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Xc ) [A 40 A 11 N IR0 BR < 170 40 i A0k HE A5
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Figure 1 Molecular mechanisms of ferroptosis
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Figure 2 Targeting ferroptosis in the prevention and treatment of organ injury and aging-associated diseases
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254, W] 5| EIBR R M O Sy R, RO L. AR
FHIEE R I, fEDOXF T 1L L5 475 A7 7R Bk BE
T2, B8RS T HIH 7 Ferrostatin- 1 (Fer- 1) A1k 5 5
o N WP % (dexrazoxane, DXZ)n] LLekiaE /s B 100 A 2
fell,

O S A FE-FE VA (ischemia-reperfusion, I/R) 5| & 1)
SRENLE R AR B R LR AT RERREAS |
RE L T e PR S RN 4 i PE T A5 5 0 B K
WL R HIBA I 4 R, I Fer-1 RIDXZiEAT
Ak B AT 85 e O U SE T AR, Bk BT T
FAEMarcus ConradZ{#Z1E Cell Research/x 3% | /A
“Broken hearts: Iron overload, ferroptosis and cardio-
myopathy” {52 VFIR ™, FEEVEO X —EE A, it
A, o L IR T BA T Circulation LA*“New  Target to
Protect Against Cardiomyopathy” A i i BE1EAN 1 1% ik
SRS XL 5 BF T ATISR 10 2 B T ) AR A i
B ST R BN, Liproxstatin-1(Lip-1) 7] PLFE{RI/R
TR0 I 20 2R B R A4 P 4 (reactive oxygen  spe-
cies, ROS)HI™=E I 2 B GPX4HE [ 25 AKFY, s
B AW AT DRSO S 2R S R IR BE T, 1X
SO T 45 R R AT AR O IE B i FE b 22 o
gal1l

BRAREXS T 4ERE O NLAH M ) DR IR B2, Bkik
ZHEBSHEA G OEMK, KPR R, R
(Mus  musculus) U JJLAH M2k 2 F 6k 2 5 200 U140 i
WeEs eIt 2 g R T A T RO UUAE JE AT
vl ISl 7al IR S SRR N R, IREE
TNAE O LA A ik Rk Sle 7a 11 6E 55 1S 0 g PN GSHZK
~F-, LW i & AR BRAE TS, A RIOH R DR Bk B 1 k2R T 3
L. X EEWFFESE R s B I AISLCTATI{E T
B Co IR HE T v 1) B B E AR ARIE 7, 3R O
JULEH L A SLCT A1) JE N 354 B2 i N 7 ¥ 4o I 32 9
FRIHT SR . LA, (B AT — 4R 12 AT 5T A 2 5 il Th A
T 20 IERIE TN BUBTEAL, AR SO UL i 2k
FETHRAH B 7T TR A A,

AR, BRAET: WA RE 5 HoAth O U A R, L
LOAE IR 51 2 R o5 4% R, IR 22 B B i 1
BRI T AE 8 B Prgs 27 57K P FIIE FIROS (1) 7K
S PR GIET AR RIS AR, Bk, B
TFi) B B0 T 9742 o JFE 926 9 £ 2 AR 0 B s A i PR S
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JFE ML AR B AR 2 B, 55T o A A 2R
VG . AHIE 5 A1 BN S H A B A BAAR 4R R B, 8k 5E
TR AR 4R S5 9500 1) R AR AR e 4 5L JEAH
K. LR, WWEHAERM, BRI RIR T S
. MCDE S A RSV S 107 1 I 2 B i i S
AT FE T A5 14 g J7 14 B %8 (non-alcoholic - steatohepatitis,
NASH)P BB AL, 85 4 2Rat T mT LA
FFB 54645 LA AT R B A00, IR H, IRRBE A
IINASH R I R 51 i A A F A MDA H14-HNE 7K
Pzt T AR A v i DT,

259 K I BT 45475 (drug-induced liver injury,
DILD &2 S ) F Z R . 12 55 (APAP) 2
FF @7 DILI RAR AL 4 4L 254, A 178 K Bl Fer-1
Be Ry APAPXT /IS BT R i S (04 151, FFRE
3 U4 APAP AL 3 S 1) JH4H i A IR i A A K S MDA
THEAIGSHAKFREE. Rk, 76 PY S4B (CCLL)iE
F A 4E 2 BB b 5 K JE 5 IR FTROS 85 AR
RSP, XM TSR R BB T R L AT 7 fr)
RAFRHLH. Besb, AR BIBNRIRE TR, w7 28 R
PET RIGIT 2544V 25 (Auranofin), 383404 5 4
I £ AL 5B TXNR DV P 3 SO I ot i 4040 &
IEERBE T AR, JETT T B0 BB, SR & 25 25
R ML R B 1,

TR 11597 (Hemochromatosis ) A2 5 WL A A48k
AR S 8 51 R 18 M R I ) e €A T 38 A% P
KERF TS, Bl 35 i e 51 & 1 45 20 12t
JE AR, AR A AR R IR T R R A K
I8 55 E 453405 1) B O AL, IF Ok e B
SLCTA N FE“Bhid 8- A0 TP F b g s 4 U, 3k
—35, AWK, a0 e bR e A
(transferrin, THA] 51 K FFIEERE T REB N, &R
TS ML YEAL; IF 8 OO SR o
T &R LIS (ISLC39A 1438 ik 12 338 JiF I IR A Al 4% 2k
45 A B R T SE R AR R AR T, #ESEK
JHIEAFAEAC ) R A, B RN TR AR T AR B e
FHOR A AEAL R BOR L, 3 e 0 2R BE T mT G 2B
VR 46" Blood I TR & 1 & i 4% 1%
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JERAN A = AN WA BR BT R AL 1R 231 T2
U, TR A AR 12 VA B A3 T S AR S s,

LA e BB L/R A5 17 £ /0 BB R v 2k 2 AR A
R it SR KT B T, R 22 F I 9 2 A Ak
SET-Z 5URS ML, HEERIET I B AL —Fh
A RIS HNATT T

2.3 BRFET S ARSI

VF 2 B 50 45 B R IR A T2 78 20 B 145 (acute
kidney injury, AKI)HIE 1% 45117 (chronic kidney dis-
ease, CKD)H E#E RBEFIEIER. BILT PR
WEEGPX 4B /NR T [ & 2tk E ™, LiHGPX4
ACE R LR 5 5 42 Linkermanns AT 84iE
B, BREETH0HIFI(16-86, HrH M) = REIET-H
FANTE 58 P E I /R B AN R R £6 i AR 5 S I 2T
0 015 LT T DURFE SRR AR AE . e AR IR 155
SR A T 0 Sk B4R e thaiE s T kR TS
RIAFAE.

BT SR E I, IR BRI R R Rk B
7] (deferasirox, DFX) il i #)1# TGF-B1/Smad3. #E
AR N 0 %R R 18 453495 K R (Rattus  norve-
gicus)[F1B LT 4L 78 B 18] B 4F 4 AL sh 4 e o,
DFO R DAFFARER AT 0] 4214 7 e i A sk 2> 46 i
TRV e B 41 Ak,

3 BRI EIEEMREN

MNER R FIRE S 2L A 4y, &
KA ABAR A IDNA, - [H W 5E PR 218 52 5 4 ik 4
fixEE, X — I B e OB (ferrosenescence). Hff
FORDL, BEEFE G, AL E W A,
PR AN JF KA, 7 AR AT, Bl R B0
SIS R ANBE T 2, R, BT Sk
FET 5 REE M IOP Z (B HIHR R, AT REXT BT VR 950 2
REIE
3.1 PFETHRMEIR TR I R R R

FEFEZ IR R, BRAE R &R, By SRR
PRIEBRIH (Alzheimer disease, AD). M4 A% (Parkin-

son’s disease, PD). WILZE4a (%R {5540 2R AT VESE
R A BUEAR ST aE b U, BRSO RANEE

ADEE RN ORI T BRFE T ER RS, ADIF s Bk
RS REUL AL . GSHAEM . BRI R EARE TR
BT RS YA MR R, AR E K
fioi B2 J2 A1 5 4 48 JTCGPXAJE R R B /N B, 727K 3K
S AR S (RO N RS DA A S i 4 R AL AR
PERIILE, K10, 1E45 T 1%/ R K P 4EE KB B
BRAE T FILip-1.2 J5, Hh 2 JeiR A #2453 LA G,
FEINERFE T AE AD SR R # 22 TG B AL AR 1 11 5 A
KA BB,

PDJE m K T2 ARG 2 1R AT It e, H
T EUR BAFE R I N R 2 e & oA JRb
T RFERT B B o- R A% 5 H (a-synuclein, o-Syn)
B ORI Z FAEYE EoR, a-SynfE AR FAR
B CRFBIZPUFAS) T T AAEAE R, 1X KW a-SynT] g
BRIET A KDY, (RN, P thF R G
RIS GSHFEE A 1 E KT m S 20 T (1
AP ZWUFHE R, PDERE B 5 5055 i (substantia
nigra pars compacta, SN2 [l R # £2 7o I o 4
M fEEE S B ER, I HER S B S m R
AR SRR R B, — P BE s S M K R B
sn-2 9t FEBE 1 2 ——4 JE AR 1% G B A2 B(IPLA2B),
AR RSIET I — AN E BT R, AR A
NERIE BRI A B EEAEH, Higt ka5 &R
J S A AR HEPDR R A S R BE T B VT LAY
PDHRYT HE B .

3.2 BBETREL M BEGR AT M AR s AL A

FULIR AR AT P 5 2 A HE AR 8 A S M B DA
(age related-macular degeneration, AMD). LI (3%
AZ 1 (retinitis pigmentosa, RP)LL K Leberist & PEARAHZE
J9i A8 (Leber’s hereditary optic neuropathy, LHON)Z: %
W, CHONEZELIEFERAE ., B2 E R AL
AR TR, R b DURT P A R O .

WL, AMDEHE MMM, Bk&HE . Bruch
B EARERRE R, MR BB N, 3 30
R GAN JORE R & . AN, GSHAEIR £ F LM
3K I JY (retinal pigment epithelium, RPE)4HfM A& 4=
FALRBE R BT DL R A Y. SLCTATL
TEIOGF S 1 Ik 48 38T 2E L% (choroidal Neovasculari-
zation, CNV)F A b m] DLd 3 inGSHAK . FHAIE AR
JRid AL, MHIRPER A IE T FIR /D VEGFA R, 7
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7RSLCTA11 1] LAE HAMDHT (1136 77§ 51,
RPIER—Ff8 M. BiE . B RN
JERAT MR AR, S T B0 SRS A1 % B 1) 32 22 (Rl 2
—. IEERINETFLER, BRIETIRIRES S T RPIREE
KA. — U 58 IR, FERPELAL /N R (rd 10 mice)H
FEERERSED.. BEAT DB E RN 1k
RUREAS, I+ H G Bt S A AR S 7= Y)4-HNEE AL
it et 55 RN, SRRk B AT LA I R A,
M 3 R P B 35 IR PEZH g A1 18K 57 25 41 i & A 2k
BT, BRI, DRI T AER P A P EL
B AE, FRE X BT AL M 29 T R, Bt —
b= N 5 T E AR

3.3 BREETIHEIR I MR R A R AL

IR, R R 22 O 90 IIE S, BRAE T 5 s i
R B R, M IEW a8, a0t
ACSL3, ACSL4', SLC7A11HIGPX4" ™45k E 12 4H
EARIBI S, 5B ELERU TG ES, &
B, RAS™Y, TP5317 ) N 2707 et g o A R e I
R, W8 R IAEA R R RSO TR A RIE R =1
TEH. p33R i BB MR IMmIE 72—, £ K250
SEF, p5S3#l e RAERA, H{TPS3IKA3KRER )G, & R
SRR T BE A A i R B, 5 SR T R T e, (H AT
] LA Bip S 3-p2 IR HEROSFL B AIALOX 1276541,
FUi 5 SLCTA 1A GSHIK - AR 18 48 g & 2E Bk 5
T27 DUR B A A8 . (EAE Sty Ry {9 045 B
M (coloretal cancer, CRC), TP534:idid BH Wrdipepti-
dyl-peptidase-4(DPP4)iE 4, #IHi|CRCAIH H kLT
KA, T A ER A B R TPS 30 Bk B H R BE T
RRURE . 25 b, X et RIRIRAN, RS ERIET: 5
Jiee A= D] BRI ML I AN LR BT, (R e 8 1) R A R e
SRR, BRI A A

Jeb A MO 24 2 e RE VR T T IME R . —. R T sEBiAk
S 25, RS o ima i Emfe, RIKE S
M PEEEOKRE. ABEE, XRS5k
ROSHLME HIT 25 40 f 6 2k B0 T U T, 203
TR, A S R gt T R A 3 R
M2, Blan, JehEAH 2 A 4E 40 i (cancer  associated
fibroblasts, CAFs)2> 73 WhsMIAARRE A1 BRIET I 1 8 A
ALOX15, Wi B A Mgkt X {15 T e
MR VAT BUR KT, B4, e b
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JZ-[8] Fi#% 4k (epithelial-mesenchymal transition, EMT)
R IE4H MR B AT Fe, 2 IR 24 1) B ZE L 2 —,
TIPET 5% At s PR, SubEmE, Xt psh
RN 20 A A AT Rl 22 RN, AERE R R gl
flox 2 ] AR AR A, BEINGSHEAE, 1 5m AR
FAM R R 7Y, IXRRIRA, B R
IFi] 14 9 240 0 PT i B4 2 R AR R B T U, BOE R AR T
VR AT OB B P AS 8UR.

BRI 22 OB TR, T B m) O R O TR
fl s Bia T 77 2, wfkyr s TR s e g,
T 247 2 b 988 4 i B A AN (R VR T ROR . il s
RSL3, ML2105F8RFE 1275 S A HIGPX4, 7] LLKE Y
SRIGVE S A IEJE E 4 MLy T 25 AR SR N B
TERUPT. AT 2, BT T R B e & R
K, BRFETHHIRZGW R A2 H A b8 6 o7 s 18
.

34 BTS2 5 REEMMTEE M PR

Yo% 5 & (immunosenescence) & ML 5 2 B 2 1)
H RS 7. REUEER I, APt Tl ek 26 &
RE SN, R AR R BB T ) A P 2 R TR A5 A 5G4 1B X
(damage associated molecular patterns, DAMPSs), i
G ez, S 4N 4 WA UNTL-1PB, TL-6, TNF-a%%
2% BT, R HELOXANPTGS23E F 235", hnd 46460y
IGTRAR, 3E— DR dEER AR T A AOE R AR, fil i %2
FhEEZAHCPIM. B, £ RRE T B9 (inflammatory
bowel disease, IBD)HFE ANz L 40 i i@ w2 K
A g O AT B RGPX AT 2 451, 45 FDFO™,
Fer- 1" BB TS, GPX4RIE i, Fid i
s, KRBT HIBDINAKAE. BRTR
(osteoarthritis, OA)J& & N ™ H T P8 A1 B AR ik 15
P EERE. FRER, OABE TIPS T1
KRR, SRR TS PR A AR
B, BUEM NI FIROSE M, INE B JOAE, (k3 &
AR AR R ™, 5 SRRSO 1 SR B L
HR. KFTNEN Fer-14 B TR OAB AL /N B %
PR BRI A, RGP (systemic lupus
erythematosus, SLE)ZF I Mk 4l GPX4K AT
B, BRIET R T80 R0 sl b 375 R B i —
AFER R, SEEm R A M SE TRT BE R
7 SLER)— R R sems ™) AR i, BAUT- 7%
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PR IR TR B 2 k. B, S%ia s T BoE
FICD8+ Ttk 241 i 2 T 1 e 40 e 4 I System Xc 26
15, HI5 M 2 R U 2 BRI B 7, S R AR AR
YATT-, AR /N BB b, T 2 Pk SRR I (cy stei.-
nase) FI A A B U300 1) 57 e 08 1 i I S0 2 7 VR IT
BT — 7T, T MAS B AR IE T ) 2= B A A
S B T RE. BT I, FEFDH 1 I MR A e v, CD8+
TR Y% S HICD363RIE, KNG LA L
BRAET, TR AN B A A PR AR D A e
ST R,

4 HEIMBRIETC BB 6 RN K R B

4.1  KEPIET CCA I S P & AL i
vy

gi b, BRIETAE LR BEAR B R AR AT R
o3 S5 I8 A OO B B (1K12). e AT
nHERAER, it EZEmEE LT =MrA @) M
SR AT H L A 95 5 DR R S TR Sk s B AR AR
s (ii) 76 NFEFEAR BB W5 i 152 A0 v Ik A T2 AH O
Fr&EY), BN g Tt ALK (R ZBEMDA)SE; (iii) 7E
PRI B8 28 v 56 SIE K BT T 4 77U (0 Fer- 1 BRDFO %% (¥ 76
7RO, SR 9 7 VRS S I R BE T A £ R
SRRt T HEIS K.

4.2 BREETIHRI AR T ER

B 5 R0 T 55 AR AT M08 R IR 2% 45345 R
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Targeting ferroptosis as a potential prevention and treatment
strategy for human diseases
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Ferroptosis is a recently discovered iron-dependent new form of programmed cell death, which is characterized by lethal
accumulation of lipid peroxidation. This fast growing topic has become a global research hotspot in the fields of life science and
medicine. Emerging evidence suggests ferroptosis plays an important role in the pathogenesis, diagnosis and treatment of various
diseases such as cardiovascular disease, liver disease, kidney disease, tumor and aging-related neurodegeneration. This article reviews
the current understanding of regulatory mechanisms of ferroptosis and its progress in organ injury and aging-associated diseases. We
also summarize current potential applications of existing ferroptosis related drugs, and our perspectives with respect to future
directions to target ferroptosis for clinical translational research.
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