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Abstract

e Diabetic cataract, a prevalent ocular complication of
diabetes mellitus, arises from a complex interplay of
pathological mechanisms, with oxidative stress and
glycation stress playing central roles. Autophagy, a
critical cellular self - protection mechanism, sustains
intracellular homeostasis by selectively degrading
damaged organelles and misfolded proteins, thereby
counteracting the detrimental effects of oxidative and
glycation stress under hyperglycemic conditions.
Emerging evidence indicates a synergistic interaction
between glycation stress and oxidative stress, which may
exacerbate autophagic dysfunction and accelerate the
onset and progression of diabetic cataract. However, the
precise  molecular mechanisms  underlying this
relationship remain incompletely understood. This review
systematically examines the regulatory role of autophagy
inthe pathogenesis of diabetic cataract, with a particular
focus on how autophagic impairment influences disease
progression under the combined effects of glycation and
oxidative stress. By elucidating these mechanisms, the
paper aims to provide novel insights into molecular
diagnostic approaches and targeted therapeutic strategies
for diabetic cataract.
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WERIR ( diabetes mellitus, DM ) & —F L1 &5 1L 4 4%
AEAIRIH RS B 1Ok VR 2 M PR s £ 3 )
AE2x B0 IR R I & i, Ao IR O P N BE ( diabetic
cataract, DC) J& 52 WM PR 9% 6 38 00 0 i) R BRI, 9 1 ™
A TECE Y WRIE R BRI R N B A R R
TEH N 2-5 £, H A Rk R SR TR I A e AR

L AEAER RS AT B WA TR SE AL R 3 ( glycative
stress FAE AL B (oxidative stress) BYE DC I RS AL
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R G EEAVEI . A W (autophagy ) VE S —Fh 20 i [ 3%
TEBR AR HLR] , BEE 8T 20 3 P9 BB AL 10 A SR N 3
RECT S LR L R ET N (AL sORE L
O AR AR SR E R B S SR A B A2 L
Y B [ W R R, SR AT i DC s Bl 72 &
A TR A A
1 40l B i
1.1 BEEMSRMBERTE A WE Mk,
H T RE T PR AN N A 5 48 B RN 2 A A 40 A AR A
DIERR AN RS, AMERY /2R B LU LR IS AY .
(1) E F W& ( macroautophagy ) » iX & fie SL 7Y i [ W2 =K, ¥
SO B W4 ((autophagosome ) 5 24H A AT F) B 5343 22 7E XL
FREERE T SR I5 5 S Bl I Rl G | B 28 B A 3 28 B 43 9T [Tl
FIFH . (2) 1% A % ( microautophagy ) : 75 3% Fi 2 b, 40 ity
L 42 1) R TUT 863, ol 400 L P9 o 4 HL i A VR AR 1 7
Rfi, (3) BEFEPE B 1 (selective autophagy ) » 3% 7 g
X SE 1 40 M B 4, 1) 4N 2% k7 AR ( mitophagy ) . Y B
(reticulophagy ) T 7% B {4 ( ribosomes ) , ) 52 BH 5K 7 B9 [
ft A AR A R AR LR ILN R (1) H
WA AT il 6 7 7 i =2 il 40 i 2 390 6 S A 00, 4 it
W& KA AWEIRTE R, AHOCH) A WEAR CIE R (ATGs ) 2
PEBHE T2 BRI U g A W (2) MR 5 3 AR 1) il
AR R A WER S SRR RS, TE L A W A
(‘autolysosome ) T AR ER B SRR, (3) B
G IANA + [ I A DAY ) R AP S 5 A 7 A it 114 1 ) ek 15
AR PR P8 A0 0 8 i, B 8 7 A R R R i I R 45 T
A PR A P 5
1.2 BEEMESEEERE AL ARRSHEZ
HL], HAG 5 A E B R 2 M ARy A, 8
A, EE A A (S S8 555 PI3K - AKT-mTOR i #
AMPK-mTOR j# %  AMPK-ULK 38 8% . Bel -2 25 11 % LA
Ko NF-«B 385, 13X 86 (5538 BN (R % [ bR & 4, iR
TEP I 10 A A & J v 103 3 35 2L 8, PI3K - AKT -
mTOR 3§ J2: [ W 5 v 0 56 S 3% >, PI3K i ad
A= PIP3 B43% AKT™ | METI 3% mTOR,, Bl 5 #0041 E W ()
fazh™ . Ik WA £ WU o AR R R Y 1
. #5985 &3, PI3K—AKT-mTOR 15538 B 52 1) [ 5 1)
K, B 5RO R PR AL T A 2 g
W kAR R R 5 S S R 25 W n i iz
£ B R S5 25 W ) PI3K- AKT-mTOR il %
SR SRRy NN VAN R /-1 DN NN )
B, DB T B S B O R SRR E A, X
FERMIPI3K~AKT-mTORAF 538 #% 7% 5 bR P 95 5 1Y F
I R 4 T R B EAE

AMPK-ULK 38 & — 057 T mTOR 1Y [ W 45 3%
2, TERER B S M RS T, AMPK 3 i B 4% 05 R
fb ULK1, 3836 A w7270 ULKL 2 [ WS 3h il 56 B i
fiftf , $7 5% A WEAAR AT BRI 55

AR, Bel-2 8 H K EAE A 7 T, k8 i 2
FpLE e A e R > EE R AT, AT &
I Bel-2/Bel —xL 7] 38 1 H BH3 2593 5 Beclin-1 4%
AP M Beclin—1/Vps34 & A WRETE K, BHAT A 1
EAA BRI AEROIRAS R, INKT 25380 n] # R 1k Bel-2,
i H: 55 Beclin—1 fi# 85, 2 ¥F A MAATE 1L, 4h, Bel -2
A AT 3 e 9 s PN R A S BRI I 2 R T ) W A O [ S

T VRS W

NF-«B 18 ##% A Jhy I8 45 380 B L B A% 0 A 5 K AL, e
ok Z R0 G3 LRI B W R AT B P . NF-«B 6
J& , AT3E A 7 5 B0 T/ A AR AR R ] ROS I B
mTOR'* | ITAT ] W5t 5 (7T B #2454 Beclinl 555 8h 1
o bR E2F1 Skp2 %655 5 R F i ifE Beclinl \LC3 | AtgS %5
A WL ek NI 2 A ™ [l NF-«B {55 i
IKK & b3 TAK1 Al it 2 iU i | 3@ 3k AMPK-mTOR i
ST ES A WE T R WS R L, NF -«B 3 i A20
(NF-xB#E S [H ) 5B% Beclinl 19 K63 12 i, | 55 H 1%
P, TR TLR4 FIFigs Sy | g
2 DC W& fm#L
2.1 WEW RS DC B9SoMm WAL B I R S L
MR ISR A8 A AE R B RG22k 2o i i
WAL LK 7= ) (advanced glycation end products, AGEs) ,
T 2% 40 B 1) IO R L' AGESs = B I 4 4 ik 5 2R
FIBT IR B E A% R b A 2 ik 141 & AR AR T AL, A B R
W=yt — 2D R R 2R R AN ] 2R 7
P I, AGEs SRRRF K 110 4 A I 385 e A A Qi e o
HE SR R R AL, ISR S5 M AR Y R IR AR B
(HDL) 7EHE B 5825 rh D RE A2 400, WA 17 JHEXT 0 IR 11 £
PR R PRI R BT oD R 1 AL R
PN e FECE M AE IR W BN R, B 51 %
P18 PR IR A I A AL S50 L D i e, 38 7T il ok 5
W) 240 A5 5 30 % o 5 /N Y R E AT AL AR L i —
ARG I, FEAR A I 0 £ S 07 14 245 1 ] BE X 133
PRI R O I R 1 05 HLAT BRI . PR, 4k
I BRI e I A v O RTBOR B2 2 B AL, Aok
FORIT S s B — AR R WE A I A W PR I S v Y
AR, LA B e e ok S o)~ S0 T B35 R 708 PR AH 5C
FRIPEI o

WA A IR TR R L P P R PR 5 S ) 2B K
R OCHEERT . AW R AE DC A E , DC B BL
5 AKRIBI (93 B3R IK A5G A 19 _E 3k 2 DA
5 UE SR AL I JZE 1 P BT B R AR Y A
FH R, AGEs BIE M2 30 o i RIR AR A, AR
DA HA AR 1 5T A BE g, 2 100 52 ) it R AR ) 375 W B2 RN By
AEVS . AN, AGEs 3 £33 3 75 5 40 i U T Fn £F 44k, i
IR AR b R 40 0 9 1 5 D) RE, S B8 IR A i A 2k
M7 AE R MRS T, AGEs 1925 15 i R AR (14 B8 6 A1
TR B B UIAHOC 3 — 3 At 5 S AR RN SR A S
MEAER T SOEYEE 3R, 3 — 25 I E DC Mk E> X
RWEIX AGEs [T [FE#E ] GERL R DC Fil; 51697 10 &
BRI
2.2 AR DC MBI AT O AR HLIA ™ A 1Y
ROS FIHT &AL By 18 28 58 Z 18] 1 2 iR 2 5 2502m Mg A2l
SIS I R TR AL S SRR R I
(AIERANA TSGR ) LK N At ik 72 (A it
FRB AR A L) ™ o ZEMEIRA 3 T, o U K7 2338 2ok
Z R BAR AL B K A= e i 22 TR AR BB
AU, B0 L P o T RO 1 B R | X S A ) 2
SR A 15 AR T A B PR A I Ak R
KV B X S B = Y R L R P R
PUEAALY T (A BE R ) S R R B DIA OGBS
75, DC R I ILTE 8 KV B3 T, R WA T
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FEME PRI AR G I K P A BRI R, TR A
AU R AR B AR DC TR R BV T, X FF 22 8 o Tl
Bl AR T s B L

AN JGE 1k Z2 R P X et DR A 20 3 A4,
ALFE A A7 A B 8 T A G . (1) SR AR S R
FORCRAAR S B S AR, B CEE BT - A B A
Wy, XA S E AR TS 56, & T
FORIARTR IR (2) Sk B A 25 0E 2 A AN a1
F A s E T A Bax AN ST TS
A Bel-2, SR HE SR AR b Rz 40 i i 98 T, 2 0 H
BERIE R T (3) AR AR 2 P 4 i 1 R AR T,
SRR R T RE RS AT, 0 20 AR 3 AR R A B O
PEARFR W gE 2 WA, B A7) A b 78 n] DL A% v B
50 AR AR 20 B 47 , B s 38 ek 9 4R A N TT BB 2 DC
BIT R — AT 0 X e B R A 5 SR AL R 3%
rePRAAR A i B 52 i ML A B T R DC B9 kAR kR
SHES5 DCHEAERE
3.1 BMEE7E DC MU B PR ERIER W LN SR8 7E
FBEIREE T S 8 A A A AR R AR SN B B AGEs X
A A5 Y . AGEs TR B4 S840 i Th REFR A5,
5l k— FZ 50 O A A 55 R AE | E AL N O 3 gk
PA AR AOIIE IT & B, AR I XA O 8 rh &
T EENER, AGEs 7] LIS A W fw 5 38 i, M 5 B
N T R A R0 AGEs B AL 5 B (1 Zm  43 455 4%
107, ik f A BE AL 7 355 T B8 2 B0 19 W %) 1 R T RE , E—2F
o e A48 i P SR AR 405 R ARE SO, T A A R 2 R R A
F1 (gly—HDL) R 38 32 380G PR P4 17 Y3 i , 375 5 s 4 i
B A A T AR A R T it 2 — B R, A
DM 1 DC & AGEs i ZFRR U8 BT /M il LECs 9 A
W20 Bk 5T B s, BB B AGEs B LI 1 i
AKT/mTOR {553 % ke 4l 40 s 4 s> AGEs £ fE %
PTG NF—kB {5530 [, 520 [ 0 0 A 56 32 R (R 5% 51, I
Al AE S 20 LECs THBERS AT, B S AN By & 470, itk
A, AGEs X H Wi (1) 7 T 5% Wi 5 00 BR A B T 1
(sirtuin 1,SIRT1) Z Y4156 SIRT1 & —Fh NAD" i
PR 2Rk Bl A Y 2 SR 7 e R ST
UEM, ZEACIHPE R, SIRTT 26 35 Y = 1 7T AR 9% p38—
MAPK'"! FOX03a'¥ AMPK-mTOR'  AKT-mTOR'®" %
ZAMEE R IR AWER &L, E DC P A EE R
P, AGEs il 3 /> SIRT1 mRNA (7 H LAk 1 |, BHLAS [ W
RIHEFE . ZEARNAMA SR DC B o & 30 [ WA 56 1
Beclinl F1 LC3 I /1 () 3% 35 B 2 B&AIG, 10 RS 90 U1 2R
1 p62 MK T S8 LECs [ WEpERS  HE3h T DC 1Y
PR g b A WS A R T IR AR AR B A A
L WEA R4 VE T, A mT BB 76 I8 A AL 1) 5 0 3 20 i
IREM It — P E . KRoKH BERABTT ACEs il £
T 53 5 X 1 s oy R 1) LA IR AE T, B HLAE DC &
A IR R s Bl 3
32HEEDC S NBHRHBEEER EMIKEE
Z T Rl R sh A R Y LECs Y, ROS X R AR B 1
H SRR R 3 A S AR B U DC & TR Y J 2
VE' . ROS BEMSIE S A WY & AR SRR DC B & &
J& ., s ROS REME BH AT A e /NMA I TE i, AT 220 A
W AR B B S80S Li S0 HRSE R P AR R K

1934

FU R Bl 440 ROS 5 B 2R R, [ weok i 5
ULK1 B #iE e 10k a5, IS T Ak IS 8l iE—
LRI R, i T 40P ATP/AMP HAE S 9 T, B
T AMPK 38 5% 095 M, 530 ULKL B9 30E 2R G, itk
Hh IR 2 KB ROS A 510 S AL B i BE 9% 38 1 3T
AKT 155518 % L) &% mTOR {5538 B, BHLAS 1 [ W i) % A=
BB, Dong 25" 1 i) s A 200 JASE 200t 0 — 2R 52,
BEIRBE ) AKT {5 538 % LA K BB J5 79 mTOR 15 538 #% /Y
WO 48 T mTORC %F ULK1 B30I /E R, BEAS 1
IIMEBITE R, 32 7R S A N B PI3BK - AKT -mTOR 28 3% >k
0 2 e

A T B W R A ) 7 — IR R S BT
TR 0 B B R T R OB EE S, ROS A i 3T
mTOR {5 538 i , {0 [ WA 0 I % R, S8R % B
T, BEFE A B, AL RN B0 T 9 T N Ca™ #E 38 R 41 it 3R
Ca® 12 2%, M 38005 V5 R P B mTOR 5 53 i, it — 25
I [ A e 3 ALY O TREB AR b T VA A A 4 2
TR W AR 75 o 110 S Bk 2 S TR, L9 7 52 ROS 7K A 1
FRMY L 4 ROS TR EL TFEB B9 RE MM, 7
TR AR Y 4 A7 i T 2400, S F W AR BT BRAICR . B F 5
KB TE DC RE, B A S LECs N ROS 2%, B3R T
TFEB /> SHIE IR TN RE , i LECs TILTH R 5% BEY,
P AR T PR ORISR ROS (19 3 EOk
PRz — 70 S T 7 i R 05 L A B Y e v, BEAE
WFFE 2 0H e PRI 25 1F T, S0 Tk 7 380 RE 6 40 2 e 1 B )
SEREME SRR D RE A 2 2 B ROS 7= A, I T 46 5
VBRI BT A0 A b B A i o DRI VS T A A i %) Bk
FEBA R 2 DC HE I 18] bR AR TR I fr) S R R 7
SIMUNHBESNNBHZTEZN DC A HKT -
BRI S A I O AR A ST A AR T B 2
22 HAE 3L Fn R SRR 45, 20 DC Y o 2 A
ORI, MRS TS BHL R B ) AGEs i
i HAZ K (RAGE) #47E NADPH &1L, 58K & 1% ROS
ARG i AT ) — 2 AT, Kong S8 HE— 25
W R, TEME S B 40ME T, AGEs 1% NADPH AL & &
& ( 1218 p67phox/p22phox ik K BEIEYE) |, il & LU S B
B A LS BB ROS A AR, T S A A
PR B AT T, e A P BUR S R W I RERR 5
IS AWALENE PR DM 1 T2DM J BUASE A0 v gk — 25 0
FZH|Y Rz 24 ROS I 23 1 i S SOk
T AGEs [7=A:, WNARSEIT S o IUBE 2 S 2040 it 1) 4%
B AL EE R PR AR KR ROS; BT & ik — 25 4 i
I - 3 — W 2 Wi & ( GAPDH ) |, {ufi 759 1% fige v ] 4K £
ZIfEEE R AGEs Ha] =4 B T R AL A 8 (RCS) |,
S350 AGEs iy 2R Ah WA BF 5T & B ROS By I
T 2 P EUR it S A AR BN % (MDA)  Fil 4- ¥ 0L T
5 (4-HNE) , 1X 86 RCS 5 & 1 IR i & R/ 4G & R % ik &%
A, P AGEs B R ITAEAWFSE & B, (AL B
FALFIRE N W 3 A% ROS F1 MDA 7K F | [] B &5 43 % &2
sRAGE 7K, #E— L 3E 52 ROS /b w411 ] AGEs & hi 5%
RS, ITE E A S 09 LECs #F, ROS Al MDA i
i SR, BT DAVEAS o A A B 2 Y LECs Rk
B BRIz Ah  ROS HfigiE 1T AGE-RAGE-NOX4 #
TR BN B, T O EIG 3R | FRee i sh AGEs R |1
1E DC A frit— LB E
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L5 b DC AR AR I J AR I S 4R T 0 B i A
AR A (R ERE B e T I R R R O R
BT B, AGEs Fll ROS 38 3 #8455 B W5 9 A [\] & 4B B Bt
BB 1, 3 A WA R R BE AR D BE 240 . ROk AT E
ORI NS K AR =R AR QY A N IO P S ST .3
Bii it B R 25
4INESRE

HWEAER DC RRALEI A EZ AT L & 22 i WL
FAVEFAPLH 25 B2 0 B, Hl i mTOR-ULK] 3 # 2l 245
VA A A AR A Vi R ST A 1 4 B RS B R AT
B, PR T 5 (8 Ao B B0 ) AT B8 58 Ao V5 i A
5L Beclin— 1 MR M 0] T2 3% 42 5 BOA AR AR I 1 41 o 4t
Too PR, — Sz 5 s i) WG 000 5 4 i O b/ 2% 2
AHOG SR, AN 223 4 Hh B W 8 2o B2 0 7T B 3 30w AR
TR R MIsET 25 b i — 20 BIE A WRAEAS RS O R Y
WM ERAKRHRNELE I 0, AR EENLES
ST IO SRR A 7 T8 174 B ] 8 45 ke fie g 18 s ) AN [T E
TR U 2 S ] (0 81 9 30 0, A of T3 ok 24 ) AL
e FE DK g 4R B R (40 CRISPR-Cas9 [0 ATG FE[A) 55,
DL RBOE 2, T TS W S A B8 1 350 1 [ s 8] 4
%, DT SBR[ W6 PR 1 Bh A 1 RS HE R 45, DC R
I RIS T S AR A 254 T 00 %

P &5 SRR B AR SO AR 2 58

ER B A B ERNE GRS B, W RS | SCRAS
MR RIS SO M X S R Rk A A5 Bk
K s 0 BREOR S T e B R W I, T A AR W)
IESIREIFES 2 3: 0 @ N,

SE 3k

[1] Association AD. Diagnosis and classification of diabetes mellitus.
Diabetes Care, 2011,34( Supplement_1) :S62-S69.

[2] Pollreisz A, Schmidt—Erfurth U. Diabetic cataract—pathogenesis
epidemiology and treatment. J Ophthalmol, 2010,2010.608751.

[3] Xie J, Chen P, Mao SL, et al. miR — 204 — 5p alleviates
mitochondrial dysfunction by targeting IGFBP5 in diabetic cataract. Mol
Biol Rep, 2024,51(1) .755.

[4] Rowan S,Bejarano E, Taylor A. Mechanistic targeting of advanced
glycation end—products in age—related diseases. Biochim Biophys Acta
BBA Mol Basis Dis, 2018,1864(12) :3631-3643.

[5] Guo ZX, Ma XP, Zhang RX, et al. Oxidative stress, epigenetic
regulation and pathological processes of lens epithelial cells underlying
diabetic cataract. Adv Ophthalmol Pract Res, 2023,3(4) :180-186.
[6] Mizushima N, Levine B, Cuervo AM, et al. Autophagy fights
disease through cellular self — digestion. Nature, 2008, 451 ( 7182):
1069-1075.

[7] Yang X, Pan XN, Zhao XR, et al. Autophagy and age—related eye
diseases. BioMed Res Int, 2019,2019.5763658.

[8] Taucher E, Mykoliuk I, Fediuk M, et al. Autophagy, oxidative
stress and cancer development. Cancers, 2022,14(7) :1637.

[9] Sureshbabu A, Ryter SW, Choi ME. Oxidative stress and
autophagy: Crucial modulators of kidney injury. Redox Biol, 2015, 4
208-214.

[10] Gomez O, Perini—Villanueva G, Yuste A, et al. Autophagy and
glycative stress: a bittersweet relationship in neurodegeneration. Front
Cell Dev Biol, 2021,9:790479.

[11] Nie T, Zhu L, Yang Q. The Classification and Basic Processes of
Autophagy. Adv Exp Med Biol, 2021,1208:3-16.

[12] Acharya B, Chaijaroenkul W, Na — Bangchang K. Atractylodin

inhibited the migration and induced autophagy in cholangiocarcinoma
cells via PI3K/AKT/mTOR and p38MAPK signalling pathways. J Pharm
Pharmacol, 2021,73(9) :1191-1200.

[13] Sparks JD, O’Dell C, Chamberlain JM, et al. Insulin—dependent
apolipoprotein B degradation is mediated by autophagy and involves class
I and class III phosphatidylinositide 3 —kinases. Biochem Biophys Res
Commun, 2013,435(4) :616-620.

[14] Ying JE, Xu Q, Liu BX, et al. The expression of the PI3K/AKT/
mTOR pathway in gastric cancer and its role in gastric cancer prognosis.
Onco Targets Ther, 2015,8.2427-2433.

[15] Wang Y, Lu YH, Tang C, et al. Calcium dobesilate restores
autophagy by inhibiting the VEGF/PI3K/AKT/mTOR signaling pathway.
Front Pharmacol, 2019,10.886.

[16] Lai WY, Luo D, Li Y, et al. Irisin ameliorates diabetic kidney
disease by restoring autophagy in podocytes. FASEB J, 2023,37(10) .
€23175.

[17] Fang YW, Shi KP, Lu HN, et al. Mingmu Xiaomeng Tablets
restore autophagy and alleviate diabetic retinopathy by inhibiting PI3K/
Akt/mTOR signaling. Front Pharmacol, 2021,12:632040.

[18] Guo ZQ, Zhang JY, Li MX, et al. Mechanism of action of
quercetin in regulating cellular autophagy in multiple organs of Goto -
Kakizaki rats through the PI3K/Akt/mTOR pathway. Front Med, 2024,
11:1442071.

[19] Zhaoan G, Lina S, Yingying L, et al. Qizhi Jiangtang capsule
activates podocyte autophagy in diabetic kidney disease by inhibiting
phosphatidylinositol 3 - kinase/protein kinase B/mammalian target of
rapamycin pathways. J Tradit Chin Med, 2023,43(4) .667-675.

[20] Guo F, Wen WL, Mi ZP, et al. NRSN2 promotes the malignant
behavior of HPV —transfected laryngeal carcinoma cells through AMPK/
ULK1 pathway mediated autophagy activation. Cancer Biol Ther, 2024,
25:2334463.

[21] Alers S, Loffler AS, Wesselborg S, et al. Role of AMPK-mTOR—-
Ulk1/2 in the regulation of autophagy: cross talk, shortcuts, and
feedbacks. Mol Cell Biol, 2012,32(1) :2-11.

[22] Kim J, Kundu M, Viollet B, et al. AMPK and mTOR regulate
autophagy through direct phosphorylation of Ulkl. Nat Cell Biol, 2011,13
(2):132-141.

[23] Ke DS, Yu YL, Li CL, et al. Phosphorylation of BCL2 at the
Ser70 site mediates RANKL~-induced osteoclast precursor autophagy and
osteoclastogenesis. Mol Med, 2022,28(1) :22.

[24] Maiuri MC, Le Toumelin G, Criollo A, et al. Functional and
physical interaction between bel-XL and a BH3-like domain in beclin—
1. EMBO J, 2007,26(10) :2527-2539.

[25] Feng XP, Zhou J, Li JY, et al. Tubeimoside I induces
accumulation of impaired autophagolysosome against cervical cancer cells
by both initiating autophagy and inhibiting lysosomal function. Cell Death
Dis, 2018,9(11) :1117.

[26] Wei YJ, Pattingre S, Sinha S, et al. JNKI - mediated
phosphorylation of bel =2 regulates starvation —induced autophagy. Mol
Cell, 2008,30(6) :678-688.

[27] Hgyer—Hansen M, Bastholm L, Szyniarowski P, et al. Control of
macroautophagy by calcium, calmodulin —dependent kinase kinase -,
and bcl-2. Mol Cell, 2007,25(2) :193-205.

[28] Heng YQ, Liang YP, Zhang JQ, et al. Camptothecin inhibits
neddylation to activate the protective autophagy through NF-kB/AMPK/
mTOR/ULK1 axis in human esophageal cancer cells. Front Oncol, 2021,
11:671180.

[29] Trocoli A, Djavaheri—Mergny M. The complex interplay between
autophagy and NF —kappaB signaling pathways in cancer cells. Am J
Cancer Res, 2011,1(5) :629-649.

[30] Herrero—Martin G, Hgyer—Hansen M, Garcia—Garcia C, et al.
TAK1 activates AMPK—dependent cytoprotective autophagy in TRAIL—

1935



ERRRIZGE 2025F 128 £25% 5128
B335 : 029- 82245172 85205906

https://www.ijo.cn
BB {578:10.2000@ 163.com

treated epithelial cells. EMBO J, 2009,28(6) :677-685.

[31] Shi CS, Kehrl JH. TRAF6 and A20 regulate lysine 63 —linked
ubiquitination of Beclin =1 to control TLR4 - induced autophagy. Sci
Signal,, 2010,3(123) ;ra42.

[32] Bejarano E, Taylor A. Too sweet: Problems of protein glycation in
the eye. Exp Eye Res, 2019,178.:255-262.

[33] Brinck JW, Thomas A, Lauer E, et al. Diabetes mellitus is
associated with reduced high — density lipoprotein sphingosine — 1 —
phosphate content and impaired high — density lipoprotein cardiac cell
protection. Arterioscler Thromb Vasc Biol, 2016,36(5) :817-824.

[ 34] Inagi R. Organelle stress and glycation in kidney disease. Glycoconj
J, 2021,38(3) :341-346.

[35] Wu TT, Chen YY, Chang HY, et al. AKRIBI - induced
epithelial-mesenchymal transition mediated by RAGE-oxidative stress in
diabetic cataract lens. Antioxidants( Basel) , 2020,9(4) ;273.

[36] Bahmani F, Bathaie SZ, Aldavood SJ, et al. Prevention of o —
crystallin glycation and aggregation using 1-lysine results in the inhibition
of in vitro catalase heat—induced—aggregation and suppression of cataract
formation in the diabetic rat. Int J Biol Macromol, 2019, 132.
1200-1207.

[37] Chen X, Xi Q, Sun F, et al. Facile fabrication of redox
nanoparticles loaded with exosomal-miRNAs and resveratrol as glycation
inhibitor in alleviating the progression and development of diabetic
cataract. Naunyn Schmiedebergs Arch Pharmacol, 2025, 398 (4 ).
4247-4263.

[38] Zhang ZM, Yang JR, Zhou QL, et al. The ¢GAS - STING -
mediated ROS and ferroptosis are involved in manganese neurotoxicity. J
Environ Sci, 2025,152.71-86.

[39] Cao JZ, Wu QC, Liu XT, et al. Mechanistic insight on
nanomaterial—induced reactive oxygen species formation. J EnvironSci,
2025,151:200-210.

[40] Chen XY, Xie N, Feng LX, et al. Oxidative stress in diabetes
mellitus and its complications; From pathophysiology to therapeutic
strategies. Chin Med J, 2025,138(1) :15-27.

[41] Olatunji LA, Soladoye AO. Effect of increased magnesium intake
on plasma cholesterol, triglyceride and oxidative stress in alloxan —
diabetic rats. Afr J] Med Med Sci, 2007,36(2) :155-161.

[42] Bae CS, Lee Y, Ahn T. Therapeutic treatments for diabetes
mellitus — induced liver injury by regulating oxidative stress and
inflammation. Appl Microsc, 2023,53(1) .4.

[43] Xie N, Zhang L, Gao W, et al. NAD + metabolism:
pathophysiologic mechanisms and therapeutic potential. Sig Transduct
Target Ther, 2020,5.227.

[44 ] Kaliaperumal R, Venkatachalam R, Nagarajan P, et al.
Association of serum magnesium with oxidative stress in the pathogenesis
of diabetic cataract. Biol Trace Elem Res, 2021,199(8) :2869-2873.
[45] Li JY, Buonfiglio F, Zeng Y, et al. Oxidative stress in cataract
formation; is there a treatment approach on the horizon? Antioxidants,
2024,13(10) :1249.

[46] Deng XR, Zhang Y, He XW, et al. Effects of MMP2 and its
inhibitor TIMP2 on DNA damage, apoptosis and senescence of human
lens epithelial cells induced by oxidative stress. ] Bioenerg Biomembr,
2024,56(6) :619-630.

[47] Bai J, Jiang GG, Zhao MD, et al. Ghrelin mitigates high—glucose—
induced oxidative damage and apoptosis in lens epithelial cells. ]
Diabetes Res, 2022,2022.1373533.

[48] Zhang D, Li M. Puerarin prevents cataract development and
progression in diabetic rats through Nif2/HO-1 signaling. Mol Med Rep,
2019,20(2) :1017-1024.

[49] Zhang WY, Wu AR, Zhang GW, et al.Ubiquitination of Ku70 by
Parkin promotes apoptosis of lens epithelial cells. FEBS J, 2023,
290(15) :3828-3842.

1936

[50] Ishigooka G, Mizuno H, Oosuka S, et al. Effects of angiotensin
receptor blockers on streptozotocin — induced diabetic cataracts. J Clin
Med, 2023,12(20) :6627.

[51] Singh A, Bodakhe SH. Biochemical evidence indicates the
preventive effect of resveratrol and nicotinamide in the treatment of STZ-
induced diabetic cataract. Curr Eye Res, 2021,46(1) :52-63.

[52] Cho SJ, Roman G, Yeboah F, et al. The road to advanced glycation
end products; a mechanistic perspective. Curr Med Chem, 2007,
14(15) :1653-1671.

[53] Dong L, Li Y, Chen Q, et al. Cereal polyphenols inhibition
mechanisms on advanced glycation end products and regulation on type 2
diabetes. Crit Rev Food Sci Nutr, 2024,64(26) :9495-9513.

[54] Sruthi CR, Raghu KG. Advanced glycation end products and their
adverse effects: The role of autophagy. J Biochem Mol Toxicol, 2021,
35(4) :e22710.

[55] Tian H, Zhang ZQ, Han XY, et al. D4F alleviates the C/EBP
homologous protein — mediated apoptosis in glycated high — density
lipoprotein—treated macrophages by facilitating autophagy. Exp Biol Med
(Maywood) , 2021,246(24) :2595-2609.

[56] Senavirathna L, Pan S, Chen R. Protein advanced glycation end
products and their implications in pancreatic cancer. Cancer Prev Res,
2023,16(11) :601-610.

[57] Li JN, Sun QH, Qiu XZ, et al. Downregulation of AMPK
dependent FOXO3 and TFEB involves in the inhibition of autophagy in
diabetic cataract. Curr Eye Res, 2022,47(4) :555-564.

[58] Wang ZJ, Zhang HB, Chen C, et al. Effect of PPARG on AGEs—
induced AKT/MTOR signaling — associated human chondrocytes
autophagy. Cell Biol Int, 2018,42(7) :841-848.

[59] Guo J, Zheng HJ, Zhang WT, et al. Accelerated kidney aging in
diabetes mellitus. Oxid Med Cell Longev, 2020,20201234059.

[60] Wang WR, Li TT, Jing T, et al. SIRT1 regulates the inflammatory
response of vascular adventitial fibroblasts through autophagy and related
signaling pathway. CellPhysiol Biochem, 2017,41(2) :569-582.

[61] Wang J, Li J, Cao N, et al.Resveratrol, an activator of SIRTI,
induces protective autophagy in non—small—cell lung cancer via inhibiting
Akt/mTOR and activating p38 —MAPK. Onco Targets Ther, 2018, 11;
7777-7786.

[62] Wang Y, Mei RH, Hao SM, et al. Up —regulation of SIRTI1
induced by 17beta—estradiol promotes autophagy and inhibits apoptosis in
osteoblasts. Aging, 2021,13(20) :23652-23671.

[63] Yang Q, Sun KY, Gao TY, et al. SIRTI silencing promotes EMT
and Crizotinib resistance by regulating autophagy through AMPK/mTOR/
S6K signaling pathway in EMIA-ALK L1196M and EMI4-ALK G1202R
mutant non—small cell lung cancer cells. Mol Carcinog, 2024,63(11) .
2133-2144.

[64] Dong S, Zhang JJ, Fu YS, et al. METTL3 — mediated m6A
modification of SIRT1 mRNA affects the progression of diabetic cataracts
through cellular autophagy and senescence. J Transl Med, 2024,
22(1) :865.

[ 65] Hashim Z, Zarina S. Osmotic stress induced oxidative damage :
Possible mechanism of cataract formation in diabetes. J Diabetes
Complicat, 2012,26(4) :275-279.

[66] Ma ZX, Liu JJ, Li J, et al. Klotho ameliorates the onset and
progression of cataract via suppressing oxidative stress and inflammation
in the lens in streptozotocin — induced diabetic rats. Int
Immunopharmacol, 2020,85:106582.

[67] Zhou J, Li XY, Liu YJ, et al. Full - coverage regulations of
autophagy by ROS: from induction to maturation. Autophagy, 2022, 18
(6) :1240-1255.

[68] Agostini F, Bisaglia M, Plotegher N. Linking ROS levels to
autophagy : the key role of AMPK. Antioxidants, 2023,12(7) : 1406.
[69] Dong D, Wu J, Sheng LJ, et al. FUNDCI induces apoptosis and



Int Eye Sci, Vol.25, No.12 Dec. 2025 https.//www.ijo.cn
Tel :029-82245172 85205906 Email . 1JO.2000@163.com

autophagy under oxidative stress wvia PI3K/Akt/mTOR pathway in
cataract lens cells. Curr Eye Res, 2022,47(4) .547-554.

[70] Sun XD, Chang RX, Tang Y, et al. Transcription factor EB
(TFEB) —mediated autophagy protects bovine mammary epithelial cells
against H,0,—induced oxidative damage in vitro. ] Anim Sci Biotechnol ,
2021,12(1) .35.

[71] Nguyen HT, Wiederkehr A, Wollheim CB, et al. Regulation of
autophagy by perilysosomal calcium: a new player in B—cell lipotoxicity.
Exp Mol Med, 2024,56(2) :273-288.

[72] Zeng W, Xiao T, Cai AL, et al. Inhibiting ROS-TFEB—-dependent
autophagy enhances salidroside — induced apoptosis in
chondrosarcoma cells. Cell Physiol Biochem, 2017,43(4) .1487-1502.

[73] Sun Y, Wang XR, Chen BX, et al. TFEB—mediated lysosomal
restoration alleviates high glucose — induced cataracts wvia attenuating
oxidative stress. Invest Ophthalmol Vis Sci, 2022,63(6) :26.

[74] Willems PHGM, Rossignol R, Dieteren CEJ, et al. Redox
homeostasis and mitochondrial dynamics. Cell Metab, 2015,22 (2).
207-218.

[75] Yuan YJ, Chen YN,Peng TQ, et al. Mitochondrial ROS—induced

lysosomal dysfunction impairs autophagic flux and contributes to M1

human

macrophage polarization in a diabetic condition. Clin Sci, 2019,
133(15) :1759-1777.

[76] Shi L, Chen HM, Yu XM, et al. Advanced glycation end products
delay corneal epithelial wound healing through reactive oxygen species
generation. Mol Cell Biochem, 2013,383(1) :253-259.

[77] Kong X, Wang GD, Ma MZ, et al.Sesamin ameliorates advanced

glycation end products — induced pancreatic B — cell dysfunction and
apoptosis. Nutrients, 2015,7(6) :4689-4704.

[78] Chen YY, Wu TT, Ho CY, et al.Dapagliflozin prevents NOX— and
SGLT2- dependent oxidative stress in lens cells exposed to fructose —
induced diabetes mellitus. Int J Mol Sci, 2019,20( 18) :4357.

[79] Akhter F, Chen D, Akhter A, et al. Age—dependent accumulation
of dicarbonyls and advanced glycation endproducts ( AGEs) associates
with mitochondrial stress. Free Radic Biol Med, 2021 ,164 .429-438.
[80] Yan LJ. Pathogenesis of chronic hyperglycemia: from reductive
stress to oxidative stress. J Diabetes Res, 2014,2014.137919.

[81] Yuan T, Yang T, Chen H, et al.New insights into oxidative stress
and inflammation during diabetes mellitus — accelerated atherosclerosis.
Redox Biol, 2019,20.247-260.

[82] Wu J, Liu QJ, Zhang XF, et al. STING-dependent induction of
lipid peroxidation mediates intestinal ischemia —reperfusion injury. Free
Radic Biol Med, 2021,163:135-140.

[ 83]

hyperglycemia—induced oxidative stress markers and the level of soluble

Shemirani  F, Yazdanparast R. The interplay between
receptor for advanced glycation end products (sRAGE) in K562 cells.
Mol Cell Endocrinol, 2014,393(1-2) :179-186.

[84] Tao J, Sun X.Resveratrol alleviates oxidative injury from high
glucose—induced human lens epithelial cells and its possible mechanism.
Zhonghua Yan Ke Za Zhi, 2014,50(10) ;777-783.

[85] Chen YC,Meng ZH, Li Y, et al. Advanced glycation end products
and reactive oxygen species: uncovering the potential role of ferroptosis in
diabetic complications. Mol Med, 2024,30(1) :141.

1937



