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Objective: XPG (Xeroderma pigmentosum group G, XPG), a single strand-specific DNA
endonuclease in the nucleotide excision repair pathway, has been implicated in lung cancer.
Potentially functional rs873601 in XPG is consistently associated with gastrointestinal
cancer, and miR-4715-3p, targeting 3UTR of XPG, also influences the process of gastro-
intestinal carcinogenesis, however, the relationships between XPG and miR-4715-3p and
rs873601 in lung cancer have not been elucidated.

Methods: A case-control study included 264 lung cancer patients and 264 cancer-free
healthy controls and was designed to determine the relationships between rs873601 and
lung cancer and the effect of miR-4715-3p on XPG expression in lung cancer. Fifty matched
cases and controls were randomly selected from the lung cancer and control groups to assess
the relationships between the expression levels of miR-4715-3p and XPG determined by
using qRT-PCR. The association of rs873601 with lung cancer was analyzed by mass
spectrometry, and function prediciton of rs873601 genotypes explored by web-based
bioinformatics.

Results: miR-4715-3p in the lung cancer group was significantly increased compared with
that in the control group (P = 0.011), upregulation of miR-4715-3p correlated with an
increase in XPG mRNA (r = 0.399, P <0.05) in the lung cancer group. The AA genotype
was associated with increased risk of lung cancer compared with the AG and GG genotypes
of rs873601 (AG vs AA: OR = 0.231, 95% CI: 0.155-0.345, P <0.001 GG vs AA: OR =
0.300, 95% CI: 0.131-0.719, P = 0.003). The genetic association remained significant after
adjustment for age, sex, smoking, and drinking, and rs873601-AA was associated with an
increase in XPG mRNA in the lung cancer group. The results of web-based bioinformatics
analysis indicated rs873601 genotypes might change XPG-RNA stability and bindability
between XPG and miR-4715-3p.

Conclusion: Our data characterized that miR-4715-3p and rs873601 genotypes modified
XPG expression in lung cancer. These findings may help to elucidate the mechanisms
governing lung cancer.
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Introduction

Lung cancer is the leading malignant tumor with high incidence and mortality,
accounting for an estimated 2.2 million new cases and 1.8 million deaths (18%) in
2020." Environmental factors, including smoking, drinking, age, air pollution, and
lifestyle, have been identified to modulate the risk for lung cancer, and cigarette
smoking is a well-recognized risk factor that accounts for approximately 80% of lung
cancer cases. Cigarette smoking induces DNA lesions,™ the nucleotide excision
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repair (NER) responses maintain genomic DNA stability
and integrity disrupted by DNA lesions, and dysfunction
of the NER system is involved in carcinogenesis. XPG
(accession number: DI095823), an endonuclease bound to
the 3'-ends of the NER system, specifically functions to
recognize and remove damaged DNA strands.* The DNA
repair capacity of XPG is related to inherited factors,” thus,
polymorphisms in the NER pathway modify DNA repair
capacity.° XPG has been proposed as a candidate marker for
cancer susceptibility, prognosis, and treatment response,
including susceptibility to colorectal cancer’ and gastric
cancer,® sensitivity to anticancer treatment of non-small-
cell lung cancer (NSCLC),” and prognosis of advanced
NSCLC.' The rs873601 is the target site of miR-4715-3p
binding to XPG mRNA, and the association of rs§73601 of
XPG with incidence of lung cancer has not been investi-
gated in detail.

MicroRNAs (miRNAs)
through inactivation of complementary sequences in the
3’-untranslated regions (3UTRs) of mRNAs that mediate
biological processes in cancer cells.'''® Bioinformatics

regulate gene expression

analysis identified a miR-4715-3p binding site in the
3UTR of XPG (Supplementary Figure 1), and the target
site of miR-4715-3p has been shown to modulate its func-

tion in upper gastrointestinal cancer by targeting the 3UTR
of 3UTR of aurora kinase A (AURKA).'* The epigenetic
interaction between miR-4715-3p and XPG mRNA in lung
cancer is poorly understood.

Our study aimed to explore the association of rs873601
with lung cancer and assess the expression of XPG mRNA
and miR-4715-3p and the relationship of miR-4715-3p
with XPG mRNA in lung cancer to demonstrate potential
mechanisms underlying carcinogenesis in lung cancer.

Materials and Methods
Study Population

A total of 264 patients with lung cancer were recruited
from Hainan General Hospital and the First Affiliated
Hospital of Hainan Medical University from
October 2014 to December 2017 based on confirmed
pathology. The clinical features of lung cancer were
acquired from the medical records of the patients. The
clinical data were analyzed according to the eighth edi-
tion of the lung cancer stage classification.'” In the case
group, 264 subjects were histologically diagnosed with
lung cancer, including 185 males and 79 females, with
a median age of 62 years. In the control group, 264

healthy controls were recruited during routine physical
examination of the population within the same time per-
iod, and healthy controls with evidence of malignancy
were excluded; 184 subjects were male, and 80 subjects
were female, with a median age of 65 years. Informed
consent was obtained from the patients, and
a questionnaire was used to record the demographic
characteristics and medical history, family history, smok-
ing, and drinking; smoking was defined as at least one
cigarette per day for more than six months, and drinking
was defined as consumption of 50 g of alcohol for more
than half a year. Blood samples were collected from
peripheral blood using a vacuum blood collection tube
with sodium citrate as an anticoagulant, the samples were
used for the extraction of miRNA, mRNA, and geno-
mic DNA.

The study was approved by the ethics committee of
Hainan Medical University in accordance with the
Helsinki Declaration (HYLL-2019-034). Written informed

consent was obtained from all patients.

miRNA and mRNA Extraction and

Expression Analysis

A whole blood miRNA extraction and purification kit
(Beijing Quanshijin Biotechnology Co., Ltd, Beijing,
China) was used to extract miRNA. Total RNA was
extracted from peripheral blood samples using a column-
type whole blood total RNA extraction and purification
kit (Shanghai Biotech Biotechnology Co., Ltd, Beijing,
China), and the RNA concentration and OD260/0D280
ratio were assessed by a BioPhotometer-Plus nucleic
acid and protein analyzer. The cDNA was synthesized
using a reverse transcription kit (Beijing Quanshijin
Biotechnology Co., Ltd, Beijing, China). The expression
levels of XPG mRNA and miR-4715-3p were detected
by an SYBR Premix Ex Taq' ™ II kit (Beijing Quanshijin
Biotechnology Co., Ltd, Beijing, China), and human j-
actin and U6 genes were used as internal reference genes
for relative quantitative analysis.

XPG primers: forward 5'- GGA AGG GAA GAT CCT
GGC TGT-3, reverse 5'- AAG AGT TTG CAG AGC
CGA TGA AA-3'; B-actin gene primes: forward 5'- GTC
CAC CTT CCA GCA GAT GTG-3', reverse 5'- GCATTT
GCG GTG GAC GAT-3". miR-4715-3p and U6 gene pri-
mers were purchased from Guangzhou Ruibo Biological
Co., Ltd.
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The PCR mixture contained 10 pL of SYBR Premix
Ex Taq'™ (2x), 0.8 uL of PCR forward primer (10 pM),
0.8 pL of PCR reverse primer (10 uM), 0.4 pL. of ROX
reference dye (50x), 6.0 uL of dH,0, and 2 puL of DNA.
The total reaction volume was 20 pL. All samples were
run for 40 cycles of 5 s at 95°C and 34 s at 60°C. Each run
contained three negative controls with 2 uL of distilled
water instead of DNA. All experiments were performed at
least in triplicate. The expression levels of XPG mRNA
and miR-4715-3p were analyzed using the 2*“" method.

ACT = CT(target gene) ~ CT(intemal reference genes)-

DNA Extraction and SNP Genotyping

A whole blood DNA kit (TaKaRa Company, Dalian,
China) was used to extract genomic DNA from the blood
sample, and a BioPhotometer-Plus nucleic acid and protein
analyzer was used to measure the DNA concentration and
0D260/0D280 ratio. The polymorphism of XPG rs873601
was detected by mass spectrometry.

Statistical Methods

Epidata was used to store the questionnaire data, and SPSS
25.0 was used for statistical analysis. Nonparametric tests
of two independent samples were used to compare the
relative expression levels of miR-4715-3p and XPG
mRNA between the lung cancer and control groups, and
the Spearman rank correlation was used to assess the
correlation of miR-4715-3p and XPG mRNA expression
in the lung cancer group. The genotypic and allelic dis-
tribution of rs873601 between the lung cancer and control
groups was evaluated by the chi-squared test, and the odds
ratio (OR) and 95% confidence interval (CI) were calcu-
lated by SPSS 25.0. A P value less than 0.05 was con-
sidered significant.

Function Exploration Based on

Bioinformatics Database

The sequence interaction exploration and prediction by
RNAfold web-based bioinformatics, including RNAfold
(http://rna.tbi.univie.ac.at//cgi-bin/RNAWebSuite/
RNAfold.cgi), TargetScan (http://www.targetscan.org/

vert 71/) and mirSNP (http://bioinfo.bjmu.edu.cn/mirsnp/

search/). Those web-based database predict the biological
effect of the significant SNPs and miR-4715-3p on XPG.
RNAfold is a database for prediction of RNA structure and
energy changes in RNA folding based on the sequence.
Free energy represents the energy required to change the

secondary RNA structure. MirSNP is available online
database that collect human SNPs in predicted miRNA-
mRNA binding sites whether an SNP within the target site
would decrease/break or enhance/create miRNA-mRNA
binding site.

Results

Characteristics of Enrolled Subjects

The characteristics of drinking, smoking, age, and sex in
the lung cancer (N=264) and control groups (N=264) were
not significantly different (Table 1). Fifty matched subjects
at a ratio of 1:1 were randomly selected from the two
groups to compare XPG mRNA and miR-4715-3p levels
between the groups. No significant differences in drinking,
smoking, age, or sex were observed in these two matched
groups.

Expression of XPG mRNA and miR-4715-
3p in the Lung Cancer and Control

Groups
The levels of circulating XPG mRNA and miR-4715-3p in
the two groups were not normally distributed; therefore, the
nonparametric rank sum test was used to evaluate the differ-
ences. XPG mRNA was not significantly different between
the lung cancer and control groups (Figure 1A and B, Table
2) and in the genotype groups (Figure 1B). The serum level
of miR-4715-3p in the lung cancer group was significantly
increased compared with that in the control group (Figure
1C, Table 2), and the genotypes of rs873601 contributed to
the significance of differences in miR-4715-3p (Figure 1D).
The expression levels of miR-4715-3p and XPG
mRNAs were used for stratification into a high group and
a low group based on the median expression value in the
control group. No significant differences in XPG mRNA
between the control and lung cancer groups were observed
(Table 3), and patients with high serum levels of miR-4715-
3p had an increased risk of lung cancer compared to that in
patients with low expression of miR-4715-3p (Table 3).

Expression of miR-4715-3p and XPG

mRNA in 50 Lung Cancer Cases
The expression levels of circulating miR-4715-3p and XPG

mRNA in the lung cancer group were stratified by covariates
(alcohol, smoking, age, sex, and rs873601), there were no
significant differences in the plasma levels of miR-4715-3p.
The relative expression level of XPG mRNA in patients older
than 65 years of age was significantly higher than that in
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Table | Characteristics of 528 Subjects Enrolled in the Study
Variables Lung Cancer N (%) Control N (%) Ve P
Age(mean * SD) 60.9+12.44 61.8+£14.92 0.7471 0.455
<55 80 (30.3) 78 (29.5) 6.388 0.094
55- 70 (26.5) 52 (19.7)
65- 79 (29.9) 81 (30.7)
275 35 (13.3) 53 (20.1)
Sex Male 185 (70.10) 184 (69.70) 0.009 0.924
Female 79 (29.90) 80 (30.30)
Smoking Yes 149 (56.40) 130 (49.20) 2.744 0.098
No 115 (43.60) 134 (50.80)
Drinking Yes 67 (25.40) 61 (23.10) 0.371 0.542
No 197 (74.60) 203 (76.90)
Histology [n (%)]
Squamous cell carcinoma 92 (34.85)
Adenocarcinoma 153 (57.95)
Small cell carcinoma Il (4.17)
Other types 8 (3.03)
Stage [n (%)]
la 5(1.89)
Ib 15 (5.68)
lla 8 (3.03)
IIb 29 (10.98)
llla 25 (9.47)
lib 23 (8.71)
lllc 14 (5.3)
IVa 100 (37.88)
IVb 45 (17.05)

patients younger than 65 years of age. The level of XPG
mRNA was significantly increased in patients with rs873601-
AA compared with that in patients with the rs873601-AG+GG
genotype in the lung cancer group (Figure 1E and F, Table 4).
We detected a correlation between upregulation of miR-4715-
3p and increase of XPG mRNA (r=10.399, P <0.05) in the lung
cancer group.

XPG rs873601 Susceptibility to Lung

Cancer

Three genotypes of rs873601 included wild-type (AA), hetero-
zygous (AG), and mutant homozygous (GG). The frequencies
of the three genotypes were 48.5%, 47.0%, and 4.5% in the
lung cancer group and 18.2%, 76.1%, and 5.7% in the control
group, respectively. Significant differences in the genotype
distribution between the lung cancer group (N=264) and con-
trol group (N=264) were detected (* = 66.398, P <0.001).
Patients with the AG or GG genotypes had a decreased risk of
lung cancer compared with that of patients carrying the AA

genotype. Patients with at least one G allele had a decreased
risk. Adjustment for age, sex, smoking, and drinking, XPG
rs873601 was still associated with lung cancer (Table 5).

Association of XPG rs873601 with Lung
Cancer Stratified by Age

Age stratification indicated that the risk for lung cancer in
patients with the AG (OR=0.308, 95% CI: 0.15-0.62) and
AG + GG (OR=0.32, 95% CI: 0.16-0.63) genotypes was
reduced at ages less than 55 years compared with that for the
AA genotype. In the 55-65 age group, the risk for lung
cancer was also decreased in patients with the AG
(OR=0.15, 95% CI: 0.06-0.38), GG (OR=0.04, 95% CI:
0.00-0.38), and AG + GG (OR=0.14, 95% CI: 0.06-0.35)
genotypes. In the 6575 age group, the risk for lung cancer in
patients with the AG (OR = 0.29, 95% CI: 0.14-0.60) and
AG + GG (OR = 0.30, 95% CI: 0.15-0.62) genotypes was
also decreased. In the age group older than 75 years, the lung
cancer risk in patients with the AG and AG + GG genotypes
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Figure | (A) The levels of XPG mRNA in peripheral blood between control and lung cancer; (B) Genotypic difference (rs873601) of XPGm RNA in peripheral blood
between control and lung cancer; (C) The miR-4715-3p level in peripheral blood between control and lung cancer; (D) Genotypic contribution to miR-4715-3p difference;
(E) Genotypic difference of XPG mRNA in control; (F) Genotypic difference of XPG mRNA in lung cancer.

was reduced (OR = 0.14, 95% CI: 0.05-0.41; OR = 0.16,
95% CI: 0.057-0.454, respectively) compared with that for
the AA genotype (Table 4). Adjustment for sex, alcohol, and
smoking, the risk for lung cancer was reduced in patients

with the AG, GG, and AG + GG genotypes (ORadj = 0.23,
95% CI: 0.16-0.35; corrected ORadj = 0.30, 95% CI: 0.-
129-0.682; ORadj = 0.237, 95% CI: 0.159-0.352, respec-
tively) compared to patients with AA genotype (Table 6).
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Table 2 Expression of XPG mRNA and miRNA-4715-3p Table 4 Expression of XPG mRNA in Lung Cancer
N miRNA-4715-3p XPG mRNA Median N Median (IQR) U P
Medi IQR IQR
edian (IQR) (QR) Sex Male 34 | 00330 (0.0545) | 2335 | 0.423
LC 50 0.1225 (0.2246) 0.0290 (0.0581) Female 16 0.0138 (0.0929)
Control | 50 0.0643 (0.2098) 0.0176 (0.0762) Age < 65 23 0.0143 (0.0342) 203.5 0.035
> 65 27 0.0567 (0.2340)
U 882 1122.5
p 0,011 0.379 Smoking Yes 30 0.0330 (0.0545) 264.5 0.482
) ) No 20 0.0180 (0.0929)
Abbreviation: IQR, interquartile range.
Drinking Yes I 0.0288 (0.2506) 177.5 0.386
No 39 0.0220 (0.0546)
Association of XPG rs873601 with Lung rs873601 | AA 12 | 0.0592 (0.3450) | 1300 | 0032
Cancer Stratified by Gender AGYGG | 38 | 0.0139 (0.0509)

In the female group, the lung cancer risk for the AG and AG
+ GG genotypes was reduced (OR = 0.24, 95% CI: 0.12—
0.48; OR = 0.24, 95% CI: 0.12-0.48, respectively) compared
with that for the AA genotype. In male patients, the lung
cancer risk for the AG, GG, and AG + GG genotypes was
reduced compared with that for the AA genotype (OR =0.23,
95% CI: 0.14-0.37; OR = 0.31, 95% CIL: 0.12-0.78,;
OR=0.24, 95% CI: 0.15-0.38, respectively). Adjustment
for age, alcohol, and smoking, the patients with AG (ORadj
= 0.23, 95% CI: 0.15-0.34), GG (ORadj = 0.29, 95% CI:
0.13-0.67), and AG + GG (ORadj = 0.23, 95% CI: 0.16—
0.36) genotypes had considerably lower risk of lung cancer
compared to patients with the AA genotype (Table 7).

Association of XPG rs873601 with Lung

Cancer Stratified by Smoking

In the smoking group, the lung cancer risk for the AG, GG,
and AG + GG genotypes was decreased compared with that
for the AA genotype (OR = 0.29, 95% CI: 0.17-0.50; OR =
0.20, 95% CI: 0.07-0.60; OR = 0.28, 95% CI: 0.17-0.48,
respectively). In the non-smoking group, the AG and AG +
GG genotypes reduced the risk of lung cancer compared with
that for the AA genotype (OR =0.18, 95% CI: 0.10-0.32; OR
=0.19, 95% CI: 0.11-0.35, respectively). Adjustment for age,
sex, and drinking indicated that the risk for lung cancer in

patients with the AG (ORadj = 0.23, 95% CI: 0.16-0.35), GG
(ORadj = 0.30, 95% CI: 0.13-0.69), and AG + GG (ORadj =
0.24, 95% CI: 0.16-0.35) genotypes was decreased compared
to that for the AA genotype (Table 8).

Association XPG rs873601 with Lung
Cancer Stratified by Drinking

In the drinking stratification, the distribution of the
subjects between the AA genotype and AG and AG +
GG genotypes was significantly different. The lung
cancer risk for the AG and AG + GG genotypes was
reduced compared with that for the AA genotype (OR
= 0.24, 95% CI: 0.10-0.55; OR = 0.24, 95% CI: 0.-
11-0.56, respectively). In the non-drinking group, the
AG (OR = 0.23, 95% CI: 0.14-0.36), GG (OR = 0.31,
95% CI: 0.13 ~ 0.73), and AG + GG (OR = 0.23, 95%
CI: 0.15-0.37) genotypes decreased the risk for lung
cancer compared with that for the AA genotype. The
AG (ORadj = 0.23, 95% CI: 0.15-0.34), GG (ORadj
=0.29, 95% CI: 0.13-0.67), and AG + GG (ORadj
=0.23, 95% CI: 0.16-0.35) genotypes also decreased
the risk for lung cancer adjusted for age, sex, and
smoking status compared with that for the AA geno-
type (Table 9).

Table 3 The Relationships Between the Expression of miRNA-4715-3p and XPG mRNA

Gene Expression LC Control OR P 95% CI

XPG mRNA High 27 25 1.000 0.689 0.535-2.574
Low 23 25 1.174

miRNA-4715-3p High 35 25 1.000 0.041 1.027-5.300
Low 15 25 2.333
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Table 5 Association of XPG rs873601 with Lung Cancer
rs873601 Case Control OR (95% CI) ORadj (95% CI)* 2 p*
AA 128 (48.5%) 48 (18.2%) 1.000 1.000 (ref)
AG 124 (47.0%) 201 (76.1%) 0.23 (0.16~0.35) 0.23 (0.15-0.34) 54.6 0.000
GG 12 (4.5%) 15 (5.7%) 0.30 (0.13~0.72) 0.29 (0.13-0.67) 87 0.003
AG+GG 136 (51.5%) 216 (81.8%) 0.24 (0.16~0.35) 0.23 (0.16-0.35) 54.5 0.000

Notes: *Adjustment for age, sex, smoking, and drinking in logistic analysis. ®The distribution of the genotypes in the case and control groups by Pearson’s test.

Table 6 The Association of XPG rs873601 with Lung Cancer Stratified by Age

Age Genotype Case Control Ve P OR (95% CI)
<55 AA 40 19 Ref 1.00
AG 35 54 1.5 0.001 0.31 (0.15-0.62)-
GG 5 5 1.2 0.275 0.48 (0.12-1.84)-
AA+GG 40 59 1.1 0.001 0.32 (0.16-0.63)
55-65 AA 37 7 Ref
AG 32 40 17.8 0.000 0.15 (0.06-0.38)
GG | 5 132 0.000 0.04 (0.00-0.38)
AA+GG 33 45 20.1 0.000 0.14 (0.06-0.35)
65-75 AA 34 15 Ref 1.00
AG 42 64 11.880 0.001 0.29 (0.14-0.60)
GG 3 2 0.185 0.667 0.66 (0.10—4.38)
AA+GG 45 66 11.317 0.001 0.30 (0.15-0.62)
>75 AA 17 7 Ref 1.00
AG 15 43 14.4 0.000 0.14 (0.05-0.41)
GG 3 3 0.9 0.333 0.41 (0.07-2.56)
AA+GG 18 46 133 0.000 0.16 (0.06-0.45)

Bioinformatics Analysis Predicted
Structural Differences Corresponding to
the rs873601 Genotypes

RNAfold analysis of the effect of rs§73601 on the 3UTR of
XPG used a 105 bp (rs873601 at 91st) sequence of the 3UTR

of XPG to predict the changes in the secondary structure
corresponding to the rs873601 genotypes [Figure 2]. The
secondary structures corresponding to rs873601 are shown in
Figure 3 (centroid secondary and minimum free energy, MFE).
The rs873601 genotypes also influenced centroid secondary
and MFE of the thermodynamic ensemble, and MFE of the

Table 7 Association of XPG rs873601 with Lung Cancer Stratified by Sex

SNPs Male Female

Case Control Ve P OR (95% CI) Case Control Ve P OR (95% CI)
AA 89 33 1.000 (ref) 39 15 1.000 (ref)
AG 86 139 382 0.000 0.23 (0.14-0.37) 38 62 16.4 0.000 0.24 (0.12-0.48)
GG 10 12 6.6 0.010 0.31 (0.12-0.78) 2 3 22 0.134 0.26 (0.04-1.69)
AG+GG 9% 151 37.9 0.000 0.24 (0.15-0.38) 40 65 16.6 0.000 0.24 (0.12-0.48)
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Table 8 Association of XPG rs873601 with Lung Cancer Stratified by Smoking

SNPs Smoking Non-Smoking
Case Control xz P OR (95% CI) Case Control )(2 P OR (95% CI)
AA 70 26 1.000 (ref) 58 22 1.000 (ref)
AG 73 93 20.6 0.000 0.29 (0.17-0.50) 51 108 35.1 0.000 0.18 (0.10-0.32)
GG 6 11 9.3 0.002 0.20 (0.07-0.60) 6 4 0.7 0411 0.57 (0.15-2.21)
AG+GG 79 104 224 0.000 0.28 (0.17-0.48) 57 112 328 0.000 0.19 (0.11-0.35)
Table 9 Association of XPG rs873601 and Lung Cancer Stratified by Drinking
SNPs Drinking No Drinking
Case Control Ve P OR (95% CI) Case Control Ve P OR (95% CI)
AA 30 10 1.000 (ref) 98 38 43.1 0.000 1.000 (ref)
AG 36 50 12.0 0.001 0.24 (0.10-0.55) 88 151 43.1 0.000 0.23 (0.14-0.36)
GG | | 0.6 0.433 0.33 (0.02-5.8) I 14 7.6 0.006 0.31 (0.13-0.73)
AG+GG 37 51 12.0 0.001 0.24 (0.11-0.56) 99 165 429 0.000 0.23 (0.15-0.37)
thermodynamic ensemble was changed from —17.63kcal/mol  Djscussion

(rs873601-A) to —15.73kcal/mol (rs873601-G), indicating that
rs873601 may change the structural stability and miRNA
binding ability of the 3UTR of XPG, and the rs873601 also
change binding process of miR-4715-3p based on mirSNP
prediction (Supplementary Figure 3).

The present study characterized the impact of miR-4715-
3p and rs873601 on XPG mRNA. The level of miR-4715-
3p was significantly increased, and a genotypic difference
between lung cancer and the control group was detected;
additionally, miR-4715-3p was positively associated with
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Figure 2 The RNAfold algorithm predicts the genotypic impact of rs873601 on sequence structure of XPG. (A) The sequence structure of rs873601-A. (B) The sequence

structure of rs873601-G.
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A rs873601-A

B 1s873601-G

Figure 3 The RNAfold algorithm predicts the genotypic impact of rs873601 on centroid secondary and minimum free energy. (A) MFE and Centroid secondary structure

of rs873601-A. (B) MFE and Centroid secondary structure of rs873601-G.

XPG mRNA. The rs873601-AA polymorphism demon-
strated susceptibility to lung cancer after adjustment and
stratification. The genotypic variants of rs873601 were
functionally associated with differential expression of
XPG mRNA in lung cancer.

The XPG gene, locating at the chromosomal locus
13g33, consists of 15 exons, XPG corrects the excision
in multiple DNA damage responses. The correction by
XPG is regulated by sequences and motifs that scaffold
and sculpture damaged DNA by binding both NER bubble
junctions and replication forks.*'® Genetic variants and
posttranscriptional regulation alter functional motifs, and
alterations in functional motifs may reduce DNA repair
capacity and lead to increased cancer risks.'”'® Our results
revealed that miR-4715-3p modulated XPG expression and
may have altered its repair ability, resulting in lung cancer
[Supplementary Figure 2].

Significant upregulation of miR-4715-3p was observed in
the lung cancer group compared with that in the control group,
genotypic analysis of miR-4715-3p expression indicated that
miR-4715-3p upregulation was equally significant in both
lung cancer and control groups. Notably, increase of miR-
4715-3p correlated with upregulation of XPG mRNA in the
lung cancer group. A recent study detected downregulation of
miR-4715-3p in upper gastrointestinal adenocarcinoma
(UCG), miR-4715-3p has putative binding sites in the 3UTR
of AURKA, and miR-4715-3p mediated a reduction in
AURKA levels, which in turn resulted in GPX4 inhibition
and
TargetScan indicated that miR-4715-3p targeted the 7mer-
m8 site in the 3UTR of XPG [Supplementary Figure 2], and
the target site covered the rs873601 region, partially contribut-
ing to interaction between rs873601 and miR-4715-3p.

cell ferroptosis. Bioinformatics ~analysis using

MiR-4715-3p might indirectly associate with an
increase in XPG unlike the model suggesting direct reg-
ulation of AURKA by miR-4715-3p. This discrepancy
may be due to the differences in cancer types, regulatory
pathways or polymorphism of miR-4715-3p target site, or
miR-4715-3p may also play dual roles in upregulation and
downregulation of the expression of various target genes.'*
Additionally, lung cancer-associated transcript 1 (RAC1)
is an oncogenic regulator that promotes cell proliferation
and metastasis, and miR-4715-3p sponges long noncoding
RNA LCATI1, which functions as a ceRNA to regulate
RACI1 in lung cancer,19 therefore, an increase in miR-
4715-3p levels associated with upregulation of the expres-
sion of XPG mRNA may link miR-4715-3p and the NER
repair system. The XPG gene functions by stabilizing the
structure of DNA and maintaining the DNA damage repair
capacity,”® miR-4715-3p may influence the maintenance of
genomic integrity by upregulating the expression of XPG.

XPG expression of rs873601-AA genotype confer to an
increase in peripheral blood compared with that of the AG
+ GG genotypes in the lung cancer group. The rs873601-
AA genotype is associated with risk for some cancers,”’
the expression of XPG mRNA was decreased in adjacent
non-tumor and normal gastric tissues,”> which in turn
indicate rs873601-AA demonstrated the risk factor in
lung cancer. Our findings indicated that a genotype-
dependent change in XPG mRNA may have implications
in lung carcinogenesis. Indeed, bioinformatics prediction
indicated that rs873601 was located in the 3UTR corre-
sponding to the miR-4715-3p binding site of XPG mRNA
(Supplementary Figure 1), and polymorphisms in these

regions can alter mRNA expression and miRNA-mRNA
binding (Supplementary Figure 2), SNPs in the miRNA

genes and miRNA target genes have been proposed to
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influence cancer risk by altering the expression levels of
target miRNAs. >

Our analysis demonstrated that rs873601 may influence
the secondary structure of the 3UTR of XPG mRNA to
a certain extent, and the differences in the structure
induced by the genotypes were in part related to an
increase in the circulating level of XPG and its involve-
ment in lung carcinogenesis. An age over 65 years was
also related to increased expression of XPG mRNA in the
lung cancer group, indicating that increased XPG expres-
sion may be associated with increased age.

Previous studies reported that rs8§73601-AA was asso-
ciated with some cancers, and XPG rs873601 AA
increased the risk of glioma, uterine leiomyoma,*
and gastric cancer.”® Our results extend susceptibility
of rs873601 to lung cancer, however, rs873601 is not
associated with NSCLC that may be due to the fact that
most patients enrolled in the study were advanced cases
at stage IV (67.4%) and their histological type concen-
trated on adenocarcinoma (73.2%).'® Notably, the XPG
Aspl1104His (rs17655) polymorphism is related to the
risk for lung cancer in African Americans’’ and for
colorectal cancer in Asians,”® the HapMap analysis indi-
cated that rs17655, a well-defined SNP, is in linkage
disequilibrium with rs873601 (R?=0.91), suggesting
that the functions and susceptibility have identical as
rs873601 for cancer genetics. MirSNP predicts that
rs873601-A enhances the binding activity of miR-4715-
3p, and rs873601-A decrease the binding activity of
miR-4715-3p*° (Supplementary Figure 3), the poly-

morphism of target site among in target gene, miRNA
or IncRNA stability of
binding.***" Together with these, our results confirmed
that the rs873601 polymorphism of XPG is associated
with susceptibility and biological implications to lung

could potentially alter

cancer.

However, the study has several limitations, including
comparatively small sample size used for analysis; all
subjects were from southern China, which may influence
statistical power. The application of the results for other
populations requires caution because the population of the
present study was restricted to unrelated Chinese Han
ethnicity. Finally, the tumor types, stages, pathological
types, and prognosis were not assessed.

The results indicated that XPG is modulated by miR-
4715-3p and rs873601, suggesting that miR-4715-3p and
rs873601 influence XPG expression, altering DNA repair
capacity in lung cancer. Rs873601 locate at miR-4715-3p-

binding site in XPG mRNA; thus, XPG expression may
alter the miRNA-mRNA interaction due to genotypic dif-
ferences. These molecular and functional studies require
further validation and exploration.
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