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AR, A TT A AR 4405 (TB) 4 i An & R Bk L Fr 5 ikik e b 75 A T GEO 448 4 GSE98461, 4 %2 F &
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GEO/IEU OpenGWAS Database Mining and ESAT-6/CFP-10 Virulence
Factor Imnmune Response
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Abstract: Objective To identify key genes regulated by the Mycobacterium tuberculosis (MTB) virulence factors ESAT-6/CFP-
10 and to elucidate their roles in MTB infection, thereby providing theoretical support and candidate targets for developing novel
tuberculosis (TB) diagnostic biomarkers. Methods Based on GEO dataset GSE98461, differential expression analysis and
Weighted Gene Co-expression Network Analysis (WGCNA) were integrated to screen candidate genes. Functional enrichment
analysis was performed using Gene Ontology (GO) functional annotation and the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis. Cytoscape was used to construct protein-protein interaction (PPI) networks to identify hub
genes, and immune cell infiltration pattern. Mendelian randomization (MR) was employed to assess causal relationships between
candidate genes and TB risk. Findings were validated using clinical samples and RAW264.7 macrophage model via quantitative
reverse transcription PCR (RT-qPCR). Results 414 target genes were identified, with GO and KEGG analyses revealing signifi-
cant enrichment in immune-related functions and pathways. PPI network analysis further identified IL-6, IL-10, PTGS2 (COX-2),
IL-1A, and CSF3 (G-CSF) as hub genes. Immune infiltration analysis suggested M1 macrophages played a crucial role in the im-
mune response. MR analysis indicated a causal relationship between IL-10 expression and TB risk (P=0.029 8). Experimental
verification demonstrated that compared to the control group, ESAT-6/CFP-10 stimulation significantly upregulated the mRNA
levels of IL-6, IL-10, and PTGS2 in macrophages (=2.850~3.399, all P<0.05). Relative to the healthy controls, patients with
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active TB showed significantly higher mRNA levels of IL-6 and IL-10 in peripheral blood (=3.320, 2.766, all P<0.01). Conclu-
sions IL-6, IL-10, and PTGS2 play central roles in the ESAT-6/CFP-10-mediated immune response to tuberculosis, supporting

their potential as targets for TB detection and intervention.

Keywords: tuberculosis; early secreted antigenic target of 6 kD; culture filtrate protein of 10 kD; Mendelian

randomization; bioinformatics
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B IL-10 ebi-a-GCST90018892 MR Egger 0.63268392 : 1.2110 (0.6804 - 2.1552)
IL-10 ebi-a-GCST90018892 Weighted median 0.15288209 v-— 1.0771 (0.9728 - 1.1926)
IL-10 ebi-a-GCST90018892 Inverse variance weighted 0.02979033 + 1.0951 (1.0089 - 1.1886)
IL-10 ebi-a-GCST90018892 Simple mode 0.40075975 —'— 1.0659 (0.9471 - 1.1996)
IL-10 ebi-a-GCST90018892 Weighted mode 0.28538383 == 1.0736 (0.9750 - 1.1821)
IL-6 ebi-a-GCST90018892 MR Egger 0.71755609 —_— 0.8702 (0.4904 — 1.5441)
IL-6 ebi-a-GCST90018892 Weighted median 0.17363078 -‘—-— 1.0966 (0.9602 - 1.2524)
IL-6 ebi-a-GCST90018892 Inverse variance weighted 0.13761363 ~—-— 1.0879 (0.9734 - 1.2160)
IL-6 ebi-a-GCST90018892 Simple mode 0.34398051 -:—°— 1.0973 (0.9463 - 1.2725)
IL-6 ebi-a-GCST90018892 Weighted mode 0.29438994 7—-— 1.0990 (0.9637 - 1.2534)
PTGS2 ebi-a-GCST90018892 MR Egger 0.54754234 0.8220 (0.4656 - 1.4513)
PTGS2 ebi-a-GCST90018892 Weighted median 0.73837895 == 0.9833 (0.8909 - 1.0853)
PTGS2 ebi-a-GCST90018892 Inverse variance weighted 0.67225554 == 0.9825 (0.9051 - 1.0664)
PTGS2 ebi-a-GCST90018892 Simple mode 0.72802171 —-— 0.9772 (0.8658 - 1.1030)
PTGS2 ebi-a-GCST90018892 Weighted mode 0.82822138 —-— 0.9882 (0.8937 - 1.0927)
IL-1A ebi-a-GCST90018892 MR Egger 0.72077590 —r-— 1.0520 (0.8088 - 1.3684)
IL-1A ebi-a-GCST90018892 Weighted median 0.46097388 == 1.0254 (0.9592 - 1.0962)
IL-1A ebi-a-GCST90018892 Inverse variance weighted 0.18998433 - 1.0372 (0.9821 - 1.0955)
IL-1A ebi-a-GCST90018892 Simple mode 0.54130497 = 1.0267 (0.9479 - 1.1121)
IL-1A ebi-a-GCST90018892 Weighted mode 0.54424368 o 1.0239 (0.9527 - 1.1004)
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