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Background: Large amounts of researches indicate that non-coding RNAs play a crucial

role in many malignancies. However, the potential mechanisms of non-coding RNAs

involved in osteosarcoma tumorigenesis remain elusive.

Materials and Methods: The expression of long non-protein coding RNA 691 (lncRNA

691) in cell lines and paired osteosarcoma tissues was compared by qRT-PCR assay. Then,

we explored the tumor suppressor function of lncRNA 691 with MTS and colony formation

assay. Flow cytometry results showed lncRNA 691 can enhance cell apoptosis. Then, we

predicted and verified the negative regulation relationship with miRNA and the miRNA’s

target gene. Lastly, we revealed the tumorigenesis function of lncRNA-691/miRNA/target

gene axis in osteosarcoma.

Results: In our study, we disclosed that lncRNA 691 had low expression levels in osteo-

sarcoma cell lines and tissues. Overexpression of lncRNA 691 could suppress the cell

proliferation and induce cell apoptosis in MG-63 cell line. Then, bioinformatics analyses

were performed and miR-9-5p was found to negatively regulate the lncRNA 691 expression

and promote the osteosarcoma tumorigenesis in vitro. PTEN was predicted as the target gene

of miR-9-5p. Luciferase reporter assay and RIP assay demonstrated the regulatory network

of lncRNA 691/miR-9-5p/PTEN. We revealed that PTEN was downregulated by the over-

expression of miR-9-5p and upregulated by the overexpression of lncRNA 691. At last, the

apoptosis-associated protein of the lncRNA 691/miR-9-5p/PTEN/PI3K/AKT was further

demonstrated.

Conclusion: LncRNA 691/miR-9-5p could regulate the tumorigenesis by regulating the

PTEN/PI3K/AKT signal pathway in osteosarcoma.
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Introduction
Osteosarcoma (OS) is the most common type of bone malignant tumor derived from

the interstitial cell line.1–3 The rapid growth of OS is due to the direct or indirect

formation of tumor bone-like tissue and bone tissue throughout the cartilage stage. The

mutations of weight-bearing bone of the lower limb cells which related to the formation

of OS can be attributed to the influence of external factors (such as virus).4

Non-coding RNAs (ncRNA) constitute a class of molecules that function as

post-transcriptional gene regulators and have been recognized as oncogenes or anti-

oncogenes.5 A variety of ncRNAs have been involved in the regulation of multiple

processes of tumorigenesis.6 Long non-coding RNA (lncRNA) is a class of non-
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coding RNA with length more than 200 nt. Studies have

shown that a number of lncRNAs were abnormally

expressed in osteosarcoma and participated in the regula-

tion of osteosarcoma-related genes.7 MicroRNA (miRNA)

is a type of non-coding small included 22–28 nt in length.

miRNA can affect cell proliferation, differentiation and

apoptosis by binding to its target genes. Salmena et al

proposed that competing endogenous RNA (ceRNA)

mechanisms that lncRNAs could sponge miRNAs and

bind proteins to exert the oncogene or anti-oncogene

function.8 For example, DANCR working as

a competitive endogenous RNA can promote ROCK1-

mediated proliferation via miR-335-5p and miR-1972

in OS.9

lncRNA 691 is a novel lncRNA, which has never been

studied in human cancer. Previous studies have found that

miRNA-9-5p could promote proliferation and invasion of

cervical cancer and renal clear cell carcinoma. Phosphatase

and tensin homolog (PTEN) is a tumor suppressor gene

associated with the occurrence and development of

a variety of malignant tumors.10,11 PTEN is the only anti-

tumor protein with dual phosphatase activities and it plays

a wide regulatory role in physiological processes such as cell

proliferation and apoptosis.7,12,13 Studies have shown that the

function of PTEN in apoptosis regulation may be related to

PI3K/AKT signaling pathway.14,15

In the current study, we firstly revealed the crucial

function of lncRNA-691 in the tumorigenesis of OS regu-

lated by miR-9-5p and PTEN/PI3K/AKT pathway.

Methods
Patients and Tissues
Seventeen osteosarcoma patients’ tumor tissues and adja-

cent normal tissues were collected in our center during

2015–2018. All the patients were diagnosed as osteosar-

coma without radiotherapy or chemotherapy before sur-

gery. The study was undertaken with the approval of the

Second Affiliated Hospital of Inner Mongolia Medical

University Institutional Ethics Committee Board. All

patients have signed the written consent form.

Cell Culture
MG-63, U2OS, 143B human osteosarcoma cell lines and

human osteoblast cell line hFOB 1.19 were purchased from

American Tissue Culture Collection (Manassas, VA, USA).

All the cells have been cultured in DMEM (Gibco, NY, USA)

mixed with 10% fetal bovine serum (Gibco, NY, USA) and

100 µg/mL penicillin and 100 µg/mL streptomycin solution

(Solarbio, Beijing, China). All cells were incubated at 37 °C

in a humidified 5% CO2 atmosphere.

pcDNA empty vector (mock), pcDNA-lncRNA 691

overexpression vector were synthesized by GenePharma

(Shanghai, China) and cloned into MG-63 cell line with

the recombinant lentiviral ZsGreen Puro vector (Inovogen

Tech. Co). MiR-9-5p mimic and NC mimic were pur-

chased from GenePharma (Shanghai, China).

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR) Assay
The extraction of total RNA was performed with TRIzol

reagent (Invitrogen, Carlsbad, CA) and cDNAs were synthe-

sized by PrimeScriptTM RT reagent kit (Tiangen, Beijing,

China). The quantitative real-time PCR was performed using

an RT-PCR system (TransGen Biotech, Beijing, China) on the

CFX96 Touch Real-Time PCR system (Biorad, Hercules,

USA). All the procedures were performed following the man-

ufacturer’s protocols. The sequences of the primers were as

follows:

lncRNA-691

Forward: GCAGTCTGTGAGCTGGATGT

Reverse:GCAGTCTGTGAGCTGGATGT

miR-9-5p

Forward: AGCTTGCTGCACCTTAGTCT

Reverse: AACGCTTCACGAATTTGCGT

U6

Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT

PTEN

Forward: ACCACCACAGCTAGAACTT

Reverse:ATCTAGGGCCTTGTGTGCCT

β-Actin
Forward: CCACTGGCATCGTGATGGA

Reverse: CGCT CGGTGAGGATCTTCAT

Cell Proliferation (MTS) Assay
Cell viability was measured by CellTiter 96® AQueous

One Solution Cell Proliferation Assay Kit (Promega,

USA). Cells were divided into the lncRNA 691 overex-

pression group and MOCK group. All cells (2×103) were

plated in triplet 96-well plates and cultured for 24, 48, 72,

and 96 hrs. Then, 20 μL reagent was added into each well

and the plates were incubated at 37°C for another 2 hrs.

Lastly, absorbance was detected at 490 nm with an

SpectraMax iD3 (Molecular Devices, USA).
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Colony Formation Assay
Overexpression lncRNA 691 MG-63 cells and NC MG-63

cells (5 × 102 cells/well) were plated into six-well plates

and cultured for 2 weeks. After fixation with 4% parafor-

maldehyde, the colonies were stained with 1% crystal

violet in methanol and then counted to evaluate cell pro-

liferation. The experiments were conducted in triplicate.

Cell Apoptosis Analysis by Flow

Cytometry
For detecting cell apoptosis level, flow cytometry methods

were performed to analyze in accordance with the Annexin

V-APC/7-aminoactinomycin D (7-AAD) Apoptosis

Detection Kit (KeyGen, China). After cultured cells were

seeded, digested, harvested, washed and precooled, we

added the Annexin V-APC and 7-AAD into the samples.

The samples were incubated at room temperature in a dark

place and the apoptosis rate was detected using flow cyto-

metry analysis (BD Accuri™ C6, USA).

Western Blot
Total protein was extracted using RIPA lysis buffer

(Solarbio, Beijing, China) with the Protease Inhibitor

Cocktail (Sigma) and qualified using BCA detecting kit

(Tiangen, Beijing, China). All procedures were performed

according to the manufacture’s protocol. Then, equal

amounts of proteins were loaded in sodium dodecyl sulfate-

polyacrylamide gels and transferred to a polyvinylidene

fluoride membrane. After blocked with tris buffered saline-

tween with 5% nonfat milk at room temperature (BD

Bioscience, USA) for 0.5 hrs, the membranes were incu-

bated with PTEN, t-PI3K, p-PI3K, t-AKT, p-AKT,

Caspase3, Bcl-2, BAX and β-actin antibodies (dilution

rates of 1:500) (Abcam, Cambridge, MA, USA) at 4 °C

overnight. Then, the membranes were incubated with anti-

rabbit or anti-mouse secondary antibodies (1:5000)

(Solarbio, Beijing, China) after washed. Finally, the signals

were detected by SuperSignal West Femto Trial Kit

(Thermo Fisher Scientific, USA).

Luciferase Reporter Assay
PGL3 control vector (Promega Corporation, Madison, WI)

is used as a firefly luciferase reporter vector. The lncRNA

691 wild-type or mutant and PTEN 3’UTR wild-type or

mutant with miR-9-5p binding sequence were cloned into

downstream of pGL3-control luciferase reporter vectors

(Genewiz, Suzhou, China) in 3’UTR to synthesize

lncRNA 691–wt or –mut and PTEN –wt or –mut lucifer-

ase reporter vector, respectively. MG-63 cells were co-

transfected with 100 ng of the corresponding luciferase

reporter vector and miR-9-5p mimics or mimic control.

Then, the luciferase activity was detected with the lucifer-

ase reporter assay system (Promega Corporation, Madison,

WI) and the SpectraMax iD3 (Molecular Devices, USA).

Then, the fluorescence intensity with the ratios of firefly

luciferase (hLuc) activity/Renilla luciferase (hRluc) activ-

ity was calculated (Figures S1and S2).

RNA Immunoprecipitation Assay
The RNA immunoprecipitation (RIP) assay was

performed using a Magna RIP™ RNA Binding Protein

Immunoprecipitation Kit (Millipore, USA). MG-63 cells

transfected with miR-9-5p or miR-NC were lysed by RIP

buffer containing magnetic beads conjugated with human

anti-Ago2 antibody or IgG antibody as negative control at

4 °C. Then, the immunoprecipitated RNAwas washed and

extracted with TRIzol and analyzed by qRT-PCR to detect

the expression level.

Statistical Analysis
All the statistical analyses were performed in the

R software environment (version 3.6.2; http://r-project.

org/). Graphs were presented by using GraphPad Prism 7

Software (GraphPad, San Diego, CA). The significance of

differences between groups was assessed by Student’s

t-test, one-way ANOVAs or χ2 test. p < 0.05 was consid-

ered as statistically significant in all statistical analyses.

Results
lncRNA 691 Expression Level Is Low in

OS Tissues and Cell Lines
The lncRNA 691 expression level in OS tissues and normal

tissues was evaluated by qRT-PCR. We compared the

expression of lncRNA 691 in 17 OS patients’ tumor tissues

and their paired adjacent tissues. We found that the expres-

sion level of lncRNA 691 in OS tissues decreased signifi-

cantly along with the T stage rise (p < 0.0001) (Figure 1A).

Then, we compared the lncRNA 691 expression level in the

OS tissues and their adjacent tissues. As the results pre-

sented in Figure 1B, lncRNA 691 was decreased in OS

tissues compared with adjacent normal tissues (p < 0.001).

At last, we compared the lncRNA 691 expression level in

normal and OS cell lines. The expression level of lncRNA

691 in hFOB 1.19 cell line was higher than MG-63, U2OS,
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143B (p < 0.0001) (Figure 1C), which is consistent with the

result of the clinical samples.

Overexpression lncRNA 691 Could

Inhibit Cell Viability, Proliferation and

Promotes Apoptosis in OS Cell Lines
To evaluate the cell viability between the overexpression

lncRNA 691 group and the MOCK group, we used the

MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-

phenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay. The

results (Figure 1D) showed that the optical density (OD)

values of MOCK group were higher than the lncRNA 691

overexpression group (p = 0.0312), which indicated that

lncRNA 691 can suppress OS cell viability. The colony

formation assay results (Figure 1E) were consistent with

the MTS assay. The number of MG-63 cell colonies was

decreased significantly in the lncRNA 691 overexpression

group compared with theMOCK group, which demonstrated

that upregulated lncRNA 691 expression can suppress OS

Figure 1 (A) The expression of lncRNA 691 in OS tissues was significantly reduced with the T stage rise. (B) The expression of lncRNA 691 in OS tissue was lower than

adjacent normal tissue. (C) The expression of lncRNA 691 in hFOB1.19 was significantly higher than OS cell lines. (D) The OD values of overexpression lncRNA 691 group

were lower than MOCK group. (E) The colony formation assay results showed that the number of MG-63 cell colonies were decreased significantly in lncRNA 691

overexpression group compared with the NC group. (F) The apoptotic cells percent of lncRNA 691 overexpression group was elevated. ***p < 0.001 or ****p < 0.0001

indicates a significant difference compared with the control group.
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cell proliferation. We also conducted the flow cytometry to

detect the cell apoptosis between these two groups. The

percentage of apoptotic cellsof lncRNA 691 overexpression

group was reduced by (33.5±4.23)%. This phenomenon

demonstrated that lncRNA 691 overexpression can enhance

cell apoptosis in MG-63 cell line (Figure 1F).

miR-9-5p Expression Level in OS Cell

Lines Is Higher Than Normal Cell Line

and miR-9-5p Could Be Downregulated

by lncRNA 691
According to the prediction results of DIANA tools (http://

carolina.imis.athena-innovation.gr/)16 and starBase v2.0, 42

miRNAs were predicted have the potential ability to bind

with lncRNA 691 (Figure S3). Combined with preliminary

experiment results, we finally selected miR-9-5p as it show

the significant difference. We compared the miR-9-5p level

in normal cell line and OS cell lines, overexpression lncRNA

691 MG-63 and MOCK MG-63, respectively. The result

(Figure 2A) showed that the expression level of miR-9-5p

in hFOB 1.19 was lower than MG-63, U2OS, 143B (p <

0.0001) (Figure 1D) and miR-9-5p is downregulated in

lncRNA 691 overexpression MG-63 cell line (Figure 2B).

lncRNA 691 Could Bind to miR-9-5p:

Luciferase Reporter Assay and RIP
To validate the bioinformatics tools’ prediction results, luci-

ferase reporter assay was conducted. Wild-type (WT) and

mutant pmirGLO-lncRNA 691 vector was inserted with the

binding sites of miR-9-5p (Figure 2C). The data showed that

the luciferase activity was significantly reduced in MG-63

cells co-transfected with lncRNA 691 and miR-9-5p

(Figure 2D), which demonstrated that miR-9-5p could bind

to lncRNA 691. Then, we conducted an anti-AGO2 RIP assay

to further validate the regulatory relationship of lncRNA 691

and miR-9-5p. After pulling down, the RNA immunoprecipi-

tates were detected by qRT-PCR. The results confirmed the

regulatory relationship as the expression of miR-9-5p is

enrichment in the lncRNA 691 overexpression group than

the NC group (p=0.0251; Figure 2E).

miR-9-5p Could Offset the Effect Induced

by lncRNA 691
To verify the correlation of miR-9-5p and lncRNA 691, we

investigated whether the tumor suppressor effect of

lncRNA 691 could be offset by miR-9-5p. MiR-9-5p

mimics or miR-NC were transfected into the lncRNA

691 stable overexpression MG-63 cell line. MTS assay

and flow cytometry were conducted again. As shown in

Figure 2F and G, the group transfected with miR-9-5p

mimics could enhance cell proliferation and inhibit cell

apoptosis, offset the effect induced by lncRNA 691.

PTEN Is the Target Gene Regulated by

miR-9-5p
To investigate the underlying mechanism of miR-9-5p

biological function in OS, we predicted the mRNA bind-

ing sites in DIANA-micro-CDS software and Targetscan

Human7.2 and starBase (Figure S4). Among the 31 genes

of the intersection of three databases, only PTEN consisted

of previous studies and our preliminary experiment result.

We predicted that PTEN was a target gene of miR-9-5p

with the binging sites (Figure 3A) and qRT-PCT result is

in accordance with the hypothesis (Figure 3B). Luciferase

reporter assay was conducted to determine whether miR-

9-5p could directly bind with PTEN. The results supported

our hypothesis as only the fluorescence intensity of Wt-

PTEN–3ʹ-UTR reporter vector with miR-9-5p mimics

group was significantly reduced in all four groups

(p <0.0001; Figure 3C). Then, we compared the PTEN

expression level in the miR-9-5p mimics group with the

NC mimics group and we found that the PTEN in miR-

9-5p mimics group was remarkably reduced (Figure 3D).

These findings demonstrated that PTEN expression could

be regulated by lncRNA 691/miR-9-5p as ceRNA manner.

lncRNA 691/miRNA-9-5p Could Regulate

the Apoptosis of MG-63 Cell Line by

Targeting PTEN/PI3K/AKT Signal Pathway
Then, we detected the expression level of PTEN/PI3K/

AKT signal pathway and apoptosis-associated proteins by

Western blot in lncRNA 691 overexpression group,

MOCK group, miR-9-5p mimics group and miR-NC

group. The results revealed that PTEN expression level

was prominently higher in lncRNA 691 overexpression

cell and miR-9-5p could prominently reduce the level of

PTEN. t-PI3K and t-AKT expression showed no difference

but the p-PI3K and p-AKT expression were strengthened

by miR-9-5p mimics and inhibited by lncRNA 691 over-

expression. Earlier results manifested that the overexpres-

sion of lncRNA 691 could restrain PTEN/PI3K/AKT

signaling pathways, while miR-9-5p mimic could reverse

the effect (Figure 4). For the apoptosis-associated proteins,
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Figure 2 (A) The expression of miR-9-5p was significant higher in OS tissue than normal tissue. (B) The expression of miR-9-5p was significantly downregulated by lncRNA

691. (C) Luciferase reporter assay result showed lncRNA 691 can bind to miR-9-5p. (D) The luciferase activity of WT lncRNA 691 reporter vector was significantly reduced

by miR-9-5p mimics, compared with the empty vector and mutant reporter vector. (E) The expression of miR-9-5p in the lncRNA 691 overexpression group was remarkale

higher than the NC group. (F) The OD values of overexpression lncRNA 691 and miR-9-5p mimics group were higher than overexpression lncRNA 691 and NC group. (G)

The overexpression lncRNA 691 cells transfected with miR-9-5p mimics can inhibit cell apoptosis.*p < 0.05 or ****p < 0.0001 indicates a significant difference compared

with the control group.
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Figure 3 (A) Luciferase reporter assay showed the miR-9-5p can bind to PTEN. (B) PTEN expression was low in OS tissues. (C) The luciferase activity of group

(pmirGLO-PTEN–3ʹ-UTRWt reporter vector and miR-9-5p mimics) was dramatically reduced comparing with the other three groups. (D) The expression of PTEN in miR-

9-5p mimics group was significantly lower than miR-NC group. *p < 0.05, **p<0.01, ***p<0.001 or ****p < 0.0001 indicates a significant difference compared with the

control group.
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Bax and Cleaved Caspase-3 were upregulated by lncRNA

691 and downregulated by miR-9-5p, while BCL-2 was

downregulated by lncRNA 691 and upregulated by miR-

9-5p (Figure 4).

Discussion
Recent years have witnessed that lncRNAs serve as an onco-

gene or anti-oncogene and play crucial roles in the develop-

ment of various cancers includingOS.17–19 In addition, studies

demonstrated that the lncRNAs could function as competing

endogenous RNA (ceRNAs) to regulate target gene expres-

sion though competitively bind to miRNA response

elements.20 A few lncRNAs involved in the tumorigenesis

of osteosarcoma have been identified.21–24 For instance,

lncRNA PCAT6 could sponge miR-185-5p to promote

tumor progression of osteosarcoma through TGF-

βpathway,25 LINC01278 could favor the progression of osteo-
sarcoma via miR-133a-3p/PTHR1 pathway.26 In this study,

we focused on the specific tumorigenesis mechanism induced

by lncRNA 691 and its ceRNA, miR-9-5p in osteosarcoma.

lncRNA 691, first reported by Navarini in 2014,27 is

a novel lncRNA which has never been studied in the

human cancer progression. Emerging researches have

identified that miR-9-5p was involved in the progression

of many diseases, such as kidney fibrosis,28 tuberous

sclerosis complex angiomyolipoma29 and different tumors.

It could promote malignant biological progression in cer-

vical cancer,30 prostate cancer.31 However, in pancreatic

cancer and papillary thyroid cancer, miR-9-5p functions as

a tumor suppressor.32,33 It could also promote angiogen-

esis by target CXCR4.34 PTEN is a classic anti-oncogene

in human beings. Its loss or deactivation has been reported

in the development of osteosarcoma.35,36 Many non-

coding RNAs have been identified, which can bind to

PTEN, such as circ-ORC2 and miR-19a37 and miR-29.38

An increasing number of studies have shown that PTEN/

PI3K/Akt pathway is involved in the tumorigenesis of

osteosarcoma as the loss of function of PTEN may prevent

the phosphorylation of PIP2 and decrease the PIP3 and

eventually activate the PI3K-Akt pathway to inhibit cell

proliferation.39 Meanwhile, PTEN has been recognised as

a PD-L1 promoter in OS immunotherapy as PTEN can

mediate the PD-L1 expression level.40,41

In this research, we identified that lncRNA 691 expres-

sion level is low in OS tissues and cell lines compared

with normal tissues and cell line, respectively. What is

more, as the T stage improves, the expression level of

lncRNA 691 decreases. On the basis of this phenomenon,

we conducted a series of experiment in vitro to detect the

function of lncRBA 691 in MG-63 cell line. We found that

overexpression of lncRNA 691 could inhibit cell viability,

restrain cell proliferation ability and strengthen cell apop-

tosis. These results revealed that lncRNA 691 acts as

a tumor suppressor gene in the tumorigenesis of OS.

Then, we established the lncRNA–miRNA–mRNA regu-

latory networks of lncRNA 691/miR-9-5p/PTEN.

A majority of lncRNAs and miRNAs have been demon-

strated as ceRNA in regulating the process of tumorigenesis.

Some sites of miRNAs’ 3ʹ-UTR can bind to lncRNAs and

then compose the RNA-induced silencing complex. This

mechanism could explain the broad biological process. In

this article, firstly we predicted the binding miRNAs of

lncRNA 691 with different bioinformatics prediction tools

and then we validated the binding relationship of lncRNA

691 and miR-9-5p with luciferase report assay and RIP

immunoprecipitation. Secondly, we explored the biological

function of miR-9-5p in MG-63 cell line too. Then, we

further predicted the target gene of miR-9-5p and validated

it. Finally, we set the relationship between lncRNA 691/miR-

9-5p and classic tumor suppressor gene PTEN.

To explore the function of lncRNA 691/miR-9-5p/PTEN

axis, we detected the PI3K/AKT pathway proteins and apop-

tosis-associated proteins. We found that PI3K/AKT pathway

Figure 4 Overexpression of lncRNA 691 can upregulate PTEN expression and

downregulate p-PI3K and p-AKTexpression, miR-9-5p can downregulate PTEN and

upregulate p-PI3K and p-AKT expression. t-PI3K and t-AKT expression showed no

difference in all four groups. Caspase-3 and BAX were upregulated in overexpres-

sion lncRNA 691 group while Bcl-2 was downregulated, miR-9-5p mimics can

reverse the effect.
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was upregulated by overexpression of lncRNA 691 by sup-

pressing cell apoptosis. These phenomena demonstrated our

hypothesis that lncRNA 691 can competitively bind to miR-

9-5p in a ceRNA model.

Conclusion
LncRNA 691 can regulate tumorigenesis by regulating the

PTEN/PI3K/AKT signal pathway through miR-9-5p in

osteosarcoma.
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