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[ Abstract ]| Objective To analyze the expression of ferroptosis-related prognostic genes in hepatocellular carcinoma
(HCC) based on single cell sequencing data, so as to provide effective targets for precise treatment of HCC. Methods The
Cancer Genome Atlas (TCGA) database and ferroptosis-related gene database were used to obtain ferroptosis-related
differentially expressed genes in HCC patients and normal tissue samples, and least absolute shrinkage and selection operator
(LASSO) regression analysis was used to construct risk prognosis assessment model. Using single cell sequencing data, we
analyzed the expression of prognostic risk genes in HCC cells at different developmental stages by #-distributed stochastic
neighbor embedding (tSNE) dimensionality reduction and Monocle package, and the interactions between prognostic risk
genes in HCC cells were further analyzed by CellChat package. Results A total of 25 ferroptosis-related differentially
expressed genes were found to be associated with the prognosis of HCC patients. And 5"-nucleotidase domain containing 2
(NT5DC2), glucose-6-phosphate dehydrogenase (G6PD), stathminl (STMNT) and interleukin 33 (/L-33) were selected as HCC

prognostic genes. Among them, N75DC2 was mainly expressed in epithelial and endothelial cells, /L-33 was mainly expressed
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in endothelial cells, and G6PD and STMNI were widely expressed in cells. /L-33 was mainly expressed in endothelial cells

at early developmental stages, while N75DC2, G6PD and STMN were expressed at different developmental stages. Moreover,

1L-33 interacted extensively with its receptor only in endothelial cells at early stage of development. Conclusion As a benign

prognostic gene, /L-33 is specifically expressed and plays a role in endothelial cells at the early stage of HCC development,

suggesting that maintaining this primitive state of vascular endothelial cells or promoting IL-33-mediated primitive endothelial

ferroptosis may be an effective therapeutic target for HCC.

[ Key words | hepatocellular carcinoma; prognosis; ferroptosis; single cell sequencing; pseudotime analysis; cell

interaction analysis; interleukin 33
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Fig1 Heat mapping of ferroptosis-related differentially expressed genes and univariate regression analysis for prognosis in
HCC patients

A: Heat mapping of 54 ferroptosis-related differentially expressed genes; B: Univariate regression analysis of ferroptosis-related

differentially expressed genes for prognosis in HCC. HCC: Hepatocellular carcinoma; HR: Hazard ratio; CI: Confidence interval.
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Fig 2 Establishment and evaluation of risk prognostic model for ferroptosis-related differentially expressed genes in

HCC patients

A: Determination of 2 in LASSO Cox regression analysis; B: Distribution of high-risk and low-risk patients and their survival time in

the TCGA database of HCC patients (green indicates low-risk, red indicates high-risk); C: Survival curves of high-risk and low-risk

prognostic groups of HCC patients in TCGA database; D: The prognostic performance of the HCC risk score in the TCGA database

was verified by ROC curve. HCC: Hepatocellular carcinoma; LASSO: Least absolute shrinkage and selection operator; TCGA: The

Cancer Genome Atlas; ROC: Receiver operating characteristic; AUC: Area under curve.
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Fig3 Cellular distribution of ferroptosis-related HCC risk genes analyzed by single cell sequencing data

A: The tSNE diagram showed the different cell types; B: Expression levels of risk genes in different cell types. GO: T cells and natural
killer cells; G1: T cells; G2: B cells; G3: Endothelial cells; G4: Hepatocytes and epithelial cells; G5: Monocytes, macrophages, and
dendritic cells; G6: Hepatocytes; G7: Tissue stem cells, smooth muscle cells, and fibroblasts; G8: Epithelial cells; G9: Fibroblasts,
smooth muscle cells, and tissue stem cells; G10: T cells and natural killer cells; G11: Tissue stem cells; G12: Endothelial cells; G13:
Hepatocytes and epithelial cells; G14: Hepatocytes; G15: Pre-B cells (CD34 ). HCC: Hepatocellular carcinoma; tSNE: ¢-distributed
stochastic neighbor embedding; NT5DC2: 5'-nucleotidase domain containing 2; G6PD: Glucose-6-phosphate dehydrogenase;
STMNI1: Stathmin 1; IL-33: Interleukin 33.
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Fig 4 Expression of ferroptosis-related HCC risk genes at different developmental stages

A: Skeletal diagram of cell trajectories at different developmental stages; B: Cell density plot in the timeline; C: Skeletal diagram
of risk genes (IL-33, GOPD, NT5DC2, and STMNI) expression at different developmental stages (shades of color indicate gene
expression levels in different cells). GO: T cells and natural killer cells; G1: T cells; G2: B cells; G3: Endothelial cells; G4:
Hepatocytes and epithelial cells; G5: Monocytes, macrophages, and dendritic cells; G6: Hepatocytes; G7: Tissue stem cells, smooth
muscle cells, and fibroblasts; G8: Epithelial cells; G9: Fibroblasts, smooth muscle cells, and tissue stem cells; G10: T cells and
natural killer cells; G11: Tissue stem cells; G12: Endothelial cells; G13: Hepatocytes and epithelial cells; G14: Hepatocytes; G15:
Pre-B cells (CD34 ). HCC: Hepatocellular carcinoma; IL-33: Interleukin 33; G6PD: Glucose-6-phosphate dehydrogenase; NT5DC2:
S'"-nucleotidase domain containing 2; STMN1: Stathmin 1.
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Fig5 Pseudotime-related differentially expressed gene enrichment analysis

A: Bubble plot of the results of KEGG analysis; B: Results of GO biological process analysis; C: Results of GO cellular component

analysis; D: Results of GO molecular function analysis. KEGG: Kyoto Encyclopedia of Genes and Genomes; GO: Gene Ontology;

PPAR: Peroxisome proliferator activated receptor.
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Fig 6 Cell-to-cell interaction of ferroptosis-related HCC risk gene IL-33 in different cell subsets

A: Interactions of the IL-1 family in different cell subsets of HCC; B: Contribution ratios of different IL-1 family members in cell

interactions; C: Interaction of /L-33 in different cell subsets of HCC. HCC: Hepatocellular carcinoma; IL-33: Interleukin 33; GO: T

cells and natural killer cells; G1: T cells; G2: B cells; G3: Endothelial cells; G4: Hepatocytes and epithelial cells; G5: Monocytes,

macrophages, and dendritic cells; G6: Hepatocytes; G7: Tissue stem cells, smooth muscle cells, and fibroblasts; G8: Epithelial

cells; G9: Fibroblasts, smooth muscle cells, and tissue stem cells; G10: T cells and natural killer cells; G11: Tissue stem cells; G12:

Endothelial cells; G13: Hepatocytes and epithelial cells; G14: Hepatocytes; G15: Pre-B cells (CD34 ); IL-1: Interleukin 1; IL-1p:

Interleukin 1B; IL-1R2: Interleukin 1 receptor type 2; IL-1R1: Interleukin 1 receptor type 1; IL-IRAP: Interleukin 1 receptor accessory

protein; IL-1a:: Interleukin 1a; IL-1RL1: Interleukin 1 receptor like 1.
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