@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 1653-1660, 2019

Downregulation of miR-3934-5p enhances A549 cell
sensitivity to cisplatin by targeting TPS3INP1
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Abstract. Tumor protein p53-inducible nuclear protein 1
(TPS3INP1) is a tumor suppressor associated with malig-
nant tumor metastasis. In addition, it has been reported that
hsa-microRNA (miR)-3934 serves key roles in various types
of lung cancer, including small-cell lung carcinomas (SCLC)
and non-SCLC (NSCLC). Therefore, the present study aimed
to determine the effects of miR-3934-5p on cell proliferation
and apoptosis, and on sensitivity to cisplatin (DDP). Reverse
transcription-quantitative polymerase chain reaction analysis
and western blotting were conducted for the analysis of
mRNA and protein expression, respectively. Furthermore,
the target of miR-3934-5p was investigated using a lucif-
erase reporter assay and apoptosis was analyzed by flow
cytometry. The results demonstrated that miR-3934-5p was
upregulated in NSCLC tissues and A549 cells. Increases in the
half-maximal inhibitory concentration (ICs,) and the expres-
sion of miR-3934-5p were observed in the A549/DDP group.
miR-3934-5p mimic promoted the expression of miR-3934-5p
and the IC,, of the A549 cells. miR-3934-5p inhibitor down-
regulated miR-3934-5p and reduced the ICs, of A549/DDP
cells. miR-3934-5p was revealed to target the 3'-untranslated
region of TP53INP1. The downregulation of miR-3934-5p
significantly suppressed the proliferation and promoted the
apoptosis of A549/DDP cells, which were reversed by trans-
fection with TP53INP1 small interfering (si)RNA. The protein
and mRNA expression levels of TPS3INP1, B-cell lymphoma
2 (Bcl-2)-associated-X and p21 were significantly increased,
whereas those of Bcl-2 were significantly decreased in the
miR-3934-5p inhibitor group, which was significantly reduced
by TP53INPI siRNA transfection. miR-3934-5p, as a tumor
suppressor in NSCLC, may promote the sensitivity of cells to

Correspondence to: Dr Liangjie Zheng, Department of
Oncology, The People's Hospital of Leling, 18 Anju Road, Leling,
Shandong 253600, P.R. China

E-mail: liangjiezheng@yandex.com

Key words: microRNA-3934, cisplatin sensitivity, tumor protein
p53-inducible nuclear protein 1, non-small cell lung carcinoma

DDP by targeting TP53INP1, associated with the suppression
of cell proliferation and promotion of apoptosis.

Introduction

Lung cancer is the most common type of cancer worldwide
with a high incidence (1,800,000 new cases estimated in
2012) and mortality rate (1,600,000 cases annually) (1). In
addition, lung cancer is the leading cause of cancer-associated
mortality (2); ~80% of patients with lung cancer are diagnosed
with non-small cell lung cancer (NSCLC) (3). The 1-year
survival rate of metastatic NSCLC is only 20% (4). Genetic
mutations of c-ros oncogene 1, receptor tyrosine kinase,
v-Raf murine sarcoma viral oncogene homolog B1, human
epidermal growth factor receptor 2 and NNG-HOS trans-
forming have been detected in NSCLC (5). Cisplatin (DDP)
is one of the most effective anticancer agents, and is widely
used in the treatment of solid tumors, including those in lung,
brain and ovarian cancer (6). The mechanisms of DDP or other
platinum-based compounds for the treatment of cancer involve
inducing the death of cancer cells via damaging DNA and
inhibiting DNA synthesis and mitosis, and promoting apop-
tosis, production of reactive oxygen species, lipid peroxidation,
p53 signaling activation and cell cycle arrest. Therefore, the
intrinsic and extrinsic pathways of apoptosis are activated (6).
However, treatment with DDP leads to adverse side effects,
therefore, novel therapeutic strategies are urgently required.
MicroRNAs (miRNAs/miRs) are small, non-coding
RNAs (~22 nucleotides) that regulate gene expression at
the post-transcriptional level by suppressing the translation
of corresponding mRNAs by to binding its 3'-untranslated
region (3'UTR) (7). Therefore, miRNAs serve vital roles in
the occurrence and progression of cancer, associated with the
migration, invasive, proliferative and apoptotic potentials of
cancer cells (8.9). It has been demonstrated that miRNAs are
potential biomarkers and therapeutic targets in certain types
of cancer (7). It was reported that miRNA (miR)-200c targets
zinc finger E-box binding homeobox 1 protein or inhibits the
phosphoinositide 3-kinase/protein kinase B signaling pathway
to enhance gefitinib sensitivity; miR-143, miR-134 and
miR-218-5p can directly bind the 3'UTR of epidermal growth
factor to suppress the migration and proliferation of tumor
cells in NSCLC (10). Evidence also shows that miR-3934 is
upregulated in colorectal cancer cells (11). Furthermore, it
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was revealed that the expression of hsa-miR-3934 is correlated
with survival rate and disease development in patients with
NSCLC (12). However, the roles of miR-3934 and its target
gene in NSCLC remain unclear.

Tumor protein 53-induced nuclear protein 1 (TP53INPI)
is a known stress-induced protein located on chromosome
8q22 (13). TP5S3INPI, a major regulator of p53 in response
to oxidative stress, regulates the activity of p73by binding to
pS3-responsive elements (14). Additionally, TP53INP1 has
a tumor-suppressive effect by regulating metabolic homeo-
stasis (15). Previous studies have suggested that TP53INP1
acts as a tumor suppressor in breast, prostate and colorectal
cancer (14,16,17). Furthermore, TP53INP1 was identified as
a critical target of miR-125b associated with the metastasis of
NSCLC (18). It has been reported that TP53INP1 is associated
with the sensitivity of cancer cells to DDP in hepatocellular
carcinoma and lung cancer (19,20); however, the exact roles of
TP53INPI require further investigation.

In the present study, TP53INP1 was identified as a
target of miR-3934-5p via TargetScan analysis. DDP-based
chemotherapy regimens are standard therapeutic strategies in
advanced stage NSCLC (20); however, the incidence of DDP
resistance is <63% of NSCLC cases. Resistance remains an
obstacle in chemotherapy and seriously affects the survival
rate of patients with NSCLC (21). Therefore, the present study
aimed to investigate whether miR-3934-5p targets TP53INP1
to affect cell sensitivity to DDP.

Materials and methods

Patients and tissues. A total of 30 pairs of tumor tissues
and paracarcinoma tissues were obtained from patients with
NSCLC, and fixed in 10% formalin. The present study was
approved by the Ethics Committee of the People's Hospital of
Yucheng (Yucheng, China). Informed consent was obtained
from all patients prior to the experiments.

Cell lines. A549 (CRM-CCL-185) and BEAS-2B (CRL-9609)
cells were purchased from the American Type Culture
Collection (Manassas, VA, USA) and A549/DDP (GF452)
cells were obtained from Gefan Biotechnology Co., Ltd.
(Shanghai, China). The cells were maintained in RPMI-1640
medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 10% fetal bovine serum (Thermo Fisher
Scientific, Inc.) at 37°C in an atmosphere of 5% CO,.

Plasmids and transfection. The A549 and A549/DDP cells
were seeded into 24-well plates, and incubated in RPMI-1640
medium at 37°C with 5% CO, overnight until 60-70% confluence
was attained. Subsequently, 100 xM miR-3934 5p mimics and
inhibitor, in addition to 1 yg TP53INP1-small interfering (si)
RNA and TP53INP1 NC siRNA were obtained from Qiagen
GmbH (Hilden, Germany), and were transfected into A549 and
A549/DDP cells (2x10° cells) using 1 pl Lipo6000™ transfec-
tion reagent (Beyotime Institute of Biotechnology, Shanghai,
China). Transfection was performed at 37°C with 5% CO, for 6 h.
Untreated cells were used as the control group. The transfected
cells were incubated for a further 48 h. The cells were divided into
four groups: Control (untreated), DDP + miR-negative control
(NCO) inhibitor group, DDP + miR-3934-5p inhibitor group, and
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DDP + TP53INP-siRNA + miR-3934-5p inhibitor group. The
sequence of TPS3INPI-1 siRNA and its NC were as followed:
TPS3INP1 siRNA, 5-CACUAAUAACCCGGUUGACU-3;
TP53INP1 NC siRNA, 5-UUCUCCGA ACGUGUCACGUTT-3.,
The sequences of miR-3934-5p mimics and inhibitor and the
NC were as followed: miR-3934-5p mimics, 5-CACAGCCCU
UCCUGUCCCCAGUUUUCAGGUGUGGAAACUGAGGCA
GGAGGCAGUGAAGUAACUUGCUCAGGUUGCACAGCU
GGGAAGUGGAGCAGGGAUUUGAAUCC-3' and miR-NC
mimics: 5-UUCUCCGA ACGUGUCACGUTT-3"; miR-3934-5p
inhibitor: 5-CUACCCCAUCAGACCCAAGGG-3' and miR-NC
inhibitor: 5~-UUGUACUACACAAAAGUACUG-3..

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR) analysis. RT-qPCR analysis was used for the
analysis of miR-3934-5p and mRNA expression. RNA was
extracted using TRIzol® reagent (Thermo Fisher Scientific,
Inc.) from tissues and cells at 70% confluence. Subsequently, a
NanoDrop 2000 spectrophotometer (NanoDrop Technologies;
Thermo Fisher Scientific, Inc.) was used to determine RNA
concentration. In addition, DNA polymerase (APExBIO,
Houston, TX, USA) and M-MLV reverse transcriptase
(Promega Corporation, Madison, WI, USA) were used for
cDNA synthesis and PCR. The thermocycling conditions were
as follows: 98°C for 15 min, and 96°C for 5 min (initiation),
92°C for 30 sec (denaturation), 65°C for 30 sec (annealing)
and 62°C for 1 min (extension) for 40 cycles. The expression
of miR-3934-5p was normalized to that of U6: Forward,
5'-GCCAGCTCCTACATCTCAGC-3' and reverse, 5'-AGC
CTGACTTGCTAGTGGATTAT-3'; U6, forward: 5'-CTC
GCTTCGGCAGCACA-3', reverse: 5'-AACGCTTCACGA
ATTTGCGT-3'. GAPDH was used as the internal reference
for the normalization of mRNA expression. The sequence of
the primers used were listed as followed: TPS3INP1, forward,
5"TGAACACATTTGCCTTGTGAA-3', and reverse, 5'-GGC
AAAGTGCTGTGCTGTT-3'; Bax, forward: 5'-CACCAG
CTCTGAACAGATCATGA-3', and reverse: 5"TCAGCCCAT
CTTCTTCCAGATGT-3'; Bcl-2, forward: 5'-CACCCCTGG
CATCTTCTCCTT-3', and reverse: 5'“AGCGTCTTCAGA
GACAGCCAG-3'; p21, forward: 5-CCGAAGTCAGTTCCT
TGTGG-3', and reverse, 5-GCCATTAGCGCATCACAG-3";
GAPDH, forward, 5-GGAGCGAGATCCCTCCAAAAT-3,
and reverse: 5'-GGCTGTTGTCATACTTCTCATGG-3'". In
addition, the abundance of RNAs were calculated using the
248C method (22).

Western blotting. The protein expression levels were evaluated
by western blotting; the proteins were isolated from tissues
and cells using radioimmunoprecipitation assay lysis buffer
(Santa Cruz Biotechnology, Inc., Hercules, CA, USA) and
protein concentration was determined via a Bicinchoninic
Acid kit (Thermo Fisher Scientific, Inc.). Subsequently, 15%
SDS-PAGE was utilized for protein separation (2 ul protein
per lane). The proteins were then transferred onto a PVDF
membrane (Membrane Solutions, Kent, WA, USA), which
was blocked with 5% skimmed milk for 2 h. The membrane
was then incubated with primary antibodies, including
anti-B-cell lymphoma 2 (Bcl-2; cat. no. ab32124, 1:1,000,
Abcam, Cambridge, UK), anti-Bcl-2-associated-X (Bax;
cat. no. ab32503, 1:5,000, Abcam), anti-p21 (cat. no. ab36669,
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1:2,000, Abcam), anti-TP53INP1 (cat. no. 17872-1-AP, 1:2,000,
ProteinTech Group, Inc., Chicago, IL, USA) and anti-f3-actin
(cat. no. ab8226, 1:3,000, Abcam) at room temperature for 1 h.
Subsequently, incubation with a horseradish peroxidase-conju-
gated secondary antibody (cat. no. ab6721, 1:2,000, Abcam)
was conducted at room temperature for 45 min. An enhanced
chemiluminescence kit (cat. no. 35050, Thermo Fisher
Scientific, Inc.) was used for visualization, and protein expres-
sion was analyzed using ImageJ software 1.46 (National
Institutes of Health, Bethesda, MD, USA).

MTT assay. At 48 h post-plasmid transfection, an MTT
assay was performed for the assessment of proliferation. The
formazan crystals were dissolved by adding dimethyl sulf-
oxide. The optical density was then measured at 595 nm using
a microplate reader.

Flow cytometry. Apoptosis was assessed via flow cytometric
analysis. The A549 cells were transfected with mimics or
inhibitors and treated with DDP, and were then seeded into
12-well plates (2x10* cells/well) and incubated at 37°C with
5% CO,. The cells then were stained with propidium iodide
(10 pg/ml, Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
and Annexin V-fluorescein isothiocyanate (50 yg/ml, BD
Biosciences, Franklin Lakes, NJ, USA) for 15 min at room
temperature in the dark. Subsequently, the cells were analyzed
by flow cytometry (FACScan; BD Biosciences).

Luciferase reporter assay. TargetScan (http://www.targetscan.
org/vert_71/) was used for target prediction. Analysis revealed
that TPS3INP1 was a potential target of miR-3934-5p due to
sequence complementarity between the 3'UTR of TP53INP1
mRNA and miR-3934-5p. In addition, a luciferase reporter
assay was performed to verify the findings of bioinformatics
analysis. The A549 cells were plated into 96-well plates
(2x10° cells/well) and incubated in RPMI-1640 medium until
60% confluence was attained. Subsequently, the co-transfection
of 50 ng miR-3934-5p mimics, TP53INP1-3'UTR-wild-type
(WT) or TPS3INPI-3'UTR-mutant (MUT) plasmids was
performed using Lipo6000™ transfection reagent (0.2 ul).
Furthermore, the luciferase activity was normalized to that
of Renilla luciferase. A luciferase assay kit (Thermo Fisher
Scientific, Inc.) was used to evaluate luciferase activity
according to the manufacturer's protocols.

Statistical analysis. Each experiment was performed in
triplicate and all data are presented as the mean + standard
deviation. Comparisons between two groups were made using
a Student's t-test, and one-way analysis of variance followed
by a Newman-Keuls post hoc test was performed for the
comparison of multiple groups using SPSS 14.0 (SPPS, Inc.,
Chicago, IL, USA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Expression of miR-3934-5p in tissues and A549 cells. The
expression of miR-3934-5p in tumor tissues and cells was
assessed by RT-qPCR analysis. As shown in Fig. 1A, the
expression of miR-3934-5p was significantly increased
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Figure 1. Upregulation of miR-3934-5p in tissues and A549 cells. The
expression of miR-3934-5p in tissues and cells were evaluated by reverse
transcription-quantitative polymerase chain reaction analysis. (A) Expression
of miR-3934-5p in normal (paracarcinoma) and NSCLC tumor tissues.
(B) Expression of miR-3934-5p in the BEAS-2B normal lung cell line and
A549 NSCLC tumor cell line. “P<0.01 vs. Normal tissues or BEAS-2B cells.
miR, microRNA; NSCLC, non-small cell lung carcinoma.

A 900r
75.0 |
60.0 |

45.0 F

ICs0 (uM)

300

150

0.0

A549 A549/DDP

B 70r
6.0
5.0
40
3.0
2.0

Relative miR-3934-5p level

1.0

0.0

AS549

A549/DDP

Figure 2. Increased ICs, and expression of miR-3934-5p following DDP
treatment. The ICy, was determined by an MTT assay and the expres-
sion of miR-3934-5p was assessed by reverse transcription-quantitative
polymerase chain reaction analysis. (A) IC, value of untreated A549 cells
and of A549/DDP cells. (B) Expression of miR-3934-5p in A549 cells
and A549/DDP cells. A549/DDP represents A549 cells treated with DDP.
“P<0.01 vs. A549 cells. miR, microRNA; ICs,, half-maximal inhibitory
concentration; DDP, cisplatin.
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Figure 3. Increased miR-3934-5p and ICs, by miR-3934-5p mimic in A549
cells. A549 cells were transfected with miR-3934-5p mimic and negative
control. The ICy, was determined using an MTT assay and the expression of
miR-3934-5p was assessed by reverse transcription-quantitative polymerase
chainreaction analysis. (A) Expression of miR-3934-5p in A549 cells. (B) ICy,
of A549 cells. “P<0.01 vs. NC. miR, microRNA; Control, untreated cells;
Mimic, cells transfected with miR-3934-5p mimic; NC, cells treated with
miR-negative control mimics; ICs,, half-maximal inhibitory concentration.

in tumor tissues compared with that in normal tissues.
Furthermore, the expression of miR-3934-5p was upregulated
in A549 cells compared with that in BEAS-2B cells (Fig. 1B).
Therefore, miR-3934-5p may be involved in NSCLC.

Alterations in the half-maximal inhibitory concentration
(ICs,) and expression of miR-3934-5p following DDP treat-
ment. The IC, and expression of miR-3934-5p of A549 cells
were determined via an MTT assay and RT-qPCR analysis
following DDP treatment. As presented in Fig. 2A, an increase
in the IC, was observed in the A549/DDP group. Additionally,
a significant increase in the expression of miR-3934-5p was
observed in the A549/DDP cells (Fig. 2B). The increased ICs,
of A549/DDP cells suggested reduced sensitivity to DDP,
which may be associated with the upregulated expression of
miR-3934-5p.

Effects of miR-3934-5p mimics on the ICs, of A549 cells. The
miR-3934-5p mimics and the NC plasmids were transfected
into A549 cells. The expression of miR-3934-5p and the
ICy, values were determined by RT-qPCR and MTT assays,
respectively. As presented in Fig. 3A and B, increases in the
expression of miR-3934-5p and the ICs, were observed in the
miR-3934-5p mimics-transfected A549 cells.

REN ef al: DOWNREGULATED miR-3934-5P ENHANCES THE SENSITIVITY OF A549 CELLS TO DDP

A A549/DDP
12r¢

Relative miR-3934-5p level

Control NC Inhibitor

B A549/DDP
90.0

75.0
60.0

45.0

ICs9 (uM)

30.0

15.0

0.0

Control NC

Inhibitor

Figure 4. Decreased miR-3934-5p and IC,, by miR-3934-5p inhibitor in
A549/DDP cells. A549/DDP cells were transfected with miR-3934-5p
inhibitor and NC. The IC5, was determined using an MTT assay and
the expression of miR-3934-5p was assessed by reverse transcription-
quantitative polymerase chain reaction analysis in A549/DDP cells.
(A) Expression of miR-3934-5p in A549/DDP cells. (B) ICy, value of
A549/DDP cells. “P<0.01 vs. NC. miR, microRNA; ICs,, half-maximal
inhibitory concentration; NC, negative control; DDP, cisplatin.

Effects of miR-3934-5p inhibitor on the ICs, of A549/DDP
cells. The miR-3934-5p inhibitor and the NC plasmids were
transfected into A549/DDP cells. The results revealed reduc-
tions in the expression of miR-3934-5p and the ICy, in the
miR-3934-5p inhibitor group (Fig. 4A and B). Therefore,
the effects of DDP on cell viability may be associated with the
expression of miR-3934-5p.

Therefore, miR-3934-5p mimics transfection led to a
significant reduction in the sensitivity of A549 cells to DDP,
whereas the downregulation of miR-3934-5p significantly
increased the sensitivity of A540/DDP cells to DDP.

Expression of TP53INPI following transfection with
TP53INPI siRNA. Following treatment with DDP, the A549
cells were transfected with TP5S3INP1 siRNA and control
plasmids to induce the downregulation of TP53INPI1. The
expression of TP53INP was then determined by RT-qPCR
analysis and western blotting. As shown in Fig. 5A, the results
demonstrated that the mRNA expression levels of TPS3INP
were significantly decreased in the TP53INP1 siRNA group
compared with those in the NC group. In addition, the protein
expression levels of TP53INP1 were markedly decreased in the
TP53INPI1 siRNA group compared with those in the NC group
(Fig. 5B and C). Therefore, TP53INP1 was downregulated at
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Figure 5. TPS3INPI is downregulated following TP53INP1 siRNA transfection. A549/DDP cells were treated TPS3INP1 siRNA and control plasmids to
establish a TP53INP1 downregulation system. (A) mRNA expression of TP53INP1 was determined by reverse transcription-quantitative polymerase chain
reaction analysis. (B) Protein expression of TP53INP1 was determined by western blotting. (C) Quantitative analysis of protein expression. “P<0.01 vs. NC
group. TP53INP1, tumor protein pS3-inducible nuclear protein 1; siRNA, small interfering RNA; Control, untreated group; NC, cells transfected with siRNA
negative control plasmids; TPS3INP1 siRNA, cells transfected with TP53INP1 siRNA; DDP, cisplatin.
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Figure 6. TPS3INPI1 is a target of miR-3934-5p. The miR-3934-5p mimics and NC plasmids were transfected into TP53INP1-3'UTR-WT-and
TPS3INPI-3'UTR-MUT-treated A549 cells. (A) Results of TargetScan. (B) Luciferase activity in the TPS3INP1-3'UTR-WT and TP53INP1-3'UTR-MUT
groups. “P<0.01 vs. NC group. miR, microRNA; TP53INPI, tumor protein p53-inducible nuclear protein 1; NC, treated with negative control plasmids; 3'UTR,

3'-untranslated region; WT, wild-type; MUT, mutant.

the protein and mRNA levels following TP53INP1 siRNA
transfection.

TP53INPI is a target of miR-3934-5p. The
miR-3934-5p mimics and control plasmids were trans-
fected into the TPS53INPI-3'UTR-WT-treated and
TPS3INP1-3'UTR-MUT-treated A549 cells. As presented
in Fig. 6A, TP53INP1 was predicted as a target of
miR-3934-5p due to sequence complementarity in the 3'UTR
of TP5S3INPI mRNA according to TargetScan analysis.
The luciferase activity was significantly decreased in the
TP53INP1-3'UTR-WT+ miR-3934-5p mimics-treated group
(Fig. 6B). Therefore, this suggested TPS3INP1 was a direct
target of miR-3934-5p.

Effects of miR-3934-5p inhibitor on cell proliferation and
apoptosis. The rates of cell proliferation and apoptosis of
AS549/DDP cells were evaluated using an MTT assay and
flow cytometry following transfection with miR-3934-5p
inhibitor and incubation for 48 h in RPMI-1640 medium under

5% CO, at 37°C. As presented in Fig. 7A, these results indi-
cated that the downregulation of miR-3934-5p significantly
suppressed the proliferation rate of A549/DDP cells compared
with that in the control and NC groups, which was reversed by
TP53INPI1 siRNA. As presented in Fig. 7B and C, cell apop-
tosis was significantly promoted in the miR-3934-5p inhibitor
group (~30%) compared with that in the control (~5%) and
NC groups (~5%), which was reversed by TPS3INP1 siRNA.
Therefore, the downregulation of miR-3934-5p may lead to the
suppressed proliferative ability of cells and increase apoptosis
by targeting TP53INPI.

Effects of miR-3934-5p inhibitor on the expression of Bax,
p21, TP53INPI and Bcl-2. The analysis of protein expres-
sion revealed that the levels TP53INP1, Bax and p21 were
significantly increased in the inhibitor group compared with
those in the control and NC groups. The alterations in the
mRNA expression levels of TPS3INP1, Bax, Bcl-2 and p21
were similar to the changes in protein expression (Fig. 8A-D).
The expression levels of the aforementioned proteins were
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Figure 7. miR-3934-5p inhibitor causes inhibited cell proliferation and
promotes cell apoptosis. The proliferation and apoptosis of A549 cells
was analyzed using an MTT assay and flow cytometry, respectively.
(A) Downregulation of miR-3934-5p significantly suppressed the prolif-
eration rate of A549/DDP cells compared with that in the untreated control
group and NC group, which was reversed by TPS3INPI siRNA. (B) Cell
apoptosis was determined and (C) quantified. Apoptosis was promoted in
the miR-3934-5p inhibitor group compared with that in the control and NC
groups, which was reversed by administration of TP53INP1 siRNA. "P<0.05
and “P<0.01 vs. NC group; “P<0.05 vs. miR-3934-5p inhibitor group. miR,
microRNA; TP53INP1, tumor protein p53-inducible nuclear protein 1; DDP,
cisplatin; NC, treated with negative control plasmids; siRNA, small inter-
fering RNA.

significantly reduced by TP53INPI1 siRNA transfection. By
contrast, the expression of Bcl-2 was significantly decreased
in the inhibitor group compared with levels in the control
and NC groups, but was significantly upregulated following
TP53INP1 siRNA transfection (Fig. 8E and F). These results
indicated that the downregulation of miR-3934-5p resulted in
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the upregulated protein expression of TP53INP1, Bax and p21,
whereas that of Bcl-2 was decreased.

Discussion

The resistance of tumor cells to DDP allows cells to evade the
cytotoxic effects of DDP, overcoming apoptosis (23); however,
the underlying molecular mechanisms of DDP resistance
require further investigation (24,25). miRNAs have been
reported to be regulators of DDP resistance in NSCLC. A
previous study revealed that miR-3934 serves a crucial role
in the progression of lung cancer (12). However, the effects
of miR-3934-5p in regulating the chemoresistance of NSCLC
cells to DDP have not been elucidated.

In the present study, miR-3934-5p was downregulated in
NSCLC tissues and cells, which paralleled that in A549/DDP
cells. miR-3934-5p increased the ICy, of A549/DDP cells,
while the downregulation of miR-3934-5p decreased the ICy,
of A549/DDP cells. Therefore, miR-3934-5p induced the resis-
tance of A549 to DDP, and this effect was reversed following
treatment with the miR-3934-5p inhibitor. However, the effects
of miR-3934-5p on the cell behavior of NSCLC has not been
fully elucidated.

The roles of miR-3934-5p in the proliferation and
apoptosis of NSCLC cells were then examined. The
downregulation of miR-3934-5p significantly inhibited the
proliferation and promoted the apoptosis of NSCLC cells. A
previous study showed that p21 was involved in the progres-
sion of lung cancer (26). In addition, Bcl-2 has been shown
to promote oncogenesis via cell death resistance and Bax
is a pro-apoptotic gene in cancer (27). The present study
examined the effects of miR-3934-5p on the expression of
Bcl-2/Bax and p21 in NSCLC. The results showed that the
suppression of miR-3934-5p significantly decreased the
expression of Bcl-2 and increased the expression of Bax
and p21 at the mRNA and protein levels in A549/DDP
cells treated with DDP. This further demonstrated that the
suppression of miR-3934-5p was important in enhancing the
sensitivity of NSCLC cells to DDP. However, the underlying
mechanisms remained unclear.

TP53INPI1, as a tumor suppressor, can induce
autophagy-dependent cell death in colorectal cancer (16).
Furthermore, it has been reported that miR-182 can promote
drug resistance in DDP-treated hepatocellular carcinoma cells
by downregulating TPS3INP1 (18). Promoting the expression
of TP53INP1 in A549 cells has also been shown to enhance
the sensitivity of cells to arsenic treatment (19). In the present
study, TP53INP1 was predicted and confirmed to be a target of
miR-3934-5p. The downregulation of miR-3934-5p increased
the expression of TP53INP1. The knockdown of TP53INP1
reversed the decreased cell viability and increased apoptosis of
A549/DDP induced by the miR-3934-5p inhibitor. It has been
evidenced that TP53INP1 serves an important role in tumor
progression via regulating downstream genes, such as Bax and
p21 (14,28). Silencing TP53INP1 suppressed the expression
of TP53INPI1, p21 and Bax, and upregulated the expression
of Bcl-2 in A549/DDP cells following transfection with the
miR-3934-5p inhibitor. Taken together, the downregulation
of miR-3934-5p may increase the sensitivity of A549 cells to
DDP by targeting TP53INP1.
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Figure 8. Expression levels of Bax, p21 and TP53INP1 are upregulated and expression of Bcl-2 is suppressed following miR-3934-5p inhibitor treatment. At 72 h
post-miR-3934-5p inhibitor treatment, expression levels of (A) TPS3INP1, (B) Bcl-2, (C) Bax and (D) p21 were examined by reverse transcription-quantitative
polymerase chain reaction analysis. mRNA expression levels of TP5S3INP1, Bax and p21 were significantly increased in the inhibitor group compared with
levels in the untreated control and NC groups, which were significantly reduced by administration of TP53INP1 siRNA. Bcl-2 was decreased in the inhibitor
group compared with that in the control and NC groups, and was significantly upregulated by administration of TP53INP1 siRNA. (E) Quantification of protein
levels of TP53INPI1, Bax, Bcl-2 and p21 from (F) western blots showed similar changes to those of mRNA. “P<0.01 vs. NC group; “P<0.05 vs. miR-3934-5p
inhibitor group; #P<0.01 vs. miR-3934-5p inhibitor group. miR, microRNA; TP53INPI, tumor protein p53-inducible nuclear protein 1; DDP, cisplatin; NC,
treated with negative control plasmids; siRNA, small interfering RNA; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X.

The present study had some limitations. First, the scope of
the patients enrolled was limited. Second, no in vivo assay was
performed. Third, a single miRNA may have various targets
and a gene may be targeted by several miRNAs. These issues
require further investigation.

Taken together, the present study found that miR-3934-5p
was upregulated in NSCLC. Downregulated miR-3934-5p
inhibited the proliferation and promoted the apoptosis of
A549 cells treated with DDP, suggesting that the suppression
of miR-3934-5p enhanced the sensitivity of NSCLC cells to
DDP. Therefore, miR-3934-5p may be a promising therapeutic
target for NSCLC.
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