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Abstract. Non‑small cell lung cancer (NSCLC) has high 
morbidity and mortality rates worldwide, and tumor 
metastasis is generally associated with poor prognosis. 
Chemotherapy resistance aggravates the challenges associated 
with treating NSCLC. Therefore, identifying effective targets 
and developing therapies based on these findings could bring 
novel perspectives for patients with metastatic NSCLC. The 
expression levels of receptor tyrosine‑protein kinase erbB‑2 
(ERBB2) are associated with NSCLC progression. Differential 
microRNA (miR) expression profiles have been identified in 
tumors and can be used to identify multiple malignant pheno‑
types. miR‑133a‑3p expression is dysregulated in a variety of 
tumors. However, to the best of our knowledge, the association 
between miR‑133a‑3p and the NSCLC pathogenesis process 
has not been demonstrated yet. The present study revealed a 
decrease in miR‑133a‑3p expression in both tissues and cell 
lines, which was detected using reverse transcription‑quan‑
titative (RT‑q)PCR, and western blotting and RT‑qPCR 
demonstrated ERBB2 levels were increased at both protein 
and mRNA levels. Bioinformatics analysis and dual‑luciferase 
reporter assays demonstrated that ERBB2 was a direct target 
of miR‑133a‑3p. Furthermore, MTT, wound healing and 
Transwell assays revealed that overexpression of miR‑133a‑3p 
suppressed proliferation, invasion and migration of NSCLC 
cells, respectively, effects that were inhibited following 
ERBB2 overexpression. In addition, immunofluorescence 
assays demonstrated that overexpression of ERBB2 upregu‑
lated N‑cadherin expression, while E‑cadherin expression was 
downregulated. In conclusion, the present data demonstrated 
that miR‑133a‑3p acted as a tumor suppressor by negatively 
regulating ERBB2 expression. The miR‑133a‑3p/ERBB2 axis 

may be a potential target for the diagnosis and treatment of 
NSCLC in the future.

Introduction

Lung cancer is a common malignant tumor with high morbidity 
and mortality rates (1,2). In 2015, ~158,040 patients succumbed 
to lung cancer in the United States (3). Non‑small cell lung 
cancer (NSCLC) accounts for 87% of all lung cancers, and 
40% of NSCLC cases are diagnosed with tumor metastasis (3). 
Although targeted therapies, such as gefitinib, are available for 
patients with gene mutations, including EGFR mutations and 
anaplastic lymphoma kinase rearrangements, these mutations 
are not common in NSCLC (4). Therefore, most patients are 
treated with conventional chemotherapy (5). Systemic chemo‑
therapy can improve survival and alleviate disease‑related 
symptoms. However, a large proportion of patients develop 
drug resistance after several chemotherapy courses, resulting 
in tumor relapse, invasion and metastasis (6,7). Therefore, it 
would be of great clinical value to identify novel, potent targets 
for the treatment of NSCLC, and to explore their association 
with invasion and metastasis of NSCLC.

Receptor tyrosine‑protein kinase erbB‑2 (ERBB2) is a 
185 kDa cell membrane receptor encoded by the oncogene 
erbB‑2, which is a member of the EGFR family. ERBB2 is 
involved in multiple cell events, such as proliferation, differ‑
entiation and apoptosis (8,9). ERBB2 is highly expressed in 
multiple malignant tumors, such as breast cancer, ovarian 
cancer and hepatocellular carcinoma (8,10‑13). Downregulation 
of ERBB2 suppresses the proliferation and invasion of breast 
cancer and gastric cancer cells (12,14,15). ERBB2 expression is 
positively associated with NSCLC, and high expression levels 
of ERBB2 are associated with resistance to radiotherapy and 
chemotherapy (16,17). Therefore, ERBB2 may be a potential 
prognostic biomarker and therapeutic target for NSCLC.

MicroRNAs (miRNAs/miRs) are endogenous short 
non‑coding sequences with a length of 20‑24 bases. miRNAs 
serve a role in multiple biological processes, such as cell 
proliferation, differentiation and apoptosis, by regulating 
protein expression at the posttranscriptional level (18,19). 
miRNAs regulate mRNAs by binding to the 3' untranslated 
region (3'UTR) end of mRNA, degrading mRNA or repressing 
protein translation. miR‑133a is highly conserved and widely 
expressed in various organisms, and can be expressed as the 
subtypes miR‑133a‑3p and miR‑133a‑5p (20). In a variety of 
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cancer types, including gastric cancer, bladder cancer and 
oral squamous cell carcinoma, miR‑133a‑3p expression is 
downregulated (21‑23). Yang et al (24) reported that patients 
with NSCLC with high miR‑133a expression in tumor cells had 
a favorable prognosis. To the best of our knowledge, no reports 
have demonstrated the association between miR‑133a‑3p and 
NSCLC pathogenesis.

The present study aimed to investigate the association 
between dysregulated miR‑133a‑3p expression and NSCLC 
pathogenesis, and to explore the role of miR‑133a‑3p and ERBB2 
in NSCLC carcinogenesis. The expression of miR‑133a‑3p and 
ERBB2 in NSCLC tissues and cell lines was detected using 
reverse transcription‑quantitative (RT‑q)PCR and western 
blotting, respectively. The effects of miR‑133a‑3p on the 
malignant phenotypes of NSCLC cells were then evaluated 
by multiple experiments, such as MTT and Transwell assays, 
and the underlying mechanisms were further investigated. The 
present data indicate that the miR‑133a‑3p/ERBB2 axis could 
be a potential therapeutic target of NSCLC.

Materials and methods

Sample collection. Material was collected from 77 patients 
(45 males and 32 females, aged 66.58±14.38 years) primarily 
diagnosed with NSCLC who underwent primary surgery at 
Zhejiang Hospital (Hangzhou, China) between January 2010 
and January 2017. None of the participants received chemo‑
therapy or radiotherapy before surgery and none of the 
participants was diagnosed other malignant diseases before. 
The present study was conducted in accordance with the 
Helsinki Declaration, and all patients or direct relatives 
consented to participate in the study. Furthermore, the present 
study was approved by the Ethics Committee of Zhejiang 
Hospital. After surgery, the tumor and adjacent healthy tissues 
(≥1‑cm from the edge of tumor) were collected and stored in 
liquid nitrogen (‑196˚C).

Cell culture and transfection. The normal human lung 
epithelial cell line BEAS‑2B and human NSCLC HCC827 and 
H1299 cell lines were purchased from the Institute of Shanghai 
Biochemistry and Cell Biology. BEAS‑2B was cultured 
in BEBM medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (HyClone; Cyvita). HCC827 and 
H1299 cells were cultured in RPMI‑1640 medium (Invitrogen; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
and 1% penicillin/streptomycin (100 U/ml penicillin and 
0.1 mg/ml streptomycin; Thermo Fisher Scientific, Inc.). All 
cells were cultured with 5% CO2 at 37˚C.

For transfection, HCC827 and H1299 were collected and 
seeded in 6‑well plates at the density of 1x105/well. After 
incubated for 24 h, cells treated with 100 nM mimic control 
(5'‑CAG CUG GUU GAA GGG GAC CAA A‑3'; Shanghai 
GenePharma Co., Ltd.), 75 nM miR‑133a‑3p mimic (5'‑UUU 
GGU CCC CUU CAA CCA GCU G‑3'; Shanghai GenePharma 
Co., Ltd.), 600 ng/well pcDNAn empty vector negative control 
(pcDNA‑NC; Shanghai GenePharma Co., Ltd.) or 600 ng/well 
pcDNA‑ERBB2 (Shanghai GenePharma Co., Ltd.) using 
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturers' protocols. The 1 µg 
nucleic acid fragment and 2 µl Lipofectamine 3000 were 

mixed with 1 ml RPMI‑1640 medium without serum, and 
then incubated for 15 min at room temperature. Then, the 
mixture was mixed with 4 ml serum‑free RPMI‑1640 medium 
and added into plates. After cultured for 24 h, the culture 
medium was removed and replaced with RPMI‑1640 medium 
containing 10% FBS. After 24‑72 h, cells were used for subse‑
quent experiments.

MTT assay. Following treatment with control mimics, 
miR‑133a‑3p mimics or pcDNA‑ERBB2, H1299 and 
HCC827 cells were collected and seeded into 96‑well plates 
at the density of 1x104 cells/well. After culturing for 24, 48 
and 72 h, medium was removed and replaced with medium 
containing MTT (KGA312; Nanjing KeyGen Biotech Co., 
Ltd.) at a final concentration of 0.5 mg/ml and cells were 
cultured for another 4 h at 37˚C. Finally, the medium was 
replaced with 200 µl DMSO. After 10 min, the absorbance at 
490 nm was measured using a spectrometer (Thermo Fisher 
Scientific, Inc.).

Western blotting. The protein expression levels of ERBB2 were 
assessed by western blotting. Following treated with different 
nucleotide fragments as aforementioned, cells were collected 
and lysed in RIPA buffer (Nanjing KeyGen Biotech Co., Ltd.). 
Samples were quantified using a Bicinchoninic Acid Assay kit 
(Beyotime Institute of Biotechnology). Samples (50 µg per lane) 
were separated using 10% SDS‑PAGE and then transferred 
onto 0.45‑µm PVDF membranes (Merck KGaA). The 
membranes were blocked with 5% skim milk powder solution, 
followed by incubation overnight at 4˚C with antibodies 
against ERBB2 (dilution, 1:1,000; 18299‑1‑AP; ProteinTech 
Group, Inc.) and GAPDH (dilution, 1:3,000; 10494‑1‑AP; 
ProteinTech Group, Inc.). Subsequently, the membranes were 
incubated with HRP‑conjugated Affinipure Rabbit Anti‑Goat 
IgG(H+L) (dilution, 1:5,000; SA00001‑4; ProteinTech Group, 
Inc.) for 2 h at 37˚C. Subsequently, bands were detected by 
incubation with ECL mixture solution (Advansta Inc.), and 
immediately detected using a Bio‑Rad Gel Imaging System 
(Bio‑Rad Laboratories, Inc.). ImageJ software (version 1.8.0; 
National Institutes of Health) was used to analyze the intensity 
of the bands.

Reverse transcription‑quantitative PCR (RT‑qPCR). After 
undergoing different treatments, cells were collected and 
lysed using TRIzol (Invitrogen; Thermo Fisher Scientific, 
Inc.) to extract total RNA. RNA was transcribed into cDNA 
using a cDNA reverse transcription kit (Takara Bio, Inc.). 
The conditions used for reverse transcription were as follows: 
42˚C For 15 min, then 5 sec at 85˚C and storage at 4˚C for 
further analysis. Subsequently, cDNA samples were ampli‑
fied using an RT‑qPCR (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) system and SYBR® Green Premix Ex Taq™ 
(Takara Bio, Inc.) according to the manufacturer's protocols. 
Thermocycling conditions for qPCR were: Pre‑denaturation 
for 30 sec at 95˚C; followed by 40 cycles of 5 sec at 95˚C 
and 30 sec at 60˚C; and dissociation at 95˚C for 15 sec, 60˚C 
for 30 sec and 95˚C for 15 sec. GAPDH and U6 were used 
as the reference genes to normalize the expression levels of 
ERBB2 and miR‑133a‑3p, respectively. mRNA and miRNA 
expression levels were quantified using the 2‑∆∆Cq method (25). 
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The primers used were as follows: ERBB2 forward, 5'‑CCA 
GCC TTC GAC AAC CTC TAT T‑3' and reverse, 5'‑TGC CGT 
AGG TGT CCC TTT G‑3'; miR‑133a‑5p forward, 5'‑CTT TAA 
CCA TTC TAG CTT TTC CAG GTA ‑3' and reverse, 5'‑GAC 
TTC GGC TGT GGA CAA GAT TAG ‑3'; U6 forward, 5'‑CGC 
TTC GGC AGC ACA TAT ACT A‑3' and reverse, 5'‑CGC TTC 
ACG AAT TTG CGT GTC A‑3'; and GAPDH forward, 5'‑AGG 
TCG GTG TGA ACG GAT TTG ‑3' and reverse, 5'‑GGG GTC 
GTT GAT GGC AAC A‑3'.

Wound healing assay. The present study measured the cell 
migration ability using a wound healing assay. After seeding 
into 24‑well plates at the density of 3x105 cells per well, 
H1299 and HCC827 cells were transfected with different 
nucleotide fragments as aforementioned. After cell reached 
80% confluence, scratches were created across the mono‑
layer using a 10‑µl pipette tip, followed by washing with 
cold PBS. An image of each scratch was captured under 
a light microscope. Subsequently, cells were incubated in 
RPMI‑1640 medium containing 1% FBS (26). After culturing 
for 24 h at 37˚C, images of the scratches were captured again. 
The migration distance of each group was measured using 
ImageJ software, and analyzed with the following formula: 
(W 0 h‑W 24 h)/W 0 h x100%, where W is the wound.

Cell invasion assay. A Transwell assay was performed to 
detect the cell invasion ability following the overexpression 
of miR‑133a‑3p or ERBB2. The Transwell inserts were 
purchased from Corning, Inc. Prior to the experiment, the 
upper chambers were covered with 100 µl of a 1:1 mixture of 
Matrigel and RPMI‑1640 medium and incubated at 37˚C for 
1 h. NSCLC cells were trypsinized, resuspended in serum‑free 
RPMI‑1640 medium, and then seeded into the upper cham‑
bers (2x104 cells/well), while medium containing 20% FBS 
was placed in the lower chambers. After culturing at 37˚C for 
24 h, non‑invaded cells in the upper chamber were wiped off 
using sterile cotton swabs. The invaded cells were fixed using 
4% paraformaldehyde at room temperature for 10 min and 
stained with 0.1% crystal violet solution for 20 min at room 
temperature. The invaded cells were imaged using an light 
microscope (magnification, x400).

Dual‑luciferase reporter gene assay. Following bioinformatics 
analysis of the association between miR‑133a‑3p and the 
3'UTR of the ERBB2 transcript (http://www.targetscan.
org/vert_72/), the dual‑luciferase reporter gene assay was 
employed using TargetScanHuman 7.2 to verify this prediction. 
The 3'UTR clones of the ERBB2 transcript, including mutant 
(MUT) 3'UTRs and wild type (WT) 3'UTRs, were designed 
and synthesized by Sangon Biotech Co., Ltd. The nucleotide 
fragments were ligated into the luciferase plasmid (Promega 
Corporation). H1299 cells were seeded into 24‑well plates at 
the density of 1x105/well, and co‑transfected with 300 ng/well 
plasmid for pmir/ERBB2‑WT or pmir/ERBB2‑MUT and 
50 ng/well miR‑133a‑3p mimics or miR‑negative control (NC) 
and 100 ng Renilla luciferase plasmid (pRL‑TK; Promega 
Corporation) using Lipofectamine 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), and H1299 cells transfected 
with pRL‑TK alone were regarded as the negative control, 
followed by incubation for 48 h at 37˚C. Finally, cells were 

lysed and the luciferase activities in different groups were 
detected using a Dual‑Luciferase Reporter Assay System 
(Promega Corporation) following the manufacturer's guid‑
ance. Firefly luciferase activities were normalized to Renilla 
luciferase activities.

Immunofluorescence assay. Immunofluorescence assays were 
carried out to evaluate E‑cadherin and N‑cadherin expression. 
A glass slide was placed in a 6‑well plate, and 2x105 cells/well 
were seeded into the plate. After 24 h, the medium was 
removed and cells were fixed with 4% paraformaldehyde at 
4˚C for 30 min. Then, cells were blocked with 10% goat serum 
at room temperature (22±5˚C) for 30 min. Subsequently, 
cells were incubated with anti‑N‑cadherin (dilution, 1:1,000; 
22018‑1‑AP; ProteinTech Group, Inc.) or anti‑E‑cadherin 
(dilution, 1:1,000; 20874‑1‑AP; ProteinTech Group, Inc.) 
antibodies overnight at 4˚C. Afterwards, cells were incubated 
with the Fluorescein‑conjugated Affinipure Goat Anti‑Rabbit 
IgG (H+L) secondary antibody (dilution, 1:100; SA00003‑2; 
ProteinTech Group, Inc.) at room temperature for 1 h, followed 
by staining using DAPI at room temperature for 5 min. Finally, 
images were captured using a fluorescence microscope 
(magnification, x400).

Statistical analysis. The data analysis in the present study was 
conducted using SPSS 23.0 (IBM Corp.) and GraphPad 6.0 
software (GraphPad Software, Inc.). Student's t‑test was carried 
out to compare differences between two groups. Statistical 
differences among three groups were analyzed using one‑way 
ANOVA followed by Duncan's post hoc test (LSR) at the 
95% confidence interval (P<0.05 was considered to indicate 
statistical significance). Statistical differences among four 
groups were analyzed using one‑way ANOVA followed by 
Tukey's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference. Data were expressed as 
mean ± standard deviation. Each assay was repeated three 
times.

Results

Expression levels of miR‑133a‑3p and ERBB2 are dysregu‑
lated in NSCLC tissues and cell lines. The present study 
assessed miR133a‑3p expression at the mRNA level and 
ERBB2 expression at the mRNA and protein levels in NSCLC 
tissues and normal adjacent tissues. As shown in Fig. 1A, 
RT‑qPCR results revealed that miR‑133a‑3p expression was 
markedly downregulated in NSCLC tissues compared with 
adjacent healthy tissues, while the mRNA expression levels of 
ERBB2 were upregulated in cancer tissues. Western blotting 
demonstrated that the protein expression levels of ERBB2 
were elevated in NSCLC tissues (Fig. 1B).

In addition, the present study evaluated the expression levels 
of these molecules in NSCLC cells. Consistent with the results 
identified in tissue samples, lower miR‑133a‑3p expression was 
observed in NSCLC cells (H1299 and HCC827 cell lines), 
while ERBB2 expression was upregulated both at the mRNA 
and protein levels compared with that in the normal pulmonary 
epithelial cells (BEAS‑2B; Fig. 1C and D). These results 
indicated that miR‑133a‑3p expression was decreased, while 
ERBB2 expression was increased in NSCLC tissues and cells.
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Overexpression of miR‑133a‑3p inhibits NSCLC cell 
proliferation, migration and invasion. To determine the 
biological role of miR‑133a‑3p, H1299 and HCC827 cells were 
transfected with control or miR‑133a‑3p mimic. RT‑qPCR was 
performed to evaluate transfection efficiency, which demon‑
strated that miR‑133a‑3p expression was significantly increased 
after transfection with miR‑133a‑3p mimic (Fig. 2A). An MTT 
assay was used to assess the effect of miR‑133a‑3p on NSCLC 
cell proliferation. As shown in Fig. 2B, overexpression of 
miR‑133a‑3p led to a suppression of proliferation in NSCLC 
cells. The Transwell assay indicated that overexpression of 
miR133a‑3p inhibited the invasion abilities of these cells 
(Fig. 2C). In addition, the wound healing assay indicated the 
inhibitory effects of miR‑133a‑3p on migration (Fig. 2D). 
Therefore, the present results demonstrated that overexpression 
of miR‑133a‑3p inhibited the proliferation, migration and 
invasion of NSCLC cells. Furthermore, RT‑qPCR and western 
blotting data indicated that the mRNA and protein expression 
levels of ERBB2 were decreased in the miR‑133a‑3p mimics 
group, compared with mimics control groups (Fig. 3).

Overall, upregulation of ERBB2 and decreased expression 
levels of miR‑133a‑3p were observed in NSCLC tissues and 
cell lines. Downregulation of ERBB2 expression was observed 
in cells transfected with miR‑133a‑3p mimic, indicating that 
ERBB2 may be an indirect or direct target of miR‑133a‑3p.

miR‑133a‑3p directly targets the 3'UTR of the ERBB2 
transcript in NSCLC cells. As aforementioned, a negative 
association between ERBB2 and miR‑133‑3p expression was 
noted. To further analyze this interaction, bioinformatics anal‑
ysis was performed using TargetScan (Fig. 4A). This suggested 
that the 3'UTR of the ERBB2 transcript is a potential target of 
miR‑133a‑3p. A dual‑luciferase reporter assay was performed 
to verify this prediction. As shown in Fig. 4B, miR‑133a‑3p 
overexpression markedly suppressed the luciferase activity 

in cells transfected with pmir/ERBB2‑WT, while the 
luciferase activity was not changed in cells transfected with 
pmir/ERBB2‑MUT. Therefore, these data provide evidence 
that miR‑133a‑3p directly targets the 3'UTR of the ERBB2 
transcript in NSCLC cells.

miR‑133a‑3p inhibits the proliferation, invasion and migra‑
tion of NSCLC cells by negatively regulating ERBB2 
expression. To further explore the biological functions of the 
miR‑133a‑3p/ERBB2 axis in NSCLC progression, H1299 cells 
were treated with miR‑133a‑3p mimic, pcDNA‑ERBB2 or 
miR‑133a‑3p mimic + pcDNA‑ERBB2. pcDNA‑NC and 
pcDNA‑ERBB2 were transfected into H1299 cells, and 
pcDNA‑NC did not affect the expression levels of ERBB2 in 
H1299 cells (Fig. S1).

RT‑qPCR and western blotting were performed to detect 
miR‑133a‑3p and ERBB2 expression in each treatment 
group. As shown in Fig. 5A, miR‑133a‑3p expression was 
increased in both the miR‑133a‑3p mimic and miR‑133a‑3p 
mimic + pcDNA‑ERBB2 groups but was not significantly 
altered in the pcDNA‑ERBB2 group compared with the 
NC group. Furthermore, ERBB2 expression was increased 
in the pcDNA‑ERBB2 group, while it was decreased in the 
miR‑133a‑3p mimics group, compared with non‑treated 
(NC) group. Compared with the pcDNA‑ERBB2 group, 
ERBB2 expression was suppressed in the miR‑133a‑3p 
mimic + pcDNA‑ERBB2 group (Fig. 5B).

MTT, Transwell and wound healing assays were performed 
to demonstrate the potential role of the miR‑133a‑3p/ERBB2 
axis in NSCLC cell phenotypes. As shown in Fig. 5C, the 
MTT data demonstrated that overexpression of miR‑133a‑3p 
and ERBB2 in combination preserved the prolif‑
eration activity of H1299 cells, which was suppressed in 
miR‑133a‑3p mimics group. Compared with pcDNA‑ERBB2 
group, the proliferation of H1299 cells in miR‑133a‑3p 

Figure 1. miR‑133a‑3p and ERBB2 expression are dysregulated in both NSCLC tissues and cell lines. (A) miR‑133a‑3p expression was downregulated in cancer 
tissues at the mRNA level, whereas ERBB2 expression was upregulated in cancer tissues compared with in normal tissues. (B) ERBB2 protein expression was 
increased in NSCLC tissues. (C) miR‑133a‑3p expression was downregulated in NSCLC cell lines (H1299 and HCC827) at the mRNA level, while ERBB2 
expression was upregulated. (D) ERBB2 expression was increased in NSCLC cell lines at the protein level. **P<0.01 and ***P<0.001 vs. normal. #P<0.05 vs. 
BEAS‑2B. ERBB2, erb‑b2 receptor tyrosine kinase 2; miR‑133a‑3p, microRNA‑133a‑3p; NSCLC, non‑small cell lung cancer. 
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Figure 2. Overexpression of miR‑133a‑3p inhibits non‑small cell lung cancer cell proliferation, migration and invasion. (A) miR‑133a‑3p mimics transfection 
successfully increased the miR‑133a‑3p levels in H1299 and HCC827 cells. (B) Proliferation was suppressed in cells transfected with miR‑133a‑3p mimics. 
(C) Invasion abilities were suppressed in cells transfected with miR‑133a‑3p mimics. Magnification, x400. (D) Migration abilities were inhibited in cells 
following overexpression of miR‑133a‑3p. Magnification, x400. **P<0.01 vs. NC. #P<0.05 vs. NC. miR‑133a‑3p, microRNA‑133a‑3p; NC, negative control. 
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mimics+pcDNA‑ERBB2 group decreased. In addition, 
the invasive ability was attenuated in H1299 cells trans‑
fected with both miR‑133a‑3p mimics and pcDNA‑ERBB2 
(miR‑133a‑3p mimics+pcDNA‑ERBB2 group), compared with 
pcDNA‑ERBB2 group (Fig. 5D). Finally, the wound healing 
assay suggested that the co‑transfection of miR‑133a‑3p mimic 
and pcDNA‑ERBB2 decreased the wound closure ratio in 
H1299 cells compared with that in cells in the pcDNA‑ERBB2 
group (Fig. 5E). These results suggest that miR‑133a‑3p 
inhibits cell proliferation, invasion and migration of NSCLC 
cells by negatively regulating ERBB2 expression.

Overexpression of miR‑133a‑3p regulates the expression levels 
of epithelial‑mesenchymal transition (EMT) biomarkers. 
E‑cadherin and N‑cadherin are two important biomarkers 
of the EMT process. The present study detected E‑cadherin 
and N‑cadherin expression using an immunofluorescence 
assay following transfection with miR‑133a‑3p mimics, 
pcDNA‑ERBB2 or miR‑133a‑3p mimics + pcDNA‑ERBB2. 
As shown in Fig. 6A, N‑cadherin expression was decreased 
in the miR‑133a‑3p mimics group but increased in the 
pcDNA‑ERBB2 group. Consistently, E‑cadherin exhibited 
the opposite trends (Fig. 6B). These results indicate that the 
overexpression of miR‑133a‑3p suppresses the EMT process 
in NSCLC cells.

Discussion

At present, surgery and chemotherapy are the mainstream 
treatment modalities for NSCLC (27). However, the outcome 

of these treatments is unsatisfactory, since postoperative 
recurrence and therapy resistance are common in patients 
with NSCLC (28). With the development of molecular 
biology, targeted therapy has become available for malignant 
tumors (29). However, its efficacy remains limited, since most 
patients eventually develop drug resistance. Therefore, there is 
still an urgent need for the identification of novel therapeutic 
targets. In the last decade, miRNAs have become a hot topic 
in cancer diagnosis and treatment (18). miRNAs are a type of 
short, non‑coding RNA molecules that serve critical regulatory 
roles in multiple cellular events. Increasing evidence has 
suggested that miRNA dysregulation is closely associated 
with the pathogenesis and progression of a variety of diseases, 
in particular cancer types (30), for example miR‑133a‑3p 
expression is downregulated in gastric cancer (21). With the 
increased understanding of miRNAs, the feasibility of using 
miRNAs as therapeutic targets is supported (31,32).

Previous studies have suggested a tumor‑suppressive role of 
miR‑133a‑3p in multiple malignant tumors, including gastric, 
breast and bladder cancer (21,22,33). Low expression levels 
of miR‑133a‑3p are associated with poor prognosis and faster 
progression (22). Shi et al (33) reported that downregulation 
of miR‑133a‑3p promotes the proliferation and invasion of 
breast cancer cells. Li et al (34) suggested that miR‑133a‑3p 
promotes autophagy in gastric cancer cells by negatively 
regulating forehead box P3. The present study identified 
decreased miR‑133a‑3p expression in NSCLC cancer tissues 
and cell lines. A series of cellular and molecular experiments 
were performed to identify its biological function in NSCLC 
pathogenesis. The present results indicated that overexpression 

Figure 3. Overexpression of miR‑133a‑3p suppresses ERBB2 expression. (A) ERBB2 expression was decreased in non‑small cell lung cancer cell lines (H1299 
and HCC827) at the mRNA level following miR‑133a‑3p mimics treatment. (B) ERBB2 protein expression was decreased after miR‑133a‑3p mimic transfec‑
tion. #P<0.05 vs. NC. ERBB2, erb‑b2 receptor tyrosine kinase 2; miR‑133a‑3p, microRNA‑133a‑3p; NC, negative control. 

Figure 4. miR‑133a‑3p directly targets the 3' untranslated region of the ERBB2 transcript in non‑small cell lung cancer cells. (A) Bioinformatics analysis 
of miR‑133a‑3p and ERBB2. (B) Co‑transfection of miR‑133a‑3p and pmir/ERBB2‑WT markedly suppressed the luciferase activity. *P<0.05 vs. miR‑NC. 
ERBB2, erb‑b2 receptor tyrosine kinase 2; miR‑133a‑3p, microRNA‑133a‑3p; NC, negative control; WT, wild type; MUT, mutant. 
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of miR‑133a‑3p effectively suppressed the cell proliferation 
and invasion of NSCLC cells.

To further assess the molecular mechanisms underlying 
the tumor‑suppressive effect of miR‑133a‑3p, bioinformatics 
analysis was performed using TargetScan 7.2. Among the 
potential target genes, the present study focused on ERBB2, 
a well‑known oncogene in NSCLC (35). ERBB2 is a member 

of the EGFR family, which is involved in a series of biological 
events in malignant diseases (36). It has been suggested that 
ERBB2 could trigger several cellular processes, including 
cell proliferation, survival and differentiation (8,37). 
Spencer et al (38) provided evidence that the ERBB2 receptor 
assists the binding of p130Cas to CRK, and thus, promotes 
the invasion and migration of breast cancer cells. Furthermore, 

Figure 5. miR‑133a‑3p inhibits the proliferation, invasion and migration of non‑small cell lung cancer cells by negatively regulating ERBB2. (A) At the mRNA 
level, the expression levels of miR‑133a‑3p were increased in the miR‑133a‑3p mimic and miR‑133a‑3p mimic + pcDNA‑ERBB2 groups. ERBB2 expression 
was increased in the pcDNA‑ERBB2 group, while it was decreased in cells transfected with miR‑133a‑3p mimic. (B) ERBB2 protein expression was suppressed 
in cells transected with miR‑133a‑3p mimic. (C) MTT assay data demonstrated that upregulated miR‑133a‑3p and ERBB2 in combination preserved the H1299 
cell proliferation activity compared with cells transfected with pcDNA‑ERBB2 alone. (D) The invasion ability was attenuated in H1299 cells transfected 
with miR‑133a‑3p mimic and pcDNA‑ERBB2 in combination compared with cells transfected with pcDNA‑ERBB2 alone. Magnification, x400. (E) Wound 
healing assays suggested that co‑transfection with miR‑133a‑3p mimic and pcDNA‑ERBB2 decreased the wound closure ratio in H1299 cells compared with 
transfection with pcDNA‑ERBB2 alone. Magnification, x400. *P<0.05 vs. NC. ERBB2, erb‑b2 receptor tyrosine kinase 2; miR‑133a‑3p, microRNA‑133a‑3p; 
NC, negative control. 
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ERBB2 expression is upregulated in various malignancies, and 
ERBB2‑targeted therapy has become an important component 
of therapeutic strategies in a number of cancer types (12). In 
the present study, the luciferase assay supported the notion that 
miR‑133a‑3p could target the 3'UTR of ERBB2. Furthermore, 
a pcDNA‑ERBB2 vector was employed to increase ERBB2 

expression, and this reversed the effects of the miR‑133a‑3p 
mimic on cell proliferation, invasion and migration. Therefore, 
the tumor‑suppressive effect of miR‑133a‑3p may be mediated, 
at least in part, by inhibition of ERBB2 expression.

EMT is an essential event in tumor carcinogenesis and 
progression. As a member of the EGFR family, ERBB2 has 

Figure 6. Overexpression of miR‑133a‑3p regulates the expression levels of epithelial‑mesenchymal transition biomarkers. (A) N‑cadherin expression 
was decreased in the miR‑133a‑3p group, while it was increased in the pcDNA‑ERBB2 group. Overexpression of miR‑133a‑3p and ERBB2 rescued the 
expression levels of N‑cadherin. (B) E‑cadherin expression was increased in the miR‑133a‑3p group, whereas it was decreased in the pcDNA‑ERBB2 group. 
Overexpression of miR‑133a‑3p and ERBB2 rescued the expression levels of E‑cadherin. Magnification, x400. ERBB2, erb‑b2 receptor tyrosine kinase 2; 
miR‑133a‑3p, microRNA‑133a‑3p; NC, negative control. 
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been demonstrated to promote EMT in previous study (39). 
The present study detected the typical EMT biomarkers 
E‑cadherin and N‑cadherin and demonstrated that overexpres‑
sion of miR‑133a‑3p markedly suppressed the EMT process 
in NSCLC cells, while overexpression of ERBB2 amelio‑
rated this effect. Therefore, the present findings suggest that 
miR‑133a‑3p may suppress EMT by targeting ERBB2.

There were some limitations to the present study. 
Commonly in wound healing assays non‑FBS medium should 
be used; however, 1% FBS was used in the present study to 
prevent cell starving. Also, the present study only provided 
in vitro data, therefore further in vivo experiments, such as 
tumorigenesis assay, should be performed in future. Besides, 
further analysis of whether miR‑133a‑3p can regulate other 
signaling pathways impacting the phenotypes of NSCLC are 
needed.

In conclusion, the present results indicate that miR‑133a‑3p 
acts as a tumor‑suppressive gene via inhibition of the proliferation, 
invasion and EMT of NSCLC cells. In particular, the inhibitory 
effects of miR‑133a‑3p on ERBB2 indicated that miR‑133a‑3p 
may be a potent antitumor target for NSCLC treatment.
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