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Abstract: Diabetic retinopathy (DR), one of the common complications of diabetes, is the main cause of
blindness. Due to the limitations of the existing clinical treatment methods, it is urgent to develop new targets or/
and new therapeutic drugs. This review summarizes the clinical trials of anti-DR drugs in recent years, and we note
that gene therapy is a potential direction for DR treatment development. Due to the characteristics of ocular structure,
including small size, a relatively independent organ, immune privilege and the opportunity for local administration,
gene therapy could well be advantageous in the treatment of DR. Furthermore, the long-term therapeutic effects of
gene therapy also improve compliance by DR patients. All these indicate that gene therapy is likely a future direction
for development of DR therapies.
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Figure 1 Schematic diagram of the pathological process of diabetic retinopathy (DR). Hyperglycemia induces retinal vascular endothelial

dysfunction through different pathways, which leads to DR. VEGF: Vascular endothelial growth factor; AGE: Advanced glycation end product;
PKC: Protein kinase C; IGF: Insulin like growth factor; NPDR: Non-proliferative DR; DME: Diabetic retinal macular edema; PDR:

Proliferative DR
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R A 2O EEAEH .
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N2 7y WK B VEGF™ . i 40 i Sh ) 32 5, VEGF
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PR IhRERT . VEGF i 23 5 W I35 P B2 41 il 1 55 %
X I ESE R R EREEN,
WIEIE A (catenin)®™ | 414 & A (occludin)® | &
H A (claudinS)P”, Ml 57 % % 3 7% 5 1 (zonula oc-
cludens )PV HI4% & 2 (connexind3) 45 sz T () 41 ¢4 i
M8 P R A i 8 3 e e sz 45, AT S B E B e . 53
4b, VEGF i& 7] LA 1 A0 99 52 ofi 8 A2 i, 2k — 28 5 i
DR #7#.
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M1 Accord Healthcare f Il R #45 3¢ W, 30 1 v 5 Bk
F AR MR 2 DRYGYT 19 Wik 2 —P, (HZ, il
P42 ) AN Re 100 8% DR ()R J&, R B 29097 1A R RN
WA HE 2 o K 9 B 2K ) 5] R R SRR R
B0 T 25 MR AR SRS RO, RN S ERIR YT . WOt
TR A R R DR B 3 B PRIE T 7 i, XTI

B7 DR 512 R ) 3 e G2 i AF F, B SOt &7
1R B WO JE IR 2 IR e R B I PRI
B,

it LM+, BLVEGFIRIT RN —F A
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28-mer RNA I& &, B A Hi i & A Bl i% 1% . Pegaptanib
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Ang-2) J& i JE L6 5 A BV 2 1, 7E DR AR i If
AR o R B AR T, BLAE O A A DR IR T B
A i Ang-2 19T VEGF SS9 2 IR K DR (94
Reie Iy 775, AT LAAR e A IR R AL A 9 TR 2 A T e

Table 1 An overview of the limitations with the therapies in diabetic retinopathy

Treatment Drug

Limitation

Glycemic control -
Laser photocoagulation ~ —
Anti-VEGF therapy
Corticosteroid therapy
PKC inhibitors

Ranibizumab, bevacizumab, aflibercept
Dexamethasone, triamcinolone, fluocinolone

Ruboxistaurin

Side effects including headaches and weight gain. Metabolic memory
Laser scar

Corneal scars. Resistance to treatment after repeated injections

Side effects: secondary ocular hypertension and cataracts

Only be effective in conjunction with laser photocoagulation
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Table 2 Updates on clinical trials of diabetic retinopathy. ROA: Route of administration; BCVA: Best corrected visual acuity; TRD: Trac-

tional retinal detachment; DN: Diabetic nephropathy; DM: Diabetes mellitus; w-AMD: Wet age-related macular degeneration; d-AMD: Dry

age-related macular degeneration; PIGF: Placental growth factor; Ang-2: Angiopoietin-2; RNA: Ribonucleic acid; VAP-1: Vesicle-associated

protein-1; RPE65: Pigment epithelial cell specific protein 65; PPARa: Peroxisome proliferator-activated receptor a; VEGFR: Vascular endo-

thelial growth factor receptor; RTP801: DNA-damage-inducible transcript 4; APE1: Apurinic endonuclease 1; NF-xB: Nuclear factor kappa

B; CoQ10: Coenzyme Q10; sFLT-1: Soluble fms-like tyrosine kinase 1; PEDF: Pigment epithelium derived factor; IVT: Intravitreal injec-

tion; SC: Subcutaneous injection; SCS: Suprachoroidal space injection; SR: Subretinal injection; \: Undisclosed

Classification Agent Disease Target ROA Sponsor Phase Trail No. BCVA
(letters)
Antibody Lucentis NPDR VEGFA IVT Wonkwang University 4 NCTO02834663  +8.76
therapy Hospital
Conbercept PDR, TRD PIGF/VEGF IVT Ruijin Hospital 4 NCT02816710 +9.2
Bevacizumab PDR, TRD VEGFA IVT Iran University of Medical 1 NCT00548197 +15
Sciences
THR-317 DR, DME PIGF IVT Thrombogenics 2 NCT03071068 \
Brolucizumab/RTH258 DME VEGFA IVT Alcon Research 3 NCT02434328 +0.7
Faricimab DR Ang-2/VEGFA IVT Hoffmann-La Roche 2 NCT02699450 +1.4/3.6
(RO6867461)
REGN910 DME Ang-2 IVT Regeneron Pharmaceuticals 2 NCT02712008  -0.3/2
(nesvacumab)
Small molecule Doxycycline DR 16S ribosomal ~ Oral Thomas Gardner 2 NCT00917553 \
drugs monohydrate RNA
BI 1467335 DR VAP-1 IVT Boehringer Ingelheim 2 NCT04424290 \
AKB-9778 NPDR Tie2 SC  Aerpio Pharmaceuticals 2 NCTO03197870 \
Emixustat PDR RPE65 Oral Kubota Vision Inc 2 NCT02753400 \
hydrochloride
Aminoguanidine DR AGEs Oral University of Minnesota 1 NCTO02099981 +14.5/20
Fenofibrate Diabetes, DR PPARa Oral Jaeb Center for Health 4 NCT04661358 \
Research
Spironolactone DN, DR Zinc ion Oral Peter Rossing 2/3  NCT02040441 \
Cholestyramine Diabetes, DR, Bile acids Oral University of Chile 4 NCTO02249897 \
DN
THR-149 DM, DR, Plasma IVT ThromboGenics 1/2 NCT04527107 +6.5
DME kallikrein
MS-553 DME, DR PKC Oral MingSight Pharmaceuticals, 1 NCT04187443 \
Inc.
APX3330 DME, DR APE1 Oral Ocuphire Pharma, Inc. 2 NCTO04692688 \
a-Lipoic acid NPDR NF-«B Oral Ludwig-Maximilians 3 NCTO01208948 \
Ubiquinone NPDR CoQ10 Oral University of Guadalajara 2 NCT02062034 \
ASP8232 DME VAP-1 IVT Astellas Pharma Europe B.V 2 NCT02302079 \
Minocycline DME Microglial Oral National Eye Institute 12 NCT01120899 +9.3
SLV348 DME PPARa Oral Abbott Products 2 NCT00683176 \
Bevasiranib AMD, DR VEGF IVT OPKO Health, Inc. 3 NCT00499590 \
Gene therapy ~ AGN 211745 DME VEGFR IVT Allergan 2 NCT00395057 \
PF-04523655 DME, DR RTP801 IVT Quark Pharmaceuticals 2 NCTO01445899 +2.7
Pegaptanib PDR VEGF165 IVT Eyetech/Pfizer 3 NCTO01189461 +2.21
ADVM-022 DME, DR VEGF IVT Adverum Biotechnologies, 2 NCT04418427 +6.8
Inc.
RGX-314 DR, w-AMD VEGF SCS REGENXBIO 2 NCT03999801 \
rAAV.sFlt-1 MD sFLT-1 SR Adverum Biotechnologies 12 NCT01494805 +6.0
AAVCAGsCD59 d-AMD Soluble CD59  IVT Hemera Biosciences 1 NCT03144999 \
RetinoStat AMD Endostatin- SR Oxford BioMedica 1 NCTO01301443 +1.8
angiostatin
AdGVPEDEF.11D MD PEDF IVT GenVec 1 NCT00109499 \
ARCI1905 AMD C5 IVT Ophthotech Corporation 1 NCT00950638 \
EYEO0O0!I anti-VEGF MD VEGF IVT Eyetech Pharmaceuticals 2/3  NCT00021736 \

aptamer
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Faricimab J& — Fft Fi| T B J& 95 #0199 8 ifL 5 % 5 1 Bt
Ang-2/470 VEGF §iik 259 . 1% 245 B 5 I PR TR A0 1T
RS, 22 A PRI R 2 T #A Y,

1 AR PR 136 7, faricimab. ranibizumab 73 5] §%
H1.5.0.3 mg 775, & H — KRR 4 T R EEZ BT
VEGF J7 ¥ DR % . @ id 36 J& I %, B 58 A 5
KIN, VE ST faricimab 21 & 0 TS AR L TG T
ranibizumab 2. FF HiZ R I H B I < 4%, 97
LN T BRI RS ™ . 78 T RS0 A, 15 5 B
M43 BE A4 16 Ji 45 T faricimab 504 8 i 45 T X R 24
V) aflibercept P4 44, X T 46 T 01K T~ 2022 4F 5 2023
LR
2.1.2 Conbercept Conbercept s& — F #7718 2H il &
Pk 259, B VEGF %2 14 (vascular endothelial growth
factor receptor, VEGFR) 1 [fJ fd ¥}k 2. VEGFR2 [ i 7}
193/4 Je N1gG W Fe B 21 B e 3% Fl e 4 24 0 AN T
LABH W7 VEGF (2 MIEAY, 1 VEGFA . VEGFB.VEGFC,
] DA BH By B A i 2 1 1S AR T e H A A At DRG
T V8 AE B B iR B A2 K R (placental growth factor,
PIGF)™, #f503& B, 7£4# ] conbercept 3™ H J&, 3
R DX 5 P 8 A X ) J5E 0k B e A1, FF HL v S i A i
AR FERAE . BEFEN SN, BRILE 4T VEGF
VAIT 2391, conbercept 1 E A I AR 1 56 25 S v LAAIE BH
HAR A DRIBIT 237 3104
22 NG FHY

B T HURZIAL, NGy FHU RIS Z5W, Wk B TR
FEWMBH T DR IGIKIBTT - BEE A4 DR K
PLHI RIS 75 2 7 FE S VOR AW RN, ©F 2 R B
B /NGy T 2503 NI IRAR 9T LA, /N T 25 A
PR 25 A IR T B2 DR 25991 K 1 2 .

2.2.1 Fasudil RHO #/# (Rho kinase, ROCK) 15 =
g S5 2 P AR B R, 6 FE A0 AR G G 40 AR SR
TG AR A R RS . B AR B, ROCK #7471 AT BA
SR AR AL Ph 2500 B A 2 ) IR S 455, Fasudil /&
ROCK #J#i #) . > T b4 3 35 /& P bevacizumab-
fasudil IE & 45 24 . bevacizumab B¥ fasudil 5.1 45 25 1 18
JTRCR, PR E R TR, SRER, EBEA AN
1, 54.5% B E TR IEL T (best corrected visual acu-
ity, BCVA) &7+ 2 T 15 A~ BF, 1 B4l 45 25 201X 10%
1) BB 08 B AR B YR IT RO o TR, 3 B AR P v o
ROCK #I il 77| fasudil 7] §E 23 1 55 A1 4E K 5T VEGF 254
IR IT R

2.2.2 THR-149 I3 BRSSO (kallikrein) A& —Fl
22 F IR I, 75 RE AR R EEAEN, 32 5 DR
5 JgP". THR-149 2 I H kallikrein 1] 77, B 52 %

O X 1% 25 AT IR R 7T o 7E IR PR 36, THR-149
LT REFry et FFHMUE T RENM . f£—
{RUEST THR-149 Jm, 3 1 BCVA BN T 6.4 4>
o BT, XFPW ORI R T URIG RS, EAE
HEAT TG R R
223 HHZRED  HRIRIE, 4843 DX BE R ) A
1) 10058 0 LA OR AP A P, FLIRIB 1L 5 1 39 (breast
regression protein 39, BRP-39/YKL-40) s& — Fl Ifl & 7
WA AR A, BT RN PR B L IR RERY, B
# L #E -1 (monocyte chemoattractant protein-1, MCP-1)
BRI I B IE Y. T AL 4EAE R D ST RE IR
I3 FB 3 I3 o YKL-40 F1 MCP-1 [ 30 /8 F, #7F 76 A
AT TG RRES o PR B3 A B 1 kit FH 4 2E 5%
D, 12 J& &, K90 7 AR 100 mg 4575 5 D 8l 2 3 7 B
# YKL-40.MCP-1. i & & . IL-6, TNF-a- 25-(OH)- 4
A= 2 D ATBEAL I 2T 25 [ (glycated hemoglobin, HbA 1¢)
IMIE K 25 RKY, S BAAMI, 445D T
T 25 2 1575 FF Y KL-40 A1 MCP-1 ff 7K1 5535 FRAR L
Z K P48 0 (homeostatic model assessment of insulin
resistance, HOMA-IR) PP, [, 44 2 D uf LLIE
I L3S Y KL-40 AT MCP-1 (8 45 55Rk 22 6 R 97
() ML I RAE o
23 ERERTHAY

b BRI A2 o0, BRVEI T N TS 1)
PLEF . DR LRV ST B3 /> 77 T - 0 i 40 o e of
BT S RO P PR S L A e S AR A . AR X
PR 2R, BEFEN R L4 3 Bl 1B XS AN [R] B8 R BT )l R
W Ft, Hod VEGF 752 I PSS H o bl e KRR YT
B o IR A, R AH S 8 (adeno-associated
virus, AAV) # R 5 Hi K. DR 2 RA YT 25491 DR
OO IS i S AN B B A N Y R R G 2 s AR
2.3.1 Bevasiranib Bevasiranib & — fl# 7] VEGF 3
(1) 7y F $ RNA (small interfering RNA, siRNA) %j
Y. ¥ERkIE, bevasiranib ] H V6 97 4F W4 #H OC 14 75 B
A7 P (age-related macular degeneration, AMD). 7 DR
BHE MM E T, VEGF & &= 2 F ¥, i 249t ]
FHAE 0% PR3 51 2 1 AR BHB 0 B3 E 2507 AR
FEVR T LU N 1035 o8 8 BERRAE 138 1% AMD
(wet age-related macular degeneration, w-AMD) J7 [,
bevasiranib {f A ranibizumab [ 4 Bh 259 &7~ H B 47 #
24 BEYE 1, (B AR 22 4 07 [T, % 299 A LG T ranibizumab
WA RS R, %2570 I PR T B3 2¢ 1k .
2.3.2 PF-04523655 DNA #5155 5 5% 5% F 4 (DNA-
damage-inducible transcript 4, DDIT4/RTP801) & H ik
1% T B F 1 (hypoxia inducible factor 1, HIF-1) M &
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HERRENCHEE D, HIE DRI b i, 2
DR {3 AE 167 #E 255, PF-04523655 /2 4[] RTP801
FEA ) siRNA 2454, 5 B0y I 51 S 1) 3 B /K
BT B A A 0 1) RTPSO1 £ A BRI IR Jist o (i 23k
W I PR 2> 2 3 85 4 2% 1) ™ # DR K AE R R R Y
60%. TEIf RARLS I B, 5 X 25 %) ranibizumab 28
FH EE, PF-04523655 A1l ranibizumab B¢ & F 24 41 5 3 1)
BCVA I35 T 2.7 A~ B0,
2.3.3 RGX-314 RGX-314 & i Regenxbio 24 & Ff &
BRI TT 259 . e A8 R IR AE OG0 2 AAVS 5 4 4R D
VEGF .yt v By, B 7 Il VEGF BE P, B0
T2 L YR RO P BB R R (I T i o 12 245 0 P 38 N
£3 45 w-AMD- DR A1 A 12 P 10 19 JIES 5 5 2500, 7 B
JORTT M H AMD % 24 H )5, RGX-314 s HEFA
(19T VEGF RN o 73% 52 RGX-314 [ B #EH £ 9N H
JEATIRANTE BT VEGF HUAR 2075, X st R 4F
JT . DRI, Z 2590 mT LAE A DRYATT S TE 259
2.3.4 ADVM-022 ADVM-022 /& —Fhffi FH B AH 55 0%
BEAE N AR 1 BE BT 2590, % 25 0 AE s PR 11 S 56
YT RUFHIDRIAIT BORE . X Fpy7 ] DR 1
LR LT VEGF FU4A aflibercept'®™. filTi £ () VEGF
YUk 259 (7 & 4 Eylea) AN [ 1) 72, Eylea 75 2 & #HHR
WS, T ADVM-022 A AJ RE o« — 4 — IR N
TESTIT VR, T4 2 3 R A BRE0H /7 w-AMD Al
DME &£ # i6 )7 fuil . IR RRE H, 5x R
aflibercept #l Lk, ADVM-022 &7~ Y R U HITE T R0CR, &
FIEZH () 53 AN 5 51 VEGF 1897, IF H.BCVA 153
M.
3 DRIATTAIR—EEAST

WA BEIT FBI T 2 R R G R =AW L T
DR EH MG IRIAIT . i DNA AR R KR, 5
RIVEIT OIS B3 (1 5GBS . BERR YT 29 ]
DAE AR Y AN WRRE IR T 4% 1E S5 % 28 T8 32 IR 11 A 5 356 [A]
BCRGRAGF A1, TE A E T, X b TR R T R
o, KOKHE S T B AR AE s HRERA AR /N AE X 3
SEEERFAE D T AR T 51 R 0 G g SN, A 5 TR
J7 A B AR ¥ DR VA YT F B 1 SCHE F I PR
5%, W RGX-314 1 ADVM-022 #2430 HY B 4 967 2%
TR 2z A, Rk, FERVRIT BN DRYE T F B
A IR TT 1

DR & —Ff i1 2 R R BN 5 22 AR EHE B, H—
B SR IT 7 OBCR AT RE RN B, U A e
ZRINT Z A0 DRIGTT RS 5, W] MR A
W) /K SR 2 (epoxide hydrolase 2, EPHX2) .NADPH
4 AL B (NADPH oxidase, NOX)!*', 2 # & & -4 )&

% A M 17 (A disintegrin and metalloproteinases 17,
ADAMI7)7EE 3% S DR (1) 28 R VA 97 $2 68 7 ) R 11
2]

R 7B R T R ROk B, B R R
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