
Molecular Medicine REPORTS  22:  1767-1774,  2020

Abstract. Transcription factor II B (TFIIB)‑related factor 2 
(BRF2) is involved in the development of cancer, but its role 
in lung cancer is underreported. The present study aimed to 
explore the role of BRF2 in the regulation of lung cancer cells. 
Immunofluorescence staining and immunohistochemistry 
were performed to detect BRF2 protein expression in human 
lung cancer cells and tissues. Following cell transfection with 
small interfering RNA for silencing BRF2, the cell prolifera-
tion was examined by Cell Counting Kit‑8 and MTT assays. 
Cell apoptosis, migration and invasion were determined 
by flow cytometry, wound‑healing and Transwell assay. 
The expression levels of Akt, phosphorylated (p)‑Akt, Bax, 
E‑cadherin, Bcl‑2, N‑cadherin, Snail and epidermal growth 
factor receptor (EGFR) in human lung cancer A549 cells were 
detected by western blotting. The results demonstrated that 
BRF2 expression was increased in human lung cancer cells and 
tissues, and that silencing of BRF2 promoted cell apoptosis but 
inhibited cell proliferation and migration. The protein expres-
sion levels of Akt, E‑cadherin, p‑Akt, Bcl‑2, N‑cadherin, Snail 
and EGFR in A549 cells were inhibited by silencing of BRF2, 
while expression levels of Bax and E‑cadherin were increased 
by silencing BRF2. In conclusion, BRF2 demonstrates high 
expression in lung cancer and silencing of BRF2 inhibits the 
growth and metastasis of lung cancer cells. The current find-
ings provide a novel approach for the treatment of lung cancer.

Introduction

Lung cancer is an aggressive malignant tumor with poor 
therapeutic outcomes (1). Patients with non‑small cell lung 
cancer (NSCLC) account for the majority of lung cancer cases 
and the incidence of NSCLC is increasing annually  (2‑4). 

Thus, developing effective and novel biomarkers and targets 
for lung cancer diagnosis and therapy is urgent.

Transcription factor II B (TFIIB)‑related factor 2 (BRF2) 
is a gene located on chromosome 8p12 (5). As a subunit, BRF2 
protein, which is located on TFIIB and participates in small 
RNA production, is catalyzed under RNA polymerase III  
(pol III) (6‑9). During cell cycle, the transcription of RNA 
pol III is regulated to ensure normal cellular growth (10,11). 
Previous studies reported that RNA pol III activity plays a key 
role in the deregulation of a variety of cancers, regardless of 
tissue types (12,13). Deregulation of TFIIIB‑mediated tran-
scription is an important factor in tumor development (14). In 
addition, TBP expression is found increased in a large number 
of cancers including in human kidney, colon, melanoma, and 
gastric cancers (15,16).

BRF2 has a pivotal role in proliferation, metastasis, angio-
genesis, and tumorigenesis by acting as an oncogene (2). In 
addition, overexpression of BRF2 is associated with a higher 
risk of cancer recurrence (5,17). Lockwood et al (18) demon-
strated that genetic activation of BRF2 is a special mechanism 
of squamous cell carcinoma tumorigenesis, and this finding 
is the first clinical evidence to suggest that BRF2 is a novel 
oncogene in lung cancer. Previous studies suggest that BRF2 
expression is increased in breast cancers, suggesting that it 
is potentially a candidate oncogene  (19,20). However, the 
mechanism of action of BRF2 still remains to be elucidated, 
especially the relationship between BRF2 and lung cancer.

By using immunofluorescence staining and immunohisto-
chemistry methods, the present study detected BRF2 protein 
expression levels in lung cancer tissues, and analyzed the func-
tion of the BRF2 gene in the metastasis of lung cancer cells.

Materials and methods

Clinical samples. The clinical samples of lung cancer tissue and 
paired normal adjacent tissues were collected from lung cancer 
patients at Zhuji Affiliated Hospital of Shaoxing University 
in 2019 for treatment. A total of 72 patients with lung cancer 
(age, 35‑70 years) were enrolled between December 2018 and 
December 2019. The male to female ratio was 3:1. Patients 
were divided into three groups according to the age of onset as 
follows: Group 1, 35‑50; group 2, 50‑62; group 3, 62‑70. Cancer 
and normal adjacent tissues of all patients were obtained and 
used to detect the gene expression level of BRF2 in the tissues. 
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The patients had no history of chemotherapy and did not have 
other types of cancer, infectious diseases, or autoimmune 
diseases. All patients signed informed consent and agreed that 
their tissues would be used for clinical research. The study 
was approved by the Ethics Committee of Zhuji Affiliated 
Hospital of Shaoxing University (approval no. ZLK20181124). 
All clinical samples were obtained at the time of initial resec-
tion, and stored at ‑80˚C.

Bioinformatics analysis. BRF2 mRNA expression levels in 
lung cancer and normal tissues were compared using a bioin-
formatics website (gepia.cancer‑pku.cn).

Cell culture. Normal human lung epithelial cells (BEAS‑2B; 
cat.  no. CRL‑ 9609) and human lung cancer cells (A549, 
cat. no. CCL‑185; H292, cat. no. CRL‑1848) were purchased 
from the American Type Culture Collection. The cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM, 
Sigma‑Aldrich; Merck KGaA) supplemented with 10% fetal 
bovine serum (FBS, Thermo Fisher Scientific, Inc.), 100 U/ml 
penicillin and 100 µg/ml streptomycin at 37˚C in 5% CO2.

Immunofluorescence staining. The cells (2x104/ml) were 
grown on coverslips and after the liquid had been aspirated, the 
cells were covered 2‑3 mm under 4% formaldehyde diluted in 
warm phosphate‑buffered saline (PBS) to be fixed for 15 min 
at room temperature. Following removal of the fixative, the 
cells were rinsed in PBS with for 5 min. Then the cells were 
blocked with immunostaining blocking buffer (cat. no. P0102; 
Beyotime Institute of Biotechnology) at 37˚C for 60 min, after 
aspirating the solution, primary antibody anti‑BRF2 antibody 
(mouse, cat. no. ab194442, 1:500, Abcam) was added to the 
cells. Next, the cells were incubated overnight at 4˚C. The cells 
were rinsed 3 times in PBS for 5 min at room temperature 
in the dark, and then incubated with fluorochrome‑conjugated 
secondary antibody [horseradish peroxidase (HRP)‑conjugated 
goat anti‑mouse IgG H&L (1:100; cat. no. ab6789; Abcam)] at 
37˚C for 1 h. DAPI (cat. no. D1306, Thermo Fisher Scientific, 
Inc.) was added to the cells and incubated together for 5 min 
in the dark. Following aspiration of the liquid, the cells 
were observed under a fluorescence microscope (magnifica-
tion, x200; cat. no. BX43; Olympus Corporation).

Immunohistochemistry. Following fixation in 4% formalde-
hyde at 25˚C for 24 h, the tissues were dehydrated and made 
transparent by gradient alcohol, then paraffin‑embedded, and 
sectioned (section thickness, 5 µm). The sections were soaked 
in citrate buffer solution (pH 6.0) and heated in a 850 W 
power microwave oven for 10 min to conduct antigen repair. 
The endogenous peroxidase enzyme activity was minimized 
by rinsing the sections in 3% H2O2 in methanol for 20 min 
at room temperature. Then, the tissues were incubated 
with primary rabbit anti‑BRF2 polyclonal antibody (1:400, 
cat. no. ab194442, Abcam) at 4˚C overnight. Next the sections 
were incubated with secondary antibody [HRP‑conjugated 
goat anti‑rabbit immunoglobulin  (IgG) H&L (1:2,000; 
cat.  no.  ab150113; Abcam) and streptavidin‑peroxidase 
complex for 30 min at 37˚C. The sections were stained with 
hematoxylin, dried in an oven at 65˚C, rinsed in water, then 
mixed with alcohol and xylene and naturally dried. Finally, 

the sections were sealed and observed under an optical micro-
scope (magnification, x100; BX53M, Olympus Corporation).

Cell transfection. BRF2 small interfering (si)RNA (cat. 
no. 11968S, Cell Signaling Technology, Inc.) was transfected 
into the A549 cells using Lipofectamine® 2000 Transfection 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). A549 cells 
were seeded into 6‑well plates at 1x105 cells per well and incu-
bated at 37˚C for 24 h. Then 1.5 ml medium without serum or 
antibiotics was added into each well of the plate, with the 
mixture of 100 pmol BRF2 siRNA and Lipofectamine® 2000 
to incubate for 4‑6  h at 37˚C with 5%  CO2. The siRNA 
sequences were as follows: BRF2 siRNA sense, 5'‑GGUGGG 
AAAUAAUUCCUUATT‑3'; si‑negative control (siNC) sense, 
5'‑UUCUCCGAACGUGUCACGUTT‑3'. After 72 h of trans-
fection, the cells were collected for later analysis.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNAs were 
extracted from tissues or cells (2x104/ml) by TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocols. Total RNAs were placed in a 
refrigerator at 4˚C, and quantified by a biological spectrom-
eter (Nano Drop 2000C; Thermo Fisher Scientific, Inc.). The 
extracted RNAs were reverse‑transcribed to cDNA using a Prime 
Script RT reagent kit (Takara Bio, Inc.) according to the manu-
facturer's instructions. The results were normalized to β‑actin. 
Next, SYBR® Green PCR Master Mix (cat. no. 4312704, Applied 
Biosystems, Thermo Fisher Scientific, Inc.) and Bio‑Rad CFX 
96 Touch Real‑Time PCR Detection system (cat. no. 1855196, 
Bio‑Rad Laboratories, Inc.) were used for RT‑qPCR, according 
to the manufacturer's instructions. The thermocycling conditions 
were as follows: 95˚C for 5 min, 40 cycles of 95˚C for 15 sec, 60˚C 
for 30 sec and 70˚C for 10 sec. The primers for β‑actin and BRF2 
were: β‑actin forward, 5'‑ATTGGCAATGAGCGGTTC‑3' and 
reverse: 5'‑GGATGCCACAGGACTCCA‑3'; BRF2 forward, 
5'‑CACAGGGGAAAACGAACAAG‑3' and reverse, 5'‑TCGA 
CAAAGGTCTCTCACTCG‑3'. The gene expression was calcu-
lated by the 2‑ΔΔCq method (21). Each experiment was performed 
3 times.

Western blotting. Following transfection for 48 h, A549 cells 
were collected for western blot analysis as previously 
described (22). Total proteins were extracted from the cells by 
RIPA lysis buffer (Thermo Fisher Scientific, Inc.), and protein 
concentration was determined by bicinchoninic protein assay 
kit (Sigma‑Aldrich; Merck KGaA). The proteins (10 µg) were 
separated by 10% SDS‑PAGE (cat. no. P0012A, Beyotime 
Institute of Biotechnology) and transferred onto polyvinyli-
dene fluoride membranes (cat. no. FFP28, Beyotime Institute 
of Biotechnology), which were blocked with 5%  fat‑free 
milk for 1  h at room temperature. The membranes were 
then incubated overnight at 4˚C with the primary antibodies: 
anti‑Akt antibody (rabbit, cat. no. ab8805, 1:500, Abcam), 
anti‑p‑Akt antibody (rabbit, cat. no. ab38449, 1:500, Abcam), 
anti‑Bax antibody (rabbit, cat. no. ab32503, 1:1,000, Abcam), 
anti‑Bcl‑2 antibody (rabbit, cat. no. ab59348, 1:500, Abcam), 
anti‑ E‑cadherin antibody (rabbit, cat. no. ab40772, 1:1,000, 
Abcam), anti‑N‑cadherin (rabbit, cat. no. ab18203, 1 µg/ml, 
Abcam), anti‑Snail antibody (rabbit, cat. no. ab229701, 1:1,000, 
Abcam), anti‑EGFR antibody (rabbit, cat. no. ab52849, 1:1,000, 
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Abcam) and anti‑β‑actin antibody (mouse, cat. no. ab8226, 
1:500, Abcam). β‑actin served as an internal reference. 
The membranes were then incubated with secondary 
HRP‑conjugated antibodies [goat anti‑rabbit IgG H&L (HRP) 
(1:2,000; cat. no. ab150113; Abcam) and goat anti‑mouse IgG 
H&L (HRP) (1:2,000; cat. no. ab6789; Abcam] at 37˚C for 
1 h and washed 3 times with 0.9% TBST. The protein bands 
were developed by an enhanced chemiluminescence (ECL) kit 
(Millipore), and the grey values of the strips were calculated 
by ImageJ (version 5.0; National Institutes of Health) (23).

MTT assay. The A549 cells were incubated in 96‑well plates 
at a density of 5x103 cells/well. Following transfection, the 
cells were cultured for 48 h with 5% CO2 at 37˚C. Next, 20 µl 
MTT (Promega Corp.) was added to each well. The formazan 
products were dissolved in 100 µl dimethylsulfoxide (DMSO), 
and the absorbance was detected at 540 nm using a microplate 
reader (PR3100 TSC, Bio‑Rad Laboratories, Inc.). The cells 
were subjected to a multifunctional enzyme‑linked analyzer 
(Attune NxT; Thermo Fisher Scientific, Inc.) for 4 h, and the 
absorbance value of each hole was measured at 490 nm.

Cell Counting Kit‑ 8 (CCK‑8). The cells (5x103 cells/well) from 
the different treatment groups were seeded in a 96‑well plate, 
and cultured in an incubator with 5% CO2 at 37˚C for 48 h. 
Next, 100 µl CCK‑8 and serum‑free basic medium (DMEM; 
Thermo Fisher Scientific, Inc.) were mixed at a 1:10 ratio and 
added to a cell culture plate and cultured for 4 h. Finally, the 
absorbance at 450 nm wavelength was determined using a 
microplate reader (RNE90002, Reagen Biology LLC).

Apoptosis assay. Following transfection, the A549 cells were 
washed with cold PBS twice. Annexin V/Dead Cell Apoptosis 
kit (cat. no. V13242, Thermo Fisher Scientific, Inc.) was used 
to identify apoptotic cells. Briefly, the cells were re‑suspended 
in Annexin V binding buffer, added with Annexin V‑FITC 
and propidium iodide  (PI) buffer, and incubated at room 
temperature for 15  min in the dark. Cell apoptosis was 
analyzed using a flow cytometer (FACSCaliburTM; version 2.0; 
BD Biosciences).

Wound‑healing assay. Following transfection, the cells were 
subcultured in plates at a density of 1x105 cells/well and incu-
bated in serum without FBS at 37˚C for 24 h. The wounds were 
created using a 200‑µl yellow sterile pipette tip on the monolayer, 
and detached cells were removed by washing the cells 3 times. 
The healing process was observed under a 600 Autobiochemical 
Analyzer (Olympus Corporation), and ImageJ software (Image 
Pro Plus; version 6.0; National Institutes of Health) was used to 
calculate the average distance between cells.

Transwell invation assay. Matrigel (BD Biosciences) diluted at 
a 1:8 ratio was used to cover the upper surface of the membrane 
of the bottom of Transwell chambers, and the chambers were 
incubated at 37˚C for 30  min in order to polymerize the 
Matrigel into gel. The cells were resuspended in the upper 
chambers of the Transwell (8‑µm pore size, Corning Inc.), 
which contained serum‑free DMEM medium, while the 
lower chambers were supplemented with DMEM containing 
10% FBS. The Transwell chambers were all incubated for 

48 h. Next, the cells remaining in the upper chamber were 
gently removed using a cotton swab, while the invaded cells 
were fixed in 4% paraformaldehyde for 15 min and stained by 
0.1% crystal violet staining at 37˚C for 20 min. The cells were 
randomly counted under an inverted microscope (Eclipse Ti2, 
Nikon Corporation) and images were captured.

Statistical analysis. All data were statistically analyzed 
by SPSS version 18.0 (SPSS, Inc.). The data are presented 
as means ±  standard deviation, and all experiments were 
repeated 3  times. Two‑group comparisons were conducted 
by the Student's t‑test, and multi‑group comparisons were 
conducted by one‑way analysis of variance (ANOVA) followed 
by Dunnett's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

BRF2 expression levels are increased in lung cancer tissues 
and cells. To investigate whether BRF2 is involved in tumor 
migration and invasion, its protein expression in normal human 
lung epithelial BEAS‑2B cells and lung cancer cells A549 
and H292 were detected by immunofluorescence staining. 
As shown in Fig. 1A, marker protein BRF2 was positively 
expressed in A549 and H292 cells, especially in the A549 cells, 
while in BEAS‑2B cells, marker protein BRF2 demonstrated a 
low expression. Meanwhile, BRF2 expression was detected by 
western blotting, as shown in Fig. 1B and C; BRF2 expression 
was significantly increased in A549 and H292 cells compared 
to that noted in the BEAS‑2B cells. In addition, according to 
Fig. 1D, BRF2 protein staining was detected in cancer tissues 
by immunohistochemistry; however, BRF2 was barely observed 
in normal lung tissues. As shown in Fig. 1E, the BRF2 mRNA 
expression levels in lung cancer tissues and normal tissues were 
compared using a bioinformatics website (gepia.cancer‑pku.cn), 
and the result demonstrated that the BRF2 mRNA expression 
level in the tumor tissues was notably higher compared with 
normal tissues. The BRF2 mRNA expression in lung cancer 
A549 and H292 cells and normal lung epithelial BEAS‑2B cells 
was detected by RT‑qPCR. Relative BRF2 mRNA expression 
level was the highest in A549 cells (Fig. 1F, P<0.001) and its 
protein expression was also high in H292 cells, while the mRNA 
expression level of BRF2 in BEAS‑2B cells was low. In addition, 
normal adjacent and cancer tissues were divided into groups 1‑3. 
Relative BRF2 mRNA expression level in lung cancer cells was 
clearly higher than normal cells (Fig. 1G, P<0.001).

Knockdown of BRF2 inhibits the proliferation of A549 cells. 
To explore the role of BRF2 in lung cancer cells, A549 cells 
were transfected with siRNA for silencing BRF2. As shown 
in Fig. 2A, 48 h after BRF2 siRNA transfection, the result of 
RT‑qPCR demonstrated that the relative mRNA expression 
level of BRF2 in A549 cells was significantly lower than that 
in the siNC group (P<0.001). The result of western blotting 
(Fig. 2B) demonstrated that the relative protein expression 
level of BRF2 was significantly inhibited (P<0.001 vs. siNC). 
In addition, the results of the CCK‑8 and MTT assays demon-
strated that after transfection for 48 h the relative cell viability 
of A549 cells in the siRNA group was significantly inhibited 
compared with the siNC group (Fig. 2C and D, **P<0.01).
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Knockdown of BRF2 promotes apoptosis and inhibits cell 
migration and invasion of A549 cells. Following transfection, 
the effects of siRNA on cell apoptosis and migration were 

assessed. As shown in Fig. 3A, flow cytometry demonstrated 
that the rate of apoptosis of the siRNA group was significantly 
higher compared with that noted in the siNC group (Fig. 3A, 

Figure 1. BRF2 protein expression in lung cancer tissue and cells. (A) BRF2 expression in normal human lung epithelial BEAS‑2B cells and lung cancer A549 
and H292 cells was detected by immunofluorescence staining. Magnification, x200; scale bar, 50 µm. (B and C) BRF2 expression was detected by western blot-
ting. (D) BRF2 expression in a normal adjacent tissue group (normal, n=3) and cancer group (n=3) was detected by immunohistochemistry. Magnification, x100; 
scale bar, 200 µm. (E) The BRF2 mRNA expression level in lung cancer tissues and normal tissues was compared by bioinformatics website (gepia.cancer‑pku.
cn). (F) RT‑qPCR revealed that the A549 cell group had the highest relative BRF2 mRNA expression level, while the expression level in the BEAS‑2B cell group 
was the lowest. (G) Normal adjacent tissues and cancer tissues were divided into groups 1 (onset age, 35‑50 years), 2 (onset age, 50‑62 years) and 3 (onset age, 
62‑72 years). RT‑qPCR demonstrated that BRF2 protein had a high expression in the cancer groups. The experiments were repeated at least 3 times. ***P<0.001 
vs. BEAS‑2B; ###P<0.001 vs. normal group. BRF2, transcription factor II B‑related factor 2; RT‑qPCR, reverse transcription‑quantitative PCR.
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Figure 2. Effects of BRF2 siRNA on the proliferation of A549 cells. (A) A549 cells were transfected with siRNA (siRNA group) and siNC (siNC group), the 
control group was set up and the transfection efficiency was detected by RT‑qPCR. (B) Transfection efficiency was measured by western blotting. (C) Viability 
of A549 cells was detected by MTT assay. (D) Viability of A549 cells was investigated by Cell Counting Kit‑8. The experiments were repeated ≥3 times. 
**P<0.01 and ***P<0.001 vs. the siNC group. BRF2, transcription factor II B‑related factor 2; siNC, negative control for siRNA; siRNA, small interfering RNA 
for BRF2; RT‑qPCR, reverse transcription‑quantitative PCR.

Figure 3. Effects of BRF2 siRNA on cell apoptosis, migration and invasion. (A) Apoptosis of A549 cells was measured by flow cytometry and BRF2 siRNA 
transfection promoted apoptosis. (B) Migration of A549 cells was measured by wound‑healing assay. Magnification, x100; scale bar, 100 µm. (C) Cell invasion 
of A549 cells was measured by Transwell assay, and BRF2 siRNA inhibited cell invasion. The experiments were repeated ≥3 times. Magnification, x200; scale 
bar, 50 µm. **P<0.01 and ***P<0.001 vs. siNC. BRF2, transcription factor II B‑related factor 2; siNC, negative control for siRNA; siRNA, small interfering 
RNA for BRF2.
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P<0.001). Meanwhile, cell migration and invasion were 
detected by wound‑healing and Transwell assays. As shown 
in Fig. 3B, it was observed that the relative migration rate of 
the siRNA group was significantly lower than that noted in 
the siNC group (Fig. 3B, P<0.01). Furthermore, the result of 
Fig. 3C revealed that invasion of A549 cells transfected with 
BRF2 siRNA was significantly reduced (Fig. 3C, P<0.001).

Knockdown of BRF2 inhibits the protein expression levels of 
Akt, p‑Akt, Bcl‑2, N‑cadherin, Snail and EGFR and increases 
those of Bax and E‑cadherin. The western blot analysis 
(Fig. 4A and B) revealed that following transfection of BRF2 
siRNA, relative protein expression levels of Akt (P<0.01 vs. 
siNC), p‑Akt (P<0.001 vs. siNC) and Bcl‑2 (P<0.01 vs. siNC) 
were suppressed, while relative protein expression level of Bax 
was significantly promoted. Furthermore, as demonstrated in 
Fig. 4C, relative protein expression levels of N‑cadherin (P<0.01 
vs. siNC), Snail (P<0.01 vs. siNC) and EGFR (P<0.001 vs. 
siNC) were significantly inhibited. Notably, protein expression 
of E‑cadherin (P<0.01 vs. siNC) was significantly promoted 
following transfection of BRF2 siRNA. In addition, the results 
further confirmed that BRF2 siRNA suppressed phosphoryla-
tion of Akt (Fig. 4D, P<0.001 vs. siNC).

Discussion

Lung cancer accounts for a large proportion of cancer‑related 
deaths (24). Although diagnostic and therapeutic techniques 

have been improved, treatment results are far from satisfac-
tory  (25,26). Therefore, it is crucial to improve current 
understanding on tumor pathogenesis, gene expression profiles 
and tumor biology (27).

Melchor  et  al  (28) observed increased transcription 
factor II B (TFIIB)‑related factor 2 (BRF2) gene expression 
in breast cancer, and that BRF2 gene expression products are 
significantly higher in breast cancer tissues compared normal 
breast tissues. Furthermore, they identified a correlation 
between BRF2 overexpression and clinical outcomes (29). It 
has been shown that ~40% of lung squamous cell carcinoma is 
closely related to the local amplification of chromosome 8p12 
through comparative genomic hybridization (29). During the 
invasion stage of lung squamous cell carcinoma, the oncogene 
BRF is frequently activated (30). These findings indicate that 
BRF2 protein has an active expression in various tumors and 
is closely related to invasion and migration of various tumors. 
The present study found that BRF2 expression was increased 
in lung cancer cells compared with that in normal adjacent 
tissues.

miR‑4299 is a key molecule of the cell survival pathway 
PI3K/Akt; the study of Yang et al (31) found that miR‑4299 
suppresses the progression of non‑small lung cancer (NSCLC) 
by modulating the activation of the PTEN/AKT/PI3K signaling 
pathway; thus, it may serve as an independent candidate marker 
for prognosis of NSCLC patients. Croton tiglium extract can 
elevate expression of Bax genes and reduce expression of 
Bcl‑2 genes to induce A549 cell apoptosis (32). In addition, 

Figure 4. Effects of BRF2 siRNA on Akt, p‑Akt, Bax, Bcl‑2, E‑cadherin, N‑cadherin, Snail and EGFR in A549 cells. (A) Akt, p‑Akt, Bax, Bcl‑2, E‑cadherin, 
N‑cadherin, Snail and EGFR protein expression in A549 cells was detected by western blotting. (B) BRF2 siRNA inhibited p‑Akt, Akt and Bcl‑2 protein 
expression but increased Bax protein expression. (C) BRF2 siRNA reduced N‑cadherin, Snail and EGFR protein expressions but promoted E‑cadherin protein 
expression. (D) BRF2 siRNA suppressed phosphorylation of Akt. The experiments were repeated at least 3 times. **P<0.01 and ***P<0.001 vs. siNC. BRF2, 
transcription factor II B‑related factor 2; siNC, negative control for siRNA; siRNA, small interfering RNA for BRF2; p, phosphorylated.
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the physiological function of EGFR is to regulate epithelial 
tissue development and homeostasis  (33). In pathological 
settings, mostly in lung and breast cancers and glioblastoma, 
EGFR is a driver of tumorigenesis (33). In the present study, 
following cell transfection with BRF2 siRNA, the protein 
expression levels of Akt, p‑Akt, Bcl‑2 and EGFR in A549 cells 
were inhibited, while Bax protein expression was increased, 
suggesting that silencing of BRF2 inhibited the activation of 
cell survival pathway PI3K/Akt, and promoted the activation 
of cell apoptosis.

Farmakovskaya et al (34) demonstrated that suppression of 
E‑cadherin expression increases cancer stem cells in human 
A549 lung adenocarcinoma and stimulates tumor growth. In 
addition, N‑cadherin induces cell survival, migration, and 
invasion by modulating intracellular signaling molecules. As 
shown by Quintanal‑Villalonga et al (35), the FGFR4‑388arg 
variant promotes lung cancer progression through N‑cadherin 
induction. Reducing miR‑22 expression promotes epithe-
lial‑mesenchymal transition  (EMT) and invasion of lung 
cancer cells by elevating Snail expression (36). According to 
the results of western blot analysis in the present study, trans-
fection of BRF2 siRNA into A549 cells increased E‑cadherin 
expression but reduced N‑cadherin expression.

Consistent with a previous study (37), in the present study 
silencing of BRF2 protein expression reduced the migration 
and invasion of NSCLC, suggesting that BRF2 expression 
plays an important role in invasiveness of NSCLC cells, 
possibly through EMT, which involves increased Snail expres-
sion and abnormal expression of E‑cadherin and N‑cadherin. 
Furthermore, Gouge et al (38) found that BRF2 redox‑depen-
dent regulation constitutes a cellular blockade, which is 
capable of generating pro‑apoptotic signals upon prolonged 
oxidative stress in lung and breast cancers by limiting the 
availability of SeCys tRNA. Wang et al  (2) suggested that 
miR‑373 may function as a tumor suppressor in NSCLC by 
attenuating the expression of BRF2 to inhibit proliferation. 
These above findings are in line with the results of the current 
study, in which the knockdown of BRF2 inhibited A549 cell 
migration and invasion, suppressed A549 cell proliferation, 
and enhanced apoptosis of A549 cells. It should be noted that 
the present study did not assess the findings in vivo in animal 
experiments and that the results should be verified in more 
cell lines. In addition, the mechanism of BRF2 remains to be 
further elucidated.

The findings of the present study revealed that BRF2 
protein plays an important role in lung cancer cells and 
supports the hypothesis that BRF2 protein could serve as a 
novel target for lung cancer therapy. However, the role of BRF2 
in the occurrence and development of lung cancer should be 
further verified. Thus, in future research, the effect of BRF2 
on tumors in vivo should be explored by establishing animal 
models of lung cancer.
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