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Abstract: The pathogenesis of metabolic associated fatty liver disease (MAFLD) is closely associated with gut microbiota
dysbiosis. Dysbiosis can lead to translocation of bacterial derivatives (such as lipopolysaccharide) , which drives hepatic
inflammatory response and metabolic imbalance by activating Toll-like receptors (TLR) and their downstream signaling pathways.
This article systematically reviews the mechanism of action of the gut microbiota-TLR axis in MAFLD, and elaborates on the
function of the key receptors such as TLR2 and TLR4 and the lesser-studied members (TLRS5, TLR7, and TLR9). This article also
summarizes the downstream signaling events after TLR activation, including the canonical NF-kB and MAPK pathways, as well as
the role of the JAK-STAT and PI3K-Akt pathways in the pathological mechanism of MAFLD. Finally, this article reviews the
potential intervention strategies for MAFLD by targeting gut microbiota and regulating the gut microbiota-TLR signaling axis, in

order to provide new ideas for clinical prevention and treatment.
Key words: Metabolic Associated Fatty Liver Disease ; Gastrointestinal Microbiome ; Toll-Like Receptor

Research funding: Jiangsu Provincial Natural Science Foundation (SBK20250408076)

AR 385 AH ¢ B 107 P 9% (metabolic associated fatty
liver disease, MAFLD ) ¥ ¢ FR A ARG PR R D P4 I , 2
SRk R UL AR VR, H AT R Bk i 30% YA
U OB A B AL 0 BT U 38 B AR R P
FL Ty BB R0 | 48 A S I FNZF 2 AR T8 B, I 7T RS i i 4n

988 B0 e IRUSS: o R 5% ZE R BT (insulin resistance, IR) |
JEEE 1k B M P A E =3 U RV AT, LRI A4 )8 MAFLD 4K
Bl 4 B AR ZE L BUAZ O IR D 2% SOHE I Ry v A2 5
4 BRI SR A AR HE DS MAFLD 19 % 0%
M N 5 NS AT A — B, B IR AT T s



PNELE, % . BB E R -Toll B2 5 58 X AR AT AT R X &

1405

TR NAERAM T, 6T 18 S YR T 2R M X A
o a5 ERIRRIM IR 2 o S U L X MAFLD 37
A H #0574 5 [E 58 0 28 1Y 25 R 1F e 45
Ao BEAE T2 DR R A DR S5 AR A B PR R A R 2 1
i, MAFLD A ¢ P95 40 S0 ik — 2 e . 78 3%
[, MAFLD £ 9% % ) 21 1 28 9] 19 25 23.8% (95%CI:
16.4% ~31.2%) LT+ % 2018 4F-11# 32.9%(95%CI : 28.9% ~
36.8%) , O X 30 [ BE Y7 A B e i g 2 i

o 1 DA R 2 PR RO AR ) EUR AR W D) RO FE AL LY
o B AR U Y BEVE . H 23S 2 I A e R
i 3 TR R K R 5 MAFLD B 550 F J 4% VI AH 56 o Toll
FE A2 (Toll-like receptor, TLR) & —ZAE1E Tl sh
20 it 2 T B A, BE S L0 AN B, iR 2 0
(lipopolysaccharide , LPS) KR W 4E | IF30E N e 538
B, HET A S S0 S I8 R 98151, 7E MAFLD (89 %
S AL, TLR 36 Ak 5 mT B o 18 55 1 18 7R A 25 4 ek
A0 gy T A P I TR R S I A5 X T 0 11
& P, TRADESE TLR N 5 538 B 75 MAFLD i
PR, X6 TR B B 1 2 A R AL AN ER &R i
JT RS B R

1 FEEES MAFLD

NIETAE R R Gl 208 B #5580 A
e B, R 2 A P PR R A T L W R T
SECA FAU W RN B R A Y 2 R RIE RN,
JE5 R i 38 B Bl Ve T R B Wt BT S | A 4
EpVE SRR AL BT AL RES L A, BRI bk
UESE AT HE N il R S 2 TR0 bR o S A QI 5 0 1
et R s A AR ZEAL AT RE & FE IR S

MAFLD 19 & 95 5 1 38 T T 04 45 #) i 25 85 DA G .
— IR G LR R RS FE S BT R, MAFLD 8 14 7 38 1A
PR = 2SR B B 2 AR PRI BOW T S R AR £
B Jasirwan 5 R BESE S Y R BE AT
BT T EC A NE Jre AHEE v 55 I i 77 722 52 TE AR OG T
AICTE T T EME— 5 AR Ak A G TR T T o AFSEIIESE ,
T 520 Pk R D5 72 P 5 A8 A OC B 107 Pk & (metabolic
associated steatohepatitis, MASH) f &+, ZRTE B 1] (W05
A QR @ ) 1 35 B b 25 e, R RE ORI A = 8 DU W Jp e
16112 R I FSE % , MAFLD/MASH 8 3 1 35 14 J5E R
W F AT S R E FUT AR FEE R 8 2
B RS T XEER A B | EOT B8 R AT 8 s U 2
Schwimmer 25 B Y B 5L 48 11, MAFLD £ 3% 1 18 4 5L FF

[IRESER LU SV EF

BRI A 2R 9 1) 3h ) AL g — 2B UE S T B 3 B AR
MAFLD & & R iy RURAEH . Kok A gk & S
JEAEAR /N R 1 B 3 R BEAS AR 25 JC /N R, AT T )
KA MAFLD!™ AL T B K s I 25 AL S B AT
SR R SR B R B B 5 il T R S i
FEEFRIL R A R RAE IR IR 2 55 Jr i
13 1 5t B RTINS0 TS T IO S RE B, A T 4
Z MAFLD &

2 TLRiE I MAFLD B9800 & 38 4L 5

TLRVE R A5 2R 50 52 14, 76 1 18 B e 5 JFF 401 405 22 )
Pr i R 0, A NIk O AR AR E
10 TLR (TLR1 ~ TLR10)"">) . TLR1 ~ TLR6 3= %2 1 51
2 PR 0 40 IR B 2, 4 LPS IS B K R )
ST WA 5 4 T8 s TLR3 . TLR7 ~ TLRY 3 21 5l
FITE RNA A DNA 2 IR MER R . i L
AT AR LPS (DNA 4535 JFUAH OG 23 TR | X 26 ) i 42 52
o o 18 B B 1 IR DK 20 , 2 10 380 T IDE TLR {5 538
[, filh 42 JEF PN 200 M0 98 R I AR T 7 i A 2820
X —“ - FF A 1) 3 TROPIL ) 8 B8 UE B J& MAFLD & 2R 1)
HEIRS T,
2.1 TLR &AL MAFLD & A X Bt %" TLR4 ZEH
AR IR TLR, |32 20 A5 1 RE 40 T B s 240 it A
BRI (hepatic stellate cell, HSC) H . TLR4 361k J5 7]
R RAE 5 R AL A TR, S 5 IR F
JIE 9 RE 5 405 B 47 A AR AB 2, 7 MAFLD 14 & 9 HL ]
RAEXEEIENY . TLR4E L5 AT 3 h0 1 40 oA 2% 6 %5
SRE P F 1 53 , 8 HE 5 /IMABTG | ATAT IR MAFLD
(58 B E R 22 A, TLRA AT [ 98 JIF 43 S Ik e it 1 174
Feak AR FEFIE N 2 B9 B B HE S MAFLD [n] MASH
J& 2 [, TLRA {5 5 Al i b AR LT 4 Ak SR G
LB o e KT B T BV B 3 5 4
JB I 9) , i HSC, 12 2 e IS BURIIT 27 e k21
3 6 HL ) 4L [F] 5 57 7 TLR4 76 MAFLD 5 3 55 #2 b (9
FHA

TLR2 ]2 4341 T J0E B Was 40 it Fn R4t e, H i
2&F TLR2 Xt MAFLD 520 I 58 2538 M AF e il . £
BOAFFE I TLR2 {2 3E MAFLD /) & A & & o flin, i 5
F6 R T S S 38 T A0 TLR2 i S 52
LPS A i i3 36 AL 20 MY TLR2 I A4 AR R 5 S i BE B 1
FJH TLR2 T4/ RNA T 3 000 A 22 fi st s e . 53—



1406 s BRBTRE R 2 55 42 5 6 #2026 £ 6 B

J Clin Hepatol, Vol. 42 No. 6, Jun. 2026

D7 T, W 26 AR 1 B 5 2 [ B A T R ST 41 i 1
TLR2 F1k , Yk /D B yST17 41 B ) &5, 15 13 o 1 4 i
%17%%‘%@%%5@*&4& e &AM il MASH #Y %
JE o BRI WA BEFE R, TLR2 A S 105 S S ] fik
XI5 AR E R . 14N, AHCC & —FhdrifEfbis
F7 10 T 45 B 22 PR BREY) , W TR A G A TLR2 2R 541
BRAE (IR, I BT TLR4 LI 6 J5 2R 7= A, AT
1 HSC R340 | 4E2% MAFLD #2127 fy e mf W, , TLR2
P I H Y 22 5 4E s e T MAFLD &3 ALl H TLR2
T RE I IR R 2, AR IR YT & v 4 IR T
20 i B8 [ 1 1Y TLR2 4% , 491 4, 6 2% BB K TLR2 45470 57
SR P 1% R A R N R AR RS T o A A
5, O B A AR T A 25 TR
Bk TLR2 Fll TLR4 4k, HAth TLR 5 51 78 MAFLD H1 ()
VEFARAT AR GRS . TLR7 {55 Al 38 a4 i /) BUA 9 55
PET 40 AEE MAFLD #9% A % 28 76 MASH /)N LSS
ARUFLE S 3 I PESORAR DNA AT 5 TLRO 9K 5l
MASH JIF2F 446 A IR (9% 82 . TLRS s i/ B

B o 85 R O T 0 S 78 e 1 ) S o 0

[vi) 4 Jf0 2 0 v i 4
AT THR A T B AR A
2.2 TLR &AL+ MAFLD # #3835  TLR (930 1l
i 28 M2 AR A, 35 A F kB (nuclear factor-«B,
NF- KB) 12 73 4 535 Ak 19 28 11 B (mitogen-activated
protein kinase, MAPK) | Janus 3 i -15 5 % 5 5 7 St 0%
K 7 (Janus kinase-signal transducer and activator of
transcription, JAK-STAT ) 38 4% DA K B i Bk UL 3 35 il - £
[ 34 i B (phosphatidylinositol 3-kinase-protein kinase B,
PI3K-Ak) i , 3 [ S BOMIE R AT s B A 2R A IR
KT difl, e A2 UE MAFLD 9 % 4 (| . Bk, IR
B TLR S B9 B RS 2 38 0 T4 F MAFLD (94>
TRARIATT LB & S 14 MAFLD (8 R 25 ) % 6 2L
NF-«B it %2 TLR T U5 ek )iz B A5 5 il
NF-B 3 fi% A B BIL 23 W Ak i A« R ML A o e
K7 [ an i ged 2R %8 17 oo (tumor necrosis factor-a, TNF-ot |
iU JFAH DG 4 TR Can LPS) il %% L A2 488 NF-w B 41 i 25
12 R AL R AR, B NF-k B AR5 S R % 58 5
25 R A U py P 40 53 A B i 40 BEAR B8 B 20 i 15 AL 1A

EUNCHEEISEZ W wih S

RS R R, N [E TLR B 5 A BEZE SR AN RIBY BE AR F 306 , 5 pS52/RelB SR AR AN LI T iF L H 3k
B #E H‘Eﬂt %lga
TLR4 MD2 MD2) TTLRz — TLRS
T - TRT TR
TBK1 - \ ‘é
RNA
[ a}- w1 e SN s
TLR9
IRFT CpG DNA
mtDNA
M / ik
P
IRF3| m BERF IR R

MW\OWWMWM

!
Remh st

IL-6.IL-8.NLRP3.

/'

TNF-a. IL-17ACIL-18

1 MD2, BERE MR 11 2;CD 14, (45 bR 145 TRIF,
PRFVE T 3;IRF7, THEZE N7 7;MYDSS,

B Toll/1L-1 ZARGEFIN A T THE R B IOEHEE 1 TBK 1, TANK &5 430 1; 1RF3, T
R RIS NV B [1)5 885 TRAF6, IR IRFE IR 32 (A AH C IR F 6, TAK T, TGF-B J TG U4l 1; 1KK o,

T PR B S IV o AR s KK , 4% P17 B S8t Y 5 B AT 615510 s TK Ky, A AT B SCERIZ 6 y 1 751 s NF-w B, A% 8 T kB MAPK A2 43 BT ALY 2 1
T AP-1, 0E B 1;dsRNA, XUE RNA ;ssRNA, B4 RNA ;mtDNA , ZEA7 & DNA ; CpG DNA , il B IE - R - S5 524 DNA IL-6, M/ 3 6;1L-8,
a2 8; NLRP3, NOD BESZ ARIEE (1 45 AR SC AR 1 35 TNF-u, IR IRIE IR F o TL-17A, FIARME A 3 17ATL-18, FIZRMI A 185 TLR, Toll £
ZK,
E1 TLREWKEE]IER TR
Figure 1 Downstream signaling pathways activated by TLR
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