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Meeting the demands of personalized medicine

Cell and gene therapies (CGT) have ushered in a new era of personalized medicine and are a
promising, growing area of research [1]. Personalized medicine is an approach that considers
how individuals respond differently to medicines and treatment. By tailoring a treatment to an
individual’s specific disease state and unique physiology, it sidesteps the generic one-size-
fits-all approach [2]. 

Since the first successful gene therapy study for humans was conducted back in 1989,
thousands of CGT-related clinical trials have been completed. Gene therapy is the process that
delivers therapeutic nucleic acids into a patient’s cells to modify gene expression, and
ultimately treats or prevents disease [3]. Cell therapies, by contrast, leverage a host's own cells
to combat disease and may involve transgene expression to direct cells against specific
targets. Disease treatment strategies that have benefited from CGT products include types of
cancer, hematological, immunological, neurodegenerative, and metabolic disorders. Viral and
nonviral vectors are used in cell and gene therapies to deliver the DNA or RNA into the host
cells. Both come with inherent advantages and disadvantages, which is why it is important to
choose the appropriate vector when developing the therapy. A common gene therapy vector
is adeno-associated virus (AAV) as it is non-pathogenic, limiting the immune response.
Different AAV serotypes infect distinct types of tissues, which creates more specific tissue
targeting compared to other viral vectors [1]. 

Over the last few years, ground-breaking CGT drugs have been developed, but despite
remarkable progress and an increased growth and investment within the field, CGT is still in its
infancy. Despite many ongoing clinical trials, the number of approved therapies is still small
and address a limited number of diseases. Developers in today’s CGT market seek not only to
target new diseases, but also to mitigate side effects and control costs. As such, researchers
are intensifying their efforts to improve CGT drugs, along with the methods and platforms
used to study them [2].

To ensure consistent results, effective analytical methods and platforms are vital from
discovery to the manufacturing of CGT products [1]. Researchers rely on different analytical
techniques to assess critical quality attributes as part of the viral quantification process.
Immunoassays are a key bioanalytical tool used throughout CGT development. These assays
are used to evaluate immunogenicity responses to gene therapy treatment as well as for
quantifying viral vector titer.
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Immunoassays are also used for characterization of cultured cells during expansion and post
gene transduction within the cell therapy space. Traditional plate-based assays, such as
ELISAs, can often be time consuming with lengthy assay development and analysis time [4].
To meet the growing need for fast and reproducible immunoassay data more automated
analytical solutions have been developed, delivering more consistent results, and increasing
analytical capacity and throughput [5]. 

Reaping the benefits of immunoassay automation

The advancement of CGT is driven by process improvements and technological innovations
resulting in faster R&D, improved manufacturability, and more rigorous quality control. New
automated platforms, such as the Ella™ platform, provide improved assay sensitivity and
reproducibility while addressing issues of workflow and ease of use. CGT developers are
leveraging these new automated immunoassay solutions to quickly and reliably quantitate
viral vectors, characterize cultured immune cells, and investigate immune response [1]. 

Immunoassay platforms are valuable as they generate high quality data for chemistry,
manufacturing, and control (CMC) and final product manufacturing. Key aspects to consider
when choosing a platform include automation, scalability, method transferability and sample
volume [1]. To deliver reliable results, it is important to use a high-quality platform. Automated
immunoassay platforms from ProteinSimple, such as the Ella™ platform, can eliminate the
hands-on steps that come with traditional immunoassays. By this, it reduces human error and
increases result collection time [1,4]. 

Raising the bar in cell and gene therapy development 

Offering a viable alternative to traditional plate-based ELISAs, fully automated immunoassays
can provide a high level of throughput, reproducibility, and ease of assay transfer. One
example being Simple Plex™ assay run on the Ella™ platform. These platforms enable
multianalyte analysis from the same sample, providing researchers with a highly effective tool
for cytokine profiling; measuring viral titer and process impurities; and characterizing cell
expansion and functionality [1]. Additionally, the automated assay analysis software is 21-CFR
Part 11 compliant [4].   

https://www.bio-techne.com/reagents/simple-plex-immunoassays






"Process automation provides the dual benefits of time savings and reduction in
operator-dependent variability. Simple Plex assays on Ella™ deliver these advantages

along with unmatched ease of use to boost productivity and accelerate process
development," stated Nathan Steere, Commercial Product Manager at Bio-Techne

(MN, USA).



Rajiv Pande, Director at Bio-Techne (MN, USA), added: "Furthermore, as a CGT drug
advances to clinical studies and trials, Ella™ can be utilized as the platform of choice

for real-time immune profiling.”



Automated immunoassays can aid in accelerating process development for different CGT
solutions, enabling the characterization of bioprocesses, the analysis of biomarkers and the
rapid monitoring of immune profiles [1]. Below are some common use case scenarios for
automated immunoassays in CGT research. 

Viral vector characterization

These platforms can be used to automate viral vector physical titer quantitation [6]. For
example, the Simple Plex AAV2 assay, utilizes AAV2 antibodies from industry leader PROGEN
to quantitate viral vectors. The assay offers a broad dynamic range and proven specificity,
helping to ensure fast and reproducible viral titration across process matrices [4,7]. 

Lentiviral vectors (LVV) are an important tool for vaccine development and are one of the
fastest growing vectors utilized within the cell and gene therapy industry. However,
inefficiencies in LVV manufacturing have led to poor upstream yields. Using the Simple Plex
HIV and p24 Lentiviral Titer Assay, researchers are able to compliment infectious titer data
with physical titer data. To optimize their workflow, they are able to use the ratio of infectious
titer to physical titer to calculate the specific lentiviral infectivity [8]. 

Characterization of cultured immune cells prior to adoptive cell transfer

To ensure drug safety and stability product characterization is essential. CAR-T cell therapies
involve isolating an individual’s T cells and then genetically modifying them to express a CAR
on their surface, which is capable of recognizing tumor-associated antigens. Through using
immunoassays, the engineered cells can be characterized, and an appropriate dose
established, prior to adoptive cell transfer [1]. 

https://www.proteinsimple.com/simple-plex-applications-cell-therapy.html


Immune response research 

For cell therapies identification and monitoring of biomarkers related to T-cell activation and
associated cytokine release syndrome (CRS) is required to fully understand the host response.
Such biomarkers can be used to guide development of candidate therapies and help monitor
toxicity by providing an evaluation of a patient’s response. Automated immunoassay
platforms, such as Ella™ with Simple Plex multianalyte assays, can measure a broad panel of
analytes enabling fast and accurate quantitation [1]. 

Summary

Immunoassays provide researchers with an important bioanalytical tool that can be used
throughout CGT development, helping to generate high quality data for CMC and final product
manufacturing [1]. Automated immunoassay platforms, such as Ella™, can eliminate the
hands-on steps that come with traditional immunoassays and therefore reduce human error,
increase throughput, and accelerate results [4].
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Automated immunoassays are fast
tracking cell and gene therapy
workflows

What is viral titration and why is it important?  

The term titration originates from chemistry, representing a method for quantitative chemical
analysis. The method is based on a standard solution (titrant), which reacts with an analyte to
determine its concentration. However, it has been used by biologists in a slightly modified form
describing the determination of concentrations based on a titration curve. In regard to our AAV
ELISAs, it means to determine the concentration of the viral particles in an unknown AAV
sample based on a specific standard with a known concentration that is provided with our
ELISA kits. 

The determination of the viral concentration is a very important step during analytical
characterization of AAV-based gene therapies. A comprehensive characterization and quality
control is mandatory for the production of safe gene therapy products, which is substantiated
by the guidelines from the regulatory authorities. Therefore, the decision of which methods to
use for characterization is a very crucial factor.

Questions






It is beneficial to choose methods, which are robust and reproducible, especially methods
showing low variabilities between labs or even between people from the same lab meet this
requirement.  

To make sure our AAV ELISAs generate accurate data, PROGEN established internal gold
standards for the calibration of the ELISA kits. While there are commercially available
Reference Standard Materials (RSM) available for the serotypes AAV2 and AAV8, the AAV-
based gene therapy field lacks corresponding RSMs for the other AAV serotypes. However,
standard materials for calibration are indispensable tools for the quality control of our AAV
ELISAs but also for the development of new AAV ELISA kits. For this reason, our team
established a process for comprehensive characterization of our internal gold standards
inspired by the process published for the AAV2 and AAV8 RSM characterization. Each ELISA lot
is carefully calibrated based on the corresponding internal gold standard to make sure our
ELISA kits not only measure accurate capsid titers but also have low inter-lot variabilities to
assure consistency for our customers. The precise characterization and high-level quality
control of PROGEN´s AAV ELISAs enable a standardized workflow and accurate data for AAV
capsid titers.

There seems to be a widespread need for frequent, robust and rapid viral titer
measurements in drug discovery and development – why is that?

The gene therapy market is growing rapidly which clearly determines the demand. More and
more companies enter the field of gene therapy, which increases the exertion of pressure,
specifically time pressure on the companies and the scientists. The healthcare industry has
always been a highly competitive field, and the promising results from previous and current
clinical studies using gene therapies and in particular AAV-based gene therapies contribute to
this development.  

The transfer from preclinical studies to clinical trials also increased the pressure from
regulatory authorities asking for robust, reliable and reproducible data to ensure the safety of
the gene therapy products. It is mandatory to have the product fully characterized to be
transferred into clinical trials, which includes data that can be reproduced, and show a
consistency throughout the process. 

However, characterization of viral-based products is not trivial since there are several
components that can influence efficiency and safety. The term viral titer as such is not a very
precise description since there are different viral titers to be measured for a comprehensive
characterization. The field discriminates between capsid titers, genome titers and infectious
titers. While the capsid titer which you can determine using PROGEN´s AAV ELISAs describes
the amount of fully assembled viral capsids including full and empty particles, the genome titer
refers to the number of genomes carrying the transgene that have been packed into the viral
capsids. 






There can be significant differences between these two titers since not each viral particle
necessarily contains a transgene. The packaging efficiency depends on different factors
including production processes as well as the specific transgene that has been integrated into
the genome sequence. 

Though it sometimes is underestimated, the capsid titer provides very important information.
First of all, it gives information about the packaging efficiency and puts the genome titer in
relation to the total number of viral particles. It is known that empty particles can induce an
unwanted immune response when administered to patients. These particles lack the
transgene so they do not have a therapeutic effect. Consequently, empty particles might
interfere with the efficient delivery of the transgene by inducing an immune response against
the AAV vector and additionally do not contribute to the therapy. This obviously needs to be
prevented, especially considering the single vector application to each patient. Since gene
therapies have been designed to restore dysfunctional genes permanently, a single application
is supposed to be sufficient to achieve a lifelong cure. This ambitious objective clearly
emphasizes why an efficient initial treatment is so important.  

What are the benefits of measuring viral titers with an immunoassay approach (vs a PCR–
based approach)?  

As described previously, there are different viral titers to be determined. In this context, it is
important to say that the AAV ELISA, which is an immunoassay approach, measures the AAV
capsid titer while the PCR-based methods are used to determine the genome titer. Since both
titers are indispensable for the comprehensive characterization of an AAV-based gene therapy
product, there is no either or with ELISA and PCR.  

However, in general, a PCR-based approach shows much more variabilities than the AAV
ELISA, which is due to the method itself. In a PCR approach, small amounts of DNA are
amplified for detection and quantification. This makes the method highly sensitive but also
prone for high variabilities of the final data since everything gets amplified during this process.
Thus, small differences such as pipetting errors occurring by pipetting small volumes, which by
the way all pipettes carry when pipetting amounts lower than 10µl, will be amplified as well and
might contribute to the high variabilities.  

Since the PROGEN AAV ELISAs are not based on amplification processes, naturally occurring
small differences only have a minor effect on the final result compared to PCR-based
approaches. In 2010 and 2014 when the AAV2 and AAV8 Reference Standard Materials (RSM)
[1,2] were characterized, the inter-lab variances of qPCR and the PROGEN ELISAs were
analyzed in contributing labs around the world. The results clearly demonstrate that the
PROGEN ELISAs showing CVs of 34% [1] (rAAV2) and 40% [2] (rAAV8) were superior compared
to qPCR (rAAV2: 78% [1] and rAAV8: 113% [2]) in terms of inter-lab variances.






Another critical factor of the PCR-based approaches is the selection of specific primers. While
the PCR-based methods, depending on the primers used, might not be able to discriminate
between the amplified full-length DNA product and amplified DNA fragments of a certain size,
the PROGEN ELISA only measures fully assembled capsids due to the unique antibodies used
for the detection, which exclusively bind conformational epitopes present on fully assembled
AAV particles.  

However, it is very important to have data for all of the different viral titers including the
genomic titer provided by PCR as well as the capsid titer provided by ELISA, thus making a
comparison of PCR-based methods and our ELISA very difficult. We strongly recommend
determining the different titers ideally with several orthogonal methods to gain a
comprehensive understanding of the gene therapy product and ensure the highest possible
level of safety for the patients.           

Lock M, McGorray S & Auricchio A et al. Characterization of a recombinant adeno-
associated virus type 2 reference standard material. Hum. Gene Ther. 21, 1273–1285 (2010).
Ayuso E, Blouin V & Lock M et al. Manufacturing and characterization of a recombinant
adeno-associated virus type 8 reference standard material. Hum. Gene Ther. 25, 977–87
(2014). 

The move towards near complete automation of life science tools is becoming
prevalent across large pharma and biotech. What could be the benefits of determining viral
titers with an Ella like platform? 

We would like to hand this question over to our partners at proteinsimple since we are
convinced that proteinsimple will give you a more sophisticated answer on the advantages of
the Ella platform. However, as final remark, we really enjoy working with proteinsimple and join
forces by combining PROGEN´s expertise in the field of AAV gene therapy with the expertise
on automated systems of proteinsimple. In addition, working with proteinsimple has been a
great experience on a personal level, which is a major factor for the successful cooperations.  
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