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[ Abstract] Intestinal flora and their metabolites play an important role in the occurrence and development of
cardiovascular diseases such as atherosclerosis (AS), and have become an important target for the prevention and
treatment of AS. In this paper, we focus on the intestinal microecological environment and focus on the relationship
between intestinal flora metabolites such as trimethylamine oxide ( TMAO), short—chain fatty acids ( SCFA),
phenylacetylglutamine (PAG), lipopolysaccharides (LPS), and bile acids (BA), and AS. At the same time, we
also discuss the therapeutic strategies of AS that start from adjusting the intestinal flora and its metabolites, with the
hope of opening up a new avenue of AS prevention and treatment. We hope to open up new avenues for the prevention
and treatment of AS.
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AN, R RIER GG, SEURIERE R
FEIRAS, M JIE PR BT WO R Ale i AS 7 7E
R KRN RZ —, BREEEA(NHEER .
WEEA . BRI T ) B R R I 2 1
J b Bz A AL TR PR AR 2 T Y e A, 0 il b
S 1 W oy AP S K2 N
JEARAH ) 43 F 45 28 (Pathogen—associated Molecular
Patterns, PAMPs) BEGZ 12 AMKN, 51K s S,
FECA B EMA LR R IE . 2 PAMPs 7] LA
38 35 T 1 3 BB B 3Z 44 (Pattern Recognition
Receptors, PRRs), #l CpG AR . MiE
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Y. —SCIEHEAAAE TLLA . . Whhlah A sh I8
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Factor- 3, TGF- ) Hitoll ££5Z & 4(Toll-like Rece—
ptor 4, TLR4), Li % ATE/NRSEEH &, TMAO
REW% 38 i 475 TLR4-NLRP3-TGF-pB i #, I3
IS PR SRR AR R, R EBUIRAE Y TR LA K
V-2 T, NI 5] A ™ R O AT 4E AL RO
RERRAG 0, MeAh, BESRIERET, TMAO 7] Ll it
PKC/NF- « B/VCAM-1 {55 5 3d e, e filf L4 9 2
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FRBINIH AS )R JEHERE .
4.2 $E4%A5RHES (Short—chain Fatty Acids, SCFA)

LR AT T2 0 XU AT T8 45 i 18 IR ST AT LA AN
G AL G B RkK AL & WAL B, XAl e
FEAE Y E BRI YL SCFA, SCFA H190% J& &
MREh . NERER A T WRER 22, SCFA ANAXLAT LA
EWH MG EpE g dtie s . = 5
JY 38 N PR BRCT- AT, B I8 RE S AR S0 D AR IR
P AU R S DI RE ,  [R] A X S A R I T e
Bt R AR T BRI AE Y

LR, AT ApoE /N 1% THREK
e 10 J5, /N BUE 3l ko Bl bk ok A 6 A el 2D
50%, FUMEAMIIR A, DO, 54
WETE AR AT o X LL NG S 5 A RN P R 2
JLA CD36 B/ i 48 1 4t A P sk 20 A% P -
k B(Nuclear Factor Kappa-B, NF-« B) /G {LRRKA
Ko BRILZ 4N, NADPH % ALl F1if 5 8 — %A 1k
A& 1 (Inducible Nitric Oxide Synthase, iNOS) ik
IR 9 i 5 S Y S AR B o /b, AT RE S B
5 I 40 o 50 ik 1) 2 B2 S PR 22— 241
43 X Z Bt & K Bt & ( Phenylacetylglutamine,

PAG)

RN 1 PP ARDLTF MR AR, F2k
BT ESEARNEY, WP ErEn ., .
WL ODUZE L EEEANELE A, L AE YR A
AR AR G N5 . XS R AR
TIBORN AR W E 2R . AR RN 2R K
G3 RN, A 1 TR A AR A T T
MR, ALK LTR . [TRRIKIR ISR 1R B3k i
WE, 5 HRE A4 Z % (Glutamine,  Gln) 3¢ H 2
2 (Glycine, Gly) Z54G, B LA & B4+ 2 Bt e
( Phenylacetylglutamine, PAGIn) B 7K Z, Bt H 2 g
( Phenylacetylglycine, PAGly) . IIfi PR B 5% % B,
PAGIn 7K P b i85 5 0 I 8 952 95 IR 22 ) A7 7E ¢
E;é[zs]o

AR AT, 2 B DR s i RO I A8 1Y
IR s B A 2%, (HIX — LG ME L) 58 4 A%
45 £ B PR 2R B0 WE A 00 4 R R . X it
Nemet 45 1200 3 o JF 58 ] A4 2 2% X5 1162 44 2 Y
B PR A8 JEAT IS, R IR TR A I ) PAG,
I RSO M PR B VIR G . 3E— DAL B
FEW], PAG ] BEE oG G A MERZ IR, 1
SR I /NG A5 SO, DA TR HAF I 7 I Y
I I o
4.4 fE%#E(Lipopolysaccharide, LPS)

LPS J2& 55 2% [ ]V 40 1 SIS 1) SC S 20 )30

H K VERR BT A R PE 2R L, EEAAAE T
AR i T8 AT v, o g T Gl O R 2 1T AR
LPS ) F 2RV, LPS A MG EFZE SRR A
DG, BT AR e AR, 5 R S g A R
B BEAh, LPSIET] LABE TLR4 YU, ¥5 3 RAE
BN R o R B IA TR s Bon . NEER I
E A9 ML LPS 4b T i K F, & AS B fE
RER P LPS O N R EHE N TR R MUAE S AS %
o G ER T o KPR LPS AMURERE 51 k4 B
PR JAE S, 3 BE A% 38 2k W 22 b 58 0 i i
TE Tt AS BEHAYIE BUFN & JE , DA 365 o i 487 5%
9o 118 XL o

WEFE A BT LPS K-F- 5 AS BRIEME, 5
SEALR AR AT NOX2 7172 K (soluble Nox2-
g o A A &
(Hydrogen Peroxide, H,0,) ELEZHH ¢, 45 R 27 4k
J& 3 ik B g ( Peripheral Artery Disease, PAD) B2 #
LPS JHim 5 AS FAEALN I UIAHOG . eyl )
Brids, KIGFFE LPS Fl TLR4 AUAF7E T 850 ik
BEYRA, MAFTE T IE R S kbr A, 138
LPS "l 81 4 5 TLR4 AHHAE FHT 5| A& RAE KN
LPS 5 LPS £5& EH A 1 CD14(Soluble CD14,
SCD14) &5 & )5 , i TLR-4 MR 1Y 3 42 s N
B A P ) — R B 5 A2 4 PR A S Y 1k A A
P, fEdES AS HHOCHY RAE N 77742 o 1EI%
WS, AR % 8L LPS AT LL3E i G TLR4 34
T ERAZANN, IR AN A5 S LK 25 NADPH
A AL 2( Nadph Oxidase 2, NOX2) f*) 2 3K 34 i,
M NOX2 296 e i A A P 2 — o 4k
AR R RO, RS LDL B A, TER
LPS & 1 Bl fE AS BEBHS {7 e 2 220 B 3 9 507
A RE T BB 2 2
4.5 RBitE (Bile Acid, BA)

BA JE A B STy, o IR TR
RPN BRI RIS o WIHNE T IR H 5 A,
= AL 4% BH R ( Cholic Acid, CA) RS B 42 HH 1%
( Chenodeoxycholic Acid, CDCA), % DAY 4 i
MR s H A TR I HE B A A T IR b 2 FE i
H, A W RE S KR I R T R AR . T
RIREE YRR, Il 7o -RREEREL
RPN R, X —d BB 1 AR RR Y s K e
U T AR ZE R, TR S i 5 A a6 7 A=
PRI,

JH 4 B N A 7 o =52 fE T ( Cholesterol 7 o -
hydroxylase, CYP7A1 ) M 12 o =5 AL B (Sterol-12 o —

derived peptide, sNox2-dp) .
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hydroxylase, CYP8B1)-5BA (1) 1E # 4= FH I AE B B,
G, Y40z 450, CYP7AL 5 CYP8BI 1Y
TEYEAH N RRAR , A R BA /D, RN IR IR L K
eV M4 2k 2 A Rt 25 AZ BE Y . A,
BA if fig 1 & ¥ 76 % )2 BE X 3Z /K ( Farnesoid X
Receptor, FXR) fl G 25 [ 1 B¢ 32 & 5( Takeda G
Protein—coupled Receptor 5, TGR5) Xt AS i) #F £ ;=
AEFEE L . FXR TS A B T 08 A,
I AS BEHLIIE B, [A) s fi 40 ) R0 2
MG BH A AS B9 & R B2,y —Jr i, WS R,
TGRS 7E4L AS H R EZA/EM .. Bk, 54
Tl R AN H PR 45 A 1) BA BE W% 18 1o 3005 40 it =% i
[ TGRS Z Ak, il NF-« B 956G M, M
WA R VLR i = A X —HIL I S0
TR B AR B 1 32 AR AR (LDL7-) /N BRAS B rp
() 9 0E 3, BEHLSE AR 5 AS HERR 0 P46 2%
YIMH e, #F—2K B TGRS AT REA N 1 NETER
IRITHE R

5 EThEEREEENXEH=WET KR
FERELL

51 NMEUKRETRESE AS WL EHE

H 8RR A2 52 T i 1 TR 445 1 5 T RE 1Y G
Rz —, 38 2o R TR o3 ] LT AS
W & A & EJERE . Tindall 28 A B T A58 2 1
B R 04 i 7 B2 & W (Fatty Acid Synthase,
FAS). WG AL G W R L2k ] LU 55 g 18 A
MR, B MR R, Ji4h, A
N Mg 5 PR R | g —3— FHY 2 11 - = AR HAE ) mT 41
il B B AR A, FRARIMLIE TMAO JK-F. A,
AT E LI L L PR SRR,
HHRE P 20 ask . S EME 258y
KA ML TMAO K550 tesh, B FTLAZHb 5T
[ B 4T 4 55 v] AR R SCFA B, 19 SCFA
K-, FEZE AS B IR
52 MAEEMEMHEBEIRITAS

F&H 1 A= W) BEF2 Al ( Fecal Microbiota Trans—
plantation, FMT) J& 15 Y718 M5 19 1 B A7 85007 1%
BR TR AR B AL A TR Pk H AR E W REVR e B 2
AR . 58 & B FMT X C1Q/TNF AH 56 8
9 FE A 7 Bk ( C1Q/TNF-related Protein 9 Gene Knoc—
kout, Ctrp9-KO) /| FL Al Y A= & (Wild Type, WT)
/N B I B A ) X R A B R, A RS AR/
RN R E A X R, BB
A JG CTRP9-KO /s B i) 251 8l ko B 0, & 3R

FMT 7] LB 838/ CTRP9-KO /)N L4 35 3l ik 2 Jik
SEREREAL DO R, FMT FEIRYY AS T E K.
53 {EAZEEBERB AS

A AR LT . RIAFT B . OSUB AT A
A 37 BB S5 AR 35 O A0 B AN RE . 3L T35
AN RRAE R B R A, fAE T R A S B e A
TRHif, Fad B ok ) 2 ol A 25 I A B ok )R 7Y
T8 FMABIIRE . Ho, 54T e AR
YI A 4 I B 1 M s i b R R E R R A R
ik, EEEBEAREDRE., ik, —iEAR
AEfs b AR T 2 . SCFA K HoAth 30 il JE A A 1
P B, MimEHESTEEN . &5, AR
WAE T NF-« BES@EE, WA RKTF
B4, JEE LR T4 . A RA G4
M0 240 11%) 2 780 5 358 e oA T 4 S o g BT TRt
{6 FH 25 A= TR R B T RE A TR AS #E R A 14
AR KK w0 ARG
54 SEERMEZENIF AS

oA F Al AT e B R E R E Y £
FEME, dE BT Y0 BT, & g
R 2 FE W 16S tRNA H [ 2 3L PR 45 90 ) 7
N R 25538 LA 275 ¥R ApoE~/N R EE T F 5T,
BaRAERSAFERELSSE—E, K AS
S AR T B A5 B0 AR 2R R W i A A 4 TR A 2 R
AR S A BE 0 A 56 . HiAE 2EnT e i ik
/b i T8 B R A SR R AR B, A R, 5
TR B R, AL E i E AR, 25
AS KIBIFEDS . A £ XF AS B K R BA AR5
M, B il e Az 25 00 4 AN AORBE 1 R it 25 PR AR B
L, ELX R B S A W X FR B 5 2P DL BT
DA R AR R, (R, AR RV,
AT AN AR ZE M 3, 3- - 1-T BB Ak A
ISP TE R ZEEL, W TMA 5 TMAO, M
ﬁ?IJ ASBQ] R
55 BEIEFNATIAEREBLLE AS #HTE

AT N B3 X A fre AR e I A Lk A7 A i
EET, IR 16S tRNA WFEH AR ST T iz
S JE K B P i B R R A ARk . SRR
W, Esh W EL T B E R, JHRRL
PR TE A K S o eAh, a8 shad AR i i
BE BT F7 38 ] FEAR IME C S 8 H B AKSF, ol
N AT RE, FEZR AS HEREMOT,

6 SEERE

Wt 5 X6 O LA A BF 5 A AN T A2, 5 T 30
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