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[Abstract] Periodontitis is a chronic inflammatory disease. The heterotopic colonization of periodontal pathogens re-
sults in the development of several systemic diseases. Porphyromonas gingivalis (P. gingivalis), a key pathogen for peri-
odontitis, has been linked to the development of various cancers, such as oral squamous cell carcinoma (OSCC), lung
cancer, esophageal cancer, pancreatic cancer, colorectal cancer, cervical cancer, and prostate cancer. P. gingivalis pro-
mote the progression of tumor through various mechanisms, P. gingivalis regulates proteins targeting cell cycle and
apoptosis to promote proliferation of tumor cells directly, enhances tumor stemness by upregulating the expression of

cluster of differentiation 44 (CD44) and cluster of differentiation 133 (CD133), activates inflammasome and p38/c-Jun
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N-terminal kinase 1(JNK) pathways, regulates tumor-associated neutrophil (TAN) polarization to remodel the tumor mi-
croenvironment, regulates epithelial-mesenchymal transition (EMT) to promote tumor metastasis, remodel macrophage
function to evade host immune response, and regulates multi-communicating with symbiotic bacteria. In addition, P.
gingivalis accelerates the progression of esophageal cancer, pancreatic cancer, colorectal cancer, and prostate cancer by
promoting cell proliferation, inhibiting apoptosis, inducing chronic inflammation, and escaping immunity. However, the

oral microbiome is a complex system, whether the interactions between oral bacteria affect tumor progression needs to

be further investigated.
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Table 1  Oral dysbacteriosis and systemic disease

Disease

Oral bacteria

Chronic periodontitis

bacter actinomycetemcomitans
Ooral squamous cell carcinoma
Pneumonia

votella intermedial®!!

Chronic obstructive pulmonary disease  Porphyromonas gingivalis®*; Prevotella intermedial

Asthma Prevotella intermedia"

Lung cancer
Breast cancer Fusobacterium nucleatum
Esophageal cancer
Gastric cancer
Pancreatic cancer
Colorectal cancer
Cervical cancer
Prostate cancer Porphyromonas gingivalis''™

Atherosclerosis

14 .
bacter rectus™; Fusobacterium nucleatum

Alzheimer’s disease

Diabetes mellitus

grescens“ 4

[14, 16]

Porphyromonas gingivalis; Treponema denticola™; Fusobacterium nucleaium!

26-27
[26 ]; Streptococcus mutans

Porphyromonas gingivalis; Fusobacterium nucleatum
. - [31-32], ¢ . . 31 .
Prevotella intermedial I Streptococcus oralis; Veillonella parvulal . Fusobacterium nucleatum
e 110. 14 . . .
Porphyromonas gmgwahsl J; Aggregatibacter actinomycetemcomitans
L. [35-36 .
orphyromonas gingivalis ; Fusobacterium nucleatum
Porph 1is™ % Fusobact leat

Porphyromonas gingivalis; Prevotella intermedia; Campylobacter rectus

Porphyromonas gingivalis'* ****; Treponema denticola'

Porphyromonas gingivalis'*™"Y; Tannerella forsythia; Treponema denticola; Prevotella intermedia; Aggregati-

[7. 7,171

4. Prevotella intermedial

Porphyromonas gingivalis“g_zm; Fusobactertum nucleatum; Aggregatibacter aclinomycetemcomimns“R]; Pre-

22]

Prevotella intermedia; Fusobacterium nucleatum™Veillonella™™'

126, 28-29]

[30]

[33-34]
1141

[35-38]

[12]

Porphyromonas gingivalis'* Y Prevotella intermedia; Prevotella nigrescens; Prevotella nigrescens; Campylo-

[40-41]

14, 45]

Treponema denticola; Streptococcus sanguinis; Streptococcus intermedius; Streptococcus oralis; Prevotella ni-
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P. gingivalis: Porphyromonas gingivalis; OMVs: outer membrane vesicles; LPS: lipopolysaccharide; Rgp: arginine-specific cysteine proteinase R
gingipain; PDCD4: programmed cell death 4; AP-1: activator protein 1; Bad: Bel-2 antagonist of cell death; Bax: Bel-2 associated X protein; Bel-2:
B-cell lymphoma 2; CALBI: Calbindin 1; ZNF292: zinc finger protein 292; ATRX: alpha thalassemia/mental retardat; LC3B- ceramide:
microtubule-associated protein 1 light chain 3 B-ceramide; FOXO1: forkhead box transcription factor O1;Aktl: protein kinase B 1;pAktl: phos-
phorylated Protein kinase B 1;pFOXO1: phosphorylated Forkhead box transcription factor O1;C-Fos: cellular oncogene Fos; C-Jun: c-jun proto-
oncogene; miR-21: microRNA-21; SCDI1: Stearoyl-CoA desaturase 1; NODI: nucleotide-binding oligomerization domain-containing protein 1;
KLF5: Kriippel-like factor 5; CD44: cluster of differentiation 44; CD133: cluster of differentiation 133; IL-1B: interleukin-18; JNK: c-Jun N-
terminal kinase; TLR: Toll-like receptor; CXCL2: C-X-C motif chemokine ligand 2; MyD88: myeloid differentiation primary response protein 88;
NLRP3: nucleotide-binding domain, leucine-rich repeat containing family, pyrin domain-containing 3; MDSC: myeloid-derived suppressor cells;
TAN: Tumor-associated neutrophil; NETs: neutrophil extracellular traps; MMP-1: matrix metalloprotease 1; MMP-10: matrix metalloprotease 10;
MMP-9: matrix metalloprotease 9; EMT: epithelial-mesenchymal transition; ZEB1: zinc finger E-box binding homeobox 1; SRNA23392: small RNA
23392; DSC2: desmocollin-2; NF-kB: nuclear factor kappa B; PD-L1: programmed death ligand 1; PI3K: phosphoinositide 3-kinase; Akt: protein
kinase B

Figure 1  The role of Porphyromonas gingivalis in the progression of oral squamous cell carcinoma
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P. gingivalis: Porphyromonas gingivalis; LPS: lipopolysaccharide; PDCD4: programmed cell death factor 4; MyD88: Myeloid differentiation factor
88; INK: c-Jun N-terminal kinase; GRHL3: grainy head-like 3; TLR4: Toll-like receptor 4; MiR-194: microRNA-194; PTEN: phosphatase and ten-
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Figure 2 The role of Porphyromonas gingivalis in the progression of esophageal squamous cell carcinoma

2 ZF U bk S TR T £ A BIIR 2 MR S A R R B A

A R R OE R R A SR
L, S5 T T 5 B2 o o T B R R 4 0 X
Gy 100) L IR ZE R AR B P gingivalis 5 193 g 62 A1
F00 0 Tan Z2 R B P. gingivalis 18 3315 S AL K
TSR A P RL AN, £ b PR A0 S AR
A3 00, T B R R B R SR L P gingivalis i W] TS
Toll 3Z 14 (Toll-like receptor, TLR) {5 5 i #% , TLR9
5 1B R R A0 £ Ak AR O 7 A 0 B A i 4
%) 40 i PR 7, 2 S e 9 £ 24 Al R B B 200 D S v 1
FE'Y . ESR P gingivalis G642 SF B8 BR R A & AR K&
J'& 8 H Er 7 s = BE A 1R G B mT DAAE Sk i
9 AU DAl A T 5T

W55 & BE P. gingivalis 7€ 45 H 1 ¥ (colorectal
cancer, CRC) 4 4! %—»%[35, ] /E\:Tﬁﬁﬂtﬂ ITEi &
Jo T8 SR AR TE 1 E A VOV g ST R 58
CRC R YL AU | % B P. gLngwalLs G 22 24 G Ak
P B (mitogen-activated protein kinases , MAPK )/ it
AN JE T FE A (extracellular regulated protein ki-
nases , ERK) {5 5 i #% {2 #F CRC 40 ffg 3% 51 , [7) i -
T AP-1 1 2 08 T 1 98 40 S 4 b T o SR AR
IL-1B IL-6 FIH 2 o, #iE R PE /A NLRP3 JE i
RAVEOAEE 2 3E CRCHEJR . BLAL P. gingivalis
VLT R 3-like-1 25 H (Chitinase 3-like-1 pro-
tein, CHI3LL) 215 , 451 3 40 il 1 K 48 T 21 g 75 4k )



OB & s B g

20265E2 A %345 F2#

+ 186 +  Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2026,Vol.34 No.2 https://www.kqjbfz.com

fiE , A1 F bR S e k5RO (8] 3) o Rk, O R # )
CHI3LI fIRI7 R I A B 50 IR CRC Fo i kst

Colorectal cancer

Immune

— '
P gingivalis w/‘ evasion

iNK T Cell

Cell membrane

o (D)
oD

AP-1 )(MAPK) (NLRP3)
(ERK1/2)
l Tumor cell
Proliferation Inflammation

P. gingivalis:  Porphyromonas gingivalis; MAPK: mitogen-
activated protein kinases; ERK1/2: extracellular regulated pro-
tein kinases 1/2; AP-1: Activator protein 1; INF-a: interferon-o;
IL-1B: interleukin-1B; IL-6: interleukin-6; CHI3L1: Chitinase 3-
like-1 protein; iNK T Cell: invariant Natural Killer T Cell; Cas-
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ily, pyrin domain-containing 3
Figure 3 The role of Porphyromonas gingivalis in the

progression of colorectal cancer
3 IR B TR AR 5 B R A R T R Y
YEH

Wi 5% 3% B B 8 40 5 5 °E U (cervical can-
cer, CC) Z [l f7 7€ — & YK & , Wu 55258 1 43 #r
B S REW W , KB P gingivalis J& CC WA= kR
HEWY 2z — 8k HETX T P. gingivalis WNa] %€ AL F
B A RIS A BRSO ML T o R DT, o Sk
LR P. gingivalis 1 CC K Kk P HITE .

IR — TS A Ay T W B 1 2 8 48 5 40 Pt g
(prostate cancer, PCa) XU YA SEVE S, P, gingiva-
Lis 18 1o IR SR AE A T PCa 41 T PD-L1 By 3R3A K
15 1 48 AE R PR3 40 i A 2 6 Bk ffe 1 PCa A9 it
JE HIA RS A AR B LA S R
RE W% WA i P. gingivalis 55 11 51 B 955 22 1) 1) 25006 ML
i, DT LA by B A 5 AR BR T T

3 N &
RILLGEIR T P. gingivalis 5 g & A Kk e 22 18]

1% U0 G F& S HAE AL o % A AT DL o 22
AL 25 0SCC 1Y A& A= K e, i AT 3 3k S o7 7 A
S it e T A0 B A B R a8 R A R R
HHI X T P. gingivalis 7 i i 5 509 F1HG 51 BR 9
o 1 B DL WE A N B IR AR R ALK
BLH, - F0HE S R . TR B0 o AR, iR Y 4
TR ARV 2H WUTE S T R E i RS R A AR AL W R
Wi YA B A R R T B L T A A B YR B SE TR IR v
) 200 TR R i 2H R, AR A g I RS TP AG ) —
AR T B, B, W P. gingivalis 75 4> & ih
T R R R A M PR B O EE L, O R SR IR YT
P RE A& AR 32 i FNIG T 00 B L L R A B T R
SR IO B A5 B0 M A o

[ Author contributions ] Feng Y wrote the article. Feng Y and Yu L
conceptualized and reviewed the article. All authors read and approved

the final manuscript as submitted.

&% 3k

[1]  QiJ, Li M, Wang L, et al. National and subnational trends in can-
cer burden in China, 2005-20: an analysis of national mortality
surveillance data[J]. Lancet Public Health, 2023, 8(12): e943-
€955. doi: 10.1016/S2468-2667(23)00211-6.

[2] de Martel C, Georges D, Bray F, et al. Global burden of cancer at-
tributable to infections in 2018: a worldwide incidence analysis[J].
Lancet Glob Health, 2020, 8(2): ¢180-e190. doi: 10.1016/S2214-
109X(19)30488-7.

[3]  Singh S, Singh AK. Porphyromonas gingivalis in oral squamous
cell carcinoma: a review[J]. Microbes Infect, 2022, 24(3): 104925.
doi: 10.1016/j.micinf.2021.104925.

[4]  Groeger SE, Hudel M, Zechel-Gran S, et al. Recombinant Porphy-
romonas gingivalis W83 FimA alters immune response and meta-
bolic gene expression in oral squamous carcinoma cells[J]. Clin
Exp Dent Res, 2022, 8(4): 976-987. doi: 10.1002/cre2.588.

[5]  Xu W, Zhou W, Wang H, et al. Roles of Porphyromonas gingivalis
and its virulence factors in periodontitis[J]. Adv Protein Chem
Struct Biol, 2020, 120: 45-84. doi: 10.1016/bs.apesbh.2019.12.001.

[6]  Lunar Silva I, Cascales E. Molecular strategies underlying Porphy-
romonas gingivalis virulence[J]. J Mol Biol, 2021, 433(7): 166836.
doi: 10.1016/}.jmb.2021.166836.

[7]  van Dijk MC, Petersen JF, Raber-Durlacher JE, et al. Diversity
and compositional differences in the oral microbiome of oral squa-
mous cell carcinoma patients and healthy controls: a scoping re-
view[J]. Front Oral Health, 2024, 5: 1366153. doi: 10.3389/
froh.2024.1366153.

[8] Liu Y, Yuan X, Chen K, et al. Clinical significance and prognostic
value of Porphyromonas gingivalis infection in lung cancer[J].
Transl Oncol, 2021, 14(1): 100972. doi: 10.1016/j. tra-
non.2020.100972.

[9]  Higham J, Scannapieco FA. Epidemiological associations between

periodontitis and cancer[J]. Periodontol 2000, 2024, 96(1): 74-82.



OB & s B g

20265E2 A %345 F2#

Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2026,Vol.34 No.2 https://www.kqgjbfz.com  + 187 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

doi: 10.1111/prd.12599.

Ma H, Luo W, Gu Y. Does oral microbiota have a close relation-
ship with pancreatic cancer? A systematic review and meta-
analysis[J]. Ann Surg Oncol, 2023, 30(13): 8635-8641. doi:
10.1245/510434-023-14366-7.

Wang X, Jia Y, Wen L, et al. Correction: Porphyromonas gingiva-
lis promotes colorectal carcinoma by activating the hematopoietic
NLRP3 inflammasome[J]. Cancer Res, 2022, 82(11): 2196. doi:
10.1158/0008-5472.CAN-22-1136.

Wu S, Ding X, Kong Y, et al. The feature of cervical microbiota as-
sociated with the progression of cervical cancer among reproduc-
tive females[J]. Gynecol Oncol, 2021, 163(2): 348-357. doi:
10.1016/j.ygyno.2021.08.016.

Groeger S, Wu F, Wagenlehner F, et al. PD-L1 up-regulation in
prostate cancer cells by Porphyromonas gingivalis|J]. Front Cell
Microbiol, 2022, 12: 935806. doi: 10.3389/
fcimb.2022.935806.

Infect

Radaic A, Kapila YL. The oralome and its dysbiosis: new insights
into oral microbiome-host interactions[J]. Comput Struct Biotech-
nol J, 2021, 19: 1335-1360. doi: 10.1016/j.¢sbj.2021.02.010.
Gasmi Benahmed A, Kumar Mujawdiya P, Noor S, et al. Porphy-
romonas gingivalis in the development of periodontitis: impact on
dysbiosis and inflammation[J]. Arch Razi Inst, 2022, 77(5): 1539-
1551. doi: 10.22092/AR1.2021.356596.1875.

Monasterio G, Castillo F, Astorga J, et al. O-polysaccharide plays
a major role on the virulence and immunostimulatory potential of
Aggregatibacter actinomycetemcomitans during periodontal infec-
tion[J]. 2020, 11: 591240. doi: 10.3389/
fimmu.2020.591240.

Zhou Y, Qin Y, Ma ], et al. Heat-killed Prevotella intermedia pro-

Front Immunol,

motes the progression of oral squamous cell carcinoma by inhibit-
ing the expression of tumor suppressors and affecting the tumor mi-
croenvironment[J]. Exp Hematol Oncol, 2024, 13(1): 33. doi:
10.1186/s40164-024-00500-y.

Pathak JL, Yan Y, Zhang Q, et al. The role of oral microbiome in
respiratory health and diseases[J]. Respir Med, 2021, 185:
106475. doi: 10.1016/j.rmed.2021.106475.

Okabe T, Kamiya Y, Kikuchi T, et al. Porphyromonas gingivalis
components/secretions synergistically enhance pneumonia caused
by Streptococcus pneumoniae in mice[J]. Int J Mol Sci, 2021, 22
(23): 12704. doi: 10.3390/ijms222312704.

Kawamura S, Goto H, Kikuchi T, et al. IL-35 may prevent the ex-
acerbation of aspiration pneumonia involving Porphyromonas gin-
givalis by suppressing IL-17 production[J]. Am J Pathol, 2025, 195
(4): 652-662. doi: 10.1016/j.ajpath.2024.11.009.

Ashizawa H, Iwanaga N, Nemoto K, et al. Prevotella intermedia
synergistically exacerbates pneumonia induced by oral strepto-
cocci[J]. J Infect Dis, 2025, 232(2): e280-e289. doi: 10.1093/
infdis/jiaf278.

Shi T, Wang J, Dong J, et al. Periodontopathogens Porphyromonas
gingivalis and Fusobacterium nucleatum and their roles in the pro-
gression of respiratory diseases[J]. Pathogens, 2023, 12(9): 1110.
doi: 10.3390/pathogens12091110.

(23]

[24]

[25]

[26]

[27]

[28]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

Feng N, Han X, Peng D, et al. P. gingivalis alters lung microbiota
and aggravates disease severity of COPD rats by up-regulating
Hsp90a/MLKL[J]. J Oral Microbiol, 2024, 16(1): 2334588. doi:
10.1080/20002297.2024.2334588.

Lopes MP, Cruz AA, Xavier MT, et al. Prevotella intermedia and
periodontitis are associated with severe asthmalJ]. J Periodontol,
2020, 91(1): 46-54. doi: 10.1002/JPER.19-0065.

Sun Y, Liu Y, Li J, et al. Characterization of lung and oral microbi-
omes in lung cancer patients using culturomics and 16S rRNA
gene sequencing|J]. Microbiol Spectr, 2023, 11(3): €0031423. doi:
10.1128/spectrum.00314-23.

Feng K, Ren F, Shang Q, et al. Association between oral microbi-
ome and breast cancer in the East Asian population: a Mendelian
randomization and case-control study[J]. Thorac Cancer, 2024, 15
(12): 974-986. doi: 10.1111/1759-7714.15280.

Parhi L, Alon-Maimon T, Sol A, et al. Breast cancer colonization
by Fusobacterium nucleatum accelerates tumor growth and meta-
static progression[J]. Nat Commun, 2020, 11(1): 3259. doi:
10.1038/s41467-020-16967-2.

Yu L, Maishi N, Akahori E, et al. The oral bacterium Streptococcus
mutans promotes tumor metastasis by inducing vascular inflamma-
tion[J]. Cancer Sci, 2022, 113(11): 3980-3994. doi: 10.1111/
cas.15538.

Yu L, Hong Y, Maishi N, et al. Oral bacterium Streptococcus mu-
tans promotes tumor metastasis through thrombosis formation[J].
Cancer Sci, 2024, 115(2): 648-659. doi: 10.1111/cas.16010.

Jing T, Tang D. Intratumoral microbiota: a new force in the devel-
opment and treatment of esophageal cancer[J]. Clin Transl Oncol,
2025, 27(5): 1921-1932. doi: 10.1007/512094-024-03757-1.

Lei L, Zhao LY, Cheng R, et al. Distinct oral-associated gastric mi-
crobiota and Helicobacter pylori communities for spatial microbial
2024, 9(7):

heterogeneity cancerJ].

€0008924. doi: 10.1128/msystems.00089-24.

in gastric mSystems,
Liang W, Zhou Z, Gao Q, et al. Tumor-derived Prevotella interme-
dia aggravates gastric cancer by enhancing perilipin 3 expression
[J]. Cancer Sci, 2024, 115(4): 1141-1153. doi: 10.1111/cas.16080.
Zhang T, Li Y, Zhai E, et al. Intratumoral Fusobactertum nuclea-
tum recruits tumor-associated neutrophils to promote gastric can-
cer progression and immune evasion[J]. Cancer Res, 2025, 85(10):
1819-1841. doi: 10.1158/0008-5472.CAN-24-2580.

Stasiewicz M, Karpinski TM. The oral microbiota and its role in
carcinogenesis[J]. Semin Cancer Biol, 2022, 86(Pt 3): 633-642.
doi: 10.1016/j.semcancer.2021.11.002.

Gao R, Zhu Y, Kong C, et al. Alterations, interactions, and diag-
nostic potential of gut bacteria and viruses in colorectal cancer[J].
Front Cell Infect Microbiol, 2021, 11: 657867. doi: 10.3389/
fcimb.2021.657867.

Wang N, Fang JY. Fusobacterium nucleatum, a key pathogenic fac-
tor and microbial biomarker for colorectal cancer|[J]. Trends Micro-
biol, 2023, 31(2): 159-172. doi: 10.1016/j.tim.2022.08.010.

Duizer C, Salomons M, van Gogh M, et al. Fusobacterium nuclea-
tum upregulates the immune inhibitory receptor PD-L1 in colorec-

tal cancer cells via the activation of ALPKI1[J]. Gut Microbes,



188 -

OB & s B g

20265E2 A %345 F2#

Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2026,Vol.34 No.2 https://www.kqjbfz.com

(38]

(391

[41]

[42]

[43]

[45]

[46]

[47]

[48]

[49]

[50]

2025, 17(1): 2458203. doi: 10.1080/19490976.2025.2458203.
Martin-Gallausiaux C, Salesse L, Garcia-Weber D, et al. Fusobac-
terium nucleatum promotes inflammatory and anti-apoptotic re-
sponses in colorectal cancer cells via ADP-heptose release and
ALPKI1/TIFA axis activation[J]. Gut Microbes, 2024, 16(1):
2295384. doi: 10.1080/19490976.2023.2295384.

Xie H, Qin Z, Ling Z, et al. Oral pathogen aggravates atherosclero-
sis by inducing smooth muscle cell apoptosis and repressing mac-
rophage efferocytosis[J]. Int J Oral Sci, 2023, 15(1): 26. doi:
10.1038/s41368-023-00232-5.

Fan Z, Tang P, Li C, et al. Fusobacterium nucleatum and its associ-
ated systemic diseases: epidemiologic studies and possible mecha-
nisms[J]. J Oral Microbiol, 2022, 15(1): 2145729. doi: 10.1080/
20002297.2022.2145729.

Zhou J, Liu L, Wu P, et al. Fusobacterium nucleatum accelerates
atherosclerosis via macrophage-driven aberrant proinflammatory
response and lipid metabolism[J]. Front Microbiol, 2022, 13:
798685. doi: 10.3389/fmich.2022.798685.

Liu S, Butler CA, Ayton S, et al. Porphyromonas gingivalis and the
pathogenesis of Alzheimer’s disease[J]. Crit Rev Microbiol, 2024,
50(2): 127-137. doi: 10.1080/1040841X.2022.2163613.

Zhu H, Huang C, Luo Z, et al. Porphyromonas gingivalis induces
disturbance of kynurenine metabolism through the gut-brain axis:
implications for Alzheimer’s disease[J]. ] Dent Res, 2025, 104(4):
439-448. doi: 10.1177/00220345241303141.

Yamada C, Akkaoui J, Ho A, et al. Potential role of phosphoglyc-
erol dihydroceramide produced by periodontal pathogen Porphy-
romonas gingivalis in the pathogenesis of Alzheimer’s diseaselJ].
Immunol, 2020, 11: 591571. doi:  10.3389/

fimmu.2020.591571.

Front

Tang 7, Cheng X, Su X, et al. Treponema denticola induces
Alzheimer-like tau hyperphosphorylation by activating hippocam-
pal neuroinflammation in mice[J]. J Dent Res, 2022, 101(8): 992-
1001. doi: 10.1177/00220345221076772.

Chang C, Geng F, Shi X, et al. The prevalence rate of periodontal
pathogens and its association with oral squamous cell carcinoma
[JI. Appl Microbiol Biotechnol, 2019, 103(3): 1393-1404. doi:
10.1007/s00253-018-9475-6.

Isono H, Nakajima S, Watanabe S, et al. Involvement of oral micro-
biome in the development of oral malignancy[J]. Cancers(Basel),
2025, 17(4): 632. doi: 10.3390/cancers17040632.

Baima G, Minoli M, Michaud DS, et al. Periodontitis and risk of
cancer: mechanistic evidence[J]. Periodontol 2000, 2024, 96(1):
83-94. doi: 10.1111/prd.12540.

Lu Z, Cao R, Geng F, et al. Persistent infection with Porphyromo-
nas gingivalis increases the tumorigenic potential of human immor-
talised oral epithelial cells through ZFP36 inhibition[J]. Cell Pro-
lif, 2024, 57(6): €13609. doi: 10.1111/cpr.13609.

Lamont RJ, Fitzsimonds ZR, Wang H, et al. Role of Porphyromo-
nas gingivalis in oral and orodigestive squamous cell carcinomal]].
Periodontol 2000, 2022, 89(1): 154-165. doi: 10.1111/prd.12425.
Chang C, Wang H, Liu J, et al. Porphyromonas gingivalis infection

promoted the proliferation of oral squamous cell carcinoma cells

[52]

(53]

[54]

[55]

[58]

[59]

[60]

[61]

[62]

[63]

through the miR-21/PDCD4/AP-1 negative signaling pathway[J].
ACS Infect Dis, 2019, 5(8): 1336-1347. doi: 10.1021/acsinfec-
dis.9b00032.

Yao Y, Shen X, Zhou M, et al. Periodontal pathogens promote oral
squamous cell carcinoma by regulating ATR and NLRP3 inflam-
masome|[J]. Front Oncol, 2021, 11: 722797. doi: 10.3389/
fonc.2021.722797.

Yuan K, Xu S, Liu G, et al. Porphyromonas gingivalis promotes
oral squamous cell carcinoma progression by modulating au-
tophagy[J]. Oral Dis, 2025, 31(2): 492-502. doi: 10.1111/
odi.15157.

Guo ZC, Jing SL, Jumatai S, et al. Porphyromonas gingivalis pro-
motes the progression of oral squamous cell carcinoma by activat-
ing the neutrophil chemotaxis in the tumour microenvironment[J].
Cancer Immunol Immunother, 2023, 72(6): 1523-1539. doi:
10.1007/500262-022-03348-5.

SRR, ATRIEF, T —, 45 AR R R B 2E G 1
Pet 24 1 B AN AR ). AR 04 O PR a2, 2022, 40(1): 93-
99. doi: 10.7518/hxkq.2022.01.014.

Zhang YW, He YX, Ding Y, et al. Porphyromonas gingivalis up-
regulates calbindin 1 and thus promotes the proliferation of gingi-
val epithelial cells[J]. West Chin J Stomatol, 2022, 40(1): 93-99.
doi: 10.7518/hxkq.2022.01.014.

Zeng Y, Wang Y, Shi X, et al. Porphyromonas gingivalis outer
membrane vesicles augments proliferation and metastasis of oral
squamous cell carcinoma cells[J]. BMC Oral Health, 2025, 25(1):
701. doi: 10.1186/s12903-025-05937-z.

Arjunan P, Meghil MM, Pi W, et al. Oral pathobiont activates anti-
apoptotic pathway, promoting both immune suppression and onco-
genic cell proliferation[J]. Sci Rep, 2018, 8(1): 16607. doi:
10.1038/s41598-018-35126-8.

Sheridan M, Chowdhury N, Wellslager B, et al. Opportunistic
pathogen Porphyromonas gingivalis targets the LC3B-ceramide
complex and mediates lethal mitophagy resistance in oral tumors
[JI. iScience, 2024, 27(6): 109860. doi: 10.1016/j.
is¢1.2024.109860.

Wei W, Li CX, Li MQ, et al. Porphyromonas gingivalis promotes
oral carcinogenesis through the NDK-ATP-P2X7 signal axis: an in
vitro experimental study[J]. Arch Oral Biol, 2025, 177: 106332.
doi: 10.1016/j.archoralbio.2025.106332.

Min JY, Kim DH. Stearoyl-CoA desaturase 1 as a therapeutic bio-
marker: focusing on cancer stem cells[J]. Int J Mol Sci, 2023, 24
(10): 8951. doi: 10.3390/ijms24108951.

Zang W, Geng F, Liu J, et al. Porphyromonas gingivalis potenti-
ates stem-like properties of oral squamous cell carcinoma by
modulating SCD1-dependent lipid synthesis via NOD1/KLF5 axis
[JI. Tnt J Oral Sei, 2025, 17(1): 15. doi: 10.1038/541368-024-
00342-8.

Gegout PY, Mary B, Stutz C, et al. Porphyromonas gingivalis infec-
tion of oral keratinocytes drives the release of pro-inflammatory ex-
tracellular vesicles[J]. Sci Rep, 2025, 15(1): 24704. doi: 10.1038/
s41598-025-10078-y.

Groeger S, Jarzina F, Domann E, et al. Porphyromonas gingivalis



OB & s B g

20265E2 A %345 F2#

Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2026,Vol.34 No.2 https://www.kqjbfz.com + 189 -

[64]

[65]

[67]

[68]

[70]

[71]

[72]

[73]

[74]

activates NFkB and MAPK pathways in human oral epithelial cells
[J]. BMC Immunol, 2017, 18(1): 1. doi: 10.1186/s12865-016-
0185-5.

Wen L, Mu W, Lu H, et al. Porphyromonas gingivalis promotes
oral squamous cell carcinoma progression in an immune microen-
vironment[J]. J Dent Res, 2020, 99(6): 666-675. doi: 10.1177/
0022034520909312.

Guo ZC, Jing SL, Jia XY, et al. Porphyromonas gingivalis pro-
motes the progression of oral squamous cell carcinoma by stimulat-
ing the release of neutrophil extracellular traps in the tumor im-
mune microenvironment[J]. Inflamm Res, 2024, 73(5): 693-705.
doi: 10.1007/s00011-023-01822-z.

Lan Z, Zou KL, Cui H, et al. Porphyromonas gingivalis suppresses
oral squamous cell carcinoma progression by inhibiting MUC1 ex-
pression and remodeling the tumor microenvironment[J]. Mol
Oncol, 2024, 18(5): 1174-1188. doi: 10.1002/1878-0261.13517.
Ha NH, Woo BH, Kim DJ, et al. Prolonged and repetitive exposure
to Porphyromonas gingivalis increases aggressiveness of oral can-
cer cells by promoting acquisition of cancer stem cell properties
[JI. Tumour Biol, 2015, 36(12): 9947-9960. doi: 10.1007/513277-
015-3764-9.

Sztukowska MN, Ojo A, Ahmed S, et al. Porphyromonas gingivalis
initiates a mesenchymal-like transition through ZEB1 in gingival
epithelial cells[J]. Cell Microbiol, 2016, 18(6): 844-858. doi:
10.1111/e¢mi.12554.

Liu D, Liu S, Liu J, et al. sRNA23392 packaged by Porphyromo-
nas gingivalis outer membrane vesicles promotes oral squamous
cell carcinomas migration and invasion by targeting desmocollin-2
[J]. Mol Oral Microbiol, 2021, 36(3): 182-191. doi: 10.1111/
omi.12334.

Liao X, Si H, Lai Y, et al. Porphyromonas gingivalis-OMVs pro-
mote the epithelial-mesenchymal transition of oral squamous cell
carcinoma by inhibiting ferroptosis through the NF-kB pathway|J].
J Oral 2025, 17(1): 2482924. doi: 10.1080/
20002297.2025.2482924.

Microbiol,

Kylmé AK, Sorsa T, Jouhi L, et al. Prognostic role of Porphyromo-
nas gingivalis gingipain rgp and matrix metalloproteinase 9 in oro-
pharyngeal squamous cell carcinomalJ]. Anticancer Res, 2022, 42
(11): 5415-5430. doi: 10.21873/anticanres.16046.

Omori Y, Noguchi K, Kitamura M, et al. Bacterial lipopolysaccha-
ride induces PD-L1 expression and an invasive phenotype of oral
squamous cell carcinoma cells[J]. Cancers(Basel), 2024, 16(2):
343. doi: 10.3390/cancers16020343.

Li CX, Su Y, Gong ZC, et al. Porphyromonas gingivalis activation
of tumor-associated macrophages via DOK3 promotes recurrence
of oral squamous cell carcinomalJ]. Med Sci Monit, 2022, 28:
€937126. doi: 10.12659/MSM.937126.

Liu S, Zhou X, Peng X, et al. Porphyromonas gingivalis promotes
immunoevasion of oral cancer by protecting cancer from macro-
phage attack[J]. J Immunol, 2020, 205(1): 282-289. doi: 10.4049/
jimmunol.1901138.

Ren J, Han X, Lohner H, et al. P. gingivalis infection upregulates

PD-L1 expression on dendritic cells, suppresses CD8" T-cell re-

[77]

[79]

(81]

(82]

(83]

[84]

(85]

(86]

sponses, and aggravates oral cancer[J]. Cancer Immunol Res,
2023, 11(3): 290-305. doi: 10.1158/2326-6066.CIR-22-0541.
Groeger S, Denter F, Lochnit G, et al. Porphyromonas gingivalis
cell wall components induce programmed death ligand 1 (PD-L1)
expression on human oral carcinoma cells by a receptor-
interacting protein kinase 2 (RIP2)-dependent mechanisml[J]. In-
fect Immun, 2020, 88(5): e00051-20. doi: 10.1128/IA1.00051-20.
VFIZW], M2, T4, 45 P AR I R id CCR6™ Treg {2 E
1 Tl 19 S 2 00 ) B PR B TR W R BIL AR ATF S8 0. DU 1R 2 4
(BE2£RR), 2025, 56(1): 191-197. doi: 10.12182/20250160105.

Xu LM, Tian X, Wang J, et al. Prophyromonas gingivalis promotes
the formation of immunosuppressive microenvironment in oral
squamous cell carcinoma by CCR6" regulatory T cells: a study of
the mechanisms invovled[J]. J Sichuan Univ Med Sci, 2025, 56(1):
191-197. doi: 10.12182/20250160105.

Woo BH, Kim DJ, Choi JI, et al. Oral cancer cells sustainedly in-
fected with Porphyromonas gingivalis exhibit resistance to taxol
and have higher metastatic potential[J]. Oncotarget, 2017, 8(29):
46981-46992. doi: 10.18632/oncotarget.16550.

Hoppe T, Kraus D, Probstmeier R, et al. Stimulation with Porphy-
romonas gingivalis enhances malignancy and initiates anoikis re-
sistance in immortalized oral keratinocytes[J]. J Cell Physiol,
2019, 234(12): 21903-21914. doi: 10.1002/jcp.28754.

Song JM, Woo BH, Lee JH, et al. Oral administration of Porphy-
romonas gingivalis, a major pathogen of chronic periodontitis, pro-
motes resistance to paclitaxel in mouse xenografts of oral squa-
mous cell carcinomalJ]. Int J Mol Sci, 2019, 20(10): 2494. doi:
10.3390/1jms20102494.

Kaliamoorthy S, Priya Sayeeram S, SundarRaj S, et al. Investigat-
ing the association between Fusobacterium nucleatum and oral
squamous cell carcinoma: a pilot case-control study on tissue
samples[J]. Cureus, 2023, 15(10): e47238. doi: 10.7759/cu-
reus.47238.

Ahn SH, Song JE, Kim S, et al. NOX1/2 activation in human gingi-
val fibroblasts by Fusobacterium nucleatum facilitates attachment
of Porphyromonas gingivalis|J]. Arch Microbiol, 2016, 198(6):
573-583. doi: 10.1007/500203-016-1223-7.

Zhang 7, Liu S, Zhang S, et al. Porphyromonas gingivalis outer
membrane vesicles inhibit the invasion of Fusobacterium nuclea-
tum into oral epithelial cells by downregulating FadA and FomA
[JI. J Periodontol, 2022, 93(4): 515-525. doi: 10.1002/JPER.21-
0144.

Fukuda S, Akatsu T, Fujii A, et al. Commensal Neisseria inhibit
Porphyromonas gingivalis invasion of gingival epithelial cells[J].
Oral Health Prev Dent, 2024, 22: 609-616. doi: 10.3290/j. ohpd.
b5866430.

Bray F, Laversanne M, Sung H, et al. Global cancer statistics
2022: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries[J]. CA Cancer J Clin, 2024,
74(3): 229-263. doi: 10.3322/caac.21834.

Jia X, Liu J, He Y, et al. Porphyromonas gingivalis secretion leads
to dysplasia of normal esophageal epithelial cells via the Sonic

hedgehog pathway[J]. Front Cell Infect Microbiol, 2022, 12:



190 -

OB & s B g

20265E2 A %345 F2#

Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2026,Vol.34 No.2 https://www.kqjbfz.com

(87]

[88]

[89]

[90]

[91]

[92]

[93]

[95]

982636. doi: 10.3389/fcimh.2022.982636.

Meng F, Li R, Ma L, et al. Porphyromonas gingivalis promotes the
motility of esophageal squamous cell carcinoma by activating NF-
kB signaling pathway[J]. Microbes Infect, 2019, 21(7): 296-304.
doi: 10.1016/j.micinf.2019.01.005.

Chen X, Xian B, Wei ], et al. Predictive value of the presence of
Prevotella and the ratio of Porphyromonas gingivalis to Prevotella
in saliva for esophageal squamous cell carcinomalJ]. Front Cell In-
fect ~ Microbiol, 2022, 12: 997333.  doi:  10.3389/
fcimb.2022.997333.

Li R, Liu Y, Zhou F, et al. Clinical significance of Porphyromonas
gingivalis enriching cancer stem cells by inhibiting programmed
cell death factor 4 in esophageal squamous cell carcinomalJ]. ACS
Infect Dis, 2023, 9(10): 1846-1857. doi: 10.1021/acsinfec-
dis.3¢00182.

Lu C, Chen Z, Lu H, et al. Porphyromonas gingivalis lipopolysac-
charide regulates cell proliferation, apoptosis, autophagy in
esophageal squamous cell carcinoma via TLR4/MYD88/JNK path-
way[J]. J Clin Biochem Nutr, 2024, 74(3): 213-220. doi: 10.3164/
jebn.22-138.

Liang G, Wang H, Shi H, et al. Porphyromonas gingivalis pro-
motes the proliferation and migration of esophageal squamous cell
carcinoma through the miR-194/GRHL3/PTEN/Akt axis[J]. ACS
Infect Dis, 2020, 6(5): 871-881. doi: 10.1021/acsinfecdis.0c00007.
Gao S, Liu Y, Duan X, et al. Porphyromonas gingivalis infection
exacerbates oesophageal cancer and promotes resistance to neoad-
juvant chemotherapy[J]. Br J Cancer, 2021, 125(3): 433-444. doi:
10.1038/s41416-021-01419-5.

VR, 5% 75, (T4 2E, 55 2P0k S PR 7k SAE R
fe A SRR A0 A2 A= ). vh AR R A Ak, 2024, 46(8): 746-
754. doi:10.3760/cma.j.cn112152-20231026-00259.

Xu HJ, Q1 YJ, Wu DR, et al. Porphyromonas gingivalis promotes
the occurrence of esophageal squamous cell carcinoma via an in-
flammatory microenvironment[J]. Chin J Oncol, 2024, 46(8): 746-
754. doi:10.3760/cma.j.cn112152-20231026-00259.

Chen MF, Lu MS, Hsieh CC, et al. Porphyromonas gingivalis pro-
motes tumor progression in esophageal squamous cell carcinoma
[JI. Cell Oncol(Dordr), 2021, 44(2): 373-384. doi: 10.1007/513402-
020-00573-x.

W, sk T5 AR, IRZR, 45 . FET YTHDF2 /-5 T A G A 7%
FER IR AR W FE A BN Uk B T I3 0 A S SR (D). F 7 IR
Bl K 2E 224, 2024, 44(6): 1159-1165. doi:10.12122/j.issn.1673-
4254.2024.06.17.

Yang Z, Zhang XS, Zhang XD, et al. Porphyromonas gingivalis in-

[96]

[98]

[99]

[100]

[101]

[102]

[103]

fection facilitates immune escape of esophageal cancer by enhanc-
ing YTHDF2-mediated Fas degradation[]J]. J South Med Univ,
2024, 44(6): 1159-1165. doi: 10.12122/j. issn. 1673-4254.2024.
06.17.

Michaud DS, Fu Z, Shi J, et al. Periodontal disease, tooth loss, and
cancer risk[J]. Epidemiol Rev, 2017, 39(1): 49-58. doi: 10.1093/
epirev/mxx006.

Tan Q, Ma X, Yang B, et al. Periodontitis pathogen Porphyromo-
nas gingivalis promotes pancreatic tumorigenesis via neutrophil
elastase from tumor-associated neutrophils[J]. Gut Microbes,
2022, 14(1): 2073785. doi: 10.1080/19490976.2022.2073785.
Zambirinis CP, Levie E, Nguy S, et al. TLRO ligation in pancreatic
stellate cells promotes tumorigenesis[J]. J Exp Med, 2015, 212
(12): 2077-2094. doi: 10.1084/jem.20142162.

Song M, Chan AT, Sun J. Influence of the gut microbiome, diet,
and environment on risk of colorectal cancer[J]. Gastroenterology,
2020, 158(2): 322-340. doi: 10.1053/j.gastro.2019.06.048.

Tortora SC, Agurto MG, Martello LA. The oral-gut-circulatory
axis: from homeostasis to colon cancer[J]. Front Cell Infect Micro-
biol, 2023, 13: 1289452. doi: 10.3389/fcimh.2023.1289452.

Mu W, Jia Y, Chen X, et al. Intracellular Porphyromonas gingiva-
lis promotes the proliferation of colorectal cancer cells via the
MAPK/ERK signaling pathway[J]. Front Cell Infect Microbiol,
2020, 10: 584798. doi: 10.3389/fcimb.2020.584798.

Diaz-Basabe A, Lattanzi G, Perillo F, et al. Porphyromonas gingi-
valis fuels colorectal cancer through CHI3L1-mediated iNKT cell-
driven immune evasion[J]. Gut Microbes, 2024, 16(1): 2388801.
doi: 10.1080/19490976.2024.2388801.

Wei Y, Zhong Y, Wang Y, et al. Association between periodontal
disease and prostate cancer: a systematic review and meta-analysis
[J]. Med Oral Patol Oral Cir Bucal, 2021, 26(4): e459-e465. doi:
10.4317/medoral.24308.

(#E BEELE)

Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License.
Copyright © 2026 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases




