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Abstract. Non‑small cell lung cancer (NSCLC), a leading 
cause of cancer‑associated mortality, has resulted in low 
survival rates and a high mortality worldwide. Accumulating 
evidence has suggested that microRNAs (miRs) play critical 
roles in the regulation of cancer progression and the present 
study aimed to explore the underlying mechanism of miR‑205 
in NSCLC. Reverse transcription‑quantitative PCR was 
performed, which determined that miR‑205 expression was 
upregulated in NSCLC, and the present study detected the 
upregulation of miR‑205‑3p in a number of NSCLC cell lines 
and NSCLC tissues. In addition, the mediation of amyloid β 
precursor protein‑binding family B member 2 (APBB2) by 
miR‑205‑3p was demonstrated. Moreover, miR‑205‑3p was 
predicted to directly target the 3'untranslated region of APBB2, 
which was confirmed using a dual‑luciferase reporter assay. It 
was found that lentivirus mediated‑APBB2 knockdown could 
promote cellular viability and suppress apoptosis in NSCLC 
cells, as determined via MTT, TUNEL and flow cytometry 
assays. Thus, the current findings highlighted the potential 
promotive impact of miR‑205‑3p on NSCLC processes and 
may provide theoretical evidence for miR‑205‑3p as a potential 
clinical gene therapy target.

Introduction

Lung cancer is a major cause of mortality and has a survival 
rate of only 15.6% in all affected patients (1), although this rate 
can reach up to 55‑80% in early‑stage cases (2). In the United 
States, >225,000 new cases of lung cancer are diagnosed each 
year and ~160,000 deaths occur annually (3). Most patients 
with lung cancer (~85%) have non‑small cell lung cancer 
(NSCLC) (4). Despite improvements in cancer diagnosis and 

treatments, the 5‑year survival rate has remained as low as 
15% since the 1970s (5). Therefore, further investigations into 
the mechanisms of NSCLC development and progression are 
of the utmost importance for the diagnosis, prevention and 
treatment of this disease.

MicroRNAs (miRNAs/miRs), a class of endogenous 
non‑coding RNAs, can mediate various gene expression levels 
by suppressing the translation or accelerating the decay of the 
target mRNA (6,7). Previous data have revealed that miRNAs 
can regulate 30% of mRNAs (8). Furthermore, miRNAs have 
important effects on various pathological processes, such as 
cancer cell proliferation, migration and differentiation, as well 
as patient survival (9,10). Numerous dysregulated miRNAs, 
including miR‑21, miR‑100, miR‑138 and miR‑847, have been 
verified to be involved in NSCLC cell processes (11‑14), which 
indicates that the aberrant expression of mRNA is associated 
with NSCLC. Moreover, miR‑205 is significantly increased in 
NSCLC and has been demonstrated to serve as a biological 
marker for NSCLC (15). Su et al (16) observed that abnormal 
expression of miR‑205 in endometrial cancer was closely 
associated with tumor proliferation and invasion. Another 
study reported that upregulated miR‑205 expression could 
enhance the proliferation and the migration of cervical cancer 
cells (17). Collectively, these previous findings have suggested 
the potential promotive role of miR‑205 on cancer processes. 
Despite of these findings, the role and underlying mechanisms 
of miR‑205 in NSCLC remain largely unclarified.

Amyloid β precursor protein‑binding family B member 2 
(APBB2) is an adaptor protein that belongs to the β‑amyloid 
precursor protein‑binding family B. APBB2 can bind to the 
cytoplasmatic domain of the β‑amyloid precursor protein 
(βAPP). Thus, APBB2 may be involved in mediating APP 
processing (18). Lim et al  (19) revealed that APBB2 over‑
expression promoted the formation of APP and reduced 
the response to apoptotic stimuli. Although the function of 
APBB2 is important, it remains unclear whether APBB2 could 
be regulated at the transcriptional level in NSCLC.

As stated in the aforementioned previous studies, both 
miR‑205‑3p and APBB2 may play crucial roles in the 
development of NSCLC, but the association between them 
and their regulatory roles in NSCLC remain unclear. In the 
current study, the expression of miR‑205‑3p in NSCLC was 
detected, followed by miR‑205‑3p biofunction analyses 
with MTT, TUNEL and flow cytometry assays. Following 
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this, the potential downstream target of miR‑205‑3p, 
APBB2, was predicted and further investigated using a 
dual‑luciferase reporter assay. In addition, the effect of the 
miR‑205‑3p/APBB2 axis on the proliferation and apoptosis of 
NSCLC was also explored. According to these investigation, 
the present study aimed to clarify the underlying mechanism 
of the miR‑205‑3p/APBB2 axis in NSCLC and provide some 
novel insights in the treatment of NCSCLC. 

Materials and methods

Cell culture and tissue samples. The NSCLC cell lines A549, 
H1299, 95‑D and H460, and the BEAS‑2B normal human 
epithelial cell line were obtained from The Cell Bank of Type 
Culture Collection of The Chinese Academy of Sciences. The 
cells were cultured in Dulbecco's modified Eagle medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc.), 100  IU/ml penicillin (Shanghai Sangong 
Pharmaceutical Co., Ltd.) and 100  mg/ml streptomycin 
(Shanghai Sangong Pharmaceutical Co., Ltd.) at 37˚C with 
5% CO2. 

NSCLC tissue samples and adjacent normal tissues (1 cm 
from tumor margin) were collected from 20 patients at the 
Shaanxi Provincial People's Hospital (Xi'an, China) between 
January and October 2019. All samples were snap‑frozen in 
liquid nitrogen and maintained at ‑80˚C. None of the patients 
had undergone chemotherapy or radiotherapy before tissue 
sampling. The NSCLC samples were obtained from 8 patients 
with advanced‑stage disease (III and IV) and 12 patients 
with early‑stage disease (I and II) who had provided 
informed consent before collecting; all pertinent diagnoses 
were conducted under the Revised International System for 
Staging Lung Cancer (20). This research was performed in 
accordance with the World Medical Association Declaration 
of Helsinki and was approved by the Institutional Review 
Board of the Shaanxi Provincial People's Hospital (approval 
no.  SXRMYY‑2019‑015). Written informed consent was 
obtained from all patients.

Cell transfection. miR‑205‑3p inhibitor (50 nM; 5'‑GAU​UUC​
AGU​GGA​GUG​AAG​UUC‑3') and negative controls (miR‑NC; 
50 nM; 5'‑UCA​CAA​CCU​CCU​AGA​AAG​AGU​AGA‑3') were 
obtained from Changzhou Ruibo Bio‑Technology Co., Ltd. 
Two specific small interfering (si)RNAs against APBB2 
(50 nM; APBB2‑siRNA1, 5'‑AUU​UUC​CAU​CCA​GCA​AAU​
GUU‑3'; APBB2‑siRNA2, 5'‑UUG​CUU​AAA​UUA​UUG​
UCA​GCC‑3') and a scrambled NC (50 nM; si‑NC, 5'‑CAC​
UGA​UUU​CAA​AUG​GUG​CUA​UU‑3') were synthesized 
by Shanghai GenePharma Co., Ltd. All transfections were 
performed using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) in accordance with the manufacturer's 
protocol. Briefly, 3x105 cells/well were seeded in a 6‑well 
plate and were incubated until they reached ≥70% conflu‑
ence. Cells were then transfected with the miR‑205 inhibitor, 
APBB2 siRNA1, APBB2 siRNA2 and their respective NCs 
using Lipofectamine 2000 reagent. After 72 h, the cells were 
harvested for further investigation. The efficiency was vali‑
dated by reverse transcription‑quantitative PCR (RT‑qPCR) 
or western blotting.

RT‑qPCR. Total RNA from tissues and cell lines was isolated 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). cDNA was synthesized using the PrimeScript RT reagent 
kit (Takara Bio, Inc.) according to the manufacturer's protocol. 
qPCR was performed using the SYBR® Green PrimeScript™ 
PLUS RT‑PCR kit (Takara Bio, Inc.). The reaction conditions 
were as follows: Initial denaturation at 95˚C for 30 sec; followed 
by 40 cycles of denaturation at 95˚C for 15 sec, annealing 
at 60˚C for 25 sec and extension at 72˚C for 1 min; and a final 
extension step at 72˚C for 10 min. β‑actin (mRNA) and U6 
(miRNA) were used as the internal controls and the relative 
expression of genes was calculated using 2‑ΔΔCq method (21). 
The following primers were used: miR‑205‑3p forward, 
5'‑CTT​GTC​CTT​CAT​TCC​ACC​GGA‑3' and reverse, 5'‑TGC​
CGC​CTG​AAC​TTC​ACT​CC‑3'; APBB2 forward, 5'‑CAC​AGA​
GAA​GA​GTC​TGG​CCC‑3' and reverse, 5'‑AGG​TTG​CTT​GTG​
ACA​GGT​CC‑3'; β‑actin forward, 5'‑GAT​GGA​CTC​TGG​TGA​
TGG​TGT​GAC‑3' and reverse, 5'‑TTT​CTC​TTT​CGG​CTG​
TGG​TGG​TG‑3'; and U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​
CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'.

MTT assay. An MTT assay was used to analyze cell viability. 
Transfected cells were seeded into 96‑well plates at a density of 
1.0x104 per well and cultured at 37˚C for 24, 48 and 72 h. After 
being mixed with 0.5 mg/ml MTT solution (Sigma; Merch 
KGaA) for 4 h and co‑culturing with 100 µl DMSO for 10 min 
at 37˚C, the optical density values were determined at 490 nm.

TUNEL staining. A DeadEnd Fluorometric TUNEL Detection 
system (Promega Corporation) was used to evaluate apoptosis, 
according to the manufacturer's protocol. Briefly, 3x105 cells 
were seeded onto a cover slip in a six‑well plate and attached 
overnight. Then, cells were treated as indicated followed by 
4% formaldehyde‑PBS fixation for 15 min at room tempera‑
ture, after which they were permeabilized with 0.2% Triton 
X‑100 in PBS for another 10 min under the same conditions. 
After being washed twice with PBS, the cells were incubated 
with a fluorometric terminal deoxytransferase mixture at 37˚C 
for 1 h and then washed twice with PBS buffer. Then, cells on 
slips were mounted using DAPI‑containing mounting medium 
(Vector Laboratories, Inc.) according to the manufacturer's 
protocol. Fluorescence images were captured in at least five 
views using a Nikon Eclipse Ti‑E fluorescence microscope 
(Nikon Corporation).

EdU assay. The effect of miR‑205‑5p on cell proliferation was 
detected using EdU staining (Guangzhou RiboBio Co., Ltd.). 
Briefly, 3x105 cells were seeded onto a cover slip in a six‑well 
plate and maintained overnight followed by the indicated treat‑
ments. Then, cells were incubated with 30 µM EdU contained 
in serum‑free DMEM. After washing in PBS three times, 
cells were fixed with 4% polyformaldehyde in PBS at room 
temperature for 30 min in the dark. Following this, cells were 
incubated with Apollo staining solution and Hoechst 33342 at 
room temperature for 30 min. Finally, staining images were 
obtained using a Nikon Eclipse Ti‑E fluorescence microscope 
(Nikon Corporation). Five random field of views were chosen 
to count the number of positively stained cells, and prolifera‑
tion was assessed using the percentage of EdU‑positive cells 
relative to the total cell number. 
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Flow cytometric analysis of apoptosis. Flow cytometry was 
performed to determine the alteration of apoptosis. After 
harvesting, the cells were washed with PBS solution twice, 
followed by staining with a Annexin V‑FITC/PI Kit in the 
dark (Sigma‑Aldrich; Merck KGaA), according to the manu‑
facturer's instructions. Apoptosis was analyzed using a BD 
FACSCalibur flow cytometer (BD Biosciences) with Cell 
Quest software (version 5.0; BD Biosciences). The apoptotic 
rate was counted as the percentage of early apoptosis plus the 
percentage of late apoptosis.

Western blotting. After reaching 80‑90% confluence, 
cells were lysed in RIPA buffer (BioVision, Inc.) solution 
with protease inhibitor and phosphatase inhibitor cocktail 
(Sigma‑Aldrich; Merck KGaA), followed by centrifugation 
at 10,000 x g at 4˚C for 10 min. Then, the supernatant of 
cell lysate was collected and quantified using BCA method 
(Thermo Fisher Scientific, Inc.). Total protein (25 µg) was 
separated via 10% SDS‑PAGE, and subsequently transferred 

to a nitrocellulose membrane (EMD Millipore). Then, the 
membrane was blocked in 10% dried milk and 0.1% BSA 
(Fraction V; Sigma‑Aldrich; Merck KGaA) in PBS for 1 h 
at room temperature, followed by incubation at 4˚C over‑
night with primary antibodies against APBB2 (1:2,500; cat. 
no. PA5‑54816; Thermo Fisher Scientific, Inc.), Bax (1:2,500; 
cat. no. MA5‑13994; Sigma‑Aldrich; Merck KGaA), Bcl‑2 
(1:1,000; cat. no. 13‑8800; Thermo Fisher Scientific, Inc.) and 
β‑actin (1:5,000; cat. no. MA1‑744; Thermo Fisher Scientific, 
Inc.). Then, membranes were incubated with HRP‑conjugated 
secondary goat anti‑rabbit (1:20,000; cat.  no.  G‑21234; 
Sigma‑Aldrich; Merck KGaA) or goat anti‑mouse antibody 
(1:20,000; cat. no. G‑21040; Sigma‑Aldrich; Merck KGaA) at 
room temperature for 1 h. Protein bands on membranes were 
visualized using the enhanced chemiluminescence (ECL) 
method (Pierce; Thermo Fisher Scientific, Inc.). β‑actin was 
used as the internal control and protein expression levels were 
semi‑quantified using Quantity One 4.6 software (Bio‑Rad 
Laboratories, Inc.).

Figure 1. miR‑205‑3p expression is upregulated in NSCLC tissues and cell lines and is associated with disease progression in patients with NSCLC. 
(A) miR‑205‑3p expression in 20 NSCLC tissues and paired adjacent normal lung tissues was detected by reverse transcription‑quantitative PCR. (B) miR‑205‑3p 
expression in NSCLC cell lines and normal human lung epithelial cells (BEAS‑2B). (C) Expression level of miR‑205‑3p was compared between eight patients 
with advanced‑stage disease (III and IV) and 12 patients with early‑stage disease (I and II). (D) A total of 20 patients with NSCLC were classified into the 
high expression group (n=10) and low expression group (n=10), based on the median miR‑205‑3p expression in tumor tissues. The Kaplan‑Meier overall 
survival curve of the two patient groups is presented; a log‑rank test was used for survival analysis. Data are presented as the mean ± SD of three independent 
experiments. *P<0.05, **P<0.01. miR, microRNA; NSCLC, non‑small cell lung cancer.
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Prediction of miR‑205‑3p target genes. The downstream 
target genes of miR‑205‑3p were predicted using miRDB 
(http://mirdb.org/index.html) and TargetScan (version 7.0; 
http://www.targetscan.org/vert_72/). Cell cycle arrest‑asso‑
ciated genes were obtained from Gene Ontology (GO; 
http://geneontology.org). Then, the overlapping genes among 
miRDB target genes, TargetScan target genes and GO cell 
cycle arrest‑associated genes were isolated using Venn analysis 
(http://bioinformatics.psb.ugent.be/webtools/Venn/).

Luciferase assay. The amplif ied wild‑type (WT) 
APBB2‑3'untranslated region (UTR) and mutant (MUT) 
APBB2‑3'UTR, which was produced using a Q5 Site‑Directed 
Mutagenesis kit (cat. no. E0554S; New England BioLabs, Inc.), 
according to the manufacturer's protocol, were cloned into 
pGL3 luciferase vectors (Promega Corporation). The cells were 
co‑transfected with 10 nM miR‑205‑3p inhibitor (or miR‑NC) 
and luciferase reporter vectors (200 ng/well) of the WT or MUT 
type 3'UTR of the APBB2 gene using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. Subsequently, the Dual‑Luciferase 
Reporter Assay kit (Promega Corporation) was used to detect 
the relative luciferase activities 48 h after the transfections, 
according to the manufacturer's protocols. Renilla luciferase 
activity was used for normalization against firefly luciferase 
activity.

In vivo tumor biology. The present study experiments were 
performed at the Shaanxi Provincial People's Hospital; all 
experiments were performed following the Guidelines of 
Animal Use and Care Committee of the Shaanxi Provincial 
People's Hospital, and were approved by the Institutional 
Animal Care and Use Committee of Shaanxi Provincial 
People's Hospital. C57BL/6 mice (age, 6‑8  weeks old; 
weight, 20±2 g; n=10) were purchased from Shanghai SLAC 
Laboratory Animal Co., Ltd., maintained in the animal 
facility of the Shaanxi Provincial People's Hospital at room 
temperature (22±1˚C) with humidity of 55±2% and a 12/12‑h 
light/dark cycle, with access to food and water ad libitum. 
Briefly, 2x106 A549 cells in 0.2 ml PBS were inoculated subcu‑
taneously in the right flank of each mouse. After 7 days, the 
mice were intravenously injected with 100 µl antagomir NC 
or miR‑205‑3p antagomir (5 nmol) in the tail. Tumor volume 
was assessed using a slide caliper every 5 days and calculated 
using the following formula: Volume=length x width2/2. At 
25 days after inoculation, all mice were anaesthetized with 
an intramuscular injection of 50 mg/kg ketamine mixed with 
5 mg/kg xylazine (22). Then, mice were euthanized by cervical 
dislocation, and the tumor volume was measured. miR‑205‑3p 
expression levels were determined by RT‑qPCR and western 
blot analysis was used to detect the APBB2 protein expression 
levels in tumors. Ki67 was detected by immunofluorescence.

Immunofluorescence. Fresh tumor samples were washed 
with PBS to remove blood, and dehydrated with gradient 
sucrose solution. Then, samples were embedded in opti‑MEM 
cutting temperature compound and frozen at ‑80˚C to form 
hardened blocks. Following this, tumor samples were cut into 
6‑µm thick slides, fixed in 100% acetone at 4˚C for 5~10 min, 
permeabilized in 0.025% Triton X‑100 with PBS, blocked by 

PBS with 10% goat serum (cat. no. C0265; Beyotime Institute 
of Biotechnology) and 1% BSA at room temperature for 1 h. 
Following this, slides were incubated with rabbit anti‑Ki67 
antibody (1:500; cat. no. ab92742; Abcam) at 4˚C in a humid 
room overnight. After rinsing with PBS three times, slides 
were incubated with goat anti‑rabbit secondary antibody 
(Alexa Fluor® 488; 1:1,000; cat. no.  ab150077; Abcam) at 
room temperature for 1 h. Then, slides were incubated with PI 
(100 µg/ml; Sigma‑Aldrich; Merck KGaA) at room tempera‑
ture for 15  min. Subsequently, slides were mounted with 
glycerin (Sangon Biotech Co., Ltd.) and stained images were 
collected using a Nikon Eclipse Ti‑E fluorescence microscope 
(Nikon Corporation).

Statistical analysis. All data were collected in triplicate and 
presented as the mean ± SD. A paired Student's t‑test was 
used for statistical analysis of RT‑qPCR results of NSCLC 
tissues and their adjacent tissues. An unpaired Student's t‑test 
or one‑way ANOVA followed by Tukey's post hoc test was 
applied to the rest of the data to evaluate statistical differences. 
Kaplan‑Meier analysis followed by a log‑rank test was used to 
compare the overall survival between the two patient groups. 
Statistical analysis was performed using GraphPad Prism 6.0 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

miR‑205‑3p is upregulated in NSCLC tissues and cell 
lines. RT‑qPCR was used to evaluate the expression levels 
of miR‑205‑3p in normal adjacent lung tissues and NSCLC 
tissues from patient samples. miR‑205‑3p expression was 
significantly higher in the 20 NSCLC tissues compared with 
the normal adjacent tissues (Fig.  1A). NSCLC cell lines, 

Table Ⅰ. Clinicopathological characteristics of patients with 
non‑small cell lung cancer at the time of first diagnosis.

Clinicopathological characteristics	 Patients (n=20)

Age, years	 58.73±10.22
BMI, kg/m2	 22.14±2.43
Sex	
  Male	 11 (55)
  Female	  9 (45)
TNM stage	
  I‑II	 12 (60)
  III‑IV	   8 (40)
Tumor size, cm	
  >5	 13 (65)
  ≤5	   7 (35)
Smoking history	
  Yes	 14 (70)
  No	   6 (30)

Data are presented as the mean ± SD or n (%).
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including A549, H1299, 95‑D, H460 and H292 cells, and the 
BEAS‑2B normal lung epithelial cells were used for further 
investigation. As presented in Fig. 1B, miR‑205‑3p expression 
was significantly elevated in NSCLC cell lines compared with 
that in the normal lung epithelial cells.

To investigate the variations in miR‑205‑3p expression, 
eight patients with advanced‑stage disease (III and IV) and 
12 patients with early‑stage disease (I and II) were examined. 
It was revealed that miR‑205‑3p expression was significantly 
elevated in advanced stages compared with early stages 
(Fig. 1C). The 20 patients with NSCLC were divided into two 
groups based on their miR‑205‑3p expression levels in relation 
to the median value (cut‑off, 1.26) as follows: Low expression 
(n=10) and high expression (n=10) miR‑205‑3p groups. These 
groups were followed‑up for 50 months to obtain survival 
information. The results demonstrated that the patients in the 
low miR‑205‑3p expression group displayed higher survival 
rates compared with those in the high expression group 
(Fig. 1D). The characteristics of the patients with NSCLC are 
listed in Table Ⅰ.

miR‑205‑3p knockdown reduces the proliferation of NSCLC 
cells. A miR‑205‑3p inhibitor was used to investigate the 
effects of miR‑205‑3p on H1299 and A549 NSCLC cell prolif‑
eration. A549 and H1299 cells were chosen for this assay as 
they showed the highest expression of miR‑205‑3p among the 
NSCLC cell lines. Compared with the control and miR‑NC 
treatment groups, miR‑205‑3p expression was significantly 
lower in the miR‑205‑3p inhibitor‑transfected group (Fig. 2A). 
The MTT assay was performed to examine the effects of 
miR‑205 on H1299 and A549 cell proliferation. As presented 

in Fig. 2B, the miR‑205‑3p inhibitor‑mediated knockdown 
of miR‑205‑3p significantly decreased cell viability at 72 h 
post‑transfection. A colony formation assay was also conducted 
to analyze the possible effects of miR‑205‑3p knockdown on 
cell proliferation. The results indicated that the miR‑205‑3p 
inhibitor led to fewer clones compared with the control groups 
(Fig. 2C). 

To further validate the function of miR‑205‑3p, BEAS‑2B 
normal human lung epithelial cells were transfected with 
miR‑205‑3p mimics or the inhibitor (Fig. S1A and B). It was 
found that neither the miR‑205‑3p mimics or inhibitors altered 
cell proliferation in BEAS‑2B cells (Fig. S1C).

miR‑205‑3p knockdown accelerates the apoptosis of NSCLC 
cells. TUNEL staining was used to determine the potential 
impact of miR‑205‑3p knockdown on apoptosis in A549 and 
H1299 cells. Compared with the control and miR‑NC groups, 
A540 and H1299 cells transfected with the miR‑205‑3p 
inhibitor had a high number of cells undergoing apoptosis, as 
identified by TUNEL staining (Fig. 3A). After being trans‑
fected for 48 h, the apoptotic rates in the A549 and H1299 
cells were also analyzed with PI and Annexin V/FITC staining 
(Fig. 3B and C). This assessment revealed that miR‑205‑3p 
knockdown significantly increased the apoptotic rates in the 
miR‑205‑3p inhibitor‑transfected group compared with the 
controls.

Subsequently, the protein expression levels of cleaved 
caspase‑3, which is closely associated with apoptosis, were 
investigated by western blotting. As shown in Fig. 3D, the 
results suggested that miR‑305‑3p knockdown could signifi‑
cantly increase cleaved caspase‑3 expression in both NSCLC 

Figure 2. Effects of miR‑205‑3p knockdown on the proliferation of H1299 and A549 cells. (A) Reverse transcription‑quantitative PCR analysis of miR‑205‑3p 
expression in A549 and H1299 cells transfected with the miR‑205‑3p inhibitor or miR‑NC. (B) Effects of miR‑205‑3p knockdown on cell viability was evalu‑
ated using an MTT assay. (C) A colony formation assay was performed to assess the effects of miR‑205‑3p knockdown on cell proliferation. Data are presented 
as the mean ± SD of three independent experiments. **P<0.01. miR, microRNA; NC, negative control; OD, optical density.

https://www.spandidos-publications.com/10.3892/mmr.2021.12227
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cell lines, which confirmed the outcomes of the TUNEL 
staining and Annexin V/PI staining.

APBB2 is a target gene of miR‑205‑3p. miRNAs can inhibit 
the biological functions of target genes by regulating gene 
expression (23). Moreover, each miRNA can target thousands 
of genes. The potential targets of miR‑205‑3p were predicted 

using miRDB and TargetScan. Then, cell cycle‑associated genes 
targeted by miR‑205‑3p were isolated using Venn analysis based 
on miRDB target genes, target genes predicted using TargetScan, 
and cell cycle‑associated genes found using GO (GO:0007050, 
‘cell cycle arrest’). As shown in Fig. S2, a single target gene in 
the center was identified among the three programs, APBB2. 
Thus, it was hypothesized that miR‑205‑3p may inhibit APBB2 

Figure 3. Effects of miR‑205‑3p knockdown on the apoptosis of H1299 and A549 cells. (A) TUNEL staining in A549 and H1299 cells transfected with the 
miR‑205‑3p inhibitor or the inhibitor miR‑NC. Scale bar, 100 µm. (B) Representative flow cytometry dot plots and (C) graphs analyzing the apoptotic rates 
of A549 and H1299 cells transiently transfected with the miR‑205‑3p inhibitor or miR‑NC. (D) Western blot analysis of the apoptosis‑related protein cleaved 
caspase‑3 in H1299 and A549 cells. Data are presented as the mean ± SD of three independent experiments. **P<0.01. miR, microRNA; NC, negative control.
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expression by binding to the 3'UTR. Moreover, APBB2 was 
found to have potential binding ability with miR‑205‑3p at 
the 3'UTR site (Fig. 4A). Therefore, the WT or MUT 3'UTR 
of APBB2 was inserted downstream of the firefly luciferase 
gene to confirm this hypothesis using a dual‑luciferase assay 
(Fig. 4B). miR‑205‑3p‑transfected A549 and H1299 cells were 
co‑transfected with WT 3'UTR or MUT 3'UTR of APBB2 
plasmid, and relative luciferase expression data were obtained 
after 48 h. It was found that the miR‑205‑3p inhibitor could 
significantly increase WT 3'UTR luciferase activity compared 
with the miR‑NC group, and no significant differences were 
identified between miR‑NC and MUT 3'UTR (Fig. 4B). 

Based on the aforementioned findings, RT‑qPCR was 
conducted to further examine the potential alteration of 
APBB2 expression between normal human lung epithelial cells 
(BEAS‑2B) and NSCLC cell lines (95‑D, A549, H1299, H292 
and H460). The data revealed that APBB2 mRNA expres‑
sion levels in the NSCLC cell lines were significantly lower 
compared with that in BEAS‑2B cells (Fig. 4C). As shown in 
Fig. 4D and E, after being transfected with the miR‑205‑3p 
inhibitor, the mRNA and protein expression levels of APBB2 
were significantly increased in the A549 and H1299 cells. 
These results indicated that APBB2 may be a direct target of 
miR‑205‑3p in NSCLC.

Figure 4. APBB2 is a target gene of miR‑205‑3p. (A) Predicted miR‑205‑3p target site in the 3'UTR of APBB2. (B) A549 and H1299 cells were co‑transfected 
with miR‑NC or miR‑205‑3p inhibitor and luciferase reporter vectors containing the WT or the MUT 3'UTR of APBB2. Relative luciferase activity was 
analyzed 48 h later. *P<0.05 vs. miR‑NC. (C) Reverse transcription‑quantitative PCR results of APBB2 mRNA expression in NSCLC cell lines (95‑D, A549, 
H1299, H292 and H460) and normal human lung epithelial cells (BEAS‑2B). A549 and H1299 cells were transfected with the miR‑205‑3p inhibitor, miR‑NC 
or left untreated, and APBB2 (D) mRNA and (E) protein expression levels were analyzed. Data are presented as the mean ± SD of three independent experi‑
ments. **P<0.01. miR, microRNA; NC, negative control; WT, wild‑type; MUT, mutant; APBB2, amyloid β precursor protein‑binding family B member 2; 
UTR, untranslated region.
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Knockdown of APBB2 promotes cell proliferation. APBB2 
genes were knocked down through transfection with 
APBB2‑siRNA1 or APBB2‑siRNA2, which were found to 
significantly decrease APBB2 mRNA and protein expression 
levels (Fig. 5A and B, respectively). After being transfected with 
either APBB2‑siRNA, proliferation of the A549 and H1299 
cells was significantly enhanced, whereas the apoptotic rates 
were decreased, compared with that of the siRNA‑NC group 
(Fig. 5C and D). Furthermore, A549 and H1299 cells were 
co‑transfected with either APBB2‑siRNA and the miR‑205‑3P 
inhibitor. It was found that APBB2‑siRNA partially alleviated 
miR‑205‑3p inhibitor‑induced suppression of cell proliferation 
and, to a certain degree, reversed the promotion of apoptosis in 
both cell lines (Fig. 5E and F).

miR‑205‑3p antagomir inhibits lung cancer growth and 
promotes apoptosis in mouse xenografts. miR‑205‑3p‑medi‑
dated tumor suppression at the tissue level was investigated 
using a miR‑205‑3p antagomir administered to mouse xeno‑
graft models subcutaneously injected with A549 cells. As 
shown in Fig. 6A and B, tumors harvested from mice treated 
with miR‑205‑3p antagomir were smaller in size and weight 
compared with those of the antagomir NC group. RT‑qPCR 

results demonstrated that the miR‑205‑3p antagomir could 
significantly decrease miR‑205‑3p expression (Fig. 6C), as 
well as promote APBB2 expression in tumors. Moreover, the 
miR‑205‑3p antagomir induced a significant decrease in Bcl‑2 
and a significant increase in Bax protein expression levels 
(Fig. 6D). It was also identified that APBB2 protein expression 
was upregulated after injection with miR‑205‑3p antagomir in 
the same tumor issues (Fig. 6D). Furthermore, the miR‑205‑3p 
antagomir could markedly inhibit cell proliferation in the 
tumor, with Ki67 as the index (Fig. 6E).

Discussion

Previous studies have investigated the potential effects of 
the aberrant expression levels of miRNAs on tumor develop‑
ment (24‑26). Given the close association between miRNAs 
and tumors, accumulating evidence has revealed that 
modulating miRNA expression could be an effective novel 
therapeutic management of tumors (27). The present results 
indicated that miR‑205‑3p knockdown could significantly 
inhibit tumor growth and the viability of NSCLC cells, as well 
as promote the apoptotic rate, at least partially, by targeting 
APBB2, a tumor suppressor.

Figure 5. Effects of APBB2 on H1299 and A549 cell proliferation and apoptosis are regulated by miR‑205‑3p. APBB2 (A) mRNA and (B) protein expression 
in A549 and H1299 cells after transfection with APBB2‑siRNA1, APBB2‑siRNA2 or siRNA‑NC. (C) Proliferation and (D) apoptosis analysis were performed 
in A549 and H1299 cells transfected with APBB2‑siRNAs or si‑NC. (E) Proliferation and (F) apoptosis of A549 and H1299 cells co‑transfected with either 
APBB2‑siRNA and the miR‑205‑3p inhibitor. Data are presented as the mean ± SD of three independent experiments. **P<0.01. miR, microRNA; NC, negative 
control; APBB2, amyloid β precursor protein‑binding family B member 2; siRNA, small interfering RNA; OD, optical density.
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miR‑205, which is located on the second intron of the 
LOC642587 locus in chromosome 1, serves an important role in 
various types of cancer (28‑30). In brief, as a tumor suppressor, 
miR‑205 overexpression can notably inhibit tumor develop‑
ment (31). Moreover, the expression level of miR‑205 is closely 
associated with the presence of fewer melanoma tissues, and 
a lower expression results in worse clinical outcomes (32,33). 
Conversely, miR‑205 can promote cancer formation in some 
cancer types. For example, Niu et al (34) reported that miR‑205 
was upregulated in ovarian cancer, and its expression level 
was positively correlated with advanced clinical stages. The 
different roles of miR‑205 may be associated with the targets 

in different cancer microenvironments. Thus, the aim of the 
present research was to determine the potential relative expres‑
sion levels of miR‑205‑3p in cancer and normal adjacent tissues 
from patients with NSCLC. The present study initially revealed 
that miR‑205‑3p expression in lung tumor tissues was signifi‑
cantly higher compared with that in adjacent normal tissues. 
Moreover, miR‑205‑3p overexpression was associated with 
advanced stages (III and V) and a shorter overall survival for 
patients in the clinic. Conversely, the knockdown of miR‑205‑3p 
using a miR‑205‑3p inhibitor lead to increased apoptosis in 
H1299 and A549 cells and a smaller tumor volume in mice. 
Collectively, the current data suggested that miR‑205‑3p served 

Figure 6. miR‑205‑3p antagomir inhibits lung cancer growth and promotes apoptosis in mouse xenografts. (A) Representative images of excised xenograft 
tumors and (B) tumor volumes from mice treated with the antagomir NC or miR‑205‑3p antagomir. (C) Reverse transcription‑quantitative PCR analysis was 
used to detect miR‑205‑3p expression in tumors. (D) Western blot analysis was used to detect APBB2, Bax and Bcl‑2 protein expression levels in tumors. 
*P<0.05, **P<0.01 vs. antagomir NC. (E) Representative images of Ki67 staining; nuclei were stained with DAPI. Scale bar, 100 µm. Data are presented as 
the mean ± SD of three independent experiments. miR, microRNA; NC, negative control; APBB2, amyloid β precursor protein‑binding family B member 2. 
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an essential role in NSCLC tumor development and could 
accelerate lung cancer progression.

The present study further investigated the underlying 
mechanism of the promotion function of miR‑205‑3p on tumor 
development. APBB2 is an adaptor protein that binds to the 
cytoplasmatic domain of βAPP (35), and it was predicted to 
be the target of miR‑205‑3p through binding at the 3'UTR. To 
verify this prediction, the present study detected the altered 
expression level of APBB2 by transfecting the miR‑205‑3p 
inhibitor into NSCLC cells and normal human lung epithelial 
cells. The current data revealed that there were significant 
differences in APBB2 expression between the NSCLC cells 
and normal cells. Moreover, APBB2 mRNA and protein 
expression was significantly elevated by the miR‑205‑3p 
inhibitor in both cellular and tissue models compared with the 
control‑treated group. Collectively, these data suggested that 
APBB2 was a target gene of miR‑205‑3p at the 3'UTR sites, 
and this finding was supported by the luciferase reporter assay 
results.

However, there are some limitations of the present study. 
First, although it was documented that miR‑205‑3p could 
regulate the process of lung cancer via targeting APBB2, the 
detailed mechanisms of how APBB2 modulates cancer cell 
behaviors need further exploration. Furthermore, due to the 
low number of clinical samples, the expression of APBB2 
in NSCLC, and the association between APBB2 expression 
and clinical features and prognosis of patients with NSCLC 
remains unknown. The underlying mechanisms of APBB2 
in NSCLC will be further explored in future studies. Despite 
these limitations, the findings of the current study also 
provided some novel insights into our knowledge of NSCLC.

In conclusion, the present study demonstrated that 
miR‑205‑3p was significantly increased in NSCLC tissue and 
associated with the poor prognosis of patients with NSCLC. 
Mechanically, miR‑205‑3p promoted lung cancer progression 
by targeting APBB2. These results suggested that miR‑205‑3p 
may play a critical role in the development of NSCLC and 
it is of importance to further explore the biofunction of the 
miR‑205‑3p/APBB2 axis in NSCLC in future studies.
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