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Abstract

e Ferroptosis is a unique and new mode of cell death,
which is driven by iron-dependent lipid peroxidation and
mainly characterized by the accumulation of reactive
oxygen species in cytoplasm and lipids. Ferroptosis plays
an important role in the pathogenesis of many ocular
fundus diseases, such as retinitis pigmentosa, age -
diabetic retinopathy,
retinal detachment, retinoblastoma and so on. The use of
ferroptosis - related inhibitors or activators can regulate

related macular degeneration,

the course of the disease and provide new ideas for the

research, treatment of ophthalmic

diseases.

prevention and
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2012 = Dr. Brent R Stockwell 2 H} T 4%k %€ 1=
(ferroptosis ) 3X —HE &, B J& — o] I8 455 174 B AR i 4 g o
it Al PR A R B R (reactive oxygen species,
ROS) AR A I ZE TIE . PR oAy L AT a4 M 1 4 o,
AT AR A A SIS AW IAT TEME | H B K F
L IR AT VR AL Qe PP P A5 2 17 iz o
FEtt . AEMRRREE I AR A ST R AR 2 E0E PR
BHEER 0 7 6 IR | AF % AH OC M 3 B M ( age — related
macular degeneration, ARMD) IR o 52, 28 A5 P ( retinitis
pigmentosa, RP )[2] B R R M RO R AR ( diabetic
retinopathy ,DR) G R R RS SIETI O, AR SOk
HET AR RS Hh (A e o8 it R AT 25k
1 SRR T B 5 F AL
1T1ERIETHRR  JIE T SAMM T IRIEF A wEAE
FEILASE Y R RAE G2 PR e LA
FELAREBIL A e 22 6 1R A B A ML 1% 1 4 (reactive
oxygen species, ROS) B 4% &k ) I8 7 R FE Rl H-AEX =
ANGTIR I A 1) 2 28 ALY S SR TE AR AM LA Fe® " £ TE,
TELH NS |- %5 5 8 1 (transferrin, TRF, TF) 45 4 3 A 41
M5, 88 M 4 BB 4K 1 (divalent metal transporter 1,
DMT1) % 4 Ak i Fe® 75 20 il 19 2 5 2% il 48 B0 Q35 7%
B BRILZ AN Fe® ' LA =Rl 7 RN A7 - F A4 rh ek
W SEHRE AL S Wk ARk ER
(recombinant ferroportin, FPN ) HE i 21 ig 48, >4 20 it P4 Ui
B Fe® "B BT, 2 A AL LA A R AR R R
7T BRI PR 3R R 3 [ P BRI 5 R R R ROS,
ROS KAEMEBUE i dn i 250 T I gRIE T . BRAE TR AR
J5 BRI T 5% 585 B 38 48 L A 5 LA B i
WL, dkini R RLAR 2 40 WAL TR 45, X — i B, i
BIRRIG I BRI A A SR R E A RS E T R
b7 N S W =i T 7 I R v R B
T IR R RS T A 5 0 Y AR A A T R A S 4
J AT L T th Z R0 5 Sl s 2 5, b K255
T {32 a5 ) A D IR O AL W 4 (glutathione
peroxidase 4, GPX4) (G PEASTEL | JEAK, th R T
A GPX4 i HAl —SE 58 B
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1.2 R THIEE

1.2.1 GPX4 fAXHyEEE MM GPX4 Y BRAE T3 B AR
N MBI T B, IZ0E 2R i I D R -
TR I 17 75 32 1A ( System—xc ) #E A 40 A, 78 Bt 20 0R 18 JR &
i JE A e R, £ 145 E H K ( glutathione , GSH)
A, GSH & — Rk I 50 Ay GPX4 By 178
240t N D2 E R i 00 A AL ( PLOOHS ) 3t kg A R Y
BE( PLOHs ), PRATHIE -y & B, HETI R ZI S
GPX4 MHRAHE IS A A J R4 PR IR i AE Al AL
ot 2 IR i A WP B = R i AR, DA b A v B 5 ek o
GPX4 ¥R, BRAE T2 195 50 b, — 283 1 1+l
System—xc PH 11 DE MR A4, 75 —Zd i il GPX4, [A]
B, WL HE GSH Al Q10 (CoQ10) \fi i JTEF Se X =
RGP 17 B AR GSH 7K P, $i 8 200 Ji XoF 2 3 T 11 Uk
PEN L Erastin 5580 RURS B IE | 45 02 £ 25 i A R -
IDE RS2 1) % 32 K /340 IR BRL A8 e IR, GSHY/ GPX4 Al i 3
i S R R T (LA BLEI A FE 52 . Shimada
SEUIHENS 56 R e R A AR AR M B A P A A v
A T B R B A5, B 2 A T — MR
SRRBE TN BN IR FE AL A W K BT Ferroptosis —
Inducer—56 ( FIN56) , & AL A LU S GPX4 B KR, 18 7]
DU i R R A i . BV S T AR CoQ10 Sk F
AT BRI T B U, SR AU T B 4 S R )
Ab  FEAR A S O 8 Tl 1A AH G IS 48 ol 2o A W23 15 GPX4
MR, o FHREIB AN 5 09 B W ( chaperone mediated
autophagy , CMA ) I # H £2 7€ T GPX4 il 17 8RBT,
XA T o —FpEEd GPX4 FEff LT, 2 5 X T- 1
B T

1.2.2 NRHT GPX4 BYE R H AT, & 4 & B A HOmi
GPX4 BRAC TG RGEA =Fb A1 3 A Tl il
[ 1(ferroptosis suppressor protein 1,FSP1)/CoQ10, & L
75 MR i & B ( recombinant dihydroorotate dehydrogenase,
DHODH) #1 L BF — #% 2 25 1k /K it B 1 ( guanosine
triphosphate cyclohydrolase 1, GCHI1 )/PU & 4= ¥ M 0%
(tetrahydrobiopterin, BH4) '/ 5, CoQ10 77 T 41 It /Y £&
LA 2 rp  FERRAE T P S B 1 3K SR B i 44k
M IEHERLET S GPX4 SFATVE, I EksET-" . X —%
B A SIS RY CRISPR-Cas9 i K FSP1 %52 N
AR BIE T 1 A 7, S rh 52 4 B B b i FSP
PES AL IA SR M A, IR CoQ10, MR 25 g 1
FH A AR BT AR, BELIE 7 i st Sk R B . E
Al i FSP1-CoQ10-NADPH 3l #4F M4l 57 1917 R 48, ¥t
BRIET A S o 2z Wit i D 0 202 B4l R A 5 R B it 4
AR HBE B 48 S, T FSPT A4 CoQ10 B F-/4: 3 1 il
JH R T P B R — A% H R W5 12 ( NADPH) 148 Jit CoQ Vi Bk i
it Ak TR A S 30 CoQ10 AL LA i K Ak BE T L A
WL Sl A b, 40 0 A 5 R I MESH fY5d 33K 25 F6
S NADPH, 1 i 4i i x4k 58 T 1 fg e v . DHODH £
SRERBE T I LRI PR T, 2 i o K 0 i3 5 A 2
eSEL i GCHL I A= 94 Wiy BH4 TR T 24
T CoQ10 Jy T B LR B AALSN ) B AT LIB [ GCHI
PR £ L i B B i 9, 9 R M b L 1k 22 O AR R s 7 R
(PUFA-PL) JHFEARAMFIZIET="
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1.2.3 SR kY B IR Bk B R R R SRR
TR [l Ot ol DA A 9 40 Xk PE T 5 B Y
EEAR' S YRR R ARG N SRR B 240 Py
(4 F A, R AT T R SRR AR T RS
BRI 2R K HA A= 4y 3 3 ek 20 A4 P ) T Ak O X Bt ik
FET-  BRARARAE T MU 2 iR FC &R 11 B -1 (heat
shock proteinB — 1, HSPB-1) #ZHE F E2 M X H F 2
( NRF2) %5 1 38 1 100 1) % 4% 3 4 52 1R 1 ( transferrin receptor
proteinl , TFR1) & ik J& 2t 728 £k X 55 2F A%, DA i 94 57 &
%1‘:[22*23] .

I L A A a4 i 1] 22 508 ) %4 3 A0 I B aod
AR T BB T 1 JL AP 4 A1 45 . GPX4  HSPR -1 Al
NRF2 NADPH % {L /i ( NOX) . p53 F1 SLC7A11,VDAC2/
304 Hof GPX4 . HSPR-1 I NRF2 4 313 i B il ROS
7 A U0 A0 Ak A A Sy Bk A T B Bk T B
NADPH 4 fb il i i 12 3 ROS 7 424 Ry 1E 3445 -,
BT 28 R g AL 1, P53 ik 481G kiR SRR T (ATF)
3/4 42 Beclin 1( BECN1 ) i j# Fl— 2L 4k 45 i) RNA 3 A
el B Horp pS3 (R 2 BRI 22 AR A pS3)
A TS BURNE S AR R BE T 38 B 38 B RS E A
HIRZAPE AR gnfS RNA T35 7 K 145 2 Fp oy 20 7 gk
FET- RS SR BRAE T M IE IR Y 1 B A B
WEH & E( dihydroartemisinin, DHA) N2 3 ROS /Y 7=
Az FER P B 1R 2 G R
2R TERKERFFHHAR

BRIETAE I 45 2R 1 B 5 h B 2% > Uk, G145 3h )
2 AW NP5 I R 32 A8 A 2R AT PR
A B R BRI A YRR | H B e R
ST IR BRI K iy B RTA A R 7 OGIR L ARMD |
DR .RB .RP 0 % IE i 85 ( retinal detachment, RD)%%, LI'F
FEERIE T TE RIS h B BF ST TR B2 R |
2.1 ARMD  ARMD 2L M AR AT P AL, AT R
KA I S T 2E R . ARMD 4324 19 ARMD Fit
P ARMD P25, BE & BL L N B2 A= K IR F (antivascular
endothelial growth factor, VEGF) 8 [n] 25 %) /9 b FH , 1% 1k
ARMD #43| 7RG 193697 . (BXF T4 ARMD 19I5 77 1#
TorrR 2y, PRI (0 % I J (retinal pigment epithelium,
RPE ) 20 i (14 2y 56 B A5 R 200 i 58 T2 J2 W 300 Tk ( 224 )
ARMD (bR, DAEMBFSE & B, 7 T ARMD o, F
PR -y (IFN-v) KF-  LCN2 (5 Bz 8 H 2) ¥ 7w,
IFN—y 55 AR5 2 | B2 40 ( ARPE-19 ) il i 28 it
ARRIET E B 51 & A1 FE T I RPE 40 o LCN2 5
Autophagy-related 4B ( ATG4B) 454 % LCN2 - ATG4B -
LC3- M E &M, V8355 ATGAB TF 1, i 2k 1 We B ARG, i 4k
FETZY  fE T ARMD BB I DK Rk iy & iR IEH A
BERY 2 5L ARMD 9 % A 547 % B A AR G i
Do S 4% 5 o 7N B A A I Y 1G4 T3S i, [ — R AR
ARMD 119 HR o0 JI58 2% 5 T, T A KR 1) % 00 HIR 2% 7K ~F-
TEHE R FRATT T LA I, B A 1 A0
BREmin, s MRS SA N E A R ES S ARMD
1 RPE 4R & JET- KBl G FOGERZ 438 T, 7EX
— iR, GSH ul LB 1k X — Ak #5415, B2 G5 DFO
DA K% [ w157 Baf—A1(75 nmol/L) F1 3-MA (10 mmol/L)
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()32 F AT AT B GSH #E3 , B ARBRBE T | I I A0k 20 i
WA S B9 RPE 4 e fan st At
R HUY) ( ginkgo biloba extract, GBE ) i i # % Nrf2 41 T 1)
PraE AL By 16 ok {4 7 RPE 40 Jifd %2 % - BHP % 5 4 &%
ﬁEtBZJ .

JL IR (light excessive, LE) f& B F #4h ARMD k&
RS —E G R, EIE R E R T OCIEZ 85 40 i (035
TIIES TRYIET- 1AL R B B kiRl s &5
W BRIEAE .79 . (malonic dialdehyde, MDA ) 3 Jin A K
SLCTAL1 Il GPX4 FY#E R IBFEAL, MM = -1 Wi T
JEHEXHRBET 1 RE 0, % A Ol JE 22 28 25 4 AR BE T, 41 1
T R AE A B R O BE X A RO 25 4 A DD B B R
g2 sk e % BN R FHARSE T TR AL 6 ARMD 7£ 4 Y
ORI FEL A8 P A 0 R T 7 B T 1 L B
2.2 RP RP VI HAE AT PERLET Bt | oot 71 F
AN 55 A SR BRI 1) — st A 1k A R 7 3% 0 o g
RATPEGR Y L R IR ML I AS B 0 A s s O K
AN A5, B ST 3 AE PPA /0N B P90 AR i ok e Ak
AR SEHE R BT R AR A8 405 1) 6 TR s 2 B, ek 2k
JE R AL AR PR 1) vd 10 /N U SRR R R R A LBk
TR RIEE R R A2 R B ek 38, A0 190 JBE A Rk 2 1A 4%
BRI AKTRE I A0 0 BE b B i SR A AR R ) 4-FR k-2
EE‘J?%E’}P(4—hydroxyl—2—n0nenal,4—HNE) A 7K S, i 35 T
B DXL IR Wk i S I R A 5 T Ak A
T- S5 BERSNSE S ARPE - 19 41 Jifd 58 - 5 W IE B 2k 78
T-5 RP A X1 Z )50 RP BEELAF 58 vhiiF 5, 4% 4
Jie 7 AREE A 251 (VK28 R VARI0303) Bk% 4 F) &
BRI FeR M sk kI -1 WA IE T I i R0 T
DA R O RIE T PR P R Z 2R AL, MBS
JEAS 0] LME IR TT T SR AR AL T 37 A4
2.3 DR DR 228k T/EFEH AR R R Z)EHZ
— 20 DR A I AR A PN R A AT T T A I A
WAJEL I 0 AP A0 R R 2 sk 1, | A I A B T S R
JHCAS iR O T I, S EOHT AR I R R, DR 4 il
R FHLRIARZ 2%, A 0 FE T IR FEPE R T AR AE T 3X
SRR AR T A 2 51 RPE 4i iR ) i
F A 1145 PN K 20 9 (retinal microvascular endothelial cells,
RCEC) Yy RE A 5250 1 8 IR 00 R B0 45, 5 k3T 4
BT 5E & PR, v R A ( high glucose, HG) 2
RPE i Jifd v % 4204 It 2 1 BLAE 85 1 (thioredoxin interacting
protein, TXNIP) |-, TXNIP |- Fl4t & 1L & H (SOD1,
Trx1) F- T80 A B2 B K89 7= A= 1 GSH I TH #E , il
ML) GPX4 JE %5 & RPE 0 kst A 05 %
B, 7E HG 4bFE &Y ARPE - 19 4 it f, 374k RNA - PSNEI1
(cire=PSNE1) 351" miR-200b-3p .miR—138-5p .miR -
338—-3p .microRNA-7-5p(miR-7-5p) L i#, circ—PSNEI1
i 33 miR—200b-3p/CFL2 %Hi%S ARPE19 4l 92k 5E T,
[, miR-138=5p [, Sirt1/Nef2 6 1 40 1L 5 %
i, %5 RPE 408 & sE 7= . miR - 338 - 3p #01 [i] 1 ]
SLCIAS 119 3* JEHH1E DI (3°UTR ) 347 400 16 R I i 3 ok
miR-338-3p/ASCT2( SLC1AS) #lliE S4sE -, KBEE
it RNA (IncRNA) FEJATTBRBE T, BEHE 2540 B 2R 5i
A 1 Af 385 5 microRNA-7-5p (miR-7-5p) e PEZ5 &

FEURTT R R 4y 1 R A B A A U K BE 5% R
4(ACSLA) RIBRIRFBIE T, BRT RPE 41745 L
S, RCEC T RE L AT 2 T BOR IR LI 51475 . HG L
FIF ) B3R e AR 2 2 R AR R I 1 B
40 B ( human retinal microvascular endothelial cells,
HRCECS) 1 TRIM46 & (134  TRIM46 3@ i 2 #F IkBa
ZHR AL, WG NF-«B {5 5 3 ¥, in & 2k5e v, &
HRCECS ¥ HG 175 T o 37 1 A JAE S 1o

Rl ERAETAE DR WFSE iR B IR A R FE T 400 i 550 4 41
F-1 B R TT -1 B — s v B 25 4R ) 4
FEPRE LR M R RS R AT -V A
A8 A R FE TR W R S HI A BT ST A
BRIE T HE s AR € 8 T DROIAYT A 25 it
R A 8
2.4 RB  RB J&JLE i WL — R IR oA Dt P Pk g
L ERE AR R B & REAR . p53 B 288 Al RBT B A
BRI A I E R R BFSE IR, R A pS3 iR 41 )
PN A SRS R R P TR . pS3 41 A0 R 8 AR
EW%‘I‘&WQKZ@E( cyclin—dependent kinase , CDK) S0 40 i
JRBmHIGR RB 8 AR 1L, BERR TL 1Y RB B E2F 74 5%
PRI 25 1, 36 6 28 1 ] B 400 e F) B 4R i 6P, p53 K
ST RB LR A i e 5 TR IETS Y L FE RB AYIRYT
R E A, REKIBIAYT RB 5 B ASPE 2 i 24
P8 (multi drug resistance, MDR) , M55 H WE AP 2R 56 T
AT LT B3 AU Do) 5 - 240 690 200 M s 24 X — o A
T A BRI ATT AR W0i55 5 A Wi S R BR BB T 1S 0 B3k 2 Y 04
TR A il , TR A2 098 25 90 - 40 ARHE T A
K& B om0 DY ok A, A BRI OB 40 R
( hepatocellular carcinoma, HCC) Y547+, HCC 4L RB
HEHERNEARE B P e T RRIE T & LR I 1 g 0
LA S PE IR BB i g sk e A A, FRATT AT LA A B i
XPERFET A AR BRI, AT LA S8 R AR 22 T ok 4 o) 98
25T 245 1, g A ML R SE T, T R EIR T RB,
FH O AT DA R BT T BORE A R 0 5B 20 B YA T Y
BT Im)
2.5 RD RD HIHLMIsERR 22 bR R AR R
RD S E WL BRI A2 1 52 ) R 3R — L8 52 D0, 0L ) Je&
G ( photoreceptor, PR) #1455 RD J& W 2 RE 4 45 %% V)
ARG, —TAF 58 A& B0, RD R85 A B 3 A4 00 Do JBE S g v
BRES P RERES G I BERE B0 1] A9 SE K3 =, 7E RD
NG R v, e B A I Bt 25 DX I €2, 3R | 1 )2
(retinal pigment epithelium, RPE) £ % F g, [ —5C
R WEIEE R, R BB B I T/ BRI L RD 5 Y
o RPE Hk iy U (PR L AX [ 4 , A 20 PR3P T PR
MMAET " X R ZEDF S RD WA PR #4143,
BRESG TR AT LA A X — 451403, 76 RD KA 5 45 T
HERE G N T D> PR B0, 42 i AR5 T, X 8L
VA RD BT S 4k 5 — AN B ik 58 7 1 .
2.6 Stargardt f&§ KA TS A0 W G GRSz 4 AR T
RUE B R AR 22—, WYL o R B P s A v Stargardt 5
(STGD1) ., 5 ARMD ZE{0L, 4 3o 1) il 28 400 I 4 I
AR R JIEE ( all —trans—retinal , atRAL) 7EBOG AP & R %
it ROS Y3 B2 7= A, fi R AR BT T, GSH #bFE5 A
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i Fe® * 183 A iR 25 Bk M ( deferoxamine , DFO ) B¢ G i
AL S YA R -1 T LR OLESZ 40 62 52 atRAL %Iilﬁ"]
BRICT AR BB STGDT BBt AL >, B LA BRIET- T i
ISR AT TR STGD1 fH 77 18]
SRE
UEARSR  BRAETRYBIF ST N 138 B 3, HAE AR 2 9R

AR T 2, B AT R Fe® T A G B B 1) FRIA Ok
PRI T PR 2R 3G BT A R K F I g B
i A T BN ERSE T 1 R A=, SRR YA IR T HE
s, AT B77 36 97 M G IR IS 22, 245 ARMD \RP 2%, i
% H TR 2 A L -5 BRFE T Z ] 18 53 5 HL TS AS V85 0l
BT KT AW AEJE R MR AR 229580 rh i pFge it 1
HTHITT 1], B A5 RS A AL v 45 518 % | 5 4R

SRV L R B AR SCIRTT 250K i R IG 75 R Y
Sy ES
SE 3k
[ 1] Stockwell BR. Ferroptosis turns 10: emerging mechanisms,
physiological functions, and therapeutic applications. Cell, 2022, 185
(14) :2401-2421.
(2] BEAF, kA6, 2™, 55, BRIET-TEECR MRS B AR SCRIFSE
JE. BEAFERAR, 2022,28(14) ;2728-2732.
[3] &k, %f)(ﬁ%, TRITAR , A5, BRIET S5 HE PRI B HIf RAE RIS
PRI, BEoRLZEIR ) 2022,28(12) :2448-2452.
[4] Chifman J, Laubenbacher R, Torti SV. A systems biology approach
to iron metabolism. Adv Exp Med Biol, 2014 ,844.201-225.
[5] Bertrand RL. Iron accumulation, glutathione depletion, and lipid
peroxidation must occur simultaneously during ferroptosis and are
mutually amplifying events. Med Hypotheses, 2017,101:69-74.
[6] Stockwell BR, Friedmann Angeli JP, Bayir H, et al. Ferroptosis: a
regulated cell death nexus linking metabolism,
disease. Cell, 2017,171(2) :273-285.
[7] Shimada K, Skouta R, Kaplan A, et al. Global survey of cell death
mechanisms reveals metabolic regulation of ferroptosis. Nat Chem Biol,
2016,12(7) :497-503.
[8] Wu ZM, Geng Y, Lu XJ, et al. Chaperone—mediated autophagy is
involved in the execution of ferroptosis. Proc Natl Acad Sci USA, 2019,
116(8) :2996-3005.
[9] Bersuker K, Hendricks JM, Li ZP, et al. The CoQ oxidoreductase
FSP1 acts parallel to GPX4 to inhibit ferroptosis. Nature, 2019, 575
(7784) :688-692.
[10] Doll S, Freitas FP, Shah R, et al. FSP1 is a glutathione —
independent ferroptosis suppressor. Nature, 2019,575(7784) :693-698.
[11] Ding CKC, Rose J, Sun TA, et al. MESHI is a cytosolic NADPH
phosphatase that regulates ferroptosis. Nat Metab, 2020,2(3) ;270-277.
[12] Mao C, Liu X, Zhang Y, et al. DHODH —mediated ferroptosis
defence is a targetable vulnerability in cancer. Nature, 2021, 593
(7860) :586-590.
[13] Kraft VAN, Bezjian CT, Pfeiffer S, et al. GTP cyclohydrolase 1/
tetrahydrobiopterin counteract ferroptosis through lipid remodeling. ACS
Cent Sci, 2020,6(1) :41-53.
[14] Soula M, Weber RA, Zilka O, et al. Metabolic determinants of
cancer cell sensitivity to canonical ferroptosis inducers. Nat Chem Biol,
2020,16(12) :1351-1360.
[15] Vanden Berghe T, Linkermann A, Jouan — Lanhouet S, et al.
Regulated necrosis; the expanding network of non—apoptotic cell death
pathways. Nat Rev Mol Cell Biol, 2014,15(2) :135-147.
[16] Mancias JD, Wang XX, Gygi SP, et al. Quantitative proteomics

redox biology, and

identifies NCOA4 as the cargo receptor mediating ferritinophagy. Nature,

770

2014,509(7498) :105-109.

[17] Kagan VE, Mao GW, Qu F, et al. Oxidized arachidonic and
adrenic PEs navigate cells to ferroptosis. Nat Chem Biol, 2017,13(1)
81-90.

[18] Yang WS, Stockwell BR. Synthetic lethal screening identifies
compounds activating iron — dependent,
oncogenic — RAS — harboring cancer cells. Chem Biol, 2008, 15 (3):
234-245.

[19] Song XH, Long DX. Nrf2 and ferroptosis; a new research direction

nonapoptotic cell death in

for neurodegenerative diseases. Front Neurosci, 2020,14:267.

[20] Tang WY, Guo JL, Liu W, et al. Ferrostatin — 1 attenuates
ferroptosis and protects the retina against light — induced retinal
degeneration. Biochem Biophys Res Commun, 2021,548.27-34.

[21] Bruni A, Pepper AR, Pawlick RL, et al. Ferroptosis—inducing
agents compromise in vitro human islet viability and function. Cell Death
Dis, 2018,9(6) :595.

[22] Sun X, Ou Z, Xie M, et al. HSPB1 as a novel regulator of
ferroptotic cancer cell death. Oncogene, 2015,34(45) .5617-5625.
[23] Sun XF, Ou ZH, Chen RC, et al. Activation of the p62—Keapl—
NRF2 pathway protects against ferroptosis in hepatocellular carcinoma
cells. Hepatology, 2015,63(1) :173-184.

[24] Xie Y, Hou W, Song X, et al. Ferroptosis: process and function.
Cell Death Differ, 2016,23(3) :369-379.

[25] Shen M, Guo M, Li YJ, et al. m6A methylation is required for
dihydroartemisinin to alleviate liver fibrosis by inducing ferroptosis in
hepatic stellate cells. Free Radic Biol Med, 2022,182:246-259.

[26] Totsuka K, Ueta T, Uchida T, et al. Oxidative stress induces
ferroptotic cell death in retinal pigment epithelial cells. Exp Eye Res,
2019,181:316-324.

[27] Wei TT, Zhang MY, Zheng XH, et al. Interferon —vy induces
retinal pigment epithelial cell Ferroptosis by a JAK1-2/STAT1/SLC7A11
signaling pathway in Age-related Macular Degeneration. FEBS J, 2022,
289(7) :1968-1983.

[28] Gupta U, Ghosh S, Wallace CT, et al. Increased LCN2 (lipocalin
2) in the RPE decreases autophagy and activates inflammasome —
ferroptosis processes in a mouse model of dry ARMD. Autophagy, 2023,
19(1) :92-111.

[29 ] Tang JH, Zhuo YH, Li YQ. Effects of iron and zinc on
mitochondria: potential mechanisms of glaucomatous injury. Front Cell
Dev Biol, 2021,9.720288.

[30] Hahn P, Ying GS, Beard J, et al. Iron levels in human retina; sex
difference and increase with age. Neuro Report, 2006, 17 ( 17):
1803-1806.

[31] Sun Y, Zheng YF, Wang CX, et al. Glutathione depletion induces
ferroptosis, autophagy, and premature cell senescence in retinal pigment
epithelial cells. Cell Death Dis, 2018,9(7) :753.

[32] Li Y, Zhu X, Wang K, et al. Ginkgo biloba extracts ( GBE)
protect human RPE cells from t - BHP —induced oxidative stress and
necrosis by activating the Nrf2—mediated antioxidant defence. J Pharm
Pharmacol, 2023,75(1) :105-116.

[33] Chen C, Chen JM, Wang Y, et al. Ferroptosis drives photoreceptor
degeneration in mice with defects in all —trans—retinal clearance. J Biol
Chem, 2021,296.100187.

[34] Hartong DT, Berson EL, Dryja TP. Retinitis pigmentosa. Lancet,
2006,368(9549) :1795-1809.

[35] Deleon E, Lederman M, Berenstein E, et al. Alteration in iron
metabolism during retinal degeneration in rd10 mouse. Invest Ophthalmol
Vis Sei, 2009,50(3) :1360.

[36] Yang M, So KF, Lam WC, et al. Cell ferroptosis: new mechanism
and new hope for retinitis pigmentosa. Cells, 2021,10(8) ;2153.



Int Eye Sci, Vol.24, No.5 May 2024 http.//ies.ijo.cn
Tel :029-82245172 85205906 Email :1J0O.2000@ 163.com

[37] Obolensky A, Berenshtein E, Lederman M, et al. Zinc —
desferrioxamine attenuates retinal degeneration in the rd10 mouse model
of retinitis pigmentosa. Free Radic Biol Med, 2011,51(8) :1482-1491.
[38] Wang K, Peng B, Xiao J, et al. Iron—chelating drugs enhance
cone photoreceptor survival in a mouse model of retinitis pigmentosa.
Invest Ophthalmol Vis Sci, 2017,58(12) :5287-5297.

[39] Song DL, Song Y, Hadziahmetovic M, et al. Systemic
administration of the iron chelator deferiprone protects against light —
induced photoreceptor degeneration in the mouse retina. Free Radic Biol
Med, 2012,53(1) :64-71.

[40] Liu BH, Wang WY, Shah A, et al. Sodium iodate induces
ferroptosis in human retinal pigment epithelium ARPE - 19 cells. Cell
Death Dis, 2021,12(3) :230.

[41] Tang ZM, Ju YH, Dai XC, et al. HO—1-mediated ferroptosis as a
target for protection against retinal pigment epithelium degeneration.
Redox Biol, 2021,43.101971.

[42] Pukhrambam Singh L, Yumnamcha T, Devi TS. “ mitophagy,
ferritinophagy and ferroptosis in retinal pigment epithelial cells under high
glucose conditions; implications for diabetic retinopathy and age-related
retinal diseases”. JOJ Ophthalmol, 2021,8(5) :77-85.

[43] Wong TY, Cheung CMG, Larsen M, et al. Diabetic retinopathy.
Nat Rev Dis Primers, 2016,2:16012.

[44] Gao S, Zhang Y, Zhang MX. Targeting novel regulated cell death:
pyroptosis, necroptosis, and ferroptosis in diabetic retinopathy. Front Cell
Dev Biol, 2022,10:932886.

[45] Zhu ZL, Duan P, Song HP, et al. Downregulation of Circular RNA
PSEN1 ameliorates ferroptosis of the high glucose treated retinal pigment
epithelial cells via miR—-200b-3p/cofilin—2 axis. Bioengineered, 2021,
12(2) :12555-12567.

[46] Tang XY, Li XY, Zhang DY, et al. Astragaloside—IV alleviates
high glucose —induced ferroptosis in retinal pigment epithelial cells by
disrupting the expression of miR - 138 — 5p/Sirt1/Nrf2. Bioengineered,
2022,13(4) :8240-8254.

[47] Zhou J, Sun CY, Dong X, et al. A novel miR-338-3p/SLC1A5
axis reprograms retinal pigment epithelium to increases its resistance to
high glucose — induced cell ferroptosis. J Mol Histol, 2022, 53 (3):
561-571.

[48] Liu Y, Zhang ZY, Yang J, et al. IncRNA ZFASI positively
facilitates endothelial ferroptosis via miR—7-5p/ACSLA axis in diabetic
retinopathy. Oxid Med Cell Longev, 2022,2022.:9004738.

[49] Zhang JF, Qiu QH, Wang HY, et al. TRIM46 contributes to high
glucose —induced ferroptosis and cell growth inhibition in human retinal
capillary endothelial cells by facilitating GPX4 ubiquitination. Exp Cell
Res, 2021,407(2) :112800.

[50] Shen HQ, Gong QY, Zhang JT, et al. TRIM46 aggravated high
glucose—induced hyper permeability and inflammatory response in human
retinal capillary endothelial cells by promoting IkBa ubiquitination. Eye
Vis, 2022,9(1) .:35.

[51] Liu CY, Sun W, Zhu T, et al. Glia maturation factor—f induces
ferroptosis by impairing chaperone —mediated autophagic degradation of
ACSIA in early diabetic retinopathy. Redox Biol, 2022,52.102292.
[52] Yang XD, Yang YY. Ferroptosis as a novel therapeutic target for
diabetes and its complications. Front Endocrinol, 2022,13.853822.
[53] Kuganesan N, Dlamini S, Tillekeratne LMV, et al. Tumor
suppressor p53  promotes ferroptosis in oxidative stress conditions
independent of modulation of ferroptosis by p21, CDKs, RB, and E2F.
J Biol Chem, 2021,297(6) :101365.

[54] Liu K, Huang J, Liu J, et al. Induction of autophagy—dependent
ferroptosis to eliminate drug—tolerant human retinoblastoma cells. Cell
Death Dis, 2022,13(6) :521.

[55] Louandre C, Marcq I, Bouhlal H, et al. The retinoblastoma (Rb)
protein regulates ferroptosis induced by sorafenib in human hepatocellular
carcinoma cells. Cancer Lett, 2015,356(2) :971-977.

[56] Daruich A, Le Rouzic Q, Jonet L, et al. Iron is neurotoxic in
retinal detachment and transferrin confers neuroprotection. Sci Adv,

2019,5(1) :eaau9940.

77



