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Abstract

Background Neuroblastoma, developed from the sympathetic nervous system, is a deadly childhood malignancy.
There is an urgent need to elucidate its intricated etiology. MYCN amplification leads to aggressive neuroblastoma
and represents a powerful marker of poor prognosis. However, the correlation between MYCN gene polymorphisms
and neuroblastoma susceptibility remains largely unknown in Chinese Han children.

Methods We conducted a case-control study to evaluate the associations between MYCN gene polymorphisms

and neuroblastoma susceptibility, involving 402 cases and 473 controls from Jiangsu Province, China. The association
strength between the studied polymorphisms and neuroblastoma susceptibility was quantified using odds ratios and
95% confidence intervals.

Results Four studied polymorphisms (rs57961569 G > A, 159653226 T>C, rs13034994 A> G, and rs60226897 G > A)
were significantly associated with neuroblastoma susceptibility. Stratified analysis of two polymorphisms (rs13034994
A>G and rs60226897 G > A) demonstrated stronger associations with neuroblastoma susceptibility in specific
subgroups. Moreover, survival analysis demonstrated elevated MYCN expression in high-risk patients, with reduced
expression correlating to improved survival outcomes.

Conclusion Our study indicated that MYCN gene polymorphisms are significantly associated with neuroblastoma
susceptibility in the eastern Chinese population and that high expression of the MYCN gene may suggest a poor
prognosis. Nevertheless, further verification should be conducted with large-scale and well-designed studies to
confirm our findings.
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Introduction

Neuroblastoma is the most common extracranial malig-
nancy in childhood, with the mean age at diagnosis of
approximately 17 months [1]. Its incidence ranks fourth
among pediatric cancers in China and is approximately
7.7 per million [2]. Neuroblastoma comprises 8-10% of
all pediatric neoplasms and contributes to 15% of cancer-
associated childhood mortality [3]. This neoplasm exhib-
its high heterogeneity with a wide spectrum of clinical
patterns, varying from spontaneous improvement with-
out any clinical intervention or minimal chemotherapy to
aggressive phenotypes and poor prognosis despite mul-
tiple intensive comprehensive therapies [4]. The survival
rate of patients with neuroblastoma sharply decreases
with the progression of the disease. The survival rate
for early low-risk patients is over 95%, while for those in
clinical stage III, it drops to only 60%, and for stage IV
patients, it plummets to just 20% [5]. Advanced neuro-
blastoma patients typically present with aggressive and
metastatic disease at the time of diagnosis, which poses a
significant challenge in treating these high-risk individu-
als and contributes to their poor prognosis. Therefore,
improving the assessment of risk factors and accurately
identifying genetic markers is crucial for effectively
screening high-risk populations and precisely predicting
patient outcomes.

The pathology and etiology of neuroblastoma are rather
complicated and remain poorly understood involving the
interaction of environmental and genetic factors. Stud-
ies have shown that genetic variants of the PHOX2B [6]
and ALK [7] genes are related to the risk of familial neu-
roblastoma. The genetic etiology of sporadic neuroblas-
toma is not fully known. Several environmental factors,
such as hydrocarbons, wood dust, welding flux, and radi-
ation sources, may predispose individuals to neuroblas-
toma [8, 9]. However, only a small fraction of individuals
suffer from neuroblastoma after being exposed to the
above environmental factors. Therefore, genetic factors
have gradually been recognized as the main causes of the
neuroblastoma. An increasing number of studies suggest
that hereditary genetic polymorphisms are associated
with neuroblastoma susceptibility and may predispose to
neuroblastoma [10].

Single nucleotide polymorphisms (SNPs) are well-
known to be involved in disease susceptibility, prognosis,
and survival. SNPs are also extensively employed in the
exploration of disease etiology, treatment optimization,
and prognosis evaluation for various complex diseases,
including neuroblastoma. Genome-wide association
studies (GWASs) have been powerful tools to explore
the genetic etiology of human disorders. Over the last

decade, several GWASs in neuroblastoma have identified
multiple independent susceptibility loci in the CASCI5
[11], BARDI1 [12], HSD17B12, DUSP12, IL31RA, DDX4
[13], LMOI [14], LIN28B, HACEI [15], CPZ and MLFI
[16]. In addition, neuroblastoma susceptibility loci in the
CDKNI1B [17], XPG [18], and NEFL [19] genes have also
been found via the candidate gene method. The above
findings highlight the importance of SNPs in neuroblas-
toma susceptibility. However, many disease-associated
SNPs remain to be discovered. Therefore, extensive
research is needed to further elucidate the genetic etiol-
ogy of neuroblastoma.

MYCN is an important member of the MYC oncogene
family, which was first discovered in neuroblastoma cell
lines [20]. MYCN functions by assembling a heterodimer
with MYC-associated protein X and then binding to the
E-box regulatory motif at the promoters of target genes
to regulate transcriptions [21]. MYCN plays key roles in
numerous cytophysiological processes, including mainly
cell growth [22], differentiation [23], proliferation [24],
and apoptosis [25]. Its dysregulation has been reported
to be involved in the initiation and progression of malig-
nancy [26, 27]. Furthermore, MYCN amplification is a
common and crucial genetic event in neuroblastoma,
occurring in 20-25% of neuroblastoma cases and lead-
ing to aggressive behaviors and malignant progression.
The amplification of MYCN is generally considered a reli-
able genetic marker of poor prognosis in neuroblastoma
patients [28, 29]. However, few studies have reported
associations between MYCN gene variants and neuro-
blastoma susceptibility. In this current study, four poten-
tially functional SNPs (rs57961569 G>A, rs9653226
T>C, rs13034994 A>@G, and rs60226897 G>A) in the
MYCN gene were chose for analysis, all of them were
located in the transcription factor binding sites, a key
region for regulation of gene transcription. SNPs in this
region may affect the binding of transcription factor
then modifying gene expression. Considering the cru-
cial roles of MYCN in neuroblastoma progression and
the potential regulation of SNPs in the MYCN gene, it
is biologically plausible to propose that functional SNPs
in the MYCN gene may change its protein expression or
structure. This alteration could subsequently disrupt the
normal transcriptional regulation of downstream target
genes, leading to cell dysfunction and eventually contrib-
uting to carcinogenesis and neuroblastoma susceptibility.

Therefore, we performed the current case-control
study to assess the association between the MYCN gene
SNPs and neuroblastoma susceptibility. These findings
may help identify novel genetic markers for high-risk
neuroblastoma population screening.
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Materials and methods

Study subjects

In this case-control study, 402 neuroblastoma patients
and 473 control subjects were enrolled from Jiangsu
Province, China [30, 31]. All patients were newly clini-
cally diagnosed and histopathologically confirmed with-
out previous treatments. The healthy control participants
were randomly selected from children visiting for routine
medical examinations in the same area during the same
period. Age, sex, and race were matched between the
cases and controls. The exclusion criteria for the partici-
pants were described in detail in our previous publica-
tions [18]. The demographic features of the study subjects
are displayed in Table S1. Medical informed consent doc-
uments were acquired from the included subjects or their
guardians before the study. The study followed the Dec-
laration of Helsinki guidelines and the research protocol
was approved by the ethics committee of the Children’s
Hospital of Nanjing Medical University (Approval No:
202112141-1).

Polymorphism selection and genotyping

Four potentially functional genetic variants in the MYCN
gene (rs13034994 A >G, rs60226897 G> A, rs57961569
G>A, and rs9653226 T >C) were selected for analysis
[32]. For genotyping, the extraction and purification of
genomic DNA from peripheral blood were conducted
with a TIANamp Blood DNA Kit (TianGen Biotech, Bei-
jing, China). The genotyping of the selected SNPs in the
diluted DNA samples was performed via the TagMan
PCR method (Figure S1) [33-35]. A second analysis was
conducted on 10% of the randomly selected DNA sam-
ples and 100% consistency was obtained between the two
genotyping results.

Statistical analysis

The Hardy-Weinberg equilibrium (HWE) status of the
SNPs was tested using a goodness-of-fit x> test in the
controls. The two-sided x> test was applied to compare
the differences in demographic characteristics and geno-
type frequency distributions between the case and con-
trol groups. The odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated via the logistic regression
model to evaluate the associations between the SNPs
and neuroblastoma susceptibility. The adjusted ORs
and counterpart 95% Cls adjusted for age and sex were
determined through unconditional multivariate logis-
tic regression analysis. In addition, we performed strati-
fied analysis regarding age, sex, tumor site of origin, and
clinical stage. We applied SAS software (version 9.4 SAS
Institute, NC, USA) to carry out the statistical analysis.
The results were considered statistically significant when
the corresponding Pvalue was <0.005.
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Survival analysis

A public microarray dataset (GSE49710) was obtained
from the NCBI Gene Expression Omnibus (GEO) data-
base. Information on MYCN expression was extracted
from the database, and the differences between the high-
risk group and the group with no high risk were ana-
lyzed [36]. Based on this dataset, the level of MYCN was
dichotomized into low- and high-expression subgroups
according to the median. The Kaplan-Meier method with
the R2 database server was used for survival analysis and
statistical difference in survival between the subgroups
was assessed using a log-rank test.

Results

Associations between MYCN gene polymorphisms and
neuroblastoma susceptibility

In the present study, 402 neuroblastoma patients and
473 cancer-free controls were included and successfully
genotyped to analyze the relationship between MYCN
gene polymorphisms and neuroblastoma susceptibil-
ity. As indicated in Table 1. The genotype frequencies
of rs13034994 A>G (P=0.772) and rs60226897 G>A
(P=0.664) were in HWE among the controls, while those
of the other two SNPs, rs57961569 G>A (P=0.036) and
rs9653226 T>C (P=0.028) did not follow HWE. All
four candidate SNPs were significantly associated with
neuroblastoma susceptibility via single-locus analy-
sis. More specifically, we found that carriers with the
1s57961569 GA genotype had a decreased neuroblas-
toma susceptibility compared with children harbor-
ing the GG genotype (AOR=0.72, 95% CI=0.54-0.95,
P=0.022). The rs9653226 TC genotype was also asso-
ciated with a decreased neuroblastoma susceptibil-
ity against the reference TT genotype (AOR=0.66, 95%
CI=0.49-0.88, P=0.005); however, the rs9653226 CC
genotype increased the neuroblastoma susceptibility
under the dominant model (AOR=1.53, 95% CI=1.07—-
2.18, P=0.019). Subjects with the rs13034994 GG geno-
type also had a greater neuroblastoma susceptibility
than those with the AA or AA/AG genotype (GG vs.
AA: AOR=1.76, 95% CI=1.04-2.97, P=0.036, GG vs.
AA/AG: AOR=1.85, 95% CI=1.10-3.10, P=0.019); and
the rs60226897 GA genotype had a reduced neuroblas-
toma susceptibility compared with the GG genotype
(AOR=0.72, 95% CI=0.54-0.96, P=0.025). In addition,
compared with children without the risk genotype, those
carrying the 1-4 risk genotypes had an increased neuro-
blastoma susceptibility (AOR=1.46, 95% CI=1.11-1.92;
P=0.006).

Stratification analysis

To assess the protective or risk effects of significant
SNPs on neuroblastoma susceptibility among various
subgroups, stratification analysis was further performed
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Table 1 Association between MYCN gene polymorphisms and neuroblastoma susceptibility in children from Jiangsu Province

Genotype Cases Controls P Crude OR P Adjusted OR pP
(N=402) (N=473) (95% C1) (95%CI) ®
rs57961569 G>A (HWE=0.036)
GG 179 (44.53) 181(38.27) 1.00 1.00
GA 170 (42.29) 240 (50.74) 0.72 (0.54-0.95) 0.022 0.72 (0.54-0.95) 0.022
AA 53(13.18) 52(10.99) 1.03 (0.67-1.59) 0.892 1.03 (0.67-1.59) 0.895
Additive 0370 091 (0.75-1.11) 0.369 0.91(0.75-1.11) 0.367
Dominant 223 (55.47) 292 (61.73) 0.061 0.77 (0.59-1.01) 0.061 0.77 (0.59-1.01) 0.060
GG/GA 349 (86.82) 421 (89.01) 1.00 1.00
AA 53(13.18) 52(10.99) 0321 1.23 (0.82-1.85) 0321 1.23 (0.82-1.85) 0.321
r$9653226 T>C (HWE=0.028)
T 154 (38.31) 153 (32.35) 1.00 1.00
TC 166 (41.29) 252 (53.28) 0.65 (0.49-0.88) 0.005 0.66 (0.49-0.88) 0.005
CcC 82 (20.40) 68 (14.38) 1.20(0.81-1.77) 0.366 1.20(0.81-1.78) 0.364
Additive 0.990 1.00 (0.83-1.21) 0.990 1.00 (0.83-1.21) 0.988
Dominant 248 (61.69) 320 (67.65) 0.066 0.77 (0.58-1.02) 0.066 0.77 (0.58-1.02) 0.066
TT/TC 320 (79.60) 405 (85.62) 1.00 1.00
CC 82 (20.40) 68 (14.38) 0019 1.53(1.07-2.17) 0.019 1.53(1.07-2.18) 0.019
rs13034994 A>G (HWE=0.772)
AA 241 (59.95) 282 (59.62) 1.00 1.00
AG 122 (30.35) 165 (34.88) 0.87 (0.65-1.16) 0.328 0.87 (0.65-1.16) 0328
GG 39(9.70) 26 (5.50) 1.76 (1.04-2.97) 0.036 1.76 (1.04-2.97) 0.036
Additive 0.366 1.10 (0.89-1.36) 0.365 1.10 (0.89-1.36) 0.365
Dominant 161 (40.05) 191 (40.38) 0.921 0.99 (0.75-1.29) 0.921 0.99 (0.75-1.29) 0.921
AA/AG 363 (90.30) 447 (94.50) 1.00 1.00
GG 39(9.70) 26 (5.50) 0.018 1.85(1.10-3.09) 0.020 1.85(1.10-3.10) 0.019
rs60226897 G> A (HWE=0.664)
GG 188 (46.77) 190 (40.17) 1.00 1.00
GA 159 (39.55) 223 (47.15) 0.72 (0.54-0.96) 0.025 0.72 (0.54-0.96) 0.025
AA 55(13.68) 60 (12.68) 0.93 (0.61-141) 0.720 0.93 (0.61-141) 0.717
Additive 0.230 0.89(0.73-1.08) 0.230 0.89(0.73-1.08) 0.229
Dominant 214 (53.23) 283 (59.83) 0.050 0.76 (0.58-1.00) 0.050 0.76 (0.58-0.999) 0.049
GG/GA 347 (86.32) 413 (87.32) 1.00 1.00
AA 55(13.68) 60 (12.68) 0.664 1.09 (0.74-1.62) 0.663 1.09 (0.74-1.62) 0.664
Combine risk genotypes ©
0 146 (36.32) 215 (45.45) 1.00 1.00
1-4 256 (63.68) 258 (54.55) 0.006 1.46 (1.11-1.92) 0.006 1.46 (1.11-1.92) 0.006

OR, odds ratio; Cl, confidence interval; HWE, Hardy—-Weinberg equilibrium

2 2 test for genotype distributions between neuroblastoma patients and cancer-free controls

b Adjusted for age and gender

Risk genotypes were carriers with rs57961569 AA, rs9653226 CC, rs13034994 GG and rs60226897 GG

for rs13034994 A >G and rs60226897 G > A by age, sex,
site of tumor origin, and clinical stage. As shown in
Table 2, the risk effect of rs13034994 A > G and the pro-
tective effect of rs60226897 G> A were more evident in
different subgroups. Specifically, the association of the
rs13034994 GG genotype with increased neuroblastoma
susceptibility was more obvious among the following
subgroups: age>18 months (AOR=2.31, 95% CI=1.24—
4.30, P=0.008), girls (AOR=2.55, 95% CI=1.24-5.26,
P=0.011), neuroblastoma of mediastinum origin
(AOR=2.10,95% CI=1.04—4.22, P=0.038), and advanced
stage (AOR=242, 95% CI=1.31-4.47, P=0.005).

Compared with the GG genotype, the rs60226897 GA/
AA genotype significantly decreased neuroblastoma sus-
ceptibility in the following subgroups: males (AOR = 0.64,
95% CI=0.44-0.93, P=0.020), retroperitoneal origin
(AOR=0.65, 95% CI=0.46-0.93, P=0.017), and late-
stage disease (AOR=0.64, 95% CI=0.45-0.91, P=0.014).
In addition, the combined analysis revealed that carriers
harboring 1-4 risk genotypes had significantly greater
neuroblastoma susceptibility than those with no risk
genotype in subgroups aged>18 months (AOR=1.44,
95% CI=1.03-2.00, P=0.032), males (AOR=1.5]1,
95% CI=1.04-2.20, P=0.032), retroperitoneal origin
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Table 2 Stratification analysis of risk genotypes with neuroblastoma susceptibility

pa

AOR (95% ClI)

Risk genotypes

pa

AOR (95% ClI)

P2 rs60226897

rs13034994 AOR (95% CI)

Variables

(cases/controls)

(cases/controls)

1-4

GA/AA

GG

GG

AA/AG

Age, month

0.089

1.52 (0.94-2.46)
1.44 (1.03-2.00)

50/64 89/75

0.119
0.223

0.69 (043-1.10)

71/58 68/81

0.800
0.008

1.13 (0.44-2.89)
2.31(1.24-4.30)

10/9

129/130
234/317

0.032

167/183

96/151

0.82 (0.59-1.13)

146/202

117/132

29/17

>18
Gender
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0.011
0.161

1.61(1.11-2.32)

110/258
74/258

57/215

0.017
0421

0.65 (0.46-0.93)
0.85(0.57-1.27)

82/283

85/190

1.82 (0.95-3.48) 0.072

16/26

151/447
107/447
15/447

Retroperitoneal
Mediastinum

Others
Clinical stages

1.34 (0.89-2.02)

46/215
6/215

67/283
7/283

53/190

0.038
0.060

2.10(1.04-4.22)

3.50(0.95-12.91)

13/26
3/26

1.69 (0.62-4.57) 0.305

12/258

0.086

043 (0.16-1.13)

11/190

0.749

1.06 (0.75-1.51)
2.00(1.36-2.93)

76/215 97/258

0.669 72/190 101/283 0.94 (0.66-1.34) 0.726
80/283

0.84(0.37-1.89)

8/26

165/447

[+11+4s

+1v
AOR, adjusted odds ratio; Cl, confidence interval

0.0004

115/258

48/215

0.014

0.64 (0.45-0.91)

83/190

2.42(1.31-4.47) 0.005

20/26

143/447

 Adjusted for age and gender
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(AOR=1.61, 95% CI=1.11-2.32, P=0.011), and stages
HI+IV disease (AOR=2.00, 95% CI=1.36-2.93,
P=0.0004).

Expression and prognostic analysis

Expression analysis revealed that MYCN was more highly
expressed in high-risk neuroblastoma patients than in
no-high-risk patients, and patients with no high risk had
lower expression of MYCN (Fig. 1). Prognostic analysis
revealed that high MYCN expression was associated with
decreased overall survival (OS) (Fig. 2) and event-free
survival (EFS) (Fig. 3) of neuroblastoma patients. How-
ever, the association with EFS was only marginally sig-
nificant (P=0.060). These results indicate a carcinogenic
effect of MYCN on neuroblastoma.

Discussion

SNP is the most common type of genetic variant among
individuals, referring to congenital mutations with a fre-
quency of >1% in the population. The research results of
the Human Genome Project showed that the genome dif-
ferences among human individuals were only 0.1%, and
SNPs is the main form of these differences. Researches
showed that it is these numerous SNP sites that combine
together to determine the differences in traits amongst
individuals, including differences in disease susceptibil-
ity and drug sensitivity. Therefore, SNP has been widely
included in the research scope of disease etiology explo-
ration, disease diagnosis and treatment research, and
disease prognosis evaluation, etc. Considering the piv-
otal roles of MYCN in neuroblastoma progression and
the regulatory potential of SNPs, we conducted this
case-control study to evaluate the relationship between
potential functional MYCN gene polymorphisms and
neuroblastoma susceptibility. In this study, we identi-
fied four MYCN gene susceptibility loci (rs57961569,
rs9653226, rs13034994, and rs60226897) that signifi-
cantly modify neuroblastoma susceptibility. Our study
contributes to the understanding of the genetic predis-
position of neuroblastoma patients, and further analy-
sis of multiple loci may improve the early diagnosis and
screening of high-risk populations.

The MYCN gene is mapped to chromosome 2p24.3
and encodes a transcriptional nuclear phosphoprotein
of the MYC family. It is crucial in processes associated
with neoplasm initiation and progression, such as pro-
liferation, differentiation, and survival [37]. Many stud-
ies have revealed abnormal expression of the MYCN
gene in various tumors, such as astrocytoma, small cell
lung carcinomas, Wilms’ tumor, and neuroblastoma
[38]. Moreover, numerous studies have shown that
MYCN amplification commonly occurs in neuroblas-
toma and is closely associated with aggressive pheno-
types and poor survival. MYCN amplification is the most
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Fig. 1 Expression analysis of MYCN in neuroblastoma patients at high risk and not at high risk from a public GEO dataset

important molecular marker indicating advanced-stage
disease and poor outcomes in neuroblastoma patients
[39-42]. One study conducted by Tanaka et al. demon-
strated that MYCN amplification enhances the migration
and invasion of neuroblastoma cells by downregulating
integrin ol [43]. Rouah et al. reported that a decreased
level of MYCN was related to neuron terminal differen-
tiation [44]. Janardhanan et al. reported that silencing
MYCN induced the differentiation and apoptosis of neu-
roblastoma cells [45]. Zaatiti et al. also revealed that the
knockout of the MYCN gene reduced the migration and

proliferation of a neuroblastoma cell line [46]. In addi-
tion, MYCN is involved in immune evasion by damp-
ening the expression of ligands on the neuroblastoma
cell surface, which bind to NK-cell-activating receptors
for NK cell activation [47]. These studies revealed the
important roles of MYCN in neuroblastoma progression;
however, few studies have investigated the associations
between MYCN genetic variants and neuroblastoma
susceptibility. One study involving 243 cases and 247
controls performed by Dahlin et al. revealed no signifi-
cant association between MYCN rs922 G > A variant and
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Fig. 2 Prognostic analysis between the expression of MYCN and the overall survival probability of neuroblastoma patients

medulloblastoma susceptibility in Swedish and Danish
individuals, which was the first study to explore the asso-
ciation between MYCN gene polymorphisms and cancer
susceptibility [48]. Our recent study also revealed no sig-
nificant relationship between MYCN polymorphisms and
Wilms tumor risk in Chinese children [49]. However, our
other research revealed that one of the MYCN genetic
variants, rs57961569 G> A, was significantly associated
with neuroblastoma susceptibility in a three-center case-
control study, whereas other variants (rs9653226 T >C,
rs13034994 A > G, and rs60226897 G > A) were not [32].
Herein, we carried out a case-control study to assess
the associations between four SNPs of the MYCN gene
and neuroblastoma susceptibility in a population from
Jiangsu Province, China. All the studied SNPs were
located at the promoter region of the MYCN gene. Our
results revealed that all four selected SNPs were sig-
nificantly associated with neuroblastoma susceptibility.
Specifically, we found that subjects with the rs57961569
GA, 159653226 TC, or rs60226897 GA genotypes had a
lower neuroblastoma susceptibility than those with the
reference genotype and that carriers with the rs13034994

GG genotype had a greater neuroblastoma susceptibility
than those with the AA genotype. More prominent asso-
ciations were observed among the different subgroups
in the stratification analysis. The effects of MYCN gene
polymorphisms on neuroblastoma susceptibility may be
age-, sex-, site- and origin-, and clinical stage dependent.
These contradictory results may result from differences
in the study population, tumor type, or other factors. It is
possible that these significant SNPs maybe just a chance
discovery owing to the relatively small sample size. Well-
designed research with larger samples should be con-
ducted to confirm our findings.

Moreover, the expression analysis revealed that MYCN
was expressed at higher levels in the high-risk cohort
than in the low-risk cohort. Survival analysis revealed
better OS and EFS in neuroblastoma patients with low
MYCN expression than in those with high MYCN expres-
sion. Although not statistically significant for EFS, these
findings suggest a protumor role of MYCN in neuroblas-
toma progression. The candidate SNPs (especially those
located at the promoter region of MYCN) may modify
the expression of the MYCN gene, therefore affecting
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Fig. 3 Prognostic analysis between the expression of MYCN and the event-free survival probability of neuroblastoma patients

neuroblastoma susceptibility. This may also be one of the
potential mechanisms by which associated SNPs modify
neuroblastoma susceptibility. However, in-depth mecha-
nistic studies on how significant SNPs affect the expres-
sion of MYCN and modify neuroblastoma susceptibility
are needed in the future.

Several shortcomings should be noted in the present
study. First, the sample size was small, especially in the
stratification analysis, which inevitably led to decreased
statistical power. Second, other potentially effective SNPs
located at the MYCN gene should be assessed. Third,
this case-control study was a single-center study, and the
subjects included in the research were of Chinese origin;
hence, the conclusions of this study may not be appli-
cable to other regions and ethnicities. Fourth, environ-
mental factors should be evaluated, as the complicated
etiology of neuroblastoma involves interactions between
multiple environmental and genetic factors. Fifth, mech-
anistic studies should be conducted to elucidate the
underlying mechanisms by which MYCN genetic poly-
morphisms affect neuroblastoma susceptibility. Sixth, the
unavailableness of complete sample information, such as

environmental exposure and MYCN status of the investi-
gate subjects.

Conclusion

In summary, our current study suggests that genetic vari-
ants of the MYCN gene could significantly modify neuro-
blastoma susceptibility in eastern China. These findings
support the exploitation of new diagnostic genetic
markers of neuroblastoma from MYCN genetic vari-
ants. Nevertheless, our findings should be confirmed by
well-designed and multi-center studies involving larger
samples. Moreover, future studies should elucidate the
mechanisms through which MYCN variants contribute
to neuroblastoma pathogenesis.
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