Functional Toxicity Profiling of Hepatobiliary Organoids Assisted by Machine Learning
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Introduction. The application of hepatobiliary organoids (HBO) models in drug metabolism research remains constrained by limitations in size, culture scale, and functional maturity. The absence of well-defined tissue layering and morphological features hampers morphological analysis and standardized evaluation, thereby limiting methodological robustness and experimental reproducibility.
Aims. To address these bottlenecks, this study aims to establish a HBO culture system based on hiPSCs, generating models that more closely approximate the in vivo hepatobiliary state at both structural and functional levels.

Methods. In this study, hiPSCs were induced to differentiate into HBO under dynamic culture conditions. The structural and functional characteristics of the HBO were systematically evaluated using IF staining, fluorescent probe–based assays, and RT-qPCR. Based on clinically reported adverse drug reactions, several representative compounds were selected to treat HBO. In addition, machine learning–based approaches were applied to analyze HBO imaging features, enabling assessment of developmental status and drug-induced morphological alterations.
Results. Under dynamic culture conditions, HBO with well-defined internal vascular- and bile duct–like structures were successfully generated. Functionally, these HBO exhibited robust drug-metabolizing capacity, including the activity of multiple phase I and phase II enzymes, and demonstrated relatively intact bile acid transport function. Following drug exposure, functional indicators rarely evaluated in HBO studies, such as GGT and HO, also exhibited significant responses, suggesting metabolic response profiles more closely resembling those of human liver tissue. Further machine learning–based analysis effectively distinguished HBO at different developmental stages and sensitively detected drug-induced injury.
Discussion. This study established a high-throughput hepatobiliary toxicity screening model centered on overall functional integrity. Through multidimensional functional validation and integrated analysis of functional and morphological changes following drug exposure, combined with a machine learning–driven high-content imaging assessment strategy, this system demonstrated strong developmental consistency and methodological robustness.
