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I ik

WE  BILT (ferroptosis) &1 JLAE KB — Mt AMBE -7 X, RN TGS T RAERNEMEMBIET, BA%KE
FARHE . HR AR A G P g TS PE S (reactive oxygen species, ROS)AE RS BRI TH 2 A AT EL. #0135 SRl AR 1
3 % B Bk AR F T B kS S AL Y B (glutathione peroxidase, GPXs), S34HfiHiE L AE JBEME. ROS HEFR . & 5]
A MR T, BT S ME ARG AR NI S 2 PogomiAE 58, I R I AT DL IEE i W0 S ) 2% B8 1 ok T 1) K
B, RIEIET oI SR IR F s . AR SORBIET IR I R RANR R HSHEB L RBIFRRER, KL Fmt 5

BT RES, WS DBRBET SR B 10T P 2%

KiEiE HETD, B ST, SELEE
FRHES  Q255, R453

HMIBE TS M AR I R 22, XL A
£ RIBAEEZEMIEM. I (necrosis) FH T
(apoptosis) /& fx i WA PR i AE T2 3. BE A 4
M TR TR A WA, B2 LR O & ok
PR R MRS, I sesE, WFRE s kI 7 HAh gl
MOZET- 52, a4l i H W (autophagy)s SR FEMETRE T
g1 ff £E T- (pyroptosis). L FE T
(ferroptosis)&F. Hoit, ERIET-REAMAMIER . ESH
O TP A AR T 20, DR BT 14 40 (ROS) HE
FONFE AW, B TR0 T A0S v DL S0 8 40 i
FIBETS, T A1) 3R] By ik i 22 1R AT PR 1) K
A, BIERFE T O 1 I AR A TR AT

1 SRETHEAIRTS

Dolma %5 & F 2003 4 &K W T & K B
(camptothecin, CPT)FI—FHT 4L &) erastin, fE
IR FEVERUIER IS RASY? SR A PR 4t A, (H 2
HEBONHNEAE . ER05F At T2 230
HAMAZIE SIS . DNA BB H B 1 bt
K & M 3 (caspase3), Ff H X A~ £ 7] DL g
caspase il 7 Frdlidil; SAM0, erastin i75 3 /%) 40 g
WTD, AARERIE] A G, T EEA
tb.. DNA FBitb, PLK caspase3 HITEtL, FF HiX

(necroptosis)
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NS FEABEHE caspase 1 F7 Fridi &% . [K UL erastin
FHRMAMPIE T2 — P SE 0. BE)S Yang®
Al Yagoda 551k IIX M A6 T2 71 20 AT DL B 2k 2 & 7
Frams], HeEA i s g 2, [k
T AR gl I R T A Y ras
% P 1 2 BE 1k & W) (ras-selective-lethal compound3,
RSL3). Dixon SR HEILKF &1, T 2012 4£1E0H
IERBE T dr 2 A RIET: — PRI, DA
S0 Pt A 3 P SR AR DR AE 1 A 4 O T S 4
FET.
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2 FRIETHIHLE

BRAET 3 EE R A A AR o 1 S A R A
PETRUETEL BTSRRI AR, AR
AHERR, mUAES RN A ESET, BIBRIET:. Bk

HE T @A A . (R i g i AR Rl i BB
By (8] B2 52 A B H K i A AL V) (glutathlone

peroxidase, GPXs)Hid 4, FEALAH fHT s 1k Re
B R P b S RN, IR PSR SEIE 2, 5l
BRI B RA(E 1).

Table 1 Classification of inducer and inhibitor of ferroptosis
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Fig. 1 The mechanism of ferroptosis
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hippocampal slice culture, OHSC), #F|H %4 &R %
SSCIR UL (YRR PR A gt 1] 107 A S S EOE S U4 i)
Fe AR BRI R, AT HEIT & =R 5 3
RIFET SERAE A e = | — 2% 5 Tl ek, Cae
AR R4 FE T nT DU P SRR JE 3, — %%
HEGE TR, — 2 AR systemX e ) DB
P T AR % R ). TS B T A R, L
X(2- B L FEME) VU BN erastin i5 T BRI T
AR L B % 3 4 BE (B-mercaptoethanol,
B-ME)RE W5 /E AN B i systemXc 175 0 T 12 3t bk &R
IR, T E A T BE S 2 2 A erastin, A 2R
FHFAMRIETN. RIHERTH systemX /13 (b
RARWWAERIE T h A HEA/EH . systemXe /2
SLC7A11 F1 SLC3A2 #H j B 5w — 58 #k 2. Xf
systemX¢ FIFIHI 2 S8 SLCTALT AR5
PR, T AE erastin AU K I 0E 5 S O BRAE T
Hi, BSERILT SLCTALL 9 B, Ak siRNA T
W) SLCTAL1 % A Ui BR B {8 HT-1080 48 Jfg Xt
erastin 5 5 B £k B0 T0 0 B, T g Y
SLC7A1L [ J5iRE# 4% HT-1080 40 Al J5 , 4H i x4k
FET-HIM Sz 3G 5mm. (Kb, JEIEHH] systemX, BH
TRt BRI, AT RASIERRAE L.

M0 systemXe, FEAGHEEBRKIRICE, X
IS ERE R ISR FEBURIET? Yang SRR ILA I H
JIK (glutathione, GSH) ¥ /> 25 3 3 GPXs ¥ 1 [#
fik. GPXs fig 8 i b 1 810 SR &0 S8 A0 10 B
fife, A0 B I SR AR B, T AR DR IR LA TR
R 4 B DL 704,

Zi b, erastin M ] systemX, PBAAF /4
JOEH BRI IR U, 45 D6 H IR 32 GPXs R HEAE ) b
BB, RIS R GPXs iR, i prit
FALRE TG, MRBUEMEAMER, SlE AL
PEBET.

22 pS3NTSHIERET

p53 FDH 2 S B A, A T R Al A
W], 2 AR R K RIS A
HAE . Jiang 25U ] ROS AbFE p53 3 K U 2R A
H1299 400, 4M0EVERA AN, BE0E p53 2
Ja 51 ROS AL, 4HEALT: R HiE 90%, i
p53 FE RO 5 A T AL RE ) B35 AR, 1 A
IONERZE T 0% 7] ferrostatin-1 5, AL R T
B2 40%, MR I pS3 AN AT LS| 4 fiE T2,
WHEFE SAEIET:. Jiang S5O &I ps3
B FRIEJE, SLCTALL HIfEME RNA M FRIAE

BF S, TIESE SLCTALL N p53 JE K [ 37 40
AL systemX¢ 1F A& H SLC7A11 F1 SLC3A2 ZH 1%,
B R AR, Rk, ps3 W@ R i SLC7A11
(22 15 N TTTH ) systemX o ISP R, B0 e
TR A0S ) 45 IO H G 8 A P PR B A, 4t 2
feREIREAS, ARBUEMESE TS, Sk,
2.3 EiEAIG GPX4 55T

GPXs FKIRAVFZ i, B4 GPX1~GPX8!",
Horh GPX4 TERRFE T w0y 8 A B I EE () A
RSL3 5 erastin #BRAERIET 15 57, WELIRE S
A S v P A BT, H erastin 3@ I 1 #1] systemX(,
PELAG It 2 BRI e i 7 =X, BRI T A DR IR & &
RSL3 NIA[E, %S BJeLR 408 K ASET-0, &
P R K F IR AR 2 s ma . BRSSO RSL3 T A i
AR T RiFE SFEIET:. H 96 EFRid i RSL3
4b B BJeLR 40l J5 7 2E 4T i ik, K I GPX4 2
RSL3 Ml H. H4h, HMm—h &y, w
DPI7. DPI10 %51, [AFf R HEAEH T GPX4.
GPX4 Mg it E LS RMMFIE A, ChREM
INGYF I SR A DL R R A ) g R e AR Ak ).
Yang PR A siRNA 3 HT-1080 41 L ) GPX4
Tk, KIL GPX4 FKIL T P 1) 40 B X Bk A0 T FE &K
&, T GPX4 Rk, 2= A X T i
%. %xL, RSL3. DPI7 #1 DPI10 %5, Rt BHH:AE
T GPX4, Mg, s yia LI
B, MemiaGtEs bot, &gl iRgkstr:. ik, H
¥2 J% PR i 4% (mevalonate path, MVA 8 i) n i it i
TAGAR R R (RNA BRI E T GPX4, 5l
EANM R ERIET: . AR IR & GPX4 TR PEH O
MEFER . —, MR GPX4 W) 7 ERRR I 5
I8 R —— A% 2 I R tRNADL, il £X 2 bk 44 iR
tRNA I B 75 2 5 I B 5 A8 Bl % S TN FE IR
(isopentenylpyrophosphate, IPP)H 1) 5 [ M 3L #6 %
AR (RNA HTARY, i IPP J& MVA i
e, K MVA J8 ] USRI PP, it
T 52 W A7 £ 2 e 20 BR (RNA I8 A i, i — 25 T
GPX4 [, 5IEEIET:.
24 VDACs 58T

L A R 14 B B - @ JE (voltage-dependent
anion channels, VDACs)& iz & 1 FAC 7= Y1 1
5 @ JE Y, Yagoda %5k B erastin AJ /E I T
VDACs. H siRNA FTil VDAC2 8¢ VDAC3 FikJ5
RILA B XS erastin 51 ERFE T = A M, (HAE
it %75 VDAC2 Al VDAC3 I oK 32w 4 L %t erastin
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REBURE, BTEL VDAC2 F1 VDAC3 A2 8RFE T )
FAEF 46 E. BEAl, erastin I8 AT S B LR AR AP IR
HIE MR A . K Yagoda A A erastin /E H T
VDACs, 5|ELRAEDaeEEL, AMMEY PRI,
AT A R A R T,
2.5 FRIETHIEARIETIIEES

bR T FRERAE T B AENLHISN, BRAETE
A] DLz B FARIE B AT . EEANECRS T, F
i 24 R 7T @ 1T B ¥ #2 1& 1% (the sulphur-transfer
pathway) ¥ (L AR IR, G ECABH K, hiis
IO H e A A A A i B 1 R A B, B S AL
PEAN MG . DR A A R A m AR R T K
A M2 K N4 1 (heme oxygenase-1, HO-1)/&
MM BRI EERIE 2 —, Kwon ZEPHESL 7 HA]
DA SR B A S N T S BURAE T I R AR %

BREABRMBEANRKREL —, €25 T3
[SYiDNL REpUR N

2.6 BERUEMSBIR K

TJC 2 erastin i & RSL3 i FHIERIET:, 9%
Je BV RARTG 1 1R i Jo 3 1 AR B HE AR LS. (B IR o v
AR TR M AN R, 0 AR R 2 AN D
Hi i & (polyunsaturated fatty acids, PUFAs)%E RE %
23— R MY IR & AP, PUFAs &5 1
PR BARRRAE A SN, AT T IR i 0 A A4
FEGAFAERITE O, BB S0 S Y RE T e R 1
PG E B, b s B AR, JE A A
If Hix 26 |5 i FL R 12 20 PUFAs (1, a3l
B BT T A A e S Tk — A A S A 1 45 L
£ erastin A& P 1) i 83 40 il o GPX4 Bk 2% 1 /) B3 48
Harb, G 5T 1 S HE AR A PUFAs B>, 0]
NG T LA ferropstatin-1 B W iy BEL W &2k
TETCRIE AR, DR, AR iE T A T R g B A A 2
BRI AT b .
2.7 SREYEH

BRI T R R L B, PR Y
REAIN I 2 R PE T 3Rk S AR e 8 (2 i3k 41
MR RS A, HYmRL LR TFRC MIUTBR R
i erastin Gl ASVERIETCN. M, FhAERE T
A LLIIGE erastin 5 FHIERIET:, HAL M & )85
FHAERIEHY, XL R R 7L R
R A

R B T R AR T B DI E F 2547
ANERH. BB IR R IE T A W] Re R iR A2 R
1B TR m A AR 6 FL T, AT A A O 1 S AR

B, SR R YRR A R RE W o i 0 MR T B A T S
R, TH Gk R A IR B R R T R, AT
PUFAs [IBEfFER. WA fRIER Y, BREATIREE
AR T S8 Tl N mn i oo A fk. H
i S8 A i B A T RE ST AR R i o v 1 AU
R, [KNE e PUFAs ALY, I H A
PG 2% T TR B A ) S iE . A R A e M X
i = R F2 L B 1 (prolyl hydroxylases 1, PHDI),
AT REAE BR B AR BE i, (ER HAHE S I ot v P 4
A G e T AN an i S A iR

5oR R R A RIANE, 8k (deferoxamine,
DFO) & G IR 1837 1 2k 25 77, fefe i i 40 i
TAE FHHER T4 B i B ALY, i A S S D)
Jo T 2 Kb 3 S 2% 5| BV Bl AR B R, {H erastin
Sl R BE T H R B R L g R (R A SR B9, Rtk
DFO W] ¢ 5B R AAEH, 0 B A o A B
iz 2 A AL Bk B -, AT BELLE AR B PR A )
AR

3 HRATSRMAIKAR

WEE BT RR N, W R BN R I &R k&
ik FUIRE . TR S5 R 22 (50 5 AR T A
R, Hr, BRIETI SR O RN E Y],
i 96 4 6 R AT T A M UG WA B R AT Tk
U DR 200 B e A L R BR BT T, Ao PR AR K,
BRI, BRAET A RO BRIE YT I — N 5 ).
3.1 HRRATERZRFHERFHKXR

Chen Z509% B, ¥ GPX4 L FEMER G, /N
BTG BURRBDIRAS, IFAE 8 I ASE S, AR T
YEE K ECERBE T30 ) /N B, JBRSSEFI BE T2 i [H]
BIHER . R E R S RPN R A RE s s 4
JCRATEERIL. ITIESE, GPX4 fEIS #1120
TR EZEA. WmEeERW T, MRET. 4RE
Mg RFEMEIET: . BAET S Mt e 7 W5
5 Z B RE & u BB PE R TP, Do 45 B R I
ferropstatin-1 REFI I 1- FJE -4- 2R -1, 2,3, 6- Y
M BE (1-Methy1-4-Pheny1-1,2,3,6-etrahydropyridine,
MPTP)* £ Uik Re & o s AR . Bk, k%K
TR A FTBe S BT & RGPHIR I K.

32 B$RTSMERXR

R 4H i 5 BRSBTS R REY), (HRERIE T TE
IR kAR HERE S RIT R R DIVE FAL i R B
. HETRRF A Z IR T 400 K sh s, R Z
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AERRIBOUAR, T B A 4 A
BRI S, HATHIGT 5 & R BEE K EOT MAAF
I} 6] Eling Z55VR 9L BRI T- BN UK, & H
P n] 5 3 S e A L S R BRAE T, AR R e P A=
K. Lin S0 BT 2 ) 75 3k S0 SR 0
JgeE A A RRAET . PRI AR e AT LA 3
FUIRE AH i R AR AE T, Rk, S R A Rk
AERRBE T T IR ARG, AT BE RO SRR T i
TR T HE A

4 & 2

BRI T R AITET i,
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HVES BTRSARE, 0PH T A RRIE L (7]
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Research Progresss on Mechanism of Ferroptosis™
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(Department of Stomatology, China-Japan Union Hospital, Jilin University, Changchun 130000, China)

Abstract Ferroptosis is a new form of cell death which is identified in recent years. It is an oxidative cell death
induced by small molecules in certain circumstance, which is dependent on iron ion. Ferroptosis is caused by the
imbalance of generation and degradation of intracellular reactive oxygen species (ROS). Ferroptosis inducer
inhibits glutathione peroxidases(GPX) directly or indirectly through different pathway, resulting in the decrease of
cellular antioxidant capacity and accumulation of ROS, which ultimately leads to ferroptosis. In this paper, we
summarized the identification, characteristics and mechanism of ferroptosis. Besides, ferroptosis is involved in the
development of many diseases, such as Parkinson disease, pancreatic cancer. And ferroptosis activated or inhibited
can interfere with the progress of disease. Therefore, we believe that drugs based on ferroptosis will be used for

treatment of disease in the future.
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