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Abstract: Objective To construct a neuroblastoma prognostic model based on immune-related genes, explore its role in
neuroblastoma, and predict potential intervention Chinese medicine. Methods Limma package was used to analyze the difference
between the expression profile data of high-risk patients and non-high-risk patients in the TARGET-NBL dataset. Differential genes
were overlapped with immune-related genes from ImmPort database, and the resulting differential immune-related genes were enriched
and analyzed. Univariate/multifactor Cox regression analysis and Lasso regression analysis were used to further screen prognostic-
related immune differential genes, and the prognostic model was established. CIBERSORT and single-sample gene-set enrichment
analysis (ssGSEA) were used to assess the abundance of immune cells in high risk score and low risk score samples. CTD and
COREMINE databases were used to predict the compounds and Chinese medicines that highly interact with genes in the prognostic
model. Results In high-risk patients, 147 differentially immune-related genes were significantly enriched in Janus kinase/signal
transducer and activator of transcription (JAK/STAT), Ras, B cell receptor, cyclic adenosine monophosphate (cAMP),
phosphatidylinositol-3-hydroxykinase/protein kinase B (PI3K/Akt), Rapl, mitogen-activated protein kinase (MAPK), transforming
growth factor-p (TGF-f) and other signaling pathways. Univariate/multivariate Cox regression analysis showed that thyroid stimulating
hormone subunit beta (TSHB), peptide deformylase, mitochondrial (PDF), angiopoietin like 3 (ANGPTL3), prostaglandin E receptor
1 (PTGERLI) were independent prognostic factors of high-risk neuroblastoma. In the immune prognosis model constructed based on
Lasso analysis, the high risk group had worse prognosis than the low risk group (HR = 4.49, 95% CI: 2.40—38.38, P < 0.001).
Calibration curve and decision curve also prove that the model had good prognostic efficacy and certain clinical practicability. Both
CIBERSORT and ssGSEA results showed that CD8" T cells infiltration level was significantly increased in the low-risk group of
prognostic model (P < 0.05) and significantly negatively correlated with risk score (P < 0.05). In addition, it was found that bisphenol
A can simultaneously regulate the expression of ANGPTL3, PDF, PTGER]1, parathyroid hormone receptor 2 (PTH2R), TSHB and nerve
growth factor inducible nerve growth factor inducible (V'GF), thus inhibiting the progression of neuroblastoma. Based on the gene
target of immune prognosis model, 130 core traditional Chinese medicines such as Tusizi (Cuscutae Semen) and Chashugen (root of
Camellia sinensis) were predicted, characterized by bitter, sweet and pungent tastes. The medicinal properties primarily focused on
cold and warm, while the liver, lung, spleen and kidney meridians were the main channels affected, the function weremainly clearing
heat and tonifying deficiency. Conclusion In high-risk neuroblastoma, immune-related genes ANGPTL3, PDF, PTGERI, PTH2R,
TSHB and VGF construct a prognostic model with good prognostic efficacy and certain clinical practicability. By integrating multiple
databases to predict drugs that act on prognostic model genes, it provides a new direction for the treatment of high-risk neuroblastoma.
Key words: neuroblastoma; immune-related gene; prognostic model; bisphenol A; Cuscutae Semen; root of Camellia sinensis;
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A-sample distribution of TARGET-NBL dataset; B-volcano map of TARGET-NBL dataset DEGs analysis; C-heat map of top 5 differentially up-regulated
and down-regulated gene expression in TARGET-NBL dataset; D-Venn diagram of DEGs and IRGs; E-heat map of top 5 differentially up-regulated and

down-regulated immune-related genes expression in TARGET-NBL dataset.
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Fig. 1 Difference analysis of TARGET-NBL dataset
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Fig. 2 GO annotation and KEGG enrichment analysis of differential immune-related genes
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A-univariate Cox regression analysis was performed based on 147 DIRGs; B-univariate Cox regression analysis of DIRGs (P < 0.1) for multivariate COX
regression analysis; C-univariate Cox regression analysis of DIRGs (P < 0.1) for Lasso; D-Lasso variable trajectory diagram; E-survival analysis of patients
divided into high risk group and low risk group based on Lasso risk score; F-draw risk factor map based on Lasso-screened variables; G-draw nomogram
based on Lasso-filtered variables; H-calibration curve based on nomogram; I-3-year decision curve based on prognostic model; J-5-year decision curve
based on prognostic model.
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Fig. 3 Construction of neuroblastoma prognostic model based on Lasso analysis
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Table 1 Differential immune-associated genes in neuroblastoma prognostic models

HER AR
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MEEREHEA 3 (angiopoietin like 3) 4
A LR, ZRHifk (peptide deformylase, mitochondrial) | 5
HIFIIRE E %24k 1 (prostaglandin E receptor 1) 6

VGF

PTH2R WRZFHFEZEZ IR 2 (parathyroid hormone receptor 2)
TSHB  {RHRIRHE B A& (thyroid stimulating hormone subunit beta)
MAEKFT5FH (nerve growth factor inducible)
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A-abundance of immune cells in samples of high risk score group and low risk score group by ssGSEA; B-infiltration level of CD8'T cells in low risk
score group and the high risk score group; C-correlation between risk score and infiltration level of CD8*T cells; D-abundance of immune cells in samples
of high risk score group and low risk score group by CIBERSORT; E-infiltration level of CD8'T cells in low risk scoregroup and high risk score group; F-

correlation between risk score and infiltration level of CD8'T cells;
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*P<0.05.

Fig. 4 Immune analysis of ssGSEA and CIBERSORT
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Fig.5 Predictive analysis of potential drugs
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Table 2 Chemical components and traditional Chinese medicines acting on differential immune-related genes of

neuroblastoma prognostic models

RFEFZE (P<0.05)
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A A 5 ANGPTL3 4547720 B-XU A 5 PDF g5& 4 C-XUM A 5 PTH2R 4547720 D-XWM A 5 TSHB 46770 E-WH

A 5 VGF B456 7750

A-binding mode of bisphenol A with ANGPTL3; B-binding mode of bisphenol A with PDF; C-binding mode of bisphenol A with PTH2R; D-binding mode

of bisphenol A with TSHB; E-binding mode of bisphenol A with VGF.
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Fig. 6 Molecular docking of screening drug bisphenol A and its targets
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