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ABSTRACT

Base excision repair (BER) is the main mechanism to repair endogenous DNA lesions caused by reactive oxygen
species. BER deficiency is linked with cancer susceptibility and premature aging. Single nucleotide polymor-
phisms (SNPs) within BER genes have been implicated in various human malignancies. Nevertheless, a compre-
hensive investigation of their association with Wilms tumor susceptibility is lacking. In this study, 145 cases and
531 sex and age-matched healthy controls were recruited. We systematically genotyped 18 potentially func-
tional SNPs in six core BER pathway genes, using a candidate SNP approach. Logistic regression was employed
to evaluate odds ratio (OR) and 95% confidence interval (CI) adjusted for age and gender. Several SNPs showed
protective effects against Wilms tumor. Significant associations with Wilms tumor susceptibility were shown
for hOGG1 rs1052133 (dominant: adjusted OR = 0.66, 95% Cl = 0.45-0.96, P = .030), FEN1 rs174538 (dominant:
adjusted OR = 0.66, 95% CI = 0.45-0.95, P = .027; recessive: adjusted OR = 0.54, 95% CI = 0.32-0.93 P = .027),
and FENT rs4246215 (dominant: adjusted OR = 0.55, 95% CI = 0.38-0.80, P = .002) polymorphisms. Stratified
analysis was performed by age, gender, and clinical stage. Moreover, there was evidence of functional implication
of these significant SNPs suggested by online expression quantitative trait locus (eQTL) analysis. Our findings in-
dicate that common SNPs in BER genes modify susceptibility to Wilms tumor.

© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Wilms tumor is one of most common pediatric cancers, approxi-
mately affecting 7-10 children per million under the age of 15 years in
Western countries [5]. Its incidence rate (3.3 per million) is only half
as great in China [2]. Wilms tumor, featured by developing nephrogenic
mesenchyme, arises from pluripotent embryonic kidney precursor cells
[4, 38]. Although the disease was considered lethal decades ago, over
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85% cases can be cured with multi-modality therapy nowadays [10,
24]. However, it is noteworthy that high risk patients (nearly 25%) still
have relatively poor outcomes, including those with adverse histology
and molecular signatures, bilateral disease, and relapse. Moreover,
around 25% survivors encounter serious chronic health conditions
[10]. One of critical factors in improving patient prognosis is to better
understand genetic basis of this disease. Most Wilms tumors are spo-
radic. Until recently, comprehension of Wilms tumor genetics were re-
stricted mainly to aberrant alterations in a number of genes including
Wilms' tumor protein 1 (WTT1), B-catenin, tumor protein 53 (TP53), and
the AMER1, as well as abnormality of 11p15 methylation [15, 28, 38]. Al-
though recent genomic analyses of Wilms tumor revealed many previ-
ously unknown mutations in a variety of genes [16, 34, 42, 45], there
remain numerous essential knowledge gaps to fill regarding Wilms
tumor susceptibility.

Cellular genome continuously undergoes both exogenous and en-
dogenous DNA damage. The former DNA lesions result from the envi-
ronmental agents such as chemicals, ionizing radiation, and ultraviolet
light. Alternatively, genome integrity can be also threatened endoge-
nously by hydrolytic reactions and metabolic by-products. Reactive ox-
ygen species is the primary metabolites that lead to most oxidant- or
alkylation-induced base lesions [46]. If not repaired properly, these
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lesions can cause defects in transcription or replication, mutations, and
genomic instability. The base excision repair (BER) system is designated
to eradicate most of endogenous DNA damage so as to maintain DNA
stability. Impaired base repair ability has been linked to cancer and
aging [29]. Numerous studies have demonstrated that single nucleotide
polymorphisms (SNPs) in some key BER genes are associated with the
risk of a wide spectrum of human malignancies [22]. Functional analysis
indicated that BER activities were reduced in blood leukocytes of cancer
patients [31, 43]. Polymorphisms in key BER genes may modify BER ki-
netics and capacity, which further alter cellular DNA repair ability and
cause cell dysfunction, mutagenesis, and ultimately carcinogenesis [40,
43]. Thus far, no evidence of linkage between BER SNPs and Wilms
tumor has been reported; however, a few studies suggest the implica-
tion of DNA repair genes in Wilms tumor [28, 30]. Due to their universal
implications in carcinogenesis, we systematically investigated the asso-
ciation between SNPs within the BER pathway and Wilms tumor risk.
We analyzed 18 potentially functional SNPs in 145 cases and 531 con-
trols from the following core BER genes: poly ADP-ribose polymerase 1
(PARP1), human 8-oxoguanine DNA glycosylase (hOGG1), Flap endonucle-
ase 1 (FEN1), apyrimidinic endonuclease 1 (APEX1), ligase Ill (LIG3), and
x-ray repair cross-complementing group 1 (XRCC1). Expression quantita-
tive trait locus (eQTL) analysis was performed for significant SNPs.

2. Materials and Methods
2.1. Study Population

This study comprised 145 Wilms tumor cases and 531 cancer-free
controls, who were frequency-matched to case subjects on age and gen-
der (Supplemental Table 1). All patients were diagnosed with Wilms
tumor in the Guangzhou Women and Children's Medical Center. All par-
ticipants recruited were Chinese Han children. Each participant or his/
her guardian signed written informed consent in agreement with the
Declaration of Helsinki. Details were elaborated in the previous publica-
tions [12-14, 21, 26]. An official approval of this study was endowed by
the Institutional Review Board of Guangzhou Women and Children's
Medical Center.

2.2. SNP Selection and Genotyping

SNPs were picked from dbSNP database (http://www.ncbi.nlm.nih.
gov/projects/SNP), based on a number of criteria, involving SNP location
in gene region, minor allele frequency, and linkage disequilibrium (LD)
[52, 53]. LD is defined as associations among adjacent alleles, indicating
“haplotypes' inherited from single, familial chromosomes. LD between
two SNPs are determined using the classical statistic D', with |D'| of 1
and 0 representing complete LD and no LD, respectively [35]. Human
Haplotype Map project was launched to measure LD and common hap-
lotype patterns because of their association with diseases. Haploview is
able to produce several pairwise measures of LD [3]. Given the inheri-
tance pattern of SNPs in LD, only SNPs not in significant LD (R? < 0.8)
with each were chosen in the present study.

Selected SNPs were uploaded to SNPinfo (http://snpinfo.niehs.nih.
gov/snpfunc.htm) website to further screen for potential functional can-
didates; SNPs were chosen only if they could influence the binding ac-
tivities of transcription factor binding sites or microRNA binding sites
as well as splicing. We ultimately included 18 potentially functional
SNPs (Supplemental Table 2) within BER pathway: PARP1 (rs1136410,
1$2666428, 1s8679), hOGG1 (rs1052133, rs159153, rs293795), FEN1
(rs174538, 1rs4246215), APEX1 (rs1130409, rs1760944, rs3136817),
LIG3 (rs1052536, rs3744356, rs4796030), and XRCC1 (rs1799782,
1525487, 1525489, 1s915927).

Participants' peripheral blood samples were lysed to isolate genomic
DNA, utilizing QIAamp DNA Blood mini kit (QIAGEN Inc., Valencia, CA).
Genotyping assays were run on 7900 Sequence Detection System (Ap-
plied Biosystems, Foster City, CA). Tagman real-time PCR was

performed and allele-specific probes labeled with fluorochrome VIC or
FAM were used to differentiate wild-type and variant alleles [17, 27,
55]. An exhaustive description of methods could be found in previous
publications [52, 53]. To ensure the quality of genotyping, duplicate pos-
itive and four negative controls was used in company with samples in
each of 384-well plates. Additionally, 10% of the DNA specimens were
randomly chosen and genotyped again. A genotype concordance rate
of 100% was seen across the assays.

2.3. Expression Quantitative Trait Loci Analysis

eQTLs are referred to as genomic sites harboring DNA sequence var-
iants that affect gene transcript levels. Genotype-Tissue Expression
(GTEx) portal (https://www.gtexportal.org/) is an online tool analyzing
the influence of SNPs on the expression levels of local or distant genes
across normal tissues and transformed fibroblasts [54]. We utilized
this tool to explore the impacts of significant SNPs on gene expression
in the transformed fibroblasts. The GTEX project aimed to develop a
public database that can facilitate the scientific community to study
the association between genetic variation and gene expression in
human tissues. Details on aim, design, workflow, and statistical
methods development and data analysis of this project can be found
in a previous publication [8].

24. Statistics

Departure from Hardy-Weinberg equilibrium (HWE) for all SNPs
was tested in this genetic association study, with the utilization of the
goodness-of-fit chi-square test. Unconditional logistic regression analy-
sis was applied to determined odds ratios (ORs) and 95% confidence in-
tervals (CIs) associating the polymorphisms with the risk of Wilms
tumor; the associations were further adjusted for age and gender
using multivariate logistic regression analysis. The distributions of allele
frequencies of SNPs and gender were compared between all patients
and controls using two-sided chi-square test. The Student t-test was
used for continuous variables. The website tool SNAP v2.2 (http://
www.broadinstitute.org/mpg/snap/index.php) was employed to exam-
ine LD between each pair of SNPs. A version 9.1 SAS software (SAS Insti-
tute, Cary, NC) was used to complete all statistical analyses [18, 19]. A
two-sided P value < .05 was regarded as a criterion of significance.

3. Result
3.1. Study Population

The characteristics of the study population were listed in the Supple-
mental Table 1, which have been exhaustively presented in previously
publications [12-14, 21, 26]. Briefly, this study population consisted of
145 cases and 531 sex and age-matched healthy controls. Cases and
controls aged under 15 years old, ranging from 1 to 132 and 0.07-
156 months, respectively. There was no significant difference in the av-
erage age between cases and control. Gender distributed equivalently
between two groups. Tumor staging was performed in conformity
with the NWTS-5 criteria.

3.2. Association Study between the NER SNPs and Wilms Tumor Risk

The observed genotype distributions for all SNPs were consistent
with HWE in controls, with an exception of APEX1 rs1130409 (P =
.019). In the single locus analysis, three BER gene SNPs have been
shown to modestly modify Wilms tumor susceptibility, while no effect
was observed for the rest of SNPs under dominant and recessive models
(Table 1). First of all, we found that carriers of hOGG1 rs1052133 variant
alleles showed decreased susceptibility to Wilms tumor at an adjusted
OR of 0.66 (dominant: 95% CI = 0.45-0.96, P = .030). Second, FEN1
rs174538 variant alleles was shown to negatively associate with
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Table 1
Association of polymorphisms in base excision repair pathway genes with Wilms tumor susceptibility.
Gene SNP Allele Case (N = 145) Control (N = 531) Adjusted OR * P Adjusted OR ® pP HWE
A B AA AB BB AA AB BB (95% CI) (95% CI)
PARP1 rs1136410 A G 39 72 32 171 260 100 1.26 (0.84-1.90) 0.268 1.22 (0.78-1.91) 0.394 0.947
PARP1 1s2666428 T C 89 50 4 347 168 16 1.15 (0.78-1.68) 0.489 0.92 (0.30-2.81) 0.885 0.421
PARP1 18679 A G 121 21 1 465 66 0 1.31(0.78-2.22) 0.310 / / 0.127
hOGG1 rs1052133 G C 57 66 21 159 281 91 0.66 (0.45-0.96) 0.030 0.82 (0.49-1.37) 0.451 0.080
hOGG1 rs159153 T C 120 23 1 423 105 3 0.77 (0.47-1.25) 0.288 1.25 (0.13-12.21) 0.848 0.194
hOGG1 1s293795 A G 131 13 0 465 65 1 0.69 (0.37-1.28) 0.238 / / 0.414
FEN1 rs174538 A G 64 63 18 181 239 111 0.66 (0.45-0.95) 0.027 0.54 (0.32-0.93) 0.026 0.053
FEN1 1s4246215 T G 71 51 23 182 239 110 0.55 (0.38-0.80) 0.002 0.73 (0.45-1.20) 0.212 0.056
APEX1 rs1130409 T G 68 62 15 210 227 94 0.75 (0.52-1.08) 0.124 0.55 (0.31-0.97) 0.040 0.019
APEX1 151760944 T G 57 69 19 186 245 100 0.84 (0.58-1.23) 0.366 0.65 (0.38-1.10) 0.108 0.228
APEX1 rs3136817 T C 125 19 1 443 85 3 0.81(0.48-1.37) 0.435 1.23 (0.13-11.95) 0.857 0.619
LIG3 rs1052536 C T 65 63 17 247 237 47 1.06 (0.73-1.53) 0.774 1.34 (0.74-2.41) 0.336 0.354
LIG3 1s3744356 C T 140 5 0 519 12 0 1.61 (0.55-4.66) 0.383 / / 0.792
LIG3 1rs4796030 A C 35 76 34 159 267 105 1.30 (0.85-2.00) 0.221 1.23 (0.79-1.91) 0.363 0.710
XRCC1 rs1799782 G A 72 57 16 271 216 44 1.05 (0.73-1.52) 0.784 1.34 (0.73-2.45) 0.347 0.917
XRCC1 1s25487 C T 82 53 10 309 181 41 1.08 (0.74-1.56) 0.699 0.85 (0.41-1.75) 0.657 0.049
XRCC1 1525489 C T 112 31 2 411 115 5 1.00 (0.65-1.56) 0.985 1.42 (0.27-7.44) 0.676 0.325
XRCC1 1s915927 T C 107 38 0 397 121 13 1.06 (0.70-1.61) 0.788 / / 0.304

OR, odds ratio; CI, confidence interval. HWE, Hardy-Weinberg equilibrium.
The results were in bold, if the 95% CI excluded 1 or P values <.05.

2 Adjusted for age and gender for dominant model.

b Adjusted for age and gender for recessive model.

Wilms tumor susceptibility (dominant: adjusted OR = 0.66, 95% Cl =
0.45-0.95, P = .027; recessive: adjusted OR = 0.54, 95% CI = 0.32-
0.93, P = .026). Moreover, an additional SNP rs4246215 in the FEN1
gene also had potential protective effect on Wilms tumor (dominant:
adjusted OR = 0.55, 95% CI = 0.38-0.80, P = .002). It should be noted
that the significant finding for the APEX1 rs1130409 polymorphism
might be due to chance (Table 1), because of the lack of HWE in the con-
trol subjects.

3.3. Stratified Analysis

We next performed stratified analysis for significant SNPs by age,
gender, and clinical stages (Table 2). The protective effect of the FEN1
rs4246215 remains prominent in both groups defined by age (<18 and
> 18 months). Regarding gender, the protective association between
the FEN1 rs4246215 and Wilms tumor susceptibility was detected in

Table 2

both females and males. The protective effect of hOGG1 rs1052133 poly-
morphism was pronounced in the subgroups with stage I/II disease,
while the FENT rs4246215 showed potential protective effect on both
early- and late-stage Wilms tumor.

3.4. Genotype-Phenotype Correlation

We further exploited effects of allele-specific expression for the
three significant SNPs by digging GTEx portal databases. None of geno-
types of these SNPs was significantly associated with the expression
levels of their host genes in the transformed fibroblasts. Intriguingly,
these SNPs appear to influence expression of distant genes. The hOGG1
rs1052133 was associated with TTLL3 gene transcript levels. Both of
two FENT SNPs (rs174538 and rs4246215) were correlated with the ex-
pression levels of FADA2 and TMEM258 genes.

Stratification analysis of base excision repair pathway gene variant genotypes with Wilms tumor risk.

Variables hOGG1 AOR (95% CI) P? FEN1 AOR (95% CI) P* FEN1 AOR (95% CI) P? APEX1 AOR (95% CI) P?
rs1052133 rs174538 154246215 rs1130409
(cases/controls) (cases/controls) (cases/controls) (cases/controls)
GG GC/CC AA AG/GG T TG/GG TI/TG GG
Age, month
<18 27/74  39/159 0.67 0.156 29/81 37/152 0.67 0.157 35/83 31/150 047 0.009 62/193 4/40 031 0.033
(0.38-1.17) (0.38-1.17) (0.27-0.83) (0.11-0.91)
>18 30/85 48/213 0.63 0.085 35/100 44/198 0.64 0.079 36/99 43/199 0.59 0.043 68/244 11/54 0.74 0.405
(0.38-1.07) (0.38-1.05) (0.36-0.98) (0.37-1.50)
Gender
Females 25/70 39/163 0.68 0.185 30/83 34/150 0.63 0.104 34/85 30/148 0.51 0.019 57/195 7/38 0.63 0.286
(0.38-1.21) (0.36-1.10) (0.29-0.90) (0.27-1.48)
Males 32/89  48/209 0.63 0.076 34/98 47/200 0.68 0.131 37/97 44/201 0.57 0.030 73/242 8/56  0.50 0.083
(0.38-1.05) (041-1.12) (0.35-0.95) (0.23-1.09)
Clinical stages
1/11 24/159 29/372 0.53 0.030 25/181 28/350 0.60 0.084 27/182 26/349 0.53 0.032 48/437 5/94  0.50 0.156
(0.30-0.94) (0.34-1.07) (0.30-0.95) (0.19-1.30)
/v 27/159 55/372 0.87 0.585 35/181 48/350 0.71 0.147 38/182 45/349 0.61 0.040 73/437 10/94 0.63 0.199
(0.53-1.43) (0.44-1.13) (0.38-0.98) (0.32-1.27)

(I, confidence interval; AOR, adjusted odds ratio.
The results were in bold, if the 95% CI excluded 1 or P values <.05.

2 Obtained in logistic regression models with adjustment for age and gender omitting the corresponding stratification factor.
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4. Discussion

Genetic aberrations play an important role in Wilms tumor. For de-
cades, only a few of genetic and epigenetic abnormalities were
established in Wilms tumor as mentioned earlier. With the dramatic
progresses in omics technologies, numerous causal genetic alterations
in Wilms tumor have been discovered. For instance, several comprehen-
sive genomic studies discovered mutations in miRNA processing genes
(DROSHA, DGCRS, and DICERT) and genes related to kidney develop-
ment (SIX1 and SIX2, and MYCN) [34, 42, 45]. Lately, a study of Wilms
tumor genetic panorama determined recurrent mutations in a number
of genes (BCOR, BCORL1, NONO, MAX, COL6A3, ASXL1, MAP3K4, and
ARID1A) [16]. Moreover, a genome-wide association study also
indentified a number of Wilms tumor susceptibility loci, including
1s3755132 and rs807624 at 2p24, as well as rs790356 at 11q14. [44].

Some evidence suggests the roles of DNA repair genes in Wilms
tumor. Folate pathway participates in DNA synthesis, methylation, and
repair. Prenatal intake of folic acid is associated with a decrease in the
risk of childhood malignancies including neuroblastoma and
nephroblastoma [30]. A G80A (rs1051266) polymorphism in the RFC1
gene, encoding a folate transporter in the cell membrane, was found
to associate with increased susceptibility to nephroblastoma and neuro-
blastoma in Brazilian children [30]. Maschietto et al., demonstrated that
Wilms tumor with diffuse anaplasia harboring TP53 mutations were at
significantly increased risk of recurrence in comparison of tumor with-
out TP53 mutation [28]. This subgroup of tumors had increased genome
instability and showed aberrant activity of genes related cell cycle and
DNA repair [28].

A number of cancer susceptibility loci in the BER genes have been
well documented [22]. However, no study concerning BER SNPs and
Wilms tumor has been reported. In the current study, 18 potential func-
tional SNPs in six BER genes were analyzed. Location-related potential
functions of the studied SNPs were listed in the Supplemental Table 2.
The function of a SNP is closely related to its specific position in gene re-
gion, including the untranslated region (UTR), coding sequence (CDS)
or regulatory regions (i.e., promoter and enhancer). For instance, a
nonsynonymous SNP in CDS may alter the amino acid sequence of a
protein, whereas SNPs in microRNA response elements of 3/ UTR may
disrupt or enhance the binding affinity of corresponding microRNAs,
thereby causing aberrant expression of affected genes [41]. Overall, we
observed that hOGG1 rs1052133, FENT rs174538, and rs4246215 poly-
morphisms were significantly associated with decreased susceptibility
to Wilms tumor. Stratified analysis indicated that the associations
were modified by age, gender, and clinical stages, to some extent.
Some SNPs lost statistical significance in the stratified analysis, which
could be a result of further reduced sample size in each analysis.

BER is the main mechanism to restore DNA lesions caused by oxida-
tion, alkylation, and spontaneous decay [43]. BER deficiency contributes
to cancer susceptibility and premature aging [29]. Based on functions,
BER systems were categorized into a ‘short-patch’ BER pathway and a
‘long-patch’ pathway, which repairs one nucleotide and fills gaps of
several nucleotides, respectively. Several key enzymes are required for
base excision repair: 1) glycosylases recognizing and eliminating the
damaged base, consequently generating an intact apurinic and
apyrimidinic sites, 2) AP-endonuclease 1 producing 3’-hydroxyl and
5’-deoxyribosephosphate ends, 3) polymerase beta's removing the 5’-
deoxyribosephosphate and introducing a new nucleotide to the notch,
and 4) the scaffolding protein XRCC1 facilitating LIG3 to fill the gap
[46, 48]. More enzymes are in engaged, while long-patch BER is initiated
to repair bunched oxidative lesions, involving DNA pols & and/or &,
FEN1, PCNA and DNA ligase I [23]. Oxidative damages often change
the nucleobase structure and its base-pairing attributes, thereby
resulting in transition or transversion mutations [46]. A majority of
human disease causing mutations arise from oxidative DNA damages
[46]. Contributions of SNPs in the hOGG1 and FEN1 genes to cancer sus-
ceptibility have been intensively reviewed [20, 32, 50].

A recent meta-analysis investigated the influence of several BER
polymorphisms on breast cancer risk [33]. Authors found that
hOGG1 rs1052133 had potential protective effects on breast cancer
in both Mongoloid and Caucasoid populations [33]. A group carried
out a meta-analysis for 22 polymorphisms in 17 DNA repair genes
and colorectal cancer risk [1]. They observed no significant associa-
tion between the hOGG1 rs1052133 and colorectal cancer risk (13
studies, 9682 cases and 12,938 controls). Further stratified analysis
by tumor location indicated a significant association between the
hOGG1 rs1052133 and rectal cancer risk [1]. In term of prostate can-
cer, significant affects of the hOGG1 rs1052133 were observed in the
Asian and Caucasian populations [7]. In contrast, null association be-
tween the hOGG1 rs1052133 and gastric cancer risk was reported in
a meta-analysis of 15 studies with 4024 cases and 6022 controls
[51].

The rs174538 and rs4246215 polymorphisms are located in the
FEN1 promoter c¢._69G > A and rs4246215 3’-untranslational region
¢.4150GA4T, respectively. These two SNPs were shown to associate
with decreased FEN1 expression [49]. Comet assays in 303 coke-oven
works and 297 controls indicated that carriers of rs174538 variant ge-
notypes exhibited significantly higher DNA damage levels than non-car-
riers. Association study with 1840 lung cancer patients and 1958
controls further revealed that these two FEN1 SNPs conferred genetic
susceptibility to lung cancer [49]. Moreover, some evidence was further
observed to consolidate the contribution of the rs174538 and
154246215 to the risk of different types of cancer [25, 36, 37, 39]. Espe-
cially, these two SNPs were shown to decrease breast cancer risk in Chi-
nese [25]and Iran [37] populations. The prevalence of the studied SNPs
varies among different ethnic groups (data not shown). The differential
distribution of allele frequencies may affect the association results,
which mainly relays on genotype count of a SNP in cases and controls.
Therefore, before exptrapolating a finding derived from such association
study in a population to another, validation study should be performed.
Taken together, it is suggested that the association between SNPs and
cancer risk may be affected by cancer types, ethnicities, and study sam-
ple sizes.

In contrast to genetic abnormalities, epidemiology studies regarding
environmental risk factors for Wilms tumor are very few. Several epide-
miology studies have proposed paternal occupational or maternal hor-
monal exposures during pregnancy as risk factors for Wilms tumor [5,
6, 11, 47]. However, the findings are not firm due to small numbers of
participants and inconsistent exposures. A more recent study, aimed
to identify perinatal risks for Wilms tumor, demonstrated the associa-
tion between high fetal growth and Wilms tumor in Swedish girl
under 5 years old [9]. Importantly, it also should be noted that due to
short exposure time. Environmental factors probably play less impor-
tant role in this early childhood tumor (the median age of 3.5 years at
diagnosis) than in adult tumors.

This is a pioneer study concerning the association of BER polymor-
phism and Wilms tumor risk. We found three out of 18 SNPs were asso-
ciated with Wilms tumor susceptibility. Our finding should be
interpreted cautiously. The current study demonstrated the association
between the studied SNPs and Wilms tumor, but not necessarily real
causality; the latter needs to be verified by in vitro and in vivo functional
analysis that provide evidence of the biological significance of this dis-
covery in the future. Several other limitations should also be stated in
this study. First, given the relatively small sample size and established
association with the pediatric nephrogenic cancer, our findings called
for more validations by different research groups. Second, BER gene mu-
tation, copy number alteration, and amplification were not investigated
in patients. Failure to consider such genetic abnormalities was one of
limitations of this study Third, the effects of gene-environment interac-
tions were lacking.

In conclusion, we found that hOGG1 rs1052133, FEN1 rs174538, and
rs4246215 polymorphisms may have potential protective effects on
Wilms tumor. eQTL further provide biological supporting for potential
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function of the significant SNPs. However, our findings should be vali-
dated in large studies and different ethnicities.
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