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Background. Neuroblastoma (NB) is the third most common malignant tumor in children. The inflammation is believed to be
closely related to NB patients’ prognosis. However, there is no comprehensive research to study the role of inflammatory
response-related gene (IRRG) in NB patients. Methods. We downloaded the gene expression profiles of NB patients from GEO
and TARGET database, and the expression of 200 IRRGs was extracted. Then, we performed differentially analysis between
INSS stage 4 and INSS stage 4S NB patients. The univariate and multivariate Cox regression analyses were performed to screen
out the overall survival- (OS-) and event-free survival- (EFS-) related IRRGs in GSE49710, and two signatures were
constructed; both signatures were evaluated by Kaplan-Meier (K-M) survival curve and receiver operating characteristic (ROC)
curve. Finally, the TARGET cohort was used to validate IRRG signatures, and the independence of the prognostic IRRG
signatures was evaluated by integrating clinical information. Results. We screened out 10 OS-related IRRGs and 11 EFS-related
IRRGs. Then, we identified that OS- and EFS-related IRRG signatures and found that the OS and EFS of NB patients in the
low-risk group were significantly superior than those in the high-risk group (both P value < 0.0001). The AUC values of 3-, 5-,
and 7-year OS are 0.910, 0.933, and 0.921, respectively, and 3-, 5-, and 7-year EFS are 0.840, 0.835, and 0.837, respectively. In
addition, we found that both IRRG signatures can be used as independent prognostic indicators for patients with NB. Both
IRRG signatures still have good predictive ability in validation cohort. Conclusions. We constructed and validated two
prognostic gene signatures based on IRRGs. Our study helped us to better understand the role of inflammation in NB and
provided new insights for the prognosis assessment and treatment strategy for NB patients.

1. Background

Neuroblastoma (NB) is a common substantial malignant
tumor in children, and the incidence of NB is second only
to acute lymphoblastic leukemia (ALL) and brain and cen-
tral nervous system (CNS) tumors, accounting for 7% of
the cancer occurrence among children and adolescents [1].
The current standard treatment methods for NB patients
include chemotherapy, surgery, radiotherapy, immunother-
apy, and stem cell transplantation after high-dose chemo-
therapy [2-4]. With the improvement of the treatment
options, the overall survival (OS) rate of NB patients has
been significantly increased from 54% in 1975-1979 to 79%

in 2003-2009 [1]. Unfortunately, for high-risk NB patients,
their 5-year OS is only 40-50% [5-7], and 5-year event-free
survival (EFS) is less than 50% [8]. At present, studies have
proved that age and stage tumor genomics are crucial to
the risk stratification of NB patients [9], but this is far from
enough. It is still necessary to explore and find out the prog-
nostic biomarkers to further improve the treatment strate-
gies and the survival of NB patients.

Inflammation is closely related to the tumorigenesis and
progression. Persistent chronic inflammation can often pro-
mote the growth and invasion of malignant cells, promote
angiogenesis, and even affect the therapeutic effect [10-13].
For example, Yuan et al. have found that the high expression
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levels of inflammatory, such as C-reactive protein, interleu-
kin-6, and tumor necrosis factor-a receptor 2 biomarkers
and a long-term proinflammatory dietary pattern, were
associated with poorer survival in pancreatic cancer patients
[14, 15]. Except for the study of transcriptomics, Candido
et al. concluded that inflammatory epigenetic markers have
predictive value on the clinical outcome and survival of can-
cer patients [16]. And the CheckMate 040 trial
(NCT01658878) found that multiple inflammatory bio-
markers and inflammatory signature were significantly asso-
ciated with the survival of hepatocellular carcinoma (HCC)
patients and influenced the efficacy of nivolumab treatment
and had a certain predictive value [17]. What is more, sev-
eral bioinformatics-based studies confirmed that IRRG-
based signature is a robust prognostic biomarker for cancer
patients [18-22]. Lin et al. constructed eight IRRG signa-
tures in HCC patients and found that it cannot only predict
the prognosis of patients but also affect tumor microenvi-
ronment, immune response, and drug sensitivity to a certain
extent [20]. In addition, other studies have found that the
use of anti-inflammatory drugs, such as aspirin, can effec-
tively reduce the incidence rate and risk of distant metastasis
of cancers, such as colorectal cancer, esophageal cancer, gas-
tric cancer, biliary tract cancer, and breast cancer [23-25].
Due to the importance of inflammation in cancer patients’
prognosis, it is necessary to construct an effective IRRG sig-
nature to predict the survival of NB patients.

The prognosis of NB patients in INSS stages 4 and 4S is
significantly different; that is, compared with patients with
INSS stage 4, patients with INSS stage 4S are usually of
low risk and have superior outcomes with 5-year OS rates
was 91% + 1% [6]. In addition, there have been many studies
on the differences between INSS stage 4 and 4S patients
[26-28]. Therefore, in our study, we compared the inflam-
matory response-related genes (IRRGs) of NB patients
between INSS stage 4 and 4S in Gene Expression Omnibus
(GEO) database to obtain differentially expressed IRRGs
and further analyzed them to obtain prognostic IRRGs to
construct gene signatures. Finally, the accuracy of the signa-
ture prediction was verified in Therapeutically Applicable
Research To Generate Effective Treatments (TARGET)
database. These findings help us to better understand the
relationship between inflammation and prognosis of NB
and provide us new insights into treatment targets and prog-
nostic indicators for patients with NB.

2. Methods

2.1. Data Collection and Preprocessing. We downloaded the
gene expression data and clinical information of 498 histol-
ogically diagnosed NB patients (GSE49710) from GEO data-
base to form as the training cohort. Patients with OS or EFS
less than 30 days were excluded, and 496 histologically diag-
nosed NB patients were included. Meanwhile, based on the
same criteria of GEO cohort, a total of 153 NB patients from
TARGET database were used as the validation cohort. For
GEO dataset, the normalized matrix files were directly
downloaded, and for TARGET dataset, the RNA sequencing
data (FPKM value) of gene expression were downloaded and
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transformed into transcripts per kilobase million (TPM)
values [29]. Then, the “ComBat” algorithm of sva package
was performed to correct the batch effects from nonbiologi-
cal technical biases [29]. The flowchart of our research was
shown in Figure 1.

2.2. Identification of Differentially Expressed IRRGs and
Enrichment Analyses. The list of inflammatory response-
related genes (IRRGs) was downloaded from the Molecular
Signatures database (Supplementary Table 1) [20]. To
obtain differentially expressed IRRGs, we compared the
expression of IRRGs between NB patients with INSS stage
4 and INSS stage 4S in GSE49710 dataset. Genes with false
discovery rate (FDR) < 0.05 were defined as differentially
expressed IRRGs (DEIRRGs), and the results of differential
analysis were visualized by volcano plot and heat map. To
further explore the potential function of identified
DEIRRGs, we performed enrichment analyses, including
Gene Ontology (GO) functional annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses. The enrichment analyses were
performed in the Metascape database [30].

2.3. Identification and Analysis of the IRRG-Based Prognostic
Signatures. In order to make the results of survival analysis
more accurate, we excluded patients whose OS or EFS less
than 30 days, and 496 patients in GSE49710 dataset were
selected for the survival analyses. Then, we performed uni-
variate Cox regression analyses to determine the OS- and
EFS-related IRRGs, respectively. Next, the LASSO analysis
and multivariate Cox regression analysis were adopted to
avoid overfitting and ultimately to screen out the signifi-
cant OS- and EFS-related IRRGs. Finally, two prognostic
signatures were constructed for predicting the OS and
EFS by liner combining the expression values of the
IRRGs weighted with its regression coefhicients of the mul-
tivariate Cox regression analysis, and the specific formula
is as follows:

risk score = Z( B, x expression of gene,,). (1)
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Each patient got their own risk score according to the
formula, and they were divided into high-risk group and
low-risk group according to the median risk score. Then,
Kaplan-Meier (K-M) survival curves and the log-rank test
were performed to compare the prognostic difference
between these two groups. The time-dependent receiver
operating characteristic (ROC) curves and area under the
curve (AUC) value were adopted to evaluate the predictive
power of the IRRG-based signatures.

2.4. Evaluating the Independence of Signatures and
Developing Nomogram. Furthermore, to verify whether the
IRRG signature can be used as a reliable independent prog-
nostic indicator, we combined the risk score model with the
clinical characteristics including age, sex, MYCN status, and

INSS stage of neuroblastoma patients and conducted the
univariate and multivariate Cox regression analysis to ana-
lyze the prognostic impact. Then, based on the independent
prognostic factors, two prognostic nomograms were devel-
oped by the “rms” package in the R software for predicting
OS and EFS of NB patients. The concordance index (C-
index) and calibration curve were generated to assess the
discrimination and calibration of the nomograms.

2.5. External Validation of IRRG-Based Prognostic
Signatures. External validation is vital for prognostic signa-
ture. Therefore, we further validate two signatures in the
independent cohort. In the TARGET cohort, a total of 153
patients with OS or EFS longer than 30 days were included.
The risk scores of 153 patients were calculated according to



TaBLE 1: The information of 10 OS-related IRRGs by multivariate
Cox regression analysis.

Gene Coef HR 95% CI P value
OPRK1 0.188 1.21 1.00-1.45 0.042
RIPK2 -0.514 0.60 0.39-0.91 0.017
NLRP3 -0.166 0.85 0.72-1.00 0.051
KIF1B -0.926 0.40 0.26-0.61 <0.001
HIF1A 0.765 2.15 1.44-3.20 <0.001
MEP1A -0.317 0.73 0.57-0.93 0.011
HRH1 -0.226 0.80 0.68-0.94 0.007
BEST1 0.185 1.20 0.94-1.54 0.145
LY6E 0.137 1.15 0.95-1.38 0.146
GABBR1 -0.568 0.57 0.41-0.78 <0.001

OS: overall survival; IRRG: inflammatory response-related gene; HR: hazard
ratio; CI: confidence interval.

TaBLE 2: The information of 11 EFS-related IRRGs by multivariate
Cox regression analysis.

Gene Coef HR 95% CI P value
GNAI3 0.406 1.50 1.04-2.17 0.031
PTGER2 0.158 1.17 1.00-1.38 0.057
OPRK1 0.153 1.17 1.00-1.35 0.044
RIPK2 -0.470 0.62 0.47-0.83 0.001
NLRP3 -0.139 0.87 0.77-0.99 0.028
KIF1B -0.422 0.66 0.47-0.91 0.013
HIF1A 0.309 1.36 1.00-1.84 0.046
ACVR2A -0.283 0.75 0.54-1.05 0.097
ATP2B1 0.318 1.37 1.05-1.80 0.021
LPARI1 -0.379 0.68 0.57-0.82 <0.001
GABBR1 -0.274 0.76 0.60-0.97 0.024

EFS: event-free survival; IRRG: inflammatory response-related gene; HR:
hazard ratio; CI: confidence interval.

the formula constructed in the training cohort. Then, accord-
ing to the cut-off value identified in the training cohort, all
patients were divided into high- and low-risk groups. ROC
curves, AUC values, and K-M survival curves were conducted
to validate the predictive ability of IRRG signatures.

2.6. Statistical Analyses. All statistical analyses in this study
were performed in R 3.6.1. A P value < 0.05 (two-tailed) was
considered to indicate statistical significance. Univariate Cox
analysis, LASSO analysis, and multivariate Cox regression anal-
ysis were selected for survival analyses and construct prognostic
signature. K-M survival curves and the log-rank test were per-
formed to compare the prognostic difference between different
risk groups. ROC curves and AUC value were used to evaluate
the discrimination of the IRRG-based signatures.

3. Results

3.1. Screening of Differentially Expressed Inflammatory
Response-Related Genes. By integrating the gene expression
profiles of NB patients with the IRRGs downloaded from
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the Molecular Signatures database, a profile with 193 IRRG
expressions from NB patients both in GEO dataset and
TARGET dataset was obtained. Then, by comparing the
193 IRRGs between 183 INSS stage 4 and 53 INSS stage
4S NB patients in the GSE49710 cohort, we extracted 58
DEIRRGsS, which were visualized in the volcano plot and
heat map (Figures 2(a) and 2(b)). In the GO functional
analyses, the results indicated that DEIRRGs were mainly
involved in inflammatory response, vasculature develop-
ment, leukocyte differentiation, cell chemotaxis, chemo-
kine production, and positive regulation of chemokine-
mediated signaling pathway (Figure 3(a)). KEGG analysis
suggested that DEIRRGs were mainly associated with
cytokine-cytokine receptor interaction, TNF signaling
pathway, NOD-like receptor signaling pathway, pathways
in cancer, and TGF-beta signaling pathway (Figure 3(b)).
Generally, the enrichment analyses showed that DEIRRGs
not only play an important role in the inflammatory
response but are also associated with tumorigenesis and
tumor immune microenvironment.

3.2. Identification of Prognostic DEIRRGs for NB Patients.
Based on the DEIRRG, we preliminarily screened out 45 OS-
related IRRGs and 43 EFS-related DEIRRGs by univariate
Cox regression analysis and displayed their top 20 significant
DEIRRGs by forest map (Figures 4(a) and 4(b)). Next, by per-
forming the LASSO (Figures 4(c)-4(f)) analysis and multivar-
iate Cox regression analysis, we ultimately identified
significant OS- and EFS-related DEIRRGs and obtained their
respective correlation coefficients, including 10 OS-related
DEIRRGsS (Table 1) and 11 EFS-related DEIRRGs (Table 2).
Among these DEIRRGs, genes with an HR < 1 indicate that
they are protective factors, which is conducive to the prognosis
of patients, while genes with an HR > 1 indicate the opposite.
Among them, a total of six DEIRRGs showed to be associated
with both OS and EFS. The K-M survival curves indicated that
there was a significant difference in prognosis between the
low- and high-expression groups (Figure 5).

3.3. Constructing Two IRRG-Based Prognostic Signatures.
According to the methods, two prognostic signatures based
on OS- and EFS-related IRRGs were established, and risk
score of each patient was calculated (Figures 6(a) and 6
(b)). According to the median risk score, we divided the
patients into low- and high-risk groups (Figures 6(c) and 6
(d)). The K-M survival analysis showed that the OS and
EFS of NB patients in the low-risk group were significantly
superior than those in the high-risk group (P value <
0.0001) (Figures 6(e) and 6(f)). In addition, ROC curve anal-
ysis indicated that the AUC values of OS signature in 3-, 5-,
and 7-year were 0.910, 0.933, and 0.921, respectively
(Figure 6(g)), and the AUC values of EFS signature in 3-,
5-, and 7-year were 0.840, 0.835, and 0.837, respectively
(Figure 6(h)), indicating that our prognosis signatures have
favorable discrimination.

3.4. IRRG-Based Signatures Were Independent Prognostic
Indicators for NB Patients. By performing the univariate
Cox regression analysis for IRRG-based signatures and
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clinicopathological features, we found that age, MYCN sta-
tus, INSS stage, and IRRG-based signatures were remarkably
correlated with both OS and EFS except sex (Table 3). Then,
the multivariate Cox regression analysis was carried out, and
the results showed that age, MYCN status, INSS stage, and
IRRG-based signature were still significantly related to the
OS of NB patients (Table 4). However, only age, INSS stage,
and TRRG-based signature were markedly associated with
EFS of NB patients (Table 4). Generally, according to the
above results, we can know that the IRRG-based signatures
can independently predict the prognosis of patients with
NB, which further proved the reliability of our study.

3.5. Development of Nomograms Based on IRRG-Based
Signatures and Clinical Parameters. On the basis of indepen-
dent prognostic clinical parameters, two nomograms were
developed to predict the OS and EFS of NB patients, respec-

tively (Figures 7(a) and 7(b)). The values of C-index of OS
and EFS nomograms were 0.873 and 0.754, respectively.
The calibration curve suggested that the nomogram-
predicted prognosis was highly consistent with the observed
prognosis, which means the favorable calibration of both
nomograms (Figures 7(a) and 7(b)).

3.6. Validating the Prognostic Risk Score Models in TARGET
Cohort. We verified the constructed two IRRG-based sig-
natures in the TARGET cohort. Firstly, we calculated the
risk score of TARGET cohort and divided them into high-
and low-risk groups according to the same cut-oft values
identified in the training cohort (Figures 8(a)-8(d)). K-M
survival curves showed that the OS and EFS of the high-
risk group were significantly worse than those in the
low-risk group (Figures 8(e) and 8(f)). The AUC values
of 3-, 5-, and 7-year OS are 0.660, 0.692, and 0.664,
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respectively (Figure 8(g)), and 3-, 5-, and 7-year EFS are
0.660, 0.667, and 0.674, respectively (Figure 8(h)).

4. Discussion

Inflammation is closely related to the occurrence and devel-
opment of tumor, and there are various related studies that

have been carried out in NB [31]. For example, Zheng
et al. found that patients with higher C-reactive protein to
albumin ratio (CAR) and elevated high-sensitivity modified
Glasgow Prognostic Score (Hs-mGPS) had significantly
worse by analyzing blood inflammatory biomarkers or
inflammation based scores in patients with NB [32]. Asghar-
zadeh et al. found that tumor-associated inflammatory cells
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TaBLE 3: Univariate Cox regression analyses for identifying prognostic clinical characteristics.
Univariate analysis (OS) Univariate analysis (EFS)
HR 95% CI P value HR 95% CI P value

Risk score 1.08 1.07-1.10 <0.001 1.23 1.20-1.28 <0.001
Sex 0.81 0.55-1.19 0.288 0.90 0.67-1.21 0.492
Age 1.0003 1.0002-1.0004 <0.001 1.0003 1.0002-1.0004 <0.001
MYCN status 7.67 5.17-11.27 <0.001 3.20 2.34-4.40 <0.001
INSS stage

Stage 1

Stage 2 6.39 0.71-57.17 0.097 3.73 1.69-8.23 0.001

Stage 3 30.20 3.97-229.66 <0.001 7.63 3.59-16.24 <0.001

Stage 4 78.58 10.93-564.99 <0.001 12.49 6.33-24.66 <0.001

Stage 45 9.63 1.07-86.19 0.043 342 1.44-8.11 0.005
OS: overall survival; EFS: event-free survival; HR: hazard ratio; CI: confidence interval.

TABLE 4: Multivariate Cox regression analyses for identifying prognostic clinical characteristics.
Multivariate analysis (OS) Multivariate analysis (EFS)
HR 95% CI P value HR 95% CI P value

Risk score 1.05 1.03-1.07 <0.001 1.16 1.11-1.21 <0.001
Age 1.0003 1.0002-1.0004 <0.001 1.0002 1.0001-1.0003 <0.001
MYCN status 2.84 1.87-4.31 <0.001 1.26 0.87-1.81 0.216
INSS stage

Stage 1

Stage 2 6.99 0.78-62.78 0.082 3.76 1.70-8.31 0.001

Stage 3 22.66 2.96-173.40 0.003 5.80 2.70-12.46 <0.001

Stage 4 39.19 5.40-284.22 <0.001 7.66 3.82-15.37 <0.001

Stage 48 12.02 1.33-108.68 0.027 3.90 1.63-9.32 0.002

OS: overall survival; EFS: event-free survival; HR: hazard ratio; CI: confidence interval.

were also significantly associated with prognosis in patients
with NB, especially tumor-associated macrophages (TAMs),
which were more infiltrated in metastatic NB than localized
NB, and by integrating tumor-related genes and
inflammation-related genes, they constructed a 14-gene sig-
nature to predict NB patients (age > 18 months) and diag-
nosed with metastatic MYCN-nonamplified (NBL-NA),
which provided a significant prognostic marker for patients
with this type [33]. In addition, several studies confirmed
that the high expression of the inflammatory factor IL-6
was associated with the disease progression in patients with
NB and helped the cancer cells to escape the killing of drugs,
which was one of the indicators of poor prognosis [34, 35].
In this study, two gene signatures were constructed from
the perspective of IRRGs to predict the prognosis of NB
patients, and a good predictive effect was achieved.

In our research, we took an intersection of the genes of
NB patients and IRRGs and obtained the expression of 193
IRRGs of NB patients. Next, we compared these genes
between 183 INSS stage 4 and 53 INSS stage 4S NB patients
in GSE49710 dataset, and 58 DEIRRGs were identified.
Then, by performing survival analysis, we identified 10 OS-
related DEIRRGs and 11 EFS-related DEIRRGs. Based on
these prognostic DEIRRGs, we constructed two signatures

and found that NB patients in the low-risk group had supe-
rior outcomes than high-risk patients. What is more, we ver-
ified the independence of the prognostic signatures with
clinicopathological features and further developed two prog-
nostic nomograms to predict the prognosis of patients with
NB. Finally, we verified the accuracy of the IRRG-based sig-
natures in the external validation cohort and confirmed
favorable stability.

Among these prognostic DEIRRGs included in the final
signatures, there were six DEIRRGs that were associated
with both OS and EFS (OPRKI, RIPK2, NLRP3, KIF1B,
HIF1A, and GABBRI). All of them were closely associated
with tumorigenesis and progression. Opioid receptor
kappa-1 (OPRK1) is one of the G-protein-coupled receptors,
involved in G protein-coupled receptor signaling pathway,
pain perception, synaptic transmission, and other processes
[36]. It has been reported that it was highly expressed in
small bowel neuroendocrine tumors and pancreatic neuro-
endocrine tumors and can predict primary tumors accord-
ing to the expression of OPRK1 in metastatic tumors,
which is expected to become a new promising therapeutic
target [37, 38]. Receptor-interacting serine/threonine-pro-
tein kinase 2 (RIPK2) plays a vital role in the regulation of
innate and adaptive immune responses [39, 40], and its high
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expression has been found to be closely associated with poor
prognosis of human kidney renal clear cell carcinoma [41],
gastric cancer [42], inflammatory breast cancer (IBC) [43],
glioblastoma [44, 45], and so on, and is a potential therapeu-
tic target for a variety of cancers. NACHT, LRR, and PYD
domain-containing protein 3 (NLRP3) plays an essential
role in innate immunity, inflammation, and metabolize
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Nomogram-predicted 5-year EFS

T T T T T
0.2 0.4 0.6 0.8 1.0
Nomogram-predicted 7-year EFS
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[46-48]. Some studies have found that NLRP3 is a potential
protective factor, such as the lack of NLRP3 inflammasome
will increase the metastatic growth of colorectal cancer in
the liver [49] and the activation of NLRP3 inflammasome
may suppress the growth of tumor cells [50]. Kinesin family
member 1B (KIF1B) is a tumor suppressor gene, and many
studies have found that KIF1Bf can induce cell apoptosis
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in NB, and NB patients with poor prognosis are usually
accompanied by deletion of chromosome 1p36, where
KIF1B was located [51-54]. Hypoxia-inducible factor 1-
alpha (HIF1A) is the main transcriptional regulator of the
adaptive response to hypoxia, which is related to metastasis
of various tumor cells and poor prognosis of cancer patients
[55, 56], including sarcoma [57, 58], advanced renal cell car-
cinoma (RCC) [59], breast cancer [60], and NB [61-63].
Gamma-aminobutyric acid type B receptor subunit 1
(GABBRI1) is a neurotransmitter receptor [64]; it has been
reported that it can improve the proliferation of hematopoi-

etic stem/progenitor cells (HSPC) which showed potential
benefits for clinical transplantation [65]. However, there
are few studies on the relationship between GABBRI1 and
cancer, and further exploration is needed. Overall, the role
of these genes in previous studies is similar to our results,
which makes our findings more reliable.

There is no denying that this research is not perfect. All
of our results were obtained by analyzing the patient infor-
mation and gene expression profiles in public databases,
and no clinical specimens were collected for further verifica-
tion. Moreover, the specific mechanism of each gene in this
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study is still unclear, and it is an important research direc-
tion in the future. However, we have validated our risk score
models in an independent database and obtained good
results, which to some extent makes up for our limitations.

5. Conclusion

In summary, two robust IRRG-based prognostic signatures
were constructed to predict NB patients OS and EFS,
respectively. Furthermore, by integrating clinical informa-
tion, we constructed that two nomograms further validated
the ability of the risk score models as independent predictive
indicators. Collectively, this study provides new insights for
the prognosis assessment and treatment strategy of NB
patients and further experimental. The specific mechanisms
of action of these genes will need to be further identified in
the future.

Data Availability

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found in the article/supplemen-
tary material.

Conflicts of Interest

All authors declare that the research was conducted in the
absence of any competing interest.

Authors’ Contributions

Jiye Song, Liang Song, and Aiqin Song conceived the study,
performed the data analysis, and wrote the manuscript.
Zhenmei Lv downloaded the data, and Jianke Liu contrib-
uted to the data analysis. Xuan Feng and Song Zhang
reviewed, edited, and revised the manuscript. All authors
have read and approved the final version of the manuscript.

Supplementary Materials

Table S1: the list of inflammatory response-related genes.
(Supplementary Materials)

References

[1] E. Ward, C. DeSantis, A. Robbins, B. Kohler, and A. Jemal,
“Childhood and adolescent cancer statistics, 2014,” CA: a Can-
cer Journal for Clinicians, vol. 64, no. 2, pp. 83-103, 2014.

[2] G.M. Brodeur, “Neuroblastoma: biological insights into a clin-
ical enigma,” Nature Reviews Cancer, vol. 3, no. 3, pp. 203-216,
2003.

[3] A. D. Pearson, C. R. Pinkerton, I J. Lewis et al., “High-dose
rapid and standard induction chemotherapy for patients aged
over 1 year with stage 4 neuroblastoma: a randomised trial,”
The Lancet Oncology, vol. 9, no. 3, pp. 247-256, 2008.

[4] R. Ladenstein, U. Pétschger, A. D. J. Pearson et al., “Busulfan
and melphalan versus carboplatin, etoposide, and melphalan
as high- dose chemotherapy for high-risk neuroblastoma
(HR-NBL1/SIOPEN): an international, randomised, multi-

(5

—_

=
)

[9

—

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

International Journal of Genomics

arm, open-label, phase 3 trial,” The Lancet Oncology, vol. 18,
no. 4, pp. 500-514, 2017.

K. K. Matthay, C. P. Reynolds, R. C. Seeger et al., “Long-term
results for children with high-risk neuroblastoma treated on
a randomized trial of myeloablative therapy followed by 13-
cis-retinoic acid: a children’s oncology group study,” Journal
of Clinical Oncology, vol. 27, no. 7, pp. 1007-1013, 2009.

N. R. Pinto, M. A. Applebaum, S. L. Volchenboum et al.,
“Advances in risk classification and treatment strategies for
neuroblastoma,” Journal of Clinical Oncology, vol. 33, no. 27,
pp. 3008-3017, 2015.

R. Ladenstein, U. Pétschger, D. Valteau-Couanet et al., “Inter-
leukin 2 with anti-GD2 antibody ch14.18/CHO (dinutuximab
beta) in patients with high-risk neuroblastoma (HR-NBL1/
SIOPEN): a multicentre, randomised, phase 3 trial,” The Lan-
cet Oncology, vol. 19, no. 12, pp. 1617-1629, 2018.

E. Sokol, A. V. Desai, M. A. Applebaum et al., “Age, diagnostic
category, tumor grade, and mitosis-karyorrhexis index are
independently prognostic in neuroblastoma: an INRG pro-
ject,” Journal of Clinical Oncology, vol. 38, no. 17, pp. 1906
1918, 2020.

E. Butler, K. Ludwig, H. L. Pacenta, L. J. Klesse, T. C. Watt, and
T. W. Laetsch, “Recent progress in the treatment of cancer in
children,” CA: a Cancer Journal for Clinicians, vol. 71, no. 4,
pp. 315-332, 2021.

F. Balkwill and A. Mantovani, “Inflammation and cancer: back
to Virchow?,” Lancet, vol. 357, no. 9255, pp. 539-545, 2001.
A. Mantovani, P. Allavena, A. Sica, and F. Balkwill, “Cancer-
related inflammation,” Nature, vol. 454, no. 7203, pp. 436-
444, 2008.

L. M. Coussens, L. Zitvogel, and A. K. Palucka, “Neutralizing
tumor-promoting chronic inflammation: a magic bullet?,” Sci-
ence, vol. 339, no. 6117, pp- 286-291, 2013.

F.R. Greten and S. I. Grivennikov, “Inflammation and cancer:
triggers, mechanisms, and consequences,” Immunity, vol. 51,
no. 1, pp. 27-41, 2019.

C. Yuan, V. Morales-Oyarvide, N. Khalaf et al., “Prediag-
nostic inflammation and pancreatic cancer survival,” Journal
of the National Cancer Institute, vol. 113, no. 9, pp. 1186—
1193, 2021.

R. Stolzenberg-Solomon, “Are prediagnostic biomarkers of
inflammation and an empirically-based proinflammatory die-
tary pattern associated with poorer pancreatic cancer sur-
vival?,” Journal of the National Cancer Institute, vol. 113,
no. 9, pp. 1123-1124, 2021.

S. Candido, B. M. R. Tomasello, A. Lavoro, L. Falzone,
G. Gattuso, and M. Libra, “Novel insights into epigenetic reg-
ulation of IL6 pathway: in silico perspective on inflammation
and cancer relationship,” International journal of molecular
sciences, vol. 22, no. 18, p- 10172, 2021.

B. Sangro, I. Melero, S. Wadhawan et al., “Association of
inflammatory biomarkers with clinical outcomes in nivolu-
mab- treated patients with advanced hepatocellular carci-
noma,” Journal of Hepatology, vol. 73, no. 6, pp. 1460-1469,
2020.

S. Bai, Y.-B. Yan, W. Chen et al., “Bioinformatic analysis
reveals an immune/inflammatory-related risk signature for
oral cavity squamous cell carcinoma,” Journal of Oncology,
vol. 2019, 3865279 pages, 2019.

W.-Y. Zhaij, F.-F. Duan, S. Chen et al.,, “A novel inflammatory-
related gene signature based model for risk stratification and


https://downloads.hindawi.com/journals/ijg/2022/2417351.f1.pdf

International Journal of Genomics

[20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

prognosis prediction in lung adenocarcinoma,” Frontiers in
genetics, vol. 12, pp. 798131-798131, 2022.

Z.Lin, Q. Xu, D. Miao, and F. Yu, “An inflammatory response-
related gene signature can impact the immune status and pre-
dict the prognosis of hepatocellular carcinoma,” Frontiers in
Oncology, vol. 11, p. 644416, 2021.

Z. Xiao, J. Li, Q. Yu et al., “An inflammatory response related
gene signature associated with survival outcome and gemcita-
bine response in patients with pancreatic ductal adenocarci-
noma,” Frontiers in Pharmacology, vol. 12, pp. 778294-

778294, 2021.

J. Zhang, X. Liu, W. Zhou et al., “Identification of key genes
associated with the process of hepatitis B inflammation and
cancer transformation by integrated bioinformatics analysis,”
Frontiers in genetics, vol. 12, article 654517, 2021.

A. M. Algra and P. M. Rothwell, “Effects of regular aspirin on
long-term cancer incidence and metastasis: a systematic com-
parison of evidence from observational studies versus rando-
mised trials,” The Lancet Oncology, vol. 13, no. 5, pp. 518-
527, 2012.

E. Flossmann, P. M. Rothwell, and British Doctors Aspirin
Trial and the UK-TIA Aspirin Trial, “Effect of aspirin on
long-term risk of colorectal cancer: consistent evidence from
randomised and observational studies,” Lancet, vol. 369,
no. 9573, pp. 1603-1613, 2007.

A.T. Chan, S. Ogino, and C. S. Fuchs, “Aspirin and the risk of
colorectal cancer in relation to the expression of COX-2,” The
New England Journal of Medicine, vol. 356, no. 21, pp. 2131-
2142, 2007.

J. Bénard, G. Raguénez, A. Kauffmann et al., “MYCN-non-
amplified metastatic neuroblastoma with good prognosis and
spontaneous regression: a molecular portrait of stage 4S,”
Molecular Oncology, vol. 2, no. 3, pp. 261-271, 2008.

M. Fischer, A. Oberthuer, B. Brors et al, “Differential
expression of neuronal genes defines subtypes of dissemi-
nated neuroblastoma with favorable and unfavorable out-
come,” Clinical Cancer Research, vol. 12, no. 17, pp. 5118-
5128, 2006.

X. Zhong, Y. Liu, H. Liu, Y. Zhang, L. Wang, and H. Zhang,
“Identification of potential prognostic genes for neuroblas-
toma,” Frontiers in Genetics, vol. 9, p. 589, 2018.

B. Zhang, Q. Wu, B. Li, D. Wang, L. Wang, and Y. L. Zhou, “m
(6)A regulator-mediated methylation modification patterns
and tumor microenvironment infiltration characterization in
gastric cancer,” Molecular cancer, vol. 19, no. 1, p. 53, 2020.

Y. Zhou, B. Zhou, L. Pache et al., “Metascape provides a
biologist-oriented resource for the analysis of systems-level
datasets,” Nature Communications, vol. 10, no. 1, p. 1523,
2019.

P. Nallasamy, S. Chava, S. S. Verma et al., “PD-LI, inflamma-
tion, non-coding RNAs, and neuroblastoma: immuno-
oncology perspective,” Seminars in Cancer Biology, vol. 52,
Part 2, pp. 53-65, 2018.

C. Zheng, S. Liu, J. Feng, and X. Zhao, “Prognostic value of
inflammation biomarkers for survival of patients with neuro-
blastoma,” Cancer Management and Research, vol. Volume
12, pp. 2415-2425, 2020.

S. Asgharzadeh, J. A. Salo, L. Ji et al., “Clinical significance of
tumor-associated inflammatory cells in metastatic neuroblas-
toma,” Journal of Clinical Oncology, vol. 30, no. 28,
pp. 3525-3532, 2012.

(34]

(35]

(36]

(37]

(38]

(39]

[40]

(41]

[42]

[43]

(44]

[45]

[46]

(47]

(48]

(49]

17

Q. Zhao, M. Jin, D. W. Zhang et al., “Serum interleukin-6 level
and the rs 1800795 polymorphism in its gene associated with
neuroblastoma risk in Chinese children,” Chinese Medical
Journal, vol. 131, no. 9, pp. 1075-1078, 2018.

T. Ara, L. Song, H. Shimada et al., “Interleukin-6 in the bone
marrow microenvironment promotes the growth and survival
of neuroblastoma cells,” Cancer Research, vol. 69, no. 1,
pp. 329-337, 2009.

F. Simonin, C. Gavériaux-Ruff, K. Befort et al., “Kappa-opioid
receptor in humans: cDNA and genomic cloning, chromo-
somal assignment, functional expression, pharmacology, and
expression pattern in the central nervous system,” Proceedings
of the National Academy of Sciences of the United States of
America, vol. 92, no. 15, pp. 7006-7010, 1995.

S. K. Sherman, J. E. Maxwell, J. C. Carr et al., “GIPR expression
in gastric and duodenal neuroendocrine tumors,” The Journal
of Surgical Research, vol. 190, no. 2, pp. 587-593, 2014.

S. K. Sherman, J. E. Maxwell, J. C. Carr et al., “Gene expression
accurately distinguishes liver metastases of small bowel and
pancreas neuroendocrine tumors,” Clinical & Experimental
Metastasis, vol. 31, no. 8, pp. 935-944, 2014.

K. Kobayashi, N. Inohara, L. D. Hernandez et al., “RICK/Rip2/
CARDIAK mediates signalling for receptors of the innate and
adaptive immune systems,” Nature, vol. 416, no. 6877,
pp. 194-199, 2002.

A. I Chin, P. W. Dempsey, K. Bruhn, J. F. Miller, Y. Xu, and
G. Cheng, “Involvement of receptor-interacting protein 2 in
innate and adaptive immune responses,” Nature, vol. 416,
no. 6877, pp. 190-194, 2002.

D. Li, L. Tang, B. Liu, S. Xu, M. Jin, and W. Bo, “RIPK2 is an
unfavorable prognosis marker and a potential therapeutic tar-
get in human kidney renal clear cell carcinoma,” Aging
(Albany NY), vol. 13, no. 7, pp. 10450-10467, 2021.

Q. Yang, S. Tian, Z. Liu, and W. Dong, “Knockdown of RIPK2
inhibits proliferation and migration, and induces apoptosis via
the NF-xB signaling pathway in gastric cancer,” Frontiers in
Genetics, vol. 12, p. 627464, 2021.

A.Zare, A. Petrova, M. Agoumi et al., “RIPK2: new elements in
modulating inflammatory breast cancer pathogenesis,” Can-
cers (Basel), vol. 10, no. 6, p. 184, 2018.

N. C. Lucki, G. R. Villa, N. Vergani et al., “A cell type-selective
apoptosis-inducing small molecule for the treatment of brain
cancer,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 116, no. 13, pp. 6435-6440,
2019.

X. Cai, Y. Yang, W. Xia et al., “RIP2 promotes glioma cell
growth by regulating TRAF3 and activating the NF-«B and
p38 signaling pathways,” Oncology Reports, vol. 39, no. 6,
pp. 2915-2923, 2018.

M. Haneklaus, L. A. O'Neill, and R. C. Coll, “Modulatory
mechanisms controlling the NLRP3 inflammasome in inflam-
mation: recent developments,” Current Opinion in Immunol-
ogy, vol. 25, no. 1, pp. 40-45, 2013.

T. Prochnicki and E. Latz, “Inflammasomes on the crossroads
of innate immune recognition and metabolic control,” Cell
Metabolism, vol. 26, no. 1, pp. 71-93, 2017.

B. R. Sharma and T. D. Kanneganti, “NLRP3 inflammasome in
cancer and metabolic diseases,” Nature Immunology, vol. 22,
no. 5, pp. 550-559, 2021.

J. Dupaul-Chicoine, A. Arabzadeh, M. Dagenais et al., “The
Nlrp3 inflammasome suppresses colorectal cancer metastatic



18

(50]

(51]

(52]

(53]

(54]

[55]

[56]

(57]

(58]

(59]

[60]

[61]

(62]

(63]

growth in the liver by promoting natural killer cell tumoricidal
activity,” Immunity, vol. 43, no. 4, pp. 751-763, 2015.

G. Tezcan, E. E. Garanina, M. Alsaadi et al, “Therapeutic
potential of pharmacological targeting NLRP3 inflammasome
complex in cancer,” Frontiers in Immunology, vol. 11,
p. 607881, 2020.

S. Li, S. M. Fell, O. Surova et al., “The 1p36 tumor suppressor
KIF 1B is required for calcineurin activation, controlling
mitochondrial fission and apoptosis,” Developmental Cell,
vol. 36, no. 2, pp. 164-178, 2016.

R. Bernards, “Unlikely suspects identified in neuroblastoma
conspiracy,” Cancer Discovery, vol. 4, no. 4, pp. 392-393, 2014.

S. M. Fell, S. Li, K. Wallis et al., “Neuroblast differentiation
during development and in neuroblastoma requires KIF1Bf-
mediated transport of TRKA,” Genes ¢ Development, vol. 31,
no. 10, pp. 1036-1053, 2017.

S. Schlisio, R. S. Kenchappa, L. C. Vredeveld et al., “The kinesin
KIF1Bbeta acts downstream from EgIN3 to induce apoptosis
and is a potential 1p36 tumor suppressor,” Genes ¢ Develop-
ment, vol. 22, no. 7, pp. 884-893, 2008.

J. Ni, X. Wang, A. Stojanovic et al., “Single-Cell RNA Sequenc-
ing of Tumor-Infiltrating NK Cells Reveals that Inhibition of
Transcription Factor HIF-la Unleashes NK Cell Activity,”
Immunity, vol. 52, no. 6, pp- 1075-1087.e8, 2020.

Z.Ma, X. Xiang, S. Li et al., “Targeting hypoxia-inducible fac-
tor-1, for cancer treatment: recent advances in developing
small-molecule inhibitors from natural compounds,” Seminars
in Cancer Biology, vol. 80, pp. 379-390, 2022.

T. S. Eisinger-Mathason, M. Zhang, Q. Qiu et al., “Hypoxia-
dependent modification of collagen networks promotes sar-
coma metastasis,” Cancer Discovery, vol. 3, no. 10, pp. 1190-
1205, 2013.

A. M. El-Naggar, C.]. Veinotte, H. Cheng et al., “Translational
activation of HIFla by YB-1 promotes sarcoma metastasis,”
Cancer Cell, vol. 27, no. 5, pp. 682-697, 2015.

C. F. Xu, N. X. Bing, H. A. Ball et al., “Pazopanib efficacy in
renal cell carcinoma: evidence for predictive genetic markers
in angiogenesis-related and exposure-related genes,” Journal
of Clinical Oncology, vol. 29, no. 18, pp. 2557-2564, 2011.

R. Y. Ebright, M. A. Zachariah, D. S. Micalizzi et al., “HIF1A
signaling selectively supports proliferation of breast cancer in
the brain,” Nature Communications, vol. 11, no. 1, p. 6311,
2020.

M. Criscuoli, I. Filippi, D. Osti et al., “The Shc protein RAI
promotes an adaptive cell survival program in hypoxic neuro-
blastoma cells,” Journal of Cellular Physiology, vol. 233, no. 5,
pp. 4282-4293, 2018.

J. V. Dungwa, L. P. Hunt, and P. Ramani, “HIF-la up-
regulation is associated with adverse clinicopathological and
biological factors in neuroblastomas,” Histopathology, vol. 61,
no. 3, pp. 417-427, 2012.

K. Nakamura, K. C. Martin, J. K. Jackson, K. Beppu, C. W.
Woo, and C. J. Thiele, “Brain-derived neurotrophic factor acti-
vation of TrkB induces vascular endothelial growth factor
expression via hypoxia-inducible factor-1a in neuroblastoma
cells,” Cancer Research, vol. 66, no. 8, pp. 4249-4255, 2006.

(64]

[65]

International Journal of Genomics

C. Xu, W. Zhang, P. Rondard, J. P. Pin, and J. Liu, “Complex
GABAB receptor complexes: how to generate multiple func-
tionally distinct units from a single receptor,” Frontiers in
Pharmacology, vol. 5, p. 12, 2014.

L. Shao, A. Elujoba-Bridenstine, K. E. Zink et al., “The neuro-
transmitter receptor Gabbr 1 regulates proliferation and func-
tion of hematopoietic stem and progenitor cells,” Blood,
vol. 137, no. 6, pp. 775-787, 2021.



	Identification and Validation of Inflammatory Response-Related Gene Signatures to Predict the Prognosis of Neuroblastoma
	1. Background
	2. Methods
	2.1. Data Collection and Preprocessing
	2.2. Identification of Differentially Expressed IRRGs and Enrichment Analyses
	2.3. Identification and Analysis of the IRRG-Based Prognostic Signatures
	2.4. Evaluating the Independence of Signatures and Developing Nomogram
	2.5. External Validation of IRRG-Based Prognostic Signatures
	2.6. Statistical Analyses

	3. Results
	3.1. Screening of Differentially Expressed Inflammatory Response-Related Genes
	3.2. Identification of Prognostic DEIRRGs for NB Patients
	3.3. Constructing Two IRRG-Based Prognostic Signatures
	3.4. IRRG-Based Signatures Were Independent Prognostic Indicators for NB Patients
	3.5. Development of Nomograms Based on IRRG-Based Signatures and Clinical Parameters
	3.6. Validating the Prognostic Risk Score Models in TARGET Cohort

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Supplementary Materials

