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Abstract. Lung cancer is the most common fatal type of 
cancer, demonstrating high incidence rates in both sexes. 
Therefore, it is of vital importance to devise more effective 
and targeted therapies to improve the treatment quality for 
patients. The present study aimed to determine the effects of 
microRNA (miR)‑379‑5p on cell proliferation and apoptosis, 
in addition to its underlying molecular mechanisms in lung 
cancer. Tumor and adjacent normal tissues were obtained 
from patients with NSCLC and transfection experiments in 
A549 cells were performed using miR‑379‑5p mimics and 
pcDNA3.1‑ β‑arrestin‑1 (ARRB1) overexpression plasmids. 
The cell proliferation rate was determined using a Cell 
Counting Kit‑8 assay and the cell apoptotic rate was analyzed 
using flow cytometry. Additionally, the mRNA and protein 
expression levels of proliferation‑related signaling (PI3K, 
p‑PI3K, AKT and p‑AKT) and apoptotic‑related factors 
(Bcl‑2, Bax and caspase‑3) were detected using reverse tran-
scription‑quantitative PCR and western blotting, respectively. 
The results of the present study revealed that miR‑379‑5p 
expression levels were downregulated, whereas ARRB1 
expression levels were significantly upregulated in NSCLC 
tissues and cell lines. Following the successful transfection of 
the miR‑379‑5p mimic and ARRB1 overexpression plasmid, 
it was revealed that the overexpression of miR‑379‑5p inhib-
ited cell proliferation and promoted cell apoptosis, whereas 
ARRB1 overexpression reversed this inhibition over prolifera-
tion and promotion of apoptosis. The increased cell apoptotic 
rate observed in the miR‑379‑5p mimics group was associated 
with a significant downregulation and upregulation of Bcl‑2, 
and Bax and caspase‑3 expression levels, respectively. Finally, 

ARRB1 was identified as a target gene of miR‑379‑5p. In 
conclusion, the expression levels of miR‑379‑5p were demon-
strated to be significantly downregulated in lung cancer. In 
addition, miR‑379‑5p overexpression led to the decreased 
expression levels of Bcl‑2, phosphorylated (p)‑PI3K/PI3K 
and p‑AKT/AKT, and the increased expression levels of Bax 
and caspase‑3. Overall, this resulted in the inhibition of cell 
proliferation and promoted cell apoptosis by directly targeting 
ARRB1. Therefore, miR‑379‑5p may be a potential target for 
NSCLC treatment due to its ability to inhibit cell proliferation 
and accelerate the apoptotic process.

Introduction

Lung cancer is the leading cause of cancer‑related deaths 
worldwide (1). The 5-year survival rate following diagnosis is 
estimated to be ~15.6%, which is lower than the rate observed in 
colon, breast or prostate cancer (2). Non‑small cell lung cancer 
(NSCLC) accounts for 85% of all lung cancer cases and histo-
logically, it is typically classified in three subtypes: Large‑cell 
neuroendocrine carcinoma, squamous cell carcinoma and 
adenocarcinoma (3). Over the last several decades, conven-
tional cancer treatments, such as surgery, chemotherapy and 
radiotherapy, have been used to treat lung cancer (4); however, 
these therapies do not benefit patients with locally advanced or 
distant metastatic disease (stage III/IV) (5). Therefore, several 
molecular targeted therapies have been approved for these 
patients, including first‑ and second‑generation epidermal 
growth factor receptor tyrosine kinase inhibitors  (6). In 
total, >60% of all newly diagnosed patients with lung cancer 
have undergone radiotherapy alone and in combination with 
chemotherapy, targeted therapies and immunotherapy as the 
first line therapies (7). Thus, there is an urgent requirement to 
identify promising therapeutic targets that could inhibit cell 
proliferation and induce cell apoptosis to prevent the progres-
sion of lung cancer.

MicroRNAs (miRNAs/miR) are single stranded non‑coding 
RNAs of ~19‑25 nucleotides in length, that are generated from 
endogenous hairpin transcripts through a multistep process, 
which starts in the nucleus and ends in the cytoplasm (8,9). 
miRNAs are partially complementary to one or more mRNA 
molecules (10); their main function is to downregulate gene 
expression in several ways, including translational repres-
sion, mRNA cleavage and de‑adenylation (11). Accumulating 

miR‑379‑5p inhibits cell proliferation and promotes cell apoptosis 
in non‑small cell lung cancer by targeting β‑arrestin‑1

YONGHONG JIANG1*,  PANPAN ZHU1*,  YAMEI GAO2  and  AIPING WANG1

Departments of 1Second Inpatient Area of Oncology Surgery and 2Nursing, 
Weinan Central Hospital, Weinan, Shaanxi 714000, P.R. China

Received November 11, 2019;  Accepted April 28, 2020

DOI: 10.3892/mmr.2020.11553

Correspondence to: Dr Aiping Wang, Department of Second 
Inpatient Area of Oncology Surgery, Weinan Central Hospital, 
7 Shengli Street, Weinan, Shaanxi 714000, P.R. China
E‑mail: aiping.wang@yandex.com

*Contributed equally

Key words: non‑small cell lung cancer, proliferation, apoptosis, 
microRNA‑379‑5p, β‑arrestin‑1

https://www.spandidos-publications.com/10.3892/mmr.2020.11553


JIANG et al:  EFFECTS OF miR-379-5p ON THE PROGRESSION OF NSCLC4500

scientific evidence has demonstrated that miRNAs serve 
an important role in cancer progression and treatment. For 
example, Cazzoli et al (12) screened 742 miRNAs isolated 
from the circulating exosomes of patients with NSCLC and 
among them, four miRNAs (miR‑378a, miR‑379, miR‑139‑5p 
and miR‑200b‑5p) were identified as screening markers to 
segregate patients with lung adenocarcinoma and granuloma. 
In addition, miR‑21, miR‑31 and miR‑let7 were discovered to 
be closely associated with the diagnostic efficacy and survival 
rate in lung cancer (13). miR‑379 is located on human chromo-
some 14q32 within a large miRNA gene cluster (14). Previous 
evidence indicated that miR‑379‑5p exhibited a tumor‑suppres-
sive role in several types of cancer, including osteosarcoma, 
bladder cancer and melanoma  (15,16). Hao et al  (17) also 
reported that miR‑379‑5p expression levels were significantly 
downregulated in chemoresistant NSCLC tissues and cells, 
whereas miR‑379‑5p overexpression suppressed eukaryotic 
translation initiation factor  4  γ  2 (EIF4G2) expression to 
enhance cisplatin chemosensitivity. However, the expression 
profile and the role of miR‑379‑5p in NSCLC remains to be 
fully determined.

β‑Arrestins (ARRBs), including ARRB1 and ARRB2, 
have been identified as scaffold proteins that mediate the 
desensitization and internalization of G protein‑coupled recep-
tors (GPCRs)  (18). Furthermore, ARRBs were discovered 
to serve as signal transducers, with a previous study demon-
strating that they had important roles in several physiological 
processes, such as chemotaxis, the Frank‑Starling force, and 
pathological conditions including myelofibrosis, pulmonary 
fibrosis and asthma (19). Emerging data has also suggested 
that the recruitment of ARRBs may represent a major non‑G 
protein‑dependent signaling pathway of GPCRs, such as the 
endothelin‑1 receptor (ET‑1R) in cancer  (20). In addition, 
a study on glioblastoma multiforme (GBM) revealed that 
ARRB1 knockdown suppressed GBM cell proliferation, inva-
sion and glycolysis by inhibiting Src signaling (21). Regarding 
lung cancer, a previous study indicated that nicotine induced 
the nuclear translocation of ARRB1, which resulted in the 
increased expression of proliferative and survival genes, 
thereby promoting the growth and progression of NSCLC (22). 
Additionally, Shen et al (23) reported that ARRB1 enhanced 
the chemosensitivity of lung cancer through the mediation of 
DNA damage.

The present study aimed to investigate the expression levels 
of miR‑379‑5p and ARRB1 in NSCLC. The results indicated 
that miR‑379‑5p overexpression may inhibit cell proliferation 
and promote cell apoptosis by targeting ARRB1. Thereby, this 
study provided novel insight into lung cancer treatment.

Materials and methods

Patient studies. The present study was approved by the Ethics 
Committee of Weinan Central Hospital and written informed 
consent was obtained from each participant prior to the study 
initiation. Tumor and para‑carcinoma tissues were obtained 
from 30 patients (20 male and 10 female; 13 aged <50 and 
17 aged ≥50) with NSCLC who underwent surgery at Weinan 
Central Hospital between January 2017 and March 2018. The 
patients did not undergo any treatment such as chemotherapy 
or radiotherapy before surgery. The tumor and para‑carcinoma 

tissues were fixed in 10% formalin at room temperature until 
use. The clinicopathological features of these patients are 
presented in Table I.

Plasmids and cell culture. The BEAS‑2B, A549, PG49 and 
DMS‑114 cell lines were purchased from the American 
Type Culture Collection. The cells were cultured in 
RPMI‑1640 medium (Thermo Fisher Scientific, Inc.), supple-
mented with 10% FBS (Thermo Fisher Scientific, Inc.), and 
maintained at  37˚C in a humidified incubator containing 
5% CO2 until 90% confluence was reached. The miR‑379‑5p 
mimic (5'‑UGG​UAG​ACU​AUG​GAA​CGU​AGG‑3'), miR‑nega-
tive control (NC) mimic (5'‑GUG​GAU​UUU​CCU​CUA​
UGA​UUU‑3'), ARRB1 overexpression pcDNA3.1 plasmid 
(pcDNA3.1‑ARRB1), pcDNA3.1 plasmid (negative control 
for pcDNA3.1‑ARRB1), wild‑type (WT) and mutant (MUT) 
ARRB1 3' untranslated region (UTR) pGL3 plasmids were 
obtained from Addgene, Inc.

Cell transfection. A549 cells (at 1x104  cells/well) were 
seeded into 96‑well plates and subsequently transfected 
with miR‑NC mimics, miR‑379‑5p mimics, pcDNA3.1 and 
pcDNA3.1‑ARRB1. Untransfected cells were used as the 
control group. The cells were incubated at 37˚C and when 
they reached 70‑80% confluence, they were transfected with 
500 ng transfectants using 2.5 µl Lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Following incubation at 37˚C for 
6 h, the serum‑free RPMI‑1640 medium was replaced with 
fresh RPMI‑1640  medium containing 10% FBS, and the 
cells continued to incubate for 24 h. All experiments were 
performed in triplicate.

Reverse transcription‑quantitative PCR (RT‑qPCR). The 
relative miR‑379‑5p and mRNA expression levels were deter-
mined using RT‑qPCR. Total RNA from tissues and cells was 
extracted using the RNeasy Mini kit (Qiagen, Inc.), according 
to the manufacturer's protocol, and the concentration was 
determined on a Nanodrop 2000 spectrophotometer (Thermo 
Fisher Scientific, Inc.). Total RNA was reverse‑transcribed 
into cDNA using M‑MLV Reverse Transcriptase (Promega 
Corporation). M‑MLV RT 5X reaction buffer (containing 
Tris‑HCl, KCl, MgCl2 and DDT; 5 µl) and 5 µl dNTP and 
Oligo DT primer were used for RT. The following tempera-
ture protocol was used for the reverse transcription: 43˚C 
for 30 min, 97˚C for 5 min and 5˚C for 5 min. qPCR was 
subsequently performed using a PrimeScript™ RT‑PCR 
kit (Qiagen Inc.) following the manufacturer's protocol. The 
following thermocycling conditions were used for the qPCR: 
Initial denaturation at 95˚C for 6 min; followed by 40 cycles 
of initiation at 94˚C for 30 sec, annellation at 60˚C for 30 sec 
and elongation at 73˚C for 90 sec. The following primer pairs 
were used for the qPCR: miR‑379‑5p forward, 5'‑GCG​CTG​
GTA​GAC​TAT​GGA​A‑3' and reverse, 5'‑GTG​CAG​GGT​CCG​
AGG​T‑3'; U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CAT​ATA​
CT‑3' and reverse, 5'‑ACG​CTT​CAC​GAA​TTT​GCG​TGT​C‑3'; 
ARRB1 forward, 5'‑CCT​GGA​TGT​CTT​GGG​TCT​G‑3' and 
reverse, 5'‑TGA​TGG​GTT​CTC​CGT​GGT​A‑3'; Bcl‑2 forward, 
5'‑CTG​CAC​CTG​ACG​CCC​TTC​ACC‑3' and reverse, 5'‑CAC​
ATG​ACCvCCA​CCG​AAC​TCA​AAG​A‑3'; Bax forward, 
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5'‑GAC​CAG​CAT​GAC​AGA​TTT​CTA​CCA‑3' and reverse, 
5'‑AAC​TGA​GAC​TAA​GGC​AGA​AGA​TG‑3'; caspase‑3 
forward, 5'‑CTC​GGT​CTG​GTA​CAG​ATG​TCG​ATG‑3​' and 
reverse, 5'‑GGT​TAA​CCC​GGG​TAA​GAA​TGT​GCA‑3'; and 
GAPDH forward, 5'‑ACA​CCC​ACT​CCT​CCA​CCT​TTG‑3' 
and reverse, 5'‑TCC​ACC​ACC​CTG​TTG​CTG​TAG‑3'. All 
experiments were performed in triplicate. The mRNA expres-
sion levels were quantified using the 2‑∆∆Cq method (24). The 
endogenous expression levels of U6 and GAPDH were used 
to normalize the miR‑379‑5p and mRNA expression levels, 
respectively.

Western blotting. The protein expression levels in tissues 
and cells were determined using western blotting. Total and 
phosphorylated protein was extracted from the cells using 
RIPA lysis buffer (Boster Biological Technology) according 
to the manufacturer's protocols. Protein was quantified using 
a bicinchoninic acid protein assay kit (Abbkine Scientific Co., 
Ltd.) and 20 µg protein/lane was separated via 15% SDS‑PAGE. 
The separated proteins were subsequently transferred onto 
PVDF membranes (EMD Millipore) and blocked with 5% 
skimmed milk for 2 h at room temperature. The membranes 
were incubated with the following primary antibodies for 1 h 
at room temperature: Anti‑ARRB1 (1:1,000; cat. no. ab32099), 
anti‑PI3K (1:1,000; cat. no. ab191606), anti‑phosphorylated 
(p)‑PI3K (1:1,1000; cat. no. ab182651), anti‑AKT (1:500; cat. 
no. ab8805), anti‑p‑AKT (1:1,000; cat. no. ab38449), anti‑Bcl‑2 
(1:1,000; cat. no. ab59348), anti‑Bax (1:1,000; cat. no. ab53154), 
anti‑caspase‑3 (1:500; cat. no.  ab13847) and anti‑GAPDH 
(1:2,500; cat. no.  ab9485; all from Abcam). Following the 
primary antibody incubation, the membranes were incubated 

with a horseradish peroxidase‑conjugated anti‑rabbit secondary 
antibody (1:5,000; cat. no. ab205718; Abcam) for 45 min at room 
temperature. The protein bands were visualized using an ECL 
Western Blotting kit (Abcam) and the expression levels were 
analyzed using ImageJ software (v1.48U; National Institutes for 
Health). All experiments were performed in triplicate. GAPDH 
protein expression levels were used as an internal control.

Cell Counting Kit‑8 (CCK‑8) assay. The proliferation of trans-
fected A549 cells was assessed using a CCK‑8 kit (APeXBIO 
Technology LLC) according to the manufacturer's protocols. 
Briefly, the cells at the density of 1x104 cells/well were seeded 
into 96‑well plates and following 0, 12, 24 or 48 h, 10 µl CCK‑8 
reagent was added to each well and incubated for an additional 
24 h in RPMI‑1640 medium supplemented with 10% FBS 
at 37˚C in a humidified incubator containing 5% CO2. Finally, 
the optical density of each well was measured using a micro-
plate reader at 450 nm.

Flow cytometric analysis of apoptosis. Following transfec-
tion, the apoptotic rate of A549 cells was analyzed using flow 
cytometry. Briefly, 2x105 transfected cells were plated into a 
24‑well plate and incubated for 48 h at 37˚C with 5% CO2. 
Subsequently, cells were incubated with 10  µg/ml prop-
idium iodide (Sigma‑Aldrich; Merck KGaA) and 50 µg/ml 
Annexin V‑FITC (BD Biosciences) at room temperature for 
15 min in the dark. Finally, the stained cells were analyzed 
using a FACScan flow cytometer (BD Biosciences) carrying 
CellQuest Pro software (version 6.0; BD Biosciences). The 
apoptotic cell rate was calculated by the number of (apoptotic 
cells + death cells)/all cells.

Table I. Association between clinicopathological features of patients with non‑small cell lung cancer and miR‑379‑5p expression 
levels.

	 miR‑379‑5p expression levels 
	 -----------------------------------------------------------------
Variable	 n	 High	L ow	 P‑value

Age (years)				    0.8804
  ≥50	 17	 7	 10	
  <50	 13	 5	 8	
Sex				    0.6023
  Male	 20	 8	 12	
  Female	 10	 5	 5	
Tumor size				    0.0281a

  <3 cm	 14	 10	 4	
  ≥3 cm	 16	 5	 11	
TNM stage				    0.0510
  I‑II	 12	 6	 6	
  III‑IV	 18	 3	 15	
Metastasis				    0.0371a

  Negative	 13	 7	 6	
  Positive	 17	 3	 14	

aP<0.05. miR, microRNA.

https://www.spandidos-publications.com/10.3892/mmr.2020.11553
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Bioinformatics analysis and dual‑luciferase reporter assay. 
To predict the target genes of miR‑379‑5p, bioinformatic online 
tool TargetScan (http://www.targetscan.org) was employed. 
After transfection for 24 h, a dual‑luciferase reporter assay was 
performed to verify the direct interaction between ARRB1 
and miR‑379‑5p. A549 cells at the density of 2x104 cells/well 
were seeded into 96‑well plates and incubated for 24 h at 37˚C 
in a humidified atmosphere with 5% CO2. The cells were 
subsequently co‑transfected with 2.5 µg ARRB1‑3'UTR‑WT 
or ARRB1‑3'UTR‑MUT pGL3 plasmids, and miR‑379‑5p 
mimic or miR‑NC mimic, using 2.5 µl Lipofectamine® 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and 
incubated for 24 h following the manufacturer's protocol. The 
luciferase activity of the transfected A549 cells was analyzed 
using a Dual‑Luciferase Reporter Assay kit (BioVision, Inc.), 
according to the manufacturer's protocol. The firefly luciferase 
activity was normalized to Renilla luciferase activity.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 5.01 software (GraphPad Software, 
Inc.) and all data are presented as the mean ± SD from three 
replicates. Statistical differences between the cancer and 
normal tissues were performed using a paired Student's t‑test, 
whereas the association between the miR‑379‑5p expression 
levels and the clinicopathological features were determined 
using a χ2‑test. A one‑way ANOVA, followed by Tukey's post 
hoc test for multiple comparisons was performed to analyze 
the significant differences among multiple groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑379‑5p expression levels are downregulated and ARRB1 
expression levels are upregulated in NSCLC tissues and cell 
lines. The expression levels of miR‑379‑5p in normal and 
tumor tissues were determined using RT‑qPCR. The results 
revealed that miR‑379‑5p expression levels were significantly 
downregulated in the tumor tissues compared with the normal 
tissues (Fig. 1A). Similarly, the expression levels of miR‑379‑5p 
were significantly decreased in NSCLC cells, including A549, 
PG49 and DMS‑114 compared with normal human bronchial 
epithelial cell line (BEAS‑2B; Fig.  1B). The high or low 
expression levels of miR‑379‑5p were also discovered to be 

significantly associated with the tumor size and metastasis, but 
not with the age, sex or TNM stage (Table I). In addition, the 
mRNA and protein expression levels of ARRB1 in the tissues 
and cell lines were determined using RT‑qPCR and western 
blotting, respectively; both the mRNA (Fig. 2A and D) and 
protein (Fig. 2B, C, E and F) expression levels of ARRB1 
were significantly upregulated in tumor tissues and cell lines 
compared with normal tissues and the BEAS‑2B cell line, 
respectively.

Successful transfection of A549 cells with miR‑379‑5p mimics. 
A549 cells with lower miR‑379‑5p and higher ARRB1 levels 
compared with other cells were used to transfected with 
miR‑379‑5p mimics or miR‑NC mimics; compared with the 
miR‑NC mimics group, the expression level of miR‑379‑5p 
was significantly upregulated in the miR‑379‑5p mimics group 
(Fig. 3). Therefore, the miR‑379‑5p mimic and miR‑NC mimic 
were used for further experimental procedures.

Successful construction of ARRB1 overexpression plasmids. 
The ARRB1 overexpression plasmids were transfected into 
A549 cells in order to verify the successful construction of 
overexpression plasmids. Thus, the mRNA and protein expres-
sion levels of ARRB1 were analyzed using RT‑qPCR and 
western blot analysis, respectively. The results demonstrated 
that the mRNA expression level of ARRB1 was significantly 
upregulated in the pcDNA3.1‑ARRB1 group compared with 
the pcDNA3.1 group (Fig. 4A). Consistent with the results 
of ARRB1 mRNA expression levels, western blotting also 
revealed that the protein expression level of ARRB1 was 
significantly increased in the pcDNA3.1‑ARRB1 group 
compared with the pcDNA3.1 group (Fig. 4B and C). Thus, 
the ARRB1 overexpression plasmids were used for further cell 
experiments.

miR‑379‑5p overexpression inhibits A549 cell prolif‑
eration, while ARRB1 overexpression rescues this inhibition. 
Following transfection, the proliferation rate of A549 cells was 
detected at 0, 12, 24 and 48 h using a CCK‑8 assay. The prolif-
eration rate was demonstrated to be significantly inhibited in 
the miR‑379‑5p mimics group compared with the miR‑NC 
mimics group (Fig.  5). Notably, a significantly increased 
proliferation rate was observed in the miR‑379‑5p mimics 

Figure 1. miR‑379‑5p expression levels are downregulated in NSCLC tissues and cell lines. Expression levels of miR‑379‑5p in (A) tissues from patients 
with NSCLC and (B) human bronchial epithelial cell line (BEAS‑2B) and NSCLC cell lines (A549, PG49 and DMS‑114) were determined using reverse 
transcription‑quantitative PCR. **P<0.01 vs. normal group; ###P<0.001 vs. BEAS‑2B group. miR, microRNA; NSCLC, non‑small cell lung cancer.
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+ pcDNA3.1‑ARRB1 group compared with the miR‑379‑5p 
mimics group (Fig. 5). These results indicated that miR‑379‑5p 
overexpression may decrease, while ARRB1 overexpression 
may increase, the cell proliferation rate.

miR‑379‑5p overexpression promotes A549 cell apoptosis, 
while ARRB1 overexpression reverses the promotion. Following 
the transfection with the miR‑379‑5p mimics, miR‑NC mimics 
or ARRB1 overexpression plasmids, the cells were incubated 

for 48 h and the apoptotic cell ratio was determined using flow 
cytometric analysis. Among the four groups, overexpression of 
miR‑379‑5p increased the apoptotic rate, while ARRB1 over-
expression decreased the improvement induced by miR‑379‑5p 
(Fig. 6A and B). Thus, these findings indicated that miR‑379‑5p 
overexpression may induce A549 cell apoptosis, whereas 
ARRB1 overexpression may reduce cell apoptosis.

miR‑379‑5p regulates ARRB1, Bcl‑2, Bax and caspase‑3 
mRNA expression levels in NSCLC cells by regulating the 
expression level of ARRB1. The results of RT‑qPCR revealed 
that ARRB1 and Bcl‑2 mRNA expression levels were signifi-
cantly decreased in the miR‑379‑5p mimics group compared 
with the miR‑NC mimics group, whereas the expression levels 
were significantly increased in the miR‑379‑5p mimics + 
pcDNA3.1‑ARRB1 group compared with the miR‑379 mimics 
group (Fig. 7A and B). In addition, the mRNA expression levels 
of Bax and caspase‑3 were significantly upregulated in the 
miR‑379‑5p mimics group; there was no significant difference 
among the control, miR‑NC mimics and miR‑379‑5p mimics 
+ pcDNA3.1‑ARRB1 groups (Fig. 7C and D). These results 
indicated that miR‑379‑5p overexpression may downregulate 
ARRB1 and Bcl‑2 expression levels, and upregulate Bax and 
caspase‑3 expression levels, whereas ARRB1 overexpression 
reversed the downregulation of Bcl‑2 and upregulation of Bax 
and caspase‑3.

miR‑379‑5p regulates the protein expression levels of ARRB1, 
PI3K/p‑PI3K, AKT/p‑AKT, Bcl‑2, Bax and caspase‑3 by 
regulating the expression level of ARRB1. ARRB1, p‑PI3K/

Figure 2. ARRB1 expression levels are upregulated in NSCLC tissues and cells. Expression levels of ARRB1 in tissues from patients with NSCLC were 
analyzed using (A) RT‑qPCR or (B) western blotting. (C) Semi‑quantification of ARRB1 expression levels from part B. Expression levels of ARRB1 in NSCLC 
cell lines were analyzed using (D) RT‑qPCR and (E) western blotting. (F) Semi‑quantification of ABBR1 expression levels from part E. **P<0.01 vs. the normal 
group or BEAS‑2B group; #P<0.05 vs. the BEAS‑2B group; ##P<0.01 vs. the BEAS‑2B group.ARRB1, β‑arrestin‑1; NSCLC, non‑small cell lung cancer; 
RT‑qPCR, reverse transcription‑quantitative PCR.

Figure 3. Successful transfection of miR‑379‑5p mimics and miR‑NC 
mimics. A549 cells were transfected with miR‑379‑5p mimics or miR‑NC 
mimics. The expression levels of miR‑379‑5p were determined using reverse 
transcription‑quantitative PCR.**P<0.01 vs. the miR‑NC mimics group. miR, 
microRNA; NC, negative control.

https://www.spandidos-publications.com/10.3892/mmr.2020.11553
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PI3K, p‑AKT/AKT and Bcl‑2 expression levels were signifi-
cantly decreased in the miR‑379‑5p mimics group compared 
with the miR‑NC mimics group; however, the expression 
levels of these proteins in the miR‑379‑5p mimics group were 
significantly reversed following the overexpression of ARRB1 
(Fig. 8A and B). Increased expression levels of Bax and caspase‑3 
were detected in the miR‑379‑5p mimics group; however, these 
expression levels were reversed following the overexpression of 
ARRB1 (Fig. 8A and B). Therefore, these findings indicated that 
miR‑379‑5p may inhibit ARRB1, PI3K/p‑PI3K, AKT/p‑AKT 
and Bcl‑2 expression levels, while increasing Bax and caspase‑3 
protein expression levels. In addition, it was determined that the 
overexpression of ARRB1 may reverse these effects.

miR‑379‑5p directly targets ARRB1. A dual‑luciferase reporter 
assay was performed to determine whether ARRB1 was a 
direct target gene of miR‑379‑5p. The results of the bioin-
formatics analysis using TargetScan (http://www.targetscan.
org) revealed that ARBB1 was a potential direct target gene 

of miR‑379‑5p by binding to the ARRB1‑3'UTR (Fig. 9A). 
Subsequently, the dual‑luciferase reporter assay demonstrated 
that the relative luciferase activity was significantly reduced 
in the ARBB1‑3'UTR‑WT and miR‑379‑5p mimics group 
compared with the miR‑NC mimic and ARBB1‑3'UTR‑WT 
group (Fig. 9B). Thus, it was verified that miR‑379‑5p directly 
targeted ARRB1.

Discussion

The present study demonstrated that miR‑379‑5p expression 
levels were downregulated in NSCLC and that the overex-
pression of miR‑379‑5p subsequently reduced the expression 
levels of ARRB1. Furthermore, miR‑379‑5p overexpression 
decreased the expression levels of p‑PI3K/PI3K, p‑AKT/
AKT and Bcl‑2, and increased the expression levels of Bax 
and caspase‑3 in A549 cells. These findings resulted in the 
inhibition of cell proliferation and induced cell apoptosis. 
In addition, a dual‑luciferase reporter assay was performed 
to further verify that miR‑379‑5p directly targeted ARRB1. 
The results of the present study revealed that the effects 
of miR‑379‑5p on cell proliferation and apoptosis were 
regulated through the PI3K/AKT signaling pathway by 
targeting ARRB1. Therefore, these findings indicated that 
miR‑379‑5p may suppress NSCLC development by directly 
inhibiting ARRB1 expression levels, suggesting that it 
should be further investigated for its potential application 
in clinical trials.

miR‑379‑5p has been identified as a tumor suppressor 
in several types of cancer, including bladder cancer, osteo-
sarcoma and nasopharyngeal carcinoma (15‑16,25). In the 
present study, it was discovered that the expression levels 
of miR‑379‑5p were downregulated in NSCLC, which was 
consistent with a previous study by Hao et al (17). In addi-
tion, consistent with the findings of Dasgupta et al  (22), 
ARRB1 expression levels were also revealed to be 
upregulated in NSCLC. ARRBs, multifunctional adapter 
proteins, are most commonly known as regulators of 
GPCR signaling, and they are often found upregulated 
in multiple types of human cancer (26,27). Furthermore, 
several signaling pathways have been reported to be 
regulated by ARRB1, including AMPK, HIF1A and PI3K/

Figure 4. Successful construction of ARRB1 overexpression plasmids. A549 cells were transfected with pcDNA3.1‑ARRB1 or pcDNA3.1. The expression 
levels of ARRB1 were determined using (A) reverse transcription‑quantitative PCR and (B) western blotting. (C) Semi‑quantification of ARRB1 expression 
levels from part B. **P<0.01 vs. the pcDNA3.1 group. ARRB1, β‑arrestin‑1.

Figure 5. Overexpression of miR-379-5p inhibits the proliferation of 
A549  cells. The cell proliferation rate of A549  cells following the 
transfection of miR-NC mimics, miR-379-5p mimics and miR-379-5p 
mimics + pcDNA3.1-ARRB1 was determined using a Cell Counting Kit-8 
assay. **P<0.01 vs. the miR-NC mimics group; ##P<0.01 vs. the miR-379-5p 
mimics group. miR, microRNA; NC, negative control. miR, microRNA; NC, 
negative control; ARRB1, β-arrestin-1.
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Figure 6. miR‑379‑5p promotes the apoptosis of A549 cells. (A) Flow cytometric analysis of apoptosis in A549 cells transfected with the miR‑NC 
mimics, miR‑379‑5p mimics and miR‑379‑5p mimics + pcDNA3.1‑ARRB1. Q1, living cells; Q2, necrotic cells; Q3, late apoptosis; Q4, early apoptosis. 
(B) Semi‑quantitative analysis of cell apoptosis from part A. **P<0.01 vs. the miR‑NC mimics group; ##P<0.01 vs. the miR‑379‑5p mimics group. miR, 
microRNA; NC, negative control; ARRB1, β‑arrestin‑1; PI, propidium iodide.

Figure 7. Expression levels of ARRB1 and Bcl‑2 are downregulated, whereas the expression levels of Bax and caspase‑3 are upregulated in the miR‑379‑5p 
mimics group. Expression levels of (A) ARRB1, (B) Bcl‑2, (C) Bax and (D) caspase‑3 were analyzed using reverse transcription‑quantitative PCR. **P<0.01 vs. 
the miR‑NC mimics group; ##P<0.01 vs. the miR‑379‑5p mimics group. miR, microRNA; NC, negative control; ARRB1, β‑arrestin‑1.
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AKT (27,28). The results of the present study also revealed 
that ARRB1 downregulation induced by miR‑379‑5p over-
expression inhibited the expression levels of PI3K/AKT and 
Bcl‑2, whereas Bax and caspase‑3 expression levels were 
increased. These results are consistent with those reported 
by Zhang et al (29). Zhan et al (30), suggested that ARRB1 
served a vital role in inhibiting cell apoptosis. This finding 
is strongly supported by the results of the present study, 
as the miR‑379‑5p‑induced downregulation of ARRB1 
resulted in the inhibition of cell proliferation and increased 
rates of cell apoptosis. 

A previous study by Rosanò and Bagnato (20) revealed that 
ET‑1R is a regulator of cell proliferation, survival, motility, 
cytoskeletal changes, angiogenesis, metastasis and drug resis-
tance. Additionally, the study revealed that the functions of 
ET‑1R were strongly regulated by ARRB1 (20). In addition, 
the tumor‑related effects of ARRB1 were associated with the 
capacity of the cells to migrate, invade, proliferate, undergo 
apoptosis and to manage drug resistance (20). Thus, the effects 
of ARRB1 in lung cancer should be further investigated. The 
present study hypothesized that the miR‑379‑5p targeting 
of ARRB1 may represent a promising therapeutic target in 

Figure 8. miR‑379‑5p mimics downregulate the expression levels of ARRB1, p‑PI3K/PI3K, p‑AKT/AKT and Bcl‑2 and upregulate the expression levels of 
Bax and caspase‑3. (A) Expression levels of ARRB1, p‑PI3K/PI3K, p‑AKT/AKT, Bcl‑2, Bax and caspase‑3 protein were analyzed using western blotting. 
Each blot is accompanied by its loading control GAPDH. (B) Semi‑quantification of the expression levels from part A. *P<0.05 vs. the miR‑NC mimics group; 
**P<0.01 vs. the miR‑NC mimics group; #P<0.05 vs. the miR‑379‑5p mimics group; ##P<0.01 vs. the miR‑379‑5p mimics group. miR, microRNA; NC, negative 
control; ARRB1, β‑arrestin‑1; p‑, phosphorylated.

Figure 9. ARRB1 is a target gene of miR‑379‑5p. (A) Bioinformatical analysis using TargetScan revealed the target prediction binding site of miR‑379‑5p in 
the ARRB1 3'UTR. (B) Relative luciferase activity was analyzed using a dual‑luciferase reporter assay following the co‑transfection of WT or MUT ARRB1 
pGL3 plasmid with the miR‑NC mimics or miR‑379‑5p mimics. **P<0.01 vs. the miR‑NC mimics group. miR, microRNA; NC, negative control; ARRB1, 
β‑arrestin‑1; UTR, untranslated region; MUT, mutant; WT, wild‑type.
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NSCLC, thus, further studies should focus on the effects of 
miR‑379‑5p on cell migration, invasion and drug resistance by 
targeting ARRB1. For example, the targeting of ARRB1 by 
miR‑379‑5p may suppress cancer progression and enhance the 
efficacy of chemotherapy, which may subsequently improve 
NSCLC prognosis.

However, the present study was limited by the fact 
that the complete underlying molecular mechanism was 
not determined. Thus, the involvement of other signaling 
pathways or related factors influenced by miR‑379‑5p in 
regulating the proliferation and apoptosis of lung cancer 
cells remains to be further investigated, which is the aim of 
our future studies.

In conclusion, the present study revealed that miR‑379‑5p 
and ARRB1 expression levels were downregulated and 
upregulated in NSCLC, respectively. Furthermore, the over-
expression of miR‑379‑5p was discovered to downregulate 
the expression levels of ARRB1, p‑PI3K/PI3K, p‑AKT/
AKT and Bcl‑2, and upregulate the expression levels of 
Bax and caspase‑3, thus resulting in the inhibition of cell 
proliferation and the promotion of cell apoptosis. Thus, it 
was hypothesized that miR‑379‑5p may serve as a tumor 
suppressor in NSCLC by directly targeting ARRB1. Overall, 
miR‑379‑5p may be considered as a potential therapeutic 
target for patients with NSCLC to prevent the progress of 
the disease.
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