functions and molecular insights of these
lncRNAs in governing CSC features in osteosarcoma (Table 2).

LNCRNAS REGULATE PROLIFERATION OF
OSTEOSARCOMA CSC CELLS

lncRNA DANCR
Recently, several studies identified that DANCR was increased in
osteosarcoma tissues and tumor cell lines. High expression of
DANCR was linked to tissue typing and TNM stage as well as
metastasis in osteosarcoma patients (Jiang et al., 2017; Wang
et al., 2018; Zhang W. et al., 2020). One study revealed that
deficient of DANCR suppressed growth and autophagy, and
triggered apoptosis via sponging miR-216a-5p and increasing
the expression of SOX5 (Pan et al., 2020). Moreover, DANCR
inhibited migration and invasion via targeting miR-149 and its
downstream MSI2 in osteosarcoma (Zhang W. et al., 2020). In
addition, DANCR acted as a ceRNA to sponge miR-335-5p and
miR-1972, leading to inhibition of ROCK1 expression and
depression of proliferation and motility of osteosarcoma cells
(Wang et al., 2018). Jiang et al. reported that DANCR decoyed
miR-33a-5p and upregulated AXL expression, contributing to
tumor growth, migration, invasion and lung metastasis (Jiang
et al., 2017). Mechanistically, DANCR stimulated tumor
malignant phenotype via enhancement of CSCs features,
which might be due to activation of PI3K/Akt signaling
pathway in osteosarcoma (Jiang et al., 2017). Yuan et al.
reported that DANCR promoted cell stemness property via
derepressing CTNNB1 in hepatocellular carcinoma (HCC)

cells (Yuan et al., 2016). DANCR expression was high in HCC
cells with stem-like features (Yuan et al., 2016). DANCR
depletion suppressed expression of several CSC markers, such
as CD44, ABCG2, and ALDH1 in TNBC cells (Sha et al., 2017). In
lung cancer cells, DANCR overexpression increased cell stemness
via decoying miR-216a expression and subsequent activation of
Wnt/β-catenin axis (Yu et al., 2020).

LncRNA DLX6-AS1
LncRNA DLX6-AS1 deficiency blocked tumor development
due to inhibition of CADM1 promoter methylation and
suppression of STAT3 pathway in liver CSCs (Wu D.-M.
et al., 2019). Knockdown of DLX6-AS1 repressed spheroid
formation and suppressed the expression of stem markers in
liver CSCs, such as SOX2, Nanog, OCT4, CD13 and CD133
(Wu D.-M. et al., 2019). Similarly, DLX6-AS1 overexpression
promoted stemness of osteosarcoma cells via interacting with
miR-129-5p and activation of DLK1, leading to activating Wnt
pathway (Zhang et al., 2018). Patients with high expression of
DLX6-AS1 often had poor grade, advanced stage and poor
overall survival (Zhang et al., 2018). Deficient of DLX6-AS1
decreased sphere size and number, and CD117+Stro-1+ cells
were decreased in osteosarcoma cells after DLX6-AS1 silencing
(Zhang et al., 2018).

LncRNA HIF2PUT
LncRNA HIF2PUT was reported to regulate the proliferation,
invasion and migration in osteosarcoma cells (Zhao D. et al.,
2019). One group reported that HIF2PUT overexpression
attenuated cell growth and motility in U2OS and MG-63
cells (Zhao D. et al., 2019). HIF2PUT expression was
correlated with clinical features of osteosarcoma patients,
including tumor size, stage, distant metastasis, and OS and
DFS (Li W. et al., 2016). Interestingly, HIF2PUT was also
reported to be highly expressed in osteosarcoma, suggesting
that the deeper investigation is necessary to dissect the role of
HIF2PUT in osteosarcoma tumorigenesis. HIF2PUT has been
revealed to control CSCs in several types of human
malignancies. For instance, HIF2PUT overexpression
repressed CSC properties via targeting HIF-2α in colon
cancer (Yao et al., 2015). Downregulation of HIF2PUT
decreased the expression of stemness biomarkers in colon
cancer DLD-1 and HT29 cells, leading to blockade of
spheroid formation (Yao et al., 2015). However,

TABLE 2 | LncRNAs regulate CSCs in OS.

LncRNAs Expression Genes and pathways References

B4GALT1-AS1 Up YAP Li et al. (2018)
DANCR Up miR-33a-5p, AXL, PI3K/Akt Jiang et al. (2017)
DLX6-AS1 Up miR-129-5p, DLK1, Wnt Zhang et al. (2018)
FER1L4 Down PI3K/Akt Ma et al. (2019b)
HIF2PUT Down HIF-2α (Wang et al., 2015; Li et al., 2016a)
LINK-A Up TGF-β1 Kong et al. (2020)
MALAT1 Up miR-129-5p, RET-Akt, PI3K Chen et al. (2018a)
SOX2-OT Up SOX2 Wang et al. (2017d)
THOR Up SOX9 Wu et al. (2019b)
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downregulation of HIF2PUT elevated cell growth and
migratory ability in MG63 cells, and elevation of HIF2PUT
showed an opposite effect in osteosarcoma cells (Wang et al.,
2015). Moreover, increased HIF2PUT led to a reduction of
CD133 + MG63 cells and inhibition of sphere-forming ability,
while decreased HIF2PUT resulted in an induction of CD133
positive cells and promotion of sphere-forming capacity
(Wang et al., 2015). Another study validated that HIF2PUT
upregulation inhibited sphere formation of osteosarcoma cells
(Zhao D. et al., 2019). A mechanistical experiment showed that
HIF2PUT could target HIF-2α expression and perform its
biological function in osteosarcoma cells (Wang et al.,
2015). Furthermore, the clinical data revealed that
HIF2PUT expression was linked to HIF-2α levels in tumor
tissues of osteosarcoma patients (Wang et al., 2015; Li W. et al.,
2016).

LncRNA THOR
LncRNA THOR was found to involve in CSC maintenance in
TNBC cells (Wang B. et al., 2020). THOR expression was
higher in TNBC tissues than that in luminal A-type and
luminal B-type breast cancer (Wang B. et al., 2020).
Silencing of lncRNA THOR attenuated the expression of
stemness regulatory factors, including CD44, Nanog, and
Oct4, and reduced ALDH1 activity, leading to suppressing
the sphere-formation ability, which is evidenced by reduced
sphere size and number in MDA-MB-231 and MDA-MB-453
cells (Wang B. et al., 2020). Overexpression of THOR
promoted CSC properties and increased stemness factor
expression, indicating that THOR might promote stemness
of TNBC cells. Moreover, THOR interacted with β-catenin
mRNA and increased its mRNA stability and elevated its
expression (Wang B. et al., 2020). In line with the role of
THOR in regulating CSCs, Cheng et al. found that THOR
promoted CSC expansion and stimulated the self-renewal
ability via targeting β-catenin axis in hepatocellular
carcinoma (Cheng et al., 2019). Similarly, THOR
knockdown reduced the stemness via inhibition of multiple
stemness markers, such as CD44, SOX2, SOX9, Nanog, Oct1/
2/4, and ALDH, in MKN-45 and BGC-23 gastric cancer cells
(Song et al., 2018). Silencing of THOR attenuated the
spheroids size and number and reduced the ability of
spheroid formation in gastric cancer (Song et al., 2018).
Moreover, depletion of THOR reduced SOX9 expression via
binding to and increasing SOX9 mRNA stability (Song et al.,
2018). In nasopharyngeal carcinoma (NPC) cells, THOR
decreased sensitivity of cisplatin via promoting CSC
stemness (Gao et al., 2018). THOR interacted with YAP and
blocked its translocation to cytoplasm from nuclear, leading to
enhancement of YAP transcription activity in NPC cells (Gao
et al., 2018). In osteosarcoma cells, THOR increased stemness
and migratory capacity via increasing stability of SOX9 mRNA
(Wu H. et al., 2019). THOR expression was higher in cell
spheroids than that in adherent cells in osteosarcoma.
Upregulation of THOR elevated the ALDH activity and
enhanced spheroid formation in adherent cells of
osteosarcoma, whereas downregulation of THOR showed an

opposite function in spheroids (Wu H. et al., 2019). THOR
promoted osteosarcoma CSC stemness via increasing SOX9
mRNA stability and upregulating its expression (Wu H. et al.,
2019). Altogether, lncRNA THOR participate in controlling
CSCs in osteosarcoma.

LNCRNAS REGULATE METASTASIS OF
OSTEOSARCOMA CSC CELLS

LncRNA FER1L4
LncRNA FER1L4 plays an anti-tumor role in osteosarcoma
development (Fei et al., 2018). The evidence is that lncRNA
FER1L4 has a lower expression in tissues of osteosarcoma
patients, which is linked to stage and metastasis (Chen ZX.
et al., 2018; Ye et al., 2019). In addition, FER1L4 retarded
osteosarcoma tumorigenesis via sponging miR-18a-5p and
increasing PTEN expression (Fei et al., 2018). FER1L4 was
reported to control PDLSCs under compressive stress (Huang
et al., 2019). One study found that 72 lncRNAs were increased
and 18 lncRNAs were decreased in PDLSCs after static
compressive stress (Huang et al., 2019). These lncRNAs
contained FER1L4, NEAT1, LUCAT1 and HIF1A-AS2
(Huang et al., 2019). Moreover, FER1L4 stimulated
osteogenic differentiation of PDLSCs via binding with miR-
874-3p and targeting VEGFA, suggesting that FER1L4 could
enhance bone formation (Huang et al., 2020). Furthermore,
FER1L4 triggered the autophagy via regulating Akt/FOXO3
signaling pathway in PDLSCs under orthodontic compressive
strain (Huang et al., 2021). Ma et al. reported that ectopic
expression of FER1L4 inhibited proliferation, induced
apoptosis, blocked migration and invasion, suppressed EMT
in osteosarcoma cells (Ma L. et al., 2019). Moreover, silencing
of FER1L4 upregulated the expression of several stemness
biomarkers, including CD44, Oct4, SOX9, Nanog, and
ALDH1 (Ma L. et al., 2019). In mechanism, FER1L4
suppressed tumor progression via targeting PI3K/Akt
pathway in osteosarcoma.

LncRNA LINK-A
One group showed that metastatic osteosarcoma patients had a
higher level of LINK-A in plasma (Zhao B. et al., 2019).
Elevation of LINK-A enlarged migratory and invasive
capacity of osteosarcoma cells via induction of HIF-1α
expression (Zhao B. et al., 2019). Another group also
observed that LINK-A in plasma was highly expressed in
osteosarcoma patients (Kong et al., 2020). LINK-A
upregulation increased TGF-β1 expression in osteosarcoma
cells. Deficient of LINK-A led to suppression of migration and
invasion of osteosarcoma cells. Moreover, depletion of LINK-
A decreased the percentage of CD133 + cells in osteosarcoma
cell lines (Kong et al., 2020). This finding indicated that LINK-
A might participate in governing stemness of osteosarcoma.

LncRNA MALAT1
LncRNA MALAT1 has been discovered to regulate stem cell
expression in osteosarcoma (Chen Y. et al., 2018). Chen et al.
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reported that MALAT1 expression level was increased in
tumor tissues and linked to tumor size, metastasis and poor
survival in osteosarcoma patients (Chen Y. et al., 2018).
Ectopic expression of MALAT1 increased proliferation,
migratory and invasive ability in osteosarcoma cells and
promoted tumor growth in mice via sponging miR-129-5p
and regulating the RET-Akt pathway (Chen Y. et al., 2018). It
has been known that CD90, SOX2 and CD133 are well-
characterized stemness markers. Moreover, MALAT1
upregulation elevated the expression of CD90, SOX2 and
CD133 in SW1353 and SOSP-9607 cells. In consistent,
depletion of MALAT1 reduced the expression of CD90,
CD133 and SOX2 in osteosarcoma cells (Chen Y. et al.,
2018). In line with this finding, MALAT1 overexpression in
SW1353 and SOSP-9607 cells resulted in enhancement of
CD133 + CD44 + cell proportion, while depletion of
MALAT1 displayed the opposite effects (Chen Y. et al.,
2018). This study suggested that MALAT1 enhanced stem
cell-like features via promotion of RET expression via
targeting miR-129-5p and subsequently activating the PI3K-
Akt pathway in osteosarcoma. MALAT1 was highly expressed
in patients with osteosarcoma (Wang et al., 2017c). MALAT1
promoted proliferation and metastasis via sponging miR-144-
3p and blocking ROCK1/ROCK2 axis in osteosarcoma cells
(Wang et al., 2017c).

LncRNA SOX2-OT
LncRNA SOX2-OT has been characterized as an oncogene
and is highly expressed in various cancers (Li PY. et al., 2020).
Higher level of lncRNA SOX2-OT was existed in several
osteosarcoma cell lines and tumor specimens. Notably,
osteosarcoma patients with high level of lncRNA SOX2-OT
often have bigger tumor size, advanced stage, high grade and
metastasis and poor OS (Wang Z. et al., 2017). An in vitro
experiment showed that knockdown of lncRNA SOX2-OT
attenuated proliferation and migration and invasion of U2OS
cells. In consistent, elevation of lncRNA SOX2-OT enhanced
proliferation and facilitated invasive and migratory capacity
in SaOS-2 cells (Wang Z. et al., 2017). Moreover, SOX2 was
confirmed as a downstream target of lncRNA SOX2-OT in
osteosarcoma. Strikingly, the expression of stemness
biomarkers was downregulated in osteosarcoma cells after
lncRNA SOX2-OT knockdown, including ALDH1, Nanog,
Oct4, CD44 and CD133 (Wang Z. et al., 2017). Taken
together, lncRNA SOX2-OT might regulate CSCs via
positively regulating SOX2 in osteosarcoma.

LNCRNAS REGULATE DRUG RESISTANCE
OF OSTEOSARCOMA CSC CELLS

LncRNA B4GALT1-AS1
B4GALT1-AS1 has been reported to serve as a ceRNA to
sequester the expression of miR-30e, resulting in the
upregulation of SOX9 in NSCLC (Lin et al., 2020). B4GALT1-
AS1 had an increased expression in NSCLC tissues and cells.
Silencing of B4GALT1-AS1 blocked malignant phenotype in

A549 and H1299 cells, including cell viability and colony-
forming ability (Lin et al., 2020). Deficient of B4GALT1-AS1
reduced clone formation capacity in colon cancer cells, and
attenuated the expression of the stemness biomarkers.
B4GALT1-AS1 silencing also reduced ALDH1 activity and
retarded spheroid formation in colon cancer cells (Wu D.-M.
et al., 2019). Mechanistically, B4GALT1-AS1 might enhance the
relocation of YAP into nucleus from cytoplasm and promote its
transcription, leading to maintenance of CSCs in colon cancer
(Wu D.-M. et al., 2019). Similarly, higher expression of
B4GALT1-AS1 was observed in osteosarcoma tissues.
Depletion of B4GALT1-AS1 decreased proliferation and
migratory capacity of osteosarcoma cells, blocked EMT
progression, evidenced by an increase of E-cadherin and a
decrease of vimentin (Li et al., 2018). Knockdown of
B4GALT1-AS1 attenuated the expression of Nanog and
ALDH1 and reduced the capability of spheroid formation,
suggesting that B4GALT1-AS1 is involved in regulation of
osteosarcoma cell stemness (Li et al., 2018). In vivo data
further confirmed that B4GALT1-AS1 silencing decreased
tumor formation in mice. B4GALT1-AS1 promoted the
translocation of HuR into cytoplasm from nuclear and led to
upregulation of YAP transcription in osteosarcoma (Li et al.,
2018). Notably, deficient of B4GALT1-AS1 reduced adriamycin
resistance in a YAP-dependent manner in osteosarcoma cells.
This study revealed that B4GALT1-AS1 shed light on the
regulation of CSC features in osteosarcoma.

CIRCRNAS REGULATE OSTEOSARCOMA
CSCS

Increasing evidence suggests that circRNAs play a pivotal role
in osteosarcoma development and progression (Li et al.,
2021). Wang et al. found that circ_0001658 increased cell
proliferation and tumor metastasis via sponging miR-382-5p
and increasing YB-1 axis in osteosarcoma cells (Wang L.
et al., 2020). One group identified that miR-382 knockdown
triggered EMT and promoted metastasis and increased the
percentage of CSCs via suppressing YB-1 in osteosarcoma
cells (Xu et al., 2015). Therefore, circ_0001658 could regulate
CSCs and osteospheres via targeting miR-382-5p/YB-1 axis
in osteosarcoma. Moreover, circ_0002052 knockdown
inhibited cell growth, migration and invasion via sponging
miR-382 in osteosarcoma, indicating that circ_0002052
might increase CSCs via inhibiting miR-382 (Zhang P.-r.
et al., 2020). CircNRIP1 encapsulated by BMSC-EVs
aggravated osteosarcoma via targeting miR-532-3p and
PI3K/AKT axis (Shi Z. et al., 2021). Shi et al. reported that
circPIP5K1A depletion reduced the sphere formation
abilities in osteosarcoma cells and decreased the CD133 +
CD44 + cell population (Shi P. et al., 2021). Knockdown of
circPIP5K1A reduced the expression of Nanog ad ALDH1 in
osteosarcoma cells. Moreover, circPIP5K1A increased YAP
expression via regulating miR-515-5p, and miR-515-5p
suppressed cancer stemness in osteosarcoma cells (Shi P.
et al., 2021). Notably, circPIP5K1A depletion or miR-515-
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5p mimic inhibited the CSC properties in osteosarcoma cells,
suggesting that circPIP5K1A can control CSCs in
osteosarcoma (Shi P. et al., 2021).

NCRNAS IN CHONDROSARCOMA

It is necessary to mention that ncRNAs have been uncovered
to play an essential role in another primary bone sarcomas
chondrosarcoma, including miR-30a, miR-125b, miR-126,
miR-129-5p, miR-145, miR-181a, miR-150, miR-494, and
miR-497 (Chang et al., 2015; Li et al., 2015; Lu et al., 2016;
Pu et al., 2016; Palmini et al., 2017; Zhang et al., 2017). Several
lncRNAs, such as SNHG6 (Pu et al., 2021), RAMP2-AS1
(Cheng et al., 2020), BCAR4 (Shui et al., 2017) and
HOTAIR (Bao et al., 2017), have been reported to promote
chondrosarcoma development and progression. However, the
role of ncRNAs in regulation of chondrosarcoma CSCs is

rarely investigated. One report showed that miR-34a in
combination with carbon ions irradiation can control
chondrosarcoma CSCs (Vares et al., 2020). Therefore,
further studies are warranted to determine the functions of
ncRNAs in governing chondrosarcoma CSCs.

CONCLUSION AND PERSPECTIVES

In conclusion, ncRNAs critically regulate CSCs via different
mechanisms in osteosarcoma (Figures 1, 2). Because CSCs
are important in tumor initiation, reoccurrence, metastasis
and drug resistance, modulating ncRNAs could be helpful for
overcoming tumor progression and enhancing drug
sensitivity via killing CSCs in osteosarcoma. It is
important to mention that numerous ncRNAs are involved
in regulating osteosarcoma CSCs. Whether ncRNAs are the
most important factors to control CSCs compared with other
transcript factors that were involved in CSCs? Among these
ncRNAs, which ncRNA is most important factor to govern
CSCs in osteosarcoma. It is known that ncRNAs have
multiple downstream targets. How can we judge the key
targets of ncRNAs in regulating CSCs? Answering these
questions will provide the evidence for targeting CSCs via
modulation of ncRNAs for osteosarcoma treatment. In
addition, it is critical to discover a standardized approach
to measure the ncRNAs expression. A useful and ideal deliver
system to send ncRNAs to specific organs in vivo is also
important to establish. LncRNAs have been evaluated for
targeting critical cancer-associated genes and they are in
different phases of clinical trials (Slaby, 2016). Since
discover of possible biomarkers is important for diagnosis
and treatment of osteosarcoma, it is essential to determine
whether these ncRNAs could be potential biomarkers for
detection of osteosarcoma CSCs. Lastly, further
investigations are needed to validate whether targeting
ncRNAs could control OS CSCs and overcome drug
resistance in clinical management of OS in the future.

FIGURE 1 | The role of miRNAs in regulation of OS stem cells.

FIGURE 2 | The role of lncRNAs in regulation of OS stem cells.
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