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Abstract. In this study, we established the DDP-resistant NSCLC cell line A549/DDP to detect 
the effect of NORAD on cisplatin resistance of A549/DDP cells. NORAD was highly expressed in 
A549/DDP cells compared with A549 cells. The MTT data showed that knockdown of NORAD 
enhanced the inhibition rate of cisplatin on the A549/DDP cells and decreased IC50 value. The 
colony formation and MTT assay suggested that cisplatin inhibited cell proliferation, and knock-
down of NORAD enhanced the inhibitory effect of cisplatin on A549/DDP cells. Besides, we 
found that NORAD silence reduced the P-gp expression but not BCRP, LRP and MRP. Moreover, 
NORAD could directly bind to miR-202-5p, and ABCB1 was a target of miR-202-5p. The MTT 
assay found that miR-202-5p inhibitor reversed the effects of NORAD silence on cisplatin resist-
ance of A549/DDP cells. Then, the Western blot data showed that knockdown of NORAD reduced 
P-gp expression, and miR-202-5p inhibitor enhanced P-gp expression. ABCB1 overexpression re-
versed the inhibitory effect of NORAD knockdown on A549/DDP cells. Moreover, NORAD could 
directly bind to miR-202-5p, and ABCB1 was a target of miR-202-5p. Inhibition of miR-202-5p 
and overexpression of ABCB1 eliminated the effects of NORAD silence on cisplatin resistance of 
A549/DDP cells. Overexpression of miR-202-5p suppressed P-gp expression in A549/DDP cells. 
Collectively, our data showed that NORAD could enhance the DDP resistance of A549/DDP cells 
and potentially increased P-gp expression by sponging the miR-202-5p.
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Introduction

Lung cancer is histologically divided into two main types: 
small cell lung cancer and non-small cell lung cancer 

(NSCLC). NSCLC is one of the most common and fatal 
malignant tumours worldwide (Barton 2017). For patients 
who are diagnosed with unresectable tumours at advanced 
stage, systemic chemotherapy is an irreplaceable treatment. 
Cisplatin (DDP) is a first-line chemotherapeutic agent used 
to treat advanced NSCLC in the past 20 years (Arbour et al. 
2019). However, considering that some patients experience 
drug resistance to DDP, it often fails clinically (Chen et al. 
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2018). Therefore, drug resistance has become a major chal-
lenge in the treatment of NSCLC, and underlying molecular 
mechanisms of drug resistance to DPP are not yet well 
understood.

Disorder of long noncoding ribonucleic acids (lncRNAs) 
has been observed in several human diseases and has con-
tributed to disease progression (Schmitt et al. 2016; Rafiee 
et al. 2018). Previous studies have shown that lncRNAs are 
associated with the development, metastasis, and diagnosis 
of NSCLC (Lu et al. 2018). It has been reported that some 
lncRNAs contribute to DDP resistance in NSCLC (Hu et al. 
2017; Tian et al. 2019). Recently, noncoding RNA activated 
by DNA damage (NORAD) has attracted attention because 
of its promoting role in tumour progression (Liu et al. 2016; 
Li et al. 2018a; Zhang et al. 2019). Zhang et al. have shown 
that NORAD promotes colorectal tumour growth by inhib-
iting miR-202-5p (Zzhang et al. 2018). Moreover, lncRNA 
NORAD is also reported to be capable of accelerating the 
chemoresistance of NSCLC cells by targeting miR-129-1-3p 
(Huang et al. 2020). However, whether NORAD regulates 
the proliferation and resistance of A549/DDP cells remains 
unclear, and its underlying mechanism has not been revealed.

ATP-binding cassette sub-family B member 1 (ABCB1), 
also known as permeability glycoprotein (P-gp) or multid-
rug resistance protein 1 (MDR 1), is an important member 
of the ABC transporter family (Aller et al. 2009; Wu et al. 
2011). P-pg is an important cell membrane protein that 
pumps several foreign substances out of the cells. P-gp, as 
a drug pump, can pump DDP out of the cancer cells. Thus, 
the drug concentration in cells is reduced. Moreover, the 
down-regulation of ABCB1 enhances the cytotoxic effects of 
DDP in ovarian cancer (Li et al. 2018b). However, whether 
lncRNA NORAD could mediate drug resistance in DDP-
resistant NSCLC cells by regulating ABCB1 remains unclear.

This study investigated the effect of NORAD on the DDP 
resistance NSCLC cell line A549/DDP and its potential 
mechanism. Our results showed that NORAD is highly ex-
pressed in NSCLC cell A549 with resistance to DDP (A549/
DDP). Silencing NORAD inhibited DDP resistance and P-gp 
expression in A549/DDP cells. Further studies demonstrated 
that NORAD could directly bind to miR-202-5p, and the 
reduced resistance induced by silencing NORAD in A549/
DDP was reversed by miR-202-5p inhibitor by promoting 
P-gp expression. Our findings may provide an additional 
insight into the role of NORAD in the progression of NSCLC.

Materials and Methods

Cell culture

The DDP-resistant NSCLC cell line A549/DDP was estab-
lished based on Yan et al.’s description (Chian et al. 2019). 

The progenitor A549 cells were first treated with a dose of 
DDP (0.2 μg/ml). Subsequently, the cells were treated with 
increasing concentrations of DDP at a  range of 0.05 to 
1.0 μg/ml in RPMI-1640 medium with 10% foetal calf serum 
(FCS) in a 37°C humidified incubator supplied with 5% CO2. 
Then, the selected cells that demonstrated resistance to DDP 
(A549/DDP) and A549/DDP cells were regularly maintained 
in complete RPMI-1640 medium supplemented with DDP 
(0.05 μg/ml) in a 37°C humidified incubator supplied with 
5% CO2. The cell morphologies of A549 and A549/DDP cells 
were observed using a phase-contrast microscope (Nikon, 
Tokyo, Japan).
Cell transfection

NORAD siRNA and its corresponding negative control 
(NC) (Sangon Biotech, Shanghai, China) were transfected 
into A549/DDP cells for 48 h for loss-of-function experi-
ments using Lipofectamine 2000 (Invitrogen, CA, USA) 
according to the manufacturer’s instructions. miR-202-5p 
mimics, miR-202-5p inhibitor, and their vector (NC) and 
ABCB1 overexpression plasmid (pcDNA3.1 ABCB1, pc-
ABCB1) and its corresponding NC (RiboBio, Guangzhou, 
China) were, respectively, co-transfected into A549/DDP 
cells with NORAD siRNA. After a  6-h transfection, the 
medium was replaced with RPMI-1640 medium contain-
ing 10% FCS. The untreated cells served as blank control 
group (Mock group).

Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was obtained from the cells using a TRIzol rea-
gent (Invitrogen, CA, USA) according to the manufacturer’s 
instructions. Subsequently, mRNA was reverse-transcribed 
into cDNA using a First-strand cDNA synthesis kit (OriGene 
Technologies, MD, USA). Subsequently, the relative expres-
sion was detected by the ABI7500 PCR system (ABI) using 
SYBR® Green Master Mix (Takara). The conditions for RT-
PCR reaction were as follows: initial denaturation at 95°C for 
5 min, followed by 40 cycles of 95°C for 10 s, 60°C for 20 s, and 
72°C for 34 s. The relative expression was calculated using the 
2−ΔΔCt method. The qPCR primers were as follows: NORAD 
(forward 5’-AAGCTGCTCTCAACTCCACC-3’, reverse 
5’-GGACGTATCGCTTCCAGAGG-3’), miR-202-5p (for-
ward 5’-ACACTCCAGCTGGGTTTCTTCATATACGT-3’, 
reverse 5’-TGGTGTCGTGGAGTCG-3’), ABCB1 (forward 
5’-GAACCTGTATTGTTTGCCACC-3’ , reverse 5’-ACTC-
CATCATCGAAACCAGC-3’), breast cancer resistance 
protein (BCRP) (forward 5’-CGGGATCCATGTCTTCCAG-
TAATGTCGAAGTT-3’, reverse 5’-CCGCTCGAGTTAA-
GAATATTTTTTAAGAAATAAC-3’), lung resistance pro-
tein (LRP) (forward 5’-GACAGTTCACAGTGTTGTCC-3’, 
reverse 5’-GCGTGACGACAGAAACCGAA-3’), multidrug 
resistance-associated protein (MRP) (forward 5’-CAA-



483NORAD/miR-202-5p regulates A549 drug resistance

GGTGGATGCGAATGAG-3’, reverse 5’-GGCCCAAA-
GGTCTTGTATAAC-3’), and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) (forward 5’-TGCCAAATATGA-
CATCAAGAA-3’, reverse 5’-GGAGTGGGTGTCGTCGCT-
GTTG-3’). GAPDH was used as the reference gene.

Western blot analysis

The concentration of the protein lysates was detected us-
ing BCA kit (Thermo Fisher, MA, USA). All the protein 
lysates were separated using 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto a polyvinylidene fluoride (PVDF) membrane. 
Subsequently, the PVDF membrane was blocked with 5% 
skimmed milk for 1 h and incubated with primary antibod-
ies, including GAPDH, P-gp, BCRP, LRP, and MRP (CST, 
MA, USA, diluted at 1:1000) overnight at 4°C. Then, after 
washing in TBST thrice, the membranes were incubated 
with goat anti-rabbit horseradish peroxidase-conjugated 
secondary antibodies for 1  h. Finally, freshly made elec-
trochemiluminescent solution was added for coloration 
and exposed in the dark. The ImageJ software (Bio-Rad, 
Richmond, CA, USA) was used to analyse the grey values. 
GAPDH was used as a control.

Dual-luciferase reporter assay

StarBase (http://starbase.sysu.edu.cn/) was used to predict 
the regulation of miR-202-5p by NORAD. The wild-type 
(WT) (NORAD-WT) or mutant (MUT) (NORAD-MUT) 
fragments of NORAD 3’UTR containing miR-202-5p 
binding site were synthesised. The WT or MUT sequence 
was cloned into a pGL3 luciferase control reporter vector 
(Promega, WI, USA). A549/DDP cells (5×105) were seeded 
in 24-well plates for 24 h. Subsequently, miR-202-5p mim-
ics or mimics NC were transfected into A549/DDP cells, 
respectively, by Lipofectamine 2000 (Invitrogen, CA, USA). 
After a 48-h transfection, luciferase activity was measured 
using the Dual-Luciferase Reporter Assay Kit (Promega, 
WI, USA).

For the detection of miR-202-5p binding to ABCB1 
mRNA by dual-luciferase activity assay, the ABCB1-WT 
or ABCB1-MUT fragments of ABCB1 3’UTR containing 
miR-202-5p binding site were synthesised, and WT or MUT 
sequence was cloned into a pGL3 luciferase control reporting 
vector. After a 24-h culture in 24-well plates, A549/DDP cells 
were transfected with miR-202-5p mimics or mimics NC. 
After a 48-h transfection, luciferase activity was measured.

RNA immunoprecipitation (RIP) assay

The Magna RIPTM RNA Binding Protein Immunoprecipi-
tation kit (RIP, Millipore, MA, USA) was used to analyse 

the binding capacity between NORAD and miR-202b-5p. 
Cell lysate (A549) was preserved in RIP buffer containing 
magnetic beads precoated by antibodies of Ago2 or immu-
noglobulin G (IgG). Normal IgG was used as controls. The 
relative expression levels of NORAD and miR-202b-5p were 
measured by qRT-PCR.

Colony formation assay

The A549 or A549/DDP cells were plated into 6-well plates 
and cultured for 14 days. The colonies were fixed with 10% 
formaldehyde for 30 min and subsequently stained with 0.5% 
crystal violet for 5 min. The colonies were photographed and 
quantified using a camera (Olympus, Tokyo, Japan).

3-(4,5)-Dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazolium-
bromide (MTT) assay

The MTT assay was performed based on Dong et al.’s 
description (Shah et al. 2020). The transfected cells were 
resuspended in RPMI-1640 with 10% FCS and seeded 
into 96-well plate (6×103), followed by incubation at 37°C 
with 5% CO2 for 24, 48, and 72 h. Subsequently, 20 μl of 
MTT reagent (5 mg/ml, Sigma, MO, USA) was added 
into the cells. After incubation for 4 h, 150-μl dimethyl 
sulphoxide was supplemented to each well. The mixture 
was subsequently shaken at low speed for 10 min to suf-
ficiently dissolve the crystals. The OD490 absorbance values 
for the samples were measured using the enzyme-linked 
immunometric metre.

Statistical analyses

All data are representative of three independent experiments 
and expressed as mean ± standard deviation (SD). Differ-
ences between the two groups were analysed by T-test, and 
differences among groups were analysed by analysis of vari-
ance test using the Statistical Package for the Social Sciences 
version 22.0 (Chicago, IL, USA) and GraphPad Prism version 
7.01 (version X; La Jolla, CA, USA) software. A value p < 0.05 
was considered statistically significant.

Results

High expression of NORAD is observed in A549/cisplatin 
(DDP) cells

The cell morphologies of A549 and A549/DDP cells were 
observed under a  phase-contrast microscope after the 
successful DDP-resistant NSCLC cell line establishment. 
Compared with the A549 cells, A549/DDP cells were 
fusiform and arranged in a spiral or radial shape, similar 
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to fibre cells. The inhibition rates of DDP on the A549 
cells and A549/DDP cells were analysed by the MTT as-
say. The results showed that the inhibition rate of DDP on 
the A549/DDP cells is lower than that on the A549 cells 
(p < 0.05, Fig. 1A). Meanwhile, qRT-PCR demonstrated 
that the expression of NORAD is significantly higher in 
the A549/DDP cells than that in the A549 cells (p < 0.05, 
Fig. 1B).

Silencing NORAD suppresses the cisplatin resistance of 
A549/DDP cells

To further study the effect of NORAD on DDP resistance in 
A549/DDP cells, we used siRNA to knockdown NORAD. 
The results showed that the expression of NORAD in the 
A549/DDP cells transfected with si-NORAD (the si-NO-
RAD group) is significantly lower than that in the A549/
DDP cells transfected with the control vector (the si-NC 
group) (p < 0.05, Fig. 2A), indicating that RNA interfer-
ence was successful. The MTT assay showed that NORAD 
knockdown better increases the inhibition rate of DDP on 
the A549/DDP cells compared with the si-NC group (Fig. 
2B). Data of colony formation assay suggested that the 
colony numbers of si-NORAD group are lower than those in 
the si-NC group (p < 0.05, Fig. 2C). The IC50 value of DDP 
was lower in the si-NORAD group than that in the si-NC 
group (p < 0.05, Fig. 2D). Moreover, qRT-PCR and West-
ern blot analysis demonstrated that NORAD knockdown 
decreases the expression of the ABCB1 mRNA and drug 
resistance protein P-gp in the si-NORAD group compared 
with si-NC group or Mock group (p < 0.05, Fig. 2E and F). 
However, there were no evident changes in the expression 
of drug resistance proteins BCRP, LRP, and MRP in the si-
NC group and Mock group compared with the si-NORAD 
group (p > 0.05, Fig. 2F).

NORAD activates as a competing endogenous RNA of  
miR-202-5p

StarBase (http://starbase.sysu.edu.cn/) was used to predict 
the binding site of NORAD to miR-202-5p (Fig. 3A). The 

miR-202-5p expression was higher in the si-NORAD group 
than that in the si-NC group (p < 0.05, Fig. 3B). The NORAD 
expression also increased after down-regulating miR-202-
5p in A549/DDP cells using the miR-202-5p inhibitor (p < 
0.05, Fig. 3C). We conducted luciferase reporter assays after 
transfecting A549/DDP cells containing synthetic miR-
202-5p mimics with the WT or MUT miR-202-5p target 
sequences in NORAD. We found that the miR-202-5p mimic 
reduced luciferase activity in the cells transfected with the 
WT sequences but had no effect on luciferase activity in 
cells transfected with the MUT sequences (Fig. 3D). These 
data indicated that miR-202-5p may be a target of NORAD, 
and NORAD might promote DDP resistance by targeting 
miR-202-5p. The result of anti-Ago2 RIP assay further 
confirmed that miR-202-5p is the target gene of lncRNA 
NORAD (Fig. 3D).

miR-202-5p inhibition attenuates the effect of si-NORAD on 
cisplatin resistance in A549/DDP cells

To investigate whether miR-202-5p is involved in the pro-
motion effect of NORAD on DDP resistance of A549/DDP 
cells, we co-transfected si-NORAD and miR-202-5p inhibi-
tors into the A549/DDP cells, and the results showed that 
NORAD knockdown decreases the DDP resistance of A549/
DDP cells, whereas the inhibition of miR-202-5p increases 
the DDP resistance of A549/DDP cells. Additionally, the 
inhibition of miR-202-5p eliminated the effect of NORAD 
knockdown (p < 0.05, Fig. 4A and B).

P-gp is the target of NORAD/miR-202-5p

Bioinformatics analysis indicated that miR-202-5p can 
directly bind to 3’-untranslated regions (3’-UTRs) of P-gp 
(Fig. 5A). Moreover, miR-202-5p mimics significantly 
decreased P-gp level in A549/DDP cells (Fig. 5B). Based 
on the predicted binding sites on WT P-gp, we designed 
the dual-luciferase reporter gene assay. The results showed 
that miR-202-5p mimics significantly inhibits the relative 
luciferase activity of WT P-gp (p < 0.05, Fig. 5C), suggest-
ing that miR-202-5p targets ABCB1. The anti-Ago2 RIP 

Figure 1. High expression of NORAD in 
A549/DDP cells. A. The cell inhibition rate of 
A549/DDP cells and A549 cells detected by 
the 3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-di-
phenytetrazoliumromide (MTT) assay. B. The 
expression of NORAD in A549/DDP cells and 
A549 cells detected by qRT-PCR. Data are shown 
as means ± SD from three independent experi-
ments. * p < 0.05 compared with the A549 group. 
DDP, cisplatin.
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assay further confirmed the targeting association between 
miR-202-5p and ABCB1 (Fig. 5C). qRT-PCR and Western 
blot analysis results illustrated that the knockdown of 
miR-202-5p causes a regain of ABCB1 mRNA and P-gp 
protein levels, which were decreased by NORAD silenc-
ing (Fig. 5D).

ABCB1 overexpression weakens the effect of si-NORAD on 
the cisplatin resistance in A549/DDP cells

The pc-ABCB1 and si-NORAD were co-transfected into 
the A549/DDP cells to determine whether ABCB1 is as-
sociated with the effect of NORAD on DDP resistance 
in A549/DDP cells. The data suggested that NORAD 

knockdown decreases the DDP resistance of A549/DDP 
cells, whereas the overexpression of ABCB1 eliminates the 
effect of si-NORAD on DDP resistance of A549/DDP cells 
(p < 0.05, Fig. 6).

Discussion

NSCLC is the most prevalent type of lung cancer, with 
poor prognosis and high reoccurrence rate among pa-
tients (Ramanathan et al. 2019). Chemotherapy is one 
of the primary options for patients with unresectable 
tumours. However, the reoccurrence rate of NSCLC is 
still high considering that some patients with NSCLC are 

Figure 3. NORAD regulates the ex-
pression of miR-202-5p. A. Using 
StarBase (http://starbase.sysu.edu.cn/) 
to predict the binding site of NORAD 
to microRNA-202-5p. B. The expression 
of miR-202-5p in A549/DDP cells de-
tected by qRT-PCR. C. The expression 
of NORAD in A549/DDP cells detected 
by qRT-PCR. D. Validation of NORAD 

binding to miR-202-5p by dual-luciferase activity assay and anti-Ago2 RIP assay. Data are shown as means ± SD from three independent 
experiments. * p < 0.05 compared with the si-NC, inhibitor NC, or mimics NC group.

Figure 4. miR-202-5p eliminates the effect of 
NORAD in A549/DDP cells. A. The inhibi-
tion rate in A549/DDP co-transfected with 
si-NORAD and miR-202-5p inhibitor. B. The 
IC50 value in A549/DDP co-transfected with 
si-NORAD and miR-202-5p inhibitor. Data are 
shown as means ±  SD from three independ-
ent experiments. * p < 0.05 compared with the 
si-NC group, # p < 0.05 compared with the si-
NORAD+inhibitor-NC group.
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Figure 5. Permeability glycoprotein (P-gp) is the target of NORAD/miR-202-5p. A. The binding sites of P-gp and miR-202-5p were 
identified by searching TargetScan (http://www.targetscan.org/vert_72/). B. The expression of ABCB1 mRNA and P-gp protein detected 
by qRT-PCR and Western blot after transfecting miR-202-5p mimics. * p < 0.05 compared with the mimics negative control (NC) group. 
C. Validation of miR-202-5p binding to ABCB1 by dual-luciferase activity assay and anti-Ago2 RNA immunoprecipitation assay. D. The 
expression of ABCB1 mRNA and P-gp protein after the knockdown of NORAD or the combination of knockdown of NORAD and in-
hibition of miR-202-5p. Data are shown as means ± SD from three independent experiments. * p < 0.05 compared with the si-NC group, 
# p < 0.05 compared with the si-NORAD+inhibitor-NC group.
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chemoresistant to chemotherapy (Nagasaka et al. 2018). 
It has been reported that lncRNAs participate in multi-
ple cancers and regulate the chemoresistance of cancer 
cells, including NSCLC (Nagasaka et al. 2018). NORAD 
has been discovered to be a tumour promoter in several 
cancers (Tao et al. 2019; Tong et al. 2019), but little is 

known whether NORAD can affect the drug resistance of 
NSCLC cells. In the present study, we investigated the role 
of NORAD in drug resistance of A549/DDP cells and its 
potential mechanism. We showed that NORAD is more 
up-regulated in the A549/DDP cells compared with the 
A549 cells. By silencing NORAD, we demonstrated that 
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NORAD functions as a  promoter in A549/DDP cells’ 
drug resistance. Mechanically, high level of NORAD up-
regulated P-gp expression by functioning as a competing 
endogenous RNAs (ceRNA) of miR-202-5p. Thus, we 
identified a novel NORAD/miR-202-5p/P-gp axis in the 
acquisition of DDP resistance of A549/DDP cells.

Growing evidence have shown that lncRNAs could 
sponge the miRNAs as a  ceRNA to indirectly regulate 
the expression of target genes (Tay et al. 2014). It is re-
ported that NORAD may function as a ceRNA to promote 
metastasis in pancreatic cancer by competing with miR-
125a-3p (Li et al. 2017). Thus, in the present study, we 
hypothesised that NORAD could sponge the miRNAs as 
ceRNAs to exert its influence on DDP resistance devel-
opment. Bioinformatics analysis revealed that NORAD 
includes a targeting site of miR-202-5p. Dual-luciferase 
reporter assay also showed that miR-202-5p could directly 
bind to NORAD via a putative miRNA response element. 
NORAD knockdown increased miR-202-5p expression 
in A549/DDP cells, and inhibition of miR-202-5p also 
increased NORAD expression. Moreover, the inhibition 
of miR-202-5p could reverse the effect of NORAD knock-
down on DDP resistance. This rescue assay confirmed 
that NORAD regulated A549/DDP cell chemosensitivity 
by targeting miR-202-5p.

P-gp was considered to be one of the critical factors for 
the induction of drug resistance (Kumar et al. 2019). In 
this study, we further investigated whether NORAD could 
enhance the drug resistance of A549/DDP cells by regulat-
ing P-gp. Our results showed that knocking down NORAD 
suppresses the expression of P-gp. Moreover, both bioin-
formatics analysis and dual-luciferase reporter gene assay 
revealed that miR-202-5p could bind to the 3’-UTR of P-gp 
gene. Therefore, NORAD regulated the expression of P-gp 
by modulating the level of miR-202-5p.

In conclusion, we found that NORAD could enhance the 
drug resistance of A549 to DDP, and its potential mecha-
nism was to adsorb and down-regulate the miR-202-5p 
expression, promoting P-gp expression. This study may 

illuminate a new potential mechanism of drug resistance 
in NSCLC cells.
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