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Introduction

As the scientific community addresses more specific queries

In recent years, there has been a movement from the use of cell
lines to primary cells to address a number of biological questions
including, but not restricted to, target validation, toxicity, immunooncology and cytokine storm risk. Although cell lines are easy to
use, predictable in their growth patterns, and amenable to highthroughput assays, they are generally limited in simple end points
such as cell death or cell proliferation. Cell lines usually represent
a mature cell type from only one lineage and are prone to genetic
instability. Therefore, the translation of information from these
assays may not correlate well with the in vivo situation. As our
awareness increases as to the many players in the immune system,
so too does our understanding of the function of these cells. For
example, some cancer cells are known to “exhaust” T cell activity1,
thus dampening the immune response, whereas other engineered
T cells are being evaluated to overcome their loss of activity in the
tumor microenvironment (Figure 1).2,3

about individual cell function, both alone and in the context of
other cells, the need for more representative cellular platforms
is required. Peripheral blood mononuclear cells (PBMCs)
provide one such platform. The ability to acquire these cells
has become easier, with many reputable vendors throughout
the United States. The added advantage of accessing blood
from both normal donors and patients with various diseases
opens the possibility of researching the similarities or
differences in target number, signaling pathways, or molecular
response to drug candidates in these populations. The ability
to “bank” many identical vials of cells from a given donor
allows for comparative analyses of test compounds over time,
whereas the ability to access PBMCs from multiple donors
can assess if a test compound could have varying molecular
effects on a population. However, working with PBMCs can
be more difficult than cell lines. Part of this white paper hopes
to present several pointers to aid the generation of viable and
functional starting cell populations.
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What are PBMCs?
PBMCs are the mononuclear cells within the blood. This
includes: lymphocytes (T cells, B cells, Natural Killer (NK)
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cells, and monocytes).4 The relative distribution of these cell
populations may be influenced by age, ethnicity, or gender.5
From whole blood, which additionally contains red blood
cells, platelets, and granulocytes, PBMCs can be prepared by
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layering the cells on a density gradient (ficoll) and centrifuging
the tube (Figure 2). Denser cells will sink to the bottom,
whereas the PBMCs can be found in a layer between the ficoll
and the plasma.6 PBMCs may also be acquired from apheresis,
a process in which blood from a given donor or patient is
passed through an apparatus that separates out one particular
constituent (PBMCs in this case) and returns the remainder of

FIGURE 1 Example of T cell inactivation through PD1/PD-L1
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the blood components to the donor.7,8,9
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Once removed from the gaseous phase of liquid nitrogen, the
vial(s) of cells should be placed in a 37oC water bath, until they are
almost completely thawed, then transferred to a basal medium
containing 5-10% FBS (or a medium of choice prepared for the
assay) and washed by centrifugation at approximately 1200 rpm
for 10 minutes. Following decanting of the supernatant and prior
to the resuspension of the cells, 50-100 µL DNAse may be added.
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This aids in preventing cell clumping but should not be used for
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any assays measuring DNA or that utilize DNA for assay readout.
Following resuspension of cells in the medium of choice, a cell and
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viability count should be performed. Once the PBMCs have been
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diluted to the appropriate cell concentration, the assays should be
set up immediately. Samples with a low viability (i.e. many dead
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cells) are unlikely to yield optimal assay results.
Where use of fresh PBMCs is required, the fresh blood needs to
be processed as rapidly as possible. Typically, the blood is diluted

FIGURE 2 Representation of PBMC preparation before and after density gradient
centrifugation.

in basal medium, layered on ficoll and the PBMC population
recovered following density gradient separation. Following
washing of the PBMCs, DNAse may be added again to prevent

Contaminating Cells in PBMC Preparations

any clumping of cells, but again should not be used in assays

Despite best efforts by density centrifugation or apheresis,

viability count should be performed. Since dead cells have a

there can be contaminating cells, some of which cause more
problems than others. Contaminating red blood cells are
typically not too problematic. If the PBMCs are cryopreserved
and stored in the gaseous phase of liquid nitrogen prior to use,

that require DNA analysis or DNA for assay readout. A cell and
different density than their live counterparts, the ficoll separation
has the advantages of removing the dead cells in the process so
the viability of PBMCs is typically > 95% when prepared freshly.

the red blood cells do not survive these temperatures and are
no longer a problem upon thawing of the sample. If fresh PBMCs

DO'S AND DON'Ts WITH PBMCs:

are required in a given assay, contaminating red blood cells
would result in an erroneous cell count. This can be avoided by
the use of a calibrated cell counter or by dilution of the PBMC
samples in glacial acetic acid (which lyses red blood cells) for a
manual cell count.
Granulocyte

contamination

DO...
Do use all the appropriate safety equipment (laminar flow hoods and gloves)
when processing or working with human blood or PBMCs.
Do process fresh samples as soon as possible after receipt.

causes

more

challenges.

Granulocytes have the shortest half-life of all blood cells, so
as blood ages (between collection time and use), they begin

Do perform a viability count, especially on thawed PBMC samples.
Do have all other reagents for the culture ready to go so the PBMCs (fresh or
thawed) are used immediately upon preparation.

to change density, which may reduce the effectiveness of
a density gradient separation. In addition, with a half-life of
approximately 9 hours, they can die and release products into
the PBMCs, some of which are known to alter the function
of certain populations including T-cells.10 Granulocytes also
do not survive cryopreserving and storage in the gaseous
phase of liquid nitrogen, so upon thawing, a PBMC population
contaminated with granulocytes may yield a poor cell viability.

DON'T...
Don’t leave cryopreserved cells in a water bath for extended time periods
when thawing (the vial should be removed when there is still evidence of
some ice crystal).
Don’t use DNAse if you are planning on using the cells in a DNA-based assay
such as the nCounter® platform for protein analysis.
Don’t store cryopreserved cells in freezers (-20˚C, -80˚C) as the
functionality of some cell populations is compromised.

Use of Fresh vs. Cryopreserved Cells
For many applications, cryopreserved PBMCs are an ideal cell

Assay formats may vary depending on the scientific question,

population. The ability to have a cell stock ready for use has

the desired readouts and the cell numbers required for the

obvious advantages. In order to ensure intended assays work

various readouts, but a 96-well plate format offers an excellent

optimally, it is important to thaw cryopreserved PBMCs rapidly.

platform for many types of experiments with PBMCs.
3

WHITE PAPER

Conclusion
In summary, PBMCs are readily available and provide a relevant cell population for addressing many biological queries. With a little
additional attention to detail in cell preparation and cell storage, the data generated from viable PBMCs may provide a wealth of
information about normal versus diseased and treated versus untreated patients, and information regarding potential drug candidates
with an increased understanding of underlying mechanisms.
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