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Research progress in the prevention and treatment of atherosclerosis using
next-generation probiotics
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(1. Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. Department of Rehabilitation Medicine, Henan Provincial Hospital of Traditional Chinese Medicicne, Zhengzhou 450002)

[ Abstract]  Atherosclerosis is a chronic metabolic disease in which lipids and complex carbohydrates are deposited
on the inner wall of large and medium arteries. Its pathogenesis is complex and affected by various risk factors, and it is the
main pathological basis of cardiovascular disease. Recent studies showed that the gut microbiota can affect the process of
atherosclerosis through various mechanisms, including regulating host metabolism and inflammation. Maintaining the
dynamic balance of the intestinal flora through dietary interventions, probiotics, prebiotics, and fecal-bacteria
transplantation can effectively delay the progression of atherosclerosis. Among these approaches, next-generation probiotics,
including Akkermansia muciniphila, Christensenia minuta, Faecalibacterium prausnitzii and other non-traditional intestinal
flora and gene-edited designer probiotics, have become new prevention and treatment tools. The gut microbiota thus
presents a potential diagnostic and pharmacological target for the prevention and treatment of atherosclerosis.
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Table 1 Next-generation probiotic candidates in intestinal bacteria

e 2 s EEEn 2| =GN
Candidate bacteria Species Beneficial effects References
A g g gl ) e A 3 S RN LR, 77 A SCFAs
PRI BUFFRT SURF R, TR S ) .
. . . . . Modulates  intestinal ~ immune  response,  anti- [10-11]
NTBF-Bacteroides fragilis Bacteroidea , Bacteroideae , Bacteroides .
inflammatory, and produces SCFAs
g it e b T ) T AR R, BRAR 2 H il =l KT, Dk AT A
ST RLF U1, UFF AR LT IR, RERILR o =R, Wi
. . . . . . Produces folic acid, lowers plasma triglyceride levels [12-13]
Bacteroides thetaiotaomicron Bacteroidea , Bacteroideae , Bacteroides K
and reduces obesity
PR R VA A IO S AR G B
HOIBAUFF FURFBETT, SUAT R, SUFT B by e (14-15]
Bacteroides uniformis Bacteroidea , Bacteroideae , Bacteroides Produces folic acid, reduces obesity, improves immune
system and gut barrier permeability
i A SBIAUAT T FOFFRE T, ST B ST B BRI AT i I A [12]
Bacteroides xylanisolvens Bacteroidea , Bacteroideae , Bacteroides Produces folic acid, reduces liver steatosis
T AR, AR, R S 1652 M TERG R s, T S, Ree LS , Dol M e
4 [C R 1R . S . S .
Parabacteroid Ldsteinii Bacteroidea , Repairs intestinal barrier, inhibits inflammation, [16]
aradacteroudes godstewnit Bacteroideae , Parabacteroides lowers blood lipids and reduces obesity
hry A ORI P BE 2 I A T8 B 3 05 | I
el e e FFFER T, ST AL, BIHUAT o R ; T
KR BLEFAT] AR 6 I ERUK T _—
Parabacteroides distasonis L . Improves metabolic endotoxemia and gut barrier
Bacteroideae , Parabacteroides .
permeability, reduces plasma cholesterol levels
W FFRTT, B IR G AL, B IR G PR BRFARR , AR S
p Elt lla conri wHE Produces succinic acid and improves [19]
revotetta copri Bacteroidea , Prevotellaceae , Prevotella glucose homeostasis
PR T, BT 5 2 QB ), B e . -
LR it 52 T T (R 2 L7
W& o £ 1 ol e 2 PR R W& . I . .
. R . . Repairs intestinal barrier and improves [5,20]
Akkermansia muciniphila Verrucomicrobia , . .
. . metabolic endotoxemia
Akkermansiaceae , Akkermansia
R S e e o FElIE b R oo 4, A i 2 TR KO- |
T SR s LS FEIRIORIERACE, 2
o e g e Iz
/N L A e AR LG A Jo R v o L A
o : o Maintains the integrity of intestinal epithelium, reduces [21-22]
Christensenella minuta Firmicutes , K . . . .
. . plasma cholesterol levels, improves intestinal microbial
Christensenellaceae , Christensenella . .
diversity
PRHERAIE T B 58 RIS G 28 SO0 , 036 1 5 R
e NN . E[IS/
HEICELTTA JREEATT, SURFIARE SUET IR Maintains the integrity of intestinal epithelium [15]
Eubacterium hallii Firmicutes , Eubacteriaceae , Eubacterium o By P . ’
regulates immune response and improves
insulin resistance
e N T e P9 M T8 R SR A1) 58
% [N LB, AR, I R FEE SRR, MR
o R . . . Modulates intestinal immunes response,, [23-24]
Roseburia intestinalis Firmicutes , Lachnospiraceae , Roseburia R .
inhibits inflammation
NS JEEEGT], 9 B ER R, BAR R PR TRRER MR AAE , R L
BA TR . T .
Oscillospi Firmicutes , Produces  butyrate, inhibits inflammation  and [25]
scillospira
r Ruminococcaceae , Oscillospira reduces obesity
N . - =/ SCFAs, 41 il 4 9, BUEGE K, Aie HE AR
P BT BRERL BTRREIR o SOTAS, DR SRR, B T 3
R Firmicutes i [26-27]
Ruminococcus bromii . ’ . Produces SCFAs, inhibits inflammation, reduces
Ruminococcaceae , Ruminococcus . K
resistant starch and promotes fat metabolism
WR JEEEGTT 9 B IR R, R R R B2 Wi b, BCE IR AU, DR i
. = R e Firmicutes , Repairs intestinal  barrier, improves lipoprotein [28-29]
Faecalibacterium prausnitzii X . . . !
Ruminococcaceae , Faecalibacterium metabolism and reduces obesity
SR JERETE] 6 R, R TR FEAE T RER DR A i8 o B o 2 1t R e D R
TR . L .
Firmicutes , Produces butyrate, protects the intestinal barrier and [30]

Clostridium butyricum

Ruminococcaceae , Clostridium

immune function
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Table 2 Next-generation probiotic candidates in intestinal archaea

A ity A AT i EEETEAL 272 3k
Candidate archaea Species Beneficial effects References
R AR AL 3% S Ak = FF fre 5 o, 995 S 8 ST, B
S FBEAT o, HGeFF R, B e T o LB 2Rt
o G e ST . .
. . Methanobacteriales , Reduces plasma TMAO levels, modulates immune [ 22,32]
Methanobrevibacter smithii . . . . ?
Methanobacteriaceae , Methanobrevibacter response, and improves intestinal
microbial diversity
- IRk H , DI Le kAR, D PE ek T R RRAR LA = Y Bl A0 A Al = e 5 8
Methanomassiliicoccus e . .
Methanomassiliicoccales , Reduces the level of trimethylamine and [31,33]

luminyensis

Methanomassiliicoccaceae , Methanomassiliicoccus

trimethylamine oxide

1 : Methanomassiliicoccus luminyensis JoH L2444
Note. Methanomassiliicoccus luminyensis has no Chinese scientific name.

2.2.2 BOHAIgE A

NGPs i A0, 47 38 1 75 0 ) B3k mld ik 3 3k o 7
DA B2 45 A T, 5 OB R A BOR s it 52
P AENZRIE b 5 LR A RE 1 By TR 23 19
KGR )3 1%, LA S X 1 3 ) — o B0 22 M 4 i 2
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A2 368 12 P 33X 2 TR R 2B A Y T S R IR AT 52 B R 2
PR R IR
3.2 AR KSR

B BTIURR T AR Sl ik N 2 AS TE Ry 56
SR, AR H B R R H Y NGPs i
% 7 Az SCFAs PN TR 1t T 410 o) JEL [ 25 i IR 3
3-FRAE-3-FH -G TR R A A Of JRUAR (3-
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HIY = E S 8505 F. prausnitzii 5 P. copri W)
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PERR WA S
3.3 i3 TMAO KF

e ELBRC BB v ) B SR W 5T 28 i 1 v 22 R U
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TMA ATk, 285 b 1 = gt — 20 A ™ 2k
TMAO ; Ifil 3¢ TMAO ¥ B T 23 S 0 240 A A
JOEL T P 00 TR 200 JHL A 8, 3 2 i /N A

BRITAL T DA R 200 0 2 17 2 A R 4R A 1 080 S
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WE AT E R IR IR R BRE R 13
SEMERAREF R A W TMA 19 G ol
HEAC TG AL G W m] BRI S 227 A2 A RS2
W5 R, — 26 AN 18 0 24 s —— g IR R e
FFRETT LU TMA VR oK i i, 732 14, U
T G = e TP B AE ALl (MuB ) 7 A B,
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luminyensis B10 , 17 LA 48U AKBRAE R A S FEL 52 1457
A Hbe HASHAF MuB JE M. smithii QAT LAREAIG
/INBRIMLHE H TMAO Y BE 20 7 7= oy T 17
Jiie F LA A Il b 2 B Y H 28 1R B UAG A
i A B ) NH S S BE IR ( pyrrolysine , Pyl) J& MuB [ 26
BN W R B AT TR s LA E B 2 i AN
B Pyl BERZAEHE A IE b MuB A9 JFA A AT 2%, A
MiAE 3t TMA 0] FBe 5 4k, 380> TMA 37 1l 2= iF
R

TMAO 2 7 18 B R 2R 18 R 1l A5 72 22 ) Y =22
Av S5, ERTIG R 8 3 TMA 2 fif i 0 1 5] 3-3-—
F-1-T [ ( 3, 3-dimethyl-1-butanol, DMB ) 3k Ji /b
TMA Az, BE T AR L% TMAO JK-F- % 7 i e
P e A g A TR TR A ST E FRATT IR 3 i [n]
BT T 7 5. BE IS W IO AR O R R TR R
7 VBE TR 18 B 2877 ) R ey R A RS2 I, )
Ik i T R VRN 5 DL BRI T R 5 A TR D
i e TMA {9 2k, W % 45 52 € (19 ¥ TMAO
TEH
3.4 FATRERRE

GBETR A % VA2 5 Ve A 4 8 R g T A B
ELREANAE IR 40 M IE B, 72 AS e 2 E AR,
[A] 7512 B 202 ( homocysteine , Hey ) 1 A 25 20 2 A1
Pt R Y R AR =, S — g PR Z R, AT
b A A8 PN B A, A2 2 1t A UL A0 1 5 A
iR A NE RN AE A LR N S5 iR AR 5 | & AS, BFgE R
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A, R R AR 5 DU SRR RE %
Hey $RHEH 3G 2 FoBr e Ak s i > ok
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V-T2 R BB SR AR, D S AE S FE P A
R A 1 BN R ) R IR, 3 2 1 M0 1l IS A 3 P B
{F AT A, A B. thetaiotaomicron V'S 7] AR Il K

thetaiotaomicron . B.
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PRI B L, 035 1 L v 45 W ) B ) 24
M JEWRSE T HeRAE ke 5 AR I A M A ) A 1A v
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TR RR A W, ) B hn 2R R OE 1 % e, e E M
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SE RS BB AT 8IE 22 sl ks AE Rl AL E R . NGPs 1)
R TR B VAR O, M NGPs oK & (1) 2
B MR SE M — R B IR AS 1Ry i, (B2
HEAREE H T HURE W8 WA, D5 )
HpEEALFE LA RIGR,
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Sl KRR RE Al 78 1Y S e A BUL S T FE R W
518 AEAE R. intestinalis 558 B9/ BB B 40 MU 5%
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NLRP3) B30 FRE RO 12 P S AE L AR 2, 3%
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BREE AT ARRAR T3 ik o 1-18 AR PRI 3 i &2
S ik A B JEE HE TP B2 U IR 40 M 5k, AT R B A
Xt AS B EME R . Deshpande 45 X i35 430k
FFRRTEA T BE PR P, i HOCh R AR EE 1 B AR
SEAR 60 F A A AR SR H 1) = Ik 240 e
o1, HAH B kY5 o0 B AT T B AT S SR A
I 263 25 I ST B SR A O 7 AR A BEAZ T 2
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