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Abstract: Ferroptosis is a kind of programmed cell death that is completely different from apoptosis. Its
core features are iron dependence and abnormal accumulation of lipid peroxides,which play an important role
in the development and treatment of tumors. Exploring the molecular mechanism of ferroptosis and regulating
its key pathways may provide new strategies for clinical cancer treatment. This article starts with the molecu-
lar mechanism of ferroptosis related genes. This article systematically reviews the role of lipid metabolism
regulatory genes [ such as acyl-coenzyme A synthetase long chain family member 4 (ACSL4) ], antioxidant de-
fense genes [ such as glutathione peroxidase 4 (GPX4), solute carrier family 7 member 11 (SLC7A11) ] and
transcription factors [ such as nuclear factor erythroid 2-related factor 2(NRF2)] in tumor development and
treatment These genes affect the proliferation, metastasis and drug resistance of tumor cells by regulating fer-
roptosis sensitivity,and the interaction with the tumor microenvironment presents a " double-edged sword"
effect. In addition,combined with bioinformatics multi-omics analysis,the potential value of ferroptosis-related
genes in tumor prognosis prediction and targeted therapy was summarized. Although studies related to ferrop-
tosis are improving,the application of ferroptosis in clinical cancer therapy still faces many challenges,such as
the complexity of the action network,tumor heterogeneity,and the lack of experimental verification of the ex-
isting bioinformatics analysis. In the future, mechanistic research and precision treatment strategies should be
further integrated to promote clinical translation and application.

Key words: ferroptosis-related gene;  cancer treatment; tumor microenvironment;  bioinformatics

multi-omics analysis

BRIET e — PP DX TR T2 R SE A 2 A Ot T Pk Z AN Y (BT BE AR SF A AR B AR BER KR
B FEAMIE T )r X, H B E R R AT W B erastin Al RAS S HEESL /> T 3(RSL3)

*  EREWB.FEEKAARRFAES I S H 82472380,
S BIE1E#H .E-mail: wzhzeng@cqu. edu. cn,
S| AR RS PR, ARG BRBE T AR DG e R B AL A e dgg o A W S R [T . K R A 5 IR K . 2026, 23(15) : 2137-2145.



e 2138 - WM EF¥ 5K 2026 £ 8 % 23 %% 15 % Lab Med Clin, August 2026, Vol. 23,No. 15

REMHEFEPE ML IS 5 RAS 2878 h R 40 i s 1=, H R 1=
0450 500 TC 7 BHL Lk 3% 0 AR L AT B R A A R i A AR
BEHT . Dixon %R % IR I 41 BE T 77 X
B CRIETST, AERRAE T AR ol e R
6 HEE (ROS) KT, A K = g B ad S e i 2
I 5 3K 2 T BCAN i 1 3 A7 G o, o AR AR R B G
AT OB A . A B H R S AL Bl 4 (GPX4)/
A5 B H K CGSHD 15 5 38 % 78 2+ 240 it J5 19 £ 35 v i
IR RIS E R (S P Y il 0 e a8 E BN e B IS
B, M8 BRI S AR A B 2O I 40 A T R G e
WK aR W5 & AE T . KEWFSRIE R T8
TR AR REER REREER %L
Feho s 2 BURH 2, 78 L & AR R ya 7 O R b & 5 T AR
. BEETFRARIRA O E I 3 2 # fY 2t
TR SERE R, 20 B o R Bl 35 P [ Rk B T & A L
P S A I A A G R B A L 51 4 CACSLA) ], #0
LR LR AE T & A 40 GPXA ¥ TR R K% 7 1
7 T1(SLCTALD &5 | Rbric FE I CANRe 4, n] AR S gk
T RAERE) . RILRGLER T BRIE T HH ¢ 5L P 78
g vp (8 PR AR AR L B R R R BE T A S 5 B I R TR
I $ A L
1 S%ETEEND FHH

BREET A B R R E VS K GSH AR AR .
Jig AR 8 AN R Ak R AR Rk a R I
GSH 1R 38 i 0 18 2 3£ T GSH . GPX4 , Xc- R G [
AR ZE 3 5L 2(SLC3A2) /SLCTALL — B {k#t
B E A S e, GSH 1R 8 5 B N 72 3 GPX4
5 BR AR BT A AL Xe- R G K ¥ s A . Bkt
T2 AR e 12 3 R ke BEL AT L T I 2o T W TE vk
AR BTE CWLIE 1) . B GSH AR HE # oh , 2105
AL 5] &5 v 1k e ROS Al i % A4k A8 B A R,
Vo R MR B A0 M AE T L W R B R e 4R Ak R Bk
FET W i 22— A2 o W R T 5T 7 2 1 80385 I s
A ERBES FERIE T K AR L Bl BT 5T 7 ik MEE R
T By etk , gk AE T B9V TE 43 1 BIL I A AR SR 4T3 75 A W
T B 5¢ 38 B L T 11 DR I 988 3 97 & 475 2 H i
MR EHZE,
2 HRTHEXEREMBLZERPMNIER

BRIETAE Ry —Fh AR B Fif e 410 1 AL L 8 S A
Fift 23 ¥ (0 ME T AR FH i 1 T g 4kl e O L SR T A
FEH O AR A T ] % B R A b R A L s L 7 i
JEAR BT CTME) H L R A6 T 1Y A& A 1T BE 23 4% 5 i 9 119
1RZBVE B AL BE 1 B e e L AR G 3 IR B 72 )
3 35k Z2 P4y 7 AL B2 R A T R R L S G bR ) &
e S B 1 B A A AR 0 m R A L LR 1
2.1 AU TR 20 A 3 S A ) A G 3
2.1.1 ACSL4 # it B8 B S 2 %E - ACSLA4
SE ARBTG5 A L R T B S
fitg A A W% . A 8] 8 5T 58 2 B s 4 i, i
LEAHEEA 2(NFO RIGAE T Yes HEHEH(YAP)

I ACSLA B2k AR HEERSET- 1 & 22 . Ma
SECSUIE g S PR, DA B R AR BE A5 RS B 1A (CPT1A)/
MYC J59E 3 (e-Mye) 1F 2 i3 BF 5% i 5 #8076 NRF2/
GPX4 Y8k R G0 F T I8 ACSLA4 U /D 8 g 22 A i i
JIgE 077 T2 %) 5 2 o DA 400 o] ek 22 400 Jf g Sk B Tk AR . -
a0 Y — LR R, CDST T 4 MR M TR = v
(IFN-v) 5464 pu s e U IR /6 33 ACSL4 75 5 e
REJF LR R AT, BAh BRI 2 AT LA
Wit XL HE R [ O3 (FOX03a)-ACSLA il 8 3 4 3k
T A A g

ACSLA H A R B E T2 0 IE W (2
FE = B P 2L BRI b B R R A A S OR RS A OEE
R OF G T RE IR T ACSL4 A5 By NS AR 14 5 4 72 A X
HEOR TR e T AU A BRAL T AR R T YRR S
PE. 28R, ACSLA AT BB S 5 T H At {1 4 3 % , 72 XF
ACSL4 #4750 TR 0 43 B b & B, FoAH B 16 F M 2% 78
i Ak ) T R 3 5 ) AT A2 R (PPAR) {5 53 i I
AR LI B S 5 e A0 A R, 5 R R
BUIMIE BT RE R R BRI W IRE Z —. DL BBt
FEH R ACSLA J& — A HL s ) i 98 5 3R 7 0
i ACSLA 1Y 2 45 °F- i . 7T G 23 B 0 IR 97 i B M i
FAEER &

o AA R AR AdA FR'E LIRE: PE RRBEIREC
B iz ; PE-AA-OOH/PE-AdA-OOH F R Big T AL &) .
1 BT RHS FHLEH

2.1.2 p53 FEME T E A5 F L6l p53 & —
IS IN Y AR L L R T R TR B RSB T R 4
FEHZ—, WKW, p53 & ] 1 bk R /4% & R
FEPUR 0 56 8 AR 4y SLCTALL By 223k . WA 0 20 e 42
2 1) 5% BRI 186 5 A BT 40 X 4k AE T A O MR
Hernandez %5 0158 % B, 16 B AL B 38 &6 10 F L BF 4
1 p53 AT [A AN A E T AL, Babh, ps3 ib
Al il ik BRD7-p53-3 J& 8 K K % 25 A B 28
(SLC25A28) il i 2 R B T~ , 310 41 Jif 90 40 Ja (%) 184 i i
F1H L, ps3 MR AT A 1k T, & AT RUR ] pleck-
strin AR PEREI R R A B 2(PHLDA2) 1642 DU M
R 12-N8 & A (ALOX12)-H 5 R (PA) i % L k%
GPXA 10 i X 4 2 20 M %) 25 1 ARG 1 5 5 o 9 2k 9B
ToRRALE DY L R A B 5 E 45 40 i R 3 . DNA

0



A E 5 06K 2026 4 8 A% 23 k% 15 M

Lab Med Clin, August 2026, Vol. 23, No. 15 « 2139 -

B0 AR5 58 PR A o 1 55 R 4% 0 4 T AL, B An g
XF p53 [ HE ] A U7 S B A L T B O R 2 R R 5T
p53 SEHE B o FHLE R L A g T4 A AL SO 1 R
J IR Y6 9T IS AL N EL .

ACSLA 1 p53 VB N8R FET- 1Y 1E [0 I8 42 A+, 1)
il i Jgg 1 e AR R R R LA ) S Ty e A A HE A A
TEIEH B R AL 3 fl /NS ) ACSLA Gk K- 8 3% &
Tl /NE, B ACSLA 78 i A8 3 I 45 v 4y 3 8 22 £y

8y, 3t T RE A L 5 A R R R = B 2L MR R A
HIFEAE 22 S W B . p53 4B 9 3k A, 40 55 I 45 K
b7 i N = i A L7 A w5 i W i B TP U
TME Fl# RNA H B A, 76 5% 5k V5 sk 5 Ak
YA [ R R R 2 4RI D) hE . A X S g
FIVRYT IR W 75 78 4 % 18 H ) g i 2 A M 2 24

Ak,

*®1 KRETHEXERNDGERES FHH

boijize il RFIEH SrFHLE =B U
EYRWEINE
ACSLA FEALZ AN TR (PUFA) BRAL 0 IRBEAR 50 Bt A A i) [13]
iﬁf”ﬁmmmmgmﬁ& TP e R RIS (PUF A PL) $4 S0 [14]
A ZR P50 SAUfLIE SR (POR) HEALE B S SR [15]
FERRAR 32K 1CTFRD A SR TR S R P RS P [16]
BRI H (FPN) Bk b AR 1 BRAR IR N BRvk E [14]
BRI R YA R (HAMP) Ff#% FPN, BELMr s [17]
EER iR ]
GPX4 IR BT A KT GSHD (18]
SLCT7AIL B/ A BRI IE IR HERF GSH AR [19]
B F E2 ARG F 2(NRF2) SRR R I 41 A AT 1(HO-D BB A TEHE 1(FTHD (SLCTALL] [20]
T AL TR
FSLEERS i 3(METTLS) m6A FEELEAE SLCTATL fFE RNAGmRNA) JE3R AR E [21]
EIRLERBL 7(BRDD FEOAM 3-BERR H B SURE 2(GPD2) Kk Tl s T 08 [22]
WT1 #1CE H (WTAP) m6A AL fEHE ACSLA Bl [23]
KHHE S iE
P53 WA= R ) SLCTALL, TR HFRFET . 2848 AL 3% SLCTALL, ATl 2kEE T [24]
f::;;?)ﬁ FURTR B CP) B L ) ACSLA R BRI ROS 774 [25]
TEA: DHRIR 15-HR A B (ALOX15) HHE4AL PUFA-PL P= A IR Bt 4k [26]

2.2 fRHEERES BN CIER

2.2.1 GPX4 mRIXMHEELILT: GPX4 ZHIET:
F R AP B A, A A A T M A R A0 i AR
SEVE A SR A AR E TR L A, L S R B AR
MR E P GPX4 AT LA B SN [ (CSTD)
HiEd A, @B REL A L™ IN &
(MDA) . B&A% ROS /K FFF 34 m GSH & & , 41 il 2k
FET SRS A0 M A (R R R R fE J1 . Yang S5 4
4 TCGA F1 METABRIC () BA 51 £ 45 4030 56 3iE 3L
P A WS e U R 2 R A R GPX4 Y 5 R I8 5 Bk gE
TR A B S OR RS A OG . Li S0 gk
BET 55 5 57 [ A 88 AN B P ) GPX A 7K 8] 422155 5
o AN MLARAE T MO S AIE S T GPX4 18 i & i 48
SR HEShVE R . AL R AR 2 I g e i R

P R Y S AR T GPXA 2 H AT PF e s,
B R VA ST A S 22— A GPX4 7E TCGA &
i M R PR AT B AR A A A R L s AR SRS M A A
TR E(COAD) B S AL R g MR b B
25 5 (P <C0. 05) , HL7E B A 9 v i R ik 19 GPX4
WAAE R BRI H (P =0.052), KEGG & %
TR UYL, GPX4 2 5 25 YA, Ak 22 8o R 55l
B R AR A RGP R R K,

2.2.2 SLC7A11 fpm i #8EkFET-  SLC7A11 2%
Jo 5 32 B 1 S0 0 B A B [R] A R R BE T Y O
WA R BT R AR R B SR I 4
(ATFO B EE D, 5Bl ATF4 By at F35 F L 30 4k
FE T A 0 B R B 40 M U Y LA A R R g
Jitggg 4 4 R - L0 p53 i BRCAL #H X & [ 1(BAP1)



* 2140 - A E ¥ 5 R 2026 £ 8 Al % 23 %% 15 #1  Lab Med Clin, August 2026, Vol. 23,No. 15

DA ] B O B e e R A [ A B2 IR R e R i AR
(KRAS)FE A 1y 28 48 25 8 SLCTALL 1) 323k B,
T 4 A8 T R R A & YL A IR B
Hong %1 % 80, BRI A LL p53 4 #1724 L B AIK
SLC7A11 25 M i 235 K F , al 30 il b Jg 2 J2 , [\) 4224
B AR AR ] . Wang OBIF5E A BN il 5 198 SRY-
box # 5% A F 2 (SOX2) M F ik 7K F, & Bl SOX2-
SLC7ALL [ 4 vl 5 25000 9 B 40 Mg X kst T A
PSR OE e IR 3 E SR VN R | NSNS [ B
ZURIE S, 5 GPX4 —FE, SLCTALL 2 IE 6
RS UM G
2.2.3 NRF2 e AE W fE T NREF2 /E b &
B BRI T AL SR T L A R 4 A TR I B B
RAERHEAE ] . Anandhan 255 i 5 22 ], NRF2
IR bR 2 S 80A HECT Al RLD g5f930% E3 2 £
H i H2 0 2(HERC2) FI oA I8 8 ik N,
T 5 35 o A S 394 588 8 A4 i X6 2 B0 T ) Uk
P, A, NRE2 {55 i 41 B 80 ) 5576 2 4 0 ek
A kA R R I 3 S bR T A L (CSCOH Ry A R
BREHTT . A NRF2 AR, B2 — W T 817, 0] LA
it NRF2-Kelch # ECH KB &E H 1(KEAPD) & 4%
RAEVE R PR & A i R ALH 2 — 1, HAE
Sk R F7E DNA 5 B2 Tl 5 FRAREH .
A, B8 ) NRF2 4 i 770 H0GE HF NRF2 & 3R ik
Jed o VAT B G b R R H R R AT I R IR T IR T B R AT
B Z W HEE

GPX4.SLC7A11 #l NRF2 1k b 8 56 1 19 41 1) I
T MmN LS 5 2 MY R,
fm2eik SLCTALL M4 ik K &= T GSH & 1%,
AT RE R ) H At A 9 A s 18 1 RS 4 L 0 [ 42 9 4 4
FE AR 2 . R E T 0 o 5 A Y Bl 2 AT O
IR T W RO MLTR A v T T AT RE 75 MH A5 40 3 5
BEAVAIT . MeAh, R NRF2 1E 67 80 S AT 5
] AEL R 2 11 PR T FH A R S A o R . B B L 2
FEAEREREPE 22 O RN 55 [m) A, B o 1 I IR %% 4k
XA T DHE S BB 25 ) T R A AR M S
2.3 FRAET-MICHEHEE WP E S HT BRIE T A G
FERE A [R) 5% 48 AR A7 76 U W) A0S B i A B4R .
TE U0 B b, NRF2 38 3 45 & bt & 1k & 6 oo 1
(ARE) . 32 -9 SLC7A11, IF 42 ¥ GPX4 # 5%, 1
SR AN ML LA AL BE L P R AR PR SE TN e B
B E 1 160 (TMEMI160) 8 i3 48 55 E3 % el = 45
I 37 (TRIM37) ¢ # KEAP1 R fi#, #4076
NRF2-SLC7A11/GPX4 i, S 84k y7 f 265, {2
p53 AT LL3E 5L 45 4 SLCTALL J5 8+, 3 i 55, 1%
8 GSH & i, S8 GPX4 236 g i ad AL B R L i
RARBET-CY . A p53 Ml NRF2 (46 I AH B . BF 58 & 3
THEMAELEASYUEM . p53 Al R i KEAPL %
INE T P45 A ARE, #5950 NRF2 A9 %5 5% 75 M
i NRF2 #36 t T HE9H p53 A F 9 SLCTATL #1H,

TEZEAE p53 il Rd o ke Sk B0 S AL B L LIl 27

GSHEEE, GPX4%kE

PHLDA2-
ALOX12

® ——am Bt
¥ : PUFA-PE /R £ AN FIS 17 /R 10w i o
2 HBRETHEXERZBNHEEER

AR b IRE Rk P T 1 AR S G AR OG 3 R B AR —
B ALTEASTR] 9 g op 3 PR R R L L R AR & A
25, ET ERALL ST GPX4 7EIH L R G
HFI AR R X R BE T A DG HE R AR LA O
98 b VR RT3 4 & BRI LIS I 2452 24 M
S FE P Hip TR 9 00, WS 2, Hidh ACSLA4, p53 I
NRF2 # 5 R 458 — 80, AR M R A VR R
OB VE F . ACSLA 588 m DL 3G i 2k 56 7 S0 bk
WA R T (0 2 5 R, L EAE W
T PPAR i % . & i i 5% 7% . NRF2 E B Ekst T 3
PAL 1 ] I 0 2 e s I - Hoar LI B 2% TR 5
I T ISR CSC 1y A IR HTARE J7 . ik bk 3 AL [R] 45
] — A0 B3 R E T I L I (n GPX4 . NRF2)
SRR (A0 ACSLA | p53) 2 [] 77 75 3 25 - 45 , 4
YV 783X — i 2 R R IR T 1 G .
2.4 5 TME WEAE BT 5 MR MRS A5
YEFR R B “XCTT 617 800, & AR R B0 T Y ik 788 240 it
SR A G F R L = i B R R R 1 Bl
(HMGBU) |, 32 BIEAE T 40 i T G5 28 Iy fe 958 i 14 24
MIFET (ICD) 1 4 il —FF L 3 33 Bl HMGB1 45 fa &
1557 A2 R 50K 40 i (DCs) B8y BT I 2 52, A
T T35 P 8 e 8 I I L (H R BB T S A e
YA S A0 25 0 HOS R AR AT S R A iR R N A AL
Y& 2 ik LIRS R R E, (PGE) =4,
PGE, 24l Jc K M b 1258 Fd B M b 52 - i 7 B B
JEEA 1 SR B L B8 02 1 B VR M B ) 40 A 2 ) R L P
To A0 M A5 Lk B e WL LA A AT RS T R
iR 6 98 2 0 144 58 o B R AR A PR L TG T R 1 R A5 P
T AN, T B0k AE T 40 i 2 B A 59 A f g TR ML X
PGE, #47BH Wi AT B8 2> 8 5m bt b R 16 97 O RCR . B
WF5E 0 Ll s PR BT PGE, AT LA 58 5 7 Jit e 40
IO ) 928 VT AR5 2R S R BE T A0 B v 3 SR R R OIC R B
AN ZPFFRAIESE T GPX4 AJ L5 DCs 2216 (1935 1
WHEEN 3(ZPHEAS G BSR4+ 4
A Z-10 B 7= Az L W 45 G 5 okl 4 -

)R L B0 5 40 B b ] LR P kBB TS A ST R
BH G 10 4 iR AH DG B W A1 I (TAMs) 3 2 [n]
TME 4354k A= K K1 1, 8 i SMAD i 6 3
(SMAD3) il 175 5 BT H i 7 19 23k, Hon] LUTG
AR 2 BE % B B CGGT 1) 4131 i 88 40 i () % 56 7=, A



I E¥ 505K 2026 4 8 H% 23 %% 15 #1  Lab Med Clin, August 2026, Vol. 23,No. 15 « 2141 -

717 0K 5 fih 96 184 5 A B RN AR Tf 251°°) . T CDST T 4H
Jfd 536 TEN-v, IEN-y /B T /igd 40 . #3 3% STATL,
HEE A 3] SLCTALL K& [H (1955 S5 U o7 2, I il 5% 5%
BETAE Xe™ R gk B ACSLA, {2k b 23 40 o 4%
FETE L AT 22 HE B A RV

BZ TS TME FEE R EEL R, —
D7 T RAET A0 AT LAGE i B HMGBL & a5 5
WIS He 9% RN, H [R) B s 23 3 PGE2 W9 R 36, ok

R s e R A B . 53 — O Tn, TME whoAs [l f) 4 2
20 JHL X R BE T A A T L ] A 4 5 R e A AR A
W W OIAN O . AT AE 5 — PR AR 19 20 1 98 4 AL
il R AR AT 5 TME 19 80 25 7 i . 8 i g SE T
W5 T 0 78 43 & 45 e Y2 R G AR JH X b Jed 40 i 16 47 2%
13+ TR T W1 3 BEATL 0 XoF 7 0 S5 o 4 S -k A T M
PRI R B G

x2 HBRTHEXEEEHALRZMERHNER

i3 2 531 M IEH YEH G FHL XN
B
ACSL4 2 g R KA R BT A I O g AR 4 R R 0 I B e LY [52]
EilE MR FE T U L SRR SE T [52]
p53 98 RAFRII IR 8 GPX4, 0kl BRFE 1= [53]
9 9 R R A GPXA AR JE k38T [53]
GPX4.NRF2 e 9 R L E ALY . 5 TMEMI160/KEAP1/NRF2 f B 4 [50.54]
SLC7A11 98 I e = PRI, 2 #E GSH & i) [54-55]
JIELAE7 9
ACSLA4 LI VAR AT T (B 0 BTG B L R B [56]
GPX4 e 98 i LR A 51 45 Fn ROS 2 HL 4 R by 1 24 1 [56]
45 i
SLC7ALL 2] APC EZEEH A 1(AMERD 2 5 8UHZ R ALK % 52 BH 4 ) 2k sE 1= [57]
J— . Polo F£ i i l(PLKl?—é%ﬁlilﬁl‘iﬁﬁ 1 8(CBX8)-GPX4 Al /-5 B B P i 58]
SF Y P9 JB g e TR 3 R R VG / 3R B AE K TR F 52 R (BRAF/EGFR) il i 57 Tif 24
JHF 38
NRE? i B SLCTALL.GPX4 5 55 5 5 FEEE T 1(STATD B R L4 i NRF2 (597
B R BRIET
GPX4 i 955 AR BEAGAB 1 (Cys66 137 40 1 3 B 52 M L 3 il kst = [60]

3 BETHXAXEEREMBEETFHNER

BRBE T AE Ry — B AU A 32 98 45 1 4l B s T O =
H v AL B iG IT T 25 R TR R T R . KA
BRAE T AH O J BRAE g vh AR T AL AR A B IR A
FETHRIE T I 5 IR 9T SR W (AN 25 W06 97 MR h
57 I BIF 5t 1 76 DU & R
3.1 GEaRHERRAE T AR G SR ALY A B n) R AE
T/ GPX4 1 771 7] 34 58 % G Ak y7 25 W m9 97 2.
LWELRVYE L7 ZIMEM R Z R GPX4. 4
R 300 T P R 240 R Ao R e e A R 2 L R
BRACH R T PR C AL T Wt 25 M, I & JE i is ik 1
(DMT D) J&: I 5 2 A0 10 e f 8 H . Turcu 5% B
FEFR B, G DMT1 2 5 804l i JIF = £ 390 & A
(LIP) 34 hm, TS 2R AT 35 R 400 T4, we ik =
225 . b Ah, AT A ADP A B IR AL IR T 6
(ARF6) 1] 3 1% ACSLA4 ., fie #E 2R 58 12 & A=, 186 5% i i
I 7 P A A SURPE Y Erastin FZ 7 AR JE B
AL A S /0N 290 6 T 200 X 0 £ T 1A
SR ERE SE R AE T 5 R LA 3 Y T B R

FH 2y I i sgg ik 25 4 (48 17 B BB IR T SR S .

3.2 BRIET-HRAUKRAY T R B TIAE R AE
I DA H A I FH TR I o A 0 I e e 3 2 ) 0k AR i 7Y
9 A ORS00 AE X 7 TR B B R, ok
HBAT FH 6 T7 0 #0  k 3 4 K bA ek o AT e S A AR 1) i
AL, B Fe' " fl Fe' " 2 15 25 5 7, 75 5 i
SN & AR AT . AT P BCKS 9 Kok T R0 At 24
Y N R G ATBCA L AT LU RCE S IR T AR
PR IF A 2N RO

3.3 ETEBETMISCI H LA IR BRAET
55 00 R B 2 A A et 400 o) 590 B FH R X M e R
JPRFFE A S . Zhou %657 3 T 413 DHHC B AR
FEEE B2 8 (ZDHHCS) X GPX4 HE 17 4 fifl Bt b 1& 1fii
ML 5 38 3 5 3 0k IR A5 /N T b B PF-670462,
1AV A 1) R85 1 5 1 A 1) o R 40 L 3R AU Mok R A i 2
FET-HurE 3 ok S e R o X IR i WS B Be T . T O
M) PF-670462 7E S5 BT P MEFET-Z /& 1(PD-D) A
PREIRIT B B A AT B B 2E K AR AL HOGR B AN
RN, Jiang Y BESE R T M 20T S 8 PD-



o 2142 - A E ¥ 5 R 2026 £ 8 Al % 23 %% 15 #1  Lab Med Clin, August 2026, Vol. 23,No. 15

1/PD-L1 {GY7 I 25, il i 0] GPX4 S8 151k T 44
MR BE T, Bl ] 1% 24 R 2 11 B B 32 4K 3CTYRO3)
¥ TAMs, o] #8558 51 PD-1/PD-L1 7 %L, B4k, #0[n)
A I8F [ P R R S B M2 (PKIMI2) ], & 6 i 10 35t
SLC7TA1D) B A AR (i ACSL4) s Al 8 # 2k FE 1=, M
T3 S YA T RCR T L X BB ST T R A S B
BPETRYT T R T AR .

JAE BIRIR T R mE AE I R A T R B O
7 AR LG PR 5 AR AT I 3 2 Pk . B S, MR S R
PES B[R] B Bl R — M 9B kP T 5 R
HURME 2 5 B WA S AR E Y (n GPX4.AC-
SLA) i 6 3K 45 NHE . LUk, AR 259 1 AR & &
A ) 250 S RIS A A 7 AT S I R e Ak 1 O B R 39T
AN ERFET 5 TME [ 8Ll FE 75 A% HE 4L 45 4 A ik
FHA IR YT RO . R Ok B N 5 T A 4 S5 5 5% UE I
TF & T R e A R BR G IR 9T 7 38 S R FE T W 52 A
S5 % E 1) I R
4 BRRTHXERNEYEEFSHENT

Bifi 5 4 AU T F 5 1 AN I TR A R S 5080 T AN 7 o
2 AH MR R A T R B AR HIL R RN A B b A AT 1
5%, Tang %' 3 F FerrDB %t 4 & . Pubmed #I
Scholar, )\ 33 F i fgd 2 70 v i 358 1 30 ASBRAE T4 €
FER (F33% GPX4,SLC7A11 Fl ACSLA4 45) B 45 T %
S 2E AT AL 2 R AL 2 A 2R R R R IR
WE THERFET Score BETIFF TN LABGAIE . 43 #7745 H OG54
il GPX4 #£ 13 Mg e vh Rk W 2% LM, HAE 3L
PR B SR AR R AE TR AR A R R L 8 W O 58 UE T
BRBE T IR T A O ) i RE SR [ E2F GG 5%
HF 7(E2F7) . KLF ZE 5% M+ 5(KLF5) , Xk
EH 1 M1 (FOXMD) 4, Ak, 838 T i 3 7 7
HMOX1 1335 5 Mg G 5% 0F 43 L 56 50T 4 8 3% Al
K, B H 5 Biga fe 5 12 T K - AE A BE AR e M.
BRIET Vo 5 8 2L R 40 i S MR BE R A s
R M98 5 22 P E IO R R TS S 3 AH O L R AR S ST
SRV ENPS

S5m0 s AR Wu %59 5 gk COAD v 22
SRR EBRFE T M E IncRNA il i 8P & Cox 1] 15
BTk AC104819. 3 (ff¥ ) . AP003555. 1T (XU
) L AC005841. 1T OB P4 Al LINC02381 (UK 1) 1%
A S0 B E A KR IncRNA, I F) FH 771 £ [&] #5551
Xof £ 3 A A AR AT O L TN 45 SR R % KU DF 4 5
AU LA G I PR s 248 A0F A S 5 K 0% 000 A% BE . 3 B
[ S T A N = A 0 2 i g S | = ol A
KRAS {553 #% . 140 /v &-2 (1L-2) /STATS {55
T % A5 5 R A B B RN O RE AH OC Y 3B B . JE S &
P AP003555. 1 F1 AC005841. 1 A] LA ¥5 Erastin. i
BT, (HIZWF AR TCGA B % | = A1
B FE (0 1 S B0 I . FL R R BT T Y 2L R 4y T AL
AN B A R E— 2B ST

A RAE 58 T4 A6 A5 2 21 2% 43 i 5 S5 e itk AT

FALGE A L IFAR I S D] i B AL M R L 2 AL L T R
ZAFHEAE SO B AN AURT DR v A A 0 B v e
AR 1 5 TN AR A RS L 4R R AT RIOR B A B
TR BUIG R 32 Wi bs oG ) MG 97 8 . (3 HAR IH A7 78
Bty LT JIr A IR R LA o B Y S R M TR ME A
FIW oSS BA AR, HC0 B K BFERR K,
HAYEBR¥ M T ERBF AT ERMET G, G
S 2 P AR 511 PRAE A 2 56 A e DL i T L T AR A b
B LRl B A 2 RS T DL IE  #E B I R B Ak
7 RE A IR R L T 22 YR T R M

5 REKREERGE

5.1 B4 ARLRGLGR T AT 0L K
FERRIE IR YT T A oY HE R L R BT T AR S — R R AR
1 DARE i S Ak P AR R Ok R A AR T M A I AE T
2, HAZ O R 4 X 45 95 B R AR 3L I CACSLA) B R
A B 3 B (GPX4 . SLC7TALD) Je %6 5% I (NRF2) 4
LR W LR, X 2 I PR o 9 4 Bk 6 T AR
P 78 iR 40 i 38 5 L B B 25 1 T B R A O
YEH (B 3D, 315 il 9 o 30 352 0 1l A2 2% 11 WL 0 661" 3
N, ETERAE T A0 G 3 [ 1 2 A 22 W 15 B 2
Sy i Jeg 10 F 000 AR 1) 3E T PR AR TR LKL B A Ak
T GIK 250 I G B8R T 1) SR s R B T e ) g
CiB=e

5.2 BT WRRAENIRE DB rPkig gt
A FEAE ) I PR 2 Ak i 2 v A7) T I 22 3 kR . (1) k3B
T G 25 R ) B 2 J2 YK T 4 T 8% [] — 5 [T A6 AN [) e
Jeq A AU EL 55 ) — PR i AN TR o BB R AR R AR T Cn
ACSL4 NRF2 B “ BTG ZL WD o B 7 8 1 36 97 1Y
MEFE 5 (2) BiJRg S J50 1 5 BOAS [ 40 i 0 B 6 K K T 0
SR EURNE 25 7 W LS BRG . BRSBTS R
PE TR IR B 1 X 1]V FH GROTE S8 vs. 15 e M D o1
e LIRS HEEE 5 (3) 259 JF & b T e 3 K Pk L B Bk
BT R0 /30 6 R 2 A7 7E e #5022 2510 8 1 %R
FE MR AR R B, 1 JC 25 W 1E A I IR . 406 5 40 K 4
LA AR 22 At o 253 R R Ak A AT 2 I R
OB ;s (O AWE B 2B i R R M 2804 1R
TIF 5% 455 B8 T 500008 42 1 RS 780 gt e = S 65 56 AF D I
PREEATRIE . e & B 5 0 1 & 3500 F 0 L 809 1
M2 368 o AT e LA 5 R AR IR YT 5 (5) BRFE T HH 6 3k
RI7E IE & 4l 40 B AT o 2 A4 B fiE (Al ACSLA 72 '
WESr BETIRE W NRF2 fEH AR S S Fep ) . & 5
PEF 0] e 5k B 40 5 . 3 B A SR E T T fiE B
K RAE RN U505 5 R TR AR R YT 1 T
5.3 ERFET-WRAT R OR KR

5.3.1  H B RORE ME T T, i A KL Rl E) I R 1 5
b FEFRIE T 5 16 I 04 Pk L R R T B T N e
A AR HE S AT HE T . TR AR T
BRBET A5 3 A0 ORS o P R 22 4P Bb T 40 1 9K sl 18 1)
LML 5] TR )T 5. 3 S B R (CRISPR-
Cas9) B¢ 1] FH F B 42 45 2k 78 T 3¢ 5 3k PR a3 15 &2 8 A%



HIEFS K 2026 F 8 A% 23 %% 15 W

Lab Med Clin, August 2026, Vol. 23, No. 15

* 2143 -

A p53, BN sE Xk FE T AH 2 35 A ) BE 56 UE A
% R RR S5 A sh W B AR I R AR AR, 56 30E A= 45
B A RS W S SRR T IR YT I & A M
F 0 R A Ak 28 e LA

5.3.2  EWbREY IR SRS BT, BRI A5 1)
W P RIETERET A I (n GPX4, AC-
SL4.SLC7A11) K 4 N+ (40 CBX3.ZDHHC2,
HNRNPC) ) 1 T A AL, ) 22 4 24 3R e 5t
I S E I A R DRy RO N (A A B I R o
KEE 20 . B T BRAE T 45 N 25 1 52 e v, ROk IB YT
T W AR IR AR BT T [T, B0k G 08 45 £ a3 B OBl Gl
AL AT IE A L DU B A 0 0 T T A )
A LSRR ST E i

FEFENH SIETARER BT R
| we2tvap-acsis | ERREUNBYTRUERE
FGPXA— R B Y 1
CPT1A/c-Myc-ACSL4/GPX4 —1 @
gﬂ%MTl —UPT — REEEH
|__Awmz-roxosa-acsia_ | L
f— @ HFIARF6 — ACSLA T — EEfE
BRD7-P53-SLC25A28 ‘-4/ V/ REEM T
=
| ps3-pHLDA2-ALOX12-PA '/ Erastin/ RIS — EHGEI T
DP53/BAP1/KRAS-SLCTA11 '<
PREH — BifFe3+, Fe2+ —
FRRK
SOX2-SLC7A11/GPX4 |4 AT
ZDHHCBHRHEBALGPX4 — PF-
‘ TMEM160-NRF2- 670462 — SHPD-1KAAST
SLC7A11/GPX4
GPX4HIFF/AEMSLCTALL — 5
‘ CD8" T-IFN-y- PD-1/PD-L1EEFA — A 75t |
ACSL4/SLCTA1L

B3  HRETHEHXBRREFENGSMEETRME

FIERZE FIAAEH 3 FARELEA T E,
TEERE Afh AMET, EMERBE. R
BB kI R R ikt kS AL B A A
LR, AT HEE, T EW. 2 M &, LEFH. 0%

=4,
£ % 30k

[1] Lee S,Hwang N,Seok B G,et al. Autophagy mediates an
amplification loop during ferroptosis[ J]. Cell Death Dis,
2023,14(7) . 464.

[2] Dixon S J,Lemberg K M, Lamprecht M R, et al. Ferrop-
tosis:an iron-dependent form of nonapoptotic cell death
[J]. Cell 2012,149(5):1060-1072.

[3] Huang B,Wang H,Liu S, et al. Palmitoylation-dependent
regulation of GPX4 suppresses ferroptosis[ J]. Nat Com-
mun,2025,16(1) :867.

[4] Dixon S J, Olzmann J A. The cell biology of ferroptosis
[J]. Nat Rev Mol Cell Biol,2024,25(6) :424-442,

[5] Zhang H L,Hu B X,Ye Z P,et al. TRPMLI triggers fer-
roptosis defense and is a potential therapeutic target in
AKT-hyperactivated cancer[ ]J]. Sci Transl Med. 2024, 16
(753) :eadk0330.

[6] RuQ.,Li Y.Chen L,et al. Iron homeostasis and ferropto-
sis in human diseases: mechanisms and therapeutic pros-
pects[ J]. Sig Transduct Target Ther,2024,9(1):271.

[7] Bell H N, Stockwell B R, Zou W. Ironing out the role of
ferroptosis in immunity[J]. Immunity, 2024,57 (5) : 941-

956.

[8] Zhou N, Yuan X,Du Q. et al. FerrDb V2: update of the
manually curated database of ferroptosis regulators and
ferroptosis-disease associations [ J ]. Nucleic Acids Res,
2023,51(D1) :D571-D582.

[9] Liang D,Feng Y.Zandkarimi F.et al. Ferroptosis surveil-
lance independent of GPX4 and differentially regulated by
sex hormones[ ] ]. Cell,2023,186(13) :2748-2764.

[10] Lei G,Zhuang L,Gan B. The roles of ferroptosis in canc-
er: tumor suppression, tumor microenvironment. and
therapeutic interventions [ ]]. Cancer Cell, 2024, 42 (4):
513-534.

[11] Kim R,Hashimoto A, Markosyan N,et al. Ferroptosis of
tumour neutrophils causes immune suppression in cancer
[JJ. Nature,2022,612(7939) : 338-346.

[12] Zhou Q,Meng Y,Li D,et al. Ferroptosis in cancer: from
molecular mechanisms to therapeutic strategies[ J]. Sig
Transduct Target Ther,2024,9(1):55.

[13] Wang Y,Hu M, Cao J,et al. ACSL4 and polyunsaturated
lipids support metastatic extravasation and colonization
[J]. Cell,2025,188(2) :412-429.

[14] Lagrost L, Masson D. The expanding role of lyso-phos-
phatidylcholine acyltransferase-3 (LPCAT3),a phospho-
lipid remodeling enzyme, in health and disease[ J]. Curr
Opin Lipidol.2022,33(3):193-198.

[15] Liu J.Kang R, Tang D. Signaling pathways and defense
mechanisms of ferroptosis[J]. FEBS J, 2022, 289 (22):
7038-7050.

[16] Hu C,Zu D,Xu J,et al. Polyphyllin B suppresses gastric
tumor growth by modulating iron metabolism and indu-
cing ferroptosis[J]. Int J Biol Sci, 2023, 19 (4): 1063-
1079.

[17] Leng J, Xing Z, Li X, et al. Assessment of diagnosis,
prognosis and immune infiltration response to the ex-
pression of the ferroptosis-related molecule HAMP in
clear cell renal cell carcinomal J ]. Int ] Environ Res Pub-
lic Health,2023,20(2):913.

[18] Xie Y C,Kang R. GPX4 in cell death,autophagy,and dis-
ease[ ]]. Autophagy,2023,19(10) :2621-2638.

[19] Zhang H, Pan J, Huang S, et al. Hydrogen sulfide pro-
tects cardiomyocytes from doxorubicin-induced ferropto-
sis through the SLC7A11/GSH/GPx4 pathway by Keapl
S-sulfhydration and Nrf2 activation[ J ]. Redox Biol,2024,
70:103066.

[20] Yuan Y,Zhai Y.Chen J,et al. Kaempferol ameliorates ox-
ygen-glucose deprivation/reoxygenation-induced neuronal
ferroptosis by activating Nrf2/SLC7A11/GPX4 axis[]].
Biomolecules,2021,11(7) :923.

[21] Li N,Yi X, He Y,et al. Targeting ferroptosis as a novel
approach to alleviate aortic dissection[ J]. Int J Biol Sci,
2022,18(10):4118-4134.

[22] Xiao Y,Liang Z,Qiao J,et al. BRD7 facilitates ferroptosis
via modulating clusterin promoter hypermethylation and
suppressing AMPK signaling in diabetes-induced testicu-
lar damage[ ] ]. Mol Med,2024,30(1) :100.



o 2144 -

(23]

[24]

[25]

[26]

[27]

(28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

MIE S 5K 2026 £ 8 A & 23 %% 15

Lab Med Clin, August 2026, Vol. 23,No. 15

Ni L,Bai R,Zhou Q,et al. The correlation between fer-
roptosis and M6A methylation in patients with acute kid-
ney injury[ J]. Kidney Blood Press Res,2022,47(8) :523-
533.

Liu Y,Su Z,Tavana O,et al. Understanding the complex-
ity of p53 in a new era of tumor suppression[ J]. Cancer
Cell,2024,42(6) :946-967.

Sha W, Hu F,Xi Y, et al. Mechanism of ferroptosis and
its role in type 2 diabetes mellitus[J]. J Diabetes Res,
2021,2021(1):9999612.

Ma X H,Liu J H,Liu C Y,et al. ALOX15-launched PU-
FA-phospholipids peroxidation increases the susceptibili-
ty of ferroptosis in ischemia-induced myocardial damage
[J]. Sig Transduct Target Ther,2022,7(1) :288.

Wu J.Minikes A M,Gao M, et al. Intercellular interaction
dictates cancer cell ferroptosis via NF2-YAP signalling
[J7. Nature,2019,572(7769) : 402-406.

Ma L,Chen C,Zhao C,et al. Targeting carnitine palmitoyl
transferase 1A (CPT1A) induces ferroptosis and synergi-
zes with immunotherapy in lung cancer[ ] ]. Sig Transduct
Target Ther,2024,9(1) :64.

Liao P, Wang W, Wang W.et al. CD8" T cells and fatty
acids orchestrate tumor ferroptosis and immunity via AC-
SLA[J]. Cancer Cell,2022,40(4) :365-378.

Wang Q.Gao S,Shou Y.et al. AIM2 promotes renal cell
carcinoma progression and sunitinib resistance through
FOXO3a-ACSL4 axis-regulated ferroptosis[ J]. Int J Biol
Sci,2023,19(4) :1266-1283.

Qiu Y, Wang X,Sun Y,et al. ACSL4-mediated membrane
phospholipid remodeling induces integrin g1 activation to
facilitate triple-negative breast cancer metastasis [ J ].
Cancer Res,2024,84(11):1856-1871.

Herndandez B L. J, El-Deiry W S, Tumor suppressor p53:
biology. signaling pathways, and therapeutic targeting
[J]. Biochim Biophys Acta Rev Cancer, 2021, 1876 (1)
188556.

Zhang Z,Guo M, Shen M, et al. The BRD7-P53-SLLC25A28
axis regulates ferroptosis in hepatic stellate cells[]J]. Redox
Biol,2020,36:101619.

Yang X, Wang Z,Samovich S N, et al. PHLDA2-mediated
phosphatidic acid peroxidation triggers a distinct ferrop-
totic response during tumor suppression[]]. Cell Metab,
2024,36(4):762-777.

Li D, Wang Y. Dong C,et al. CST1 inhibits ferroptosis
and promotes gastric cancer metastasis by regulating
GPX4 protein stability via OTUB1[]J]. Oncogene, 2023,
42(2) :83-98.

Yang F.Xiao Y.Ding J H.et al. Ferroptosis heterogeneity
in triple-negative breast cancer reveals an innovative im-
munotherapy combination strategy[]]. Cell Metab, 2023,
35(1):84-100.

Li J,Liu J.Zhou Z,et al. Tumor-specific GPX4 degrada-
tion enhances ferroptosis-initiated antitumor immune re-
sponse in mouse models of pancreatic cancer [ J]. Sci
Transl Med,2023,15(720) :eadg3049.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Liu J, Tang D, Kang R. Targeting GPX4 in ferroptosis
and cancer:chemical strategies and challenges[ J]. Trends
Pharmacol Sci.2024,45(8) :666-670.

Zhang W, Gong M, Zhang W,et al. Thiostrepton induces
ferroptosis in pancreatic cancer cells through STAT3/
GPX4 signalling[J]. Cell Death Dis,2022,13(7) :630.
Stockwell B R. Ferroptosis turns 10: emerging mecha-
nisms, physiological functions, and therapeutic applica-
tions[J . Cell,2022,185(14) :2401-2421.

Polewski M D, Reveron-Thornton R F, Cherryholmes G
A, et al. Increased expression of system xc- in glioblasto-
ma confers an altered metabolic state and temozolomide
resistancel ] ]. Mol Cancer Res,2016,14(12):1229-1242.
Polewski M D, Reveron-Thornton R F, Cherryholmes G
A, et al. SLC7A11 overexpression in glioblastoma is asso-
ciated with increased cancer stem cell-like properties[J].
Stem Cells Dev,2017,26(17) :1236-1246.

Koppula P, Zhuang L.,Gan B. Cystine transporter SLC7A11/
xCT in cancer: ferroptosis, nutrient dependency, and cancer
therapy[J]. Protein. Cell. ,2021,12(8) :599-620.

Hong T.Lei G,Chen X,et al. PARP inhibition promotes
ferroptosis via repressing SLC7A11l and synergizes with
ferroptosis inducers in BRCA-proficient ovarian cancer
[J7. Redox Biol,2021,42:101928.

Wang X.Chen Y, Wang X, et al. Stem cell factor SOX2
confers ferroptosis resistance in lung cancer via upregula-
tion of SLC7A11[J]. Cancer Res, 2021, 81 (20).5217-
5229.

Anandhan A,Dodson M, Shakya A, et al. NRF2 controls
iron homeostasis and ferroptosis through HERC2 and
VAMPS[]]. Sci Adv,2023,9(5) :eade9585.

Rojo de la Vega M, Chapman E, Zhang D D. NRF2 and
the hallmarks of cancer[]J]. Cancer Cell,2018,34(1):21-
43.

Adinolfi S, Patinen T, Jawahar Deen A,et al. The KEAP1-
NRF2 pathway: targets for therapy and role in cancer[ J].
Redox Biol,2023,63:102726.

Li N, Jiang X, Zhang Q, et al. Synergistic suppression of
ovarian cancer by combining NRF2 and GPX4 inhibitors:
in vitro and in vivo evidence[]J]. ] Ovarian Res,2024,17
(1):49.

[50] Huang C, Zeng Q, Chen J, et al. TMEMI160 inhibits

[51]

[52]

[53]

KEAPI to suppress ferroptosis and induce chemoresis-
tance in gastric cancer[ J]. Cell Death Dis,2025,16:287.
Liao T, Xu X, Wang G,et al. p53-mediated suppression of
the SLC7 A11/GPX4 signaling pathway promotes troph-
oblast ferroptosis in preeclampsial J ]. BMC Biol, 2025, 23
(1) :141.

Wei F, Meng Y.Zhu D X, et al. Mechanism and role of
ferroptosis in the development of gastric cancer[ J]. Clin
Exp Med,2025,25(1) :182.

Zhang J, Tian T, Li X, et al. p53 inhibits OTUD5 tran-
scription to promote GPX4 degradation and induce fer-
roptosis in gastric cancer[ ]J]. Clin Transl Med, 2025, 15
(3):e70271.



HIEFS K 2026 F 8 A% 23 %% 15 W

Lab Med Clin, August 2026, Vol. 23, No. 15

* 2145 -

[54]

[55]

[56]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Zhang H,Zhan J,Zhou J,et al. Identification of HCARI as a
ferroptosis-related biomarker of gastric cancer based on a no-
vel ferroptosis-related prognostic model and in vitro experi-
ments[ ] ]. Carcinogenesis,2025,46(2) : bgaf030.

Sun J,Li J,Pantopoulos K,et al. The clustering status of
detached gastric cancer cells inhibits anoikis-induced fer-
roptosis to promote metastatic colonization[ J]. Cancer
Cell Int,2024,24(1) . 77.

Huang Y P,Wang Y X.Zhou H.et al. Surufatinib com-
bined with photodynamic therapy induces ferroptosis to
inhibit cholangiocarcinoma in vitro and in tumor models
[J]. Front Pharmacol,2024,15:1288255.

Lei S,Chen C,Han F,et al. AMERI deficiency promotes
the distant metastasis of colorectal cancer by inhibiting
SLC7A11- and FTL-mediated ferroptosis[ J]. Cell Rep,
2023,42(9):113110.

Zhao Z,He ], Qiu S, et al. Targeting PLK1-CBX8-GPX4
axis overcomes BRAF/EGFR
BRAFV600E colorectal cancer via ferroptosis [ ]J]. Nat
Commun,2025,16:3605.

Guo L,Ma J,Xiao M,et al. The involvement of the Statl/

Nrf2 pathway in exacerbating Crizotinib-induced liver in-

inhibitor resistance in

jury: implications for ferroptosis [ J]. Cell Death Dis,
2024,15:600.

Tang R.Xu J.Zhang B.et al. Ferroptosis,necroptosis,and
pyroptosis in anticancer immunity[ J]. ] Hematol Oncol,
2020,13(1):110.

Wen Q. Liu J,Kang R,et al. The release and activity of
HMGBI in ferroptosis[]]. Biochem Biophys Res Com-
mun,2019,510(2) :278-283.

Liu J,Cai X, Lin J,et al. Extracellular GPX4 impairs anti-
tumor immunity via dendritic ZP3 receptors[]]. Cell,
2026,189(4):1056-1073.

Li H,Yang P, Wang J.et al. HLF regulates ferroptosis,
and chemoresistance of

development triple-negative

breast cancer by activating tumor cell-macrophage

crosstalk[ ] ]. ] Hematol Oncol,2022,15(1) ;2.

Chen T C,Chuang ] Y,Ko C Y,et al. AR ubiquitination
induced by the curcumin analog suppresses growth of te-
mozolomide-resistant glioblastoma through disrupting
GPX4-Mediated redox homeostasis[J]. Redox Biol,2020,

[65]

[66]

[67]

[68]

[69]

L70]

30:101413.

Turcu A L, Versini A, Khene N, et al. DMT1 inhibitors
kill cancer stem cells by blocking lysosomal iron translo-
cation[ J]. Chemistry,2020,26(33) :7369-7373.

Ye Z,Hu Q,Zhuo Q.,et al. Abrogation of ARF6 promotes
RSL3-induced ferroptosis and mitigates gemcitabine re-
sistance in pancreatic cancer cells[J]. Am J Cancer Res,
2020,10(4):1182-1193.

Li Y.Yan H,Xu X,et al. Erastin/sorafenib induces cispl-
atin-resistant non-small cell lung cancer cell ferroptosis
through inhibition of the Nrf2/xCT pathway[ J]. Oncol
Lett,2020,19(1):323-333.

Wang H.Lin D, Yu Q.et al. A promising future of fer-
roptosis in tumor therapy[ J]. Front Cell Dev Biol, 2021,
9:629150.

Xiong H,Wang C,Wang Z,et al. Intracellular cascade ac-
tivated nanosystem for improving ER + breast cancer
therapy through attacking GSH-mediated metabolic vul-
nerability[ J]. J Control Release,2019,309:145-157.

Zhou L,Lian G,Zhou T,et al. Palmitoylation of GPX4 via
the targetable ZDHHCS determines ferroptosis sensitivity
and antitumor immunity[ ] ]. Nat Cancer,2025,6(5) :768-
785.

[71] Jiang Z,Lim S O, Yan M,et al. TYRO3 induces anti-PD-

[72]

[73]

[74]

1/PD-L1 therapy resistance by limiting innate immunity
and tumoral ferroptosis[J]. J Clin Invest, 2021,131(8):
e139434.
Ye L,Wen X,Qin J,et al. Metabolism-regulated ferropto-
sis in cancer progression and therapy[ ] ]. Cell Death Dis,
2024,15(3):196.
Tang B, Yan R, Zhu ], et al. Integrative analysis of the
molecular mechanisms, immunological features and im-
munotherapy response of ferroptosis regulators across 33
cancer types[J]. Int J Biol Sci,2022,18(1):180-198.
Wu Z,Lu Z,Li L, et al. Identification and validation of
ferroptosis-related LncRNA signatures as a novel prog-
nostic model for colon cancer[ J]. Front Immunol. 2021,
12.783362.

Ol H:2025-11-28 & H #1:2026-03-29)
(i REJRSR BRAD

(42256 2136 70D

[46]

[47]

[48]

Weber C,Jenke A,Chobanova V,et al. Targeting of cell-
free DNA by DNase | diminishes endothelial dysfunc-
tion and inflammation in a rat model of cardiopulmonary
bypass[J]. Sci Rep,2019,9(1):19249.

Molinaro R, Yu M, Sausen G, et al. Targeted delivery of
protein arginine deiminase-4 inhibitors to limit arterial in-
timal NETosis and preserve endothelial integrity[ ]J]. Car-
diovasc Res,2021,117(13) :2652-2663.

Amoura Z. 20 Co-stimulation blockade of CD40/CD40L

[49]

in SLE and beyond[ C]//Abstracts. Lupus Foundation of
America,2025:A13. 1-A13. 4.
Qu X,Fang Z,Li M,et al. Tap-ssl5 functions as an anti-
coagulant and anti-inflammatory protein to inhibit throm-
bosis in rat and attenuate atherosclerosis in apoe-knock-
out mousel J]. Heart,2012,98(Suppl 2) :c9.

Ofcfis B39 :2025-10-15 &R H :2026-02-12)
ChBERR BR



