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world, and it has a complex disease progression. Recent studies have demonstrated that gut
microbiota (GM) plays a crucial role in the pathogenesis of NAFLD. The theory of gut-liver axis
provides a theoretical basis for understanding the relationship between GM and the liver. Dysbiosis
of GM leads to immune dysfunction, inflammatory responses, damaged gut barrier, and insulin
resistance, all of which promote the development and progression of NAFLD. Furthermore, GM
can participate in the development and progression of NAFLD through endotoxemia and abnormal
metabolism of short chain fatty acids, bile acids, and choline. How to mitigate NAFLD by
modifying GM has become the focus of current research, and the measures include fecal microbiota
transplantation, probiotics, prebiotics, Chinese herbal medicines, and lifestyle interventions. The
review focuses on the impact of the pathological state of GM on NAFLD and discusses the
research progress in GM-targeted therapy for NAFLD. It is expected to provide new strategies and
targets for the prevention and treatment of NAFLD.
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Ak 1 K5 1 I8 W5 4% T 9% (non-alcoholic fatty
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A5 Ry EEARHIE IR R BREE B AE, 2Bk R
ik 25.24%", NAFLD nJ M B 405 1) ig [ 4% 1
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1Y 6 N AR ) 5 by 3 A IEAG A, DT T
I3, &% S NAFLD (&%, RIS
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(Bifidobacterium) FIt2 1 J& (Clostridium)J& /L . 4l
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EWFEHIARWRA , &I GM K iH#E NAFLD %
AL i E A O, PR ] RE R T TE
T BT GM IR YT NAFLD &4k
A FE DT I, LI GM eI AT A Rk
# NAFLD™,  H Kk J7 i 40 45 2 6 76 ¥ 7% 4
(fecal microbiota transplantation, FMT) . #h75#5/E
W/gi 2R 0T . RE 2 B NG T LA AR IS T
AT HE
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H & FMT ZiAH L, [FFP S48 FMT 409323805
I v 55 1 J5 A gt RN A RE AH DG %) B R 26 56
T WEES. T Xue HHPHATIY S —TNUE
g, MOk AERA, FA SR FMT 4

http://journals.im.ac.cn/actamicrocn



3864

DENG Xiaoqin et al. | Acta Microbiologica Sinica, 2025, 65(9)

®1 BEERAEHISSNAFLDRE LR

Table 1  Gut microbiota-derived metabolites are involved in the development and progression of nonalcoholic
fatty liver disease
B wE R SRR L 275 3CHik
Gut microbiota- Animal Mechanism References
derived metabolites models
24k HFD (/M) GM &3, LPS K F- 7+ , LBP-CD 14 & & ¥ LPS-TLR4 W, SR RIEL  [25]
Lipopolysaccharide HFD (mice) i ,i/55 NAFLD
Dysregulation of GM leads to elevated LPS levels. The LBP-CD14 complex
activates the LPS-TLR4 pathway, triggering inflammatory responses and inducing
NAFLD
BT R HFD (/M) GM K3, BA A IFIERR 25T, FXR 5 S S22, S BUIE IR B % 0F - [31]
Bile acids HFD (mice) 5 4AE V4%, i ik NAFLD & Jié
Dysregulation of GM disrupts the enterohepatic circulation of BAs, which impairs
FXR signaling pathway. It leads to aberrant hepatic lipid metabolism and
inflammatory responses, thereby driving the progression of NAFLD
— H MCD (/M) GM 217, /N BUA N B AT 1 40 (Deferribacteres) M2 JFART J(Mycoplasmatota) — [36]
Trimethylamine ~ MCD (mice) HIXF=FEEREIN, FEUFIEN TMAO /K F-T5 , fE ¥ NAFLD & J&
Dysregulation of GM induces an increased relative abundance of Deferribacteres
and Tenericutes in mice, which elevates hepatic TMAO levels, thereby driving the
progression of NAFLD
2 MCD (/M) ZB A0 73 548175 54 - (hypoxia inducible factor, HIF)-2a i Pk | JA1#%42  [39]
Iron MCD (mice) PEABEH ki A AL ¥ (glutathioneperoxidase, GPx) 4 Zik , N & iFIE IR ™5 2

2, S AT AAE , 55 NAFLD
Iron overload inhibits HIF-2a activity in the gut and indirectly promotes GPx4

expression, thereby exacerbating hepatic IR severity, which triggers hepatocellular
inflammation responses and ultimately induces the development of NAFLD

HFD: IERE; MCD: WU ZRARG S Z R
HFD: High fat diet; MCD: Methionine choline deficient.

ZAR AR LY SRS LR
Maestri %58 B 75, NAFLD H % 24 FMT
6T 5 IR W s /0, AR R A0 IR IR
RN TR FE RN, H X8 R NAFLD B4
BITRCRE AN W, FMT 75 2 ™ k& i 2 it
R PR A IS A 25k 42, [6) B B8 A 19 36 i
SRR 23 A o LR B TR ME L 7E R R B I 5T R A
AT IR Z R RM . FMT 18— Fh 41
BIT A NAFLD MR et 7 ek, H
A WG PR (8 o
22 HFEBER/EETT

o A TR R — T AR 25 s PERLUE
AIE R B SR S ), Sl IE T GM Ay
FIU 35 1 T8 5 [ 37 014552 NAFLD (1 % 1,
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Li S5 o, m iRk e/ Uk 58 2 08 T
# (Bacteroides thetaiotaomicron) n] 2 AN RN
FIB WL, B miE NP, ZIE TR E n]
B0 T e - T2 K P 0 22 AN AR TR e A9, 3
THFERG BTACSS, MM ek NAFLD, AH# T1%
4 zo £ W, B — R %% 2E A (next-generation
probiotics, NGP) A i SR W B, #hFeiEZE
M BT vE = [ B (Akkermansia muciniphila) %
NGPs FJ 35 B R IR, 435 DT A 1 il
B, WRERAPHERAE, MMIA AL ZEf# NAFLD, fH
RS, KZHNGPs Bl AR FHAT 4L T
FERII Y BT, O JE KT 1 (Bacteroides ovatus)
1)@ T NGP, Al i85 i 18 s e D g fn i
i NAFLD FEARY, g5 70— 2R Pl 3
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AR, [ BERIAT 45 1 23 OO T4 2 i 3
PN g 2B BRI RS EDLA R A T, AR
WL RRIORIRG S, 5 R B R WL g 2k T
Z—, AIE LR A fn bR I O, DR INE
W ORI I8 1 B AR, DA k38 A b A G
() NAFLD®"', NAFLD f&# #h 70 5 25 0 5 25 4=
JCJG . A R RE GM S IE 3 1 98 RE B R
MR EAYY NAFLD i H . BRTIERIGST L
RS HA Ry T BRIk G
23 HEHSHERFET

H 225 B T NAFLD (B E KN GM P-4
PRAPIERE, L& PR RSy E LA RS
S AT . B, RS AA
Z: B AT 0 1 34 £ B ST B4 8 (Parabacteroides) Fil
B a2 [ 1 i (A kkermansia) %578 25 20 8 £ 1B DA
FEARMEFT 1 & (Helicobacter) 5545 ‘E 1 E LI 2 2%
SiE, PR IRIKE T A GM M, AT XS
NAFLD 7= B g ma Pl S iS4k A9 o
] 18 L 38 JUAT 18 (Bacteroides stercoris) Fl T
1t L % KT B (Lacticaseibacillus casei) ¥ F- 1, I
TR GEBRAW, EE RS S N
NAFLDP? . rp B2 5 il 2% R A vh BE BB 48 5 T 4%
Hh R 2l i B SR BC AT 2H 5 R G B TR
YERIRY 57, A B T22#% NAFLD Sk, i,
KU 7 T 38 NPT 14 &8 (Bacteroides) I ZLAT
JRAEA f R, BRI A RS R
NIIE AL RN BN R PSS =c NS E 7R B | BN
wE R, B IR, 8% BA R EFEL, Xt
NAFLD A R 4FiAY7 RO, B o 280 4
ZIBENSGETER, B3EUGE NAFLD % GM
g, DT A R SE R Y m R E R, AR
NAFLD iG55 HA AR
24 HFEANTM

ERIKE 2154 'S NAFLD (B ZERNER, KU
B IR E 2 B A GM 4L as A g, 1
IIAEREAHE NAFLD (445 PRI BRI #L IR
BT REIE NAFLD &R XU, anZ 4R A &

(ARSI NIER =S SRS S € O a7 1 &S
FERRBERANGR 2RO, A7 a2 s
A B AL RN UK AT AT = R R B T AR
LRI RS T, # 2E GM 2SI AN AR
B MFEAE AL BTG NAFLD RUFEHISS, fase
REBAA FHiz s HA UGS F/B Ll gty $2
RS GM AR IR SRR, ad kst
GM 2 ¥ [ 9697 NAFLD, 2B 3% 7 = T #i &
NAFLD /Y7 134, RERT A 2L B NAFLD 4]
O ARG & e, ORI 3% NAFLD B 1Y)
S

3 RES5E%E

GM K HAR Y 5 NAFLD ) & 4= & AR
SR YIAE G, HifE NAFLD st fe b & 15 5 42
PR AR . — 7T, GM s iR %
T BERE 175 TR0 T e S AL AN 8 0 R K
& IR %5 Z B AL 9K 8 NAFLD #f & 5 —J7
T, GM RISt SCFASs) 3o 45 HLAA f g 1
CETVRAEJC N | B0 N 3 1 8 M A A AR i
AR D R S S RER 7, AT 2% NAFLD, i
AR, KEMFFEINNIET GM $LI VA TT I 3R
(4n FMT., z#54EW . 8400, rhEE A g st
T 45) A A A2 NAFLD, JoHJE FMT /BN
—FfET RGO S B M S I PR R AL
Hles. Har, % GM KIFE M N NAFLD 4
JPRE BT ), REEDFRIIRA, AR
— 78 GM 5 NAFLD 2 [al () BARAE R HLH
PE#5 NAFLD B IRIF AR, MIRIRIG T #2
ML A R
e Wk = A
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