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How many forms of cell death are there?
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Cell terminal fate—Cell death
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Cell is the basic unit of life, which is orchestrated by cell proliferation, differentiation and death, so cell death is an
important regulator for life. Cell death is caused by many ways, but here we only focus on cell death that is mediated by
the intracellular death program (i.e. programmed cell death, (PCD)). PCD is an important terminal path for the cells, and
is also involved in a variety of physiological processes that include morphogenesis, tissue homeostasis, and elimination
of harmful cells. The deregulation of PCD leads to abnormal development and various diseases, such as cancers,
neurodegenerative and autoimmune diseases. PCD forms have been being an intriguing topic. Here, we summarize the
definition and criteria of cell death, the forms of PCDs and the related molecules. The classification of PCDs is somewhat
arbitrary based on different criteria. We recommend discriminating forms of cell death based on the morphological
events that are more commonly used, but this in itself suggests the distinct intracellular signaling pathways and different
molecular mechanisms. Up to date, total of 13 PCD forms have been described. We did not describe all the different
forms of cell death in detail here, and just highlighted six cell death forms including apoptosis, necrosis, autophagic cell
death, paraptosis, autoschizis and mitotic catastrophe. The first three forms are the major canonical forms of cell death,
the molecular mechanisms of which have been extensively studied. The latter three have distinct morphological
appearance with different molecular signaling mechanisms. Finally we pointed that ferroptosis is only one form of cell
death identified in cancer cells and an iron-dependent cell death, suggesting it could be a therapeutic target to kill cancer
cells. As we know different signaling pathways that mediate different PCDs actually intersect in some points, thus it is
impossible to really describe them as a complete individual. The diverse forms of cell death coordinate to perform the
important physiological function and constitute a balanced interplay in the physiology as a wonderful symphony. These
cell death signaling pathways may share some common death initiator or effector molecules, which have been determined
as key mediators in these processes, either by constituting common downstream or alternatively by functioning as a switch
allowing cells to decide which route to be taken, depending on the specific situation. Using the different approaches such
as genetic or pharmacological means to stop these forms of regulated cell death have shown the remarkable efficacy in
various disease either in animal or cell model. As a consequence, inhibitors targeting different molecules of these
regulated signaling pathways open up novel therapeutic opportunities to mitigate diseases. We are hoping that these
detailed studies of cell death forms prompt to unravel mechanisms involved in cell death and translate them into human
health. The aim will now be to make greater contribution to precision medicine in fighting against a variety of diseases.

programmed cell death, apoptosis, necrosis, autophagic cell death, tumor, precision medicine
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