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Abstract. Emerging evidence has demonstrated that abnor-
mally expressed long non‑coding (lnc) RNAs contribute to 
drug resistance in various types of malignancy. LncRNA anti-
sense non‑coding RNA in the inhibitor of cyclin‑dependent 
kinase 4 locus (ANRIL) exerts oncogenic activity and acts as 
a key player in a variety of carcinomas, including non‑small 
cell lung cancer. The present study aimed to investigate the 
functional roles of ANRIL in cisplatin (DDP) resistance of 
lung cancer and the underlying mechanism involved in the 
competing endogenous RNA regulatory network. The expres-
sion levels of ANRIL and microRNA (miR)‑98 in lung cancer 
tissues and DDP‑resistant lung cancer cells were assessed by 
reverse transcription‑quantitative (RT‑q) PCR. The Pearson's 
correlation coefficient was used to determine the correlation 
between the expression levels of ANRIL and miR‑98 in lung 
cancer tissues. Cell proliferation and apoptosis were detected 
by MTT assay and flow cytometry analysis, respectively. The 
expression levels of proliferation‑ and apoptosis‑associated 
proteins were detected by western blot analysis. The potential 
interaction between ANRIL and miR‑98 was confirmed by 
RNA immunoprecipitation (RIP), dual luciferase reporter assay 
and RT‑qPCR. The results of the present study demonstrated 
that ANRIL was upregulated and miR‑98 was downregulated 
in lung cancer tissues and A549/DDP cells. In addition, the 
Pearson's correlation analysis revealed that the expression of 
ANRIL was significantly negatively correlated with that of 
miR‑98 in lung cancer tissues. ANRIL overexpression reversed 
the DDP‑induced cell proliferation suppression and apoptosis 
in lung cancer cells, whereas ANRIL knockdown exhibited 
the opposite effects. RIP, dual luciferase reporter assay and 
RT‑qPCR analysis results demonstrated that ANRIL directly 
interacted with miR‑98 and suppressed miR‑98 expression. 

Furthermore, transfection with the miR‑98 mimics promoted 
DDP‑induced cell proliferation inhibition and apoptosis in 
lung cancer cells, and these effects were partially reversed by 
ANRIL overexpression. In conclusion, ANRIL knockdown 
inhibited the development of DDP resistance by upregulating 
miR‑98, providing novel insights into the molecular mecha-
nism of ANRIL involvement in DDP resistance of lung cancer 
cells.

Introduction

Lung cancer, predominantly non‑small‑cell lung cancer 
(NSCLC), is one of the most common types of malignant 
cancer and the primary cause of tumor‑associated mortality 
and morbidity worldwide with a high incidence rate and a 
5‑year survival rate of 18% (1). Platinum‑based chemotherapy 
regimens are currently the standard adjuvant treatment strategy 
for advanced NSCLC following surgical resection (2). As a 
widely used platinum‑coordinated complex in cancer therapy, 
cisplatin (DDP) is the first‑line chemotherapeutic drug against 
NSCLC due to its therapeutic advantages such as high effi-
ciency and mild side effects (3). However, the development of 
drug resistance, which limits the clinical therapeutic efficacy 
of DDP, is currently a major impediment to successful chemo-
therapy (2,4). The mechanisms underlying DDP resistance are 
extremely complex and multi‑factorial (5). Therefore, eluci-
dating these molecular mechanisms is clinically important 
to develop therapeutic approaches for the treatment of lung 
cancer and to improve the therapeutic efficacy of lung cancer 
chemotherapy.

Human genome sequence data indicates that only 2% of 
the genome encodes proteins, and the majority of genes are 
transcribed into non‑coding RNAs (ncRNAs) (6,7). Among 
the various types of ncRNAs, long ncRNAs (lncRNAs) are 
defined as non‑protein coding RNA transcripts that are 
>200 nucleotides long (8). LncRNAs serve regulatory roles 
in gene expression at the transcriptional, post‑transcriptional 
and epigenetic levels, and thus are implicated in a range of 
physiological and pathological processes, including the patho-
genesis and development of tumors (9). A previous study has 
demonstrated that upregulation of lncRNA HOX transcript 
antisense RNA (HOTAIR) may repress the chemosensitivity 
of lung cancer cells resistant to cisplatin (8). Antisense ncRNA 
in the inhibitor of cyclin‑dependent kinase 4 (INK4) locus 
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(ANRIL), also termed CDKN2B antisense RNA1, is tran-
scribed as a 3.8‑kb lncRNA in the antisense orientation of the 
INK4B‑ARF‑INK4A gene cluster at chromosome 9p21 (10). 
A number of studies have demonstrated that ANRIL is aber-
rantly upregulated in several types of malignancy, such as 
lung, breast and gastric cancer (11‑13). Accumulating evidence 
has suggested that ANRIL exhibits oncogenic activity and 
acts as a key player in a variety of carcinomas, including 
NSCLC (11,12,14). However, the detailed roles of ANRIL in 
DDP resistance of lung cancer and the underlying mechanisms 
remain to be elucidated.

microRNAs (miRNAs) are a superfamily of small ncRNAs 
that are 19‑25 nucleotides long and serve important roles in 
the regulation of gene expression at the post‑transcriptional 
level by binding to the 3' untranslated region (UTR) of the 
target mRNA, resulting in mRNA degradation or transla-
tion repression (15). An increasing number of studies have 
reported that miRNAs participate in the regulation of various 
biological processes, such as cell proliferation, invasion and 
apoptosis (16,17). In addition, dysregulation of miRNA expres-
sion has been revealed to be involved in the chemoresistance of 
various types of cancer, including NSCLC (18,19). Specifically, 
miR‑98 has been demonstrated to be downregulated in 
DDP‑resistant NSCLC cells, and high expression of miR‑98 
leads to high sensitivity to DDP  (20). A novel regulatory 
mechanism regarding the competing endogenous (ce) RNA 
hypothesis has suggested that lncRNAs can act as miRNA 
sponges via competition for shared miRNA‑response elements 
to suppress the expression and activity of miRNAs  (21). 
Therefore, the present study focused on the interaction between 
NARIL and miR‑98 in lung cancer.

The present study aimed to investigate the functional roles 
of ANRIL in DDP resistance of lung cancer and the under-
lying mechanism involved in the ceRNA regulatory network.

Materials and methods

Tissue sample collection. A total of 26 NSCLC tissues and 
paired adjacent normal lung tissues from patients (mean age, 
58 years; age range, 40‑72 years) undergoing resection were 
collected from the First Affiliated Hospital of Zhengzhou 
University (Zhengzhou, China), between January 2017 and 
December 2018. The patients received no preoperative chemo-
therapy or radiotherapy and were diagnosed with NSCLC by 
histopathological evaluation. The distance between cancerous 
lesions and adjacent healthy tissues was ≥5 cm. All tissue 
specimens were immediately frozen in liquid nitrogen and 
stored at ‑80˚C until RNA extraction. The present study was 
reviewed and approved by the Research Ethics Committee of 
the First Affiliated Hospital of Zhengzhou University. Written 
consent was obtained from all patients. The clinicopathological 
characteristics of the patients with NSCLC are list in Table I.

Cell culture and transfection. Normal lung epithelial cells 
(BEAS‑2B) were obtained from the American Type Culture 
Collection. The human lung adenocarcinoma cell line A549 
and DDP‑resistant A549/DDP cells were purchased from 
Nanjing Keygen Biotechnology Co. Ltd. All cells were cultured 
in RPMI‑1640 medium (Invitrogen; Thermo Fisher Scientific, 
Inc.) supplemented with 10% fetal bovine serum (FBS; Gibco; 

Thermo Fisher Scientific, Inc.), 1% L‑glutamine and 1% peni-
cillin/streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.) 
at 37˚C in a humidified atmosphere with 5% CO2. A549/DDP 
cells were cultured in RPMI‑1640 medium containing 1 µg/ml 
DDP (Sigma Aldrich; Merck KGaA) to maintain the resistance 
of this cell line to DDP prior to the experiments. Cells in the 
logarithmic growth phase were used for the experiments.

pcDNA‑ANRIL, pcDNA vector (vector), small interfering 
(si) RNAs targeting ANRIL (si‑ANRIL‑1, si‑ANRIL‑2 and 
si‑ANRIL‑3), scrambled non‑targeting siRNA negative control 
(si‑NC), miR‑98 mimics (miR‑98) and scrambled non‑targeting 
miRNA negative control (miR‑NC) were purchased from 
Shanghai Genepharma Co., Ltd. The sequences of si‑ANRIL 
and miR‑98 mimics were as follows: si‑ANRIL‑1, 5'‑ACA​GAA​
UAG​UGU​UCU​UCU​GCU‑3'; si‑ANRIL‑2, 5'‑UUU​CUA​AUA​
AUU​CCA​UUU​GUC‑3'; si‑ANRIL‑3, 5'‑UCU​GUU​UAA​AUU​
AUG​AAU​GUG‑3'; si‑NC, 5'‑TTC​TCC​GAA​CGT​GTC​ACG​T‑3'; 
miR‑98 mimics, 5'‑UGA​GGU​AGU​AAG​UUG​UAU​UGU​U‑3'; 
and miR‑NC, 5'‑UAA​AGU​GCU​UAU​AGU​GCA​GGU​AG‑3'. 
A549 and A549/DDP cells were seeded in 6‑well plates at a 
density of 1x105 cells/well and grown to 70% confluence prior 
to transfection. According to manufacturer's instructions, cells 
were transfected with oligonucleotides (40 nM) or plasmids 
(2  µg/ml) using Lipofectamine® 2000 transfection reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) at room temperature, 
and the transfected cells were cultured for the indicted times at 
37˚C in a humidified atmosphere with 5% CO2.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from tissues and cultured cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
The first strand of complementary DNA (cDNA) was synthe-
sized from ~1 µg of the extracted total RNA sample using 
the Prime‑Script RT reagent kit (Takara Bio, Inc.) at 37˚C for 
15 min, 85˚C for 5 sec and 4˚C until the removal of the RT 
products. The expression levels of ANRIL and miR‑98 were 
quantified PCR using the TaqMan Power SYBR® Green PCR 
Mix (Invitrogen; Thermo Fisher Scientific, Inc.) and the SYBR® 
Green Master Mix (cat#: 4444556; Thermo Fisher Scientific), 
respectively. The qPCR was performed using the Applied 
Biosystems 7500 Real‑time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) under the following thermocy-
cling conditions: 94˚C for 2 min; followed by 35 cycles of 94˚C 
for 45 sec, 56˚C for 30 sec and 72˚C for 45 sec; and an exten-
sion at 72˚C for l0 min. The relative gene expression levels 
were calculated and normalized to the expression of GAPDH 
(for lncRNAs) or U6 small nuclear RNA (for miRNAs) using 
the 2‑ΔΔCq method (22). The primers used in the present study 
are listed in Table II.

Western blot assay. Cultured A549 and A549/DDP cells 
were lysed using a Radio‑Immunoprecipitation Assay (RIPA) 
protein extraction reagent (Cell Signaling Technology, Inc.) 
containing phenylmethanesulfonyl fluoride. The bicinchoninic 
acid (BCA) protein assay was performed to determine the 
protein concentration using a BCA assay kit (Thermo Fisher 
Scientific, Inc.). Protein extracts (~30 µg/lane) were separated 
by SDS‑PAGE (10% gel) and transferred to polyvinylidene 
difluoride membranes (EMD Millipore). The membranes were 
blocked with 5% non‑fat milk for 1 h at room temperature. The 
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membranes were incubated with primary antibodies against 
Ki67 (1:1,500; cat. no. sc‑23900; Santa Cruz Biotechnology, 
Inc.), cleaved caspase‑3 (1:2,000; cat. no. 9661; Cell Signaling 

Technology, Inc.), mitogen‑activated protein kinase kinase 
(MEK; 1:1,000; cat.  no.  4694; Cell Signaling Technology, 
Inc.), phosphorylated (p‑)MEK (1:1,000; cat. no. 2338; Cell 
Signaling Technology, Inc.), mitogen‑activated protein kinase 
1/2 (ERK1/2; 1:1,000; cat. no. ab17942; Abcam), p‑ERK1/2 
(1:2,000; #4370; Cell Signaling Technology) or β‑actin (1:1,500; 
cat.  no.  ZRB1312; Sigma‑Aldrich; Merck KGaA) at 4˚C 
overnight. The membranes were washed twice with PBS and 
incubated with a horseradish peroxidase‑conjugated anti‑mouse 
IgG secondary antibody (1:1,000; cat. no. sc‑2357; Santa Cruz 
Biotechnology, Inc.) and visualized using an ECL system 
(Amersham; Cytiva). The data were quantified using ImageJ 
software (version 1.8.0.112; National Institutes of Health).

MTT assay. A549 and A549/DDP cells (2x103) at the loga-
rithmic growth phase were plated into 96‑well plates at 48 h 
post‑transfection and treated with or without 1 or 2 µg/ml DDP 
at 37˚C for 0, 24, 48 and 72 h. Following treatment, 20 µl MTT 
solution (5 mg/ml; Sigma‑Aldrich; Merck KGaA) was added 
into each well for 4 h at 37˚C. Subsequently, the supernatant 
of each well was removed, and 150 µl DMSO (Sigma‑Aldrich; 
Merck KGaA) was added to dissolve the formazan crystal. The 
absorbance value at 490 nm was detected using a plate reader 
(Bio‑Rad Laboratories, Inc.).

Apoptosis analysis by flow cytometry. The transfected A549 
and A549/DDP cells were incubated with culture medium with 
or without 1 or 2 µg/ml DDP at 37˚C for 48 h. For apoptosis 
analysis, the cells were digested using trypsin without EDTA 
for 1‑2 min, and 1 ml RPMI‑1640 medium with 10% FBS were 
added to terminate the digestion. Then, the cells were centri-
fuged at 111 x g for 5 min at 4˚C and collected. The collected 
cells were double‑stained with a Annexin V‑FITC Apoptosis 
Detection kit (BD Biosciences) according to the manufac-
turer's protocol. The apoptotic cells were analyzed using a 
FACScan flow cytometer (Becton, Dickinson and Company) 
with Cell Quest software version 7.5.3 (BD Biosciences). All 
experiments were repeated in triplicate.

Dual luciferase reporter assay. Prediction using bioinfor-
matics online software miRcode (http://www.mircode.org/) 
and Starbase 2.0 (http://starbase.sysu.edu.cn/mirLncRNA.php) 
identified that miR‑98 contained putative binding sites with 
ANRIL. The fragments of ANRIL containing the potential 
miR‑98 binding sites were amplified and cloned into pGL3 
plasmids (Promega Corporation) to produce an ANRIL‑WT 
plasmid. The luciferase reporter plasmids containing the 
mutated miR‑98 binding sites in ANRIL were constructed using 
the Quick‑Change Site Directed Mutagenesis kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) and termed ANRIL‑MUT. 
For the luciferase reporter assay, cells transfected with 20 nM 
miR‑98 mimics (miR‑98) and miR‑NC were seeded into 96‑well 
plates at a density of 1,000 cells/well and transfected with the 
vector, ANRIL‑WT or ANRIL‑MUT (50 ng) and the internal 
control Renilla luciferase plasmid using Lipofectamine® 2000 
transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
at 37˚C for 48 h. At 48 h post‑transient transfection, the lucif-
erase activity was measured with a Dual‑Luciferase Reporter 
Assay System (Promega Corporation) and normalized to 
Renilla luciferase activity.

Table I. Clinicopathological characteristics of patients with 
non‑small cell lung cancer.

			   TNM	 Smoking	 Prior
ID	 Age	 Sex	 stage	 status	 therapy

  1	 64	 Male	 IV	 Former 	 Surgery
  2	 40	 Male	 II	 Current	 Surgery
  3	 53	 Male	 IV	 Former 	 Surgery
  4	 56	 Male	 IV	 Former 	 None
  5	 46	 Male	 IV	 Current	 None
  6	 49	 Male	 II	 Current	 Surgery
  7	 58	 Male	 IV	 Current	 Surgery
  8	 64	 Female	 IV	 Current	 Surgery
  9	 63	 Female	 IV	 Current	 Surgery
10	 67	 Male	 III	 Current	 Surgery
11	 45	 Male	 III	 Current	 None
12	 43	 Male	 I	 Current	 None
13	 44	 Male	 I	 Current	 None
14	 69	 Female	 IV	 Former 	 Surgery
15	 64	 Female	 IV	 Current	 Surgery
16	 63	 Male	 IV	 Former 	 Surgery
17	 59	 Female	 IV	 Current	 Surgery
18	 66	 Male	 II	 Current	 None
19	 67	 Male	 IV	 Current	 Surgery
20	 54	 Female	 II	 Former 	 None
21	 58	 Male	 IV	 Current	 Surgery
22	 48	 Male	 II	 Current	 Surgery
23	 72	 Male	 IV	 Former 	 Surgery
24	 67	 Male	 IV	 Former 	 Surgery
25	 64	 Male	 IV	 Former 	 Surgery
26	 65	 Male	 IV	 Former 	 Surgery

TNM, Tumor‑Node‑Metastasis (39).

Table II. Primers used for reverse transcription‑quantitative PCR.

Primer	 Sequences (5'→3')

U6	 F: CTCGCTTCGGCAGCACA
	 R: AACGCTTCACGAATTTGCGT
miR‑98	 F: TGAGGTAGTAAGTTGTAT
	 R: AACATGTACAGTCCATGGATG
ANRIL	 F: CTTATTTTATTCCTGGCTCCCCT
	 R: ATCATTCTCCTCAAATTACAGAG
GAPDH	 F: GTCAACGGATTTGGTCTGTATT
	 R: AGTCTTCTGGGTGGCAGTGAT

ANRIL, antisense non‑coding RNA in the inhibitor of cyclin‑depen-
dent kinase 4 locus; miR, microRNA; F, forward; R, reverse.
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RNA immunoprecipitation (RIP). In order to confirm the 
association between ANRIL and miR‑98, RIP assay was 
performed using a Magna RIP™ RNA‑Binding Protein 
Immunoprecipitation kit (EMD Millipore). A549 and 
A549/DDP cells (1x107) were lysed using complete RNA 
lysis buffer containing 1 mM PMSF (Sigma‑Aldrich; Merck 
KGaA), 1 mM DTT (Invitrogen; Thermo Fisher Scientific, 
Inc.), 1% protease inhibitor (Sigma‑Aldrich; Merck KGaA) and 
200 U/ml RNase inhibitor. Then, 100 µl whole cell lysis solu-
tion was co‑incubated with the RIP buffer containing A + G 
magnetic beads conjugated with 8 µg anti‑human argonaute 2 
(Ago2) antibody (1:40; cat. no. ab186733; Abcam) and normal 
mouse IgG (1:30; cat. no. AP503P; EMD Millipore) as a nega-
tive control. To avoid non‑specific binding, the samples were 
incubated with 10 mg/ml Proteinase K, and the immunopre-
cipitated RNA was isolated using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Co‑precipitated RNAs were 
subjected to RT‑qPCR analysis as aforementioned.

Statistical analysis. Data are presented as the mean ±  stan-
dard deviation (SD). All experiments were repeated separately 
at least three times. Statistical analysis was performed using 
SPSS 13.0 (SPSS, Inc.). Differences among three or more 
groups were analyzed by one‑way analysis of variance with 
Tukey's post hoc test. Correlation analysis was performed 
by Pearson's correlation test. Significant differences between 
two groups were estimated by unpaired and paired two‑tailed 
Student's t‑test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

ANRIL is upregulated and miR‑98 is downregulated in lung 
cancer compared with healthy tissues. In order to investigate 
whether the expression levels of ANRIL and miR‑98 were 
altered in NSCLC tissues, the present study first detected the 
expression levels in 26 pairs of NSCLC tissues and paired 
adjacent normal lung tissues. RT‑qPCR analysis revealed that 
compared with the normal tissues, NSCLC tissues exhibited 
a significant increase in ANRIL expression and a significant 
decrease in miR‑98 expression (Fig. 1A and B). In addition, 
Pearson's correlation analysis revealed that the expression 
of ANRIL was significantly negatively correlated with 

the expression of miR‑98 in lung cancer tissues (Fig. 1C). 
These results suggested that abnormal expression of ANRIL 
and miR‑98 may serve crucial roles in the development of 
NSCLC.

ANRIL is upregulated and miR‑98 is downregulated in 
DDP‑resistant lung cancer cells. The expression levels of 
ANRIL and miR‑98 in parental lung cancer cells A549 and 
DDP‑resistant A549/DDP cells were assessed by RT‑qPCR. 
Compared with normal lung epithelial cells BEAS‑2B, ANRIL 
expression was significantly increased in A549 cells (Fig. 2A). 
miR‑98 expression was significantly decreased in A549 cells 
compared with that in BEAS‑2B cells (Fig. 2B). Furthermore, 
ANRIL expression in A549/DDP cells was higher compared 
with that in their parental A549 cell line (Fig. 2A), and miR‑98 
expression was lower in A549/DDP cells compared with that 
in A549 cells (Fig. 2B). These results suggested that ANRIL 
and miR‑98 may be involved in the development of DDP resis-
tance in lung cancer cells.

ANRIL overexpression promotes DDP resistance in lung 
cancer cells. To determine the functional roles of ANRIL in 
DDP resistance of lung cancer, ANRIL was overexpressed in 
A549 cells by transfecting them with pcDNA‑ANRIL or an 
empty control vector. The results of the RT‑qPCR analysis 
revealed that A549 cells transfected with pcDNA‑ANRIL 
exhibited a >20‑fold increase in ANRIL expression compared 
with vector‑treated cells (Fig. 3A). As presented in Fig. 3B, the 
MTT assay revealed that DDP administration led to a marked 
decrease in cell proliferation at 48 and 72 h in A549 cells, 
whereas ectopic expression of ANRIL significantly alleviated 
the inhibitory effects of DDP on cell proliferation at 48 and 
72 h. In addition, DDP administration led to a marked decrease 
in Ki67 expression, and overexpression of ANRIL alleviated 
the inhibitory effects of DDP on Ki67 expression in A549 cells 
(Fig. 3C). The results of the present study demonstrated that 
ANRIL overexpression significantly alleviated the inhibitory 
effects of DDP on the activation of the MEK/ERK pathway 
(Fig. 3D). Flow cytometry analysis results demonstrated that 
DDP treatment induced the apoptosis of A549 cells, whereas 
overexpression of ANRIL partially impeded the DDP‑induced 
apoptosis in A549 cells compared with that in the vector group 
(Fig. 3E). In addition, DDP treatment resulted in increased 

Figure 1. Expression of ANRIL and miR‑98 in lung cancer tissues. Reverse transcription‑quantitative PCR was used to detect the relative expression levels 
of (A) ANRIL and (B) miR‑98 in NSCLC tissues compared with paired corresponding non‑cancerous tissues from 26 patients with NSCLC. (C) Pearson's 
correlation analysis of ANRIL and miR‑98 expression levels was conducted. **P<0.01. NSCLC, non‑small cell lung cancer; ANRIL, antisense non‑coding 
RNA in the inhibitor of cyclin‑dependent kinase 4 locus; miR, microRNA.
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expression of the apoptosis‑associated protein cleaved 
caspase‑3, and ANRIL overexpression partially reversed the 
promotive effects of DDP on cleaved caspase‑3 expression in 
A549 cells (Fig. 3F). Collectively, these results demonstrated 
that ANRIL overexpression increased DDP resistance in lung 
cancer cells.

ANRIL knockdown inhibits DDP resistance in A549/DDP 
cells. To further confirm the association between ANRIL 
and DDP resistance in lung cancer cells, ANRIL‑knockdown 
A549/DDP cells were established by siRNA. As presented 
in Fig.  4A, si‑ANRIL‑1, si‑ANRIL‑2 and si‑ANRIL‑3 
effectively reduced ANRIL expression in A549/DDP cells 
compared with that in the si‑NC group. si‑ANRIL‑3 exhib-
ited the highest knockdown efficiency and thus was selected 
for further experiments. MTT assay results revealed that 
cell proliferation following DDP treatment was repressed 
at 48 and 72 h in A549/DDP cells compared with that in 
the untreated control, and ANRIL knockdown exacerbated 
the DDP‑induced cell proliferation inhibition at 24, 48 and 
72 h (Fig. 4B). In addition, compared with that in the control 
group, DDP treatment significantly inhibited the expression 
of Ki67, and ANRIL knockdown significantly enhanced this 
inhibitory effect in A549/DDP cells (Fig. 4C). Knockdown 
of ANRIL also promoted the inhibitory effects of DDP on 
the activation of the MEK/ERK pathway (Fig. 4D). In addi-
tion, DDP treatment significantly promoted the apoptosis 
of A549 cells compared with that in the control group, 
whereas ANRIL knockdown reinforced the DDP‑induced 
apoptosis, as demonstrated by flow cytometry analysis 
(Fig. 4E). Additionally, DDP treatment significantly induced 
the expression of cleaved caspase‑3 compared with that in 
the control group, and ANRIL knockdown enhanced these 
effects in A549/DDP cells (Fig. 4F). Taken together, these 
results revealed that ANRIL knockdown significantly inhib-
ited DDP resistance in A549/DDP cells.

ANRIL directly interacts with miR‑98 and suppresses 
miR‑98 expression in lung cancer cells. In view of the inverse 
expression trend of ANRIL and miR‑98 in the parental and 
DDP‑resistant lung cancer cells, the present study further 
investigated the potential interaction between ANRIL and 

miR‑98. Through bioinformatics online software analyses 
by miRcode and Starbase 2.0, the present study discovered 
that miR‑98 contained putative binding sites with ANRIL, 
as presented in Fig. 5A. The luciferase reporter assay results 
revealed that miR‑98 significantly repressed the luciferase 
activity in A549 and A549/DDP cells transfected with 
ANRIL‑WT, but did not suppress luciferase activity in 
A549 and A549/DDP cells transfected with ANRIL‑MUT 
(Fig. 5B), suggesting a direct interaction between miR‑98 and 
ANRIL. To confirm whether ANRIL and miR‑98 were in the 
same RNA‑induced silencing complex (RISC), a RIP assay 
was performed in A549 and A549/DDP cell extracts using 
an antibody against Ago2, and the immunoprecipitated RNA 
levels were assessed by RT‑qPCR. ANRIL and miR‑98 were 
enriched in the Ago2 pellet in both A549 and A549/DDP 
cell extracts relative to the control IgG immunoprecipitates 
(Fig. 5C). In order to further investigate the regulatory effect 
of ANRIL on miR‑98 expression, RT‑qPCR was used to 
evaluate the expression of miR‑98 in A549 and A549/DDP 
cells transfected with pcDNA‑ANRIL, si‑ANRIL or the 
respective controls. The results demonstrated that ANRIL 
knockdown increased, whereas overexpression of ANRIL 
decreased miR‑98 expression in A549 and A549/DDP cells 
(Fig.  5D). Collectively, these results demonstrated that 
ANRIL may function as a molecular sponge of miR‑98 and 
inhibit its expression in lung cancer cells.

ANRIL‑miR‑98 axis participates in the regulation of DDP 
resistance in DDP‑resistant lung cancer cells. Since upregula-
tion of miR‑98 was demonstrated to sensitize lung cancer cells 
to DDP, the present study investigated the functional effects 
of the ANRIL‑miR‑98 axis on DDP resistance of lung cancer 
cells. A549/DDP cells were transfected with miR‑98 mimics, 
and miR‑98 expression levels were significantly elevated in the 
miR‑98 transfected A549/DDP cells compared with those in 
the miR‑NC group (Fig. 6A). As presented in Fig. 6B and C, 
miR‑98 mimics promoted the inhibitory effects of DDP on cell 
proliferation and Ki67 expression in A549/DDP cells, which 
was partially reversed by overexpression of ANRIL, which 
was determined by MTT and western blot assays. In addition, 
miR‑98 mimics promoted the inhibitory effects of DDP on the 
MEK/ERK signaling pathway, which was partially reversed by 

Figure 2. Expression of ANRIL and miR‑98 in DDP‑resistant lung cancer cells. Reverse transcription‑quantitative PCR analysis of (A) ANRIL and (B) miR‑98 
expression levels in normal lung epithelial cells BEAS‑2B, parental A549 cells and DDP‑resistant A549/DDP cells. *P<0.05. ANRIL, antisense non‑coding 
RNA in the inhibitor of cyclin‑dependent kinase 4 locus; miR, microRNA; DDP, cisplatin.
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Figure 3. ANRIL overexpression enhances DDP resistance in lung cancer cells. A549 cells were transfected with pcDNA‑ANRIL or an empty vector. (A) The 
expression levels of ANRIL in transfected A549 cells were estimated by reverse transcription‑quantitative PCR. (B) MTT assay was performed to detect cell 
proliferation after the transfected A549 cells were treated with 1 µg/ml DDP for 0, 24, 48 and 72 h. (C and D) Western blotting was performed to assess the 
expression levels of Ki67, MEK, p‑MEK, ERK1/2 and p‑ERK1/2 after the transfected A549 cells were exposed to 1 µg/ml DDP for 48 h. (E) Flow cytometry 
analysis was performed to determine the apoptotic rates after the transfected A549 cells were treated with 1 µg/ml DDP for 48 h. (F) Western blot analysis 
of the expression of cleaved caspase‑3 was performed after the transfected A549 cells were exposed to 1 µg/ml DDP for 48 h. *P<0.05. ANRIL, antisense 
non‑coding RNA in the inhibitor of cyclin‑dependent kinase 4 locus; DDP, cisplatin; ERK, mitogen‑activated protein kinase; MEK‑mitogen‑activated protein 
kinase kinase; p, phosphorylated; PI, propidium iodide.
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Figure 4. ANRIL knockdown significantly inhibits DDP resistance in A549/DDP cells. (A) The expression of ANRIL in A549/DDP cells transfected with 
si‑NC, si‑ANRIL‑1, si‑ANRIL‑2 or si‑ANRIL‑3 was examined by reverse transcription‑quantitative PCR. (B) MTT assay was applied to determine the cell 
proliferation after A549 cells were transfected with si‑ANRIL or si‑NC, followed by treatment with 2 µg/ml DDP for 0, 24, 48 and 72 h. (C and D) Western 
blot analysis of the expression of Ki67, MEK, p‑MEK, ERK1/2 and p‑ERK1/2 was performed after the transfected A549/DDP cells were exposed to 2 µg/ml 
DDP for 48 h. (E) Flow cytometry analysis was conducted to detect apoptosis after si‑ANRIL‑ or si‑NC‑transfected A549/DDP cells were treated with 2 µg/ml 
DDP for 48 h. (F) Western blot analysis of the expression of cleaved caspase‑3 was performed after the transfected A549/DDP cells were exposed to 2 µg/ml 
DDP for 48 h. *P<0.05. ANRIL, antisense non‑coding RNA in the inhibitor of cyclin‑dependent kinase 4 locus; siRNA, small interfering RNA; NC, negative 
control; DDP, cisplatin; ERK, mitogen‑activated protein kinase; MEK‑mitogen‑activated protein kinase kinase; p, phosphorylated; PI, propidium iodide.
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ANRIL overexpression (Fig. 6D). Additionally, flow cytometry 
analysis results demonstrated that miR‑98 mimics significantly 
enhanced the DDP‑induced apoptosis of A549/DDP cells, 
whereas ANRIL overexpression abolished the promotive 
effect of miR‑98 on the DDP‑induced apoptosis (Fig. 7A). 
Furthermore, cleaved caspase‑3 expression was upregulated 
in A549/DDP cells transfected with miR‑98 mimics, and 
ANRIL overexpression partially inversed this phenomenon 
(Fig. 7B). Therefore, the present study concluded that ANRIL 
overexpression reversed miR‑98 overexpression‑mediated DDP 
resistance repression in DDP‑resistant lung cancer cells.

Discussion

Accumulating evidence has demonstrated that dysregulated 
lncRNAs are involved in various aspects of cancer biology and 
serve functional roles in the development of drug resistance in 
numerous types of cancer, including lung cancer (23,24). For 
example, lncRNA regulator of reprogramming (ROR) has been 
demonstrated to be expressed at high levels in A549/DDP cells, 
and ROR silencing improves the sensitivity of NSCLC to DDP 
by inhibiting the PI3K/Akt/mTOR signaling pathway (25). 
In addition, lncRNA HOTAIR has been demonstrated to be 

Figure 5. ANRIL directly interacts with miR‑98 and suppresses miR‑98 expression in lung cancer cells. (A) The predicted miR‑98 binding sites in ANRIL‑WT 
or ANRIL‑MUT are indicated. (B) A549 and A549/DDP cells were co‑transfected with miR‑98 mimics and the vector, ANRIL‑WT or ANRIL‑MUT. 
Luciferase reporter assay was performed to measure luciferase activities at 48 h post‑transfection. (C) Radioimmunoprecipitation assay was performed in 
A549 and A549/DDP cell extracts using an antibody against Ago2. The immunoprecipitated RNA levels were assessed by RT‑qPCR. (D) The expression 
levels of miR‑98 were determined by RT‑qPCR in A549 and A549/DDP cells transfected with pcDNA‑ANRIL, si‑ANRIL or the respective controls. *P<0.05. 
ANRIL, antisense non‑coding RNA in the inhibitor of cyclin‑dependent kinase 4 locus; miR, microRNA; DDP, cisplatin; WT, wild‑type; MUT, mutant; Ago2, 
argonaute 2; RT‑qPCR, reverse transcription‑quantitative PCR.
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aberrantly upregulated in A549/DDP cells, and inhibition of 
HOTAIR expression increases the sensitivity of A549/DDP 
cells to DDP  (26). LncRNA maternally expressed gene 3 
(Meg3) is revealed to be downregulated in A549/DDP cells 
and enhance DDP resistance in lung cancer cells through 
the activation of the WNT/β‑catenin signaling pathway (27). 
However, the potential function of ANRIL in regulating DDP 
resistance in lung cancer remains unclear.

An increasing amount of evidence has reported that ANRIL 
is deregulated and exerts oncogenic activities in the tumori-
genesis and drug resistance of several types of cancer. For 
instance, ANRIL has been demonstrated to be upregulated in 
nasopharyngeal carcinoma (NPC) cells; knockdown of ANRIL 
represses the proliferation, promotes the apoptosis, improves the 
radiosensitivity and enhances the DDP‑induced cytotoxicity in 
NPC cells (28,29). ANRIL is highly expressed in gastric cancer 

Figure 6. ANRIL‑miR‑98 axis regulates DDP resistance in DDP‑resistant lung cancer cells by modulating cell proliferation. A549/DDP cells were transfected 
with miR‑NC, miR‑98 or combined with the vector or pcDNA‑ANRIL and cultured for 48 h. (A) The expression of miR‑98 was determined by reverse 
transcription‑quantitative PCR in A549/DDP cells transfected with miR‑NC or miR‑98 at 48 h. (B) Cell proliferation was determined by MTT assay in 
transfected A549/DDP cells following 2 µg/ml DDP treatment for 0, 24, 48 or 72 h. (C and D) Western blotting was used to detect the expression levels of 
Ki67, MEK, p‑MEK, ERK1/2 and p‑ERK1/2 in the transfected A549/DDP cells treated with or without 2 µg/ml DDP for 48 h. *P<0.05. ANRIL, antisense 
non‑coding RNA in the inhibitor of cyclin‑dependent kinase 4 locus; miR, microRNA; NC, negative control; DDP, cisplatin; ERK, mitogen‑activated protein 
kinase; MEK‑mitogen‑activated protein kinase kinase; p, phosphorylated.
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tissues from DDP‑ and 5‑fluorouracil (5‑FU)‑resistant patients, 
and knockdown of ANRIL in gastric cancer cells inhibits the 
development of multidrug resistance (30). The results of the 
present study demonstrated that ANRIL was upregulated in 
lung cancer tissues and A549/DDP cells compared with normal 
lung tissues and cells. Functional analyses demonstrated that 
ANRIL overexpression reversed the DDP‑induced suppression 
of cell proliferation and apoptosis, whereas ANRIL knock-
down exhibited the opposite effects, suggesting that ANRIL 
participated in the development of DDP resistance in lung 
cancer cells. Similarly, a previous study has demonstrated that 
ANRIL functions as a potential oncogene as it is upregulated 
and promotes the acquisition of paclitaxel resistance in lung 
adenocarcinoma A549 cells (31).

Although in the present study ANRIL was demonstrated 
to be involved in DDP resistance of lung cancer cells, the 
underlying mechanism remains to be further elucidated. It 
has been reported that miRNAs exert their function through 
the RISC that contains Ago2  (32). A ceRNA regulatory 
hypothesis has been proposed, which suggests that lncRNAs 
serve an important role in multiple processes of cancer cells 
by functioning as endogenous miRNA sponges and regulating 

miRNA expression and biological functions (33). For example, 
a lncRNA termed upregulated in CRC may act as an endog-
enous sponge by competing for miR‑143 to regulate the targets 
of this miRNA, therefore promoting colorectal cancer progres-
sion (34). LncRNA urothelial carcinoma‑associated 1 enhances 
the cell proliferation and 5‑FU resistance in colorectal cancer 
by sponging endogenous miR‑204‑5p (32). ANRIL acts as a 
molecular sponge of miR‑186 to contribute to cervical cancer 
tumorigenesis (35). In pediatric medulloblastoma, ANRIL inhi-
bition represses cell proliferation and migration, but promotes 
apoptosis by acting as a molecular sponge of miR‑323 (36). 
In addition, ANRIL knockdown represses tumorigenicity 
and enhances DDP sensitivity in NPC cells by negatively 
regulating miRNA let‑7a (37). The results of the present study 
demonstrated that in NSCLC tissues, there was a significant 
upregulation in ANRIL expression and downregulation in 
miR‑98 expression compared with those in adjacent normal 
tissues. Of note, ANRIL expression exhibited a significant 
negative correlation with that of miR‑98 in lung cancer tissues. 
In order to improve the current understanding of the underlying 
mechanism of the lncRNA/miRNA regulatory function, the 
present study performed RIP assay, luciferase reporter assay 

Figure 7. ANRIL‑miR‑98 axis regulates DDP resistance in DDP‑resistant lung cancer cells by modulating apoptosis. A549/DDP cells were transfected 
with miR‑NC, miR‑98 or combined with the vector or pcDNA‑ANRIL and cultured for 48 h. (A) Apoptosis was detected by flow cytometry analysis after 
transfected A549/DDP cells were exposed to 2 µg/ml DDP for 48 h. (B) Western blot analysis of the expression of cleaved caspase‑3 was performed on the 
treated A549/DDP cells. *P<0.05. ANRIL, antisense non‑coding RNA in the inhibitor of cyclin‑dependent kinase 4 locus; miR, microRNA; NC, negative 
control; DDP, cisplatin.
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and RT‑qPCR analysis, and demonstrated that ANRIL func-
tioned as a molecular sponge of miR‑98 in lung cancer cells. 
In accordance with a previous study (20), the present study 
confirmed that miR‑98 was downregulated in A549/DDP cells, 
and miR‑98 mimics promoted the DDP‑induced cell prolif-
eration inhibition and apoptosis of A549/DDP cells. Certain 
studies have reported that the MEK/ERK signaling pathway 
is involved in the progression and drug resistance of multiple 
types of cancer (29,38). In the present study, the phosphoryla-
tion levels of MEK and ERK were reduced by DDP treatment 
in lung cancer cells, and ANRIL negatively regulated the 
miR‑98 mimic‑induced repression on the MEK/ERK signaling 
pathway. Mechanistic analyses further revealed that over-
expression of ANRIL reversed the miR‑98 mimic‑induced 
suppression of DDP resistance in lung cancer cells, indicating 
that ANRIL regulated the development of DDP resistance by 
functioning as a ceRNA of miR‑98.

In the present study, due to the limitation of the conditions, 
the animal experiments to confirm the results in vivo have not 
been performed. These experiments will be performed in our 
future study.

In summary, the present study demonstrated the upregula-
tion of ANRIL and downregulation of miR‑98 in lung cancer 
tissues and DDP‑resistant lung cancer cells compared with 
normal lung tissues and cells. Functional and mechanistic 
analyses demonstrated that ANRIL knockdown inhibited the 
development of DDP resistance by functioning as a ceRNA of 
miR‑98, providing novel insights into the molecular mecha-
nism of ANRIL involved in the DDP resistance of lung cancer 
cells. The present study reported that ANRIL may be a novel 
potential therapeutic target to overcome DDP resistance in 
lung cancer.
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