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Introduction

Extracellular vesicles (EVs) are cell-derived nanoparticles that facilitate
intercellular communication through the transfer of bioactive cargo.
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Results

Increased EV yield from fixed-bed bioreactor Enrichment of EV protein cargo CDA47 surface engineering increases reparative properties
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iz Scalable production: Fixed-bed bioreactor culture substantially increased
EV yield compared to conventional flask culture.

< Molecular integrity: Bioreactor-derived EVs retained characteristic EV
features and complex protein cargo.

@ Biological relevance: Functional activity was maintained following scale-up

Figure 2: Characterization of EV-associated proteins in hTERT MSC EVs. (A) Multiplex immmunoassay
profiling of EV-associated tetraspanins in bioreactor- and flask-derived EVs. Relative EV concentrations
were determined using recombinant EV calibrators and are reported as arbitrary units (AU). n = 3. ¥ =p <
0.0001. (B) STRING network analysis identified distinct protein interaction networks in bioreactor- and flask-
derived EVs. (C-D) Reactome pathway enrichment analysis highlighted biological pathways associated with
proteins detected in (C) bioreactor- and (D) flask-derived EVs. Bubble size indicates protein count, and color
iIndicates FDR-adjusted significance. Adapted from Cuba et al., 2026.
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