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Abstract

e Diabetic retinopathy ( DR) is the main cause of
substantial visual impairment of occupational active
individuals in the world, which has become one of the
most common eye diseases that lead to irreversible visual
impairment of the working population. Precise
identification and accurate intervention of early DR lesions
are of great significance to block or delay the development
of this disease. Recent studies have shown that DR nerve
injury occurs before retinal microangiopathy, it has a
series of characteristic clinical manifestations, such as

dark adaptation delay, contrast sensitivity and decreased
tone discrimination. These characteristic  clinical
manifestations are key events in the early stage of DR,
which are closely related to apoptosis, glial cell
proliferation, oxidative stress, inflammation,
excitotoxicity of glutamate and imbalance of neurotrophic
factors. In this paper, the research progress of DR nerve
damage and its related factors are reviewed in order to
provide new ideas for the prevention and treatment of DR.
e KEYWORDS.: diabetic retinopathy; nerve damage;
apoptosis; glial cells; oxidative stress
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3 PR L I 52955 75 ( diabetic retinopathy, DR) J&—#j
MR IR A FERE R R 10a LA_E 11 &
e AR IR B I A, AT RO TT 3 R AR
ML o A R AR G i 2 3T DR 98K
ANHT R R R, S R T U0 RS Ak AT T
i, WTAELE DR & JE B CEE Y SRR W
052 DR FLHA R SC o1 | K A e 28 L 400 T Gl o, 4
AR Z AT FLA T N AR X L AR R e 1 )
R B AR SR SR IT Bk HOET DR U B A SR
GBI ) £ s )R, AR SOREIE DR A 28458 1 T 5 3 R Al
—LER,

1 {FAT 5 DR MEHiH

B T — R S LRI T Y, 2 B
BHIMBFASET™ . T SR ER AR EE
e KTl 2 LA TS AL R A TR AR 7
DR RIS R AR A 235 B 1) 5o 2 200 i 174 04
T BRI A T DR A 40 M JA T B9 4 o L
T% 3 4. 95 MW (endoplasmic reticulum stress, ERS)

T SR S L S BB T R A B

1.1 ERSES@rE N W HA A & nidE A B, 9
PSS TIRE , BN Ny S R AR W 1A L T B ) i A i
T B R AR B 2 B IR S R R
PRI T A BRI, 513 F) PR I3 10 2 RE IR APk Ol ERS, ERS
il E AR YT E & H S (unfolded protein response, UPR) Fll
Ca™ (F 53 B P A B AR5 A 7= . (1) UPR 3 i .
P4 5T ) 37 3] — s AR B AT I, UPR Bk X6 PN 5 ) 552 3
AR ) — T, A FRAS T AR EE
F 78 (glucose regulated protein, GRP78) 43515 PN it I’ A
Y 5 3305 BBl F (activating transcription factor, ATF) 6 75 L
B ( inositol —requiring enzyme , IRE) 1o Fll & H G R K
PN Jo ) 80 ( protein kinase RNA-like endoplasmic reticulum

1323



EfRRRNZE 2023 F 88 £23% F£8H
815 :029- 82245172 85205906

http://ies.ijo.cn
B85 {57%§.1J0.2000@ 163.com

kinase, PERK) 3 A FLEE& A LTE RN Z G, ERS B,
GRP78 5 3 A~ 7 A B f# B, W% () ATF6 | IREla 1
PERK 435l = %3 % J5 ) UPR, 38l /b R T & 8 4
BRAT SR FE N T A FR B DL B 28 i 9 5 9 e 1 H
B, ERS % 2L it # % C/EBP [A] ¥ & M ( CHOP )/
GADDI153 i& 42 | IRE1/ASK1/JNK & 4%, i 5 40 M 96 1=,
1) ERS HF£Ef}E, CHOP 235 B 34 i, CHOP w] 38 i 4
Bax, FIH Bel-2 ik, iS4 -, 2) ERS $F&LiT,
JNK # IRE1 5 M SRAE R 532 AR DGR - 2 M T 15 5
PE S 1T B A A O B INK AT - Jun B
[ A s Y S O vl ) < E B P S R TR NI D
M Z Ceyt—c) B, W45 Bel -2 F% , 1G4k e & i K
A R 5 H B ( Caspase ) B S B, #8715 5 240 At 04
T (2) CaP fF 5l L AR B AR T Ca™ il A7 P R
M YEFERa A . ERS B, Ca® Hh P9 B RS, Ca™ W6 11,
TS Ca® MO 10 5 25 (I 45 R (DD ) Caspase— 12 i
M it procaspase—12 R IIE L, W% Y Caspase—12 i@ it
PRV, AR AR TG Caspase—9 Fil Caspase—3, 5 5 1 28 4l
H@\{}%t[ls—w] i

ERS 1755 10 4 08 1727 oA 285 28 vh 4 1 E S
fAta " ITAERFTE W ERS 7€ DR 3B i EEAEA
7E DR L, 225 AR DUARRYE T A 32 28 38 30 1% PR D) e o
240 B 1, Zhang b % B, fE T A aE R AE W R
(streptozotocin, STZ) 75 5 155 1ML 22 57 79 /N B DR AR 54 |
JIESE T A0 B A 2875 2l Y ( retinal ganglion cells, RGCs ) %%
WIS CHOP Rk FH A K, Yang S5 K 1,
DR A, Caspase—12 235 19 f 25 15 T 5 400 I € ot 2 4 448 i
P S Qi B AR O kB, AR 20 i i R R
(erythropoietin, EPO) 7] fig i 1 4 & PTPN1 #1 PTPN11 [
FIRKT A INK {5 5 58 i, DA 30 ] R g R
RGCs AT & X% DR H RGCs WP TET, — R I B
STUEW] ERS 78 DR M4t # b & 4% 1T HEAEH]
1.2 ZRAEKESERE Db OUR A 08 N A BT
SRR G T HAE A M T R E R, TR
RS S A TR AN IR T R R, Bel -2 S5 H i il
AP F Bel-2 Bel—x . BAG FIE 1 20 i I T 4 [
F Bax Bid ,Bel-10 Bad ,Bim 2 34 7] ] #2228 R A4 S0 IR i) 3
Bk, PR TR R AR GRS S A T R
M1 4 Caspase HH B I T-3& 12 F19E Caspase #R A 11)
T8 4% . Caspase AP T3R8 4% . 2 4 i 32 2 Bl 4 40
MEFR R Bt = DNA 41 35 45 PR 28 T, Sk 14 8 3%
MRS eyt—c, T8 I B -1 (Apaf-1) %542
T F BB M BT, 5 Caspase K & W 89 3 3 F
Caspase—9Z5 5T B P T /IMA™ PR T /INMAAS 1] 396 1
PAT- AT # Caspase—3, HE 1M sh4UML I T2 . 76 L4
DR /N BB RS | Bel -2/ Bax 1 EG 1) 2 At 5 350000 1) st 2
5 AR A B A0 1 F T R R A R R A T Y A R TR
ey dE Caspase WK IH T2 3842 . M T S F
( apoptosis inducing factor, AIF ) Fl ¥ MR N U] B G
(endonuclease , EndoG ) 7£9F Caspase #KHi# T- il = B4R
FH o AIF J&—Fh 2R AR S Ak 340 e B, 322 DA BRI 1 4R
(reactive oxygen species, ROS) FJIZIBEREZHN, 24 AIF 3Z ]
4k Caspase WA IR T A5 5 3, BVE F T AIF B9 2548
B FAD i AIF FH 38 35 b 1) SR A e 7 iE A 4 A% , =2 3L
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Kt DNA J Bl FAZ 3¢ 6, ot Bk 5%, d5c 4 51k 40 i 94
7= EndoG FELRRL A 17 Bt 1T LA LR {4 5% 7% 21 41 i
%08 DNA R BAE™, i HEIRZS T 45l I 2 5 30 Zohr
A SR T K A AR A2 £ DR ff 22 40 U2 ¥ | Gaspar
SEUTRRSE R I, RAEE S T SRR BB ALF SN AR
TEZ A% BRI i e] LUE s RGCs BT,
13RTEHESER LT 2N FHIHTE 58
EE% 1E11: EE HEP ﬁ-? IW 74 ? i" Mi ( tumour necrosis factor
receptor, TNFR ) B 5 R B BT 32 A o 5 B Az R
FMEAEHE S FE T2 A 5 AT R IR AR B0 3h
PURLE S AL 20 M PR 1= FERE IR e IR A B SR
IFEIH F R 5t 6 BLA (FasL) 3l i 5 iR SR FE D 7
MGG 6( Fas) 455 8 HOE &, FasL, 5AET- 321K
Fas/CD95 HHHAEF 4125 ML T-E T 15 5 2 AW (death -
inducing signaling complex, DISC) , DISC i i3 1% 44 )z W 3 3
WA Caspase FIANML IR T a0 72, e & P4I% Caspase—3 §3K
DR #2412 HL S BIFSE A BUME PR R 35 14 o 42
PR A8 A 8 T4 F FasL 23k W 3 84 > 0 55 4b,
TNFR~1 75 = 4 175 5 00 00 0 1B 40 il 28 T2 rp i A O AR
Costa %538 2 i 25 40 PR 5 v 1% 75 (1) 00 19X 2 ot 2 41 i
FER AL AR 22 A AE T2 TNFR-1 Rm THs A7 6, X
ZEHH TNFR-1 '—?ﬂqjﬁ’?ﬂ:%[ﬁ%—a( tumor necrosis factor—a,
TNF-«) %56 J5 805G Caspase 0I5 S W ] DUAE HEAIL RR) JE8 sk
LA T,
2 RRMAIEE S DR MR

R T8 IS (14 ol 28 ot 40 L, = S5, 455 R ¢ Jo 40 L A /N fse
Jo 240 i, JH e RS Jo 40 A 45 Miciller 40 i AT A2 I JiE J5 40
ML, ABURES T e R R R S Ry AR ME Sy
ZoTURE AT KT RIS S AR L b — 285 TR Y T A
BRI FR L PR PRI o URERZS TR, 400 000 5 e 22
IS8 5 4 sk G A2 30 DR A i Agi Y
21 RIRRABAIEES DR A5  Miller A TH1
D5 v, A R JEE A 2 JG S A v Ak T S M, R A
4 2 5 P AR RS T S RN T RE A SCRFAE AR . 78 DR
19, Miiller 2 /i 5= 2858 4o B 07 P 0 AR AR I B AR G
TR A RS B DR bR XAl R A
TR AS Al 4k AL 1) I8 PR B3 R 2, Miailler 200 i i 4 JIE2
R KR AP0 5 e oK 3 A RS S5 T AE R 1 EE
KT m 32F 107 5 SO0 I I i 28 e D R R AT LR
2 I3 A B R A A 2 3 S Tl SR AL S A B AR 1l — R
PO 55 i e B M AR 2 TR W DRI B LA RR 21
e AR S AR A 400 190 A2 T e S5 4 e o It e 8 0, B2 B
JIE 5T 400 B & A 4 B RS R | B B 2T 4k R 1 AR 1 K P 1
BN ST LR I 2 L AU, EA IR & B, DR
TS A7 TR TR0 A R o 400 L e 4 J o T A R M A 1 A
PSRNl 2 2 48 J2 R ek UESE R IR B 40 g 4
AR T I 2 Al R s B R R
22 NIRRMAEISAE S DR MEIG /DT e 5t
T 0 JIEE 2H 2E0 e g e 4 L, X 00 P 2 R 5 ) 2
AEBAE S ARG, /N B T 40 M DA B 1 A
ARGE BA LEAT DAL, 14 368 1] i o PR 28 005 i A 72 SRy o 1 A
AR 2 AT A D M A2 R 2 M2 HL 48 L, 7 DR Y
FUB M2 A5 M1 RIRGA— 3K, AT DUAE i i A S, Bl
F DR R pyE e M1 B KGR 15 UAERR T M2 AU 3%
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IR RE EX R OL T, 2 H 0 0 5 15 0 I 4 T
T TR 28 AR R AT AR AR T i e T fiE
*ﬁ%:[éﬂfétz-\ .

3|WMNHE DR #EiRG%

AALNEORE H A R SSIE BRNE bR 22 RS i Y
TREEIR N AL S P E R B4R LR — R RS
ROS 11 5RFUR: 480 A 1 3 B 14 e i b 2, DL SR Ak i A
AL E AR O B ELEE ) E SR, FE DR A AR
PR ROS 3= %8 by A P g i P2 v — A 1Y IR W 1 A b il
(NOX) g Rk AL BEFR 1L R 40 7= A4 L (1) i MBIk
BT NOX A Ay A0 N7 3 P DG B T AL e AR P fg g ey —
AT RS R G ( NADPH) 1 A H LR A5 5 25 5+ 4, il
SUR NS TR ) B e s R b e W R A B =
Ao (2) LR SAALBEIR 1L 7™ A HUAR N KER 4 ROS, H 5
AT B2 . SIS OU T, =R IRIG A IE BRFR RN, # 2R I
MRS A% 17 B2 ( FADH ) 2 KA Bk Jic M IR 08 A% 1T R
(NADH ) P Fofr vy~ (A B3t 3 30 4R 1A J5E P, Ao 32 1) A
W, FEERNETEBI A S, 58Sy K7t
L A S AR R B A S Miiller 41 22
5 E AN WOA S | H i is 2R iR A 2R 1 s R 1 Ta
3R, DI 5 R A S R A8 2 i, 3 SO0 I b 227
AT, Fahmy 267 BF 58 & B, 4% 3 i o A 2K 7
]l R AR Al N IORE B DR RGCs B BE 0 T, DA T 2iE 2%
DR B 17, 3X M\ 95 — AR BEIE 52 T 246 N 02 DR A
S EENER,

4 5M#E5 DR #Z K

ORI B 2 20 AR S R IR AL B, X R AR B PR B
S P OWE T i 8 00 AT, (0 75 W 1 A v (o] 4R 1 e B8 S
TR, X r R AR AT D433 B AS [ ) SR g A2 1k s 400 T A
P2 40 B B 61407, 3 B O AR A S R T OBE LAk 2
(advanced glycation—end products, AGEs) ME Lol
Bk COBEE AN 8L H T C (protein kinase C, PKC) i4&
MBS . (1) AGEs FLE . mMUHRIRES T, 25 1 5 (14 3
A DR W e i 0 K A AR R AGEs FH T 1R I i
W, AGEs 5HAZRE5 G WG 2 5405 5% il %, 2 8UA
A7 388 2 &9 S, s BRI S Miiiller 441 0 B fiE o i
(2) ZICESE AN BETE AL . AR BRI T R 30 i 4
W&t Z JuBR e, TEMIRIN B T A Z TR IR AR Y
AR, S B B F NADPH 1 75 #E3% Jin, NADPH
K- R AR 2 488 i 240 S Ak Ry SRR B, S SO0 I A5 Ml
AT 5 (3) OB R AR RIS  AE S MU A E T, 2
WHRG AR AR DY L BE T, PTR80S 28 4
MOTET 5T, OOWE R aa 42 Y 2k B TR R LA e s R
PI3K/ AKT 175380 B 0 it 28 DR 4 FH S im0 o s pft 28 o 4
NPT 7548, B AT 3 % R+ (nuclear factor, NF) —kB
PR TEHE IR S Bl 4 5 R0 /)N RS TR H ) RGCs JET-M 5 (4)
PKC 4% : It H i ( diacylglycerol , DAG ) J& 2 ffd 7+ PKC
FRAR Y O B OIS R, FE IR 25 T, DAG 1Y A Y
5817 PKC—a kBN S BOB IR RGCs A4, 1 B T
DR i 2 g AR Y
5 RAES DR #HZH {5

W5 RW], DR & — R ARG 28, DL 18 M AREE” Ry
FRE, Z R RN FE L AFERSE5 T DR # & W
1500, (1) M4 N B2 A= I F (vascular endothelial growth
factor, VEGF) : VEGF 7E£E HIU 0 N A PR 37 it 28 4 i 1) 1

JH, FLIE 5 RE R R5E R 28 S0 40 Bl h A7 7E VEGE 1932 14, 3R W]
VEGF 76 4 400 0 R v vl BE R AEVE T ZE B L T,
VEGF J2 H1 A 9 JI5 sife ifn it 035 5 DR & A i A o, AR 41
Ferreira de Melo 250 WFoE & B, VEGF 7£ DR R E M &
AHLZFINAZE R IR B AR M R T
V8, UFSE VEGF 5 DR M i =, (2) INF-a:
TNF-o J&—FE 2 A AE K1~ i Miiller 48 0BT, BT 5T
RIN,BHWT TNF-o SZAR AT/ D p 2 o A e T, I itk — 20
UESEAE DR B, TNF-« 7] DL 3 [ Caspase—3 7K ¥ 53
B2 06T L (3) PR 4N M T 2K () ( monocyte
chemoattractant protein, MCP)~-1.MCP-1 TR E
I 240 6 ) 5 B A PR, T LA SR A 4 e T I 24 i
A B AR, IR S T P I R 5 3R B A A L P B A
1 Miiller 40 g 4B w] 7= 42 MCP-1"", DR &A= if, R IE T
HLA A 22T 1) MCP — 1 387K F48 i, MCP -1 a3 A ]
T p38 Fl ERK i #% >k 175 3 /)N I Jo1 41 L B 5t TNF — o AT
WS /N TR AN, S 2 S8 DR Wi >, (4) By
% (interleukin) : IL- 18 B2—M R AT, EEPIRET,
KRR 1L-18 K LT, IL-18 AT LA i A
D) B A 2 T 248 LR 7D J5 240 P 345 B, DAL T 3 SR XK ot
ZUNARAG . A DR U, SO0 X F IL-6 IL-8 ] fil &
ZINJISE T AL ) SR A SR D e 2 A A R
(5) 5 F  NF-kB S — " RARZ 55+ 78 DR R
WIRNH S . Chen 25 BF 5T K B, NF-«B 7] 53 DR #1X
FR b 2 27 2 2K ik, DAAE 5T 200 2 0E £ % 5 30 DR
TRIMAE 45007 , 304 R W BF 90 AIE 58, Rt J& 5 B DR #128
P EENE,
6 AREBMNEHESMES DR #EH %

DR — TS ar Ve 208 T, i o R 20k
A AR SR AR A SR A2 7 2E | AR BIIRAS TR 75 2%
A E T A I R R EEEAEH, £ Ca” HE
LAATIBERERT ROS 77 AR S5 LIRS R, A7 s R A &
A B B ] S E AN T AR STZ VRS b
PRIF R BB P 12wk J5 RGCs A R iz EAMA R
iR 57 1A SR K T WRAER s 00 T 4 2 200 483 4%, LR
RIAT e, A E R i 12 B RN SRR 32 R ;oK T k%
AR A TRAE R il M PR AR Rt 2 51 iR 5 2 R 2 A M5
PE i A J R EAE T A4 &R 2K, 53 RGCs
B,
7 MEEREFRES DR MEH %

22838 % R 0 0L P B ot 2 O 1) 2B K R A AR A B
I SRR A S DR # 2 B40  HER RL (1)
M2 T (nerve growth factor, NGF) : NGF J& 2 — 14
BRI E RN T, ABARE T, B NGF 53
T SRR VKl A7 1A 45 6 T LSS DR AP 1 0 15 518 3 iR 12
proNGF i o5 p75 M EFEHNTFZIAK( p75 neurotrophin
receptor with the co—receptor, p75™"™) Z5-& TG 98 5E MR T
A, 7E DR 1, U NGF & 10 TR, proNGF 2 2234 in
IS A 13848 (2 37 RGCs PRI T, S 2 DR H 10 ] JlE ot
2 A S o (2) i VB M #2258 3% I F (brain
derived neurotrophic factors, BDNF) ; /& #1228 3= (R F % ik
PR 1S 7 R DR v 1 it 428 7 AR i £ 5 I 240 HEL ™ A=, BDNF
it 5 TrkB B 2RI 2 K45 G G i M & B IR 5 Sl
P&, T DLAE B 2 A MLAE TS B R R R B R AR BE AR
BDNF 7K u] LIf2 7 DR gl B 4 #h 2222 1, H BDNF
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KT REALE 5 e 0 00 IO b 28 78 S22 AE AR OG0, (3) 2k
KA (somatostatin, SST) ; = FLAE 5 T A0 W Jist (2, 25 | Jz |
RO AR R PR O I AR S R SR . T
DR B T, SST 19 R 155 Miiller 1 28 5 55 48 A 34 775 0 4
ZItIRT A T R R SST REME IR db/db /1N BRUAY
P 2 A M (4) R 1 B AT A ] ( pigment
epithelial derived factors, PEDF) : /& —Fh#h 255 2 vk
BEEE T, LB TR () PEDF 3228 iy A0 D90 88 € 2% b B 06
PEDF il i Xf $t # 28 35 M P 3R 45 % pf 28 1 O 47 A
RN, FE DR, A0 B P9 PEDF B AR, 42 3 40 )
Miiller 21 H ) 25 22 G 1z 5 g 38 I, 5 20 Miller 290 0 454
D, 3% W] PEDF AJ il i #0 Maller 240 1 H 43 S B 13
BEG P, 158 DR M fRPPPE R RIRBFSE R,
ZUE RN XE DR M0 B AT B D) R G 37/ E T, 3 B
1B DR M0 i A e it 17— ) 1 FEH]
8INEERE

FEXE DR #2245 005 1 PRLER [ A A2 2 DA L 0 7
P2 BT A I BE TR AL AR RAE A R Ay T R
P P2 SR TR S T AT T — B IR R BEST, 1K
BEFSR L RN DR # B i kA R TR IR R £
JeAl A RIRAR 2 ) PR B S AR PSR TR A
PRI UIRY S L, 48 5 HORS v A6 T S8 AR, i H
HiI DR B3 6 058 A0 37 07 1wl
SE 3k
1 Yin L, Zhang DL, Ren Q, et al. Prevalence and risk factors of diabetic
retinopathy in diabetic patients; a community based cross — sectional
study. Medicine 2020;99(9) :e19236
2 Shan Y, Xu YF, Lin XL, et al. Burden of vision loss due to diabetic
retinopathy in China from 1990 to 2017 findings from the global burden
of disease study. Acta Ophthalmol 2021;99(2) :e267-€273
3 LiuY, Yang JR, Tao LY, et al. Risk factors of diabetic retinopathy
and sight—threatening diabetic retinopathy: a cross—sectional study of 13
473 patients with type 2 diabetes mellitus in mainland China. BMJ Open
2017;7(9) :e016280
4 Nian S, Lo ACY, Mi YJ, et al. Neurovascular unit in diabetic
retinopathy : pathophysiological roles and potential therapeutical targets.
Eye Vis 2021;8(1) .15
5 Chakravarthy H, Devanathan V. Molecular mechanisms mediating
diabetic retinal neurodegeneration; potential research avenues and
therapeutic targets. J Mol Neurosci 2018;66(3) :445-461
6 Zhu HZ, Zhang WZ, Zhao YY, et al. GSK3B - mediated tau
hyperphosphorylation triggers diabetic retinal neurodegeneration by
disrupting synaptic and mitochondrial functions. Mol Neurodegener 2018 ;
13(1):62
7 Safi H, Safi S, Hafezi—-Moghadam A, et al. Early detection of diabetic
retinopathy. Surv Ophihalmol 2018;63(5) :601-608
8 Gupta R, Ambasta RK, Kumar P. Autophagy and apoptosis cascade:
which is more prominent in neuronal death? Cell Mol Life Sci 2021;78
(24) .8001-8047
9 Bedoui S, Herold MJ, Strasser A. Emerging connectivity of
programmed cell death pathways and its physiological implications. Nat
Rev Mol Cell Biol 2020;21(11) :678-695
10 Mrugacz M, Bryl A, Zorena K. Retinal vascular endothelial cell
dysfunction and neuroretinal degeneration in diabetic patients. J Clin Med
2021;10(3) .458
11 5RX, A, B, I T S MR 7 PR SE RO 20 M A T i F
Sk, PRS2 51072 2021535(3) :321-324
12 XURBE, 40, AR, QI T O FEH Caspase IR MIBFSY
HEE. dEEZ5 ST 2020522(11) :800-805

1326

13 Lemmer IL, Willemsen N, Hilal N, et al. A guide to understanding
endoplasmic reticulum stress in metabolic disorders. Mol Metab 2021
47:101169

14 Han Y, Yuan M, Guo YS, et al. Mechanism of endoplasmic reticulum
stress in cerebral ischemia. Front Cell Neurosci 2021 ;15.704334

15 Yumnamcha T, Guerra M, Singh LP, et al. Metabolic dysregulation
and neurovascular dysfunction in diabetic retinopathy. Antioxidants 2020
9(12).1244

16 Yang LP, Wu LM, Wang DM, et al. Role of endoplasmic reticulum
stress in the loss of retinal ganglion cells in diabetic retinopathy. Neural
Regen Res 2013;8(33) :3148-3158

17 Lu TH, Tseng TJ, Su CC, et al. Arsenic induces reactive oxygen
species — caused neuronal cell apoptosis through JNK/ERK - mediated
mitochondria — dependent and GRP 78/CHOP - regulated pathways.
Toxicol Leit 2014;224( 1) :130-140

18 Saito T, Konno T, Hosokawa T, et al. p25/Cyclin—dependent kinase
5 promotes the progression of cell death in nucleus of endoplasmic
reticulum—stressed neurons. J Neurochem 2007;102(1) :133-140

19 Vu JT, Wang E, Wu J, et al. Calpains as mechanistic drivers and
therapeutic targets for ocular disease. Trends Mol Med 2022;28 (8) .
644-661

20 Yuan ZL, Zhang ZX, Mo YZ, et al. Inhibition of extracellular signal—
regulated kinase downregulates endoplasmic reticulum stress — induced
apoptosis and decreases brain injury in a cardiac arrest rat model. Physiol
Res 2022;71(3) :413-423

21 Zhang C, Xu Y, Tan HY, et al. Neuroprotective effect of He=Ying—
Qing — Re formula on retinal ganglion cell in diabetic retinopathy.
J Ethnopharmacol 2018214 :179-189

22 Qi YX, Su XJ, Wei LL, et al. Erythropoietin inhibits apoptosis of
retinal ganglion cells induced by high glucose through JNK signaling
pathway. J Biol Regul Homeost Agents 2021;35(2) .547-557

23 Abu El—-Asrar AM, Dralands L, Missotten L, et al. Expression of
antiapoptotic and proapoptotic molecules in diabetic retinas. Eye 2007;21
(2).238-245

24 Yamada K, Yoshida K. Mechanical insights into the regulation of
programmed cell death by p53 via mitochondria. Biochim Biophys Acta
Mol Cell Res 2019;1866(5) :839-848

25 Fan YC, Lai JE, Yuan YZ, et al. Taurine protects retinal cells and
improves synaptic connections in early diabetic rats. Curr Eye Res 2020;
45(1) :52-63

26 Bano D, Prehn JHM. Apoptosis—inducing factor ( AIF) in physiology
and disease: the tale of a repented natural born killer. EBioMedicine
2018;30:29-37

27 Gaspar JM, Martins A, Cruz R, et al. Tauroursodeoxycholic acid
protects retinal neural cells from cell death induced by prolonged
exposure to elevated glucose. Neuroscience 20133253 :380-388

28 Tummers B, Green DR. Caspase — 8: regulating life and death.
Immunol Rev 20173 277(1) :76—89

29 Valverde AM, Miranda S, Garcifa—Ramirez M, et al. Proapoptotic and
survival signaling in the neuroretina at early stages of diabetic
retinopathy. Mol Vis 2013;19.47-53

30 Ye Q. Effects of etanercept on the apoptosis of ganglion cells and
expression of Fas, TNF-a, caspase—8 in the retina of diabetic rats. Int J
Ophihalmol 2019;12(7) :1083-1088

31 Costa GN, Vindeirinho J, Cavadas C, et al. Contribution of TNF
receptor 1 to retinal neural cell death induced by elevated glucose. Mol
Cell Neurosci 2012;50(1) :113-123

32 Vecino E , Rodriguez FD | Ruzafa N, et al. Glia—neuron interactions
in the mammalian retina. Prog Retin Eye Res 2016;51:1-40

33 Rolev KD, Shu XS, Ying Y. Targeted pharmacotherapy against
neurodegeneration and neuroinflammation in early diabetic retinopathy.

Neuropharmacology 2021 ; 187.108498



Int Eye Sci, Vol.23, No.8 Aug. 2023 http.//ies.ijo.cn
Tel:029-82245172 85205906 Email :1J0.2000@ 163.com

34 Mendonca HR, Carpi — Santos R, da Costa Calaza K, et al.
Neuroinflammation and oxidative stress act in concert to promote
neurodegeneration in the diabetic retina and optic nerve: galectin -3
participation. Neural Regen Res 2020;15(4) :625-635

35 70, FITE. Apelin—13 3@ I8 YAP ARZHCHT B 415 5 0 00 1)
JEE Miiller AN MIT=. [ PRIRFF 225 2020520(6) :946-950

36 Coughlin BA, Feenstra DJ, Mohr S. Miiller cells and diabetic
retinopathy. Vis Res 2017;139:93-100

37 Picconi F, Parravano M, Sciarretta F, et al. Activation of retinal
Miiller cells in response to glucose variability. Endocrine 2019;65(3) :
542-549

38 Sorrentino IS, Allkabes M, Salsini G, et al. The importance of glial
cells in the homeostasis of the retinal microenvironment and their pivotal
role in the course of diabetic retinopathy. Life Sci 2016;162:54-59

39 Xia Y, Luo QH, Chen JF, et al. Retinal astrocytes and microglia
activation in diabetic retinopathyRhesus monkey models. Curr Eye Res
2022;47(2) :297-303

40 Rathnasamy G, Foulds WS, Ling EG, et al. Retinal microglia—A key
player in healthy and diseased retina. Prog Neurobiol 2019;173:18-40
41 Arroba Al, Valverde AM. Modulation of microglia in the retina; new
insights into diabetic retinopathy. Acta Diabetol 2017;54(6) :527-533
42 Li X, YuZW, Li HY, et al. Retinal microglia polarization in diabetic
retinopathy. Vis Neurosci 2021 ;38;E006

43 Kang QZ, Yang CX. Oxidative stress and diabetic retinopathy:
molecular mechanisms, pathogenetic role and therapeutic implications.
Redox Biol 2020;37.101799

44 Kowluru RA, Kowluru A, Mishra M, et al. Oxidative stress and
epigenetic modifications in the pathogenesis of diabetic retinopathy. Prog
Retin Eye Res 2015;48.40-61

45 Mandal LK, Choudhuri S, Dutta D, et al. Oxidative stress—associated
neuroretinal dysfunction and nitrosative stress in diabetic retinopathy. Can
J Diabetes 2013;37(6) :401-407

46 Fahmy R, Almutairi NM, Al - Muammar MN, et al. Controlled
diabetes amends oxidative stress as mechanism related to severity of
diabetic retinopathy. Sci Rep 2021;11.:17670

47 Aldosari DI, Malik A, Alhomida AS, et al. Implications of diabetes—
induced altered metabolites on retinal neurodegeneration. Front Neurosci
2022;16:938029

48 Bejarano E, Taylor A. Too sweet: problems of protein glycation in the
eye. Exp Eye Res 2019;178:255-262

49 Balestri F, Moschini R, Mura U, et al. In search of differential
inhibitors of aldose reductase. Biomolecules 2022;12(4) :485

50 Chakrabarti S, Sima AAF, Nakajima T, et al. Aldose reductase in the
BB rat: isolation, immunological identification and localization in the
retina and peripheral nerve. Diabetologia 1987;30(4) :244-251

51 Fang WY, Huang XJ, Wu KC, et al. Activation of the GABA~-alpha
receptor by berberine rescues retinal ganglion cells to attenuate
experimental diabetic retinopathy. Front Mol Neurosci 2022 ;15:930599
52 Saxena R, Singh D, Saklani R, et al. Clinical biomarkers and
molecular basis for optimized treatment of diabetic retinopathy: current
status and future prospects. Eye Brain 2016;8:1-13

53 Riibsam A, Parikh S, Fort PE. Role of inflammation in diabetic
retinopathy. Int J Mol Sci 2018;19(4) .942

54 Ferreira de Melo IM, Martins Ferreira CG, Lima da Silva Souza EH,
et al. Melatonin regulates the expression of inflammatory cytokines,
VEGF and apoptosis in diabetic retinopathy in rats. Chem Biol Interact
2020;327:109183

55 Araszkiewicz A, Zozulinska—Ziolkiewicz D. Retinal neurodegeneration
in the course of diabetes — pathogenesis and clinical perspective. Curr
Neuropharmacol 2016;14(8) :805-809

56 Altmann C, Schmidt MHH. The role of microglia in diabetic
inflammation , defects and

retinopathy ; microvasculature

neurodegeneration. Int J Mol Sci 2018;19(1) ;110

57 Taghavi Y, Hassanshahi G, Kounis NG, e al. Monocyte
chemoattractant protein—1 ( MCP - 1/CCL2) in diabetic retinopathy:
latest evidence and clinical considerations. J Cell Commun Signal 2019;
13(4) :451-462

58 Dong N, Xu B, Shi H. Long noncoding RNA MALATI acts as a
competing endogenous RNA to regulate Amadori — glycated albumin —
induced MCP -1 expression in retinal microglia by a microRNA-124-
dependent mechanism. Inflamm Res 2018;67(11) :913-925

59 Dong N, Xu B, Shi H, et al. Baicalein inhibits amadori - glycated
albumin— induced MCP -1 expression in retinal ganglion cells via a
microRNA-124-dependent mechanism. Invest Ophthalmol Vis Sci 2015
56(10) :5844-5853

60 Baptista FI, Aveleira CA, Castilho AF, et al. Elevated glucose and
interleukin— 13 differentially affect retinal microglial cell proliferation.
Mediat Inflamm 2017;2017.4316316

61 Zhang JJ, Cui CL, Xu HY. Downregulation of miR-145-5p elevates
retinal ganglion cell survival to delay diabetic retinopathy progress by
targeting FGF;. Bio Sci Biotechnol Biochem 2019;83(9) :1655-1662

62 Mallmann F, Canani LH. Intravitreal neurodegenerative and
inflammatory mediators in proliferative diabetic retinopathy. Arq Bras
Ofialmol 2019;82(4) .275-282

63 Chen N, Jiang K, Yan GG. Effect of fenofibrate on diabetic
retinopathy in rats via SIRT1/NF-«kB signaling pathway. Eur Rev Med
Pharmacol Sct 2019;23(19) :8630-8636

64 M, BUILR, I, 45 B EBR A B KR i T oY
PERE. T E 25 B AR 2022538(5) :645-649

65 Lau JC, Kroes RA, Moskal JR, et al. Diabetes changes expression of
genes related to glutamate neurotransmission and transport in the Long—
Evans rat retina. Mol Vis 2013;19.1538-1553

66 Mysona BA, Shanab AY, Elshaer SL, et al. Nerve growth factor in
diabetic retinopathy : beyond neurons. Expert Rev Ophthalmol 2014;9(2) .
99-107

67 Wang QC, Sheng W, Yi CJ, et al. Retrobulbarly injecting nerve
growth factor attenuates visual impairment in streptozotocin — induced
diabetes rats. Int Ophthalmol 2020;40(12) :3501-3511

68 Afarid M, Namvar E, Sanie —Jahromi F. Diabetic retinopathy and
BDNF:. a review on its molecular basis and clinical applications.
J Ophthalmol 202032020 ;1602739

69 KRR, WAk, W25, MIRIE 288 3% R 1~ 7E IR AR 0 v i
bR, EBRIRRLL R 2022;22(2) 1225-229

70 Sim6 —Servat O, Herndndez C, Simé R. Somatostatin and diabetic
retinopathy ; an evolving story. Endocrine 2018;60(1) ;1-3

71 Hernandez C, Arroba AI, Bogdanov P, et al. Effect of topical
administration  of  somatostatin = on  retinal  inflammation  and
neurodegeneration in an experimental model of diabetes. J Clin Med
2020;9(8) :2579

72 Kiamehr M, Klettner A, Richert E, et al. Compromised barrier
function in human induced pluripotent stem—cell-derived retinal pigment
epithelial cells from type 2 diabetic patients. Int J Mol Sci 20195 20
(15).:3773

73 Iwona BS.
neurodegeneration in diabetes mellitus. Curr Neuropharmacol 2016; 14
(8):792-804

74 Shen X, Xie B, Cheng Y, et al. Effect of pigment epithelium derived

Growth factors in the pathogenesis of retinal

factor on the expression of glutamine synthetase in early phase of
experimental diabetic retinopathy. Ocul Immunol Inflamm 2011;19(4) .
246-254

75 Shen X, Zhong YS, Xie B, et al. Pigment epithelium derived factor
as an anti—inflammatory factor against decrease of glutamine synthetase
expression in retinal Miiller cells under high glucose conditions. Graefes

Arch Clin Exp Ophthalmol 2010;248(8) :1127-1136
1327



