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Abstract: PANoptosis, a newly characterized form of programmed cell death, exhibits hybrid molecular features of
pyroptosis, apoptosis, and necroptosis, orchestrated by upstream PANoptosomes. This process is critically implicated in
the pathophysiological progression of infectious and inflammatory disorders. Previously, these pathways of programmed cell
death were considered mutually exclusive signaling systems. Previously advanced molecular interrogation has revealed
intricate cross—regulatory networks among them. Researchers have formally defined this inter—pathway communication
mechanism as PANoptosis. Emerging evidence implicates PANoptosis in diverse human pathologies, including infectious
diseases, neurological disorders, and malignancies. Notably, PANoptosis has emerged as a critical modulator of ischemia—
reperfusion injury (IRI) —associated pathologies, though its precise regulatory mechanisms remain incompletely
delineated. A comprehensive understanding of the research advances in PANoptosis within IRI-related pathologies,
coupled with the systematic elucidation of its regulatory mechanisms, holds transformative potential for therapeutic
breakthroughs in disease management. As a feasible intervention target, PANoptosis has proven promising in studies and
become a focus of intense research. This comprehensive review critically analyzes current knowledge on PANoptosis,

including its definitions, molecular hallmarks, regulatory mechanisms, and pathophysiological correlations in IRI, to
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catalyze the development of transformative therapeutic strategies and pertinent medications for IRl management.
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TAV: influenza A virus; TAKI1i: transforming growth factor B-activated kinase 1 inhibitor; LPS: lipopolysaccharide; HSV1: herpes simplex virus 1;
Pam3CSK4: Pam3SysSerLys4; ZBP1: Z-DNA-binding protein 1; RIPK: receptor - interacting protein kinases; AIM2: interferon - inducible protein 2;
NLRP12: Nod like receptor protein 12; NAD+: nicotinamide adenine dinucleotide; NLRCS5: NLR family CARD domain containing 5; CASP: caspase;
FADD: fas—associated protein with death domain; NLRP3: Nod like receptor protein 3; ASC: apoptosis - associated speck -like proteincontaining a
CARD ; Pyrin: pyrin domain; GSDMD: gasdermin D; MLKL: mixed-lineage kinase domain-like pseudokinase.
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Fig. 1 Molecular composition of PANoptosis
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