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Supplementary Figure 1 A live (green) and dead (red) assay of cells in the 3D w/shaking group on D3, 

D5, and D7. Most cells in the hMSC-spheroids were highly viable. Initially, the hMSC-spheroids were 

homogeneously sized at approximately 150 m in diameter, and as the culture continued, structural 

compaction of cellular aggregates progressed naturally. The size bars indicate 400 m. 

 

 

Supplementary Figure 2 Microscopic observation of cellular growth in the groups of 2D, 2D 

w/shaking, 3D, and 3D w/shaking over the culture period. The size bars indicate 200 m. 



 

Supplementary Figure 3 (a) A flow cytometric analysis for phenotyping and enumerating Exo-free 

3D-MVs collected on D7. Particles sized below 1.0 m (red solid squares), estimated using standard 

size beads, and those double-positive for anti-CD105 (hMSC surface marker) and anti-annexin V (lipid 

surface marker) were counted as hMSC-derived MVs (blue dotted squares). Counting beads (purple 

solid squares) were used to calculate the absolute counts of MVs. Quantitative comparison of counted 

MVs as normalized to the cell numbers on D7. A BCA protein quantification assay with Exo-free 3D-

MVs collected on D7 which were normalized to the cell number. (b) TEM images of Exo-free 3D-MVs. 

Collected MVs revealed vesicular structures appearing rounded and bi-lipid layered, although differing 

in contrast and surface pattern. The size bars indicate 1,000 nm. 

 

Supplementary Figure 4 Western blot analysis for markers of apoptotic bodies. Three samples were 

analysed: 1) our 3D-MVs, 2) cell debris collected during isolation of the 3D-MVs, and 3) cell lysate 

obtained from the common cell lysis procedure using hMSCs. The results showed that our 3D-MVs 

expressed minimal levels of thrombospondin (TSP) and C3b, while cell debris apparently expressed 

TSP and cell lysate expressed much higher levels of both markers. 



 

Supplementary Figure 5 Highly augmented production of hMSC-derived MVs with IBE treatment. 

Data are presented as the mean ± SEM. 



 

Supplementary Figure 6 High-throughput screening of various cytokines contained in MVs from IBE-

treated fibroblasts (IBE-fibroblast MVs), dynamic 3D-cultured fibroblasts (3D-fibroblast MVs), IBE-

treated hMSCs (IBE-MVs), and dynamic 3D-cultured hMSCs (3D-MVs). (a) Human Inflammation 

Antibody Array. (b) Human Angiogenesis Antibody Array. (c) Proteome ProfilerTM
 Human XL 

Cytokine Array Kit. As compared to MVs generated from fibroblast cultures, those collected from 

hMSC cultures exclusively contained a variety of cytokines with therapeutic potential. 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure 7 (a) Representative cytokines contained in 2D-MVs, Exo-free 3D-MVs, and 

3D-MVs were analysed using the Proteome ProfilerTM
 Human XL Cytokine Array Kit. Regardless of 

the variations in major compounds among groups, collected MVs abundantly contained various 

therapeutic cytokines. (b) micro-RNAs, such as miR-134, -137, -184, and -210, in 2D-MVs, Exo-free 

3D-MVs, and 3D-MVs groups were analysed by the qPCR assay. miR-210 was minimally expressed 

in the Exo-free 3D-MVs group, unlike the 3D-MVs group. On the other hand, no expression of the 

selected micro-RNAs was detected in the 2D-MVs group. 

 

Supplementary Figure 8 Angiogenic stimulation via MV supplementation. (a) The inducible capacity 

of MVs for vascular tube formation. 3 g/mL of 2D-MVs and Exo-free 3D-MVs were added to 

HUVECs plated on Matrigel, and resulting tube formation was observed along with a control (basal 

medium) and VEGF-treated groups by microscopy. The size bars indicate 200 m. (b) Loop number (c) 

branch number and (d) branch length values of the resulting tube formation were quantitatively 

compared. Data are presented as the mean ± SEM. Differences among groups were evaluated by one-

way ANOVA at a level of significance of p < 0.05 (*). 



 

Supplementary Figure 9 Neurogenic stimulation via MV supplementation. (a) Phase contrast images 

of neurogenic stimulation of MVs. 3 g/mL of 2D-MVs and Exo-free 3D-MVs were added to primarily 

cultured NSCs, and neural differentiation was observed on D4, compared with control (basal medium) 

and NGF-treated groups. The size bars indicate 100 m. (b) Fluorescent image analyses of Tuj1 

expression in NSCs along with Ki67 expression that denotes proliferating cells. The size bars indicate 

100 m. (c) Stimulated neurogenic differentiation of NSCs on D4 was quantified by counting cells 

positive for Tuj1 and normalized to DAPI-stained cells. (d) Proliferating NSCs on D4 were quantified 

by counting cells positive for Ki67 and normalized to DAPI-stained cells. Data are presented as the 

mean ± SEM. Differences among groups were evaluated by one-way ANOVA at a level of significance 

of p < 0.001 (***), 0.001 < p < 0.01 (**), or 0.01 < p < 0.05 (*). 

 


