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Overview

The study of peripheral blood mononuclear cells 
(PBMCs) is essential in immunology as they are 
specialized immune cells that prevent the spread of 
pathogens in our body. PBMCs include lymphocytes (T 
cells, B cells, and NK cells), monocytes, and dendritic 
cells. In humans, their proportions can vary across 
individuals, with the lymphocytes being the main 
component. Usually, they are collected from whole 
blood of healthy or diseased subjects, and are a 
critical front-line sample for a broad range of fields 
(i.e. infectious disease, hematological studies, vaccine 
development, toxicology, biomarker identification, and 
personalized medicine). Their study can lead to a better 
understanding of immune status and their response 
in disease, and to various therapies. Even though 
PBMCs can be easily obtained at different timepoints 
of disease and ongoing therapy, the isolation, storage, 
and retrieval of these cells can impact their overall 
viability and the ability to accurately study the 
different cell populations and their differential status 
relative to disease or therapeutic response.

Another compelling reason for working with the 
most viable PBMC sample is the great advances in 
personalized immunotherapy approaches. Chimeric 
antigen receptor (CAR) T-cell therapy and CAR-NK 
techniques rely on the isolation of specific cells from 
PBMCs. To carry out these procedures, scientists 
require a sufficient viable population of PBMCs. Our 
gentle Levitation Technology excels in handling 
precious and sensitive samples that are likely 
compromised under conventional methods, rendering 
them unusable for further experimentation. The 
LeviCellTM platform is compatible with samples low in 
viability or numbers, enabling recovery of the most 
viable cells from a PBMC sample for further uses. 

 
Elevate PBMC Work with the LeviCell 
System 
 
LevitasBio has successfully demonstrated enrichment 
of viable cells from a broad range of sample types using 
Levitation Technology. The LeviCell system, a label-free 
and bias-free solution for sample processing, enriches 
for viable PBMCs through a fast, simple, and extremely 
gentle process. 
 
If your sample has been cryopreserved, place the 
cryovial in a 37°C water bath for 5 minutes, resuspend 
with pre-warmed media (RPMI + 20% FBS), and 
centrifuge for 10 min at 500 x g to recover most of the 
viable cells.1 After careful media removal, cells can be 
resuspended in levitation buffer. If your sample is fresh, 
PBMCs can be directly mixed with levitation buffer and 
loaded into the LeviCell cartridge. After 20 minutes of 
gentle levitation, the viable cells will equilibrate to a 
different height than dead cells and debris, allowing 
the viable cells to be collected. 
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KEY HIGHLIGHTS
Levitation: Rescuing Samples 

Maximize results with PBMCs using a fast, 
simple, and gentle workflow.

Obtain viable populations regardless of 
isolation, storage, and retrieval methods

Protect precious and sensitive samples with 
an ultra-gentle workflow

PBMCs from cryopreserved samples 
with starting viability as low as 20% were 
successfully rescued and enriched to a final 
tune of 90%. 
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Figure 1. Viable cell enrichment of PBMCs using LeviCell. The bar 
graph shows the viability of the pre- and post-LeviCell samples, 
and the yield of viable cells obtained after 20 min of levitation. 
All values were obtained by cell counting using dual staining with 
Acridine Orange and Propidium iodide (AO/PI). Data are mean ± SD 
(n=9, paired t-test) and the purple circles show the individual data 
points. 
 
or other analyses as it is free of dead cells and 
debris. 

Figure 2. Enrichment was performed and achieved from different inputs of low viability PBMCs. 17 samples were prepared with different 
amounts of PBMCs (from 10,000 to 1 million). Initial cell counts and viabilities were recorded.  All were enriched for viable PBMCs with a 20 
minute LeviCell run, with final viabilities improving to an average of 90%. Viability values were obtained by cell counting using dual staining 
with Acridine Orange and Propidium iodide (AO/PI).

To demonstrate the power of the LeviCell system, we 
tested PBMCs with initial viabilities as low as 20%. 
After LeviCell enrichment, we collected PBMCs with 
an average of 90% viability (Figure 1). All replicates 
had inputs lower than 1 million total cells and the 
average viable cell yield was ~70%, providing enough 
cells for downstream workflows. 
 
Maximize Cell Viability from 
Cryopreserved and Precious Samples

Once obtained, PBMCs are often frozen and 
transported to the lab for testing. Possible downstream 
applications rely heavily on the viability and state of 
the cells. Levitation Technology accommodates limited 
cell input numbers and sensitive cell types without 
altering their gene expression profile. Even damaged 
samples suffering from low viabilities can be processed 
and enriched. 

In Figure 2, we demonstrate successful enrichment of 
PBMCs across a range of cell inputs.  Many of these 
cells had initial viabilities as low as 20%. After a gentle 
and single 20 minute run on the LeviCell system, 
viable cells were collected from the top output well 
of the LeviCell cartridge. Viabilities were substantially 
improved, in many cases, to >90%. These highly viable 
cells are now ready for use in downstream sequencing 
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The LeviCell system provides a real-time imaging of 
the cells while levitating. This is extremely useful for 
complex samples like PBMCs that are composed of 
multiple cell types. Figure 3 shows two examples of a 
PBMC sample that started with similar viabilities and 
after 20 min of levitation, were enriched beyond 90% 
viable. These examples also demonstrate the effect 
of ~3X higher cell input on the LeviCell as visualized 
by a denser band of viable cells (right panel) without 
compromising the results 
 
Conclusion

The LeviCell system and levitation technology provide 
a fast and gentle enrichment of viable PBMCs. 
The ability to rescue precious samples after their 
collection, storage, and subsequent thawing enables 
multiple downstream workflows that would not be 
possible for some severely compromised samples. 
This can have a great impact in cancer research where 

Figure 3. Levitation of PBMCs on the LeviCell system. In both brightfield images, the viable cells can be seen levitating differentially from the 
dead cells and debris after 20 minutes of levitation. The right image has ~3X more PBMCs than the left image. Viability values were obtained by 
cell counting using dual staining with Acridine Orange and Propidium iodide (AO/PI). LA=Levitation Agent
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PBMCs need to be collected. The more viable cells to 
work with, the more replicates and studies that can be 
carried out, and more comprehensive knowledge of 
the sample and the disease can be obtained. 

While viable cell enrichment is a powerful application 
in research leveraging PBMCs, Levitation Technology 
can be used with many other samples to expand the 
use of low cell number, damaged, and/or particularly 
sensitive samples. Even with low total cell numbers, 
the LeviCell system can provide results that enable the 
use of cryopreserved samples commonly used in the 
clinical research setting. 
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