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marker for adult stem cells in various tissues. With a transmembrane region consisting of seven a-helical segments,
LgrS plays a pivotal role in maintaining the delicate balance between stem cell self-renewal and differentiation. This
regulatory function is primarily executed through the potentiation of the Wnt/B-catenin signaling pathway upon binding
with its ligands, R-spondins. This article provides a comprehensive review on molecular mechanisms by which Lgr5
modulates stem cell behavior and its indispensable role in the formation of digestive system organoids, including
intestine, liver, and pancreas. We first elucidate the synergistic interplay between Lgr5-mediated Wnt signaling and
other crucial pathways such as BMP, Notch, and EGF, which collectively create a biomimetic “niche” for organoid
development in vitro. This Lgr5-mediated self-organization serves as the biological foundation for constructing three-
dimensional (3D) organoids, as 3D cell clusters derive from stem cells with structural and functional characteristics that
closely mimic native organs. Compared to traditional 2D cell cultures, organoids offer a superior model for studying
tissue physiology and complex cell-cell interactions. Furthermore, this review highlights the diverse applications of
digestive system organoids in biomedical research. In disease modeling, we discuss how these platforms simulate the
pathological progression of colorectal cancer, non-alcoholic fatty liver disease, and hereditary metabolic disorders
through CRISPR-Cas9 gene editing and environmental induction. In the field of regenerative medicine, the potential of
organoids as transplantable units for repairing intestinal mucosal damage and reconstructing bile duct structures is
explored. Despite the significant advancements, critical challenges remain in the current development of organoid
technology. We identify several major limitations. First, organoids are highly dependent on animal-derived basement
membrane matrix, which has poorly defined components. Second, current models lack functional vascularization.
Third, they lack an integrated immune microenvironment. These limitations restrict the translational potential of
organoid technology. To address these challenges, we propose future research directions, emphasizing the integration of
microfluidic “organ-on-a-chip” systems, synthetic bio-scaffolds, and multi-lineage co-culture techniques. These
innovations aim for more complexity and standardization in organoid models, providing a more robust theoretical and

technical foundation for personalized medicine and drug discovery for digestive diseases.
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