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Research progress in the mechanism of ferroptosis and its role in liver related diseases

HE Ming, WEI Qian, ZHANG Ying-ting
Key Laboratory for Cell Differentiation and Apoptosis, Ministry of Education, Department of Pathophysiology, Shanghai Jiao Tong University College of Basic Medical
Sciences, Shanghai 200025, China

[Abstract] Ferroptosis is a type of cell death caused by iron-dependent lipid peroxidation. Glutathione peroxidase 4 (GPX4) can prevent ferroptosis by
converting lipid peroxides into nontoxic lipid alcohols under normal condition. However, recent studies have shown that ferroptosis in hepatocytes is
one of the factors that induce and aggravate various liver diseases such as alcoholic fatty liver disease. Thereby, inducing ferroptosis of cancer cells by
inhibiting GPX4 may be a new strategy for the treatment of liver cancer. This article reviews the molecular mechanism of ferroptosis and its role in liver
related diseases, in order to provide new research directions and ideas for the treatment of liver diseases.
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5t R A PR T T X (AR YR T, 4
MadRsE%E) AlAl, BAET: (ferroptosis) A2t 4F S #h 12 H

1 SIETHE

F— -5 AL AR DT S Ak (e st e ) i 2 A e e e
SRR —HLCK, NFPIEBkE RN A 2 R
IEEEEHR 2" B s R N RW, Bt
W AETE RS TENT 9% (alcoholic liver disease, ALD). JE{HE K
P NE 54 iF 9% (nonalcoholic fatty liver disease, NAFLD) .
1k 18 K5 P I8 W5 P B & (nonalcoholic steatohepatitis,
NASH). B & 4% (autoimmune hepatitis, AIH) |
JF 2T 2 11 BT 988 55 22 FOIF I vh R4 AR, H
WHEDIHLTEI AN 4. A SCRE B T 4k 56 T 0 AN [l ¢
g Hh A PR AL, LA A T I 928 995 9 TR FRYR T 4 (1
SR,

L1 BRBET A RE & RIRRAE

B:Z1 i Brent R. Stockwell fii+ T 2012 41y 44, &
— gk 8 P 0 H I BT SR TR P A FR G 4R (reactive
oxygen species, ROS) Hi 51 5 B i 4 M U8 5 PR s 2 05
A BICETER A, AR LS 5
M (AT, HIEsE) ARARE (F1)
O JEERF T H, MBI R4 T, KA
B A PR T/ . ARIRZE I R B 4 i ik, 46
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n. W, AR Z e B E . @ A fLFRTEFD
VPSR T, 20 R O T P RO 2 e R R Y R
X RABRE A K MREG (cysteinyl aspartate specific proteinase,
Caspase), AT &AM Ca F1 pH /K FETH &, BEEEIN
UGB 5 3 30i% DNA v Beft, AR isnf Mg it 22 208 &b
B, SRR AR, EE TR R. MRS SRR
B EARIER R, 52 RA A E G 88 3 (receptor
interacting protein kinase 3, RIPK3) %&£ fh{Z 5 i % A

461 3 PhasE T T SN bL g

Tab 1 Comparison of three types of cell death

Cellular change Apoptosis
Origin

Cell morphology Cell shrinkage
Cell membrane morphology  Integrity
Chromatin morphology Nuclear chromatin condensation
Organelle morphology No significant change
Apoptotic body Existence
Change in DNA Regular degradation and DNA ladder
Inflammatory response Existence

Molecular mechanism Dependence of Caspase

1.2 BRBET K EHLH

R BE 2 FIBFICUE R, Bk AR S AL ROS R A

[iE bR R R S AR DI (Y =) S - - e & K N (]
fi R AL, LT,
1.2.1 BRI REL 4R B b B B Ay ROS 2254
HMAHBARE - (07) MdEiE (HO,), 7EHFE
Fe' (1 F A CHRIE A hiE (HO ), #E—2Pxfk
5y -1 Bl AR BT 4 - £ A e A0 W R - (polyunsaturated
fatty acids, PUFAs). RAVBAIRINGER & AT 8L, A Bk
fig it S AL, X EE P R gk I A R A ek s Ak B R
(RO) H L BERR A 75 W5 . (Fenton [ ) % 4
NG I S Ay — B e SRR ANRE W S M T B, ik
200t DNA 3 3 ORI 20 IR i i i e i, e B0
HegkIET ",

RIRG R Y Bos, SMEYE Fe™ 4% A ST LA B
BRI T 15 T 70 erastin R RUBRIET:, 1 HoAh — 07 48 B
FIHAREIIZER . Dixon % ¥ % Bk BN e ES5 A &
[ 2 [iron responsive element binding protein 2, IREB2; X
£ %k 87 % 13 2 (iron regulatory protein 2, IRP2)], F
35 3 1f IRE-IRP (iron responsive element-iron regulatory
protein) R GiHL R A EACBIA LA, &4 F erastin
SH T4 R AN HT-1080 F1 Calu-1 % A kA6 T
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Physiological or pathological signal stimulation ~ Pathological changes or severe injury
Increased cell volume

Loss of membrane integrity

No agglutination but flocculation
Swelling and breakage

Inexistence

Irregular degradation and DNA smear
Inexistence

Dependence of RIPK3
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5%, MERAETCNE, APy Fe™ kAR, it S bk
WETE. ROS HEhn, 40t bt Z B S B e
Jik (glutathione, GSH) & i B fb A MY I 2 55/ 5 I
TEY BRIET SR Fe” BRI IRE il F A &
A AL, BNgniEdisA LEE ) R, ROS FIfE it A4
AN A BN R kR B AR, dhimis Saniuste:;
ST RIS & AENLHIRI AR X, fklamie g
7 Y OV R K 7 A ot 4 11 (35 A

Necrosis Ferroptosis

Accumulation of iron-dependent lipid peroxides
Cell shrinkage

Breakage and bubble

No agglutination

Increased mitochondrial membrane density
Inexistence

No significant change

Inexistence

Dependence of ROS and Fe™

FE A, ML, Yang 57 % BB 11 B 06 11 5 2
(phosphorylase kinase catalytic subunit y2, PHKG2) #] i§
TV B Fe' iy & B M PR SET, i fl| PHKG2
FeIR NI w23 2k B A RIE . (BA 56 PHKG2 A28k ACIH
HIFE ML A TSRS, Tl —2B e,

1.2.2 ROS Zfl LGN T, NIEE AN (lipoxygenases,
LOXs) wl i fie LI NE PUFAs BYRUINE R B AR g 1 R
R ", SRR E A ki b 4 (glutathione
peroxidase, GPX4) {4y T ¥ 1 o4 i 15 B% B, 1H 24
GPX4 Jeif I bk b F2 4 FELIET, 4 i N K &= ROS W wf
5 I iR PUFAs % A Fenton J J¥., -5 S 20 Mg 5 46 1% M ifi
il k261, Rk, N8 ROS k& ARLE IR 0T
MEERZEZ —, MAPZE"Y R, Ml 5-LOX af i
BRI R AR, BRI R AR A RGA
Wi, BAEW" KU, A0 b R R A R R
7] %% iz f& (the cystine/glutamate antiporter system, system
X)) MR AMEIRIDE 2 AR B e &Rk if & B GSH,  if
GPX4 W fE GSH HIAF1E T K B i 1o S e A Bl i M D A
fellg it ek AR 5 BRIk, /-4l system X,
"8 GSH #Ey, [AIFE(E GPX4 i, Mififfi ROS 7k
Thn, &SRR IO AR 2k Bier. »
o, A5 SCik AR H GPX4 it 5k wl B B A ik st

Vol.40 No.11 Nov. 2020



wow, F

WA, VR A 4R B RN R AR 2 18] iz B - Fn AR it 4
FAY S TS E A, T Ser (R SN R v 10 3P P 5 - E
(voltage-dependent anion channels, VDACs) 7F#: 261
kA T EE AR ", B KB, erastin Al {EA
VDACs & & A B DRI AR ER TS 3 B X VDACs [
HIPE, AR m A B, 51% ROS {2
RLARBhRERE AT, R RE R LB SET, i VDAC2/3 J&
PRIEAR T/ B erastin 5 S BRSE T R 2B, FER GRS
YAy erastin P FERAET-AYE A, RUAJHSEE B3- 8%
Bty Nedd4 m[ {2 gk VDAC2/3 Wiz FACIEME, il ekse
. HItk B, Neddd4-VDAC2/3 & erastin i S p0 11
P AN RS S

1.3 BRAET VS SR 5

H TR AR RIS B SR T A Bk T B O AT,
I 52 Mk AR RTS8 A AT 5 1762 ROS AR B 41 ]
WA RBRBE T IE SR SR, BFoe Y BoR, Bt
TR S 5B 45 (R4 il GPX4 1Y system X, #il 7], 4n
LA & H
A H GPX4 1) RAS & B8 & 3 3 (RAS-selective
lethality protein 3, RSL3), MLI162 (molecular libraries
162) , altretamine /1 FINS6 2, it (0—WilFse " 5 H,
BAET - AIZE [ 1 (ferroptosis suppressor protein 1, FSP1)
IZEE (CoQl10) PLAfL RGERISCHEA 53, [HIk FSP1 Y
/Ny -l o o sE ok RS U S RN SR E T
KA. HOLAVERZE T A AR5 I ROS [y ferrostatin-1
(Fer-1), 401 #l Fenton & W BY % &k §% (deferoxamine,
DFO), i system X, [ B- £i 3 CEZFIZ0 1 PRy 2k B A 7
RIC B E S, pesh, BAWG D B, ST R
HERE A A & OB BER 5T 4 (acyl-CoA synthetase
long-chain family member 4, ACSL4) . % Ifil i g fk NH 53
ik & %% F8 fifg 3 (lysophosphatidylcholine acyltransferase 3,
LPCAT3) F1LOXs %2 5NRIGER it 5 bz, 8t PUFAs
KAERNE R, {E GPX4 Jif i S gsE T &% T
HYENEH,

erastin, sulfasalazine, sorafenib F[I L-glutamate,

2 BRIECHEMERRPNIERNLT

WAL, IR Bk 38— B N A A A R I P
FEER 2, FHEHE " R, AR A se
ToRT, BRACTAE L R IEBRRIY R A 5 5 S b e 4% T
ZAEH
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2.1 ALD

f£ ALD [y % Jeid firp Fe™ & & R R AR, kst
whFEFCE SR ALD (il e, O S RiEES S
SRR T 1 e R A5G . RS ™ e, BksE o dmifl
AR R TS 5 S AT A0 sE T, H. Fer-1 Al 2k
/N RS ENT W05 . Db, BRIET-{E ALD [k v w]
RERAR T REEH,

WFge " Bow, i bR AR IR B R K R lipin-1 W {2
B =L H A & BOFIAR RIS, sk N kAR
DR AR, R A2k Bk AU T AT 5 Y &k A2 . Zhou
S VHER R B, EARRTERS IR AT, R
Sirtuinl (Sirel) FERAL/NEURE LG RF A2 BULR P IDE 2 EFN
45105 B e, BB T AR S R FRaR 2 B4, 4k
FE R e R Sired SCRT 38 3 5 40 9 R BT T L
ALD, b, Hu %" BFge R Bl, BB/ B S ik S &
1 mitoNEET A& [ w] 1 5 05 15 15 10 3300 [ 1 Jc 2T 24 At e A
K [K+ 15 (fibroblast growth factor 15, FGF15) [JZiksk
O T, AT S R e Rk, i R T RS
PERF 0% s BEmide s AR 0 FGFLS RIRelE AR - 1% -
JF AR S R A -, 45 mitoNEET i B f5 %t ALD Ry
REEM,

2.2 NAFLD fil NASH

AT 42k NAFLD i1 NASH [ 4k & i R ¥ Fr £ T
SCik " e, I B A BB N AT fE & NAFLD fiy 3 5254
R, Had SRk T REdE W T ani ik . RIEFILE
AL WSS N EE NAFLD, Mifi i L5446 4 NASH, {Eh
PLEALA], 4L 3 B RERS NG it AL R B, HUREIR
% NASH B &R =, B TIR i Ak, B
SR AEL R 3 B NASH i 1 MBI K 3 2 —. AR
70 BoR, ¥4y NASH % HBL TRk ROt EH %, i
KM I R UTEE B HIL T NASH s 4 %, K,
£ NASH [1535y B8 A AT REAFIERRSET B G ™,

Yang % R, 4Tk ik & S S BUNUFIEE L
PN RAE SN, 5 AT, M i NAFLD [q]
NASH {1yt J& . 1 2k 58 1400 il 551 =] B 2. 40 il 45 401 NASH
K% 9 B B & R/ IE B Bk Z 76 #} (methionine-choline
deficient diet, MCD) #5758 JIH fid ik Z 7% i C i 2 R T
X (choline-deficient, ethionine-supplemented diet, CDE)
FETRL /NG I A IR PE TR0 R R S R R ik Y, e
Y NI ZE T Wl /E NASH ket i vp R AR I E IR
TEM. HHHT, XTERIETIE NASH f i 1E H K L4
B, ERE P,
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2.3 Jirer4ife

JFET A & A8 PRI A SR e v i — A B B, KM
FRERWINT LT b S R P i fE . AT 2R 40AE (hepatic
stellate cell, HSC) HUELIE, H45H fe b& U P eF 4 fid #e
I E IR, Rk HSC 1RIGTT FREE e vl A i BT
SR AEIRIT R R I R . R ™ R, H
HR T U5 {6 1L R HSC, dad Bk B Wi A Bk 48 1 ke 40 il T
Tl kIR, SHEREREE M FREAGE 1 AR
R R E L R, {2k Fe Fiflg it E b 28, B
S HSC KA BkIET:, M e I £F et R g 0, skat,
o R R YR PS3 By RIRGE, HHINE B % 7
B B 11 (recombinant solute carrier family 7, member 11,
SLCTA1L) HAH &K A mHE{E GPX4 ki, %% T HSC
KA, WHIFER 4t & A ™, Rk, BExERSE
T VAL I A BIF 52 805 0 BT 4T 4k (42 8 B 2 W Fnie T
Tk

2.4 HEtEIT R

WA R I55: (hepatitis C virus, HCV) e i i
AR AL S R AT i Bk & sk 3, 2n HCV Wl i S48 1k
SR €A IR 7N TR 5 g e =3 7] L X2 Svg S
(ferroportin-1) L%, F7 ™ KB, HCV B4 H 40l
PR & e SR P B R DA, [RIE, AR
Kk BLEL Bk 9 5% & 1 (transferrin receptor 1, TfR1) £
HCV 3 e JiT 2n ik 2 o vl 5 e Bk AR 2lc A8, AT 384 958 9
B 1015 4 TR L B e e R . AN, TR
LT IHERAF LAY HCV KB, {E25440 8
24 h JE MG FL Bk A K- 2R, ARk R B keE
IRE—H e, X LEA) AR AT RE STRTTAH AN w5 8)
2HR,

2.5 A5 RPN

E S e VT A HH S0 A R AN R L85 5 R
— PR, R LA A0 S A ATHY, ATH &
—FRR SRR . B YRR B R ROV SR HG. H
A, Sl ATH LI Ao B, PRI EER A
(concanavalin A, ConA) £ 1y % Kk M % 2% T #0145 A&
ATH e IR BFoe B 2B, 3 &E (caveolin-1,
CAV1) 14 DY 1 g B vl BH 2 2 3E By ConA i 5 7= £ 1Y
ROS Fli&G %A (reactive nitrogen species, RNS) k&2
R, NI S )™ A AT AR iR Bk A TR ATH, i 5[
iz 2,3- AN 1 (indoleamine 2,3-dioxygenase 1, IDO1)
STl Fer-1 ¥ jk 42 ConA i 18 SET-FIT
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05 U X SRR R, B AT AT RELE S A S
R RAE I, R BRSBTS O TR YT ATH /Y
FERE R

2.6 JiFi

WFge ™ Fe W, BRAET 1A S5 erastin W] B 41| HCC
Ml GA Z5 &4 E A3 B 1-#E -1 (GA binding protein
transcription factor subunit p 1, GABPBI1) HE{MFA, £
i E A P Bk R R R 2 FHM I, Ml 3 A ROS i
N BN B, Sk dniestT, Bk, GABPBI #] fE
A& T4 erastin i T 1Y HCC 4l fg gk SE T HY S8 4 1. It
Sb, RN A0 AR K B K BERE Sk il Bl A & B 3 (acyl-
CoA synthetase long chain family member 3, ACSL3) fiI
ACSL4 ik 3% R ™, ifi ACSL4 Al it 5- 2k —+
g DU 75 15 A S 0 NG 751 1 erastin i SRR 36 T R 44 1E
Y, ke (Sorafenib) & F if i —RE M i it 175 52k
FETHRIT IR bURE 254, (B 2P FER KRR 52
WHFATT R . W SAWT T KM, ke ERES 16
(metallothionein 1G, MTI1G) FHE L LA & 1 sigma 1
Z#& (oxidative stress-related protein sigma 1 receptor, SIR)
SO EIPTRURGIAC S I AMSUR o U & o wakan )i Dhu k=2 o | YA D7
o), A Sk Y HRE, BB A T I A
N BE 40 9% & [ (retinoblastoma protein, RB) fJFiA4E
RS AR BRAE LR OB, AN SR b ORI . I
B —TREZ e, HAiE % (ceruloplasmin, CP) i
LT HCC 4uiE iy gk fa &k i gk s T, il CP W]
B AN g Fe' f1 ROS FFL 2, HEifi{ie ik erastin £l
RSL3 i 5/ HCC 4Ulfekstr., ik, T EE AT
A AT SO AT AR o T 25 PR RN, A 42 T Helin
IRECA:

R, 2Pk ks 24 4t o S 015 2 TR A ks T
HE TR . SCEk Y ARE R, B - R R B
Al P RERR N 1) GSH SR 5 S M anie & B 2k st
MR R R A - —F W MfR (low density lipoprtein-
docosahexaenoic acid, LDL-DHA) % 4H i sk 20K Bk =]
P v I 928 A R PN P9 s B SRR, B AR GSH KP4
il GPX4 fUIhRE, MM K BRIE TR SENTRadnie, 4k
BRI b A K s BRI, TSR AN R & A ke
AT RER AR S PETR YT RSB 5 171

3 RESRE
B AR I e S P B R B AT T s, {1 L
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