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HAT

(ferroptosis) B & By # H, HENEEHE AR 5O HEJ’;EJ% By R B o R T EEEZN. M, AR AEE R EEEE

TS LT B AR MR R R . R 4R
GIRRENR Rk S Fis

Kkl R R, AT, SRR

DR TR Y 2 ARV N B Ak i
TP, EL RS G SR B R s
P55 E D E P2 (American Heart Association, AHA)%E
T, EE20134E 24574 #13370000 A HLOBERAET, 4172k
) BT BT 2 AT i4207342. 360", FRIE20134F 00 1 4
9 7 JE R0 B TR A IFE AR A S 44.8%,  FEIRTT A
41.9%, JREFEIRZE, T IE A, Do
Jik4- A(percutaneous coronary intervention, PCI)Ai,
2001~201 1 H4E [ FAREHEIN2 145, #152089546/4F1,
AT UL, IS5 T E S M £ ) AR 0 o M g w, OT 4R
FEERAE SR TTE AT . B ARIRIG
WSRO, RO IR B TR AT AN 2R R
DR R A,

R 2 A E R R L MR A 25 2R, sife
l%ﬁﬁi%fﬁfﬁ, HA BERRERENET. R

10 1% 7 BRI DR A IXUBS: P s /), HL 5 R SE PRI 1

RAGEETE ARG 4T 00 B R R & R o % v R AE A
TR E ’ﬂﬁé\

B A 0 IE AR O TR B A g AT 4R BT B B b T R e
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ZWATTZM, Eil e A% BEIRIA
JH B E AR 2 BRI ﬁ%ﬁ@ﬂu&TEm
AR, AN, ARSI ) 45 R e & A BT
HH S (R 5 3608, . [ M Sullivan™ 198 178 LancetZz i 1E =X
P2 RO B, R 22 1 A T 2 R
i 2= s uE s 2R IH, ki 2k (iron  overload)7F Lo F¥E
s 118 A g R R B A R R EE R .

KHALIK,  AATTR kst 2055 & 0o WEBE I 19 23 HL
il 5 = W5 WAL 20124F, 58 [ B HLE K24
StockwellIfHAIZH P75 6 B b1 Uik 17— Rk iy
WA T SAESRSE R R i At T 5, s Ffer-
roptosis, FP S B H B N BRAET . BT
B4R B AR A DGR Y & AR S Wb R, R F 9% Sk
L. 20194F, ARPEA A E R LB RGEYIET 2%
FO NG K & R BN, REGHL I T kY7
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258 St L FERE 25 5 | R AR Lo IR FR AN AE RSB T,
111y L 6]+ R T REAE AT R BT 6O I 09 K A K
JREUOL s o T LR e B N SSHE ) R BE T A O
PGS AT RRIEOE 2L A SR A R AR S AN
Ul RGEERR kI 5 BRAE T 45 O B T 52 Y fi
B, [FmF, iz HIEARE TR Lt fam e Lot
RE GRS O NERRIE T R AR BOBLT S AR [ BRAE TPy
FECESR B LA HORMS, JFLLRIT IS, XAk
WFFE AT TR ST 15 | 4.

1 Padsflt

BREAALT MR TR Z —. EAMUEE UL
LA MILLE AR FZ R, e — RS AL R
SRR R Z AR BN T, S5 Tk,
AR S DNAS N AF 2 A BG 2, R e Sy
DA e b S4B BB ROME . Bk = 51 R A Bl ek
PEZE I AT FE U A R AR, o — T, i 2
Bk Al et A AR, DTN 240 = AR RE R
TERBRES T XTSI B, 0 B s 2 2 e Bk
AR, (Rl b 25k e ki 2 A e, e HL A
RAFEZERE [ O 2R A R 5. IE 4
AR, BRACII USRI T 58 RAR I, HEFRFHLIRERAC
A AIHIL 2 i 1 ot

1.1 BRI Sk

TRAE N AR K A5 520~25 mg it #k e & 20 40
M, Hr 2 K ZHOR B B W4 6 I A v 2 i 2140
T ISR A Bk, XA T AR B ER ), A
OUT, WAIBFR MM . FERRFR B 2
R RS, ARG IC AR D, Br DAIE & N BER
MIEEE 2/ NaR IRk R MRS R, 495
S RALIAE Mgk Rk

H R R RAEH 13~18 mghk, MIEW BT
A 1~2 mg M. AR AR R 3 T (N 1
DIre s F R4 AE), AURSSE IR, fez, itk
LRSI 23 ema i N A iy rh gk
[ AR, WSk i BRI 8 T+ =35 W, &b
Fe' Wik 5 Fe™, 76 H M+ 38Rt s vh RasE 17
1, WEJS 8% M 48 B 1% 12 85 H (divalent metal trans-
porter 1, DMT 1§43 2 /N 1 K 47, v i
21 Z ) (heme iron) M ISAIL T H BTIE AT 252, Z 1l
BN M I 2T 2238 3 HCP 1 (SLC46A 1 )il 1 2 11 i ™,

B2 5k & MHCP IS 8 fstsimm e, 4iEm
ML R LR ML KA AL 1 (heme oxygenase 1, Hmox1)f)
YERTE AT Rl .

12 Bmykgis. S F

W SCiHE AN L K Bk S B 2l el 6 TN
J2 MR R AR 2R 3 25 1 (ferroportin 1, FPN1)#EA IfiL
WAEFR, FPN 1L H A & BRI L 3h s — A 40
MUERANHERR . A BN, X — i R il 5 Rk
2% B2 1 Hephaestin(HP) A2 5. HP &4 i 25 1 ) 7]
WAALHEE, TTLCKFe AL R’ I L SRk A
(transferrin, THZEE. HFe 454 5 M TH(TE-Fe) 2 I
WIEA L EZEizmie, ©5MERmNERE
[5Z A (transferrin receptor 1, TfR1)Z5E 5 i# 1L WA
AR sk BN, AR B BRI S
HLF .

EEBETD, &M R AR s ik B RLA S
WIMETZR, S AR B2 8 1 (hemoglobin).  ANSRZEk:
PR )0 B st FH TG ML 2T 28 B R % (iron-
sulfur clusters), W< |E i M A0S YR E TR, XLk
AR B TS 18 R S PR R 4T 40 Y (sideroblast),
R 2k e 0 J5 0 VA 35 FHUZE A JHOAZ 8] T 1) < PR TE S,
WHRVE R A4S Y. M2 R, A A
FMEFY R EEAE . MEIEARER, 7E 2L
AT TR AR Z 5, 2Rk PR i, 5
BRER M (ferritin) 25 A MAEAE, it GRAIGER Tt 2 T HL
PR EA G, LU Bk, X SRR NT
SERTA A R AT LIRS R, 1Z ik B e R D,
DAL

Ak, rEre R R R EZER, F 255
(IR AW S R E o8/ i | EA R (B ] 3
M, AL A Py LR A S AT I EE 1 52 A FLAL
BEAEYL LA, WL TR ALRLOML, JCEEE
FIRSC G R AR E 2 —. BRI AL S
ResL R A S LA DhRR VIAH DG, (HARSCHLEI IFAS
THAE, W EVF 23R )8 B PR 5, RAFRIFIRAR
FTE R I & A SR T A .

1.3 PRI o T- UL

NAR BRI RS 2 T R e, Mgk &R
(hepeidin) ZEERAR A JEFE A CAEH. hepeidin&
2000~200 145 [ 434 S B 28 S Jm s & 3R, FEBIiEsE
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FE WA Lo (Hep-), HA PR FHE(-cidin), H
TEEAL b5 B AT 25 R LR AR A 2 K20 A
HRAAPET, ML hepeidinfl 2k K R 545
PR YPUARZRTZR, RS L5 M B hepeidind
Z, INEFPN1RYREAR, SCPA Sk M hFzia i o, 2E
T8/ 7N i b Bz 240 J6L 0 15 W 4 1) 98 v i % 1) K
WHUAA LR, hepeidinFeik i), FPN L it
$a 22, SN R I, T AR LA R B s

AR, hepeidinf) ik mif 52 B EAE . & MFT =KL
KU SAE B A s e e, JHERE R4
%5 5% A -FHIF 1 (hypoxia-inducible factor 1)FIHIF27] L)
i hepeidinft iR, T AL RGO I 100 A4 2%,
FARhepcidinIB gL 2SR . eAh, /NS
FELT 40 il A il K (erythropoietin, EPO)Ji5 1] [#{Khepcidin
KA, I HEFEARHEOCR, AR [ X s i
SR SIS R B, AP E A, AR
PRGNS I, bR £140 M 4 4% K7 ERFE(erythroid
regulator erythroferrone, ERFE), #lliffilhepcidingik, 4
I, hepeidinid 32 5] 465 H iR, HUARLE
RACIRAE T 2 i hepcidingZik, MUK & 140
W, FREIARIBCEYR IR, AR T REERKR

}?‘[34]

L4 DRI AR S

FEO WU AE D, 2k R A AR AR
HF 22 g A0 B AR R LR
VER RGO B, 045 20 A N b A S A P I B 1) 52
BYIFILE A, AR, DRI R b i sk
fiif, (HAHLE T FERV NGRS, BT AT R
TR R IREALH R A Z D

5 [ A 58 K2 Andrews 523 % U i YOI B B kR
132 R (TR 1) CoMEARR SR r B /N BRI BE 2 8L, If05
TN kS AR AR DI RE AT . TARIEEA Y3
JE4RE5 X (untranslated region, UTR)/FTEPRST 2RI 4E
4, WK R8N TG (iron-responsive element, IRE)™".
TEO LA B Bk Bl = sF, BR1JE 75 8 FH (iron-regulatory pro-
teins, IRPs) S IREZ &, R T/R1 mRNA RS2 M, #E i
BEINBE b TER 1K 1263k, AR TARBERRE" ", Ip1/2
O LA B S P e /D BROO I TYR 136380800, Rk
Bz £m, IO IS R RS Y. Bayeva
NP B, RNAZE 475 [ Tristetraprolin(TTP) A] LA B4
WL sh 9 5 I A5 25 ¥ 2K 11 (mammalian target of rapamy-
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cin, mTOR)Hll, M a5 Has & e st O NN TR 1
mRNAFFEFEIITIRE.  TepmiBa/N U IEDIRE H L 5
PERERR B Z , A ST A/ERIE T % b1

PR TGS AR ST, MR
EEERARE IR BN, AR F 455k (non-trans-
ferrin-bound iron, NTBD)FF 1A EF". Oudit A 1H5%
KB, et 2N R G R i 1 2 S P (amlodi-
pine) 5 4ER7AK (verapamil) J5 7T i it BH i LAY 45 3% 18
MANHLO WA ENTBIE TR, DT A A R0 T
AEd; O MR S A e IR LR 605 30 S F0 0o R R DU A
2. BT, R RS AR T A Th7E LAV S5 5E |
WA BT 4 R R TR S EIE N S 5 T O JENTBI
Wiz, TAYESIE B AF E 5 AR C IR MER I 2, {H7E
LIRS T ERRESTEY TEEEgkd8m
B /N B, TR A B 7 44K A
(efonidipine) AT A R B 1A Lo AR IK - AL T 5 R4 21
BB A, AHGEERDMTIB A eSS
O LA ENTBIR 38 44

TE O LA ERIME T, OO MERESPE Fpn 13 R it
/N L2 B0 0 JULAR A 25 65 B o JUE Zh RE RS 42179
FRRY %, hepeidinth g & ILAEC LA A AE K P
FRE M RIE. 54 Hibr S s EBURR]L, LA
TSP BRhepcidinZs FECOEFpn 1 2R L%, I T
BRANHER I A AR B R Be = . MR, TR O MR
PR A (knock-in) A #hepeidini& 5 U Fpnl  C326Y 275
e, NERRE S g o Shfe e e T, B i
TEAGH, ARt s kO AT R A Fpnl  C326Y %
g, INEE R AR Bk S R AT O3, $E 7R hepeidin/
FPN LHIIZE L5 20 A 2 a4 v iy d g 0,
1.5 ZebifAg i 5. 0EDh ik

DS NI B TR BRI B 2 —, BERIHFEN)
ATPHEIAFS kg, 290 H H S w1 1745, TZohiiRE 2
O E B R e T 0 Bt X TAok iR
FTOIREE T, HRRR M T4 UMLK 58w,
bR 20 B FRIR 9 2ok (4R B FH (mitochondrial
ferritin) R A A7ERES T Hidlal, Lok RBE AR/
SRR RTE IEH B 00 T A B S5, (O e 45 5
IR TR 258 B2 ] e AZRER 92 2006
4, Shaw2 NPOESL Il 35 (¥ Frascatige A8 A BE L, 1 th
BRI e LA 2 R S 5 R i mitoferrin- 1
(slc25a37). ZJa, TEAHLNT iz 35 Fmitoferrin-2
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(slc25a38) L ARIE ", Mitoferrinsid (i F-LRARLA 4 5,
WAy B TOk Ak N e i A2 kiiARY . A
i, Mitoferrins7E.Co LR ) DO IR AN .

FRE, L FLRBARNBEAYATPE Sz EA
ABCBI10(ATP-binding cassette b10)#% %& FLHENS 5 mito-
ferrin-1 EAEIFHE IR 2 1. ABCB10Z44 T/l
O LA I PR i A TR UK, /i R AT e 55 AH
KU MEZIR A TR 2 AH . 5 ABCB10A[H, ABCB8#IA
HAELERREA MR ZIF EEAEH. ABCBS.ODEFER
e AN RN D2 TR NG B = SN A 4 S S PTIN
JILRE ;T ABCBS i 2 1 I T L 35 i Ay 7 245 4y o
5 2 550 LB I P9 T 3 /N B U 1002 T
DL, SRR ERAR AT T EIE 5 DO RE M 4 F 2 e FE 2L
p I RUE RS TN Il LS

Hed #UETs TR AL 2k 7R, A5 1
RN BT Z, Tz DT AR E S B 48U 5
FRAAE, PIESON RS B T RERRT. AE AR, S Y
AR R AN (transferrin saturation) 1E 35 28 °430%, 4
SRR U RN R T L AR P 3 T 45 % sk 7 8 PR N &
T50%I00F, Rkt R 2 i vk A A
60%}, AEFEER R 45 A WG 278 MLRE PR P LR
X2 L ORI DR ki 280 Ry R A kP
WRZE, A YRS 38 e R PRI B AT 3 B Y 2k
T EE R, BIs A& ML €47 (hereditary hemochromatosis,
HH); 4f kMgt #8m R s M. KR mghsn .
BRI B B I O S B AW HRGE, AR
BRI MLE S H & T I YER(>200 mg/L), WIH:
FRC USEBE 3R 2 1 o AR2.245 Y.

2.1 ki s S OISR

AL I 5 — P 1 40K B TR S O fig
B AR Ry F2 BURRAE A B Y A L e, H e M 4
B, B WL TALRR H SR g AR Ake's
Juafk [ HFEFE N 2848 2% T3 HH R 2N, Hir
B L RARC282Y 4li 5 AR 2 HHH R H 1980%
~85%°%). AEHFEIML (454> 3 th HIV(HFE2), HAMPI,
TR2FFPNIDURDIER 584 8k, HAW R B # KT
HFEIMLE, 1 H 3 X AR 57, sesmhgktt
VT BN 2 A8 T U IE 43 W hepeidinddi /b B hepeidin
BT, 50R/NZHERME i e B gk B RoE 2, K
TR B T UURUE P . JBE R B JE SRR A S R 4

ML, &R R, FEONERRAE, 51 &L
T RIP FIL O RE SR E . B % SRR 5 I o8 0 e A
RRE RN )G G, 33 T2 hy ok R e s e e s,

MHEOIsonE N HGHE, KA = 4> 2 —KHH
BT DR, B R UiR T DM, 4k is
AL ERE, OEPRFZ R, HEDUIRT L5,
DAL S RGBT ek . Gaenzer®s NOWF9Y &0,
HHR A LA Yz 2 g SV s, R ol
A, R HIAESARYT R A N e A2 RefS 2R, JF
LS B9 & L3R A FITREAR. Failla AU %P HH
R PATAERRA YT 5t & IS Sl KB (4 B A1 175 I 51
ITHIA B RINGE. A L8 DG4 A i 9T
HIRR, N HFER R 58738 5.0 850 RS A7 7R 1
TP AR — IR A M R, HFEFH63D
s SUOEAR 5 i 2 TR e AU, {HC282Y 2R 4% NI
FEESVIEE S T

2.2 b PERA LRI B b A Bl R S0

R

fy B fifi 75 5% 2% 18 (Friedreich’s ataxia, FRDA)J&
— PRI Y R SR L, T E B2 R
AR 18634E B e, B FN0024E ),
R AP Tt (22 T, Rl 4fHFrataxin (FXN)
FEPE—NNEF LICGAAZBEIN FEEY RR
A5, FEFXNGE [ 3k ™ ds 0™, 3% o il —
Weh5~10% £idy, RETE25% ZTi. GAABREMZE, &
ok, T A LR IR, RARFRDA
DI P4 TP /N 355 2 R o0 = B R AR, (R
EECNIGE TS RIS IR E R 3SR

ANRFXNFERN TS Y R KA, =474~
A AR B SR, Hop e K D BB MG SR th SANAh B 1
AL RN FXNAE OIS SRR ik i 22, HRO®:
JFIE . BB LRI, FXNAE—Fh 28 T2k A it
IR, e S54RI BRI % & BUE VIAR DG,
B AGAEER . RAAR T BRI TRy
IR PEACIIT S pU R I RE™ ™. i 1 ik, 0ok
REEEMFEANEZ —, SRR HZ HUIRBIEER,
N D) 8 A B 2 —. FXNRE/N B FIFRDA
R, EA O LA R I P 2k Bl 2 N b A 2k AR 2R
B, TRl BRARFE & AR T B e i Bl s 1
W, LA ThBE &R RGN, AR
B, FXNTERE NG A 1 72 vt & #5545 1 24
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FIBY. XN 2k 5 Fe 524 T S S T AR R 5 %
it AL, XA B T FRDARY & A % >0,
RamanZy A\* R4 TFRDA R FH M0, 4007 & AE
I R AR S5, IS0 I RR B R B 2 OE
LIPS

23 RRVESE S O

TRALPESRASEET M, A pHb B 1. (B-Thalasse-
mia major, B-TM). HiRJJ4HMI#X 1M (sickle cell disease,
SCD)FlH #1445 % 25 & 1iF (myelodysplastic  syn-
dromes, MDS)%%, & T BRI E Wi LAYy, RE
Sy LR kT AN HRG, LAB-TMAYAR
MRz, Jageit, B-TMBYFET s KA 2/3 k0
Jark, HONRE MR E SR e 2 W
24T AessoposE N0 ML KA 51 /3BT F 5
Ja AR, Bk B R 0 250 FE D) R R A i 3l ik
f1 i (pulmonary hypertension)/&B-TM & AET- 1) 1 22
B DAL BRI R s o R DR T R D L
S B A P, TR AT OUR R B0 L2 B ALZF 4 1 ik
P2 20004F, —3isk [ BEE A E DT B, 4
50%HYB-TME A TE35 8 LIFISET:, FE SR EYIR
SERRRE A2, JAER, B REER RS (T2 K
DUNEER DO AR A5 |2, ARG Y7 135 S 5 s A
LA ARTGTT MG el O BRI 3 i B-TM AR
FHFCT B R IR Y,

5B-TMAHZEMLL, KERSrMDS A %% MUAE Ik Hak
FPHEN R, SECRLZH PU Ho (BRI 2 B H T
B IMGIr Rt e o TGS g, X BRE
LI AMETCOC. B RTA S JCRLLL A AR s | )k
WS hn ka2 A 5 — A EEE L R ERL
AR EAEH, B8 SCEEIEER, et T8k 2800
K. Jaeger NPT EMES T T 239IMDS %, Hirh
4615IE R 4k B PR 2, XS R E O T IR R
A 40%, IF-FEOAGIR AT

AR PR 2R ) — RIR R AR A R
(anthracycline) . BIREATAE K, JEHBTHE 2 (dox-
orubicin) 2 K L H T BRGS0 %y T 25
Y. B20HZ2604EA AR, Bz 5 HAAR T 254 S
ST ZYIA N, — R I IRBUME iR T —
LA, PR RYUMMRTRC S, Bz, B
G R A O MM S Jr SO AT i A, e PR T
ol RSP, B AT i o T B 8 51
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A O BEBEPEDLE IR Z, (B HFT M 8= 25153 L
HP7, UTAESk, MOk BTESR R, T R Sk
PO P 2 O IRV 9 A R e rh e 3 A L o
B

B 75 2 T B S0 LA R i Fe’ OB AR R A
Yy, fEdEFe P’ ML, FHr= K i im kA
#(reactive oxygen species, ROS)'’". MirandaZ A"
FIFH Hferi /N I By, & SRHXT B85 2211
O IFREE AR, Panjrath@E AU e B ) e ok
A THER, M TIEWESHARMSE THE™E
(O 5. TehikawaE A ORI, (P2 3
JE 8k FEE BTN LA R SRR I E 52 i A 4
WP, FEREFRIRGRAARES MR 1E 8 T ABCBS 5 /L I
BEPE RIS 2 i

2.4 JERYEEA S OISR

N R ek T A HE /N WSORE B
DI 78 i T 1 18 40 M B0t 7 25 Dt R B R Bk, e
HUREACTE AR T, B AL ST AR
R B SCRH PR R R, VR 2 R Ik B A5 M IX Pk
BEFRIAZ O 2 NRB = F6 7 R R 8, T H it
ST AL AR IR A2 MR PR S LR N A1 218
g0

P A G BEVIIFSE " (health professionals
follow-up study, HPFS)AY%LHE, >k B A B KA L AR
5% Ascherio® A1 AxBRE BBl N 3R SGHGH T R
BRANGEECH I CHR. FERCIE T HAtfals R 5, bl 1%k
P MLZT R R 2 1 BT A 1] ek A O UEBE. 5
2 )5, Klipstein-Grobusch A We i 22 ABE(Rotter-
dam study)HHGE T 2RIAGEE L, 10 HA8 H X R IEA G
FE RO AR T B0 ) b o B L ok 3 dr @R T
5% (nurses’ health study, NHS)F1“% fuf fE M U L fat BRI
7%”(lowa women’s health study, TWHS)# £z 7R,
i B LT 2R A 2 1A T 2 B R 9 RN G 14 P e
AT S g R 0,

ET O REBHIIFREE, AT %007
R B 0T 2R 0 5 A 50 I 5 9 JRUISS: dd 25 A O,
HEB PR AR RO R, B MLL R BRI & 1%
ABERIGINT mg, A& A MEBI 0 XU BEAE 1S 17 %;
T T e i 21 2 R 48 A 5500 W9 g XU, A0 B8 A DG BK.
it —25 W4 43 Hr i 7m X B IE AR G AL 32 AR 8 35,
XA B AT YA S A e,
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2.5 BRI Y AT DER

H AT S50 =98 S 0 RS B B, iR AL
RBRIBIT A IE T B R A, RS e, W
FUCEMDOC DN IS . RN T E &G0
DR 2 5 R PE s Ak R YRR BB 3, ANREmt 32 1%
GERYTE, (SRS RG T R AE e
BRESG AT 5 1 3R B AN R A5 5 TR i e
b PR BBTTHE, TR 8 . B ETH
FHI AL B FEALARAL BRI (deferoxamine) . 4L 2K
(deferiprone). Hufii % 7 (deferasirox)FI45 P W % (dexra-
zoxane); IEAb, deferitrinfildesferrithiocin® T —f XAk 2
AR IEFE R T R I PR e,

Il AR 5 SR B, X5 I 0 30 (1 JE 0 rh I 27
A (AR e, m) S PR A O R, ks O
it G PUE " kR R R E T S I R R
s 22 TG, (R LA BRI £ e P Ik B B e
O ERRAP R, o R L T A — 1R
MRAERRT, 258 71779256 Sl IR g4 R B, M
BRSO . AR R, Xt 2 DG
T A B a it o,

A N R 3687 A 25100 WE 2 1Y)
Y. b LY B RIS 45 R R,
AR 2 AR 2 WAL 7 R JREhE A A %
9L AR, I BN MR IA T T A R 2,
(AR E RN, AR A R A7 ATk
AR OIERIER]. EHIREH, BREGAN, AN
JHe ] R S P bl e A R GO, 38 RO LA i T
LR R Y B S AR B AP O A RCR ),

SRR B RAE ] © Bk ™12 i 42232
FRAAT, B H R E PR BRI i H. i, #58k
JHie 25 B RS . W ) 3240, A RS R A KA
ARSI RN, AR YT AR A RENE
IR K, & BRI 3 T B0 IER 05 0K 4l 43 HILT,
FELUHAE NS s AR RS 7 b SR AR 1 A 5 1]

3 PEr R AR DI P

R B/ 9 AW o S 19 s | 2 ) R RO F ST [ AN

HMIFE T AU BT I B 2wz, THE S
204> BRI TE —RE, 7R HLR Y IE 558 5 L) KO
AR R b B R AT R Y, KRk, 40

M AL T ] B4 43 A P8 1= (apoptosis) YR S (necrosis)
WAL, SR, FlE XML T AL PR AR S, T2
PR (necroptosis) [ I (autophagy) R T (pyrop-
tosis) 55 2 FB AR P P A AL T 5 SR AR AR & B

3 [EHHE O R I AIFTE N BLAEREGE /N F-era-
stinAAFERAS 5 4% 119 i 12 4 A Ay AL T B 2 B 17—
IR A At T 2. S TR AESR, E Sk B 12
AT A AN ENZ A AE T, WM. W, A
WA A ROR, R WK B e Flokr AL Y 4H i1 58
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Figure 1 (Color online) Current understanding of regulatory pathways
in ferroptosis
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Figure 2 Schematic model depicts the role of cardiac ferroptosis in
cardiomyopathy induced by doxorubicin or ischemia/reperfusion
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Figure 3 The ancient Chinese myth “Niiwa Mends the Heavens”
illustrates ferroptosis as a key target for treating heart diseases. Both the
anticancer drug doxorubicin and cardiac ischemia/reperfusion induce
ferroptosis-mediated cardiomyopathy (depicted as a gaping hole in the
sky) via mitochondrial iron overload and lipid peroxidation
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Role of iron overload and ferroptosis in heart disease
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The essential trace element iron is a key component of hemoglobin, playing a role in erythropoiesis and oxygen transport.
In addition, iron plays a key role in several enzymatic and metabolic processes. Iron deficiency causes anemia, whereas
iron overload causes organ-related diseases such as heart failure, liver cirrhosis, and diabetes mellitus. Therefore,
maintaining iron homeostasis is essential for the survival of nearly all living organisms.

Iron overload-related cardiomyopathy is a secondary form of heart disease resulting from iron accumulation in the
myocardium and is the leading cause of morbidity in hereditary hemochromatosis, thalassemia major, and other conditions
associated with secondary iron overload. A growing body of epidemiological and molecular evidence supports the notion
that iron overload is pathogenic and that iron chelation therapy can be clinically beneficial in treating many forms of heart
disease. However, the precise mechanisms by which iron overload leads to heart disease are poorly understood.

In recent years, significant progress has been made toward understanding the regulatory mechanisms that underlie iron
overload in many diseases. In particular, ferroptosis, a newly identified iron-dependent form of cell death, has drawn
considerable attention. Ferroptosis has morphological, biochemical, and genetic features that are distinct from other forms
of cell death such as apoptosis, necrosis, and autophagy, and mounting evidence suggests that ferroptosis participates in the
initiation and progression of many diseases and conditions, including tumorigenesis, ischemia/reperfusion injury, kidney
failure, and diseases affecting the nervous system and the hematological system.

Although the death of terminally differentiated cardiomyocytes is a crucial pathogenic factor in the development of
cardiomyopathy, the underlying mechanism remains unknown. Recently, we reported that inhibiting ferroptosis in mice
can protect against both chemotherapy-induced cardiomyopathy and ischemia/reperfusion-induced cardiomyopathy. With
respect to the underlying mechanism, we found that excess accumulation of free iron in the mitochondria of
cardiomyocytes causes membrane lipid peroxidation, providing new insights into the pathogenic mechanisms that underlie
iron overload-associated cardiomyopathy.

In this review, we briefly introduce the molecular mechanisms that regulate cardiac iron homeostasis. In addition, we
provide an overview of studies regarding the role that iron overload-associated cardiomyopathy and ferroptosis play in the
pathogenesis and progression of heart disease. Finally, we discuss the role of targeting ferroptosis as a promising new
therapeutic strategy for myocardial chemotherapeutic and ischemia/reperfusion injury.

iron, iron overload, ferroptosis, heart disease
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