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Exosomes have recently gained interest as a potential new therapeutic agent, as an alternative or combined therapy 

to stem cell and other cell-based therapies. Exosomes are small secreted vesicles (typically about 30-150 nm) that 

contain an array of nucleic acid, protein or other biomolecules. These cargos may be important for cell-cell inter-

communication and creating a paracrine effect when used as a therapeutic agent. As a mechanism of cell-cell 

communication, exosomes regulate many pathways including, but not limited to, angiogenesis, inflammation, and 

migration1-3.  As animal models produce promising results, researchers have begun working towards phase I 

clinical trials and the need to scale up exosome production has become critically important4-6. The large-scale 

production of cell generated conditioned medium and precipitation of exosomes from this medium, are some of 

the main challenges faced while translating exosome products into the clinics. 

 

At Interdisciplinary Stem Cell Institute (ISCI), we have completed the process development assessments of large-

scale exosome production using the Quantum Bioreactor (Terumo) for scale, bone marrow - Mesenchymal Stem 

cell (MSC) derived exosome products. This process development was initiated in response to the growing need 

of exosome products for Investigational New Drug (IND) enabling studies and rapid clinical translation. Our 

group was able to complete this development work in part through PACT sponsored research with Dr Peiman 

Hematti and Dr John Kink (University of Wisconsin) in which we aimed to produce large scale exosome batches 

for rapid and repeated testing in small animal models.   

 

To address the challenge associated with  large-scale  exosome production, we utilized Quantum Bioreactors to 

collect exosome-rich, MSC conditioned medium to yield large amounts of exosomes effectively. Quantum 

Bioreactor is an automatic close system using a 3-dimensional hollow-fiber core as the culture vessel. The core 

(cell culture vessel) contains approximately 11,500 hollow fibers that provide approximately 2.1 m2 of surface 

area for cell growth, which is roughly equivalent to 120 T175-flasks that would require two regular size 

incubators. A typical T-175 flask is cultured with 25 mL of medium. Implementing the Quantum Bioreactor has 

proven to be a cost-effective and efficient tool for achieving high cell yields within minimal technical work hours 

required. If a Quantum Bioreactor is roughly equivalent to 120 T-175 flasks, the handling volume of conditioned 

medium is approximately 3000L as compared to 200-500 mL from one Quantum Bioreactor collecting for one 

day. Quantum Bioreactor is superior in volume handling of the collected culture medium used for exosome 

harvest. Large volume handling is time consuming and often limited by the capacity of the equipment that is used 

for exosome processing.  

 

Our exosome production began with an initial MSC expansion phase in conventional culture flasks for both 

passage 0 and 1. At P1 (passage 1) harvest, the cells were cryopreserved in aliquots of 30x106 cells per 20 mL of 

https://www.terumobct.com/location/north-america/products-and-services/Pages/Quantum-How-It-Works.aspx?anchor=how3
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cryopreservation reagent in our developmental studies. These cryopreserved aliquots were used to build a P1 cell 

stock that could be directly loaded onto the bioreactor when needed. If cryopreservation was not needed, freshly 

harvest P1 cells could be loaded directly into the Quantum Bioreactor. To begin cell expansion for exosome 

production, cryopreserved cells were loaded directly onto the Quantum Bioreactor for the P2 expansion to occur 

over the next seven days. For clinical production, 30x106 cells were loaded onto the Quantum Bioreactor(s) 

directly after harvest. This critical change eliminated the need for any required testing to establish a cryopreserved 

master cell bank (MCB). At the completion of expansion, the medium used for expansion was washed out and 

replaced by a serum-free medium. Exosome collection began after this medium replacement. Quantum 

Bioreactor’s automated feature allowed the fresh medium to flow into the bioreactor core at a previously validated 

inlet rate where the spent medium would be collected as waste. During the exosome collection stage, the spent 

conditioned medium that usually would be designated as “waste” would, therefore, be collected as the exosome-

rich conditioned medium used for final product collection. At an optimized rate, approximately 200-500 mL of 

the exosome-rich conditioned medium would be collected daily. This feature allowed for the repetitive collection 

of exosome-rich conditioned medium over a determined period of time with a simple step of replacing the medium 

collection bag. For our process developmental work, exosome-rich conditioned medium was collected up to 96 

hours post medium replacement. Each day, the collected exosome-rich conditioned medium underwent a 

sequential step of centrifugation and ultracentrifuge precipitation, resulting in a final purified exosome product. 

The optimal duration for exosome collection is yet to be determined for bone marrow MSC derived exosome as 

it is closely associated with its temporal exosome potency profile.  Exosome collected throughout the entire 

duration will be pooled together as one final exosome product. This critical step is to ensure each batch of product 

has the maximum yield to increase the cost-effectiveness associated with required testing. Nanosight NS300 

nanoparticle tracking analysis was used to provide quantitative and qualitative data on the exosomes collected 

daily. Our developmental exosomes were about 107 nm (Figure 1A) and the daily yield ranged from 1x1012 to 

over 4x1012 (Figure 1B) particles. The presence of exosome associated markers CD63, CD81, and CD9 was 

confirmed using flow cytometry (Figure 1 C). Importantly, the total particle yield collected during each daily time 

point showed the large-scale capabilities of this system (Figure 1B).  

 

In anticipation of FDA’s batch release requirements of allogenic more than minimally manipulated exosome 

products, it is critical to harvest a portion of the cells at P3 and final exosome products to satisfy the release 

requirements. These requirements include testing for: fungal/bacterial/yeast contamination (sterility and 

endotoxin testing) mycoplasma, potency, purity (test for residuals and in-vitro adventitious virus testing), and 

identity (exosome phenotype, particle size/concentration, protein concentration) of the exosome product. Future 

exosome production utilizing the Quantum Bioreactors for clinical application will allow a single yield of large 

quantity of exosome, deeming its economic value as transitional into future commercial product. A single high 

yield of exosome product will not only provide enough product to perform the required testing but also reduce 

the cost of performing repetitive validation testing, satisfying the FDA requirements. Furthermore, production of 

small batches will require a large percentage of the lot being used only for safety testing resulting in dramatically 

increased costs and loss of product.  

 

In conclusion, we have developed a manufacturing process utilizing the Quantum Bioreactor to produce large-

scale MSC-derived exosomes for use in both animal studies and clinical trials (Figure 2). This methodology has 
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considerable scale-up potential compared to standard cell culture flask cultures that require manual tasks. 

Furthermore, this system allowed us to move forward with the completion of IND enabling studies and collect 

relevant data that can satisfy FDA requirements. 

 

 
Figure 1 Process Validation Data of Large-Scale Exosome Production. (A) Nanosight nanoparticle tracking 

analysis of particle size and concentration distribution in a representative sample. (B) The total particle harvest 

from daily conditioned medium collections and precipitations. (C) Flow cytometry analysis of exosome 

associated markers from a representative sample.  
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Figure 2: Schematic Representation of Manual Cell Culture Flask vs Quantum Bioreactor Methodologies.  
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