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[ Abstract] The irreversible destruction of periodontal tissue caused by periodontitis is the result of an imbalance be-
tween external pathogenic factors and the internal immune response. As human immune cells, macrophages have both
pro- and anti-inflammatory roles in the occurrence and development of periodontitis. Pathogenic bacteria, inflammatory
cytokines, and neutrophils in the periodontal microenvironment can significantly affect the metabolism and functional
status of macrophages, and the status of macrophages can regulate disease processes. By activating the NF-kB signaling
pathway, the bacteria cause macrophages to undergo M1 proinflammatory polarization and pyroptosis, forming a microen-
vironment that induces periodontal tissue destruction. With the development of the disease, numerous apoptotic neutro-

phils are recognized and phagocytized by macrophages (i.e. efferocytosis), which can both inhibit the NF-«kB pathway
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and activate the nuclear receptors PPAR and LXR, promoting the anti-inflammatory polarization of M2 and further en-
hancing the efferocytosis activity of macrophages. As a result, these treatments can limit tissue inflammatory damage
and promote tissue repair. In recent years, periodontitis treatment strategies focusing on macrophage regulation have re-
ceived extensive attention, including gene knockout, nanoparticles, exosomes, miRNA, and polyunsaturated fatty acid di-
ets. In this article, we review the specific role of macrophages in periodontitis from three aspects, including macrophage

polarization, pyroptosis, and efferocytosis, which may improve our understanding of periodontitis and provide possible di-

rections for periodontitis treatment strategies.
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Lipopolysaccharide (LPS) transmits signals by binding to Toll-like re-
ceptors, which can activate transcription factors NF-«kB and HIF 1o di-
rectly or indirectly to participate in gene regulation, and then promotes
the release of pro-inflammatory cytokines such as IL-1B, TNF-a, and
IL-6, leading to M1 polarization (red lines). The external substances
miR-126, RES@ PPD NPs, AuNPs, and Sema3A could block the ex-
cessive release of proinflammatory cytokines by inhibiting the tran-
scription factors NF-kB and HIF 1a. PDLSC secretomes can stimulate
the nuclear receptor PPAR and transcription factor STAT6, increasing
the release of IL-10 and TGF-B and promoting M2 polarization (green
lines), which play a therapeutic role in periodontitis. TLR: toll-like re-
ceptor; HIF Ta: hypoxia inducible factor la; IL-18: interleukin-10;

TNF - a: tumor necrosis factor receptor-a; IL-6: interleukin-6; MIR -

126: microRNA-126; MEKK2: mitogen-activated protein kinase kinase kinase 2; RES @ PPD NP: resveratrol nanoparticles loaded with 20(S)-pro-

topanaxadiol; AuNPs: gold nanoparticles; Sema3A: semaphorin 3A; PI3K: phosphatidylinositide3-kinases; AKT: protein kinase B; mTOR: mamma-

lian target of rapamycin; PDLSCs: periodontal ligament stem cells; ROS: reactive oxygen species; MAPK: mitogen-activated protein kinase; iNOS:

inducible nitric oxide synthase; PPAR: peroxisome proliferator activated receptor; STAT6: signal transducer and activator of transcription 6; IL-10:

interleukin-10; TGF-B: transforming growth factor-3

Figure 1  Relationship between macrophage polarization and periodontitis
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Hyperglycemia can activate the transcription factor NF-kB by AGEs,
ROS, and hypoxia. They activate the protease caspase-1 through the
classical inflammasome NLRP 3 pathway, leading to macrophage py-
roptosis. In addition to the classical inflammasome pathway, LPS can
activate non - classical inflammasome caspase -4 directly to promote
macrophage pyroptosis, the release of inflammatory cytokines such as
IL-1 Band IL-18, and stimulate inflammation. AGEs: advanced glyca-
tion end products; TLR: toll-like receptor; ROS: reactive oxygen spe-
cies; LPS: lipopolysaccharide; NLRP3: NLR family pyrin domain con-
taining 3; pro-1L-1P: interleukin-1 precursors; pro-IL-18: interleukin-
18 precursors; 1L-1B: interleukin-13; IL-18: interleukin-18; GSDMD:

gasdermin

Figure 2 Relationship between macrophage pyroptosis and periodontitis
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Macrophages recognize phosphatidylserine (PS) on the surface of neu-
trophils through the MerTK receptor and phagocytize apoptotic neutro-
phils (i.e. efferocytosis), before decomposing them to produce arginine,
glucose, and lipids. The metabolism of arginine and glucose can in-
crease the phagocytosis activity of macrophages. By inhibiting NF-«B
and activating the nuclear receptors LXR and PPAR, lipids can pro-
mote M2 polarization, inhibit neutrophil recruitment, and increase the
expression of IL-10 and MerTK. Exogenous supplementation of polyun-
saturated fatty acids such as EPA and DHA leads to their transforma-
tion in vivo to produce SPMs that exert anti-inflammatory effects by in-
hibiting NF-kB, whereas GW3965 (LXR agonist) and GW0742 (PPAR
agonist) exert anti-inflammatory effects by activating nuclear receptors

directly. MerTK: c-mer proto-oncogene tyrosine kinase; ATP: adenos-

ine triphosphate; Rac 1: ras-related C3 botulinum toxin substrate 1; NAD: nicotinamide adenine dinucleotide; LXR: liver X receptor; PPAR: per-

oxisome proliferator activated receptor; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; SPMs: specialized pro-resolving mediators

Figure 3  Relationship between macrophage efferocytosis and periodontitis
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Macrophage polarization, pyroptosis, and efferocytosis are all involved
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tual and inseparable regulatory mechanisms among them. LPS, hyper-
glycemia, and other external factors can stimulate the metabolic repro-
graming of macrophages and activate a series of transcription factors
(STATI1, NF-«kB, HIF - 1a), which promote iNOS synthesis, an in-
crease in NLRP3, and the release of a variety of proinflammatory cyto-
kines, thus promoting an increase in the pyroptosis activity of macro-

phages and M1 polarization (left side). In contrast, after phagocytizing
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and metabolizing apoptotic neutrophils, the metabolites in macro-
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kines by activating nuclear receptors (PPAR, LXR) and inhibiting NF-

kB, thereby further enhancing the efferocytosis activity of macro-
phages and promoting M2 polarization (right side). LPS: lipopolysaccharides; PS: phosphatidylserine; MerTK: c-mer proto-oncogene tyrosine ki-
nase; ROS: reactive oxygen species; STATI: signal transducer and activator of transcription 1; HIF-1a: hypoxia inducible factor-1a; iNOS: in-
ducible nitric oxide synthase; PPAR: peroxisome proliferator activated receptor; LXR: liver X receptor; iNOS: inducible nitric oxide synthase;
NLRP3: NLR family pyrin domain containing 3; IL-1: interleukin-1f; IL-18: interleukin-18; TNF-a: tumor necrosis factor receptor-o; 1L-10:
interleukin-10; TGF-B: transforming growth factor-3

Figure 4 Relationship between macrophage polarization, pyroptosis, efferocytosis, and periodontitis
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