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Abstract

Background
Neuroblastoma is a common extracranial solid tumor in children, and the prognosis of children with
MYCN ampli�ed type is poor. The prognostic factors in children with MYCN ampli�ed form are still
unclear.

Methods
Download data sets GSE53371 and GSE49710 from GEO database. The GSE53371 data set is used to
screen the differentially expressed genes (DEGs) of MYCN ampli�ed and MYCN non-ampli�ed NB
patients, and then cross the key module genes in the WGCNA analysis results to obtain their key genes.
Then these key genes were analyzed for GO and KEGG function enrichment to analyze their potential
biological functions and signal pathways. Single-factor COX regression and multi-factor COX regression
analysis are used to screen key genes related to prognosis from key genes to construct risk scores.
Finally, qRT-PCR was used to verify the expression of HBA2 and NR4A2 in tissue samples collected from
the clinic.

Results
20 core genes were obtained after intersecting the differential genes between MYCN ampli�ed and non-
ampli�ed samples with WGCNA analysis results. Univariate COX regression analysis showed that a total
of 4 genes were closely related to the overall survival of MYCN ampli�ed NB patients (p <0.05). Further
multivariate COX regression analysis showed that HBA2 and NR4A2 have independent prognostic
signi�cance. Finally, the qRT-PCR test results of clinical samples showed that, compared with the MYCN
unampli�ed group, the expression of HBA2 in the MYCN ampli�ed group increased, and the expression of
NR4A2 decreased.

Conclusion
HBA2 and NR4A2 are diagnostic prognostic markers and potential therapeutic targets for patients with
MYCN ampli�ed NB.

Background
Neuroblastoma (Neuroblastoma, NB) is the most common extracranial malignant solid tumor in children,
with an incidence of about 1 in 7000. The incidence of children under 14 is the third, second only to
leukemia and brain tumors[1, 2]. According to the Children’s Oncology Group (COG) risk strati�cation
system, neuroblastoma can be divided into a low-risk group, a medium-risk group, and a high-risk group;
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the �ve-year overall survival rate of the medium-low-risk group is more than 90%, and The �ve-year overall
survival rate of the high-risk group is less than 30-50%, even after various treatments, including surgical
resection, multi-drug chemotherapy, radiotherapy, autologous hematopoietic stem cell transplantation,
and immunotherapy[2–5]. In the latest COG risk strati�cation system, children with MYCN gene
ampli�cation have all been classi�ed as high-risk groups. This is enough to show the importance of
MYCN for the prognosis of children with neuroblastoma[5].

The MYCN gene is located on the 2p24 chromosome and encodes the transcription factor N-Myc, which
is a member of the Myc proto-oncogene family[6]. Studies have con�rmed the Inhibition of the
ALDH18A1-MYCN positive feedback loop attenuates MYCN-ampli�ed neuroblastoma growth[7]; Other
studies have shown that N-Myc can fully regulate gene expression through histone acetylation and DNA
methylation in NB[8]. Some scholars have used bioinformatics methods to preliminarily explore the target
genes of MYCN, use MYCN-related genes to establish a prognostic model; identify potential miRNA-
mRNA regulatory networks for high-risk neuroblastoma[9–11]. The biological process of MYCN
expansion that causes the proliferation and metastasis of NB cells is extremely complicated. Therefore, it
is particularly important to determine the differential genes between MYCN ampli�ed and MYCN non-
ampli�ed neuroblastoma patients, so as to discover the potential prognostic molecular markers of MYCN
ampli�ed patients.

Previous studies mainly focused on the biological functions of differentially expressed genes (DEGs)
between MYCN ampli�ed and MYCN normal NB patients, and did not fully re�ect the biological process
of MYCN ampli�ed neuroblastoma. Weighted Gene Co-Expression Network Analysis (WGCNA) analyzes
the gene expression patterns of multiple samples, clusters genes with similar expression, and then
divides them into different expression modules, which can divide the gene modules Correlation analysis
with clinical phenotype[12]. Therefore, this study used a combination of DEGs and WGCNA to screen the
key differential genes between MYCN ampli�ed group and MYCN unampli�ed group; �nally, survival
analysis was used to screen for prognostic-related genes, and a risk score was constructed to explore
MYCN ampli�ed NB Potential survival marker genes in patients.

Methods

Data download
The GSE53371 and GSE49710 data sets are downloaded from the GEO database (Gene Expression
Omnibus). The GSE53371 data set is based on the GPL887 platform and contains the gene expression
pro�ling by array of 10 cases of MYCN ampli�ed patients and 10 cases of MYCN non-ampli�ed patients.
The GSE49710 data set is based on the GPL16876 platform and contains 498 neuroblastoma patients,
401 MYCN unampli�ed samples, 92 MYCN ampli�ed samples, and 4 patients have unknown MYCN
ampli�cation status. The GSE53371 data set is used for the screening of key genes; the GSE49710 data
set is used for survival analysis.

Difference analysis and WGCNA analysis
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Use the "limma" package of R (4.0.3) to screen the DEG (differentially expressed genes) of the MYCN
ampli�ed and MYCN unampli�ed samples in the GSE53371 data set ( logFC >1, P≤0.05). WGCNA
(Weighted Gene Co-Expression Network Analysis) was used to construct a scale-free gene expression
network to identify gene modules that are obviously related to MYCN ampli�cation. Subsequently, the
gene modules ampli�ed by MYCN and the co-expressed genes of DEG were screened out.

GO and KEGG pathway analysis
The R package "Bioconductor" was used to perform GO (Gene Onotology) and KEGG (Kyoto Encyclopedia
of Genes and Genomes) enrichment analysis on the intersection genes, and the "clusterPro�ler" package
was used to perform Fisher's exact test (P<0.05).

PPI network construction and hub gene selection
Upload the gene list obtained by the intersection to String (V 11.0, https://string-db.org/) to construct the
Protein-Protein Interaction Network (PPI). Cytoscape (V.3.8.2) is used for the visualization of the results.
The "CytoHubba" plug-in is used to screen the core genes, and they are arranged in descending order of
"Degree" scores. The hub genes of top20 are used for the next survival analysis.

Correlation between central gene and clinical stage
The INSS staging (International Neuroblastoma Staging System) of all patients with GSE49710 and the
expression of central genes form a new matrix; in addition, the 2a and 2b stages are combined into the
T2 stage, and the 4 and 4s stages are combined into the T4 stage, that is, all patients Divided into T1, T2,
T3 and T4 phases. The T test was used to analyze the correlation between central gene expression and
INSS staging (P<0.05).

Identify hub genes with independent prognostic effects
The hub genes with prognostic signi�cance in the univariate COX regression analysis were included in the
multivariate COX survival analysis, and then the hub genes with independent prognostic effects (P<0.05)
were used to construct the risk score formula. The risk score is equal to the expression of the hub gene
multiplied by the multivariate COX regression coe�cient, and then the patients are divided into high-risk
groups and low-risk groups based on the median value of the risk score. Finally, use Kaplan-Meier
survival curves and ROC curve to evaluate the discrimination of the formula.

RT-qPCR to verify the expression of HBA2 and NR4A2
The experimental protocol was established, according to the ethical guidelines of the Helsinki Declaration
and was approved by the Human Ethics Committee of Children's Hospital A�liated to Chongqing Medical
University, China. Written informed consent was obtained from individual or guardian participants. In this
study, 15 cases of MYCN unampli�ed type and 8 cases of MYCN ampli�ed tumor tissues were collected.
Trizol reagent was used to extract total RNA from tissue samples, and the total RNA (1ug) was reverse
transcribed with Servicebio qPCR RT kit. Use 2×SYBR Green qPCR Master Mix (Servicebio) to quantify
HBA2 and NR4A2 mRNA on a CFX �uorescent quantitative PCR instrument (Bio-rad). The primer
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sequences are as follows: HBA2, Forward GTAGCCGTTCCTCCTGCC, Reverse
TGCTGCCCACTCAGACTTTA. NR4A2, Forward CAGTGGAGGGTAAACTCATCTTTTG, Reverse
CCCGTGTCTCTCTGTGACCATAG. GAPDH was used as an internal control, and 2-△△CT was used to
calculate the relative gene expression.

Results

Differentially expressed genes and important gene modules
of WGCNA
The research process is shown in Figure 1. We screened 216 DEGs from the GSE53371 data set, including
75 up-regulated genes and 141 down-regulated genes. In addition, two gene modules were constructed
based on WGCNA analysis, denoted by MEtuquoise and MEgrey. The MEtuquoise module is closely
related to the clinical phenotype of NB (r=0.78, p value≤0.05), suggesting that the genes in the
MEtuquoise module are closely related to the MYCN ampli�cation of NB tissue. There are 162 genes in
the MEtuquoise module. Subsequently, 76 important genes were obtained after the intersection of DEGs
and the genes in the blue-green module (Figure 2).

Enrichment analysis of GO and KEGG pathways
GO enrichment analysis results show that in terms of biological processes (BP), these 76 differential
genes are mainly enriched in biological processes such as Skeletal muscle cell differentiation,
gliogenesis, and Myelination; Cell component (CP) analysis shows that they are mainly distributed in
Collagen-containing extracellular matrix and Myelin sheath. The molecular function (MF) display mainly
focuses on DNA-binding transcription activator activity, and RNA polymerase II-speci�c (Figure 3A,B). The
results of KEGG enrichment analysis showed that the intersection genes were mainly enriched in PI3K-Akt
signaling pathway and ECM-receptor interaction (Figure 3C,D).

PPI network mapping and hub gene identi�cation
The 76 genes obtained from the above intersection were uploaded to String to draw a PPI network
diagram (Figure 4), and then the results were downloaded and imported into Cytoscape (v.3.8.0)software,
and the CytoHubba plug-in in the software was used to screen out the �rst 20 hub genes (Table 1).
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Table 1
The top 20 hub genes

Up-Regulated Down-Regulated

HIST1H4I EGR1 FOS NR4A2

HIST1H4L NR4A1 AHR ANXA1

HIST1H4C EGR2 PLAT EMP

HIST1H4B S100B PLP1 CYR61

HBA2 PENK PMP2 CEBPD

Univariate COX regression analysis further screens out
prognostic-related hub genes
Substituting the top 20 hub genes into GSE49710 (including survival data) for univariate survival
analysis showed that 4 genes (HBA2, FOS, NR4A2 and EMP1) were closely related to the overall survival
of 92 patients with MYCN ampli�cation in GSE49710 ( P≤0.05). Among them, FOS, NR4A2 and EMP1 are
protective genes, and HBA2 is a dangerous gene (Figure 5A).

The hub gene is related to clinical staging
According to the INSS staging, the GSE49710 data collection was re-combined, and �nally 121 patients
with T1, 78 patients with T2, 63 patients with T3, and 236 patients with T4 were obtained. The results in
Figure 5B show that the higher the clinical stage of the patient, the higher the expression of HBA2 gene,
and the expression of FOS, NR4A2 and EMP1 decreased (P<0.05).

The risk score is constructed by the hub gene
In the multivariate COX regression analysis of the hub gene, HBA2 and NR4A2 were closely related to
patient survival (P value<0.05, Table 2). In the K-M survival analysis, the survival time of patients in the
high-risk group was signi�cantly shorter than that in the low-risk group (P value<0.05). The AUC value of
the ROC curve of the risk score was 0.745 (P<0.05, 95%CI: 0.687-0.798), the sensitivity was 0.916, and the
speci�city was 0.877 (Figure 6A,B).

Table 2
Multivariate COX regression results of key genes

Gene sympol Coef HR(95%CI) p value

HBA2 0.234 1.264(95%CI:1.081-1.477) 0.003

NR4A2 -0.222 0.800(95%CI:0.693-0.924) 0.002

RT-qPCR to verify the relationship between HBA2 and
NR4A2 and the ampli�cation status of MYCN
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RT-qPCR results (Figure 7) showed that HBA2 expression was higher in MYCN ampli�ed patients than in
non-ampli�ed patients (p<0.05), but NR4A2 was lower in MYCN ampli�ed patients than in non-ampli�ed
patients (p<0.05), this result is consistent with the results of bioinformatics analysis.

Discussion
This study combined the modular genes selected by DEGs and WGCNA to explore the key difference
genes between MYCN ampli�cation and MYCN normal NB. First of all, it was con�rmed that there is a big
difference in gene expression between MYCN ampli�ed and MYCN unampli�ed samples. There are 76
intersection genes between DEGs and WGCNA blue-green modules. Secondly, GO analysis con�rmed that
the intersection genes in BP and CP are mainly distributed in glial cell regeneration and myelination.
Molecular function (MF) shows that the main intersection genes are concentrated in DNA binding
transcription activation and RNA polymerase II speci�city. The results of KEGG show intersection. Genes
are mainly enriched in the interaction between PI3K-Akt signaling pathway and extracellular matrix
receptors. Based on these results, we infer that MYCN ampli�ed NB can regulate DNA binding
transcription activity and RNA polymerase speci�city, affect myelination and glial cell regeneration, and
participate in PI3K-Akt and extracellular matrix receptor interactions, etc. Signal pathways regulate tumor
cell proliferation and differentiation[13, 14], resulting in MYCN-expanded NB cells that have stronger
proliferation, differentiation and metastasis capabilities than normal NB cells [10], which ultimately leads
to poor prognosis for MYCN-expanded NB patients[15].

In this study, 76 differentially expressed hub genes were uploaded to String to draw a diagram of the
interaction network, and the top 20 core genes in the network were screened through the CytoHubba plug-
in in Cytoscape. Univariate COX regression analysis showed that 4 genes in 20 cores (HBA2, FOS, NR4A2
and EMP1) were closely related to the overall survival of patients with MYCN ampli�ed NB (P
value<0.05). In addition, these four key genes are closely related to the clinical stage of NB patients. The
higher the clinical stage of the patient, the higher the expression of HBA2 gene, while the expression of
FOS, NR4A2 and EMP1 decreases. Multivariate COX regression analysis con�rmed that as the expression
of HBA2 increased or the expression of NR4A2 decreased, the patient's survival time was shorter,
indicating that HBA2 and NR4A2 not only expressed signi�cant differences in MYCN ampli�ed and
MYCN normal NB patients, but also compared with MYCN ampli�ed NB patients The survival time is
closely related. In other words, HBA2 and NR4A2 can be used as potential prognostic markers for MYCN-
ampli�ed NB patients.

HBA2 is located on chromosome 16 with a base length of about 30 kb and mainly encodes human
hemoglobin[16]. Retrospective studies have con�rmed that NB patients are easily misdiagnosed as
leukemia due to abnormal blood routine results such as increased hemoglobin[17], which is mainly due to
the fact that NB tumor cells invade the bone marrow, their morphology is similar to primitive and naive
lymphocytes, and glycogen staining Positive[18]. The results of this study indicate that the
overexpression of HBA2 gene in NB cells may lead to active proliferation of bone marrow in patients with
NB, and an increase in the proportion of erythroid. The higher the expression level, the more active the
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metabolism of NB tumor cells. The expression of HBA2 gene in MYCN ampli�ed NB patients was
signi�cantly higher than in MYCN normal patients, and the higher the clinical stage, the higher the
expression level. Therefore, in the process of treating patients with MYCN ampli�ed NB, attention should
be paid to changes in the patient's blood picture to prevent misdiagnosis of the disease and delay
treatment.

Studies have con�rmed that the protein encoded by the NR4A2 gene can act as a transcription factor to
limit the function of CAR T cells in solid tumors[19–21]. In other solid tumors, the role of NR4A2 is
contradictory[22]. On the one hand, NR4A2 can be used for cancer treatment drug screening[23], for
example, as a drug target for glioblastoma[24]. On the other hand, the high expression of NR4A2 in
gastric cancer cells confers chemoresistance and attenuates 5-�uorouracil-induced apoptosis[25]. In this
study, NR4A2 decreased with the increase of INSS stage, while the expression of NR4A2 decreased, the
shorter the patient's survival time, indicating that the expression of NR4A2 in NB is different from other
solid tumors. However, The form or pathway of NR4A2 in MYCN expansion of NB affects cell proliferation
and differentiation. These mechanisms still need to be further studied.

This study constructed a prognostic risk score for patients with MYCN ampli�ed NB based on HBA2 and
NR4A2. According to the risk score, patients can be divided into high-risk and low-risk groups. The results
of survival analysis show that the survival time of patients in the high-risk group is shorter than that in
the low-risk group, and the area under the ROC curve AUC is 0.745 (P<0.05, 95%CI: 0.687-0.798), the
sensitivity is 0.916, and the speci�city is 0.877. There have been previous studies on the overall prognosis
model of neuroblastoma patients[9, 26], and the use of bioinformatics to identify key MYCN-related
genes[10, 27], but temporarily There is no risk score prediction for the MYCN ampli�ed NB population.
This study is aimed at MYCN ampli�ed NB, using only two genes HBA2 and NR4A2 to construct a risk
score with an AUC value greater than 0.7. In general, HBA2 and NR4A2 are potential prognostic marker
genes for MYCN ampli�ed NB patients.

The results of this study have certain limitations, that is, even if the expression pro�le data in the GEO
database can be used to quickly mine the potential prognostic marker genes of MYCN ampli�ed NB
patients, the bioinformatics algorithm is different, so the �nal result will be different. The difference. This
study has initially successfully veri�ed the expression of HBA2 and NR4A2 on clinical tissue samples.
Therefore, the next step will focus on the functional experiments of HBA2 and NR4A2 genes in MYCN to
expand NB cells to obtain more biological processes., To provide more evidence for treating NB and
predicting the prognosis of children with NB.

Conclusion
HBA2 and NR4A2 can be used as potential prognostic molecular markers of MYCN ampli�ed
neuroblastoma. The risk score constructed with HBA2 and NR4A2 must be veri�ed by a large sample and
multi-center before being applied to clinical application. These �ndings provide new insights for the
clinical treatment and potential target mining of MYCN ampli�ed neuroblastoma.
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Abbreviations
GEO
Gene Expression Omnibus
NB
Neuroblastoma
DEGs
Differential expression genes
DAVID
The Database for Annotation, Visualization and Integrated Discovery
KEGG
Kyoto Encyclopedia of Gens and Genomes
HR
hazard ratio
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