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Bone organoid–derived extracellular vesicles 
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Supplementary File

Figure S1. Flow cytometry analysis of bone marrow mesenchymal stem cell surface biomarkers. (A) CD34. (B) CD45. (C) CD73. (D) CD90.

Figure S2. Western blot detection of matrix vesicle-related markers and calnexin (a negative marker of EVs) (n = 3)
Abbreviation: TNAP: Tissue-nonspecific alkaline phosphatase.
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Figure S3. Dose–response relationship and determination of the standardized working concentration for bone organoid-derived extracellular vesicles 
(BOEVs). (A–D) Sigmoidal dose-response curves illustrating functional activity across a concentration gradient (103 to 108 particles/mL) for 2DEV (A), 
BOEV-1d (B), BOEV-7d (C), and BOEV-14d (D) (n = 3).
Abbreviations: ALP: Alkaline phosphatase; EV: Extracellular vesicle.
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Figure S4. Effects of Hif1a knockdown on angiogenic factors in bone organoid-derived extracellular vesicles (BOEVs). (A) Real-time quantitative 
polymerase chain reaction (RT-qPCR) analysis of Hif1a messenger RNA (mRNA) expression in bone organoids (BOs). (B) Scanning electron microscopy 
(SEM) images of BO-HIF-1α-KD-7d. Scale bar: 50 μm; magnification: 800×. (C) Enzyme-linked immunosorbent assay (ELISA) quantification of 
hypoxia-inducible factor-1α (HIF-1α) and vascular endothelial growth factor (VEGF) concentrations in extracellular vesicles (EVs) (n = 10). (D) 
RT-qPCR analysis of relative mRNA expression of angiogenesis-related genes (Ccn2, Fn, and Vegf) in human umbilical vein endothelial cells (HUVECs) 
(n = 3). (E) RT-qPCR analysis of relative mRNA expression of osteogenesis-related genes (Col1a1, Ocn, Runx2, and Sp7) in hFOB1.19 cells (n = 3). 
Notes: ***p < 0.001, ****p < 0.0001, ns: p > 0.05.
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Figure S5. The effect of non-vesicular nanoparticles on osteogenesis and angiogenesis. (A) Detection of alkaline phosphatase (ALP) concentration 
(n = 6) and ALP activity (n = 3). (B) Transmission electron microscopy observation of non-vesicular nanoparticles morphology. Scale bar: 200 nm; 
magnification: 30,000×. (C) Detection of vascular endothelial growth factor (VEGF) concentration (n = 10). 
Notes: **p < 0.01, ***p < 0.001, ****p < 0.0001, ns: p > 0.05.
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Figure S6. Uncropped original Western blot images. (A–D) Uncropped original blots of apoptosis-related proteins in bone organoids, including cleaved 
caspase-3 (A), BAX (B), BCL-2 (C), and β-actin (D), corresponding to Figure 1I. (E–H) Uncropped original blots of extracellular vesicle markers, 
including CD63 (E), CD81 (F), ALIX (G), and the negative marker calnexin (H), corresponding to Figure 3E. (I–L) Uncropped original blots of 
osteogenic-related molecules in hFOB1.19 cells, including SMAD1 (I), TGF-β1 (J), RUNX2 (K), and GAPDH (L), corresponding to Figure 7D. (M–O) 
Uncropped original blots of matrix vesicle-related markers, including TNAP (M), annexin V (N), and the negative marker calnexin (O), corresponding 
to Figure S2.
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