
Measuring Potency of Cell
and Gene Therapy Products

The last decade has seen a rapid development in cell and gene therapies (CGT), which now offer promising solutions 
for diseases that couldn’t be adequately treated by traditional pharmaceuticals. Potency assays that measure the 
product-specific biological activity in a disease-relevant system are required by regulatory agencies to grant approval 
to CGT products (ICH 1999, FDA 2011, EMA 2016, EMA 2019). This article introduces the common challenges and 
analytical tools available for the development of potency assays for CGT products and explores the importance of 
selecting the appropriate assays during product development.

CGT are composed of a diverse group of medicinal 
products. Cell therapies (inclduing ex vivo gene therapies) 
involve the transfer of cells with a relevant function 
into the patient. Cells can have different origins, i.e., 
human (autologous or allogeneic), different differentiation 
stages, i.e., stem cells or differentiated cells, and can be 
genetically modified to exert the intended therapeutic 
effect (EMA 2019). In genetically modified cell therapy, 
a functional transgene is transfected into cells ex vivo 
using viral (for example, lentiviruses) or nonviral (e.g., 
electroporation) vectors. Next, the modified cells are 
administered to the patient where the transgene will 
promote a therapeutic effect. Examples of these therapies 
include chimeric antigen receptor (CAR) T cells and 
genetically modified human stem cells (HSCs) (EMA 2019, 
El-Kadiry et al. 2021).

Gene therapies, in turn, involve the direct administration 
of genetic material into the patient to regulate or modify 
the genes of somatic cells in situ (Gonçalves and Paiva 
2017, EMA 2019). Gene therapies generally target well-
characterized genetic diseases. Gene augmentation 
therapies aim to replace a missing or aberrant protein 
within the cell to modulate the disease state. In this case, 
the transgene typically contains a DNA sequence that 
needs to be transcribed into mRNA and translated into a 
functional protein. In gene-silencing gene therapies, the 
transgene expresses a small RNA (for example, microRNA 
or small interfering RNA) that reduces the expression of 

As with all pharmaceuticals, CGT products must meet 
rigorous safety guidelines to ensure their efficiency and 
safety. Potency assays for CGT products should measure 
molecular, biochemical, immunologic, phenotypic, 
physical, and biological characteristics as well as the 
relevant therapeutic activity or intended biological effect of 
the product or mechanism of action (MOA). Importantly, 
CGT products are complex and may rely on two or more 
MOAs, in which case each of these must be individually 
measured. Potency assays can be either in vitro or in 
vivo tests and are essential during multiple stages of the 
product life cycle, from early development to clinical trials 
(Figure 1). Potency assays are required for lot release 
testing, to show conformation testing, comparability 
studies, and stability testing. These tests are used to 
demonstrate that only products that meet these standards 
will be used during all phases of clinical investigation and 
following market approval.
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an endogenous gene in the target cells to modulate the 
disease state. The therapeutic transgene can be delivered 
to the patient using different viral vectors such as adeno-
associated viruses (AAVs) or nonviral vectors, such as lipid 
nanoparticles (van Haasteren et al. 2020). An example 
of gene therapy is gene replacement for spinal muscular 
atrophy (Mendell et al. 2017). 
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Determining the biological activity of CGT products is not 
easy. Potency should be determined based on the individual 
product attributes, meaning that specific potency assays 
must be developed for each product. Further, depending 
on the complexity of the product, a combination of multiple 
assays may be needed to adequately measure potency. 
There is no available guidance from regulatory agencies 
on which techniques or assays to use, therefore it is up to 
the company/research institute to develop their own set of 
potency assays. 

The inherent variability of starting materials presents a 
challenge during the development of robust potency 
assays; for example, donor cells are variable, and viruses 
are prone to errors during replication. There are also often 
restrictions on the lot size and material available for testing, 
as is the case of single-dose therapy that use autologous 
cells suspended in a small volume. Limited stability of the 
products (for example, low cell viability) as well as the lack 
of appropriate reference standards (for example, autologous 
cells, novel gene vectors) are other common problems. 
Further, CGT products often involve multiple active 
ingredients (for example, a combination of multiple cell lines 
or gene vectors, mixtures of peptides pulsed tumor and/or 

Challenges to Potency Assay Development
immunomodulatory cells) that can interfere or have synergic 
effects. This can result in complex MOAs and represent a 
hurdle for potency assay development. Complex MOAs 
can also derive from cells or genes with multiple effector 
functions, or products that require multiple steps for function 
(for example, infection, integration, and expression of a 
transgene). Finally, potency assays should also be able 
to measure the fate of the product in vivo. This requires 
monitoring of cell migration from the site of administration, 
cellular differentiation into the desired cell type, viral/
cellular replication, viral vector infection, and uncoating and 
transgene expression (FDA 2011, Gianelli 2020).
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Fig. 1: Importance of potency assays for gene and cell therapies during product development.
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Potency assays for CGT biotherapeutics must reflect both 
expression and activity. They should therefore test that the 
transgene is delivered to the cell, correctly expressed, and 
translated into a functional protein. When viruses are used 
to deliver the genetic material, potency assays should also 
characterize the quality and quantity of these viral vectors. 
All this can be achieved using a variety of analytical 
methods. For example, immunoassays such as the 
enzyme-linked immunosorbent assay (ELISA) and western 
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Fig. 2: Comparison of Western Blot and ELISA techniques. +++ means best, $$$ means most expensive.

blot (WB) can be used to validate protein expression 
of the transgene and confirm the identity and purity of 
viral vectors (Figure 2). Both immunoassays detect and 
quantify a specific protein in a complex mixture using 
chromogenic, fluorescent, or luminescent readouts (Aydin 
2015, Gil 2021).The principal advantage of WB over 
ELISA is its specificity; since the proteins in the mixture are 
first separated according to physical properties, such as 
size, WB is less likely to give false-positive results.

Flow cytometry (FC) allows researchers to verify the 
expression of proteins on the cell surface and, thus, 
confirm transgene expression in genetically modified 
cells (Figure 3). FC can be used to validate transfection, 
measure the functional effects of gene editing, enrich 
cell populations, and quantify cell viability (Cheung et al. 
2020). In addition, FC also enables the identification and 
quantification of multiple cell subsets in heterogeneous 
mixtures based on their cell surface marker expression, a 
technique known as immunophenotyping. It can be used 
to measure the concentration and status of therapeutic 
cells or disease associated cells. This has many 
applications including confirming successful harvesting of 
therapeutic cells from donors, control of therapeutic cell 

dose prior to administration, assessing therapeutic cell 
persistence, activity or retention and monitoring patient 
response and residual disease. High performance liquid 
chromatography (HPLC) is another important analytical 
tool used to determine the purity and intactness of viral 
constructs (Figure 3) (Transfiguracion et al. 2020). 

Cell-based assays and polymerase chain reaction (PCR)-
based assays can be used to determine virus titers and 
infectivity (Figure 3). Cell-based assay measurements, 
such as the 50% tissue culture infectious dose (TCID50), 
quantify the cytopathic effects of a virus on an inoculated 
host cell culture (Lei et al. 2021). On the other hand, PCR-
based assays amplify and quantify the viral genome. Real-
time quantitative PCR (qPCR) is a relatively quantitative 
method to measure infectivity. However, it doesn’t 
provide absolute quantification and is thus considered 
an analog measurement. On the other hand, Droplet 
Digital™ PCR (ddPCR™) does not require extrapolation, 
standard curves, or references and allows absolute (digital) 
quantification. This revolutionary tool not only enables 
validation of virus titers and infectivity, but also precise 
quantification of transgene expression levels (Kokkoris et 
al. 2021, Fehse et al. 2020).
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Flow cytometry is based on scattering of light and 
emission of fluorescence, which occur when a laser 
beam hits the cells moving in a directed fluid stream 
and enables rapid analysis of a large number of 
single cells.
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Fig. 3: Overview of common techniques used in determining potency of cell and gene therapy products. +++ means best, $$$ 
means most expensive.

4

Sheath �uid
Sample

Nozzle

Laser

Fluorescence,
from stained cells

Scattered light from
all the cells detected

Virus
stock

Precision

TCID50

Sensitivity Reliability Throughput Cost

Serial dilutions of a virus are added onto monolayers of cells. The viral 
titer is determined as the concentration at which 50% of the infected 
cells display cytopathic effect.

Measures PCR ampli�cation in real time, providing �uorescence signal per 
sample at the end of each PCR cycle. The quanti�cation is relative as a 
standard curve is needed.

Samples are partitioned into thousands of droplets, each of which 
undergo ampli�cation. The �uorescence of each droplet is measured at 
the end of the PCR reaction. The quanti�cation is absolute as no 
standard curve is needed.

+ +++ ++ $

Precision

qPCR

Sensitivity Reliability Throughput Cost

+ +++++ ++ $$

Precision

Droplet Digital PCR

Sensitivity Reliability Throughput Cost

+++ +++++ +++ $$$

Droplet generation

PCR ampli�cation

In HPLC, the components of a preparation are 
separated using the basic principle of column 
chromatography and then identified and quantified 
by spectroscopy. 

Solvent

Pump

Injector

HPLC Column

Detector

Waste

HPLC FC

Bulletin 3374



Quantification of RNA can be achieved using similar 
methods that use reverse transcription (RT) previous 
to amplification by PCR (for example, RT-qPCR and 
RT-ddPCR). More recently, a new method known as 
one-step RT-ddPCR was developed to determine 
expression of AAV vectors and the potency of AAV-RNAi 
vectors (Figure 4) (Clarner et al. 2021). This method 
has a simple workflow, allows for duplexing reactions, 
and enables absolute and precise RNA quantification 
without standard materials.
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Potency assays for genetically modified cell therapies 
and gene therapies that use viral vectors share some 
foundations. In both cases, the first step involves 
validating the physical properties and the infectivity of 
the delivery viral vector. During early-stage development, 
scientists can use WB as a reliable and quick method to 
assess viral identity without having to invest in expensive 
equipment and materials. Similarly, they can use simple 
methods as electrophoresis and gel staining for purity 
analysis. During late-stage development, they adopt 
Droplet Digital PCR technology as a quick and sensitive 
method for detecting contaminants such as mycoplasma 
and host cell DNA. ELISA can also be used at this stage 
to detect host cell proteins. In addition, using a multiplex 
assay targeting multiple portions of the viral genome, 
Droplet Digital PCR allows scientists to quickly and easily 
assess and characterize the intactness of viral particles. 

The second shared step is to test the presence of the 
transgene in the delivery vector. This can be achieved using 
PCR-based methods such as qPCR and Droplet Digital 
PCR, that offer scientists reliable and precise quantification 
as well as a quick turnaround time to test infectivity. 

The third step is the validation of protein expression. 
During early-stage development, scientists can use 
WB to quickly evaluate protein expression and optimize 
viral constructs. In later stages, scientists developing 
cell therapies can use flow cytometry to validate protein 
expression on the surface of therapeutic cells. During 
gene therapies development, researchers can use Droplet 
Digital PCR as an analytical and quantitative readout of 
gene expression that correlates with ELISA results with 

Potency Assay Tips

higher sensitivity and precision. For example, one-step 
RT-ddPCR can be used to precisely measure transgene 
transcripts (for example, transgene mRNA in gene 
augmentation therapies, or small RNA in gene-silencing 
gene therapies).

After these three steps, the validation procedures diverge 
for cell and gene therapies. Cell therapies require two 
final steps: testing the viability of the modified therapeutic 
cell (achieved using flow cytometry) and testing the MOA 
of the therapeutic cell. The type of assay used for the 
latter will depend on the particular product. Typically, for 
anticancer therapy products (for example, CAR T cells) 
killing assays need to be performed. 

Combine total RNA
and RT-ddPCR reaction 
components

Generate droplets

PCR ampli�cation
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FAM

HEX

Fig 4: Overview of Droplet Digital PCR workflow.
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The last step for gene therapies involves the development 
of assays to validate the MOA of the therapeutic protein, 
which will be dependent on the genetic disease or 
disorder being addressed. For example, the MOA of gene-
silencing strategies can be demonstrated by quantifying 
the downregulation of target mRNA. Thus, scientists can 
demonstrate functional potency using methods such as 
one-step RT-ddPCR and/or WB to quantitate the levels of 
the target mRNA or protein, respectively. Both assays may 
be used in parallel to show consistency. 

Bio-Rad™ Laboratories, Inc. offer different products 
to help scientists to develop accurate potency assays 
during cell and gene therapies development (Figure 5). 
For example, Bio-Rad Stain-Free western blotting is a 
fast (it can be done in approximately 4 hours) and low-
cost method that allows for more reliable quantitation. 
Additionally, Bio-Rad one-step RT-ddPCR offers scientists 
an exceptional tool to measure transgene expression with 
higher precision and accuracy.

Robust potency assays for cell and gene therapies 
provide essential information about the efficacy, safety, 
and pharmacodynamic profiles of these products. 
Potency assays must be performed at different stages of 
the product manufacturing workflow development and 
are a prerequisite to obtaining approbation by regulatory 
agencies. Bio-Rad offers a broad range of analytical tools to 
help biopharma scientists develop these assays efficiently.

Learn more about Bio-Rad gene 
therapy and cell therapy products.
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