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[ Abstract ] Cardiovascular diseases that develop from hypercholesterolemia-induced atherosclerosis have
emerged as a significant threat to human health. Recently, probiotics exhibiting cholesterol-lowering properties have
emerged as a prominent area of research. Numerous studies have demonstrated that Lactobacillus reuteri can effectively

reduce endogenous cholesterol synthesis, regulate cholesterol transport, and promote cholesterol degradation by
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modulating the expression of key genes, such as sterol-regulatory element binding protein 2, 3-hydroxy-3-methyl-

glutaryl coenzyme A reductase, and cholesterol 7 alpha-hydroxylase, in both the liver and intestinal epithelial cells of

the host. This leads to a notable decrease in total cholesterol and low-density lipoprotein cholesterol levels in the host

serum. The present paper offers a comprehensive overview of the underlying mechanisms responsible for the

cholesterol-lowering effects exerted by L. reuteri, aiming to provide valuable insights into the treatment of

hypercholesterolemia and the development of probiotics with cholesterol-lowering properties.
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Table 1 Comparison of the action and mechanism of L. reuteri strains on cholesterol-lowering
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1 L reuteri J/b PG R [ 5 B A FHBIL
Note. (. Expression of SREBP-2 is downregulated, resulting in a reduction in the nuclear levels of nSREBP-2. (). Reduction in
nSREBP-2 levels results in the downregulation of HMGCR gene expression. 3. Reduction in HMGCR levels results in compromised
synthesis of HMG-CoA, consequently impacting the biosynthesis of endogenous cholesterol.

Figure 1 Mechanism of L. reuteri on decreasing the synthesis of endogenous cholesterol
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Note. (D. Expression of the CYP7A1 gene is upregulated, thereby enhancing the catalytic conversion of cholesterol into 7a-
hydroxycholesterol ( classical pathway). ). Expression of the CYP27A1 gene is elevated, thereby facilitating the catalytic
conversion of cholesterol to 27« (alternative pathway) .

Figure 2 Mechanism of L. reuseri on promoting the degradation of cholesterol
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Note. (. Elevated LXR gene expression in hepatocytes regulates ABC superfamily transcription and expression. 2. Elevated LDLR gene

expression in hepatocytes promotes the recycling of LDL-C by hepatocytes. 3. Decreased ABCA1 gene expression in hepatocytes reduces
cholesterol efflux into the bloodstream. @). Elevated levels of CETP in the blood reduce LDL-C synthesis. (. Elevated levels of LCAT

in the blood promote HDL-C synthesis. ©. Decreased expression of the NPC1LI gene in enterocytes reduces the uptake of cholesterol

from the enteric cavity. (0. Elevated expression of the ABCGS5/8 genes in the hepatocytes and enterocytes promotes the efflux of

cholesterol to the enteric cavity and the cholecystic.

Figure 3 Mechanism of L. reuteri on regulating the transportation of cholesterol



114 WP E SIS S AR 2025 A5 1 A 55 33 B4 13 Acta Lab Anim Sci Sin, January 2025, Vol. 33, No. 1

P B8 A TR HE S SR B ATR 5 (2) i 2 T T [ e
AL HEh E T

L. reuteri F] FEAR MK HY5 LDL-C & WM &
R B, A A 200 DA I8 e B B LDL-C gD
440 6 1 2375+ HE AR 2 T R . 3 P TC
1 LDL-C K, LU 22 W58 &, 2 L. reuteri
FnO41  FU) i AR BEILAE CS7BL/6 N /R4
Mo LXR 3 R B 5 Sk MRk KT (P <
0.05) , 7B 4 T il ABC B H i # 5 £K ik
(F 3,84 Q), Wi, £ L reuteri NCIMB
30242 L. reuteri A9"'*) Fl L. reuteri 8513d"™ F
TS, v A [ 2 000 RE WG 45 24 3 ) I 40 e v LDLR
FEPE R 5 R KK FE (P < 0.05, 18 3, &2
@), ABCA1 HE P 5k 5 RIBAKF TR (P <
0.01,1 3, B42®) , -t i 4 i M i & H i i
LDL-C , )i/ 1] ifiL 38 Pk B R B> e oh  LEE
SV RN, Y L. reuteri NCIMB 30242 By
IKF] 10" CFU/mL B, BE i 35 BRI 5 JIE 1 B2 i i
SD K BRL it 2% v A8 [ B2 1 4% 3 2 11 ( cholesteryl
ester transfer protein, CETP) & #& (P < 0.05) , i
187> LDL-C & A, FA% LDL-C /K- ( & 3, 4%
@) 30 w2 T v U0 B A A N A R
(lecithin cholesterol acyltransferase , LCAT) 7% & ( P
< 0.05), # % M7 HDL-C K (3, Bt
@) [14,56] .

L. reuteri i AT 38 13 Yok /0 A IEL 58 7 s v 48 A
JIFL [ e, AR 1 i L Rz 440 ) I R s b HE
JIH & fs, SUN &7 W5 & PR, L. reuteri HI120 F11
L. reuteri DSM20016 A A% = AE[5 B2 1L AF C57BL/
6 /NN b Bz 4 B NPCLLY 3 R 36 3R UK P
(B 3, 8682©) , 1/ H PR B [ BBt A e Ah,
LEW 2= 558 BRI, R L. reuteri 8513 d T i 52
e MR E L E SD KBS, K EFAUV/NG &
Y ABCGS FEH 56 5% (P < 0.05) /K-8 & T
(3, 642QD) |, A2 28 IR [ mEHE v i s R 2

4 BHEERE

L. reuteri N i i Z2 Fh A [) 1) 38 4% R ARK 1ML 375+
JIFL ] K S, A R B s AE TR T B R, B
I, 5B L. reuteri [ IR E BRI AL 35 A BH A ; AN [R]
VR L. reuter: BERRFAEIR [ FER5UR 25 e k7
iz fEAE AR KLY L RiE sy, &

X b3 (R, R A R 58 AT 40T R TR A 5T .
() FHTCH B R B 3R N R 2R3 55
7R AE T B AR T S5 AL AE T 5 (2) Ui 22 s AL [ e
SR UFI) L. reuteri B8 A, FEB: FL g0 AR AR [ i
g A2 TR TR RN A 5 (3) e o e PR 4 e AR
5 sk 5 5 2 W AR HUOR IR BEFRAT L. reuteri B
JIE B VR T S 0L (4) 383 A A P 2 A5 4
AR ARAT ELAG [ JIEL [T s ) 25 %) 08 1) A Q3 0 I, A i
PRIGTT e L] 2 0 2 A 22 4 A s
2 % 3 #k(References)

[ 1] FE3Ga, SRk, o i f5 8 M8 me (B2 M 2024 4)
(1], IR M ARE , 2024, 40(4) ; 249-256.
WANG Z W, GUO Y L. Chinese guideline for lipid
management ( primary care version 2024 ) [J]. J Clin
Cardiol, 2024, 40(4) . 249-256.

[2] SONG Y, LIU J, ZHAO K, et al. Cholesterol-induced
toxicity; an integrated view of the role of cholesterol in
multiple diseases [ J]. Cell Metab, 2021, 33(10). 1911
-1925.

[3] WUF, JUONALA M, JACOBS D R Jr, et al. Childhood
non-HDL cholesterol and LDL cholesterol and adult
atherosclerotic cardiovascular events [ J ]. Circulation,
2024, 149(3) . 217-226.

[ 4] SNIGDHA S, HA K, TSAI P, et al. Probiotics: potential
novel therapeutics for microbiota-gut-brain axis dysfunction
across gender and lifespan [ J]. Pharmacol Ther, 2022,
231: 107978.

[5] GUQ, YINY, YAN X, et al. Encapsulation of multiple
probiotics, synbiotics, or nutrabiotics for improved health
effects: a review [ J]. Adv Colloid Interface Sci, 2022,
309: 102781.

[6] MUJ, GUO X, ZHOU Y, et al. The effects of probiotics/
synbiotics on glucose and lipid metabolism in women with
gestational diabetes mellitus: a meta-analysis of randomized
controlled trials [ J]. Nutrients, 2023, 15(6): 1375.

[ 7] DAIY, QUAN J, XIONG L, et al. Probiotics improve renal
function, glucose, lipids, inflammation and oxidative stress
in diabetic kidney disease: a systematic review and meta-
analysis [ J]. Ren Fail, 2022, 44(1) . 862-880.

[ 8] JIAB, ZOU Y, HAN X, et al. Gut microbiome-mediated
mechanisms for reducing cholesterol levels: implications for
ameliorating cardiovascular disease [ J]. Trends Microbiol,
2023, 31(1): 76-91.

[9] WU H, CHIOU J. Potential benefits of probiotics and
prebiotics for coronary heart disease and stroke [ J].
Nutrients, 2021, 13(8) . 2878.

[10] TANG C, KONG L, SHAN M, et al. Protective and



o [ ST B R 2025 4F 1 A5 33 55 1 ] Acta Lab Anim Sci Sin, January 2025, Vol. 33, No. 1 115

[11]

[12]

[13]

[14]

[16]

[19]

[20]

(21]

of probiotics diet-induced
obesity: a review [ J]. Food Res Int, 2021, 147. 110490.

MU Q, TAVELLA V J, LUO X M. Role of Lactobacillus

ameliorating effects against

reuteri in human health and diseases [ J]. Front Microbiol,
2018, 9. 757.

YU Z, CHEN J, LIU Y, et al. The role of potential
probiotic strains Lactobacillus reuteri in various intestinal
diseases: new roles for an old player [ J]. Front Microbiol,
2023, 14; 1095555.

WANG L, REN B, WU S, et al. Current research progress,
opportunities, and challenges of Limosillactobacillus reuteri-
based probiotic dietary strategies [ J]. Crit Rev Food Sci
Nutr, 2024, 26. 1-21.

LEE M, PARK J, KIM O K, et al. Lactobacillus reuteri
NCIMB 30242 ( LRC) inhibits cholesterol synthesis and
stimulates cholesterol excretion in animal and cell models
[J]. J Med Food, 2023, 26(8) : 529-539.

CHOI ST, YOU S, KIM S, et al. Weissella cibaria MG5285
and Lactobacillus reutert MG5149 attenuated fat accumulation
in adipose and hepatic steatosis in high-fat diet-induced
C57BL/6]J obese mice[ J]. Food Nutr Res, 2021, 27 65.
JIANG J, FENG N, ZHANG C, et al. Lactobacillus reuteri
A9 and Lactobacillus mucosae Al13 isolated from Chinese
superlongevity people modulate lipid metabolism in a
hypercholesterolemia rat model [ J]. FEMS Microbiol Lett,
2019, 366(24) : (nz254.

SUN Y, TANG Y, HOU X, et al. Novel Lactobacillus reuteri
HI120 affects lipid metabolism in C57BL/6 obese mice [ J].
Front Vet Sci, 2020, 7. 560241.

LEW L C, HOR Y Y, JAAFAR M H, et al. Lactobacillus
strains alleviated hyperlipidemia and liver steatosis in aging
rats via activation of AMPK [J]. Int J Mol Sci, 2020, 21
(16) . 5872.

LIS, QI C, ZHU H, et al. Lactobacillus reuteri improves gut
barrier function and affects diurnal variation of the gut
microbiota in mice fed a high-fat diet [ J]. Food Funct,
2019, 10(8) . 4705-4715.

MAO B, XIANG Q, TANG X, et al. Lactobacillus reuter:
CCFM1175 and Lactobacillus paracaset CCFM1176 could
prevent capsaicin-induced ileal and colonic injuries [ J].
Probiotics Antimicrob Proteins, 2023, 15(4) . 797-812.
WU H, XIE S, MIAO ],

et al. Lactobacillus reuteri

maintains intestinal epithelial regeneration and repairs
damaged intestinal mucosa [ J]. Gut Microbes, 2020, 11
(4):997-1014.

HUANG K, SHI W, YANG B, et al. The probiotic and
of  Limosilactobacillus  reuteri

Front Cell Infect

immunomodulation effects

RGW1 isolated from calf feces [J].
Microbiol, 2022, 12. 1086861.

[23]

[24]

[25]

[27]

[28]

[30]

[31]

[32]

[33]

LUO Z, CHEN A, XIE A, et al. Limosilactobacillus reutert
in immunomodulation; molecular mechanisms and potential
applications [ J]. Front Immunol, 2023, 14. 1228754.

LIN Z, WU J, WANG J, et al. Dietary Lactobacillus reutert
prevent from inflammation mediated apoptosis of liver via
improving intestinal microbiota and bile acid metabolism
[J]. Food Chem, 2023, 404, 134643.

PENG Y, MA Y, LUO Z, et al. Lactobacillus reuteri in
focus on clinical trials and

2023,

digestive system diseases:
mechanisms [ J ]. Front Cell Infect Microbiol,
13 1254198.

MONTGOMERY T L, ECKSTROM K, LILE K H, et al.
Lactobacillus reuteri tryptophan metabolism promotes host
susceptibility to CNS autoimmunity [ J]. Microbiome, 2022,
10(1): 198.

JONES M L, MARTONI C J, PRAKASH S. Cholesterol
lowering and inhibition of sterol absorption by Lactobacillus
reuteri NCIMB 30242 : a randomized controlled trial [ J].
Eur J Clin Nutr, 2012, 66(11) : 1234-1241.

LU M, SUN J, ZHAO Y, et al. Prevention of high-fat diet-
induced hypercholesterolemia by Lactobacillus reuteri Fn041
through promoting cholesterol and bile salt excretion and
intestinal mucosal barrier functions [ J]. Front Nutr, 2022,
9. 851541.

YE X, HUANG D, DONG Z, et al. FXR signaling-
mediated bile acid metabolism is critical for alleviation of
cholesterol gallstones by Lactobacillus strains [ J]. Microbiol
Spectr, 2022, 10(5) : e0051822.

SHAN S, QIAO Q, YIN R, et al. Identification of a novel
strain Lactobacillus reuteri and anti-obesity effect through
metabolite indole-3-carboxaldehyde in diet-induced obese
mice [J]. J Agric Food Chem, 2023, 71(7) : 3239-3249.
WERLINGER P, NGUYEN H T, GU M, et al
Lactobacillus reuteri MJM60668 prevent progression of non-
alcoholic fatty liver disease through anti-adipogenesis and
anti-inflammatory pathway [ J]. Microorganisms, 2022, 10
(11) . 2203.

WANG Q, HE Y, LI X, et al. Lactobacillus reuteri
CCFM8631 alleviates hypercholesterolaemia caused by the
paigen atherogenic diet by regulating the gut microbiota [ J].
Nutrients, 2022, 14(6) . 1272.

YANG B, ZHENG F, STANTON C, et al. Lactobacillus
reuteri FYNLJ109L1 attenuating metabolic syndrome in mice
via gut microbiota modulation and alleviating inflammation
[J]. Foods, 2021, 10(9) : 2081.

ZHENG F, WANG Z, STANTON C, et al. Lactobacillus
rhamnosus FJSYC4-1 and Lactobacillus reutert FGSZY33L6

alleviate metabolic syndrome via gut microbiota regulation

[J]. Food Funct, 2021, 12(9): 3919-3930.



116 o [ S B AR 2025 4F 1 A58 33 4555 1 ] Acta Lab Anim Sci Sin, January 2025, Vol. 33, No. 1
[35] HSIEHF C, LAN C C, HUANG T Y, et al. Heat-killed regulate cholesterol [ J]. Food Sci Nutr, 2021, 9 (12).
and live Lactobacillus reuteri GMNL-263 exhibit similar 6882-6891.
effects on improving metabolic functions in high-fat diet- [47] RIZZOLO D, KONG B, TAYLOR R E, et al. Bile acid
induced obese rats [ J]. Food Funct, 2016, 7(5): 2374 homeostasis in female mice deficient in Cyp7al and Cyp27al
-2388. [J]. Acta Pharm Sin B, 2021, 11(12); 3847-3856.
[36] HUANG W C, CHEN Y M, KAN N W, et al [48] BYRNES K, BLESSINGER S, BAILEY N T, et al.
Hypolipidemic effects and safety of Lactobacillus reuteri 263 Therapeutic regulation of autophagy in hepatic metabolism
in a Hamster model of hyperlipidemia [ J]. Nutrients, 2015, [J]. Acta Pharm Sin B, 2022, 12(1): 33-49.
7(5) . 3767-3782. [49] ALAM A, LOCHER K P. Structure and mechanism of
[37] LIN, LI X, DING Y, et al. SREBP regulation of lipid human ABC transporters [ J]. Annu Rev Biophys, 2023,
metabolism in liver disease, and therapeutic strategies [ J]. 52. 275-300.
Biomedicines, 2023, 11(12) : 3280. [50] MATSUO M. ABCAI and ABCGI as potential therapeutic
[38] CHANDRASEKARAN P, WEISKIRCHEN R. The role of targets for the prevention of atherosclerosis [ J]. J Pharmacol
SCAP/SREBP as central regulators of lipid metabolism in Sci, 2022, 148(2): 197-203.
hepatic steatosis [ J]. Int J Mol Sci, 2024, 25(2); 1109. [51] KING R J, SINGH P K, MEHLA K. The cholesterol
[39] WANG X, CHEN Y, MENG H, et al. SREBPs as the pathway: impact on immunity and cancer [ J]. Trends
potential target for solving the polypharmacy dilemma [J]. Immunol, 2022, 43(1) . 78-92.
Front Physiol, 2023, 14. 1272540. [52] YU Q, ZHENG H, ZHANG Y. Inducible degrader of
[40] LEBEAU P F, BYUN J H, PLATKO K, et al. Caffeine LDLR: a potential novel therapeutic target and emerging
blocks SREBP2-induced hepatic PCSK9 expression to treatment for hyperlipidemia [ J]. Vascul Pharmacol, 2021,
enhance LDLR-mediated cholesterol clearance [ J]. Nat 140 106878.
Commun, 2022, 13(1) . 770. [53] FONG V, PATEL S B. Recent advances in ABCG5 and
[41] MENG C, ZHOU L, HUANG L, et al. Chlorogenic acid ABCGS variants [ J]. Curr Opin Lipidol, 2021, 32(2).
regulates the expression of NPCIL1 and HMGCR through 117-122.
PXR and SREBP2 signaling pathways and their interactions [54] ZHANG R, LIU W, ZENG J, et al. Recent advances in the
with  HSP90 to maintain cholesterol homeostasis [ J ]. screening methods of NPCILI inhibitors [ J]. Biomed
Phytomedicine, 2024, 123, 155271. Pharmacother, 2022, 155, 113732.
[42] LUOJ, YANG H, SONG B L. Mechanisms and regulation [55] BALLANTYNE C M, DITMARSCH M, KASTELEIN J J, et
of cholesterol homeostasis [ J]. Nat Rev Mol Cell Biol, al. Obicetrapib plus ezetimibe as an adjunct to high-intensity
2020, 21(4) . 225-245. statin therapy: a randomized phase 2 trial [ J]. J Clin
[43] FANG C, PANJ, QU N, et al. The AMPK pathway in fatty Lipidol, 2023, 17(4) : 491-503.
liver disease [ J]. Front Physiol, 2022, 13 970292. [56] YANG K, WANG J, XIANG H, et al. LCAT-targeted
[44] JIAW, XIE G, JIA W. Bile acid-microbiota crosstalk in therapies: progress, failures and future [ J]. Biomed
gastrointestinal inflammation and carcinogenesis [ J]. Nat Pharmacother, 2022, 147 112677.
Rev Gastroenterol Hepatol, 2018, 15(2) . 111-128. [57] FREH. BOERINTEX SIBKESE SR LS/
[45] LIM M Y C, HO H K. Pharmacological modulation of BT HIFsE [D]. o8, TR K%, 2021.
cholesterol 7a-hydroxylase ( CYP7A1) as a therapeutic ZHENG F L. The intervention study of Lactobacillus reuteri
strategy for hypercholesterolemia [ J]. Biochem Pharmacol, on metabolic syndrome in mice induced by high-fat diet
2024, 220, 115985. [D]. Wuxi; Jiangnan University; 2021.
[46] CAO K, ZHANG K, MA M, et al. Lactobacillus mediates

the expression of NPC1L1 CYP7A1 and ABCGS5 genes to

[WFEHHE] 2024-07-25



