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Ferritinophagy and ferroptosis: a double-edged sword in cardiovascular health

LI Shuaicheng, JIN Chunzi, CHENG Xianwu

Affiliated Hospital of Yanbian University & Yanbian Hospital, Yanji, Jilin 133002, China

[ ABSTRACT ] Ferritinophagy is a selective autophagic process mediated by nuclear receptor coactivator 4 ( NCOA4) ,
which directs the degradation of the iron-storage protein ferritin to release bioavailable iron, thereby playing a pivotal role in
the regulation of ferroptosis.  Ferroptosis is a distinct form of programmed cell death characterized by its dependency on i-
ron and driven by lipid peroxidation, and it has garnered growing attention in recent years within the field of cell death re-
search. In the cardiovascular system, the coordinated regulation of ferritinophagy and ferroptosis is essential for maintai-
ning iron homeostasis and cellular metabolic balance. ~However, dysregulation or sustained activation of this pathway may
result in iron overload, oxidative stress, and lipid peroxidation, ultimately contributing to myocardial injury, atherosclero-
sis, and heart failure, thereby accelerating disease progression. Recent studies have highlighted the significant
therapeutic potential of targeting the ferritinophagy/ferroptosis axis using iron chelators, antioxidants, and ferroptosis inhibi-
tors in the treatment of cardiovascular diseases.  This review provides a comprehensive overview of the molecular mecha-
nisms underlying ferritinophagy and ferroptosis, elucidates their roles and crosstalk in the onset and progression of cardio-

vascular disorders, and critically evaluates emerging targeted therapeutic strategies.  The aim is to offer a theoretical foun-
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dation and novel clinical insights for the precision management of cardiovascular diseases.
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BAE N AR LHRMEITTR, K22 5%
iz e AR DNA & S8 G B R,
LR AR (Fe™ ) FIEE FIZ5 B 1 =M Bk (Fe™ ) P
FEAZSAEAED S BRI, MBI A, e ) 2 e
Pod HORAE T, i B a9 iF gk E g S A A R
(H,0,) LB TR R R 2 5 3l 3 (- OH) |, BV 5t
(Fenton) SN s ﬁiﬁijﬁi@@/ﬁ( reactive oxygen spe-
cies,ROS) , 5 & A LI 0T 3 5 4n i h RE e it
TEX—TF 5T, BIET (ferroptosis ) 1E A — il 49
FE PR SE T B 2 7 52 B G T, R AR A
FE g Bt A B %) (lipid hydroperoxide , LOOH ) Y 5%
SRS AN S e 24 R T R TR 1 A%
RSB SE SN, BRAE T 3 R BR A 5 1 ROS
A1 i T SR A B Bl B 25 Boan Ml sE TR
S [a] i Bk 8 1A 1 (ferritinophagy ) 1F R 4 £5 20
ML AR A B EE E AL, AR BT A 4 rp R G
ER ., 2% a 72 i % 32 1R 5 300 I F 4 (nuclear
receptor coactivator 4, NCOA4 ) /-5 i oo [ fiff 2k 25
E‘(ferritin) *%ﬁiﬁ%ﬁ%%, DL 2 40 i E 5 AR
SREPST BRI A A 1 W e RO T R S Al
PN S R K ST, B O Fenton S 7= A2 B
Z ROS, fil R BAET, L, BRER A W BT
TR T2 MAR B A I OC 2  7E A BIDIRZS T 4E 45
PRASSMANMLAE TS |, (E A BEAEF T v B2 &
MBI OGN R TRABSTERAR P Bk
FET- W) AR B AE ) S HEAE O 4S9 ( cardiovascular
diseases, CVD) " AOFE HIALH] , A BY TER R BT HYIGIT
HERIFIT RORGHE T PR M AS SCER IR 35 78O IfiL
PSS T 2% 0 AR I AR VR TT R R
AT REME Kl R FH PR

| HKREBARSHRIETHEAYE

1.1 HREBBEA ST FHLE

Mancias 55 B R #L NCOA4 Mk #:ME & 4E T
A JF 7R B A 1 A Wi R b R H OCBEAE
NCOA4 fiE % ¢ 5 v U5 IF 25 & Bk 88 1 H 5k 1
(ferritin heavy chain 1, FTH1) , J& il NCOA4-FTH1
BEY, X — i BAR G E R E O AW s
WG %2 A W) I NCOA4 5 A AR IR 1 1308 A
FHH 1 %%% 3 ( microtubule-associated protein 1 light
chain 3, LC3 ) 25 1 Y AH BAE P gl 6 01 3 1% 22 [ Wi
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& (autophagosome ) "' 24 [ W A 55 15 W44 (Tyso-
some ) fill 5 I , AR 11 AR 1 TR 1k PR 58 B K i
Wi/ T w Bt , BTSRRI R B 1 (Fe™ ) T
200 AR AR, kR S A 21 3R AR
(E 1), NCOA4 Y 7% 1 52 4fl i P &k 7K ~F- 19 I
#2101 Goodall % WFSE R B NCOA4 FRSFIH
C IS H 5 FTHL SRR 45 4 LR 2k 1 3
KRR AR S R B OCE B, AL, 2 A N
B Tt , NCOA4 R g7 HECT £5 #3801 RLD
LRI B3 12 R E I 4L 2 (HECT and RLD do-
main containing E3 ubiquitin protein ligase 2, HERC2)
Iz R ALK, T ) B2 A W, Bk Bk
TR MR Y
1.2 SRIETHISTFHLE

BRICTAEN — PR | i i S A B Sl
FEFFPEA AL T )7, HobR SR R Bl b Z A AR
i B2 W% B ( polyunsaturated fatty acid-phospholipid,
PUFA-PL) i S AL W 19 K i B R BRI 454, 55
T IRBE R SR AL TR AR ] AR
96, M BTN P B Ik (labile Fe?' ) i i 4% 25 26 1
2K 1 ( transferrin receptor 1, TfR1) 5 L om N
NCOA4 /IR ER (1 [ W BT, Fe™ 5 H,0, &
AR SN, AR - OH [ H 4 X 2l BE R 4
A (lipoxygenase , LOX) f#: b 4k PUFA-PL ( 41 4&
PEDUIRR-BRRE I CWERE ) , nTHM4& PUFA-PL _ERYS
J5F, 51 s NG B 8 Ak, 2k iAo LOOH I
WS A 21057180 K BRI LR S A & B 4
(acyl-CoA synthetase long-chain family member 4,
ACSLA ) I il 85 A I IE B 9% 35 5% B2 1 3 (lysophos-
phatidylcholine acyltransferase 3, LPCAT3) 1f Jy fix -
R IR IET LB 7= e AE A DR IR 5
A FHE W5 R ( polyunsaturated fatty acid, PUFA ) fig
PTG ARG | T4 i BRBE Tt ™ 7
T ARG R KBM7 e T A A5 AE 0 1
/N, ACSIA 5% LPCAT3 < ] 5 2 NPT Ras HEHE1E
FHEF 3 ( Ras selective lethal 3, RSL3) #1 ML162
S5O A IO TR AL 4 (glutathione peroxi-
dase 4, GPX4) I 5 A BIE T

TERAZS 5 1F R, GPX4 Je HAR M 1 45 e H ik
( glutathione , GSH) 7] LBt LOOH 18 J5i b JC 85 A4 IR 5
Fizt (lipid alcohol , L-OH ) , 43 & BHL W A5 5 it & fk i =X
FOW Y RGE Xe [ A AR R G 7 L 11
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(solute carrier family 7 member 11 ,SLC7A11) A1 %%
WK Z KR 3 MR 2 (solute carrier family 3
member 2, SLC3A2 ) 41 Wl I Bt 2 IR/ 43 B I8 S 1) g iz
) 1A M AP D2 R- g N 43 A R s #t, $243E GSH
BT I e 2R, A L Erastin ##] R 48 Xe™ X
RSL3 E(#ZAIH| GPX4 #8452 GSH #3 , GPX4 &
IR L BRIET- P GPX4 AR TRy Ak
R ARG R T £ 5% GPX4 MR
K PSET MR A L AT R o AR ARG 2
( ferroptosis suppressor protein 1/apoptosis-inducing
factor mitochondrial 2, FSP1/AIFM2 ) W] i# i3 if J5i #l
IR T e IR M4 — A% 1R (1% ) [ nicotinamide adenine
dinucleotide ( phosphate) hydride, NAD ( P) H ] % i
Q10( coenzyme Q10,CoQ10) if J5 A i JE AL G i Q10
(reduced coenzyme Q 10, CoQ10H, ) , #F i 4 % A5 It
A3 JR At S GPX4 AT Bt A e B i . A
LI R Ik &0 ( dihydroorotate dehydrogenase , DHODH )
ST = BRI K f g 1/ 04 S0 2R P E s (GTP cy-
clohydrolase 1/tetrahydrobiopterin, GCH1/BH4 ) & 4t
JRREIN I i ik S A , 3 W48 2 22 Se e i Pk SE T
[T

AR T 7T R A AT pS3 i ik A s
il SLCTALL FEAIX GSH 7K V-, DA T 48 58 R A8 1~ 50k
PET . I, p62/ Keapl /A% T E2 A& H T 2 (nu-
clear factor erythroid 2-related factor 2, Nrf2 ) 3134 1% 7]
L3 SLCTALL ML R A S
HO-1) B FSP1, 3R AL 5T 40 A Bl Al R HR A B sE T2
Bt 5 AR e AL 1A B RO AR T NCOA4 4
SRR 1 120 A 3 A R R 1 R IR 5
B(Fe’) , E—2P B IR i 5 5 B i S84k, B it
TERIEIR > R4 IR IR IR AR, e J] e g
TR ERAE T ) T B R AR

1 (heme oxygenase-1,

2 HREB BN/ SR T RO 0 E KRR
EHEEN S FILH

BREE M H WS/ AT RO L R D RS
FOCEELNMER, FL R L 2 B v B 1 B A
SahZsrk, BA R A < XTI 67 50N, — 7 I
JEE PO A AR 1 I W AT 3 o R i o i R R T R
A BRI S A, 2 5 20 A0 AR U ZR R 3y fig
Y5, T Co LI 1M 0338 10 | % 5 g i 46
BORAS R BB AR R0 7 ok B i R
NCOA4 413 R B 1T R A B T 3k A ik 17 1oy AR R

SRR ROS 215, Dyt LA M 52 L A% e 1 ARG 52
R BRI A I BT U AR 1 RS R
i AR (Fe™ ) 7E GPX4 DB E ol bt A Ak &
SRR = T SRS s B A A B HE AR T A
AP R ERIE T 2 B0 LA AR 0 0 48 9 Bk
) AR <5 3 e TNy b (diabetic cardiomyopathy ,
DCM) BRI NCOA4 3k 5 B, Bk 1 1 25 D
/b Fe* FITN [ ( malondialdehyde, MDA ) 7K °F- Jt
15, 11 GPX4 Fl GSH 7K FEAR, S /m i R H A
W RARIET I B BEEIA Y L TR 12 1 B0 AU
FIREAFAE i B S PRI IR AR P . 9 2, 2 1
A WEFE 2 M0 LB BE (acute myocardial infarction,
AMI) FLIT a2 e o P 5 S A B v ] R AT {4
VERS A MO ) 3 38 I 391 D) ) e o e i kit
AN BN E.OLES S 4k, B DLgE
H A WEIFAEGR 2O BP0 T (W 8 2 fih & R 25, BT B
S 5 B I (%8 U0 R G R R AL, 7E AN [
WITBLRAANF A YR8 R, g b RA TR
1A W/ BRAE TR 5 2 o BRI vh B I 25 R Gk 5
BN B A AORS M T F0Co 1 457958 s 4t 4t
TR (B 1) .
2.1 BAESE

PRICT A D WU FE Pt 3 2 ¢ /R AT, -
2k R R ROS 1Y BT 0 O LA A 1Y
Jl32) - BLAE 20 {42 90 4E AL, Salonen A1 AR
FEE 7R MG SRR /KPS0 USEZE XU B DA G
WFFTRI 72 MR OB D IR 3 YE (5200 wg/L)
By rPAES P O LRI ZE B & A XU 2 1 i 3 L 55
PERY 2.2 A, BeAh, BRAL IR PRIFFEIESS , Z M i
FU AT 55 5% e O WURE FE AR OCHE AR . RNA-seq 43
P B, 70 WUREZE I AT R 3 GPX4 7R oK
- bR U R 2k 25 S BUR B A K P T
i, DT 5 HOC2 O LN A & A kBB T P
FE O WUAEFE R FE T 1 I HLAI S, Liu BIBAS &
B, F12E 5% (resveratrol , Res ) ] 3 i1 175 3 46 & iR £
k% FL i 5 (lysine acetyltransferase 5, KATS ) /GPX4
MR IE TS, [AIAE, Nishizawa BB BFSE 2201,
5 ST BTB 2544 50F1 CNC [W U 1 1 (BTB and
CNC homology 1,BACH1 ) 3 12 i #2 1fiL 21 2 AR AR 5T
PREHERRAET T REBR BACHT ol i Ak A 450 [ 4 b
$i % F] (deferasirox, DFX) | 045 %0 2% i O WA 5L 155
FHBRIET S M 45345, T WIBIE S & B, I8 Ne-
F EL AR ( N6-methyladenosine , m® A ) H Ak AH 56 %k
PRIAT DA 7 AMI R ERIET -

AE4R % RNA (non-coding RNA , ncRNA) 7£.0 JIIL
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RIAE S BRI T 1 52 2% HA W 2% v D 47 o 2 e 5 A
FI . Gao PATBR" J B, 4 4 < 4 4F 4 % RNA
Gm47283 A A AL I i miR-706, ik 1fii §2 = GPX4 3%
IRAKOF  JEREARERBE T bR 25 4 34 485 8 2 (eyclooxy-
genase-2, COX2) TN, DIV S O LA L 15 A A9
i, 5356, Li BBRS WE 5 A B, FROIR RNA cir-
cRNA1615 3 3 W fff miR-152-3p, 1 il F MK %5 2 i
HH H 2R HE A 6 (LDLR-related protein 6, LRP6)
S0 LA E R DCERBE T, Zhang %5007 ik
—AIESE  miR-30d 3 1 #8140 ] F AR SCHE A 5
(autophagy-related 5, ATGS5) , % ATG5 4 % 19 H M
AT ST AR HE HOC2 (O JILAR B R AT T
2.2 HRINBEFRG

H AT, RFET B FE T (ischemia/ reperfusion,
UR) it B b WLAE AL T AL 2 — | HAZ O AE
Fakid B S A BT S B0 ROS LR 2203890
Tang FIBN" BT B, 78 /R 22 B, A0 %
FFAIE N ROS K-35 ETF, g i S 4 it o
1) 22 N AL 0 i 1 2 R AR 1A 75 1Y LOOH, B8 U0 40 Jif
RS R M I e 2l A BRAE T . AL, AL R B 1Y
BENRIEALTR A ™ AR BN 2 /R B ERIET Ay E
MBS BRIET R LEY & RS X/ GSH/GPX4
PR R GEM A, Horh SLCTALL FI GPX4 3Rk
YR s A M BT AR RE D IR IR AE T X
a2 R B R R B, 12 R R S R I 7
(ubiquitin-specific protease 7, USP7 ) if i i p53/
TR @, 7601 /R B0 i gkat = it
Ab, B4 S % (hypoxia/reoxygenation , H/R) 175 5 A I
J5 N 384 ( endoplasmic reticulum stress, ERS) 154k
FET-DIREOER BRI /R K USRI 58 7
BRILT- 5 ERS JKF- L [m)20 T i A5 8, Mgk A8 T il
FIRENS 1 2 FEAK ERS AH AR 25 W) 0T 5 S 1A 7 4
(activating transcription factor 4, ATF4) Fl1 C/EBP [
Ji4E H ( C/EBP homologous protein, CHOP ) [ % ik
AR EAHE R Y2, PRAEAN 77 (4 Ponatinib)
SERBET- MK [ an 8k ( deferoxamine DFO) JBk
BT A B O BECR A R A RO 0L /R
03124 Tian HIBAST L BE, 1/R 4035 O LA M
H GPX4 Kk WEFRAR, BRAE T RZE G, Chen
ROV /R ANEUSTHS, 4578 T 4R FE T (9 43T HL
Z— L FE MG B 5 # LA &1 1 (embryonic
lethal abnormal vision-like 1, ELAVL1) A% [~ 98 il 5t
Bt 2% GPX4 FTH1 1 GSH /K- F B 5 B Ab, i
i ELAVLL [ i s A gz i DAL VR 40445, 5%
AT FOXC1 ZR A il ELAVLL A B AR G

H 1 Beclin 1, #E—2 e EFRAET IR /R 75 F /Y
MR S TERBET 0 LR LR pS3 Al
N2 A9 K B 49 X 1, il i 9 92 R S8 X/ GSHY/
GPX4 i B 4% 08 H (4 SLC7A11 1 GPX4) | i
FEIRONL /R B ESET-P ) BRI R,
BAEAFIL 40 DRO #1457 N A% ( dexrazoxane , DXZ) |
A RO B R B IR BRAE T R GE VR B
SHLOIIRE P . ZIFITUESE , B AT A G R
1030 TR BR 8 11 FTHI FER R 2 2 R 8k i iz &
1 1 (ferroportin 1, FPN1) ] ) 55 22 3k i 2 7 = it
P B Ak K TG JLAE 5457 . il A, Baba
AN B 76 /R P3S40 30 min J& , O JJUBER
XK A A PR AR R 27 TIR1 4% T S5 8k4E
TR UIRC, 53— R B, FTH1 3K 52 45 ]
s NI B N e 7 N S A = T T
SLCTA11 F3k I8/ GSH A, e i) g o ik 4
AR IE T B Ah, Nef2 A i 1 R 40
Xc™/GSH/GPX4 il 3G SR P A AL BE T, 10 ] H 40
6] FTHL Jf 45 FPNI B 5% Wi 2447 200 1 P Bk S
A HFE B R AN R AR Y RS
SRIE T TR 720 URSE T B G E ] JF i — 2P
BT ERAE TS5 /R i 0 L 22 T8] Y 4 D)
R
2.3 FMBKREEREW

FFE 1981 4F, Sullivan HIBA IR B 1 T
“CYARTL” o ABATILE ) o e A 28 S B Bk
P95 560 9 AU I, 3R AR 2 T 47 76 AH SOG4, DR ot o
DU VR A PN K- TT R Ay 0o 1 191 B 4 3657 3
W, Li HIBNSY B 5E E— RS2, Hh i S ik
% (hepeidin) FY 0 215 05 EL R0 S 00 1240
M2 6/155 5% T Rk S 3405 R T 3 (interleukin-6/
signal transducer and activator of transcription 3, 1L-6/
STAT3 ) {5 1 I 05 5 VI AH 5C , 3k ml AE fin i & 48
To, X —RIARERER I 2 AKCE e i B iy
WRFEARBE THTBIOTSETT 1), AEShIKASAERE AL (athero-
sclerosis , As ) #E FEILFE | IS PN VL TR 400 O 1) - 22 AR
FEZIU NG BT 5% BUMBEH | 3o L6355 722 4[] “ 2 1
SR PR Sric S N i) U B p T
MG ANBE Bl 24 KU . 24 M1 7 I 240 i Py 2k
F i Th I W i A 5 RO, 7 AR K ROS B
M %A ALK 2 B2 BB 25 1 (low density lipoprotein, LDL) ,
TN I R 20 R RO A As BE R AR ED
Gustafsson A" (B 5 8 — 25 0E 52, 56 R 3 ik ok
FERE AL 8.2 110 5 AR 3 ok S0 e v 2k 9k 32 5 0 e e 4
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JRUR 522 4 3 E ARG, A, Xiao HIBRSY &3, G £
B (lipopolysaccharide , LPS) A ] As BEH 46 fk
A LDL ( oxidized LDL,ox-LDL) #7553 4k F1 2 | Tiij 3%
FRE R Bt — ek LDL 4k, i 4 Toll #3214
4/% Kl F kB ( Toll-like receptor 4/nuclear factor-
kappa B, TLR4/NF-kB) {5518 i Jl el ¥ 7K 40 12 i
KARAETLNL LR BT ik — 20 R AL T X R SE T 7
As BA RS AERE R BT EAE BN, TER IR IR
T 125 & H E (apolipoprotein E, ApoE ) 3 [H i
/N RSB rf  ERBE TR 2R 2R 1 (ferrostatin-1,
Fer-1) REf% 18 1 #8145 GPX4 F1 SLCTA11 B3k, A
I b 38 A S AR AR SE R Y 7, g T ] ot R
AR R LK B A O, B35 As BEHR A THT
R AR E Y L BRI T R B, IR B
(GLXB) VE R —Fh A 24T As 24, ] a1 40 ] 4
Py b A A AL IR B2 26 1 324K 1 (lectin-like
oxidized low density lipoprotein receptor-1, LOX-1) 3
I LS T PR S T R IR IR 6 Pl /TP 3R
KA A (eyclic GMP-AMP synthase/stimulator of
interferon gene, cGAS/STING ) il %, T I8l NCOA4 %
KR A WSS R BT T, TR N A
20 B T SR S R AE KT W AsTY L IeAh, Bk
FETTENEIRIGAIOC As K JEh e %5 G sEPE T . 78
B R IR PR T HO-1 sk = RS AT R/ 2 i I 2k
1A, AR ROS A J80, T il fig Bt 454k, 3t/ )
R AMMIARFET= ) 4 A AR BE T i A R
& AN RIE R 5 B TE As B KA FUR T
R R AR,
2.4 HRIB

20> 71338 (heart failure , HF) J2Co I8 52055 1) 24
AR, Hog B R b R RE WP M R BE T A RO
A ER . Liu HIBAET 05T R, 76 5 )
17375 5 B HEF R RS R | k5 o 0 o id ALk ™
P& Tt B2 HE S5 R0 5 5 BoAl SC Y i o
A R DIAOG . e Ah A ATT R B0, A B 4
I8 ( geranylgeranylacetone , GGA) 7] 45 5 fi¢ ##f FTH1
1 GPX4 [2eik , [A i/l ROS Al NADPH AL 4
(NADPH oxidase 4 ,NOX4) /K- AT 2R AE T 5 2
AR, Chen 1] A8 8 BT 9 i — A5 I 5 , TE
HF KRB R kA8 T2 1Y K A R GPX4 Al
FTH1 AU, SR1, miBR TLR4 2 NOX4 FE [ AT B
ORI X S L R 1) R 3k, T BGE O IEThRE, BAb,
LT A 2 (aldehyde dehydrogenase 2, ALDH2 ) %%
LA AT 3E s A N I B AL R T 3 B TE R
FERTR B /28 48 1 55 1% i 1 ( B-amyloid precursor

protein/mutant presonilin 1, APP/PS1) Z& 8B /N R,
D UIREAN 4 ALDH2 i 3k A 30 5 5 25 /N B
DL T IR BT A AL B ACSLA R ER 11 F MEAE ¢
I NCOA4 L) Je SLCTA11/GPX4 i) 58 Rk
EAN , ALDH2 B R R IA REAT SR 2 O 28 W 4 R
AR I = 55 1538 (ejection fraction, EF) | 3¢ B H:
XFOIIRERAT WGP EN, X EEHESE N HE IR 97
TEA T 370 S B8 A AT BE (193697 J7 4%, AT RE R HF
ey IT K B TERE AL
2.5 AlE

ZIWHF R W, BAE T 5 A R 28 8 5.0 DLAs
( cardiomyopathy ,CM) ZPIAHC, Hirp 5 ROS Y
AR DCM & R E BRI Z — 1 BRI B
RN ZRLAR T RERE AT | A L3 e 22 i ROS A=
JRCT R 3k BE T, T3 ROS 7RO JILAE A N &5 AR,
M EERFET= 20 GPX4 JEBRFET 1Y T 23
PR 2 —, BE 8 Wl 4% I ot ad S Ak B 5. Ni
BACT IS S B, PR N R A0 2 0 LA 2R DA R
BEAL PR /N O JILAR L h, GPX4 36 7 12 35 T B
SR, A H] Fer-1 AR AL 40N GPX4 35 1 I 4
GSH /K-, Wil A7 2 i gk S8 T- I 2 2 DCM. /Y it
. Zou BN 0BRSS S e 25 7 22 Bk T I
ik DCM K BLC WL NF-kB FIFR 5 2 (cy-
clooxygenase 2 ,COX-2) [ /5 #ik , [7] B 52 25 30 il .0
LEF AL EBTERACES 5 72 DCM A AL b ) B
SR, Xt UE ] T BRARIBITE DCM & s L
FRITER

ik 24 0 WL (iron overload cardiomyopathy,
10C) 7EiHAEVE M (s HICR A0 22 A0 B b b ifE 23
LR PR UL R ) R T e 52 K 0 1) A
TSR B O VRO R R E ER
B 240 L2000 8 ok 9 5 kI, AN A e 25 it
N5 AN, B R R T RE T A2 BT 5
RGFCT B WOR SRR ki ir 1,42
(G A R AN TANES TR L I 4 S = s R NS
IRE T B M6 A 2 M Al | kL A i ik Ko R 45
15100 HRFFE IR, BB A0 AT A RO B0 LA
HELRLAAR P H Bk 1, 982D ROS 7 A=, I 2% i
LRI RERERT . —I0HFST R B, R RO LA
T FTHL JE A58 ROS 7K T, (/N B &)
KHE10C, BRI, 76 FTHL 2% 490 WLAR I 3
SLCTALL RIPRIZ AN GSH 7K, M A ket 2k
R UR K AR, X — kKM ER T SLCTALL
TELE RO JIL AN i 4801 3 S50 e F8LB)7 10C Iy T 11
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A

ZIWEE C 48 78 BRAE T2 78 O JJLIE B i i) 5C
SrFHLE . Wang FTBA" B 5% 3R B, 76 i g £ fif
UE 1Y O WUAC JEE /N BB Y v R i R e 3
(mixed lineage kinase 3, MLK3) kK-8 & T,
MLK3 BE ] 58 i NF-kB/NOD £ 57 & % 11 3 (NOD-
like receptor protein 3, NLRP3) {55518 11 15 98 i [
PEIFFE S AN A T, AT e-Jun 2203 2R i i
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Figure 1. Schematic diagram of ferritinophagy/ferroptosis axis and cardiovascular diseases
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