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LncRNA GAS5 Suppresses the Proliferation
and Invasion of Osteosarcoma Cells via
the miR-23a-3p/PTEN/PI3K/AKT Pathway

Jianmin Liu1, Ming Chen2 , Longyang Ma1, Xingbo Dang1,
and Gongliang Du1

Abstract
Accumulating evidence has shown that long noncoding RNA GAS5 is a well-known tumor suppressor in the pathogenesis of a
variety of human cancers. However, the detailed role of GAS5 in osteosarcoma is still largely unclear. In this study, we found
that GAS5 was downregulated in human osteosarcoma tissues and cell lines compared with matched adjacent tissues and
normal osteoblast cells. Overexpression of GAS5 could significantly suppress the growth and invasion of osteosarcoma cells,
while downregulation of GAS5 promoted cell proliferation and invasion. We confirmed that GAS5 could directly bind with
miR-23a-3p by using luciferase reporter gene and RNA immunoprecipitation and pull-down assay. Downregulation of
miR-23a-3p repressed cell proliferation and invasion. Overexpression of miR-23a-3p counterbalanced the inhibition effect of
GAS5 on cell proliferation and invasion. Further studies indicated that overexpression of GAS5 inhibited cell proliferation and
metastasis by regulating phosphatase and tensin homolog (PTEN). PTEN was authenticated as a target of miR-23a-3p.
Upregulation of GAS5 or silence of miR-23a-3p increased the level of PTEN, while downregulation of GAS5 or over-
expression of miR-23a-3p suppressed the expression of PTEN. In addition, overexpression of GAS5 could neutralize the effect
of downregulating PTEN on osteosarcoma cell functions. We proved that GAS5 regulated the viability and invasion of
osteosarcoma cells through the PI3K/AKT pathway. Moreover, overexpression of GAS5 could inhibit tumor growth in a
xenograft nude mouse model in vivo. In summary, GAS5 functions as a competing endogenous RNA, sponging miR-23a-3p, to
promote PTEN expression and suppress cell growth and invasion in osteosarcoma by regulating the PI3K/AKT pathway.
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Introduction

Osteosarcoma is the most common malignant bone tumor

which most frequently occurs in young adults and children

and has a high rate of metastasis and recurrence1–3. With the

application of surgery combined with chemotherapy, the

5-year survival rate of patients with nonmetastatic osteosar-

coma is between 60% and 70%, but the survival rate of patients

with metastatic osteosarcoma is only 11%–13%4–6. Therefore,

it is urgent to elucidate the pathogenesis and molecular

mechanisms of osteosarcoma, which will be helpful for the

development of effective treatments of osteosarcoma.

Long noncoding RNAs (lncRNAs) are a class of protein-

noncoding transcripts with a length greater than 200 nucleo-

tides7,8. Increasing evidence has revealed the important reg-

ulatory effects of lncRNAs on a variety of physiological and

pathological processes, especially cancer8,9. LncRNAs could

serve as competing endogenous RNAs (ceRNAs) by

interfering with the expression of miRNAs involved in the

occurrence and development of cancers. LncRNA growth

arrest-specific transcript 5 (GAS5) has been demonstrated

to be involved in several human cancers, and acts as a tumor

suppressor10. An in vitro investigation revealed that GAS5

could suppress pancreatic cancer metastasis11. In gastric
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cancer, overexpression of GAS5 suppresses tumorigenesis

and development12. However, the potential role of GAS5

in osteosarcoma is largely unknown.

It has been reported that lncRNAs could serve as ceRNAs

by interfering with the expression of miRNAs to be involved

in the occurrence and development of cancers2,5. As is well

known, miRNAs also could bind to different mRNAs to

regulate the development of multiple tumors13,14, including

bladder cancer, pancreatic cancer, osteosarcoma, and so

on15–17. But the relationship between lncRNA and miRNA

is not entirely clear yet18. Some research suggested that

lncRNAs might sponge miRNAs to sequester miRNAs away

from their target mRNAs2,19,20. Hence, exploring the func-

tion of lncRNA–miRNA–mRNA crosstalk could be

expected to become a key development in the mechanism

and pathogenesis of cancers. MiR-23a-3p level was upregu-

lated in a variety of tumors, indicating that miR-23a-3p

could be involved in the occurrence and development of

tumors21. Moreover, miR-23a-3p might promote tumor

development by inhibiting the expression of phosphatase and

tensin homolog (PTEN)22. In the view of these findings, we

were interested in whether miR-23a-3p regulated the level of

PTEN to be involved in the development of osteosarcoma.

In this study, we found the level of GAS5 in osteosarcoma

was lower than that in adjacent tissues as in other tumors.

Then, we explored the role and underlying mechanisms of

GAS5 in osteosarcoma cells. Bioinformatics analysis, luci-

ferase reporter gene RNA immunoprecipitation, and pull-

down assay were used to determine the targeted interaction

between GAS5 and miR-23a-3p. And the effect of GAS5 on

miR-23a-3p/PTEN and PI3K/AKT signaling pathway was

also investigated in osteosarcoma. Furthermore, in vivo

xenograft experiment was used to explore the effect of GAS5

on osteosarcoma growth. This investigation may be an effec-

tive strategy for the treatment of osteosarcoma.

Materials and Methods

Clinical Specimens

Twenty osteosarcoma tissues and their matched adjacent

tissues were collected from patients (15 males and 5 females;

average age 19 years old) who received surgical treatment at

the Shaanxi Provincial People’s Hospital from February

2017 to November 2018. All the patients did not receive

radiotherapy and/or chemotherapy before operation and

gave informed consent before surgery. The histological diag-

nosis of osteosarcoma conformed to the World Health Orga-

nization’s histological criteria for osteosarcoma and the

protocols were approved by the Ethics Committee of

Shaanxi Provincial People’s Hospital. Tissues were frozen

in liquid nitrogen immediately and stored at �80�C.

Cell Lines and Culture

Human normal osteoblast cells (hFOB1.19) and human

osteosarcoma cell lines (Saos2, 143B, MG-63, U2OS, and

HOS) were purchased from American Type Culture Collec-

tion (ATCC, Manassas, VA, USA). All cells were incubated

in Dulbecco’s modified Eagle’s medium (DMEM; Gibco,

Rockville, MD, USA) containing 10% fetal bovine serum

(Gibco) and 100 U/ml penicillin and 100 mg/ml streptomycin

(Sigma, St. Louis, MO, USA) at 37�C in a humidified atmo-

sphere with 5% CO2.

Reverse Transcription-Quantitative Polymerase
Chain Reaction

Total RNA was separated from tissues and cells using

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according

to the manufacturer’s instructions. Briefly, tissues or cells

were lysed with 600 ml of TRIzol, then the supernatant was

precipitated with 600 ml of chloroform and isopropanol and

washed with 75% ethanol. Finally, RNA precipitation was

dissolved with RNase-free H2O. RNA purity and integrity

were analyzed by a spectrophotometer and Bio-Rad

Experion automatic electrophoresis system (Bio-Rad, Her-

cules, CA, USA). RNA was reversely transcribed into cDNA

using a PrimeScript RT reagent Kit (Takara Biotechnology,

Dalian, China) and cDNA amplification was carried out

using TaqMan™ MicroRNA Reverse Transcription Kit

(Applied Biosystems, Waltham, MA, USA) and PrimeScript

RT Master Mix (Takara Biotechnology). Then 25-ml reac-

tion system was built, containing 12.5 ml SYBR Premix Ex

Taq II, 1.0 ml primers (10 mM) and 1 ml cDNA sample (about

200 ng), and 10.5 ml ddH2O. Each reaction was performed in

triplicate wells. Polymerase chain reaction (PCR) program

was conducted on a Real-Time PCR System (ABI7500,

Applied Biosystems) under the following conditions: 95�C
for 1 min, followed by 35 cycles of 95�C for 20 s, then 56�C
for 10 s and 72�C for 15 s. All abundances of the transcripts

were normalized to U6 or GAPDH. The relative expression

of gene was calculated with the 2�DDCt method. All primer

sequences were provided in Supplemental Table 1.

Cell Transfection

Human GAS5 gene was amplified by PCR from hFOB1.19

cells and the cDNA sequences were subcloned into

pcDNA3.1 vector (Sangon, Shanghai, China) to construct

pcDNA-GAS5 plasmid, with the empty pcDNA3.1 vector

serving as the negative control (Vector). Plasmids were

transfected into HOS and U2OS cells using Lipofectamine

3000 Transfection Reagent, according to the manufacturer’s

instructions (Invitrogen, Carlsbad, CA, USA). MiR-23a-3p

mimic, inhibitor, and its corresponding negative control

mimic or inhibitor (NC-mimic and NC-inhibitor) were

bought from Santa Cruz Biotechnology (Santa Cruz, CA,

USA). In addition, siRNA negative control (Scramble),

si-GAS5, and si-PTEN (all obtained from Sangon) were

transfected into cells as described above.

2 Cell Transplantation



Analysis of Cell Proliferation

Cell proliferation was detected by using CCK-8 assay.

Briefly, cells were seeded into 96-well plates and cultured

for 24 h. After transfection for 0, 24, 48, and 72 h, 10 ml

CCK-8 solution was added into each well and co-incubated

with cells for another 2 h at 37�C. The absorption values

were detected at wavelength of 450 nm with a microplate

analyzer (Molecular Devices, Sunnyvale, CA, USA).

Invasion Assays

Cell invasion was determined using Matrigel™ Invasion

Chambers. Briefly, 1� 105 cells in 200 ml serum-free DMEM

were seeded into the upper compartment of 24-well plates,

while 600 ml medium, containing 20% FBS, was added to the

lower chamber. After incubation for 48 h, cells on the upper

membrane surface were removed using a cotton swab and

invaded cells were fixed with 70% ethanol for 10 min and

stained with 0.1% crystal violet for 15 min. These invasive

cells were counted from five randomly selected fields using a

light microscope (magnification, �200, Olympus, Tokyo).

Cell Apoptosis

Flow cytometry was used to evaluate cell apoptosis. After

transfection, cells were collected and washed with

phosphate-buffered saline for three times. Cells were stained

with 5 ml of Annexin V-FITC and 5 ml of propidium iodide at

room temperature in the dark for 20 min, and cell apoptosis

was examined by using flow cytometry (BD Biosciences,

Lake Franklin, NJ, USA).

RNA Immunoprecipitation and RNA Pull-down

RNA immunoprecipitation (RIP) assay was performed to

explore the interaction between GAS5 and miR-23a-3p with

EZ-Magna RIP RNA-binding protein immunoprecipitation

kit (Millipore, Boston, MA, USA). After cells were lysed with

RIP lysis buffer, 100 ml of the lysate was incubated with RIP

immunoprecipitation buffer containing magnetic beads,

which were conjugated with human anti-Argonaute2 (Ago2)

antibodies (Millipore, Billerica, MA, USA) or control normal

mouse immunoglobulin G (IgG; Millipore, Billerica, MA,

USA). Among the antibodies, IgG was considered as a nega-

tive control. Proteinase K buffer was then added to the sam-

ples to digest protein. Finally, the target RNA was extracted

and purified for further study by using qPCR.

RNA pull-down assay was performed to examine the

interaction between GAS5 and miR-23a-3p. Briefly, cells

were transfected with biotinylated miRNA and collected.

Then cell lysates were incubated with M-280 streptavidin

magnetic beads (Invitrogen, San Diego, CA, USA). The

bound RNAs were purified using TRIzol reagent (Invitro-

gen) for further qPCR analysis (the details about the

amplified fragment and it primers are shown in Supple-

mental Fig. 1B).

Luciferase Reporter Gene Assay

The luciferase reporter gene assay was conducted on the

basis of manufacturer’s instructions. Using PCR, we ampli-

fied the putative miR-23a-3p target binding sites in GAS5

and the GAS5 mutant binding sequence. We then subcloned

into a pmirGLO Reporter plasmid (Promega, Madison, WI,

USA) to construct the wild-type GAS5 30-untranslated

region (UTR) (GAS5-WT), mutant GAS5 30-UTR (GAS5-

Mut), wild-type PTEN 30-UTR (PTEN-WT), and mutant

PTEN 30-UTR (PTEN-Mut). Luciferase reporter plasmids

and miR-23a-3p mimic or NC-mimic were cotransfected

into HEK-293 T cells using Lipofectamine 3000. After trans-

fection for 48 h, relative luciferase activity was measured by

using a Dual-Luciferase Reporter Assay System (Promega).

Western Blotting

After transfection, cells were harvested and lysed in radio-

immunoprecipitation assay lysis buffer (Beyotime, Shang-

hai, China) for 30 min at 4�C. Protein concentration was

quantified by using an Enhanced BCA Protein Assay Kit

(Beyotime). Protein samples were separated on 10% sodium

dodecyl sulfate polyacrylamide gel electrophoresis and

transferred to polyvinylidene difluoride membranes (Milli-

pore, Bedford, MA, USA). After blocking with 5% skim

milk for 1 h at room temperature, the blots were probed with

primary antibodies overnight at 4�C [PTEN, 1:2,000 dilu-

tion; PI3 K, 1:000 dilution; phosphorylated PI3 K (p-PI3 K),

1:000 dilution; AKT, 1:000 dilution; phosphorylated AKT

(p-AKT), 1:2,000 dilution] (Abcam, Cambridge, UK). Then

the membranes were washed and incubated with secondary

antibodies (1:2,000 dilution; Abcam, Cambridge, MA, USA)

for 1 h at room temperature. Then, the chemiluminescent

reagent was added to the membrane in an even manner and

developed the image with a developing solution. All western

blots were subjected to relative optical density analysis dur-

ing the experiment. Finally, the signals were visualized using

a chemiluminescence imaging system (Bioshine ChemiQ

4800 mini, Hangzhou, China; Haoxiang, Shanghai, China).

Tumor Xenograft Assay

All animals were approved by the Ethics Committee for the

Use and Care of Animals of Shaanxi Provincial People’s

Hospital. Female BALB/c nude mice (age: 4 weeks old;

weight: 16–20 g) were purchased from Institute of Labora-

tory Animals in Chinese Academy of Medical Sciences

(Shanghai, China). The mice were randomly divided into

two groups, and U2OS cells (2 � 106) containing pcDNA-

GAS5 plasmid or pcDNA3.1 empty vector were subcuta-

neously injected into the right armpit of each mice.

Twenty-eight days later, the mice were sacrificed, and the

cancer tissues were harvested. The tumor volume was calcu-

lated every week with the formula (mm3): tumor volume ¼
length � width2 � 0.5. The body weight of the mice was
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measured by using electronic scale every 7 days. The levels of

GAS5 and miR-23a-3p in tumors were detected using qPCR,

and the protein level of PTEN was analyzed using western blot.

Statistical Analysis

Data are reported as the mean+ standard error of the mean and

processed with SPSS version 22.0 software (IBM Corp.,

Armonk, NY, USA). T-test was used to compare the differences

between the two groups. One-way analysis of variance was used

for the difference analysis of three groups and more than three

groups. P < 0.05 was considered to be statistically significant.

Results

LncRNA GAS5 is Downregulated in Osteosarcoma
Tissues and Cell Lines

To define the potential function of GAS5 (transcript variant

2 in Supplemental Fig. 1A) in osteosarcoma progression, we

first detected the levels of GAS5 in osteosarcoma tissues and

matched adjacent tissues from 20 osteosarcoma patients by

using reverse transcription-quantitative PCR (RT-qPCR).

And we found that the expression level of GAS5 in the

osteosarcoma tissue was significantly lower than the adja-

cent tissue (Fig. 1A). Additionally, we also analyzed the

expression of GAS5 in five osteosarcoma cell lines and a

normal osteoblast cell line. The levels of GAS5 were drama-

tically downregulated in osteosarcoma cell lines Saos2,

143B, MG-63, U2OS, and HOS compared with hFOB1.19

(Fig. 1B). When cells were transfected with pcDNA-GAS5,

the level of GAS5 observably increased relative to control

group (Fig. 1C), while dramatically decreased after transfec-

tion with si-GAS5 (Fig. 1D). These results indicated that the

level of GAS5 was downregulated in osteosarcoma.

Upregulation/Downregulation of GAS5 Inhibits/
Promotes Osteosarcoma Proliferation and Invasion
Through PI3K/AKT Signal Pathway

Since U2OS and HOS cells exhibited the lowest expression

of GAS5, U2OS and HOS cells were selected for further

analysis. CCK-8, Transwell, and flow cytometry assays

showed that overexpression of GAS5 could suppress cell

proliferation viability (Fig. 2A, B), reduce the number of

Figure 1. LncRNA GAS5 is downregulated in human osteosarcoma tissues and cell lines. (A) The expression of lncRNA GAS5 in human
osteosarcoma tissues and matched adjacent tissues was detected by using qPCR (n ¼ 20). (B) The levels of GAS5 in human normal
osteoblast cells (hFOB1.19) and human OS cell lines (Saos2, 143B, MG-63, U2OS, and HOS) were measured by using qPCR. (C) The level
of GAS5 was detected after transfection with 1 mg/ml pcDNA-GAS5 for 48 h. (D) The expression of GAS5 was detected after transfection
with 50 nM GAS5 siRNA (si-GAS5) for 48 h. **P < 0.01 compared with adjacent tissues or hFOB1.19 cells. qPCR: quantitative polymerase
chain reaction.
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cell invasion (Fig. 2C, D), and increase cell apoptosis (Fig.

2E, F), while downregulation of GAS5 could promote cell

proliferation (Fig. 3A, B), increase cell invasion (Fig. 3C,

D), and inhibit cell apoptosis (Fig. 3E, F). Western blot assay

showed that the phosphorylation levels of PI3 K and AKT

decreased after transfection with pcDNA-GAS5 (Fig. 2G)

but increased after transfection with si-GAS5 (Fig. 3G). All

results suggested that GAS5 was involved in the prolifera-

tion and invasion of osteosarcoma through PI3K/AKT signal

pathway.

GAS5 is a Direct Target Gene of miR-23a-3p and
Regulates the Expression of miR-23a-3p

LncRNA could inhibit the expression and activity of

miRNA23, so we used StarBase to predict the potential

miRNA binding sites in GAS5. As shown in Fig. 4A, there

is a complementary binding site between GAS5 and miR-

23a-3p. To validate this prediction, luciferase reporter assay

was performed. The luciferase activity of WT-GAS5 was

significantly reduced by miR-23a-3p mimic in comparison

Figure 2. Overexpression of GAS5 inhibits cell growth, invasion, and PI3K/AKT signal pathway. (A, B) Proliferation of U2OS and HOS cells
was detected by using CCK-8 assay after transfection with 1 mg/ml pcDNA-GAS5 for 0, 24, 48, and 72 h. (C, D) The invasion ability of U2OS
and HOS cells was evaluated by using Transwell invasion assay after transfection with pcDNA-GAS5 for 48 h. (E, F) Apoptosis rates of U2OS
and HOS cells after transfection with pcDNA-GAS5 were detected by using flow cytometry. (G) Western blot analysis was used to detect
the protein expression levels of PI3 K, p-PI3 K, AKT, and p-AKT after transfection with pcDNA-GAS5. *P < 0.05 and **P < 0.01 compared
with control.
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with NC-mimic; however, there was no significant change

in the Mut-GAS5 group (Fig. 4B). It has been proved that

miRNAs exert their functions of gene silencing by

recruiting nuclear localized Ago2. To conform whether

GAS5 and miR-23a-3p are in the Ago2 immunoprecipi-

tants, RIP assay was performed. IgG was used as the

negative control. The results suggested that both GAS5

and miR-23a-3p were enriched in Ago2 pellet in compar-

ison with IgG control group (Fig. 4C). Furthermore, a

biotin-avidin pull-down assay was measured to analyze

whether miR-23a-3p could pull down GAS5. The result

revealed that GAS5 was pulled down by miR-23a-3p,

while failed to the mutated miR-23a-3p, suggesting that

GAS5 could regulate miR-23a-3p in a sequence-specific

manner (Fig. 4D). We also found that miR-23a-3p expres-

sion was higher in osteosarcoma tissues than that in adja-

cent tissues (Fig. 4E). The level of miR-23a-3p

significantly upregulated in osteosarcoma cell lines (Fig.

4F). Moreover, the levels of miR-23a-3p were downregu-

lated when U2OS and HOS cells were transfected with

pcDNA-GAS5, while upregulated after transfection with

si-GAS5 (Fig. 4G, H). These data indicated that GAS5

directly bound to miR-23a-3p and regulated the expres-

sion of miR-23a-3p.

Figure 3. Downregulation of GAS5 promotes cell growth, invasion, and activates PI3K/AKT signal pathway. (A, B) Cell proliferation of
U2OS and HOS cells was detected by using CCK-8 assay after transfection with si-GAS5 for 0, 24, 48, and 72 h. (C, D) The invasion ability of
U2OS and HOS cells was evaluated by using Transwell invasion assay after transfection with si-GAS5 for 48 h. (E, F) Apoptosis rates of U2OS
and HOS cells after transfection with si-GAS5 were detected by using flow cytometry. (G) Western blot analysis was used to detect the
protein expression levels of PI3 K, p-PI3 K, AKT, and p-AKT after transfection with si-GAS5. **P < 0.01 compared with control.
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Downregulation of miR-23a-3p Inhibits Cell Growth
and Invasion Through Activating PI3K/AKT Signal
Pathway

We conducted further studies on how miR-23a-3p regulated

the proliferation and invasion of osteosarcoma cells. As

shown in Fig. 5A, when U2OS and HOS cells were trans-

fected with miR-23a-3p inhibitor, the levels of miR-23a-3p

remarkably reduced. And the proliferation ability of cells

decreased obviously compared with NC-inhibitor group

(Fig. 5B, C). Transwell assay showed that the number of cell

invasion decreased after transfection with miR-23a-3p inhi-

bitor (Fig. 5D). Cell apoptosis was determined using flow

cytometry. The results demonstrated that downregulation of

miR-23a-3p could significantly promote cell apoptosis

(Fig. 5E, F). Western blot experiments showed that down-

regulation of miR-23a-3p could reduce the phosphorylation

of PI3 K and AKT (Fig. 5G). These results indicated that

miR-23a-3p promoted cell proliferation and invasion by

activating PI3K/AKT signal pathway.

Figure 4. GAS5 is a direct target gene of miR-23a-3p and regulates expression of miR-23a-3p. (A) The binding sites of miR-23a-3p on
GAS5 sequence. (B) Luciferase activities of GAS5-Wt and GAS5-Mut with or without transfection of miR-23a-3p. (C) RIP assay was
conducted to examine the binding of miR-23a-3p and GAS5. (D) Fold enrichment of miR-23a-3p in the Ago-precipitated RNA
samples in different groups. (E) The expression of miR-23a-3p in human osteosarcoma tissues and normal adjacent tissues was
detected by using qPCR (n ¼ 20). (F) The levels of miR-23a-3p in human osteoblast cells (hFOB1.19) and human OS cell lines (Saos2,
143B, MG-63, U2OS, and HOS) were measured by using qPCR. (G) The levels of miR-23a-3p in U2OS and HOS cells after
transfection with pcDNA-GAS5 were detected by using qPCR. (H) The expression of miR-23a-3p in U2OS and HOS cells after
transfection with si-GAS5 was detected by using qPCR. **P < 0.01 compared with adjacent tissues, hFOB1.19 cells, or control. qPCR:
quantitative polymerase chain reaction; RIP: RNA immunoprecipitation.
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PTEN is a Target Gene of miR-23a-3p in
Osteosarcoma Cells

By utilizing StarBase, we found that miR-23a-3p could

potentially target PTEN (Fig. 6A). Luciferase assay

indicated that miR-23a-3p mimic significantly inhibited the

luciferase activity in WT-PTEN group (P < 0.01), but not

completely inhibited the luciferase activity in Mutant1 or

Mutant2 of PTEN groups. When both binding sites were

Figure 5. Downregulation of miR-23a-3p inhibits cell growth and invasion through activating the PI3K/AKT signaling pathway. U2OS and
HOS cells were transfected with 40 nM NC-inhibitor or 40 nM miR-23a-3p inhibitor. (A) Transfection efficiencies were detected by using
qPCR. (B, C) Cell proliferation of U2OS and HOS cells was detected by using CCK-8 assay. (D) The invasion ability of U2OS and HOS cells
was evaluated by using Transwell invasion assay. (E, F) Apoptosis of U2OS and HOS cells was detected by using flow cytometry. (G)
Western blot analysis was used to detect the protein expression levels of PI3 K, p-PI3 K, AKT, and p-AKT. **P < 0.01 compared with Vector
and NC-mimic. qPCR: quantitative polymerase chain reaction.
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mutated at the same time, luciferase activity was basically

unaffected (Fig. 6B). We also analyzed the mRNA and pro-

tein levels of PTEN in osteosarcoma tissue samples and the

corresponding adjacent tissues. The results found that the

levels of PTEN in osteosarcoma tissues were significantly

lower than these in adjacent tissues (Fig. 6C, D). The levels

of PTEN were also downregulated in osteosarcoma cell lines

compared with hFOB1.19 (Fig. 6E). Moreover, PTEN

expression obviously increased in pcDNA-GAS5 and miR-

23a-3p inhibitor groups, while decreased in si-GAS5 and

miR-23a-3p mimic group (Fig. 6F, G). In addition, western

blot revealed that upregulation of miR-23a-3p repressed the

protein levels of PTEN, but promoted the expression of

phosphorylated PI3 K and AKT (Fig. 6H). Silence of miR-

23a-3p showed the opposite results. These findings revealed

that PTEN was a target gene of miR-23a-3p.

GAS5 Inhibits Osteosarcoma Cell Proliferation and
Invasion via miR-23a-3p/PTEN/PI3K/AKT Pathway in
U2OS and HOS Cells

To explore the relationship among GAS5, miR-23a-3p, and

PTEN, U2OS and HOS cells were transfected with Vector,

pcDNA-GAS5, pcDNA-GAS5 and NC-mimic, pcDNA-

GAS5 and miR-23a-3p mimic, and pcDNA-GAS5 and

Scramble, or pcDNA-GAS5 and si-PTEN. Cell proliferation

results showed that overexpression of GAS5 could inhibit

Figure 6. PTEN is a target gene of miR-23a-3p. (A) The predicted binding sites between miR-23a-3p and PTEN. (B) The relative luciferase
activity in HEK-293 T cells cotransfected with the miR-23a-3p mimic and either of the luciferase reporter vectors containing PTEN-WT,
PTEN-Mutant1, PTEN-Mutant2, and NC-mimic. (C, D) The expression of PTEN in human osteosarcoma tissues and normal adjacent tissues
was detected by using qPCR (n ¼ 15). (E) The mRNA level of PTEN in human osteoblast cells (hFOB1.19) and human OS cell lines (Saos2,
143B, MG-63, U2OS, and HOS). (F, G) The mRNA levels of PTEN in U2OS and HOS cells after transfected with pcDNA-GAS5, si-GAS5,
miR-23a-3p mimic, or miR-23a-3p inhibitor were detected by using qPCR. (H) The protein levels of PTEN, PI3 K, p-PI3 K, AKT, and p-AKT
in U2OS cells were detected with Western blotting. **P < 0.01 compared with NC-mimic, normal tissues, hFOB1.19 cells, or Vector and
NC-mimic. PTEN: phosphatase and tensin homolog; qPCR: quantitative polymerase chain reaction.
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cell growth, while overexpression of miR-23a-3p or silence

of PTEN could reverse the inhibitory effect by GAS5 (Fig.

7A, B). Data in Fig. 7C–F showed that cells cotransfected

with pcDNA-GAS5 and NC-mimic significantly decreased

cell invasion but increased cell apoptotic (P < 0.01). How-

ever, cotransfection with pcDNA-GAS5 and miR-23a-3p

mimic or pcDNA-GAS5 and si-PTEN could counteract the

decrease of cell invasion and the increase of cell apoptosis.

As shown in Fig.7G, H, overexpression of GAS5 signifi-

cantly increased the protein levels of PTEN, while reduced

the phosphorylated levels of PI3K and AKT (P < 0.01).

However, in relation to the Vector group, the protein levels

of PTEN and phosphorylated PI3 K and AKT did not change

remarkably. These data suggested that overexpression of

GAS5 inhibited osteosarcoma cell migration and invasion

by downregulating the expression of miR-23a-3p and upre-

gulating PTEN level to inhibit the activation of PI3K/AKT

pathway in osteosarcoma cells.

Overexpression of GAS5 Inhibits the Tumorigenesis of
Osteosarcoma In Vivo

In the in vivo experiments, overexpression of GAS5 could

significantly suppress tumor growth. Compared with Vector

group, pcDNA-GAS5 group had smaller tumor size and

lighter weight (Fig. 8A–C). RT-qPCR data demonstrated

that the level of GAS5 was higher than that in Vector group,

while miR-23a-3p expression was reduced (Fig. 8D, E).

Western blot results showed that the protein expression of

PTEN was increased in pcDNA-GAS5 group (Fig. 8F). Our

Figure 7. GAS5 inhibits osteosarcoma cell migration and invasion via miR-23a-the 3p/PTEN/PI3K/AKT pathway. U2OS and HOS cells were
respectively transfected with Vector, pcDNA-GAS5, pcDNA-GAS5 and NC-mimic, pcDNA-GAS5 and miR-23a-3p mimic, and pcDNA-
GAS5 and Scramble, or pcDNA-GAS5 and si-PTEN for 48 h. (A, B) Cell proliferation of U2OS and HOS cells was detected by using CCK-8
assay. (C, D) The invasion ability of U2OS and HOS cells was evaluated by using Transwell invasion assay. (E, F) Apoptosis of U2OS and HOS
cells was detected by using flow cytometry. (G, H) Western blot analysis was used to detect the protein expression levels of PTEN, PI3 K,
p-PI3 K, AKT, and p-AKT. **P < 0.01 compared with Vector and Scramble. PTEN: phosphatase and tensin homolog.
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findings indicated that the lncRNA GAS5 competitively

binds with miR-23a-3p that could post-transcriptionally sup-

pressed the expression of the tumor suppressor gene PTEN,

thus inhibiting the activation of the pathway PI3K/AKT to

suppress proliferation and invasion and promote apoptosis in

osteosarcoma cells (Fig. 8G).

Discussion

Disorders of lncRNAs have been shown to be involved in

the development and progression of many human

diseases. GAS5 also plays an important regulatory role

in pathophysiological process. For instance, GAS5 was

upregulated in atherosclerosis, suggesting that GAS5

implicated in the development of atherosclerosis24. More-

over, the expression levels of GAS5 were remarkably

increased in epilepsy and ischemic heart disease25,26.

Additionally, in this study, we found that GAS5 expres-

sion significantly downregulated in osteosarcoma, which

was also consistent with some literature reports. GAS5

was downregulated in gastric tissues and cell lines27, and

GAS5 also was downregulated in diabetic nephropathy28.

Figure 8. Overexpression of GAS5 inhibits the tumorigenesis of osteosarcoma in vivo. Subcutaneous tumor transplantation model was
established by injection with U2OS cells that were transfected with empty vector or pcDNA-GAS5 expression vector. (A) Tumor volumes
were calculated every 7 days. (B) Representative pictures of the tumors from each group at day 28. (C) The weight of tumors was
determined at day 28. The levels of (D) GAS5 and (E) miR-23a-3p were detected by using qPCR. (F) The protein level of PTEN was
analyzed by using Western blot analysis. (G) A schematic diagram for the role of GAS5/miR-23a-3p/PTEN/PI3K/AKT pathway in regulating
osteosarcoma progression. **P < 0.01 compared with Vector. PTEN: phosphatase and tensin homolog; qPCR: quantitative polymerase chain
reaction.
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The inconsistency may be attributed to the different

pathogenesis of different diseases.

Overexpression of GAS5 could inhibit the proliferation,

invasion, and promote apoptosis of osteosarcoma cells,

which fully indicated that GSA5 acted as a tumor suppressor

in osteosarcoma cells. However, the mechanism how GAS5

inhibited osteosarcoma growth and metabolism was unclear.

GAS5 has been reported to interact with miRNAs to partic-

ipate in the process of tumorigenesis. Reports had indicated

that GAS5 inhibited laryngeal squamous cell proliferation by

reversing ectopic expression of miR-2129. Other reports

revealed that GAS5 prevented human B lymphocytic leuke-

mia tumorigenesis and metastasis by sponging miR-22230.

However, we found that GAS5 could interact with miR-23a-

3p through luciferase reporter gene and RNA immunopreci-

pitation. It has been demonstrated that miR-23a-3p could act

as an oncogene21. Overexpression of GAS5 could suppress

the expression of miR-23a-3p. Therefore, we hypothesized

that GAS5 may inhibit tumor proliferation and invasion by

inhibiting the expression of miR-23a-3p.

It has been suggested that miRNAs could post-

transcriptionally control genes expression by targeting the

30-UTRs of mRNAs. Studies have reported that the expres-

sion and function of miR-23a-3p are different in various

pathological tissues. MiR-23a-3p was downregulated in oral

squamous cell carcinomas and inhibited the expression of

fibroblast growth factor 2 to suppress cell proliferation31.

However, high expression of miR-23a-3p promoted tumor-

igenesis by inhibiting Proline-Rich Nuclear Receptor Coac-

tivator 2 in renal cell carcinoma21. PTEN is well known to

function as a tumor suppressor gene in the initiation and

development of cancer. In this study, we conducted lucifer-

ase reporter gene assay to validate that PTEN was a target

gene of miR-23a-3p. And miR-23a-3p could target and

downregulate the level of PTEN in osteosarcoma cells.

Signaling pathway plays an important role in the occur-

rence and development of human tumors. Previous studies

had displayed that GAS5 might inhibit the proliferation of

mesangial cells and accumulation of extracellular matrix via

nuclear transcription factor-kB pathway32. Song et al.

reported that GAS5 inhibited angiogenesis and metastasis

of colorectal cancer through the Wnt/b-catenin signaling

pathway33. PTEN mainly acts on the downstream target

molecule PIP3 of PI3 K through its lipid phosphatase activ-

ity, thereby blocking the PI3K/AKT signaling pathway to

achieve its anticancer effect. Therefore, in this article, we

wondered whether GAS5 could inhibit cell proliferation and

invasion in osteosarcoma cells through the PTEN/PI3K/

AKT signaling pathway. The findings revealed that overex-

pression of GAS5 suppressed the levels of miR-23a-3p, p-

PI3 K, and p-AKT, while increased the level of PTEN, sug-

gesting that GAS5 was involved in the development of

osteosarcoma through PI3K/AKT signaling pathway.

In vivo xenograft experiments showed that overexpres-

sion of GAS5 could suppress the growth of osteosarcoma

and the expression of miR-23a-3p, while upregulate the level

of PTEN. Based on the findings acquired from this study,

overexpression of GAS5 could inhibit osteosarcoma cell

proliferation and invasion by miR-23a-3p/PTEN/PI3K/AKT

pathway. Targeting the GAS5/miR-23a-3p/PTEN interac-

tion may represent a novel therapeutic perspective and con-

tribute to a better knowledge of the molecular mechanism of

osteosarcoma.
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