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[Abstract] Periodontal homeostasis is regulated by the complex interplay between the gingival epithelial barrier, the
extracellular matrix of soft tissues, the bone coupling system, and immune responses within the periodontal region. Gin-
gival epithelial cells are primarily composed of keratinocytes and a small proportion of non-keratinocytes, and they are
integral to the formation of the gingival epithelial barrier. This epithelial barrier plays a fundamental role in defending
against pathogens, exogenous substances, and mechanical stress. This study aims to explore the intrinsic connections be-
tween gingival epithelial cells and periodontal homeostasis. Research has shown that gingival epithelial cells participate
in maintaining periodontal homeostasis through multiple pathways: (D gingival epithelial cells respond to the inflamma-

tory environment by undergoing proliferation, migration, epithelial - mesenchymal transition, and forming apoptosis-
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mediated neutrophil extracellular traps; @ when gingival inflammation damages the epithelial barrier, lipopolysaccha-
rides cannot be easily removed, and gingival epithelial cells play a defensive role by activating innate immune re-
sponses; (3 the interactions of gingival epithelial cells with oral microbiota and immune cells are essential for maintain-
ing periodontal homeostasis. Thus, gingival epithelial cells are closely associated with periodontal homeostasis. How-

ever, the crucial role and mechanisms of gingival epithelial cells in the maintenance of periodontal homeostasis are not

clear, which provides novel insights for the research of periodontal homeostatic medicine.
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Gingival epithelial cells can form a barrier with cell junctions such as JAM, preventing LPS invasion. Further, Gingival epithelial cells respond to

the periodontal inflammatory environment through pathways such as proliferation and migration, EMT, apoptosis, and formation of NETs. Gingival

epithelial cells can produce IL-1, TNF, cathelicidin, and chemokines to promote the production of neutrophils and initiate their innate immune re-

sponses to maintain periodontal homeostasis. Additionally, EMVs in the biofilm can protect gingival epithelial cells from the invasion of P. gingiva-

lis. LPS: lipopolysaccharide; JAM: junctional adhesion molecule; IL8: Interleukin-8; NETSs: neutrophil extracellular traps; P. g: Porphyromonas gin-

givalis; IL-1: interleukin-1; TNF: tumor necrosis factor; EMVs: extracellular membrane vesicles

Figure 1 Pathways and mechanisms of gingival epithelial cells in the maintenance of periodontal homeostasis

1 PR b B 2 MO A OF P RS S G A P A i AR R pL



OB & s B ia

2025488 H33%E H8H
Journal of Prevention and Treatment for Stomatological Diseases, Aug. 2025,Vol.33 No.8 http://www.kqjbfz.com - 677 -

A

R B ARTIRE . 8 45 s OF R K 2

X FRSYERF TR ER, KkAEE TR
P55 ARG V12 W AN T A VA I 7 B G 8 L A
FRITIIR PR 5 W5 o

[ Author contributions )

Wang X conceptualized and wrote the ar-

ticle. Wu YJ, Su ZF collected the references, revised the article. Li JY

conceptualized and revised the article. All authors read and approved

the final manuscript as submitted.

(1]

(2]

[4]

[5]

(6]

(7]

(8]

(91

[10]

[11]

Sk
FE U, BRI . o SR R A A 5 A o Y DX S e LR L],
HAE O BE 2 4R AR, 2024, 59(2): 130-137. doi: 10.3760/cma. j.
cnl112144-20231215-00294.
Wang ZY, Chen QM. Regional immunity involved in the mainte-
nance and imbalance of periodontal homeostasis[J]. Chin J Stoma-
tol, 2024, 59(2): 130-137. doi: 10.3760/cma. j. cnl12144-
20231215-00294.
Gasiorek A, Dobosz E, Potempa B, et al. Subversion of lipopolysac-
charide signaling in gingival keratinocytes via MCPIP-1 degrada-
tion as a novel pathogenic strategy of inflammophilic pathobionts
[J]. mBio, 2021, 12(3): €0050221. doi: 10.1128/mBi0.00502-21.
Ko YK, Hong S, Kim HM, et al. Characterization of junctional
structures in the gingival epithelium as barriers against bacterial
invasion|J]. J Periodontal Res, 2022, 57(4): 799-810. doi: 10.1111/
jre.13003.
Zhou Y, Lv D, Wei W, et al. Type 17 immune response promotes
oral epithelial cell proliferation in periodontitis[J]. Arch Oral Biol,
2024, 164: 106005. doi: 10.1016/j.archoralbio.2024.106005.
Hou M, Liu S, Yan K, et al. Downregulation of odontogenic
ameloblast-associated protein in the progression of periodontal dis-
ease affects cell adhesion, proliferation, and migration[J]. Arch
Oral Biol, 2023, 145: 105588. doi: 10.1016/j. archoral-
b10.2022.105588.
Su D, Krongbharamee T, Swearson S, et al. Irx]1 mechanisms for
oral epithelial basal stem cell plasticity during reepithelialization
after injury[J]. JCI Insight, 2025, 10(1): €179815. doi: 10.1172/jci.
insight.179815.
Alanbari BF, Al-Taweel FB, Cooper PR, et al. Induction of
epithelial-mesenchymal transition in periodontitis rat modellJ].
Eur J Dent, 2025, 19(2): 428-437. doi: 10.1055/s-0044-1792011.
Caetano AJ, Yianni V, Volponi A, et al. Defining human mesen-
chymal and epithelial heterogeneity in response to oral inflamma-
tory diseaselJ]. Elife, 2021, 10: €62810. doi: 10.7554/eLife.62810.
Wang Y, Dong Y, Zhang W, et al. AMPK/mTOR/p70S6K axis pre-
vents apoptosis of Porphyromonas gingivalis-infected gingival epi-
thelial cells via Bad®™* phosphorylation[J]. Apoptosis, 2023, 28
(7/8): 1012-1023. doi: 10.1007/510495-023-01839-z.
Maekawa S, Onizuka S, Katagiri S, et al. RNA sequencing for liga-
ture induced periodontitis in mice revealed important role of
S100A8 and S100A9 for periodontal destruction[J]. Sci Rep, 2019,
9(1): 14663. doi: 10.1038/s41598-019-50959-7.
Martins CC, Lockhart PB, Firmino RT, et al. Bacteremia following

[12]

[13]

[14]

[15]

[16]

[18]

[20]

[21]

[22]

(23]

[24]

different oral procedures: systematic review and meta-analysis[J].
Oral Dis, 2024, 30(3): 846-854. doi: 10.1111/0di.14531.

Kingsley C, Kourtidis A. Critical roles of adherens junctions in dis-
eases of the oral mucosalJ]. Tissue Barriers, 2023, 11(2):
2084320. doi: 10.1080/21688370.2022.2084320.

Heydarian A, Darvishi P, Mortazavi H, et al. Experimental and nu-
merical responses of fibroblast and epithelial cells to the fre-
quency of electric toothbrush[J]. J Mech Behav Biomed Mater,
2023, 140: 105697. doi: 10.1016/j.jmbbm.2023.105697.

Li Z, Huang Q, Wang Z, et al. Effects of Porphyromonas gingivalis
and Aggregatibacter actinomycetemcomitans on modeling subgingi-
val microbiome and impairment of oral epithelial barrier[J]. J In-
fect Dis, 2024, 229(1): 262-272. doi: 10.1093/infdis/jiad461.
Pefina V, Smucler R, Némec P, et al. Update on focal infection
management: a Czech interdisciplinary consensus[J]. Int Dent ],
2024, 74(3): 510-518. doi: 10.1016/j.identj.2023.11.001.

Lamont R]J, Miller DP, Bagaitkar J. [lluminating the oral microbi-
ome: cellular microbiology[J]. FEMS Microbiol Rev, 2023, 47(4):
fuad045. doi: 10.1093/femsre/fuad045.

Li Y, Li B, Liu Y, et al. Porphyromonas gingivalis lipopolysaccha-
ride affects oral epithelial connections via pyroptosis[J]. J Dent
Sei, 2021, 16(4):1255-1263. doi:10.1016/j.jds.2021.01.003.

Kim S, Bando Y, Chang C, et al. Topical application of Porphy-
romonas gingivalis into the gingival pocket in mice leads to
chronic-active infection, periodontitis and systemic inflammation
[JI. Int J Mol Med, 2022, 50(2): 103. doi: 10.3892/ijmm.
2022.5159.

Ciaston I, Budziaszek J, Satala D, et al. Proteolytic activity-
independent activation of the immune response by gingipains from
Porphyromonas gingivalis|J]. mBio, 2022, 13(3): e0378721. doi:
10.1128/mbio.03787-21.

Mao H, Gong T, Sun Y, et al. Bacterial growth stage determines
the yields, protein composition, and periodontal pathogenicity of
Porphyromonas gingivalis outer membrane vesicles[J]. Front Cell
Microbiol, 2023, 13: 1193198. doi: 10.3389/
fcimb.2023.1193198.

Infect

Hiyoshi T, Domon H, Maekawa T, et al. Aggregatibacter actinomy-
cetemcomitans induces detachment and death of human gingival
epithelial cells and fibroblasts via elastase release following
leukotoxin-dependent neutrophil lysis[J]. Microbiol Immunol,
2019, 63(3/4): 100-110. doi: 10.1111/1348-0421.12672.

Ishikawa T, Sasaki D, Aizawa R, et al. Effect of butyric acid in the
proliferation and migration of junctional epithelium in the progres-
sion of periodontitis: an in vitro study[J]. Dent J(Basel), 2021, 9(4):
44. doi: 10.3390/dj9040044.

Nanes BA, Bhatt K, Azarova E, et al. Shifts in keratin isoform ex-
pression activate motility signals during wound healing[J]. Dev
Cell, 2024, 59(20): 2759-2771. ell. doi: 10.1016/j. dev-
cel.2024.06.011.

Stanton KA, McCracken BA. An activated-zinc oral rinse reduces
pro-inflammatory cytokine secretion and promotes proliferation in
Porphyromonas gingivalis LPS-challenged gingival tissues - a pilot
study[J]. Clin Exp Dent Res, 2021, 7(6): 995-1001. doi: 10.1002/



OB & s B ia

2025E8 A %335 FHd

* 678 +  Journal of Prevention and Treatment for Stomatological Diseases, Aug. 2025,Vol.33 No.8 http://www.kqjbfz.com
cre2.437. [38] Ghantous Y, Mozalbat S, Nashef A, et al. EMT dynamics in lymph

[25] Watanabe Y, Shimada K, Doi Y, et al. A comparative analysis of node metastasis of oral squamous cell carcinomalJ]. Cancers
cell proliferation and wound closure in cultured gingival epithelial (Basel), 2024, 16(6): 1185. doi: 10.3390/cancers16061185.
cells using plasma rich in growth factors and platelet-rich plasma [39] Kamal NM, Hamouda MA, Abdelgawad N. Expression of TGF-
containing leukocytes[J]. Eur J Dent, 2025. doi: 10.1055/s-0044- and MMP-2 in hereditary gingival fibromatosis epithelial cells. A
1801274. possible contribution of the epithelium to its pathogenesis[J]. J

[26]  Giirsoy M, Kéninen E, He Q, et al. Toll-like receptor-1, -2, and-6 Oral Biol Craniofac Res, 2022, 12(5): 617-622. doi: 10.1016/j.
genotypes in relation to salivary human beta-defensin-1, -2, -3 and jober.2022.08.015.
human neutrophilic peptide-1[J]. J Clin Periodontol, 2022, 49(11): [40] Kadeh H, Arbabi Kalati F, Ramezaninejad M. Expression patterns
1185-1191. doi: 10.1111/jepe.13697. of E-cadherin and N-cadherin proteins in the periodontal pocket

[27] Jena SK, Das S, Chakraborty S, et al. Molecular determinants of epithelium of chronic periodontitis[J]. J Dent(Shiraz), 2023, 24(1
epithelial mesenchymal transition in mouse placenta and tropho- Suppl): 125-131. doi: 10.30476/dentjods.2022.92474.1652.
blast stem cell[J]. Sci Rep, 2023, 13(1): 10978. doi: 10.1038/ [41] Saliem SS, Bede SY, Abdulkareem AA, et al. Gingival tissue
s41598-023-37977-2. samples from periodontitis patients demonstrate epithelial-

[28] Li Q, Deng MS, Wang RT, et al. PD-L1 upregulation promotes mesenchymal transition phenotypel[J]. J Periodontal Res, 2023, 58
drug-induced pulmonary fibrosis by inhibiting vimentin degrada- (2): 247-255. doi: 10.1111/jre.13086.
tion[J]. Pharmacol Res, 2023, 187: 106636. doi: 10.1016/;. [42] Umesh SG, Malaiappan S. Caspase-3 levels alter with non-surgical
phrs.2022.106636. periodontal therapy in patients with periodontitis|J]. Cureus, 2024,

[29]  Yang C, Dou R, Wei C, et al. Tumor-derived exosomal microRNA- 16(2): €54119. doi: 10.7759/cureus.54119.
106b-5p activates EMT-cancer cell and M2-subtype TAM interac- [43] Huang Y, Zhang L, Tan L, et al. Interleukin-22 inhibits apoptosis
tion to facilitate CRC metastasis[J]. Mol Ther, 2021, 29(6): 2088- of gingival epithelial cells through TGF- signaling pathway dur-
2107. doi: 10.1016/j.ymthe.2021.02.006. ing periodontitis[J]. Inflammation, 2023, 46(5): 1871-1886. doi:

[30] Shao W, Fujiwara N, Mouri Y, et al. Conversion from epithelial to 10.1007/s10753-023-01847-w.
partial-EMT phenotype by Fusobacterium nucleatum infection pro- [44] Fujita T, Yoshimoto T, Matsuda S, et al. Interleukin-8 induces
motes invasion of oral cancer cells[J]. Sci Rep, 2021, 11: 14943. DNA synthesis, migration and down-regulation of cleaved caspase-
doi: 10.1038/541598-021-94384-1. 3 in cultured human gingival epithelial cells[J]. J Periodontal Res,

[31] Lee KI, Han Y, Ryu JS, et al. Tobacco smoking could accentuate 2015, 50(4): 479-485. doi: 10.1111/jre.12230.
epithelial-mesenchymal transition and Th2-type response in pa- [45] Wang H, Zhang H, Wang Y, et al. Regulatory T-cell and neutro-
tients with chronic rhinosinusitis with nasal polyps[J]. Immune phil extracellular trap interaction contributes to carcinogenesis in
Netw, 2022, 22(4): e35. doi: 10.4110/in.2022.22.e35. non-alcoholic steatohepatitis[J]. J Hepatol, 2021, 75(6): 1271-

[32] Zhang X, Chen J, Lin R, et al. Lactate drives epithelial- 1283. doi: 10.1016/j.jhep.2021.07.032.
mesenchymal transition in diabetic kidney disease wvia the [46] Kim TS, Silva LM, Theofilou VI, et al. Neutrophil extracellular
H3K14la/KLF5 pathway[J]. Redox Biol, 2024, 75: 103246. doi: traps and extracellular histones potentiate 1L.-17 inflammation in
10.1016/j.redox.2024.103246. periodontitis[J]. J Exp Med, 2023, 220(9): €20221751. doi:

[33] MaJ, van der Zon G, Gongalves MAFV, et al. TGF-B-induced en- 10.1084/jem.20221751.
dothelial to mesenchymal transition is determined by a balance be- [47] Brenchley L, McDermott DH, Gardner PJ, et al. Periodontal dis-
tween SNAIL and ID factors[J]. Front Cell Dev Biol, 2021, O: ease in patients with WHIM syndrome[J]. J Clin Periodontol,
616610. doi: 10.3389/fcell.2021.616610. 2024, 51(4): 464-473. doi: 10.1111/jepe.13940.

[34] Vazana-Netzarim R, Elmalem Y, Sofer S, et al. Distinct HAND2/ [48] Qiu W, Guo R, Yu H, et al. Single-cell atlas of human gingiva un-
HAND2-AS1 expression levels may fine-tune mesenchymal and veils a NETs-related neutrophil subpopulation regulating periodon-
epithelial cell plasticity of human mesenchymal stem cells[J]. Int J tal immunity[J]. J Adv Res, 2025, 72: 287-301. doi: 10.1016/].
Mol Sci, 2023, 24(22): 16546. doi: 10.3390/ijms242216546. jare.2024.07.028.

[35] Kluknavska J, Rabajdova M, Urban P, et al. Expression of se- [49] Williams DW, Greenwell-Wild T, Brenchley L, et al. Human oral
lected inflammatory proteins and metalloproteinases in periodonti- mucosa cell atlas reveals a stromal-neutrophil axis regulating tis-
tis[J]. Eur Rev Med Pharmacol Sci, 2022, 26(6): 1825-1831. doi: sue immunity[J]. Cell, 2021, 184(15): 4090-4104. el5. doi:
10.26355/eurrev_202203_28326. 10.1016/j.cell.2021.05.013.

[36] Wadie KW, Bashir MH, Abbass MMS. Epithelial-mesenchymal [50] Bui FQ, Johnson L, Roberts J, et al. Fusobacterium nucleatum in-
transition in gingival tissues from chronic periodontitis patients: a fection of gingival epithelial cells leads to NLRP3 inflammasome-
case-control study[J]. Dent Med Probl, 2021, 58(3): 311-319. doi: dependent secretion of IL-13 and the danger signals ASC and
10.17219/dmp/133514. HMGBI[J]. Cell Microbiol, 2016, 18(7): 970-981. doi: 10.1111/

[37] Bostanci N, Bao K, Wahlander A, et al. Secretome of gingival epi- cmi.12560.
thelium in response to subgingival biofilms[J]. Mol Oral Microbiol, [51] Tada H, Matsuyama T, Nishioka T, et al. Porphyromonas gingiva-

2015, 30(4): 323-335. doi: 10.1111/0mi.12096.

lis gingipain-dependently enhances IL.-33 production in human



OB & s B ia

2025E8 A %335 FHd

Journal of Prevention and Treatment for Stomatological Diseases, Aug. 2025,Vol.33 No.8 http://www.kqjbfz.com - 679 -

[52]

[56]

[571

[58]

[59]

[60]

[61]

gingival epithelial cells[J]. PLoS One, 2016, 11(4): €0152794. doi:
10.1371/journal.pone.0152794.

Shi LX, Zhang L, Zhang DL, et al. Association between TNF-a G-
308A (rs1800629) polymorphism and susceptibility to chronic
periodontitis and type 2 diabetes mellitus: a meta-analysis[J]. J
Periodontal Res, 2021, 56(2): 226-235. doi: 10.1111/jre.12820.

Lu W. Antimicrobial peptides[J]. Semin Cell Dev Biol, 2019, 88:
105-106. doi: 10.1016/j.semcdb.2018.05.026.

Wang Y, Huang M, Xu W, et al. Calcitriol-enhanced autophagy in
gingival epithelium attenuates periodontal inflammation in rats
with type 2 diabetes mellitus[J]. Front Endocrinol(Lausanne),
2023, 13: 1051374. doi: 10.3389/fendo.2022.1051374.
Lueschow-Guijosa SR, Stanford AH, Berger JN, et al. Host de-
fense peptides human B defensin 2 and LL-37 ameliorate murine
necrotizing enterocolitis[J]. iScience, 2024, 27(6): 109993. doi:
10.1016/j.is¢i.2024.109993.

Lappin MJ, Dellett M, Mills KI, et al. The neutralising and stimu-
latory effects of antimicrobial peptide LL-37 in human gingival fi-
broblasts[J]. Arch Oral Biol, 2023, 148: 105634. doi: 10.1016/j.ar-
choralbio.2023.105634.

Zhang L, Ghosh SK, Basavarajappa SC, et al. HBD-2 binds SARS-
CoV-2 RBD and blocks viral entry: strategy to combat COVID-19
[JI.  iScience, 2022, 25(3): 103856. doi: 10.1016/].
is¢1.2022.103856.

Shang L, Roffel S, Slomka V, et al. An in vitro model demonstrat-
ing homeostatic interactions between reconstructed human gingiva
and a saliva-derived multispecies biofilm[J]. Microbiome, 2025, 13
(1): 58. doi: 10.1186/5s40168-025-02033-w.

Pahumunto N, Duangnumsawang Y, Teanpaisan R. Effects of po-
tential probiotics on the expression of cytokines and human B-de-
fensins in human gingival epithelial cells and in vivo efficacy in a
dog model[J]. Arch Oral Biol, 2022, 142: 105513. doi: 10.1016/j.
archoralbio.2022.105513.

Bosch TCG, Zasloff M. Antimicrobial peptides-or how our ances-
tors learned to control the microbiome[J]. mBio, 2021, 12(5):
e0184721. doi: 10.1128/mBio.01847-21.

Nonaka S, Kadowaki T, Nakanishi H. Secreted gingipains from
Porphyromonas gingivalis increase permeability in human cere-

bral microvascular endothelial cells through intracellular degrada-

[62]

[65]

[66]

tion of tight junction proteins[J]. Neurochem Int, 2022, 154:
105282. doi: 10.1016/j.neuint.2022.105282.

Hotevar K, Vizovisek M, Wong A, et al. Proteolysis of gingival ke-
ratinocyte cell surface proteins by gingipains secreted from Por-
phyromonas gingivalis - proteomic insights into mechanisms be-
hind tissue damage in the diseased gingivalJ]. Front Microbiol,
2020, 11: 722. doi: 10.3389/fmich.2020.00722.

Helliwell E, Rauch I, Nice T, et al. Immunostimulatory effects of
Streptococcus  sanguinisextracellular membrane vesicles protect
oral gingival epithelial cells from periodontal pathobiont damage
[JI. Infect 2025, 93(3): e0053524. doi: 10.1128/
1ai.00535-24.

Dahlstrand Rudin A, Khamzeh A, Venkatakrishnan V, et al. Por-

Immun,

phyromonas gingivalis produce neutrophil specific chemoattrac-
tants including short chain fatty acids[J]. Front Cell Infect Micro-
biol, 2021, 10: 620681. doi: 10.3389/fcimh.2020.620681.

BAEER, AL, B2 ST MR 2F J6l 98 i B VR I SAL R BIF 5 0k
JE 1. VI 9590 B 36, 2023, 31(12): 896-900. doi: 10.12016/;.
1ssn.2096-1456.2023.12.009.

Mao JH, Wang H, Cheng L. Research progress on the roles and
mechanisms of y8T cells in periodontitis[J]. J Prev Treat Stomatol
Dis, 2023, 31(12): 896-900. doi: 10.12016/j.issn.2096-1456.2023.
12.009.

Silva LM, Doyle AD, Greenwell-Wild T, et al. Fibrin is a critical
regulator of neutrophil effector function at the oral mucosal barrier
[J]. Science, 2021, 374(6575): eabl5450. doi: 10.1126/science.
abl5450.

(4% FHB)

Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License.
Copyright © 2025 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases




