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Retinal pigment epithelium extracellular vesicles are potent inducers of age-related macular degeneration disease phenotype in the outer retina
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[bookmark: _Hlk88741577]Supplementary Figure 1: Lipidomics analysis of low and high-risk RPE cell lines. Heatmap shows supervised clustering of statistically significantly changed lipid species in high-risk versus low-risk RPE, based on t-test analysis and p value <0.0001 cut-off, from negative ion mode mass spectrometry analysis.   
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Supplementary Figure 2: Negative control for EV fluorescent labelling, purification and in vitro EV RPE uptake study. Control reaction was carried out in parallel to EV samples, with DPBS used instead of EV preparations. Representative image taken 24 hours post-exposure of the control sample to RPE cells, as indicated in the Methods section, is shown. 
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Supplementary Figure 3: Western blot analysis of apoptosis markers, PARP and caspase 3 in low-risk RPE cells exposed to exogenous RPE EVs. No cleavage fragments of PARP nor pro-caspase 3 were detected. Decreased amounts of pro-caspase 3 in low-risk RPE treated with high-risk EVs were evident and a trend towards upregulation of PARP in low-risk cells treated with both apical and basal high-risk EVs was observed, likely indicating genotoxic stress and activation of pro-survival mechanisms.    
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Supplementary Figure 4: RPE EVs uptake by retinal organoids. EVs were fluorescently labeled with ExoGlow-Membrane EV Labeling Kit (SBI) and exposed to mature retinal organoids (differentiation day 217) for 24 hours. Live cell imaging was performed using a Zeiss Lattice Lightsheet 7 fluorescence microscope. (A) Three-dimensional image of the organoid structure showing exogenous EV-derived fluorescent staining of various retinal cell types. The grid scale bar 200 µm × 200 µm. (B) Single focal plane image demonstrating EV-derived fluorescent staining of the apical layer of the retinal organoid including a putative photoreceptor cell layer. Membrane and cytoplasmic staining are visible. Scale bar 20 µm.      
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Supplementary Figure 5: Retinal organoid exposure to high-risk apical and basal EVs. Control retinal organoids were treated with high-risk apical/basal EVs in 6 doses across two weeks. ICC analysis was performed, with thin organoid sections stained for (A) photoreceptor recoverin (Recov) and ganglion cell gamma-synuclein (SCNG) markers; (B) Müller glia cellular retinaldehyde binding protein (CRALBP) marker and alpha B crystallin (CRYAB); (C) astrocytes glial fibrillary acidic protein (GFAP) marker; (D) neural progenitor cells Pax6 marker and CRYAB (arrowheads denote cells immunopositive for alpha B crystallin and Pax6 protein expression); (E) proliferative retinal progenitor cells visual system homeobox 2, Vsx2, marker and CRYAB (arrowheads denote cells positive for both Vsx2 and CRYAB staining). Cell nuclei were counterstained with Hoechst. Scale bars: A – 50 µm; insets – 20 µm. 
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Supplementary Figure 6: High-risk apical AMD RPE EVs enhance endothelial colony forming cells (ECFCs) 3D tube formation and angiogenic sprouting. (A) ECFCs were treated with low-risk and high-risk apical and basal RPE EVs for 18 hours, followed by ECFCs embedding in 3D Matrigel. Images were taken at 48 hours of cells being embedded in Matrigel and ECFC tube area (percentage per well) was calculated. N = 5 wells per experimental group. 4 different ECFCs clones were tested, and representative data is shown. Statistical analysis of ECFCs tube area was performed using one-way ANOVA followed by Tukey’s multiple comparisons tests. (B) ECFCs attached to beads were treated with low-risk and high-risk apical and basal RPE EVs for 18 hours, followed by embedding in Fibrin. Images were taken at day 5 post-embedding. Scale bars 25 µm. Number of sprouts per bead was calculated. N ≥ 18 beads per experimental group. 3 different ECFCs clones were tested with representative data shown. Statistical analysis was performed using one-way ANOVA followed by Dunn’s multiple comparisons test. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001. Mean ± SEM shown.
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Supplementary Figure 7: Dose-response experiments to evaluate the effective contribution of high-risk apical EVs amounts to their pro-angiogenic properties. (A) Representative TEM image of high-risk apical EVs tested in the ECFCs 3D tube formation assays. Scale bar 100 nm. (B) Different ratios of RPE EVs to ECFCs were tested (based on cell counts ratios to ensure physiological EV amounts). Statistically significant increase in ECFCs tube area compared to the assay control (PBS) was observed for 1:2 and 1:1 ratio, indicating the stimulatory effect of the EVs contents that was further enhanced by the increased EVs amounts. Statistical analysis of ECFCs tube area was performed using normality tests and one-way ANOVA followed by Tukey’s multiple comparisons tests. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001. Mean ± SEM shown.
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Supplementary Figure 8: Basal high-risk RPE EVs stimulate protein aggregation and amyloid fibril formation. α-synuclein aggregate formation has been used to verify RPE EVs-induced amyloid formation and potential contribution to drusen and subretinal drusenoid deposits (pseudodrusen) formation. (A) Exponential curves indicate the generation of α-synuclein fibrils (Mean ± standard deviation of 3 replicates presented). In contrast to low-risk RPE EVs, high-risk basal RPE-EVs are potent inducers of α-synuclein fibril formation, with a smaller effect on amyloid formation from the apical high-risk RPE-EVs. (B) Transmission electron microscopy images of generated α-synuclein fibrils in the presence of basal high-risk RPE EVs. Intact and disrupted EVs are present in the amyloid fibril net, suggestive of their contribution to fibril generation. Scale bars – 500 nm (left) and 200 nm (right). 
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Supplementary Figure 9: Immuno-modulatory potential of RPE EVs. Apical high-risk EVs induced enhanced gene expression of inflammatory genes in THP-1 derived macrophages.      Mean ± SEM presented, n=6. Data was analysed for normality by Shapiro-Wilk test, followed by ANOVA and either Tukey’s (parametric) or Dunn’s (non-parametric) multiple comparisons tests. * p <0.05, ** p <0.01, *** p <0.001. 
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