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Background: In recent years, miRNAs have become a research hotspot, which is related to the occurrence
and development of a variety of malignant tumors, but there are few studies in neuroblastoma. In this study,
the differentially expressed microRNAs (miRNAs) in neuroblastoma were identified and analyzed using
bioinformatics, and their biological functions and related signaling pathways were examined.

Methods: The neuroblastoma miRNA chip GSE121513 was obtained from the Gene Expression Omnibus
(GEO) database and the data of 95 neuroblastoma samples and normal fetal adrenal neuroblastoma samples
were analyzed to screen the differential miRNAs. The target genes of the differentially expressed miRNAs
were predicted using |log fold change (FC)I >4. Kyoto Encyclopedia of Genes and Genomes (KEGG)
and Gene Ontology (GO) analyses were performed to construct a protein-protein interaction network and
identify the core target genes.

Results: A total of 91 differentially expressed miRNAs were identified (P<0.05, logFCI >1), including 52
upregulated and 39 downregulated miRNAs. The target genes of the differential miRINAs (P<0.05, 1logFCl
>4) were pretested, and 602 target genes were obtained. Functional analysis showed that these genes were
mainly located in the extracellular matrix region of proteins, and were involved in the negative regulation of
cytoplasmic translation, mRNA 3'-untranslated region (UTR) binding, and binding to nucleic acid to inhibit
the activity of translation factors. They were also involved in RNA degradation, adhesion pathways, and the
phosphatidylinositol-3-kinase (PI3K)-Akt signaling pathway. Ten key target genes were identified via protein
interaction network screening.

Conclusions: The differential miRNAs may be related to the occurrence of neuroblastoma were screened.

Keywords: Neuroblasts; bioinformatics; differences of microRNAs; prognosis model; risk analysis

Submitted Sep 02, 2022. Accepted for publication Nov 29, 2022.
doi: 10.21037/tp-22-504
View this article at: https://dx.doi.org/10.21037/tp-22-504

Introduction of childhood malignancies (1-3) and approximately 15%
of childhood cancer-related deaths (4). At present, the true

Neuroblastoma (NB) is an embryonic malignant tumor cause of NB is still unclear. Some genetic predisposing

originating from the primitive neural crest of the adrenal factors have been found to be related to the pathogenesis
medulla and sympathetic ganglia. It is the most common of NB. Nearly half of all patients with NB present with
extracranial solid tumor in children, accounting for 8-10% metastasis at the time of diagnosis, with poor prognosis.
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Primary abdominal neuroblastoma (ANB) tumors occur in
the paraspinal ganglion or adrenal medulla, and metastatic
dissemination occurs in the blood and lymphatic pathways
(5-7). Its analogues play an important role in regulating
many physiological processes of mammalian embryo
development, cell differentiation, vision formation,
reproduction, and immunity (8). The conversion are the
only two reversible reactions in the retinol metabolic
network, and this is the core link in the regulation of retinol
metabolism (9). Retinol is stored as retinyl ester in cells.
The levels of retinyl ester in cells is affected by the retinol
substance inside and outside the cell and the physiological
state of the cell. Recent studies have shown that the
amount of retinoyl ester is decreased in bladder cancer,
prostate cancer, kidney cancer, squamous cell carcinoma,
and other tumor cells, and the degree of reduction is
positively correlated with the degree of malignancy of
tumor cells, indicating that the synthesis of retinoyl ester
is closely related to the occurrence of tumors (10). Retinol
dehydrogenase reductase in neuroblastoma cells can be
induced by retinoic acid, which can increase the content of
retinoyl ester in NB cells. It is thus an important regulator
of retinol metabolism in neuroblastoma cells and is related
to the occurrence of NBs (11-13).

NBs derived from the same migrating neural crest cells
have a high potential for distant metastasis, and patients are
often found to have bone marrow metastases at diagnosis.
Surgical resection is still the most effective treatment for
such patients, but for advanced cases and patients with distant
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metastasis, the prognosis is poor. Therefore, understanding
the molecular mechanisms involved in the occurrence and
development of NB bone marrow metastasis is crucial (14).
MicroRNA (miRNA) is a small non-coding RNA
composed of about 20 nucleotides. It negatively regulates
the mRNA expression of target genes at the post-
transcriptional level. MiRNAs play an important role
in embryonic development and tumorigenesis, and is
closely related to patient prognosis (15). To date, the
pathogenesis, differentiation, and metastatic mechanisms
of NB have not been fully elucidated. Identification of the
differentially expressed miRNAs in NB will contribute
to the understanding, diagnosis, and treatment of the
disease (16). In this current study, the miRNA expression
in neuroblastoma samples and normal fetal adrenal
neuroblastoma tissue samples were retrieved from the Gene
Expression Omnibus (GEO) database and analyzed for
differential expression. Target genes of the differentially
expressed miRNAs with [log fold change (FC)| >4 were
predicted and analyzed for functional enrichment. A
protein interaction network was constructed to screen the
core genes. The data presented herein will provide novel
ideas for understanding the predictive value of miRNAs
in NB. We present the following article in accordance
with the TRIPOD reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-22-504/rc).

Methods
Data sources and methods

The GEO database (https://www.ncbi.nlm.nih.gov) is
a genome database created by the National Center for
Biotechnology Information (NCBI). It is the largest and
most comprehensive public gene database in the world. The
gene chip numbered GSE121513 was downloaded from the
GEO database, including 117 samples in the dataset. The
miRNA expression in 8 embryonic stem cell lines, 7 normal
fetal adrenal NB samples, 7 normal fetal adrenal cortical
samples, and 95 NB samples were included. In this study,
95 NB samples were selected as the experimental group
and 7 normal fetal adrenal NB samples were selected as the
control group. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

Data set arrangement and differential expression analysis

(I) Sample pretreatment: The GSE121513 matrix data file
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was downloaded from the GEO database, and the data of 95
NB samples (experimental group) and 7 normal fetal adrenal
neuroblastoma samples (control group) were collected. Perl
script was used to merge the two groups of data matrices,
and the expression matrix file needed for this study was
obtained. (II) Differentially expressed miRNA analysis: The
preprocessed gene expression matrix file was extracted using
the Read.table function in the R software package (V3.6.3),
and the normalizeBetweenArrays function in the Limma
software package was used to standardize the data. The IF
cycle was used to determine whether the data needed log2
conversion, and if so, log2 conversion was carried out. The
Model.matrix function in the LimmA program package
was used to define groups, the ImFit function was used to
establish linear models, and the eBayes function was used
to conduct Bayes test for multiple test correction. Subset
and other functions were used to analyze the differentially
expressed miRNAs in neuroblastoma samples and normal
fetal adrenal neuroblastoma samples. Differential miRNA
screening criteria were as follows: P<0.05 and difference
ratio change |logFCI| >1. Volcano plots were constructed
to visualize the differences in gene expression using R
language ggplot2 package and heat maps were constructed
using the R heatmap package.

Prediction of miRNA target genes

The target genes of the differentially expressed miRNAs
were predicted using Targetscan, miRDB, and microRNA.
org online tools (using logFC| >4 as the criteria).

Gene Ontology and Kyoto Encyclopedia of Genes and
Genomes enrvichment analysis

The DAVID online analysis platform (https://david.
ncifCRf.gov/) was used to perform GO biological function
enrichment analysis and KEGG signaling pathway
enrichment analysis on target genes. The target genes were
annotated by GO function analysis according to biological
process, cellular component, and molecular function.
P<0.05 was considered statistically significant.

Construction of the protein interaction network and
screening of the core target genes

The STRING data library (http://db.org/) was used to
construct a protein-protein interaction (PPI) network of
the differentially expressed miRNA target genes. The
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Cytoscape software and the Network Analyzer plug-in were
used to screen out the key target genes with more nodes to
construct the PPI core network.

Screening of bub genes and construction of the hub module

CytoHubba, a plug-in of Cytoscape, was used to identify the
hub genes in the PPI network modules. The maximal clique
centrality (MCC) in the PPI network was calculated and
the top 10 genes were defined as hub genes. The Molecular
Complex detection (MCODE) method in Cytoscape plug-
in was used to analyze the whole network of genes in the
PPI network module. The gene modules were extracted
and the seed genes were obtained. A MCODE score >5 and
number of nodes >10 were used as truncation criteria to
screen the hub modules. The default parameters were used
for MCODE analysis (degree cutoff =2, node score cutoff
=0.2, K core =2, and maximum depth =100).

Statistical analysis

R software was used in the statistical analyses. The ROC
model was constructed to analyse the predictive values.
The differences of all categorical variables were analyzed
by using y’ analysis, while the differences of the continuous
data were analyzed by using the 7-tests. P<0.05 indicated
that the difference was significant (two tail).

Results
Differentially expressed miRNAs

Neuroblastoma and normal fetal adrenal gland nerve cell
tissue were compared to identify the differentially expressed
miRNAs (Figures 1,2).

Gene Ontology and Kyoto Encyclopedia of Genes and

Genomes analysis

GO functional enrichment analysis showed that differential
miRNAs were mainly located in the extracellular matrix
region of proteins, and were involved in biological processes
such as cell response to amino acid stimulation, collagen
catabolic process, negative regulation of cytoplasmic
translation, and extracellular matrix organization. The
differentially expressed miRNAs were also involved in
binding to the 3’-untranslated region (UTR) of mRNAs,
inhibiting translation factor activity by binding to nucleic
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Figure 1 A visual analysis of the differentially expressed genes.

Figure 2 A heat map showing the differentially expressed miRNAs.

acid, structural components of the extracellular matrix,
metal ion binding, and zinc ion binding.

KEGG pathway analysis showed that the differential
miRNAs may be related to RNA degradation, mucin-
type O-glycan biosynthesis, adhesion pathway,
phosphatidylinositol-3-kinase (PI3K)-Akt signaling
pathway, dorsoventral axis formation, protein digestion
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and absorption, and extracellular matrix (ECM) receptor
interaction mediated signaling pathway events (Figure 3).

Target gene protein interaction network and corve target
genes

A total of 602 target genes were analyzed and the key target
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Figure 3 GO enrichment analysis (A and B) and KEGG pathway enrichment analysis (C and D) of the differentially expressed genes. GO,

Gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 4 A protein interaction network was constructed for the differential miRINA target genes. (A) Protein-protein interaction analysis; (B)

Histogram analysis of gene function enrichment.

genes with the most nodes were used to construct the PPI
core network map (Figure 4).

Analysis of the cell signaling pathway

The cell signal transduction pathway is composed of specific
cells that secrete and release intercellular and intracellular
information substances (Such as transport carriers and
transport pathways) and target cells (Including specific
receptors, etc.) (Figure 5).

Risk curve analysis

The “PHEATMap” package in R software was used to rank
and collate the downloaded The Cancer Genome Atlas
(TCGA) data, calculate the risk coefficient of patients with
neuroblastoma, calculate the distribution matrix of survival
and death patients, analyze the differential expression of
immune infiltration-related prognostic Long non-coding
RNA (IncRNA), and successfully construct the prognosis
model of neuroblastoma. From left to right, we found that
with the increase of the expression of IncRNA quantity, the
prognosis of patients with neuroblastoma risk coefficient
also rose, while deaths were focused on the right side of the

high risk group of regional (Figure 6).

© Translational Pediatrics. All rights reserved.

Receiver operating characteristic (ROC) curve analysis of
the prognostic model

A prognostic model of neuroblastoma was successfully
constructed through TCGA public database, and ROC
curve analysis was used to verify the possibility and
accuracy of the model. The area under the ROC curve was
significantly greater than 0.7, indicating that compared with
other clinically relevant indicators, the higher prediction
accuracy of this model has certain predictive value for the
clinical prognosis of patients with neuroblastoma (Figure 7).

Discussion

Previous studies have found that target genes can inhibit
the migration, proliferation, and metastasis of colon
cancer and thyroid cancer (17). MiR-135b can promote
the proliferation and metastasis of breast cancer, gastric
cancer, and other tumors through the effect of target genes,
and inhibit the occurrence, development, and metastasis
of melanoma and other tumors (18-20). In this study,
target genes of the differentially expressed miRNAs in
neuroblastoma samples were identified and their functions
were annotated. The target genes of the differentially
expressed miRINAs were mainly located in the extracellular
matrix region of proteins (21) and were related to cell

Transl Pediatr 2022;11(12):1908-1919 | https://dx.doi.org/10.21037/tp-22-504
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Figure 5 Cell signaling pathway.

response to amino acid stimulation, collagen catabolic
process, negative regulation of cytoplasmic translation,
Mrna 3'-UTR binding, and inhibition of translation factor
activity by binding to nucleic acid (22). Furthermore, the
differentially expressed miRNAs were involved in RNA
dehydrolysis, mucin-type O-glycan biosynthesis, adhesion
pathway, PI3K-Akt signaling pathway, protein digestion and
absorption, and other processes. Some reports have shown
that PTEN/PI3K/Akt signaling pathway is related to cell
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proliferation, apoptosis, and angiogenesis, and is involved in
the invasion and metastasis of gastric cancer (23-26).

The PPI network was constructed using STRING, and
the 10 core genes with highest correlation were screened
using the Cytoscape software (27). Interleukin-6 (IL-6) is
an inflammatory cytokine involved in a variety of biological
processes, including immune dysregulation in diseases and
cancer. IL-6 affects the occurrence and development of
cancer by affecting the apoptosis, survival, proliferation,
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Figure 6 Survival and prognosis risk curve (A), death distribution matrix (B), and risk heat map (C) of neuroblastoma patients.

invasion, and metastasis of cancer cells. Studies comparing
high-, low-, and intermediate-risk neuroblastoma patients
found that the levels of IL-6 in high-risk neuroblastoma
was significantly increased (P<0.001), and elevated IL-6
levels were associated with poor prognosis in high-risk
neuroblastoma patients (28-30). IL-6 can promote the
growth of neuroblastoma cells and contribute to the

© Translational Pediatrics. All rights reserved.

formation of a bone marrow microenvironment that is
conducive to the progression of metastatic neuroblastoma,
thus promoting the bone metastasis of neuroblastoma.
Anti-IL-6 therapy has been used to treat immunological
disorders and cancer, and has been shown to be effective
in Castleman’s disease and inflammatory diseases (such as
rheumatoid arthritis) without significant toxicity (31).
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NB is derived from intrinsic migratory neural crest
cells and has a high potential for distant metastasis, and
patients often present with bone marrow metastases at the
time of diagnosis (32). Surgical resection is still the most
effective treatment for the disease, but the prognosis is poor
for advanced cases and patients with distant metastases.
Therefore, it is of great significance to study the molecular
mechanisms of NB bone marrow metastasis (33,34). The
differentially expressed genes in NB samples were imported
into the STRING database and a PPI map network was
constructed using Cytoscape software. The MCC algorithm
in CytoHubba plug-in was used to analyze the top 10 hub
genes.

Limitations

Only 7 normal fetal adrenal NB samples were selected as
the control group. It was relatively few. Further study was
still needed.

Conclusions

In summary, the key genes screened and identified in
this study are related to the occurrence, development,
migration, and invasion of neuroblastoma cells. However,
whether they are related to the regulation of miRNA and
whether miRNA can affect the occurrence and development
of neuroblastomas through these genes warrant further
investigation. Core genes are related to the proliferation
and migration of other tumors, and their relationship with
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neuroblastoma also requires further study (35). The results
of this analysis provide a valuable reference for elucidating
the molecular mechanisms of miRNA in the occurrence
and development of neuroblastoma, and provide new
ideas and a theoretical basis for studying the pathogenesis,
differentiation, and metastasis of NB.
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