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Objective: To explore the effect and mechanism of long 
noncoding RNA ERVK13-1 on osteosarcoma (OS) cell de-
velopment by regulation of miR-873-5p/KLF5 axis. Meth-
ods: The expression of ERVK13-1 in the collected tissue 
was detected by RT-qPCR, and then the relationship be-
tween ERVK13-1 expression and clinical characteristics of 
OS patients was analyzed. After OS cell lines were trans-
fected with miR-873-5p inhibitor, si-ERVK13-1, si-KLF5 
or their negative controls, the expression of ERVK13-1, 
miR-873-5p, and KLF5 in OS cell lines were measured, 
followed by determination of their effects on cell prolif-
eration, migration, and invasion abilities. Moreover, the 
binding relationships of ERVK13-1 and miR-873-5p, as 
well as miR-873-5p and KLF5, were verified by the dual-
luciferase reporter gene assay. Results: Highly expressed 
ERVK13-1 was found in OS tissues, which was closely re-
lated to tumor size, tumor node metastasis, and distant 
metastasis. The overall survival of OS patients with high 
expression of ERVK13-1 was poorer than those with low 
expression of ERVK13-1. Elevated ERVK13-1 and KLF5 
but suppressed miR-873-5p was observed in the OS cell 
lines U2OS and MG63. Transfection with miR-873-5p in-
hibitor enhanced the malignant potentials of OS cells, 
and transfection with si-ERVK13-1 or si-KLF5 reduced 
these abilities of OS cells. ERVK13-1 bound to miR-873-
5p and KLF5 was a target gene of miR-873-5p. Conclu-
sion: The ERVK13-1/miR-873-5p/KLF5 axis confers vital 
effect on the occurrence and progression of OS, thus 
providing possible guidance for the clinical treatment of 
OS.
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INTRODUCTION

Osteosarcoma (OS), an osteoid-producing malignancy 
of mesenchymal origins, is characterized by deposition 
of immature osteoid matrix by spindle cells of mesen-
chymal origin and frequently occurs in children and 

adolescents (Lamoureux et al., 2007, Durfee et al., 2016, 
Lindsey et al., 2017). Specifically, OS can be seen in the 
bones of the lower extremities and humerus of young 
patients (Serra & Hattinger, 2017). Although surgical 
resection of the primary lesion and systemic preopera-
tive and postoperative multidrug chemo-therapy have 
been widely employed for OS treatment, the prognosis is 
still unsatisfactory with estimated 5-year survival rate of 
only 65~70% (Serra & Hattinger, 2017; Yao et al., 2020). 
Therefore, a new perspective is warranted to improve 
their prognosis and survival rate.

Long non-coding RNA (lncRNA) is a type of oligo-
nucleotide with a length of more than 200 nt without 
protein-coding potentials (Wang et al., 2020). The regula-
tory role of lncRNAs in the progression of human can-
cers has been gradually revealed. For example, lncRNA 
PVT1 is responsible for propagation and invasion of 
colorectal cancer cells by the upregulation of miR-214-
3p (Shang et al., 2019). Additionally, the abnormally ex-
pressed lncRNAs have been found in OS and proved to 
correlate with the prognosis (Yan et al., 2018, Huang et 
al., 2020). Important role of ERVK13-1 in heart failure 
has been found (Han, 2019), however, its function in OS 
initiation and progression remains unclear.

MicroRNAs (miRNAs) are a subclass of small non-
coding transcripts with 20~22 nucleotides, and their 
potential roles in tumorigenesis through regulation of 
oncogenes or tumor-suppressor genes has been discov-
ered (Ren et al., 2020). A previous document has clari-
fied a reduction in miR-873 expression in OS tissues and 
cell lines, and miR-873 overexpression leads to repress 
the malignant properties of OS cells (Liu et al., 2019). 
Accumulating evidence has highlighted the function of 
competitive endogenous RNAs (ceRNAs) to regulate 
cancer development by sponging miRNAs and target-
ing messenger RNAs (mRNAs) (Zhao et al., 2020). 
The miR-873-5p/ZEB2 axis confers a vital effect on 
HOTAIRM1-influenced proliferation and apoptosis of 
glioma cells (Lin et al., 2020). However, whether the anti-
cancer functions mediated by miR-873-5p in OS are re-
lated to ERVK13-1 remains to be studied.

Krüppel-like factor 5 (KLF5), as a zinc-finger tran-
scription factor, possesses various functions in eukary-
otic cells, such as regulation of proliferation, migration, 
and differentiation (Huang et al., 2020). Importantly, 
KLF5 exerts a crucial effect on the biological behavior 
of OS cells (Cai et al., 2018). Exploring the interaction of 
lncRNA-miRNA-mRNA may be helpful to understand 
the mechanism and pathogenesis of cancers. Therefore, 
in this study, we tried to explore the regulatory roles of 
ERVK13-1, miR-873-5p, and KLF5 in OS development.
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MATERIALS AND METHODS

Ethical statement

The study was conducted according to the Declaration 
of Helsinki. The study protocol concerning humans was 
approved by the Ethics Committee of Huizhou Central 
People’s Hospital (LLBA201809A). All the patients pro-
vided their written informed consent.

Subjects

A total of 20 OS patients who did not receive ra-
diation or chemotherapy were recruited from Huizhou 
Central People’s Hospital. After surgical resection, OS 
tissues and para-carcinoma tissues were collected and 
stored in liquid nitrogen for subsequent RNA or protein 
extraction.

Cell culture

Human OS cell lines U2OS and MG63 as well as hu-
man fetal osteoblast cell line hFOB1.19 were supplied 
by the Cell Resource Center of Shanghai Institutes for 
Biological Sciences, Chinese Academy of Sciences. All 
cell lines were incubated in Dulbecco’s modified eagle 
medium (DMEM, Gibco, Grand Island, NY, USA) with 
10% fetal calf serum (FBS), 1% penicillin and 1% strep-
tomycin under 5% CO2 at 37°C.

Cell transfection and grouping

U2OS and MG63 cells were transfected with 30 nM 
miR-873-5p inhibitor, 2 μg si-ERVK13-1, 2 μg si-KLF5 
(GenePharma, Shanghai, China) or their negative con-
trols, respectively by utilizing the LipoFiterTM reagent 
(Hanbio, Shanghai, China). Three replicates were set 
for the transfection procedure. Inhibitor is for miRNA 
inhibition, which can effectively inhibit the function of 
endogenous mature miRNA, thereby inhibiting the ex-
pression of miRNA. siRNA is an important effector 
molecule on which RNA interference occurs, and it can 
interfere the expression of target genes. The detailed 
grouping was seen as follows: Blank group (without any 
transfection), inhibitor NC group (U2OS and MG63 
cells were transfected with NC of miR-873-5p inhibitor), 
inhibitor group (U2OS and MG63 cells were transfected 
with miR-873-5p inhibitor), si-NC group (U2OS and 
MG63 cells were transfected with NC of si-ERVK13-1 
or si-KLF5), si-ERVK13-1 group (U2OS and MG63 
cells were transfected with silenced ERVK13-1), si-KLF5 
group (U2OS and MG63 cells were transfected with si-
lenced KLF5), inhibitor-miR-873-5p + si-ERVK13-1 
group (U2OS and MG63 cells were transfected with 
miR-873-5p inhibitor and silenced ERVK13-1). The 
subsequent experiment was implemented after 24 h of 
transfection.

Reverse transcription quantitative polymerase chain 
reaction (RT-qPCR)

The total RNA was extracted from U2OS, MG63, 
and hFOB1.19 cells, respectively, employing TRIzol (In-
vitrogen, Carlsbad, CA, USA). The concentration and 
purity of RNA were inspected. Reverse transcription was 
carried out utilizing the reverse transcription kit (TaKa-
Ra, Tokyo, Japan) according to the instructions of the 
kit and random primers. Light Cycler 480 (Roche, Indi-
anapolis, IN, USA) fluorescent quantitative PCR instru-
ment was employed to quantitate gene expression. The 

reaction conditions were set in accordance with the in-
structions of the fluorescent quantitative PCR kit (SYBR 
Green Mix, Roche Diagnostics, Indianapolis, IN). Fol-
lowing a 5 min pre-degeneration step at 95°C, RNAs 
underwent 40 cycles consisting of a 10 s denaturing pro-
cedure at 95°C, a 10 s annealing step at 60°C and a 20 s 
extension at 72°C. Each reaction possesses 3 replicates. 
U6 was selected as an internal reference of miRNA, and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was regarded as the internal reference of mRNA and 
lncRNA. The 2-ΔΔCt method was used for data analysis. 
The amplified primer sequence of each gene and its in-
ternal reference gene are exhibited in Table 1.

Western blot

Cells were lysed with RIPA (Beyotime, Shanghai, 
Beijing) and centrifuged to obtain protein sample. The 
protein concentration was determined by BCA kit (Be-
yotime), and the corresponding volume of protein was 
mixed with the loading buffer (Beyotime) followed by 3 
min of denaturation in a boiling-water bath. Then, the 
protein was separated by prepared 10% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS/PAGE) 
at 80 V. When bromophenol blue entered the separa-
tion gel, the electrophoresis was conducted to 120 V for 
1–2  h. After that, proteins were transferred to mem-
branes at 300 mA for 60 min in ice-bath. The mem-
branes were rinsed 1 ~ 2 min with washing solution and 
then sealed in the blocking solution at room temperature 
for 60 min or sealed overnight at 4°C. Then the mem-
branes were incubated with the primary antibodies: rab-
bit anti-human GAPDH (5174S, 1:1000, Cell Signaling, 
Boston, USA) and KLF5 (ab24331, 1:1000, Cell Sign-
aling, Boston, USA) at room temperature in a shaking 
table for 1 h. Afterwards, the membranes were washed 
with washing solution 3 times (each for 10 min) and 
then incubated with the secondary antibody against goat 
anti-rabbit IgG (1:5000, Beijing ComWin Biotech Co., 
Ltd., Beijing, China) labeled with horseradish peroxidase 
for 1 h at room temperature. After washing, the mem-
branes underwent X-ray film exposure and development.

Dual-luciferase reporter gene assay

The prediction for the binding site of miR-873-5p and 
ERVK13-1 was performed by using the online database 
StarBase (https://starbase.sysu.edu.cn/index.php). Addition-

Table 1. Primer sequences

Name of primer Sequences

U6-F CTCGCTTCGGCAGCACA

U6-R ACGCTTCACGAATTTGCGT

Hsa-miR-873-5p-F GCAGGAACTTGTGAGTCTCCT

Hsa-miR-873-5p-R CTCTACAGCTATATTGCCAGCCAC

GAPDH-F AATGGGCAGCCGTTAGGAAA

GAPDH-R GCGCCCAATACGACCAAATC

ERVK13-1-F ATGCCGTGTTTCCTGTCTGT

ERVK13-1-R TGCAAACCCACTTGAACCCT

KLF5-F ACGCTTGGCCTATAACTTGG

KLF5-R ACTGGTCTACGACTGAGGCA

Notes: F: forward primer; R: reversed primer.

https://starbase.sysu.edu.cn/index.php
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ally, the online software PITA (https://genie.weizmann.
ac.il/pubs/mir07/mir07_data.html) was applied to predict 
the binding region of miR-873-5p and KLF5. The mutated 
type sequences and wild type sequences (mut-ERVK13-1, 
wt-ERVK13-1, mut-KLF5 and wt-KLF5) were designed 
and synthesized in accordance with the predicted results 
and cloned into luciferase reporter gene vector (pGL3-Pro-
moter, Promega, MADISON, WI, USA). Then the vectors 
were co-transfected with miR-873-5p mimic or mimic-NC 
(30 nM, GenePharma), respectively, into HEK293T cells. 
After transfection, the fluorescence intensity of cells in each 
group was measured by the dual-luciferase reporter gene 
assay kit (Promega, Madison, WI, USA) to determine the 
binding of miR-873-5p to ERVK13-1 and miR-873-5p to 
KLF5. Cells were grouped into mimic + mut-ERVK13-1 
group, mimic + wt-ERVK13-1 group, mimic NC + mut-
ERVK13-1 group, mimic NC + wt-ERVK13-1, mimic + 
mut-KLF5 group, mimic + wt-KLF5 group, mimic NC + 
mut-KLF5 group and mimic NC + wt-KLF5 group. This 
experiment was repeated 3 times.

Cell counting kit-8 (CCK-8) assay

After transfection, 100 μL suspension of U2OS and 
MG63 cells were seeded into 96-well plates (1×105 cells/
ml). The experiment was designed with three replicates. 
Following 12, 24, 36, and 48 h of incubation, cells in 
each well were exposed to 10 μl of CCK-8 reagent for 
3 h of incubation. Absorbance was detected at 450 nm 
wavelength.

Colony formation assay

Following transfection, cells in the logarithmic phase 
were triturated thoroughly. Cell suspension was diluted 
to a concentration of 200 cells/well and cultured for 2 
weeks under 5% CO2 at 37°C. The culture medium was 
replaced duly according to the pH value during incuba-
tion. Cell culture was stopped when colonies were vis-
ible. After removal of medium, cells were fixed in meth-
anol for 15 min followed by 10 min of Giemsa staining. 
Cells were then washed with running water, air dried and 
counted. Three replicates were set for this assay.

Transwell assay

Transwell chamber (pore size: 8 μm, Corning, New 
York, USA) covered with Matrigel was used for cell in-
vasion detection. About 0.5 mL of serum-free culture 
medium was added to the chamber for incubation at 
37°C, 5% CO2 for 2 h. Then, culture medium was re-
moved. Cells in the logarithmic phase were made into 
single-cell suspension and uniformly inoculated in the 
six-well plate for incubation at 37°C in 5% CO2. Three 

duplicates were set for each well. Upon reaching 70% ~ 
90% confluency, cells were subjected to different treat-
ment and then cultured at 37°C in 5% CO2 for 24 h, 
followed by digestion and collection. Then, cells were re-
suspended in serum-free DMEM with cell concentration 
adjusted. About 600 μL culture medium containing 10% 
FBS was pipetted into basolateral chamber, and 100 μL 
cell suspension was aspirated into apical chamber. After 
incubation for 24 h, the non-invaded cells on the apical 
chamber of the membrane were removed with a cotton 
swab. The invaded cells were fixed in 4% paraformalde-
hyde for 20 min and subjected to Wright-Giemsa stain-
ing. Five fields were selected randomly under a high-
power lens to count invaded cells and capture pictures.

Cell scratch assay

Cells in the logarithmic phase were collected and pre-
pared into a single-cell suspension (5×105 cells/ml), which 
was uniformly inoculated on a six-well plate. After 24 h, 
the treated cells were cultured in an incubator at 37°C with 
5% CO2. Then, cells were scratched using a 100 µL sterile 
pipette tip which was as perpendicular to cells as possible 
to ensure that the scratch width of each group was basi-
cally the same. PBS was employed to wash cells twice to 
remove the scratched cells. Then cells were cultured with 
serum-free DMEM. Photographs were captured and the 
cell migration rate was calculated based on the changes in 
scratch distance. Cell migration rate = (scratch width at 0 
h- scratch width after 24 h)/scratch width at 0 h×100%.

Statistical analysis

Data were analyzed employing GraphPad Prism 7.0 and 
showed as mean ± standard deviation (S.D.). The overall 
survival rate was displayed by the Kaplan-Meier method 
and the difference between the curves was analyzed by the 
log-rank test. χ2test (chi-square test) was utilized to evalu-
ate the relationship between ERVK13-1 expression and 
clinicopathological characteristics of OS patients. Statistical 
comparisons between two groups were made using T test. 
The one-way analysis of variance was adopted followed by 
Tukey’s multiple comparison tests for comparisons among 
more than two groups. Significance was set at P<0.05.

RESULTS

ERVK13-1 is highly expressed in OS and correlated with 
adverse clinical outcomes of OS patients

To inspect the role of ERVK13-1 in OS, RT-qPCR 
was applied to assess the level of ERVK13-1 in 20 cases 

Figure 1. Highly expressed ERVK13-1 in OS tissues is correlated with OS progression
Note: The expression of ERVK13-1 in OS tissues and para-carcinoma tissues were detected by RT-qPCR (A), and Kaplan-Meier survival 
curve was exhibited (B); *P<0.05; OS, osteosarcoma.

https://genie.weizmann.ac.il/pubs/mir07/mir07_data.html
https://genie.weizmann.ac.il/pubs/mir07/mir07_data.html


706											           2022H. Xie and others

of OS tissues and para-carcinoma normal tissues. The re-
sults presented highly expressed ERVK13-1 in tissues ob-
tained from OS patients than in normal tissues (Fig.  1A, 
*P<0.05). Then, 20 patients with OS were divided into 
two groups based on the median (exact value: 2.65) of 
ERVK13-1 expression: low expression group (n=10) and 
high expression group (n=10). As depicted in Table 2, 
high level of ERVK13-1 was obviously related to tumor 
size (P=0.019), tumor node metastasis stage (P=0.023), 
and distant metastasis (P=0.046). Additionally, the over-
all survival of patients in the high expression group was 
shorter than those in the low expression group (Fig. 1B, 
P=0.043). These data illustrated close correlation between 
ERVK13-1 expression and the progression of OS.

Upregulated ERVK13-1 and downregulated miR-873-5p 
were seen in OS cells

We then found elevated ERVK13-1 expression and 
reduced miR-873-5p expression in human OS cell lines 
U2OS and MG63 relative to human fetal osteoblast 
hFOB1.19 cells (Fig. 2A, B, **P<0.01). Transfection with 
si-ERVK13-1 contributed to suppressed ERVK13-1 ex-
pression (Fig. 2C–D, **P<0.01) and elevated miR-873-5p 
expression (Fig. 2E–F, *P<0.05) in OS cell lines. Trans-
fection with miR-873-5p inhibitor suppressed miR-873-5p 
expression (Fig. 2E–F, *P<0.05) and its expression was 
increased by treatment of si-ERVK13-1 and miR-873-5p 
inhibitor than by miR-873-5p inhibitor treatment alone 
(Fig. 2E–F, *P<0.05). No obvious change in expression 
of miR-873-5p was noticed in the inhibitor NC, si-NC, 
and inhibitor-miR-873-5p + si-ERVK13-1 groups (Fig. 
2E–F). The above results indicated that ERVK13-1 neg-
atively regulated the expression of miR-873-5p.

ERVK13-1 maintains biological behavior of OS cells by 
negatively mediating miR-873-5p

Results of CCK-8 implied the restrained cell viabil-
ity in U2OS and MG63 cells after transfection with si-

ERVK13-1, and enhanced proliferation ability in the 
cells transfected with miR-873-5p inhibitor (Fig. 3A–B, 
*P<0.05). Compared with the si-ERVK13-1 group, the 
inhibitor-miR-873-5p + si-ERVK13-1 group possessed 
potentiated cell viability. There was no obvious differ-
ence in proliferation rate in inhibitor NC, si-NC, and in-
hibitor-miR-873-5p + si-ERVK13-1 groups. Similar find-
ings were obtained from colony formation assay, which 
suggested the crucial effects of ERVK13-1 and miR-873-5p 
on OS cell proliferation (Fig. 3C). Transwell and cell scratch 
assays highlighted that the silencing of ERVK13-1 led to 
diminished abilities of cell invasion and migration, and 
knockdown of miR-873-5p contributed to the contrary 
findings (Fig. 3D–E, *P<0.05). Moreover, the co-treat-
ment of si-ERVK13-1 and miR-873-5p inhibitor brought 
about more significant enhancement than si-ERVK13-1 
treatment alone (Fig. 3D–E, *P<0.05). These findings in-
dicated that downregulation of ERVK13-1 was capable 
of inhibiting the proliferation, invasion, and migration 
abilities of OS cells, while suppression of miR-873-5p 
promoted these properties of OS cells. ERVK13-1 was 
found to facilitate the proliferation, invasion, and migra-
tion of OS cells by the negative regulation of miR-873-
5p expression.

Highly expressed KLF5 in OS cells

Analyses of RT-qPCR and Western blot yielded that 
the mRNA and protein expression levels of KLF5 in 
OS cell lines U2OS and MG63 were significantly high-
er than those of hFOB1.19 cells (Fig. 4A–B, *P<0.05). 
Transfection of si-ERVK13-1 led to repressed KLF5 
level (vs. the si-NC group); while miR-873-5p inhibitor 
treatment possessed heightened KLF5 expression (vs. 
the inhibitor NC group); and cells in the inhibitor-miR-
873-5p + si-ERVK13-1 group had enhanced mRNA and 
protein levels of KLF5 (Fig. 4C–F, *P<0.05, vs. the si-
ERVK13-1 group). No significant difference in KLF5 
expression was obtained from the inhibitor NC, si-NC, 

Table 2. Relationship between the ERVK13-1 expression and clinical characteristics of 20 patients with OS

Clinical characteristic
ERVK13-1

P-value
High expression Low expression

Age (years) 0.628

< 18 8 6

≥ 18 2 4

Sex 0.141

Male 5 1

Female 5 9

Tumor size (cm) 0.019

< 5 3 9

> 5 7 1

TNM stage 0.023

I or II 2 8

III or IV 8 2

Distant metastasis 0.046

Presence 6 1

Absence 4 9

Notes: OS, osteosarcoma; TNM, tumor node metastasis.
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and inhibitor-miR-873-5p + si-ERVK13-1 groups. Taken 
these data together, miR-873-5p negatively regulated the 
expression of KLF5.

KLF5 was able to induce the proliferation, invasion, and 
migration of OS cells

The notably reduced KLF5 in OS cell lines transfect-
ed with si-KLF5 was evaluated by Western blot (Fig. 5A, 
**P<0.01). Findings obtained from CCK-8 (*P<0.05), col-
ony formation assay (**P<0.01), transwell and cell scratch 
assays (**P<0.01) revealed that transfection with si-KLF5 
restrained abilities of cell proliferation, invasion, and mi-
gration (Fig. 5B–E). The above results implied that the 
KLF5 downregulation could hinder the OS cell prolifer-
ation, invasion, and migration. Additionally, KLF5 con-
ferred a carcinogenic role in OS.

ERVK13-1 negatively regulated miR-873-5p and miR-
873-5p targeted KLF5

As depicted in Fig. 6A, the binding site of miR-873-5p 
and ERVK13-1 in the 3’UTR region was predicted by star-
Base. Then, mut-ERVK13-1 and wt-ERVK13-1 were ac-
cordingly designed for dual-luciferase reporter gene as-

say. We found that HEK-293T cells co-transfected with 
wt-ERVK13-1 and miR-873-5p mimic had relatively 
lower luciferase activity than cells co-transfected with wt-
ERVK13-1 and mimic NC (Fig. 6C, *P<0.05). The rela-
tive luciferase activity in the mimic + mut-ERVK13-1 
group was not statistically different from the mimic NC 
+ mut-ERVK13-1 and mimic NC + wt-ERVK13-1 
groups.

The binding site of miR-873-5p and KLF5 was pre-
dicted by the online software PITA (Fig. 6B), and the 
mut-KLF5 and wt-KLF5 were subsequently constructed. 
Results of dual-luciferase reporter gene assay revealed 
that the relative luciferase activity in cells co-transfect-
ed with wt-KLF5 and miR-873-5p mimic was lower 
than cells co-transfected with wt-KLF5 and mimic NC 
(Fig. 6D, *P<0.05). There was no marked difference in 
the mimic + mut-KLF5, mimic NC + mut-KLF5, and 
mimic NC + wt-KLF5 groups. The above results con-

Figure 2. ERVK13-1 was up-regulated while miR-873-5p expres-
sion was down-regulated in OS cell lines
Notes: RT-qPCR was applied to evaluate the expression of ERVK13-
1 (A) and miR-873-5p (B) in hFOB1.19, U2OS and MG63 cells; 
*P<0.05, **P<0.01, ***P<0.001, compared to hFOB1.19 cells. After 
transfection with si-ERVK13-1, ERVK13-1 expression in U2OS cells 
(C) and MG63 (D) cells was assessed by RT-qPCR. Additionally, 
RT-qPCR was applied to detect miR-873-5p level in OS cells (E–F) 
after different transfection; *P<0.05, ***P<0.001, compared to com-
pared to si-NC group or inhibitor NC group. Blank group (without 
any transfection), inhibitor NC group (cells were transfected with 
the negative control of miR-873-5p inhibitor), inhibitor group 
(cells were transfected with miR-873-5p inhibitor), si-NC group 
(cells were transfected with the negative control of si-ERVK13-1), 
si-ERVK13-1 group (cells were transfected with si-ERVK13-1), inhib-
itor-miR-873-5p + si-ERVK13-1 group (U2OS and MG63 cells were 
transfected with miR-873-5p inhibitor and si-ERVK13-1).

Figure 3. ERVK13-1 induces OS cell malignant potentials 
through regulation of miR-873-5p
Notes: After transfection, the OD values of U2OS cells (A) and 
MG63 cells (B) at different culture times were measured by CCK-
8. Colony formation assay was utilized for inspection of prolifera-
tion ability of OS cells (C), transwell for assessment of cell invasion 
ability (D) and cell scratch assay for examination of cell migration 
ability (E); *P<0.05, **P<0.01, ***P<0.001, compared to si-NC group 
or inhibitor NC group; OD, optical density; OS, osteosarcoma. In-
hibitor NC group (cells were transfected with the negative control 
of miR-873-5p inhibitor), inhibitor group (cells were transfected 
with miR-873-5p inhibitor), si-NC group (cells were transfected 
with the negative control of si-ERVK13-1), si-ERVK13-1 group (cells 
were transfected with si-ERVK13-1), inhibitor-miR-873-5p + si-
ERVK13-1 group (cells were transfected with miR-873-5p inhibitor 
and si-ERVK13-1).
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cluded that both ERVK13-1 and KLF5 could bind to 
miR-873-5p. Therefore, ERVK13-1 was considered to 
upregulate KLF5 by negative mediation of miR-873-5p, 
thereby promoting the proliferation, invasion, and migra-
tion of OS cells.

DISCUSSION

OS is a relatively rare bones tumor with incidence 
of 3.4 cases per million people each year in the world 
(Misaghi et al., 2018). Nevertheless, little prognostic 
improvement in OS has been generated from the last 
20 years of research and a new perspective is still war-
ranted. Here we focused on ERVK13-1 and its mecha-
nism in OS. We further pursued the understanding of 
the molecular mechanism along the ceRNA direction. 
By means of target prediction, we found that ERVK13-
1 competitively bound to miR-873-5p, and KLF5 was 
verified as a target gene of miR-873-5p. Thereby, we 
hypothesized that the ERVK13-1/miR-873-5p/KLF5 
axis could regulate the progression of OS. Through 
verification using a series of cell experiments, we ob-
served that ERVK13-1 was engaged in the prolifera-
tion, migration, and invasion of OS cells through work-
ing as a ceRNA to sponge miR-873-5p. More evidence 
from this study suggested that ERVK13-1 aggravated 

OS by sponging miR-873-5p to modulate KLF5 ex-
pression.

Initially, highly expressed ERVK13-1 was also found 
in OS tissues. Meanwhile, positive association was found 
between the high expression of ERVK13-1 and the de-
velopment of tumor size, distant metastasis, and tumor 
node metastasis stage and negatively related to the over-
all survival of OS patients. In addition, we observed that 
ERVK13-1 expression was significantly higher in OS cell 
lines U2OS and MG63 than in human fetal osteoblast 
hFOB1.19 cells. Numerous studies have exhibited that 
the aberrant expression of lncRNAs is related to the 
OS development and metastasis. For example, lncRNA 
DANCR regulates migration and invasion of OS cells 
by targeting the miR-149/MSI2 axis (Zhang et al., 2020). 
LINC00319 can promote progression of OS by the miR-
455-3p/NFIB axis mediation (Sun et al., 2020). In the 
current study, ERVK13-1, a newly identified and rarely 
researched lncRNA, was speculated to be involved in the 
development of OS. Subsequently, CCK-8, colony for-
mation assay, transwell and cell scratch assays were uti-
lized to analyze OS cell abilities of proliferation, invasion, 
and migration. We discovered that reduced ERVK13-1 
suppressed OS development, as evidenced by diminished 
cell viability, reduced invasion capacity, and weakened 
migration ability in OS cell lines

MiR-873-5p plays a tumor-suppressive role in vari-
ous malignancies, such as papillary thyroid cancer and 
colorectal cancer (Wang et al., 2019; Wang et al., 2020). 
Here, RT-qPCR further verified the decrease of miR-
873-5p expression in OS cell lines, which was in line 
with previous research (Zhang et al., 2020). Apart from 
this finding, the bioinformatic analysis and dual-lucif-
erase reporter gene assay described that miR-873-5p was 
confirmed as a target of ERVK13-1. Transfection with  
miR-873-5p inhibitor inhibited the mRNA level of  
miR-873-5p, whereas the following silencing of ERVK13-
1 reversed this trend, implying that ERVK13-1 could re-
press miR-873-5p expression by acting as an endogenous 
sponge. LncRNAs are ceRNAs containing miRNA re-
sponse elements, which can inhibit miRNAs on down-
stream genes by competitively binding miRNA sites (Ma 
et al., 2020). This finding triggers us to explore whether 
miR-873-5p can also elicit a significant effect on OS 
progression through a similar regulatory mechanism. For 
verification purpose, the expressions of miR-873-5p and 
ERVK13-1 were incapacitated in OS cell lines. We found 
that ERVK13-1 knockdown caused repressed biological 
behaviors of OS cells; miR-873-5p suppression induced 
enhanced OS cell proliferation, migration, and invasion 
abilities. Therefore, we concluded that ERVK13-1 could 
maintain the biological function of OS cells by sponging 
miR-873-5p. Such mechanism has been also confirmed 
in the former study. In non-small cell lung cancer,  
lncRNA TDRG1 can induce the metastasis of cancer 
cells through regulating the miR-873-5p/ZEB1 axis (Hu 
et al., 2019).

To further expound the mechanism of ERVK13-1-
miR-873-5p on governing of OS progression, the dual-
luciferase reporter gene assay was employed to seek 
after the potential target genes of miR-873-5p. Our re-
sults supported that KLF5 was the putative target of  
miR-873-5p in OS cell lines. KLF5, a zinc-finger tran-
scription factor, has various functions in different cel-
lular processes, including proliferation and invasion (Ma 
et al., 2017, Ma et al., 2020). The abnormally expressed 
KLF5 is related to a variety of human diseases and can-
cers (Pattison et al., 2016). Previous work proposed that 
KLF5 participates in miR-493-5p-inhibited OS cell pro-

Figure 4. KLF5 is negatively correlated with miR-873-5p and 
positively correlated with ERVK13-1
Notes: RT-qPCR (A) and Western blot (B) were employed to ex-
amine KLF5 level in U2OS, MG63 and hFOB1.19 cells; *P<0.05, 
**P<0.01, ***P<0.001, compared to hFOB1.19 cells. After transfec-
tion, the mRNA and protein expression of KLF5 in U2OS (C–D) 
and MG63 cells (E-F) were detected by RT-qPCR and Western 
blot; *P<0.05, ***P<0.001, compared to si-NC group or inhibitor NC 
group. Inhibitor NC group (cells were transfected with the nega-
tive control of miR-873-5p inhibitor), inhibitor group (cells were 
transfected with miR-873-5p inhibitor), si-NC group (cells were 
transfected with the negative control of si-ERVK13-1), si-ERVK13-1 
group (cells were transfected with si-ERVK13-1), inhibitor-miR-
873-5p + si-ERVK13-1 group (U2OS and MG63 cells were transfect-
ed with miR-873-5p inhibitor and si-ERVK13-1).
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liferation and invasion (Cai et al., 2018). Our study iden-
tified that KLF5 conferred a carcinogenic effect on OS 
to induce OS cell proliferation, invasion, and migration. 
Collectively, ERVK13-1 could indeed sponge miR-873-
5p to regulate KLF5 expression, thus modulating the 
progression of OS.

To conclude, our data demonstrated that the 
ERVK13-1/miR-873-5p/KLF5 axis was a novel signal 
that regulated OS development and progression. These 
findings provided a rationale for the development of 
alternative strategies for the clinical treatment of OS. 
However, more regulatory networks of ERVK13-1 in 
human cancer require further elucidation for the multi-
layered complexity of ceRNA crosstalk and competition. 
Additionally, the clinical applications await deeper inves-
tigation, such as in vivo experiments to draw a compre-
hensive picture of the potential molecular mechanisms 
of ERVK13-1 in OS.
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