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[Abstract] The homeostasis of the oral microbiome is essential for maintaining host health, and its disruption can
contribute to the development of both oral and systemic diseases. The oral microbiome influences the initiation and pro-
gression of oral squamous cell carcinoma (OSCC) through multiple mechanisms. (D Oral microbes can directly act on
epithelial cells, inducing cell-cycle dysregulation, DNA damage, and epigenetic reprogramming, thereby promoting cell
proliferation and epithelial — mesenchymal transition (EMT). For example, Fusobacterium nucleatum binds to E-
cadherin via its adhesin FadA, activating the -catenin pathway and directly driving tumor-cell proliferation and EMT,

while Porphyromonas gingivalis reprograms lipid synthesis to enhance the stemness of OSCC cells. @ Oral microbes
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and their metabolites reshape the tumor immune-suppressive microenvironment by altering the density, composition,
and function of infiltrating immune cells. Periodontal pathogens induce a chronic inflammatory state in the oral cavity
and activate signaling cascades such as MAPK/ERK and NF-kB, thereby indirectly accelerating OSCC progression. )
Bacteria and viruses in the oral cavity exhibit synergistic interactions. Bacterial biofilms and proteases facilitate viral ac-
tivation and infection, and microbial metabolites such as butyrate can enhance histone acetylation to promote the lytic
reactivation of latent viruses. @) At the ecological level, the depletion of commensals and expansion of anaerobic patho-
gens disrupt the metabolic network of the community, and complex interspecies interactions collectively shape a pro-
carcinogenic niche that drives OSCC progression on multiple fronts. Future studies should integrate multi-omics analy-

ses with longitudinal clinical cohorts to explore functional causal networks of key microbial communities and develop in-

dividualized targeted intervention strategies for microecology.
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Table 1

NF-«B F1 NOD K¢ 52 A 8 8 1 45 F B S 8 H 3
(NOD-like receptor family pyrin domain containing 3,
NLRP3) S8 IL-18 A, i 2 1 OSCC 3 55* .
15 98 E AN AR T 20 0 48 B, 3 e 2o 30 59 B 9K 2 4
i 98E -2 K K] (B-cell lymphoma-2, Bel-2 E S NE S
SF B U 240 A 5% 2 ML BE T 2 (] Y IE RS
fig £ B (lipopolysaccharide, LPS) &2 5 [ & 4l i
PR SC AN PR T ) 71 LPS 25| Rk Z
B B g e O BU™ R Gy R S A R A
U RAE FERFET-'®) . 0SCC 5 IE # 41 21 40 1 41
EEE‘J&IS’P‘%T‘E?E% LPSTEMRE A w5, 2

2 2E 4y BT 7s 0SCC i 22 R R 12 L ik,
2 N 2 BEAE W5 W . LPS FILPS 5 5 i £ R
20 5 F (1L-22 \1L-6 , IL-2 . C-C 3 J i 1k [ - Fid 1
SIL-1B o THE AR )) BE kA i 32 3k R k3 , i
R WA S Al B, DA T3 SR R 0y AR R R
JESH(E D,

V1 M 5 R 2 s 24 i v ) AR A 2 T o i i B AR AL A

Representative periodontal pathogenic bacteria and their mechanisms in the initiation and progression of oral squamous cell

carcinoma

Representative bacteria

Key molecules and pathways

Oncogenic mechanisms

Fusobacterium nuclea-

tum TLR4/MYD88/miR-205-5p signaling pathway, DNA damage'!!
Activation of NF-kB and NLRP3, leading to upregulation of TL-13!6%
Activation of p38 protein kinase, promoting secretion of MMP-13/92"!

Induction of macrophage M2 polarization, upregulation of CXCL2 expression

FadA adhesin activating E-cadherin/B-catenin signaling

| . R . .
16l Tumor proliferation, tumor invasion

Tumor proliferation
Tumor proliferation
Tumor invasion

39 .
1391 Immunosuppression

Porphyromonas gingiva-

lis

Prevotella intermedia

Aggregatibacter actino-
mycetemcomitans

Treponema denticola

OMVs modulating the tryptophan metabolism pathway™!

Modulation of miR-21/PDCD4/AP-1 signaling, upregulation of Cyclin D118l

Upregulation of SCD1, increasing lipid synthesis!!

Activation of Notch1®*!

FimA protein targeting ceramide-dependent mitophagy!™?!

Modulation of MDSCs and Tregs via Mfal and FimA fimbriae!'®!

OMVs inhibiting cGAS-STING signaling, suppressing NK and DC cell recruitment!!
OMVs activating RIP2 and MAPK-dependent signaling, upregulating PD-1.1

Upregulation of ISG155!

Production of pro-inflammatory cytokines, hydrogen sulfide, and methanethiol®®!

Dentilisin-mediated activation of MMP8/9'**!
TLR4/MYDS8S; integrin aV/FAK signaling®

[48]

Immunosuppression

Tumor proliferation

Tumor stemness

Tumor stemness, chemoresistance
Tumor drug resistance
Immunosuppression
Immunosuppression
Immunosuppression

Tumor proliferation, invasion, metas-
tasis, immunosuppression

Tumor proliferation, migration, an-
giogenesis

Tumor invasion

Tumor migration, tumor stemness

FadA: fusobacterial adhesin A; NF- kB: nuclear factor kappa-light-chain-enhancer of activated B cells; NLRP3: nucleotide-binding oligomerization

domain-like receptor protein 3; MMP: matrix metalloproteinase; CXCL2: C-X-C motif chemokine ligand 2; OMVs: outer membrane vesicles; SCD1:

stearoyl-CoA desaturase 1; FimA: fimbrillin A (major fimbriae subunit); MDSCs: myeloid-derived suppressor cells; Mfal: minor fimbrial antigen 1 (minor

fimbriae subunit); RIP2: receptor-interacting serine/threonine-protein kinase 2; MAPK: mitogen-activated protein kinase; ISG15: interferon-stimulated

gene 15; MYD88: myeloid differentiation primary response 88; TLR4: Toll-like receptor 4; PD-L1: programmed death-ligand 1; PDCD4: programmed cell

death protein 4; AP-1: activator protein 1; cGAS-STING: cyclic GMP-AMP synthase-stimulator of interferon genes; NK cell: natural killer cell; DC cell:

dendritic cell; IL-1B: interleukin-1 beta; Mfal: minor fimbrial antigen 1 (minor fimbriae subunit); « V/FAK: integrin alpha V/focal adhesion kinase
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The occurrence and development of oral squamous cell carcinoma

The oral microbiome promotes OSCC development through multidimensional mechanisms. (D Direct effects: Fusobacterium nucleatum interacts
with E-cadherin via its adhesin FadA, activating the Wnt/( -catenin pathway and upregulating Cyclin D1 and c¢-Myc, thereby enhancing epithelial
cell proliferation and EMT; F. nucleatum also induces DNA damage through the TLR4/MYD88/miR-205-5p signaling axis. 2) Indirect effects: mi-
croorganisms indirectly promote tumor progression by shaping an immunosuppressive tumor microenvironment and maintaining chronic inflamma-
tion. @) Virus — bacteria synergy: the lysine-specific gingipain (Kgp) of Porphyromonas gingivalis cleaves key proteins in the interferon signaling
pathway, impairing mucosal antiviral defenses and facilitating HSV-1 infection. @) Ecological level: reduced commensals and expansion of patho-
genic bacteria lead to microbial dysbiosis. EMT: epithelial-mesenchymal transition; FadA: fusobacterial adhesin A; MDSCs: myeloid-derived sup-
pressor cells; WNT: Wingless-related integration site; LPS: lipopolysaccharide; IL-6: interleukin-6; IL-1B: interleukin-1B; DNA: deoxyribonucleic
acid; c-Myc: cellular myelocytomatosis oncogene; MYD88: myeloid differentiation primary response 88; TLR4: Toll-like receptor 4; PD-L1: pro-
grammed death-ligand 1; M1: M1 macrophages; M2: M2 macrophages; HSV60: heat shock protein 60; TRIF: TIR-domain — containing adaptor-
inducing interferon-B; TRAF3: TNF receptor-associated factor 3; TBK-1: TANK-binding kinase 1; IRF3: interferon regulatory factor 3; [FNs: inter-
ferons; Actinomyces spp: Actinomyces species; S. mutans: Streptococcus mutans; P. gingivalis: Porphyromonas gingivalis; F. nucleatum: Fusobacte-
rium nucleatum; P. intermedia: Prevotella intermedia
Figure 1 Multidimensional mechanisms of initiation and progression of oral squamous cell carcinoma driven by oral microbiota
dysbiosis
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