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Combined machine learning with ferroptosis to establish the prognosis model for sepsis based on
backward propagation neural network optimized using genetic algorithm
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Abstract Objective Combining ferroptosis with machine learning,a backward propagation network model based on a genetic algo-
rithm (GA-BPNN) was established to predict the 28-day survival of sepsis patients. Methods Data related to sepsis were downloaded
from gene expression omnibus (GEO) . A total of 65 genes associated with ferroptosis were downloaded from molecular signatures database
(MSigDB). The gene set enrichment analysis (GSEA), gene set variation analysis (GSVA), weighted gene co-expression network analysis
(WGCNA), and protein-protein interaction (PPI) network analysis were then used to screen the genes associated with ferroptosis in sepsis
patients. The short time series mining analysis (STEM) was used to screen the genes related to the development of sepsis. The intersection
of genes related to ferroptosis in sepsis patients was made to obtain the key genes for the prognosis of sepsis. Based on the traditional back
propagation network (BPNN), a genetic algorithm (GA) was used to optimize the weights and thresholds to establish a prognostic model of
sepsis,namely GA-BPNN. Results GSVA showed a significant difference in the activity of the ferroptosis-related gene set between the
sepsis survival group and nonsurviving group. Ninety-seven genes related to ferroptosis in sepsis were screened. A total of 191 genes that
were significantly up-regulated or down-regulated in the development of sepsis were identified. A GA-BPNN model for predicting the prog-
nosis of four genes in sepsis was established by the intersection of genes related to ferroptosis and differentially expressed genes in sepsis.
The mean square error of the training after the iteration in the training set is below 0.05,and the AUC value is 0.98. In order to verify the
classification effect of the GA-BPNN model,the GA-BPNN model was compared with the support vector machine (SVM), backpropaga-
tion network (BPNN), and random forest (RF) in the verification set. The results show that the AUC value of the GA-BPNN model in the
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validation set were all 0.92,higher than that of the SVM,RF,and BPNN. Conclusion The four-gene model based on the GA-BPNN is

reliable and stable in predicting the prognosis of sepsis patients , which provides a new insight into ferroptosis in sepsis.

Keywords sepsis; ferroptosis; biomarker; prognostic model
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Tab.1 Clinical characteristics of patients with sepsis

GSE65682 (n =479)

Characteristic

GSE95233 (n=51) GSE33119 (n =40)

Age[n(%)]
<60 years 183(38.2)
=60 years 296 (61.8)
Gender[n (%)]
Female 207(43.2)
Male 272(56.8)
Timing of mortality (d) 28
Mortality [n (%)] 114(23.7)

20(39.2) 10(25.0)
31(60.8) 30(75.0)
20(39.2) 16 (40.0)
31(60.8) 24(60.0)
28 28
17(33.3) 20(50.0)
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Ferroptosis enrichment score

A, activity difference of ferroptosis related gene set in training set GSE65682; B, activity difference of ferroptosis related gene set in validation set

GSE95233; C, ferroptosis enrichment score of GSVA in GSE65682 sepsis survival group and nonsurviving group; D, the relevance of modules to clinical

features. Red shows a positive correlation and blue shows a negative correlation. The rows represent module genes and the columns are ferroptosis enrich-

ment scores. In the module, the first row is the correlation coefficient , the second row is the P value.
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Screening of ferroptosis related module genes in sepsis
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A,STRING database was used to construct PPI network of hub genes, the darker the color, the higher the connectivity ; B, GO enrichment analysis of hub

genes; C, KEGG enrichment analysis of hub genes. BP, biological processes; CC, cell components ; MF, molecular function.
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Fig.2 Co-expression network of ferroptosis related genes in sepsis
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A, analysis of the expression of four key genes;B to E,survival analysis and statistics were based on the expression groups of CPPED1,TFRC ,PECAMI ,

and TRANKI ,respectively. The overall survival rate of patients with high gene expression and patients with low gene expression was statistically ana-
lyzed by log-rank test (P < 0.05) ;F, G, correlation analysis between the key genes and immune cells in the training set GSE65682 (F) and validation set
GSE95233(G).

B3 XEEFKRIESW. Kaplan-MeierEFS 1 EEZEHH

Fig.3 Expression analysis of key genes, Kaplan-Meier survival analysis, and immune infiltration analysis
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A, training set GA-BPNN prediction results; B,ROC curve of training set GA-BPNN; C, comparison of the ROC curves between the GA-BPNN model and

the traditional model in set GSE33119; D, comparison of the ROC curves between the GA-BPNN model and the traditional model in set GSE95233.
B4 MEREEFEIFSHFIROCHZ&E
Fig.4 Regression analysis and ROC curve of the 4-gene model
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