
Microbubbles as a Solution for Efficient, Cost-Effective  
and Scalable Workflows

1. The Challenge 
The burden of cancers in both expense and loss of life is staggering. One in four deaths in the United 
States is due to cancer, and the estimated cost of cancer care in 2020 was over $200 billion [1]. In the 
US, 8 of the top 10 most prevalent cancer types, as measured by both new cases and cancer-related 
deaths, present as solid tumors [2]. Chimeric antigen receptor (CAR)-T cell therapy was developed 
to address this. These T cells have been genetically engineered to express a unique receptor that 
recognizes specific proteins on the surface of the patient’s cancer cells. These cells are expanded in 
the laboratory and injected into patients, where they find and eliminate cancer cells throughout the 
body, including within solid tumors. This therapy can be tailor-made to clear various cancer types while 
reducing the need for harmful treatments such as chemotherapy and radiation therapy. While hundreds 
of CAR-T cell therapy clinical trials are currently underway worldwide, there are still significant 
roadblocks to creating efficient, cost-effective, and scalable workflows.

2. The Process 
The generation of CAR-T cells requires the isolation of significant numbers of T cells to use as a starting 
material. Traditional methods of isolating T cells and activating them for the time needed to generate 
effective CAR-T therapies have significant limitations in throughput, complexity, and unwanted induction 
of T cell exhaustion. To address this, we applied our buoyancy-activated cell sorting (BACSTM) technology 
to combine isolation and activation. Functionalizing microbubbles with anti-CD3 antibodies allows for 
positive selection of T cells from peripheral blood samples. After positive selection, a second microbubble 
population is introduced. These microbubbles are functionalized with antibodies targeting the costimulatory 
molecule CD28. Signaling through CD3 and CD28 activates the freshly isolated T cells, leading to 
proliferation.
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5. The Impact 
Given that Akadeum’s novel protocol for 
isolation and expansion provides significant 
T cell expansion with minimal exhaustion 
while also allowing for efficient transduction, 
we feel that this new approach to CAR-T cell 
production will greatly benefit the cell therapy 
space. Our platform provides for activation of 
the T cells while they are suspended in the 
culture media, leading to reduced exhaustion 
marker expression. The gentle nature of our 
cell isolation, without the need for magnetics 
or the sheer stresses of flow cytometry, results 
in healthier cells that expand more effectively 
and are highly transducible. Together, these 
improvements over the current industry 
standard methods and the inherent scalability 
of the microbubble platform will allow for 
rapid optimization and development of cell 
therapy workflows that may ultimately relieve 
the terrible burden that cancer places on our 
society.

4. The Results  
After isolation and expansion using our novel microbubble platform, cells were transduced with 
lentivirus to mimic CAR construct insertion. Four and six days later, large numbers of lentivirus-
transduced cells were present in the culture. This shows that our microbubble-based method allows 
for the efficient insertion of genes of interest using our isolation and activation method. In addition, 
relatively few of these cells expressed the exhaustion marker PD-1. T cell exhaustion is problematic 
in this situation because the cells must be fully functional to target and eliminate the cancer cells. 
The lengthy culture times used in industry-standard tools and kits typically lead to significant levels 
of T cell exhaustion markers. Therefore, the low number of cells expressing exhaustion markers in our 
workflow suggests that our technology provides a more tunable and gentler alternative to traditional 
isolation and activation methods currently in use.

3. The Solution 
Akadeum’s microbubble platform offers a simple and highly tunable isolation and activation workflow 
that generates T cells ready for suspended cell culture and downstream applications, such as 
genetic modification and expansion. The activation and proliferation happen at the top of the sample, 
where the T cells are suspended, daughter cells fall to the bottom of the sample. This prevents the 
overstimulation of these new daughter cells. In contrast, conventional methods activate at the bottom 
of the well, so daughter cells are continually activated. This leads to overstimulation and high levels of 
exhaustion that must be overcome in order for the cells to be used as therapeutics.
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