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The role of ferroptosis in metabolic cardiovascular diseases
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[ABSTRACT] Ferroptosis is a form of programmed cell death, which is characterized by the accumulation of ferrous i-
rons and a large number of lipid peroxides in cells.  Metabolic cardiovascular diseases are characterized by cardiovascular
dysfunction involving a series of metabolic factors.  More and more studies have shown that ferroptosis plays an important
role in the occurrence and development of metabolic cardiovascular diseases.  Therefore, exploring the role of ferroptosis in

metabolic cardiovascular diseases has vital clinical significance for revealing the pathogenesis and prevention strategies of

metabolic cardiovascular diseases.
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1 SRIETEREFEL

11 $k%ET

BRACT 2 — b LA M S0k B 1 e R i o
S R B RRAE BT B AR i s T U L gk
FET I & B B 0 B M Bk B T AE AN &
R T8 5 S5 B 7 AR R R AR R A, B
g B AL HE R, e A S A R A 58T, 1E
PR ZE T b, BRPE T S BRI AL R R A 2R
ALOTHAERe MR R ) IR B 3K 8L L S vk
IR RL S BEAR DG . 7EANAfRZ T b SRS T 35
SRR /N 5 B AN IS AR b JF B AERRIE T
TR H I B 1 48 (reactive oxygen species, ROS) 7K
Tt MR SR e A i TR AR A RN A
SEREMEDT S UTARR R MRARBE T I S 0
FEHH . WP I, BRBE T Y b J0 o e 2 A A ok
FEARAS E H K o 2 (L W B 4 ( glutathione peroxidase
4,GPx4) TR PETFERRAE T 1Y, GPx4 6 PERE ARl
ROS HEA, B A R A 4R PE T L ARFETZ
A T R — e i Y A R A R 1 k)
S | (system Xc™) ) 3 P 9 4 0 A ) N B i
e R K - o e 22 R 7 40 PN 2 i d T e
SR , T4 H K ( glutathione , GSH) 194 L, 1 1t
S GPx4 BTG TR, A S SEAE T IR 3
FREARZE 7 B 51 11 (solute carrier family 7 member
11,SLCTALL) 24 1 system X~ Ao — o 85 552 1) 4 3
MG IZTE M, GPx4 GSH SLCTALl N#kFET i
AR A1 AT TSR R e B ) ps3 R LA
BT SLCTALL BT PERZ IR R IET 7 . RAS ik
BN A /N 4> F 3 ( RAS-selective lethal small
molecule 3, RSL3) . ZHi 7T (erastin) FFEIE TS
FIIE J2 18 o 52 R SLCTALL 3 %, fe &l 41 i 4E
T2 AN, A DR R BRE T I 1 1 (fer-
roptosis suppressor protein 1,FSP1) AJ Y —Ff GPx4
FEARA PR SE T A 72 5 8 AE TR IR T, FSP1
18 3B Z 5 (ubiquinone ) 3 J5 A2 5 ( panthenol ) 7
B 1 ER 3, B0 R BRPE T A AR L AR SCRA R
FALN I AR SR T AR A O 10450 T Y
VEFREA T I 34k
1.2 HIETH5H%NHZFEE

BIRRN —Fh L@ M TR 7RSS R
e E s i 15 DL DNA & & Z M PEN],
H TR T S P A S AR A e T o R

MRS EA A BT, P =
MERE T 5%8:E0 (transferrin, TF) s , TF SCRuN
55 EEEAR R 11 32 K (transferrin receptor 1, TfR1) 454
o =R B 7 N A AR, T 3 I A Wk
B, AN R T B /N E N
T B AR, R 00 ORI = M 2k 8 T AT
TERREE A (ferritin, Fer) W, 5 A /D38 438 1o gk
12 8 H (ferroptortin, FPN) SZ Bl A HE#i 1 R 3
TEANNE N A I B BRI AR BRI AR 2, i B 2
BAEMEFE PR M WK 1, 2 58 sl 4L
5 H (hemoglobin , Hb ) S84 #IE 8, 2B AR 2L
RAFVERI BT, TR BR$5 A JE B i 18 Bk 7 oK i
By A AR AR 1 R R B R FEAE
HERACHES & A XTI Ui B B 2 2 5 25U N
Az ROS , RS i A A 45407, S 2 fi 200 i & 2R R A
T2V SRR TR P i g & Ay I A
MO 2 AR BRI LA B AR AN s b i
FERW], BRIET A 5 50 e h 0 7T mT LA o o fidk 2k 2
FIATZE S TIR1 2R3, 980 I AR g AU gk i e, A
T B M & AR R AE T AN, FPN J2 H i —
CAR AR MR A, 22 KAz R
P IN T BE 22 0% 35 (ubiquitin-specific protease 35,
USP35) Al LI i ¥ 1) FPN {0 FC R i, 6 2k 0 HE 2
BEL , DA 17 £ i 8 400 L % A R BE T PR, R RS
5 700 23 5 0 20 B X R AR T B BRI
BRAR I I b BRI AT BRI DA R BR A = 5
PEYAET
1.3 #HIATEREMABHZFEE
BRAET 38 B R 1T B system X DUAH [R] Y
ELA51) 51 Jif P9 27 528 IO 2R ( cystine ) LSS5l P 14 43 2L
2 glutamicacid , Glu) ") 7E SRR 1R A 6 A4
ZARIVE R IDE 2R 7 40 N 25 0 it i~ e
2 ( cysteine, Cys) , T GSH FJAEW-& AL, 2 1M 52 i
GPx4 (TG MR BE9E R M, BRI iTE N system
Xe ™ FYAMHIFR], T LA 2 e s R A, 26 1375 5 40
HARFET =R & 2E S Ml = 2 e R A, R 26 40
S R 8 4 1) FH H B 2 2 ( methionine , Met ) A
Ve ke iR . W i 2 R i H 5 7 A ] L
B2 B2 ( homocysteine, Hey ), Bt i BE B-& A B
( cystathionineB-synthase , CBS ) # 1k [F] 4 > it & R TP
BB L , SR 5 18 5 B Bt y-24 7 B ( cystathionine
v-lyase , CSE ) BIREALAE AL N bR . WH9E3R
W1, CBS A 9 45 551 ] 346 888 JFF 9 400 M 79 Ak B T
CBS WFRIEAZ/INTF % BEA% R ( microRNA , miRNA )
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6852 YA X R AL T — P o e i A A Y 2k
FETI T REALE

ZIRIRUEIA (tricarboxylic acid cycle, TCA) J& A
il L Re AR 2 — GOk iy 1E # A
TAE F- 20 i =R MR E I R AR, e TGl
LRLIRISE T I T BE & AE U | i — 25 50 e — R IR
Ta¥h, WH5E R, system Xe igis A AR TE N
FEEAL N o IR (a-ketoglutaric acid,KGA) ,
AN R IRAG AR AR . ARG % 5 2
KA W, i3 AR G, [ B R LA #E ROS A g
PLEIER TERAE T | =R IR AE R 5 LR AR 2 [a] 1Y AH
Kbk HEAHLHI 5 it — 2D R
1.4 SRIETERAEZEE

G W (fatty acid, FA) & Fir A7 AE W) g o 1) &
BLETA R R RV A R Y, PRI R W] BRI
PR HE 0% 38 13 I5 i IR 4% 12 1§ (fatty acid translocase,
FAT)/CD36 S5 g %% i 2 (1 E A4, 2019
AR — TR 5 L, i A 98 40 if = 6 3k CD36 W
b A B IR W R G RE 1 L B 4N i
FIRT I 5 PR AT Bk S A A T T 2 LA D i 0 XAk A7 7
b, S EUIR W IRHME AR 5 R AR B A Z AL, [
TSI TR 370 B g 20 B X P T A SR ik
Hb, Hil (glycerine ) RMATR A5 AT A S JEURHLE 40 1 Y
JE M _E A g ( phospholipid, PL) , MiEHzBEE
FAWNE, 5 AL S SR AE M 3 Y Bk
PESERERR AT 20 AH 24 48 2 A, 4t i S | L 47
TERY NG 2 & AR B 84k , i i U2 2548 A T g
BBIIR | e BN M K AR kA T, X2 i Tl
RE Y 3 2221 I3 Z2 AR DT R (polyunsaturated fatty
acids, PUFA ) H 422 it SUEE Y F 3 (-CH, ™)
ToRTRER , TERG 1) AL T TR 5 ROS F4 40+
N, eI IR Bt it 4 H 2 (lipid peroxyl radical )
P H MR 4R SE 5 PUFA KA SN, Hi I 1% =X
JB, 53 PUFA kAR i %4k, PUFA hJC
LIAEA: DU PR ( archidonic acid, AA) F1'E _FIRIR (ad-
renic acid, AdA ) 5 5 & A IR ot 47, Rk
B i o S A RS2 = b5 il O R T A 5 L
MK B R % 4 (acetyl-CoA synthetase 2, ACSS2) | %
LB % B ok L% B2 1 3 (lysophosphatidylcholine acyl-
transferase 3, LPCAT3 ) Fl g Il % & 1 ( lipoxygenase ,
LOX) P4 , 240 b3 = B B i) 3% P g 32 AT 41
HIRRIE T B &A™ BLah, e ik i B R AR s
PUFA B 5 & A IR Bl Sk, WHoE R W], ohr ik
N AP e — A FLIE R I & ( dihydroorotate dehy-
drogenase , DHODH ) , R $ 32 [ 348 52 k9 et , 20 11 i

B R DA B g s e . LK PUFA 2
NAKTFI IR (prostaglandin, PG) W RTAY) B, Al A
ARG I 0 H 3l =8 (wiglyceride, TG ) AL AR
I (total cholesterol , TC ) F 7K -, [i) B R ARK 1L 9% 285 4
ARG O MU PR, LA BRSO IR B
AMLIP YNNG R EE N S ERSE /R A K ) i
1.5 SHIETEEREZFE
WEISFIRR BT 15 2 N AR H 2 i se & ox , Al 56
Z 14U, v E Ak, PABEIR R T (adenosine
5’-monophosphate , AMP ) 4K #5 i) 25 [ 3 /i ( adenosine

monophosphate-activated protein kinase, AMPK) 2 hE

SR AT e T, WS E I, AMPK 7] {2 F
P R 5 1 PR 8 il £ IR B A JR AL I (acetyl CoA
carboxylase , ACC) BERR AL E (i H TG | FA & 32 FH.,
MITHIRIERSET o 1 FA 5 LAY C Bl A (a-
cetyl coenzyme A, acetyl-CoA) 53K H # 4 H | X i
TR 5 R PE T a2 1 R Ak, W SE N L i —
R LI, S AR (SRR AR DLER) B
AT AMPK I ZRAET-") it Al DG i S
BRPET A —E A ePE  AMPK R 2, teah,
FWFFE R B, A6 T35 = 00 & v 307 VT 58 A O
AMPK fe#FAET, HBARBLGRTEL ) AMPK i
it Beclinl (BECN1 ) B2 1k, 85 1L ) BECN1 W]
FE4ES SLCTALL $NHH] system Xe™ 3% M, 7 M7 12 k40
Jf 2 FERRFET- 2 M2 AMPK 7EAKBE T e 25 WL
FAVEF, (H H A A LR B0 ) 2B T i HLARAE
BLHIMANIE 2 5 it — 05T,

NADPH J& It A A 9 44 v b AN 1] /20 ) Ha, 1 fiE
(A T R R R AT ) D A DG AR R AR R
S i 72 ( pentose phosphate pathway, PPP) j= 4z
W55 20, NADPH 5 8BET- % VI A 56, 7R A0 T 14
RN I8, —J5 i, NADPH £ 5 23 Jit H ik
TR AL ¥ 38 5 ( glutathione disulfide reductase,
GSR) ¥t & b 4 43 Bt H K ( glutathione oxidized ,
GSSG) i )5k GSH [ 2, 4 NADPH 7KF-Ft+ i B,
AR RAE T . NADPH /K] /5 S 0 4% 26 - 43
SRR A ARAE Y > BT R RSL3 ] 3L f
fik NADH #l NADPH /K FfE i gk sE 1= 55—
Il ,NADPH ] %54 NADPH 41k ( NADPH oxidase,
NOX) 1 L b4, NOX 2 — o 55 FEE g, T 3 oo 4 Ak
B, M NADPH #8380, I, dF i 7= A —Fh i 4R
FH 3 0,7, M A F 2 36 =1, AFF 5% 3% W,
NADPH %A L. 1 ( NADPH oxidase 1, NOXI1) Al
NADPH %84k 4 (NADPH oxidase 4 ,NOX4 ) ¥4 A iifi
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i f# 1k NADPH HL F %% %% 7= £ ROS Jg 3h 4k 3t
TR AT SRR S AL A I, (H
BARPURA R — 8RR

2 HET SRRSO DERR

BRI T 5 MBS R E HX O MERRK
fe M ILE 7T 5 2503l koiks BE A 4L (atherosclerosis,
As) B RAE K, 2O L PRI I JT X, A BIFSE R
B 1L 20 3R 3R i R I e 25 4k T LA o i 4 1 A1 %% B i
M (low density lipoprotein, LDL) , ffi LDL Bk i
B Ak Ry SR AL R % B IR 85 H (oxidized low density
lipoprotein, ox-L.DL) , M T3 25 W3k 41 A 4 W ik 22 i
R As B 45 AIE 14 55 28 40— IR 4 L, ox-
LDL i AT 45 4% 3 50 bk P e 240 7, %oF = 30 Jhk o4 Bz 4 e
HAWIR M AT . BRICLISM, As MHLH 5
SNRE R A B VIAR G, B 40 i 55 42 112 48 3 4 J
T As KIER R CHPIRZ —, MRS G5
R L5 1 (nucleotide-binding oligomerization domain
1,NODI1) & —Fp A5 X iR 51| 3Z 14 ( pattern recognition
receptor, PRR) , A58 3R B , 7E 8L NOD1 1
L /N BRULE L Co JEE AT v 8 B 7K P 2 AR )
A RELAE H () CXC &k A 7 % {4 2 ( CXC-chemokine
receptor 2, CXCR2) ¢ #F F WE AN g 7] As BREHR 5 AE
RARSEHE Y B2 BRI A RIS ) 5 I5 40 i Fr) 55
TR RS 5 As YR AR R UIAROC
IeAh, As 5 i B AL A G, AP R,
FETAHIRIE SRS S As R E KR, BFT
E2 #H 5 B F 2 ( nuclear factor-erythroid 2-related
factor 2, Nrf2 ) -Kelch # ECH #5481 ( Kelch-like
ECH-associated protein 1, Keapl ) {55 18 i 7] i i 4
FRAH i 2k 75, B2 5 GSH , GPx4 /Y T 4 DL K 38 Jin
NADPH 7 Az, il fig o 5k 480k, kT BEL 1k As 7Y
HEECY ORI 2 BT R S s A R

AR S T RS R iR IUAE , 5 2% As DATTTHE A O
O MLAE BRI 1 A AR
2.2 BRTEMERFAERODERR

AR PRI T 2 TUOBE R (type 2 dia-

betes mellitus, T2DM ) 7F 3& [ A o & R0 15 28
Tho 5T R B, B 4805 0 R s 2 XU 52 1E AR
I MR KT SR IR LT T 51 B Ak i A7 41 21
BRI AE, R0l 20 A R G A RS DL S
PRE|GE, WG DB PRI F8 7 100 LB it & A 6
BIAEH N, 290 2.5 F55), RO 0 IR
FLO M PRI =& Z [AIFFEAHDCE

2.1

FE T2DM F835 v AT B 00 LI it bR 3 17 %%
AL MR FE T, B 28R 52, i P v A
(ischemia-reperfusion injury,IRI) 5 ROS /& B A%,
FEVRP IRL A2 v O LA A A O UL AH R 43
AR, R 0 I S A RO o BRAE T ) 5
Fer-1( Ferrostatin-1) 7E 4 R Jpg K BRLCo LR i P8 73
e 3 0 R Ak PR T LAY P S5 I R RO LB
Y34 EATEHE W Fer-1 40 BE A /N RUZE R A TRI
rHRE B8 T BRFLC LA 495 10035 s R 0 4k 2 | At —
SERRBET 40 1 590 402k 2 A ) 25 2k B ( deferoxamine,
DFO) BN 3 ioh i A HEZE T U A TR, AL B
FEAERRY] RO L IRT A8 b B bR 5 20 A s
SE S IR SE T 2P L O L

B PR 99 0> WL ( diabetic cardiomyopathy , DCM )
SR PR R 0 — el DL GO A O A . R A
AR 1Y S A I R T AU 2R G2 52 0 22 3 B0 ROS
R BEE AR O LR B A AR BRSBTS, BETT 51 & DCM,
AWFFERNT Nef2 W] 3 o 98 42 45 Dt H R S5t 48 1k 5
DN, 2 200 i SR 0 IS A, A Sh B R vp ) .
Nef2 ] AP R BE T, Nef2 X456 T A9 9 55 7 F AT
HRA DCM IR YT I — AN 07 05 Bt Z 4k,
2023 4R —THHFFE RS Ry DCM IR T7HAE 55— 7
6], IS S R s 24 - A A A e s B
2 f il ¥ ( sodium-glucose cotransporter 2 inhibitors,
SGLT2i) AR 259, WF 58 A B0 AK 51) e J =5 40 o]
RAE KT I E A 2 (cyclooxygenase-2, COX-2) Fli75
F 4 — 4 fb & & B (inducible nitric oxide synthase,
iINOS) iy 2315, I HmA% 1) ¥ n] a3 306 AMPK i
BRI JRE SN FNERAE T AR 08O JUL A0 e 1) IR
FREEMEST S MO LR AN I A AR v R
FIERBC T RZ R, 3 A Ay 36 5 W R AH DG 1L 58 98
S B AT SR
2.3 HETELHEIR

20> 15V (heart failure , HF ) S0 I 55 52955 14 ¢
KB, 52 FRBE T ARSI ZE LA DI AR OCY
B 4> B B O 1 3 (heart failure  with
preserved ejection fraction, HFpEF) ORI BT O
JIHEW 9 40% ~ 60% , FRAELT- A fig /& HFpEF & 4=
R —A AL, TR BT, A% 51 i w] i ik
HRT AR ERIE T K Bl HFpEF , % HFpEF (4.0 1M1
A AR R BB R — 2L B
Fo WAM, WFFERMI B R R T LI T B GPxd 1Y
IRV BELIr 22 hr VT 375 5 040 WL AR B R BT T, WK A2 240
HTE T, LLGR A0 1 580

U ) 3E VR 5 SRR T BE B A 8 DIAH OC . BF 5%
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R bR E AL BE R 1K (oxidative phosphorylation ,
OXPHOS ) ZR Gl B 19 2R A5 6 5 L 0 LA Al
OJ1IEW, M OMAL/DELEL/# i 54 5 3 F 4
(activating transcription factor 4, ATF4) E5N 5
B HE A LI B (integrated stress response, ISR) 2%
S0 GSH AR, ik GPx4 IR 2, K
- B LA AE B Ak, & AR ERAE T, i nl
LUK ERAET 5 OXPHOS il 2 K ZOAL (A 5 i 1k 77
K ,0MA1/DELE1 451 ISR X0 ULA0 i H AT (73
YEF , T LACRE Hy Zebr (A i 5 25008 0 JIL Koo g
BT ST
2.4 R TEHMABH SO DE KRR

JEFERT Hy A 38 SR AR R R SR, H
SRS N TR A PN o B S ARURI i A, T B A AR
SRR R 0L G A A ST RV PR S A
K, B & BUERFE T TENE AR ARG P O 1L 45 90 v
HE REEH ., #UKRCH T 1 (heat shock factor 1,
HSF1) il i i 1 RASAS ML GPxd ik eI TR
FEIFR ( palmitic acid, PA) 75 S (1.0 L0 B SE - H A&
FEER . BE5E & B, PA LA o 0B (] 48 68 1 7 5K
FEAIK HSF1 1 GPx4 [ 335 7K -, i 33k HSF1 7] 38
TE IR T BRABRR O JE PR an v BT A 515 40 BBt 1
(solute carrier family 40 member 1,SLC40A1 ) 55 FE K
(8 S AR HE GPxd IR MR

1L 7% PRFR ( serum uric acid, SUA ) 52 A A P B2
FEMEINZE™ ), SUA Thim, © A RS20 XUFLLG i
BPIRmfar R . AR5 R, INLTE 28 (serum
ferritin, SF) | IML£1 8 1 7K ~F-5 /5 R R 1L 5E ( hyperuri-
caemia, HUA ) % .Cr I 45 52 9 Y 52 Wi 52 TF AH 5697
2022 1 —IRFIE R W], HUA R 75 5 A i % A
BRIET I BB RS As BEHCIE A 56, HUA
AR ox-LDL &b B 5t i L e 41 fitd Y 2k R R A o
A, IR HEE IR 0 ML A IE i, A, G Nef2
IRIERAET- A Bk 3% HUA S0 As'™ . DL EE
PRUEW] T ERFE T | PRIR ILAE S As — 35 Z [a] iy Bk
FRASEE T HUA 78 As ZHL P, 5tk
As ¥ HUA $2 07748 A,

3 HitG5RE

BRACT I — Pl AR 1 20 M AR PP PR T, LA
i PR I K S 1 e AR SR I B i R SR A T
L TEZ PR ) K e R R vh R LB, IR
APk R B IESEIE IR AE T S AU Z AL
S, ARSCHEIE T BRAE T 5 BR A & LR A

A SO Qi 3 Z AU R IL B R R IR RS T
BRACTAEACIIE O LA B Hh B RIT 5T 1, ST 5T
BRACTAE AR O I P A 2R K Je v g AR 4R
BUB L, IRk AT T 0 i B i 1 AU L R
AR LA B 36 1O T SR, {EL A x HHL A
BTN B DA A TR IR A o B W BRAE T 1 A P O
A Fh B A AL A B T D AH 5 I R 25 1 /Y
WA SR BB A RAR TR

[ 5% 30K ]

[1] SAKLAYEN M G. The global epidemic of the metabolic syndrome
[J]. Curr Hypertens Rep, 2018, 20(2): 12.

[2] REICHERT C O, DE FREITAS F A, SAMPAIO-SILVA ], et al.
Ferroptosis mechanisms involved in neurodegenerative diseases[]J].
Int J Mol Sci, 2020, 21(22) ; 8765.

[3] KOPPULA P, ZHUANG L, GAN B Y. Cystine transporter
SLC7A11/xCT in cancer; ferroptosis, nutrient dependency, and
cancer therapy[ J]. Protein Cell, 2021, 12(8) : 599-620.

[4] DIXON S J, LEMBERG K M, LAMPRECHT M R, et al. Ferropto-
sis; an iron-dependent form of nonapoptotic cell death[J]. Cell,
2012, 149(5) : 1060-1072.

[5] YANG W S, KIM K J, GASCHLER M M, et al. Peroxidation of
polyunsaturated fatty acids by lipoxygenases drives ferroptosis[J].
Proc Natl Acad Sci U S A, 2016, 113(34) . E4966-E4975.

[6] LIJ, CAOF, YINHL, etal. Ferroptosis: past, present and future
[J]. Cell Death Dis, 2020, 11(2) . 88.

[7] JIANG L, KON N, LITY, et al. Ferroptosis as a p53-mediated ac-
tivity during tumour suppression[ J]. Nature, 2015, 520(7545) :
57-62.

[8] SHINTOKU R, TAKIGAWA Y, YAMADA K, et al. Lipoxygenase-
mediated generation of lipid peroxides enhances ferroptosis induced by
erastin and RSL3[J]. Cancer Sci, 2017, 108(11) ; 2187-2194.

[9] DOLL S, FREITAS F P, SHAH R, et al. FSPI is a glutathione-in-
dependent ferroptosis suppressor[ J]. Nature, 2019, 575(7784) .
693-698.

[10] WANG K, CHEN X Z, WANG Y H, et al. Emerging roles of fer-
roptosis in cardiovascular diseases[ J]. Cell Death Discov, 2022,
8(1):3%.

[11] GAN B. Mitochondrial regulation of ferroptosis[ J]. J Cell Biol,
2021, 220(9) : €202105043.

[12] CHEN X, KANG R, KROEMER G, et al. Broadening horizons:
the role of ferroptosis in cancer[ J]. Nat Rev Clin Oncol, 2021, 18
(5) : 280-296.

[13] TANG Z, JIANG W L, MAO M, et al. Deubiquitinase USP35

[

modulates ferroptosis in lung cancer via targeting ferroportin[ J].
Clin Transl Med, 2021, 11(4) : €390.

[14] KOPPULA P, ZHANG Y L, ZHUANG L, et al. Amino acid

[l

transporter SLC7A11/xCT at the crossroads of regulating redox ho-
meostasis and nutrient dependency of cancer[ J]. Cancer Commun
(Lond) , 2018, 38(1): 12.

[15] WANG L, CAT H, HU Y T, et al. A pharmacological probe iden-



374

ISSN 1007-3949 Chin J Arterioscler, Vol. 31, No. 5,2023

[16]

[17]

[18]

[19]

[20]

[21]

[22

[

[23

[

[24]

[25]

[26]

[27]

[28]

[29]

[30]

tifies cystathionine B-synthase as a new negative regulator for fer-
roptosis[ J ]. Cell Death Dis, 2018, 9(10) ; 1005.
WANG M, MAO C, OUYANG L L, et al. Long noncoding RNA
LINC00336 inhibits ferroptosis in lung cancer by functioning as a
competing endogenous RNA [ J]. Cell Death Differ, 2019, 26
(11): 2329-2343.
JIANG X J, STOCKWELL B R, CONRAD M. Ferroptosis: mech-
anisms, biology and role in disease[J]. Nat Rev Mol Cell Biol,
2021, 22(4) : 266-282.
PASCUAL G, AVGUSTINOVA A, MEJETTA S, et al. Targeting
metastasis-initiating cells through the fatty acid receptor CD36[ J].
Nature, 2017, 541(7635) : 41-45.
WATT M J, CLARK A K, SELTH L A, et al. Suppressing fatty
acid uptake has therapeutic effects in preclinical models of prostate
cancer[ J]. Sci Transl Med, 2019, 11(478) : eaau5758.
BUHNIK-ROSENBLAU K, MOSHE-BELIZOWSKI S, DANIN-
POLEG Y, et al. Genetic modification of iron metabolism in mice
affects the gut microbiota [ J ]. Biometals, 2012, 25 (5):
883-892.
STOCKWELL B R, FRIEDMANN ANGELI J P, BAYIR H, et al.
Ferroptosis ; a regulated cell death nexus linking metabolism, redox
biology, and disease[ J]. Cell, 2017, 171(2) ; 273-285.
MASON R P, LIBBY P, BHATT D L. Emerging mechanisms of
cardiovascular protection for the omega-3 fatty acid eicosapentaenoic
acid[ J]. Arterioscler Thromb Vasc Biol, 2020, 40(5) ; 1135-1147.
LEE H, ZANDKARIMI F, ZHANG Y L, et al. Energy-stress-me-
diated AMPK activation inhibits ferroptosis [ J ]. Nat Cell Biol,
2020, 22(2): 225-234.
SONG X X, ZHU S, CHEN P, et al. AMPK-mediated BECN1
phosphorylation promotes ferroptosis by directly blocking system
Xec™ activity[ J]. Curr Biol, 2018, 28 (15) : 2388-2399.
SHIMADA K N H, HAYANO M, PAGANO N C, et al. Cell-line
selectivity improves the predictive power of pharmacogenomic ana-
lyses and helps identify NADPH as biomarker for ferroptosis sensi-
tivity[ J]. Cell Chem Biol, 2016, 23(2) . 225-235.
KIM H, LEE J H, PARK J W. Down-regulation of IDH2 sensitizes
cancer cells to erastin-induced ferroptosis [ J ]. Biochem Biophys
Res Commun, 2020, 525(2) : 366-371.
XIE Y C, ZHU S, SONG X X, et al. The tumor suppressor p53
limits ferroptosis by blocking DPP4 activity[ J]. Cell Rep, 2017,
20(7) : 1692-1704.
YANG W H, DING C K C, SUN T A, et al. The hippo pathway
effector TAZ regulates ferroptosis in renal cell carcinomal J]. Cell
Rep, 2019, 28(10) : 2501-2508.
BALLA G, JACOB H S, EATON J W, et al. Hemin: a possible
physiological mediator of low density lipoprotein oxidation and endo-
thelial injury[ J]. Arterioscler Thromb, 1991, 11(6); 1700-1711.
FERNANDEZ-GARCIA V, GONZALEZ-RAMOS S, AVENDANO-
ORTIZ J, et al. NODI splenic activation confers ferroptosis protec-

tion and reduces macrophage recruitment under pro-atherogenic

[31]

[32

[

[33]

[35

[

[36]

[37

[

[38

[

[39]

[40

[

conditions[ J]. Biomed Pharmacother, 2022, 148 . 112769.
DODSON M, CASTRO-PORTUGUEZ R, ZHANG D D. NRF2
plays a critical role in mitigating lipid peroxidation and ferroptosis
[J]. Redox Biol, 2019, 23. 101107.

ZHANG Z 7, FUNCKE ] B, ZI Z Z, et al. Adipocyte iron levels
impinge on a fat-gut crosstalk to regulate intestinal lipid absorption
and mediate protection from obesity [ J]. Cell Metab, 2021, 33
(8):1624-1639.

LASCAR N, BROWN J, PATTISON H, et al. Type 2 diabetes in
adolescents and young adults [ J]. Lancet Diabetes Endocrinol,
2018, 6(1): 69-80.

BABA Y, HIGA J K, SHIMADA B K, et al. Protective effects of
the mechanistic target of rapamycin against excess iron and ferrop-
tosis in cardiomyocytes [ J]. Am J Physiol Heart Circ Physiol,
2018, 314(3) : H659-H668.

FANG X X, WANG H, HAN D, et al. Ferroptosis as a target for
protection against cardiomyopathy[ J]. Proc Natl Acad Sci U S A,
2019, 116(7) : 2672-2680.

SHA W X, HU F, XI 'Y, et al. Mechanism of ferroptosis and its
role in type 2 diabetes mellitus [ J]. J Diabetes Res, 2021,
2021 : 9999612.

ZHANG W Q, LU J H, WANG Y Y, et al. Canagliflozin attenu-
ates lipotoxicity in cardiomyocytes by inhibiting inflammation and
ferroptosis through activating AMPK pathway[ J]. Int J Mol Sci,
2023, 24(1) . 858.

B A5, EAFME, ) 3G, AF. BRAETS RO T R R AT
[J]. hEShpkEEfe e, 2022, 30(9) : 821-828.

LIAO W, XIA M D, XIANG Q, et al. Research progress of ferrop-
tosis in heart failure [ J]. Chin J Arterioscler, 2022, 30(9):
821-828.

MA S, HE L L, ZHANG G R, et al. Canagliflozin mitigates fer-
roptosis and ameliorates heart failure in rats with preserved ejection
fraction[ J]. Naunyn Schmiedebergs Arch Pharmacol, 2022, 395
(8):945-962.

LIU B, ZHAO C X, LI H K, et al. Puerarin protects against heart
failure induced by pressure overload through mitigation of ferroptosis

[J]. Biochem Biophys Res Commun, 2018, 497(1) ; 233-240.

[41] CONWAY B, RENE A. Obesity as a disease: no lightweight

[42]

(S

matter[ J|. Obes Rev, 2004, 5(3) ; 145-151.

WANG N, MA H, LIJ, et al. HSF1 functions as a key defender
against palmitic acid-induced ferroptosis in cardiomyocytes[ J]. J
Mol Cell Cardiol, 2021, 150 65-76.

LIXP, HETC, YUK, et al. Markers of iron status are associat-
ed with risk of hyperuricemia among Chinese adults: nationwide
population-based study[ J]. Nutrients, 2018, 10(2) ; 191.

YU W, LIUW D, XIE D, et al. High level of uric acid promotes
atherosclerosis by targeting NRF2-mediated autophagy dysfunction
and ferroptosis[ J]. Oxid Med Cell Longev, 2022, 2022 9304383.
i)



