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Background: Osteosarcoma (OS) is a quite malignant bone cancer. However, how long noncod-

ing RNA (lncRNA) regulates OS progression remains poorly investigated. The present study aims

to illustrate the potential functions of lncRNA MYOSLID in the regulation of OS progression.

Methods: The expression of YOSLID, miR-1286 and RAB13 was analyzed by qRT-PCR.

Cell proliferation was determined via CCK8 and colony formation assays. Transwell assay

was used to examine migration and invasion. The luciferase reporter assay, RNA pulldown

and RNA immunoprecipitation (RIP) assays were utilized to detect the interactions among

MYOSLID, miR-1286 and RAB13.

Results: The expression of MYOSLID was upregulated in OS tissues and cell lines.

MYOSLID overexpression predicted poor prognosis in OS patients. MYOSLID knockdown

suppressed proliferation, migration and invasion of OS cells. MYOSLID was the sponge for

miR-1286 and inhibited its expression while miR-1286 targeted RAB13 directly. MYOSLID

promoted RAB13 expression via sponging miR-1286.

Conclusion: Our work demonstrated that the MYOSLID/miR-1286/RAB13 axis is a novel

regulatory signaling in promoting OS progression.
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Introduction
Osteosarcoma (OS) is one of the most prevalent and malignant cancers among

juveniles.1 OS causes a large number of deaths every year.2 The main therapeutic

methods include surgery, chemotherapy and radiotherapy.3 However, metastasis and

recurrence often occur among OS patients, which results in a less than 30% of the

five-year survival rate.4 Thus, it is critical to investigate the pathogenesis of OS and

develop novel therapeutic strategies.

Long noncoding RNAs (lncRNAs) are a novel type of noncoding RNAs and

have over 200 nucleotides in length.5 LncRNAs have various biological functions,

which is demonstrated by increasing references.6,7 Recent studies indicate that

lncRNAs are fine competing endogenous RNAs (ceRNA) to regulate microRNA

expression and participate in tumorigenesis.8 For example, lncRNA FLVCR1-AS1

sponges miR-513 to increase growth and metastasis of ovarian cancer.9 LncRNA

MIAT interacts with miR-212 to enhance thyroid cancer development.10

Additionally, lncRNA GAS5 sponges miR-222 to suppress growth, migration and

invasiveness in colon cancer.11 So many lncRNAs have been identified to be

aberrantly expressed in tumor tissues.12 However, their functions are poorly

explored. Hence, it is important to explain the correlation between lncRNA and

OS progression.
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LncRNA MYOSLID is firstly found to regulate smooth

muscle differentiation.13 Recent findings show that

MYOSLID promotes progression of head and neck squa-

mous cell carcinoma and gastric cancer.14,15 Nevertheless,

the role of MYOSLID is unclear in OS. In this study, we

found that MYOSLID was upregulated in OS tissues and

predicted poor prognosis. Moreover, MYOSLID knock-

down suppressed proliferation, migration and invasion of

OS cells. Mechanistically, MYOSLID sponges miR-1286

to promote RAB13 expression. Conclusively, our study

identified a novel signaling that the MYOSLID/miR-

1286/RAB13 axis regulates OS progression.

Materials and Methods
Tumor Tissues
51 OS samples and their adjacent normal controls were

collected from the Third Affiliated Hospital of Wenzhou

Medical University. None of patients was treated with

chemotherapy or radiotherapy before surgery. Samples

were stored in liquid nitrogen. This study was approved

by the Ethics Committee of the Third Affiliated Hospital

of Wenzhou Medical University. Written informed consent

was obtained from patients.

Cell Culture and Transfection
Human OS cell lines and the hFOB1.19 cells were

obtained from American Type Culture Collection

(ATCC) and maintained using DMEM medium containing

10% FBS at 37°C. MYOSLID siRNA (5ʹ-GACACTTAA

CTGATCTAAATATT-3ʹ and 5ʹ-TACATAAAGGATCTTT

TCCATTG-3ʹ), miR-1286 mimics, miR-1286 inhibitors

and negative controls were purchased from Gene Pharma

(Shanghai, China). Plasmids were transfected into OS cells

using Lipofectamine 2000 Reagent following the manual

protocol.

qRT-PCR
Total RNAwas extracted using Trizol reagent (Invitrogen)

as previously described.16 1 μg RNA was reversely tran-

scribed into cDNA using a Prime Script Kit (Takara Bio

Inc., Otsu, Japan). qPCR was carried out using a SYBR

Premix Ex Taq™ Kit (Takara Bio Inc.). U6 or GAPDH

was the normalized control and relative expression was

determined using the 2−ΔΔCT method. Primer sequences

were as follows: MYOSLID (Forward: 5ʹ-AAGAGGGAG

TGGGAGTTAGGC-3ʹ and reverse 5ʹ-CACTGTGGTGG

GATCTGCAAG-3ʹ) and GAPDH (Forward: 5ʹ-TGATG

ACCCTTTTGGCTCCC-3ʹ Reverse: 5ʹ-GAAGCTTGTCA

TCAATGGAAAT-3ʹ).

Cell Proliferation
Cell proliferation was determined by Cell Counting Kit-8

(CCK-8; Dojindo, Kumamoto, Japan) and colony forma-

tion assays. CCK8 assay was performed as previously

reported.2 As for colony formation assay, 500 cells were

seeded into the 6-well plates and cultured for 14 days.

Then colonies were fixed and stained with 0.1% crystal

violet. Colony numbers were finally counted.

Cell Migration and Invasion Assay
Cell migration and invasion were completed with

a Transwell system (Corning, Inc., Corning, NY, USA)

as reported before.2

Dual-Luciferase Reporter Assay
WT or mutant MYOSLID or RAB13 3ʹ-UTR luciferase

reporter plasmid was constructed using pmirGLO vector

(Promega) and transfected into OS cells along with miR-

1286 mimics or negative controls. 48 h later, the relative

luciferase activity was determined by the Dual Luciferase

Reporter Assay System (Promega, Madison, WI, USA)

according to the manufacturer’s protocol. Renilla lucifer-

ase activity was normalized control.

Statistical Analysis
All results were calculated using SPSS 16.0 software

(Chicago, IL) and expressed as the mean ± standard devia-

tion (SD). Differences were calculated using the Student

t test or and one-way ANOVA. Expression correlation was

determined by Spearman correlation analysis. P < 0.05 was

considered statistically significant.

Results
MYOSLID Was Upregulated in OS
The expression of MYOSLID was firstly analyzed. We

found that MYOSLID was upregulated in OS tissues

compared to normal controls (Figure 1A). Similarly,

MYOSLID was also upregulated in OS cell lines com-

pared to hFOB1.19 cells (Figure 1B). Moreover, the OS

patients were divided into MYOSLID high expression and

low expression groups. And MYOSLID high expression

patients displayed a low survival rate compared to that of

MYOSLID low expression group (Figure 1C).
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Effects of MYOSLID on Proliferation,

Migration and Invasion
To investigate the function of MYOSLID, we silenced it

using two independent siRNAs in Saos2 and U2OS cells

(Figure 2A). CCK8 assay showed that MYOSLID

knockdown suppressed the proliferation of Saos2 and

U2OS cells (Figure 2B). Colony formation assay further

indicated that MYOSLID knockdown impaired

the potential of OS cell proliferation (Figure 2C).

Additionally, we found that MYOSLID silencing

decreased the number of migrated and invaded cells

(Figure 2D and E), suggesting that MYOSLID regulates

OS progression.

MYOSLID Sponged miR-1286
LncRNAs are classical ceRNAs in tumor.11 Thus, we

analyzed the potential targets of MYOSLID via bioinfor-

matics method. MiR-1286 ranked top among all candi-

dates. We then constructed wild-type (WT) and mutant

(Mut) MYOSLID luciferase reporters (Figure 3A). We

overexpressed miR-1286 via mimic transfection

(Figure 3B). MYOSLID-WT reporter activity was signif-

icantly inhibited by miR-1286 mimics (Figure 3C). In

addition, RNA pulldown showed that miR-1286-WT,

but not the mutant one, precipitated MYOSLID

(Figure 3D), demonstrating their direct interaction.

Moreover, we found that MYOSLID knockdown pro-

moted the levels of miR-1286 in OS cells (Figure 3E).

Of note, miR-1286 was downregulated in OS tissues

(Figure 3F) and its expression was negatively correlated

with that of MYOSLID (Figure 3G).

MiR-1286 Directly Targeted RAB13
Afterwards, we analyzed the potential targets of miR-1286.

We identified RAB13. Similarly, we constructed the WTand

Mut-RAB13 luciferase reporters (Figure 4A). Luciferase

reporter assay demonstrated the interaction between

miR-1286 and RAB13 (Figure 4B), which was further con-

firmed via RIP assay (Figure 4C and D). Importantly,

miR-1286 mimics successfully inhibited the expression of

RAB13 (Figure 4E). Moreover, MYOSLID knockdown also

suppressed the expression of RAB13 (Figure 4F), which was

abrogated via miR-1286 inhibitors (Figure 4F).

MYOSLID Promoted OS Progression via

miR-1286/RAB13 Axis
To demonstrate whether MYOSLID regulates OS progres-

sion via miR-1286/RAB13, we performed rescue assays.

We utilized miR-1286 inhibitors and RAB13 overexpres-

sion vectors (pcDNA3-RAB13) (Figure 5A). Through

CCK8 assays, we found that miR-1286 inhibitors or

oeRAB13 significantly reversed the effects of MYOSLID

knockdown on proliferation (Figure 5B). Similarly, the

migration and invasion were also rescued by miR-1286

inhibitors or oeRAB13 (Figure 5C and D). Therefore,

MYOSLID promotes OS progression through regulating

miR-1286/RAB13 axis.

Discussion
As a common cancer among children, OS results in a lot of

deaths.1 However, there is an urgent requirement to

improve the therapeutic strategies for OS patients. And

the molecular mechanism of OS progression needs to be

Figure 1 MYOSLID was upregulated in OS. (A) MYOSLID expression in OS tissues and adjacent normal tissues by qRT-PCR. (B) Relative expression of MYOSLID in OS cell

lines. (C) The Kaplan–Meier curve was used to determine overall survival rate according to MYOSLID expression. **P<0.01 and ***P<0.001.
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determined immediately. In this study, we identified

a lncRNA MYOSLID that is highly expressed in OS

tissues. And MYOSLID upregulation predicts poor prog-

nosis. MYOSLID knockdown suppresses the proliferation,

migration and invasion of OS cells. Thus, MYOSLID is

a novel oncogene in OS.

LncRNA has been reported to regulate OS develop-

ment. For example, lncRNA AFAP1-AS1 contributes to

tumorigenesis of OS via p38MAPK/Twist1 axis.17

LncRNA HAND2-AS1 suppresses OS proliferation via

regulating glucose metabolism.18 LncRNA BE503655

represses OS growth and metastasis through Wnt/

β-catenin signaling.19 Additionally, HOXA11-AS pro-

motes OS metastasis via miR-125a/Rab3D axis.2

MYOSLID has an oncogenic role in head and neck squa-

mous cell carcinoma and gastric cancer.14,15 Yet, whether

Figure 2 Effects of MYOSLID on proliferation, migration and invasion. (A) Relative expression of MYOSLID in Saos2 and U2OS cells. (B, C) CCK8 assay and colony

formation assay were performed to measure proliferation. (D, E) MYOSLID knockdown inhibited migration and invasion by Transwell assay. **P<0.01 and ***P<0.001.
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MYOSLID regulates OS remains unknown. In our work,

we firstly found that MYOSLID was highly expressed in

OS tissues. We also identified that MYOSLID may be

a prognostic biomarker. Moreover, through CCK8, colony

formation and Transwell assays, we demonstrated that

MYOSLID is a driver for OS cell proliferation, migration

and invasion. Thus, MYOSLID may be a therapeutic tar-

get for OS treatment.

LncRNAs often act as ceRNA to regulate gene

expression.11 Thus, we then analyzed the potential miRNA

targets via bioinformatics method. We identified that miR-

1286 may be targeted by MYOSLID. Through luciferase

reporter assay and RNA pulldown assay, we demonstrated

that MYOSLID directly interacted with miR-1286. Moreover,

MYOSLID knockdown promoted the expression of

miR-1286 in OS cells. And the expression of MYOSLID

was negatively correlated with that of miR-1286 in OS tis-

sues. A recent study reveals that miR-1286 promotes lung

cancer development.20 Interestingly, in our study, we found

that miR-1286 was downregulated in OS tissues. And

Figure 3 MYOSLID sponged miR-1286. (A) Interaction prediction between MYOSLID and miR-1286 by miRDB. (B) miR-1286 was overexpressed by transfection with miR-

1286 mimics. (C) Luciferase reporter assay in U2OS cells by transfection with miR-1286 mimics and MYOSLID reporters. (D) RNA pulldown assay showed that biotin

labeled miR-1286-WT interacted with MYOSLID. (E) Relative expression of miR-1286 after MYOSLID knockdown. (F) miR-1286 was downregulated in OS tissues. (G)

Expression correlation between MYOSLID and miR-1286 in OS tissues. ***P<0.001.

Figure 4 miR-1286 directly targeted RAB13. (A) Interaction prediction between miR-1286 and RAB13 by TargetScan. (B) Luciferase reporter assay in U2OS cells by

transfection with miR-1286 mimics and RAB13 reporters. (C, D) RIP assay showed that miR-1286 and RAB13 were co-precipitated by anti-Ago2. (E) Relative expression of

RAB13 after miR-1286 mimic transfection. (F) Relative expression of RAB13 after si-MYOSLID and miR-1286 mimic transfection. ***P<0.001.
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miR-1286 inhibitors promoted proliferation, migration and

invasion of OS cells, indicating miR-1286 is a tumor suppres-

sor in OS.

Finally, we also utilized bioinformatics method to

determine the target of miR-1286. We found that

RAB13 is the most potential target miR-1286. Via luci-

ferase reporter assay, we validated the interaction

between miR-1286 and RAB13. RIP assay also showed

that RAB13 and miR-1286 were in the Ago complex.

RAB13 expression was suppressed by miR-1286 mimics.

Notably, we found that MYOSLID knockdown inhibited

the expression of RBA13, which is dependent on the

existence of miR-1286. Thus, MYOSLID as a ceRNA

for miR-1286 promoted RAB13 expression in OS.

RAB13 is a classical oncogene in several cancers. For

instance, Rab13 activation promotes metastasis of epithe-

lial cancers.21 RAB13 enhances proliferation and chemo-

resistance of gastric cancer cells.22 However, no study

determines the role of RAB13 in OS. In our study, we

showed that overexpression of RAB13 promoted prolif-

eration, migration and invasion of OS cells, suggesting an

oncogenic role.

In conclusion, our study identified a novel signaling

pathway that MYOSLID/miR-1286/RAB13 axis promotes

the progression of OS.
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