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Purpose: This study was conducted to determine the expression and prognostic relevance of 
long intergenic non-protein coding RNA 839 (LINC00839) in osteosarcoma (OS) and to 
explore the detailed roles of LINC00839 in regulating OS cell activities and the mechanisms 
responsible for its cancer-promoting activity in OS.
Methods: The expression of LINC00839 in OS tissues and cell lines was determined by 
quantitative reverse transcription–polymerase chain reaction. After LINC00839 knockdown, 
cell counting kit-8 assay, flow cytometric analysis, transwell migration and invasion assay, 
and in vivo tumor xenograft assay were used to detect its effects on cellular processes in OS. 
Bioinformatics analyses were conducted to predict the putative miRNAs that target 
LINC00839. RNA immunoprecipitation assay, luciferase reporter assay, Western blotting 
analysis, and rescue assays were conducted to establish a relationship among LINC00839, 
microRNA-454-3p (miR-454-3p), and cellular mesenchymal to epithelial transition factor 
(c-Met) in OS.
Results: LINC00839 was upregulated in OS tissues and cell lines. OS patients characterized 
with high LINC00839 expression exhibited shorter overall survival than patients with low 
LINC00839 expression. LINC00839 knockdown caused a significant reduction in OS cell 
proliferation, migration, and invasion in vitro. Furthermore, LINC00839 depletion inhibited 
OS tumor growth in vivo and induced apoptosis. Mechanistically, LINC00839 functions as 
a competitive endogenous RNA in OS by sponging miR-454-3p. c-Met was confirmed as 
a direct target gene for miR-454-3p in OS cells and was positively regulated by LINC00839 
by competitively binding to miR-454-3p.
Conclusion: LINC00839 promoted the oncogenicity of OS by targeting the miR-454-3p/ 
c-Met axis. The LINC00839/miR-454-3p/c-Met network may represent a potential target for 
OS therapy.
Keywords: long intergenic non-protein coding RNA 839, ceRNA, therapeutic target

Introduction
Osteosarcoma (OS) is the most frequently occurring primary musculoskeletal 
malignancy in children and adolescents.1 The morbidity of OS is approximately 
4.4 individuals per million worldwide, and most of OS cases are diagnosed in 
developing countries and the least developed countries.2 The medullary ends of the 
long bones are a vulnerable site for OS, particularly in the distal femur and the 
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proximal humerus.3 Improvements in diagnostic methods 
and treatment regimens have resulted in increased survi-
val rates for OS patients over the last decades.4 Yet, the 
prognosis of OS remains dismal, especially for patients 
with distant metastasis or recurrent disease.5 Difficulties 
in treating this disease are primarily due to its character-
istically destructive and highly metastatic potential.6 

Additionally, the poor outcomes observed for OS are 
also closely related to our limited understanding of the 
mechanisms underlying OS oncogenesis and progression.7 

Therefore, it is necessary to elucidate the molecular 
events associated with OS pathogenesis, which may facil-
itate the development of effective targets for cancer diag-
nosis, prognosis, and therapy.

Long noncoding RNAs (lncRNAs) belong to a group of 
noncoding RNA molecules that are over 200 nucleotides in 
length.8 LncRNAs do not encode proteins because they do 
not contain an open reading frame. Originally, lncRNAs 
were thought to represent “noise” from the gene transcrip-
tion process.9 Instead, recent studies have indicated that 
lncRNAs participate in nearly all physiological and patho-
logical processes and that these actions occur through direct 
or indirect control of protein expression.10,11 The aberrant 
expression of lncRNAs is prevalent in a number of human 
cancer types. With regard to OS, studies have indicated that 
many lncRNAs are differentially expressed in OS and may 
serve as prognostic biomarkers.12–14 The aberrantly 
expressed lncRNAs affect the oncogenicity of OS and 
play a role in tumor initiation or inhibition.15–17

MicroRNAs (miRNAs) refer to a group of short, non-
coding RNAs of approximately 18–23 nucleotides in 
length.18 They are considered regulators of gene expres-
sion by inducing translation suppression or promoting 
mRNA degradation through direct binding to the comple-
mentary 3′-untranslated regions of their target genes in 
a base-pairing manner.19 In recent years, a competing 
endogenous RNA (ceRNA) theory was proposed by 
Leonardo Salmena, which has now become widely 
accepted.20 It was proposed that lncRNA possesses 
microRNA response elements that function as an miRNA 
sponge, which attenuate miRNA-mediated regulation of 
target genes.21 Therefore, the ceRNA network may repre-
sent a promising and effective target for OS prognosis, 
prevention, and therapy.

A number of lncRNAs have been identified and ver-
ified throughout the human genome;22 however, their spe-
cific roles in OS cells require further study. The expression 
and function of LINC00839 in OS has not been well 

addressed, which has prompted us to investigate whether 
LINC00839 contributes to OS progression. In this study, 
we initially measured the expression of LINC00839 in OS 
and determined its prognostic relevance. Then, a series of 
loss-of-function experiments were conducted to explore 
the role of LINC00839 in regulating OS cell processes. 
Furthermore, mechanistic studies were done to address the 
mechanisms underlying the oncogenic role of LINC00839 
in OS cells.

Materials and Methods
Tissue Specimens
The collection and use of tissue samples were done with 
approval from the Ethics Committee of Shenzhen University 
General Hospital (2017–0804) and performed in accordance 
with the Declaration of Helsinki. Written informed consent 
was also provided by all participants or their guardians. OS 
tissues and corresponding adjacent normal tissues were col-
lected from 47 OS patients at Shenzhen University General 
Hospital. All participants had not received preoperative radio-
therapy, chemotherapy, or other anticancer therapies. Fresh 
tissues were collected, immediately frozen in liquid nitrogen, 
and stored in liquid nitrogen until use.

Cell Lines
The hFOB 1.19 normal osteoblast cell line was acquired 
from the Shanghai Institute of Biochemistry and Cell 
Biology (Shanghai, China), and cultured in D-MEM/F-12 
medium supplemented with 10% fetal bovine serum (FBS) 
and 0.3 mg/mL G418 (all from Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). Two OS cell lines, 
MG-63 (Shanghai Institute of Biochemistry and Cell 
Biology) and Saos-2 (Shanghai Institute of Biochemistry 
and Cell Biology), were maintained in MEM medium 
(Gibco; Thermo Fisher Scientific) and McCoy’s 5A med-
ium (Gibco; Thermo Fisher Scientific), respectively, and 
both were supplemented with 10% FBS and 1% penicillin/ 
streptomycin mixture (Gibco; Thermo Fisher Scientific). 
Two additional OS cell lines, HOS and U-2OS, were 
purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA). HOS cells were grown in 
ATCC-formulated Eagle’s Minimum Essential Medium 
(ATCC) containing 10% FBS, whereas 10% FBS- 
supplemented McCoy’s 5a Medium Modified (Gibco; 
Thermo Fisher Scientific) was used for culturing the 
U-2OS cell line. All cell lines were cultured in 
a humidified atmosphere at 37°C under 5% CO2.
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Transient Transfection
The small interfering RNAs (siRNAs) targeting 
LINC00839 and corresponding control siRNA (si-NC) 
were obtained from Shanghai GenePharma Co., Ltd. 
(Pudong, Shanghai, China). The miR-454-3p mimic, nega-
tive control (NC) miRNA mimic (miR-NC), miR-454-3p 
inhibitor and NC inhibitor were constructed by Guangzhou 
RiboBio Co., Ltd. (Guangzhou, China). The c-Met over-
expressing plasmid, pcDNA3.1-c-Met (pc-c-Met), and con-
trol pcDNA3.1 empty vector plasmid were also designed 
and synthesized by Shanghai GenePharma Co., Ltd. Cells 
were seeded into 6-well plates and Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used for 
transient transfection of the siRNAs, miRNA mimic/inhi-
bitor, or plasmids into OS cells.

Quantitative Reverse Transcription– 
Polymerase Chain Reaction (qRT-PCR)
Total RNA was isolated from tissues or cells using the 
RNAsimple Kit (TIANGEN; Beijing, China). 
A NanoDrop™ 2000 Spectrophotometer (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to assess the 
quality and concentration of RNA samples. 
Complementary DNA (cDNA) was obtained by perform-
ing reverse transcription using PrimeScript™ RT Master 
Mix (Perfect Real Time; Takara Bio, Inc., Tokyo, Japan). 
The expression of LINC00839 and c-Met was detected 
using TB Green® Premix Ex Taq™ II (Takara Bio, Inc.), 
which was conducted on an ABI 7900 system (Applied 
Biosystems, Foster City, CA, USA). GAPDH served as an 
internal reference for LINC00839 and c-Met expression.

To analyze miR-454-3p expression, total RNA was 
reverse transcribed into cDNA using miRcute Plus 
miRNA First-Strand cDNA Kit (TIANGEN). Then, 
miRcute Plus miRNA qPCR Kit (SYBR Green; 
TIANGEN) was used for qPCR. The expression of miR- 
454-3p was normalized to that of U6 small nuclear RNA. 
All data were analyzed using the 2−ΔΔCt method.

Subcellular Fractionation Location
Isolation of RNA from the cytoplasmic and nuclear fractions 
was done using the Cytoplasmic & Nuclear RNA 
Purification Kit (Norgen, Belmont, CA, USA). qRT-PCR 
was used to quantitate LINC00839, GAPDH and U6 in the 
RNA samples. GAPDH was used as the cytoplasmic internal 
reference and U6 was used as the nuclear RNA control.

Cell Counting Kit-8 (CCK-8) Assay
A cell suspension (100 μL) containing 2 × 103 cells was 
seeded into 96-well plates. Each group contained five 
replicates. CCK-8 assay was conducted every 24 h for 72 
h. At each time point, 10 μL of CCK-8 solution (Dojindo 
Laboratories Co. Ltd., Kumamoto, Japan) was incubated 
with the transfected cells at 37°C with 5% CO2 for 2 
h. The absorbance value of each well was measured at 
450 nm using a microplate reader (Tecan Infinite M200 
Micro Plate Reader; LabX, Switzerland).

Flow Cytometric Analysis
OS cells transfected with the aforementioned oligonucleo-
tides or plasmid were incubated for 48 h in a humidified 
atmosphere at 37°C with 5% CO2. Cell apoptosis was 
analyzed with an annexin V-fluorescein isothiocyanate 
(FITC) apoptosis detection kit (Biolegend, San Diego, 
CA, USA). Cells were lysed using ethylenediaminetetraa-
cetic acid-free trypsin (Gibco) and collected by centrifuga-
tion, followed by resuspension in 100 μL of binding 
buffer, and staining with 10 μL of Annexin V-FITC and 
5 μL of propidium iodide for 15 min in the dark. Finally, 
the ratio of apoptotic cells was analyzed by flow cytometry 
(FACScan, Becton Dickinson, Franklin, NJ).

Transwell Migration and Invasion Assay
For migration assays, transfected cells were trypsinized at 
48 h post-transfection, rinsed with phosphate buffer solu-
tion, collected via centrifugation and resuspended in 
FBS-free medium. The upper chambers of transwell 
inserts (BD Biosciences) were loaded with 200 μL cell 
suspension containing 5 × 104 cells, while basal medium 
supplemented with 10% FBS was added to the lower 
chambers. After 24 h, the non-migrated cells were 
removed with a cotton swab, while the migrated cells 
were fixed with 4% paraformaldehyde and stained with 
0.5% crystal violet. Subsequent to extensive washing, the 
migrated cells were imaged with an inverted microscope 
(IX31; Olympus Corporation, Tokyo, Japan), after which 
six visual fields were randomly selected and the average 
number of migrated cells was calculated. Transwell inva-
sion assay was conducted using the same experimental 
protocols as the migration assay, with the exception that 
the transwell inserts were precoated with Matrigel (BD 
Biosciences).
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Tumor Xenograft in vivo Assay
Lentiviral particles stably expressing the short hairpin 
RNA (shRNA) specific for LINC00839 (sh-LINC00839) 
and negative control shRNA (sh-NC) were produced by 
Shanghai GenePharma Co., Ltd. HOS cells were injected 
with lentiviruses and incubated with puromycin to select 
cells stably transfected with sh-LINC00839 or sh-NC.

The Ethics Committee of Animal Experiments at 
Shenzhen University General Hospital (2019–0211) 
approved the animal protocols. The study was conducted 
in strict accordance with the NIH guidelines for the care 
and use of laboratory animals (NIH Publication No. 85–23 
Rev.1985). Male 4-week-old BALB/c nude mice were 
acquired from the Guangdong Medical Laboratory 
Animal Center (Guangdong, China) and subcutaneously 
injected with 5 × 106 HOS cells with the stable 
LINC00839 knockdown construct. The same number of 
HOS cells stably expressing sh-NC was also injected into 
nude mice as the control group. Following injection, tumor 
width (a) and length (b) were monitored every 5 days and 
tumor volume was calculated according to the formula: 
volume (mm3) = (a2 × b)/2. Finally, the mice were eutha-
nized at 30 days after inoculation and the tumor xenografts 
were excised. After weighing, total RNA and protein were 
extracted and used for molecular assays.

Bioinformatics Prediction
StarBase version 3.0 (http://starbase.sysu.edu.cn/) and 
DIANA tools – LncBase Experimental v2 (http://caro 
lina.imis.athena-innovation.gr/diana_tools/web/index.php? 
r=lncbasev2%2findex-experimental) were used to search 
for the miRNAs that may be targeted by LINC00839.

RNA Immunoprecipitation (RIP) Assay
RIP assay was conducted using the Magna RIP RNA- 
Binding Protein Immunoprecipitation Kit (Millipore, 
Billerica, MA, USA). OS cells were lysed in complete 
RIP lysis buffer and the cell lysate was incubated with 
RIP buffer containing magnetic beads conjugated with an 
anti-Argonaute 2 (Ago2) antibody or normal mouse IgG 
antibody (Millipore, Bedford, MA, USA). Following an 
overnight incubation at 4°C, the magnetic beads were 
harvested and rinsed with wash buffer. The resulting 
immunoprecipitate complex was incubated with proteinase 
K to purify RNA. Finally, the relative enrichment of 
LINC00839 and miR-454-3p in the immunoprecipitated 
RNA was determined by qRT-PCR.

Luciferase Reporter Assay
The fragments of LINC00839 and c-Met that harbor the 
predicted miR-454-3p binding site were synthesized and 
subcloned into the dual-luciferase reporter vector 
pmirGLO (Promega Corporation, Madison, WI, USA) to 
generate the LINC00839-wild-type (LINC00839-wt) and 
c-Met-wt reporter plasmids. At the same time, the reporter 
plasmids, LINC00839-mutant (LINC00839-mut), and 
c-Met-mut were constructed by mutating the binding 
sequences in LINC00839 and c-Met, respectively.

When OS cells reached approximately 60–80% con-
fluence, the wt or mut reporter plasmids were cotrans-
fected with miR-454-3p mimic or miR-NC using 
Lipofectamine® 2000. At 48 h post-transfection, cells 
were harvested and assayed for the measurement of luci-
ferase activity using a Dual-Luciferase Reporter Assay 
System (Promega). Renilla luciferase activity was used to 
normalize the measurements.

Western Blotting Analysis
RIPA protein lysis buffer (TIANGEN) and the BCA 
Protein Assay Kit (TIANGEN) were used to isolate total 
protein and detect protein concentration, respectively. 
Equal amounts of protein extracts were separated on 
10% sodium dodecyl sulfate-polyacrylamide gels and 
then transferred to PVDF membranes (Millipore, 
Billerica, MA, USA). After blocking with 5% non-fat 
milk at room temperature for 2 h, the membranes were 
incubated with primary antibodies against c-Met 
(ab216574; Abcam, Cambridge, UK) or GAPDH 
(ab181603; Abcam) overnight at 4°C. Subsequently, the 
membranes were incubated with a horseradish peroxidase- 
conjugated goat anti-rabbit immunoglobulin G secondary 
antibody (ab150077; Abcam) at room temperature for 2 h, 
followed by detection with the Immobilon® ECL Ultra 
Western HRP Substrate (Millipore). GAPDH was used as 
a loading control.

Statistical Analysis
All results are presented as the mean ± standard deviation 
from three independent experiments. A Student’s t-test was 
utilized for comparison between two groups, whereas the 
differences among three groups or more were assessed using 
a one-way analysis of variance in conjunction with Tukey’s 
test. The overall survival curves were generated using the 
Kaplan–Meier method. The Log rank test was applied to 
compare the differences between the overall survival curves. 
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The correlation analysis between genes in the OS tissues 
was performed using the Pearson correlation coefficient. 
P values <0.05 were considered statistically significant.

Results
Depletion of LINC00839 Attenuates Cell 
Proliferation, Migration, Invasion and 
Facilitates Cell Apoptosis in OS
qRT-PCR was initially done to determine if LINC00839 was 
differentially expressed in OS. The results indicated that 
LINC00839 was significantly upregulated in OS tissues 
compared with that of adjacent normal tissues (Figure 1A). 
Expression of LINC00839 was also measured in a panel of 
OS cell lines (MG-63, Saos-2, HOS, and U-2OS) and normal 
hFOB 1.19 osteoblast cells as a control. The qRT-PCR data 
indicated that all four OS cell lines exhibited a high level of 
LINC00839 compared with that of hFOB 1.19 (Figure 1B). 

The clinical relevance of LINC00839 in OS was then exam-
ined. Using the median value of LINC00839 in OS tissues as 
the cutoff line, all enrolled OS patients were divided into 
either LINC00839 low or LINC00839 high expression 
groups. Kaplan–Meier analysis revealed that high 
LINC00839 expression had an adverse influence on the 
overall survival of patients with OS (Figure 1C; P = 0.039).

Having validated the aberrant upregulation of 
LINC00839 in OS, the functional role of this lncRNA in 
cancer progression was explored. Small interfering RNAs 
against LINC00839 (si-LINC00839) were transfected into 
MG-63 and HOS cells, which express relatively high 
LINC00839 levels among the four OS cell lines. qRT- 
PCR confirmed that the siRNAs silenced LINC00839 
expression in MG-63 and HOS cells to varying degrees 
(Figure 1D). The si-LINC00839#1 exhibited the highest 
transfection efficiency and was therefore used in the sub-
sequent functional experiments. The CCK-8 assay 

Figure 1 LINC00839 depletion exerts an inhibitory effect on the malignant phenotype of OS cells. (A) qRT-PCR results showing the expression of LINC00839 in OS tissue 
and adjacent normal tissues. (B) Expression of LINC00839 in four OS cell lines (MG-63, Saos-2, HOS and U-2OS) and normal hFOB 1.19 osteoblasts cells as measured by 
qRT-PCR. (C) Kaplan–Meier survival curve showing the overall survival of patients with OS characterized by low or high LINC00839 expression. (D) MG-63 and HOS cells 
were transfected with si-LINC00839 or si-NC, and the silencing efficiency was determined by qRT-PCR. (E and F) The proliferation and apoptosis of LINC00839- deficient 
MG-63 and HOS cells was determined by CCK-8 assay and flow cytometric analysis, respectively. (G and H) Transwell migration and invasion assays revealing the migratory 
and invasive capacities of MG-63 and HOS cells transfected with si-LINC00839 or si-NC. **P < 0.01.
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revealed that the proliferation of MG-63 and HOS cells 
was significantly hindered by si-LINC00839 transfection 
(Figure 1E). Furthermore, flow cytometric analysis 
demonstrated that the loss of LINC00839 caused 
a significant pro-apoptotic effect on MG-63 and HOS 
cells (Figure 1F). In addition, transwell migration and 
invasion assays were conducted to determine the effects 
of si-LINC00839 transfection on migration and invasion in 
OS cells. Knockdown of LINC00839 decreased the migra-
tory (Figure 1G) and invasive (Figure 1H) capacities of 
MG-63 and HOS cells. In summary, these results suggest 
that LINC00839 exhibits a tumor-promoting function in 
regulating the progression of OS.

LINC00839 Acts as a Sponge for 
MiR-454-3p in OS Cells
The functional roles of lncRNAs in human cancers are 
largely dependent on their location.21 To elucidate the 
mechanisms by which LINC00839 controls OS progres-
sion, the subcellular distribution of LINC00839 was ana-
lyzed by subcellular fractionation assay. The results 
corroborated that LINC00839 was mainly distributed in 
the cell cytoplasm of MG-63 and HOS cells (Figure 2A). 
Studies have reported that lncRNAs may function during 
oncogenesis and progression through ceRNA theory by 
working as a miRNA sponge.23 Bioinformatics tools 
were utilized to find the putative miRNAs containing 
a consensus binding sequence for LINC00839. StarBase 
3.0 and DIANA tool – LncBase Experimental v2 predicted 
33 and 465 miRNAs as potential targets, respectively 
(Figure 2B). In total, 27 miRNAs were simultaneously 
identified from the two data sets. MiR-106b-5p,24 miR- 
130a-3p,25 miR-130b-3p,26 miR-17-5p,27 miR-19a-3p,28 

miR-19b-3p,29 miR-301a-3p,30 miR-4295,31 and miR-93- 
5p32 have been previously shown to be upregulated in OS 
and play oncogenic roles during cancer progression. In 
addition, no studies have reported an association of miR- 
1180-5p, miR-301b-3p, miR-3666, miR-519b-3p, miR- 
519c-3p, miR-520g-3p, miR-520h, miR-5590-3p, and 
miR-7114-3p with OS. Hence, these miRNAs were 
excluded from study, whereas nine miRNAs (miR-106a- 
5p, miR-20a-5p, miR-20b-5p, miR-223-3p, miR-338-3p, 
miR-454-3p, miR-519a-3p, miR-519d-3p, and miR-526b- 
3p) were selected for further analysis.

To test our hypothesis, LINC00839 depleted-MG-63 
and HOS cells were subjected to qRT-PCR analysis for 
the detection of miRNA expression changes. Among these 

candidates, miR-454-3p was significantly increased in MG- 
63 and HOS cells by silencing LINC00839 expression, 
whereas the expression of the other miRNAs was unaf-
fected in response to si-LINC00839 transfection 
(Figure 2C). Next, qRT-PCR analysis indicated that miR- 
454-3p was downregulated in OS tissues (Figure 2D), 
which was consistent with a previous study.33 

Interestingly, the Pearson correlation analysis indicated an 
inverse correlation between LINC00839 and miR-454-3p in 
the OS tissues (Figure 2E; r = −0.7687, P < 0.0001). The 
wild-type and mutant binding sites of miR-454-3p within 
LINC00839 are presented in Figure 2F. A luciferase repor-
ter assay was then used to determine whether LINC00839 
could bind to miR-454-3p in OS cells. The efficiency of 
miR-454-3p mimic transfection was analyzed by qRT-PCR 
(Figure 2G). The results showed that resumption of miR- 
454-3p led to a significant reduction of luciferase activity in 
LINC00839-wt-transfected MG-63 and HOS cells; how-
ever, there was no significant effect on luciferase activity 
when both cells were cotransfected with LINC00839-mut 
and the miR-454-3p mimic (Figure 2H). Moreover, the RIP 
assay revealed that LINC00839 and miR-454-3p were pre-
ferentially enriched in Ago2-containing beads compared 
with the IgG group (Figure 2I), further indicating a direct 
binding relationship between miR-454-3p and LINC00839 
in OS cells. Collectively, the results indicated that 
LINC00839 functions by sponging miR-454-3p in OS cells.

LINC00839 Upregulates c-Met in OS 
Cells by Sponging MiR-454-3p
A previous study identified c-Met as a direct miR-454-3p 
target in OS cells.33 Therefore, we performed a series of 
experiments to confirm this result. The wild-type and mutant 
binding sites of miR-454-3p within the 3ʹ-UTR of c-Met are 
shown in Figure 3A. To validate this direct binding, luciferase 
reporter assays were performed. We found that cotransfection 
of miR-454-3p mimic and c-Met-wt significantly decreased 
luciferase activity in MG-63 and HOS cells when compared 
with cells cotransfected with c-Met-wt and miR-NC, whereas 
mutation of the binding sequences abolished the suppressive 
effect of miR-454-3p overexpression on luciferase activity 
(Figure 3B). Furthermore, the miR-454-3p mimic downregu-
lated the expression of c-Met mRNA (Figure 3C) and protein 
(Figure 3D) in MG-63 and HOS cells. Also, c-Met was highly 
expressed in OS (Figure 3E) and inversely correlated with 
miR-454-3p expression (Figure 3F; r = −0.6976, P < 0.0001).
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After establishing that LINC00839 worked by sponging 
miR-454-3p and that c-Met is a direct target of miR-454-3p, 
we hypothesized that LINC00839 regulates c-Met expres-
sion in OS cells by acting as a ceRNA. Initially, a positive 
correlation between LINC00839 and c-Met mRNA was 
observed in OS tissues (Figure 3G; r = 0.7216, P < 0.0001), 
as evidenced by Pearson correlation analysis. qRT-PCR and 
Western blotting analysis were used to measure c-Met 
expression in MG-63 and HOS cells after LINC00839 deple-
tion. As expected, the levels of c-Met mRNA (Figure 3H) 
and protein (Figure 3I) were reduced in MG-63 and HOS 
cells following transfection with si-LINC00839, while intro-
ducing the miR-454-3p inhibitor almost restored c-Met 

expression levels (Figure 3J and K) that were suppressed 
by si-LINC00839. Altogether, LINC00839 worked as 
a ceRNA to competitively interact with miR-454-3p in OS 
cells and consequently increase c-Met expression.

Increasing the MiR-454-3p/c-Met Axis 
Output Abolishes the Regulatory Actions 
of LINC00839 Knockdown in OS Cells
As miR-454-3p/c-Met has been determined to be modulated 
by LINC00839, rescue experiments were designed and con-
ducted to confirm whether the miR-454-3p/c-Met axis is 
required for LINC00839-induced activities in OS cells. 

Figure 2 LINC00839 functions as a ceRNA by sponging miR-454-3p in OS cells. (A) The cytoplasmic and nuclear RNA fractions were isolated from MG-63 and HOS cells 
and analyzed by qRT-PCR to evaluate the distribution of LINC00839 in OS cells. (B) The potential miRNAs targeting LINC00839 were predicted by StarBase 3.0 and DIANA 
tools - LncBase Experimental v2. (C) The expression of miRNAs (miR-106a-5p, miR-20a-5p, miR-20b-5p, miR-223-3p, miR-338-3p, miR-454-3p, miR-519a-3p, miR-519d-3p, 
and miR-526b-3p) in LINC00839 depleted-MG-63 and HOS cells as determined by qRT-PCR. (D) qRT-PCR of miR-454-3p in OS tissues and adjacent normal tissues. (E) The 
expression correlation between LINC00839 and miR-454-3p in OS tissues was determined by Pearson correlation analysis. (F) Schematic representation showing the wild- 
type and mutant binding sites of miR-454-3p within LINC00839. (G) The expression of miR-454-3p in miR-454-3p mimic-transfected or miR-NC-transfected MG-63 and 
HOS cells as analyzed by qRT-PCR. (H) The luciferase activity of LINC00839-wt or LINC00839-mut was evaluated in MG-63 and HOS cells after cotransfection with miR- 
454-3p mimic or miR-NC. (I) RIP assay was done using MG-63 and HOS cell extracts and an anti-Ago2 antibody, followed by detecting the enrichment of miR-454-3p and 
LINC00839 by qRT-PCR. **P < 0.01.
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The miR-454-3p inhibitor was used and its silencing effi-
ciency in MG-63 and HOS cells was verified by qRT-PCR 
(Figure 4A). Then, the miR-454-3p inhibitor or NC inhibitor 
together with si-LINC00839 were cotransfected into MG-63 
and HOS cells. CCK-8 assay indicated that downregulation 

of miR-454-3p rescued the proliferative activity of MG-63 
and HOS cells suppressed by LINC00839 loss (Figure 4B). 
In addition, the promoting influence of si-LINC00839 on 
apoptosis in MG-63 and HOS cells was reversed after 
cotransfection with the miR-454-3p inhibitor (Figure 4C). 

Figure 3 c-Met, a direct target of miR-454-3p, is positively regulated by LINC00839 in OS through sponging of miR-454-3p. (A) Schematic representation showing the wild- 
type or mutant miR-454-3p binding sites of c-Met. (B) Luciferase reporter assay was used to measure luciferase activity after MG-63 and HOS cells were cotransfected with 
c-Met-wt or c-Met-mut and miR-454-3p mimic or miR-NC. (C and D) c-Met mRNA and protein levels in miR-454-3p mimic or miR-NC-transfected MG-63 and HOS cells 
as measured by qRT-PCR and Western blotting analysis, respectively. (E) c-Met mRNA expression was detected in OS tissues and compared with that of adjacent normal 
tissues. (F) Pearson correlation analysis of the relationship between miR-454-3p and c-Met mRNA levels in OS tissues. (G) The expression correlation between c-Met 
mRNA and LINC00839 in OS tissues as determined by Pearson correlation analysis. (H and I) qRT-PCR and Western blotting analysis were utilized to measure c-Met mRNA 
and protein expression in MG-63 and HOS cells, respectively, after LINC00839 knockdown. (J and K) The miR-454-3p inhibitor or NC inhibitor was introduced into 
LINC00839 depleted-MG-63 and HOS cells. The expression changes of c-Met mRNA and protein were analyzed by qRT-PCR and Western blotting analysis, respectively. **P 
< 0.01.
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Furthermore, interference of LINC00839 restricted the 
migration (Figure 4D) and invasion (Figure 4E) of MG-63 
and HOS cells; however, cotransfection with the miR-454- 
3p inhibitor abolished these effects.

The c-Met overexpressing plasmid, pcDNA3.1-c-Met 
(pc-c-Met), or empty pcDNA3.1 plasmid was cotransfected 
with si-LINC00839 in MG-63 and HOS cells. Western 
blotting analysis revealed that transfection of pc-c-Met sig-
nificantly increased c-Met protein expression in MG-63 and 
HOS cells (Figure 5A). Functional experiments indicated 
that elevated expression of c-Met neutralized the impacts 
of LINC00839 knockdown on proliferation (Figure 5B), 
apoptosis (Figure 5C), migration (Figure 5D), and invasion 
(Figure 5E) of MG-63 and HOS cells. Collectively, 
LINC00839 performed its pro-oncogenic roles in OS cells 
by regulating the activity of miR-454-3p/c-Met axis.

Inhibition of LINC00839 Suppresses OS 
Tumor Growth in vivo
Tumor xenograft assay was performed to test the biological 
role of LINC00839 on OS tumor growth in vivo. HOS cells 
stably transfected with sh-LINC00839 or sh-NC were subcu-
taneously injected into the flanks of nude mice. The tumor 
volume was apparently reduced in the mice injected with HOS 
cells stably expressing sh-LINC00839 (Figure 6A and B). The 
weight of the tumor xenografts was lower in the sh- 
LINC00839 group compared with that of the sh-NC group 
(Figure 6C). In addition, LINC00839 expression in the tumors 
from the sh-LINC00839 group was significantly decreased 
(Figure 6D). Furthermore, a significant increase of miR-454- 
3p (Figure 6E) and decrease of c-Met protein expression 
(Figure 6F) was observed in the tumors originating from sh- 
LINC00839 stably transfected HOS cells. Overall, the results 

Figure 4 MiR-454-3p suppression abrogates the regulatory effects of si-LINC00839 on OS cells. (A) MiR-454-3p expression was assessed in MG-63 and HOS cells after 
introducing the miR-454-3p inhibitor or NC inhibitor. (B and C) CCK-8 assay and flow cytometric analysis were used to examine proliferation and apoptosis after si- 
LINC00839, together with miR-454-3p or NC inhibitors, were introduced into MG-63 and HOS cells. (D and E) The migration and invasion of the aforementioned cells 
were determined by transwell migration and invasion assays. *P < 0.05 and **P < 0.01.
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of the tumor xenograft assay demonstrated that loss of 
LINC00839 attenuated OS tumor growth in vivo.

Discussion
In recent years, several studies have indicated that 
lncRNAs perform critical roles in regulating OS etiology 
and progression, and this has generated great interest in the 
scientific community.12,34,35 In view of their importance, 
studying the functions of lncRNAs in OS may offer new 
therapeutic targets and valuable prognostic biomarkers. 
The present study was done to examine the expression 
pattern of LINC00839 in OS and investigate its impact 
on the cellular processes of OS in vitro and in vivo. More 

importantly, the mechanisms responsible for its cancer- 
promoting activity in OS were explored in detail.

To our knowledge, this is the first study to explore the 
involvement of LINC00839 in the oncogenicity of OS. 
Initially, a total of 47 OS tissues and corresponding adjacent 
normal tissues were collected and used for qRT-PCR analysis 
to determine the expression of LINC00839. The data revealed 
high expression of LINC00839 in OS tissues and cell lines. 
The prognostic relevance of LINC00839 in OS was then 
evaluated using the Kaplan–Meier method. Patients with OS 
characterized a high LINC00839 expression manifested 
shorter overall survival relative to those patients with a low 
LINC00839 expression. Functionally, the inhibition of 

Figure 5 c-Met overexpression attenuates the effect of si-LINC00839 on OS cells. (A) Western blotting analysis was conducted to detect c-Met protein expression in MG- 
63 and HOS cells after pc-c-Met or pcDNA3.1 transfection. (B–E) The pc-c-Met or pcDNA3.1 in parallel with si-LINC00839 was cotransfected into MG-63 and HOS cells. 
The proliferation, apoptosis, migration and invasion were investigated by CCK-8 assay, flow cytometric analysis, and transwell migration and invasion assays, respectively. *P 
< 0.05 and **P < 0.01.
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LINC00839 expression caused a significant reduction in OS 
cell proliferation, migration, and invasion in vitro. 
Furthermore, interference of LINC00839 expression attenu-
ated OS tumor growth in vivo and induced apoptosis.

Additional work was performed to identify the molecular 
events involved in the pro-oncogenic activities of 
LINC00839, and therefore to acquire a comprehensive 
understanding of LINC00839 in OS. Because the function 
of lncRNAs depends on subcellular distribution,36 

lncLocator, a lncRNA subcellular localization predictor, 
was utilized to forecast the cellular localization of 
LINC00839. LINC00839 was predicted to be primarily 
enriched in the cytoplasm, and this was further confirmed 
by subcellular fractionation experiment. It is well established 
that cytoplasmic lncRNA is likely to work as a ceRNA for 
miRNAs.21,23 LncRNAs possess miRNA responsive ele-
ments and can competitively bind to certain miRNAs and 
consequently decrease the repression of target mRNAs trig-
gered by miRNAs, thus forming a complex lncRNA – 
miRNA-mRNA pathway.37 Accordingly, we suspect that 
LINC00839 works through such a ceRNA mechanism.

To verify our hypothesis, bioinformatics analyses were 
conducted to search for miRNAs that may bind to 
LINC00839 and miR-454-3p was found to be a potential 
candidate. Next, qRT-PCR analysis revealed that 
LINC00839 knockdown increased the expression of miR- 
454-3p in OS cells. Additionally, miR-454-3p was down-
regulated in OS, and there was an inverse relationship 
between the expression of miR-454-3p and LINC00839. 
Furthermore, luciferase reporter assay corroborated the 
direct binding of miR-454-3p to sequences of 
LINC00839. Moreover, a direct interaction between miR- 

454-3p and LINC00839 in OS cells was identified using 
RIP assay. Lastly, c-Met was demonstrated to be a direct 
target of miR-454-3p in OS cells which was under the 
control of LINC00839 through sponging of miR-454-3p. 
Altogether, we have identified a new LINC00839/miR- 
454-3p/c-Met network in OS cells.

MiR-454-3p is reported to be underexpressed in 
a variety of human cancers including OS.33 MiR-454-3p 
is regarded as a tumor-inhibiting miRNA in OS cells and 
is involved in the regulation of OS cell proliferation and 
invasion.33 C-Met, also known as MET, is a receptor for 
hepatocyte growth factor.38 It has an oncogenic role in OS 
progression by regulating a number of aggressive cell 
processes.39–42 In this study, our results indicated that 
miR-454-3p was able to directly target c-Met and nega-
tively regulate its expression in OS cells. Furthermore, 
LINC0039 positively modulated c-Met expression in OS 
cells by acting as miR-454-3p sponge. Rescue experiments 
further demonstrated that the effect of LINC00839 defi-
ciency on the biological processes of OS cells was abro-
gated, in part, by miR-454-3p inhibition or c-Met 
overexpression. Collectively, these results suggest that 
LINC00839 promotes the malignancy of OS cells by tar-
geting the miR-454-3p/c-Met axis.

Conclusions
Our results identified the involvement of LINC00839 in 
OS progression. LINC00839 aggravated the OS cell phe-
notype by functioning as an miR-454-3p sponge and con-
sequently increasing the expression of c-Met. Hence, the 
LINC00839/miR-454-3p/c-Met network may be 
a valuable target for OS treatment and prognosis.

Figure 6 Silencing of LINC00839 restricts OS tumor growth in vivo. (A) Representative images of tumor xenografts originating from sh-LINC00839 or sh-NC stably 
transfected HOS cells. (B) The volumes of tumor xenografts were monitored every five days and curves were plotted accordingly. (C) All mice were euthanized at the end 
of the experiment and tumor xenografts were resected to monitor weight. (D and E) qRT-PCR analysis showing the expression of LINC00839 and miR-454-3p in tumor 
xenografts. (F) The c-Met protein in tumor xenografts obtained from sh-LINC00839 or sh-NC groups was evaluated by Western blotting analysis. **P < 0.01.
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