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[ABSTRACT]  Atherosclerosis ( As) is the main pathological factor of cardiovascular disease ( CVD) which
pathogenesis is diversified. ~ Gut microbiota dysbiosis may contribute to dysfunction of metabolism and immune system cau-
sing metabolic disorders and inflammation, which play a role in plaque formation and rupture. = Meanwhile, bacterial in-
fection may lead to the formation and plaque development of As. In addition, gut flora dysbiosis may change cholesterol
metabolism and microbiota-derived metabolites such as trimethylamine n-oxide (TMAQO) , bile acids ( BAs) and short-chain
fatty acids (SCFAs) , which are correlated with the progression of As.  Currently, researchers come to understand more a-
bout the treatment on As by modulating gut flora.  Probiotics, prebiotics, fecal microbiota transplantation ( FMT) and

herbal medicine may be potential methods for the future treatment of As and benefit the patients of CVD.
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D48 R (cardiovascular disease, CVD) & H
(IR L NS A NG 195 410 DS S S O B i
— FRANC MR AE Dy BE S e, e rh s Sy
)52 Bl ik sk R A A (atherosclerosis, As) . CVD BYfE
W PR 2R A A AR W P s A v i IRE . AR N 3 A
ERUUTHHRRCE Y, GRS 40T e B AR TR R
WS, FEAAET B IE D, il EREA S T 4ab 5
BUEFRY) T, Rl 2 5 18 AR G R 48 A
W BTN 29 90% VA L & T RAFF B 1] AR
BEGI], BRFRIRNEAEEN A2 5 (HTE]] ( phyla)
KF F R R R ORI B, AR A S S A ]
=i R i E R B AR K, 25
kA& Wy I AL A S B A R G I, H T
BP9 E R 1 BRI 1) T2 28757350 168 AR MR P 1% 2
RIZH 2% 3 bR, BRI 21 A4 Ji 38 B RE 9 A e ot
10" AN, M L2 15 ke, 4H B SE R 4 Sk
AL H Z AR R nT S w1 321
A HRTRE B KR AR AT ) R E AR
S 233 B8 IR 2R () R RE S MR TR R E 25 14

UTHAOFSE % B W S5 RS JHE 2 BB B | As
M CVD YIRS R il R T S 8UA T8 1
SEREVEREAR T R R AE S, B RE A B 5 R 1Y 2 9E
SV AT SENA As, [6) I T8 AR AR N 2 5 R
WK EY TEE 24t 5 LR 55 S =Y
FARE, 7= A ) % 5% G 7 BR ( short-chain fatty acids,
SCFAs) JHYT& (bile acids,BAs) &AL = H % ( trime-
thylamine N-oxide, TMAO) &R 2 578 F )%
AACERY, 5 As BUIAHSC, T HIZ—igik,

1 #EYMS CVD WX &

YT P A Z A R TR IR ERME IR AR
HEE AN Z M (lipopolysaccharide , LPS) |, F % Toll
FEZAK (toll like receptors, TLRs) F1 Nod F 32 {A
(NOD-like receptors, NLRs) 3%/, TLR F1 NLRs J&
HEMBE P ZIR, TR RBIERG PRE 2K
FEMME ' LPS S5 2 [ BH 4 40 B 5 3% i 11
FHSy, HAT NS B e R A A0 B T iR, R
A R KA S IR AR R AR T N
LPS K F-WA T, LPS nf DLl i ' i Bt Bk A
PRIEFR2 LPS W5 N B 4 A5 405 , 0l o B i 4
HeL Y SRS, BUIRE IR 2 1 (low-density lipo-
protein , LDL ) % {k 1755 5 W5k 40 b 7% £k Ay 960 IR 41 i 1
iE As R

LR B 0 R AT A A At 308 57 40 Ty JRR % 25 ]

M As FUE T, ARFEIRIE As B H BERINAFTE 2N
T DNA, 350 26 241 T 75 11 Jf A0 AR 0 501 B B
BRI T 50 FhANT , H AP IF SRR AT R A S5t
Ao It 5 A Ty 1A T s ol ¥ SR 4[] st T i
EH C N E F ( C-reactive protein, CRP) K, H.
SEEHUT CD8+ T ALK ARG il 5o A< A
RTEWRANM ATP 455 8 & iz 1k A1 (ATP-
binding cassette transporter A1, ABCA1) 3R AFIE
W00 6 I [ P 1 5 16S AR RINA RGN
P As FEYCrh AR B DNA 2 52 IS RE | RS B 7
PN S TR 1 S — Al L 2 T e 5k
MR AE 15 32 G028 SN AT ik Ast™ o 5340,
FIRER BT e 5 As WEAG M, —T meta
ST T 15 TG RBIFSE 17 330 £ 8 5 UESE 4 Ji
RE5 As A" . 51— meta FHTHAT
17 TUis %) BB 58 4045 3 456 2.0 LA E £ 4 Al
3 875 A AR WUREFEXT B S0 U BE £8 35 1) 21 ]
RANEE DA AR O UL 8 % 22, 50 URESE Y
KA BAT W ARG

2 BEREKEMS CVD

o B A T 2k 2 5 R I IR AR
T ETRE ) ST Y A SR A R AR
PIVETT AR S e AR R G, AT 520 CVD 1Y
RAERIE,
2.1 MEEHSEAIE
R IHE RS S As BYOC R Y, JIH [
P FP AR AR B AR R , WARRR ( cholic acid,
CA) g E AH PR ( chenodeoxycholic acid, CDCA) ,
A 181 R i B W WS AR 5 B d B M e, L AT e 7 -3
fE1# ( cholesterol 7-alpha hydroxy-lase , CYP7AL ) J&H:
PR, IR IR e 1 R 2 5 T A i
KRB R, 0 i S EER ( deoxycholic acid, DA) Flf
JER (lithocholic acid, LCA) ., BAs fE {550 F+
Bl L 5 A 52 R——HR TR 52 1K (farmesoid X re-
ceptor, FXR) Fll G & FH B ZAEK( takeda-G-protein
receptor 5, TGRS ) ZEA 1 FXR & —Fhal g AR T
PR e s IR, E AR T B M I 3k AT L)
T8 3 LT 9 R D/ S R A (small heterodimer
partner, SHP ) F1£F 4 £} 41 fifd 4= K K 7 (fibroblast
growth factor, FGF)15/FGF19 (/N FGF15, K/ A
FGF19) 177 JIH [ P 22 17 18 HE it ( transintestinal cho-
lesterol excretion, TICE)'®! . FXR #J LLJEAZ 4 ffd [A]
B R KF- 91 R RR B 5 . FXR BOE 8 1
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S L [ Pt T 5 20 o L[] P ) 396 2 5 [
P17 i X IR [ T ) WA A, A AR o 2 b UL 30 e
FUH I = W5, AT il B 5 H IR 9T B AR 2
—120 TGRS &3k 7E BAAZ 40 | W40 i A Kuffer
A, BEAS A AR T B JE SN (22
WFFEUESE >R ] TGRS M2 3] (4 INT-777 ) Al LA
Wil TGRS ALY cAMP-NF-«B {5 53 ¢, FLa 1
cAMP 4] NF-«B BY3E . RIS, TGRS 0l W 4
RS S A TR % I S (oxidized LDL, ox-LDL)
TRBUR RIEPURIE
2.2 MEEMESEEEHE

e F80h 1-6 WA HLIR TR PR N SCFAs, &
PR CTR NI, 5 TR, T IR, 5 IR F R
B G RES: 5 QA B IR £ 27 4E F bt vE i A=
J SCFAs, SCFAs Al il iod JIF ik 28 I W 06 31 i AT
WHRG, 25 SCFAs Ak iy 3 2 4 v Fh 28 Oy J5 BE
I TR AR ZF BT T8 AREHL & B ( ruminococcaceae ) Fl
AT & (eubacterium ) ¥ Z R AT 2 2 H R BT
T Z ) SCFAs, RERS Pl 35 ik 2 R AKHT IR AU 3=
L As 2 ZWE DR FIE e 3Liok 752 r ) 18 M A I
T 2500 SCFAs AT 5 496 P8 B A% 41 L 1) 98 i ¥4 437
SCFAs 2 R4145 G 2 HHIEZ 1K ( G-proteincouple-
dreceptors, GPR )41 143 9% FR A Ui 25 B8 1 1R A2 1A
(free fatty acid receptors, FFAR)2/FFAR3, GPR41/
GFG43 TE By 45 A ¥ 3k, Hoh i il | % 20 i
MIEWTH AR PRk 2, LR A i 5
W18 B e I A AEBK 1 ( glucagon-like-peptide-1,
GLP-1) Filfizif 2 JIKW B JIK ( peptide YY, PYY) 9%
K, DT 0 5 2R 43 IR kiR RR S Zhao
S0 TR REAILIG RIS | 8 5 A5 Rl TR B M R
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ANTE R, XL SCFAs Y T Bk 3 B Fn 2 AR v X 2
TUHE PR S8 B AL I 2028 1 GE A fi A, #R0 Jit A
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TR YRS FE T B = 3R AR A A A s I b
TR AT LA AR ST AR SR Y B B R kb, 1
FIHL 5 62 9 B8 & T4 #& F1 i S 2 kL 1K 2 g
S S
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ZLN D Fe R ZE ) b s & 1 B8R /e Jig
PG TMAO 11 2k . X W) 78 1 38 T A
AOFE R A B = H B (trimethylamine, MA) | 76 JFJIE
R FINE L 3 (flavin-containing monooxygenases
3,FMO3) AL T 42 B TMAO, FMO3 J2 1B [ BEAR
TR I [ 3 1) 5 58 1) T2 BRAIK FMO3 1] 48 2% i)

HACHHAE L, TMAO 5 As R4 &R YIML,
HALH EZA 3 2 OTMAO 5 RAE I, TMAO
n] 38 o 5 H I C (protein kinase C,PKC) A% ;5
A F kB (nuclear factor-kB, NF-kB ) & #fi it) 4 i 18
e, S NLRP3 JAE /AR, 300 1 A 240 285 Bf 2
1 ( vascular cell adhesion molecule-1, VCAM-1) B3
ik 0 N B A 3R A 52 T BE I 58 B A% A0 i 2
B QR W 52 A TMAO ., 3T 1 AF 5 3 1
TMAO AT E WA 2R 1 CD36 | i 18 K324k Al
(scavenger receptor A1, SRA1) 1 ABCA1 Wik n
B 5 20 B P I [ o AR, D il /)N B ) g R
TMAO, —IAT #Eid 4 000 4 CVD B 5T
RILIMTE TMAO 7K Rt <7 0 i A JRURS: (0o ) %
3 ) B BN LR ARG TMAO 25 3 A
B K PR 3 T BE R TMAO 3R 5 i /N AR 5 S
PRI ARG I8 5 75 TMAO F I e KRS AH 5G
M TARES> S, TMAO 85 358 % [ 4y Ca™ B
SR AR T 1L NI 1 SR

3 BEEEEEIEITS CVD

3.1 #ETERERR

% 42 7T ( prebiotic ) J& 415 AN RE B I 15 AL 18 T 4k T
REA 38 TR R A T 8 ) i o, T 2 6 1 i B — b
BB R % 10 A TR A R R A, R S R B
Arasei, 124541k, BT A E AT AT BRI 25 A2 T &
WK G, T2 AR, BEATRRHNPTAZE /N
WA, kA Y EmokIE SN ey, &
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2O R R A K I 25 AR 0 AT R AT L R
B —TFEALBUE P17 4 R 0 IR e a8 A
T 10 BAERAAEN (5 T 5 Z0) 4 T i A= TR
RO R 25 R e I 4 2B oG R BG h0 g 1 AR W
P N IMA% GLP-1 1 PYY ¥R, X n] fE7E— & 2
JEERECT ARG AR AR R T
it 2 PE W, — TR AL AU 22 S 00T BRI I PR 1K
14 42 R RIS IR AR AR O3 0l B A R 5 I
BB T A LG DT AR Ak 0 2 I 3R 2 b RN
JoR &5 ZR KT S 2 T B IR SR VR BE RN, VT e 2
490 9 & I 1T P2 A SCRAS™™ | 30 780 SR 3R
(inulin-type fructans , ITF ) X} 738 B B E A 18 15 1E FH
I ELAT ARG N R T REZE AL, Catry %7 BIFSE A 5
25T ApoE ™ /NG n-3 Z A MR 2 ( polyunsat-
urated fatty acid, PUFA ) IR &, [A] B 45 T 5 45 1TF
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MEFE 12 A, 45 % kW ITF 33 — & 4L & (nitric
oxide, NO) & /NO iRA2 W i) 2 N E 30 Jjk 4 1
R REZETEL, S T A2 B NO (1Y 7 38 T A N ] e
SR FEE I T2 5T R G R I 1E T
MEFRE, —T0 meta BTN A T 12 TFEHL AL
( randomized controlled trials, RCT) 606 1 & A X 15}
CEGAER B CRLAS MR 5 B E s e 2 A
WEIRIG) o 5 R BN 3 ITF Wl/b 1 R B R
£5 [ A [ B (low density lipoprotein cholesterol
LDLC) /K-, FEMEZH 73 B v, 2 BB PR F8. 55 #b €
ITF A R AR 2 M6 I8, 384 v 8 B2 I 2 1 AL [ e
(high density lipoprotein cholesterol , HDLC ) 7K~ |
3.2 mAESHERER

gt A TR E AE T B TP AT B e 3 A P
i, KA 7 T E EAE IR R Y SR g AR ]
FEARG s LA 950 XURS: 03 As, FLTR T (lactobacillus )
SERENS A 19 i 1 e R 2 Al SO, s s g8
B3 TMAO /K — B 68 LR FF B 119 I
IRBFTEANA T 45 ARG i 0] FLRR AT 20
FE AT (LR AT IR ) . 1697 6 e,
SRR e, FURR AT B 4R A A e 4 v WL 3
JH [ LDLC | il =8 Al HDLC % d fr) 2 3 R A1
(P<0.05) , FEGAICA T, SHFE B LDLC B)4h
SR W 5 SRR AR AR 04 LT BE Qi U C
S E A& (interleukin , IL) 6 IL-1 B Fifif
JREYRBE N T o (tumor necrosis factor-o, TNF-o) 2 3
TR, BETTHBCN B . AN, 6 S8 E IR 4 WL g
B FEAE b B FLR A BRI, R A R ECR (coli-
forms Fi1 escherichia coli) A Frigi /b4 Qiu sl g
SENGUET R 5 b LR A v 1% S b T 780 AH 98035 5 1Y
ApoE”/NEL As ROR AT O IR KB, FLRR AT TE
ZDYO04 ] L 5 25 U /0 MLV TMAO FIZE{E TMA 7K
F, e ApOE_/_ %N ﬁ%ﬁéﬁ%%ﬂ?%ﬂgfl—( lachnospir-
aceae) , I+ B 22 1 B} ( Erysipelotrichaceae ) F14LFT 7
Bt (bacteroidaceae ) F= F , {H I B2 A 248 I AE FMO3
FIBFIAGH  TMA R TMAO (944, Chan %1 B
R IR A A ) VSL#3 Al /b I8 ki 5 1
ApoE ™" /N AR S b B 43 R BBt 22 XU Ui/ 1
BERAEA As,
3.3 EEFEHBE

FEF AT (fecal microbiota transplantation , FMT)
SR MR N B b IR A, I 78 N BB A A (45
[ e e Ay B B RS A ) AR A A Y I T R YT
o FEDARSAE Y D7 5 R DL W B A P A

TR &Y i g S . Ba ok
2 ITESE R B B T I A iR T R — R AR
HISCIARYTY Ik, — S BE ML et 350 % B 40 9 A
R AAE R B9 BB A XA 28 5 AR (936
JPVER . BHARIEE B AE B A AL 9 A, 43901
PEATSZ AR IR (3B A W sk R A S SR R A,
FoM 6 JEJG Z i ik gL B i RS F 2 A T 7
b, 15 5 FAURPER I 5 7= T B iE A L
3.4 thzg

S i 2 A I 5T 3% W op 24 0 BT AR
PR AL R AR 2 RSy B — e
5790 2 K] I Y B G A AR LS R D8R E I
N, B T HELE As WO R AL, 25N
B4 A W e B 00 O A 2 L 28 A MILR B 3
SAETOREE RN E O Y S i E ]
i AL, e iR IE RS S
TREA R P R R A SCRAs 25 [R]FE 1T LR 3
PLRYL As fE, 530, h2GmIiEAT As FEUN R
BB REARI) 55 T 03 As

4 B 2

As REIRBY PR, R AL BA 2
P SR BOR B2 O BE ST W Dl AT As YK
AR A T —RE WA, T T8 TR R e 5
G A 2R S8 RT3 Wi BRESRIE FCR i 2, Bl L ]
AR R DR AR (1 TMAO |, BAs | SCFAs 45)
TN As JE AN BE SR ) 2 J vt B AT —
TEMIRZIE , SRINT, B3 T B 75 TR CVD A1 As
FRIATT A R E . A BT A Z AR T I R X
As BRI HOR , B2 a] BB R H A B,
PRI i 2 AR Y Al BT AR FR T H AT ST 0
CIR AT A ol I A v 2 2 1 L B e ]
HRFTREXT As J 18 R K AL RA TR

J B R AT 20 As 1Y & AR K S H RTIIESE
8 B TRD L T A 2 R E MR A LA PR As &
AR E RN R, iE A Y BRI R
Wi A WFFE EL A 4 7 T TR AR 1) A W 2 D RE AR
PR B8 B FH LA e A G X As BR800
2 T T ) PO R
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