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Figure 1: Overview of the EV bioprocess described in this study. We optimized MSC EV production and scaled-up the process from 2D system in 
flasks to 3D microcarrier-based cultivation in a stirred tank bioreactor. Conditioned media EVs were then filtered and captured by preferential 
exclusion chromatography on the CIMmultus OH preparative column using pre-optimized conditions. Samples from different stages of the EV 
bioprocess were analyzed by multi-detector PATfix® SEC analytics, which guided both upstream and downstream process development.

Figure 2: A) Effect of cell density and length of EV production on particle concentration and exosome marker abundance in small-scale 2D 
production optimization. B) Timeline of EV production in 3D microcarrier-based system. d – day, L – low, M – mid, H – high cell density.
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Table 1: Comparison of surface-to-volume ratio, EV productivity, EV concentration, size and relative exosome marker abundance for 2D and 3D MSC 
EV production systems.

Figure 3: Optimization color gradient map. Citrate and phosphate were screened for pH (6.5-8) and concentration (1.0-0.65 M for citrate, 1.5-1.0 M 
for phosphate) binding conditions. MODDE software generated a probability of failure map to recover at least 50% of CD81 marker from all screened 
conditions. Based on these predictions, we chose 750 mM citrate pH 7.0 (marked with star) as our binding conditions for EVs on the OH column.

Figure 4: A) CIMmultus OH chromatogram. 90 mL of 3D material was loaded on the column. B) Elution zoom-in with marked fractions. FT- flow-
through, E1, E2, E3 – elution fractions, CIP – cleaning in place. 

Figure 5: Analytics of OH capture fractions. A) Recovery of fluorescently labeled particles was calculated from harvest (100%). Particle concentration 
was measured by NTA and expressed as total particles per fraction. B) Protein and DNA reduction measured by Bradford and PicoGreen assays, 
respectively. FT – flow-through, E1, E2, E3 – elution fractions, CIP – cleaning in place.


