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Abstract. Xeroderma pigmentosum, complementation 
group C (XPC) is an accessory recognition gene involved 
in the nucleotide excision repair (NER) pathway, which is 
activated during the initial DNA damage recognition stage. 
It participates in the regulation of DNA damage‑induced 
proliferation and apoptosis. Emerging evidence demonstrates 
that upregulation of XPC increases the resistance of several 
tumor cell types to cytotoxic drugs. In addition, it can predict 
poor patient outcome for non‑small cell lung cancer (NSCLC). 
However, the mechanisms linking upregulation of XPC and 
drug resistance in lung cancer are still unclear. In the present 
study, we aimed to confirm whether XPC was involved in the 
reversal of the cisplatin (DDP) resistance in drug‑resistant 
A549/DDP lung adenocarcinoma cells. RT‑PCR and western 
blot assays were used to examine XPC mRNA and protein 
expression levels. Cell viability was assessed by CCK‑8 
assay. The knockdown of XPC was achieved in A549/DDP 
cells using si‑RNA, whereas cell proliferation and apoptosis 
were assessed by wound healing assay and flow cytometric 

analysis, respectively. The median inhibitory concentration 
(IC50) value of DDP was assessed by CCK‑8 assay. Western 
blot assays were conducted for the examination of caspase‑9/3, 
Bax and Bcl‑2 protein levels, whereas the activation of the 
PI3K/Akt/mTOR signaling pathway was investigated in 
XPC‑knockdown cells. High expression of XPC was noted in 
A549/DDP cells compared with that in A549 cells, which was 
associated with DDP resistance. XPC silencing significantly 
inhibited A549/DDP cell proliferation and increased the 
induction of apoptosis. In addition, XPC knockdown decreased 
the expression levels of the Akt/mTOR signaling proteins and 
the expression of their downstream mediator. The data of 
the present study revealed that XPC inhibition rescued DDP 
resistance in lung adenocarcinoma cells, which was depen-
dent on the Akt/mTOR signaling pathway. Collectively, XPC 
may be considered a new strategy for curing DDP‑resistant 
lung cancer and may improve the efficacy of conventional 
chemotherapy.

Introduction

Lung cancer is the leading cause of cancer mortality world-
wide and its incidence is constantly increasing (1). Non‑small 
cell lung cancer (NSCLC) is the main pathological type of 
lung cancer and its incidence is >85% in patients with lung 
cancer. Platinum‑based dual drug regimens are the first‑line 
treatment for NSCLC  (1,2). Cisplatin (DDP) is a classic 
platinum compound used in lung cancer therapy, which binds 
to DNA strands and interferes with DNA replication causing 
cell cycle arrest in the S phase (3). However, the increased 
ability of DNA repair frequently affects the therapeutic 
efficacy of DDP. Thus, it is indispensable to explore the 
mechanism of drug resistance and provide alternative means 
to improve the antitumor efficacy of DDP. Recent studies 
have proposed numerous mechanisms that could explain 
DDP chemoresistance, including decreased drug accumu-
lation in cells, enhanced detoxification ability, enhanced 
DNA damage repair function of the cells and inhibition or 
inactivation of the apoptotic process (4,5). However, DDP 
resistance in the aforementioned cases is associated with 
the increased ability of DNA repair and nucleotide excision 
repair (NER) that are involved in the removal of intra‑strand 
DNA‑cross‑links caused by DDP (6). 
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Xeroderma pigmentosum, complementation group C 
(XPC) is a nuclear excision repair gene which mainly partici-
pates in the identification of DNA damage (7). Recent studies 
have identified that XPC is aberrantly expressed in several 
human types of cancer, such as lung, breast, gastric and ovarian 
cancer (8‑11). The positive correlation of the expression of 
XPC and the outcome of various types of cancer indicated 
that XPC was closely associated with the incidence of cancer 
and its progression. This in turn affected the response rate and 
the overall survival rate of the affected patients. Emerging 
evidence has suggested that XPC affects early stages of lung 
carcinogenesis (12). It is important to note that the expression 
deficiency or downregulation of XPC affects DNA repair 
capacity and the sensitivity of the cells to platinum‑based drug 
chemotherapy (13). Thus, several studies have shown that XPC 
expression deficiency can activate matrix metalloproteinase‑1 
(MMP1) and p53 transcription in order to promote induction of 
apoptosis (14). The present study revealed that XPC may play 
major roles in the progression of lung cancer via its sensitivity 
to standard chemotherapy (14). However, the exact mechanism 
underlying the upregulation of XPC expression levels and drug 
resistance in lung cancer remains unclear.

In the present study, we aimed to investigate the role of 
XPC on the resistance of A549/DDP lung adenocarcinoma 
cells with regard to the efficacy of DDP. The expression levels 
of the XPC protein and mRNA were determined in A549 and 
A549/DDP cells. The proliferative, migratory and apoptotic 
activities of A549/DDP cells were examined in comparison 
with XPC expression using gene silencing approaches. The 
signaling pathways that mediated the induction of XPC 
expression were investigated. The findings revealed that XPC 
silencing significantly inhibited A549/DDP cell proliferation 
and increased the induction of apoptosis. XPC further regu-
lated the major proteins involved in the PI3K/Akt/mTOR 
signaling pathway and their downstream mediators in vitro.

Materials and methods

Reagents and antibodies. DDP was obtained from Sigma‑ 
Aldrich; Merck (Shanghai, China). XPC‑siRNA (si‑XPC) and 
the negative control (siNC) were purchased from Shanghai 
GeneChem Co., Ltd. (Shanghai, China). The FITC Annexin 
V Apoptosis Detection kit 1 (BD Biosciences, Franklin 
Lakes, NJ, USA) was used for detecting cell apoptosis by flow 
cytometry. The anti‑Akt (dilution 1:1,000; cat. no. 4691S), 
anti‑p‑Akt (dilution 1:1,000; cat. no. 4060S), anti‑caspase‑3 
(dilution 1:1,000; cat. no.  9662S), anti‑cleaved‑caspase‑3 
(dilution 1:1,000; cat. no. 9661S) and anti‑caspase‑9 (dilution 
1:1,000; cat. no. 9502P) antibodies were purchased from Cell 
Signaling Technology, Inc. (Danvers, MA, USA); and the 
anti‑p‑mTOR (dilution 1:1,000; cat. no. 13152‑1) antibody 
was purchased from Signalway Antibody LLC (College Park, 
MD, USA). The anti‑PI3K (dilution 1:1,000; cat. no. A0982) 
and anti‑mTOR (dilution 1:1,000; cat. no. A11928) antibodies 
were purchased from ABclonal Technology (Wuhan, China), 
and the anti‑XPC (dilution 1:2,000; cat. no.  ab203693) 
antibody was purchased from Abcam (Cambridge, UK). 
The anti‑Bax (dilution 1:1,000; cat. no.  50599‑1‑AP) and 
anti‑Bcl‑2 (dilution 1:1,000; cat. no. 12789‑1‑AP) antibodies 
were purchased from ProteinTech Group, Inc. (Rosemont, 

IL, USA). The actin (dilution 1:1,000; cat. no. TA‑09) and 
GAPDH (dilution 1:1,000; cat. no. TA‑08) antibodies were 
obtained from OriGene Technologies, Inc. (Beijing, China). 
The secondary antibody horseradish peroxidase conjugated 
goat anti‑rabbit IgG (dilution 1:5,000; cat. no. ZB‑2306), also 
was purchased from OriGene Technologies, Inc.

Cell culture and transfection. A549 and A549/DDP human 
lung carcinoma cells were obtained from the Chinese Academy 
of Sciences (Shanghai, China). Both cell lines were cultured in 
RPMI‑1640 medium (HyClone; GE Healthcare Life Sciences, 
Logan, UT, USA) supplemented with 10% fetal bovine serum 
(FBS; HyClone; GE Healthcare Life Sciences), 100  U/ml 
penicillin and 100 U/ml streptomycin (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) in a humidified atmo-
sphere of 5% CO2 at 37˚C. In addition, A549/DDP cells were 
cultured in medium containing 2 mg/l DDP in order to retain 
the drug resistant phenotype. The cells were divided into 3 
groups as follows: The blank group (without transfection), the 
group transfected with the small interfering RNA targeting the 
XPC (si‑XPC) group and the negative control (si‑NC) group. 
The target sequence of si‑XPC was: CTC​TGA​CCT​GTT​ACA​
AGT​A. A total of 2x105 A549/DDP cells were added into a 
6‑well plate. The cells were transfected at 70% confluence with 
si‑XPC and/or si‑NC using Lipofectamine™ 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. The transfection reagent was mixed with si‑RNA 
or si‑NC in a ratio of 2 µl:1 µg. We determined the transfection 
efficiency using western blotting. Following 24 h of transfec-
tion, each group of cells that were in the logarithmic growth 
phase was collected for the next experiment.

Cell Counting Kit‑8 assay. Cell Counting Kit‑8 (CCK‑8) assay 
(Dojindo Molecular Technologies, Inc., Rockville, MA, USA) 
was used to detect cell viability following different treat-
ments. Briefly, A549 and A549/DDP cells were transfected 
with si‑XPC and si‑NC and were incubated in a 96‑well plate 
(3,000 cells/well) overnight. Following DDP treatment at the 
indicated doses (0, 0.5, 1, 2, 4, 8, 16 and 32 mg/l) for 24 h, 
10 µl of CCK‑8 solution was added to each well and the plates 
were incubated for 1 h. The optical density (OD) of each well 
was detected at 450 nm using a microplate reader (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) according to the manu-
facturer's instructions. The half inhibitory concentration (IC50) 
of the cells was determined by CCK‑8 assay. The half‑maximal 
inhibitory concentration (IC50) of the drugs was calculated on 
GraphPad Prism using the log(inhibitor) vs. response‑variable 
slope (4 parameters) equation under the non-linear regression 
dialogue.

Wound healing assay. Following transfection of A549/DDP 
cells, the cells were allowed to grow for 24 h. The monolayer 
was scratched with a 200‑µl pipette tip. The attached cells 
were washed 3 times with phosphate‑buffered saline (PBS) 
in order to remove floating cells and debris. Subsequently, 
serum‑free medium was added. Moreover, DDP was added in 
the petri dishes as described above. The cells were continu-
ously incubated for 48 h. The wounds were visualized every 
24 h, and the lines that were aligned with the wounds of 
each group were photographed in each experiment under an 
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inverted microscope (TS100; Nikon Corp., Tokyo, Japan). In 
each well, at least 8 regions of each condition was captured 
randomly at a magnification of x100. The images were 
analyzed using ImageJ v2.1.4.7 software (National Institutes 
of Health, Bethesda, MD, USA).

Flow cytometry. The rate of apoptosis was analyzed by flow 
cytometry using an Annexin V‑FITC/PI kit (BD Biosciences, 
Franklin Lakes, NJ, USA). A549/DDP cells were seeded in 
a 6‑well plate and incubated overnight. Following transfec-
tion, the cells were incubated with DDP in growth media for 
24 h. The cells were collected and resuspended in 500 µl of 
1X binding buffer. Subsequently, staining was conducted as 
described by the manufacturer's protocol.

Quantitative real‑time PCR. Total RNA was extracted with 
TRIzol reagent (Axygen, Inc.; Corning Inc., Corning, NY, 
USA). The cDNA was generated with a cDNA Synthesis 
kit (Toyobo Life Science, Osaka, Japan). qRT‑PCR was 
performed using a SYBR‑Green assay kit (Roche Diagnostics, 
Basel, Switzerland) on an Applied Biosystems thermal 
cycler (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The qPCR reactions were run on the ABI 7500 real‑time 
PCR system using the following conditions: 95˚C for 30 sec, 
followed by 35 cycles at 62˚C for 30 sec and 72˚C for 30 sec, 
final extension at 72˚C for 5 min. The relative mRNA expres-
sion levels of GAPDH were calculated and quantified with the 
2‑∆∆Cq method (15). GAPDH was used as an internal control. 
The primers for XPC and GAPDH were as follows: 5'‑GAC​
AAG​CAG​GAG​AAG​GCA​AC‑3' and 5'‑GGT​TCG​GAA​TCC​
TCA​TCA​GA‑3' for the XPC sense and reverse primers, 
respectively; and 5'‑TGG​ACC​TGA​CCT​GCC​GTC​TA‑3' and 
5'‑AGG​AGT​GGG​TGT​CGC​TGT​TG‑3' for the GAPDH sense 
and reverse primers, respectively.

Western blot assay. The expression levels of various proteins 
were detected by western blot analysis. The total protein in 
the cells was collected by RIPA lysis buffer (Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China). The protein 
concentration was determined using a BCA protein concentra-
tion assay kit (Beyotime Institute of Biotechnology, Shanghai, 
China), and protein products (8‑12 µg/µl; 40‑50 µg total) were 
separated by 10% sodium dodecyl sulfate‑polyacrylamide 
gel electrophoresis (SDS‑PAGE) and then transferred onto 
polyvinylidene fluoride (PVDF) membranes (EMD Millipore, 
Bedford, MA, USA). Subsequently, the membranes were 
blocked with BSA for 1 h at room temperature and incubated 
with primary antibodies overnight at 4˚C. Following washing 
with PBST (Beijing Solarbio Science & Technology Co., Ltd.), 
the PVDF membranes were subsequently incubated with the 
secondary antibodies for 1 h. Following additional washing 
with PBST to remove the secondary antibodies, the protein 
signals were detected by the ChemiDoc XRS gel documenta-
tion system (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) 
using ECL Western Blotting Substrate (Beijing Solarbio 
Science and Technology Co., Ltd.). The results were scanned 
and quantified using the ImageJ software v2.1.4.7.

Statistical analysis. Each experiment was conducted at 
least 3 times and the results were presented as the mean 

values ± standard deviation (SD). One‑way analysis of vari-
ance (ANOVA) was carried out to compare the differences 
among multiple groups, and the Bonferroni test was performed 
followed ANOVA. In addition, the independent samples t‑test 
was performed to compare the differences between two 
groups. Statistical analysis was performed using the GraphPad 
Prism 5 statistical software (GraphPad Software, Inc., San 
Diego, CA, USA). A P‑value of <0.05 was considered to indi-
cate a statistically significant difference.

Results

Upregulation of XPC in A549/DDP cells. The cytotoxic 
effects of different concentrations of DDP (0, 0.5, 1, 2, 4, 
8, 16 and 32 mg/l) were examined in A549/DDP and A549 
cells. A CCK‑8 assay was used to assess cell viability. 
The results revealed that the growth inhibitory rate was 
increased following the increase in the concentration of 
DDP, while the inhibitory effect of DDP on A549 cells 
was significantly higher than that noted in A549/DDP cells 
(Fig.  1A). Furthermore, we calculated the IC50 values of 
A549 and A549/DDP cells using a CCK‑8 assay, and the 
results indicated that it was 6.43±0.89 mg/l in A549 cells and 
14.6±2.87 mg/l in A549/DDP cells. A549/DDP cells were 
more resistant to DDP treatment in vitro than A549 cells and 
10 mg/l of DDP was selected as the optimal concentration in 
the follow‑up experiments (Fig. 1B).

Western blot assays indicated that the expression levels of 
XPC were significantly increased in A549/DDP cells compared 
with those noted in A549 cells (P<0.05) (Fig. 1C). Moreover, 
to determine whether upregulation of XPC expression was a 
result of increased transcription, qRT‑PCR was performed to 
analyze the mRNA levels of XPC. The results demonstrated 
that the mRNA levels of XPC were also upregulated (Fig. 1D). 
DDP treatment induced an increase in XPC protein levels in 
A549/DDP cells (Fig. 1E). These results indicated that the 
expression levels of XPC were upregulated in A549/DDP cells 
compared with those in A549 cells.

Efficient silencing of XPC expression in A549/DDP cells using 
siRNA. To further explore the role of XPC in the resistance 
of A549/DDP cells to chemotherapy, XPC knockdown in 
A549/DDP cells was performed with siRNA. Based on previous 
studies, the most effective siRNA (siRNA‑178) was selected 
from the 3 knockdown sequences (siRNA‑177/178/179) for the 
following experiments. A549/DDP cells were transfected with 
si‑XPC or si‑NC. Western blotting detection demonstrated that 
the expression levels of XPC were significantly downregulated 
compared with those noted in the negative control group 
(Fig. 2A). Furthermore, XPC mRNA levels were also inhibited 
following si‑XPC transfection (Fig. 2B). The effects of XPC 
knockdown on the sensitivity of the resistant cells to DDP 
were subsequently investigated. A CCK‑8 assay was employed 
to examine the cell viability of A549/DDP cells. The results 
revealed that the inhibitory potencies of DDP were higher in 
the si‑XPC transfected group than those in the other 2 groups 
(Fig. 2C). In addition, the IC50 values of DDP in the 3 groups 
were calculated and as shown in Fig. 2D, no significant differ-
ences were noted in the IC50 values of DDP between the control 
(14.6±2.87%) and the negative control groups (14.81±2.36%). 
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In contrast to these observations, the IC50 value of DDP 
was significantly reduced in the si‑XPC transfected group 

(6.5±0.82) compared with that noted in the other 2 groups 
(P<0.05). These results indicated that A549/DDP cells were 

Figure 1. IC50 and XPC expression in A549 and A549/DDP cells. (A) Following treatment of the cells with different concentrations of DDP, a CCK‑8 assay was 
used to detect cell viability. (B) The IC50 values of the A549/DDP and A549 cells exposed to DDP. (C) Western blot assays demonstrated the increased protein 
expression of XPC in A549/DDP cells. The bands were quantified with ImageJ software. *P<0.05, **P<0.01 vs. A549 cells. (D) qRT‑PCR was used to detect 
the increased mRNA levels of XPC in A549/DDP cells. *P<0.05 vs. A549 cells. (E) Expression of XPC protein in A549/DDP cells following a dose‑dependent 
treatment of DDP. *P<0.05, **P<0.01 vs. the control cells. The data were expressed as the mean ± SD; n=3. XPC, xeroderma pigmentosum, complementation 
group C; CCK‑8, Cell Counting Kit‑8; DDP, cisplatin.

Figure 2. Effects of XPC silencing by siRNA on the proliferation of A549/DDP cells. (A) Western blot assays were used to detect the expression levels of the 
XPC protein following transfection. (B) qRT‑PCR analysis of XPC was performed. (C) The effects of DDP treatment on the proliferation of A549/DDP cells. 
(D) The IC50 values of the cells from the control, siRNA negative control, and si‑XPC transfected groups. The data were presented as the mean ± SD; n=3. 
*P<0.05, **P<0.01 vs. the control or NC groups. si‑XPC, small interfering XPC gene; NC, negative control; XPC, xeroderma pigmentosum, complementation 
group C; DDP, cisplatin.
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more sensitive to DDP treatment following efficient silencing 
of XPC.

Silencing of XPC in A549/DDP cells by si‑XPC reduces 
proliferation and migration and promotes apoptosis. The 
effect of XPC knockdown on the induction of apoptosis 
using Annexin V‑FITC/PI double staining was explored. As 
revealed in Fig. 3A and B, the apoptotic rate of the si‑XPC 
group was increased to 19.6% in the A549/DDP cells, indi-
cating that XPC knockdown induced apoptosis in A549/DDP 
cells. A CCK‑8 assay was used to detect the proliferative 
ability of A549/DDP cells. The results revealed that the 
proliferation of A549/DDP cells was significantly reduced 
following transfection with si‑XPC (Fig. 2C). Furthermore, a 
wound healing assay was used to detect the migratory ability 
of A549/DDP cells. The results demonstrated that the migra-
tory distance noted in A549/DDP cells was significantly 
reduced following transfection with si‑XPC (Fig. 3C and D). 
Subsequently, the expression levels of the apoptosis‑related 
proteins, including caspase‑3, caspase‑9, Bax, Bcl‑2 and 
active caspase‑3 were also determined by western blot 
assays. XPC knockdown increased the expression levels of 
active caspase‑3/caspase‑3 and Bax/Bcl‑2, while it decreased 
the expression levels of caspase‑9 in A549/DDP cells that 
were treated with DDP for 24 h (Fig. 4). These results indi-
cated that XPC knockdown inhibited cell proliferation and 
survival.

Silencing of XPC in A549/DDP cells activates the PI3K/Akt/ 
mTOR pathway. In order to investigate whether the 
PI3K/Akt/mTOR pathway is involved in the XPC‑mediated 
cell apoptosis of A549/DDP cells, the expression levels of 
apoptosis‑related proteins were detected. Initially, the expres-
sion levels of the phosphorylated form of the Akt protein 
(Ser473) were significantly increased in drug‑resistant cells, 
while no significant change was noted in the expression levels 
of the total Akt protein (Fig. 5A). Subsequently, DDP‑resistant 
cells were treated with PI3K inhibitors and western blotting 
was performed in order to detect the expression levels of XPC. 
The results revealed that XPC expression in the treatment 
group was significantly lower than that in the control group 
(Fig. 5B). This indicated a potential interaction between p‑Akt 
and XPC.

XPC silencing using siRNA did not affect the protein 
levels of PI3K (Fig. 5C). Silencing of XPC caused a significant 
decrease in the expression levels of p‑Akt and p‑mTOR 
proteins in A549/DDP cells (Fig. 5D and E). However, trans-
fection of si‑XPC did not result in a significant change in the 
protein levels of Akt and mTOR. This transfection caused a 
decrease in the levels of the phosphorylated (activated) form 
of mTOR (Ser2448), a downstream target of PI3K/Akt, which 
has been revealed to promote cell growth. The results of the 
present study indicated the potential impact of XPC on the 
Akt/mTOR signaling pathway. Furthermore, silencing of XPC 
increased the levels of active caspase‑3 protein following DDP 

Figure 3. XPC silencing promotes apoptosis and reduces proliferation and migration. (A) Representative flow cytometric analysis of cell apoptosis using 
Annexin V‑FITC/PI double staining following siRNA transfection and addition of DDP for 24 h. The right lower quadrant in the dot plot represents the 
early stage of the apoptotic cells. (B) Quantitative analysis of the percentage of apoptotic cells in the early stage. (C) Wound healing assay was performed for 
motility of A549/DDP cells following transfection and addition of DDP. The images were captured at 0 and 48 h following the scratch (magnification, x100). 
(D) Quantitative analysis of the percentage of wound healing. The data were presented as the mean ± SD; n=3. *P<0.05, **P<0.01 vs. the control group, #P<0.05, 
##P<0.01 vs. the DDP group. XPC, xeroderma pigmentosum, complementation group C; DDP, cisplatin.

https://www.spandidos-publications.com/10.3892/or.2019.6959


TENG et al:  XPC INHIBITION RESCUES CISPLATIN RESISTANCE IN A549/DDP CELLS1880

treatment (Fig. 4B). Collectively, the data indicated the effects 
of XPC on the Akt/mTOR signaling pathway and confirmed 

that XPC plays a vital role in the regulation of apoptosis in 
A549/DDP cells.

Figure 4. The expression of the apoptotic proteins following XPC silencing. (A‑D) Western blot analysis of caspase‑3/9, active caspase‑3, Bax and Bcl‑2 
proteins was performed. GAPDH was used as an internal control. The data were presented as the mean ± SD; n=3. *P<0.05, **P<0.01. XPC, xeroderma 
pigmentosum, complementation group C.

Figure 5. The effects of XPC silencing on the phosphoinositide 3‑kinase/Akt/mTOR pathway. (A) The expression levels of the Akt and p‑Akt proteins were 
examined by western blotting in A549 and A549/DDP cells. (B) Western blot analysis of XPC in A549/DDP cells was performed in the presence of a PI3K 
inhibitor. (C) The expression levels of the PI3K protein in the control and si‑XPC groups was examined by western blot assays. (D and E) The expressions 
levels of Akt and p‑Akt proteins in the control and si‑XPC groups were examined by western blot assays. The protein expression levels of mTOR and p‑mTOR 
were also detected by western blot analysis. β‑actin was used as an internal control. The data were presented as the mean ± SD; n=3. *P<0.05, **P<0.01. XPC, 
xeroderma pigmentosum, complementation group C; DDP, cisplatin; p, phosphorylated; mTOR, mammalian target of rapamycin.
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Discussion

The resistance of cancer cells to conventional cytotoxic drugs 
ultimately leads to chemotherapy failure and increased patient 
mortality. DDP, a non‑specific cell cycle agent, has been used 
as a primary treatment against various malignancies, notably 
those of lung, gastric, esophageal and ovarian origin. The DNA 
repair capacity can maintain the genome integrity and chro-
mosomal stability. Therefore, the increased ability of DNA 
repair can lead to DDP resistance. The NER is a key process 
required for DNA repair (6). Various studies have recently 
revealed that the defective expression of NER‑related genes 
is associated with tumor progression and DDP resistance. 
The results indicated that the reduced levels of excision repair 
cross‑complementing 1 (ERCC1), xeroderma pigmentosum, 
complementation group A (XPA) or xeroderma pigmen-
tosum, complementation group F (XPF) were associated 
with the development and prognosis of lung carcinoma (16). 
Furthermore, in vitro studies have linked high ERCC1 expres-
sion with platinum resistance in several types of cancer, while 
the detection of ERCC1 has been used as a biomarker for indi-
vidualized treatment in lung cancer patients (17‑19). A previous 
study examined the silencing of various NER genes in HeLa 
cells and demonstrated that the suppression of XPC expression 
could lead to an increased sensitivity for etoposide treatment 
combined with DDP (20). Furthermore, upregulation of XPC 
has been revealed in lung adenocarcinoma tissue samples of 
DDP insensitive patients (21). The increased expression levels 
of XPC caused by the stimulation of the cells with DDP indi-
cate a potential biological mechanism of genomic integrity 
leading to DDP resistance.

The serine/threonine kinase Akt is involved in the progres-
sion of various types of cancer, whereas the Akt‑mediated 
signaling pathway plays an anti‑apoptotic role by phosphory-
lating target proteins in various downstream pathways (22,23). 
The PI3K/Akt/mTOR is an important intracellular signaling 
pathway that regulates the cell cycle during cell dormancy, 
proliferation, cancer progression and necrosis. However, a 
previous study has revealed that XPC expression levels were 
related to the inactivation of the Akt pathway (24). Recently, 
several studies have also revealed that Akt inhibition reduces 
cell survival and improves DDP resistance (25,26). Cheng et al 
reported that the levels of PI3K and pAkt in lung cancer cells 
were significantly increased compared with those in normal 
cells and that the application of PI3K inhibitors could promote 
lung cancer cell apoptosis (27). Thus, we hypothesized that 
XPC could alleviate the resistance of DDP through the Akt 
signaling pathway in lung cancer cells.

In the present study, we propose a novel mechanism that 
can reverse the effects of XPC on DDP resistance in lung 
cancer cells. Initially, the results indicated that XPC mRNA 
and XPC protein levels were markedly increased in the resis-
tant cells (A549/DDP cells) compared with those noted in the 
parent cells (A549 cells) (P<0.05). In addition, the present 
study examined the regulation of A549/DDP cell growth by 
detecting the induction of apoptosis and the expression of the 
PI3K/Akt signaling pathway proteins. The downregulation of 
XPC expression following transfection with si‑RNA increased 
the sensitivity to DDP and reduced the expression of the 
p‑Akt and p‑mTOR proteins. Concomitantly, the proliferative 

ability and the high IC50 value were significantly reduced in 
A549/DDP cells following XPC downregulation compared 
with those noted in the negative control samples.

It has been confirmed that caspase‑3 and Bax/Bcl‑2 are 
involved in the regulation of apoptosis. The present study 
demonstrated that the ratios of cleaved caspase‑3/caspase‑3 and 
Bax/Bcl‑2 were significantly increased following knockdown 
of XPC expression in resistant cells (A549/DDP cells), while 
the IC50 value and p‑Akt expression levels of these cells were 
reduced. Our results indicated that suppression of XPC expres-
sion could significantly increase the induction of apoptosis in 
chemotherapy‑resistant cells. Therefore, we hypothesized that 
XPC plays an essential role in the regulation of caspase‑3, and 
in determining the Bax/Bcl‑2 ratio in lung cancer cells. These 
effects can reverse the resistance of A549/DDP cells to DDP 
by accelerating the induction of apoptosis and by inhibiting 
cancer cell proliferation. The resistance of lung cancer cells 
to chemotherapeutic drugs was associated with high XPC 
expression.

In conclusion, our results demonstrated that XPC expres-
sion was linked with DDP resistance in lung cancer cells and 
that the reversal of the resistance was mainly mediated by the 
Akt/mTOR signaling pathway. The present study provides 
significant findings in the potential clinical applications of 
XPC as a prognostic marker for DDP resistance of NSCLC. 
Moreover, this application can aid the efficacy of chemo-
therapy by providing personalized treatment for each patient 
based on his pharmacogenomic profile.
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