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Introduction: There is still lack of specific biomarkers in predicting the radiosensitivity of non-

small cell lung cancer (NSCLC) patients in clinic. Previous studies have shown that the EGFR 

gene status may correlate with radiosensitivity of NSCLC. However, the underlying mechanisms 

remain unknown. The aim of this study was to further investigate the correlation between EGFR 

mutation status and the NSCLC cell radiosensitivity and to explore the possible cellular mechanism. 

Methods: Eight NSCLC cell lines with different EGFR gene status were irradiated by linear 

accelerator, and the radiosensitivity between the cell lines was compared by cell colony formation 

assay and cell proliferation assay. Cell cycle and apoptosis were analysed by flow cytometry. 

Radiosensitivity-related protein expression was detected by Western blotting.

Results: In the present study, we found that NSCLC cell lines with the epidermal growth factor 

receptor (EGFR) gene mutations were more sensitive to X-ray irradiation than those with wild-

type EGFR (P<0.05). No difference in radiosensitivity was observed between NSCLC cells with 

EGFR exon19 deletion (Del 19) mutation and exon 21 point mutation at position 858 (L858R) 

with or without T790M mutation (P<0.05), as well as between NSCLC cells with EGFR mutation 

and those with acquired EGFR-tyrosine kinase inhibitors (TKIs) resistance. Mechanistically, 

EGFR mutations promoted NSCLC cell apoptosis in response to X-ray irradiation  through the 

upregulation of proapoptotic protein Bax and downregulation of anti-apoptotic proteins such as 

Bcl-2 and DNA-dependent protein kinase catalytic subunit. In addition, phosphorylated histone 

(γ-H2AX) foci assay showed that EGFR mutations sustained irradiation-induced DNA damage. 

Conclusion: Taken together, our study demonstrates that EGFR mutations are closely associ-

ated with the increased sensitivity of NSCLC cell lines to X-ray irradiation and that EGFR 

mutation status is a potentially useful indicator to evaluate the effectiveness of radiotherapy in 

the treatment of NSCLC.

Keywords: non-small-cell lung cancer, epidermal growth factor receptor, mutation, 

radiosensitivity

Introduction
Non-small-cell lung cancer (NSCLC) is the most common type of lung cancer, repre-

senting more than 80% of the total number of lung cancer cases.1 Many patients with 

NSCLC are inoperable due to locally advanced or metastatic disease upon diagnosis.1 

Thus, radiotherapy alone or chemo-radiotherapy are very important in the treatment 

of NSCLC.2,3 However, wide heterogeneity is observed in the response to radiotherapy 

in patients with NSCLC. Specifically, some patients have a strong response to radio-

therapy with an effective local control whereas others have local relapses even with 

increased radiation doses,4 which highlights the necessity for identifying biomarkers 
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that can predict responses to radiotherapy to help develop 

personalized treatments in NSCLC.

Mutations in the EGFR gene and its downstream signal-

ing pathways are major NSCLC driver mutations.5 Approxi-

mately 47% of patients with NSCLC in the Asia-Pacific 

region and 12% in Oceania have tumors associated with 

EGFR mutations.6 Targeted therapy based on EGFR muta-

tions has been developed as standard first-line treatment for 

advanced NSCLC,7,8 and EGFR gene status has been identi-

fied as a prognostic biomarker for advanced NSCLC.

Clinical studies have recently shown that the EGFR gene 

status may correlate with radiosensitivity in patients with 

NSCLC. The response rate is higher, and progression-free 

survival and overall survival are longer in NSCLC patients 

with EGFR gene mutations than those in patients with wild-

type (WT) EGFR, suggesting that EGFR gene status may also 

be a predictive biomarker for radiosensitivity in patients with 

NSCLC.9,10 However, many challenges remain with the use 

of EGFR mutations as diagnostic and prognostic biomark-

ers to measure the effectiveness of radiotherapy against 

advanced-stage NSCLC. For example, whether EGFR muta-

tion increases the radiosensitivity of NSCLC cells remains 

controversial.11,12 Secondly, little is known regarding the 

correlation between radiosensitivity and EGFR mutation-

triggered drug resistance to tyrosine kinase inhibitors (TKIs) 

in NSCLC cells. Thirdly, the molecular mechanisms underly-

ing the radiosensitivity of EGFR-mutated NSCLC cells have 

not been extensively investigated.

To address the above issues, we examined the association 

between radiosensitivity and different EGFR mutation status 

in eight commonly used NSCLC cell lines. Moreover, the 

underlying mechanisms were investigated. Our study dem-

onstrates that NSCLC cells with EGFR mutations are more 

sensitive to X-rays than those with wide-type EGFR genes. 

EGFR mutation status may be a potentially useful predictor 

of the effectiveness of radiotherapy for NSCLC.

Materials and methods
Cell lines and cell culture
NSCLC cell lines H226, A549, PC-9, HCC827, H3255, and 

H1975 were obtained from The Cell Bank of Chinese Acad-

emy of Sciences (Shanghai, China). PC-9/ZD and PC9/AB2 

cells were generous gifts from Dr Fumiaki Koizumi (National 

Cancer Center, Japan) and Professor Li Zhang (Sun Yat-sen 

University Cancer Center, Guangzhou, China), respectively. 

Cells were grown in RPMI 1640 medium (Gibco, Gaith-

ersburg, MD, USA) containing 10% fetal calf serum, 1% 

penicillin, and 1% streptomycin at 37°C in a humidified 

atmosphere of 5% CO
2
.

egFR mutation analysis
Next-generation sequencing was conducted to validate 

EGFR mutations or other mutations in each NSCLC cell 

line. DNA profiling was undertaken using a commercially 

available capture-based sequencing panel, LungPlasma panel 

(Burning Rock Biotech, Guangzhou, Guangdong Province, 

China), targeting 168 genes and spanning 160K human 

genomic regions. DNA hybridization-based screening was 

carried out using magnetic beads and was amplified by PCR. 

A bioanalyzer high-sensitivity DNA assay was then used to 

assess the quality and size range. Thirty indexed samples 

were subjected to paired-end sequencing on a NextSeq 500 

system (Illumina, USA). The EGFR mutation status of the 

eight NSCLC cell lines is shown in Table 1.

irradiation
6-MV X-ray irradiation was undertaken at an angle of 180° 

using a Varian Clinac 600C/D medical linear accelerator (Varian 

Medical Systems, Palo Alto, CA, USA) at 300 cGy/min with a 

source-to-axis distance of 100 cm and a field size of 40×40 cm2.

Clonogenic survival assay
Cells were seeded in 60-mm dishes at various densities and 

grown overnight. Cells were then exposed to single-dose 

X-ray irradiation ranging from 0 to 10 Gy, followed by 

an incubation at 37°C for 10–14 days. After fixation with 

paraformaldehyde (Beyotime, Shanghai, China), cells were 

stained with 0.5% crystal violet (Beyotime). Colonies con-

taining more than 50 cells were counted and photographed 

with an Olympus microscope (Olympus, Tokyo, Japan). The 

surviving fraction (SF) was calculated as colony number/

(plating cell number × plating efficiency). A survival curve 

was plotted as the logarithm of SF against the irradiation dose. 

The multi-target single-hit model was applied to calculate 

the average lethal dose (D0, Gy), quasi-threshold dose (Dq, 

Table 1 egFR mutation status of nsClC cell lines used in this 
study

Cell lines Histology EGFR 
mutation 
type

Other mutation 
or molecular 
phenotype

a549 adenocarcinoma Wild-type
h226 squamous carcinoma Wild-type
PC-9 adenocarcinoma Del 19
PC9/aB2 adenocarcinoma Del 19 eMT
PC-9/ZD adenocarcinoma Del 19 T790M
h1975 adenocarcinoma l858R T790M
hCC827 adenocarcinoma Del 19
h3255 adenocarcinoma l858R

Abbreviations: nsClC, non-small-cell lung cancer; eMT, epithelial–mesenchymal 
transition.
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Gy), and the extrapolation number (N). The linear-quadratic 

model was applied to calculate the cellular radiosensitivity 

parameters α (Gy-1), β (Gy-2), and α/β (Gy).13

Cell proliferation assay
Cells (1×103 cells/well) were plated in 96-well plates and 

grown overnight. Cells were then exposed to 4 Gy X-ray irra-

diation. Non-irradiated cells were used as a negative control. 

A Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan) 

assay was conducted to examine the effects of irradiation 

on cell proliferation at 24, 48, 72, 96, 120, and 144 hours, 

respectively, post-irradiation, according to the manufacturer’s 

instructions. Absorbance (OD value) was determined at an 

absorption wavelength of 450 nm using a microplate reader 

(Thermo Fisher Scientific, Waltham, MA, USA). The surviv-

ing fraction was calculated as (OD value of irradiated samples 

− OD value of blank well)/(OD value of negative control − OD 

value of blank well). The survival curves were plotted as the 

cell surviving fraction vs the incubation hours post-irradiation.

Cell apoptosis analyses by flow 
cytometry
Cells were seeded in 60-mm plates at a density of 1×105 cells 

in each plate and grown overnight. These cells were then 

exposed to 4 Gy X-ray and harvested at 0, 24, and 48 hours, 

respectively, post-irradiation. Cells were then rinsed with 

PBS, fixed with ice-cold ethanol, and resuspended in Annexin 

V-FITC solution (Beyotime) for cell apoptosis analyses prior 

to staining with propidium iodide working solution (PI; 

Beyotime). Results were analyzed using a FACS Aria II flow 

cytometer (BD Biosciences, San Jose, CA, USA).

Phosphorylated histone (γ-h2aX) foci 
assay
Cells were plated on coverslips in 35-mm dishes at a density 

of 1×106 cells per dish and grown overnight. At 0, 0.25, 0.5, 

1, 2, 4, 6, 12, and 24 hours post-irradiation with 4 Gy, cells 

were fixed with ice-cold paraformaldehyde and washed 

with PBS. After treatment with 0.2% Triton-X100 in PBS, 

cells were blocked with BSA and then incubated with anti-

γ-H2AX (Ser139; 1:500; Cell Signaling Technology, Danvers, 

MA, USA) at 37°C for 2 hours. Following PBS rinses, cells 

were incubated with Alexa Flour 488-conjugated secondary 

antibody (Ab; 1:600; Cell Signaling Technology) at 37°C in 

the dark for 1 hour. Hoechst 33342 (Beyotime) was used for 

nuclei staining. An IX70 inverted fluorescence microscope 

(Olympus Corporation, Tokyo, Japan) was used to acquire 

images at 10× fields. Three images containing more than 

100 cells were randomly selected, and the cells exhibiting 

green fluorescence (γ-H2AX-positive cells) were counted by 

Image J software. γ-H2AX foci formation was evaluated as 

the number of γ-H2AX-positive cells (green)/the number of 

cells stained with Hoechst 33342 (blue).

Western blotting
Cells were seeded in 25-mm2 flasks at a density of 1×106 cells 

in each flask and allowed to adhere overnight. Cells were then 

exposed to 4 Gy X-ray irradiation and lysed for protein extrac-

tion at 0, 0.5, 1, 2, 4, 6, 12, and 24 hours post-irradiation. From 

this, 5–10 µg of each sample were separated by 10% SDS-

PAGE and transferred to polyvinylidene difluoride membranes 

(Merck Millipore, Billerica, MA, USA), followed by 2 hours of 

blocking with 5% skimmed milk powder and overnight incu-

bation with primary Ab against Bax, Bcl-2, Caspase-3 (Cell 

Signaling Technology, Danvers, MA, USA), or DNA-PKcs 

(Abcam, Cambridge, UK). The membranes were rinsed thrice 

with PBS containing 0.05% Tween-20 and then incubated with 

horseradish peroxidase-conjugated secondary Ab for 1 hour 

at 37°C. The chemiluminescent signals were detected using 

an enhanced chemiluminescence substrate (Millipore), visual-

ized using a Minichemi imager system (Segacreation, Beijing, 

China), and quantified by Quantity One software (Bio-Rad, 

Laboratories Inc. Hercules, CA, USA).

statistical analysis
Experiments were conducted in triplicates and repeated at 

least three times. Data are presented as the mean ± SD. Sta-

tistical significance was assessed using the Student’s t-test 

with SPSS V20.0 software (IBM Corporation, Armonk, NY, 

USA). P<0.05 was considered statistically significant.

Results
egFR mutations promote the sensitivity 
of nsClC cells to X-ray irradiation
To determine the sensitivity of each NSCLC cell line with 

different EGFR mutation status to X-ray irradiation, a col-

ony-formation assay was conducted. As shown in Figure 1, 

compared to the WT EGFR cell lines A549 and H226, the 

EGFR-mutated cell lines exhibited high sensitivity to X-ray, 

as evidenced by significant decreases in the colony-forming 

activity (Figure 1) and the surviving fraction at different 

doses: The average surviving fraction was reduced by 50%, 

75%, 90%, and 97% in response to 2, 4, 6, and 10 Gy of 

irradiation, respectively (all P<0.05; Figure 1 and Table 2).

To further confirm the radiosensitivity of EGFR-mutated 

cell lines, the cellular radiosensitivity parameters were 
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measured using the multi-target single-hit and the linear-

quadratic model. As shown in Table 3, the D0, Dq, and N 

values of EGFR-mutated cell lines were higher than those of 

WT EGFR cell lines (2- to 35-fold). Consistently, a gener-

ally opposite trend was observed for α/β ratios. In addition, 

the proliferation and surviving fraction of EGFR-mutated 

cell lines were markedly decreased in an irradiation time-

dependent manner, compared to those of WT EGFR cell 

lines (P<0.001; Figure 2).

Taken together, these results suggest that EGFR-mutated 

NSCLC cell lines are more sensitive or less tolerant to X-ray 

irradiation than WT EGFR cell lines, which is likely due to 

the increased suppression of the cellular repair ability and 

proliferative ability of EGFR-mutated cell lines exposed to 

X-ray irradiation.

egFR mutations increase the apoptosis 
of nsClC cells in response to X-ray 
irradiation
Cell apoptosis contributes to the antitumor activity of 

radiotherapy. To investigate the mechanisms underlying 

A549
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Figure 1 Radiosensitivity between WT egFR cell lines and egFR-mutated cell lines as determined by colony-formation assay (A) and surviving fraction (B).
Note: *P<0.05, **P<0.01 vs egFR-mutated nsClC cell lines (n=3).
Abbreviations: nsClC, non-small-cell lung cancer; WT, wild-type.

Table 2 surviving fraction of radiosensitivity between WT egFR cell lines and egFR-mutated cell lines was determined by colony-
formation assay

Dose A549 H226 PC-9 PC9/AB2 PC-9/ZD H1975 HCC827 H3255

0 gy 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2 gy 0.624±0.079 0.674±0.128 0.314±0.049 0.302±0.086 0.400±0.262 0.250±0.017 0.350±0.043 0.381±0.043
4 gy 0.443±0.088 0.386±0.016 0.100±0.049 0.079±0.034 0.171±0.171 0.055±0.009 0.087±0.022 0.140±0.014
6 gy 0.222±0.065 0.196±0.016 0.029±0.025 0.019±0.007 0.057±0.049 0.015±0.015 0.025±0.022 0.043±0.009
8 gy 0.090±0.028 0.107±0.018 0.009±0.000 0.007±0.002 0.017±0.017 0.004±0.003 0.010±0.004 0.012±0.001
10 gy 0.035±0.006 0.049±0.004 0.003±0.005 0.002±0.002 0.006±0.010 0.001±0.002 0.002±0.004 0.004±0.001

Abbreviation: WT, wild-type.

Table 3 Radiobiological parameters of radiosensitivity between WT egFR cell lines and egFR-mutated cell lines as determined by 
colony-formation assay

Parameter H226 A549 PC-9 PC9/AB2 PC/9-ZD HCC827 H1975 H3255

D0 2.9656 3.3434 1.7167 1.4643 2.1612 1.4164 1.3310 1.8850
Dq 1.3678 0.9002 0.3414 0.0146 0.0470 0.6115 0.1767 0.2370
n 1.5860 1.3090 1.2200 1.0100 1.0220 1.5400 1.1420 1.1340
α 0.1758 0.1829 0.5751 0.5681 0.4447 0.4595 0.6740 0.4624

β 0.0144 0.0118 0.0013 0.0157 0.0034 0.0338 0.0100 0.0090

α/β 12.1830 15.5000 429.4996 36.2540 132.0368 13.6027 67.4000 51.4807

Abbreviation: WT, wild-type.
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Figure 2 Radiosensitivity between WT egFR cell lines and egFR-mutated cell lines was determined by cell proliferation assay (A) and surviving fraction (B) at a dose of 4 
gy at different times post-irradiation.
Note: *P<0.05 vs WT egFR nsClC cells (n=6).
Abbreviations: nsClC, non-small-cell lung cancer; WT, wild-type.
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the enhanced sensitivity of EGFR-mutated NSCLC cells to 

irradiation, we detected apoptosis in WT EGFR and EGFR-

mutated NSCLC cells treated with X-ray irradiation using a 

flow cytometric assay. As shown in Figure 3A and B, the WT 

EGFR cells A549 and H226 did not exhibit apoptosis when 

irradiated with 4 Gy X-ray for 48 hours (P>0.05), whereas 

five cell lines with EGFR mutations (PC-9, PC9/AB2, PC-9/

ZD, H1975, and HCC827) underwent significant apoptosis 

as early as 24 hours after the irradiation (P<0.01), and the 

apoptosis was further enhanced at 48 hours post-irradiation 

(P<0.001). Marked apoptosis of EGFR L858R-mutated 

H3255 cells occurs until 48 hours post-irradiation (P<0.001). 

These data indicate that EGFR mutation promotes the sensi-

tivity of NSCLC cells to X-ray irradiation by inducing cell 

apoptosis.

egFR mutations regulate apoptosis-
related protein expression in the 
irradiation-treated nsClC cells
To further confirm that EGFR mutation may promote NSCLC 

cell apoptosis upon X-ray irradiation, Western blot analysis 

was undertaken to detect the expression of apoptosis-related 

proteins. As shown in Figure 4, proapoptotic protein Bax was 

nearly undetectable, whereas anti-apoptotic proteins Bcl-2 

and DNA-dependent protein kinase catalytic subunit (DNA-

PKcs) were substantially expressed in irradiation-treated WT 

EGFR NSCLC cells.

In contrast, there was appreciable production of Bax 

protein in the EGFR-mutated NSCLC cells after irra-

diation compared with WT EGFR NSCLC cells. The 

Figure 3 Flow cytometry-based apoptosis detection in WT egFR and egFR-mutated nsClC cells in response to X-ray irradiation at a single dose of 4 gy for the times 
indicated.
Notes: (A) The original flow cytometry results. (B) Column graph for a. Data are expressed as the mean ± sD; **P<0.01 vs control group without irradiation (0 hour);  
***P<0.001, ΔP>0.05, (n=3).
Abbreviations: WT, wild-type; nsClC, non-small-cell lung cancer.
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EGFR-mutated NSCLC cells had weak expression or no 

expression of Bcl-2 even under the irradiation condition, 

with the exception of PC9/AB2 cells in which Bcl-2 was 

significantly induced by the irradiation. DNA-PKcs was 

rapidly upregulated between 30 minutes and 1 hour after 

the irradiation in all NSCLC cells except for H3255. How-

ever, DNA-PKcs expression was then reduced to a basal 

level in PC-9, PC-9/ZD, H1975, and HCC827 cells 1 hour 

after the irradiation. In addition, Caspase-3 was constantly 

expressed in all eight NSCLC cells, regardless of the pres-

ence or absence of the irradiation. There appeared to be 

no significant difference in Caspase-3 expression between 

WT EGFR and EGFR-mutated NSCLC cells treated with 

X-ray irradiation. These results suggest that EGFR  mutation 

promotes the apoptosis of irradiation-treated NSCLC by 

regulating apoptosis-related protein expression.

egFR mutations sustain 
irradiation-induced Dna damage in 
nsClC cells
We next sought to determine whether EGFR mutation in 

NSCLC cells affects DNA damage – an important cellular 

event during radiotherapy. Because γ-H2AX foci formation is 

a key biomarker for DNA double-strand breaks,14 an γ-H2AX 

foci assay was conducted to detect DNA damage. As shown 

in Figure 5, γ-H2AX foci were formed as early as 15 minutes 

after 4 Gy X-ray irradiation in the EGFR-mutated NSCLC 

cells, peaked at 2 hours, and was sustained until 24 hours 

after irradiation.

In contrast, in the WT EGFR cells, γ-H2AX foci were 

detected at 30 minutes and disappeared at 12 hours post-

irradiation. These data indicate that EGR mutation may 

contribute to DNA damage or inhibit the repair of DNA 
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Figure 4 Western blot detection of apoptosis-related protein expression in WT egFR and egFR-mutated nsClC cells in response to X-ray irradiation at a single dose of 
4 gy for the durations indicated.
Abbreviations: WT, wild-type; nsClC, non-small-cell lung cancer.
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Figure 5 Immunofluorescence-based γ-h2aX foci assay in WT egFR and egFR-mutated nsClC cells in response to X-ray irradiation at a single dose of 4 gy for the 
durations indicated. (A) Representative images are shown. Magnification 10×. Green fluorescence represents γ-h2aX staining. Blue represents nuclear staining with hoechst 
33,342. (B) Three images with cell numbers over 100 were randomly selected and cells were counted using image J. The rate of γ-h2aX foci formation was calculated as the 
number of γ-h2aX-positive cells (green)/the number of hoechst 33,342-positive cells (blue). Data are expressed as the mean ± sD. ***P>0.001, ∆P>0.05 vs control group 
without irradiation (0 hour; n=3).
Abbreviations: WT, wild-type; nsClC, non-small-cell lung cancer; γ-h2aX, phosphorylated histone.
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damage in response to X-ray irradiation, leading to decreased 

radiosensitivity in NSCLC cells.

Discussion
EGFR mutations are currently defined as the most prevalent 

genomically classified subgroup of NSCLC.15,16 This study 

investigated the association between EGFR mutations and 

radiosensitivity in NSCLC and found that EGFR-mutated 

NSCLC cells are more sensitive to X-ray irradiation than 

WT EGFR cells, which is consistent with a study by Das 

et al.11 However, Bokobza et al reported that EGFR-mutated 

NSCLC cells, such as PC-9 and HCC827, exhibit radioresis-

tance when compared with the WT EGFR NSCLC cell line 

A549.17 This discrepancy is likely due to the difference in 

experimental conditions such as types and doses of radiation. 

For example, Das et al used X-ray, whereas Bokobza et al 

used gamma radiation from a cesium-137 source. Clinical 

evidence has shown that radiotherapy is more effective for 

patients with EGFR-mutated NSCLC than patients with WT 

EGFR NSCLC.18,19

EGFR T790M mutation in NSCLC accounts for more 

than 50% of acquired resistance to EGFR-TKIs.20 We found 

that the EGFR T790M mutation in NSCLC cells has no 

significant effect on radiosensitivity. NSCLC cell lines with 

Del19 or L858R mutation exhibit characteristic phenotypes 

of radiosensitivity, such as decreased colony-forming ability, 

suppressed cell proliferative ability, increased radiation-

induced apoptosis, and sustained double-strand DNA breaks, 

which is independent of EGFR T790M mutation because 

there appears to be no appreciable changes in radiosensitivity 

between double mutations (Del 19 or L858R and T790M) 

and a single mutation (Del 19 or L858R) in the EGFR gene. 

These findings are consistent with the previous study.11 As 

the EGFR T790M mutation is uncorrelated with the radio-

sensitivity of NSCLC cells, we believe that radiotherapy may 

give rise to the same clinical outcomes for NSCLC patients 

with acquired resistance to EGFR-TKIs and those without 

the acquired resistance. Further clinical studies are needed 

to verify this hypothesis.

EGFR is a transmembrane glycoprotein consisting of 

an extracellular EGF-binding domain and an intracellular 

tyrosine kinase domain that plays an important role in cell 

proliferation through various signaling pathways.21 NSCLC 

cells with activating EGFR mutations (eg, Del 19, L858R, and 

T790M) render the cells more susceptible to irradiation dam-

age. Indeed, our study demonstrates that EGFR mutations in 

NSCLC cells lead to sustained DNA damage (15 minutes–24 

hours after irradiation), whereas WT EGFR NSCLC cells 

exhibit a weak response to irradiation, as evidenced by a 

relatively short time period of DNA damage (30 minutes–12 

hours), allowing effective DNA repair and cellular recovery 

from irradiation damage. However, it remains to be eluci-

dated whether this is the case when these cells are subjected 

to irreversible DNA damage in response to higher doses of 

irradiation. This requires further investigation.

However, the irradiation induces irreversible apoptosis 

in EGFR-mutated NSCLC, but not in WT EGFR NSCLC, 

further confirming the enhanced radiosensitivity of EGFR-

mutated NSCLC. Mechanistically, EGFR mutations may 

promote cell apoptosis via the Bcl-2/Bax signaling path-

way, as shown by irradiation-suppressed Bcl-2 expression 

and irradiation-induced Bax expressing in EGFR-mutated 

NSCLC cells – with the opposite trends being observed in 

WT EGFR cells. However, Bcl-2 protein expression appears 

to be highly induced by irradiation in PC9/AB2 cells, sug-

gesting that other signaling pathways may participate in 

apoptotic processes in certain NSCLC cell subtypes with 

EGFR mutations. In addition, our findings revealed that 

DNA-PKcs was minimally expressed or not expressed in the 

majority of EGFR-mutated NSCLC cell lines.

DNA-PKcs has an anti-apoptotic function and is required 

for DNA repair.22,23 Previous studies have indicated that 

EGFR nuclear translocation is suppressed in EGFR-mutated 

cells exposed to irradiation, leading to the blockade of 

interaction between EGFR and DNA-PKcs and increased 

sensitivity to irradiation.24,25 There appears to be a signifi-

cant correlation between DNA damage and cell apoptosis in 

irradiation-treated NSCLC cells. Emerging evidence consis-

tently indicates that DNA damage and repair responses can 

trigger cell apoptosis26–28 and that apoptosis prevents further 

DNA repair and the propagation of DNA damage signaling.29

Conclusion
This study did not present data for the EGFR–TKI treatment 

of EGFR-mutated NSCLC cells, which limits our evalua-

tion of the synergistic or combinative effects of irradiation 

and EGFR-TKI on the sensitivity of NSCLC cell subtypes. 

Despite this limitation, our study demonstrated that different 

EGFR mutation statuses may serve as potential diagnostic 

biomarkers for NSCLC radiosensitivity, which helps identify 

personalized treatment options for NSCLC patients with 

EGFR mutation and secondary resistance to EGFR–TKIs.
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