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Abstract: The current experiment was performed to investigate the effect of LncRNA NORAD on the sensitivity of miR-410-3p to drug resistance of osteosar-
coma cells. The cisplatin-resistant cell line HOS/DDP was induced; si-NC, si-NORAD, miR-NC, miR-410-3p, pcDNA-NC, and pcDNA-NORAD were transfected 
into HOS/DDP cells, respectively; record as a si-NC group, si-NORAD group, miR-NC group, miR-410-3p group, pcDNA-NC group, pcDNA-NORAD group; 
si-NORAD was co-transfected into HOS/DDP cells with anti-miR-NC, anti-miR-410-3p, recorded as an anti-miR-NC+si-NORAD group and anti-miR-410-3p+si-
NORAD group. Real-time quantitative PCR (RT-qPCR) was used to detect LncRNA NORAD, miR-410-3p and multidrug resistance protein 1 (MRP1) mRNA 
expression levels; Western blot was used to detect cyclin D1 (CyclinD1), MRP1, phosphorylated (p-p65), phosphorylated IкBα (p-IкBα) protein expression; cell 
counting kit 8 (CCK-8) was used to detect cell viability; dual luciferase report assay to detect targeting relationship between LncRNA NORAD and miR-410-3p. 
Compared with osteosarcoma cells HOS, the expression levels of LncRNA NORAD, MRP1 mRNA and protein in osteosarcoma resistant cells HOS/DDP were 
significantly increased, and miR-410-3p expression levels were significantly reduced (P<0.05). Low expression of NORAD or high expression of miR-410-3p, 
CyclinD1, MRP1 expression levels were significantly reduced, the cell survival rate was significantly reduced, and the half inhibitory concentration of cisplatin was 
significantly reduced (P<0.05). LncRNA NORAD targets and regulates miR-410-3p, and low expression of miR-410-3p can reverse the effects of low NORAD 
expression on HOS/DDP cell proliferation and cisplatin resistance. Low expressions of NORAD, p-p65, p-IкBα protein expression levels were significantly 
reduced; low expression of miR-410-3p could reverse the inhibitory effect of low NORAD expression on p-p65, p-IкBα protein expression. Inhibition of LncRNA 
NORAD expression can inhibit the proliferation of osteosarcoma HOS/DDP cells through targeted regulation of miR-410-3p, increasing its sensitivity to cisplatin, 
and it may be related to the NF-κB signaling pathway.
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Introduction

Osteosarcoma is a primary malignant bone tumor 
with high disability and lethality, which is mainly 
treated with chemotherapy (1). However, chemothe-
rapy resistance will lead to poor prognosis. Studying 
the chemical resistance mechanism of osteosarcoma 
to improve osteosarcoma sensitivity to chemotherapy 
resistance carries great significance for improving the 
chemotherapy effect of osteosarcoma (2). Osteosar-
coma is recently found to resist cisplatin, a commonly 
used tumor chemotherapy drug (3). Studies have shown 
that long non-coding RNA (lncRNA) is involved in 
tumor development and progression and is related to 
the occurrence and development of osteosarcoma (4). 
NORAD is a cytoplasmic lncRNA that can play a poten-
tial oncogenic role by binding and inhibiting Pumilio 
protein. LncRNA NORAD up-regulates expression in 
colorectal cancer tissues, which is positively correlated 
with colorectal cancer metastasis and poor prognosis in 
patients. By regulating miR-202-5p, lncRNA NORAD 
significantly inhibits the proliferation, migration and 
invasion of colorectal cancer cells and induces apopto-

sis in vitro (5). lncRNA NORAD is highly expressed in 
breast cancer tissues, which promotes breast cancer cell 
proliferation, invasion and migration and indicates poor 
prognosis (6). Studies have found that miRNAs can re-
gulate tumor cell development, reduce or even reverse 
tumor cell resistance to chemotherapeutic drugs. miR-
NA research provides a new therapeutic direction for 
changing the drug resistance mechanism of osteosar-
coma (7). Studies have reported that miR-410 regulates 
autophagy-related 16-like 1 (ATG16L1) gene expres-
sion in osteosarcoma and enhances chemical sensitivity 
via autophagy inhibition (8). miR-410-3p can inhibit 
the proliferation and promote the apoptosis of prostate 
cancer cells (9). However, it remains unknown whe-
ther the effect of lncRNA NORAD on drug resistance 
of osteosarcoma and its mechanism is related to miR-
410-3p. This experiment aims to investigate the effect 
of lncRNA NORAD on osteosarcoma sensitivity to cis-
platin resistance and examine whether its mechanism is 
related to miR-410-3p.

Materials and Methods
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Cells and main reagents
Osteosarcoma cells HOS were purchased from 

Shanghai Thermo Biotechnology Development Co., 
Ltd.; Cisplatin (DDP) was purchased from Sigma, 
USA; RPMI-1640 medium was purchased from Hy-
clone, USA; fetal bovine serum was purchased from 
Hangzhou Sijiqing Company; Trizol reagents, reverse 
transcription kits and fluorogenic quantitative PCR kits 
were purchased from Beijing Mairuibo Biotechnology 
Co., Ltd.; bicinchoninic acid (BCA) kit, RIPA protein 
lysate, cell counting kit 8 (CCK-8 ) were purchased 
from Beyotime Institute of Biotechnology; rabbit anti-
human CyclinD1, rabbit anti-human MRP1, rabbit anti-
human p-p65, rabbit anti-human p-IкBα, β-actin were 
purchased from Shanghai Xuanling Biotechnology Co., 
Ltd.; sheep anti-rabbit IgG-HRP was purchased from 
Shanghai Hengfei Biotechnology Co., Ltd.; dual-luci-
ferase detection kit was purchased from Promega, USA.

Screening of cisplatin-resistant osteosarcoma cells 
HOS/DDP 

The osteosarcoma cells HOS were induced by DDP 
in a stepwise increasing dose to establish a cisplatin-re-
sistant cell line HOS/DDP. Both the osteosarcoma cells 
HOS and HOS/DDP cells were cultured in RPMI-1640 
medium containing 10% fetal bovine serum in 5% CO2, 
37°C incubator. At the same time, amid culture, HOS/
DDP cells were added with DDP at a final concentration 
of 1 μg/ml.

Cell transfection and grouping
si-NC, si-NORAD, miR-NC, miR-410-3p, pcDNA-

NC and pcDNA-NORAD were transfected into HOS/
DDP cells in a logarithmic growth phase and recorded as 
a si-NC group, si-NORAD group, miR-NC group, miR-
410-3p group, pcDNA-NC group, pcDNA-NORAD 
group. si-NORAD was respectively transfected into 
HOS/DDP cells with anti-miR-NC, anti-miR-410-3p 
and recorded as anti-miR-NC + si-NORAD group, anti-
miR-410-3p + si-NORAD group.

Detection of LncRNA NORAD, miR-410-3p and 
MRP1 mRNA expression levels by Real-time quanti-
tative PCR (RT-qPCR)

Total RNA in glioma cell lines and clinical speci-
mens was extracted by the Trizol method, reverse-trans-
cribed into cDNA, and PCR was performed using the 
SYBR Green kit. LncRNA NORAD, MRP1 and miR-
410-3p were internally referenced with GAPDH and 
U6, respectively. There were 3 repeats in each sample, 
LncRNA NORAD upstream primer sequence: 
5 ' -TGATAGGATACATCTTGGACATGGA-3 ' , 
downstream primer:
5'-AACCTAATGAACAAGTCCTGACATACA-3'; 
MRP1 upstream primer
5'-TCCAGTGCCTTCCCCTACGGC-3', downstream 
primer 
5'-GCCGTAGGGGAAGGCAGTGGA-3'; GAPDH 
upstream primer
5'-GGAGCGAGATCCCTCCAAAAT-3', downstream 
primer 
5'-GGCTGTTGTCATACTTCTCATGG-3'; miR-410-
3p upstream primer 
5 ' -CGCGAATATAACACAGATGGCCTGT-3 ' , 

downstream primer 
5'-GCTGTCAACGATACGCTACGTAACG-3'; U6 
upstream primer 
5'-CGCTTCGGCAGCACATATACTA-3', downstream 
primer:
5'-CGCTTCACGAATTTGCGTGTCA-3'. upstream 
primer 
Primers were synthesized by Sangon Biotech (Shan-
ghai) Co, Ltd.

Western blot detection of CyclinD1, MRP1, p-p65, 
p-IкBα protein expression

Total protein was extracted from each group of cells, 
and protein quantification was performed using a BCA 
kit. After polyacrylamide gel electrophoresis and trans-
membrane, it was blocked using a blocking solution, 
added with primary antibody and incubated at 4℃ over-
night, added with secondary antibody and incubated at 
room temperature for 2 h, followed by the development, 
fixation. The gray value of protein bands in each group 
was measured using Quantity One gel software, and the 
ratio of target band to the β-actin band was taken as the 
protein expression level.

Cell survival rate detection by cell counting Kit 8 
(CCK-8) 

Cells cultured for 48 h after transfection in each 
group were seeded in 96-well plate at 1×104 cells/well, 
and three repeats were set in each well. After inocula-
tion, 10 μL CCK-8 reagent was added to each well, and 
absorbance value (OD) at 490 nm of cells in each group 
was detected on a microplate reader. Cell survival rate 
(%) = OD value of experimental group/OD value of 
blank control group×100%. The experiment was repea-
ted three times.

Cells in the above groups were treated with DDP 
at 0, 2, 4, 6, 8, 16, 32 and 64 μg/ml, respectively. Cell 
growth inhibition rate was calculated using CCk-8, and 
growth curves were plotted to calculate median inhibi-
tory concentration (IC50) against cisplatin.

Detection of LncRNA NORAD's targeted regulation 
of miR-410-3p by dual-luciferase reporter assay 

Starbase prediction indicates a binding site between 
LncRNA NORAD and miR-410-3p. NORAD wild-type 
and mutant reporter gene vectors containing miR-410-
3p binding sites were constructed and respectively co-
transfected with miR-NC and miR-410-3p into osteo-
sarcoma cells HOS/DDP using LipofectamineTM 2000. 
Luciferase activity was detected as stipulated in instruc-
tions, and the experiment was repeated 3 times.

Statistical analysis
SPSS 20.0 software was used for statistical analysis. 

The measurement data were expressed as mean ± stan-
dard deviation (x ± s). The two groups were compared 
by t-test. A comparison between multiple groups was 
analyzed by one-way analysis of variance. A pairwise 
comparison was made by the LSD t-test. P<0.05 sug-
gests a statistically significant difference.
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duced luciferase activity (P <0.05); while HOS/DDP 
cells transfected with MUT-NORAD vectors have no 
significant difference in luciferase activity (Table 4). 
Compared with the pcDNA-NC group, the pcDNA-
NORAD group has significantly reduced the miR-410-
3p expression level (P<0.05). Compared with the si-NC 
group, the si-NORAD group has significantly increased 
miR-410-3p expression level (P <0.05) (Table 5).

Results

LncRNA NORAD, miR-410-3p, MRP1 expression in 
osteosarcoma resistant cells HOS/DDP

Compared with osteosarcoma cells HOS, osteosar-
coma resistant cells HOS/DDP have significantly in-
creased LncRNA NORAD, MRP1 mRNA and protein 
expression levels, and significantly reduced miR-410-
3p expression levels (P <0.05) (Figure 1, Table 1).

Lowly expressed NORAD inhibits HOS/DDP proli-
feration and reduces resistance to cisplatin

Compared with the si-NC group, HOS/DDP cells of 
the si-NORAD group have significantly reduced NO-
RAD expression level, significantly reduced CyclinD1 
and MRP1 expression levels, significantly reduced cell 
survival rate and significantly reduced median inhibi-
tory concentration against cisplatin (P <0.05 ) (Figure 
2, Table 2).

Highly expressed miR-410-3p inhibits HOS/DDP 
proliferation and reduces resistance to cisplatin

Compared with the miR-NC group, HOS/DDP cells 
of the miR-410-3p group have significantly increased 
miR-410-3p expression level, significantly reduced 
CyclinD1 and MRP1 expression level, significantly re-
duced cell survival rate and significantly decreased me-
dian inhibitory concentration against cisplatin (P <0.05) 
(Figure 3, Table 3).

NORAD targets miR-410-3p and regulates miR-410-
3p expression

Starbase prediction indicates a binding site between 
NORAD and miR-410-3p (Figure 4). Luciferase report 
experiment shows that, compared with the miR-NC 
group, HOS/DDP cells transfected with WT-NORAD 
vector in the miR-410-3p group have significantly re-

Group LncRNA NORAD miR-410-3p MRP1 mRNA MRP1 protein
HOS 1.00±0.10 1.05±0.11 1.02±0.12 0.30±0.03
HOS/DDP 3.03±0.30* 0.37±0.04* 3.46±0.35* 0.96±0.10*

t 19.258 17.429 19.784 18.965
P 0.000 0.000 0.000 0.000

Table 1. LncRNA NORAD, miR-410-3p, MRP1 expression in osteosarcoma resistant cells HOS/DDP (x±s, n=9).

Group NORAD CyclinD1 MRP1 Cell survival rate (%) IC50 against cisplatin
si-NC 1.00±0.13 0.86±0.09 0.95±0.10 100.37±10.03 32.11±3.21
si-NORAD 0.42±0.04* 0.34±0.04* 0.40±0.04* 52.41±5.25* 10.27±1.03*

t 12.793 15.839 15.320 12.709 19.435
P 0.000 0.000 0.000 0.000 0.000

Note: Compared with HOS, *P<0.05.

Table 2. Lowly expressed NORAD inhibits the proliferation of HOS/DDP and reduces the resistance. 

Note: Compared with si-NC, *P<0.05.

Group miR-410-3p CyclinD1 MRP1 Cell survival rate (%) IC50 against cisplatin
miR-NC 1.01±0.10 0.88±0.09 0.96±0.08 100.89±10.10 33.08±3.31
miR-410-3p 2.68±0.27* 0.39±0.04* 0.32±0.03* 59.22±5.90* 8.05±0.80*

t 17.400 14.926 22.472 10.687 22.051
P 0.000 0.000 0.000 0.000 0.000

Table 3. Highly expressed miR-410-3p inhibits HOS/DDP proliferation and reduces resistance to cisplatin(x±s, n=9).

Note: Compared with miR-NC, *P<0.05.

Figure 1. Western Blot detection of MRP1 protein expression.

Figure 2. Western Blot detection of CyclinD1 and MRP1 protein 
expression.
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Lowly expressed miR-410-3p can reverse the effect 
of low NORAD expression on HOS/DDP cell prolife-
ration and cisplatin resistance

Compared with the anti-miR-NC+si-NORAD group, 
HOS/DDP cells of the anti-miR-410-3p+si-NORAD 
group have significantly reduced miR-410-3p expres-
sion level, significantly increased CyclinD1 and MRP1 
expression, significantly increased cell survival rate and 
significantly increased median inhibitory concentration 
against cisplatin (P <0.05) (Figure 5, Table 6).

Expression of NF-κB signaling pathway-related pro-
teins

Compared with the si-NC group, the si-NORAD 
group has significantly reduced p-p65 and p-IкBα pro-
tein expression levels (P<0.05); compared with the anti-
miR-NC+si-NORAD group, the anti-miR-410-3p+si-
NORAD group has significantly increased p-p65 and 
p-IкBα protein expression levels (P <0.05).

Discussion

Osteosarcoma features high malignancy and early 
metastasis, which leads to its unsatisfactory treatment 
effect. Studies have shown that lncRNA is involved in 
regulating the occurrence and development of osteosar-
coma (10). Other studies have reported that lncRNA is 
also involved in cisplatin resistance of osteosarcoma 

(11). Studies have reported that lncRNA NORAD up-
regulates SIP1 expression to promote cervical cancer 
cell proliferation and invasion (12). High expression of 
lncRNA NORAD in pancreatic cancer tissues is rela-
ted to the shorter overall survival of pancreatic cancer 
patients; NORAD overexpression promotes migration 
and invasion of pancreatic cancer cells (13). LncRNA 
NORAD down-regulation in lung cancer and breast 
cancer is related to lymph node metastasis and poor pro-
gnosis; inhibition of lncRNA NORAD expression can 
inhibit lung cancer and breast cancer metastasis (14). 
Nevertheless, the effect of lncRNA NORAD on osteo-

Figure 3.Western Blot detection of CyclinD1 and MRP1 protein 
expression.

Group Luciferase activity
WT MUT

miR-NC 1.00±0.11 1.03±0.10
miR-410-3p 0.42±0.04* 1.02±0.12
t 14.866 0.192
P 0.000 0.850

Figure 4. Prediction of the combined region of miR-410-3p and 
NORAD by starbase.

Table 4. Detection of dual-luciferase activity after co-transfection of 
miR-NC or miR-410-3p with reporter plasmid in HOS/DDP cells.

Note: Compared with miR-NC, *P<0.05.

Group miR-410-3p
pcDNA-NC 1.02±0.11
pcDNA-NORAD 0.45±0.04*

si-NC 1.05±0.10
si-NORAD 1.86±0.16#

F 245.574
P 0.000

Table 5. miRT-410-3p expression detection by qRT-PCR(x±s, 
n=9).

Note: Compared with pcDNA-NC, *P<0.05, Compared with si-NC, 
#P<0.05.

Group miR-410-3p CyclinD1 MRP1 Cell survival rate (%) IC50 against cisplatin
anti-miR-NC+si-NORAD 1.02±0.09 0.35±0.04 0.42±0.05 50.86±5.01 10.88±1.05
anti-miR-410-3p+si-
NORAD 0.46±0.05* 0.76±0.07* 0.88±0.08* 89.11±8.92* 28.27±2.80*

t 16.318 15.256 14.628 11.216 17.446
P 0.000 0.000 0.000 0.000 0.000

Note: Compared with anti-miR-NC+si-NORAD, *P<0.05.

Table 6. Lowly expressed miR-410-3p can reverse the effect of NORAD low expression on HOS/DDP cell proliferation and cisplatin resistance 
(x±s, n=9).

Figure 5.Western Blot detection of CyclinD1 and MRP1 protein 
expression.
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sarcoma cell proliferation and cisplatin sensitivity is yet 
unknown. In this experiment, the resistance sensitivity 
of lncRNA NORAD to osteosarcoma resistant cells was 
studied by establishing cisplatin-resistant osteosarcoma 
cells. The results showed that osteosarcoma resistant 
cells HOS/DDP had significantly increased lncRNA 
NORAD expression level, and resistant cells HOS/DDP 
had significantly higher mRNA and protein expression 
levels of multidrug resistance protein 1 (MRP1) than 
HOS cells. This indicates that HOS/DDP cells are more 
resistant to DDP, while lncRNA NORAD is related to 
cisplatin resistance of osteosarcoma. In further NORAD 
expression inhibition, the results showed significantly 
reduced CyclinD1 and MRP1 expression levels, signi-
ficantly reduced cell survival rate, significantly reduced 
median inhibitory concentration against cisplatin. This 
indicates that inhibition of NORAD expression can in-
hibit HOS/DDP cell survival and enhance its sensitivity 
to cisplatin.

In addition, studies have shown that miRNA is also 
involved in tumor occurrence and development, which 
is also related to chemotherapy resistance of tumor 
cells. For instance, significantly down-regulated miR-
410-3p in glioma tissues is related to the poor prognosis 
of human gliomas; overexpression of miR-410-3p inhi-
bits cell proliferation, migration and invasion, and acce-
lerates apoptosis (15). miR-410-3p is down-regulated in 
breast cancer tissues, while overexpressed miR-410-3p 
inhibits breast cancer proliferation and epithelial-me-
senchymal transition (EMT) by targeting Snail (16). 
miR-410-3p up-regulates the proliferation, invasion and 
migration of rhabdomyosarcoma cells, and promotes 
apoptosis (17). By inhibiting HMGB1-induced autopha-

gy, miR-410-3p can enhance the sensitivity of pancrea-
tic ductal adenocarcinoma to gemcitabine (18). Results 
of this experiment indicate that osteosarcoma resistant 
cells HOS/DDP have significantly reduced miR-410-3p 
expression level, while in the case of high expression of 
miR-410-3p, there are significantly reduced CyclinD1, 
MRP1 expression level, significantly reduced cell sur-
vival rate and significantly lowered median inhibitory 
concentration against cisplatin. It suggests that high 
expression of miR-410-3p can inhibit the survival of 
HOS/DDP cells and enhance their sensitivity to cis-
platin. Moreover, this study also indicates that lncRNA 
NORAD can regulate miR-410-3p in a targeted manner. 
Further reversal experiments show that low expression 
of miR-410-3p can reverse the effects of low NORAD 
expression on HOS/DDP cell proliferation and cisplatin 
resistance.

Nuclear factor-kappa B (NF-κB) with an extensive 
presence in cells is related to tumor cell differentiation, 
proliferation and apoptosis. Activation of the NF-κB 
signaling pathway is closely related to the occurrence 
and development of various tumors and drug resistance 
of tumor cells (19). NF-κB signaling pathway inhibitor 
ACT001 can increase the cytotoxicity of tamoxifen to 
breast cancer tamoxifen-resistant cells MCF7R/LCC9 
(20). The results of this experiment showed that inhi-
bition of NORAD expression significantly reduced the 
expression levels of p-p65 and p-IкBα proteins, indica-
ting that inhibition of NORAD expression can inhibit 
the NF-κB signaling pathway. On the other hand, lowly 
expressed miR-410-3p can reverse the inhibitory effect 
of NORAD low expression on the NF-κB signaling pa-
thway. It suggests that the effect of NORAD expression 
inhibition on cisplatin-resistant osteosarcoma cells may 
be related to the NF-κB signaling pathway.

To conclude, via targeted regulation of miR-410-3p, 
inhibition of LncRNA NORAD expression can inhibit 
the proliferation of osteosarcoma HOS/DDP cells and 
increase their sensitivity to cisplatin, which may be rela-
ted to NF-κB signaling pathway.
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