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[ ABSTRACT]

pecially cardiovascular disease.

dence has indicated that periodontitis promotes the onset and progression of atherosclerosis.

Periodontitis, a common disease, is considered to be closely associated with many systemic diseases, es-

Atherosclerosis is the basic pathological change of cardiovascular disease, and recent evi-

This article reviews the roles

of periodontitis in accelerating atherosclerosis and highlights the involved mechanisms to provide new strategies for diagnosis

and treatment of atherosclerosis.
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gregatibacter actinomycetemcomitans , Aa) 175 5 7 Ji] Ji&
YLty ApoE™ /N AL Sl ik b Th17 4 il (K 5
PABe As BEBLBHI TR HERS SN 3 HLEC 1 miR-155 A0
miR146b 78 Ek B R IL, R Aa 7] fEE
5% miR-155 Fl miR-146b (43 I5HJH1Y Th17 434k,
PETTANEE As, JTHA R —Tiim RAT5E R W] P g A il
1 BRI 2,3 XU (indoleamine 2,3 dioxy-
genase , IDO) 1 P4, S 2 Th17/Treg 2% ff , o 1 {2
As RN, L 1, B Sy RN AT RE R A JE 4% A2
#E ASCVD [ EZ A
2.6 FRRSERSE

I3 IR B A 55 & ASCVD I fE R %, 4l
AR R A DL e RN 1 O [ A
T = 45 B8 5T 7E LA 1 BIF 5 Hh e S 5 N B 2
RERRSAHSE, 25 As EA LY, Bilig MiE/E
HIMAGSE R EEIRE X B E As WE, I 5F
AR FIREAFAE SCHE 3 92 56 v & 30 e i I GE 2%
TN TR A /I BB W, AR 2 R R i O e
AU —IGTRI 5 v DXk 3 i IALGE 78 5 J5 58 A As v
AOPE FHAILH R IT 1 4R 3R, 38 76 1 I i S A 2

A ApoE™ /NP R BIZE LA A I T
PR QSR B W A AL, A B s i AR A A
As BUSEIRIIAZR X T15 28 J RASE I As (94 &
SENE T TE— T PR T LS A A3 A b K
B, A AT AT LABGE: As SRE I G 55 K7
DRI, I 7P S T U S 2 e 5 A TR Y G
HRIH T A 2 38 060 28 J] 98 52 o g oAl a2t i e ik
As BIHLHIHEAT TR ABFSE, Zhou 55 234 & #1
Foon AT RS 2 0 oo L35 440 IR 2 B M 2 11 K F
ST L 20 i A P S S s R AR R
Z B IR A0 ML B, S0 As 78 B9 S B Be
AAR I — TR ST W 1 7 As B J8 /N BR A5 HLEE ik
TP TR 98 RBE WO T T B, 45 v IR TRl SR
RIS SRR IE N 9 5 As BR [B] AR G, 4521
RUIZF R AT LA S F.on (2 ERENSIE LR 3 38/
AP B/ 3L 3l ¥ 75 108 K 8 A ( phosphati-
dylinositol 3-kinase/protein kinase B/mammalian target
of rapamycin, PI3K/ Akt/mTOR ) {5 58 i 8 55 J-41 i
PRI e 10 J AR, 80 vk = Pl 0 UL T I ) 0
HKFIALE As BYRJES

As FOBLT AT L a7 24 0 Sy ML 980 v i i ) S
TFECN B IIRERZ A, R 5 AR IR A HE AN
BN A A AR B B AR N R AR
A, B T 200 A e A LR 2 8 MR 2 1 72 e
PREANE , MR AR MU T )5 P A RO 5 A e
2L PR A W, B 208 BE R i o SR A T
As PUHI P AAFE R ZAE N, I 5 A R W K e R A
e, Ekuni %5 BESEUESC S A 2 R U F Sk L K&
SF JH 2L ZA By ] BN B A A, I HL As AHOCHY
FLPFA LR, IR, o R 5 R B IR B R
fERTRE Y As (K A OG, Lonn 55055 2235
RIS R P g VB IR U A AL, JF BT LA
A A TP AOAS S I T3 As, BHOERF, BT
KTNR B B AL S e it As B 4 A e P Y
WFFEARXT LD BAAE LS R 22, IBkIE T
B AR kA i B o R A BRAE T — b
AMEAET 7 3, 5 A TR [ LA I S T
Fe Ik g I ek S AL R SR RRAE S BUTE (¥
FERIERIET AL As LU Ja) 98 o 9 52 i Je 22
RARVERT BRAET AL 5 TR Sy 22 e 1 i 114 5%
BER 0T

¥

3 BEEgER
AR B AT 2 e G R 45 T 1 B

g
it

&



182

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 2,2024

UL RR I A R e ik As AR A R, AR SCTE 8T
MUAE LA N B D RE i B R L 42 B JE L A B
BER ARG AR DT R T RS As KL
JERIBTEIR R . AR S5 As BB, 540
IF JAl o I A T 28 2F JE AR E A ML AT R e s
VoMU AL 3 0 1 7 P N AR S IR PLAR
PENE I i TE R E O 81 A e 28 J] 98 N 4 B S E 45
PLEIFEIE As BB AR IZE5IEXT CVD BT s Al
SIFBA IR X, F H 9 W BB B if )7 8T %
R FEAME As B9 5 A2 UL, I 0828 ASCVD J8 ¥
TRIHERE . SR, As BB RERE 32 2 N 52, )
A TRAE As 1297 7 i HAT U A TR, ROk
s EZ WIBFTE LR TR A fe it As KRR R R
PR FIBLARD , X As -5 258 Ji 9 1] U1 1 R T ik
— B HIBESE, S PRI AR R SR R B

[ &% 3Ck]

[1] HAJISHENGALLIS G, CHAVAKIS T, LAMBRIS J D.
Current understanding of periodontal disease pathogenesis
and targets for host-modulation therapy[ J]. Periodontol,
2000, 2020, 84(1): 14-34.

[2] JEPSEN S, SUVAN J, DESCHNER J. The association of
periodontal diseases with metabolic syndrome and obesity
[J]. Periodontol, 2000, 2020, 83(1) . 125-153.

[3] LICCARDO D, CANNAVO A, SPAGNUOLO G, et al.
Periodontal disease: a risk factor for diabetes and cardio-
vascular disease[ J]. Int J Mol Sci, 2019, 20(6) ; 1414.

[4] LIX, WU CQ, LUJP, et al. Cardiovascular risk factors
in China; a nationwide population-based cohort study[ J].
Lancet Public Health, 2020, 5(12) : e672-e681.

[5] KONG P, CULIZY, HUANG X F, et al. Inflammation and
atherosclerosis; signaling pathways and therapeutic interven-
tion[ J]. Signal Transduct Target Ther, 2022, 7(1) ; 131.

[6] AHNY B, SHIN M S, HAN D H, et al. Periodontitis is
associated with the risk of subclinical atherosclerosis and
peripheral arterial disease in Korean adults [ J]. Athero-
sclerosis, 2016, 251 311-318.

[7] HAYASHIDA H, SAITO T, KAWASAKI K, et al. Associ-
ation of periodontitis with carotid artery intima-media thick-
ness and arterial stiffness in community-dwelling People in
Japan: the Nagasaki Islands study [ J]. Atherosclerosis,
2013, 229(1) . 186-191.

[8] YUH, QILT, LIULS, et al. Association of carotid inti-
ma-media thickness and atherosclerotic plaque with perio-
dontal status[ J]. J Dent Res, 2014, 93(8) : 744-751.

[9] VAZQUEZ-REZA M, LOPEZ-DEQUIDT I, OURO A, et

al. Periodontitis is associated with subclinical cerebral and

carotid atherosclerosis in hypertensive patients: a cross-

sectional study [ J]. Clin Oral Investig, 2023, 27(7):
3489-3498.

[10] PAPI P , PRANNO N, DI MURRO B, et al. Association
between subclinical atherosclerosis and oral inflammation ;
a cross-sectional study[ J]. J Periodontol, 2023, 94(4) .
477-486.

[11] RAFFERTY B, JONSSON D, KALACHIKOV S, et al.
Impact of monocytic cells on recovery of uncultivable bac-
teria from atherosclerotic lesions [ J]. J Intern Med,
2011, 270(3) : 273-280.

[12] Ji %, 8% R, FAMISE, 55, Sk fp ke oF

BRI M D DA B fimA SRR A R[] B
M Bk, 2017, 31(6) : 321-325.
TANG L, XUE D, BAI'Y H, et al. The distribution of fi-
mA genotype of porphyromonas gingivalis in carotid ather-
osclerotic lesions [ J]. J Mod Stomatol, 2017, 31(6):
321-325.

[13] DESVARIEUX M, DEMMER R T, RUNDEK T, et al.
Periodontal microbiota and carotid intima-media thickness
[J]. Circulation, 2005, 111(5): 576-582.

[14] K ®, 9% 0T, RELE, 5. FEERGTT 0 3K i 1k

SR MG 9 AE A g K RsEma [ 1], dbet H
=2, 2017, 25(1) : 36-38.
SUO N, ZHANG H, SONG X J, et al. Effect of non-sur-
gical periodontal therapy on the level of inflammatory factors
and lipids in serum of patients with periodontitis and athero-
sclerosis[ J]. Beijing J Stomatol, 2017, 25(1) : 36-33.

[15] DING L F, YOU Q Q, JIANG Q Q, et al. Meta-analysis
of the association between periodontal disease, periodontal
treatment and carotid intima-media thickness[ J]. J Perio-
dontal Res, 2022, 57(4) . 690-697.

[16] LI L, MESSAS E, BATISTA E L. J, et al. Porphyromonas
gingivalis infection accelerates the progression of atheroscle-
rosis in a heterozygous apolipoprotein E-deficient murine
model[ J]. Circulation, 2002, 105(7) ; 861-867.

(171 £ Y0, SKRUIBR, Wy 5L, 55, 2F 8 58X sl fiksks A A AL 52
WA S SEBRITFEL D] HEPE D BR AR 208, 2012, 30
(3): 308-313.

WANG Z, ZHANG M Z, YU Z, et al. An animal experi-
ment study on the effect of periodontitis on atherosclerosis
[J]. West China J Stomatol, 2012, 30(3) : 308-313.

[18] CHUKKAPALLI S S, VELSKO I M, RIVERA-KWEH M
F, et al. Polymicrobial oral infection with four periodontal
bacteria orchestrates a distinct inflammatory response and
atherosclerosis in ApoE null mice[ J]. PLoS One, 2015,
10(11);: e0143291.

[19] EMERY D C, CERAJEWSKA T L, SEONG J, et al.

Comparison of blood bacterial communities in periodontal



CN 43-1262/R 1 [Eah ik fb42ids 2024 4F55 32 555 2 )

183

[20]

[21]

[23]

[24]

[25]

—
[\8]
~

[

(28]

[30]

health and periodontal disease[ J]. Front Cell Infect Mi-
crobiol, 2020, 10 577485.

TOMAS I, DIZ P, TOBIAS A, et al. Periodontal health
status and bacteraemia from daily oral activities: systematic
review/ Meta-analysis[ J ]. J Clin Periodontol, 2012, 39(3) .
213-228.

BALEJO R D P, CORTELLI J R, COSTA F O, et al.
Effects of chlorhexidine preprocedural rinse on bacteremia
in periodontal patients: a randomized clinical trial[ J]. J
Appl Oral Sci, 2017, 25(6) : 586-595.
RAZEGHIAN-JAHROMI 1, ELYASPOUR Z, ZIBAEEN-
EZHAD M ], et al. Prevalence of microorganisms in ath-
erosclerotic plaques of coronary arteries; a systematic
review and Meta-analysis [ J ]. Evid Based Complement
Alternat Med, 2022, 2022 . 8678967.

XIE M R, TANG Q M, YU S L, et al. Porphyromonas
gingivalis disrupts vascular endothelial homeostasis in a
TLR-NF-kB axis dependent manner[ J]. Int J Oral Sci,
2020, 12(1) : 28.

CHAROENSAENSUK V, CHEN Y C, LIN Y H, et al.
Porphyromonas gingivalis induces proinflammatory cytokine
expression leading to apoptotic death through the oxidative
stress/NF-kB pathway in brain endothelial cells[J]. Cells,
2021, 10(11); 3033.

MERCER J R, CHENG K K, FIGG N, et al. DNA dam-
age links mitochondrial dysfunction to atherosclerosis and
the metabolic syndrome[ J]. Circ Res, 2010, 107 (8):
1021-1031.

XU T, DONG Q, LUO Y X, et al. Porphyromonas gingi-
valis infection promotes mitochondrial dysfunction through
Drpl-dependent mitochondrial fission in endothelial cells
[J]. Int J Oral Sci, 2021, 13(1) . 28.

CHUKKAPALLI S S, RIVERA M F, VELSKO I M, et
al. Invasion of oral and aortic tissues by oral spirochete
treponema denticola in ApoE ™™ mice causally links perio-
dontal disease and atherosclerosis [ J |. Infect Immun,
2014, 82(5) : 1959-1967.

FARRUGIA C, STAFFORD G P, GAINS A F, et al. Fu-
sobacterium nucleatum mediates endothelial damage and in-
creased permeability following single species and polymicro-
bial infection[ J]. J Periodontol, 2022, 93(9) : 1421-1433.
JINMC, QIANZ Y, YINJ Y, et al. The role of intesti-
nal microbiota in cardiovascular disease[J]. J Cell Mol
Med, 2019, 23(4) . 2343-2350.

DI STEFANO M, SANTONOCITO S, POLIZZI A, et al.
A reciprocal link between oral, gut microbiota during peri-
odontitis; the potential role of probiotics in reducing dys-
biosis-induced inflammation[ J]. Int J Mol Sci, 2023, 24
(2): 1084.

[31]

[32]

[33]

[34]

[35]

[36]

(37]

JIEZ Y, XIA HH, ZHONG S L, et al. The gut microbiome
in atherosclerotic cardiovascular disease[ J]. Nat Commun,
2017, 8(1): 845.

WITKOWSKI M, WEEKS T L., HAZEN S L. Gut micro-
biota and cardiovascular disease[J]. Circ Res, 2020,
127(4) ; 553-570.

ZHOU J M, CHEN S, REN J, et al. Association of en-
hanced circulating trimethylamine N-oxide with vascular
endothelial dysfunction in periodontitis patients[ J]. J Pe-
riodontol, 2022, 93(5) . 770-779.

XIAO L, HUANG L, ZHOU X, et al. Corrigendum: ex-
perimental periodontitis deteriorated atherosclerosis associ-
ated with trimethylamine N-oxide metabolism in mice[ J].
Front Cell Infect Microbiol, 2022, 12 919013.
SUNMM, JIYT, LI Z, et al. Ginsenoside Rb3 inhibits
Pro-inflammatory cytokines via MAPK/AKT/NF-kB path-
ways and attenuates rat alveolar bone resorption in response
to porphyromonas gingivalis LPS[J]. Molecules, 2020, 25
(20) . 4815.

DYE B A, CHOUDHARY K, SHEA S, et al. Serum an-
tibodies to periodontal pathogens and markers of systemic
inflammation[ J]. J Clin Periodontol, 2005, 32 (12):
1189-1199.

HERRERA D, MOLINA A A, BUHLIN K, et al. Perio-
dontal diseases and association with atherosclerotic disease

[J]. Periodontol 2000, 2020, 83(1) : 66-89.

[38] PERSCHINKA H, MAYR M, MILLONIG G, et al.

[39]

[41

[

[42]

[43]

[44]

Cross-reactive B-cell epitopes of microbial and human heat
shock protein 60/65 in atherosclerosis [ J |. Arterioscler
Thromb Vasc Biol, 2003, 23(6) : 1060-1065.

LEISHMAN S J, FORD P J, DO H L, et al. Periodontal
pathogen load and increased antibody response to heat
shock protein 60 in patients with cardiovascular disease

[J]. J Clin Periodontol, 2012, 39(10) . 923-930.
GALOVIC R, FLEGAR-MESTRIC 7, VIDJAK V, et al.

Heat shock protein 70 and antibodies to heat shock protein
60 are associated with cerebrovascular atherosclerosis[ J].
Clin Biochem, 2016, 49(1/2) : 66-69.

SCHENKEIN H A, BERRY C R, BURMEISTER J A, et
al. Anti-cardiolipin antibodies in sera from patients with
periodontitis[ J]. J Dent Res, 2003, 82(11); 919-922.

SCHENKEIN H A, SABATINI R, KOERTGE T E, et al.
Anti-cardiolipin from periodontitis patients induces MCP-1
production by human umbilical vein endothelial cells[ J].
J Clin Periodontol, 2013, 40(3) : 212-217.

WANG H, IDEGUCHI H, KAJIKAWA T, et al. Comple-
ment is required for microbe-driven induction of Th17 and
periodontitis[ J]. J Immunol, 2022, 209(7) ; 1370-1378.

HERZ, & B ghlikskreaifb 5% (], B E sk



184

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 2,2024

ik AeaE, 2022, 30(4) : 277-286.
XTAO S J, ZHAO M. Atherosclerosis and immunity[ J ].
Chin J Arterioscler, 2022, 30(4) . 277-286.

[45] JIA R, HASHIZUME-TAKIZAWA T, DU Y, et al. Ag-
gregatibacter actinomycetemcomitans induces Th17 cells in
atherosclerotic lesions[J]. Pathog Dis, 2015, 73(3) ; fu027.

[46] YANG J, HAO T, LIU Y, et al. Th17/Treg balance and
indoleamine 2, 3 dioxygenase activity in periodontitis-asso-
ciated atherosclerotic patients[ J]. J Int Med Res, 2022,
50(2) : 3000605221080877.

[47 ] HIGASHI Y. Endothelial function in dyslipidemia; roles of
LDL-cholesterol, HDL-cholesterol and triglycerides [ J ].
Cells, 2023, 12(9) . 1293.

[48] SILVA N L C, MOTTA N A V, SOARES M A, et al.
Periodontal status, vascular reactivity, and platelet aggre-
gation changes in rats submitted to hypercholesterolemic
diet and periodontitis[ J]. J Periodontal Res, 2020, 55
(3): 453-463.

[49] SUHJS, KIM S Y J, LEE S H, et al. Hyperlipidemia is
necessary for the initiation and progression of atherosclerosis
by severe periodontitis in mice[ J]. Mol Med Rep, 2022, 26
(2) . 273.

[50] TEEUW W J, SLOT D E, SUSANTO H, et al. Treatment
of periodontitis improves the atherosclerotic profile: a sys-
tematic review and meta-analysis[ J]. J Clin Periodontol,
2014, 41(1): 70-79.

[51] ZHOUJ Y, LIUL, WU P Y, et al. Fusobacterium nu-
cleatum accelerates atherosclerosis via macrophage-driven

aberrant proinflammatory response and lipid metabolism

[J]. Front Microbiol, 2022, 13 798685.

[52] ZHOU L J, LIN W Z, MENG X Q, et al. Periodontitis
exacerbates atherosclerosis through Fusobacterium nuclea-
tum-promoted hepatic glycolysis and lipogenesis[ J]. Car-
diovasc Res, 2023, 119(8) : 1706-1717.

[53] KHATANA C, SAINI N K, CHAKRABARTI S, et al.
Mechanistic insights into the oxidized low-density lipopro-
tein-induced atherosclerosis[ J]. Oxid Med Cell Longev,
2020, 2020 5245308.

[54] EKUNI D, TOMOFUJI T, SANBE T, et al. Periodontitis-
induced lipid peroxidation in rat descending aorta is involved
in the initiation of atherosclerosis[J]. J Periodontal Res,
2009, 44(4) . 434-442.

[55] LONN J, LJUNGGREN S, KLARSTROM-ENGSTROM K, et
al. Lipoprotein modifications by gingipains of porphyromonas
gingivalis[ J]. J Periodontal Res, 2018, 53(3) ; 403-413.

[56] fLilfiFr, = 37, f3cis, . BT AU e O m A
PRTRIERLY]. PEZIIKEEE, 2023, 31(5)
369-374.

KONG X N, LAN Y, YAN W J, et al. The role of ferrop-
tosis in metabolic cardiovascular diseases[ J]. Chin J Ar-
terioscler, 2023, 31(5) : 369-374.

[57] MA J D, ZHANG H Q, CHEN Y F, et al. The role of
macrophage Iron overload and ferroptosis in atherosclerosis
[J]. Biomolecules, 2022, 12(11) . 1702.

[58] XING L, DONG W, CHEN Y L, et al. Fibroblast ferrop-
tosis is involved in periodontitis-induced tissue damage and
bone loss[ J]. Int Immunopharmacol , 2023, 114 109607.

(MO VFEH)



