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[Abstract] Objective To construct engineered exosomes loaded with the p300 inhibitor A485 (A485@EV)
and to investigate their effects and mechanisms in inhibiting hypoxia-induced pathological neovascularization by
targeting inhibition of lactylation. Methods A485@EV was prepared by sonication, and its markers, morphology
and physical and chemical properties were identified. The encapsulation efficiency, loading efficiency and release
profile of A485 were determined. Human umbilical vein endothelial cells (HUVECs) and human microglial cell line 3
(HMC3) were divided into control group, free A485 eroup, and A485@EV group, and cultured under 1% O: for 24
hours to establish a hypoxia model. Then equal volumes of phosphate buffered saline (PBS), free A485 or A485@EV

were added to the cell culture system correspondingly, so that the final concentration of free A485 and A485@EV was
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20 pmol/L and 20 pg/ml, respectively. EdU proliferation assay, Transwell migration assay, and tube formation assay
were used to evaluate the proliferation, migration, and tube formation of HUVECs. EdU proliferation assay, Transwell
migration assay, wound healing assay, and Western blot were used to evaluate the proliferation, migration, and wound
healing of HMC3 as well as the cyclooxygenase-2 (COX-2) protein expression. Eighteen healthy 7-day-old male
C57BL/6] mice were selected to establish an oxygen-induced retinopathy (OIR) model. The OIR mice were randomly
divided into control group, free A485 group, and A485@EV group using the random number table method, with 6
mice in each group and mice received an intravitreal injection of 1 wl of PBS, 1 mmol A485, or 1 pg A485@EV,
respectively. Avascular area, neovascular area, and the lactylation levels of retinal endothelial cells and microglia
were detected by immunofluorescent imaging. The study protocol was approved by the Animal Ethics Committee of
Nanjing Medical University (No. [ACUC-2202032-1). Results The successfully constructed A485@EV exhibited
a typical cup-shaped morphology, with a mean particle size of (167.0+70.6)nm, a zeta potential of —=35.63 mV, an
encapsulation efficiency of (40.91+2.30)%, a loading efficiency of (20.45+1.15)%, and a 24-hour cumulative release
rate of approximately 73.1%. Compared with the control group and free A485 group, the EdU positive rate, the
number of migrating cells and the tube formation ability of HUVECs in A485@EV group were significantly reduced
(all P<0.05). Compared with the control group and free A485 group, the EAU positive rate, the number of migrating
cells, scratch healing rate and relative expression of COX-2 protein in HMC3 cells were also significantly reduced (all
P<0.05). In the OIR mouse model, avascular and neovascular areas were both lower in the A485@EV group than in
the control and free A485 groups, with statistically significant differences (all P<0.05). IB4-positive endothelial cells
and IBA1-positive microglia showed markedly weaker fluorescence of lactylation in the A485@EV group than in the
control and free A485 groups.  Conclusions  Engineered exosome loaded with A485 may attenuate
hypoxia-induced endothelial cell tube formation and microglial activation by targeting inhibition of the lactylation
effect, thereby inhibiting pathological neovascularization.

[Key words] Pathological neovascularization; Engineered exosomes; A485; Lactylation

Fund program: National Natural Science Foundation of China (82471095, 82371076); Scientific Research
Project Support Program of the First Affiliated Hospital of Nanjing Medical University-Medicine-Engineering
Integration Translational Fund (QG202405); Postgraduate Research & Practice Innovation Program of Jiangsu
Province (26CXJH3416)

DOI: 10.3760/cma.j.cn115989-20260427-00191

o L T 2 0 R 22 ARl i P A R R (A
7 LA 0 5 A 184 B TR PR A I i A A ) 3 [
{1 9 B AR ALE N 32 BB SR O A LA A A S
WOV S S BURC S I 2T Y3 A A
PO R 2 A PR b SR i A R AR KR T
(vascular endothelial growth factor, VEGF)Z5¥) 06
BESEIR YT T B AR AR AE DA AR 5 RS TE A B
PUHEFA Jy BRAE S Bl R R ST T VEGE il #% 2 4
AR BT 97 B R v AR 24 W K SR s B AT A Il
PR S 8 BT A= i 48 ) i LA LA PN R 40 £
S H G IE R RS R RO AZ O B Y o T R AR RO
S (1 = o O Rl L T S S B Rl o
Bl B A0 B B B TR, R TR A A S Y
AR B [ B ) /0N e S5 44 A g v X
P28 2R G H T S AN, 7R BE AR 2 il 8 B R b R
RAERGE AR AE BRI, /0N B 5T 40 i 4%
J7z WOE R IE S OB A X B G S R AR A
fiti -2 (cyclooxygenase-2, COX-2) 5§ ¢ £ A it , o — 25 Jin

B P9 Rz 400 B % 35 b B B B A i A R R, Rt
[Fi) B 0 10 457 PR A4 L % /0N e T 448 L D) i RTRE B hy
0 T AR ) R A i A A R R

FL IR A8 1 2 3T 4F R B & B — by 7L 1R UK 5
B EE BRSO 3, 5 AN B LT RS R E
BRI T AE AR R AT, ok B 2 (43I 3 26 B L
1 A A 1 2 55 08 s 0 IS0 2 It A5 M 0 1 & A
KR R SRR, P B i/ R R AN i G AR
W T i 3 0, FLIR B B 2, Bl 22 T 0 R A AL R
A& i 7 ST T T g B T A o A A . PR, B
Ti] 2L R A A8 o1 A 28 B Sy 400 1) R0 T R 3 BT A i
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i R B b 95 BE P B AR I A B9 B RCR L B E I DR Y
TR YT PR AL A ST RN S S0 AR

1 #MPE5HE
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vein endothelial cells, HUVECs) (ATCC-PCS-100-013)
W H % [E LGC Standards 2y &l 3 A /N B 40 il & 3
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ARAFE . A o Py 92 56 4845 B 75 5 B oE 5 IR B2
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112 2GR K AU A485 ( K [E Med Chem
Express 28 8 ) 5 W B2 41 il 55 5% 3 i 2 1035 (fetal
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Fr HE RO 1 B8 A o BHECA BR A 7)) 5 Sl ik & 1 4l
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Guidance Systems /A A ) ; BCA & [ & 257 & (VL7
BRI A R R s EAU 4 i 5 58 k6 0 0] &
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Mr &%, i KagEmPEaBRA D,

1.2 ik
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Wy I 125 W) B0 X 100% 5 71 3% R (%) =t B B 259
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1.2.4 2 sk SR EE N7 LR 44l HUVECs K&
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Figure 3 Proliferation, migration, and tube formation of different HUVECs group A: Staining images of EAU proliferation assay (Scale bar=

100 wm) B: Representative images of Transwell migration assay (crystal violet, Scale bar=100 wm) C: Representative images of tube formation assay

(Scale bar=100 pwm) HUVECs: human umbilical vein endothelial cells
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Table 1 Comparison of proliferation, migration, and tube formation of different HUVECs groups (xxs)

215 FEAR B EdU BHPEH (%) A% 41 4 (A4S) BB R B EAKE (mm) IR S e A
xif il 3 54.52+5.25 178.00+17.06 38.83+7.91 2.02+0.27 21.50+6.69 17.33+2.66
775 A485 4 3 32.71+6.15 112.70+11.02° 21.3349.63" 1.31+0.53" 10.50+6.54 10.67+3.78"
A485@EV 41 3 19.04+1.07" 75.67+6.11" 4.83+2.99" 0.43+0.28" 2.00+1.90" 3.33+1.51"
F1H 43.38 53.74 31.69 26.47 18.91 37.40
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

T 50 B2 F AR, *P<0.05 5 537 B A485 4 HL %%, "P<0.05( L[ & J5 22 7091, Tukey #:3:)  HUVECs : A5 Jik P4 Kz 40 it

Note: Compared with control group, “P<0.05; compared with free A485 group,

endothelial cells
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"P<0.05 (One-way ANOVA, Tukey test) HUVECs: human umbilical vein
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Figure 4 Proliferation, migration, wound healing, and COX-2 expression in different HMC3 groups

assay (Scale bar=100 pm)
healing assay (Scale bar=100 pm)
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B: Representative images of Transwell migration assay (crystal violet, Scale bar=100 pm)

D: Electrophoretogram of COX-2 protein expression
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C: Representative images of wound

HMC3: human microglial cell line 3; COX-2: cyclooxygenase-2
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Table 2 Comparison of proliferation, migration, wound healing of HM C3 cells and COX-2 protein expression among

different groups (x=s)

4151 A EdU FHYE (%) 7% 41 LA (A4S VIR @G % (%) COX-2 5 A A X 35 ot
X R 4 3 48.95+3.10 208.00+17.44 48.36+5.07 1.00+0.01
JiF B A485 40 3 41.22+1.74° 158.00+9.85" 37.56+1.33" 0.73+0.05"
A485@EV 41 3 35.64x1.49" 118.70+9.45" 28.64+2.91" 0.40+0.01*
FAE 26.99 36.79 24.47 322.50
PiE <0.01 <0.01 <0.01 <0.01

T 50 B L #E L “P<0.05 5 S BT A485 41 [ #K ,"P<0.05 (B K 35 )7 22 43 M7, Tukey £ 55)  HMC3: A/ME T 41 HE 3R 35 COX-2: H & A -2

Note: Compared with control group, *P<0.05; compared with free A485 group, "P<0.05 (One-way ANOVA, Tukey test)

COX-2: cyclooxygenase-2
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Figure 5 Comparison of the degree of lactylation and the areas of non-vascular and neovascular regions in OIR mice retina among different

groups
and pan-lactylation (red) (Scale bar=50 pm)
1 mm)
(One-way ANOVA, Tukey test; n=6)
with free A485 group, "p<0.05 (One-way ANOVA, Tukey test; n=6)

D: Comparison of retinal avascular area

25 LTIl ARG R R T 1R 3k A485 ) TR {b
Hh WA AR A485@EV , UE S H: AT 3d a3 1) 40 ) FL R 1k 5K
TN, 7 Rk B B AR 1A S 4 I PR N R A /N R
21 B A, AT 00 o B B A il A T . AR SE
PR BE5 38T A= i A5 PR 0 TR T B AR TR A R0 R 3
TR MG A R AN A R TR Ak B i A R B 24 4 3 16 401 ek
(9 o FH 4 A T S 36 Al
FUZEIRIE A 1 # 275 R 1240 Rl 26 wh %
EERMAR LI BRI SCHERTI G AT R
R PL  SERETESE Be V140 BT 5 07 « 60 S0 5L P 2 M3 VP o0 ) % 1
B AT 2 A R S % S A B 1 HE A
e 25

&% ik

[1] Sheth JU, Stewart MW, Narayanan R, et al. Macular neovascularization
[J]. Surv Ophthalmol, 2025, 70(4) : 653-675. DOI: 10.1016/j.survophthal.
2024.08.003.

[2] Ng D, Ruamviboonsuk P, Apte RS, et al. International consensuses and
controversies on causes, diagnosis and management of diabetic macular
edema (DME)[J]. Prog Retin Eye Res, 2025, 109:101406. DOT: 10.1016/ j.
preteyeres.2025.101406.

[3] Xu M, Fan R, Fan X, et al. Progress and challenges of anti-VEGF

agents and their sustained-release strategies for retinal angiogenesis[J].

A: Co-localization of endothelial cells (IB4, green) and pan-lactylation (red) (Scale bar=50 pwm)

E: Comparison of retinal neovascular area

[4

[91

B: Co-localization of microglia (IBA1, green)

C: Avascular areas (outlined in yellow lines) and neovascular areas (covered in white shadow) (Scale bar=

F=21.98, P<0.05. Compared with control group, "P<0.05; compared with free A485 group, bP<0.05

F=59.59, P<0.05. Compared with control group, “P<0.05; compared

OIR: oxygen-induced retinopathy

Drug Des Devel Ther, 2022, 16:3241-3262. DOI: 10.2147/DDDT.
S383101.

Chen DY, Sun NH, Chen X, et al. Endothelium-derived semaphorin 3G
attenuates ischemic retinopathy by coordinating B-catenin-dependent
vascular remodeling[J/OL]. J Clin Invest, 2021, 131(4): e135296[2026~
04-22]. http://www.ncbi.nlm.nih.gov/pubmed/33586674. DOI: 10.1172/
JCI135296.

Zhao B, Zhao Y, Sun X. Mechanism and therapeutic targets of
circulating immune cells in diabetic retinopathy[J]. Pharmacol Res,
2024, 210:107505. DOT: 10.1016/j.phrs.2024.107505.

Hu A, Schmidt M, Heinig N. Microglia in retinal angiogenesis and
diabetic retinopathy[J]. Angiogenesis, 2024, 27(3): 311-331. DOL
10.1007/ s10456-024-09911-1.

Chai P, Zhao F, Jia R, et al. Lactate/lactylation in ocular development
and diseases[J]. Trends Mol Med, 2025, 31(12): 1073-1076. DOI:
10.1016/j.molmed.2024.07.001.

e, 26 A, RIS . 3L AR A IR R A b i U T R F 9
HEE(J]. TP AR R 4% &, 2024, 40(12):975-979. DOT: 10.3760/cma.
j.cn511434-20240731-00292.

Gao Y, Mao XY, Chen MK, et al. Research progress on the role and
mechanism of lactate in retinal diseases[J]. Chin J Ocul Fundus Dis,
2024, 40(12):975-979. DOI: 10.3760/cma. j. ¢n511434-20240731-
00292.

Wang X, Fan W, Li N, et al. YY1 lactylation in microglia promotes
angiogenesis through transcription activation-mediated upregulation of

FGF2[J]. Genome Biol, 2023, 24(1): 87. DOIL: 10.1186/s13059-023-



. 828 - rh A Sz B R 2 2026 4F 9 45 44 55 9 1)

Chin J Exp Ophthalmol, September 2026, Vol. 44,No. 9

02931-y.

[10]Huang J, Wang X, Li N, et al. YY1 Lactylation aggravates autoimmune
uveitis by enhancing microglial functions via inflammatory genes[J/OL].
Adv Sci (Weinh), 2024, 11(19): e2308031[2026—04-22]. http://www.
ncbi.nlm.nih.gov/pubmed/38493498. DOI: 10.1002/advs.202308031.

[11]Fan W, Zeng S, Wang X, et al. A feedback loop driven by H3K9
lactylation and HDAC2 in endothelial cells regulates VEGF-induced
angiogenesis[J]. Genome Biol, 2024, 25(1):165. DOT: 10.1186/s13059-
024-03308-5.

[12]Wang X, Huang J, Fan W, et al. Lactate-binding protein DNMT3A in
HRMECs promotes angiogenesis by upregulating VEGFA through
HIF-1a lactylation[J]. Genome Biol, 2025, 26(1): 377. DOI: 10.1186/
513059-025-03845-7.

[13]Zuo S, Li L, Tang J, et al. Lactylation-boosted m>C RNA modification
drives choroidal neovascularization[J]. Research (Wash D C), 2025, 8:
0913. DOI: 10.34133/research.0913.

[14]Zhang D, Tang Z, Huang H, et al. Metabolic regulation of gene
expression by histone lactylation|J]. Nature, 2019, 574(7779) : 575-580.
DOI: 10.1038/541586-019-1678-1.

[ISITFE R A, W10 2 . A W A I 34 I 5 11 B PR 1 S M B T A K IR 3R
X e B S N RPE 48 1 A OR 57 4 1T SPL A (D], Hh i 52 9 IR % AR
2025,43(9): 794-800.DOI:10.3760/cma.j.cn115989-20250515-00157.
Wang MH, Hu ZR. Protective effects and mechanisms of exosomes
co-loaded with BSA@ISO nanoparticles on high glucose-induced
human retinal pigment epithelial cells[J]. Chin J] Exp Ophthalmol, 2025,
43(9) : 794-800. DOI: 10.3760/cma.j.cn115989-20250515-00157.

[16]Fan Y, Ge P, Wang X, et al. Microglia-specific interleukin-4 delivery
by engineered extracellular vesicles restores inner blood-retinal barrier

retinopathy ~ via  GAS6-MERTK  pathway[J]. J

2025, 24(1):101. DOI: 10.1186/s12951-025-

in  diabetic
Nanobiotechnology,
03976-w.

[17]Hu Z, Wang J, Pan T, et al. The exosome-transmitted IncRNA
LOC100132249 induces endothelial dysfunction in diabetic retinopathy
[J]. Diabetes, 2023, 72(9) : 1307-1319. DOI: 10.2337/db22-0435.

[18]Ge P, Wang J, Xie P, et al. Exosomes in treating eye diseases: targeting
strategies[J]. Life Sci, 2025, 371:123598. DOL: 10.1016/j. lfs. 2025.
123598.

[19]Massoumi H, Katz EA, Alviar M, et al. Corneal nerve regeneration via
MSC-derived EVs: tissue source and culture dimensionality dictate
miRNA cargo and therapeutic efficacy[J/OL]. Small, 2026, 22(6):
e07451[2026-04-22]. http://www.ncbi.nlm.nih. gov/pubmed/41340474.

DOI: 10.1002/sml1l1.202507451.

[20]Zhou H, Liu Y, Zhou T, et al. I[L-23 priming enhances the neuroprotective
effects of MSC-derived exosomes in treating retinal degeneration[J].
Invest Ophthalmol Vis Sci, 2024, 65(10): 8. DOI: 10.1167/i0vs.65.10.8.

[21]Fan R, Su L, Zhang H, et al. Enhanced therapeutic effect of
PEDF-loaded mesenchymal stem cell-derived small extracellular vesicles
against oxygen-induced retinopathy through increased stability and
penetrability of PEDF[J]. J Nanobiotechnology, 2023, 21(1): 327. DOL:
10.1186/s12951-023-02066-z.

[22]Clements JN, Mesawich J, Twisdale C. Current and emerging

pharmacologic retinopathy[J/OL].

Pharmacotherapy, 2026, 46(3): e70119[2026-04-24]. http://www. ncbi.

nlm.nih.gov/pubmed/41693076. DOI: 10.1002/phar.70119.

therapies for diabetic

[23]Guan J, Meng F, Wang C, et al. Recent advances in engineered
disease[J]. J
10.1186/512951-025-

therapies  for ocular  vascular

2025, 23(1):526. DOL:

exosome-based
Nanobiotechnology,
03589-3.

[24]Wu Y, Wang J, Pan T, et al. Human lens epithelial-secreted exosomes
altenuate ocular angiogenesis via inhibiting microglial activation[J]. Exp
Eye Res, 2024, 241:109837. DOI: 10.1016/j.exer.2024.109837.

(25074 i Jo, 0 25, SR, A5 2 43 e i IV AR L X i e e OB T 52405 K

B p300 Je LR Ak B Ml A SE AL, 4R A6 T SRR 2, 2026, 38(2):
152-157. DOI: 10.3760/cma.j.cn121430-20240824-00414.
Niu RJ, Liu JH, Dong Y, et al. Effect of selective cerebral mild
hypothermia on p300 and lactylation modification in rats following
cerebral ischemic reperfusion injury[J]. Chin Crit Care Med, 2026,
38(2):152-157. DOI: 10.3760/cma.j.cn121430-20240824-00414.

[26]Lan W, Chen X, Yu H, et al. UGDH lactylation aggravates osteoarthritis
by suppressing glycosaminoglycan synthesis and orchestrating
nucleocytoplasmic transport to activate MAPK signaling[J/OL]. Adv Sci
(Weinh), 2025, 12(20):e2413709[2026-04-24]. http://www.ncbi.nlm.nih.
gov/pubmed/40150862. DOI: 10.1002/advs.202413709.

[27]Deng J, Li Y, Yin L, et al. Histone lactylation enhances GCLC
expression and thus promotes chemoresistance of colorectal cancer stem
cells through inhibiting ferroptosis[J]. Cell Death Dis, 2025, 16(1):
193. DOI: 10.1038/541419-025-07498-z.

(ISR H 9 :2026-04-27 & [8] H 1 :2026-07-31)
(A SC ot w38 )

ITEBR
i %5 A CHRBLHAE IR RE) M s R AW A A R E] - B
Bir®CP i ME B b B B BV B AL S oM R R A A A RG] 4 3 1E
AR BT APP  (F 46 B 5 g & )AL FRSTAE A 8 - - HiT 4 01 3 /2

TR T (B WA i 4 5 )

PR R B E A A TR ] e B

AR T 2SO (PR B S & & )AA RTAED 8] - BR





