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Ferroptosis-related genes as novel biomarkers for predicting the risk of latent
tuberculosis infection activation and establishment of a risk model
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Abstract Objective To identify novel biomarkers for predicting the risk of latent tuberculosis infection (LTBI) activation using hio-
informatics and machine-learning algorithms and to establish a risk model. Methods The GSE112104 and GSE193777 datasets were
obtained from the Gene Expression Omnibus. Differential gene expression and weighted gene co-expression network analyses were per-
formed to identify ferroptosis-related differentially expressed genes (FRG-DEGs) associated with LTBI activation. Three machine-learning
algorithms, least absolute shrinkage and selection operator, support vector machine-recursive feature elimination, and random forest,
were used to identify ferroptosis-related hub genes (FRG-hubs). The reliability of these genes was validated using independent validation
datasets and reverse transcription polymerase chain reaction (PCR). A risk model was established using R software. Results In the
GSE112104 dataset,296 genes were upregulated and 1 569 genes were downregulated in active tuberculosis compared to those in LTBI.
Among the LTBI progressors, 506 genes were upregulated and 1 132 genes were downregulated. Weighted correlation network analysis
identified five gene modules,with the blue module showing the strongest correlation with LTBI activation (cor=0.62,P=0.000 04), con-
taining 1 340 genes. Intersections with 728 ferroptosis-related genes resulted in eight FRG-DEGs. The machine-learning algorithms iden-
tified four FRG-hubs:PLA2G6,GLS2,JUN ,and AMN,whose expression decreased with LTBI activation. Reverse transcription PCR con-
firmed this trend. A risk model based on these genes yielded an area under the curve of 0.98 to 1.00. Conclusion This study successfully
identified novel biomarkers for predicting the risk of LTBI activation and developed an accurate predictive risk model.
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A, voleano plot of genes differentially expressed between LTBI and LTBIPro;B,volcano plot of genes differentially expressed between ATB and LTBI;

C,heatmap of module-trait relationships showing clustering of genes associated with LTBI activation; D, heatmap depicting the correlation between gene

co-expression modules and LTBI activation; E, Venn diagram illustrating the selection of FRG-DEGs.
El1 Z5LTBIE|KIFRGHIfFE
Fig.1 Screening of FRG involved in LTBI activation
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A, least absolute shrinkage and selection operator (LASSO) algorithm; B, support vector machine-recursive feature elimination (SVM-RFE) algorithm; C,
random forest (RF) algorithm; D, Venn diagram illustrating the FRG-hubs common to the LASSO,SVM-RFE, and RF algorithms.
B2 FRG-hubsiyiR Al
Fig.2 Identification of FRG-hubs
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A, expression of FRG-hubs in the GSE193777 dataset; B, diagnostic performance of FRG-hubs in distinguishing ATB and LTBI in the GSE112104 and

GSE193777 datasets. *P < 0.01,**P < 0.001.

E3 FRG-hubsF&i& NS HT L AEIGIE
Fig.3 Validation of FRG-hubs expressions and diagnostic efficacy
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A,R-Mth and D-Mtb were observed under a transmission electron microscope ( x 25) ;B double staining with auramine O and Nile red at 12,24,48, and
72 h after D-Mtb infection of macrophages ( x 1 000);C, expression trend of FRG-hubs after activation of D-Mtb. *P < 0.01,**P < 0.001 , **%P < 0.000 1.
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Fig.4 Activation of D-Mtb suppresses expression of FRG-hubs

0 10 20 30 40 50 60 70 80 90 100

Points 1.0 4
PLA2G6 é 0.8
10 95 9 85 8 75 7 65 6 555 45 4 35 3 g
GLS2 . £ 0.6 4
8§ 7 6 5 4 3 2 1 0 g
JUN . . . i i . . . X —= 044
5 14 13 12 11 10 9 8§ 7 g —
AMN < 0.2 — B{a&‘—mﬁ"rm-led
246 ---- Idea
Total points 0.0 4~
T T T T T T
) . 20 40 60 80 100 120 140 160 180 200 00 02 04 06 08 10
Risk of disease .
0.000 10.0050.10.50.9 A Predicted probability B
—Model
~None GSE112104 GSE193777
0.6 1.0 J_H 1.0
. 05 08 08 |
T 04
£ 2 =
£03 Z 0.6 = 0.6
g 0.2 = AUC=0.982 3 AUC=1.000
£ 04 95%CI:0.943-1.000 £ 04 95%CI: 1.000-1.000
0.1 - 3
0.0
r T T T T 1 0.27 0.2
00 02 04 06 08 10
Threshold probability 0.04 0.0 |
) U ‘ " " ' . ) T T T T T T T T T T - T
11100 1e4 233 3:2 431 100:1 00 02 04 06 08 1.0 00 02 04 06 08 1.0
Cost: benefit ratio C o D . E
1-specificity 1 -specificity
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in the GSE112104 dataset; E, diagnostic performance of the risk model in distinguishing ATB and LTBI in the GSE193777 dataset.
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Fig.5 Establishment and evaluation of risk model based on FRG-hubs
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