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Osteosarcoma is a malignancy with high aggressiveness and poor prognosis, which

occurs mainly in children. The therapeutic strategy against osteosarcoma includes

surgery combined with chemotherapy and radiotherapy. Although the treatment of

osteosarcoma has been improved in recent years, there is a large proportion of

patients with incurable osteosarcoma. Investigation of the mechanism of osteosarcoma

progression would be of great help in discovering therapeutic targets for this disease.

Long non-coding RNAs play critical roles in the pathogenesis of different types of cancer.

The current study showed that long non-coding RNA NR_027471 was downregulated in

osteosarcoma cells. In vitro and in vivo studies indicated that upregulation of NR_027471

impeded the viability, proliferation, and invasion of osteosarcoma, as well as induced cell

cycle arrest at G1. In addition, binding of miR-8055 to NR_027471 was demonstrated,

thereby influencing the expression of tumor protein p53 inducible nuclear protein 1

(TP53INP1). Knockdown of NR_027471 promoted epithelial–mesenchymal transition

by inhibiting E-cadherin and increasing the expression of zinc finger E-box-binding

homeobox 1 (ZEB1), Snail, and fibronectin. These results suggested that overexpression

of NR_027471 upregulated TP53INP1 by sponging to miR-8055, leading to suppression

of osteosarcoma cell proliferation and progression.
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INTRODUCTION

Osteosarcoma is the most common malignancy of bone (1). It is predominantly diagnosed in
children and adolescents aged 10–25 years (2). The current treatment of osteosarcoma involves the
combination of surgical resection with radiotherapy and chemotherapy. Although the treatment of
osteosarcoma has improved in recent years, the survival rate and prognosis of such patients remain
poor (3). Identification of the mechanisms underlying the progression of osteosarcoma would help
to find promising therapeutic strategies and ameliorate clinical outcomes.
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FIGURE 1 | NR_027471 was downregulated in osteosarcoma cells. (A) A heatmap showing the expression of different genes at in situ lesions or lung metastasis

osteosarcoma tissue. (B) The expression of lncRNA NR_027471 in hFOB1.19, HFF-1, hBMSCs, and osteosarcoma cell lines (Saos-2, HOS, U2OS, and MG63) was

detected by qRT-PCR. Data are expressed as the mean ± SD of three independent experiments.**P < 0.01. lncRNA, long non-coding RNA; hFOB, human fetal

osteoblast; HFF-1, human foreskin fibroblast-1; hBMSC, human bone marrow stem cell; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; SD,

standard deviation.

FIGURE 2 | LncRNA NR_027471 inhibited the proliferation of osteosarcoma cells. (A) The expression of lncRNA NR_027471 in osteosarcoma cells was determined

by qRT-PCR after transfection with pLVX-NR_027471 or pLKO.1-NR_027471. (B) The viability of osteosarcoma cells after overexpression or knockdown of lncRNA

NR_027471 was determined by CCK-8. (C) The proliferation ability of osteosarcoma cells was determined by colony formation assay. (D) Cell cycle analysis of

osteosarcoma cells after overexpression or knockdown of lncRNA NR_027471 using flow cytometry. (E) Apoptotic rate of osteosarcoma cells analyzed by flow

cytometry. Data are expressed as the mean ± SD of three independent experiments.**P < 0.01 compared with the pLVX-Vector group. ##P < 0.01 compared with

the pLKO.1-Vector group. lncRNA, long non-coding RNA; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; CCK-8, Cell Counting Kit-8; SD,

standard deviation.
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FIGURE 3 | NR_027471 inhibited the migration, invasion, and EMT of osteosarcoma cells. (A) The migration ability of osteosarcoma cells after overexpression or

knockdown of lncRNA NR_027471 was determined using the scratch assay. (B) The invasion ability of osteosarcoma cells after overexpression or knockdown of

lncRNA NR_027471 was determined using the Transwell Matrigel assay. (C) Quantitative analysis of the invasion ability of osteosarcoma cells after overexpression or

knockdown of lncRNA NR_027471 was determined using the Transwell Matrigel assay. (D) The protein expression of E-cadherin, ZEB1, Snail, and fibronectin in

osteosarcoma cell lines. Data are expressed as the mean ± SD of three independent experiments. **P < 0.01 compared with the pLVX-Vector group. ##P < 0.01

compared with the pLKO.1-Vector group. EMT, epithelial–mesenchymal transition; lncRNA, long non-coding RNA; ZEB1, zinc finger E-box-binding homeobox 1; SD,

standard deviation.

FIGURE 4 | Overexpression of lncRNA NR_027471 inhibited the effect of osteosarcoma on the migration and invasion of endothelial cells. (A) Scratch assay and (B)

Transwell invasion assay performed to analyze the effect of culture supernatant obtained from osteosarcoma cells after overexpression or knockdown of lncRNA

NR_027471 on the migration and invasion ability of HUVECs. (C) Histogram presenting the number of invasive cells. (D) Concentration of VEGF in the supernatant of

osteosarcoma cells after overexpression or knockdown of lncRNA NR_027471, analyzed by ELISA. All data are expressed as mean ± SD of three independent

experiments. *p < 0.05, **P < 0.01. lncRNA, long non-coding RNA; HUVEC, human umbilical vein endothelial cell; VEGF, vascular endothelial growth factor; ELISA,

enzyme-linked immunosorbent assay; SD, standard deviation.
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promoted cell invasion compared to miRNA mimic NC group,
whereas miR-8055 inhibition suppressed cell invasion compared
to miRNA inhibitor NC group (Figures 5F,H). Following the
inhibition of miR-8055 function by a miR-8055 inhibitor,
the impact of NR_027471 on cell invasion was weakened
(Figures 5G,I). This finding indicated that the regulatory effect
of NR_027471 on invasion was miR-8055-dependent.

LncRNA NR_027471 Inhibited the Tumor
Growth of Osteosarcoma in vivo by
Modulating the Expression of Tumor
Protein p53 Inducible Nuclear Protein 1
(TP53INP1)
Aputative binding site betweenmiR-8055 and the 3′ untranslated
region (3′UTR) of TP53INP1 mRNA was predicted by
TargetScan (Figure 6A). The luciferase reporter assay showed

that miR-8055 could combine with the wildtype-3′UTR of
TP53INP1 mRNA in osteosarcoma cells, but not with the
mutant-3′UTR of TP53INP1 mRNA (Figure 6B). The mRNA

expression of TP53INP1 in osteosarcoma cells was confirmed

by quantitative reverse transcription-PCR. The expression of

TP53INP1 was downregulated in osteosarcoma cell lines (U2OS,
Saos-2, MG-63, and HOS) compared with HFF-1, hFOB1.19, and
hBMSCs (Figure 6C). The protein expression of TP53INP1 was
inhibited following overexpression of miR-8055, whereas it was
enhanced after knockdown of miR-8055 (Figure 6D). However,
the mRNA expression of TP53INP1was not significantly
influenced after overexpression or knockdown of miR-8055
(Figure 6E). Inhibition of the function of miR-8055 using a
miR-8055 inhibitor, weakened the impact of lncRNANR_027471
on the protein expression of TP53INP1 (Figure 6F). This finding
indicated that the regulatory effect of lncRNA NR_027471 on
TP53INP1 protein was miR-8055-dependent.

FIGURE 5 | LncRNA NR_027471 regulates the function of osteosarcoma cells by sponging miR-8055. (A) MS2b-based RIP assay with anti-GFP antibody

(cross-reacting with YFP) in U2OS 48h after transfection with MS2bp-YFP plasmid along with MS2bs-NR_027471, or MS2bs-Rluc (control vectors). (B) Binding of

lncRNA NR_027471 and miR-8055 detected using the luciferase assay. (C) Binding of lncRNA NR_027471 and miR-8055 using the biotin-miRNA RIP assay. (D)

Viability of U2OS cells transfected with mimic miR-8055 or inhibitor miR-8055 using CCK-8. (E) Viability of Saos-2 cells transfected with a mimic or inhibitor of

miR-8055 using CCK-8. (F) Transwell invasion assay determined the invasion ability of U2OS and Saos-2 cells transfected with a mimic or inhibitor of miR-8055. (G)

The Transwell invasion assay determined the invasion ability of U2OS and Saos-2 cells after co-transfection with the miR-8055 inhibitor and pLKO.1-NR_027471.

(H,I) Histogram presenting the number of invasive cells. Data are expressed as the mean ± SD of three independent experiments. **P < 0.01. lncRNA, long

non-coding RNA; RIP, RNA immunoprecipitation; YFP, yellow fluorescent protein; GFP, green fluorescent protein; CCK-8, Cell Counting Kit-8; SD, standard deviation.
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FIGURE 6 | LncRNA NR_027471 inhibited the growth of osteosarcoma in vivo by modulating the expression of TP53INP1. (A) The WT-3′UTR of TP53INP1 mRNA

was predicted as the target of miR-8055 and the mut-3′UTR of TP53INP1 mRNA. (B) The mRNA of TP53INP1 was identified as the target of miR-8055 using the

(Continued)
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FIGURE 6 | luciferase assay. (C) qRT-PCR analysis revealed the mRNA expression of TP53INP1 in HFF-1, hFOB1.19, hBMSCs, and osteosarcoma cell lines (Saos-2,

HOS, U2OS, and MG63). (D) Western blotting analyzed the protein expression of TP53INP1 in U2OS transfected with a mimic or inhibitor of miR-8055. (E) qRT-PCR

analysis determined the expression of TP53INP1 in U2OS cells transfected with a mimic or inhibitor of miR-8055. (F) Western blotting analyzed the protein expression

of TP53INP1 in U2OS cell co-transfected with pLVX-NR_027471 and miR-8055 inhibitor. (G) The tumor xenografts in nude mice were excised at the end of week 3 (n

= 5 per group). (H) Tumor volume recorded at the end of weeks 1, 2, and 3. (I) Tumor weight of xenografts measured at the end of week 3. (J) Immunohistochemical

detection of the expression of TP53INP1 in tumor tissue. Data are expressed as the mean ± SD of three independent experiments. **P < 0.01. lncRNA, long

non-coding RNA; TP53INP1, tumor protein p53 inducible nuclear protein 1; WT, wildtype; 3′UTR, 3′untranslated region; mut, mutant; qRT-PCR, quantitative reverse

transcription-polymerase chain reaction; hFOB, human fetal osteoblast; hff, human foreskin fibroblast; hBMSC, human bone marrow stem cell; SD, standard deviation.

Subcutaneous tumor xenografts were developed in nude mice.
The tumor volumes were measured at the end of weeks 1,
2, and 3. The analysis showed that the tumor volume was
significantly smaller in the pLVX-NR_027471 group vs. the
pLVX-Vector group at the end of week 3. In contrast, the tumor
volume was significantly larger in the pLKO.1-NR_027471 group
vs. the pLKO.1-Vector group at the end of weeks 2 and 3
(Figure 6H). The xenografts were weighed and photographed
at the end of week 3 (Figure 6G). The results showed that
tumor weight was significantly lower in the pLVX-NR_027471
group vs. the pLVX-Vector group, while it was significantly
higher in the pLKO.1-NR_027471 group vs. the pLKO.1-Vector
group (Figure 6I). The data indicated that overexpression of
NR_027471 inhibits tumor growth of osteosarcoma in vivo.
Immunohistochemistry showed that the expression of TP53INP1
in the pLVX-NR_027471 group was significantly higher than that
observed in the pLVX-Vector group. Moreover, the expression
of TP53INP1 in the pLKO.1-NR_027471 group was significantly
lower than that measured in the pLKO.1-Vector group
(Figure 6J).

DISCUSSION

In our study, the expression levels of NR_027471 were
investigated in osteosarcoma cell lines. Significantly lower
expression of NR_027471 was observed in osteosarcoma cell
lines compared with osteoblast, fibroblast, and BMSC cell
lines. Gain- and loss-of-function experiments demonstrated
that NR_027471 overexpression inhibited the cell proliferation
and invasion of osteosarcoma cells, and also significantly
induced cell cycle arrest at G1 of the osteosarcoma cells.
These results suggested a negative association between
NR_027471 and progression of osteosarcoma. Moreover,
the mechanism through which NR_027471 regulated tumor
proliferation and invasion was investigated. NR_027471
positively regulated TP53INP1 by competitively binding
with miR-8055. This was the first report investigating the
role of NR_027471 in cancer research. The results of this
study may improve our understanding of osteosarcoma
progression and help to find therapeutic targets against
this disease.

LncRNAs play important roles in the formation and
progression of osteosarcoma (11–14). LINC00612 functions
as a competitive endogenous RNA (ceRNA) for miR-214-5p
to promote the proliferation and invasion of osteosarcoma in
vitro and in vivo (15). LncRNA SOX2 overlapping transcript

(SOX2-OT) was identified as an oncogene in osteosarcoma cells,
regulating the migration, invasion, and expression of cancer
stem cell biomarkers. In addition, it was recognized as a
prognostic biomarker in patients with osteosarcoma (16).
In a study conducted by Zhao et al. (17), BMSC-derived
exosomes encapsulated lncRNA PVTl and transported it into
osteosarcoma cells, promoting tumor growth and metastasis
by inhibiting ubiquitination and upregulating the expression
of ERG in these cells. Cong and Jing (18) reported a tumor
suppressor, tumor suppressor candidate 7 (TUSC7), which
inhibited the proliferation and migration of osteosarcoma cells,
promoted cellular apoptosis, and was largely mediated by
miR-211. In the present study, NR_027471 was downregulated
in osteosarcoma cells and suppressed their proliferation
and invasion. NR_027471 plays a tumor suppressive role
in osteosarcoma.

LncRNAs exert their function in several manners,
including the transcriptional and translational levels (19).
At the transcriptional level, lncRNAs may act as ceRNA by
binding several miRNAs and inhibiting their activities (20).
For instance, lncRNA prostate cancer associated transcript
6 (PCAT6) promote the progression of osteosarcoma
through function as ceRNA of miR-185-5p (21). LncRNA
HIF1A antisense RNA 2 (HIF1A-AS2) was identified as
ceRNA by sponging miR-33b-5p to facilitate cell survival
and migration and modulate the expression of sirtuin 6
(SIRT6) in osteosarcoma (22). The bioinformatics analysis
performed in the current study revealed that NR_027471
contains a putative binding site for miR-8055, and TP53INP1
was predicted as the target of miR-8055. RNA pull-down
and luciferase reporter assays were used to validate the
sequence-specific correlation between miR-8055 and
NR_027471.NR_027471 in the regulation of TP53INP1
by sponging miR-8055. The present study revealed a
novel lncRNA-miRNA target pair that is dysregulated in
osteosarcoma cells.

TP53INP1, known as a tumor suppressor, is involved in a
series of biological activities. It has been evidenced that miR-182
promotes drug resistance in cisplatin-treated hepatocellular
carcinoma cells by downregulating TP53INP1 (23). By
antagonizing TP53INP1 and Yes1 associated transcriptional
regulator (YAP1), upregulated miR-200a enhances drug
resistance in breast cancer (24). In colorectal cancer, miR-221
promoted cell proliferation via the inhibition of autophagy and
targeted TP53INP1 (25). In this study, TP53INP1 was predicted
and confirmed to be a target of miR-8055. The upregulation
of NR_027471 increased the protein expression of TP53INP1.
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Therefore, both NR_027471 and TP53INP1 appear to play tumor
suppressive roles in osteosarcoma.

CONCLUSION

In this study, a newly identified regulatory mechanism of
the NR_027471/miR-8055/ TP53INP1 axis was systematically
studied in osteosarcoma. NR_027471 suppresses the proliferation
and invasion of osteosarcoma cells and induces cell cycle
arrest at G1. NR_027471 inhibited EMT by increasing
E-cadherin and decreasing ZEB1, Snail, and fibronectin.
NR_027471 regulates the protein expression of TP53INP1 by
sponging miR-8055. This may improve our understanding
of epigenetic regulation via NR_027471 and miR-8055 in
osteosarcoma and may provide a novel insight into potential
therapeutic strategies.
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