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Abstract. Accumulating studies have suggested that 
microRNAs (miRs) play a significant role in lung cancer 
development and progression, especially in non‑small cell 
lung cancer (NSCLC). The present study aimed to investigate 
the associations between miR‑454‑3p and NSCLC progres‑
sion. qPCR assay was applied to examine the expression of 
miR‑454‑3p and transforming growth factor‑β2 (TGFB2) in 
tissues and cell lines. CCK‑8 and EdU assays were used to 
detect cell proliferation. Wound‑healing and Transwell assays 
were conducted to assess cell migration and invasion. Western 
blotting assay was performed to explore the protein levels of 
epithelial‑mesenchymal transition (EMT) markers. The inter‑
action between miR‑454‑3p and TGFB2 was investigated with 
a luciferase reporter assay. miR‑454‑3p was downregulated 
in NSCLC tissues and NSCLC cell lines. miR‑454‑3p over‑
expression led to the suppression of proliferation, migration, 
and invasion in A549 and NCI‑H1650 cells. In addition, the 
overexpression of miR‑454‑3p in A549 and NCI‑H1650 cells 
significantly inhibited EMT. TGFB2 was revealed to be a 
direct target of miR‑454‑3p by using TargetScan database and 
luciferase reporter assay. TGFB2 was observed to be upregu‑
lated in NSCLC tissues and cell lines. Further mechanistic 
studies revealed that the inhibitory effects of miR‑454‑3p on 
NSCLC were reversed upon overexpression of TGFB2. These 
findings provided strong evidence that miR‑454‑3p suppressed 
NSCLC cell proliferation and metastasis by targeting TGFB2. 

The study suggests that targeting miR‑454‑3p could be a 
promising strategy for treating NSCLC.

Introduction

Lung cancer, one of the most common globally diagnosed 
cancers, has a high mortality rate. The percentage of non‑small 
cell lung cancer (NSCLC) is estimated at 85% among all lung 
cancers (1). Although clinical diagnosis and therapeutic strategies 
of NSCLC have advanced over the past three decades, the 5‑year 
overall survival rate remains <16% (2). Among the reasons, tumor 
metastasis is one of the main causes of clinical treatment failure 
and recurrence (3,4). Therefore, it is necessary to elucidate the 
underlying mechanisms of NSCLC cell growth and metastasis, 
which may shed light on potential therapies for NSCLC.

MicroRNAs (miRNAs) belong to a class of small 
non‑coding RNAs which regulating gene expression and 
protein‑coding genes (5). Increasing studies have revealed that 
miRNAs are closely associated with tumor cell proliferation, 
migration, invasion, drug resistance and apoptosis (6,7). For 
instance, miR‑410 was revealed to promote epithelial‑mesen‑
chymal transition (EMT) and radio‑resistance by targeting 
the PI3K/mTOR axis in NSCLC (8). miR‑219 functioned as a 
tumor suppressor, which inhibited NSCLC and ovarian cancer 
cell growth and metastasis (9,10).

miR‑454‑3p is a member of the miR‑130‑3p/301‑3p/454‑3p 
miRNA cluster, which was revealed to play a critical role in 
the progression and malignancies of various cancers (11). At 
present, some studies have revealed that miR‑454‑3p func‑
tioned as a suppressive miRNA in several cancers, including 
glioblastoma (12), lung cancer (13), bladder cancer (14) and 
pancreatic ductal adenocarcinoma (15). However, the detailed 
functions of miR‑454‑3p in NSCLC proliferation and metas‑
tasis remain to be characterized.

Transforming growth factor‑β2 (TGFB2) is a protein 
coding gene of TGF‑β2, and it has been revealed to regu‑
late tumor cell growth, proliferation and metastasis (16,17). 
Emerging evidence has revealed that TGF‑β2 was upregulated 
in numerous types of cancer (18). Bruna et al revealed that 
TGF‑β2 was abundant in glioma and correlated with poor prog‑
nosis (19). Yang et al have reported that TGF‑β2 contributed to 
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EMT and tumor mutation burden in gastric cancer (17). EMT 
is a key biological process that induces malignant tumor cell 
migration and invasion (20,21). TGF‑β is regarded as the most 
crucial factor for EMT (22). Consequently, targeting TGF‑β2 
could be a promising treatment strategy for cancer. Whether 
the expression of TGF‑β2 is related with the expression level 
of miR‑454‑3p in NSCLC remains to be elucidated.

In the present study, the expression of miR‑454‑3p and 
TGFB2 was investigated in NSCLC tissues and cell lines. 
Furthermore, it was explored how miR‑454‑3p and TGFB2 
contribute to the progression of NSCLC and the underlying 
mechanisms were also investigated.

Materials and methods

Clinical specimens. The present study was carried out with 
a total number of 56 human NSCLC tissue and 56 adjacent 
non‑tumor tissue samples. These patients were between 
25‑75 years old, and the ratio of males to females was 1.15:1. 
Patients were confirmed to have no other serious diseases except 
NSCLC. The 56 NSCLC patients were clinically diagnosed 
and undergoing surgery (had never received any neo‑adjuvant 
treatment) at the Yuebei People's Hospital of Shaoguan from 
March 2013 to October 2018. Patients provided written 
informed consent for their participation in the present study. 
These clinical samples were stored in liquid nitrogen until their 
use in experiments. The research was approved and carried out 
according to the ethical standards of the Ethics Committee of 
Yuebei People's Hospital (approval no. DD‑KY‑2018310).

Cells and cell culture. The normal lung cell line BEAS‑2B and 
NSCLC cell lines A549, NCI‑H1299, NCI‑H1650, NCI‑H460, 
NCI‑H1975 were purchased from American Type Culture 
Collection (ATCC). All the cells were cultured in DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) with 10% fetal bovine 
serum (FBS; Shanghai ExCell Biotech Co., Ltd.) and 1% peni‑
cillin/streptomycin (Gibco; Thermo Fisher Scientific, Inc.) in 
5% CO2 at 37˚C. By separately using an STR Multi‑Amplification 
Kit (Microreader 21 ID System; Suzhou Microread Genetics) 
and Mycoplasma Detection Set (M&C Gene Technology), all 
the cell lines were identified with no cross contamination with 
other cell lines and negative for mycoplasma.

Reverse transcription‑quantitative (RT‑q)PCR. E.Z.N.A.® 
Total RNA Kit I (Omega Bio‑Tek) was used to extract total 
RNA from tissues and cultured cells in accordance with the 
manufacturer's protocol. Then, cDNAs were synthesized 
by All‑in‑One cDNA Synthesis SuperMix (Bimake) on a 
PCR instrument (C1000; Bio‑Rad Laboratories, Inc.). The 
thermocycling conditions were as follows: 25˚C/10 min; 
42˚C/30 min; and 85˚C/5 min. Next, real‑time qPCR was 
performed using 2X SYBR Green qPCR Master Mix 
(Bimake) on a LightCycler 480 System (Roche Diagnostics). 
The thermocycling conditions were as follows: Pre‑incubation 
at 95˚C for 5 min; then 40 cycles of amplification at 95˚C 
for 10 sec, 56˚C for 20 sec, 72˚C for 20 sec; melting curve, 
1 cycle at 95˚C for 5 sec, 65˚C for 1 min and continuously 
at 97˚C; finally cooling at 95˚C for 10 sec. miRNA and 
mRNA expression were defined based on the quantification 
cycle (Cq), and respectively normalized to U6 and GAPDH 

levels. The relative expression levels were analyzed by using 
2‑ΔΔCq method (23). The sequence of all primers applied in 
the present study are listed as follows: miR‑454‑3p forward, 
5'‑ACCCTATCAATATTGTCTCTGC‑3' and reverse, 5'‑GCG 
AGC ACA GAA TTA ATA CGA C‑3'; U6 forward, 5'‑GCT TCG 
GCA GCA CAT ATA CTA AAA T‑3' and reverse, 5'‑CGC TTC 
ACG AAT TTG CGT GTC AT‑3'; TGFB2 forward, 5'‑GTT CGA 
TTT GAC GTC TCA GCA AT‑3' and reverse, 5'‑CAA TCC GTT 
GTT CAG GCA CTC T‑3'; GAPDH forward, 5'‑TGC ACC ACC 
AAC TGC TTA GC‑3' and reverse, 5'‑GGC ATG GAC TGT GGT 
CAT GAG‑3'.

Cell transient transfection. A549 and NCI‑H1650 cells were 
seeded in 6‑well plates (2.1x104 cells/well) and incubated over‑
night. After cell fusion reached 80%, the cells were transfected 
with i) negative control (NC) or miR‑454‑3p mimics. The 
sequence of the miR‑454‑3p mimic was 5'‑UAG UGC AAU 
AUU GCU UAU AGG GU‑3' and that of the negative control 
5'‑UCA CAA CCU CCU AGA AAG AGU AGA‑3'; ii) NC with 
Vector (pCMV3), pCMV3‑TGFB2 plasmid, or pCMV3‑TGFB2 
plasmid with miR‑454‑3p mimics using Lipofectamine™ 3000 
transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. The concentration 
of NC and miR‑454‑3p mimics was 100 pmol and the mass of 
pCMV3 and pCMV3‑TGFB2 was 2 µg. miR‑454‑3p mimics 
and negative control (NC) oligonucleotides were synthesized 
by Shanghai GenePharma Co., Ltd. Vector (pCMV3) and 
pCMV3‑TGFB2 were purchased from Origene Technologies, 
Inc.. After incubation with transfection reagent for 6 h, the 
cells were cultured using complete medium for another 48 h 
in 5% CO2 at 37˚C. Then, the transfected cells were used to 
perform subsequent experiments.

Bioinformatics analysis. Bioinformatics analysis was 
conducted to predict the assumed targets of miR‑454‑3p using 
TargetScan (version 6.0; www.targetscan.org).

Luciferase reporter assay. Luciferase reporter plas‑
mids, pmirGLO‑TGFB2‑3'‑UTR wild‑type (WT), and 
pmirGLO‑TGFB2‑3'‑UTR mutant (Mut) were synthesized 
by Shanghai GenePharma Co., Ltd. A549 and NCI‑H1650 
cells were seeded in 96‑well plates (7.0x103 cells/well) and 
cultured for 24 h. Then, the pmirGLO‑TGFB2‑3'‑UTR‑WT 
or pmirGLO‑TGFB2‑3'‑UTR‑Mut plasmid was co‑trans‑
fected with NC or miR‑454‑3p mimics into the cells using 
Lipofectamine™ 3000 transfection reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). After transfection for 48 h, a 
Dual Luciferase Reporter Assay kit (Promega Corporation) 
was used to measure the luciferase signals and the Renilla 
luciferase activity was used for normalization.

Cell proliferation assay. A549 and NCI‑H1650 cells were 
plated into 96‑well plates (5.0x103 cells/well) and incubated 
overnight. After transfection, the cells were cultured for 
another 24 h. Cell proliferation was analyzed by Cell Counting 
Kit‑8 (CCK‑8) assay (Beyotime Institute of Biotechnology) 
at 0, 24, 48 and 72 h, whereupon 10 µl CCK‑8 solution was 
added to each well. Following incubation at 37˚C for another 
1 h, the optical density (OD) at 450 nm was measured using a 
microplate reader (Bio‑Rad Laboratories, Inc.).
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5‑Ethynyl‑2‑deoxyuridine (EdU) proliferation assay. 
Transfected cells were cultured in 96‑well plates 
(6.0x103 cells/well). After a 24‑h incubation, the cells were 
subjected to the iClick™ EdU Andy Fluor 555 Imaging Kit 
(GeneCopoeia, Inc.) in accordance with the indicated protocol. 
The images were acquired with a fluorescence microscope 
(magnification, x10) (Zeiss AG) and the EdU‑positive cells 
were calculated by Image‑Pro Plus 6.0 software (Media 
Cybernetics, Inc.).

Wound healing assay. A wound‑healing assay can be used to 
evaluate cell migration capacity (24). A549 and NCI‑H1650 
cells were transfected with miRNA mimics and/or plasmid 
in 12‑well plates (1.5x104 cells/well). After incubation for 
another 24 h, the cells were starved with serum‑free DMEM 
for 6 h and then cell monolayers were scratched with a 10‑µl 
pipette tip. Next, the cells were washed gently with phos‑
phate‑buffered saline (PBS) to remove the cell debris and then 
cultured with total medium. Images were captured at 0 and 
12 h after the scratch by an optical microscope (magnifica‑
tion, x5) (Zeiss AG). The wound widths were analyzed with 
ImageJ 1.38 software (National Institutes of Health).

Invasion assays. The invasion assays were conducted with 
24‑well Boyden chambers (8 µm pore size; Corning, Inc.). First, 
the upper chambers were pre‑coated with diluted Matrigel 
(Corning, Inc.) and allowed to settle for 30 min at 37˚C. The 
transfected cells (1.0x105 cells/ml) were resuspended in 
serum‑free DMEM medium and seeded into the upper chamber 
(100 µl/well). The bottom chamber was filled with DMEM 
supplemented with 10% FBS (600 µl/well). After incubation 
for 24 h, the invasive cells were fixed with 4% paraformalde‑
hyde for 30 min and then stained with 0.1% crystal violet for 
15 min at room temperature. A cotton swab was used to rub 
away the non‑invading cells on the inner side of upper chamber. 
The invasive cells in the lower surface were photographed 
with an inverted microscope (magnification, x10) (Olympus 
Corporation) and counted by Image‑Pro Plus 6.0 software.

Western blotting. A549 and NCI‑H1650 cells after transfec‑
tion were collected and the total protein of cells was extracted 
using RIPA buffer (Thermo Fisher Scientific, Inc.) containing 
proteinase inhibitors (Roche Diagnostics). A Pierce™ 
Bicinchoninic Acid assay kit (Thermo Fisher Scientific, Inc.) 
was used to detect the protein concentrations. Equal amounts 
of protein (30 µg) were separated by 10% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis (SDS‑PAGE) and 
then transferred onto 4.5 µm polyvinylidene fluoride (PVDF) 
membranes (EMD Millipore). Subsequently, 5% skim milk 
in TBS containing 0.1% Tween‑20 (TBST) was used to block 
the membranes for 1 h at room temperature. The membranes 
were incubated with primary antibodies against E‑cadherin 
(cat. no. 3195), N‑cadherin (cat. no. 4061) and GAPDH 
(cat. no. 5174S), which were purchased from Cell Signaling 
Technology, Inc.. The dilution of the primary antibodies 
was 1:1,000. After washing with TBST for three times, the 
horseradish peroxidase (HRP)‑conjugated secondary antibody 
(goat anti‑rabbit IgG; cat. no. sc‑2004; 1:1,000; Santa Cruz 
Biotechnology, Inc.) was probed with the blots for 1 h at room 
temperature. After washing with TBST, the protein bands 

were visualized by an enhanced chemiluminescence (ECL; 
Pierce; Thermo Fisher Scientific, Inc.) solutions.

Statistical analysis. The experimental data were statistically 
analyzed with GraphPad Prism 8.0 software (GraphPad 
Software, Inc.). Each experiment was repeated at least three 
times and the results are expressed as the mean ± SD. The 
unpaired Student's t‑test was conducted for comparisons 
between two groups and one‑way ANOVA followed by 
the Tukey's post hoc test was used to analyze the signifi‑
cance among more than two groups. Survival analysis was 
investigated using Kaplan‑Meier method followed by the 
Gehan‑Breslow‑Wilcoxon test which was used to analyze the 
significance. The correlation between miR‑454‑3p and TGFB2 
expression were evaluated using Spearman's analysis. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑454‑3p is downregulated in NSCLC tissues and cell lines. 
To understand the role of miR‑454‑3p in NSCLC progres‑
sion, the expression level of miR‑454‑3p in NSCLC tissues 
and cells was examined by RT‑qPCR assay. As presented in 
Fig. 1A, miR‑454‑3p was downregulated in NSCLC tissues 
by comparison with adjacent normal tissues. In the clinico‑
pathological analysis of NSCLC patients, miR‑454‑3p was 
significantly associated with tumor size, pathological stage and 
tumor metastasis, but not with age and sex (Table I). Then, the 

Table I. Association between miR‑454‑3p and clinicopatho‑
logical characteristics of patients with NSCLC.

 Expression level of 
 miR‑454‑3p
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Pathological parameters n High Low P‑value

Age (years)    0.7825
  <50 21 10 11 
  ≥50 35 18 17 
Sex    
  Male 30 14 16 0.5920
  Female 26 14 12 
Tumor size    0.0331a

  <3 cm 27 17 10 
  ≥3 cm 29 10 19 
Pathological stage    0.0044b

  Well 20 14 6 
  Poor 36 11 25 
Metastasis    0.0014b

  Negative 31 22 9 
  Positive 25 7 18 

aP<0.05, the expression of miR‑454‑3p was significantly associated 
with tumor size; bP<0.01, the expression of miR‑454‑3p was signifi‑
cantly associated with pathological stage and tumor metastasis. miR, 
microRNA; NSCLC, non‑small cell lung cancer.
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association between overall survival and miR‑454‑3p expres‑
sion in NSCLC patients was analyzed. The 56 NSCLC tissues 
were divided into a low‑miR‑454‑3p expression group and a 
high‑miR‑454‑3p expression group (Fig. 1B). Kaplan‑Meier 
analysis revealed that the low miR‑454‑3p expression was 
associated with worse overall survival in patients with NSCLC 
(Fig. 1C). The expression of miR‑454‑3p in NSCLC cells was 
also detected. The RT‑qPCR assay revealed that miR‑454‑3p 
expression was significantly lower in 5 NSCLC cell lines 
(NCI‑H1299, NCI‑H1650, A549, NCI‑H1975 and NCI‑H460) 
than in normal lung cell line BEAS‑2B (Fig. 1D).

miR‑454‑3p inhibits the proliferation of NSCLC cells. A549 
and NCI‑H1650 cells were transfected with NC or miR‑454‑3p 
mimics. The transfection efficiency was determined by 
RT‑qPCR and it was revealed that the expression of miR‑454‑3p 
was significantly increased in both A549 and NCI‑H1650 cells 
after transfection with miR‑454‑3p mimics (Fig. 2A). Then, 
CCK‑8 and EdU cell proliferation assays were performed to 
investigate the effect of miR‑454‑3p overexpression on NSCLC 
cell proliferation. The CCK‑8 assay revealed that miR‑454‑3p 
overexpression significantly suppressed the proliferation rate 
of A549 and NCI‑H1650 cells (Fig. 2B and C). EdU assay 
also revealed that the overexpression of miR‑454‑3p markedly 
reduced the number of EdU‑positive cells (Fig. 2D and E). 
These results provided evidence that miR‑454‑3p functions as a 
tumor suppressor and inhibits the proliferation of NSCLC cells.

miR‑454‑3p attenuates metastases and suppresses EMT in NSCLC 
cells. To further determine the biological effect of miR‑454‑3p 
on NSCLC cell metastasis, wound‑healing and Transwell inva‑
sion assays were conducted. The wound‑healing assay revealed 
that the migratory capability of A549 and NCI‑H1650 cells was 
attenuated when miR‑454‑3p was overexpressed (Fig. 3A and B). 
Furthermore, miR‑454‑3p significantly decreased the number of 
invasive A549 and NCI‑H1650 cells (Fig. 3C). Next, the role of 
miR‑454‑3p in EMT processes was evaluated. The present results 
revealed that the overexpression of miR‑454‑3p led to a decrease 
in mesenchymal marker N‑cadherin and increased the expression 
of epithelial marker E‑cadherin (Fig. 3D and E). Collectively, 
these data indicated that miR‑454‑3p may block EMT to inhibit 
NSCLC cell metastasis.

TGFB2 is a direct target of miR‑454‑3p in NSCLC. TargetScan 
was selected for bioinformatics analysis to identify a potential 
target gene of miR‑454‑3p. The results suggested that TGFB2 
is a putative target of miR‑454‑3p (Fig. 4A). To confirm 
whether the 3'‑UTR of TGFB2 could be directly targeted by 
miR‑454‑3p, a luciferase reporter assay was performed. The 
results revealed that miR‑454‑3p overexpression resulted 
in significantly decreased the luciferase activity in the WT 
3'‑UTR of TGFB2, but not the Mut reporter (Fig. 4B and C). 
In addition, RT‑qPCR assays were performed to investigate 
the mRNA levels of TGFB2 in A549 and NCI‑H1650 cells 
transfected with NC or miR‑454‑3p mimics. As revealed 

Figure 1. Expression of miR‑454‑3p is downregulated in NSCLC tissues and cell lines. (A) The relative expression level of miR‑454‑3p in 56 NSCLC tissues 
and paired adjacent normal tissues. (B) NSCLC tissues (n=56) were divided into two groups (miR‑454‑3p low expression and high expression) based on the 
median value. (C) The relationship between the overall survival and miR‑454‑3p expression in NSCLC patients was analyzed by Kaplan‑Meier method. 
(D) RT‑qPCR analysis for miR‑454‑3p expression in BEAS‑2B and 5 NSCLC cell lines. Data are presented as the mean ± SD. *P<0.05, **P<0.01 and ***P<0.001 
compared with BEAS‑2B cells. miR, microRNA; NSCLC, non‑small cell lung cancer; RT‑qPCR, reverse transcription‑quantitative PCR.
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in Fig. 4D and E, overexpression of miR‑454‑3p signifi‑
cantly attenuated TGFB2 mRNA expression. Consequently, 
these results demonstrated that TGFB2 is a direct target of 
miR‑454‑3p in NSCLC cells.

miR‑454‑3p is negatively correlated with TGFB2 expression 
in NSCLC tissues. To determine the association between 
miR‑454‑3p and TGFB2 in NSCLC tissues, the expression 
of TGFB2 in NSCLC tissues and adjacent non‑cancerous 

tissues was examined. It was revealed that the expression level 
of TGFB2 was significantly higher in NSCLC tissues than 
in non‑tumor tissues (Fig. 5A) and high TGFB2 expression 
indicated poor prognosis in patients with NSCLC (Fig. 5B). 
In addition, it was observed that the expression of miR‑454‑3p 
had a negative correlation with TGFB2 expression in NSCLC 
tissues (Fig. 5C). Furthermore, when compared with normal 
lung cell line BEAS‑2B, TGFB2 expression was significantly 
higher in all five NSCLC cell lines (NCI‑H1299, NCI‑H1650, 

Figure 2. Ectopic expression of miR‑454‑3p suppresses NSCLC cell proliferation. (A) The expression of miR‑454‑3p in NSCLC cells transfected with 
miR‑454‑3p mimics was evaluated by qPCR assay. (B and C) A549 and NCI‑H1650 cells were transfected with miR‑454‑3p mimics for 24 h, and the cell 
proliferation rate was determined by CCK‑8 assay. (D and E) The effect of miR‑454‑3p on A549 and NCI‑H1650 cell proliferation was detected by EdU cell 
proliferation kit. EdU‑positive cells were photographed under an inverted fluorescence microscope. Scale bar, 100 µm. Data are presented as the mean ± SD, 
n=3. *P<0.05, **P<0.01 and ***P<0.001 vs. cells transfected with the NC‑mimic group. miR, microRNA; NSCLC, non‑small cell lung cancer; qPCR, quantita‑
tive PCR; CCK‑8, Cell Counting Kit‑8; EdU, 5‑ethynyl‑2‑deoxyuridine; NC, negative control mimics; miR‑454‑3p, miR‑454‑3p mimics.
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Figure 3. Effect of miR‑454‑3p on migration, invasion, and EMT in NSCLC cells. (A and B) A549 and NCI‑H1650 cells were transfected with NC or 
miR‑454‑3p mimics, and the migration capacity of cells was assessed with a wound healing assay. Scale bar, 200 µm. (C) The effect of miR‑454‑3p overexpres‑
sion on NSCLC cell invasion was examined using a Transwell invasion assay. Scale bar, 200 µm. (D and E) The protein levels of EMT markers in A549 and 
NCI‑H1650 cells after transfection with NC or miR‑454‑3p mimics were determined by western blotting. Data are presented as the mean ± SD, n=3. *P<0.05, 
**P<0.01 and ***P<0.001 compared with the NC group. miR, microRNA; EMT, epithelial‑mesenchymal transition; NSCLC, non‑small cell lung cancer; 
NC, negative control mimics; ns, not significant; miR‑454‑3p, miR‑454‑3p mimics.
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A549, NCI‑H1975 and NCI‑H460) (Fig. 5D). Collectively, the 
present results revealed that TGFB2 expression was negatively 
correlated with miR‑454‑3p in NSCLC tissues and cells, which 
may confirm that TGFB2 could be a target of miR‑454‑3p.

TGFB2 overexpression abrogates miR‑454‑3p‑mediated 
inhibition of NSCLC cell proliferation. Next, the effect 
of TGFB2 and miR‑454‑3p on NSCLC cell proliferation 
was investigated. First, A549 and NCI‑H1650 cells were 
co‑transfected with TGFB2‑overexpressing plasmid and 
miR‑454‑3p mimics. RT‑qPCR assays revealed that TGFB2 
was significantly upregulated in A549 and NCI‑H1650 cells 
after transfection with TGFB2 overexpression plasmid, which 
could be significantly inhibited by miR‑454‑3p mimics 
(Fig. 6A and B). Then, CCK‑8 and EdU cell proliferation 

assays were performed to examine the proliferation of NSCLC 
cells. The cell proliferation rate was significantly increased 
in NSCLC cells co‑transfected with TGFB2 plasmid and 
miR‑454‑3p mimics compared with cells transfected with 
miR‑454‑3p mimics alone (Fig. 6C and D). Furthermore, the 
number of EdU‑positive A549 and NCI‑H1650 cells in the 
co‑transfection groups was significantly higher than cells 
transfected with miR‑454‑3p mimics alone (Fig. 6E and F). 
The results indicated that the overexpression of TGFB2 abro‑
gated the miR‑454‑3p‑mediated inhibitory effect on NSCLC 
cell proliferation.

TGFB2 reverses miR‑454‑3p‑mediated inhibition of metas‑
tasis and EMT in NSCLC cells. Subsequently, the role of 
TGFB2 in miR‑454‑3p‑mediated NSCLC cell metastasis and 

Figure 4. TGFB2 is a direct target of miR‑454‑3p in NSCLC cells. (A) The predicted seed region of miR‑454‑3p at the 3'UTR of TGFB2 was analyzed 
with TargetScan software and the mutated version is presented. (B and C) A549 and NCI‑H1650 cells were co‑transfected with miR‑454‑3p mimics and 
TGFB2‑WT or TGFB2‑Mut for 48 h. Then, the luciferase activity was detected using the Dual Luciferase Reporter Assay kit. (D and E) The TGFB2 mRNA 
expression in A549 and NCI‑H1650 cells transfected with NC or miR‑454‑3p mimics was assessed by RT‑qPCR. Data are expressed as the mean ± SD, n=3. 
***P<0.001 compared with NC group. TGFB2, transforming growth factor‑β2; miR, microRNA; NSCLC, non‑small cell lung cancer; WT, wild‑type; Mut, 
mutant; NC, negative control mimics; RT‑qPCR, reverse transcription‑quantitative PCR; ns, not significant; miR‑454‑3p, miR‑454‑3p mimics.
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EMT were evaluated. As revealed in Fig. 7A‑D, the number of 
migrated and invasive cells was markedly decreased in A549 
and NCI‑H1650 cells transfected miR‑454‑3p mimics, which 
could be reversed by overexpression of TGFB2. In addition, 
TGFB2 overexpression decreased the expression E‑cadherin 
and increased the expression of N‑cadherin in A549 and 
NCI‑H1650 cells (Fig. 7E and F). Collectively, these data 
demonstrated that miR‑454‑3p inhibited the metastasis and 
EMT of NSCLC cells via antagonizing TGFB2 expression.

Discussion

NSCLC is closely associated with high cancer‑related incidence 
and fatality rate (25). Challenges remain due to failure of early 
diagnosis of the cancer, metastasis or drug resistance (26‑28). 
The last two decades have witnessed the rapid developments of 
tumor epigenetic alternations (29,30). miRNAs play an impor‑
tant role in tumorigenesis and development (31,32). It is urgent 
to determine the expression, functions and potential targets of 
dysregulated miRNAs in NSCLC, which could provide effective 
strategies to improve the treatment and prognosis of patients.

It has been reported that miR‑454‑3p was downregulated 
in various cancers and its ectopic expression impaired tumor 
malignant behaviors (12,33). For example, miR‑454‑3p 
suppressed cell proliferation and induced apoptosis by directly 
downregulating nuclear factor of activated T‑cells c2 (NFATc2) 
in glioblastoma (GBM) (12). It also targeted cytoplasmic 

polyadenylation element‑binding protein 1 (CPEB1) to inhibit 
GBM cell proliferation and mobility (34). For these reasons, it 
may be regarded as a tumor suppressor and a novel biomarker 
for GBM therapy. In addition, low miR‑454‑3p expression in 
bladder cancer tissues, predicted poor prognosis of bladder 
cancer patients (14). Moreover, miR‑454‑3p functioned as 
a tumor inhibitor of esophageal cancer by inhibiting the 
ERK/AKT signaling pathways (35). With regard to NSCLC, 
the expression of miR‑454‑3p was downregulated in NSCLC 
tissues and cell lines (13). Further study suggested that aber‑
rant expression of miR‑454‑3p significantly restrained NSCLC 
cell proliferation and accelerated cell apoptosis by downregu‑
lating calbindin 1 (CALB1) (13). These studies indicated that 
miR‑454‑3p could be a tumor‑suppressive miRNA as revealed 
in a great number of cancer types. Conversely, it was observed 
to be upregulated in breast cancer and further enhanced cell 
metastasis, leading to a shorter relapse‑free survival of patients 
with breast cancer (36). Song et al expounded that miR‑454‑3p 
depletion reduced cervical cancer cell growth, facilitating 
cancer cell apoptosis (37). Thus, miR‑454‑3p can function as 
either a tumorigenic or tumor suppressive miRNA, which may 
depend on the type of cancer. In present study, the expression 
of miR‑454‑3p was revealed to be decreased in NSCLC tissues 
and cells. Further mechanistic studies suggested that its aber‑
rant expression attenuated migration and invasion and had an 
impact on E‑cadherin and N‑cadherin expression in NSCLC 
cells.

Figure 5. TGFB2 is upregulated in NSCLC tissues and cells. (A) The expression of TGFB2 was significantly higher in NSCLC tissues than in adjacent 
non‑cancerous tissues. (B) The association between TGFB2 expression level and overall survival in 56 NSCLC patients was assessed by Kaplan‑Meier 
analysis. (C) The correlation between TGFB2 and miR‑454‑3p in NSCLC tissues was analyzed by Spearman's analysis. (D) RT‑qPCR analysis of the TGFB2 
expression level in NSCLC cells. Data are presented as the mean ± SD, n=3. **P<0.01 and ***P<0.001 vs. the BEAS‑2B group. TGFB2, transforming growth 
factor‑β2; NSCLC, non‑small cell lung cancer; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR.



ONCOLOGY REPORTS  45:  67,  2021 9

To gain insight into the mechanism of miR‑454‑3p in NSCLC, 
TargetScan database was applied to predict the potential target 

genes of miR‑454‑3p. Among the candidate genes, a comple‑
mentary miR‑454‑3p site was present in the 3'‑UTR of TGFB2 

Figure 6. TGFB2 overexpression counteracts the miR‑454‑3p‑mediated suppressive effects on NSCLC cell proliferation. (A and B) A549 and NCI‑H1650 cells 
were co‑transfected with TGFB2‑overexpressing plasmid and miR‑454‑3p mimics and then the expression of TGFB2 was determined by RT‑qPCR assay. 
(C‑F) The effect of miR‑454‑3p and TGFB2 on the proliferation of A549 and NCI‑H1650 cells was examined by (C and D) CCK‑8 assay and (E and F) EdU 
cell proliferation assay. Scale bar, 100 µm. Data are presented as the mean ± SD, n=3. **P<0.01 and ***P<0.001 compared with cells transfected with the 
NC + Vector group.  #P<0.05 and ##P<0.01 compared with cells transfected with miR‑454‑3p mimics. TGFB2, transforming growth factor‑β2; miR, microRNA; 
NSCLC, non‑small cell lung cancer; RT‑qPCR, reverse transcription‑quantitative PCR; CCK‑8, Cell Counting Kit‑8; EdU, 5‑ethynyl‑2‑deoxyuridine; 
NC, negative control mimics; miR‑454‑3p, miR‑454‑3p mimics.
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Figure 7. TGFB2 reverses miR‑454‑3p‑mediated inhibition of migration, invasion and EMT in NSCLC cells. A549 and NCI‑H1650 cells were transfected 
with TGFB2‑overexpressing plasmid and miR‑454‑3p mimics. (A and B) A wound healing assay was performed to evaluate cell migration capacity. Scale bar, 
200 µm. (C and D) Transwell invasion assay was conducted to investigate cell invasion capacity. Scale bar, 200 µm. (E and F) Western blot analysis was used 
to reveal the expression of E‑cadherin and N‑cadherin in cells after the indicated transfections. Data are presented as the mean ± SD, n=3. *P<0.05, **P<0.01 
and ***P<0.001 vs. cells transfected with the NC + Vector group.  #P<0.05 and ##P<0.01 vs. cells transfected with miR‑454‑3p mimics. TGFB2, transforming 
growth factor‑β2; miR, microRNA; EMT, epithelial‑mesenchymal transition; NSCLC, non‑small cell lung cancer; NC, negative control mimics; miR‑454‑3p, 
miR‑454‑3p mimics; ns, no significance.
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mRNA. Previous evidence has revealed the involvement of 
TGFB2 in numerous malignancies (38,39). As a result, TGFB2 
was selected for subsequent investigations. Dual luciferase 
reporter assays revealed that TGFB2 could directly bind to 
miR‑454‑3p in NSCLC cells. TGFB2 is known as an isoform 
of the TGFB family. TGFBs could function as oncogenic genes 
and bind with a range of TGFB receptors and activate transcrip‑
tion factors such as the SMAD superfamily members which 
regulate cell homeostasis (39‑41). TGFBs (TGFB1, TGFB2, and 
TGFB3) were upregulated in gastric carcinoma, however, only 
high expression of TGFB2 was associated with poor prognosis 
of gastric carcinoma patients (42). Schlingensiepen et al also 
reported that the high expression of TGFB2 was revealed in 
high‑grade gliomas and indicated an unfavorable prognosis of 
glioma patients (43). Moreover, TGFB2 could induce EMT and 
promote tumor metastasis in nasopharyngeal carcinoma (44) 
and gallbladder carcinoma (45). The major biological function 
of miRNAs is to regulate the expression of genes by post‑tran‑
scriptional mRNA regulation (31). Some miRNAs have been 
reported to regulate TGFB2 in malignant tumors. miR‑200a 
suppressed renal cell carcinoma development by directly 
targeting TGFB2 (46). A recent study revealed that TGFB2 
downregulation mediated by miR‑324‑5p mimics could inhibit 
gallbladder carcinoma cell migration, invasion and EMT, which 
contributed to suppression of gallbladder carcinoma metastatic 
behaviors (45). In the present study, the results revealed that 
TGFB2 was markedly upregulated in NSCLC tissues and cell 
lines. Moreover, it was negatively correlated with miR‑454‑3p 
in NSCLC tissues. Further research corroborated that TGFB2 
reversed miR‑454‑3p‑mediated migration, invasion and 
E‑cadherin and N‑cadherin expression in NSCLC cells.

TGFB2 is a hallmark in various malignant tumors, and 
treatment of cancer based on the specific inhibition of TGFB2 is 
currently being developed (17). The mode of action, effectuality 
and tolerability in vitro and in vivo of Trabedersen (AP‑12009), 
an antisense oligodeoxynucleotide inhibitor targeting TGFB2, 
has been confirmed (47). Furthermore, AP‑12009 is being 
evaluated in a phase I/II dose escalation study with high‑grade 
glioma, metastatic colorectal carcinoma, metastatic mela‑
noma, and advanced pancreatic carcinoma (47,48). In present 
study, the regulatory effect of miR‑454‑3p/TGFB2 concatena‑
tion on NSCLC malignant behaviors in vitro was confirmed. 
However, the study of miR‑454‑3p and TGFB2 in vivo remains 
to be further investigated. In addition, studies using TGFB2 
inhibitors can be carried out in vitro and in vivo, which may 
provide a more rationale and potential treatment target for 
NSCLC patients.
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