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Research progress in the interaction between intestinal flora and the intestinal
barrier in atherosclerosis
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[ Abstract]  Atherosclerosis ( AS) is a chronic inflammatory metabolic disease closely associated with risk factors
such as hypertension, hyperlipidemia, hyperglycemia, and hyperuricemia. The intestinal barrier function plays an
important regulatory role in maintaining intestinal homeostasis, and intestinal flora is an important component. Disturbance
of intestinal flora can lead to intestinal barrier damage and an increase of intestinal permeability. The related products, such
as lipopolysaccharide, short chain fatty acids, bile acids, and trimethylamine oxide change and can cause inflammation,
oxidative stress, and other adverse reactions that then affect the occurrence and development of AS. In this article, we
review the interaction between intestinal flora and the intestinal barrier in AS development and its risk factors, and provide
a reference for the study and prevention of AS.
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K1 JHERHEEXT AS fER B Z 15

Table 1 Effects of intestinal flora on risk factors of AS

PRI Hil )

Disease Phylum Genus

AR

Effects on disease

HERRTEE 1 R E 1

ﬁ%gﬂ 1 WAL E T OB R |
PRI T RESRER | R |

I R 2 1 T e 2 T U |
Streptococcus 1
Enterobacter aerogenes |
Desulfovibrio 1, Bifidobacterium |
Ruminococcus | , F. prausnitzii !

Akk |

MG Pk |
Hyperlipidemia  Firmicutes |
Bacteroidetes |
Proteobacteria T
Verrucomicrobia |

FIARITICE T BRI R T
TR T AT R |
PR | AT S |
WEFH R B S |
EHER KIS l
Collinsella T , Desulfovibrio 1
Ruminococcus 1
Bifidobacterium |
Roseburia |
Bacteroides |
Akk | , Prevotella 1

JREBER ] |

e I AT T

Hyperglycemia  Firmicutes |
Proteobacteria |

%Lljéli”ﬁ T \me{ﬂ&lﬁﬁ T N
JBmn N s T R R T
FMT G T SRR |
JERERT BHICH | hRE |
FFETT | MUBFFHE | EAFRE |

= L AT | FEFHAR AR e 2 |
Hypert N Firmicutes | HEERICHEE T
ypertenston Bacteroidetes | StrcptowccusT . Klebsiella 1
Proteobacteria | Desulfovibrio 1 , Ruminococcus 1
Collinsella T, Faecalibacterium |
Roseburia | , F. prausnitzii |
Bifidobacterium | , Eubacterium |
Akk | , Prevotella 1
PWATHEE T K SRR 1
ELEETT | MBS PR | FLRRFTE |
R FUFFEET T HRIRE |
Hyperuricemia  Firmicutes ! Bacteroides 1, Parabacteroide 1

Bacteroidetes T Bifidobacterium ! , Lactobacillus !
F. prausnitzii |

7 SCFAs T | ANRIT-JH-15 IS0 4L 53 Al 80 32 43 0 L R Al £ >

LPS HINFLBE HOBLIE B 1 E ARLIA Y

BULERFT | BEAT BAs b, AR AR BRI

The decrease of SCFAs producing bacteria is not conducive to the regulation of
adipose tissue decomposition, leptin secretion and appetite suppression[z‘sr
LPS increases the entry of chylomicron lipoprotein into the bodyLmJ .
Bifidobacterium reduction reduces BAs transformation, which is not conducive

to lipid metabolism! %’ .

75 SCFAs B | AN T4 o5 [ B 28 43 b P SRR M, O A A0 o 4 W it 52
BAs /b, FR A2 PR FXR AR E A 45 W0 S AP s ™)

7 LPS T 18 JEE B AT, B B A L I 5] B A
TMAO 3 it PI3K/ Akt {5553 5 HUR o5 1R UGS 5 3k

The decrease of SCFAs producing bacteria was not LOHduLlVC to the
improvement of insulin secretion and sensitivity, and decreased glucose
tolerance. BAs transformation decreased and its downstream receptor FXR
promoted glucose tolerance and insulin sensitivilyms] .

Lps-producing bacteria increase islet inflammation, leading to B apoptosis,
insufficient insulin secretion, and insulin resistance **). TMAO exacerbates
hyperglycemia and insulin resistance through the PI3K/Akt signaling

pathwayw’}lw.

LPS 21 U‘cbii*ilﬂ FHVE IR F KGN ) B SO R AR AR
W RAER | SN WO P2 RAEE I, ¥y 5 75 1L % 75 BL R AT

,36J

TmmiﬁAmH%%mmmWﬁ%ﬁ%ME SRR

SCFAs FUA Pk 1R

LPS can increase heart rate, increase the level of norepinephrine, decrease the
sensitivity of pressure reflex, and also have pro-inflammatory, sympathetic
nerve activation and neuroinflammation effects, all of which are related to the
pathogenesis of hyperlension[%] .

TMAO enhances Ang II induced vasoconstriction and continues the hypertension

[38-39
process” ]

SCFAs have vasodilatory effects! 7" .

XUBCHT T FLERAT T 55 40 B8 R 23 A3 1L 25 1 i %38 g SCFAs , 2 5%
SHRARIBPRIZ  LPS AURRRA: SOCHER L K RIS TEAE

Bacteria such as Bifidobacterium and Lactobacillus can secrete active protease,
transporter and SCFAs, and participate in purine catabolism and transport. LPS
is positively correlated with key enzyme of uric acid production and uric

aCid’Al‘ASJ.

TE T FRORRE AR ¢ | " RN R R

Note. “ T " represents increased abundance of flora. “ | ”represents decreased abundance of flora.

TMAO AMUZ 5 RAE S AR A

I Ta-F2 AL 1 ( cholesterol 7a-hydroxylase, CYP7A1)

2 55 )10 [ SR IE 1 PR A GOt | v R 20 R o DA R o (I8, 1 0 IH [ B A 3 e i 200 16 A g o AR (&
NG, BRI Cai 45 aE i 2 S R4 F B R 1) Y L I 240 i L [ e I 1) % 3 ) S 3k 42 ]
B 7E AS B s b A IR AN B TR L DA TMAO 4, S 52 |, FMO3 1 TMAO 4 A% il
B PSS ERESRN CuC RERFF, CutC & TMA T AL A 3 0 sz 1) L[] Pt e s g 815 THD K
S4B LR 1 57 5 IHARAH S %) TMA #6146, 5 22/ R HRAAEH Y HAN TMAO if g S Bl /Mt B
SR RPN TMAO /K F B8 & S 8B ] IEfRoksdhnm e s>, it el WL, TMAO AN {LEE
SR, R TMAO RE T JH IR AR & BB AR W AS AYBEHRIE AR 5 i BEBR A e 1
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[FREFERR A 77 1 & ¥ AE FH B AT BAs, BRTE
BERE A SE ) T & 5 A 42 /1 2h, BAs i i FXR
SERZ RN NF-«B HHE 98 ), I H FXR BETERG %
KRG — AR A BRS04 5k 1) — R
TR AR IR B FE ML IE Y L B 4N, FXR
i S MUC2 # ik, H NF-xB % 5 H '™
SCFAs AN BE 40 ] NF-xB {if £k, if A8 8 i i %
GPR43 SEZ K TS Treg 0, 31 Treg A1 DC
FEAE TL-10 SEHTR AN R 71 1 HLE R SCFAs
T DAFRAREES I 1 10 v 1 pHL L, 300 74 98 7 g B A 2

1, IO HEAT 25 4H P 451 A0 2L R AT TR RT SUBE AT B A 2
1, DT 52 Wi Gl 26 W 3 T, B GO I 4 92 i 1 XL
G2 JGIBAE AS B LB N R P, R AL
VEON 9 1) 52 e R AL T E S M AL, SCFAs YA £ 1
FZRINA B T 452 17 18 W R A8 2 8B
R RAE L B AL R Yuan S5V HFSE T SCFAs
XF NLRP3 #$E /IMA BT BRI 5200, 45 5 1 7R
TERER B RELT 75 1 Db 20 R 1Y R A A R 2R 11 K i il -
1 (caspase-1) i 1k, caspase-1 i fb4% 1l il ml 9k 2>
IL-1B S 90E K7, WIS Bt A IR ERI (R 2)

F2 JHEETEXT AS 520
Table 2 Effects of intestinal flora on AS

]

Genus

Bl
Phylum

Xt AS R
Impact on the AS

REEREE T AR 1
Rk R T WA |
FLERW)E | SEREE |
FATH)E | TS |

YRR B |
Ruminococcus T
Lactobacillaceae 1
Streptococcus T

FEBER ] 1

Firmicutes |

Roseburia | , Lactococcus l
Aerococcaceae |
Eubacterium |
Faecalibacterium |
F. prausnitzii |

PFFHE |
BRICHE |
Bacteroides |
Prevotella |

HUFFEETT

Bacteroidetes |

TATMT T T
T IR 25 IR s 1
RSUBATIE I |
Collinsella T
Eggerthella 1
Bifidobacterium |

el

Actinobacteria 1

SR AREE 1
B ICHE 1
PSR
PRI e 1

Klebsiella T
Escherichia 1
E. aerogenesT

Desulfovibrio 1

LI

Proteobacteria |

PERE I |

Verrucomicrobia |

R 2ok 2 P4 ] 7 2 BT |
Akl |

BEERTA 1 SR TFAEHIN , 7™ A= 36 P4 J80W NLRP3 JERE/MACRILAL /MR, (2 316 PR 41 %
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The increase of Streptococcus leads to increased expression of inflammatory factors, production of
reactive oxygen species, activation of NLRP3 inflammasome and platelets, and promotion of foam
cell formation, accumulation of AS plaques, affecting plaque instability'GZJ.

The decrease of F. prausnitzii and Eubacterium reduced SCFAs production, which weakened the
anti-inflammatory and antioxidant effects, reduced the ability to repair the intestinal barrier, and

could not inhibit NLRP3 formation'®’.

YIRS ST | 7 SCFAs Jiob | i e b Wi it MR A, 20 g I3 AR oA 4 i
IR, EEREES LPS LI AAE 2 AT

The decrease of Prevotella and Bacteroidetes reduced SCFAs production, which reduced the
biotransformation of cholic acid degradation, and affected the formation of lipid metabolism foam
cells. Prevotella was negatively correlated with LPS and inflammation**’ .

g A ) |73 b S R WA 7B R vy d S ot < Al S e e A DDA i % e ) L S i
WEREHIE R ), BUBEFFIRT | Wi M R K 5l LA B S BAs A7 , S 48 0 I I8 A
W

Increased numbers of Collinsella bacteria lead to increased levels of inflammation as well as
increased intestinal permeability. Chemokine production and neutrophil recruitment promote plaque

[63]

formation' ™. The reduction of Bifidobacterium resulied in the reduction of bile acid hydrolase and

secondary BAs production, and increased inflammatory response and intestinal permeabilitymm.

FESSAFFE BB IR TR A28 5L AT IR T R TMA (9% A, 51k 4 K F Kk, LPS F
=r[9,31]

=] o

UBRIRES 1 43 SCFAs JF77 4 H,S XMl b A 3 E/E, 51 & 4ol

The increase of E. aerogenes, Desulfovibrio and Klebsiella pneumonia promotes the production of
TMA, causes the expression of inflammatory factors and increases Lpst®3,

Elevated Desulfovibrio can decompose SCFAs and produce H,S, which is toxic to the intestinal
epithelium and triggers inflammation®* .

Al | 7% SCFAs fEJ7 LA K38 e O 7 i T BEAR, A T BAR LR LPS 7K, 40 IRD S B 43
TG BRI, G2 5 A0 PRI 015 e 240 5 0 A TS D, AS BESd >

The decrease of Akk reduces the ability of SCFAs production and intestinal barrier protection, which
is not conducive to reducing blood LPS levels. The expression of intercellular adhesion molecules
increased, the role of pro-inflammatory cytokines and macrophage infiltration increased, and AS

plaques increased tesl,

TE T FORRER RN < | " RN R R

Note. “ T " represents increased abundance of flora. “

l " represents decreased abundance of flora.
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Note. The red arrow indicates the promoting effect; green arrow indicates metabolic production; blue indicates inhibition. SCFAs, a metabolite of
intestinal flora, can inhibit appetite and fat formation and promote leptin and insulin secretion by activating GPR41 and GPR43, respectively;
GPR41 and GPR43 can also promote the secretion of anti-inflammatory factors; In addition, SCFAs can inhibit purine formation and protect TJ
structure; and SCFAs can also reduce proinflammatory factor secretion by inhibiting NF-kB. LPS can promote uric acid formation through XOD,
activate sympathetic nerve and NK-kB to promote the secretion of proinflammatory factors, while inflammatory reaction will destroy TJ structure.
TMAO produced by liver metabolism triggers inflammatory reaction in the same way, and hinders sugar metabolism by inhibiting AKT pathway;
TMAO also inhibits BAs formation through CYP7A1. BAs can inhibit the secretion of proinflammatory factors, fat formation and promote glucose
metabolism through FXR and other ways.

Figure 1 Relationship between intestinal flora and AS and risk factors
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