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Abstract
sis in H9¢2 cardiomyocytes and the regulatory role of the Nrf2/GPX4 signaling pathway in this process. A dam-

This study aims to investigate the role of TNFa (tumor necrosis factor o) in inducing ferropto-

age model of H9¢c2 cardiomyocytes was established by TNFa stimulation. The expression of related proteins was
detected by Western blot and immunofluorescence. The accumulation of ferrous ions, production of ROS (reactive
oxygen species), and changes in mitochondrial membrane potential were observed under a microscope. qRT-PCR
was performed to examine the effects of the ferroptosis inhibitor on the mRNA levels of Nrf2, GPX4, and PTGS2
induced by TNFa. The regulatory effects of Nrf2 gene silencing on the transcription levels of GPX4, PTGS2, and
ACSL4 mRNA, as well as the effects on cellular ROS and ferrous ion content, were analyzed using siRNA technolo-
gy. TNFa treatment significantly downregulated the expression of GPX4 protein in H9¢2 cells (P<0.05), which was
accompanied by elevated ROS levels, significantly increased positive staining rate of ferrous ions, and decreased
mitochondrial membrane potential. Mechanistic studies showed that TNFa significantly inhibited GPX4 expression
in H9¢2 cells; meanwhile, it suppressed the Nrf2-driven antioxidant proteins HO-1 and NQO1, and concomitantly
up-regulated ACSL4 (P<0.05 or P<0.01). TNFa significantly upregulated the mRNA levels of Nrf2, GPX4, and
PTGS2, and Fer-1 effectively inhibited the TNFa-induced upregulation of these genes. Silencing Nrf2 inhibited the
transcription of GPX4 mRNA and significantly upregulated the mRNA levels of ACSL4 and PTGS2 (P<0.001 or
P<0.000 1), which exacerbated the accumulation of ROS and ferrous iron overload in cells, ultimately promoting

the ferroptosis process. TNFa induces ferroptosis in H9¢2 cardiomyocytes by inhibiting the Nrf2/GPX4 signaling

pathway, disrupting the balance between antioxidant defense and lipid peroxidation.
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ToE A At T A BEAE O, AR AFE
B BEH IRFESE . A D H IR AL P 4(glutathione
peroxidase 4, GPX4) ki LA & 2 AR 7R (poly-
unsaturated fatty acid, PUFA)ATAE OB i i S8 e Wi
FEAR R o BRI 2 (B SR B, BRAE T AR O LA R
I3 () G sR L /PR VR A S O 3 O L RN )
IKRAEAEAL ) A B EH . Rk, i e gk
SRR O U B, 1R — Bl /i s ie 97
SR

H BT, BRIET- 15O UL4H B 453495 H B A WL A
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WALERR R DL J 38 [a) o] BEAEAE R IRAE ML, v 75 2
—DHE . CARER, E0IEEFER MR,
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SR, TNFot &5 HiES 5.0 N4 st T i i 2,
o I EARAE AL AS B A

ST, AR A TR I TNFaXt H9c2.0 L
Y RSO T s e S VB EALS], A AU B
F- [ B TNFo /e Co LA A0 T2 R IR, o3 T8k
FET ML 400 MU B VR 97 SRME SR AL T 37 IR B2
MRHE AN S 56 LAt

1 AR %
1.1 #8

FERMOFE - CoLZH M (HOC24H At ) (I i 384
mAEH AR A Al ); HyClone DMEM &y #4415 57 5
LEIG AR (BUN A RA R, N ARTER T
ofs [ (R Z AR AR ); Cy3trid il Edi sk
IgG(H+L). Cy3tric il *Hi/M s IgG(H+L) FITCHx
W E PR IgGHAL) BRI A B bR ic 1L =F
U 1gG(H+L) BRI S AL P B bR i 1l £ 4T
IgG(H+L) MM G 3 i 28 2 pr A i Pl
AR £ (JC-1). Lipo 80004 44k 7( i3 =K
AR AT, GPX4 FEIEAHEE A A 4(acyl-CoA
synthetase 4, ACSL4). Nrf2. HO-1. NQOI1HifA (i
AW AA R 2 7]); FerroOrange(Fe** indicator)(_F
TR AR A BR A R ); W5 e B gekhik qPCR
R £ (P R R LE MR A B PR A ) o
1.2 753k
1.2.1 mpasEibsaia ¥ HOC24m e+ 55
10%Ji6 25 L5 [ M DMEME; 753, B T 37 °C. 5%
CO,. MG FE 40 f s TR M TP i 9% . 2 H9c24
%55 5 5 21 70%~80% I, 4 41 i 43 S =% 1 40 (A i
ATAT b B ) A K AR R JE (12.5 ng/mL+ 25 ng/mLA!
50 ng/mL)[ TNFaZl. %36 hibB 5 s 4m i i+
N, AT TNFoft e/ E IR . e E
TNFodg EAF K E A 50 ng/mLJ5 , K4 7 LR
3%, XFHEZH (Con): H#AUKEF%; TNFad: FH 50 ng/mL
TNFoAb#E 36 h; TNFo+Fer-141: 4GLL 10 umol/L Fer-
1(ferrostatin-1, ZRFET 1 71, T DMSO) Pl AL #2 h,
FHIA 50 ng/mL TNFakb3 36 ho X HEZH AT TNFaf]
BIINEEARFA DMSO, HERREFITH. st 24
L, 4359 SINCHI siNrf22H, P % Gt 511 siNC
FSING2%% Yo 22 AL Jo 04T 5 250560
1.2.2 & &G T ¥PidE % (Western blot)# & & & A H
B ¥ HOc24H B 55 7= AR R I N & 8 A Bl R g

PRI RIPAZHRWE, 1EUK LT 30 minZdfft. &
EAEBAERTRGEOR, YEAETEBIG
Hom# 8 min LA A AR, BEJERAI BCARH
€ A S E A A R B R, TR AR
AR RN VKB _EFEE N 30~50 pnga & A, AT
SDS-PAGEHLK : ¥4 i (M FE N 5%)7E 80 VHLIE
FLUK 30 min, 73 2 (AN 10%)7E 120 VL T HE
7K 60 min. HLUKEE ARG RH T HBIEKEA R
5 E|PVDF . ffi H TBSTI W eI, bR st
PHVRAE 2535 R 8 1 10 min, FH TBSTVA TR PRI 3
UC(EEK 10 min)o 43I0\ GPX4. ACSL4. Nrf2.
NQOI1. HO-1F#1 GAPDH I #i14 (GAPDHT A Fi B
EL521:10 000, FLAR25M1:1 000), 754 °CRFE I
o PR TBST MBS, N AH N Fi & 1 —
B (R B LU A 1:2 000), =3 FHEE | he &5 18
i i RBUEA RGBSR RS AT B3, Hd@id Im-
ageV AT HEAT IR FE Ao, Gt 2R A (AN 5 &
1.2.3 %% 3% Hik (immunofluorescence )1 & &) &
B OKHICAN I LAS X 10%/FL A 2 FE FERh T-244L
PR, FERTIR S AR5 77 J5 AT A LA 3, A B 45 7 s
I PBSIEEE 3K, FEFLINS00 pl 4% % K HEE, =i
i 52 15~20 min; 7 [ €7, PBSTEYE 3K (FEKS min),
F A AL 500 pL Triton X-100, =505 5 10 min.
3+ % Triton X-100, PBSYEYE3 K G, FFLINS00 pL 5%
A= M3 R A S IR E 1 hy 2 B0 N R A9
1:200/)GPX4. ACSL4. Nrf2#ifk, 4 °Ci & 1L 1%, 71
Ve 5 TN BE L5 1:500 A AR 2 F & 9 e bric —
Pi, BIRBOLW E 1 h, 5 L@OEPEK S TEFL A RN
DAPIY i, B BAE(R B 5O B Ass T WL RE
KA

1.2.4 4/ ROS. FeX 7K Fo 25 5 AR I w1, 45400
RrHOC2AN Ml 28 75 LH AL BRIA B OB N 8] 5, 77 2 fLIA B
I [Fer A 75 5 827k , 15144 (reactive oxygen
species, ROS) S 287 4 i F A A6 75 FH PBSTEVE3 K
bt /5 53 A P i P AR IR 2 . FerroOrange(Fe®*
indicator) S Ze R A4 5 f A A7) g A T A i, B
BRI IR BT

1.2.5 qRT-PCRIEA2 M4k 5L T=48 % mRNA#) & A
2 IEHTRIzoIAFIFE UL RNA, Fifi J5 2K FHcDNA
A RBARF BT 1 g M RNA S 00 4% 55 [ B o A1)
CFX9652 ] 52 )t 5 B PCRAY (Bio-Rad A &) )/l SYBR
qQPCRIEHHEAT TSI 58 58 B PCRAMT, LAKERUVL
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Table 1 Primer information

EIkVELR S FEF(5'—=3") P /op
Primer name Sequence (5'—3") Product length /bp
ACTB Forward: AGA TGT GGA TCA GCAAGC AGG AGT A 83

Reverse: TCA GTAACA GTC CGC CTA GAAGCAT
GPX4 Forward: TAA GTA CAG GGG TGC GTG TG 134

Reverse: CAA GGG AAG GCC AGG ATT CG
Nrf2 Forward: ATG CCT TCC TCT GCT GCC ATT AGT C 130

Reverse: AGT CAT TGA ACT CCA CCG TGC CTT C
PTGS2 Forward: ATC CTT GCT GTT CCA ACC CA 128

Reverse: TCT TAG CAAATC AGG CGT A
ACSL4 Forward: CTA CTC TTA CTG CTG CTT CCG TTACT 96

Reverse: AGG CTT CTA CTA TGG TGC TTA TAT GCT

BN A (ACTBYE A A S5 R (FH 51 s B 1),
E R BE T A G R ImRN A R IA 7K

1.2.6 siRNASEE  BFXF KRR Nrf22E K16 32 45
EsiRNAH B4 TAY TRERGARA RS
. siRNAFFUIR: RNfe2l12-150-s1E X 55 F 41 A4
5'-GCA GGA CAU GGA UUU GAU UTT-3', X}
S X 8% RNfe212-150-a 4 5-AAU CAA AUC CAU
GUC CUG CTT-3'; RNfe212-660-s1E X 5 51 N
5'-GCA AGU UUG GCA GGA GCU ATT-3', X}
S SUBE RNfe212-660-a 4 5'-UAG CUC CUG CCA
AAC UUG CTT-3"; RNfe212-1610-s1F 455N
5'-GCA GGA GAG GGA AGA AUA ATT-3', %M
S X% RNfe212-1610-a°/y 5'-UUA UUC UUC CCU
CUC CUG CTT-3'. H9c24 k5% T4 10% FBS
) DMEM % 7% 3 /| 4% 8 Lipo8000 %% Ye i 771 2 {1t
BT, 8 =R 5 Nef2 1 siRNA AT 41L& 55
PL—NANEFST B bR R siRN A B AE A BH 4 5
M. 43 3 LA Western blot#& il Nrf2 & [ R KK,
qRT-PCRIEA M H: mRNA L /KT, 4 b Ik Nrf2
5 DR 1 ) 25 R

127 %itFat BWKLESH MRS, RH
GraphPad Prism 8.0. 15fF#E4T 734 . B4 LLF- 3
(B +FRUEZE (eks) Ko, P94 LI A8 B ST AR A oA 560
% LUK F BRI 3 07 2293 BT (One-Way ANOVA).
P<0.05#0\ENTESUTH: F A B EE .

2 #ER
2.1 TNFuiESHI2MEHGPX4MEBRIE T
AR FE TNFokH 2R AE T M e R B 8 B —— 8 bk

H R S ALY 4(GPXA) 52, SR Western blothé:
MHFIEIKN- . RGN, HO2A 22 12.5 ng/mL.
25 ng/mLA1 50 ng/mL[1] TNFakbPE 36 hfi, GPX4[K) &
HRIEK P EE TR 1A). Hrd, 12.5 ng/mLik
JEZH ) GPXAFRIE KO 2 B8, 125 ng/mL
F150 ng/mLyKBELH 1) T B BN 235 (P<0.05). ET |
REER, 5 RS % 50 ng/mLI¥) TNFakb# H9c2
YHMu36 ho HufE il gt — P UE s T TNFoXf GPX4
RIS B HIE H (EI1B).
2.2 TNFoiff SHI24H Bl & F 1L R 7K F FFe>
2EHS

BT GPX4 T T BE I 55 40 b stk e g, 3R
13— 50 T TNFokb 2 5 B N R bR . 9
6 BB R B2 B, TNFaifs 5 H9c241 il ) ROSH
Fe2+ & & 5 W Tt iy (B 2A M 2B), Al & BL TNFa
T4 S 5 HOC2 40 M 28 b Ak N 41 €8 5% 6 5 FE I 2 R
K, 2R 2 18 35 3 0, 3% IR R0 Ak B F A7 B A1
(E20).
2.3 TNFo_LiH9c24HBEACSL4FRIX, HNHINr2
K TiiFE&EBRIA

TNFoxt GPX4 Wi E FH AT e fih & 40 i 4 52
T AR AR W 4, BATTE— PR T T HoAh ek
FETAH SR B [ S B AL A5 5 B R A T I AR AL
Western blot32 56 45§ 27~ , TNFosfl| /5 , H9c241 Y
HGPX4 % FHRIA/K- 3 TR, [ ACSL4ZE H K
FIbE, HNef2. HO-1 & NQO1 8 H /K3 FE A%
(P<0.05)(EI3A); fupesiest Fhk—BEsE, TNFor]
3 ACSLAR) B 3R, (Rl BRI Nrf2 [ 25
ACFH(E3BAIE3C).
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(A)
HOc2
TNFa 0 12.5 25 50 ng/mL
GPX4 | amp @ &« . |[20kDa
GAPDH | ip e @59 @99 | 35 kDa
(B)

GPX4

Con

TNFa

S O_En

=
.2 1.5+
2}
§ ~~
3 101

A~ e *

g <« *
20 0.5
o F 0.5 e
23 " I
0~
>
g g O T T T T
s TNFo 0 12525 50
&  (ng/mL)

DAPI Merge

50 pm

A: Western bloth il & ZH 40 s o GPX 4 82 4 5 B: GPX4: AR S 5L E fr. #P<0.05, S I ZH(TNFo. 0 ng/mL)AH EL o
A: detect the protein expression of GPX4 in cells of each group by Western blot; B: cellular immunofluorescence localization of GPX4 protein. *P<0.05

compared with the Con group (TNFa 0 ng/mL).

Ell TNFoXtGPX4%E H RN
Fig.1 The effect of TNFa on GPX4 protein

2.4 Fer-13HITNFoiF SHIN2FNEL T T HE X &
HYEE SR E

454 TNFosb B 5 4 i A AL e b 78, DA
BRPET: RBER 2 5 I Nrf2. GPX4/KF NI S,
A TN I e 9 5 428 1] e 52 0 KPR S W
Fer-1& il T Uz Sl FERg Rt T, FA 1id
qRT-PCREII | Nrf2. GPX4FIH 5l ZR WL E )
& B2 (prostaglandin-endoperoxide synthase 2, PTGS?2)
FJmRNAZK . 4558878 TNFodb B ST bR
1C4 PTGS2 ) mRNA K IE /K F- T (P<0.000 1), X5
AT —50. SR, P =R, N2l GPX4
FImMRNAZR LK 5 2% _Ei(P<0.000 1). 454 AT
M EZ 3 1) TNFouis T 40 i Nrf2 F1 GPX4 5 F7KF 1
T, FAHENAE TNFoufl| 38T, 4 fid s _F i N2 A0
GPX4EFAMER AR . N T i — D i fix L
FESRIK AR HABE T 2 1R SR, {3 F Fer- 1% 412
BEAT AL, 45 7R, Fer-1A80% .25 3] TNFoifs
SN2, GPX4MIPTGS2 mRNAKFHT s (Kl4).

2.5 STHERNr2S BHc24 B $% 38 T- R FE 7k
Tk

FF EiR SIS R B TNFo il #14] Nrf2{5 538
P FEIE T, AT — PR T Nef2 R 2R AE T
W EEER . #H siRNAVUER Nrf2)5 , 8l
Western blot#l qRT-PCR L 46 x] Ji ER R #EAT R I,
45 3R B siNrf2 2. 35 R AIK 7 Nrf2 ¥ 25 I mRNAZK
- (P<0.05), [FEFE 2R 7 H NS NQO1M
HO-11 % F17KF (P<0.05), Fifl T GPX4 ) mRNA7K
SE(P<0.000 1), i T PTGS2F1ACSL4FmRNAZK -
(P<0.001)(K5).
2.6 STEANI2IESHIC2MMAN L £ SR T

BRBE T A O 356 R 3R TA 1) 40 35 A8 A4k vT g 22 2 )
PRI IETOIRAS o N T HE— 2D B0 AIF 41 i 2 75 5
bR AERAET:, FRATIRI 2 ' W A 5e 0 U BR Nrf 21
HOC2HH AT T M EE . 55T, YUBR Nif21) H9c2
dffarh, ROSE EAMFer & &5 W& T m (Bl 6), £
UTERNr 242 HEHOC2 41 f e A BRAE T .
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(A) (B)
Con TNFa Con TNFa

= =
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b .20

100 pm .. 100 pm 2100, pmi

Fluorescence

©

JC-1 JC-1

monomers aggregates
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100 pm

Fluorescence

100 pm

100 pm

AOI

100-um|  + : 50 um

A: TNFosttH9C24H g " ROS & 5 A FE M, B: TNFoutf HOc2 41 [ 1 Fe? 1% A 52 C: TNFoutf H9c24H il H AL < 5 L A7 (Awrm) Y 521
A the effect of TNFa on the content of ROS in H9¢2 cells; B: the effect of TNFa on the content of ferrous ions in H9¢2 cells; C: the effect of TNFa on

the mitochondrial membrane potential in H9¢2 cells.

E2 TNFoxTHIc2ZRREE (L RAFFe™ BIFM0
Fig.2 The effects of TNFa on oxidative stress and ferrous ion levels in H9¢2 cells

3 g

KRR R T 9 7 TNFodd i i 42 8k
FET- A F W 48155 SO WL IR B 45 BT L
Fu45 R R, TNFoot i #1 il Nrf2/GPX 45 51l B%, A
NGB P9 A I S, HEBDERAE TR, 1X 3R
O LB 5973 FR o JUL A PR A3 493 ) ML okl B2 48 17 3T () AR
o

TNFofE R —FhSCHE ) SORE R 1, 75 2 Fls M
P R IB KT B T R, RS T A
AN B B A 5021, GPXAE N AL T A (14
THE, HAR AT M B v e 4 ko i o i S Ak 11
PLAE 4, FEIEF OIS, GPX4EE A H
JiK (glutathione, GSH)#K i (11 PT A LB S, 4 2E BN
HEAER JE R TCE BRI, AT 4 RR 40 i AR
TE o SR, MGPXAFRIA RS, R i A4k =9
4-HNE) K= B, 5] KIS R fgn st e 1),

AHFFLAESE , TNFosfll 3 0] {8 HOc24H i H1 GPX 445 [
FILEE N, BN, 4N Fer & & Fm. ROSK
SERAN, RRARBE AT (Aym) B, X EeA5 1k 54651
TRFAE M I I o S i i — 2

Nrf2 /2 48 i N 10 97 81 28 4 1 A% o0 e s TR
+, AR HO-1TF NOQOITE N I 2 Hi B A =
(R 57, DT 44 4 240 e 1) S8 38 S A 08T AR 9T
RN, TNFokh B ZZ 0] 1 Nef2 &= M ispraf
HHO-1FINQO1 ) FIL, R4 Nrf2F1 GPX4)mRNA
AKAPSRbR A Frs N . X R IR N R AT e S
g e LA S thah, BRIE T35 Fer- 158
G 4H| TNFoifs S/ Nrf2. GPX4A1 PTGS2 mRNAK
ST R, DUBRN 223 PR GPX4 I mRNA R 5K,
HETT IR 2 A ROSHIAR RANFe™ IS 2., e & fe it
BREIET- IR A . X FWINr2/GPX4ME il 4 /£ TNFa
WL A B R A E A . TNFol i
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(A) H9c2

Con TNFa
3 1 2 3

GPX4|_ ..._--_.\ 20 kDa

—_
(%
]

*%

ACSL4|—- " ---| 74 kDa

—
o
1

NQO![qup gue @~ -~ ~=| 30kDa

o
W
1

HO-1|————- — - | 30 kDa

Nrf2| 0 0 ¥ 8s M 4| 10D

Relative expression of protein

(=)

il
HO-1

GAPDH|------| 35 kDa NQOI1

ACSL4 DAPI Merge Nrf2 DAPI Merge

5()_um 50 50_pm

50 um

TNFa

S(mm 50_“111

A: Western bloth il TNFaXt HOc24H il - ACSLAAINIf225: 25 11 & i (R 21, B: ACSLAZE 11 M4 %% 58 6 58 ;. C: Nrf2 25 1R 4N A S e ook e
fiie *P<0.05, **P<0.01, 5xHHRALAALL
A: analysis of TNFa’s impact on ACSL4 and Nrf2 protein levels in H9¢c2 cells by Western blot; B: immunofluorescence localization of ACSL4 protein
in cells; C: immunofluorescence localization of Nrf2 protein in cells. *P<0.05, **P<0.01 compared with the Con group.
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Fig.3 Detection of the expression of ferroptosis-related proteins, Nrf2 and its downstream molecules by Western blot
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A-C: qRT-PCR analysis of the effects of TNFa and Fer-1 on the mRNA levels of Nrf2, GPX4, and PTGS2 in H9¢2 cells. ****P<(.000 1 compared with
the control group; “*P<0.001, **P<0.000 1 compared with the TNFa group.
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Fig.4 Detection of the mRNA expression of Nrf2 and ferroptosis-related genes by qRT-PCR
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A: detection of the silencing effect of siNrf2 by Western blot; B: detection of the impact of Nrf2 silencing on ferroptosis-related genes via qRT-PCR.
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Fig.5 The effect of Nrf2 silencing on ferroptosis-related genes
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A: changes in ROS levels in H9¢2 cells after Nrf2 knockdown, as visualized by microscopy; B: changes in ferrous ion levels in H9¢2 cells after Nrf2

knockdown, as visualized by microscopy.
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Fig.6 The effects of /Nrf2 silencing on oxidative stress and ferrous ion levels in H9c2 cells

AL AL A DU H5 PR (arachidonic acid, AA)F1'E bR ER
S22 AN RN R W B2 (PUFA)S6 46 N IR L4 S A, N e
I E AR BE IR A, SRR T S PR AR 38 2 1 K
BN 0T, AKFFUR I, TNFokbEEnl 22 i
HOc241 i ACSLA S F1/KF, [FIE T8 GPX4H%
K —— 3 M B AT B B e AN RSB T
JEPEUS, ACSLAMEAY PUFARL AL N IS BE 4G A, 233
B AL I B R, T GPX4AA T () GSHAK #i i i
FAIERREENIA R, FEEAIE RS KA. X
AR 25 L B IR B AR P R T 44, TR JORE & B
(WITNFa. IL-67KF-F =), H0 48 B4 £ 55 28 Rl 200
HASVERI A, UUBR Nrf2J5 M52 51| ACSL41") mRNA
AR ER, $E5 Nrf2dll % m] g 5% S 40
il ACSL4ZRIE . X — KINFEH , Nrf2 Aa i i 4%
GPXA4EFFHIA AL RE 1, B ATIEL R I ACSLAZRIE
TR AE BCIR S  BELWT R T AL IR R R 4, AT
FERRBET AR T R IEAZ DA AL T . TNFodi i 41
HINf2, filt & “Hree A ae /R B+l o UG 9 )

RUEALE] . AL B, R T SO T P [F R
PERRAE TSI 2 A8 L 2%, FE N HE ) Nrf2/GPX 43l
P TR I R A T BRI AR -

AW 5T BIE TR 5258, 878 T TNFaif
FHOC2-L WA IE T ML, 58RI T Nrf27E 1845
BRACT R IAZ O AER . SR, ASHIFFTER Z 4R Y 3
B I0AF o RS0 A TG AE S B ik — P 0
UE TNFootf O LA 8k FE T sz e S AL, FFRIR AR
2 Nrf2/GPX A5 5 B B 75 O I P R R . 2
TR R, AR T8 4 550 0E Nef2 380 77
T o I P2 995 7 16 R RV 0 SRR, ST i 1)
BT RIS FLRLEIR SR

2B HK (References)
[1] TIMMIS A, TOWNSEND N, GALE C P, et al. European soci-
ety of cardiology: cardiovascular disease statistics 2019 [J]. Eur
Heart J, 2020, 41(1): 12-85.
[2] CAIK,JIANGH, ZOUYY, et al. Programmed death of cardiomy-

ocytes in cardiovascular disease and new therapeutic approaches



KRR YRR SEIA ™ ol 1 410 N2/ GPX A5 5 B (i HEH O c2-Co LR R BRAE T BV I BLAI T 7E

2503

[3]

(4]

[3]

(6]

(7]

(8]

9]

[10]

[11]

[J]. Pharmacol Res, 2024, 206: 107281.

TORP M, VAAGE J, STENSLOKKEN K. Mitochondria-derived
damage-associated molecular patterns and inflammation in the
ischemic-reperfused heart [J]. Acta Physiol, 2023, 237(3): 13.
FRIEHE, BRAVHE, 475, SV O UBESE 5 G 8 2808 K1 (1 14
AR JE ). AL % 4 E(CHEN H X, CHEN Y Q,
ZHU J X. Regulatory roles and significance of key inflammatory
factors in post-acute myocardial infarction [J]. Practical Electro-
cardiology and Clinical), 2022, 31: 13-7.

SCHUMACHER S M, NAGA PRASAD S V. Tumor necrosis
factor-a in heart failure: an updated review [J]. Curr Cardiol Rep,
2018, 20(11): 117.

ROLSKI F, BLYSZCZUK P. Complexity of TNF-a signaling in
heart disease [J]. J Clin Med, 2020, 9(10): 3267.

REDDY A, LAKSHMI S, PRASAD E, et al. Epigallocatechin
gallate suppresses inflammation in human coronary artery endo-
thelial cells by inhibiting NF-«xB [J]. Life Sci, 2020, 258: 118136.
VAN LOO G, BERTRAND M. Death by TNF: a road to inflam-
mation [J]. Nat Rev Immunol, 2023, 23(5): 289-303.

FANG X, ARDEHALI H, MIN J X, et al. The molecular and
metabolic landscape of iron and ferroptosis in cardiovascular dis-
ease [J]. Nat Rev Cardiol, 2023, 20: 7-23.

STOCKWELL B R. Ferroptosis turns 10: emerging mechanisms,
physiological functions, and therapeutic applications [J]. Cell,
2022, 185(14): 2401-21.

S5, TG, SRR, A, ATSAE h 2 g KR R R R AR T
IR MU 2 B A P W T BE R[], Z5 PR BIF JE(YUAN
J, WAN M X, ZHANG Y X, et al. Research progress on pharma-
cological effects of Chinese medicine components and prepara-
tions on regulating ferroptosis in treatment of cardiovascular
diseases in past five years [J]. Drug Evaluation Research), 2025,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

48: 285-95.

GALEONE A, GRANO M, BRUNETTI G. Tumor necrosis fac-
tor family members and myocardial ischemia-reperfusion injury:
state of the art and therapeutic implications [J]. Int J Mol Sci,
2023, 24(5): 4606.

XIE L, XUE F, CHENG C, et al. Cardiomyocyte-specific knock-
out of ADAM17 alleviates doxorubicin-induced cardiomyopathy
via inhibiting TNFa-TRAF3-TAK1-MAPK axis [J]. Signal
Transduct Target Ther, 2024, 9(1): 273.

CHEN F, KANG R, TANG D, et al. Ferroptosis: principles and
significance in health and disease [J]. J] Hematol Oncol, 2024,
17(1): 41.

Bl i, skt X, S GPXALE O ML 797 Hh i A
25T TR Sk R[], REH R Z5(YANG X T, ZHANG Y, LIU
S X, et al. Role of GPX4 in cardiovascular disease and research
progress of traditional Chinese medicine intervention [J]. Tianjin
Journal of Traditional Chinese Medicine), 2023, 40: 258-64.
XUY, LIY, L1J, et al. Ethyl carbamate triggers ferroptosis in
liver through inhibiting GSH synthesis and suppressing Nrf2 ac-
tivation [J]. Redox Biol, 2022, 53: 102349.

ZHANG H L, HU B X, LI Z L, et al. PKCBII phosphorylates
ACSL4 to amplify lipid peroxidation to induce ferroptosis [J].
Nat Cell Biol, 2022, 24(1): 88-98.

LU Y, SHAO Y, CUI W, et al. Excessive lipid peroxidation in
uterine epithelium causes implantation failure and pregnancy loss
[J]. Adv Sci, 2024, 11(4): 2302887.

GAN B. ACSL4, PUFA, and ferroptosis: new arsenal in anti-tumor
immunity [J]. Signal Transduct Target Ther, 2022, 7(1): 128.
CUIY, ZHANG Y, ZHAO X, et al. ACSL4 exacerbates ischemic
stroke by promoting ferroptosis-induced brain injury and neuro-
inflammation [J]. Brain Behav Immun, 2021, 93: 312-21.



