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The prospects of ferroptosisin the pathogenesis of liver disease
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Abstract: Ferroptosis is a novel type of cell death which induced by iron-dependent lipid peroxidation
accumulation. This type of cell death is significantly different from other cell death in terms of morphology,
genetics and biochemistry. It has been reported that ferroptosis is involved in a variety of human diseases,
particularly in liver diseases. Therefore, screening and studying of inhibitors or activators of ferroptosis may
provide novel strategies for prevention and treatment of liver diseases. This review provides the biological
characteristics and regulatory signaling pathways of ferroptosis, as well as the relationship between ferroptosis
and liver diseases, which will contribute to new insight into the pathogenesis of liver diseases.
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Stockwell A kR I T erastin B8 15 S
FEI Ras 28742 1) iR 4 i & AE — B B A AT A
T\ SRFEAN M (kAR s v O A B T =X, IX Rt
T RIETEA S B EVI S RE L5
GLINFET: )7 3 E B A AS T, DR AR R 4t A P )
B, MiARHEALSJE, BTbldr4h ferroptosis, H
BRI “ERPE TS o X FRBE TN R RE B A
M, [ B B — 2N TR (W ferrostatin-11
A1 liproxstatin-11%) 5, 1 ¥4 T 40 41 7 (Z-VAD-
FMK!MY FISRFEEJE T3040 7 (necrostatin-1t4) %fix
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FRAET- . BLTE CORIUR 2050 (il A9m) 1)
KAHLHGIE ferroptosis B4 T HLHIAHEL, Tfi ferroptosis
0 A A AR AN /N . B ferroptosis 1731
MU 538 2% T DO IR S8 2 Wi Anva o7 7%
1 Ferroptosis B4 #1451

Ferroptosi's 75 577 1 A I - T MR & 4 Hi . 2003
E, erastin 1 B A I Ras ja 3 K 5845 i A A 7 £F
dk BEJR 40 (human foreskin fibroblasts expressing
oncogenic HRasV12, BJeLR) HIBAEIEAE . Bt )5 7E
2008 4, JEd Nl E/N D T BR R I Ras PR
HIL/NF (ras-selective lethal small molecules, RSLS)
BELLAEVE T (77 5 E BIeLR giifat”, oL KA.
T2 5 PEIR BE AN 5 W S5 400 7135 AN Be i 5% erastin 1
RSLs S I4IAET:, 1t e 4E4: & E (vitamin
E, VItE) Az A 77 L8k (deferoxamine, DFO) 4
BE MR Fh 4l IAE T . 2012 4, Stockwell [41 A ix
Fi erastin 5 S EAMEFEAS BRE S AV
SHFE AR AE T i 4 4 ferroptosis. Erastin b3
BJeLR ZHiff i, W2 5 RFAE 28 I Ay 2 R A4 U8 i %,
LRRLAARAR N, TEE FE RSN, 40 A AR /N AR 5] HLAR B2 JE]
IF S o FE AR AR AL IR £ 4 R 40 B AN B AL 0 s S A5 I
H L AL Y 4 (glutathione peroxidase 4, GPX4)
I8 A% R R I LA A R 2, A PRAZATS IR PR R
ZEHy SRRk, Ferroptosis (45 M1k 2245 AE 2 0 J9 g
% E 4 (reactive oxygen species, ROS) 21, At
HAK (glutathione, GSH) #Ei5, GPX4 4], Z A Al
JIE 7 R B U8 N4 . Ferroptosis (13X S84 4E 5 1) T 4
it st 5 3, Bpkng 1 pRl.
2 Ferroptosis FiET B &

Ferroptosis [ A MY 2= 51 IR AR KL, Al
I 2 T BIOK B 41 i AR e R A R A R HE A . Al
JEE BT i A ) ROS SKIE, B T kA 535101 B AL,

I G FE A Pt i B W S R R B R (nicotinamide
adenine dinucleotide phosphate, NADPH) % {1k

I AL B AR RN 2 R R 55 = A (1) id & ROS. ROS R
JE R b 1 22 AN T A0 T I R S S 5 5 T o i AR AL . A
L K &R B A 2 T B AR T R B TR A
1M GPXA4/GSH 1A £ 75 il 3 it ig B 84k s 2 H &
FEEEREAD. BT AU A GPX4/GSH 1k R 1E
ferroptosis )i b HE £ ZAE A, HoAh 0 a1 3% i
(transsulfuration pathway, TS) #&f%. HEKEE (me-
valonic acid, MVA) &#&% MA#:2 53 ferroptosis
BT, i 1R

21 Xc A4S GPX4FIEIRE X RGeBAMR/
MR ISR R G, A B SR I — A &R
3A2 FI—NMFE R iR is R R I3 7A11 (specific
light-chain subunit of cystine/glutamate antiporter,
SLC7A1L) ilid —ai 4 &5 510, e T s
L-BE 2 B AN ML N ) L-5 S BRI AT IE A #e, NI
L-e R & i GSH JfE AR S GPX4 4ier, K%
HR RS EATMER . X RGNS
ferroptosis M RAEHYIM K. #I] X R FEA K
GSH I A4 2 bt 2 B8 7™ = FE b - £ Bt 240 i P 70 484k
BE AN E, FIRT GSH MRt EE I GPXA™ gk T
Feo X RGTIReREGHT, 2B ek 7 i 2 IR AE
NFRER AR TSR E & kAR, KiEs
—EMPUEAAER . TS A% 1 3 K A 26 e
P8 erastin % 511 ferroptosis. Hayano Z:!*3fg i 4>
JER 4 RNAT BAR &I, SIRNA HE 2 B2 5 -tRNA
£ (cysteinyl-tRNA synthetase, CARS) Agfi% 4 2%
4 erastin % 5 1) ferroptosis. #F 7L & W, erastin fit
00 TS P b A P P T P BN, R e i
(sulfasalazine, SAS). A% R AR P IE B A 2L
MIVER, IX2e X BRGS0 57 68 75 F A 5 1 40

Table 1 Characteristics of different cell death. LC3: Microtubule-associated proteins light chain 3; MLKL: Human mixed lineage
kinase domain-like; RIP 1/3: Receptor interacting protein 1/3; PI3K: Phosphatidylinositol 3-kinase; P62: Nucleoporin 62; PUFA: Poly-

unsaturated fatty acids; PS: Phosphatidylserine

Type Morphological characteristic

Biochemical characteristic

Major inhibitor

Ferroptosis  Mitochondria membrane densities increase
Mitochondria crista vanished

Apoptosis  Membrane blebbing
Pseudopods retraction
Celluar volume reduction
Necroptosis Membrane rupture
Organelles swelling

Autophagy Bilayer autophagic membrane vacuolization

Lipid-ROS accumulation
GPX4 inhibition
PUFA release

Caspase activation

PS exposure

Cytochrome C release
RIPY/3 and MLKL activation

LC31 toLC3II transformation

Ferrostatin-1

Liproxstatin-1

DFO

VitE

Caspase family inhibitor like Z-VAD-FMK

Necrostatin-1

PI3K inhibitor 3-methyladenine

P62 degradation
Autophagosome and lysosome formation
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Figure 1 The signaling pathway of ferroptosis. HSPB1: Heat shock protein beta 1; CPX: Ciclopirox olamine; MAPK: Mitogen-

activated protein kinase; NOX: NADPH oxidase

ftn BIeLR ZHA . N FSCET 2 A8 £ AN i s 40 g
295 ferroptosis®. T & R IV BN A% (buthionine
sulfoximine, BSO) A& X RSt ia i, H2
B AT DL E AN 25 R - D R, /> GSH
(1 L5 M T fish 4% ferroptosisi™ .

RSL3 # ferroptosis i 577l (ferroptosis inducing
agent, FINs) 5 erastin %515 ‘% [f) ferroptosis 7 % JL 7]
(0 AP 2 R AR, R T ABAT] I AN 300 01 TR PR AR A 1R BB
MR, MAFE GSH, 1M & B 4= GPX4 B it
M35 ROS R, GPX4 ZME—REiE kA YK - g
R A A A B, e TS T O B AR
BR, "ABEAFAE T SRR R4 B T b, ORI 40 AR 4 52 i
R A I, K, GPX4 f 3 KRR & AN
MMAF T R RE B, /AR Gpxd 2R 5] R G 7E
7.5~8.5 KIET¥, FE TSN AL TT Gpxd Bt
B b, /N BB BE K 4 ferroptosis fi H SZ L 32 3))
W IO R E R, B NE A A Gpxd mRR
Sl #LH) ferroptosis B, AL, GPX4 B &ES T
Y0l % - ferroptosis, BAAREGL ) G s ) R GPX4
AED) & Rz B MVA BT . MVA B2 LA 20
T A N EURE G R I T R R R R R SR U T
R, /Rt AR S ferroptosis B
PEET A M s E AR FINSG 4545
A MVA BRI & & B, 5] MVA 48 e
L BRI, #FIE5E FINSG X GPX4 (1 R4 1 .
MVA A6 il T 36254, 85 e i
AR tRNA T A4 L 8 GPX 4 R AR 46 T i 5
Ve, FLIX R A RE3 58 FINGG [ 5%1%5 /112.,

22 SRBHEIERE  BILTRIA EDA AT B

PR IGER, BRI E RS L, AR
WA BRIE IR G - BRAR 5 G AN & 2 L4138 (1 8 48
R 5%k-mEA%EY, AEFERELET, RE
R AR A/, UL =148k (ferric iron, Fe®)
ML SRS EOSEG, RARERKZEAZHE 1
(transferrin receptor 1, TFR1) HIfEH T Fe**# A
YN I AL B AR b, BRI RIS 6 (R E
L RPUR 3 (six-transmembrane epithelial antigen of
prostate 3, STEAP3) )&k %4 7 B i M ik Ji il —
ik (ferrous iron, Fe™), &J5, — &z 1
(divalent metal transporter 1, DMT1) 1 Fe* WA
AR TS R (AN R Bkt R, e PR M R ek
HiaE PN G0, R LB . R H L ATE
P 98 9 AF R S S A M AE T R BRI LR, BReTE
AL B, SRR T AESE R (ferritin
heavy chain 1, FTH1 Al ferritin light chain, FTL) ,
R o 25 S 8 AR IR TR S B P ik
) 40 N Bk 2D ki A7 P R S BUR I Rk a5
ferroptosis ffif Zi4H B FRAH b, BUK ) Ras Z8 4541 i #k
2 TFRY Al 8 E AR RIS 2B A7
(1 DFO. HHER 2 BRI AL =] 2 B ) SRk ik
IR RE M erastin 175 51 ferroptosis. 34040 E 2k
(AT R BR B . B RRERAI &b k) AEIYGR erastin
FHROIAMAET . thAh, F RNAT BRI G ERARE H%
SR AR S B MR AR G EE T (FTL. FTHL. 2k
MEGHME S wRARESEA 5 KREIFHMH
erastin % 511 ferroptosis™. BRIk, 4 9 Bk AR B e A&
X} ferroptosis %6 5 EEAEH

2.3 BERMBEESEETE ferroptosis FEIEA  fIE/R
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AU AH A T R IEEEAEM . 7£ ferroptosis 2
o, JR BV AL MR TE S . WA A
6 RARSEMMARET, WERIRR. Wuiis. Hiw
e HbBEfE . S s A (Y Hch, Hah
BEAR & ARy 1 B a kg b b E R Ry, o
ferroptosis K& AL GBS, B E T ANEREC
AN FE R A G DT R, anqE A4 VY4 R  (arachidonic
acid, AA). AA i ZIBEHERG A & R K BE KK L 4
(acyl-CoA synthetase long-chain family member 4,
ACSL4) ZBttk, SRIG e ISP B R Bk R L o g 3
(lysophosphatidylcholine acyltransferase 3, LPCATS3)
HIAE FH R dl N e e b, B JE T G AN T R g
W BERE Y o DRI, AR R 2 ot 1 v 1) % i g
ACSL4 Il LPCAT3 # &K I 5 RSL3 57 ] ferroptosis
BHEMKP ., W u KRB, AR A S
(lipoxygenase, LOX) /5 /I 5t id %A {L.7E ferroptosis
AR RETELENEH. NMENEE 6 M LOX, 4
A~ LOX5. LOX12. LOX12B. LOX15. LOX15B Al
LOXE3®¥, 7£i% S ferroptosis Itf, 3 %/2 12/15-LOX
A B-LOX KHEAER. BTk, BEREREF /N
B P22 T8 HT-22 4H i 12/15-LOX 11 5-LOX 3£
BHR L FIEPY. Erastin 4 FE ) BJeLR 41/, 5-LOX
B 5 4 B0 I AR RS, S EUIE AR A
3 Ferroptosis 7E BT B R & £ AL G P IR i# R
Bk ZRUR S Uit A AL 42 ferroptosis A AE ) FE AL
il R B AR R A R A G ER R R o AR — A
HEDRR W TS, gl &R HEEN
Fg A7 I DL Bl 53 BB ] DR T AT 2k 1 75 U P 2k
WRE . HFThae i Z AL PR AS R M, Hmgl K —
R IVERAR IR, It m A, Kk, AT
JUE (R AR B A R AE 18 1 JHE 0 v AT 98 3 BTN iR . T
TR IR TR 11 30 A AR A T I 28 #E R, BRUTAR AN
ot T B ROS F= A M40 4% (1) 3= A o[RS A
HHEFREY, Pad#M ROS BRE SELT4EfL. T
T AR RT 8 f) 3 B ) K T,
3.1 Ferroptosis FERFEZFRIER 41 (hepa
tocellular carcinoma, HCC) & & # L F0 JF JIEE L & 4
fii g, AR 4Bk AR Y. HCC BE 1A
Pt B I HAEM ARSI, TR B AEE 2 B T — R
PR M HCC B AR DR, R4t
T 2 MBI ), RYIRINE RS S HCC 4k
AEYETS, R B 4K B -2 TR A R, BlE R
P feE I A 1 A AT R R N AR A TR
E—E PURE MR, TE T R, RiIEEhE

7% HCC 4= A A Ak BB, sinsgm&n 1
(metallothionein, MT-1) FIEik. MT-1 2 RKHFE)E
X JoE AE 4 i A Ak 3 SRR B A b R B9, L A
MT-1G = ZRH e =AM A MM EEZ [T, &
i 04 ferroptosis AR k2% 4 JE JE IR 25 113 &
REFIFRRIFFEMT TN, HERMIFBE
F 48 IS 5 75 53 5 ¢ ferroptosist®. Sun 25185 37 1
1A Y AN RIAIE B 2R B 3E R AT erastin 4Bk 175 S bR 4
fi &tk ferroptosis 1A BIHTHIE T &k, FELL P62-Kelch
like ECH AHGHE I 1-#% 5% A K A 2 (P62-Keapl-
NRF2) KFEAER, P62 11T Keapl PR, ki
NRF2 5 AN#Z A, L2 ROS AR A 5% 3 A & F 41K
Pt ferroptosis [EF . H 440 NRF2 j& % J5, HCC
4 X} ferroptosis B HUK, 14 HCC AifflustT:, &%
PUITIRT R, X MNP IR VA T B AR I 4 T AL
TERAZAN A, B 40 i (retinoblastoma, RB)
A &R R R s ThRe, OF S ORI K
AR, N R RE R RB & A IR AL S T
T Ji IR 7 25 BRI 05 R, RB I BE It Gk 2R 7E HCC 41 i
R Y, E HCC 4, RB HMIR R 1K /KT
X} ferroptosis UK. M4 T R B IEJE 5 A E
Tl FEE, i RB R S AL RIS NG N, i
S 2% B U ek R 41 B F RB 2 4 (£ R 9 ferroptosis H
o ¥ AR Y,

3.2 Ferroptosis ZAMEFSHFHFHNER WO
B 2 (acetaminophen, APAP) 1E A F (1 fiF 4
BURZY, A B/NFIE (50~100 mg-day ) I
AN G %ot I 3 P43 407 o AH 2408 B S AR I, SR
AN KRR APAP 77 A 135 PR AR 7 10— 2 T 2 e TP fi
(N-acetyl-p-benzoquinone imine, NAPQI), S %
W 5 R A0 . APAP JFF 1k 2 2k A 45 4
B LI — 0, sk T A R R 5 P A 24t
APAP SEUH- LT LAH T TR IE, 26—, APAP
AN N AR, o Fe RN, SRR
WA R, B AR T TR ROS ik, B
[ % Al 5 B0 B B B R B N AR B, AT Ak
ferroptosis; #1011l %5 B 145 M RE )8 4% erastin Il RSL3 5
1) ferroptosist®™, HH IR I35 7 B APAP T RE
T8 B BEAAS T 4T ferroptosis BUR; 55—, APAP 5
JFE R 2 BT B R A R R SRk A S, (R R TR
I, AT AN R AR A SRR ) GSH ™ E AR,
SEAFAIE T, X R APAPEUIT 25 1 ) i £ 5
JEIA . 2015 4F Lérincz 255" R 81, APAP i S
JT 150 e 1% S ferroptosis. £ APAP JT-4H i 5 {2 1 Y
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rf, 3T Bl K R AR T 40 e R T e R 4 . HepG2
KN, ferrostatin-1 FeA7 R IR A2 I i A= A7
%7, MARREINHE APAP S50 HepG2 4 iU AE T,
A HepG2 4 i i = 4t ffd £ 25 PAS0 2E1 ¥ (cytochrome
P450 2E1, CYP2EL), Agets APAP A s NAPQI .

KRG Z CYP2EL, APAP {55ARE B MIE HepG2 41 i (1)
TS, ERZEL ferroptosis, T AEAE LLE T B
Feit 77 SO FEVEH -

3.3 Ferroptosis 7EBE#E 14 FOIEERE 14 BT R 15 P RIE
A R SRS RS R AR R HT A E
W45 2 Fh gl RSB T 5 2. T RWF R IRE, RS S
(48 MR AL T T AL AE B # R IS R . 5 4 i
i i R I 5 B 35 g A O PR R T A0 A IR A A
Wi kU, J A E B 5 TR PE TR 45 (alcohol
liver damage, ALD) 5 ferroptosis f5 < ffiiE, 1H/&
ferroptosis 5 IR 5 i 4 A0 BT B0 IS Al ZRN AR 25
ALAT SN, TR AEHEI — % AR DG T, {0 TR Sk
AR UEY]  ALD EE A AN ERE LRkt A, RO AE
T L L R R bR 2 3 T o BE A AR SN
BN, YAE TR 2 AN, Bt s A
ALD B il 2 LR ), R 2 AE R AL i A7
FEF, kit a8 ™ B R FE R DA R 12 st A 1 1
ZUTEIE (hereditary hemochromatosis, HH)™¥, HH
se — MR ST, W SRR A LR 4R . FTERTR
BRRe A R i T/ BSR40 i AN R BE AT A R A
il & 4= ferroptosis, mEkiR & (highiron diet, HID) /)
AL LR HH /N BB 2 A2 ™ B 1) ferroptosis, iX
S/ R 00 . R0 A IR -l A A R
filf 2 mMRNA (k4 ferroptosis [t “ 448457 ) AIAA
R BT BT, NADPH 3 H W TR, KR
BTG 5 oR HID A1 HH /N B AT I A S8R (R,
RWIRT LT 4038 hn . B g SLCTALL T REER T/
B4 ferroptosis, i SLCTALL " 18k fi /N A A
FEE 1) ferroptosis, WiHIETE ferroptosis &k 44 B
PO, R 5 5 110 P 5 I 7 38 S R 24 0 T T i S

ST AT 150 40 B P 8 2% L R Rk B o PR AR 2
oK ROS, i A Ak A AN S B Y, e B
AR R R, 2 AR 2 1) ROS. T AT
AR IF HAE My, A AT o PR b A Bl 4
G BGEER =, Wi A m . S Tgfz s
B 3, T A5 15 4 i % A B R i AR g
ALD ', B2 5% MO TE B ROS {1 1 4F
AL IR PE P RS RN IE £ S U GSH #£3, ROS
TR AL TR, T4 T S R R RO, R

ferroptosis J& 5 75 P94 - 89 A AL i) o 4% B 224 F
S MEAF IR R, A BRI T 5 R
HHK

AR RS g W BT (nonal coholic fatty liver disease,
NAFLD) )P K R PR 25 A2 JIE JRE R R 5 2= ik b,
TR FE Ak S AU 25 A 4E (metabolic syndrome, MS),
NAFLD #iil AT REfE MS IR . AEREYE NAFLD
FR) R I3 AL 3 v O B A €0 T2 0 JH A s 7 A 12
B ENER (freefatty acid, FFA) % 19 02 I 1 42
PERIEZR . FRA EAL TS 5 10 IR B 1 2 41 18]
T TN 5T SO A R A i R R . BRI
e — 2 2t NAFLD, 7f NAFLD ¥, 1745
N FIRE L (AR B AR T ATk . T
B A By JORE . AL RIBORT IR & 2 HLPT, NAFLD &
(10 1 3% 2k R 1 M T T R bk, e i SR R A
I PR 7 LA AR 4t LA AP S R B,
AR HEE TR 5 R TR, 38 i gk ) £
A, BRI, YRR TR H R PRk R
LA R RO SR Fe e W, R4 i ER AT 5 1
JEF 5 00 et i 180 0 1 Ak ) B AR
£ NAFLD i 76 165 BEAL 1 00 R B A, 76 0
FRATSO STk b 2 0 B o o SEUA LB, 24 3 (R i o]
PRI, AT A6 2 B0 W R (0 BT 25 1 A 1O kb A
L5 NAFLD Il PRAFAE 2 [8] (R Bk 08 77 223k — 28 (1) Bt
FURBE WL, AWILAT 1) SEER Im KBl R E, A
W EE R AT FHATE BRAME 9 NAFLD #1 ALD % B
I,
4 FARAETR

HET- ferroptosis 7 7k (1) A= W) RHAE DA I 9 38 XoF
P AN RV T T BORE L IR N, 3R P B0 ) 4 i
ST 7 OBk R 52 B AT oG, R R B R R
1| ferroptosis H ¥ P4 25 038 i N 24 1T B bR 25 Y 1t
FEHIF S . Ferroptosis 7E AP (45 ) 52 e A
HA0) i S AR T 52 B A . AE U R e T i
T2 H N 24 P TR VA B PR A A 10D R, BT DA i 24 1
FHBTHIBE T AL 2 MR IR T BB R iR FE e
E I T 225 A 9 77 1D, 30 0 50 i 2 2 PR ) AR Ak 3T
JER A Sk 184 Jin e 2 i ot ferroptosis HIBURSE, X RE A
A 50 e T 24 PR S (L () R o [RIEF, 251k S 4534
5 57w, APAP 5 3 1 JH 451473 777 ferroptosis iX
RIFET 7, i — R T a7 Res . B2,
Ft 54 ferroptosis Be 13 &K A AE H A B4, A Rridk—
W TT . IXEL A B FU T IR (TG 7 5 s A
J7 1]
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R T HEIRZ T fF ferroptosis 1E N R T IR R A
PR, BT F I AIE 97 ferroptosis 578 i Ay ik
T A PR I R, T B R T ST ferroptosis AH 2 T 4
Pk AL, S AT RE A R (5 5 B 1 0 ) s s
SR ANEERRBO . 25930 ferroptosis 1 1)
W FT, Be A 2Bl B i A A2 1Y) ferroptosis $& fi—
SE TG AT AR o Jorp, W2 R0 R AR = S AT
AR G R R o A AT, AT RN IR T
S i A T SEIROR IR . WSS 2 — R 2 LY,
‘B Re A A ferroptosis #I il 771 4% 4T erastin 75 5 (19 ik i
ANt T, T e T R A R 41 ferroptosis ()
WAL X BRI N A S T R 24 A R A R
— M SE IR, WO R IR .
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