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Abstract: Liver fibrosis is a common pathological process that many chronic liver diseases must undergo to
develop into cirrhosis and hepatocellular carcinoma. Liver fibrosis is regulated by a variety of cytokines and signal
pathways during its occurrence and development. In recent years, a large number of studies showed that ferroptosis
is closely related to liver fibrosis. Compared with normal liver, the levels of irons and lipid peroxidation in the liver
with fibrosis are significantly increased. Therefore, ferroptosis may be a potential target for the diagnosis, preven-
tion, and treatment of liver fibrosis. This review summarizes the role of ferroptosis in liver fibrosis, thus to provide
new ideas for the treatment of liver fibrosis.
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JH£F Al B BB, DU 2 440 B0 R 97 32 it
BT SRR AR AT
1 SETHELE

2012 4F, BHE LGV K %% Dr. Brent R. Stockwell [4]BA™
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HILERIE T B ik, BRIE TR VA 9T I 24 M hE L Bk
I 28 B 5 4 F0 5 1R e S A A SS U T B EK
W 1. AL ARSI H K (glutathione, GSH) )
FEuR, 7B H KIS ALY 4 (glutathione peroxidase 4,
GPX4) 35 1 T B, f il E A AN e il i GPX4 i1k
PR A PO IO s Jot g e ARG, DT i S 4 o s (1 5 %
P, SRt BT R A AR A DU R A
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GAERE, AN E O MBI EASA, — B
HENGH R P, i N Bk T DU N Bk R i A7 B 2k
3 R H R P R e 1 gk ) e O\ B D
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T T ORI 20
2 BT SATFHL
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Figure 1 Related regulatory pathways of ferroptosis in liver fibrosis. System Xc: Cystine/glutamate antiporter system Xc; SLC3A2: Solute

carrier family 3 member 2; SLC7A11: Solute carrier family 7 member 11; HSC: Hepatic stellate cells; GSH: Glutathione; HO-1: Heme
oxygenase 1; GPX4: Glutathione peroxidase 4; ROS: Reactive oxygen species; ZFP36/TTP: ZFP36 ring finger protein 36; ELAVL1/HuR:

ELAV like RNA binding protein 1

BRI BT 4E A A . #4851 36 (ZFP36 ring finger
protein 36, ZFP36/TTP) I i B FE 1 57 5 A0 3 1 25
1 1 (ELAV like RNA binding protein 1, ELAVL1/HuR)
FE VR HSC AU T TR R ¥ B B4R, 1A ZFP36 A 1
W ELAVLI nf M2 it Z Fi9EJE (sorafenib)/erastin /i
(I HSC R AU T, V% /N BRI 45 4k Ak, i3k — 2B Bk oF 72
R I ZFP36/ELAVLI A fig 5 N i S 5 R &5 &, 52 Ho
mRNA Fae P, T i 4% HSC i 2k & (1 E g, B
R B, 4k e i SR R R AR K & ROS, {2 i
HSC#RFET-7,

2.2 BRD7-P53-SLC25A28 3 #0 Trf i 1% $£ 78 =
Zhang “5HIE 5 R B £ B A )5 7 (bromodomain
containing protein 7, BRD7)-P53-14 Jii 2 44& ik 25 Jil A
28 (solute carrier family 25 member 28, SLC25A28) %
TEPAMT HSCERAE T iy i M . W L R IR
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15 P53 N- A Sy 2 P00 3 45 5 (i i3k P53 SR AR e i, AN
1M 5 Tl SLC25A28 A H.AE F K 52 & W)k S R
TR . o — TR TS AR T FFIE R 25 A (trans-
ferrin, Trf) J8 I 1 4% K HE T2 ] DL ) JHF JUE 45 4 40 )
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17 1) IR 5 S5 P o 53 /0 S 400 J T 600 9285 28K 1k 5%k 39
Ji 7 14 (solute carrier family 39 member 14, SLC39A14)
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IFE sS4, BT R BLVE 2 Hh 25 W] DLdE it 5 5 HSC 8k
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5 BRD7 K1k L, B J5 /v F P53 N A%, ]~ Ui i
AR T LA 11 (SLCTALL) [IFRIE, il 58 GSH
KB \GPX4 T MEB L M ROS i &, i &% G HSC KB
BRAUT, BRI AF 4L R 2 . 534k, B T # [ BRD7-
P53-SLCTA11 W 48 A ¥ 8k JE T2 A1, i F kI v] DL i
ORI T 4% 2 1 292 AL B AR 3G I HSC A 2k B 1K
7, T A ROS K &4 B, 2 3E 40 i 2k JE 200 d5f
{1 — TGO 734 2 BA 7 T DR R TT LAs i i T Bk B R
A G HSC 4 HE 1 5 T £ 4K, 11 75 T A A S 2 o0 o
FDUP AT LAY B Bk 2 1 e, AT R BT T A F
YAk Th B, i, Kuo S5 91t R 0K 3% 1y m] LA
JEITHE F ROS /KT, B SLCTALL FRIE, 123 4 R
RIEE X E AN F I HSC AL T, [F B 5T 38 18 R I
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R B Wy 320 W DL 428 P 5T DX N R I 4 AL, R BT R
5 AT BERCATRTT IR BRI R A SR AL I 2524
o BN, BER IR AR R T LI I 4% ROS /K-F
SRR T 1) R A2 PY; 22 4 B D AT DA F ) 22 4
H DTS S RO RZIE T, BARMR 2 2 s
PE R FEBR BB T b AR AL 1 ANIE A, F 7 ke 0
WAL, (B IR THE R 2 A RN A5 /N
— LR AU AR R AR T W T R A B A .
2.4 P62-Keapl-Nrf2 (ESEIIFIEKRIET HATH
FANA, BRACTE () e AT AL T o & il o
S AR 51 o A 1, i R Ak AR TR R AR
DRI b, B A0 A G 1915 5 0 3% B 24 A I 0] T R 2 B
TRIT A4t B HE R L. Sun P AT IE,
ULER P62 3R 1A 2 B4 N erastin/sorafenib i75 S 1) T 41 iy 2
(hepatocellular carcinoma, HCC) 40 g€k 26 T-; LAk, 11
HCC 4H A% 08 /) BRASE Y DA K 240 i Sz 6 o ke B, A%
F E2- # 5% [Al ¥~ 2 (nuclear factor erythroid 2-related
factor 2, Nrf2) i {5 % Bl H 4% 5 erastin/sorafenib $1T
HCC E - 1X 2845 KW, P62-Kelch #f ECH Kk
5 1 1 (Kelch-like ECH-associating protein 1, Keapl)-
Nrf2 {5 5l % v REAE R AL T R S . L
AIREN: 40 B A A Bl AR I, P62 JE it ff Keapl 253,
ik Nrf2 B 30E SN, AN 5 Nef2 5 LU i 21 4
IAlJ8 (muscular aponeurotic fibrosarcoma, Maf) & [ %5
T — SR AK, TR I 45 & Bt S8 A0 I B T8 A+ (anti-oxidant
response element, ARE), 3 1fij i 15 T Ui i S0 38 R B 1
(quinone oxidoreductase 1, NQO1) HO-1.8k 5 4 B % 1
(ferritin heavy chainl, FTH1) %5 5 £k 58 12 AH 5¢ 5 K 1)
FIEPY, M, P62-Keapl-Nrf2 {5 Sl K A8k 58T &
BRI RS 50 TR DR R R A R 1Y
AN, Nrf2 & 7] DU o D6 A 1k P ok A5 (2 gk 2k B 1 1) B
A7 E T R T 4 )8 B & [ 1G (metallothionein 1G,
MTIG) HIKiE, FHREA R R R AR ey 24507, ik,
Nrf2 /] B8 & 2 5Bk JE T2 R RIG YT 2 Fh s 1) 2 22
B

25 PSIESEBMIBIEHRIET PS3MERN— Rl
K, fee N PG 5% T, A BRI 5HE 7 4b A0
oA AR . BOE it FL R oR, PS3 @I I IR S S
I3 EACBE IR LRI ROS /K& 58 A0 T . Jiang 1Y
I PS3 A H ] SLCTAL #3%, 1) #: 5 B GSH & ik
WD, EBE TEIET R A . QuEEP A A PS3 W LLE
2 B ) P ORS /RS R N1- £ B % F5 B 1 (spermidine/
spermine N1-acetyltransferase 1, SAT1), 12 @t 1€ 4= VU /s
B2 15 E A BRI, RGOS S, BRBET. A
MAESS B, KK 4 (dipeptidyl peptidase 4,

DPP4) 5 P53 1 H, i 55 B Jog v 8 1 e e e v —
A IR IR E AL B 1 455, 982D ROS A2 B, AT RE 2% 2k
FETCH & AR, R, P53 S8k B8 T A AN [R5 4 A
A Be S R G OC, BARNLIM 72— PR 5T
2.6 Rb{ESEBSHITIEEEIET Louandre 5"
WF FT A DLAE HCC 40 i mh 4L 0 JiSE £F 40 i 988 22 11 (retino-
blastoma, Rb) ik 7K F £ sorafenib 4k # 5 B i FEAIK,
H 41 M B0 T 5 02 R A #E2H 1) 2~ 3 i, Bl S W AR H
HCC 40 i #% 28 /) U B4 BL &% /5 Huh7 40 2 97T 5K Rb
A Hh S8, 3k — P AE B T sorafenib A LA i 28 4
RROS P42, it HCC R Bk L T, T Rb 3if P ok 2K
St — DR HE 2R AR ROS AR 5, I a2k ae s, (23
AR5y LI 53— PR F . A — 7T, T IT
VERETEREIR T 2R A, e B e a1k H B A O R R
s an . BRIt 7T BN, BT SR T Z RAE1E R
R FR . ML E, BT & B P AR i A ROS Sk
TG ek A A (R ERE b R R AR A A R B R R
i 7 4 (acyl-CoA synthetase long-chain family member 4,
ACSL4) 31k LA 1 22 AN A0 I 7 IR 1% 8 (polyun-
saturated fatty acids-phospholipids, PUFA-PLs) A&
B A K 3 B GSH FEM SRR BERAE T, Mz, IR S8R I
AT BE MR AL T 9 B IR ST I A 4R A SR BT R 7 1)
3 BETIFESH . IHIFISHAE WL

3.1 #B[E system Xe FFERET B AL THL
L AH 2 7 TH B T, RHERBE T2 5 S 7R i A A FE 4k
ATH . HATC KM Z R IE T T4, EATAT DU
AN E R R SONE SIEE Z 5P T KA, £
TRIT I A Ak B 5 8k BE TR O 1 22 R T B A v
TERIIEIRYMAE (8 1)O8142231334°0 - 5 i & & I 2k HE
T2 557 32 B il 13 50 7 system Xc~ W GSH.GPX4 L4
JR T AROS SEBL FERAE T, H erastin & i
Bff 2 1) — Bl e S 1 R BE T2 35 5500, ] B 1) 41 ] system
Xe BIE T, 5208 GSH & R, 2 33F 2 Pt i K A8 2k ot
T2 SR, K M 2 BAR Y A B2 e I i BR | T
AN S, B 5 2 I S 0T JHG 25 A a3k AT 250 R R R i
N erastin 13 2| K% erastin /&, &35 25035 T /KB 2
P, B FEIETHIAE 8 E 5 erastin AHR . M1
ik NE g A1 sorafenib 4% 5% [ FDA #IE#E/E A B AL T8
SHAENGIRT 2 A, B T8 B IT 8UER,
32 HEKBTFMROSESHKET HIMEAHTR
IR, T i M B I e 55 2 Fhoh 25 ) DLdE I 42
5 ROS & &, MM S M 2R AR R 5 R AL T, RIEHT
JH e AR R, HL 3 R R, 2 AR A R s 2.
FINO2 j& — K B F 1,2- %K St 45 # 1) plakinic i D
FTA, Wl AR S0 s B )42 2R 3% GPX4 LA K&
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Table 1

Ferroptosis inducers, inhibitors, and their mechanisms. DPI: Diphenyleneiodonium chloride; RSL3: RAS selective lethal 3;

ML162: Specific ferroptosis inducer; FIN56: Ferritin inducing compound 56; SRS16-86: Specific ferroptosis inhibitor; ACSL4: Acyl-CoA

synthetase long-chain family member 4

Target Reagent Mechanism Reference
Inducers
System Xc¢~ and Erastin, piperazine erastin, chrysophanol, sorafenib, piperlongumine, Inhibit system Xc~, cause GSH [6,14,33,43-46]
GSH cisplatin, DPI2, buthinonine sulfoximine (BSO), sulfasalazine depletion
GPX4 RSL3, ML162, FIN56, DPI compounds 7, 10, 12, 13, 17, 18, 19 Inhibition of GPX4 leads to [14]

accumulation of lipid peroxidation

ROS and iron Artesunate, chrysophanol artemether dihydroartemisinin, magnesium Fe”' is oxidized to promote cellular [25,31-33]
accumulation isoglycyrrhizinate ROS and leads to lipid peroxidation
Inhibitors
Iron accumulation  Curcumin, baicalein Suppress accumulation of iron [47,48]

Lipid peroxidation Ferrostatin-1, liproxstatin-1, baicalein, vitamin E, SRS16-86, butylated Prevent lipid peroxidation

[6,8,14,48,49]

hydroxytoluene (BHT), butylated hydroxyanisole (BHA)

ACSL4 Troglitazone

Inhibit the activity of ACSL4 [50]

B %A A PUFA I/E 5 S M 2k s0 T2, HIHAERK
St 4 b e 4 i /R FH 5

3.3 EEGSHIESERIET T Hk 0l it 0 fric de ok 41
il GSH & i PR 1 1 — 75 2 I8t > e 20 IR % 42 18 (gluta-
mate-cysteine ligase, GCL), F£{K GSH /K ¥ #1 GPX4 i
PERAR 12 g ok Ak, 1T 5 5 22 P e 40 L O AR R K
T2 IR AT 5 GSH B 8245 & T 1 Pt (81)-GSH &
W), T EGSH M GXP4 ki, MR EERIET . 5T
F 3k — 548 4N 5 erastin BEA 1F T T Al 20 it A0
N 45 i i A B s R B, Bk 24 5 00 L I 3 R R Bt
i 98 R Ak, N T A Bk A ) DPI2 (diphenyle-
neiodonium chloride 2) 15 I i& 24 % & K ML 1 #8714,
JE I JE FEAN AR GSH RS S BT,

34 HESKEFFROSHIFISKIET AL T HHI7
3 I ek 2 Ui B8k A ROS i) AR 5 7 AR BE
R B SR A R IEAE R (R ). ZEERAE
R B R B AR B AN A 1) erastin 75 5 1 48
Pk BB T2, [ B A A R UYL R 5 5 0 S
/I RBE Y rh 2 3 L 2R A0 T I A Y. Ferrostatin-1
A& — FRE S MR BE T A AR, — O T o 0 R
Jii ROS & A, fR 4 erastin B RAS & $: 1 S AL L 590
(RAS selective lethal compound, RSL) % 5 [ #k AL 1=,
[F B 3 w] DA A 81 R R A A B sl 2 SRk K
F U GPX4 MINrf2 8t [ R 3X, FEAR ROS /K 1A Ag o it
SEALAE R, ORI 4 b 32 A TR E AN RSB 120

35 HEERIESMIFIFRIET KK AT L
I PR R AE TR 203 GPX4 4R i% S 80K AR L A Ak
ARV 6 25 124, R T DA i i o o A, TR
/Ui B R B AR A 2R T, HLAM S B BT
— S gl TR PR BT T SR R A e ) R 4 AR R
B T RS I P RRORLT J e R v A T A5 0 o FH 1k

JE o i A MR R R TR R AR
3.6 ¥BEACSL4HNEISRIET MEmfe —fHKZMm%
4 20 i IEE % 71 7 A it A% 1 Il 55 T R R MR T R ACSL4
FRIE, M AR I 48 il 4 52 RSL3 75 B 2K 8 T AR o
kA, (B BRI H AT ATE R . Hod, kg 21 B
] ACSL4 1) 34 B A, 1R AT e BT 3 6- 8 i ot B
ghAe T B A [ A B AT P, A R E T 2R 251
HMI BRI T A F B om . B TR A2 = 58k
R IREE, SBORT BE T RN, 2 M KR R AT DU
A2 ROS A GSH /K1 LA K 55 S 2 72 2 254 I,
W) BT 7 8k I 25 ) PR A B 120 Rk, IR R RS T
3 AR 70 )4 AL A1) B T R ) B 1R R T 245 )
XFIRYT A 4t R 2R .
4 BREERE

BRAE T & — Bl b I 2 12 52 18 GPX4 I3 12 1) i 2 A
W8 )5 iR o S R Bh ) — A Al A TR . BT AR e
ENERAE TR T AT DL v A A T P A AR
R RS R, e v MERGBIE 2 5
9% 41 Bl N Toll £ 32 4k 4 (Toll-like receptor 4, TLR4)
15 5 0 B R TR 458 L e L A S W TR B PR A 368 3 S U T
85 DA S SR M IE AL HRBT0 JF AR B G T Y RGE S 2 M AR
PR FHESST . DR gt S ] 0 ) 4k HE Tt T DR A el T i i
A SRR A SN 0 2 R BRA E
BAEH, WA 38k A0 0] 96 97 I8 A0 245 4 40 55
JERES . BT, K& R T B0 A 4T 4E AL R
) 53 WL AN ol B B 7 H 23 38 2, (AT SR A7 AL
HZE. O 58T ENREHMMILTH
WYl FHEAMA TG E . Hil KA AR T E ik
WEMR I 7R SE R . SR, ElT () — T AL I,
o H A PUFA B 1 15 IR A2 3K 3 k0 T2 1) 3 22 R 3%
T 3R B HE TR AZ T TT R AR R T T AR A5 (1) — AN T Y
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TEIXFPAE DL, BT A6 A2 A BRAR o R 1) 77 5 AR 3 FA 3L 3
P, 58— 8 5 JEOM 0% (1) B L D) RE K AL, 5 B4 At
Too 498, AR H A v R PE, 40446 1) PUFA-PLs 4}
ik PSS R S R, ARG IR LA R 7 7. @ AT
MVERBE T AR R e b S A E . H AT A Bk
R S A KT B R R AR T R AR L B SR A
P Rk — AN S A, B kR 1 A2 AR AR 1 3
AR R ERBE T 57 — MG AE bR B BRI, B A& 0T 5%
BIER N, 15 2 A 52 R HE TR 5 (0 R 3 A= b i 4, it
T B AR X R 4 B AT T A S AR BE )RR RNV STV S Bk
L, [FI AR I AR 2 BRI 97 500 F fit B8 AR A
@ BB SCILEE 1) BRFE T2 97 I 27 4 4k 1 I R BT 72
R . DR, BF 90 A B R SR R AT T I AR BAT
WL 2 4 i — 20 B BH, 30K R JHF 2 48 4k DL R 2 b T
YR TT e it BEARYE, (5] i Ay BT R H R S PR T R 1)
BRBE T 3 70 A o 50 A T I PRI T A R o e
2., BRI IET AT RE VAT HF AR 4RI 3T 7 1)

e SURK: Wi 009 SOk 3 08 SO s 25 ML S it
WICEAMB G FAREE 0 SR B T R e .

FIZEMSE: A e B B AR R 2 v R
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