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[ Abstract] Metabolic dysfunction—associated fatty liver disease (MAFLD) has become the most prevalent chronic liver disease world-
wide, with substantial heterogeneity in its clinical manifestations, disease progression, and treatment response. With the development of
multi—omics technologies in recent years, the core role of lipid metabolism in the development and progression of MAFLD has gradu-
ally been clarified. With a focus on the heterogeneity in lipid metabolism mechanisms in MAFLD , this article systematically summa-
rizes the variations of five major lipid metabolic pathways across patients with different MAFLD subtypes, i.e., fatty acid uptake, de
novo lipogenesis, lipid droplet homeostasis, very—low—density lipoprotein secretion, and fatty acid oxidation, and it also elaborates on
how lipid metabolic pathways help to shape functional subtypes of MAFLD and drive clinical phenotyping based on genetic factors,
immune-inflammatory responses, and spatial transcriptomic patterns. Based on current evidence, this article further summarizes pre-
cise treatment strategies for each metabolic subtype, including acetyl-CoA carboxylase/stearoyl-CoA desaturase 1 inhibitors, peroxi-
some proliferators—activated receptor agonists , farnesoid X receptor regulators, antioxidants, and anti-inflammatory agents, and the ar-

ticle also emphasizes the basic role and synergistic effect of lifestyle interventions in different metabolic subtypes. In the future, multi—

omics typing models should be established based on related mecha-
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nisms to promote the application of individualized management
strategies in clinical practice.. A deep understanding of the hetero-
geneity mechanism of lipid metabolism may lay a solid foundation

for precise typing and intervention of MAFLD.
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associated fatty liver disease , MAFLD ) J& T 4F A £ HH 32 i Bt
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PR T R S LM R (EL AT 2 R I PRI 5T 2 B, AN [R) A~
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HTTEZ 60% 1 g Joi >k A A1 % A 17 20 ZURE T ) i 25 g
iR (free fatty acid, FFA) . 43> L 3T % 36 (cluster of differen-
tiation 36, CD36) i i IR % 12 A 111 2 5% 5 (fatty acid transport
protein 2/5, FATP2/5) X NBRF TR 45 & 11 1 (fatty acid-binding
protein, FABP1) 48732 8 H 7E MAFLD 38 H 1 R A7 7E A
R2E P BRI R, CD36 (& 3k 35 TN FFA HEFRTE 1
5 KR JAEE FHIMAFLD . IhAh, FABP1 Fik i i8 5
PEEETE KT s 22 ARG, 7R 38 2 % 8 T FFA £ 3417
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2.2 DNLi#&#%
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F L [ B R Y o445 A B A 1 (sterol regulatory element—
binding protein 1, SREBP1) Flf K b 79 I 1 T4 45 5 |
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N BE P 4 B A 2510 S 1 (stearoyl-CoA desaturase 1,
SCD1) 8 IRk ik IR T 3, [ P A I8 g 7K P 14 it i s e 7%
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transcript 1, MALAT1) S AR AR AR G AE g 5 42 B B TR (ribo-
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HEAE AR, 23 B e s L Bl 0k — 2P o TS X
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AR OC AR 1 R KA S BT 1, 2 3k R O A 98 22 S A G
O, 40, PNPLA3 1148M %722 T 41 il i i P4 H il =ik 2k
fife , A TG BUER , 3 BG4 45 14 8 175 2 N B I (endoplas-
mic reticulum, ER) N5 20 A5 477 , AR “ IR e 1 " AR,
R BRI RN IR REVE W) T A 2 AR L R R A A T
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SEALRIAE AT JIGEE MAFLD fr) 5 BLE e
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JFEIVE & MR TG w3 ok 4126 i VLDL iy t 2 50 A 4121
ROk A4 H T — a5 7% 25 I (mitochondrial trifunctional protein,
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PEPERE ER R Tk SESE D T RE BB , A I A R 7
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F18) DG R 22 AT BT 3 S A ) T A B ) R0 2 1A o (per-
oxisome proliferator—activated receptor o, PPARa) | P B A7 Al
k%% # 1 1A (carnitine palmitoyltransferase 1A, CPT1A) | i
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55 PPAR o ST It A 114 I 177 TR 58 JCH Jon AL (A 45 73 o ik
A KBS {H PPAR o SO 7EAR AR SC i 10 1R AT B2 AH G AT 4
JidE b AT 25 A E ISR AN AT A A, WIS 875 M 7 R A B
AR 5T Sk 45 s 6 7 A IR AR 07 1 AT 4 O F T 4 i
a7 V1 [ AR IRCT  TT A E JRECTE 4 i 7R SR A T T S %2
O ST C AR BI85 Ok B 35 O M 3, AN TR T2 B TR 2 i
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2.6 MERML Kudz 5 ZAE

RS A OUZ AR T HERR I 25 3L, 231 RO IOR I

JE 9 ST o JFFIE AP ) FRA BB T30S 12 AT AR 4T
P LA R AR U 1 A5 A O 2E AR £ 1) MASH ) ik
JEE R 2 B SR BE IR T o (tumor necrosis factor, TNF-a) .
IS 3 6 (interleukin—6 , 1L.-6) % S 4 [ F AT — 25410
il T -5 0 107 R A A RIS A 3R L L B R AE - IR
AR IE SIS PR B A DS S o 8 B B2 e S 2 R
4 HfL RNA P, 48 2 T 1A 56 312 bR A Y
NAFLD #FJ& 5+ 3, A& PR ANE 22 40 fih & 5744 2 (triggering
receptor expressed on myeloid cells 2, TREM2) %515 (1 F %3k
5T L WG A L i 100 PR TR 3 D X T 1 5t B10 (aldo—
keto reductase 1B10, AKR1B10) . #MA& [H T H A 3¢ 4 (comple-
ment factor H related 4, CFHR4) W & 4& F i 40 Afg o 10 45 40
JL, $2 7R MAFLD 3 Je i i v JFF FEE AN [ 48 10 SO0 T X6 Jig £ i
HEAE SN I [R1 A I

25 b IR BRI B R o R A R AR Y
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BEREZ —. HETERAZFIERIE R 250 — 0T R
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(B A I B K143 5 5K, a3k 40 T K 22 TRl S8 i 17 K S 5 1 i
1 AR WA AR R AT A TR 4
3.1 A TR Ea A B A
3.1.1 DNLGRM  fEIEF GO T, HWE AR 07 09 = 2 ok
FANER NG LA NG R DA AR MAFLD S84 h, Z 1010
534 BUFFAE DNL B L e, B 2 A m s R
ML AE o5 I 9 55 %299 15 5%, 77 o DNL AH 6 5% s H 7
(SREBP1,ChREBP) 545 JiBilf (FASN [ SCD 1) i £ Fl1 4 3k 44
IR o S
3.1.2 VLDLZMMAREAS AL JHF40HE VLDL 4005 i 5 75 Ifs R
1 3 BEFIN BRI & s, (R 3 HH = ER AP R R S
AT, A TRt 1540 g AR RS, , (ELSIE R 3 A 288 78 174 JHF I
LT AR A ) P TR 5 . TM6SEF2 i PNPLA3 %875 J 3% — 25 Wl rp
(SR SR PNPLAS 1148M 5878 % /& MAFLD fi) 5 2 i
1L WHE 2% 28728 T BUIG T N H 0 = Fe K i Th R s, g TR A
B HH VLDL 430057 P, 52300 A “ i v 7 B3 780" R A1E
AT LATE 30 BT PG 0 v A R S LE 7 B AR F 0749, it
A X ALT FHR AU (05 & A A il B2
JHF A HEE TS, T A0 Bl 2 A SOk A H ol = R RS R A
(microsomal triglyceride transfer protein , Mttp ) iy —F , i 8 H
R JS A8 VLDL 43 WA 32 81, 48 B4 19 AR BT /K SF- 1 B, {ELA)
B A B I i B R Y TRTARE e =2 375 1ft g T IR
B R L 5% 2 8 3 (lysophosphatidylcholine acyltransferase 3, Lp-
cat3) I, /INEUF I I TG Wi/l g I A48 P T 9 e
X 55 8 BT A 43 A 32 BELELJEAH GRY, T PNPLA3 1148M
ARSI HE R A M S AR F T RE 4 S 58 R b+
HIRE A O (RO HLHlR AR R 2R R R ' B R4l
T148M 75 5 1 i 1 HF AL R 20 B 42 2T 4k AL 5T, 3% ]
fie 2 4 7 1148M 28 48 58 3 s 0F R 1) 43 F Bkl =2 —1,
TM6SF2 28 53 [FlBE J& MAFLD & /L (3514 5 I H 2%, iF T = W
TM6SF2 1 1 & VLDL 1E 5 43 WA i 0 75 (14 , 11 TMOSF2 Th g2
PR S EMAFLD ()5 Z R 14 N K
3.1.3 JEFMES R RAEILIR ST FA MAFLD BB AL
J 105 AR B B 50, S 22 0 JTF 2 2 58 R T e 3 200 i 358 00 375 8K
HARHT S AL FE IR L RERE i3 (CIDEC .PNPLA3 i) 5%
PERRZE CANH Ik g ol 2w ) LR AR iR e Ak e ) T %
S R E G0 0 20 i Ak S T AL R A1 Y (hepatic stellate cell,
HSC) i Ak, B B i 7 — A8 iE JL 0K Bl 78 714 5@ 3o 2 11 o
H -5 5 5 AL 2 SRR B T DL — 20 R BT
U H A [ 40 L A £ B A s 40 2 30 v o R I s
SRR, E— 2R TR 22 R 5 S B A B A AR G AN
A,
32 pAEMRERSREE

RUE CAT W00 20 A 8 T 257 i AR 58 B 19 T g A
MAFLD W51, {H H#if i I 58 —brifk . A RIS TR FH 19 20
T RE N ASRES SO KON AR, R EOR AR

FAEAR—EE . R, 8537020 18 ok = FTRE PR IR R B0 UE 536
JT B TINBETT o ARAXT T 5T A UL A9 MAFLD K e
FENE Bk — 25 R R FEAS 22 Fp s BA 5 54  F A AL A 25
MAFLD F3 B 8y 3 37 -5 6 iE, 70 A6 00 g A PR i J 1 5
fify b, A JR A 2 2 03 USRS s I o B2 R T4 4 1)
Y75 T B0, SR RIZYT A HE

2 b, BAR H T MAFLD ¥ AT UG8 — B9 s R AL ] 23 4
B, (EE T IR AR A A 2 BE R 2 R SR e XU A
TR 5 SRR YT B9 BT T

4 PERIBZERHIMAFLD fEEi877

MAFLD 1 151 B 5 00 1 i AR 20 |, 18 97 S m by 4
YERTIBLG], $EAT S RAIR YT o AR I 5T B, B A0
3 B 1) S5 R T B A e 24 ) B N 5 T R, TR R T AR
AR R AE 47 A o T 9502 R I R AN 55 AR BF 5T 09 B
fi 541,

4.1 Fe@feRHe AL T H X

4.1.1 DNLIESRA  {E DNL @ &% I 0 30 09 A 4
D ERRR VTR G AU T A ORI I RR WA . AR
L5« LT A R AL acetyl-CoA carboxylase , ACC DEIIEH
R, 2 A £ I A R AL, FEACAR TR & AL
CL7E 230 MASH i PRI SE rh F B0 B 47 (W R s A 21 i1k
BRSSO BRI 2 A 5 IR IR AR I A ZS MR 1 1R S 508
JERARIT B O S 2 — , 7 DGR PO R A 3 B AN G A
L G EE AR, B X2 A R 0 AT LA 1
PO AN 107 18 G A, B0 e e R Pk 5 W R B
Omega—3 BRINTERYE Jy—Fi i DL IR £ b 7870, o m] L 3E i
A7 SREBP-1c 3l 4 R 4 IFAE DNL, [l 26785 TG I,
4.12 VLDLAFRERGR  Jb2A Rk £ R H TMOSF2 %
A I A SE H I E 2 ] DR AR, (AR B iR L &
of 2K AL 35 7 SR W 0L DA BR I g 17 R R Ak S PR Akl =
PPARa SN2 HA IRE R RAFERE . JEi DRI
A RREWAY Z —, BT 2N TG IR B 25,
ERVEFMLERE XS PPARa I BI1E . PPAR 7EJIFIE
ik, 50 SRR A AR DG E B, R A
Il PRI o, AR DU 7R 187 MAFLD 35 J& LA KOs %% MAFLD
PRERE R T — WA SR AN E 2T HA
SR FTAS B S0 (RATF 9 T ASIE 521021,

413 FALRERS S5 E SR AR LR R T B
T NGV E LA B ROS A il 2 25 T RE A, 75 R 4E |
FALN & L2 F T A T, W MAFLD [ MASH £ 2 P27 41k
R AR 35 v o R IR 3 A2 1R - B W s A e ik — 2 LY
IRIT I AT RS A RAFM AT 5. B R DE N Bk
ASSRALIETT MASH (9259, J&—Fh 11 IR HR R 52 1~
B L EEVE IS, 75 [ Ah E 2t ol TR T A
IR 7 4 Ak B9 I A AL MASH B F B0 6 i R A
BN IR LI TT AT SURAR T A 5 5 i, A2 44U 2
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JZTHDAT I JIE 28 E AN 2T A A0 AR B2 1 AT R AR, JFm] AR
AR5 493 A 0 b 25 00 XA e sl T 2 A 3 A A
R
42 AFEF KT ME F &b 7o) o Rk

£ MAFLD S5 A% 1 7R 7 SRms b, 2B 36 O =0T
URZZIRYT LAY , T e AR A I3 B Al (A i i A B
FREEA PR ALFNE Bl T B R 1% 2 B P PEAE
WFFEF I, 5%~10% (VA 5Ty ] B Gl A6z g i 2 2
it 5 2R U | LB o A 5 4 T B R BE 3G N, X MASH 7% 2
JE R AT 2 A B 3 T A R T I O, AR  , BRAE
JE— A S A T T S R it , AN ELRE R R 3R 2
() Fsf 03 S O R L, A0F 50 s A R 1 0 1T B 3 ol i 3
i 30 A TR L 1T 5 5 T X MAFLD S 51 28 i 1 e,
BEA, KR AR i AR T R A the TSR B2 AR O PR A T TR
W&o 1N, DNL 3 35 20 58 5 3R IR IoK (b &4 R R
T A 7 R TR £, LA 2D SREBP—1c 3 % 14 8005 17 g 75 7
5G9 RE He e AL AN LSO N & & 2 B AR AL
YIRS S5, i TR B e —F R ARG B, LIS
fift ROS A3 (1 4 A1 105 R 9 ™7, 2300 RIS b/, 3R
AT DA MAFLD (8% SE B 22 B3R 85 , W FAARF I L (R | i
Wi IR 46 b, WA M F IR &, v DL — e R 1B
R B8 & A IRV, e H WL T R 5 W T T 2 A A A
AT BE B Bl A S0,

B s, A E RS A PRHLZ 3 CE S sE A i i
JI AR 2R A oy B B i B 3R AR, X T VLDL 43
WS AL, 32 Bl B 6 1A 52 i B (L AT S0 36 I 1 10 37
R R E AR RE Fr . TRIRE AT BRIV N 25 3A
I7 R I RO, AR 2 25 I R 56 b, 2 22 K T e
BEAT A3 PR 3% 7 U B, MASH 25 i 5 1] I 5 T B afi 24
Y™,

5 REERE

MAFLD by A BRf 8 UL A 18 PR TS , LI PR A4S 2 1E DA
L GEn“ T RIS 5E 1) “ B 20 7 A B R . AR SR GE Il
Ji T MAFLD (91l PR 55 43 22 1 5 500 49 31 3R 48 T I E B
SR T3 [ (478 S ARG A A R RN RN HR ) B AR
o MHTAF7E B W SR, 7R 8 B ACIET& 7R |, I B R 1t
B DNL g% 5225 . VLDL 431 K I 05 1R AL S5 1R A% 0 i
FEAE AR TR B AP e I 22 5. sk S ARHIL i A 1A Ak i
AR BT MAFLD PIAER D RE S 501, ok 43 21236 Al
B ) T IR T EOS SEREFNIG IR &R . S LRI, 2
4 NG TR | BN I A S 2 R 2 () 2 2 S 4 2 B R P
J& A R AR A B U H A R B S T . R
oK HELE A N T8 R R R XURS: T 57 (0 L Al b, A7 B
7 IE W R AT AT B4 AR R AE — 56 B — 36 97 I A5 ORG vfE
BT AR

B, B MAFLD B4 B AL S o 2 S RS Vi o

RS T PO o BEE RV HOR FIE A ML
FHI P R HESE , ARARAVEACNR TR PR AU AT S HY
SEOHE I 1 PRS2 BRI bR v 5

PR ARSI 21 oh

EHE TRk A IRAUN A SO S OB R T 2 9k
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