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[ ABSTRACT ]

hyperlipidemia, hypertension, obesity, etc.

Atherosclerosis ( As) is one of the main causes of death in the global population.  The main causes are

However, after avoiding traditional risks, As may still progress. In recent
years, the role of microbial infection factors in As has been increasingly valued.  This article reviews the correlation be-
tween infection and As, and focuses on introducing the research progress on the mechanisms by which microbial infections
such as Helicobacter pylori, Chlamydia pneumoniae, human immunodeficiency virus (HIV) , and cytomegalovirus promote
the development of As, aiming to discover the correlation between microbial infections and As and provide new ideas for the
prevention and treatment of As.
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M7, AT — 252 AR WP 2R R RE AT LU As 1Y
RIETT M —RUEM IR, fed EBHER IS,
SR B2 4 A 2 0 A A 8 1D T L2 e A T g L
HIGEIE As (ORJE DRL, BTG R As
ZIHR AR T As BB SRy r AR 2, %
TRAYIEG )2 AR SO RS As G

PR {E Wi 20 1 A A P SRR s, Tl TR A T
Jili 28 A JEAAR | NSS4 % BRFE R 5 (human immunodefi-
ciency virus, HIV) DL 20 M09 75 55, X As &R AL
il PR 52 ) LA S AF DG B9 00 f o ik e | B TR — 20
BIRAE YRGS As Z IR BYRH DG, O As 1Y T3 B A
RITRMEEEER (£ 1),

F1. TEBEREERS As Z B BIHE KK B Xt 3R #E

Table 1. Correlation and coping strategies between the infection of different pathogens and As

I AR M As 19 FEEHLEI VLI X SR I S 3k
. e FCN g BT 43 AT, 40 B FE R A OC B A (cytotoxin- -
KT TERFT I associated gene A ,CagA) FI1EH] RS [5-8]
JRCYE I 45 PN % 41 ( vascular endothelial cell, VEC) il . e A
il 96 A< JR A4 L& -4 LA i ( vascular smooth muscle cell, VSMC) | ggfiﬁggkﬁﬁgm QS [9-12]
{2t VSMC 1E%% il
HIV A B AR AN S L A SERT
(‘antiretroviral therapy, ART)
P AR e g I g
S 4 SR A I PUPTRRIT JTRARIAEB 1.1
) BIRRAER T F 8 W, 454 5 Bk £ G 2
M PRI 2 i , _ ’ . .
PRGNS (angiotensin-converting enzyme 2, ACE2) , S BN 2 T S #Mp T ARl [22-24]
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REFR T
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As s — AT RE MRS , 2RI 3 ik
A BEBS BT UL AR, As Gy &N RE WA 55 Ir A7 4F %
B2 g ek DA PR B 40 B ) BE I R, £ B g
HR I DLRUR G 3R 58 22 | 51 & RAE -5 BT AR A
AT T BUIR B AL 0 B i R Ak AR B i R
(low density lipoprotein, LDL) #i| # VEC FI VSMC
7R AAE S PR T e R B o0, AR A 1 A 2R A A
B, B 44t 52 BRA 4 AL A 2R 1 1 (monocyte che-
moattractant protein-1, MCP-1) 1 ¥ 1k it # #t A N
R, o3k L W A L A Wk R o A g 9 K 40 i O
AU IR 2807, BEAh, VSMC A2 9 7R 46
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SRTIRE SR MR R As 1R R Q)il i 5 i B
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R TR R LR 5 2R 1 A 1Y) i R 2 D AH G A
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18 A LDL 34 5 | = %5 E IR 25 1 (high density lipopro-
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G272, CagA W DLl i HORR I AR v 5/ S 4i il LDL
AR SZ AR A Y BAR AR R, i i LDL 3 A
20, 5 RAME I LDL 3G, e n s As 1,
B 7 U8 1R 2 AR 4> A A, CagA i ] DLE i
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BITYER As IR I BN T-Be . 124 ik, 23k
W LA 80T 1 TR BT E B, DRI il T MR R
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FEDCHE N 98 L SR R N 22 B L IR I G R s S
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PR AR T R dE . BRI A 5 T Ik B
it 5 A JELAAS 14 e A B2 5 8 B R B ) O R PR B
ARIG AR AEA G B BITE As IR I B, Ml
RA ARG HH 3 B Ry 3X B3 it 8 A AR 1) 2
JIRTRE S As IHE R VIM G, VSMC TR 7R
As 19 g 3t i R 380 SRR T T it 5 A D A SR
NG ] DL i Toll #£5Z 1A 2 (Toll-like receptor 2,
TLR2 ) 5 1) 40 /it 46 4L 44 D e, i S 2 R R ROS HE
R, T2 2 JunB-Fra-1 &5 WIHIE K, e 300

4 B R A 2 (' matrix metalloproteinase-2, MMP-2)
LB, AT VSMC JERSN T (1) . Evggn
i TR A M 28 AR D A e e 1) ol S A i, e 3 1 —
THFFE R, it 2 A S A4 AT L ok Xof 3 4 A il 1
KT G SZ A o/ y FEIR I 175 S L W4 X
IO RO G A , 4000 ) AEL 1 st /0 HE o s v
AL R, RN As Ak AN MG
I U I ) 5 A, A Y 5 B R W A 9 Ak
YIAHSG, A B As TRY 7 TR A
S BT A K BRS04 i R SRk e
5 As BRAR R B ZE00F 50 1 AR B il R A A
FEARSCHYEOwR ML FNFE 23, I HLHy i 58 AR S A4l
R A 3, AR 28 5 78 AR 7 A R X
PRI 2 S B M B . R, ARk
AR50 — 2 PR 2R It 8 A D AR A i 2 A 9 1 A=
FEAVETE AR | LUK dn g % A [ 1) A= i S 39 7
TE AR BT A, B P B A 00 42 A T 53R i
ARG,

4 HIV

HIV & — Ml BB i) S st 2, SRR
ARAGHIE: T P8 Bl FF 25 B 1iF (acquired immunodeficiency
syndrome , AIDS) , 7E@ERVE Bl N 51 & T /™ EH A I
PAERB, #E5TT, 82 2023 FIE, KL F Y
3900 J7 AIDS f 7%, HiX 807 U5 78 12 4F 5
HIV 3= 258 i Y1 2 CDA™T ik L 4, 155 4
(8 e E B AEN D B, (o JRR e 2 A 2% A R e P 5 A
2 LI 1) ARE 3 R R B ' . B R, B ART 93
1, AIDS & 28 4 0 55 72 S 18 M, L F2 2248
ke Bk 22 H A T HA 5 4R I8 RH S I 9 , 0o 1L
PRIRTEH T 48 T AL E, IF HOHIV A BT As
14 %2 Hr AR B TR T Z R PE T

WFFER T, HIV B T B 18 P 2 AR 2
IRFERATAE X2 HIV A OGO LA B 25 A A 0
ML, B T RE4% 8 13 #% 7 kB ( nuclear factor-«B,
NF-kB) S5 5 3 A2 A2 7 I8 L F o (tumor nec-
rosis factor-a, TNF-a) . [ 4l il /- % 6 (interleukin-6,
IL-6) F1 C F 0 4 F1 55 AAE PR 1 A R BRI A1, HIV
JEGLIL e RE A9 B ) A W) o AR LA K
I HAB A Y 1) G R O 15 £ SR R GEE KR
KESY S B AIMITE As B9 RRAILIE P VR T R A
T ARSI BRI B H7E HIV YL b L
AR 7 S As B J L — TR B 1 AF
R WoR  FEHEZ ART B9 HIV SR YL M B 40
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B T e 4 o AR R P R RRE KO 2 HIV
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5 BEHfaRE

EL AN F 2 —Fh B M2 T, B ki H UL
M REZ —, e 1T LMy FH M2 60% ~90%
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IR RS L B R L R 3 R UL, E 4N
I3 BRI E S 7 I H R R R R 2 R
AH S (A PR AN B A 1 R 2 34 B 76 3
AIDS FR# SR JARTT 1 A HE b O 25 5 e ™ Y
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e 22 AR5 3 W, 5 40 M5 75 2 4R ks i A 9
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TS AR5 TR 1 B — > B B AR AT LA 2o 4 5 4%
S JS2 7 A0 1AL 0 A A4 AR 0 L AR G i e

4520 R B AR S LR 53 1y
T2 (interferon-y, IFN-y) BIRCN T 41 ffd 3 fm | 3F:
FREL5 T4 B RAE OV W A7 AE , 5 B0 T Th &Y
A PR 740 TL-18 | TFN-y 55 4 vk B2 4 45 76 8 s 7K
SOk As A ISR R — (B 1), TR
R B, BV R AE G 8 T g I R B M B TP, A0
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M | AT B 2R A0 i 2 A o LR e S A
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FOAEAE T FP BEB P 14 B e A A 5 B B i 28 25 2
PEFLEBYIARES 20 EE X P R 40 e
FOmHLHE AR, AR R B, B AR R T
A SE S 1 T o B 2 T B o T 0 s Sk AL Y
B SEse kB0 B 4N i ) R I AR A1, 38 BT L ik
5 NO-FH 3 R 08 1 5 398 o 2 2 P 2 4 e O
T AR S e b R X P B 1 41
WP T B As R, i) — IR,
20 M 75 B e T DA 5 b A2 i SIRT 1) B %
{2 Akt/mTORCI 155 1% 5 DL 3K 2y Jf UL 1) B A% 4
JL PR AE 5 R A B 05F, iE K B A 1Y 55, AR
TIE L 4 60095 75 114 5 8 A JRL 0 ik o A3 i e 4
A AN TEREE i E S As PR Y E R 2 E
FE

A T 40 s SR i RN O G R AR AR
TG B LLERSE X AE As SRE Tl g2 S8R
Pk, DR, T 2 B SR 50O B B 1) 1 40 i
R gy e dE 2L BeAh ¥ AN S B A 28 A
As A TR AT H A B T3 21 s s As i
& T R A T P R A0 i 12 2, v
S HHAF R 1) PR 47 SR W o sk 2> [ 200 RS 25 7 R 1 9
S E IR E A0 T & A U B
BIRIT

6 FERENRKEESUIEBERRFRS 2

PR 2 PR T GE ZE A E TR R B 2 B (severe
acute respiratory syndrome coronavirus-2, SARS-CoV-
2) ;e — M RES I G N FN B P RNA 5 35, 1 &
TR BE , 7E 2003 4F LA PR 25N Ry AT 5
O RE AR GEAR , {5 SARS-CoV 1 H BB
T I SR FN Y B IR R g AT e PR A
R R T B R B Er, 2019 4F, SARS-CoV-2 &
U B F VRS A A R, i 5 | 2 A5 B R s
TR FEC TR TR EE T, NS H
SARS-CoV-2 {5 7E th 5 il A 43 , - R X A fi
JEx e

AR SARS-CoV-2 B T BT 2tk P iR
ERER B RET | K RAE A 15 70 Wb, (2 E As K
AR T 3K SR A RIS S8 A XS IR JT THBR T SARS-
CoV-2 ARG (AR R 35 UR Y 3 il Y TR 52 1)
AT REATSSR 2 — RV 7E (1 U, Chau 55127 38 3o 4 42
A e S A% B BB ] 73X — i, SARS-CoV-2
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S L T3 JS A 0 R 2 v 240 LA A5 T TR (R E As 1Y
HEIE, XA TR AR RXT T As BB sE
il 2 XA B A U As JE SR 2T R LN
L AR Z R AR BRI T As B 52 Me 75
KOG 7B, H 26 25 A2 T 0 2o ik B ] Ll ]
As IR R AN, XoF 235 W 9 TR S8 5 A0 e g IR 3L
FFE BCMC 12130 . BCMC 12451 %5 6 Fh25 B IR
WG IR RAE T TL-6 %5 i E FRAR i 25
AN As B TR BA MR E R L, ARG As
Z ARG R SR — N R 4 AN A TR B it 5 Sk, Ak
PEZINR ST 1 I BE I 222 R Z [ & VESS it
PE2E R RO A B T 2 i B A R S As 2
(] AR G B E As B2y T oRms LR

[ &% k]

[1] FAN J, WATANABE T. Atherosclerosis; known and un-
known[ J]. Pathol Int, 2022, 72(3) ; 151-160.

(2] SINGH B, CUI K, EISA-BEYGI S, et al. Elucidating the



CN 43-1262/R " [E Sl k{244 & 2025 4F55 33 455 4 353

[

[

[

[

[

—

[

crosstalk between endothelial-to-mesenchymal transition ( En-
doMT) and endothelial autophagy in the pathogenesis of ath-
erosclerosis[ J . Vascul Pharmacol, 2024, 155 107368.
LECHNER K, VON SCHACKY C, MCKENZIE A L, et al.
Lifestyle factors and high-risk atherosclerosis; pathways
and mechanisms beyond traditional risk factors[ J]. Eur J
Prev Cardiol, 2020, 27(4) : 394-406.

SHEN X, LI L, SUN Z, et al. Gut microbiota and athero-
sclerosis-focusing on the plaque stability[ J]. Front Cardio-
vasc Med, 2021, 8. 668532.

XIA X, ZHANG L, WU H, et al. CagA" Helicobacter pylo-
ri, Not CagA™ Helicobacter pylori, infection impairs endo-
thelial function through exosomes-mediated ROS formation
[J]. Front Cardiovasc Med, 2022, 9. 881372.
ARAMOUNI K, ASSAF R K, AZAR M, et al. Infection
with Helicobacter pylori may predispose to atherosclerosis:
role of inflammation and thickening of intima-media of ca-
rotid arteries[ J]. Front Pharmacol, 2023, 14. 1285754.
NINOMIYA R, KUBO S, BABA T, et al. Inhibition of low-
density lipoprotein uptake by Helicobacter pylori virulence
factor CagA [ J]. Biochem Biophys Res Commun, 2021,
556 192-198.

LI B W, LIU Y, ZHANG L, et al. Cytotoxin-associated
gene A (CagA) promotes aortic endothelial inflammation and
accelerates atherosclerosis through the NLRP3/ Caspase-1/1L-
1B axis[J]. FASEB J, 2021, 35(11) : €21942.

OTANI T, NISHIHIRA K, AZUMA Y, et al. Chlamydia
pneumoniae is prevalent in symptomatic coronary athero-
sclerotic plaque samples obtained from directional coronary
atherectomy, but its quantity is not associated with plaque
instability; an immunohistochemical and molecular study

[J]. Clin Pathol, 2022, 15. 2632010X221125179.

[10] ZHAO X, MIAO G, ZHANG L, et al. Chlamydia pneu-

moniae infection induces vascular smooth muscle cell mi-
gration and atherosclerosis through mitochondrial reactive
oxygen species-mediated JunB-Fra-1 activation[ J]. Front

Cell Dev Biol, 2022, 10 879023.

[11] FR5ET, BRILED, 5K 4. SALNCS bk A i 4L

[J]. sPEZIkEELZE, 2023, 31(4) ; 312-321.
QIAO G N, CHEN H'Y, ZHANG Y. Oxidative stress and
atherosclerosis| J ]. Chin J Arterioscler, 2023, 31(4):
312-321.

[12] WU X, CHENG B, GUO X, et al. PPARa/7y signaling

pathways are involved in Chlamydia pneumoniae-induced
foam cell formation via upregulation of SR-A1 and ACAT1
and downregulation of ABCA1/G1[J]. Microb Pathog,
2021, 161 (Pt B) ; 105284.

[13] ARANGUREN M, DOYON-LALIBERTE K, EL-FAR M,

et al. Subclinical atherosclerosis is associated with dis-

crepancies in BAFF and April levels and altered Breg po-
tential of precursor-like marginal zone B-cells in long-term
HIV treated individuals [ J]. Vaccines ( Basel), 2022,
11(1) . 81.

[14] CAOCCI M, NIU M, FOX H S, et al. HIV infection
drives foam cell formation via NLRP3 inflammasome acti-
vation[ J ]. Int J Mol Sci, 2024, 25(4) : 2367.

[15] HIJMANS J G, STOCKELMAN K, LEVY M, et al.
Effects of HIV-1 gp120 and TAT-derived microvesicles on
endothelial cell function [ J]. J Appl Physiol (1985),
2019, 126(5) ; 1242-1249.

[16] ESSA S, SAFAR H A, RAGHUPATHY R. Cytokine re-
sponses to major human cytomegalovirus antigens in mouse
model[ J]. Cytokine, 2024, 176 156546.

[17] ANDREU-SANCHEZ S, RIPOLL-CLADELLAS A, CULIN-
SCAIA A, et al. Antibody signatures against viruses and mi-
crobiome reflect past and chronic exposures and associate
with aging and inflammation [ J]. Science, 2024, 27
(6): 109981.

[18] CRISTESCU C V, ALAIN S, RUTA S M. The role of CMV
infection in primary lesions, development and clinical ex-
pression of atherosclerosis [ J]. J Clin Med, 2022, 11
(13) . 3832.

[19] ZHU W, ZHANG H, WANG S. Vitamin D3 suppresses
human cytomegalovirus-induced vascular endothelial apop-
tosis via rectification of paradoxical m®A modification of
mitochondrial calcium uniporter mRNA , which is regulated
by METTL3 and YTHDF3[]J]. Front Microbiol, 2022,
13. 861734.

[20] MILLER M J, AKTER D, MAHMUD ], et al. Human
cytomegalovirus modulates mTORC1 to redirect mRNA
translation within quiescently infected monocytes [ J]. J
Virol, 2024, 98(2) . €0188823.

[21] F i, 2= g RAYEA0MAE S DKok A RE 1k 1 TR RIS
HERE[T]. hE Bk AR A, 2022, 30(3) : 265-270.
WANG M, LIJ. Progress on the role of inflammatory cells
in atherosclerosis[ J]. Chin J Arterioscler, 2022, 30(3) :
265-270.

[22] CHAU C W, TO A, AU-YEUNG R K H, et al. SARS-CoV-
2 infection activates inflammatory macrophages in vascular
immune organoids[ J]. Sci Rep, 2024, 14(1) . 878l.

[23] KUMAR A, NARAYAN R K, KUMARI C, et al. SARS-
CoV-2 cell entry receptor ACE2 mediated endothelial dys-
function leads to vascular thrombosis in COVID-19 patients
[J]. Med Hypotheses, 2020, 145; 110320.

[24] LOU M, YUAN D, LIAO S, et al. Potential mechanisms
of cerebrovascular diseases in COVID-19 patients[ J]. J
Neurovirol , 2021, 27(1) ; 35-51.

[25] RAITAKARI O, PAHKALA K, MAGNUSSEN C G. Pre-



354

ISSN 1007-3949 Chin J Arterioscler, Vol. 33 ,No. 4,2025

[27]

[28]

[29]

[30]

[31]

[33]

vention of atherosclerosis from childhood [ J]. Nat Rev
Cardiol, 2022, 19(8) : 543-554.

PUYLAERT P, ZUREK M, RAYNER K J, et al. Regulated
necrosis in atherosclerosis[ J ]. Arterioscler Thromb Vasc
Biol, 2022, 42(11) . 1283-1306.

CAL Y, LI Z. Mathematical modeling of plaque progression
and associated microenvironment ; how far from predicting the
fate of atherosclerosis? [J]. Comput Methods Programs Bi-
omed, 2021, 211 106435.

MILLER C L, ZHANG H. Clarifying the distinct roles of
smooth muscle cell-derived versus macrophage foam cells
and the implications in atherosclerosis [ J]. Arterioscler
Thromb Vasc Biol, 2021, 41(6) ; 2035-2037.

GUSEV E, SARAPULTSEV A. Atherosclerosis and in-
flammation ; insights from the theory of general pathological
processes[ J]. Int J Mol Sci, 2023, 24(9) : 7910.
CIMMINO G, DI SERAFINO L, CIRILLO P. Pathophysi-
ology and mechanisms of acute coronary syndromes: ather-
othrombosis, immune-inflammation, and beyond[J]. Ex-
pert Rev Cardiovasc Ther, 2022, 20(5) ; 351-362.

LU J, VAN HOANG D, HAYASHI Y, et al. Negative-
high titer of Helicobacter pylori antibody and lipid profiles
[J]. Biomed Res Int, 2022, 2022 9984255.

XITFRH, PRI, SHMCER, A5, WA TR AR G 18 AP
TEFEHERE[T]. PE B ERABE A, 2024, 46(3)
414-424.

LIUJY, CHENZ H, MA M X, et al. Research progress
of Helicobacter pylori-associated extragastric diseases[ J].
Acta Acad Med Sin, 2024, 46(3) . 414-424.

SHI H, LI'Y, DONG C, et al. Helicobacter pylori infection
and the progression of atherosclerosis: a systematic review

and meta-analysis[ J]. Helicobacter, 2022, 27(1) ; ¢12865.

[34] MIYASHITA N. Atypical pneumonia: pathophysiology,

[35]

[37]

diagnosis, and treatment[ J]. Respir Investig, 2022, 60
(1) 56-67.

KHOSHBAYAN A, TAHERI F, MOGHADAM M T, et al.
The association of Chlamydia pneumoniae infection with
atherosclerosis; review and update of in vitro and animal
studies[ J]. Microb Pathog, 2021, 154 104803.

MISRA M, JEFFY J, LIAO C, et al. HIResist: a database
of HIV-1 resistance to broadly neutralizing antibodies[ J ].
Bioinformatics, 2024, 40(3) : btael03.

PARK B, CHOL'Y, KIM J H, et al. Mortality and causes
of death among individuals diagnosed with human immu-

nodeficiency virus in Korea, 2004-2018: an analysis of a

(38]

[39]

[40]

[41]

[44]

[45]

[46]

[47]

(48]

[49]

nationwide population-based claims database [ J]. Int J
Environ Res Public Health, 2022, 19(18) . 11788.

MU W, PATANKAR V, KITCHEN S, et al. Examining
chronic inflammation, immune metabolism, and T cell
dysfunction in HIV infection [ J]. Viruses, 2024, 16
(2):219.

VEMULAPALILI A C, ELIAS A A, YERRAMSETTI M D, et al.
The impact of contemporary antiretroviral drugs on athero-
sclerosis and its complications in people living with HIV; a
systematic review[ J]. Cureus, 2023, 15(10) ; e47730.
GRIFFITHS P, REEVES M. Pathogenesis of human cyto-
megalovirus in the immunocompromised host[ J]. Nat Rev
Microbiol, 2021, 19(12) ; 759-773.

FULKERSON H L, NOGALSKI M T, COLLINS-MCMILLEN D,
et al. Overview of human cytomegalovirus pathogenesis
[J]. Methods Mol Biol, 2021, 2244 . 1-18.

KAUL R, DEVI S. Coronavirus; a crippling affliction to hu-
mans| J]. Recent Pat Biotechnol, 2022, 16(3) : 226-242.
ZHANG J, XIE M, HUANG X, et al. The effects of Por-
phyromonas gingivalis on atherosclerosis-related cells[ J].
Front Immunol, 2021, 12 766560.

GENG J, YANG C, WANG B, et al. Trimethylamine N-
oxide promotes atherosclerosis via CD36-dependent MAPK/
JNK pathway [ J]. Biomed Pharmacother, 2018, 97
941-947.

QIAN B, ZHANG K, LI Y, et al. Update on gut microbi-
ota in cardiovascular diseases[ J]. Front Cell Infect Mi-
crobiol, 2022, 12 1059349.

SO, BB, 2 W, AF P RS BRHRERE AL T =
SESERRAT ST RS (D], b E Sl kA Ak SR, 2022, 30
(9): 744-752.

ZHI C X, XIE Z C, LI L, et al. The progress of the na-
tional preclinical research of atherosclerosis in the recent
three years [ J]. Chin J Arterioscler, 2022, 30 (9):
744-752.

PARK S, KIM I, HAN S J, et al. Oral Porphyromonas
gingivalis infection affects intestinal microbiota and promotes
atherosclerosis[ J ]. J Clin Periodontol, 2023, 50 (11):
1553-1567.

JUNG S H, LEE K T. Atherosclerosis by virus infection:
a short review[ J|. Biomedicines, 2022, 10(10) ; 2634.
ZHAI T, WANG P, HU X, et al. Probiotics bring new
hope for atherosclerosis prevention and treatment [ J ].

Oxid Med Cell Longev, 2022, 2022, 3900835.

(UESCHHR SCE)



