CPEFIERZE (TR )) 2026 4 55 18 4 4 2 1Y)

B WA A AR SCNE W P i
AL 55 T i A g

FeAblezginy, it

FiFA, Awea (LIS R B bR SR S N R R B

BE. ARG IIPERF% (metabolic associated fatty liver disease, MAFLD ) J& 45
R W M, PTEE RN IR I 28 . R AL S A dEE . B o 2 B -l
JRVHJEIK B MAFLD 9 Lif R R 2 —. 78 MAFLD JF @i fe b, Mgl i d: W 40 5 oy
TEMERR A, T RS . e e S e 6 | TR A s A 3 1o A7 0 i g 1 5
UKz MAFLD & &, 0 f-Hahngskns (RhmmiEfidy . oo, Ao, IR
WA ) AT e B B B AT 2 i MAFLD, Ak T E miE Mt
YIRHER 7402, IRATHRZ LI mit sy, HEsh - e M6 97 7F MAFLD 5 ifEE=
SR BN o

KR EiEAs; G SR ER; M-

Mechanism of the evolution of metabolic associated fatty liver disease mediated by
intestinal microecology and the intestinal treatment strategy for liver disease

Lei Shiying, Zheng Xiaojiao (Center for Translational Medicine, Shanghai Sixth People s Hospital
Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai 200233, China)
Abstract: Metabolic associated fatty liver disease (MAFLD) is the most common chronic
liver disease worldwide and can progress to steatohepatitis, cirrhosis and hepatocellular
carcinoma. Recent studies showed that gut-liver axis dysregulation was one of the upstream
factors driving MAFLD. During MAFLD progression, the intestinal microbiome exhibited
characteristic alterations, and microorganisms along with their structures, microbe-derived
outer membrane vesicles, enzymes and metabolites drive MAFLD development through a
compromised intestinal barrier. Strategies targeting the gut-liver axis, such as supplementation
with intestinal microbes, prebiotics, postbiotics, bile acids and other microbial metabolites,
alleviated MAFLD by improving intestinal barrier integrity and metabolism. Future efforts
should stratify patients based on their gut microbiome characteristics, conduct in-depth
multicenter longitudinal studies, and advance the application of gut-liver axis-targeted
therapies in precision medicine for MAFLD.

Keywords: Gut microbiota; Metabolic associated fatty liver disease; Gut-liver axis

- IR ESE

200233 )

R

9

A A8 & B 05 % 9% ( metabolic associated
fatty liver disease, MAFLD ) & FRIEIEHRS 14 A5 i 14
A% (non-alcoholic fatty liver disease, NAFLD ), J&
VL JOE Big iy 722 4 A 385 D) 6 B A5 R SRR AE 79
PRI 2013—2023 4F (1 370 17 9 7 T4 2 30 1R

DOI: 10.3969/j.issn.1674-7380.2026.02.002
AW ERARPIEESBG AT E (U24A20797); Hl
R EALT (18ZD2WEO0L6)
WEMEH . FRBERE Email: joyzheng99@sjtu.edu.cn

MAFLD 7 ' [ (4 & 9 5 30.4%, 2025 4F (1 42
BREBE FN 38%, O A A BRI e Y 32
121, MAFLD (12 Wi & 78 56 T 52 18 2 15 107 1 T
AT () 2180 B A g 25 IS AR PR Y A I
HEBR L AR (B O AR =210g, &
P = 140 g ) FIO] EUIR Wi 9 9 Al S, IF
HAFEZRD 1 B ZEE1E ( metabolic syndrome,
MetS ) 0575, fFEIREFEEL (body mass index,
BMI). MM (RAEID & | b, s ik



10 * FHRHESEE -

MAGSFE R4 B, MAFLD R 32 ik i oy i 7™
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JH b P R R DT 79 o T b e T 5 % 1) A ) 2 5
Tl 1 tFEC R . R O A A B,
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HEEFEEREI S, MAREFERI, Hi
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2 MAFLD HhB7- B 558 B A &l

MAFLD R & Sm L & — MR 2 N R,
AAEH I = IR R RE . RS RIS, %z
R PE (55 KRG ERZE . 5 MAFLD HigiE
TRl A A G Y T ZE B L A 4 1 1 5 i 1) e A
TR iE R A LSRR . U YR R B 4R i o 2
W EEACIEAE (1), WiB R LS5 . 0
AN . R IR . —H I (trimethylamine,
TMA ), %%5ENgHITR ( short chain fatty acid, SCFA )
S E A0S RAE . e LR AL R A B R R OK
3l MAFLD i,
2.1 MERABRLEMBIL HiBFRRER 2 KB
M. BB EFWZ, MK, BB, #iE
TR A BT R, RO A TR RN AT S i R
HiZRGEREIT., F GELEN LR BE, £
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3 P M IR

B 1 MAFLD Hi7-BH kiR s sl
H: TMA B =H % (trimethylamine ), TMAO J% 4k —H % ( trimethylamine N-oxide ), SCFA A JH4% 52 ( short chain fatty acid );
TGF-B Jy 5 4k 4= & A F-B ( transforming growth factor-beta ), TLR4 &y Toll k£ 3% {& 4 ( Toll-like receptor 4 ), NF-«kB 4 #% [H F-xB ( nuclear
factor-kappa B ), OMV “AMAMx4Eif (outer membrane vesicle ), FXR A¥EJERE X Z{& ( farnesoid X receptor ), FGF15/19 A e 4k4N il K
7 15/19 ( fibroblast growth factor 15/19 ), GLP-1 il I ZAENIR-1 ( glucagon-like peptide-1), PYY MK YY (peptide YY ), MMP7

HeFi 4 B R -7 ( matrix metalloproteinase-7 ).

WY TgA R, Horh oy MBS TgA % ' i %
JIES PN J2 0 2 A 0, ] R i 28 IS 6 2 s TR AR 286
BfF, R BB R IR AL . S RiE B R AZ 5
BF, R LSS MR A A4 B IR, [RIRS R A
JERIEFR G, SRR EY A, WM
iR 45 & 5 H (intestinal fatty acid-binding protein,
I-FABP ). — Ji# %A 1k il ( diamine oxidase, DAO ).
M4 8 1 (zonulin ), P &1 (occludin), %%
HEHHE A (claudin) 58 Rz #0145 45 b5 F G 2
B (lipopolysaccharide, LPS ), LPS 2541 ( LPS-
binding protein, LBP ) SR HFEL LPS 54 8hRHE 5,
DL % S100 4545 44 1 A9 (S100A9 ). CD163. 4
it [a) &5 Bf 49 7-1 (intercellular adhesion molecule-1,
ICAM-1 ), C W% ( C-reactive protein, CRP ),
M1 20 o 4 % (interleukin, IL) 6. i 98 R 48 K+
a (tumor necrosis factor o, TNF-or) %5 % 25 24 Jitd %
T RGERAE ML AR CTE bR = . 7F MAFLD
FIREEASE T, BBz 2™ B AR . BF

7R MAFLD 1 MASH £ # Il H LPS & LBP /K
SF-FHE . MAFLD (3% FA A4S MASH /Nt
WL B i m A g n, RS % e R AR
i P4, e Ah, BF5T & I MAFLD H % b B % 40 i
T rR PR 20 G AL AR ) S100A9. CD163 il Ik
Y AR V5 RPN -1 2R g = E . AU, B
16 B BT BE T S B0 s PN 0 B0 B A S LA
ZEH LPS . IKRMEFNHEE 8 138 o A2 3 pe ik AT
Fiko 4iX 2L PAMP HGGE I IEJS, Bl 35 o 40 it
FIA Y TLR RS HETH R, 3 4 AR BERE b VI
M 2 H 88 (myeloid differentiation primary response
88, MyD88) 4%k I Il A% N F«B ( nuclear
factor-kappa B, NF-xB) {5 5 i %, 155 TNF-a.
IL-1B 1 IL-6 55 12 48 40 My IR+ 1) K i 7% ¢ 5 B
B, P FEIE S8 SN . TLR4/NF-«B 15 538 [
Notch LA Jagged] 2R IFA B IFLF4ifb. BLAb,
AR R A A A B L R AR TR B
WSz 15 | P s 200 e R 5 5 A4 B AR, i — 2D OR
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22 WMAEMRRGIMNEE AT SMEEN (outer
membrane vesicle, OMV ) PN #4155 = e B A0 41
/N RNA (small RNA, sRNA ). Jfi%i DNA DL K
FeE e I, BUZ AR ot 235 40 fif L 2 A B 1Y
YU ffRE I FNAH 2128 1B PE . OMV REWS B 3% 2 it
WE, i Z MR isiniE LA, oMV ]
3 2k X B N B A T B 28 a7 AR 1
TAIEAAM, Wil /e & A IRB R IEEE N
A SL P i fE iz ; OMV A B3l i B IR s ik A g
RAEAE R IO k. Beskh, OMV ]
2o MM AR 28 L A M ) o i, AT
HZ, #EAEIEHR G, OMV 2 ¥ KL 4
A, TENFIESE IR N 2 R G5 B v s B ik
PEEE R, M A RGN LY R0 . i 2k
FE TR OMV AT 75 e & 4 i i 7 (41 TNF-a,
IL-6., IL-1p FIEMELAMIRAEE I 2 ), Jfidid TLR4
T TLR2 3 5 /I B 0 40 it %) 98 8 S 1z 2. 3h
SCU s, ZE4E ) OMV i i LPS/TLR4 i 4%
P0G FF 2R 41 B (hepatic stellate cell, HSC ), 47
W IL-6. C-X-C B )7 b I+l ik 1 fl C-C 27
Ak B AR 2 55 RORE R T, ini MAFLD 19 i
& PO g AN, OMV KR Y DNA I8 1o 3806 PR R
B -BR R A BB/ TP R B RS 1 . i
PR, B AN TNRE . Wb I 200 B T B S ML Bk 3
MAFLD # & 7, OMV 1] A %& 5 %} 11 18 Bt B2 114
A aAEH, —IoE & BINEZE 8 R e 2 R TR Y
OMV i i 3 occludin, H41/N i & -1 (zonula
occludens-1, ZO-1) AR #iG AMP i 16 £ H i
( AMP-activated protein kinase, AMPK ) il % fi¢ #t
il bR R A, BE R, (H X
MAFLD syt —A457 29,

A Y E 2 5 R EEE . IRIR . 2R
O BRI M7 i3 R A s el A= 9 & il
S0 MAFLD Ry, 75 MAFLD '), i W fER
PRI AT R 2R FR AT AR O A W, AR IR
IKFERE . To- R ACAROCHEE . KR BE2E [ B U i 25 1
Wk, ST IR G R S ks, i 52
A AT 530 % A0 7 o B T R il JEF i AR 5 9 0
HAKIME , MAFLD S35 5 RN TR S T
WA R 3% 2= L S W AR R ( deoxycholic acid,
DCA ) G4 EE AT AN, X S5 IER 7K i
Jif . 2 LA [ A S0 AT DCA A JE3RE R B 4006 7
JESFRHAFE A . ML 25 I R SR B TR
L iEiEROR S TS e S DO

cFRRESER . 13

23 WAY KRR GRMY MAFLD H R 21
T B A R R A Y L 4R IR TR . SCFAL I
k. RN OIS, M A=A AR
WHYE A G IFER, 85 0 S 7 B R S
P 45 T A 53 R SZ M T A D A8 1 . R I g
=R AR

231 JHRR PR ARSI ER . IR
PR S AT AW AE I N R T 28 22 A5 il s g A
WML, ALAENHER A 2 & IHR ( chenodeoxy-
cholic acid, CDCA ), -5 H &M FHmas 5t
AP, drantHEA/ NG, FERG IS, W
EAME WSS To-BFE . AL 22 0] A 45
JNEFE IBFR FI CDCA 5464 DCA . A1 IHIR K g %
A AR (ursodeoxycholic acid, UDCA ) % £ Ff ik
KRR o KRBT A A i 1] i TN 45 i P A
MU, SCEURRAIEIA . RHTHER o i s 4% 52
[ :JE % X %Z 4K (farnesoid X receptor, FXR ). %k
R D ZIR, e X 25 ) Mz K (G B A
EEARYT R 3214 5 ( takeda G protein-coupled receptor 5,
TGRS ). 1-BEMRYH R A2 AR 2 55 | K AEZ 0
YEH. 1F MAFLD I MASH H 2 1 IfiL 75 F1 26 £
FFEUEE DCA AT A YK FF =, FRHIRK
E 1 2 0] BE A2 M- A 2k O 0 e s E 1 R . THe
1 DCA i i35 5 i1 I Bz 20 Mo 1 20 B 25 M e 3R 1
B GRS P, TR 2 e R TR S AT A R
NI, DLk, fESUEYE SRS EIAS
) MAFLD #H2¢ HCC /N HT, DCA ZKF-3H i 542
WEF R IEA DG, HALE P 82N DCA 5%
HSC 3 EAH I RAL, e HSC 430 B 22 b
Jed R AR A B 22 B2 LA il e e Jeg B 2 I g /)N
L MAFLD #f5¢ HCC (% J& ™),

AN, H IR MR A] g Xt MAFLD HA7 2%
fifE M. Kuang 55 ™ 57 3EW], MAFLD &% | 1k
LA (E0) MIBIKE A S0 MAFLD /UL
g 2 IHER (hyodeoxycholic acid, HDCA ) 7K~
FEA, AL T 82 HDCA il i #1718 FXR {5
A Bt S I 0 e A TR PR E BT R A T 2 -
SRR AN 6 /N BUFF AR 281, SO IR & Bl
ZEMUIH B To- 2 Al g A% o] A A [ 7a-F2 4k
B2 LAY, 458 HDCA 1] 2 FF I g i A8 4
Nie %5 P 5% % B MAFLD 4 il 2635 B- ki
T A A ST 40T B 7 AR 1 3-BE HAmE AL AE R ek /D, HLAIL
il 7T BE SRR IR N T AR A 15 1B LA T g
FHER 1B 502 B W AR KWK Wi e, /N RS
I MAFLD fy kR
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2.3.2 SCFA e Akt K Ak G 4 nl 38 4o i 38 40
(IR RIFT R . SUEATH R . MERE) N5
KW= O . MR AN T R %% SCFA. SCFA 1 B
T HE =T AR FIG Rk, 38 F T MAFLD H A5 14
PAEH . IGIRATAF ST A, ] M 25 4 46 8 W 33 /)N
ST 2 SCFA AWM E 4, 5IEITH K LR
PRS- THr, T REAL TR £ /R -5 4 it Ui 25 g
iR 5Z 1K 2 ( free fatty acid receptor 2, FFAR2) &%
A, NERME AMPK {55l i, O LR il /)N
FL MAFLD 19 % J& B2 i, T Rt i i 300G
AMPK 3l (5 DAl 56 J0E s 0 A8 1, s/ H il = R
PRI o5 = IR R &5 S MAFLD /) BUW B & %
MU . E R IBRAL K, LB T R E 1 4
R A2 LB AL 22 iR B 5 5 1) MASH /N R p
R EREAMM A AT P, (A5 E Z L, MAFLD
H1 SCFA 15 AR [0 ] B -5 HAME Al s A2 sl AL
Wil A7 ¢, M i 32 nT i A2 R i Y SCFA 1l B
#F MAFLD 193 )&, 10 Singh 45 B9 W 5@ HY i vk i
SCFA JR& W] indE TLRS B Fa /)N B IR 7 26 B
FE S AT

2.3.3 JHGK  AEARBE LA T R BE AR B S RE 18
5 BN 2% B2 1 2 1 DFE IO ok 1 837 1 JHF i 5 7
PEo 1 PR AR B = AR B B e U sh ) £ B RN
FEI AR AR DGR 5 P I 9% o WiF 9 & B R S BK
B RACTEREAR A . W ER AR TR A5 W 18 1 ] K IR B e
e =W (trimethylamine, TMA ), TMA #1% I
B WA f A [ e ks B A, 2R e A R
L =M% (trimethylamine N-oxide, TMAO ), Hf5%
FWEKH TMAO 7] REHE i MAFLD (XU
Nian %5 P % B TMAO 1] R il o i (4 235 46 A 2y
fit, 75 TLR4/MyDS88/NF-xB 48 Sift i %, i ik JiT
L 4ifl; TMAO 83813 52 P B2 40 i) B 40045 1k
VSN S DI REREAT, RIS E Y A A AR L
23.4 B MR EE R EERE (R BRI
WERE ) FI MR 18 LR W b i S S i 7 A
2RI, il va B 1A B A= LR O FLAT B 4 A =
J& 5 MAFLD H % 1L 2 Bk B 52 R AR B0 )i
Ab, FEECEEE (SR A SR ) IE
WI7E MASH (& hrad i 28 PV, 59E MAFLD
Xof REAHAR LL, Bl i s P A 10T P i
FEE, AR PR R G N TR 2B HLA BORAE
Mo For—SHLHIAF R, SR E T iE E i
PR SR L ) R S BT, BRI R
5 1 1 7 ( matrix metalloproteinase 7, MMP7 ) f#
Fik, SIRRIEEANPBDUR, HEshardeibm &k

ChEAFERZE (AR D) 2026 4F 55 18 % 45 2 1]

Ao SR RN, HHEA KRG R
) 7 A= TR A AR (MEVRIK & ZLFTF R CTMT1 ) siid 5=
K ST I U Y TR TR FR HAM (e 3 B & FLAT
CTMT2 ) BB TEN 1B N i B il S TRE L D2 T T
PE LN I3 e A7 e At i B

23.5 HAWREY BT LR, .
= H RS- R (trimethyl-5-aminovaleric acid,
TMAVA ) 5 MAFLD W & RALHIA G, g n]
ENRNEAC S Z R R gy i, b2 5% 1Y
0 S R B TR DR A s | e . e iR
e RRIRTARI A E /N, 15(ME-3-2,/% (indole-
3-acetic acid, TAA) Jl/b 7 IFARLH 2 B RELRAR AR
T, FEACT S dnie b8 -1 A TNF-o 97K,
IV T IR A AR SCFE R A 2R3k ™, Zhao 45 Y
KILIAA IS ER ISR AR, HEimEh
B, WO NEER B, W NFBF5H S, FEIK
TNF-o Fl IL-1B S5 98 PRI 7K I £ Ak 25 1 A
J AR Bk, MR IR A8 . Zha 4 )
UESE, R 7 ng[ e AT g 2 BE AR MAFLD /) BRI A 15
At RIEMIFEFLEAL ™ B . A, Zhao 55 ™)
& BRFRE I AZ E HE I3E TMAVA T, Ho g i)
il y- T SER SRR A B D R R R A A
INEE S AR MR/ N MAFLD [/ SRR

2.4 MiE A AT I N ki e Hea A
A YRR A I bR B ARS8 ]
VR 18 38 N 4 i A i Rl 325 MAFLD (1
KAEFRE . Wil N WA R 5 T 5 il b R
YRR N T I AN, IR A PE AN . L 4n i,
K2 ffL 45, Hrf L4 i 53 b 1% Jige v a0 W 2% 4 k-1
( glucagon-like peptide-1, GLP-1) FlJk YY ( peptide
YY, PYY) 5 MAFLD #UIAH G, Gl A=) & e AR
B T R A4 I iRt pem, MfldERLa
PR AR, i o S R S R P 400 o) 2R 366 PR ) ik
SCFA i i+t fizs N 73 W6 20 Jfd | 1) FFAR2 1 FFAR3 {2
#E GLP-1 F PYY 53, 3E T 43 0 i 32 e & 3R 4%
WFPPHI AR, B2 HHEZS L IR R R A A I
WK BeAh, BB s Pl o AT R,
i) Ji7- 1 4l R FXR T TGRS 32 1K 4 5 (10945 53l 1%
AR O BB FXR P F0E n] 75 5 AT 4 2n i A
£ K ¥ ( fibroblast growth factor, FGF) 19, FGF15,
ZHE T A & B A5, IRIIRTT R A R
B S A R BERR & A A2 5 TGRS B U
HOINRERINAE, FEHIFEIE L 40085 GLP-1, 71
MAFLD v b g% A A iy, S BUHIERG BTG A
HOmMA AL o IR LAY GLP-1 MR R 32 14



CPEFIERZE (TR )) 2026 4 55 18 4 4 2 1Y)

14 FHRE 78 58 23 F8 5 E AR Hh G 1 R A MAFLD,
E— LIS IE T T TbE N oI 4R YT MAFLD £
g
3 BEMEY R EREHXT MAFLD B #50
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