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Abstract. The present study aimed to explore the biological 
characteristics of non‑small cell lung cancer (NSCLC) cells 
and the mechanism of chemosensitivity through the role of 
the PI3K/Akt/mTOR signaling pathway mediated by BRAF 
gene silencing. Following cell transfection and grouping, an 
MTT assay detected the activity of NSCLC cells, a scratch 
wound test assessed the migration ability, flow cytometry using 
PI staining detected the cell cycle phase, TUNEL and flow 
cytometry through Annexin V‑PI staining assessed the apop‑
tosis, and colony formation was used to detect the sensitivity 
of lung cancer cells to cisplatin chemotherapy. Furthermore, 
the relative expression levels of BRAF, PTEN, PI3K, mTOR 
mRNA were assessed by RT‑qPCR, and the protein expression 
levels of BRAF, PTEN, PI3K, phosphorylated (p)‑PI3K, Akt, 
p‑Akt, mTOR, p‑mTOR, cisplatin resistance‑related enzymes 
ERCC1 and BRCA1, apoptotic proteins Bax and Bcl‑2 were 
assessed by western blotting. Compared with the control group 
and NC group, there were differences in decreased BRAF 
mRNA expression levels in the small interfering (si)BRAF 
group and siBRAF + IGF‑1 group (both P<0.05). In addition, 
compared with the control group, the siBRAF, NVP‑BEZ235 
and siBRAF + NVP‑BEZ235 groups had significant decreased 
cell viability at 2‑6 days, decreased migration ability, short‑
ened proportion of S‑phase cells, increased proportion of 
G1/G0‑phase cells, increased apoptosis rate, decreased number 
of colony‑forming cells, decreased mRNA expression of 
PI3K, Akt and mTOR, increased PTEN mRNA expres‑
sion, decreased protein expression levels of PI3K, p‑PI3K, 
Akt, p‑Akt, mTOR, p‑mTOR, ERCC1, BRCA1 and Bcl‑2, 
and increased protein expression levels of PTEN and Bax 
(all P<0.05); and more obvious trends were revealed in the 
siBRAF + NVP‑BEZ235 group (all P<0.05); whereas opposite 

results were detected in the siBRAF +  IGF‑1 group when 
compared with the siBRAF group and NVP‑BEZ235 group 
(all P<0.05). Silencing of BRAF gene expression to inhibit the 
activation of the PI3K/Akt/mTOR signaling pathway exerted a 
synergistic effect decreasing cell viability, inhibiting the cell 
cycle and migration, increasing the apoptosis rate, decreasing 
the number of colony‑forming cells and increasing chemo‑
sensitivity of NSCLC. Activation of the PI3K/Akt/mTOR 
signaling pathway may reverse the role of silencing of BRAF 
gene expression, providing a potential approach for improving 
the chemosensitivity of NSCLC. The present study for the 
first time, to the best of our knowledge, clarified the possible 
mechanism of NSCLC cell biological characteristic changes 
and chemosensitivity from the perspective of BRAF gene 
silencing and PI3K/Akt/mTOR signaling pathway activation, 
providing a potential reference for suppressing tumor aggrava‑
tion and improving the therapeutic outcomes of NSCLC at the 
genetic level.

Introduction

As the predominant malignant tumor with high incidence 
worldwide, lung cancer has been reported to be primarily 
responsible for cancer‑related deaths (1). With the improvement 
of living standards and health awareness of the public, detec‑
tion and diagnosis techniques of lung cancer have improved in 
recent years (2). However, the incidence of lung cancer is still 
rising in both men and women around the world (3). Treatment 
approaches of lung cancer are constantly improving, however 
its long‑term survival rate has not significantly improved, due 
to failure of early detection, early treatment and its complexity 
in pathogenesis (3,4). In addition, non‑small cell lung cancer 
(NSCLC) accounting for ~80‑85% of the total incidence of 
lung cancer, is primarily diagnosed at an advanced stage with 
a quite low 5‑year survival rate (5,6). Hence, it is necessary to 
explore the pathogenesis of NSCLC and potential molecular 
mechanism related to early diagnosis and treatment of this 
type of cancer. Chemotherapy is an important treatment for 
local advanced NSCLC  (7). Although tumor tissues may 
shrink or even disappear after chemotherapy, some patients 
will experience local recurrence or even distant metastasis (8).

In general, the recurrence and metastasis of a tumor is a 
process involving multiple factors, genes and stages (9). For 
example, in the process of recurrence and metastasis, cells 
from the primary tumor proliferate in a large amounts, forming 
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new blood vessels and growing rapidly (10). In addition, tumor 
cells disseminate from the primary site, invade and penetrate 
the basement membrane, and then invade blood vessels, the 
lymphatic system or body cavities (11). Furthermore, tumor 
cells adhere to the capillary wall of the target organ, pass 
through blood vessels and form a small metastatic mass, which 
in turn proliferates and produces new blood vessels, forming 
a secondary tumor of the same type as the primary tumor, 
resulting in another tumor cell invasion and metastasis (12,13). 
Tumor recurrence and metastasis enhance the invasion and 
proliferation of tumor cells  (14). Nevertheless, in clinical 
practice, although clinical stage, tissue type and differentiation 
degree, invasion depth and lymph node metastasis can partly 
predict the recurrence and metastasis of patients after treat‑
ment (15,16), there remains a shortage of systematic research 
concerning specific mechanisms of local recurrence and 
progression of lung cancer after chemotherapy.

In recent years, the molecular diagnosis and targeted 
treatment of lung cancer provide a new direction for its 
comprehensive prevention and treatment. Correlation of the 
expression of special genes with tumor stages and the prog‑
nosis of patients has gradually become a major direction of 
lung cancer research (17). Prior evidence supports that one 
of the important reasons for the resistance of tumor cells to 
chemotherapy relates to the abnormal activation or inhibition 
of intracellular signal transduction pathways (18). For instance, 
the PI3K/Akt/mTOR signaling pathway has been revealed to 
be commonly upregulated in multiple cancer cells (19,20). 
The pathway is regulated by tyrosine kinase receptors, such as 
epidermal growth factor receptor 1‑2 and insulin‑like growth 
factor 1, which are indispensable for maintaining tumor 
cell proliferation, forming independent clones and distant 
invasion (21,22). Furthermore, PI3K/Akt/mTOR activation 
can upregulate the expression of P‑glycoprotein, multidrug 
resistance protein 1 and other drug‑resistant proteins, in order 
to cause resistance to various chemotherapy drugs (23). In 
addition, the BRAF gene belonging to the RAF gene family, 
mediates the integration of RAS and MAPK, which have been 
recognized to regulate cell proliferation, differentiation and 
apoptosis, and whose mutation and high expression have been 
reported to be associated with lung cancer  (24). However, 
systematic research is required with respect to the involvement 
of the BRAF gene and the PI3K/Akt/mTOR signaling pathway 
in the recurrence and metastasis of lung cancer after chemo‑
therapy, and the specific mechanism of aberrant expression of 
this pathway as it affects chemotherapy resistance.

Therefore, to explore the possible mechanism of local recur‑
rence and chemosensitivity after chemotherapy for lung cancer, 
the present study used NSCLC cell lines to explore the biological 
characteristics of lung cancer cells after chemotherapy, the 
change of the PI3K/Akt/mTOR pathway by BRAF gene silencing 
and the chemosensitivity, preliminarily. In addition, our study 
explored the mechanism involved in improving the chemothera‑
peutic effect by inhibiting the PI3K/Akt/mTOR pathway.

Materials and methods

Experimental cells and grouping. The present study used a 
cisplatin‑resistant NSCLC (A549/DDP) cell line, purchased 
from the Cell Center of the Chinese Academy of Medical 

Sciences, which was cultured in a 5% CO2 cell incubator 
at  37˚C. Prior to cell transfection, A549/DDP cells were 
cultured in a culture medium containing 1 µg/ml cisplatin in a 
routine incubator with saturated humidity and 5% CO2 at 37˚C. 
NSCLC cells were designed and divided into a control group 
(no cell transfection), a negative control (NC) group [transfected 
with the small interfering (si)RNA NC sequence], a siBRAF 
group (transfected with a siBRAF plasmid), an NVP‑BEZ235 
group (a PI3K/Akt/mTOR signaling pathway inhibitor; dual 
inhibitor of both PI3K and mTOR), a siBRAF + NVP‑BEZ235 
group (transfected with a siBRAF plasmid combined with the 
proposed pathway inhibitor), and a siBRAF + IGF‑1 group 
(transfected with a siBRAF plasmid combined with treatment 
of PI3K/Akt/mTOR signaling pathway agonist, PI3K agonist). 
The BRAF siRNA sequences for knockdown of BRAF were 
as follows: Sense, 5'‑AGA​AUU​GGA​UCU​GGA​UCA​U‑3' and 
antisense; 5'‑AUG​AUC​CAG​AUC​CAA​UUC​U; and the NC 
siRNA was: Sense, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3' 
and antisense, 5'‑TTA​AGA​GGC​UUG​CAC​AGU​GCA‑3'. 
When A549/DDP cells grew to the logarithmic growth phase, 
the cells were digested with 0.25%  trypsin, and the cells 
were re‑suspended with M199 medium supplemented with 
10% fetal bovine serum (Thermo Fisher Scientific, Inc.) at an 
adjusted density of 11x105 cells/ml, and then inoculated into a 
6‑well culture plate. When the cells grew to 70% confluence, 
the serum‑free M199 medium was replaced and transfection 
was performed following culture for 24 h. An amount of 200 µl 
serum‑free Opti‑MEM culture medium (Gibco; Thermo Fisher 
Scientific, Inc.) was added to dilute 5 µl Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently, 
100 µl serum‑free Opti‑MEM culture medium was collected 
to dilute 100 pmol siRNA or NC siRNA which was to be 
transfected, followed by separate mixing and reaction at room 
temperature quietly for 10 min. Then the two solutions were 
mixed well and incubated at room temperature for 20 min. 
The original medium was discarded from the 6‑well plate, and 
Opti‑MEM medium was added to the transfection complex in 
the corresponding cell culture wells. Then, the aforementioned 
medium was cultured in an incubator with 5% CO2 at 37˚C for 
18 h, and the prepared cells were collected after 48 h of trans‑
fection after replacement of new complete medium. As for 
cell treatment, prior to following the tests, cells were treated 
by cisplatin (Shanghai Baoman Biotechnology Co., Ltd.) at 
different concentrations (0.5, 1 and 3 µl) before grouping for 
24 h.

MTT colorimetric assay. MTT colorimetric method was 
used for determination of cell survival after 20 µl of cisplatin 
treatment for 30 h of continuous culture. After transfection, 
A549/DDP cells at the logarithmic growth phase were digested 
with 0.25%  trypsin to prepare a cell suspension. The cell 
concentration was adjusted to 2‑5x104  cells/ml and cells 
were seeded into a 96‑well culture plate. Then, 100 µl of cell 
suspension was supplemented per well (the final concentration 
was 5x104 cells/well) for culture in a 5% CO2 cell incubator 
at 37˚C for 48 h. After the cells adhered to the wall for 2 h, the 
original culture medium was aspirated and discarded. Then, 
20 µl (5 mg/µl) of MTT solution was added to each well 4 h 
before the termination of the culture, followed by continuous 
incubation in the 5% CO2 cell incubator at 37˚C for 4 h. The 
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culture solution of each well was aspirated, followed by the 
addition of 150 µl 10% DMSO into each well, and shaking with 
a shaker for 10 min in order to dissolve the crystal precipitate. 
Subsequently, the absorbance (OD) of each well was measured 
with an MTT enzyme‑linked immunometric meter (Shanghai 
Precision Instrument Co., Ltd.) at a wavelength of 490 nm. 
The cell survival rate was calculated as follows: Cell survival 
rate =  (OD of the control group  ‑ OD of the experimental 
group/OD of the control group)  x100%. The results were 
expressed by the mean values of the OD of three replicates.

Wound healing assay. After 48 h of transfection, cells at the 
logarithmic growth phase in each group were obtained for 
inoculation in a 35‑mm dish at a cell density of 5x104 cells/ml. 
After the cell confluence was synthesized into a single layer, a 
1‑mm wide scratch was carefully made (across the well; with 
at least 5 lines in each well) in the center of the monolayer cells 
at the bottom of the culture dish with a sterilized 10‑µl pipette 
tip, followed by washing 3 times with PBS after discarding 
the culture medium to wash off the floating cells and serum. 
Images of the cells were captured under an inverted fluores‑
cence microscope (x200 magnification; Olympus Corporation). 
Then, further routine culture was carried out by changing to a 
fresh serum‑free DMEM culture medium for 24 h of incuba‑
tion. Subsequently, PBS was used to wash the floating cells 
and cell migration of the experimental group was observed 
using inverted fluorescence microscope (x200 magnification; 
Olympus Corporation). The control group consisted of the 
non‑transfected cells. After 24 h of culture, ImageJ software 
(v1.48; National Institutes of Health) was used to measure the 
area of the wound to obtain the mean migration distance, with 5 
repeats for each well to measure the average and three replicates 
for each group. The migration rate was calculated according 
to the formula: Mean migration distance of the experimental 
group/mean migration distance of the control group x100%.

Flow cytometry using PI staining. Cells after 48 h of transfec‑
tion were washed 3 times with cold PBS, centrifuged (~1,100 x g 
for 5 min at room temperature) to discard the supernatant, and 
then re‑suspended with PBS to prepare a cell suspension. The 
cell concentration was adjusted to ~1x107 cells/ml, followed 
by the addition of 2 ml of 75% ethanol pre‑cooled at ‑20˚C to 

fix the cells, shaking and mixing well, sealing with a sealing 
film, and fixation at 4˚C for over 12 h. Before detection on the 
flow cytometer, the supernatant was washed twice with PBS, 
and 200 µl cell suspension was added to RNase A to culture 
in the dark. After 30 min in a water bath at 37˚C, the RNA 
was digested and removed, and then 1.5 ml of staining solution 
containing propidium iodide (PI; Sigma‑Aldrich; Merck KGaA) 
was added to the supernatant for 30 min at 4˚C. The sample was 
filtered using a 300‑mesh nylon mesh, and mixed well before 
flow cytometry (Gallios; Beckman Coulter, Inc.). The cell cycle 
was determined according to the DNA content labeled by PI.

TUNEL detection. After 48 h of transfection, the cells were 
inoculated in a plate/dish that contained DMEM medium and 
cultured at 37˚C for 24 h, followed by the adjustment of cell 
density at 5x106 cells/ml. Then, the cells were fixed at room 
temperature for 10 min with 4% neutral formaldehyde, and 
100 µl cell suspension was dripped on the slide, dried, and 
washed twice with PBS (5  min each time). Subsequently, 
PBS containing 2% H2O2 was added, and reacted at room 
temperature for 5 min, followed by PBS washing two times 
(5 min each time). Excess liquid was removed by filter paper. 
The reaction solution was prepared with the addition of 5 µl 
TdT enzyme reaction solution (Amyjet Scientific, Inc.), 45 µl 
fluorescence‑labeled solution (Beyotime Biotechnology) and 
50 µl TUNEL (Beyotime Biotechnology), in a total volume of 
100 µl. The solution was prepared when it was required for use 
to avoid cryopreservation. When the solution was prepared, it 
was added to culture cells at a constant temperature of 37˚C 
in the dark for 60 min. A negative staining control was set 
with the addition of TdT enzyme‑free reaction solution, with 
other processing steps and conditions similar to those afore‑
mentioned. Then, PBS washing was repeated twice (5 min each 
time). Subsequently, the cells were re‑stained with the addition 
of DAPI at room temperature for 5 min, followed by another 
three washes with PBS (5 min each time) and the reaction was 
terminated by adding a drop of anti‑fade mounting medium on 
the sample. For the determination of the results it was observed 
that the apoptotic cell nucleus was varying degrees of brown, 
the nuclear membrane and cell membrane were intact, and the 
non‑apoptotic cells were stained blue. The number of cells 
was counted under a light microscope (magnification, x400; 

Table I. Comparison of cell cycle phases in each group after transfection by flow cytometric assay.

	 Cell cycle phases
	------------------------------------------------------------------------------------------------------------------------------------------------------------
Groups	 G1/G0	 S	 G2/M

Control 	 48.40±1.77	 39.12±1.18	 12.48±0.64
NC 	 47.21±1.45	 38.35±1.32	 14.44±0.36
siBRAF 	 69.41±1.90a	 21.49±0.87a	 9.10±0.17a

NVP‑BEZ235 	 68.34±1.72a	 23.51±0.69a	 8.15±0.26a

siBRAF + NVP‑BEZ235 	 86.00±1.89a,b	 10.74±0.71a,b	 3.26±0.15a,b

siBRAF + IGF‑1 	 45.91±1.60b	 39.55±1.20b	 14.54±0.41b

aP<0.05, compared with the control group and NC group, exhibiting statistical difference; bP<0.05, compared with the siBRAF + NVP‑BEZ235 
group, exhibiting statistical difference. NC, negative control; si, small interfering.

https://www.spandidos-publications.com/10.3892/ol.2021.12845
https://www.spandidos-publications.com/10.3892/ol.2021.12845
https://www.spandidos-publications.com/10.3892/ol.2021.12845


REN et al:  BRAF AND PI3K/Akt/mTOR PATHWAY IN NSCLC4

Shanghai Dianying Optical Instrument Co., Ltd), and 5 visual 
fields were randomly selected for each slide that was processed 
as described in the aforementioned steps. Apoptosis was 
observed under the light microscope, and the percentage of 
apoptotic cells was calculated based on the formula: Apoptosis 
rate (%) = (number of apoptotic cells/total cells) x100%.

Flow cytometry using Annexin  V‑PI staining. After 48  h 
of transfection, the cells were collected and the cell culture 
medium was removed. At room temperature, the cells were 
washed twice with PBS, trypsin was added into the culture 
plate for 24  min, and 2  ml of culture medium without 
penicillin‑streptomycin and serum was added to terminate 
digestion. The digested cells were aspirated from a 6‑well plate 
into a 10‑ml centrifuge tube for centrifugation at ~1,100 x g for 
6 min. The supernatant was discarded and 1 ml of pre‑cooled 
PBS was added to prepare the cell suspension. Following 
another centrifugation and preparation of the cell suspen‑
sion, samples were centrifuged at ~1,100 x g for 6 min. After 
discarding the supernatant, 100 µl 1X Binding buffer was added 
to suspend the cells. With the addition of 10 µl Annexin V 
and PI subsequently in 100 µl cell suspension, cells were incu‑
bated at room temperature in the dark for 15 min, followed by 
another addition of 100 µl pre‑cooled 1X binding buffer. The 
apoptotic rate was quantitatively analyzed by FACSCalibur 
flow cytometer with apoptosis software Cellquest Pro (both 
from BD Biosciences).

Colony formation assay. After transfection, cells in the loga‑
rithmic phase were obtained from each group, followed by 
digestion and dispersion of the cell suspension with trypsin, 
and the cell density was adjusted to 500 cells/ml. Then, 1 ml 
of culture medium and 1 ml of diluted cell suspension were 
added into the 6‑well culture plate, respectively, followed by 
the addition and treatment with cisplatin at different concen‑
trations of 0.5, 1.0 and 3.0 µl/ml, with three replicates in each 
group. Subsequently, the mixture in the wells was cultured in 
an incubator of 5% CO2 at 37˚C. Then, the culture medium 
was replaced every 3 days, and discarded 14 days later. After 
washing 3 times with PBS, the cells were fixed with 4% form‑
aldehyde at 37˚C for 15 min, followed by 0.1% crystal violet 

staining at 37˚C for 15 min. In the next step, the number of colo‑
nies with >50 cells was counted under an inverted fluorescence 
microscope (x200 magnification; Olympus Corporation), and 
finally the colony formation rate was obtained in accordance 
with the following formula: Colony forming rate (%) = number 
of colonies/total number of cultured cells x100%.

Reverse transcription‑quantitative (RT‑q)PCR. After trans‑
fection, the cells of each group in logarithmic phase were 
digested by trypsin, and the cell density was adjusted to 
1x107 cells/ml. The cell suspension was obtained and centri‑
fuged at ~1,100 x g for 5 min at room temperature to collect 
the cell precipitation. TRIzol (Invitrogen; Thermo  Fisher 
Scientific, Inc.) was used to extract total RNA of each group 
of cells cultured for 24 h after transfection. The absorbance 
values at wavelengths of 260 and 280 nm of the total RNA 
were measured by Nano‑Drop ND‑1000 spectrophotometry, 
and the OD260/OD280 ratio was calculated to verify the purity 
and meet the requirement (ratio >1.80). Concurrently, the RNA 
integrity was measured by 1% agarose gel electrophoresis. The 
bands at 28, 18 and 5 sec were clearly displayed under ultra‑
violet light, indicating that RNA was not degraded. According 
to the protocol of the related experimental kit, a reverse 
transcription reaction was carried out on a PCR amplification 
apparatus to synthesize the cDNA template. The primers were 
all synthesized by Beijing Genetics Institute Co., Ltd. The 
reverse transcription system was 20 µl, which was carried out 
according to the instructions of EasyScript First‑Strand cDNA 
Synthesis SuperMix (Invitrogen; Thermo Fisher Scientific, 
Inc.). Real‑time fluorescence quantitative PCR was used to 
calculate the volume ratio of the amplification product of the 
target gene to the internal reference gene for the measurement 
of the relative expression of the target gene, with β‑actin as the 
internal reference. According to the instructions of the SYBR® 
Premix Ex Taq™ II kit (Takara Bio, Inc.), fluorescence quan‑
titative PCR was carried out. The reaction system was 25 µl, 
including 10X PCR buffer, 1 µl cDNA template, 1.7 µl 25 mM 
MgCl2, 0.5 µl of upstream and downstream primers of the 
target gene, 1 unit of Taq DNA polymerase, 10 mM dNTPs, 
and sterilized deionized water to supplement the volume. 
The real‑time quantitative PCR experiment was carried out 

Table II. Comparison of colony‑forming number of cells of each group after transfection as determined by colony formation 
assay.

	 Concentrations (µl)
	-----------------------------------------------------------------------------------------------------------------------------------------------------------
Groups	 0.5 	 1	 3

Control	 66.56±4.27	 35.72±4.12	 11.08±1.85
NC	 63.07±4.13	 32.00±3.89	 9.86±1.68
siBRAF	 17.06±2.65a	 4.67±0.48a	 0a

NVP‑BEZ235	 16.45±2.08a	 4.55±0.32a	 0a

siBRAF + NVP‑BEZ235	 4.33±0.37a,b	 0a,b	 0a

siBRAF + IGF‑1	 59.98±3.76b	 28.65±3.42b	 8.27±1.47b

aP<0.05, compared with the control group and NC group, exhibiting statistical difference; bP<0.05, compared with the siBRAF + NVP‑BEZ235 
group, exhibiting statistical difference. NC, negative control; si, small interfering.
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using 7500 Real‑Time PCR system from ABI (Thermo Fisher 
Scientific, Inc.). The reaction conditions were as follows: 
Pre‑denaturation at 95˚C for 5 min, denaturation at 95˚C for 
30 sec, annealing at 58˚C for 30 sec (the aforementioned steps 
were repeated for 35 cycles under the described conditions), 
extension at 72˚C for 1 min, and finally extension at 72˚C for 
10 min. The gene expression levels of BRAF (upstream, 5'‑TCA​
TAA​TGC​TTG​CTC​TGA​TAG​GA‑3' and downstream, 5'‑GGC​
CAA​AAA​TTT​AAT​CAG​TGG​A‑3'); PTEN (upstream, 5'‑ACC​
AGG​ACC​AGA​GGA​AAC​CT‑3' and downstream, 5'‑GCT​AGC​
CTC​TGG​ATT​TGA​CG‑3'); PI3K (upstream, 5'‑ATG​CCA​GAA​
AGG​AGA​ATG‑3' and downstream, 5'‑TGT​TGG​ACT​CAG​
CAA​TAC‑3'); and mTOR (upstream, 5'‑GGA​TGG​CAA​CTAC​
AGA​ATC​ACA‑3' and downstream, 5'‑TCA​CAC​CCA​TGA​CGA​
ACA​T‑3'); were then detected with GAPDH (upstream, 5'‑ATC​
ACT​GCC​ACC​CAG​AAG‑3' and downstream, 5'‑TCC​ACG​ACG​
GAC​ACA​TTG‑3') as the reference gene. The 2‑ΔΔCq method (25) 
was used for quantitative analysis, with the following formula: 
ΔΔCq = ΔCq experimental group ‑ ΔCq Control group.

Western blotting. RIPA lysis buffer (Beyotime Biotechnology) 
was used to lyse protein. A549/DDP cells were collected and 
cultured for 24 h after centrifugation at 450 x g at 4˚C for 
5 min, washed with PBS and re‑suspended. The supernatant 
was collected after another centrifugation and added to the 
lysate mixture according to the ratio of 1 ml per 107 cells. After 
an ice bath at 4˚C for 5 min, the supernatant was centrifuged 
at ~13,400 x g at 4˚C for 15 min. The supernatant was then trans‑
ferred to another centrifuge tube and stored at ‑80˚C (i.e. total 
protein of cells). Bicinchoninic acid (BCA) working solution 
was prepared according to the ratio of sample:BCA working 
solution (1:8), the protein standard was diluted, followed by the 
addition of 20 µl of diluted protein sample into the 96‑well plate 
standard well, with 200 µl of BCA working solution into each 
well, and then the sample protein concentration was calculated 
by measuring the absorbance value at a wavelength of 562 nm 
with a microplate reader. Subsequently, 30 µg of total cell 
protein was separated by 10% SDS‑PAGE, which was stopped 
when bromophenol blue was close to 1 cm from the rubber 
bottom and then, it was transferred to a PVDF membrane using 
a wet method, with 5% skimmed milk powder used to seal for 
1 h on the shaker, followed by washing 3 times with TBST 
(5 min/time). Then, the primary antibodies of BRAF (product 
code ab33899; 1:5,000), PTEN (product code ab267787; 
1:1,000), PI3K (product code ab32089; 1:1,000), phosphorylated 
(p)‑PI3K (product code ab278545; 1:1,000), mTOR (product 
code ab32028; 1:2,000), p‑mTOR (product code ab109268; 
1:5,000), cisplatin resistance‑related enzymes ERCC1 (product 
code ab129267; 1:2,000) and BRCA1 (ab191042; 1:1,000), Bax 
(product code ab32503; 1:2,000), Bcl‑2 (ab32124; 1:1,000) and 
GAPDH (product code ab8245; 1:10,000; all from Abcam) were 
added and incubated overnight at 4˚C, followed by washing 
with TBST (three times, 5 min each time). Subsequently, the 
secondary antibody, HRP‑labeled goat anti‑rabbit IgG antibody 
(product code ab190495; 1:1,000; Abcam) was added and 
incubated by shaking at room temperature for 2 h, followed by 
another three washes with TBST (5 min/each time). The refer‑
ence gene was GAPDH. Finally, the sensitized electrogenerated 
chemiluminescence (ECL; Amersham; Cytiva) was used for 
development. The optical density values of the target protein 

bands and internal reference were measured by ImageJ image 
analysis software (v1.48), with the corresponding ratio reflecting 
the relative expression of the target protein.

Statistical analysis. SPSS  21.0 software package (IBM 
Corp.) was used to analyze the data and calculate the mean 
value ± standard deviation (SD). All experiments were repeated 
at least three times. Following the identification of the normal 
distribution (Kolmogorov‑Smirnov test) and homogeneous 
nature (Homogeneity of variance test) of the data, t‑tests were 
used for data analysis between groups; one‑way analysis of 
variance (ANOVA) was used for multiple data analysis. Tukey's 
post hoc test was performed to obtain P‑values and adequately 
assess differences to determine significance following one‑way 
ANOVA. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparison of cell viability in each group after transfec‑
tion. There was no difference in cell viability between the 
control group and NC group at day 1 (P>0.05). Compared 
with the NC group, no obvious change was revealed in cell 
activity in each group at  day 1, without the estimation of 
obvious statistical differences (all P>0.05); at 2‑6 days, cell 
viability of the siBRAF group, NVP‑BEZ235 group and 
siBRAF + NVP‑BEZ235 group was significantly decreased 
(all P<0.05); while no obvious difference was found with 
the siBRAF + IGF‑1 group (all P>0.05). In addition, there 
was no significant difference in cell viability between 
the siBRAF group and NVP‑BEZ235 group at  2‑6  days 
(all P>0.05); while the cell viability of cancer cells in the 
siBRAF + IGF‑1 group was significantly increased compared 
with siBRAF + NVP‑BEZ235 group (all P<0.05) (Fig. 1).

Figure 1. Comparison of cell viability expressed as the OD value in each 
group after transfection by MTT colorimetric assay. The data were measured 
and expressed by mean ± standard deviation. The comparison between the 
two groups was performed by unpaired t‑test, and the comparison between 
multiple groups was performed by one‑way ANOVA. The cell experiment 
was repeated three times. *P<0.05, compared with the control group and 
NC group at the same time‑point, revealing statistical difference; #P<0.05, 
compared with the siBRAF + NVP‑BEZ235 group at the same time‑point, 
revealing statistical difference. NC, negative control; si, small interfering.
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Comparison of cell migration in each group af ter 
transfection. Compared with the control group, no 
significant change was detected in migration ability in the 
NC  group, exhibiting no statistical difference (P>0.05). 
The migration ability of cancer cells was significantly 
decreased in the siBRAF group, NVP‑BEZ235 group and 
siBRAF + NVP‑BEZ235 group when compared with the 
NC group (all P<0.05); while it was evidently increased 
in the siBRAF  +  IGF‑1  group when compared with the 
siBRAF + NVP‑BEZ235 group, with a statistical difference 
(P<0.05), yet no difference was found when compared with 
that in the NC group (P>0.05). There was no significant 
difference in cell migration between the siBRAF group and 
NVP‑BEZ235 group (P>0.05) (Fig. 2).

Comparison of cell cycle phases in each group after 
transfection. Compared with the control group, the NC group 
had no significant difference in the distribution of the cell cycle 
in the S phase, G2/M phase and G1/G0 phase (P>0.05). The 
proportion of cells in the S phase and G2/M phase in the siBRAF 
group, NVP‑BEZ235 group and siBRAF + NVP‑BEZ235 group 
was decreased, and the proportion of cells in the G1/G0 phase 
was increased, with statistical differences. These trends were 
more evident in the siBRAF + NVP‑BEZ235 group compared 
with the siBRAF group and NVP‑BEZ235 group (all P<0.05). 
In addition, in the siBRAF + IGF‑1 group, the proportion of cells 
in the S phase increased but the proportion of G1/G0‑phase cells 
decreased when compared with siBRAF + NVP‑BEZ235 group 
(all P<0.05), with no statistically significant difference in 
the G2/M  phase (P>0.05). However, no significant differ‑
ence was found in the S, G2/M and G1/G0 phases between the 

siBRAF  group and NVP‑BEZ235 group, and between the 
NC group and the siBRAF + IGF‑1 group (P>0.05) (Fig. 3; 
Table I).

Comparison of the apoptosis rate in each group after 
transfection. The apoptosis of cancer cells in each group 
after transfection under light microscope by TUNEL assay 
is presented in Fig. 4. According to the statistical analysis 
results of the apoptosis rate, there was no significant difference 
between NC group and control group (P>0.05). Compared with 
NC group and control group, the apoptosis rate was significantly 
increased in the siBRAF group and NVP‑BEZ235 group, and 
was especially higher in the siBRAF + NVP‑BEZ235 group 
compared with in siBRAF group and NVP‑BEZ235 group (all 
P<0.05). Furthermore, no significant difference was found in 
the apoptosis rate in the siBRAF + IGF‑1 group when compared 
with the NC  group and control group; while there was a 
decreased trend of the rate in the siBRAF + IGF‑1 group when 
compared with siBRAF + NVP‑BEZ235 group (all P<0.05). In 
addition, no significant difference was revealed in the apoptosis 
rate between the siBRAF group and NVP‑BEZ235 group, and 
between the NC group and siBRAF + IGF‑1 group (all P>0.05).

The apoptosis of cancer cells in each group after transfec‑
tion was detected by flow cytometry and is presented in Fig. 5. 
Consistent with the results of the TUNEL assay, it was revealed 
that there was no difference in the cell apoptosis rate among 
the control group, NC group and siBRAF + IGF‑1 group (both 
P>0.05), which, however, was increased in the siBRAF group 
and NVP‑BEZ235  group, and more markedly increased 
in the siBRAF  +  NVP‑BEZ235  group, but decreased in 
siBRAF + IGF‑1 group (all P>0.05).

Figure 2. Comparison of cell migration ability expressed as the migrating number of cells and cell scratch distance in each group after transfection by scratch 
test. (A) Experimental images in each transfection group using the scratch test at 0 h (as the control) and 48 h respectively. (B) Comparison of the migration 
distance in each group. The data were measured and expressed by the mean ± standard deviation. The comparison between the two groups was performed 
by unpaired t‑test, and the comparison between multiple groups was performed by one‑way ANOVA. The cell experiment was repeated three times. *P<0.05, 
compared with the control group and NC group, revealing statistical difference; #P<0.05, compared with the siBRAF + NVP‑BEZ235 group, showing statis‑
tical difference. NC, negative control; si, small interfering.
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Comparison of the colony‑forming number of cells 
of each group after transfection. Compared with the 
control group, there was no significant difference in 
the number of colony‑forming cells in the NC  group 
(P>0.05). Compared with the NC  group, the number of 
colony‑forming cells in the siBRAF group, NVP‑BEZ235 
group and siBRAF  +  NVP‑BEZ235  group was signifi‑
cantly decreased, and was especially evident in the 
siBRAF + NVP‑BEZ235 group than that in the siBRAF group 
and NVP‑BEZ235 group, with obvious statistical difference 
(all P<0.05); whereas the number of colony‑forming cells was 
increased in the siBRAF + IGF‑1 group when compared with 
siBRAF + NVP‑BEZ235 group, with significant difference 

(P<0.05). However, there was no obvious difference in the 
number of colony‑forming cells between the siBRAF group 
and NVP‑BEZ235 group, and between the NC group and 
siBRAF  +  IGF‑1  group (all P>0.05). Detailed results are 
presented in Fig. 6 and Table II.

Comparison of mRNA expression levels in each group after 
transfection. There was no difference in the mRNA expression 
levels of the detected indexes between the control group and 
NC group (P>0.05). No significant difference was observed in 
BRAF mRNA expression between NVP‑BEZ235 group and 
NC group (P>0.05); while it was decreased in the siBRAF group, 
siBRAF + NVP‑BEZ235 group and siBRAF + IGF‑1 group 

Figure 3. Comparison of cell cycle phases in each group after transfection by flow cytometry using PI staining. (A) The distribution of the cell cycle in each 
phase in each group. (B) Histogram of the cell cycle distribution in each group expressed as the percentage (%). The data were measured and expressed as 
the mean ± standard deviation. The comparison between the two groups was performed by unpaired t‑test, and the comparison between multiple groups was 
performed by one‑way ANOVA. The cell experiment was repeated three times. *P<0.05, compared with the control group and NC group, revealing statistical 
difference; #P<0.05, compared with the siBRAF + NVP‑BEZ235 group, showing statistical difference. NC, negative control; si, small interfering.
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(all P<0.05). Furthermore, compared with the NC group, the 
mRNA expression of PI3K, Akt and mTOR was decreased, 
while PTEN expression was increased in the siBRAF group, 
NVP‑BEZ235 group and siBRAF + NVP‑BEZ235 group, 
and especially evident in the siBRAF + NVP‑BEZ235 group 
than that in the siBRAF group and NVP‑BEZ235  group, 
with significant differences (all P<0.05). However, in the 
siBRAF + IGF‑1 group, the mRNA expression of PI3K, Akt 
and mTOR was increased, while PTEN was decreased when 
compared with the siBRAF + NVP‑BEZ235 group, and the 
difference was significant (all P<0.05). There was no obvious 
difference between the siBRAF group and NVP‑BEZ235 
group, and between NC group and siBRAF + IGF‑1 group (all 
P>0.05) (Fig. 7).

Comparison of the protein expression levels in each group 
after transfection. Compared with the control group, no 
obvious difference was revealed in BRAF protein expression 
between the NC group and NVP‑BEZ235 group (P>0.05). 
In addition, it was evidently decreased in siBRAF group, 
siBRAF + NVP‑BEZ235 group and siBRAF + IGF‑1 group, 
with statistical difference (all P<0.05).

Compared with the control group, there was no significant 
difference in the protein expression levels of PTEN, PI3K, 

p‑PI3K, Akt, p‑Akt, mTOR, p‑mTOR, ERCC1 and BRCA1, Bax, 
and Bcl‑2 in the NC group (all P>0.05). The protein expression 
levels of PI3K, p‑PI3K, Akt, p‑Akt, mTOR, p‑mTOR, ERCC1, 
BRCA1 and Bcl‑2 were decreased, while those of PTEN and 
Bax were increased in the siBRAF group, NVP‑BEZ235 
group, and siBRAF + NVP‑BEZ235 group, and especially 
evident in the siBRAF + NVP‑BEZ235 group than that in the 
siBRAF group and NVP‑BEZ235 group, with statistical differ‑
ence (all P<0.05). In addition, the protein expression levels 
of PI3K, p‑PI3K, Akt, p‑Akt, mTOR, p‑mTOR, ERCC1 and 
BRCA1 and Bcl‑2 were increased in siBRAF + IGF‑1 group, 
but those of PTEN and Bax were decreased when compared 
with the siBRAF + NVP‑BEZ235 group (P<0.05). No signifi‑
cant difference in the detected protein expression levels was 
revealed between the siBRAF group and NVP‑BEZ235 group, 
and between the NC group and siBRAF + IGF‑1 group (all 
P>0.05) (Fig. 8).

Discussion

Surgery, radiotherapy and chemotherapy are the major methods 
used for the treatment of lung cancer (26). However, the overall 
survival outcome of lung cancer patients is not satisfactory 
after comprehensive treatment (27). The causes of recurrence, 

Figure 4. Comparison of the cell apoptosis rate in each group after transfection by TUNEL assay. (A) The apoptosis of cancer cells in each group under light 
microscope (x200). (B) The apoptosis rate of cancer cells in each group expressed as the percentage of apoptotic cells (%). The data were measured and 
expressed as the mean ± standard deviation. The comparison between the two groups was performed by unpaired t‑test, and the comparison between multiple 
groups was performed by one‑way ANOVA. The cell experiment was repeated three times. *P<0.05, compared with the control group and NC group, revealing 
statistical difference; #P<0.05, compared with the siBRAF + NVP‑BEZ235 group, showing statistical difference. NC, negative control; si, small interfering.
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metastasis and treatment resistance after comprehensive treat‑
ment are not quite clear at present. In addition, there are a small 
number of cell sub‑populations that are resistant to various 
therapies in tumor tissue, which can survive after traditional 
chemotherapy or chemotherapy, and continue to proliferate, 
forming new recurrence or metastasis (28). In other words, 
chemotherapy can kill most sensitive cells, but not all cells. 
Notably, BRAF is a proto‑oncogene found in numerous tumor 
types, which can be regulated and used as a clinical strategy 
to overcome or prevent acquired drug resistance in colorectal 
cancer and also reported in lung cancer (29,30).

Prior studies have confirmed that the PI3K/Akt/mTOR 
signaling pathway can regulate the growth, proliferation 

and invasion of tumor cells from numerous aspects (31). For 
instance, PI3K can activate cell cycle‑dependent protein 
kinases to promote cells to enter the S phase and induce DNA 
synthesis (32). In addition, the pathway can also affect cell 
apoptosis through a number of ways (33). It can promote the 
transcription of anti‑apoptotic proteins by activating NF‑kB, 
and inhibit caspase‑mediated apoptosis by phosphorylation to 
suppress pro‑apoptotic proteins (34). In addition, activated Akt 
can activate endothelial NO synthetase, promote endothelial 
cell migration and form new blood vessels (35). Furthermore, 
concerning its role in stimulating cell adhesion and migration, 
activated Akt can increase the activity of NF‑kB, promote cell 
movement and increase invasiveness by increasing MMP‑2 

Figure 5. Comparison of the cell apoptosis rate in each group after transfection by flow cytometry using Annexin V‑PI staining. (A) The apoptosis of 
cancer cells in each group. (B) The apoptosis rate of cancer cells in each group expressed as the percentage (%). The data were measured and expressed by 
mean ± standard deviation. The comparison between the two groups was performed by unpaired t‑test, and the comparison between multiple groups was 
performed by one‑way ANOVA. The cell experiment was repeated three times. *P<0.05, comparison with the control group and NC group, revealing statistical 
difference; #P<0.05, comparison with siBRAF + NVP‑BEZ235 group, showing statistical difference. NC, negative control; si, small interfering.

https://www.spandidos-publications.com/10.3892/ol.2021.12845
https://www.spandidos-publications.com/10.3892/ol.2021.12845
https://www.spandidos-publications.com/10.3892/ol.2021.12845


REN et al:  BRAF AND PI3K/Akt/mTOR PATHWAY IN NSCLC10

Figure 6. Comparison of the colony‑forming number of cells of each group after transfection. (A) The experimental images of colony formation in each group. 
(B) Histogram of the number of colony‑forming cells in each group expressed as the (%). The data were measured and expressed as the mean ± standard 
deviation. The comparison between the two groups was performed by unpaired t‑test, and the comparison between multiple groups was performed by one‑way 
ANOVA. The cell experiment was repeated three times. *P<0.05, compared with the control group and NC group, revealing statistical difference; #P<0.05, 
compared with the siBRAF + NVP‑BEZ235 group, showing statistical difference. NC, negative control; si, small interfering.
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and MMP‑9 levels that are critical in extracellular matrix 
degradation (36). Notably, there have been various studies 
concerning the role of PI3K/Akt/mTOR involved in cancer 
development and resistance to chemotherapy, and downregula‑
tion of AKT or inhibited activation of the PI3K/Akt/mTOR 
signaling pathway could be an available beneficial adjuvant 
antitumor therapy (37,38). In addition, it has been reported that 
targeting the PI3K/AKT/mTOR pathway can be a potential 
option for lung cancer treatment, which embodies preventing 
oncogenesis and regulating chemotherapy response (39,40).

The PI3K/Akt/mTOR signal is involved in the regula‑
tion of cell proliferation and differentiation by activating 
PI3K, Akt and mTOR, which can affect cell activity, cycle, 
cell growth and cell proliferation (41). In addition, BRAF is 
generally highly expressed in different tumor cells to modu‑
late cell growth, differentiation and apoptosis, which can 
stimulate the occurrence of tumors in the case of aberrant 
cell metabolism resulted from abnormal activation of relevant 
pathways due to increased expression of BRAF (42). In the 
present study, NSCLC cells were divided into different groups 
with different transfection protocols. According to the results, 
with the detection of BRAF expression in different groups, 
verifying the expression status of BRAF and side validation 
of successful transfection, it was revealed that BRAF gene 
silencing and PI3K inhibitor NVP‑BEZ235 treatment sepa‑
rately resulted in obvious decreased cell viability at 2‑6 days, 
decreased migration ability, shortened proportion of S phase, 
increased proportion of G1/G0 phase, increased apoptosis rate, 
and decreased number of colony formation. The two separate 
treatments also had decreased mRNA expression of PI3K, Akt 
and mTOR, increased PTEN mRNA expression, decreased 
protein expression levels of PI3K, p‑PI3K, Akt, p‑Akt, mTOR, 
p‑mTOR, ERCC1, BRCA1 and Bcl‑2, and increased protein 

expression levels of PTEN and Bax. In particular, the benefi‑
cial roles were further enhanced with a combined treatment of 
BRAF gene silencing and PI3K inhibitor, which in turn high‑
lighted the synergistic effect of the combination of siBRAF 
and NVP‑BEZ235.

It is theorized that BRAF can promote the expression of 
p‑Akt and mTOR (mammalian target of rapamycin) through 
phosphorylation of PI3K, which can increase the level of 
Bcl‑2, decrease the level of Bax and enhance the metabolism 
of cells; concurrently, when PI3K inhibitor was administered 
and BRAF expression was silenced, the phosphorylation of 
Akt induced by BRAF was blocked, and the response of tumor 
cells to BRAF was decreased, thus inhibiting tumor growth 
and migration and promoting tumor cell apoptosis. In addition 
to the effect on the phosphorylated levels of PI3K, Akt and 
mTOR, total expression levels of PI3K, Akt and the down‑
stream protein mTOR were also suppressed after silencing of 
BRAF gene expression, which may be related to the transla‑
tion efficiency of selective mRNAs after protein modification. 
It suggests that BRAF gene silencing has a role in mediating 
the activation of the PI3K/Akt/mTOR signaling pathway, 
which is considered to be realized through the inhibition of 
both the total and phosphorylated protein levels of PI3K, Akt 
and mTOR. Concurrently, in the present study, the activa‑
tion of the PI3K/Akt/mTOR signaling pathway, the increase 
of expression of chemoresistance‑related enzymes and the 
increase of S‑phase cell subsets all suggested a reduced sensi‑
tivity to chemotherapeutic drugs. In addition, the change of 
the cell cycle also reduced the sensitivity of the remaining 
cells to chemotherapy. Thus, these cells that remained after 
chemotherapy were resistant to chemotherapy, which may be 
the main reason for the failure of local treatment after chemo‑
therapy. In this way, the PI3K/Akt/mTOR signaling pathway 
inhibitor, dual inhibitor of PI3K and mTOR, could block 
BRAF‑mediated cell proliferation and survival, indicating 
that the PI3K/Akt/mTOR signaling pathway may promote the 
inhibition of cell response to BRAF. Accordingly, BRAF may 
be involved in cell proliferation and survival as an upstream 
factor of the PI3K/Akt/mTOR signaling pathway. Notably, the 
PI3K/Akt/mTOR signaling pathway agonist (PI3K agonist) 
was used in the in the present study, and an opposite trend 
was revealed under the combined treatment of BRAF gene 
silencing and the PI3K agonist, highlighting that activation 
of PI3K/Akt/mTOR reversed the positive role of BRAF gene 
silencing, and demonstrated the role of BRAF gene expression 
silencing in inhibiting the activation of PI3K/Akt/mTOR in the 
development of NSCLS.

In addition, it should be noted that cisplatin, as a clas‑
sical drug for chemotherapy, is mainly involved in DNA 
synthesis as a competitive inhibitor in the S phase (43). For 
example, a previous in vitro study revealed that combined use 
of cisplatin could block the G1/S phase of the cell cycle of 
colorectal cancer cells in a certain concentration range (44). 
Additionally, when HeLa hepatoma cells were treated with 
cisplatin using different methods, it was revealed that cisplatin 
alone decreased cell viability, glycolysis and oxidative phos‑
phorylation (45). In the present study, after cell treatment with 
cisplatin, the cell cycle was analyzed by flow cytometry, and 
it was found that BRAF gene silencing, the pathway inhibitor 
and their combined treatment decreased the proportion of cells 

Figure 7. Comparison of the mRNA expression levels of BRAF, PI3K, 
Akt, mTOR and PTEN in each group after transfection by reverse tran‑
scription‑quantitative PCR. The data were measured and expressed as the 
mean ± standard deviation. The comparison between the two groups was 
performed by unpaired t‑test, and the comparison between multiple groups 
was performed by one‑way ANOVA. The cell experiment was repeated three 
times. *P<0.05, compared with the control group and NC group, revealing 
statistical difference; #P<0.05, compared with the siBRAF + NVP‑BEZ235 
group, showing statistical difference. NC, negative control; si, small inter‑
fering.
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in the S phase and G2/M phase, and increased the proportion 
of G1/G0‑phase cells, and was especially significant under 
the combined action; while the pathway agonist reversed the 
positive role of BRAF gene silencing, and blocked A549/DDP 
cells in the S phase and G2/M phase. The sensitivity of cells 
to chemotherapy is different depending on the phase of the 
cell cycle, and is higher in the G1/G0 phase than that in the 
G2/M phase and S phase (46), however the specific mechanism 
is not clear. Therefore, theoretically, the use of chemotherapy 
drugs to render cells sensitive to the cell cycle during 
chemotherapy, or in other words, reduce the proportion of 
G2/M‑phase and S‑phase cells but increase the proportion of 
G1/G0 phase can improve the sensitivity of chemotherapy (47). 
In the present study, MTT and cell colony experiments were 
used to evaluate chemosensitivity, which was revealed to be 
decreased in cells treated with chemotherapeutics to various 
doses. The possible reason may be that cells with stem cell char‑
acteristics are enriched after treatment of chemotherapy agents, 
and the proportion of S‑phase cells increased, resulting in the 
decrease of sensitivity to chemotherapy. Silencing of the BRAF 
gene may inhibit the activation of the PI3K/Akt/mTOR signaling 
pathway to reduce the expression of chemoresistance‑related 
enzymes and partially restore the sensitivity of A549/DDP cells 
to chemotherapy drugs, thus increasing the tolerance of tumor 
cells to treatment. In addition, suppressing the activation of this 
signaling pathway can induce an increase in cell subsets of the 
S‑phase, thus increasing the resistance of cells to chemotherapy. 
After blocking the pathway by silencing of BRAF and using 
pathway inhibitor NVP‑BEZ235, the proportion of S‑phase cell 

subsets was reduced, and the sensitivity to chemotherapy was 
partially restored, which in turn supports our prior hypothesis of 
the role of the PI3K/Akt/mTOR signaling pathway mediated by 
BRAF gene silencing. The role of regulating PI3K/AKT/mTOR 
pathway in lung cancer has been demonstrated previously (48). 
In a similar mechanism of action, it has been reported that an 
antitumor effect could be promoted with the suppression of PI3K 
and p‑Akt protein expression, which may be achieved through the 
regulation of the PI3K/AKT pathway achieved by targeting the 
EGFR gene through miRNA‑223 (49), supporting the antitumor 
effect of using PI3K inhibitor to suppress the proposed pathway 
in NSCLC. Similarly, Wang et al also reported a similar regula‑
tory axis of gene‑signaling pathway in NSCLC, and found that 
ELF3 could promote cell growth and metastasis by regulating 
PI3K/Akt and ERK pathways in NSCLC (50), highlighting the 
role of searching for potential genes as promising new targets 
to inhibit the PI3K/Akt/mTOR signaling pathway for the treat‑
ment of NSCLC patients. To sum up, silencing of BRAF gene 
expression and inhibiting the activation of the PI3K/Akt/mTOR 
signaling pathway could decrease cell viability, inhibit the 
cell cycle and migration, increase the apoptosis rate, decrease 
the number of colony‑forming cells and increase chemosensi‑
tivity of NSCLC. The present study suggests that BRAF gene 
silencing combined with NVP‑BEZ235 exert a synergistic effect 
to reduce the resistance of cells to chemotherapy and improve 
the sensitivity of chemotherapy by suppressing the activation of 
the PI3K/Akt/mTOR signaling pathway. In addition, activation 
of the PI3K/Akt/mTOR signaling pathway may reverse the role 
of silencing of BRAF gene expression in cell viability, the cell 

Figure 8. Detection of the protein expression levels of BRAF, PI3K, p‑PI3K, Akt, p‑Akt, mTOR, p‑mTOR, PTEN, ERCC1 and BRCA1, Bax, and Bcl‑2 in each 
group after transfection by western blotting. (A) Western blotting bands and statistical analysis of protein expression including BRAF and PI3K/Akt/mTOR 
signaling pathway‑related proteins. (B) Western blotting bands and statistical analysis of the protein expression including cisplatin resistance‑related enzymes 
and apoptotic proteins. The data were measured and expressed as the mean ± standard deviation. The comparison between the two groups was performed by 
unpaired t‑test, and the comparison between multiple groups was performed by one‑way ANOVA. The cell experiment was repeated three times. *P<0.05, 
compared with the control group and NC group, revealing statistical difference; #P<0.05, compared with the siBRAF + NVP‑BEZ235 group, showing statis‑
tical difference. p‑, phosphorylated; NC, negative control; si, small interfering.
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cycle and migration, apoptosis, and colony formation, providing 
a potential approach for improving the chemosensitivity of 
NSCLC. However, our study still has some limitations. For 
example, there was a weak additive effect of siBRAF + NVP 
vs. siBRAF alone, as indicated in the detection of the protein 
expression levels of related indexes in each group after transfec‑
tion by western blotting, which deserves to be verified by further 
experimentation. In addition, the present study was a single‑cell 
experiment, and the reliability of the findings in this study can be 
enhanced by an animal experiment. However, the present study, 
for the first time, clarified the possible mechanism of NSCLC 
cell biological characteristics and chemosensitivity using a 
siRNA silencing technique, with abundant experimental data to 
support the positive role of BRAF gene silencing and inhibited 
the PI3K/Akt/mTOR signaling pathway thus suppressing the 
progression and enhancing chemosensitivity of NSCLC. It may 
provide a potential reference for suppressing tumor aggrava‑
tion and improving the therapeutic outcomes of NSCLC at the 
genetic level.
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