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Abstract: There has been a gradual increase in the incidence rate of metabolic associated fatty liver disease (MAFLD) -related liver
fibrosis year by year, and its progression may eventually lead to liver cirthosis and even liver cancer. There are changes in the pathways of
glucose metabolism, lipid metabolism, and protein metabolism, which provide necessary energy support for the activation of hepatic stellate
cells (HSC) , thereby promoting the progression of liver fibrosis. Existing studies have clarified the specific mechanisms of metabolic
reprogramming in regulating the activation of HSC such as the activation of HSC and enhanced glycolysis, the formation of a lactic acid
microenvironment, the inhibition of fatty acid  -oxidation, the accumulation of lipotoxicity, enhanced glutamine decomposition, and
changes in protein stability and S-adenosylmethionine (SAM ). Moreover, the formation of a lactic acid microenvironment, the accumulation
of lipotoxicity, and changes in SAM can accelerate the progression of liver fibrosis. This article systematically reviews the changes in related
metabolic pathways in MAFLD-related liver fibrosis and the synergistic effect between them, in order to provide an important theoretical

basis for revealing the pathogenesis of this disease and developing new treatment strategies.
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Figure 1 Metabolic reprogramming mechanism of liver fibrosis in metabolic associated fatty liver disease

APRERIRIT 7 AR R E HSCR ALY, HSC RS
ikl AR RS )Wk N N ) (Bt
551 RIS S OO IR 2 (HK2) DL R oW 2, 6- XU R il 3
Pk IHI T ER R EL AL R £ BRI A, S 20 A LR A
WS AR, S — A2 HE TR 442, BP9 & B, 1k HSC
(qHSC) 38T RN VL AL A LT AR A A 1 B B ke S
VER 20 P T B A e, 5 R AT S e i
FIBEINRE LN . A U R HSC B0 9 — D EE 2R
WHRRAE . Bk AR Z U R HSC e i R P fe B
SEORTREARE , 13— 3 A AT LAAS 2B L HSC RG>,
Lee %2 () NS BFSE 5 B, 50055 AR IR SR L, T 200
3 4 2R 22 B A St (R 35, A 45 B
A HK2 \PKM2 %5,

B L3 HSC g iG 1 — R GBI d g Fi = L
BRI ARSI , 55 A BFSE K B, qHSC 1 #5251 A HK2 (191
FHR = A UG , LR AT {2 0 HSC 3l A DG HE R B ik
(] R 21 2 4 H3K 18 LR fb /K F-TH 5 , 4 0 HSC ) 3405
RASFEAET S 1A, Du 2 WS & BT FLIR I — Bl ol
file, B2 26 (s R LR Ak , FLAE S A 2R (1 1 — Fh R )5
EHEIE A, FTIR T I Rk . ST g B, M1 A I

20 MR A AR R R AR 2 R A FLIR AL, HOHS RAESE N 3%
IR TR AU I A0S A G

Z TS R B, HoAb DA 2R T i 0o A8 3 4 A
Horn 2527 BF 5% % B, 14K PKM2 1 i A 25 400 ) L
P A 2o I S0 A B 67 1 il S35 DL 1 - Lo AR 1) AR 1 i
e SR FL TP BT 5 HHCAE MAFLD /) BUBE R o % 3L,
PKM2 B R T L K i =22 438 50 Fr) A TR A 6 2 T B3 i
240 6 A i) SR e B A7, b — 2R R W 1 JE 2R AT
2h4eqk . PRI, BELEST PKM2 B A FE (7 sl i 25 5 9
ATATRCH BT MASH /I BUSERL Hb i 177 14 1 98 R E7 4 4k
(R e . Wang %2 35 , 76 HSC s R vh , 26 11l
ME SRR R (— b e S P A 11 IR C S 40) s ],
L5 LAY SR O R AL B 1 25 5 O (BRI AL, 2
e A mE e i SR 1 8 e R L fe AR AT HSC
FOVATS o Li %55 A BR, LR 0t S0 1o L B A e
JRIERE “AZHRR (NAD™) HFA= , SR fp b i, E—20
i HSC RS o AT A B, 4 IR A DG LZ A o
(retinoic acid receptor-related orphan receptor o, RORA ) 7£fF
JIFE v 23 5 R 4 T A0 L o R s 2 A A5 A DG
o IEWMIBETER M, RORA W] HE 2 5 HSC 19 i i



BRIERZ, 55 . IR XS A M BT BT A 4E (L B RO E R A2 AL

2625

0, Martines %5 O BFSTHE— 4545 H RORA T #5 HSC
A e i A, LIl 0 ek 92D HISC T e A i
BiFIFEF4EAL . Ezhilarasan 255V HE 58 % B0, 6 £k 19 HSC
(aHSC) H A LA BE T A Q53178 BR T e e g <5
T ahiEsE . i 324 Hedgehog 15 5175 S, aHSC
T A il 179 R8RS PR R o aHISC rp 3 5 (R W TR A S
o SEH I A CRLAR A& 00 ) A AR 26 7 W 2= T30S A i b
ST FE N ARk, i — 2 SBUF R 4k, FLAE
HSC Ik, LR e S i G 1 v, LR AR s o, e 2k
1Y NAD" CURBERE IS — A% 17 IR ) 23 0 e b Bobi e i 7 =X
HEAT OB HERE , S0 s 107 1R B A Ak i ke Dy =L, S BUIR
AR A 2R A DA S SR 2 R AT & 2R A8 1k

3 BERIHS5S HSCRIEE

WE9E % B, IR TR B S Ak 2 i 17 12 S f AL RE 1) I 32
P97 B2 HSC UG AL i HE ZE e f ok R . 7F 1E W I E
h, qHSC S BG40 B AR RRAE , 40 AR N 2 H ol =R
i3 SR AE HSC 3% AL At A2 v, BT 400 i 1A i
HR R B T 2 K T AR L 5 [ B R R A 2 2 R
A A B A 20 v 30 2« (1) R IR 30 76 AT 400 i v 72
JINEUT , SR 5 76 20 M0 43 S ek 38 1o i i B o0 A 10 T =X
HEA A AN AR5 (2) /N G 72 HSC % Tk 10 ) 24k 252 4
AN AR AT 4N, B S5 IR e AT O . FER
T ST, A0 RS AR T B 5 T B D R, M1 TR
ZH AR AL , A6 HSCBs

SR, 3 A TRIEFE i, 76 HSC G fb ik A2 v B & 2%
T S A S I A 0 A P R R
WA K. MIRZHAES HSC LA AW, 40 N IR
%% 51 k8 TR A5 5 T e e i, 530 TGF-B Th 32 1k
BAMBI T , 3 38 HSC %F TGF-B 15 5 iy UL B |, fdf HSC
Sy F AR At O g R R, FE HSC B 1 7
e, AR AR F AR 7 R 20 0 & AR AR . 7E HSC B BT
0 AR R TR R TR B R 1) A R R B e
B AR i 25 1R 7 I A 1 AT, DU IR A 2 DO e M — 1 —
B 7S M TR AL AR AR = 5T, 300 1 R A R g LA S 2 A A
i Zeik b, WEoR A B, s B At A2 S AR e R A
FRRRAS R | 2 (B JFF A0 A0 A2 45 BT H HSC A — o
PERFAE . HSCABAE T AAK 509%~95% Wy 4kt % A, T4k AR
F A S AL B R AL R, DA R 1 I 2
FEAE HSC (9 20 M 5T A v 5 HLHSC A2 4EA: R A W)
55 22 i T A 1k B R DG AL AR G A A A SC R 1 R
07 3 AR 1 S A 1S IS I H i = e A I e

WO K7 CGI-58 IFMEAR I IR 45 & A, ik 2
Nl 25 5, BRI G 9 B 3 ik BRI, HSC Y
R P A Y

AAETIIGH , LS A R ALEE (acetyl CoA carbox-
ylase, ACC) 5 HSC W i#15 4 % . Fondevila %Dﬂﬁﬁﬁ‘fﬁ
B, HSC 3% 2= AE T ACC Y ELEAR AT, AT
HLHI T B 5 ACC IR R M Sk A BRI SG . Bates %5
FRITFE 45 SR 2 B, i) ACC AT AR TGF-B Hil i HSC ik
B0 B4R R AR AR 2R O BRI 58 HSC R (2 £ 4
TPk . Delgado 27 58 & B, ACC 2 15 g Wi R AR 4t
HIFER I, ACC AR B AN ISk W A it
TP, AL AR ACCARBH 1R KRG A B, AT s 2
a-F- I WUILEN 1 (a-SMA) FIREE 5L 1145 HSC UG bk
PRy 7=k AR A A AL B RR L , T HSC R0
L Bates 25 S HEAT RO VRN 5200 04, ACC M 70 T i 2%
FEAIR o-SMA , HE— 25 S5 HAE I HSC & A7 A AE T
Hu L{%W]E{% KOG RN T3 (activating transcription
factor 3, ATF3) R GEJ2 HMIE . 105 200 e w4 26 W R g s 7
AT OGS S [H -, L g AT R A i 0 R 2
RE ML B BELE & A 4 YRR L BT Zs S AR 4
SIAZ AR Stra6 (L BRI 26 11 6) W25 &, JE 1T ELHA
JH- AR AR A= A HSC 4k

E AT, Suk 25U R FIE T, £ S ROk I A £
e 2 il & TGF-B1i5 S 1 HSC ¥ G , I3 1 1 58 98 F S
IR S 4 Ao Al R S48 00 R 27 AL gk e . L
7T, B A e il A b A R B SR TR
300 3 T L 2305 o) 5 ) A AR AN L P A AR
TGF-B1 & HSC i AL BAZ 040 M X 7~ , 7T B 4355 5 HSC
A, ELOTRR A JIE (5] st 25 300 ] HSC i Sk ik B 41k, 1l
SHE R ) 290 4L B ST 22 MR ISR A 7 BE , 2 T 25 HSC
AR .

4 FHRNKES HSCHIREE

FoE & B, 5 qHSC M HE , aHSC AR A TR 1 28 1 FAR
i A S AR, U A R R 1 R A
Fol Fe ik b, ELRE B 2 R R 1R 2 0 T SRR, o 1A
7 AR E E A A B3

TEAS SRS 7 T, 15 % 400 B 0 4 2 e £ 35
AN R IR A I B AL A T T 7 A R
R, RIS AL R - 1% R E A = IR BRIEEE , P RE S it
LR L aHSCORE T, B & BNk TR i %
5 R AR IR , I P WA S8 A 0 A 4 TS 2 A vy ik



2626

lGRATRERZEE 415E 12852025412 8 J Clin Hepatol, Vol. 41 No. 12, Dec. 2025

VAT R AR T LR R,
S 3t S AT o) BV P A0 ) R ) W I | 34 T BE A LR
2H AR (1 2 Tk Ak Bt/ 2 2 1 2 ok Ak 4 - 4T B9 o 7
i e [R5 5300 08 79 4 Sk Rl A, DA T 400 o S 2 44k
Ying 5“5 % B, SNHG 11 & — i 45 723 R Bk e 43+
PR BEIE GRS RNA, {2 S FFEF 44k, @i SNHG 11 7] L
RAAR T 2T 4 Tk 0 ZURTBETG HSC AP £ 4 AL FR G H) o-SMA
AT AR JEAR T ol IR R 5 HAY 2 R & SNHG 1LY
TR AT, SNHG 1T AT 38 3 305 Wnt/B-catenin {5 538 %
I HSC IS BB E AL . Huang 2 S BF58 45 i, 78
JHFF 4 Ak, 78 5 RTG D5 50400 10 2L 2 H G T B8 4 2 4
FOAEAR 2 BE R B 1 2 M- 1 i 360k, IR IE S s A S48
G2 T e i ) 780 S o A B 460 o e P 4 2 R e A alg L AT
HESIATLR 44k . Zhao ZE O BT STHE i, 7E ARG MERG
P T 4 e 012 Ak Ak 285 19 I L SURE AR D) SR 2F 4k A
/N B ARL Y HSC 3 5l ™ AR T4 A e AR . A
5T F B , Hedgehog-Y AP {5538 i ] LA i 8 15 LR £F
YN LS A3 R v AR5 (R e I 1 40 ) £ 2 HSC
RBEE S A IIIERMT, b THE RS I HSC 2 3%
SRR N 7 G T P 1) R TBURI 43t , R B A 4 S IR A R I T
RES M | AR 4EAb g — BB 7R A B Be b, LB 4
24 v 8 5 9T LA T 4 R IR RE 1Y El-Ashmawy
SO R RS v — 20 B A 28 S e 2 T
TFEF 4k .

T HSC Wi b A8 b, 2R 2 PR AR e A 1 3 el s
TEIEFAGOLT SR RRIER N 28l N U= T4 s
F BT, 52 MAT A ARAE T A SAM, Z: 5K I Ak
S o AHZTE HSC 1&E AL B 1, MATo LA B2 MATB (MAT
(YW FRCAS [R] P2 ) B R A K- 34, 2 ks e RS, 2k
i HE HSC A% 4346755 | Ramani 2552 BF58 R 90, 76
HSC % i P, MAT2o0 FI MATR 25 AR L1858, 1
BETE A SE PE A BT HSC 8 44k . Li &5 RS 4
H MAT2a Al MAT2 S HSC #4076 BT 0 75 7, MAT2 38 i
ERK 1 PI3K {55518 B 520 HSC 380HS , 117 MAT200 W38 155 74
22 SAM 7K - $ W HSC (#9735 L o Yang 254 BF 58 & 90,
MAT2c Fl MAT2@ A 38 £ i 48 S- i 1 Bt 2 i 7K - DA J
ERK Fl PI3K {5 53 % , 5% M HSC 3005 o 53 5k, Cheng
Sl STRE g s B, S5 o R T A0 7 £ 1 9% 2 A AP AL
P EHAREIER . ERESK [3-catenin {55 F ] F#AIK
E2F 5 5 IR 7 4 363K, 38 0 MAT2a ) 3 76 P, 25 HSC
BTG . (R SREA AR AR BR I ZE AH EL , S T2R
A I A IF T /0, T 3 A o g P22 ) () A A

R ZR BIBEFE A FHRA
5 NEERE

JFF£F 4 Ak 2 B 200 B 135 S asd B TORL , ol 12 1 JE 45
1 (AL 4E 2 R SS9 78 1 9 9 7 B e AR TORG 14 Bl 077 4 B
S4B A PEAR 516 B R W A48 0. HSC T
& MAFLD JIFF 44 & A R JR i DGR IRy, Had R v I
Z R A5 A G R, WA HSC A SIS b, R A
P RTPUER =2 ATP LSS5 80 T R A Rl 2R, 310
il BE W7 B A Ak Sk g 1 7 =X ma g AR DA Bk B AR
o 0BG ) AR IRl 7 A A T R () A AR
SEREAE L, o HSC R385 8 i A BRI 43 D 4 ARk 06 5 1)
RER MIRTIAYI T . DLk, LA ga fR ik 5 58 H
A X, i RORA \ATF3 45,

LA B 7T % MAFLD AFEF 4L i HLI A — 2
A AR AR AL A E S B i A 7 T L g
—AEW] . BT MAFLD S5RZRGAE B% A G, A RAF
FEIRTE T 2 T AR A2k B A A2 fE LA
S AR BB i FJE T X 200, S MAFLD JFET 41k
() BRI L B IR T S i

FIZEMZRERR: AL RBLAATA Bk 2,

TEETREAAERR: %W R TSR 45 R Tl
M EE FWHEREREA TSR, TREATTF
T 2K

=S

#

=2
2,

&

S S0k :

[1] Chinese Society of Hepatology, Chinese Medical Association. Guide-
lines for the prevention and treatment of metabolic dysfunction-
associated related (non-alcoholic) fatty liver disease (Version 2024)
[J]. J Pract Hepatol, 2024, 27 (4): 494-510. DOI: 10.3760/cma.j.cn501-
113-20240327-00163.

PREESSAHRE NS . REHEX (FEEE M) BEAF AR 6 1a7 (2024
FhR) [J]. RARTAER 275, 2024, 27(4): 494-510. DOI: 10.3760/cma.].
cn501113-20240327-00163.

[2] RONG L, ZOU JY, RAN W, et al. Advancements in the treatment of non-
alcohoalic fatty liver disease (NAFLD) [J]. Front Endocrinol, 2023, 13:
1087260. DOI: 10.3389/fendo.2022.1087260.

[3] LI XH, FAN JG. Controversy over renaming nonalcoholic fatty liver dis-
ease as metabolic fatty liver disease[J]. Chin Hepatol, 2023, 28(5):
505-507. DOI: 10.14000/j.cnki.issn.1008-1704.2023.05.001.

ZIeE, SEEE . dEEE MRS A5 1 AT E B RS X BE B MEAT R 895X
[J]. AF AR, 2023, 28(5): 505-507. DOI: 10.14000/j. cnki. issn. 1008-
1704.2023.05.001.

[4] KANWAL F, NEUSCHWANDER-TETRI BA, LOOMBA R, et al. Metabolic
dysfunction-associated steatotic liver disease: Update and impact of
new nomenclature on the American Association for the Study of Liver
Diseases practice guidance on nonalcoholic fatty liver diseasel[J].
Hepatology, 2024, 79(5): 1212-1219. DOI: 10.1097/HEP.000000000-
0000670.



BRIERZ, 55 . IR XS A M BT BT A 4E (L B RO E R A2 AL

2627

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

RAMIREZ-MEJIA MM, QI XS, ABENAVOLI L, et al. Metabolic dys-
function: The silenced connection with fatty liver disease[J]. Ann
Hepatol, 2023, 28(6): 101138. DOI: 10.1016/j.aohep.2023.101138.
LU R, LIU Y, HONG TP. Epidemiological characteristics and man-
agement of nonalcoholic fatty liver disease/nonalcoholic steatohepa-
titis in China: A narrative review[J]. Diabetes Obes Metab, 2023, 25
(Suppl 1): 13-26. DOI: 10.1111/dom.15014.

FOUDA S, PAPPACHAN JM. Metabolic-associated fatty liver dis-
ease: A disastrous human health challenge[J]. Endocrinol Metab
Clin N Am, 2023, 52(3): xv-xvi. DOI: 10.1016/j.ecl.2023.03.001.
CHO JY, SOHN W. The growing burden of non-alcoholic fatty liver dis-
ease on mortality[J]. Clin Mol Hepatol, 2023, 29(2): 374-376. DOI: 10.
3350/cmh.2023.0084.

DU K, HYUN J, PREMONT RT, et al. Hedgehog-YAP signaling pathway
regulates glutaminolysis to control activation of hepatic stellate cells[J].
Gastroenterology, 2018, 154(5): 1465-1479.e13. DOI: 10.1053/}. gas-
tro0.2017.12.022.

CHEN J, XU L, CAO ZM, et al. Research progress on cell and molecular
mechanism of traditional Chinese medicine against liver fibrosis[J].
China J Tradit Chin Med Pharm, 2022, 37(3): 1564-1569.

W#s B8 EIR, & PEANTECADES FIHRRRII]
chiech 75257, 2022, 37(3): 1564-1569.

ALISI A, MCCAUGHAN G, GREONBAEK H. Role of gut microbiota and
immune cells in metabolic-associated fatty liver disease: Clinical impact
[J]. Hepatol Int, 2024, 18(Suppl 2): 861-872. DOI: 10.1007/s12072-
024-10674-6.

ZHOU RN, WANG Y, HU JH, et al. Effect of total flavonoids from As-
tragali Complanati Semen on improving hepatic fibrosis in mice by
regulating hepatic stellate cells iron metabolism[J]. Chin Tradit
Herb Drugs, 2025, 56(9): 3131-3139. DOI: 10.7501/j.issn.0253-2670.
2025.09.011.

EEHE, F3¥, AR, £ . 07T REERBITE AT 2 RS R E
ENRAFA4ELIJ]. PEZ, 2025, 56(9): 3131-3139. DOI: 10.7501/
j.issn.0253-2670.2025.09.011.

LIANG C, LIU JJ, JIANG MX; et al. The advancement of targeted regula-
tion of hepatic stellate cells using traditional Chinese medicine for the
treatment of liver fibrosis[J]. J Ethnopharmacol, 2025, 341: 119298.
DOI: 10.1016/j.jep.2024.119298.

MEJIAS M, GALLEGO J, NARANJO-SUAREZ S, et al. CPEB4 increases
expression of PFKFB3 to induce glycolysis and activate mouse and hu-
man hepatic stellate cells, promoting liver fibrosis[J]. Gastroenterology,
2020, 159(1): 273-288. DOI: 10.1053/j.gastro.2020.03.008.

WANG S, LI K, PICKHOLZ E, et al. An autocrine signaling circuit in he-
patic stellate cells underlies advanced fibrosis in nonalcoholic steato-
hepatitis[J]. Sci Transl Med, 2023, 15(677): eadd3949. DOI: 10.1126/
scitransimed.add3949.

ALVES-BEZERRA M, COHEN DE. Triglyceride metabolism in the liver
[J]. Compr Physiol, 2017, 8(1): 1-8. DOI: 10.1002/cphy.c170012.
LIUY, WEN B, HE CY, et al. Research progress on regulation of he-
patic macrophages on the activation of hepatic stellate cells in liver
fibrosis[J]. World Sci Technol Mod Tradit Chin Med, 2022, 24(3):
1097-1102. DOI: 10.11842/wst.20210704008.

XE, XM, IEN, & FTE WA AR AT 2R i S 1k 52 i AT 4F 4 1L
HERgEJ]. HRR2RAR-PEHIMARAL, 2022, 24(3): 1097-1102.
DOI: 10.11842/wst.20210704008.

TRIVEDI P, WANG S, FRIEDMAN SL. The power of plasticity-
metabolic regulation of hepatic stellate cells[J]. Cell Metab, 2021,
33(2):242-257. DOI: 10.1016/j.cmet.2020.10.026.

YANG F, HILAKIVI-CLARKE L, SHAHA A, et al. Metabolic reprogram-
ming and its clinical implication for liver cancer[J]. Hepatology, 2023,
78(5): 1602-1624. DOI: 10.1097/HEP.0000000000000005.

QU HD, LIU JL, ZHANG D, et al. Glycolysis in chronic liver dis-
eases: Mechanistic insights and therapeutic opportunities[J]. Cells,
2023, 12(15): 1930. DOI: 10.3390/cells12151930.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

HAO MM, LIU L, YI LP, et al. Research progress on the mechanism
of regulating glycolysis of hepatic stellate cells against liver fibrosis
and the prevention and treatment of traditional Chinese medicine
[J]. Tradit Chin Drug Res Clin Pharmacol, 2024, 35(7): 1101-1106.
DOI: 10.19378/j.issn.1003-9783.2024.07.019.

REE, W, FRF, 5. PR RD BRI AT TR R
PEHEARERII]. PAFH SRR, 2024, 35(7): 1101-
1106. DOI: 10.19378/j.issn.1003-9783.2024.07.019.

WU SH, HE YH, LI JX, et al. Overview of the role of metabolic reprogram-
ming of hepatic stellate cells in liver fibrosis[J]. J Guangdong Med Coll,
2024, 42(5): 518-522, 534. DOI: 10.3969/j.issn.1005-4057.2024.05.013.
RER, AER T2 S HERKDBNRSEEREEMTELLE
FHFRIRI] TRER KFZR, 2024, 42(5): 518-522, 534.
DOI: 10.3969/}.issn.1005-4057.2024.05.013.

ZHOU YQ, YAN JX, HUANG H, et al. The m(6)a reader IGF2BP2
regulates glycolytic metabolism and mediates histone lactylation to
enhance hepatic stellate cell activation and liver fibrosis[J]. Cell
Death Dis, 2024, 15(3): 189. DOI: 10.1038/s41419-024-06509-9.
LEE NCW, CARELLA MA, PAPA S, et al. High expression of glycolytic
genes in cirrhosis correlates with the risk of developing liver cancer[J].
Front Cell Dev Biol, 2018, 6: 138. DOI: 10.3389/fcell.2018.00138.

RHO H, TERRY AR, CHRONIS C, et al. Hexokinase 2-mediated
gene expression via histone lactylation is required for hepatic stel-
late cell activation and liver fibrosis[J]. Cell Metab, 2023, 35(8):
1406-1423.e8. DOI: 10.1016/j.cmet.2023.06.013.

DU DY, LIU C, QIN MY, et al. Metabolic dysregulation and emerging
therapeutical targets for hepatocellular carcinomal[J]. Acta Pharm
Sin B, 2022, 12(2): 558-580. DOI: 10.1016/j.apsb.2021.09.019.
HORN P, TACKE F. Metabolic reprogramming in liver fibrosis[J]. Cell
Metab, 2024, 36(7): 1439-1455. DOI: 10.1016/j.cmet.2024.05.0083.
WANG XH, WANG YG, BAI B, et al. PKM{, a brain-specific PKC{ iso-
form, is required for glycolysis and myofibroblastic activation of he-
patic stellate cells[J]. Cell Mol Gastroenterol Hepatol, 2025, 19(3):
101429. DOI: 10.1016/j.jcmgh.2024.101429.

LI'LS, LEI Q, ZHEN YF, et al. Lactate dehydrogenase inhibition protects
against hepatic fibrosis by regulating metabolic reprogramming of he-
patic stellate cells[J]. J Agric Food Chem, 2024, 72(50): 27953-
27964. DOI: 10.1021/acs jafc.4c08211.

MARTINEZ GARCIA de la TORRE RA, VALLVERDU J, XU ZQ, et al.
Trajectory analysis of hepatic stellate cell differentiation reveals
metabolic regulation of cell commitment and fibrosis[J]. Nat Com-
mun, 2025, 16(1): 1489. DOI: 10.1038/s41467-025-56024-4.
EZHILARASAN D. Mitochondria: A critical hub for hepatic stellate cells
activation during chronic liver diseases[J]. Hepatobiliary Pancreat Dis
Int, 2021, 20(4): 315-322. DOI: 10.1016/j.hbpd.2021.04.010.

PAN M, LI HY, SHI XY. A new target for hepatic fibrosis prevention and
treatment: The Warburg effect[J]. Front Biosci, 2024, 29(9): 321. DOI:
10.31083/}.fbl2909321.

XIAO Y, WU ZN, LU J, et al. Role of metabolic reprogramming-
mediated hepatic stellate cell activation in the pathogenesis of he-
patic fibrosis[J].Chin J Hepatol, 2024, 32(11): 1053-1056. DOI: 10.
3760/cma.j.cn501113-20240223-00088.

HiE Rie%, 8% & RWERENSOTERAMBUETELL
AN P B EA[J]. P AERFAER 2 E, 2024, 32(11): 1053-1056. DOI:
10.3760/cma.j.cn501113-20240223-00088.

LEE JL, WANG YC, HSU YA, et al. Galectin-12 modulates Kupffer
cell polarization to alter the progression of nonalcoholic fatty liver dis-
ease[J]. Glycobiology, 2023, 33(8): 673-682. DOI: 10.1093/glycob/
cwad062.

FILALI-MOUNCEF Y, HUNTER C, ROCCIO F, et al. The ménage &
trois of autophagy, lipid droplets and liver disease[J]. Autophagy,
2022, 18(1): 50-72. DOI: 10.1080/15548627.2021.1895658.

YANG T, ZHAO DL, ZHOU YY, et al. Glucose, lipid and protein me-
tabolism of hepatic stellate cells: A novel target against liver fibrosis



2628

lGRATRERZEE 415E 12852025412 8 J Clin Hepatol, Vol. 41 No. 12, Dec. 2025

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[J1. Chin Pharmacol Bull, 2021, 37(7): 902-905. DOI: 10.3969/j.
issn.1001-1978.2021.07.004.

BiE, BAE, BEE, 5. AR RAEERSE ARKR%: ITA4E1s
FEAR[J]. P EAEREIR, 2021, 37(7): 902-905. DOI: 10.3969/.
issn.1001-1978.2021.07.004.

FONDEVILA MF, NOVOA E, GONZALEZ-RELLAN MJ, et al. p63 con-
trols metabolic activation of hepatic stellate cells and fibrosis via an
HER2-ACC1 pathway[J]. Cell Rep Med, 2024, 5(2): 101401. DOI: 10.
1016/j.xcrm.2024.101401.

BATES J, VIJAYAKUMAR A, GHOSHAL S, et al. Acetyl-CoA carboxyl-
ase inhibition disrupts metabolic reprogramming during hepatic stellate
cell activation[J]. J Hepatol, 2020, 73(4): 896-905. DOI: 10.1016/j.
jhep.2020.04.037.

DELGADO ME, CARDENAS BI, FARRAN N, et al. Metabolic reprogram-
ming of liver fibrosis[J]. Cells, 2021, 10(12): 3604. DOI: 10.3390/
cells10123604.

HU SW, LI R, GONG DX, et al. Atf3-mediated metabolic reprogram-
ming in hepatic macrophage orchestrates metabolic dysfunction-
associated steatohepatitis[J]. Sci Adv, 2024, 10(30): eado3141. DOI:
10.1126/sciadv.ado3141.

SUK FM, HSU FY, LEE YC, et al. Dietary oxidized frying oil activates he-
patic stellate cells and accelerates the severity of carbon tetrachloride-
and thioacetamide-induced liver fibrosis in mice[J]. J Nutr Biochem,
2023, 115: 109267. DOI: 10.1016/}.jnutbio.2023.109267.

YIN XC, PENG J, GU LH, et al. Targeting glutamine metabolism in
hepatic stellate cells alleviates liver fibrosis[J]. Cell Death Dis,
2022, 13(11): 955. DOI: 10.1038/s41419-022-05409-0.

LI'L, LEI Q, ZHEN Y, et al. Lactate dehydrogenase inhibition protects
against hepatic fibrosis by regulating metabolic reprogramming of he-
patic stellate cells[J]. J Agric Food Chem, 2024, 72(50): 27953-
27964. DOI: 10.1021/acs.jafc.4c08211.

YING KL, ZENG Y, XU J, et al. LncRNA SNHG11 reprograms glutami-
nolysis in hepatic stellate cells via Wnt/g -catenin/GLS axis[J]. Bio-
chem Pharmacol, 2024, 221: 116044. DOI: 10.1016/j.bcp.2024.116044.
HUANG RH, CUI HY, YAHYA ALI ALSHAMI MA, et al. LOX-1 rewires
glutamine ammonia metabolism to drive liver fibrosis[J]. Mol
Metab, 2025, 96: 102132, DOI: 10.1016/j.molmet.2025.102132.
ZHAO XT, AMEVOR FK, XUE XY, et al. Remodeling the hepatic fibrotic
microenvironment with emerging nanotherapeutics: A comprehensive re-
view[J]. J Nanobiotechnol, 2023, 21(1): 121. DOI: 10.1186/s12951-
023-01876-5.

YAN YF, ZENG JF, XING LH, et al. Extra- and intra-cellular mechanisms
of hepatic stellate cell activation[J]. Biomedicines, 2021, 9(8): 1014.
DOI: 10.3390/biomedicines9081014.

DU K, CHITNENI SK, SUZUKI A, et al. Increased glutaminolysis marks
active scarring in nonalcoholic steatohepatitis progression[J]. Cell Mol
Gastroenterol Hepatol, 2020, 10(1): 1-21. DOI: 10.1016/j.jcmgh.2019.
12.006.

EL-ASHMAWY NE, AL-ASHMAWY GM, FAKHER HE, et al. The role
of WNT/B -catenin signaling pathway and glutamine metabolism in

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

the pathogenesis of CCI(4)-induced liver fibrosis: Repositioning of
niclosamide and concerns about lithium[J]. Cytokine, 2020, 136:
155250. DOI: 10.1016/j.cyto0.2020.155250.

LI CZ, GUI G, ZHANG L, et al. Overview of methionine adenosyl-
transferase 2A (MAT2A) as an anticancer target: Structure, function,
and inhibitors[J]. J Med Chem, 2022, 65(14): 9531-9547. DOI: 10.
1021/acs.jmedchem.2c00395.

ALARCON-VILA C, INSAUSTI-URKIA N, TORRES S, et al. Dietary
and genetic disruption of hepatic methionine metabolism induce
acid sphingomyelinase to promote steatohepatitis{J]. Redox Biol,
2023, 59: 102596. DOI: 10.1016/j.redox.2022.102596.

RAMANI K, YANG HP, KUHLENKAMP J, et al. Changes in the expres-
sion of methionine adenosyltransferase genes and S-adenosylmethio-
nine homeostasis during hepatic stellate cell activation[J]. Hepatology,
2010, 51(3): 986-995. DOI: 10.1002/hep.23411.

LI ZH, WANG FX, LIANG BY, et al. Methionine metabolism in chronic
liver diseases: An update on molecular mechanism and therapeutic im-
plication[J]. Signal Transduct Target Ther, 2020, 5(1): 280. DOI: 10.
1038/541392-020-00349-7.

YANG B, LU LQ, XIONG T, et al. The role of forkhead box M1-me-
thionine adenosyltransferase 2 A/2B axis in liver inflammation and fi-
brosis[J]. Nat Commun, 2024, 15(1): 8388. DOI: 10.1038/s41467-
024-52527-8.

CHENG FY, SU 8Y, ZHU XF, et al. Leptin promotes methionine ad-
enosyltransferase 2A expression in hepatic stellate cells by the
downregulation of E2F-4 via the B-catenin pathway[J]. FASEB J,
2020, 34(4): 5578-5589. DOI: 10.1096/f].201903021RR.

TONG GZ, CHEN XX, LEE J, et al. Fibroblast growth factor 18 attenu-
ates liver fibrosis and HSCs activation via the SMO-LATS1-YAP pathway
[J]. Pharmacol Res, 2022, 178: 106139. DOI: 10.1016/j.phrs.2022.
106139.

YAN GJ, LIN'Y, SU HJ, et al. Association between glycolysis and mito-
chondrial dysfunction and its potential value in liver diseases[J]. J Clin
Hepatol, 2022, 38(8): 1931-1936. DOI: 10.3969/}.issn. 1001-5256.2022.
08.042.

BB, KB, Hed, & BERSENE RSN X R R A EE
BIR P BB TEME L] IRRATABR 27, 2022, 38(8): 1931-1936. DOI:
10.3969/).issn.1001-5256.2022.08.042.

KRB 2025-04-17, RABHA: 2025-06-13
AR XBRLL

5| 4E & 32 : CHEN YT, DOU J, LI X, et al. The metabolic
reprogramming mechanisms of liver fibrosis in metabolic
associated fatty liver disease[J]. J Clin Hepatol, 2025, 41
(12): 2622-2628.

FBoafy, 29, =5, & . KR8 KR MERRITAELORITE
RIBALEILI]. IGARATAERR 275, 2025, 41(12): 2622-2628.



