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A preliminary exploration of the pathogenesis of type 2 diabetes using machine learning methods

Wenhao Chen"?3, Yunwen Zheng'>3"

I School of Pharmacy and Food Engineering, Wuyi University, Jiangmen, Guangdong
2South China Institute of Large Animal Models for Biomedicine, Jiangmen, Guangdong
3 Guangdong Provincial Key Laboratory of Medical Large Animal Models, Jiangmen, Guangdong

[ Abstract] This study aims to integrate single-cell transcriptomics with systems biology approaches to
systematically elucidate the cellular and molecular pathological characteristics of islets in type 2 diabetes (T2D).
Through an integrated analysis of high-quality single-cell data from the GSE221156 dataset, we constructed a high-
resolution transcriptional atlas of T2D islets, revealing a significant reduction in the proportion of f-cells and d-cells
in T2D, as well as an imbalance in functional subpopulations within B-cells. Through cross-dataset differential
analysis, we identified 409 differentially expressed genes that are commonly dysregulated in T2D f-cells. Using
weighted gene co-expression network analysis (hdWGCNA), we identified core modules (the red and turquoise
modules) closely associated with disease progression. Combining three machine learning algorithms—ILASSO
regression, XGBoost, and SVM-RFE—we screened and validated a four-gene core set comprising CALR, IAPP,
LAMTORS, and SCGN from the key modules. The T2D risk prediction model constructed based on this set
demonstrated good discriminatory ability (AUC = 0.732), and its visualized contour plot tool provided an intuitive
basis for risk assessment. This study reveals, at the single-cell level, multilevel dysregulation in the composition,
subpopulation homeostasis, and gene regulatory networks of T2D pancreatic islet cells. The identified core gene
modules provide new insights for understanding the pathogenesis of T2D and developing novel diagnostic biomarkers.

[ Keywords] Type 2 diabetes; Single-cell transcriptomics; Machine learning; Biomarkers
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