Cellular Physiology Cell Physiol Biochem 2018;51:1313-1326
Ol:

. . DOI: 1Q.1122/000400220 © 2018 The Author(s)
and BlOChemlstry Published online: 27 November 2018 Published by S. Karger AG, Basel 1313
www.karger.com/cpb
Accepted: 19 November 2018

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution
for commercial purposes as well as any distribution of modified material requires written permission.

Original Paper

LncRNA MALAT1 Promotes Cancer
Metastasis in Osteosarcoma via Activation
of the PI3K-Akt Signaling Pathway

Yong Chen#® Wending Huang®® Wei Sun®* Bigiang Zheng?®®
Chunmeng Wang®*  Zhiguo Luo®¢ Jian Wang®? Wangjun Yan2®

3Department of Musculoskeletal Oncology, Fudan University Shanghai Cancer, Shanghai, "Department
of Oncology, Fudan University Shanghai Medical College, Shanghai, ‘Department of Medical Oncology,
Fudan University Shanghai Cancer Center, Shanghai, ‘Department of Pathology, Fudan University
Shanghai Cancer Center, Shanghai, China

Key Words
Long non-coding RNA (IncRNA) « Metastasis-associated lung adenocarcinoma transcript 1
(MALAT1) « Osteosarcoma « Stemness ¢ Proliferation « Metastasis « Prognosis

Abstract

Background/Aims: LncRNAs have been reported to be vital regulators of the progression
of osteosarcoma, although the underlying mechanisms are not completely understood.
Methods: The levels of MALAT1 and miR-129-5p expression were measured using qRT-PCR.
Cell growth was determined using the CCK-8 and colony formation assays. Cell migration
and invasion were detected using the wound healing and Transwell invasion assays,
respectively. Tumor growth was determined with a xenograft model. Results: MALAT1 was
significantly up-regulated in osteosarcoma tissues compared with adjacent non-tumor soft
tissues. Overexpression of MALAT1 promoted osteosarcoma cell proliferation, migration, and
invasion in vitro and enhanced tumor growth in a tumor xenograft mouse model. MALAT1
promoted osteosarcoma progression by modulating stem cell-like properties. Moreover,
rescue experiment and luciferase reporter assay results indicated that MALAT1 modulates
RET expression by sponging miR-129-5p in osteosarcomas. Furthermore, MALAT1 augmented
the expression of downstream proteins of the RET-Akt pathway. MALAT1 was consistently
significantly increased in osteosarcoma tissues and MALAT1 expression was positively
correlated with tumor size and metastasis. High expression of MALAT1 was significantly
associated with poor outcomes in patients with osteosarcomas. MALAT1 expression was
positively related to RET and negatively related to miR-129-5p in osteosarcoma samples and
xenograft tumors. MALAT1 functioned as an oncogenic IncRNA in osteosarcomas and was as
an independent prognostic indicator. Conclusion: Our data revealed for the first time that
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MALAT1 increases stem cell-like properties by up-regulating RET via sponging miR-129-5p,
and thus activates the PI3K-Akt signaling pathway and provides potential therapeutic targets

for osteosarcoma treatment. © 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Osteosarcoma is the most common primary malignant bone tumor in children and
adolescents worldwide [1-3]. In most cases, the tumors have metastasized to the lungs
in patients diagnosed with osteosarcomas [4]. Standard neoadjuvant chemotherapy can
effectively increase the possibility of limb salvage, which can significantly improve the
5-year survival rate and quality of life in patients with osteosarcomas [5]; however, intrinsic
or acquired chemotherapy resistance affects the therapeutic effect [6-8]. Previous studies
have shown that chemotherapy resistance of tumors is a complex and multistage process,
including genes, proteins, miRNAs, and signaling pathways [9, 10]. Little is known about
the molecular mechanism underlying chemotherapy resistance of osteosarcoma patients.
Recent studies have focused on the role of IncRNAs in human tumors [11], which are non-
coding RNAs with a length > 200 nucleotides that differ from small non-coding RNAs, such as
miRNA, tRNA, and rRNA [12]. Antisense IncRNAs are the reverse complementary sequences
of endogenous RNA and account for approximately 60% IncRNAs, which represents a
large proportion of long chain non-coding transcriptomes [13]. MALAT1 can enhance the
characteristics of glioma stem cells, which is related to the progression and poor prognosis
of glioblastomas [14].

It has been shown that IncRNA MALAT1 is highly expressed in osteosarcomas and
positively correlated with a poor prognosis [15]. In the current study we found that
overexpression of MALAT1 in osteosarcomas was positively associated with prognosis and
closely correlated with tumor stem cell characteristics, tumor invasion, and metastasis.
MALAT1 blocked miR-129-5p by targeting the arginine kinase receptor of RET mRNA via a
new mechanism. Activation of MALAT1 may thus serve as a potential prognostic biomarker
and a therapeutic target for osteosarcoma.

Materials and Methods

Samples

Sixty-eight paired fresh primary osteosarcomas and corresponding adjacent non-tumor soft tissues
were collected from tumor surgical resections performed at the Fudan University Shanghai Cancer from
2012-2015. All samples were immediately placed in liquid nitrogen and stored at -80°C. This study was
approved by the Clinical Research Ethics Committee of Fudan University Shanghai Cancer. All of the human
tissues were obtained with informed consent from the patients or their family members. Patients were
followed every 3 months during the 1st year post-operatively until June 2017. Disease-free survival (DFS)
was the time interval between tumor resection and recurrence, metastasis, death, or the last observation.
The overall survival (OS) was the interval between the operation and death or the final follow-up evaluation.

Cell lines

Human osteosarcoma cell lines (MG63, U20S, Saos-2, SOSP-9607, and SW1353), normal cells
(hFOB1.19), and fibroblast lines (NIH3T3 and 293T) were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). All of the cell lines were cultured in DMEM medium containing 10%
fetal bovine serum (FBS, Thermo Fisher Scientific) and 100 U/ml of penicillin/streptomycin (Beyotime
Biotechnology, China) at 37°C in a 5% CO, humidified incubator.
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Construction of lentivirus vector and a stable cell line

Lentiviral vector encoding the full-length MALAT1 sequence was constructed by GeneCopoeia
(Sangon, Shanghai, China). MALAT1 (shMALAT1) cDNA oligonucleotides were synthesized by Shanghai
SBO Medical Biotechnology Company (Shanghai, China). Osteosarcoma cell lines (SW1353 and SOSP-9607)
were transfected using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA) with lentivirus vector
encoding the full-length MALAT1 sequence as the MALAT1 group; transfection with lentivirus vector and a
shRNA blank served as the negative control (NC).

Transient transfection

One hundred nanomolar double-stranded miR-129-5p mimics, inhibitors, or negative control
RNA (GenePharma, Shanghai, China) were transfected into the cells. The cells were collected 48 h after
transfection. The procedure used was previously described [16].

Colony formation assay in vitro

After transfection, SW1353 and SOSP-9607 cells (1000 cells/ well) were inoculated into 6-well plates.
After culturing for 7 days, 4% paraformaldehyde was added for fixation and the plates were washed, dried,
and the total clone number (>100 cells/clone) was counted. The procedure used was previously described
[17].

Wound healing assay and invasion assay in vitro

The migration ability of SW1353 and SOSP-9607 osteosarcoma cell lines was detected using a wound
healing assay. The invasive ability was measured using the Transwell migration assay with a Transwell
chamber (Corning, New York, USA) coated with Matrigel (Biosciences, Lincoln, NE). Two hundred microliters
of a transfected SOSP-9607 (1x105 cells) or SW1353 (2x105) cell suspension in each group was used for the
experiments. The procedure was previously described [18].

Microsphere formation assay

Transfected SW1353 or SOSP-9607 cells were inoculated into ultralow adherent 6-well plates
(Corning). Ten thousand cells/well were cultured in 2 ml of serum-free DMEM medium containing 20 mg/L
of EGF (Corning Incorporated, Corning, NY, USA), 20 mg/L of hFGF (Peprotech), 4 U/L of insulin (Sigma-
Aldrich, USA), and 100 U/ml of penicillin/streptomycin. The medium was changed every other day and the
number of spheres was counted under a microscope (Leica, Germany).

RNA isolation and qRT-PCR

Total RNA was isolated using the TRIzol Reagent (Invitrogen) according to the manufacturer’s
protocol. Real-time PCR was performed on an ABI PRISM 7500 Fast Sequence Detection System (Li-Cor
Biosciences, Lincoln, NE) using SYBR Green Supermix (GenePharma, Shanghai, China). PCR primers
were as follows: MALAT1 F, 5'-ACGCAGGTGTGGCTTTCCAT-3' and R, 5'-GTCCTCCCTCACCACAATGG-3';
U6 F 5'-GCGCTCTCTACTGGCATCACATA-3" and R, 5 -AATTTACGCTACGCTGTCTGCG-3'; and GAPDH F
5'-GAATGCCTAGGTGAAACAGG-3' and R, 5-TTAGGGTGAGCCAGATAGTG-3'. Gene expression was calculated
using the 2724 or 2-2% method.

Western blot

Total protein was extracted from the transfected SW1353 and SOSP-9607 cells. After determination
of the protein concentration, the protein was separated by SDS-PAGE electrophoresis and transferred to
nitrocellulose membranes (Millipore, USA). AKT, RET, mTOR, 4EBP1, and P70S6K antibodies (Santa Cruz
Biotech, Santa Cruz, CA) were added as primary antibodies and GAPDH was used as an internal reference
control. After incubation with secondary antibodies, a chemiluminescent imaging system (ChemiDoc Touch;
Bio-Rad, Hercules, CA, USA) was used to detect the signals.
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Flow cytometry assay (FCA) and fluorescence-activated cell sorting (FACS)

CD133-APC and CD44-PE antibodies were purchased from eBioscience (Bio-Rad). CD133 and CD44
antibodies (1:1000) were added to SW1353 and SOSP-9607 cells, respectively. The cells were incubated in
PBS containing 1% fetal bovine serum at 4°C. After washing with PBS, the cells were detected by Cyto FLEX
(Beckman, Germany) and the results were analyzed by Cyt Expert (Amersham Biosciences, Buckinghamshire,
UK). When fluorescence-activated cells were sorted, cells labeled with CD133-APC and CD44-PE (BD Influx;
Biosciences, Lincoln, NE) were separated. The unstained cells were used as NCs.

Nude mouse model in vivo

Male BALB/C nude mice (6-8 weeks old; weight,18-20 g) were fed at the Experimental Animal Center
of Fudan University Shanghai Cancer with SPF facilities. Mice were randomly divided into 3 groups (MALAT1,
sh-MALAT1, and NC). One hundred microliters of SW1353 cells (2x10°) were injected subcutaneously. On
the 21st day after implantation, the mice in the subcutaneous group received euthanasia and the tumors
were resected. Tumor tissues were weighed and partially processed for qRT-PCR.

Fluorescence in situ hybridization (FISH) of RNA
According to the instructions, FISH was performed on 24-well plates using a FISH Kit (Ribobio, China).
The staining method was performed as previously described [19].

Cell fractionation assay

The cytoplasm and nucleus RNA were obtained using a RNA Purification Kit (Norgen, Thorold, ON,
Canada). Cells and tumor tissues were collected, then lysate was added. After incubation for 5 min on ice,
the cells were centrifuged at 12000g for 3 min. The supernatant was collected to obtain cytoplasmic RNA
and nuclear RNA was extracted using nucleus beads.

Luciferase reporter assay

The following 4 vectors of pmiR-RB-REPORT™ were chemically synthesized: RET 3’-UTR containing
the putative target site for miR-129-5p (RET WT-3’-UTR); RET 3’-UTR containing the mutation binding site
(RET Mut-3’-UTR); full-length MALAT1 containing the putative target site for miR-129-5p (MALAT1-WT);
and full-length MALAT1 containing the mutation binding site (MALAT1-Mut). One hundred nanograms of
vector (RET WT-3’-UTR, RET Mut-3’-UTR, MALAT1-WT, or MALAT1-Mut) and miR-129-5p mimics or mimics
control (50 nM/well) were co-transfected into 293T and SW1353 cells using riboFECT™ CPRibobio reagent
(Ribobio). Mimics control and RET Mut-3’'UTR were used as NCs. The luciferase activity was detected as
previously described [20].

Statistical analysis

Statistical analysis was performed using SPSS 15 software (SPSS, Inc., Chicago, IL, USA). Data were
compared with a two-tailed Student’s t-test, Wilcoxon rank-sum test, Fisher’s exact test, one-way ANOVA,
or Kruskal-Wallis test. DFS and OS were calculated and a multivariate Cox proportional hazards model was
used to analyze the independent factors. Survival curves were drawn using the Kaplan-Meier method, and a
logarithmic rank test was used to compare survival rates. Spearman and Pearson correlation analyses were
used to detect correlations. A P<0.05 was considered a significant difference.

Results

MALAT1 promotes proliferation, migration, and invasion in osteosarcoma cells in vitro

Compared with hFOB1.19 or NIH3T3 cells, the expression of MALAT1 in osteosarcoma
cells increased significantly (Fig. 1A). The results from qRT-PCR showed that compared with
the NC group, the expression of MALAT1 in SW1353 and SOSP-9607 cells was up-regulated
in the MALAT1 group, but significantly down-regulated in the shMALAT1 group (Fig. 1B).
Overexpression of MALAT1 significantly increased the clone numbers in SW1353 and SOSP-
9607 cells (Fig. 1C). Overexpression of MALAT1 significantly increased the migration ability
of SW1353 and SOSP-9607 cells, whereas knockdown of MALAT1 significantly reduced
the migration ability of these cells (Fig. 1D, E). The Transwell invasion assay showed
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Fig.1. MALAT1 promotes proliferation, migration, and invasion of osteosarcoma cells. (A) Compared with
hFOB1.19 and NIH3T3 cells, the expression of MALAT1 increased significantly in osteosarcoma cell lines
(*P<0.05); (B) The transfection efficiency was detected by qRT-PCR. Compared with the blank vector group,
the expression of MALAT1 was significantly up-regulated in MALAT1-transfected SW1353 and SOSP-
9607 cells, while MALAT1 in shRNA group was significantly down-regulated (*P<0.05, ***P<0.001); (C)
Colony formation assay in SW1353 and SOSP-9607 cells showed that the number of clones in the MALAT1
overexpressing cells increased significantly compared with the control cells, while the number of clones in
the MALAT1 knockdown cells decreased significantly; (D) Cell migration assay detected the migration ability
of SW1353 cells. Overexpression of MALAT1 decreased cell migration distance significantly (*P<0.05); (E)
The migration ability of SOSP-9607 cells detected by cell migration assay (*P<0.05); (F) Transwell assay
showed that the invasive potential of SW1353 and SOSP-9607 was significantly increased upon MALAT1
overexpression (*P<0.05); (G-1) Volume, size, and weight of xenografts in each group (*P<0.05).
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that the invasive ability of osteosarcoma cells was increased significantly after MALAT1
overexpression, but remarkably decreased upon MALAT1 knockdown (Fig. 1F). These results

suggested that MALAT1 promotes the proliferation, migration, and invasion of osteosarcoma
cells in vitro.

MALAT1 promotes tumorigenicity of osteosarcomas in vivo

Although all mice in the MALAT1, sh-MALAT1, and NC groups bore tumors, 3 weeks
after injection, the tumor volume in the MALAT1 group increased significantly compared
with the NC group (Fig. 1G, H). In contrast, the tumor volume in the sShMALAT1 group was
significantly decreased (Fig. 1G, H). In addition, compared with the NC group the tumor
weightin the MALAT1 group increased significantly, while the opposite change was observed
in the shMALAT1 group (Fig. 11).
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Fig. 2. MALAT1 promotes the characteristics of osteosarcoma stem cells. In osteosarcoma tissues,
MALAT1 and stem cell markers were co-expressed (A-C) and compared with ncMALAT1 cells. MALAT1
overexpression up-regulated the expression of CD133, CD90, and SOX2 in SW1353 (D) and SOSP-9607 cells
(E), while sh-MALAT1 down-regulated the expression of the above factors; (F) The results of FCA showed
that overexpression of MALAT1 also increased the proportion of CD133+/CD44+ cells in SW1353 and SOSP-
9607 cells, while down-regulation of MALAT1 decreased the proportion of CD133+/CD44+ cells (*P<0.05,
***P<0.001); (G) Compared with SOSP-9607 cell populations, the expression of MALAT1 in CD133+/CD44+
cells increased significantly (*P<0.05); (H) Photographs of tumor microspheres in different groups (scale,
100 mm); (I) The statistical histogram of microsphere formation showed that overexpression of MALAT1
increased the tumor stem cell microsphere number of SW1353 and SOSP-9607 cells.
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Correlation between MALAT1 expression and tumor stem cell-like properties

The qRT-PCR results showed that MALAT1 was significantly correlated with the
expression of biomarkers of stemness (CD133, CD90, and SOX2) in osteosarcoma tissues
(Fig. 2A-C). In agreement with these results, the expression of CD133, CD90, and SOX2
mRNA was significantly up-regulated in MALAT1 overexpression group compared with the
NC group (Fig. 2D, E), but significantly down-regulated in the shMALAT1 group (Fig. 2D,
E). FCA analysis showed that ectopic expression of MALAT1 increased the CD133*CD44+*
cell ratio, while down-regulation of MALAT1 reduced the ratio of these stem cells (Fig. 2F).
Moreover, the expression of MALAT1 was enriched in CD133*CD44"* cells compared with
the NC group (Fig. 2G). In addition, the microsphere formation assay showed that MALAT1
overexpression significantly increased tumor microsphere formation, whereas MALAT1
knockdown significantly inhibited the number and size of tumor microspheres in both
SW1353 and SOSP-9607 cells (Fig. 2H, I). These results indicated that MALAT1 enhanced
the population of osteosarcoma stem cells.

A us 188 MG63 SW1353 SOSP-9607 u20s Saos2

Merged

DAPI

Probe

B
= Cytoplasma P <0.001
— Nuclear
120
1
1001 ™M M ™ = IRl Ed
< =n |,
Z 801 Tl
o
©
5 60
[t
X 40
201 . |
0 .
N T A A
%) Oéz Q be
)

Fig.3. MALAT1 is a post-transcriptional regulatory factor. (A) The results of RNA FISH showed that MALAT1
was mainly located in the cytoplasm of SW1353, SOSP-9607, MG63, U20S, and Saos2 osteosarcoma cell
lines; (B) The cell component results by qRT-PCR showed that MALAT1 was mainly located in the cytoplasm
of osteosarcoma cells and in the tumor tissues of two patients.
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MALAT1 negatively targets miR-129-5p

The FISH results showed that MALAT1 is mainly located in the cytoplasm of osteosarcoma
cells (Fig. 3A). The cellular fractionation assay also showed that MALAT1 is highly expressed
in the cytoplasm (Fig. 3B). To determine whether or not MALAT1 competitively combines
with microRNA to function as a post-transcriptional regulator, we used the Starbase
database (http://starbase.sysu.edu.cn/index.php) to analyze the interaction. The predicted
result showed that MALAT1 combined with miR-129-5p with a high alignment score. In
addition, according to the prediction of the TargetScan database (http://www.targetscan.
org/vert_72/), miR-129-5p bound to the 3’-UTR of RET mRNA.

MALAT1 up-regulated RET by competitively binding with miR-129-5p and triggerred the

Akt signaling pathway

To validate the direct binding site between MALAT1 and miR-129-5p, we performed
luciferase reporter assays. MiR-129-5p mimics reduced the luciferase activity of the MALAT1-
WT reporter vector, but had no effect on the luciferase activity of the blank vector in 293T
and SW1353 cells (Fig. 44, C, D). To determine the binding site between miR-129-5p and RET
3’-UTR, we constructed a luciferase RET WT-3’-UTR reporter vector containing the miR-129-
5p binding site and a RET Mut-3’-UTR reporter vector containing the miR-129-5p mutation
binding site (Fig. 4B). Similarly, miR-129-5p mimics reduced the luciferase activity of the
RET WT-3’-UTR reporter vector, but did not reduce the luciferase activity of RET Mut-3’-UTR
reporter vector in 293T and SW1353 cells (Fig. 4E, F). Moreover, compared with the control
group, RET mRNA was highly expressed in MALAT1-overexpressing SW1353 and SOSP-9607
cells (Fig. 4G). In contrast, the expression of miR-129-5p in ectopic MALAT1-transfected cells
were significantly decreased compared with the NC group (Fig. 4H). In addition, miR-129-5p
inhibitors significantly increased RET mRNA expression in SW1353 and SOSP-9607 cells,
while miR-129-5p mimics reduced RET mRNA expression (Fig. 41). Therefore, we assumed
that MALAT1 competitively bound to miR-129-5p to block the inhibition of RET expression
mediated by miR-129-5p. The RET protein level in the ectopic MALAT1-transfected cells was
higher compared with the control cells, and the protein expression in the downstream of
PI3K-Akt pathway was also increased after MALAT1 overexpression (Fig. 4]). These results
indicated that MALAT1 up-regulated RET expression by competitively binding with miR-
129-5p, and hence triggered the Akt signaling pathway.

MALAT1 promoted cell proliferation and migration by modulating the miR-129-5p/RET

pathway

To verify whether or not MALAT1 exerts an oncogenic effect by modulating the miR-129-
5p/RET pathway, we transfected siRNA RET (si-RET) or miR-129-5p mimics into the control
cells or MALAT1-overexpressing SW1353 and SOSP-9607 cells. Compared with the control
cells, the clone number of SW1353 and SOSP-9607 cells transfected with si-RET or miR-129-
5p mimics decreased significantly, while overexpression of MALAT1 partially counteracted
this decline (Fig. 5A, B). Similarly, si-RET or miR-129-5p mimics also reduced the migration
(Fig. 5C) and invasion (Fig. 5D) of SW1353 and SOSP-9607 cells, while overexpression of
MALAT1 diminished these changes. Furthermore, qRT-PCR showed that the mRNA level
of RET in the MALAT1-overexpressing xenografts was significantly higher than the control
xenograft, while RET mRNA expression in the shMALAT1 xenograft was decreased (Fig. 5E).
In contrast, the expression of miR-129-5p in different xenograft groups was reversed (Fig.
5F). These results suggested that MALAT1 promotes osteosarcoma cell proliferation and
migration through the miR-129-5p/RET pathway.

MALAT1 predicted poor prognosis in osteosarcoma

To explore the clinical significance of MALAT1, we determined the expression of MALAT1
in osteosarcoma samples. qRT-PCR results showed that MALAT1 expression in osteosarcoma
tissues was significantly higher compared with the adjacent para-carcinoma tissues (Fig.
6A). MALAT1 expression was higher in the metastasis group compared to the non-metastasis
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Fig. 5. The relationship between MALAT1, RET, and miR-129-5p in osteosarcoma cell lines and xenografts.
(A-B) The results of colony formation showed that the number of clones decreased significantly in the RET-
siRNA or miR-129-5p mimics-transfected cells, while MALAT1 overexpression partly reduced the colony
number of SW1353 and SOSP-9607 cells (*P<0.05); 1:Control, 2:RET siRNA, 3:MALAT1+RET siRNA, 4:
miR-129-5p mimic, 5: MALAT1+miR-129-5p mimic; (C-D) The results of cell migration showed that the
cell migration distance increased in the RET-siRNA or miR-129-5p mimics-transfected SW1353 and SOSP-
9607 cells, indicating that the migration ability was inhibited. Overexpression of MALAT1 counteracted this
inhibition (*P<0.05); (E) Compared with the control xenografts, the expression of RET mRNA increased
significantly in the MALAT1-overexpressing xenografts, while RET mRNA expression decreased in the
shMALAT1 xenografts (*P<0.05); (F) The expression of miR-129-5p in the MALAT1-overexpressing group
decreased significantly compared with the control group (*P<0.05), while miR-129-5p expression increased
significantly in the saMALAT1 xenografts (***P<0.01).
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Fig. 6. The expression of MALAT1 and the relationship between MALAT1, RET, and miR-129-5 in
osteosarcoma tissues. (A) The results of qRT-PCR showed that the expression of MALAT1 in osteosarcoma
tissues increased significantly compared with adjacent normal tissues in 68 patients (***P< 0.001); (B) The
expression of MALAT1 in tumor tissues with metastasis was significantly higher than tumor tissues without
metastasis (*P< 0.05); (C) Compared with tumors < 8 cm, the expression of MALAT1 increased significantly
in tumors > 8 cm (*P<0.05); (D,E) DFS and OS were shorter in patients with higher MALAT1 expression by
Kaplan-Meier analysis (***P<0.001); (F) The correlation between RET mRNA and MALAT1 (*P<0.05); (G)
miR-129-5p was negatively correlated with MALAT1 expression in osteosarcoma tissues (*P< 0.05).

group (Fig. 6B). MALAT1 expression was higher in specimens with a tumor volume >8 cm
compared with a tumor volume < 8 cm (Fig. 6C). Kaplan-Meier analysis indicated that DFS
and OS were shorter in patients with higher MALAT1 expression (Fig. 6D, E). Additionally,
the expression of RET was positively correlated with MALAT1 in the osteosarcoma group
(Fig. 6F), while miR-129-5p was negatively correlated with MALAT1 (Fig. 6G). Moreover, Cox
proportional hazards regression analysis showed that the expression of MALAT1 and RET
were independent prognostic indicators of osteosarcoma (Table 1). Taken together, these
results suggested that MALAT1 may be the key carcinogenic regulator and can promote the
occurrence and progression of osteosarcoma.
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Table 1. Multivariable Cox’s regression analysis of prognostic factors for osteosarcoma patients

Clinicopathological parameters Disease-free survival hazard ratio (95% CI) P Overall survival hazard ratio (95% CI) P

MALAT]1 expression (high vs low) 0.254 (0.058-0.856) 0.027  0.169 (0.039-0.628) 0.006

RET expression (high vs low) 1.551 (0.449-4.631) 0.028  6.024 (1.104-10.075) 0.027

miR-129-5p expression (high vs low) 0.401 (0.175-1.208) 0.014 0.806 (0.503-1.577) 0.008

Tumor size (>8 cm vs < 8 cm) 1.068 (0.627-1.834) 0.573  0.361(0.142-1.195) 0.031

Metastasis (Positive vs negative) 0.025 (0.004-0.205) 0.001 0.152 (0.048-0.512) 0.001
Discussion

More and more evidence has shown that IncRNA plays an important role in the
occurrence and progression of diseases [21]. A series of IncRNAs have been annotated
and reported to have important roles [22, 23]. The current study revealed that IncRNA
MALAT1 expression was dysregulated in osteosarcoma and was related to patient survival
time and could be an independent predictor of prognosis. The results showed that MALAT1
overexpression promotes proliferation, migration, and invasion of osteosarcoma cells in vitro,
while inhibition of MALAT1 had an opposing effect. Moreover, MALAT1 ectopic expression
promoted tumor growth in xenografts.

Similar to the functions of other IncRNAs, we found that MALAT1 expression was
significantly associated with stem cell characteristic gene expression in osteosarcoma
tissues. Overexpression of MALAT1 significantly increased the expression of CD133, SOX2,
and CD90 in osteosarcoma cells. After stable overexpression of MALAT1, the proportion of
CD133+CD44+ cells increased significantly, and the expression of MALAT1 in CD133+CD44+
cells was also up-regulated. In addition, MALAT1 overexpression increased the number
and size of stem-cell like osteosarcoma microspheres. In summary, MALAT1 expression
promotes the occurrence and progression of osteosarcomas by promoting the formation of
osteosarcoma stem cells. Our data suggest that MALAT1 is mainly located in the cytoplasm,
indicating that MALAT1 is a post-transcriptional regulator of osteosarcoma cells.

Cuccuru et al. [24] concluded that the RET gene is an important oncogene. Thus, we
reasoned that the RET gene and RET-encoded products may be potential therapy targets for
osteosarcomas. Therefore, it is necessary to determine whether or not there is a regulatory
network between MALAT1 and RET. Interestingly, although MALAT1 does not bind with
RET mRNA directly, MALAT1 and RET mRNA contain the same putative miR-129-5p
binding sequence. Moreover, there is a correlation between MALAT1, RET, and miR-129-5p
in osteosarcoma cells and tumor tissues. We also showed that MALAT1 overexpression is
positively related to RET mRNA and negatively related to miR-129-5p, suggesting that there
is a regulatory network in osteosarcoma cells. Our results also indicated that up-regulation
of MALAT1 is a key factor in osteosarcomas and an independent prognostic predictor.

Conclusion

Taken together, MALAT1 is up-regulated in osteosarcoma cells and tissues and mediates
tumor stem cell characteristics. MALAT1 competitively combines with miR-129-5p, which
results in up-regulation of RET and activation of the Akt pathway, leading to osteosarcoma
cell proliferation and promotion of migration. Our findings construct a new regulatory
network in osteosarcomas that can serve as a potential therapeutic target.
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