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[Abstract] Periodontitis is a chronic inflammatory disease, and its occurrence and development are closely related to
the imbalance of local innate immune responses. The caspase family plays a crucial role in regulating inflammatory re-
sponses and cell death pathways in periodontal innate immune cells (such as gingival epithelial cells, neutrophils, mac-
rophages, dendritic cells, and natural killer cells). These proteases exhibit a dual regulatory effect on cellular functions.
On one hand, apoptotic pathways mediated by caspase-3/7/9 enable the programmed clearance of senescent or damaged
cells, while pyroptosis pathways mediated by caspase-1/4 contribute to immune defense and pathogen elimination, col-
lectively helping to maintain tissue homeostasis. On the other hand, excessive activation of the caspase-1/gasdermin D

pathway, as well as inflammatory amplification pathways involving caspase-4/6/8, promotes the release of inflammatory
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cytokines such as [L-13 and IL-18, leading to the disruption of the epithelial barrier and exacerbation of periodontal tis-
sue damage. Caspase regulation exhibits both commonality and cell specificity. In gingival epithelial cells, caspase-1
mediates pyroptosis and inflammation activation, caspase-3 regulates apoptosis and proliferation signaling, and caspase-
4 participates in differentiation regulation and pathogen-selective immune responses, collectively adapting to physiologi-
cal and pathological changes. Neutrophils can utilize the caspase-1/gasdermin D signaling pathway to drive the release
of neutrophil extracellular traps without triggering typical pyroptosis. In macrophages, caspase-1 and caspase-8 synergis-
tically promote polarization toward the M1 phenotype, while caspase-3 acts as an apoptosis executor to facilitate macro-
phage transition to the M2 phenotype in specific microenvironments. This article reviews caspase s specific mechanism

of action in periodontal innate immune-related cells, aiming to provide a new theoretical basis for targeted regulation of

caspase in the treatment of periodontitis.
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AKT: protein kinase B; BAD: Bel-xl/Bel-2 associated death promoter; BAX: Bel-2-associated X protein; BAK: Bel-2 homologous antagonist/killer;

Bel-xl: B-cell leukemia/lymphoma protein X-linked long; Bel-2: B-cell lymphoma-2; CARD-9: caspase recruitment domain-containing protein 9;

Cyt-c: cytochrome c¢; GSDMD: gasdermin D; IKK: IkB kinase; LPS: lipopolysaccharide; MOMP: mitochondrial outer membrane permeabilization;

NETosis: neutrophil extracellular trap associated death; NETs: neutrophil extracellular traps; NF-kB: nuclear transcription factor-k B; PAD4: pepti-

dyl arginine deiminase 4; PIP,: phosphatidylinositol(3, 4, 5)-trisphosphate; TLR: toll-like receptor; XIAP: X-linked inhibitor of apoptosis protein;

PI3K: phosphatidylinositol 3-kinase

Figure 1  Schematic diagram of the mechanism of caspase-mediated inhibition of neutrophil apoptosis and promotion of NETosis
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Bid: BH3-interacting domain death agonist; tBid: truncated Bid; GSDMD: gasdermin D; GSDME: gasdermin E; FADD: fas-associated protein with

death domain; FasL: fas ligand; LPS: lipopolysaccharide; IL: interleukin; MOMP: mitochondrial outer membrane permeabilization; iNOS: inducible

nitric oxide synthase; TLR: toll-like receptor; TRAF6: tumor necrosis factor receptor-associated factor 6; SI00A9: S100 calcium-binding protein

A9; NF-kB: nuclear transcription factor-k B; NR4A1: nuclear receptor subfamily 4 group A member 1; M1: M1 macrophage; M2: M2 macrophage

Figure 2 Diagram of the mechanism of caspase-mediated macrophage pyroptosis and polarization
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Table 1

Roles of caspases in different innate immunity-related cells in the periodontium

Cell type Caspase type

Functions

Regulates cell growth; early defense, chronic pro-inflammatory effects; differentially modulates pathogen-

Suppressed under transient hyperglycemia, but long-term activation promotes apoptosis.

Regulates pyroptosis, pro-inflammatory defense; promotes NETs formation.

Gingival Caspase-1 Mediated pyroptosis; pro-inflammatory defense.
epithelial cellsi! 334 Caspase-3 Mediated apoptosis; limits periodontal inflammation.
Caspase-4
induced inflammation.
Caspase-7 Mediated apoptosis; limits periodontal inflammation.
Caspase-9
Neutrophils!* 4531 33-571 Caspase-1
Caspase-3 Mediated apoptosis; limits periodontal inflammation.
Caspase-4 Promotes NETs formation.
Caspase-9 Mediates apoptosis; inhibits periodontal inflammation.
Caspase-12  May enhance caspase-4 cleavage activity.
Macrophages!®’-¢ 76 75 01 Caspase-1 Mediates pyroptosis; modulates cell polarization.
Caspase-6 Promotes inflammasome activation.
Caspase-8 Promotes apoptosis; enhances inflammation.
Dendritic cells'”! Caspase-3 Maintains immune homeostasis.
Natural killer cells*! Caspase-3
Synergizes with granzyme B to promote target cell apoptosis.
Caspase-7

NETs: neutrophil extracellular traps
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