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Abstract

¢ Plasminogen activator is a kind of enzyme that plays a
key role in the process of physiological hemostasis and
thrombolysis. Its main function is to convert plasminogen
into active plasmin, thereby initiating the dissolution of
fibrin and maintaining blood mobility. This article
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discusses the safety of plasminogen activator in the
application, elaborates on the types,
structure, physiological function and mechanism of action
of plasminogen activator in the eye. The analysis
addresses the ocular tissue damage and systemic adverse
reactions that may be caused by the application of

intraocular

plasminogen activator in the eye, and the risks and
countermeasures combined with relevant research
examples, aiming to provide reference for the safe
application of plasminogen activator in clinical practice.

e KEYWORDS: plasminogen activator; intraocular
application; safety analysis

Citation: Tang M, Zhang JS, Yu HS. Safety analysis of
plasminogen activators in intraocular application. Guoji Yanke Zazhi

(Int Eye Sci), 2026,26(4) :646-650.

03lE

2115 8t D O AR 2 — ST AR B Ik ot g A A A e A
R A VR RO L R R K AT T R A A
FLATTEVE MRV DT I 3h 27 2 25 19 10 5 A, 245 1
WA B TE . 75 AR 27 5 i S0 37 32 B A 4l 4R
2T VA Bl DR 00 3 (tissue plasminogen activator , tPA ) Fll R
il 750 £ %5 Wit JBL 94 36 7 ( urokinase plasminogen activator,
uPA) ™ tPA HLA R B AT 4R R A e AR S
bR a1 <ogd Sl N S s = N = @2 A R Y
IR IR O [ A, A A L A U A R o S A
uPA W FEZ 54T HLUEE FEL R BT RS
rhts B N AT VR T o 1R 00 B 0 A 1 5 s 2% ™ o
MR ), BRI £V T D RS ) 4 R PN N Sk e
W RVATT TR TR Ay B A IR N R N £ i il
DB ), T LA A IR P I A SRR Pk A RS I VR AIE B
PR TT o SR, 1l — AR 57 I 7 A7 A0 A 75 B P R 5% AR Xk
SEMESE AEAT AR BT 5 AR R] REFT Bk -5, 5
R—FINAN RN, PRI, TR A9 27 7 it D 5 790 76 R
R 22 e BR G SAIm R S, B H R 3
AT I IR R A AR T IR
1 AABRERAEBANNENSEEDERERANIER
ML
1.1 ABRBERENOMERENFER
1.1.1tPA  tPA 2l 527 DA EERRA R BEE 11, A 4
FIRZH 70 kD, B H— Sk B 2 IR 50k, 7E 21V i 2l
JBE AR FTBEEVE IR, e Ak o A B e A T 2 1) XUEE 22 ik
tPA FES5H) Rl 43 R A TRESR . (1) B . BA
LT IR I A N ET I I R HE AL D RE , R INy 2 21V il 503
TE IR 1 ( plasminogen activator inhibitor, PAI-1) [Y 7k
AL PAT-1 Al 5 8 A REREE 5, I ] PA G 1
(2) F8MRI . 5 27 % 3 A 4 4 3 L 45 A 0 s AR TR 5>



Int Eye Sci, Vol.26, No.4 Apr. 2026 https.//www.ijo.cn
Tel . 029-82245172 85205906 Email :ij0.2000 @ 163.com

tPA XiF£F 2 55 Y @5 35 A0 T, 0 LB s e S vk 25 & B iy
PR AT AR 2 L R B -5 0% B s 2 1 32 AR e 2
FI(LRP) Z5Hi 6 ZRLE G, 25 (PA WTERR AN NG 5
1655 (3) REAEK 7 (EGF) S fE48 1% EGF &Z 1K
(EGFR) , AT 9 1 &40 B (%) 385 5 | 43 Ak A7 1% S 1, () s
B2 5 PA TEIFNE R FAEHL; (4) P kringle 3. 7] P Bl
T (PA AR M E AR —uE AW R %
it i ) ST, VR M T TS B, A BT (PA 5 4 i
ZARZGES NP BYF XS tPA A& RR S

1.1.2 uUPA uPA & —Fh 22 Z R E A B, th 411 DR
YRR, AR T2k 54 kD, B D BRE TCIE PR B T IA
JEZ (pro—uPA) 7ilh | 7E£F S g ol AL B A BERIVERT T,
49k HLAT 36 PE A SR X, uPA 4 F A& = A5
B (1) AR B A T N R S AT 40 2% T A uPA
ZAR(uPAR) 454, 0 5 uPA 5S4 EAEN , S 541
MeERS BB AN ME 5 1% G A (2) kringle 3k, H A 5
tPA Y kringle 3L RS54 AN RE , REAE S 4F e 1 4F
VAT RS AR FAE D2 00 £ 5 Tl B A 85 R 21 4 B 1 )
fift s (3) B B T C R, A MEALTE T, "%
B JF LA AT VA, R AR IRAE

1.2 FREBEBEFNEEINAE

121 EMEFABREDHER L 15 BFEI0E FI7E K
LR RGP b T A% O ML 2 45 LB s A B 1k
TE R AR 2R 24 17 P H BRI AR B, tPA AT uPA 803
I, EATTRE I L IR 3 1 LT 4R R 45 A R L Tl
JREGAE N AT, 2TV A 5 K0 B K s P L B
R S R A 2 A B 1 L0 A SR Rl A M IR AT A S R
=, DT 5 A I A, KR I A s T

122 AL EEMMAMIERRMNIER AL 55,
uPA L AZ R uPAR 78 52 51 2H 28 8] ] %) 20 it 36 1 2 ik I
VA e E A S LT VA DR P AR ATV T [ A0 B D 3 R
P B 21 4 2R AR 0, by 40 %) B R A Rt 2 T
g, Bl e 05 O ar At AR T AT 4N P R 40
it uPA-uPAR RGMIER BB 20 LA, S 54
LUPE S M EH TEM IR & B A b, 40 i 0 32 B8 AN o1k
A £ 5 g 0 7R O VE B TTRE RS I 7 40 g o1 3
O U1 o g R 0, 5 ) S 00 B I o L T R T A
AR,

123 EWEZREFWER PATETHRHARGE T 2
Fik, 2 5MATIER o4k 5 il ] SEPE R R 258 Y
B SF ok F2, fEMP AT kA LR, PA T S
NMDARSs , 187 4 28 70 i 18 8 Rl 47, B O B 48 00 7E K
WP IERG S0 A s 78 2 S FC A2 it B v tPA 2 5 Sk
KRG 5 (LTP) B9 B B, 30 28 87 2 fh 4% 326 R m] 90k
HASER 2500 2 8] B9 3 422, OTTAR 1E 2% 20 Fnic A2 e o i 42
o BEAM, tPA IBTE RS O 3 FN b 28 P A v R AR L HE
e PR A SR B LR 3B A tPA AT DL A S
ZARAE Sl e, D s 2T BT I HE R 2 Th RE Y
AV)*(/E[H] .

1.3 AR BFEFERABERNS

1.3.1 AMBIR A MARFIFRI 277 B F0E 750 i HoR A
B L5 R RN RE | 55 HR P4 I v B £F 2 2 1 245 R AR T I
VA R £F R T , 2T Vs T4 S P b e it 27 A 2R 19, 0 0l A
TV A R AR IS R 3EE N | A R ) ) ISR AL 0, DT
PRt 71, ZERR RN A% B0 R, An B B AR R I , 41 15 il

DT ) [ AE T LA 3 e R £ Tl A AL v () 4T A
A3, R R RR L A R, ik 2 X HIR S 4 40 ) 3, SR 4
IR A A pE 2
1.3.2 XtER A 4AREFN A LIRS0 1l —HIR B Bk 1) 7 7 B i
TR A Rk 4e 5y TIRINIAEE AR, M4
VAT ERE R AR 5, AT RE ST X A, F 5T 3R
B, tPA 1T DL 3 5 HIR P A0 i T ) A2 AR A, U0 A0 e
N A A% Sl I, 52 e 20 B X B4 B AL DA TG, 7R
DX S o 225 Al o, P A R RE A G G NMDARSs, I8 15 44
JH PR 5 5 R R M e 28 T AT B P T RE 5 7 A R 5 £ 3
Rz AR oA R R IE A R YT 40 B AR 3 S5 A R A R B
I3 2N A B R TR RS o AN, 21 0 i D 0 R A T
FEA8 32 52 M HIR PR FR) 9 S S I AR B i 1, o R Py 4 47 A
ST 273205 = PR 417 11 ¥ = A ety RS W N o e e 2R
PR JAE MY, AR AE K T, 5 8AAE S (R ], 14—
AR N ZRZH ; TRl PA ] B2 5 5B A i 3
i HIR PN G 322 400 JH ) 355 1k R I R, DA T 552 i B 3508 5 93 114) & A=
*nﬁﬁ[m—lsj .
2 FREREMEANERAN AL SRS
21 FRBEREFELN-AMEREELXREEDH
211 M-MEREHEXLE MBIl — 0 M 855 f
( BRB) JZER5 0 W 55 Y A B RS i EE L4540, A Wi oE 3l
I 1) A R B8 A s R S kP A SO 38 R ) B 1L 455 PN R 2
i B T R I 38 & AR PR, 53X BRB 3 15 1 1
in o 3 37 A 1% 1 T B8 (A LV HP B B T L S E 4l
JHI S5 S AR 2 2, 5| e A0 P 7K B 98 i 2 g 45
9o AR A, | 78 105 e AL D) B P 1 T RE . R — 2Bl PR 5%
A e R A HIS PN T S T Tl DTS IR T R R
PRT AT R B 4 A0 D 7K i o 2 B4 17 ¢, X TT fiE S5 BRB
A K, BRI, T TN, FE — a2 7] 12 A [ 3
N, PR B JE BTG 7% BRB ) 52 i o] BE & vl i it . 38
Xt SRR AT A T A IR & BRAER SR S 1Y) tPA VE
S5, BRB ) 7 M 6 J U PN A B (R B S ) — B
8] P 2 G IE Y, X R AL IS o] i B — e 1 A 3R
16 52 fit 3 0 7 Xk &7V il B 85 790 %) BRB 52RO
212 %M BRB Z& MM EZESM & i 5 B
PO R AT RE 2 BRB 33 BE 47 , 38 400 D) 55 7K ek R 4% R
B XRS5 T e s T ) 36 48t 28 O F 8, 7 00 I A8 Y
AR B B, BRB X £F 35 il Ji 5 3 75 0% T 32 1 0T BEAS [\,
BN, 76 RVO & A5 015, 400 I 5 Ak = 2 defe ot A1 2% R
ARZS, BT S5 1 5 T DR 386 570 ] RE T 25 %) 512 BRB 1)
00 5 T AE R 28 A X B 72 ], BRB o 2T V8 it D 3l 35t 70 £ T
ZHRE A TR E Y R A LR EORIR SR A
LRV BRGSO BRB B2 4k, X T A7 7E A DR AL R
JIEH A St s ) R, L BRB AR B i) BE L A7 HE—
FERRRE AUH540 , s HIR P 07 P 7 32 it D3 1% 70 T ek — 45
JINEE BRB MBI, 3N i 0 A& A2 RS . AR 25 5%, 4
AR G AL R AR ] BE S BOR [A) BB X 47 5 T DR TG
FIEH AT, TS R BRB 1Y 22 42
22 AAMEMEFIN SR A XL LXK XBEHR
H I T 21 Tl D 380G 790 B P i FH S 350HIR P 4R & AR 1
WEFEAR XS B D  AEHR PR SR E A B BIAEAE 5 R IR N R 1Y
DRSS, 7T T Tl i 1% 790 110 1 P ] R 2 1 T sk o JXURS: &1
A LR 700 T RE 2 AR HIR PN AR BRORS5 | R 75 HR 38 %o i
REHETT I TR, BWFFTHRGE | 764232 IR P9 v 5 £ il )i

647



EfRRRNZE 2026 F48 F£260% F4H
815 :029- 82245172 85205906

https ://www.ijo.cn
BB 31555 :ij0.2000@ 163.com

WOGFNATT R B IR R A & A s i TR 32108
TR (I TREAREA R, M R 150 R A 482
ghipty
23 A RBEHEFNNRENZ MR —LIFR AN,
L Bt TR SRR Y N AT RE 2 5 1A IR FE AR fk . 76 30
Yy SLu R ) G IR B 5 A Js R S P A T, AR B IR R A
S BT VTR T AR R DR S R S B R
HR P & 00 5 107 1 7K Bl 3 24 AR i 8, S0 I 1 Tl R
B KA I N s 2 B, T B R HR R T, SR,
WA G IR T 55 91 150 38 7 2 8 s Y, 76 — Bt
Te] e AR T 2 K A T
2.4 FREEEBEFTAMBEMRE T HENEESER
3 A0 R R 2 A0 i ( RGCs ) 2 A0 19 JiE A8 BB 2 30
oy, HEZIRE R BNOR A LI A #h 2T iR 5, I
X B 538 1o Al 2 A 38 J I, M T SE BB A 8L B 1%
T, RGCs X FYERRIE & 0905 D AE 2 |2 AT 45
S AR AT BB EOM T R LT B SR BRRS A
FEFEH LT PR Bl DRSS 77 AT BEXT RGCs P2 AR e R, 7
RANZEG P K RGCs 258 T — W PA T, £
RGCs WIAF 16 R T B A T8, dt— s K 3,
tPA ] REIE PTG S S I, S A P S TR
ThEs, SR T, FER N SZEE R ) sl R Y
3 B0 £ A B JRU G 7R S, RS 2 400 I s Al 22745 4 it J 2 A
M RGCs Bl /b | 1 3¢ BH 21 75 il I 38005 770 T RE X RGCs
AL T
2.5 EH AR &N X
2.5.1 i Y425 7 B OE 7 A MRAE IR IS , &
I AL TR A A R A R 25 B T, £F S Il R
I i LA R P T 20 1 A i i 2 v ) LAt ¥ ot TR, 4
22 B D B I DA | O T R R 0 -, S B 1 XL
S I, FREE AT RE B BN S P R R RS B AR
TRl R DR, 7™ o A T 2 S A A P AL T R H I A
& K A R L, 7E — TR0 ARAFF T, e 42 32 MR Y £ 1
T LIS AT A FR A EA T W | % BSR40 FR A R I 2
BESE bR A0 BE 1M Bl R s 18] (PT) | 36 Ak 30 43 58 1L 35 i S Ja]
(APTT) BH i S | 272 26 1 RUK SRR, 2 n & B 4RI &
GER IR, KUY ; TRl A DB BT Bl
0B BRI BEAE HH IRE AR, B AR B i A $E SRR AR 3] 9%
fd AR R T IR N N A AR % R TS ) R I
mlzﬁ[%—zﬂ .
252 W8I RN N A Z AL FEE R E T REK
PN B4 G 38 22 G0 % £ T TG 700 P A T S I e e N 2
FEAE T HRRS DU . YR o 2T 1 T D R B, oA
SHURLEA T HE K2 R B 40 B, R4 e 1A
IREEYNE Y R, S BG4 i U N Y
TR LR RETTREH BB JRFE 2 5 I W AE
R, DL RATITIE R0 | 2% Dk A5 IR I G RE IR ; 7 P BB s
PSR TE . FEIG AR R A RGE RS e IR N T S A
VR R G S B T S O N, R e s RE
WEIR 2 (e SRR, 20 K B 4A T S ad B 25 Wik Iy s IR
BT, DA, 76 B PN O 27 5 it D 38095 9 i, 1 T4
VAT R P e st o A e A ) 1 R 2 L AR T, 5
3 SOSNE (RAE ROE £ )
ILeMHEmMEER
31 ZEeFISEEMHARIIR  HAET, X FLE MRS
648

T B P ) 8 4 7] Y IR o TC e — (A, R[] ) F
FERNIG RSB ZG A 45 AP AE — e 2R, — 2Pl i
YL RLRR T LR EEH, 75X R iR se
R PA BIHR N TSR TE 0.1-0.5 pg I, BERE1E— &
FRRE Vi fAe , FLAR IS KSR A4 /b  (HAE ARG
IRAIEGE R, AR 22 S A K, 8 4 791 o 31 1B ) 0 o
SR, e/ INRIUASE I PR 56 2 BH , X400 o0 5% 1 45 BEL €
B BRSNS (PA ORI EEE 0.25-0.75 mg B, #4)
FBE BENE KT B AT IR T AR, [R] B 22 4 M A A ) T 42
%o BRI, X BE S REA AN IR TR B L2 KL £ p
ORI R B8 e i — A s 2e A By
32/HAHR
321 NEAHGEEHREMILE L in B RS AR
AR P 7 ) 4 2457 = 2 B A 8 1 B A P T 3 s PN T A
L RRISG E RN G SR 2R BERNES 2 E
HIE R FH Y 45 2505 2%, 25 W RE NS B 3 VE -1 400 0 1
B ARWARE—E KRS, BB A N 2 (B A R, 5
2595 v RE 25 RS AR P A 1) o, o AR P 2 2 B —
FEM R340 [R) B, 3 358 AR PR 3 S 3 T i B R P Uk
Yo LS LAE . AT 5 PN R S A g A
25 RERS P R IR 5, {H AT B 26T A 5 P B2 20 A R
SEHT P SR T A . RSP SEge b R b3 S A N 1 S
FVHT G5 ST (PA IR 5 PN T S 20 A S P e 4 i 1 451
A5 5 Ay B I T B 3 A PR 3 S 2 AR P o I ) A SR X
o DL, TESR B LA 25 i AR T, 75 EEAR IR AR A 1 LR Ol
FITHR RS P R i, AU AS 7] 265 25 7 K ) B, e 2 &
WA s a
322 BRI LEMMEM AR T%
B DR E A E A AR P N e MR B R R, B A2
AIE S S Y e IR N BB B8 N A KRR ) & A2 IR
Wa T ER 22 YR AT BB A PN T S AT IR R R R, T RE 2
Jon e AR P A s IO R HE I ] A I PRATE S v, X 08 o i
rv ok e kB 25 S8 4 1) R P B U R 22 R T tPA 1
BIF TS, ZUTE ST B IR N R AE T AR 0 ¢ v R
B S T, R Pl i) A R o g SR, X — g
A I e PR TR SUK (NI NTip e a2 SR GV LY
RS BRI AR
4 FRBEBEFRANANERES

2T il DR 3R A R P B TR T B R A E
22Ul RO 9E S 2 BIIESE , HAZ O (B 7E T30 i e S Pk 41
VA P s RS ot 4 3 o B B, A PR T ik A2 )
S, ELAARAE et B LA I R
41 MM PR B PR E T RO A0 I A BH 2 2
CF- 75 TR I8 0 R P 7 A 2 BE IR 2 — | AN R ST &F
VAT T3 T 7] 457 J B EH A 10 IO 5 A B AR ) A AR
X A0 X 5 ol e IOk B 25 | B B R s P 50 tP A T 350
it BELZE A, I R 284 S 78 , 0.5 mg F & (PA VESTIS 1 wk,
BEI TN 0.1 42T 0.3, [ I A BE IR I 5K s 4%
R MY PR /0N X TR I B A S R DK BH 2, uP A Uk 12
AT AR 35,50 J7 U/d 3823 d 482505 2 wk, AT
TN 0.2 L F 0.4, %6 %2 IR RS 1L 45 & 5% 7T I i i 7 BEL
FE L P, [ N AMIF Tt tE — 25 A TE T 2 V5 T DR i G
FIRARCE | B B 5E B A2 uPA 7500 S 145 BHL 288 7
HR A R, T S AT A R A2 A0 R o 3
42 WHEERMBTT B 77 0 %S 57 ol i i



Int Eye Sci, Vol.26, No.4 Apr. 2026 https.//www.ijo.cn
Tel . 029-82245172 85205906 Email :ij0.2000 @ 163.com

TR B B AR PN P 1 A B 1 e, £ R B R o, S S
RS T o T B AR TR S 74 T 550170 B B R B ., 3%
AU N TE ST uPA RUR B3 IRIRE B, 70 & BE &
1000 U uPATFSE 1 mo, B AFH 1 BH 5, 9077 A
BT 0.1, X FAMM J5 B AR, (PA BE B Y
S AT SR A W, o R SRR A A PE . A
FZE FIREIESE PA FEBEBS B IA YT o i A Rk, HonT 3l
T SR B TR R G BRI I e e R Y
4.3 BRERNZOCIERNE A5 8RS S AR iR
7 B VR T X ARV 2R G0 O R S P ST A« £ il D
YRR 0 T BT T Tl DR AL R £ R T, T ATV EE Ry R
TR, RE S P A A a4 R R 0 2T 4 2R 1, DA
fifk BEL € I A4 Y7 I B R0 A PR AR, O A R W) i, Y 7
WAL, 5 7 T D S 770 348 T A ek = 2 0 A2 Al B ol 5 AR 5
Joa BRSS9 G eP A VT 9 15 00 ) A 2 400 L P A7 SR
A L T R A SRR A SRR AR IE AR BRR A
T, £ T 7 A R T AR G R I AR G Y S A
AEFRAR AR AERE |, T AL BARZS R, A U8 1 28 v i I ik
TR FE AT TR LTI R GRS | 52 0 B 1M 44 %
R AT B, ZAEIRTT VR
5 ettt 5RE

ZEA A W PRI 9 RN 2 B B8 | 21 1 i D80G 390 7
HR P 07 P B4 22 A M AT A — B RURS: o M L XU | HIR P 8
SN LA B et R T BT e 222 A 78 1 4 (), 58 m] BE 52 IR
PSR AR E A TUG SR, AR5 e 4k n)
) e A R R B AFAE 25 5, X T R S5 ST AR AR &
A BT RUMBE A LR ERNER X, TF
WAL PEn, B A H IR X R E, Bl &
B, TE S S 25 70 i TR RSl 1 AR DA Ak 4 2
TR MIEOUT £ 7 B0 770 R P g A 22 4 T LA
B —E R RE, EA)RE 2T 2 8 T 1 I R A5k
HE— 25 WA 2 et AU IR 2R

ET- 7 T TR0 790 A IR P R R by BR300 3R
SR T B 2 (B2 P AR 2 20, 38 1 % HAE
FHBIL  254%8h 12 LA B R A5 v 8 AP AH 5G] ) 43
B, FRATUCR BIFE NG AR 75 2 48 SR 2 7 i 2%
YW £ 1R S, VARG e e PE XU, AR 75 it — 2
RABEGE , R ATR T T 58, 44 e 4 7 Tl D 0 7 £ IR
PRSP 10 22 4 P A svE oA IR BRI 14 3 U7 4 1L T 22
& AR FE

F 35 P SRA BR A SO TR R £ 5%

EBE B A B A0 GRS B0, W Re RS SCHRAS
KRN T TR IR B R ], AR
It 132 - ) T e 4 R SUAR

SE 3k

[1] Amato A, Arrigo A, Aragona E, et al. Gene therapy in inherited
retinal diseases; an update on current state of the art. Front Med, 2021,
8.750586.

[2] Zhang QY, Wang N, Rui YH, et al. New insight of metabolomics in
ocular diseases in the context of 3P medicine. EPMA J, 2023,14(1) .
53-71.

[3] Fischer MD, Michalakis S, Wilhelm B, et al. Safety and vision
outcomes of subretinal gene therapy targeting cone photoreceptors in

Achromatopsia; a nonrandomized controlled trial. JAMA Ophthalmol,
2020,138(6) :643.

[4] lannetta D, de Maria M, Bolletta E, et al. Subretinal injection of
recombinant tissue plasminogen activator and gas tamponade to displace
acute submacular haemorrhages secondary to age — related macular
degeneration. Clin Ophthalmol, 2021,15:3649-3659.

[5] Chalam KV, Gasparian S. Successful delivery of subretinal
aflibercept ( new surgical technique ) for the treatment of submacular
hemorrhage in idiopathic polypoidal choroidal vasculopathy. J Surg Case
Rep, 2021,2021(8) :rjab358.

[6] Alahmari H, Liu CC, Rubin E, et al. Vitamin C alleviates
hyperglycemic stress in retinal pigment epithelial cells. Mol Biol Rep,
2024,51(1) :637.

[7] Peng J, Liang TY, Chen CL, et al. Subretinal injection of
ranibizumab in advanced pediatric vasoproliferative disorders with total
retinal detachments. Graefes Arch Clin Exp Ophthalmol, 2020,258(5) .
1005-1012.

[8] Kumagai K, Ogino N, Fukami M, et al. Removal of foveal hard
exudates by subretinal balanced salt solution injection using 38 — gauge
needle in diabetic patients. Graefes Arch Clin Exp Ophthalmol, 2020,
258(9) :1893-1899.

[9] Nittala MG, Uji A, Velaga SB, et al. Effect of human central
nervous system stem cell subretinal transplantation on progression of
geographic atrophy secondary to nonneovascular age — related macular
degeneration. Ophthalmol Retina, 2021,5(1) :32-40.

[10] Coco—Martin RM, Pastor—Idoate S, Pastor JC. Cell replacement
therapy for retinal and optic nerve diseases: cell sources, clinical trials
and challenges. Pharmaceutics, 2021,13(6) :865.

[11] Li HB, Liu XY, Zhong H, et al. Research progress on the
pathogenesis of diabetic retinopathy. BMC Ophthalmol, 2023,23 (1) .
372.

[12] Uyama H, Mandai M, Takahashi M. Stem—cell-based therapies for
retinal degenerative diseases; Current challenges in the establishment of
new treatment strategies. Dev Growth Differ, 2021,63(1) :59-71.

[13] Dhurandhar D, Sahoo NK, Mariappan I, et al. Gene therapy in
retinal diseases: a review. Indian J Ophthalmol, 2021, 69 (9):.
2257-2265.

[14] Koponen S, Kokki E, Kinnunen K, et al. Viral-vector—delivered
anti—angiogenic therapies to the eye. Pharmaceutics, 2021,13(2) :219.
[15] Chiu W, Lin TY, Chang YC, et al. An update on gene therapy for
inherited retinal dystrophy: experience in leber congenital amaurosis
clinical trials. Int J Mol Sci, 2021,22(9) .4534.

[16] Talib M, Boon CJF. Retinal dystrophies and the road to treatment ;
clinical requirements and considerations. Asia Pac J Ophthalmol
(Phila) , 2020,9(3) :159-179.

[17] Nuzbrokh Y, Ragi SD, Tsang SH. Gene therapy for inherited
retinal diseases. Ann Transl Med, 2021,9(15) :1278.

[ 18] Barnea—Cramer AO, Singh M, Fischer D, et al. Repair of retinal
degeneration following ex wvivo minicircle DNA gene therapy and
transplantation of corrected photoreceptor progenitors. Mol Ther, 2020,
28(3) :830-844.

[19] Wilkins CS, Mehta N, Wu CY, et al. Outcomes of pars Plana
vitrectomy with subretinal tissue plasminogen activator injection and
pneumatic displacement of fovea — involving submacular haemorrhage.
BMJ Open Ophthalmol, 2020,5(1) :e000394.

[20] Jeong S, Park DG, Min SG. Management of a submacular
hemorrhagesecondary to age—related macular degeneration: a comparison
of three treatment modalities. J Clin Med, 2020,9(10) ;3088.

[21] Grohmann C, Dimopoulos S, Bartz—Schmidt KU, et al. Surgical
management of submacular hemorrhage due to n—AMD: a comparison of
three surgical methods. Int J Retina Vitreous, 2020,6;27.

[22] Pang JJ, Lauramore A, Deng WT, et al. Comparative analysis of
in vivo and in vitro AAV vector transduction in the neonatal mouse retina:

effects of serotype and site of administration. Vision Res, 2008,48(3) .

649



ERRRIZAE 2026 F 48 2608 F4H
B93E.029- 82245172 85205906

https ://www.ijo.cn
BB 31555 :ij0.2000@ 163.com

377-385.

[23] Fan KC, Yannuzzi NA, Patel NA, et al. Surgical techniques for
the subretinal delivery of pediatric gene therapy. Ophthalmol Retina,
2020,4(6) :644-645.

[24] Sastry A, Li JD, Raynor W, et al. Microscope — integrated
OCT-guided volumetric measurements of subretinal blebs created by a
suprachoroidal approach. Trans Vis Sci Tech, 2021,10(7) :24.

[25] Vasconcelos HM, Lujan BJ, Pennesi ME, et al. Intraoperative
optical coherence tomographic findings in patients undergoing subretinal
genetherapy surgery. Int J Retina Vitreous, 2020,6(1) :13.

[26] Yiu G, Chung SH, Mollhoff IN, et al. Suprachoroidal and
subretinal injections of AAV using transscleral microneedles for retinal
gene delivery in nonhuman Primates. Mol Ther Methods Clin Dev, 2020,
16:179-191.

[27] Prado DA, Acosta—Acero M, Maldonado RS. Gene therapy beyond
luxturna: a new horizon of the treatment for inherited retinal disease. Curr
Opin Ophthalmol, 2020,31(3) .147-154.

[28] Ross M, Ofri R. The future of retinal gene therapy: evolving from
subretinal to intravitreal vector delivery. Neural Regen Res, 2021,

16(9) :1751-1759.

[29] van Huynh T, Rethi L, Rethi L, et al. The complex interplay
between imbalancedmitochondrial dynamics and metabolic disorders in
type 2 diabetes. Cells, 2023,12(9) :1223.

[30] Cehajic—Kapetanovic J, Xue KM, Edwards TL, et al. First—in—
human robot—assisted subretinal drug delivery under local anesthesia. Am
J Ophthalmol, 2022,237.104-113.

[31] Meyer CH, Szurman P, Haritoglou C, et al. Application of
subretinal fluid to close refractory full thickness macular holes: treatment
strategies and primary outcome: APOSTEL study. Graefes Arch Clin Exp
Ophthalmol, 2020,258(10) :2151-2161.

650

[32] Schneider N, Sundaresan Y, Gopalakrishnan P, et al. Inherited
retinal diseases: Linking genes, disease—causing variants, and relevant
therapeutic modalities. Prog Retin Eye Res, 2022,89:101029.

[33] Trigoyen C, Amenabar Alonso A, Sanchez — Molina J, et al.
Subretinal injection techniques for retinal disease: a review. J Clin Med,
2022,11(16) .4717.

[34] Dosmar E, Walsh J, Doyel M, et al. Targeting ocular drug
delivery: an examination of local anatomy and current approaches.
Bioengineering ( Basel) , 2022,9(1) .41.

[35] Drag S, Dotiwala F, Upadhyay AK. Gene therapy for retinal
degenerative diseases: progress, challenges, and future directions. Invest
Ophthalmol Vis Sci, 2023,64(7) :39.

[36] Vignal-Clermont C, Yu—Wai—Man P, Newman NJ, et al. Safety
of lenadogene nolparvovec gene therapy over 5 years in 189 patients with
leber hereditary optic neuropathy. Am J Ophthalmol, 2023, 249.
108-125.

[37] Reichel FF, Michalakis S, Wilhelm B, et al. Three—year results of
phase I retinal gene therapy trial for CNGA3 —mutated Achromatopsia:;
results of a non randomised controlled trial. Br J Ophthalmol, 2022,
106(11) :1567-1572.

[38] Khanani AM, Boyer DS, Wykoff CC, et al. Safety and efficacy of
ixoberogene soroparvovec in neovascular age — related macular
degeneration in the United States ( OPTIC) : a prospective, two-—year,
multicentre phase 1 study. E Clinical Medicine, 2024,67.102394.

[39] Chen Q, Zhang T, Chen Z, et al. Retinal pigment epithelium
transplantation in retinal disease: clinical trial development, challenges,
and future directions. Biomolecules, 2025,15(8) :1167.

[40] Li YW, Liu YF, Liu SW, et al. Diabetic vascular diseases:
molecular mechanisms and therapeutic strategies. Signal Transduct Target
Ther, 2023,8(1) :152.



