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[Abstract] Cell death is complex and interconnected process within living organisms, playing a crucial role in maintaining
tissue homeostasis and preventing disease. This article provides a comprehensive review of the molecular mechanisms, regulatory
networks, and interactions in pathophysiology of programmed and non-programmed cell death. Programmed cell death encompasses
classic pathways (such as autophagy, apoptosis, necroptosis, and pyroptosis) as well as emerging forms (such as ferroptosis,
cuproptosis, and panoptosis), with their molecular characteristics and signaling pathways becoming increasingly well-defined.
Although non-programmed death (such as necrosis) lacks strict regulatory mechanisms, its pathological mechanisms and associations
with diseases are becoming clearer.Furthermore, this article elucidates the dynamic interactions between different modes of cell death,
such as the switch between apoptosis and necroptosis via caspase-8/receptor-interacting protein kinase 1 signaling; the reciprocal
regulation of ferroptosis and autophagy through lipid peroxidation and mitochondrial quality control; and the permeability of
lysosomal membranes, which can simultaneously activate apoptosis, necrosis, and ferroptosis. Meanwhile, microenvironmental
factors can drive the transition among the aforementioned cell death modes by modulating the functions of mitochondria and

lysosomes. For example, the acidic microenvironmental pH in inflaimmatory processes can switch the cell death mode from
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necroptosis to apoptosis. These interactive regulatory networks highlight the spatiotemporal specificity of cell death and its

dependence on pathological context. In this regard, inhibition of a single cell death mode alone may not yield satisfactory therapeutic

efficacy. Therefore, future research should focus on developing highly specific inhibitors and multi-target intervention strategies to

overcome the limitations of insufficient specificity and drug resistance associated with current inhibitors, and in-depth elucidation of

the molecular mechanisms underlying cell death will provide new perspectives for disease treatment and facilitate the integrated

development of precision medicine and translational meidical research.
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