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Abstract

¢ Diabetic retinopathy (DR) is one of the most common
diabetic
patients and has become one of the leading causes of

and severe microvascular complications in

blindness worldwide. With the continuous rise in the
prevalence of diabetes, in - depth exploration of the
pathogenesis of DR and effective intervention measures is
of great clinical significance. The mechanistic target of
is widely

rapamycin ( mTOR ), as a protein kinase,

involved in cellular processes such as growth,
metabolism, and autophagy. Research indicates that the
mTOR signaling pathway plays a crucial regulatory role in
the pathological progression of DR, and its abnormal
activity can disrupt retinal cell autophagy function,
and disease

as an important regulatory

thereby accelerating cellular
progression. Autophagy,

mechanism for cellular homeostasis,

damage

maintains cellular
functional balance by clearing damaged organelles and
protein aggregates. This article provides a systematic
review of the structural and functional aspects of the
mTOR signaling pathway, the molecular regulatory
mechanisms of autophagy, and their roles in retinal
pathological changes. By summarizing current research
findings, the article aims to clarify the key regulatory role
of the mTOR-autophagy axis in DR, providing theoretical
support for elucidating the molecular pathogenesis of DR
and offering potential targets and research directions for
developing novel targeted therapeutic strategies, thereby
holding significant scientific and clinical value.
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W PRI AL WA B30 22 ( diabetic retinopathy, DR) 4&& — F
FH OB PR 5 | S ) TR L R, A2 4 3K U AF AL 7 I i
KM EZFEEY . DR A KA 5 K i a) & s A oG,
FEAIE AL 35 1l — #1557 B ( blood —retinal barrier, BRB) i
24 B PR IR AR A TR R . BAT, X T DR
HYTEA ST AR FRAL G A 2 2TE . MiInEREEA
('mechanistic target of rapamycin, mTOR) E—AEENES
e RO VAR AN AR AR AT Hh A4 G B
YERI™ . mTOR 7T 38 1o Z Fh AL % DR v i 48 009 55 45
P, A5 0 ) AR RO JORD 9 S I e 4 A4 A7 T FRAE S
DI R AR B RS Ok Z (9 UESE % B, mTOR {55
T FEAE WA rh g A A N RE RS A R B
B BETE AL IR T DAAERF AR AS o WIS — 40 i P e
FRAIL AR, 380 A T 3% 2 400 40 L 25 0 S 5 B 11 B 2 e At B A
ARG TAT S, 78 DR, AMERAE TOREEH . (1) A
Wk P LA 3o 175 53 A2 400 200 e e AR 4P A 5 (2) 3 B2 1Y ) W
A RE BN T, DT A R A TR, P
H WEFE DR A A8 38 2 AL 6 T I & 8T FIR T7 SR s A
BN, ARXLEA T AWE mTOR 78877 13 72 v A9 A B4R
FHEL K6 DR WX AE T, DAA DR RS 1) 6 97 B2 8T
F) JEL R R 7 18]
1 mTOR #n B &Ky 4> FHLH

mTOR J&—F £ AR/ ARG, | 22 5 A4
K B A5 A AR mTOR 3 %23 5 W b &2
AW K S A 1T mTORCL A1 mTORC2™, JL v,
mTORC1 H mTOR  Raptor Wi 7L sh ¥ 3 SEC13 & 1 8
( mammalian lethal with SEC13 protein 8, mLST8) ZE#4) A,
mTORC1 i i ¥ % A MR 3 S6 Wl 1 B ( ribosomal
protein S6 kinase beta— 1, S6K1 ) F1 E 1% i35 ik A 7 4E

mAEEHA 1 ( eukaryotic translation initiation factor 4E —

binding protein 1,4E-BP1) RV A A B, M6 ZE Unc-51
A W05 B 1 (Unc—51 like autophagy activating kinase 1,
ULK1) RLBH W [ W, ] i 8] 42 [0 s 8 55 oo PR &5 5 8 H
(sterol regulatory element—binding protein, SREBP ) Fll il 4
%5 F 1a(hypoxia—inducible factor 1-o, HIF-1a ) fi2 #f

A BRI L mTORC2 W) 32 2 58 1o 3403 45 11
P Ca ( protein kinase C o, PKCa) /)y GTP &5 & H H
(small GTPases) X 5 M B( protein kinase B, AKT) ,
TN R AL A2 T ARG BE S AE T 0T 5 e B E S
311" mTOR Tt 2R R R i S RRE AR
DRI B KOP  AR8 E R AT I, mTORC
Wors LA 3 G AR 5 TR i 2% 0 o w6 0 TR UL 3 - il
( phosphoinositide 3 — kinase, PI3K )/AKT i [ 12 #
mTORC1 Fl mTORC2 {3 , AKT 4 2535 PERE AL hE 2 &
& 1/2(tuberous sclerosis complex 1/2, TSC1/TSC2) , AT
fiff % X ik & 4 Ras [A] # 2 F (ras homolog enriched in
brain, Rheb) (4 , #% mTORC1, [, AKT (7] B #
B mTORC2, B & AN 2 BF, AMP 4R i 1) 26 (1 3
( AMP- activated protein kinase, AMPK) #% i i F+ 47 i
mTORCT, DAREARARME K™, deAh AR HIF - 1o,
DNA #5338 3 p53 #8145 TSC1/TSC2, ¥ 7] #1 il mTORC1
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WEPEN S AR B AR, mTORC 5 M i 35 10, A
AT LU i WA R AL ULK 0 6 38l 33 44, BELIBT LA ULK
AW ULKL, A W & 8 13 (autophagy —related
protein 13, ATG13) 200 kDa Z ji% A H.AFE FH 7 A ( family
interacting protein of 200 kDa, FIP200) | [ WA X8 14 101
(autophagy—related protein 101, ATG101) ] A #%.0 ) H W
FEAA L B 1T LR UE 4E-BP1/ E A B PR 46 I T 4E
(eukaryotic translation initiation factor 4F, elF4E)/H 1% &
Pe s 7 4G ( eukaryotic translation initiation factor 4G,
elF4G) Bl 2 F1 5 18 30, il 2 g A Qi S 4, T ULK
(TG BHIE T Class T PI3K & & W14 i3 3l , 5 206 Wil
TEATROE 8, INTTBE AT A WA G T 5-12-16 AR 1
2 A W) (autophagy—related protein 5—12—16-like 1 complex,
ATG5-ATG12-ATGI16L1) KX HE H 1A/1B 54k 3-
II ( microtubule —associated protein 1A/1B light chain 3-1I,
LC3- 1) P IEH e 0L, e 2 S8 A W/ MA R B AR 584,
XEEHLHIE mTOR BEAE AR Hi P 1 2145 725 A 2l 25 30 55 240 i
fTIZ

I R — T A LA 20 S e g DR < 11 L R e figp o 72
A 8 120 V75 I 5 4 m A DR 3 e 14 2 10 TR A2 451 40 L 45 ok
ERpAn AR A AR R F R R SR A
AEEEAERN R & A DL RS RRAE
AR E A B S A A AR
Shy £ LIS R BT AL AR T o R A 2 SR AR R AR R
1A B etk R ol e R M RS RRAS L FEIE R A Wi e
W LC3-1 78 ATG4 ATG7 ATG3 iZ 5 F @i T. 4 LC3-
11, JFdix A2 /A b B Bl R 031 5 60 2 4 i N 32
PS5, SRMTERBPIR T, A Wl 30 i, 40 8 P 32 41k
R TG VR E B, a5 89 T M A (reactive oxygen
species , ROS) FIH AT+ (0,7) . XA S 0]
PR RS N, B35 5 5 R RSB F o (tumor necrosis
factor—a, TNF-a) . 141 i/~ & 1B (interleukin—18,IL-1B)
SRS P 7 1 3k JF ik — 20 HF 1A N K AR KT
(vascular endothelial growth factor, VEGF) i, % S 4
I A8 A S, R 0 R 2 2 B 45 . D RE b, B R
TEZ T RAFAE I : (1) W BRI 2540, e R A i Aa 25 A
Wik BB A% 1B 5 B3R ik 52 400 1) 2 R A4 | P I 99 0 S 5 2 11
BH1E ROS BUR , M S AL 8 5 (2) B 5 558y
TP RN+ 1 W AT AR Fre A4 L PN A DR A e R O
PR R R N, TRl B FITE BRI 2R 0 %
SiE PR F 20 TNF o IL=1B B8 2 AE B, %f 490 199 5 24 i 2L
AERPERY S (3) TR AE & 5 E IR FEVUR SRR &
FEIRARASTS 19 Wi 2ok 38 A B 1A 2 11 5 5 0 B it 4, o 4
i 5 pit S B R AN A 7 R A AR IS ) | AR SRR i 1t b 5 4K
s,

UTAESR B X mTOR/ H Wi % 1Y 2 736 Y7 7E DR %)
REARS RS T W R WFST AR TR IR R R
mTORCL 1%V, ¥R &2 [ Wi D) BE, 180 400 090 S Ao 2 715 448 i
(retinal ganglion cell, RGCs) AU T, DT 2le 38 #2838 171
s 2 A , RARAL A ) .38 BB R ( serum bile acids,
SBA) A J8 % AMPK/mTOR/ULK1 553 % , 30 il =5 7%
S W S R RO, PR B I R | B2 (retinal
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pigment epithelium, RPE ) £l il % 32 #1455 . w25 % Jr
W HTH S A e 52 mT 5@ 2 10 ) PI3K/ Akt/mTOR 3 #
K W BE R AE N, 2B il DR LIRS
RAE TR R, IEZ M4 A& & B (lipopolysaccharide —
binding protein, LBP) A & & 1 il & 0% 5% 4 F ARPE-19
Y0 WY S H S, BB p-mTOR A FE M H
W ek 2, $2 s HL3E 5 A T mTOR 38 [ & ¥4 40 i o 4 4
2SR S I = 1 /N O o 1 M O B = T/
('streptozotocin, STZ) 755 B0 PR K BRAR i 5, ARPE-19
N5 RPE 2 5 , X SR AR {2 b (B AR S
DR 52 55 B B 7 AR — € R PR, STZ B RS = % f ke
1 A PR 1Y e MRS X LA 45 1 AW s F8 4 T 1
B 10 J 5 R AT 5 12 1R R E PR B 5 11T ARPE~19 20 ifd i 3
THARSMEEAE B R A5 2 RPE A0 A 22 5, HCik
BN I RS2 2 1) 22 I A S = 2R 24, DR, Rk F
GEA WG AT HAE BRAHOCPE AR ALK R | G s i TR £ Bk
ARG STZ 55110 2 BUBE PR IR AL o0 JIEE 28 45 Bl 5
A G E/ WAL ST 1) SR AL AL 3R R G DA B,
W DR ' mTOR/ H W5 1 h 5284k . JF ik — 245 &
i R S5 AR AS AT 9 U KA B3 4 B0 i i 30 1 i R
A, I BB L 1] = 0 35 o7 T ) S T
2 mTOR # DR (W EIEHA

mTOR 7 DR 1 H A7 52 2% (i WU/ I, mTOR 9 3 B2
YT T RG-S A0 PR A A AR S RE RN AR B R T,
H DR AR BLERR . BFSYR BT mTOR Gl id 3 58 A% K 7 «B
(nuclear factor kappa—light — chain — enhancer of activated B
cells, NF-«B) if ## i {6 1F , fe it T R AEH T TNF-o FIH
éﬂﬂ@ﬁ?ﬁi—6( interleukin—6, 1L—-6) %:zﬁm] o IX BB A
FANAURBEA i~ P J e ., 5 SRR o S K Jirk R S .
HE— 2GR T A D A BB B2 47 . Jacot SR EK
SFF ROS % 1 NF-«B i i, i mTOR {93545 1 JE G
DU — 25 ROR 1 33K — S E FNE , DA TAT A3 4k B g 40 o)
S A2 TR o TR EOHE 2R F T BP0 R R Miiller JK2J5T 40 fitd AN
P4 A B2 4, mTORC2 TS A 3 T VEGF iR
g 48/ EE ( glial fibrillary acidic protein — related
astrocytopathy , GFAP) RIFEIE, 52 ROS /KT &, #Eim
JE AR ) 4 A 187 ORI 100 A8 S 6 484 A=, £ mTOR. o 57
D25 2 AT B 3 PR VEGF Il GFAP (923K, 3F /b ROS Y
FEA D BEAN , WA FSE KB, #E DR H, AR AL 4L
mTORC2 I PEFEAR , S B T IR IR 58 F1 B-4 (heat
shock protein beta—4, HSPB4) ¥ -5 15 1 98 55 , 10 )] J5 of
S BT A by 52 B v HE R B 5 5 1 LU 1 N R RE K
H P DRI R TERE R AT A0 000 I i R i
J5T 200 L RN JE 5 A0 BT, T B 200 A 1) S i T Bl 2 R
K W2 R R 7~ FIAi 2 2 o, 2E— 25 i ot 22 200 i 1)
P43, ] mTOR DU AT LAy /b 5 2 L 1 S i 486 A= ke 58
PRI, DT AR AP 4o 20 240 M G A2 HE— 2L (4 005 (R
FEEOLT , mTOR 7E I8 7508 9 15 2y B 5 10 B A7 . 2 1) PR 4
PR, HALH FEARBAEXS H W BRIE T Kbl 48 o T 8 % 4%
RYVEE b, AR, Sestrin2 AJ 4 375 mTOR 18 1%,
PRI B H W R FE T, A S8 OR3P A0 D0 S 22715
AN 52 e WE R 75 T HO41403 , S8 Mk T 40 ) J3 42 )

PERESY . mTORC2 18 1d B R b Akt 76 Serd73 i i, WG
U AR AT AV B, 7R SRR, mTORC2 1%
PER BRI 2] Ak 38, 3350 200 08 T KUK, DRI b, 4 45
mTORC2 (¥ 1E 5 Dy REXT 0/ b 40 o0 5 400 i &8 56 2202
IXBEHFFEFRI], mTOR A e ARS8 #4 rh B .0 M f
o 7EAL I JEE it 2 0 5 T e 4k 415 T R B Hh YR T I
7E DR AL BT B, mTOR 0 AT LA 358 100457 ) 58 e, Dk
LA I8 T, AT UK 20 400 ) K e 14y 2% A= Wik
B, 4 i AT AR a4k B F - 2 (leukocyte cell — derived
chemotaxin 2, LECT? ) il i 403 I 5 A Bl 3 32 A 1% S IR 4
fiff ( tyrosine kinase with immunoglobulin and EGF homology
domains 2, Tie2)/Akt/mTOR {5 5 i % , 14 55 Py 52 41 Jfd 5]
B ERE O RIR e RO R 1 BRB 40, AT
Vol LA V8 T A T A i 1 2 E R AR R,
mTOR 3 % 13005 PT84 HIF - 1o B335, W] 422 52 1R
VEGF (7K~ By 1k Hoaed B 3 3k T B0y 1L 45 5 0 44 AR F
I, mTOR 76 W R 95 400 190 Jis 25 b 1) £ LA B Bt
P AR SR 3 38 R S A B T 0 5 A i i
WA S, T AEAS M S PR B T 1R S 0 U AT A8 o e 1R
R £, BAIR UL, S ATHT S /E T mTOR 25 DR &
S AL 5 T 8 B A) 2 | I AR SRE S SR A I I8
FMLAE S 5 T AR 2 A5 30120 SR, 6T
mTOR TEAS [F] A AN [6] 200 i 2 2 v %) ) i 2 AT A7 AE
W, JEHJE mTORC1 5 mTORC2 2 [1] 14 20 25 - 47 I 45 4L
il R B WS AP T ER AR AR R A AL AN T, R
RATE 5 187 2R A T LI P 9 A AL ) B HG b i % 2 T
AR EAE T, DB DR A AL S HETR Y7 S (i Bs K
P AP A
3 BE7E DR N EIEHA

H WE7E DR A /R S 330 P R AL 2 s £
AR EFTEOCT , EWEAE R e A0 AR AR Y OC B R BE
T Ao R S AR SR AR S B 1 B, R R S S AL
o7 ORISR AE SR, TS BB VE T, Shi 85 I W98 &
B, E BRI AR R, ARPE=19 41 [ WK (4 7 5
SLRA ROS Az iU i 2 FEARAR OC , $275% 1A W sd 2o v B
ROS 5k 45 40 Je PR 7 T R, 410 i) 1 e D - 3850 52 461 420
RFRER 5 & 4 0E 71 TNF—o 1 IL-1B 93 B 223k | 3
T 9% 240 M 8 0 0 %, Woang 267 R, KSR P A7) 36
BEFILEREE F A (epigallocatechin gallate,
EGCG) il it itk LC3— I _E ] 1 o 1 Wi /)N (A Tl i il
TRIRAL , A RO 188 PRI A5 1T Miiller 40 A 98 12, i
— R A Wi BV A A B TR L BREA4%5 . Lopes de
Faria %% 8 H @A 22 88 T Miiller 20 £ W% PR3 5, 1
T I S A TR AR, Y A W RO
BCRFEE R KIS AR X — A BT O PE R AL I AT REfe
16k 40 A8 T A %, 5 kBT IE O WE R A0 i AE T
(autophagic cell death, ACD)"™ _ X Ffh Bl & @ % 5
Beclin—17& [ (beclin-1, BECN1) 1 B 4fi ffifk 088 -2 &
(B—cell lymphoma 2, Bel-2) Hf# & LA S ATGS-ATG12 &
BV R BOIE A K, Peng B B IT R I, FEHE IR K
A epr RS 00 E W S BR S 2 RGCs $i B 2
b IF A I R A T K D BB Ak, & W] ACD 7 DR
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A BRI S HAh, WS i 2 5 i R o IS8 1
ATRETE, BEERW] ZEm B4 4F T ARPE=19 4Rl h A
W 6 1 o SR LC3- 1T s RN p62 TR, A A
A1 2l 79 B 35 AR 22 % (3 — methyladenine, 3-MA) T i),
AN g 3 b T R AE T R U RE ) RS BE ) B
TRES BN SR VO] AE 2 5 ARk i A5 AR i A AR
R, Li 1t — LR TER MRS T, RE/6A IS
¢ 2 ML %) 14 5 52 B0 ] (EE R T RN S #4005 Sl 1 5 | i
— LU T I A B R A 5 S K DA G
SR E , AWEFE DR A B AT B2 40 M O 3 AL, o mT R
TEREE A P RA B B A . A HAEBU AL Sk
HYRRAE ] C 8T 2 Rl (B DG T AP (A 3451 T A s
THRE PR AP e ) “ W45, H A JCS— 4518, AR
SR WA WO 0 O A O 1 I s R IR
fIE SIS mTOR 55055 Bl R S HLH] , AHE SRS T 3R
i
4 mTOR-HEEEX%ES 5 DR HREN T

7£ DR A% B FE of, mTOR 1 [ W 2 0] (9 A0 B AE
SRR TR IR0 JIE A A0 5 D RE B OCBE R 3R . 7E DR AU
BEFREE T, mTOR {143k B 005 W) 25 30 4 1 e, ) 58 i I
I R 3, B VEGE 7K T, A4S 2k | i ini e 3
WE DRI R 5 722 1 5 B A g, 7E TE W AR BLAR 1T
mTORC1 38 b JE 14 ML A 1 B RE 8 77 K DL SR A
BRI T AmE ™ 24 mTORCT WS i, & 2 3 i
Wi & A= BEL L 200 6 PN 1 0 T3 o i R [T, o PR 114
RELRE T , m i E IR RS KRGS 2L T T
mTORC1 HYFFEEIE . FFEETH BRI mTORC1 233d i3 S6K1
Wk ULKYL, B [ WA J5 21, 4E-BP1 I 38 5o £ bR
X elFAE B3, i — DA Bt 72 35 A B
TXLEHL A S P A B3G5, i 2330 3 W T 5 A9 2 1 o
B WESZ AW 200 P A2 2 8 R A IR 3R ) A i
P8 E TN BERA R BR | AT 5 250X 86 52451 ) 240 i
ARSEAR R TF 5] K ROS 3o 828 1, A S A0 0 9, AT 3 —
eIz i 2 e O S NS S a1 TR
Madrakhimov %LmEﬁ%kf%,ﬁéﬁﬂﬁﬁ%%ﬂ%%%%ﬁ(ﬁ
BEAI R mTOR WA F Wik 2R 18 2 52 SO0 R0 A 22757 240
2% By FEEHLH] BERPIRE T mTOR A3 BE TS 0] 1
W, 5 50 L P ST 7 A R 2 R AR 3R DT 2k 4 i 17
T=, Gl mTOR 1553 P, A7 B2 B0t R I JBE ol 28745 240
FLFAAE 35 | S 2 A i s A0 DO R A b e, 9% R AR &
B ZERE R 5 Y rh | BT YT 7 R (arjunolic acid, AA) W]
LIl if AMPK/mTOR/Ifil 21 2 i & B - 1 ( heme
oxygenase—1, HO—1) JH77 1Y H WE @42 K ROS /K, FF
A2 i i A R e e SO YN R 8 N L K TR E 4
PR A BB R A0, 385 ARAE S B TR OC
TEAE PR AL 0 52 728 e | 980 2 G B Y o BRAL 1R 2 —
mTOR 38 i 0] B Wi P RE B T R 9 £ 8 15 5
TP T W A E R D RE RE % B 6 48 40 B DR o R R
T, TNF o IL- 1B 45 5 7 1 7= 26120 BRIk
A, 21 B W SZ AR A P PR 1 i S R A A 52 SO 1Y)
JEEARCPA R 178 3 A, 3 48 0 R A5 A AN B 42 45 477 400 IoF IS 4
Ja, 3 il o A2 HE VEGE B9 7= A2, 51 A i BE A I A% 7 2B

1620

VEGE 1) 7 5 2 5 JR 9 00 I g 2 e 398 7 BB %) s o 2 o
HIE S SO0 X S i 55 A0S 2 I A B, X2 1ML A 2K 5 B
T 0k 24, s A0 o0 /K i b ot R g 3t R AL-
Dwairi 45 FE— T ARATF ZT Hh R 100 320) 486 5 1 0 R s 400 1)
TR A% proliferative diabetic retinopathy, PDR) SN
H VEGF SF249k i 2y 57442761 pg/mlL, T 35 45 bR 955 1L
4 818 £403 pe/ml., 2= 5 A i 3 (P =0.0001) , 3F H.
VEGF /K5 BEAR G I RE UG 2 i AH G, BEAh, Ding
219 3 7E PDR SR R ATTE ST VEGF 258 Bt v 5 0k
T30, & B H AT 3 28 B A 5 K 5 B 8 4R P9 19 VEGF - A
F VEGF-B 2iA , i 2 3 /0 A v i i I 2438 R 7 35 Wi B
G AR F AL, [ WER S VEGE /K F1 7 5 5 % A
2, T mTOR 5 [ W AE A W RS A= il 98 i 7 v 2 30
82 RIAR AR, R A A B AR KR A F B Y
Wi, BIFST 2 B, OB R B R mTOR (9 34 3% i 1 b
VEGF , NY ELHHE Sl T I PN B 20 B 1 38 5 FHEE B8 | 3 il
ORI 4 o S A A I S8 1 5 T I UK, — 2B R T
PR A A T 0 S R, 4 A A9 mTOR
AL EOT AN P I R B2 10 A0 I ) R e, A2 Bk
LRI ER A5 ) SRR — 25 I T U R 8, X R S A
WO BE FE R MR AR, AL I S P 1) 9 i A B2 4k, AL
TR 20 A A 0 S A A 0 9 A A R 9 AR X
WA AR LA T R AL T R I R BRI 22— X
5 mTOR M) B W 2 VA5G, Lin 252 R £
T 40 LR 2R R 2y 4 A A v 2 5 D TR 38 3 40 ) mTOR DA &
VEGF ()% 35 WA 410 #1842 145 i HE 8 F % & . Huang
LB g R BR, IET 4 40 i AR K R T — 1 (fibroblast growth
factor—1, FGF-1) i@ 4 ARPE-19 ZHfifd 7 1) AMPK/mTOR
AL SRR FVE D RE , AT LA SR E A 1A AR 1
A 55 M DT D A AL R I ) 83 40, RO &, mTOR
5 A 2 T 8 R A 9 UE S 2 DR B R 1Y) T R OK B
R 2%, I HAE RAE I N S8 P oy 38 R A= I A5 T B 45 38
i SE R 0, S ILIRI, VEGE /KRR T i1l
W] DR M Cobm s, AN R B 1 1% 3 1, 02 5 30l
DO ST A I S e A B T R R I ) BB TR, R I
PR 100 BB AN, BRI 9 S I PR S S R e 1, o —
7 mTOR #M il 5k VEGF BHWT B FLAT 5 97 3%, (e DL 4 Tl
Pl B R . BRI, R RTA YT R W I [ e o i 4 i 3
fRT AR A 7 1), 45 & VEGF #7R1 55 mTOR | [ Wi 45 3 %
FIZEA T, ) e 2 M S RS R TR
5 B4

Zi LR, mTOR 5 H WEAE DR Y & A4 & s f vp 4t
IR BT — 5 2% 1T st 285 P T 4 ) 5%, %o 08 A I 4 L ) A7
6 5 U Re s B CHEVE |, LT AR 2 i A K vT A B
UKZ DR B E R R O B AY [ WSS PR AT BT R 2
P SRR IR 11 I, 28 if 4210 o7 3850ORI 98 i S IV, % 447 440 it
TP EA [ AS, mTOR A 38 B 30 i vl Pk & 11 5 2 A, ik
A O O JIES 200 41497 , DT 0E 28 35 95 1 0 e L BRI, A 1
T PRI B SRR SN AT AR S & H W PR A At T, 1
EWLAMNAE LG . mTOR 221 BE WG, AN i
H g, SRR R AL ROS U VEGF 33 i 2 15
FRPEB A 0 BT R, P — 2 AL B A e AR S



Int Eye Sci, Vol.25, No.10 Oct. 2025 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email :1J0.2000@ 163.com

- i:(yperglycemi._d -

-4 mT ‘R().l,;,\'

e T
4E-BP1

elF4E }

¢ x0( (a0
(elFae )} (4E-BPUA (%, Yarg1a/S

. fastg®APTOR )
N\ mToR )~/

_~ULK1 complex-.

MEEEEEN

DRIAEIMNE <— mpET
v R

{ sek1 ) T

ATG7
ATG10,

| Al135 8 )/
elF4G ) \}”Iﬁi .
I l
S ) )
0 @ o
LY Y @ ‘
Proteins needed| ~ ——| Phagophore [/ &
for autophagy » . .
o ATG12-ATGS-ATG16L1 Elongation Iy
complex s
9 LC3H P 3

. Class Il Ptdins3K

= ATG9
== Permease ATG3
____ ATG4
131 A% 30 o |
o LC3HI

1

% ‘ TNFa, IL-1B8
N

/

ATG5-ATG12 ATG12
ATG16-ATG16 ATIG :

Endosome__ 7, @

\mphisome

Degradation

Lysosome  Autolysosome

SEMETIE T mTOR-BEALFIMME DRIFIEHE  EE BT mTORCI i i B FR AL I 4MH ULK1 244, Wi 17 A

W AR RS B, XA T 5 E WA S A SR K, TR T A WA BT B K N A 6 A2 45 ) 40 i A R R
FUR TC R4 A0E B, SEC M N R RO I AN AR T BE ST . EAh, = IR R I ROS (9772 | 3838 18 il 5 RE PR -2
TNF-a F1 IL-13 AR, Ik 1 S8 RO AR AR As: 57, 98 0 AN AR AL N St — 25 0% T VEGE 193835, VEGF 169 #lid 72 i
HREAEN, a4 S8 &M S MR N, B3R BRB, IR HE 5555 AR M (T A, o0 46 54 1 45 45 P e 55 ELV8 T ok g, AT

JISEL A R A A A 7 )

B T ITAFAR R SESCOCHR , FEAR R £ AL 1 R 25 1
SARFETTHFNT T mTOR & [ W 2 18] (4 A E AR AL &
FAE DR AR B BEAY “ PR —45 40 XUTE R, 458 G v
PG PR B AS RSO AR TT DR A E 25

P& SRR B AR SO AR 2 58

YEE Bk A R . RIS SR SO B S B0 W R RS s 2R 08 A
Fr il sRORA I D R SCRAG R BRI R STl 4E
T SUB Y B 5 B A A3 B B Rl R e A SO
SE MK

[1] Fung TH, Patel B, Wilmot EG, et al. Diabetic retinopathy for the
non—ophthalmologist. Clin Med, 2022,22(2) .112-116.

[2] Xia HQ, Yang JR, Zhang KX, et al. Molecules related to diabetic
retinopathy in the vitreous and involved pathways. Int J Ophthalmol,
2022,15(7) :1180-1189.

[ 3] Faheem, Sivasubrmanian S. Fathoming the role of mTOR in diabetes
mellitus  and  its  complications. Curr Mol  Pharmacol,
2023,16(5) :520-529.

[4] Yao A, van Wijngaarden P. Metabolic pathways in context; mTOR
signalling in the retina and optic nerve — A review. Clin Exp Ophthalmol,
2020,48(8) :1072-1084.

[5] Wang HR,Luo WJ, Chen HY, et al. Mitochondrial dynamics and
mitochondrial autophagy: molecular structure, orchestrating mechanism
and related disorders. Mitochondrion, 2024 ,75.101847.

[6] Ai XP, Yu PL, Luo LL, et al. Berberis dictyophylla F. inhibits
angiogenesis and apoptosis of diabetic retinopathy via suppressing HIF -
1o/VEGF/DLL - 4/Notch = 1 pathway. J Ethnopharmacol, 2022,
296:115453.

[7] Lotfimehr H, Mardi N, Narimani S, et al. mTOR signalling pathway
in stem cell bioactivities and angiogenesis potential. Cell Prolif, 2023,
56(12) :e13499.

[8] Li JY, Chen KQ, Li X
alterations and regulation of the AKT signaling pathway in diabetic
retinopathy. Cell Death Discov, 2023,9(1) .418.

[9] Panwar V, Singh A, Bhatt M, et al. Multifaceted role of mTOR
(' mammalian target of rapamycin) signaling pathway in human health and
disease. Signal Transduct Target Ther, 2023,8(1) :375.

[10] Liu GY, Sabatini DM.mTOR at the nexus of nutrition, growth,
ageing and disease. Nat Rev Mol Cell Biol, 2020,21(4) :183-203.
[11] Chen YF, Zhou XP. Research progress of mTOR inhibitors. Eur J
Med Chem, 2020,208 112820

[12] Linde — Garelli KY, Rogala KB. Structural mechanisms of the
mTOR pathway. Curr Opin Struct Biol, 2023,82:102663.

[13] Peng Y, Wang Y, Zhou C, et al. PI3K/Akt/mTOR pathway and
its role in cancer therapeutics: are we making headway? Front Oncol,
2022,12:819128.

[14] Glaviano A, Foo ASC, Lam HY, et al. PI3K/AKT/mTOR
signaling transduction pathway and targeted therapies in cancer. Mol
Cancer, 2023,22(1) :138.

[15] Chun Y, Kim J. AMPK-mTOR signaling and cellular adaptations
in hypoxia. Int J Mol Seci, 2021,22(18) :9765.

[16] Wang Y, Zhang HB. Regulation of autophagy by mTOR signaling

et al. Mechanistic insights into the

kil

pathway. Autophagy: Biology and Diseases. Singapore: Springer
Singapore, 2019 67-83.

[17] Hsueh YJ, Chen YN, Tsao YT, et al. The pathomechanism,
antioxidant biomarkers, and treatment of oxidative stress —related eye
diseases. Int J Mol Sci, 2022,23(3) :1255.

[18] Hung HC, Tsai SF, Sie SR, et al. High glucose enhances
1621



ERRRIZGE 2025F 108 &25% 55105
B335 : 029- 82245172 85205906

http://ies.ijo.cn
BB {5%8:10.2000@ 163.com

lipopolysaccharide—induced inflammation in cultured BV2 microglial cell
line. Immun Inflamm Dis, 2022,10(5) :e610.

[19] Chronopoulos A, Roy S, Beglova E, et al. Hyperhexosemia —
induced retinal vascular pathology in a novel primate model of diabetic
retinopathy. Diabetes, 2015,64(7) :2603-2608.

[20] Sharma P,Kaushal N, Saleth LR, et al. Oxidative stress—induced
apoptosis and  autophagy: balancing the contrary forces in
spermatogenesis. Biochim Biophys Acta Mol Basis Dis, 2023,
1869(6) :166742.

[21] Liu SZ, Yao SJ, Yang H, et al. Autophagy: regulator of cell
death. Cell DeathDis, 2023, 14.648.

[22] Russo R, Varano GP, Adornetto A, et al. Rapamycin and fasting
sustain autophagy response activated by ischemia/reperfusion injury and
promote retinal ganglion cell survival. Cell Death Dis, 2018,9(10) :981.
[23] Madrakhimov SB, Yang JY, Kim JH, et al. mTOR —dependent
dysregulation of autophagy contributes to the retinal ganglion cell loss in
streptozotocin—induced diabetic retinopathy. Cell Commun Signal, 2021,
19(1) :29.

[24] Liu XY, Peng J, He F, et al. Shabyar ameliorates high glucose
induced retinal pigment epithelium injury through suppressing aldose
reductase and AMPK/mTOR/ULKI1
Pharmacol, 2022,13.852945.

[25] 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.

[26] Zhang M, Yao GM, Li R. Protective effect and autophagy

mechanism ofLycium barbarum polysaccharides on retinal pigment

autophagy  pathway. Front

epithelial cells under high—-glucose conditions. J Clin Nurs Res, 2023,
7(5):7-15.

[27] Freigeh GE, Michniacki TF. NF-kB and related autoimmune and
autoinflammatory diseases. Rheum Dis Clin North Am, 2023,49(4) .
805-823.

[28] Jacot JL., Sherris D. Potential therapeutic roles for inhibition of the
PI3K/Akt/mTOR pathway in the pathophysiology of diabetic retinopathy.
J Ophthalmol, 2011,2011.589813.

[29] Kida T, Oku H,Osuka S, et al. Hyperglycemia—induced VEGF
and ROS production in retinal cells is inhibited by the mTOR inhibitor,
rapamycin. Sci Rep, 2021,11(1) :1885.

[30] Sluzala ZB, Shan Y, FElghazi L, et al. Novel mTORC2/HSPB4
interaction; role and regulation of HSPB4 T148 phosphorylation. Cells,
2024,13(23) :2000.

[31] Xi XT, Chen QB, Ma J, et al. Sestrin2 ameliorates diabetic
retinopathy by regulating autophagy and ferroptosis. J MolHistol, 2024,
55(2) :169-184.

[32] Wu Q, Liu CL, Shu XW, et al. Mechanistic and therapeutic
perspectives of non — coding RNA — modulated apoptotic signaling in
diabetic retinopathy. Cell Biol Toxicol, 2024 ,40( 1) :53.

[33] Casciano F, Zauli E, Rimondi E, et al. The role of the mTOR
pathway in diabetic retinopathy. Front Med ( Lausanne ), 2022, 9.
973856.

[34] Qin YJ, Xiao K,Zhong Z, et al. LECT2 ameliorates blood—retinal
barrier impairment secondary to diabetes via activation of the Tie2/Akt/
mTOR signaling pathway. Invest Ophthalmol Vis Sci, 2022,63(3) .7.
[35] Wei J, Jiang H, Gao HR, et al. Blocking mammalian target of
rapamycin ( mTOR ) attenuates HIF — la pathways engaged — vascular
endothelial growth factor ( VEGF) in diabetic retinopathy. Cell Physiol
Biochem, 2016,40(6) :1570-1577.

[36] Shi HQ, Zhang Z, Wang XD, et al. Inhibition of autophagy
induces IL-1B release from ARPE-19 cells via ROS mediated NLRP3

inflammasome activation under high glucose stress.Biochem Biophys Res

1622

Commun, 2015,463(4) :1071-1076.

[37] Wang L, Sun XD, Zhu MH, et al. Epigallocatechin— 3 — gallate
stimulates autophagy and reduces apoptosis levels in retinal Miiller cells
under high—glucose conditions. Exp Cell Res, 2019,380(2) :149-158.
[38] Lopes de Faria JM, Duarte DA, Montemurro C, et al. Defective
autophagy in diabetic retinopathy. Invest Ophthalmol Vis Sci, 2016,57(10) ;
4356-4366.

[39] Gong Q, Wang H, Yu P, et al. Protective or harmful: the dual
roles of autophagy in diabetic retinopathy. Front Med ( Lausanne) , 2021,
8:644121.

[40] Peng H, Han W, Ma B, et al. Autophagy and senescence of rat
retinal precursor cells under high glucose. Front Endocrinol ( Lausanne) ,
2023,13.1047642.

[41] Zhang Q, Li HS, Li R, et al. Autophagy dysregulation mediates
the damage of high glucose to retinal pigment epithelium cells. Int J
Ophthalmol , 2021,14(6) .805-811.

[42] Li R, Du JH, Yao Y, et al. Adiponectin inhibits high glucose—
induced angiogenesis via inhibiting autophagy in RF/6A cells. J Cell
Physiol, 2019,234(11) :20566-20576.

[43] Dehdashtian E, Mehrzadi S, Yousefi B, et al. Diabetic retinopathy
pathogenesis and the ameliorating effects of melatonin; involvement of
autophagy, inflammation and oxidative stress. Life Sci, 2018, 193:
20-33.

[44] Yang J, Liu DW, Liu ZS. Integration of metabolomics and
proteomics in exploring the endothelial dysfunction mechanism induced by
serum exosomes from diabetic retinopathy and diabetic nephropathy
patients. Front Endocrinol (Lausanne) , 2022,13.830466.

[45] Yue T, Shi Y, Luo SH, et al. The role of inflammation in immune
system of diabetic retinopathy: Molecular mechanisms, pathogenetic role
and therapeutic implications. Front Immunol, 2022,13:1055087.

[46] ¥ /=, JIHTIH, E4K, A BIVLAL{ R H AMPK/mTOR/
HO~- 145 5 3 % I8 25 1 W o M98 Do 00 T IS A 5 o o) L B2 2%,
2024,46(2) :171-175.

[47] Kastelan S, Oregkovié I, Biséan F, et al. Inflammatory and
angiogenic biomarkers in diabetic retinopathy. Biochem Med (Zagreb) ,
2020,30(3) :030502.

[48] Al-Dwairi R, El-Elimat T, Aleshawi A, et al. Vitreous levels of
vascular endothelial growth factor and platelet—derived growth factor in
patients with proliferative diabetic retinopathy: a clinical correlation.
Biomolecules, 2023,13(11) :1630.

[49] Ding YZ, Su N, Luan J, et al. Effect of intravitreal conbercept
injection on complications of pars Plana vitrectomy in patients with
proliferative diabetic retinopathy. J Pers Med, 2023,13(4) .572.

[50] Wang XB,Qu TT, Sun CF, et al. Bisdemethoxycurcumin inhibits
VEGF -induced HUVECs proliferation, migration and invasion through
AMPK/mTOR pathway — dependent autophagy activation and cell cycle
arrest. Biol Pharm Bull, 2022,45(9) :1276—-1282.

[51] Yang JY, Madrakhimov SB, Ahn DH, et al. mTORCl and
mTORC2 are differentially engaged in the development of laser—induced
CNV. Cell Commun Signal, 2019,17(1) ;64.

[52] Lin WW, Tu HF, Zhu Y, et al. Curcumolide, a unique
sesquiterpenoid from Curcuma wenyujin displays anti—angiogenic activity
and attenuates  ischemia — induced retinal neovascularization.
Phytomedicine, 2019,64:152923.

[53] Huang HW, Yang CM, Yang CH. Beneficial effects of fibroblast
growth factor — 1 on retinal pigment epithelial cells exposed to high
glucose—induced damage: alleviation of oxidative stress, endoplasmic
reticulum stress, and enhancement of autophagy.Int J Mol Sci, 2024,
25(6) :3192.



