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Abstract. Previous studies have demonstrated that microRNA 
(miR)‑205‑5p expression is significantly increased in non‑small 
cell lung cancer tissues and is associated with tumor differen-
tiation grade. The aim of the present study was to explore the 
effects of miR‑205‑5p on viability, apoptosis and invasion of 
lung cancer A549 cells. The hsa‑miR‑205‑5p small interfering 
RNA (siRNA) inhibitor was transfected into A549 cells and 
expression of miR‑205‑5p was detected by reverse transcrip-
tion‑quantitative polymerase chain reaction (RT‑qPCR). 
Cell viability, apoptosis and invasion were assayed by Cell 
Counting kit-8, Annexin V/propidium iodide double staining 
and Transwell assay, respectively. Target genes of miR‑205‑5p 
were predicted using bioinformatics analysis. Expression of 
mRNA and protein levels of candidate target genes following 
miR‑205‑5p inhibition were detected using RT‑qPCR and 
western blot analysis respectively. The results demonstrated 
that relative survival rates of A549 cells were significantly 
inhibited in miR‑205‑5p siRNA‑transfected cells at 24 and 48 h 
compared with control cells. Apoptosis was markedly increased 
in the miR‑205‑5p siRNA cells compared with control cells. 
The number of invaded cells following miR‑205‑5p siRNA 
silencing was significantly decreased compared with control 
cells. Bioinformatics analysis revealed that erb‑B2 receptor 
kinase 3 (erbB3), zinc finger E‑box binding homeobox 2 (ZEB2), 

clathrin heavy chain (CLTC) and mediator complex subunit 1 
(MED1) may be potential target genes of miR‑205‑5p. Reduced 
expression of miR‑205‑5p significantly increased the expres-
sion of ZEB2 mRNA and protein, inhibited the expression of 
erbB3 protein, but had no significant effect on the expression 
levels of CLTC and MED1. In summary, reduced expression 
of miR‑205‑5p promoted apoptosis and inhibited proliferation 
and invasion in lung cancer A549 cells through upregulation 
of ZEB2 and downregulation of erbB3. The present results 
suggested that the increased miR‑205‑5p expression observed in 
non‑small cell lung cancer tissues may contribute to increased 
proliferation and invasion of lung cancer cells and thus to cancer 
progression.

Introduction

MicroRNAs (miRs) are small (20‑25 nucleotides) endogenous 
regulatory non‑coding RNAs present in eukaryotes. Previous 
studies have revealed an important role for miRNAs in onco-
genesis and tumor metabolism (1-3). Expression of specific 
miRNAs (including miR‑15a, miR‑16‑1, miR‑155, miR‑17‑92, 
miR‑0372, miR‑373 and Let‑7) has been demonstrated in 
various tumor tissues, and ~50% of these miRNAs are 
positioned in tumor‑related fragile sites of the genome (1-4). 
Therefore, miRNAs are crucial in the occurrence and develop-
ment of tumors.

Various tumor‑associated specific molecular markers, 
such as miRs, are important in the early diagnosis of cancer 
and other diseases (5). miR expression in cancer tissues is 
dysregulated (2,3,6), and their expression pattern exhibits 
a certain degree of tissue specificity (7,8). miR-205 is a 
multi‑functional gene located in the 1q32.2 locus of the human 
genome, and is involved in various physiological and patho-
logical processes, including tumorigenesis, inflammation and 
immunity (8). miR‑205 is abnormally expressed in a variety 
of malignant tumors and its expression is closely related to the 
incidence and development of tumors, such as head and neck 
cancer, ovarian cancer and breast cancer (8-10). Previously, 
Lebanony et al (11) and the authors (12) both reported that 
miR‑205 expression is significantly increased in non‑small 
cell lung cancer (NSCLC) tissues, and that it is associated 
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with tumor differentiation grade (12). However, the function of 
miR‑205‑5p in lung cancer remains poorly understood.

In the present study, the aim was to explore the effects of 
miR‑205‑5p on proliferation, apoptosis, and invasion of A549 
lung cancer cells. The results of the present study may provide 
important information about the role of miR‑205‑5p in the 
biological functions of lung cancer cells and might provide 
new potential targets for lung cancer treatment.

Materials and methods

Cell culture and transfection. A549 human lung carci-
noma cells were cultured in RPMI‑1640 medium (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) containing 10% 
fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.), 
100 IU/ml penicillin, and 1 µg/ml streptomycin in 5% CO2 at 
37˚C. Cells were passaged every 2‑3 days. Prior to transfec-
tion, cells were seeded in 24‑well plates at 1x105 cells/well. 
Cells were cultured until 90% confluence. hsa‑miR‑205‑5p 
inhibitor small interfering RNA (5'‑AAT TC CAG ACT CCG 
 GTG GAA TGA AGG ACG ATC AGAC TCC GGT GGA ATG AAG 
 GAA CCG GTC AGA CTC CGG TGG AAT GAA GGAT CA CCA  
GAC TCC GGT GGA ATG AAG GAT TTT TTA CCG G‑3'; Hibio  
Technologies Co., Ltd., Hangzhou, China) or miRNA 
inhibitor scramble negative control (cat. no. A06001; Shanghai 
GenePharma Co., Ltd., Shanghai, China) were diluted in 
100 µl Opti‑MEM (Thermo Fisher Scientific, Inc.) and mixed 
with 1 µl Lipofectamine 2000 (Thermo Fisher Scientific, 
Inc.) diluted in 100 µl Opti‑MEM. The transfection solution 
(200 µl/well) was added to the 24‑well plate. Following 4‑6 h, 
the solution was replaced by only RPMI‑1640 medium.

Cell viability. The cells were divided into three groups: control 
check group (CK; untransfected cells), negative control group 
(NC; cells transfected with scramble negative control siRNA) 
and hsa‑miR‑205‑5p siRNA group (siRNA; cells transfected 
with has‑miR‑205‑5p inhibitor siRNA). At one day prior to 
transfection, A549 cells, in the logarithmic phase of growth, 
were diluted to 1x104 cells/ml with RPMI‑1640 complete 
medium and were seeded into 96‑cell plates (100 µl/well). The 
cells were cultured at 37˚C with 5% CO2 to obtain a confluence 
of ~30% at 24 h. The cells were then transfected as described 
above and cultured for an additional 72 h. At 24, 48 and 72 h 
post‑transfection, 10 µl Cell Counting kit‑8 solution (Dojindo 
Molecular Technologies, Inc., Kumamoto, Japan) was added to 
each well, and the culture was continued for 1 h. Absorbance 
was then measured in a ELx800 spectrophotometer (BioTek 
Instruments, Inc., Winooski, VT, USA) at 450 nm. Cell survival 
rate (%) was calculated as follows: (OD of each experimental 
group/OD of the CK group) x100.

Apoptosis. Following transfection for 24, 48 and 72 h, cells 
were dissociated using EDTA‑free trypsin, centrifuged at 
252 x g rpm for 5 min at 4˚C, and the medium was discarded. 
Cells were rinsed twice with cooled PBS and suspended in 
400 µl 1x binding buffer, as per the kit's instructions (Alexa 
Fluor 488 Annexin V/Dead Cell Apoptosis kit; Thermo 
Fisher Scientific, Inc.). Annexin V‑Alexa Fluor 488 (5 µl) 
and propidium iodide (1 µl) were then added and cells 
were analyzed using a BD FACSVerse flow cytometer (BD 

Biosciences) and BD FACSuite software (version 1.0.0.1477; 
BD Biosciences, Franklin Lakes, NJ, USA).

Cell invasion assay. Matrigel was liquefied at 4˚C and diluted 
with cooled serum‑free RPMI‑1640 medium. Then, 100 µl 
diluted gel was added to the upper chamber of a 24‑well 
Transwell plate, and incubated at 37˚C overnight in order to 
solidify. Following incubation, the gel was gently washed 
with serum‑free RPMI‑1640 medium. Cells were dissociated 
following transfection for 24, 48 and 72 h, and diluted to 
1x105 cells/ml in 1% FBS/RPMI‑1640. The cells (200 µl) were 
then added to the upper chamber of the Transwell and 10% 
FBS/RPMI‑1640 medium was added to the lower chamber as 
a chemoattractant. Following 24 h, the non‑invaded cells on 
the upper side of the chamber filters were removed with cotton 
swabs, and filters were air‑dried. Finally, filters were stained 
with 0.1% crystal violet. Invaded cells were calculated as 
cells/field by imaging four random fields (magnification, x200).

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑PCR). Total RNA was extracted 
using TRIzol (Thermo Fisher Scientific, Inc.), according to 
the manufacturer's instructions. Purity was determined using 
the A260/A280 and A260/A230 ratios. RNA quality with 
A260/A280 of 1.8‑2.0 was determined adequate for RT‑qPCR. 
Reverse transcription was performed using 10 µl total RNA, 4 µl 
5X reaction buffer, 1 µl RiboLock RNase inhibitor (Thermo 
Fisher Scientific, Inc.), 2 µl 10 mM dNTP, 1 µl RevertAid reverse 
transcriptase (Thermo Fisher Scientific, Inc.), and 1 µl 10 µM 
primers. cDNA was stored at ‑70˚C. RT‑qPCR was performed 
using 12.5 µl iQ SYBR‑Green Supermix (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA), 1 µl 10 µM primers, and 10.5 µl 
cDNA in a Real‑time PCR ABI Prism 7500 system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). PCR parameters 
were: 50˚C for 3 min and 95˚C for 3 min, followed by 40 cycles of 
95˚C for 10 sec, 65˚C for 20 sec, 72˚C for 15 sec, and a final step 
of 76˚C for 5 sec. Primer sequences were: miR‑205‑5p stem‑loop, 
5'‑GTC GTATCCAGTGCAGGGTCCGAGGTATTCGCACTG 
GATACGACCGCCAATA‑3'; miR‑205‑5p (accession no. 
MIMAT0000069; product size 66 bp), forward 5'‑TATCCA 
GTGCAGGGTCCGAGGTAT‑3' and reverse 5'‑CGGCGG 
TAGCAGCACGTAAATAT‑3'; RNU6B (internal reference), 
forward 5'‑CTCGCTTCGGCAGCACA‑3' and reverse 
5'‑AACGCTTCACGAATTTGCGT‑3'. For erb‑B2 receptor 
kinase 3 (erbB3), zinc finger E‑box binding homeobox 2 
(ZEB2), clathrin heavy chain (CLTC) and mediator complex 
subunit 1 (MED1), the following primers were used: GAPDH 
(internal reference; Genbank ID 2597; product size 258 bp), 
forward 5'‑AGAAGGCTGGGGCTCATTTG‑3' and reverse 
5'‑AGGGGCCATCCACAGTCTTC‑3'; erbB‑3 (Genbank ID 
2065; product size 225 bp), forward 5'‑TGCTGAGAACCA 
ATACCAGACA‑3' and reverse 5'‑GCAAACTTCCCATCG 
TAGACC‑3'; ZEB2 (Genbank ID 9839; product size 283 bp), 
forward 5'‑CGTACTCGCAGCACATGAATC‑3' and reverse 
5'‑TCCTCCTCGAACTCCTCGTC‑3'; CLTC (Genbank ID 
1213; product size 111 bp), forward 5'‑TCCAGAACCTGG 
GTATCAACC‑3' and reverse 5'‑TTACCACCTGGGCCT 
GCTC‑3'; and MED1 (Genbank ID 5469; product size 123 bp), 
forward 5'‑GTGGCTCTTCCATGTCATCCT‑3' and reverse 
5'‑TGGTGACAACCCCATGCTTC‑3'.
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Predict ion of hsa‑miR‑205‑5p target genes. The 
hsa‑miR‑205‑5 sequences were acquired from miRBase 
(http://www.mirbase.org; hsa‑miR‑205‑5p; MIMAT0000 
266) (13). The hsa‑miR‑205‑5p target genes were predicted using 
three network platforms: TargetScan (http://www.targetscan.
org/vert_61/) (14), 416 loci of conservative target sequences; 
PicTar (http://pictar.mdc‑berlin.de/) (15), 274 loci of conservative 
target sequences; and miRDB (http://mirdb.org/miRDB/) (16), 
421 loci of conservative target sequences.

Using miRDB and TargetScan2, there were 157 common 
sequences. Using TargetScan2 and PicTar, there were 70 
common sequences. Using TargetScan2, PicTar, and miRDB, 
there were 33 common sequences. The predicted target genes 
were analyzed using the Gene Ontology Consortium (17-18) 
and Mas 3.0 Molecule Annotation System (http://bioinfo.
capitalbio.com/mas3/) (18). Finally, 16 genes were analyzed, 
and the miRDB and TargetScan2 common sequences were 
considered as references.

Western blot analysis. Cells were dissociated with trypsin 
and centrifuged at 600 x g at 4˚C for 5 min. Cells were 
resuspended in PBS and centrifuged a second time. RIPA 
lysis buffer (Applygen Technologies, Inc., Beijing, China) 
was then added. Following lysis, samples were centrifuged 
at 16, 099 x g at 4˚C for 10 min. The supernatant was trans-
ferred to a new centrifuge tube and stored at ‑70˚C. Protein 
concentration was determined using the bicinchoninic acid 
assay method (Applygen Technologies, Inc.). Protein samples 
(20 µg) were diluted with sample buffer and denatured at 95˚C 
for 5 min. Proteins were separated using 10% SDS‑PAGE at 
25 mA for 30 min and then at 30 mA for 2 h. Proteins were 
transferred to a polyvinylidene fluoride membrane at 200 mA 
overnight. Membranes were blocked with 5% non‑fat milk or 
bovine serum albumin at room temperature overnight. The 
membranes were incubated at room temperature for 2 h with 
the following primary antibodies: TRAP220/MED1 (1:1,000 
dilution; cat. no. ab64695; Abcam, Cambridge, MA, USA), 
Smad Interacting Protein 1 (1:2,000 dilution; cat. no. ab25837; 

Abcam), HER3/ErbB3 (1:1,000 dilution; cat. no. 4754S; Cell 
Signaling Technology, Inc., Danvers, MA, USA), clathrin 
heavy chain (P1663) antibody (1:2,000 dilution; 2410S; Cell 
Signaling Technology, Inc.) and β‑actin (1:1,000 dilution; cat. 
no. SC‑47778; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA). The membranes were rinsed thrice for 15 min each 
time. Membranes were incubated with the secondary antibody 
(goat anti‑rabbit immunoglobulin G‑horseradish peroxidase; 
1:5,000 dilution; cat. no. BS13278; Bioworld Technology Inc., 
Louis Park, MN, USA) for 45 min at room temperature and 
rinsed thrice. Membranes were developed using an enhanced 
chemiluminescence kit (Pierce; Thermo Fisher Scientific, Inc.). 
The relative band intensity was acquired using the Quantity 
One software version 4.4 (Bio‑Rad Laboratories, Inc.).

Statistical analysis. Statistical analysis was performed using 
SPSS software (version, 12.0; SPSS. Inc., Chicago, IL, USA). 
Data were expressed as mean ± standard deviation and 
analyzed using analysis of variance with Tukey's post‑hoc test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑205‑5P siRNA silencing in A549 cells. Firstly, the 
efficiency of silencing miR‑205‑5p expression by siRNA 
transfection was validated. There were no differences in 
miR‑205‑5p expression levels between the CK and NC groups 
(P>0.05), while miR‑205‑5p expression levels were signifi-
cantly reduced in the miR‑205‑5p siRNA group compared 
with the CK and NC group (P<0.01; Fig. 1).

Effect of miR‑205‑5p silencing on cell viability. Next, the 
effect of silencing miR‑205‑5p expression on cell viability 
was assessed in A549 cells. The relative survival rates at 24, 
48 and 72 h post‑siRNA transfection in the NC group were 
100.0±2.6, 100.0±5.6 and 89.2±7.7%, respectively, while those 
in the miR‑205‑5p siRNA group were 78.1±3.0, 93.9±3.8 and 

Figure 1. Expression of miR‑205‑5p mRNA in A549 cells transfected with 
hsa‑miR‑205‑5P siRNA. A549 cells were either untransfected (CK), or trans-
fected with negative control scramble siRNA (NC) or the hsa‑miR‑205‑5P 
specific siRNA. mRNA expression levels were then determined by reverse 
transcription‑quantitative polymerase chain reaction. Each experiment 
was performed 3 times. **P<0.01 vs. CK group; ##P<0.01 vs. NC group. 
CK, control check group; NC, scramble negative control group; siRNA, 
miR-205-5p siRNA group.

Figure 2. Effect of miR‑205‑5p silencing on cell viability. Cell viability in 
A549 cells was measured at 24, 48 and 72 h following transfection with 
hsa‑miR‑205‑5P siRNA. Each experiment was performed 3 times. *P<0.05 
and **P<0.01 vs. CK group; #P<0.05 and ##P<0.01 vs. NC group. siRNA, small 
interfering RNA; CK, control check group; NC, scramble negative control 
group; siRNA, miR‑205‑5p siRNA group.
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76.0±13.0%, respectively (P<0.01 for 24 h and P<0.05 for 
48 h; Fig. 2). However, there were no significant differences 
between the NC and CK groups, suggesting that the nega-
tive control scramble siRNA had no effect on cell viability 
(P>0.05; Fig. 2).

Effect of miR‑2015‑5p silencing on apoptosis. The effect of 
silencing miR‑205‑5p expression was then examined on cell 
apoptosis in A549 cells. At 24, 48 and 72 h following transfec-
tion with miR‑205‑5p siRNA, the % of apoptotic cells in the 
total cell population in the miR‑205‑5p siRNA group were 

Figure 3. Effect of miR‑205‑5p silencing on cell apoptosis. Apoptosis was measured in A549 cells following transfection with hsa‑miR‑205‑5P siRNA 
by Annexin V/PI double staining and flow cytometry analysis. (A) Representative flow cytometry plots of A549 cells at 24, 48 and 72 h post‑transfection. 
(B) Quantification of flow cytometry results, presented as mean % of apoptotic cells in the total cell population ± standard deviation. Each experiment was 
performed 3 times. **P<0.01 vs. CK group; ##P<0.01 vs. NC group. siRNA, small interfering RNA; FITC, fluorescein isothiocyanate; PI, propidium iodide; CK, 
control check group; NC, scramble negative control group; siRNA, miR‑205‑5p siRNA group.
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12.6±2.5, 9.3±1.7 and 2.4±0.2%, respectively, while in the 
NC group, these were 3.1±0.8, 1.1±0.3, and 0.6±0.2%, respec-
tively (P<0.01; Fig. 3).

Effect of miR‑2015‑5p silencing on cell invasion. The effect 
of silencing miR‑205‑5p expression on cell invasion of A549 
cells was examined. The average number of invaded cells per 
field at 24 and 48 h following transfection with miR‑205‑5p 
siRNA were 93±20 and 91±18 in miR‑205‑5p siRNA group, 
respectively, while those in the NC group were 131±17 and 
135±26, respectively (P<0.05; Fig. 4).

Prediction of miR‑205‑5p target genes by bioinformatics 
analysis. In order to explore the pathways involved in the effects 
of miR‑205‑5p, the potential target genes of miR‑205‑5p were 
predicted by bioinformatics analysis, using miRDB, TargetScan 
and PicTar web‑based software (data not shown). Bioinformatics 
analysis revealed 16 candidate miR‑205‑5p target genes (Table I). 
Based on to the annotated functions for these genes, erbB3 
(involved in cell proliferation), ZEB2 (promoter of metastasis), 
CLTC (promoter of tumor growth and angiogenesis) and MED1 
(involved in proliferation, differentiation and metabolism) were 
speculated to be the major potential target genes of miR‑205‑5p.

Effect of miR‑205‑5p silencing on mRNA expression of 
erbB3, ZEB2, CLTC, and MED1 in A549 cells. In order to 
confirm that the predicted target genes were indeed regu-
lated by miR‑205‑5p, the mRNA expression levels of erbB3, 
ZEB2, CTLC and MED1 were assessed in A549 cells using 
RT‑qPCR following miR‑205‑5p silencing. The results demon-
strated that erbB3 mRNA expression in NC and miR‑205‑5p 
siRNA groups was 0.594±0.185 and 0.831±0.269, respectively 
(P>0.05; Fig. 5). ZEB2 mRNA expression in the NC and 
siRNA groups was 0.616±0.046 and 1.337±0.372, respectively 
(P<0.05; Fig. 5). CLTC mRNA expression in the NC and 
siRNA groups was 0.421±0.117 and 0.470±0.105, respectively 
(P>0.05; Fig. 5). MED1 mRNA expression in the NC and 

Table I. miR‑205‑5p candidate target genes.

Target rank Target score miRNA name Gene symbol Gene description

260 59 hsa‑miR‑205‑5p SBF2 SET binding factor 2
17 90 hsa‑miR‑205‑5p RAB11FIP1 RAB11 family interacting protein 1 (class I)
70 79 hsa‑miR‑205‑5p ERBB3 Erb‑b2 receptor tyrosine kinase 3
28 86 hsa‑miR‑205‑5p PLCB1 Phospholipase C, beta 1 
404 51 hsa‑miR‑205‑5p PHC2 Polyhomeotic homolog 2
4 98 hsa‑miR‑205‑5p MED1 Mediator complex subunit 1
37 84 hsa‑miR‑205‑5p LRP1 Low density lipoprotein receptor‑related protein 1
278 58 hsa‑miR‑205‑5p LAMC1 Laminin subunit gamma 1
26 86 hsa‑miR‑205‑5p KLF12 Kruppel‑like factor 12
19 89 hsa‑miR‑205‑5p ZEB2 Zinc finger E‑box binding homeobox 2
169 66 hsa‑miR‑205‑5p HS3ST1 Heparan sulfate‑glucosamine 3‑O‑sulfotransferase 1
202 64 hsa‑miR‑205‑5p FRK Fyn‑related kinase
87 75 hsa‑miR‑205‑5p CLTC Clathrin heavy chain
64 79 hsa‑miR‑205‑5p BTBD3 BTB domain containing 3
307 56 hsa‑miR‑205‑5p ADAMTS9 ADAM metallopeptidase with thrombospondin type 1 motif 9
21 88 hsa‑miR‑205‑5p ACSL1 Acyl‑CoA synthetase long‑chain family member 1

miR, microRNA; SET, Suvar3‑9, Enhancer‑of‑zeste, Trithorax; RAB11, Ras‑related protein Rab‑11; BTB, BR‑c, ttk and bab; ADAM, a 
disintegrin and mettaloproteinase.

Figure 4. Effect of miR‑205‑5p silencing on cell invasion. Cell invasion 
was assessed in A549 cells at 24 h and 48 h following transfection with 
hsa‑miR‑205‑5p siRNA by invasion Transwell chambers. (A) Representative 
microscope images of invaded A549 cells. (B) Quantification of invaded 
A549 cells. Each experiment was performed 3 times. *P<0.05 and **P<0.01 
vs. CK group; #P<0.05 and ##P<0.01 vs. NC group. siRNA, small interfering 
RNA; CK, control check group; NC, scramble negative control group; 
siRNA, miR-205-5p siRNA group.
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siRNA groups was 0.461±0.052 and 0.524±0.298, respectively 
(P>0.05; Fig. 5). Therefore, out of the four genes tested, only 
ZEB2 exhibited a significant increase in mRNA expression 
following miR‑205‑5p silencing (Fig. 5).

Effect of miR‑205‑5p silencing on protein expression of erbB3, 
ZEB2, CLTC and MED1 in A549 cells. In order to confirm the 
results obtained for the mRNA expression levels, protein expres-
sion levels were also examined by western blotting (Fig. 6). The 
results demonstrated that erbB3 protein expression in the NC 
and siRNA groups was 0.283±0.042 and 0.130±0.009, respec-
tively (P<0.01; Fig. 6). ZEB2 protein expression in the NC and 
siRNA groups was 0.335±0.025 and 0.465±0.031, respectively 
(P<0.01; Fig. 6). CLTC and MED1 protein expressions in the 
NC and siRNA groups were 0.905±0.090 and 0.914±0.052, and 
1.029±0.025 and 0.913±0.198, respectively (P>0.05; Fig. 6). 
Therefore, miR‑205‑5p silencing resulted in a significant 
decrease of erbB3 and a significant increase of ZEB2 protein 
expression levels compared with control cells (Fig. 6).

Discussion

The aim of present study was to explore the effects of 
miR‑205‑5p on viability, apoptosis and invasion of lung cancer 
A549 cells. Results demonstrated that cell viability and cell 
invasion were significantly decreased, while apoptosis was 
significantly increased in miR‑205‑5p siRNA group compared 
with the control group. Bioinformatics analysis speculated that 
erbB3, ZEB2, CLTC and MED1 may be potential target genes 
of miR‑205‑5p. Reduced expression of miR‑205‑5p signifi-
cantly increased the expression levels of ZEB2 mRNA and 
protein, while it decreased the expression of erbB3 protein, 
suggesting that ZEB2 and erbB3 are indeed target genes of 
miR‑205‑5p in A549 cells. No significant effect was observed 
on the expression of CLTC and MED1 following miR‑205‑5p 
silencing.

Proliferation, abnormal apoptosis, invasion and metastasis 
are important features of malignant tumors, and metastasis is 
the primary cause of death in cancer patients (19,20). In the 
present study, miR205‑5p silencing led to decreased A549 
cell invasion, suggesting that knocking down expression of 
miR‑205‑5p in A549 cells may reduce the invasive properties of 
tumor cells. Similar results were previously observed in breast 
cancer cells following miR‑205‑5p silencing (21). TargetScan 
is a web‑based bioinformatics tool used to predict target 
genes of miRNAs (14). PicTar is a bioinformatics tool mainly 
focused on identifying target genes containing single miRNA 
binding sites (15,22,23). Target gene predictions in nematodes 
using the PicTar software have been confirmed to correspond 
to several verified miRNA target genes (23). miRDB is a soft-
ware used for prediction and functional annotation of miRNA 
targets, which performs target predictions for mature miRNA 
using a support vector machine algorithm (16,24). Since each 
prediction software has its limitations, and since there is a lack 
of high complementarity between miRNAs and their target 
mRNAs, a miRNA is often associated with hundreds of target 
genes, leading to a number of false positive predictions (25). 
Therefore, a cross prediction of miRNA target genes using 
several prediction programs is likely to greatly improve 
accuracy. In the present study, prediction of miR‑205‑5p 

Figure 5. Effect of miR‑205‑5p silencing on mRNA expression of predicted 
target genes. The mRNA expression levels of predicted target genes erbB3, 
ZEB2, CLTC and MED1 were assessed in A549 cells following transfection 
with hsa‑miR‑205‑5p siRNA by reverse transcription‑quantitative poly-
merase chain reaction. Each experiment was performed 3 times. *P<0.05 vs. 
CK group; #P<0.05 vs. NC group. erbB3, Erb‑B2 receptor kinase 3; ZEB2, 
zinc finger E‑box binding homeobox 2; CLTC, clathrin heavy chain; MED1, 
mediator complex subunit 1; siRNA, small interfering RNA; CK, control 
check group; NC, scramble negative control group; siRNA, miR‑205‑5p 
siRNA group.

Figure 6. Effect of miR‑205‑5p silencing on protein expression of predicted 
target genes. The protein expression levels of target genes erbB3, ZEB2, 
CLTC and MED1 were assessed in A549 cells following transfection with 
hsa‑miR‑205‑5p siRNA, by western blotting. (A) Representative immunob-
lotting results from a duplicate experiment. (B) Densitometric analysis and 
quantification from three independent experiments. Each experiment was 
performed 3 times. **P<0.01 vs. CK group; ##P<0.01 vs. NC group. erbB3, 
Erb‑B2 receptor kinase 3; ZEB2, zinc finger E‑box binding homeobox 2; 
CLTC, clathrin heavy chain; MED1, mediator complex subunit 1; siRNA, 
small interfering RNA; CK, control check group; NC, scramble negative 
control group; siRNA, miR‑205‑5p siRNA group.
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target genes was performed using three different prediction 
bioinformatics tools: TargetScan2, PicTar and miRDB, and 
16 miR‑205‑5p candidate target genes were identified (SBF2, 
RAB11FIP1, erbB3, PLCB1, PHC2, MED1, LRP1, LAMC1, 
KLF12, ZEB2, HS3ST1, FRK, CLTC, BTBD3, ADAMTS9 
and ACSL1; Table I). Among these, four genes were selected to 
be examined further in A549 cells: MED1 as a verified target 
of miR‑205‑5p in human trophoblasts (26), erbB3 as a major 
regulator of cell proliferation (27), ZEB2 as a promoter of 
metastasis (28) and CLTC as a promoter of tumor growth and 
angiogenesis (29). RT‑qPCR and western blot analyses were 
used to determine the expression of these four genes at the 
mRNA and protein level respectively, following transfection 
with miR‑205‑5p‑targeting siRNA. The results demonstrated 
that ZEB2 and erbB3 expression were significantly affected by 
miR‑205‑5p silencing.

ERBB family members are involved in cell proliferation 
and differentiation. Members of the ERBB family are dysreg-
ulated in breast, lung, ovarian, prostate and gastrointestinal 
tumors (30). The present study demonstrated that, although 
silencing miR‑205‑5p expression in A549 cells did not signifi-
cantly change the mRNA expression of erbB3, expression of 
the erbB3 protein levels were significantly reduced compared 
with control cells. This result indicated that high miR‑205‑5p 
expression in NSCLC might enhance the activation of down-
stream signal pathways through increasing erbB3 expression 
to promote cell proliferation and malignant transformation.

Epithelial mesenchymal transition (EMT) serves 
an important role in invasion and metastasis of tumor 
cells (31,32). E‑cadherin maintains the epithelial cell integ-
rity and epithelial cell polarity, and its downregulation is an 
important feature of EMT. Neural cadherin is another member 
of the cadherin family, and its upregulation leads to down-
regulation of E‑cadherin and increased cell invasion (32,33). 
ZEB2 inhibits E‑cadherin expression and induces EMT (34). 
ZEB2 has been confirmed to promote ovarian cancer, breast 
cancer and gastric cancer cell metastasis, and its upregula-
tion is significantly correlated with poor prognosis in head 
and neck cancer (35-38). However, there is little information 
concerning the role of ZEB2 in lung cancer. Oztas et al (39) 
reported that ZEB2 is not expressed in normal lung tissue, 
but it is upregulated in up to 70% of lung cancer tissues. 
Miura et al (34) observed ZEB2 overexpression in up to 58.4% 
of lung cancer tissues. Previous studies have demonstrated that 
ZEB2 upregulation is negatively correlated with E‑cadherin 
expression and positively correlated with N‑cadherin expres-
sion in NSCLC, suggesting that ZEB2 may promote EMT 
in NSCLC (37,38,40). The present study demonstrated that 
silencing miR‑205‑5p expression in A549 cells significantly 
increased mRNA and protein expression of ZEB2, suggesting 
that miR‑205‑5p likely regulates expression of ZEB2 through 
degrading its mRNA. In addition, this result indicated that 
high miR‑205‑5p expression may lead to decreased mRNA 
and protein expression of ZEB2, as previously reported by 
Liu et al (41) in melanoma cells.

CLTC is involved in the cell cycle and spread of 
viruses (42,43). CLTC promotes tumor growth and 
angiogenesis by regulating hypoxia‑inducible factor 1‑α and 
vascular endothelial growth factor expression (29). CLTC 
may be associated with lymphoma (44). In the present study, 

bioinformatics analysis revealed that CLTC may be a potential 
target gene of miR‑205‑5p. However, the results did not support 
that CLTC is a target of miR‑205‑5p, as its expression was not 
affected by miR‑205‑5p silencing. MED1 binds to various 
nuclear receptors (including peroxisome proliferator‑activated 
receptor-α, peroxisome proliferator‑activated receptor‑γ and 
retinoid X receptor) and transcription factors (including p53, 
GATA and CCAAT/enhancer binding protein β), serving an 
important regulatory role in proliferation, differentiation and 
metabolism of cells (45-47). In the present study, bioinformatics 
analysis predicted that MED1 may be a potential target gene 
of miR‑205‑5p, but miR‑205‑5p silencing did not alter MED1 
mRNA or protein expression levels in A549 cells.

In summary, the present study demonstrated that reduced 
expression of miR‑205‑5p promoted apoptosis, and inhibited 
viability and invasion in lung cancer A549 cells through 
upregulation of ZEB2 and downregulation of erbB3. The 
present results suggested that increased miR‑205‑5p expres-
sion in NSCLC tissues may promote proliferation and invasion 
of lung cancer cells and thus disease progression. Further 
studies are necessary in order to determine the exact role of 
miR‑205‑5p in lung cancer and to assess whether it may be a 
useful target for the development of novel NSCLC treatments.
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