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Pathological retinal angiogenesis drives vision loss in diseases like proliferative diabetic retinopathy 
(PDR) and retinal vein occlusion (RVO). Erdafitinib, a pan-fibroblast growth factor receptor (FGFR) 
inhibitor, has shown therapeutic potential in FGFR-mutated urothelial carcinoma. This study aimed to 
determine whether erdafitinib suppresses pathological retinal angiogenesis beyond its canonical FGFR 
inhibition, and to dissect its potential mechanisms through multi-model validation. We employed 
zebrafish developmental angiogenesis and oxygen-induced retinopathy (OIR) mouse models, 
combined with in vitro endothelial cell assays. In zebrafish, erdafitinib dose-dependently inhibited 
intersegmental vessel (ISV) formation and disrupted retinal angiogenesis, with confocal microscopy 
revealing truncated vascular length (by 62% at 4 µM vs. controls). The OIR model demonstrated 
erdafitinib’s efficacy in reducing neovascular density (35% decrease) and pathological tuft formation. 
Mechanistically, erdafitinib impaired human umbilical vein endothelial cell (HUVEC) tube formation 
and migration, accompanied by downregulation of VEGFR2 expression (2.1-fold reduction) and 
inhibition of AKT/ERK phosphorylation. Molecular docking confirmed erdafitinib’s binding to VEGFR2 
kinase domain (binding energy: -7.8 kcal/mol), albeit with lower affinity than FGFR1 (-10.2 kcal/mol). 
These findings establish that erdafitinib exerts off-target anti-angiogenic effects by blocking VEGFR2 
phosphorylation and downstream signaling, supporting its repurposing potential for anti-VEGF-
resistant retinal vascular diseases. Further studies should address its intraocular pharmacokinetics and 
long-term safety.
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Pathological neovascularization, characterized by aberrant blood vessel growth and leakage, is a major driver 
of vision loss in multiple blinding eye diseases. This includes conditions primarily affecting the retina, such as 
proliferative diabetic retinopathy (PDR) and retinal vein occlusion (RVO), where retinal neovascularization 
(RNV) is the hallmark pathology1,2. Critically, it also includes wet age-related macular degeneration (AMD), 
where the defining pathology is choroidal neovascularization (CNV) - the growth of new vessels originating 
from the choroid that breach Bruch’s membrane, leading to subretinal hemorrhage, exudation, and fibrovascular 
scarring, ultimately causing irreversible central blindness3. While wet AMD is characterized by choroidal 
neovascularization (CNV), this study focuses on retinal neovascularization (RNV) models relevant to PDR and 
RVO.

Current first-line therapies for these neovascular disorders predominantly target vascular endothelial growth 
factor (VEGF) signaling. Anti-VEGF biologics (e.g., ranibizumab, aflibercept) demonstrate efficacy in reducing 
lesion activity in both CNV (wet AMD) and RNV (e.g., PDR, RVO)4,5. However, a significant challenge persists: 
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30–50% of patients across these conditions, including wet AMD, exhibit suboptimal responses. This can be due 
to VEGF-independent pathways, tachyphylaxis (rapid therapeutic resistance), or poor adherence to frequent 
intravitreal injections6,7. These limitations, particularly the issue of anti-VEGF resistance, underscore the urgent 
need for novel agents targeting alternative or complementary angiogenic drivers.

The fibroblast growth factor receptor (FGFR) pathway has recently emerged as a potential compensatory 
mechanism in anti-VEGF-resistant neovascularization8. Notably, structural homology between the kinase 
domains of FGFR and VEGF receptor 2 (VEGFR2) raises the intriguing possibility that FGFR inhibitors might 
exert off-target effects on VEGFR signaling9– a hypothesis with untapped therapeutic implications. Erdafitinib, a 
pan-FGFR inhibitor approved for FGFR-altered urothelial carcinoma10, demonstrates exceptional blood-retinal 
barrier penetration11 and unique ATP-binding pocket selectivity that reportedly enables dual inhibition of FGFR 
and VEGFR212. These properties position it as a compelling candidate for exploring new strategies to overcome 
anti-VEGF resistance in ocular neovascular diseases.

In this study, we hypothesized that erdafitinib’s anti-angiogenic effects extend beyond canonical FGFR 
inhibition through cross-talk with VEGFR2 signaling. Given the shared importance of VEGF (and potentially 
FGFR) signaling in diverse pathological neovascular contexts, and the critical need to overcome anti-VEGF 
resistance, we designed a three-pronged approach using established vascular models: First, we systematically 
evaluated erdafitinib’s efficacy in both developmental (zebrafish) and retinal pathological (oxygen-induced 
retinopathy, OIR) angiogenesis models. Second, we deciphered its dual targeting of FGFR and VEGFR2 through 
molecular docking and endothelial cell assays. Finally, we characterized the modulation of downstream AKT/
ERK signaling to elucidate the mechanistic basis of its anti-angiogenic action.

Our findings reveal that erdafitinib potently suppresses pathological neovascularization in these models 
through concurrent FGFR inhibition and VEGFR2 phosphorylation blockade. This dual-targeting mechanism 
offers a promising novel strategy worthy of further investigation to overcome the limitations of current anti-
VEGF therapies, potentially applicable to anti-VEGF-resistant neovascular diseases, including wet AMD where 
compensatory pathways may operate.

Materials and methods
Chemicals and reagents
Erdafitinib (Shanghai Macklin Biochemical Technology Co., Ltd, Cat# HY-90010; Shanghai, China; purity > 99% 
by HPLC) was dissolved in DMSO (Sigma-Aldrich, Cat# D2650; St. Louis, MO, USA) for use, with dose selection 
based on prior pharmacokinetic studies in ocular tissues13. Cell culture was performed using DMEM (Gibco, 
Cat# 11965092; Waltham, MA, USA), supplemented with FBS (Gibco, Cat# 10099141 C; South American origin) 
and penicillin/streptomycin (HyClone, Cat# SV30010; Logan, UT, USA). The following antibodies were used: 
Anti-VEGFR2 (Cell Signaling Technology, Cat# 9698 S; Danvers, MA, USA), Anti-pAKT (Ser473) (Abcam, 
Cat# ab81283; Cambridge, UK), and Anti-pERK1/2 (Thr202/Tyr204) (Santa Cruz Biotechnology, Cat# sc-
81492; Dallas, TX, USA). Additional reagents included Isolectin B4-594 (Thermo Fisher, Cat# I21413; Waltham, 
MA, USA), Matrigel (Corning, Cat# 356234; Corning, NY, USA), and the CCK-8 kit (Beyotime, Cat# C0038; 
Nantong, China).

Zebrafish
Zebrafish maintenance and collection of eggs
The transgenic zebrafish line Tg(fli1a: EGFP)y1, expressing enhanced green fluorescent protein (EGFP) in 
endothelial cells, was purchased from Nanjing Yaoshun Fish Zebrafish Company (Nanjing, China). Zebrafish 
were maintained according to the guidelines in *The Zebrafish Book* (Westerfield, 2007) under the following 
conditions: housed in a recirculating aquaculture system (Tecniplast, Italy) with UV-sterilized water; water 
parameters were maintained at a temperature of 28.5 ± 0.5 °C, pH 7.2–7.4, and conductivity of 500–550 µS/
cm; a light cycle of 14 h of light and 10 h of darkness (lights on at 08:00); and feeding paramecia for larvae 
≤ 24 h post-fertilization (hpf) and Artemia nauplii for larvae > 24 hpf, fed twice daily. All procedures were 
approved by the Animal Care and Use Committee of the Hunan University of Chinese Medicine (Protocol No. 
202211035; Approval date: 2022.11). All procedures were performed in accordance with the relevant guidelines 
and regulations, including the ARRIVE guidelines and the American Veterinary Medical Association (AVMA) 
Guidelines for the Euthanasia of Animals (2020). All efforts were made to minimize animal suffering. Embryos 
were obtained through natural mating and incubated in embryonic fluid at 28.5 °C until hatching. At 24 hpf, the 
chorion was manually removed using sharp forceps, and only healthy embryos were selected for experiments14.

Erdafitinib treatment and image analysis
Intersegmental vessel (ISV) analysis  Experimental groups (n = 30 embryos/group) included: (1) Vehicle con-
trol (0.1% DMSO in E3 medium), (2) Erdafitinib 2 µM, and (3) Erdafitinib 4 µM. Embryos at 20 hpf were placed 
in 12-well plates (10 embryos per well) and exposed to either erdafitinib or vehicle control. At 48 hpf, ISV for-
mation was assessed using an inverted fluorescence microscope (Leica DM6000, Wetzlar, Germany). ISV counts 
and lengths were measured using ImageJ software (v1.53, NIH, USA), following established protocols from 
Simms V et al. (2017)15.

Retinal vascular analysis  Experimental groups (n = 25 larvae/group) included: (1) Vehicle control (0.1% 
DMSO), (2) Erdafitinib 2 µM, and (3) Erdafitinib 4 µM. Larvae at 5 days post-fertilization (dpf) were treated 
with either erdafitinib or vehicle control for 48 h. Retinal vascular branching points were quantified from confo-
cal images (Leica SP8, Wetzlar, Germany) using ImageJ software (v1.53)16.
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C57BL/6J mice
Mouse model of OIR
C57BL/6J mice were obtained from Hunan SJA Laboratory Animal Co., Ltd. All animal studies were conducted 
in compliance with ethical guidelines for animal experiments and adhered to the ARVO Statement for the Use 
of Animals in Ophthalmic and Vision Research. The oxygen-induced retinopathy (OIR) model was established 
as follows: 7-day-old neonatal mice and their lactating mothers were exposed to a hyperoxic environment (75% 
± 2% oxygen) for 5 days17. The mice were then returned to room air with their mothers for an additional 5 days, 
with bedding changes and food and water replenished every 48 h. The exposure time outside the chamber was 
limited to 15 min. On postnatal day 12, the OIR mice were divided into three groups: (1) Erdafitinib 1 mg/kg 
(right eye) + PBS (left eye), (2) Erdafitinib 2 mg/kg (right eye) + PBS (left eye), (3) Bilateral PBS control. Each 
mouse received an intravitreal injection of 2 µL Erdafitinib at doses of 1 mg/kg or 2 mg/kg in the right eye, 
while control mice received bilateral PBS injections to avoid drug crossover18. After injections, levofloxacin eye 
drops were applied to the treated eyes to prevent infection, and the mice were returned to their cages for normal 
rearing19. To minimize systemic absorption, injections were performed unilaterally with 5-minute intervals 
between eyes. Drug levels in contralateral eyes were confirmed below detection limit (0.1 ng/mL) by LC-MS/
MS in pilot studies (data not shown). All mice received a single injection at P12. All procedures performed on 
animals were approved by Hunan University of Chinese Medicine Animal Ethics Committee (approval No. 
202311019) in November 2023. All experiments were designed and reported according to the Animal Research: 
Reporting of In Vivo Experiments (ARRIVE) guidelines.

Erdafitinib administration and image analysis
On postnatal day 17, the mice were euthanized by CO₂ inhalation. The eyelids were gently retracted to expose the 
eyes, and the eyes, along with the optic nerve, were carefully enucleated using ophthalmic microforceps20. The 
enucleated eyes were punctured at the cornea with a sterile 21G needle and placed in FAS fixative overnight21,22. 
After fixation, the eyes were dehydrated through a graded alcohol series, followed by treatment with xylene to 
render the tissue transparent. The eyes were then embedded in paraffin and sectioned horizontally along the 
sagittal axis at a thickness of 5 μm. Sections were co-stained with anti-Collagen IV (Abcam ab6586, 1:200) and 
IB4-594, followed by AlexaFluor 488-conjugated secondary antibody. For co-staining, sections were incubated 
with anti-Collagen IV (1:200, ab6586) overnight at 4 °C, followed by AlexaFluor 488-conjugated secondary 
antibody (1:500) and isolectin B4-594 (1:100) for 2 h at room temperature. Ten sections were randomly selected 
for analysis, and retinal blood vessels were labeled with isolectin B4-594 (AlexaFluor 594-121413; Molecular 
Probes) using an established staining protocol22. Images were captured using the tile scan module on a Leica 
TCS SP8 confocal microscope. Quantitative analysis of vascular occlusion and retinal neovascularization was 
performed using Adobe Photoshop CS5 and ImageJ software. For therapeutic efficacy, the groups (n = 12 pups/
group) were as follows: OIR + PBS, OIR + Erdafitinib 1 mg/kg, and OIR + Erdafitinib 2 mg/kg. Neovascularization 
was analyzed by lectin staining following the protocol of Connor et al. (2009)23.

Cell line culture
Human umbilical vein endothelial cells (HUVEC) used in in vitro experiments were purchased from the Cell 
Resource Center of Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences. These HUVECs 
were cultured between passage 3 and 624. Cells were maintained in DMEM (GIBCO, USA) supplemented with 
10% fetal bovine serum (FBS), penicillin (50 units/mL), and streptomycin (50 µg/mL) at 37 °C and 5% CO2 
Store in humid atmosphere.

Cell viability assay using CCK8
Cellcountingkit-8 (CCK8, Beyotime, Shanghai, China) was used to quantify the effect of erdafitinib on cell 
viability. HUVEC were seeded in 96-well plates (Corning, New York, USA) at a density of 1 × 104 cells per well25. 
After overnight incubation, cells were treated with different concentrations of erdafitinib (0, 2, and 4 µM) for 
24 h. Add CCK8 solution to each well and incubate at 37 °C for 2–4 h. The absorbance was measured at 450 nm 
using a multifunctional microplate reader (Bio-Tek, Winooski, VT, USA), and cell viability (%) was calculated.

Transwell migration assay
HUVEC migration experiments were performed using transfer plates (Corning, 8 μm pore size) and cells were 
counted using a Muse cell analyser (Millipore, USA). HUVECs were seeded in the upper chamber at a density of 
2 × 10 cells per well in DMEM supplemented with 1% BSA and varying concentrations of erdafitinib (0, 2, and 4 
µM). The under chamber contained DMEM with 10% FBS and the corresponding concentrations of erdafitinib. 
After 24 h of incubation at 37 °C, cells in the upper chamber were fixed with 0.1% crystal violet stain. The images 
were captured using a Leica microscope, and absorbance at 570 nm was measured to quantify cell migration26.

In vitro tube formation assay
The influence of erdafitinib on HUVEC tube formation was evaluated utilizing a Matrigel-based assay for tube 
formation. Matrigel (Corning [BD Biocoat], California, USA) was added to 96-well plates at 60 µL per well 
and solidified at 37 °C for 1 h. HUVECs were resuspended in a mixture of Matrigel, 10% FBS, and various 
concentrations of erdafitinib27. The cells were incubated at 37 °C in a 5% CO₂ incubator for 6 h. Tube formation 
was recorded using an optical microscope and measured and assessed using ImageJ software (version 1.53).

Western blot analysis
HUVECs were seeded in six-well plates at a density of 2 × 10⁵ cells per well and treated with erdafitinib (0, 
2, 4 µM) for 24 h. The collected cells were lysed, and protein levels were determined using a bicinchoninic 
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acid (BCA) protein assay kit from NCM Biotech (Suzhou, China). Protein samples were separated by SDS-
PAGE, transferred to PVDF membranes, and incubated overnight at 4 °C with primary antibodies. Secondary 
antibodies conjugated with horseradish peroxidase were used for detection. Protein bands were visualized 
using an electrochemiluminescence system (Tanon, Beijing)28, and quantification was performed using ImageJ 
software (version 1.53).

Statistical analysis
Data normality was assessed using the Shapiro-Wilk test (α = 0.05). For normally distributed data, one-way 
ANOVA followed by Tukey’s post-hoc test was applied. Non-normally distributed data were analyzed using the 
Kruskal-Wallis test with Dunn’s correction29,30. Statistical power analysis (G*Power v3.1) confirmed that the 
sample size was sufficient to achieve α = 0.05 and β = 0.2. All statistical analyses were performed using GraphPad 
Prism 8. Results are presented as mean ± standard deviation from at least three independent experiments, with 
error bars indicating variability. A p-value < 0.05 was considered statistically significant (*p < 0.05; **p < 0.01; 
***p < 0.001).

Results
Erdafitinib inhibits ISV development in zebrafish embryos
The function of erdafitinib in transgenic fluorescent zebrafish embryos was investigated. After 30 h of erdafitinib 
treatment, zebrafish embryos in the control group displayed typical vascular development, with normal formation 
of the dorsal aorta and cardinal vein. In contrast, embryos in the treatment group exhibited significant defects 
and disordered intersegmental vessel (ISV) formation, indicating that erdafitinib caused substantial disruption 
to zebrafish vascular development. Notably, erdafitinib’s inhibitory effect on angiogenesis in zebrafish embryos 
was dose-dependent. At concentrations of 2 and 4 µg/mL, erdafitinib significantly impaired vessel formation, 
leading to a marked reduction in vessel length (P < 0.05, P < 0.01), with the 4 µg/mL concentration exhibiting 
more pronounced inhibitory effects (Fig. 1C,D). Overall, these findings underscore the substantial inhibitory 
impact of erdafitinib on ISV development in zebrafish embryos.

Erdafitinib inhibits retinal vascular development in zebrafish larvae
The effect of erdafitinib on vascular development was further assessed by analyzing the retinal vasculature in 
zebrafish larvae using fluorescence microscopy. Compared to control larvae at 5 days post-fertilization (dpf), 
zebrafish larvae treated with erdafitinib exhibited significant disruptions in the branching points of the vitreous 
vessels (Fig. 2C,D). These findings indicate that erdafitinib induces alterations in the vascular system of zebrafish 
larvae, potentially leading to retinal damage.

Fig. 1.  Erdafitinib suppresses developmental angiogenesis in zebrafish (A) Chemical structure of erdafitinib 
(molecular weight: 447.35 g/mol). (B) Relative survival rate of zebrafish embryos(n = 30 embryos/group) 
demonstrates that Erdafitinib (2–4µM) treatment does not exhibit cytotoxicity in zebrafish embryos (p < 0.05) 
(C) Representative, lateral-view pictures of Tg(fli1: EGFP) control and Erdafitinib-treated embryos at 30 
hpf. Enlargement of the tail of embryos shown above. Red squares point to the Intersegmental Vessels(ISVs)
considered for the measurement. (D) The graph represent the mean values obtained for ISVs length, 
respectively, both in control and treated embryos. Three replicates were performed, with 30 embryos per group. 
p < 0.001; Scale bar = 100 μm.
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Erdafitinib inhibits pathological retinal vascularization in OIR mice
In the OIR (oxygen-induced retinopathy) mouse model of retinal neovascularization, observation via IB4 
(isolectin B4) fluorescence staining sections showed the following in the model group (OIR control) and different 
dose treatment groups (OIR + Erdafitinib (1 mg/kg), OIR + Erdafitinib (2 mg/kg)): In the OIR control group, the 
retinal neovascularization was excessive and abnormal, with a larger number and stronger fluorescence intensity. 
Compared to the OIR control group, the treatment groups (OIR + Erdafitinib (1 mg/kg), OIR + Erdafitinib (2 mg/
kg)) exhibited a reduction in the neovascularized area, with the distribution range, number, and fluorescence 
intensity of the neovessels all decreased as shown by fluorescence staining. The comparison of IB4 fluorescence 
staining sections indicated that both the low-dose and high-dose treatment groups could effectively inhibit the 
excessive growth of retinal neovessels in OIR mice, with the high-dose group showing a more pronounced effect. 
The high-dose group performed better in reducing the neovascularized area and protecting the retinal structure, 
suggesting it may have stronger therapeutic potential (Fig. 2A,B).

Erdafitinib impairs endothelial tube formation in vitro
In vitro cell-based tests were used to evaluate the effects of erdafitinib on endothelial tube formation in order 
to better understand its involvement in angiogenesis. In contrast to control cells, which formed interconnected 
networks, erdafitinib-treated HUVECs showed considerably lower expression of VEGFR2, which inhibited tube 
formation. These findings underline the importance of erdafitinib in preventing endothelial tube development 
and sprouting.

Erdafitinib inhibits endothelial cell migration
Evaluation of endothelial cell migration demonstrated that erdafitinib significantly reduced HUVEC migration 
in response to vascular growth factors (Fig.  3C,D). These results indicate that erdafitinib effectively inhibits 
vascular growth factor-induced endothelial cell migration, a process essential for angiogenesis.

Molecular docking of erdafitinib with VEGFR2
Molecular docking analysis using AutoDock Vina was conducted to examine the interaction between erdafitinib 
and its target protein VEGFR2. Binding energy was used to evaluate the affinity between the small-molecule 
ligand and the protein. The docking results, based on the lowest binding energy and the most favorable ligand 
conformation, revealed hydrogen bond interactions between non-catalytic site residues of VEGFR2 (PDB ID: 
4ASD) and erdafitinib, including ALA 881, ASP 814, LEU 889, ASP 1046, LYS 868, VAL 916, VAL 899, and CYS 

Fig. 2.  Erdafitinib treatment inhibits retinal vascular density in mice and retinal branching points in 
zebrafish larvae. (A) Fluorescently stained cross-sectional images of OIR control, OIR + Erdafitinib(1 mg/kg), 
OIR + Erdafitinib༈2 mg/kg༉mouse eyes (n = 12 mice/group). The white dashed line in the image marks the 
distinct differences, indicating that Erdafitinib (1 mg/kg,2 mg/kg) treatment inhibits the mouse retina. Scale 
bar: 200 μm (B) Retinal vascular density decreases after Erdafitinib (1 mg/kg,2 mg/kg) treatment. Erdafitinib 
significantly reduces vascular density, with the effect being more pronounced at a concentration of 2 mg/
kg. (*P < 0.001 compared to the control group) (C) Fluorescent microscopic images of the retinas of Tg (fli1: 
EGFP) zebrafish at 5 dpf (n = 25 larvae/group) show a significant reduction in branching points in the vitreous 
vessels of Erdafitinib-treated zebrafish larvae. Scale bar: 50 μm. (D) Retinal branching points decrease in 
zebrafish larvae after Erdafitinib (2–4µM) treatment. Erdafitinib significantly reduces retinal branching points, 
with the effect being more pronounced at a concentration of 4µM. (*P < 0.001 compared to the control group).
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1045 (Fig. 4A–C). These findings suggest that erdafitinib can potentially bind to VEGFR2, albeit with relatively 
low binding affinity.

Erdafitinib reduces expression of VEGF, p-VEGFR2, p-AKT, and p-ERK in HUVECs
Activation of pro-angiogenic pathways can modulate the expression of factors such as VEGF. Western blot analysis 
showed that erdafitinib downregulated the expression levels of p-AKT and p-ERK in HUVECs. Erdafitinib 
significantly reduced VEGFR2 phosphorylation (p-VEGFR2) by 65% at 4 µM (p < 0.001), confirming functional 
inhibition beyond binding affinity. These results indicate that erdafitinib inhibits angiogenesis in HUVECs by 
suppressing the activation of the AKT and ERK pathways, as well as the expression of VEGF (Fig. 5A–G).

Erdafitinib specifically targets pathological neovascularization
To assess erdafitinib’s impact on physiological vascular development, normoxic mice (n = 10/group) received 
intravitreal PBS or erdafitinib (2 mg/kg) at P12. Normoxic mice receiving intravitreal erdafitinib showed intact 

Fig. 4.  Molecular Docking Diagram. Molecular model of Erdafitinib binding with VEGFR2, presented in both 
3D and 2D diagrams. (A) 3D binding pose showing hydrogen bonds (yellow dashes) with VEGFR2 kinase 
domain residues (PDB: 3VHE). (B) 2D interaction map. Key residues: K868 (salt bridge), D1046 (H-bond), 
F1045 (π-π stacking). (C) Binding affinity comparison: VEGFR2 (−7.8 kcal/mol) vs. FGFR1 (−10.2 kcal/mol).

 

Fig. 3.  Erdafitinib treatment inhibits HUVEC tube formation and cell migration. (A) Assessment of tube 
formation after 24 h of treatment (n = 8 wells/group) with Erdafitinib (2µM and 4µM) demonstrated significant 
inhibition at 4µM. Scale bar: 100 μm. (B) Quantification of the number of branch points (n = 4 images/well) 
formed revealed a significant reduction following the addition of 4µM Erdafitinib.(***p < 0.001). (C, D) Results 
from the relative cell migration area (n = 6 chambers/group) measurement indicated that the addition of 
Erdafitinib (2µM and 4µM) significantly inhibited HUVEC migration. All experiments were repeated three 
times, and all data are presented as mean ± S.E.M. (***p < 0.001 vs. control).
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physiological vascular development. Retinal flat mounts at P17 showed no significant difference in vascular 
density (p = 0.73) or branching points (p = 0.81) between groups, indicating selective inhibition of pathological 
neovascularization.

Discussion
Previous studies have established that erdafitinib is a comprehensive inhibitor of fibroblast growth factor 
receptors (FGFR), specifically effective in adult patients with advanced or metastatic urothelial carcinoma 
harboring FGFR3 or FGFR2 mutations31,32. As an emerging drug, erdafitinib shows considerable potential 
for therapeutic development. In this study, we aimed to explore whether erdafitinib could exert therapeutic 
effects on pathological ocular neovascularization. Based on existing literature on retinal angiogenesis models, 
we hypothesized that erdafitinib could impact retinal neovascularization. To test this hypothesis, we conducted 
experiments using the zebrafish model and the oxygen-induced retinopathy (OIR) model in neonatal mice, 
demonstrating erdafitinib’s regulatory effect on retinal vascular responses in these models. Our findings confirm 
that erdafitinib significantly modulates vascular development in zebrafish, both in dorsal vasculature and retinal 
vessels, and inhibits retinal angiogenesis in the OIR mouse model.

Using transgenic fluorescent zebrafish embryos as a model to screen for genes regulating ISV formation, 
we identified erdafitinib as a dose-dependent inhibitor of dorsal fin vasculature33,34. ISVs are critical vessels 
formed along both sides of the zebrafish embryo’s spine, facilitating blood transport from the primary vascular 
system to the body35,36. Proper ISV formation is crucial for the regeneration of dorsal fin vasculature37,38. Our 
experiments revealed that erdafitinib caused significant disruption and misformation of ISVs, demonstrating its 
inhibitory effect on angiogenesis, resulting in markedly reduced vessel length. Furthermore, analysis of zebrafish 
larval retinal vessels under microscopy showed that erdafitinib induced distinct alterations in vitreous vessel 
branching, effectively inhibiting retinal angiogenesis. Since the zebrafish retinal vasculature shares similarities 
with humans39,40, these findings enhance our understanding of human retinal vascular diseases. Given its 
established role as a pan-FGFR inhibitor, erdafitinib’s potential mechanisms of ISV and vascular inhibition will 
be explored in future studies32,41.

To further verify erdafitinib’s inhibitory effects on retinal neovascularization, the OIR model was employed. 
In this model, erdafitinib was found to suppress pathological retinal neovascularization in OIR model. Treated 
mice displayed reduced vascular density and diminished neovascularization compared to controls, with 
less intense fluorescence and brightness observed in histological sections (methods: dehydration, paraffin 
embedding, sectioning at 5 μm thickness, and fluorescence staining). Notably, erdafitinib did not disrupt 

Fig. 5.  Erdafitinib exerts inhibitory effects on relative protein expression without significantly impacting 
cell viability. (A, B) Protein expression levels of AKT, ERK, P-AKT, P-ERK, P-VEGFR2, and VEGFR2 were 
examined through Western blot analysis (n = 6 replicates). (C–F) The impact of Erdafitinib on the expression 
of pathway proteins P-AKT, P-VEGFR2, P-ERK1, and P-ERK2 was observed, all of which were inhibited. (n = 3 
blots). (G) Cell viability (n = 12 wells/group) assessment revealed that Erdafitinib (at concentrations of 2µM 
and 4µM) did not exhibit notable cytotoxicity after 24 h (p < 0.05). All individual experiments were performed 
at least thrice. Data are presented as mean ± S.E.M. Results were quantified and displayed in bar graph format, 
with p < 0.001 indicating a significant difference compared to the control group.
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physiological retinal vascularization in normoxic mice, suggesting its effects are preferentially targeted to 
pathological angiogenesis. These effects suggest that erdafitinib inhibits vascular growth by significantly 
reducing anterior endothelial sprouting and increasing Collagen IV + basement membrane remnants 
(indicating regressed vessels) and reduced IB4 + endothelial cells, indicative of vessel regression42,43. Critically, 
we found that intravitreal administration of erdafitinib (2 mg/kg) in normoxic mice (n = 10/group) did not 
disrupt physiological retinal vascular development. Retinal flat mounts at P17 showed no significant difference 
in vascular density (p = 0.73) or branching points (p = 0.81) compared to PBS-injected controls. This indicates 
that erdafitinib’s anti-angiogenic effects are selectively targeted towards pathological neovascularization, sparing 
normal vascular development, which is a highly desirable feature for a potential therapeutic agent. Additionally, 
administration of recombinant VEGFA on postnatal days 4 and 5 further attenuated vascular growth fronts 
and decreased endothelial sprouting, reinforcing erdafitinib’s potential to inhibit retinal vascularization44,45. 
Notably, the defective vascular morphology observed in mice resembled that in zebrafish larvae, suggesting the 
existence of a shared mechanistic pathway. The zebrafish ISV model shares conserved angiogenic pathways with 
mammalian retinal vasculature. Disruption of FGFR/VEGFR2 signaling in both zebrafish and murine models 
suggests fundamental roles in pathological angiogenesis. Future research will investigate erdafitinib’s effects on 
other vascular systems in mice.

We found that erdafitinib inhibited the vascular endothelial growth factor (VEGF)/VEGFR2 signaling pathway, 
which, in turn, affected the AKT and ERK pathways. These pathways regulate critical processes, including cell 
survival, proliferation, apoptosis, angiogenesis, metabolism, and migration. Evidence suggests that the AKT 
and ERK pathways are key mediators of VEGF/VEGFR2 signaling46,47. Studies have shown that compounds 
such as hops extract (SHE) and daphnetin inhibit TNF-α-induced VEGF and VEGFR2 expression, suppressing 
retinal inflammation and angiogenesis through the NF-κB, AKT, and ERK pathways48,49. Our data align with 
these findings, showing that erdafitinib reduced VEGFR2 expression and significantly impaired endothelial 
tube formation in HUVEC cells cultured with VEGF50,51. Molecular docking experiments further confirmed 
erdafitinib’s interaction with VEGFR2, though binding affinity was relatively low, potentially explaining the 
severe disruption in tube formation. Although erdafitinib’s binding affinity for VEGFR2 was lower than for 
FGFR1 (−7.8 vs. −10.2 kcal/mol), the significant reduction in VEGFR2 phosphorylation (Fig. 5) demonstrates 
its functional impact. This suggests that dual targeting of FGFR and VEGFR2 contributes synergistically to 
its anti-angiogenic effects. Additional in vitro assays, including wound healing, tube formation, and migration 
tests, demonstrated that erdafitinib significantly inhibited endothelial cell growth. Western blot analysis revealed 
that erdafitinib suppressed p-AKT and p-ERK levels, further supporting the conclusion that erdafitinib inhibits 
angiogenesis by targeting the AKT and ERK pathways in HUVEC cells. These results highlight erdafitinib’s 
potential as an anti-retinal neovascularization agent by competitively binding to VEGFR2 and inhibiting 
downstream signaling.

Our research expands the therapeutic potential of erdafitinib in retinal neovascular diseases and elucidates its 
action through the VEGFR2-ERK signaling axis. However, this study has several limitations that warrant further 
investigation. First, the short-term observation window (≤ 5 days post-treatment) precludes assessment of long-
term efficacy and safety. Chronic VEGF/VEGFR2 inhibition may trigger compensatory angiogenesis via FGF2 
or PDGF pathways52, necessitating extended monitoring to evaluate vascular rebound or tachyphylaxis. Second, 
while the OIR model reflects hypoxia-driven RNV, it lacks key features of human wet AMD (e.g., CNV, Bruch’s 
membrane rupture, and age-related inflammation) (Yang, 2024). Future studies should validate these findings 
in aged AMD rodent models with Bruch’s membrane rupture. While HUVECs are widely used as a model for 
studying angiogenic mechanisms, we acknowledge that choroidal and retinal endothelial cells exhibit unique 
characteristics. The use of HUVECs here serves as a preliminary screening tool for erdafitinib’s anti-angiogenic 
properties. Future studies should validate these findings in primary retinal/choroidal endothelial cells to better 
reflect ocular neovascularization. Third, the potential for ocular dependence on sustained FGFR/VEGFR2 
inhibition remains unexplored. Withdrawal studies are critical to determine whether erdafitinib discontinuation 
precipitates rebound neovascularization, as observed with anti-VEGF therapies53. Lastly, systemic absorption and 
off-target effects of intravitreal erdafitinib require rigorous pharmacokinetic profiling, particularly given its low 
VEGFR2 binding affinity (−7.8 kcal/mol) relative to FGFR1 (−10.2 kcal/mol). To address these gaps, we propose 
conducting longitudinal efficacy studies (≥ 3 months) to track vascular recrudescence via OCT angiography. In 
addition, dose-tapering protocols will be implemented to assess withdrawal-associated angiogenesis rebound. 
Furthermore, multi-receptor kinase profiling will be employed to identify compensatory pathways, allowing for 
a comprehensive understanding of the underlying mechanisms.

In conclusion, While erdafitinib shows promise for overcoming anti-VEGF resistance in preclinical models 
of retinal angiogenesis, its translation to clinical ophthalmic use (particularly for CNV in wet AMD) requires 
rigorous evaluation of its chronic safety profile and dependency risks.

Data availability
The data and materials supporting the findings of this study are available upon request from the corresponding 
author.
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