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Analyze the biomarkers of trauma-induced coagulopathy based on machine learning and transcriptomics
XING Xi-yao, SHE Han, WU Yin-yu, MAO Qing-xiang, YAN Hong, HU Yi  (Department of Anesthesiology, Daping Hospital ,
Army Medical University , Chongqing 400042, China)

Abstract: Objective To elucidate the mechanisms of trauma-induced coagulopathy (TIC) , clarify the specific pathogenic factors and
pathophysiological processes, and discover the effective diagnostic indicators and therapeutic targets. Methods Transcriptomic data of
traumatic hemorrhagic shock patients were obtained from the Gene Expression Omnibus (GEO) to identify differentially expressed genes
(DEGs). Coagulation-related genes (CRGs) from the Kyoto Encyclopedia of Genes and Genomes (KEGG) were intersected with DEGs.
Machine learning algorithms, including least absolute shrinkage and selection operator (LASSO) and random forest (RF) , were applied to
identify key genes. The CIBERSORT algorithm was used to analyze the correlation between key genes and immune cell infiltration. Through
consensus clustering, subtype analysis was conducted on trauma patients to compare the infiltration of immune cells. A rat model of traumatic
hemorrhagic shock was established to validate coagulation function and the expression of key genes. Results The dataset included samples
from 17 healthy controls and 478 patients with traumatic hemorrhagic shock. A total of 6 315 DEGs were identified under the screening
criterion of corrected P<0.05. Gene set enrichment analysis (GSEA) showed that the up-regulated DEGs were significantly enriched in the
glucose metabolism pathway, while the down-regulated DEGs were enriched in the immune reaction-related pathways. Through cross-analysis
of DEGs and CRGs, a total of 65 differentially expressed coagulation-related genes (DE-CRGs) were screened out. GO functional enrichment
showed that these genes were mainly located in secreting granular membranes and platelet a-granules, and were involved in physiological
processes such as blood coagulation, regulation of body fluid levels, and wound healing. KEGG pathway analysis revealed that these genes
were significantly enriched in pathways such as platelet activation, complement and coagulation cascade reactions, Rap1 signaling pathway,
and human cytomegalovirus infection. Six key DE-CRGs were identified through machine learning. Receiver operating characteristic (ROC)

curve analysis indicated that these genes had good diagnostic efficacy. CIBERSORT analysis revealed a significant correlation between key
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genes and immune cell infiltration. Patients were classified into two subtypes based on the six key genes: subtype A was rich in CD8" T cells

and activated NK cells, presented an immune-active state; subtype B was mainly composed of monocytes and resting NK cells, with insufficient

activation of immune pathways. Animal experiments on rats showed that hemorrhagic shock can lead to coagulation dysfunction. The results

of qRT-PCR further confirmed that the expression trend of key genes was consistent with the results of bioinformatics analysis. Conclusion

In this study, through transcriptomics and machine learning methods, six key genes closely related to TIC were systematically screened out,
namely GNA13, PIK3R3, ITGAM, MAPK14, PPP1CC and LYN, and their close connections with coagulation function and immune

infiltration were revealed. Animal experiments have further verified the value of these genes as potential diagnostic and therapeutic targets.

Keywords: trauma-induced coagulopathy ; coagulation-related genes ; transcriptomic analysis ; machine learning; immune cell infiltration
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