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[Abstract] Periodontitis leads to progressive destruction of periodontal supporting tissues, and conventional anti-
infective therapies often fail to simultaneously achieve infection control and tissue regeneration. Due to the increasing
threat of antibiotic resistance, the development of novel bioactive molecules with both anti-infective and pro-
regenerative properties has become a focus of research. Antimicrobial peptides (AMPs), characterized by multi-target
antimicrobial mechanisms and immunomodulatory functions, have attracted considerable attention in periodontal tissue
regeneration. Current evidence indicates that AMPs not only inhibit periodontal pathogens and biofilm formation, but
they also regulate macrophage polarization, suppress inflammatory cytokine release, and activate signaling pathways,
such as Wnt/P -catenin and MAPK/ERK. These effects promote osteogenic differentiation of periodontal ligament stem
cells and bone marrow mesenchymal stem cells, while enhancing angiogenesis through VEGF induction, thereby estab-
lishing a favorable immune microenvironment for periodontal regeneration. Despite these promising findings, the in vivo

stability, dosage safety, and long-term mechanisms of AMPs remain to be fully elucidated. Future studies should focus
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on clarifying the molecular mechanisms by which AMPs regulate the periodontal immune microenvironment and angio-

genesis — osteogenesis coupled regeneration. In addition, integrating structural optimization, advanced delivery systems,

and artificial intelligence-assisted peptide discovery may accelerate the development and clinical translation of novel

antimicrobial peptides.

[Key words] periodontitis; antimicrobial peptides; —antibacterial; periodontal tissue regeneration; immuno-

modulation; angiogenesis; bone regeneration; angiogenesi-osteogenesis coupling; clinical translation
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TLR2/TLR4: Toll-like receptor 2/4; NF- kB: nuclear factor kappa-B; Wnt/p -catenin: Wnt/[ -catenin signaling pathway; MAPK/ERK: mitogen-
activated protein kinase/extracellular signal-regulated kinase signaling pathway; RANKL/OPG ratio: ratio of receptor activator of nuclear factor-kB
ligand to osteoprotegerin; FPRL1/VEGFR2: formyl peptide receptor like-1/vascular endothelial growth factor receptor 2; FGFR: fibroblast growth
factor receptor; JAK2/STAT3: Janus kinase 2/signal transducer and activator of transcription 3 signaling pathway; VEGF: vascular endothelial
growth factor; bFGEF: basic fibroblast growth factor. AMPs: antimicrobial peptides; TLR: toll-like receptor; IL-1: interleukin-1 beta; TNF-a: tumor
necrosis factor alpha; PDLSCs: periodontal ligament stem cells; BMSCs: bone marrow stromal cells; TGF-B: transforming growth factor beta; Smad:
mothers against decapentaplegic homolog; RUNX2: runt-related transcription factor 2; ALP: alkaline phosphatase; COLI: collagen type i; PI3K:
phosphoinositide 3-kinase; Akt: protein kinase b

Figure 1 The mechanism of antimicrobial peptides in promoting periodontal tissue regeneration
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Table 1  Molecular characteristics and functional overview of representative antimicrobial peptides involved in
periodontal tissue regeneration
Antimicrobial Structural ~ Major target mi- ) ) . o
) Source ) ) Immunomodulatory and regenerative functions Main applications
peptide features croorganisms
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negative bacte-  ferentiation via MAPK/ERK and Wnt/B-catenin path-  defect repair
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assisted periodontal
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AMP: antimicrobial peptide. MAPK/ERK: mitogen-activated protein kinase/extracellular signal-regulated kinase. Wnt/B-catenin: wingless-related integra-

tion site/B-catenin. hBD3: human beta-defensin 3. RANKL/OPG: receptor activator of nuclear factor-k B ligand/osteoprotegerin. PI3K/AKT: phosphoinosit-

ide 3-kinase/protein kinase B. NF-kB: nuclear factor-k B. NLRP3: NOD-like receptor family pyrin domain containing 3
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