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Background. Allergic rhinitis (AR) is the most frequent inflammatory disorder in the nasal mucosa that remains unclear etiology.
Mounting studies suggested that genetic instability could trigger and worsen the inflammatory response. The nucleotide excision
repair (NER) system is an important pathway in maintaining the stability of the genome. Therefore, the genetic variations in NER
pathway genes may have potential effects on AR risk. Methods. We evaluated the correlation between 19 candidate single
nucleotide polymorphisms (SNPs) in NER pathway genes and AR susceptibility by a case-control study in a Chinese
population, which contains 508 AR cases and 526 controls. Results. Three independent SNPs were identified as significantly
associated with AR susceptibility, including ERCC1 rs2298881 C > A (recessive model: adjusted odds ratios ðORÞ = 0:30, 95%
confidence interval ðCIÞ = 0:18 – 0:50, P < 0:0001), ERCC1 rs11615 G >A (dominant model: adjustedOR = 1:44, 95%CI = 1:04
– 2:01, P = 0:030), and XPC rs2228001 A > C (dominant model: adjustedOR = 0:68, 95%CI = 0:49 – 0:95, P = 0:024). Stratified
analysis showed that ERCC1 rs2298881 AA genotype was correlated with a lower risk of AR among all the subgroups
compared with rs2298881 CC/CA genotype. XPC rs2228001 AC/CC genotype reduced AR risk among the following
subgroups: age > 60 months, clinical stage I and III. Conclusion. Our finding showed that genetic variations in NER pathway
genes: ERCC1 and XPC may affect the risk of AR, which will provide new insights into the genetics of AR from the perspective
of DNA damage repair.

1. Introduction

Allergic rhinitis (AR) is defined as an immunoglobulin E-
(IgE-) mediated nasal inflammatory disease and is character-
ized by allergic symptoms [1]. It affects more than 40% of
children worldwide, and the incidence is still an increasing
trend [2]. Currently, AR cannot be completely cured. AR
has become a global health problem, which generates huge
economic and social burdens [3, 4]. Therefore, it seems par-
ticularly important to identify the genetic risk factors and
screen high-risk subjects, which could provide early inter-
vention to prevent the occurrence of AR.

The occurrence and development of AR were attributed
to the aberration of regulatory T (Treg) cells, the imbalance
between Th1 and Th2 immune response, the excessive secre-
tion of proinflammatory cytokines, and the selective accu-
mulation in the nasal mucosa of various immune cells [5,

6]. Current studies generally believe that the interaction of
environmental and genetic factors jointly determines the
genesis and progression of AR [7–9]. Environmental expo-
sure to mold stains, fungal allergens, pollens, and dust mites
could initiate and exacerbate the AR [10, 11], while genetic
factors may exert more significant effects on the develop-
ment, severity, and treatment of AR [12, 13]. The twins’
studies revealed that the inheritability of AR reaches 0.33–
0.75 [14, 15].

Numerous genetic studies suggested that single nucleo-
tide polymorphisms (SNPs) in the key genes involved in
the pathogenesis of AR contribute greatly to AR susceptibil-
ity, which can be classified as interleukin, chemokines, and
their corresponding receptors [16, 17]. The SNPs in the
interleukin such as IL4 [18], IL6 [8], IL13 [19], IL18 [20],
and IL33 [9] have been reported associated with the risk of
AR, which are the key regulators in the progression of AR.
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Numerous studies suggested that there is a complex rela-
tionship between genomic instability and inflammation. The
DNA damage events can activate the proinflammatory sig-
nals and then exacerbate the inflammatory response. The
inflammation also contributes to DNA damage by produc-
ing nitrogen species (RNS) and reactive oxygen species
(ROS). This positive feedback loop was finely regulated
through a complex network of transcription factors, cellular
signals, and DNA damage repair pathways [21]. DNA dam-
age also can activate certain inflammation regulators, such as
NFκB, a crucial transcription factor that contributes to
inflammatory response greatly through facilitating tran-
scription of proinflammatory genes [22]. Additionally,
DNA damage can trigger necrosis and senescence, which
also enhance the inflammatory signals by releasing many
inflammatory cytokines [23, 24]. The nucleotide excision
repair (NER) system is a crucial DNA repair pathway that
is responsible for maintaining the integrity of the genome,
and it primarily repairs bulky DNA lesions. Several core
genes accomplish the repair process coordinately, including
ERCC1, XPA, XPC, XPD, XPF, and XPG. Mutations and
abnormal expression of these core genes may affect the
NER activity and the DNA repair efficiency thus increasing
genetic instability and eventually leading to cancers or
inflammatory disorders. Previous studies have shown that
SNPs in NER pathway genes are significantly associated with
the risks of various cancers [25]. For instance, Zhuo et al.
have found XPC genetic variant was susceptible to hepato-
blastoma risk [26]. The association between ERCC1 SNPs
and altered gastric cancer risk has been demonstrated by
He et al. [27].

However, no study reports the associations between
genetic variations in NER pathway genes and AR risk.
Hence, we performed this current case-control study to
assess this association and identified AR risk-associated
genetic markers from the NER pathway, which may help
to screen the individuals with a high risk of AR and make
early interventions to prevent the occurrence and develop-
ment of AR.

2. Methods

2.1. Study Population. In this present case-control study, 508
AR cases and 526 healthy controls were included. All the
subjects are of Chinese origin and recruited from Guang-
zhou Women and Children’s Medical Center (Guangzhou,
Guangdong province, China). The diagnostic criteria were
followed the Allergic Rhinitis and Impact on Asthma
(ARIA) guideline criteria [28].

In brief, AR cases were recruited and diagnosed by ENT
doctors according to classic nasal symptoms and positive
allergens test confirmed by skin prick test or specific IgE
measurement. Patients with other comorbid diseases (such
as asthma and allergic dermatitis) and other systematic dis-
eases were excluded. The severity of AR was classified
according to the degree of influence level of sleep, daily
activities, and work and/or school performance (mild, no
influence; moderate, impair above activities; severe, severely
impair above activities). The informed consent forms were

signed by the guardian of all participants before the research.
The study protocol was authorized by the hospital institu-
tional review board.

2.2. SNP Selection and Genotyping. Potential functional
SNPs among the NER core genes were selected via the
dbSNP database and SNP info as described by previous
research [29]. A total of 19 candidate functional SNPs in
six genes of the NER pathway were identified eventually
for analysis. For genotyping, the genomic DNA from the
peripheral blood of all subjects was extracted and purified
by applying the TIANamp Blood DNA Kit (TianGen Bio-
tech, Beijing, China). The TaqMan real-time PCR was per-
formed in the 384-well format for genotyping of 19
candidate SNPs among all DNA samples. The conditions
of reactions were set as follow: preread stage at 60°C for 30
seconds, holding stage at 95°C 10 minutes, repeated 45 cycles
each of denaturation at 95°C for 15 seconds, and annealing
and extension at 60°C for 1 minute. Then, we selected stan-
dard run mode and added the reaction volume (5μL for
each well in 384-well reaction plate) into the instrument.
Finally, we loaded the reaction plate, then start the run. To
ensure the reliability and authenticity of the results, a
second-time genotyping was conducted in randomly
selected 10% DNA samples. Two sets of results were 100%
consistent.

2.3. Expression Quantitative Trait Loci (eQTL) Analysis. The
eQTL is a kind of specific genetic maker that spread over
genomes, which may affect gene expressions. The public
databases from GTEx (Genotype-Tissue Expression) plat-
form are usually used to analyze the correlation between
genetic variants and gene expressions. Here, we performed
the eQTL analysis to evaluate the bioeffect of associated
SNPs on gene expression by applying the released data from
GTEx Portal. The details of GTEx and analysis were
reported in the previous publications [30].

2.4. Statistical Analysis. The goodness-of-fit χ2 test was used
to evaluate whether the 19 candidate SNPs were in Hardy-
Weinberg equilibrium (HWE) among control subjects. Dif-
ferences in allele frequencies of selected SNPs between cases
and controls were assessed using Pearson’s chi-square test.
The odds ratios (ORs) and 95% confidence intervals (CIs)
were calculated to assess the association between 19 candi-
date SNPs and AR susceptibility. And the unconditional
multivariate logistic regression analysis that adjusted for
age and sex was conducted to calculate adjusted ORs and
corresponding 95% CIs. Additionally, stratification analysis
was performed in terms of age, gender, and clinical stage
of subjects. The statistical analyses were performed in the
SAS statistical software (version 9.4, SAS Institute, NC,
USA). The result would be regarded as statistically signifi-
cant when P value < 0.05.

3. Results

3.1. Correlations between SNPs of NER Pathway Genes and
AR Susceptibility. In this present case-control study, 508
AR cases and 526 healthy controls were included for
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analyzing the correlations between 19 candidate SNPs and
AR susceptibility. As displayed in Table 1, the observed
genotype frequencies of all selected SNPs are consistent with
Hardy-Weinberg equilibrium (HWE) among the controls
(P ≥ 0:05). We discovered that ERCC1 rs2298881 C > A
was associated with decreased AR susceptibility, and carriers
with rs2298881 AA genotype had significantly reduced AR
risk when compared to subjects with CC/CA genotype
(AOR = 0:30, 95%CI = 0:18 – 0:50, P < 0:0001, recessive
model). However, another SNP in ERCC1: rs11615 G >A
was found to be related to increased risk of AR, and subjects
with GA/AA genotype have higher AR risk compared to
those with GG genotype (AOR = 1:44, 95%CI = 1:04 – 2:01,
P = 0:030, dominant model). In addition, we also identified
XPC rs2228001 A > C was correlated with reduced AR sus-
ceptibility, and individuals with AC/CC genotype have a
lower risk of AR compared to those with AA genotype
(AOR = 0:68, 95%CI = 0:49 – 0:95, P = 0:024, dominant
model). For the rest of the SNPs, no significant effect was
found in AR risk (P ≥ 0:05).

3.2. Stratified Analysis. To eliminate potential effect of age,
gender, and clinical stages on AR risk, we further performed
the stratified analysis through adjusting these confounding
factors. As displayed in Table 2, the protective effect of
rs2298881 AA genotype in reducing AR risk was observed
among all subgroup: age ≤ 60 months (AOR = 0:40, 95%CI
= 0:20 – 0:77, P = 0:007), age > 60 (AOR = 0:46, 95%CI =
0:26 – 0:80, P = 0:007), females (AOR = 0:25, 95%CI = 0:12
– 0:55, P = 0:0004), males (AOR = 0:35, 95%CI = 0:18 –
0:68, P = 0:002), clinical I (AOR = 0:44, 95%CI = 0:23 –
0:85, P = 0:015), clinical II (AOR = 0:24, 95%CI = 0:12 –
0:46, P < 0:0001), and clinical III (AOR = 0:39, 95%CI =
0:20 – 0:79, P = 0:009). However, the significant risk effect
of rs11615 G > A in AR was not found among all subgroups
(all P > 0:05). And XPC rs2228001 AC/CC genotype
decreased the AR risk among following subgroups: age > 60
(AOR = 0:58, 95%CI = 0:37 – 0:93, P = 0:022), clinical I
(AOR = 0:44, 95%CI = 0:28 – 0:69, P = 0:0004), and clinical
III (AOR = 0:51, 95%CI = 0:31 – 0:82, P = 0:006).

3.3. eQTL Analysis. To further explore the potential biologic
effects of the significant SNPs on the adjacent gene expres-
sions and the possible mechanism by which these significant
SNPs modify AR susceptibility, we performed the eQTL
analysis from the GTEx platform. We discovered that the
rs2298881 A allele was significantly related to decreased
mRNA expression of ERCC1 in the cell-cultured fibroblasts
and whole blood (Figure 1(a)). However, another significant
SNP in ERCC1: rs11615 G >A was not associated with the
mRNA level of ERCC1 but affected the gene expression of
CD3EAP. The CD3EAPmRNA with ERCC1 rs11615 G allele
was significantly lower than those with ERCC1 rs11615 A
allele in the cell-cultured fibroblasts (Figure 1(b)). For the
SNP rs2228001, the T allele was found to be significantly
associated with lower mRNA levels of CHCHD4 and XPC
compared to those with the G allele in the cell-cultured
fibroblasts (Figure 1(c)).

4. Discussion

To explore the effects of SNP in NER pathway genes on AR
susceptibility, we performed this current case-control
research in the Chinese population which comprehensively
assessed the association between 19 functional SNPs in 6
NER core genes and AR risk. Our results showed that two
SNPs (rs2298881 C > A and rs11615 G > A) in the ERCC1
gene and one SNP (rs2228001 A > C) in the XPC gene were
significantly associated with AR risk. To the best of our
knowledge, this research is the first study that systematically
evaluated the relationship between multiple functional SNPs
in NER pathway genes and AR susceptibility. Our findings
may help screen the high-risk groups and make early inter-
ventions of AR, which will greatly reduce its morbidity.

Although being subject of extensive study, the pathogen-
esis of AR is still poorly understood, which might attribute
to its intricate etiology that involves the complex interac-
tions of genetic and environmental factors [31, 32]. How-
ever, mounting studies have shown that genetic factors
exert significant effects on the genesis, severity, and response
to treatment of AR [33]. Numerous studies revealed that
SNP in certain pivotal genes involved in the pathology of
AR, such as interleukin, chemokine, and their receptor cod-
ing genes, will modify the susceptibility of AR. For example,
IL4 and IL13 are known for their key role in the pathogene-
sis of AR. One SNP rs2243250 C > T located in the promoter
region of IL4 was shown associated with an increased risk of
AR. The further study uncovered that this SNP can upregu-
late the expression of IL4 and increase the plasma IgE subse-
quently, which will exacerbate the symptoms of AR
eventually [33]. Furthermore, another SNP rs20541 A > C
located in exon 4 of IL13 was demonstrated increasing the
risk of AR in Asian populations significantly [19]. Func-
tional studies discovered that SNP rs20541 A > C results in
an amino acid change from glutamine to arginine, which is
involved in the transcriptional activity and increases the
activity or signaling of IL13. It was reported that rs20541 A
allele was related to higher serum IL13 and IgE levels, which
contributed to an increase of eosinophil counts and
increased risk of AR [34, 35]

Despite it being widely believed that DNA damage was
one of the most common events in cancer, however, growing
studies showed that genomic instability also triggers inflam-
matory responses. Previous researches have shown that
some crucial transcription factors were activated during
inflammation, such as HMGB1 and NFκB, which caused
and aggravate inflammatory responses by augmenting the
expression of downstream proinflammatory cytokines [36,
37]. In addition, DNA damage-driven senescence or apopto-
sis also exacerbates the inflammatory response by releasing
various inflammatory factors or other ways [38, 39]. There-
fore, genetic instability may be an important source of pro-
inflammatory signals and promote the development of
inflammation.

The NER pathway is the primary repair mechanism for
DNA damage, which plays an important role in maintaining
genomic stability and preventing the occurrence of diseases,
such as various cancers and inflammations. The NER
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process is completed collaboratively by the NER machinery
that is composed of several crucial enzymes: ERCC-1 and
XPF encode 5′ endonucleases, XPA, and XPC function as
damage recognition, XPD gene encodes the helicase and
the XPG for 3′ endonuclease. The abnormity of these NER
core genes may affect the DNA repair efficiency and increase
the probability of genome instability, therefore, increasing
the risk of inflammation. One study conducted by Gungor
et al. suggested that the reduced NER activity contributed
to the LPS-induced acute pulmonary inflammation [40].
Horio et al. showed that XPA-deficient mice developed
stronger and longer-lasting acute inflammation than wild-
type mice after irradiation with UVB [41]. A more recent
study also found that PM2.5 promoted a stronger inflamma-
tory response in XPC knock-out mice compared with wild-
type mice [42]. However, polymorphisms in NER core genes
may result in the variation of expression and activity of these
genes and DNA repair efficiency, which may modify the sus-
ceptibility of various disorders. Numerous studies have
shown significant associations between SNP of NER core
genes and multiple cancers susceptibilities [25, 43, 44].
Whereas, scarcely any study reported this association in
inflammatory disease, including AR.

In this current study, we as a vanguard to first compre-
hensively assessed the association between 19 SNPs in 6
NER core genes and AR susceptibility. Here, we identified
three SNPs: ERCC1 rs2298881 C > A, ERCC1 rs11615 G >
A, and XPC rs2228001 A > C were significantly associated
with AR susceptibility. Detailed ERCC1 rs2298881 AA geno-

type decreased AR risk significantly when compared with
CC/CA genotype. However, ERCC1 rs11615 GA/AA geno-
type was found to increase AR risk compared with the GG
genotype. And XPC rs2228001 AC/CC genotype also
reduced the risk of AR compared with those with AA geno-
type. The stratification analysis further showed that the pro-
tective effect of ERCC1 rs2298881 AA genotype was
observed among all subgroups: age ≤ 60 months, age > 60,
females, males, clinical I, clinical II, and clinical III. But the
risk effect of ERCC1 rs11615 GA/AA genotype was disap-
peared among all subgroups. Maybe these confounding fac-
tors (age, gender, and clinical stages) have certain potential
effects on AR risk, or it is just a chance finding attributed
to the relatively small sample size in the stratified analysis.
And carriers with XPC rs2228001 AC/CC genotype had a
lower risk of AR compared with those with AA genotype
in the following subgroups: age > 60, clinical I, and clinical
III. The proteins of ERCC1 and XPC play an essential role
during the NER process because of their excision and dam-
age recognition ability. The ERCC1 protein can form a het-
erodimer with the XPF, and the complex that catalyzes the
incision of 5′ phosphodiester backbone around the DNA
damage sites was an indispensable component in the NER.
And the protein of XPC can also form the XPC–HR23B
complex by binding to the HR23B tightly, which plays a
key role in the early DNA damage recognition and the
recruitment of the transcription factor IIH to the sites of
DNA lesions during the NER. Polymorphisms in the ERCC1
and XPC genes may influence the genomic stability then

Table 1: Association between polymorphisms in nucleotide excision repair pathway genes and allergic rhinitis susceptibility.

Gene SNP Allele Case (N = 508) Control
(N = 526) Adjusted OR a Pa Adjusted ORb Pb HWE

A B AA AB BB AA AB BB (95% CI) (95% CI)

ERCC1 rs2298881 C A 225 231 52 205 231 90 0.89 (0.64-1.24) 0.493 0.30 (0.18-0.50) <0.0001 0.075

ERCC1 rs3212986 C A 199 242 67 243 222 61 1.38 (0.99-1.92) 0.060 1.14 (0.69-1.87) 0.617 0.346

ERCC1 rs11615 G A 261 204 43 297 185 44 1.44 (1.04-2.01) 0.030 0.99 (0.54-1.81) 0.975 0.052

XPA rs1800975 T C 142 277 89 126 276 124 0.74 (0.51-1.07) 0.106 0.78 (0.52-1.17) 0.277 0.257

XPA rs3176752 G T 357 138 13 395 123 8 1.01 (0.70-1.46) 0.942 1.48 (0.49-4.53) 0.489 0.653

XPC rs2228001 A C 227 220 61 208 251 67 0.68 (0.49-0.95) 0.024 0.88 (0.53-1.47) 0.632 0.517

XPC rs2228000 C T 184 247 77 206 249 71 1.12 (0.80-1.56) 0.527 1.44 (0.90-2.31) 0.131 0.756

XPC rs2607775 C G 463 45 0 473 53 0 0.90 (0.50-1.60) 0.718 / / 0.224

XPC rs1870134 G C 317 161 30 335 165 26 1.18 (0.84-1.65) 0.338 1.27 (0.62-2.59) 0.514 0.335

XPC rs2229090 G C 168 249 91 196 252 78 1.21 (0.86-1.70) 0.276 1.28 (0.82-1.98) 0.274 0.837

XPD rs3810366 G C 148 265 95 146 251 129 1.05 (0.73-1.51) 0.782 0.87 (0.58-1.30) 0.494 0.306

XPD rs238406 G T 114 266 128 152 248 126 1.22 (0.84-1.79) 0.294 0.94 (0.64-1.38) 0.753 0.209

XPD rs13181 T G 436 69 3 456 66 4 1.21 (0.75-1.95) 0.447 2.90 (0.51-16.32) 0.228 0.351

XPF rs2276466 C G 289 195 24 299 195 32 0.94 (0.67-1.31) 0.709 0.74 (0.35-1.58) 0.441 0.978

XPG rs2094258 C T 214 231 63 201 249 76 0.78 (0.56-1.08) 0.132 0.89 (0.55-1.44) 0.640 0.937

XPG rs751402 C T 205 235 68 209 235 82 0.85 (0.61-1.19) 0.347 1.04 (0.66-1.64) 0.851 0.241

XPG rs2296147 T C 321 165 22 341 166 19 1.27 (0.90-1.79) 0.172 0.79 (0.34-1.86) 0.589 0.828

XPG rs1047768 T C 270 200 38 309 189 28 1.33 (0.96-1.85) 0.092 1.29 (0.68-2.48) 0.438 0.897

XPG rs873601 G A 124 244 140 132 269 125 0.97 (0.66-1.42) 0.865 1.45 (1.00-2.12) 0.053 0.598

OR: odds ratio; CI: confidence interval; HWE: Hardy–Weinberg equilibrium. The results were in bold if the 95% CI excluded 1 or P < 0:05. aAdjusted for age
and sex for dominant model. bAdjusted for age and sex for recessive model.
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modify the disease risk, especially cancers. For example, He
et al. showed that the rs2298881 C allele and rs11615 A allele
increased the susceptibility of gastric cancer [45]. And Malik
et al. suggested that rs2228001 A > C may change the C-
terminus functional preferences and structure of XPC, then
contribute to the breast cancer risk [46]. However, no study
reports the association between the SNP in NER pathway
genes and AR susceptibility. Here, we first reported that
SNP in ERCC1 (rs2298881 C > A and rs11615 G >A) and
XPC (rs2228001 A > C) genes modify the risk of AR.

How these associated SNP modify the AR susceptibility?
Interestingly, a recent study has introduced compelling evi-
dence about shorter telomere lengths (TLs) among patients
with AR. TLs as biomarkers of aging are prompted shorten-

ing by raised inflammation [47]. As a DNA repair protein,
the ERCC1 may have influenced TLs wane procedure, such
as sheltering them from homologous recombination [48],
mediating a suppressive role in TLs maintenance by control-
ling the critical factor, TRF2 [49]. Because of the significant
difference of ERCC1 genetic variation between AR and con-
trols in our finding, which, therefore denotes the difference
in TLs between them.

To further explore the functional effects of these signifi-
cant SNPs on the expression of adjacent genes, then dope
out the possible mechanisms by which the associated SNPs
affect the AR risk, the eQTL analysis was carried out. Our
results showed that rs2298881 A allele was significantly asso-
ciated with lower mRNA expression of ERCC1 in the cell-
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Figure 1: Expression quantitative trait loci (eQTL) analysis of the allergic rhinitis risk factors ERCC1 rs2298881 C > A, ERCC1 rs11615
G >A, and XPC rs2228001 A > C. (A) ERCC1 rs2298881 C > A genotype-based mRNA expression alteration of ERCC1 gene in the cells-
cultured fibroblasts (a) and whole blood (b); (B) ERCC1 rs11615 G >A genotype-based mRNA expression change of CD3EAP gene in
the cell-cultured fibroblasts; (C) XPC rs2228001 A > C genotype-based mRNA expression change of CHCHD4 (a) and XPC (b) genes in
the cells-cultured fibroblasts.
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cultured fibroblasts and whole blood, and rs11615 G allele
was found to reduce the mRNA level of CD3EAP. Regarding
rs2228001, the T allele was related to decreased expression of
CHCHD4 and XPC. Maybe these SNP-base expression
changes of neighboring genes contribute to the modification
of genotype-base AR risk. However, further study is still
needed to illuminate the exact underlining mechanisms.
Although in the initial stage, our study provides new insights
into the modification of AR risk by the NER pathway gene
variants.

There are several concomitant limitations in this study.
First, the present case-control study is hospital-based, so
the selection bias is ineluctable. Second, the sample size
enrolled in this study remained moderate, however, it was
relatively small for stratified analysis, which may whittle
the statistical power and reduce the reliability of the conclu-
sions. Third, although we have made a comprehensive
assessment on 19 SNP of NER pathway genes, other poten-
tially functional SNP should be assessed. Fourth, environ-
mental factors should be considered, as the etiology of AR
involves complex interactions between multiple genetic and
environmental factors. Fifth, the conclusions from this
research may not apply to any ethnic group other than the
Chinese, because of the Chinese origin of all participants.
Sixth, mechanism studies should be included, which will fur-
ther elucidate the underlying mechanism by which genetic
variations in NER pathway genes modify the AR risk. Sev-
enth, most of AR cases in this study were perennial and
caused by indoor allergen, especially house dust mite
(>90%). Therefore, despite that there may be significant dif-
ferences in pathogenesis between perennial and seasonal rhi-
nitis, we believe that there may be less effect on our study.
However, further study on seasonal rhinitis was also needed.

5. Conclusions

In summary, this current research was the first case-
control study to systematically evaluate the effects of SNPs
in NER-associated genes on AR risk. Our findings showed
that in Chinese children, genetic variations in ERCC1 and
XPC genes influence AR susceptibility significantly. Well-
designed studies with a large sample size involving different
ethnicities should be performed to verify our conclusions in
the future. Further, the potentially exact mechanisms that
ERCC1 and XPC genetic variants modify AR susceptibility
should be revealed by further functional studies.
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