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LETTER TO TH E EDITOR

Correlation between the genetic variants of base excision
repair (BER) pathway genes and neuroblastoma
susceptibility in eastern Chinese children

Dear Editor,
Neuroblastoma is the most common non-central nerve

system (CNS) solid tumor in pediatrics [1]. Neuroblastoma
accounts for approximately 8% of all pediatric cancers but
disproportionally causes a high cancer mortality (15%) in
children [2]. Pediatric patients with low-risk neuroblas-
toma witness a 5-year overall survival rate > 90%, whereas
the 5-year overall survival rate in high-risk neuroblastoma
pediatric patients is < 40% [3].
Genetic susceptibility to neuroblastoma is a promising

area of research and needs to be fully investigated. For
sporadic neuroblastoma, genome-wide association studies
(GWASs) have identified over a dozen causal genetic loci.
Studies of candidate genes also reported a decent number
of variants predisposing to neuroblastoma. However, the
known genetic alternations still could not unveil the full
genetic underpinnings of neuroblastoma.
The base excision repair (BER) pathway, one of the DNA

repair systems, is responsible for repairing numerous oxi-
dized and alkylated bases by recognizing and excising
damaged bases [4]. Many core proteins are involved in the
BER pathway, including poly(ADP)ribose polymerase 1
(PARP1), human 8-oxoguanine DNA glycosylase (OGG1),
flap endonuclease 1 (FEN1), apurinic/apyrimidinic
endonuclease 1 (APEX1), DNA ligase III (LIG3), and x-ray
repair cross-complementing group 1 (XRCC1). OGG1 is
a bifunctional enzyme (DNA glycosylase and AP lyase)
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that incises at abasic sites via an AP lyase activity, leaving
a single-strand DNA break intermediate. APEX1 initiates
the repair of abasic sites in DNA by cleaving the phos-
phodiester backbone 5′ to an AP site, creating a nick in
the DNA backbone. FEN1 participates in the penultimate
steps of Okazaki fragment maturation and 5′-flap removal
during long-patch BER. LIG3 catalyzes the last stage of
BER by sealing the gap. XRCC1 and PARP1 serve as the
scaffold protein. Intensive evidence suggests that aberrant
BER pathway proteins result in a variety of diseases,
especially cancers [4]. Single nucleotide polymorphisms
(SNPs) of the BER pathway genes are associated with the
risk of various cancer types. Functional analysis revealed
that SNPs in the BER pathway genes may modify the
kinetics of BER proteins and the DNA repair capacity of
the BER system, ultimately affecting carcinogenesis [4].
However, evidence regarding the role of BER pathway
gene SNPs in the risk of neuroblastoma waits to be added.
To identify more neuroblastoma susceptibility variations
in the BER pathway genes, we performed a case-control
study in children at three center hospitals in East China.
This studywas conducted in Children’s Hospital of Nan-

jing Medical University (Nanjing, Jiangsu), Anhui Provin-
cial Children’s Hospital (Hefei, Anhui), and Yuying Chil-
dren’sHospital ofWenzhouMedicalUniversity (Wenzhou,
Zhejiang) in East China. A total of 313 neuroblastoma pedi-
atric patients and 762 cancer-free children were recruited
in this study. The characteristics of the study subjects are
summarized in Supplementary Table S1. Age (P = 0.823)
and gender (P = 0.610) were distributed equivalently
between the two groups. The study design and participant
recruitment were described in our previous work [5].
We successfully genotyped 20 SNPs from 6 BER path-

way genes in 313 neuroblastoma pediatric patients and
762 control children (Table 1). Specifically, 3 PARP1, 3
OGG1, 2 FEN1, 3 APEX1, 3 LIG3, and 6 XRCC1 SNPs were
genotyped. The genotypic distributions of all candidate
SNPs were in Hardy-Weinberg equilibrium (P ≥ 0.05) in
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the controls. The rs174538 of the FEN1 gene was associated
with decreased neuroblastoma risk under the dominant
model (adjusted odd ratio [OR] = 0.71, 95% confidence
interval [CI] = 0.54-0.93, P = 0.012). However, no signifi-
cant associations with neuroblastoma risk were found for
the remaining SNPs in the single-locus analysis (all P ≥

0.05; Supplementary Figure S1).
We conducted the stratified analyses (Supplementary

Table S2) to eliminate potential influences of FEN1 geno-
types on neuroblastoma susceptibility by adjusting con-
founding factors (age, gender, and site of tumor ori-
gin). The protective role of rs174538 AG/GG in decreas-
ing neuroblastoma risk was found in subgroups of age
≤18 months (adjusted OR = 0.60, 95% CI = 0.40-0.89,
P = 0.011), females (adjusted OR = 0.59, 95% CI = 0.40-
0.87, P= 0.009), and tumors arising from themediastinum
(adjusted OR = 0.53, 95% CI = 0.35-0.81, P = 0.003).
Combined analysis stated that the 2 protective genotypes
(rs174538 AG/GG and rs4246215 TG/GG genotypes) also
decreased neuroblastoma risk in the following subgroups:
age ≤ 18 months (adjusted OR = 0.62, 95% CI = 0.42-0.93,
P= 0.019), females (adjustedOR= 0.61, 95%CI= 0.41-0.91,
P = 0.015), and tumors originated from the mediastinum
(adjusted OR = 0.54, 95% CI = 0.36-0.83, P = 0.005).
We carried out false-positive report probability (FPRP)

analysis to validate significant associations (Supplemen-
tary Table S3). The threshold for FPRP was preset as 0.2.
At the prior probability level of 0.1, significant associations
with FEN1 rs174538 A>G (GG/AG vs. AA) remained note-
worthy in all subjects (FPRP = 0.121) as well as in the sub-
groups of females (FPRP = 0.185) and tumors originating
from the mediastinum (FPRP = 0.160). In the combined
analysis, significant findings for 2 vs. 0-1 protective geno-
types (FPRP = 0.166) and its subgroup tumors originated
from themediastinum (FPRP= 0.183) could be called note-
worthy.
We further explored the biological effects of FEN1

rs174538 A > G on the neighboring gene expression
by using released data from Genotype-Tissue Expression
(GTEx) Portal (https://www.gtexportal.org/). We observed
that rs174538 A allele was significantly associated with
increased mRNA expression levels of fatty acid desaturase
2 (FADS2) and transmembrane protein 258 (TMEM258)
in the whole blood, nerve-tibial, and cell-cultured fibrob-
lasts (Figure 1A). The rs174538 A allele was also associ-
ated with increased expression of fatty acid desaturase 1
(FADS1) mRNA in the whole blood, but with decreased
expression of FADS1mRNA in the nerve-tibial (Figure 1B).
The implication of the BER pathway gene SNPs in can-

cer susceptibility has been highly documented. Plenty of
SNPs within the BER pathway genes were found to pre-
dispose to various types of cancer. Our group previously
carried out a study on BER gene polymorphisms and

Wilms tumor susceptibility [6]. Significant associations
withWilms tumor susceptibility were shown for theOGG1
rs1052133, FEN1 rs174538, and FEN1 rs4246215 polymor-
phisms. Regarding the association of the BER pathway
gene SNPs with neuroblastoma risk, only 3 studies were
available by far; and all of them were performed by our
research group. In these studies, we found that, none of the
studied APEX1 polymorphisms were associated with neu-
roblastoma risk [5]. Such a negative association was also
observed between neuroblastoma risk and polymorphisms
in the OGG1 [7] and LIG3 genes [8]. However, all these
studies were conducted to analyze a single gene in the BER
pathway, and the results need to be validated in another
independent study. Thus, here we attempted to validate
the previous studies by adopting a systematical analysis
of potentially functional SNPs in 6 core genes in the BER
pathway. In the current study, no significant relationships
were detected between neuroblastoma risk and the SNPs
in PARP1, OGG1, APEX1, LIG3, and XRCC1 genes. Such
results strengthen the previous findings that these varia-
tions may be too weak to impact neuroblastoma risk. To be
noted, significant conferring roles of the same BER SNPs
to the risk of other cancer types have been detected, such
as PARP1 rs1136410 and thyroid cancer [9], OGG1 rs1052133
and Wilms tumor [6], FEN1 rs4246215 and Wilms tumor
[6], APEX1 rs1130409 and renal cell carcinoma [10], LIG3
rs1052536 and lung cancer [11]. The different roles of these
SNPs in specific cancer types indicated that specific cancer
types should be set before interpreting the role of SNPs.
Excitedly, we demonstrated that the rs174538 of the

FEN1 gene could protect from neuroblastoma. FEN1 is a
structure-specific nuclease involved in the removal of 5′-
flap during long-patch BER and thematuration of Okazaki
fragments in DNA replication. Moreover, FEN1 is also
characterized as a 5′ exonuclease and a gap-dependent
endonuclease, which mediates apoptotic DNA degrada-
tion during apoptosis. The FEN1 gene is mapped to chro-
mosome 11 (11q12.2). Yang et al. [12] identified that the
rs174538 A allele of the FEN1 gene decreased risk for lung
cancer by decreasing FEN1 expression. Moreover, they
detected that coke oven workers who carried the AA geno-
type have significantly lowerDNAdamage level than those
with GG or GA genotypes. In a meta-analysis conducted
for the overall cancer, the results suggested that the sub-
jects with FEN1 rs174538 A allele have a decreased sus-
ceptibility to cancer in Chinese populations [13]. We fur-
ther performed online expression quantitative trait loci
(eQTL) analysis to interpret the possible mechanism of
how rs174538 impacts neuroblastoma risk. eQTL evidence
suggested that the A allele in rs174538 was significantly
associated with the increased mRNA expression levels of
FADS2 and TMEM258. Further functional experiments
conducted in neuroblastoma cells are needed to show how

https://www.gtexportal.org/
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F IGURE 1 eQTL analysis of the neuroblastoma risk factor FEN1 rs174538 A > G. A. FADS2 and TMEM258 levels in the whole blood,
nerve-tibial, and cell-cultured fibroblasts; B. FADS1 level in the whole blood and nerve-tibial.
Abbreviations: eQTL, expression quantitative loci; FEN1, flap endonuclease 1; FADS2, fatty acid desaturase 2; TMEM258, transmembrane pro-
tein 258

the FEN1 rs174538 A allele can be associated with altered
expressions of these genes. FADS2 was found to func-
tion as a potential oncogene in some types of cancer [14].
TMEM258 is a central mediator of endoplasmic reticu-
lum quality control and intestinal homeostasis, yet its role
in cancer remains unknown [15]. The exact relationship
of FADS2 and TMEM258 with neuroblastoma risk waits
to be elucidated. Taken together, the significant role of
rs174538 A allele in cancer deserves more attention for fur-

ther exploration. Although at the preliminary stage, our
findings represent a novel mechanism by which rs174538
may modulate the expression of multiple nearby genes,
thereby impacting the risk of neuroblastoma.
Our study has several limitations. First, the sample sizes

were small in some stratification analyses. Second, the
number of analyzed SNPs was limited. Another limitation
was the lack of incorporating analysis on environment fac-
tors and genetic-environmental factors. The fourth limita-
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tion was that the current study only focused on the sub-
jects of the Han population. Replication of these findings
in additional individuals of non-Chinese descent should be
helpful to validate our findings.
In conclusion, we showed a robust association of genetic

variants in the FEN1 genewith neuroblastoma risk in a rel-
atively large sample size of pediatric patients inEast China.
Intensive future research is warranted to extend the role of
FEN1 gene loci in neuroblastoma susceptibility in individ-
uals of non-Chinese ancestries.
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