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XRCCI rs1799782 Promotes DNA Damage Repair in
Lung Cancer Cells by Enhancing Its Binding to FOXA1I
to Facilitate FOXAI-Mediated Transcription of XRCC1
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Background: X-ray repair cross complementing 1 (XRCCI) rs1799782 polymorphism is associated with an increased risk of lung
cancer (LC). The aim of this study is to analyze the underlying biological mechanisms.

Methods: Dual luciferase reporter assay was utilized to verify the impact of XRCCI polymorphism upon promoter activity of
XRCCI. Cell counting kit-8 (CCK-8) assay, colony formation assay, senescence-associated beta-galactosidase (SA-S-gal) stain-
ing, and immunofluorescent staining were used to assess the viability, proliferation, senescence, and DNA damage of LC cells.
Senescence-related proteins (cyclin dependent kinase inhibitor 1A (P21) and eukaryotic translation elongation factor 1-alpha
(EF1A)) were quantified by Western blot. Chromatin immunoprecipitation was applied to validate the binding affinity of fork-
head box A1 (FOXAI) and XRCCI1. FOXAI-specific short hairpin RNA (shFOXAI) was used to perform the rescue assay.
Results: In LC cells, XRCCI rs1799782 promoted viability and proliferation, inhibited senescence, and resulted in upregula-
tion of EF1A as well as downregulation of P21 and phosphorylated H2A.X variant histone (YH2AX). XRCC1 rs1799782 promoted
FOXAI-mediated transcription of XRCC1 through enhancing its binding to FOXA1. shFOXAI counteracted the effects of XRCCI
rs1799782 upon the viability, proliferation, and senescence of LC cells.

Conclusions: XRCC1 rs1799782 promotes DNA damage repair in LC cells through enhancing its binding to FOXA1, which facil-

itates FOXAI-mediated transcription of XRCCI.
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Introduction

Lung cancer (LC) has been one of the most preva-
lent cancer types in most countries, whose risk factors in-
clude genetic susceptibility, smoking, environment, occu-
pational exposure, and pulmonary infection [1]. Previ-
ous studies have shown that LC has unlimited prolifera-
tion and immune escape abilities, largely due to changes
in tumor-related genes [2]. These changes include somatic
mutation, gene amplification, gene deletion, and single nu-
cleotide polymorphism (SNP). At present, the genetic vari-
ation in epidermal growth factor receptor (EGFR), KRAS
proto-oncogene, GTPase (KRAS), and other genes has been
considered a biomarker of LC, and corresponding targeted
drugs are rapidly being developed [3]. Therefore, it is of
great value to explore the genetic variation in LC cells for
the diagnosis and treatment of LC.

Notably, X-ray repair cross complementing 1
(XRCCT) polymorphism is related to LC risk [4]. XRCCI,

as an important component in the base excision repair
(BER) system, is localized on human chromosome
19q13.2, and its main function is to participate in BER
and DNA single-strand break repair after DNA damage
caused by ion radiation and chemical mutagenesis [5].
At present, XRCCI has a total of eight SNP sites, of
which three are the most common, namely codons 194
(Argl194Trp, 1s1799782), 280 (Arg280His, rs25489) and
399 (Arg399GIn, 1s25487) [6]. For LC patients, the XRCC/
gene polymorphism can change protein activity and affect
DNA repair ability, thus regulating the development of
cancer.

It is worth noting that the SNP of the XRCC/ gene
can also regulate transcription activity by binding to tran-
scription factors [7]. In a study by Qingtao Meng et al.
[8], XRCCI 153213245 can enhance the binding of Sp/
transcription factor (SPI) to the XRCC1 promoter, thereby
promoting the development of cervical cancer. However,
it is unclear whether the SNP of XRCC/ plays a carcino-
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genic role in the development of LC through similar effects.
Using Haplorg Version 4.2 (https://pubs.broadinstitute.org/
mammals/haploreg/haploreg.php) (Cambridge, MA, USA)
analysis, we found that XRCC/ rs1799782 may bind to fork-
head box A1 (FOXAI). In many different types of cancers,
including prostate, breast, and bladder cancers, FOXA! is
overexpressed and has carcinogenic properties [9]. Of note,
FOXA1I has been shown to be upregulated in LC and could
promote the tumorigenicity of LC cells [10]. Other poten-
tial biomarkers of LC risk include phosphorylated H2A.X
variant histone (YH2AX), which marks sites of DNA dam-
age [11], eukaryotic translation elongation factor I-alpha
(EF'14), which is involved in apoptosis and tumor progres-
sion [12], and cyclin dependent kinase inhibitor 14 (P21),
a marker of cellular senescence [13]. Therefore, we postu-
lated that XRCC1 rs1799782 promotes DNA damage repair
and the development of LC by enhancing its binding to tran-
scription factor FOXA1.

Materials and Methods

Cell Culture

LC cell line A549 (IM-H113) (Immocell, Xiamen,
China) was cultured in A549 cell specific medium (IM-
H113-1, Immocell, Xiamen, China) at 37 °C with 5% COs.
The cells were authenticated by short tandem repeat (STR)
analysis and exhibited a negative result for mycoplasma
contamination.

Cell Transfection

XRCC! wild-type (XRCC1-Wild-G) and mu-
tant (XRCC1-Mutant-A) plasmids were constructed by
Genepharma (Shanghai, China). The +/-100 bp base before
and after the mutation site was inserted into the PGL3-basic
plasmid (E1751, Promega, Madison, WI, USA). FOXA1-
specific short hairpin RNA (shFOXA1-1, target sequence:
5'-CAAACCGTCAACAGCATAATA-3; shFOXA1-2,
target sequence:  5'-ATGATCCACAAGTGTATATAT-
3’; shFOXA1-3, target  sequence: 5'-
TAGTTTGTGGAGGGTTATTTA-3’) and its negative
control (shNC) were purchased from Genepharma (Shang-
hai, China). LC cells were shifted into 6-well plates (5
x 10° cells/well) for culture. When cells grew to about
70% confluence, Lipo8000 Transfer Reagent (C0533,
Beyotime, Shanghai, China) mixed with plasmids was
added into each well and incubated for an additional 24
hours.

Dual Luciferase Reporter Assay (DLRA)

After LC cells were put into 24-well plates and culti-
vated for 24 hours, the XRCC1-Wild-G, XRCC1-Mutant-
A, PGL3-basic plasmid or PRL plasmid (E2231, Promega,
Madison, WI, USA) was transfected into LC cells using
Lipo8000 Transfer Reagent. 24 hours later, the relative lu-
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ciferase activity was tested using the Dual Luciferase Re-
porter Assay (DLRA) System (E1910, Promega, Madison,
WI, USA).

Cell Counting Kit-8 (CCK-8) Assay

The evaluation of cell viability was accomplished by
cell counting kit-8 (CCK-8) kit (B34302, Bimake, Shang-
hai, China). LC cells plated onto 96-well plates (3 x 103
cells per well) were cultivated for 24 hours. Next, CCK-8
reagent was added and cells were incubated for 2 hours. Fi-
nally, the absorbance (450 nm) was gauged by a microplate
reader (HBS-ScanX, DeTiebio, Nanjing, China).

Colony Formation Assay

Cells (100 per well) in 6-well plates were grown
in complete medium for 14 days. After fixation using
4% paraformaldehyde (MM 1504, Maokangbio, Shanghai,
China) and staining by crystal violet (BB44577, Beibokit,
Hangzhou, China), the number of cell colonies was counted
under an optical microscope (N300M, Yongxin, Henan,
China).

Senescence-Associated Beta-Galactosidase
(SA-(-gal) Staining

The senescence-associated beta-galactosidase (SA-3-
gal) staining kit (BB4151, Beibokit, Shanghai, China) was
used to assess the senescence of LC cells. Specifically, cells
were transferred to a 12-well plate for 24 hours of cultiva-
tion, and then rinsed by phosphate buffered saline (PBS,
BB43074, Beibokit, Shanghai, China). Thereafter, cells
were soaked in 4% paraformaldehyde and blended with SA-
[-gal staining solution. 24 hours later, cells expressing SA
[B-gal were blue-green, and the images were captured by
camera.

Western Blot

LC cells were immersed in radioimmunoprecipitation
(RIPA) lysis buffer (BB3201, Beibokit, Shanghai, China)
to obtain total protein, and then protein quantification was
accomplished using a bicinchoninic acid (BCA) Assay Kit
(BB3401, Beibokit, Hangzhou, China). Next, the pro-
tein samples were electrophoresed using sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE),
and electrophoretically moved onto a Polyvinylidene fluo-
ride (PVDF) membrane (1620177, Bio-Rad, Hercules, CA,
USA). Subsequently, the membrane was mixed with 5%
skimmed milk for blocking and then reacted with primary
antibodies (Table 1) at 4 °C overnight. Afterwards, further
reaction with secondary antibodies (Table 1) was imple-
mented at room temperature for 1 hour. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as an en-
dogenous reference. The intensity of band signals was
detected by enhanced chemiluminescence (ECL) reagent
(BB3501, Beibokit, Hangzhou, China) and imaging Sys-
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Table 1. Antibodies adopted in this study.

Name Catalog Molecular weight  Dilution Manufacturer

P21 ab109520 21 kDa 1/2000 abcam, Cambridge, UK
EF1A ab227824 50 kDa 1/1000 abcam, Cambridge, UK
GAPDH ab8245 36 kDa 1/10000 abcam, Cambridge, UK
goat anti-rabbit ~ ab205718 — 1/2000 abcam, Cambridge, UK
goat anti-mouse  ab205719 — 1/2000 abcam, Cambridge, UK

P21, cyclin dependent kinase inhibitor 1A; EF1A, eukaryotic translation elongation factor 1-alpha;

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

tem (SynGene, Frederick, MD, USA). The gray value of
the bands was detected by Image J software (version 1.51w,
NIH free software, Bethesda, MD, USA).

Immunofluorescent Staining

LC cells were plated in a 4-well plate and cultured
for 24 hours. Prior to staining, cells were subjected
to fixation using 4% paraformaldehyde for 10 minutes.
After PBS washing, cells were immersed in 0.2% Tri-
ton X-100 (MS4311, Maokangbio, Shanghai, China) for
10 minutes of permeabilization, blended with 5% normal
goat serum (MMO0203, Maokangbio, Shanghai, China) for
blocking, and probed with anti-phospho H2AX (S139) anti-
body (1:200, sc-517348, Santa Cruz Biotechnology, Santa
Cruz, CA, USA) overnight at 4 °C. Later, cells were re-
acted with a Fluor594-conjugated secondary antibody (red)
(1:400, S0005, Affinity, Cincinnati, OH, USA), and coun-
terstained with 4,6-diamidino-2-phenylindole (DAPI, blue,
D1306, Thermo Fisher, Waltham, MA, USA). fluorescence
microscope (Zeiss Axio Observer Z1, Zeiss, Jena, Ger-
many) was employed to view the YH2AX foci. AxioVison
6.4 software (Carl Zeiss, Oberkochen, Germany) was used
to capture the images. The speckle counting pipeline in
CellProfiler (2.2.0, Broad Institute, Cambridge, MA, USA)
was used to quantify yH2A4X foci [14]. The foci count in the
nucleus, multiplied by the mean integrated intensity of the
foci within that nucleus, was defined as the yH2A4X signal.

Quantitative Reverse Transcription Polymerase
Chain Reaction (qRT-PCR)

Total RNA was isolated from LC cells by Trizol
Reagent (MF0403, Maokangbio, Shanghai, China), 1 pg
of which was used to synthesize cDNA with cDNA Syn-
thesis Kit (1708891, Maokangbio, Shanghai, China). The
expressions of target genes were assessed using qPCR Mix
(B21202, Bimake, Shanghai, China) with specific primers
(Table 2). The gPCR was completed in a Real-Time PCR
System (7500, ThermoFisher, Waltham, MA, USA). The
changes in mRNA expression were calculated by 2~ 24CT
approach [15] and the data were normalized to GAPDH.

Chromatin Immunoprecipitation (ChiP)

Chromatin Immunoprecipitation (ChIP) assay was
implemented under the help of ABclonal’s ChIP Kit

Table 2. Primers utilized in this study.

Genes Sequence (5’ —> 3')

FOXAI (human) Forward GAAGACCGGCCAGCTAGAG
FOXAI (human) Reverse TTTGCACTGGGGGAAAGGTT
XRCC]I (human) Forward ACCAAAACCAAGCCCACTCA
XRCC1 (human) Reverse TATCGGATGAGTTTCCGCCG
GAPDH (human) Forward CGACAGCAGCCGCATCTT
GAPDH (human) Reverse =~ CCAATACGACCAAATCCGTTG

FOXA1l, forkhead box Al; XRCCI, X-ray repair cross comple-

menting 1.

(RK20258, Abclonal, Beijing, China). Concretely, cells (2
x 107) were rinsed with ice-cold PBS, reacted with cell fix-
ative for 10 minutes, and then centrifuged in Glycine solu-
tion for 5 minutes at 4 °C. After the supernatant was dis-
charged, cells were soaked in the cell lysate for resuspen-
sion, centrifuged at 5000 x g for 5 minutes at 4 °C, and then
sonicated. Later, further centrifugation was carried out at
12,000 x g for 10 minutes to remove nuclear debris. There-
after, cells were reacted with anti-FOXA ] antibody (1:1000,
ab170933, abcam, Cambridge, UK) and anti-IgG antibody
(1:1000, ab97051, abcam, Cambridge, UK). Then, the re-
action solution was added into a tube containing Protein
A/G magnetic beads, and the incubation was continued for 2
hours. After that, chromatin samples were obtained by elu-
tion and purified using a DNA purification kit (RK30100,
ABclonal, Beijing, China). Finally, the experimental re-
sults were analyzed by qPCR.

Statistical Analysis

The measurement data were displayed in the form of
mean =+ standard deviation. One-way analysis of variance
was used to test differences among multiple groups, and the
Tukey test was applied for post hoc analysis. Comparisons
between two groups were analyzed by independent sam-
ples ¢ test. In terms of statistical analyses, GraphPad 8.0
software (GraphPad Software, San Diego, CA, USA) was
introduced. p values < 0.05 were considered statistically
significant.
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Fig. 1. Impacts of rs1799782 mutation of XRCC1 upon the viability, proliferation and senescence of LC cells. XRCC1-Mutant-A
refers to the mutant type, XRCC1-Wild-G indicates the wild type, and PGL3-basic plasmid is the control. (A) The impact of mutation
on the activity of XRCC1 promoter (dual luciferase reporter assay). (B) The viability of LC cells (CCK-8 assay). (C,D) The colony
formation ability of LC cells (colony formation assay). (E,F) Cellular senescence (SA-3-gal staining assay; magnification: x200, and
scale bar =100 um). *p < 0.05, **p < 0.01, ***p < 0.001 vs. PGL3-basic. Tp < 0.05, TTp < 0.01, " Tp < 0.001 vs. XRCC1-Wild-G.
Quantified values from at least three independent repeated experiments (n = 3) were depicted as mean =+ standard deviation. LC, lung

cancer; CCK-38, cell counting kit-8; SA-(-gal, senescence-associated beta-galactosidase.

Results

rs1799782 Promoted the Viability and Proliferation
of LC Cells

Firstly, we investigated the effect of the rs1799782
mutation on the promoter activity of XRCCI, and the re-
sults indicated that the luciferase activity in the XRCCl-
Mutant-A group was conspicuously stronger than that in
the XRCC1-Wild-G group (Fig. 1A, p < 0.001). In addi-
tion, a series of cell function experiments were conducted
in LC cells transfected with XRCC1-Mutant-A or XRCC1-
Wild-G. XRCC1-Mutant-A or XRCC1-Wild-G was found
to boost the viability and colony formation of LC cells,

relative to PGL3-basic plasmid (Fig. 1B-D, p < 0.05).
Moreover, increased cell viability and colonies were ob-
served in the XRCC1-Mutant-A group, as compared with
the XRCC1-Wild-G group (Fig. 1B-D, p < 0.05).

rs1799782 Inhibited Senescence and DNA Damage
of LC Cells

Increased SA-(-gal activity is recognized as a
biomarker of senescence. In XRCCI1-Mutant-A or
XRCC1-Wild-G group, the number of SA-S-gal™ cells
was markedly lower than that in the PGL3-basic group
(Fig. 1E,F, p < 0.01). Moreover, the XRCCI-Mutant-
A group displayed fewer SA-8-gal™ cells than XRCC1-
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Fig. 2. rs1799782 mutation of XRCCI regulated the expressions of senescence-related proteins and YH24X focus formation.
(A—C) Expression levels of senescence-related proteins P21 and EF1A (Western blot). GAPDH was employed as the internal control.
(D,E) Representative immunofluorescent images of yH2AX foci in A549 cells (200x). Scale bar = 100 pm. yH2A4X was positive for
secondary antibody (red), and the cell nuclei was positive for DAPI (blue). *p < 0.05, **p < 0.01, ***p < 0.001 vs. PGL3-basic. *p
< 0.05 vs. XRCC1-Wild-G. Quantified values from at least three independent repeated experiments (n = 3) were exhibited as mean
=+ standard deviation. GAPDH, glyceraldehyde-3-phosphate dehydrogenase; YH2AX, phosphorylated H2A.X variant histone; DAPI,
4,6-diamidino-2-phenylindole.

Wild-G group (Fig. 1E,F, p < 0.01). Among senescence- DNA damage of cells. Our data demonstrated that XRCC1-
related proteins, we observed that EF1A protein expres- Mutant-A led to a significant decrease in the formation of
sion was elevated, yet P21 expression was lessened in the  ~vH2A4X foci in LC cells (Fig. 2D,E, p < 0.05).
XRCC1-Mutant-A and XRCC1-Wild-G groups, with more

pronounced increase and decrease in the XRCC1-Mutant-

A group (Fig. 2A-C, p < 0.05). Next, we detected the ex-

pression of YH2AX by immunofluorescence to assess the
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Fig. 3. Impacts of XRCC1 mutation and shFOXAI upon the viability, colony formation and senescence of LC cells. (A) ChIP
assay was performed on the chromatin obtained from cells transfected with XRCC1-Wild-G or XRCC1-Mutant-A, using qRT-PCR, with
GAPDH as the internal control. (B) The transfection efficiency of shFOXA1-1, shFOXAI-2 and shFOXA1-3 in LC cells (QRT-PCR).
(C) The expression of XRCCI in LC cells transfected with shFOXA1-1 (qQRT-PCR). (D-I) LC cells were transfected with shFOXA41-1
and XRCC1-Wild-G/XRCCI1-Mutant-A. (D) The expression of XRCC! in LC cells (QRT-PCR). (E) The viability of LC cells (CCK-8
assay). (F,G) The colony formation ability of LC cells (colony formation assay). (H,I) Cellular senescence (SA-(-gal staining assay;
magnification: x200, and scale bar = 100 um). **p < 0.01, ***p < 0.001 vs. Positive. "t p < 0.001 vs. XRCC1-Wild-G. "'p < 0.001
vs. ShANC. #p < 0.01, #p < 0.001 vs. Control. “p < 0.05, “*p < 0.01, **¥p < 0.001 vs. shFOXAI. Quantified values from at least
three independent repeated experiments (n = 3) were presented as mean =+ standard deviation. ChIP, Chromatin Immunoprecipitation;
gqRT-PCR, quantitative reverse transcription polymerase chain reaction; shFOXA1, FOXAI-specific short hairpin RNA.

shFOXAI Reversed the Effects of XRCCI-Mutant-A showed a stronger binding affinity to FOXA I than XRCC1-
or XRCCI-Wild-G on Viability, Colony Formation Wild-G (Fig. 3A, p < 0.001). We then designed three

and Senescence of LC Cells kinds of shFOXA1, and verified their inhibition efficiency
ChIP assay was performed to validate whether XRCC on FOXA 1 by quantitative reverse transcription polymerase

mutation could affect the binding affinity of FOXA/ and fﬁ:‘;:ﬁig”;‘}gﬁfzcﬂ S(I;féiiljé’f’ofsoigD'ﬂ’iaesede‘r’i“
XRCCI, the result which indicated that XRCC1-Mutant-A b oW ubsequent expert-
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Fig. 4. Effects of XRCCI mutation and shFOXA1 on expressions of senescence-related proteins and vH2AX focus formation. LC
cells were transfected with shFOXA41-1 and XRCC1-Wild-G/XRCC1-Mutant-A. (A—C) Expression levels of senescence-related proteins
P21 and EF1A (Western blot). GAPDH was employed as the internal control. (D,E) Representative immunofluorescent images of yH24X
foci in A549 cells (200x). Scale bar = 100 um. vH2A4X was positive for secondary antibody (red), and the cell nuclei was positive for
DAPI (blue). *p < 0.05 vs. Control. ¢p < 0.05, **p < 0.01 vs. shFOXAI. Quantified values from at least three independent repeated
experiments (n = 3) were denoted as mean =+ standard deviation.

ments. shFOXAI decreased XRCC1 expression (Fig. 3C,D, G reversed the effects of shFOXAI on XRCCI expres-
p < 0.001), cell viability and colony number (Fig. 3E-G, p sion, viability, colony formation and senescence of LC cells
< 0.001), and promoted senescence of LC cells (Fig. 3H,1, (Fig. 3D-1, p < 0.05).

p < 0.01). However, XRCCI-Mutant-A or XRCC1-Wild-
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shFFOXA1 Offset the Effects of XRCCI1-Mutant-A or
XRCCI-Wild-G on Expressions of
Senescence-Related Proteins and vyH2AX Focus
Formation in LC Cells

shFOXAI resulted in the downregulation of EF1A
protein and the upregulation of P21 protein (Fig. 4A-C, p
< 0.05). Furthermore, the promoted YH2AX focus forma-
tion was also observed in the shFOXA1 group (Fig. 4D,E).
However, the impacts of shFOXAI upon senescence-
related proteins and YH2AX focus formation were offset
by XRCC1-Mutant-A or XRCC1-Wild-G (Fig. 4A-E, p <
0.05).

Discussion

In recent years, XRCC1 gene polymorphisms, includ-
ing 1s1799782, 1s25489 and rs25487, have been succes-
sively found to be associated with increased risk of LC
[16,17]. However, few studies have focused on the molec-
ular mechanism by which the XRCC! gene polymorphism
promotes LC development. Here, we demonstrated that the
enhanced binding of rs1799782 and FOXA1 can upregulate
XRCC] transcription and thus elevate the risk of LC.

The protein encoded by XRCC/ acts as a scaffold for
other proteins in the DNA repair complex, so as to make
a critical impact on DNA damage [18]. DNA damage
brought on by endogenous/exogenous substances can hin-
der cancer cell proliferation, and therefore, cancer cells can
use XRCC1 to recover proliferation ability [19]. Zhangy-
ong Yin et al. [20] pointed out that XYRCC/-mediated DNA
repair ability can protect LC cells from cisplatin-mediated
damage, while inhibiting XRCC! expression can make LC
cells sensitive to cisplatin. As the study by Neelum Aziz
Yousafzai et al. [21] revealed, with the elevation of XRCC/
expression, that the expression of vH24X (a DNA dam-
age marker) in LC cells is decreased; similar results were
also obtained in this study, except that we found that the
XRCCI1-Mutant-A possesses much stronger repair ability
than XRCC1-Wild-G.

In addition, we also studied the effect of XRCCI on
the senescence of LC cells. Continued DNA damage will
affect cell senescence and increase the risk of cancer [22].
The senescence of cancer cells is a favorable barrier to pre-
vent tumor occurrence [23]. P21, as a biomarker of cell
senescence, can induce reactive oxygen species production
to further trigger cell senescence [24]. Moreover, the tu-
mor protein p53 (P53)-P21 pathway is one of the main path-
ways that can induce cancer cell senescence [25]. The re-
search of Hongmei Luo ef al. [26] emphasized that EF1A4
expression is downregulated in aging LC cells treated with
resveratrol. Consistent with previous studies, our results re-
vealed that XRCC1-Mutant-A and XRCC1-Wild-G inhibit
the expression of SA-$-gal and P21, but promote the ex-
pression of EF1A, indicating that XRCC1-Mutant-A and
XRCC1-Wild-G both can suppress cell senescence. How-
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ever, XRCC1-Mutant-A has a stronger inhibitory effect on
cell senescence than XRCC1-Wild-G. To the best of our
knowledge, this is the first research revealing the effects
of rs1799782 on LC cell senescence.

Next, we focused on the relationship between FOXA!
and XRCCI. ChIP assay results demonstrated that XRCC1-
Mutant-A has a stronger binding affinity with FOXAI com-
pared to XRCC1-Wild-G, thus enhancing the transcription
of XRCC1 with the help of FOXAI. A similar mechanism
has been previously reported in cervical cancer [8]. Several
studies have proved that FOXA1 is a vital transcription fac-
tor in the occurrence and development of LC, and its over-
expression can enhance cell metastasis and proliferation
[27,28]. However, the effect of FOXAI on LC cell aging
has not been reported, but previous study showed that the
expression of FOXA [ was negatively correlated with the ag-
ing marker IL-6 level [29]. Further, Yusuke Imamura et al.
[30] reported that the depletion of FOXA! can increase P21
expression in prostate cancer cells. In this study, we veri-
fied through rescue experiments that shFOXA can reverse
the effects of XRCC1-Mutant-A on the viability, colony
formation and senescence of LC cells. This demonstrated
that XRCC1-Mutant-A enhances expression of XRCCI by
binding to FOXA1, and then plays a role in DNA repair of
LC cells, ultimately leading to LC development.

Conclusions

This study revealed that the mechanism by which
rs1799782 increases LC risk is related to FOXA /-mediated
enhancement of XRCC/ transcription. In the future, there-
fore, LC patients with XRCC/ rs1799782 polymorphism
might be treated by FOXA! inhibitors or drugs that block
the binding of rs1799782 with FOXA1. However, more in
vivo experiments are needed to confirm the results.
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