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Therapeutic breakthroughs in acute-on-chronic liver failure: From
conventional approaches to emerging targeted therapies

ZHANG Wan-Yue, WU Xu-Li, WANG Rui-Song*

(Medical College, Hunan University of Arts and Science, Changde 415000, China)

Abstract: Acute-on-chronic liver failure (ACLF) is a life-threatening syndrome characterized by acute decompensation of chronic
liver disease, multisystem organ failure, and high short-term mortality. Current standard-of-care, including comprehensive medical
management and non-biological artificial liver support, primarily focuses on symptomatic relief and bridging to transplantation.
However, these traditional approaches are limited by donor shortages, high costs, and an inability to reverse the core pathological
deterioration. This review aims to systematically analyze the pathophysiological mechanisms of ACLF and provide an in-depth
evaluation of emerging targeted therapies that signal a paradigm shift from passive support to active functional regeneration. The
article first delineates the evolving definitions and diagnostic criteria of ACLF, identifying systemic inflammation, immune paresis,
and mitochondrial dysfunction as the central drivers of disease progression. Against this background, the review categorizes and
critically assesses a wide array of novel therapeutic strategies. Key interventions discussed include: (1) stem cell therapies: the efficacy
of mesenchymal stem cells (MSCs) and gene-modified MSCs in modulating immunity and promoting tissue repair; (2) advanced
support systems: the evolution from mechanical filtration to bioartificial livers (BAL) and 3D-printed hepatic organoids; (3)
immunomodulation and molecular targeting: novel biologic agents and targets such as recombinant alkaline phosphatase (RecAP),
gasdermin D (GSDMD)-mediated pyroptosis inhibitors, mitochondrial fusion protein 2 (Mfn2), and thrombospondin-1 (THBS1); and
(4) microbiome interventions: the role of fecal microbiota transplantation (FMT) in restoring the gut-liver axis. Additionally, the
potential of traditional Chinese medicine (TCM) and network pharmacology is explored.While emerging therapies demonstrate
significant potential to inhibit the "cytokine storm”, restore metabolic homeostasis, and facilitate liver regeneration, challenges
regarding safety protocols, standardization, and clinical translation remain. The authors propose that the future of ACLF treatment lies
in precision medicine, facilitated by single-cell multi-omics analysis and artificial intelligence, to stratify patients for individualized
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restoration", offering a promising roadmap for achieving clinical cures and improving long-term survival in ACLF patients.

regimens. Ultimately, the therapeutic landscape is transitioning from "organ replacement” to "functional regeneration” and "immune
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Common Pathogeny

« Chronic hepatitis B virus infection
« Alcoholic liver disease

« Metabolic dysfunction-associated
fatty liver disease

» Autoimmune liver disease

« Unknown cause

Acute-on-chronic liver failure grade 1

In the setting of chronic hepatitis or
compensated cirrhosis

Chronic liver disease Liver failure manifests initially as elevated

bilirubin and coagulopathy

Common Precipitating

« Hepatitis B virus reactivation

« Heavy drinking

« Hepatotoxic drugs

« Multiple hepatitis virus infections, etc.

Acute liver failure Acute-on-chronic liver failure grade 2

On a background of cirrhosis

In the setting of liver failure, the condition

Acute attack progresses rapidly (often within a week) to
involve renal dysfunction or failure of other
organ systems (kidneys, brain, lungs, and
circulatory system).

E1 ERNACLFIERERHR A EREE

Figure 1 Schematic diagram of clinical manifestations classification of acute-on-chronic liver failure in China
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Figure 2 Pathophysiological mechanism of acute-on-chronic liver failure
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AR S 20 B A ) S RE R A, B R ARE A
2 MG A K FRARE 28 20 i PR R 32, et A8 2 40
By, 202448, B R R, SCDIRYT IR i
HE RIS, Horh LG 452 RS A, ) LA
FOORLEHBAITAE . X—H AR N R AR
ACLF & F 24t 1 B T 5B, (HSCDRY K
7R T AR A T RAIE
4.3.2 PhEESRIEEF

IR SR AL [ F o (tumor necrosis factor-alpha,
TNF-o) /& 2 e 58 ZE AL -5 AR A0 T 0 S R 5~
200248, BH# K 1 K48 7R LPS1% 3 TNF-0/PLKA 5
1) JFF AR 240 L o8 A 5% A A2 4 R 7B (transforming
growth factor-beta, TGF-B) FU7K i i1 , 2R o
IBRA S A P2 32457 BB TNF-o, PLK B 15
PETGF-BAT BE T LA 33 4% LP S X A (4 1 k4 7 o
20134F, Spencers " B ST B T 5G4 TNF-0
e FRADIA D, B BN OX-c-Src-NF-kBf5 5 2
PR TNF-a 722 1 OCHE FUFILHT, 32" NOX 1 i
F  c-Src il \NF-x B 7] | 7% ¥ % (reactive
oxygen species,ROS) G IR (UINAC) A i Rk
JY ACLF P E# 5 . 20234F — Ul R 9 & PR,
TNF-oa5HBV-ACLF & 3 il J5 B A W] i (19 A 3¢
P73 20244, ACLF K BU8h #y8 BUBF 55 % 9K,
TNF-o 2 fifl & 41 Bfe3Z 98 1~ (PANoptosis ) Y EE 22 |
Wefs 7L BRI, B TNF-o bl 565 S 8 i 1 T
i, AT e A ACLFIRY T HR B 0 L
4.3.3 BRI

o 21 B 1 5 2 i (recombinant alkaline
phosphatase , RecAP) &—Fh H A N R EE Al
PA R D R B A= IR, 78 FAE RAEMESIRIR YT
W2 B2 e . Rec APRIRZOHLI i 1 Je B iR
B A RCK 1% Z FPAMPs , 57 5 & LPS I B A% 1
W2, fof HLs S B RE S R S P B e
PR (intestinal alkaline phosphatase , IAP )£ 1F % 4=
BLARZS R Al /K MRLPS , 4EHF S0 Refa 7 s Rec APYE
ZHARARTHIFR  PERRRE MUAE | 2k B 45 0 S A
R U RPTR AT R VEN H H AT T i
RIT & BB 6L,

TEACLFH, LPSITH TLR4/NF-kBi&@ i , {fi TNF-a.,
IL-6/ ik, 51 & R v 0 4 B ROE I 28 B 1F
(SIRS) FIZ 45 B UIREREAT . 20174, SR 5%
&I, Rec APA] 3 i Fp AILPS#E MM I TLR4 , )i /b
NF-xBIK 5l 1 9 S, 2% i RIPK 3HAS 14 S4Btk
P TR T A M 3005 , 4R e 2 Ao 7778 R
& H A TCEN X ACLF 1 R IR 58 55080 , 15 mi 3 oF
TR I, Rec APHL [ LPS-TLR 4% ELAA B AUHL A8 5
LV, AR5 T AR Y7 2 (A 4 i 4 7% 36
WO BA , T RE & DN RR YT R A o T
PRACLFHEE 357 B 5 s 70
43.4 HZHRETE22

FI 20 A 22 (1L-22) & IL- 1040 i R 7 5 ik
[l — B3, 76 22 Rh TR F A b = A 80 TL-22i8
1 5 HAE TR A0 CFF 40 A ) R HAth 258 78 7 400 i
(Gn JHF B R A0 e D AHL 40 i ) th Rk i Z AR E A
FHEAR T, FERFIE o R 48 Z R VR F (AL 2L 0 e
AL BRI ) B ZE I PR A A AR
FEHRIE , TL-22 7] 68 2 VA J7 JLRh B 0 19 7 78 1%
PEL8284)  20194F | SchwarzkopfZE! 8333l , 5 ik
X} HEAH G, ACLF H g I HE 1L -22 7K - THi o 2020
4, Xiang % B F & T —FP ACLF S B | 1% 4l
I T ACLF ) — e LAY AE | 363405 400 1 ek
Yo ZAMEWOGIAEILT R FEZMER T B 5T
PEAS T IL-22Fc IR T7 RO (IL-22F & — R i P4~
O3B N BRIL-22 5 2 BR A (1 F e BERlA T Y 8
M), 455 W/ BTG R W55, VS ALT
IV REA, FLANEA 1 for 45 203 . BE4h, IL-22Fc
TE YT I A A A A S A R £ A Y
STAT3:8 i , FF- 4 il LA -2 A STAT 1 % ) , 3 5%
JPRE A PEAERE ST HAT, F-652 (TR 41 A IL-22f
BHEA) B I IG RIR IS , 76 1R e T 4 R
H R R A, JF W PR T MELDE
S FIVIE 58 DR FAF , B A R IT & B BE 82 TL-22
A N ACLF AR IR T #0 A AR E— 2B I
PRAFFE B8]

4.3.5 TR EEE R E F

L AH g 45 V% 3 K F (granulocyte colony-
stimulating factor, G-CSF) /& H& H FiGJr ACLF,
HATAELER R4, 20134F , DuanZe 135 viE M
T G-CSFiAYYHBV-ACLFHREN] B 2 3 AT D E BRI
JEY KU , 1B 5 SeIF 28 % G-CSFRII PR FEAE S
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202148, —TiZrhuls FENL BRI IR G R IG-CSF #iAl g GSDMDH 2 £ IL-6 \MCP 145 48 4
A P ACLF 5 3 I A AE R al UG R 2 00, ek, ii/b b b 4 i 33, 3 skl o o LB T AR

20244, — I C TR 15 S ACLE/N RUBL AL (1) 3l
S W N G-CSFAEE A P ACLF R B B 1
FRIE A, il FHG-CSFAN S (P 1 ACLF /N U
AR 4 B SR i E 25 SR . G-CSFR] gt
FEE I ACLF AR HATIRITVER , FLAE LT E A
it —2EHEoE .
4.4 EEEIT

H AT, ACLF {3 PRy 7 i 3 A b F s R AR5 7]
T PAC A6 2o B 1) B B, S B Bh ) S i
WG PR 2 A s, 32 PR 283 26 119 28 4 (kg
G Jod B AT | L 1) S8 RN )BT A Jié KRS (Y 11T
19 PRERIE
4.4.1 EREMHHOTHMETTE

FEPME R T 41 ML 775 (gene-modified MSCs)
JE— RIS RIS . FIHIMSCsAS B 1) g
VAT RE ST, A IR N TR T B o kR BYR
JPE . HRT R F WL 3 & A 3R B S MSC -
HGF .MSC-IL-10 . MSC-Bcl-2, 20244F , Chens!%%]
A Nrf2/DKK AL R E i MSCsH 5 HGF/IL-
10530 , i ACLF/NRAEAF R TH40%
4.4.2 Gasdermin D

Gasdermin D(GSDMD ) 24 il f£ T~ (pyroptosis)
A REEPATEE . 20154F , Kayagaki®s | " 48/ T 1
TESRETEAN AT P 9% O b . GSDMDYE i
RAEPECaspase (U Caspase-1.4.5.11) Y1 EEH
T, Bt GSDMD-N,, 7E 4 i 5 | S R ATE WA E e 4%
PEFLIA , {2 JE 40 75 i PR 247, [ B AR RETL- 18 IL-
18335 FA, 3R 3h 4 E ) 4. fEHBVHESE 1Y
ACLFH ,NK4I 15 S GSDMDK i 2 1=, 4 F
NETsIE I, sl 4eE

20154F , W9 4 R I St T D e s vl fR 8 I
D-galN/LPSHLHL/N U H 21, GSDMD-NZ ik
AP 20204F A BFSE K& BLGSDMDEE R f k
ALY T A BT T 5 R IR R I A 2l K
F-L06-071 0 20224F , Yang % L8 K B BY Tk 1 g
(necrosulfonamide , NSA) i A5 21l i GSDMD3E L. ,
G . 20244 BFEEATI I FH Caspasedil il
#| .GSDMD#5 i HI7E ACLFRE R th $EA T8 9T , BUiS
RLEFIT R, 3 m HT g A R A v o 7000
20254F, Wk B 2= BE 9T & B0, ZE WS A C A ACLF

TEMET T8 %, [ T VR 4efbbr B 8 /D i
JETARLTO0T X s 4 L A ACLF S 2, B 1)
GSDMDIH: i A ER A B TR 1
45 HfthsrFHS
451 MERMEBL

1L Jz v 25 11 (thrombospondin-1, THBS1 ) &
— P ZUIRERFEE H , 5 ACLF RS 4 0E AT
HREMG I E Y 201948, 858 ZA il 1t 3
RO S R, 20 5 SV THBS 1 K T 42 25 ACLFAE:
TR FEARATIE S84 (TNF-00 IL-6 . IL-1B) , A2 i
A+ (IL-10 . TGF-B) ik , -9 il Caspase-3 1% 1k LA
KRR, B A R T 5 4123455 , B s i
¥ THBS/K 1] fig Ji  ACLE KUK 23 12 RN &AL 1A
FERIAERR O 20254, — TR T b E T
LI RAWF5E 4 (Chinese Group on the Study of
Severe Hepatitis B, COSSH) Y £ .0 BA S W 5%
(n=330) %P, ACLF & 4 JH if B 4% 40 o op
THBSI mRNAZ A iR, H 550 ™ &R B 1A
%, PR THBS 1] 58 i b ACLF 6 91 50 1 KUK 114 13
MFEHR2,
452 ZHifEBEER2

AR RLA 12 (mitofusin-2 , Mfn2 ) JE A5 2L
KRS MR A (A2 0 B ), TEACLF 5 B AR L
B R EEVE R RL#E20154F , Max Planck
Institute Y Nils-Goran Larsson[Z]BA &I, M2 5kt 5
BRI B RERERG B ALY, 2017
A ST & BIMn 238 5 41 i Drp 1A 3 13 43 2
Uk 2 2R A R R Ak B AR Ak R JEE A0
7201030 M n23e 3 3% AT 3% ACLFA L PI3K/
Akt/mTORGHE [ , ffiLC3-11 , ATG5F1Bcl-2235 Fif,
B p62 5 Bax /KK, f21F [ WETL , J0 I 40 sE T, &
E IO S LR 20244EBFT R BR,
M2 7] I HINF-«Bf5 5, T TNF-a IL-655% 1k,
R ACLERAE 18 53 A M2 M 5h 3 B-
AJLATIRE LR A S i ohfel ') X WACLF
AR ) T B T B TR DT
4.5.3 3-FiEs-25-R L IBEEE

3-Ti MR -25-F2 AL IH [ (25-hydroxycholesterol-
3-sulfate,25HC3S ) & —Ff N M A A0 T BERT AR ) o
5T & BL25HC3S 1] BE N JFIIEX3Z 4 (LXRs) i P IR
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PEBCAAR , 215 10 [ s 1) 5% 32 5 B AR gk s 1oL,
FEHBVAH X ACLF B, 25HC3 S AE i 1 3 il
LXRa/SREBP-1ciifl # il /0 g o1 G B, 38 52 BHL 1By
PPARY/IxBaif PE I8 4 NF-k BYK 51 (19 48 4 o7 , 3076l
DNMT{EE, i S I M 38 R 37 25 B 34k, 4
SRANMLAETG (5 2] 20214F WS E—HIE
52,25HC3SA LIf#iBcl-2 . LC3B . Beclin-13 3% |
P, ffiBax ,Caspase-3 33k T ¥l , 4k RF 4 1R B e
i, EIEROS 5 MDA HEbise Bon,
25HC3SH25HCZ SULT2B I btk A= i, & 137 T i
5 A, A0 - AR R A F R Gtk
P g 5 A8 I, 40 A0 M lg BT A kg
P Ik, 25HC3S A B 9 ACLFAE AR AT
s L HE S 97
4.5.4 Bikunin

Bikunin, MR A R R & F B0 §15) (urinary
trypsin inhibitor, UTI), /& AMBPJE[H (alpha-1-
microglobulin/Bikunin precursor ) Zif ) 2 D BRIl 2%
EH MRS E KRR A B — B
g WAL S E A S R AR
HT BB 58 5t & B, Bikunin o] 411 I NF-« B3 % , 2 #F
TNF-a. IL-6 . IL- 1B 3R IE , Gefift 5T ; I il #2 T
BRI P fH08 38 B A, 4035 A CLF A 56 A9 0 5 1R
AH16) 0 HRJE RN FE Bikunin BEFF K75 ALT/AST/K
I A ZURBE A SEAE IR 1 , DT 2 AR 3
BT, 20234, Qin%E R BIAEACLF
AMBPFER 3k & Bikunin/K 3B 8 T8 . Bikunin
(R 2615 K- 1] B85 ACLF I 950 ™ B A A OG ,
R ACLF T EIRY T IS
4.5.5 HMOX1

MLZL 2 % B -1 (heme oxygenase-1,HMOX1)
2 20 L AT 7 9 DG B B R il . HMLOX 1 3[R i B
AN SR B T E LT, BT 2 MR BE A
FEVRIE ; B I 21 R piab % FHMOX 1 £ ik 5,
JH-Ti e B S st A Ae A T, /N BRAE A7 AR 4R
8L 20204ERFSY #8151l HBV-ACLF & %
P ECHE & B, HMOX 15 35 90 K A= 77K 2 IE A
Sl 20234 BE— A 5T & B, HMOX 1 BE BT
Nrf2/HO- 1l [ , 33 bt A AL AE 77, 1 BRIE it A fk
Yy, IR FET 5 [RIIHE T A0 A, 28 i 9 i I
27 EIATIF S e iR 120 ) 202548, Zuo%E 12!
RIHMOX IEHBVAHCHYACLE T, 215 48 Ak

U ARAT SN I SRS i, SR L TRy
TG b FER
4.5.6 SLC7A11

W R AR Z % T 5111 (solute carrier family
7 member 11,SLC7A11)/2& &S Xc (System Xc )t
SR/ E R [ 538 R I DI RE A% 0 3, BB AR
20 S AL R TR I E . 20 124E WS R R,
SLCT7A11RENG 375 Bt H K ( glutathione , GSH ) & . E
J1, FEARROSFL R, By 11 JFF il it B0 SR Ak Pt 45 , 47
SLCTA11YjRE3Z 45, v] B3 GSHFEH JIR Fiid %A1k
Yyad BEVUAR B R At T2 20214F  BER H 75
LPS/D-GalNi%& S ACLF/N B % 31, SLCTALL
iof Fe ik Al g R R A 22 . — IS 1 HB V-
ACLFIWIfGIRAFIE B , B SLCTA11K AR 590
RAAEREW N A IEARSC , $7R FOnT e A B i
WG HIMANE 2. 20254, B 75 BERFR 2 14T BN &2 B
SLCTALLTEM b R 20 s &3k , Re4e T+ 1 GSH
IRV R I A0 , e R Bt e e 2 D
BRGNSl R G0k RAE 5 80, # R
SLCTALW] REFE “i7- -l rp R 45 F B, B HE A
A TR 1
457 SEBEKREHBABI

BT REE MBI (HMGBI ) 2 404 g —Fh
DAMP, fiE 5 TLR4MRAGESS 4, 46 NF-«Bif %,
ffiTNF-a . IL-6 . IL- 1Bk i, fish % 20 H X+ X
21200 YEFHBVAHXGACLF A H 414 HMGB1 i
ERIE, 5MRNE ) RO, 5SIFR iR EY
CKI18-M30R 1A, F3 &b, ZEI I AE A A v, 15
HMGB 13 15 7] B B 8 i 48 0, sk ot 11271280,
202 14EWF5T & 1, HMGB 1 58 i # 1f Caspase-1/
GSDMDAs S 4hifs TP fa -, fe JFIL- 1B AITL-18
FIR B R - BT IE OB ER 20 H R R
(glycyrrhizin ) fEAT SN HIHMGB VB , V42 40 i
P05 AR E AR R, D P S BEL Y. HMGBI7E
ACLFH HA Bt 5 hr i P owUE M o, =R
ACLFTEAETAY 70 s RS VA, T
4.5.8 Caspase-3

Caspase-3 & MM I8 T A0 SCEE 1 T4 , ZEACLF
BE AL G B R 20154 R A B,
ACLF #3117 ' Caspase-3 2L 77 ) CK 18-M307K
-5 1 7 EE R R T A B R A AR S, TT RE A
N ACLF HE & (2L W dR s By FLE g i s 3
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20224F , AR EE R K 24 A1 BAIE 1 ACLE /)N A AL 45
7R PINK 1 7] 3 33 9845 m TOR C2/ AK T4 51 i3 il
Caspase-37% 1k, H-MFEMELDIT4 1320, 20234F,
LR 2E 82 5 PR A At —25 & BH, Caspase-3fg I &l
Gasdermin E(GSDME )% S iF4i g 1-. GSDME/
Caspase-3 38 [ 2 B 5 D g vy 2 IE ARG, RF
S 1A BEL BT 1230 (% T D T A R P PR A T, A T
JEt3B3) 0 Xt Caspase-3 iR EE T e T4,
AR ACLEHATT 7134

4.5.9 TollB3{k-4

TollFE5Z 4K -4 (TLR-4) & e K i R G5 4%
ORI B2 . ZEACLFH, 7B R BRI LPS 5
DAMP [} [R] 3% TLR-4fjil & NF-xB5MAPK A5 518
BB W, AR HETNF - IL-655 2235, i A4 it
FETFAAE SN, , T fI0 ) 22 2 B D RE R, T2 i
PEFEIR . FEACLF/N RS AL TLR-445 177 TAK-
242RE FEARIT B DI RE#I10 VR A 9, $E i AR AT R
— Tl R E & B, ACLF R & iIFTH A H TLR-4 5
LPS/AKFE A4 135 TAK-2424F 0] L) i3
STAT3 5 53 B , JE AT 4RI = L1307 PRk, #0Ls)
TLR-4F Wi n] RERL A ACLFIRIT IHT 5 10]

4.6 PAERESHIF

B W - Al 5809 5C R AR A, W
AR S TEACLF R AL & vh ok i sz 2 L, A
Fa R (CAOBUBE AT B FUAT TR ) Bl ool B 45 1 B0 T
1ok YRR AR T RE T 35 o I e R T W R R P 1 R
FREEEL, I ACLER B LR .

4.6.1 PFEEELFAN SSRGS FHLH

WFIE A B0, W T8 B B e R, o > ERBH M TR
FULPS 2 1§k R Gtk AFHIE | 346 JHF P 23 3
Y TE A TLRA, 211 06 NF-« B 538 4%, £
PETNF-o JL-6%5 4 5E R T2k 127
4.6.2 EEMEYMBBE . EEHELESHTEY

fri%

BEMAEY B (fecal microbiota
transplantation , FMT ) ixf B A1 f FRE AL 04 1) 5 4 TR
TEEEH , REEE WA A ST . FMTSIAR
EIRTRAL B R S RE VLR I, R SCFAs L HUZ
TR A ARIR) 20224F , W15 HAEACLF
FERIH % B, FEMTATAE A SCFA A AE 1 il 62 41 i
SR AL, AR BRI AT PR T ( Treg) 204k , T HE G
T 3% , R 4 By SR N 200, Sy st &, 1R

FMTA] 4Tl T K, T IR BB AMPK -
P62-NRF23H [ , I -4 Ma Ak FE 1, i A Ak
JERN AR 7407
4.6.3 FMTHIIGRITRIEYE S £ 173k

B BHTEA KA Z o i R 56 ik B
FMTIRYT ACLF A &0HE , (H A A58 il R AL g
FEHSC ACLEMEEIRYT 7 6 . 20224F—15
BEHLAT IR (NCT03827772) B , A PR T 46 4R
KHJACLF Bl FHIFMTIBYT J5 28 KAAFK (100%
vs. 60%,P=0.01)F190 K474 (53.84% vs. 25%,
P=0.02) 10 B4 5, 7K (100% vs. 40% ) 5 1
IR (100% vs. 57.14%) ¥5 501 5 22142 ),
20234 ST — IR SE T FMTHEASHERE M ACLF
RO IR BRIR Y, A AR R R R ER IR R B g .
FEMAESEID FMTH BN ACLPRS HEVA YT 1Y
BT
4.7 HHIRIT
471 HHAEFNIERTHERBIEEZESZHF

T AR B OB | i A R OR S5 h 2 RN R T
ACLFE. ¥ 7z % . 20204F ,HBV-ACLF# # 1 —
T Z2 L BEHL FRBF 9T % B, 76 04 B P RRA 7 3L
R 25T (D IRTP 25350 2R R R )
SEREPAG H AP BVA YT S A e 44 20224F , Shi
LIS 3 Sk Meta 4 BT 28 IR, I A 257 EE e 7 12
R BLIA YT 7T LASE R X ACLFRY AL
472 HHURUAROBARER . MEHEZ

20224 BFFE N 53R I 2% 2 B2 5 0 Py 4 i
05 0 UE 1Y R B AR BROT T IR PH A BE AL
(Wenyang Jiedu Huayu formula, WYJDHY )J5J7
ACLFRFERIMLE . M fi15E et WYIDHY A% 0>
YR, PSR 5 ACLFO L R0 &, AR5 il GO
it s B FMKEGGHHE i & 424 il WYIJDHY
1697 ACLF A2 0oV 3 I, f J 130 2o A 21 400 i
LR AR A S LI AT IR AE 0L, 3k 2 il
IBYT ACLFRIIF ST B 4L TR AR 7k
4.7.3 HZGEHEIETTACLFRIN A=

20254F , K B2 25 R A58 Rk R B4 2%
AL 38 3 JH 2 PPAR 0-K LF 1 1-YAP 14 W it | ek 2%
RAE , 1L S W) S EE S T T 28 A ACLF ) 98 i
BN N b 2 A A S % B T
JE SRR REE i I35 FXRE S5 A A B 1R 1 it
T RE AR TR T RE , (B HAE ACLF 2 15 BE B 2 (5 AT
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PITFVE A T — 2B I AT, 1 38R T HBV-ACLFSR 1

4.8 BEMSESNTIBT TACLFARBIIZESSE RN SN S BB OLZRILE . X HE5)5
T R L ACLFHBEIRIT R T A AR viEva 7 B it
20264F 1 H Wil R4 B s — MR EE B T,

Liang 25! 4V FH 2 240 RN AT J5 R 2 40 i 26 19 IR F2REE T ART#Z KTER ACLER T 2 H:

&2 EBMAMRIIRREHATEREZOER (ERVHRKE

Table 2 Emerging therapies for acute-on-chronic liver failure: core targets, mechanisms of action, and evidence

BT AN S s FEAE R kSR
TG M7 T4 ToFFE RS MR T e BRI, B A S A0 AR s DR T e i 2B 554y [54-61])
(MSCs) AL JTFANM L BT WA s S AN A S b 2is 2
FHENT L YR THF JEFAn AR o g A BA ST O R TR ) U Gl AT [62-68 ]
EREA (BAL) W R E AR TRE , AT DR
AI3DITENIFRAY RS TR F AN BT EN ik W B A B A TR e [69]
FI3DFTENIF AT, SE B 418U B R
i WOMZET T E IR AN R RN T I R AT B L B, A ARAE BRI AT TS A A A2 %4 [70]
yiE (SCD) Mo T2k, it 22 48 B
i RiJRE R FE A T TNF-o/PLK NOX-Src-NF-kB  H Wi TNF-o 5 AH S #7385 X I A= A4l s sFam [71-74)
b (TNF-a) HEPANoptosis , Il 45
B TG PERE R A LPS . TLR4 JE T LR M JOE LPS P B TR , M I TLR4/NF-  [75-79]
bis (RecAP) B, I RAE RV, BRI SEE P T
RN T BB T A B 5B T A0, A P AN A A RS S (T P AE [89-91]
(G-CSF) FEARL, A BT ik T BE N TR PEACLE A £57)
FEPIEYY  FEREMEA T AR HGF .IL-10,Bcl-2 \Nrf2 T R TAMEMSCsid b A 13 H (WMHGF/IL- — [92]
(Gene-modified MSCs) 10), Baam BT R Ll LUE R fE S
Gasdermin D Pyroptosisif GSDMDZAIAET - HATE A, Fm Pf S Ls FiFCas-  [70,93-100]
(GSDMD) pase A/ AN ARCFLAE T 1 0] S0 R R i A 4 i 54
H A% S AR 1 THBS1 ., TNF-o. IL-6Z5545E N B THBS 1 Al #14 TGF-p# ik FCaspase-37i Ak, gi/b 4 5E  [5,101,102]
i (THBS1) F .Caspase-3 BRARIIAESS  (TNF-oIL-6)FZUAIH T
v BRARLA M2 LRI ATIRE PIBK/AKUMTOR LA (A B 4 24, W S8 A S SR PR T s I RINF-«BA5  [103-109]
T (Mfn2) W NF-«xBf5 5 SN HIORE 5 SRk [ R
bl 3-TRR-25-FRfL IR BE  LXRo/SREBP-1cidif% PPARy/ il g it 5 1 , HWTNF-«BIK S I 9 AE ST, 75 R4 L [14,110-114]
pu (25HC3S) IkBodE 5 STFANM-E s Anih P2 Ak, s A0 ML AT
ih Bikunin(AMBPR: AT 225 MR [ i NF-xB FIHINF - B % 28 i RAE , WA T B, GG R [107,115-
i HEA) e 117]
41 Z N4 Nrf2/HO-1 AL 3 PR PUE I I VBRI B A IR ST AT E. [118-121]
(HMOX1) 5 240 U 2 At AR A XL
WA FIETRG 11 System Xo- BRFET™ SR KA E, B IRROSTR A B AR Pt Ak 80 [122-125]
(SLC7AL11) HIERIET ™, AR5 B Bt B
B REEMBl  TLR4.RAGE . Caspase-1 IO BH TN F-xBIE A S-SR T I8 ER, URF [126-130]
(HMGBI1) YA , P E A
Caspase-3 GSDME .mTORC2/AKT(FS UM TSI T , IRl YIEIGSDMES FAE T BHWT  [131-134]
blihie T2 B T AR A BT T
TollF:3ZK-4(TLR-4) NF-k<BSMAPKfE S,  HSPUTLR-47] FHIBTLPST | & UL SR I , B IRAS EHL [135,136]
STAT3 558 i 155, % STAT3 L kA
a2 SR PR A 7B RN B L i BRI HCES, WE A S A= TR, B2 h5rE, [138-143]
#l51) (FMT) I/ N EE R 57, i 1 SCFA s 5 g
hERIT PR Rk Z L5 (WPPAR-KLF11- E I L 2 HEENL] , R HEDUR RTTE ARTERRIY [144-148]
YAP1.FXR) ) eI B E A

{E : TNF-a IR R SE I 1~ PANoptosis M IZ A T~ s LPS I 22 Ml s TLR4 A TollFE 3 {44 s HGF b AF A A= 1 75 IL- 1024 F1 40
HEAE-10,Bcl-2 0B 4K VIR -225 F , Nrf2 J9 4% [ FE24H 5 K F-2 ; Pyroptosis A A Bl £E T ; Caspase A — A7 7E T M i e
B ZE A8 L AR S G2 B R 8 Bl s TGR-BA 4B AE K K F-B 5 System Xe- M MER/A R IR a1 55218 ; ROS TG PER

Note: TNF-o: tumor necrosis factor-alpha; PANoptosis: a unique form of programmed cell death (pan-apoptosis); LPS:
lipopolysaccharide (also known as endotoxin); TLR4: Toll-like receptor 4; HGF: hepatocyte growth factor; IL-10: interleukin-10;
Bcl-2: B-cell lymphoma-2 protein; Nrf2: nuclear factor erythroid 2-related factor 2; Pyroptosis: a form of inflammatory programmed
cell death; Caspase: a family of structurally related cysteine proteases present in the cytosol; TGF-f: transforming growth factor-beta;
System Xc-: cystine/glutamate antiporter (functional core subunit: SLC7A11); ROS: reactive oxygen species.
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