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Abstract. Gastric cancer is one of the most common types
of malignant tumor of the gastrointestinal tract worldwide.
Cisplatin (DDP) is a commonly used chemotherapeutic drug
in the clinic; however, the resistance of gastric cancer cells
to DDP limits its efficacy. In the present study, drug‑resistant
gastric cancer cell lines were constructed using the stepwise
continuous selection method, and the relative expression levels
of long non‑coding RNA (lncRNA) CDKN2B antisense RNA 1
(ANRIL) and microRNA (miR)‑181a‑5p were detected using
reverse transcription‑quantitative PCR. The knockdown of
lncRNA ANRIL and miR‑181a‑5p expression was performed
by transfection with shRNA‑ANRIL and an miR‑181a‑5p
inhibitor, respectively. Cellular proliferation and sensitivity to
DDP were assessed using Cell Counting Kit‑8 analysis. Cell
apoptosis and cell cycle distribution were assessed using flow
cytometry and western blotting. The binding relationships
between ANRIL, miR‑181a‑5p and cyclin G1 (CCNG1) were
verified using a dual luciferase reporter assay. The results
revealed that the expression levels of miR‑181a‑5p were down‑
regulated in all drug‑resistant cell lines. ANRIL‑knockdown
inhibited cellular proliferation, and promoted apoptosis
and cell cycle arrest; however, following the knockdown of
miR‑181a‑5p, the inhibition of cell cycle arrest was alleviated.
Notably, miR‑181a‑5p, ANRIL and CCNG1 were found to
have targeting relationships. In conclusion, the findings of the
present study suggested that knocking down the expression of
ANRIL inhibited cellular proliferation, and promoted apop‑
tosis and cell cycle arrest. Furthermore, its downstream target,

Correspondence to: Dr Tingsu Zhang, Department of Oncology,
Ningbo Municipal Hospital of Traditional Chinese Medicine,
Affiliated Hospital of Zhejiang Chinese Medical University,
819 North Liyuan Road, Haishu, Ningbo, Zhejiang 315000,
P.R. China
E‑mail: zhangtingsu@163.com
Key words: gastric cancer, resistance, long non‑coding RNA
CDKN2B antisense RNA 1, microRNA‑181a‑5p, cyclin G1

miR‑181a‑5p, inhibited the proliferation of drug‑resistant cells
and enhanced their sensitivity to DDP.
Introduction
Gastric cancer is one of the most common types of malignant
tumor in the gastrointestinal tract worldwide. Its morbidity and
mortality are ranked fourth and fifth, respectively, amongst all
cancer types globally (1,2). The development of gastroscopy
technology has significantly improved the diagnostic and
cure rates of patients with early gastric cancer. Except for a
small number of early gastric cancer cases with small lesion
areas, gastroscopy is suitable for endoscopic treatment. For
other cases of gastric cancer, surgery and chemotherapy
remain the primary treatment options (3,4). Cisplatin (DDP)
is a commonly used chemotherapeutic drug in the clinic;
however, the insensitivity of gastric cancer cells to DDP limits
its efficacy (5). Therefore, further in‑depth studies into the
molecular mechanisms of gastric cancer and cellular resistance
are required to identify novel therapeutic targets and implement
individualized treatment strategies for gastric cancer.
Long non‑coding RNAs (lncRNA) are a type of non‑coding
RNA of >200 nucleotides in length, which contain neither a
start nor stop codon (6). LncRNAs have been revealed to play
vital roles in multiple cellular processes, such as gene expression
regulation, genome imprinting and chromatin packaging, and
during various stages, including cellular differentiation and
embryonic development (7). lncRNA CDKN2B antisense
RNA 1 (ANRIL) is an antisense non‑coding RNA (8), and
a 403‑kb deletion in the gene was first identified in patients
with melanoma and tumors of the nervous system (9). ANRIL
is expressed in a variety of normal tissues, with the highest
expression levels found in ovarian tissue and the lowest in muscle
tissue (10). In addition, previous studies have reported that the
expression levels of ANRIL were significantly upregulated
in lung cancer, liver cancer and esophageal squamous cell
carcinoma, which suggests that ANRIL may function as an
oncogene (11,12).
It is well established that lncRNAs can regulate microRNA
(miRNA/miR) expression and thereby influence tumor
progression (13). A large number of studies have reported that
miRNAs bind to target genes to regulate the occurrence and
development of numerous tumor types (14). Previous research
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has also shown that the expression of miR‑181a‑5p was down‑
regulated in gastric cancer and that the overexpression of
miR‑181a‑5p inhibited cellular proliferation (15).
Drug resistance in gastric cancer cells limits the efficacy
of drugs in the clinic. The present study aimed to determine
the effects of ANRIL and miR‑181‑5p on DDP‑sensitive
and ‑resistant gastric cancer cells, as well as the underlying
mechanisms of action. The results may provide novel targets
to overcome drug resistance in gastric cancer.
Materials and methods
Cell lines and culture. Normal gastric epithelial cells (GES1)
and gastric cancer cell lines (HGC‑27, AGS, HSC‑39 and
FU97) were purchased from the American Type Culture
Collection. DDP (purity >99.99%) was purchased from Merck
KGaA. Cells were cultured in DMEM (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.), and maintained at 37˚C with 5% CO2.
Cells were exposed to increasing concentrations of DDP to
establish DDP‑resistant gastric cancer cells. Briefly, cells in the
logarithmic growth phase were first cultured with 0.05 µg/ml
DDP. Following a week, the surviving cells were subsequently
cultured with increasing concentrations of DDP until the cells
could be stably subcultured in medium containing 0.5 µg/ml
DDP. Each time the concentration of DDP was increased
by 1.2 or 1.5 times, the process experienced 9 times of
concentration increase and six months in total.
Reverse transcription‑quantitative PCR (RT‑qPCR). For
mRNA expression analysis, total RNA was extracted from
cultured cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). Total mRNA was reverse transcribed
into cDNA using the FSQ‑101 reverse transcription system
kit (Toyobo Life Science), and qPCR was subsequently
performed using the QuantiTect SYBR-Green PCR kit
(Qiagen, Inc.). For miRNA expression analysis, total RNA
was extracted from cells using the fast microRNA isolation
kit (BioTeke Corporation). Reverse transcription and qPCR
were subsequently performed using the miScript RT kit
and miScript SYBR Green qPCR kit (GeneCopoeia, Inc.),
respectively, according to the manufacturers' protocols.
The qPCR thermocycling conditions were as follows:
Pre‑denaturation at 95˚C for 30 sec, followed by 40 cycles of
denaturation at 95˚C for 5 sec, annealing at 60˚C for 30 sec,
and extension at 72˚C for 10 sec. The primers used for qPCR
are listed in Table I. Expression levels of mRNA and miRNA
were quantified using the 2‑∆∆Cq method (16) and normalized
to that of GADPH or U6, respectively.
Transfection. Cells were digested with 0.25% trypsin and
seeded into a 6‑well plate at a density of 2x105 cells/well,
which was then incubated at 37˚C (5% CO2) for 24 h. The
cells were subsequently transfected with 100 nM miR‑181a‑5p
inhibitors, inhibitor‑negative control (NC), short hairpin
RNA (shRNA)‑ANRIL vectors and scrambled shRNA‑NC
(all Shanghai GenePharma Co., Ltd.) using Lipofectamine®
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) for
24 h at 37˚C. shRNA‑ANRIL‑1 and shRNA‑ANRIL‑2 were
incorporated into the same vector, and both sequences were

provided by GenePharma Co., Ltd. Following transfection for
24 h, the cells were utilized for subsequent experiments.
Cell Counting Kit‑8 (CCK‑8) assay. Transfected cells in the
logarithmic growth phase were digested with 0.25% trypsin,
seeded into a 96‑well plate at a density of 5x104 cells/well, and
incubated at 37˚C for 24 h. Following incubation, 10 µl CCK‑8
reagent (Beyotime Institute of Biotechnology) was added to each
well and the plate was incubated for a further hour. The optical
density of each well was measured at a wavelength of 450 nm
using a microplate reader (Thermo Fisher Scientific, Inc.).
Flow cytometry. For apoptosis analysis, cells were digested with
0.25% trypsin and washed twice with PBS. Cells (1x105 per
sample) were subsequently centrifuged at 150 x g, resuspended
in binding buffer, and then incubated with Annexin V‑FITC in
the dark at room temperature for 30 min. The cells were then
incubated at room temperature with propidium iodide (PI) in
the dark for 5 min. For cell cycle distribution analysis, following
centrifugation at 150 x g and resuspension in PBS, the cells were
incubated with PI staining solution (50 mg/l P1, 1 g/l Triton X
and 100 g/l RNase) in the dark at 4˚C for 30 min. Data were
analyzed using FlowJo (v7.6.1; FlowJo, LLC) following flow
cytometry on a FACSCalibur flow cytometer (BD Biosciences).
Western blotting. Total protein was extracted from cells using
RIPA lysis (Beyotime Institute of Biotechnology), and quantified
using a BCA assay kit (Beyotime Institute of Biotechnology).
Protein samples (25 µg) were separated via 10% SDS‑PAGE,
transferred onto PVDF membranes, and then blocked with
5% BSA (Thermo Fisher Scientific, Inc.) at room temperature
for 1 h. The membranes were subsequently incubated with
the following primary antibodies at 4˚C overnight: Anti‑p53
(cat. no. MA5‑16387; 1:1,000), anti‑Bax (cat. no. PA5‑11378;
1:2,000), anti‑Bcl‑2 (cat. no. PA5‑27094; 1:1,000), anti‑cleaved
caspase‑3 (cat. no. PA5‑114687; 1:1,000), anti‑cyclin G1
(CCNG1; cat. no. PA5‑36050; 1:1,000), anti‑cyclin D1
(CCND1; cat. no. PA5‑32373; 1:1,000), anti‑CDK4 (cat.
no. PA5‑27827; 1:1,000) and anti‑GAPDH (cat. no. MA1‑16757;
1:2,000) (all Thermo Fisher Scientific, Inc.). Following primary
antibody incubation, the membranes were incubated with an
HRP‑conjugated goat anti‑rabbit antibody (cat. no. G‑21234;
Thermo Fisher Scientific, Inc.; 1:100,000) at room temperature
for 1 h. Protein bands were visualized using chemiluminescent
reagents and densitometric analysis was performed using
ImageJ version 1.52 software (National Institutes of Health).
Dual‑luciferase reporter assay. ANRIL and CCNG1
wild‑type (WT) and mutant‑type (MUT) pmiRGlo lucif‑
erase expression vectors containing miR‑181‑5p binding
sites were constructed by Shanghai GenePharma Co., Ltd.,
and co‑transfected with NC mimic or miR‑181‑5p mimic
into cells (5x105 cells/well) plated into 96‑well plates using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). The Dual Luciferase Reporter Gene Assay
kit (cat. no. RG027; Beyotime Institute of Biotechnology) was
used according to the manufacturer's instructions. The relative
luciferase activity was measured after 48 h and normalized to
the activity of Renilla luciferase. Sequences used to regulate
endogenous miR‑181a‑5p were listed in Table II.
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Table I. Sequences of the primers for qPCR.
Gene
CCNG1
ANRIL
miR‑181a‑5p
GAPDH
U6

Sequence
Forward: 5'‑AATGAAGGTACAGCCCAAGCA‑3'
Reverse: 5'‑GCTTTGACTTTCCAACACACC‑3'
Forward: 5'‑CTCCAGACAGGGTCTCACTC‑3'
Reverse: 5'‑GGAAATTCCTAGCTCCGTAA‑3'
Forward: 5'‑GCCGAACATTCAACGCTGTCG‑3'
Reverse: 5'‑GTGCAGGGTCCGAGGT‑3'
Forward: 5'‑AAATCCCATCACCATCTTCCAG‑3'
Reverse: 5'‑GAGTCCTTCCACGATACCAAAGTTG‑3'
Forward: 5'‑ATTGGAACGATACAGAGAAGATT‑3'
Reverse: 5'‑GGAACGCTTCACGAATTTG‑3'

Table Ⅱ. Sequences used to regulate endogenous miR‑181a‑5p.
Gene
miR‑181a‑5p mimic‑
mimic NC
miR‑181a‑5p inhibitor
inhibitor NC

Bioinformatics analysis. The Encyclopedia of RNA
Interactomes (ENCORI) (17) was used to predict miRNAs that
bind to ANRIL, and TargetScan, PicTar and miRanda were
used to predict target genes that bind to miRNA. ENCORI
(http://starbase.sysu.edu.cn/) is an open‑source platform for
studying the interactions between various RNAs. ‘CDKN2B AS’
was entered into the webpage and the associated miRNAs were
displayed. TargetScan (18) (http://www.targetscan.org/) predicts
the biological targets of miRNAs by searching for the presence
of conserved 8mer and 7mer sites that match the seed region
of each miRNA. PicTar (19) (https://pictar.mdc‑berlin.de/) uses
an algorithm to identify the microRNA targets. miRanda (20)
(http://www.microrna.org/microrna/home.do) is an online data‑
base for miRNA target prediction and functional annotations.
miR‑181a‑5p was entered and the results of the three databases
were comprehensively considered.
Statistical analysis. Statistical analysis was performed using
GraphPad Prism 8.0 software (GraphPad Software, Inc.) and
quantitative data are presented as the mean ± SD. Statistical
differences between two groups were determined using
unpaired Student's t‑test, while one‑way ANOVA and Tukey's
post hoc test were used to determine statistical differences
between multiple groups. P<0.05 was considered to indicate a
statistically significant difference.
Results
Construction of drug‑resistant cell lines and detection of
relative CCNG1, ANRIL and miR‑181a‑5p expression levels.

Sequence
Forward: 5'‑AACAUUCAACGCUGUCGGUGAGU‑3'
Reverse: 5'‑UUUUGUAAGUUGCGACAGCCACU‑3'
Forward: 5'‑UUCUCCGAACGUGUCACGUTT‑3'
Reverse: 5'‑TTAAGAGGCUUGCACAGUGCA‑3'
5'‑ACUCACCGACAGCGUUGAAUGUU‑3'
5'‑CAGUACUUUUGUGUAGUACAA‑3'

Using the ENCORI database, miR‑181a‑5p was predicted to
share a targeting relationship with ANRIL and CCNG1 via
TargetScan, PicTar and miRanda. In particular, the 3'‑untrans‑
lated region (UTR) region of miR‑181a‑5p was found possess
a binding site for ANRIL. Furthermore, the 3'‑UTR region of
CCNG1 was found to share binding sites with miR‑181a‑5p,
which suggested that CCNG1 may be a potential target gene
of miR‑181a‑5p. Multiple DDP‑resistant gastric cancer cell
lines were constructed, and the expression levels of CCNG1
in normal and DDP‑resistant cells were analyzed using
RT‑qPCR. Compared with GES1 cells, CCNG1 expression
levels were dysregulated in DDP‑sensitive cell lines (**P<0.01
and ***P<0.001). Notably, the expression levels of CCNG1 in
DDP‑resistant cell lines were upregulated compared with
those of the GES1 cell line (***P<0.001; Fig. 1A), and CCNG1
expression was upregulated to the greatest extent in HGC‑27
and FU97 DDP‑resistant cell lines. The expression levels of
ANRIL and miR‑181a‑5p were also analyzed using RT‑qPCR,
both of which were dysregulated in DDP‑sensitive cells;
however, ANRIL expression was upregulated and miR‑181a‑5p
expression was downregulated in drug‑resistant cells (*P<0.05,
**
P<0.01 and ***P<0.001; Fig. 1B and C). For HGC‑27 and FU97
cell lines, the differences in expression between drug‑resistant
and sensitive cell lines were more apparent; therefore, these
two cell lines were used for subsequent experimentation.
Proliferation of gastric cancer cells and sensitivity to DDP.
Cells were transfected with miR‑181a‑5p inhibitors and
shRNA‑ANRIL vectors, and RT‑qPCR was then used to analyze
transfection efficiency. In both the HGC‑27 and FU97 sensitive
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Figure 1. Expression levels of CCNG1, lncRNA‑ANRIL and miR‑181a‑5p in cisplatin‑sensitive and ‑resistant cell lines. Expression levels of (A) CCNG1,
(B) lncRNA‑ANRIL and (C) miR‑181a‑5p in gastric GES1 epithelial cells and HGC‑27, AGS, HSC‑39 and FU97 gastric cancer cell lines, and their associated
drug‑resistant lines. *P<0.05, **P<0.01 and ***P<0.001 vs. GES1 cells; n≥3. CCNG1, cyclin G1; lncRNA, long non‑coding RNA; ANRIL, CDKN2B antisense
RNA 1; miR, microRNA.

and DDP‑resistant cell lines, compared with the inhibitor NC,
the expression levels of miR‑181‑5p were significantly downreg‑
ulated in the miR‑181‑5p inhibitor groups (###P<0.001), with the
greatest effect observed in cells transfected with miR‑181a‑5p
inhibitor‑1 compared with miR‑181a‑5p inhibitor‑2 (Fig. 2A).
In addition, the decrease in ANRIL expression was more
significant when cells were transfected with shRNA‑ANRIL‑1
compared with shRNA‑ANRIL‑2 (## P<0.001; Fig. 2B).
Therefore, miR‑181a‑5p inhibitor‑1 and shRNA‑ANRIL‑1 were
selected for use in subsequent experiments.

Cells were then divided into five groups: i) Control;
ii) shRNA‑NC; iii) shRNA‑ANRIL; iv) shRNA‑ANRIL + inhib‑
itor NC; and v) shRNA‑ANRIL + miR‑181a‑5p inhibitor. The
proliferation of sensitive and DDP‑resistant cell lines was
subsequently detected using a CCK‑8 assay. The prolifera‑
tion of DDP‑resistant cell lines was increased compared with
sensitive cell lines in all groups. In addition, transfection with
shRNA‑ANRIL decreased cellular proliferation (###P<0.001),
while upon co‑transfection with the miR‑181a‑5p inhibitor, this
decrease in proliferation was reversed ($$$P<0.001; Fig. 3A).
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Figure 2. Transfection efficiency of two types of miR‑181a‑5p inhibitor and shRNA‑ANRIL in gastric cancer cells. (A) Expression levels of miR‑181a‑5p
in HGC‑27 and FU97 cell lines transfected with two types of miR‑181a‑5p inhibitor. ###P<0.001 vs. inhibitor NC; n≥3. (B) Expression levels of ANRIL
in HGC‑27 and FU97 cell lines transfected with two types of shRNA‑ANRIL. ###P<0.001 vs. vector; n≥3. miR, microRNA; shRNA, short hairpin RNA;
ANRIL, CDKN2B antisense RNA 1; Con, control; NC, negative control.

Figure 3. Proliferation and sensitivity of cells to DDP. (A) Cells were divided into five groups: Control, shRNA‑NC, shRNA‑ANRIL, shRNA‑ANRIL + inhib‑
itor NC and shRNA‑ANRIL + miR‑181a‑5p inhibitor. OD value at 450 nm of HGC‑27, FU97 and drug‑resistant cell lines was determined. ###P<0.001 vs.
shRNA‑NC; $$$P<0.001 vs. shRNA‑ANRIL + inhibitor NC; n≥3. (B) Sensitivity to DDP is shown as the inhibition rate of HGC‑27, FU97 and drug‑resistant cell
lines. ##P<0.01 and ###P<0.001 vs. shRNA‑NC; $$P<0.01 and $$$P<0.001 vs. shRNA‑ANRIL + inhibitor NC; n≥3. DDP, cisplatin; shRNA, short hairpin RNA;
Con, control; NC, negative control; miR, microRNA; OD, optical density; ANRIL, CDKN2B antisense RNA 1.
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Figure 4. Apoptosis of HGC‑27 and drug‑resistant cell lines. Apoptosis of (A) HGC‑27 and (B) HGC‑27 DDP‑resistant cell lines was detected using flow
cytometry. Expression of proteins associated with apoptosis in (C) HGC‑27 and (D) HGC‑27 DDP‑resistant cell lines was analyzed using western blot‑
ting. ##P<0.01 and ###P<0.001 vs. shRNA‑NC; $$P<0.01 and $$$P<0.001 vs. shRNA‑ANRIL + inhibitor NC; n≥3. shRNA, short hairpin RNA; Con, control;
NC, negative control; ANRIL, CDKN2B antisense RNA 1; DDP, cisplatin.

These results suggested that ANRIL may promote gastric cell
proliferation, while miR‑181a‑5p may inhibit proliferation. The
sensitivity of cells in different groups to DDP was also detected
using a CCK‑8 assay. Following the knockdown of ANRIL,
cell sensitivity increased (## P<0.01, ### P<0.001); however,
following co‑transfection of the miR‑181a‑5p inhibitor, cell
sensitivity was decreased ($$P<0.01, $$$P<0.001). This trend was
more apparent in drug‑resistant cell lines (Fig. 3B).

Detection of apoptosis. Apoptosis in the different groups
was analyzed using flow cytometry. The knockdown of
ANRIL in DDP‑sensitive or ‑resistant cell lines increased
the levels of apoptosis. Conversely, the subsequent co‑trans‑
fection with the miR‑181a‑5p inhibitor reversed this trend
(### P<0.001 and $$$P<0.001; Fig. 4A and B). In addition,
western blotting was used to analyze the expression levels
of p53, Bax, Bcl‑2 and cleaved caspase‑3, which are all
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Figure 5. Apoptosis of FU97 and drug‑resistant cell lines. Apoptosis of (A) FU97 and (B) FU97 DDP‑resistant cell lines was detected using flow cytometry.
Expression of proteins related to apoptosis in (C) FU97 and (D) FU97 DDP‑resistant cell lines was analyzed using western blotting. ###P<0.001 vs. shRNA‑NC;
$$$
P<0.001 vs. shRNA‑ANRIL + inhibitor NC; n≥3. DDP, cisplatin; shRNA, short hairpin RNA; Con, control; NC, negative control; ANRIL, CDKN2B
antisense RNA 1.

associated with apoptosis. The expression levels of p53, Bax
and cleaved caspase‑3 were upregulated following the trans‑
fection of cells with shRNA‑ANRIL, while the expression
levels of Bcl‑2 were downregulated (### P<0.001; Fig. 4C).
Notably, the expression levels of each protein were reversed
following the co‑transfection with the miR‑181‑5p inhibitor
($$ P<0.01 and $$$ P<0.001). The trends in the expression
levels of each protein in the DDP‑resistant cell groups were
similar; however, the magnitude of the changes were more

notable (## P<0.01, ### P<0.001, $$ P<0.01 and $$$ P<0.001;
Fig. 4D). Results from flow cytometry and western blot‑
ting analyses in FU97 cell lines revealed a similar overall
trend to that in the HGC‑27 cell line (### P<0.001 and
$$$
P<0.001; Fig. 5A‑D).
Cell cycle distribution analysis. Following the transfec‑
tion of HGC‑27 cells with shRNA‑ANRIL, the number of
cells in the G 0/1 phase was increased; however, following
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Figure 6. Cell cycle distribution of HGC‑27 and drug‑resistant cell lines. Cell cycle distribution of (A) HGC‑27 and (B) HGC‑27 DDP‑resistant cell lines was
analyzed using flow cytometry. Expression of proteins related to the cell cycle in (C) HGC‑27 and (D) HGC‑27 DDP‑resistant cell lines was analyzed using
western blotting. #P<0.05 and ###P<0.001 vs. shRNA‑NC; $P<0.05, $$P<0.01 and $$$P<0.001 vs. shRNA‑ANRIL + inhibitor NC; n≥3. DDP, cisplatin; shRNA,
short hairpin RNA; Con, control; NC, negative control; ANRIL, CDKN2B antisense RNA 1; CCNG1, cyclin G1; CCND1, cyclin D1.

co‑transfection with the miR‑181a‑5p inhibitor, the number
of cells in the G 0/1 phase was decreased. Notably, there
were fewer DDP‑resistant cells in the G 0/1 phase compared
with sensitive cells without transfection, and more cells
in the S and G2 /M phases. Following the transfection of
DDP‑resistant cells with shRNA‑ANRIL, the number of
cells in the G 0/1 phase was increased, but then decreased
following co‑transfection with the miR‑181a‑5p inhibitor
(# P<0.05, ### P<0.001, $ P<0.05, $$ P<0.01 and $$$ P<0.001;
Fig. 6A and B). In addition, western blotting was used
to analyze the expression levels of CCNG1, CCND1
and CDK4, which are cell cycle‑related proteins. The
expression levels of CCND1 and CDK4 were upregulated
following ANRIL‑knockdown (### P<0.001), and were
subsequently downregulated following co‑transfection

with the miR181a‑5p inhibitor ($$$P<0.001). The combined
action of CCND1 and CDK4 promotes the progression of
cells from the G1 to S phase. These results indicated that
tANRIL‑knockdown may induce cell cycle arrest in the G 0/1
phase, while the knockdown of miR‑181a‑5p may relieve cell
cycle arrest (Fig. 6C). This phenomenon was more apparent
in DDP‑resistant cells (###P<0.001 and $$$P<0.001; Fig. 6D).
Following ANRIL‑knockdown in FU97 cells, the number
of cells arrested in the G 0/1 phase was increased, indicating
that ANRIL may be involved in the progression of cells from
the G0/1 to S phase. Following the knockdown of miR‑181a‑5p,
the number of cells in the G2/M phase was increased and the
number of cells in the G0/1 phase was decreased, indicating that
the knockdown of miR‑181a‑5p may promote progression to
the G2/M phase (##P<0.01, ###P<0.001, $$P<0.01 and $$$P<0.001;
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Figure 7. Cell cycle distribution of FU97 and drug‑resistant cell lines. Cell cycle distribution of (A) FU97 and (B) FU97 DDP‑resistant cell lines was detected
using flow cytometry. Expression of proteins related to the cell cycle in (C) FU97 and (D) FU97 DDP‑resistant cell lines was analyzed using western blotting.
##
P<0.01 and ###P<0.001 vs. shRNA‑NC group; $$P<0.01 and $$$P<0.001 vs. shRNA‑ANRIL + inhibitor NC; n≥3. DDP, cisplatin; shRNA, short hairpin RNA;
Con, control; NC, negative control; ANRIL, CDKN2B antisense RNA 1; CCNG1, cyclin G1; CCND1, cyclin D1.

Fig. 7A and B). These findings are consistent with the results
in HGC‑27 cells. The results of western blot analysis of the
expression levels of CCNG1, CCND1 and CDK4 in FU97
cells were consistent with the findings in the HGC‑27 cell line
(###P<0.001 and $$$P<0.001; Fig. 7C and D).
Verification of the association between miR‑181a‑5p and
lncRNA‑ANRIL or ‑CCNG1. The relationship between
miR‑181a‑5p and lncRNA‑ANRIL or ‑CCNG1 were verified
using a dual luciferase reporter assay. Compared with the
mimic NC‑transfected cells, the relative luciferase activity
of both HGC‑27 and FU97 cells co‑transfected with the
WT‑ANRIL vector and miR‑181‑5p mimics were significantly
reduced (***P<0.001), while the differences in relative luciferase
activitiy between cells co‑transfected with the MUT‑ANRIL
vectors and miR‑181‑5p mimics or mimic NC were not statisti‑
cally significant (Fig. 8A). In addition, the relative luciferase
activity of cells co‑transfected with the WT‑CCNG1 vector
and miR‑181‑5p mimics was also significantly reduced

(***P<0.001), while the differences between the relative lucif‑
erase activities of cells co‑transfected with MUT‑CCNG1 and
miR‑181‑5p mimic or mimic NC were not statistically signifi‑
cant (Fig. 8B).
Discussion
Gastric cancer has a high incidence worldwide. For early
gastric cancer, direct surgical resection is the most effective
treatment option (21), while for advanced gastric cancer,
chemotherapy is required following surgery (22). When the
tumor adheres to the surrounding tissues, chemotherapy is the
main treatment option, and it has been found to significantly
improve the survival rate of patients with advanced gastric
cancer (23). DDP is a commonly used chemotherapeutic drug;
however, the development of drug resistance is a significant
challenge that limits its clinical efficacy (24). The mechanisms
underlying drug resistance in tumor cells are complex (25),
thus the establishment of drug‑resistant cell lines in vitro is
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Figure 8. Association between miR‑181a‑5p and lncRNA ANRIL or CCNG1. Relationship between lncRNA ANRIL and (A) miR‑181a‑5p or (B) CCNG1 in
HGC‑27 and FU97 cell lines was detected using a dual luciferase reporter assay. ***P<0.001 vs. mimic NC; n≥3. miR, microRNA; lncRNA, long non‑coding
RNA; ANRIL, CDKN2B antisense RNA 1; CCNG1, cyclin G1; NC, negative control.

a prerequisite for studying the biological changes of tumor
cells. In the present study, a stepwise continuous selection
method was used to construct DDP‑resistant gastric cancer
cell lines.
Previous studies reported that the expression levels of
CCNG1 were significantly upregulated in a number of tumor
tissue types, which promoted tumor cell proliferation (26,27).
The dysregulated expression of CCNG1 resulted in abnormal
cell cycle regulation, thereby affecting tumor occurrence and
development (28). Zhang et al (29) analyzed the association
between ANRIL and clinicopathological features and prognosis
in cervical cancer by determining the expression of ANRIL
in cervical cancer tissues and cell lines. The results revealed
that patients with high ANRIL expression had advanced FIGO
stage, lymph node metastasis and poor overall survival. In addi‑
tion, the knockdown of ANRIL expression inhibited cellular
proliferation, migration and the occurrence of cervical cancer.
In the present study, following induction with DDP, the
expression levels of CCNG1, ANRIL and miR‑181a‑5p deter‑
mined to confirm the successful construction of drug‑resistant
cells. The results of RT‑qPCR analysis indicated that the
expression levels of CCNG1 and ANRIL were significantly
upregulated in drug‑resistant compared with sensitive cell
lines. As for miR‑181‑5p, the expression levels in sensitive
cells were somewhat inconsistent, and multiple studies have
reported that the role of miR‑181‑5p in gastric cancer is
controversial. For example, Chen et al (30) demonstrated that
miR‑181a‑5p expression levels were upregulated in gastric
cancer, and that the overexpression of miR‑181a‑5p promoted
cellular proliferation. Furthermore, Lu et al (31) reported that

knocking down metastasis associated lung adenocarcinoma 1
(MALAT1) inhibited proliferation and promoted the apop‑
tosis of MGC‑803 cells. The overexpression of miR‑181a‑5p
exhibited similar effects to MALAT1‑knockdown. In addition,
Ghaedi et al (32) did not identify any significant differences in
miR‑181a‑5p expression between patients with gastric cancer
and healthy participants. However, these findings do not affect
those of the present study on drug‑resistant cell lines, because
miR‑181a‑5p was found to be downregulated in all constructed
drug‑resistant cell lines. In the current study, HGC‑27 and
FU97 cell lines were selected for subsequent experiments.
With the development of high‑throughput sequencing
technology, the roles of lncRNAs have attracted the attention
of numerous research groups. Previous studies have found
that lncRNAs have a high degree of tissue specificity, and are
involved in a variety of tumor cells processes (33). ANRIL has
been associated with the development of malignant tumor types,
suggesting its significant potential in cancer (11,12). However, the
current underlying mechanism of ANRIL remains undetermined,
and further investigation is required to establish its function.
To elucidate the role of ANRIL in sensitive and drug‑resistant
cell lines, cells were transfected with an miR‑181a‑5p inhibitor
and shRNA‑ANRIL vector, and transfection efficiency was
determined using RT‑qPCR. A CCK‑8 assay was also used
to detect the proliferation and sensitivity of non‑resistant and
DDP‑resistant cells to DDP. Following ANRIL‑knockdown in
drug‑resistant cells, the current results suggested that cellular
proliferation was significantly decreased following 24 h of
culture, indicating that ANRIL may promote the proliferation
of gastric cancer cells. Compared with the control cells, the
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sensitivity of drug‑resistant cell lines to DDP was markedly
increased. To the best of our knowledge, only one previous
study has studied the role of ANRIL in drug‑resistant gastric
cancer cells (34), and the downstream regulation of ANRIL
has not been studied. In the present study, using bioinformatics
analysis via ENCORI database, miR‑181a‑5p was predicted to
share a targeting relationship with ANRIL. miR‑181a‑5p was
also found to inhibit the proliferation of drug‑resistant cells and
enhance sensitivity to DDP. To the best of our knowledge, these
findings have not been reported by others.
Based on the aforementioned findings, flow cytometry was
used to investigate the effect of ANRIL and miR‑181a‑5p on
apoptosis and cell cycle distribution. The results of the flow
cytometric apoptosis analysis were consistent with those of the
CCK‑8 assay. Furthermore, ANRIL‑knockdown was found to
promote cell cycle arrest, while following the knockdown of
miR‑181a‑5p, cell cycle arrest was alleviated. These findings
suggested that ANRIL and miR‑181‑5p may both be involved
in the cell cycle. Subsequently, western blotting was used to
detect the expression levels of proteins related to apoptosis and
the cell cycle, which verified the results of the flow cytometric
experiments. Finally, the relationships between miR‑181a‑5p
and ANRIL or CCNG1 were verified using dual luciferase
reporter assays. The binding of miR‑181a‑5p to lncRNA
ANRIL and CCNG1 was investigated separately, and binding
interactions were identified between both.
In conclusion, the results of the present study suggested
that the knockdown of ANRIL expression may inhibit the
proliferation of gastric cancer cells, promote apoptosis and
induce cell cycle arrest. In addition, its downstream target,
miR‑181a‑5p, was found to not only reverse the effects of
ANRIL (especially in drug‑resistant cells), thereby playing a
tumor‑suppressive role, but also to regulate the function of the
target gene, CCNG1. To the best of our knowledge, the present
study is the first to investigate the downstream regulation of
ANRIL in gastric cancer. The discovery that miR‑181a‑5p
improves the sensitivity of drug‑resistant cells to DDP may
provide insights into novel treatments for drug‑resistant gastric
cancer. However, only in vitro experiments were conducted,
and further in vivo investigation is required to validate the
present findings.
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