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1  | INTRODUC TION

Osteosarcoma (OS) is one of the most commonly seen malignant 
bone tumors, which has higher incidence in both children and teen-
agers with lung metastasis.1,2 Three main strategies, namely surgical 
resection, chemotherapy, and radiotherapy are applied for patients 
currently.3 Neoadjuvant chemotherapy combined with surgical 
treatment has been reported to improve the 5-year survival rate 
to nearly 70% in localized OS over the past three decades, how-
ever, chemoresistance to these drugs is still the main obstacle for 
curing this malignancy,1,4 thereby leading to poor prognosis, high 
recurrence, and metastasis. Therefore, identification of effective 

biomarkers for pathogenesis, prognosis, and metastasis is essential 
for OS patients.5 A variety of potential biomarkers have been iden-
tified in recent years, which could widely regulate the oncogenesis, 
prognosis, and metastasis of OS. Nevertheless, the detailed molecu-
lar regulatory mechanisms of OS needs further exploration.6,7

In the last few decades, ground-breaking progress in transcrip-
tional regulators of mammalian genome, known as “non-coding 
RNAs” (ncRNAs), has become a major concern of molecular biolog-
ical research worldwide. Although initially considered to be tran-
scriptional noise or so-called “Junk” for lack of coding potential, 
numerous ncRNAs have been found to play pivotal roles in cellu-
lar processes of different diseases, including cancer.8-10 Regulatory 
ncRNAs are mainly categorized into two classes based on their 
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Abstract
Osteosarcoma is one of the most commonly seen bone malignancies with high in-
cidence rate in both children and adults. Although the regulatory network of os-
teosarcoma has been greatly concerned for years, the mechanisms regarding its 
oncogenesis and development are still not clear. Recent discoveries have revealed 
that long noncoding RNAs (lncRNAs) play a crucial role in the development, progres-
sion, and invasion of osteosarcoma. Deregulated expression of lncRNAs has been 
found to participate in the regulation of various signaling transduction pathways in 
osteosarcoma. This review summarized roles of lncRNAs in the pathogenesis, devel-
opment, and potential therapeutic of osteosarcoma via different signaling pathways. 
For examples, MALAT1, CCAT2, FER1L4, LOXL1-AS1, OIP5-AS1, PVT1, DBH-AS1, 
and AWPPH regulate PI3K/Akt signaling; AWPPH and BE503655 regulate Wnt/β-
catenin signaling; NKILA and XIST regulate NF-κB signaling; MEG3 and SNHG12 reg-
ulate Notch signaling; FOXD2-AS1 and LINK-A regulate HIF-1α signaling; GClnc1 and 
HOTAIR regulate P53 signaling; ZFAS1, H19, and MALAT1 regulate MAPK, Hedgehog 
and Rac1/JNK signaling, respectively.
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length: Short ncRNAs which are less than 200 nucleotides in length 
represented by microRNAs (miRNAs), and long ncRNAs (LncRNAs) 
with the length larger than 200 nucleotides. LncRNAs comprise long 
intergenic ncRNAs (lincRNAs), intronic lncRNAs, antisense lncRNAs, 
and competing endogenous RNAs (ceRNAs) referring to multiple 
regulatory mechanisms of gene expression.10

Multiple mechanisms have involved in the lncRNAs regulatory 
effects of gene expression. For instance, lncRNAs may act as epi-
genetic regulators, signals for transcription promotion, decoys for 
transcription repression, or scaffolds to form ribonucleoprotein 
complexes by interacting with proteins. LncRNAs can modulate the 
stability and translation of mRNAs, act as precursors of miRNAs, 
as well as regulating the distribution of miRNAs et al In general, ln-
cRNAs have been found to regulate gene expression at transcrip-
tional and/or post-transcriptional levels.11,12 Accumulating evidence 
indicates that aberrant expression of lncRNAs may be associated 
with various cancers including OS, and serve as prognostic, diagnos-
tic, and therapeutic biomarkers in OS.13-20

2  | LncRNA s IN OS VIA DIFFERENT 
SIGNALING PATHWAYS

Cell signaling plays a crucial role in cellular process and has a great 
impact on the modulation of gene expression in various can-
cers. Emerging evidence suggests that lncRNAs are concerned 
with OS through a variety of signaling pathways. For example, 
lncRNA HOTAIR promotes the proliferation and invasion of OS cells 
via the AKT/mTOR signaling pathway.21 The metastasis-associated 
lung adenocarcinoma transcript 1 (MALAT1) acts as an oncogene 
for OS cells metastasis via the PI3K/AKT pathway.22,23 It is criti-
cal to investigate the association between signaling pathways and 
lncRNAs in OS for developing novel strategies of early diagnosis and 
treatment. This review will present an overview of lncRNAs in the 
oncogenesis, development, and potential treatment of OS through 
different signaling pathways.

2.1 | LncRNAs and PI3K/Akt signaling in OS

Numerous reports confirm the role of AKT whose activity usually 
involves various regulators in cancer. Among them, the most im-
portant one is PI3K, known as a positive Akt regulator. The PI3K/
Akt signaling pathway plays important roles in different cellular 
processes, such as tumor cell growth, apoptosis, migration, and 
invasion.11,24 Researchers discovered that lncRNAs may function 
by targeting different components of the PI3K/Akt pathway with a 
post-transcriptional regulation mechanism.11 MALAT1 is one of the 
first recognized lncRNAs associated with various cancers25 which 
acts as a therapeutic target in OS.26 Although without translation 
into protein in vivo, MALAT1 can modulate the alternative splic-
ing of pre-mRNAs by regulating serine/arginine splicing factors. 
MALAT1 is also involved in the development and invasion of tumor 

cells. Dong et al23 reported that MALAT1 was overexpressed in 
OS tissues, and its downregulation significantly inhibited cell pro-
liferation, migration, and invasion in vitro as well as metastasis in 
vivo. Besides, effects of knockdown of MALAT1 on two signal-
ing pathways ERK/mitogen-activated protein kinase (MAPK) and 
PI3K/Akt pathways were investigated and found that downregula-
tion of MALAT1 reduced the levels of phosphorylated PI3K p85α 
and Akt, indicating that MALAT1 may induce proliferation and 
metastasis of OS cells via the PI3K/Akt pathway. Another study 
demonstrated that MALAT1 acts as a post-transcriptional regu-
lator which upregulates RET expression by binding miR-129-5p, 
thereby increasing expression of RET protein in the downstream 
of PI3K/Akt pathway.22

Colon cancer-associated transcript 2 (CCAT2), located in 
the hotspot of the tumor-related rs6983267 SNP, has been as-
sociated with increased predisposition for several cancers.27-30 
Overexpression of CCAT2 has been found in a wide range of can-
cers, in which it promotes the proliferation, invasion, migration, and 
survival of cancer cells. CCAT2 is considered to promote the occur-
rence and development of different malignancies through various 
pathways, such as the Wnt/TGF-b29,31 and GSK3b/b-catenin signal-
ing pathways.32 Liu et al33 revealed that CCAT2 expression is highly 
expressed in OS tissues, while its knockdown inhibits proliferation 
and mobility of OS cells in vitro. In addition, CCAT2 can inactivate 
the PI3K/Akt and MAPK signaling pathways, whereas a miR-200b 
inhibitor partially offsets the effect of si-CCAT2. These observations 
indicate that CCAT2 might play an important function in regulating 
OS via the PI3K/Akt and MAPK pathways. This result provides a 
novel diagnostic marker for OS.

The long noncoding RNA Fer-1-like protein 4 (FER1L4), initially 
identified in gastric cancer, is involved in tumorigenesis of numerous 
cancers such as hepatocellular carcinoma and glioma.34,35 Recently, 
FER1L4 has been recognized as a prognostic biomarker in OS36 and 
the expression was found decreased in OS tissues and cell lines.24 
Additionally, researchers revealed the effect of FER1L4 on epi-
thelial-to-mesenchymal (EMT) and discovered that its knockdown 
promotes cell viability, inhibits apoptosis and caspase 3 activity 
as well as decreasing c-caspase 3 expression and Bax/Bcl-2 ratio. 
Depletion of FER1L4 results in the upregulation of key EMT markers. 
Furthermore, the authors demonstrated that PI3K levels and AKT 
phosphorylation are increased after its knockdown, suggesting that 
downregulation of FER1L4 inhibits cell apoptosis and facilitates EMT 
via the PI3K/Akt signaling pathway.24

Other lncRNAs, such as LOXL1 antisense RNA 1 (LOXL1-AS1), 
OIP5-AS1, PVT1, DBH-AS1, and AWPPH, have been detected in 
various human cancers,37-54 which are predictive of clinical pro-
gression and poor prognosis in OS patients and function as onco-
genic lncRNAs to regulate cancer progression through the PI3K-Akt 
pathway.38,47,51,54 LOXL1-AS1 is encoded on the opposite strand 
of lysyl oxidase-like 1(LOXL1), which was found to strongly asso-
ciated with exfoliation glaucoma and exfoliation syndrome.37,38 
High expression of LOXL1-AS1 was correlated with Enneking stage, 
tumor size, metastasis, histological grade, and overall survival time 
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in OS patients. Furthermore, LOXL1-AS1 overexpression acts as 
an independent poor predictor for overall survival. Knockdown of 
LOXL1-AS1 dramatically inhibits OS cell proliferation, migration, 
and invasion through the PI3K-Akt signaling pathway.38 Transcribed 
from the OIP5 gene on chromosome 15q15.1, OIP5-AS1 has been 
found highly expressed in cisplatin resistant (CR) OS cells and its 
knockdown significantly reduces cisplatin resistance. Knockdown 
of OIP5-AS1 suppresses the PI3K/ Akt/mTOR signaling pathway 
by acting as an endogenous RNA of miR-340-5p.47 PVT1 is a novel 
lncRNA encoded by the human PVT1 gene with oncogenic roles in 
numerous human cancers that has been widely studied.47-50 A re-
cent study showed that overexpressed PVT1 promotes prolifer-
ation and inhibits apoptosis in OS cells(treated with gemcitabine). 
Conversely, PVT1-knockdown OS cells (treated with gemcitabine) 
show significantly lower survival rates as well as promoting apopto-
sis. Researchers also observed that PVT1 downregulates the level of 
miR-152 and induces the activation of PI3K/Akt pathway. Moreover, 
the importance of c-MET in the regulation of PI3K/Akt signaling by 
PVT1 and miR-152 was confirmed, which indicates that PVT1 is es-
sential in the development of chemoresistance in OS cells through 
the miR-152-dependent activation of the c-MET/PI3K/Akt path-
way.51 DBH-AS1 is also a newly identified lncRNA transcribed from 
chromosome 9q34.52,53 A recent study showed that OS patients 
with high DBH-AS1 have remarkably shorter overall survival than 
patients with low DBH-AS1. Overall, these observations indicate 
that DBH-AS1 may act as a new diagnostic and prognostic biomarker 
for OS. Knockdown of DBH-AS1 distinctly suppresses the prolifera-
tion of cancer cells, while its downregulation promotes apoptosis by 
increasing the activity of caspase 3 and caspase 9. Additionally, the 
study indicated that suppression of DBH-AS1 can inhibit the activa-
tion of the PI3K/Akt pathway, which was demonstrated by examining 
p-PI3K and p-Akt expression levels.54 AWPPH is a novel lncRNA that 
has oncogenic functions in various cancers.55,56 One study showed 
that AWPPH depletion suppresses OS cell migration and invasion, 
and AWPPH knockdown was demonstrated to induce cell apoptosis 
by regulating protein expressions of Bcl-2, Bax, cleaved-caspase-3 as 
well as cleaved-caspase-9. Furthermore, downregulation of AWPPH 
decreases the expression levels of p-PI3K and p-Akt significantly, 

suggesting that AWPPH may play an oncogenic role through the 
PI3K/Akt pathway.57 (Figure 1).

2.2 | LncRNAs and Wnt/β-catenin signaling in OS

Wnt pathway mutations have been frequently observed in cancer. 
Aberrant activation of Wnt/β-catenin signaling is closely related to 
various cancer types as it controls a number of oncogenes, which 
leads to cell proliferation and tumorigenesis.11 Recently, lncRNAs 
have been found to regulate gene expressions in OS cells through dif-
ferent pathways due to its complex molecular mechanisms. AWPPH 
is such an example. In another study, researchers confirmed that 
AWPPH is positively related with tumor size or metastasis in OS.58 
Furthermore, they confirmed that AWPPH promotes OS develop-
ment through inhibiting miR-93-3p, a tumor suppressor in other can-
cers such as clear cell renal cell carcinoma and breast cancer.59,60 In 
addition, the study showed that miR-93-3p targets FZD7, and miR-
93-3p inhibition by AWPPH promotes the expression of FZD7, which 
leads to tumorigenesis and acts as a crucial regulator in the Wnt 
signaling,61 thereby indicating that AWPPH activates Wnt/β-catenin 
signaling pathway via the miR-93-3p/FZD7 axis in OS development.58

Numerous dysregulated lncRNAs have been identified by RNA-
seq, such as lncRNA BE503655, whose function and regulatory 
mechanism were studied.62 LncRNA BE503655 was found to be 
highly expressed in both OS tissues and cell lines. LncRNA BE503655 
downregulation inhibits OS cell proliferation and invasion. Besides, 
there is a positive correlation between its expression and Enneking 
stage, distant metastasis as well as histological grade. Moreover, re-
searchers performed QT-PCR to screen the involvement of different 
pathways, including Wnt/β-catenin, mTOR, and JNK signaling, and 
found that β-catenin is overexpressed in OS tissues and positively 
related to lncRNA BE503655 expression. Upon lncRNA BE503655 
knockdown in OS cells, β-catenin mRNA level and protein expres-
sion are significantly decreased. Furthermore, some markers in the 
Wnt/β-catenin pathway are also downregulated, suggesting that 
lncRNA BE503655 exerts its activity by regulating Wnt/β-catenin 
pathways in OS.

F I G U R E  1   LncRNAs in osteosarcoma 
via PI3K/Akt signaling pathway
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2.3 | LncRNAs and NF-κB signaling in OS

Nuclear factor-κB (NF-κB), a widely expressed transcription factor, 
is one of the most significant molecules connecting inflammation 
with cancer. The activation of NF-κB pathway is regulated by multi-
ple mechanisms and plays a key role in cancer progression including 
cell growth, invasion, and metastasis.63 LncRNAs such as NKILA 
have been found in NF-κB pathway to act as a scaffold for recruit-
ing a variety of proteins in breast cancer metastasis.11 It also can 
inhibit NF-κB activation induced by TGF-β and act as a target for 
preventing breast cancer metastasis by inhibiting EMT.64 In hepa-
tocellular cancer(HCC), NKILA could enhance the anticancer effect 
of safrole by regulating the NF-κB signaling pathway.65 In a study 
concerning OS, researchers learned that NKILA expression in OS 
tissues is strikingly reduced, with its level lower in stage III tumor 
tissues than that in stage I-II. Meanwhile, high expression of NKILA 
considerably reduces the proliferation, invasion, and migration 
of OS cells. NKILA expression was found to be activated by the 
NF-κB pathway, which could directly block the phosphorylation of 
IκB by interacting with the NF-κB/IκB complex, thereby inhibiting 
IKK phosphorylation and NF-κB activation. In this study, they also 
found that knockdown of NKILA strikingly reduces the expressions 
of E-cadherin, which mediates the loss of cell adhesion, a prerequi-
site for the infiltration and metastasis of tumor cells. Additionally, 
an NF-κB inhibitor could reverse the effect of knockdown of NKILA 
on cell migration and proliferation.66

The lncRNA X-inactive specific transcript (XIST) has been dis-
covered to promote cancer development and was related to poor 
prognosis.67-69 Nevertheless, Zhang et al70 revealed that in OS XIST 
functions as a tumor suppressor. Gao et al71 demonstrated that tar-
geting XIST can activate NF-κB, p65 nuclear translocation as well 
as the PUMA signaling pathway. Targeting PUMA promotes cell vi-
ability and suppresses cell apoptosis in XIST shRNA transfected OS 
cells, demonstrating that targeting XIST suppresses cell proliferation 
and tumorigenesis by activating the NF-kB and NF-kB-dependent 
PUMA signaling pathway. These findings indicated that XIST may act 
as a therapeutic marker for OS treatment.

2.4 | LncRNAs and Notch signaling in OS

As a highly conserved cell signaling pathway, the Notch signaling 
is also essential to multiple biological processes and participates 
to the development of various cancers.11,72,73 Interestingly, several 
lncRNAs have been shown to be regulated by Notch. One of them 
is MEG3, a well-studied lncRNA encoded by the MEG3 transcript 
of the DLK1/MEG3 locus on human chromosome.74 Evidence has 
shown that as a tumor suppressor gene, MEG3 is downregulated 
in a variety of malignancies and is associated with poor progno-
sis.72,75,76 MEG3 has a lower expression in OS tissues compared 
with adjacent non-tumor ones which is also found expressed at 
low levels in OS cell lines. In addition, overexpression of MEG3 sig-
nificantly represses the growth and migration ability of OS cells, 

confirming the tumor suppressive role of MEG3 in OS progres-
sion.77 Meanwhile, Notch signaling has been revealed closely as-
sociated with cancer cellular EMT and metastasis.73,78,79 Previous 
studies have proved that MEG3 is related to Notch and TGF-β 
pathways.80 To further explore the activity of MEG3 on OS cell 
behavior, the Notch and TGF-β signaling pathways were analyzed, 
and researchers found that MEG3 overexpression inhibited the 
expression of Notch1, Hes1, TGF-β, and N-cadherin and enhanced 
E-cadherin expression.81

Small nucleolar RNA host gene 12 (SNHG12), a newly discovered 
lncRNA, has recently been found upregulated in several types of 
tumors including OS.82-85 Zhou et al86 discovered that overexpres-
sion of SNHG12 was positively related to tumor grade, Enneking 
stage, tumor size, and metastasis as well as poor overall survival. 
Meanwhile, invasion and migration of OS cells were inhibited by 
si-SNHG12. These findings indicate that SNHG12 may function as 
a prognostic factor for OS pathogenesis and metastasis. Recently, 
the Notch pathway has been demonstrated closely associated with 
OS progression and inactivation of Notch signaling may overcome 
drug resistance.87,88 One study revealed that SNHG12 promoted 
oncogenesis and metastasis of OS by sponging miR-195-5p and 
subsequently activating the Notch2(an important receptor)-Notch 
signaling pathway.86,89

2.5 | LncRNAs and HIF-1α signaling in OS

As the most significant modulator in the response to hypoxia, 
HIF-1α has been confirmed to regulate hypoxic gene expression via 
signaling transduction networks. Numerous studies have revealed 
the existence of lncRNAs in hypoxic tumor regions. One of them 
is FOXD2-AS1, a novel lncRNA which may function as a miRNA 
sponge to modulate tumorigenesis. The aberrant expression of 
FOXD2-AS1 has been found to correlate with HCC by silencing 
CDKN1B (p27) via recruiting EZH2, an important element of PRC2 
(polycomb repressive complex 2 to its promoter region.90 Ren et al91 
discovered that FOXD2-AS1 expression was upregulated in OS 
with a positive relation to poor prognosis, indicating the oncogenic 
and prognostic role in OS. HIF-1α has been learned significantly 
upregulated in OS and takes part in hypoxia-induced cell prolifera-
tion, invasion, and EMT. Researchers found that HIF-1α could bind 
with the promoter region of FOXD2-AS, thereby increasing both 
mRNA and protein levels. Besides, FOXD2-AS1 could inhibit p21 
protein expression by recruiting EZH2 to the p21 promoter region 
for silencing its transcription.91-94

LincRNA for kinase activation (LINK-A) is an oncogene in breast 
cancer, in which it activates HIF1α to promote triple-negative breast 
cancer progression.95 Researchers found that plasma circulating 
LINK-A is high expressed in metastatic OS patients compared to 
non-metastatic OS ones, suggesting that LINK-A might be associated 
with the OS metastasis specifically. Besides, LINK-A overexpression 
can inhibit the expression level of HIF1α, which in turn, however, 
has no effect on LINK-A. Moreover, HIF inhibitor LW6 could reduce 
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LINK-A-overexpressed effects on migration and invasion in cell lines. 
The results estimated that LINK-A might act as an upstream activa-
tor of HIF1α and participate in the metastasis of OS by upregulating 
the HIF1α pathway.96

2.6 | LncRNAs and P53 signaling in OS

As a tumor suppressor, P53 has been discovered mutated in more 
than 50% of malignancies. p53 regulation mainly refers to transla-
tion and posttranslational modifications as well as protein stability. 
Increasing evidence revealed that lncRNAs are involved in the p53 
pathway with different mechanisms of action.97 Some may act as 
direct transcriptional targets of p53 or play a role in DNA repair.11 
Found in gastric cancer as an oncogene,98 LncRNA GClnc1 is also 
highly expressed in OS samples which predicts poor prognosis. 
Moreover, GClnc1 could promote OS cells growth both in vitro 
and in vivo by blocking p53 to bind to the promoter region of p21 
and BAX, thereby suppressing p21 and BAX expression. Therefore, 
GClnc1 may be a potential target in the p53 pathway and play an 
oncogenic role in OS.99

HOTAIR was the first tumor-related lncRNA discovered to be 
associated with cancer metastasis and poor prognosis. In a recent 
study concerning OS, HOTAIR was also detected to be upregulated 
as an oncogene which promotes proliferation and inhibits apoptosis 
in OS cells. Furthermore, the expression level of p53 after silencing 
HOTAIR is significantly upregulated, while bcl-2 expression is down-
regulated, indicating that HOTAIR may take part in the p53-medi-
ated apoptosis pathway in OS cells.10

2.7 | Other signaling pathways

Some signaling pathways are also correlated with lncRNAs in OS 
but are relatively rarely found. For instance, Zinc finger antisense 
1 (ZFAS1), a newly identified lncRNA, was reported to be upreg-
ulated in OS cells and promote colony formation, migration, and 
invasion of OS cells via activating the MAPK signaling pathway.11 
As an imprinted gene, long noncoding RNA H19 has been found 
abnormally expressed and modulated by Hedgehog signaling as 
well as yes-associated protein 1 (Yap1) overexpression, demon-
strating that aberrant Hedgehog signaling pathway is closely 

TA B L E  1   LncRNAs involved in the pathogenesis and progression of osteosarcoma

Signaling pathways LncRNAs Expression level Role Clinical value Related references

PI3K/Akt MALAT1 High Oncogene Therapeutic 25-27

CCAT2 High Oncogene Diagnostic 34

FER1L4 Low Tumor suppressor 
gene

Prognostic 24, 37

LOXL1-AS1 High Oncogene Prognostic 39

OIP5-AS1 High Oncogene Therapeutic 48

PVT1 High Oncogene Diagnostic 52

DBH-AS1 High Oncogene Diagnostic/
prognostic

55

AWPPH High Oncogene Prognostic 58

Wnt/β-catenin AWPPH High Oncogene Prognostic 59

BE503655 High Oncogene Unknown 63

NF-κB NKILA Low Tumor suppressor 
gene

Unknown 66

XIST Low Tumor suppressor 
gene

Therapeutic 71, 72

Notch MEG3 Low Tumor suppressor 
gene

Therapeutic 81, 82

SNHG12 High Oncogene Prognostic 87

HIF-1α FOXD2-AS1 High Oncogene Prognostic 92

LINK-A High Oncogene Diagnostic 97

P53 GClnc1 High Oncogene Prognostic 100

HOTAIR High Oncogene Therapeutic 101

MAPK ZFAS1 High Oncogene Diagnostic/
therapeutic

102

Hedgehog H19 High Oncogene Unknown 103, 104

Rac1/JNK MALAT1 High Oncogene Therapeutic 105
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associated with the pathogenesis of osteoblastic OS through 
Yap1 and H19 overexpression.12,103 In addition, another study 
concerning MALAT1 in OS indicated that MALAT1 could induce 
growth of OS cell through miR-509 (an OS growth suppressor) 
inhibition, thereby leading to the Rac1/JNK pathway activa-
tion of. This finding suggests the presence of a MALAT1/miR-
509/Rac1 axis which regulates OS cell proliferation and cancer 
development.14

3  | CONCLUSIONS AND FUTURE 
DIREC TIONS

Most lncRNAs do not seem to be as significant as molecules of 
signaling transduction on their own. However, they are crucial in 
regulating signaling pathways which tend to be more adaptable 
to tumor microenvironment. One of the most significant roles of 
lncRNA regarding cell signaling regulation in OS is that lncRNAs 
might act as a scaffold through which lncRNAs can directly inter-
act with various signaling molecules.11 Numerous lncRNAs have 
been found involved in the tumorigenesis, progression, and inva-
sion of OS (Table 1). Some may be downregulated compared with 
normal tissues or cell lines, such as MEG3, NKILA, and XIST, or 
be upregulated, such as MALAT1. They may serve as prognostic 
(eg, FER1L4, LOXL1-AS1, and SNHG12), therapeutic (eg, MALAT-
1, AS1, and PVT1), and diagnostic (eg, CCAT2 and DBH-AS1) 
markers. The last group can be widely used in liquid biopsies for 
OS diagnosis, which allows patients to avoid invasive diagnostic 
methods such as tissue biopsy. As prognostic markers, lncRNAs 
can help prognosis prediction and guide therapy decision-making. 
Considering that the therapy of OS patients has not efficiently im-
proved in recent years, lncRNAs with therapeutic potentials may 
turn into promising targets in the treatment for OS patients.13 
Although lncRNA research is still relatively limited so far, we ex-
pect that more lncRNAs involved in different signaling pathways in 
OS will be discovered and illuminated in the future. Further stud-
ies of these lncRNAs will focus on the interaction mechanisms of 
lncRNAs and signaling molecules, as well as how they impact OS 
tumorigenesis and progression.

ACKNOWLEDG MENTS
This study was funded by Medical and Health Research Project of 
Zhejiang Province (2017KY607) and the Natural Science Foundation 
of Ningbo (2016A610186).

E THIC AL APPROVAL
This assay was reviewed and approved by the Ethics Committee of 
Ningbo NO.6 Hospital. All participants signed written informed con-
sent documents.

ORCID
Xiaohan Shen   https://orcid.org/0000-0003-1262-9853 

R E FE R E N C E S
	 1.	 Ando K, Heymann MF, Stresing V, Mori K, Rédini F, Heymann 

D. Current therapeutic and novel approaches in osteosarcoma. 
Cancers. 2013;5:591-616.

	 2.	 Yan GN, Lv YF, Guo QN. Advances in osteosarcoma stem cell re-
search and opportunities for novel therapeutic targets. Cancer 
Lett. 2016;370(2):268-274.

	 3.	 Zhang CL, Zhu KP, Ma XL. Antisense lncRNA FOXC2-AS1 pro-
motes doxorubicin resistance in osteosarcoma by increasing the 
expression of FOXC2. Cancer Lett. 2017;396:66-75.

	 4.	 Wang Y, Zhang LI, Zheng X, et al. Long non-coding RNA 
LINC00161 sensitises osteosarcoma cells to cisplatin-induced 
apoptosis by regulating the miR-645-IFIT2 axis. Cancer Lett. 
2016;382(2):137-146.

	 5.	 Lu Y, Lu D, Hu Y. GLP2 promotes directed differentiation 
from osteosarcoma cells to osteoblasts and inhibits growth 
of osteosarcoma cells. Mol Ther Nucleic Acids. 2018;10: 
292-303.

	 6.	 Wu D, Chen K, Bai Y, et al. Screening of diagnostic markers for 
osteosarcoma. Mol Med Rep. 2014;10:2415-2420.

	 7.	 Luetke A, Meyers PA, Lewis I, Juergens H. Osteosarcoma treat-
ment - where do we stand? A state of the art review. Cancer Treat 
Rev. 2014;40:523-532.

	 8.	 Iyer MK, Niknafs YS, Malik R, et al. The landscape of long noncoding 
RNAs in the human transcriptome. Nat Genet. 2015;47:199-208.

	 9.	 Anastasiadou E, Jacob LS, Slack FJ. Non-coding RNA networks in 
cancer. Nat Rev Cancer. 2018;18:5-18.

	 10.	 Prabhu KS, Raza A, Karedath T, et al. Non-coding RNAs as regu-
lators and markers for targeting of breast cancer and cancer stem 
cells. Cancers (Basel). 2020;12(2):E351.

	 11.	 Peng WX, Koirala P, Mo YY. LncRNA-mediated regulation of cell 
signaling in cancer. Oncogene. 2017;36(41):5661-5667.

	 12.	 Chen LL. Linking long noncoding RNA localization and function. 
Trends Biochem Sci. 2016;41:761-772.

	 13.	 Li Z, Dou P, Liu T, et al. Application of long noncoding RNAs in 
osteosarcoma: biomarkers and therapeutic targets. Cell Physiol 
Biochem. 2017;42(4):1407-1419.

	 14.	 Smolle MA, Pichler M. The role of long non-coding RNAs in osteo-
sarcoma. Noncoding RNA. 2018;4(1):7.

	 15.	 Chi Y, Wang D, Wang J, Yu W, Yang J. Long non-coding RNA in the 
pathogenesis of cancers. Cells. 2019;8(9):E1015.

	 16.	 Lou B, Wei D, Zhou X, Chen H. Long non-coding RNA KDM5B an-
ti-sense RNA 1 enhances tumor progression in non-small cell lung 
cancer. J Clin Lab Anal. 2019;28:e22897.

	 17.	 Lin S, Zhang R, An X, et al. LncRNA HOXA-AS3 confers cisplatin 
resistance by interacting with HOXA3 in non-small-cell lung carci-
noma cells. Oncogenesis. 2019;8(11):60.

	 18.	 Pan W, Li W, Zhao J, et al. lncRNA-PDPK2P promotes hepatocel-
lular carcinoma progression through the PDK1/AKT/Caspase 3 
pathway. Mol Oncol. 2019;13(10):2246-2258.

	 19.	 Shen Z, Wu L, Hao W, Li Q, Zhou C. Expression of the long non-
coding RNA RP11-169D4.1-001 in Hypopharyngeal Squamous 
cell carcinoma tissue and its clinical significance. J Clin Lab Anal. 
2019;34:e23019.

	 20.	 Xue Z, Zhu X, Teng Y. Long non-coding RNA CASC2 inhibits pro-
gression and predicts favorable prognosis in epithelial ovarian can-
cer. Mol Med Rep. 2018;18(6):5173-5181.

	 21.	 Li E, Zhao Z, Ma B, Zhang J. Long noncoding RNA HOTAIR pro-
motes the proliferation and metastasis of osteosarcoma cells 
through the AKT/mTOR signaling pathway. Exp Ther Med. 
2017;14(6):5321-5328.

	 22.	 Chen Y, Huang W, Sun W, et al. LncRNA MALAT1 promotes cancer 
metastasis in osteosarcoma via activation of the PI3K-Akt signal-
ing pathway. Cell Physiol Biochem. 2018;51(3):1313-1326.

https://orcid.org/0000-0003-1262-9853
https://orcid.org/0000-0003-1262-9853


     |  7 of 9HAN and SHEN

	 23.	 Dong Y, Liang G, Yuan BO, Yang C, Gao R, Zhou X. MALAT1 
promotes the proliferation and metastasis of osteosar-
coma cells by activating the PI3K/Akt pathway. Tumour Biol. 
2015;36:1477-1486.

	 24.	 Ye F, Tian L, Zhou Q, Feng D. LncRNA FER1L4 induces apoptosis 
and suppresses EMT andthe activation of PI3K/AKT pathway in 
osteosarcoma cells via inhibiting miR-18a-5p to promote SOCS5. 
Gene. 2019;721:144093.

	 25.	 Zhang X, Hamblin MH, Yin KJ. The long noncoding RNA Malat 
1: Its physiological and pathophysiological functions. RNA Biol. 
2017;14(12):1705-1714.

	 26.	 Cai X, Liu Y, Yang W, et al. Long noncoding RNA MALAT1 as a 
potential therapeutic target in osteosarcoma. J Orthop Res. 
2016;34(6):932-941.

	 27.	 Foßelteder J, Calin GA, Pichler M. Long non-coding RNA CCAT2 as 
a therapeutic target in colorectal cancer. Expert Opin Ther Targets. 
2018;22(12):973-976.

	 28.	 Chen F, Bai G, Li Y, Feng Y, Wang L. A positive feedback loop of 
long non-coding RNA CCAT2 and FOXM1 promotes hepatocellu-
lar carcinoma growth. Am J Cancer Res. 2017;7:1423-1434.

	 29.	 Wu ZJ, Li Y, Wu YZ, et al. Long non-coding RNA CCAT2 promotes 
the breast cancer growth and metastasis by regulating TGF-beta 
signaling pathway. Eur Rev Med Pharmacol Sci. 2017;21:706-714.

	 30.	 Wu SW, Hao YP, Qiu JH, Zhang DB, Yu CG, Li WH. High expression 
of long non-coding RNA CCAT2 indicates poor prognosis of gastric 
cancer and promotes cell proliferation and invasion. Minerva Med. 
2017;108(4):317-323.

	 31.	 Huang JL, Liao Y, Qiu MX, Li J, An Y. Long non-coding RNA CCAT2 
promotes cell proliferation and invasion through regulating Wnt/
beta-catenin signaling pathway in clear cell renal cell carcinoma. 
Tumour Biol. 2017;39:101042831771131.

	 32.	 Ruan R, Zhao XL. LncRNA CCAT2 enhances cell proliferation via 
GSK3beta/beta-catenin signaling pathway in human osteosar-
coma. Eur Rev Med Pharmacol Sci. 2018;22:2978-2984.

	 33.	 Liu J, Kong D, Sun D, Li J. Long non-coding RNA CCAT2 acts as an 
oncogene in osteosarcoma through regulation of miR-200b/VEGF. 
Artif Cells Nanomed Biotechnol. 2019;47(1):2994-3003.

	 34.	 Wu J, Huang J, Wang W, et al. Long non-coding RNA Fer-1-like 
protein 4 acts as a tumor suppressor via miR-106a-5p and pre-
dicts good prognosis in hepatocellular carcinoma. Cancer Biomark. 
2017;20(1):55-65.

	 35.	 Xia L, Nie D, Wang G, Sun C, Chen G. FER1L4/miR-372/E2F1 
works as a ceRNA system to regulate the proliferation and cell 
cycle of glioma cells. J Cell Mol Med. 2019;23(5):3224-3233.

	 36.	 Chen ZX, Chen CP, Zhang N, Wang TX. Low-expression of lncRNA 
FER1L4 might be a prognostic marker in osteosarcoma. Eur Rev 
Med Pharmacol Sci. 2018;22(8):2310-2314.

	 37.	 Wan P, Su W, Zhuo Y. The role of long noncoding RNAs in neurodegen-
erative diseases. Mol Neurobiol Mol Neurobiol. 2017;54(3):2012-2021.

	 38.	 Chen S, Li W, Guo A. LOXL1-AS1 predicts poor prognosis and 
promotes cell proliferation, migration, and invasion in osteosar-
coma. Biosci Rep. 2019;39(4). https://doi.org/10.1042/BSR20​
190447

	 39.	 Wang H, Li L, Yin L. Silencing LncRNA LOXL1-AS1 attenuates mes-
enchymal characteristics of glioblastoma via NF-kappaB pathway. 
Biochem Biophys Res Commun. 2018;500(2):518-524.

	 40.	 Xu S, Kong D, Chen Q, Ping Y, Pang DA. Oncogenic long noncoding 
RNA landscape in breast cancer. Mol Cancer. 2017;16(1):129.

	 41.	 Mathias C, Zambalde EP, Rask P, Gradia DF, de Oliveira JC. Long 
non-coding RNAs differential expression in breast cancer sub-
types: what do we know? Clin Genet. 2019;95(5):558-568.

	 42.	 Long BO, Li NA, Xu X-X, et al. Long noncoding RNA LOXL1-AS1 
regulates prostate cancer cell proliferation and cell cycle pro-
gression through miR-541-3p and CCND1. Biochem Biophys Res 
Commun. 2018;505(2):561-568.

	 43.	 Gao R, Zhang R, Zhang C, Liang Y, Tang W. LncRNA LOXL1-AS1 
promotes the proliferation and metastasis of medulloblastoma 
by activating the PI3K/AKT pathway. Anal Cell Pathol. (Amst). 
2018;2018:9275685.

	 44.	 Yang N, Chen J, Zhang H, et al. LncRNA OIP5-AS1 loss-induced 
microRNA-410 accumulation regulates cell proliferation and apop-
tosis by targeting KLF10 via activating PTEN/ PI3K/AKT pathway 
in multiple myeloma. Cell Death Dis. 2017;8:e2975.

	 45.	 Arunkumar G, Anand S, Raksha P, et al. LncRNA OIP5-AS1 is over-
expressed in undifferentiated oral tumors and integrated analysis 
identifies as a downstream effector of stemness-associated tran-
scription factors. Sci Rep. 2018;8:7018.

	 46.	 Deng J, Deng H, Liu C, Liang Y, Wang S. Long non-coding 
RNA OIP5-AS1 functions as an oncogene in lung adenocarci-
noma through targeting miR-448/Bcl-2. Biomed Pharmacother. 
2018;98:102-110.

	 47.	 Song L, Zhou Z, Gan Y, et al. Long noncoding RNA OIP5-AS1 
causes cisplatin resistance in osteosarcoma through inducing the 
LPAATβ/PI3K/AKT/mTOR signaling pathway by sponging the miR-
340-5p. J Cell Biochem. 2019;120(6):9656-9666.

	 48.	 Shen CJ, Cheng YM, Wang L. LncRNA PVT1 epigenetically silences 
miR-195 and modulates EMT and chemoresistance in cervical can-
cer cells. J Drug Target. 2017;25(7):637-644.

	 49.	 Chang Z, Cui J, Song Y. Long noncoding RNA PVT1 promotes EMT 
via mediating microRNA-186 targeting of Twist1 in prostate can-
cer. Gene. 2018;654:36-42.

	 50.	 Cui M, You L, Ren X, Zhao W, Liao Q, Zhao Y. Long non-coding RNA 
PVT1 and cancer. Biochem Biophys Res Commun. 2016;471(1):10-14.

	 51.	 Sun ZY, Jian YK, Zhu HY, Li B. lncRNAPVT1 targets miR-152 
to enhance chemoresistance of osteosarcoma to gemcitabine 
through activating c-MET/PI3K/AKT pathway. Pathol Res Pract. 
2019;215(3):555-563.

	 52.	 Zhang L, Chen S, Wang B, et al. An eight-long noncoding RNA 
expression signature for colorectal cancer patients' prognosis. 
J Cell Biochem. 2019;120:5636-5643. https://doi.org/10.1002/
jcb.27847

	 53.	 Bao J, Chen X, Hou Y, Kang G, Li Q, Xu Y. LncRNA DBH-AS1 fa-
cilitates the tumorigenesis of hepatocellular carcinoma by target-
ing miR-138 via FAK/ Src/ERK pathway. Biomed Pharmacother. 
2018;107:824-833.

	 54.	 Liu ZB, Wang JA. Lv RQ. Downregulation of long non-coding RNA 
DBH-AS1 inhibits osteosarcoma progression by PI3K-AKT signal-
ing pathways and indicates good prognosis. Eur Rev Med Pharmacol 
Sci. 2019;23(4):1418-1427.

	 55.	 Zhu F, Zhang X, Yu Q, et al. LncRNA AWPPH inhibits SMAD4 
via EZH2 to regulate bladder cancer progression. J Cell Biochem. 
2018;119(6):4496-4505.

	 56.	 Yu G, Wang W, Deng J, Dong S. LncRNA AWPPH promotes the 
proliferation, migration and invasion of ovarian carcinoma cells via 
activation of the Wnt/β-catenin signaling pathway. Mol Med Rep. 
2019;19(5):3615-3621.

	 57.	 Ding W, Wu D, Ji F, Zhang H. Inhibition of long non-coding RNA-
AWPPH decreases osteosarcoma cell proliferation, migration and 
invasion. Oncol Lett. 2019;18(5):5055-5062.

	 58.	 Li C, Wang F, Wei B, Wang L, Kong D. LncRNA AWPPH promotes 
osteosarcoma progression via activation of Wnt/β-catenin path-
way through modulating miR-93-3p/FZD7 axis. Biochem Biophys 
Res Commun. 2019;514(3):1017-1022.

	 59.	 Wang LU, Yang G, Zhu X, et al. miR-93-3p inhibition suppresses 
clear cell renal cell carcinoma proliferation, metastasis and inva-
sion. Oncotarget. 2017;8(47):82824-82834.

	 60.	 Li H-Y, Liang J-L, Kuo Y-L, et al. miR-105/93-3p promotes che-
moresistance and circulating miR-105/93-3p acts as a diagnostic 
biomarker for triple negative breast cancer. Breast Cancer Res. 
2017;19(1):133.

https://doi.org/10.1042/BSR20190447
https://doi.org/10.1042/BSR20190447
https://doi.org/10.1002/jcb.27847
https://doi.org/10.1002/jcb.27847


8 of 9  |     HAN and SHEN

	 61.	 Tan M, Asad M, Heong V, et al. The FZD7-TWIST1 axis is responsi-
ble for anoikis resistance and tumorigenesis in ovarian carcinoma. 
Mol Oncol. 2019;13(4):757-780.

	 62.	 Huang Q, Shi SY, Ji HB, Xing SX. LncRNA BE503655 inhibits osteo-
sarcoma cell proliferation, invasion/migration via Wnt/β-catenin 
pathway. Biosci Rep. 2019;39(7):BSR20182200.

	 63.	 Taniguchi K, Karin M. NF-κB, inflammation, immunity and cancer: 
coming of age. Nat Rev Immunol. 2018;18(5):309-324.

	 64.	 Ke S, Li RC, Meng FK, Fang MH. NKILA inhibits NF-kappaB sig-
naling and suppresses tumor metastasis. Aging (Albany NY). 
2018;10:56-71.

	 65.	 Yu X, Tang W, Yang Y, et al. Long noncoding RNA NKILA enhances 
the anti-cancer effects of baicalein in hepatocellular carcinoma 
via the regulation of NF-kappaB signaling. Chem Biol Interact. 
2018;285:48-58.

	 66.	 Zhang GD, Li Y, Liao GJ, Qiu HW. LncRNA NKILA inhibits inva-
sion and migration of osteosarcoma cells via NF-κB/Snail signaling 
pathway. Eur Rev Med Pharmacol Sci. 2019;23(10):4118-4125.

	 67.	 Pintacuda G, Young AN, Cerase A. Function by structure: spot-
lights on xist long non-coding RNA. Front Mol Biosci. 2017;4:90-98.

	 68.	 Yang C, Wu KE, Wang S, Wei G. Long non-coding RNA XIST pro-
motes osteosarcoma progression by targeting YAP via miR-195-5p. 
J Cell Biochem. 2018;119:5646-5656.

	 69.	 Lv GY, Miao J, Zhang XL. Long noncoding RNA XIST promotes os-
teosarcoma progression by targeting ras-related protein RAP2B 
via miR-320b. Oncol Res. 2018;26:837-846.

	 70.	 Zhang R, Xia T. Long non-coding RNA XIST regulates PDCD4 ex-
pression by interacting with miR-21-5p and inhibits osteosarcoma 
cell growth and metastasis. Int J Oncol. 2017;51(5):1460-1470.

	 71.	 Gao W, Gao J, Chen L, Ren Y, Ma J. Targeting XIST induced apop-
tosis of human osteosarcoma cells by activation of NF-kB/PUMA 
signal. Bioengineered. 2019;10(1):261-270.

	 72.	 Wang C, Yan G, Zhang Y, Jia X, Bu P. Long non-coding RNA MEG3 
suppresses migration and invasion of thyroid carcinoma by target-
ing of Rac1. Neoplasma. 2015;62:541-549.

	 73.	 Takebe N, Nguyen D, Yang SX. Targeting notch signaling path-
way in cancer: clinical development advances and challenges. 
Pharmacol Ther. 2014;141:140-149.

	 74.	 Benetatos L, Vartholomatos G, Hatzimichael E. MEG3 imprinted 
gene contribution in tumorigenesis. Int J Cancer. 2011;129:773-779.

	 75.	 Modali SD, Parekh VI, Kebebew E, Agarwal SK. Epigenetic regula-
tion of the lncRNA MEG3 and its target c-MET in pancreatic neu-
roendocrine tumors. Mol Endocrinol. 2015;29:224-237.

	 76.	 Sun M, Xia R, Jin F, et al. Downregulated long noncoding RNA 
MEG3 is associated with poor prognosis and promotes cell prolif-
eration in gastric cancer. Tumour Biol. 2014;35:1065-1073.

	 77.	 Previs RA, Coleman RL, Harris AL, Sood AK. Molecular pathways: 
translational and therapeutic implications of the Notch signaling 
pathway in cancer. Clin Cancer Res. 2015;21:955-961.

	 78.	 Zavadil J, Bottinger EP. TGF-beta and epithelial-to-mesenchymal 
transitions. Oncogene. 2005;24:5764-5774.

	 79.	 Muraoka RS, Dumont N, Ritter CA, et al. Blockade of TGF-beta 
inhibits mammary tumor cell viability, migration, and metastases. J 
Clin Invest. 2002;109:1551-1559.

	 80.	 Guo Q, Qian Z, Yan D, Li LI, Huang L. LncRNA-MEG3 inhibits cell 
proliferation of endometrial carcinoma by repressing Notch signal-
ing. Biomed Pharmacother. 2016;82:589-594.

	 81.	 Zhang SZ, Cai L, Li B. MEG3 long non-coding RNA prevents 
cell growth and metastasis of osteosarcoma. Bratisl Lek Listy. 
2017;118(10):632-636.

	 82.	 Wang O, Yang F, Liu Y, et al. C-MYC-induced upregulation of 
lncRNA SNHG12 regulates cell proliferation, apoptosis and 
migration in triple-negative breast cancer. Am J Transl Res. 
2017;9(2):533-545.

	 83.	 Ruan W, Wang P, Feng S, Xue Y, Li Y. Long non-coding RNA small 
nucleolar RNA host gene 12 (SNHG12) promotes cell prolifer-
ation and migration by upregulating angiomotin gene expres-
sion in human osteosarcoma cells. Tumour Biol. 2016;37(3): 
4065-4073.

	 84.	 Li JP, Liu LH, Li J, et al. Microarray expression profifile of long 
noncoding RNAs in human osteosarcoma. Biochem Biophys Res 
Commun. 2013;433(2):200-206.

	 85.	 Lan T, Ma W, Hong Z, Wu L, Chen XI, Yuan Y. Long non-coding 
RNA small nucleolar RNA host gene 12 (SNHG12) promotes tum-
origenesis and metastasis by targeting miR-199a/b-5p in hepato-
cellular carcinoma. J Exp Clin Cancer Res. 2017;36(1):11.

	 86.	 Zhou S, Yu L, Xiong M, Dai G. LncRNA SNHG12 promotes tu-
morigenesis and metastasis in osteosarcoma by upregulating 
Notch2 by sponging miR-195-5p. Biochem Biophys Res Commun. 
2018;495(2):1822-1832.

	 87.	 Yu L, Fan Z, Fang S, et al. Cisplatin selects for stem-like cells 
in osteosarcoma by activating Notch signaling. Oncotarget. 
2016;7(22):33055-33068.

	 88.	 Cao Y, Yu L, Dai G, et al. Cinobufagin induces apoptosis of os-
teosarcoma cells through inactivation of Notch signaling. Eur J 
Pharmacol. 2017;794:77-84.

	 89.	 Artavanis-Tsakonas S, Rand MD, Lake RJ. Notch signaling: cell 
fate control and signal integration in development. Science. 
1999;284(5415):770-776.

	 90.	 Xu K, Zhang Z, Qian J, et al. LncRNA FOXD2- AS1 plays an on-
cogenic role in hepatocellular carcinoma through epigenetically 
silencing CDKN1B(p27) via EZH2. Exp Cell Res. 2019;380(2): 
198-204.

	 91.	 Ren Z, Hu Y, Li G, Kang Y, Liu Y, Zhao H. HIF-1α induced long non-
coding RNA FOXD2-AS1 promotes the osteosarcoma through re-
pressing p21. Biomed Pharmacother. 2019;117:109104.

	 92.	 Cho YJ, Kim SH, Kim EK, et al. Prognostic implications of poly-
comb proteins ezh2, suz12, and eed1 and histone modifification 
by H3K27me3 in sarcoma. BMC Cancer. 2018;18(1):158.

	 93.	 Feng H, Tillman H, Wu G, Davidoff AM, Yang J. Frequent epigene-
tic alterations in polycomb repressive complex 2 in osteosarcoma 
cell lines. Oncotarget. 2018;9(43):27087-27091.

	 94.	 Cui Y, Li C, Zeng C, et al. Tongmai Yangxin pills anti-oxidative stress 
alleviates cisplatin-induced cardiotoxicity: network pharmacol-
ogy analysis and experimental evidence. Biomed Pharmacother. 
2018;108:1081-1089.

	 95.	 Lin A, Li C, Xing Z, et al. The LINK-A lncRNA activates normoxic 
HIF1α signalling in triple-negative breast cancer. Nat Cell Biol. 
2016;18(2):213-224.

	 96.	 Zhao B, Liu K, Cai L. LINK-A lncRNA functions in the me-
tastasis of osteosarcoma by upregulating HIF1α. Oncol Lett. 
2019;17(6):5005-5011.

	 97.	 Chaudhary R, Lal A. Long noncoding RNAs in the p53 network. 
Wiley Interdiscip Rev. RNA. 2017;8(3):e1410.

	 98.	 Sun TT, He J, Liang Q, et al. LncRNA GClnc1 promotes gastric 
carcinogenesis and may act as a modular scaffold of WDR5 and 
KAT2A complexes to specify the histone modifification pattern. 
Cancer Discov. 2016;6(7):784-801.

	 99.	 Sui Y, Han Y, Zhao X, Li D, Li G. Long non-coding RNA GClnc1 pro-
motes tumorigenesis in osteosarcoma by inhibiting p53 signaling. 
Biochem Biophys Res Commun. 2018;507(1–4):36-42.

	100.	 Zheng H, Min J. Role of Long Noncoding RNA HOTAIR in the 
Growth and Apoptosis of Osteosarcoma Cell MG-63. Biomed Res 
Int. 2016;2016:5757641.

	101.	 Liu CW, Liu D, Peng D. Long non-coding RNA ZFAS1 regulates 
NOB1 expression through interacting with miR-646 and pro-
motes tumorigenesis in osteosarcoma. Eur Rev Med Pharmacol Sci. 
2019;23(8):3206-3216.



     |  9 of 9HAN and SHEN

	102.	 Chan LH, Wang W, Yeung W, Deng Y, Yuan P, Mak KK. Hedgehog 
signaling induces osteosarcoma developmentthrough Yap1 and 
H19 overexpression. Oncogene. 2014;33(40):4857-4866.

	103.	 Li Z, Yu X, Shen J. Long non-coding RNAs: emerging players in os-
teosarcoma. Tumour Biol. 2016;37(3):2811-2816.

	104.	 Zhang Y, Dai Q, Zeng F, Liu H. MALAT1 Promotes the proliferation 
and metastasis of osteosarcoma cells by activating the Rac1/JNK 
pathway via targeting MiR-509. Oncol Res. 2018;27.

How to cite this article: Han J, Shen X. Long noncoding RNAs 
in osteosarcoma via various signaling pathways. J Clin Lab 
Anal. 2020;34:e23317. https://doi.org/10.1002/jcla.23317

https://doi.org/10.1002/jcla.23317

